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ABSTRACT 

Benzeneboronic acid reacts with 1,6-anbydro sugars to form cyclic boronic 
esters. The structures of these compounds have been established by chemical methods 
and found to be generally similar to those of the corresponding isopropylidene deriv- 
atives. However, 1,6-anhydro-j?-D-glucopyranose, which lacks vicinal cis-hydroxyl 
groups, still forms a benzeneboronate. 

INTRODUCI-ION 

The interaction of boric acid with carbohydrate compounds, in aqueous solu- 
tions, is well knownls3 and is extensively employed for conformational studies and 
separation of sugar derivatives by column chromatography4 and ionophoresis’. 
However, with a few exceptions6-*, the reaction has been detected by changes in 
such physical properties as optical rotation and electrical conductivity, rather than 
by the isolation of crystalline products. This is in sharp contrast to the reaction of 
benzeneboronic acid with sugar derivatives, under dehydrating conditions, which 
provides crystalline compounds gslo These compounds are useful as synthetic inter- _ 

mediates11*12, for crystallization, and for isolation of sugar derivatives’3-17. 
We now report on the reaction of benzeneboronic acid with several l&anhydro 

sugars. 

RESULTS AND DISCUSSION 

Under dehydrating conditions, benzeneboronic acid reacts with 1,6-anhydro- 
/I-o-glucopyranose and other 1,6-anhydro sugars to provide the crystalline, cychc 
boronic esters listed in Table I. These esters were generally stable in non-polar 
solvents but are readily hydrolyzed in water. However, further investigations indicated 
that the stability of a benzeneboronic ester and its utility as a protective group depends 
on the structure of the molecule. There was a considerable difference in the behaviour 
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of 1.6~anhydro-B-D-glucopyranose benzeneboronate and the esters of other anhydro 
sugars investigated. 

TABLE I 

BENZENEBORONIC FSTERS OF I,6-ANHYDROHEXOPYRANOSES 

Esrer Yield M.p. h-G5 Found (%) Calc. (%) 

(%) (degrees) (degrees) 
c H C H 

1,6-_Anhydro-b-~~giucopyranose 
2,ebenzeneboronate 90.0 122-124 - 70.4 57.92 5.32 58.10 5.29 

1,6-Anhydro-P-D-galactopyranose 
3&benzeneboronate 68.3 169-I 70 -114 57.95 5.17 58.10 5.29 

1,6-Anhydro-B-D-yIopyranose 
2,3_benzeneboronate 72.8 212-216 i-43.7 57.78 5.20 58.10 5.29 

1,6-Anhydro-&I-mannopyranose 
2,3_benzeneboronate 65.1 149-150 - 104.9 58.03 5.14 58.10 5.29 

I,6-Anhydro-j-D-altropyranose 
3,4_benzeneboronate 81.9 166-167 - 129.6 58.21 5.22 58.10 5.29 

1,6-Anhydro-/?-D-galactopyranose benenzeboronate (1) was stable in pyridine 
and gave a monotoluene-p-sulfonate (2) in good yield. The positions of the benzene- 
boronic ester and the tosyl group were determined as follows. 

Conversion of 1,6-anhydro-3,4-O-isopropylidene-B-D-galactopyranose’8 into 
the 2-toluene-p-sulfonate, followed by replacement of the isopropylidene group with 
benzeneboronic acid, gave ester 2, indicating that benzeneboronic acid reacts with 
the vicinal cis-hydroxyl groups in the anhydro sugar to give 1. 
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A similar sequence of reactions was applied to 1,6-anhydro-B-D-mannopyranose 
to show that the benzeneboronic acid had again reacted with vicinal cis-hydroxyl 
groups to give the 2,3_benzeneboronate. In both of the above cases, participation of 
other hydroxyl groups in the reaction is not very likely. However, for 1,6-anhydro- 
B-D-altropyranose, the pair of equatorial rrans-hydroxyl groups at C-2 and C-3 pro- 
vides a possible alternative to the vicinal cis-hydroxyl groups at C-3 and C-4; investi- 
gation of the reaction products byg.1.c. after timethylsilylation indicated the presence of 
the 2,3- and 3+benzeneboronates in the ratio of 1:lO. The major product (82% yield) 
was shown to be the 3,4-benzeneboronate by a reaction sequence similar to that used 
for the galacto and manno analogues. 

