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ABSTRACT

In this work cis-inositol, epi-inositol and myo-inositol carbonate were successfully
synthesised and used for coordination studies. The preparation of cis-inositol was
achieved by reduction of tetrahydroxybenzoquinone via hydrogenation with
palladium hydroxide as the catalyst and was purified by chromatographic separation
using Dowex resin. The synthesis of epi-inositol was achieved by the nitric acid
oxidation of mye-inositol to form epi-inosose which was subsequently reduced by
hydrogenation using palladium hydroxide as the catalyst. myo-Inositol was converted
into its mono-orthoformate derivative and the equatorial hydroxy group was then
protected as a fertiary-butyldimethylsilyl ether. The carbonate group was introduced
onto this protected inositol and then the protecting groups were removed by acid

hydrolysis.

The coordination characteristics of four inositols, viz cis-inositol, epi-inositol, myo-
inositol and mye-inositol carbonate with calcium, aliminium, gallium, lanthanum
and samarium ions have been investigated. Interactions of the aluminate anion with
epi-inositol and myo-inositol in deuterated sodium hydroxide were also investigated.
Three methods were used in the study of complexation behaviour of these systems,

namely, “C NMR spectroscopy, HPLC and ion exchange chromatography.

BC NMR spectroscopy was found to be most useful for determining possible
complexation behaviour of the inositols. Chemical shift changes of the resonance
signals in the "C NMR spectra on sequential addition of cations to solutions of the
inositols at near neutral pH, have led to determination of possible coordination sites
of the inositols. In general, large induced chemical shift changes have been
interpreted to signify strong cation-inositol interaction at specific hydroxy groups.
Triaxial sites of the inositols have shown a preference to coordinate small ions with
ionic size of at least 60 pm, smaller ions than this displayed very weak interactions.
Likewise large ions (90-100 pm) imparted weak interactions on triaxial sites of the
inositols. These large ions coordinated well with the axial-equatorial-axial sites of the

inositols although it was observed that calcium ions appeared to form a 2:1



ligand:cation complex with cis-inositol at the triaxial site despite being a large cation

{100 pm).

The detection of complex formation by HPLC showed a possible formation of very
stable complexes of epi-inositol complexes with calcium ions. However, a change of
refractive index of the solution on sequential addition of the cation may have caused

an interference in the results such that direct interpretation was not possible.

[on exchange chromatography provided the quickest guide on how strongly the
inositols interact with a particular cation. However, determination of complex

stoichiometry and/or structure was not possible using this technique.
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axial positions of hydroxy groups in inositols.

chemical shift downfield from the reference standard
tetramethylsilane.

equatorial position of hydroxy groups in inositols.

heteronuclear correlation of nuclear magnetic resonance analysis.
ionic radius.

nuclear spin coupling constant in Hertz, through two or more
bonds.

picometer (1072 of a meter).

retention distance ratio of a compound on a chromatographic plate
(distance moved by a compound divided by distance moved by the

eluent solvent).

1



CHAPTER 1- INTRODUCTION

1.1 ALUMINA PRODUCTION

Western Australia has a considerable mineral processing industry in comparison with
other States of Australia. One of the minerals being processed on a large scale is
alumina, with the current production being 6.8 million tonnes per annum. According
to Power, (1991, pp337-345), the estimated production value of alumina in the
South-West of Western Australian refineries was AU $2.34 billion for the fiscal year
1989/1990. This is an outstanding contribution to the national economy, and

Australia has been the world’s largest producer of alumina for some time (Table 1).

Table 1: Alumina world production (Greenwood and Earnshaw, 1997,

pp218).
Country . Production (%)
Australia 193
USA 17.8
USSR 12.8
Jamaica 8.4
Japan 5.9
Germany 4.7
Canada 4.3
France 4.1

The modern aluminium industry extracts alumina from bauxite ore by the Bayer
Process, a distinct four step process, consisting of digestion, clarification,

precipitation and calcination. Excess caustic soda is used to solubilise the alumina



during the digestion step to form aluminate ions. Gibbsite crystallisation is achieved
by seeding the supersaturated liquor with gibbsite (equation 1). The gibbsite is then

calcined at 1200 °C to recover the alumina, (Greenwood and Earnshaw, 1997).

Excess NaOH

Digestion N i
Na + AKOH); (1)

aluminate

AKOH); + NaOH
gibbsite

Precipitation
Power (1991) reported that worldwide the Bayer Process is the dominant aluminium
extraction technique and to this effect, it is used exclusively in Western Australian
alumina refineries. Power further reported that due to the low grade of ore and the
presence of a high content of organic material, Western Australian alumina refmeries
incur a production loss of about 20% per annum. The economic implications of this
loss could be devastating to the industry if appropriate technologies are not
developed to check it or at least minimise it. The presence of organics, especially
those with hydroxy or electronegative groups are said to inhibit precipitation of

gibbsite and/or decrease the purity of the alumina.

The understanding of how organic ligands complex with metal ions such as calcium,
aluminium, gallium, lanthanum and metallate anions such as aluminate may help to
improve the extractive technologies. Maximisation of metal recovery during the
metal extraction process from its ore is one of the prime objectives of the
metallurgical industry. Therefore it is very important to know if the presence of
organic materials in the process will affect the metal being processed under the

prevailing conditions, and if so, what are the mechanisms undetlying the effect.

Group three elements, of which aluminium is one, form complexes readily with
organic ligands containing electronegative atoms such as oxygen and nitrogen due to
their smaller size and relatively large positive charge (Greenwood and

Eamshaw, 1997). The availability of carboxylate, hydroxy and hydroxy carboxylate
ligands, therefore, may block the nucleation sites for gibbsite crystal growth and/or

complex aluminate which results in loss of alumina production (Power, 1991).



1.1.1  Effect of organic compounds on gibbsite precipitation

The organic carbon content of the Bayer liquors consists of compounds ranging in
molecular weight from 50 to 10,000 (Lever, 1978). Lever categorised the complex
mixture of Bayer organics into three groups based on the level of degradation. He
classed them as high molecular weight, such as humic and fulvic acids, building
block compounds, such as butyric acid, diethylene glycol, 2-hydroxy benzoic acid

and low molecular weight compounds, such as oxalic, formic and acetic acids.

Smith, Watling and Crew, (1996) have studied the effects of model organic
compounds on gibbsite crystallisation by deliberate dosage of acyclic polyols in
supersaturated liquor. Comparison of C2-Cé alditols (figure 1) showed that, in broad
terms, crystallisation inhibition strength, in terms of growth rate, increased with
carbon chain length such that D-mannitol had the greatest effect and ethylene glycol
the least. They concluded that as the chain gets longer, considerable flexibility is
achieved which then allows optimum conformational changes for complexation and/

or surface binding.

(*H,OH CH,OH CH,OH CH,OH H,OH
CH,OH HCOH HEOH HOEH HOCH
CH,OH H{OH HCOH HOCH
CH,OH HFOH HCOH
CH,0H  H{OH
CH,OH
Ethylene Glycerol Erythritol p-Arabinitol 1 -Mannitol
Glycol

Figure 1: Some C2 - C6 alditols

Comparison of the effect of C5 alditol sterecisomers (figure 2) showed that the
stereochemistry of the molecule with respect to the increased hydroxy groups played
a vital role in the influence of gibbsite growth inhibition. Again it is likely that the
alditols form zig-zag conformations (figure 3). These conformations are believed to
have effected axial-equatorial-axial arrangement of hydroxy groups which favours

coordination (Smith, Watling and Crew, 1996).



CH,OH CH,O0H CH,OH CH,0H

H(|30H HCOH H0(|3H HCOH
H(IZOH HOCH HCOH HOCH
H(|30H H0(|JH H(|JOH HéOH
([ZHEOH CH,OH CH,OH CH,0H
Ribitol L-Arabitol D-Arabitol  Xylitol

Figure 2: C-5 Alditols

Table 2 shows the extent of growth inhibition on gibbsite by the alditols as
determined by Smith, Watling and Crew (1996) along with their electrophoretic
mobilities with calcium ions in aqueous solution as determined by Angyal, Greeves

and Mills (1974).

Table 2;:  Gibbsite inhibition by polyols and their relative electrophoretic

mobility
Alditol Gibbsite inhibition (%) Mobility (m;)
cis-Inositol - 1.00
Sorbitol (C-6) 94 0.20
Xylitol (C-5) 89 0.18
Mannitol (C-6) 56 0.14
D,L-Arabinitol {C-5) 42 0.13
Ribitol (C-5) 15 0.08
Erythritol (C-4) 8 0.08

Angyal, Greeves and Mills (1974) reported that in acyclic polyols, a geometrical zig-
zag conformation (an MP arrangement) of hydroxy groups (figure 3) favours
coordination, as was observed with calcium ions in aqueous solution. In their work

Angyal, Greeves and Mills stated that the threo-threo arrangement in the MP



conformation of alditols relieves a gauche interaction in the carbon chain such that
the molecule becomes energetically more stable. A threo pair adjacent to a primary
hydroxy group in alditols requires only rotation of the terminal C-C bond to bring the
primary hydroxy group into an MP arrangement. However, conversion of an erythro-
erythro sequence in an alditol molecule into an MP arrangement provides a less
energetically favoured conformation. This argument seems to be the determining
factor for the behaviour of an alditol on gibbsite crystallisation inhibition as observed

by Smith, Watling and Crew (1996).

_OH  OH

Ire,

OH
Figure 3: An MP arrangement of hydroxy groups

The gibbsite precipitation inhibition resuits parallel their complexation behaviour, for
example, xylitol (C5) has a greater effect than D-mannitol despite having fewer
hydroxy groups and a shorter carbon chain than mannitol (C6) (Table 2). Smith,
Watling and Crew, (1996), arranged the alditols in the order of increasing inhibition
of gibbsite crystallisation under Bayer process conditions as glycol < propane-1,2-
diol < propane-1,3-diol < glycerol < erythritol < ribitol < arabinitol < mannitol <
xylitol < sorbitol. These findings confirm the fact that presence of hydroxy organic
compounds in the Bayer process results in inhibition of gibbsite crystallisation, as
noted by Power (1991). However, this study did not indicate whether the inhibition
was due to alditol-aluminate complexation or an adsorption onto the gibbsite or both.
It is likely that alditol-aluminate complexation would reduce nucleation whereas
adsorption to gibbsite would block growth sites. Despite the fact that the study
indicates an involvement of an MP arrangement of alditols, it does not a priori
suggest possible coordination sites of the flexible alditols. A study of rigid polyols
such as the inositols would more readily indicate the possible hydroxy groups
involved in the complexation. Generally, the complexation of metals by polyols is
very complex and not well understood. However it would appear that in acylic

alditols the threo - threo arrangement is favoured becaused the molecules become



energetically stable. According to Angyal, Greeves and Mills, (1974), acyclic alditols
take up an extended planar zig-zag conformation in solution provided that the
molecule has no oxygen atoms with parallel 1,3- interactions. Complexation favours
a parallel 1,3 - interaction which will be more favourable if the alditol can adopt an
extended zig - zag rather than a bent or sickle form. This is the case for a threo -
threo conformation, but erythro - threo and erythro - erytho conformations produce

bent and sickle arrangements respectively upon complexation.

1.2 CYCLITOLS

Cyclitols (cyclic polyols) are a group of relatively rigid compounds which display

varying characteristics with respect to cation-ligand coordination. The most

commonly studied cyclitols are the inositols or cyclohexanehexols, (Guthrie and

Honeyman, 1968; Painter, 1996) the diasterecisomers of which are shown in figure

4.
OH OH OH OH
HO OH HO on HO
cis-inositol epi-inositol allo-inosito(l)H
OH OH
OH
OH OH
neo-inositol myo-inositol muco-inositol
OH OH
HO—5 OH HO—45 o OH
OH HO

scyllo-inositol

Figure 4:

D-chiro-inositol

Diastercoisomers of inositol (Painter, 1996)

a

L-chiro-inositol



All nine isomers are known and all but the chiro isomers are meso and are therefore
optically inactive compounds. myo-Inositol occurs widely in nature and also as
phosphate esters. scyilo-Inositol is usually found in plants as the monomethyt ether,
as are the chiro-inositols (Guthrie and Honeyman, 1968). The other inositols do not
occur naturally and are prepared by chemical methods. The most common method of
preparation is the catalytic hydrogen reduction of hexahydroxybenzene or
tetrahydroxybenzoquinone followed by chromatographic separation of the individual

inositols.

1.2.1  Synthesis of cyclitols

1.2.1.1 Permanganate hydroxylation of 1,3-cyclohexanediene

The fact that cyclitols have differences in coordination is one of the determining
forces for the development of stereospecific synthetic procedures. One of these
(Akbulut and Balci, 1988) involves the direct hydroxylation of 1,3-cyclohexadiene

using permanganate to give a mixture of 1,2,3,4-cyclohexanetetrols (figure 5).

