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A P-helical quinoline oligoamide foldamer was grafted on silica and applied as an HPLC stationary phase
for chiral separation. The P-handedness of the quinoline oligoamide foldamer was induced by a (1S)-
camphanyl group, which was introduced at the N-terminus of a tetrameric quinoline oligoamide foldamer
(Cmp-Q4). To immobilize the foldamer on porous silica particles, a trimethoxysilyl group was introduced
at the opposing end of the foldamer. Elemental analysis indicated that the amount of foldamer on the
silica surface was 0.57 wmol/m?. Circular dichroism and vibrational CD spectra of Cmp-Q4 and Cmp-Qq-
immobilized silica (Sil-Q4-Cmp) suggested that the helical structure of Cmp-Q4 was altered on the silica
surface whilst retaining a chiral structure. The chiral recognition ability of Sil-Q4-Cmp was evaluated with
various aromatic enantiomers. Sil-Q4-Cmp showed enantio-selectivity for axially chiral molecules (e.g.,
Olrigger’s base = 1.26 and &ginaphthot = 1.07). Sil-Q4-Cmp showed remarkable recognition of helical octameric
quinoline oligoamides with isobutoxy and triethylene glycol side chains (¢=10.35 and 14.98, respec-
tively). In contrast, an (1S)-camphanyl group-immobilized porous silica showed no chiral recognition
for any enantiomers tested in this study. To elucidate the chiral separation mechanism of Sil-Q4-Cmp,
thermodynamic parameters were calculated using van’'t Hoff plots. HPLC results and thermodynamic
parameters suggested that the chiral recognition of Sil-Q4-Cmp is based on the helical structure of Cmp-
Q4 and other thermally dependent interactions such as hydrophobic effects associated with aromatic
stacking. This work represents the first known application of aromatic foldamers in chiral separation.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction may have undesirable effects; in those cases, precise analytical

techniques are essential. Among the various techniques used, high-

Enantiomers of chiral molecules show different physiological
activities. For their applications in various fields including pharma-
ceuticals, perfumes [ 1], foodstuffs [2], and pesticides [3], analytical
and separation techniques allowing to discrimination and purifi-
cation enantiomers are important tools. In particular, more than
half of all pharmaceutical products are chiral molecules having a
defined absolute stereochemistry [4] and whose wrong enantiomer
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performance liquid chromatography (HPLC) is widely utilized as it
is fast, highly sensitive, and versatile. Chiral HPLC, which allows the
separation of enantiomers, can be divided into two methods: one
uses diastereomerism, viz. converting enantiomers into diastere-
omers through covalent or ionic bonds to facilitate separation [5,6],
whereas the other uses a chiral stationary phase (CSP), in which
chiral molecules are directly bonded to a substrate such as porous
silica particles to enable the direct recognition and discrimination
of enantiomers in the mobile phase. The second method allows a
direct separation of the enantiomers, thus circumventing pre- and
post-treatments and simplifying the process. Despite seeing major
progress in the technology, not all enantiomeric pairs can be conve-
niently separated with existing CSPs, and the development of highly
selective CSPs with broad applicability is still needed. According
to recent reports, a majority of CSPs use polysaccharide deriva-
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tives such as amylose and cellulose [7], which have been proven
to be useful. Various CSPs, including those using crown ethers and
cyclodextrins [8,9], biomolecules such as proteins and glycopep-
tides [10,11], low molecular weight chiral molecules [12-14], and
polymers with a chiral stereostructure [15,16], have been devel-
oped.

