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ABSTRACT 

Glycosyl-residue elimination occurred in per-O-alkylated oligosaccharide-al- 
ditols during chemical ionization-mass spectrometry. This elimination produced 
fragment ions equivalent in mass IO an (M + 1) ion of a per-0-alkylated oligosac- 
charide-alditol containing one less glycosyl residue than the parent per-O-alkylated 
oli~osaccharide-alditol. Labeling experiments determined that the eiimination 
fragment-ion was formed from protonatcd-parent. per-O-alkylated oligosac- 
charide-alditols by the loss of the internal gtycosyl residue that was directly linked 
to the alditol. Some of the fragment ions produced by the glycosyl elimination un- 

derwcnt further glycosyl-residue eliminations. 

INTRODUCTION 

Chemical ionization-mass spectrometry (c.i.-m.s.) is a useful method for de- 
termining the molecular weight and other structural features of per-Q-alkylated 
i,ligosaccharide-airlitols’~~~. Mixtures of per-0alkylated oligosaccharide-alditols 
arc often produced during the structural characterization of complex carbohy- 
dratcs”,3,5. The per-O-alkylated oligosaccharide~alditols are frequently separated 
by liquid chromatography (l.c.), and detected and analyzed by c.i.-m.s.‘. The pcr- 
O-alkylated oligosacrharide-alditols may also he separated by gas-liquid chro- 
matagraphy (g.l.c.), and analyzed by electron impact-mass spectrometry (c.i.- 
ms.)“~‘, as well as by c.i.-m.s.-‘. Understanding the formation of the fragment ions 
in c.i. mass spectra of ohgosaccharide-alditols provides information of value in 
character-izing the alditols. The formation is now described of diagnostic fragment- 
ions that, if incorrectly interpreted. could probably lead to incorrect structural as- 
signments, but, when interpreted correctly, could provide valuable information re- 
garding the sequence. 
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nation fragment-ions of, variously. methyl, ethyl, and deuterium-substituted per- 
O-alkylated o~igosacc~~aride-aldito~s {see ‘I’ahle I). If the elimination occurred by 
such a process, the fragment ions of both compounds 2 and 3 would involve an 
ethyl or an ethoxyl shift, because both compounds yielded a fragment ion at m/z 
514, not at t?t/z 500 {m/z 500 is the result of a methyl or a methoxyl shift). However, 
it is very probable that, for either compound 2 or 3, the fragment ion would corres- 
pond to a methyl or methoxyl migration, because the O-ethyl groups on the termi- 
nal ~nonaiditol) glycosyt group in compounds 2 or 3 were in different positions. 
Conclusive evidence against this theory is presented in the m/z value of the frag- 
ment ion of compound 4. For this compound, loss of the nonreducing (nonalditol 
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T A B L E I

THE m/z VALUESOF THE (M + 1) IONS AND THE GLYCOSYL-RESIDUE-ELIMINATION FRAGMENT-IONS FORMED
DURING C.I.-M.S. OF SOME PARTIALLY O-METHYLATED, PARTIALLY O-ETHYLATED TRISACCHARIDE-AL-
DITOLS

Compound

Num- Formulaa
ber

(M +1)b Glycosyl-residue- Difference between Massc of the
(m/z) elimination (M +1) and internal glycosyl

fragment-ion glycosyl-residue- residue
(m/z) elimination

fragment-ion
masses

|d,e Glc__~a4Glc__~a4Glucitol 675 (100) 471 (30) 204 204

2f Et---~4Glc---~a4Gic--~a4Glucitol 718 (60) 514 (40) 204 204
5 1

Et Et

3f Et----~3GIc---~aaGlc--~aaGiucitol 718 (20) 514 (17) 204 204
5 1

Et Et

Glc--~flaGic--~flnGlucitol 734 (75) 516 (30) 218
3 6 5 1

Et Et Et Et

Et----~Glc---~fl4GIc--~fl4Fucitol 718 (25) 498 (30) 220
3 6 5 1

, t t
Et Et Et Et

218

220

aThe positions of the glycosidic linkages and the O-e thyl groups are indicated. The remaining hydroxyl
groups are methy la ted , bThe relative abundance of the ions in % of base peak is in parentheses; when
ne i the r the (M + 1) ion nor the fragment ion is the base p e a k , the J2(OH2) ion is the base peak (see
Fig. 1). CThe mass of the internal glycosyl residue, calculated as shown in Fig. 1. tiThe alditol was
f o r m e d by reduc t ion with NaBH4, and contains only hydrogen a toms on C-1. eChemical-ionization mass
spec t ra ob ta ined by l . c . -m.s . (see Experimental). fThe alditol was formed by reduction with NaBD4,
and conta ins one deu te r ium atom on C-1. gThe alditol has two deu te r ium atoms at tached to C-6. hThe
internal glycosyl r e s idue has two deu te r ium a t o m s at tached to C-6.

terminal) glycosyl group would be accompanied by the migration of a methyl or
methoxyl group, because this terminal glycosyl group had no O-ethyl substituents.
Such loss and migration would yield an ion at m/z 530, instead of the observed ion
at m/z 516.

