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Abstract

LC–NMR and LC–MS were used to characterize the structures of four major degradation products of SCH
56592, an antifungal drug candidate in clinical trials. These compounds were formed under stress conditions in which
the bulk drug substance was heated in air at 150°C for 12 days, and were separated from SCH 56592 as a mixture
using a semi-preparative HPLC method. The data from LC–NMR, LC–ESI–MS (electrospray ionization mass
spectrometry) and LC–ESI–MS/MS indicate that the oxidation occurred at the piperazine ring in the center of the
drug molecule. The structures of the degradation products were determined from the 1H NMR spectra obtained via
LC–NMR, which were supported by LC–ESI–MS and LC–ESI–MS/MS analyses. A novel degradation pathway of
SCH 56592 was proposed based on these characterized structures. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

SCH 56592 is a novel triazole antifungal agent
that was discovered at Schering-Plough Research
Institute (SPRI) [1]. Compared with the existing
antifungal drugs such as amphotericin B, itra-
conazole and fluconazole, SCH 56592 has exhib-
ited higher potency against a broad range of
fungal pathogens including Asperigillus, Candida

and Cryptococcus [2–6]. In particular, it was
found to be most active against all species of
Aspergillus [2,3] and it demonstrated considerable
promise as a therapeutic agent in the treatment of
life-threatening nosocomial fungal infections
among AIDS, tissue transplant and cancer pa-
tients [for review, see [6]]. Currently, SCH 56592
is undergoing extensive clinical trials. As part of
this investigation, the stability of the bulk drug
substance under various conditions is being stud-
ied. At ambient conditions, the SCH 56592 drug
substance is stable, but the compound begins to
form degradation products under stress condi-
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tions such as prolonged exposure to heat and
light. In order to understand the degradation
pathway, on-line liquid chromatography (HPLC)
and spectroscopic methods (NMR, MS) were
used for efficient identification and structural
characterization of the degradation products.

LC–ESI–MS combines the high resolution sep-
aration capability of HPLC with the superior
sensitivity of mass spectrometry [7]. The ESI (elec-
trospray ionization) process provides soft ioniza-
tion, and therefore generates mainly molecular
ions with little fragmentation [7,8]. While LC–
ESI–MS offers accurate measurement of the
molecular mass, LC–ESI–MS/MS reveals struc-
tural fragmentation on each resolved molecular
ion [9,10]. LC–ESI–MS and LC–ESI–MS/MS
are well-established analytical tools in the rapid
identification and characterization of each compo-
nent in sample mixtures. However, they do not
always provide unambiguous structural informa-
tion and may not distinguish between isomers
[11]. Nuclear magnetic resonance spectroscopy
(NMR) provides detailed structural elucidation,
but efficient analysis is often hindered by sensitiv-
ity and sample purity. Over the last decade, the
development of LC–NMR, where the high field
NMR instrument is directly coupled with the
HPLC separation system, has enabled ‘on-line’
collection of NMR data on individual compo-
nents of various chemical and biological mixtures
[for review, see [12,13]]. LC–NMR allows NMR
experiments conducted directly on the chromato-
graphic resolved elution fractions, and the detec-
tion limit is lowered to less than one microgram
of sample materials [14–16]. The power of LC–
NMR structural determination has been success-
fully demonstrated on examples of drug
metabolites [13–18], chemical impurities [19] and
components of natural product crude extracts
[20,21]. As it becomes commercially available,
LC–NMR starts to be widely used in pharmaceu-
tical industry. In practice, the results of LC–
NMR in combination with LC–ESI–MS and
LC–ESI–MS/MS analysis provide complemen-
tary information for rapid and unambiguous
structural determination.

2. Experimental

2.1. Materials

SCH 56592 [1], (− )-4-[4-[4-[4-[[(2R-cis)-5-(2,4-
difluorophenyl)-tetrahydro-5-(1H-1,2,4-triazol-1-
ylmethyl)-3-furanyl]methoxy]phenyl]-1-piperazin-
yl]phenyl]-2,4-dihydro-2-[(S)-1-ethyl-2(S)-hydro-
xypropyl]-3H-1,2,4-triazol-3-one, was provided by
the Chemical Development Group at SPRI. Two
grams of SCH 56592 were weighed into an Erlen-
meyer flask. The flask was covered with aluminum
foil and stored in an oven maintained at 150°C
for 12 days. The heat-stressed drug substance
became a brown chunky mass and was ground to
powder. In a similar manner, samples of the drug
substance were separately subjected to near UV
(UVA) fluorescent light (1×104 W h/m2) and
white (VIS) fluorescent light (7.6×106 lux-h) at
room temperature. The synthetic compound SCH
57306, provided by the Discovery Research
Group at SPRI, was generated by an oxidative
cleavage process when SCH 56588 [1] reacted with
excess chromium trioxide–pyridine complex in
acetone [22]. SCH 56588 is an epimer of SCH
56592 with an S configuration at position C18
instead of an R configuration.

