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Fig. 2.3.23: Chromatograms of a separation of Voriconazole and its related impurities
compound X, compound C and compound D using gradient profiles 4 (shown in red) and
gradient 4 adjusted to match dwell volume (shown in green) Conditions for the separation
as per Fig. 2.3.18

The final optimised method on the Phenomenex Kinetex core-shell Cig reversed
phase column had a run time of 4.3 min, a critical resolution of 3.80 between
impurities compound X and compound C and a critical resolution of 4.5 between
impurity compound D and Voriconazole. When compared to the original Pfizer
impurity assay for Voriconazole, the run time has been shortened by 57% and
resolution between the original peak pair (compound X:compound C) has increased
from 2.68 to 3.80, while resolution between compound D and Voriconazole has
decreased from 10.81 to 4.5. The use of a core-shell stationary phase as well as
reduced particle size provided shorter diffusion pathlengths for analytes thus
speeding up the separation. Additionally the application of a gradient to this method
allowed more strongly retained compounds such as Voriconazole to elute faster and
reduced unnecessary resolution between peak pairs. This method was then
transferred to a core-shell column with a particle size of 1.7 um in diameter and

further optimised in an effort to reduce run time further.
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2.3.2.3 Development of an optimised UPLC method on a core-shell 1.7 pm
column

The optimised method from Section 2.3.2.2.2 was then transferred to a smaller 1.7
um core-shell Phenomenex Kinetex column (100 x 2.1 mm, particle size 1.7 pm)
and further optimised to provide the shortest run time possible while maintaining a
resolution of at least 1.7 between peak pairs. Again this was carried out by changing
the gradient time and the percentage ACN in the mobile phase. Moving to smaller
particle size should in theory lead to a faster separation due to shorter interstitial
diffusion pathways. Moving to a 1.7 um particle size column, however, brings the
added issue of increased back pressure (>400 bar). For this reason a specialised high
pressure instrument is required to cope with the increase in back pressure. The
instrument used for this study was a Shimadzu Nexera UPLC Liquid

Chromatography capable of withstanding pressures of up to 1000 bar.

2.3.2.3.1 Determination of the dwell volume of the Shimadzu Nexera UPLC
Liquid Chromatograph

Determination of the dwell volume of the Shimadzu Nexera liquid chromatograph
was carried as per the gradient profile method carried out in to Section 2.3.2.2.1. As
mentioned previously (Section 2.3.2.2.1), determination of the dwell volume is
required when transferring gradient methods from instrument to instrument as each
gradient method is specific to the instrument on which it was developed and
adjustments to the gradient timings are necessary to compensate for the differences

in dwell volumes between instruments.
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Fig. 2.3.24 Determination of void volume of Shimadzu Nexera UPLC utilising acetone.
Conditions as outlined in Section 3.2.2.1.

5% of the maximum absorbance recorded for a 1% acetone solution was noted at
3.17 min. As the mobile phase composition did not change until 3.01 min, this was
subtracted from the total time taken to give a value of 0.16 min. As the flow rate

used was 1 mL/min, the dwell volume was calculated to be 0.160 mL.

2.3.2.3.2 Transfer of the 2.6 pm core-shell column RP HPLC method to a 1.7
pm core-shell column.

The gradient method which was previously developed and optimised for a 2.6 um
particle size stationary phase in Section 2.3.2.2.2 (Fig. 2.3.23, Table 2.3.14) was
transferred to the 1.7 pm column with the necessary adjustments for differences in
delay volume of the two instruments Other parameters of the method included; 0.2
puL injection volume, column temperature; 50°C, flow rate; 0.6 mL/min and a

detector wavelength of 256 nm.

The delay volume of the Agilent 1200 series liquid chromatograph and the Shimadzu
Nexera UPLC chromatograph were experimentally determined to be 0.94 mL/0.94
min and 0.16 mL/0.16 min respectively in Section 2.3.2.2.1 and 2.3.2.3.1. To
compensate for the decrease in delay volume, the isocratic hold at the start of the

gradient was increased by 0.9 min. Below is the updated gradient profile (Table

87



2.3.15) with results of the separation given in Table 2.3.16 and the corresponding

chromatogram in Fig. 2.3.25.

Table 2.3.15: Development of an optimum separation using a gradient method on a
Phenomenex Kinetex 1.7 um core-shell stationary phase (2.1 x 100 mm). Gradient 1a mobile
phase conditions. All other parameters as per Fig. 3.18

Gradient la
Time (mins) % ACN
0.00 25%
1.00 25%
1.01 90%
1.40 90%
1.41 25%
4.30 25%

It was expected that increasing the isocratic hold time would maintain the resolution
between peak pair compound X and compound C. From the results presented in
Table 2.3.16 and Fig. 2.3.25 it was noted that resolution between the peak pair was
indeed maintained above 2, however the dramatic gradient step at 1.01 min from
25% to 90% ACN caused resolution to be lost between peak pair impurity compound

D and voriconazole with a resolution of just 0.9 between the two peaks.

Table 2.3.16: Results of separation of S3 where initial hold time is increase to 1.0 minute
(gradient la)

Gradient opt_1A
Retention | Retention .
Peak K Resolution
Time Factor
Void 0.380
Compound X 0.990 1.605
Compound C 1.087 1.861 2.070
compound D 1.613 3.245 4.950
Voriconazole 1.643 3.324 0.900
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Fig 2.3.25: Chromatograms of a separation of Voriconazole and its related impurities
compound X, compound C and compound D using gradient profiles la (shown in red).
Conditions for the separation as per Fig 2.3.19.

In order to rectify this and restore resolution between compound D and voriconazole,
a linear ramp was introduced from 1.01 min to 1.40 min and also a 90% isocratic
hold from 1.40 to 2.00 min (Table 2.3.17).

Table 2.3.17: Development of an optimum separation using a gradient method on a

Phenomenex Kinetex 1.7 um core-shell stationary phase (2.1 x 100 mm).Gradient 2a mobile
phase conditions. All other parameters as per Fig.2.3.19

Gradient 2a
Time (mins) % ACN
0.00 25%
1.00 25%
1.40 90%
2.00 90%
2.01 25%
4.30 25%

Table 2.3.18 and its representative chromatogram (Fig. 2.3.26) show that, similar to
the previous gradient, a resolution of above 2 was maintained between impurity
peaks compound X and compound C. While as anticipated, there was an increase in

the resolution from 0.900 to 1.760 between compound D and Voriconazole, so that
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this now passes the optimisation specification of 1.7, there was still scope for further

optimising the gradient profile.

Table 2.3.18: Results of separation of S3 where initial hold time is reduced to 0.90 min,
gradient 2a. Chromatographic conditions as per Fig 2.3.19.

Gradient 2A
Peak Rett.ention Retention Resolution
Time Factor

Void 0.380
Compound X 0.990 1.605
Compound C 1.088 1.863 2.090
compound D 1.797 3.729 17.950
Voriconazole 1.852 3.874 1.760
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Fig. 2.3.26: Chromatograms of a separation of Voriconazole and its related impurities
compound X, compound C and compound D using gradient profiles 2a (shown in red).
Conditions for the separation as per Fig 2.3.19

It was hoped that a shallower gradient, despite resulting in a longer retention time
would increase the resolution between impurity compound D and Voriconazole. By
decreasing the initial gradient hold by 0.4 min to 0.6 min, the slope of the linear
gradient was lessened. The new gradient profile is given below in Table 2.3.19

(gradient 3a).
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Table 2.3.19: Development of an optimum separation using a gradient method on a
Phenomenex Kinetex 1.7 um core-shell stationary phase (2.1 x 100 mm).Gradient 3a mobile
phase conditions. All other parameters as per Fig. 2.3.18

Gradient 3a
Time (mins) % ACN
0.00 25%
0.60 25%
1.40 90%
2.00 90%
2.01 25%
4.30 25%

Shortening the isocratic hold time at the beginning of the gradient, thus decreasing
the slope of the gradient had the desired effect and the resolution between impurity
compound D and Voriconazole peak increased from 1.76 to 2.66 with Voriconazole
now eluting at 1.642 min as shown below in Table 2.3.20 and Fig. 2.3.27.

Table 2.3.20 Results of separation of S3 where initial hold time is reduced to 0.6 min, as
gradient 3a (Table 2.3.19) All other parameters remain as per Fig. 2.3.19

Gradient 3A
Peak Rett?ntion Retention -
Time Factor Resolution

Void 0.380
Compound X 0.994 1.616
Compound C 1.095 1.882 2.160
compound D 1.554 3.089 11.290
Voriconazole 1.642 3.321 2.660
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Fig. 2.3.27: Chromatograms of a separation of Voriconazole and its related impurities
compound X, compound C and compound D using gradient profiles 3a (shown in red).
Conditions for the separation as per Fig.2.3.19.

Due to the presence of an artefact eluting close to the Voriconazole peak it was
decided to decrease the concentration of the ACN 80%. This gradient profile is
shown in Fig 2.3.28. By decreasing %ACN, it was hoped to increase the resolution
between the API and artefact on the column, while also maintaining the resolution
between all peak pairs.

Table 2.3.27: Development of an optimum separation using a gradient method on a

Phenomenex Kinetex 1.7 um core-shell stationary phase (2.1 x 100 mm). Gradient 4a mobile
phase conditions. All other parameters remain as per Fig. 2.3.19.

Gradient 4a
Time (mins) % ACN
0.00 25%
0.60 25%
1.40 80%
2.00 80%
2.01 25%
4.30 25%

Table 2.3.28 and its related chromatogram Fig. 2.3.27 show that resolution increased

from 2.160 to 3.310. The resolution between impurity compound D and
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Voriconazole decreased from 2.660 to 2.430, however this was within optimisation
parameters that were set and was deemed acceptable. There was a resolution of 3.73
between the API peak and the artefact. A high resolution between these peak pairs
was necessary to ensure that it did not impact on the separation. Compared to the
original Pfizer impurity method there was a decrease in run time of 57 % - the same
as the reduction seen for the newly developed impurity assay developed on a 2.6 um
core-shell column (Fig. 2.3.23, Table 2.3.14). While there was a decrease in
retention of the latest eluting peak —Voriconazole of ~ 0.4 minutes from 2.031 min to
1.750 min, this decrease was negated by the time necessary to equilibrate the column
after each run due to the gradient. Resolution between the critical peak pair of
compound X and compound C was decreased slightly compared to the 2.6 pm
column impurity assay from 3.800 to 3.310. Resolution between this peak pair was
also compared to the original USP-36-NF-31 Voriconazole monograph (Section
2.3.1) whose resolution was 2.68 between the same peak pair.

Table 2.3.28: Results of separation of S3a where the final concentration of ACN lowered to
80% (gradient 4a)

Gradient 4A
Peak Rett-ention Retention -
Time Factor Resolution
Void 0.380
Compound X 1.293 2.403
Compound C 1.433 2.771 3.310
compound D 1.669 3.392 6.820
Voriconazole 1.749 3.603 2.430
Artefact 1.936 4.095 3.730
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Fig. 2.3.27: Chromatograms of a separation of Voriconazole and its related impurities
compound X, compound C and compound D using gradient profiles 4a. Conditions for the
separation as per Fig 2.3.18.

2.4 Conclusions

Methods were successfully developed and optimised for use on Phenomenex Kinetex
core-shell reversed phase C;s columns (100 x 2.1 mm) of particle sizes 2.6 um and
1.7 um. Optimisation parameters were successfully meet with resolution between
peak pairs above 2.0 for all compounds. A 57% reduction in the total run time of the

impurity assay was recorded when transferred to both 2.6 pm and 1.7 um column.

Moving to smaller particles sizes has some distinct advantages such as; a decrease in
retention time of analytes and an increase in efficiency. All three columns which
were investigated were reversed phase C;s columns and so as expected the elution
order across the 3 columns remained the same, which is as follows compound X
—>compound C = compound D - Voriconazole. Changes in retention behaviour
between columns of different manufacturer can be attributed to the differences in

carbon loading between manufacturers.

The new optimised methods on both the core-shell 2.6 um column and the 1.7 um
column were compared to the existing impurity assay in terms of retention factor and

resolution. Table. 2.3.29 compares each of these parameters across all 3 columns.
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Table. 2.3.29: Comparison of the 3 optimised methods in terms of their retention factor (left)
resolution (right).

Retention Factor Resolution
DCU 2.6 | DCU 1.7 DCU 2.6 | DCU 1.7
Analyte usp um um Analyte Usp um pm
36-NF-31 36-NF-31
Method | Method Method | Method
Void 0.000 0.000 0.000|Void

Compound X 1.005 1.682 2.403|Compound X
Compound C 1.330 2.137 2.771|Compound C 2.680 3.800 3.310
Compound D 4.108 4.615 3.392(Compound D 14.530 25.540 6.820
Voriconazole 7.626 4.921 3.603|Voriconazole 10.830 4.500 2.430

As expected there was a decrease in overall retention time for newly optimised core-
shell methods of 57%. This was due to smaller particle sizes having shorter flow
pathlengths leading to faster separations. When moving from a 2.6 um core-shell
column to a 1.7 um core-shell column there was a slight decrease in retention time
from 2.031 min to 1.749 min, however this decrease in run was negated due to the
time necessary to re-equilibrate the column before the next injection. While the 2.6
um core-shell column could be operated on a standard HPLC with pressure
capabilities of 400 bar, it was necessary to use a specialised instrument capable of
withholding pressures of up to 1000 bar when operating the 1.7 um core-shell
column. From the point of view of total run time, no time saving benefit was found
in transferring to the 1.7 um core-shell column; it was therefore concluded that the
use of 1.7 um core-shell columns and state of the art high pressure instruments for
gradient analysis are unnecessary for this application as they provide no additional

benefit.
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3 Chapter 3: The evaluation of stationary phase/mobile phase
combinations for the development of an pharmaceutical
impurity assay using Supercritical Fluid Chromatography

3.1 Introduction

While faster and more efficient chromatography is a constant driver within
chromatographic research, another driver is the desire for greener chromatography
and reduced solvent consumption [110]. Supercritical Fluid Chromatography (SFC)
has the potential to deliver greener chromatography, as it uses non-toxic carbon
dioxide as its mobile phase. This technique sits between HPLC and GC and
possesses qualities of both [48], for example, supercritical fluids have density and
solvation power which is close to liquids whist maintaining more gas like viscosity
and diffusivity [48, 50]. As a result of its increased diffusion capabilities and the low
viscosity of supercritical fluids compared to solvents used in HPLC, much higher

linear velocities can be used, allowing faster separations and higher throughput [51].

