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Abstract

Macrocyclic glycopept ide-based chiral s tationary phas es
(CSP s) are becoming morepo pular due to the ir
multimoda | capability, ruggedne ss and broad selectivity.
Due to the ir mu lti-fun ctional complex structures, differe nt
type of chiral interactions can be promoted betwee n the
analyte and CSP s unde rdifferent mo bileph ase

cond itions. The re are at least six possible interactions
availablew ithin the structureo fthese CSP s. These

include ionic, $-S, hydrogen bond ing,h ydrophob ic,d ipole-
dipo le and steric repu Ision

This presen tation will focus on the ionic inte ractionsdue
to thef act thatit is the most spe cific andef fec tive force
for chiral recogn ition. In this study, LC phase s prep ared
by covalen tly bond ing Vancomycin, Te icop lanin and
Ristoce tin A arete sted with a varietyo fionizable

molecu les unde r reversed and polar organic phase
systems. Inea ch mob ile phase type, ionic inter action(s)
can be realizedb y altering the acidbas e ratio in the polar
organic mode orby changing the pHof the buffer in the
reve rsedph ase mode. Conseq uent ly, the rete ntion, pe ak
efficiency and these lectivity will bea ffected.

Detailed information onthere lationsh ip be tweenthe
structureof the analytes and the glycopept ide CSP s will
be discusse d. Also, the differences bet ween the

mech anism for aqueo usve rsus organic mo bileph as e
systems for the availabilityofthe ionic interaction site of
the glycope ptides will be summarized . Examples of

en antiome r re pulsion whe re the analytee lutes be forethe
void volume marker will be shown. Examplesof reversal
of elution order by altering the mobile phase syste m will
also be presen ted.



Objectives

t To study the effect of acid/base in the

t

mobile phase for the retention and the
selectivity of the macrocyclic CSPs, I.e.
Vancomyecin, Teicoplanin and Ristocetin
A.

To further understand the relationship
between classes (structures) of the
molecules and the CSPs in different mobile
phase systems.

To decipher the key separation
mechanisms involved between the
molecules and the CSPs under mobile
phases of polar organic mode and reversed
phase mode.



Samples Investigated

2-Br-3-Me-Butyric Acid

OI
H
Brr‘\o 4

Albuterol OH

N
HO

Atrolactic Acid
HO_ CH,

COOH

Bupivacaine
H3C HSC
\/\l o
N

N
H

Chloroquine
Cl N

N

=

HN\T/A\V/A\T:j\\CHS

CH
° CH

Ketoprofen
O CHj,

COCOH

3

Mandelic Acid

£

OH
OH

Mianserin

[
»

Mosapride

Cl

0]
CONHCH 2—[ j
N
NH OCH,CH; |
p-Tyrosine

o



Structure Vancomycin
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MW = 1,449

18 chiral centers
2 amino groups
1 carboxyl group
Pl1.=72



Polar Organic Mode
MeOH/HOAC/TEA

CHIROBIOTIC V (150x4.6mm)

VIVIV 100/0.1/0.1 100/0.15/0.05 100/0.05/0.15
Compound s K1 Rs Ky Rs ky Rs
2-Br-3Me-Butyric N/A -- N/A -- N/A --
Acid

Albuterol 0.88 | 1.17 | 1.3 1.38 | 1.16 | 1.14 | 1.67 [1.14 |1.4
Atrolactic Acid 0.18 | 1.0 -- 10.19 | 1.0 -- 0.40 [ 1.0 --
Bup ivacaine 0.71]11.14 |1.0 1.37 | 1.14 | 1.4 0.19 |11.0 --
Chloroquine No P eak -- No P eak -- 5.95|1.13 | 1.3
Ketoprofen 0.61 1.0 -- 0.45 1.0 -- 0.40| 1.0 --
Mande lic Acid 0.89 1.0 -- 1.03 1.0 -- 0.52| 1.0 --
Mianserin 2.00[1.25 |2.0 [3.97 | 1.48]4.0 0.63]1.12 [ 0.8
Mos apride 0.40 |1 1.0 -- 0.62 | 1.28 | 1.3 0.29 11.0 --
p-Tyrosine 1.15]1.0 -- 1.19 | 1.0 -- 1.03 [ 1.0 --




