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PROCESS FOR PREPARATION OF DAPAGLIFLOZIN AND INTERMEDIATES THEREOF

FIELD OF INVENTION

The present invention relates to processes for the preparation of dapagliflozin.
The present invention also relates to a novel intermediate and its use in the preparation

of dapagliflozin.

BACKGROUND OFTHE INVENTION

Dapagliflozin is a potent, highly selective and orally-active inhibitor of human
renal sodium-glucose co-transporter 2 (SGLT2), the major transporter responsible for
renal glucose reabsorption. Dapaglifiozin propanediol monohydrate is chemically
designated as (2R,3R,4R,5S,6R)-2-(4-chloro-3-(4-ethoxybenzyl)phenyl)-6-(hydroxymethyl
)tetrahydro-2H-pyran-3,4,5-triol, (2S)-1,2-propanediol, monohydrate and is marketed as
Farxiga® by AstraZeneca for the treatment of type 2 diabetes mellitus. Its chemical

structure is represented by following structure formula.

u.S. Patent No. 6,515,117 first disclosed process for the preparation of
dapagliflozin and its purification by making tetraacetylated dapagliflozin using pyridine
and then deprotecting tetraacetylated dapagliflozin ~ using lithium  hydroxide
monohydrate to provide dapagliflozin as an off-white solid with purity 94%. This process
results in a final product of low purity which makes multiple purification steps
unavoidable which results desired product in a very low yield. Hence, there is a need in
the art to develop dapagliflozin with high purity and yield. The process for preparation

of dapagliflozin described in U.S. Patent No. 6,515,117 is given in the below Scheme-I.
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JMC, 2014, 57, 4, 1236-1251 discloses reaction of (2R,3R,4R,5S,6R)-2-(4-chloro-
3-(4-hydroxybenzyl)phenyl)-6-(hydroxymethyl)tetrahydro-2/-/-pyran-3,4,5-triol of
formula (VI) with ethyl p-toluenesulfonate using DMF, cesium carbonate and TBAB to
provide dapagliflozin as a residue which was purified by preparative TLC to provide
dapagliflozin as a white solid with purity 99.8%. This process involves purification of

dapagliflozin by preparative TLC which is not feasible on an industrial scale.

DMF, C52CO3
TBAB

Scheme-l|

US2011/0059910 Al and Medicinal Chemistry, 2014, 10, 3, 304-317 discloses
reaction of dapagliflozin with benzaldehyde dimethyl acetal using DMF in presence of
catalyst such as para toluenesulfonic acid and camphorsulfonic acid to provide
(4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-ethoxybenzyl)phenyl)-2-
phenylhexahydropyrano[3,2-d] [l,3]dioxine-7,8-diol of formula (vil) followed by

purification using column chromatography.
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In view of the above disadvantages associated with the processes known in the
art for the preparation of dapagliflozin, there is a need to develop an improved process
for the preparation of dapagliflozin, which is industrially feasible and can avoid multiple
purification steps. Moreover, an improved process should avoid formation of isomeric
and other process related impurities, while providing the desired product in high yield

and purity.

The problem is solved by the present invention by preparing a dapagliflozin
using a novel intermediate which substantially eliminates the formation of impurities

and thereby provides dapagliflozin with enhanced yield and purity.

SUMMARY OFTHE INVENTION

The present invention provides processes for reducing or eliminating the

impurities in dapagliflozin (1).

In one aspect, the present invention provides a process for the preparation of

dapagliflozin (1)

comprising the steps of:

a) reacting (4-(5-bromo-2-chlorobenzyl)phenoxy)(tert-butyl)dimethylsilane of

o
Br
)

(

formula (1)
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b)

d)

e)

with (3R,4S,5R,6R)-3,4,5-tris((trimethylsilyl)oxy)-6-(((trimethylsilyl)oxy) methyl)-
tetrahydro-2/-/-pyran-2-one followed by in situ reaction with an alcohol and an
acid to provide (3R,4S,5S,6R)-2-(4-chloro-3-(4-hydroxybenzyl)phenyl)-6-

(hydroxy-methyl)-2-methoxytetrahydro-2H-pyran-3,4,5-triol ~ of formula (111);

(11D)
reacting compound of formula (1) with suitable reducing agent in presence of

solvent to provide compound of formula (1V);

av)
protecting compound of formula (IV) with suitable acetylating agent to provide
(2S,3S,4R,5R,6R)-2-(3-(4-acetoxybenzyl)-4-chlorophenyl)-6-(acetoxymethyl)-
tetrahydro-2/-/-pyran-3,4,5-triyl triacetate of formula (V); optionally purifying

compound of formula (V);

deprotecting compound of formula (V) to provide (2R,3R,4R,5S,6R)-2-(4-chloro-
3-(4-hydroxybenzyl)phenyl)-6-(hydroxymethyl)tetrahydro-2/-/-pyran-3,4,5-triol

of formula (V1), optionally purifying compound of formula (VI);

)

protecting compound of formula (vI) with substituted or unsubstituted
benzaldehyde acetal to  provide (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-
hydroxybenzyl)phenyl)-2-phenylhexahydropyrano[3,2-d] [l,3]dioxine-7,8-diol  of

formula (vi);
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(VI
f) reacting compound of formula (Vi) with a suitable ethylating agent in presence
of suitable solvent and base to provide (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-
ethoxy-benzyl)phenyl)-2-phenylhexahydropyrano[3,2-d]  [l,3]dioxine-7,8-diol of

formula (VvI11), optionally purifying compound of formula (VvilI); and

(VIID)

g) deprotecting compound of formula (Vi) to provide dapagliflozin (1).
Optionally in another aspect, compound of formula (Iv) can be purified directly
to compound of formula (VI).

Optionally in another aspect, step (a) may involve isolation of intermediate Ila

before getting compound of formula 1.

(Ha)
In another aspect, the present invention provides a process for the preparation

of dapagliflozin (1):

comprising the steps of:

a) protecting compound of formula (VI)
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)
with  substituted or unsubstituted benzaldehyde acetal to provide
(4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-hydroxybenzyl)phenyl)-2-

phenylhexahydropyrano[3,2-d] [l,3]-dioxine-7,8-diol of formula (ViII);

(VII)
b) reacting compound of formula (VI1) with a suitable ethylating agent in presence
of suitable solvent and base to provide (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-
ethoxybenzyl)phenyl)-2-phenylhexahydropyrano[3,2-d]  [I,3] dioxine-7,8-diol of

formula (VvI11), optionally purifying compound of formula (VIlI); and

(VTID)

c) deprotecting compound of formula (Vi) to provide dapagliflozin ().

In yet another aspect, the present invention provides a process for the

preparation of dapagliflozin (1):

comprising a step of deprotecting compound of formula (Vi)
O Cl OFEt
0y°

o’ OH
OH

(VTID)
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to provide dapagliflozin ().

In yet another aspect, the present invention provides a novel intermediate of
formula (VIl) and their pharmaceutically acceptable salts, solvates and hydrates thereof;

process for their preparation; and their uses for the preparation of dapagliflozin (1).

(vin)
According to another aspect, the present invention provides a process for the

preparation of dapagliflozin (1)

comprising the steps of:

a) reacting compound of formula (VI)

)
with a suitable ethylating agent in presence of suitable solvent and base to

provide dapagliflozin (1);

b) protecting dapaglifiozin (1) with substituted or unsubstituted benzaldehyde
acetal to provide (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-ethoxybenzyl)phenyl)-2-
phenyl-hexahydropyrano[3,2-d] [l,3]dioxine-7,8-diol  of formula (VIIi1), optionally

purifying compound of formula (VIl1); and



WO 2018/029264 PCT/EP2017/070220

(VIID)

c) deprotecting compound of formula (Vi) to provide dapagliflozin (1).

