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ABSTRACT 

TWO isomeric D-ribofuranosyh-ibitols, derived from capsuIar polysaccharides of 
Haemophihs itzfluenzae type b and Escherichia coli K 100, \\:ere methylated or acetylat- 
ed, and the products analyzed by gas-liquid chromatography-mass spectrometry. The 
marked difference in the mass spectra of the methyl ethers of these disaccharides 
aIIowed clear distinction between I- and 2-O-D-ribofuranosylribitol. The base peak, 
m/e 101, for the methylated I-O-D-rrbofuranosylribitol was characteristic for this 
disaccharide; its isomer, the (1 + 2)-Iinked species, has a base peak at l>z/e 57. The 
difference in the base peaks is attributable to fragmentation of the methylated ribitol, 
as both spectra display common ions characteristic of the methyIated D-ribofuranosyl 
group. For the acetylated disaccharides, the mass spectra displayed common ions 
characteristic of the acetylated D-ribofuranosyl group. However, no ions similar to 
those found for the methylated ribitol allowed ready differentiation between the two 
acetates. Instead, their spectra displayed similar ions, differing somewhat in relative 
abundance; the M-l ion, 112/e 577, was obtained for both. Comparison of the relative 
abundance of nz/e 139, 259, and 303 in the spectra of the two acetates did ahow 
distinction between them. 

INTRODUCTION 

HaetnophiZus influenzae type b is a serious pathogen, responsibIe for a variety of 
invasive diseases of childhood, most commonly meningitis’. In addition to being a 
known virulence factor2, its capsular polysaccharide is serologically and immunogen- 
ically cross-reactive3 with the capsuIar polysaccharide of Escherichia coli K 100, anon- 
invasive organism that is not associated with disease in humansa. Structurally, both 
polysaccharides are phosphoric diester-linked D-ribofuranosyIrrbito1 polymers that 
differ soleIy in the position of the glycosidic linkage. The dimeric unit of Haemop1ziZu.s 

l TO whom correspondence should be addressed. 
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inzj&cszza type b polymer (1) is 1-O-/3-D-ribofuranosylribito15~6 and that of Escherichia 
coli K 100 polymer (2) is 2-O-P-D-ribofuranosyl-D-ribito17. 

During the course of structural studies on these capsular polysaccharides, the 
mass spectra of the fuliy methylated and of the fully acetylated disaccharides were 
examined, and characteristic fragment-ions were discerned that allowed distinction 
between the two isomers. With regard to the acetates, a structure could not be assigned 
after analyzing only one isomer. Analysis of the mass spectra of both acetates, and 
comparison with the mass spectra of the methyl ethers permitted structural assign- 
ment. 

EXJL’ERIMENTAL 

Deriwtization. - The D-ribofuranosyhibitol disaccharides were prepared from 
the capsular polysaccharides of Haernopkilus i@tenzae type b and Escherichia coli K 
100 as described’. Samples were acetylated by heating in an excess of 1: I (v/v) acetic 
anhydride-pyridine for 15 min at 150”. The excess of the reagents was then removed by 
evaporation at room temperature under a stream of nitrogen. Samples were methylat- 
ed by using the procedure of K~rkk~inen8. For analysis, the derivatized disaccharides 
were dissolved in a suitable volume of acetone. 

Mass spectrometry. - Mass spectra were recorded with an LKB 2091 Gas 
Chromatograph-Mass Spectrometer equipped with an-LKB 2130 Data System. 
Electron-impact, mass spectra were scanned from samples introduced via a 25-m, glass- 
capikry column, wall-coated with SE-30 as the stationary phase QXB 2101-402). A 
2-&L sample was injected through a glass splitter, at 200”, set at a 1: 50 split ratio, onto 
the column maintained at 150”. After an initial, 4&n, isothermal period, the column 
temperature was elevated -at 209min- 1 to a tial temperature of 300”. The ffow of 
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helium through the column at 150” was 6.2 mL.mirP. The jet separator was at 200”, 
and the ion-source temperature was 180”; the ionizing potential was 70 eV, and the 
ionizing current was 50pA. 

