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a b s t r a c t

Four low-level impurities were detected during the development and scale up of the synthesis of ALB
109564(a). These impurities were isolated and characterized in order to determine how they originated in
the drug substance. The information allowed the elimination of one impurity and a significant reduction
in the relative abundance of the other three. A fifth impurity was detected in an accelerated stability
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study sample of the drug substance. The degradant was found to be the free acid resulting from the
hydrolysis of the methyl ester within the indoline moiety of ALB 109564(a). The characterization of this
impurity allowed for changes in the handling of the drug substance which minimized the formation of
the impurity.

© 2011 Elsevier B.V. All rights reserved.

tructure elucidation
apillary NMR

. Introduction

ALB 109564(a) (1·2HCl, Fig. 1) is a novel analog within an estab-
ished class of tubulin inhibitors structurally related to vinblastine
1–3] that is currently in phase I clinical trials. ALB 109564(a) is
cytotoxic agent designed to kill cancer cells by disrupting mito-

is [4–6] and has demonstrated improved efficacy over marketed
embers of its class in preclinical testing.
The International Conference on Harmonization (ICH) sets stan-

ards for the purity of drug substances [7]. Since ALB 109564(a) is
o be given at levels of <2 g/day, the guidance states that impurities
resent at levels between 0.10% and 0.15% should be identified.

mpurities present at levels ≥0.15% must be qualified according
o the ICH standards. Four previously uncharacterized impurities
2–5) were observed in the drug substance at 0.5–0.7% using the
GMP chemical process to produce material for clinical testing.
hree of the impurities (2–4) were present in the material used in
he investigational new drug (IND) enabling safety studies, and thus
ualified at those levels. The fourth impurity (5) was a new impurity
nd thus not qualified (Table 1). It was determined that compliance
ith the ICH guidance, even at this early stage of development,

as desirable. Consequently, isolation and structural characteriza-

ion of these impurities was critical to guide synthetic and handling
odifications to reduce or eliminate the formation of the impuri-

ies.

∗ Corresponding author. Tel.: +1 425 686 6875; fax: +1 425 686 6799.
E-mail address: ulla.mocek@amriglobal.com (U. Mocek).

731-7085/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2011.01.035
Subsequent to the identification of impurities 2–5 in the drug
substance, a sample of ALB 109564(a) from a stability study showed
the presence of a degradant (6), which did not correspond to any of
the previously identified impurities. Isolation and structural char-
acterization of the degradant was undertaken to minimize the
formation of this degradant in the drug product.

The isolation and structural characterization of four impurities
and a degradant of ALB 109564(a) drug substance are reported in
this paper. We have developed a rapid protocol, used routinely
for the isolation and characterization of trace impurities in drug
substances and formulated drug products, which was employed
in the characterization of 2–6. The strategy utilizes a combination
of spectrometric and spectroscopic techniques to analyze impuri-
ties during and after isolation, minimizing the analysis time. The
recent application of capillary NMR (CapNMR) has facilitated this
by reducing the amount of an impurity that must be isolated to
allow acquisition of NMR data which is traditionally the technique
requiring the most sample.

2. Experimental

2.1. Materials

ALB 109564(a) drug substance and vinblastine sulfate were gen-

erated at AMRI. Acetonitrile (HPLC grade) was purchased from
Fisher Scientific. Purified water was obtained from a Millipore
Milli-Q Plus system (Bedford, MA). Spectrophotometric grade tri-
fluoroacetic acid (TFA) was purchased from Sigma–Aldrich. CD3OD
and TFA-d were obtained from Cambridge Isotopes.

dx.doi.org/10.1016/j.jpba.2011.01.035
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:ulla.mocek@amriglobal.com
dx.doi.org/10.1016/j.jpba.2011.01.035


D.J. Milanowski et al. / Journal of Pharmaceutical a

2

2
l
f
c
e
i
l

2
i

p
t
P
4
M
t
f
a

T
R

Fig. 1. Structures of compounds 1–6.

.2. Stability sample

Samples of ALB 109564(a) were stored at −20 ◦C, 5 ◦C and
5 ◦C/60% relative humidity (RH) in amber glass bottles with Teflon-

ined screw caps, under a layer of nitrogen. The sample design called
or the periodic analysis of samples over 12 months. During the
ourse of the stability study, the relative abundance of a degradant
luting at relative retention time (RRT) 0.79 (6) was observed to
ncrease. Stability samples from the 5 month time point were uti-
ized for the isolation of 6.

