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Anhydroalditols are a class of reduced sugars which
are present in many natural systems and which have also
been employed as synthesis intermediates. For example,
1,5-anhydro-D-glucitol has been isolated from several
plant and animal sources,1 discovered in human cere-
brospinal fluid and blood plasma,2 and found to be an
inhibitor of several enzymes.3 1,5-Anhydrohexitols have
been used in the synthesis of carbohydrates4 and nucleo-
sides which have antiviral activity.5 Anhydroalditols
have been synthesized variously, including by dehydra-
tion of the glycitol,6 but the most commonly used path-
ways involve reduction of glycoside intermediates. Such
reductive routes include desulfurization of 1-thio-7 or
isothiocyanate8 derivatives, reaction of silyl alkyl glyco-
sides with TMSOTf/triethylsilane,9 or treating a glycosyl
halide with LAH.10 The most commonly used methodol-
ogy involves reduction of a glycosyl halide with tin
hydride and a radical promoter.11 Yields for this latter
process are good, but the toxicity of organotin byproducts
and the difficulty of their complete separation from
desired materials can be a drawback in pharmaceutical
applications. We have recently shown12 that simple
Ti(III) complexes can readily activate glycosyl halides by
halogen atom abstraction, and we now report a simple,

high-yielding conversion of glycosyl bromides to anhy-
droalditols using a Ti(III) borohydride complex.
Reaction between Cp2TiCl2 and NaBH4 yields ti-

tanocene borohydride13 (Cp2TiBH4; 1), which we have
shown reduces activated alkyl halides via a radical
intermediate.14 Since glycosyl radicals15 are rapidly
formed by reaction between glycosyl bromides and
(Cp2TiCl)216 it was of interest to learn if 1 could effect
reduction of glycosyl halides analogously. Indeed, reduc-
tion of the glycosyl halides by 1 can be accomplished
rapidly and at room temperature (Table 1).
The mechanism of glycosyl halide reduction likely

involves halogen atom abstraction by Ti(III) to give the
glycosyl radical (2), which then can abstract H• from
borohydride (Scheme 1).17,18 In support of this sugges-
tion, we note the formation of 1-deuterio-2,3,4,6-tetra-
O-acetyl-1,5-anhydro-D-glucitol (89% d1) when Cp2TiBD4

is used as the reducing agent.
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Table 1. Reduction of Glycosyl Bromides to
Anhydroalditols by 1
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We note that 1 prepared in situ from Cp2TiCl2 and
NaBH4 is less effective for glycosyl halide reduction than
is isolated 1. We also note that the TiIV byproduct of
glycosyl halide reduction (3) can be recycled to 1 with
borohydride, thus enabling a catalytic cycle for anhy-
droalditol synthesis (Scheme 2).19 However, in contrast
to reaction with ex situ prepared 1, significant glycal
byproduct is also obtained (anhydroalditol:glycal g 2:1),
likely formed by competitive trapping of 2 by either 1 or
3.12

Experimental Section
General Methods. Reaction solvents were dried and dis-

tilled prior to use using standard methods. 1,2,3,4,6-Penta-O-

acetyl-R-D-mannopyranose, 1,2,3,4-tetra-O-acetyl-â-D-xylopyra-
nose, and 2,3,4,6-tetra-O-acetyl-â-D-galactopyranosyl bromide
were purchased from Sigma Chemical Co. All other starting
materials were purchased from Aldrich Chemical Co. and were
used without further purification.
Peracetylated Glycosyl Bromides. The title compounds

were prepared as described elsewhere.12

Dicyclopentadienyltitanium(III) Borohydride.13b A so-
lution of Cp2TiCl2 (900 mg, 3.61 mmol) and NaBH4 (900 mg,
23.79 mmol) in 15 mL of DME was prepared under inert
atmosphere at room temperature. The resulting deep violet
solution was filtered to remove inorganic salts and concentrated
in vacuo. Solids were dissolved in toluene and filtered again.
Crystallization from toluene and pentane under N2 gave 600 mg
of Cp2TiBH4 as fluffy, purple crystals (86%).
Preparation of 2,3,4,6-Tetra-O-acetyl-1,5-anhydro-D-ga-

lactitol Using Isolated Cp2TiBH4. Under an inert atmo-
sphere, Cp2TiBH4 (1; 100 mg, 0.518 mmol) was dissolved in 6
mL of THF, giving a purple solution. 2,3,4,6-Tetra-O-acetyl-R-
D-galactopyranosyl bromide (100 mg, 0.243 mmol) was added.
The solution was stirred for 45 min at room temperature,
concentrated, and dried in vacuo. The crude mixture was
dissolved in 2:1 ethyl acetate/hexanes and passed through a
short plug of silica gel. Concentration in vacuo gave 2,3,4,6-
tetra-O-acetyl-1,5-anhydro-D-galactitol (80.1 mg; 99%) as a pale
yellow oil. Other anhydroalditols were prepared in analogous
fashion.
Preparation of 2,3,4,6-Tetra-O-acetyl-1,5-anhydro-D-glu-

citol Using Cp2TiBH4 Prepared in Situ. Sodium borohydride
(170 mg, 4.49 mmol) and Cp2TiCl2 (260 mg, 1.04 mmol) were
dissolved in 10 mL of dimethoxyethane (DME) under an inert
atmosphere to give a purple solution to which 2,3,4,6-tetra-O-
acetyl-R-D-glucopyranosyl bromide (396 mg, 0.96 mmol) was
added. The reaction mixture was allowed to stir at room
temperature for 2 h and was then concentrated in vacuo to give
2,3,4,6-tetra-O-acetyl-1,5-anhydroglucitol (83%) and 2,3,4,6-
tetra-O-acetyl-D-glucal (17%).12

Catalyzed Synthesis of 2,3,4,6-Tetra-O-acetyl-1,5-anhy-
dro-D-glucitol. Sodium borohydride (40 mg, 1.06 mmol) and
Cp2TiCl2 (6 mg, 0.02 mmol) were dissolved in 5 mL of dimeth-
oxyethane (DME) under an inert atmosphere to give a pale
purple solution to which was added 2,3,4,6-tetra-O-acetyl-R-D-
glucopyranosyl bromide (98 mg, 0.24 mmol). The solution was
allowed to stir at room temperature for 20 h and was then
concentrated in vacuo to give a mixture of 2,3,4,6-tetra-O-ace-
tyl-1,5-anhydro-D-glucitol (80%) and 2,3,4,6-tetra-O-acetyl-D-
glucal (20%).12
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