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Abstract—Benzyl ethers, ketals and orthoformates were cleaved with Pd(OH),/C in methanol, to generate the corresponding alcohol; car-
boxylic acid esters were stable under these reaction conditions. Pd(OH),/C in methanol was used for the deprotection of hydroxyl groups
during the preparation of sequoyitol via myo-inositol orthobenzoate. This method of deprotection has the potential to be useful in the synthesis
of different classes of organic compounds since the reaction conditions do not involve strong acids, bases or hydrogen.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

The selective protection and deprotection of functional
groups! are essential during the synthesis of complex or-
ganic molecules. New methods for the protection and depro-
tection of various functional groups are required to meet the
emerging challenges in organic synthesis. Although the use
of palladium derived catalysts for hydrogenolysis reactions
is a matter of routine during organic synthetic transforma-
tions, utility of palladium compounds in other types of
deprotection reactions of organic functional groups is rela-
tively rare. Lipshutz et al.” first demonstrated the use of
PdCl,—acetonitrile complex for the deprotection of acetals
and subsequently this reaction was utilized by Ley et al.,?
Taylor et al.* and Schmeck and Hegedus® for significant
synthetic transformations. Other instances of the use of pal-
ladium compounds for the deprotection of organic func-
tional groups include the cleavage of allyl and propenyl
ethers,”© selective cleavage of silyl ethers,>” cleavage of
alkyl vinyl carbonate,? cleavage of N,N-dimethylhydrazone’
and allyl ester.'® We herein describe methods for the depro-
tection of benzyl ether, acetal and orthoester with PA(OH),/
C in methanol, which have the potential to be significantly
useful in the synthesis of different classes of compounds
since benzyl ethers are cleaved under non-hydrogen condi-
tions and acetals as well as orthoesters are cleaved in the
absence of protic acids. Particularly, the cleavage of benzyl
ethers and acetals is useful for the preparation of cyclitol'!
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derivatives and preparation of naturally occurring sequoyitol
is described as an example.

2. Results and discussion

During our investigations on the selective protection and
deprotection of myo-inositol orthoester hydroxyl groups,'?
we observed some unexpected results with the myo-inositol
orthobenzoate!? derivative 1 (Scheme 1). The product of
hydrogenolysis of the methoxymethyl ether 1 was dependent
on both the amount of the catalyst used and the solvent used
for the reaction. Selective cleavage of only the benzyl ether
(to obtain 2) or cleavage of the benzyl ether as well as the
orthobenzoate (to obtain 3) or complete cleavage of all the
protecting groups (to obtain 4, isolated as 5) could be
achieved by varying the conditions of the hydrogenolysis
reaction and the amount of Pd(OH),/C used (Scheme 1).
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Scheme 1. Reagents and conditions: (i) H,, Pd(OH),/C, EtOAc, 2 h; (ii)
Pd(OH),/C, MeOH, rt, seven days or reflux, 32 h; (iii) H,, Pd(OH),/C,
MeOH, 13 h; (iv) H,, excess Pd(OH),/C, MeOH, 13 h; (v) Ac,0, pyr, rt,
40 h.
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Since we observed the cleavage of methoxymethyl ethers
under hydrogenolysis conditions, we wondered whether
this was due to the complexation of palladium with 1, which
could aid the cleavage of the methoxymethyl ethers. Inositol
derivatives are known to form complexes with metal ions in
solution as well as in the solid state.'* Hence we treated the
orthobenzoate derivative 1 with Pd(OH),/C in ethyl acetate
or methanol at ambient as well as reflux temperatures (in
the absence of hydrogen). This was also to investigate
whether the methoxymethyl ethers were cleaved prior to or
subsequent to the cleavage of the orthobenzoate in the hydro-
genolysis reactions mentioned above. Reaction of the ortho-
benzoate derivative 1 with PAd(OH),/C in methanol (Scheme
1) unexpectedly resulted in the cleavage of the benzyl ether
alone (to give 2). Since the reactions of the orthobenzoate 1
in the presence of Pd(OH),/C gave unexpected results, we in-
vestigated in detail the reaction of myo-inositol orthoesters
with Pd(OH),/C under non-hydrogen conditions (Table 1).

These reactions clearly showed that benzyl ethers are
cleaved by Pd(OH),/C in refluxing methanol and that the
orthoester moiety underwent solvolysis to give the corre-
sponding ester. The orthobenzoate 6 and its benzyl ethers
7 and 8 gave myo-inositol 2-benzoate (12) on refluxing
with Pd(OH),/C in methanol while the orthoacetate 9 gave
a mixture of acetates (13) due to migration of the acetyl
group in myo-inositol 2-acetate initially formed. The ortho-
formate 10 and its tribenzyl ether 11 gave myo-inositol (4) as
the product since the formate ester (of inositol) initially
formed undergoes solvolysis with ease. myo-Inositol or-
thoesters are known ' to give the corresponding myo-inositol
monoester derivative on acid hydrolysis.

These reactions suggested that Pd(OH),/C cleaved benzyl
ether and orthoesters by different mechanisms and that ester
groups were stable under the conditions of cleavage of the
benzyl ether and orthoesters. In order to get a clue on the
mechanism of cleavage of benzyl ethers by Pd(OH),/C
and to check the generality of the reaction, we subjected
the diisopropylidene derivatives 14, 15 and the benzyl ether
16, to reaction with Pd(OH),/C under a variety of conditions
(Scheme 2).

