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ABSTRACT

Enantiomer Resolution of a-Amino Acids and N-Protected

a-Amino Acids on Chiral Stationary Phases by HPLC

Jin, JingYu

Adpvisor: Prof. Wonjae Lee, Ph.D.
Department of Pharmacy

Graduate School of Chosun University

Liquid chromatographic comparisons for enantiomer resolution of a-amino acids and chiral
primary amino compounds were made using chiral stationary phases (CSPs) prepared by
covalently bonding (+)-(18-crown-6)-2,3,11,12-tetracarboxylic acid (18-C-6-TA) of the same
chiral selector. The resolution of all a-amino acids on CSP 1 developed in our group was found
to be better than that on CSP 2 reported by Machida et al. All a-amino acids examined in this
study were well enantioseparated on CSP 1 (o = 1.22-2.47), while four analytes were not
resolved or all the other analytes were poorly resolved on CSP 2 than on CSP 1. However, in
resolving the primary amino compounds without a carbonyl group, CSP 1 was comparable
with CSP 2. Although (+)-18-C-6-TA of the same chiral selector was used to prepare CSP 1
and CSP 2, this study showed that different connecting methods for the CSPs might influence
their ability to resolve the analytes depending on their structures related to the chiral
recognition mechanism.

Chiral stationary phases (CSPs), CSP 1 and CSP 1', with a reverse stercochemical
configuration, were prepared by covalently bonding (+)-and (—)-18-C-6-TA to silica gel,
respectively. These CSPs were used to resolve the enantiomers of a-amino acids and primary
amino compounds, affording reasonable and quite similar resolution behaviors except for the
elution orders. The elution orders of the two enantiomers for the resolution of a-amino acids
and other primary amino compounds were always opposite on the two CSPs. The reverse
elution orders on the two CSPs with the antipode of the chiral selector were demonstrated to be

very useful in the determination of the enantiomeric purity of optically enriched analytes.



The liquid chromatographic enantiomer separation of several N-hydrazide derivatives of 2-
aryloxypropionic acids was performed on a crown ether type chiral stationary phase (CSP)
derived from (18-C-6-TA). The behavior of chromatographic parameters by the change of
mobile phases and additives for the resolution of these analytes was investigated. The
enantiomers of all analytes were base-line resolved in the mobile phase of 100% methanol
containing 20 mM H,SOy as an acid additive. These results using the crown ether derived CSP
are the first reported for enantiomer resolution of chiral acids of 2-aryloxypropionic acids as
their N-hydrazide derivatives.

Liquid  chromatographic =~ comparisons  for  enantiomer  resolution of  N-
fluorenylmethoxycarbonyl (FMOC) a-amino acids with fluorescence detection were made on
covalently bonded type chiral stationary phases (CSPs) (Chiralpak IA and Chiralpak IB) and
coated type CSPs (Chiralpak AD and Chiralcel OD) derived from polysaccharide derivatives
of the same chiral selectors. This is the first study reported of enantiomer resolution with
fluorescence detection on covalently bonded type CSPs, Chiralpak IA and Chiralpak IB. In
general, covalently bonded type CSPs (Chiralpak IA and Chiralpak IB) showed lower
enantioseparation than coated type CSPs (Chiralpak AD and Chiralcel OD) for enantiomer
resolution of these analytes, respectively. Owing to higher sensitivity and broader solvent
compatibility in fluorescence detection on Chiralpak IA and Chiralpak IB than in UV detection,
however, this analytical method is expected to enlarge their application of enantiomer
resolution, such as an online HPLC monitoring of asymmetric synthesis.

The liquid chromatographic enantiomer separation of N-FMOC protected a-amino acids
ethyl ester derivatives was performed on polysaccharide-derived chiral stationary phases,
covalently bonded type chiralpak IA and coated type Chiralpak AD. Although Chiralpak IA
showed slightly lower enantioselectivity than Chiralpak AD, most of N-FMOC a-amino acids
ethyl esters enantiomers were base-line separated on Chiralpak IA and Chiralpak AD. Owing
to the compatibility with a broad range of solvents and column safety of Chiralpak IA, it is
expected to enlarge its new application of enantiomer separation. Especially, it is expected to
be useful for preparative separations, because the halogenated solvent like chloroform or
methylene chloride shows often better solubility than the other solvents.

The liquid chromatographic enantiomer separation of N-phthaloyl (PHT) protected a-amino



acids on several coated and immobilized chiral stationary phases (CSPs) derived from
polysaccharide derivatives was performed. The coated CSP of Chiralpak AD showed more or
less enantioseparation than the covalently bonded CSP of Chiralpak TA with the same chiral
selector of amylose tris(3,5-dimethylphenylcarbamate). However, the coated Chiralcel OD
showed greater enantioseparation than the covalently bonded Chiralpak IB with the same
chiral selector of cellulose tris(3,5-dimethylphenylcarbamate). Among all examined CSPs,
Chiralcel OD afforded the greatest performance for enantiomer resolution of N-PHT a-amino
acids and, therefore, all analytes enantiomers were base-line separated on Chiralcel OD. The
chromatographic method developed in this study was usefully applied for determination of the

enantiomeric purity of commercially available N-PHT a-amino acids analytes.



aEXRE
2P AM HPLC

N-protected o-©}B[>x=

= v
Je
H
=
oln
le
b
ct
A
¢

dHARUIEDRE  o[HE  oolP[={F ™ 1A o xHEEY
Fero| gAML Be2|E 9tte] FZMEYAL (4)-(18-crown-6)-2,3,11,12-tetracarboxylic
acid (18-C-6-TA)E silica gel® THZBYANAU IZTFY(CSPs)E AL-BIGAT). U3
Za RE o ouxitE FEFWCSP 1)°IM  Machida et alTe] URTE
S Y(CSP 2)%MEE 2|20t o F& Aoz L|EIRIT g-ofuxirey
SEOEEME o = 122247 OIF ofFom H2[E|JC) o9} v
Machida et al.’F°] UFE oAt EMEX F 4 EHEZLE E2|7) 57|
2|27t B&E ¢ & UL

ct
17P otux3erE & CSP 18 CSP 29M v|KEt

—

& glch
VERFY CSP 1 & CSP 1'eE M= U] iyt dAMESE Hn Jlon
22} (+)-2 (-)-18-C-6-TA ?HMUEALE silica gel®] FTHZEANA AHoITh o
otu[xdtnt 1A} ofu¥EEY FEo|HUME IHFY CSP 18} CSP 1AM
2| g & glon E2[&ME H YT I FYo[HWTH 2| ARE KA
4

&)
LIEPRIEE o-ofU[xQtaf 12 ofvdx HEEY FHo[HEN 82 &ME FUY=R

N



LIEfty o] ZatEs

dHARVIEDAE

o0 =
=€

18-C-6-TAYM

Hered

2|E

A =]
=

¥ A7

SAo
Ee’.a

Aot

olF¥el

°[TY ™

100%

NER 2

bag

R

-
=

HEFZYM  base-line

iy
[N
i)

r

¥ arutEDNI|E ©[|-&E N-fluorenylmethoxycarbonyl (FMOC) o-©}P[Xxte]

EI =M f=E

JeRE

0 o

TTHA

»

il

ol

(Chiralpak AD, Chiralcel OD)

o[ LM

et
1)
2173 (Chiralpak IA, Chiralpak

2 7H A (Chiralpak AD, Chiralcel OD)®)l Y[¥f

12709 v =9t

M

)

(<]
N

£ 00| EEBF Chiralpak 1A%} Chiralpak IBE ©|F¥E FHHLH 148 £

ol
®0
—40

st o

i =

A =]
=

TEH eeE HeR I Erl

S=H

&

a-°fo|
IS =M oM

N-FMOC

ol-ggt

Ay AaRvIED) IS

Hered

1A)2t

se|g

& Argerol
Chiralpak IA®IM =R

278 (Chiralpak  AD)

1¥ 1278 ¥ (Chiralpak

el

El

o

—

DAl



I 7H el Chiralpak AD®|MELCH

2
=

l

CIRES N-FMOC o-°t9[xdt YA KE=HEZ Chiralpak [AR} Chiralpak

9
ADYIM

Chiralpak

2[E| Sl
TN Abe

2lo) ©f Fwsorry

H|oreA

base-line=

] 2571
[T =4

r

gzt

=

L& IYEref

=2
N

JEERE

et
o )

ol-ggt

SPEELE R
sisto] creg Aol

by

NERTFYE AT BTl

O —
=&

|

tris(3,5-dimethylphenylcarbamate)

olUR QA
2

Y[ BIY  Chiralpak AD%|M

Ol'&\_'_r

2
=

Chiralpak 1A

Yy

I 7Y AQl Chiralpak AD&}

2
=

l

2

™

gol|dZTH

-
©

Chiralpak ITA®|M T}

=
~—

et WZR QA tris(3,5-dimethylphenylcarbamate) ?|%t

aefut UL

Aoz repRtel,

JJ

Chiralcel OD®|M

@/

2y

"~

Wy

x|
w

=

LrEPRtet.

299

2|2t

=
=

ki

o

Chiralpak IB®|M Xt}

OD®IM

Chiralcel

e/l

2|27 M ©f

3

golyzH e &

-
©

& dFoM fLE ARVIEDYE] PHS

&2 E et

HAISTE A

-
=

base-line

ol

oF
o

£ el Y

[\



Chapter |
Comparison of Enantiomer Separation on Two Chiral
Stationary Phases Derived from (+)-18-Crown-6-2,3,11,12-
Tetracarboxylic Acid of the Same Chiral Selector



ABSTRACT

Liquid chromatographic comparisons for enantiomer resolution of a-amino acids and chiral
primary amino compounds were made using chiral stationary phases (CSPs) prepared by
covalently bonding (+)-(18-crown-6)-2,3,11,12-tetracarboxylic acid (18-C-6-TA) of the same
chiral selector. The resolution of all a-amino acids on CSP 1 developed in our group was found
to be better than that on CSP 2 reported by Machida et al. All a-amino acids examined in this
study were well enantioseparated on CSP 1 (o = 1.22-2.47), while four analytes were not
resolved or all the other analytes were poorly resolved on CSP 2 than on CSP 1. However, in
resolving the primary amino compounds without a carbonyl group, CSP 1 was comparable
with CSP 2. Although (+)-18-C-6-TA of the same chiral selector was used to prepare CSP 1
and CSP 2, this study showed that different connecting methods for the CSPs might influence
their ability to resolve the analytes depending on their structures related to the chiral

recognition mechanism.

