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Abstract

A rapid and systematic strategy based on liquid chromatography—mass spectrometry (LC-MS) profiling and liquid
chromatography—tandem mass spectrometry (LC-MS-MS) substructural techniques was utilized to elucidate the degra-
dation products of paclitaxel, the active ingredient in Taxol. This strategy integrates, in a single instrumental approach,
analytical HPLC, UV detection, full-scan electrospray MS, and MS-MS to rapidly and accurately elucidate structures of
impurities and degradants. In these studies, degradants induced by acid, base, peroxide, and light were profiled using
LC-MS and LC-MS-MS methodologies resulting in an LC-MS degradant database which includes information on
molecular structures, chromatographic behavior, molecular mass, and MS—-MS substructural information. The stressing
conditions which may cause drug degradation are utilized to validate the analytical monitoring methods and serve as
predictive tools for future formulation and packaging studies. Degradation products formed upon exposure to basic
conditions included baccatin III, paclitaxel sidechain methyl ester, 10-deacetylpaclitaxel, and 7-epipaclitaxel. Degradation
products formed upon exposure to acidic conditions included 10-deacetylpaclitaxel and the oxetane ring opened product.
Treatment with hydrogen peroxide produced only 10-deacetylpaclitaxel. Exposure to high intensity light produced a number
of degradants. The most abundant photodegradant of paclitaxel corresponded to an isomer which contains a C3—C11 bridge.
These methodologies are applicable at any stage of the drug product cycle from discovery through development. This library
of paclitaxel degradants provides a foundation for future development work regarding product monitoring, as well as use as a
diagnostic tool for new degradation products. © 1997 Elsevier Science BV.
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1. Introduction

Paclitaxel, known commonly as taxol, is a member
of the taxane family of natural products and is
currently used in the treatment of ovarian and breast
tumors [1]. Paclitaxel and other related taxanes are
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extracted from the bark and leaves of various species
of the Taxus family [2—6]. The low concentration of
paclitaxel in yew trees, approximately 0.01% in dry
bark, presented many challenges during the pharma-
ceutical development process [7,8]. Detailed studies
conducted in our laboratory involving HPLC profiles
of extracts and process intermediates from Taxus
brevifoliia and T. baccata biomass indicated the
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presence of many related taxane compounds for
which identification was desirable. To rapidly facili-
tate this goal as well as to provide detailed structural
information about the trace level impurities observed
in the bulk drug substance, we developed LC-MS
and LC-MS-MS strategies based on previous meth-
ods for the rapid and systematic elucidation of drug
metabolites in physiological fluids and natural prod-
ucts in crude extracts [7-10]. Analyses combined
optimized HPLC separation conditions on-line with
an electrospray MS interface to obtain molecular
mass information from the full scan mass spectra
(LC-MS) and structural information from the tan-
dem mass spectra (LC-MS-MS). Using these meth-
odologies, structural and substructural data for trace
taxane components in mixtures were obtained rapidly
and systematically without prior fractionation. In
addition, chromatographic resolution of co-eluting or
unresolved components was not required to obtain
product ion data for structural analysis, due to the
mass resolving capability of mass spectrometry. As a
result, an analytical database of over 50 taxanes has
been compiled from the studies of natural extracts
for taxanes in preparations from Taxus brevifolia and
Taxus baccata and includes: chromatographic
characteristics using a standard HPLC system, mo-
lecular mass, and collision induced dissociation (cid)
tandem mass spectrometry (MS-MS) product ion
spectra [7,8].

During the course of drug development, the bulk
drug and drug formulation are studied under different
stress conditions such as temperature, acid, base,
oxidizing conditions, and light. The stressing con-
ditions which may cause drug degradation are uti-
lized to validate the analytical monitoring methods
and serve as predictive tools for future formulation
and packaging studies [11]. Traditional methods
involving process scale-up, isolation, and purification
of trace components such as degradants and im-
purities are expensive and time-consuming. There-
fore, the use of methods such as LC-MS profiling
which permit the rapid cataloguing and identification
of potential degradants are attractive alternatives and
serve to decrease the drug product development
cycle time.

