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Description

1. FIELD OF THE INVENTION

[0001] This invention relates to solid forms of
(28,3R,4R,2S,6R)-2-(4-chloro-3-(4-ethoxybenzyl)phe-
nyl)-6-(methylthio)tetrahydro-2H-pyran-3,4,5-triol, and
to methods of their use.

2. BACKGROUND OF THE INVENTION

[0002] Differentsolid forms of the same compound can
have substantially different properties. For example, the
amorphous form of a drug may exhibit different dissolu-
tion characteristics and different bioavailability patterns
than its crystalline form(s), properties which can affect
how the drug must be administered to achieve optimal
effect. Amorphous and crystalline forms of a drug may
also have different handling properties (e.g., flowability,
compressibility), dissolution rates, solubilities and stabil-
ities, all of which can affect the manufacture of dosage
forms. Consequently, access to multiple forms of a drug
is desirable for a variety of reasons. Moreover, regulatory
authorities (e.g., the U.S. Food and Drug Administration)
may require the identification of all solid (e.g., polymor-
phic) forms of a new drug substance before products
containing it. A. Goho, Science News 166(8):122-123
(2004).

[0003] Compounds may existinoneormore crystalline
forms, but the existence and characteristics of those
forms cannot be predicted with any certainty. In addition,
no standard procedure exists for the preparation of all
possible polymorphic forms of a compound. And even
after one polymorph has been identified, the existence
and characteristics of other forms canonly be determined
by additional experimentation. /d.

3. SUMMARY OF THE INVENTION

[0004] This invention is directed, in part, to specific
crystalline solid forms of anhydrous (2S,3R,4R,5S,6R)-
2-(4-chloro-3-(4-ethoxybenzyl)phenyl)-6-(methylth-
io)tetrahydro-2H-pyran-3,4,5-triol, which is an inhibitor of
sodium glucose co-transporter 2.

[0005] One embodiment of the invention encompass-
es pharmaceutical dosage forms comprising the specific
solid forms described herein.

[0006] Another embodiment relates to methods of in-
hibiting SGLT2 activity, as well as methods of treating,
preventing and managing a variety of diseases and dis-
orders, using the specific solid forms described herein.

4. BRIEF DESCRIPTION OF THE FIGURES

[0007]

Figure 1 is an X-ray powder diffraction (XRPD) pat-
tern of crystalline anhydrous (2S,3R,4R,5S,6R)-
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2-(4-chloro-3-(4-ethoxybenzyl)phenyl)-6-(methylth-
io)tetrahydro-2H-pyran-3,4,5-triol Form 1. The dif-
fractogram was obtained using a Bruker D8 Advance
System (Cu Ka radiation) with a VANTEC-1 detec-
tor.

Figure 2 is a FT-Raman spectrum of crystalline an-
hydrous (2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-
ethoxybenzyl)phenyl)-6-(methylthio)tetrahydro-2H-
pyran-3,4,5-triol Form 1. The spectrum was obtained
using a Bruker RFS100 with 1064 nm excitation.
Figure 3 is an XRPD pattern of crystalline anhydrous
(2S,3R 4R ,58,6R)-2-(4-chloro-3-(4-ethoxyben-
zyl)phenyl)-6-(methylthio)tetrahydro-2H-pyran-
3,4,5-triol Form 2. The diffractogram was obtained
using a Bruker D8 Advance System (Cu Ko radia-
tion) with a VANTEC-1 detector.

Figure 4 is a FT-Raman spectrum of crystalline an-
hydrous (2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-
ethoxybenzyl)phenyl)-6-(methylthio)tetrahydro-2H-
pyran-3,4,5-triol Form 2. The spectrum was obtained
using a Bruker RFS100 with 1064 nm excitation.

5. DETAILED DESCRIPTION OF THE INVENTION

[0008] This invention relates, in part, to crystalline an-
hydrous forms of (28,3R,4R,5S,6R)-2-(4-chloro-3-(4-
ethoxybenzyl)phenyl)-6-(methylthio)tetrahydro-2H-
pyran-3,4,5-triol:

wherein the crystalline anhydrous forms have a DSC en-
dotherm at 124°C = 5.0°C or 134°C = 5.0°C.

[0009] The compound is an inhibitor of the sodium glu-
cose co-transporter 2, and may be useful in the treatment
of diabetes and a variety of other diseases and condi-
tions. See U.S. patent application no. 11/862,690, filed
September 28, 2007.

[0010] This invention is also directed to dosage forms
comprising specific crystalline anhydrous forms of
(28,3R,4R,5S,6R)-2-(4-chloro-3-(4-ethoxybenzyl)phe-
nyl)-6-(methylthio)tetrahydro-2H-pyran-3,4,5-triol  ac-
cording to the invention, and relates to methods of their
use.

5.1. Definitions
[0011] Unless otherwise indicated, the terms "man-
age," "managing" and "management" encompass pre-

venting the recurrence of the specified disease or disor-
derina patientwho has already suffered from the disease
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or disorder, and/or lengthening the time that a patient
who has suffered from the disease or disorder remains
in remission. The terms encompass modulating the
threshold, development and/or duration of the disease
or disorder, or changing the way that a patient responds
to the disease or disorder.

[0012] Unless otherwise indicated, the terms "pre-
vent," "preventing" and "prevention" contemplate an ac-
tion that occurs before a patient begins to suffer from the
specified disease or disorder, which inhibits or reduces
the severity of the disease or disorder. In other words,
the terms encompass prophylaxis.

[0013] Unless otherwise indicated, a "prophylactically
effective amount" of a compound is an amount sufficient
to prevent a disease or condition, or one or more symp-
toms associated with the disease or condition, or to pre-
vent its recurrence. A prophylactically effective amount
of a compound means an amount of therapeutic agent,
alone or in combination with other agents, which provides
a prophylactic benefit in the prevention of the disease or
condition. The term "prophylactically effective amount”
can encompass an amount that improves overall proph-
ylaxis or enhances the prophylactic efficacy of another
prophylactic agent.

[0014] Unless otherwise indicated, a "therapeutically
effective amount" of a compound is an amount sufficient
to provide a therapeutic benefit in the treatment or man-
agement of a disease or condition, or to delay or minimize
one or more symptoms associated with the disease or
condition. A therapeutically effective amount of a com-
pound means an amount of therapeutic agent, alone or
in combination with other therapies, which provides a
therapeutic benefit in the treatment or management of
the disease or condition. The term "therapeutically effec-
tive amount" can encompass an amount that improves
overall therapy, reduces or avoids symptoms or causes
of a disease or condition, or enhances the therapeutic
efficacy of another therapeutic agent.

[0015] Unless otherwise indicated, the terms "treat,”
"treating" and "treatment" contemplate an action that oc-
curs while a patient is suffering from the specified disease
or disorder, which reduces the severity of the disease or
disorder or one or more of its symptoms, or retards or
slows the progression of the disease or disorder.
[0016] Unless otherwise indicated, the term "include"
has the same meaning as "include, but are not limited
to," and the term "includes" has the same meaning as
"includes, but is not limited to." Similarly, the term "such
as" has the same meaning as the term "such as, but not
limited to."