.3. High performance liquid chromatography (HPLC) and
solations

Semi-preparative HPLC was carried out using a Waters 600E
ump connected to a Waters 996 diode-array detector and con-
rolled by Waters Empower software. The isolation utilized a
henomenex Luna C18 column (250 mm × 10 mm, 5 �m, p/n 00G-
252-N0) under ambient conditions at a flow rate of 5 mL/min.

obile phases A and B consisted of H2O (0.1% TFA) and acetoni-

rile (0.1% TFA), respectively. A linear gradient was used increasing
rom 30% to 45% B over the first 19 min and increasing to 90% B over
n additional 5 min.

able 1
elative abundance of 2–6 in ALB 109564(a) lots.

Compound ALB 109564(a) Lot

Qualification/Tox Lot Development Lot

2 0.11% 0.53%
3 0.64% 0.60%
4 0.65% 0.69%
5 NDa 0.69%
6 0.19% 0.04%

a ND = not detected.
nd Biomedical Analysis 55 (2011) 366–372 367

Isolations of 2, 4 and 5 were carried out using a sample of the
ALB 109564(a) drug substance that was prepared at 100 mg/mL
in H2O and the separation was monitored at 220 nm. A sample
of 2 was isolated from a single 80 �L (8 mg) injection. The frac-
tion containing 2 (16.1 min) was collected and concentrated under
a stream of N2. Separately, a total of 150 mg was separated over
the course of 6 injections of 200–400 �L (20–40 mg) to provide a
crude fraction containing 4 and 5. The crude impurity fraction was
taken up in 1.2 mL of H2O–methanol (5:1) and separated over 6
injections utilizing an isocratic method consisting of 38% mobile
phase B. The fractions containing 4 (9.54 min) and 5 (10.24 min)
were collected separately, pooled, and concentrated under a stream
of N2.

The semi-preparative HPLC method described above was also
utilized to isolate 6. An aliquot of the ALB 109564(a) stability
sample was prepared at 100 mg/mL in H2O and separated over the
course of multiple 20–40 �L injections (2–4 mg each). The fraction
containing 6 (10.61 min) was collected, pooled, and concentrated
under a stream of N2. The sample used for acquisition of NMR data
using the CapNMR probe was obtained from a single 40 �L (4 mg)
injection of the stability sample.

The limited resolution observed between 1 and 3 required the
development of a modified method for isolation and restricted
the amount of 3 which was isolated. Impurity 3 was purified in
a two-step process. The isolation of 3 utilized a modified semi-
preparative method employing the same column, flow rate and
mobile phases used above. A sample of the drug substance was
prepared at 10 mg/mL in H2O and the injection volume was 100 �L
(1 mg). A total of 7 mg of the drug substance was separated over 7
injections utilizing an isocratic method consisting of 27% mobile
phase B. Impurity 3 eluted with the leading edge of the broad
peak containing 1. The leading edge of the drug substance peak
(22–25 min), including 3, was collected as the crude impurity frac-
tion. This fraction was taken up in 200 �L of H2O and separated
using the analytical method described in the LC–MS section below,
except that all of the eluent exiting the column was directed
through the DAD. The peak containing 3 eluted at 11.32 min and
was collected and dried under a stream of N2.

2.4. LC–MS

Samples were analyzed using a Sciex API150 MCA system incor-
porating an Agilent 1100 LC pump connected to an Agilent 1100
DAD and Sciex API150 single quadrupole mass analyzer. Analysis
of the samples was performed using the following method: column:
Intakt Cadenza C18, 4.6 mm × 150 mm, 3 �m (p/n CD005); mobile
phase A: H2O (0.1% TFA); mobile phase B: acetonitrile (0.1% TFA);
flow rate: 1.0 mL/min; column temperature: 40 ◦C; injection vol-
ume: 50 �L. A linear gradient was employed increasing from 30%
to 45% B over the first 19 min and then increasing to 90% B over an
additional 5 min. The eluent was split post-column and ca. 90% was
directed into the DAD monitoring at 215 nm with the remainder
introduced into the mass analyzer via positive atmospheric pres-
sure chemical ionization (APCI+) using a heated nebulizer source
and scanning between m/z 100 and 1200.