An area where SFC has found great success and applicability has been preparative
chromatography and chiral chromatography [63]. SFC is typically known as a
technique which is analogous to normal phase HPLC due to the polarity of its
primary mobile phase, which in most cases is supercritical carbon dioxide (sCO,),
however with the addition of polar additives, its scope can be extended to encompass
more reverse phase HPLC applications. As SFC offers complementary selectivity to
HPLC, its potential for enhancing resolution in problematic HPLC separations is

being explored for multiple applications.

In Chapter 2, an existing reversed phase HPLC pharmaceutical impurity assay,
previously carried out on a 5 um C;g column, was transferred to a core-shell reversed
phase C;g stationary phase. The aim of the study was to reduce the run time of the
assay while maintaining adequate resolution between critical peak pairs. The run
time of the assay was reduced by 57% from ~10 min to 4.3 min with the reduction in
particle size from 5 um fully porous to a 2.6 um core-shell particle column.
However, there was no subsequent decrease in run time when the 2.6 pm method
was transferred to a 1.7 pm core-shell with the same particle morphology, due to re-

method constraints.
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The aim of this study was to develop a SFC pharmaceutical impurity assay to
separate Voriconazole and related impurities, compound C, compound D and
compound X which had orthogonal selectivity to the reversed phase HPLC assay
optimised in Chapter 2. A range of stationary phase and mobile phase modifiers and
additives were investigated to determine the most suitable stationary phase and
mobile phase modifier for this assay. Across all 16 mobile phase/stationary phase
combinations evaluated, orthogonal selectivity was demonstrated. Selectivity
differences were also demonstrated on a cyano column depending on whether acidic
or basic additives were used. In general the stationary phase and mobile phase
combinations selected proved to be unsuitable for further method development as
compound X, due to its very non-polar nature was not retained on the very polar
stationary phase and mobile phase combinations. As regards retention of
Voriconazole and its other impurities, compound C and D, the use of additives on a
silica stationary phase lead to significant loss of retention and also resolution. This
was mostly due to competition between the analytes and additives for hydrogen
bonding with surface silanols necessary for retention. The use of TFA on a cyano
stationary phase lead to an increase in retention for all compounds compared to
MeOH alone. Both the diol and 2-ethylpyridine column performed poorly across all

mobile phase combinations analysed.

3.2 Materials and Methods

3.2.1 Materials

3.2.1.1 Chemicals

API standard — Voriconazole, impurity standards - compound C, compound D and
compound X and Voriconazole test material were obtained from Pfizer Process
Development Centre (PDC) (Cork, Ireland). HPLC grade Methanol (MeOH) was
purchased from Fisher Scientific (Cheshire, UK). Trifluoroacetic acid Reagent plus
99% (TFA), triethylamine >99% (TEA) and ammonium acetate >99.99% trace
metals basis (AA) were purchased from Sigma Aldrich (Dublin, Ireland). All
chemicals were used without further purification. Carbon dioxide (CO,), food fresh

grade was obtained from BOC Gases Ltd (Dublin, Ireland)
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3.2.1.2 Mobile Phases

Mobile phases for SFC method development consisted of supercritical carbon
dioxide (sCO;) (mobile phase A) containing a MeOH modifier and, if indicated, a
TFA, TEA or AA modifier (mobile phase B). Total modifier concentration ranged in
concentration from 2% to 20% v/v. Mobile phases containing 0.1% TFA, 0.1% TEA
and 20 mM AA were prepared in 100% MeOH. All mobile phases were vacuum
filtered using Supelco 0.2 pm nylon 66 membrane filters. (Sigma Aldrich, Dublin,
Ireland).

3.2.2 Apparatus

3.2.2.1 SFC Instrumentation.

The Agilent 1260 Infinity Analytical SFC system consisted of an Aurora SFC Fusion
A5 module, Agilent 1260 Infinity SFC binary pump (G4303A), Agilent 1260
Infinity standard degasser (G1332A), Agilent 1260 Infinity standard autosampler
(G4303A) and Agilent 1260 Infinity diode array detector with high pressure SFC
flow cell (G1315C). The Aurora SFC Fusion A5 module provided the Agilent
HPLC-SFC pump with predistilled and preconditioned CO,, negating any
compression requirements needed by the HPLC pump[111]. Mobile phase was
redirected to the Aurora SFC Fusion A5 downstream of the detector to an integrated
back pressure regulator which maintained back pressure across the system. A back
pressure regulator kept the CO, mobile phase under subcritical conditions at all
times. Columns used included the Agilent Zorbax silica column (150 x 4.6 mm,
particle size 5 um), (Agilent, Ireland) Waters Spherisorb Cyano column (250 x 4.6
mm, particle size 5 um), (Waters, Ireland), Princeton SFC Diol column (150 x 4.6
mm, particle size 5 pm) and Princeton SFC 2 —ethyl pyridine (150 x 4.6 mm, particle
size 5 um). Both the diol and 2-ethylpyridine columns were kindly donated by Pfizer
Process Development Centre (PDC), Cork, Ireland
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3.2.3 Methods

3.2.3.1 Preparation of Standards

Standards for SFC method development were prepared every 14 days in 100%
MeOH diluent. A 250 pg/mL Voriconazole stock solution including its three known
impurities, compound C, compound D and compound X was prepared. 12.5 mg of
each standard was weighed out and dissolved in 50 mL diluent. This was further
diluted 10 fold in 50 mL diluent. A 5 pL aliquot was injected for SFC analysis,
known at S3b. The optimisation parameters selected for method development were
the shortest run time possible, while maintaining a critical resolution of above 1.7

between peak pairs.

3.2.4 SFC Method Development

SFC method development was carried out on a variety of stationary phases and
mobile phases as outlined in Section 3.2.1.2 and 3.2.2.1. Results were compared to a
pre-existing reversed phase HPLC method. This method is detailed in Chapter 2,
Section 3. Flow rate was 3 mL/min, detector wavelength selected was 256 nm while
column temperature was set to 37.5°C on the inlet side and 40°C on the outlet side as
recommended by Agilent engineers. An injection volume of 5 uL of sample S3b was
used. It was necessary for the solvent path to be pressurized at all times during
analysis to avoid expansion of supercritical fluid, therefore a fixed 5 pL sample loop
injector was employed [111]. These conditions remained the same throughout

method development.

3.2.4.1 Stationary Phase Selection

Stationary phase and mobile phase selection for a particular set of analytes can be
challenging due to the wide range of both stationary phase and mobile phases which
are available[112]. Any stationary phase which can be used in HPLC can also be

used in SFC; this is also the case for mobile phases, as CO, is miscible with most

99



solvents used in HPLC. SFC is known to be a typically analogous to normal phase
liquid chromatography. CO; is generally considered very non-polar with a polarity
similar to pentane[50]. Commonly used polar stationary phases utilised in normal
phase HPLC were chosen, namely bare silica, cyano and diol stationary phases, and

a 2-ethylpyridine stationary phase specially designed for SFC.

3.2.4.1.1 Stationary phase chemistry and mobile phase screening studies.

Stationary phase and mobile phases screening studies were carried out
simultaneously. A total of 16 different experiments were carried out. Each
experiment involved varying the % organic modifier in CO; over a range of 8% to
20%, , unless otherwise stated. The four stationary phases bare silica, cyano, diol and
ethyl pyridine were utilised with each of the modifier compositions MeOH only,
MeOH with 0.1% TFA, MeOH with 0.1% TEA and MeOH with 20 mM AA. Other
method parameters remained constant throughout the study; as detailed in Section
3.3. Results were analysed in terms of retention factor, and resolution achieved with
varying modifier concentrations, modifier types and different stationary phase
chemistries. Results were also compared to the existing USP 36-NF-31 reverse phase
HPLC method and newly developed UPLC methods achieved on 2.6 um and 1.7 um
Cig reversed phased method discussed in Chapter 2.
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3.3 Results and Discussion

3.3.1 Selection of the optimal stationary phase/mobile phase modifier
combination for the separation of API Voriconazole and its related

impurities, compound X, compound C and compound D.

As detailed in Section 3.2.4.1.1, the parameters which were varied in this study were
stationary phase chemistry and modifier composition. The effect of both stationary
phase and mobile phase on the retention of Voriconazole and related impurities,

compound X, compound C and compound D were investigated simultaneously.

Injections of individual standards of Voriconazole and its related impurities
compound X, compound C and compound D were carried out on each of the four
stationary phases under all mobile phase conditions. It was found that impurity
compound X was not retained under any of the stationary phases analysed. For
example, retention times and retention factors for compound X analysed on a bare

silica stationary phase using MeOH only as a modifier are shown in Table 3.3.1.

Table 3.3.1: The effect of modifier concentration on retention of impurity compound X.
Modifier: MeOH only. Stationary phase. Agilent Zorbax Silica (150 x 4.6 mm, 5 um)

Concentration of Retention time of Retention time Retention factor
Modifier void (mins) Compound X (mins) Compound X
20% 0.498 0.606 0.217
16% 0.51 0.615 0.206
12% 0.527 0.627 0.190
8% 0.567 0.632 0.115

As can be seen from Table 3.3.1, compound X is not retained on a silica stationary
using MeOH as a modifier. Poor retention is likely due to the hydrophobic nature of
the analyte, which has a greater affinity for the less polar CO, mobile phase over the
polar silica stationary phase. Similar results were found for each of the other mobile
phase/stationary phase combinations as all stationary phases which were chosen are
polar in nature. An increase in void time was also noted with decreasing modifier

concentration, a phenomenon that is not seen in reverse phase HPLC.

Since compound X was not found to be retained within any of the parameters of this

investigation it was decided to omit this impurity from the mixed standard used in
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the subsequent study. S3b used in this study contained, Voriconazole, compound C

and compound D.

3.3.1.1 Optimisation of mobile phase for separation of Voriconazole and
related impurities compound C and compound D.

The parameters for optimal separation of Voriconazole, compound C and compound
D were a minimum resolution between all peak pairs of 1.7 with the shortest possible
runtime. Addition of a mobile phase modifier such as MeOH in SFC is expected to
have a number of different effects such as favouring compound solubility, inducing
selectivity changes by specific interactions such as hydrogen bonding and dipole-
dipole interactions[113]. Organic solvents are also known to change the density of
the mobile phase as well as adsorbing onto the stationary phase surface, changing the
polarity, volume and three dimensional structure of the stationary phase[114]. It was
expected that with an increase in MeOH concentration there would be a decrease in

retention of the analytes.

To enhance the improvements in separation observed with modifiers, modifier
additives are also used in SFC for a number of reasons, including; coverage of
stationary phase active sites and suppression of ionisation or ion pairing[62].
Another role is to promote elution of very polar analytes and also to improve peak

shape[82].

A series of investigations were carried out to investigate the effect of mobile phase
modifiers and additives on the separation in question. In the first series, the effect of
the modifier MeOH in the sCO, mobile phase was examined. In the next three series,
the effect of augmenting the MeOH modifier with additives with different properties
were investigated. An acid — Trifluoroacetic acid (TFA), a base — Triethylamine

(TEA) and a volatile salt — Ammonium Acetate (AA) were chosen for these studies.

3.3.1.1.1 Investigation of the effect of a MeOH mobile phase modifier on
retention of Voriconazole and related impurities Compound C and
Compound D on stationary phases of varying polarities.
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The effect of MeOH modifiers of different concentrations in the sCO, mobile phase
was investigated for the four stationary phases chemistries chosen for this study,
namely; bare silica, cyano, diol and ethyl pyridine. A modifier concentration range
of 6-20% was chosen. The upper limit of 20% was chosen to prevent a two phase
(liquid vapour) system developing, as would happen if the solubility of the MeOH in

the sCO, was exceeded[115]. Method conditions are given in Section 3.2.

The results were analysed in terms of retention factors and resolution between peak
pairs. Retention factors for each of the four columns across the MeOH range

analysed as shown in Fig. 3.3.1 —3.3.4.
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Fig. 3.3.1: Retention factor of Voriconazole( W) and related impurities compound C( ‘ )
and compound D vs. concentration of MeOH in mobile phase on a bare silica stationary

phase (Agilent Zorbax silica dimensions: 150 x 4.6 mm, 5 um particle size) (Raw Data,
Appendix 6.2, Table 6.2.1)
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Fig. 3.3.2: Retention factor of Voriconazole () and related impurities compound C( ‘)
and Compound D(A ) vs. concentration of MeOH in mobile phase on a cyano stationary
phase (Phenomenex Spherisorb CN dimensions: 250 x 4.6 mm, 5 um particle size) (Raw
Data, Appendix 6.2, Table 6.2.2)
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Fig. 3.3.3: Retention factor of Voriconazole(|[ll) and related impurities compound C ( ‘)
and compound D ( A ) vs. concentration of MeOH in mobile phase on a diol stationary

phase (Princeton Diol dimensions: 150 x 4.6 mm, 5 um particle size) (Raw Data, Appendix
6.2, Table 6.2.3)
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Fig. 3.3.4: Retention factor of Voriconazole (B ) and related impurities UK-51-060 ( ’)
and compound D(LN ) vs. concentration of MeOH in mobile phase on a ethyl pyridine
stationary phase (Princeton 2-ethyl pyridine dimensions: 150 x 4.6 mm, 5 um particle size)
(Raw Data, Appendix 6.2, Table 6.2.4)

As expected, across all four stationary phases analysed there was a consistent trend
of decreased retention with increased MeOH concentration. This was also seen by
Patil et al[116] for the separation of acetaminophen and other analgesics using a
phenyl column where retention decreased across the MeOH concentration 4.8 to
16.7%. The decrease in retention shown in Fig. 3.3.1 — 3.3.4 appears to be more
significant at lower concentrations of MeOH than at higher concentrations of MeOH.
This trend is similar to that observed in normal phase HPLC where at higher
concentrations of polar mobile phase, retention is not significantly affected[6]. For
this reason, just as with normal phase HPLC, the dominant retention mechanism was
hypothesised to be adsorption over partition on the stationary phases selected for this
study. Again, this agrees with published literature, where polar stationary phases in

SFC induce normal phase retention behaviour [113].