Keywords: chiral stationary phases, enantiomer separation, 18-crown-6-tetracarboxylic acid



1.1. INTRODUCTION

Chiral crown ethers, a class of synthetic host molecules, have aroused considerable interest
since Cram and his co-workers reported the chiral discrimination studies of host-guest
complexation.!"*) Many studies using crown ethers as chiral selectors have been performed to
resolve racemic o-amino acids and primary amines by liquid-liquid extraction and high-
performance liquid chromatography.**! For the liquid chromatographic resolution of a-amino
acids and the chiral primary amino compounds, a commercial Crownpak CR column based on
the chiral crown ether has been developed and widely used.”*’ Among the several chiral crown
ether derivatives, (+)-(18-crown-6)-2,3,11,12-tetracarboxylic acid (18-C-6-TA) has been
utilized in capillary electrophoresis to resolve the enantiomers of the a-amino acids and chiral

1% Subsequent studies on the application of the same chiral selector

primary amines (Fig. 1.1).!
of (+)-18-C-6-TA in HPLC have been performed. In our group a chiral stationary phase (CSP
1) prepared by covalently bonding (+)-18-C-6-TA to the aminopropyl silica gel was developed
and applied to the chromatographic resolution of several racemic a-amino acids and primary
amino compounds including the quinolone antibacterials by HPLC (Fig. 1.2).'"""'%! Machida et
al. also developed a covalently bonded CSP (CSP 2) derived from the same chiral selector of
(+)-18-C-6-TA using different connecting methods (Fig. 1.1 and 1.2).'""'"® Recently, for the
chiral recognition mechanism between (+)-18-C-6-TA as a chiral selector and an a-amino acid
in the solution state detailed NMR studies were reported."” In this study we compare the
chromatographic results of two CSPs prepared from (+)-18-C-6-TA of the same chiral selector
using different connecting methods for resolution of the analytes depending on their structures

related to the chiral recognition.



1.2. EXPERIMENTAL

Chromatography was performed at room temperature using an HPLC Breeze system
consisting of a Waters model 1525 binary pump, a Rheodyne model 7125 injector with a 20 pL
loop, a dual absorbance detector (Waters 2487 detector). CSP 1 was prepared by bonding (+)-
18-C-6-TA to aminopropyl silica gel [Kromasil, EKA Chemicals, 100 , 5 um; Micro analysis,
found: C, 6.30%, N, 1.72%, calculated: 1.22 mmol/g (based on N)] via the previously reported
method (Fig. 1.1).'") The modified silica [Microanalysis, found: C, 9.30%, N, 1.32%,
calculated: 0.30 mmol/g (based on C)] for CSP 1 was slurry packed into a 250 x 4.6 mm
stainless steel column. HPLC-grade methanol was obtained from J.T. Baker. Water was
purified using a milli-Q water purification system (Bedford, MA, USA). Sulfuric acid was
obtained from Fluka Company (Switzerland). All chromatography samples were commercially

available from Aldrich and Sigma.

10



1.3. RESULTS AND DISCUSSION

Table 1.1 shows the comparative results of the enantiomer resolution of the a-amino acids
on CSP 1 and CSP 2 derived from the (+)-18-C-6-TA of the same chiral selector. All the a-
amino acids used in this study were base-line resolved with good separation factors (a0 = 1.22-
2.47) on CSP 1. The observed enantioselectivities and resolution factors on CSP 1. were
superior to those on CSP 2. In particular, the enantiomers of the four analytes (entry 3, 4, 7, 15)
that failed to resolve on CSP 2 were separated on CSP 1 with reasonable separation factors (o
= 1.22-1.64).""" The elution orders were determined by injecting the pure enantiomer with a
known configuration except for 1-naphthylglycine (entry 19). All the R-enantiomers of the a-
amino acids used in this study were selectively retained on the CSP 1 derived from (+)-18-C-6-
TA. Although the elution order of the 1-naphthylglycine enantiomers was not determined, it is
expected that the R-enantiomer will be selectively retained on the CSP 1 using a similar chiral
recognition mechanism between the chiral crown ether on CSP 1 and the 1-naphthylglycine
analyte. It was reported that the R-enantiomers of o-amino acids eluted prior to the S-
enantiomers on Crownpak CR(+), the chiral crown ether type CSP."® Since the elution orders
of the enantiomers of the a-amino acids on the Crownpak CR(+) were the opposite on CSP 1,
it might be said that the CSP 1 derived from (+)-18-C-6-TA is equivalent to Crownpak CR(-)
in terms of the elution order. Therefore, the elution orders mentioned by Machida et al. that
(+)-18-C-6-TA derived CSP 2 is similar to Crownpak CR(+) was not correctly described.!"”

Table 1.2 shows the comparative results of the enantiomeric resolution of the primary amino
compounds on CSP 1 and CSP 2. In general, the enantioselectivities and resolution factors on
CSP 1 are comparable to those on CSP 2 except for two analytes (entries 1 and 2) possessing a
carbonyl group. The alanine-p-naphthylamide enantiomers were greater separated on CSP 1
than on CSP 2 (entry 1). Also, the baclofen enantiomers were base-line separated on CSP 1,
while they were not resolved on CSP 2 (entry 2). Compared to the other analytes, primaquine,
which has an amino group in the remote d position from the chiral center, showed fairly lower
enantioseparation (entry 8). In general, the enantioselectivities and resolution factors for
primary amino compounds lacking a carbonyl group were observed to be lower than those for

a-amino acids on CSP 1. The typical chromatograms are shown in Fig. 1.3

11



As shown in Table 1.1 and Table 1.2, although (+)-18-C-6-TA of the same chiral selector
was used to prepare CSP 1 and CSP 2, different connecting methods for these CSPs might
influence their ability to resolve the analytes depending on their structures related to the chiral
recognition mechanism. The structure of CSP 2 developed by Machida et al. was not clearly
defined (Fig.1.2).""! They reported that the bonding form of the chiral selector of (+)-18-C-6-
TA to the silica gel appears to be a monoamide and diamide linking. Complexation of the
primary ammonium moiety formed by protonating the a-amino acids under acidic conditions
inside the chiral cavity of the 18-crown-6 ring of the CSP is believed to be essential for the
chiral recognition.” According to our previous study of a-amino acid in the presence of (+)-
18-C-6-TA as a chiral selector by NMR spectroscopy and molecular dynamics calculations,
these tripod hydrogen bonding interactions were observed in not only the R-enantiomer/18-C-
6-TA complex but also in the S-enantiomer/18-C-6-TA complex during chiral recognition.!"”’
In addition to these hydrogen bonding interactions, we reported that another hydrogen bonding
interaction between one carboxylic acid of 18-C-6-TA and the carbonyl oxygen of the R-amino
acid was observed to be crucial for effective chiral discrimination.""”’ Based on the NMR and
molecular dynamics results, Fig. 1.4 shows a schematic representation of the chiral recognition
between the CSP 1 derived from (+)-18-C-6-TA and the strongly eluted enantiomer of the R-
amino acid. However, the CSP 2 possessing a diamide tether may have a limitation for this
type of hydrogen bonding, while CSP 1 is an axially chiral phase with a C2 symmetry structure,
favorable for the chiral discrimination interaction of the hydrogen bonding.* Consequently, it
is considered that the structural feature of CSP 2 might result in the inferior performance of
CSP 2 in resolving a-amino acids, compared to CSP 1. On the other hand, such a hydrogen
bonding interaction cannot be formed in primary amino compounds without a carbonyl group
even on CSP 1. Therefore, it might be explained that the lower enantioselectivities for primary
amino compounds without a carbonyl moiety than those for a-amino acids on CSP 1 are
attributed to the absence of this hydrogen bonding. However, since alanine--naphthylamide
and baclofen have a carbonyl group (entry 1 and 2) unlike the other primary amino compounds
in Tablel.2, it is considered that the greater enantioselectivities for these two analytes on CSP
1 than on CSP 2 are due to the carbonyl group, an essential interaction site for hydrogen

bonding with the carboxylic acid of CSP 1.
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1.4. CONCLUSION
Two covalently bonded CSP 1 and CSP 2 derived from (+)-18-C-6-TA using the same chiral

selector, and prepared by different connecting methods were compared for their ability to
resolve the a-amino acids and chiral primary amino compounds. CSP 1 showed a higher
enantioselectivity for the resolution of all a-amino acids than CSP 2, while CSP 1 was
comparable to CSP 2 in resolving primary amino compounds, lacking a carbonyl group. It is
considered that the greater enantioselectivities of the amino acids on CSP 1 than on CSP 2 are
due to the hydrogen bonding between one carboxylic acid of 18-C-6-TA and a carbonyl
oxygen of amino acid, because CSP 2 with a diamide tether may limit this hydrogen bonding.
In general, it is also considered that the lower enantioselectivities for the primary amino
compounds without a carbonyl group on CSP 1 than those for a-amino acids are responsible

for the absence of this hydrogen bonding.
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Tablel.1 Enantiomer resolution of the a-amino acids on CSP 1 and CSP 2 derived from (+)-18-

C-6-TA of the same chiral selector
Entry Analyte CSP 1 CSP 2*

o k', Rs Conf” o k'y Rs
1 Alaning(Ala) 1.35 .32 1.61 R 1.12 0.60 041
2 Arginine(Arg) .73 0.70 1.77 R 1.48 0.58 1.30
3 Asparagine(Asn) 1.22 1.04 1.26 R 1.00 0.34 -
4 Aspartic acid(Asp) 1.31 1.04 1.14 R 1.00 0.44 -
5 Histidine(His) 149 130 1.48 R 1.41 039  0.82
6 Leucine(Leu) 1.67 041 1.88 R 1.32 0.63 0.89
7 Isoleucine(lle) 146 035 1.21 R 1.00  0.39 -
8 Norleucine(Norleu) 1.50  0.60 1.72 R 1.34 0.74 0.92
9 Norvaline(Norval) 1.48  0.65 1.69 R - - -
10 Methionine(Met) 1.65 0.73 228 R 1.23 090 0.73
11 Phenylglycine(PG) 247 143 698 R 1.91 1.87  2.68
12 Phenylalanine(Phe) 1.75  0.51 2.20 R 1.53 1.22 1.61
13 Tryptophan(Trp) 1.61 0.59 1.78 R 1.41 2.76 1.77
14 Tyrosine(Tyr) 1.58 081 2.84 R 1.40  0.94 1.30
15  Valine(Val) 1.64 020 1.59 R 1.00  0.39 -
16  o-Amino-n-butyric acid 1.49  0.67 1.75 R 1.16 0.44 0.47
17  DOPA 1.63 095 276 R 1.44  0.80 1.33
18  5-Hydroxytryptophan 1.59  0.66 1.66 R - - -
19  1-Naphthylglycine 149 224 294 - - -

Mobile phase = 80% methanol in water (v/v) containing 10 mM H,SO,4; Flow rate = 1
mL/min; UV detection at 210 nm.
* Data taken from reference 17.

® The configuration of the second eluted isomer.
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Table1.2 Enantiomer resolution of the primary amino compounds on CSP 1 and CSP 2 derived

from the (+)-18-C-6-TA of the same chiral selector

Entry Analyte CSP1 Csp 2°

o k', Rs Conf.” o k', Rs
1 Alanine-f-naphthylamide 1.71 401 411 R 149 280 2.23
2 Baclofen 1.29 800 205 S 1.00  8.63 -
3 a-Methylbenzylamine 1.30 290 237 S - - -
4 a-Methyltryptamine 1.12  3.69°  0.63 1.07 3.00 048
5 Mexiletine 1.20  0.82 143 - - -
6 1-(1-Naphthyl)ethylamine ~ 1.27 2.68 2.10 R 148 2.69 213
7 Norephedrine 135 039" 156 1S2R 1.38 1.54 1.39
8 Primaquine 1.10  1.37° 0.28 1.10 838 0.62

Mobile phase = 80% methanol in water (v/v) containing 10 mM H,SO,4; Flow rate = 1
mL/min; UV detection at 210 nm.

