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AB!?TRACT 

The characterization by gas-liquid chromatography-mass spectrometry of 
benzene-, butane-, and methane-boronate trimethylsilyl ether derivatives of some 
common carbohydrates has been investigated by a combination of high- and low- 
resolution mass spectrometry. Preparation of stereospecific derivatives with alkane- or 
arene-boronic acids, followed by silylation and mass spectrometry, allows the 
identification of isomeric structures of pentoses, hexoses, 6deoxyhexoses, and 
2-acetamido-2-deoxyhexoses. 

INTRODUCTION 

The usefulness of mass spectrornztry (m.s.) as a technique for the determination 
of complex organic molecules has been demonstrated and applied to a wide variety 
of compounds. The prior separation of complex mixtures by gas-liquid chromato- 
graphy (g.l.c.), and the capability of handling data offered by on-line computers’ and 
a library’ of taped spectra have opened up new vistas in the structural determination 
of complex biological mixtures. 

Partial and total hydrolysis of complex carbohydrate structures (i.e., glyco- 
proteins, glycolipids, mucins, cell walls, membranes, etc.), produces mixtures of 
compounds that require the masking of the polar functional groups for g.l.c.-m.s. 
analysis, a disadvantage that limits the usefulness of mass spectrometry for the study 
of many carbohydrates. 

Trimethylsilyl derivatives of carbohydrates3 and acetates of the corresponding 
glycitols4 have been widely used for the gas-chromatographic separation of mono- 
ilnd oligo-saccharides. Although the mass spectra of both types of derivatives give 

*Dcdicatcd to the mczxxry of Profes~r W. Z. Xassid. 
+A preliminary communication of this work has been reported [Fed. Proc. 31 (1972) 38801. 
‘?Prcsent address: Biochemistry Laboratory, Arthur D. Little, Inc.. Cambridge, Massachusetts 
02139 (U. S. A.). 
UPresent address: Institut fitr Physiologische Chemie, Ruhr-UniversitBt, Bochum (Germany). 
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a single 

or impossible to assign structures to the common hexoses, or even to propose 

a sequence for a simple disaccharide based only on mass spectral data5. 
Formation of a five- or six-membered ring involving the hydroxyl groups of a 

sugar greatly enhances mass-spectral interpretation in two major ways. First, varia- 
tions in the stereochemistry of a ring junction in bi- or oligo-cyclic systems lead to 
drastic differences in ion intensity, and secondly, the five- or six-membered rings are 
easily observed by the mass shift for the fragment containing that ring. Thus, 
cyclization of spatially suited hydroxyl groups of a furan or pyran ring ties the con- 
former with additional bonding that prevents free rotation upon single-bond cleavage 
and stabilizes an ensuing positive charge. An additional chemical specificity results 
from the steric requirements for the formation of small rings. Boronate derivatives 
were selected to form small rings. However, in many cases the polarity was too high 
for g.1.c. analysis; thus, the remaining free hydroxyl groups were substituted with 
tritiethylsilyl residues. 

RESULTS AND DISCUSSLON 

Brooks et uZ_~-~ have characterized by g.l.c_-m-s. the boronates of a number of 
polar, bifunctional compounds, and have compared the butane-, cyclohexane-, and 
benzene-boronates. Tn 1971, two preliminary reports”*” described the g.1.c. of 
butane-boronates of carbohydrates. 

The mass spectra of boronate sibyl derivatives generally allow the determination 
of the number of carbon atoms (pentose or hexose), the ring size (furanose and 
pyranose), and the stereochemistry of the hydroxyl groups. The number of boronate 
groups indicate the number of pairs of hydroxyl groups present in a suitable spatial 
relationship for formation of a five- or six-membered ester grouping and the number 
of trimethylsilyl groups indicates the number of hydroxyl groups remaining after 
boronation. The m-s. of nonsilylated derivatives show that the cyclic boronate group 
generates characteristic ions from which the ring size and, thus, the relationship 
[2,3-, 4,6- (or both) cyclic boronate] of the hydroxyl groups involved can be deduced. 
However, the presence of the trimethylsilyl group completely obscures the appearance 
of fragments containing boron; in this case, the fragment ions bearing trimethylsilyl 
groups can identify the position and relationship of the hydroxyl groups not taking 
part in cyclic ester formation. For example, abundant ions at mass 204 and 218 
indicate structural entities including two trimethylsilyl groups attached to two or 
three carbon atoms (see discussion of the spectra). 

