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ABSTRACT
In this study the inositol isomers in a forest and 

desert soil and in their surface vegetation were investi
gated to obtain further information on the soil and plant 
relationships of these inositols.

The inositols were extracted from these soils as 
the barium salts of their phosphate esters. Extractions 
were conducted also on undecomposed pine needles of 
ponderosa pine (Pinus ponderosa) and undecomposed leaves of 
velvet mesquite (Prosopis juliflora var. velutina), the 
dominant surface plant matter of the respective forest and 

. desert soil.
Mass spectrometry and infrared (IR) spectroscopy 

were used in the respective detection and identification 
of microgram quantities of the inositols from soils and 
plants. Nuclear magnetic resonance (NMR) and paper chroma
tography were also used to distinguish between the inositol 
diastereomers.

Myo- and "DL"-chiro-inositol (optical activity 
unknown) were found in the undecomposed pine needles of 
P. ponderosa of the forest soil organic horizon and the 
underlying soil. Myo-, D-chiro-, and muco-inositols were 
found in the undecomposed leaf litter of P. juliflora var.

xii .



xiii

yelutina; however, only the myo- and D-chiro-inositols were 
identified in the underlying desert soil.

Epimerization reactions involving a cyclic ketone 
intermediate are discussed which could occur between muco- 
and D-chiro-inositol and also between myo- and D-chiro- 
inositol, both of which differ respectively in the stereo
chemistry of only one carbon atom.

The NMR spectra of the acetate derivatives of the 
inositols studied permitted observation of the numbers 
of axial and equatorial acetoxy groups. The axial acetoxy 
groups produce a signal slightly further downfield than the 
equatorial acetoxy groups. This is considered to be due 
to the bulky acetate groups sterically preventing any con
siderable inversion of the cyclohexane ring via non- 
bonded steric interactions. If the inositol contains a 
substituent on one of the oxygen atoms, such as a methoxy 
group common in many naturally occurring inositols, the 
axial or equatorial position of the substituent could be 
determined via the NMR spectra of its acetate derivative.

As an aid in future identification of the bio
logically important inositols and their derivatives, an 
attempt was made to determine the structural constitution 
of the major ion fragments produced in the mass spectra of 
the inositols. The major ion peaks of m/e 60, 73 (base 
peak), and 144, occurring in the mass spectra of all the



xiv
inositol diasteromers, is considered by means of deuterium 
labeling experiments to be the result of the following ion 
fragments:

H HHO-OC-CH
4-

m/e 6 0 m/e 73

y o

m/e 144-

The mass spectral ion fragments of m/e 60 and 73 are struc
turally similar to those found by other investigators to 
occur with carbohydrates.



INTRODUCTION

Inositols are a group of biologically important 
cyclic alcohols which function as growth factors or vita
mins in animals and plants -(Roberts and Loewus 1966;
Roberts, Shah and Loewus 1967). These alcohols have nine 
distinct stereoisomeric forms as shown in Figure 1. The •
D- chiro - and L- chiro -inositols are enantiomers whereas 
the remaining isomers are diastereomers. The diastereomers 
all contain one or more planes of symmetry within their 
cyclohexane ring preventing any asymmetric or optical 
properties of these isomers.

To represent the stereochemistry at the six asym
metric centers of inositol, the following nomenclature 
tentatively accepted by the IURAC/IUB^ is used; the 
hydroxyl groups which have a relative upward position are 
numbered and placed in the numerator of a fraction while 
the numbered positions of those hydroxyl groups with a 
relative downward position are placed in the denominator 
of the fraction. As an example, myo-inositol would be 
written as (1235/46)-inositol. The specific nomenclature 
of the isomers is given in Figure 1.

^The Nomenclature of Cyclitols, Tentative Rules 
according to the IUPAC/IUB. 1968. Europ. J. Biochem. 5:1-12.

1



( 1 2 3 4 5 6 / )  -  Inositol ( 1 2 3 4 5 / 6 )  — Inositol ( 1 2 3 4 / 5 6 )  -  Inositol

( 1 2 3 5 / 4 6 ) - Inositol ( 1 2 4 5 /  3 6 )  -  Inositol ( 123  /  4 5 6 )  -  Inositol

scylld-lnositol chiro -  Inositol
( 1 3 5 / 2 4 6 )  — Inositol ( 1 2 4 / 3 5 6  ) -  Inositol

and its enantiomer

Fig. 1. The stereoisomers of inositol. to



As a prelude to some of the NMR spectral studies 
undertaken, a brief mention of the ring inversions which 
occur with the inositols is warranted. The chair con
formations of the inositols are the most stable, however 
one chair form can invert itself in which the axial and 
equatorial group positions are converted into equatorial 
and axial positions respectively. This is illustrated in 
Figure 2 using myo-inositol as an example. Although this 
ring inversion occurs in equilibrium, conformation I is 
the more stable and thus more predominant due to less non- 
bonded steric interactions involving axial hydroxyl groups. 
Four axial hydroxyl-hydroxyl interactions and two axial 
hydroxyl-hydrogen interactions are shown in conformation 
II, whereas only two axial hydroxyl-hydrogen interactions 
are shown to occur in the more stable conformation I. A 
good discussion of the conformational changes which occur 
in cyclohexyl ring structures is given by March (1968).

In this present study, large acetate groups were 
attached in place of the hydroxyl groups to enhance the 
effect of non-bonded steric interactions. This would 
hinder the ring inversion to a greater extent and essenti
ally "freeze" the isomer into the more stable conformation. 
By preventing ring inversion in this fashion, the complex 
NMR spectra of the soil and plant inositols and their 
derivatives would be greatly simplified (Lichtenthaler

3



H (e)

OH (e)

'H (a)

Fig. 2. The interconversion of chair conformations in myo-inositol.
The letters (a) and (e) represent axial and equatorial respectively. The 
curved arrows depict the pathways of ring inversion. Dashed lines represent 
non-bonded steric interactions involving axial hydroxyl groups. Four axial 
hydroxyl-hydroxyl interactions and two axial hydroxyl-hydrogen interactions 
are shown in conformation II whereas only two axial hydroxyl-hydrogen inter
actions are shown to occur in the more stable conformation I.
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and Emig 1968) allowing one to observe the individual axial 
and equatorial positions.

If yields in the preparation of the hexaacetate 
derivatives are sufficiently high an advantage would be to 
almost double the molecular weight of the soil and plant 
inositols. This would be an important factor due to the 
small quantities of inositol isomers usually available 
from soils and plants.

Many investigators have pursued the problem con
cerning the origin of inositol phosphates in soils. Early 
work has shown that soil microorganisms could produce some 
of the inositols from hexose sugars both in the soil and 
laboratory test cultures (Caldwell and Black 1958b).
Based upon these findings and the fact that some of the 
isomers had not at the time been found in animals or plants, 
it was generally considered that the soil inositol phos
phates were of microbial origin (Cosgrove 1962, 1963a, 
and 1966). However, work by Loewus and Kelly (1962) ,
Kindi and Hoffmann-Ostenhof (1964 and 1966), and Kindi, 
Scholda and Hoffmann-Ostenhof (1967) illustrates the bio
synthesis of the inositols in many of the higher plants. 
These findings have identified the higher plants as im
portant contributors of these cyclic alcohols in soils.
In this study, the inositol phosphate isomers in a forest 
and desert soil and in their respective organic horizon



of ponderosa pine (P, ponderosa) needles and litter of 
velvet mesquite (P. juliflora var. velutina) leaves were 
studied to obtain some information concerning the soil 
and plant relationships of these inositol isomers.

Mass spectrometry has been shown by investigators 
(Reed, Reid and Wilson 1962; Buchs, Charollais and Poster 
nak 1968) to be an important tool in detecting very small 
quantities (microgram) of the inositol isomers. As a 
further aid in the identification of inositol and its 
derivatives from soils, plants, or any other source of 
these natural products, this study was undertaken to 
identify the major ion fragments produced in the mass 
spectra of the inositols.



LITERATURE REVIEW

Chemical Nature of the Soil Inositols
The stereoisomers of inositol are found in soils 

as the orthophosphate esters. Although hexaphosphate 
esters have been found to be predominant in certain soils 
(Anderson 1955, 1956; Saxina and Kasinathan 1956; Caldwell 
and Black 1958c; Cosgrove 1962, 1963a, 1963b; Cosgrove and 
Tate 1963; Anderson and Hance 1963; Stevenson 1965), the 
penta-, tetra-, tri-, di-, and mono-phosphate forms have 
been identified (Yoshida 1940; Bower 1945; Anderson 1956; 
Saxina and Kasinathan 1956; Cosgrove 1962, 1963a, 1963b; Cos
grove and Tate 1963). Among the lower phosphate forms, 
the major constituent was found to be the pentaphosphate 
by Saxina and Kasinathan (1956) and Cosgrove (1963b), in 
respective Banaras Indian and Alpine humus soil.

Besides the above-mentioned six forms of phosphate 
esters with inositol, there may also exist nine stereo- 
isomeric configurations of these. This gives a total of 
54 possible inositol phosphates that could occur. Of all 
these possible isomeric forms, the myo-inositol hexaphosphate 
has been found to be predominant in most soils studied 
(Caldwell and Black 1958c; Thomas and Lynch 1960; Cosgrove 
1962, 1963a, 1963b; Cosgrove and Tate 1963). In 10 soils

7
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out of 49 studied, Caldwell and Black (1958c) found an un
known isomer of myo-inositol hexaphosphate to .be of equal 
or greater concentration than the myo-inositol hexaphosphate 
in the same soils. No attempt was made to correlate the 
soil type with predominance of isomer found. Stereo
isomers of myo-inositol hexaphosphate found in less 
abundance are the D-chiro-, scyllo-, and neo-inositol 
hexaphosphates (Cosgrove 1962, 1963a, 1969b). The D,L- 
chiro-inositol was reported by Cosgrove (1962) after the 
hydrolysis of its phosphate it was found to be racemic 
(optically inactive). The D,L-chiro-inositol was again 
reported by Cosgrove (1963a) as the hexaphosphate. However, 
in a very recent report, Cosgrove (1969b) claims that this 
was the D-chiro-inositol hexaphosphate rather than the D,L- 
chiro-isomer.

