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ABSTRACT

Fragmentation of methy! (methyl O-acetyl-O-methyl-z-n-gluco- and -galacto-
pyranosid,uronates has been studied at 70 and 12 eV At 12 eV, the production of
1ons resulting from secondary and further processes 15 greatly diminished and the
spectra are simpler and easier to interpret The energy required for the elimination
of acetic acid and ketene has been calculated from the 10n-appearance potentials
The number and location of methyl groups 1n methyl (methyl O-acetyl-O-methyl-
hexopyranosidjuronates can be determined The procedure 1s particularly suitable
for gl c -m s of the uronic acid port:on of methanolysates of methylated biopolymers
and other substances containing uronic acids From the presencc or absence of
peaks for molecular 1ons 1n the 12-eV spectra, gluco and galacto 1somers which do
not contain a methoxyl group at C-4 can be distinguished The synthesis of methyl
(methy! 2,3-d1-O-methyl-«-D-galactopyranosid)uronate is also descrnibed

INTRODUCTION

Methy!l (methyl O-methythexopyranosid)uronates are formed on methanolysis
of methylated biopolymers and other urontc acid-containing substances Compounds
of this class can be 1denufied'~3 by mass spectrometry after exhaustive tndeuterio-
methylation or after the conversion of the per-O-irideuteriomethyl compounds 1nto
the corresponding amides Mass spectrometry can also be applied® 1n the structure
determination of methyl denvatives of 4,5-unsaturated 4-deoxyhexopyranuronates
resulting from a f-elimination side-reaction duning methylation Acetylation s
cheaper and easier to effect than trideuteriomethylation and does not usually give
by-products Moreover, methyl (methyl O-acetyl-O-methylhexopyranosid)uronates
possess good gas-chromatographic properties® The use of gl c-m s 1n the analyses
of mixtures containing acetates of partially methylated uronic acids required studies
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on model compounds We now report on the mass-spectral fragmentation of 1-14
and a simple procedure for identifving acetylated methyl (methyl O-methvlhexc-

pyranosid)uronates
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RESULTS AND DISCUSSION

The mass-spectral fragmentation of methyl O-acetyl-O-methylglycosides at
70 eV, as well as 1n the energy range (20-23 eV) used in glc-m s, 15 2 more com-
plicated process® 7 than that of other sugar denivatives Ehminations of acetic acid
and hetene give nse to several types of 1ons resulung from secondary and further
processes, as exemplified by the 70-eV spectrum of methyl (methyl 3-O-acctyl-2 4-
di-O-methyl-4-D-galactopyranosid)uronate (13) shown n Table I Interpretation of
such spectra 1> difficult and conditions to give simpler, more-informative spectra
were therefore sought

We have previously recommended'™* that the mass spectra of methylated
uronic acids be obtamned at 12eV In order to find the most suitable iomization-
energy, the fragmentation curves of selected tons formed from 1, 2, and S were studied,
two of which are given 1in Fig | The peaks at mfe 129 are those of the F, (Ac-O-
CH=CH-CH=-OMe) 1ons?, and subsequeni ehmination of hetene gives nise to the
ions at wife 87 The cunve shows that, below 20 eV, the production of the ions at
mfe 129 increases with decreasing electron energy, whereas the production of the
1ons at mfe 87 decreases Thus, 1n order to obtain simpler, interpretable spectra of
this class of substance, the use of an 1omzing energy of 12 ¢V 1s further confirmed In
Table I, the comparative 70- and 12-eV spectra of 13 are recorded

