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ABSl-R4CT 

Fragmentation of methyl (methyl 0-acetyl-0-methyl-z-D-gluco- and qalacto- 
pyranosld,urooates has been studled at 70 and 12 eV At 12 eV, the produchon of 
Ions rcsultmg from secondary and further processes 1s greatly dlmlmshed an.l the 
spectra are srmpler and easw to Interpret The energy required for the ehmmatlon 
of acetic acid and kerene has been calculated from the Ion-appearance potentials 
The number and location of methyl groups In methyl (methyl O-acec>I-O-methyl- 
hexopyranosld)uronates can be determmed The procedure IS partlcularlj swrable 
for g I c -m s of the uromc acid portzon of methanoly~atcs of metbylated bmpolymers 
and other substance3 contaming uromc acids From the prelencc or abssncc of 
peabs for molecular 100s In the l2-eV spectra, gluco and ga!ucfo isomera uhlch do 
not contan a methovyl group at C-4 can be dlshngulshed The synthesis of methyl 
(methyl 2,3-dl-O-methyl-d-D-gnlactopyranosid)uronate IS also described 

M’XODUC-I-ION 

Methyl (methyl O-methylheuopyranosld)uronates are formed on methanolysls 
of methylated blopolymers and other uromc acid-contammg substances Compounds 
of this class can he Identified’-3 by mass sp cctrometry after exhaustwe tndeuteno- 
methylatlon or after the converslon of the per-O-tndeutenomethyl compounds Into 
the correspondlog amides M&s spectrometry can also be apphed” III the structure 
determination of methyl denvatwes of 4,5-unsaturated 4-dcoxyheuopyranuronateb 
resultlog from a /3-ehmmation side-reaction dunng methylahon Acetylatlon IS 

cheaper and easier to effect than tndeutenomethylatlon and does not usually gwe 
by-products Moreover, methyl (methyl O-acetyl-O-methylheuopyranosld)uronates 
possess good gas-chromatograptic propeties 5 The use of g I c -m s In the analyses 
of mixtures contammg acetates of partially methylated uromc acids requrred studies 

‘Mass Spectromewy of U-OOIC Acid Denvat.~ve~ P?rt LY 
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ore model compouods We DOW report on the mass-spectral fragmentation of I-11 
and a simple procedure for Identifvlng acetylated methyl (methyl O-merhvlheuo 
pyranostd)uronates 
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RESULTS AND DISCUSSION 

The mass-spectral fragmentntron of methyl O-acetyl-O-methylgiycosld~s at 
70 eV. as nell a3 m the energy range (X-23 eV) used III g I c-m s , IS a more com- 
plicated proce136 ’ than that of other sugar denvatl\es Ehmlnatlon, of ace~c acid 

and hetenc gore nbe to several cypzs of Ions rchulrlng from secondq and furtkr 
processes, as elempbfied hv he 70-eV spectrum of methyl (methyl 3-O-nc~t>l-7 J- 
dl-O-methyl-A-D-galactopyranosid)uronar (13) shown in Table I Interpretation of 
such spectra IS difficult and conditions to grw simpler, more-lnformatwe spectra 
i\ere therefore sought 

We hax pr~~lously recommeuded’-’ that thr: mass spectra of methylated 
UIO~IC acids be obtained at 12 eV In order to find the most suitable Iomzatlon- 
energy, the fragmentation curves of selected IONS formed from 1, 2, and 5 were studied. 
two of v,hch are lren In Fig I The peaks at nl/e I29 are those of the F, (Ac-O- 
CH=CH-CH=dhle) Ions’, and subsequeni ehmlnatlon of hetene gibes nse to the 
Ions at w/e 57 The tune sho\%s that, below 20 eV, the production of the ions at 
r,l/e 129 tncrease~ wtb decrcaslng electron enerm, whereas the productIon of the 
IOUS at m/e 87 decreases Thub, IO order to ottan simpler, lnterpretabl_e spectra of 
this class of 3ubstance, the use of an lomvng enera of 12 eV IS further confirmed In 
Table I. the comparative 70- and l2-eV spectra of 13 are recorded 

The use of low-energy electrons did not stmpllfy tbe spectra of the acetates as 
much as those of the sunple methyl etherjIBS In order to clmfy tb~s sttuztlon, the 
lomsatlon potenual for methyl (methyl 7-.3,,~ttl-O-acetyl-r-D-galactop)ranosid~- 
uronate (8) and the appearance potentIn for the A, and further eons of rhls serlcs 
formed 54 the ellmmatlon of ac&c acid and hetene itere measured The results are 
gken In Table II, from wtuch it followed t.$at the lndwdual processes of the 4-senes 
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consume the followmg amounts of energy (an hJ/mol) 

22 2 I - AcOH 33 8 I -&OH 

tnie 197 
1Q 3 

- #II/e I55 

The ebnunabon or acetx acid and hetene occurnng III rhe secondary and 
rertlary processes rcqulres relstlbely small amounts of ener_gy and, consequently, 
although the Intewt] of the relrbanr eons compared to those of the corre>pondlqg 
1cm.s in me 70-eV spectta 15 greatly rectuced, the Itins resultmg from non-pnmary 
proczsseb have low appearan= potentials 2nd appear alw III the 12-e-J spectra 