2.2. HPLC method for the separation of SCH
56592 and its related compounds

HPLC grade solvents were used in HPLC, LC–
ESI–MS, and LC–ESI–MS/MS. Other reagents
used were of analytical grade. Analytical HPLC
was carried out using a reversed-phase chiral
column (250×4.6 mm i.d., 10 mm, Chiral Tech-
nologies, Exton, PA) on a Waters 600 HPLC
solvent delivery system (Waters, Milford, MA).
Separations were achieved by an acetonitrile/wa-
ter gradient at a flow rate of 0.75 ml/min. The
column temperature was maintained at 35°C and
the eluent was monitored at 254 nm. Semi-prepar-
ative HPLC was performed using a reversed-
phase C8 column (250×20 mm i.d., 5 �m, YMC
Company, Wilmington, NC) on a Rainin Dyna-
max Model SD-300 system. The mobile phase
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contained 40% tetrahydrofuran in water. HPLC
was carried out at a flow rate of 10 ml/min and
ambient temperature. Fifty milligram of the
stressed sample, dissolved in 1 ml of 80% acetoni-
trile and 20% water, was injected into the semi-
preparative column. The eluent was detected at
254 nm and collected at 15 ml per fraction. The
fractions were dried using a rotary evaporator
and reconstituted in 3 ml of acetonitrile. One
fraction was found to contain the four major
degradation products and therefore was subjected
to further analysis.

2.3. LC–ESI–MS and LC–ESI–MS/MS

The LC–ESI–MS and LC–ESI–MS/MS ex-
periments were performed on a Micromass Quat-
tro LC triple-quadrupole mass spectrometer
(Manchester, UK) with a Waters Alliance 2690
system (Milford, MA) using the reversed-phase
chiral column at room temperature. The water/
acetonitrile gradient started from 45 to 95% ace-
tonitrile in 25 min with 0.03% (v/v) trifluoroacetic
acid added to the mobile phase. The solvent flow
rate was at 1 ml/min and the flow was split post
column (19:1 split) with the larger portion going
to a Waters 2487 UV detector (Milford, MA)
monitored at 254 nm. The smaller portion was
introduced into the Micromass Quattro LC triple-
quadrupole mass spectrometer. The Quattro LC
system equipped with the electrospray source was
used with nitrogen as the desolvation gas. The
ESI voltage supplied to a stainless steel needle was
3600 V and the cone voltage was set at 10 V. The
desolvation chamber was held at 300°C and the
source block temperature was set at 100°C. The
mass spectrometric measurement was conducted
by scanning the first quadrupole mass analyzer.
For MS/MS experiments, the collision gas (Ar)
cell pressure was adjusted to 2.5×10−4 torr in
order to optimize the fragmentation of the se-
lected parent ions. The selected parent ions from
the first quadrupole mass analyzer were collided
with Ar in the second quadrupole with a collision
energy of 60 V and the resulted product ions were
obtained by scanning the third quadrupole mass
analyzer.

2.4. LC–NMR

LC–NMR was performed on a Varian LC–
NMR instrument (Varian Associates, Inc., Palo
Alto, CA) using a Model 9012 pump system, a
Model 9065 polychrome photo-diode array UV
detector, an INOVA 500 MHz NMR spectrome-
ter and a microflow LC–NMR probe. The probe
has 1H{13C} channels with pulsed-field gradient
along z axis. The active sample volume of the
probe was approximately 60 �l and the transfer
time from the UV cell to the active volume was
calibrated to be 14 s at a flow rate of 0.75 ml/min.
The HPLC separation was carried out using simi-
lar conditions as the analytical HPLC method
described in Section 2.1. OmniSolv® acetonitrile
(EM Science, NY) and D2O (99.9%, Cambridge
Isotope Laboratory, MA) were used as solvents.
An acetonitrile/D2O gradient was applied over 30
min. The column was kept at ambient tempera-
ture and the eluent was monitored via UV detec-
tion at 254 nm. Proton NMR experiments were
performed in ‘stop-flow’ mode, where the HPLC
flow was halted after the sample elution fraction
was transferred to the LC–NMR probe which
was equilibrated at 20°C. Pulse sequences WET
[23,24] and WETTOCSY [24] from the Standard
Varian Pulse Sequence Library were used. Double
solvent suppression was applied on the proton
resonances of water and acetonitrile. One-dimen-
sional (1D) proton NMR spectra were recorded
into 32 000 data points with a spectral width of
9500 Hz and 1.7 s of acquisition time. A total of
2000 transients were collected in approximately
1.5 h for each 1D proton spectrum. Two dimen-
sional (2D) proton-proton WETTOCSY spectra
were acquired using 96 scans per increment and
256 hypercomplex data points in t1 for a total
collection time of 17 h. The values for the spectral
width in both F1 and F2 dimensions were set to
be 8000 Hz, and the spin-lock time was 30 ms.