Pd(OH),/C in methanol deprotected the diisopropylidene
derivative 14 completely to give myo-inositol; and

Table 1. Cleavage of benzyl ether and orthoesters with Pd(OH),/C
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Scheme 2. Reagents and conditions: (i) 20% Pd(OH),/C, MeOH, reflux; (ii)
10% Pd/C (Aldrich), MeOH, reflux, 21 h; (iii) 10% Pd/C (Lancaster),
MeOH, reflux, 25 h; (iv) Pd(OAc), (50 mol %), MeOH, reflux, 40 h.

cyclohexanol (17) was obtained in very good yield from its
benzyl ether 16. Ethyl acetate or THF could also be used
as solvents for the cleavage of protecting groups in 16, but
the reaction times were longer. Benzyl ether 16 could also
be cleaved by palladium acetate, although relatively slowly
as compared to Pd(OH),/C. GC-MS analysis of the reaction
mixture during the cleavage of the ketal 15 showed the pres-
ence of acetone and 2,2-dimethoxy propane, which indicated
that the ketal was cleaved by hydrolysis as well as methano-
lysis. A 'H NMR spectrum of the mixture of products formed
on cleavage of 16 with Pd(OH),/C in methanol showed the
presence of benzaldehyde and methyl benzoate, which sug-
gested the oxidative cleavage of benzyl ethers. Instances
of oxidative cleavage of ethers'-!¢ and palladium catalyzed
oxidation reactions'” have been reported previously. How-
ever, cleavage of benzyl ethers by transfer hydrogenation'®
is a possible competing reaction, with methanol serving as
the hydrogen donor and generating formaldehyde. Since
formaldehyde is known to be a catalyst poison, this could
explain the requirement of molar equivalents of Pd(OH),/C
for the cleavage of benzyl ethers.

In order to confirm the oxidative cleavage of benzyl ethers
by Pd(OH),/C, we carried out a control reaction using
Pd/C. Unexpectedly, benzyl ether 16 was cleaved by these
‘samples of Pd/C’ in the absence of hydrogen. We suspected
this to be due to the presence of Pd(II) species in (supposedly)

R’I
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! MeOH, reflux OH
4
R OORS OH
Entry Substrate Reaction time (h) Product, R Yield (%)
R RZ R R
1 6 Ph H H H 9 12, Bz 94
2 7 Ph H H Bn 12 12, Bz 92
3 8 Ph Bn Bn Bn 40 12, Bz 84
4 9 Me H H H 52 13, Ac* 93
5 10 H H H H 32 4, H 96
6 11 H Bn Bn Bn 72 4, H 96

# Mixture of isomeric monoacetates.
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Pd(0)/C samples that we used and recorded their X-ray pho-
toelectron spectra (XPS). A comparison of the XPS (Fig. 1)
of the Pd 3d core level of PA(OH),/C (curve 1), Pd/C (curve
2) and the spent Pd(OH),/C-recovered after the cleavage
of 16 (curve 3) clearly showed (i) that the spent palladium
recovered after the reaction did not contain Pd(II) species
and (ii) the presence of a considerable amount of Pd(II)
species in the sample of Pd(0)/C that we used for control
experiments. Pd(0) is known to undergo oxidation to Pd(II)
on exposing to air.'” The unexpected reactivity patterns of
Pd/C during hydroxyl group deprotection have earlier been
recorded in the literature.”"

We also carried out experiments wherein benzyl ether 16 (in
1 equiv portions) was added to the reaction mixture (when
TLC indicated the absence of the starting material 16)
to see for how many cycles the same Pd(OH),/C could
be used. These experiments showed that 1.0 mmol of
Pd(OH),/C was able to cleave about 2.0 mmol of 16. How-
ever, similar experiments on the cleavage of the ketal 15 with
Pd(OH),/C showed that the same Pd(OH),/C was able to
cleave up to 10.0 equiv of the ketal. Also, cleavage of the
benzyl ether as well as ketals could be completely prevented
by the addition of 0.5 equiv of triethylamine to the reaction
mixture. This perhaps indicates that complexation of the
benzyl ether or the ketal with palladium is essential for
cleavage. Based on these observations a plausible mecha-
nism for the cleavage of acetals by Pd(OH),/C is shown in
Scheme 3; arrival at the definitive mechanism of cleavage
of benzyl ethers requires further studies.

Pd 3d
512

'@
e
o}
\
o}

L 32

o
[
o
dio
[l ﬁ
o ! 9
[
o :
|
e :
|
©
|
o)

Intensity / arb. units

| pd?
h |
-—¥t7

333 336 339 342 345
Binding Energy /eV

Figure 1. Comparison XPS spectra of palladium catalysts.
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Scheme 3. A plausible mechanism for the cleavage of acetals by Pd(OH),/C.

We utilized this method of cleavage of benzyl ethers and ac-
etals for the preparation of the naturally occurring sequoyi-
to]?° (19, Scheme 4). Partial cleavage of the orthobenzoate
8 with DIBAL-H?! released the C5-hydroxyl group (18),
which was methylated using sodium hydride and methyl
iodide. All the benzyl ethers and benzaldehyde acetal were
cleaved in one step with Pd(OH),/C in refluxing methanol
to obtain sequoyitol (19) in an overall yield of 81% from
myo-inositol. The yield in the previously reported>’
methods for the preparation of sequoyitol (19) from natu-
rally occurring pinitol did not exceed 8%.
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Scheme 4. Synthesis of sequoyitol: reagents and conditions: (i) DIBAL-H,
DCM, rt, 2 h; (ii) NaH, Mel, DMF, rt, 1h; (iii) Pd(OH),/C, MeOH,
reflux, 20 h.

