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ABSTRACT

Photobromination and the succeeding deuteration
with tri-n-butyltindeuteride were performed on elght
1l,6-anhydro-2,3,4-tri-O-benzoylhexopyranoses to give
C-6 chirally deuterated hexopyranoses. The stereo-
chemistry of these two reactions are discussed in
terms of steric effects of substituents at C-2, C-3
and C-4 of 1,6-anhydrohexopyranoses.

INTRODUCTION

In our previous paper, we have reported facile
synthetic methods of (6S)- and (6R)—(6- H ) -D-glucose
1 2nd galactose? and (58)- and (5R)-(5-°H ) -D-ribose’
These chirally deuterated sugars are useful for
various purposes utilizing 1H— and 2H-NMR spectro-
scopy and mass spectroscopy; for example in the

biosynthetic study of an antibiotic4, substrate
585
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SCHEME

stereochemistry in the use of galactose oxidases, and
conformational analysis about C-5 - C-6 single bonds
of hexoses.6’7
These chirally deuterated hexoses were
synthesized from 1,6-anhydro-2,3,4-tri-O-benzoyl-D-
gluco 1, and galactopyranose 2, through regio- and
stereospecific photobromination8 followed by stereo-
specific radical reduction with tri-p-butyltin-
deuteride.(SCHEME)9 However, stereoselectivity of
these reactions have not yet been discussed in terms
of the configurational changes at C-2, C-3 and C-4
positions., 1In this paper, we report the application
of the mathod to the remaining six aldohexoses and the
discussion of the factors of stereoselectivities of

the photobromination and the radical reduction.

RESULTS AND DISCUSSION

Photobromination of 1,6-anhydro-2,3,4-tri-0-
benzoyl-D-talo 3, manno ilo, ido 5, gulo gll, altro 112

and allopyranose §l3 were performed with 1.5 equimolar
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TABLE 1.

The Products and their Yields of the Photobromination

compd. product and yield % compd. product and vield %

3Bl (87) 3B2 ( 0)
4B1 (92) 4B2 ( 0)
5B1 (87) 5B2 ( 0)

6BL (77) 6B2 (19)
7BL (70) 7B2 (22)
8Bl (68) 8B2 (32)

o I W
Joo | o

bromine on irradiation with 300W lamp for 2hr. The
products and their yields are listed in TABLE 1. The
reactions of 3, 4, and 5, which had two or three B-
benzoyloxy groups, proceeded regio- and stereo-
specifically and gave only 6 exo-monobromides 3Bl, 4Bl
and 5Bl, respectively, in high yields (87-92%). The
reactions of 6, 7 and 8 gave 6 exo-monobromides 6B1,
7Bl and 8Bl as main products (68-77%) and 6,6-di-
bromides 6B2, 7B2 and 8B2 as minor products (19-32%),
respectively. 6 Endo-monobromide could not be obtained

in any case.
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The structures of these products were elucidated
on the basis of elemental analysis and lH—NMR spectro-
scopy (TABLE 3, 4 and 5). 6 Endo-protons of starting
materials 1-8 always resonated at lower field than H-
6 exo and the range of the values of chemical shifts
of them was larger (4.15-4.78 ppm) than that of H-6
exo (3.85-4.04 ppm), since they were more affected by
benzoyloxy groups at C-2,3 and 4. The coupling
constants J5,6endo were always small (<1 Hz), since
the dihedral angles between C-6 - H-6 endo and C-5 -
H-5 were near 90°. On the other hand, J5,6exo

moderate (v5.4 Hz) in all hexoses and "W" long range

were

couplings J (<1 Hz) were observed in 2, 3, 5 and

4,6ex0
6 which had a proton at 4a. Similar findings had been
reported about 1,6-anhydrohexopyranoses and their tri-

acetates.l4' 15

Therefore, the H-6 proS (H-6 exo) and
H-6 proR (H-6 endo) can be discriminated in the 1,6-
anhydrohexopyranose system.