In addition to previously described studies [7,8]
involving the identification of taxanes related to
paclitaxel in natural and process related extracts

using LC-MS and LC-MS-MS methodologies, our
laboratories have also been involved in degradation
studies of bulk paclitaxel. The previously described
methodologies and resulting database proved to be
extremely useful during the development process of
paclitaxel and were applied to rapidly characterize
degradation products of paclitaxel. In this paper, the
profile information obtained during forced degra-
dation studies of paclitaxel will be discussed. These
degradation studies were carried out in acidic, basic,
high intensity light, as well as exposure to oxidizing
(peroxide) conditions to gain an assessment of
stability and potential degradants which may be
encountered during the pharmaceutical development
process of paclitaxel.

2. Experimental
2.1. Chromatography

The HPLC system consisted of a Perkin Elmer
Series 410 pump (Norwalk, CT, USA) coupled to a
Perkin Elmer LC-235 diode array detector. UV
spectra and chromatograms (230 nm) were also
obtained. A modified version of an assay for pa-
clitaxel was used and consisted of a pentafluoro-
phenyl reversed-phase column (4.0 mmX250 mm, 5
pm, ES Industries, Marlton, NJ, USA) with a mobile
phase of 65:35 buffer (2 mM ammonium acetate, pH
6.9): acetonitrile held isocratic for 26 min followed
by a 25 min linear gradient to 20:80 (buffer—acetoni-
trile) at a flow-rate of 2.0 ml/min [12]. Typically, 25
pl of sample were injected with a Model 7125
Rheodyne injector (Cotati, CA, USA).

2.2. Degradation protocols

Degradation samples were prepared from a stock
solution of paclitaxel (2 mg/ml in acidified metha-
nol, pH 5.5). Base degradation was performed by
incubating 1.0 ml of paclitaxel stock solution with
0.1 ml of aqueous Na,CO, (0.05 M) for 10 min to
produce a pH 8 solution, followed by re-establish-
ment of pH 5.5 by addition of 1-2 pl of concen-
trated HCl. Acid degradation was performed by
incubating 2.0 ml of paclitaxel stock solution with
0.8 ml of aqueous HCl (24 M) for 240 min,
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followed by the addition of 0.38 ml of concentrated
ammonium hydroxide to re-establish a pH 5.5 solu-
tion. Oxidative degradation was performed by incu-
bation of 1.0 ml of paclitaxel stock solution diluted
with 3 ml of 30% hydrogen peroxide to a con-
centration of 0.5 mg/ml. The formation of a white
precipitate was observed since paclitaxel has limited
solubility in aqueous solutions. Light degradation
was performed by exposing bulk paclitaxel to 1000
foot candle white light for 92 days. A different lot of
bulk paclitaxel was used in the light degradation
studies than for acid, base, and oxidative degradation
studies.

2.3. Electrospray mass spectrometry

A PE-SCIEX (Concorde, Canada) API III triple
quadrupole mass spectrometer equipped with an
ionspray (pneumatically assisted electrospray) inter-
face was used on-line with the HPLC system and UV
detector described above. Since the ionspray inter-
face operates most effectively at flows less than 200
pl/min, the eluent from the UV detector was split
approximately 1:20 prior to the interface. The split
ratio was regulated by adjusting the length of the
restriction line (fused-silica capillary with 50 pm
LD. and 160 pm O.D.). LC-MS experiments were
performed while scanning from m/z 250 to 1300 at a
scan rate of 2 s/scan. For LC—-MS-MS substructural
studies, the parent ions were selected in the first
quadrupole mass analyzer and transmitted into the
second quadrupole (collision cell) with a collision
energy of 50 eV and argon collision gas thickness of
400%X10'? atoms/cm’. The final mass analyzer was
scanned from m/z 50 to an m/z value approximately
20 Da higher than the parent (M+NH,)” ion to
record the product ions.

