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An example of such a challenging separation

of very polar pharmaceutical analytes is

shown in Figure 1. The methodology used to

obtain this separation exhibited poor

retention, with analytes eluting near the

solvent front, and poor resolution of some

components. Detection at very low

wavelength was required, which limited the

choice of the mobile phase and buffer. A

range of columns, including polar end-

capped phases, did not offer acceptable

chromatography for the compounds of

interest. A separation method was required

for the analysis of this drug (analyte 4) in

development at AstraZeneca, its degradation

products, and the impurities arising from the

synthetic process (analytes 1, 2, 3).

Confidentiality prevents the disclosure of the

name of the drug. Table 1 includes some of

the physicochemical properties of these

compounds. High pKa values show that the

compounds are permanently charged in

conventional HPLC conditions, and the

negative log D values show that the

compounds are extremely hydrophilic.

Retention mechanisms of polar
compounds on porous graphitic carbon

The Hypercarb material has the ability to

retain very polar compounds and has other

unique properties as a stationary phase in

HPLC [1-4]. Its chemical surface properties

distinguish PGC from more conventional LC

packings such as bonded-silica gels and

polymers. PGC particles are spherical and

fully porous with a porosity of approximately

75%. The surface of PGC is crystalline and

highly reproducible with no micro pores. At

the molecular level, PGC is made up of

sheets of hexagonally arranged carbon

atoms linked by the same conjugated 1.5-

order bonds which are present in any large

polynuclear aromatic hydrocarbon [3].

PGC behaves similarly to a strongly retentive

alkyl-bonded silica gel for non-polar

analytes; however its retention and selectivity

behavior toward polar and structurally

related compounds is very different. The

retention of polar compounds can be

explained by the polar retention effect (PREG

– polar retention effect on graphite [3])

whereby solutes of increasing polarity

showed a high affinity towards the graphite

surface. With conventional alkyl-bonded

silicas, the addition of a polar group to a

molecule will normally reduce retention in

the reversed-phase mode whereas with PGC

retention is reduced to a much smaller extent

or may even increase. Tanaka and co-workers

[5] plotted log k for the various stationary

phases against log P (where P is the octanol-

water partition ratio). For C18 the correlation

was very good, but this was not the case for

PGC. The retention of polar compounds on

PGC was much higher than expected,

exhibiting k values 4 to 15 times higher than

expected on the basis of their log P. This

behaviour makes PGC well suited to the

separation of very polar and ionised solutes

such as carbohydrates and compounds with

several hydroxyl, carboxyl, amino and other

polar groups [6 -11].

The retention mechanism by graphite from

aqueous / organic eluents is determined by

the balance of three factors [3]:

a. Hydrophobicity effect, arising from

resistance to the disruption of the structure
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Figure 1: The separation of 4 extremely polar compounds using a historical method on a C18 column [1].



18 May/June 2013

of hydrogen-bonded solvents by non-

hydrogen-bonding analytes. This is primarily

a solution effect that tends to drive analytes

out of solution.

b. Dispersive interactions of the London type

between the graphite surface and the

analytes. These are largely balanced by

similar interactions between the graphite

surface and the eluent (a) which is displaced

by the analyte. Their net effect may either

encourage or discourage retention, but they

may have an important effect on selectivity.

c. Interaction of polarisable or polarised

groups in the analyte with the polarisable

surface of the graphite (Figure 2). These are

additional to the normal dispersive

interactions.

The overall effect of these competing

interactions is that increasing the

hydrophobicity of the analyte, for instance by

adding alkyl groups into a molecule, always

increases retention, as expected in a typical

reversed-phase mode. However, increasing

the polarity of the analyte by adding groups

which can either donate or accept electrons

or can polarise the graphite surface may also

increase retention, particularly if these

groups are constrained to be in close contact

with the graphite surface. Therefore, the

strength of interaction depends on both the

molecular area of an analyte (and, therefore,

shape of the analyte) in contact with the

graphite surface and upon the nature and

type of functional groups at the point of

interaction with the flat graphite surface. The

flatter the analyte, the closer its alignment to

the graphite surface with a higher number of

points of interaction possible, the greater the

retention.