Inositol phosphates are found to occur in soils 
as insoluble metal salts given the general term of phytin.
It is the low solubility of these metal salts of the inositol 
phosphates that investigators (Wrenshall and Dyer 1941;
Bower 1949; Jackman and Black 1951; Pederson 1953) suggest 
is the cause of the accumulation of inositol phosphates 
in soils. Bower (1949) related the accumulation of phytin 
in soils to inorganic phosphorus fixation. He suggested 
that in acid soils iron and aluminum combine with inositol 
hexaphosphate (phytic acid) to form an insoluble salt which
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can accumulate in soils. This was suggested earlier by the 
work of Wrenshall and Dyer (1941) who showed that the iron 
and aluminum salts of phytic acid were resistant to the 
action of phytase, the enzyme capable of hydrolyzing organic 
phosphate esters. In basic soils it was suggested by Jack- 
man and Black (1951) that calcium and magnesium salts of 
phytic acid enable its stabilization after showing that Ca- 
phytin is stable to enzymatic hydrolysis.

Soil clay minerals can also have an inhibitory 
effect on the enzymatic hydrolysis of soil inositol phos
phates. Mortland and Gieseking (1952) showed that there is 
an inhibition caused by the clay adsorption onto the enzyme 
preventing the organic phosphate from complexing properly 
with the enzyme. The amount of inhibition was proportional 
to the base exchange capacity of the clay.

To a smaller extent in soil the inositol phosphates 
are bound via the phosphate moiety to a lipid or sugar. 
Anderson and Hance (1963) identified inositol hexaphosphate 
in the fulvic acid fraction of a number of soils to be 
bound up with polysaccharide and protein.

Isolation and Determination of Soil 
Inositol Phosphates

Extraction Methods
The methods of extraction used by the early in

vestigators (Yoshida 1940; Bower 1945) involved the removal
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of organic phosphates with base (NaOH) followed by acid 
treatment of the base extract to remove humic acid leaving 
the organic phosphorus in solution.

Improvements in the extraction of inositol phos
phates from soil have been made by Anderson (1956) and 
Cosgrove (1962, 1969a). Higher and purer yields of the 
total inositol phosphates were obtained. The method of 
Cosgrove (1962) is diagramed in Figure 3 in which the 
inositol phosphates are finally obtained as their Fe(III)- 
salt in an acidic medium. Anderson (1956) avoided the 
severe hypobromite (HBrO) oxidation of impurities used by 
Cosgrove (1962) to minimize the hydrolysis of the inositol 
phosphates and obtained the final product as the barium- 
salt of the organic phosphates in an alkaline medium.

Chromatography
Ion exchange chromatography of the soil organic 

phosphate extracts, first developed by Smith and Clark 
(1951, 1952) and Smith (1952), is used by most investi
gators in separating and collecting the inositol phosphate 
components. The soil extract is placed on a column of 
anion exchange resin, eluted with an HC1 gradient, and the 
eluted fractions concurrently collected. Individual or
ganic phosphate fractions were observed by a wet chemical 
analysis of the collected fractions for phosphorus. This 
method was subsequently used by numerous investigators
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(1) wash with 0.2 N HC1
(2) extract with IN 

NaOH

(2) separate by
centrifugation

(1) neutralize with NaOH
(2) oxidize with HBrO
(3) extract with diethyl ether

(1) adjust to pH 2
(3) separate by centrifuga-

Ether Phase 
Containing 

Bra
Xqueous Phase

Alkaline
Extract

Soil

Humic Acid 
(discard)

Supernatant

Sediment: 
Fe - Phytin

Supernatant
(discard)

Fig. 3. Flow diagram for the extraction of soil 
inositol phosphates by Cosgrove (1962).
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(Saxima and Kasinathan 1956; Caldwell and Black 1958a;
Stevenson 1965) with slight modifications.
<

Paper and thin layer chromatography of the inositol 
phosphates has received very limited use (Anderson 1955,
1956; Martin and Wicken 1966). Wade and Morgan (1953,
1955) describe a non-destructive indicator for the detec
tion of organic phosphates on paper utilizing FeClg and 
sulfosalicylic acid in aqueous ethanol. The ferric ions 
are fixed by the phosphate esters and finally react with 
the sulfosalicylic acid producing white spots on a pale 
mauve background. This has a great advantage over the 
method of Hanes and Isherwood (1949) which requires the 
destructive degradation of the organic phosphate esters 
on paper with HCIO4 to free orthophosphoric acid and 
detection with molybdate on a reducing agent producing 
blue spots.

The inositol moiety and its isomers are more easily 
separated on paper chromatograms than the phosphate esters.
A color test for inositol was first found by Scherer (1852). 
Sensitive indicators for paper chromatography have sub
sequently been developed by Hockenhull (1953), Anet and 
Reynolds (1954), Lemieux and Bauer (1954), and Trevelyan, 
Procter, and Harrison (1950), values of all the inositol
isomers on paper chromatograms have been determined by 
Posternak, Raymond and Haerdi (1955), and Angyal, McHugh
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and Gilham (1957) in several solvents. Unfortunately, the 
determination of an unknown isomer requires the simultaneous 
chromatography with known standards in more than one solvent 
system.

Bio- and Chemical-Assay
For the quantitative determination of myo-inositol 

Wooley (1941) and Sonne and Sabotka (1947) developed a bio
logical assay using the yeast Saccharomyces carlsbergensis. 
The method involves the inoculation of S. carlsbergensis and 
the addition of the sample to be analyzed into inositol-free 
media and the determination of the amount of growth via 
nephelometry. The amount of growth is then compared to a 
standard growth curve of the organism cultured in known 
amounts of myo-inositol. This tedious and time consuming 
bioassay has been used by some investigators (Bower 1945; 
Smith and Clark 1952) to determine the degree of phosphoryla
tion of inositol. The quantitative determination of the 
inositol and phosphate in a sample gave these investigators 
the inositol/phosphorus ratio and consequently the number of 
phosphate groups esterified with the inositol. The bioassay 
has been used recently by Kurasawa, Hayakawa and Motoda 
(1968) utilizing the organism Schizosaccharomyces pombe 
to assay the synthesis of myo-inositol in rice seeds.

A rapid colorimetric determination of inositol 
developed by Lornitzo (1968) involving, the oxidation of
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inositol with chromic acid and detecting the inosose, may 
eventually replace the tedious bioassay.

Plant Anabolism and Catabolism 
of the Inositols

Synthesis by Microorganisms
As early as 1942 Leonian and Lilly isolated a 

strain of the yeast Saccharomyces cerevisiae which could 
synthesize inositol. This stimulated further investiga
tions, and a subsequent finding by Lewis (1944) showed that 
iron deficiency reduced inositol synthesis in another 
yeast, Torulopsis utilis (Candida utilis). This organism 
was destined as the subject of many further investigations 
in which the precursor to inositol was discovered to be 
glucose by Chen and Charalampous (1963). The enzyme system 
involved was extracted and purified (Chen and Charalampous 
1964, 1965). An interesting observation made by Chen and 
Charalampous (1964) was that when phosphorylated glucose 
was the precursor to inositol, ATP was not needed for the 
enzymatic process. However, when pure glucose was used as 
the precursor, ATP was needed.

New techniques in radioisotope labeling and in the 
degradative localization of isotopic labels have enabled 
the study of inositol biosynthesis by C. utilis in detail. 
Various combinations of "^C- and "^H-labeled glucose pre
cursors were used by Neubacher, Kindi, and Hoffmann-Ostenhof
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(1964)f Kindi, Biedl-Neubacher and Hoffmann-Ostenhof (1965), 
and Chen and Charalampous (1967). The labeled inositols 
(either the myo- or D- chiro -inositol) obtained indicate 
that the synthesis involves the direct cyclization of glu
cose without any prior fragmentation of the sugar.

In the unicellular green algae Chlorella vulgaris 
and C. pyrenoidosa, Pratt and Johnson (1966) observed the 
synthesis of myo-inositol in cultures over a three week 
period.

The microbial synthesis of inositol phosphates in 
soil was suggested by Smith and Clark (1951) after observing 

P-labeled inositol phosphates in soils treated with 
dextrose, NH4NO3, 32p-orthophosphate, and sodium phytate. 
However, not until the work of Caldwell and Black (1958b) 
was the first total biosynthesis of inositol phosphates 
by soil microorganisms illustrated in media originally 
free of any inositol derivatives. The media contained 
only soil parent materials, sand, clays, inorganic nu
trients, starch, and sucrose. The presence of myo-inositol 
hexaphosphate and an unknown isomer of myo-inositol hexa- 
phosphate was demonstrated in the materials after but not 
before incubation.

Synthesis by the Higher Plants
Only recently has evidence been given for the 

synthesis of the inositols in higher plants. As in the
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case of microorganisms, glucose was shown to be a direct 
precursor to myo-inositol by Loewus and Kelly (1962) in 
parsley (Petroselinum crispum). In the leaves of parsley, 
the label from glucose-l-^C was recovered in labeled 
inositol. The resultant labeling pattern of the inositol 
suggested a cyclization of the glucose without any prior 
fragmentation as shown to occur with the microorganism.
This was subsequently confirmed by Kindi and Hoffmann- 
Ostenhof (1964) to occur in turnip (Sinapis alba).
Further experiments by Scholda, Billek and Hoffmann- 
Ostenhof (1963, 1964a, 1964b, 1964c), Kindi and Hoffmann- 
Ostenhof (1966), and Kindi, Scholda and Hoffmann-Ostenhof 
(1967) have shown glucose-^C to be a precursor to myo
inositol, D- chiro -inositol, L- chiro - inositol, and 
derivatives in the leaves of mugwort (Artemesia vulgaris), 
estragon (A. dracunculus), clover (Trifolium incarnatum), 
Carolina allspice (Calycanthus occidentalis), and turkey 
oak (Quercus cerrus).

The epimerization of myo-inositol-"^C into D- 
chiro - and L- chiro -inositol and their monomethyl 
derivatives was found to occur in the leaves of T. incar
natum, A. vulgaris and A. dracunculus by Scholda, Billek 
and Hoffmann-Ostenhof (1963, 1964d, 1964e). Thus myo
inositol was found to be a precursor to two other inositol 
isomers in higher plants via an epimerization reaction.
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In the past year the methylation of myo-inositol- 

■^C into the monomethyl ether, L-bornesitol was found to 
occur in running myrtle (Vinca minor) and Madagascar 
periwinkle (V. rosea) by Hoffmann and Hoffmann-Ostenhof 
(1969) .