Acid/Base Effect on
Polar Organic Mode

Example: Mianersin
Mobile Phase: MeOH/HOAC/TEA

100/0.1/0.1 ‘jU\\
7.36
100/0.15/0.05
10.44
14.46

3.43 3.58

100/0.05/0.15



Acid/Base Effect on
Polar Organic Mode

Example: Mosapride
Mobile Phase: MeOH/Acid/Base

100/0.1/0.1 j\
283 || 2.94
100/0.15/0.05
3.40
3.76

100/0.05/0.15 3.71




Reversed Phase

CHIROBIOTIC V (150x4.6mm)*

20/80: ACN/0.1% T EAA pH4 .1 pH6 .5

Compounds k1 Rs k1 Rs
2-Br-3Me-Butyric Acid | 0.49 1.0 -- t,-2.21m in --
Albute rol 0.60 1.0 -- No P eak --
Atrolactic Acid 0.52 1.0 -- t,-2.09m in --
Bupivac aine No P eak -- No P eak --
Chloroquine 9.45 1.05 0.6 No P eak --
Ketoprofen 2.6 1.0 -- 0.58 1.0 --
Mandelic Acid 0.44 1.0 -- 0.45 1.0 --
Mian se rin 5.2 1.20 1.8 No P eak --
Mosapride 5.78 1.35 2.1 8.08 1.19 1.2
p-Tyrosine 0.10 1.0 -- 0.15 1.0 --

*to = 2.40 min.




pH Effect on
Reversed Phase

Example: Mosapride
Mobile Phase: 20/80: ACN/0.1% TEAA

pPH 4.1 pPH 6.5

16.28 21.79

25.40

~

[ ——

21.14



Observations on
CHIROBIOTIC V

The acid/base ratio and pH control both the
selectivity and the retention.

lonic interactions play a significant role in
the chiral recognition mechanism.

In reversed phase mode, both amine and
carboxyl groups of the CSP are involved in
the interaction while in the polar organic
mode, only the carboxyl group is
accessible.

For both modes, lower pH (more acid than
base) gives better selectivity and
resolution.*

*Profens are the only exception where THF/Na Citrate (pH 6.3) gives the
best results.



Structure Teicoplanin

MW = 1,885
20 chiral centers
1 amino group
1 carboxyl group
P.1.=38~6.5




Polar Organic Mode
MeOH/HOAC/TEA

CHIROBIOTIC T (150x4.6mm)

VIVN 100/0.1/0.1 100/0.15/0 .05 100/005/0.15
Compounds k1 Rs k1 Rs k1 Rs
3-Br-3 Me-Butyric N/A -- N/A -- N/A --
Acid

Albuterol 2.87 11.20 |25 |3.50 |1.17 [2.5 ]3.01 |1.20 |2.5
Atrolactic Acid 0.30 [3.75 |6.0 |0.28 |3.01 [4.0 [0.25 |4.32 |6.0
Bup ivacai ne 1.33 [1.07 ] 0.7 ]2.93 ]1.05 |0.75 ]0.27 |1.0 --
Chloroquine No P eak -- No P eak -- 199 | 1.06 |0.75
Ke top rofen 0.34 [1.0 -- 1.0 -- 10.32 | 1.0 --
Mandelic Acid 0.42 |7.19 |10 0.2 |5.46 |6.0 ]0.32 |7.59 |8.0
Mianserin 3.13 |1.09 1.3 [0.43 J1.11 |1.8 [1.00 [1.0 --
Mos apride 0.51 |1.0 - 3.8 |1.0 -- 10.33 |1.0 --
p-Tyrosine 2.66 |1.94 ]6.0 0.97 11.88 |5.0 0.93 |2.31 |2.0




Mandelic Acid vs
Methyl Mendelate

Polar Organic Mode Reversed Phase Mode
100/0.2/0.1: 20/80:
MeOH/HOAC/TEA MeOH/0.1% TEAA, pH 4.1
Mandelic Acid 335

