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Abstract-Mass spectra of 6 TMSdisaccharides of type aldohexosyl-( I +x)-fructose, in which x varies 
from 1 to 6, were compared and could be divided into two main groups i.e. (1 -P I), (I + 2) disaccharides 
and (1 4 3). (I -+ 4) (1 + 5). (1 -* 6) disaccharides. Within both groups a further differentiation was 
possible. Also the mass spectra of 2 di-, 6 tri- and 3 tetrasaccharides containing one or more (x-. 2)-S-n- 
fructofuranose units (x = 1 or 6) were studied. The presence of such a unit gives rise to very abundant 
ions at m/e 437 and/or m/e 8 15. A number of other fragment ions e.g. m/e 671, m/e 811, m/e 1049 and m/e 
1427 are also of great importance for the characterization of the latter fructosyl oligosaaharides. 

INTRODUCTION 

FOR TMS-aldosyl oligosaccharides and TMS-disaccharides containing a 2- 
acetamido-2deoxyglycose unit we reported the applicability of mass spectrometry 
to the determination of the type of glycosidic link and the monomer sequence.‘~ ’ 
Because of the importance of fructosyl carbohydrates in Nature, we also investi- 
gated the mass spectra of TMS-oligosaccharides with one or more fructose residues. 
The spectra of the TMSderivatives of the pyranose, furanose and acyclic forms of 
D-fructose itself have been studied by several investigators. Curtius et aL3** detected 
the five possible forms of TMS-D-fructose by using a combined GC-MS system and 

described the value of the intensities of the peaks at m/e 204 and m/e 217 for differen- 
tiating between pyranose and furanose ring forms. They observed further that the 
presence of an intense peak at m/e 437 (Mt minus ‘CH,OTMS) sets these com- 
pounds apart from the aldohexoses. With the aid of some deuterium labelled com- 
pounds, Karady et al.’ showed that in the formation of the fragment ion at m/e 
437 the C,-C, bond is cleaved. In a preliminary communication about the mass 
spectrometry of fructose containing oligosaccharides6 we reported some significant 
mass spectrometric details for this type of carbohydrate. Recently, Binkley et ~1.’ 
published data on the mass spectra of oligosaccharides related to sucrose, using 
peracetyl and pertrimethylsilyl derivatives. 

In this paper we discuss in more detail the mass spectra of some pertrimethylsilyl 
reducing and non-reducing oligosaccharides, in which fructose occurs in pyranose 
and/or furanose forms. 

RESULTS 

Disaccharides of the type aldohexopyranosyl-(l -rx)-jiuctose 
Mass spectra of the TMS ethers of the disaccharides I to VI (Table 1) were recorded. 

In Table 2 significant peaks present above m/e 360 are given. With the exception 
of II, the molecular ion at m/e 918 was observed in all cases. The elimination of a 
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I-ABLE 1. L5T OF STUDIED OLlOCBACCHARtDm 

I 
II 

III 
IV 
V 

VI 
VII 

VIII 
IX 

X 
XI 

XII 
XIII 

XIV 
xv 

XVI 

f&D-glucopyranosyI+ -+ 1)-D-fructose 
a+-glucopyranosyl-(l+2)-IID,-fructofuranoside (=sucros# 
a*-glucopyranosyl-(l + 3)-D-fructose (= turanose~ 
g-D-galactopyranosyl-(1 -b 4)D-fructose (= lactulosc~ 
a+@mopyranosyl-(l -+ 5)-D-fructopyranose (I leucrose) 
a+gh~copyranosyl-(l -+ 6)+fructofuranose ( = palatinoser 
aa,-galactopyranosyl+ + 6)-a-D-ghrcopyranosy~-(1 + 2)-g-D-fructofuranoside (= ralhmose) 
ai&mopyranosyl-(l + 2)-g-D,-fructofuranosyld3 -* 1)-a+,-glucopyranoside (=melexitoscp 
aDgalactopyranosyl_(1-+ 6)-a+galactopyranosyl-(l + 6)-a*,-glucopyranosyl-(l -+ 2)- 
-II-D-fructofuranoside (= stachyoser 
a*-gIucopyranosyl+ + 2)-jWfructofuranosyl-(l + 2)-~+Hructofuranoside ( = 1-kestose) 
aa,-glucopyranosyl-(l -+ 2)-g-D,-fructofuranosyld6 + 2)+-D-fructofuranoside (-6-kestose) 
g-&ructofuranosyl-(2 + 6)-a*,-ghtcopyranosyl-(l + 2)-I%-fructofuranoside (= neokestose.) 
a+qhmopyranosyl-(l -+ 2)+-D-fructofuranosyl-(l -+ 2)-fID-fructofuranosyl-(l 4 2)- 
-II+-fructofuranoside (= nystose) 
@-fructofuranosyl-(2 + 6)-~-glucose 
@a,-fructofuranosyl~2 + I)-g-D,-fructofuranosyl42 -+ 6)0-glucose 
j3-D~fructofuranosyI-(2 + 1)+-D-fructofuranosyl~2 + l)-j3D-fructofuranosyl-(2 + 6)-~-glucose 

