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Abstract—A simple method for the preparation of both enantiomers of tetra-O-benzyl-myo-inositol is presented. This method is
based on the resolution of stereoisomers by crystallisation. Starting with the known synthesis of four diastereomers using b-cam-
phor dimethyl acetal as chiral auxiliary, one diastereomer is separated by crystallisation from methanol and is converted to
D-1,4,5,6-tetra-O-benzyl-myo-inositol. A second synthetic route was carried out with the mother liquor of the crystallisation, which
has so far been neglected in former sequences [Am. Chem. Soc. 1992, 6361]. This approach leads to a non-racemic mixture of tetra-
O-benzyl-myo-inositols, from which D-3,4,5,6-tetra-O-benzyl-myo-inositol can be separated by crystallisation from 1-propanol in its
enantiopure form. The yield of this crystallisation step was determined by its eutectical point and the ratio of the diastereomers in
the mother liquor of crystallisation step 1. For this purpose, an analytical HPLC separation for the fast elucidation of the diaste-
reomeric ratio has been developed. With this analytical method, it is possible to optimise the ratio of the diastereomers by changing

the reaction conditions.
© 2005 Published by Elsevier Ltd.

1. Introduction

Inositol phosphates as molecules in biology have been
known for 85 years.? A new area of research was started
in 1983, after the discovery that myo-inositol 1,4,5-tris-
. 2+ A 3
phosphate is a Ca“" releasing second messenger.

Over the last 25 years, many other natural myo-inositol
phosphates have been discovered. It has been realised
that this group of phosphorylated myo-inositols plays
an important role in various biological processes, such
as cellular signal transduction, calcium mobilisation,
chloride secretion, exocytosis, cytoskeletal regulation,
insulin stimulation, intracellular trafficking of vesicles
and anchoring of proteins to cell membranes.*®

Herein, we report the preparation of key enantiopure
molecules for the synthesis of two prominent InsP,
enantiomers, D-myo-inositol 3,4,5,6-tetrakisphosphate
Ins(3,4,5,6)P4 and Ins(1,4,5,6)P4 and the derivatives of
both. Ins(3,4,5,6)P4 behaves as an intracellular signal
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that inhibits the conductance of Ca®' activated CI~
channels in the plasma membrane. Modified membrane
permeable derivatives of Ins(3,4,5,6)P4 with antagonis-
tic effects have been tested in the treatment of cystic
fibrosis,” with Ins(1,4,5,6)P4 levels in human colonic
epithelial cells dramatically increasing in response to
Salmonella invasion.'®

Both enantiomers seem to play different roles in the cel-
lular signal transduction. Herein, we report the use of
the derivatives as pharmaceutically active substances
and emphasise the necessity of a highly effective and
simple way to synthesise the enantiopure key molecules.

2. Results and discussion

In former synthetic sequences, the preparation of enan-
tiopure tetra-O-benzyl-myo-inositol derivatives was
achieved by the separation of diastereomers. For this
reason, D or L-camphor dimethyl acetal, used as a chiral
auxiliary, has to be introduced into the myo-inositol
structure. The synthetic strategy is shown in the left
route of Figure 1 and was first described by Bruzik
et al. in 1989 and improved upon in 1992.'"! Starting
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Figure 1. Synthesis of tetra-O-benzyl-myo-inositol.
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from myo-inositol, a three step synthesis using p-cam-
phor was performed. Reaction of myo-inositol 1 and
D-camphor dimethyl acetal 2 gave a mixture of four dia-
stereomeric tetraols 3a—d in the ratio 47:23:13:27. Crys-
tallisation of this mixture from methanol afforded pure
diastereomer 3a, which was then converted in a two step
reaction to enantiopure D-1,4,5,6-tetra-O-benzyl-myo-
inositol. The mother liquor of this first crystallisation
step has until now been neglected.

A second possibility is the treatment of the four tetraols
3a-d with benzyl chloride to produce the diastereomeric
tetra-O-benzyl-derivatives 4a—d. Derivatives 4a and 4b
can be isolated by chromatography with silica gel, while
4c and 4d were obtained as a mixture.!! Hydrolysis of
the isolated diastereomers gave the enantiomerically
pure tetra-O-benzyl-myo-inositols 5a and 5b. The non-
resolved mixture of 4¢ and 4d was rejected.