The use of low-energy electrons did not sumphfy the spectra of the acetates as
much as those of the simple methyl ethers'™* In order to clanfy this situition, the
iomisatton potennal for methyl (methyl 2.3,4-tr1-O-acetyl-2-D-galactopyranosid)-
uronate \8) and the appearance potential for the A; and further 10ns of this series
formed by the elimnation of acetic acid and ketene were measured The rasults are
ginen 1a Table 1, from which 1t followed that the individual processes of the A-series
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consume the following amounts of energy {'n kJ/mol)
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The elimunation of acetic acid and hetene occurrng 1o the secondary and
tertiary processes requires relatively small amounts of energy and, consequently,
although the intersny of the relevant 1ons compared to those of the corresponding
1ons 1n tne 70-eV spectia 15 greaily reduced, the 1ons resulung from pon-primary
processes have low appearance potentials and appear also 1o the 12-eV spectra

TABLE |

MASS SPECTRA OF METHYL (METHYL 3-O actTyL 2,4-DI-O-METHYL-
Z D GALACTOPYRANOSID)URONATE 13

mle 70 V 12e} mje geV 12evV
% X % e X %o ° X %0 ° X °%
345 010 04 99 I 15 69
292 003 02 022 09 y8 022 13
361 038 23 0 61 25 89 032 49
233 I sl 92 143 >38 83 614 367 06 2
223 003 02 017 07 &7 197 | R 042 17
201 1490 84 1 ol 66 35 S14 48 7
200 0133 20 137 56 75 252 [ | 2250 911
187 030 18 011 0> 74 2136 141 359 143
173 420 269 51 238§ 73 173 103
172 041 2> 079 32 71 121 72
169 049 10 0133 I3 69 0419 30
159 121 72 169 63 61 022 13
1-8 047 28 043 20 59 181 108
157 038 23 036 1> o7 049 30
155 026 15 b 0 80 48
{44 033 23 051 21 37 049 30
141 562 337 318 132 45 343 208
131 101 61
130 329 197 453 183
129 i32 79 118 48
127 080 48
117 7 &7 171 17> 71 14> 1147 i16
116 1368 818 2470 1000 103 452 16
11> 077 46 60 177 18 10 S1 07
13 137 82 43 8222 834 69 4S 16
i Jl 14 g7
101 1673 1000 2192 287
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Effect of iomzing energy on the rauo of the summation of 10ns asscciated with the sugar
skeleton (X'S) and that of the 100> formed from eliminated aceuc acid (ZA)
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TABLE 11

IONIZATION (I p ) AND APPEARANCE POTENTIALS (A p ) OF SELECTED IONS

fons m/e Ip,Ap (eV) kJ/mol
M 348 996 961 6
Ay 317 1010 9752
A, — €0 357 10 27 991 6
A, —-60—42 215 10 46 1000 9
A, —60—-60 197 10 50 10138
A —-60—-42-60 155 10 81 1043 7

Another advantage of low-energy mass spectra of acetates 1s shown by Fig 2,
which 15 a plot of the ratio of the summation of the 1ons associated w th the sugar
sh:leton (ES) and that of the *“useless 1ons™ onginating from the elimination of
acetic acid (ZA) against the eleciron energy applied Whereas, for the tracetates,
the ratio of intensitves of useful and *“uscless” 1ons 1n the 70-eV spectrum 1s 2, this ratio 1s
16 1n the 12-eV spectrum The convenience of the low-energy spectra 1s emphasised
by the di-O- and mono-O-acetyl compounds, where these ratios increase from values
of 24 and 6-8 tc 60-80 and S0-100, respectively Hence, 1n taking the low-energy
spectra, a larger sample pressure can be used without nshing perturbauons due to
too lugh an 10n current

The selected, characteristic peaks that allow the number and the location of
methyl groups in methyl (methyl O-acetyl-O-methylhexopyranosid)aronates to be
determined are given in Tables IIT and IV For 1on senes also given by methylated
hexuromc acids®, capital letters are used Of these, the A, 1ons are those o
[A, — AcOH]* or, for derivattves bearing a methoxyl group at C-3, of [A, — MeOH]*
A different senes charactensuc of the fragmentation of acetylated methyl glycosides®
starts with the eliminaton of acetic acid, giving rnise to weak signals of the
[M —AcOH]" 1on radicals From these ions, after retro-Diels-Alder fragmentation,
methyl formate s hberated, producing the 100s [M —AcOH — HCOOMel* For the
di- and tri-acetates, the given pathway 1s followed by the ehmination of ketene

