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Homo- and heterooligosaccharides, composed of hexopyranose, deoxyhexopyranose, and
acetamidohexose units, have been examined by direct chemical ionization (DCI) mass
spectrometry. Their DCI scan, using ammonia as the reaction gas, gives rise to structurally
significant ions. The information thus obtained aids significantly in the sequential analysis of the

di- and trisaccharides without derivatization.

One of the major goals of mass spectrometric
research in the eighties was to develop ionization
methods which enable the determination of highly
polar and thermally labile compounds with a mini-
mum of decomposition. One approach has been
[1, 2] to rapidly heat nonvolatile samples coated
on a direct insertion probe within a chemical ion-
ization reagent gas plasma.

The use of ammonia, possessing a relatively high
value of proton affinity (863 kJ mol™) [3], serves
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as an excellent example of electrophilic addition
resulting in the formation of intense [M + NH,]*
ions. If the molecule of the compound studied is
somewhat less basic than ammonia, then a stable
addition complex is formed. The presence of oxy-
gen, or in some cases merely a centre of unsatura-
tion, can provide electrons to form complexes with
NH; ions. Since these addition complexes are
formed under very mild conditions, the technique
permits the observation of quasi-molecular ions
from some thermally labile compounds [4]. More-
over, structurally informative fragment ions are usu-
ally present in the DCI mass spectra.

To assist in the determination of the structure of
oligosaccharides without derivatization, we have
measured the ammonia DCI mass spectra of
a large number of oligosaccharides.
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SEQUENTIAL ANALYSIS OF OLIGOSACCHARIDES
EXPERIMENTAL

The investigated compounds /—XI/ll were syn-
thesized earlier [5—8]. Methyl a-p-mannopyranosyl-
(1-3)-0-a-p-mannopyranosyl-(1—6)-a-p-manno-
pyranoside (X/V) obtained from Sigma Chemical
Company and used as supplied. The DCI mass
spectra were obtained on ELQ-400-3 mass
spectrometer, using ammonia as the reaction gas.
Samples were dissolved in water and introduced
via a Vacuummetrix DCI probe.

RESULTS AND DISCUSSION

The DCI mass spectra (Table 1) of di- and tri-
saccharides I—X, XII—XIV exhibit intense peak of
quasi-molecular [M + NH,]* ions. Compound X/,
bearing the acetamido group that has a higher
value of proton affinity [3] exhibits, instead, an
intense peak of [M + H]" ions. As an example, the
DCI spectrum of methyl B-pb-galactopyranosyl-

Table 1.

(1-6)-3-deoxy-3-fluoro-B-o-galactopyranoside (///)
is shown in Fig. 1. In addition to the quasi-mo-
lecular ions, the spectra contain a number of frag-
ment ion peaks. The elimination of ammonia leads
to the formation of [M + H]" ions. In the case of
substances containing the 3-fluoro group (/II—Vii),
the elimination of HF from cluster [M + NH,]" ions,
followed by successive elimination of methanol and
ammonia takes place (Fig. 1). The elimination of
methanol from [M + NH,]* ions leads to the pro-
duction of ions probably having the structure of
an N-glycoside. We have previously studied the
formation of this type of ions, using per-O-methyl-
ated methyl hexopyranosides as model substances
[9, 10]. The fragment ‘‘sequential ions’ are in the
region of m/z = 180—242. They are produced by
pathways elucidated by fast atom bombardment
mass spectrometry of oligosaccharides [11]. The
ions A add a molecule of ammonia, giving rise to
[A + NH,]* ion species. Pathway B is accompa-
nied by a rearrangement of a hydrogen atom of
one of the hydroxyl groups present in the

Ammonia DCI Mass Spectra of Oligosaccharides |—XIV
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Fig. 1. DCI (ammonia) mass spectrum of methyl B-D-galactopyranosyl-(1—6)-3-deoxy-3-fluoro-pB-D-galactopyranoside (///).

nonreducing end of the molecule [12]. It leads to
the formation of ions with m/z 197 (protonated form)
and 214 (ammonium adduct, Fig. 1). The ions with
m/z 242 are formed via the D pathway [11], fol-
lowed by addition of a molecule of ammonia.

Unfortunately, the DCI (ammonia) mass spectra
of tetra- and higher oligosaccharides we have
measured did not contain peaks of quasi-molecu-
‘lar ions. Thus, the DCI technique cannot serve as
a universal method for unambiguous sequential
analysis of underivatized oligosaccharides.

The DCI (ammonia) mass spectra can be used
in the sequential analysis of di- and trisaccharides

in the following way
aA§ bA§
a§ (0] b §

[bB + NHJ*

[cB + NHJ*

aA =[M + NHJ]* - [bB + NH,]" + 1 (1)

bA=[M+NHJ - [cB + NH)* +1  (2)

The calculated mass of A ions confirms the mass
of the nonreducing end of the molecule. In the case
of acetamido group-containing oligosaccharides,
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which do not contain the cluster ions, we recom-
mend to use for calculations the m/z values of
[M + H]" and [B + H]* species, instead of m/z values
of [M + NH,]* and [B + NH,]".

In conclusion, the ammonia DCI mass spectrom-
etry is a useful tool in the structure analysis of
underivatized di- and trisaccharides.
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