TABLE I 

hUSS SPECTRA OF hlflHt L (MTHYL 3-0 ACtTt L ‘,-I-IN-O-METHYL- 
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FIN I Fra_mentarron curves of the F , Ion rAcO-CH=CH-CH=bMe) at W/C 119 and the 
(F, -CH2CO) Ion at m/e 87 for I 
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Flp 2 EtTect of IOOIZI~~ energy on the IXIIO oi the summahon of IOIIS &oclated with the sugar 
skeleton (LS) and that oi tic 10n3 formed from elunmated acetic acrd (IA) 
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TABLE II 

IOFilZAllON (i p ) AND APPEARANCE POTENnALS (A p ) OF SELECTED IONS 

ions m/e 

hl: 3-w 9 96 961 6 
A! 317 10 IO 975 2 
A,-60 157 IO 77 991 6 
A, -60-42 715 1046 loo09 
A, -60-60 197 Ill 50 1013 8 
A, -60-42-60 IJ> 10 si IO43 7 

Another advantage of low-energy mass spectra of acetates IS shown by Rg 2, 
w!xch IS a plot of the ratlo of the summation of the 1011s assocrated w +ib the sugcr 
shzlzton (IS) nnd that of the ‘Luse!e.cs 100s” ong~flatrog from the rhmlnabon of 
ncetx acid (ZA) against the electron eflerby applied Whereas, for the tnacetales, 
the rabo of lnlensltres of useful and “useless” ions In the 70-eV spectrum IS 2, ~!-IIS ratio IS 
I6 III the 13-eV spectrum T!-K convenience of the !ov.-energy spectra IS emphasised 
by the dl-O- and mono-0-acetyl compounds, where these ratios Increase from values 
of 2-4 and 6-8 to 60-80 and SO-100, respectl\e!y Hence, rn tahng the low-energy 
spectra, a larger sample pressure can be used \\ithout nshng perturbauons due to 
too h@ an ion current 

The selected. charactenstx peahs that allow rhe number and the location of 
methyl groups In mcthq! (methyl 0-ac&y!-0-methy!hexopyraoosld)rlronates to be 
detcrmmed are @\en In Tables 111 and IV For Ion senes also gven by methylatcd 
hevuromc acids’, capita! letters are used Of these, the A2 Ions are those o 
[A, - &OH]+ or, for denvatives beanng a methovy! group at C-3, of [A, - MeOH]’ 
A c!Berent senes charactensuc of the fragmentation of acetylated methyl g!ycosldesb 
starts wrth the ellrmnanon of acetic aad, @vmg nse to ncak signals of the 
[M-AcOH]+ IOO radicals From these IGIIS, after retro-DIeIs-Alder fragmentation, 
methyl formate IS liberated, producmg the Ions [hl -AcOH - HCOOMe]’ For the 
dl- and trl-acetates, the gven pathway IS fo!!oHed by the ehmmaLlon of berene 

A comparison of the 12-eV spectra of the gluco and galacto denvatlves l-14 

revealed differences which a!lo~ed some members of these two scnes of dr&ereo- 
Isomers to be dlsunpshed, accordm g to the presence or absence of peaks for 
molecular ions (0 2-l 6% of the base pcab) appeanng together n~tb [M +43]+ lonb 
peaks Whereas only those g!ucobe denvatlves having a methovy! group at C-4 
gabe peaks for molecular ions, the corresponding peak, together \wvh that of 
[M+43]’ ions, IS present In the 12-eV spectra of al! methyl (methyl U-acetyl-O- 
methyl-z-D-ga!actopyranosid)uronates Thus, the presence of an hl:’ peal\ rn the 
!2-eV spectra of the 2,3,-l-tn-0-acety! (8), 3,4-dl-0-acetyl-2-O-methyl (9), 2 4-dl-O- 
acetyl-3-O-methyl (lo), and 1U-acetyl-2,3-dl-O-methyl (12) denvauves of methyl 
(methyl sr-D-ga!actopyranosid)uronate renders It possible to dlstmguulsh them from 
the corresponding gluco analogues 
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The data 10 Tables !I1 and IV can be used to determme the number and the 
location of methyl poups in melby1 (methyl O-acctyl-U-methylhexopyranobid)- 
uronates m the follonlng manner (I) The 12-eV mass spectra of each golucto denv- 
atone, and of those ghrco derwatlve\ bearrng a methouyl poup at CA, contain a 
peal\ for the molecular ion For giwo drn\arl\eb that dc not gl\e peaks fog molecular 
Ions rn the 1 SeV spectra, or f~ om the 7O-eV spectra of all methyl (methyl U-acetyl-O- 