The enzyme system involved in the plant biosynthesis 
of myo-inositol from glucose was isolated recently by Kura- 
sawa, Hayakawa and Motoda (1967) from rice seeds. As in the 
case of the previously mentioned microbial synthesis, no 
ATP was necessary in the enzymatic reaction when glucose- 
e-phosphate was the substrate but ATP was needed when pure 
glucose was used as the substrate. The following year 
another enzyme from duckweed (Lemma gibba) was found to. 
phosphorylate myo-inositol using ATP as a phosphate donor 
(Molinari and Hoffmann-Ostenhof 1968),

The label of myo-inositol-^C was found to 
occur in the pectins of ripening strawberries by Loewus 
and Kelly (1962) and Loewus (1965), and in the pectin 
synthesized in peas by Stanley and Loewus (1964). In 
sycamore (Acer pseudoplatanus) prolonged growth of cell 
cultures with ^H-labeled myo-inositol resulted in in
corporation of label predominately into uronic and pentose 
units of cell wall polysaccharides (Roberts and Loewus. 
1966). Similarly, Roberts, Shah and Loewus (1967) have 
found label from myo-inositol to eventually reside in
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the D~apiosyl and D-xylosyl units of cell wall polysac
charide of L. gibba and P. crispum leaves.

As early as 1946, a series of investigations by 
Fuller (1946, 1947) and Fuller, Bartholomew and Norman 
(1947) identified these uronic units in soils. A comparison 
of the decarboxylation rates with known polyuronides of 
plant gums, plant materials, and bacterial gums suggested 
that the soil polyuronides were of microbial origin. A 
synthesis of polyuronides from inositol, recently observed 
by investigators in the higher plants, could likewise also 
occur in soil microorganisms.

Catabolism of the Inositols
As in other biological processes, catabolism plays 

an important role in the oxidation of the inositols to 
new products which may be further oxidized or may become 
precursors in further biochemical synthesis.

The oxidation of the inositols by Acetobacter 
suboxidans was found by Posternak, Rapin and Haenni (1957) 
to yield ketones in which only the axial hydroxyl groups 
were oxidized. Cleavage of the myo-inositol ring to a 
ketohexanoic acid was observed in Aerobacter aerogenes by 
Berman and Magasanik (1966). In the yeast Schwanniomyces 
occidentalisfSivak and Hoffmann-Ostenhof (1961) showed that 
enzymes involved in the catabolism of inositol yielded 
uronosyl and pentosyl units. These uronic and pentose



units could eventually reside in cell wall polysaccharides 
(Fuller 1946, 1947).
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Over 300 cultures of soil microorganisms were 
studied by Paranjapye and Bhat (1961) for their ability to 
catabolize myo-inositol. Fungi, bacteria, actinomycetes, 
and yeasts, in diminishing order were responsible for 
inositol decomposition.

An induced enzyme system catalyzing myo-inositol 
oxidation in Schwanniomyces occidentalis has been investi
gated by Janke et al. (1959) and Jungwirth et al. (1961). 
According to Janke et al. (1959) the enzyme system respon
sible is not normally present in £. occidentalis but is 
formed when the culture medium contains myo-inositol as. 
the only carbon source.

The isolation of an enzyme which catalyzes the 
oxidation of myo-inositol was recently achieved by Gruhner 
and Hoffmann-Ostenhof (1968) from oat seedlings (Avena 
sativa) and immature strawberries (Fragaria sp.). The 
enzyme myo-inositol oxidase catalyzed the oxidation of myo
inositol to D-glucuronic acid which is an important con
stituent of cell wall polysaccharides.

Origin of the Soil Inositol Phosphates
Early work concerning the biosynthesis of the 

inositols was devoted entirely toward the synthesis by
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microorganisms rather then the higher plants, An example 
is the work of Leonian and Lilly (1942) illustrating the 
synthesis of inositol by the yeast Saccharomyces cerevisiae. 
Many subsequent investigations were made by others, and 
numerous examples of the microbial synthesis of the inosi
tols were found, including the synthesis by soil microorgan
isms in soil materials by Caldwell and Black (1958b).

Cosgrove (1962) speculated that the D,L-chiro- 
and scyllo-inositol hexaphosphate which he found in some 
Australian soils were of totally microbial origin because 
they had not been found previously in plants or animals. 
Cosgrove (1963a) reiterated after finding the D,L-chiro- 
and scyllo-inositol isomers in some alpine humus soils that 
these isomers as phosphates have not previously been found 
in nature but that present evidence was insufficient to 
decide whether soil inositol phosphates are of plant origin 
or result from soil microbial activity. In a recent study 
by Cosgrove (1966), after finding similar isomers in 
Scottish and Californian soils under widely different 
vegetation, it was hypothesized that soil phytate is of 
microbial rather than plant origin.

Many very recent investigations on the previously 
mentioned occurrence and synthesis of the inositol isomers 
in the higher plants brings new light to the fact that the
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higher plants besides the microorganisms can be a major 
contributor to the soil inositol phosphates.

Spectroscopy of the Inositols 

Mass Spectrometry
The correlation of the mass spectral fragmentation 

of known and unknown structures in organic analysis is 
ever increasing. As stated by Meyerson (1962, p, 427)
”. . , the potential of mass spectroscopy for structure 
work has scarcely been touched. If it is to be extended 
beyond small groups of related compounds, we must under
stand much better than we do now exactly which atoms are 
involved in a decomposition and where they go."

Reed, Reid and Wilson (1962) have published the 
mass spectra of all of the inositol isomers which show that 
differences in the relative ion intensities of the major 
ion peaks do occur permitting their qualitative analysis 
by means of spectrometry. The application of mass spectrom
etry is however difficult due to the close similarity in the 
mass spectra of the inositol diastereomers. Their observa
tions show that the mass spectral fragmentation of the 
inositols is characterized by the initial loss of water 
which is a common property of alcohols. The structure of 
the ion fragments resulting from loss of water and the
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fragmentation scheme producing some of the major ion peaks 
was postulated to be that given in Figure 4,

The loss of three water molecules from the parent 
molecular ion is reported to give either ion I or II of 
m/e 144, This ion of m/e 144 is postulated to lose a 
neutral ketene (CH2=C=0) molecule reported by Beynon, 
Saunders and Williams (1960) to be a characteristic of 
cyclic ketones. The resultant ion of m/e 102 was then 
thought to lose a formyl group (CHO) to produce the abundant 
ion C3H5O2* of m/e 73.

A very recent study was conducted by Buchs f 
Charollais and Posternak (1968) on the mass spectral ion 
fragmentation of the inositols. Using deuterium labeled 
inositols and high resolution mass spectrometry, further 
elucidation of the fragmentation scheme and the empirical 
formulas of the ion fragments were determined (Figure 5). 
High resolution mass spectrometry enabled these investi
gators to make a precise measurement of the mass of the 
ion fragments from which the empirical formulas could be 
determined.

Now that the mass spectral fragmentation scheme 
of the inositols has been determined with the empirical 
formulas of the ion fragments, the next important step 
is to verify the structures of these fragments. This will 
yield a more complete picture of the fragmentation process
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of the inositols f the importance of which was emphasized 
previously in the quotation of Meyerson (1962, p. 427) 
given on page 21.

Infrared Spectroscopy
The application of infrared (IR) spectroscopy to 

the study of inositols in soils and plants is limited 
because of the similarity of the IR spectra among inositol 
isomers.

Cosgrove and Tate (1963) used the IR spectrum and 
other physical properties of a component isolated from an 
Australian soil to identify it as neo-inositol. The 
identity of scyllo-inositol in an Australian soil was 
verified by its IR spectrum. This was due to the unique 
IR spectrum of scyllo-inositol characterized by the absence 
of an absorption band at 873+ 11 cm-"*' due to the deforma
tion of equatorial C-H bonds exhibited by all the other 
inositol isomers (Barker et al. 1954).

Nuclear Magnetic Resonance 
(NMR) Spectroscopy

Because the inositol isomers differ in the spatial 
orientation of their axial and equatorial ring protons,
NMR spectroscopy is a potentially useful tool in dis
tinguishing among the stereoisomers.

Very low resolution NMR spectra of the inositol 
isomers in D2O was determined by Brownstein (1959) however
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all the isomers could not be distinguished possibly due to 
the poor resolution obtained.

Lemieux et al. (1957, 1958) determined the low 
resolution NMR spectra of the myo-, L- chiro and cis- 
inositol hexaacetates. It was shown that the ratio of 
axial to equatorial acetoxy groups in the myo- and L- 
chiro - inositol hexaacetates could be observed because 
they are not obscured by spin coupling. They were however 
unable to observe the three axial and equatorial acetoxy 
groups of cis-inositol hexaacetate. In a report by Brown- 
stein (1962) it was shown that the NMR spectra of the cis-, 
alio-, and muco-inositol hexaacetates were quite similar, 
however, more contrasting spectral differences could be 
observed at various temperatures. This was reportedly due 
to the influence of temperature on the inversion rate of 
the chair conformations since contributions to the NMR 
spectrum from varying amounts of the two conformations 
cannot occur. The NMR chemical shifts of only the acetoxy 
protons of many of the inositol hexaacetate diastereomers 
have been reported by Lichtenthaler and Emig (1968). These 
investigators did not report the absorptions due to the 
ring protons although spectral differences due to ring 
proton absorptions could furnish useful criteria to dis
tinguish the inositol hexaacetate diastereomers.
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Using a late model NMR spectrometer, Suami and Yabe 

(1965) were able to observe the individual axial and equa
torial absorptions of the acetoxy groups in the penta- 
acetate derivatives of (±)-myo-inosamine-4 and (±)-2-0- 
mesyl-epi-inositol, With present day instrumentation, the . 
resolution required to observe the individual axial and 
equatorial acetoxy groups can be obtained.

Separation of the acetate derivatives of the inositol 
isomers and their monomethyl ethers by thin layer chroma
tography (Tate and Bishop 1962) and gas chromatography 
(Krzeminski and Angyal 1962) increases the usefulness of 
NMR analysis subsequent to their separation.

A new approach has been made by Johnson and Tate
31(1969) by determining the NMR of phosphorus ( P) in phytic 

acid isomers. They showed that cereal grain phytic acid 
has the myo-inositol hexakis (orthophosphate) structure
suggested by Anderson (1914). Although more work is needed

31in the P-NMR spectra of phytic acid derivatives, it stands 
as a useful tool in determining the positions of the mono-, 
di-, tri-, tetra-, and penta-phosphates besides the con
figuration of the inositol moiety.