RESULTS AND DISCUSSION 

Gas-liquid chromatographic analysis. - The total-ion tracing for the g.1.c. of 
permetbylated 2-0-P-D-ribofuranosyl-D-ribitol is presented in Fig. 1. The elution 

150 160 170 180 190 

Column temperature PCJ 

Fig. 1. TotaI-ion tracing for separation of hepta-O-methyl-2-O-B-D-ribofuranosyl-D-ribitol on a 
capillary column of SE-30. 

temperature of the methylated disaccharides was 168” at the peak maximum, with a 
4-s peak-width at half peak-height. Under the same column conditrons, the perace- 

tylated disaccharides were eluted at 280”, and displayed a sIightIy broader (1 l-s at half 

peak-height), but still symmetrica1, peak. 
Mass-spectral analysis of the methylated disaccharides. - Fragmentation pat- 

terns of the permethyIated I- and 2-0-fl-D-ribofuranosylribitols were similar to those 
either reported8 or predicted gylo. The intensities of the fragment ions of the perme- 

thyIated I-O-P-D-ribofuranosyIribitoI, presented in Fig. 2A, are similar to those re- 

ported6. Fig. 2B presents the mass spectrum of permethylated 2-O-P-D-ribofuranosyl- 
D-ribito!. Common to both spectra are the fragment ions at nz/e 175, 143 (17%32), 
and 111 (143-39, the D-ribofuranosyl ions formed by cleavage of the glycosidic 



B. A. FRASER, F.-P. TSUI, W. EGAN 

A 

H$OCb 
I 1st; -20711 

HC- 
! 

H&X”, 
T 

-~-__5,___~---- 
HCOCH, 

--s- - p-lH-- 
2 3 

Fig_ 2. Mass spectra of the permethylated D-ribofuranosyhibitol isomers. [A, Hepta-O-methyl-l-O- 
&3-D-ribofuranosyl-D-ribitol; B, hepta-O-methyl-_ 7-O-~-D-ribofuranosyI-D-r~bitol. The mass-spectral 
conditions are described in the Experimental section. Schematic representations of the fragmentation 
patterns are indicated on the structural formulas.] 

bond followed by elimination of one molecule,-and two molecules, of methanol. The 
molecular ion and the MA5 ion were not present in these spectra, but the ion at m/e 
293 (O.S%> coincides with the M-89 ion. 

The most striking difference between the spectra of the two methylated isomers 
was that of the base peaks. The base peak for I-O-P-D-ribofuranosylribitol was m/e 
101. Presence of ilz/e 133 and the intensity of m/e 101 indicated primary cleavage of the 
C-2-C-3 bond in the methylated ribitol residue; the ion resulting from this cleavage, 
nzje 133, loses methanol, to yield the base peak, rnje 1Oi. Degradation of the ribo- 
furanosyl oxonium ion does not significantly contribute to the relative intensity of 
?n{e 10 1 (compare Figs. 2A and 2B). 

Tn the mass spectrum of methylated 2-0-B-D-ribofuranosyl-D-ribitol, the base 
peak is mrzJe 57. Fragmentation of the C-2-C-3 bond and Formation of the m/e 133 ion 
would be unlikely in the methyl ethers of 2- or 3-substituted ribitolP. The lack of 
significant intensity at nz/e 101 and 45 indicates that little bond cleavage at C-2-C-3 
and C-4-C-5 occurred relative to cleavage at C-3-C-4; the latter cleavage in the 
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2-substituted mibitol would yield m/e 89, which rapidly loses methanol to yield m/e 57. 
Additionally, comparison of the intensities for m/e 175 and 191 for each 

spectrum suggests contribution to the abundance of m/e 175 by the permethylated, 

2-O-substituted D-ribitol. The m/e 191 ion results from cleavage of the glycosidic bond 
without retention of the glycosidic oxygen atom by the methylated ribit residue. This 
fragmentation iS common to both methylated isomers. The m/e 207 ion is formed by 
cleavage Of the D-ribofuranosyl group from the ribitol residue with retention of the 
glycosidic oxygen atom by the ribitol residue. In the 2-O-substituted D-ribitol, this ion 
could form a furanoid ring through bond formation between that glycosidic oxygen 
atom (at C-2) and C-S of the ribitol residue. Elimination of methanol from this ion 
would result in an oxonium ion, ~/e 175. Thus, contributions to the abundance of 
m/e 175 could result from fragmentations of both the D-ribofuranosyl group and the 
ribitol residue. This cyclization of the ribitol would be difficult to envisage for the per- 
methylated I-O-substituted ribitol. The five-membered-ring oxonium ion would be 
thermodynamically favored over the analogous ion having a six-membered ringlo. 