6 5 KMnO, OH OH
O3 T
OH OHOH
(1) 2) (3)
+
OH
HO
OH
(4)
Figure 5: Permanganate hydroxylation of 1,3 cyclohexanediene

The results of this hydroxylation showed that it is possible to hydroxylate 1,3-
cyclohexadiene to give cyclitols with four hydroxy groups. However, a significant
disadvantage of this procedure is that the hydroxylation resulted in a mixture of

cyclitols which required further separation into individual compounds.



1.2.1.2 Diels-Alder synthesis of cyclitols

ApSimon (1973) presented a comprehensive review of the synthetic chemistry of
cyclitols with reference to Diels-Alder reactions (figure 6). He further reported that
the synthesis of cyclitols, as described below, could not yield cis-inositol because the
opening of the 1,4-oxobridge of compound 7, shown in figure 6 as the exoisomer,
would always give trans-products. In his presentation it is mentioned that the
reaction involved furan (5) and vinylene carbonate (6) to yield exol,4-anhydro-cis-
conduritol carbonate (7). Consequently the 1,4-anhydro-cis-conduritol carbonate is
then subjected to various conditions (figure 6) to yield epi-inositol (8), neo-inositol
(9), cyclohexanetetrol (10) and conduritol-¢ (11). The problem with this method is

that permanganate hydroxylation would always yield mixed products (figures 5

iy
/E]ija

(5) (6)
1. H+ 1.2 > ﬂlno“
2.0H 2 H+ 3 OL-
3.0H-
OHOH o HO OH OHOH
HO
]
4 | 4 1+ 4 1
OH s
— OH OHOH
OHOH
(11) (10)

Figure 6: Diels-Alder synthesis of cyclitols.

1.2.2  Synthesis of cis-inositol

1.2.2.1 Synthesis from epi-inositol

Angyal and Hickman (1971) reported that cis-inositol could be synthesised from epi-
inositol in seven steps with an overall yield of 25% (figure 7). This method provided

a practical synthesis of cis-inositol at that time. The problem is that the method 1s



long and the yield is low. Another problem is that it requires epi-inositol as starting

material which is prepared from myo-inositol in low yields (10%) (Posternak, 1952).

OH OH
cyclohexanone o)
benzene \
p-toluene-
su.lphomc acid

(12) (13)
mﬂd condmons benzoylation
(H+)
(14) (15)

0x1dat10 NaBH4
(stereospemﬁc) Bz

(16) (17)

H
debenzoylatlon hydr01y51s _ﬁﬁ
H+)

(18) (19)

cis-inositol 25% yield

Figure 7; Synthesis of cis-inositol from epi-inositol (Angyal and Hickman, 1971)



1.2.2.2 A simple synthesis of cis-inositol

It was not until 1995 that Angyal, Odier and Tate developed a one step synthesis of
cis-inositol by the catalytic hydrogenation of tetrahydroxyquinone (figure 8).
However, the purification stage of this method is a deterrent factor as the
chromatographic separation is a slow process and it is necessary to evaporate large

volumes of water to recover the cis-inositol in moderate yields (~30%).

0
OH OH
HO OH
Pd/H) EOH fOH%
—_—
o OH HO OH
O

(20) (19)
Tetrahydroxyquinone cis-Inositol
Figure 8: Catalytic reduction of tetrahydroxyquinone to cis-inositol

Although the isolation and purification of cis-inositol by the hydrogenation method is
long and tedious, it was judged to be superior to the multistep process. In the
multistep process epi-inositol is converted to cis-inositol in 25% yield, but epi-
inositol must be prepared from myo-inositol and this is achieved in only 20% yield.
Accordingly the overall yield from myo-inositol is about 5% which is much lower
than in the catalytic reduction of tetrahydroxyquinone. The multistep method
therefore requires more material input and is therefore relatively expensive.
Consequently, synthesis of cis-inositol in this work was carried out according to

Angyal, Odier and Tate (1995) because the method was judged to be more efficient.

1.2.3  Synthesis of epi-inositol

Unlike cis-inositol (19), epi-inositol (23} is readily synthesised and purified, although
the yield is low. The critical stage in this method is the purification of (22) through
epi-inosose-2-phenylhydrazone. Based on the principle of hydrazine condensation of

carbonyl groups, the epi-inosose is effectively reacted to give the crystalline orange

10



epi-inosose-2 phenylhydrazone which is easily purified. Hydrolysis of the hydrozone
gives pure epi-inosose (22) which is reduced to epi-inositol (23). This synthesis of
epi-inositol as reported by Postermnak, (1952), is based on the oxidation of myo-
inositol (21) with concentrated nitric acid to form an intermediate product, epi-
inosose (22) which usually is mixed with unreacted myo-inositol. In order to obtain
the pure epi-inositol, the intermediate product, epi-inosose is selectively removed

from the mixture through the phenylhydrozone purification (figure 18).

OH 0 oH
OH
HO OH
(1) HNO3
—> HO OH
HO—415 OH HO

(2) NaOH 22)

Pd/Hy
(21)
OH OH
OH
HO 10 OH
(23)

Figure 9: Synthesis of epi-inosito]l (Posternak, 1952)

1.3 COORDINATION ABILITIES OF THE INOSITOLS

Angyal and Hickman (1975) reported that of the nine diasterecisomers of inositols,
cis-inositol has the strongest complexing ability with Ca™, Sr** and Ba™* as shown by
their electrophoretic mobility. It has been reported that the strong complexing ability
of cis-inositol arises because the molecule has a syn-axial arrangement of hydroxy
groups. Although the complexing abilities of the inositols were recognised as early as
1825 (Angyal, 1989), serious scientific papers discussing in more detail inositol-
cation relationships emerged only as recently as 1971, when Angyal and Hickman

studied complex formation between sugars and metal ions.

Many studies undertaken to investigate metal coordination chemistry with these
compounds have shown that triaxial and sequential axial-equatorial-axial

arrangements of hydroxy groups (figure 10) favour coordination (Angyal, 1989).
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Figure 10: Ax-eg-ax and triaxial coordination sites

Angyal and Hickman (1971) reported that because cis-inositol (figure 8) has all its
six hydroxy groups in a cis arrangement to each other and that each of its equivalent
chair conformers has three syn-axial hydroxy groups, it forms strong complexes with
borate anions and many cations. These carly studies revealed interesting chemical
properties of inositols and prompted carbohydrate chemists to intensify studies on
cyclitol-cation complexation. The ionic size of a cation has been observed as a vital
factor in determining the configuration of a complex (Angyal, 1989; Dill and Carter,
1989). They found that metal ions having radii of about 100 pm readily coordinate at
the ax-eg-ax site of cis-inositol and epi-inositol whereas metal ions with radii less

than 80 pm will fit in the triaxial cavity.

A number of methods have been used for the detection of coordination and structure,
such as nuclear magnetic resonance spectroscopy (NMR, both proton and carbon),
electrophoresis, infrared spectroscopy (IR), high performance liquid chromatography
(HPLC), x-ray crystallography and thin layer ion exchange chromatography (TLIEC)
(Angyal, 1989; Dill and Carter, 1989).

1.3.1 Infrared spectroscopy

Although infrared spectroscopy (IR) has been used to study complexation, the results
of most studies provided little or no specific information in respect of complexation
modalities and structure. However, a critical study was conducted by Tajmir-Riahi
(1983) when he studied IR spectra of crystalline D-Glucuronic acid and its calcium
complexes in the region 4000-400 cm™. It was observed that the absorption bands
arising from the intramolecular hydrogen bonding of the free sugar molecules shifted

to lower frequencies by about 25 cm™ when complexed, whereas an absorption band
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at 3160 cm™ disappeared upon ionisation of the acid. He suggested that this result
indicated that the complexation of the free sugar breaks the intramolecular hydrogen
bonding system whereas the strong intermolecular hydrogen bonding network is
retained. A point worthy of noting in this work is that there were many IR peaks
which may have led to inaccuracies in assignment of specific bonds to particular IR
bands. This method is therefore best applied to simple molecules with a simple IR

spectrum.

1.3.2  High performance liquid chromatography

High performance liquid chromatography (HPL.C) and gas liquid chromatography
(GC) have been used to separate organometallic complexes. Veening and Willeford
(1979) reported that metal coordination complexes have been successfully separated
by application of liquid-liquid partition HPLC, ion exchange HPLC and size
exclusion HPLC. In assessing these methods, they pointed out that reverse phase
HPLC was by far the most popular and promising method for separation of a varicty
of organic complexes and biologically active compounds. They reported that very
little had been done in this area, and that the only notable work was the application
of reverse phase HPLC to separate neutral tetradentate chelates of copper(1l),
nickel(Il) and palladium(II} with fluorinated and non-fluorinated B-ketoamine and
salicylaldimine ligands. In their review Veening and Willeford (1979) reported that
the separation of the complexes was achieved by using a bonded octadecyl substrate
as a reverse phase functionality under isocratic elution with water, methanol and
acetonitrile with UV detection at 254nm. A very clear limiting factor in this method
is the fact that it is exclusive to ligands with chromophores in the ultraviolet or

visible region.
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1.3.3 NMR coordination studies

Extensive work in the area of polyol-metal coordination by NMR spectroscopy has
been published. Symons, Benbow and Pelmore (1984) found that changes in NMR
chemical shifts which occur due to complex formation give a guide to the structure
of the resultant complex. These observations enabled possible complexing sites of
the ligand to be determined. Similarly, Angyal (1989) observed that complex
formation between a ligand and a cation caused chemical shift changes in the NMR
spectra of polyols and carbohydrates. He further indicated that establishment of the
equilibrium between polyols and cations in aqueous solutions is fast on the NMR
time-scale. This observation applies to polyols without bulky side chains or groups
which may pose steric hindrance, a factor which became evident when Angyal,

Greeves and Littlemore (1985) studied the coordination behaviour of muellitol (24).

(24)
Muellitol

Figure 11:  Structure of muellitol

They found that muellitol (24) displayed slow exchange between the complex and its
components, most likely due to the presence of bulky side chains in the molecule.
This implies that the bulky side chains of muellitol (24) pose steric hinderance to the
complexation process, in which case, the establishment of the equilibrium between
muellitol (24) and its cation complex in aqueous solution is slow on the NMR time-
scale. Angyal (1989) observed that in the '"H NMR spectrum of cyclohexane
1,2,3,4,5/0-pentol (figure 12), on addition of calcium ions (99 pm), the signal of H-3
shifted strongly downfield.
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Figure 12:  Possible complexation of 1,2,3,4,5/0-cyclohexane-pentol conformation

This phenomenon was interpreted as an indication that complexation occurred at
-2, 0-3 and O-4 because H-3 is on the central carbon at the vicinal tridentate
binding site. When magnesium ions were added a different pattern of results was
observed. Angyal (1989) indicated that addition of magnesium ions to cyclohexane
1,2,3,4,5/0-pentol showed significant induced downfield chemical shift changes on
H-1, H-3 and H-5. Accordingly, it was suggested that ring inversion occurred such
that Mg®" ions (72pm) coordinated in the triaxial site (figure 12 (26)). This
observation showed that the size of a cation plays a vital role in coordination
chemistry. To further demonstrate this, Dill and Carter (1989) compared the effect of
Gd** (94 pm) and Mg?" (72 pm) on the *C NMR spectra of epi-inositol and Cu*' (73
pm) and Mn*" (80 pm) on cis-insitol (figure 13}. The results showed that Gd** has
substantial effect on the signals of C-2, C-3 and C-4 whereas Mg?" did not. On the
other hand, addition of Mn®" and Cu®" ions to cis-inositol solutions broadened signals
of carbon atoms bearing axial hydroxy groups more than the equatorial ones. Dill

and Carter (1989) suggested that the trends of coordination arc as shown below.

(, HO——- . ‘OH
£ OH? \
t-_2__ \
("}d?) QH 6 HO, Hyp 6
HO—""2 3 OH HO—— 2 \—OH
(27 (28) X =Cdt or Mn2*+

Figure 13:  Coordination sites of cis-inositol

Based on this argument, they concluded that the smaller ions are better coordinated

in the triaxial cavity than in the ax-eq-ax hole and vice versa for large cations and



that ionic charge had little or no effect on the coordination site. This argument seems
logical, however, while size of the cation is a vital factor, it cannot be said
conclusively that Mn®* and Cu®" coordinated to O-2, O-4 and O-6 of cis-inositol. The
reason being that cis-inositol has four coordination sites, three ax-eq-ax and one
triaxial. Thus from a close look at the figure 13 (27) one may suggest a possibility of
coordination at O-4, O-5, and O-6. At this position, two axial hydroxy groups (O-4
and O-6) are involved and thus a more significant effect on their signal will be
observed than on the others. In this respect, the results can only be confirmed if a
molecule of the conformation as shown in figure 14, was used because it would be
certain that complexation only occurred at a triaxial cavity since inversion is not

possible nor are alternative coordination sites available.

