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Background of the Invention

This invention relates to substances which mimic
the action of insulin.

It has long been known that the cellular metabolic
actions of Insulin involve the generation of a low molecular
weight substance that mimics certain actions of insulin.
See, U.S. Patent No 4,446,064. An inositol glycan structure
was first proposed for an insulin mediator in 1986. See,
Saltiel, A.R. et al. Proc. Nat. Acad. Sci. Vol. 83, pp 5793-
97 (1986). Since these initial studies, structural
variations in the insulin mediator have been reported in a
number of laboratories. See, Saltiel, Second Messengers of

Ipnsulin Action, Diabetes Care, Vol, 13, No. 3, pp.244-256
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(1990) . Specifically, compositional analyses from the
laboratory of Larner demonstrated the presence of
significant amounts of D-chiroinositol and galactosamine as
features of the inositol glycan structure. Larner et al.,
Biochem. Biophys. Res. Comm. Vol. 151, pp.1416-26 (1988).
Despite progress in identifying the structure and biogenesis
of inositol glycans released from the plasma membrane in
response to insulin, identification of the precise
bioclogical utility of these compounds will depend upon the
precise structural identification and examination of their
insulin mimetic properties.

The identification of substances that mediate or
mimic the action of insulin could lead to the development of
novel structures which may be of clinical use in the
treatment of persons having disorders of glucose metabolism,
such as impaired glucose tolerance, elevated blood glucose
associated with Type II diabetes, and insulin resistance.

Insulin mimetic molecules extracted from
bioclogical sources present a variety of undesirable
characteristics, including possible contamination as well as

unreliable or limited sources of supply of naturally
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occurring molecules. It is, therefore, desirable to devise a
synthetic molecule which mimics the activity of insulin or
its mediators and which can be synthesized without resort to

extracts from animal tissue.

summary of the Invention

It has been found that certain small amino
disaccharides can mimic the action of insulin. Specifically,
they act to reduce elevated blood glucose levels. These
substances consist of an amino sugar moiety and inositol,
joined by a beta linkage. Derivatives of these
disaccharides also act to reduce elevated blood glucose
levels. Examples of amino sugars used in the present
invention include glucosamine and galactosamine. The 2-
deoxy form of these compounds is most preferred (e.g., 2-
deoxy-2-amino hexapyranosyl inositols). Amino disaccharides
of the present invention include molecules consisting of
amino derivatives of galactopyranose and isomers and

derivatives of inositol. Compounds such as 2-deoxy-2-amino-
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galactopyranosyl pinitol are most important in this regard.
It has also been found that beta anomers are most important.
Examples of substances within the scope of this
invention include various derivatives of these amino
disaccharides, such as 4’'-0-(2 deoxy-2-amine-D-
galactopyranosyl) -D-pinitol-5’-phosphate or 4'-0-(2 deoxy-2-

amine-D-galactopyranosyl) -D-pinitol-2’-phosphate.

Figure 1 is an illustration of the numbering
system used to describe compounds of the present invention.
Figures 2 through 7 illustrate synthetic pathways

used to prepare compounds of the present invention.

The present invention contemplates a broad range
of compounds. The aminoc sugar component of these compounds
is preferably a hexosamine or a pentose amine, with hexose

amines, such as allosamine and gulosamine generally
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preferred, especially glucoseamine, and galactosamine. Amcng
the inositols, chiroinositol and myoinositol are preferred.
The numbering system used to describe the compounds of the
present invention is shown in Figure 1.

The hydroxyl groups of both the amino sugar and
the inositol component may be replaced by a variety of
substituents. Alkoxy, aryloxy, ether, ester, and phosphate
group replacements are useful in protecting the moleéule,
modifying its hydrophilicity or modulating its insulin-
mimetic properties. Replacement of the hydroxyl group at the
number 3 position of chiroinositol is preferred, with
replacement with a methoxy group (i.e. pinitol) especially
preferred. Substitutions at the 2 and 1 positions of
chiroinositol (as well as at the corresponding positions of
other inositol components) are also preferred.

Insulin mimetics of this invention can be prepared
in the following manner.

