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A catalytic amount of phosphotungstic acid (PTA) has been found to be a very effective catalyst for iso-
propylidenation of 1,2-diols and their deprotection at room temperature. The ease of handling, cost and
activity of the catalyst, good to excellent yields and chemoselectivity for deprotection are some of the
highlights of the reported method.

© 2011 Elsevier Ltd. All rights reserved.

The synthesis and cleavage of isopropylidene acetals are one of
the most practised reaction protocols in organic synthesis due to
its unflappable synonymy with manipulations in the chemistry of
carbohydrates, nucleosides and alkaloids.! Due to its easy intro-
duction and remarkable stability in alkaline pH, the chemistry of
isopropylidene acetals of carbohydrates are finding importance in
the field of natural product synthesis? and catalysis,> as their chiral
backbone contributes to stereoselective inductions to achieve
greater asymmetric molecular complexity. As a result, numerous
methods using acid catalysts'® have been developed. Among the
Brgnsted acids, concentrated H,SO, is used very routinely as
catalyst for the synthesis of O-isopropylidenes, albeit modified cat-
alysts, such as CuSO4/H, SOj and sulfuric acid immobilized on silica
gel® under reflux condition in anhydrous acetone are also reported.
Several in-situ generated acid catalysts, such as iodine,® triphenyl-
phosphine polymer bound/iodine complex’ and bromodimethyl
sulfonium bromide (BDMS)® were also effectively employed for
this transformation. Recently, Chen and co-workers® employed
water tolerant vanadyl triflate (VO(OTf), xH,O for isopropylidena-
tion of 1,2- and 1,3-diols in carbohydrates in the presence of aceto-
nide-forming solvents, such as dry acetone, 2,2-dimethoxypropane
(DMP), or 2-methoxy propene (MP) to achieve significant improve-
ment. Among the Lewis acids, anhydrous ZnCl,'° is commonly
used as catalyst for the protection of diols in carbohydrates, albeit
many other catalysts, such as FeCls,!! AlCl5!2, and Ceric ammonium
nitrate (CAN)'> have been reported for similar transformation in
acetone. For efficient catalyst recovery, solid catalysts, such as
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Zeolite HY'* and montmorillonite clay!®> were also employed to
achieve excellent yields. There is no denying the fact that many
of the reported catalysts require preparation,*>’® while some of
them are costly®!* and require extreme conditions.>!%!? Herein,
we wish to report a reaction protocol for the protection of 1,2-diols
as acetonide with a catalytic amount of phosphotungstic acid (PTA)
and their deacetonation with the same catalytic system in the
presence of acetonitrile and water (Scheme 1).

While working on the synthesis of Shi’s ketone,'® a catalyst
which is finding very good applications in stereoselective epoxida-
tion of olefins in recent years, we wanted to explore the possibility
of using phosphotungstic acid (PTA) as catalyst for isopropylidena-
tion of fructose instead of routinely used concentrated H,SO4. We
reasoned that use of PTA will substantially simplify the purification
process as filtration of the solid would be enough to get the pure
product. To that affect, a suspension of p-fructose (1 mmol) in
dry acetone (5 mL) and PTA (5 mol %) was stirred at room temper-
ature under argon atmosphere until the sugar had dissolved. After
completion of the reaction, it was observed that the catalyst forms
a gummy mass to stick on the wall inside the reaction flask and
could not be recovered as proposed. Therefore, the solution was

; Dry acetone/DMP
HOIR H3PW,,0,40 nH,0 (5 mol%) ><o IR1
HO™ R CH3CN/H,0 (9/1) 0 g

HaPW 415040 nH,0 (5 mol%)

Scheme 1.
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Table 1
Acetonide protection of p-fructose®

PTA (5 mol%)

D-fructose

Dry Acetone/DMP
0"
,S(o
Entry Catalyst Solvent Time (h) Yield® (%)
1 H3PW;,040-xH,0 Acetone 2 31
2 Acetone 5 56
3 Acetone® 5 55
4 Acetone 10 55
5 Acetone 15 52
6 DMP 4 67
7 DMP 4 66
8 DMP? 4 71
9 H3PW15040-XH,0-Si0; DMP 5 45
10 Acetone 5 15
11 Acetone 15¢ 26
12 Acetone 15%¢ 31

@ Unless otherwise stated typical reaction conditions: substrate (1 mmol), dry
acetone (5 mL), catalyst (5 mol %).

b Isolated yields.