In recent years, there have been noticeable developments in
the application of artificial helical polymers [17] and there is a
significant interest in CSPs that use polymers with ordered chiral
structures. The use of helical polymers as Chiral HPLC station-
ary phase necessitates a molecular design that maintains their
chirality and helical structure in the mobile phase. For example,
CSPs that use helical polymers consisting of polyamino acids [18]
and helical polymers with chiral molecules in the side chain [19]
have been reported. A remarkable example of a CSP demonstrating
reversibly switchable enantioseparation based on helical poly-
acetylene was also reported [20]. Currently, research on foldamers,
whose molecules can be folded into a helix, is being actively con-
ducted [21-24]. Foldamers are synthetic oligomers that mimic the
folding that occurs in the secondary structures of biomolecules such
as proteins and peptides. Foldamers spontaneously fold in solu-
tion and may adopt diverse secondary structures with helices being
the most common motif, stabilized through non-covalent interac-
tions such as intramolecular hydrogen bonds, steric effects, and
solvophobic forces. Depending on their chemical nature and length,
foldamer conformations may be more or less stable, as well as sol-
vent dependent. As far as we know, foldamer helicity has not been
exploited in CSPs.

We have been conducting research on foldamers consisting of
oligoamides of 8-amino-2-quinolinecarboxylic acid as the main
chain (Qp). In these oligomers, intramolecular hydrogen bonding
between the amide groups and the endocyclic nitrogen atoms of
neighboring quinoline rings, electrostatic repulsions between the
amide carbonyl groups and the quinoline nitrogen atoms, and aro-
matic ring stacking, lead to the formation of a helical structure
having 2.5 units per turn and a helix pitch (vertical rise per turn) of
3.5A in both solution and solid state [25-27]. These helices show
outstanding conformational stability. For example, an octamer is
still folded in DMSO at 120°C [26]. In addition, although folding
varies with solvent, the structure remains intact in all solvents
tested: apolar, polar, aprotic, or protic [28]. Q backbones do not
contain any stereogenic centers and thus, exist as a racemic mix-
ture of P- and M-helices. However, the equilibrium between these
conformational enantiomers can be quantitatively biased (based on
NMR detection) in favor of either P or M helicity, influenced by an
appended chiral group at one end of the helix (e.g., a camphanyl
group at the N-terminus) [29,30]. In this study, we have immobi-
lized a P-helical tetrameric quinoline oligoamide foldamer on the
surface of porous silica particles as a new CSP and evaluated its abil-
ity to separate various pairs of enantiomers. Our results show that
the new CSP does not have broad applicability. It shows moderate
efficiency in some cases but, remarkably, a very high separation
factor (« as large as 15) of helical (Qy ) oligomers was observed. The
new CSP thus proved very efficient at separating foldamer helices
that are similar to those attached to the silica. The P-enantiomers,
which have the same handedness as those on the silica, showed
slower elution that indicated preferred helix-helix interactions.

2. Experimental

2.1. Preparation of quinoline oligoamide and camphanic
group-immobilized stationary phases

The quinoline oligoamide tetramer with 4-isobutoxy solubiliz-
ing chains and a (1S)-camphanyl N-terminal group (Cmp-Q4), and

amethyl ester at the C-terminus was synthesized according to pre-
vious reports [25,29]. The methyl ester function was saponified
to produce a carboxylic acid, which was converted to the corre-
sponding carboxylic acid chloride. A mono-Boc-protected diamine
was introduced at the C-terminus via a coupling procedure using
mono-N-Boc protected 1,3-diaminopropane. Deprotection of the
Boc group was achieved using trifluoroacetic acid (TFA). Subse-
quently, 3-(triethoxysilyl)-propyl isocyanate was reacted with the
resulting amine to form a urea. Cmp-Q4 with its trimethoxysilyl
group was immobilized on porous silica particles (YMC silica gel,
5 wm diameter, pore size 120 A, surface area 330 m?/g) in toluene
under reflux conditions for 72 h. The functionalized silica is noted
as Sil-Q4-Cmp.