In yet another aspect, the present invention provides processes for preparing

dapaglifilozin having an improved impurity profile.

DETAILED DESCRIPTION OFTHE INVENTION

The term "about", as used herein, when used along with values assigned to
certain measurements and parameters means a variation of 10% from such values, or in
case of a range of values, means a 10% variation from both the lower and upper limits of

such ranges.

The term "acetylation", as used herein, refers to the addition of acetyl group(s)

to a given compound.

The term "deacetylation", as used herein, refers to the removal of acetyl

group(s) from agiven compound.

As used herein, the term "alkyl" by itself or as part of another substituent,
means, unless otherwise stated, a saturated straight or branched chain, or cyclic
hydrocarbon radical, or combination thereof having the number of carbon atoms
designated (e.g. C,,, means one to ten carbons). Examples of saturated hydrocarbon
radicals include, but are not limited to, groups such as methyl, ethyl, n-propyl, isopropyl,

n-butyl, t-butyl, isobutyl and the like.

As used herein, the term "aryl" by itself or as part of another substituent,
means, unless otherwise stated, a polyunsaturated, aromatic, hydrocarbon substituent
which can be a single ring or multiple rings (often from 1 to 3 rings) which are fused
together or linked covalently. "Aryl" includes, but is not limited to, heteroaryl groups.
Non-limiting examples of aryl and heteroaryl groups include: phenyl, 1-naphthyl, 2-

naphthyl, 4-biphenyl, pyrrolyl, pyrazolyl, imidazolyl, pyrazinyl, oxazolyl and isoxazolyl.

The term "substituted" asused herein means that the groups in question are

substituted with one or more of the substituents selected from nitro, hydroxy, cyano,
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sulfanyl, oxo, halogen, amino, sulfo, alkyl, alkenyl, aryl and heteroaryl. When the groups
in question are substituted with more than one substituent, the substituents may be the

same or different.
TBDMS is tert-butyldimethyl  silyl.

As used herein, the term "halogen" refers to an atom selected from the group

consisting of F, CI, Brand 1.

In one aspect, the present invention provides a process for the preparation of

dapagliflozin (1)

comprising the steps of:

a) reacting (4-(5-bromo-2-chlorobenzyl)phenoxy)(tert-butyl)dimethylsilane of

/@%@,OTBDMS
Br X

Q)

with (3R,4S,5R,6R)-3,4,5-tris((trimethylsilyl)oxy)-6-(((trimethylsilyl)oxy) methyl)

formula ()

tetrahydro-2H-pyran-2-one followed by in situ reaction with an alcohol and an
acid to provide (8R,4S,5S,6R)-2-(4-chloro-3-(4-hydroxybenzyl)phenyl)-6-

(hydroxyl-methyl)-2-methoxytetrahydro-2H-pyran-3,4,5-triol of formula (111);

(I1T)

wherein an alcohol is selected from methanol, ethanol and the like; and an acid
is selected from organic and inorganic acid such as hydrochloric acid, sulfuric
acid, methanesulphonic acid, camphorsulfonic acid, p-toluenesulfonic acid and

the like. Preferably the acid used is methanesulphonic acid;
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b)

c)

d)

e)

reacting compound of formula (111) with suitable reducing agent in presence of

solvent to provide compound of formula (1V);

av)

wherein reducing agent is selected from silane reagent such as triethylsilane and

the like;

protecting compound of formula (IV) with suitable acetylating agent to provide
(2S,3S,4R,5R,6R)-2-(3-(4-acetoxybenzyl)-4-chlorophenyl)-6-(acetoxymethyl)
tetrahydro-2/-/-pyran-3,4,5-triyl  triacetate of formula (V); optionally purifying

compound of formula (V);

wherein acetylating agents are selected from acetic anhydride, acetyl chloride
and the like. This step carried out in presence of suitable solvent optionally in

presence of catalyst;

deprotecting compound of formula (V) to provide (2R,3R,4R,5S,6R)-2-(4-chloro-
3-(4-hydroxybenzyl)phenyl)-6-(hydroxymethyl)tetrahydro-2/-/-pyran-3,4,5-triol

of formula (VI), optionally purifying compound of formula (VI);

vh

wherein deprotection carried out using base in presence of suitable solvent;

protecting compound of formula (V1) with substituted or unsubstituted
benzaldehyde acetal to  provide (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-
hydroxybenzyl) phenyl)-2-phenylhexahydropyrano[3,2-d] [l,3]dioxine-7,8-diol  of

formula (V1)

10
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(V1)

wherein protection carried out in suitable solvent optionally in presence of

catalyst.

f) reacting compound of formula (Vi) with a suitable ethylating agent in presence
of suitable solvent and base to provide (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-
ethoxy-benzyl)phenyl)-2-phenylhexahydropyrano[3,2-d]  [l,3]dioxine-7,8-diol of

formula (VvI11), optionally purifying compound of formula (VvIlI); and

(VIID)

g) deprotecting compound of formula (Vi) to provide dapagliflozin (1).

Step a) involves coupling of (4-(5-bromo-2-chlorobenzyl)phenoxy)(tert-
butyl)dimethylsilane of formula (II) with protected gluconolactone in presence of a
suitable solvent and a base followed by in situ reaction with an alcohol and an acid to
provide (38R,4S,5S,6R)-2-(4-chloro-3-(4-hydroxybenzyl)phenyl)-6-(hydroxymethyl)-2-
methoxytetrahydro-2/-/-pyran-3,4,5-triol ~ of formula (111). Solvents that may be used for
this step include, but are not limited to, hydrocarbons such as toluene, xylene; ethers
such as tetrahydrofuran (THF), diethyl ether or mixtures thereof. Base that may be used
for this step selected from, but are not limited to, n-butyl lithium, sec-butyl lithium,
sodium hydride, potassium hydride and isopropylmagnesium chloride lithium chloride
complex. Preferably, the base used is n-butyl lithium. The coupling of the compound of
formula (1) with protected gluconolactone may be carried out at a temperature of about
-80 to 0°C. Preferably, the reaction is carried out at a temperature of about -60 to about

-80°C.

Optionally in another aspect, step (a) may involve isolation of intermediate Ila

before getting compound of formula 1.

11
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Step b) involves reaction of compound of formula (1) with suitable reducing
agent in presence of solvent to provide (3R,4S,5S,6R)-2-(4-chloro-3-(4-
hydroxybenzyl)phenyl)-6-(hydroxymethyl)-2-methoxytetrahydro-2/-/-pyran-3,4,5-triol of
formula (IV). Solvents that may be used for this step include, but are not limited to,
esters such as ethyl acetate, methyl acetate, n-butyl acetate, isobutyl acetate, sec-butyl
acetate, isopropyl acetate and the like; halogenated hydrocarbons such as
dichloromethane, chlorobenzene, chloroform and the like; nitriles such as acetonitrile,
propionitrile, butyronitrile, isobutyronitrile and the like or mixtures thereof. Preferably,
the solvent is a mixture of methylene dichloride and acetonitrile. This reduction reaction
is carried out in the presence of a lewis acid such as boron trifluoride diethyl ether
complex, boron trifluoride tetrahydrofuran complex, aluminium chloride, zinc chloride
and the like. Preferably, the compound of formula I is converted to the compound of
formula v by treating with triethylsilane in the presence of boron trifluoride diethyl
ether complex. The reaction may be carried out at temperature ranging from 0°C to
40°C. Preferably, the reaction carried out at a temperature of about 0°C to about 10°C

over a period of 3to 5 h.