* Data taken from reference 17.

® The configuration of the second eluted isomer.

4 100% and 30% methanol in water (v/v) containing 10 mM H,SO, were used as a mobile
phase, respectively.

“10 mM H,SO, aqueous solution as a mobile phase.

17



j/ (\ O/ﬁ O

a,b w,, O o) c,d
CSP 1 HO OH , CSP2
HO oy, ~OH
Y
ri. it

Figure 1.1 Two chiral stationary phases derived from the same chiral selector of (+)-18-C-6-
TA: (a) acetyl chloride (b) aminopropyl silica gel, triethylamine (¢) EEDQ, aminopropy] silica
gel (d) acetic anhydride.
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Figure 1.2 The structures of CSP 1 (left) and CSP 2 (right).
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Figure 1.3 Chromatograms of the enantiomer separation on the CSP 1 derived from (+)-18-C-

6-TA; See Tables for chromatographic conditions.; Injected amount 0.5-5 nug.
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Figure 1.4 Schematic representation of the chiral recognition between the CSP 1 derived from
(+)-18-C-6-TA and the strongly eluted enantiomer of the R-amino acid, showing

intermolecular hydrogen bonding (dotted line) between the chiral selector and the carbonyl

oxygen of the R-amino acid.
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Chapter ||
Development of the Antipode of the
Covalently-Bonded Crown Ether Type
Chiral Stationary Phase for the Advantage
of the Reversal of Elution Order
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ABSTRACT

Chiral stationary phases (CSPs), CSP 1 and CSP 1', with a reverse stereochemical
configuration, were prepared by covalently bonding (+)-and (-)-(18-crown-6)-2,3,11,12-
tetracarboxylic acid (18-C-6-TA) to silica gel, respectively. These CSPs were used to resolve
the enantiomers of a-amino acids and primary amino compounds, affording reasonable and
quite similar resolution behaviors except for the elution orders. The elution orders of the two
enantiomers for the resolution of a-amino acids and other primary amino compounds were
always opposite on the two CSPs. The reverse elution orders on the two CSPs with the
antipode of the chiral selector were demonstrated to be very useful in the determination of the

enantiomeric purity of optically enriched analytes.

Keywords: Chiral stationary phases, Enantiomer separation, 18-Crown-6-tetracarboxylic acid,

Reversal of elution order
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2.1. INTRODUCTION

Chiral stationary phases (CSPs) derived from chiral crown ethers have attracted
considerable interest since Cram and his co-workers first introduced chiral crown ether type
CSPs immobilized on a silica gel or on polystyrene in the 1970°s.!"*! Many studies using crown
ethers as chiral selectors have been used to resolve racemic a-amino acids and primary amines

by liquid-liquid extraction and high-performance liquid chromatography.”

Among the
several chiral crown ethers developed by Cram, (3,3'-diphenyl-1,1'-binaphthyl)-20-crown-6 as
a chiral selector was dynamically coated on an octadecylsilica gel to afford the Crownpak CR
CSP.! The Crownpak CR column of the chiral crown ether type has proven to be useful for
the chromatographic resolution of not only amino acids but also primary amino compounds.”*
However, since the Crownpak CR is prepared by a dynamic coating of a chiral crown ether on
a reversed-phase packing, it has an intrinsic drawback in the use of mobile phase.”® The use
of a mobile phase containing more than 15% methanol deteriorates the CSP performance due
to leaching of the chiral crown ether selector. In particular, hydrophobic analytes have
significantly long retention times.® Moreover, the use of other organic solvents except
methanol is not permitted because they can compromise the safety of the column, which cause
the column to over-pressurize and lose capacity. Recently, CSPs derived from (+)-(18-crown-
6)-2,3,11,12-tetracarboxylic acid (18-C-6-TA), which was first prepared by Behr and co-
workers,”” have been developed.!'”"”! The covalently-bonded type column, CSP 1, shown in
Fig. 2.1, has been successfully used to resolve the enantiomers of primary amines as well as a-

amino acids.!''"*

I'In particular, since CSP 1 is prepared by covalently bonding (+)-18-C-6-TA
to an aminopropyl silica gel, this crown ether type chiral column has the advantage of the use
of a variety of mobile phases along with the wide applicability of the hydrophobic

314 More recently, detailed NMR studies on the chiral recognition mechanism

analytes.
between (+)-18-C-6-TA as a chiral selector and o-amino acid in the solution state were
reported."® However, in the determination of enantiomeric composition of optically active
primary amino compounds containing very small amount of second eluting enantiomer on CSP
1, some difficulties have been sometimes encountered because the small second HPLC peaks
are sometimes embedded in the first big peaks. To solve these difficulties, the reversal of the

17,18

elution orders of the two enantiomers is absolutely required.!"'® In an affort to solve these
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difficuties, in this study, we report the preparation of a new CSP 1' by covalently bonding (-)-

18-C-6-TA and the comparison of the enantiomer resolutions on CSP 1 and CSP 1.
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2.2. EXPERIMENTAL

CSP 1 and CSP 1' were prepared by bonding (+)- and (—)-18-C-6-TA to aminopropyl silica
gel, [Kromasil, EKA Chemicals, 100 , 5 um; Micro analysis, found: C, 6.30%, N, 1.72%,
calculated: 1.22 mmol/g (based on N)] respectively, as described previously."'""" The modified
silica gels [Microanalysis, found: C, 8.70%; N 1.03% calculated: 0.28 mmol/g (based on C)]
for CSP 1 and [Microanalysis, found: C, 9.02%; N 1.20% calculated: 0.29 mmol/g (based on
C)] for CSP 1' were slurry packed into 250 x 4.6 mm stainless steel column, respectively.
Chromatography was performed at room temperature using an HPLC Breeze system consisting
of a Waters model 1525 binary pump, a Rheodyne model 7125 injector with a 20 pL loop, and
a dual absorbance detector (Waters 2487 detector). The HPLC-grade methanol was obtained
from J.T. Baker. Water was purified using a milli-Q water purification system (Bedford, MA,
USA). Sulfuric acid was obtained from the Fluka Company (Switzerland). All the analytes

were obatined from either Aldrich or Sigma.
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2.3. RESULTS AND DISCUSSION

For the purpose of comparison, CSP 1 and CSP 1' were prepared under an identical
condition by covalently bonding (+)-and (-)-18-C-6-TA to an aminopropyl silica gel,

1121 Bach 18-C-6-TA was converted into its

respectively, as reported previously (Fig. 2.1).!
dianhydride by treating it with acetyl chloride. In order to prepare the modified silica gel, the
dianhydride compound was treated in dry methylene chloride at 0°C under nitrogen with
triethylamine and 3-aminopropyl silica gel. The CSP 1 and CSP 1' columns packed with the
covalently bonded silica gels prepared from (+)-and (—)-18-C-6-TA, respectively, were used to
resolve several a-amino acids and primary amino compounds.

Tables 2.1 shows the chromatographic results of the enantiomeric resolution of a-amino
acids on CSP 1 and CSP 1'. All a-amino acids used in this study were base-line resolved with
good separation factors (o = 1.27-2.74) on CSP 1 and CSP 1'. The separation factors for the a-
amino acids on CSP 1 were similar to those on CSP 1'. Probably, the longer retention times on
CSP 1' might be due to the slightly higher loading of the chiral selector to the aminopropyl
silica gel in CSP 1'. The elution orders were determined by injecting configurationally known
enantiomers. The elution orders of the o-amino acids shown in Table 2.1 were consistent, the
(D)-enantiomers of all the analytes investigated in this study being selectively retained on CSP
1 derived from (+)-18-C-6-TA while the (L)-enantiomers being selectively retained on CSP 1'
derived from (—)-18-C-6-TA, with the exception of serine, threonine (entry 10 and 11 in Table
2.1) and serine and threonine methyl esters.

Since both threonine and serine analytes have a hydroxy group on the [-carbon, it is
considered that the P-hydroxy moiety might directly influence the chiral recognition
interaction with the crown ether as a chiral selector. Based on our previous NMR results and
molecular dynamic calculations, it is considered that much stronger hydrogen bonding
between the -hydroxy moiety of threonine (or serine) and the COOH of 18-C-6-TA instead of
the hydrogen bonding between the carbonyl oxygen of threonine (or serine) and the COOH of
18-C-6-TA might be formed.!""! This hydrogen bonding interaction between the B-hydroxy
moiety of threonine (or serine) and the COOH of 18-C-6-TA, which is meant to be a favorable

interaction in the spatial disposition upon forming the diastereomeric complex could reverse
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the elution orders of these analytes. The separation factors (oo = 1.30, 1.30) of the enantiomers
of threonine and its methyl ester were observed to be lower than those (o = 2.14, 3.10) of
serine and its methyl ester on CSP 1'. It is possible that the interference of the methyl group on
the B-carbon in the threonine structure with the chiral interaction between threonine and 18-C-
6-TA might be responsible for these reduced enantioselectivities.

Table 2.2 shows the enantiomer resolution of some primary amino compounds on CSP 1
and CSP 1'. All the primary amino compounds investigated in this study were well resolved
except for the kynurenine and a-methyltryptamine analytes (entry 3 and 5). Generally, CSP 1’
for all the analytes shows a slightly higher enantioselectivity with increased retention times
than CSP 1. Again the elution orders of the examined analytes are exactly opposite on the two
CSPs and the typical examples of the reversal of elution order on CSP 1 and CSP 1' are
demonstrated in Fig. 2.2 and Fig. 2.3 The chromatograms for the determination of the
enantiomeric purity of enantiomerically enriched thyroxine (L:D = 90:1) and DOPA samples
(L:D =100:1) on CSP 1 and CSP 1' are shown in Fig. 2.2 and Fig.2.3, respectively. The (D)-
enantiomers are strongly retained on the CSP 1 derived from (+)-18-C-6-TA, while the (L)-
enantiomers are strongly retained on the CSP 1' derived from (—)-18-C-6-TA. Especially, as
shown in Fig.2.3, the second small peak corresponding to (D)-DOPA is slightly embed in the
first big peak on CSP 1 and consequently the exact determination of the enantiomeric purity

U718 1 contrast, the two peaks on CSP 1' are well separated because of the

has some difficulty.
reversal of the elution order and consequently, it is much easier to determine the enantiomeric
purity on CSP 1'. These results demonstrate that the change in the elution order is often
desirable when attempting to detect the minor enantiomers in the front of the major isomer of

the analyte.!'”
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2.4. CONCLUSION