TABLE III 

CH%RACTtRISTIC FEATbt’ES OF THE FRACVENTATIOV OF LIETHIL 

I\lETH\ t. 0 \CET\ L 0 blETHI L-X D GLLICOP~~~~OSID)LIRDN~TES 

ions m,c p.3 zr 5a 
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methylhexopyranosld)uronatcs. the molecular selght can he calculated from the 

equations, M = Al +31 and M = E, ;59 The magnitude of the molecular weight 

mdlcatcs the number of mcthvl _goups prr>ent m the molecule (2) The locatlon of 
the methyl groups in th? di-U-methyl denvatlkes fallows from ihe nr/e lslues of the 
Intense F, and H, IONS For the 2 3-d+, 3 4-d+, and ‘>,-I-dl-U-methyl denvatlbes, the 
hey peak appear at nl/e 129 and 88, 129 and I I6 and 101 and I 16, respecU\ely 

(3) Methyl (methyl 0-methylhe\opvrano.sld)uronares she\+ tne folloiblng char- 
acterlsuc features The base pt-ah rn the spectra of tbe 2- and 4-O-methyl derlvatlvcs 

TZBLE 1V 

CHARACTERISTIC FEATURES OF THE FRAG~IEN~ATIO\ OF P.IElHj L 

(WahYL 0-ACETVL 0-METHIL-X-D G~CTOPI R ~WJSID)L~RONPIX 

IotIs me ?+ 14 = 

- .? z 4 2.3 24 3 4 
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42 
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E2 
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“See foo~now~ IO Table III 
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IS rhat of the F, IOUS (m/e 129), and the base peal\ III the spectra of the 3-O-methyl 
derrvahbes IS that of the J, Ions @r/e 75), the latter denvabkes are also characterized 
by the presence of (A,-MeOH)+ 100s The 2- and 4-U-methyl denvati\es can be 
dlsungmshed from each otber accordmg to the mtensrtles of the [M - 1201’ and 
m - 120 -42]+ 100s at m/r 200 and 158 u hlch are strong For the 2-O-methyl com- 
pounds, but weak for the A-U-methyl denvabves 

These cntena hold for I?-, 2CL23-, and 7O-eV spectra 

EU’ERl+IEhTAL 

Compounds l-14 here prepared by conventional treatment of methyl (U- 

methyl-+D-gluco- and- galacto-pyranosid)uronates’-’ 3 (2-5 mg) with acehc 
anhydnde-pyndlne Methyl (methyl 2,3-dl-0-methyl-a-o-galactopyranosld)uronate 
was SynthesIsed by methylauon of methyl (methyl 2-O-meth~l-4-0-p-nltrobenzoyl-r- 
D-galactopyranosld)uron3te’ 3 (40 mg) \\ltb dlazometnnne-boron tnfluonde 

etberate13, to gwe methyl (methyl 2,3-dl-U-methyl-l-O-p-rutrobenzoyl-a-D-galacto- 
pyranosld)uronnte (350 mp, 8490). whch was isolated by column chromatography as a 
syrup having [LY]~~ + 112- (c 1, chloroform) (Found C, 50 89, H 5 41, N, 3 29 
C,7Hz,N0,0calc C, 51 !3, H, 530 N. 351% 

The dl-O-methyl denvative (350 mg) was de-p-mtrobenroylated w~tb aqueous 
so&urn hydrovlde I I, and the crude product was purified by chromato_graphy to 
gore syrupy methyl (methyl 2,3-d+O-methyl-x4-galactopyranosld)uronate (133 mg:. 
85:/o), [a];’ + 136” (c 1, chloroform)* (Found C, 48 OS, H, 7 14, OMe, 49 92 
CIOH,807 talc C,4S II, H,725, OMe,49610/0) 

The 70-eV mass spectrum of the subhtance was quahtatlrely ldenbcal with that 
of the correspondmg D-&CO analogue’ 

h&s spectra Bere obtaxned at 70 and 12 eV, and an enxsion of 500,uamp. 
usmg an MCh 1306 Instrument The temperature at the site of evaporation was 40” 
and that of the ~omzmg chamber was 130” The peal\ mtenhrtles (Tablz I) are expressed 
as a percentage of the babe peah and of total lorusabon Z’,, The summation does not 
loclude the mtenslbes of the peahs at m/e 60,43, 103, and 145 formed by the elmuna- 
bon of ac.et~c acid nod hetene6 Tbe lntensltles of those peaks whxh do not contam 
the carbon atoms of the saccbande shelecon are evaluated separately (Table I) 

From the spectra of 1, 2, and 5, obtained at 70,50, 30,20, IS, 16, 15, 14, 13, 12, and 
11 eV, Fra_gmentauon curves of the charactensbc Ions were constructed For lhe 
detenmnation of the lomzmg potentlal (I p ) of 8 and the Ion-appearance potential 
of selected Ions, the semi-loganthmlc plot method was ubed Benzene was employed 
as a reference substance (I p 9,245 eV) iomzatlon and appearance potentials were 
calculated from the Imtlal, linear regons of the lotuzation efficiency curves, as a 

mean Lnlue of the potential difference in four points (0 05, 0 1, 0 5, and 1% of the 
maxlmum ion current at 20 eV) 

‘The onl) reference to the physical constank, of thlb substance appears In Ref I$ It follows from 

the ongnal work’S thnt the erroneousI) cItedI& values lrn p 69 [& + 172 ) refer to the tri-0 
mcrhyl denvatlre 
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