[0017] Unless otherwise indicated, one or more adjec-
tives immediately preceding a series of nouns is to be
construed as applying to each of the nouns. Forexample,
the phrase "optionally substituted alky, aryl, or heteroar-
yI" has the same meaning as "optionally substituted alky,
optionally substituted aryl, or optionally substituted het-
eroaryl."

[0018] It should also be noted that any atom shown in
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a drawing with unsatisfied valences is assumed to be
attached to enough hydrogen atoms to satisfy the va-
lences. In addition, chemical bonds depicted with one
solid line parallel to one dashed line encompass both
single and double (e.g., aromatic) bonds, if valences per-
mit. Structures that represent compounds with one or
more chiral centers, but which do not indicate stereo-
chemistry (e.g., with bolded or dashed lines), encom-
passes pure stereoisomers and mixtures (e.g., racemic
mixtures) thereof. Similarly, names of compounds having
one or more chiral centers that do not specify the stere-
ochemistry of those centers encompass pure stereoi-
somers and mixtures thereof.

5.2. Solid Forms
[0019] This invention relates to specific crystalline an-
hydrous forms of (28,3R,4R,5S,6R)-2-(4-chloro-3-(4-

ethoxybenzyl)phenyl)-6-(methylthio)tetrahydro-2H-
pyran-3,4,5-triol:

\

O Cl
HO” ™ ~OH
OH
[0020] A particular crystalline form referred to herein

as Form 1 has a differential scanning calorimetry (DSC)
endotherm at about 124°C. In this context, the term
"about" means = 5.0°C. In one embodiment, the form
provides an X-ray powder diffraction (XRPD) pattern that
contains peaks at one or more of about 4.0, 8.1,9.8,14.0
and/or 19.3 degrees 20. |n this context, the term "about"
means * 0.3 degrees. As those skilled in the art are well
aware, the relative intensities of peaks in an XRPD pat-
tern can vary depending on how the sample is prepared
and how the data is collected. With this in mind, an ex-
ample of an XRPD pattern of this form is provided in
Figure 1.

[0021] Inoneembodiment, the form provides aRaman
spectrum with peaks at one or more of about 3068, 2929,
2888, 2881, 1615, 1603, 1244, 1037, 692 and/or 372
cm-1. In this context, the term "about" means * 2 cm-1.
As those skilled in the art are well aware, the relative
intensities of peaks in a Raman spectrum can vary de-
pending on how the sample is prepared and how the data
is collected. With this in mind, an example of a FT-Raman
spectrum of this form is provided in Figure 2.

[0022] A particular crystalline form referred to herein
as Form 2 has a differential scanning calorimetry (DSC)
endotherm at about 134°C. In this context, the term
"about" means = 5.0°C. In one embodiment, the form
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provides an XRPD pattern that contains peaks at one or
more of about4.4,4.8,14.5,14.7,15.5,21.2, 22.1 and/or
23.8 degrees 26. In this context, the term "about" means
* 0.3 degrees. An example of an XRPD pattern of this
form is provided in Figure 3.

[0023] Inone embodiment, the form provides a Raman
spectrum with peaks at one or more of about 3061, 2927,
2877, 2864, 1605, 1038, 842 and/or 719 cm™!. In this
context, the term "about" means * 2 cm1. An example
of a FT-Raman spectrum of this form is provided in Figure
4,

[0024] This invention encompasses compositions
comprising Form 1 and Form 2 of crystalline anhydrous
(28,3R,4R,5S,6R)-2-(4-chloro-3-(4-ethoxybenzyl)phe-
nyl)-6-(methylthio)tetrahydro-2H-pyran-3,4,5-triol.

5.3. Methods of Use

[0025] This disclosure relates to a method of inhibiting
SGLT2 activity, which comprises contacting SGLT2 with
an effective amount of a compound of the invention (i.e.,
a compound disclosed herein). In one embodiment, the
protein is in vivo. In another, it is ex vivo.

[0026] The disclosure also relates to a method of de-
creasing blood glucosein a patient(e.g.,a mammal, such
as a human, dog or cat), which comprises administering
to the patient an effective amount of a compound of the
invention.

[0027] The disclosure also relates to a method of in-
creasing the excretion of glucose in the urine of a patient,
which comprises administering to the patient an effective
amount of a compound of the invention.

[0028] The disclosure also relates to a method of re-
storing or increasing insulin sensitivity in a patient, which
comprises administering to the patient an effective
amount of a compound of the invention.

[0029] Thedisclosure alsorelates to a method of treat-
ing, managing or preventing a disease or disorder in a
patient, which comprises administering to the patient a
therapeutically or prophylactically effective amount of a
compound of the invention. Examples of diseases and
disorders include atherosclerosis, cardiovascular dis-
ease, diabetes (Type 1 and 2), hyperglycaemia, hyper-
tension, lipid disorders, obesity, and Syndrome X. A par-
ticular disease is type 2 diabetes.

[0030] The amount, route of administration and dosing
schedule of a compound may depend upon factors such
as the specific indication to be treated, prevented or man-
aged, and the age, gender and condition of the patient.
The roles played by such factors are well known in the
art, and may be accommodated by routine experimenta-
tion.

5.4. Pharmaceutical Formulations

[0031] This invention encompasses pharmaceutical
compositions comprising one or more of the specific crys-
talline anhydrous forms of compounds relating to the in-
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vention. Certain pharmaceutical compositions are single
unit dosage forms suitable for oral, mucosal (e.g., nasal,
sublingual, vaginal, buccal, or rectal), parenteral (e.g.,
subcutaneous, intravenous, bolus injection, intramuscu-
lar, or intraarterial), or transdermal administration to a
patient. Examples of dosage forms include, but are not
limited to: tablets; caplets; capsules, such as soft elastic
gelatin capsules; cachets; troches; lozenges; disper-
sions; suppositories; ointments; cataplasms (poultices);
pastes; powders; dressings; creams; plasters; solutions;
patches; aerosols (e.g., nasal sprays or inhalers); gels
and sterile solids that can be reconstituted to provide
liquid dosage forms suitable for parenteral administration
to a patient.

[0032] The formulation should suit the mode of admin-
istration. For example, oral administration requires en-
teric coatings to protect the compounds of this invention
from degradation within the gastrointestinal tract. Simi-
larly, a formulation may contain ingredients that facilitate
delivery of the active ingredient(s) to the site of action.
For example, compounds may be administered in lipo-
somal formulations, in order to protect them from degra-
dative enzymes, facilitate transport in circulatory system,
and effect delivery across cell membranes to intracellular
sites.

[0033] The composition, shape, and type of a dosage
form will vary depending on its use. For example, a dos-
age form used in the acute treatment of a disease may
contain larger amounts of one or more of the active in-
gredients it comprises than a dosage form used in the
chronic treatment of the same disease. Similarly, a
parenteral dosage form may contain smaller amounts of
one or more of the active ingredients it comprises than
an oral dosage form used to treat the same disease.
These and other ways in which specific dosage forms
encompassed by this invention will vary from one another
will be readily apparent to those skilled in the art. See,
e.g., Remington’s Pharmaceutical Sciences, 18th ed.,
Mack Publishing, Easton PA (1990).