CSP 1 and CSP 1' derived from (+)- and (—)-18-C-6-TA with a reverse configuration,
respectively, were prepared and successfully used to resolve several primary amino
compounds as well as a-amino acids. Since the chiral selectors of CSP 1 and CSP 1' are
covalently bonded to the silica gel, various mobile phases can be used without any
deterioration. Therefore, it is expected that they will be quite useful for resolving the
enantiomers of hydrophobic compounds and preparative separations.'” In addition, it is
expected that CSP 1 and CSP 1', with the antipode of the chiral selector, will be effective for

determining the enantiomeric purity due to the advantage of a reversal of the elution order.
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Table 2.1 Enantiomer resolution of the a-amino acids on CSP 1 and CSP 1"

CSP 1 CSP I
Entry Analyte
o k", Rs  Conf? o k", Rs Conf?
1 Ala 1.34 0.77 1.58 D 132 1.15 1.51 L
2 Asp .31 1.02 1.11 D 1.31 149 1.10 L
3 Ile 144 029 1.23 D 144 044 1.25 L
4 Leu 1.62 042 1.78 D 1.65 0.63 1.80 L
5 Met 1.66 0.70 2.30 D 1.64 1.02 225 L
6 Norleu 1.53 036 1.75 D 1.47 0.50 1.60 L
7 Norval 1.53 033 1.74 D 1.50 0.52 1.71 L
8 PG 2.74 082 7.18 D 2.57 131 7.05 L
9 Phe 1.60 044 2.01 D 1.54 0.67 192 L
10 Serine(Ser) 2.10 0.71 4.02 L 2.14 1.01 4.30 D
11 Thr 1.27 0.19 1.01 L 1.30 0.25 1.08 D
12 Trp 1.49 051 1.62 D 145 071 1.59 L
13 Tyr 1.55 045 2.80 D 1.52 0.65 2.65 L
14 Val 1.56 0.16 1.49 D 1.51 0.26 1.41 L
15  Diphenylalanine 2.00 0.11 2.56 D 2.04 0.16 2.67 L
16  DOPA 1.62 055 2.74 D 1.55 0.75 240 L
17 5-Hydroxytryptophan  1.49 0.61 1.46 D 1.55 0.63 1.56 L
18  Thy 1.88 1.50 2.65 D 1.90 1.72 2.90 L
19  m-Tyr 1.61 055 2.07 D 1.56 0.80 2.01 L

Mobile phase = 80% methanol in water (V/V) containing 10 mM H,SOy; Flow rate = 1 mL/min;

UV detection at 210 nm; * the configuration of the second eluted isomer.
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Table 2.2 Enantiomer resolution of the primary amino compounds on CSP 1 and CSP 1'

CSP 1 CSP I'
Entry Analyte
o k" Rs Conf? a k" Rs Conf?
j  Alaninep-- 148 172 349 R 155 309 370 S
naphthylamide
2 Baclofen 125 308 198 S 126 592 200 R
3 Kynurenine 1.10 143> 047 - 1.12 233" 059 -
4  a-Methylbenzylamine 137 095 247 S 130 216 236 R
5  a-Methyltryptamine ~ 1.10  3.76° 0.70 - 1.13 509" 0.66 -
6  Mexiletine 1.17 028 139 - 120 069 142 -
7 1-(1-Naphthyl) 122 08 198 R 127 205 209 S
ethylamine
8 Norepinephrine 1.20  1.07 1.60 R 1.21 152 1.63 S
9  Octopamine 129 061 130 - 135 081 160 -

Mobile phase = 80% methanol in water (v/v) containing 10 mM H,SOy; Flow rate = 1 mL/min; UV
detection at 210 nm.
? the configuration of the second eluted isomer.

® 100% methanol containing 10 mM H,SO,4 was used as a mobile phase.
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a HOOC/,, COOH HOOC WCOOH
CSP 1 =—— — > CSP1
K COOH

HOOC “/COOH HOOC\\

Figure 2.1 Covalently-bonded CSP 1 and CSP 1' derived from (+)-and (—)-18-C-6-TA,

respectively; (a) acetyl chloride (b) aminopropyl silica gel, triethylamine.

34



BT —

10.040

Figure 2.2 Chromatograms showing the resolution of an enantiomerically enriched Thyroxine

(L:D = 90:1) on CSP 1 (the left) and CSP 1' (the right); Injection amount 1 pg.; The

chromatographic conditions are given in Table 2.1.
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Figure 2.3 Chromatograms showing the resolution of an enantiomerically enriched DOPA (L:

D = 100:1) on CSP 1 (the left) and CSP 1' (the right); Injection amount 1 ng.; The
chromatographic conditions are given in Table 2.1.
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Chapter III
Liquid Chromatographic Enantiomer Resolution
of N-Hydrazide Derivatives of 2-Aryloxypropionic Acids

on a Crown Ether Derived Chiral Stationary Phase
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ABSTRACT

The liquid chromatographic enantiomer separation of several N-hydrazide derivatives of 2-
aryloxypropionic acids was performed on a crown ether type chiral stationary phase (CSP)
derived from (18-crown-6)-2,3,11,12-tetracarboxylic acid. The behavior of chromatographic
parameters by the change of mobile phases and additives for the resolution of these analytes
was investigated. The enantiomers of all analytes were base-line resolved in the mobile phase
of 100% methanol containing 20 mM H,SO, as an acid additive. These results using the crown
ether derived CSP are the first reported for enantiomer resolution of chiral acids of 2-

aryloxypropionic acids as their N-hydrazide derivatives.

Keyword: chiral stationary phase; enantiomer separation, 2-aryloxypropionic acids, N-

hydrazide derivative
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3.1. INTRODUCTION

Chiral crown ethers have been considered to be important as chiral selectors for resolution
of primary amine compounds and a number of their related studies using chiral crown ethers
have been accomplished by liquid-liquid extraction and high-performance liquid
chromatography.!”! Among several chiral crown ether derivatives, (+)-(18-crown-6)-2,3,11,12-
tetracarboxylic acid (18-C-6-TA) has been of great interest and chiral stationary phases
prepared by covalently bonding (+)-18-C-6-TA to the aminopropyl silica gel have been
developed.” And they have been successfully utilized in resolving the enantiomers of various
racemic a-amino acids and primary amino compounds including amino alcohols and
quinolone antibacterials by HPLC.”" In addition to primary amino compounds, interesting
results on enantiomer resolution of non-primary amino compounds like 3-blockers and N-(3,5-
dinitrobenzoyl)-o-amino acids on the crown ether derived CSP have been reported.’™ In terms
of chiral mechanistic consideration between primary amino compounds and (+)-18-C-6-TA of
chiral selector, complexation of the primary ammonium moiety formed under acidic conditions
inside the chiral cavity of the 18-crown-6 ring of the CSP is considered to be important for the

chiral recognition.”!

In order to investigate the chiral recognition mechanism of the
diastereomeric complexes in solution state, detailed NMR studies for (+)-18-C-6-TA of a chiral
selector and a-amino acid enantiomer have been performed and hydrogen bonding interactions
during their complexation were observed in NMR experiments as well as their related
molecular calculation studies.!'”'"? We have attempted to extend the application of enantiomer
separation using the crown ether derived CSP to chiral acids like 2-aryloxypropionic acids
used as herbicides,"'” although several chromatographic methods for direct resolution of 2-

B8 Since the

aryloxypropionic acids and/or their esters on various CSPs have been reported.!
direct enantiomer resolution of 2-aryloxypropionic acids lacking primary amino moiety could
not be applied on this type CSP, N-hydrazide derivative as an appending group for amino
moiety was introduced to 2-aryloxypropionic acids for its complexation with crown ether in
this study. Here, we report the chromatographic enantiomer separation of N-hydrazide

derivatives of 2-aryloxypropionic acids on CSP 1 derived from (+)-18-C-6-TA (Fig. 3.1).
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3.2. EXPERIMENTAL

All chemicals of ethyl 2-bromopropionate, 4-butoxyphenol, 2-chloro-4-methylphenol, 2-
chloro-5-methylphenol, 4-chloro-2-methylphenol, 2-chlorophenol, 3-chlorophenol, 4-
chlorophenol, p-cresol, 2,4-dichlorophenol, 1-naphthol, 2-naphthol, phenol and 2.4,5-
trichlorophenol were purchased from Aldrich. Anhydrous potassium carbonate and hydrazide
monohydrate were purchased from Osaka Hayashi pure chemical and ACROS, respectively.
According to the reported procedure, all 2-aryloxypropionic acids ethyl esters were prepared
and converted to their corresponding N-hydrazide derivatives with reaction of hydrazine in
ethanol."®'”) Chromatography was performed at room temperature using an HPLC Breeze
system consisting of a Waters model 1525 binary pump, a Rheodyne model 7125 injector with
a 20 uL loop, and a dual absorbance detector (Waters 2487 detector). HPLC-grade methanol (J.
T. Baker) was used. Water was purified using a milli-Q water purification system (Bedford,
MA, USA). CSP 1 derived from (+)-18-C-6-TA (250 mm L x 4.6 mm 1.D.) was obtained from
RS Technologies (Daejon, Korea).
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3.3. RESULTS AND DISCUSSION

Tables 3.1 and 3.2 show the effect of acid additives and mobile phases for the resolution of
N-hydrazide derivatives of 2-aryloxypropionic acids on CSP 1, respectively. These data show
that chromatographic parameters such as separation factors, retention times and resolution
factors are considerably influenced by the nature of acid additive and mobile phases in the

4201 An increase in the concentration of acid additive or methanol in the mobile

mobile phase.!
phase has a tendency of the increase of the retention times with better resolution factors. When
sulfuric acid as an acid additive among several acid additives is used in Table 3.1, the greatest
separation is obtained. The use of acetic acid as an acid additive afforded no resolution or the
lowest separation factor. Compared to sulfuric acid, the use of the other acid additives except
acetic acid provided almost the same separation factors with lower resolution factors. Although
good resolution was often obtained using perchloric acid as an lipophilic acid additive,
significantly enhanced retention times for enantiomer separation N-hydrazide derivatives of 2-
aryloxypropionic acids were observed.”*"

Tables 3.2 and 3.3 show chromatographic results for the separation of the enantiomers of
several N-hydrazide derivatives of 2-aryloxypropionic acids on CSP 1. As shown in Table 3.2,
when better enantioselectivities with greater retention times using the mobile phase of 100%
methanol with 20 mM H,SO, in Table 3.3 are observed than those using the mobile phase of
80% methanol/water (V/V) with 20 mM H,SO, in Table 3.4. Using the former mobile phase
the enantiomers of all analytes were base-line resolved in Table 3.3. Typical chromatograms of
enantiomer resolution of 2-(2,4-dichlorophenoxy)- and 2-(1-naphthoxy)propionic acid as N-
hydrazide derivatives are presented in Figure 3.2, respectively.