As determined by g.1.c. after silylation, formation of the cyclic boronate was 
quantitative, no side-products being detected. The nature of the alkane or arene sub- 
stituent of the boronic acid had no .detectable influence on the reaction and only five- 
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or six-membered (or both) cyclic esters were observed. The single derivative obtained 
from anomeric sugar mixtures, and the low temperatures of elution from g.1.c. 

columns suggest that this technique may be used for quantitative carbohydrate 
analysis. 

All per(trimethylsilylated) boronate derivatives gave a single peak on g.l.c., 
with the exception of methyl D-galactosides (Table I). The methaneboronate deriv- 
atives were always eluted earlier than the per(trimethylsilylated) derivatives, whereas 
the benzene- and butane-boronate esters were generally eluted later. 

As an example of the usefdness of the method, we can consider the molecular 
ion at m/e 300. This mass can be accounted for only by a hexose molecule containing 
two cyclic boronate groups and a single trimethylsilyl group (i.e. two pairs of hydroxyl 
groups in close proximity and a single hydroxyl group sterically unable to form a 
boronate cycle). In the naturally occurring D-hexoses, borosilylation results in the 
formation of a derivative that is fragmented specifically on electron impact; thus, a 
molecular ion at m/e 300 and a fragment ion at m/e 171 indicate mannose, whereas 
ions at m/e 117 and m/e 103 (in addition to m/e 300) indicate galactose and glucose, 
respectively (Figs. 18, 19, and 20). 

Borosilylation of isomer% carbohydrates may form derivatives that have very 
different compositions: for example, in the pentose series, D-lyxose produces a 
molecular ion at m/e 318 (one cyclic boronate and two trimethylsilyl ether groups), 
and D-xylose at m/e 198 (two cyclic boronates) (Fig. 16); in the 6-deoxyhexose series, 
rhamnose a molecular ion at m/e 332 and fucose at m/e 212 (Fig. 15). 

The usual derivatives (methyl, acetyl, and trimethylsilyl) do not provide 
fragmentation patterns having sufficient variations for structural interpretation, as 
illustrated by the mass spectrum of methyl 2,3,4,6-tetra-O-(trimethylsilyl)~r-D- 
maMopyranoside (I) (Fig. 1). The peak pattern and ion composition is the same as 

133 

147 

204 

-_. x 10 ----____--_-___-a 

Fig. 1. Mass spectrum of methyl 2.3,4,6-tetra-O-(trimethylsilyl)-c-~-mannopyranoside (1). 
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that of the isomeric trimethylsilyl derivatives of methyl a-D-ghrcopyranoside” and 
methyl a-D-galactopyranoside4. The high molecular weight and the low intensity of 
the high-mass fragments are additional limitations. 

2R=Ph 
3R=Bu 

4R=Me 

Methyl or-D-mannopyranoside possesses two pairs of hydroxyl groups suitably 
spaced to form two boronate cyclic esters, a property shared by no other naturally- 
occurring hexose glycoside, and the benzene- (2), butane- (3), and methane (4) 
-boronates were prepared. Examination of the mass spectra (Figs. 2, 3, and 4) shows 
variations due primarily to the differences in mass, whereas fragmentation of the 
boronic acid substituent itself and rupture of carbohydrate ring bonds are identical. In 
most cases, the boron-containing ions showed greater stability than the corresponding 
per(trimethylsilylated) compounds, as shown by the relatively greater intensity of the 
high-mass fragments. The molecuIar ion was usually easily discernible and, in the 
case of methyl glycosides, the (M - 31) + ion, which represents the loss of the methoxy 

group at C-l. As expected, the derivative prepared by borosilylation showed the 
absence of a trimethylsilyl group (Iack of ions at m/e 73 and 75); thus, al1 hydroxyl 
groups were incorporated into boronate rings. The molecular ion (and ions obtained 
by !oss of small fragments from the molecular ion) also agreed with a structure 

100 

71 

Fig. 2. Mass spectrum of methyl c?-D-mannopyranoside 2,3:4,6_dibenzeneboronate (2). 
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Fig. 3. Mass spectrum of methyl a-D-mannopyranoside 2,3:4,6_dibutaneboronate (3). 

