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Abstract: High requirements for the API quality mean that the quality control of the starting material is crucial
in the manufacturing process of drug substances. Three sensitive methods for the purity determination of the
following starting materials: ethylene glycol (method I), 3-acetylpyridine (method II) and 4-chloromethyl-5-
methyl-1,3-dioxol-2-one (method III) used in the syntheses of selected drug substances were developed using
GC-FID techniques. All the methods were validated according to the International Conference on
Harmonization guidelines. The correlation coefficient values were found to be about 0.99. The calculated RSD
values from the replicate injections in the range of 20-120% of the nominal concentration ensured the precision

of the methods.
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A pharmaceutical R&D process requires analy-
ses to measure the quality of the materials used for
the active pharmaceutical ingredient (API) manufac-
turing and for monitoring the reactions over time.
This is a very important task because potential
impurities coming from the carry-over of the chem-
ical reagents and starting materials employed in the
synthesis of drug substances can be toxic.
Eliminating all the impurities from pharmaceuticals
is essentially impossible for both practical and eco-
nomic reasons. Therefore, it is necessary to develop
analytical methods to control them not only in the
API but also in the materials used in the API manu-
facture (1). The reagents typically used contain car-
bon, are often volatile and cover a wide range of
polarities. Therefore, gas chromatography with
flame ionization detection (GC-FID) is often the
most appropriate technique to be used. The GC-FID
is a separation method of choice because it com-
bines both speed and separation efficiency (2).

Impurities can be classified by type (organic,
inorganic, solvent) and origin (starting materials,
by-products, reagents, degradation products) (3). A
starting material is any raw material, intermediate,
or drug substance that is used in the synthesis of an
active pharmaceutical ingredient and incorporated
as a significant structural fragment into the structure
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of a drug substance (4). One of the basic parameters
of the raw materials quality control is their chemical
purity examination. Taking into account the intend-
ed use of ethylene glycol, 3-acetylpyridine and 4-
chloromethyl-5-methyl-1,3-dioxol-2-one as the raw
material in the manufacture of various pharmaceuti-
cal substances, e.g. Bosentan and Imatinib, three gas
chromatographic methods for the determination of
their purity were developed. Following optimiza-
tion, these methods using the FID detection and the
area normalization method for calculation were val-
idated. To the best of our knowledge, the results of
ethylene glycol, 3-acetylpyridine, and 4-chloro-
methyl-5-methyl-1,3-dioxol-2-one purity analysis
by capillary GC have not been previously reported
in the literature.

EXPERIMENTAL

Chemicals and reagents
The solvents, tested starting materials and their
known impurities were purchased from the commer-
cial suppliers:
o 3-acetylpyridine (3-AP), 2-acetylpyridine (2-AP,
> 99.0%), 4-acetylpyridine (4-AP, > 96.5%) from
Aldrich (Germany),
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o ethylene glycol (two baches — EG1 and EG2),
toluene (= 99.8%), methanol (= 99.9%), dichloro-
methane (DCM, = 99.8%) from POCh (Poland),

e 4-chloromethyl-5-methyl-1,3-dioxol-2-one from
Shanghai FWD (China).

Equipment

All experiments were performed on a
Shimadzu GC-2010 gas chromatograph equipped
with a flame ionization detector, split injector and a
Shimadzu AOC-20i autosampler. A DB-WAX col-
umn (polyethylene glycol), 60 m long, 0.32 mm i.d.,
0.5 pm film thickness, from Agilent Technologies
was used in methods I and II. A DB-5 column (95%
dimethyl-5% diphenyl polysiloxane), 30 m long,
0.32 mm i.d., 1 pm film thickness, from Agilent
Technologies was used in method III.

Methods description
In all methods the area normalization method
was used for the calculation. The purity of all exam-
ined substances (x) in % was calculated from the fol-
lowing equation:
Ag - 100
YA.

i

where:

A — the area of the main peak

A, — the area of each peak in the chromatogram
(without the peaks from the diluent)

Method I - Purity determination of ethylene glycol
Chromatographic conditions and sample prepara-
tion

The following oven temperature program was
used: 60°C, increased at 5°C/min to 240°C and held
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Figure 1. Chromatograms of the sample solutions prepared from EG1 and EG2

Table 1. Validation results of the method I.

