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Synthesis and Characterisation of a New Hydrophilic
Interaction/Reversed Phase Mixed-Mode Chromatographic
Stationary Phase

Yeni bir Hidrofilik Etkilesim/Ters Faz Karisik-Mod Sivi
Kromatografik Sabit Fazin Sentezi ve Karakterizasyonu
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ABSTRACT

A novel multifunctional stationary phase based the amide-silica was synthesised starting from L-isoleucine
and 2-aminoacetanilide. Hereby, compounds 1, 2, 3 and 4 were synthesised for the first time and 1,2 and 4
were identified. The stationary phase was synthesised by a reliable and repeatable method and characterized
by elemental analysis, solid state 13C NMR, scanning electron microscope (SEM), and Brunauer, Emmett and
Teller (BET). This stationary phase possess four amide groups as polar cites, phenyl ring as aromatic non-polar
cite and isopropyl as an aliphatic non-polar cite. Therefore, it can act as both hydrophilic interaction (HILIC)
and reversed phase (RPLC) chromatographic stationary phase. The stationary phase has also chirality and can
be used in enantioseparation of racemic compounds in normal phase chromatography (NPLC).

Key Words
Mixed-mode stationary phase, Hydrophilic interaction liquid chromatography (HILIC), Isoleucine, Chiral
stationary phase.
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L—izolézin ve 2-aminoasetanilitten yola c¢ikilarak amid-silika tabanh c¢ok fonksiyonlu yeni bir dolgu
maddesi sentezlendi. Bu vesile ile bilesik 1, 2, 3 ve 4 ilk kez sentezlenmis olup bilesik 1, 2 ve 4'Gn ayrintili
karakterizasyonlariyapiimistir. Dolgu maddesi glivenilir ve tekrarlanabilir bir yéntemle sentezlenmis olup yapisi
kati faz *C NMR, taramali elektron mikroskobisi (SEM), ve Brunauer, Emmett and Teller (BET) ile dogrulandi.
Yeni gelistirilen bu dolgu maddesi polar grup olarak dort amid grubu, apolar gruplar olarak da aromatik halka
ve alifatik zincir icerir. Bu nedenle, bu dolgu maddesi hem hidrofilik etkilesim (HILIC) hem de ters faz (RPLC)
sivi kromatografisinde kullanilabilir. Dolgu maddesinin L-izol6zinden sentezlendigi icin ayni zamanda kiraldir ve
normal faz kromatografide rasemik bilesiklerin enantiyomerik ayrilmasinda kullanilabilir.
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INTRODUCTION

he most important element of the

chromatography is the stationary phase. The
structure of the stationary phase affects the
retention mechanisms, separation selectivity, and
column efficiency [1]. Most stationary phases only
provided single separation mechanism [2-6] and
were applied in single chromatographic mode. A
recent trend in HPLC involves the development
of new multifunctional stationary phases having
polar and nonpolar groups for separations of wide
range of analytes classes from polar to nonpolar
[7-13]. This type of stationary phase refered as
“mixed-mode" [14].

The mixed mode approach has emerged
because of the need for better retention control

for both polar and non-polar molecules [15-19].

Multiple mechanisms of interactions allow the use
of one stationary phase for a much wider range of

applications as compared to RP or HILIC approach.

At least two interactions between the anlytes and
the stationary phase should be present in the
mixed-mode mechanism [20]. Thus, simultaneous
separation of polar and non-polar, ionisable and
neutral and other complex mixtures is possible
and the cost of analysing can be reduced using this
kind of stationary phase. Several kind of stationary
phases with mixed-mode performance have been

investigated such as phenylpropanolamine [10],
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phenylamine [7,21,22], 8-quinolinol [24], poly(l-
allylimidazole) [25], imidazole [26,27], pyridine
[28,29] and dipyridine [30] functional silicas. In
recent years, the mixed-mode chromatography
has been shown to be a versatile approach for the
simultaneous separation of highly mixed classes
of analytes from polar to nonpolar organic
compounds [31,32].

Subsequently, polar stationary phases have
exhibited novel properties for polar analytes
[33]. Recent investigations describing stationary
phases containing polar groups have shown the
superior performance of these new phases over
conventional RPLC stationary phase complex
analytes [33,34]. The polar groups, particularly
amide, were originally chosen for their ability to
interact with both alkaline and acidic analytes
[16,19].

