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Fast atom bombardment mass spectrometry (FABMS) of several taxanes and 11(15 Ç 1)abeo-taxanes having a
4(20)-exocyclic methylene group or oxetane ring was studied in detail using collision-induced dissociation (CID) of
their [M + Li ]‘, [M + Na ]‘ and ions. The results indicate that FAB followed by MS/MS is a[M + NH

4
]‘

valuable tool for the identiÐcation of functional groups in taxanes and to some extent the type of taxane under
investigation. The presence of hydroxy groups in the molecule is best conÐrmed by examining the CID of the

adduct ions. The 11(15 Ç 1)abeo-taxanes are characterized by elimination of the hydroxy-[M + NH
4

]‘
isopropylidene group with an acetoxy or benzoyloxy group. 1997 by John Wiley & Sons, Ltd.(
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INTRODUCTION

More than 100 new compounds have been added to the
taxane diterpenoid family1 since the discovery of the
anticancer activity of the natural product paclitaxel
(also known as taxol (Bristol-Myers Squibb) in the
literature).2 Because of the potential usefulness of
taxanes in the partial synthesis of paclitaxel and its ana-
logues and the potential clinical activity of these ana-
logues,3,4 investigations will continue and more taxoids
will be isolated. Their structural elucidation is now
carried out with the help of mass spectrometry (MS),
various multi-dimensional NMR techniques and x-ray
crystallography.5 The last two techniques are often time
consuming. For rapid screening procedures, MS/MS
has been used successfully.6 Detailed mass spectral
studies of paclitaxel have also been reported.7 However,
there has been no comprehensive study of the mass
spectra of various taxanes.

In connection with our work on the isolation of
natural analogues of paclitaxel from the Himalayan
yew, T axus wallichiana, we have isolated several normal
taxanes and abeo-taxanes containing the oxetane ring
or the exocyclic methylene group (1È14). This paper
summarizes their mass spectral behaviour studied by
fast atom bombardment (FAB) MS followed by
collision-induced dissociation (CID) of their
[M ] Li]`, [M] Na]` and ions.[M] NH4]`

EXPERIMENTAL

The taxanes 1È14 were isolated from the Himalayan
yew, T axus wallichiana. The FAB matrix m-nitrobenzyl

* Correspondence to : K. P. Madhusudanan.
¤ CIMAP Communication No. 96-26J.

alcohol (NBA) was obtained from Janssen Chimica
(Belgium). FAB mass spectra were recorded on a Jeol
SX-102/DA-6000 double-focusing (reverse geometry)
mass spectrometer (10 kV accelerating potential) using a
6 kV xenon beam (10 mA), with NBA as the matrix.
LiCl-, NaCl- and NBA gave the cor-NH4Cl-saturated
responding [M ] Cat]` ions. For FAB measurements
1 ll of a chloroform solution of the taxane (1 mg in 0.1
ml) was mixed on the probe tip with 1 ll of the matrix.

The CID spectra were recorded on the same instru-
ment using linked scans at constant B/E and the mass
analysed ion kinetic energy (MIKE) technique.8 Linked
scans were also carried out to obtain neutral mass-loss
(at constant and precursor ion (at con-B/E(1 [ E/E0)")stant B2/E) spectra. All the linked scan and CID MIKE
spectra reported here were recorded with helium in the
collision cell. The pressure of helium (in the Ðrst Ðeld-
free region collision cell for linked scans and in the
second Ðeld-free region collision cell for CID MIKE)
was adjusted so that the parent ion signal was reduced
by 50%. Each linked scan and CID MIKE spectrum
reported here is an average of 3È6 scans.

RESULTS AND DISCUSSION

The FAB mass spectra of the taxanes 1È14 invariably
showed [M] Na]` ions, probably resulting from the
salt impurities introduced during their isolation from
the natural sources. As a result, the normal FAB mass
spectra contained peaks corresponding to fragment ions
arising from [M ] H]` and [M] Na]` ions. Cationi-
zation with Li`, Na` and resulted in abundantNH4`[M ] Cat]` ions. In order to avoid any ambiguity in
the assignment of fragmentation pathways, the CID
spectra of the cation adducts were recorded using B/E
linked scanning (B/E\ constant) or the MIKE tech-
nique.
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The taxanes 1È14 consist of four groups, viz. (i)
*4(20)-taxanes (1È5), (ii) taxanes containing an oxetane
ring (6È8), (iii) *4(20)11(15 ] 1)abeo-taxanes (9È11) and
(iv) 11(15] 1)abeo-taxanes containing an oxetane ring
(12È14). The [M] Cat]` ions of these taxanes undergo