Although examples from the literature could not be 
found, recent advances have made possible the use of NMR 
in the study of soil inositols. New methods in NMR such 
as spherical microcells, time averaging of multiple scans,
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least square smoothing, etc,, have enabled researchers to 
obtain NMR spectra from samples as small as 1 to 1500 
micrograms, depending on the quality of instrumentation and 
methods used. These methods are described in a book 
edited by Waugh (1968) in which some examples are given 
of high resolution NMR spectra of samples as small as 
nine micrograms. Another text edited by Mooney (1968) 
discusses the methods of improving the NMR spectra of small 
samples. Some microcell assemblies useful in the deter
mination of the NMR spectra of small samples are described 
by Flath et al. (1967) and Mastbrook and Ragelis (1969).

With recently developed techniques, NMR spectros
copy can become a useful tool in distinguishing between 
the small amounts of the inositol isomers in soils and 
plants.



EXPERIMENTAL MATERIALS AND METHODS

Materials

Soils and Plants
A forest and desert soil which differ widely in 

chemical and physical characteristics were used in this 
study.

The forest soil was obtained at the 2710 meter 
level of Mt, Lemmon in the Santa Catalina Mountains of 
Arizona approximately 64 km from the city of Tucson. The 
•primary vegetation at the sampling site is Ponderosa pine 
(Pinus ponderosa) in a subhumid climate. A profile de
scription with corresponding comprehensive chemical and 
physical analysis is given by Whittaker et al. (1968).
The horizons used for sampling were the 01 and Al consisting 
of pine needles of P. ponderosa and an acidic (pH 4.5) very 
gravelly cobbley sandy loam (50% volume of gravel and 
cobble) respectively. The organic and mineral horizons 
are separated by a very abrupt and smooth boundary.

Pima Clay Loam, a desert soil obtained from south
western Tucson was similarly used in the inositol studies.
It is a calcareous agricultural soil with a paste pH of 
7.4 existing primarily under vegetation of Velvet Mesquite

29
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(Prospopis juliflora var. velutina). Its chemical and 
microbial properties have been well studied by. Fuller and 
McGeorge (1950, 1951a, 1951b), and by Fuller and Flocker 
(1955). Soil samples for the study were obtained from 
the surface 15 cm, and the Velvet Mesquite leaves were 
collected from the soil surface.

Paper Chromatography Apparatus
Glass tanks measuring 30 X 10 X 28 cm and 30 X 30 

X 61 cm were used for ascending and descending chromatog
raphy respectively. Whatman No. 1 paper strips measuring 
30 X 2,5 cm and 59 X 2.5 cm acted as the support media in 
the respective small and large tanks.

Sheets of Whatman No. 1 paper measuring 23 X 56 cm 
were used for the preparative paper chromatography in the 
large glass tanks.

Mass Spectrometer
Mass spectra were obtained with a Hitachi RMU-6E 

double focusing mass spectrometer. The recording system 
employs four separate galvonometers which record simul
taneously on photographic paper ion peaks of four sensi
tivity levels in the ratios of 1:3:10:30.

Infrared (IR) Spectrometer
A Perkin-Elmer Model 137B recording infrared spec

trophotometer covering the infrared range of 4,000 to
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650 cm~^ produced the infrared spectra of isolated inositols 
placed in KBr pellets.

Nuclear Magnetic Resonance 
(NMR) Spectrometers

Two NMR spectrometers were used depending on the 
sensitivity required and whichever instrument was opera
tional at the time it was needed. The two instruments 
used were Varian models A-60 and HA-100 having frequency 
ranges up to 60 and 100 MHz (megahertz) respectively.
The signal to noise ratios for the A-60 and HA-100 models 
were approximately 18:1 and 40:1 respectively. This great
er sensitivity in the model HA-100 made this instrument 
more applicable in obtaining well resolved NMR spectra of 
small samples (< 5 mg),

NMR Cells, Solvents and 
Reference Standards

Conventional NMR glass tubes with a 0,165"+,0005" 
inner diameter base and a 0,196"+.001" outer diameter were 
employed when sufficient sample (-~ 30 mg) was available 
to obtain well resolved spectra. Very small samples (%
3 mg) required the use of a microcell assembly described 
by Flath et al. (1967) and sold by Kontes Glass Co., 
Vineland, New Jersey, U.S.A. It consists essentially of a 
30 yl glass bulb with a 4.0 mm diameter which houses the
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dissolved sample and is suspended in a conventional NMR 
tube containing an inert liquid such as DgO or CCI4.

D2O served as an excellent solvent for the inositols 
with water soluble sodium 2,2-dimethyl-2-silapentane-5- 
sulfonate (DDS) as an internal standard or tetramethyl- 
silane (TMS) as an external reference.

'CDCI3 was used as a solvent in determining the NMR 
spectra of the inositol acetates with the soluble TMS 
serving as an internal reference.

Polarimeter
A Cary Model 60 recording spectropolarimeter having 

a wavelength range of 1,850 - 6,000 X was used to measure 
the specific rotation [a]^ of an optically active inositol 
in H2O. The wavelength was set at the sodium D line,

O5,893 A, and a 0.1 dm glass cuvette used to house the 
sample.

Melting Point Apparatus
The melting points were determined on a Fisher- 

Johns melting point apparatus which contains an electrically 
heated aluminum block fitted with a calibrated thermometer 
reading to 300°Ci A variable transformer regulates the 
temperature, while an attached illuminator and magnifying 
glass aid in observing the melting point.
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Methods

Besides basic methods involving the initial extrac
tion of the inositol isomers from the soils and plants, 
paper chromatography, mass spectrometry, IR- and NMR- 
spectroscopy were used to carry out three studies: a
relationship between soil and plant inositols; an applica
tion of NMR spectroscopy to the determination of soil and 
plant inositols and derivatives; the identification of 
some major mass spectral ion fragments of the inositols.

Soil and Plant Extractions
The inositols were extracted by the method of 

Anderson (1956) as the barium salts of their phosphates from 
the soils and plants principally who detected some inositol 
phosphates of unknown stereochemistry on paper chromato
grams . By this process, any non-phosphorylated inositols 
would not be isolated.

To collect the barium salts of the soil organic 
phosphates, the soil ('v 1 kg) is first passed through a 
2 mm mesh sieve and then leached in a Buchner funnel under 
suction with ice-cold 0.2N HC1 until a negative test for 
calcium is obtained in the leachate with saturated (NH^)2 
C2O4 (60 g/liter HgO). After washing with ice cold de
ionized H2O, the soil is treated with 4 L of IN NaOH at 
60°C for four hours with mixing. The mixture is then 
separated by centrifugation for 10 min at 165 X g and the
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supernatant decanted and saved. Washing the mineral sedi
ment, prior to its discard, with a small amount of IN 
NaOH followed by recentrifugation is useful to prevent 
excessive loss of extracted phosphates. The supernatant 
is then treated with 200 ml of glacial acetic acid (HAc) 
while cooling in an ice bath. Following the treatment with 
HAc, sufficient concentrated HC1 is added to the super
natant with cooling to decrease the pH to 0,5. The re
sultant mixture is centrifuged for 10 min at 4,000 X g, 
the supernatant saved, and the sediment discarded. Approxi
mately 5% of the total extractable phosphate is found in 
this sediment which is mostly humic acid. Sufficient con
centrated NH4OH is added to the supernatant to raise the 
pH to 8.5. The resultant precipitate (precipitate A), 
collected by centrifugation at 8,000 X g, represents 
approximately 75% of the total extractable phosphate.
The remaining phosphate is collected by treating the basic 
supernatant with 2 L of 10% barium acetate. Barium salts 
precipitating from solution are allowed to sit overnight 
after which the precipitate (precipitate B) is collected 
by centrifugation at 8,000 X g for 10 min. Reduction of 
the volume of the supernatant by heating under suction 
(without boiling) can cause further precipitation of 
phosphates (precipitate C) by the barium. Excessive con
centration of the supernatant can cause the undesired
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crystallization of barium acetate. Precipitates A, B, 
and C are oven dried @ 100°Cf ground to a fine powder with 
a mortar and pestle, and saved for subsequent acid hy
drolysis of the organic phosphates.

A similar extraction procedure was conducted on the 
needles of ponderosa and leaves of P. juliflora var, 
velutina obtained from the organic horizon and leaf litter 
of the forest and desert soil respectively. The plant 
matter was ground to a fine powder in a Wiley mill prior 
to extraction with IN NaOH. Washing with 0.2N HC1 was 
omitted with the plant extractions under the assumption 
that only a small amount of calcium is present in the plant 
matter compared to the calcium content of the soils.

Isolation of the Inositol Moieties 
from the Soil Phosphates

Because the inositols were originally isolated as 
phosphate esters and could also exist as alkyl ethers, the 
isolates were treated under reflux with HCl to obtain the 
inositol moieties in free form. The stability of inositol 
in HCl was determined by its NMR spectrum before and after 
treatment with 20% DCl under reflux. No observable change 
occurred in the NMR spectrum of myo-inositol after re
fluxing in 20% DCl for three days.

Precipitates A, B, and C obtained from the soil or 
plant extractions were added in powder form very slowly
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to one liter of 1;1 HC1 (H^Oiconc. HCl). The addition was 
done slowly over a period of about two hours and accompanied 
with vigorous stirring to aid in the dissolution of the 
solid material. After boiling under reflux for two days, 
the major portion of HCl solution was removed by distilla
tion at 90-100°C with slight suction. A small amount of 
cone. HCl remaining was removed at 60°C and a suction of 
3 mm Hg. Sufficient deionized H2O 100 ml) was added to 
the dry residue in the distillation flask and the mixture 
was warmed to approximately 100°C to dissolve some of the 
solid residue. The mixture was filtered with suction on 
a Buchner funnel and the residue washed with 200 ml of 
hot deionized H2O ('v 100°C). The filtrate is passed through 
a glass column containing a 1500 ml volume of mixed-bed 
deionizing resin to remove inorganic salts. It was found 
that the inositols are quantitatively recovered. After 
thorough washing of the column with deionized HgO, the 
column eluate was evaporated down to approximately a 25 ml 
volume. This small aqueous extract contained the inositol 
isomers which were separated by crystallization with aqueous 
acetone or by chromatographic means.