Application of the above scheme to 1,6-anhydro-/?-D-gulopyranose presented 
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major problems, partly because few derivatives of this sugar are known and partly 
because of the hindered nature of HO-4 as a result of the proximity of the 1,6-anhydro 
ring. Richtmyer” found that a ditoluene-p-sulfonate is readily formed from 1,6- 
anhydro-p-D-gulopyranose, but tosylation of the third hydroxyi group proceeds very 
slowly and requires considerable excess of reagent. In this study, benzeneboronic 
acid reacted readily with 1,6-anhydro-p-D-gulopyranose, but the crystalhne reaction 
product 3 could not be tosylated under the standard conditions (2 mol. of p-tolyl- 
sulfonyi chloride). However, with a five-fold excess of reagent, the toluene-p-sul- 
fonate 4 was obtained. The position of the tosyl group at position 4 was established 
by hydrolysis of the benzeneboronate and periodate oxidation of the resulting diol. 
Reduction of the dialdehyde formed, followed by hydrolysis of the product, gave 
glycolaldehyde (identified as the 2,4_dinitrophenylosazone), indicating that the tosyl 
group must have been at C-4 and the benzeneboronic ester at C-2 and C-3. 

To our knowledge, an isopropylidene derivative of 1.6-anhydro-&D-gluco- 
pyranose has not been obtainedr8, presumably because of the lack of vicinal cis- 
hydroxyl groups in the semi-rigid structure. However, benzeneboronic acid (having 
a planar, trigonal structure) readily reacts with 1,6-anhydro-/I-D-glucopyranose to 
provide a cyclic benzeneboronate. Theoretically, the anhydride could react in the 
~C(D) chair conformation to form a 2,4-cyclic ester or in the boat conformation 
(B3) to form either a 2,3- or a 3,4_benzeneboronate. Unfortunately, the benzene- 
boronate was not sufficiently stable in pyridine to allow the synthesis of any derivative 
that could be used for structural determination. However, based on analogy with 
methyl LY- and /I-D-xylopyranoside 2,Pbenzeneboronate and the general preference 
of the sugar for reacting in the ~C(D) conformation20-2 3, the derivative tentatively is 
considered to be the 2,4_benzeneboronate. 

In contrast to the other benzeneboronic esters described above, the 1,6-anhydro- 
/3-D-glucopyranose derivative was unstable under the conditions of trimethylsilylation, 
and g.1.c. of the reaction product revealed only the anhydride [as the tris(trimethyl- 
silyl) ether]. The instability of this benzeneboronate may be attributed to the forma- 
tion of a six-membered ring, which contrasts with the formation of five-membered 
rings by the other anhydro sugars. However, other reasons must be involved, because 
methyl CL- and /?-D-xylopyranoside 2,4-benzeneboronates are stable in pyridine and 
can be used for the synthesis of monosubstituted derivatives ’ ‘. 

One of the original objectives of this investigation was to find a convenient 
method for isolation of I ,6-anhydro-B-D-glucopyranose from the pyrolysis products of 
cellulosez4 and starch2’. However, although the tarry materials obtained (44% 
yield) from the pyrolysis of starch contained 69% of the anhydride (g.l.c.), which 
reacted quantitatively with benzeneboronic acid, the pure benzeneboronate could 
not be isolated. 

EXPERIMENTAL 

General. - Reagents were dried and distilled before use. Solutions were con- 
centrated in vacua with bath temperatures no higher than 50”. Melting points (Fisher- 

Carbohydw Res., 18 (1971) 357-361 



360 F. SHAFIZADEH, G. D. MCGINNIS, P. S. CHIN 

Johns apparatus) are uncorrected. G.1.c. was carried out with a Varian Model 1800 
iilstrument (equipped with dual flame-ionization detectors and columns containing 
3% SE-30 on Varaport) connected to a Varian Model 475 digital integrator; the 
column temperature was programmed from 100-200” at a rate of S’/min. 