€ 10 mol % of the catalyst was used.

4 Substrate (1 mmol), DMP (2 mmol), Acetone (5 mL), catalyst (5 mol %).

€ Reaction stops automatically after the substrate got dissolved completely.

decanted, dried under reduced pressure, and redissolved in CH,Cl,.
The dichloromethane solution was washed with water, dried with
Na,S0O4, and evaporated to get the crude product, which was
recrystallized by dissolving in boiling ether (5 mL/g), cooling, and
then adding hexane (5 mL/g) to give the pure product in 31% yield.
As the reaction protocol was very simple, we decided to optimize
some parameters, viz. temperature, solvent, catalyst ratio to en-
hance the yields of the said reaction. When the solvent was chan-
ged to 2, 2-dimethoxypropane (DMP) Kkeeping the other
parameters constant, we found substantial increase in the reaction
yield (67%). Our findings are summarized in Table 1.

It is quite evident from the Table 1 that reaction yields are bet-
ter, when DMP was used as a solvent and PTA was used as catalyst,
while in acetone yields are around 55% in all the cases. While keep-
ing the catalyst concentration constant (5 mol %), the increase in
reaction time from 5 h to 10 h did not help both in anhydrous ace-
tone and DMP. Interestingly, the reaction worked even better (en-
try 8, Table 1), when DMP (2 equiv) in dry acetone was used as
solvent. When the catalyst was adsorbed on silica to enhance the
surface area of the catalyst, we encountered rather an unexpected
observation, wherein the reaction yields drop considerably (Table
1, entry 9-12). As the yields found in acetone and DMP-acetone
differ considerably in p-fructose, we decided to test the isopropyli-
denation of various diols in both the solvents.!” It is observed that
for carbohydrates, the extent of isopropylidenation is much better
in DMP-acetone than in anhydrous acetone alone (entry 1-5, Table
2). All the carbohydrates were undergoing isopropylidenation at
room temperature within reasonable time (5-10 h) in anhydrous
acetone, while the reaction took comparatively shorter time in
DMP-acetone. Protection of p-mannose (entry 1) with acetone gave
2,3:5,6-di-O-isopropylidene-p-mannofuranose in good yield (62%)
but p-glucose (entry 2) and p-galactose (entry 3) gave only 48%
and 46% yield, respectively, which may be due to the low solubility
of the starting materials in acetone. Likewise bp-fructose gave
1,2:4,5-di-O-isopropylidene-B-p-fructopyranose, 4a in 57% when
the reaction was stopped after 7 h. Among the carbohydrates
tested, p-mannitol (entry 5) gave the best result with 75% yield
in acetone and p-mannose (entry 1) gave the best yield (89%) in
DMP-acetone when other parameters are similar. When this

method was extrapolated beyond carbohydrates, the diols (entry
6-12, Table 2) gave excellent yields in both anhydrous acetone
and in DMP-acetone. More importantly, several acid sensitive
functional groups, such as THP, Bn, and OC3H; were not affected
at all under our reaction conditions, as reflected in the yields of
the reactions. For open chain 1,2-diols, all the reactions complete
within 1 h. Keeping the reaction longer than 2 h in acetone med-
ium resulted in decreased yield due to possible hydrolysis of the
product, while in DMP-acetone no such observation was made.

As stated earlier, deprotection of acetonide is also another very
important aspect in organic synthesis. In fact, many chiral natural
products have been synthesized using monoisopropylidene deriv-
atives of p-mannose and p-glucose.'® Given the fact that many iso-
propylidene acetals are remarkably stable in comparison to other
functional groups that cannot withstand drastic hydrolysis condi-
tions,'® many methods had been reported for the deprotection of
acetonides in order to develop efficient and chemoselective proto-
cols.'® Some of the reagents frequently used include protic condi-
tions?®, such as aq HCl, aq HBr, 60% aq acetic acid, 0.8% H,SO, in
MeOH, TFA, Nafion-H, Dowex 50 W-X8, and p-TsOH. Lewis acids?'
such as CuCl,-2H,0 in ethanol, Zn(NOs),-6H,0, CeCls-7H,0/
(COOH)z, B1C13, lnClg, Er(OTf)3, Yb(OTf)3H20, La(NO3)36H20, VC13
and lodine were also employed and a few supported reagents??,
such as FeCl3-6H,0/SiO,, NaHSO,4/SiO,, PMA/SiO,, polymer sup-
ported FeCls, H,S04-Si0,, and HClO,4/SiO, were also reported. But,
as always, some of them require high catalyst loading, long reac-
tion time, and high temperature. Recently, Gregg and co-workers?3
reported the use of In(OTf); as catalyst for chemoselective depro-
tection of terminal acetonide in the presence of internal acetonides
under microwave irradiation. But use of costly In(OTf); and high
temperature necessarily negates the usefulness of the method,
especially when such deprotection can be carried out at room tem-
perature. Here, we report our findings in the deprotection of aceto-
nides using phosphotungstic acid as a catalyst in acetonitrile-water
medium.