3.95
5.08

Y N L -

3.22 Methyl Mendelate 5.86

_J\JL )



Polar Organic Mode vs
Normal Phase Mode

Example: Albuterol

k, =209 k, =371

k, =248 k, =406

a =1.19 o =1.24

Rs =18 Rs =1.8

8.66
9.74
16.52
19.63
CHIROBIOTIC T CHIROBIOTIC T

250x4.6mm 250x4.6mm
100/0.2/0.1: 50/50/0.3/0.6:

MeOH/HOAC/TEA EtOH/Hex/TFA/TEA



Reversed Phase

CHIROBIOTIC T (150x4.6mm)*

30/70: MeOH/0.1% TEAA pH4 .1 pH6.5
Compounds K1 Rs K1 Rs
2-Br-3-Me-Butyric Acid t, =228 0.9 t; = 1.68 1.8
t, = 2.60 t, = 2.62
Albute rol 4.0 1.0 -- No Peak --
Atrolactic Acid 0.21 |2.68 [1.5 t,=1.71 2.0
t,= 241
Bupivac aine No Peak -- No Peak --
Chloroquine No Peak -- No Peak --
Ketoprofen 497 11.07 ]0.8 0.45 ]1.36 ]0.8
Mandelic Acid 0.07 [8.9 2.0 t,=171 3.5
t, = 2.61
Mian se rin No Peak -- No Peak --
Mosapride No Peak -- No Peak --
p-Tyrosine 048 |1.38 |1.2 0.52 |1.35 ]0.9

*to = 2.40 min.




pH Effect on
Reversed Phase

Example: Mandelic Acid
Mobile Phase*: 20/80: MeOH/0.1% TEAA

oH 4.1

3.35

5.08

\
—_ S—

*to = 3.2 min.

oH 5.0 oH 6.5

2.33

2.73

4.37

e

3.70
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Observations on
CHIROBIOTICT

The acid/base ratio and pH control both the
selectivity and the retention.

lonic interactions play a significant role in
the chiral recognition mechanism.

In the reversed phase mode, only amino
groups of the CSP are involved in the
Interaction while in the polar organic
mode, both amino and carboxyl groups are
available.

In some cases, when the separation
occurred, first peak eluted before void
volume.



Structure Ristocetin A

MW = 2,066

38 chiral centers
2 amino groups
1 methyl ester
Pl1.=75



Polar Organic Mode
MeOH/HOAC/TEA

CHIROBIOTIC R (150x4.6mm)

VIVIV 100/0.1/0.1 100/0.15/0.0 5 100/0.05/0.1 5
Compo unds k1 Rs k1 Rs k1 Rs
2-Br-3Me-Butyric | 0.77 |156 (3.0 [1.03 |159 |30 |043 (159 |24
Acid

Albute rol 022 [1.0 - 1012 |1.0 - 1043 1.0 --
Atrolactic Acid 124 1196 |2.8 1.40 1189 |25 0.77 1197 |28
Bupivaca ine 0.19 [1.0 - 1024 |10 - 10.09 |10 --
Chloroqu ine 437 (1.0 -- 1490 |1.0 -- |231 |10 --
Ketop rofen 0.72 |1.11 |09 052 |1.08 |0.7 |0.60 [1.14 ]0.95
Mande licA cid 158 [3.39 |80 |203 |3.17 |70 ]0.97 |356 [6.0
Mianse rin 0.75 (1.0 -- 1098 |1.0 -- 1050 |1.0 --
Mosap ride 023 |1.0 - 1025 |1.0 - 1023 |1.0 --
p-Tyros ine 170 1186 |22 [161 |152 |16 |170 |1.86 |2.0




Acld/Base Effects on
Polar Organic Mode

Example: Mandelic Acid
Mobile Phase: MeOH/HOAC/TEA

100/0.1/0.1 0

100/0.15/0.05

100/0.05/0.15 414



Acid/Base Effect on
Polar Organic Mode

Example: 2-Br-3-Methyl Butyric Acid
Mobile Phase: MeOH/HOAC/TEA

100/0.1/0.1 7

100/0.5/0.15 3.00
J\s.m

L

100/0.15/0.05

4.26




Reversed Phase

CHIROBIOTIC R (150x4.6mm)