3. Results and discussion

The analytical HPLC chromatogram on the
SCH 56592 sample is shown in Fig. 1a. SCH
56592 is displayed as the major elution peak with
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a retention time of 22.3 min. At a magnified UV
absorption scale, minor impurity peaks are ob-
served across the elution process. The amount of
SCH 56592 in this sample was found to be 97.9%
by assaying against the SCH 56592 Reference
Standard (Table 1). Therefore, the impurity con-
tent in this synthetic sample was 2.1%. Three sets
of identical SCH 56592 samples were placed sepa-
rately under the stress conditions including the
prolonged exposure to visible light (30 days), UV
light (30 days), and heat (12 days). Fig. 1b–d
present the analytical HPLC chromatograms for
the corresponding stressed samples. The four
chromatograms (Fig. 1a–d) were recorded by in-
jecting equal amount (5 �g) of samples under the
same HPLC conditions. Compared with the con-
trol (Fig. 1a), several new peaks appeared in the

chromatograms of the stressed samples (Fig. 1b–
d), with the most intense signals being in the
region of 11–30 min. These new peaks also had
the same elution times in Fig. 1b–d. It indicated
that SCH 56592 underwent degradation, and the
degradation products were mainly the same under
the stress of visible light, UV light and heat. The
highest concentration of degradation products
was found in the heat-stressed sample (Fig. 1d).
The percentage of the HPLC peak area for A, B,
C, D, other unidentified components and SCH
56592 are presented in Table 1. Clearly, the rate
of SCH 56592 degradation appeared to be much
faster under heat-stressed condition than that
from exposure to light. Thus, the heat-stressed
sample was selected for further structural
investigation.

Fig. 1. HPLC–UV chromatograms of SCH 56592 (a), stressed SCH 56592 by visible light (b), UV light (c), heat (d) as well as the
partially purified mixture containing the major heat-stressed degradation products of SCH 56592 (e).
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Table 1
The estimation of SCH 56592 and its major degradation products and in the control and under stressed conditions

Ba CaConditions DaAa Otherb SCH 56592a SCH 56592c

�0.05 �0.05 �0.05Control �1.840.11 97.9 97.9
0.33 0.14Visible light 0.140.19 2.30 96.9 95.7
0.53 0.19 0.260.19 3.33UV light 95.5 93.9
8.67 6.09 2.90 14.41Heat, 150°C 66.21.73 46.1

a The percentage of peak area is computed using the peak area of SCH 56592 divided by the total area in the HPLC
chromatogram.

b The percentage of other unidentified components is calculated by substracting the sum of the t percent peak area of A, B, C,
D and SCH 56592 from 100%.

c The percentage of the SCH 56592 amount is assayed against SCH 56592 Reference Standard.

In order to facilitate the structural studies on
the degradation products that are present at less
than five percent of the major components, a
semi-preparative reversed-phase HPLC procedure
was employed to concentrate the minor decom-
posed compounds and remove the interference
from the major component SCH 56592. The elu-
tion fractions from the semi-preparative runs were
collected and examined using the analytical
HPLC method. One such fraction was found to
contain four major degradation peaks at retention
times of 13.0 min (D), 16.0 min (B), 19.5 min (C),
and 25.0 min (A) (Fig. 1e). In addition, the parent
drug substance SCH 56592 with a retention time
of 22.3 min was completely removed. The fact
that these four elution peaks are present in all
three stressed samples (Fig. 1b–d) suggests a gen-
eralized degradation pathway. Using the peak of
SCH 56592 as the reference standard, The
amount of A, B, C, D and SCH 56592 was
estimated by the percentage peak area in each
HPLC chromatogram and the results are reported
in Table 1. The amount of SCH 56592 was also
assayed against SCH 56592 reference standard.
Several other unidentified degradation products
were observed in the chromatograms. However,
except for the eluting peaks observed at 4.5 min
and 29.0 min with the corresponding peak areas
of 3.83 and 2.96% of the total, respectively, no
other peaks exceeded the peak area of the four
major degradation products A–D.