’ 1. ‘I’. Raker Chemicals N.V. 
b Pierce Chemicals Company 
’ EGA-Chemie KG 

‘CHs radical, resulting in the peak at m/e 903, was detectable in all spectra Spectral 
differences related to the various types of glycosidic linkages are summarized in 
Tables 3 and 4. 

The 1 -+ 1 and 1 + 2 TMS-aldohexosyl-fructoses are characterized by the presence 
of a peak at m/e 437 with relatively high intensity and a peak at m/e 815 with relatively 
low intensity. For the 1 + 3, 1 -P 4, 1 + 5 and 1 + 6 compounds the reverse holds 
(Table 2). The disaccharides of the last group eliminate a ‘CH20TMS radical from 
the fructose unit by cleavage of the C,-Cr bond, resulting in the intense peak at 
m/e 815. This high intensity has to be explained as a combination of simple cleavage 
of the linkage and formation of a stable fragment ion. These observations are in 
agreement with the finding of Karady et 01.’ and Curtius et aL3s4 with regard to 
the intense peak at m/e 437 in the TMS-fructoses. The peak at m/e 437 in the 1 -+ 1 
disaccharide is formed analogously (Fig. 1). The formation of the ion at m/e 437 
in the non-reducing 1 -+ 2 disaccharide is more complicated ; a fragmentation 
mechanism is given in Fig 2. 

The 1 + 1 and 1 -+ 2 disaccharide can be distinguished with the aid of some 
peaks as summarized in Table 3. 

The 1 + 3, 1 -+ 4, 1 + 5 and 1 + 6 disaccharides can be discriminated on the 
basis of peak intensity ratios e.g. m/e 347/m/e 345, m/e 393/mJe 361, m/e 569/mfe 
539 and m/e 583/m/e 582 (Table 4).* 

l The derivatives of the saccharides 111 to VI were contaminated to a small extent with a compound 
of a higher molecular weight (origin unknown). In the high mass range peaks at m/e 875, m/e 889, m/e 
891, m/e 963 and m/e 990 were detectable with intensities smaller than the molecular ion. This contami- 
nation was also present after the application of other silylation procedures. The impurity has only been 
found in this type of saccharides, irrespective of their origin. Purification by TLC or GLC could not bc 
carried out without disturbing the anomeric equilibrium of the disaccharide. 
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TABLE 2. SlOMplCANT PEAKS AEovP m/c 360, EXPRBSWD M Tw tNTE?WlY OP THE 
PPAK AT m/e 361, IN Tw MAS SPIKTIU OF ‘1118 TMSo~~carn-fl -X)-PRUCtW3m 

wtTHx==ld. 

m/e 

Carbohydrates 

I II III IV V VI 

918 
903 
828 
815 
813 
801 
771 
725 
723 
685 
684 
683 
680 
671 
611 
583 
582 
569 
565 
553 
539 
525 
521 
451 
437 
435 
393 
361 