HO OH OH

|

Q
RN
|

H

O

(29)

Figure 14:  Scylla-inositol orthoformate: triaxial site- only site for coordination

Similar work and observations were made by Angyal, Greeves and Pickles (1974)
when they reported that the signal of the methyl hydrogen in the "H NMR spectrum
of 2-deoxy-2-methyl-epi-inositol (30), shifted upfield on addition of either calcium or
magnesium ions suggesting a possibility of ring inversion to provide a favourable

coordination site (31).

OH

B OH__on

HO OH

(30) (31

Figure 15: Ring inversion of 2-deoxy-2 methyl epi-inositol
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Angyal, Littlemore and Gorin (1985) studied *C NMR chemical shift changes of
epi-inositol induced by various lanthanide ions in deuterated water (D,0). From the
chemical shift data, they deduced that lanthanide cations such as La™, Ce™", Pr™,
Nd*, Sm*>*, Eu®" and Tb™ cause changes in the *C NMR spectra of epi-inositol
which showed no regularity. They suggested that the reason for this is that ionic radii
decrease along the lanthanide series which on coordination, affected bond angle

distortions differently.

NMR spectroscopy can also be used to obtain formation constants of metal-organic
complexes. Beatie and Kelso (1981) used “"C NMR data to estimate the equilibrium
constant of calcium-sorbitol (D-glucitol) complexes in D;O. They assumed that the
chemical shifts reflected an equilibrium between uncomplexed sorbitol and a single
calcium-sorbitol complex. Hence, they were able to deduce equilibrium dynamics of
the complex and uncomplexed ligand but did not propose a structure for the
complex. Based on this assumption they formulated a relationship between the

equilibrium constant and the chemical shift of each resonance as follows:
1/dops = 1/d. +1/(d. K[Ca®"]).

Where:  d. is the difference in chemical shifts of uncomplexed and complexed
dos is the shift from the resonance position of uncomplexed ligand
K 1s the equilibrium constant.

In this work, Beatie and Kelso determined an equilibrium constant of calcium-
sorbitol complexation system for each carbon atom by plotting 1/d. against 1/[Ca”"]

(Table 3).

Table 3: Equilibrium constants, K, of D-glucitol calcium complex derived
from *C NMR chemical shifts (Beatie and Kelso 1981)

Carbon atom K (Lmol") K (Lmol")
4°C 36°C

Ci 1.9x20.7 0.7 0.7

C3 0.7+0.2 02102

C4 1.6x04 1.1+£04

Cé 0504 02104
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Similar work was undertaken by Angyal and Hickman (1975) when they studied
complexes of carbohydrates with metal cations. In their work they reported that if a
divalent cation (M*") and ligand (L) combine reversibly to form a 1:1 complex

(ML) then, K, the stability constant can be determined by:

K = ((ML* VM7 I[LD{An/AnA).

Where: Am 1s activity coefficient of complex
Ap, 18 activity coefficient of metal cation

A is activity coefficient of ligand

If the activity coefficients are known and concentrations of the complexed and
uncomplexed species are also known, then the value of K can be calculated.
However, Angyal and Hickman (1975) noted that the above assumption did not work
well with cis-inositol because cis-inositol tended to form 1:2 complexes in which
case two constants needed to be defined. Using an ion-selective electrode to measure
cation concentrations, they found the stability constants of epi-inositol with calcium,
strontium and barium were 2.2, 2.1 and 1.8 Lmol”' respectively. However, using the
same method for ¢is-inositol, it was found that the calculated constants varied
between 10 to 20 Lmol ' suggesting the possibility of 1:2 ligand:cation complex.
Angyal (1989) reported that this stoichiometry phenomenon coupled with non-
availability of standard values of activity coefficients of ions led to unsatisfactory
determination of stability constants of cation-ligand complexes. However,
approximate complex stability constants have been calculated using known
concentrations and the assumption that coordination is 1:1. The stability constant
values determined in this way provide a guide on how strongly or weakly a particular

ligand coordinates with different cations.

Application of NMR spectroscopy in coordination studies provides vital information
regarding the configuration of the ligand-cation complex and also approximate

complex formation constants can be calculated.
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1.3.4  Paper electrophoresis

An early popular method for coordination studics was paper electrophoresis. Angyal
and Mills (1979) reported that paper electrophoresis in an electrolyte containing
calcium ions is a suitable method for the separation and characterisation of many
polyols. Although this method is also useful for detection of complex formation
between a ligand and a cation in solution, it does not provide structural or
stoichiometric information for the resultant complex. Relative electrophoretic
mobility values will show the extent of coordination and can be used to approximate
complexing abilities of vartous ligands. However, geometry and size of the resultant
complex plays a vital role to influence the level of mobility of the complex in an
electrolyte (Angyal and Mills 1979). Angyal and Mills (1979 and 1985) observed
that cyclitol complexes migrate towards the cathode and that the rate of mobility
indicates the relative extent of coordination. Electrophoretic mobilities of some
cyclitols such as cis-inositol, epi-inositol and other polyols that have axial-
equatorial-axial hydroxy group arrangement are casily detected (Angyal, 1989).
Among the cyclitols however, cis-inositol has been observed to have the greatest
mobility with all the cations studied, hence, cis-inositol has been used as a reference
material in many complexation studies (Angyal, 1989 and Angyal and Mills, 1985)
(Table 4).

Table 4:  Relative electrophoretic mobilities of some cyclitols.

Inositol Mobility (M,)
cis-inositol 1.0
epi-inositol 0.44
allo-inositol 0.48

muco-inositol 0.11
myo-inositol 0.07
scyllo-inositol 0.04
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Although electrophoretic mobility gives a quick indication of coordination ability of
cyclitols, it does not provide information of resultant complex structure nor can the
data be used to approximate stability constants. Comparatively therefore, NMR

spectroscopy is a much better method than electrophoresis.

1.3.5  Ion exchange thin layer chromatography

In this method, complexation abilities of polyols is ascertained by comparing Ry
values on an ion exchange thin layer plate. Angyal (1989) reported that compounds
which complex strongly are retained and have low Ryvalues whilst those that
complex weakly move with the solvent front, having Ry values ~0.9. Complex
formation and how strongly a ligand forms complexes with a particular cation can
thus be detected easily by this method and a qualitative description and comparison
can also be achieved. Again, the problem with this method is that no information
regarding the structure of the resultant complex is provided. Angyal and Craig
(1993) applied ion exchange chromatography to determine Revalues of several

carbohydrates, both cyclic and acyclic (Table 5).

Table 5: Ion exchange R, values {(Angyal and Craig, 1993)

Polyol La™" Ce™* Pr'” Nd™ Sm™*
Xylitol 0.48 0.46 - 0.39 0.33
Ribitol 0.75 - - 0.70 -
Arabinitol 0.65 0.60 - 0.54 -
Altritol 0.66 0.58 - 0.50 -
Frucotose 0.71 0.73 0.74 06.74 -
epi-inositol 0.39 0.34 - 0.28 0.15

Clearly, these data show that cations coordinate to a different extent with each of the
ligands, but that the relative ability of the carbohydrate to form complexes does not
change significantly. For example, La’", Ce’" and Nd** show that the coordination

trend is epi-inositol > xylitol > arabinitol ~ altritol > fructose ~ ribitol.
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This method is useful in that like electrophoretic mobility, a quick guide of
complexation trends of the carbohydrates can be obtained. However, stability
constants of complexes cannot be determined, and neither can structural information

for the complexes, so therefore NMR spectroscopy is also superior to this method.

1.3.6  X-ray crystallography

One of the most powerful methods in ligand-cation complex structure determination
is X-ray crystallography. Angyal and Craig (1993) used X-ray crystallography to
determine the crystal structure of galactitol.2PrCl;. 14H>O and hence determined the
oxygens which were involved in coordination. They observed that the cation was
coordinated to ligand oxygen atoms in addition to water molecules and that hydrogen
bonding reinforced the structure. Clearly this work provides vital information on
how cation-hydroxy group coordination occurs although the crystalline structure may
not necessarily provide evidence for the structure of the complex in solution. Burger
and Nagy (1990) pointed out that when such crystalline complexes are dissolved in
water, the hydrogen bonds may break and the solvent molecules, usually water, will
replace the ligand from the coordination. In which case, only strongly bound
complexes will persist. Dheu-Andries and Perez (1983) reviewed in more detail the
structures of sugar complexes with calcium cations. They observed that, generally,
calcium ions are coordinated to eight oxygen atoms in a square-antiprismatic
arrangement. An example of this type of coordination is that provided by Ollis et al.

(1978) as shown in figure 16 where ax-eq-ax oxygens are involved.

It should be pointed out that complexation studies by x-ray method is only useful if
the resultant complexes are sufficiently stable such that they can be isolated and

single crystals grown for x-ray analysis.
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Figure 16:  Calcium complex of D-allopyranosyl-D allepyranoside

1.4 SCOPE OF THIS PROJECT

This project aimed to study the interaction of cyclic polyols (inositols) with metal
cations and metallate anions to gain an understanding of the likely behaviour of
organic compounds in Bayer liquors. The results may help identify potential
crystallisation poisons and add to the understanding of inhibition in gibbsite

precipitation. This aim was to be met by the following objectives:

1.4.1  Synthesis of inositols

Synthesis of ligands as only mye-inositol was readily available. cis-Inositol and epi-

inositol are either unavailable commercially or prohibitively expensive.

1.4.2 Coordination modalities

The coordination modalities of AFF* with some inositols, in comparison with other
cations such as Ca’', Ga’', La"" and Sm"", under neutral conditions, using, *C NMR,
HPLC and ion exchange thin layer chromatography were investigated. The basic
objective was to compare the coordination abilities of the cations and inositols and
determine possible coordination sites of the ligands and the effects of configuration

and cation size, and hence, possible structures of the complexes formed.

1.4.3 Coordination trends under basic conditions
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Coordination studies with aluminate are an important aspect in relation to the Bayer
Process, which operates under basic conditions. 3C NMR spectroscopy experiments
of inositols /aluminate interactions, when compared with cation data, would be
expected to give information with respect to ligand coordination sites and possibly

the nature of the aluminate-inositol interaction.
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CHAPTER 2- Experimental Procedures

2.1 GENERAL EXPERIMENTAL DETAILS

2.1.1  Nuclear magnetic resonance (NMR) spectra

NMR spectra were obtained by using a Varian Gemini 200MHz NMR spectrometer.
BC NMR spectra were recorded at a frequency of 50MHz. Two solvent systems were
used, deuterated water (D,0) with tertiary-butyl alcohol as an internal standard at a
chemical shift of 31.6ppm and deuterated chioroform (CDCL) with a solvent
reference chemical shift of 77.7ppm. For better resolution and heteronuclear
correlation (HETCOR) data, a Bruker 500MHz instrument was used. Errors were
based on the digital resolution set for the acquisition of spectra (0.3 Hz/pt).

Therefore an error of +/- 0.6 Hz (approximately (.01 ppm) was assumed in this

work.

2.1.2  Infrared (IR) spectra

Infrared spectra were acquired using a Bruker Vector 22 Fourier Transform Infrared
spectrometer (4000-400 cm™, 4 cm™ resolution, using the KBr disc technique) and a
Bruker IFS 66 (4000-400 cm™, 4 cm™ resolution) for horizontal attenuated total

reflectance measurements of solutions.

2.1.3  High performance liquid chromatography (HPLC)

A Waters 410 HPLC was used for all HPLC analyses with the following conditions:
Pressure : 2500 psi

Detector : Waters differential refractometer

Columm  : 5 micron, spherical C;3 reverse phase (Supelco).

Flow rate : 0.6mL/minute
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2.2  CHEMICALS AND MATERIALS USED

Table 6: Chemicals and materials used

Name Grade Source

glyoxal solution(40%) AR Aldrich Chemicals

Ethyl acetate AR Ajax Chemicals
Petroleum spirit AR Ajax Chemicals

Ethanol GP Ajax Chemicals
Methanol AR Ajax Chemicals
Aluminium sulphate AR BDH Chemicals
Gallium oxtde AR Aldrich

Calcium chloride AR BDH Chemicals
Samarium oxide AR Aldrich

Lanthanum oxide AR Aldrich

Pyridine AR Ajax Chemicals
Phenylhydrazine AR BDH Chemicals

Sodium sulphate AR Ajax Chemicals

Sodium hydroxide AR Ajax Chemicals

Sodium sulphite AR Sigma Chemical Co. Inc.
myo-Inositol AR Sigma Chemical Co. Inc.
N,N-Carbeonyldiimidazole AR Sigma Chemical Co. Inc.
Silica gel AR Ajax Chemicals

Dowex x2 (100-200 mesh) AR Aldrich Chemicals
Hydrochloric acid AR BDH Chemicals

Nitric acid AR BDH Chemical Co.




