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ABSTRACT

Reaction of () 2-tert-butyl-2-methyl-1,3-benzodioxole-4-carboxylic acid with par-O-acetyl-D- and
L-glucopyranosyl bromides yielded diastereomeric per-O-acetylated glycopyranosyl 2-ter-butyl-2-meth-
yl-1,3-benzodiazole-4-carboxylates. Their '"H-n.m.r. signals, especially the strong singlet peaks of fert-Bu
and Me groups in the 1-ester portion were diagnostic for the-determination of the b,L-configuration and
optical purity of monosaccharides.

INTRODUCTION

Determination of the enantiomeric configuration of sugars is a problem when
either enantiomer may be present in natural products, as with galactose, fucose, and
arabinose'. Polarimetric or enzymic methods have been most commonly used to
differentiate these enantiomers’. More-recent methods have employed chiral alcohols,
such as (+)- or (—)-2-butanol to give diastereomeric glycosides that are separated by
gas-liquid chromatography (g.l.c.)’, chiral-phase g.l.c.*, or high-performance liquid
chromatography (h.p.l.c.)’.

High-resolution n.m.r. spectroscopy provides another approach for determining
the absolute configuration and optical purity of chiral alcohols or amines by using chiral
shift reagents® or chiral derivatizing agents’. Application with carbohydrate molecules,
has, however, been limited because of their many OH groups reactive to these reagents.
Recently®, we have developed a new type of chiral derivatizing agent, (S)-(+)- or
(R)-(-)-2-tert-butyl-2-methyl-1,3-benzodioxole-4-carboxylic acid [( + )- or (—)-TBMB-
carboxylic acid]. This reagent has two isolated methyl groups at C-2 (Me and tert-Bu)
which give sharp singlet peaks diagnostic for the determination of the absolute config-
uration of chiral alcohols or amines®. In this paper, we apply this reagent for the analysis
of D,L monosaccharides. Our approach involves the derivatization of the D or L-sugar

* Presented at the 15th International Carbohydrate Symposium, Yokohama, Japan, August 12-17, 1990.
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with both (—)-TBMB-carboxylic acid and racemic TBMB-carboxylic acid and com-
parison of the 'H-n.m.r. signals, especially of the zert-Bu and Me groups, between the
two diastereomers thus derived.

¢
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0, ~Me 0
Acoﬁﬁ + QO — AcO O\C/Q
ACO AC ”
By COOH o 07§0
t
Me Bu

" (=)= TBMB-carboxylic acid”

RESULTS AND DISCUSSION

A. Derivatization of D or L-sugars with TBM B-carboxylic acid. — Sugars have
several sites available for derivatization with TBMB-carboxylic acid, through ester-
ification of one of the OH groups. Selective esterification, however, requires prior
protection of the other OH groups. We have adopted another method as shown in the
accompanying formulas because it can be applied to any monosaccharide.

The monosaccharides b-glucose, D-galactose, D-mannose, D-fucose, L-rhamnose,
D-xylose, L-arabinose, and D-ribose, were derivatized with both of (—)- and (+)-TBMB
carboxylic acid in this way. All sugars studied here gave the corresponding per-O-
acetylglycopyranosyl 1-TBMB-carboxylates (1-11, 30-70% yield, based on the sugars
used) which were identified by e.i.-m.s. and n.m.r. spectroscopy (Tables I-V). The
ei.-m.s. (70 eV) gave a strong ion peak of m/z = (M —57)* and a smaller molecular-ion
peak (Tables I and II) for all derivatives. This pattern is characteristic of the 1-TBMB-
carboxylates. The anomeric configurations, ring structures, and ring conformations
were determined mainly from n.m.r. data of the anomeric protons (chemical shifts and
coupling constants), as summarized in Tables I and I1.