min

Test Acceptance criteria Imp. 1 | Imp.2 Imp. 3 Imp. 4 | Main compound
R*>0.990 0.9985 | 0.9954 | 0.9937 | 0.9991 0.9993
Linearity 698.7 49.7 46.5 1773.6 781359
y=ax+b
b -780.7 | 347.0 -19.8 -3603.3 717978
RSD < 1% (tp) 0.017 0.021 0.008 0.016 0.023
RSD < 5% (Area) 0.96 2.50 2.56 0.604 0.59
Precision RSD < 1% for main compound
RSD < 5% for impurities 0.92 3.39 3.92 0.45 0.001
(Assay%)
RSD < 1% for main compound
Range RSD < 10% for impurities 4.12 8.06 6.00 2.99 0.006
(Assay%)




Purity determination of the starting materials used in the synthesis of... 31

2.75
2.50
2.25
2.00
1.75
1.50

T~ Toluene

1.25
1.00
0.75
0.50
0.25
0.00

3-AP

<«
g
£

- 4-AP
Imp. 5

Imp. 2

Imp. 1

F—+—Imp.3

7.5 10.0 12.5 15.0 17.5

( il

225 25.0 275 30.0 min

Figure 2. Chromatogram of 3-acetylpyridine spiked with the known impurities at 0.2%

at this temperature for 5 min. The injection port
temperature was 240°C and the detector temperature
was 260°C. Nitrogen was used as the carrier gas at
100 kPa, split 20 : 1, 0.5 pL of the sample solution
was injected into the gas chromatograph.

The sample solution was prepared by dissolv-
ing 0.5 mL of the examined ethylene glycol in
methanol in a 1.0 mL volumetric flask.

Method II — Purity determination of 3-acetylpyri-
dine
Chromatographic conditions and sample prepara-
tion

The following oven temperature program was
used: 100°C increased at 3°C/min to 240°C. The
injection port temperature was 220°C and the detec-
tor temperature was 260°C. Nitrogen was used as
the carrier gas at 100 kPa, split 100 : 1, 0.2 pL of the
examined substance was injected directly into the
gas chromatograph.

Method III — Purity determination of 4-chloro-
methyl-5-methyl-1,3-dioxol-2-one
Chromatographic conditions and sample prepara-
tion

The following oven temperature program was
used: 60°C for 4 min, increased at 5°C/min to
260°C. The injection port temperature was 220°C
and the detector temperature was 280°C. Nitrogen
was used as the carrier gas at 60 kPa, split 20 : 1, 0.5
pL of the sample solution was injected into the gas
chromatograph.

The sample solution was prepared by dissolv-
ing 100 pL of the examined substance in

dichloromethane (DCM) in a 1.0 mL volumetric
flask.

RESULTS AND DISCUSSION

Methods development

The analyses of the tested compounds were ini-
tially carried out using a DB-5 column (30 m x 0.32
mm X 1.0 pm) which seemed to be the most accurate
for a wide group of compounds. However, it was not
possible to separate the peaks of all impurities from
the main peaks of ethylene glycol and 3-acetylpyri-
dine. The impurities peaks were not well separated
and the precision of the analyses was not satisfacto-
ry. Good results were achieved with a DB-WAX
polar column (60 m X 0.32 mm x 0.5 pm) for both
ethylene glycol and 3-acetylpyridine and with a DB-
5 non-polar column (30 m X 0.32 mm X 1.0 pm) for
4-chloromethyl-5-methyl-1,3-dioxol-2-one. These
methods were simple, precise and sensitive for the
purity analysis of the tested compounds, and the
analysis times were reasonably short.

Methods validation

The methods were validated by determining
the following parameters: specificity, linearity, pre-
cision, range in which the normalization method is
correct, and the detection limit.

The following acceptance criteria were estab-
lished:
Specificity: resolution (R,) > 1.5
Linearity: R*>20.990,y =ax + b

Precision: relative standard deviation (RSD)
< 1% (retention time — tz), RSD < 5% (area), RSD
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< 1% for the main compound and RSD < 5% for the
impurities (assay%)

Range of the area normalization method: 80%
+120 % of the nominal concentration in the sample
solution or larger RSD < 1% for the main compound
and RSD < 10% for the impurities
Detection limit: S/N =3

Validation of the method I

Two batches of ethylene glycol were exam-
ined: EG1 and EG2. Four impurities (impurity 1 t; =
6.5 min; impurity 2 t; = 7.3 min; impurity 3 t; =23.2
min; impurity 4 t, = 32.1 min; ethylene glycol t; =
24.0 min) were determined in the tested glycols.

