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ABSTRACT New brush-type chiral stationary phases (CSP I-IV) comprising
N-3,5,6-trichloro-2,4-dicyanophenyl-L-a-amino acids (1-4) were prepared by binding of
chiral selectors 1-4 to y-aminopropyl silica gel. To check the role of excess free ami-
nopropyl groups, CSP V was prepared by binding N-3,5,6-trichloro-2,4-dicyanophenyl-L-
alanyl- (3-triethoxysilyl) propylamide to unmodified silica gel. The best separation of ra-
cemic 2-aryloxypropionic acids (TR-1-13) was obtained with CSP I; the -(-)-S enantio-
mer were regularly eluted first, as determined by a CD detector. The mechanism of
chiral recognition implies a synergistic interaction of carboxylic acid analyte with the
chiral selector and achiral free y-aminopropyl units on silica. In fact, CSP V, which is
lacking an achiral aminopropyl spacer, shows a lower separation ability for 2-aryloxy-
propionic acids, but a similar enantioselective discrimination of esters TR-19-20, in
comparison with CSP I. CSP I-IV retain unaltered separation ability after a few months
of continuous work using a large number of various mobile phases. Chirality 13:581—
581, 2001.  © 2001 Wiley-Liss, Inc.
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The group of chiral compounds based on 2-aryloxypro-
pionic acids includes a number of important herbicides
widely used for the pre- and postemergent control of broad-
leaf weeds in field grass, turf grass, and cereal crops. These
compounds mimic the action of plant growth hormones
(auxins) in certain types of broadleaf weeds causing abnor-
mal growth and development of the plant. This unnatural
development ultimately leads to the death of the plant.! It
was recognized some time ago that for these chiral com-
pounds only the (R)-enantiomers show herbicidal activity,
and since the 1980s the enantiopure products have re-
placed the earlier-used racemic products in Switzerland
and other countries.?

Several 2-aryloxypropionic acids also possess analgesic-
antiinflammatory properties similar to those of ketoprofen
or acetylsalicylic acid, but with less ulcerogenic activity.34
In a recent study in which several 2-aryloxypropionic acids
were investigated as potential analgesic-antiinflammatory
drugs, it has been reported that the activity of one of the
enantiomers is superior to that of the racemates.® Further-
more, some 2-aryloxyalcanoic acids were found to exhibit
noteworthy antilipidemic effects and/or inhibit prostaglan-
din-dependent human platelet aggregation.5”

Due to the importance of chiral 2-aryloxypropionic acids,
both for agrochemical as well as for pharmaceutical appli-
© 2001 Wiley-Liss, Inc.

cations, it is clear that their enantioseparation is a topic that
has stimulated several research groups.

Chiral resolution of racemic 2-aryloxypropionic acids has
been achieved by using several methods. In addition to the
fractional crystallization of diastereomeric salts with cyin-
chonidine,® the enzymatic stereoselective hydrolysis of
methyl ester racemates,® capillary electrophoresis,!%-12
and chromatographic enantioseparations on chiral station-
ary phases (CSPs) have been described. In particular,
enantioseparations by high-resolution gas chromatography
on cyclodextrin derivatives based CSPs? as well as high-
performance liquid chromatography (HPLC) have been re-
ported. The HPLC CSPs which have been used to separate
mainly derivatized but also underivatized 2-aryloxypropionic
acids include teicoplanin,® N-3,5-dinitrobenzoylphenylgly-
cine,’3-17 brush-type containing m acidic 3,5-dinitrobenzoyl
groups and two adjacent stereogenic centers®18-20, o -acid
glycoprotein!416 cellulose derivatives?-?2, CSP derived
from tartaric acid®® and quinine derived ion exchange type
CSPs.24

Herein we report on the preparation and application of
some novel and recently described?® brush-type CSPs for
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HPLC enantioseparation of 2-aryloxypropionic acids. The
mechanism of chiral recognition is discussed and evidence
for cooperative effects of the achiral and chiral components
of the CSPs in the enantiorecognition process are pre-
sented.

