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ABSTRACT 

Tbc deri\atiws obtained by permethylation of unsubstituted 2-amino-2-deoiy- 
hevitols and of these compounds monosubstituted at C-3. C-4. or C-6, and di- 
substituted at C-3 and C-6, have been analysed by g.l.c.-m.s. Each denvative can be 
identified on the basis of retention time and mass spectrum. In methylation analysis. 
methanolysis gn\e one deribaative of each hexitol, whereas a mixture oi products was 
formed when degradation was efTected by acetolysis follo\ted by hydrolysis. An 

application in the analysis of amino-su,oar linkages in alkali-labile O-glycosylic 
olt_gosaccharrdes from rat-bratn glycoproteins is described. 

h!ethylarion analysis is kvidely used in the structural analysis of cornpIe\ 
carbohydrates. Improved permethylation methods’ and the USC of g.l.c.-m.s. for the 
identification of the methjlated sugars have made possible the linkage analysts of 
complex carbohydrates containing neutral sugars’-5. ammo sugars”-‘“, and 
neuraminic acIdsI I. 

The 0-glycosylic carbohydrate chains of glycoproteins are conveniently 
isolated by treatment’ ’ with NaOH-NaBH,, whereby the amino sugar linhcd to the 
protein is reduced. Analysis of the substitution pattern of the reduced amino sugars 
by methylation has revealed difficulties. In addition to N-methylacetamido derivatives, 
N-scetylacetamtdo derivatives are also formed’ 3 if the methylnted saccharidc is 
degraded by acetolysis followed by acid hydrolysis and acetylation. Although a fully 
0-methylated 2-amino-2-deoxyhexitol gives almos! exclusively the latter derivative, 
the extent of its formalion from other methylated derivatives is dependent on the 
pattern of substitution. Honever, this complication is avoided if degadation is 
effected by methanolysis. 



5s J. FINN& H. RAWALA 

RESULTS 

Ana[lsii c~f uwrrbsfirufed Z-anlino-~-deo.r~he.uriols 
When 2-acztarnido-2-deoxy-D-galactitoi or 3acettido-2-deoxy-D-glucitol 

Here p~tmcrhyloted (Hnkomori) and the products subjected to g.1.c. (Fig. IA), only 

one peak was obsewed, and the mass-speciral data (Table r) indicated the expected 

structure% namely, 2-deox) - 1,3,4,5,6-penta-0-methyl-2-(N-metbylaceramido)-D- 

g-aiaclitol and -D-glucitol I3 (I). \\‘hen each of these compounds was subjected to 

acetolysis-acid hydrolj sis’, a new major product ~as observed (Fig. IB), the mass- 
spx~ral data of which (Table r) re\saled a molecular weight of 251. as indicated by 

the ions at nr,l;l 220 (hl-31). I85 (hf-31-X), and 174 (M-45-32). The low 

intensity of the pcah at n~/e 43 indicates the absence of acetyl groups, and tbe strong 

peak at nl!t7 74 reflects an unsubstituted amino group. In samples treated with 
CH,COOD, this ion was shifted to m/e 75 and 76, thus confirming the presence of an 

unsubstitutcd amino group. The fragments at in/e 4s. 89. and I33 are also consistent 

irlth the srructurcs 2-amino-2-deoxy-l.3,4,2,6-penta-0-methyl-D-gaiactitol and 

-D-glucitol (2~. Thus. borh N-metbyl and N-scetyl groups are cleaved during the 

acetolysisacid hydrolysis procedure. 

After acety!ation of these amino derivatives, one peak was observed in g.1.c. 

(Fig. IC), and the mass-spewal data (Table: I) indicated the products to be 2-(N- 

acetylacetamido)-2-deoxy-1,3,4,5,6-peota-O-methylhe~tols’3 (3). 

Since the acetolysis-acid hydrolysis procedure cleaves the N-methyl group from 

methylsted l-amino-2-deo;yhe.~tols and rheir 4- and 6-O-derivatives’ 3 to various 

extents, the interpretation of methylation analysis data is difficulr. Therefore, \ve have 

studied deradation hi methaoolysis. The products obtained from permcthylated 

2-acetamido-2-deoxy-D-galactitol and the D-glucitol analoguc, after methanolysis and 

acetylatioo, \\erc identified as the N-meth]laceramido derivatives (1) from their 

relative retention times and mass spectra, indicating that the 1%methyl and the 

N-acctyl groups lvere both resistant to meibanolysis. 