The beta-glycosides of 2-deoxy-2-amino sugars with
derivatives of inositol of this invention are prepared by
the reaction of an appropriately protected amino sugar

precursor having a leaving group at the 1-position (glycosyl
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donor) with a free hydroxyl group of a suitably protected
inositol (glycosyl acceptor) in the presence of a promoter,
followed by deprotection. For example, 4’-0-(2-deoxy-2-
amino-b-D-galactopyranosyl)-D-pinitol is prepared by the
glycosylation/deprotection sequence shown in Scheme 1, which
is set forth in Figure 2.

The glycosyl donor, l-bromo-1,2-dideoxy-3,4,6-tri-
O-acetyl-2-dinitrophenylaminogalactose, is prepared és shown
in Scheme 2, which is setforth in Figure 3, and described in
detail below.

Other glycosyl donors are prepared by straight
forward synthetic manipulation of available precursors. For
instance, selective derivatization of the 4-position of
galactal can be achieved by treating the compound with 2-
equivalents of t-butyldimethylsilyl chloride as shown in
Scheme 3, which is set forth in Figure 4. Compound A can be
easily converted to an ether or'ester by known Williamson or
Schotten-Bauman techniques. Azidonitration and bromide
displacement on B provides a glycosyl donor which, following
reaction with a glycosyl acceptor in the presence of silver

silicate, reduction of the azido group by hydrogenation and
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deprotection with fluoride, yields a beta-glycoside of 2-
deoxy-2-aminogalactose substituted at the 4-position with an
ether or an ester.

Similarly, as is shown in scheme 5 which is set
forth in Figure 5, compounds C and D can be easily separated
and converted into beta-glycosides of 2-deoxy-2-
aminogalactose substituted at the 3 or 6-position with an
ether or an ester.

The glycosyl acceptor, 1’,2';5',6’-di-O-
isopropylidene-D-pinitol, used in the synthesis of 4'-0-(2-
deoxy-2—amino—beta-D-galacopyranosyl)-D-pinitol as in Scheme
1 was prepared by the reaction of D-pinital with
dimethoxypropane in the presence of a catalytic amount of p-
toluenesulfonic acid. Other glycosyl acceptors can be
prepared readily. For instance, compounds E and F, which
can be prepared as shown in Scheme 6, which is set forth in
Figure 6,, can be mono or dialkylated regioselectivly using
Williamson techniques. Glycosides containing chiro-
inositols with alkoxy substituents at the 2 and 6 positions
can be obtained by catalytic debenzylation of G to give

glycosyl acceptor H as set forth in Figure 7, followed by
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glycosylation of H and deprotection using standard

techniques. Similarly, glycosides containing chiro-

inositols with alkoxy substituents at the 1 and 5-positions

can be prepared from G.

I. Preparation of 4’'-0-(2-deoxy-2-amino-beta-D-
A detailed procedure for preparing this compound
is as follows.

1. Preparation of 1',2’;5’,6’-di-O-isopropylidene-3-0O-
(trimethylsilylethoxymethyl) -D-chiroinositol.
1,2;5,6-Di-O-isopropylidene-D-chiroinositol (942 mg),

0.83 ml of trimethylsilylethoxymethyl chloride (SEM-C1) and

1.9 ml of diisopropylethyl amine (DIPEA) were dissolved in

20 ml of dry methylene chloride and refluxed for 16 hours.

The solution was concentrated in vacuo and the last traces

of volatile material were removed under high wvacuum (500 m

Torr) for four days to yield pure product. The yield was

1.04 g (73%).

2. Preparation of 2-deoxy-2-dinitrophenylamino D-
galactose.
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Galactosamine hydrochloride (10 g) was stirred
with 20 ml of distilled acetone and 50 ml of deionized
water. 2,4-Dinitrofluorobenzene (5.8 ml) was added followed
by 4.9 g of sodium carbonate. The mixture was stirred at
room temperature for 18 hours when a yellow precipitate was
formed. The material was suction filtered to dryness,
dissolved in 30 ml of dry methanol. Benzene (120 ml) was
added followed by enough hexane to make the solution
slightly cloudy (approximately 50 ml) at which time the
cloudy suspension was seeded to produce 5.6 g (35%) of the
product.

