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a b s t r a c t

[Cp⁄IrCl2]2 is used as an efficient promoter for the synthesis of sugar acetals and ketals with good to excel-
lent yields. The catalyst is found to be general for a wide range of sugars.

� 2011 Elsevier Ltd. All rights reserved.
Protecting group manipulations are the key to the success of oli-
gosaccharide synthesis. With the ever-increasing growth in the
demand for the medicinally relevant sugar molecules to determine
their applications in elucidating various biological pathways and
designing of future drugs or delivery agents,1 development of smar-
ter synthetic techniques is of constant requirement. Formation of
acetals and ketals for the protection of cis-diols is very common
and extremely useful for making building blocks for oligosaccharide
synthesis.2 Depending on the position of the cis-diols, acceptors can
be synthesized by the formation of acetals/ketals. Moreover, cyclic
ketals of sugars are often medicinally relevant, for example,
1,2:5,6-di-O-isopropylidene-D-glucofuranose3 is known for its anti-
pyretic and anti-inflammatory activities with low toxicity. Due to
the wide applications of cyclic acetals/ketals of sugars, considerable
effort has been paid to develop strategies for the synthesis of these
molecules in large quantities.

The most traditional method uses dry acetone in the presence of
an acid for example, concd H2SO4,4 HClO4, or anhydrous ZnCl2.5 The
corresponding dimethyl acetals,6 ketals7, or enol-ethers8 have
earned their applications owing to its better reactivity. However,
the use of strong acids limits the scope of the application in the pres-
ence of other protecting groups. Therefore, several modifications are
made to increase the compatibility with commonly used protecting
groups. Literature evidences suggest a long list of catalysts that in-
cludes FeCl3,9 AlCl3,10 CuSO4,11 cerium(IV) ammonium nitrate
(CAN),12 VO(OTf)2�xH2O,13 bromodimethylsulfonium bromide
ll rights reserved.
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(BDMS),14 tetrabutylammonium tribromide (TBATB),15 heteroge-
neous catalysts like montmorillonite clay, Zeolite-HY, supported
catalysts like H2SO4 immobilized on silica,16 polymer bound PPh3

and I2.17 However, several drawbacks, such as harsh reaction condi-
tions, extensive purification, requirement of inert atmosphere, and
eventual loss in yields limit the use of the catalysts. Therefore, there
is a clear need of a simple but versatile technique to make these
important compounds in large scale.

Transition metal catalysts are often advantageous especially for
acid-labile substrates and substrates with multiple functionalities
where a mixture of products is possible. Thus, various complexes
of platinum,18 rhodium,19 iridium,20 ruthenium19,20, and palla-
dium18 are employed as catalysts for different organic reactions
including the synthesis of acetals. Recently, Crotti et al.21 reported
the use of [Cp⁄IrCl2]2 as the catalyst for the synthesis of glycerol
acetals and ketals with a range of aldehydes and ketones. To the
best of our knowledge, there is no report on the use of transition
metal catalysts for the synthesis of sugar acetals/ketals. The pres-
ent report describes the results obtained from the [Ir(cod)Cl]2

and [Cp⁄IrCl2]2-catalyzed sugar acetal/ketal formation reactions.
To start with, commercially available D-glucose (1 mmol) was

suspended in dry acetone (2 mL) in a Schlenk flask. After flashing
the system with nitrogen, the catalyst (0.03 mmol) was introduced
and the reaction mixture was allowed to stir at 40 �C and the pro-
gress of the reaction was monitored by TLC. With [Ir(cod)Cl]2 as the
catalyst, the reaction took 8 h to complete whereas in the presence
of [Cp⁄IrCl2]2, TLC showed complete conversion within 2 h. Purifi-
cation of the product by flash chromatography using n-hexane–
EtOAc (3:1) and characterization of the product by spectroscopic
means revealed that 1,2:5,6-di-O-isopropylidene-D-glucofuranose
is the only product in both reactions, however, the yields are 53%
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Scheme 1. Organoiridium catalyzed synthesis of sugar acetonides.
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and 89%, respectively (Scheme 1). Hence, [Cp⁄IrCl2]2 was chosen as
the preferred catalyst to study further. Replacing acetone with
more reactive 2,2-dimethoxypropane (2 equiv) in acetonitrile
resulted in a faster reaction (45 min) without any significant
change in the product yield.

Once the conditions are optimized [Cp⁄IrCl2]2 was used for the
acetonation of other hexoses: D-galactose and D-mannose; pen-
toses: L-arabinose, D-xylose and D-ribose; 6-deoxy hexoses:
L-rhamnose and the results are summarized in Table 1. The yields
d glycosides

Method Time (min) Yieldb (%) Ref.