RPLC is the mostused HPLC mode for
separation of moderately polar and weakly polar
analytes, while HILIC is often used to separate
strongly polar compounds. Thus, mixed-mode
RPLC/HILIC can be used for the separation of
both polar and nonpolar analytes, overcoming
the deficiencies of RPLC and HILIC [35-50]. There
is a continual increase in research in this area to
find an ideal stationary phase and to investigate
mixed-mode separation mechanisms.
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Figure 1. Synthesis of the new amide compounds and ile-AA-mix stationary phase.



In this study, a novel amide-functionalised
silica-based multifunctional stationary phase was
prepared starting from 3-aminoacetanilide and
L-isoleucine as starting materials (Figure 1). The
developed stationary phase possesses four amide
groups as polar sites, as well as hydrophobic chain
and an aromatic ring as nonpolar sites. Hence,
this new stationary phase possesses both HILIC
and RPLC dual retention mechanisms and should
be successfully used for separation of different
group of polar and nonpolar compounds.

MATERIALS and METHODS

Reagents and Materials

Spherical silica gel (Lichrospher Si 60, 5 um,
60 A, 700 m2g") was purchased from Merck. All
of the reagents and solvents were purchased
from Sigma-Aldrich or Merck. All of the reagents
used in the synthesis were of “reagent grade”
unless otherwise specified. The IR spectra were

Table 1. Properties of the lle-AA-Mix column.
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recorded on a Mattson 1000 FTIR spectrometer.
Elemental analyses were performed with a
Thermo Scientific FLASH 2000 instrument.
Deionized water was purified using a Millipore
Milli-Q water system. SEM images were obtained
using a LEO EVO 40 model instrument (inéni
University, SEM Laboratory). Solid state *C NMR
was recorded using a Bruker Superconducting
FT.NMR Spectrometer Avance TM 300 MHz WB
instrument (Middle East Technical University,
Central laboratory, Solid state NMR laboratory).
'H (400 MHz) and ®C (100 MHz) NMR spectra were
recorded on a Bruker DPX-400 High Performance
Digital FT-NMR Spectrometer (Dicle University,
Faculty of Science, NMR Laboratory). Textural
characteristics were determined by nitrogen
adsorption at 67 K with an automatic adsorption
instrument (Micromeritics, ASAP 2020) and the
BET surface area (S,,), total pore volume (V,)
and poresize distribution were determined from
nitrogen adsorption-desorption data by using

Limit pressure 500 bar

'Max. flow rate for 100% EtOH 1.8 ml/min
'Max flow rate for EtOH/water: 50/50 1.2 mi/min
'Max flow rate for 100% water 2.5 ml/min
'Max flow rate for Water/ACN: 50/50 3.1 ml/min

'Max flow rate for 100% ACN

5 ml/min (320 bar)

2Extent of labelling

13.74% carbon loading

L x I.D.

250 cm x 4.6 mm

Surface coverage

0.50 mmol/gr

Matrix active group

Amide, phenyl, alkyl

SParticle size 5um

3Pore size 60 A
4Surface area 659 m? g’
“Total pore volume 0.66 cm3 g’
Operation pH range 2.5-9.00

'Max. flow rate was determined at the maximum operation
pressure (500 bar) and 20°C temperature.

?Based on the elemental analysis.

3Based on the information given by the company of the
blank silica.

“Based on the BET analysis.
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Quantachrome software (Dicle University, Central
Research Laboratory, DUBTAM).

Packing of Chromatographic Column

An empty stainless steel HPLC column (250x4.6
mm) was packed with an lIle-AA-Mix using the
slurry packing technique under 500 bar pressure.
Approximately 3.5 g of the stationary phase was
used to prepare the column. Ethanol (EtOH) was
used as the packing solvent. A total of 4 gr lle-
AA-Mix was dispersed into EtOH and sonicated
in the ultrasonic bath for 5 minutes, after which
the slurry was packed into the empty column
under a constant pressure of 500 bar. Lastly, the
prepared columns were rinsed for 5 h with EtOH,
1h with EtOH/water (50:50), 1 h with water, 1 h with
water:ACN (50:50) and 1 h with ACN, respectively,
as the eluents at 1 mL/min. Several properties of
the new lle-AA-Mix column are given in Table 1.