30/70: MeOH/0.1% TEAA pH 4.1 pH 6.5

Compo unds Ky Rs Ky Rs

2-Br-3Me-Butyric Acid 1.58 1.69 2.6 0.8 1.80 2.2

Albute rol t-2.24 1.0 -- 0.48 1.0 --

min

Atrolactic Acid 1.51 1.48 1.6 0.32 1.85 1.45
Bupivaca ine NoPe ak -- NoPe ak --
Chloroquine 1.9 1.0 -- NoPe ak --
Ke top rofen 3.3 1.30 2.0 1.34 1.57 2.0

Mande licA cid 1.49 2.62 4.0 0.39 2.32 2.4

Mianse rin 1.28 1.0 -- NoPe ak --
Mosap ride 2.90 1.0 - 110.77 1.0 --
p-Tyros ine 0.4 14 14 0.43 1.77 1.45




pH Effect on
Reversed Phase

Example: Mandelic Acid

k, =053 k, =133

k, =139 k, =2.80

a =2.65 o =211

to =32 to =32

4.88
7.44
7.65 12.15

CHIROBIOTIC R CHIROBIOTIC R

250x4.6mm 250x4.6mm

20/80: 20/80:

MeOH/0.1% TEAA, pH 6.5 MeOH/0.1% TEAA, pH 4.1



Observations on
CHIROBIOTICR

The acid/base ratio and pH control the
selectivity, retentions and the peak
efficiency.

lonic interactions play a significant role in
the chiral recognition mechanism.

Only amino group is available in the CSP.

In general, this CSP favors higher pH for
Improved selectivity and efficiency.



Reversal of Elution
Order

Example: N-Benzyl-a-methylbenzylamine
Column: CHIROBIOTIC V

Peak 1 - 17.09 min. (R) Peak 1 - 13.55 min. (S)
Peak 2 - 18.82 min. (S) Peak 2 - 14.32 min. (R)
R S R
S
100/0.02/0.01: 20/80:

MeOH/HOAC/TEA ACN/0.1% TEAA, pH 4.1



Summary lonizable
Compounds vs CSPs

Molec ules Acidic (-) Basic (+)

Mobile Phase Type | POM RP POM RP

CHIROBIOTIC V

CHIROBIOTIC T

CHIROBIOTICR

*only for hydrophilic interaction with high organic concentration.




Conclusions

Polar organic mode is more efficient than reversed
phase in terms of peak shape and retention time.

Organic solvent and the concentration of acid/base
control mostly retention time and peak efficiency.

Acid/base ratio or pH affects both the ionic state of the
CSPs and the molecules. Thus, the selectivity and the
retention can be altered through the change of the
addition of acid/base.

In both operation modes, ion interaction(s) seem to be
the most effective force for chiral selectivity.

CHIROBIOTIC CSPs are complementary to one
another in terms of selectivity.



	Unique Chiral Ionic Interaction Mechanism on Macrocyclic Glycopeptide CSPs in HPLC
	Abstract
	Objectives
	Samples Investigated
	Structure Vancomycin
	Polar Organic Mode�MeOH/HOAc/TEA
	Acid/Base Effect on�Polar Organic Mode
	Acid/Base Effect on�Polar Organic Mode
	Reversed Phase 
	pH Effect on �Reversed Phase
	Observations on CHIROBIOTIC V
	Structure Teicoplanin
	Polar Organic Mode�MeOH/HOAc/TEA
	Mandelic Acid vs�Methyl Mendelate
	Polar Organic Mode vs�Normal Phase Mode
	Reversed Phase
	pH Effect on�Reversed Phase
	Observations on CHIROBIOTIC T
	Structure Ristocetin A
	Polar Organic Mode�MeOH/HOAc/TEA
	Acid/Base Effects on�Polar Organic Mode
	Acid/Base Effect on�Polar Organic Mode
	Reversed Phase
	pH Effect on�Reversed Phase
	Observations on CHIROBIOTIC R
	Reversal of Elution Order
	Summary Ionizable Compounds vs CSPs
	Conclusions

