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The use of field desorption mass spectrometry is demonstrated not only for molecular weight
determination but also for detailed structural analysis of large, underivatized natural products.
Owing to cationization by small alkali salt impurities, saponins carrying one to four sugar units
gave abundant quasimolecular ions. In addition, the observed sequence-specific fragment ions
reflected the complete sequence of the sugar units in the oligoglycosides. This fragmentation of
the oligosaccharidic moiety of the natural products was interpreted by analogy with acidic sol-
volysis, a mechanism well established in solution chemistry. Of particular interest was a first com-
parison of the field desorption mass spectra obtained from two different commercially available
instruments operated by different groups in order to give an estimate of interlaboratory repro-
ducibility in field desorption mass spectrometry.

Introduction Electron impact (EI)-mass spectrometry (MS) has
been shown to be a very useful method [7-10]
for identification, determination of purity, and struc-
tural evaluation of saponins. However, for mass spec-
trometric investigation volatile derivatives have to be
produced and often their fragmentation is compli-
cated because of the large and complex structure of
the naturally occuring saponins. Moreover, saponins
with more than four sugar do not give molecular
ions even when derivatized. In continuation of our
recent reports of field desorption (FD)-MS of na-
tural products [11—14] here the results are re-
ported of the mass spectrometric studies of physio-
logically active and structurally typical steroid-
and dammarane-saponins. In particular, the fission
of terminal sugar units and the sequence-specific
cleavages in the oligoglycosidic chain(s) have been
evaluated and compared with data from solution
chemistry. Further, in order to achieve a better un-
derstanding of the general fragmentation pattern of
this class of compound gitogenin- [15] and diosge-

From the leaves of Lycopersicon pimpinellifolium
the fungistatic agent tomatine has been isolated and
crystallized [1] and its structure accurately charac-
terized as tomatidine 3-O-f-lycotetraoside [2]. It has
also been reported [3] that under natural conditions
tomatine may act as an insect repellent rather than
as toxin. Ginseng, the root of Panax ginseng C. A.
Meyer, is one of the most well-known Chinese drugs.
It contains characteristically a number of damma-
rane saponins [4, 5] which are classified into 2
groups possessing either 20-S-protopanaxadiol or
20-S-protonanaxatriol as the sapogenins. Preliminary,
pharmacological studies of a protopanaxadiol group
saponin have shown this substance to be a central
nervous system depressing agent, whereas a proto-
panaxatriol group saponin has been revealed to be
an anti-fatigue and a central nervous system activat-
ing agent [6].
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for molecular weight determination but is a powerful
tool for structural investigation of these underivat-
ized oligoglycosides.

As the free steroid- and dammarane-saponins were
studied by two different analytical groups and with
different commercially available instruments it was
of interest to investigate whether a preliminary, qual-
itative comparison of the FD results was possible
and obtain for the first time information about in-
terlaboratory reproducibility.

Methods
JEOL D-300 instrument, Kyushu University

The FD spectra were produced on a commercial
JEOL D-300 instrument (combined EI/FD ion
source). All spectra were recorded electrically (scan
speed: 120 s or 300 s/full range). The resolution ob-
tained was R = 1200 (10% valley definition) and the
average accuracy in the mass determination was
+0.3 mass unit (m.u.). For accurate mass measurements
reference masses were taken from the EI mass spectra
of perfluorokerosene. Field desorption emitters, used
in all experiments, were prepared by high temperature
activation of 10 pm diam. tungsten wires. FD emit-
ters with an average length of 30 pum for the carbon
microneedles were used as standards. The ionization
efficiency and the adjustment of the FD emitter
were determined by means of m/z 58 of acetone in
the field ionization mode. All FD spectra were pro-
duced at an ion source pressure of 3 x 10~ Torr.
and ion source temp. between 60 °C and 70 °C, the
ion source potentials were + 3 or + 2 kV for the field
anode and — 5 kV for the slotted eathode plate. The
samples were desorbed by direct heating (emitter
heating current) without emission control. MeOH
was used as solvent for all compounds. In general,
1x10~°g was applied as sample to the standard
emitter via the syringe technique. The substances 2,
3,7, 8, and 9 were recorded by the D-300 instru-
ment.