A companson of the 12-eV spectra of the gluco and galacto denivatives 1-14
revealed differences which allowed some members of these two series of diastereo-
isomers to be disingwshed, according to the presence or absence of peaks for
molecular 1ons (0 2-1 6% of the base peah) appeanng together with [M +43]* 10n®
peaks Whereas only those glucose denvatives having a methoxyl group at C-4
gave peaks for molecular ions, the corresponding peak, together with that of
[M+43}" 1ons, 1s present 1n the 12-eV spectra of all methyl (methyl O-acetyl-O-
methyl-x-D-galactopyranosid)uronates Thus, the presence of an M™* peak in the
12-eV spectra of the 2,3,4-tn-O-acetyl (8), 3,4-di-O-acetyl-2-O-methy! (9), 2 4-di-O-
acetyl-3-O-methyl (10), and 1-O-acetyi-2,3-di-O-methyl (12) denvauves of methyl
(methyl a-p-galactopyranosid)uronate renders 1t possible to disunguish them from
the corresponding gluco analogues
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The data 1n Tables 1I1 and 1V can be used to determine the number and the
location of methyl groups in methyl (methyl O-acetyl-O-methylhexopyranosid)-
uronates in the following manner (/) The 12-eV mass spectra of each galacto deriv-
atnve, and of those gluco derivatives bearing a methoxyl group at C-4, contain a
peak for the molecular ion For gluco dervaunes that do not give peahs for molecular
10ns 10 the 12-eV spectra, or fiom the 70-eV spectra of all methyl (methyl O-acetyl-O-

TABLE 1l

CHARACTERISTIC FEATUPES OF THE FRAGMENTATION OF METHYL
(METHYL O ACETYL O METHYL-X D GLUCOPYRANOSID)URONATES

lons m,e Y0 T4
—_— 2® 3 £ 2,3 2,4 3.4
M43 vl
363
335
M 148
320
292
A, 317
289
261
A- (LY
(A, —¢0) 229
201
A 257
(A —32) 229
E, 289
201
233
E_ 229 ~
(E; —60) 201 X
173
F, 157 x X
129 A X A Py X X X X x> N X
101 X X X
H, 144 X X
116 ¥ X X & x X
838 X X
Jy 75 X X X X X X x X X X
M-120 213
200 x
186
M—120—432 180 A
IS8 K x X
“Peak mtcnatiies 05> , 1> >065, > >1, 10>~ >>5, 20> £ x >10, x ¥ %X >20% !The

pumbers refer to the positions of methyl groups
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methylhexopyranosid)uronates, the molecular weight can be calculated from the
equations, M = A, +3] and M =E, +59 The magnitude of the molecular weight
indicates the number of methyl groups present 1n the molecule (2) The location of
the methyl groups 1n the di-O-methyl denvatives follows from the mife values of the
intense F, and H, 1ons For the 2 3-di-, 3 4-di1-, and 2,4-di-O-methyl derivatives, the
hey peaks appear at ni1fe 129 and 88, 129 and 116 and 101 and 116, respectively
(3) Methyl (methyl O-methylhevopvranosid)uronaies show tne following char-
acterisuc features The base peak 1n the spectra of the 2- and 4- O-methyl denvatives

TABLE IV

CHARACTERISTIC FEATURES OF THE FRAGMENTATION OF METHYL
(METHYL O-ACETYL O-METHYL-X-D GALACTOPY RANOSID)URONA TES

lons mye O I, 2
—_ 2 3 4 2.3 2.4 34
M +43 391
163
33>
M 348
320
292
Ay 317
289
261
A, 257
(A; —60) 229
201
A, 257
(A, —32 229
E, 23¢9
261
233
Es 2209 X
(E{—60) 201
173 x
F, 157 x
129 X X X X X ¥ X X X X ¥ x
101 X X X
H, 144 X
116 X x ~ A X P
83 X
3, 75 X X X X X X X X X X X
M—-120 2238
200
M—120-42 186 = >
158 ¥ v