The cyano stationary phase was shown to result in longest retention, while the
pyridine stationary phase retained least, with silica and diol stationary phases
exhibiting intermediate retention. On a silica stationary phase Voriconazole had a
retention factor of 2.894 at 8% MeOH while retention factor was reduced to 1.014 at

20% MeOH (raw data for this experiment is given in Fig. 6.2.1 and 6.2.2 in
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Appendices). This was a reduction in retention factor of approximately 3. Retention
factors for Voriconazole on the cyano stationary phase were almost twice that of a
silica column with retention factors of 2.19 at 20% and 4.97 at 8% MeOH. Retention
on the cyano column was hypothesised to be due both to hydrogen bonding between
the cyano group and the analytes but also interaction between the hydrophobic
carbon chain of the cyano column increasing retention, while retention on the silica
stationary phase was hypothesised to be due to hydrogen bonding only. With
increasing MeOH concentration, interactions between the mobile phase and analytes

were increased through hydrogen bonding interactions.

There was significantly less retention on both an ethyl pyridine stationary phase
with a maximum retention factor obtained of 1.06 with 6% MeOH. The poor
retention of the analytes on a pyridine stationary phase was hypothesised to be due
absence of significant hydrogen bonding capacity of the pyridine stationary phase.
Zheng et al.[117] suggest that internal hydrogen bonding between surface silanols
and the nitrogen moiety of the pyridine ring reduced active sites available for solute
interaction. Similar retentions and retention factors were achieved on the diol
stationary phase and the silica stationary phase across the range of MeOH
concentrations analysed. Retention on both the silica and diol columns is thought to
be due to hydrogen bonding with the surface silanols on the silica column and the

hydroxyl groups of the diol stationary phase.

On all stationary phases, compound D was the latest eluting compound.
Voriconazole and compound C switched elution order on the diol and pyridine
column compared to the silica and cyano column. Compound D and Voriconazole
are very similar in structure, however compound D was thought to be more retained
due to the absence of the extra fluorine Voriconazole possesses. The presence of
halogens reduces retention in normal phase HPLC; since it was anticipated that the
columns would produce normal phase retention behaviour due to their polar nature,
the decreased retention of Voriconazole was expected. The change in elution order
between the silica and cyano and diol and pyridine column was also anticipated; due
to increased steric hindrance between the analytes and the diol and pyridine
stationary phase. While both analytes were thought to interact with the hydroxyl

groups of the diol column and surface silanols, it thought that steric hindrance and
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thus reduced capability for hydrogen bonding caused the larger Voriconazole analyte

to be eluted first.

As in HPLC a good separation is defined as having a retention factor (k) of between
1 and 10[118]. A retention factor of less than 1 indicates compounds do not interact
sufficiently with the stationary phase and therefore are not adequately retained, while
retention factors of greater than 10 indicate excessive retention. It was noted that the
pyridine column for concentrations of MeOH above 8% a retention factor of less
than 1 achieved and therefore compounds were inadequately retained. It was
therefore concluded that a pyridine column with a MeOH stationary phase was

unsuitable for the separation of Voriconazole and its related impurities.

The silica, cyano and diol columns were analysed in terms of the resolution between
critical peak pairs. A resolution of greater than 1.7 was selected as a critical
performance parameter between all peak pairs. Resolutions values for peak pairs for

each of the three columns are given below in Fig 3.3.5 —3.3.7.
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Fig. 3.3.5: Retention of peak pairs vs. concentration of MeOH in mobile phase. Peak pairs
are as follows: (],2)(‘ ): compound C:Voriconazole, (2,3)(. )Voriconazole:compound D
on a bare silica stationary phase (Agilent Zorbax Silica dimensions: 150 x 4.6 mm , 5 um
particle size) minimum resolution is shown by the green line(Raw Data, Appendix 6.2, Table

6.2.1)
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Fig. 3.3.6: Retention of peak pairs vs. concentration of MeOH in mobile phase. Peak pairs
are as follows: (1,2 )(‘ ): compound C:Voriconazole, (2,3)( ): Voriconazole:compound
D on a cyano stationary phase (Phenomenex Spherisorb CN dimensions: 250 x 4.6 mm, 5
um particle size) minimum resolution is shown by the green line. (Raw Data, Appendix 6.2,

Table 6.2.2)
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Fig. 3.3.7: Retention of peak pairs vs. concentration of MeOH in mobile phase. Peak pairs
are as follows: (1,2(‘ ): compound C:Voriconazole, (2,3)(B ): Voriconazole:compound D
on a diol stationary phase (Princeton Diol, dimensions: 150 x 4.6 mm, 5 um particle
size)Minimum resolution is indicated by the green line. (Raw Data, Appendix 6.2, Table

6.2.3)
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On a silica stationary phase, shown in Fig. 3.3.5, resolution between Voriconazole
and compound D is above 1.7 at all MeOH concentrations selected for this study. At
8% MeOH resolution was 9.99 (see raw data, Appendix 6.2.1) with increasing
MeOH concentration and resultant decreasing retention there was also a decrease in
resolution between peaks with a final resolution of 5.89 at the highest concentration
of MeOH of 20%. The critical peak pair on a silica stationary phase was compound
C and Voriconazole. The green line in Fig 3.3.5 — resolution between peak pairs on a
silica column, indicates the resolution threshold of 1.7. It can be seen that sufficient
resolution was only achieved on a silica stationary phase with a modifier
concentration of less than 12% with the greatest resolution achieved at 8% MeOH, of
2.61. It was found that resolution between the critical peak pair,
Voriconazole:compound D on a cyano column (Fig. 3.3.6) increased with increasing
MeOH concentration, the opposite effect than on a bare silica column. Critical
resolution was achieved at a MeOH concentration above 12%, with the best
resolution achieved at 20% of 1.92 ( raw data; appendix 6.2, table 6.2.2). While on a
diol column (Fig 3.3.7, raw data; appendix 6.2, table 6.2.3), using MeOH as a mobile
phase modifier at no concentration investigated in this study was critical resolution

achieved, rendering this stationary phase/mobile phase combination unsuitable.

3.3.1.1.2 Optimal MeOH modified mobile phases

It was concluded that stationary phase/MeOH combinations which provided the best
resolution and suitable retention were a bare silica and cyano columns at 10% and
20% respectively. Chromatograms below in Fig. 3.3.8 and Fig. 3.3.9 show the
optimal separations achieved on a bare silica column. In each case, all 3 components
were shown to be resolved. The runtime for the bare silica stationary phase was
slightly shorter than for the optimal cyano separation, at 3.5 minutes relative to 4.5

minutes.
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Fig 3.3.8: Chromatogram of the optimal separation of S3b achieved on a bare silica
stationary phase using a 10% MeOH, 90% sCO, mobile phase. Conditions: Injection
Volume: 5ul, Column Temp: 37.5°C (in) 40.0°C(out), Detector wavelength: 256 nm,
booster pressure: 130 bar.
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Fig 3.3.9: Chromatogram of the optimal separation of S3b achieved on a cyano stationary
phase using a 20% MeOH, 80% sCO, mobile phase. Conditions: Injection Volume: SulL,
Column Temp: 37.5°C (in) 40.0°C(out), Detector wavelength: 256 nm, booster pressure:
130 bar
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3.3.1.1.3 Investigation of the effect of a MeOH mobile phase modifier with
0.1% TFA additive on retention of Voriconazole and related
impurities compound C and compound D on stationary phases of
varying polarities.

3.3.1.1.3.1 Bare silica stationary phase

The addition of TFA in SFC was reported to have a number of effects. De Klerck
[97] reported a reduction in retention when TFA was added to a methanol modifier
for the separation of a range of enantiomers. Reduced retention was thought to be
due to de-activation of surface silanols and also the partial protonation of basic
functional groups. Brunelli ef al.[74] found that the addition of TFA to a methanol
mobile phase reduced peak tailing for acidic pharmaceutical compounds on a
cyanopropyl stationary phase, while Dispas ef al.[119] found that TFA acted as an
ion pairing reagent which interacted with the amine functionalities of
pharmaceuticals and neurotransmitters analysed. It was expected that TFA would
perform similarly on the stationary phases chosen. The first stationary phase chosen

was a bare silica column. The results are given below in Fig. 3.3.10
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Fig. 3.3.10a: Retention factor of Voriconazole (- ) and related impurities compound C 0)
and compound D( A ) vs. concentration of MeOH w/0.1% TFA in mobile phase on a bare
silica stationary phase (Agilent Zorbax silica dimensions.: 150 x 4.6 mm, 5 um particle size.)
(Raw Data, Appendix 6.2, Table 6.2.5)
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Fig. 3.3.10b: Resolution of peak pairs vs. concentration of MeOH w/0.1% TFA in the mobile
phase. Peak pairs are as follows: (1,2( V'): compound C:Voriconazole, (2,3)( | ):
Voriconazole:compound D on a bare silica stationary phase. (Agilent Zorbax Silica
dimensions: 150 x 4.6 mm , 5 um particle size) minimum resolution is shown by the green
line. (Raw Data, Appendix 6.2, Table 6.2.5)
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With the addition of TFA to the mobile phase, at a concentration of modifier above
8% Voriconazole and compound C co-elute (Fig. 3.3.10a). An overall decrease in
retention of Voriconazole and its impurities was noted using TFA compared to a
MeOH only mobile phase as seen in Fig. 3.3.1. It was hypothesised that coverage of
surface silanols on the surface of the silica by TFA, causing less active sites being
available for bonding by the analytes, led to the reduced retention noted on this
stationary phase. This behaviour to similar to trends reported by DeKlerck where the
addition of TFA to the mobile phase led to a reduction in retention for
enantiomers[84] As can be seen due to co-elution of compound C and Voriconazole
resolution between this peak pair is 0 above 8% modifier. At 6% resolution is below
the critical resolution value of 1.7 as denoted by the green line in Fig 3.3.10b (raw
data; appendix 6.2, Table 6.2.5) It was therefore concluded that the addition of TFA
to the MeoH modified mobile phase was unsuitable at any concentration used in this

study.
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3.3.1.1.3.2 Cyano stationary phase

This study was repeated on a cyano stationary phase using identical parameters.

Results of this study are given in Fig 3.3.11.

Cyano
25
—¢—Compound C
20 - =fi—Variconazole
s Compound D
=]
& 15 -
c
2
=
B 10 T
[:T]
="
5
=
0 T I I
6% 10% 14% 18% 22%
% Methanol w.0.1% TFA

Fig. 3.3.11a: Retention factor of Voriconazole ( -) and related impurities compound C (’)
and compound D (£ ), with ideal retention window illustrated by the area within the red
box vs. concentration of MeOH w/0.1% TFA in mobile phase on a cyano stationary phase
(Phenomenex Spherisorb CN dimensions: 250 x 4.6 mm , 5 um particle size). (Raw Data,
Appendix 6.2, Table 6.2.6)
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Fig. 3.3.11b: Resolution of peak pairs vs. concentration of MeOH w/0.1% TFA in mobile
phase on a cyano stationary phase (Phenomenex Spherisorb CN dimensions: 250 x 4.6 mm ,

5 um particle size. Peak pairs are as follows: (1,2)(‘): compound C:Voriconazole, (2,3)(l)
Voriconazole:compound D. Minimum resolution illustrated by the green line(Raw Data,

Appendix 6.2, Table 6.2.6)

When compared to a MeOH only mobile phase (Fig 3.3.2), the addition of TFA has
increased retention of all 3 components of S3b. This increase in retention was
hypothesised to be due to protonation of the cyano group on the stationary phase by
TFA and deprotonation of the hydroxyl groups on both Voriconazole and compound
D resulting in ion pairing increasing retention. Ideally a retention factor window of
between 1 and 5 (as indicated by the red box in Fig. 3.3.11a) is optimum and as can
be seen in Fig. 3.11a, 16% and 20% MeOH w/0.1% TFA provided retention factors
for Voriconazole and compound C within this window. Resolution across the entire
modifier concentration (Fig. 3.3.11b) is above 1.7 for both peak pairs. 20% MeOH
w/0.1% TFA was deemed to be the most suitable with a complete run time of 6.542

min (appendix 6.2, table 6.2.6)
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3.3.1.1.3.3 Diol stationary phase

This study was continued on a diol stationary phase using identical parameters.
Results of this study are given in Fig 3.3.12.
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Fig. 3.3.12a: Retention factor of Voriconazole () and related impurities compound C (‘)
and compound D (A) vs. concentration of MeOH w/0.1% TFA in mobile phase on a diol

stationary phase (Princeton Diol dimensions: 150 x 4.6 mm, 5 um particle size) (Raw Data,
Appendix 6.2, Table 6.2.7)
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Fig 3.3.12b: Retention of peak pairs vs. concentration of MeOH w/0.1% TFA in mobile
phase on a diol stationary phase (Princeton Diol dimensions: 150 x 4.6 mm , 5 um particle
size) Peak pairs are as follows: (1,2) ( ¥V ): compound C:Voriconazole, (2,3) (™4):
Voriconazole:compound D. (Raw Data, Appendix 6.2, Table 6.2.7)