Varian MAT 731 instrument, University of Bonn

The same sample amount, same solvent, and the
same type of FD emitter was used including the
procedure for control of the ionization efficiency.
Similar ion source pressure and ion source tempera-
ture were maintained as described above. The ob-
tained mass resolution was higher (R = 2000, 10%
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valley definition) which is partly due to the higher
ion source potentials of + 6 kV/— 4 kV employed for
the Varian instrument. All FD spectra were recorded
electrically (scantimes between 4 and 8 s/decade).
Data processing was performed by the Spectrosys-
tem MAT 200. Alternatively, the signals were accu-
mulated by a multichannel analyzer (Varian CAT-
1024) which was triggered by the cyclic magnetic
scan of the mass spectrometer. An example of an
original plot of the multichannel analyzer output is
shown in Fig. 2.

Results and Discussion

Our previous FD investigations of oligoglycosidic
natural products indicated that the process respon-
sible for the cleavage of sugar units at the glycosidic
oxygen could be explained by analogy with the well
established mechanism of acidic hydrolysis in solu-
tion chemistry. Proton transfer reactions in the ad-
sorbed sample on the surface of the FD emitter
lead, for instance, to a preferential loss of terminal a-
rhamnose in comparison with aglycone-linked f-
glucose [12]. In order to evaluate the more general
validity of this concept the FD mass spectrum of
tomatine (1) was recorded (Fig. 1). The character-
istic signals obtained can be described as follows:

1. The FD spectrum of 1 shows the [M+Na]*
ion at m/z 1056 as the base peak. The correspond-
ing cation complexes of potassium are not observ-
ed. The [M + H]* ion is recorded with 86% rel.
abundance.

2. In the FD-spectra of steroid tri- and tetra-gly-
cosides [11, 12] the glucosidic bond cleavage at C-3
of the aglycone was not observed. Consistently also
the FD-spectrum of 1 did not show the galactosidic
bond cleavage at C-3 of the aglycone.

3. In general, f-D-xylosides are hydrolyzed about
4.8 times faster than f-D-glucosides in solution chem-
istry [17]. In the FD spectrum of 1 which is averaged
from 5 consecutive magnetic scans in the mass range
from m/z 100 to m/z 1100 the loss of the terminal
xylose unit (C;H,O,, 133 m. u.) leads to the [(M +
Na)-132]* ion at m/z 924, and the [(M+H)-132]*
ion at m/z 902. Loss of the glucose unit (CiH,,0;,
163 m. u.) gives the [(M+Na)-162]* ion at m/z 894
and [(M+H)-162]* ion at m/z 872, respectively. In
this case, cleavage of the terminal xylopyranosyl
bond does indeed give the more intense fragment
ions than that of the glucopyranosyl bond.
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Fig. 1. FD mass spectrum of 1. Electrical recording (Methods, B), between 30 and 35 mA emitter heating current using
the Varian MAT 200 data system; detection threshold 500 counts. The ratio for the loss of glucose : xylose is about

133:6.

However, due to the relatively short time for the
magnetic scan covering the whole mass range, the
small number of spectra which were recorded and
averaged by the data system and the narrow interval
of 30 to 35 mA emitter heating current (close to the
best anode temperature (BAT)), only a rough esti-
mate of the prevailing cleavage of the terminal f-
D-xylose can be made. Much better and more re-
liable results are achieved using a multichannel ana-
lyzer (mca) in combination with the FD mass spec-
trometer.

The principal advantages of this combination for
direct isotope determination of large natural prod-
ucts have been reported recently [13, 14, 18]. Fur-
thermore, quantitation of endogenous [19] and ex-
ogenous [20] compounds from physiological fluids,
pesticides in HPLC-extracts [21, 22] and ultratraces
of metals in high purity solvents [23], human body
fluids [24], and heart [25] and brain [26, 42] tissues
has been successfully demonstrated using the mca
and has widened the scope of analytical applications
of FD considerably.

This investigation reports the first results in esti-
mating the relative intensities of the ion currents of

two sequence-specific fragment ions in FD. These
are produced by the elimination of terminal xylose at
m/z 924 and terminal glucose at m/z 894 from the
high molecular weight natural product 1.

