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Two enantiomers of various 2-hydroxy acid esters have been resolved as the 3,5-dinitrophenyl carbamates on chiral sta

tionary phases (CSPs) derived from a-arylalkylamines. Two CSPs, each of which contains the same type of chiral moiety, but 

shows Efferent mode of connection to a silica support, have been found to show the contrasting resolution behaviors. From 

the contrasting resolution behaviours of two CSPs used in this study, two competing chiral recognition mechanisms are pro

posed.

Introduction

Optically pure 2-hydroxy acids are important as starting 
materials, chiral building blocks or intermediates for the syn
thesis of biologically active natural products.1 Efforts to ob
tain single enantiomer of 2-hydroxy acids have been focused 
on the chemical or enzymatic asymmetric synthesis and, as 
results, various synthetic methods are currently available.2-3 
However, the methods which make possible the rapid and ac
curate assesment of enantiomeric composition of 2-hydroxy 
acids prepared asymmetrically are limited. NMR chemical 
shift reagent methods,3 polarimetric methods and/or 
methods of chromatographic separation of diastereomers4,0 
have usually been employed for the determination of enan
tiomeric purity of 2-hydroxy acids even though all of these 
methods have shortcomings in convenience and accuracy.

Recently chromatographic direct separation of enantio
mers on CSP오 has beeen considered to be an effective analy
tical tool for the rapid and accurate determination of enantio
meric purity of chiral products. Gas chromatographic sepa
ration of racemic 2-hydroxy acids as their volatile deriva
tives on CSPs has been used for the evaluation of enantiome
ric purities.5 Enantiomeric 2-hydroxy acids have also been 
resolved by liquid chromatography including ligand ex
change chromatography on CSPs.6,7 In this area, our effort 
has also been described in a short communication dealing 
with the liquid chromatographic resolution of 2-hydroxy acid 
esters as their 3,5-dinitrophenyl carbamates on CSP 1 deriv
ed from (S)-l-[l-(6,7-dimethylnaphthyl)]isobutylamine.8 
However the chiral recognition mechanisms involved have 
not been systematically studied yet. An understanding of the 
chiral recognition mechanisms involved allows one to predict 
the separation of given analytes and to assign the absolute 
configuration of the enantiomers of 2-hydroxy acids from 
the elution order without recourse to configurationally 
known samples.

In this study, we wish to report that CSPs 1 and 2 which 
are derived from a-arylalkylamines can separate two enan
tiomers of various 2-hydroxy acid derivative* CSP 1 has 
been known to separate a variety of racemates.9"13 CSP 2 
which has second stereogenic center was recently prepared 
by connecting (S)-N-[(S)-l-phenylbutanoyl]-l-[l-(6,7-di- 
methylnaphthyl)]alkylamine to silica gel.14 The direction of 
connecting arm of CSP 2 is altered from that of CSP 1 as 
shown in their structure. Thus, the comparison of chiral re

solution behaviours on these CSPs may provide a reasonable 
chiral recognition mechanism.

csp 1 。部 2

Experimental

The chromatographic system used in this study consi옹ts 
of Waters Model 510 pump, Waters Mod이 U6K Universal 
Chromatograph Injector, Waters Model 441 Absorbance De
tector with 254 nm UV filter and Waters Mod어 740 Data 
Module Recorder.

All data for the chromatographic resolution were obtained 
by using a 250 mm x 4.6 mm LD. stainless-ste이 column 
packed with CSP 1 or CSP 2 by conventional methanol slurry 
method. Mobile phase was 10% isopropyl alcohol in w-hex- 
ane on CSP 1 or 20% isopropyl alcohol in n-hexane on CSP
2. The flow rate of mobile phase was 2 ml/min, Column tem
perature was maintained constant (20 °C) during the chro
matographing period by using a Julabo F 30 cooling cir
culator.

NMR spectra for the characterization of the derivati-
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Table 1. The Resolution of 3,5-Dinitrophenylcarbamates 3 of 

2-Hydroxy Acid Esters on CSP 1 and CSP 2

a Separation factor. For definition, see reference 19.6Capacity factor 

for the first eluted enantiomer. For definition, see reference 19.c Ab

solute configuration of the lately eluted enantiomer. For blanks, elu

tion orders have not been established.』This data is duplicated for 

the purpose of comparison.