Retention behaviour on a diol stationary phase when TFA was added to the MeOH
was similar to that observed when a MeOH only mobile phase was used. While the
addition of TFA has a major effect on retention on a silica column ( Fig 3.3.10a), it
was not expected to have as major as effect as the TFA does not have as strong of an
interaction with the diol functionality as with surface silanols. Retention factors
across the range of modifier and additive concentrations as expected decreased with
modifier concentration (appendix 6.2, Table 6.2.7). As with a MeOH only mobile
phase (Fig. 3.3.7), there was inadequate resolution between analytes compound C
and Voriconazole over the entire range of MeOH w/0.1% TFA concentrations as
shown in Fig 3.3.12b. Elution order also remained the same as with a MeOH only

mobile phase.
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3.3.1.1.3.4 ethyl-pyridine stationary phase

An identical experiment was then carried out on an ethyl-pyridine stationary phase

using identical parameters. Results of this study are given in Fig 3.3.13.
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Fig. 3.3.13a: Retention factor of Voriconazole( -) and related impurities compound C (’)
and compound D(£N ) with retention factor threshold (=1) indicated by the red line vs.
concentration of MeOH w/0.1% TFA in mobile phase on an ethyl pyridine stationary phase
(Princeton Ethylpyridine dimensions: 150 x 4.6 mm , 5 um particle size) (Raw Data,
Appendix 6.2, Table 6.2.8)
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Fig. 3.3.13b: Retention of peak pairs vs. concentration of MeOH w/0.1% TFA in mobile
phase on a ethyl pyridine stationary phase (Princeton Ethylpyridine dimensions: 150 x 4.6
mm , m particle size) Peak pairs are as follows: (1,2)( V): compound C:Voriconazole,
(2,3)(™==): Voriconazole:compound D. Minimum resolution threshold is indicated by the
green line. (Raw Data, Appendix 6.2, Table 6.2.8)

To allow sufficient interaction with the stationary phase, retention factors of analytes
should be greater than one. The red line in Fig 3.3.13a indicates that Retention
factors of greater than 1 are only achieved on an ethyl pyridine column using a
MeOH w/ 0.1% TFA modifier at a concentration of 6%. However resolution at this
concentration of modifier is inadequate for both peak pairs. This stationary phase

mobile phase combination is entirely unsuitable.

3.3.1.1.3.5 Optimal MeOH modified mobile phases with TFA additive

The addition of TFA to a MeOH modifier was only suitable on a cyano stationary
phase. On all other stationary phases, i.e. bare silica, diol and pyridine columns,
analytes were either not sufficiently retained,such as in the case of a pyridine

column, or the threshold set out for resolution for critical peak pairs was not met as
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occurred for both the bare silica and diol stationary phases. Fig.3.3.14 below
illustrates the separation of S3b using 20% MeOH, 0.1 % TFA on a cyano stationary
phase. All the optimisation parameters are met, as the resolution exceeds 1.7 for all
pairs. However, the runtime, at almost 7 minutes is significantly greater than the 4.5

minutes recorded when MeOH was added as a mobile phase modifier without any

additive.
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Fig 3.3.14: Chromatogram of the best separation of S3b achieved on a cyano stationary
phase using a 20% MeOH, 0.1% TFA, 80% sCO, mobile phase. Conditions: Injection
Volume: 5ul, Column Temp: 37.5°C (in) 40.0°C(out), Detector wavelength: 256 nm,

booster pressure: 130 bar

3.3.1.1.4 Investigation of the effect of MeOH mobile phase modifier with 0.1%
TEA on retention of Voriconazole and related impurities compound C
and compound D

Triethylamine (TEA) is a base which is commonly used as an additive in both HPLC
and SFC. Phinney et al.[120] hypothesised that TEA had a number of different
effects on retention including ion suppression of analytes and/or stationary phase
leading to a change in retention as well as reducing solute interactions with surface

silanols which gave rise to unwanted retention.
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3.3.1.1.4.1 Bare silica stationary phase

Results of the separation of S3b on the bare silica stationary phases is given below in

Fig. 3.3.15.
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Fig. 3.3.15a: Retention factor of Voriconazole( [l Jand related impurities compound C ( ‘ )
and compound D(& ) vs. concentration of MeOH in mobile phase w/0.1% TEA in mobile
phase on a bare silica stationary phase (Agilent Zorbax silica dimensions: 150 x 4.6 mm , 5
um particle size) (Raw Data, Appendix 6.2, Table 6.2.9)
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Fig. 3.3.15b: Retention of peak pairs vs. concentration of MeOH in mobile phase w/0.1%
TEA in mobile phase on a bare silica stationary phase (Agilent Zorbax silica dimensions:
150 x 4.6 mm , 5 um particle size). Peak pairs are as follows: (1,2)( ‘) compound
C:Voriconazole, (2,3)(|l] ): Voriconazole:compound D. Minimum resolution threshold is
indicated by the green line.(Raw data; Appendix 6.2, Table 6.2.9)

As was the case when TFA was added to the MeOH modifier peaks 2 and 3,
Voriconazole and compound D, co-elute with a concentration of greater than 8%
modifier. As was the case with TFA, it was hypothesised that TEA played the same
role in retention in covering surface silanols on the silica stationary phase rendering
them unavailable for interaction with the solute, decreasing retention. Retention
factors and retention times were similar for both TEA and TFA. It is hypothesised
that decreasing the modifier concentration below 6% would not provide a significant
increase in resolution between critical peaks to satisfy the experimental critical

parameters set out at the start of the experiment.
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3.3.1.1.4.2 cyano stationary phase

Results of the separation of S3b on the cyano stationary phases is given below in

Fig. 3.3.16.
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Fig. 3.3.16a: Retention factor of Voriconazole () and related impurities compound C (’)
and compound D ( A ), with retention factor threshold (=1) indicated by the red line vs.
concentration of MeOH w/0.1% TEA in mobile phase on a cyano stationary phase
(Phenomenex Spherisorb CN dimensions: 250 x 4.6 mm , 5 um particle size). (Raw Data,
Appendix 6.2, Table 6.2.10)
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Fig. 3.3.16b: Resolution of peak pairs vs. concentration of MeOH w/0.1% TEA in mobile
phase on a cyano stationary phase (Phenomenex Spherisorb CN dimensions: 250 x 4.6 mm ,
5 um particle size). Peak pairs are as follows: (1,2)( ‘): Voriconazole:compound C (2,3)
(B ) compound C:compound D. Minimum resolution threshold is illustrated by the green
line. (Raw Data, Appendix 6.2, Table 6.2.10)

Firstly, when compared to a MeOH only modifier (Fig. 3.3.2) and a MeOH with
0.1% TFA additive (Fig. 3.3.11), the elution order of compound C and Voriconazole
has switched with Voriconazole now eluting first (Fig. 3.3.15). TEA was
hypothesised to cause the analytes to become ionised, while the stationary remained
neutral leading to a reduction in retention. The switch in elution order was
hypothesised to be due to the combination of the repulsion of the now ionised
Voriconazole molecule with the neutral stationary phase as well as fact that
Voriconazole is a bulkier molecule and so will be less retained, compared to the

smaller molecule compound C.
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3.3.1.1.4.3 Diol stationary phase

The results of the study carried out on diol stationary phase are given below in Fig.
3.3.17.
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Fig. 3.3.17a: Retention factor of Voriconazole (@) and related impurities compound C (M)
and compound D( A ) vs. concentration of MeOH w/0.1% TEA in mobile phase on a diol

stationary phase (Princeton Diol dimensions: 150 x 4.6 mm, 5 um particle size)(Raw Data,
Appendix 6.2, Table 6.2.11)
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Fig. 3.3.17b: Resolution of peak pairs vs. concentration of MeOH w/0.1% TEA in mobile
phase on a diol stationary phase (Princeton Diol dimensions: 150 x 4.6 mm, 5 um particle
size) Peak pairs are as follows: (1,2)( ‘ ): compound C:Voriconazole, (2,3)(B):
Voriconazole:compound D. Minimum resolution threshold is illustrated by the green line.

The increase in retention noted with the addition of TEA to the MeOH modified
mobile phase compared to a MeOH only modified mobile phase (Fig. 3.3.3) and a
MeOH modifier with 0.1% TFA aditive (Fig. 3.3.12) may be attributed
deprotonation of the diol stationary phase and the ionisation of the solute in a now
basic mobile phase causing ion pairing to occur between the stationary and solutes
increasing retention. Resolution of the critical peak pair Voriconazole and compound
C remained below the threshold set for resolution for all concentrations of modifier,

apart from §8%.

3.3.1.1.4.4 Ethyl pyridine stationary phase

It was noted throughout this experiment on each of the four stationary phases that
with the use of TEA an extra peak appeared in each chromatogram. After ruling out
contamination of the TEA, it was concluded that peak was due to the TEA additive
itself. On a diol, bare silica and cyano stationary phase, the system peak eluted after

the analytes of interest with reasonable resolution between the last eluting peak and
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the system peak, however when an ethyl pyridine column was used, this peak co-

eluted with analytes of interest and thus this experiment was discontinued.

3.3.1.1.4.5 Optimal TEA additive mobile phases

While 8% MeOH modified mobile phase with 0.1% TEA additive provided a good
separation of S3b on a diol stationary phase (Fig. 3.3.17) it was decided to reject this
mobile phase, stationary phase combination as a viable option due to the presence of
the system peak. TEA has a detrimental effect on retention on both the cyano and
silica stationary phases, due to interaction with surface silanols on the silica
stationary phase and ionisation of analytes on the cyano stationary phase, therefore
were not suitable. The final additive which was investigated in this study was

Ammonium Acetate (AA).

3.3.1.1.5 Investigation of the effect of MeOH modified mobile phase with 20
mM AA additive on retention of Voriconazole and related impurities
compound C and compound D

Aside from the use of acids and bases as mobile additives in SFC, volatile organic
salts are also used. The advantage of the use of such salts over acids and bases is due
to their compatibility with mass spectrometric detection as they do not cause ion
suppression|[82]. As was the case for all previous studies of modifiers and additives,a
MeOH modified mobile phase was used with 20 mM AA additive over the range 6%
to 20% was analysed on all four stationary phases. The first stationary phase

investigated was a bare silica column.
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3.3.1.1.5.1 Silica stationary phase
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Fig. 3.3.18: Retention factor of Voriconazole(l) and related impurities compound C (€p)
and compound D (A Jvs. concentration of MeOH w/20 mM AA in mobile phase on a bare

silica stationary phase (Agilent Zorbax Silica, dimensions: 150 x 4.6 mm , 5 um particle
size. (Raw Data, Appendix 6.2, Table 6.2.12)

The reduced retention which was seen with a MeOH plus additives TFA and TEA
stationary phase was also seen with the addition of an AA additive to the MeOH
modified mobile phase (Fig. 3.3.18). This reduced retention was hypothesised to be
due to coverage of surface silanols which were then unavailable for hydrogen
bonding interaction with solute molecules, the same retention mechanism as was the
dominant throughout this study. The next stationary phase investigated was cyano

stationary phase.
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3.3.1.1.5.2 Cyano and Diol stationary phases.

13 Cyano
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Fig. 3.3.19a: Retention factor of Voriconazole (@) and related impurities compound C M
and compound D (£N) with retention factor threshold (=1) indicated by the red line
vs.concentration of MeOH w/ 20 mM AA in mobile phase on a cyano stationary phase
(Phenomenex Spherisorb CN dimensions: 250 x 4.6 mm , 5 um particle size. (Raw Data,
Appendix 6.2, Table 6.2.13)
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Fig. 3.3.19b: Resolution of peak pairs vs. concentration of MeOH w/ 20 mM AA in mobile
phase on a cyano stationary phase (Phenomenex Spherisorb CN dimensions: 250 x 4.6 mm ,
5 um particle size. Peak pairs are as follows: (1,2)(€p)Voriconazole:compound C (2,3)(l)
compound C:compound D. Minimum resolution threshold indicated by the green line. (Raw
Data, Appendix 6.2, Table 6.2.11)

As can be seen in Fig 3.3.19, with the addition of AA to the MeOH modified mobile
phase there is a significant reduction in retention and thus resolution compared to the
when no additive was used (Fig 3.3.2) and when TFA was added (Fig. 3.3.11). It is
hypothesised that AA has the same effect on retention as TEA (Fig 3.3.17), that is;
ionisation of the analytes in the basic mobile phase causing retention to decrease due
to decreased interaction with the stationary phase. Finally, a concentration study of
MeOH modified mobile phase with 20 mM AA additive was carried out on a diol
stationary phase (Fig 3.3.20). As retention was poor for all other mobile phases on an

ethyl pyridine column, this column was disregarded from this study.
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and compound D A ) with ideal retention window illustrated by the area within the red box
vs. concentration of MeOH w/ 20 mM AA in mobile phase on a diol stationary phase
(Princeton Diol dimensions: 150 x 4.6 mm , 5 um particle size) (Raw Data, Appendix 6.2,
Table 6.2.14)
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Fig. 3.3.20b: Resolution of peak pairs vs. concentration of MeOH w/ 20 mM AA in mobile
phase on a diol stationary phase (Princeton Diol dimensions: 150 x 4.6 mm , 5 um particle
size Peak pairs are as follows: (1,2)( ‘): compound C:Voriconazole, (2,3)( B):
Voriconazole:compound D. Minimum resolution threshold is illustrated by the green line.
(Raw Data, Appendix 6.2, Table 6.2.14)
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As was also the case for a cyano column, TEA and AA were hypothesised to have a
similar effect on retention on diol column. With the addition of AA to the MeOH
overall retention of all analytes were increased. It was hypothesised that the increase
in retention compared to a methanol only modifier on this stationary phase was due

to ion pairing of the ionised solutes and the deprotonated diolic stationary phase.