0.9 - 
1.4 02 
09 01 
1.4 MS 
1.9 005 
- - 

04 02 
1.2 01 
2.2 01 
98 - 

16.2 002 
1.7 03 
- @I 

1.4 - 
3.8 01 
0.4 OQ5 
04 003 

11.4 0.03 
- 01 
- @2 

17.4 01 
3.3 06 
1.4 005 
9.6 39.7 

412 368 
15.0 1.2 

1.4 01 
100 100 

1.2 4.4 
09 2.4 
1.7 I.4 

88 138 
1.4 3.3 
I.0 2.7 
0.3 1.2 
1.2 2.4 
1.4 2.6 
06 14 
09 1.0 
05 1.5 
- - 
- - 

05 20 
08 - 
1.3 - 
24 27 
- - 
- - 

1.9 68 
1.2 43 
02 40 

11.1 152 
3.4 42 

100 104 
2.4 11.8 

100 100 

6.4 1.0 
1.6 1.7 
05 1.3 

150 184 
4.4 50 
0.3 1.3 
08 08 
3.7 1.3 
3.6 1.5 
1.9 05 
04 07 
06 08 
- - 
- 

1.9 
06 
1.2 

11.3 
@4 

- 
- 

1.3 
1.0 

27.6 
- 

- - 

3.0 7.4 
1.2 3.5 
58 @8 

154 11.6 
92 68 
44 103 

132 1@4 
100 100 

- = not detectable 
The peaks are not corrected for the isotopic contribution of peaks of lower masses 
For the interpretation of the various peaks see Kamerling et al.’ For compound 
II intensities smaller than @lx are given, because in the mass spectrum of this 
disaccharide the ions above m/e 451 have a low abundance. 

TABLE 3. I’EAK rNlBt@m USED POP. DIF- 

FERENTIATION BETWEEN rHEI-rlANDl+2 
DEIACCFLUUDIS (m/e 361 = 100 %). 

mle 
Type of glycosldic linkage 

l-+1 l-2 

569 11.4% OQ3o/d 
671 1.4% - 

684 16.27, cm2%b 
* not corrected for the isotopic contribution 

of m/e 565 
b not corrected for the isotopic contribution 

of m/e 680 
- = not detectable 
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TABLE 4. s RAIIIB UWD POR DDTERBN- 

TIATION BETWBEN THE 1+3, 1+4, l-+5 AND 
1 -, 6 DBACCHARIDB 

Type of glywsidic Iinkage 

m/e I m/e 
1+3 l-4 145 l-+6 

347/345 1.1 13.8 l-5 @9 
3931361 002 012 u-13 010 
569J539 1.3 04 38 37 
583/582+ 0.6 - 65 1.3 

l Isotopic ratio 583/582 = 052 (calculated) 

OTMS OTMS 

m/e 437 

FN = Fruf or FN~ 

FIG 1. Formation of m/e 437 in a 1 -+ 1 disaccharide 

Because of the small number of disaccharides available (one of each bonding 
type), it is not clear if all differences are only due to varieties in glycosidic links. 
The constituent aldohexo& and the ratio pyranose-furanose-acyclic forms as 
well as the anomeric configuration may also display a distinct influence. 

+ 

m/o 437 

TMS 

OTMS 

FlG 2 Formation of m/e 437 in a 1 + 2 disaccharide 
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Oligosaccharides with an (x + 2)-B-o_fructofiranose unit 
The mass spectra of the TMS ethers of oligosaccharides VII to XVI (Table 1) 

were recorded. In the spectra of VII and IX the molecular ion Mt could be observed. 

T~~e5.S1om~rc~paw~vem/eMO,axpnana~m~~~~~0~’1~~~~ll~~m/ej61,~~~~ 
MASS SP~CTM op THB TMS-DJSACCHARIDES (M = 918), THE TMS~RLSA~~H.WDS (M=1296)m= 

TMSTEIRASACC (M = 1674). 

mle 

-_-. ._ 
VII VIII IX 

Carbohydratea 

X XI XII XIII XIV xv XVI 

1674 
1659 
1571 
1427 
1325 
1296 
1281 
1207 
1193 
1049 
961 
947 
903 

845 
829 
a28 
815 
813 
811 
739 
725 
723 
721 
671 
649 
639 
595 
583 
569 
539 
525 
509 
467 
451 
437 
435 
361 