Unlike the enantioseparation of 2-aryloxypropionic acids and their derivatives on Pirkle type
CSP,!"® it seems that the structural difference of aryloxy groups of analytes does not greatly
affect the enantioselectivities on CSP 1. The separation factors for all analytes range from
1.13—1.25 in Table 3.3. However, the degree of enantioseparation on Pirkle type CSP is
directly affected by aryloxy groups of the analytes, because m-m chiral interaction between
aryloxy group and the N-dinitrobenzoyl substituted chiral selector of Pirkle CSP is very
important."® In terms of mechanistic view, however, it is considered that the aryloxy group is

not greatly involved for chiral recognition interaction on CSP 1, because it lies in the remote
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position from the complexation center between the ammonium moiety of the analyte and the
chiral cavity of the 18-crown-6 ring of the CSP. Elution orders were determined for three
configurationally known analytes of 4-chlorophenoxy-, 2,4-dichlorophenoxy- and 1-naphthoxy
substituted 2-propionic acid as N-hydrazide derivatives (entries 7, 9 and 10), the (S)-

enantiomers being selectively retained on CSP 1.
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3.4. CONCLUSION

In conclusion, liquid chromatographic separation of the enantiomers of several 2-
aryloxypropionic acids as N-hydrazide derivatives was achieved on 18-crown—6 derived CSP 1.
For all analytes, CSP 1 afforded good resolving ability with base-line separation using 100%
methanol containing H,SO, as a mobile phase. Although 2-aryloxypropionic acids do not
possess primary amino group, it was shown that enantiomer resolution of 2-aryloxypropionic
acids as their N-hydrazide derivatives could be possible on crown ether type CSP 1 after
prederivatization of these chiral acids. The further application to other chiral acids on crown

ether type CSP is currently in progress in our laboratory.
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Table 3.1 The effect of acid additives on enantiomer separation of N-hydrazide derivatives of

2-aryloxypropionic acids on CSP 1

O
H3Cj)J\NHNH2
OAr
Ar o k', Rs Acid additive
4-Chlorophenyl 1.24 8.20 1.62 5 mM H,S04
1.24 10.13 1.72 10 mM H,SO,
1.24 12.63 1.86 20 mM H,SOy4
1.23 3.17 1.02 20 mM CF;COOH
1.00 2.56 - 20 mM CH;COOH
1.23 12.84 1.19 20 mM HCI
1.25 32.27 1.12 20 mM HCIO,
2,4-Dichlorophenyl 1.25 15.06 1.54 5 mM H,SO,
1.25 20.32 2.01 10 mM H,SO,
1.25 20.88 2.17 20 mM H,SOy4
1.23 3.43 1.10 20 mM CF;COOH
1.07 291 0.24 20 mM CH;COOH
1.24 20.18 1.86 20 mM HCI
1.23 45.49 2.27 20 mM HCIO,

Mobile phase: 100% MeOH with acid additive; Flow rate: 1.0 ml/min; UV detection at 210

nm; Temperature ambient (about 25C). a: Separation factor; k';: Retention factor of the first

eluted enantiomer; Rs: Resolution factor.
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Table 3.2 The effect of methanol content on enantiomer separation of N-hydrazide derivatives

of 2-aryloxypropionic acids on CSP 1

(@]
chj)k
NHNH,
OAr
Ar o k' Rs Acid additive
4-Chlorophenyl 1.17 4.03 1.27  80% MeOH/H,0O with 20 mM H,SO,

1.19 542 1.33  85% MeOH/ H,O with 20 mM H,SO,
1.20 6.78 1.64 90% MeOH/ H,O with 20 mM H,SO,
1.22 9.20 1.67  95% MeOH/ H,O with 20 mM H,SO,
1.24 12.63 1.86  100% MeOH with 20 mM H,SO4

2,4-Dichlorophenyl 1.15 5.23 1.28 80% MeOH/ H,O with 20 mM H,SO,
1.18 7.54 1.50  85% MeOH/ H,O with 20 mM H,SO,
1.19 8.76 1.79  90% MeOH/ H,O with 20 mM H,SO,
1.21 12.60 2.06  95% MeOH/ H,O with 20 mM H,SO,

1.25 20.88 2.17  100% MeOH with 20 mM H,SO,

Flow rate: 1.0 ml/min; UV detection at 210 nm; Temperature ambient (about 25C). a:

Separation factor; k';: Retention factor of the first eluted enantiomer; Rg: Resolution factor.
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Table 3.3 Enantiomer separation of N-hydrazide derivatives of 2-aryloxypropionic acids on

CSP 1

O
H3Cj)\ NHNH,
OAr
Analyte Ar o k', Rs

1 4-Butoxyphenyl 1.18 10.60 1.39
2 2-Chloro-4-methylphenyl 1.13 14.94 1.13
3 2-Chloro-5-methylphenyl 1.14 17.39 1.43
4 4-Chloro-2-methylphenyl 1.19 17.59 1.27
5 2-Chlorophenyl 1.13 17.04 1.13
6 3-Chlorophenyl 1.16 14.78 1.04
7 4-Chlorophenyl 1.24 12.63 1.86
8 4-Methylphenyl 1.16 11.24 1.14
9 2,4-Dichlorophenyl 1.25 20.88 2.17
10 1-Naphthyl 1.20 21.93 1.54
11 2-Naphthyl 1.13 16.16 0.86
12 Phenyl 1.14 12.48 1.05
13 2,4,5-Trichlorophenyl 1.14 21.37 1.01

Mobile phase: 100% MeOH with 20 mM H,SOy; Flow rate: 1.0ml/min; UV detection at 210
nm; Temperature ambient (about 25C). a: Separation factor; k';: Retention factor of the first

eluted enantiomer; Rg: Resolution factor.
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Table 3.4 Enantiomer separation of N-hydrazide derivatives of 2-aryloxypropionic acids on

CSP 1

O
H3Cj)\ NHNH,
OAr
Analyte Ar o k', Rs

1 4-Butoxyphenyl 1.14 3.21 1.08
2 2-Chloro-4-Methylphenyl 1.09 4.89 0.66
3 2-Chloro-5-Methylphenyl 1.08 5.40 0.60
4 4-Chloro-2-Methylphenyl 1.09 4.82 0.64
5 2-Chlorophenyl 1.08 5.37 0.57
6 3-Chlorophenyl 1.11 4.96 0.67
7 4-Chlorophenyl 1.17 4.03 1.27
8 4-Methylphenyl 1.11 3.76 0.74
9 2,4-Dichlorophenyl 1.15 5.23 1.28
10 1-Naphthyl 1.13 8.00 0.90
11 2-Naphthyl 1.06 6.05 0.33
12 Phenyl 1.10 4.03 0.65
13 2,4,5-Trichlorophenyl 1.11 6.70 0.73

Mobile phase: 80% MeOH/H,O (V/V) with 20 mM H,SOj,. Flow rate: 1.0 ml/min. Detection
UV 210 nm. Temperature ambient (about 25C). a: Separation factor. k';: Retention factor of

the first eluted enantiomer. Rg: Resolution factor.
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Figure 3.1 Chemical structure of CSP 1.
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Figure 3.2 Chromatograms of enantiomer resolution of N-hydrazide derivatives of 2-(2,4-
dichlorophenoxy)propionic acid (the left) and 2-(1-naphthoxy)propionic acid (the right). See Table 3.3

for the chromatographic condition. Injection amount 2.5 pg.
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Chapter |V
Covalently Bonded and Coated Chiral Stationary Phases

Derived from Polysaccharide Derivatives for Enantiomer
Separation of N-Fluorenylmethoxycarbonyl a-Amino Acids

with Fluorescence Detection
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ABSTRACT

Liquid  chromatographic = comparisons for  enantiomer resolution of  N-
fluorenylmethoxycarbonyl (FMOC) a-amino acids with fluorescence detection were made on
covalently bonded type chiral stationary phases (CSPs) (Chiralpak IA and Chiralpak 1B) and
coated type CSPs (Chiralpak AD and Chiralcel OD) derived from polysaccharide derivatives
of the same chiral selectors. This is the first reported for enantiomer resolution with
fluorescence detection on covalently bonded type CSPs, Chiralpak IA and Chiralpak IB. In
general, covalently bonded type CSPs (Chiralpak IA and Chiralpak IB) showed lower
enantioseparation than coated type CSPs (Chiralpak AD and Chiralcel OD) for enantiomer
resolution of these analytes, respectively. Owing to higher sensitivity and broader solvent
compatibility in fluorescence detection on Chiralpak IA and Chiralpak IB than in UV detection,
however, this analytical method is expected to enlarge their application of enantiomer

resolution, such as an online HPLC monitoring of asymmetric synthesis.

Keywords: Enantiomer separation, Chiralpak 1A, Chiralpak 1B, Fluorescence detection, Chiral

stationary phase
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4.1. INTRODUCTION

Chiral stationary phases (CSPs) derived from polysaccharide derivatives have been extensively
used for enantiomer separation of a number of racemic compounds.'"*! Since chiral selectors of
polysaccharide derivatives are coated on a silica matrix, these type CSPs have intrinsic
drawbacks of column stability and a limitation of mobile phases. Therefore, the solvents such
as halogenated solvents, tetrahydrofuran, ethyl acetate and acetone which partially or totally
dissolve the chiral selectors of the polysaccharide derivatives must be excluded for mobile
phases and analytes solvents.!'”! These disadvantages are directly related to limitation of their
applicability including preparative separation due to solubility of analytes. Many studies to
solve these problems by covalently bonding the chiral selectors of polysaccharide derivatives
to a silica matrix have been reported.”” Recently, covalently bonded CSPs on silica matrix,
Chiralpak IA"*"! and Chiralpak IB"% which have the same chiral selectors, amylose and
cellulose tris(3,5-dimethylphenylcarbamate) of coated type Chiralpak AD and Chiralcel OD,
respectively, have been developed. Therefore, it is considered that Chiralpak IA and Chiralpak
IB are the covalently immobilized CSP of Chiralpak AD and Chiralcel OD, respectively. In
this study, we present the comparative liquid chromatographic enantiomer resolution of N-
fluorenylmethoxycarbonyl (FMOC) protected a-amino acids on polysaccharide-derived CSPs,
covalently bonded type Chiralpak IA and Chiralpak IB, and coated type Chiralpak AD and

Chiralcel OD with fluorescence detection.!'”!
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4.2. EXPERIMENTAL

Chromatographic analysis was carried out using an HPLC consisting of a Waters model 510
pump, a Rheodyne model 7125 injector with a 20 uL loop, a spectrofluorometric detector
(Jasco FP-920) and an HP 3396 series Il recorder. The excitation and emission wavelengths
were 280 and 310 nm, respectively. Chiralpak 1A, Chiralpak IB, Chiralpak AD and Chiralcel
OD column (250 mm L x 4.6 mm L[.D.) were purchased from Daicel Chemical Company
(Tokyo, Japan). HPLC grade hexane (Hxn), 2-propanol, tetrahydrofuran (THF), ethyl acetate
and dichloromethane were obtained from J. T. Baker (Phillipsburg, NJ). Trifluoroacetic acid
(TFA) was obtained from Aldrich (Milwaukee, WI). The racemic and L-N-FMOC a-amino

acids were prepared according to a reported procedure.!"®!
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4.3. RESULTS AND DISCUSSION

Tables 4.1 and 4.2 show the effect of mobile phase on the enantiomer separation of four N-
FMOC oa-amino acids on Chiralpak IA and Chiralpak IB with fluorescence detection. Due to
their covalently bonded nature, these two CSPs are compatible with a large range of organic
miscible solvents, including the halogenated solvent of dichloromethane or chloroform.!®!®
The separation factors and retention times on Chiralpak IA and Chiralpak IB are considerably
influenced by the nature of mobile phase.!""'*'*) As shown in Tables 4.1 and 4.2, the highest
enantioselectivities for all analytes were obtained using 5% 2-propanol in hexane with 0.1%
TFA as a mobile phase, except for N-FMOC valine using 25% dichloromethane in hexane with
0.1% TFA. Interestingly, the elution orders of these analytes on Chiralpak IA are variable
depending upon the used mobile phases in Table 4.1, while their elution orders on Chiralpak
IB are unchanged regardless of the mobile phases in Table 4.2.

