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Abstract

Novel approaches to the development of analytical procedures for monitoring incoming starting material in support
of chemical/pharmaceutical processes are described. High technology solutions were utilized for timely process
development and preparation of high quality clinical supplies. A single robust HPLC method was developed and
characterized for the analysis of the key starting material from three suppliers. Each supplier used a different process
for the preparation of this material and, therefore, each suppliers’ material exhibited a unique impurity profile. The
HPLC method utilized standard techniques acceptable for release testing in a QC/manufacturing environment. An
automated experimental design protocol was used to characterize the robustness of the HPLC method. The method
was evaluated for linearity, limit of quantitation, solution stability, and precision of replicate injections. An LC-MS
method that emulated the release HPLC method was developed and the identities of impurities were mapped between
the two methods. © 2000 Elsevier Science B.V. All rights reserved.

Keywords: Impurity profiles; Impurity map; LC-MS; Automated robustness

www.elsevier.com/locate/jpba

1. Introduction

Compound 1 is a key registered starting mate-
rial for the manufacturing of Orbofiban, a poten-
tial antithrombotic drug candidate that attained

phase III clinical status. ICH guidelines indicate
that impurities at or above 0.1% in the drug
substance require identification [1]. The use of
high quality starting material was important for
the control of impurity levels, the avoidance of
new impurities, and the production high purity
drug substance.

The analytical method used to assay compound
1 needed to be simple and straightforward. More-
over, the method needed to utilize standard equip-
ment available at the manufacturing site.
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Fig. 1. This is a depiction of the overview analytical strategy used.

Fig. 2. The synthesis of Orbofiban. Compound 1 was purchased from three suppliers exhibiting unique impurity profiles.

Three vendor sources were identified as suppli-
ers of the material. The goals of this study were to
develop a single method for the quantitation of
compound 1 and its impurities (\0.1%) from
each source, identify the impurities, and to study
the fates of impurities in subsequent reactions.
Achievement of these goals would permit good
process control during manufacture.

Historically, these goals would have been ac-
complished by tentative identification and prepa-
ration or isolation of individual impurities
followed by classical techniques of method char-
acterization and validation. The approach de-
tailed here provides an expeditious alternate
means of accomplishing these goals by utilizing
LC-MS technology. Though numerous examples
of LC-MS used for the identification of impurities
in pharmaceuticals exist [2–5], this paper links the
LC-MS method directly to a non-volatile LC-UV
QC method. The overall work process is illus-
trated in Fig. 1.

Orbofiban was prepared according to the Fig.
2. During the preparation, impurities and poten-
tial carryover starting materials were identified
from various steps in the process. The structures
of these compounds are illustrated in Fig. 3.

2. Experimental, results and discussion

2.1. Equipment and reagents

All solvents used in the HPLC method were of
analytical grade. Compound 1 samples were ob-
tained from three vendor sources. Hewlett Pack-
ard 1100 HPLC systems were used for this study.
The detectors for these systems were UV-diode
array or UV-diode array/HP G1946A mass spec.
For the mass spec, APCI and ESI were evaluated.
A ChemStation was used for instrument control
and automated data collection. Linking several
methods in sequence was critical for generating
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Fig. 3. Potential impurities in Orbofiban drug substance.

results for several experiments rapidly and with
minimal user intervention.

2.2. Method de6elopment

Compound 1 was studied using reversed-phase
chromatography. The initial method development
began with a method based on the standard in-
house LC-MS method. Two batches from each
supplier were studied. Because no markers of
impurities were available, six isocratic conditions
each monitoring four wavelengths were used to
ensure that all impurities at or greater than 0.1%
were being detected. Initially, gradient conditions
were not used so that artifact peaks would not
mask or be mistaken for impurities. Though gra-
dient artifacts are usually distinguishable from
impurities via a blank injection, small impurities
coeluting with larger artifacts might be over-
looked. The isocratic approach avoids these prob-
lems. The study was automated in an overnight
run by linking the six methods in a sequence. The
mobile phase compositions were studied for each
of the six samples according to Table 1. A Zorbax

Table 1
Isocratic mobile phase conditions studied using a Zorbax
SB-C18, (150×3) mm, 3.5 mm columna

% Acetate buffer, pH 4.8Condition % Methanol

10 901
30 702

50503
4 3070

805 20
6 1090

a Six methods were created and linked in sequence for rapid
method development.