Specificity

The specificity of the method was evaluated by
injecting methanol and the sample solutions (100%
of the nominal concentration). The method was spe-
cific for the main compound and its impurities (R
methanol/impurity 1 — 7.5, impurity 1/impurity 2 —
9.0, impurity 2/impurity 3 — 170.0, impurity 3/EG —
2.4, EG/impurity 4 — 27.3). The chromatograms of

Table 2. Validation results of method II for the known impurity.
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the sample solutions prepared from EG1 and EG2
are shown in Figure 1.

Linearity

The linearity of the method was evaluated by
measuring the response of six solutions ranging in
concentrations from about 20% to 120% of the nom-
inal concentration. The correlation coefficient, y-
intercept (b), slope of the regression line (a) were
calculated and are presented in Table 1.

Precision

The precision was established by measuring
the response of six replicate injections of the sample
solution (100% of the nominal concentration).
Relative standard deviations (RSD) were calculated
for the retention time (ty), peak area, assay (%) and
are presented in Table 1.

Range

The range was established by analyzing 6 solu-
tions in the range 20-120% of the nominal concen-
tration. The analysis of the solutions has confirmed

Test Acceptance criteria Toluene 2-AP 4-AP Main compound
R*>>0.990 0.9997 0.9996 0.9996 0.9994
Linearity 345127 302769 373409 159131242
y=ax+b
1519.6 349.0 311.3 767855
RSD £ 1% (ty) 0.019 0.008 0.005 0.006
RSD £ 5% (Area) 0.78 0.94 0.97 0.86
Precision RSD < 1% for main compound
RSD < 5% for impurities 0.47 0.14 0.16 0.002
(Assay %)
RSD < 1% for main compound
Range RSD < 10% for impurities 0.50 0.69 0.79 0.014
(Assay %)
Table 3. Validation results of method II for the unknown impurity.
Test Acceptance criteria Imp. 1 Imp. 2 Imp. 3 Imp. 4 Imp. 5
R*>0.990 0.9993 0.9995 0.9995 0.9994 0.9998
Linearity b 19219 38868 67660 575364 329332
=ax +
Y b 133.7 414.2 203.6 -785.6 -1013.8
RSD < 1% (tp) 0.008 0.006 0.006 0.005 0.004
Precision RSD < 5% (Area) 1.39 1.61 0.98 1.18 0.50
RSD < 5% for impurities (Assay%) 0.83 1.22 0.24 0.32 0.51
Range RSD < 10% for impurities (Assay%) 1.39 1.75 1.20 1.36 1.68
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Figure 3. Chromatogram of the sample solution

that the purity test results are repeatable and that the
method is linear for the main compound and the
impurities 1 — 4. The range in which the area nor-
malization method is correct: 20% + 120% of the
nominal concentration in the sample solution. The
RSDs are presented in Table 1.

Detection limit

The detection limit (LOD) was calculated as
the concentration which generated the peak of ethyl-
ene glycol about 3 times as high as the noise’s
height (0.0004% of the nominal concentration in the
sample solution).

Validation of the method II

Besides the main compound (3-acetylpyridine
ty = 28.5 min), three known impurities (toluene t; =
6.0 min; 2-acetylpyridine t; = 19.8 min; 4-
acetylpyridine t; = 27.0 min) and five unknown
impurities (impurity 1 tg = 26.5 min; impurity 2 t; =
26.8 min; impurity 3 t; = 28.9 min; impurity 4 t; =
29.5 min; impurity 5 t; = 30.9 min) were determined
in the tested substance.

Specificity

The specificity of the method was evaluated by
injecting the sample spiked with the known impuri-
ties (toluene, 2-acetylpyridine and 4-acetylpyridine)
at 0.2% (specification limit). The method was spe-
cific for the main compound and its impurities (R,:
toluene/2-AP —111.0, 2-AP/impurity 1 —44.2, impu-
rity 1/impurity 2 — 1.5, impurity 2/4-AP — 1.5,

4-AP/3-AP — 7.1, 3-AP/impurity 3 — 2.0, impurity
3/impurity 4 — 4.2, impurity 4/impurity 5 — 9.3). The
chromatogram of the sample solution spiked with
the known impurities at 0.2% is shown in Figure 2.

Linearity

The linearity of the method was evaluated by
analyzing the sample spiked with the known impu-
rities at 0.2% with the use of five different injection
volumes (0.1 — 0.5 pL). The correlation coefficient,
y-intercept (b), slope of the regression line (a) were
calculated and are presented in Tables 2 and 3.