The structures of A, B, C and D were deter-
mined by LC–NMR and LC–MS, and they are
shown in Fig. 2. The 1D and 2D proton NMR

data for all of the chromatographic peaks were
collected using LC–NMR in ‘stop-flow’ mode at
20°C. The downfield aromatic regions between
6.5–8.3 ppm of the proton NMR spectra for SCH
56592, A, B, C and D are plotted in Fig. 3a–e,
labeled with their proton assignments. Since the
mobile phase in LC–NMR was composed of
acetonitrile and deuterated water, the solvent sup-
pression on protons from HOD and CH3

− group
was achieved through the modified WET sequence
[23,24]. Proton satellite peaks arising from
13CH3CN at natural abundance were collapsed
through 13C decoupling. Previously, the complete
proton resonances of SCH 56592 have been as-
signed through the analysis of 2D COSY,
HMQC, HMQC-TOCSY and HMBC experi-
ments (unpublished data). These assignments can
be transferred to the 1D spectrum of SCH 56592
(Fig. 3a) obtained by LC–NMR, despite of their
minor chemical shift change in the solvent of
acetonitrile/deuterium oxide. All of the proton
assignments were verified by the 2D proton-pro-
ton TOCSY experiments in this work, and are
listed in the following: H5��, � 8.24, s (singlet);
H16, � 7.97, s ; H3��, � 7.73, s ; H14, � 7.43, d
(doublet); H6�, � 7.32, m (multiplet); H13, � 7.13,
d ; H3�, � 7.02, m ; H8, � 7.00, d ; H5�, � 6.89, m ;
and H7, � 6.84, d. In total, there are three singlets
(H3��, H5�� and H16), four doublets (H7, H8, H13
and H14), and three multiplets (H3�, H5� and
H6�). Analysis of the chemical shift change in this
spectral region led to the structural elucidation of
the degradation products, which are described in
the following text and illustrated in Fig. 2b–e and
Fig. 3b–e.
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Fig. 2. The structures of SCH 56592 (a), the four major components A–D in the degradation products (b–e), and the model
compound SCH 57036 (f). The proposed pathway for the oxidative degradation of SCH 56592 is outlined by vertical arrows.
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LC–ESI–MS provides molecular weight infor-
mation for individual components in a mixture
sample under optimized electrospray conditions.
It was carried out on the degradation mixture of
SCH 56592 and a total ion chromatogram was
obtained (Fig. 4a). Clearly, four major compo-
nents A, B, C and D were observed along with
several other minor components. The mass spec-
trum for one of the components, D, is shown in
Fig. 4b. The protonated molecular ion of D was
located at m/z 415, which indicated that the
molecular weight of D was 414 Dalton (Da).

Similarly, the molecular weight values for compo-
nents A, B and C were determined to be 714, 730
and 702 Da, respectively. LC–ESI–MS/MS ex-
periments were then carried out on these molecu-
lar ions in order to obtain their fragmentation
patterns for structural analysis.

Comparing with the molecular weight 700 Da
of SCH 56592, the component B (730 Da), which
has an additional 30 mass units, may be the
oxidized product via the addition of two oxygen
atoms and the loss of two hydrogen atoms in the
molecule. The major product ions from the

Fig. 3. The overlay of the downfield region of the 1H NMR spectra for SCH 56592 (a) and its degradation components A–D (b–e).
The proton assignments are labeled according to the numbering scheme shown in Fig. 3a. In the spectrum of component A (b), the
proton assignments for the minor component are underlined.
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Fig. 4. The total ion chromatogram obtained from LC-ESI-MS on the partially purified mixture containing the major heat-stressed
degradation products (a), and the LC–ESI–MS spectrum of component D (b).