Most of the sugars gave a single pyranoside anomer, except for mannose,
rhamnose, and ribose. Mannose and rhamnose produced a ~ 3:1 mixture of a-axial (3
and 6) and S-equatorial pyranosides (4 and 7) in ~ 30% total yields. These anomers were
readily separated by preparative t.l.c. Production of the a-pyranoside from mannose
and rhamnose indicates significant neighboring-group participation by the 2-acetoxyl
group'. For ribose, the f-D-pyranoside (10) and a furanoside(11) were obtained in ~ 2:1
ratio, probably because the two ring forms had already formed during the acetylation
step. The pyranoside and furanoside were inseparable by t.l.c. on silica gel or silica gel
column chromatography.

All of the hexopyranosides (1-7) adopted the *C, (D) ring conformation, whereas
the pentopyranosides (8-10) occured as mixtures of the *C, and 'C, conformations. The
conformation of the ribofuranoside (11) was not determined as its spectrum was too
complex

B. 'H-N.m.r. differentiation between D- and L-sugars. — The 'H-n.m.r. signals of
the Me and terr-Bu groups of per-O-acetyl-D- or L-glycosyl 1-[(+)-TBMB-carboxy-
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TABLE I

'H-N.m.r. and e.i.—m.s. data for per-O-acetyl-p- and L-glycopyranosyl 1-[(—)-2-tert-butyl-2-methyl-1,3-
benzodioxole -4-carboxylates)®

Compound Chemical shifs (6 p.p.m.) Ring Ei-m.s. (70 eV)
conformations
tert-Bu  Me H-1(0y 00" (D form)* M* [M—57*
1 f$-p-Glcp 1.095 1.582 5.898(8.1) ‘iC, 566 (6) 509 (90)

L-Glcp 1.077 1.618 5.937(8.1)
a4 +0.018 —0.036 —0.039

2  pDGalp 1100 1.598 5.878(8.4) ‘C, 566 (6) 509 (64)
L-Galp  1.083 1.623 5.902(8.4)
4 +0017 —0025 —0.024

3 a-pD-Manp 1111 1.621 6.390(1.8) “C, 566 (10) 509 (162)
L-Manp 1.094 1.701 6.405(1.8)
4 40017 —0080 —0.015

4 p-p-Manp 1.079 1.597 6.073(1.1) iC, 566 (14) 509 (182)
L-Manp 1.058 1.607 6.045(1.1)
4 +0.021 —-0.010 +0.028

5 B-D-Fucp 1.099 1.591 5.841(8.4) iC, 508 (11) 451 (68)
L-Fucp 1.078 1.622 5.875(8.4)
4 +0.021 —-0.031 —-0.034

6 a-p-Rhap 1.112 1.628 6.312(1.8) “C, 508 (7) 451 (101)
L-Rhap 1.117 1.670 6.322(1.8)
4 —0005 —0042 —0.034
7 p-p-Rhap 1.078 1.604 6.030(1.1) ‘C, 508 (5) 451 (42)

L-Rhap 1.057 1.628 6.017(1.1)
a4 +0.021 —0.024 +0.013

“ Measured at 400 MHz in CDC], solution at 27-28° with internal Me,Si standard. 'H-N.m.r. and e.i.-m.s.
data were obtained from the spectra of per-O-acetyl-D-or L-glycopyranosyl 1-[( —)-TBMB-carboxylates]
and the corresponding 1-(+ )-TBMB-carboxylates). Assignment of D-or L was based on the assumption that
(—)-TBMB-carboxylic acid was used for the derivatization (see text). * Coupling constant, J +0.2 Hz.
¢ Predicted from the Jy, y, values or the other vicinal H-H couplings. ¢ Relative intensity of the M* and
[M —57]" ion peaks.

lates] are depicted in Figs. 1 and 2, respectively. The assignment of D or L is based on the
assumption that (—)-TBMB-carboxylic acid is used for the derivatization. Thus, the
resonances attributable to per-O-acetyl-D-glycosyl 1-[(+)-TBMB-carboxylate] are la-
beled L and those for the L-glycosyl 1-[(+ )-TBMB-carboxylates are labeled D as they are
equivalent to those of their enantiomeric per-O-acetyl-L and D-glycosyl 1-[{(—)-TBMB-
carboxylates], respectively.