3. Results and discussion
3.1. Base degradation

Due to the high sensitivity of mass spectrometry,
implementation of LC-MS profiling methods was
found to be particularly advantageous for the rapid
characterization of impurities and low level degrad-
ants. The chromatographic method used in these and

other paclitaxel profiling studies provided good
resolution and reproducible relative retention (RRT,
relative to paclitaxel) times using standardized
HPLC conditions [7,8]). This has resulted in the
development of a taxane database containing chro-
matographic and structural information about related
taxanes, impurities, and degradants and the ability to
transfer data to collaborating laboratories. In addi-
tion, the reverse phase HPLC conditions also pro-
vided a general measure of lipophilicity of each
compound, useful for interpretation of substructural
differences between related taxanes.

The structure of paclitaxel shown in Fig. 1 illus-
trates the ester attachment of the paclitaxel sidechain
to the tricyclic (baccatin) core as well as the various
sites of acetylation on the diterpene core. Fig. 2
illustrates the HPLC-UV chromatogram of bulk
paclitaxel used in these degradation studies. Several
low level impurities are observed in bulk paclitaxel.
Since paclitaxel is a natural product, it is not
surprising that trace level impurities are carried
through the large scale purification process. The
identification of these low level taxanes has been the
subject of separate papers [7,8]. As shown in Fig. 3,
dissolution of paclitaxel in basic aqueous/methanolic
solutions results in the rapid formation of several
degradants. Three early eluting degradants and a
single late eluting degradant are formed upon expo-
sure of paclitaxel to basic conditions. The elution
order of the three early eluting degradants indicates
they are less lipophilic than paclitaxel. Based on the

Fig. 1. Structure of paclitaxel.
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6 1.54

Fig. 2. HPLC chromatogram (230 nm) of pacli
achieved using a ES Industries pentafluoropheny

of 65:35 buffer (2 mM ammonium acetate, pH 6.9)—acetonitrile held isocrati

buffer—acetonitrile over 25 min at a flow-rate of 2.0 mi/ min.

structure of paclitaxel (Fig. 1), a favorable chemical
process with basic conditions would involve hy-
drolysis of the ester linkages. In fact, information
obtained on-line during LC-MS profile studies of the
base induced degradants indicates molecular masses
consistent with the hydrolyzed sidechain and core.
The electrospray LC-MS interface utilized in
these studies is an extremely soft ionization process

20 28,38

taxol

2 35,43
3 37.08
24 37.71

taxel bulk drug lot used in degradation studies. Full scale is 0.05 absorbance units. Separation
1 reverse phase column (4.0 mmX250 mmX5 pm, 60 A, ES Industries) with a mobile phase

ic for 26 min, followed by 2 linear gradient to 20:80

and produces primarily pseudo-molecular ions such
as (MH)" or (M+NH,)" ions, providing definitive
molecular mass information. Due to the lack of
either an acidic or basic functional group, taxanes
generally produce ammoniated molecular ions
(M+NH,)” when ammonium jons are present in the
mobile phase. The LC-MS mass chromatograms
corresponding to the ammoniated molecular ions of
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Fig. 3. HPLC chromatogram (230 nm) of base-induced degradants of paclitaxel.

paclitaxel and its base-induced degradants are shown
in Fig. 4. The difference between the molecular mass
of paclitaxel and the degradant is indicative of the
substructural differences between the compounds.
For example, comparison of the molecular mass
difference between paclitaxel (MW 853) and the
degradant at 12.2 min (MW 811) demonstrates a
molecular mass difference of 42 Da, which is
commonly indicative of an acetyl substructure in

taxanes. The observed molecular masses of the
degradants are consistent with the methyl ester of the
paclitaxel side chain, baccatin III (paclitaxel core),
deacetylated paclitaxel, and an isomer of paclitaxel.