molecular ion were detected at m/z 685, 441, 372,
317 and 299, as shown in Fig. 5a. A weak product
ion was also found at m/z 703, which corre-
sponded to the loss of a −CO group from compo-
nent B. The product ion at m/z 685 was a result
of the loss of a CH3CHOH− group from the
molecular ion. Two major product ions at m/z
441 and 317 were observed, which is a crucial
evidence for the breakdown of the center piper-
azine ring, as depicted in the molecular structure
of B (Fig. 5a). The product ion at m/z 372 was
resulted from the ion at m/z 441 after the loss of
the triazole group (−C2H2N3), and the ion at m/z
299 can be readily formed from the ion at m/z 317
with the loss of H2O. Overall, these results indi-
cate that SCH 56592 is cleaved at the piperazine
ring in the center of the molecule. The formation
of NN �– formyl diamine was clearly observed in
the proton NMR spectrum. In Fig. 3c of compo-
nent B, two new singlets at � 8.29 and � 8.12
appeared, in addition to the three singlets H3��,
H5�� and H16 preserved from the parent com-
pound SCH 56592 (Fig. 3a). The singlet at � 8.12
seems to be the overlap of a new resonance with

H16, judging from the integral of this peak. The
two new singlets can be assigned to formyl pro-
tons H10 and H11. In order to verify the NMR
assignments, LC–NMR was carried out on a
model compound (SCH 57306) under the identical
HPLC conditions. SCH 57306 (Fig. 2f) is the
oxidative cleavage product of SCH 56588, an
epimer of SCH 56592. The chemical structure of
SCH 57306 have been established by extensive
NMR studies (unpublished results). Structures of
SCH 56588 and SCH 56592 are identical except
for a different chirality at the position C18 (Fig.
2a and f). Comparing the 1D spectra of SCH
57306, SCH 56592 and component B, the proton
resonance pattern of B is identical to that of SCH
57306 in the downfield expanded region and of
SCH 56592 in the aliphatic region. Thus the for-
myl protons H10 and H11 can be assigned based
on their chemical shifts in the standard compound
SCH 57306. And the structure of B is identified as
the epimer of SCH 57306 (Fig. 2f).

Component C (molecular weight 702 Da) corre-
sponded to a product of B (MW 731 Da) gener-
ated by the loss of a carbonyl group (−CO).
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Fig. 5. MS/MS product ion mass spectrum of the protonated molecular ions at m/z 731 (a), 703 (b) and 415 (c) for components B,
C and D, respectively.
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LC–ESI–MS/MS experiments on the protonated
molecular ion at m/z 703 yielded a strong product
ion at m/z 441 and a weak one at m/z 372 (Fig.
5b). In addition, the consecutive loss of H2O from
the parent molecular ion yielded the product ions
at m/z 685 and 667. Similar to component B, the
product ion at m/z 372 was generated from the
fragmentation of ions at m/z 441 via a loss of the
−C2H2N3 group. Therefore it is proposed the
formyl group at C11 in component B is absence in
C, which is consistent with the NMR data. In the
NMR spectrum of component C (Fig. 3d), a new
singlet was observed in addition to the three
singlets H3��, H5�� H16 (Fig. 3a and Fig. 3d).
Comparing with the singlets in Fig. 3c of compo-
nent B, this new singlet can be assigned to formyl
proton H10, but another formyl proton H11 in B
was not found. The disappearance of H11 sug-
gests that the deformylation occurred at C11. In
total, both MS and NMR analysis support the
structure of component C as shown in Fig. 2d.

The component D generated a protonated
molecular ion at m/z 415 by LC–ESI–MS, indi-
cating a breakdown of the SCH 56592 molecule.
The MS/MS product ion spectrum showed
product ions at m/z 127 and 150 (Fig. 5c). The
most intense product ion at m/z 127 was likely a
stable di-fluoro benzonium ion. The evidence
from NMR clearly points to the cleavage at the
covalent bond C10�–C11� (Fig. 3e). The presence
of the singlet resonances H5�� H10, and H3�� plus
the disappearance of H16, H13 and H14 strongly
support the structure shown in Fig. 2e for compo-
nent D.

For component A, the molecular ion was found
to be a homogenous peak and the molecular
weight was determined to be 714 Da from LC–
ESI–MS analysis. The MS/MS data exhibited
very limited product ions for structural character-
ization (data not shown). The mass unit of com-
pound A was 14 mass units more than SCH
56592, which suggests that one oxygen atom is
added with the removal of two hydrogen atoms
on SCH 56592. Interestingly, comparing the
NMR spectra of component A (Fig. 3b) and SCH
56592 (Fig. 3a), the numbers of the singlets and
doublets in A are doubled (a major and a minor
set), indicating the presence of two compounds.