Table 2
Second column studya

Condition % Methanol% Acetate Buffer, pH 4.8

1 80 20
2 5050

a Isocratic mobile phase conditions studied using an Altima
C18 column, 5 mm (250×3.2) mm.
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Table 3
Column three evaluationa

% Acetate buffer, pH 4.8Condition % Methanol

1 5050
2 70 30

803 20
10904

a Isocratic mobile phase conditions studied using a YMC
basic column, C8, 5 mm (3×150) mm.

SB-C18, (150×3) mm, 3.5 mm column was used
with a flow rate of 1.0 ml/min.

The results from conditions 1, 2, and 3 (Table
1) indicated that there were no significant late
eluting peaks. The parent peak eluted near or at
the void volume with these conditions.

The peak shape was inherently poor so the
initial column was replaced by an Altima C18
column, 5 mm (250×3.2) mm. The flow rate was
1.0 ml/min. From the first study it was clear that
the highest levels of impurities were in vendor A,
batch 1 and vendor B, batch 1. Further studies

Table 4
Final HPLC conditions used for the analysis of Orbofiban related compounds

Column YMC basic, (4.6×150) mm, 5 mm
Wavelength 280 nm
Buffer 10 mM Phosphate, pH 7.0

Methanol and acetonitrileOrganic modifiers
GradientElution type

Flow rate 1.0 ml/min
20 minRun time
10 minReequilibration Time

% Methanol% Buffer % AcetonitrileTime (min)

Gradient table
80 0 200

208 575
10 20 7020

Fig. 4. Chromatogram depicting the resolution of Orbofiban related compounds. The HPLC conditions can be found in Table 4.
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Table 5
Final HPLC conditions used for the analysis of compound 1

Waters Symmetry Shield,Column
(4.6×100) mm, 3 mm

Wavelength 280 nm
10 mM phosphate, pHBuffer
7.0

Organic modifier Methanol
GradientElution type
1.0 ml/minFlow rate
20 minRun time
10 minReequilibration

time

Time (min) % Methanol% Buffer

Gradient table
950 5

752520

It was now clear that the conditions under
study would not be suitable for the original intent.
A phosphate buffer pH 7.0 was used to rectify
peak shape problems. The organic modifier was
also changed to acetonitrile.

Using the same rationale, several isocratic con-
ditions were studied. The parent appeared stable
in 85/15 buffer/acetonitrile diluent. When this was
completed, work commenced on a gradient sys-
tem that would account for all major impurity
peaks greater than 0.1% that were seen
isocratically.

Concurrently, a universal system that would
resolve all steps and critical impurities from each
step was explored for the following compounds:
compounds 1, 2, 3 and 4 and impurities A, B, C,
D, E, and F. After several attempts, a system
(Table 4) was discovered that would resolve all
compounds except impurities B and C (Fig. 4).
This was not an issue because it would be impos-
sible for these compounds to exist in the same
step. The method was also found to resolve some
unknown process impurities.

From this study it was found that a both
acetonitrile and methanol were needed to achieve
the overall separation. The system was a some-
what complex tertiary gradient system and at-
tempts made to simplify the conditions were

were limited to these batches. Both samples were
studied with two isocratic conditions at four
wavelengths according to Table 2, however the
peak shape remained poor.

The column was again changed to a YMC
Basic, C8 column 5 mm, (3×150) mm. Four
isocratic conditions were evaluated according to
Table 3, however the peak shape was still unsatis-
factory. The standard flow rate of 1.0 ml/min was
used.