Synthesis of Compound 1
Dicyclohexylcarbodiimide (DCC, 3.03 g, 14.7
mmol) dissolved in CH,CI, (10 mL) was added to a
stirred solution of N-Boc-isoleucine (3.05 g, 13.4
mmol), 4-phenylbutylamine (2.10 g, 13.4 mmol)
and HOBT (2.18 g, 16.1mmol) in CH,CL, (200 mL) at
0 °C. After stirring for 24 h at room temperature,
the mixture was filtered and extracted with 1 N
HCI (100 X2 mL ), 5% NaHCO, (10 mL) and water
(10 mL) respectively. The extract was dried over
Na SO, filtered and evaporated under reduced
pressure to afford a pure N-boc-ile-AA as a white
solid.(TLC: Rf = 0.32 with H:EtOAc = 3:1). Yield:
4.70 g, 99%. Mp: 158-159°C. IR (cm™); 3335 and
3309 (Amide N-H), 3201 (carbamate N-H), 3063
(Ar-H), 1679 (carbamate C=0), 1665 (amide C=0),
1612 (amide C=0), 1310 (carbamate C-0O-C), 1240
(carbamate C-N-C), 1170 (amide C-N-C). 'H NMR
(CDCIy): 6 (ppm); 0.89 (t, 3H), 0.98 (d, 3H), 1.10-
1.30 (m, 1H), 1.44 (s, 9H), 1.50-1.70 (m, 1H), 1.80-
2.00 (m, 1H), 2.01 (s, 3H), 4.17 (s, 1H), 5.52 (d, 1H),
711-7.19 (m, 2H), 7.34 (m, 1H), 7.53 (m, 1H), 8.07
(s, TH), 8.91 (s, TH). =C NMR (CDCI,): (ppm); 11.12,
15.57, 24.38, 24.89, 28.35, 37.20, 60.12, 80.27,
11.87,115.88,116.30, 129.19,138.03,138.43, 156.44,
169.06, 171.09.

Removal of the boc-Group to Obtain
Compound 2

TFA/AcOH (1:1) (14 mL) was added to a stirred
solution of 1(3.0 g, 8.3 mmol) in CH,CI, (30 mL) at
0 °C. After stirring 24 h at room temperature, the

solvent was evaporated and the pH was adjusted
to 9-10 by adding 1 N KOH to the residue. The
mixture was extracted with CH,CI, (30 mLx3), 0.1
N HCI (10 mL) and water (30 mLx2), respectively,
and dried over Na,SO,, filtered and evaporated
under reduced pressure to afford a pure 2 as a
viscous oil (monitoring by TLC). R, = 0 with H:EtOAc
=31, R, = 0.25 with H:EtOAc/TEA =1:2:0.2. Yield:
2.05 g, 99%.

Synthesis of Compound 3

A solution of dimethyloxalate (18.24 mmol, 2.06
g) in MeOH (15 mL) was added to the lle-AA (8.5
mmol, 2.13 g) dissolved in MeOH (20 mL). After
stirring for 24 h at room temperature under an
argon atmosphere, the solvent was evaporated
and the residue was purified by column
chromatography on silica gel (PE:EtOAc = 2:1) to
afford 3 as a white solid. Yield: 2.29 g, 80%. Mp:
168-169. IR v (cm™); 3275 (sb, H-N of two amides),
3074 (Ar-H), 3042 (Ar-H), 1754 (C=0, ester), 1656
(NH, amide), 1619 (NH, amide), 1209 (C-0O-C, ester),
1175 (C-N-C, amide), 1175 (C-N-C, amide). 'H NMR
(CDCly: & (ppm);0.83-1.00 (m, 6H), 1.10-1.27 (m,
1H), 1.45-1.68 (m, 1H), 1.90-2.11 (m, 1H), 2.15 (s, 3H),
3.89 (s, 3H), 4.59 (d, 1H), 7.14-7.40 (m, 3H), 7.71 (s,
1H), 8.03 (d, 1H), 8.27 (s, 1H), 9.27 (s, 1H) C NMR
(CDCl,): 8 (ppm); 11.08, 15.38, 24.37, 24.79, 37.81,
53.76, 59.30, 112.19, 116.30, 116.50, 129.31, 137.97,
138.46,156.61,160.61, 169.14, 169.46.

Preparation of the Stationary Phase (4 and
lle-AA-Mix)

The mixture of 3 (1 g, 3 mmol) and 3-amino
propyltrimethoxysilane (0.50 g, 2.8 mmol)
dissolved in MeOH (30 mL) was stirred at room
temperature for 24 h. The mixture was cooled to
+4°C and the white precipitate was washed with
cold MeOH, filtered and evaporated to afford
1.2 g of 5. Yield: 80%. Mp: decomposition, 230-
250°C. (IR spectrum was given in Supplementary
Materials as Figure S7). Next, 0.4 g of the 5 was
dissolved in a mixture of toluene (30 mL) and
DMSO (10 mL) at 130°C. Spherical silica gel (2 gr)
was added to the mixture. After stirring at 130°C
for 48 h, the mixture was filtered and the new
silica material was washed with toluene (10 mL),
CHCI, (20 mL), ETOH (20 mL), EtOH:EtOAc (1:1, 20
mL) and acetone (30 mL), respectively. The white
powders were dried on a rotary evaporator device
at 90°C under reduced pressure for a total of 20
h to afford lle-PBA-Mix as a new stationary phase.