The purity of each HPLC peak fraction can also
be estimated by the convergence of its UV absorp-
tion profiles across the elution peak of interest,
assuming the retention times and peak shapes are
not identical for all components. The UV absorp-
tion profile is collected at every elution time point
by the polychrome detector and readily available
after each HPLC run. Fig. 6a shows the expan-
sion of the HPLC chromatogram covering peaks
for components C and A. Six points are marked
before and after the peak apexes (Fig. 6a) and
their UV absorption profiles are displayed in Fig.
6b. The profiles at points 1 (located at the first
half of peak C) and 2 (located at the second half
of peak C) form an indiscernible bundle. Whereas
those taken at the first half of peak A (points 3
and 4) seem to be characteristically different from

Fig. 6. The expansion of the HPLC chromatogram containing
the elution of components C and A (a). The UV absorption
scanning profiles from 210 to 330 nm are shown in (b) for
elution time points 1–6 in (a).
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Fig. 7. The aromatic region of the 2D proton-proton TOCSY spectrum collected on component A in stop-flow mode. The cross
peaks arising from the minor component in A are underlined.

the ones at the second half of peak A (points 5
and 6). Furthermore, the absorption maxim was
found to be 226.7 nm for points 3 and 4, but it
was 230.7 nm for points 5 and 6. These absorp-
tion data suggest that peak C was composed of a
pure component and peak A contained more than
one component. In order to confirm this point,
2D proton-proton TOCSY data was recorded on
the elution peak A using LC–NMR in the stop-
flow mode, and the aromatic spectral region is
plotted in Fig. 7. In this TOCSY spectrum, five
cross peaks were observed, of which two sets for
H13–H14 and H7–H8 correlation, respectively.
The cross peaks arising from the minor conforma-
tion are underlined in Fig. 7. In addition, their
chemical shifts were consistent with the fact that a
tertiary amine was converted to a secondary
amide group. In the major component, the chemi-
cal shifts of H13 and H14 (7.13 and 7.43 ppm)
were shifted downfield (7.46 and 7.66 ppm) while

H7 and H8 remained. In the minor component,
H13 and H14 remained, while H7 and H8 (6.86
and 6.98 ppm) were shifted downfield (6.94 and
7.23 ppm). These shifts were consistent with the
oxidation occurring at position C11 in the major
form and position C10 in the minor form.
Combining these analyses, component A is con-
sisted of two structural isomers and their struc-
tures are presented in Fig. 2b.

The formation of formyl analogs from sec-
ondary and tertiary amines has previously been
reported in the literature [22,25]. For example, the
oxidation of substituted ethylenediamines in the
presence of manganese dioxide gives N-formyl
compounds [22]. Based on the stable structures
determined from this study, we propose the oxida-
tive degradation pathway of SCH 56592 as fol-
lows. The air oxidation of SCH 56592 initially
yields a mixture of oxidation products at C10 or
C11 positions, represented by the two structures
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in component A (Fig. 2b). Further oxidation at
both C10 and C11 leads to the formation of N
N �–diformyl structure in B (Fig. 2c). Deformyla-
tion of B forms C with one N-formyl group
remained and one secondary amine (Fig. 2d).
Subsequent oxidative cleavage causes the break-
down of the structure C into D (Fig. 2e). Since
there are other minor peaks existing in the HPLC
elution of the stressed drug substance (Fig. 1b–d)
that are not identified in this study, other degra-
dation products may be present. However, the
proposed oxidative degradation pathway is be-
lieved to be the dominant one for the three stress
conditions studied, and it provides the basis for
further stability evaluation of this novel antifun-
gal agent.

4. Conclusions

This work demonstrates the practical utility of
LC–NMR, LC–ESI–MS and LC–ESI–MS/MS
in the efficient structural elucidation of the novel
degradation products of bulk drug substance
SCH 56592. In general, at this stage of the stabil-
ity investigation, many analogs of the drug
molecule are available as model compounds for
structural studies. Online combination of these
analytical tools (HPLC, NMR and MS) brings
superior efficiency to their uncoupled use in the
identification and structural determination of in-
dividual chemical components in the complex
mixtures. The feasibility of physically linking
these systems, such as LC–NMR–MS, where
high field NMR and electrospray MS spectrome-
ters are connected parallel after the HPLC system,
has been successfully demonstrated in the struc-
tural analysis of chemical mixtures and metabo-
lites in biological fluids [26–29]. As the
commercial systems become available, LC–
NMR–MS will be increasingly popular in the
areas where the sample amount and purity present
a challenge.
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