- 
- 
- 
- 
- 
002 

005 
- 

0+2 
- 
- 

08 
005 

Q3 
05 
06 
Q5 
03 
- 

Q3 
01 
03 
- 
- 

04 
- 

005 
1.6 
QO5 
06 
1.2 
005 
23 

728 
57-o 

1.2 
100 

- 
- 
- 
- 
- 
_- 
- 
- 
01 
- 
- 

02 
Q2 
- 

Q6 
06 

27.4 
Q5 
05 
Q7 
03 
Q4 
Q2 
- 

04 
- 

04 
- 

w5 
02 
Q2 
0.2 
1.2 

119 
Q7 
1.1 

100 

005 
- 
- 
- 

09 
- 
- 

2.1 
- 
- 

Q2 
06 
- 
- 

08 
Q2 
03 
Q2 
- 

Q3 
02 
02 
- 

04 
Q2 
02 
1.4 
04 
Q6 
1.0 
02 
1.6 

850 
37.1 

1.3 
loo 

- 
- 
- 
- 
- 
- 
01 

Q3 
02 
- 
- 

01 
Q4 
4.2 
- 

Q5 
1.6 
2.9 
1.5 
03 
Q8 
1.0 
8.6 
1.9 
- 

05 
01 
- 

Q3 
Q4 
06 
- 

58.3 
419 
07 

100 

- 
- 
- 
- 
- 
- 

005 
- 

3.7 
05 
- 
- 

005 
- 

2.1 
09 

167 
Q7 
03 
9.8 
06 
Q6 
01 
IQ 
2.0 
1G 
03 
01 
- 

02 
IO 
05 
01 

57.7 
18.4 
1.5 

100 

- 
- 
- 
- 

- 
005 
06 
1.6 

- - 
- 

005 

- 

- 

1.5 
04 
- 

- 

Q2 
06 
5.4 
02 

- 

002 
Q6 
002 
06 
Q2 
Ql 
02 
01 
Q2 

- 

01 
005 
7.6 

- 
- 

01 
OQ2 
005 
005 

- - 

1.3 21.7 
2.5 1.9 
5.1 - 

6.1 Q4 
1.3 1.1 
1.3 1.8 
2.5 - 

2.5 2.8 
8Q - 
- 

Q2 
- 

- - 

OQ2 01 
1.1 10 
02 4.1 
08 005 

110 404 
119 306 
1.8 19 

100 100 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
06 
- 
- 

- 

1.2 
4.3 
- 
- 

1.7 
l-4 
1.2 

679 
114.1 

7.5 
100 

- 
- 
- 
- 
- 
- 
- 
- 
2.8 
7.9 
- 
- 
- 
- 

2.4 
- 

13.4 
2.0 
0.8 

102 
1.6 
16 
Q3 
7,5 
83 
- 

1.6 
Q5 
- 
- 

08 
31 
- 

6Q6 
748 
3.1 

100 

- 
- 
06 
5.4 
- 
- 

- 

04 
3.1 
5,4 
Q2 
- 

02 
- 

23 
Q6 
7.7 
2.3 
1.2 

17.8 
I.1 
1.5 
- 

3.1 
194 
- 

1Cl 
- 
- 
- 

31 
7.7 
- 

454 
550 
39 

100 

- = not detectable 
The peaks are not correetcd for the isotopic contribution of ptpks of Iowa massed. 
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The spectra of X, XI, XII, XIII and XIV showed as the first detectable ion [M? 
minus ‘CHJ. In the remaining compounds [Mt minus ‘CH,OTMS] was the first 
observed ion. Table 5 summarizes significant peaks present in the various mass 
spectra. 

The presence of an (x + 2)-(8-D-fructofuranose unit in an oligosaccharide (x = 1 
or 6) has a very characteristic influence upon the mass spectrum of its TMS-derivative. 
All spectra except that of VIII (melezitose) show a peak at m/e 437 (measured atomic 
composition C1,H4i0$i4) with relatively high intensity, as observed for II (sucrose). 
This highly abundant ion is typical of the presence of an (x --, 2)-8-D-fructofuranose 
unit at one end of the molecule. Compounds VIII and XI show an intense peak at 
m/e 815 (measured atomic composition CJ2H7501,,Si7). These two trisaccharides 
contain an (x + 2)-8-D-fructofuranose unit in the middle of the molecule. In Fig. 3 
the fragmentation reactions resulting in the intense peaks at m/e 437 and/or m/e 
815 are given for each oligosaccharide. Because of the relatively low intensity of the 
ion at m/e 437 (comparable with that of m/e 435) in the mass spectra of the TMS- 
aldohexosyl-(1 + 6)-aldohexoses (Kamerling et al.‘), it is highly improbable that 
formation of the fragment ion at m/e 437 in compounds XIV, XV and XVI is the 
result of cleavage of the C,---& bond in the reducing aldohexose unit. In the mass 
spectra of compounds XV and XVI, which contain one and two fructose units 
respectively in the middle of the molecule, an abundant ion at m/e 815 was also 
present, whereas in the spectra of compounds X and XIII it has an intensity com- 
parable with that of m/e 813. In compounds X, XIII, XV and XVI C, of the inner 
fructose units is substituted by a hexose unit. The presence of a peak at m/e 815 
with relatively high intensity in compounds XV and XVI cannot be explained by 
the supposed mechanism in which an OTMS migration is followed by a ‘CH,OTMS 
elimination (Fig. 3). In the case of trisaccharide XV it is unlikely that from the inter- 
mediate, formed after an OTMS migration from the glucose to the middle fructose 
unit, a ‘CH,OTMS radical is eliminated from the other fructose unit, because this 
elimination cannot be correlated with the mass spectrum of trisaccharide X in 
which the intensity of m/e 815 is nearly identical to that of m/e 813 (c.f. Fig. 3).t 
The same holds for the analogue of m/e 815, 378 a.m.u. higher, m/e 1193 in XVI. 
The mass spectrum of disaccharide XIV shows an intense peak at m/e 815, corres- 
ponding to easy elimination of a ‘CH,OTMS radical contrary to disaccharide II. 
Saccharides X and XIII belong to the sucrose-series (compound II with a 1 + 2 
linkage) and saccharides XV and XVI to the /3-D-Fruf-(2 + 6)-D-G-series (compound 