Benzeneboronate derivatives’ ’ . - A mixture of 1,6-anhydro-j3-D-altropyranose 
(C-6174 g), benzeneboronic acid (1.0595 g) and benzene was heated under reflux, and 
water was removed with a Dean and Stark apparatus. After the reaction was complete 
(ca. 6 h), the solvent was removed and 1,6-anhydro-jl-D-altropyranose 3,4-benzene- 
boronate was recrystallized from benzene-petroleum ether. This procedure was 
also applied to several other 1,Qanhydro sugars. The products obtained are listed 

in Table I. 
Toluene-p-sulphonates of the benzeneboronate derivatives. - (a) Tosylation was 

carried out by dissolving the boronic esters in dry pyridine at 0” (20 ml/g of ester) 
and adding a two-fold excess of p-tolylsulfonyl chloride. After 3 days, the pyridine 
was removed, and the syrup was extracted with dry benzene. The material left after 
evaporation of the solvent was recrystallized from benzene-petroleum ether. This 
procedure was used for all the anhydro sugars except 1,6-anhydro-P-D-gulopyranose, 
where it was necessary to use a five-fold excess of p-tolylsulfonyl chloride to obtain 
the monosulfonate. The yield and physical constants for the tosylated products are 
given in Table II. 

TABLE II 

TOSYL DERIVATIVES OF THE BENZENEBORONIC JZSTERS 

Tosyl deriuative Yield M-p. Ial~5 Formd (%) Calc. (%) 

(%) (degrees) (degrees) 
C w c H 

1,6-Anhydro-2-0-tosyl-J&u-galacto- 
pyranose 3,4benzeneboronate 47.7 135-136 + 50.0 56.74 4.74 56.73 4.76 

1,6-Anhydro-4-O-tosyl-~-D-gulo- 
pyranose 2,3_benzeneboronate 13.8 14a-141 f83.9 57.20 4.71 56.73 4.76 

1.6-Anhydro4-O-tosyl-8_D-manno- 
pyranose 2,3_benzeneboronate 84.3 157-l 58 -104 56.84 4.67 56.73 4.76 

1,6-Anhydro-2-O-tosyl-8_D-altro- 
pyranose 3,dbenzeneboronate 63.1 173-175 -112 57.15 4.76 56.73 4.76 

(b) The isopropylidene derivatives of 1,6-anhydro-j?-D-galactopyranose18, 
jl-o-mannopyranose’ 6, and p-o-altropyranose” were prepared and tosylated by the 
literature procedures. Each sulphonate was treated with 0.1~ hydrochloric acid to 
remove the isopropylidene group, and the resulting, crystalline monosulfonate was 
treated with benzeneboronic acid by the procedure described earlier. The products 
were identical -with the corresponding compounds prepared in (a). 

Periodate oxidation of I,6-anhydro-4~C-tosyI-B_D-gulopyranose. - Sodium 
metaperiodate (79.7 mg) was dissolved in a methanol-water solution (1:4) containing 
29.9 mg of 1,6-anhydro4O-tosyl-j3-D-gulopyranose. After 48 h, the excess of perio- 
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date was removed, and the product was reduced and hydrolyzed2 ‘. The hydrolysate 
was added to 30 ml of 0.5~ hydrochloric acid containing 50 mg of 2,44nitrophenyl- 
hydrazine. This gave a flocculent, yellow precipitate that was identified as glyoxa1 
bis(2,4_dinitrophenyIhydrazone) by t.l.c.2q and U.V. spectroscopy3 O. 

Preparation of z,6-anhydro-B-D-glucopyranose from the pyrolysis of starch. - 

Starch was pyrolyzed3’, and the crude, viscous distillate was extracted with methanol 
and concentrated under reduced pressure. A sample of the concentrated residue was 
trimethylsilylated and analyzed by g.1.c. using D-glucitol as an internal standard. This 
showed the presence of 69% of l,6-anhydro-/I-D-glucopyranose and other materials. 
The pyrolysis product was treated with benzeneboronic acid under dehydrating con- 
ditions. The crude, crystalline benzeneboronate could not be purified by repeated 
crystallization from petroleum ether-benzene. 