Sulphuric acid AR Aldrich Chemical Co.
Hydrogen gas HP BOC Gases
Nitrogen gas HP BOC Gases
Acetone GP Ajax Chemicals
Tertiary butylsilyl chloride AR Aldrich Chemicals
Chloroform AR Ajax Chemicals
Palladium metal Coin (99.9%) | Perth Mint
Tertiary butyl alcohol AR. BDH Chemicals
Deuterated chloroform 99% BDH Chemicals
Sodium chloride AR Ajax Chemicals
Deuterated water 99% ANSTO
Trichloroacetic acid AR BDH Chemicals
Trifluoroacetic acid AR Fluka Chemicals

2.3 SYNTHESES

2.3.1 Tetrahydroxyquinone

Tetrahydroxyquinone was synthesised according to the procedure described by
Fatiad and Sager, (1973) (figure 17), in a yield of 7.5% (literature 6.2-8.4%, m.p.
310-315 “C, literature >300 °C, Aldrich (1990-1991)).

0
HO OH
3C2H202 L.
(2)HC!1 HO OH
)
(20)
glyoxal tetrahydroxyquinone

Figure 17:  Synthesis of tetrzhydroxyquinone
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The tetrahydroxyquinone was synthesised to be used as the starting material for the

synthesis of cis-inositol as described by Angyal, Odier and Tate (1995).

2.3.2 Synthesis of epi-inositol

Synthesis of epi-inositol (23) was carried out according to the method described by
Posternak (1952). Myo-inositol (33) was oxidised by concentrated nitric acid on a
hot plate in a porcelain dish and then neutralised with concentrated sodium
hydroxide solution to obtain DL-epi-inosose (34). The DL-epi-inosose was treated
with phenylhydrazine solution in acidic condition to yield DL.-epi-inosose-2
phenylhydrazone (35). This step is necessary to separate DL-epi-inosose from the
unoxidised myo-inositol which remained in solution. The hydrazone was then
selectively oxidised under acidic and hot conditions to yield pure epi-inosose (34).
The epi-Inositol was obtained in a low yield of 10%, m.p. 190-196°C (Posternak
1952, 190-196 ° C) by reduction of epi-inosose under a hydrogen atmosphere with
palladium metal as a catalyst. The heteronuclear correlation spectra gave the
following assignments: C-3, 68.8 ppm, C-6, 72.0 ppm, C-1,5, 73.8 ppm and C-2 4,
76.5 ppm. This assignment is consistent with published data by Angyal and Odier
(1982), 67.8, 71.1, 72.7 and 75.5 ppm.
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Figure 18:  Synthesis of epi-inositol

2.3.3  Synthesis of cis-inositol from tetrahydroxyquinone

The synthesis of cis-inositol (19) was carried out by following the method described
by Angyal, Odier and Tate (1995).

0
HO OH OH OHOH
—_—
HO OH
HO OH

0
(20) (19)

Figure 19:  Synthesis of cis-inositol

Tetrahydroxyquinone (4.5g, 31.7mmoles) reduction under a hydrogen atmosphere
and palladium metal catalyst yielded a crude product (4.36g, 97%). HPLC analyses
gave three peaks at retention times 4.10 minutes (~50%), 4.28 minutes (~8%) and

4 46 minutes (~40%). These retention times corresponded to myo-inositol, epi-
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inositol and cis-inositol respectively, as was confirmed by running standard inositols.
The most difficult task in this exercise was to separate and purify cis-inositol using
Dowex resin, as suggested by Angyal, Odier and Tate (1995). Elution fractions,
which were reported to contain pure ¢is-insitol, were in this exercise found to
contain traces of myo-inositol. The earlier fractions (2.25¢g) contained myeo-inositol

(50%) and traces of other inositols.

Since cis-inositol was being recovered in small amounts in any one fraction (30mL)
and usually not completely pure, (approximately 90% purity) other methods of

purification were investigated.

2.3.3.1 [Isolation of cis-inositol via isopropylidenation

Attempts were made to isolate cis-inositol by isopropylidenation in order to obtain it
about 99% pure. This is because the previous chromatographic method used, usually

gave a product contaminated with myo-inositol (33).

The crude hydrogenation product (2.5 g) was dried in a vacuum desiccator for 72
hours. The dried material was refluxed with dry acetone and p-toluenesulphonic acid
(0.1g, 0.01 mmoles) for 24 hours. The isopropylidenation product was purified using
silica gel chromatography column with ethyl acetate / petroleum spirit mixture as
eluent using each mixture (100mL) in increasing polarity. The elution solvent

mixtures were prepared as shown in Table 7.
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Table 7: Ethylacetate/petroleum spirit mixture ratios.

Mixture ethyl acetate (%) Petroleum spirit (%)
1 0 100
2 5 95
3 10 90
4 15 85
5 20 80
6 25 75
7 30 70

OH
OH o OH OH OH
HO OH
HO OH HO

(19)

|
ﬁﬁ
O

(36)

(33)

reflux/ H T

l acetone (dry)/

O
OH
0 OH

0

Figure 20: Isopropylidenation of cis-inositol

(37)

The eluted products were dried on a rotary evaporator to yield mixture 1 (0.3 g),

mixture 2 (0.5 g), mixture 3 (0.8 g), mixture 4 (0.6 g), mixture 5 (0.1 g), mixture 6
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(0.1 g) and in mixture 7 nothing was recovered. The recovered products were
dissolved in deionised water (10 mL) and p-toluenesulphonic acid (0.05 g) was
added and the mixtures were heated on a water bath (60-80 °C) for 5 hours then
dried and recrystallised from methanol. Mixtures I, 2 and 3 yielded white needle-like
crystals with m.p. 220-226°C. *C NMR gave three signals, 74.42, 75.06 and 73.78
ppm and HPLC gave two retention time peaks, 4.46 (80%) and 4.40 (20%). The
products from the polar mixtures gave numerous peaks in the °C NMR spectrum
and HPLC retention time scale indicating that they were very impure. Initially it was

anticipated that hydrolysis of structure 36 would give cis-inositol.

2.3.3.2 Purification of cis-inositol

It was observed that pure cis-inositol from the hydrogenation product would not
recrystallise from a ethanol/water (3:1) mixture successfully, as reported by Angyal,
Odier and Tate (1995). If, however, the solution was dried under vacuum, the
residues showed the presence of cis-inositol and other inositols in minor amounts,
both on HPLC and "*C NMR analyses. In an effort to recover the pure cis-inositol,
the inositol residues {1.03g) from column elution (fractions 15-45) were dissolved in
methanol (10mL) with warming. Ethyl acetate (5mL) and petroleum spirit (40-70,
SmL) were mixed and the mixture added dropwise to the inositol solution until
distinctly cloudy. The mixture was covered and let stand for five hours at room
temperature (26°C). White needle crystals (0.25g, 25% yield, m.p. 311-314 ° C)
formed and were collected by filtration. The crystals (5mg) were dissolved in
deionised water (20mL) and analysed by HPLC. The HPLC chromatograms showed
100% cis-inositol at retention time 4.56 minutes and '’C NMR spectra (69.38 and
75.70 ppm), Angyal and Odier (1982 ) reported 68.9 and 74.5 ppm.

2.34  Synthesis of myo-inositol carbonate

The first step in the synthesis of myo-inositol carbonate was to convert mye-inositol
into its mono-orthoformate (figure 21), according to the procedure described by

Kishi and Lee (1985). A colourless crystalline product was obtained.
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Figure 21:  Synthesis of myo-inositol mono-orthefermate

Yield 94%, m.p. 298-301°C, *C NMR, 8 61.57, 67.80, 70.67, 75.86, and 103.27.
Kishi and Lee (1985) reported yield 91%, m.p. 300-303 °C and "C NMR (5: 61.0,
68.94, 70.47, 75.25 and 103.84).

2.3.4.1 Purification of the orthoformate derivative

The myo-inositol mono-orthoformate was converted into the triacetate as described
by Vasella e al. (1988), except that the mono-orthoformate (22.82g, 0.12moles) was
added to a mixture of pyridine (50mL) and acetic anhydride (50mL) and was
allowed to stand overnight, (Angyal, 1999). Ice water (150mL) was poured on to the
solid product that resulted. The triacetate crystallised out and was filtered off on a
Biichner funnel (41.03g, 0.12moles, m.p. 168-172° C), (Kishi and Lee 1985, m.p.
173-174°C), 'C NMR 8:21.29, 21.68, 63.77, 66.91, 68.28, 69.68, 103.11 and
169.90.

The triacetate (5.012g, 20mmoles) was dissolved in dry methanol (20mL) and
sodium metal (0.005g, 0.2mmoles) was added and the mixture warmed over a water
bath at 50°C for 1 hour and the methanol removed under vacuum. Pure myo-
inositolmono-orthoformate (3.15g, 0.02moles, 100% yield), was recrystallised from
methanol (10 mL) m.p. 301-304°C, >C NMR &: 61.87, 69.20, 71.25, 76.34 and
104.16.
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2.3.4.2 Introduction of the silyl ether group

A solution of the mono-orthorformate (1.923g, 10mmoles) in dry DMF (20mL) was
prepared. tertiary-Butyldimethylsilyt chloride (2.00g, 13mmoles) and imidazole
(1.82g, 25mmoles) were dissolved in dry DMF (30mL) in a three necked flask under
a nitrogen atmosphere. The solution was then cooled to 0 °C and by using a
dropping funnel, the mono-orthoformate-myo-inositol solution was added to the flask
dropwise over a period of 2.5 hours with continuous stirring. The reaction mixture

was then stirred for 24 hours (figure 22).

H
H |
0 (IJ O SiCl o— C\“O
\ | 0
2 |
—_—
oH OH OSi+
OHOH OH |
(38) (39

Figure 22:  Synthesis of tertigry-butyldimethylsilylmono-orthofermate-pryo-inositol

The silylated mono-orthoformate (39) (0.98g, 3mmoles, 30% yield, m.p. 176-179° C
(Kishi and Lee 1985, m.p. 179-181°C, yield 48%) and "C NMR &: -4.54,19.12,
26.58, 61.47, 68.95, 69.55, 75.62 and 103.13) was collected and purified as
described by Vasella ef al. (1988). The spectroscopic data agree with that published
by Kishi and Lee (1985).

2.34.3 Formation of the protected myo-inositol carbonate

tertiary-Butyldimethylsilyl-mono-orthoformate-myo-inositol (39) (0.10g,
0.3mmoles) and N, N-carbonyldiimidazole (0.40g, 3mmoles) were dissolved with

stirring in dry tetrahydrofuran (TF, 15mL), and stirred for 2 hours (figure 23).
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Figure 23:  Synthesis of tertiary—butyldimethy]silylmono-orthoformate-myo-inositol carhonate

Solutions of the silylated mono-orthoformate (39) (0.9g, 3mmoles) in dry THF
(20mL) and N, N-carbonyldiimidazole (2.02g, 13mmoles) in dry THF (60 mL) were
then added to the reaction mixture stowly from two separate dropping funnels. This
was done in order to maintain the concentration levels of the reactants to a minimum
because at high concentration levels side reactions tend to occur (Angyal 1999). The
reaction mixture was continually stirred and kept under a nitrogen atmosphere. After
the additions were completed, the reaction mixture was further stitred for 2.5 hours,
then warmed up to 50°C and water was added dropwise initially. Addition of water
continued until the solution became visibly cloudy (250mL), and was kept ina
refrigerator for 12 hours. Glistening crystals (0.88g, 2.8mmoles) of the carbonate
derivative (40) were collected and recrystallised from ethanol, m.p. 198-202 °c,PC
NMR &: -4.13, 19.05, 26.30, 60.70, 69.30, 70.90, 75.50, 102.60 and 182.5, IR
1755, 2928, 1390 and 1169 cm™.
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2.3.4.4 Hydrolysis of substituents groups

a) The protected myo-inositol carbonate (40) (0.63g, 1.9mmoles) was dissolved
i trifluoroacetic acid (60% solution in water) and stirred at room temperature for 24
hours (figure 24). The triflucroacetic acid was removed by evaporation under
reduced pressure and the residues (0.305g) recrystallised from hot methanol to give
white crystals (0.269g, 43% yield, m.p. 187-191 ° C). The *C NMR spectrum
revealed that the hydrolysis resulted in other side reactions such that the end product

was a mixture of a few products.

L
O—C —O ,
AN i OH OH
0 OSi >
\ ' 0 OH
O—C% 1
O
(40) {(41)

Figure 24:  Hydrolysis of tertiary-butyldimethylsilyl-m po-inositel carbonate meno-
orthoformate (40)

)  The protected myo-inositol carbonate (40) (0.63, I.9mmoles) and
trichloroacetic acid solution ( 60%, 20 mL) in water was stirred at room temperature
for 24 hours (figure 24). Work up followed by recrystallisation from ethanol gave
white crystals of myo-inositol carbonate (41) (0.335g, 1.6mmoles, 84% yield, m.p. =
204-209°C. "C NMR 8 : 73.19, 74.24, 74.46, 76.41 and 184.57 ppm, IR 3385,

2922, 1757, 1447, 1147, 1050, 1001 cm™ (Angyal, 1999, m.p. 205-210 ° C).



