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ABSTRACT 

I-Naphthylboronic acid and 2,4-dimethylphenylboronic acid reacted 
stereospecifically with hydroxyl groups of saccharides on the probe tip of a fast atom 
bombardment apparatus to form characteristic negatively-charged boronate ions as 
determined by mass spectrometry. From the relative abundances of these characteris- 
tic ions, the epimers of mono- and disaccharides may be distinguished. This ap- 
proach is offered as a simple and effective means for identifying sugars. The 
collisional activation mass spectra of these characteristic ions are also discussed. 

INTRODUCTION 

Boronic acids and their derivatives react stereospecifically with polyhydroxy 
compounds and these reactions have been used for stereochemical analysis of sugars in 
solution.'-' In our previous papers, the application of trimethylborate as a reagent 
gas in chemical ionization (CI) mass spectrometry for differentiation between 
saccharide stereoisomers and for determination of acyclic glycol configuration have 
been rep~rted.'.~ For thermolabile and high polar compounds, such as saccharides 
and glycols, the fast atom bombardment (FAB) ion source is more suitable than a CI 
source. Rose and his co-workers found that in situ reactions of boronic acids with 
polyhydroxy compounds may provide information on the configuration of these com- 
pounds by negative ion FAB mass spectrometry." They studied the negative 
ion FAB spectra of four aldopentoses using 4-tolueneboronic acid as a reagent. In 
the present work, to improve the stereospecificity of this reaction, two reagents 
with greater steric bulk, 1-naphthylboronic acid (NB) and 
2,4-dimethylphenylboronic acid (DMPB), were used in obtaining negative ion FAB 
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mass spectra of cyclohexanediols and mono- and disaccharides. It was found that 
both reagents reacted stereospecifically with these polyhydroxy compounds to form 
characteristic negatively charged boronate ions, from the relative abundances of 
which, the stereoisomers of cis- and trans-cyclohexanediol, mono- and 
disaccharides may be distinguished. The colfisional activation mass spectra of these 
characteristic boronate ions are also discussed. 

RESULTS AND DISCUSSION 

Negative Ion FAB Mass Spectra of Cyclohexanediols 
To investigate the stereochemical effects in the reaction between areneboronic 

acids and saccharides, some cyclohexanediols were initially examined. There is no 
significant difference between the normal negative ion fast atom bombardment mass 
spectra of c i s  and truns-l,2- cyclohexanediol. However, when 
1-naphthylboronic acid (NB) or 2,4-dimethylphenylboronic acid (DMPB) was pres- 
ent in the ion source, the relative abundance of the sample cyclic boronate ion 
w,+Mr-H-2H20]- formed by the reaction of the cl-diol M, with the reagent 
M, was much higher than that of the trans-isomer (Table 1). This can be ascribed 
to the greater steric strain in the latter isomer. As for 1,4-cyclohexanediol, the two 
hydroxyl groups are too remote to form the bridged cyclic boronate ion, and the 
characteristic ion [M,+Mr-H-2H,0]- appeared neither in the negative ion fast atom 
bombardment (NIFAB) mass spectrum of truwl,4-diol nor in that of cl-1,4-diol. 

formed from cis-l,4-diols were quite different from that of corresponding ions 
formed from t r a w l  ,4-isomer (Table 1). 

However, the relative abundances of acyclic boronate ions [M,+Mr-H-H20]- 

Negative Ion FAB Mass Spectra of Monosaccharides 
In the NIFAB mass spectra of monosaccharides using areneboronic acids as 

reagents, the characteristic ions are cyclic boronate ions [M,+Mr-H-2H20]- and 
N,+2Mr-H-4H20]- formed through condensation of two saccharide hydroxyl 
groups with the reagents. As with the cyclohexanediols, a vicinal-cis arrangement 
of hydroxyl groups is favorable for condensation. Given that the number of 
vicinal-cis hydroxyl group arrangements is different for each saccharide 
stereoisomer, it would be expected that among these isomers, a difference in rela- 
tive abundance from the cyclic boronate ions should be observed. Thus, by com- 
parison of the relative abundances of these characteristic ions, the stereoisomeric 
saccharides may be distinguished (Table 2). As an example, the pathway for forma- 
tion of cyclic boronate ions from D-mannose is postulated ( Scheme ). 

D-Mannopyranose can react with NB through C,-OH and C,-OH or C2-OH 
and C,-OH to form six- or five-membered ring boronate ion 
w,+Mr-H-2H,0]- at m / e 31 5 .  The m / e 31 5 product can then react with a see 
ond molecule of reagent to yield the [M,+2M,-H-4H20]- ion at m / e 451. When 
DMPB was applied, the characteristic ion [Ms+2M,-H-4H20]- at rn / e 407 even 
appeared as the base peak. 
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+ N d - H ?  - 2 y  

d c  315 

t N B  -2H+l 1 

mjc 315 mlc 451 

Scheme Rcadlons of Dmannose ulth NB in NIFAB MS 

Collisional Activation Mass Spectra bf Characteristic Ions of Monosaccharides 
The collisional activation (CA) mass spectral data from characteristic ions 

~,+M,-H-2H20]- and [Ms+2Mr-H-4H20]- of some 1 monosaccharides are 
summarized in Table 3.  The fragmentation modes of these characteristic ions are as 
follows: 

For [M,+Mr-H-2H,0]-: 

- H,O - H,O 
w,+Mr-H-2HzO]- ' Fl 'FZ 

-C,H,O 

For [M ,+2M ,-H-4H2O]-: 

- RBO - H,O 
[M,+2Mr-H-4H,0]- * Fl ' F, 

-C,H,O 
-RBC2H20, 

- CH,O \I F3 ' F4 
R = I-naphthy 1 or 2,4-dimethylphenyl 
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It was noteworthy that the relative abundances of the fragment ions were differ- 
ent for each saccharide stereoisomer. Therefore, data from CA spectra provides a 
complementary means to distinguish the parent saccharides. 