CID mainly by the losses of neutral molecules rep-
resenting the various substituents in the molecule. Table
1 lists the neutral losses corresponding to the base
peaks in the CID spectra of the [M] Li]`,
[M ] Na]` and ions. The CID mass[M] NH4]`

Table 1. Losses corresponding to the most intense peaks in the CID mass spectra of the
[M + Li ]‘, [M + Na ]‘ and ions of 1–14a[M + NH

4
]‘

Loss

(NH
3
½

(NH
3
½ (NH

3
½ (NH

3
½ BzOH ½

Compound NH
3

H
2
O) AcOH AcOH) AcOLi BzOH BzOH) H

2
O) Others

1 ½ Ã L
2 L, ½ Ã

3 L, ½ Ã

4 L, ½ Ã

5 L, ½ xb

6 L, ½ Ã

7 x L, ½

8 x L, ½

9 L, ½ Ã

10 L, ½ Ã

11 L ½ Ã

12 x L, ½

13 L, ½ Ã

14 x L, ½

ÍM½LiË½ ; ½, ÍM½NaË½ ; Ã,a L, ÍM½NH
4
Ë½.

b NH
3
½CH

3
CH

2
CH(CH

3
)COOH.
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spectra of the [M ] Li]`, [M] Na]` and [M
ions of representative examples from these] NH4]`groups are given in Figs. 1, 2 and 3, respectively. A

partial listing of the major peaks in the CID mass
spectra of the [M ] Li]` and ions of[M] NH4]`1È14 is provided in Tables 2 and 3, respectively.

The CID data for the [M] Na]` ions are similar to
those for the [M ] Li]` ions. In general, the loss of a
substituent in the vicinity of the double bond is
favoured, apparently owing to the stabilization o†ered
by the formation of a conjugated double bond. Accord-
ingly, the substituent at C-10 is highly reactive and
eliminates either AcOH or BzOH. The presenceH2O,
of a carbonyl group at C-9 in 7 and 8 leads to the facile
loss of from ion, leading to the baseNH3 [M] NH4]`peak corresponding to the [M ] H]` ion.

The presence of hydroxy groups in the molecule is
best conÐrmed by examining the CID mass spectra of
the ions which show elimination of[M ] NH4]` H2O.

For example, peaks corresponding to the loss of NH3and are prominent in 7, 8 and 12È14, while 9, 10H2Oand 11 give abundant peaks due to the loss of NH3 ,
BzOH and These eliminations are suppressed inH2O.
the CID mass spectra of the [M ] Li]` and
[M ] Na]` ions as the alkali metal ions anchor at the
hydroxy groups, hindering their elimination.

One of the characteristic reactions that the
[M ] Li]` or [M ] Na]` ions of the acetyl derivatives
(containing two adjacent acetoxy groups) undergo is the
elimination of LiOAc or NaOAc. Peaks corresponding
to these losses are observed in the CID spectra of the
[M ] Cat]` ions of 1È4 and 6. These compounds
contain two acetoxy groups at C-9 and C-10. It
appears, therefore, that the anchimeric assistance of a
neighbouring acetoxy group is required for the facile
elimination of AcOLi or AcONa from [M] Li]` or
[M ] Na]` ion (Scheme 1). This is similar to the result
reported previously in the CID of the [M ] Li]` ions

Figure 1. B /E CID spectra of the ÍM½LiË½ ions of (a) 1 (m /z 511), (b) 7 (m /z 551), (c) 9 (m /z 563), (d) 11 (m /z 605) and (e) 13
(m /z 783).

( 1997 by John Wiley & Sons, Ltd. JOURNAL OF MASS SPECTROMETRY, VOL. 32, 216È224 (1997)
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Figure 2. CID MIKE spectra of the ÍM½NaË½ ions (a) 1 (m /z 527), (b) 7 (m /z 567), (c) 9 (m /z 579), (d) 11 (m /z 621) and (e) 13
(m /z 799).

of acetyl sugars.9 This observation is useful in estab-
lishing the presence of acetyl groups at C-9 and C-10.