3. Conclusions

We have discovered a new method for the cleavage of benzyl
ethers and acetals and demonstrated its use in a short synthesis
of sequoyitol. This method of cleavage could have applica-
tions in the synthesis of inositol-derived end-products wherein
other functional groups present in the required products do not
allow reductive cleavage of benzyl ethers and acid catalyzed
hydrolysis of acetals and orthoesters. However, rather large
amounts of Pd(OH),/C are required to bring about the cleav-
age of benzyl ethers and this could be a limitation for the large
scale use of the method being reported. The present work also
illustrates the potential of myo-inositol orthobenzoate for the
preparation of inositol derivatives. We are currently investi-
gating the selectivity aspects (with respect to other protecting
groups) of the deprotection reactions reported here.

4. Experimental
4.1. General

All the solvents were purified according to the literature pro-
cedures?? before use. A 60% dispersion of sodium hydride in
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mineral oil was used for O-alkylation reactions. All the pal-
ladium compounds used were obtained from Aldrich chem-
ical Co. or Lancaster Synthesis. Thin layer chromatography
was performed on E. Merck pre-coated 60 F,s4 plates and the
spots were rendered visible either by shining UV light or by
charring the plates with concd H,SO,. Column chromato-
graphic separations and flash column chromatographic
separations were carried out on silica gel 60-120 mesh
and 100-200 mesh, respectively, with solvent system as
mentioned in experimental procedures. The compounds
previously reported in the literature were characterized by
comparison of their melting points and/or '"H NMR spectra
with reported data. All the asymmetrically substituted
myo-inositol derivatives reported are racemic.

4.1.1. Racemic-2,4-di-O-methoxymethyl-6-O-benzyl-
myo-inositol 1,3,5-orthobenzoate (1). Sodium hydride
(0.252 g, 6.30 mmol) was added to a cooled (0 °C) solution
of the triol 6 (1.598 g, 6.0 mmol) in dry DMF (24 mL) and
stirred for 15 min. Benzyl bromide (0.71 mL, 6.0 mmol)
was added to this solution and stirring was continued for 1 h
at rt. To the same reaction mixture, sodium hydride (0.72 g,
18.0 mmol) was added and stirring was continued for 15 min.
Methoxymethyl chloride?® (1.36 mL, 18.0 mmol) was then
added and stirring was continued for 12 h. Solvents were then
removed under reduced pressure and the residue was worked
up with ethyl acetate. The crude product obtained was purified
by flash column chromatography (eluent: 15% ethyl acetate in
petroleum ether) to get 1 as a white solid (2.366 g, 89%). Mp
80-82 °C; 'H NMR (CDCls, 300 MHz): 6 7.60-7.75 (m, 2H,
Ar H), 7.25-7.45 (m, 8H, Ar H), 4.78-4.88 (m, 3H, CH,, Ins
H), 4.70-4.77 (m, 2H, CH,), 4.54-4.65 (m, 3H, CH,, Ins H),
4.44-4.53 (m, 3H, Ins H), 4.23-4.26 (m, 1H, Ins H), 3.45 (s,
3H, OCH3), 3.42 (s, 3H, OCH;3). '3C NMR (CDCls,
50.32 MHz): 6 137.5 (Cjys), 137.0 (Cips)s 129.1 (Cyrom)s
128.2 (Carom), 127.7 (Carom), 127.5 (Carom)s 125.2 (Cyrom),
107.6 (PhCO3), 96.7 (CHy), 95.5 (CHy), 73.5 (Ins C), 73.3
(Ins C), 73.1 (Ins C), 72.4 (Ins C), 71.4 (CH,), 69.1 (Ins C),
65.3 (Ins C), 55.6 (OCH3), 55.3 (OCHj3). Anal. calcd for
C,4H,504: C, 64.85; H, 6.35. Found: C, 64.95; H, 6.31.

4.1.2. Hydrogenolysis of racemic-2,4-di-O-methoxy-
methyl-6-0-benzyl-myo-inositol 1,3,5-orthobenzoate (1).
4.1.2.1. Method A. The benzyl ether 1 (0.222 g,
0.50 mmol) was hydrogenolyzed in ethyl acetate (2.5 mL)
in the presence of 20% Pd(OH),/C (0.06 g) at 55 psi. After
2 h, the reaction mixture was filtered over a short bed of Cel-
ite and the solution was evaporated under reduced pressure
to get racemic 2 as a gum (0.172 g, 97%). IR (Nujol):
v 3350-3600 (OH) cm~!; 'H NMR (CDCl;, 200 MHz):
0 7.60-7.72 (m, 2H, Ar H), 7.30-7.42 (m, 3H, Ar H),
4.86-4.95 (m, 2H, CH,), 4.79 (q, 2H, J=9.9 Hz, CH,),
4.58-4.72 (m, 3H, Ins H), 4.50-4.56 (m, 1H, Ins H), 4.39-
4.47 (m, 1H, Ins H), 4.19 (t, 1H, J=1.6 Hz, Ins H), 3.56 (s,
1H, OH), 3.47 (s, 3H, OCH3), 3.46 (s, 3H, OCH;). '3C
NMR (CDCl3, 50.32 MHz): 6 136.7 (Cjp50), 129.4 (Cyrom)s
127.9 (Carom)> 125.3 (Carom), 107.2 (PhCO3), 97.5 (CH,),
95.3 (CH,), 74.2 (Ins C), 72.5 (Ins C), 69.1 (Ins C), 67.9,
64.2 (Ins C), 56.4 (OCH3), 55.6 (OCHj3). Anal. calcd for
C7H,,054: C, 57.62; H, 6.26. Found: C, 57.44; H, 5.95.