7.5 

5P 

25 

J I ’ I 
20 lee 

127 

211 
i. .,,.,,..... 

~vo1401601602w220240zo2803fn33330 

Fig. 4. Mass spectrum of methyl a-D-mannopyranoside 2,3:4,6dimethaneboronate (4). 

having two cyclic boronate groups. The cyclic boronate group shows ConsiderabIe 
stability on electron bombardment and usually yields ions of major intensity. The ion 
composition indicates fragment structures containing six- (s-7) and five-membered 
(S-10) rings and are obs&ved in the spectra of the benzene-, butane-, and methane- 
boronate derivatives, respectively, of methi a-D-mcnopyranoside -(Figs. 24). 
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R-B R-9 

‘0 3 
+ + 

5 R = Ph m/e 160 G,H9BOa) 8R = Ph m/e 146 (k,H,BO,l 

6 R = 9u m/e 140 (CTIH,~EOZJ 9R = Bu m/e 126 (CsH,,BO,) 

7 R = Me m/e 98 (C.,H,BO,) 10 R = Me m/e 84 G,H5802) 

When one or more trimethylsilyl groups were introduced into the molecule, by 
treatment with less than one mol. equiv. of methaneboronic acid, to form the tri- 
methylsilyl boronate derivatives 11 and 12, the mass spectra (Figs. 5 and 6) showed 

fragmentation patterns characteristic of the trimethylsilyi group. The cyclic boronate 
ester group, however, markedly modifted the patterns by increasing the intensity of 
the high-mass ions, even though the ion current carried by the boron ester group 
itself remained very small. Although molecular ions were not observed for these two 
derivatives 11 and 12, the loss of a methyl group from one of the trimethylsilyl groups 
resulted in a ten- and fifty-fold increase in intensity of their respective (M - 15)+ ions, 

loo& 

75-- 

SO-- 

25-- 

204060 

73 

147 

218 

Fig. 5. Mass spe&rum .of methyl 4,6-di-O-(trimethylsiIyl)-z-n-mannopyranoside 2,3-methane- 
boronate (11). 
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Fig. 6. Mass spectrum of methyl 2,3-di-O-(trimethykilyl)-a-D-mannopyranoside $,dmethane- 
boronate (12). 

as compared to the derivative 1 lacking a cyclic boronate group (Fig. 1). This in- 
creased stability of boron-containing ions of high mass was also observed for the 
m/e 331, 315, and 287 ions, which represent a loss of 31,47, and 75 atomic mass units 
from the molecular ion, processes that occur in the fragmentation of 1,11, and 12. 

The trimethylsilyl boronate derivative of methyl or-D-galactopyranoside showed 
two separate peaks in g.1.c. Examination of molecular models of methyl a-n-galacto- 
pyranoside indicated O-O distances between the cis hydroxyl groups at C-3 and C-4 
adequate for formation of a five-membered cyclic boronate or at C-4 and C-6 for a 

100 

T 

75- 

SO-- 

25-- 

.” 

13 133 

204 

Fig. 7. Mass spectrum of methyl 2,3-di-O-(trimethylsilyl)s-galactopyranoside 
boronate (13). 

4,6-methane- 



CARBOHYDRATE BORONATES 211 

six-membered ring. The m.s. of the second peak (Fig. 7) was nearly identical to the 
m.s. of 12 (Fig. 6), indicating a 2,3-di-U-(trimethylsilyl) 4,6+ethaneboronate 
derivative (13). In the m-s. of the first peak (Fig. 8) the ions at m/e 287 and 315 
(representing losses of 75 and 47 from the molecular ion, as discussed earlier) 

100 

50 

25 

Fig. 8. Mass spectrum of methyl 2,6-di-O-(trimethylsilyl)-z-D-galactopyranoside 3&methane- 
boronate (14). 