2.4 PREPARATION OF SOLUTIONS FOR COORDINATION
STUDIES

24.1 Ligand Solutions for NMR Studies

myo-Inositol and epi-inositol (0.504g, 2.8 mmoles) were dissolved in DO (10mL) to
give a concentration of 0.28 M. cis-Inositol (0.100g, 0.56 mmoles) was dissolved in
D;0O (10 mL) to give a concentration of 0.056 M and myo-inositol carbonate
(0.505g, 2.8 mmoles) was dissolved in D»O (10 mL) to give a concentration of

0.28 M.

2.4.2  Cation solutions

Stock solutions of Ca>*, AI*, Ga**, Sm®" and La®" (0.28 M) were prepared in DO
{20mL) for coordination studies of epi-inositol, myo-inositol and myoe-inositol
carbonate. For coordination of c¢is-inositol stock solutions (1.028 M) of the above

cations were prepared.

2.4.3 Sodium aluminate solution

Sodium hydroxide (1.00 g, 25 mmol) was dissolved in D;O (20 mL) and was heated
to about 80° C to give an NaOD solution, Clean aluminium wire (0.34 g, 12.5
mmol), was dissolved in the hot NaOD solution. The solution was then filtered
through a 0.45 micron membrane filter to remove any solid particles. The filtrate was
made up to 25 mL with hot D,O to give an aluminate solution of 0.50 M in 1 M
NaOD.

244 NMR Complexation Ratios

The ratios in Table § were used for all NMR coordination studies undertaken.
However, for HPLC the concentration of ligand was reduced to 0.0014M and
equivalent cation concentration was added to achieve the ratios as shown in Table 8.
The concentration of the ligand was maintained constant as the concentrations of
cations were changed. This was achieved by fixing the volume to 1mL for all

coordination ratios.
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Table 8: Coordination ratios

Ligand Ligand Cation Cation D,0 make Ratio
(mmol) volume volume {mmoles) up volume

(mL) (uL) to ImL L:M

(ML)

0.14 0.5 0.0 0.000 500.0 1:0.00
0.14 0.5 62.5 0.035 437.5 1:0.25
0.14 0.5 125.0 0.070 375.0 1:0.50
0.14 0.5 187.5 0.105 312.5 1:0.75
0.14 0.5 250.0 0.140 250.0 1:1.00
0.14 0.5 3125 0.175 187.5 1:1.25
0.14 0.5 375.0 0.210 125.0 1:1.50
0.14 0.5 437.5 0.245 62.5 1:1.75
0.14 0.5 500.0 0.280 0.0 1:2.00

2.5 THIN LAYER ION EXCHANGE CHROMATOGRAPHY

Ion exchange thin layer chromatography plates ( Na' form) were rinsed with
deionised water (200 mL) and soaked in hydrochloric acid (3M, 150 mL) for 24
hours and then rinsed with deionised water (250 mL). After air drying they were
then soaked in aluminium, calcium, lanthanum or gallium solutions (0.56M) for 72
hours. Finally the plates were washed and rinsed with deionised water (300mL) and
air dried. Solutions of myo-inositol, myo-inositol carbonate, epi-inositol and cis-
inositol (10mg mL"* each) were prepared. Thin layer chromatographs of the inositols
were concurrently developed on each cationic plate using deionised water as solvent.
Spots were visualised by spraying the plates with sulphuric acid (10% in ethanol)

and heating on a hot plate.

37




Chapter 3 - Results and Discussion

3.1 SYNTHESES

3.1.1  Synthesis of epi-inositol

epi-Inositol was successfully synthesised although the yield was low. The loss of
yield was apparently because the oxidation of mye-inositol to epi-inosose as
described by Posternak, (1952) (figure 18) gave a yield of only 20% with most of the
myo-inositol being over oxidised. As a future consideration, the yield may be
improved by changing the oxidation step so that it can be better controlled. One
possibility for improvement would be to use 35% nitric acid instead of the
concentrated acid to effect milder oxidation conditions. If the yield of epi-inosose can
be improved, it then follows that the overall yield of epi-inositol would improve too

because the reduction of the epi-inosose produces epi-inositol in 80% yield.

3.1.2  Synthesis of cis-inositol

O
HO OH OH OHOH
Pd/H, OH
—T
HO OH
HO OH
O

(20) (19)

Figure 25:  Synthesis of cis-inositol

The synthesis of cis-inositol was successfully undertaken but the experimental yield
was between 5-8% pure product and 25% crude product, (Angyal, Odier and Tate,
1995, reported 30% yield pure product). The low yield was due to the loss of cis-
inositol during the chromatographic separation. HPLC analysis showed that the first
eluted fractions (1-14) had some cis-inositol mixed with other inositols, mainly myo-
inositol (80-90%). This was not expected because according to Angyal, Odier and
Tate, (1995) only eluted fractions 15- 45 (30mL each) were expected to contain pure

cis-inositol while the other inositols were eluted in the first fourteen fractions. In this
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work it was found that only 5-8% of cis-inositol was found in fractions 15- 45, The
PC NMR spectrum in D0 of the purified product gave two signals assigned as
C1,3,5 (69.38 ppm) and C2,4,6 (75.70 ppm). The results agreed with those reported
by Angyal and Odier (1982), C1,3,5 (68.9 ppm) and C2,4,6 (74.5 ppm). It should
be noted that recrystallisation of cis-inositol from water:ethanol (1:3) mixture as
suggested by Angyal, Odier and Tate, (1995) did not work successfully. The cis-
inositol did not recrystallise as expected. Hence, an ethylacetate/petroleum spirit
mixture (1:1) was used to recrystallise the cis-inositol from methanol. This worked

very well as the crystals came out of solution nicely within two to three hours.

Attempts were made to maximise the recovery of cis-inositol by isopropylidenation
of the hydrogenation product. However, the extracted crystals gave three signals,
73.78, 74.42 and 75.06 ppm, in the *C NMR spectra which indicated that the
recovered product was not the expected cis-inositol. It is suspected that the reaction
was refluxed for too long (24 hours), hence it is likely that the isopropylidenated
product decomposed into a mixture of inositols. Although this initial attempt was not
successful, the reaction methodology should be pursued further as it would provide a

better method to isolate and purify ¢is-inositol.

3.1.3  Synthesis of myo-inositol carbonate

Since the synthesis and purification of cis-inositol proved to be tedious and low
yielding, an alternative inositol was sought. The carbonate derivative of myo-inositol,
(Angyal, 1999) locked in its unfavoured chair conformation, was prepared as it was

expected to have the same coordination properties as cis-inositol.

The myo-inositol carbonate was synthesised and obtained pure, as shown by infrared
and NMR data (section 2.3.4 ). The attachment of substituent groups was done fairly
easily by following the procedures described by Vasella ez al., (1988) and Kishi and
Lee (1985) and a yield of 50% was obtained. However, removal of the substituents
groups by using trifluoroacetic acid solution (Angyal, 1999) was not successful and
the resulting product contained many compounds, as was shown by “C NMR
spectral data. As a consequence of the forcing conditions used, possible side

reactions may include hydrolysis of the carbonated moiety and/ or acid catalysed
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dehydrations. Therefore the use of glacial acetic acid and trichloroacetic acid, both
milder acids, were investigated to hydrolyse the substituent groups. The hydrolysis
did not work with glacial acetic acid but the trichloroacetic acid did. The
trichloroacetic acid was removed from the inositol by the addition of ethanol to the
mixture until it became cloudy. The myo-inositol carbonate separated out and the *C
NMR spectrum gave five signals, (73.19, 74.24, 74.46, 76.41 and 184.57 ppm)
assigned as C1,3, C2, C4,6, CS and C=0 respectively. The presence of the C=0O

group was confirmed by a sharp peak at 1757 cm™ in the infrared spectrum.

Surprisingly, the stability of the myo-inositol carbonate was observed to be limited
because upon standing for about thirty days in a closed sample bottle, the product
decomposed to myo-inositol, as shown by the °C NMR spectrum (appendix 3). It is
suspected that moisture was responsible for the decomposition but further

observations are required to specifically establish the cause of the decomposition.

32 ASSIGNMENT OF THE *C RESONANCES OF THE
INOSITOLS
The assignment of the *C NMR signals for epi-inositol and myo-inositol was done
by heteronuclear correlation analysis of the spectra as described by Silverstein and
Webster (1998) (appendices 1.1 and 1.2). The assignment of the carbon signals in
cis-inositol was not possible by heteronuclear correlation so assignments were based
on the results obtained by Angyal and Odier. The myo-inositol carbonate had
hydrolysed before the HECTOR spectrum was recorded. Therefore, for myo-inositol
carbonate the assignment of carbon signals is tentative and the assignments for C1,3
and C4,6 may be interchanged; similarly C2 and C5 may also be interchanged. The
results are given in Table 9 and compared with the assignments of Angyal and Odier

(1982), and are in agreement with them.

40



Table 9: Assignments of “C NMR spectral resonances of inositols.
{Angyal and Odier, 1982, shown in parenthesis)
Epi-inositol myo-inositol cis-inositol | mye-inositol carbonate
Cl 73.8 (72.7) 73.2 (72.1) 69.4 (68.9) 73.2
C2 76.5 (75.5) 74.2 (73.2) 75.7(74.5) 74.2
C3 68.8 (67.8) 73.2(72.1) 69.4 (68.9) 73.2
C4 76.5 (75.5) 74.4 (73.4) 75.7(74.5) 74.5
Cs 73.8(72.7) 76.4 (75.3) 69.4 (68.9) 76.4
Cé 72.1(71.1) 74.4 (73.4) 75.7 (74.5) 74.5
C=0 184.6

Literature values for myo-inositol carbonate are not available (Angyal 1999).

33 COORDINATION STUDIES

3.3.1 Complexation studies by ion Exchange Chromatography

The ion exchange chromatography results for epi-inositol, cis-inositol, myo-inositol
and myo-inositol carbonate (Table 10) showed a general trend of coordination by

these inositols with calcium, aluminium and lanthanum.

Table 10; R; values of cis-inositol, myo-inositol, myo-inositol carbonate and epi-
inositol on Ca®, A’* and La*" ion exchange plates.

Inositols Ca* AT*" La**
epi-inositol 0.44 0.50 0.20
myo-inositol 0.90 0.51 0.70
cis-inositol 0.10 0.34 0.12
myo-inositol carbonate 0.60 0.60 0.70

Although the interpretation in terms of coordination modalities is not possible from
these results, a general trend of complexation was established. The results show that

cis-inositol binds very strongly with the calcium ion followed by lanthanum and
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aluminium ions in that order. On the other hand, epi-inositol showed strong
interaction with lanthanum ions followed by calcium and aluminium. mzyo-Inositol
and myo-inositol carbonate showed only weak interactions with all the cations used.
However, myo-inositol showed some preference for complexation with aluminium
ions, whereas the coordmation ability of myo-inositol carbonate seemed to be more
or less the same for all the cations studied in this work. The results (Table 10)
suggest that the coordination abilities of the inositols are cis-inositol > epi-inositol >
myo-inositol carbonate ~ myo-inositol. The results of the ion exchange
chromatography give a relative indication in terms of coordination strengths but do
not provide information how the ligand binds to the cation and possible
stoichiometry. Hence, it is not possible to suggest the mode of coordination and

possible coordination sites on the basis of this data.

3.3.2 Complexation studies by HPLC

Attempts to study complexation of epi-inositol with calcium ions by HPLC were
made and the results showed the possible formation of very stable complexes
(appendix 2) which appeared to be directly proportional to the amount of calcium
ions added. The HPLC chromatogram of epi-inositol without calcium ions gave one
peak at retention time of 4.34 minutes and on addition of calcium ions (1:0.25,
ligand:cation) the spectrum gave two peaks at retention times 3.30 and 4.32 minutes.
The peak at 3.30 was broad and small but increased upon progressive addition of
calcium ions and moved on the scale such that at the ratio of 1:1, ligand:cation, the
peak was at retention time of 3.64 minutes and the peak due to epi-inositol had
moved to retention time of 4.26 minutes. This trend continued until at the ratio of
1:2, ligand:cation, only one broad peak was observed at retention time of 3.98
minutes. However, a solution of calcium ions without epi-inositol under the same
conditions gave a broad peak at retention time of ~3.0 minutes which suggests that
the results were subject to interference, probably due to changes in refractive index
of the solution on addition of the calcium ions, so that direct interpretation of the
coordination modalities was in any event not possible, hence the exercise was not

pursued further.
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3.3.3  “C NMR Coordination studies of epi-inositol

The “C NMR chemical shifts of epi-inositol were assigned on the basis of 'H and
BC NMR heteronuclear correlation (HETCOR) studies (appendix 1.1). The
assignment is consistent with that of Angyal and Odier (1982 (Table 9). The
coordination studies were carried out by observing *C NMR chemical shift changes
on sequential addition of cations. Positive chemical shift changes refer to downfield

changes in chemicat shift.