Fig. 5. Example chromatograms of compound 1 from vendors A and B. The phosphate buffer system conditions from Table 4 were
used. Impurities 1–7 were identified as significant from the two batches.
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Table 6
Robustness D.O.E., 2(4-1) plus star point design

pH Flow rate (ml/min) Temperature (°C)Vendor order % Methanol (starting and ending points)Experiment

6.8 0.9 251 6–90A, B
6.8 1.1B, A 252 4–60
7.0 1.03 20B, A 5–75
7.2 1.1A, B 254 6–90

B, A5 6.8 0.9 15 4–60
6.8 1.1A, B 156 6–90
7.0 1.07 20A, B 5–75
7.2 1.1B, A 158 4–60

A, B9 7.2 0.9 15 6–90
7.2 0.9B, A 2010 4–60

B, A11 6.8 1.0 20 5–75
7.2 1.0 2012 5–75B, A
7.0 0.9B, A 2013 5–75
7.0 1.114 20B, A 5–75
7.0 1.0B, A 1515 5–75
7.0 1.0 2516 5–75A, B
7.0 1.0B, A 2017 4–60
7.0 1.0 2018 6–90A, B

unsuccessful. Using the above system, two batches
from each vendor were re-examined to establish
impurity profiles.

A decision was made to abandon this route,
and to instead, focus on previous simpler gradi-
ents in which co-elution of some compounds
across steps but not within steps takes place [6].
This method employed the Waters Symmetry
Shield column, (4.6×100) mm, 3 mm, that ap-
peared to have better efficiency than that of the
YMC Basic column. See Table 5 and Fig. 5.

2.3. Diluent studies

At this point it was noticed that the choice of
diluents had a large effect on the area of an early
eluting impurity in Vendor B samples. A 10 ml
injection volume was studied. In general, the
greater the difference between the diluent and
mobile phase the worse the peak shape of the
early impurity. Though a lower injection volume
would improve this, worse overall method preci-
sion would need to be considered. For the time
being, continuing studies utilized a 75/25 buffer/
methanol mobile phase diluent. Two samples of
each batch were examined and the area % was
tabulated.

2.4. Experimental design of robustness

The method was at a point suitable for robust-
ness studies to be conducted. For the design of
experiment (D.O.E.), pH, composition, flow rate
of the mobile phase as well as column tempera-
ture were used as variables. A 2(4-1) plus star
points was used as the design [7]. The two lowest
purity samples from vendors A and B were used
to evaluate the method. No significant impurities
were detected in samples from vendor C. The
effect of HPLC conditions on number of peaks
detected, resolution, plates, and tailing were stud-
ied. Plates and tailing were only studied for one
batch since these values were independent of
batch. Seventeen distinct methods were created
and linked in random order on the HP1100
ChemStation for an automated experiment. The
center point was studied in duplicate resulting in a
total of 18 experiments (Table 6). The results
from the experiments were tabulated in Table 7a
and b.

Irrespective of the deviations of the conditions,
the method exhibited good robustness as seen in
the results. There was little change in vendor B
sample resolution, area %, tailing, and plates and
vendor A area %. The resolution for Vendor A
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sample fluctuated, but was always well over the
acceptable limit. The number of peaks detected
was variable for both batches and was attributed,
in general, to low level peaks at the limit of
detection (�0.02%). The number of peaks\
0.1% was nearly constant, the exceptions were due
to a peak with an area % very close to 0.1% from
vendor A.

The results were supplied to our Statistical De-
partment for analysis [7]. It was confirmed that
most of the factors did not influence the analytical
results. The gradient variation had the most influ-
ence, however it was found that changing the
gradient improved some results but at the cost of
others. Typically this manifested in improved reso-
lution/fewer peaks detected or decreased resolu-

Table 7
Results of robustness experiments for vendors A and B.

Number of peaks detected andResolution of compound 1 Tailing factor PlatesExperiment Compound 1
to closest impurity (number of peaks\0.1%)Area %

(a) Results for 6endor A
10 (5)1 5.86 97.08

9 (4)2 12.01 97.12
8 (4)3 97.108.29

7.18 97.054 10 (4)
10.31 97.215 8 (4)

6 9 (5)97.047.36
8.13 9 (4)7 97.05

6 (4)97.1811.878
5.39 96.999 9 (4)