Step c) involves protection of compound of formula (1) with suitable acetylating
agent in presence of suitable solvent, base and optionally in presence of catalyst to
provide (2S,3S,4R,5R,6R)-2-(3-(4-acetoxybenzyl)-4-chlorophenyl)-6-(acetoxymethyl)
tetrahydro-2/-/-pyran-3,4,5-triyl  triacetate of formula (V). In this process, the compound
of formula IV is not isolated in step 'b' and converted in situ to the compound of formula
V. Solvents that may be used for this step include, but are not limited to, halogenated
hydrocarbons such as dichloromethane, chlorobenzene, chloroform and the like;
ketones such as acetone, methyl ethyl ketone, methyl isobutyl ketone, diisopropyl
ketone, methyl isopropyl ketone and the like or mixtures thereof. Base that may be used
for this step selected from, but are not limited to, amines, alkali or alkaline earth metal
carbonate, bicarbonate, amide, hydride or phosphate or mixtures thereof. Examples

include, but are not limited to, pyridine, diisopropylethylamine (DIPEA), triethylamine

12
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(TEA), diethylamine (DEA), |,8-diazabicyclo[5.4.0lundec-7-ene (DBU), imidazole, N,N-
dimethyl aniline, 1,5- diazabicyclo[4.3.0]lnon-5-ene (DBN), potassium carbonate, sodium
carbonate, lithium carbonate, sodium bicarbonate, potassium bicarbonate, lithium
bicarbonate, sodium hydride, lithium hydride or potassium hydride, sodium or
potassium methoxide or ethoxide and sodium or potassium tertiary butoxide (KTB). The
acetylation of formula (V) may be performed in the presence of a catalyst. Examples of
catalyst include, but are not limited to, N,N-dimethyl aminopyridine (DMAP), N-methyl
piperazine (NMP) and the like. The reaction can be carried out at any temperature
ranging from about 10°C to about 40°C. Preferably, acetylation of compound formula
(IV) carried out using acetic anhydride in presence of dichloromethane, pyridine and
DMAP at a temperature of about 25°C to about 35°C over a period of 1to 3 h. The
compound of formula (V) may be purified in alcohol such as methanol, ethanol,
isopropanol, n-propanol, butyl alcohol and the like or mixtures thereof. Preferably,

purification of compound of formula (V) carried out in ethanol.

Step d) involves deprotection of compound of formula (V) in presence of
suitable solvent and base to provide (2R,3R,4R,5S,6R)-2-(4-chloro-3-(4-hydroxy
benzyl)phenyl)-6-(hydroxy-methyl) tetrahydro-2/-/-pyran-3,4,5-triol of formula (VI).
Example of solvents that can be used for this step include, but are not limited to, ethers
such as tetrahydrofuran, diethyl ether, diisopropylether, dimethoxyethane and the like;
alcohols such as methanol, ethanol, n-propanol, isopropanol, n-butanol, t-butanol and
the like; ketones such as acetone, ethyl methyl ketone, diethyl ketone, methyl tert-butyl
ketone, isopropyl ketone, methyl isobutyl ketone and the like; chlorinated hydrocarbons
such as methylene chloride, ethylene dichloride, carbon tetra chloride, chloroform,
chlorobenzene and the like; polar solvents such as water; polar aprotic solvents such as
N,N-dimethylformamide (DMF), dimethyl acetamide (DMAc), dimethyl sulfoxide (DMSO)
and the like or mixtures thereof. Base that may be used for this step include, but are not
limited to, sodium hydroxide, potassium hydroxide, lithium hydroxide and the like.
Preferably, deacetylation of compound formula (V) carried out in a mixture of
tetrahydrofuran, methanol and water using an aqueous solution of potassium hydroxide
at a temperature of about 30-40°C over a period of 4 to 5 h. The compound

(2R,3R,4R,5S,6R)-2-(4-chloro-3-(4-hydroxybenzyl)phenyl)-6-(hydroxymethyl) tetrahydro-

13
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2H-pyran-3,4,5-triol (V) obtained after deacetylation can be further purified in ketone
such as methyl ethyl ketone. Preferably, compound of formula (V) purified in methyl

ethyl ketone.

Step e) involves protection of compound of formula (VI) with substituted or
unsubstituted benzaldehyde acetal in presence of suitable solvent optionally in presence
of catalyst to provide (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-hydroxybenzyl)phenyl)-2-
phenylhexahydro-pyrano[3,2-d] [l,3]dioxine-7,8-diol of formula (VvII). Solvents that may
be used for this step include, but are not limited to, nitriles such as acetonitrile,
propionitrile, butyronitrile, isobutyronitrile and the like; esters such as ethyl acetate,
methyl acetate, n-butyl acetate, isobutyl acetate, sec-butyl acetate, isopropyl acetate
and the like; ethers such as diethyl ether, diisopropylether, tetrahydrofuran,
dimethoxyethane and the like; halogenated hydrocarbons such as dichloromethane,
chlorobenzene, chloroform and the like; hydrocarbon such as toluene, xylene and the
like; ketones such as acetone, methyl ethyl ketone, methyl isobutyl ketone, diisopropyl
ketone, methyl isopropyl ketone and the like; polar aprotic solvents such as N,N-
dimethylformamide (DMF), dimethyl acetamide (DMAc), dimethyl sulfoxide (DMSO) and
the like or mixtures thereof. The protection step can be carried out in presence of
catalyst such as para toluene sulfonic acid, camphor sulfonic acid and the like.
Preferably, the protection of compound of formula (VI) with benzaldehyde dimethyl
acetal carried out in N,N-dimethylformamide in presence of para toluenesulfonic acid
monohydrate at temperature of about 20-60°C. The compound of formula (VII) may be
purified in ketones such as acetone, methyl ethyl ketone, methyl isobutyl ketone,
diisopropyl ketone, methyl isopropyl ketone and the like or mixtures thereof. Preferably,

purification of compound of formula (V) carried out in acetone.

Step f) involves reaction of compound of formula (VII) with a suitable ethylating
agent in presence of suitable solvent and base to provide (4aR,6S,7R,8R,8aS)-6-(4-
chloro-3-(4-ethoxybenzyl)phenyl)-2-phenylhexahydro pyrano[3,2-d] [l,3]dioxine-7,8-diol
of formula (vIl). Solvents that may be used for this step include, but are not limited to,
nitriles such as acetonitrile, propionitrile, butyronitrile, isobutyronitrile and the like;
ethers such as tetrahydrofuran, diethyl ether, diisopropylether, dimethoxyethane and

the like; halogenated hydrocarbons such as dichloromethane, chlorobenzene,

14
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chloroform and the like; hydrocarbon such as toluene, xylene and the like; ketones such
as acetone, methyl ethyl ketone, methyl isobutyl ketone, diisopropyl ketone, methyl
isopropyl ketone and the like; polar aprotic solvents such as N,N-dimethylformamide

(DMF), dimethyl acetamide (DMACc), dimethyl sulfoxide (DMSO), N-methyl-2-pyrrolidone

and the like or mixtures thereof. The ethylation step can be carried out in presence of
ethyl halides such as ethyl iodide, ethyl chloride, ethyl bromide and the like; diethyl
sulphate, ethyl para toluene sulfonate and the like. Base that may be used for this step
include, but are not limited to, alkali or alkaline earth metal carbonate or bicarbonate
such as potassium carbonate, sodium carbonate, lithium carbonate, sodium
bicarbonate, potassium bicarbonate, lithium bicarbonate, cesium carbonate and the like
or mixtures thereof. The compound (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-ethoxybenzyl)
phenyl)-2-phenylhexahydropyrano[3,2-d]  [l,3]dioxine-7,8-diol ~ (VIII) can be purified in
alcohols such as methanol, ethanol, n-propanol, isopropanol, n-butanol, t-butanol and

the like; hydrocarbon such as toluene, xylene and the like; water or mixtures thereof.