Other, low-intensity, but characteristic, fragmentations for these methylated 
disaccharides include the ribitol ion, nt/e 191, losing methanol in two steps to yield, 
first, nz/e 159 (191-32) and, second, m/e 127 (159-32). Cleavage of the C-l-C-2 bond 
of the furanoid ring, with subsequent loss of acetic acid, results in in/e 115 (175-60). 

Mass-spectral analysis of the acetylated disaccharides. - The fragmentation 
patterns for the peracetylated I-O-P-D-ribofuranosyl-D-ribitol and 2-O-P-D-ribo- 
furanosyl-D-ribitol are explicable by the principles set forth by Biemann et aZ.l’ and 
Kochetkov and Chizhovl”. The spectra of the peracetylated I-O-fi-D-ribofuranosyl-D- 
ribitol (Fig. 3A) and 2-O-fl-D-ribofuranosyl-D-ribitol (Fig. 3B) both display an M-l 
ion at m/e 577. The more-intense nz/e 505 (M-73) results from loss of acetoxylated 
C-5 from either the D-ribofuranosyl group or the ribitol residue. More so than with the 
methylated derivatives, various fragmentation series common to both spectra made 
difficult the interpretation of the spectra. Only comparison of the relative intensities 
for certain iOnS prokided the clue to understanding the structure of each acetylated 
isomer. 1 

Both spectra display ions indicative of an acetylated D-ribofuranosyl group. 
Cleavage Ofthe glycosidic bond, and loss of the acetylated ribitol residue leads to the A 
series of fragments 11. Ion A, @z/e 259) is the D-ribofuranosyl oxonium ion, which 
loses two molecular proportions of acetic acid, from C-3 and then from C-2, to yield 
As (nz/e 139). The A, iOn subsequently eliminates ketene, to yield A, @t/e 97), an 

oxonium ion. 
Elimination of C-1 and the ether oxygen atom in the D-ribofuranosyl OXOniUm 

ion, with Simultaneous elimination of acetic acid, produces the first ion Of the B series, 
B, (nt/e 170). Ketene elimination from B, results in Bz (m/e 12% and, finally, the loss of 

/ acetic acid from Bz results in B, P /e 68). The C series of fragmentations results from 
C-2, C-3, and C-4 Of the D-ribofuranosyl group, and differs in mass, due t0 Sequential, 
ketene eliminations (Cl, m/e 157; Cp, in/e 115; C,, In/e 73). The D series Of fragment= 
tiOns arises due t0 elimination Of ketene, followed by loss Of acetic acid from the A, 
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ion @I, m/e 259; Q, m/e 217; I&, m/e 157). The E series, characteristic of polyace- 
tates, results from the formation of tri- and di-acetyloxonium ions (E,, m/e 145; Ez, 
m/e 103 ; Es, m/e 85). Ions of similar intensity and mass establish the D-ribofuranosyl 
group in both of the peracetylated disaccharides. 

The fragmentation of the acetylated, substituted ribitols commences with the 
m/e 319 ion, the result of cleavage of the glycosidic bond and retention of the glycosidic 
oxygen atom on the ribitol acetate. For the acetylated, l-substituted ribitol, rapid loss 
of C-l as formaldehyde leads to an ion having m/e 289. Through elimination of 
ketene, and loss of acetic acid, this ion can form a five-membered ring, m/e 187; fur- 
ther loss of ketene and acetic acid then yields m/e 85. In addition to this fragmentation 
pathway, m/e 245 can result from loss of C-5 from the ribitol. Contributions from the 
second pathway do not appear to be significant. 

For the acetylated, Zsubstituted D-ribitol, the m/e 319 ion can more readily 
cyclize, and lose acetic acid, to form m/e 259 (A, ion). Through loss of two molecular 
proportions of acetic acid, m/e 259 gives rise to m/e 139 (A, ion). As the m/e 319 ion 
can more readily cyclize in the 2-substituted D-ribitol derivative, the abundance of the 
m/e 259 and 139 ions (relative to that of mJe 289) appear to be greater for the perace- 
tylated 2-G than for the I-O-substituted ribitol (see Fig. 3). The abundance of m/e 

289 could also arise through a fragmentation pathway simrlar to that observed for its 
permethylated counterpart_ Cleavage of the C-3-C-4 linkage of the ribitol of the 2-G 
8-Dribofuranosyl-D-ribitol could lead to formation of mje 433 and 145 (E, ion). The 
nz/e 433 could sequentially lose acetic acid and ketene, to yield m/e 331 (433-1(Q), 
with the latter ion losing another molecular proportion of ketene, to yield nt/e 289 
(33 I-42). 
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