5.4.1. Oral Dosage Forms

[0034] Pharmaceutical compositions of the invention
suitable for oral administration can be presented as dis-
crete dosage forms, such as, butare not limited to, tablets
(e.g., chewable tablets), caplets, capsules, and liquids
(e.g., flavored syrups). Such dosage forms contain pre-
determined amounts of active ingredients, and may be
prepared by methods of pharmacy well known to those
skilled in the art. See, e.g., Remington’s Pharmaceutical
Sciences, 18th ed., Mack Publishing, Easton PA (1990).
[0035] Typicaloraldosage forms are prepared by com-
bining the active ingredient(s) in an intimate admixture
with at least one excipient according to conventional
pharmaceutical compounding techniques. Excipients
can take a wide variety of forms depending on the form
of preparation desired for administration.

[0036] Because of their ease of administration, tablets
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and capsules represent the most advantageous oral dos-
age unitforms. If desired, tablets can be coated by stand-
ard aqueous or nonaqueous techniques. Such dosage
forms can be prepared by conventional methods of phar-
macy. In general, pharmaceutical compositions and dos-
age forms are prepared by uniformly and intimately ad-
mixing the active ingredients with liquid carriers, finely
divided solid carriers, or both, and then shaping the prod-
uct into the desired presentation if necessary. Disinte-
grants may be incorporated in solid dosage forms to fa-
cility rapid dissolution. Lubricants may also be incorpo-
rated to facilitate the manufacture of dosage forms (e.g.,
tablets).

5.4.2. Parenteral Dosage Forms

[0037] Parenteral dosage forms can be administered
to patients by various routes including, but not limited to,
subcutaneous, intravenous (including bolus injection), in-
tramuscular, and intraarterial. Because their administra-
tion typically bypasses patients’ natural defenses against
contaminants, parenteral dosage forms are specifically
sterile or capable of being sterilized prior to administra-
tion to a patient. Examples of parenteral dosage forms
include, but are not limited to, solutions ready for injec-
tion, dry products ready to be dissolved or suspended in
a pharmaceutically acceptable vehicle for injection, sus-
pensions ready for injection, and emulsions.

[0038] Suitable vehicles that can be used to provide
parenteral dosage forms of the invention are well known
to those skilled in the art. Examples include, but are not
limited to: Water for Injection USP; aqueous vehicles
such as, but not limited to, Sodium Chloride Injection,
Ringer’s Injection, Dextrose Injection, Dextrose and So-
dium Chloride Injection, and Lactated Ringer’s Injection;
water-miscible vehicles such as, but not limited to, ethyl
alcohol, polyethylene glycol, and polypropylene glycol,
and non-aqueous vehicles such as, but not limited to,
corn oil, cottonseed oil, peanut oil, sesame oil, ethyl
oleate, isopropyl myristate, and benzyl benzoate.

5.4.3. Transdermal, Topical and Mucosal Dosage
Forms

[0039] Transdermal, topical, and mucosal dosage
formsinclude, but are notlimited to, ophthalmic solutions,
sprays, aerosols, creams, lotions, ointments, gels, solu-
tions, emulsions, suspensions, or other forms known to
one of skill in the art. See, e.g., Remington’s Pharma-
ceutical Sciences, 16th and 18th eds., Mack Publishing,
Easton PA (1980 & 1990); and Introduction to Pharma-
ceutical Dosage Forms, 4th ed., Lea & Febiger, Phila-
delphia (1985). Transdermal dosage forms include "res-
ervoir type" or "matrix type" patches, which can be ap-
plied to the skin and worn for a specific period of time to
permit the penetration of a desired amount of active in-
gredients.

[0040] Suitable excipients (e.g., carriers and diluents)
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and other materials that can be used to provide transder-
mal, topical, and mucosal dosage forms are well known
to those skilled in the pharmaceutical arts, and depend
on the particular tissue to which a given pharmaceutical
composition or dosage form will be applied.

[0041] Depending on the specific tissue to be treated,
additional components may be used prior to, in conjunc-
tion with, or subsequent to treatment with active ingredi-
ents of the invention. For example, penetration enhanc-
ers may be used to assist in delivering active ingredients
to the tissue.

[0042] The pH of apharmaceutical composition or dos-
age form, or of the tissue to which the pharmaceutical
composition or dosage form is applied, may also be ad-
justed to improve delivery of one or more active ingredi-
ents. Similarly, the polarity of a solvent carrier, its ionic
strength, or tonicity can be adjusted to improve delivery.
Compounds such as stearates may also be added to
pharmaceutical compositions or dosage forms to advan-
tageously alter the hydrophilicity or lipophilicity of one or
more active ingredients so as to improve delivery. In this
regard, stearates can serve as a lipid vehicle for the for-
mulation, as an emulsifying agent or surfactant, and as
a delivery-enhancing or penetration-enhancing agent.
Different salts, hydrates or hydrates of the active ingre-
dients can be used to further adjust the properties of the
resulting composition.

6. EXAMPLES

[0043] Aspects of this invention can be understood
from the following examples.

6.1. Synthesis of ((3aS,5R,6S,6aS)-6-hydroxy-2,2-
dimethyltetrahydrofuro[2,3-d][1,3]dioxol-5-yl)(mor-
pholino)methanone

[0044] To a 12L three-necked round bottom flask with
mechanical stirrer, rubber septum with temperature
probe and gas bubbler was charged L-(-)-xylose (504.40
g, 3.360 mol), acetone (5L, reagent grade) and anhy-
drous MgSO, powder (811.23g, 6.740 mol / 2.0 equiv).
The suspension was set stirring at ambient and then con-
centrated H,SO, (50 mL, 0.938 mol / 0.28 equiv) was
added. A slow mild exotherm was noticed (temperature
rose to 24°C over about 1 hr) and the reaction was al-
lowed to stir at ambientovernight. After 16.25 hours, TLC
suggested all L-xylose had been consumed, with the ma-
jor product being the bis-acetonide along with some
(3a8,5S,6R,6aS8)-5-(hydroxymethyl)-2,2-dimethyltet-