3.3.1.1.5.3 Optimal AA additive mobile phases

The addition of AA to a MeOH modifier was found to be advantageous on a diol and
a cyano stationary phase but not a silica stationary phase as was previously
discussed. Fig.3.3.21 below illustrates the separation of S3b using 8% MeOH
modified mobile phase with 20 mM AA additive on a cyano stationary phase. Run
time for this separation was 2.263 minutes with a critical resolution of 1.81 between
compound C and D. Fig.3.3.22 illustrates the separation of S3b using 10% MeOH
modified mobile phase with 20 mM AA additive on a diol column, the run time of
this assay was 2.272 minutes with a critical resolution between compound

Voriconazole and compound C of 1.82.

16 .
oriconazole

11

COMPOUND ¢

mAu

COMPOUND D

0 0.5 1 1.5 2 2.5 3 3.5 4

Time (mins)

Fig 3.3.21: Chromatogram of the best separation of S3b achieved on a cyano stationary
phase using a 8% MeOH,20 mM AA, 92% sCO, mobile phase. Conditions: Injection
Volume: 5ul, Column Temp: 37.5°C (in) 40.0°C(out), Detector wavelength: 256 nm,
booster pressure: 130 bar
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Fig 3.3.22: Chromatogram of the best separation of S3b achieved on a diol stationary phase
using a 10% MeOH,20mM AA, 90% sCO, mobile phase. Conditions: Injection Volume:
Sul, Column Temp: 37.5°C (in) 40.0°C(out), Detector wavelength: 256 nm, booster
pressure: 130 bar

133



34 Conclusions

The first conclusion which can be drawn from this study was that polar stationary
phases such as the ones selected for this study, with MeOH based modifiers are
unsuitable for the retention of some impurities associated with Voriconazole such as
compound X. It was hypothesised that this compound was not retained due to the
higher polar nature of each of the stationary phases shown. Compound X is a non
polar molecule and thus none of the stationary phases chosen were suitable. It is
hypothesised that on a more non-polar stationary phase such as a Cg or C;g column,

retention of this compound may be achieved.

An advantage of SFC to chromatographers is its orthogonality compared to reversed
phase HPLC. For this reason, SFC is a very attractive alternative or complementary
technique to HPLC. Orthogonality compared to the existing reversed phase USP-36-
NF-31 method as shown in Fig 2.3.1 was demonstrated. The original elution order of
the HPLC method was compound X , compound C, compound D and Voriconazole.
Two other elution orders were demonstrated in this study. The first elution order
was; compound C, Voriconazole, and compound D which was demonstrated in Figs.
3.3.1, 3.3.2, 3.3.8, 3.3.9, 3.3.10, 3.3.11, 3.3.15 and 3.3.18. The second retention
order was Voriconazole compound C, and compound D which was demonstrated in

Figs. 3.3.3,3.3.4,3.3.12,3.3.13,3.3.14, 3.3.16, 3.3.17, 3.3.19, and 3.3.20

A general trend of decreasing retention with increasing modifier concentration was
seen across the entire mobile phase/stationary phase study including when various
additives were added to the mobile phase. It is therefore concluded that the
concentration of modifier in the mobile phase played a significant role in the overall
retention of S3b, while the addition of additives had a more specific effect on
retention of particular analytes. This can be seen on a cyano stationary phase where a
methanol only modifier showed intermediate retention between that seen when an
acidic or basic additive was included in the mobile phase. On a cyano stationary
phase, the addition of TFA to the mobile phase was hypothesised to cause ion
pairing between the solute and the stationary phase increasing retention while the
addition of a basic additive such as TEA or a salt such as AA were found to decrease

retention which was hypothesised to be due to ionisation of analytes causing
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retention to decrease. Voriconazole and compound D were most affected by basic

analytes due to the easy protonation of their alcohol functionality.

On a silica stationary phase the addition of additives were found to have a
detrimental effect on retention of S3b and a loss of resolution and co-elution was
noted across all 3 modifiers across all modifier concentrations. It was hypothesised
that the reduction of retention was due to coverage of surface silanols on the silica
stationary phase by the additive molecules which provided valuable retention when a

methanol only mobile phase was used.

It was found that a pyridine column was entirely unsuitable for the separation of this
API and related impurities. Pyridine columns were designed especially for use with
highly polar analytes, however as the analytes in question are more hydrophobic in
nature they were not well retained at all. MeOH with a TEA or AA additive included
in the MeOH modifier provided reasonable retention and resolution of Voriconazole
and two of the related impurities, however the presence of a system peak due to TEA

lead to this mobile phase being disregarded.

Following the study it was concluded that a cyano stationary phase with a 20%
MeOH modified mobile phase with 0.1% TFA additive or diol stationary phase with
a 8% MeOH modified mobile phase with 0.1% AA additive were the most suitable
for the separation of Voriconazole and related impurities compound C and
compound D. These stationary phase combinations had a complete run time of 6.54
minutes and 2.272 minutes respectively. Runtime on a cyano stationary phase was
almost three times that of the diol stationary stationary phase using AA as a
modifier, however, resolution is significantly higher at 4.32 for peak pair compound
C:Voriconazole and 12.28 for peak pair Voriconazole:Compound D, compared to
1.82 for peak pair Voriconazole:compound C and 4.3 for compound C:compound D.
It is also worth mentioning here the switch in elution order of Voriconazole and
compound C between the two columns. Both columns used in conjunction with each
other, could provide valuable complementary information in confirming the identity
and quantity of an unknown impurity should it elute in this region as both columns
would provide a different elution order and could be used to confirm whether the
impurity existed in a test sample or was caused by some other source. When

compared to the original USP 36-NF-31 method (section 2.3.1) run times have been
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reduced by more than 30% in the case of the cyano column from ~ 10 min to 6.5 min
and more than 75% in the case of the diol column from ~10 min to 2.3 minutes.
When compared to the newly developed DCU 2.6 pm (section 2.3.2.2) and 1.7 um
(section 2.3.2.4.2) methods, run time on the diol stationary phase with a AA additive
1s 50% less. Compound X, however was not retained on any of the stationary phases
chosen. As a result further stationary phase investigation would be necessary in order
to develop a comprehensive impurity assay for analysis of Voriconazole which is

capable of separating all related impurities.
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4 Final conclusions and future work

The aim of this thesis was to investigate if improvements could be made to the
method USP 36-NF-31, given recent advances both in chromatographic column
stationary phases such as core-shell phases, and in emerging chromatographic
technologies such as supercritical fluid chromatography. Separations developed were
compared primarily using runtime, once a minimum resolution between critical

eluting analyte pairs of at least 1.7 was maintained.

In Chapter 2, the USP 36-NF 31 method was successfully replicated and
subsequently transferred to a stationary phase consisting of new 3" generation, core-
shell technology of 2.6 um particle size. The method was further optimised in line
with the project objectives, namely the development of a fast pharmaceutical
impurity assay while maintaining a resolution between critical peak pair of above
1.7. There was a reduction of the run time of the assay by 56% while resolution
between peak pairs was maintained above 2.0. This method was further optimised on
a smaller 1.7 pm core-shell column, albeit with no decrease in runtime demonstrated,
resolution of above 2 however was still maintained. It was therefore noted that for
the method developed, the reduction in particle size did not provide any additional
benefit in terms of reducing run times The absence of a runtime reduction was
attributed to the equilibration time necessary for the gradient elution. Additionally,
the use of a 1.7 um column necessitated the use of specialised UPLC instrumentation
capable of withstanding pressures of up to 1000 bar as the very small particle size
produced back pressures of in excess of 550 bar, therefore it was also concluded that
from a cost saving perspective — an increasingly important driver of research and
innovation across all industries, the use of 1.7 um core-shell stationary phase lead to
unnecessary extra expenditure, as the method developed on a 2.6 pm core-shell
particle stationary phase on a standard HPLC demonstrated equal performance based
on the optimisation parameters set out, without the need for specialised high pressure

instrumentation.

It is however anticipated that should an isocratic method have been developed
instead, there would have been a reduction in run time, due to shorter diffusion

pathways[5]. The 1.7 um core-shell stationary phase used in this study was capable
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of withstanding pressures of up to 1000 bar, typical back pressures observed
throughout the study were in the region of 550 bar. In order to take advantage of the
pressure capabilities of both the instruments used in this study and the columns,
gradient and isocratic Poppe plots[43] could be used to determine optimum
conditions to achieve the best possible run time and efficiency on both particle sizes
using maximum pressure. This study could then be used as a measure of the value —
if any, of using 1.7 um particles as opposed to 2.6 pm for the development of

chromatographic methods in the long term.

In Chapter 3, a total of 16 stationary phase and mobile phase combinations were
evaluated for the development of a new SFC pharmaceutical impurity assay. The
general trend which was observed was that SFC did indeed provide orthogonal
separation when compared to reversed phase HPLC, as a change in elution order of
the compounds was observed. However, all 16 combinations were unsuitable to fully
develop an SFC method for the assay and impurity determination of Voriconazole as
compound X was very weakly retained, if at all, for all combinations chosen, due to
its very non polar nature. Further work should include the evaluation of non polar
stationary phase chemistries such as Cg C;g or a phenyl based column. Since SFC
tends to give normal phase behaviour with polar stationary phases and reversed
phase behaviour with non-polar stationary phases it is anticipated that the use of non
polar stationary phases will provide better retention for the compound X and will
improve resolution between peak pairs while providing the added advantages of
higher resolution, efficiency and speed compared to reversed phase
chromatography[113]. A major area of interest in SFC in terms of its application is
in the area of chiral separations [77, 78]. Since Voriconazole is a chiral compound,

future work could also focus on the development of a chiral SFC method.

In summary, USP 36-NF 31 has been significantly improved in terms of runtime by
transfer to 2.6 um core-shell stationary phase technology. There is scope to further
enhance this improvement by exploration of isocratic elutions, as outlined above.
SFC has also been demonstrated to provide orthogonal separation capabilities, which
can be further investigated by broadening the types of stationary phase utilised, as
described earlier in this section. Future work should also include a complete
validation of the core-shell method, investigating for example the ruggedness and

repeatability.
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The work carried out in this thesis improving USP 36-NF 31 demonstrates the
potential advantages in terms of runtime, and therefore analysis cost, in applying
new separation technologies to existing methods in use by the pharmaceutical
industry. There is therefore huge scope for expanding this research to a broad range

of methods which use traditional packed chromatographic stationary phases.
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6.1 Chapter 2:

Table 6.1.1: Results of varying the ratio of MeOH:ACN in mobile phase B whilst keeping
Mobile A (FB) constant at 55% on the separation of S3a (Section 2.3.2.1.1)

Eluent 1: 0% Acetonitrile : 45% Methanol
Peak Width @ Efficiency

Retention time Retention | .
. Symmetry half height (plates per Resolution
(mins) Factor .
(mins) metre)

Void 0.680
Compound X 1.548 1.276 0.740 0.046 76460
Compound C 1.677 1.466 0.770 0.491 86380 1.810
Compound D 5.938 7.732 0.920 0.121 141030 31.260
Voriconazole 10.121 13.884 1.140 0.123 156400 15.950

Eluent 2: 5% Acetonitrile : 40% Methanol
Peak Width @ Efficiency

Retention time Retention | )
. Symmetry half height (plates per Resolution
(mins) Factor .
(mins) metre)

Void 0.682
Compound X 1.537 1.254 0.820 0.043 78470
Compound C 1.612 1.364 0.730 0.046 84620 1.050
Compound D 5.310 6.786 1.100 0.108 143450 29.830
Voriconazole 8.984 12.173 1.130 0.174 154960 15.740

Eluent 3: 10% Acetonitrile : 35% Methanol
Peak Width @ Efficiency

Retention time Retention
. Symmetry half height (plates per Resolution
(mins) Factor )
(mins) metre)

Void 0.686
Compound X 1.497 1.182 1.430 0.032 104650
Compound C 1.534 1.236 0.640 0.461 72270 1.020
Compound D 4.585 5.684 0.940 0.091 144490 26.520
Voriconazole 7.683 10.200 1.140 0.144 162280 15.710

Eluent 4: 15% Acetonitrile : 30% Methanol
Peak Width @

Retention time Retention Effienc lates
. Symmetry half height v(p Resolution
(mins) Factor . per metre)
(mins)
Void 0.683
Compound X 1.448 1.120 0.830 0.056 40720
Compound C 1.448 1.120 0.830 0.056 40720 0.000
Compound D 3.876 4.675 1.000 0.855 122290 21.000
Voriconazole 6.431 8.416 1.130 0.128 151580 14.610

Eluent 5: 20% Acetonitrile : 25% Methanol
Peak Width @ Efficiency

Retention time Retention

Peak . Symmetry half height (plates per Resolution
(mins) Factor .
(mins) metre)

Void 0.763
Compound X 1.368 0.793 0.750 0.046 68810
Compound C 1.368 0.793 0.750 0.046 68810 0.000
Compound D 3.157 3.138 0.950 0.058 136080 20.500
Voriconazole 5.132 5.726 1.080 0.083 158810 14.540

Eluent 6: 25% Acetonitrile : 20% Methanol
Peak Width @ Efficiency

Retention time Retenti
Peak '4 I etention Symmetry half height (plates per Resolution
(mins) Factor .
(mins) metre)

Void 0.756
Compound X 1.301 0.721 0.760 0.043 55080
Compound C 1.301 0.721 0.760 0.433 55080 0.000
Compound D 2.610 2.452 0.870 0.673 129440 16.150
Voriconazole 4.148 4.487 1.030 0.099 155640 13.870

Eluent 7: 30% Acetonitrile : 15% Methanol
Peak Width @ Efficiency

Retenti ti Retenti
Peak eten |'on fme etention Symmetry half height (plates per Resolution
(mins) Factor .
(mins) metre)

Void 0.694
Compound X 1.214 0.749 0.720 0.059 29710
Compound C 1.214 0.749 0.720 0.059 29710 0.000
Compound D 2.132 2.072 0.860 0.061 72460 9.720
Voriconazole 3.272 3.715 0.990 0.075 118110 10.470
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Table 6.1.2: Results of optimising the concentration of the organic mobile phase (MeOH) on
the retention of S3a (Section 2.3.2.1.2.)

