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mic catalysis, the existence of this type of inhibi-
tion should be kept in mind if a substrate might be
attracted to the enzyme in more than one possible

arrangement.

plexes can be formed and the inhibitor constants
for these inactive complexes. Since Vy is the
turnover number which will ultimately be of
importance in evaluating the mechanism of enzy-
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An optically active myo-inositol 1-phosphate and myo-inositol 1-O-methyl ether have been synthesized from galactinol, a
galactoside of myo-inositol in which the absolute configuration of the 1-position of the myo-inositol involved in the linkage
is known. Thus, the absolute configurations of the two products are known. The myo-inositol 1-phosphate is the enantio-
morph of the product obtained by base hydrolysis of soybean phosphoinositide, while the methyl ether is identical with

(+)-bornesitol, a naturally occurring 1-o-methyl myo-inositol.
Thus, both enantiomorphs of bornesitol have been obtained by synthesis.

(1-O-methyl-( — )}-inositol) by Anderson and Post.

myo-Inositol occurs in nature in several conju-
gated forms. Being a meso-compound, it may,
like glycerol, be substituted in such a way as to
form optically active conjugates. Thus, three
optically active monomethyl ethers have been
described?; the myo-inositol part of galactinol®
has been shown to be asymmetrically substituted
with D-galactose!; and, it has recently been
demonstrated that the myo-inositol moiety in the
phosphoinositide from soybean® and from beef
liver® is asymmetrically linked to glycerol phosphate.

The cyclic form of the inositols has led to some
difficulty in nomenclature, since there is no direct
way in which positions in the inositol rings can be
related stereochemically to a straight chain refer-
ence such as glyceraldehyde. However, the gen-
erally accepted convention’ for numbering the
positions in the myo-inositol ring leads to the two
mirror images below (I and IT).
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These differ only in the direction in which the ring
is numbered, and for a substituted myo-inositol,
that direction of numbering is followed which gives
the substituent the lowest number.

‘While positions 2 and 5 have planes of symmetry,
positions 1,3 and 4,6 form enantiomorphic pairs.
Indeed, two of the momnomethyl ethers of myo-
inositol found in nature® correspond to the 1,3-pair
of isomers, III and IV.
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( — )-Bornesitol has been synthesized from quebrachitol
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One is called (+)-bornesitol (III) and the other
(—)-bornesitol (IV), the absolute configurations of
the two having been established by the synthesis of
the latter from quebrachitol (1-O-methyl-(—)-inosi-
tol).® The absolute configuration of the substi-
tuted myo-inositol in galactinol has been found to
be (V).
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The p-galactose is attached to that position which
on inversion leads to (—)-inositol (VI). Cleavage
of the (—)-inositol ring along the dotted line would
give a straight chain polyol with the L-mannitol
configuration.?

Recent work published from this Laboratory has
established that the base hydrolysis of soybean
phosphoinositide yields an optically active myo-
inositol phosphate in which the phosphate group
was shown to be in one of the enantiomorphic 1-
positions.® To establish the optical purity of this
isolated material as well as its absolute configura-
tion, we have carried out the synthesis of an asym-
metric myo-inositol 1l-phosphate. The starting
material for this work was galactinol, which has the
structure and absolute configuration shown in V.
Complete benzylation was carried out in dimethyl-
formamide with benzyl bromide and silver oxide
according to the method of Kuhn, e al.'* The
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resulting  nona-O-benzyl-galactinol  underwent
methanolysis in 19, methanolic hydrogen chloride
to give a mixture of 2,3,4,5,6-penta-O-benzyl-myo-
inositol'? and methyl 2,3,4,6-tetra-O-benzyl-np-galac-
toside. This mixture was phosphorylated with
diphenylphosphorochloridate.  The phosphoryl-
ated product was freed of blocking groups by
hydrogenolysis, and the resulting myo-inositol 1-
phosphate was separated from the methyl b-
galactoside by the use of a weak base resin.

This synthetic myo-inositol 1-phosphate was
isolated as the crystalline cyclohexylamine salt.
It showed [o] %559 —3.2° (pH 9, water) and [a] %
+ 9.3° (pH 2, water). The infrared spectrum and
chromatographic properties were identical with
the substance isolated from soybean phospho-
inositide. = However, since the latter showed
[a] %9 + 3.4° (PH 9, water) and [a] Pg —9.8°
(pH 2, water), it is apparent that the two are
cnantiomorphs. The synthetic compound VII
has the absolute configuration of galactinol, and it
follows that the soybean myo-inositol 1-phosphate
is its mirror image (VIII). According to the
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convention proposed by Lardy,'® the synthetic
compound would be called p-myo-inositol 1-phos-
phate, while the one from soybean phosphoinositide
would be L-myo-inositol 1-phosphate.

It is now possible to assign an absolute configura-
tion to the soybean phosphoinositide as
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The base hydrolysis of this lipid would lead, by
way of an asymmetric 1,2-cyclic phosphate,!* to a
mixture of myo-inositol 2-phosphate and L-myo-
inositol 1-phosphate. As was shown previously,®?
the latter predominates in the mixture and is
readily isolated.