When dealing with complex mixtures, the pro-
duction of only molecular ions is an ideal situation
for molecular mass confirmation. Unfortunately, the
lack of fragmentation information in the full scan
mass spectrum is detrimental from the structure
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Fig. 4. LC-MS mass chromatograms (extracted ion current profiles) of paclitaxel treated with sodium carbonate for 10 min, at the m/z ratio
of their (M+NH,)” ions, in the degraded sample shown in Fig. 3. The m/z ratio of the mass chromatograms plotted are shown at the left of
each trace.

elucidation perspective. However, when electrospray component can be obtained [7-10,13—15]. In these
ionization is coupled on-line with a tandem mass studies, we relied heavily on these unique taxane
spectrometer, detailed structural information for each fragmentation patterns and our previous taxane data-
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base to assist in the structural determination of the
degradation products. In addition to chromatographic
retention characteristics and molecular mass infor-
mation, structures of degradants were proposed
based on the comparison of their fragmentation
patterns to those of paclitaxel and other well char-
acterized taxanes which were used as substructural
templates. Interpretation of the structures of un-
known degradants proceeded by the association of
specific product ions and neutral losses with specific
substructures. This MS—~MS comparative method is
based on the premise that the targeted degradants
would be expected to retain much of the original
paclitaxel structure such as the taxane core substruc-
ture. Therefore, paclitaxel-related degradants would
be expected to undergo similar fragmentations to
paclitaxel and other taxane standards. Common MS—
MS product ions and neutral losses observed in
paclitaxel and the unknown taxanes were evidence
for common substructures and differences were
indicative of variance in those substructures.

Fig. 5A illustrates the MS-MS product ion
spectrum of the base induced degradant at m/z 829
(M+NH;). Fig. 5B illustrates the product ion
spectrum of paclitaxel at m/z 871 (M+NH).
Comparison of the fragmentation template of pa-
clitaxel to that of the product ion spectrum of the
degradant indicates a great deal of similarity. Diag-
nostic product ions indicative of the paclitaxel side
chain at m/z 286, 268, and 240 are present in both
spectra indicating the structural difference in the
degradant is not located on the side chain. However,
a key product ion at m/z 569 indicative of the
paclitaxel core is noticeably absent in the product ion
spectrum of the degradant. Instead, a product ion at
m/z 527 is observed. This 42 Da mass difference is
due to deacetylation in the degradant. Based on this
structural information as well as molecular mass and
chromatographic retention information, the degradant
was assigned as 10-deacetyl paclitaxel.

During the development of paclitaxel and our
studies involving the identification of taxanes related
to paclitaxel in natural and process related extracts,
we noticed a consistent pattern of two isobaric
components producing two distinct chromatographic
peaks in the mass chromatograms of Taxus extracts
{7.8]. This pattern was the result of epimerization of
paclitaxel analogs at the 7-position. The later eluting

isomer had the 7-B-configuration and their identities,
in several cases, were confirmed using synthesized or
isolated standards. The formation of these epimers
was also found to be pH dependent. At neutral pH
and above, epimerization was favored. With these
previous insights, the late eluting paclitaxel isomer
observed in the base degradation study, can be
assigned as 7-epipaclitaxel. This same diagnostic
comparative process was used to identify the other
base-induced degradants as the methyl ester of the
side chain and baccatin III. Formation of the methyl
ester of the side chain resulted from esterification
with methanol present in the sample diluent. Fig. 6
summarizes the base degradation pathway deter-
mined for paclitaxel.