MATERIALS AND METHODS
Chemicals

The reagents were supplied as follows: 2,4,5,6-
tetrachloro-1,3-benzene dicarbonitrile (TCBDC) by Caffaro
S.p.A. (Italy); N,N’-dicyclohexylcarbodiimide (DCC), and
3-aminopropyltriethoxysilane (APTES) by Sigma-Aldrich
(Sigma-Aldrich, Italy); Nucleosil 100-5 NH,, (specific sur-
face area 350 m?/g, bonded phase coverage 2.5 pmol/m?,
calculated coverage density 1.51 groups/nm?); and
Nucleosil-100-5 from Macherey-Nagel (Delchimica, Italy).
All solvents were pro analysis grade, and purchased from
J.T. Baker (Deventer, Holland). TLC was performed on
Merck’s (Darmstadt, Germany) DC-Alufolien with Kiesel-
gel 60454.

IR spectra were obtained on KBr pellets using a Perkin
Elmer M 137 spectrometer. 'H and *C NMR spectra were
recorded on a Varian XL-GEM 300 for CDCl; solutions, if
not stated otherwise; shifts are given in ppm downfield
from TMS as an internal standard. Melting points were
determined with Electrothermal 9100 apparatus. Elemental
analyses were carried out at the Central Analytical Service
(CAS), Ruder Boskovic Institute.

Racemate TR-1 (Mecoprop) was supplied by IRIS Tech-
nologies, L.L.C. (Lawrence, KS, USA), racemates TR-14—
TR-18 were prepared by condensation of the substituted
phenol with ethyl (or methyl) 2-bromopropionate and the
acids (TR-2-TR-13) by hydrolysis of the corresponding
esters.” Racemates TR-19 (diclofop methyl) and TR-20
(fenoxaprop ethyl) were supplied by Macherey-Nagel (Dii-
ren, Germany) as a gift. The chemical structures of ana-
lyzed racemic samples are reported in Table 1.

Chromatography

HPLC was performed with a Knauer WellChrom Maxi-
Star K-1000 pump (Knauer GmbH, Berlin, Germany) using
a Knauer HPLC 6-port-valve injector with a 20 ul loop and
with a Waters 510 HPLC pump using a Waters U6K injec-
tor (Waters, Milano, Italy). Detection was achieved at 254
nm with a Knauer WellChrom K-2500 detector and with a
Jasco CD-1595 circular dichroism (CD) detector permit-
ting simultaneous UV and CD detection (Jasco Europe
s.r.l,, Lecco, Italy). Integration of the chromatograms was
made with the BDS software package (Barspec, Rehovot,
Israel) and with the Chromstar LC22 software package, v.
3.12 (Bruker Spectrospin, Milan, Italy). The packing of
HPLC columns, purchased from Max Stevenson (Berlin,
Germany; dimensions: 250 mm length x 4.6 mm 1.D.), was
carried out by a slurry technique using a Knauer pneu-
matic HPLC-pump. n-Hexane, 2-propanol, and other sol-
vents used for HPLC were analytical grade from J. T. Baker
and redistilled before use.

The analytic samples were prepared by dissolving 1 mg
of racemate in 1 ml of 2-propanol; 5 pl of this solution was
used for analysis. The enantioselective efficacy of the col-
umns was evaluated for four racemates, TR-1-TR-4 (Table
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TABLE 1. Chemical structures of analyzed
racemic samples