Carbamates 3 CSP 1

Conf.c aa
CSP 2

N ConffR R， 钟

Methyl Methyl 1.84 4.49 S 2.83 5.49 S
Methyl Ethyl 1.89 3.24 S 2.90 4.38 S
Methyl Propyl 1.93 2.65 s 2.81 3.88 s
Methyl n-Butyl 1.93 2.38 s 2.75 3.50 s
Methyl M-Octyl 1.93 1.75 s 2.27 2.69 s
Methyl w-Dodecyl 1.94 1.39 s 2.00 2.19 s
Phenyl Methyl 1.89 4.95 s 3.13 11.53 s
Phenyl Ethyl 1.98 3.75 s 3.16 9.28 s
Phenyl Isopropyl 2.00 2.93 s 3.29 7.06 s
마】 enyl w-Butyl 1.99 2.99 s 2.91 7.48 s
Phenyl w-Octyl 2.08 2.28 s 2.35 5.75 s
Phenyl m-Dodecyl 2.10 1.88 s 2.03 4.53 s
Methyl EthyV 1.89 3.24 s 2.90 4.38 s
Ethyl Ethyl 2.03 2.88 3.71 4.50

w-Butyl Ethyl 1.94 2.25 4.19 3.90

Hexyl Ethyl 1.88 1.90 4.12 3.25

w-Octyl Ethyl 1.80 1.69 4.16 2.71

n-Dodecyl Ethyl 1.69 1.38 4.17 2.00

Figure 1. Resolution of a series of carbamates 3 on a) CSP 1 and b) 

CSP 2. All chromatographic conditions are given in the experimen

tal part.

ves of 2-hydroxy acids were obtained on a Varian EM-360A 
spectrometer. IR spectra were recorded on a Mattson Polaris 
FT-IR spectrometer. Melting point determination was per
formed by using a Rigaku Thermal Analyzer TAS 100.

2-Hydroxy acids used in this study were commercially 
available or were prepared by reducing with sodium borohy- 
dride o-keto esters obtained from the reaction of Grignard 
reagent with dialkyl oxalate.2,15 Derivatization of 2-hydroxy 
acids were performed by using conventional esterification 
reaction and then, by using the method of the derivatization 
of alcohols or diols.10,16 As an example, the spectroscopic and 
physical data of methyl 2-hydroxybutanoate and its 3,5-dini- 
trophenyl carbamate are presented in the following.

Methyl 2-Hydroxybutanoate. 'H NMR (CCl》& 0.80 (t, 
3H), 1.35-1.95 (m, 2H), 3.35-3.50 (broad, 1H), 3.70 (s, 3H), 
3.87-4.25 (m, 1H); IR (KBr) 3200-3650 (broad), 2970, 2880, 
1740 er、

3,5-Dinitrophenyl Carbamate of Methyl 2-Hydroxy- 
butanoate. m.p. 114-115°C; 'H NMR (CDCI3) 8 1.05 (t, 
3H), 1.75-2.10 (m, 2H), 3.93 (s, 3H), 5.10 (t, 1H), 8.50-8.68 
(m, 4H); IR (KBr) 3320, 3100, 2950, 1760, 1730 cmf

Results and Discussion

For the enantioselective separation, CSPs should interact 
with analytes through a minimum of three simultaneous in
teractions, at least one of these interactions being stereoche- 
mically dependent.17 Among others, n~n interaction bet
ween CSP 1 and analytes has been known to be of prime im
portance to achieve chiral recognition.9-13 Both of CSPs 1 

and 2 contain a strong ^-basic site such as 6,7-dimethylna- 
phthyl group. However, 2-hydroxy acids do not have any 
^■-acidic site needed for the n-n interaction with CSPs. 
Thus, to be resolvable on CSPs 1 and 2, 2-hydroxy acids 
should be converted into the 人■-acidic derivatives.