Initially, dl-1,2-isopropylideneglycerol (1 mmol) was dissolved
in CH3CN:H,O (9:1) and to it 5 mol % of phosphotungstic acid
was added (Scheme 2). The reaction mixture was allowed to stir
at room temperature and the progress of the reaction was moni-
tored using TLC. It was found that the starting material was com-
pletely converted after 2 h of stirring. As for the catalyst, 5 mol %
PTA was found optimum, while reduction of catalyst ratio en-
hances the reaction time. Use of PTA/SiO, as catalyst while keeping
other parameters unchanged, hydrolysis of dl-1,2-isopropylidene-
glycerol completes within 5 min. As for di-O-isopropylidenes, very
clear chemoselective pattern was observed wherein all terminal
isopropylidenes are preferentially deprotected. Deprotection of
1,2:5,6-di-O-isopropylidene-o-p-glucofuranose (entry 7) and its
derivatives (entry 8 and 9, Table 3) resulted in deprotection of
terminal acetonides® in excellent yield. Interestingly, increase in
reaction time to 24 h resulted in complete hydrolysis of the isopro-
pylidenes. As 1a reportedly undergoes hydrolysis to form an insep-
arable mixture®® of 2,3-O-isopropylidene-p-mannofuranose and
2,3-0-isopropylidene-p-mannopyranose, we carried out deisopro-
pylidenation of 1-O-benzyl derivative of 2,3:5,6-di-O-isopropyli-
dene-p-mannofuranose (entry 11, Table 3) in our reaction
condition,?® to find that the terminal 5,6-O-isopropylidene ring
cleaves in preference to the 2,3-O-isopropylidene moiety in excel-
lent yields (94%) within 2 h. On the other hand, the 1,2:3,4-di-O-
isopropylidene-o-p-galactopyranose (3a) undergoes complete
hydrolysis under the reaction conditions and gave the starting p-
galactose quantitatively. Interestingly, for Shi’s ketone (entry 13,
Table 3), upon hydrolysis in our reaction conditions generated
the 4,5-deprotected mono-O-isopropylidene derivative, 13b?’ sug-
gesting that spiro-fused isopropylidene moiety is more stable than
the internal isopropylidene acetal ring. When we tried to see the



K. Vanlaldinpuia, G. Bez/ Tetrahedron Letters 52 (2011) 3759-3764

Table 2
Preparation of acetonides using PTA as a catalyst®

3761

Entry Substrate Solvent® Time (h) Yield(%) Ref. (reported yield %)
OH Acetone 5 62 8 (95)
O"C') DMP 5 89
HO !
1 HO H
OH
OH Acetone 10 48 14 (50)
o DMP 7 86
HO
2 HO OH
OH
OH OH Acetone 10 46 14 (20)
0 DMP 7 85
3 HO OH
OH
Acetone 7 57
DMP 4 71 30 (58)
4 p-Fructose
OH OH Acetone 7 75 8 (89)
H OH DMP 5 88
5 HO Y
OH OH
OH Acetone 1 89°¢
DMP 0.5 92
s  HO._L_on
OH Acetone 1 81
DMP 0.5 86
7 HO\)\/OMe
OH Acetone 1 91
HO\)\/\/\/\/\ PMP 0 o
8 OBn
HO_-CO,Et 0] CO,Et Acetone 1 91 31 (78
. I P4 DMP 05 92 (78)
HO CO,Et (0] CO,Et
9a
OH Acetone 1 78
HO\)\/\/\/\/\ ? bme ! 82
10 OTHP gL~~~
OTHP
10a
OH Acetone 1 94
HO\)\/\/\/\/\ Q PMP ! »
11 OH O~~~
OH
11a
OH Acetone 1 89
HO\)\/\/\/\/\ ' oM ! &7
12 OCsH; O\)\/\/\/\/\
12a
2 Typical reaction conditions: substrate (1.0 mmol), solvent (5 mL) and PTA (5 mol %).
b All products were characterized by 'H and '*C NMR and mass spectroscopy.
¢ DMP refers to 2 equiv DMP in dry acetone.
4 Isolated yields.