The significants results in Figs. 1 and 2 may be summarized as follows: 1. The
signals of these protons are well separated between the diastereomers for determining
the b or L-configuration. 2. Kinetic resolution in the coupling reaction was small (within
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TABLE II

'H-N.m.r. and e.i.-m.s. data for tri-O-acetyl-D- and L-pentosy! 1-[(— )-2-tert-butyl-2-methyl-1,3-benzodiox-
ole-4-carboxylates)’

Compounds Chemical shifts (& p.p.m.) Ring e.i—m.s. (70 eV)
conformations
tert-Bu  Me H-1(3y,12) ‘Cilce M* [M-571"
8 B-p-Xylp 1.088 1.584 5.912(6.6) 73:27 494 (23) 437(193)

L-Xylp 1.078 1.613 5.956(6.6)
4 40010 —0.029 —0.044

9 a-D-Arap 1.081 1.624 5.878(6.8) 24:76 494 (11) 437 (64)
L-Arap 1.097 1.595 5.849(7.0)
4 +0.016 +0.029 +0.029

10  p-p-Ribp® 1.083 1.651 6.368(3.7) 29:71 494 (8) 437 (66)
L-Ribp 1.072 1.624 6.339(3.7)
4 +0.011  +0.027 +0.029

11 Bb-Ribf  1.098 1.617 6.393(<0.3) — 494 (8) 437 (66)
L-Ribf 1092 1.639 6.420(<0.3)
4 +0006 —0022 —0.022

“ See footnote “ of Table 1.
® Calculated from the equation: *Cy(%) = (100 x Jy, y, — 180)/6.6; where anti-diaxial and anti-diequatorial
couplings were assumed to be 8.4 Hz and 1.8 Hz, respectively. © As a mixture of pyranoside and furanoside.
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Fig. 1. 'H-N.m.r. signals of the Me group in the TBMB-carboxylate moiety of per-O-acetylglycopyranosyi-
D-1-[(+)-TBMB-carboxylates: A = Glcp (1), B = Galp (2), C = 2 Manp (3), and D = # Manp (4). The
resonances for the p-sugar 1-[(— )-TBMB-carboxylates] are labelled D, and those for p-sugar 1-[(+)-TBMB-
carboxylates are labelled L, as they are equivalent to those of the enantiomeric L-sugar 1-[(—)-TBMB-
carboxylates.
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Bu!
D L

(D)

11 (p.p.m)
Fig. 2. '"H-N.m.r. signals of the terz-butyl group in the TBMB-carboxylate moiety of per-O-acetyl-D-

glycopyranosyl 1-[(+)-TBMB carboxylates: A = fManp (4), B = a Manp (3), C = Galp(2),and D = Glcp
(I). The D,D assignments are as in Fig. 1.

3% e.e.), and therefore, the relative 'H-n.m.r. peak-areas of each of the diastereomers
may be used to estimate the D/L ratio if the sugar exists as a D,L mixture. 3. The analysis
may be performed even with a mixture of sugars, as the tert-Bu or Me peaks have
different chemical shifts specific for each sugar. However, care should be exercised in
that yields from the derivatization may vary extensively among monosaccharides, and
some of the sugars (mannose, rhamnose, and ribose) yield mixtures of isomers.

The results for all monosaccharides studied here are compiled in Tables I and 11,
together with the chemical-shift differences of the zert-Bu, Me, and H-1 signals between
the diastereomers. In Tables ITI-V, n.m.r. data for ring protons are summmarized. The
magnitude of the chemical-shift differences [4(é D — J L)] between diastereomers is in
the approximate order of H-1 = Me> tert <-Bu>. In some cases, separation was also
observed for the other ring signals, such as H-2 and H-3. The large separation of H-2
and H-3 in compounds 3 and 6 is particularly noteworthy. This result may be rational-
ized by the fact that the C-1-O-CO-TBMB group in 3 and 6 has the 1,2-syn and
1,3-syn-diaxial relationship with H-2 and H-3, respectively.