An alternate procedure was used to concentrate the
mixture after 18 hours reaction time and load the crude
material on a 3 X 20 cm flash column packed with silica gel
60 and elute the column with 3:1 chloroform:isopropancl and
removing the solvent in vacuo to dryness. From 6 g of
galactosamine hydrochloride, 3.48 ml of
dinitrofluorobenzene, 2.94 g of sodium carbonate, 30 ml of
water and 120 ml of acetone, 7.37 g (77%) of the product was

obtained.
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Preparation of 1,3,4,6-tetra-O-acetyl-2-deoxy-2-
dinitrophenylamino-D-galactose.

2-Deoxy-2-dinitrophenylamino galactose (7.37 g)

was dissolved in 50 ml of dry pyridine and the solution was

cooled to 0°C. Acetic anhydride (50 ml) was added and the

solution stirred for ten hours while allowing to warm to 10-

15°C. The solution was poured into 500 ml of ice water and
the mixture was suction filtered. The precipitate was
recrystallized from 500 ml hot 95% ethanol to yield 11.06 g

(100%) of the product.

3.Preparation of l-bromo-1,2-dideoxy-2-dinitrophenylamino-

3,4,6-tri-O-acetyl-D-galactose.

1,3,4,6-Tetra-0O-acetyl-2-deoxy-2-
dinitrophenylamino-galactose (6.83 g) was moistened with 12
ml of dry chloroform and cooled to 0°C where 100 ml of 30%
hydrogen bromide in acetic acid was added dropwise and the
solution was stirred for two hours after the addition was
complete. The solution was poured into 350 ml of ice water

and extracted with 4 X 100 ml of chloroform. The combined
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chloroform extracts were washed with 2 X 100 ml saturated
aqueous sodium bicarbonate, 100 ml of water, dried over
magnesium sulfate, filtered and concentrated in vacuo.
After 25 hours of drying under high vacuum, 7.08 g (99%) of
the product was obtained.

1. Glycosylation procedure to prepare 4'-0-[3,4,6-tri-
O-acetyl-2-deoxy-2-dinitrophenylamino- ,B-D-
galactopyranosyl] -3'-O-trimethyl-
silylethoxymethyl-1',2';5',6'-di-O- 1sopropylldene—
D-chiroinositol.

Vacuum dried 1-bromo-1,2-dideoxy-3,4,6-tri-O-
acetyl-2-dinitrophenylamino-D-galactose (170 mg) and
1,2;5,6-di-0-isopropylidene-3-0-
(trimethylsilylethoxymethyl)-D-chiroinositol (100 mg) were
dissolved in 10 ml of dry methylene chloride and the
solution stirred at room temperature. Under a nitrogen
shroud, 500 mg of freshly activated 4 angstrom powdered
molecular sieves was added and stirred for one hour. At
that time 0.04 ml of tetramethyl urea and 82 mg of silver
triflate were added under a nitrogen shroud. The

heterogeneous mixture was stirred at room temperature for 21

hours where three drops of triethylamine was added; the
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mixture was filtered and the solvents removed in vacuo. The
crude material was loaded on a 2 X 25 cm flash column packed
with silica gel 60 and the column was eluted with 790 ml of
4:1 petroleum ether:ethyl acetate and 100 ml of 2:1
petroleum ether:ethyl ‘acetate to isolate 90 mg of the -
isomer (23%) and 42 mg of the beta-isomer (19%)
1.Preparation of 4'-0-[2-deoxy-2-amino-beta-D-
galactopyranosyl] -3'-O-trimethyl-
silylethoxymethyl- 1',2';5',6'-di-0O-
isopropylidene-D-chiroinositol.
4'-0-[3,4,6-Tri-O-acetyl-2-deoxy-2-
dinitrophenylamino-beta-D-galactopyranosyl]-3'-0-
trimethylsilylethoxymethyl-1',2';5',6'-di;0-isopropylidene-
D-chircinositol (37.5mg) was stirred with 3.5 ml of 1 M