Precision

The precision was established by measuring
the response of six replicate injections of the sample
spiked with the known impurities at 0.2%. RSDs
were calculated for the retention time, peak area,
assay (%) and are presented in Tables 2 and 3.

Range

The range was established by analyzing the
sample spiked with the known impurities at 0.2%
with the use of five different injection volumes (0.1
— 0.5 pL). The results of RSD for the assay (%) of
the impurities and 3-acetylpyridine are presented in
Tables 2 and 3. An analysis using different injection
volumes has confirmed that the purity test results are
repeatable. The range of the injection volume in
which the area normalization method is correct: 0.1
+ 0.5 pL of the injection volume.
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Detection limit

The solutions of different decreasing concen-
trations of the known impurities were used for the
determination of the detection limit (LOD). The
concentration which generated the peak about 3
times as high as the noise’s height was established
as the LOD (2-acetylpyridine: 12 pg/mL; 4-acetyl-
pyridine: 11 pg/mL; toluene: 4 pg/mL).

Validation of the method IIT

Apart from the main compound (t; = 21.7 min)
in the tested substance, many impurities, including
four major ones (impurity 1 t; = 2.9 min; impurity
2 ty = 13.1 min; impurity 3 t; = 16.8 min; impurity
4 ty = 19.4 min), were determined.

Specificity

The specificity of the method was evaluated by
injecting DCM and the sample solution (100% of
the nominal concentration). The method was specif-
ic for the main compound and its main impurities
(R,: DCM/impurity 1 — 6.1, impurity 1/impurity 2 —
110.5, impurity 2/impurity 3 — 31.8, impurity 3/im-
purity 4 — 21.7, impurity 4/main compound — 9.0).
The nearest peak (t; = 22.2 min) behind the main
compound is the impurity critical for the specificity.
The resolution for the critical pair of the analytes
was 1.8. The chromatogram of the sample solution
is shown in Figure 3.

Linearity

The linearity of the method was evaluated by
measuring the response of six solutions ranging in
the concentrations from about 20% to 120% of the
nominal concentration. The correlation coefficient,
y-intercept (b), slope of the regression line (a) were
calculated and are presented in Table 4.

Table 4. Validation results of the method III.

Precision

The precision was established by measuring
the response of six replicate injections of the sample.
RSDs were calculated for the retention time, peak
area, assay (%) and are presented in Table 4.

Range

The range was established by analyzing 6 solu-
tions in the range of 20 — 120% of the nominal con-
centration. The analysis of the solutions has con-
firmed that the purity test results are repeatable and
that the method is linear for the main compound and
impurities 1 — 4. The range in which the area nor-
malization method is correct: 20% + 120% of the
nominal concentration in the sample solution. The
RSDs are presented in Table 4.

Detection limit

The detection limit (LOD) was calculated as
the concentration which generated the peak of
4-chloromethyl-5-methyl-1,3-dioxol-2-one about 3
times as high as the noise’s height (0.0016% of the
nominal concentration in the sample solution).

CONCLUSIONS

These are the first methods ever reported in the
literature for the purity control of ethylene glycol,
3-acetylpyridine and 4-chloromethyl-5-methyl-1,3-
dioxol-2-one. The GC-FID methods are specific,
linear, sensitive and precise. The validation results
demonstrate that the analytical procedures are suit-
able for the intended purpose. Three hereby present-
ed gas chromatographic methods with the area nor-
malization method for the calculation can be used
for the standard quality control of the starting mate-
rials in the synthesis of various pharmaceutical sub-
stances, e.g. Bosentan and Imatinib.

Test Acceptance criteria Imp. 1 | Imp.2 Imp. 3 Imp. 4 | Main compound
R*>0.990 0.9967 | 0.9942 | 0.9960 | 0.9964 0.9965
Linearity b 978.7 667.4 15204 | 18839 199364
=ax +
Y b -8827.2| -5056.5 | -7667.8 | -9235.1 -315799
RSD < 1% (tp) 0.064 | 0.039 0.019 0.014 0.015
RSD < 5% (Area) 0.83 2.24 0.74 0.85 0.70
Precision RSD < 1% for main compound
RSD < 5% for impurities 0.98 2.42 0.30 0.36 0.04
(Assay%)
RSD < 1% for main compound
Range RSD < 10% for impurities 9.34 7.01 3.45 3.53 0.19
(Assay%)
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