3.2. Acidic conditions

Fig. 7 illustrates the HPLC-UV chromatogram of
bulk paclitaxel incubated in an aqueous/methanolic
solution of HCl for 240 min. The two primary
degradation products elute prior to paclitaxel, in-
dicating their polar characteristics versus paclitaxel.
The earlier eluting degradant at 13.0 min has the
same relative retention time and molecular mass as
10-deacetylpaclitaxel. Apparently, the acetate group
at the 10-position is fairly labile as evidenced by the
presence of 10-deacetylpaclitaxel in bulk paclitaxel,
base-degraded paclitaxel, and acid degraded paclitax-
el. The molecular mass of the later eluting, 19.1 min
degradant, was determined to be 871 Da. This
molecular mass difference corresponds to an 18 Da
increase relative to paclitaxel. Examination of the
product ion spectrum of this degradant shown in Fig.
8A indicates the diagnostic product ions indicative of
the paclitaxel side chain at m/z 286, 268, and 240
are present indicating the structural difference in the
degradant is not located on the side chain. Product
ions characteristic of the core were observed at m/z
587 and m/z 527, indicative of the 18 Da increase. In
addition, the typical core ions observed for paclitaxel
at m/z 569 and m/z 509 are also present resulting
from loss of water. Based on the structure of
paclitaxel (Fig. 1), a chemical process with acidic
conditions would involve the addition of water (18
Da) to the paclitaxel core, possibly opening of the
oxetane ring. This information coupled with pre-
liminary NMR data led to the proposal of an oxetane
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template for structural analysis of related taxanes.
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Fig. 6. Base-induced degradation pathway of paclitaxel determined by LC-MS profiling.

ring opened product which also suggested migration
of the C-4 acetyl group to the oxetane oxygen. The
proposed degradant was synthesized (BMS-190301).
Comparison of the chromatographic and spectro-
scopic profile of BMS-190301 (Fig. 8B) to the
chromatographic and spectroscopic profile of the
acid degradant of paclitaxel indicated an exact
match. Based on the minimal degradation observed
with the relatively harsh acidic conditions, paclitaxel
appears to be quite stable in an acidic environment.

3.3. Oxidizing conditions

Fig. 9 illustrates the HPLC-UV chromatogram of
bulk paclitaxel incubated in an aqueous solution of
hydrogen peroxide. Only a single minor degradant
was observed eluting prior to paclitaxel. This degrad-
ant at 13.0 min has the same relative retention time
and molecular mass as 10-deacetylpaclitaxel previ-

ously observed in the acid and based degraded
samples. The lower UV response is due to the
protocol used for dissolution and incubation of
paclitaxel in an aqueous solution of hydrogen perox-
ide and resulted in less paclitaxel injected on-column
compared to the acid and base degradation studies.
Based on the minimal degradation observed with
these oxidizing conditions, paclitaxel also appears to
be relatively stable in an oxidizing environment.

3.4. Exposure to high intensity light

Fig. 10 illustrates the HPLC-UV chromatogram
of bulk paclitaxel exposed to 1000 FC white light for
92 days. A number of light induced degradants were
observed. From a stability perspective, the largest
and most interesting degradant corresponded to the
14.8 min peak which had a molecular mass identical
to paclitaxel (MW 853). Other lower level photo-
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Fig. 7. HPLC chromatogram (230 nm) of the acid induced degradants of paclitaxel. Separation conditions described in Fig. 2.

degradants observed in this profile included a second
early eluting paclitaxel isomer at 9.9 min, and three
isomers of paclitaxel minus a core carbonyl at
retention times of 27.8, 30.2, and 36.4 min. The
product ion spectra of each of the photodegradants
observed indicated a modification of the paclitaxel
core. The MS—MS product ion spectrum of the 14.8
min paclitaxel isomer is shown in Fig. 11. Examina-
tion of the product ion spectrum of this primary
photodegradant indicates the same diagnostic product
ions indicative of the paclitaxel side chain at m/z