Negative Ion FAB Mass Spectra of Disaccharidcs 
NIFAB mass spectra of four disaccharides, using NB or DMPB as reagent, 

have been measured. Similar to monosaccharides, these disaccharides can be dif- 
ferentiated by comparison of the relative abundances of characteristic ions 
w,+Mr-H-2H,0]- and [Ms+2Mr-H-4H,0]- (Table 4). Both sucrose and 
lactose have an abundant [Ms+Mr-H-2H20]- ion at m / e 477 in the reaction mass 
spectra using NB as the reagent. In fact, [Ms+Mr-H-2H20]- at m / e 455 became 
the base peak in the reaction mass spectrum of sucrose when DMPB was used as the 
reagent. In comparison, maltose and cellobiose show a less abundant 
[M,+Mr-H-2H20]- ion. Comparing the ratio of the [Ms+2Mr-H-4H20]- to 
~,+Mr-H-2H,0]- ions, the order of decreasing value of ratio is: maltose > 
cellobiose > lactose > sucrose. 

Collisional Activation Mass Spectra of Characteristic Ions of Disaccharides 
The characteristic ions, [M,+Mr-H-2H,0]- and [MS+2Mr-H-4H,O]- at m / e 

477 and 613, respectively, derived from reaction of lactose with NB, were selected 
to examine collisional activation. The lactose main fragment ions in the CA spec- 
trum of [M,+Mr-H-2H,0]- appeared at  m / e  417, 315 and 349, and those of 
[M,+2Mr-H-4H,0]- at m / e 31 5, 297 and 485. Both peaks at  m / e 349 and 485 
come from the corresponding parent ions by loss of a molecule of naphthalene. The 
daughter ion at m / e 315 was observed in the CA spectrum of [Ms+Mr-H-2H,0]- 
and [Ms+2Mr-H-4H,0]-. Formation of this daughter ion may be attributed to loss 
of one of the sugar units. 

CONCLUSIONS 

The results described herein showed that negative ion fast atom bombardment in 
conjunction with collisional activation mass spectrometry using areneboronic acids as 
reagents provides a convenient and effective way to distinguish saccharide 
stereoisomers. The in situ reaction is highly stereospecific and reproducible. The 
application of this method to structural analysis of glycosides is in progress in our la- 
boratory. 

EXPERIMENTAL 

I-Naphthylboronic acid (mp 21 1-2 C ) and 2,4-dimethylphenylboronic acid 
(mp 198-9 C ) were sythesized according to Refs. 11 , 12. Cyclohexanediols were 
prepared according to Refs. 13, 14: c i s l , 2  mp 96-7 C , trans-I ,2 mp 124-5 C , 
cir1,4 mp 111-2 C and t r aw1 ,4  mp 140-1 c . All saccharides used were 
chromatographically pure: 
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D-mannose 
D-glucose 
D-galactose 
D-fructose 
L-sorbose 
L-rhamnose 
D-arabinose 
D-xylose 
Maltose 
Cell obi0 se 
Lactose 
Sucrose 

[a]g=+14.0-14.5 
+52.5-53.0 
+79.5-80.5 
-88 - 92 
-42.5-43.0 
+7.3 - 8.0 
-108 
+19.0-20.0 
+130rt 1 
+33 - 36 
4-52 
+66.4-66.6 

from Shanghai 2nd Chemical Factory 
from Shanghai 2nd Chemical Factory 
from Shanghai 2nd Chemical Factory 
from Shanghai 2nd Chemical Factory 
from Shanghai 2nd Chemical Factory 
from Shanghai 2nd Chemical Factory 
E. Merck 
Beijing 3rd Chemical Factory 
Institute of Biochemistry, Shanghai 
Institute of Biochemistry, Shanghai 
Xinzhong Chemical Co. Ltd. Shanghai 
Xian Chemical Factory, Xian 

Glycerol and PEG200 were obtained from Beijing Chemical Factory and used 
without further treatment. Argon (99.995%) and helium (99.995%) were obtained 
from Weiyuan Chemical Industry CO., Sichuan. 

Method 
The mass spectra were measured with a VG ZAB-HS mass spectrometer, an 

instrument of reversed geometry, fitted with a high field magnet and a FAB ion 
source and coupled to a PDP 11 / 250 data system. The fast atom gun was operated 
at 8KeV with a tube current of ImA. Argon was used to provide the primary beam 
of atoms. The mass spectrometer was operated at a resolution of 3000 and acceler- 
ating voltage of 8KV. 

The stainless steel probe tip was coated with a thin layer of the matrix PEG-200, 
0.5pL of saccharide solution (lOOpg/ pL in H,O) and 1.5pL NB or 1pL DMPB (sat- 
urated in methanol) were added to the matrix. The probe was inserted into the mass 
spectrometer for immediate analysis. Each sample was run four times under the 
same conditions and each time the spectrum was the average of eight consecutive 
spectra. The standard relative deviation of these measurements was less than 10%. 
The mass scale was calibrated against glycerol, affording mainly a series of peaks ev- 
ery 92n+l mass units. 

The collisional activation spectra of characteristic ions [M,+Mr-H-2H,0]- and 
fM,+2Mr-H-4H,0]- were acquired by scanning the electric sector voltage from 420 
to 50 V at a rate of 29 V / s. Helium was used as the collision gas at a pressure of 2 x 
10-7Torr measured at the analyser ionization gauge (background pressure 2 x 
lo-&rorr). 
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