By use of this same general approach, we have
synthesized (-4)-bornesitol.? Methylation of the
pentabenzyl myo-inositol, followed by removal of
the benzyl groups, gave a myo-inositol monomethyl
ether of the absolute configuration shown in III.
It had [a] % +34.0° and was in other ways identi-
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cal with (4)-bornesitol which is reported to give
[a]p +381.4°.% This definitive synthesis of (+)-
bornesitol confirms the structure assigned previ-
ously by Angyal, et al.,? and Anderson and Post.?

Angyal, et al.,? have pointed out that the only
methyl ethers of myo-inositol found in nature have
the methyl group on an equatorial hydroxyl group.
This generalization may be extended to galactinol
and to soybean phosphoinositide, in both of which
the myo-inositol is substituted on an equatorial
position.

Experimental

Nona-O-benzyl-galactinol.—Benzylation was carried out
by a procedure described by Kuhn, ef af.! Galactinol, 4.6 g.,
was dissolved in 200 ml. of dry dimethylformamide by
heating. The solution was cooled to room temperature and
50 ml. of benzyl bromide and 35 g. of silver oxide were added.
The mixture was shiaken at room temperature for 20 hr.

The salts were filtered off by suction, and the filtrate was
concentrated on a high vacuum pump at 100° bath temmpera-
ture until it became thick and solid appeared to separate.
The residue was extracted with four 200-ml. portions of hot
benzene by heating the mixture on a steam-batli. Careful
and continuous trituration of the residue with a spatula was
required to ensure complete extraction. The combined
benzene extracts were concentrated to a sirup on the flash
evaporator, and the sirup was further concentrated in a high
vacuum at a bath temperaure of 150°, A sample of this
material, precipitated from hot ethanol solution by cooling,
gave a carbon and hydrogen analysis that corresponded to
the heptabenzyl ether. Complete benzylation was accom-
plished as follows.

The above sirup was dissolved in 120 ml. of benzyl chlo-
ride, and 50 g. of powdered potassium hydroxide was added.
The mixture was stirred for 3 hr. at 140°, and then it was
allowed to cool. Benzene (100 ml.) and water (200 ml.)
were added, and the organic layer was separated and washed
with water until the water washing was neutral. The or-
ganic layer was dried over sodium sulfate, the salt was fil-
tered off and the filtrate was concentrated, first on the flash
evaporator and then on a high vacuum pump at a bath
temperature of 150°. The resulting sirup of impure nona-
benzylgalactinol was obtained in aun almost quantitative
vield of 15 g. The sirup was dissolved in the minimum
amount of boiling absolute ethanol, and the solution was
chilled to —10°. The product was deposited as a gum, and
the supernatant liquid was decanted. The gum was dried
in a high vacuum at 100°. The vield was 12 g. of a brown
stiff sirup that showed [a )% +40° (¢ 1, benzeue).

Anal. Caled. for CisH.sOn (1152): C, 78.0; H, 6.6.
Found: C, 77.8; H, 6.8.

The infrared spectrum of this material in chloroform solu-
tion showed the complete absence of any hydroxyl absorp-
tion.

Methanolysis of Nona-O-benzyl-galactinol.—A mixture
of 3 g. of nonabenzylgalactinol in 150 ml. of methanol con-
taining 1.5 g. of hydrogen chloride gas was refluxed for 24
hr. At the start, the mixture was shaken vigorously every
15 minutes until the starting material liad gone into solu-
tion. After 24 hr., the clear yellow solution was cooled and
tlien concentrated to remove thie niethanol on a flash evapor-
ator. The residue was taken up in benzene and water, and
the organic laver was separated and washed with water
until the washing was neutral. The benzene layer was
dried over sodium sulfate, filtered from the salt, and the
filtrate was concentrated to a dry sirup. This mixture of
pentabenzyl-myo-inositol and methy! tetrabenzyl-np-galacto-
side analyzed correctly for the uptake of one methoxyl group
and was obtained in almost quantitative yield (3 g.).

Anal, Caled. for CrHgO1: (1184): C, 77.0; H, 6.7,
OCHj;, 2.6. Found: C, 76.5; H, 6.7; OCH,;, 2.8.

The infrared spectrum in chloroform solution showed free
hydroxyl absorption at 3400 cm.~! alniost identical in in-
tens‘ity to an equimolar solution of pentamethyl-myo-inosi-
tol.
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Phosphorylation of the Methanolysis Mixture.—To a
solution of 0.0 g. of the mcthanolysis mixture in 2 ml. of
dry pyridine was added 0.5 g. of diphenylphosphorochlori-
date. The reaction was left at 25° for 18 hr. A drop of
water was added to the solution, and 10 minutes later it was
dissolved in 25 ml. of benzeue, and the orgauic layer was
washed with water, 1 N hydrochloric acid, 1 M sodium
bicarbonate and then with water. The benzene layer was
dried over sodium sulfate, filtercd from the salt, and the
filtrate was concentrated to dryuness. The yield was quanti-
tative (1.1 g.). For analysis, the sirup was dried at 100° in
the Abderhalden.