Especially, this fluorescence detection method for enantiomer separation on Chiralpak 1A
and Chiralpak IB has great advantages over UV detection method. It provides higher
sensitivity and much wider solvent versatility irrelevant to the cut-offs of the used mobile
phases, compared to UV detection method."” This is the first reported for enantiomer
resolution with fluorescence detection on covalently bonded type CSPs, Chiralpak IA and
Chiralpak IB.

Tables 4.3 and 4.4 show the comparative results of enantiomer separation of N-FMOC a-
amino acids on covalently bonded type CSPs (Chiralpak IA and Chiralpak IB) and coated type
CSPs (Chiralpak AD and Chiralcel OD) using 2-propanol in hexane with 0.1% TFA as a
mobile phase with fluorescence detection. Chiralpak IB and Chiralcel OD derived from
cellulose tris(3,5-dimethylphenylcarbamate) showed, in general, higher enantioselectivity than
Chiralpak IA and Chiralpak AD derived from amylose tris(3,5-dimethylphenylcarbamate),
respectively. Most of N-FMOC a-amino acids enantiomers were well separable on Chiralcel
OD. Also, in general, Chiralpak IA and Chiralpak IB of covalently bonded type CSPs showed
lower enantioseparation than Chiralpak AD and Chiralcel OD of coated type CSPs,
respectively. It was reported that the reduction in enantioselectivity on covalently bonded
CSPs is due to the lack of ordered arrangement of polysaccharide-derived chiral selectors

bonded to the silica matrix.!* It is interesting that the elution orders of the resolved N-FMOC
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a-amino acids on covalently bonded type Chiralpak IB derived from cellulose tris(3,5-
dimethylphenylcarbamate) are observed to be identical with those on coated type Chiralcel OD
of the same chiral selector using 2-propanol in hexane with 0.1% TFA as a mobile phase in
Table 4.4, as the similar results using different mobile phases are shown in Table 4.2. However,
Chiralpak IA and Chiralpak AD derived from amylose tris(3,5-dimethylphenylcarbamate)

showed three exceptions of the elution orders (entries 8, 11 and 18) in Table 4.3.
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4.4. CONCLUSION

HPLC-fluorescence analysis of enantiomer separation of N-FMOC a-amino acids on
covalently bonded type CSPs (Chiralpak IA and Chiralpak IB) and coated type CSPs
(Chiralpak AD and Chiralcel OD) was performed. In general, cellulose tris(3,5-
dimethylphenylcarbamate) derived CSPs, Chiralpak IB and Chiralcel OD showed higher
enantioselectivity than amylose tris(3,5-dimethylphenylcarbamate) derived CSPs, Chiralpak
IA and Chiralpak AD, respectively. Also, Chiralpak IA and Chiralpak IB showed, in general,
lower enantioselectivity than Chiralpak AD and Chiralcel OD, respectively. However, this
analytical method using fluorescence detection affords high sensitivity and compatibility with
a much wider range of solvents on covalently bonded type CSPs (Chiralpak IA and Chiralpak
IB). And it permits to create new applications of enantiomer separation for fluorescent analytes
including a direct online HPLC monitoring for determination of enantiomeric purity during

asymmetric synthesis procedures on these covalently bonded CSPs.!"*
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Table 4.1 Effect of mobile phase on the enantiomer separation of some N-FMOC a-amino acids on

Chiralpak TA
Mobile? 5% 2-Propanol/Hxn 15% THF/Hxn with ; tz/(I)-(I)/o Eth}t]}ll 0.1% 25% Dichloromethane/
phase with 0.1% TFA 0.1% TFA acctate ;EX‘ e Hxn with 0.1% TFA
Analyte o’ k'* Conf! o« k') Conf! ol k'* Conf! o’ k'* Conf!
Ala 1.09 5.28 D 1.07 6.15 D 1.00 5.76 - 1.00 4.37 -
Leu 1.26 4.82 L 1.00 5.21 - 1.07 4.08 L 1.16 3.04 L
PG 1.31 5.02° D 1.09 9.92 D 1.11  6.35 L 1.18 8.40 L
Val 1.08 5.92 L 1.08 4.02 D 1.00 3.59 - 1.21  2.81 L

*Mobile phase: Hexane (Hxn), Tetrahydrofuran (THF); Flow rate = 1 mL/min.

® Separation factor.

¢ Capacity factor for the first eluted enantiomer.

4 Indicates the absolute configuration of the second retained enantiomer.

©10% 2-Propanol/Hxn (V/V) with 0.1% TFA.
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Table 4.2 Effect of mobile phase on the enantiomer separation of some N-FMOC a-amino acids on

Chiralpak IB

Mobile" 5% 2-Propanol/Hxn with 15% THF/Hxn 20% Ethyl acetate/Hxn 20% Dichloromethane/ Hxn

phase 0.1%TFA with 0.1% TFA with 0.1% TFA with 0.1% TFA
Analyte o  K° Conf o k¢  Conf! o k¢  Conf? of K¢ Conf!
Ala 140 7.15 L 1.07 601 L 1.09 1025 L 1.00 1193 -
Leu 142 465 D .13 372 D 1.1I8 553 D 124 733 D
PG 134 365 D 1.I8  6.65 D 1.19 96l D 1.00 1345 D
Val 121 46l D .10  3.12 D 120 504 D .17 621 D

*Mobile phase: Hexane (Hxn), Tetrahydrofuran (THF); Flow rate = 1 mL/min.

® Separation factor.

¢ Capacity factor for the first eluted enantiomer.
Indicates the absolute configuration of the second retained enantiomer.

©10% 2-Propanol/Hxn (V/V) with 0.1% TFA.
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Table 4.3 Enantiomer separation of N-FMOC a-amino acids on Chiralpak IA and Chiralpak AD

Chiralpak TA Chiralpak AD
Entry Analyte
o k" Rs* Conf! o k)" R  Conf!
1  ABA°® 1.07 690  0.96 D .13 346 140 D
2 ACA' 1.06 598  0.85 - 1.13 295 1.36 -
3 Ala 1.09 528 1.25 D .12 3.05 1.46 D
4  Asn 1.28  8.195 196 L 120 697 2.03 L
5 Asp 1.07  3.70% 0.72 D 1.17 490 094 D
6  Glutamine(Gln) 1.10  6.67° 054 L 142 564 3.79 L
7  Glutamic acid(Glu) 1.11  4.01® 1.14 L 1.27 530 2.69 L
8 lle 1.08  7.26 1.07 L 1.17  3.99 1.86 D
9 Leu 126 482 334 L 1.19 322 1.85 L
10  Met 1.05 12.11 0.71 L 1.00  5.57 - -
11 Norleu 1.04 675 045 L 107 9.69"  0.92 D
12 Norval 1.00  7.12 - - 1.2 10.63" 1.63 D
13 PG 1.31  5.02¢8 386 D 140 7.62 456 D
14 Phe 1.08 3.31* 0091 L 1.13 489 1.50 L
15 Ser 1.07  3.65¢ 0.60 L 1.09 478 1.05 L
16  Thr 1.09 3.76® 092 D 1.14  5.05 1.55 D
17 Tyr 1.25 15358 276 L 1.31 2655 3.79 L
18 Val 1.08 592 1.15 L 1.14 424 143 D

Mobile phase: 5% and 10% 2-propanol/hexane (V/V) containing 0.1% TFA on Chiralpak IA and
Chiralpak AD, respectively; Flow rate = 1 mL/min. “Separation factor. "Capacity factor for the first
cluted enantiomer. °Resolution factor. “Indicates the absolute configuration of the second eluted
enantiomer. °2-Aminobutyric acid. f2—Arninocaprylic acid. #°10% and 5% 2-propanol/hexane(V/V)

containing 0.1% TFA, respectively.
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Table4.4 Enantiomer separation of N-FMOC a-amino acids on Chiralpak IB and Chiralcel OD

Chiralpak 1B Chiralcel OD
Entry Analyte
o k' Rs®  Conf* o k' Rs®  Conf!
1 ABA® 123 628  2.02 L 138 523 289 L
2 ACAf .12 478 1.55 - 1.41 448 278 -
3 Ala 140 715 3.95 L 180 586 525 L
4  Asn 110 437¢ 048 L 1.60 5058 181 L
5  Asp 122 502" 1.50 L 158  6.77¢  2.80 L
6 Gln 1.00 4818 - 1.17 1401  0.86 D
7 Glu 1.16 600"  1.15 L 133 969  1.80 L
8 lle 151 459 542 D 151 430  3.62 D
9 Leu 142 465 397 D 126 519 201 D
10 Met 1.07 435" 076 L 1.14 780 111 L
11 Norleu 107 584  0.80 L 115 469  1.19 L
12 Norval 1.05 606  0.68 L 1.07 498 0.6l L
13 PG 134 365" 3.4 D 171 788  3.79 D
14 Phe 1.08  3.69"  0.70 L 1.10 849  0.70 L
15 Ser 1.65 625" 373 L 256 2708 5.01 L
16  Thr 111 466"  0.74 L 148 729 298 L
17 Tyr 1.08 7765 0.56 L 1.10  20.50%  0.55 L
18 Val 121 461 225 D 113 455 110 D

Mobile phase; 5% and 10% 2-propanol/hexane (V/V) containing 0.1% TFA on Chiralpak IB and

Chiralcel OD, respectively; Flow rate = 1 mL/min. “Separation factor. bCapacity factor for the first

cluted enantiomer. °Resolution factor. “Indicates the absolute configuration of the second eluted

enantiomer. °2-Aminobutyric acid. f2—Arnin0(:aprylic acid. #"10% 2-propanol/hexane(V/V)

containing 0.1% TFA, respectively.
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Chapter V
Comparative Liquid Chromatographic Enantiomer
Resolution on Two Chiral Stationary Phases Derived

from Amylose Tris(3,5-dimethylphenylcarbamate)
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ABSTRACT

The liquid chromatographic enantiomer separation of N-fluorenylmethoxycarbonyl (FMOC)
protected o-amino acids ethyl ester derivatives was performed on polysaccharide-derived
chiral stationary phases, covalently bonded type chiralpak IA and coated type Chiralpak AD.
Although Chiralpak IA showed slightly lower enantioselectivity than Chiralpak AD, most of
N-FMOC a-amino acids ethyl esters enantiomers were base-line separated on Chiralpak 1A
and Chiralpak AD. Owing to the compatibility with a broad range of solvents and column
safety of Chiralpak IA, it is expected to enlarge its new application of enantiomer separation.
Especially, it is expected to be useful for preparative separations, because the halogenated
solvent like chloroform or methylene chloride shows often better solubility than the other

solvents.