Although possible conformations of 1,6-anhydro-
4 and BO,3’

of all 1,6-anhydrohexose derivatives described in this

hexoses were 1C the preferred conformation
paper was lC4, since the "W" long range couplings Jy 3
14
and J3 5 were observed in 1-4, 1B1-4Bl1 and 1S-4S,
, =2y 227252 A i=d
which had a proton at 3a, but not in 5-8, 5B1-8Bl, 5B2

-8B2 and 5S,R-8S,R, which had a proton at 38.16
In the products 1B1-8Bl, H-6 endo shifted

remarkably to downfield (+2.2-2.4 ppm) and the signals
of H-6 exo disappeared. The signals of H-6 endo, H-5
and H-4o were simplified compared with those of the
corresponding starting materials due to lack of
coupling with H-6 exo. Further, the lack of J5,6endo
was observed. These results indicated that the
structures of 1B1-8Bl were 6 exo-monobromides.

Both signals of H-6 exo and H-6 endo disappeared
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in the spectra of 6B2-8B2 indicating that these
compounds were 6,6-dibromides. The H-3 of the three
dibromides and H-4 of 7B2 and 8B2 shifted to down-
field (v+0.4 ppm) compared with those of the
corresponding monobromides owing to the presence of
bromine atom at 6 endo, which was close to these
protons.

The shorter reaction time for the photobromination
seemed to be favorable to suppress the formation of the
dibromide, since the dibromide 6B2 was formed by the
photobromination of 6 exo-monobromide 6Bl and after 3hr,
the ratio of 6B2 to 6Bl reached to ca. 1l:1 judged by
TLC (CHClB). The slow endo-bromination could be
ascribable to the steric hindrance of the endo
face in the bicyclo[3.2.1]octane system. B-Benzoyloxy
group at C-3 was the most important steric factor
because the photobromination of 1, which had a 8-
benzoyloxy group at C-3, gave only 6 exo-monobromide in
high yield.l The second important steric factor was
B-benzoyloxy group at C-4 because the ratio of mono-
bromide to dibromide for the products of 7 was smaller
than that for 6.

The reduction of 3Bl and 4Bl, which have 8-
benzoyloxy group at C-3, with tri-n-butyltindeuteride
proceeded stereospecifically and gave 6 exo-deuterio-
derivatives. On the other hand the reduction of 5Bl-
8Bl, which did not have an B-benzoyloxy group at C-3,
proceeded with (6S)-stereoselectivity (84-93%). The
sterecselectivity was 84% even for 8Bl which was
expected to be the worst because it did not have any
R-benzoyloxy groups. The yields and the (6S)-stereo-
selectivities are listed in TABLE 2. The factors of
the stereoselectivity were identical with those

described in photobromination.
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TABLE 2.

The Yields and the (6S)-Stereoselectivities of the
Radical Reduction

compd. product vyield % selectivity %

3B1 35 74 100
4Bl 4s 90 100
5B1 55, K 87 93
6B1 6S, R 76 91
7B1 75, R 69 88
8B1 8s, R 67 84

The structures of the products of the reduction
were elucidated by lH-NMR spectroscopy (TABLE 3, 4).
The aspects of the spectra of 15-8S,R were identical
with those of the corrésponding non-deuterated
compounds except for the following changes : 1)
significant decrease of the peak areas or complete
diappearance of the signals of H-6 exo were observed
for the products of 5B1-8Bl and 3Bl and 4Bl,
respectively 2) the signals of the protons coupled
with H-6 exo were simplified and the signals of H-6
endo and H-5 were slightly broadened by coupling with
the deuterium. 3) H-6 endo shifted to upfield (0.020-
0.027 ppm) in all hexoses by the isctope effect of the
geminal deuterium atom.17 Although the changes of
other chemical shifts were also observed (0.002-0.012
ppm) , the reason for the minor changes could not be
elucidated by the isotope effect and/or by the
measurement conditions.

The (6§)—stereoselectivity was calculated from

the ratioc of the peak areas of H-6 exo to H-6 endo for
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TABLE 3 continued

compd. H-1 H-2 H-3 H-4 H-5 H-6endo

1B1 6.123 5.050 5.485 5.165 5.138 6.691
2Bl 6.096 5.218 5.824 ~5.72 5.055 6.870
3B1 6.069 5.359 6.217 5.610 5.076 6.973
4Bl  6.083 5.470 5.861 5.387 5.154 6.819
5B1 6.089 5.311 5.938 5.499 5.178 6.713
6Bl  6.070 ( 5.6 - 5.8 ) 5.165 6.650
6B2 6.000 5.750 6.254 5.869 5.366

7Bl 6.140 ™5.6 v5.6 5.882 5.180 6.623
7B2  6.086 5.541 6.021 6.231 5.341

8B1 6.149 ~5.55 Vv5.55 5.721 5.209 6.549
8B2 V6.1 5.586 5.953 V6.1 5.374

The benzoyl protons were observed at 7.2-8.2ppm in

all compounds.
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FIG. 1 lH-NMR spectra of mannose derivatives.