Eluent 8: 70% Formate Buffer : 30% Methanol

Peak Width @ Efficiency
Symmetry half height (plates per Resolution

Retention time | Retention

(mins) Factor (mins) metre)
Void 0.672
Compound C 3.135 3.665 0.800 131690
Compound X 3.551 4.284 0.740 136350 3.600
Compound D 35.784 52.250 1.040 139370 48.250
Voriconazole 67.029 98.746 0.910 136240 17.780

Eluent 9: 60% Formate Buffer : 40% Methanol

Peak Width @ Efficiency
Symmetry half height (plates per Resolution

Retention time | Retention

(mins) Factor (mins) metre)
Void 0.675
Compound C 1.963 1.908 1.030 83100
Compound X 2.005 1.970 0.360 118540 0.540
Compound D 10.466 14.505 0.950 151400 40.820
Voriconazole 18.625 26.593 0.980 157380 17.440

Eluent 10: 50% Formate Buffer : 50% Methanol

Peak Width @ Efficiency
Symmetry half height (plates per Resolution

Retention time | Retention

(mins) Factor (mins) metre)
Void 0.728
Compound C 1.302 0.788 0.670 0.043 62260
Compound X 1.459 1.004 0.670 0.045 83390 2.420
Compound D 3.803 4.224 0.950 0.083 124970 23.400
Voriconazole 6.140 7.434 1.030 0.122 150780 13.880

Eluent 11: 40% Formate Buffer : 60% Methanol

Peak Width @ Effiency
Symmetry half height (plates per Resolution

Retention time | Retention

(mins) Factor (mins) metre)
Void 0.622
Compound C 0.922 0.482 0.680 0.040 38950
Compound X 1.065 0.712 0.630 0.040 54450 2.440
Compound D 1.445 1.323 0.720 0.048 65020 5.990
Voriconazole 1.923 2.092 0.820 0.054 91460 6.120

Eluent 12: 30% Formate Buffer : 70% Methanol

Peak Width @ Efficiency
Symmetry half height (plates per Resolution

Retention time | Retention

(mins) Factor (mins) metre)
Void 0.671
Compound C 0.827 0.232 0.640 0.036 34700
Compound X 0.944 0.407 0.590 0.035 48700 2.110
Compound D 1.045 0.557 0.720 0.045 44160 1.710
Voriconazole 1.224 0.824 0.680 0.043 60640 2.840
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Table 6.1.3: Results of optimising the concentration of the organic mobile phase (ACN) on
the retention of S3a. (Section 2.3.2.1.2)

Eluent 13: 75% Formate Buffer : 25% Acetonitrile

. . . Peak Width @ Efficiency
Retention time | Retention ] .
Peak . Symmetry half height (plates per Resolution
(mins) Factor .
(mins) metre)
Void 0.685
Compound X 1.864 1.402 0.750 0.045 0
Compound C 2.287 1.947 0.870 0.053 143830 5.940
Compound D 6.616 7.526 0.950 0.139 164730 30.600
Voriconazole 12.882 15.601 0.970 0.267 159290 20.360
Eluent 14: 70% Formate Buffer : 30% Acetonitrile
. . . Peak Width @ Efficiency
Retention time | Retention . .
Peak . Symmetry half height (plates per Resolution
(mins) Factor .
(mins) metre)
Void 0.683
Compound X 1.560 1.284 0.770 0.043 99480
Compound C 1.700 1.489 0.720 0.046 113220 2.220
Compound D 3.552 4.201 0.870 0.074 141140 20.150
Voriconazole 6.315 8.246 0.960 0.121 156270 17.150
Eluent 15: 60% Formate Buffer : 40% Acetonitrile
. . . Peak Width @| Efficiency
Retention time | Retention . .
Peak . Symmetry half height (plates per Resolution
(mins) Factor .
(mins) metre)
Void 0.660
Compound X 1.159 0.756 0.820 0.034 70730
Compound C 1.211 0.835 0.710 0.040 70390 0.920
Compound D 1.643 1.489 0.750 0.047 96180 6.920
Voriconazole 2.403 2.641 0.890 0.058 132510 10.090
Eluent 16: 50% Formate Buffer : 50% Acetonitrile
. . . Peak Width @| Efficiency
Retention time | Retention ] .
Peak . Symmetry half height (plates per Resolution
(mins) Factor .
(mins) metre)
Void 0.629
Compound X 0.944 0.501 0.670 0.034 56990
Compound C 1.041 0.655 0.650 0.035 68480 1.940
Compound D 1.134 0.803 0.680 0.040 58930 1.710
Voriconazole 1.432 1.277 0.760 0.041 91760 5.000
Eluent 17: 40% Formate Buffer : 60% Acetonitrile
. . . Peak Width @ Effiency
Retention time | Retention ] .
Peak . Symmetry half height (plates per Resolution
(mins) Factor .
(mins) metre)
Void 0.620
Compound X 0.828 0.335 0.610 0.030 48790
Compound C 0.828 0.335 0.610 0.030 48790 0.000
Compound D 0.931 0.502 0.700 0.032 55430 2.100
Voriconazole 1.052 0.697 0.640 0.035 64070 2.370
Eluent 18: 30% Formate Buffer : 70% Acetonitrile
. . . Peak Width @ Efficiency
Retention time | Retention . .
Peak ) Symmetry half height (plates per Resolution
(mins) Factor .
(mins) metre)
Void 0.776
Compound X 0.776 0.000 0.690 0.030 0
Compound C 0.835 0.076 1.710 0.023 77930 1.410
Compound D 0.873 0.125 0.760 0.030 33530 0.770
Voriconazole 0.909 0.171 0.450 0.033 46050 0.630
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Table 6.1.4: Results of optimising the concentration of Mobile Phase A Buffer (FB) (on
retention characteristics of S3a. Buffer pH: 4.00 (Section 2.3.2.1.3.1)

Eluent 19: 10 mM FB

. . Peak Width Efficiency
Retention Retention ] .
Peak . . Symmetry |@ half height| (plates per | Resolution
time (mins) Factor .
(mins) metre)
Void 0.642
Compound X 1.501 1.338 0.790 0.419 96360
Compound C 1.654 1.576 0.760 0.046 107130 2.440
Compound D 3.509 4.466 0.840 0.074 142640 20.420
Voriconazole 6.301 8.815 1.070 0.122 158810 17.560
Eluent 20: 20 mM FB
. . Peak Width Efficiency
Retention Retention . .
Peak . . Symmetry |@ half height| (plates per | Resolution
time (mins) Factor .
(mins) metre)
Void 0.679
Compound X 1.551 1.284 0.750 0.041 105180
Compound C 1.697 1.499 0.730 0.042 112730 2.340
Compound D 3.535 4.206 0.800 0.073 149990 20.470
Voriconazole 6.289 8.262 0.970 0.120 161510 17.550
Eluent 21: 30 mM FB
. . Peak Width | Efficiency
Retention Retention . .
Peak . . Symmetry |@ half height| (plates per | Resolution
time (mins) Factor .
(mins) metre)
Void 0.683
Compound X 1.560 1.284 0.770 0.043 99480
Compound C 1.700 1.489 0.720 0.046 113220 2.220
Compound D 3.552 4.201 0.870 0.074 141140 20.150
Voriconazole 6.315 8.246 0.960 0.121 156270 17.150
Eluent 22: 40 mM FB
Retention Retention Peak Width Effiency
Peak . . Symmetry |@ half height| (plates per | Resolution
time (mins) Factor .
(mins) metre)
Void 0.678
Compound X 1.553 1.291 0.740 0.042 103190
Compound C 1.698 1.504 0.730 0.046 112940 2.310
Compound D 3.535 4214 0.880 0.074 144730 20.210
Voriconazole 6.294 8.283 1.020 0.122 161760 17.460
Eluent 23: 50 mM FB
. . Peak Width Efficiency
Retention Retention . .
Peak . . Symmetry |@ half height| (plates per | Resolution
time (mins) Factor .
(mins) metre)
Void 0.679
Compound X 1.551 1.284 0.770 0.042 102280
Compound C 1.695 1.496 0.730 0.459 105620 2.260
Compound D 3.506 4,163 0.810 0.074 142410 19.710
Voriconazole 6.267 8.230 0.970 0.120 157060 17.360
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Table 6.1.5:: Results of optimising pH of Mobile Phase A Buffer (FB) on the retention
characteristics of S3a. Buffer concentration: 30 mM (Section 2.3.2.1.3.2)

Eluent 24: pH 3.00

Retention Retention Peak Width Efficiency
Peak . . Symmetry | @ half height | (plates per Resolution
time (mins) Factor .
(mins) metre)
Void 0.681
Compound X 1.582 1.323 0.720 0.425 107030
Compound C 1.750 1.570 0.800 0.464 109090 2.610
Compound D 3.860 4.668 0.920 0.785 150670 21.850
Voriconazole 6.949 9.204 1.030 0.137 155780 17.700
Eluent 25: pH 3.50
Retention Retention Peak Width Efficiency
Peak . . Symmetry | @ half height | (plates per Resolution
time (mins) Factor .
(mins) metre)
Void 0.676
Compound X 1.546 1.287 0.760 0.038 106960
Compound C 1.694 1.506 0.740 0.042 119940 2.420
Compound D 3.539 4.235 0.870 0.731 145060 20.540
Voriconazole 6.307 8.330 1.070 0.121 155850 17.290
Eluent 21: pH 4.00
Retention Retention Peak Width Efficiency
Peak . . Symmetry | @ half height | (plates per Resolution
time (mins) Factor .
(mins) metre)
Void 0.683
Compound X 1.560 1.291 0.770 0.043 99480
Compound C 1.700 1.496 0.720 0.046 113220 2.220
Compound D 3.552 4.216 0.870 0.074 141140 20.150
Voriconazole 6.315 8.273 0.960 0.121 156270 17.150
Eluent 26: pH 4.50
Retention Retention Peak Width Effiency
Peak . . Symmetry | @ half height | (plates per Resolution
time (mins) Factor .
(mins) metre)
Void 0.678
Compound X 1.554 1.292 0.720 0.042 0
Compound C 1.804 1.661 0.730 0.453 113680 2.400
Compound D 3.571 4.267 0.800 0.743 147730 20.550
Voriconazole 6.371 8.397 1.030 0.123 155830 17.380
Eluent 27: pH 5.00
Retention Retention Peak Width Efficiency
Peak . . Symmetry | @ half height | (plates per Resolution
time (mins) Factor .
(mins) metre)
Void 0.678
Compound X 1.552 1.289 0.740 0.041 105410
Compound C 1.703 1.512 0.720 0.045 113510 2.410
Compound D 3.556 4.245 0.830 0.074 151750 20.630
Voriconazole 6.341 8.353 1.040 0.123 160830 17.630
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Table 6.1.6: Results of temperature study using 30% ACN:70% FB as mobile phase on the
retention characteristics of S3a. (Section 2.3.2.1.4)

30% ACN - 35°C

. . Efficiency Efficiency
Retention Retention .
. . Symmetry | (plates per | (plates per | Resolution
time (mins) Factor
column) metre)
Void 0.683
Compound X 1.560 0.770 9948 99480
Compound C 1.700 1.489 0.720 11322 113220 2.220
Compound D 3.552 4,201 0.870 14114 141140 20.150
Voriconazole 6.315 8.246 0.960 15627 156270 17.150
30% ACN - 40°C
. . Efficiency Efficiency
Retention | Retention S ¢ (plat (plat R luti
mmetr ates per ates per esolution
time (mins) Factor y Y P P P P
column) metre)
Void 0.683
Compound X 1.548 1.266 0.750 10249 102490
Compound C 1.656 1.425 0.730 10744 107440 1.730
Compound D 3.457 4.061 0.880 14864 148640 20.270
Voriconazole 6.068 7.884 1.040 15454 154540 16.980
30% ACN - 45°C
Effici Effici
Retention | Retention Symmetr ( Ialf;inc!r ( Ialf;inc!r Resolution
time (mins) Factor y y P P P P
column) metre)
Void 0.679
Compound X 1.545 1.275 0.820 9980 99800
Compound C 1.619 1.384 0.950 9628 96280 1.160
Compound D 3.397 4.003 0.920 14353 143530 19.780
Voriconazole 5.912 7.707 1.080 15208 152080 16.460
30% ACN - 50°C
. . Efficiency Effiency
Retention Retention .
. . Symmetry | (plates per | (plates per | Resolution
time (mins) Factor
column) metre)
Void 0.683
Compound X 1.537 1.250 1.100 10499 104990
Compound C 1.576 1.307 0.600 7819 78190 0.590
Compound D 3.300 3.832 0.890 14589 145890 19.070
Voriconazole 5.676 7.310 1.060 14968 149680 16.090
30% ACN - 55°C
. . Efficiency Efficiency
Retention | Retention .
) ) Symmetry | (plates per | (plates per | Resolution
time (mins) Factor
column) metre)
Void 0.682
Compound X 1.531 1.245 0.710 8616 86160
Compound C 1.531 1.245 0.710 8616 86160 0.000
Compound D 3.201 3.694 0.920 14287 142870 19.290
Voriconazole 5.438 6.974 1.090 15048 150480 15.680
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Table 6.1.7: Exp 4b: Results of temperature study using 25% ACN:75% FB as mobile phase
on the retention characteristics of S3a. (Section 2.3.2.1.4)