4.1.2.2. Method B. The compound 1 (0.51g,
1.15 mmol) was hydrogenolyzed in methanol (6 mL) in

the presence of 20% Pd(OH),/C (0.161 g) at 55 psi at rt. Af-
ter 13 h, the reaction mixture was filtered over a short bed of
Celite and Celite was washed with methanol (10 mL). The
combined methanol solution was evaporated under reduced
pressure and the gummy residue obtained was purified by
flash column chromatography (eluent: 10% methanol in
ethyl acetate) to get the tetrol 3 as a white solid (0.285 g,
93%). Mp 117-118 °C; IR (Nujol) »: 3200-3500 (OH)
cm™'; 'TH NMR (Acetone-ds, 200 MHz): 6 4.77-4.84 (m,
4H, CH,), 3.97 (t, 1H, J=2 Hz, Ins H), 3.52-3.70 (m, 3H,
Ins H), 3.43-3.46 (m, 1H, Ins H), 3.41 (s, 3H, OCH3;), 3.40
(s, 3H, OCH3), 3.26 (m, 1H, Ins H), 2.09 (s, 4H, OH). '3C
NMR (Acetone-dg, 50.32 MHz): 6 98.8 (CH,), 98.4 (CH,),
82.0 (Ins C), 81.5 (Ins C), 75.0 (Ins C), 74.0 (Ins C), 71.9
(Ins C), 71.5 (Ins C), 56.0 (OCH3), 55.9 (OCH3). Anal. calcd
for C,oH,¢O0s: C, 44.77; H, 7.51. Found: C, 44.42; H, 7.27.

4.1.2.3. Method C. Hydrogenolysis of the compound
1 (0.51 g, 1.15 mmol) using excess of 20% Pd(OH),/C
(0.64 g) as above gave 4 (0.204 g), which was characterized
as its hexa-acetate: the crude 4 was suspended in pyridine
(6 mL) and acetic anhydride (1.95 mL, 20.667 mmol) was
added at 0 °C over 15 min and stirring was continued for
40 h at rt. The solvents were removed under reduced pres-
sure and usual workup of the residue followed by column
chromatography afforded 5 as a white solid (0.469 g,
96%). Mp 210212 °C (lit.** mp 211-212 °C).

4.1.3. Reaction of racemic-2,4-di-O-methoxymethyl-6-O-
benzyl-myo-inositol 1,3,5-orthobenzoate (1) with 20%
Pd(OH),/C in methanol. A mixture of racemic 1 (0.222 g,
0.50 mmol) and 20% Pd(OH),/C (0.281 g) in methanol
(3 mL) was stirred at rt for seven days. The reaction mixture
was filtered over a short bed of Celite and Celite was washed
with methanol (10 mL). The combined methanol solution
was evaporated under reduced pressure. The residue ob-
tained was purified by column chromatography (eluent:
40% ethyl acetate in petroleum ether) to get racemic 2 as
a gum (0.17 g, 96%). This reaction could be carried out in
shorter time (32 h) in refluxing methanol to afford racemic
2 (0.172 g, 97%).

4.1.4. Reaction of myo-inositol 1,3,5-orthobenzoate (6)
with Pd(OH),/C in methanol. A solution of 6 (0.133 g,
0.50 mmol) in methanol (3mL) and 20% Pd(OH),/C
(0.281 g) were stirred at rt for eight days. The reaction mix-
ture was filtered over a short bed of Celite and Celite was
washed with methanol (10 mL). The combined methanol so-
lution was evaporated under reduced pressure. The residue
obtained was purified by column chromatography (eluent:
10% methanol in ethyl acetate) to get 12 as a white solid
(0.132 g, 93%). Mp 236-239 °C (lit.>> mp 240-242 °C). Re-
fluxing a solution of 6 (0.267 g, 1.0 mmol) in methanol
(S5mL) for 9h in the presence of 20% Pd(OH),/C
(0.562 g) also afforded 12 (0.266 g, 94%).

4.1.5. Racemic 4-0-benzyl-myo-inositol 1,3,5-orthobenzo-
ate (7). Sodium hydride (0.168 g, 4.2 mmol) was added
to a cooled (0°C) solution of the triol 6 (1.065 g,
4.0 mmol) in dry DMF (16 mL) and stirred for 15 min. To
this solution, benzyl bromide (0.5 mL, 4.2 mmol) was added
and stirring was continued for 30 min at rt. Solvents were re-
moved under reduced pressure and the residue was worked
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up with ethyl acetate. The gummy product obtained was
purified by column chromatography (eluent: 40% ethyl ace-
tate in petroleum ether) to get the monobenzyl ether 7 as
a white solid (1.363 g, 96%). Mp 86-88 °C; IR (CHCl;):
v 3300-3600 (OH) cm~!; 'H NMR (CDCls, 200 MHz):
0 7.54-7.68 (m, 2H, Ar H), 7.25-7.49 (m, 8H, Ar H), 4.69
(q, 2H, J=12 Hz, CH,), 4.50-4.62 (m, 2H, Ins H), 4.35-
4.46 (m, 3H, Ins H), 4.15 (d, 1H, J=10 Hz, Ins H), 3.75
(d, 1H, J=10 Hz, OH), 3.23 (d, 1H, J=11 Hz, OH). 1*C
NMR (CDCl3, 50.32 MHz): 6 136.5 (Cjpg0), 135.8 (Cipgo)s
129.4 (Cyrom), 128.6 (Carom), 128.5 (Carom), 127.8 (Cyrom),
125.1 (Cyom), 107.1 (PhCO3), 75.8 (Ins C), 73.7 (Ins C),
73.3 (Ins C), 72.6 (CH,), 68.0 (Ins C), 67.5 (Ins C), 59.5
(Ins C). Anal. calcd for C,oH,O0g: C, 67.40; H, 5.66. Found:
C, 67.10; H, 5.72.