XIV with a 6 + 2 linkage). Therefore, the intense peaks at m/e 815 in XV and m/e 
815 together with m/e 1193 in XVI can be explained in the same way as for disaccharide 
XIV (Fig. 3). In the 8+-FruJ-(2+ 6)-D-G-series the Cl-C2 bonds in the fructose 
units will be cleaved more easily than in the sucrose-series. 

The mass spectra of X (1-kestose) and XIII (nystose) are characterized by the 
presence ofan abundant ion at m/e 811 (measured atomic composition C,3H,s0$i,). 
This fragment ion is formed by elimination of Hz0 from m/e 829 (measured atomic 
composition C33H,7010Si7) as indicated by the presence of the metastable peak m* 
at 793.4. A mechanism is presented in Fig. 4. The peak at m/e 811 was also observable 

7 It cannot be ruled out, that formation of the ion at m/e 437 in these trisaceharides proceeds also oia 
elimination of a ‘CH,O-Frufradieal from this intermediate. 



4382 J. P. KAMBRLINO, J. F. G. V~lea wnuw, J. VINW and J. J. DB RIDDER 

OR 

c d, .+ 
G,“_ _o_c/~~~H I R = FN~ or FN~-FN~ 

A_&‘CH,OTMS 

TMSb ATMS 

I 
Glu~:H<H-?CH,OTMS 

b A 
m/e 829 

TMS TMS I 

Gl.~:~H~:H,,,MS m* - 7944 

TMS A A TM; 

GluL:z-cH,OTMS 
v 

m/e 811 

TMS A A TMS 

RG 4. Formation of m/e 811 in TMS-1-kestose and TMS-nystone 

OY 

CH, 

X0-L /‘\c”-CH 
I 

OZ 
/ON 

\c 4 

2 

H 

- X?<i>----CH+CH,OZ 

TMSd 
\ 

C-H- CH=OTMS 

OTMS I 
.+ TMSO 

OY 
- XO-CH-CHATMS + 

A LH, 
TMS 

Y =TMS;’ - 

NO\ 
c- CH -CH,OZ 

XIV m/e 671 X = Gp; Z=TMS 

XV m/e 671 X = Gp; Y = Fruf; z=TMs 
m/e 1049 X = GpFNf; Y = TMS; Z=TMS 

XVI m/e 671 X = Gp; Y ==FN$F~J; Z-TMS 
m/e 1049 X = GpFruf; Y = FN~; Z-TMS 
m/e 1427 X = Gp-F&FN~; Y = TMS; Z=TMS 

X m/e 671 X = Gp; Y = FN~; Z=TMS 
m/e 1049 X = GPFN~; Y = TMS; Z-TMS 

XI m/e 671 X = Gp; Y = TMS; Z=Fruf 
m/e 1049 X = GpFnJ; Y = TMS; z=TMs 

XII m/e 1049 X = FrufiGp; Y = TMS; Z=TMS 

XIII m/e 671 X = Gp; Y = FNJFNJ; Z = TMS 
m/e 1049 X = GpFruf ; Y = FN~; Z=TMS 
m/e 1427 X = Gp-Fn$Fruj; Y = TMS; Z-TMS 

FIG 5. Formation of m/e 671, m/e 1049 and m/e 1427 in fiwctosyl oligosaccharidm 
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in the saccharides VIII, XI, XII, XV and XVI, albeit in lower intensities For the 
saccharides VIII, XI and XII this ion must be formed oiu a fragmentation pathway 
different from the one suggested in Fig 4. 