2.5. NMR spectroscopy

NMR spectra were acquired at ambient temperature (300 K) on
a Bruker Avance DRX 500 instrument operating at 500 MHz for
1H and 125 MHz for 13C. NMR data for 1 and vinblastine sulfate

were acquired using a 5 mm multinuclear inverse probe with a
Z-gradient; NMR data for the isolated compounds were acquired
using either the 5 mm probe with a Shigemi tube (4 and 5) or
an MRM/Protasis capillary NMR (CapNMR) probe with a 10 �L
flow cell (2, 3, and 6). Data were acquired in CD3OD except for
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which were acquired in CD3OD + 5% TFA-d. The spectra were
eferenced to the residual solvent signal (ıH 3.30, ıC 49.0 for
D3OD).

.6. Electrospray ionization (ESI)-MS

MS and MS/MS data were generated with a Waters Premier
TOF mass spectrometer equipped with an electrospray ionization

ource operated in positive mode. Standards or isolated compounds
ere diluted with H2O–acetonitrile (1:1) containing 0.1% formic

cid and infused using the onboard syringe pump. Accurate mass
ata were obtained in Lockspray mode using leucine enkephalin as
he reference standard.

. Results and discussion

Analytical HPLC analysis of a sample of ALB 109564(a) drug sub-
tance indicated the presence of four unknown impurities above
.15% relative abundance. Three of the impurities (2–4) were
bserved in the material used for IND enabling studies and thus
ualified at the levels observed. The fourth impurity (5) had not
een observed previously. The identification of these impurities
as desirable as a first step in the production of material with

educed impurity content.
The analytical HPLC method was suitable for use with LC–MS

ithout modification. A typical UV (215 nm) chromatogram for the
rug substance showing ALB 109564 (1) and the four impurities of

nterest (2–5) is provided in the top panel of Fig. 2. Analysis of the
ass spectra for 1–5 provided a structural candidate for 2, but only

ossible molecular formulas for impurities 3–5 which necessitated
solation of these impurities to allow further structural characteri-
ation.

.1. Structural confirmation of impurity 2

The earliest eluting of the impurities, 2, showed an [M+H]+ ion
t m/z 811, suggesting that it was likely vinblastine, which differs
rom 1 only in that it lacks the S-methyl group at C-12′. The UV chro-

atogram for an injection of an authentic standard of vinblastine
Fig. 2, middle panel) showed the same retention time as 2. A small
ample was isolated for comparative analysis by MS and NMR. The
ass of the [M+H]+ ion was observed at m/z 811.4307, which was

n good agreement with the molecular formula C46H58N4O9 (calcd
or C46H59N4O9: 811.4282, error: 3.1 ppm) and confirmed that 2 has
he same molecular formula as vinblastine. Final structural confir-

ation was made by comparison of the 1H NMR and 1H–1H COSY
pectra of vinblastine and the isolated sample of 2.

.2. Structure elucidation of impurity 3

The mass spectrum of 3 showed an [M+H]+ ion at m/z 811, indi-
ating that it was an isomer of 1. The [M+H]+ ion of 3 was observed
t m/z 857.4191, which was in good agreement with the molecu-
ar formula C47H60N4O9S (calcd for C47H61N4O9S: 857.4159, error:
.7 ppm) and confirmed that 3 has the same molecular formula
s 1. The MS/MS spectrum for 3 was found to be identical to that
bserved for 1 and so was not of assistance in assigning the struc-
ure of the impurity.

The isolated sample of 3 was taken up in 20 �L of CD3OD and
H NMR and 1H–1H COSY spectra were acquired by CapNMR. A
omplete assignment of the 1H chemical shifts for 3 was made in

omparison with data acquired for 1, 2, and the literature data for
[8–11]. The data are summarized in Table 2. The NMR data for
indicated that the only significant differences between 1 and 3
ere confined to the aromatic protons of the indole moiety (H-

1′ through H-14′). Both compounds showed the presence of two
nd Biomedical Analysis 55 (2011) 366–372

doublets and a singlet attributable to the indole moiety. The split-
ting pattern indicated that the S-methyl group must be attached at
either C-12′ or C-13′ for both. Since the S-methyl group is present
at C-12′ in 1, the data indicated that the S-methyl group must be at
C-13′ for 3 which was supported by an analysis of the 1H chemical
shifts. H-11′ appeared as a singlet (ıH 7.53) in 1, but was observed as
a doublet for both 2 (ıH 7.49) and 3 (ıH 7.42), indicative of a lack of
substitution at C-12′ for 2 and 3. For 1–3, H-11′ was observed as the
most downfield resonance in the 1H NMR spectrum. A COSY cor-
relation was observed between H-11′ and the doublet at ıH 7.02,
allowing assignment of the latter as H-12′ in 3. Therefore, the S-
methyl group must be present at C-13′ in 3, and the remaining
aromatic singlet observed at ıH 7.25 can be assigned as H-14′.