286, 268, and 240 are present. In addition, the
product ion at m/z 509, indicative of the
deacetylated core, is also present. The absence of the
product ion at m/z 569 indicates facile loss of a
single molecule of acetic acid is favored for this
paclitaxel isomer. This is also consistent with the
observation of a new product ion at m/z 794
corresponding to loss of acetic acid from the proton-
ated molecule. In addition, a new product ion at m/z
467 is observed and possibly resulting from consecu-
tive loss of ketene (CH,CO) from the m/z 509
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Separation conditions described in Fig. 2.

product ion. The changes in the product ion spectrum
of this photodegradant relative to product ion spec-
trum of paclitaxel suggested a structural difference
(rearrangement) near an acetate on the core of this
particular photodegradant. Small amounts of this
photodegradant were isolated and characterized by
proton NMR which indicated the C3-C11 bridge
shown in Fig. 11 [16]. The susceptibility of taxanes
to skeletal rearrangements via radical intermediates
has been well documented [16—18]. This knowledge
coupled with the complexity of the possible free
radical initiated rearrangement products and the lack
of carbon—carbon bond cleavage throughout the

paclitaxel core in the product ion spectra made
structure proposals difficult for most photodegrad-
ants. Due to the large number of potential free
radical rearrangement products which may be
formed, additional complementary NMR spectro-
scopic studies are planned to fully elucidate several
of the other photolysis products. However, a sum-
mary of all degradation products, including major
photolysis products, observed in the in these LC-MS
profile studies are tabulated in Table 1. Based on the
light induced degradation profile, paclitaxel appears
to be susceptible to a variety of photolytic reactions.
As a result, this database serves as a valuable library
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Fig. 10. HPLC chromatogram (230 nm) of bulk paclitaxel exposed to 1000 FC white light for 92 days.

to reference any new degradants observed in long-
term storage stability samples or new process im-
purities.

4. Conclusions

The high sensitivity of mass spectrometry is
particularly advantageous for application to samples
which contain trace impurities and degradants, a
situation frequently encountered in pharmaceutical
discovery and development research. A strategy
involving the use of LC-MS profiling and LC-MS-
MS substructural analysis has been shown to be
capable of providing a highly sensitive and specific
method for rapidly obtaining molecular mass and

structural information about low level impurities and
degradants.

Degradation products were elucidated on the basis
of their chromatographic relative retention times
using standardized HPLC conditions, molecular mass
information obtained from the full scan mass spec-
trum acquired during LC-MS profiling, and the
product ion spectrum acquired during LC-MS-MS
substructure analysis studies. Degradation products
formed upon exposure to basic conditions included
baccatin III, paclitaxel sidechain methyl ester, 10-
deacetylpaclitaxel, and 7-epipaclitaxel. Degradation
products formed upon exposure to acidic conditions
included 10-deacetyl paclitaxel and the oxetane ring
opened product. Treatment with hydrogen peroxide
produced only 10-deacetylpaclitaxel. Exposure to
high intensity light produced a number of degrad-
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ants. The most abundant photodegradant of paclitax-
el corresponded to an isomer which contains a C3-
C11 bridge. Other lower level photodegradants ob-
served in this profile included a second early eluting
paclitaxel isomer and three isomers of paclitaxel
minus a core carbonyl. Based on these studies, an
LC-MS degradant database, including information
on molecular structures, chromatographic behavior,
molecular mass, and substructure-specific MS—-MS
product ions of the components has been developed
and added to the impurity database.

mz

14.8 min at m/z 871 (M+NH,)".

