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SUMMARY

All aldohexoses as their trifluoroacetylated O-methoximes, O-2-methyl-2-
propoximes and QO-n-butoximes have been separated by gas chromatography on a
glass capillary column, wall coated with OV-225, and identified by chemical ioniza-
tion mass spectrometry with methylpropane. The 2-methyl-2-propoximes have sim-
ilar retention times to the corresponding methoximes, thus emerging much earlier
than isomeric n-butoximes.

Fragmentation patterns of the syn and anti isomers are reported, affording
always mfe = M-+1 as the most intense ion peak, except for the syn isomer of the
glucose n-alkoximes. Glucose gave a different pattern lacking in other hexoses and
involving a loss of F;C-COO-CH, (M = 127) and of F;C-COO (M = 113). All
spectra contain few masses and are easily interpreted.

INTRODUCTION

The analysis of carbohydrates by gas chromatography (GC) or high-perform-
ance liquid chromatography may difficult with samples containing many different
carbohydrates along with other compounds. Mass spectrometric (MS) selected ion
monitoring may add an additional dimension in such cases. Thus, carbohydrates with
different molecular masses or fragmentation patterns can be detected even where they
are not distinguishable from other compounds by conventional detectors.

Chemical ionization proves useful here because it affords clear-cut fragmen-

tation patterns. In the preceding paper I reported the characterization of pentoses’.
Here data are presented on the GC-MS properties of aldohexoses.

EXPERIMENTAL

Apparatus )
A quadrupole gas chromatograph-mass spectrometer MAT 44S (MAT,
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Bremen, G.F.R.) equipped with a 50-m glass capillary column, wall coated with OV-
225 (WGA. Griesheim, G.F.R)), was used.

Materials

The hexoses D-allose, D-altrose, D-gulose and D-idose were products of Sigma
(St. Louis, MC, US.A)), p-glucose, D-mannose and D-galactose of E. Merck
(Darmstadt, G.F.R.) and D-talose of Serva (Heidelberg, G.F.R.). Ethyl acetate and
sodium acetate p.a. were purchased from E. Merck. O-Methylhydroxylamine hydro-
chloride was obtained from Merck-Schuchardt (Hohenbrunn, G.F.R.), O-2-methyl-
Z-propylhydroxylamine hydrochloride from Fluka (Buchs, Switzerland) and O-n-
butylhydroxylamine hydrochloride from Applied Science Europe (Oud-Beijerland,
The Netherlands). Trifluoroacetic anhydride, ca. 99 %, was a product of Sigma.

Derivatization was performed as described previously!.

Conditions for GC-MS were as described for pentose O-alkoxime pertri-
fluoroacetates?.

RESULTS AND DISCUSSION

Table I shows the retention times, g, of the derivatized hexoses. As in the case
of pentoses!, hexose 2-methyl-2-propoximes have approximately the same 7, values
as the corresponding methoximes. The first peak of each syn—anti isomer pair gener-
ally appears somewhat earlier, and the second peak somewhat later, than the corre-
sponding methoxime peak (Fig. 1). The n-butoximes exhibit more normal 7, values,
emerging about 3 min later than the methoxime and 2-methyl-2-propoxime deriva-
tives. This effect is due to the shape selectivity of OV-225.

TABLE1

RETENTION TIMES OF THE O-ALKOXIME PERTRIFLUOROACETATES OF HEXOSES ON
ov-225

x
-

Carbohydrate Peak 15 (min}
Methoxime 2-Methyl-2-propoxime n-Butoxime

p-Allose 1 1273 12.57 15.15

2 14.08 14.48 17.38
D-Altrose 1 1337 13.18 15.82

2 14.68 15.13 18.33
D-Glucose 1 14.55 14.22 17.35

2 13.62 15.78 19.55
p-Manncse 1 1383 13.87 16.58

2 14.95 - 1545 18.63 -
D-Gulose 1 1427 1407 16.77 .

2 15.67 15.70 19.50
p-Idose 1 14.85 14.75 17.73

2 16.60 16.78 20.77
p-Galactose 1 14.30 14.10 17.32

2 16.50 16.95 20.82
p-Talose 1 14.05 14.18 16.88 .

2 15.18 1588 19.17 .




GC-MS OF ALDOSES. I 363

tz{min) talmin) te(min)

21 211 2t 1Gatactose ) :
ldose

20 1 20 1
Rucose
Gulose

19 19 A Tatase

Mannose
Altrase
18 184 1

A4 1dose

Aftose
GalactGlycase

‘ 7./ Talose g 105
Manncse

Ve
16 1
/ A Attrose
z
7 Allose
159 7
v
— - - - = 7 141
wi — — _ _ — P )
- 7
134 7 134
12+ 121/ 124
Methoximes 2-Meathyt-2-propoximes n-Butoximes
Fig. 1. Retention times of hexose O-n-butoxime pertrifluoroacetates: — — —, syn isomer; . anti
isomer.

A chromatogram of all the hexoses as their O-n-butoxime pertrifluoroacetates
obtained using selected ion monitoring (mfe = 732 = M+ 1) is presented in Fig. 2.
The mass spectra (Tables [I-IV) show that mfe = M +1 is always the most intense
peak except for the first isomer of glucose, derivatized with O-methylhydroxylamine
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Fig. 2. Chromatogram of O-n-butoxime pertrifluoroacetyl derivatives of hexoses using selected ion moni-
toring (m/e = 732). For this analysis, 5 ¢t of each of the eight original derivative solutions were mixed by
injecting through a septum into a vial containing 40 gl triffuoroacetic anhydside and 20 gl ethyl acetate; 1 pl
of this mixture was injected. Peaks: 1, 8 = allose; 2, 10 = altrose; 3, 11 = mannose; 4, 13 = gulose; 5, 12
= talose; 6, 15 = galactose; 7, 14 = glucose; 9, 15 = idose: The components of peak 15 were overlapped.
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hydrochloride or O-r-butylhydroxylamine hydrochloride. In these derivatives of
glucose, C—C bond clearage occurs with loss of F;C-COO (M = 113) and F;C-
CCGO-CH, (M = 127).

The O-methoxime and Q-n-butoxime peririfluoroacetates of hexoses can add
to C;Hg (M = 57), the predominant ion of methylpropane at 10~ bar, and to C;H7
(M = 43), ¢f., Fig. 3. However, since the corresponding addition products of the O-2-
methyl-2-propoxime pertrifluoroacetates are very unstable, only m/fe = M+1 (M
+57—56; C;Hg, M = 56} and mfe = M —13 (M +43—56) are observed. Besides
these fragments, loss of trifluoroacetic acid (M = 114) and O-C,H,y (M = 73) occurs.
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Fig. 3. lonas with masses greater than M.

The unique fragmentation pattern of the syn isomers of glucose n-alkoximes
(cf., Tables II and III) is very significant in terms of the unique biochemical rdle of
glucose. It may even allow specific detection of glucose in the presence of all the other
hexoses at M + 1 — 113 — 127 siece only D-allose affords minute amounts of this

glucose-specific fragment.
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