As a reference, the (1S)-camphanyl group was directly immo-
bilized on porous silica particles (Sil-Cmp). Thus, 3-aminopropyl-
trimethoxysilane (APS) grafted silica (Sil-APS) was prepared by
refluxing porous silica particles and APS in toluene for 24 h. Next,
camphanyl chloride was coupled to the amino groups of Sil-APS in
toluene at 60 °C for 24 h. Both Sil-Q4-Cmp and Sil-Cmp were washed
with hot toluene and chloroform several times and dried in vacuo
(Fig. 1).

2.2. 'H and 3C NMR spectroscopy

TH and '3C nuclear magnetic resonance (NMR) spectra were
recorded on Bruker Avance 300 (Bruker, USA) operating at 300 MHz
for TH and 75 MHz for 13C NMR. Chemical shifts were expressed
in parts per million (ppm) using tetramethylsilane as an internal
standard.

2.3. Elemental analyses, FT-IR, and DRIFT

Elemental analyses were carried out on a MICRO CORDER JM10
(J-Science Lab Co., Ltd., Kyoto, Japan). Fourier Transform Infrared
(FT-IR) spectroscopy measurements were conducted on FT/IR-4100
(JASCO, Japan). For the Diffuse Reflectance Infrared Fourier Trans-
form (DRIFT) measurement, the DR PRO410-M accessory (JASCO,
Japan) was used.

2.4. UV-vis, CD, and VCD spectra

A Cmp-Q4 chloroform solution (0.01 mM) and a Sil-Q4-Cmp dis-
persion (0.1 mM)were prepared for the ultraviolet-visible (UV-vis)
absorption and circular dichroism (CD) measurement. The con-
centration of Sil-Q4-Cmp was calculated from their immobilized
amount according to the elemental analysis result. UV-vis absorp-
tion were measured on the V560 spectrophotometer (JASCO Co.,
Ltd., Tokyo, Japan) while CD spectra were recorded on the J725 spec-
tropolarimeter (JASCO Co., Ltd., Tokyo, Japan). A quartz cell of 1cm
optical path length was used. The Vibrational Circular Dichroism
Spectra (VCD) were recorded using a VFT-4000 attachment.

2.5. Liquid chromatography

Sil-Q4-Cmp and Sil-Cmp were packed into stainless-steel
columns (150 x 4.6 mm i.d.). A JASCO 980 pump with a ‘Rheodyne
Model 7725 injector (10 L loop), a JASCO MD-2010 plus multi-
wavelength detector, and a JASCO CD-2095 plus chiral detector
were used for HPLC measurements. The column temperature was
maintained using a column jacket with a heating and cooling sys-
tem. A personal computer connected to the detector and pump,
equipped with the ChromNAV (version 1.14) software, was used
for system control and data analysis. Chromatographic grade sol-
vents purchased from Nacalai Tesque, Inc. (Kyoto, Japan) were used
to prepare the mobile phase and HPLC samples. The separation fac-
tor () was given by the ratio of retention factors (k). The retention
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Fig. 1. Chemical structure of quinoline oligoamide (Cmp-Q4 ), quinoline oligoamide and camphanic group immobilized stationary phases (Sil-Q4-Cmp, Sil-Cmp).
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Fig. 2. Comparison of DRIFT spectra of Cmp-Qy, Sil-Q4-Cmp, Sil-Cmp and bare silica.

time of methanol was used as the void volume (tg) marker (the
absorption for methanol was measured at 220 nm).