H

/

o\C
/" Ncoor
. CHs

Test racemate R’ R
TR-1 H 2-CH,, 4-Cl
TR-2 H 3-Cl
TR-3 H 3-C¢H5CO
TR4 H 4-CcH5CO
TR-5 H 2-Cy4
TR-6 H 3-Cy
TR-7 H 4-C,4
TR-8 H 4-CH,-CH,
TR9 H 2-Cl
TR-10 H 2,5-(CHy),
TR-11 H 2,6-(CH,),,
TR-12 H 4-C4H;CH,
TR-13 H 4-(2,4-F,C¢Hy)
TR-14 -CH, 3-CH,
TR-15 CH, 4-CH,
TR-16 CH, 2-Cl
TR-17 CH,-CH, 2,6-(CHy),
TR-18 -CH,4 4-(2,4-F,C¢Hy)
TR-19
c
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H
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2). On the basis of retention times of the enantiomers (tg,
and tg,), the following chromatographic parameters were
calculated: retention factors (k’; and k’,), separation factor
(o) and resolution factor (Rg). The determination of the
dead volume of the columns (t,) was performed by using
1,3,5-tri-tert-butylbenzene.

Syntheses

Preparation of CSP I and CSP II have been described?®
and repeated for the present study. CSP I: Anal. Found: C
6.42, H 1.09, N 2.29%, based on the N-content, 0.221 mmol
selector/g silica are bound. CSP II: Anal. Found: C 6.12, H
0.99, N 2.11%, based on the N-content, 0.197 mmol selec-
tor/g silica are bound.

Preparation of CSP III and CSP IV (Scheme 1).

(2S)-3-Methyl-2-[ (3,5,6-trichloro-2,4-dicyanophenyl) ami-
nolbutanoic acid (3). To a suspension of TCBDC (5.0 g,
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TABLE 2. HPLC resolution of analytes (TR-1-TR-4) on
columns filled with stationary phases CSP 1-IV*

Stationary

phase Compound k'y a R,
TR-1 0.63 1.43 1.28
TR-2 4.35 1.16 1.35

CSPI TR3 474 111 0.96
TRA4 6.13 1.21 1.26
TR-1 8.03 1.11 0.76
TR-2 5.53 1.07 0.88

CSPII TR-3 12.18 1.03 0.63
TRA4 3.87 1.12 0.54
TR-1 1.37 1.04 nm
TR-2 2.68 1 —

CSP I TR-3 6.56 1 —
TR4 9.43 1.03 nm
TR-1 1.86 1 —
TR-2 2.03 1 —

CSPIV TR3 3.95 1 —
TRA4 6.07 1 —

*Conditions were not optimized.
Mobile phase: 98% n-hexane/2-propanol (8:2 v/v), 2% acetic acid (v/v); flow
rate 1 ml/min. nm = not measurable.

18.8 mmol) in MeOH (50 ml) a hot solution of L-valine
sodium salt, prepared by dissolution of L-valine (4.40 g, 37.6
mmol) in 50 ml of Na,CO, solution (5.20 g, 37.6 mmol) was
added. After 1.5 h of stirring at 90°C (bath temperature),
the solution was filtered through a cotton plug, cooled, and
washed with CH,Cl, (2 x 50 ml). Aqueous phase was ad-
justed to pH 1 by adding 200 ml of 1M hydrochloric acid
and extracted with CH,CI, (2 x 50 ml). Obtained was 4.23
g (65%) of pale-yellow oil. IR: 3400, 2960, 2220, 1730, 1640,
1570, 1510, 1210, 1060, 850, 760, 730, 710 cm~'. 'TH NMR
(acetone-dg): 0.97 (3H, d, J = 6.6 Hz), 1.18 (3H, d, ] = 6.6
Hz), 5.00-5.15 (1H, m,), 6.71 (2H, d, ] = 7.9 Hz), 9.40 (1H,
bs). 3C NMR (acetone-dg): 16.79, 17.20, 31.52, 60.97, 95.89,
103.56, 113.06, 114.11, 120.45, 139.14, 141.69, 149.00,
171.19. Anal. Calcd. for C;3H;(N50,Cl; (mw 346.58): C
45.04, H 2.90, and N 12.12%. Found: C 45.21, H 3.14, and N
12.09%.