3.33.1 Complexation of epi-inositol with calcium ions

The chemical shift of C2,4 showed a dramatic change upfield as calcium ions were
added up to the ratio 1:1. Further addition after this ratio showed small chemical
shift changes upfield indicating that a moderately stable complex had formed. In
addition to this the signals for C2,4 and C3 broadened whereas the signals for C1,5
and C6 did not broaden, although their chemical shift changes were significant
(figure 26). The increased shift change observed at 2:1 Ca®": inositol ratio is
surprising, as a second coordination site is not available on epi-inositol, and its origin

is not clear.
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Figure 26: “C NMR chemical shift changes of epi-inesitol induced by calcium ions
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These changes suggest that coordination most probably occurred at O-2, O-4 and

(-3, an ax-eg-ax site of epi-inositol in its stable chair conformation (figure 27).

~OH
cq%um.......,.OH OH___ 1y
4
HO 5 2 ] OH
(42)

Figure 27: Possible coordination of epi-inosite) with calcium ions

The surprising result is that C6 had the second largest chemical shift changes after
C2,4. According to Angyal (1989), if the coordination mode is as shown in figure 27,
then H3 should have the largest chemical shift changes which might suggest that C3
should similarly be affected, but this was not observed. However, the fact that the
signals for C2,4 and C3 experienced both significant chemical shift changes and
broadening, suggests that strong cation-ligand interactions occurred at O-2, O-3 and
-4, The signal broadening is considered to be part of the determining factor to
indicate complexation because probably, the signals are broadened due to the
equilibrium between the complexed and uncomplexed epi-inositol. Significant
broadening would indicate moderately rapid exchange between the cation and the

ligand, indicating complexation.

In the '"H NMR spectrum of epi-inositol in deuterium oxide, every hydrogen atom is
distinguishable (Angyal and Hickman, 1975)(see Appendix 1). These authors
reported that a large coupling constant of H6 (J5, 6 = 10Hz) defines the
conformation of the chair form where H1, H5 and H6é are all in axial positions and
that addition of barium, calcium, and strontium caused no changes in the coupling
constant. This observation led them to conclude that epi-inositol complexes in its

more stable chair form and not in the less stable triaxial form.

In this work a proton NMR spectrum of 1:1 Ca”":epi-inositol also confirmed that the

coupling constant of H6 (J1,6 = J5,6 = 10Hz) remained constant and that epi-inositol
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does not invert for coordination to occur. A possible rationale for the strong
interaction at C6 may be due to either polar interactions between uncomplexed
calcium ions in solution and O-6. It is very difficult, however, to understand why C6
is affected more than C1 and C5 as all of them are in the equatorial position of the
stable chair conformation of epi-inositol and also that 2:1 ratio of Ca’ :epi-inositol is

unlikely as a second coordination site is not available.

3.3.3.2 Complexation of epi-inositol with aluminium ions

The magnitude of chemical shift changes as the amount of AP* ion was increased
was quite small, particularly for aluminium:ligand ratios of less than 0.5:1 and only

exceeded experimental error beyond this point (figure 28).
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Figure 28;:  *C NMR chemical shifts of e¢pi-inositol on addition of aluminium ions

The trend lines in figure 28 indicate that there is a weak interaction with carbon
atoms C1,5 and C3 shifting upfield suggesting that AI** ions coordinate weakly with
epi-inositol at O-3, O-1 and O-5. and that the molecule experienced a ring inversion,

as shown in figure 29.



Figure 29:  Possible coordination of ¢pi-inositel with aluminium ions

The suggested mode of coordination agrees with the observation made by Angyal
(1989) that smaller ions coordinate better in the triaxial position. The ax-eq-ax
position which involves O-2, O-3 and O-4 is ruled out in this case because very little
effect is observed on C2,4. Another factor of note is that the A’ ion induced shifts
appear to vary linearly (figure 28) suggesting that the chemical shift change is

dependent on equilibrium dynamics (equation 2).

A +L ALY (2)

If the equilibrium constant is small then the addition of more AY" shifts the
equilibrium to produce more complexed ligand as the AP :epi-inositol ratio increases

beyond 1.

3.3.3.3 Complexation of epi-inositol with gallium ions

The sequential addition of Ga®*"ions to the solution of epi-inositol in D,O causes the
greatest chemical shift changes on C3 followed by C1,5 (Figure 30). This suggests

that interaction occurred at O-1, O-3 and O-5.

Although AP and Ga** belong to group (I1I) of the periodic table, their coordination
suggests there is a difference in that Ga** induces chemical shift changes twice those

of AI*,

This indicates that the complexation stability of gallium-epi-inositol is greater than
that of aluminium-epi-inositol. However, the trend of coordination displayed by Ga'™”
ions is similar to that of AP'* ions in that there is a ring inversion of the epi-inositol

molecule in solution to create a triaxial site for complexation (figure 31).
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Figure 30: *C NMR chemical shifts changes of epi-inositol induced by gallium ions

This difference can be explained as being due to the fact that Ga™ (1= 60 pm) is
larger than AI** (r; = 52 pm) (Lee, 1983) and gallium ions are likely to fit better in the

triaxial cavity than aluminium ions.

. Ga3
B HO " G220

4 OH 0H6 OH

HO 2 OH HO
(23) (44) OH

Figure 31:  Possible coordination of epi-inositol with gallium ions

The level of chemical shift changes effected by Ga’ show that epi-inositol does form
reasonably stable complexes with Ga™" ions and that coordination occurs at the

triaxial site of its high energy conformation.

3.3.3.4 Complexation of epi-inositol with lanthanum ions

Progressive additions of La’" ions resulted in large chemical shift changes with

signals for C1,5 and C6 shifting upfield (figure 32).
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Figure 32: >C NMR chemical shift changes of epi-inositol induced by lanthanum ions.

Also notable was the effect on C3 in that the shift was downfield suggesting that
incremental addition of La’* ions had a deshielding effect on C3. In the stable
conformation of epi-inositol, C1,5 and C6 can not provide a favourable coordination
site as neither a sequential ax-eq-ax nor a triaxial site for complexation are generated
by them, even on ring inversion. The proton NMR spectrum of a 1:1 solution of epi-
inositol:La’" showed that the coupling constant for H6 (J1,6 = J5,6 = 10Hz) did not
change suggesting that ring inversion had not occurred. The La’* ion is large in size
(r; = 106pm, Greenwood and Earnshaw 1997) and according to the observations
made by Dill and Carter (1989) this cation is suitable for ax-eq-ax coordination as
cations of ~100 pm fit into the pocket provided by O-2, O-3, O-4 of epi-inositol.
Cations with radii <80 pm are too small for this binding pocket, but will readily fit
into a 1, 3,5 triaxial pocket. This being the case, it is expected that epi-inositol should
complex with La’" in its stable chair conformation and it follows that the greatest
chemical shift changes should be at C3 followed by C2.,4. In this work C1,5 and Cé
have the greatest chemical shift change, but as coordination is not possible at this
site, the only possible tridentate sites to be considered are O-2, O-3, O-4 and O-1,
0-3, O-5. If coordination occurs at O-1, O-3, O-5 (triaxial pocket) then one would
expect a significant change in the spectrum and the chemical shift changes for C1,5

and C3 to be at least in the same direction. Therefore it is believed that coordination
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most likely occurs at 0-2, O-3, O-4 (the ax-eq-ax pocket) but to verify this "HNMR

was investigated.

Angyal and Greeves (1976) undertook a comprehensive '"H NMR study of lanthanide
complexation with epi-inositol (23) and 2-C-methyl epi-inositol (43).

OH o OH
HO OH
H HO CH, OH

(23) (45)

Figure 33:  epi-Inositol and 2-C-methyl epi-inositol

They proposed that the chemical shift changes effected upon addition of lanthanides
were due to three different mechanisms, through diamagnetic (always downfield),
pseudocontact (dipolar interactions) and contact interactions. In their work they
noted that the induced chemical shifis of H6 of epi-inositol and the methyl hydrogen
atoms of 2-C-methylepi-inositol with various cations were of the same sign and
magnitudes as those due to pseudocontact interactions. Following this observation
they concluded that in the spectrum of epi-inositol the induced chemical shift

changes of H6 are due mainly to pseudocontact interactions.

In this work the '"H NMR induced chemical shifts were determined for a 1:1, La’>":
epi-inositol and a 1:1, Sm’" : epi-inositol solution and the results (Table 11)

compared with those obtained by Angyal and Greeves (1976).

Table 11: 'H NMR chemical shift changes of epi-inositol induced by
lanthanum ions {(Angyal and Greeves, 1976 shown in parenthesis)

Cation | ri(pm) | H1,5 H2.,4 H3 Hé6

L [ 101.6 | 0.04,(0.17) |0.11,(0.27) |0.11,(0.55) |0.09, (0.07)
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These results show a similar trend of events although the magnitudes of induced
chemical shift changes are slightly different. However, it is clear that both results
show that the greatest effect is on H2.4 and H3 indicating that both ions, La'" and

Sm’" most probably coordinate at O-2, 0-3 and O-4 (figure 34).

OH
g OH

La‘3j--j0 f Z—OH
HO- OH

(46)

Figure 34:  epi-Inositol coordination with lanthanum ions

The 'Hand *C NMR data seems contradictory and furher investigation is required.
The 'H NMR data suggests that the lanthanum ions coordinate at the ax-eq-ax site of
epi-inositol (involving the hydroxyl groups on C2,4 and C3), while the PC NMR
data suggests coordination inloving the hydroxyl groups on C1,5 and C6.

3.3.3.5 Complexation of epi-inostol with aluminate anions

In the '*C NMR spectrum of epi-inositol in deuterated sodium hydroxide (NaOD)
solution at approximately pH = 14, all signals shifted strongly downfield after
addition of aluminate compared to the ligand solution in D;O at pH near neutral.
Sequential addition of aluminate anion to the solution of epi-inositol in NaOD then
resulted in chemical shift changes upfield. The results indicate that C6 experienced
the greatest chemical shift change as a function of aluminate concentration, such that
it is possible to suggest an order of chemical shift changes as C6 > C3 ~ C1,5> C2,4
(figure 35). This observation shows a likelihood of interaction at O-6 (moderate), O-
3, O-1 and O-5. However, it was not clear why all the signals shifted dramatically

after the addition of 0.25 equivalents of aluminate.
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Figure 35: '*C NMR chemical shift changes of epi-inositol induced by aluminate anion

In the stable chair conformation of epi-insitol (figure 36), O-6 lies out of plane from
the other O atoms and can not form a coordination site, even if the molecule is

inverted, and it is therefore difficult to suggest a possible mode of coordination for

it.
OH
oH OH__op
ALY /e
HO—4~ 2 ~/—oH
(23)

Figure 36:  Stable chair conformation of epi-inositol

C3 lies directly opposite of the ax-eq-ax site of coordination comprising O-2, O-3
and O-4 and it is a carbon bearing an equatorial hydroxyl group such that if
coordination occurred at this position, C3 in the structure (23) is expected to
experience greater induced chemical shift changes than the other carbons. According
to Angyal, (1989), carbons bearing an equatorial hydroxyl group are expected to
experience greater induced chemical shift changes which in this case was not
observed. In this case, because C1,5 also showed large chemical shift changes as
aluminate anion was added, it is likely the anion coordinated at O-1, O-3 and O-5,

suggesting a possibility of inversion of the epi-inositol molecule to structure (48)



which shows a triaxial site of O-1, O-3 and O-3 coordinated to aluminate species

(figure 37).

(l)H
OH
oH 28 —on
HO 2 OH
(23)

Figure 37:  Possible inversion of epi-inositol

It would appear therefore, that O-6 had a different interaction with the anion, one
possibility is dipolar interaction with the aluminate ion. The aluminate species may
have direct interaction with O-6, in which case C6 will experience changes in

shielding resulting in the large induced chemical shift changes.

An important aspect observed is the fact that the aluminate anion induced greater
induced chemical shift changes for C6 and 2,4 in epi-inositol "C NMR spectra
than does the aluminium ion in neutral solution. This suggests that pH plays a vital
role to influence the coordination ability of a metal ion, in this case the aluminium
ion. In effect these results are consistent with the observation made by Smith,
Watling and Crew, (1996) that availability of organic polyols in the Bayer Process
which operates under similar pH conditions, inhibits gibbsite crystallisation through

surface poisoning or complexation.

3.34 PC NMR Complexation studies of myo-inositol

Angyal and Hickman (1975) and Angyal (1989) reported that the stercochemistry of
myo-inositol hydroxy groups does not favour complexation because the molecule
does not have an axial-equatorial-axial nor a triaxial arrangement of its hydroxy
groups. For any coordination to occur, the complex must therefore provide sufficient
energy to compensate the energy required to convert the molecule into its less
favoured conformation. Angyal and Hickman (1975) reported that for this type of

inversion to occur, about 26 kimol ' free energy must be overcome. It should be



pointed out that because of this large free energy requirement, myo-inositol is likely
to form labile complexes. The unambiguous assignment of the *C NMR spectrum of
myo-inositol was achieved by analysis of the heteronuclear correlation spectrum
(appendix 1.2) following the process described by Silverstein and Webster, (1998).
The assignment is consistent with that of Angyal and Odier (1982).

