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Abstract—Acetonides undergo chemoselective deprotection to afford the corresponding 1,2-diols in excellent yields using bismuth
trichloride in acetonitrile/dichloromethane at ambient temperature. © 2002 Elsevier Science Ltd. All rights reserved.

Selective reactions on hydroxyl groups of polyhydroxyl
compounds are extremely useful in organic synthesis
especially in the field of carbohydrate and nucleoside
chemistry. Indirect methods involve the use of protec-
tive groups.! Acetonides are the most frequently used
protecting groups for 1,2-diols in carbohydrates in
organic synthesis. The selective deprotection of ace-
tonide groups is an important transformation in the
synthesis of biologically active natural products and in
the field of drugs and pharmaceuticals. They have also
been used as chiral auxiliaries in the chiron approach.?
A variety of reagents have been employed to effect this
transformation including acids such as aq. HCL*® aq.
HBr,*® 60% aq. acetic acid®* and 0.8% H,SO, in
MeOH.3¢ Other Lewis acid base reagents such as
FeCl;-6H,0/Si0,,* CuCl,-2H,0 in ethanol,’
Zn(NO,),6H,0,° and CeCl,-7H,0 (COOH),’ are also
known to deprotect acetonides. However, many of
these procedures suffer from disadvantages such as
strong oxidizing conditions, high acidity, long reaction
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times, unsatisfactory yields, low chemoselectivity and
large amounts of reagent or catalyst.

In this paper, we report that bismuth trichloride is as
an efficient and selective deprotecting agent for ace-
tonides (Scheme 1). The selective cleavage of acetonides
in the presence of other acid-labile protective groups
such as tert-butyldimethylsilyl ethers (TBDMS) and
tetrahydropyranyl ethers (THP) proceeded smoothly.
Bismuth, the heaviest stable element, is by far the least
toxic of the heavy metals,>'® and consequently, an
‘ecofriendly’ element. Numerous bismuth compounds
are commercially available at relatively low cost. The
main industrial uses of bismuth are in metallurgy,'!
pharmaceutical products®:!? and as catalysts for the
manufacture of acrolein'* and acrylonitrile.!?®

Recently the catalytic activity of bismuth(IIl) deriva-
tives as Lewis acids has been utilized in deprotections
of ketoximes,' cleavage of epoxides,'> oxidation of
alkenes, acyloins, epoxides, a-hydroxy acids, and a-gly-
cols or ketols,'**!¢ and in cyanation and allylation of
carbonyl compounds.!” They are also used in Knoeve-
nagel condensations, Friedel-Crafts acylation, sulfony-
lation,'® carbonyl and aza-Diels-Alder reactions,"
carbonyl-ene reactions,'*>?® Mukaiyama-aldol reac-
tions, Michael reactions?! and Ferrier rearrangements.?

In view of the current interest in catalytic processes
there is a merit in developing a truly catalytic deprotec-
tion of acetonides using an inexpensive and non-pollut-
ing reagent. Herein, we wish to report the bismuth
trichloride catalyzed acetonide deprotection. The reac-
tion proceeds efficiently at ambient temperature and the
products are obtained in excellent yields without by-
products. Furthermore, other functionalities such as
OMe, OBn, OBz, NHBOC, TBDMS, THP and OAc
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Table 1. Bismuth trichloride catalyzed acetonide deprotection

S.No Substrate Product Solvent Time (min)  %Yield*
o HO
a ><O:ki(OMe HO:kiZJOMe CH3CN 30 8923a
o Ox
HO
><0 HO=
b RN o8 CH,CN 30 9223
X
0
><o x HO
c o= . HO=
OAc OAc CH,CN 30 8823b
0 ox
%\o "o ug o
><O HO
HO
e °= o :kizﬁ CH,CN 30 85
0 Ox
f 74 oMe  n OMe
QA Ho, CH,CN 30 88
NHBOC NHBOC
><° HO
o:|‘ o “3( Ho%i7
ro? 0 RO '03<
g R=Bn CH,CI, 30 9323d
h R=Ac CH,CI, 20 9023
i R=Bz CH,CI, 20 9223¢
i R=THP CH,CI, 10 79
k R=TBDMS CH,CI, 10 90
><° HO
| R ) HO™{
)( -ni( CH,CN 30 8923f
(e] ‘0 o "lo