Paper Chromatography
Both preparative and qualitative paper chromatog

raphy were utilized for the separation, isolation, and 
identification of the inositol isomers.
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Preparative paper chromatography enabled the sep

aration and isolation of the individual inositol dia
ster eomers, A solvent system of EtOH (95%)-I^O-conc.
NH4OH (20:4:1 v/v) first employed by Angyal, McHugh and 
Gilham (1957) on some synthetic inositols was found to 
give the best separations. Whatman No. 1 paper chromato
graph sheets (23 X 56 cm) were placed into the large glass 
chromatograph tanks previously described, and eluted in 
a descending manner with the above solvent system. Washing 
in this manner was conducted for a duration of approximately 
two days allowing the solvent front to drip off the paper. 
This long procedure was found necessary to remove impuri
ties from the paper prior to the preparative chromatography.

The soil and plant extracts were applied in 400 til 
quantities per chromatograph sheet. A slow application at 
the origin (Figure 6) by streaking 3-5 til increments using 
a 50 nl syringe with alternate drying by a hot air fan after 
each application was necessary. This prevented the applied 
sample from*occupying too great a portion (< 2 mm) of the 
chromatograph sheet to yield an optimum separation of the 
inositol isomers. Figure 6 illustrates the application 
position on the paper sheet prior to solvent development 
in a descending manner. After placing the top of the 
sheets in a reservoir containing the. solvent system, the 
sheets were removed and air-dried approximately six hours
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<----------  23 cm

4 0 0  jul streak 
of sample <2mm  
in widthdirection of 

solvent flow

-----  4 strips
cut out along 
dashed lines 
and eluted

3 cm wide strip
detached, developed, and 
subsequently reattached

Fig. 6. Schematic diagram of a preparative paper 
chromatograph sheet and the isolation procedure.
The small letters a, b, c , and d represent four different 
inositol stereoisomers observed after chemical development.
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after the solvent front reached the bottom of the chromato
graph paper, Approximately 22 hours were required for this 
process in tanks presaturated with the solvent vapors.

The positions of the separated inositols were ob
served by cutting a 3 cm wide strip from the vertical side 
of the chromatographic sheet (Figure 6) followed by develop
ment with a chemical indicator. A AgNOg-alcoholic NaOH 
reagent described by Anet and Reynolds (1954) producing 
black spots on a white background with cyclic alcohols and 
carbohydrates was used as a rapid method of development.

Isolation of the separated inositols from the paper 
as a final phase of the preparative chromatography is per
formed as illustrated in Figure 6. The narrow 3 cm strip 
containing the developed chromatograph spots was reattached 
by tape to its original position on the paper sheet. Dashed 
lines were.then drawn in pencil on the sheet in a horizontal 
manner as a guide for subsequent cutting. The individual 
paper strips cut from the sheet contained the inositol 
isomers in pure form. Each separate strip was finally 
eluted with 'vSOO ml of hot deionized H2O (90-100°C) in a 
fritted-glass funnel with suction. The filtrates containing 
the individual inositols in aqueous solution were evaporated 
down to 't'lO ml and recrystallized with aqueous acetone or 
ethanol when possible.
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Qualitative paper chromatography was used in the 

partial identification of two inositol isomers in the soil 
and plant extracts by comparing their values with two 
authentic isomers chromatographed simultaneously. The 
myo-inositol (> 98% pure) and the L- chiro -inositol ob
tained from Calbiochem, Los Angeles, California were the 
authentic isomers used. L- chiro -inositol was also ob
tained by the demethylation of quebrachitol (2-0-methyl- 
L-chiro-inositol) with HI according to the procedure de
scribed by Posternak (1936).

Mass Spectrometry
Mass spectral analysis of the isolated soil and 

plant components were used to obtain evidence for the 
general cyclohexanehexol structure of the inositols. Re
quiring only microgram quantities, the mass spectra were 
used to observe major ion fragment peaks characteristic of 
the inositols. All of the soil and plant inositol components 
were determined under similar mass spectrometer operating 
conditions. Ion- and electron-accelerating voltages of 
2 kv and 50 eV respectively were used with a source operat
ing temperature of 180°C.

By observing peak shifts in the mass spectra of 
inositol derivatives and deuterium-labeled inositols com
pared to myo-inositol, evidence was obtained to further



explain the inositol fragmentation described by Reed,
Reid and Wilson (1962) and Buchs, Charollais and Posternak 
(1968).

The inositol derivatives used in the fragmentation 
study were quebrachitol (2-0-methyl-L-chiro-inositol), 
and inositol hexaacetate. The acetate was prepared by 
treatment of the inositol with acetic anhydride in pyridine 
under reflux at 125°C for four hours. Proof of the inositol 
acetate structures were given by the NMR spectra.

Deuterium labeling of the hydroxyl groups of myo
inositol and quebrachitol was conducted by means of ex
change with D2O (99.75% isotopically pure). The inositol 
was dissolved in the D2O and the D2O evaporated on a hot 
plate at 'v80°c. This was repeated ten times over a period 
of three to four hours.

Infrared Spectroscopy
Infrared (IR) spectroscopy as with mass spectral 

analysis was utilized primarily to identify the soil or 
plant components with the general cyclohexanehexol struc
ture. However, significant differences do occur among the 
IR spectra of the inositol diastereomers to aid in their 
identification.

All IR spectra were determined as solids in KBr 
pellets. Both 8 mm and 13 mm diameter pellet holders were 
used requiring 0.5 mg sample/100 mg KBr and 1 mg

41
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sample/200 mg KBr respectively. Clear KBr pellets were 
formed under a pressure of ^30,000 Ibs/sq in with a hy
draulic press.

Nuclear Magnetic Resonance 
Spectroscopy

Nuclear magnetic resonance (NMR) spectroscopy 
served as the primary method of distinguishing between the 
various soil and plant diastereomers. The NMR spectra of 
the ring protons of the inositols in DgO were useful due 
to very characteristic spectral differences produced by 
their relatively different axial and equatorial conforma
tions .

The acetate derivatives of some authentic and 
isolated inositols were prepared to simplify the NMR 
spectra by enabling the observation of the uncoupled 
axial and equatorial acetate protons. The acetates were 
prepared with acetic anhydride and pyridine as previously 
described, and their NMR spectra determined in CDCI3 with 
internal TMS as a reference.

Polarimetry
Although each inositol diastereomer can be dis

tinguished by spectroscopic methods, the two inositol 
enantiomers, D- chiro -inositol and L- chiro - inositol 
require the measurement of optical rotation to be dis
tinguished.
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The optically active inositol found in the Pima 

Clay Loam ~ P, juliflora var. velutina soil - plant system 
was isolated by preparative paper chromatography and its 
optical rotation in H2O determined in the Cary Model 60 
recording spectropolarimeter described previously.



RESULTS AND DISCUSSION

Isolation and Identification of Forest Soil 
and Ponderosa Pine (Pinus ponderosa) Inositols

Soil from the surface 0-3" of the A horizon and 
nondecomposed pine needles of P. ponderosa from the 01 
horizon (3-1") of the forest soil previously discussed 
was extracted for inositol isomers. Mass spectrometry, 
infrared (IR)- and nuclear magnetic resonance (NMR)- 
spectroscopy, and paper chromatography identified the 
inositol diastereomers.

Mass Spectra
Treatment of the concentrated extracts of the 

forest soil and its surface pine needles with acetone 
caused the crystallization of one of the inositols from 
solution. The mass spectra were similar to that of an 
authentic sample of myo-inositol with major peaks at m/e 
60, 73, 102 and 144; the characteristic base peak being 
at m/e 73. The identity of the ion fragments producing 
these major peaks will be discussed later.

These spectra, shown in Figures 7, 8 and 9, were 
used as general qualitative tests for inositol due to the 
fact that all the inositol isomers show similar mass 
spectra. Only microgram quantities were needed.

44
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Fig. 7. Mass spectrum of myo-inositol.
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Fig. 8. Mass spectrum of an inositol isomer from 
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Fig. 9, Mass spectrum of an inositol isomer from Pinus ponderosa.
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Infrared Spectra
The infrared (IR) spectra of the inositol isolated 

from the forest soil and P. ponderosa pine needles were 
identical to that of authentic myo-inositol as shown in 
Figures 10, 11 and 12. IR spectra can serve as a tool in 
distinguishing specific isomers due to absorption dis
similarities which exist in the spectra of the inositol 
diastereomers. This dissimilarity occurs primarily in the 
"fingerprint" region between 1,250 to 675 cm”'*’. The strong 
absorption due to hydrogen bonded O-H stretching fre
quencies at 3,300 cm”-*-, and the weaker absorption at 2,900 
cm”'*' resulting from the C-S stretching frequencies was 
observed in all the inositols studied. The very sharp 
absorption at 1,600 cm”"*- seen in all the IR spectra is that 
of a 0.07 mm polystyrene film used as a reference standard.

Nuclear Magnetic Resonance Spectra
Nuclear magnetic resonance (NMR) served as an ex

cellent means of distinguishing the inositol diastereomers 
found in the soils and plants studied. The different 
electronic environments in which the axial and equatorial 
ring protons exist produce distinct NMR spectra among the 
inositol diastereomers. Only the inositol enantiomers,
D- chiro - and L- chiro - inositol, show identical NMR 
spectra due to the fact that their only dissimilarity 
exists in their optical isomerism.
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Fig. 11. Infrared spectrum of an inositol isomer 
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Fig. 12. Infrared spectrum of an inositol isomer 
from Pinus ponderosa.
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A 5 mg sample of the inositol isomer found in the 
forest soil was identical to myo-inositol in its NMR 
spectrum (Figures 13 and 14). A spherical microcell with 
a 25 yl volume was used in this determination.

Paper Chromatography
A concentrated extract of the forest soil and 

surface pine needles subjected to ascending paper chroma
tography in three different solvent systems produced the 
migrations given in Table 1. Two spots were observed in 
both the soil and plant extracts having identical Rf 
values. The Rj= values of authentic samples of myo-inositol 
and L- chiro -inositol chromatographed simultaneously with 
the soil and plant extracts were identical to the two spots 
found in the forest soil and P. ponderosa extracts. The 
similarity of R^ values between the authentic inositol 
isomers and the soil and plant extracts is good evidence 
that the two isomers in the soil and plant extracts are the 
myo- and "DLu-chiro-inositol. Quotations are used for the 
latter isomer because the optical rotation is unknown.
Paper chromatography cannot distinguish whether this isomer 
is the D- chiro -, L- chiro -, or a racemic mixture.
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Table 1, Rf values of ascending chromatograph spots of

myo-inositol, L-chiro-inositol, components of the 
forest soil extract, and components of the P. 
ponderosa extract.