rahydrofuro[2,3-d][1,3]dioxol-6-ol. The reaction mixture
was filtered and the collected solids were washed twice
with acetone (500 mL per wash). The stirring yellow fil-
trate was neutralized with concentrated NH,OH solution
(39 mL) to pH = 8.7. After stirring for 10 min, the sus-
pended solids were removed by filtration. The filtrate was
concentrated to afford crude bis-acetonide intermediate
as a yellow oil (725.23 g). The yellow oil was suspended
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in 2.5 L water stirring in a 5L three-necked round bottom
flask with mechanical stirrer, rubber septum with temper-
ature probe and gas bubbler. The pH was adjusted from
9 to 2 with 1N ag. HCI (142 mL) and stirred at room tem-
perature for 6 h until GC showed sufficient conversion of
the bis-acetonide intermediate to (3aS,5S,6R,6aS)-
5-(hydroxymethyl)-2,2-dimethyltetrahydrofuro[2,3-
d][1,3]dioxol-6-ol. The reaction was neutralized by the
addition of 50% w/w aq. K,HPO,4 until pH=7. The solvent
was then evaporated and ethyl acetate (1.25L) was add-
ed to give a white suspension which was filtered. The
filtrate was concentrated in vacuo to afford an orange oil
which was dissolved in 1 L methyl tert-butyl ether. This
solution had KF 0.23 wt% water and was concentrated
to afford (3aS,5S,6R,6aS)-5-(hydroxymethyl)-2,2-
dimethyltetrahydrofuro[2,3-d][1,3]dioxol-6-0l as an or-
ange oil (551.23g, 86% yield, 96.7 area% pure by GC).
TH NMR (400 MHz, DMSO-dg) 8 1.22 (s, 3 H) 1.37 (s, 3
H) 3.51 (dd, J=11.12, 5.81 Hz, 1 H) 3.61 (dd, J=11.12,
5.05 Hz, 1 H) 3.93-4.00 (m, 1 H) 3.96 (s, 1 H) 4.36 (d,
J=3.79 Hz, 1 H) 4.86 (br. s., 2 H) 5.79 (d, J=3.54 Hz, 1
H). 13C NMR (101MHz, DMSO-d6) § 26.48,27.02,59.30,
73.88, 81.71, 85.48, 104.69, 110.73.

[0045] To a solution of (3aS,5S,6R,6aS)-5-(hy-
droxymethyl)-2,2-dimethyltetrahydrofuro[2,3-d][1,3]di-
oxol-6-ol (25.0g, 131 mmol) in acetone (375 mL, 15X)
and H50 (125 mL, 5X) was added NaHCO; (33.0g, 3.0
equiv), NaBr (2.8g9, 20 mol%) and TEMPO (0.40g, 2
mol%) at 20°C. The mixture was cooled to 0-5°C and
solid trichloroisocyanuric acid (TCCA, 30.5 g, 1.0 equiv)
was then added in portions. The suspension was stirred
at 20°C for 24h. Methanol (20 mL) was added and the
mixture was stirred at 20°C for 1h. A white suspension
was formed at this point. The mixture was filtered,
washed with acetone (50 mL, 2X). The organic solvent
was removed under vacuum and the aqueous layer was
extracted with EtOAc (300 mL, 12X x3) and the combined
organic layers were concentrated to afford an oily mixture
with some solid residue. Acetone (125 mL, 5X) was add-
ed and the mixture was filtered. The acetone solution
was then concentrated to afford the desired acid
((3aS,5R,6S,6aS)-6-hydroxy-2,2-dimethyltetrahydro-
furo[2,3-d][1,3]dioxole-5-carboxylic acid) as a yellow sol-
id (21.0g, 79%). "H NMR (methanol-d4), § 6.00 (d, J =
3.2Hz, 1H),4.72d, J=3.2 Hz, 1H),4.53 (d, J = 3.2 Hz,
1H), 4.38 (d, J = 3.2 Hz, 1H), 1.44 (s, 3H), 1.32 (s, 3H).
[0046] To a solution of (3aS,5R,6S,6aS)-6-hydroxy-
2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxole-5-carbox-
ylic acid (5.0g, 24.5 mmol) in THF (100 mL, 20X) was
added TBTU (11.8g, 1.5 equiv), N-methylmorpholine
(NMM, 4.1 mL, 1.5 equiv) and the mixture was stirred at
20°C for 30 min. Morpholine (3.2 mL, 1.5 equiv) was then
added, and the reaction mixture was stirred at 20°C for
an additional 6h. The solid was filtered off by filtration
and the cake was washed with THF (10 mL, 2X x2). The
organic solution was concentrated under vacuum and
the residue was purified by silica gel column chromatog-
raphy (hexanes:EtOAc, from 1:4 to 4:1) to afford 4.3 g of
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the desired morpholine amide (64%) as a white solid. TH
NMR (CDClj), § 6.02 (d, J=3.2 Hz, 1H), 5.11 (br s, 1H),
462(d,J=3.2Hz 1H),4.58 (d, J=3.2Hz, 1H),3.9-35
(m, 8H), 1.51 (s, 3H), 1.35 (s, 3H).

6.2. Alternative synthesis of ((3aS,5R,6S,6aS)-6-hy-
droxy-2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxol-
5-yl)(morpholino)methanone

[0047] A solution of the diol (3aS,5S,6R,6a8)-5-(hy-
droxymethyl)-2,2-dimethyltetrahydrofuro[2,3-d][1,3]di-
oxol-6-olin acetonitrile (5.38 kg, 65% w/w, 3.50 kg active,
18.40 mol), acetonitrile (10.5 L) and TEMPO (28.4 g, 1
mol %) were added to a solution of KoHPO, (0.32 kg,
1.84 mol) and KH,PO,4 (1.25 kg, 9.20 mol) in water (10.5
L). A solution of NaClO, (3.12 kg, 80% w/w, 27.6 mole,
1.50 eq) in water (7.0 L) and a solution of K,HPO, (2.89
kg, 0.90 eq) in water (3.0 L) were prepared with cooling.
Bleach (3.0L, approximate 6% household grade) was
mixed with the K;HPO, solution. Approximately 20% of
the NaClO, solution (1.6 L) and bleach/K,HPO, solution
(400 mL), ~1 mol %) were added. The remainders of the
two solutions were added simultaneously. The reaction
mixture turned dark red brown and slow exotherm was
observed. The addition rate of the NaClO, solution was
about 40 mL/min (3-4 h addition) and the addition rate
for the bleach/K;HP O, solution was about 10-12 mL/min
(10 hr addition) while maintaining the batch at 15-25°C.
Additional charges of TEMPO (14.3g, 0.5 mol%) were
performed every 5-6 hr until the reaction went to com-
pletion (usually two charges are sufficient). Nitrogen
sweep of the headspace to a scrubber with aqueous was
performed to keep the green-yellowish gas from accu-
mulating in the vessel. The reaction mixture was cooled
to < 10°C and quenched with Na,SO5 (1.4 kg, 0.6 eq) in
three portions over 1 hr. The reaction mixture was then
acidified with H3PO, until pH reached 2.0-2.1 (2.5-2.7 L)
at 5-15°C. The layers were separated and the aqueous
layer was extracted with acetonitrile (10.5 L x 3). The
combined organic layer was concentrated under vacuo
(~100-120 torr) at < 35°C (28-32°C vapor, 45-50°C bath)
to low volume (~ 6-7 L) and then flushed with acetonitrile
(40 L) until KF of the solution reached < 1% when diluted
to volume of about 12-15Lwith acetonitrile. Morpholine
(1.61 L, 18.4 mol, 1.0 eq) was added over 4-6 h and the
slurry was aged overnight under nitrogen. The mixture
was cooled to 0-5°C and aged for 3 hours then filtered.
The filter cake was washed with acetonitrile (10L). Drying
under flowing nitrogen gave 4.13 kg of the morpholine
salt of ((3aS,5R,6S,6aS)-6-hydroxy-2,2-dimethyltet-
rahydrofuro[2,3-d][1,3]dioxole-5-carboxylic acid as a
white solid (92-94% pure based on TH NMR with 1,4-
dimethoxybenzene as the internal standard), 72-75%
yield corrected for purity. TH NMR (D,0) 8596 (d, J =
3.6 Hz, 1H),4.58 (d, J= 3.6 Hz, 1H), 4.53 (d, J= 3.2 Hz,
1H), 4.30 (d, J = 3.2 Hz, 1H), 3.84 (m, 2H), 3.18 (m, 2H),
1.40 (s, 1H), 1.25(s, 1H). 8H NMR (D,0) § 174.5, 112.5,
104.6, 84.2, 81.7, 75.0, 63.6, 43.1, 25.6, 25.1.
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[0048] The morpholine salt of ((3aS,5R,6S,6aS)-6-hy-
droxy-2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxole-5-
carboxylic acid (7.85 kg, 26.9 mol), morpholine (2.40 L,
27.5 mol) and boric acid (340 g, 5.49 mol, 0.2 eq) were
added to toluene (31 L). The resulting slurry was de-
gassed and heated at reflux with a Dean-Stark trap under
nitrogen for 12 h and then cooled to room temperature.
The mixture was filtered to remove insolubles and the
filter cake washed with toluene (5 L). The filtrate was
concentrated to about 14 L and flushed with toluene (-80
L) to remove excess morpholine. When final volume
reached ~12 L, heptane (14 L) was added slowly at
60-70°C. The resulting slurry was cooled gradually to
room temperature and aged for 3 h. It was then filtered
and washed with heptane (12 L) and dry under nitrogen
gave a slightly pink solid (6.26 kg, 97% pure, 98% yield).
m.p.: 136°C (DSC). 'H NMR (CDCly), § 6.02 (d, J = 3.2
Hz, 1H), 5.11 (br s, 1H), 4.62 (d, J = 3.2 Hz, 1H), 4.58
(d, J=3.2Hz, 1H), 3.9-3.5 (m, 8H), 1.51 (s, 3H), 1.35 (s,
3H). 13C NMR (methanol-dy) & 26.84, 27.61, 44.24,
47.45, 68.16, 77.14, 81.14, 86.80, 106.87, 113.68,
169.05.