.jG;a(l sib oJ2-anli,lo-I-d~~o.~~,ile.~iroIs motlosuhstitufed at C-3, C-4, or C-6 
Disaccharides containing a 2-amino-2-deo~y-D-gaiactitol or 2-amino-2-deoxy- 

D-glucitol merely. \tith substitution at C-3, C-rl, or C-6, tvcre subjected to per- 
merhylatjon. metbanolysis. and acerylacion. Each disaccharide gave only one he.ritol 

derivative. In the mass spectra of all these compounds (Table I), the intense peak at 

m/l> 130 indicates the presence of an X-msthylacetamido group at C-2. The Sase peak 

of rhese compounds is formed by elimination of h-etene (42) from the N-acetyl moiety 

of this frapent. Thus, the stabiliry of the N-methyl group in these compounds 

toupards methanolJSs IS not affected by the site of U-substitution. 

The fragmentation of the methylated Z-amino- Zdeoxyhexitols can be generally 

e.xplrrined by the rules esrsblished for neutral betitols”*“, and are shown in 

Scheme I. The mono-O-ace41 derivatives L6 are all characterised by a prominent ion 

at w/e 290 produced by clea~a;oe of a primary methoxylated carbon. This ion is 
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i 
d C 

de Reiarrre rnrensrrres (“5 of base peak) 

1 2 3 4 5 6 7 

.<3 17 7 ‘9 47 58 6’ 100 
45 47 -IO 31 71 35 20 I7 
74 100 30 

88 100 I9 16 I00 100 100 73 
89 36 6 39 I4 35 s I 0 

101 -15 49 31 31 47 61 t,0 
116 100 
117 23 I5 

130 87 IO 65 91 99 52 
133 8 6 5 I7 
142 35 34 ‘0 I6 26 IO 
145 29 35 
I58 43 
I61 19 I-1 
Ii4 27 2 ‘2 
177 15 22 
183 3 
702 7 16 I 
705 39 
218 14 I2 
120 I3 
246 I6 31 IS 
262 IS 
290 -I 30 I3 7 
318 ‘i) 

‘Partial data. ~ncludmg iragrnenu relesant to the identlticaiion of the compounds. 
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analogous to that at n,/e 262 from the fully methylated 2-amino-2-deoxyhexitols 1. 

The location of the acetyl groups in 4-6 can be established from the following, 

prominent primary fragments: m/e 246, 3-acerare; nz/e 205, 4-acrtat. . m/e I 17, 161, 
174. and 218. 6-acetate. Secondary fragments zr-nse through single or consecutive 

eliminations of methanol (32), ketene (42), and acetic acid (60). The relative retention 

times of the mettylated 2-amino-2-deosyhexltols are Wed in Table II. 

TABLE II 

Mt.AmL RETENlIOh TlMES OF SOElE 2-A~IITuO-2-DiO?(~HESlTOL UERIV4TTtES 

Compound Srarronor.v phm 

’ “‘b of SE 30 (1811’) _._, I?; of Ol’-,‘s (150 ) 

_‘-De0.r) -2-m-n:zrh I larrromrdo)-o-glrrcrrol 
1.3.3,1.6-Pents-O-methyl- 
3-O-Acrtyl-1,J,5,6-:clr~-O-mclhyl- 
10-Acetyl-l.3,f;.6-te~ra-O-methyl- 
6-O-r?\cetyl-l,3,~,~-te~rri-O-meth~l- 
?-Dt’oq -2-(N-nr~rh~lu~~ru~l~~~)-D-golocrrrL 
l.?.~~S,G-Pcnta-O-methyl- 
3-0-Acelyl-I .l.j,G-t&r+0-mr’th) I- 
4-0-4ce1qI- I ,?.1.5-tetrn-O-methyl- 
3,6-Di-O-aieryl-l,~,5-~r~-O-mcr~~l- 

I.00 
1.76 
I.% 
I 75 

11 
I.11 
1.69 
3.1 I 
3.16 

1.00 
2.39 
1.97 
2.17 

I ‘-7 
3 ‘3 -._ 
2.93 
6.83 

In order to study the eNtent of N-deacetylation during methanol+ the 

samples bvere treated with heuadeuterioacctic anhydride after mrthanolysis. For the 
permethylnted 2-amino-2-deouyhetijtols and their B-O-substituted denvatives. there 

~~3s no shift of the ion at w/e 130. reflectin g the stability of the IV-acctyl groups 

to\n,ards metbnoolysis. In contrast. the ion a~ m/e I30 ~3s replaced by one at III/C I33 

in the 3-O- and il-O-substituted deriaatiws, indicating clra~age of the N-acetyl 

groups. This behaviour does not, however. influence the results of merhylation 
analysis, 3s the samples 3re always acetylatcd after methanolysis and only one 

product is obtained from each msrhqlated 3-amino-2-deouyhexitol. 