Solvent
System

Myo
inositol

L—
chiro - inositol

Forest
Soil
Extract

P.
ponderosa
Extract

EtOH (95%)- 
H2O—cone.NH4OH 
(20:4:1 v/v)

0.25 0.32 0.25
0.32

0.24
0.31

Acetone-HgO 
(4:1 v/v)

0.22 0.35 0.21 
0.35 ‘

0.23
0.34

BUOH-HAC-H2O 
(4:1:1 v/v)

0.053 0.085 0.055
0.080

0.054
0.083

Identification of D-Chiro-Inositol in a 
Desert Soil and Velvet Mesquite 

(Prosopis juliflora var. velutina)
Extractions of inositols from a South Tucson desert 

soil, Pima Clay Loam, and from its surface litter of leaves 
of P. juliflora var. velutina, has shown that the D-chiro- 
inositol enantiomer is present in the soil and its surface 
vegetation. The spectroscopic, physical, and chemical 
properties used as a proof of structure are discussed 
below.



50

m y o - Inosito l

Fig. 13. 100 MHz NMR spectrum of myo-inositol in
DgO with internal DOS reference.
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Fig, 14. 100 MHz NMR spectrum of an inositol
isomer from the forest soil.
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Paper Chromatography
Extracts of the desert soil and its surface vegeta

tion in a concentrated form (~ 5 ml volume) yielded de
scending chromatographic spots having the Rf values shown 
in Table 2. The solvent system of 95% EtOH-HgO-conc.
NH4OH (20:4:1 v/v) gave the best separations producing 
four well separated spots from the Velvet Mesquite extract. 
These spots were designated a.2, b2, eg and dg for future 
reference. In this same solvent system only two spots 
were obtained from the extract of Pima Clay Loam.

Table 2. Rf values of descending chromatograph spots of 
myo-inositol, L-chiro-inositol, components of 
the desert soil extract (Pima Clay Loam), and 
components of the Prosopis juliflora var. 
velutina extract.

Solvent System
Myo
inositol

L-
chiro - inositol

Pima
Clay Loam 
Extract

P.
juliflora 
Extract

95% EtOH-H20- 0.29 0.39 0.30 a1 0.30 a2
conc.NH^OH 
(20:4:1 v/v)

0.38 bi 0.38 b2 
0.45 c2 
0.67 d2

Acetone-HoO 
(4:1 v/v)

0.34 0.41 0.34
0.41

0.33
0.40
0.47

EtAc-HAc-H20 0.07 0.10 0.07 0.08
(3:1:1 v/v) • 0.10 0.12
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The chromatographic spots b-̂  and b2 of the soil and 
P. juliflora var. velutina extracts have a similar Rf value 
to that of authentic L- chiro -inositol chromatographed 
simultaneously as a standard. Also in the other solvent 
systems, L- chiro -inositol has similar values to 
chromatograph spots of the soil and plant extracts. D- 
chiro - or L- chiro -inositol cannot be identified by 
paper chromatography due to their identical Rf values, a 
property which all enantiomers possess. In an attempt to 
identify this compound from the soil and plant extracts as 
the D- chiro - or L- chiro -inositol, preparative paper 
•chromatography,-as previously described, was conducted to 
isolate the compound for a determination of the optical 
rotation and spectroscopic properties.

Mass Spectrum
The mass spectrum of the isolated material (Figure 

15) is typical of an inositol with major peaks at m/e 60, 
73 (base peak), 102 and a parent + 1  (P + 1) peak at m/e 
181. This is the only case in which the P + 1 peak was 
observed and a source operating temperature of 205°C was 
used. Buchs, Charollais and Posternak (1968) have shown 
that the P + 1 peak is not always observable. The ion 
peaks will be discussed in the section concerning the mass 
spectral fragmentation of the inositols.
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Infrared (IR) Spectra
The infrared spectrum of the isolated inositol is 

identical to that of authentic L- chiro -inositol shown in 
Figures 16 and 17. The L- chiro -inositol, prepared by 
the demethylation of 2-0-methyl-L-chiro-inositol with HI, 
was proven to be authentic by its NMR spectrum and the NMR 
spectrum of its hexaacetate. The IR spectra show character
istic 0-H stretching vibrations at 3350 cm*"l and equatorial 
C-H bond deformations at 868 cm*"̂ .

It should be mentioned that the inositol diastereo- 
mers do show significant differences in their IR spectra in 
the "fingerprint" region from 1400 cm*"̂  to 700 cm \  In 
the above case therefore, the IR spectrum donates further 
evidence that the inositol isolated is the D- chiro -,
L- chiro -, or (D,L)-chiro-inositol because these enantio
mers obviously give identical IR spectra.

Nuclear Magnetic Resonance 
(NMR) Spectra

As in the case of the previously mentioned IR 
spectra, the NMR spectrum of the isolated inositol is 
identical to that of authentic L- chiro -inositol illus
trated in Figures 18 and 19. Absorptions in the spectra 
correspond to axial and equatorial ring protons of the 
inositols in D20 .



55

(MICRONS)WAVELENGTH

1 . t : : t : -
: :: • :

; : i\ y.

' ; •

to
<.50

.60

.70

4000 3000 '

Fig, 16. Infrared spectrum of authentic L-chiro- inositol.
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56

L-chiro - In o s ito l

642 r

Fig. 18, 60 MHz NMR spectrum of L-chiro-inositol
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This is again only additional evidence to indicate 
the identity of the isomer as D- chiro L- chiro 
or (D,L)-chiro-inositol due to the fact that these all 
give identical NMR spectra.

Polarimetry
The melting point of this isolated inositol at 

246-8°C indicated that it was either the dextrorotatory 
D- chiro -- or levorotatory L- chiro -inositol reported to 
melt at 247°C. The racemic (D,L)-chiro-inositol melts at 
the higher temperature of 253°C (Pollock and Stevens 1965).

The specific rotation [cx]q  ̂ in HgO was determined 
to be +56° measured by the recording polarimeter previously 
described. A value of +60° was found by Ballou and 
Anderson (1953).

Discussion
The dextrorotatory character of the above isolated 

isomer along with its previously described spectroscopic 
properties gives sufficient evidence to indicate that it is 
the D- chiro -inositol. Although the optical rotation and 
spectroscopic properties were determined on the inositol 
isolated from the P. juliflora var. velutina leaves on the 
soil surface, the chromatographic experiments do show that 
this isomer is found in the underlying soil. This is, of 
course, under the assumption that epimerization or
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racemization of the D- chiro - to the L- chiro - or (D,L)- 
chiro-inositol respectively does not occur in the transfer 
from the leaf to the soil inositol.

Cosgrove (1962) has reported that the inositol 
phosphate enantiomer he obtained from an Australian soil 
was optically inactive and consequently was expressed as 
the racemic (DfL)-chiro-inositol. The D,L-chiro-inositol 
was again reported by Cosgrove (1963a) as the hexaphosphate. 
However, in a very recent report Cosgrove (1969b) claims 
that the enantiomer was D-chiro-inositol hexaphosphate 
rather than the D,L-chiro-inositol hexaphosphate. Con
crete evidence for the D-chiro-inositol hexaphosphate was 
supplied by the comparison of the specific rotation of 
D-chiro-inositol hexaphosphate from the soil with that of 
synthetic D-chiro-inositol hexaphosphate. In this report 
(Cosgrove 1969b), it should be mentioned, paper chromatog
raphy was erroneously used to identify the D-chiro-inositol 
moiety of the hexaphosphate. Paper chromatography cannot 
be used to identify the D-chiro-inositol because both the 
D-chiro- and L-chiro-inositol enantiomers possess the same 
chromatographic Rf values. Most other investigators did 
not attempt to determine its optical activity. As a more 
recent example, Martin and Wicken (1966) identified an 
inositol from a New Zealand soil by chromatography and 
electrophoresis and expressed it as "Dl/'-chiro-inositol.
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The quotation marks were used because characterization of 
this isomer as the D- chiro L- chiro or (D,L)- 
chiro-inositol was not possible due to the isolation of 
an insufficient amount of the isomer for the determination 
of its optical rotation.

Identification of Other Inositol Isomers 
in the Desert Soil-Velvet Mesquite 

(Prosopis juliflora var. velutina) System

Besides the previously discussed D- chiro -inositol, 
one other inositol was common to both the desert soil and 
velvet mesquite leaf litter whereas a third inositol isomer 
was found only in the velvet mesquite leaf litter. The 
identity of these isomers was confirmed and a reason for 
the absence of one of the isomers in the soil postulated.

Paper Chromatography
As depicted in Table 2, the solvent system consist

ing of 95% EtOH-HgO-conc. NH4OH (20:4:1 v/v) produced two 
additional chromatograph spots eg and dg from the extract 
of Velvet Mesquite not found in the Pima Clay Loam extract. 
Spectroscopic evidence was found for the partial or com
plete identity of the components of these spots including 
the previously unmentioned spots a^ and ag.

,
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Myo-Inositol in the Desert Soil and 
Leaves of P . juliflora var. velutina

From the chromatographic data alone (Table 2), 
spots a^ and 82 have a similar value to that of authentic 
myo-inositol. In two other solvent systems, authentic myo
inositol had a similar Rf value to a chromatograph spot from 
the Pima Clay Loam and P . juliflora var. velutina extracts. 
Additional spectroscopic evidence was used to establish 
the a^ and ag components as the myo-inositol.

The isomer, crystallized from aqueous solution by 
the addition of acetone, had a melting point of 223° to 
223.5°C in close agreement with that of authentic myo
inositol (m.p. 225-227°C). Its mass spectrum, and IR 
spectrum shown in Figures 20 and 21 were identical to the 
respective spectra of authentic myo-inositol given in 
Figures 7 and 10. The NMR spectrum (Figure 23), determined 
on 7.5 mg of sample in a spherical microcell having a 25 
Vtl volume, was also identical to that of an authentic sample 
of myo-inositol (Figure 22).