LC-MS and LC-MS-MS techniques can be used
to facilitate the rapid analysis of samples based on
the integration of bench-scale mixture analysis meth-
odology (scale-up, fractionation and individual
spectroscopic analysis) into one on-line instrumental
technique. Using this methodology, detailed structur-
al information is typically obtained for potential
degradants in less than one day. Most importantly,
these predictive studies will provide a foundation for
future work involving the analysis of new paclitaxel
degradation products.
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Table 1
Paclitaxel degradant database

RT |RRT|MW Name — Siructure Sample Source
39 |0.14 |313 sidechain base
methyl ester
46 |[0.16 |586 baccatin Il impurity
base
99 |0.35 |853 paciitaxel light
isomer
paclitaxei base
acid
peroxide
14.8 |0.52 | 853 paclitaxel light
isomer
(C3-C11
bridge)
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Table 1. Continued

19.2 [0.67 | 871 | oxetane ring acid
opened

27.8 |0.97 | 825 paclitaxel unknown light
minus CO

286 |1.0 [853 paclitaxel bulk drug

30.2 |1.06 [ 825 paclitaxel unknown light
minus CO

36.4 [1.27 | 825 paclitaxel unknown light
minus CO

37.8 853 7-epi base
paclitaxel

Vincent Warren. Bernard Floor and John Woolever
contributed to development of the chromatographic
method.

References

[1] M. Suffness, G.A. Cordell, in: A. Brossi (Ed.), The Al-
kaloids. Chemistry and Pharmacology, Vol. 35, Academic
Press, New York, 1985, p. 3.

{2] M.C. Wani, HL. Taylor, M.E. Wall, P. Coggon, A.T.
McPhail, J. Am. Chem. Soc. 93 (1971) 2325.

[3] S. Blechert, in: A. Brossi (Ed.), The Alkaloids. Chemistry
and Pharmacology, Vol. 39, Academic Press, New York,
1990, p. 135.

[4] D.G.I. Kingston, Pharmacol. Ther. 52 (1991) 1.

[5]1 N.Vidensek, P. Lim, A. Comppbell, C. Carlson, J. Nat. Prod.
53 (1990) 1609.

[6] P.A. Wender, Th.P. Mucciaro, J. Am. Chem. Soc. 114 (1992)
5878.

[7]1 E.H. Kemns, K.J. Volk, S.E. Hill, M.S. Lee, J. Nat. Prod. 57
(1994) 1391.



K.J. Volk et al. | J. Chromatogr. B 696 (1997) 99—115 115

{8] E.H. Kerns, K.J. Volk, S.E. Hill, M.S. Lee, Rapid Commun.
Mass Spectrom. 9 (1995) 1539.

[9] M.S. Lee, D.J. Hook, E.H. Kerns, K.J. Volk, LE. Rosenberg,
Biol. Mass Spectrom. 22 (1993) 84.

[10] K. Yeleswaram, K.J. Volk, R.A. Rourick, J.D. Catt, RJ.
Mattson, K.B. McGoff, J.O. Knipe, Res. Commun. Molec.
Pathol. Pharmacol. 89 (1995) 27.

[11] X. Qin, D.P. Ip, K.H. Chang, P.M. Dradransky, M.A. Brooks,
T. Sakuma, J. Pharm. Biomed. Anal. 12 (1994) 221.

{12} S.J. Richheimer, D.M. Tinnermeier, D.W. Trimmons, Anal.
Chem. 64 (1992) 2323.

[13] F. Bitsch, C.H.L. Shackleton, W. Ma, G. Park, M. Nieder,
Rapid Commun. Mass Spectrom. 7 (1993) 891.

[14] A. Ranasinghe, J. Sweatlock, R.J. Cooks, J. Nat. Prod. 56
(1993) 552.

[15] F. Bitsch, W. Ma, F. MacDonald, M. Neider, C.H. Shac-
kleton, J. Chromatogr. 615 (1993) 273.

[16] S.H. Chen, CM. Combs, S.E. Hill, V. Farina, TW. Doyle,
Tetrahedron Lett. 33 (1992) 7679.

[17] S.H. Chen, S. Huang, J. Kant, C. Fairchild, J. Wei, V. Farina,
J. Org. Chem. 58 (1993) 5028.

[18] S.H. Chen, S. Huang, Q. Gao, J. Golik, V. Farina, J. Org.
Chem. 59 (1994) 1475.