Confirmed by comparing with commercially available authentic sample.
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o PTA, 5 mol%

O _A_oH CH3CN/H,0 (9/1), rt, 2 h

Scheme 2.

deisopropylidenation of 1,2: 3,5-di-O-isopropylidene-p-xylose

OH (entry 14, Table 3) under our reaction condition, we observed that

HO OH 3,5-0O-isopropylidene moiety cleaves selectively, making clear indi-
cation that 1,3-dioxane moiety is comparatively labile?® to this

acid catalyst than the corresponding 1,3-dioxolane moiety.

Table 3
Deprotection of acetonides using PTA as a catalyst®
Entry Substrate Product Time (h) Isolated yield (%) Ref. (reported yield %)
OH
1 o Ho.__ome ) 99¢
O\)\/OMe 1b
><O]:CozEt HO___CcoO,Et
2 5 89¢
(0] CO,Et HO CO,Et
2b
% OH
(0] HO\)\/\/\/\/\
’ O\)\/\/\/\/\ OTHP ] v
OTHP 3b
% OH
? \)\/\/\/\/\
! O\)\/\/\/\/\ " OBn ] "
OBn 4b
% OH
5 Q HO\)\/\/\/\/\OH 1 89
O\)\/\/\/\/\
OH 5b
#\ OH
o \)\/\/\/\/\
° O\)\/\/\/\/\ " oTBS ] .
OTBS 6b
# HO
o Q HO 0 wQ
7 o) )< 4 95 24a (81)
. Ke)
K HO
HO O 7b
+ HO
(6] (0]
5 o) HO e}
8 o) )< 5 93 24c (87)
, )< Ko
“ BnO
BnO  © 8b
# HO
o) Q (e} HO 0o nQ
9 o) s k 5 88 32 (70)
. )< Kol
K AcO
A0 © 9b
#, HO
Q o) HO 0 nQ
10 o e) )< 5 90 21b (97)
: )< "0
K BzO
B0 O 10b
(6] HO
—A O ~0Bn O\ ~OBn
(6) HO
11 2 94 21h (92)
K w0
O OH O OH
X 0 >< 0
12 o (e} 3¢ _ _
O o 12b OH oH
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Table 3 (continued)
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Entry Substrate Product Time (h) Isolated yield (%)° Ref. (reported yield %)
o A
oJ 0 oy 0
13 _ ! (/\L"’/ 2d 83 27 (79)
o Y O oo Y O
5 H
4’ OH 43p
(0) (0)
anQ Q)
14 0 )< HO )< 2 93 24a (91)
%\ 0 0

HO 14p

Complete hydrolysis led to generation of p-galactose.
10 mol % catalyst was used.
Confirmed by comparing with commercially available authentic sample.

Nevertheless, for most of the carbohydrate derived isopropylid-
enes, the spiro-fused isopropylidene moiety was very stable to-
ward our reaction conditions than both the internal and terminal
isopropylidenes. It has also been observed that the reaction condi-
tion is very much compatible toward acid labile functionalities,
such as OTHP (entry 3, Table 3), OBn (entry 4, 8, Table 3), OAc (en-
try 9, Table 3) and OBz (entry 10, Table 3). It is interesting to note
that the OTBS group, albeit being more labile than isopropylidenes
under acidic conditions,?® was not hydrolyzed in our reaction con-
ditions and gave considerably good yield of the deisopropylidena-
tion product (entry 6, Table 3).

In summary, we have developed a simple, efficient, and cata-
lytic method for preparation and removal of O-isopropylidenes
from 1,2-diols using a catalytic amount of phosphotungstic acid
(PTA) as a new catalyst. The same catalyst system was found to
be extremely efficient for chemoselective deacetonation of termi-
nal isopropylidenes in the presence of internal isopropylidenes
upon changing the solvent to acetonitrile-water. Non-toxicity,
availability and low cost of the catalyst; easy handling, purification
and high yields of this protocol are expected to attract attention of
the wider synthetic community.
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