The occurrence of the myo-inositol in both Pima 
Clay Loam and Velvet Mesquite leaves was of little surprise 
because this isomer is considered somewhat ubiquitous in 
soils and plants. Of more striking significance is the 
occurrence of muco-inositol in the leaves of Velvet Mesquite 
and its absence from the underlying soil which will be sub
sequently discussed.
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Muco-Inositol in the Leaves of 
P. juliflora var. velutina

The isomer which produced the chromatographic spot 
C2 (Table 2) in the P. juliflora var. velutina extract yet 
was absent in the Pima Clay Loam, was collected by prepara
tive paper chromatography and subjected to physical and 
spectroscopic tests indicating its stereochemical structure 
to be that of muco-inositol.

The IR spectrum of the material eluted from the 
paper chromatograph is shown in Figure 24. Although poorly 
resolved, it is characteristic of an inositol with hydrogen- 
bonded 0-H and also C-H stretching bands at 3,350 cm'"-*- and 
2,900 cm”-*- respectively. Also, absorption due to equi- 
torial C-H bond deformations are observed at 868 cm*"-*-.

Although the IR spectrum furnishes evidence for the 
general inositol structure, the stereochemistry of the 
inositol could not be determined until its NMR spectrum 
and hexaacetate derivative were studied. The NMR absorp
tion due to the ring protons is shown in Figure 25 with 
TMS as an external standard. For comparison of this NMR 
spectrum with standard spectra of the inositols determined 
by Brownstein (1959) relative to methylene chloride, the 
experimental value of chemical shifts v in cps relative to 
TMS were converted to cps relative to CH2CI2 as shown in
Table 3.
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Fig. 24, Infrared spectrum of muco-inositol iso
lated from Prosopis juliflora var. velutina.
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Fig. 25, 60 MHz NMR spectrum of muco-inositol iso
lated from Prosopis juliflora var. velutina.
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Table 3. Comparison of the chemical shifts of muco-
inositol and the inositol isomer from Prosopis 
juliflora var. velutina.

Isomer v(cps)
v(cps) 
(relative 
to CH2Cl2) 6 (ppm)

Muco-Inositol 61a 61 1.52
Inositol from P. 234b 87 1.45
juliflora var. 229 (major 92 (major 1.53(major
velutina 211 peak) 110 peak) 1.83 peak)

a40 Me, rel. to'CH2Cl2 
b60 Me, rel. to TMS

The 6 values (ppm) in the above table were calculat
ed from the literature and experimental values of the 
chemical shifts (cps from CHgClg) for the 40 and 60 Me 
field intensities employed respectively. The equations 
used for the conversion of v in cps to 6 in ppm are as 
follows:

6
6 = for the 40 Me literature values40 X 10b

6 cps X 10^ 
60 X 106 for the 60 Me experimental values

As indicated in Table 3, two additional minor peaks 
were observed in the NMR spectrum of this inositol from P.
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juliflora var. velutina compared to the literature spectrum 
of muco-inositol. This is presumed due to the much higher 
resolution obtainable with the modern instrumentation used 
compared to the poorly resolved spectra obtained by Brown- 
stein (1959). The major absorption at a chemical shift of 
1.53 ppm is in very close agreement to the 1.52 ppm for 
muco-inositol obtained by Brownstein (1959).

Additional evidence is supplied by spectroscopic 
and physical properties of the hexaacetate derivative of 
the inositol from P. juliflora var. velutina. The deriva
tive prepared from 0.07 gm of the inositol was verified as 
the hexaacetate by its IR spectrum (Figure 27) after com
parison with the IR spectrum of authentic myo-inositol 
hexaacetate shown in Figure 26 and also the spectrum in
terpreted by Isbell et al. (1957). Absorptions at 1,750 

-1and 1,230 cm correspond to C=0 and C-0 stretching fre
quencies respectively. The -CH^ deformation vibrations are 
observed as a small absorption at 1,425 cm-  ̂and a sharp 
symmetrical absorption at 1,365 cm” .̂ NMR spectra in 
CDCI3 show the inositols to be fully acetylated and thus 
the small peak at 3,450 cm-^ is not attributed to inositol 
O-H stretch but is rather considered an anomaly due prob
ably to moisture in the KBr pellet.

After three recrystallizatio'ns from aqueous acetone 
of 2.8 mg of the hexaacetate derivative of this isomer from
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Fig. 27. Infrared spectrum of hexaacetate of muco- 
inositol from Prosopis juliflora var. velutina.
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P. juliflora var, velutina, it gave a m.p. of 178.5-180°C. 
The thermometer calibrated against the three standards: 
succinic acid m.p, 185°C, 2,5-bis-[2~(S-tert-butylbenzo- 
oxazolyl)] thiophene (BBOT) m.p. 201-202°, and salicylic 
acid m.p. 158-159°C, showed the thermometer to be in error 
by +3°. The corrected m.p. of 175.5-177° is in very close 
agreement with the m.p. of authentic muco-inositol hexa- 
acetate at 177-8°C reported by Minoru Nakajima et al.
(1959). The hexaacetate derivative serves as excellent 
additional evidence for the identity of the muco-inositol 
due to the fact that the inositol hexaacetate diastereomers 
have -well .separated melting .points over a wide range of 
96° to 300°C. '

Discussion
The presence of myo- and D- chiro -inositol but 

absence of muco-inositol in the desert soil poses some 
questions concerning the fate of muco-inositol in the soil. 
The occurrence of the three isomers in the leaves of P. 
juliflora var, velutina on the soil surface indicate that 
leaf litter can serve as a good source of these isomers 
in the underlying soil.

Many possible transformations which the soil inosi
tol can encounter could be classified under oxidative 
degradation, incorporation in plants, derivative formation
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such as inethylation, and epimerization. Prior to discussing 
any transformations that the soil inositols could undergo 
it should be pointed out, that in comparing the diastereo- 
mers muco- with the D~ chiro -inositol and also myo- with 
the D- chiro - inositol, they differ only in the stereo
chemistry of one carbon atom. On this basis it appears that 
epimerization reactions of soil inositols involving the 
alteration of the stereochemistry of only one carbon atom 
could occur.

An early indication that a cyclic ketone could be 
an intermediate in this type of epimerization was given 
by Schopfer and Posternak (1956) when the ketone group of 
three isomeric inososes were reduced to inositols by 
Saccharomyces cerevisiae, S. veronae, Torulopis bacillis, 
Klocckera brevis, Schizosaccharomyces pombe liquefociens, 
strain, and Neurospora crassa. This epimerization involving 
a cyclic ketone intermediate was observed by Scholda,
Billek and Hoffmann-Ostenhof (1964e) in the conversion 
of myo-inositol to D- chiro -inositol in Trifolium incar- 
natum;

T. incarnatum

OH ■ vh
(-t-)-viboinososemyo-inositcl
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OH H

D-chiro-inositol

OH

Epimerization via the ketone intermediate is pos
sible due to a change in the hybridization of the carbon 
atom undergoing epimerization. The change is from an 
initial tetrahedral sp-3 to a planar sp hybridization of 
the ketone intermediate. This planar intermediate could 
enable either top-side or back-side attack by a hydride 
ion. With the (+)-viboinosose intermediate given above, 
.top-side attack by a hydride ion would produce D-chiro- 
inositol whereas back-side attack would produce myo
inositol:

top-sideOH H
attack

(+)-viboinosose D-chiro-inositol.
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back-sideO H  A
attack

(-h)-viboinosose myo-inositol

Due to the vast number of epimerase enzymes known to 
occur it is possible that an enzyme could have the proper 
conformation to catalyze either the top-side or back-side 
attack by a hydride ion in this epimerization mechanism.

The epimerization of muco-inositol in a natural 
system has not been reported probably due to the rare 
occurrence of this isomer. The absence of this isomer in 
the desert soil studied may be due to an oxidative degra
dation or the previously mentioned epimerization.

An additional interesting observation was the find
ing of the myo-, D- chiro -, and muco-isomers by Adhikari, 
Bell and Harvey (1962) in the heartwood of Phyllocladus 
trichomanoides. The occurrence of the same three isomers 
in P. juliflora var, velutina may indicate that they have 
an interrelationship such as the previously discussed 
epimerization-type reactions.
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NMR Spectra of the Inositol 
Acetates

The NMR spectra of the inositol acetates were 
highly resolved and proved to be very useful in distinguish
ing between the number of axial and equatorial acetoxy 
groups. Tetsuo Suami and Kenji Yabe (1965) used this 
technique to substantiate the configuration of an inosamine. 
They observed that the axial acetoxy protons absorbed at a 
lower field ('v?,80t) than the equatorial acetoxy protons 
(>7.90t). Figures 28 and 30 show the simplification of 
the NMR spectra of the myo- and L-chiro-inositols following 
acylation enabling the observation of separate absorp
tions due to axial and equatorial acetoxy groups. The 
small and large sharp signals (Figure 28) at 7.79 and 8.00% 
with a relative intensity of 1:5 represent the one axial 
and five equatorial acetoxy groups respectively of the 
myo-isomer. Similarly the L-chiro-inositol hexaacetate 
(Figure 30) displays one sharp signal at 7.83% and two other 
combined sharp signals at 8.00 and 8.04%. The relative 
intensity of the signals at the lower and higher field is 
1:2 or 2:4 which represent the two axial and four equatorial 
acetoxy groups respectively. The NMR spectra of hexa
acetate derivatives of inositols isolated from the forest 
soil and from the leaves of P. juliflora var. velutina are 
given in Figures 29 and 31 respectively as examples.
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Fig. 28. 60 MHz NMR spectrum of myo-inositol
hexaacetate in CDCI3 with internal TMS‘ reference.

X

-C -O -C -H

Hexaacetate Derivative of 
m yO-inositol from the 

Forest Soil

Fig, 29. 60 MHz NMR spectrum of the hexaacetate 
derivative of myo-inositol from the forest soil in CDCI3 
with internal TMS reference.
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L -c h iro - in o s ito l Hexaacctate

- 5 - 0 -C -H

Fig. 30. 60 MHz NMR spectrum of L-chiro-inositol
hexaacetate in CDClq with"internal TMS reference.
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Fig. 31. 60 MHz NMR spectrum of the hexaacetate
derivative of D-chiro-inositol from Prosopis juliflora 
var. velutina in CDCI3 with internal TMS reference.
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A useful application is the NMR spectra of acetate 
derivatives of naturally occurring inositols containing 
an alkyl substituent on one of the oxygen atoms. One can 
determine the number of axial and equatorial acetoxy groups 
and also whether the alkoxy substituent occupies an axial 
or equatorial position. Quebrachitol, a naturally occurring 
monomethyl ether of L-chiro-inositol, serves as a good 
example. The NMR spectrum (Figure 32) of the non-acylated 
quebrachitol (free OH groups) in D^O shows a strong sharp 
signal at 6.54% due to the methoxy protons. The other weak 
signals are due to the ring protons whereas the hydroxyl 
protons are not observed due to exchange with D2O. Upon 
acylation of the five hydroxyl groups, the NMR spectrum 
(Figure 33) shows this acetate derivative to contain two 
axial acetoxy groups at 7.83% and three quitorial acetoxy 
groups at 7.94, 7.99, and 8.03% having the relative in
tensity of 2:1:1:1. Because it is known that L-chiro- 
inositol contains two axial and four equatorial hydroxyl 
groups, the only possibility remaining for the methoxy 
group is that it is in an equatorial position.