Another plausible, but incorrect, explanation for the formation of the glyco-
syl-residue-elimination fragment-ion is that only part of the terminal glycosyl group
was lost, and a fragment of it remained attached to the internal glycosyl residue.
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‘The positions of the glycosidic linkages and the U-ethyl groups are indicated. The remaining hydroxyi 
groups axe msthylated. ‘The relative abundance of the ions in % of base peak iu in parentheses; when 
neither of the peaks is listed at 100, the base txak is the J,(OH,) ton (see Fie. 1). ‘The aldttol wa 
formed hy red&ion with NaBD,, and cmta~n$& deuterium atom at C-~1. ‘?henlditol was formed by 
reduction with NaBHa, and contains only hydrogen atoms :at C-l 
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12‘ Lt~hGlc~hGlc~hGlc~hCllucitol 922 (3) 718 (4) 514 (3) 
5 I 
T T 

Et Et 

13’.d Et-+3Glc~6Glc~6Gl&4Glucitol Y36 (IW) 718(25) 514 (20) 
5 

r” ?I 
Et Et Et 

,4’1.’ Et-~4Glc-~3Glc~4Glc~4Clucitol 921 (100) 717 (40) 513(l) 
5 I 

T t 
Et Et 

IS”,< Et-t4Flc~lGlc~3Gl~~4Glucltol 921 (100) 717 (3) 513 (1) 

5 I 
T T 

vt Ef 

16 Et-4Gal~3Glc~4Glc~4Glucitol 964 (20) 760 (30) 528(l) 

.; jit 
E; it 

“The positions of the glycosidic linkages and the O+thyl groups are indicated. The remaining hydroxyl 
groups are methylated. h-rhe rclativc abundance of the mns in % of base peak IS in parcnthescs; when 

neither of the peaks LS listed at LOO. the base peak is the J7(OH2) ion (see Fig. 1). ‘The alditol was 
formed by reduction with NaBD4, and contains one dcutcrium atom at C-l. “Chemical-ionization mass 
spectra obtained by l.c.-m.s. (see Experimental) The alditol was formed by reductmn wth NaBHa, 
and contains only hydrogen atoms at C-l. 

+ 1) ion of a per-0-alkylated disaccharide-alditol. Thus, compound 11 (see Table 
III) had an (M + 1) ion at m/z 922, and yielded glycosyl-residue-elimination frag- 
ment-ions of relative abundances similar to those of the (M + 1) ion al m/r 718 and 
m/r 514. (In compound 11, the J,(OH,) ion dominared the spectra; thus, the (M + 
1) ion and the glycoqyl-residue-elimination fragment-ions were found in smaller 
proportions.) The glycosyl-residue-elimination fragment-ions were also observed 
in the spectra of per-O-alkylated pentasaccharide-alditols and in those of even 
larger oligosaccharides containing as many as seven residues”. although the forma- 
tion of these glycosyl-residue-elimination fragment-ions was not then understood. 

Order ofeliminatiorz of mternal glycosyl residues. - Only the internal glyco- 
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CONCLUSION 

The glycosyl-residue-elimination process shown by these experiments is im- 

portant for two reasons. First. it helps to determine the sequence of glycosyl re- 
sidues of differing masses in per-O-alkylated uligosaccharide-alditols. Second, 
awareness of the existence of Ihe glycosyl-residue-elimination fragment-ion is 
necessary in order to avoid misinterpreting c.i. mass spectra. Because the mass of 
the glycosyl-residue-elimination fragment-ion corresponds to the mass of (M + 1) 
ions of smaller per-O-alkylated oligosaccharide-alditols, the fragment ions are 
readily mistaken fol- the (M + 1) wm of oligosaccharide-alditols that do not actu- 
ally exist in the sample being analyzed. This is especially true when mass spec- 
trometers having limited mass ranges are used. Thus, with a mass sprctrameter 

having a high-mass detection-limit of PI/Z 1000, the (M + 1) ion of a per-O- 
alkylated penlasaccharide-alditol cannot be detected. However, the glycosyl-re- 
sidue-elimination fragment-ion corresponding to a per-0-alkylated tetrasac- 
charide-alditol could bc detected. and it could readily be confused with the (M + 
1) ion of a per-O-alkylated tctrasaccharidc-alditol. Such confusion can be elimi- 
nated by use ot retention times during g.l.c.+z.i.-m.s. analysis, because per-O-alkyl- 

ated di-, tri-, tetra-, and penta-saccharide-alditols are eluted in separate groups. 
However, in I.~.~m.s., per-O-alkylated oligosaccharide-alditols are not separated 
into distinct size-group?; thus, retention times therein give no useful data on the 
size of the per-O-alkylated oligosaccharide-aldttol. 

The results presented herein show clearly that elimination fragment-ions are 
Cormed during c.i.-m.s. of per-O-alkylated oligosaccharide-alditols by the loss of 
the internal glycosyl residue that is glycosidically linked directly to the alditol. This 
glycosyl-residue-elimination fragment-ion process was unexpected, and no detailed 
mechanism or chemical rationalization for it is here proposed. 
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