3.3. Structure elucidation of impurities 4 and 5

The mass difference observed between 4 and 1 (78 Daltons)
together with the isotope pattern for the [M+H]+ ion of 4, which
showed peaks at m/z 935 and 937 (1:1) ion, suggested the presence
of a bromine substituent. Similarly, the mass difference between
5 and 1 (126 Daltons) indicated the possible presence of an iodine
substituent. The [M+H]+ ion of 4 was observed at m/z 935.3254 and
was in good agreement with the molecular formula C47H59BrN4O9S
(calcd for C47H60BrN4O9S: 935.3264, error: −1.1 ppm). This data
confirmed that 4 is related to 1 by substitution of a hydrogen with
bromine. The MS/MS spectrum of 4 showed a fragment ion at m/z
399.1754, which corresponded to a fragment ion observed in the
MS/MS spectrum of 1 (Fig. 3). The molecular formula for this ion,
determined from the accurate mass, was found to be C22H27N2O3S
(calcd for C22H27N2O3S: 399.1742, error: 3.0 ppm) indicating that
this fragment corresponded to the indole monomer (C-1′ through
C-19′), which included the S-methyl substituent. The assignment of
this fragment as the indole monomer was confirmed by the obser-
vation of a fragment ion at m/z 353.1891 in the MS/MS spectrum
of vinblastine (2), which lacks the S-methyl substituent at C-12′.
The observation that the molecular formula for the indole moiety
of 1 and 4 is identical in turn indicated that the bromine must be
located within the indoline moiety (N-1 through C-19) of 4.

A comparison of the 1H NMR spectrum acquired for 4 with that
of 1 indicated that the aromatic proton present at ıH 6.40 and cor-
responding to H-17 was absent in the 1H NMR spectrum of the
impurity. A complete assignment of the 1H chemical shifts for 4
confirmed that the structure of this impurity and 1 differ only at
C-17 and allowed 4 to be assigned as the 17-bromo analog of 1
(Table 1).

A similar analysis for impurity 5 indicated that it was the 17-iodo
analog of 1. The [M+H]+ ion of 5 was observed at m/z 983.3146 and
was in good agreement with the molecular formula C47H59IN4O9S
(calcd for C47H60IN4O9S: 983.3126, error: 2.0 ppm). The MS/MS
spectrum of 5 showed a fragment ion at m/z 399.1762, confirm-
ing that the iodine substituent must be located within the indoline
moiety. As was observed for 4, the 1H NMR spectrum of 5 lacked a
signal for H-17 at ıH 6.40 confirming that 5 is the 17-iodo analog
of 1.

Impurity 4 was synthesized by chemical methods (Fig. 4) to fur-
ther confirm the structure of 4 and to provide reference standards
for future studies. Direct bromination on 1 or its precursor under
various conditions led to predominantly 11′-bromo or 14′-bromo
byproduct. This selectivity issue was solved by deactivation of the
upper aromatic ring system after turning the electron-donating
methylthio group in 1 into an electron-withdrawing sulfoxide in

7 via oxidation. The reduction of the sulfoxide group back to
methylthio also faced selectivity issues since the ester function-
ality present within several locations of the molecule is sensitive
to reducing agents. After several attempts employing different
reagents, the method reported by Guindon et al. turned out to be



D.J. Milanowski et al. / Journal of Pharmaceutical and Biomedical Analysis 55 (2011) 366–372 369

F ALB1
T nt 6.

e
t

3

t
s
k
t
t
c
6
p
8
C
T
l
m
h
d
h
o
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ypical HPLC degradant profile for ALB109564(a) stability sample showing degrada

ffective [12]. The spectral data of synthesized 4 were fully consis-
ent with the isolated material.