10.07 97.1110 7 (4)
11 97.14 8 (4)8.72

9 (4)97.0212 8.44
8 (4)13 97.027.44
8 (4)97.089.4514

8.67 97.08 8 (4)15
8 (4)16 8.35 97.05
8 (4)17 11.14 97.05
8 (5)18 97.006.64

(b) Results for 6endor B
360145.80 98.71 5 (3) 1.1321

6.06 98.732 4 (3) 1.135 30496
1.127 337855 (3)3 98.735.80

7 (3)98.64 1.1175.554 34391
317845 6.01 98.78 4 (3) 1.176
277346 5.53 98.64 7 (3) 1.131
346581.1257 (3)7 98.675.71
331548 5.44 98.78 3 (3) 1.115

5.22 98.629 7 (3) 1.124 40436
414381.1256 (3)10 98.696.07

5.87 98.6711 6 (3) 1.138 31733
12 369705.63 98.68 6 (3) 1.127

1.145 3697313 98.675.74 6 (3)
1.1306 (3) 3075098.6714 5.63

5 (3) 322901.14598.695.6015
7 (3)98.64 1.1185.9016 35709

332655.91 98.69 5 (3) 1.14017
3445818 5.44 98.62 7 (3) 1.124
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Table 8
Precision of results for various sample preparations of com-
pound 1

ReplicateTarget Response factor
preparation

20 mg–100 ml 0.5461
20 mg–100 ml 0.5542

0.544320 mg–100 ml
20 mg–100 ml 4 0.542

0.549520 mg–100 ml

1.0%% RSD (1–5)

10 mg–50 ml 0.5421
10 mg–50 ml 2 0.540

0.54015 mg–25 ml
25 mg–25 ml 0.545

Total % RSD (all 0.82%
samples)

2.5. Further sample preparation studies

At this point, the diluent was further studied.
One 0.1% impurity in the vendor B batches was
found to be unstable in the 75/25 buffer/methanol
diluent. Three additional diluents were studied:
85/15 buffer/acetonitrile, 50/50 water/acetonitrile,
and 50/50 water/methanol. Both buffer-based
diluents were found to degrade the impurity peak
of interest. The water/acetonitrile diluent resulted
in distorted peak shape of an early impurity. A
marker of the amide of compound 1 [8], now
available, confirmed the peak shape observations
and identity of this impurity peak.

The 50/50 water/methanol diluent looked to be
the most promising until the sample from vendor
A sample was studied. Here, detection of early
impurities was lost due to baseline disturbances.
One final diluent, a 75/25 water/methanol was
also studied. Overall, this was the most promising
diluent and the method evaluation would con-
tinue with this.

Precision was evaluated using five replicates of
a 20 mg–100 ml preparation. In addition to five
samples prepared using the above scenario, the
study was extended to include two preparations at
10 mg–50 ml and 5 mg–25 ml. Acceptable preci-
sion was obtained for all preparations (Table 8).

2.6. Method 6alidation

The linearity of the method was studied with a
target concentration of 0.3 mg/ml compound 1.
For the assay level, 80, 90, 100, 110 and 120%
standards were prepared. For the impurity level
linearity, 0.05, 0.1, 0.2, 0.5 and 1.0% of target
were studied. The samples were injected on both a
low (system 2) and high (system 1) dead volume
HPLC systems. Five injections of the 0.05% stan-
dard were injected to establish LOQ. The % RSD
was 5.2 and 6.3% for systems 1 and 2, respec-
tively. Because reference standards of the impuri-
ties were not available, accuracy was determined
using the biases for the main peak (Table 9). For
example the % Bias-D of the 1.0% standard,
system 1, run 1, was −2.75%. This indicates that
the response of the 1.0% standard was slightly
lower (97.25%) than the theoretical response

Table 9
Single point biases (residuals) from the linearity plot

% Bias-D, system 1Level (%) % Bias-D, system 2

−15.670.05 17.44
−3.780.05 14.38
−5.170.1 1.08

−3.48−10.560.1
−5.020.2 −2.94
−4.210.2 −1.79
−4.400.5 −2.74

−3.20−3.540.5
−2.751.0 −0.19
−2.961.0 −1.87

0.1580 0.95
80 0.32 1.51

0.3790 1.02
90 0.33 0.44

100a −0.14−0.11
0.11100a 0.14
0.04110 0.58
0.04110 −0.76
0.14 −0.80120

−0.34120 −1.27

a Single point standard.

