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Abstract: Proposed structures of pinpollitol, namely 1,4-di-O-
methyl-chiro-inositol and 1,3-di-O-methyl-chiro-inositol, have
been synthesized from myo-inositol. Racemic 1,4-di-O-methyl-
chiro-inositol has been synthesized from the readily available
1,2:4,5-di-O-isopropylidene-myo-inositol, in five steps while DL-
1,3-di-O-methyl-chiro-inositol from myo-inositol 1,3,5-ortho-
formate in nine steps. A comparison of the reported NMR data of
pinpollitol with those of synthetic dimethyl ethers revealed that
pinpollitol is D-1,4-di-O-methyl-chiro-inositol. Thus we have not
only confirmed the structure of pinpollitol unambiguously but also
achieved a rapid total synthesis of it from a cheaply available
starting material, myo-inositol, in just six steps.

Key words: natural product, total synthesis, inositol, cyclitol,
regioselectivity

A great deal of attention has been paid to the inositol
chemistry since many of the family members are proved
to possess interesting biological significance.1 Of the nine
possible isomers, myo-, D-chiro-, L-chiro-, scyllo-, neo-
and muco-inositols are naturally occurring, myo-inositol
being the abundant. In animals these inositols occur in the
phosphorylated form while in plants they occur in phos-
phorylated, methylated or in free forms. One or more me-
thyl ethers of each of these naturally occurring inositols
have been isolated from plants. Most of these methyl
ethers have been synthesized2 owing to the impractical
isolation of these natural products.

Figure 1

(+)-Pinpollitol, a dimethyl ether of chiro-inositol was iso-
lated from the pollen and needles of the plant Pinus radi-
ata by Gallagher.3 (+)-Pinpollitol is the first di-O-methyl
inositol to be found in a gymnosperm and is the third di-
O-methyl inositols found in nature after dambonitol and

liriodendritol. Since demethylation of pinpollitol provid-
ed D-chiro-inositol, it was concluded that (+)-pinpollitol
is a dimethyl ether of D-chiro-inositol. Of the possible
nine structures for the dimethyl ether of chiro-inositol,
based on the lack of symmetry in the NMR spectrum and
correlation of chemical shifts of both pinpollitol and its
tetraacetyl derivative with similar type of compounds, the
authors have tentatively proposed two probable structures
for pinpollitol; 1D-1,4-di-O-methyl-chiro-inositol (1) and
1D-1,3-di-O-methyl-chiro-inositol (2). We herein report
the establishment of the absolute structure of pinpollitol
by total syntheses of both 1 and 2 (Figure 1).

Myo-inositol (3) was chosen as the synthon for the synthe-
sis of 1 and 2 for the following reasons: (a) myo-inositol
is inexpensive starting material compared to the chiro-
inositol; (b) since the selective protection–deprotection
strategies for myo-inositol is well explored,4 access to the
required hydroxyl group(s) can be easily achieved by
adopting the known methodologies; (c) since pinpollitol is
a derivative of D-chiro-inositol, determination of relative
position of two methyl ethers on racemic chiro-inositol
skeleton is sufficient enough to establish the absolute
structure of pinpollitol.

For the synthesis of 1 from 3, inversion of configuration
at C-3 and methylation of 3-OH and 6-OH are the essen-
tial steps required. Inversion can be achieved by substitu-
tion of a sulfonate moiety with an oxygen nucleophile.
Since no manipulation is required at 1-, 2-, 4- and 5-posi-
tions of myo-inositol, readily available 1,2:4,5-di-O-iso-
propylidene-myo-inositol (4)5 was chosen as the ideally
protected starting material (Scheme 1). Use of diketal 4 as
synthon allows syntheses of optically active derivatives as
efficient methods are known6 for the optical resolution of
this diol. Enhanced reactivity of 3-OH in 4 towards elec-
trophilic reagents is an additional advantage for selective
introduction of a sulfonate group (for subsequent inver-
sion) at this position. It has been reported4 that 3-OH of
diol 4 is more reactive than 6-OH towards acylation,
alkylation, sulfonylation, etc. Regioselective sulfonyl-
ation of racemic diol 4 with 1.1 equivalents of triflic an-
hydride provided the monotriflate 5 (90%) as expected
with minor amounts of ditriflate, which could be removed
by washing with hexane. Nucleophilic substitution of
triflate 5 with KOAc in N,N-dimethylacetamide (DMA)
gave the racemic 1-O-acetyl-2,3:5,6-di-O-isopropyl-
idene-chiro-inositol (6) in quantitative yield. The most
downfield signal appeared as a triplet with a coupling
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constant of 2.4 Hz confirming the chiro-configuration (ae
and ee coupling). Later, this structural assignment was
confirmed by solving the single crystal X-ray structure of
(–)-6 (Figure 2).7 No product with retention of configura-
tion has been identified. The acetate 6 on methanolysis
provided the racemic 1,2:4,5-di-O-isopropylidene-chiro-
inositol (7) in 94% yield. Diol 7 on methylation provided
(±)-1,2:4,5-di-O-isopropylidene-3,6-di-O-methyl-chiro-
inositol (8)8 in good (99%) yield. The isopropylidene
groups were removed by acid hydrolysis to provide (±)-
1,4-di-O-methyl-chiro-inositol (1, 73%),9 which was
acetylated to get the tetraacetate 9 (93%).10