NC

a a N
1. CH30H
a CN 2. L-amino acid ; NaxCO3 NC NH,
*.._~COOH
3.a ,|/
H
Cl a R

a a
TCBDC 1;,R=CH;
2;R=Ph
3; R =CH(CHy)2
4; R = CH,CH(CHs)2

NC Cl
O—?i~CH2CH:CHZ— NH— NH oN
a cl

1. Nucleosil 100-5 NH?
2. EEDQ
-O—$i—CH,CH,CH;—NH;
CSPL;R=CH;
CSPIL R =Ph
CSP IIL R = CH(CHs)z
CSP IV; R = CH,CH(CHs)>

Scheme 1. Synthetic route for preparation of CSP I-IV.
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Scheme 2. Synthetic route for preparation of CSP V.

(25)-4-Methyl-2-[ (3,5,6-trichloro-2,4-dicyanophenyl) ami-
no/pentanoic acid (4). Starting from I-leucine (4.93 g, 37.6
mmol), the reaction and isolation of the product was per-
formed as described for 3. Obtained was 5.18 g (76%) of
pale-yellow oil. IR: 3380, 2960, 2220, 1740, 1705, 1570, 1505,
1380, 1335, 1200, 1160, 1110 cm™. 'H NMR (acetone-dg):
0.97 (3H, d, J = 6.8 Hz), 1.02 (3H, d, ] = 6.8 Hz), 1.84-2.10
(2H, m), 5.22-5.62 (1H, m), 6.64 (1H, d, J = 7.6 Hz), 9.10
(2H, bs). 1¥C NMR (acetone-dg): 21.41, 22.45, 25.05, 41.33,
55.89, 95.93, 103.71, 113.05, 114.11, 120.35, 139.16, 141.65,
150.01, 172.43. Anal. Calcd. for C;,H;,N30,Cl; (mw
360.61): C 46.62, H 3.35, and N 11.65%. Found: C 46.71, H
3.51, and N 11.58%.

Chiral stationary phase CSP III. Silicagel Nucleosil 100-5
NH, (2.15 g; C 3.49%, N 1.36%) was slurried in dry THF (10
ml), then compound 3 (0.30 g, 0.9 mmol), and EEDQ (0.23
g, 0.9 mmol) were added and the reaction mixture stirred
for 16 h at room temperature. Solid material was collected
on filter, washed with MeOH (50 ml), and dried at 70°C for
4 h. Obtained was 2.27 g of CSP III. Anal. Found: C 5.77,
H 1.03, N 2.14, and CI 2.67%. Based on the N-content, 0.186
mmol selector/g silica are bound.

Chiral stationary phase CSP IV. Starting from 5.1 g of
Nucleosil 100-5 NH,, compound 4 (0.89 g, 2.48 mmol) and
EEDQ (0.61 g, 2.48 mmol) in dry THF (25 ml), 5.4 g of
CSP 1V were obtained. Anal. Found: C 5.94, H 1.28, N 2.11,
and Cl 2.62%. Based on the N-content, 0.178 mmol selec-
tor/g silica are bound.

Preparation of CSP V (Scheme 2).