3.3.4.1 Complexation of myo-inositol with calcium ions

The results show that calcium ions imparted significant chemical shift changes at the
ratio 1:1 myo-inositol: calcium ions for C5 and C2. Further addition of calcium ions
up to 1:1.5, myo-inositol: calcium ions did not produce any chemical shift changes
(figure 38). This suggests that the optimal complexation ratio of myo-inositol:
calcium ion system is 1:1 and that the complex is relatively stable (based on the
relatively small change in chemical shift after a 1:1 ratio of metal ion to ligand).
Myo-inositol can only act as a tridentate ligand when ring inversion has occurred
(figure 39) which generates two possible coordination sites at the O1, O3, O5 and
01, 02, 0O3. Coordination at the 1,2,3 site should induce the greatest shift for C2
(Angyal, 1989) while at 1,3,5 one would expect a shift of all three carbons. Since the
addition of calcium ions has the greatest effect on C2 and CS5, it seems that

coordination may be occur competitively at both sites.

Induced chemical shift changes (ppm)

{ 0.5 1 15 4

Ratio of calcium ions to myo-inositol.

Figure 38: "“C NMR chemical shifts of myo-inositol induced by calcium ions
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The myo-inositol:calcium coordination shows a possibility that the calcium ions
complex at O-1, O-3 and O-5 with large chemical shift changes effected on C5 may
be because it lies directly opposite to the coordination site. The large induced
chemical shifts on C2 may be due to the fact that C2 lies directly opposite to the
plane of coordination. This suggests that ring inversion occurred for coordination to

take place (figure 39, structure 49).

on OH OH
HO
TS T — ol
HO OH
3HO 4 5 NG
OH OH
(33) (49)

Figure 39:  Possible inversion of myo-inositol

3.3.4.2 Complexation of myo-inositol with aluminium ions

Not unexpectedly, a different pattern of results from that of calcium complexation is
clearly displayed by the results for myo-inositol:aluminium ion interactions (figure
40). The results show that the interaction between aluminium ions and myo-inositol
is weak because overall the induced chemical shift changes are small and do not
reach a constant value. In this set of results one sees that the signal for C1,3
experienced the greatest chemical shift changes whereas for calcium it is the signal
for C5. This demonstrates that calcium and aluminium coordinate to myo-inositol
differently. However, it is clear that calcium ions bind to myo-inositol more strongly
than aluminium ions because calcium ions induced larger chemical shift changes

than aluminium ions.
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Figure 40: “C NMR chemical shifts changes of myo-inositol induced by aluminium ions

The stronger interaction at C1,3 and C5 suggest that the aluminium ions weakly
coordinate to O-1, O-3 and O-5. Although the chemical shift changes were not very
large, it is postulated, that aluminium ions coordinated at the triaxial site of the less

stable conformation of myo-inositol (49).

The difference in complexation between calcium and aluminium is due to the
different sizes of the two ions . The small shift changes observed may be due to the
ionic size of aluminium ion (52pm) which is too small to effectively coordinate at the
triaxial pocket. This agrees with the observations made by Angyal, (1989) that

triaxial sites coordinate better with cations with ionic radius of 60 pm.
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3.3.4.3 Complexation of myo-inositol with Gallium ions

The values of chemical shift changes effected by gallium show that myo-inositol
coordinates with gallium much better than aluminium but not as well as calcium
ions. Significant induced chemical shift changes were observed for both signals of
C1,3 and C5. At a 1:1 ratio the observed chemical shift changes are less than those
observed for calcium ions. Further shift changes at ratios greater than 1:1 indicates

that the Ga®" ion complexation is weaker than the Ca* ion complexation (figure 41).
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Figure 41: C NMR chemical shift changes of myo-inositol induced by gallium ions

These shift changes suggest that the myo-inositol molecule experienced a ring
inversion to coordinate the gallium ions. The results in this case show that the effect
on C1,3 and C5 is virtually the same. This observation agrees with that made by
Angyal (1989) that smaller ions (60 pm) coordinate better at the triaxial site than
larger ions such as calcium ion (100 pm). This fact seems not to be applicable to
aluminium ions (52 pm) because, though it is a small ion and belongs to the same
group as gallium (62 pm) on the periodic table, it has not displayed similar
coordination abilities as gallium. The possible reason is that the aluminium ion is
probably too small to fit the triaxial site for optimal coordination, such that the

resulting complex of myo-inositol with aluminium ions is very weak.



These results suggest that cations with an ionic size of 60 pm coordinate better at the
triaxial site than the ions with ionic size of 52 pm or 100 pm, indicating that for
effective coordination at the triaxial site, ionic size plays a vital role. The fact that
C1,3 and C5 experienced the same effect suggest that formation of a complex at the
triaxial site by gallium ions causes little bond angle distortion for O-1, O-3 and O-5.
This observation suggests that the ionic size of 60 pm is optimal for triaxial site
coordination of myo-inositol. The charge of the cation did not appear to play a

significant influence on the complexation in this case.

3.3.4.4 Complexation of myo-inositol with lanthanum ions

The results of lanthanum:myo-inositol complexation show that C5 experienced the

greatest chemical shift changes followed by C1,3 (figure 42).

®Cs5

WC46 |
G2

XCl,3

Induced chemical shift changes (ppm).

0.3 i }
0 0.5 1 1.5 2 25

Ratio of lanthanum ions to mye-inositol.

Figure 42: “C NMR Chemical shift changes of myo-inositol induced by lanthanum ions

This suggests that lanthanum ions interacted with O-5, O-1 and O-3 such that there

is a likelihood that lanthanum ions coordinated at these oxygen atoms (figure 43).



Ho—~OH °H__on
HO OH

(33)

Figure 43:  Possible coordination of mye-inositol with lanthanum ions

In terms of the magnitude of chemical shift change, lanthanum and calcium seem to
have more or less the same effect on myo-inositol. The indications are that they both
effect ring inversion and coordinate at the triaxial position. The induced chemical
shift changes however, are small in magnitude compared to those induced by gallium
but greater than those induced by aluminium ions, suggesting that its complexing
strength lies in between these cations with a possible trend as AI* < La’* < Ga™* for

myo-inositol complexation.

3.3.4.5 Complexation of myo-inositol with aluminate anion

The aluminate anion does not effect large chemical shift changes on myo-inositol
(figure 44). However, the signals for C5 and C1,3 showed slightly larger chemical
shift changes than C2 and C4,6. In this case, therefore, it is possible to suggest that a
very weak interaction occurred at C1,3 and C5 with C1, and C3 experiencing
relatively greater effects than C5. The small upfield (positive) chemical shift changes
may be a consequence at the interaction of the negative aluminate ion causing
shielding of the carbon nuclei as opposed to the deshielding (positive shift) changes

induced by cations.
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Figure 44: "“C NMR chemical shift changes of myo-inositol induced by aluminate anion

3.3.5 C NMR Complexation Studies of cis-Inositol

Dill and Carter (1989) reported that cis-inositol binds more strongly to cations than
the other inositols. The reason being that cis-inositol has four coordination sites,
three ax-eq-ax and a triaxial site. In this work it was observed that the aluminate ion
induced positive chemical shift changes. The reason for this is not well understood
but perhaps it due to the fact that aluminate ion is negative and therefore would be
expected to shield the carbon atoms whereas the cation would deshield them. It must

also be noted that the purity of cis-inositol used was only 80-90%

3.3.5.1 Coordination of cis-inositol with calcium ions

The chemical shift changes induced by Ca’' ions, as can be seen from the figure 45,
reveal that the signal for C2,4,6 had the greatest chemical shift effect. It was noted
that the signal for C1,3,5 initially shifted slightly upfield up to the ratio 1:1,
ligand:cation, but then, changed direction, shifting downfield. On the other hand, the
signal for C2,4,6 shifted strongly upfield.
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Figure 45: *C NMR chemical shift changes of cis-inositol induced by calcium ions

It is likely therefore that the calcium ions coordinated, or at least had strong

interactions with O-2, O-4 and O-6, suggesting a triaxial coordination (figure 46).

2+
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Figure 46:  Possible coordination of cis-inositol with calcium ions

The Ca®™ ion (r; = 100pm) is very suitable for ax-eg-ax site coordination, according
to Dill and Carter (1989). However, Angyal and Hickman (1975) observed that cis-
inositol sometimes forms a 2:1 ligand:cation complex (figure 47). This phenomenon
seems likely in this case because for the 2:1 complex, the molecule would prefer to
coordinate via a triaxial site in order to minimise steric hindrance from the
substituent groups. Dheu-Andries and Perez (1983), in their x-ray crystallography
studies of calcium-sugar complexes, stated that calcium ions are in general
coordinated to eight oxygen atoms in what they described as a “square-
antiprismatic” arrangement (figure 16) and it is suspected that similar interactions
occurred in this work (figure 47). However, octahedral complexes for instance

calcium-EDTA complexes are also known.
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HO (52) OH

Figure 47:  Possible cis-inositol:Ca® 2:1 interaction

In this possibility, it is observed that O-2, O-4 and O-6 for both molecules are all
directly involved whereas the equatorial oxygen atoms are not. In this case therefore
the effect should be greatest on the signal for C2,4,6 as the results indicate, because
all the three oxygen atoms have direct contact with the cation. The second reason is
that the triaxial cavity is small for calcium ion such that for effective coordination,
bond angle distortion is inevitable, hence, the greatest effects on C2,4 and 6. The
possibility that the complexation may have occurred at an ax-eq-ax site involving O-
4, O-5 and O-6 at the ratio of 1:1 ligand:cation (figure 48) is unlikely as this form of

complex would give four signals in the 3C NMR spectrum.

ne 2’;!'_
HO 2o

7,

ou JOH

HO (53) OH

Figure 48:  Possible 1:1 coordination of cis-inositol with calcium ions

Therefore the possible coordination sphere is as shown in figure 47, and is likely to
be octahedral. From these results it is not possible to determine whether additional

waters of coordination are present.

61



3.3.5.2 Complexation of cis-inositol with aluminium ions

A complexation study of cis-inositol with aluminium ions was carried out and the
results show that very little interaction occurred especially at low ratios of A" ion,

(figure 49).
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Figure 49: “C NMR chemical shift changes of cis-inositol induced by aluminium ions

Although the aluminium ions effected little chemical shift changes, the results show
that slightly larger induced chemical shift changes occurred for C2,4,6. It can
therefore be said that A" coordinated to O-2, O-4 and O-6. This suggests
coordination at the triaxial site of cis-inositol as expected for a small cation (r; =52

pm) (figure 50).
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Figure 50:  Possible coordination site of cis-inositol with AP ion

It would seem, however, that the cation is weakly bound because the signals are
affected mainly by the line broadening effect and very little chemical shift changes.
The reason is likely due to the fact that the AI'* ion is too small for effective
coordination and bond angles of the oxygen atoms involved get strained due to
distortions. The results agree with the observation made by Angyal (1989) and Dill
and Carter (1989) that ion size is critical for effective coordination and that small
ions prefer to coordinate in the triaxial cavity. A point worth noting is that the
complexation of aluminium ions with cis-inositol seem to confirm that cations with
ionic radii less than 52 pm would form very weak complexes at the triaxial site of
cis-inositol. This suggests that the triaxial site requires a particular ionic size for

effective coordination.

3.3.53 Complexation of cis-inositol with lanthanum ions

The results show that C1,3,5 had the greatest chemical shift changes overall although
at the ratios 1:0 .25, 1:0 .5, and 1:0 .75 the effect was the same on both signals,
(figure 51). An interesting aspect of these results is that dramatic chemical shift
changes occurred at the ratio 1:1 and that further addition of La** produced no

significant chemical shift changes.
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Figure 51: “C NMR chemical shift changes of cis-inositol induced by lanthanum ions

These results suggest that the threshold of coordination for the cis-inositol:La’*
system, is at the ratio 1:1 and that further addition of the cation impacted very little
effect suggesting that a stable complex is formed. The surprising aspect in this study
was the signals shifting in different directions, the signal for C1,3,5 was shifting
down field whereas that for C2,4,6 was shifting upfield, suggesting that these carbon
atoms were experiencing different effects. Further observations showed that the
induced chemical shift changes for C1,3,5 were larger in magnitudes than for C2.4,6
(figure 51). One would therefore suggest that La’* ions coordinated at the triaxial
site of cis-inositol molecule (figure 52), such that at 1: 1 ratio, there was moderately
stable coordination. In which case addition of more cations would have very little
effect as was the case for these results because the complex species (55) seems to
have no more possible sites for coordination. Although lanthanum ion is a large
cation (101.6 pm), it seems unexpectedly to prefer coordinating at the 1,3,5 triaxial
site as coordination at an ax-eq-ax site would produce a complex with four
magnetically inequivalent carbon atoms and hence four signals in the NMR

spectrum. The reasons for this are not apparent.
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Figure 52:  Possible coordination of cis-inositol with lanthanum ions

La’* ions had significant interaction at O-2, O-4 and O-6, as indicated by figure 51
and the shifts were upfield. This may be due to bond angle distortions which are
likely when the suggested triaxial site coordinates the large lanthanum cation

(101.6 pm).