A
B

120
45

89
90

22

A
B

120
60

85
87

22

A 120 81 17

A 90 82 22

A 90 82 14

A 90 85 17

A 60 87 23

B 60 91 24

B 60 89 25

B 60 86



Table 1 (continued)

No. Starting materiala Product Method Time (min) Yieldb (%) Ref.

11
O

HO

HO

OTBDPS

OH
OMP

21

O
O

O

OTBDPS

OH
OMP

22

B 90 83

12
OHO

HO
HO

OH
O

23

OO
HO

O

OH

Ph
O

24
C 90 81 26

13

25

OHO
HO
HO

OH
OMP

26

OO
HO

O

OH

Ph
OMP C 90 85 27

14

27

OHO
HO
HO

NPhTh
O

28

OO
HO

O

NPhTh

Ph
O

C 90 84

a MP = p-methoxyphenyl, PhTh = phthalimido.
b Yields are those obtained after chromatographic purification.
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are good in all cases. The glycosides of different sugars also ended
up with the expected isopropylidene derivatives in good yields
when subjected to [Cp⁄IrCl2]2 catalyzed reaction (Table 1, entries
8–11).

The success with the isopropylidene formation triggered our
attention to envisage the scope of the catalyst for the synthesis of
benzylidene derivatives, another important and to some extent
inevitable protecting group in oligosaccharide syntheses. To our sat-
isfaction, the reaction of propargyl b-D-glucopyranoside (23) and
benzaldehyde dimethylacetal in the presence of [Cp⁄IrCl2]2 in dry
CH3CN afforded propargyl 4,6-O-benzylidene-b-D-glucopyranoside
(24) in 81% yield. Similarly, derivatives of galactose and mannose
gave the desired benzylidene derivatives (Table 1, entries 12–14).

In conclusion, [Cp⁄IrCl2]2 is an efficient organometallic catalyst
for the syntheses of sugar isopropylidene and benzylidene deriva-
tives in mild condition. It is potentially an effective alternative of
the reported catalysts that require harsh reaction conditions and
extra precautions.

1. Experimental section

1.1. General procedure for reactions

[Ir(cod)Cl]2
28 and [Cp⁄IrCl2]2

29 were prepared by following liter-
ature procedures and used directly for the reactions. Following
appropriate literature procedure the solvents were dried prior to
use in the reactions. All reactions were carried out in Schlenk appa-
ratus under argon atmosphere. Following are the methods applied
for the experiments described.

1.1.1. Method A
To a suspension of the sugar/glycoside (1 mmol) in dry acetone

(2 mL), the organoiridium catalyst (0.03 mmol) was added and the
mixture was allowed to stir at 40 �C under argon atmosphere till
the TLC (n-hexane–EtOAc 2:1) showed complete conversion of
the starting material. The mixture was evaporated in vacuo, the
residue was dissolved in CH2Cl2 (5 mL) and washed with brine
(5 mL). The organic layer was separated, dried (Na2SO4), filtered,
and evaporated to afford the crude product that was further puri-
fied by flash chromatography using n-hexane–EtOAc 2:1 as the
eluent.

1.1.2. Method B
To a suspension of the sugar/glycoside (1 mmol) in dry aceto-

nitrile (3 mL) and 2,2-dimethoxypropane (2 mmol), the organoir-
idium catalyst (0.03 mmol) was added and the mixture was
allowed to stir at 40 �C under argon atmosphere till the TLC (n-
hexane–EtOAc 2:1) showed complete conversion of the starting
material. The work-up and purification of the product was as
above.

1.1.3. Method C
To a suspension of the sugar/glycoside (1 mmol) in dry acetoni-

trile (3 mL) and a,a-dimethoxytoluene (2 mmol), the organoiridium
catalyst (0.03 mmol) was added and the mixture was allowed to stir
at 40 �C under argon atmosphere till the TLC (n-hexane–EtOAc 2:1)
showed complete conversion of the starting material. The work-up
and purification of the product were same as Method A.