6.3. Synthesis of 1-chloro-2-(4-ethoxybenzyl)-4-io-
dobenzene

[0049] A 2L three-necked round bottom flask with me-
chanical stirrer, rubber septum with temperature probe
and pressure-equalized addition funnel with gas bubbler
was charged with 2-chloro-5-iodobenzoic acid (199.41
g, 0.706 mol), dichloromethane (1.2L, KF = 0.003 wt%
water) and the suspension was set stirring at ambient
temperature. Then N,N-dimethylformamide (0.6 mL, 1.1
mol %) was added followed by oxalyl chloride (63 mL,
0.722 mol, 1.02 equiv) which was added over 11 min.
Thereaction was allowed to stir at ambientovernightand
became a solution. After 18.75hours, additional oxalyl
chloride (6 mL, 0.062 mol, 0.10 equiv) was added to con-
sume unreacted starting material. After 2 hours, the re-
action mixture was concentrated in vacuo to afford crude
2-chloro-5-iodobenzoyl chloride as a pale yellow foam
which will be carried forward to the next step.

[0050] A jacketed 2L three-necked round bottom flask
with mechanical stirrer, rubber septum with temperature
probe and pressure-equalized addition funnel with gas
bubbler was charged with aluminum chloride (97.68 g,
0.733 mol, 1.04 equiv), dichloromethane (0.65 L, KF =
0.003 wt% water) and the suspension was set stirring
under nitrogen and was cooled to about 6°C. Then
ethoxybenzene (90 mL, 0.712 mol, 1.01 equiv) was add-
ed over 7 minutes keeping internal temperature below
9°C. The resulting orange solution was diluted with
dichloromethane (75mL) and was cooled to -7°C. Then
a solution of 2-chloro-5-iodobenzoyl chloride (< 0.706
mol) in 350 mL dichloromethane was added over 13 min-
utes keeping the internal temperature below +3°C. The
reaction mixture was warmed slightly and held at +5°C
for 2 hours. HPLC analysis suggested the reaction was
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completeandthereactionwas quenched into 450mL pre-
cooled (~5°C) 2N ag. HCl with stirring in a jacketed round
bottom flask. This quench was done in portions over
10min with internal temperature remaining below 28°C.
The quenched biphasic mixture was stirred at 20°C for
45min and the lower organic phase was washed with 1N
aq. HCI (200mL), twice with saturated aqg. sodium bicar-
bonate (200mL perwash), and with saturated aqg. sodium
chloride (200mL). The washed extract was concentrated
on a rotary evaporator to afford crude (2-chloro-5-iodo-
phenyl)(4-ethoxyphenyl)methanone as an off-white solid
(268.93g, 99.0 area% by HPLC at 220nm, 1.0 area%
regioisomer at 200nm, 98.5 % "as-is" yield).

[0051] A jacketed 1L three-necked round bottom flask
with mechanical stirrer, rubber septum with temperature
probe and gas bubbler was charged with crude (2-chloro-
5-iodophenyl)(4-ethoxyphenyl)methanone (30.13 g,
77.93 mmol), acetonitrile (300mL, KF = 0.004 wt% water)
and the suspension was set stirring under nitrogen and
was cooled to about 5°C. Then ftriethylsilane (28mL,
175.30 mmol, 2.25 equiv) was added followed by boron
trifluoride-diethyletherate (24mL, 194.46mmol, 2.50
equiv) which was added over about 30 seconds. The
reaction was warmed to ambient over 30min and was
stirred for 17 hours. The reaction was diluted with methyl
tert-butyl ether (150mL) followed by saturated aq sodium
bicarbonate (150mL) which was added over about 1 min-
utes. Mild gas evolution was noticed and the biphasic
solution was stirred at ambient for 45 minutes. The upper
organic phase was washed with saturated aq. sodium
bicarbonate (100 mL), and with saturated aqg. sodium
chloride (50mL). The washed extract was concentrated
on a rotary evaporator to about one half of its original
volume and was diluted with water (70 mL). Further con-
centration in vacuo at 45°C was done until white prills
formed which were allowed to cool to ambient while stir-
ring. After about 30 minutes at ambient, the suspended
solids were isolated by filtration, washed with water (30
mL), and were dried in vacuo at 45°C. After about 2.5
hours, this afforded 1-chloro-2-(4-ethoxybenzyl)-4-iodo-
benzene as a slightly waxy white granular powder (28.28
g, 98.2 area % by HPLC at 220nm, 97.4 % "as-is" yield).