Another advantage in the use of acetate derivatives 
in NMR spectral determinations would be to increase the 
molecular weight of the inositol. The hexaacetate deriva
tive has a molecular weight of 1.9 times that of inositol. 
This higher molecular weight almost duplicates the size of
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Fig. 32. 60 MHz NMR spectrum of quebrachitol in
D2O with external TMS reference.
Absorptions in the region between 5.5-6.5 t  are blown up 
to the right-hand portion of the spectrum.
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Fig. 33. 60 MHz NMR spectrum of quebrachitol
pentaacetate in CDCI3 with internal TMS reference.
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the inositol compound, an important factor due to the small 
amounts of the isomers obtainable from soils and plants. 
Yields as high as 88% were obtained with the acylation of 
as small a sample as 20 mg of myo-inositol.

Mass Spectral Fragmentation of 
the Inositols

By observing peak shifts in the mass spectra of 
inositol derivatives and deuterium labeled inositols com
pared to myo-inositol, evidence was compiled to further 
explain the fragmentation scheme of Reed, Reid and Wilson 
(1962) previously discussed.

Myo-inositol C5H5(OH)5 and 
Deuterated Myo-inositol 
C6H6(OD)6

•*The major peaks in the mass spectra of myo-inositol 
and deuterated myo-inositol are labeled on the respective 
spectra (Figures 34 and 35) along with their molecular 
formula. Dueterium labeling of the hydroxyl groups was 
conducted by means of exchange with DgO (99.75% isotop- 
ically pure).

As shown in the two spectra, the peak at m/e 144 
shifted two mass units to m/e 146 after labeling with 
deuterium indicating that two hydroxyl protons are present. 
Thus the dihydroxy cyclic ketone (I, p. 23) suggested by 
Reed, Reid and Wilson (1962) is the more probable ion to
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Fig, 34. Mass spectrum of myo-inositol CgHg(OH)g

Deuteroied myo-Inositol CeHs(0D)e

m/e

Fig, 35, Mass spectrum of deuterated myo-inositol 
C6H6(OD)6.



occur than the cyclic alcohol (IX, p. 23 ) containing three 
hydroxy groups. The loss of CgHgO from the ion at m/e 144
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adds more evidence for the cyclic ketone (I) since Beynon, 
Saunders and Williams (1960) have found this to be a common 
occurrence with cyclic ketones.

and Wilson (1962) to result from a loss of a formyl group 
ion (III, p. 23 ) of m/e 102 is shown to contain two hydroxyl 
groups by its shift to m/e 75 after deuterium labeling 
(Figure 35). This ion may best be illustrated by the ring 
structure (IV). This is structurally similar to the three 
carbon ring ion (V) which has been described by De Jongh 
and Biemann (1963) and Kochetkov et al. (1963) to occur 
with methylated monosaccharides.

ion 02^2°2+ (Figure 34) contains two hydroxyl groups 
illustrated by its shift to m/e 62 following deuteration 
(Figure 35).

The base peak at.m/e 73 suggested by Reed, Reid

HC--- CHI IOH OH
IE, m/e 73

HC--- -CHI Io c h 3 o c h 3

The second most predominant peak of m/e 60 of the
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H  H  I _ H O — C = C — O H  J
+

3H, m/e 60
An ion of this type (VI) has been described by Kochetkov 
et al. (1963) to occur as the predominant ion (VIII) in 
the mass spectrum of the methylated glucopyranose (VII).

C H a O C H 3
H  H

h5co- c=c- och3
6chT f OCH3

och3
vrr vnr

Quebrachitol C6H6(OH)5(OCH3) 
and Deuterated Quebrachitol 
C6H6(OD)5(OCH3)

Ion peaks at m/e 60 and 73 in the mass spectrum of 
quebrachitol (2-0-methyl-L-chiro-*inositol, Figure 36) gave 
similar peak shifts after deuterium labeling (Figure 37) 
as previously discussed in the case of myo-inositol.

The predominant peak at m/e 87 is approximately 
equal in abundance to the ion at m/e 73 and 14 mass units 
greater. The 14 mass unit increase should correspond to a 
monomethyl ether of ion IV:

O C H : [
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Fig. 36. 
C6H6 (O H )5 (OCH3 ) .

Mass spectrum of quebrachitol

«x.
5
•5

Fig. 37. 
CgH6 (O D )5 (OCH3 ) .

Mass spectrum of deuterated quebrachitol
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l I
o c h 3 o h

IK, m/e 87

This would leave only one hydroxyl proton as demonstrated 
by a peak shift of only one mass unit to m/e 88 after deu
terium labeling (Figure 37). This ion has previously been 
described by De Jongh and Biemann (1963) as a fragmentation 
product of partially methylated monosaccharides.

The abundant ion of m/e 116 (Figure 36) is 14 mass 
units higher than the ion of m/e 102. This 14 mass unit 
increase could represent a methyl ether of the ion of m/e 
102 with two hydroxyl protons remaining. Evidence for this 
is given by the peak at m/e 118 (Figure 37) representing 
a shift of two mass units (m/e 116 -*• 118) and the presence 
of two hydroxyl protons.

Myo-Inositol Hexaacetate 
C6H6(OOCCH3)6

The mass spectra of myo-inositol hexaacetate 
(Figure 38) gave additional evidence for the dihydroxy 
cyclopropanyl ion (IV) of m/e 73, ion peaks of m/e 73,
115, and 157 appear 42 mass units apart indicating that
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myo-Inositol Hexoocelole CeHt(OOCCHs)e
HC------- 1

m/e 4 35 : 0.10% 
m/e 436:0 12%

200 220

Fig, 38, Mass spectrum of myo-inositol hexa- 
acetate C6H6(00CCH3)6,
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the ions of m/e 115 and 157 can represent mono- and 
diacetyl derivatives of ion IV of m/e 73:

" m/e 115

2 +

m/e 157



SUMMARY AND CONCLUSIONS

Inositol stereoisomers were isolated as' the barium 
salts of their phosphate esters from a forest and desert 
soil and from the respective soil organic horizon of un
decomposed pine needles of Pinus ponderosa and undecomposed 
leaf litter of Prosopis juliflora var. velutina.

An important relationship between the soil and 
plant inositols is suggested upon finding both the myo- 
and "DL"-chiro-inositol (optical rotation unknown) in the 
forest soil and its organic horizon. A quite different 
relationship was found between the isomers in the desert 
soil and its undecomposed leaf litter. The leaf litter of 
P. juliflora var. velutina contained the myo-f D-chiro-, 
and muco-inositol whereas its underlying soil only contained 
the myo- and D-chiro-inositol.

The muco-inositol may be undergoing an oxidative 
degradation or epimerization in the desert soil. In com
paring the myo- with the D-chiro-inositol and also the 
muco- with the D-chiro-inositol it is observed that they 
differ only in the stereochemistry of one carbon atom. 
Epimerization could occur at this carbon atom via a ketone 
intermediate. The carbon atom undergoing epimerization 
possesses in this manner a planar sp^ hybridization enabling

85
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attack of a hydride ion from one side of the planar car
bonyl group;

OH

planar carbonyl 
intermediate

Although an epimerization of this type involving 
muco-inositol has not been verified in a natural system, 
the epimerization of myo-inositol is known to involve a 
cyclic ketone intermediate. It is possible that an enzyme 
system could catalyze this epimerization by aiding the 
hydride ion attack from a preferred side of the planar 
carbonyl intermediate.

It should be mentioned that muco-inositol is still 
unreported in soils. Although it has a rare occurrence in 
plants, the muco-isomer is considerably concentrated in 
the dry leaf litter of P. juliflora var. velutina on the 
surface of the desert soil which is itself free of the 
presence of this inositol,
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Mass spectrometry and infrared (XR) spectroscopy 

were found useful in respectively detecting microgram and 
milligram quantities of the inositols from soils and plants. 
Nuclear magnetic resonance (NMR) spectroscopy and paper 
chromatography are more useful in distinguishing between 
the various inositol diastereomers. The use of paper 
chromatography had the disadvantage of requiring authentic 
samples of the diastereomers to be chromatographed simul
taneously with the unknown samples.

With the inositols studied, the NMR spectra of the 
hexaacetate derivatives allowed observation of the total 
number of axial and equatorial acetoxy groups. In the case 
of inositols containing a substituent on one of the oxygen 
atoms, such as the naturally occurring monomethyl ethers, 
the axial or equatorial position of the substituent is 
easily determined from the NMR spectrum of its acetate 
derivative.

An attempt was made to determine the structural 
constitution of the major ion fragments produced in the 
mass spectra of the inositols as an aid in the future 
identification of these biologically important isomers and 
their derivatives. Some of the major ion fragments were 
identified by observing ion peak shifts occurring in the 
mass spectra of deuterium labeled inositols compared to 
the ion peaks of myo-inositol. The major ion peaks of m/e
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60f 73 (base peak) and 144, occurring in the mass spectra 
of all the inositol diastereomers, is considered via the 
deuterium labeling experiments, to be the result of the 
following ion fragments:

H HHO— C=C— OH
+

m/e 6 0

HC— :--CHI IOH OH
m/e 73

+
hov'Ty *O
HO^\i^

O

m/e 14-4-

The ion fragment of m/e 60 is considered to be resonance 
stabilized whereas the ions of m/e 73 and 144 have ring 
stabilization. This stabilization is considered the cause 
of the major abundance of these ion fragments in the mass 
spectra of the inositols. The ions of m/e 60 and 73 are 
structurally similar to those found by investigators in 
the mass spectra of carbohydrates.
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