Rat-brain giycopeptidcs \!erz treated itith NaOH-N&H,. and the liberated 

oligosaccharides Here purified ” by gel filtr3tion, ion-exchange chromatography, 3nd 

t.1.c. The neuraminic acid-containing oligosaccharides IIT, IV, and V were subjected 

to permethylation, methanolysis, and acetylation. Because of the very small amounts 

of material available, the relative retention times on SE-30 and OV-235 columns were 

determined by using mass fragmentogrsphy and monitoring of the charactektic ion 

at w/e 13% 
Tbe methylated 2-amino- 2-dcouybe\ltol from oligosaccharide IV \vas identified 

as 3-O-acetyl-3-deo.uy-i,4.5,6-tetra-O-mzthy1-3-(rV-methylaceramido)galactitol (4) 
from its relative retention times and mass spectrum, as espected from the reported 
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StruCfUre16 O-(h’-acetylneuramioyi)-(2 -+ 3)-O-b-D-gakKtosyi-( I + 3)-2-acetamido-2- 

deoxy-D-galactirol. 

The mass-spectral data for the derivative obtained from otigosaccbaride V are 
giveo in Table I and 3re consistent uith the structure 7. Thus, the intense peaks at 

,)r/e 130 and 88 (130-G) indicate the presence of an N-methylacet3mido group. The 

inrense ion at m/e 318 (hl - 49, arisin g by cleavage of the primary methoxylated 

carbon. indicates the presence of tivo O-acetyl groups. This inference is also supported 

by rhe high Imensity of lhe peak 3t rrl/e43 (CHJCOt). The peak at nz/e 246 is obtained 
onI> from 3-3ce1>l derivntibes (see Table r). The low intensity of the ion at m/e 45 and 

the pcah 31 nrj~ I17 indicate thst the second O-acetyl group is at C-6. These data 

canfirm the reported s~ruc~ur~‘~ of oligosacchrrridc V as O-(h’-3c~tylneuraminyl)- 

(7-t3)-O-B-D-palacto~~ I-( I ~3)-O-~~~i-acrtylneur3m~nyl-(l-r6)~-2-acet~ido-3-deo~y- 

D-p3l3clirol. 

One helitol product was also obtained from oligosaccharide III. The relative 

retention times i\ere the same as for the corresponding product 7 obtained from 
ollgosaccharidt 1’ (Table II), and the mass spectra Lcere idencfcal. Oligosaccharide III 

has been rcporrcd I6 to comprise O-fl-D-gnlaclosyl-( 1~3)-2-acetamido-7,deoKy-D- 

gslactitol and one A’-acqlneuraminic acid residue of unknobbn location. The result 

of the meth>istion nnalysis established the struciure 3s O-&D-g3l3CtOSyl-( I -+3)-O- 
[iv’-acc~ylneuraminyl-(2-6)]-2-oczt3mido-2-dzo~y-D-~alnctitol. 

DlsCL SSION 

In methylation analysis of complex carbohydrates. the methylated sugars are 

otien anaJ>sed 3s alditol acet3tes after degradation of the permethylated saccharide 

by acetoljs~s follo~rd by acid hydrolysis. Only one denkartve is usually obtained from 
each neutral and amino sugsr, but t\vo products (N-methylncet3mido and N-acctyl- 

acertido drnbatiies) msy arise from 2-amino-2-deo\yhe.yitol moieties as a result of 

N-demethylation. 

Ho\be\er, when degadztion is effected by methanolysis, only one product is 

obtained fr’rnm each methylated 2-amino- 2-deoxybea;rol. which differs clearly from 

other methylsred. amino-sugar derivatives in g.l.c.-m s. 

If the oligosaccharide to be analyzed contains neuramioic acid residues, their 

location c3n be determined from the same sample 3s tbdt used for investigation of 
the 2-amino-2-deosvhe.tirols. as the preparation methods for both analyses are 
idsntical”. Also, the neutr3i’*3’” and amino sugars’*‘“~!’ can be analysed as their 

methyl glycosides. although the interpretation of the results may be nvr~ difficult than 

for the slditol derivatives. 