Using repetitive magnetic scans in the mass range
from m/z 890 to m/z 931 a sample of 1 was com-
pletely desorbed and the FD ions were recorded in
combination with a mca. As shown in the original plot
of the mca output (Fig. 2) the long sampling time for
each FD peak, small mass range and large number of
scans give a clear, reproducible and easily evaluated
picture for the loss of terminal sugars. When the
ratio of the peak heights of m/z 924 and m/z 894
was calculated the results of these measurements re-
vealed that in FD-MS for the experimental condi-
tions described the loss of terminal f-D-xylose is
about 2.8 times more intense than the loss of terminal
f-D-glucose. Although this ratio is smaller than that for
solution chemistry there is still a good agreement
with the acidic solvolysis on the emitter surface. No
doubt, in analyzing unknown oligoglycosides this
analogy would be very helpful. The question arises,
however, whether this phenomenon is observed also
for other species of sugars.
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Fig. 2. Original plot of the mca output for the FD ions of 1 in the mass range m/z 890 to m/z 931. 30 scans were accu-
mulated in the 2'° range at a scan speed of 1 m. u./s. No detection threshold was set because it is not required for the
registration of FD ions by mca. The ratio for the loss of glucose : xylose was found to be 1 : 2.8.

For trillenogenin 1-O-a-L-rhamnopyranosyl-
(I = 2)-[#-D-xylopyranosyl-(1 — 3)-a-L-arabino-
pyranoside] it has been reported that the character-
istic [(M + Na)-132]* ion for the loss of terminal f-
D-xylose is more abundant in the FD mass spectrum
than the [(M + Na)-146]* ion which indicates the
cleavage of terminal a-L-rhamnose [11]. This obvi-
ously contradicts the general experience of acidic
solvolysis in solution chemistry where a-L-rhamno-
sides are hydrolyzed about 2.1 times faster than g-
D-xylosides [17]. Moreover, since this FD mass spec-
trum was recorded photographically, the arguments
mentioned above for electric registration in connec-
tion with a data system do not hold because the
photoplate can be regarded as a means for optimal
integration in recording FD ions. In order to clarify
this point we recorded the sequence-specific ions with
the mca and found that at the beginning of the
desorption process, when the first 15 scans were ac-
cumulated, the ratio was approximately 1 : 1. Later,
at emitter heating currents above 28 mA the signal
for the loss of the rhamnosyl rest gradually became
predominant. It has to be considered, therefore, that
the analogy between solution and surface chemistry
may only be used as an auxiliary aid for the quali-
tative interpretation of FD spectra and that the in-
vestigation of a wide variety of different model sub-
stances is necessary for the correct assignment of FD
ions from glycosides of yet unknown structure. On
the other hand, it is noteworthy that in both cases,

for compound 1 and the previously studied tril-
logenintriglycoside [11] the loss of the terminal xylo-
pyranosyl rest was slightly more pronounced than
the loss of the hexosyl rest for glucose and
galactose.

In order to evaluate further the relation between
structure and fragmentation pattern for oligoglyco-
sides in FD-MS, the binding position of the sugar
should also be considered. There are two possibil-
ities: either a bond to a neighbouring sugar or a
bond to the aglycone. In the following, the first of
these is investigated. The cleavage of terminal f-
D-glucose linked to the neighbouring glucose unit in
3’-position was studied by recording the FD spec-
trum of diosgenin 3-O-f-D-glucopyranosyl-(1 — 3)-
[a-L-rhamnopyranosyl-(1 — 2)]- f-D-glucopyranoside
(= gracillin), 2. As shown in Fig. 3, electrical regis-
tration of the mass range from m/z 100 to m/z 1000
and averaging of 5 spectra using the data system gives
the [(M + Na)-146]* ion at m/z 761 with 39% rel-
ative abundance. This signal, significant for the loss
of the terminal a-L-rhamnosyl rest is the most abun-
dant sequence-specific fragment ion. Loss of the ter-
minal f-D-glucosyl rest is found with 25% relative
abundance of the [(M + Na)-162]* ion at m/z 745.
In addition, a weaker signal (14% relative abundance)
is recorded at m/z 599 for the loss of both terminal
sugars. Since in solution chemistry a-L-rhamnosides
are hydrolyzed about 10 times faster than f-D-gluco-
sides [17] the FD result is, at least qualitatively, in
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Fig. 3. FD mass spectrum of 2 obtained as described in Fig. 1. When the ratio of the intensities of m/z 761 : m/z 745 for
the loss of rhamnose and glucose was determined by the mca at emitter heating currents from 25 to 28 mA this ratio was
approximately 1: 1 (17 scans, range 2°). At higher emitter heating currents the loss of terminal glucose became more pre-
dominant.
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Fig. 4. FD mass spectrum of 3 obtained at 30 mA emitter heating current as described for 1.
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Fig. 5. FD mass spectrum of 4 obtained at approximately 28 mA emitter heating current as described for 1. Only a short
desorption time was observed (< 20 s) which allowed only the registration of three spectra by the data system.