indicated a mol. wt. of 362, corresponding to one cyclic boronate and two trimethyl- 
silyl groups. Only a 2,6-di-O-(trimethylsilyl) 3,cCmethaneboronate structure (14) can 
account for this mol. wt. Further support, as discussed later, for this structure was 
obtained by comparison with the m-s. of the boronate silyl derivative of methyl 
L-fucopyranoside. The mass spectra of 14 and of the benzene and butane analogs 
showed major ion fragments at m/e 191, 204, and 218, which can be accounted by 
structures (17-19). This mechanism of fragmentation requires migration of a tri- 
methyIsily1 group across the carbohydrate ring, a rearrangement which appears to 

‘tr 0 0 0 --) b’fe$i6=CHOSiMe3 SH-ZH + 
I I 

Me3Si0 
i- 

PHZ-e - CH,-OSiMe, 

RB OMe OSiMe, I 

17m/e 191 (C,&,O,Si,l 

0sPJleg 

0SiMe3 18 m/e 204 (Cgl&02Si2) 19 m/e 216 ‘CcJ~20*s1*~ 

14 R = Me 

15 R = Bu 
16 R = Ph 

occur with equal ability for all three derivatives. The presence of the ions -a+ m/e 204, 

217 in the m-s. of 14 would suggest a structure related to 11 or to 12 where similar 

fragments have been observed. However, an important difference in the ms. of 14 
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lies in the minor intensities of these fragments compared to their usual higher in- 
tensities (c.$ m/e 204 in Fig. 1 and Fig. 6; m/e 217 in Fig. 1 and Fig. 5). 

’ The trimethylsilyl boronate derivative of methyl a-D-glucopyranoside gave, 
on g.l.c., a single peak. The molecular ion could be observed in the mass spectrum 
(Fig. 9) onIy with a large sample, as was also the case for the (M - 3 I)+ ion. However, 
the intensities of ions at m/e 347 and 315 usually varied around 5% of the base peak 

204 

Fig. 9. Mass spectrum of methyl 2,3-di-0-(trimethylsilyl)-a-D-glucopyranoside 4,6-methaneboronate 
(20). 

and their compositions indicated loss of a methyl group, and the combined loss of a 
methyl group and methanol from the molecular ion, respectively. These results suggest 
the formation of a monoboronate ester with two trimethylsilyl groups (mol. wt. 362). 
With the exception of small differences of intensity, the m.s. of this glucoside is 
identical with that of 12 (Fig. 6) and suggests structure 20. The ma_ior fragments, 
m/e 73, 129, 131, 133, and 204, gave compositions corresponding with those obtained 
from 1,12, 13, and 14. 

The boronate trimethylsilyl derivatives of methyl a+rhamnopyranoside and 
methyl a-L-fucopyranoside gave the mass spectra presented in Figs. 10 and 11, 
respectively. The intensity of the molecular ion was less than 0.1% of that of the base 
peak in each derivative, but the (M - 15)+, (M -31)+, and (M - 60)* ions were all 

present in concentration adequate for easy determination of the molecular weight at 
274. This value supports a monoboronate cyclic ester with one trimethylsilyl sub- 
stituent in each of the derivatives, a structure that is supported by the presence of ions 
at m/e 73 and 75 and by the low intensity of the ion at m/e 147 (usually this ion is of 
high intensity whenever two or more trimethylsilyl groups occur in the molecule). 
The D-fucose (6-deoxy-D-galactose) and D-rhamnose (6-deoxy-o-mannose) molecules 

possess each only one pair of 15s hydroxyl groups located at C-3-C-4 and C-2-C-3, 
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75 

25 

Fig. 10. Mass spectrum of methyl 4-O-(trimethylsilyl)-a-L-rhamnoside 2,3-methaneboronate (22). 

73 130 

Fig. 11. Mass spectrum of methyl 2-O-(trimethylsilyl)~-r-L-fucopyranoside 3,emethaneboronate (21). 