%Sece footnotes to Table 1fl
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1s that of the F{ 1ons (m/e 129), and the base peak n the spectra of the 3-O-methyl
denivatives 1s that of the J, 10ons (ni/e 75), the latter dernivatives are also characterized
by the presence of (A,-MeOH)* 10ons The 2- and 4-O-methyl denvatives can be
disunguished from each other according to the intensities of the [M—120]* and
M — 120 ~42]* 10ns at m/e 200 and 158 which are strong for the 2-O-methyl com-
pounds, but weak for the 4-O-methyl derivatives

These cniternta hold for 12-, 20-23-, and 70-eV spectra

ELZPERIMENTAL

Compounds 1-14 were prepared by conventional treatment of methyl (O-
methyl-z-p-gluco- and- galacto-pyranosidjuronates®='* (2-5Smg) with acetic
anhydnde-pynidine Methyl (methyl 2,3-di-O-methyl-a-p-galactopyranosid)uronate
was synthesised by methylation of methyl (methyl 2-O0-methy1-4- O-p-nitrobenzoyl-z-
p-galactopyranosid)uronate’? (400 mg) with diazomethane-boron trifluonde
etherate'”, to give methyl (methyl 2,3-di-Q-methyl-4- O-p-nitrobenzoyl-a-p-galacto-
pyranosid)urcnate (350 mg, 84%:), which was 1solated by column chromatography as a
syrup having [«]3® +112° (¢ 1, chloroform) (Found C, 5089, H 541, N, 329
C,;H,; NO,gcalec C,5113,H,530 N, 351%

The di-O-methyl derivative (250 mg) was de-p-mitrobenzoylated with aqueous
sodium hydroxide!!, and the crude product was purified by chromatography to
give syrupy methyl (methyl 2,3-di-O-methyl-z-D-galactopyranosid)uronate (133 mg,
85%%), [«]p® +136° (c 1, chloroform)* (Found C, 4808, H, 7 {4, OMe, 4992
CioH,;g0; calc C, 4811, H, 725, OMe, 49 61%0)

The 70-eV mass spectrum of the substance was qualitatively identical with that
of the correspondiag D-gluco analogue!

Mass spectra were obtained at 70 and 12 eV, and an emussion of 500 yamp,
using an MCh 1306 instrument The temperature at the site of evaporation was 40°
and that of the 1omizing chamber was 130° The peak ntensities (Table T) are expressed
as a percentage of the base peak and of total iorusation Z;; The summation does not
1nclude the intensities of the peaks at m/e 60, 43, 103, and 145 formed by the elimina-
uon of aceuc acid and ketene® The 1ntensities of those peaks which do not contain®
the carbon atoms of the saccharide skeleton are evaluated separately (Table T)
From the spectra of 1, 2, and 5, obtained at 70, 50, 30, 20, 18, 16, 15, 14, 13, 12, and
Il eV, fragmentauon curves of the characteristc tons were constructed For the
determination of the 1omzing potential (1 p) of 8 and the 10n-appearance potential
of selected 10ns, the serm-logarithmic plot method was used Benzene was employed
as a reference substance (1 p 9,245eV) lomzation and appearance potentials were
calculated from the mmtial, linear regions of the i1omzation efficiency curves, as a
mean value of the potental difference in four points (005, 01, 05, and 1% of the
maximum ton current at 20 eV)

*The only reference to the physical constants of this substance appears in Ref 14 It follows from
the onginal work'® that the erroneously cited’* values ‘mp 69 [alp +172) refer to the tri-O
methyl denvative
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