agreement with this fact. Similarly to the FD pro-
cesses indicated in the mass spectrum of 2 in Fig. 3 in
solution partial acidic hydrolysis of 2 gave diosgenin-
3-O-p-D-glucopyranoside (trillin) and diosgenin 3-O-
B-D-glucopyranosyl - (1 = 3)- - D-glucopyranoside
[16]. It was of interest to compare the competitive
cleavages of terminal xylose and glucose as explained
above for 1 with the loss of these sugars from the same
tetrasaccharide linked to a different aglycone. In
Fig. 4 the FD mass spectrum of gitogenin 3-O-4-
D-glucopyranosyl-(1—2)-[f-D-xylopyranosyl-(1—3)]-
B-D-glucopyranosyl- (1 — 4) - - D-galactopyranoside
(= gitogenin 3-O-B-lycotetraoside = F-gitonin), 3, is
displayed. The characteristic FD signals can be
described as follows:

1. The FD spectrum of 3 shows the [M + Na]*
ion at m/z 1073 as the base peak. The [M + *K]*
ion at m/z 1089 is also found but with low relative
abundance.

2. As observed for 1 and 2 no cleavage of the
galactosidic bond at C-3 of the aglycone occurs.

3. The loss of terminal xylose is indicated by the
intense ion at m/z 941 (14% relative abundance). In
contrast, the cleavage of the terminal glucopyrano-

sidic bond yields only a weak ion at m/z 911 (5%
relative abundance). Furthermore the loss of both
terminal sugars, xylose and glucose from the [M +
Na]* ion gives a very weak signal at m/z779. As
may be inferred from Fig. 1, the sugar elimination
observed for compound 3 is qualitatively quite sim-
ilar to that of tomatine and the loss of the pentose
xylose prevails as for 1 and 2.

4. In the case of the water elimination from the
[M + Na]* ion leading to the fragment at m/z 1057
(11% relative abundance), the hydroxyl group at C-2
of the aglycone should be considered.

In compound 4, 20-O-[f-xylopyranosyl-(1 — 4)-a-
arabinopyranosyl-(1 — 6)-f-glucopyranosyl]-20 ~ S-
protopanaxatriol (= chikusetsusaponin L5) [27], a
trisaccharide (xylosyl-arabinosyl-glucose) is bound
to a tertiary hydroxyl group in position C-20 of the
aglycone. From the processes described above it can
be deduced that in FD-MS for this saponin it is very
likely that the bond cleavage of the glycoside takes
place preferentially at the terminal xylose rest. This
corresponds with the observation in the FD mass
spectrum of 4 (Fig. 5) which shows only the loss of
132 mass units from the [M + Na]* ion and, con-
siderably less abundant, from the [M + 3*K]* ion.
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This mass spectrometric behaviour of C-20 hy-
droxyl saponins is entirely different under electron
impact conditions when the corresponding acetate-
or TMS-derivatives were investigated. For instance,
the EI mass spectrum of 6,20-di-O--D-glucosyl-20
S-protopanaxatriol (= ginsenoside-Rg,), 5* and re-
lated triterpene-saponin-acetates [8] as well as the
trimethylsilyl-ether-derivatives of the dammarane
type [10] have been studied. These compounds gave
abundant, characteristic ions for the loss of the sugar
molecules from the hydroxyl group in position 20 as
follows for example: double bond type fragment
[M-(330 + H,0)]** and cationtype fragment [M-
(330 + OH)]* in the mass spectrum of ginsenoside-
Rg, deca-acetate [8] (see Scheme 2).

The mass spectrometric information obtained from
the loss of the xylosyl-arabinosyl-glucose unit was
not observed. Also, partial acidic hydrolysis in solu-
tion gave a fast cleavage at C-20 and pronounced
sugar loss from the aglycone part in dammarane
saponins.

Similarly, compound 6, 6-O-a-rhamnopyranosyl
(1 = 2)-p-glucopyranosyl 20 S-protopanaxatriol 20-
O-f-glucopyranoside (= ginsenoside R.) [27] is
easily hydrolyzed. Here the sugar moieties are
bound to the aglycone at the C-6 and C-20 position.