1.2. Spectroscopic data of new compounds

1.2.1. p-Methoxyphenyl 3,4-O-isopropylidene-a-L-arabino
pyranoside (20)
½a�25

D +102 (c 1.0, CHCl3). 1H NMR (300 MHz, CDCl3) d: 6.93 (d,
2H, J 9.0 Hz, C6H4OCH3), 6.77 (d, 2H, J 9.0 Hz, C6H4OCH3), 4.73 (d,
1H, J 7.2 Hz, H-1), 4.29–4.26 (m, 1H, H-4), 4.10 (dd, 1H, J 7.2 Hz,
H-2), 4.08 (dd, 1H, J 4.5 Hz, 7.2 Hz, H-3), 3.86 (dd, 1H, J 2.1 Hz,
12.9 Hz, H-5a), 3.82 (dd,1H, J 4.2 Hz, 12.9 Hz, H-5b), 3.75 (s, 3H,
C6H4OCH3), 2.94 (br s, 1H, OH), 1.54 (s, 3H, isopropylidene-CH3),
1.36 (s, 3H, isopropylidene-CH3). 13C NMR (75 MHz, CDCl3) d:
148.8, 136.7, 118.7 (2 � C), 114.7 (2 � C), (ArC), 110.2 (isopropyli-
dene-C), 101.5 (C-1), 77.9, 72.9, 72.4, 62.7 (C-5), 55.5 (C6H4OCH3),
27.8 (isopropylidene-CH3), 25.8 (isopropylidene-CH3). HRMS calcd
for C15H24O6N [M+NH4]+: 314.1604; found 314.1601.
1.2.2. p-Methoxyphenyl 6-O-tert-butyldiphenylsilyl-3,4-O-
isopropylidene-b-D-galactopyranoside (22)
½a�25

D +122 (c 1.1, CHCl3). 1H NMR (CDCl3, 300 MHz) d: 7.59–7.19
(m, 10H, ArH), 6.91 (d, 2H, J 9.0 Hz, C6H4OCH3), 6.67 (d, 2H, J 9.0 Hz,
C6H4OCH3), 4.53 (d, 1H, J 8.1 Hz, H-1), 4.15 (br d, 1H, J 5.4 Hz, H-4),
4.04 (m, 1H, H-3), 3.87 (m, 3H, H-5, H-6ª, H-6b), 3.71 (dd, 1H, J
8.1 Hz, 9.3 Hz, H-2), 3.67 (s, 3H, C6H4OCH3), 2.62 (br s, 1H, OH),
1.43, 1.28 (2s, 6H, 2 � isopropylidene CH3), 1.01 (s, 9H, SiC(CH3)3).
13C NMR (CDCl3, 75 MHz) d: 155.5, 151.3, 135.7 (5 � C), 133.3,
129.8 (2 � C), 127.7 (4 � C), 118.7 (2 � C), 114.5 (2 � C) (ArC),
110.2 (C(CH3)2), 102.0 (C-1), 79.0, 74.2, 73.5, 73.4, 63.0 (C-6),
55.4 (C6H4OCH3), 28.3, 26.5 (2 � isopropylidene CH3), 27.0 (3 � C)
(SiC(CH3)3), 19.4 (SiC(CH3)3). HRMS calcd for C32H40O7SiNa
[M+Na]+: 587.2441; found 587.2439.
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1.2.3. Propargyl 4,6-O-benzylidene-2-deoxy-2-phthalimido-b-D-
glucopyranoside (28)
½a�25

D +93 (c 1.1, CHCl3). 1H NMR (500 MHz, CDCl3) d: 7.87–7.72
(m, 9H, ArH), 5.58 (s, 1H, CHPh), 5.50 (d, 1H, J 8.5 Hz, H-1), 4.72 (dd,
1H, J 8.5 Hz, 10.5 Hz, H-2), 4.40 (dd, 1H, J 5.0 Hz, 10.5 Hz, H-6a),
4.33, 4.28 (2dd, 2H, J 2.5 Hz, 16.0 Hz, CH2–C„CH), 4.26 (dd, 1H, J
2.5 Hz, 10.5 Hz, H-6b), 3.84 (t, 1H, J 10.5 Hz, H-3), 3.68 (m, 1H,
H-5), 3.63 (t, 1H, J 10.5 Hz, H-4), 2.25 (t, 1H, J 1.5 Hz, CH2–C„CH).
13C NMR (125 MHz, CDCl3) d: 167.5, 167.6 (2 � phthalimido C@O),
137.2, 135.9 (2 � C), 133.1 (2 � C), 130.8, 128.4 (3 � C), 127.4,
123.4, 123.2 (ArC), 101.0 (CHPh), 95.8 (C-1), 81.1, 74.3, 67.6, 67.4,
65.2, 55.3, 21.7 (CH2–C„CH), 21.7 (CH2–C„CH). HRMS calcd for
C24H21O7NNa [M+Na]+: 458.1216; found 458.1211.
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