The ring system of taxoids is assigned routinely on
the basis of NMR spectral results.5 However, in the case
of abeo-taxanes, often room temperature NMR spectra
consist of broad peaks and careful temperature-
dependent NMR spectral studies are required for the
identiÐcation of this type of taxoid.10 It was therefore of
interest to see whether any characteristic fragmentation
pattern could be established for the abeo-taxanes in the
FAB tandem mass spectra, which are much faster to
generate. The present data indicate that there is a char-
acteristic fragmentation in the CID mass spectra of the
[M ] Cat]` ions of the abeo-taxanes 9È14. This frag-
mentation, which is absent in the normal taxanes,
involves the elimination of the C-1 hydroxypropyl
group along with either an acetoxy or a ben-(C3H7O~)
zoyloxy group. Accordingly, loss of is(C3H7O~] AcOÕ)

observed in the CID mass spectra of the [M ] Cat]` of
9È13 and is lost in 14. This elimi-(C3H7O~ ] BzO~)
nation occurs directly from the [M ] Li]` and
[M ] Na]` ions of 11È13, whereas it is triggered only
after the elimination of BzOH in 9 and 10 and AcOH in
14. In the CID of the ions, corresponding[M] NH4]`losses occur after the elimination of andNH3Direct loss of from [MH2O/BzOH. (C3H7O~ ] AcO~)

is observed only in 11 and 13.] NH4]`There is no characteristic ring fragmentation which
gives some indication of the position of the di†erent
substituents in a molecule. However, the CID spectra
show ions formed by stripping o† all the substituents.
Thus the taxane skeleton with double bonds in place of
substituents can be observed in the CID spectra of these
taxanes (Table 4). However, the taxanes containing the
oxetane ring do not give prominent identiÐable taxane
skeleton peaks. *4(20)abeo-Taxanes give these peaks at

( 1997 by John Wiley & Sons, Ltd. JOURNAL OF MASS SPECTROMETRY, VOL. 32, 216È224 (1997)
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Figure 3. CID MIKE spectra of the ions of (a) 1 (m /z 522), (b) 7 (m /z 562, (c) 9 (m /z 574), (d) 11 (m /z 616) and (e) 13ÍM ½NH
4
Ë½

(m /z 794).

m/z 219/221, while *4(20)-taxanes show the correspond-
ing peaks at m/z 261/263. Peaks are also observed for
the corresponding hydroxylated taxanes at 18 and 36
mass units higher than the above values. From B/E,
B2/E and constant neutral mass-loss linked scan
spectra, one of the possible sequences that leads to these
ions is given in Scheme 2 for normal taxane 1 and in
Scheme 3 for abeo-taxane 9. Thus the m/z values of the

peaks corresponding to the taxane skeleton also give an
indication of the type of taxane involved.

In addition to abundant peaks corresponding to the
elimination of AcOH and BzOH, the presence of
acyloxy and benzyloxy groups is also characterized by
abundant acyl (m/z 43) and benzoyl (m/z 105) ions. The
presence of any speciÐc substituent in the molecule
other than OH, OAc and OBz is indicated by peaks

Scheme 1

( 1997 by John Wiley & Sons, Ltd. JOURNAL OF MASS SPECTROMETRY, VOL. 32, 216È224 (1997)
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Table 4. Abundances of the ions characteristic of the taxane ring in the B/E
CID spectra of the [M + Li ]‘ ions of 1–5 and 9–11

Compound m /z (relative abundance, %)

1 265 (46), 283 (32), 301 (10)

2 263 (18), 281 (26), 299 (16)

3 263 (22), 281 (15), 299 (8)

4 263 (11), 281 (15), 299 (8)

5 265 (48), 283 (20), —

9 221 (6), 239 (10), 257 (5)

10 219 (7), 237 (18), 255 (12)

11 221 (26), 239 (24), 257 (8)

characteristic of these groups. For example, the
cinnamoyl substituent in 3 gives rise to a peak at
m/z 131 and the dimethylamino-containing substituent
in 4 is characterised by the peaks at m/z 134

and 194(Ph(CH)xǸMe2) (H2ÒCOCH2CH(Ph)NMe2).Because of the presence of the basic group, no [M
ion is formed from 4 under cationi-] NH4]` [NH4]`

zation conditions. Instead, abundant [M ] H]` ions
are observed.

It is clear from the above results that FAB followed
by MS/MS is a valuable tool for the identiÐcation of
functional groups in taxanes and to some extent the
type of taxane under investigation.

Scheme 2

Scheme 3
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