3. Results and discussion
3.1. Immobilization of foldamer on the silica surface

Immobilization of Cmp-Q4 onto porous silica particles was
evaluated using IR-spectroscopy and elemental analysis. Fig. 2
shows the FT-IR spectra of Cmp-Qy, Sil-Q4-Cmp, Sil-Cmp, and
unmodified porous silica. In the IR spectrum of Sil-Q4-Cmp, new
absorption bands, with respect to unmodified porous silica, corre-
sponding to C=0 stretching (1800 cm~!) of the camphanyl group,
C=C stretching of the quinoline ring (1536 cm~1), and C=0 stretch-
ing (1685 cm~1) of the amide bond in the main chain were observed
and they are characteristic absorptions of Cmp-Q4. N—H bending
of the amide bonds was postulated to overlap with the absorp-
tion peak at 1536 cm~!. Based on these results, we concluded that
Cmp-Q4 was successfully immobilized on the silica particle sur-
face in Sil-Q4-Cmp. In addition, the IR spectrum of Sil-Cmp showed
absorption bands originating from the C=0 stretching of the cam-
phanyl group at 1800cm~! and the C=0 stretching of the amide
group at 1644 cm~!, inferring the generation of a stationary phase
with only the camphanyl groups (without the foldamer). The ele-
mental analysis results for Sil-Q4-Cmp are shown in Table 1. The
amount of immobilized Cmp-Q4 was calculated using Eq. (1) [31]
as shown below:

10°P,

2y _
N(pmol/m®) = =5 50n — PoM]S

(1)

where P. is the percentage of carbon based on the results of the
elemental analysis, S is the specific surface area (330 m2/g) of the
porous silica particles used for immobilization, n. is the number
of carbons in one immobilized molecule, and M is the molecu-
lar weight of the molecules used for immobilization. The results
showed that the immobilized amount of Cmp-Q4 in Sil-Q4-Cmp
was 0.57 wmol/m?2. Similarly, the immobilized amount of Cmp in
Sil-Cmp was found to be 1.31 wmol/m?2. The latter thus contains
substantially more camphanyl groups, but without the foldamer
helix.

3.2. Stereostructure of the foldamer before and after
immobilization

The quinoline oligoamide foldamer with a (1S)-camphanyl
group introduced at the N-terminus has been confirmed to pos-
sess a P-helical structure [29]. In a quinolinecarboxamide oligomer
as short as a tetramer, an equilibrium between P and M helical
conformers is rapidly obtained, with a characteristic time in the
order of 100 ms [32,33]; leading to coalescence of some 'H NMR
diastereotopic signals [34]. In the case of Cmp-Qyg, the equilibrium
should, in principle, be achieved in an equally fast measure but
showed a complete bias in favor of the Phelix instead and no M helix
was detected. Neither the helical conformation nor the observed
bias toward the P helix were altered upon heating to 50 °C in CHCl3
and 100°C in DMSO [see supporting information].

To confirm the stereostructure of the foldamer after immobiliza-
tion onto the silica particle surface, we obtained its CD spectrum
in a chloroform suspension and its VCD spectrum in the solid
state. In the VCD spectrum of Cmp-Qy, three positive peaks were
observed at 1800cm~!, 1685cm~!, and 1539 cm~'. These peaks
corresponded to the absorption peaks of the C=0 stretching (cam-
phanyl group), the C=0 stretching (amide bond), as well as the C=C
stretching (quinoline ring) and the N-H bending (amide bond) in
the IR spectrum, respectively. In the VCD spectrum of Sil-Q4-Cmp,
the C=0 stretching of the amide bond was detected at a similar
wavelength region as that of Cmp-Qg4, along with positive peaks at
wavelengths corresponding to the C=C stretching of the quinoline
ring and the N-H bending (Fig. 3). In addition, the peak inten-
sity ratioat 1539 cm~1 and 1685 cm~! (AAbs; 539/ AAbs;egs ) before
and after immobilization was compared. While the peak intensity
ratio before immobilization was 5.17, it became 2.33 after immo-
bilization, i.e., it was reduced to about half. These results indicated
that the amide site and the quinoline ring still retained a chiral
arrangement after immobilization but with different structures.
Fig. 4 shows the UV-vis absorption and CD spectra of Cmp-Q4 and
Sil-Q4-Cmp. In the UV-vis spectrum of Cmp-Q4 before immobiliza-
tion, the absorption bands of the quinoline rings were observed at
327 and 358 nm. These bands were subsequently red-shifted to 337
and 374 nm, respectively, after immobilization.