The presence or absence of the fragment ions at m/e 671, m/e 1049 and/or m/e 1427 
in the saccharides X to XVI are characteristic for the sequence of the fructose units 
in these compounds. A mechanism for their formation is given in Fig 5 for each 
oligosaccharide. Exact mass measurements established that the atomic composition 
of m/e 671 is C,,H6,0,Si, and that of m/e 1049 (378 a.m.u. higher) C,,H,,O,,!$. 
The absence of m/e 671 in TMS-neokestose (XII) is in agreement with the arrangement 
of the two fructose units in this trisaccharide In all other cases the fructose units are 
linked to each other. 

UISCUSSION 

Formation of thejkgment ions at m/e 204 und m/e 217 
De Jongh et al.’ and Petersson et al. lo have demonstrated that in TMS-aldohexo- 

pyranoses the greatest contribution to the formation of the fragment ion at m/e 

204 (TMSO-CH---CH-OTMS) stems from CI-C3 and to a smaller extent from 

CJ-C4, while the fragment at m/e 217 (TMSO-CH=CH--&H--OTMS) stems 
mainly from Cz-CJ-C4. Karady et al.’ have shown that in TM!+2-ketohexo- 
pyranoses the ion at m/e 204 stems from C,-C* and Cb-Cs, while m/e 217 stems 
from C,-+-C, and CJ--C~--Cs. The mass spectra of the TMS-2-ketohexo- 
furanoses published by Curtius et al.’ make clear that in these compounds the peak 
at m/e 204 is hardly formed, just as in the TMS-aldohexofuranosesg* lo For the 
pyranose forms the intensity ofthe peak at m/e 217 is smaller than that of+ 204, while 
for the furanose forms the reverse holds. 

From the mass spectra of compounds II and VI, containing a fructofuranose 
unit, it can be deduced that the intensity of the peak at m/e 217 is greater than that 
of m/e 200 (Table 6). The spectrum of disacchilride V, containing a fructopyranose 
unit, shows the reverse. On the basis of CMR spectroscopy, Doddrell et al.” stated 
that an aqueous solution of turanose contains f 40% of the fructopyranose form 
and f 60% of the fructofuranose form. The mass spectrum of TMS-turanose (III) 
shows that the peak at m/e 217 is more abundant than that of m/e 204, suggesting 
that the fructofuranose form is dominating under the conditions of our experiment. 

Tm 6. ~%KMENSIN RATIOB OF THE IONP AT m/e 217 AND m/e 204. 

Compound / p 217f204 Compound f p 2171204 

I 

II 
III 
IV 
V 
VI 
VII 
VIII 

. l 08 
1 1 74 
l l 1.3 
l l 09 
0 2 06 
1 1 1.4 
1 2 l-3 
1 2 1.6 

IX 1 3 06 
X 2 1 8.1 
XI 2 1 5.9 
XII 2 1 8.8 
XIII 3 1 103 
XIV I 1 1.7 
xv 2 1 2.6 
XVI 3 1 3.5 

f = number of furanosea prawnt 
p = number of pyranosg pnsent 
l = unknown 
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In earlier investigations we have demonstrated’ that the intensities of the abundant 
ions at m/e 204 and m/e 217 in TMSdisaccharides are also influenced by the type 
of glycosidic link. Furthermore Avigad et al. l2 have described the presence of very 
small amounts of the acyclic form of the reducing fructose unit in the disaccharides 
I, III, IV and VI. Therefore, the usefulness of the ratios m/e 217/m/e 204 from the 
spectra of compounds I and IV for the determination of the pyranose-furanose 
equilibria is still unclear. 

The results deduced from the mass spectra of the remaining compounds support 
that the presence of an (x --* 2)-&D-fructofuranose unit greatly influences the ratio 
m/e 217/m/e 204 (Table 6). 