Step g) involves deprotection of protected dapagliflozin of formula (VII1) in the
presence of suitable solvent and an acid to provide dapagliflozin. Acid that may be used
for this step include, but are not Ilimited to, hydrochloric acid, sulfuric acid,
orthophosphoric acid, para toluenesulfonic acid, camphorsulfonic acid, ascorbic acid,
trifluoroacetic acid, methanesulfonic acid and borane trifluoride etherate. Solvents that
may be used for this step include, but are not limited to, ethers such as tetrahydrofuran,
diethyl ether, diisopropylether, dimethoxyethane  and the like; halogenated
hydrocarbons such as dichloromethane, chlorobenzene, chloroform and the like;
ketones such as acetone, methyl ethyl ketone, methyl isobutyl ketone, diisopropyl
ketone, methyl isopropyl ketone and the like; esters such as ethyl acetate, methyl
acetate, n-butyl acetate, isobutyl acetate, sec-butyl acetate, isopropyl acetate and the
like; alcohols such as methanol, ethanol, n-butanol, t-butanol and the like; water or
mixtures thereof. Preferably, the deprotection step can be carried out in alcohol, such as
methanol in presence of camphor sulfonic acid at temperature of about 30-60 °C using a

suitable solvents.

In another aspect, compound of formula (IV) can be purified directly to

compound of formula (VI) in presence of suitable solvent. Solvents that may be used for
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this step include, but are not limited to, ketones such as acetone, methyl ethyl ketone,
methyl isobutyl ketone, diisopropyl ketone, methyl isopropyl ketone and the like; esters
such as ethyl acetate, methyl acetate, n-butyl acetate, isobutyl acetate, sec-butyl
acetate, isopropyl acetate and the like or mixtures thereof. In a purification process, the
compound of formula (IV) dissolved in suitable solvent. To obtain the solution, the
solvent may have to be heated. Heating is preferably carried out to a temperature of
about 40 °c to about 100 °c, and more preferably to a temperature of about 40 °C to
about 60 °c. The solution is then preferably allowed to cool, such to a temperature of
about 0 °c to about 10 °c, or at about room temperature. The solution may then be
seeded. When the solution is cooled to obtain a suspension, the suspension is preferably
maintained for a period of about 1 h to about 12 h, more preferably about 1 hto about
2 h, to obtain a precipitate of the compound of formula VI. Optionally, the compound of

formula (VI) can be recrystallized to achieve the desired purity.

In another aspect, the present invention provides a process for the preparation

of dapagliflozin (1)

comprising the steps of:

a) protecting compound of formula (V1)

with  substituted or unsubstituted benzaldehyde acetal to provide
(4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-hydroxybenzyl)phenyl)-2-phenylhexa

hydropyrano[3,2-d] [I,3]-dioxine-7,8-diol of formula (vi1);
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(VI
b) reacting compound of formula (VI1) with a suitable ethylating agent in presence
of suitable solvent and base to provide (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-
ethoxybenzyl)phenyl)-2-phenylhexahydropyrano[3,2-d] [,3]dioxine-7,8-diol of

formula (VI11), optionally purifying compound of formula (VII);

(VIID)

c) deprotecting compound of formula (Vi) to provide dapagliflozin ().

The  compound (2R,3R,4R,5S,6R)-2-(4-chloro-3-(4-hydroxybenzyl)phenyl)-6-
(hydroxyl-methyl)tetrahydro-2/-/-pyran-3,4,5-triol (Vl) reacted with substituted or
unsubstituted benzaldehyde acetal in presence of suitable solvent optionally in presence
of catalyst to provide (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-hydroxybenzyl)phenyl)-2-
phenylhexahydro-pyrano[3,2-d] [l,3]dioxine-7,8-diol (VIl). Benzylidene acetals can be
used to selectively protect 1,3-diols in the presence of other hydroxy groups. The
compound of formula (VII) reacted with ethylating agent in presence of suitable solvent
and base to provide (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-ethoxybenzyl)phenyl)-2-
phenylhexahydro  pyrano[3,2-d] [l,3]dioxine-7,8-diol of formula (Vi) followed by
deprotection carried out in presence of suitable solvent and an acid to provide

dapagliflozin.

Dapagliflozin obtained by this process is substantially free of impurities;

preferably individual impurities are not more than 0.15% by HPLC.

In yet another aspect, the present invention provides a process for the

preparation of dapagliflozin (1)
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(VIID)

to provide dapagliflozin ().

The compound (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-ethoxybenzyl) phenyl)-2-
phenyl hexahydropyrano[3,2-d] [l,3]dioxine-7,8-diol  (VII1) deprotected inthe presence of
suitable solvent and an acid to provide dapagliflozin. The compound of formula (Vi)
was purified in suitable alcohol solvent before final deprotection step to get
dapaglifiozin substantially free of impurities. Dapagliflozin obtained by this process
having HpPLC purity greater than about 99%, preferably greater than about 99.5%, more
preferably greater than about 99.9%. For example, the total purity of dapagliflozin
obtained by the process disclosed herein can be about 99.5% to about 99.9% as

measured by HPLC.

In yet another aspect, the present invention provides a novel intermediate of
formula (VII) and their pharmaceutically acceptable salts, solvates and hydrates thereof;

process for their preparation; and their uses for the preparation of dapagliflozin (1).

(V1)

The compound of formula (VII) prepared by selectively protection of 1,3-diols
using substituted or unsubstituted benzaldehyde acetal. Examples of substituted or
unsubstituted benzaldehyde acetal include; but are not limited to, benzaldehyde
dimethyl acetal, anisaldehyde dimethyl acetal, 4-chlorobenzaldehyde dimethyl acetal,

3,4,5-trimethoxybenzaldehyde  dimethyl acetal, 3-nitrobenzaldehyde dimethyl acetal,

18



WO 2018/029264 PCT/EP2017/070220

acetaldehyde dimethyl acetal, acetaldehyde diethyl acetal and the like. Compound of
formula (V1) selectively protects reactive primary hydroxy group, hence, ethylation of
compound of formula (VI1) provide protected dapagliflozin having minimum amount of
impurities. The purification of compound of formula (Vi) in alcohol, such as methanol
provide compound of formula (VII) having HPLC purity greater than about 99%,
preferably greater than about 99.5%, more preferably greater than about 99.9%. For
example, the total purity of protected dapaglifilozin obtained by using compound of

formula (VI1) can be about 99.5% to about 99.9% as measured by HPLC.

According to another aspect, the present invention provides a process for the

preparation of dapagliflozin (1)

comprising the steps of:

a) reacting compound of formula (VI)

(vn
with a suitable ethylating agent in presence of suitable solvent and base to

provide dapagliflozin (l);

b) protecting dapagliflozin () with substituted or unsubstituted benzaldehyde
acetal to provide (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-ethoxybenzyl)phenyl)-2-
phenyl hexahydropyrano[3,2-d] [I,3]dioxine-7,8-diol  of formula (VI11), optionally

purifying compound of formula (VIl1); and
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(VIID)

c) deprotecting compound of formula (Vi) to provide dapagliflozin ().