Elemental analysis: C 13.74, H 2.29, N 2.05 (0.50
mmol of loaded ligand/g SP. The characterizations
of the new phase are given in the next sections.

RESULTS and DISCUSSION

Synthesis

The synthesisof thenew multifunctionalstationary
phase based on the amidefunctionalised silica
gel is outlined in Figure 1. This stationary phase
includes four amide groups as polar sites; and
aliphatic and aromatic groups as nonpolar sites.
Therefore, it is expected that the Ille-AA-Mix
stationary phase can well interact with polar,
moderately polar, weakly polar and non-polar
compounds to separate complex mixture under
HILIC and RPLC condition. In addition, the lle-AA-
Mix stationary phase has two stereogenic centres.
Thus, it can act as chiral stationary phase for
enantioseparation of several racemic mixtures in
NPLC mode.

The new stationary phase was synthesised
in five steps. First, compound 1 was obtained in
92% vyield by the reaction of N-boc-isoleucine
with 3-aminoacetanilid without applying any
other purification technique. The deprotection
of 1 gave a pure 2 in 99% yields after only with
work-up, without any further purification. The
reaction of 2 with two equivalents of dimethyl
oxalate gave 3 in 80% yields. The 3 was reacted
with 3-aminopropyltrimethoxysilane to obtain 4
in 67% yield. This final ligand was attached to the
HPLC-quality spherical silica gel to obtain ile-AA-
Mix as a novel mixed-mode stationary phase.

Commonly, two main methods have been
reported for preparing a chromatographic
stationary phase by functionalization of silica
particles. The first method is that a silica modified
with any of propyltrimethoxysilane (amino- or
chloropropyltrimethoxysilanes). Then, the new
organic ligands are directly grafted onto the
surface of silica. Due to the not required any
isolation, purification and identification process
in the last two steps, this method is relatively
simple [1] but has several serious disadvantages.
The most important of these issues is low
reproducibility because the controllability of a
reactiononasolid phaseis quite difficult. Often, all
of the amino- or chloro- groups on the propylated
silica surface are not replaced with the organically
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functionalised ligand. This phenomenon leads to
low reproducibility of the stationary phase. Hence,
the more reactions performed on the solid phase,
the lower the reliability.

The second method is that the organically
functionalised reagents are first treated with
terminally functionalised propyltrimethoxysilane
to form trimethoxysilyl-terminated organically
functionalised reagents. Then, the new
organically functionalised reagents could be
directly bonded to the surface of silica [29].
Purification and isolation are needed for all steps
and it is difficult to select suitable solvents in
the subsequent steps, thus this method is more
difficult than first method [1] but is more reliable
because there is only a one-step reaction onsilica.
Thus, controllability and reproducibility are very
high. Therefore, we preferred the second, more
reliable method. Although the five step synthesis
appears to be long and disadvantageous, the high
yields of each step, the simplicity of the synthesis
procedures and the high reproducibility of the
stationary phase make this synthesis process
very attractive and reliable.

In @ most recent article, a "solvent-
free” and green method for controllable and
guantitative preparation of chromatographic
stationary phase was proposed by Liu and
co-authors [46]. In this study, the mixture of
3-chloropropyltrimethoxysilane, silica and
excessive N-methylimidazolium were stirred at
120°C for 48 h to obtain the new stationary phase
with quantitative yield in one step. Synthesis of a
stationary phase in one step and solvent free is
very attractive.

Characterization of the Stationary Phase

The stationary phase was synthesized in three
separate parts simultaneously to evaluate the
reproducibility of the synthesis process, under
the same conditions, and using the same amounts
of materials. These were named part 1, part 2 and
part 3. Elemental compositions were measured for
the three parts. As shown in Table 2, the nitrogen
contents of each of the three parts of the lle-AA-
Mix were 2.10, 2.04 and 2.01, respectively. There
is no significant difference between the three
parts. The surface concentration of the lle-PBA-
Mix stationary phase was estimated to be 0.50
mmol g7, which was calculated from the average
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Table 2. Elemental Analysis results of blank silica and three part of lle-AA-Mix.