6.4. Synthesis of (4-chloro-3-(4-ethoxybenzyl)phe-
nyl)((3aS,5R,6S,6aS)-6-hydroxy-2,2-dimethyltet-
rahydrofuro[2,3-d][1,3]dioxol-5-yl)methanone

[0052] To a solution of 1-chloro-2-(4-ethoxybenzyl)-4-
iodobenzene (500mg, 1.34 mmol) in THF (5.0 mL) was
added i-PrMgClI (2.0M in THF, 1.0 mL, 2.00 mmol) at
0-5°C, and the mixture was stirred for 1.5 h at 0-5°C. A
solution of (3aS,5R,6S,6aS)-6-hydroxy-2,2-dimethyltet-
rahydrofuro[2,3-d][1,3]dioxol-5-yl)(morpholino)meth-

anone (146.5 mg, 0.536 mmol) in THF (1.0 mL) was add-
ed dropwise at 0-5°C and the mixture was kept stirring
for 1h, warmed to 20°C and stirred at 20°C for 2 hours.
The reaction was quenched with saturated aq NH,CI,
extracted with MTBE, washed with brine. The organic
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layer was concentrated and the residue was purified by
silica gel column chromatography to afford the desired
ketone (178 mg, 76%) as a white solid. TH NMR (CDClg)
67.88(dd, J=8.4,2.0Hz, 1H), 7.82 (d, J = 2.0 Hz, 1H),
750 (d, J=8.4Hz, 1H), 7.12 (d, J = 8.4 Hz, 2H), 6.86
(d, J=8.4 Hz, 2H), 6.07 (d, J=3.2Hz, 1H), 5.21 (d, J =
3.2Hz, 1H),4.58 (d, J=3.2 Hz, 1H),4.56 (d, J = 3.2 Hz,
1H), 4.16 (d, J = 7.2 Hz, 2H), 4.03 (q, J = 7.2 Hz, 2H),
1.54 (s, 3H), 1.42 (t, J=7.2 Hz, 3H), 1.37 (s, 3H).

6.5. Alternative synthesis of (4-chloro-3-(4-ethoxy-
benzyl)phenyl)((3aS,5R,6S,6as)-6-hydroxy-2,2-
dimethyltetrahydrofuro[2,3-d][1,3]dioxol-5-yl)meth-
anone

[0053] To a 20 L reactor equipped with a mechanical
stirrer, a temperature controller and a nitrogen inlet was
charged with the iodide (3.00 kg, 8.05 mol) and THF (8
L, 4X to the morpholinoamide) at room temperature and
cooled to -5°C. To the above solution was added drop-
wise a solution of -PrMgCl in THF (Aldrich 2 M, 4.39 L,
8.82 mol) at -5°C over 3 hours. This Grignard solution
was used in the ketone formation below.

[0054] To a 50 L reactor equipped with a mechanical
stirrer, a temperature controller, and a nitrogen inlet was
charged the morpholinoamide (HPLC purity = 97 wt%,
2.01 kg, 7.34 mol) and THF (11 L, 5.5X) at room temper-
ature and stirred for 45 minutes at room temperature and
for 15 minutes at 30°C. The homogeneous solution was
then cooled to - 25°C. To this solution was added a so-
lution of t-BuMgCl in THF (Aldrich 1 M, 7.32 L, 7.91 mol)
at-25°C over 3 hours. Then the above Grignard solution
was added to this solution at -20 over 41 minutes. The
resulting solution was further stirred at -20°C before
quench. Thereaction mixture was added to 10 wt% aque-
ous NH,CI (10 L, 5X) at 0°C with vigorous stirring, and
stirred for 30 minutes at 0°C. To this mixture was added
slowly 6 N HCI (4 L, 2X) at 0°C to obtain a clear solution
and stirred for 30 minutes at 10°C. After phase split, the
organic layer was washed with 25 wt% aq NaCl (5 L,
2.5X). Then the organic layer was concentrated to a 3X
solution under the conditions (200 mbar, bath temp
50°C). EtOAc (24 L, 12X) was added, and evaporated to
a 3X solution under the conditions (150 mbar, bath temp
50°C). After removed solids by a polish filtration, EtOAc
(4 L, 2X) was added and concentrated to dryness (150
mbar, bath temp 50°C). The wet cake was then trans-
ferred to a 50 L reactor equipped with a mechanical stir-
rer, a temperature controller and a nitrogen inlet. After
EtOAc was added, the suspension was heated at 70°C
to obtain a 2.5X homogeneous solution. To the resulting
homogeneous solution was added slowly heptane (5 L,
2.5X) atthe same temperature. Ahomogeneous solution
was seeded and heptane (15 L, 7.5X) was added slowly
to a little cloudy solution at 70°C. After stirred for 0.5 h
at 70°C, the suspension was slowly cooled to 60°C and
stirred for 1 h at 60°C. The suspension was then slowly
cool to room temperature and stirred for 14 h atthe same
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temperature. The crystals were collected and washed
with heptane (8 L, 4X), dried under vacuum at 45°C to
give the desired ketone as fluffy solids (2.57 kg, 100 wt%
by HPLC, purity-adjusted yield: 81%).

6.6. Synthesis of (25,3S,4R,5S,6R)-2-(4-chloro-3-(4-
ethoxybenzyl)phenyl)-6-(methylthio)tetrahydro-2H-
pyran-3,4,5-triyl triacetate

[0055] To a solution of the ketone (4-chloro-3-(4-
ethoxybenzyl)phenyl)-((3aS,5R,6S,6aS)-6-hydroxy-
2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxol-5-y)meth-
anone (114.7 g, 0.265 mol) in MeOH (2 L, 17X) was add-
ed CeCl3'7H,0 (118.5¢g, 1.2 equiv) and the mixture was
stirred at 20°C until all solids were dissolved. The mixture
was then cooled to -78°C and NaBH,4 (12.03g, 1.2 equiv)
was added in portions so that the temperature of the re-
action did not exceed -70°C. The mixture was stirred at
- 78°C for 1 hour, slowly warmed to 0°C and quenched
with saturated aq NH4CI (550 mL, 5X). The mixture was
concentrated under vacuum to remove MeOH and then
extracted with EtOAc (1.1L, 10X x2) and washed with
brine (550 mL, 5X). The combined organics were con-
centrated under vacuum to afford the desired alcohol as
a colorless oil (crude, 115g). To this colorless oil was
added AcOH (650 mL) and H,O (450 mL) and the mixture
was heated to 100°C and stirred for 15 hours. The mixture
was then cooled to room temperature (20°C) and con-
centrated under vacuum to give a yellow oil (crude, ~118
g). To this crude oil was added pyridine (500 mL) and
the mixture was cooled to 0°C. Then, Ac,O (195 mL,-8.0
equiv) was added and the mixture was warmed to 20°C
and stirred at 20°C for 2h. The reaction was quenched
with H,O (500 mL) and diluted with EtOAc (1000 mL).
The organiclayerwas separated and concentrated under
vacuum to remove EtOAc and pyridine. The residue was
diluted with EtOAc (1000 mL) and washed with aq
NaHSO,4 (1N, 500 mL, x2) and brine (300 mL). The or-
ganic layer was concentrated to afford the desired tetraa-
cetate intermediate as a yellow foam (~133g).