Again preponderantly the glucopyranosyl group at
C-20 is cleaved off in solution. In contrast, the FD
mass spectrum of 6 showed only a highly abundant
[M + NaJ* ion at m/z969 and elimination of the
sugar from the tertiary hydroxyl group is not ob-
served. Obviously this behaviour represents another
characteristic feature of FD-MS of glycosides. The
procedure of pumping thermal energy into the mol-
ecule in order to induce fragmentation is limited to
these smaller molecules by their volatility. If the
sample molecules desorb too rapidly from the emit-
ter surface as observed for 4 and 6, little or no se-
quence-specific fragments can be produced.

Another difficulty in sequencing oligoglycosides
arises if the sample contains almost no alkali salts [43].
When model substances of very high purity are ana-
lyzed by FD-MS i. e. even small traces of alkali salts
are removed, the spectra are characterized by the
[M + H]J* ion and its fragments. For instance com-
pound 7, 20 S-protopanaxadiol 20-O-f-D-glucopyra-
noside (= comp. K) [30] gave at emitter heating cur-

* The structures of compounds 5§, 6, and 7 are given in
Scheme 1.
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rents above BAT (17 mA) the [M+ H]* ion at
m/z 623 with only 23% relative abundance. Now,
owing to the considerable thermal stress the cleavage
at C-20 was observd and the loss of the glucopyran-
osyl rest was indicated by the signal at m/z 460 with
5% relative abundance. However, much more pro-
nounced were the ions due to consecutive, thermal
water eliminations at m/z 442 (42% rel. abundance)
and m/z 424 (which is the base peak). In the FD
spectrum of 20 S-protopanaxatriol 20-O-f-D-gluco-
pyranoside analogous types of ion occurred. Thus, it
i1s demonstrated that in these spectra optimal FD
conditions for molecular weight and sequence deter-
mination were not fulfilled. Since the attachment of
protons to the molecule generates less stable quasi-
molecular ions than cationization by alkali cations,
for samples of very high purity, it is advisable to add
minute amounts of lithium or sodium salts [31 to

5 H R1: H
R2= O-B-glucopyranose
R3= B-glucopyranose

6 : Ry=H
R2= O—B—gluc0pyranose2—1u(—rhamnopyranose
R3= A—glucopyranose
7 Ry= H
R2: H
R3= B-glucopyranoside

Scheme 2.

Double bond type fragment Cationtype fragment
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Fig. 6. FD mass spectrum of 8. Electrical recording by two different instruments and operators (see Methods A and Meth-
ods B) gave qualitatively similar results, i. e. quasimolecular and fragment ions at the same nominal masses but with dif-

ferent relative abundances.

33]. It should be mentioned, however, that sugar-
containing samples from biological material such as
natural products in our experience almost always
contained alkali salts in concentrations which were
sufficient (or too high!) to perform cationization.

On careful selection of appropriate parameters for
FD-MS, such as ionization efficiency of the emitter,
its mechanical and electrical adjustment, the sample
temperature and alkali content, and a sensitive, pref-
erably integrating detection system, highly informa-
tive data were obtained from the spectra. The po-
tential of the technique for molecular weight deter-
mination and sequence information is shown in

Fig. 6. FD spectra of compound 8, 3-O-f-glucopy-
ranosyl (1 — 2)-p-glucopyranosyl-20 S-protopanaxa-
diol 20-O-g-arabinopyranosyl (1 — 6)-f-glucopyran-
oside (= ginsenoside Rb,), [34] were recorded elec-
trically between 27-30 mA emitter heating cur-
rent and averaged by the data system. The charac-
teristic FD signals of 8 can be described as follows:

1. The [M+ Na]* ion at m/z 1101 is the base
peak; in addition the [M + **K]* ion is found with
10% relative abundance.

2. Loss of water from the sodium cluster plays
only a minor role and gives the [(M + Na)—H,O]*
ion at m/z 1183 with 5% relative abundance only.
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3. Intense doubly charged ions are observed at
m/z 562.286 [35] for the [M + 2NaJ** ion and at
m/z 570.273 for the [M + Na + *KJ** ion. In ad-
dition, at a slightly different ratio of accelerating
voltage/electric sector voltage, i e at higher
mass resolution, a novel type of FD ions, namely
[2M + 2NaJ]** and [2M + 2K]** were detected which
are superimposed to the singly charged quasi-
molecular ions. Thus, seven different ion series can
be used for unambiguous assignment of the mole-
cular weight.