The foregoing results show that comparison of the n.m.r. spectrum with those of
authentic samples of known configuration gives a simple method for determining the
D,L configurations of monosaccharides. It would be convenient if the signs (+ or ~) of
the chemical-shift differences of the zerz-Bu, Me, or H-1 signals were correlated with the
absolute configurations of sugars. However, the signs of [4(6 D —  L)] do not seem to be
correlated directly with the b,L configurations of sugars. This is because the position of
derivatization (C-1) is remote from the C-5 or C-4 position which defines the enantio-
meric identities of hexoses or pentoses, respectively. Instead, the signs of the chemical-
shift differences of the ters-Bu, Me and H-1 signals correlate well with the absolute
stereochemistries around the anomeric position (Figs. 3 and Table VI).
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Type A B [

4c
1
mo‘(—nwe DS m’ O~18MB

O~ rems

o~ (-TBMB

¢ o o—( )TEMB Rj RV-O,(-)TBMB
IA

Sugars 1,2,5,8,and 9 3,6,and 10 L,and 7

Fig. 3. Three types of sugar A, B, and C and classification of sugar derivatives 1-10.

TABLE VI

The signs of the chemical-shift differences A[8(*C, — 'C,)] of the tert-butyl group, methyl group, and

anomeric proton between the D-and L-sugar 1-[( —)-tert-butyl-2-methyl-1,3-benzodioxole-4-carboxylates]
of the three types A, B, and C

Signs of 8(C, — 'C,)

A B C
tert-Bu + +,— +
Me - — -
H-1 - - +

The glycosyl 1-TBMB-carboxylate derivatives may be classified into three types
A, B, and C from their stereochemistries at C-1 and C-2, as depicted in Fig. 3. Each type
involves a pair of diastereomers in rings having the *C, and 'C, conformations. Sugars
(1,2,5,8,and 9) in type A have diequatorial substituents at C-1 and C-2, sugars (3, 6,10)
in type B have diaxial substituents, and sugars (4 and 7) in type C have an axial
substituent at C-2 and an equatorial one at C-1. Sugars in the same type group showed
similar chemical-shift relations between the diastereomers (*C, and 'C,) for any of the
tert-Bu, Me, and anomeric-proton signals. The typical patterns are summarized in
Table VI, where it may be noted that the Me signal has a negative value for the
difference, 4 [6(*C,)- 6('C,)], for each type of sugar derivative. The observed relations in

Table VI will be useful for predict the p,L configurations of sugars without having
recourse to authentic samples.
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EXPERIMENTAL

Per-O-acetylated glycosyl bromides were obtained from the reducing sugars by
standard methods®. A mixture of the reducing D-or L-sugar ( ~0.1 mmol) and catalytic
amount of HCIO, in Ac,0 (1 mL) was stirred for 15 min at room temperature. The
solution was made neutral with KHCO,, the mixture, filtered, and the filtrate concen-
trated repeatedly from EtoH-PhMe. The residue was treated with 25% HBrin HOAc (1
mL) for 30 min. The mixture was concentrated in vacuo repeatedly with benzene to give
the per-O-acetylated glycosyl bromide as a crude syrup (~ 75-85% by t.l.c.) which was
used in the next reaction with (—)- or (+)-TBMB-carboxylic acid without further
purification.

The crude bromide ( ~ 0.1 mmol) was dissolved in dry N, N-dimethylformamide (2
mL) containing KHCO, powder (10 mg) and (-)- or (+)-TBMB-carboxylic acid (0.15
mmol). The mixture was kept for 1 h at 60°, diluted with EtOAc (2 mL), washed with aq.
NaHCO, and dried over Na,SO, T.l.c. an silica gel [Kieselgel 60 F,,. (Merck), 3:1
benzene EtOAc] showed a fluorescent spot at Ry ~0.6-0.7 under a uw.v. lamp and a
minor, non-fluorescent spot at R, ~0.2-0.3. The fluorescent material was collected by
preparative t.1.c. and used for the n.m.r. analyses.
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