.4. Structure elucidation of degradant 6

Subsequent to the completion of the isolation and characteriza-
ion of impurities 2–5, a degradant, 6, was observed in a stability
tudy sample of the drug substance that did not correspond to a
nown impurity (Fig. 2C). LC–MS analysis of this sample showed
hat the new degradant eluted near impurity 2 (vinblastine), but
he mass spectrum revealed an [M+H]+ ion at m/z 843 clearly indi-
ating that it did not correspond to 2. The molecular formula of
was determined by accurate mass analysis of the isolated sam-

le of the degradant. The [M+H]+ ion of 6 was observed at m/z
43.4014 and was in good agreement with the molecular formula
46H58N4O9S (calcd for C46H58N4O9S: 843.4003, error: 1.3 ppm).
his data indicated that the degradant differed from 1 by the
oss of a methyl group. The MS/MS spectrum of 6 showed a frag-
ent ion at m/z 399.1765 indicating that the methyl loss must
ave occurred in the indoline moiety (N-1 through C-19) of the
egradant (Fig. 5). The fragmentation pattern observed for the
igher mass ions was more complex than that observed for 1 or the
ther impurities (2–5). Fragment ions were observed for both the
09564 (1) and impurities 2–5. (B) HPLC chromatogram for vinblastine sulfate. (C)

loss of acetic acid (m/z 783.3807) and formic acid (m/z 797.3951),
the latter corresponding to a fragment ion observed for 1 and
attributed to the loss of acetic acid from the [M+H]+ ion of 1. These
observations suggested that the methyl was lost from the ester at
either C-3 or C-18′. Taking into account the fragment ion at m/z
399.1765 in both the spectra of 1 and 6, the data suggested that
the methyl loss occurred from the ester at C-3 within the indoline
moiety.

A sample was isolated from 4 mg of the stability sample for
acquisition of NMR data by CapNMR to confirm that the only
change in the structure of the degradant was the loss of a methyl
group at the C-3 ester. A comparison of the 1H NMR spec-
tra for 6 and 1 indicated that the methyl singlet observed at
ıH 3.80 in the 1H NMR spectrum of 1, which corresponded to
the methyl ester at C-3, was absent in the spectrum acquired
for the degradant. A complete assignment of the 1H chemical
shifts for the degradant confirmed that the structure of 6 dif-
fered from that of 1 only at C-3 (Table 1). The presence of a free

acid in the structure of the degradant was further supported by
the observation of peak doubling when the NMR data was ini-
tially acquired in CD3OD which was resolved by the addition of
a small amount of TFA-d to the sample prior to acquisition of NMR
data.
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Table 2
1H NMR chemical shift assignments (500 MHz, CD3OD) for 1–6.

Position 1 2 3 4 5 6a

1′ 2.43 m 2.44 m 2.47 m 2.23 m 2.18 m 2.48 m
3.92 m 3.95 m 3.94 m 4.10 t (14.4) 4.11 t (14.4) 3.92 m

2′ 1.38 m 1.25 m 1.37 m 1.42 m 1.46 m 1.37 m
3′ 1.65 m 1.60 m 1.65 m 1.69 m 1.70 m 1.65 m
4′-CH2CH3 1.52 q (7.4) 1.46 q (7.4) 1.54 m 1.53 q (7.4) 1.53 q (7.4) 1.51 q (7.4)
4′-CH2CH3 0.96 t (7.8) 0.95 t (7.4) 0.96 t (7.4) 0.97 t (7.4) 0.97 t (7.4) 0.96 t (7.4)
5′ 3.15 s 3.08 s 3.17 m 3.20 s 3.20 s 3.17 s
7′ 3.63 m 3.54 m 3.63 m 3.63 m 3.65 m 3.64 m

3.57 m
8′ 3.31 m 3.27 m 3.32 m 3.34 m 3.33 m 3.31 m

4.63 ddd (3.0, 10.0, 17.8) 4.45 dd (10.4, 16.3) 4.62 m 4.60 m 4.58 m 4.64 m
11′ 7.53 bs 7.49 d (8.2) 7.42 d (8.5) 7.53 s 7.53 s 7.52 bs
12′ – 7.05 t (7.8) 7.02 d (8.5) – – –
13′ 7.16 dd (1.5, 8.5) 7.11 t (7.8) – 7.17 dd (1.5, 8.5) 7.16 d (8.5) 7.16 dd (1.5, 8.5)
14′ 7.23 d (8.5) 7.21 d (8.2) 7.25 s 7.24 d (8.5) 7.23 d (8.5) 7.23 d (8.5)
18′-OMe 3.68 s 3.67 s 3.69 s 3.69 s 3.68 s 3.68 s
19′ 2.86 dd (6.3, 14.4) 2.74 m 2.87 m 2.96 dd (5.9, 14.4) 2.99 m 2.85 m