4. As may be inferred from the structure of 8 in
Fig. 6 the sequence-specific ions allow to establish
the complete sequence of the sugar units in the dam-
marane-type saponin. Loss of terminal arabinose in-
dicate the [(M + Na)—132]* and [(M + **K)—132]*
ions at m/z 969 and m/z 985 respectively. Of com-
parable relative abundance is the [(M + Na)—162]*
ion at m/z 939 which corresponds to the cleavage of
terminal glucose. In the same mass range but at
higher mass resolution, a doubly charged ion is
again detected at m/z 939.529 which is explained as
[(2M + 2Na)—162]** ion. The ratio for the elimina-
tion of arabinose and glucose is approximately
1: 1.5 after averaging the FD spectra at the end of
the complete desorption of the sample.

The glucosyl-glucose bound to the aglycone at
position C-3 is split off and gives the [(M + Na)—
324]* ion at m/z 777 with 12% relative abundance.
Interestingly, a further loss of water leading to m/z
759 is not observed. The corresponding ion is clearly
detected, however, when the other diglycoside which is
linked at C-20 to the aglycone is eliminated. Firstly,
the [(M + Na)—294]* ion at m/z 807 is a weak frag-
ment ion of only 7% relative abundance and sec-
ondly, loss of water leading to m/z 789 is quite in-
tense. Thus the preferable water elimination from C-
20 as already suggested for compound 7 is sup-
ported.

5. It is noteworthy that in the mass range above
the quasimolecular ions, a number of FD signals in-
dicate minor impurities in the present sample of 8.
In particular the [(M + Na)+ 132]* ion might be a
hint for an additional pentose bound to the saponin.
However, it is possible that this ion originates from a
cleavage from the dimeric [2M + Na]* ion. The
other possibility, namely cationization of the mole-
cule by an ion of 132 mass units can be excluded
since this ion is not observed in the FD spectrum
of 8.
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Reproducibility of FD spectra of natural products

When the FD spectrum of 8 was recorded under
the experimental conditions described for the JEOL
instrument (see Methods, A), qualitatively similar
information could be obtained as from Fig. 6 (see
Methods, B). This result is very promising in view of
the fact that the group in Fukuoka started with FD-
MS just a few months ago, one of the first commer-
cial instruments was used and emission-controlled
FD [36, 37] could not be performed since it is com-
mercially not yet available. Although the repeat-
ability of FD spectra (same sample, operator, instru-
ment and experimental conditions) has been explor-
ed, little is known about the reproducibility in FD-
MS, that is, using the same sample and similar ex-
perimental conditions but different instruments run
by different operators.

Fig.7 allows a first comparison of the FD
spectra of a natural product, 9, which were obtained
in Bonn (Fig. 7a) and Fukuoka (Fig. 7b) meeting
the requirements of reproducibility. There is one
important difference in these spectra of 3-O-f-D-
glucopyranosyl (1 — 2)-g-D-glucopyranosyl-20 S-
protopanaxadiol 20-O-f-D-xylopyranosyl (1 — 6)-4-
D-glucopyranoside (= ginsenoside Rb,), 9. Owing to
a higher sample temperature (> BAT) the fragmen-
tation in the FD spectrum of 9 in Fig. 7b is more
pronounced. For instance, water elimination occurs
from the quasimolecular ion resulting in a signal at
m/z 1083 with about 22% relative abundance in
Fig. 7b but is not observed at all in Fig. 7a. Ac-
cordingly, the sequence-specific fragment ions are in
general also more intense. As noted above for the
isomeric compound 8, loss of terminal xylose (m/z
969) and terminal glucose (m/z 939) is clearly de-
tected in both spectra and the ratios for the terminal
cleavages are in good agreement. The signals for the
loss of both disaccharidic chains at C-3 and C-20 are
present in Fig. 7a but one signal at m/z 777 for the
[(M + Na)—324]* ion is missing in Fig. 7b. However,
both spectra are in essentially good agreement. The
high relative abundances of the singly and doubly
charged quasimolecular ions are, in our opinion, an
especially good demonstration of the reproducibility
in FD-MS.

Conclusion

Beyond molecular weight determination, FD-MS
has been shown to be a useful tool for the elu-
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cidation of sugar sequences in steroid- and dam-
marane-saponins. The analogy of high field solvo-
lysis to the processes in solution chemistry is use-
ful for qualitative interpretation and for the better
understanding of surface/field-induced mechanisms.
Quantitative data e. g. hydrolysis rates from acidic
hydrolysis in solution cannot be transferred.