Goal

The purpose of the work described herein

was to develop a methodology that can be

effectively utilised for the retention of

extremely polar compounds such as those

described in Table 1. Porous graphitic carbon

columns (Hypercarb) were found to provide

suitable retention and separation of the

analytes under analysis. The optimised

method uses conventional LC mobile phase

conditions that allow UV detection at a low

wavelength of 195nm. Two versions of the

method are described. The first is suitable

for systems with low dwell volume (less than

100 µL), such as UHPLC equipment. This

combination allows the use of narrow bore

columns and fast gradients, resulting in 3×

faster methods using approximately 11x less

solvent. The second method was developed

for systems with higher dwell volume

(approximately 1100µL) and higher dead

volume (such as those found in conventional

HPLC equipment). This meant that a 4.6mm

diameter column was essential to maintain

an appropriate ratio between column volume

and extra-column volume to minimise

associated band-broadening. The second

method also has two additional compounds

(by-product 5 and component 6) added,

which were incorporated as methodologies

for different stages of manufacture were

combined.

Experimental

Method development background

The application described herein entered

development at AstraZeneca using a C18

column, whereby polar components were

eluted isocratically under the starting

conditions of 100mM potassium phosphate /

acetonitrile (95:5, v/v) mobile phase [12]. A

gradient section was present extending to

50% acetonitrile to ensure the elution of any

late eluting impurities. Analysis time was 60

minutes per injection and exhibited poor

retention of the newly identified polar

components (analytes 2 and 3), as shown in

Figure 1. Typically within AstraZeneca, new

methods are developed through a process of

screening a small range of orthogonal

stationary phases, organic solvents and pH

conditions. This identifies a suitable method

in the majority of cases, often with little to no

optimisation. Polar species are one area

where this standardised approach to method

development can fail to deliver a suitable

method, as was the case in this application

where no suitable methodology was

identified under any of the conditions.

The separation in this application was

hindered by the extent of the limitations

presented by the analytes of interest. Poor

UV chromophores necessitated detection at

195nm, reducing the number of available

mobile phase options based on UV cut-off.

Poor solution stability limited the range and

concentration of pH modifiers that could be

employed and poor solubility in non-

aqueous solvents further limited the

separation options.

Retention mechanisms involving HILIC,

mixed-mode or normal phase approaches

are typically used for the separation of polar

species; these were all assessed but within

the above restrictions could not be used to

produce a suitably robust method.

The simplest next step approach was chosen:

to assess the separation in 100% aqueous

conditions. However, traditional C18 columns

Figure 2: Schematic representation of charge induced interaction at the PGC surface.

Compound
Calculated

pka

Calculated LogD

(at pH 4.5)

1
pka (1) >14

pka (2) 7.4
-3.7

2
pKa (1) >14

pKa (2) 1.7
-7.0

3
pKa (1) >14

pKa (2) 1.8
-7.1

4 >14 -5.4

5 Neutral n/a

6 >14 0.6

Table 1: Physicochemical properties of the test compounds

(calculated values obtained using ACDLabs pKa dB 12.01

software).
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are not compatible with this mobile phase

selection due to potential de-wetting/phase

collapse [13]. Therefore, a polar embedded

column that was compatible with 100%

aqueous conditions was selected and

assessed. A separation suitable to progress

the projects development work was

identified, (Figure 3), although upon

extended use it became evident that the

degree of resolution was not sufficient to

produce a robust long term method and

should impurities be present at elevated

levels the separation obtained would no

longer be baseline resolved which could lead

to less accurate quantification.

At this stage a PGC column was investigated

to assess whether this column could yield a

suitably robust separation of the polar

analytes under reverse phase conditions. The

mobile phase composition was also

investigated on the PGC column, and a

higher buffer concentration was found to be

required to ensure good peak shape and

good resolution between peaks 3 and 4.

Method 1:

Test mix preparation

Approximately 3.00mg of compounds 1, 2,

and 3 were dissolved in 100mL of sample

diluents [water / acetonitrile (95:5, v/v)] to

give a concentration of 0.03mg/mL impurity

solution. Then 15.0mg of compound 4 was

dissolved with 1mL impurity solution to give

the final ratio of 0.2% impurity to parent

compound (4).
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Figure 5. Overlaid chromatograms showing consistency and method 1 robustness on Hypercarb 5 µm, 100 x 2.1mm column.