4.1.6. Reaction of racemic 4-0O-benzyl-myo-inositol 1,3,5-
orthobenzoate (7) with Pd(OH),/C in methanol. A solu-
tion of the monobenzyl ether 7 (0.267 g, 0.75 mmol) in
methanol (4 mL) and 20% Pd(OH),/C (0.420 g) were stirred
at rt for six days. The reaction mixture was filtered
over a short bed of Celite and Celite was washed with
methanol (10 mL). The combined methanol solution was
evaporated under reduced pressure and the residue obtained
was purified by column chromatography (eluent: 10% meth-
anol in ethyl acetate) to get 12 as a white solid (0.196 g,
92%). Mp 236-239 °C. When the above reaction of the
monobenzyl ether 7 (0.179 g, 0.50 mmol) with 20%
Pd(OH),/C (0.281 g) was carried out in refluxing methanol
(3.5 mL), the reaction was complete in 12 h to afford 12
(0.133 g, 93%).

4.1.7. 2,4,6 Tri-O-benzyl-myo-inositol 1,3,5-orthobenzo-
ate (8). Sodium hydride (1.92 g, 48.0 mmol) was added to
a cooled (0 °C) solution of 6 (3.195 g, 12.0 mmol) in dry
DMEF (60 mL) and stirred for 15 min. To this solution, ben-
zyl bromide (7.1 mL, 60.0 mmol) was added and stirring
was continued for 1 h at rt. The solvents were removed under
reduced pressure and the residue was worked up with ethyl
acetate. The gummy residue obtained was purified by col-
umn chromatography (eluent: 10% ethyl acetate in petro-
leum ether) to get 8 as a white solid (6.288 g, 98%). Mp
83-85°C; 'H NMR (CDCl;, 200 MHz): 6 7.60-7.71 (m,
2H, Ar H), 7.15-7.50 (m, 18H, Ar H), 4.37-4.80 (m, 11H,
Ins H+CH,), 4.11 (t, 1H, J=2Hz, Ins H). '3C NMR
(CDCl3, 50.32 MHz): 6 137.9 (Cjpy,), 137.5 (Cjpy0), 137.1
(Cipso)s 129.2 (Cyrom), 128.2 (Cyrom)s 127.9 (Cyrom), 127.7
(Carom), 127.6 (Carom), 127.4 (Carom), 125.3 (Cyrom), 107.7
(PhCO3), 73.9 (Ins C), 71.7 (Ins C), 71.4 (CH,), 71.0 (CH,),
68.8 (Ins C), 66.0 (Ins C). Anal. calcd for C34H3,04: C,
76.10; H, 6.00. Found: C, 75.76; H, 6.36.

4.1.8. Reaction of 2,4,6-tri-O-benzyl-myo-inositol 1,3,5-
orthobenzoate (8) with Pd(OH),/C in methanol. A solu-
tion of 8 (0.268 g, 0.50 mmol) in methanol (3 mL) and
20% Pd(OH),/C (0.526 g) were refluxed for 40 h. The reac-
tion mixture was filtered over a short bed of Celite and Celite
was washed with methanol (10 mL). The combined metha-
nol solution was evaporated under reduced pressure and
the residue obtained was purified by column chromato-
graphy (eluent: 10% methanol in ethyl acetate) to get 12
as a white solid (0.121 g, 84%). Mp 235-238 °C (lit.°> mp
240-242 °C).

4.1.9. Reaction of myo-inositol 1,3,5-orthoacetate (9) with
Pd(OH),/C in methanol. A solution of the triol 9'3?
(0.204 g, 1.0 mmol) in methanol (5 mL) and 20% Pd(OH),/C
(0.562 g) were refluxed for 52 h. The reaction mixture was
filtered over a short bed of Celite and Celite was washed
with methanol (10 mL). The combined methanol solution
was evaporated under reduced pressure and the residue ob-
tained was chromatographed (eluent: 10% methanol in ethyl
acetate) to get a mixture of myo-inositol monoacetates 13
(0.206 g, 93%) as revealed by the '"H NMR spectrum; no
attempt was made to separate the myo-inositol acetates
obtained.

4.1.10. Reaction of myo-inositol 1,3,5-orthoformate (10)
with Pd(OH),/C in methanol. A solution of the triol 10?°
(0.19 g, 1.0 mmol) in methanol (5 mL) and 20% Pd(OH),/
C (0.562 g) were refluxed for 32 h. The reaction mixture
was diluted with distilled water (10 mL) and the catalyst
was removed by filtration using a Whatman filter paper.
The filtrate was evaporated under reduced pressure and the
residue obtained was acetylated with acetic anhydride
(1.9mL, 2.055 g, 20.14 mmol) in dry pyridine (5 mL) for
40 h. The solvents were removed under reduced pressure;
usual workup of the residue followed by column chromato-
graphy (eluent: 35% ethyl acetate in petroleum ether) gave
the hexa-acetate 5 as a white solid (0.41 g, 96%). Mp 210-
212 °C (lit.>* mp 211-212 °C).

4.1.11. Reaction of 2,4,6-tri-O-benzyl-myo-inositol 1,3,5-
orthoformate (11) with Pd(OH),/C in methanol. A solu-
tion of 11?7 (0.231 g, 0.50 mmol) in methanol (3 mL) and
20% Pd(OH),/C (0.528 g) were refluxed for 72 h. The reac-
tion mixture was diluted with distilled water (10 mL) and the
catalyst was removed by filtration using a short bed of Celite
and Celite was washed with distilled water (10 mL). The
solvents were removed under reduced pressure to obtain 4
as a white solid (0.087 g, 96%). Mp 222-224 °C (lit.?® mp
224-225 °C).