These methods are exclusively used for the preparation
of enantiomer 5a, while 5b was prepared by using more
expensive L-camphor. For this reason, a method for the
preparation of both enantiomers from p-camphor di-
methyl acetal is presented in Figure 1.

As mentioned before, the left part shows the synthesis
described by Bruzik et al.''*! which is used for prepara-
tion of 5a, while the right part describes the new separa-
tion strategy to obtain enantiopure Sb.

After crystallisation 1, the synthesis was continued with
the mother liquor, which consisted of a mixture of tetra-
ols 3a-d. In the following two reaction steps (2 and 3)
this mixture was converted to a non-racemic mixture
of 5a and 5b. The ratio of the enantiomers is determined
by the ratio of tetraols 3a-d and results in a certain
enantiomeric purity of Sb before crystallisation. Eq. 1

shows the dependency of Purs, on the ratio of tetraols
3a-d.

Nsp - 100% o (1131, + I’l3c) . 100%
Nsy + Nsp  N3a + N3p + N3c + N3g

Pur5|, = (1)
Purs, can be increased by decreasing the amount of 3a
and 3d and increasing the amount of 3b and 3¢ in the
feed. For this purpose, an analytical method must be
found for fast analysis of the product ratio of reaction
1 and products of subsequent crystallisation step 1.

Attempts to separate 3a-d by chromatography with
common adsorbents (RP18, CN phases) failed and led
to isolation of 3a and a mixture of 3b-d, although chro-
matographic separation with Hypercarb® and aceto-
nitrile/water resulted in the resolution of all the
tetraols shown in Figure 2.

Hypercarb columns are filled with porous particles of
graphitised carbon and obtain very good selectivities
for the separation of diastereomers.'?> This separation
is used exclusively for analysis and not for preparative
separation of the diastereomers because of the high price
of Hypercarb columns, the limited available particle
sizes and a limited stability, which was observed over
long time experiments.!?

Tetraols 3a and 3d elute as the first and second peaks,
while the tetraols 3b and 3c eluted as the last peaks.
Their elution order has not been elucidated yet. For
further research, only the sum of tetraols 3b and 3c
is needed because both molecules are converted to
enantiomer 5b.

The main advance of this work is crystallisation step 2
with 1-propanol where pure enantiomer 5b is isolated
as solid. For this reason, the enantiomeric purity Purey,

0.008

0.007 A

0.006 A

0.005 A

0.004

0.003

Signal [-]

0.002

0.001

-0.001 T T T
7.5 8.5 9.5 10.5

Figure 2. Separation of 3a-d with Hypercarb® (acetonitrile:water, 20:80).
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at eutectical composition of the ternary system is of spe-
cial interest.

If Pursy, is higher than Pur,,, enantiopure Sb can be iso-
lated by crystallisation from 1-propanol until the purity
of the mother liquor reaches Purey,.

. Mrystalls,5b (Puer - Pureut)
Yield = 282 — 2
Mfeed 5b Purs, - (1 - Purem) ( )

The yield of this second crystallisation step can be calcu-
lated by Eq. 2.!%15 It is generally increased if the differ-
ence (Purs, — Pure,) is maximal. While Purs, is
influenced by the ratio of the tetraols 3a-d, Pur., is
determined by thermodynamics. For the ternary system,
I-propanol/5a/5b a value of 50% has been determined
for Pur.,. Thus, the ternary system is regarded as a con-
glomerate forming system,!® where crystals of pure
enantiomer can be withdrawn from the mother liquor
until a racemic mixture is reached.

This process is demonstrated in Figure 3. A mixture of
5a/5b in the ratio 70/30 was dissolved in pure 1-propanol
at a temperature of 40 °C. The solution was stepwise
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Figure 3. Cooling crystallisation of 5a/5b with 1-propanol. Analysis of
the mother liquor.

cooled down to —10 °C. At ambient temperature, pre-
cipitation was observed. The solution was equilibrated
at 25, 10 and —10 °C for at least 6 h and a sample of
the supernatant analysed by HPLC. After the mother
liquor had reached eutectical composition, the crystalli-
sation stopped and the crystals were isolated by filtra-
tion. Figure 4 shows the analysis of the crystal and the
mother liquor. The yield of the process reached 54%,
which is very close to the theoretical value of 57%, which
can be calculated by Eq. 2.