Step a) involves reaction of compound of formula (VI) with a suitable ethylating
agent in presence of suitable solvent and base to provide dapagliflozin of formula (I).
Solvents that may be used for this step include, but are not limited to, ketones such as
acetone, methyl ethyl ketone, methyl isobutyl ketone, diisopropyl ketone, methyl
isopropyl ketone and the like; polar aprotic solvents such as N,N-dimethylformamide
(DMF), dimethyl acetamide (DMACc), dimethyl sulfoxide (DMSO), N-methyl-2-pyrrolidone
and the like or mixtures thereof. The ethylation step can be carried out in presence of
ethyl halides such as ethyl iodide, ethyl chloride, ethyl bromide and the like; diethyl
sulphate, ethyl para toluenesulfonate and the like. Base that may be used for this step
include, but are not limited to, alkali or alkaline earth metal carbonate or bicarbonate
such as potassium carbonate, sodium carbonate, lithium carbonate, sodium
bicarbonate, potassium bicarbonate, lithium bicarbonate, cesium carbonate and the like

or mixtures thereof.

Step b) involves protection of dapagliflozin (1) with substituted or unsubstituted
benzaldehyde acetal in presence of suitable solvent optionally in presence of catalyst to
provide (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-ethoxybenzyl)phenyl)-2-phenylhexahydro-
pyrano[3,2-d] [l,3]dioxine-7,8-diol of formula (VII1). Solvents that may be used for this
step include, but are not limited to, nitriles such as acetonitrile, propionitrile,
butyronitrile,  isobutyronitrile  and the like; halogenated hydrocarbons such as
dichloromethane, chlorobenzene, chloroform and the like; hydrocarbons such as
toluene, xylene and the like; polar aprotic solvents such as N, N-dimethylformamide
(DMF), dimethyl acetamide (DMACc), dimethyl sulfoxide (DMSO) and the like or mixtures
thereof. The protection step can be carried out in presence of catalyst such as para
toluenesulfonic acid, camphorsulfonic acid and the like. Preferably, the protection of

compound of formula (1) with benzaldehyde dimethyl acetal carried out in acetonitrile in
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presence of para toluene sulfonic acid monohydrate at temperature of about 20-40°C,

or about 25-35°C.

Step c) involves deprotection of protected dapagliflozin of formula (Vi) in the
presence of suitable solvent and an acid to provide dapagliflozin. The reaction is done in

the same manner as described above in earlier aspect in step g.

In order to obtain dapagliflozin substantially free of impurities, the present
invention provides two different aspects to get the protected dapagliflozin intermediate
of formula (VII1), which can be purified in suitable alcohol such as methanol to get the
penultimate step having HPLC purity greater than about 99%, preferably greater than
about 99.5%, more preferably greater than about 99.9%. Therefore, dapagliflozin
obtained by deprotection of formula (VII1) is substantially free of impurities; preferably
individual impurities are not more than 0.15% by HPLC. Moreover, the process of the
present invention involves simple procedure for deprotection of acetal group at

penultimate step.

Methods

The HPLC purity of dapaglifiozin was determined using YMC ODS AQ (150 x 4.6
mm), 3wt column with a flow rate of 0.7 ml/min; column oven temperature: 30°C;
sample tray temperature: 10°C; detector: UV at 240 nm; injection volume: 10 ul; run

time: 45 min.

In one embodiment, the synthetic reaction scheme of the present invention is as

shown in Scheme-V.
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In another embodiment, the synthetic reaction scheme of the present invention is as

shown in Scheme-VI.
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The following examples are given for the purpose of illustrating the present

invention and should not be considered as limiting the scope of the invention.

Example-1: Preparation of (4-(5-bromo-2-chlorobenzyl)phenoxy)(tert-butyl)

dimethylsilane (Il)

To a stirred solution of 4-(5-bromo-2-chlorobenzyl)phenol (100 g), imidazole
(45.75 g) and dichloromethane (250 ml), a solution of tert. butyl dimethylsilyl chloride
(55.72 @) in dichloromethane (250 ml) was slowly added at 25-35°C. Reaction mixture

was stirred at 25-35°C for 2-3 h. The progress of reaction was monitored by TLC. After
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completion of reaction, water (500 ml) was added to the reaction mixture and then
stirred for 15 min. Organic layer was separated and washed with 20% aqueous sodium
dihydrogen phosphate solution (500 ml) followed by water (500 ml). The organic layer
was distilled out under vacuum at 50-60°C to give title compound (135 g) as light yellow

colour liquid. Yield: 97.54%

Example-2: Preparation of (3R,4S,5S,6R)-2-(4-chloro-3-(4-hydroxybenzyl) phenyl)-6-

(hydroxy methyl)-2-methoxytetrahydro-2H-pyran-3,4,5-triol  (lll)

To a  stirred solution of  (4-(5-bromo-2-chlorobenzyl)phenoxy)(tert-
butyl)dimethylsilane (50 g), tetrahydrofuran (100 ml) and toluene (200 ml) at -60 to -
70°C, 1.6 M n-butyl lithium solution in n-hexane (114 ml) was added drop wise under
nitrogen. The reaction mixture was stirred for 1 h at -60 to -70°C. A solution of
(38R,4S,5R,6R)-3,4,5-tris((trimethylsilyl)oxy)-6-(((trimethylsilyl)oxy) methyl)tetrahydro-
2H-pyran-2-one (73.7 g) in toluene (100 ml) was cooled to 0-10 °c and then added drop
wise to the above reaction mixture within 1-2 h. The reaction mixture was stirred at -60
to -70°C for 2-3 h. The progress of reaction was monitored by TLC. After completion of
reaction, a solution of methanesulfonic acid (23.4 g) in methanol (200 ml) was added
drop wise to the reaction mixture. Reaction mixture was heated to 30-40°C, stirred for
15 h and then 20% aqueous solution of potassium bicarbonate (250 ml) was slowly
added and then further stirred 15 min. Separate the layers and then aqueous layer was
extracted with ethyl acetate (3x250 ml). Combine the organic layers; washed with brine
solution (250 ml) and distilled out under vacuum to give title compound (32 g) as light

yellow colour solid. Yield: 64%. HPLC Purity: 85.65%

Example-3: Preparation of (2S,3S,4R,5R,6R)-2-(3-(4-acetoxybenzyl)-4-chloro phenyl)-6-

(acetoxy-methyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate (V)

A mixture of  (3R,4S,5S,6R)-2-(4-chloro-3-(4-hydroxybenzyl) phenyl)-6-
(hydroxymethyl)-2-methoxytetrahydro-2/-/-pyran-3,4,5-triol (140 g), acetonitrile (700 ml)
and dichloromethane (700 ml) was cooled to 0-10°C. Triethylsilane (79.24 g) followed by
boron trifluoride diethyl etherate solution (161 g) was added to the reaction mixture at
0-10°C. The reaction was stirred at 0-10°C for 4 h. The pH of reaction mixture was
adjusted to 7-8 by 20% aqueous potassium bicarbonate solution. Organic solvent was

distiled out from the reaction mixture under vacuum at 50-60°C. Reaction mixture was
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extracted with ethyl acetate (2x700 ml). Combine ethyl acetate layers; washed with
brine solution (700 ml) and distiled out under vacuum at 50-60°C. The residue was
dissolved in a mixture of dichloromethane (840 ml), pyridine (243 g) and dimethyl amino
pyridine (2.1g) at 25-35°C. Acetic anhydride (314 g)was added drop wise to the reaction
mixture at 25-35°C and stirred for 2 h. The progress of reaction was monitored by TLC.
After completion of reaction, 4% aqueous hydrochloric acid (1400 ml) solution was
added and stirred for 30 min. The layers were separated and organic layer was washed
with 4% aqueous hydrochloric acid (1400 ml) solution. Organic layer was distilled out
under vacuum below 50-60°C. The obtained residue was stirred with ethanol (420 ml)
for |1 h at 25-35°C. The solid material was filtered and washed with ethanol (4x70 ml).
The solid was dried at 45-55°C for 4-5 h to give the title compound as white to off-white

solid (109 g). Yield: 54%. HPLC Purity: 98.67%

Example-4: Preparation of (2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-hydroxybenzyl) phenyl)-6-