respectively_ Thus, with the lack of an hydroxyl group at C-6 able to be esterified, a 
3,4- (21) or 2,3-boronate (22) group, respectiveIy, is expected. These structures were 
ascertained by comparison of the mass spectrum of the 3&boronate of methyl 
D-@actopyranoside (14) (Fig. 8) with that of the L-fucopyranoside derivative (21) 
(Fig. 11). The ions at m/e 73, 89, 115, 146, and 157 appear in both spectra, whereas 
the ions at m/e 273 and higher range appear 88 mass units lower in the fucoside m.s. 
The ion of high intensity at m/e 130 (23) probably derives from the C-4-C-6 portion 
of the molecule by a rearrangement analogous to that giving-the ion at m/e 218 (19) 
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from the methyl a-D-galactopyranoside derivative (14) (Fig. 8). Comparison of the 
m.s. of 21 and 22 permits assessment of the structure of isomers containing a single 
five-membered cyclic boronate group. With one exception, differences were not 
observed in ion fragments, but the spectra show major variation in ion intensities 

J$z+ OCH2 ’ 3 Mep,opMe siMe30qMe 0 0 +J$? 

./ 23 130 2G 21 m/e (C6H,,0Sil 

22 

(Figs. 10 and 11). Most significant was the ion at m/e 227 (24) (Fig. 11), which 
indicated loss of a fragment equal to a methyl group and methanoI from the molecular 
ion. The elimination of a methoxy group to produce ion 24 can occur only for the 
fucose derivative, and the presence of the substituent at C-2 may well account for the 
occurrence and stability of 24 in the mass spectrum of 21. 

Ci-l,B 

+Q=S.Me, NHAC NWIC 

24 m/e. 227 QiICIR04St) 25 26 27 mje 173 (c,H,~NO~S~) 26 m/e 173 (C7H,,OaSi I 

Formation of the boronate trimethylsilyl derivative of methyl 2-acetamido- 
2-deoxy-a-o-hexopyranosides was complete under the conditions established for the 
other methyl glycosides, and the m-s. obtained for the D-gluco- (25) and D-galactoside 
(26) are shown in Figs. 12 and 13, respectively. The compositions of the ions’at 
m/e 316, 299, and 284 of both 25 and 26 indicated the loss of a methyl group, 
methanol, and a methyl group plus methanol, respectively, from the molecuIar ion. 
This result indicates a mol. wt. of 331, corresponding to a single cyclic boronate and 
a trimethyIsiIy1 group. The ions of high intensity at m/e 73 and 75 and the very small 
intensity of the ion at nz/e 147 supports a structure with a single trimethylsilyl group. 
The peak at m/e 173 was found to be composed of two ions, one corresponding to 
two-thirds of the total intensity and having a composition and structure (27) identical 
-with that of the mfe 173 ion for per(trimethylsilylated) methyl acetamido-2-deoxy-D- 
glucopyranoside previously reported 4. The second ion had a composition and 
structure (28) identical with those of the ion obtained from 2l.,and 26. The ion at 
m/e 131 (Figs. 12 and 13) had the composition CSH13NOSi and may result from 
ketene elimination of the ion at m/e 173, as reported by De Jongh et al.*; The ions at 
m/e 241,242,271, and 272 observed in the m-s. of the methaneboronate trimethylsilyl 
derivatives of 2-acetamido-2:deoxy sugars are found to be 42 mass units higher in the 
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Fig. 12. Mass spectrum of methyl 2-acetamido-2-deoxy-3-U-(trimethyisilyl)-a-D-g~ucop~anoside 
4,&methaneboronate (25). 

700 

75 

50 

25 

173 

I 
204 

Fig. 13. Mass spectrum of methyl 2-acetamido-2-deouy-3-O-(trimethylsiIyl)~-~-~Iactopyr~oside 
4,6-metbaneboronate (26). 

m.s. of the corresponding butyl boronate trimethylsilyl derivatives. The elemental 
compositions of these ions indicates a loss from the molecular ion equal to the mass 
of a trimethylsilyloxy group and of acetamide, respectively. 

The derivatives of methyl 2-acetamido-2-deoxy-cr- and /?-D-galactopyranosides 
each gave a single peak when analyzed by g.l.c., an interesting contrast to the double 
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product composed of a five- and six-membered cyclic boronate ester obtained from 
methyl RX- and j?-D-galactopyranoside. The mass spectrum of the EL anomer (26) is 
shown in Fig. 13, and although there was a marked increase in the intensity of the ion 
at m/e 131, the similarity of this pattern with that of Fig. .i2 indicates that this 
derivative contains a single trimethylsilyloxy group at C-3 and a cyclic 4,6-boronate 
group. 