C H N
Elemental analysis results

(%) (%) (%)
Blank Silica 0 0.04. 0
lle-PBA-Mix Part-1 13.84 2.38 2.10
lle-PBA-Mix Part-2 13.77 2.22 2.04
lle-PBA-Mix Part-3 13.65 2.27 2.01
Average 13.74 2.29 2.05

T ] =] |
200 150 100 50 0 ppm

Figure 2. Solid state *C NMR spectrum of lle-AA-Mix stationary phase.

nitrogen content. The elemental compositions of
the three parts of the lle-AA-Mix were very close,
showing that the reproducibility of the synthesis
process is very high.

The lle-AA-Mix was characterized by solid
state ®C NMR (Figure 2). The signal at 150-180
ppm was assigned to the carbon atoms of the
carbonyl groups and at 110-140 ppm was assigned
to aromatic carbon atoms of the ligand bonded
to surface of silica. The resonances between
0-40 ppm were assigned to the aliphatic carbon
atoms of methyl (CH,) and methylene (CH,). The
signals around 50 ppm was assigned to methane
(CH) carbons. The IR and NMR results clearly
confirmed that the original organic ligand was
definitely bonded to the silica surface.

The specific surface area and the total pore
volume of the lle-AA-Mix material measured
by the nitrogen adsorption method using BET
analysis were calculated to be 659 m2g”, 0.66
cm3g” respectively, which are greatly reduced
compared to those of the blank silica (799 m2g™,
0.79 cm3g™)

The stationary phase was also identified by
SEM to observe if there is a change in particle
shape and size of the spherical silica gel after
modification. The comparison of the SEM spectra
of blank silica gel and that of the lle-AA-Mix
stationary phase showed a narrow particle size
distribution and the same geometry with well-
defined spherical particles (Figure 3).
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Figure 3. SEM image of blank silica (A) and the lle-AA-Mix (B).

As aresult, four new compounds derived from
L-isoleucine were synthesized as a first time and
structure of the compound 1and 3 were identified
by IR, '"H NMR and *C NMR and of compound 4
were identified by IR. The new stationary phase
lle-AA-Mix was characterised by elemental
analysis and solid state ¥C NMR, BET and SEM
measurements and the successful derivatization
was confirmed.

Column Stability Tests

The stability tests for the lle-AA-Mix column were
achieved in the pH 2.50-9.00 range using two
newly prepared and previously unused 50x4.6
mm columns filled with lle-AA-Mix stationary
phase. The chromatographic conditions for the
tests were as follows: mobile phase for low pH
values: 100% of 40 mM, pH = 2.50 aqueous
ammonium formate and for high pH: 100% of
40 mM, pH = 9.00 aqueous ammonium chloride
buffer; flow rate, 1 mL/min; temperature, 60°C;
detection, 280 nm; probe, uracil and aniline.

The column was continuously purged with the
mobile phase with 2.50 of pH and was periodically
tested by recording the retention time of uracil
and aniline. After approximately 4000 column
volumes of mobile phase with a 3.0 of pH were
purged through the column, there was essentially

no change in the retention times for uracil and
aniline (below 2%). When 2000 volumes of mobile
phase with 2.5 of pH passed through the column,
there was essentially no change in the retention
times for uracil and aniline, while 5-10% change
was observed after 4000 column volumes of
mobile phase. Therefore, we found that the
column is highly stable at 2.50 of pH.

The same experiments were repeated for
9.00 of pH conditions using another unused
50x4.6 mm column filled with lle-AA-Mix
stationary phase. After approximately 2000
column volumes of mobile phase with 9.00 of
pH, the changes in the retention for probes are
below 2%. However, after 3000 volumes, there
was just approximately 3-5% change and after
4000 volumes approximately 10% change in
the retention time of adenine and aniline. Hence,
although the column is quite stable at 9.00 of pH,
it is important to be careful working above pH 9.
As aresult, this column is very stable between 2.5
and 9 of pH values.

CONCLUSION

A new multifunctional mixed-mode
chromatographic stationary phase was prepared
by modification of spherical silica gel by five
steps. Four new amide compounds and a new
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mixed-model chromatographic stationary phase
derived from L-isoleucine were synthesised as a
first time. The structure of three compounds has
been identified and the new stationary phase
has been well characterized by many different
spectroscopic technigues. The high yields of each
step, the simplicity of the synthesis procedures
and the high reproducibility of the stationary
phase make this synthesis process very attractive
and reliable. Future work will be take advantage
of this stationary phase to separate very complex
analytes composed of very polar or nonpolar
compounds.
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