aqueous lithium hydroxide and 7 ml of dioxan and heated to

90°C for 28 hours. Acetic acid (4 ml) was added to pH 5 and
the solvents were removed in vacuo. The residue was
dissolved in methanol, 1 g of silica gel 60 was added and
the methanol was removed in vacuo. The preabsorbed material
was loaded on a 1 X 15 cm flash column packed with silica

gel 60 and the column was eluted with 3:1
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chloroform:isopropanol to isolate 22.1 mg of the product
(90%) .
2.Preparation of 4'-0-[2-deoxy-2-amino-beta-D-
galactopyranosyl] -D-chiroinositol.

4'-0- [2-Deoxy-2-amino-beta-D-galactopyranosyl] -3'-
O-trimethylsilylethoxymethyl-1',2';5',6'-di-O-
isopropylidene-D-chiroinositol (124 mg) was dissolved in 10
ml of 80% acetic acid and the solution heated to 75°C for 18

10 hours. The solvents were removed in vacuo to yield 76 mg
(99%) of the product. The product was further purified

using HPLC with a C,, stationary phase and a water eluant.

1.Preparation of 4'-0-(2-deoxy-2-amino-beta-D-
15 galactopyranosyl)-D-pinitol,

A detailed description of the synthetic pathway by
which this compound is prepared is as follows.

20 2.Preparation of 4'-0O-[2-deoxy-2-
dinitrophenylamino-B,4,6—tri-o-acetyl-beta-D—
galactopyranosyl]-l‘,2';5',6'-di—O—isopropylidene-
D-pinitol.

25 Vacuum dried 1-bromo-1,2-dideoxy-3,4,6-tri-O-

acetyl—z-dinitrophenylamino-galactose (3.9 g) and 1 g of

1,2;5,6-di-0 isopropylidene-D-pinitol were dissolved in 100
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ml of dry methylene chloride and the solution stirred at
room temperature. Under a nitrogen shroud, freshly
activated 4 angstrom powdered molecular sieves was added and
the mixture stirred for one hour. At that time 0.87 ml of
tetramethyl urea and 1.86 of vacuum dried silver triflate

was added under a nitrogen shroud and the mixture stirred at

0°C for 18 hours. The mixture was filtered and the filtrate
was dried in vacuo. The crude oil was loaded on a 5 X 20 cm
flash column packed with silica gel 60 and the column was
eluted with 2:1 petroleum ether:ethyl acetate to yield 2.108
g (76%) of the beta anomer.

3.Preparation of 4'-0-[2-deoxy-2-amino-beta-D-

galactopyranosyl]}-1',2';5',6'-di-O-isopropylidene-

D-pinitol.

4'-0-(3,4,6-Tri-O-acetyl-2-deoxy-2-
dinitrophenylamino-beta-D-galactopyranosyl]}-1',2';5',6'-di-
O-iscopropylidene-D-pinitol (902.1 mg) was stirred with 3.5

ml of 1 M aqueous lithium hydroxide and 7 ml dioxan and

heated to 95°C for 72 hours. Acetic acid (2 ml) was added
and the- solvents were removed in vacuo. The crude material

was loaded on a 2 X 10 cm flash column packed with silica
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gel 60 and eluted with 3:1 chloroform:isopropanol to yield
361 mg (61%) of the product, which was recrystallized from
isopropanocl to yield 74 mg of crystalline product.

5 4. Preparatipn of 4'-0-(2-deoxy-2-amino-beta-D-
galactopyranosyl) -D-pinitol.
4'-0-[2—Deoxy-2-amino-beta-D—galactopyranosyl]-

1',2';5',6'-di-O-isopropylidene-D-pinitol (101 mg) was

10 dissolved in 5 ml of 80% acetic acid and the solution heated
to 75°C for 24 hours. The solvents were removed in vacuo.
The residue was passed through a C-18 Millipore cartridge
and eluted with acetonitrile. The residue (which weighed 64
mg) was recrystallized from isopropanol to yield 25 mg of

15 the product.
Reduction of Elevated Blood Glucose Concentration

These compounds are useful in the treatment of

defects in glucose metabolism such as impaired glucose
tolerance insulin resistance, or the elevated blood sugar

20 associated with type II diabetes. For example, rats were
injected intravenously with 70 mg/kg of streptozotocin.