ACKNOWLEDGMENTS 

The authors thank Drs. Nelson K. Richtmyer and John E. Hodge for samples 
of I,6anhydro sugars. They also thank the National Science Foundation and the 
Weyerhauser Foundation for financial support. 

REFERENCES 

t 3. B~ESEKEN, A&m. Carbo/zyd. Chem., 4 (1949) 189. 
2 A. B. FO.YTER, Advan. Carbohyd_ Chem., 12 (1957) 81. 
3 B. CAPON AND W. G. OVEREND, Advan. Carbohyd. Chem., 15 (1960) 29. 
4 J. X. KHmi AND L. P. ZILL, J. Amer. Chetn. Sot., 74 (1952) 2090. 
5 A. B. FOSTER, J. Chem. Sot., (1953) 982. 
6 L. VARGHA,&T., 66 (1933) 704. 
7 5. STANEK AND L. HAUZAR, Chettz. Zvesti, 8 (1954) 337. 
8 S. AKIYA AND T. WATANABE, J. Phartn. Sot. Japan, 64 (1944) 37. 
9 H. G. KLIIVILA, A. H. KEOUGH, AND E. J. SOEIOCZENSKI, J. Org. Chum., 19 (1954) 780. 

10 M. L. Wormow AND J. SOLMS, J. Org. Chem., 21 (1956) 815. 
11 R. 3. FERRER, D. PRASAD, A. RUDO~XI, AND I. SANGSTER, J. Chettt. Sot., (1964) 3330. 
12 R. J. FERRER, D. PRASAD, AND A. Ruoows~r, J. CYzenr. Sot., (1965) 8%. 
13 R. J. FERRER AND D. PRASAD, J_ Chem. Sot., (1965) 7425. 
14 R. J. FERRIER, A. I. HANNAFORD, W. G. OVEREND, AND B. C. Smm, Carbohyd. Res., 1 (1965) 38. 
15 R. J. WRRIIZR, J. Chem. Sot., (1961) 2325. 
16 B. LINDBERG AND K. N. SLESSOR, Curbohyd. Res., 1 (1966) 492. 
17 R. J. FERXIER AND D. PRASAD, J. Chem. Sot., (1965) 7429. 
18 R. M. HANN AND C. S. HIJDSON, J. Amer. Chem. Sot, 64 (1942) 2435. 
19 L. C. STEWART AND N. K. RICHTMYER, J. Amer. Chem. Sot., 77 (1955) 1021. 
20 R. E. REEVES, .I. Amer. Chem. SOS., 71 (1949) 2116. 
21 R. E. REEVES AND J. R. JUNG, JR., J. Amer. Chem. Sot., 71 (1949) 209. 
22 R. U. LEWEUX, R. K. KULLNIG, H. J. BERN.STEIN, AND W. G. SCHNEIDER, 3. Amer. Chettt.Soc., 

80 (1958) 6098. 
23 L. D. HALL AND L. HOUGH, Proc. Clzem. Sot., (1962) 382. 
24 F. SHARZADEH, Advnn. Carbohyd. Chent., 23 (1968) 419. 
25 R. B. WARD, Methods Curbohyd. Chem., 2 (1963) 394. 
26 A. E. KN,~F, R. M. HANN, END C. S. HUDSON, J. Amer. Chem. Sot., 63 (1941) 1447. 
27 F. H. NEWTH XND L. F. WIGGINS. J. Chettt. Sue., (1950) 1734. 
28 H. AL% AND C. T. BISHOP, Can. J. Chem., 41 (1963) 2621. 
29 G. A. BYRNE, J. Chromatogr., 20 (1965) 528. 
30 J. P. PHILLIPS, J. Org. Chem., 27 (1962) 1443. 
31 I. A. WOLFF, D. W. OLDS, AND G. E. HILBERT, Sruerke, 20 (1968) 150. 

Carboftyd Res.. 18 (1971) 357-361 