33.6 "“C NMR Complexation studies of myo-inositol carbonate

myo-Inositol carbonate (figure 24, structure 41) was used in this work because it is
more readily prepared than cis-inositol and was expected to have coordination
abilities similar to that of cis-inositol. This compound has only two complexation
sites, an ax-eq-ax site and a triaxial site and it should be possible to compare
coordination preference of cations with respect to these two sites. However, most of
the cations studied with myo-inositol carbonate have shown preference to complex at
the triaxial site as suggested by the magnitude of absolute values of observed

induced chemical shift changes.

3.3.6.1 Complexation of myo-inositol carbonate with calcium ions

In figure 53, the chemical shift data indicate that calcium ions imparted strong
interaction with the myo-inositol carbonate in solution. Inspection of the figure
shows that C1,3 and C5 experienced slightly greater chemical shift changes upfield

than the other carbons.
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Figure 53: '*C NMR chemical shift changes of myo-inositol carbonate induced by calcium ions

Surprisingly the results seem to indicate that C4,6 and C2 were experiencing more or
less the same interaction effect. However, since the effect was slightly stronger on
C1,3,5 it was tentatively suggested that the calcium ions coordinate to O-1, O-3 and
O-5 of myo-inositol carbonate (figure 54). The strong iteraction may be due to the
fact that calcium ions prefer to coordinate to multi-oxygen atoms of the ligand in
solution as observed by Dheu-Andries and Perez, (1983). Therefore, similar

interaction as predicted earlier (figure 47) might have occurred.

(56)

Figure 54:  Possible coordination of myoe-inositel carbonate with calcium ions
3.3.6.2 Complexation of myo-inositol carbonate with aluminium ions

The results indicate that there was very little interaction between the hydroxy groups

of myo-inositol carbonate and the aluminium ions. However, the small effect
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observed was reflected in C1,3 and C5 as the concentration of aluminium ions was

increased (figure 55).
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Figure 55: >C NMR chemical shift changes of myo-inositol carbonate induced by aluminium
ions

The results therefore suggest a weak interaction between myo-inositol carbonate and
aluminium ions at O-1, O-3 and O-5. Aluminium ions seemed to form much weaker
complexes, if any, with myo-inositol carbonate than with myo-inositol on the basis of

the magnitude of induced chemical shift changes as observed in the two studies.

3.3.6.3 Complexation of myo-inositol carbonate with lanthanum ions

The study of myo-inositol carbonate coordination with lanthanum ions showed a
different pattern of results from that of calcium ions. Experiments involving the
coordination of lanthanum ions with other inositols have shown that sequential
addition of lanthanum ions while maintaining the concentration of the ligand
constant, resulted in progressive increase of the chemical shift changes. On the
contrary, addition of lanthanum ions to the solution of myo-inositol carbonate
showed only a slight effect on the chemical shift changes of *C NMR spectra of

myo-inositol carbonate (figure 56). The results suggest that although they are very
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similar, the magnitudes of chemical shift changes seem to be in the order C1,3 > C5
> (C2 > C4,6. Though increased lanthanum ion concentration showed little effect on
the '*C NMR chemical shifts of myo-inositol carbonate, it is possible, however, to
suggest that in solution myo-inositol carbonate may very weakly coordinate
lanthanum ions at the triaxial site comprising O-1, O-3 and O-5. However, as C1,3
displayed slightly larger induced chemical shift changes, it is also possible that weak
interactions occurred at O-1, O-2, and O-3, an axial-equatorial- axial site. Whatever
is the case, the likely interactions in both cases were very weak as evidenced by

small-induced chemical shift changes.
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Figure 56: '*C NMR chemical shift changes of myo-inositol carbonate induced by lanthanum
ions

3.3.6.4 Complexation of myo-inositol carbonate with samarium ions

Addition of samarium ions to the solution of mye-inositol carbonate also resulted in
very small chemical shift changes (figure 57). Generally the results seem to suggest
that samarium ions ( r; = 96 pm), formed very weak complexes with the myo-inositol

carbonate in solution. However, according to the results, one sees that the order in
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magnitude of the effected chemical shift changes is C1,3 >C5 >C6 >C2,4 indicating
that possibly a weak interaction occurred at O-1, O-3 and O-5 (figure 58).
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Figure 57: “C NMR chemical shift changes of myo-inositol carbonate induced by samarium
ions
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Figure 58: Possible coordination site of myo-inositol carbonate with Sm>* ions

The complexation studies of aluminium, calcium, lanthanum and samarium ions
with myo-inositol carbonate showed that only calcium ions effected a strong
interaction with myo-inositol carbonate. However, all the four cations have shown a
similar trend of coordination, effecting interactions on C1,3 and C5 suggesting
coordination at the triaxial site of myo-inositol carbonate. The reason for calcium

ions interacting relatively strong with the ligand is not clear but the multi-oxygen
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atoms coordination preference of calcium ions in solution as observed by Dheu-

Andreies and Perez (1983) may be one reason.

34 SUMMARY OF COORDINATION STUDIES BY “C NMR
SPECTROSCOPY.
1t should be pointed out that not many studies were done for cis-inositol because of a
lack of sample, whereas the complexation of myo-inositol:samarium ions was not
done because binding abilities of mye-inositol seemed to be weak in comparison
with the other cations similar to Sm®'. myo-Inositol carbonate-gallium complexation
was not done because the myo-inositol carbonate sample had hydrolysed and due to
time constraints another sample could not be made. The myo-inositol carbonate is

base sensitive; hence, coordination studies with aluminate ions were not possible.

3.5 TRENDS OF POSSIBLE COMPLEXATION SITES.

Table 12 shows summary of the possible complexation sites of the inositols as has

been observed in this work.

Table 12: Possible complexation sites of inositols

Inositol Ca® | AP" | Ga* | La¥* | Sm’™ | AKOH),

epi-inositol a-e-a ta ta a-c-a a-e-a ta

() | (w) | (m) (s) (s) ()

myo-inositol ta ta ta ta - ta
m) | (w) [ (m) (W) (w)
cis-inositol ta ta - ta - -
(s) (w) (s)
myo-insitol ta ta - ta ta -
carbonate (m) (w) (W) (w)
Where: a-e-a denotes axial-equatorial-axial.

ta denotes triaxial

w denotes weak,

m denotes medium and
s denotes strong.
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The results seem to show that coordination of cations by epi-inositol can occur
through both ax-eq-ax and triaxial sites. Cations with large ionic size have shown
preference to ax-eq-ax sites whereas cations with small ionic size less than 80 pm
seem to prefer triaxial sites for epi-inositol and cis-inositol although calcium

(100 pm) and lanthanum (101.6 pm) have shown triaxial coordination. The
summarised results, on the other hand show that mye-inositol and myo-inositol

carbonate use the triaxial site to bind all of the cations studied in this work.
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CHAPTER 4 - CONCLUSIONS

This work has established that synthesis of cis-inositol by reduction of
tetrahydroxybenzoquinone yields a mixture of inositols of which myo-inositol is the
major component. Separation of the inositols into their pure form is the most difficult
part of the synthesis. This is because the chromatographic separation technique has
shown that some fractions still yield mixtures of inositols such that only between 5-

8% of the product was pure cis-inositol.

Synthesis of epi-inositol, on the other hand, was succesfully carried out with a 105
yield and the product was shown to be pure by NMR spectroscopy and HPLC
analysis. However, the important aspect of this synthesis was that the epi-inositol

was being obtained pure very easily.

The synthesis of myo-inositol carbonate was also carried out successfully and yielded
34% of the pure product, as confirmed by NMR and infrared spectroscopic analysis.
myo-Inositol carbonate was synthesised because it has two possible coordination
sites, ax-e(-ax and triaxial and it was anticipated to have a coordination ability
similar to that of cis-inositol. A point worth noting is that this product appears to be
sensitive to moisture because after standing for some time, the carbonate signal did

not show on the *C NMR spectrum indicating that it had undergone hydrolysis.

However, the ?C NMR coordination experiments indicated that it coordinated
strongly only with calcium ions, but not with aluminium, lanthanum, and samarium
ions. The coordination mechanism of calcium in this case is not well understood.
However, it is postulated that calcium ions coordinate in a 2:1 fashion, ligand: cation
(structure 52) as suggested by Dheu-Andrries, and Perez, (1983). This may the

reason why significant induced chemical shift changes were observed.

Generally it has been observed that cis-inositol binds strongly with calcium,
lanthanum and gallium but weakly with aluminium ions both in solution and on ion

exchange plates. This observation applies to epi-inositol but not myoe-inositol which
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coordinated better with gallium ions after a ring inversion, as indicated by NMR

spectroscopy complexation studies.

NMR spectroscopy complexation studies showed that the ionic size of the cation
plays a vital role for effective complexation. Aluminium ions (r;= 52 pm) at near
neutral pH show poor interaction with the inositols. On the other hand, gallium ions
(r;= 60 pm) have shown considerably stronger interactions under the same
conditions. This difference is best explained as due to different ionic radii because
both ions belong to the same group (II) of the periodic table and carry the same

ionic charge.

Complexation studies of epi-inosito! revealed that epi-inositol complexes cations
with ionic size greater than 80 pm at the ax-eq-ax site whereas small ions are
complexed at the triaxial site. Among the cations studied with epi-inositol, calcium,
lanthanum and samarium have shown strong bindng at the ax-eqg-ax site of epi-

inositol whereas gallium ions showed medium interaction at the triaxial site.

The aluminate ion displayed a strong interaction with epi-inositol in NaOD. The
NMR data of the system epi-inositol:aluminate showed evidence of possible ring
inversion of the epi-inositol molecule for coordination. This suggested that the
aluminate anion coordinated at a triaxial site of O-1, 0O-3 and O-5. One surprising
observation was that C6 experienced the greatest chemical shift changes despite the
fact that in neither conformation of epi-inositol can O-6 form a favourable
complexation site with the other hydroxy groups. The only explanation for this was
that, probably, O-6 experienced a dipolar interaction with the aluminate anion
resulting in large chemical shift changes, in addition to its change in position on
inversion. In the final analysis one would suggest that aluminium ions complex
better at high pH conditions where it exists as an anion, probably because the anion
is slightly larger than the aluminium ion making it optimal for triaxial site

complexation.

An attempted study of coordination by HPLC showed very interesting results,

despite possible interference from refractive index changes of the solution which was
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being detected by the refractive index detector used for this work. If it could be
assumed that refractive index interference is negligible, the results showed formation
of stable epi-inositol-calcium ion complexes. Again the chromatographic data seem
to show that as calcium ions were being added, the relative concentration of the epi-
inositol-calcium ion complex increased in a directly proportional manner. A clear
conclusion from this exercise was not possible because the effect of the change in

refractive index on the solution could not be accounted for.

It can be concluded that this work has demonstrated that *C NMR spectroscopy is a
very useful method for determining the extent of inositol-cation complexation in

solution. Further, the results have shown that the chemical shift changes induced by
cations in solutions of inositols provide a guide for identifying possible coordination

configurations and therefore the hydroxy groups involved in the coordination.

Aluminium ions caused very small chemical shift changes in the 13C NMR spectrum
of epi-inositol at pH near 7 whereas aluminate anions showed strong interaction with
epi-inositol at pH about 14. This observation suggests that if inositols or similar
compounds were present in the Bayer process, gibbsite crystallisation would be
inhibited due to complexation with aluminate anion and that tridentate complexation

is likely to be the most important binding mechanism.

The results of this work have satisfied the key objectives of the project in that epi-
inositol and cis-inositol were synthesised successfully and coordination modalities of

the inositols studied have been analysed.

4.2 FURTHER WORK

Additional work is required to improve the purification of cis-inesitol which then
will result in an improved yield. The isolation of cis-inositol using isopropylidenation

needs to be investigated further.

Further work is also required to investigate closely the coordination studies of

inositols by application of HPLC. A possible suggestion is that the suspected
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complexes should be collected at the specific retention times and crystals of the
complex grown. The grown crystals can then be studied by x-ray crystallography to
determine coordination configurations of the inositols with various cations. The
important part of this work would be to characterise and compare resultant
complexes at different coordination ratios and this should include complexation of
myo-inositol with samarium ions, cis-inositol with gallium, samarium and

alumininate ions and myo-inositol carbonate with gallium ions.
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Appendix 1.1 HETCOR spectrum of epi-inositol.
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Appendix 1.2 HETCOR spectrum of mpo-inositol.
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Appendix 2.0 HPLC complexation studes of epi-inositol with calcium ions.
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3C NMR spectrum of hydrolysed myo-inositolcarbonate.
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