After ten days, when resultant hyperglycemia was
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established, the animals were anesthetized with ketamine and
zero time blood glucose levels were established by way of
tail vein sampling. An experimental group was given 2 mg/kg
4'-0- (2-deoxy-2-amino-beta-D-galactopyranosyl) -D-pinitol by
intravenous injection via the tail vein, and a control group
was given an equal volume of saline. Blood glucose levels
were measured over time in both groups. All measurements
were made while the subjects were under ketamine anesthesia.
Evaluation of the time course data by two-way analysis of
variance indicated a significant overall effect of the
disaccharide to lower blood glucocse concentration (p <
0.01). Thirty minutes after administration of the
disaccharide, blood glucose levels were decreased from
pretreatment concentration by 30% (+/-9.5) in the
experimental group, while levels in the control group
decreased only 2.5% (+/- 2.6).

Compounds according to the present invention can
be administered by way of a preparation containing a
suitable carrier and an effective amount of the compound.
Doses i? the range of 0.1 to 10.0 mg/kg are preferred, with

the range of 1.0 to 2.0 mg/kg most preferred.



WO 96/14075 PCT/US95/14424

10

15

17

WHAT IS CLAIMED IS:

1. A compound comprising a D-hexosamine and an
inositol, joined by a beta linkage.

2. The compound of claim 1 wherein the inositol is
selected from the group consisting of myo-inositeol and

chiro-inositol.

3. The compound of claim 2 wherein the inositol is
D-pinitol and the linkage to the hexosamine is 1,4’.

4. The compound of claim 3 wherein the hexosamine
is selected from the group consisting of D-glucosamine and
D-galactosamine.

5. The compound of claim 4 wherein the hexosamine
is D-galactosamine.

6. The compound of claim 2 or 5 wherein at least

one of the hydroxyl groups is replaced by a phosphate, Cj-
Cg alkoxy, C3-Cg cycloalkoxy, C3_¢g ester, Cg aryloxy or C,-

Cy arylalkoxy group.
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7. The compound of claim 6 wherein at least one of
the hydroxyl groups is replaced by a methoxy, ethoxy or
propoxy group.

8. The compound of claim 5, wherein a phosphate,
C,1-Cg alkoxy, C3-Cg cycloalkoxy, C3y_¢g ester, Cg aryloxy, or
C,-Cy arylalkoxy group replaces at least one of the
hydroxyls at positions 1’,2’ or 6’ of the inositol ring.

9. The compound of claim 2 or 5 wherein at least
one of the hydroxyl groups is replaced by a methoxy group.
or phosphate group.

10. The compound of claim 2 wherein the inositol
is chiroinositol and the linkage to the hexosamine is 1,4.

11. The compound of claim 10 wherein the
hexosamine is selected from the group consisting of D-
glucosamine and D-galactosamine.

12. The compound of claim 11 wherein the
hexosamine is D-galactosamine.

13. The compound of claim 2 or 12 wherein at least

one of the hydroxyl groups is replaced by a phosphate, C;-
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Cg alkoxy, C3-Cg cycloalkoxy, C3_g ester, Cg aryloxy or C,-
Cy arylalkoxy group.

14. The compound of claim 12 wherein at least one
of the hydroxyl groups is replaced by a methoxy, ethoxy or
propoxy group.

15. The compound of claim 11, wherein a phosphate,
C,-Cg alkoxy, C3-Cg cycloalkoxy, C3.g ester, Cg aryloxy, or
C,-Cgs arylalkoxy group replaces at least one of the
hydroxyls at positions 1',2’,3' or 6’ of the inositol ring.

16. The compound of claim 2 or 1l wherein at least
one of the hydroxyl groups is replaced by a methoxy group.
an amine, or phosphate group.

17. A method for the treatment of defective
glucose metabolisim comprising administering an effective
amount of a compound described in claim 1 through 16,

together with a pharmaceutically acceptable carrier.
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