Formation of thefiqnent ion at m/e 437 
The mechanism for the formation of the ion at m/e 437 in (x + 2)-&t+fructofuranose 

containing oligosaccharide@ (Figs. 2 and 3) is based on the following : (1) Rearrange- 
ments of OTMS groups in TMScarbohydrates are very common (Kochetkov et 
al*” and De Jongh et al.‘). (2) Mass spectra of the TMS-trehaloses show clearly 
the presence of a fragment ion at m/e 540 (Kamerling et al.‘) corresponding to the 
supposed intermediate. (3) By this mechanism, in which the formation of a TMS- 
hexose ion is supposed, it is also possible to explain the presence of the ions at m/e 
525 and m/e 435 (540+ minus ‘CHs and 54O+ minus ‘CHJ minus TMSOH respec- 
tively) in TMSdisaccharides.’ (4) TMS-fructoses in their pyranose and furanose 
forms eliminate a ‘CH,OTMS radical very easily, by cleavage of the C-C, bond 
(Karady et al.’ and Curtius et al.j). 

For the explanation of the ions at m/e 525 and m/e 435, Binkley et al.’ also accepted 
the formation of a TMS-hexose ion at m/e 540. However, they did not use this inter- 
mediate for the formation of the fragment ion at m/e 437. In this case the authors 
suggested a mechanism based on migration of the TMS group of C, of the fructose 
unit to the glycosidic O-atom, followed by a CH,=O and a glycosyl radical elimina- 
tion. 

A further consideration of a number offagment ions 
The mass spectra of the l + 1 and 1.+‘3 disaccharides I and III show a peak at 

m/e 684 with atomic Composition C27H64@&. In Fig. 6 an explanation is given 

for its formation. This mechanism accounts for the facts that in the case of the 1 + 4, 
1 + 5 and I + 6 disaccharides this ion is not formed. 

OTMS 

l-+1 X=Gp; Y =TMS 

l-+3 X=TMS; Y=Gp 
Fru = FN~ or FNP 

m/e 684 

FIG 6. Formation of m/e 684 in the 1 + 1 and 1 -+ 3 disaccharides 
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In the mass spectrum of the 1 + 5 disaccharide V a peak at m/e 685 (measured 
atomic composition C2,H,,0BSi,) of reasonable intensity was observed. The 
presence of this fragment ion might support the presence of the acyclic form of 
fructose in this disaccharide (Fig. 7). However, this assumption could not be confirmed 
by IR experiments (presence of a C=O vibration). 

CH,OTMS 

LO + 

rMso=Y 
- 

CH-CLGlucose 

TWO&H2 

HC-O-Glucose 

H,bOTMS m/e 685 

FIG 7. Formation of m/e 685 in the 1 + 5 disaccharide 

The mass spectrum of the 1 + 1 disaccharide I shows a peak at m/e 671, which 
cannot be explained according to Fig. 5. Karady et al.’ have described a mechanism 
for the formation of m/e 293 in TMS-fructopyranose which can be used for the 
explanation of the fragment ion at m/e 671, 378 a.m.u. higher than m/e 293 (Fig 8). 

CHOTMS 

Glucose- OH&\ 

G=k=TMS m/e 671 

TXlSO / 

FIG 8. Formation of m/e h 7 1 in the 1 -+ 1 disaccharide 

In earlier experiments’ we established that the atomic composition of the fragment 
ion at m/e 393 in aldohexosyl-aldohexoses is Ci5HJ704Si4 (525+ minus TMSOCH, 
-CH=O). The same holds for the peak at m/e 393 in the 1 + 1 and 1 + 2 disac- 
charides I and II. However, exact mass measurements of the same peak in the 1 + 3, 
1 + 4, 1 + 5 and 1 + 6 disaccharides III to VI gives the atomic composition as 
C,SH3306Si3. It was not possible to also detect the peak with atomic composition 
C15H3,00Si4. In Fig 9 an explanation is given for the formation of the peak 
corresponding to C,,H,,O&, partially based on elimination of a ‘CH,OTMS 
radical in these four compounds as described before. 

16E 
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The mass spectrum of TMS-lactulose (IV) shows a peak at m/e 347 with a relatively 
high abundance compared with the peak at m/e 345. All other disaccharides investi- 
gated up to now (ref. 1 and this study) show peaks at m/e 347 and m/e 345 of similar 
intensities. Exact mass measurements established that the atomic composition of 
the peak at m/e 347 is C,qH3104Si3. The fragment ion can be formed by elimination 
of TMSOH from m/e 437. 