(hydroxy-methyl) tetrahydro-2H-pyran-3,4,5-triol (VI)

A mixture of  (2S,3S,4R,5R,6R)-2-(3-(4-acetoxybenzyl)-4-chlorophenyl)-6-
(acetoxymethyl) tetrahydro-2/-/-pyran-3,4,5-triyl  triacetate (195 g), methanol (1755 ml),
tetrahydrofuran (1170 ml) and water (585 ml) was cooled at 10-20°C. Lithium hydroxide
(20.8 g) was added lot wise at 10-20°C. The reaction mixture was heated to 30-40°C and
stirred for 4-5 h. After completion of reaction, organic solvent was distilled out from the
reaction mixture under vacuum below 55°C. Aqueous sodium chloride solution (10%,
1000 ml) was added to the reaction mixture, stirred for 5-10 min. and then extracted
with ethyl acetate (3x1000 ml). Combine the organic layers and washed with brine
solution (1000 ml). Organic layer was distilled out under vacuum at 50-60°C. The
obtained residue was stirred with methyl ethyl ketone (1000 ml) at 75-85°C for Ih.
Reaction mixture was cooled to 10-20°C and stirred for Ih. The solid material was
fitered and washed with methyl ethyl ketone (2x100 ml). The solid was dried at 45-55°C
for 6-8 h to give the title compound as white solid (117 g). Yield: 93%. HPLC Purity:

98.28%

Example-5: Preparation of (2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-hydroxybenzyl) phenyl)-6-

(hydroxy methyl) tetrahydro-2H-pyran-3,4,5-triol (VI)
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A mixture of (38R,4S,5S,6R)-2-(4-chloro-3-(4-hydroxybenzyl)phenyl)-6-
(hydroxymethyl)-2-methoxytetrahydro-2/-/-pyran-3,4,5-triol (136 g), acetonitrile (272 ml)
and dichloromethane (1088 ml) was cooled to 0-10°C. Triethylsilane (76.98 g) followed
by boron trifluoride diethyl etherate solution (156 g) was added to the reaction mixture
at 0-10°C. The reaction was stirred at 0-10°C for 4 h. The pH of reaction mixture was
adjusted to 7-8 by 20% ag. potassium bicarbonate solution. Organic solvent was distilled
out from the reaction mixture under vacuum at 50-60°C. Reaction mixture was extracted
with ethyl acetate (3 X 680 ml). Combine ethyl acetate layers; washed with brine
solution (680 ml) and distilled out under vacuum at 50-60°C. Residue was concentrated
under vacuum to remove remaining water azeotropically with methyl ethyl ketone (136
ml). Methyl ethyl ketone (680 ml) was added to the residue and stirred for 30 min. at 40-
50°C. Reaction mixture was cooled to 0-10°C, seeded with (2S,3R,4R,5S,6R)-2-(4-chloro-
3-(4-hydroxybenzyl)phenyl)-6-(hydroxy methyl) tetrahydro-2H-pyran-3,4,5-triol (0.68 g)
and stirred for 1 h. The solid material was filtered and washed with chilled methyl ethyl
ketone (2 x 68 ml). The solid was dried at 45-55°C for 6-8 h to give the title compound as

white solid (80.5 g). Yield: 64.33 %. HPLC Purity: 97.07%

Example-6: Preparation of (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-hydroxybenzyl)

phenyl)-2-phenylhexahydropyrano[3,2-d][l,3]dioxine-7,8-diol  (VII)

A mixture of  (2S,3/?,4/?,5S,6/?)-2-(4-chloro-3-(4-hydroxybenzyl)phenyl)-6-
(hydroxymethyl) tetrahydro-2/-/-pyran-3,4,5-triol (60 g), p-toluenesulphonic acid
monohydrate (11.38 g) and N, N-dimethyl formamide (180 ml) was stirred at 25-35°C. A
solution of benzaldehyde dimethylacetal (72 g) in N, N-dimethyl formamide (120 ml)
was slowly added to the reaction mixture at 25-35°C. The reaction mixtures was stirred
at 40-50°C for 4-5 h. Reaction mixture was cooled to 10-20°C and process water (900 ml)
was added slowly to the reaction mixture. Reaction mixture warmed to 25-35°C &
stirred for 1 h. The solid was filtered and washed with process water (2 X 60 ml). The
solid was dried at 50-60°C in air tray drier for 3 hto give the crude product as white solid
(68 g). The crude product was stirred in acetone (420 ml) at 45-55°C for 1 h and then
cooled to 25-35°C. The solid was filtered and washed with acetone (2 X 60 ml). The
product dry in air tray dryer at 45-55°C for 6-8 hours to give title compound as white

solid (55.0 g). Yield: 74.52 %. HPLC Purity: 99.73 %
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Example-7: Preparation of (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-hydroxybenzyl)

phenyl)-2-phenyl-hexahydropyrano([3,2-d] [l,3]dioxine-7,8-diol (VII)

A mixture of  (2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-hydroxybenzyl)phenyl)-6-
(hydroxymethyl) tetrahydro-2/-/-pyran-3,4,5-triol (10 g), p-toluenesulphonic acid
monohydrate (1.6 g) and isopropyl acetate (120 ml) was stirred at 25-35°C. A solution of
benzaldehyde dimethylacetal (9.7 g) in isopropyl acetate (30 ml) was slowly added to
the reaction mixture at 25-35°C. The reaction mixture was stirred at 25-35°C for 4-5 h.
Reaction mixture was cooled to 0-5°C and stirred for 1 h. The solid was filtered and
washed with isopropyl acetate (4x10 ml). The solid was dried at 55-60°C in air tray drier
for 3 hto give the title product as white solid (10 g). Yield: 85.98%. MP: 178-182°C. HPLC

Purity: 81.42%. DSC: 110°C and 185.37°C

'H NMR (DMSO-d ®)6ppm: 3.24-3.30 (1H, m), 3.05-3.54 (3H, bs), 3.66-3.71 (1H, m), 3.89-
3.98 (2H, g), 4.17-4.23 (2H, m), 5.15-5. 16 (1H, d), 5.33-5.34 (1H, d), 5.61 (1H, s), 6.66-

6.69 (2H, m), 6.97-6.99 (2H, d), 7.19-7.26 (2H, m), 7.37-7.48 (6H, m), 9.22 (1H, s).
Mass: 467.1 [M-H] *c135, 469.2 [M-H] *c137

Example-8: Preparation of (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-ethoxybenzyl) phenyl)-

2-phenylhexahydropyrano[3,2-d] [l,3]dioxine-7,8-diol (VIII)