4.1.12. Reaction of racemic 1,2:4,5-di-isopropylidine-3,6-
di-O-benzyl-myo-inositol (14) with Pd(OH),/C in metha-
nol. A solution of 14*° (0.049 g, 0.11 mmol) in methanol
(1 mL) and 20% Pd(OH),/C (0.078 g) were refluxed for
22 h. The reaction mixture was diluted with water (2 mL)
and filtered over a short bed of Celite and Celite was washed
with water (5 mL). The solvents were evaporated under
reduced pressure to get 4 as a white solid (0.019 g, 95%).

4.1.13. Reaction of racemic 1,2:4,5-di-isopropylidine-
myo-inositol (15) with Pd(OH),/C in methanol. A mixture
of 15%° (0.065 g, 0.25 mmol) and 20% Pd(OH),/C (0.175 g)
in methanol (3 mL) was refluxed for 8 h, when TLC analysis
of the reaction mixture showed the absence of 15. The ketal
15 was added (0.065 g for every 8 h) to the same reaction
mixture and the refluxing was continued. This addition of
15 was repeated 10 times at the end of which the reaction
mixture was diluted with distilled water (5 mL) and the cat-
alyst was filtered using a short bed of Celite. The solvents
were removed under reduced pressure to get 4 as a white
solid (0.436 g, 97%). Mp 223-224 °C.

4.1.14. Reaction of cyclohexyl benzyl ether (16) with 20 %
Pd(OH),/C in methanol. The benzyl ether 16 (0.195 g,
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1.03 mmol) and 20% Pd(OH),/C (0.359 g) were refluxed in
methanol (5 mmol) for 10 h under argon atmosphere. The
reaction mixture was allowed to cool to room temperature
and the catalyst was filtered using a short bed of Celite.
The catalyst was washed with methanol (2x5 mL). The
crude product obtained was purified by column chromato-
graphy (10% ethyl acetate in petroleum ether) to get cyclo-
hexanol (17) as a colourless liquid (0.086 g, 84%).

4.1.15. Reaction of cyclohexyl benzyl ether (16) with
Pd(OAc), in methanol. A mixture of the benzyl ether 16
(0.048 g, 0.25 mmol) and Pd(OAc), (0.028 g, 0.13 mmol)
in methanol (5 mL) was refluxed for 40 h under argon atmo-
sphere. The product, cyclohexanol (17, 0.021 g, 83%) was
isolated as above.

4.1.16. Reduction of 2,4,6-tri-O-benzyl-myo-inositol
1,3,5-orthobenzoate (8) with DIBAL-H.?! Solution of
DIBAL-H (1 M) in toluene (4 mL, 4.0 mmol) was added
drop wise over a period of 15 min to a solution of 8 (1.073 g,
2.0 mmol) in dry dichloromethane (16 mL) at 0 °C and
stirred at rt for 2 h. The reaction mixture was poured into
a stirred solution of saturated Na/K tartrate (10 mL) and
ammonium chloride (10 mL) and stirred for 2 h. The
mixture was extracted with ethyl acetate (2x100 mL) and
usual workup followed by column chromatography (ethyl
acetate:dichloromethane:petroleumether=1:1:8)  afforded
18 as a solid (1.05 g, 97%). Mp 102-104 °C (crystallized
from a solution of dichloromethane and light petroleum
ether cooled to 0°C), IR (neat) v=3452 (OH) cm~!; 'H
NMR (CDCl;, 200 MHz): 6 7.50-7.60 (m, 2H, Ar H),
7.27-7.45 (m, 18H, Ar H), 5.72 (s, 1H, PhCH), 4.58-4.81
(m, 6H, CH,), 4.41 (d, 2H, J=2 Hz, Ins H), 3.96-4.15 (m,
2H, Ins H), 3.79 (t, 1H, J=8.64 Hz, Ins H), 3.62 (t, 1H,
J=2.44 Hz, Ins H), 2.57 (s, 1H, OH). '3C NMR (CDCls,
50.3 MHz): 6 137.9 (Cys0), 137.8 (Cipso)s 137.3 (Cipgo)s
129.3 (Carom), 128.4 (Carom), 128.3 (Carom), 128.2 (Cyrom),
127.9 (Carom)s 127.8 (Carom); 127.6 (Cyrom), 126.5 (Cyrom),
92.7 (PhCH), 81.5 (Ins C), 73.5 (Ins C), 73.4 (Ins C), 71.6
(CH,), 70.6 (CH,), 68.1 (Ins C). Anal. calcd for C34H340¢:
C, 75.82; H, 6.36. Found: C, 75.80; H, 6.40.

4.1.17. Preparation of sequoyitol (19). Sodium hydride
(0.040 g, 0.10 mmol) was added to a solution of 18
(0.480 g, 0.89 mmol) in dry DMF (3 mL) and stirred for
30 min. The mixture was cooled to 0 °C and methyl iodide
(0.182 g, 1.28 mmol) was added drop wise and the mixture
stirred for 1 h at rt. The reaction mixture was concentrated
under reduced pressure and worked up with chloroform.
Column chromatography (10% ethyl acetate in petroleum
ether) of the residue obtained after evaporation of chloro-
form afforded the methyl ether of 18 as a solid (0.481 g,
98%). Mp=85-88°C, 'H NMR (CDCls;, 200 MHz):
0 7.50-7.55 (m, 2H, Ar H), 7.25-7.45 (m, 18H, Ar H),
5.74 (s, 1H, PhCH), 4.56-4.76 (m, 6H, CH,), 4.37 (d, 2H,
J=2Hz, Ins H), 4.02 (d, 2H, J=7 Hz, Ins H), 3.56-3.63
(m, 1H, Ins H), 3.59 (s, 3H, OCH3), 3.44 (t, 1H, J=7 Hz,
Ins H). 3C NMR (CDCl;, 50.3 MHz): 6 138.0 (Cjpy0),
137.8 (Cipso)s 137.5 (Cipso)s 129.2 (Cyrom)s 128.3 (Cyrom)s
128.2 (Carom)s 127.7 (Carom), 127.6 (Carom), 126.4 (Cyrom),
92.8 (PhCH), 83.5 (Ins C), 82.3 (Ins C), 73.2 (Ins C), 71.4
(CH,), 70.6 (CH,), 68.2 (Ins C), 59.7 (OCH3). Anal. calcd
for C35H3606: C, 76.06; H, 6.56. Found: C, 76.21; H, 6.43.