(25)-2-[(3,5,6-Trichloro-2,4-dicyanophenyl) amino/-N-
(3,3,3-triethoxy-3-silapropyl) propanamide (5). A solution of
compound 1 (1.02 g, 3.2 mmol) in CH,CI, (15.0 ml) was mixed
with a solution of DCC (0.66 g, 3.2 mmol) in CH,Cl,, (10.0 ml),
and then a solution of APTES (0.71 g, 3.2 mmol) in CH,Cl,
(85.0 ml) was added dropwise. After 2 h of stirring at room
temperature the reaction mixture was filtered through a cot-
ton plug, filtrate evaporated to dryness, and crude product
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dissolved in toluene (5.0 ml). Chromatography on silica gel,
using toluene-acetone (9:1 v/v), afforded 1.18 g (71%) of pure
5 as a pale-yellow oil. 'H NMR (CDCl,): 0.66 2H, t, ] = 6.6
Hz), 1.23 9H, t, ] =7.0 Hz), 1.58 (3H, d, ] = 6.5 Hz), 1.62-1.81
(2H, m), 2.33 (1H, d, J = 6.6 Hz), 3.31-3.36 (2H, m), 3.84 (6H,
q, J = 6.9 Hz), 4.90-5.01 (1H, m), 6.46-6.52 (1H, m). 13C NMR
(CDCly): 7.66, 18.13, 21.31, 22.40, 42.17, 51.85, 58.42, 93.91,
103.15, 112.95, 114.35, 120.29, 125.82, 141.82, 147.92, 170.69.
Anal. Calcd. for C,,H,,N,0,CLSi (mw 521.88): C 46.02, H
5.21, and N 10.73%. Found: C 46.18, H 5.56, and N 10.68%.
Chiral stationary phase CSP V. Nucleosil 100-5 (4.15 g)
and compound 5 (0.80 g, 1.5 mmol) were heated under
reflux in dry toluene (10 ml) for 24 h. Solid product was
collected on filter, washed with toluene (50 ml) and metha-
nol (50 ml), and dried at 70°C. Obtained was 4.46 g of CSP
V. Anal. Found: C 5.52, H 1.28, N 1.89%. Based on the C,
N-content, 0.310 mmol selector/g silica are bound.

RESULTS AND DISCUSSION

Regioselective functionalization of 2,4,5,6-tetrachloro-1,3-
dicyanobenzene by nucleophilic substitution of the chlo-
rine atom at C(4) with L-a-amino acid residue was used to
prepare chiral selectors 1 and 2.2° Their binding to ami-
nopropyl silica gel afforded chiral stationary phases CSP 1
and CSP II, respectively (see Scheme 1).

The evaluation of these CSPs on some test racemates?
revealed the possibility to use N-3,5,6-trichloro-2,4-
dicyanophenyl derivatives of a-amino acids as an alterna-
tive to the well known chiral selectors based on N-(3,5-
dinitrobenzoyl) derivatives (DNB) of a-amino acids devel-
oped by Pirkle et al.?6?7 Qur chiral selectors differ in the
functional group connecting the chiral center of the m-acid
substituted aromatic ring. Specifically, the hydrogen donat-
ing—accepting amide group between the chiral center and
the w-acid substituted aromatic ring of the DNB-a-amino
acids-derived CSPs is replaced by a hydrogen-donating,
weakly acidic NH group in the N-3,5,6-trichloro-2,4-
dicyanophenyl derivatives of a-amino acids based chiral
selectors. Since the functional group connecting the chiral
center to the aromatic ring in 2-aryloxypropionic acids is an
ether oxygen with a free electron pair available for hydro-
gen bonding, it can be hypothesized that these racemates
are more favorable for enantiorecognition by CSPs based
on N-3,5,6-trichloro-2,4-dicyanophenyl derivatives of
a-amino acid than by DNB-a-amino acid CSPs.13

In fact, brush-type CSPs based on DNB-a-amino acids
are not able to effectively separate underivatized 2-aryloxy-
propionic acids'#1828 and this may be indirectly explained
according to the interaction model for (R)-N-3,5-dinitroben-
zoylphenylglycine CSP and an (S)-2-aryloxypropionic acid
methyl ester proposed by Dernoncour and Azerad.'® In
order to check the above-mentioned hypothesis, we tested
CSP I and CSP II with the four test racemates TR-1-4
shown in Table 1. As shown in Table 2, both CSP I and
CSP 1I separate the underivatized 2-aryloxypropionic ac-
ids, the best separations being obtained with CSP 1, de-
rived from I-alanine (Fig. 1).