25% ACN - 35°C

. . Peak Width Efficiency
Retention Retention . .
. . Symmetry | @ half height| (plates per | Resolution
time (mins) Factor .
(mins) metre)
Void 0.685
Compound X 1.864 1.721 0.750 0.045 127750
Compound C 2.287 2.339 0.870 0.053 143850 5.940
Compound D 6.616 8.658 0.950 0.139 164730 30.600
Voriconazole 12.882 17.806 0.970 0.027 159290 20.360
25% ACN - 40°C
. . Peak Width Efficiency
Retention Retention . .
. . Symmetry | @ half height| (plates per Resolution
time (mins) Factor .
(mins) metre)
Void 0.686
Compound X 1.856 1.706 0.850 0.043 129230
Compound C 2.209 2.220 0.820 0.051 141720 5.060
Compound D 6.340 8.242 0.920 0.119 167630 30.540
Voriconazole 12.214 16.805 1.030 0.220 160530 20.170
25% ACN - 45°C
. . Peak Width Efficiency
Retention Retention . X
. . Symmetry | @ half height| (plates per Resolution
time (mins) Factor .
(mins) metre)
Void 0.688
Compound X 1.845 1.682 0.840 0.044 127700
Compound C 2.132 2.099 0.770 0.050 139580 4,170
Compound D 6.051 7.795 0.870 0.012 166400 30.130
Voriconazole 11.604 15.866 0.970 0.021 155420 19.560
25% ACN - 50°C
. . Peak Width Effiency
Retention Retention . .
. . Symmetry | @ half height| (plates per Resolution
time (mins) Factor .
(mins) metre)
Void 0.687
Compound X 1.832 1.667 0.940 0.044 131460
Compound C 2.062 2.001 0.800 0.049 134440 3.400
Compound D 5.822 7.475 0.920 0.109 164730 29.730
Voriconazole 10.916 14.889 1.020 0.205 155150 19.120
25% ACN - 55°C
. . Peak Width Efficiency
Retention Retention . .
. . Symmetry | @ half height| (plates per Resolution
time (mins) Factor .
(mins) metre)
Void 0.687
Compound X 1.819 1.648 0.750 0.043 121550
Compound C 1.992 1.900 0.750 0.048 137150 2.590
Compound D 5.560 7.093 0.990 0.105 160990 29.280
Voriconazole 10.277 13.959 1.060 0.194 151140 18.490
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6.2 Chapter 3

Table 6.2.1: The effect of modifier concentration on retention of API, Voriconazole and

related impurities, compound C and compound D. Modifier: MeOH only. Stationary phase:

Agilent Zorbax bare silica. (150 mm X 4.6 mm, 5um)

Agilient Zorbax Silica (5Sum, 150mm*4.6mm)
@20% Methanol
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.500
Compound C 0.946 0.892 0.960
Voriconazole 1.007 1.014 0.820 1.080 1.137
Compound D 1.424 1.848 0.730 5.890 1.822
@16% Methanol
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.510
Compound C 1.086 1.129 0.960
Voriconazole 1.172 1.298 0.840 1.360 1.149
Compound D 1.772 2.475 0.730 7.030 1.906
@12% Methanol
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.527
Compound C 1.334 1.531 0.850
Voriconazole 1.479 1.806 0.790 1.780 1.180
Compound D 2.460 3.668 0.700 8.410 2.030
@10% Methanol
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.530
Compound C 1.505 1.840 0.900
Voriconazole 1.703 2.213 0.760 2.070 1.203
Compound D 3.019 4.696 0.760 9.400 2.122
@8% Methanol
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.567
Compound C 1.875 2.307 0.830
Voriconazole 2.208 2.894 0.710 2.610 1.255
Compound D 4.196 6.400 0.550 9.990 2.211
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Table 6.2.2: The effect of modifier concentration on retention of API, Voriconazole and

related impurities; compound C and compound D. Modifier: MeOH only. Stationary phase:
Waters Spherisorb CN (250 mm X 4.6 mm, 5Sum)

Waters Spherisorb CN (5um, 250mm*4.6mm)

@20% Methanol
Retention
time (mins) Retention Factor Symmetry Resolution Selectivity
Void 0.882
Compound C 2.610 1.959 0.860
Voriconazole 2.810 2.186 0.810 1.920 1.116
Compound D 4.058 3.601 0.740 8.500 1.647
@16% Methanol
Retention
time (mins) Retention Factor Symmetry Resolution Selectivity
Void 0.897
Compound C 3.056 2.407 0.810
Voriconazole 3.268 2.643 0.750 1.700 1.098
Compound D 4.990 4.563 0.690 9.560 1.726
@12% Methanol
Retention
time (mins) Retention Factor Symmetry Resolution Selectivity
Void 0.943
Compound C 4.004 3.246 0.740
Voriconazole 4.301 3.561 0.680 1.780 1.097
Compound D 7.135 6.566 0.620 10.540 1.844
@10% Methanol
Retention
time (mins) | Retention Factor | Symmetry Resolution | Selectivity
Void 0.978
Compound C 4.598 3.701 0.710
Voriconazole 4.916 4.027 0.660 1.600 1.088
Compound D 8.505 7.696 0.710 10.310 1.911
@8% Methanol
Retention
time (mins) | Retention Factor | Symmetry Resolution | Selectivity
Void 1.028
Compound C 5.696 4.541 0.690
Voriconazole 6.133 4.966 0.680 1.650 1.094
Compound D 11.226 9.920 0.670 11.660 1.998
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Table 6.2.3: The effect of modifier concentration on retention of API, Voriconazole and
related impurities; compound C and compound D. Modifier: MeOH only. Stationary phase:
Princeton Diol (150 mm X 4.6 mm, Sum)

Princeton Diol SFC (5um, 150mm*4.6mm)

@20% methanol
Retention time
(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.534 0.000 0.930
Voriconazole 1.140 1.135 1.030
Compound C 1.179 1.208 0.940 0.810 1.064
Compound D 1.460 1.734 0.950 3.960 1.436
@16% methanol
Retention time
(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.550 0.000 0.860
Voriconazole 1.306 1.375 0.980
Compound C 1.376 1.502 0.950 0.880 1.093
Compound D 1.790 2.255 0.960 5.160 1.501

@12% methanol

Retention time

(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.590 0.000/0..94
Voriconazole 1.622 1.749 0.980
Compound C 1.709 1.897 0.950 1.010 1.084
Compound D 2.389 3.049 0.980 7.000 1.608
@10% methanol
Retention time
(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.630 0.000 0.800
Voriconazole 1.887 1.995 1.000
Compound C 1.974 2.133 0.970 0.960 1.069
Compound D 2.893 3.592 0.910 7.660 1.684
@8% methanol
Retention time
(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.693 0.890
Voriconazole 2.288 2.302 1.160
Compound C 2.383 2.439 0.970 0.770 1.060
Compound D 3.746 4.405 0.970 8.960 1.807
@6% methanol
Retention time
(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.796 0.920
Voriconazole 3.072 3.433 1.330
Compound C 3.072 3.433 1.330 1.000
Compound D 5.325 6.684 0.890 9.890 1.947
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Table 6.2.4: The effect of modifier concentration on retention of API, Voriconazole and
related impurities; compound C and compound D. Modifier: MeOH only. Stationary phase:
Princeton ethyl-pyridine (150 mm X 4.6 mm, 5um)

Princeton Pyridine SFC (5um, 150mm*4.6mm)
@20% Methanol
Retention time
(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.510 0.000 0.840
Voriconazole 0.775 0.520 1.720
Compound C 0.816 0.600 0.816 0.670 1.155
Compound D 0.816 0.600 0.816 0.670 1.000
@16% Methanol
Retention time
(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.527 0.000 0.860
Voriconazole 0.848 0.609 1.130
Compound C 0.903 0.713 0.690 0.720 1.171
Compound D 0.903 0.713 0.690 0.720 1.000
@12% Methanol
Retention time
(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.553 0.000
Voriconazole 0.955 0.727 1.100
Compound C 1.026 0.855 0.940 0.920 1.177
Compound D 1.082 0.957 0.500 0.750 1.118
@10% Methanol
Retention time
(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.581 0.000
Voriconazole 1.041 0.792 1.113
Compound C 1.125 0.936 0.990 1.020 1.183
Compound D 1.206 1.076 0.990 0.890 1.149
@8% Methanol
Retention time
(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.631
Voriconazole 1.152 0.826 1.220
Compound C 1.255 0.989 1.030 1.110 1.198
Compound D 1.374 1.177 1.150 1.180 1.191
@6% Methanol
Retention time
(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.687
Voriconazole 1.302 1.063 1.320
Compound C 1.434 1.273 1.020 1.150 1.197
Compound D 1.613 1.556 1.170 1.450 1.223
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Table 6.2.5: The effect of modifier concentration on retention of API, Voriconazole and

related impurities;, compound C and compound D. Modifier: MeOH w/0.1% TFA. Stationary

phase: Agilent Zorbax bare silica. (150 mm X 4.6 mm, Sum)

Agilient Zorbax Silica (5um, 150mm*4.6mm)
@20% Methanol w/0.1% TFA
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.510 0.850
Compound C 0.835 0.637 0.970
Voriconazole 0.835 0.637 0.970 0.000 1.000
Compound D 1.028 1.016 0.830 3.460 1.594
@16% Methanol w/0.1% TFA
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.520 0.940
Compound C 0.934 0.796 0.910
Voriconazole 0.934 0.796 0.910 0.000 1.000
Compound D 1.212 1.331 0.830 4.460 1.671
@12% Methanol w/0.1% TFA
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.537 0.890
Compound C 1.088 1.026 0.650
Voriconazole 1.088 1.026 0.650 0.000 1.000
Compound D 1.537 1.862 0.750 5.370 1.815
@10% Methanol w/0.1% TFA
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.553 0.900
Compound C 1.217 1.201 0.710
Voriconazole 1.217 1.201 0.710 0.000 1.000
Compound D 1.815 2.282 0.780 5.290 1.901
@8% Methanol w/0.1% TFA
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.577 0.910
Compound C 1.419 1.459 0.640
Voriconazole 1.419 1.459 0.640 0.000 1.000
Compound D 2.296 2.979 0.820 5.670 2.042
@6% Methanol w/0.1% TFA
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.611 0.000 0.880
Compound C 1.737 1.843 0.880 0.000
Voriconazole 1.859 2.043 0.740 0.780 1.108
Compound D 3.120 4.106 0.790 6.330 2.010
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Table 6.2.6: The effect of modifier concentration on retention of API, Voriconazole and

related impurities;, compound C and compound D. Modifier: MeOH w/0.1% TFA. Stationary
phase: Waters Spherisorb CN (250 mm X 4.6 mm, Sum)

Waters Spherisorb CN (5um, 250mm*4.6mm)
@20% Methanol w/0.1% TFA
Retention time Retention
(mins) Factor Symmetry Resolution Selectivity
Void 0.847 0.740
Compound C 3.698 3.366 0.680
Voriconazole 4,283 4.057 0.760 4.320 1.205
Compound D 6.542 6.724 0.690 12.280 1.657
@16% Methanol w/0.1% TFA
Retention time Retention
(mins) Factor Symmetry Resolution Selectivity
Void 0.865 0.760
Compound C 4,223 3.882 0.810
Voriconazole 4.872 4.632 0.750 4.040 1.193
Compound D 7.872 8.101 0.690 12.860 1.749
@12% Methanol w/0.1% TFA
Retention time Retention
(mins) Factor Symmetry Resolution Selectivity
Void 0.908 0.850
Compound C 5.452 5.004 0.660
Voriconazole 6.345 5.988 0.810 4,190 1.197
Compound D 10.932 11.040 0.610 14.190 1.844
@8% Methanol w/0.1% TFA
Retention time Retention
(mins) Factor Symmetry Resolution Selectivity
Void 0.917
Compound C 8.251 7.998 0.630
Voriconazole 9.801 9.688 0.650 4.390 1.211
Compound D 18.591 19.274 0.480 14.150 1.989
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Table 6.2.7: The effect of modifier concentration on retention of API, Voriconazole and

related impurities;, compound C and compound D. Modifier: MeOH w/0.1% TFA. Stationary
phase: Princeton Diol CN (150 mm X 4.6 mm, 5um)

Princeton Diol SFC (5um, 150mm*4.6mm)

@20% Methanol w/0.1% TFA
Retention time
(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.528 0.000 0.940
Voriconazole 1.102 1.087 0.970
Compound C 1.162 1.201 0.940 0.860 1.105
Compound D 1.419 1.688 0.880 3.700 1.405
@16% Methanol w/0.1% TFA
Retention time
. (mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.550 0.000 0.950
Voriconazole 1.289 1.344 0.950
Compound C 1.363 1.478 0.930 1.040 1.100
Compound D 1.742 2.167 0.930 4.800 1.466
@12% Methanol w/0.1% TFA
Retention time
(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.593 0.000 0.910
Voriconazole 1.600 1.698 0.980
Compound C 1.695 1.858 0.940 1.120 1.094
Compound D 2.318 2.909 0.960 6.510 1.565
@10% Methanol w/0.1% TFA
Retention time
(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.637 0.000 1.080
Voriconazole 1.847 1.900 0.960
Compound C 1.953 2.066 0.970 1.080 1.088
Compound D 2.791 3.381 0.840 6.850 1.637
@8% Methanol w/0.1% TFA
Retention time
(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.694 1.080
Voriconazole 2.238 2.225 0.960
Compound C 2.348 2.383 0.970 0.860 1.071
Compound D 3.595 4,180 0.840 8.280 1.754
@6% Methanol w/0.1% TFA
Retention time
(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.796
Voriconazole 3.018 3.349 1.320
Compound C 3.018 3.349 1.320 0.000 1.000
Compound D 5.077 6.316 1.020 8.630 1.886
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Table 6.2.8: The effect of modifier concentration on retention of API, Voriconazole and
related impurities;, compound C and compound D. Modifier: MeOH w/0.1% TFA. Stationary
phase: Princeton ethyl-pyridine (150 mm X 4.6 mm, Sum)

Princeton Pyridine SFC (5um, 150mm*4.6mm)
@20% Methanol w/0.1% TFA

Retention time

(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.507 0.000 0.780
Voriconazole 0.797 0.572 1.500
Compound C 0.797 0.572 1.500 0.000 1.000
Compound D 0.797 0.572 1.500 0.000 1.000

@16% Methanol w/0.1% TFA

Retention time

(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.524 0.000 0.900
Voriconazole 0.833 0.590 1.130
Compound C 0.890 0.698 0.860 0.820 1.184
Compound D 0.890 0.698 0.860 0.000 1.000