The derivative of methyl 2-acetamido-2-deoxy-E-D-gulopyranoside (29) differs 
from the corresponding galactose derivative 26 by an axial instead of an equatorial 
trimethylsilyloxy group at C-3. Its m-s. (Fig. 14) shows, as most evident, ions at 
pn/e 272 and 226, which have structures 30 and 31, respectively. 

31 

60 90 loo w 140 lea 180 zoo zzo 240 2M) E!90 900 3x) 360 

m/e 
Fig. 14. Mass spectrrlm of methyl 2-acetamido-2-deoxy-3-O-(trimethylsilyl)-a-~gulopyranoside 
4,6_methaneboronate (29). 

The free sugar or hemiacetal structure of a hex&e or pentose .may form a 
cyclic 1,2-boronate. In equilibrium mixtures, the conformer that has a vicinal cis 
relationship to the neighboring C-2 hydroxyl group would form a dioxaboralane ring 
which would remove this preferred anomer from an equilibrium mixture. Thus, 
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anomeric mixtures of individual sugars resulted in a singie g.1.c. peak after boronate 
trimethylsilyl formation (Table II). 

TABLE II 

GAS-LIQUID CHROMATOGRAPHY OF SUGAR DERIVA- 

sugar Metltaneboronate Boronate structurec 

RTb Mol. wt. 

D-Xylofuranose 
L-Fucopyranose 
L-Arabinopyranose 
D-Mannopyranose 
D-(;alactopyranose 
D-Glucofurauose 
2-Acetamido-2-deoxy-D-ghcopyranose 
meso-luositol 

(33) 0.26 
(3% 0.21 
(34) 0.22 
(37) 0.62 
(35) 0.59 
(3% 0.65 

0.58 
0.45 

198 1,2-BL-3,5-BA 
212 1,2-BL-3,4-BA 
198 1,2-BL-3,4-BA 
300 2 3-BL-4,6-BA 
300 1,2-BL-3,dBA 
300 1,2-BL-3,5-BA 
389 4,4-BA 
252 

“For conditions, see Table I. *Relative to eicosane (Rr 1.00). =Abbreviations: BL, dioxaboralane; 
BA, dioxaborane. 

The derivative of fucose gave a mass spectrum (Fig. 15) showing the absence of 
trimethylsilyl groups and a molecular ion at m/e 212, which indicates the presence of 
two boronate groups. The intensity of the peak corresponding to the dioxaboralane 
fragment and the composition of the ion at nr/e 168 (CsHIoB,04) suggests that the 
two boronate groups form adjacent, five-membered 1,2:3,4-cyclic esters (32). The 
derivatives of pentoses and 6-deoxyhexoses had a volatility sufbcient that at low 
g.l.c.-column temperatures these carbohydrates could adequately be resolved from 

100 

75 

25 

I 

128 

Fig. 15. Mass spectrum of a-L-fucopyranose 1,2:3,4_dimethaneboronate (32). 
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Fig. 16. Mass spectrum of a-D-xylofuranose 1,2:3,Sdimethaneboronate (33). 

the solvent peak. The mass spectra of the D-xylose derivative (Fig. 16) indicates a 
mol. wt. of 198 and the absence of any trimethylsilyl group, suggesting a cyclic 
1,2:3,5-diboronate with a furan ring (33). 

As just discussed, the esterifkation with boronic acids of vicinal cis hydroxyl 
groups at C-l and C-2 forms preferentially one anomer from an equilibrium mixture, 
the cr-anomer for both L-fucose (32) and D-xylose (33), O-l being incorporated into a 
five-membered boronate ester ring. Similarly, the p-anomer of D-arabinose has the 
vicinal cis configuration at C-l-C-2, and the mass spectrum of the derivative (Fig. 17) 
indicated the absence of trimethylsilyl groups and the presence of two boronate 

Me3SiOCHz 

,opaMe Me,hqJB_ MezsiE”-fi+ Mea<&OSiMe3 

Mea-O 

34 35 36 m/e 117 (C,H,O,Si) 37 

Me_a/07po+ \ o_&H \‘H 

I 
0SiMe3 

38m[e 215 (CgH,sO,ESi) 

I 

Mea 

0-BMe 
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groups, with a molecular ion at 198. These data suggest the formation of a cyclic 
1,2:3&diboronate structure (34). 