Anal. Caled. for CeoHg;OpsP (1418): P, 2.2; OCH;, 2.2.
Found: P, 2.3; OCH;, 2.3.

Infrared analysis of the phosphorylated product in chloro-
form solution showed the absence of free hydroxyl absorp-
tion, an indication that substitution had occurred.

p-myo-Inositol 1-Phosphate.—A solution of 1.5 g. of the
phosphorylation product in 100 ml. of absolute ethanol was
treated with decolorizing carbon and filtered. The filtrate
was shaken with hydrogen at atmosphere pressure in the
presetice of 3 g. of reduced and washed 59, palladium chlo-
ride-on-carbon. The hydrogen uptake was 160 ml. in 1 hr.
The palladium catalyvst was removed, and 1 g. of platinum
oxide was added. Hydrogenolysis of the phenyl groups was
then undertaken. The uptake of hydrogen was 780 mil, in
30 minutes. The platinum was renioved, and 20 ml. of a
dry, weak-base resin, Amberlite IR-45(0OH), was added.
This mixture was stirred for 6 hr. to absorb the acidic phos-
phate compound on the resin. The resin was filtered off
and washed with water. It was tiien extracted batchwise
twice with 25-ml. portions of water containing 3 ml. of cyclo-
hexylamine. The extracts were combined and concentrated
to dryness ¢n vacuo. The residue was dissolved in 2 ml. of
water, and acetone was added to cause turbidity. Crystals
formed immediately and were latered filtered off and washed
with acetone on the funnel. The weight, air dry, was 100
mg. The theoretical vield of di-cyclohexylammonium myo-
inositol 1-phosphate would be 180 mg. The first crop was
recrystallized in tlie same manner and dried in a high vac-
uum at room temperature for analysis.

Anal. Caled. for C;sHz;ON,P: N, 6.1; P, 6.8. Found:
N, 5.7; P,6.6.

The substance showed [o]%gy —3.2° (pH 9, water) and
la)®sy +9.3° (pH 2, water), Chromatographic analysis?
showed one component that was indistinguishable from the
optically active myo-inositol phosphate isolated from soyhean
phosphoinositide. The infrared spectra (potassium bromide
pellet) of these two myo-inositol phosphates were also identi-
cal.
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Methylation of the Methanolysis Mixture.—A solution of
1.5 g. of the methanolysis mixture in 75 ml. of dry ether was
allowed to react under reflux with sodium wire for 2 hr.18
The excess sodium was removed, and 1.0 ml. of methyl io-
dide was added. The mixture was refluxed for 5 hr., after
which the ether solution was washed with water, dried and
concentrated to dryness. The sirup weighed 1.4 g. and ana-
lyzed for tlie uptake of one methoxyl group.

Amnal. Caled. for CnHgOy (1196): OCH;, 5.2.
OCHs, 5.3.

The infrared spectrum in chloroform solution confirmed
that the free hydroxyl group had been substituted.

p-myo-Inositol 1-O-Methy!l Ether.—A solution of 1.4 g. of
the above methylated product in 100 ml. of absolute etlianol
was treated with decolorizing charcoal and filtered. The
filtrate was shaken with hydrogen in the presence of 2 g. of
reduced and washed 59, palladium chloride-on-carbon. The
hydrogen uptake was very slow; therefore, the catalyst was
filtered off, and a fresh 3 g. batch of catalyst was added.
The liydrogen uptake was 310 ml. in 18 hr.

The catalyst was removed, and the solution was concen-
trated to dryness giving a sirup that weighed 300 mg. This
was chromatographed on Whatman #1 paper in an acetone—
water mixture (80:20).'7 The chromatogram was developed
with a silver nitrate dip. !#No galactinol (Rf .05) was pres-
ent. Scme myo-inositol (Rf 0.22) and methyl galactoside
(Rf 0.61) were found, as well as a new major ccmponent ( Rf
0.39). The total sample was separated on a cellulose column
(4.5 X 60 cm.) by elution with an acetone-water (90-10)
mixture in 15-ml. fractions. The new component with Rf
0.39 came off the column in tubes 394-460. Removal of the
solvent gave 50 mg. of sirup that was crystallized from water
by the addition of ethanol. The product was dried ¢z vacuo
at 100°, Itshowed m.p.199-200°, and the m.p.of a mixture
with authentic (4 )-bornesitol!’® was undepressed. A water
solution of the synthetic prodict showed [e]®ge +34.0
(¢ 0.6, water).

Anal. Caled. for C;HOs: OCHj, 16.0.
16.3.

The infrared spectra (potassium bromide pellet) of the
synthetic D-myo-inositol 1-O-methyl ether and of authentic
(4 )-bornesitol were compared and found to be identical.
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