@12% Methanol w/0.1% TFA

Retention time

(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.557 0.000 0.870
Voriconazole 0.943 0.693 1.100
Compound C 1.019 0.829 0.680 0.910 1.197
Compound D 1.019 0.829 0.680 0.000 1.000

@10% Methanol w/0.1% TFA

Retention time

(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.581 0.000 0.950
Voriconazole 1.013 0.744 1.130
Compound C 1.100 0.893 0.980 1.030 1.201
Compound D 1.139 0.960 0.680 0.510 1.075

@8% Methanol w/0.1% TFA

Retention time

(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.630 0.880
Voriconazole 1.120 0.778 1.200
Compound C 1.226 0.946 1.000 1.130 1.216
Compound D 1.304 1.070 0.650 0.800 1.131

@6% Methanol w/0.1% TFA

Retention time

(mins) Retention Factor Symmetry Resolution | Selectivity
Void 0.698 0.970
Voriconazole 1.266 1.010 1.280
Compound C 1.400 1.222 1.050 1.190 1.211
Compound D 1.521 1.414 1.040 0.920 1.157
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Table 6.2.9: The effect of modifier concentration on retention of API, Voriconazole and
related impurities;, compound C and compound D. Modifier: MeOH w/0.1% TEA. Stationary
phase: Agilent Zorbax bare silica. (150 mm X 4.6 mm, Sum)

@20% Methanol w/0.1% TEA

Retention time

. Retention Factor Symmetry Resolution Selectivity
(mins)
Void 0.510 0.000 0.740
Compound C 0.821 0.610 1.040
Voriconazole 0.821 0.610 1.040 0.000 1.000
Compound D 0.991 0.943 0.910 3.070 1.207
System Peak 2.116 3.149 7.060 2.135

@16% Methanol w/0.1% TEA

Retention time

. Retention Factor Symmetry Resolution Selectivity
(mins)
Void 0.517 0.000 0.940
Compound C 0.909 0.758 0.910
Voriconazole 0.909 0.758 0.910 0.000 1.000
Compound D 1.153 1.230 0.830 3.910 1.268
System Peak 2.694 4,211 8.290 2.337

@12% Methanol w/0.1% TEA

Retention time

. Retention Factor Symmetry Resolution Selectivity
(mins)
Void 0.540 0.000 0.960
Compound C 1.073 0.987 1.050
Voriconazole 1.073 0.987 1.050 0.000 1.000
Compound D 1.443 1.672 0.900 5.150 1.345
System Peak 3.736 5.919 0.000 8.360 2.589

@10% Methanol w/0.1% TEA

Retention time

. Retention Factor Symmetry Resolution Selectivity
(mins)
Void 0.577 0.000 0.920
Compound C 1.179 1.043 1.000
Voriconazole 1.179 1.043 1.000 0.000 1.000
Compound D 1.687 1.924 0.920 5.840 1.431
System Peak 4.599 6.971 0.000 8.440 2.726

@8% Methanol w/0.1% TEA

Retention time

i Retention Factor Symmetry Resolution Selectivity
(mins)
Void 0.580 0.000 0.850
Compound C 1.357 1.340 0.870
Voriconazole 1.357 1.340 0.870 0.000 1.000
Compound D 2.074 2.576 0.830 6.200 1.528
System Peak 5.890 9.155 0.000 7.990 2.840

@6% Methanol w/0.1% TEA

Retention time

. Retention Factor Symmetry Resolution Selectivity
(mins)
Void 0.610 0.000 0.790
Compound C 1.653 1.710 1.000
Voriconazole 1.705 1.795 0.000 0.430 1.031
Compound D 2.789 3.572 0.940 7.920 1.636
System Peak 7.988 12.095 0.000 7.940 2.864
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Table 6.2.10: The effect of modifier concentration on retention of API, Voriconazole and

related impurities;, compound C and compound D. Modifier: MeOH w/0.1% TEA. Stationary
phase: Waters Spherisorb CN (250 mm X 4.6 mm, Sum)

Waters Spherisorb Cyano (5um, 150mm*4.6mm)

@20% Methanol w/0.1% TEA

Retention time

(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.851 0.000 1.030
Voriconazole 1.317 0.548 0.890
Compound C 1.434 0.685 0.820 1.580 1.251
Compound D 1.434 0.685 0.820 1.580 1.000
System Peak 2.689 2.160 0.000 6.380 3.153
@16% Methanol w/0.1% TEA
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.875 0.000 0.870
Voriconazole 1.440 0.646 0.840
Compound C 1.591 0.818 0.650 1.870 1.267
Compound D 1.591 0.818 0.650 1.870 1.000
System Peak 3.303 2.775 0.000 6.410 3.391
@12% Methanol w/0.1% TEA
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.927 0.000 0.880
Voriconazole 1.646 0.776 0.810
Compound C 1.858 1.004 0.960 2.540 1.295
Compound D 1.932 1.084 0.420 0.810 1.079
System Peak 4.402 3.749 0.000 7.810 3.458
@10% Methanol w/0.1% TEA
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.963 0.000 0.900
Voriconazole 1.804 0.873 0.770
Compound C 2.064 1.143 1.060 2.850 1.309
Compound D 2.172 1.255 0.590 0.990 1.098
System Peak 5.270 4.472 0.000 7.930 3.562
@8% Methanol w/0.1% TEA
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 1.020 0.000 0.730
Voriconazole 2.022 0.982 0.850
Compound C 2.358 1.312 1.020 3.210 1.335
Compound D 2.519 1.470 0.560 1.260 1.120
System Peak 6.634 5.504 0.000 8.220 3.745
@6% Methanol w/0.1% TEA
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 1.080 0.000 0.860
Voriconazole 2.379 1.203 0.740
Compound C 2.843 1.632 1.090 3.550 1.357
Compound D 3.097 1.868 0.530 1.460 1.144
System Peak 8.863 7.206 4.490 7.680 3.859

161




Table 6.2.11: The effect of modifier concentration on retention of API, Voriconazole and
related impurities;, compound C and compound D. Modifier: MeOH w/0.1% TEA. Stationary
phase: Princeton Diol (150 mm X 4.6 mm, 5um)

Princeton Diol SFC (5um, 150mm*4.6mm)
@20% Methanol w/0.1% TEA

Retention time

(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.547 0.000 0.950
Voriconazole 1.105 1.020 0.940
UK-51,060 1.173 1.144 0.910 1.050 1.122
UK-83,610 1.390 1.541 0.830 3.130 1.347
System Peak 4.028 1.898 0.000 10.390 1.231

@16% Methanol w/0.1% TEA

Retention time

(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.561 0.000 0.810
Voriconazole 1.279 1.280 0.950
UK-51,060 1.368 1.439 0.930 1.240 1.124
UK-83,610 1.684 2.002 0.960 3.990 1.392
System Peak 5.222 8.308 0.000 11.110 4.150

@12% Methanol w/0.1% TEA

Retention time

(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.600 0.000 0.900
Voriconazole 1.565 1.608 0.970
UK-51,060 1.684 1.807 0.940 1.410 1.123
UK-83,610 2.193 2.655 0.940 5.290 1.470
System Peak 7.353 11.255 0.000 12.050 4.239

@10% Methanol w/0.1% TEA

Retention time

(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.647 0.000 0.770
Voriconazole 1.791 1.768 1.000
UK-51,060 1.932 1.986 0.970 1.450 1.123
UK-83,610 2.613 3.039 1.010 6.030 1.530
System Peak 9.074 13.025 0.000 11.890 4.286

@8% Methanol w/0.1% TEA

Retention time

(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.701 0.000 0.910
Voriconazole 2.026 1.890 0.970
UK-51,060 2.237 2.191 0.910 1.790 1.159
UK-83,610 2.929 3.178 0.890 4.780 1.451
System Peak 7.200 9.271 0.000 7.860 2.917

@6% Methanol w/0.1% TEA

Retention time

(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.804 0.000 0.890
Voriconazole 2.565 2.190 0.960
UK-51,060 2.822 2.510 0.870 1.590 1.146
UK-83,610 3.915 3.869 0.850 5.940 1.542
System Peak 9.565 10.897 0.000 8.150 2.816
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Table 6.2.12: The effect of modifier concentration on retention of API, Voriconazole and
related impurities; compound C and compound D. Modifier: MeOH w/ 20 mM AA.
Stationary phase: Agilent Zorbax bare silica. (150 mm X 4.6 mm, Sum)

Agilient Zorbax Silica (5um, 150mm*4.6mm)
@20% Methanol, 20 mM AA

Retention time

(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.500 0.790
Compound C 0.865 0.730 0.970
Voriconazole 0.865 0.730 0.970 0.000 1.000
Compound D 1.124 1.248 0.950 4.450 1.710

@16% Methanol, 20 mM AA

Retention time

(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.511 0.860
Compound C 0.966 0.890 0.980
Voriconazole 0.966 0.890 0.980 0.000 1.000
Compound D 1.310 1.564 0.890 5.250 1.756

@12% Methanol, 20 mM AA

Retention time

(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.537 0.920
Compound C 1.143 1.128 0.970
Voriconazole 1.143 1.128 0.970 0.000 1.000
Compound D 1.662 2.095 0.930 6.200 1.856

@10% Methanol, 20 mM AA

Retention time

(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.557 0.800
Compound C 1.270 1.280 0.970
Voriconazole 1.270 1.280 0.970 0.000 1.000
Compound D 1.931 2.467 0.950 6.800 1.927

@8% Methanol, 20 mM AA

Retention time

(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.580 0.800
Compound C 1.451 1.502 0.970
Voriconazole 1.451 1.502 0.970 0.000 1.000
Compound D 2.376 3.097 0.930 7.070 2.062

@6% Methanol, 20 mM AA

Retention time

(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.613 0.000 0.860
Compound C 1.786 1.914 0.930
Voriconazole 1.896 2.093 0.760 0.740 1.094
Compound D 3.219 4.251 0.880 7.210 2.031
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Table 6.2.13: The effect of modifier concentration on retention of API, Voriconazole and
related impurities;, compound C and compound D. Modifier: MeOH w/20 mM AA.

Stationary phase: Phenomenex Spherisorb CN (250 mm X 4.6 mm, Sum)

Waters Spherisorb CN (5um, 250mm*4.6mm)

@20% Methanol, 20 mM AA

Retention time

(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.844 0.000 0.950
Voriconazole 1.338 0.585 0.900
Compound C 1.452 0.720 0.000 1.660 1.085
Compound D 1.452 0.720 0.000 0.000 1.000
@16% Methanol, 20 mM AA
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.875 0.960
Voriconazole 1.478 0.689 0.880
Compound C 1.627 0.859 1.080 2.420 1.101
Compound D 1.696 0.938 0.590 0.870 1.042
@12% Methanol, 20 mM AA
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.927 0.960
Voriconazole 1.692 0.825 0.880
Compound C 1.901 1.051 1.080 2.640 1.124
Compound D 2.021 1.180 0.590 1.340 1.063
@10% Methanol, 20 mM AA
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.967 0.540
Voriconazole 1.850 0.913 0.890
Compound C 2.105 1.177 1.190 2.930 1.138
Compound D 2.263 1.340 0.670 1.560 1.075
@8% Methanol, 20 mM AA
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 1.020 0.940
Voriconazole 2.076 1.035 0.900
Compound C 2.404 1.357 1.210 3.260 1.158
Compound D 2.623 1.572 0.670 1.810 1.091
@6% Methanol, 20 mM AA
Retention time
(mins) Retention Factor Symmetry Resolution Selectivity
Void 1.081 0.930
Voriconazole 2.450 1.402 0.850
Compound C 2.903 1.846 1.210 3.590 1.185
Compound D 3.238 2.175 0.670 1.180 1.115
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Table 6.2.14: The effect of modifier concentration on retention of API, Voriconazole and
related impurities; compound C and compound D. Modifier: MeOH w/ 20 mM AA.

Stationary phase: Princeton Diol (150 mm X 4.6 mm, Sum)

Princeton Diol SFC (5um, 150mm*4.6mm)

@20% Methanol, 20 mM AA

Retention time

) Retention Factor Symmetry Resolution Selectivity
(mins)
Void 0.550 0.000 0.940
Voriconazole 1.058 0.924 1.000
Compound C 1.137 1.067 0.910 1.260 1.156
Compound D 1.280 1.327 0.950 2.160 1.244
@16% Methanol, 20 mM AA
Retention time X X .
) Retention Factor Symmetry Resolution Selectivity
(mins)
Void 0.577 0.000 0.880
Voriconazole 1.216 1.107 0.960
Compound C 1.319 1.286 0.940 1.470 1.161
Compound D 1.524 1.641 0.780 2.680 1.276
@12% Methanol, 20 mM AA
Retention time X X .
. Retention Factor Symmetry Resolution Selectivity
(mins)
Void 0.610 0.000 0.920
Voriconazole 1.465 1.402 0.970
Compound C 1.607 1.634 1.000 1.730 1.166
Compound D 1.944 2.187 1.010 3.710 1.338
@10% Methanol, 20 mM AA
Retention time X . -
. Retention Factor Symmetry Resolution Selectivity
(mins)
Void 0.660 0.000 1.080
Voriconazole 1.668 1.527 0.960
Compound C 1.835 1.780 0.970 1.820 1.166
Compound D 2.272 2.442 0.840 4.300 1.372
@8% Methanol, 20 mM AA
Retention time R . -
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.725 0.950
Voriconazole 1.959 1.702 1.050
Compound C 2.161 1.981 0.930 1.840 1.164
Compound D 2.791 2.850 0.990 5.070 1.439
@6% Methanol, 20 mM AA
Retention time . . .
(mins) Retention Factor Symmetry Resolution Selectivity
Void 0.831 0.950
Voriconazole 2.448 2.377 1.070
Compound C 2.689 2.709 1.030 1.720 1.140
Compound D 3.685 4.083 1.060 6.040 1.507
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