The CD spectrum of Cmp-Qg4 featured positive peaks at 253, 309,
386, and 403 nm, consistent with a P-helical structure induced by
the terminal (1S)-camphanyl group [29]. However, in Sil-Q4-Cmp,
apeakat411 nm suggested a change in structure after immobiliza-
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Table 1
Elemental analysis data and calculated immobilized amount of Sil-Q4-Cmp.

H% C% N% C/N Surface coverage [pmol/m?]
Sil- Found 1.60 13.26 2.38 5.58 0.57
Q4- Calcd. 1.11 13.26 233 5.69

SquFa]ge coverage was calculated from C73H84N11012Si for Sil-Q4-Cmp.
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Fig. 3. Comparison of VCD spectrum of Sil-Q4-Cmp (top) and Cmp-Q4 (bottom).
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Fig.4. CD Spectra (top)and UV spectra (bottom) of solution and suspended solution
of Cmp-Q4 (dotted line, 0.01 mM) and Sil-Q4-Cmp (solid line, 0.1 mM) in CHCls.
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Fig. 5. Chromatograms of Troger's base on Sil-Q4-Cmp. Mobile phase:
methanol/water=5/5, column temperature: 25°C, flow rate: 1.0mlmin~!,
UV wavelength: 245 nm, CD wavelength: 300 nm.

tion. In summary, VCD, UV, and CD spectra indicated that Cmp-Qq4
maintained a chiral stereostructure even after silica immobiliza-
tion, though different from its structure in solution.

3.3. Chiral selectivity of aromatic enantiomers

Different chiral molecules were used for chiral recognition
studies using Sil-Q4-Cmp and Sil-Cmp as the stationary phases:
enantiomers having a chiral carbon, such as benzoin and flavanone;
axially chiral molecules, such as binaphthol and Troger’s base; and
helical molecules (Q oligomers). Experiments were conducted in
the reversed-phase mode. The analytical results are summarized
in Table 2. Retention times on the Sil-Q4-Cmp phase were found
to increase upon adding the number of aromatic rings in the ana-
lyte. Sil-Q4-Cmp showed chiral recognition toward Troger’s base
(ortroger'sbase = 1.26, Fig. 5) but baseline separation was not achieved.
For warfarin, in which two types of bulky substituents are directly
bonded to the chiral center, the separation factor was 1.16, indi-
cating a higher selectivity even though warfarin is not an axially
chiral molecule. In contrast, chiral recognition was either low or
absent for molecules such as a-methyl-1-naphthalene methanol
and ibuprofen, in which the bond between the chiral center and
the substituent is relatively easy to rotate.

To evaluate the ability of Sil-Q4-Cmp to separate P- and M-
helical quinoline oligoamide foldamers, the length of the foldamers
must also be considered. The racemization (helix handedness
inversion) time of a quinoline oligoamide tetramer is too short for
HPLC analysis but hexamers or longer oligomers have sufficiently
slow conformational dynamics to be separated [35]. Thus, we used
octamers that have a racemization half-life of several hours in chlo-
roform (at 25 °C) and much longer in protic solvents [28]. Octamers
with 4-isobutoxy side chains (Qg8") and with triethylene glycol
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Table 2
Retention and separation factor (k and «) of Sil-Q4-Cmp of enantiomers.

Sil-Cmp Sil-Q4-Cmp
k o k o
T 035 - 773 126
' 9.78
5 R=CH 2.96 - >>65 ND.
Lol 18.28
ey M L ; 19.55 107
< 2226
QO 1345
A O i i 1428 1.06
o 1333 6.69 e
CLL© . ) 777 :
CL ® 035 - 1050 )
e 039 . 323 ;
‘ 327
= 089 - 1.03
336
e
o 021 . 237
m 21.57 - 6.29 .
SASRS 14.35 : 523 -

Mobile phase: MeOH/H,0 = 40/60 for Sil-Cmp, MeOH/H,0 = 50/50 for Sil-Q4-Cmp.