The borosilylation of D-galactose, D-mannose, and D-glucose resulted also in 
the formation of a single derivative for each compound, and the m-s. are presented in 
Figs. 18, 19, and 20, respectively. The (M- 15)+ ion at m/e 285 (mol. wt. 300), and 
the absence of an ion at m/e 147 indicate the presence of two cyclic boronate groups. 
The m.s. are markedly different from each other, owing to the different positions of 

Fig. 17. Mass spectrum of j-D-arabinopyranose 1,2:3,4_dimethaneboronate (34). 

Fig. 18. Mass spectrum of 6-U-(trimethyLsilyl)-a-D-galactopyranose 1,2:3;4-dimethaneboronate (35). 
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Fig. 19. Mass spectrum of trimethylsilyl a&D-mannopyranoside 2,3:4,6-dimerhaneboronate (37). 

lOOA 

75 -- 

50-- 
171 

Fig. 20. Mass spectrum of 6-O-(trimethylsilyl)-a-D-glucofuranose 1,2:3,5-dimethaneboronate (39). 

the dioxaboralane or dioxaborane ring. The high intensity of the ion at m/e 117 (36) 
in the mass spectrum of the D-galactose derivative (Fig. 18) indicates that the tri- 
methylsilyloxy group is linked at C-6 (35). The mass spectrum of the o-marmose 
derivative (Fig. 19) indicates cyclic 2,3:4,6diboronate gioups with a trimethylsilyIoxy 
group at C-i (37), a structure supported by the ion at m/e 215 (38). The mass spectrum 
of the derivative of o-glucose (Fig. 20) shows an ion of high intensity at m/e iO3, which 
suggests a furan ring and two 1,2:3,5-boronate groups (39). 7. .- 
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EXPERIMENTAL 

Chemicals. - Methane-, butane-, and benzene-boronic acids were purchased 
from Alpha Inorganic& Inc., Beverly, Massachusetts 01915. All carbohydrates were 
obtained from PfanstiehI Laboratories, Inc., Waukegan, Illinois 60085, or from 
Professor R. W. Jeanloz, Harvard Medical School, Boston, Massachusetts 02139. 
Chlorotrimethylsilane and trifluorobis(trimethyIsilyI)acetamide were purchased from 
Supelco, Inc., Bellefonte, Pennsylvania 16823, and, when mixed in equal quantities, 
were used as a siIylating reagent. 

Sample preparation. - A solution of carbohydrate (N 200 jrg) in a cuIture tube, 
equipped with a Teflon-lined screw-cap, was evaporated to dryness under a nitrogen 
stream, the Iast residues of water being removed as an azeotrope by addition of 
dichIoromethane, followed by evaporation. The boronic acid (-20-molar excess) in 
pyridine, was added to the tube, which was closed, and kept for 30 min at 110” in a 
heating block. The silylation reagent [50 ~1, containing equal parts, of chlorotri- 
methylsilane and trifluorobis(trimethyIsiIyl)acetamide)] was added directly to the 
bottom of the culture tube, which was maintained at the heating-block temperature_ 
The reaction tubes were sealed and, after IO min, were removed. Aliquots of the clear 
solution were directly injected into the gas chromatograph. 

Gas-liquid chromatography. - G.1.c. was performed with a Perkin-Elmer 900 
chromatograph equipped with a stainless-steel column (0.3 mm x 1.5 m) of 0.05% 
OV-1 or OV-17 on glass beads (120-140 mesh). The temperature was programmed to 
increase at a rate of 8” per min, starting at 80”. Eicosane was ustd as the internal 
standard. 

Mass spectronzetry. - Mass spectra were recorded with a Perkin-Elmer 990 
gas chromatograph, interfaced with a Perkin-Elmer-Hitachi RMU-6L mass spectro- 
meter connected with an IBM 1800 computer. The ionizing voltage was 70 eV. The 
temperature of the ion source and manifold (including fritted-glass separator and 
valve) were held constant at 250”. High-resolution mass spectra were determined with 
a CEC-I 10, dual-focusing photoplate instrument (DuPont Instruments, Monrovia, 
California 91016). 
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