In the methylarlon 3naJysis of glycopeptides cootaicing an O-.glycosylic 

carbohydrate unit. difficulties may arise because of clea~v~ge of the alkali-labile 

csrbohydrsre-peptide linkage and subsequent detachment of jubstituents at C-3 of the 

gslactosamine moiety s. Is. It may therefore be more col*\enient to deliberately 

cleave the alkali-labile linksees by treatment” with NaG!+-NaBfI, and then 
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determine the substitutiLw pattern of the resulting 2-amino-2-deoxyhe.uitol derivative 

as described above. 

Comparison of the mass-spectrai data in Table I with those presented by Hase 

and Rietschel I 3 reheals myrkcd differenws in the relative intensities of the larger 

fragments. The fragments hI -45, i.e., 262 and 290. were not detected, in contrast to 

the present work. and several other fragments in the higher mass region gabs much 

weaher peaks. There are also comparable differences in the mass spectra of amino 

sugars7*‘. The spectra Hith the lo?v intensities in the high w/e region were obtained 

with 3 quadrupole instrument. whereas the other spectra were recorded iiith a 
magnetically scanning mass spectrometer. Thus, the type of instrument used should 

be taken into consideration in the interpretation and comparison of rnasJ spectra. 
For the identificntion cf the merhyl substitution pattern of heuoses, the presence of 
signals over IO 95 of the base peak ’ A is Hidely used. Due to drastic differences in the 

intensities of many important ions when diff’erert instruments are used, this approach 

cannot be recommended for amino su_gar derikatibes. 

hlalenals. - - u-~-D-Galactop~~anosyI-( l-+3)- 3-acsramido-7-deosy-o-~al3cto~~. 

O-p-D-galactopyra,:wyl-(I -t-I)-2-aceramido-2-deoxy-D-glucose, and O-/?-D-galac~o- 

pyranosyl-(I -+6)-2-acetamido-2-deoxy-D-glucose were kindly supphed by Dr. A. 

Gauhc (Heidelberg, Germany). Disaccharide alditols. and 2-acetamido-2-deouy-D- 

gluc~tol and -D-galacritol \cere prepared from the corresponding reducing sugars by 

reduction with NaBH,. 0-P-D-Galactopyranosyl-(I -+3)-2-acetamido-&deo\y-D- 

~alactirol was a gift from Dr. 11’. T. Shier (San Diego, California). O-r-N-Acetyl- 

neuraminyl-(2- 6)-2-acetamido-2-deo~~f-o-~~lacritol W.ZLLS prepared by NaOH-NaBH, 

treatment of bovlne submaxillary mucin (Type I, Sigma), follo\\ed by DEAE- 
Sephadek chromaropraphy”. 

hlethr~iarion awa&w3. - hlethglation bias carried out with mctilyl iodide in 

methyl sulphoxide in the presence of methylsulphinylmethyl carbanion’. The reaction 
mixture was diluted w~tb waler and partitloned with sn equal volume of chloroform. 

The chloroform phase was extracted with water (5 x ). 

The permethylated oligo,accharidcs \\ere treated Lvith 0.5~ methanolic HCI at 

80’ for I8 h and the solution was concentrated to dvness under nitrogen. The residue 

was treated with pyridlne-acetic anhydride (I:l, 0.5 ml) at 80’ for 30 min. After the 

addirion of tolueoe (1 ml), the r-uxwre was concentrated to dryness. and a solulion of 

the residue in chloroform was analysed by g.l.c.-m.s. For tridsuterioacetylation. 

heuadeuterioacetic anhydride (hlerck) Has used. 

Acetolysis and acid hydrolysis of the permethylatec! oligosacchsrides were 

performed as described by Stellner er ~1.~. 

For deuteration of frez amino groups, the samples were dijsol\ed in CH,COOD 

(Merck) and subjected to g.I.c.-m.s. in this solvent. 

G.l.c.-m.s. - G.1.c. Has performed mitt? a Perkin-Elmer 900 inslrument and 
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columns (2 mm x 2 m) of 2.3?j of SE-30 at 180’, or 1% of OV-225 at 190”. G.l.c.-m.s. 

uas performed \%ith a Varian 1700 gas chromatograph coupled to a Variao MAT 

CH-7 mass spectrometer equipped with a SpectroSystem IO0 FvfS data-processing 

s+rem and BG Altema AL 5 mutiple ion detector. Mass spectra were recorded 

(ru/r 40400) at 70 2V ~itb an ionization current of 3OG PA. 

hlrs. Liisa Kuibalninen and Mrs. Hilkka Riiokkij are thmked for ewellm 
technical assistance. This lvork ~3s supported by the National Re ,earcb Council for 
hfedical Sciences of Finland and by the S&rid JusClius Foundatior,. 
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