The crystallisation yield increases with Purs,, which is
maximised by the ratio (3b+3c¢)/(3a+3d). To increase
the portion of 3b and 3¢, reaction conditions were chan-
ged as shown in Figure 5.

Method a was previously described by Bruzik et al.!!!
Due to the formation of diacetals, 3 equiv of b-camphor
dimethyl acetal is needed. 77.5% of tetraols 3a and 3d is
produced and thus this method can be used if enantio-
mer Sa is needed. If the synthesis is continued, enantio-
mer 5a can be isolated by crystallisation with a yield of
71% of the feed enantiomer Sa.

In the experiment of Figure 3, enantiomer 5a is isolated
by crystallisation, but due to the symmetric behaviour of
enantiomeric systems the isolation of 5b is possible, if
the mother liquor is enriched with 5b. For the produc-
tion of enantiomer 5b, method b in Figure 5 should be
used. Enantiomer 5b results from the acetals 3b and
3¢, which are present in a portion of 55%. The content
of tetraol 3a can be reduced by cooling crystallisation
with methanol as described in Figure 1. Roughly 80%
of 3a can be removed from the mixture by crystallisation
from methanol. The mother liquor of this step is en-
riched with tetraols 3b and 3¢ and would result in higher
yields of 5b in the second crystallisation step with 1-pro-
panol (right part of Fig. 1). The synthesis sequence is
continued with the enriched mother liquor (in reference
to 3b and 3c) and at last Purs, reaches a value of ca.
68%, which results in a yield of 53% for the second crys-
tallisation step.
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Figure 4. Analysis of mother liquor and crystal after the crystallisation process by HPLC (Chiralpak AD/I-propanol).!”
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Figure 5. Reagents and conditions: (i) DMSO, 3 equiv b-camphor dimethyl acetal, cat. [p-TsOH], rt-75 °C, 2 h, HPLC control until almost no
monoacetal was detected; Et;N; (ii) CHCl;/MeOH/H,0 90:10:2, cat. [p-TsOH], HPLC control until almost no diacetal was detected; Et;N; (iii) myo-
inositol dissolved in DMSO (110 °C); then 1.1 eq. p-camphor dimethyl acetal, cat. [p-TsOH], 80 °C, 60 min; then Et;N.

3. Conclusions

In conclusion, a new option for the preparation of
enantiopure tetra-O-benzyl-myo-inositol derivatives is
presented. Both enantiomers were obtained with p-cam-
phor dimethyl acetal as the chiral auxiliary and two
effective crystallisation steps. No expensive L-camphor
was needed. This resulted in a reduced number of syn-
thetic steps, because the second route (with L-camphor
dimethyl acetal) became redundant.

Resolution of the sterecoisomers was obtained by two
crystallisation steps. The first step was used to isolate
tetraol 3a in high yield from the diastereomeric mixture.
The crystal of pure tetraol 3a resulted in D-1,4,5,6-tetra-
O-benzyl-myo-inositol. The mother liquor of crystallisa-
tion step 1 was enriched with the 1,2-p-camphor-acetals
of myo-inositol. If the synthesis was continued with the
mother liquor, a non-racemic mixture of tetra-O-benzyl-
myo-inositols was obtained from which p-3,4,5,6 tetra-
O-benzyl-myo-inositol was isolated by crystallisation
from 1-propanol in the second crystallisation step. The
eutectic point of this ternary system was agreed as a
racemic mixture. This eutectical point could be observed
for many other myo-inositol derivatives, which leads to
new options for the enantiopure production of these
molecules. Due to the advantageous eutectic point of

50% purity, pure enantiomers can be directly isolated
from the enriched mixture. Enrichment can be reached
by crystallisation and chromatographic separation of
diastereomers after one of the first two steps or by
choosing suitable reaction conditions during formation
of diastereomers.

Next to the improved production process, advances in
the analysis of myo-inositol derivatives are presented.
For the first time, the separation of all four p-cam-
phor-acetals of myo-inositol 3a-d is possible by separa-
tion with Hypercarb® columns. Further analysis of
tetra-O-benzyl-myo-inositols was obtained by HPLC
separation with Chiralpak AD and 1-propanol.
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