These findings prompted us to prepare CSP III and
CSP 1V containing as chiral selectors N-3,5,6-trichloro-2,4-
dicyanophenyl-L-valine (3) and N-3,5,6-trichloro-2,4-
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Fig. 1. Chromatograms obtained for samples TR-1-TR-4 on column
filled with CSP I. Column dimensions: 250 mm length x 4.6 mm LD
mobile phase: 98% n-hexane/2-propanol (8:2, v/v), 2% acetic acid (v/v).
Conditions are not optimized.

dicyanophenyl-i-leucine (4), respectively (Scheme 1). In
spite of the fact that in DNB-a-amino acid-derived CSPs
phenylglycine generally performs better than valine or leu-
cine for a variety of racemates,? it cannot be excluded a
priori a different behavior for our CSPs. The experimental
results obtained by screening the test racemates TR-1-4
on CSP III and CSP IV (Table 2) show that more bulky
substituents on the chiral center reduce enantioseparation.
We therefore focused our attention on CSP I by testing a
number of 2-aryloxypropionic acids and some methyl- and
ethyl-esters reported in Table 1.

In order to find a relationship between the elution order
and the absolute configuration of the enantiomers, HPLC
separation was also monitored by circular dichroism (CD)
detector at 254 nm and exemplary chromatograms are
given in Figure 2.

It has been previously reported that the CD spectra of
(+)-(R)-enantiomers of 2-aryloxypropionic acids are charac-
terized by a positive Cotton effect in the region between
240 and 300 nm.® Accordingly, the first eluted peak is the
(-)-(S)-enantiomer and the second eluted peak is the (+)-
(R)-enantiomer; this elution order has been observed in all
cases. Two different mobile phases were used to separate
2-aryloxypropionic acids and their esters: in particular, a
weak carboxylic acid was added to the eluent used for the
separation of 2-aryloxypropionic acids to suppress the ana-
lyte ionization process. The results reported in Table 3
indicate the versatility of CSP I in resolving 2-aryloxypro-
pionic acids and 2-aryloxypropionates, the former being
systematically better resolved than the latter.

When in the mobile phase used for enantioseparation of
2-aryloxypropionic acids trifluoroacetic acid (TFA) was
substituted for acetic acid, the retention times substantially
decreased and chiral resolution was completely eliminated.

The low coverage density of CSP I (0.38 groups/nm?
calculated on the basis of the amount of the chiral selector
and of the specific surface area of the silica) suggests a
specific role of unreacted aminopropyl groups in the enan-
tiorecognition process. It can be assumed that 2-aryloxy-
propionic acids (pKa 3.2-3.411) protonate the residual pri-
mary amino groups of the spacer, which enables the “an-
chor and align” interactions with the molecules of the
analyte and their approach to the chiral selector. This in-
teraction is eliminated when the strong acid trifluoroacetic
acid is added; it completely protonates residual aminopro-
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Fig. 2. HPLC resolution of samples TR-6 (a) and TR-13 (b) monitored
by UV and circular dichroism (CD) simultaneous detection. Experimental
conditions: see text.

TABLE 3. HPLC resolution of analytes (TR-5-TR-20) on
column filled with stationary phase CSP I'

Mobile

Compound phase? k', a Rs

TR-5 A 1.96 1.17 1.30
TR-6 A 3.34 1.23 1.85
TR-7 A 3.55 1.23 1.86
TR-8 A 2.45 1.21 1.76
TR-9 A 4.74 1.10 0.97
TR-10 A 1.48 1.19 1.43
TR-11 A 1.75 1.12 1.07
TR-12 A 3.92 1.13 1.29
TR-13 A 4.34 1.30 2.53
TR-14 B 1.20 1.08 0.89
TR-15 B 1.24 1.09 0.86
TR-16 B 1.37 1.05 nm
TR-17 B 0.74 1.00 —

TR-18 B 1.46 1.16 1.54
TR-19 B 1.87 1.04 0.57
TR-20 B 2.75 1.12 1.15

!Conditions were not optimized.

2A: 98% n-hexane/2-propanol (8:2 v/v), 2% acetic acid (v/v); flow rate 1
ml/min.