3.90 m 3.78 m 3.90 m 3.91 m 3.95 m 3.93 m
NMe 2.77 s 2.71 s 2.77 s 3.04 s 3.02 s 2.87 s
2 3.71 s 3.58 s 3.72 s 3.75 s 3.75 s 3.76 s
3-OMe 3.80 s 3.76 s 3.81 s 3.81 s 3.82 s
4 5.34 s 5.34 s 5.34 s 5.24 s 5.23 s 5.35 s
4-OMe 2.06 s 2.02 s 2.07 s 2.07 s 2.07 s 2.06 s
5-CH2CH3 1.56 m 1.40 m 1.59 m 1.39 m 1.37 m 1.54 m

1.72 m 1.67 m 1.78 m 1.67 m 1.63 m 1.76 m
5-CH2CH3 0.77 t (7.4) 0.77 t (7.4) 0.82 t (7.4) 0.73 t (7.4) 0.69 t (7.4) 0.79 t (7.4)
6 5.63 d (10.4) 5.30 d (10.4) 5.67 d (10.0) 5.64 d (10.4) 5.60 m 5.63 d (10.4)
7 5.93 ddd (∼1, 5.2, 10.4) 5.85 dd (4.4, 10.0) 5.94 m 5.92 dd (5.2, 10.4) 5.91 dd (5.2, 10.4) 5.92 dd (4.8, 10.4)
8 3.42 d (15.0) 2.77 m 3.51 m 3.35 m 3.28 m 3.49 d (15.2)

3.87 m 3.33 m 3.94 m 3.82 m 3.75 m 3.92 m
10 3.21 m 3.23 m 3.24 m 3.13 m 3.05 m 3.25 m

3.70 m 3.45 m 3.79 m 3.71 m 3.65 m 3.75 m
11 2.03 m 1.85 m 2.06 m 2.02 m 1.98 m 2.04 m

2.31 ddd (5.6, 8.9, 14.0) 2.07 m 2.34 m 2.37 m 2.33 m 2.32 m
14 6.66 s 6.53 s 6.69 s 6.70 s 6.72 s 6.68 s
16-OMe 3.85 s 3.83 s 3.85 s 3.96 s 3.93 s 3.84 s
17 6.40 s 6.34 s 6.41 s – – 6.38 s
19 3.70 m 3.88 s 3.67 m 3.96 m 3.69 m
S-Me 2.44 s – 2.42 s 2.44 s 2.43 s 2.43 s

a Acquired in CD3OD with 5% TFA-d.

Fig. 3. MS/MS spectra of compounds 1, 2, 4, and 5 selecting the [M+H]+ ion for fragmentation.
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Fig. 4. Synthesis of 4.
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Fig. 5. MS/MS spectrum of degradant 6

The structure of 6 was also confirmed by synthesis. The hydrol-
sis of the ester at C-3 offered another challenge of selectivity as

here are two other ester groups at C-18, and C-4 positions in 1.
he selectivity was achieved by reaction of 1 with lithium chlo-
ide in pyridine under microwave irradiation at 140 ◦C to provide
in 41% yield. Again, the spectral data of the synthetic and isolated
aterials were identical.
ting the [M+H]+ ion for fragmentation.

4. Conclusions
Four impurities arising during the synthesis of ALB 109564(a)
were characterized and identified as compounds 2–5. Impurities
3–5 were determined to form as a result of impurities in the ini-
tial reaction of the process. This information allowed the team to
focus on ways to improve the synthesis and purification of ALB
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09564(a). These efforts were successful in eliminating the for-
ation of impurity 4 and reducing the formation of impurity 5

o <0.10%. The remaining impurities (2 and 3) were minimized to
evels that were less than half the qualified levels of these impuri-
ies. An additional impurity was observed during stability testing of
he drug substance which was identified as 6. This degradant was
liminated by changes to the final salt form of the compound.
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