Keywords:  Enantiomer resolution, Chiral stationary phase, Amylose tris(3,5-

dimethylphenylcarbamate)
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5.1. INTRODUCTION

Polysaccharide-derived chiral stationary phases (CSPs) are known to show high chiral
recognition ability in HPLC and have been extensively used to separate a broad range of
racemic compounds.'?! These type CSPs are usually prepared coating or adsorbing the
polysaccharide derivatives on silica gel. Therefore, the solvents such as chloroform, methylene
chloride, and tetrahydrofuran which dissolve or swell the chiral selectors of the polysaccharide
derivatives cannot be used as mobile phases.'*! For example, in case of Chiralpak AD prepared
by coating amylose tris(3,5-dimethylphenylcarbamate) derivative, one of the widely used
polysaccharide type CSPs, suitable mobile phases like hexane, 2-propanol and ethanol should
be used for the column safety.”* It may be damaged in case of even the use of only a little
amount of inappropriate solvents used as mobile phases and/or sample solvents. These
limitations represent a disadvantage for new applications using these CSPs and, especially,
preparative separation due to solubilization of analytes. To overcome these problems, therefore,
the development of polysaccharide-derived covalently bonded CSPs has been of great interest
and various results of different attempts have been reported.”'?! Recently, Chiralpak IA
prepared by chemically bonding amylose tris(3,5-dimethylphenylcarbamate) derivative on
silica gel, which is used as the same chiral selector of coated type Chiralpak AD has been
introduced. In this study, we present the comparative liquid chromatographic enantiomer
resolution of N-fluorenylmethoxycarbonyl (FMOC) protected a-amino acids ethyl ester
derivatives on two polysaccharide-derived CSPs, covalently bonded type Chiralpak IA and
coated type Chiralpak AD.!"*! This is the first report concerning the comparison of the chiral
separations on Chiralpak IA and Chiralpak AD using normal mobile phases.

For enantiomer separation of N-FMOC a-amino acids ester derivatives, very a few results
on CSPs have been reported.!'*'"! Rizzi et al. have separated three FMOC o-amino acids
methyl esters enantiomers on cellulose triacetate type column.'*’ Miyazawa et al. have
reported on the resolution of only one analyte of FMOC 2-aminobutanoic acid methyl ester
enantiomers among many different N-protected amino acid derivatives.!'>'" Kiisters et al. have
reported on the resolution of fifteen N-FMOC a-amino acids methyl and isopropyl esters
enantiomers on a polysaccharide-derived CSP."'"! To our knowledge, our results are the first

reported for the enantiomer resolution of N-FMOC a-amino acids ethyl ester derivatives.
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5.2. EXPERIMENTAL

Chromatography was performed at room temperature using an HPLC consisting of a Waters
model 510 pump, a Rheodyne model 7125 injector with a 20 uL loop, a variable wavelength
detector (Waters 490) and an HP 3396 series Il recorder. Chiralpak IA and Chiralpak AD
column (250 mm L x 4.6mm 1.D.) were purchased from Daicel Chemical Company (Tokyo,
Japan). HPLC-grade hexane (Hxn), 2-propanol, tetrahydrofuran (THF), ethyl acetate and
chloroform were obtained from J. T. Baker (Phillipsburg,NJ). Trifluoroacetic acid (TFA) was
obtained from Aldrich (Milwaukee, WI). The racemic (or enantiomerically pure) N-FMOC
protected o-amino acids and their esters were prepared according to the conventional

methods.!"®!
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5.3. RESULTS AND DISCUSSION

Table5.1 shows the effect of mobile phase on the enantiomer separation of some N-FMOC
a-amino acids ethyl esters on Chiralpak IA. The enantioselectivities and retention times are
greatly influenced by the nature of mobile phase. As shown in Table 5.1, in general, 5% 2-
propanol in hexane as a mobile phase afforded the greatest enantioselectivity with the highest
resolution factor, whereas 20% chloroform in hexane afforded the lowest enantioselectivity. It
is notable that the elution orders of three analytes using 10% tetrahydrofuran or 10% ethyl
acetate or 20% chloroform in hexane are different from those using 5% 2-propanol in hexane.

Table 5.2 shows the comparative data of enantiomer separation of N-FMOC a-amino acids
ethyl esters on Chiralpak IA and Chiralpak AD using 2-propanol in hexane as a mobile phase.
In general, Chiralpak IA showed slightly lower enantioseparation than Chiralpak AD for
enantioresolution of N-FMOC a-amino acids ethyl esters. Several results have reported that a
certain decrease in the enantioseparation was observed on polysaccharide-derived covalently
bonded CSPs, compared to the results on the corresponding coated type CSPs.>”' The
lowered enantioselectivity on bonded CSPs might be responsible for the lack of ordered
arrangement of the chiral selector bonded to the matrix./”"!

Most of N-FMOC a-amino acids ethyl esters enantiomers were well separable on Chiralpak
IA and Chiralpak AD. Especially, Chiralpak IA afforded base-line separation (o = 1.14-2.63,
Rs = 1.63-9.34) for all investigated N-FMOC a-amino acids ethyl esters enantiomers except
for asparagine analyte (entry 4). It is noted that the consistent elution order of the resolved N-
FMOC a-amino acids ethyl esters is observed on Chiralpak IA and Chiralpak AD using 2-

propanol in hexane as a mobile phase, the L-enantiomers being preferentially retained.

69



5.4. CONCLUSION

we demonstrated the comparative liquid chromatographic separation of enantiomers of N-
FMOC protected a-amino acids ethyl esters on covalently bonded type Chiralpak IA and
coated type Chiralpak AD derived from amylose tris(3,5-dimethylphenylcarbanmate) of the
same chiral selector. Although Chiralpak IA showed slightly lower enantioselectivity than
Chiralpak AD, most of N-FMOC o-amino acids ethyl esters enantiomers were base-line
separated on Chiralpak IA and Chiralpak AD. Owing to the compatibility with a broad range
of solvents and column safety of Chiralpak IA, it is expected to enlarge its new application of
enantiomer separation. Especially, it is expected to be useful for preparative separations,
because the halogenated solvent like chloroform or methylene chloride shows often better

solubility than the other solvents.
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Table 5.1 Effect of mobile phase on the enantiomer separation of some N-FMOC a-amino acids

ethyl esters on Chiralpak TA

Mobile 5% 2-Propanol/ 10% Ethyl 20% Chloroform/
10% THF/Hxn

phase® Hxn acetate/Hxn Hxn
Analyte o K Conf! o K Conf! o K Conf! o K Conf
Ala 1.60 4.29 L 130 581 L 1.13 746 L 1.00 6.61 -
Leu 263 3.69 L 1.69 451 L 1.14 5.18 L 1.00 5.76 -
Phe 1.30 7.05 L 1.10 9.75 D 241 9.68 D 1.20 7.15 D
PG 1.14 8.18 L 1.09 8&.73 D 1.21 895 D 1.07 737 D
Val 142 3.15 L 122 4.07 D 1.12 423 D 140 2.75 D

* Mobile phase:

254 nm.

Hexane (Hxn), Tetrahydrofuran (THF); Flow rate = 1 mL/min; UV detection at

® Separation factor.

¢ Capacity factor for the first eluted enantiomer.

Indicates the absolute configuration of the second retained enantiomer.
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Table 5.2 Enantiomer separation of N-FMOC a-amino acids ethyl esters on Chiralpak IA and
Chiralpak AD

Chiralpak TA Chiralpak AD
Entry Analyte
o k'\° Rs® Conf? ol k'° Rs® Conf.?

1 Ala 1.60 4.29 5.84 L 1.61 2.56 5.42 L
2 ABA® 1.86 3.97 6.90 L 1.84 2.45 6.73 L
3 ACA' 1.77 3.54 6.21 1.77 1.79 5.49

4 Asn 1.06 8.828 0.75 L 1.00 8.93 - -
5 Asp 1.25 9.70 3.18 L 1.04 5.04 0.76 L
6 Glu 1.48 10.59 522 L 1.57 491 5.39 L
7 Gln 1.27 8.57¢ 2.81 L 1.33 7.21 3.90 L
8 Illeu 1.63 2.92 591 L 1.72 1.79 5.40 L
9 Leu 2.63 3.69 9.34 L 3.03 2.00 8.59 L
10 Met 1.68 7.96 7.83 L 1.89 4.26 8.08 L
11 Norleu 2.06 3.76 7.61 L 2.30 2.05 7.14 L
12 Norval 2.22 3.89 8.58 L 2.48 2.24 8.91 L
13 Phe 1.30 7.05 3.77 L 1.38 4.15 4.64 L
14 PG 1.14 8.18 1.63 L 1.15 4.93 1.84 L
15  Ser 1.50 4.78¢% 5.66 L 1.71 4.27 7.17 L
16  Thr 1.91 4.57¢ 8.42 L 1.89 4.81 8.36 L
17  Tyr 122 15.14%8 239 L 127  11.85"  3.15 L
18  Val 1.42 3.15 4.30 L 1.52 1.98 4.72 L

Mobile phase: 5% and 10% 2-propanol/hexane(V/V) on Chiralpak IA and Chiralpak AD,
respectively; Flow rate = 1 mL/min; UV detection at 254 nm. * Separation factor. ® Capacity factor
for the first eluted enantiomer. © Resolution factor. ¢ Indicates the absolute configuration of the
second retained enantiomer. ¢ 2-Aminobutyric acid. f 2-Aminocaprylic acid. " 10% and 15% 2-

propanol/hexane(V/V), respectively.
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Chapter VI

Liquid Chromatographic Enantiomer Separation
of N-Phthaloyl Protected a-Amino Acids on
Coated and Immobilized Chiral Stationary Phases

Derived from Polysaccharide Derivatives
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ABSTRACT

The liquid chromatographic enantiomer separation of N-phthaloyl (PHT) protected a-amino
acids on several coated and immobilized chiral stationary phases (CSPs) derived from
polysaccharide derivatives was performed. The coated CSP of Chiralpak AD showed more or
less enantioseparation than the covalently bonded CSP of Chiralpak IA with the same chiral
selector of amylose tris(3,5-dimethylphenylcarbamate). However, the coated Chiralcel OD
showed greater enantioseparation than the covalently bonded Chiralpak IB with the same
chiral selector of cellulose tris(3,5-dimethylphenylcarbamate). Among all examined CSPs,
Chiralcel OD afforded the greatest performance for enantiomer resolution of N-PHT a-amino
acids and, therefore, all analytes enantiomers were base-line separated on Chiralcel OD. The
chromatographic method developed in this study was usefully applied for determination of the

enantiomeric purity of commercially available N-PHT a-amino acids analytes.