Previously, racemic alcohols and racemic diols have been 
resolved as the 3,5-dinitrophenyl carbamates on CSP I10,16 
As a logical extension of the prior studies, 2-hydroxy acid 
esters were treated with 3,5-dinitrophenyl isocyanate obtain
ed in sutufrom 3,5-dinitrobenzoylazide to afford 3,5-dinitro- 
phenyl carbamates 3. In order to see the general chromato
graphic resolution trend depending on the structure of ana
lytes, various 3,5-dinitrophenyl carbamates 3 with varying 
length of the ester alkyl tail(R9 and the alkyl substituent(R) 
at the stereogenic center were prepared and identified by 
their satisfactory spectroscopic data.

Data for the chromatographic resolution of carbamates 3 
on CSPs 1 and 2 are listed in Table 1. The 이ution orders 
noted in Table 1 were determined by chromatographing con
figurationally known samples. In every case, it is noted that 
(S)-enantiomers elute later than (R)-enantiomers and CSP 2 
shows greater chiral recognition than CSP 1. From the data, 
one sees an important trend of resolution^behaviours. The 
magnitude of the separation factors(a) on CSP 1 remains 
almost constant after the initial increase as the ester alkyl tail 
(R) of carbamate 3 increases in length, but on the other hand 
the magnitude of separation factors decreases after the maxi
mization of a at m = 2 as the alkyl substituent(R) increases in 
length. On the contrary, on CSP 2, the magnitude of separa
tion factors decreases with the maximization of a at n = 2 as 
the ester alkyl tail of carbamate 3 increases in length and re-
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Process A 
(R)-Enantiomer Retained 

Selectively

Process B 
(S)-En&ntloMer Retained 

Selectively
Figure 2. Two competing chiral recognition processes for the 

resolution of carbamate 3 on CSP 1.

mains almost independent on the length of the alkyl substi
tuent of carbamate 3 after the length of the alkyl substituent 
reaches M-butyl. To visualize those resolution trends given in 
Table 1, some of those are graphically shown in Figure 1.

The resolution trends influenced by the direction of the 
connecting arm of CSPs and the length of the ester alkyl tail 
and the alkyl substituent of carbamate 2 indicate the possibi
lity of the operation of competing chiral recognition proces
ses of opposite enantioselectivity. Utilizing two competing 
chiral recognition processes of opposite enantioselectivity 
has been well documented for the resolution of 3,5-dinitro- 
benzoyl derivatives of a-amino acid esters and。-arylalkyl- 
amines.9 Similarly, possible two competing chiral recogni
tion processes advanced from the model study to account for 
the dependence of the magnitude of separation factors upon 
the length of the ester alkyl tail and the alkyl substituent of 
carbamate 3 are shown in Figure 2.

In Figure 2, the analyte enantiomer is shown in it옹 most 
favorable conformation. The carbonyl oxygen of the 3,5-di- 
nitrophenyl carbamate group of analyte is essentially eclips
ed with the hydrogen at the stereogenic center. This type of 
conformation has been rationalized by X-ray crystallography 
even though the conformation in solution may be different 
from that in solid state.18 The proposed chiral recognition 
processes given in Figure 2 show that the (S)-enantiomer ap
proaches the most accesible face of CSP 1 through the n-n 
interaction between the 6,7-dimethylnaphthyl group of CSP 
and the 3,5-dinitrophenyl group of analyte and through the 
hydrogen-bondings indicated by arrow lines (Process B). On 
the other hand, the (R)-enantiomer approaches the most ac
cessible face of CSP 1 through the n-n interaction and the 
hydrogen-bondings indicated by arrow lines between the 
two amide groups of CSP and analyte (Process A). In those 
two processes, it is assumed that the carboalkoxy group 
(COOR‘) of analyte is sterically smaller than the alkyl substi- 
tuent(R) of analyte. Hence, in both of the two processes, the 
smaller alkox> group of analyte is directing toward the CSP.