15-85,R. The spectra 4 and 4S are shown in FIG. 1 as
an example.
The assignments of protons of 1, 1Bl and 1S in
. 1 . 18 . .
our previous paper must be revised as listed in

TABLE 3. The revised assignments were based on the
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selective proton decoupled 13C—NMR and differential
NOE spectra.

Compound 1S-8S may be easily converted to the
corresponding free hexoses and inverted to (6R)-
deuteriohexoses through SN2 reaction.2

In conclusion, our chiral deuteration method
provides the stereospecifically deuterated glucose,
galactose and mannose derivatives which are
biologically important sugars. Although idose, gulose,
altrose and allose derivatives are stereoselectively
deuterated, they will be good enough for various
purposes and if the stereospecifically deuterated
derivatives of these sugars are needed, they can be
prepared from 15 by the established methods.lg_22

The synthesis of stereospecifically deuterated
mannooligosaccharides are now in progress in our
laboratory to elucidate the preferential rotamers about

w angle.

EXPERIMENTAL

General methods

All melting points were uncorrected. lH- and 13C

-NMR were recorded at 100MHz and 25MHz, respectively,
in CDCl3 with tetramethylsilane as internal standard
on a JEOL JNM FX-100 spectrometer. Optical rotations
were measured on a JASCO DIP-4. Thin layer chromato-
graphy (TLC) was performed on Merck Kieselgel 60 GF254.
1,6-Anhydro—2,3,4-tri—9~benzoy1—2—talopyranose(2).
To a solution of l,6—anhydrotalopyranosez3 (1.79)

in dry pyridine (50ml) was added benzoyl chloride
(10g) . After the mixture had been stirred for 12hr at
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room temperature, the reaction mixture was added water
(50ml) and stirred for 2hr. The mixture was extracted
with CHC1l, (25ml1x3) and the CHC1

3 3
successively washed with water, sat. NaHCO3 and water

layer was

and then dried over MgSO4. Evapolation of the solvent
gave a syrup, which was crystallized from ether-hexane
to give 3 (4.5g 90%); m.p. 178°C, [a]gl -58° (c=0.1,
CHCl3).
1,6-anhydro-2,3,4-tri-0-benzoyl-D-idopyranose(5),

A mixture of D-idose and 1,6-anhydro-D-idose 4
(1.5g) was benzoylated by the method described above
and crystallized from ether-hexane to give 5 (3.0g
%70%); m.p. 102°C, [alZl -64° (c=0.1, cHCl,).

Photobromination of 1,6-anhydro-2,3,4-tri-O-
benzoyl-g—hexopyranose(3Bl-§§l and 6B2-8B2).

Aggzkture of l,6—a£ggaro—2,3,4—tri—9fbenzoyl—g—

hexopyranose (500mg) and bromine (250mg) in CCl4 (30m1)

was refluxed over a 300W heat lamp for 2hr. The
coocled solution was successively washed with 10%
Na25203, sat. NaHCO3 and water and dried over MgSO4.
Evaporation of the solvent gave a syrup, which was

~crystallized from ether-hexane for 3Bl, 4Bl and 5Bl.

The syrups of the products of 6, 7 and 8 were
chromatographed on silica gel columns with CHC13—
hexane (2:1) as the eluent to give dibromides 6B2-8B2,
respectively, and further elution with the same
solvent gave monobromides 6B1l-8Bl. They were
crystallized from ether-hexane, except for 7B1.
Deuteration of (6S)-1,6-anhydro-2,3,4-tri-o-
benzoyl-6-bromo-D-hexopyranose (35-8S,R).

A mixture of monobromide (200mg), tri-n~butyltin-
deuteride (240mg) and azobisisobutylonitrile (10mg) in

toluene (14ml) was refluxed for 2hr. Evaporation of
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the solvent gave a syrup, which was crystallized from
ether-hexane for 6S,R and 8S,R. The syrups of the
products of 3B1-5Bl and 7Bl were purified through

silica gel column chromatography, eluting with CHCl3,
and then crystallized from ether-hexane, except for

75,R.
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