Keywords: Enantiomer separation, N-Phthaloyl a-amino acids, Chiral stationary phase
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6.1. INTRODUCTION

N-Protected a-amino acids in the fields of pharmaceutical chemistry and biochemistry have
been extensively used as important chiral building blocks of peptides and proteins.'?
Consequently, the studies of the determination of enantiomeric purity of N-protected a-amino
acids have been of great interest and many techniques for these determinations have been
developed and employed.”’ Among several N-protecting groups for a-amino acids, the N-
phthaloyl (PHT) group is attractive in certain instances,'” because it has often been used for
protecting moiety of not only a-amino acids but also primary amine compounds and it can be
readily removed under mild reaction conditions of hydrazine reagents.”’ Also the N-PHT a-
amino acid derivatives have been usefully employed as chiral auxiliaries or chiral resolving
agents for asymmetric synthesis.””’ And it has been reported that the N-PHT group as a
chromophoric derivative of the a-amino acids derivatives can be applied for circular dichroism
studies."” In spite of these chiral potential utility of the N-PHT o-amino acid acids, very a few
of results for enantiomer separation of N-PHT o-amino acids have been reported.!'"'* For
example, the enantioseparation of five N-PHT a-amino acids as well as their ester and amide
derivatives has been performed on Pirkle-type CSP with reasonable separation factors."") And
on macrocyclic antibiotic ristocetin A bonded CSP enantiomer resolution of only two analytes
of N-PHT methionine and N-PHT o-amino-n-butyric acid has been reported."? In this study,
we present the liquid chromatographic enantiomer resolution of several N-PHT protected a-
amino acids on several coated and immobilized CSPs derived from polysaccharide

derivatives.l'31%!
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6.2. EXPERIMENTAL

Chromatography was performed at room temperature using an HPLC consisting of a Waters
model 510 pump, a Rheodyne model 7125 injector with a 20 pL loop, a variable wavelength
UV detector (Waters 484) and an HP 3396 series II recorder. All CSPs columns were
purchased from Daicel Chemical Company (Tokyo, Japan). HPLC-grade hexane and 2-
propanol were obtained from J. T. Baker (Phillipsburg, NJ). Trifluoroacetic acid (TFA) was
obtained from Aldrich (Milwaukee, WI). The N-PHT racemic and L-a-amino acids were
prepared according to the reported procedures.”'® And N-PHT L-glutamic acid and L-

phenylalanine were obtained from Fluka company.
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6.3. RESULTS AND DISCUSSION

Tables 6.1 and 6.2 show chromatographic results for the separation of the enantiomers of N-
PHT a-amino acids not only on the most commonly used coated CSPs such as Chiralcel OD,
Chiralpak AD, Chiralpak AS and Chiralcel OF''"'* but also on the covalently CSPs, Chiralpak
IA and Chiralpak IB.'"**) Among all examined CSPs, in general, Chiralcel OD, the cellulose
tris(3,5-dimethylphenylcarbamate) coated type CSP showed the greatest separation factor (o =
1.10-2.64) and, therefore, all investigated N-PHT o-amino acids enantiomers were base-line
separated on Chiralcel OD, whereas Chiralpak AS showed the smallest separation factor. In
Table 6.2 Chiralcel OF shows generally lower performance than Chiralcel OD and, however, it
provided base-line separation except two analytes. Also Chiralcel OD, the cellulose tris(3,5-
dimethylphenylcarbamate) coated CSP showed generally greater enantioselectivities than
Chiralpak AD, the amylose tris(3,5-dimethylphenylcarbamate) coated CSP in Table 6.1
Similarly, Chiralpak IB, the immobilized CSP of the same chiral selector of Chiralcel OD
showed generally better performance than Chiralpak 1A, the immobilized CSP of the same
chiral selector of Chiralcel AD, as shown in Table 6.3. Although the separation factors of all
analytes on the covalently bonded Chiralpak IB showed lower enantioseparation than those on
the coated Chiralcel OD with the same chiral selector, all analytes except for two cases (entries
5 and 10) provided quite good enantioselectivities (o = 1.13—1.73) on Chiralpak IB using 2-
propanol in hexane with 0.1% TFA as a mobile phase.!'*"”! However, Chiralpak IA of the
covalently bonded CSP showed more or less enantioseparation than Chiralpak AD of the
coated CSP with the same chiral selector.!'>'”]

It is noted that the L-enantiomers of all examined N-PHT a-amino acids are selectively
retained on Chiralcel OD, Chiralpak AS, Chiralcel OF and Chiralpak IB and, however, the
elution orders of enantiomer separation of N-PHT a-amino acids are not always consistent on
Chiralpak AD and Chiralpak IA derived from amylose tris(3,5-dimethylphenylcarbamate). It is
considered that more than one chiral recognition process between N-PHT a-amino acid analyte
and the chiral selector of amylose tris(3,5-dimethylphenylcarbamate) might be involved.
Contrary to Chiralcel OD and Chiralpak IB, the D-enantiomers of all examined analytes except
for N-PHT glutamic acid are selectively retained on Chiralpak IA and, therefore, these CSPs in

Tables 6.1 and 6.3 might be complementarily used for the reversal of elution order of the
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determination of enantiomeric purity."”! The chromatographic method developed in this study
was used for determination of the enantiomeric purity of two commercially available reagents of
N-PHT L-glutamic acid and N-PHT L-phenylalanine. The enantiomeric impurities of 0.4% for
these two samples were determined on Chiralcel OD. Chromatograms of determination of the

enantiomeric purity of these analytes are presented in Figures 6.1 and 6.2.
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6.4. CONCLUSION

we demonstrated the liquid chromatographic separation of enantiomers of N-PHT protected
a-amino acids on several coated and immobilized CSPs derived from polysaccharide
derivatives. This is the first reported for the enantiomer resolution of several N-PHT a-amino
acids using polysaccharide-derived CSPs. Among all examined CSPs in this study, the
cellulose tris(3,5-dimethylphenylcarbamate) derived CSPs, Chiralcel OD and Chiralpak IB
showed quite good enantioselectivities. Especially, since Chiralcel OD showed excellent
resolving ability for the enantiomer resolution of all N-PHT a-amino acids, it is expected to be
quite useful for determination of the enantiomeric purity of these analytes and their related

compounds.
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Table 6.1 Enantiomer separation of N-PHT a-amino acids on Chiralpak AD and Chiralcel OD

Chiralpak AD Chiralcel OD
Entry Analyte
ol k',° Rs® Conf! o’ k',° Rs®  Conf!?
| 2-Aminobutyric 103 887 027 D 201 396 760 L
acid
o 2-Aminocaprylic 50 gy 191 270 970
acid
3 Al 105 1209 071 L 147 427 455 L
4 Gl 113 661° 166 L 264 678 849 L
5 Tle 108 794 132 L 110 244 095 L
6 Leu 131 593 434 D 120 387 196 L
7 Met 107 1465 122 D 190 668 702 L
8 Norleu 113 658 189 D 176 305 582 L
9 Norval 100 836 - 211 313 740 L
10 Phe 186 1044 972 D 138 825 308 L
11 PG 128 1632 403 D 176 752 552 L
12 Val 116 877 232 L 134 291 284 L

Mobile phase: 5% 2-propanol/hexane (V/V) containing 0.1% TFA; UV detection at 254 nm, Flow
rate = 1 mL/min. * Separation factor. b Capacity factor for the first eluted enantiomer. “Resolution
factor. ¢ Indicates the absolute configuration of the second eluted enantiomer. © 10% 2-

propanol/hexane (V/V) containing 0.1% TFA.
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Table 6.2 Enantiomer separation of N-PHT a-amino acids on Chiralpak AS and Chiralcel OF

Chiralpak AS Chiralcel OF
Entry Analyte
o? k',° Rs® Conf! ol k',° Rs®  Conf!?
| 2-Aminobutyric 116 444 129 L 100 922 -
acid
o ZAminocaprylic 56 35 174 367  2.67
acid
3 Ala 1.36 6.43 3.26 L 1.44 8.05 2.54 L
4 Glu 1.41 11.35° 2.17 L 1.37 9.68° 1.53 L
5 e 1.41 3.09 3.24 L 2.17 3.33 4.15 L
6 Leu 1.00 3.30 — 1.93 3.40 3.24 L
7 Met 1.00 11.21 — 1.56 5.16° 2.35 L
8 Norleu 1.07 4.14 0.40 L 1.77 4.57 3.18 L
9  Norval 1.15 4.34 1.25 L 1.82 4.92 3.42 L
10  Phe 1.00 8.57 — 1.60 4.16° 2.17 L
11 PG 1.35 9.25 2.35 L 1.07 7.96° 0.36 L
12 Vval 1.66 3.97 3.72 L 2.05 3.87 3.88 L

Mobile phase: 5% 2-propanol/hexane (V/V) containing 0.1% TFA; UV detection at 254 nm, Flow
rate=1 mL/min. * Separation factor. ® Capacity factor for the first eluted enantiomer. ° Resolution
factor. ¢ Indicates the absolute configuration of the second eluted enantiomer. © 10% 2-

propanol/hexane (V/V) containing 0.1% TFA.

85



Table 6.3 Enantiomer separation of N-PHT a-amino acids on Chiralpak IA and Chiralpak IB

Chiralpak IA Chiralcel IB
Entry Analyte
o? k',° Rs® Conf! ol k',° Rs®  Conf!?
| Z-Aminobutyric 108 647 123 D 139 291 429 L
acid
p ZAminocaprylic g 504 3 116 196  2.00
acid
3 Al 100 806 - 115 344 184 L
4 Gl 107 586 074 L 173 5145 563 L
5 Tl 110 603 146 D 107 199 081 L
6 Leu 133 456 495 D 112 225 152 L
7 Met 114 1035 220 D 132 502 375 L
8 Norleu 119 494 279 D 127 228 257 L
9 Norval 112 58 185 D 141 252 511 L
10 Phe 163 766 870 D 100 532 -
11 PG 135 1165 473 D 125 539 255 L
12 Val 104 648 054 D 113 218 157 L

Mobile phase; 5% 2-propanol/hexane (V/V) containing 0.1% TFA; UV detection at 254 nm, Flow
rate = 1 mL/min. *Separation factor. *Capacity factor for the first eluted enantiomer. ‘Resolution
factor. ‘indicates the absolute configuration of the second eluted enantiomer. °10% 2-

propanol/hexane (V/V) containing 0.1% TFA.
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Figure 6.1 Chromatograms of enantiomer separation of racemic N-PHT glutamic acid (the left)
and N-PHT L-glutamic acid (Fluka reagent) (the right, D:L = 0.4: 99.6) on Chiralcel OD;
Mobile phase: 20% 2-propanol/hexane (V/V) containing 0.1% TFA; Flow rate = 1 mL/min;
UV detection at 254 nm; Injected amount 20—100 pg.
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Figure 6.2 Chromatograms of enantiomer separation of racemic N-PHT phenylalanine (the
left) and N-PHT L-phenylalanine (Fluka reagent) (the right, D:L = 0.4: 99.6) on Chiralcel OD;
Mobile phase: 5% 2-propanol/hexane (V/V) containing 0.1% TFA; Flow rate = 1 mL/min; UV

detection at 254 nm; Injected amount 40—60 pg.
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