For oligoglycosides, loss of terminal sugar prevails
as a general rule. The cleavage of the O-glycosidic
bond between the aglycone-linked sugar and the
aglycone is of small intensity or not observed owing
to stabilization of the ether-bridge by the aglycone.
This dominant elimination of the terminal sugar unit
was likewise observed for other oligoglycosides such
as rutin, naringin, hesperidin [38] and sarsapogenin-
O-p-D-xylopyranosyl (1 = 2)-p-D-galactopyrano-
side [39]. In cases where two oligoglycoside chains
which differ by their terminal sugar are bound to the
aglycone, loss of these sugars appears to be governed
by the activation energies for the corresponding
bond cleavages. This is supported, for instance, by
the dependence of the ratios of sequence-specific
ions on the applied thermal energy (heating current).
Some trends such as the preferable loss of terminal

[1] T. D. Fontain, G. W. Irving, R. M. Ma, J. B. Poole,
and S. P. Doolittle, Arch. Biochem. 18,467 (1948).

[2] a) R. Kuhn, I. L6éw, and H. Trischmann, Ber. 90, 203
(1957); b) J. G. Roddick, Phytochemistry 9, 25
(1974).

[3] R. Kuhn and L. Léw, Angew. Chemie 69, 236 (1957).

[4] Y. Nagai, O. Tanaka, and S. Shibata, Tetrahedron
27,881 (1971).

[5] a) S. Sanada, N. Kondo, J. Shoji, O. Tanaka, and S.
Shibata, Chem. Pharm. Bull. (Tokyo) 22, 421
(1974); b) idem., ibid., 22, 2407 (1974).

[6] K. Takagi, H. Satto, and M. Tsuchiya, Japan J. Phar-
macol. 22, 339 (1972).

[7] T. Komori, Y. Ida, Y. Mutou, K. Miyahara, T. No-
hara, and T. Kawasaki, Biomed. Mass Spectrom. 2, 65
(1975).

[8] T. Komori, O. Tanaka, and Y. Nagai, Org. Mass
Spectrom. 9, 744 (1974).

[9] R. Higuchi, T. Komori, and T. Kawasaki, Chem.
Pharm. Bull. 24,2610 (1976).

[10] R. Kasai, K. Matsuura, O. Tanaka, S. Sanada, and
J. Shoji, Chem. Pharm. Bull. 25,3277 (1977).

[11] H.-R. Schulten, T. Komori, and T. Kawasaki, Tetra-
hedron 33,2595 (1977).

[12] H.-R. Schulten, T. Komori, T. Nohara, R. Higuchi,
and T. Kawasaki, Tetrahedron 34, 1003 (1978).

T. Komori er al. - Field Desorption Mass Spectrometry of Natural Products

xylose or the differentiation of @- and f-glucopyrano-
sides in FD [40] emerge but have to be documented
for a larger number of examples before generaliza-
tions and rules for FD-MS of oligoglycosides can be
put forward. An updated and comprehensive survey
of the analytical applications of FD-MS in biochem-
istry, medicine, and environmental research has re-
cently been given [41] and the advantages and pit-
falls of the technique for investigations of O- and N-
glycosides were outlined.

Acknowledgements

We thank R. Miiller, Bonn, for his excellent tech-
nical assistance. This work was supported in part by
Grant-in-Aid for Scientific Research from the Jap-
anese Ministry of Education, Science and Culture
and the Japan Society for the Promotion of Science.
The financial support of the Deutsche Forschungs-
gemeinschaft, the Ministerium fiir Wissenschaft und
Forschung des Landes Nordrhein-Westfalen and
the Fonds der Deutschen Chemischen Industrie is
gratefully acknowledged.

[13] H. M. Schiebel and H.-R. Schulten, Tetrahedron 35,
1191 (1979).

[14] R.-P. Hinze, H. M. Schiebel, H. Laas, K.-P. Heise,
A. Gossauer, H. H. Inhoffen, L. Ernst, and H.-R.
Schulten, Liebigs Ann. Chem. 1979, 811.

[15] T. Kawasaki, I. Nishioka, T. Komori, T. Yamauchi,
and K. Miyahara, Tetrahedron 21, 299 (1965).