Flow rate = 1.0 mLmin™'. Column temperature = r.t.

Table 3
Thermodynamic parameters of Sil-Q4-Cmp.
—-AH —AS* -AAH —AAS AAG (283K)
kJ/mol J/molK kJ/mol J/mol K kJ/mol
N kq 16.13 37.73 1.24 3.45 —0.82
m&@\ ks 14.89 3428
QgiBY kq 32.00 65.27 23.58 58.85 —14.06
ko 60.25 124.12
QsTe k1 2091 101.00 28.25 70.57 -16.86
ks 44.49 173.81

Mobile phase: MeOH/H,0 =50/50, flow rate=1.0 mlmin~'.

side chains (Qg™8) were eventually selected. Their helical structures
are identical but their solubility properties differ significantly. The
results indicated highly selective interactions of P and M helices
with Sil-Q4-Cmp. The separation factor was 10.35 for Qg BY and
14.99 for Qg'8, showing no significant effect of the side chains
despite their distinct size, flexibility, and chemical nature (Fig. 6).
In addition, retention times were also similar. As such, we assumed
that Sil-Q4-Cmp did not recognize the side surface of the cylin-
drical foldamer but interactions took place at the top and bottom
aromatic faces instead. More importantly, it was the P-enantiomer

that showed a better interaction with the P-helical stationary phase,
being strongly retained on the surface (Table 3).

As a control, Sil-Cmp did not show any selectivity toward any of
the enantiomers and foldamers. This result agreed with the find-
ings of Lee et al. who developed a chiral stationary phase, in which
cinchonidine was immobilized onto a silica surface and showed a
lack of chiral recognition [36]. Cinchonidine consists of a quincorine
moiety attached to position 4 of a quinoline and its structure can be
loosely compared to a quinoline monomer (Q) with an appended
camphanyl group. Based on the results obtained with Sil-Cmp and
those reported by Lee et al., one can deduce that the chiral foldamer
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Fig. 6. Chromatograms of Qs'® and Qg™ on Sil-Q4-Cmp and Sil-Cmp. Mobile
phase: methanol, column temperature: 25°C, flow rate: 1.0mlmin~! for Sil-Q4-
Cmp, mobile phase: methanol/water=7/3, column temperature: 25°C, Flow rate:
1.0mlmin~" for Sil-Q4-Cmp UV wavelength: 300 nm, CD wavelength: 360 nm.

structure formed by Qg is directly involved in chiral recognition
utilizes Sil-Q4-Cmp.

To evaluate interactions of Sil-Q4-Cmp with chiral analytes in
the mobile phase, we used the van’t Hoff equation for retention and
separation factors. The correlation between the retention factor and
the measured temperature is expressed by Eq. (2). Further, Eq. (3)
is derived from the Gibbs-Helmholtz equation and the separation
factor is the ratio of the retention factors [37]:

AH AS

ng— —AAG _ —AAH | AAS 3)
~ RT ~ RT R

where AH and AS are the enthalpy and entropy change in the mea-
surement temperature range, R is the ideal gas constant, T is the
absolute temperature, and g is the volume ratio between a station-
ary phase and a mobile phase; AAG, AAS, and A AH indicate the
difference in the total energy, entropy, and enthalpy between each
enantiomer, respectively. The thermodynamic parameters were
obtained by van’t Hoff plots using Eq. (2) and Eq. (3). In addition,
since the value of ¢ is often unknown, the intercept value of the plot
is used as the estimated value, AS* (AS*= AS/R+Ing), for com-
parison of the entropy terms. The parameters obtained this way
provided insights into the types of interactions associated with
chiral recognition.