A mixture of the methyl ether of 18 (0.280 g, 0.53 mmol) ob-
tained above and 20% Pd(OH),/C (0.554 g) in methanol
(5 mL) was refluxed under argon atmosphere for 20 h. The
reaction mixture was allowed to cool to rt and diluted with
3 mL of water. The catalyst was filtered using a short bed
of Celite and was washed with water (2x3 mL). The crude
product obtained by evaporation of the filtrate, was dissolved
in methanol and water mixture (3:1) and cooled in a freezer
to get colourless crystals of 19 (0.096 g, 94%). Mp 237-
239 °C (lit.*" mp 238-239 °C).

Acknowledgements

This work was supported by the Department of Science and
Technology, New Delhi, in the form of a research grant to
M.S.S. C.M. thanks Council of Scientific and Industrial
Research, New Delhi, for Senior Research Fellowship.

References and notes

1. (a) Greene, T. W.; Wuts, P. G. M. Protective Groups in Organic
Synthesis, 3rd ed.; Wiley: New York, NY, 1999; (b) Jarowicki,
K.; Kocienski, P. J. Chem. Soc., Perkin Trans. 1 2001, 2109; (c)
Kocienski, P. J. Protecting Groups, 3rd ed.; Georg Thieme:
Stuttgart, Germany and New York, NY, 2005.

2. Lipshutz, B. H.; Pollart, D.; Monforte, J.; Kotsuki, H.
Tetrahedron Lett. 1985, 26, 705.

3. Anthony, N. J.; Clarke, T.; Jones, A. B.; Ley, S. V. Tetrahedron
Lert. 1987, 28, 5755.

4. McKillop, A.; Taylor, R. J. K.; Watson, R. J.; Lewis, N. Synlett
1992, 1005.

5. Schmeck, C.; Hegedus, L. S. J. Am. Chem. Soc. 1994,
116, 9927.

6. Haribabu, M.; Sreenivasulu, G. Tetrahedron Lett. 1993,
34, 6929.

7. (a) Wilson, N. S.; Keay, B. A. J. Org. Chem. 1996, 61, 2918; (b)
Wilson, N. S.; Keay, B. A. Tetrahedron Lett. 1996, 37, 153; (¢)
Hattori, K.; Sajiki, H.; Hirota, K. Tetrahedron 2000, 56, 8433;
(d) Hattori, K.; Sajiki, H.; Hirota, K. Tetrahedron Lett. 2000,
41, 5711; (e) Hattori, K.; Sajiki, H.; Hirota, K. Tetrahedron
2001, 57, 2109; (f) lkawa, T.; Sajiki, H.; Hirota, K.
Tetrahedron 2004, 60, 6189; (g) Ikawa, T.; Hattori, K.; Sajiki,
H.; Hirota, K. Tetrahedron 2004, 60, 6901.

8. (a) Zhang, H. X.; Guibé, F.; Balavoine, G. Tetrahedron Lett.
1998, 29, 623; (b) Genét, J. P; Blart, E.; Savignac, M.;
Lemeune, S.; Lemaire-Audoire, S.; Paris, J. M.; Bernard,
J. M. Tetrahedron 1994, 50, 497.

9. Mino, T.; Hirota, T.; Yamashita, M. Synlett 1996, 999.

10. Jungheim, L. N. Tetrahedron Lett. 1989, 30, 1889.

11. (a) Billington, D. C. The Inositol Phosphates. Chemical
Synthesis and Biological Significance; VCH: New York, NY,
1993; (b) Chida, N.; Koizumi, K.; Kitada, Y.; Yokoyama, C.;
Ogawa, S. J. Chem. Soc., Chem. Commun. 1994, 111; (c)
Potter, B. V. L.; Lampe, D. Angew. Chem., Int. Ed. Engl. 1995,
34, 1933; (d) Phosphoinositides: Chemistry, Biochemistry and
Biomedical Applications; Bruzik, K. S., Ed.; ACS Symposium
Series 718; American Chemical Society: Washington DC,
1999; (e) Sureshan, K. M.; Shashidhar, M. S.; Praveen, T.;
Das, T. Chem. Rev. 2003, 103, 44717.

12. (a) Sarmah, M. P.; Shashidhar, M. S.; Sureshan, K. M.;
Gonnade, R. G.; Bhadbhade, M. M. Tetrahedron 2005, 61,



13.

14.

15.

16.

17.
18.

19.

20.

C. Murali et al. / Tetrahedron 63 (2007) 4149-4155

4437; (b) Devaraj, S.; Shashidhar, M. S.; Dixit, S. S.
Tetrahedron 2005, 61, 529.

(a) Yeh, S.-M.; Lee, G. H.; Wang, Y.; Luh, T.-Y. J. Org. Chem.
1997, 62, 8315; (b) Bhosekar, G.; Murali, C.; Gonnade, R. G.;
Shashidhar, M. S.; Bhadbhade, M. M. Cryst. Growth Des.
2005, 5, 1977; (c) Riley, A. M.; Godage, H. Y.; Mahon,
M. E,; Potter, B. V. L. Tetrahedron: Asymmetry 2006, 17, 171.
Dixit, S. S.; Shashidhar, M. S.; Devaraj, S. Tetrahedron 2006,
62, 4360 and references cited therein.