tion/more peaks detected. This indicates that the
nominal condition for the method were near opti-
mal and robust.
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(based on the 100% standard). From the biases
and correlation coefficient it was determined that
no significant deviations from linearity were ob-
served on either HPLC system. The correlation
coefficients for full fit were 1.0000 and 0.9999 for
systems 1 and 2, respectively. The results suggest
that the 100% standard could be used for quanti-
tation at low levels with acceptable accuracy.

2.7. LC-MS impurity map

Work began for the development of an LC-MS
compatible method. Elimination of the buffer re-
sulted in poor peak shape and detectability prob-
lems for the impurities. The phosphate buffer was
then replaced by an acetate buffer at the same
pH. After slight modifications of the gradient
conditions, the impurity profiles were similar irre-

spective of the employment of acetate or phos-
phate buffers (Figs. 5 and 7). The efficiency was
somewhat better with the phosphate system which
would be the preferred system for the QC func-
tion. The overall strategy is depicted in Fig. 6.

To further substantiate that elution order of
impurities was preserved between methods, UV
spectra of the larger impurities from both condi-
tions were compared. The UV comparison is illus-
trated in Fig. 8. Due to low levels, UV spectra
were not obtained for impurities 3, 5, and 6.

Procedures were developed using both APCI
and electrospray sources. The MS detector was
operated in the positive mode with a typical scan-
ning range of 100–1000 m/z. Mass spectra were
obtained from all of the significant impurities
greater than 0.1%. These were compared with the
structures that had previously been deduced by

Fig. 6. This illustrates the work process used to identify and map impurities for LC-MS acetate system and LC-UV phosphate
system. This schematic provides additional detail to steps 3 and 4 of Fig. 1.

Fig. 7. Example chromatograms of compound 1 batches from vendors A and B. This figure displays an overview of significant
impurities from both sources. The acetate buffer in place of the phosphate buffer and modified gradient conditions were used. This
mobile phase is suitable for LC-MS with a comparable impurity profile to the LC-UV method. The HPLC conditions are listed in
Table 11.
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Fig. 8. Comparison of UV spectra from the phosphate and acetate HPLC methods to ensure peak tracking between systems. This
data further substantiates that the elution order of impurities has not changed.

the Mass Spectrometry Group [9]. From this exer-
cise it was clear that some impurities that had
been identified were actually at a very low level,
and impurities 2 and 3 (Table 10) had not been
identified. By obtaining mass spectra of these
compounds, the structure of the larger of these
was now tentatively deduced [9]. Due to interfer-
ences, it was suggested that the other impurity be
run on a triple quadrupole instrument. Correla-
tion of all the major impurities back to the phos-
phate system without using markers or reference
standards was accomplished. The largest instance
(area %) of each impurity in representative sam-
ples was tabulated in Table 10. The final condi-
tions for the LC-MS method are detailed in Table
11.

3. Conclusions

A robust HPLC method to evaluate compound
1 raw material was developed and validated. Ex-
perimental design techniques were successfully
employed as part of the method characterization.
The power of the ChemStation was utilized to
generate 18 experiments, completely automated
and within a two day time frame.

LC-MS instrumentation was used to identify
and map impurities back to the routine HPLC
method without the use of expensive reference
standards. Useful information was generated us-
ing a fast, scientifically sound approach which
allowed the overall objectives of characterizing
the starting material to be carried out.
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Table 10
Map of impurities from LC-MS to LC-UV methods

.

Table 11
The LC-MS mobile phase conditions are stipulated below

Column Waters Symmetry Shield,
(4.6×100) mm, 3 mm
280 nmWavelength

Buffer 10 mM Acetate, pH 7.0
Organic modifier Methanol
Elution type Gradient

75/25 water/methanolDiluent
Flow rate 1.0 ml/min

20 minRun time
10 minReequilibration

time

% Methanol% BufferTime (min)

Gradient table
0 100 0

20 7030
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