In this study, measurements were performed for Qg BY, QgT8,
and Troger’s base, for which high selectivity was observed between
10 and 40°C. In this temperature range, van't Hoff plots were linear.
In other words, the separation mode was constant in this tem-
perature range, indicating that no change occurred either in the
stereostructure of Cmp-Q4 immobilized on Sil-Q4-Cmp, or in the
structure of the separated enantiomers. In addition, since AAH
and AAS were negative in value, separation by Sil-Q4-Cmp was
enthalpy-dominated. Kiister et al. discussed the chiral recognition
mechanism as a function of the calculated A AH values [37-39].
Based on their theory, if the absolute value of A AHis <0.1 kcal/mol
(=0.4 kJ/mol), chiral recognition depends more on the chiral stereo
space and the shape of the guest molecule as opposed to the
static interaction. As the absolute value of AAH increases, the
intermolecular interaction effectively works on one of the enan-
tiomers in the chiral stereo space formed by the stationary phase,
thus increasing chiral recognition. If the A AH value is larger than
0.4 kJ/mol, hydrogen bonds and - interactions are presumably
involved. The recognition of Troger’s base by Sil-Q4-Cmp falls into
this category. Furthermore, if AAH is larger than 1.0 kcal/mol
(=4.2 kJ/mol), multiple interaction points on the stationary phase
create an optimal arrangement for the stereostructure recogni-
tion of the enantiomers, resulting in high selectivity. The chiral
recognition of Qg’B" and Qg8 by Sil-Q4-Cmp corresponds to this
phenomenon. Given the structures of the guest and stationary
phases in which most hydrogen bond donors are involved in
intramolecular hydrogen bonds, and given the protic nature of the
solvent, intermolecular hydrogen bonds are unlikely. Instead, aro-
matic stacking and the associated hydrophobic components may
be responsible for the chiral separation. The fact that interactions
are stronger between helices having the same handedness is rem-
iniscent of the stacks of helical amide foldamers observed in the
solid state [40,41].

4. Conclusion

In this study, we have developed a stationary phase (Sil-Qg4-
Cmp) for HPLC, in which quinoline oligoamide foldamers having
P helicity induced by an appended chiral source at the N-terminus,
were immobilized on silica particles. The ability of this new
stationary phase to recognize chiral molecules was examined.
Spectroscopic investigations of Sil-Q4-Cmp dispersions in solvent
confirmed that Cmp-Q4 was immobilized on the silica surface and
remained chiral, but also hinted at some changes in its struc-
ture. Sil-Q4-Cmp showed relatively high chiral recognition for
axially chiral molecules such as trans-stilbene oxide and Troger’s
base. Furthermore, Sil-Q4-Cmp had high recognition ability for
helical quinolinecarboxamide octamers, with a binding prefer-
ence for helices having the same handedness as the CSP. Based
on chromatographic investigations, we concluded that separation
by Sil-Q4-Cmp rests on the foldamer chiral structure and not on
the appended chiral group. The results in this study represent
the first known application of foldamers in chromatographic sep-
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aration technology. They will certainly be useful in separating
enantiomers of helically folded aromatic oligoamides in protic sol-
vent. In water, for example, a helical octamer is kinetically inert and
will not racemize over time. Purifying a one-handed enantiomer
would alleviate the need to induce handedness via a covalently
bound chiral group [26]. This will be advantageous for enantiose-
lective interactions that have been identified, e.g., between helical
foldamers and proteins [42] or nucleic acids [43]. However, the
change in the secondary structure of quinoline oligopamide upon
grafting on silica particles may vary with solvent and tempera-
ture. Thus, chromatographic conditions may have to be optimized
upon changing these two parameters. Intermolecular interactions
may also be tuned by changing the chemical structure of quino-
line oligoamide side chains, an interface between the foldamer and
guest molecules that has not been exploited in the current work.
Therefore, high selectivity may be achieved via the optimization of
both the foldamer’s primary and secondary structures.
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