(a) Garrett, S. W.; Liu, C.; Riley, A. M.; Potter, B. V. L.
J. Chem. Soc., Perkin Trans. 1 1998, 1367; (b) Biamonte,
M. A.; Vasella, A. Helv. Chim. Acta 1998, 81, 688.

(a) Schuda, P. E; Cichowicz, M. B.; Heimann, M. R.
Tetrahedron Lett. 1983, 24, 3829; (b) Angyal, S. J.; James,
K. Carbohydr. Res. 1970, 12, 147.

Tsuji, J. Synthesis 1984, 369.

(a) Brieger, G.; Nestrick, T. J. Chem. Rev. 1974, 74, 567; (b)
Johnstone, R. A. W.; Wilby, A. H.; Entwistle, I. D. Chem.
Rev. 1985, 85, 129.

Ketteler, G.; Ogletree, G. F.; Bhuhm, F.; Liu, H.; Hebenstreit,
E. L.; Salmemn, M. J. Am. Chem. Soc. 2005, 127, 18269 and
references cited therein.

(a) Riggs, N. V. J. Chem. Soc. 1949, 3199; (b) Ballou, C. E.;
Anderson, A. B. J. Am. Chem. Soc. 1953, 75, 648; (c¢)

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

4155

Anderson, L.; DeLuca, E. S.; Bieder, A.; Post, G. G. J. Am.
Chem. Soc. 1957, 79, 1171; (d) Angyal, S. J.; Gilham, P. T.;
MacDonald, C. G. J. Chem. Soc. 1957, 1417.

Gilbert, I. H.; Holmes, A. B.; Pestchanker, M. J.; Young, R. C.
Carbohydr. Res. 1992, 234, 117.

Purification of Laboratory Chemicals, 2nd ed.; Perrin, D. D.,
Armarego, W. L. F,, Eds.; Pergamon: Oxford, UK, 1988.
Kluge, A. F;; Untch, K. G.; Fried, J. H. J. Am. Chem. Soc. 1972,
94, 7827.

Dasgupta, F.; Singh, P. P.; Srivastava, H. C. Carbohydr. Res.
1980, 80, 346.

Chung, S.-K.; Chang, Y.-T. Bioorg. Med. Chem. 1996, 6, 2039.
Lee, H. W.; Kishi, Y. J. Org. Chem. 1985, 50, 4402.
Billington, D. C.; Baker, R.; Kulagowski, J. J.; Mawer, 1. M.;
Vacca, J. P.; deSolms, S. J.; Huff, J. R. J. Chem. Soc., Perkin
Trans. 1 1989, 1423.

Anderson, R. C.; Wallis, E. S. J. Am. Chem. Soc. 1948, 70,
2931.

Chung, S.-K.; Ryu, Y. Carbohydr. Res. 1994, 258, 145.

(a) Gigg, J.; Gigg, R.; Payne, S.; Conant, R. Carbohydr. Res.
1985, 142, 132; (b) Khersonsky, S. M.; Chang, Y.-T.
Carbohydr. Res. 2002, 337, 75.

Mukherjee, R.; De Medeiros, C. L. C. Phytochemistry 1998,
27, 279.



	Hydroxyl group deprotection reactions with Pd(OH)2/C: a convenient alternative to hydrogenolysis of benzyl ethers and acid hydrolysis of ketals
	Introduction
	Results and discussion
	Conclusions
	Experimental
	General
	Racemic-2,4-di-O-methoxymethyl-6-O-benzyl-myo-inositol 1,3,5-orthobenzoate (1)
	Hydrogenolysis of racemic-2,4-di-O-methoxymethyl-6-O-benzyl-myo-inositol 1,3,5-orthobenzoate (1)
	Method A
	Method B
	Method C

	Reaction of racemic-2,4-di-O-methoxymethyl-6-O-benzyl-myo-inositol 1,3,5-orthobenzoate (1) with 20% Pd(OH)2/C in methanol
	Reaction of myo-inositol 1,3,5-orthobenzoate (6) with Pd(OH)2/C in methanol
	Racemic 4-O-benzyl-myo-inositol 1,3,5-orthobenzoate (7)
	Reaction of racemic 4-O-benzyl-myo-inositol 1,3,5-orthobenzoate (7) with Pd(OH)2/C in methanol
	2,4,6 Tri-O-benzyl-myo-inositol 1,3,5-orthobenzoate (8)
	Reaction of 2,4,6-tri-O-benzyl-myo-inositol 1,3,5-orthobenzoate (8) with Pd(OH)2/C in methanol
	Reaction of myo-inositol 1,3,5-orthoacetate (9) with Pd(OH)2/C in methanol
	Reaction of myo-inositol 1,3,5-orthoformate (10) with Pd(OH)2/C in methanol
	Reaction of 2,4,6-tri-O-benzyl-myo-inositol 1,3,5-orthoformate (11) with Pd(OH)2/C in methanol
	Reaction of racemic 1,2:4,5-di-isopropylidine-3,6-di-O-benzyl-myo-inositol (14) with Pd(OH)2/C in methanol
	Reaction of racemic 1,2:4,5-di-isopropylidine-myo-inositol (15) with Pd(OH)2/C in methanol
	Reaction of cyclohexyl benzyl ether (16) with 20% Pd(OH)2/C in methanol
	Reaction of cyclohexyl benzyl ether (16) with Pd(OAc)2 in methanol
	Reduction of 2,4,6-tri-O-benzyl-myo-inositol 1,3,5-orthobenzoate (8) with DIBAL-H21
	Preparation of sequoyitol (19)


	Acknowledgements
	References and notes