FIG 9. Formation of m/e 393 with the brutoformula C,5H5306Si3 in e.g. a 1 + S 
disaccharide 

The mass spectrum of TMS-melezitose (VIII) shows a distinct peak at m/e 541 
besides m/e 539. It can be explained as an [TMS-hexose + lH] ion. The mass 
spectra of the disaccharides containing a Z-acetamido-2-deoxy-glycose unit frequently 
show the analogue of this fragmentation ion, 31 a.m.u lower (Kamerling et aL2). 

The significance ofthe peak at mis 583 in relation to the oligosaccharide structure 
Recently it has been shown that the mass spectra of TMS-aldohexosyl-aldohexoses 

with a 1 + 5 or 1 -+ 6 linkage have a relatively intense peak at m/e 583 (Kochetkov 
et a1.13 and Kamerling et al.‘). The spectra of VII, IX, XII and XIV show a peak at 
m/e 583, in accordance with a 1 + 6 or 2 + 6 linkage in these compounds. A frag- 
mentation pathway for this ion has been published by Kochetkov et al.’ 3 A peak at 
m/e 961 in IX can be correlated with the second 1 -+ 6 link.’ However, the mass 
spectra of compounds XV and XVI, each with a 2 -+ 6 linkage, did not give rise to 
peaks at m/e 961 and m/e 1339 respectively. Compounds VI and XI also show a 
peak at m/e 583, in accordance with the 1 + 6 and 2 -+ 6 linkages respectively in 
these saccharides. Furthermore the mass spectrum of the TMSderivative of a-D-@- 
(1 --, 2)-8-~-Fruj-(6 -+ l)-a-D-Galp (planteose) shows a peak at m/e 583 (Binkley 
et al.‘). Because of the furanose ringstructure of the fructose unit in palatinose (VI), 
6-kestose (XI) and planteose a somewhat different fragmentation pathway must be 
expected as originally introduced by Kochetkov et aLI3 Taking into account that 
palatinose contains a very small amount of the acyclic formi the formation of 
m/e 583 can also be explained on the basis of this last structure (glucose--O-CH,- 

CH&TMS). 
In the mass spectra of the saccharides II, X and XV a peak at m/e 583 of low intensity 

was observable. A small peak at m/e 961 was present in the spectra of the saccharides 
XIII and XVI. These peaks cannot be correlated with the presence of a x + 6 linkage. 
They must be considered in a similar way to the peak at m/e 583 of very low intensity 
in the mass spectra of the non-reducing 1 -4 1 aldohexosyl-aldohexoses.’ 
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Comparison of the different intensities of the ions at m/e 583 and m/e 961’ (Table 
5) lead to the conclusion that for an unknown saccharide it is only allowed to corre- 
late the occurrence of these ions with the presence of a x + 6 (or 1 + 5) linkage, if 
the relative intensities of these ions are evidently more abundant than those of the 
surrounding peaks. 

In this study we have shown that the presence of fructose in an oligosaccharide 
has a typical influence on the fragmentation pattern. On the basis of the mass spectra 
of the three known kestoses a new method is developed for their differentiation. 
The very characteristic peaks present in the mass spectra of fructosyl oligosaccharides 
can be of great help for the elucidation of new unknown oligosaccharides. 

EXPERIMENTAL 

The trimethylsilyl derivatives were prepared as described earlier.b However, by this procedure reducing 
disaccharides with a free hemiacetal hydrogen-group on C, (i.e. the compounds 1, HJ, IV, V and VI) were 
silylated by only 97%. Further experiments have shown that it is necessary to silylate these compounds 
for 48 hr at 60” to attain a degree of silylation of more than 99.5%. Recently, Okuda er ai.‘4*‘J described 
the diflicult silylation of the hernia&al hydroxy-group in fructoses The application of N-trimethylsilyl- 
imidazole or N,O-bis-trimethylsilyl-trifluoracetamide plus 1% TMCS did not give better results. The 
carbohydrates were obtained from J. T. Baker Chemicals N.V., Pierce Chemicals Company or EGA- 
Chemie K.G., or were gifts from several investigators (acknowledgements) The 70 eV mass spectra were 
recorded on an AEI MS9 mass spectrometer at an ion chamber temperature of80-100” for the disaccharides, 
120-140” for the trisaccharides and about 160” for the tetrasaccharides. 
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