A solution of (4a/?,6S,7/?,8/?,8aS)-6-(4-chloro-3-(4-hydroxybenzyl)phenyl)-2-
phenyl hexahydropyrano[3,2-d] [l,3]dioxine-7,8-diol (115 g) in dimethyl sulfoxide (460
ml) was mixed with cesium carbonate (119.8 g) at 25-35°C. A solution of ethyl bromide
(19.4 g) in dimethyl sulfoxide (115 ml) was added drop wise to the reaction mixture at
20-30°C. The reaction mixture was stirred at 25-35°C for 4-5 h. Reaction mixture was
cooled to 10-20°C and water (1725 ml) was added at 10-20°C. Reaction mixture was
warmed to 25-35°C and stirred for 1 h. The solid was filtered; washed with water (2 X
115 ml) and suck dry well. The wet product was stirred in Process water (700 ml) for 30
minutes. The solid was filtered; washed with water (2 X 115 ml) and suck dry well. The
solid was dried at 40-50°C in air tray drier for 4 hto give the crude product as white solid
(112 g). The crude product was stirred in toluene (784 ml) at 50-60°C for 1 h and then
cooled to 0-10°C for 1 h. The solid was filtered; wash with chilled toluene (2 X50 ml) and

dried at 45-55°C for 4-5 h in air tray dryer to give product as white solid (103 g). The
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solid product was stirred in methanol (784 ml) at 50-60°C for 1 h and then cooled to O-
10°C for 1 h. The solid was filtered; wash with chilled methanol (2 X 50 ml) and dried at
45-55°C for 4-5 h in air tray dryer to give title compound as white solid (94 g). Yield:

77.84 %. HPLC Purity: 99.93 %

Example-9: Preparation of (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-ethoxybenzyl) phenyl)-

2-phenyl-hexahydropyrano[3,2-d] [l,3]dioxine-7,8-diol (VIII)

A solution of (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-hydroxybenzyl)phenyl)-2-
phenyl-hexahydropyrano[3,2-d]  [l,3]dioxine-7,8-diol (10 g) in N,N-dimethylformamide
(40 ml) was mixed with cesium carbonate (10.4 g) at 25-35°C. A solution of ethyl iodide
(3.7 g) in N,N-dimethylformamide (10 ml) was added drop wise to the reaction mixture
at 25-35°C. The reaction mixture was heated to 30-40°C and stirred for 3 h. Water (100
ml) was added to the reaction mixture and stirred at 25-35°C for 1 h. The solid was
filtered; washed with water (2x10 ml) and suck dry well. The crude product stirred in
methanol (100 ml) at 50-60°C for 1 h and then cooled to 25-35°C. The solid was filtered

and dried to give title compound as white solid (8 g). Yield: 61.33%. HPLC Purity: 99.16%

'H NMR (CDCI5)6ppm: 1.38-1.42 (3H, 1), 2.21-2.22 (1H, d), 2.82 (1H, s), 3.54-3.65 (3H, m),
3.74-3.79 (1H, m), 3.85-3.90 (1H, m), 3.98-4.03 (3H, m), 4.07-4.11 (1H, m), 4.22-4.24 (1H,
d), 4.33-4.37 (1H, q), 5.57 (1H, s), 6.81-6.83 (2H, d), 7.08-7.11 (2H, d), 7.20-7.23 (2H, m),

7.37-7.7.40(41-1, m),7.50-7.52 (2H, m)
Mass: 495.2 [M-H] *ci1%%, 497. 1 [M-H] *c1¥”

Example-10: Preparation of (2R,3R,4R,5S,6R)-2-(4-chloro-3-(4-ethoxybenzyl) phenyl)-6-

(hydroxy-methyl)tetrahydro-2H-pyran-3,4,5-triol  (Dapagliflozin)

To a stirred mixture of (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-
ethoxybenzyl)phenyl)-2-phenylhexahydropyrano[3,2-d] [I,3]dioxine-7,8-diol (3 g) in
methanol (30 ml), concentrated hydrochloric acid (3 ml) was slowly added at 25-35°C
and stirred for 3 h. After completion of reaction, water (30 ml) was added to reaction
mixture. The reaction mixture was washed with toluene (4x15 ml). The aqueous layer
was extracted with isopropyl acetate (3x30 ml) and then combined isopropyl acetate
layers. The combined organic layer washed with 20% aqueous potassium bicarbonate

solution (2x30 ml), 20% aqueous sodium bisulphite solution (4x30 ml) followed by brine
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solution (30 ml). Organic layer was dried over sodium sulphate and distilled out under
vacuum below 50°C to give glassy solid (2.16 g).

Yield: 87.51%.H PLC Purity: 99.6%

'H NMR (DMSO d®)6: 1.28-1.31 (3H, t), 3.07-3.27 (4H, m), 3.40-3.46 (1H, m), 3.67-3.71
(1H, m), 3.93-4.04 (5H, m), 4.44-4.47 (1H, t), 4.83-4.85 (1H, d), 4.95-4.98 (2H, t), 6.81-

6.84 (2H, d), 7.08-7.10 (2H, d), 7.21-7.24 (1H, dd), 7.32-7.38 (2H, m)
Mass: 407.1 [M-H] *c1®'409.1 [M-H] *ci¥”

Example-11: Preparation of (2R,3R,4R,5S,6R)-2-(4-chloro-3-(4-ethoxybenzyl) phenyl)-6-

(hydroxy-methyl)tetrahydro-2H-pyran-3,4,5-triol (Dapagliflozin crude)

A solution of  (2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-hydroxybenzyl)phenyl)-6-
(hydroxymethyl) tetrahydro-2H-pyran-3,4,5-triol (20 g) in N,N-dimethylformamide (60
ml) was mixed with cesium carbonate (20.52 g) at 25-35°C. Ethyl iodide (9.8 g) was
added drop wise and then the reaction mixture was heated to 30-40°C for 4-5 h. After
completion of reaction, reaction mixture was dumped into water (300 ml) and product
was extracted with ethyl acetate (3x200 ml). Organic layers were combined and washed
with brine solution (100 ml). Organic layer was dried over sodium sulphate and distilled
out under vacuum below 55°C to give title compound as brown colour syrup (21.6 g).

Yield: 98.5%. HPLC Purity: 88.07%.

Example-12: Preparation of (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-ethoxybenzyl) phenyl)-
2-phenyl-hexahydropyrano[3,2-d] [l,3]dioxine-7,8-diol (VIII)

A solution of (2R,3R,4R,5S,6R)-2-(4-chloro-3-(4-ethoxybenzyl)phenyl)-6-
(hydroxy-methyl)tetrahydro-2/-/-pyran-3,4,5-triol (20 g) in acetonitrile (200 ml) mixed
with para toluene sulfonic acid (3.55 g) at 25-35°C. A solution of benzaldehyde
dimethylacetal (22.32 g) in acetonitrile (160 ml) was added to the reaction mixture and
stirred at 25-35°C for 2-3 h. After completion of reaction, organic solvent was distilled
out from the reaction mixture under vacuum below 50°C. Agueous potassium
bicarbonate solution (20%, 160 ml) was added to the reaction mixture and product was
extracted with dichloromethane (200 ml). Organic layer was distilled out to give a

residue. To the residue was added methanol (200 ml) and the mixture was heated to 50-
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60°C for 1 h. The mixture was cooled to 25-35°C, stirred for 1 h; filtered and dried at 50-

60°C to give the title compound aswhite solid (15 g). Yield: 56.61%. HPLC Purity: 98.17%

Example-13: Preparation of (2R,3R,4R,5S,6R)-2-(4-chloro-3-(4-ethoxybenzyl) phenyl)-6-

(hydroxy-methytetrahydro-2H-pyran-3,4,5-triol (Dapagliflozin)