Figure 3: The separation of 4 extremely polar compounds using AstraZeneca’s conventional method on a polar embedded C18

column [1].
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Figure 4: The separation of 4 extremely polar compounds on Hypercarb 5 µm, 100 x 2.1mm column (method 1).
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Chromatographic method 1:

Instrument: Thermo Scientific™ Accela™ 600

and Open Autosampler

Column: Thermo Scientific Hypercarb™ 5µm,

100× 2.1mm

Mobile Phase:

A: 100 mM KH2P04 in LC-MS grade water

B: 100 mM KH2P04 : acetonitrile (LC-MS

grade)( 50:50, v/v)

Gradient
conditions: T (min) % A %B

0.0 95 5

0.6 95 5

5.0 0 100

5.5 95 5

9.0 95 5

Flow rate: 400µL / min

UV: 195nm

Wash solvent: Water: Acetonitrile (95:5, v/v)

Injection volume: 1µL

Temperature: Ambient

Pressure (t=0): 252 bar

Method 2:

Test mix preparation:

Approximately 3.0mg of compounds 1, 2, 3,

5 and 6 were dissolved in 100mL of sample

diluents diluents [water / acetonitrile (95:5

v/v)] to give a concentration of 0.03mg/mL

impurity solution. Then, 1.5mg of compound

4 was dissolved in 1mL impurity solution to

give the final ratio of 2.0% impurity to parent

compound (4).

Chromatographic method 2:

Instrument: Conventional HPLC System

Column: Hypercarb™ 5µm, 100 × 4.6mm

Mobile Phase:

A: 100 mM KH2P04 in LC-MS grade Water

B: 100 mM KH2P04 : Acetonitrile (LC-MS

grade) (50:50 v/v)

Gradient
conditions: T(min) % A %B

0.0 95 5

15.0 0 100

17.0 0 100

17.1 95 5

27.0 95 5

Flow rate: 1.50mL/min

UV: 195nm

Wash solvent: water: acetonitrile (95:5 v/v)

Injection volume: 5µL

Temperature: 60˚C

Pressure (t=0): 74 Bar

Results and discussion

Method 1

With the smaller ID column and fewer

compounds, the analysis was carried out

in less than 9 min (Figure 4). The peaks

were eluted in less than 4 min and very

high resolution could be achieved. To

check the reproducibility of the method,

over 40 runs were carried out. Some of the

chromatograms are overlaid in Figure 5.

The method is very robust and consistent.

The RSD values on retention time from the

39 runs (excluding the first run) were

calculated to be less than 0.2% for all four

compounds. The results are recorded in

Table 2.

Method 2

The need for a method suitable for use on

a conventional HPLC system with high

dwell volume and high dead volume

required the use of a 4.6 mm ID column.

Two additional compounds (analytes 5

and 6) were also added to the method

requirements. The result of this was that the

analysis had to be extended to 27 minutes.

With this method, all of the peaks were

separated with excellent resolution (Figure

6).

The method reproducibility was also

established with 40 replicate injections and

overlaid chromatograms of seven injections

from through the run are shown in Figure 7.

After the column equilibrated sufficiently,

consistent results could be obtained.

Further method robustness and

reproducibility was assessed by investigating

column-to-column variability. Three columns

with different batches of stationary phase

were obtained and the application SST

(containing analytes 1-6) was analysed on

each. After each column had been suitably

equilibrated each column produced

equivalent chromatograms.

Table 2: Retention time, precision data, and resolution obtained using a Hypercarb 5 µm, 100 x 2.1 mm column (method 1.)
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Figure 6: The separation of 6 extremely polar compounds on

Hypercarb 5 µm, 100 x 4.6 mm column (method 2).

Compound Retention time (min) tR %RSD Resolution

1 1.37 0.19%

2 2.65 0.11% 14.05

3 3.13 0.13% 6.58

4 3.57 0.10% 5.45
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This method was subsequently validated and

transferred to five other laboratories where

equivalent chromatography was successfully

demonstrated.

Conclusion

Porous graphitic carbon

columns can be used

successfully for the retention

and separation of extremely

polar compounds, which are

problematic to retain in

reversed-phase conditions.

These columns offer a unique

polar retention mechanism that

often can be implemented

simply, and can produce robust

separations of extremely polar

species under typical reversed

phase conditions. In the

example presented the

methodology was successfully

validated and transferred to

other laboratories.
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Figure 7: Overlaid chromatograms showing consistency and method 2

robustness on Hypercarb 5 µm, 100 x 4.6 mm column.