* Isolated yields of pure products. All compounds were consistent with IR and "H NMR

spectroscopic data and gave satisfactory analytical data.
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are compatible with the reaction conditions. We first
examined the reaction of 3-O-(tert-butyldimethylsilyl)-
1,2:5,6-O-isopropylidene-a-D-glucofuranose in the pres-
ence of bismuth trichloride in acetonitrile at ambient
temperature which afforded the corresponding 3-O-
(tert - butyldimethylsilyl) - 1,2 - O - isopropylidene - o - D-
glucofuranose in 90% yield (Table 1, entry 1). This
success has encouraged us to extend the generality of
the reaction. The deprotection of acetonides of other
substrates proceeded smoothly (see Table 1).

In conclusion the present procedure for the synthesis of
1,2-diols has the advantages of mild reaction condi-
tions, high chemoselectivity, short reaction times, an
inexpensive catalyst, high yields of products and a
simple experimental work-up procedure. BiCl; cata-
lyzed acetonide deprotection has been developed to
produce 1,2-diols, and will be an important addition to
present procedures.

Experimental Section

General procedure for the generation of 1,2-diols from
acetonides: A solution of the acetonide (I mmol) in
MeCN (10 mL) was treated with bismuth trichloride (5
mol%) and two drops of water and stirred for an
appropriate time (Table 1) at rt. After completion of
the reaction, NaHCO; was added and the solvent was
removed under reduced pressure, water was added and
the mixture extracted into EtOAc, washed with brine,
dried over anhydrous Na,SO, and concentrated to give
the crude product, which was purified on silica gel
column to provide the pure 1,2-diol in high yields
(Table 1).

3,6-Anhydro-6-methyl 4,5-0-isopropyl-D-glycero-D-
galacto-heptitol (e): a/p=4:1 ratio 'H NMR (CDCl,,
200 MHz) ¢ 1.17 (d, J=7 Hz, 3H), 1.28 (s, 3H), 1.50 (s,
3H), 3.61 (dd, J=5.4 Hz, 1H), 3.72-3.85 (m, 2H),
3.90-3.97 (m, 1H), 4.22 (q, /=6 Hz, 1H), 4.41 (d, J=6
Hz 1H), 4.8 (m, 1H). FAB MS (m/z): 219 (M+1).

3-tert-Butoxycarbonylamino-3-(4-methoxyphenyl)-1,2-
propanediol (f): mp 125-128°C, [«]¥ 1.091 (¢ 1,
CHCL,),'H NMR (CDCl,;, 200 MHz), 6 1.41 (s, 9H),
3.20 (d, J=7 Hz, 2H), 3.61 (m, 1H), 3.77 (s, 3H),
3.82-3.89 (m, 1H), 6.8 (d, /=8 Hz, 2H), 7.24 (d, J=8
Hz, 2H). FAB MS (m/z): 320 (M+Na).

3-O-Tetrahydropyranyl-1,2-isopropylidene-a-D-gluco-
furanose (j): 'H NMR (CDCl;, 200 MHz), 6 1.35 (s,
3H), 1.48 (s, 3H), 1.54-1.62 (m, 2H), 1.77-1.90 (m, 2H),
3.47-3.62 (m, 2H), 3.64-3.79 (m, 2H), 3.73-3.81 (m,
1H), 4.01 (m, 3H), 4.22-4.32 (m, 1H), 4.0-4.51 (m, 1H),
4.6-4.69 (m, 1H), 591 (d, J=7.5 Hz, 1H).

3-O-(tert-Butyldimethylsilyl)-1,2-O-isopropylidene-ao-D-
glucofuranose (k): IR 1250 cm™', '"H NMR (CDCl;, 200
MHz), ¢ 0.16 (s, 6H), 0.83 (s, 9H), 1.32 (s, 3H), 1.50 (s,
3H), 2.0 (br s, 1H), 2.51 (br s, 1H), 3.75-4.40 (m, 6H),
5.93 (d, J=3.7 Hz, 1H); 3*C NMR (CDCl,, 50 MHz),
0 —5.14, —4.86, 17.94, 25.63, 26.23, 64.43, 68.71, 75.72,

80.85, 85.28, 104.93, 111.74; FAB MS (m/z): 335 (M+1)
Anal. caled for C,sH;,0¢Si: C, 53.86; H, 9.04. Found:
C, 53.80; H, 8.97.
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