[0056] To a solution of tetraacetate (133 g, 0.237 mol
assuming pure) and thiourea (36.1, 2.0 equiv) in dioxane
(530 mL, 4X) was added trimethylsilyl trifluorometh-
anesulfonate (TMSOTTf) (64.5 mL, 1.5 equiv) and the re-
action mixture was heated to 80°C for 3.5 hours. The
mixture was cooled to 20°C and Mel (37 mL, 2.5 equiv)
and N,N-diisopropylethylamine (DIPEA) (207 mL, 5.0
equiv) was added and the mixture was stirred at 20°C
for 3h. The mixture was then diluted with methyl tertiary-
butyl ether (MTBE) (1.3 L, 10X) and washed with H,O
(650 mL, 5X x2). The organic layer was separated and
concentrated under vacuum to give a yellow solid. To
this yellow solid was added MeOH (650 mL, 5X) and the
mixture was reslurried at 60°C for 2h and then cooled to
0°C and stirred at 0°C for 1 hour. The mixture was filtered
and the cake was washed with MeOH (0°C, 70 mL, x3).
The cake was dried under vacuum at 45°C overnight to
afford the desired triacetate (2S,3S,4R,5S,6R)-2-(4-
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chloro-3-(4-ethoxybenzyl)phenyl)-6-(methylthio)tet-
rahydro-2H-pyran-3,4,5-triyl triacetate (88 g, 60% over 4
steps) as a pale yellow solid. TH NMR (CDCl3)87.37 (d,
J =8.0 Hz, 1H), 7.20 (dd, J = 8.0, 2.0 Hz, 1H), 7.07 (m,
2H), 6.85 (m, 2H), 5.32 (t, J = 9.6 Hz, 1H), 5.20 (t, J =
9.6 Hz, 1H), 5.05 (t, J = 9.6 Hz, 1H), 4.51 (d, J = 9.6 Hz,
1H), 4.38 (d, J = 9.6 Hz, 1h), 4.04 (m, 2H), 2.17 (s, 3H),
211 (s, 3H), 2.02 (s, 3H), 1.73 (s, 3H), 142 (t, J=7.2
Hz, 3H).

6.7. Alternative synthesis of (25,3S,4R,5S,6R)-2-(4-
chloro-3-(4-ethoxybenzyl)phenyl)-6-(methylthio)tet-
rahydro-2H-pyran-3,4,5-triyl triacetate

[0057] To a 50 L reactor under nitrogen atmosphere,
40 L MeOH was charged, followed with the ketone (2.50
kg,5.78 mol)and CeCl;-7H,0 (2.16 kg, 1.0 equiv). Meth-
anol (7.5 L) was added as rinse (totally 47.5 L, 19X). A
freshly prepared solution of NaBH, (87.5 g, 0.4 equiv) in
aqueous 1 N NaOH (250 mL) was added slowly (35 min)
at 15-25°C. The mixture was then stirred for 15 min.
HPLC analysis of the reaction mixture showed approxi-
mately 90:10 diastereomeric ratio. The reaction was
quenched with 10 wt% aq NH,CI (2.5 L, 1X) and the
mixture was concentrated under vacuum to 5X, diluted
with water (10 L, 4X) and MTBE (12.5L, 5X). The mixture
was cooled to 10°C and 6 N aq HCI was added until the
pH of the mixture reached 2.0. Stirring was continued for
10 minutes and the layers were separated. The organic
layer was washed with H,O (5L, 2X). The combined
aqueous layer was extracted with MTBE (12.5 L, 5X).
The combined organic layers were washed with brine
(2.5L, 1X) and concentrated under vacuum to 3X. MeCN
(15 L, 6X) was added. The mixture was concentrated
again to 10 L (4X) and any solid residue was removed
by a polish filtration. The cake was washed with minimal
amount of MeCN.

[0058] The organic filtrate was transferred to 50 L re-
actor, and a pre-prepared 20 mol% aqueous H,SO, so-
lution (61.8 mL 98% concentrated H,SO,4 and 5 L H,0O)
was added. The mixture was heated to 80°C for 2 hours
and then cooled to 20°C. The reaction was quenched
with a solution of saturated aqueous K,CO3 (5L, 2X) and
diluted with MTBE (15 L, 6X). The organic layer was sep-
arated, washed with brine (5 L, 2X) and concentrated
under vacuumto 5L (2X). MeCN (12.5 L, 5X) was added
and the mixture was concentrated to 7.5 L (3X).

[0059] The above MeCN solution of (3S,4R,SR,6S)-
6-(4-chloro-3-(4-ethoxybenzyl)phenyl)tetrahydro-2H-
pyran-2,3,4,5-tetraol was cooled to 10°C, added with
dimethylaminopyridine (17.53 g, 2.5 mol%), followed by
slow addition of acetic anhydride (3.23 L, 6.0 equiv) and
triethylamine (5 L, 2X, 6.0 equiv) so that the temperature
of the mixture was kept below 20°C. The reaction was
then warmed to 20°C and stirred for 1 hour and diluted
with MTBE (15 L, 6X). The mixture was slowly quenched
with water (7.5 L, 3X). The organic layer was separated
and washed with saturated aqueous KHCO3 (5L, 2X), 1
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N NaHSO, (5 L, 2X), and brine (5 L, 2X) in sequence.
[0060] The organic layer was then concentrated under
vacuum to 5 L (2X). MeCN (12.5 L, 5X) was added and
the solution was concentrated to 7.5 L (3X) (KF =0.08%).
Dioxane (12.5 L, 5X) was added and the solution was
concentrated to 7.50 L (3X) (KF = 0.02%). Any residual
solid was removed by a polish filtration and the cake was
washed with minimal amount of dioxane (500 mL).
[0061] To the above filtrate was added thiourea (880
g, 2.0 equiv) and TMSOTf (1.57 L, 1.5 equiv). The reac-
tion mixture was heated to 80°C for 3 hours (>97% con-
version). The mixture was cooled to 20°C and methyl
iodide (541 mL, 1.5 equiv) and diethylisopropylamine
(3.02 L, 3.0 equiv) were added and the mixture was
stirred at20°C for 18 hours. An extra methyliodide charge
(90 mL, 0.25 equiv) was added and the mixture was
stirred at 20°C for 1 hours. The mixture was then diluted
with MTBE (25 L, 10X) and washed with water (12.5 L,
5X x2). The organic layer was separated and concen-
trated under vacuum to ~5 L (2X). MeOH (12.5 L, 5X)
was added and the mixture was concentrated to 5X to
afford a slurry. The mixture was then heated at 60°C for
1 hour and cooled to 0°C and stirred at 0°C for 1 hour.
The mixture was filtered and the cake was washed with
MeCH (0°C, 2.5 L, 1X x2, 1.0 L, 0.4X). The cake was
dried under vacuum at 45°C overnight to afford the de-
sired triacetate (1.49 kg, 47% over 4 steps) as a pale
yellow/off-white solid.

6.8. Synthesis of (28,3R,4R,5S,6R)-2-(4-chloro-3-(4-
ethoxybenzyl)phenyl)-6-(methylthio)tetrahydro-2H-
pyran-3,4,5-triol

[0062] To a slurry of (25,3S,4R,SS,6R)-2-(4-chloro-
3-(4-ethoxybenzyl)phenyl)-6-(methylthio)tetrahydro-
2H-pyran-3,4,5-triyl triacetate (90.0 g, 0.164mol) in Me-
OH (900 mL, 10X) was added NaOMe in MeOH (25 wt%,
18 mL, 0.2X) at 20°C and the mixture was stirred at 20°C
for 2 hours until all solids disappeared. The mixture was
then concentrated to 300 mL, added to H,O (1L) and
stirred for 1 hour. The solid was filtered and washed with
H50 (100 mL, x3) and the cake was dried under vacuum
at 45°C overnight to afford the desired methyl thiolate
(67.0g, 95%). 1H NMR (CDCl,) 6 7.38 (d, J = 8.4 Hz,
1H), 7.22 (m, 2H), 7.11 (d, J = 8.8 Hz, 2H), 6.83 (d, J =
8.8 Hz, 2H), 4.35(d, J =9.6 Hz, 1H), 4.15(d, J = 9.6 Hz,
1H), 4.10-3.95 (m, 3H), 3.64 (t, J = 8.8 Hz, 1H), 3.50 (m,
2H), 3.42 (br s, 1H), 2.95 (br s, 1H), 2.57 (br s, 1H), 2.17
(s, 3H), 1.40 (t, d = 7.2 Hz, 3H).