To a stirred mixture of (4a/?,6S,7/?,8/?,8aS)-6-(4-chloro-3-(4-
ethoxybenzyl)phenyl)-2-phenyl-hexahydropyrano[3,2-d] [I,3]dioxine-7,8-diol (2 g) in
methanol (20 ml), camphorsulfonic acid (0.93 g) was slowly added to the reaction
mixture and stirred at 30-40°C for 3 h. After completion of reaction, water (20 ml) was
added to reaction mixture. The reaction mixture was washed with toluene (3x20 ml).
The aqueous layer was extracted with ethyl acetate (3x20 ml). Organic layers were
combined and washed with 20% aqueous potassium bicarbonate solution (2x20 ml),
20% aqueous sodium bisulphite solution (2x20 ml) followed by brine solution (20 ml).
Organic layer was dried over sodium sulphate and distilled out under vacuum below

50°C to give glassy solid (1.3 g). Yield: 79.13%. HpPLC Purity: 99.5%

Example-14: Preparation of (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-hydroxybenzyl)

phenyl)-2-phenyl-hexahydropyrano[3,2-d] [I,3]dioxine-7,8-diol (VII)

A mixture of  (2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-hydroxybenzyl)phenyl)-6-
(hydroxymethyl) tetrahydro-2/-/-pyran-3,4,5-triol (10 g), p-toluenesulphonic acid
monohydrate (1.6 g) and methyl ethyl ketone (80 ml) was stirred at 0-10°C. A solution of
benzaldehyde dimethylacetal (9.7 g) in methyl ethyl ketone (20 ml) was slowly added to
the reaction mixture at 0-10°C. The reaction mixture was stirred at 0-10°C for 4-5 h.
After completion of reaction, reaction mixture was filtered and washed with methyl
ethyl ketone (2x10 ml). The solid was dried at 50-60°C in air tray drier for 2 hto give the

titte compound as white solid (10.4 g). Yield: 84.45%
Example-15: Preparation of (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-ethoxy benzyl)phenyl)-
2-phenyl-hexahydropyrano[3,2-d] [I,3]dioxine-7,8-diol (VIII)

A solution of (4a/?,6S,7/?,8/?,8aS)-6-(4-chloro-3-(4-hydroxybenzyl)phenyl)-2-
phenyl hexahydropyrano[3,2-d] [I,3]dioxine-7,8-diol (25 g) in dimethyl sulfoxide (100 ml)
was mixed with cesium carbonate (26 g) at 25-35°C. A solution of ethyl iodide (9.14 g) in

dimethyl sulfoxide (25 ml) was added drop wise to the reaction mixture at 25-35°C. The
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reaction mixture was stirred at 25-35°C for 3 h. After completion of reaction, water (375
ml) was added to the reaction mixture at 25-35°C and stirred for 1 h. The solid was
filtered; washed with water (2x25 ml) and suck dry well. To the obtained crude product
was added toluene (280 ml) and heated to 50-60°C for 1 h. The mixture was cooled to O-
10°C, filtered and dried at 50-60°C to give the title compound as white solid (18.7 g).

Yield: 94.35%. HPLC Purity: 99.64%.

Example-16: Preparation of (2R,3R,4R,5S,6R)-2-(4-chloro-3-(4-ethoxybenzyl) phenyl)-6-

(hydroxy-methyl)tetrahydro-2H-pyran-3,4,5-triol (Dapagliflozin)

To a stirred mixture of (4a/?,6S,7/?,8/?,8aS)-6-(4-chloro-3-(4-
ethoxybenzyl)phenyl)-2-phenyl-hexahydropyrano[3,2-d] [I,3]dioxine-7,8-diol (10 g) in
methanol (100 ml), a solution of camphorsulfonic acid (2.34 g) in water (10 ml) was
slowly added to the reaction mixture and stirred at 35-45°C for 2 h. After completion of
reaction, water (50 ml) and toluene (50 ml) was added to reaction mixture and stirred
for 30 minutes. The layers were separated and aqueous layer was washed with toluene
(6x30 ml). The aqueous layer was extracted with isopropyl acetate (140 ml) and then
washed with 20% aqueous sodium chloride solution (50 ml), 20 % aqueous potassium
bicarbonate solution (50 ml) followed by water (2x50 ml). Filter the organic layer
through hyflo bed and distilled out under vacuum below 50°C to give residue. The
obtained residue was stirred with isopropyl acetate (15 ml) at 35-45°C to get clear
solution and then allowed to cool to 25-35°C. The obtained solution was added to the
cooled n-hexane (100 ml) and then stirred for 6 h at 0-10°C. The resulting solid was
fitered and washed with n-hexane (2X10 ml) to provide dapagliflozin. Yield: 73.2 %.

HPLC Purity: 99.5%

31



WO 2018/029264 PCT/EP2017/070220

CLAIMS:

1. A process for the preparation of dapagliflozin (l)

comprising the steps of:

a) reacting compound of formula (VI)

v
with  substituted or unsubstituted benzaldehyde acetal to provide
(4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-hydroxybenzyl)phenyl)-2-

phenylhexahydropyrano[3,2-d] [l,3]dioxine-7,8-diol of formula (VII);

(V1)
b) reacting compound of formula (VI1) with a suitable ethylating agent in presence
of suitable solvent and base to provide (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-
ethoxy-benzyl)phenyl)-2-phenylhexahydropyrano[3,2-d]  [l,3]dioxine-7,8-diol of

formula (VvI11), optionally purifying compound of formula (VvIlI); and

(VIID)

c) deprotecting compound of formula (Vi) to provide dapagliflozin ().

2. The process of claim 1, wherein the solvent used in step (b) is selected from the group
consisting of N,N-dimethylformamide, dimethyl acetamide, dimethyl sulfoxide and

mixtures thereof.

32



WO 2018/029264 PCT/EP2017/070220

3. The process of claim 1, wherein the base used in step (b) is selected from the group
consisting of potassium carbonate, sodium carbonate, lithium carbonate, sodium
bicarbonate, potassium bicarbonate, lithium bicarbonate, cesium carbonate and

mixtures thereof.

4. The process of claim 1, wherein deprotection of formula (vill) is carried out in

presence of methanol and camphorsulfonic acid.

5. A process for the preparation of formula (V1)

in an organic solvent to provide formula (VI).

6. The process of claim 5, wherein organic solvent is selected from the group comprising

of ketone, ester and mixtures thereof.

7. The process of claim 6, wherein ketone is selected from the group consisting of
acetone, methyl ethyl ketone, methyl isobutyl ketone, diisopropyl ketone, methyl

isopropyl ketone and mixtures thereof.

8. A process for the preparation of dapagliflozin (1):

0]
comprising the step of deprotecting compound of formula (Vi)
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(VIID)

to provide dapagliflozin ().

9. The process of claim 8, wherein deprotection of formula (ViN) is carried out in

presence of methanol and camphorsulfonic acid.

10. A compound of formula (VII), or pharmaceutically acceptable salts, solvates and
hydrates thereof;

D]
wherein benzaldehyde acetal is substituted or unsubstituted.

11. A process for the preparation of dapagliflozin (1)

comprising the steps of:

a) reacting compound of formula (VI)

)
with a suitable ethylating agent in presence of suitable solvent and base to

provide dapagliflozin (1);
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b) protecting dapagliflozin (1) with substituted or unsubstituted benzaldehyde
acetal to provide (4aR,6S,7R,8R,8aS)-6-(4-chloro-3-(4-ethoxybenzyl)phenyl)-2-
phenyl-hexahydropyrano[3,2-d] [l,3]dioxine-7,8-diol  of formula (VII1), optionally

purifying compound of formula (VIl1); and

(VIID)

c) deprotecting compound of formula (Vi) to provide dapagliflozin ().

12. The process of claim 11, wherein the ethylating agent used in step (a) is selected
from the group consisting of ethyl iodide, ethyl chloride, ethyl bromide, diethyl sulphate

and ethyl para toluenesulfonate.
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