This assumption has previously been satisfied in explaining 
the chiral recognitions on CSPs derived from a-arylalkylami- 
nes.9

Competing of the two processes, then, essentially deter
mines the degree of chiral recognition. Between the two pro
cesses, "process B" is thought to retain (S)-enantiomers 
more strongly than "process A" retains (R)-enantiomers 
because (S)-enantiomers always elute later as shown in 
Table 1. The alkyl substituent of analyte, in "process A", is 
not directing to the silica support or not being intercalated 
between the strands of connecting arm of CSP 1. In "process 
B ', however, the alkyl substituent of analyte is more or less 
parallel to the connecting arm of CSP 1 and being essentially 
intercalated between the strands of bonded phase. There
fore, as the length of the alkyl substituent of analyte in
creases, the initial dominance of "process B" over "process 
A" is diminished and, consequently, the magnitude of a 
should decrease progressively. On the other hand, the ester 
alkyl tail of analyte is not being intercalated between the 
strands of connecting arm of CSP 1 or not directing to the 
silica support in both of **processes A" and ''B''. Thus, the 
length of the ester alkyl tail of analyte does not influence the 
two processes and, consequently, the ma용nitude of a remains 
almost constant without being dependent on the length of the 
ester alkyl tail of analyte.

CSP 2 was essentially prepared by connecting the chiral 
moiety, a-arylalkylamine, to silica gel through the alkyl 
group of chiral moiety instead of the amide bond by which 
a-arylalkylamine is connected to silica gel to afford CSP 1. 
Therefore, the direction of connecting arms of CSPs 1 and 2 
are exactly opposite. As a consequence, "process B" inter
calates the ester alkyl tail of analyte, but does not intercalate 
the alkyl substituent when carbamates 3 are resolved on CSP 
2. "Process A" does not intercalate both of 산le ester alkyl 
tail and the alkyl substituent of analyte. Hence, the long ester 
alkyl tail of analyte suppresses the initially dominant l,pro
cess B" and the magnitude of a on CSP 2 should decrease 
progressively as the length of the ester alkyl tail of analyte in
creases. The alkyl substituent of analyte is not being inter
calated between the strands of connecting arm of CSP 2 or 
not directing to the silica support in both of the two pro
cesses. Therefore, the magnitude of a on CSP 2 is not af
fected by the length of the alkyl substituent of analyte.

At this point, it 다】ould be noted that "process A" which is 
quite similar to the "dipole-stacking process" which was 
proposed to retain one of the two enantiomers selectively 
during the resolution of N-3,5-dinitrobenzoylamino acid 
esters on CSPs derived from a -arylalkylamines9 is not the 
only process. Any process which does not intercalate both of 
the ester alkyl tail and the alkyl substituent of analyte can be 
used together with u process B" to explain the observed re
solution behaviors of carbamates 압.

The maximization of a at w = 2 and the initial increase of a 
which are observed when methyl (R or RO of analyte is 
changed to ethyl as shown in Table 1 and Figure 1 is presum
ed to come from the increased conformational rigidity of 
analyte. Ethyl is significantly larger than methyl and, conse
quently, exerts a greater control of conformation favorable 
for chiral recognition. However, the alkyl substituents or the 
ester alkyls longer than ethyl are not effectively larger and do 
not exert additional conformational control. The longer alkyl 
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substituents or the longer alkyl tails of carbamates 3 are ex
pected to show only the effect exerted by interfering with the 
connecting arm of CSP.

For the present study, the second stereogenic group of 
CSP 2 seems to work only as a steric group. The big chiral 
acyl group of CSP 2 may suppress "process A" more strong
ly than CSP 1 and hence CSP 2 is expected to show better 
chiral recognitions than CSP 1. The larger capacity factors, 
虹,on CSP 2 than on CSP 1 shown in Table 1, however, is not 
properly explained by using the chiral recognition mecha
nisms proposed. The additional n-n interaction between 
the phenyl group ar the second stereogenic center of CSP 2 
and the 3,5-dinitrophenyl group of carbamate 3 may provide 
the larger capacity factors on CSP 2. However, we do not 
have any evidence for the additional n-n interaction.

In conclusion, CSP 1 and CSP 2 which are derived from 
a -arylalkylamines have been shown to be quite effective for 
the resolution of 3,5-dinitrophenyl carbamates 3 of various 
2-hydroxy acids. From the resolution behaviors influenced 
by the direction of connecting arm of CSPs and the length of 
the ester alkyl tail(R') and the alkyl substituent(R) of car
bamates 3, the two competing chiral recognition mechanisms 
are proposed to be operative. The magnitude of separation 
factors observed for every entry in Table 1 is greater than 
1.60. Therefore, we expect that the methodology described 
herein allows for accurate and simple analytical assesment of 
enantiomeric purity of 2-hydroxy acids.
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