B: n-hexane/2-propanol 99.5:0.5 (v/v), flow rate 1 ml/min. nm = not mea-
surable.
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TABLE 4. HPLC resolution of some analytes on columns
filled with stationary phases CSP V and CSP I'

Stationary Mobile

phase Compound phase® k'y « R,
TR-1 A 0.59 1 —
TR-2 A 0.74 1.02 nm
TR-3 A 0.61 1 —

cspv TR-4 A 0.66 1.03 0.54
TR-19 B 1.08 1.04 nm
TR-20 B 2.12 1.12 1.07
TR-19 B 1.87 1.04 0.57

CSP1 TR-20 B 2.75 1.12 1.15

!Conditions were not optimized.

2A: 98% n-hexane/2-propanol (8:2 v/v), 2% acetic acid (v/v); flow rate 1
ml/min.

B: n-hexane/2-propanol 99.5:0.5 (v/v), flow rate 1 ml/min. nm = not mea-
surable.

pyl groups and suppresses their interactions with acidic
analytes.

In order to provide further evidence supporting this hy-
pothesis, CSP V was prepared by the route presented in
Scheme 2.

CSP V contains the same chiral selector as CSP I, but
no unreacted aminopropyl groups. As reported in Table 4,
this CSP exhibits very low chiral separation for the four
test racemates TR-1-4, whereas esters of some 2-aryloxy-
propionic acids exhibit enantioseparation similar to CSP I
(see Fig. 3).

The mechanism of chiral recognition of 2-aryloxypropi-
onic acids on CSP I seems to include the following inter-
actions: formation of ion pairs (Coulomb interactions) be-
tween analyte carboxylic groups and residual unreacted
aminopropyl groups, w— interactions between m-acid per-
substituted benzene ring and m-basic oxyaromatic ring, hy-
drogen bonding between the amino group of the chiral
selector and free electron pair of ethereal oxygen in the
analyte, and Van der Waals interactions between the
groups on the chiral centers (Fig. 4).

An ionic interaction between analyte carboxylic groups
and residual unreacted aminopropyl groups may be sug-
gested as cooperative with chiral recognition, since it
drives the analyte in proximity to the chiral selector, as
schematically presented in Figure 4a. In CSP V such ionic
interactions are absent (see Fig. 4b), which makes the
enantiorecognition process for 2-aryloxypropionic acids
less effective but does not affect the chiral recognition of
2-aryloxypropionic acid esters.

To the best of our knowledge, this is the first example in
which an achiral free y-aminopropyl unit on silica is di-
rectly involved in the process of chiral recognition. Several
authors reported on the negative role played by residual
unreacted polar groups on the silica surface in the chiral
recognition process.?°-3% When residual aminopropyl
groups have been suggested to be beneficial for enantio-
selectivity, no mechanism has been proposed.3*

It is interesting to note that in a recent report Balsells
and Walsh®> demonstrated that achiral ligands can pro-
mote chiral catalysis by organometallic complexes. This
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Fig. 3. Chromatograms obtained for samples TR-19 and TR-20 on
columns filled with CSP I (a) and CSP (b). Column dimensions: 250 mm
length x 4.6 mm L.D.; mobile phase: 99.5% n-hexane/0.5% 2-propanol (v/v);
flow rate 1 ml/min. Conditions are not optimized.

strategy, called by the authors “amplification of the chiral
environment,” seems amenable to broader application,
practically whenever chiral recognition is an issue. In this
context it is also interesting to mention that the ionic form
(Li-salt) of 2-aryloxypropionic acids is more effective for
chiral recognition in the lipase-catalyzed enantioselective
esterification.?¢

In conclusion, we have shown that resolution efficacy of
new CSPs in the enantioseparation of 2-aryloxypropionic
acids is based on the “anchoring” of analyte by achiral
spacer driving the process of chiral selectivity. We are cur-
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Fig. 4. Possible chiral recognition mechanism for resolution of 2-ary-
loxypropionic acids on CSP I (a) and CSP V (b).

VINKOVIC ET AL.

rently exploring the cooperative effect of various achiral
and chiral components in the stationary phases aimed at
improving chromatographic enantioseparation.
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