Scheme 1 (a) Tf2O (1.1 equiv), pyridine, CH2Cl2, –20 °C; (b)
KOAc, DMA, 70 °C; (c) NaOMe, MeOH, reflux; (d) MeI, NaH,
DMF, r.t.; (e) TFA, H2O, r.t.; (f) Ac2O, pyridine, r.t.

Figure 2 ORTEP diagram of 6.

For the synthesis of 2 from myo-inositol (3), inversion at
C-3 and methylation at 3-OH and 5-OH groups are the im-
portant steps to be considered. Since diketal derivatives of
myo-inositols have protected 5-OH, they are not ideal in-

termediates for the synthesis of 2. Access to 1-, 3- and 5-
hydroxyl groups of myo-inositol can be achieved by tem-
porary protection of these hydroxyls as orthoester fol-
lowed by protection of 2-, 4- and 6-hydroxyl groups and
acid hydrolysis of the orthoester functionality. Also it is
known that 1- and 3-hydroxyl groups are more reactive
than 5-OH. Hence initial protection of one of the two
equivalent hydroxyl groups (1-OH or 3-OH) provides
1(3),5-diol. It is known that 1(3)-OH is relatively more re-
active than 5-OH towards various electrophilic reagents.
Since an inversion is inevitable at C-3 before methylation,
3-OH can be sulfonylated selectively and inverted by SN2
substitution to have access to 1,3-diol with chiro-inositol
configuration.

Myo-inositol 1,3,5-orthoformate11 was converted to the
fully protected tribenzyl ether 10. Acid hydrolysis of 10
provided the meso triol 11. Regioselective benzylation of
triol 11 gave the known12 tetrabenzyl ether 12. In triol 11,
1-OH and 3-OH are identical due to the symmetry of the
molecule. Benzylation at 1(3)-OH give a dissymmetric
molecule while benzylation at 5-OH give another meso-
compound. Thus, the position of benzylation can easily be
understood based on the presence or lack of symmetry in
the NMR spectrum. Between the two hydroxyl groups of
12, the more reactive 3-OH was sulfonylated with triflic
anhydride to provide the triflate 13 (81%). The most
deshielded proton appeared as a dd with coupling con-
stants 7.6 and 2.0 Hz, which confirm the triflylation at O-
3. Also the remaining hydroxyl group showed coupling
(J = 2.4 Hz) with H-5. The triflate 13 was acetylated to
give the monoacetate 14 (98%). The triflate 14 on nucleo-
philic substitution with KOAc in DMA provided racemic
1,2,3,5-tetra-O-benzyl-4,6-di-O-acetyl-chiro-inositol (15,
30%)13 as a gum along with an unidentified product.
Methanolysis of the diacetate 15 provided the diol 16 in
83% yield. Diol 16 on methylation formed the dimethyl
ether 17 (63%) as expected. Finally, the hydrogenolysis
of the benzyl ether moieties provided racemic 1,3-di-O-
methyl-chiro-inositol (2, 89%),14 which was acetylated to
the tetraacetate 1815 in 93% yield (Scheme 2).

A comparison of 1H NMR of pinpollitol and its tetraace-
tate with that of dimethyl ethers (1 and 2) and their tetra-
acetates (9 and 18) revealed that pinpollitol is 1,4-di-O-
methyl-chiro-inositol. Since pinpollitol is known to be a
dimethyl ether of D-chiro-inositol, the absolute configura-
tion of pinpollitol is 1D-1,4-di-O-methyl-chiro-inositol.

In conclusion, we have reported efficient routes for the
syntheses of proposed structures of pinpollitol. This has
established the structure of pinpollitol unambiguously.
We hope the chemistry explored here will be of interest to
a wider cross section of organic chemists as inositol and
other cyclitols are increasingly being used as synthons for
many natural products,16 metal complexing agents,17 gela-
tors,18 catalysts,19 supramolecular assemblies,20 chiral
auxiliary,21 etc.
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