[16] T. Kawasaki and T. Yamauchi, Chem. Pharm. Bull.
(Tokyo) 10, 703 (1962).

[17] J. N. Bemiller, Advances in Carbohydrate Chemistry
(M. L. Wolfrom and R. S. Tipson, eds.), pp. 43, 52
Academic Press, New York 1967.

[18] W. D. Lehmann, H.-R. Schulten, and H. M. Schiebel,
Z. Anal. Chem. 289, 11 (1978).

[19] W. D. Lehmann, H.-R. Schulten, and N. Schroder,
Biomed. Mass Spectrom. 5, 591 (1978).

[20] W. D. Lehmann and H.-R. Schulten, Z. Anal. Chem.
290, 121 (1978).

[21] H.-R. Schulten, Z. Anal. Chem. 293, 273 (1978).

[22] H.-R. Schulten and I. Stober, Z. Anal. Chem. 293, 370
(1978).

[23] H.-R. Schulten, U. Bahr, and W. D. Lehmann, Mikro-
chim. Acta, (Wien) 1979, 1, 191.

[24] W. D. Lehmann, U. Bahr, and H.-R. Schulten, Bio-
med. Mass Spectrom. 5, 536 (1978).

Fig. 7. a) FD mass spectrum of 9 recorded with the Varian MAT 731 instrument in Bonn (see Methods B). Eight spectra
were averaged in an emitter heating current interval between 27 to 30 mA. b) FD mass spectrum of 9 recorded with the
JEOL-D-300 instrument in Fukuoka. The spectrum represents the results of a single magnetic scan.



T. Komori et al. - Field Desorption Mass Spectrometry of Natural Products

[25] H.-R. Schulten, R. Ziskoven, and W. D. Lehmann, Z.
Naturforsch. 33 ¢, 178 (1978).

[26] H.-R. Schulten, W. D. Lehmann, and R. Ziskoven, Z.
Naturforsch. 33 ¢, 484 (1978).

[27] S. Yahara, R. Kasai, and O. Tanaka, Chem. Pharm.
Bull. (Tokyo) 25,2041 (1977).

[28] O. Tanaka, M. Nagai, T. Oshawa, N. Tanaka, K.
Kawai, and S. Shibata, Chem. Pharm. Bull. (Tokyo)
20, 1204 (1972).

[29] S. Yahara, O. Tanaka, and T. Komori, Chem. Pharm.
Bull., (Tokyo) 24,2204 (1976).

[30] S. Yahara, Thesis, Kyushu University, Japan 1978.

[31] F. W. Rollgen and H.-R. Schulten, Org. Mass Spec-
trom. 10, 660 (1975); Z. Naturforsch. 30a, 1685
(1975).

[32] J. C. Prome and G. Puzo, Org. Mass Spectrom. 12, 28
(1977).

[33] H. J. Veith, Tetrahedron 33, 2825 (1977); Angew.
Chem. Int. Ed. Engl. 15, 696 (1976).

[34] a) S. Sanada and J. Shoji, Chem. Pharm. Bull. (To-
kyo), 26, 1694 (1978); b) O. Tanaka and S. Yahara,
Phytochemistry 17, 1353 (1978).

1105

[35] In the following only the theoretical values of the
masses are given, the accuracy in mass determination
using high resolution (Varian MAT 731, Bonn) was
about 5 ppm when FD ions were used as mass ref-
erences.

[36] H.-R. Schulten, Cancer Treat. Rep. 60, 501 (1976).

[37] H.-R. Schulten and N. M. M. Nibbering, Biomed.
Mass Spectrom. 4, 55 (1977).

[38] H.-R. Schulten and D. E. Games, Biomed. Mass Spec-
trom. 1, 120 (1974).

[39] K. Hostettmann, M. Hostettmann-Kaldas, and K.
Nakanishi, Helv. Chim. Acta 61, 1990 (1978).

[40] W. D. Lehmann, H.-R. Schulten, and H. D. Beckey,
Org. Mass Spectrom. 7, 1103 (1973).

[41] H.-R. Schulten, Int. J. Mass Spectrom. Ion Phys., in
32,97 (1979).

[42] C. Achenbach, V. Bahr, F. Kohler, H.-R. Schulten,
and R. Ziskoven, Angew. Chem. Int. Ed. Engl
18,882 (1979).

[43] H. Wagner, H. Habermeier, A. Liptak, and H.-R.
Schulten, Planta Med. 37, 381 (1979).