6.9. Preparation of Crystalline Anhydrous
(2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-ethoxyben-
zyl)phenyl)-6-(methylthio)tetrahydro-2H-pyran-
3,4,5-triol Form 1

[0063] Under slightly positive nitrogen pressure, to a
50 L reactor was charged MeOH (12 L) and the triacetate
(1.70Kg, 3.09 mol). Methanol (5L) was added as arinse.
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The slurry was then added NaOMe in MeOH (25 wt%,
340 mL, 0.2X) in 15 minutes at 20°C and the mixture was
stirred at 20°C for 2 hours until all solids disappeared.
To the mixture was added slowly water (25.5 L, 15X) in
45 minutes with 5g seeding (DSC 123°C). Solids crashed
out and the mixture was stirred at 20°C for 1 hour, cooled
to 0°C and stirred for 30 minutes. The solid was filtered
and washed with water (1.7 L, 1X, x2) and the cake was
dried under vacuum at 45°C overnight to afford the title
compound (m.p. = 123 °C by DSC peak; 1.28 Kg, 97.7%
yield).

6.10. Preparation of Crystalline Anhydrous
(2S,3R,4R,5S8,6R)-2-(4-chloro-3-(4-ethoxyben-
zyl)phenyl)-6-(methylthio)tetrahydro-2H-pyran-
3,4,5-triol Form 2

[0064] Under slightly positive nitrogen pressure, to a
50 L reactor was charged MEK (2-butanone, 4 L) and
(28,3R,4R,5S,6R)-2-(4-chloro-3-(4-ethoxybenzyl)phe-
nyl)-6-(methylthio)tetrahydro-2H-pyran-3,4,5-triol Form
1 (1.49 Kg). MEK (3.45 L) was added as a rinse. The
mixture was heated to 80°C and heptane (14.9 L, 10X)
was slowly added in 1.5 hours. Solids started to crash
out and the mixture was charged heptane (14.9 L, 10X)
in 6 h. The mixture was stirred at 80°C for 15 hours. The
mixture was cooled to 20°C in 3 hours and stirred at 20°C
for 1 hour. The solids were filtered and the cake was
washed with MEK/heptane (2.5:7.5, viv, 1.49 L, 1X x2),
dried under nitrogen for 12 hours and under vacuum at
50°C for 24 hours to afford the title compound as a white
solid (m.p. ~ 134 °C by DSC peak; 1.48 Kg, 98% recov-
ery).

6.11. Alternative Preparation of Crystalline Anhy-
drous (2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-ethoxyben-
zyl)phenyl)-6-(methylthio)tetrahydro-2H-pyran-
3,4,5-triol Form 2

[0065] To a 250 L reactor was charged the triacetate
(10 kg) and methanol (75 kg). Sodium methoxide (1.6
kg, 30% solution) was added with 5 kg methanol rinse.
The mixture was stirred at room temperature for at least
2 hours or untilthe reaction was complete. Charcoal (Dar-
co G-60, 1 kg) was added with 5 kg methanol rinse. This
mixture was heated at 40°C for 1 h, cooled to room tem-
perature, and filtered through celite. The cake was
washed with methanol (10 kg). Water (100 kg) was added
and the mixture was concentrated under vacuum. MTBE
(200 kg) and water (50 kg) were added and phases were
split. The organic layer was washed with water (100 kg)
and concentrated undervacuum. MEK (100 kg) was add-
ed and the same about of solvent was distilled under
vacuum. This MEK addition and distillation was repeated
to dry the solution. Enough MEK was added to produce
a solution of (2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-ethoxy-
benzyl)phenyl)-6-(methylthio)tetrahydro-2H-pyran-

3,4,5-triol in 50 L MEK. This solution was polish filtered
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and heptane (100 L) was added at about 80°C. Form 2
seeds (0.1 kg) were added followed by slow addition of
heptane (100 L) as 80°C. Heating was continued for 8 h
more at 80°C, cooled to 20°C over at least 3 hours, held
at this temperature for at least 2 hours, filtered, and
washed with MEK/heptane. The cake was dried at 50°C
under vacuum to afford the title compound as a white
solid (6.6 kg, 86% yield).

Claims

1. A pharmaceutical composition comprising crystal-
line anhydrous (2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-
ethoxybenzyl)phenyl)-6-(methylthio)tetrahydro-2H-
pyran-3,4,5-triol, wherein the crystalline anhydrous
(2S,3R 4R ,58,6R)-2-(4-chloro-3-(4-ethoxyben-
zyl)phenyl)-6-(methylthio)tetrahydro-2H-pyran-
3,4,5-triol has a DSC endotherm at 124°C = 5.0°C
or 134°C = 5.0°C.

2. A pharmaceutical dosage form comprising an active
pharmaceutical ingredient and a pharmaceutically
acceptable excipient, wherein the active pharma-
ceutical ingredient is crystalline anhydrous
(2S,3R 4R ,58,6R)-2-(4-chloro-3-(4-ethoxyben-
zyl)phenyl)-6-(methylthio)tetrahydro-2H-pyran-
3,4,5-triol, wherein the crystalline anhydrous
(2S,3R 4R ,58,6R)-2-(4-chloro-3-(4-ethoxyben-
zyl)phenyl)-6-(methylthio)tetrahydro-2H-pyran-
3,4,5-triol has a DSC endotherm at 124°C = 5.0°C
or 134°C = 5.0°C.

3. The pharmaceutical dosage form of claim 2, which
is a tablet, capsule, or caplet.

4. Crystalline anhydrous (2S,3R,4R,5S,6R)-2-(4-chlo-
ro-3-(4-ethoxybenzyl)phenyl)-6-(methylthio)tet-
rahydro-2H-pyran-3,4,5-triol for use in treating or
managing atherosclerosis, cardiovascular disease,
diabetes (Type 1o0r2), hyperglycemia, hypertension,
lipid disorders, obesity, or Syndrome X, wherein the
crystalline anhydrous (2S,3R,4R,5S,6R)-2-(4-chlo-
ro-3-(4-ethoxybenzyl)phenyl)-6-(methylthio)tet-
rahydro-2H-pyran-3,4,5-triol has a DSC endotherm
at 124°C = 5.0°C or 134°C = 5.0°C.

5. Crystalline anhydrous (25,3R,4R,5S,6R)-2-(4-chlo-
ro-3-(4-ethoxybenzyl)phenyl)-6-(methylthio)tet-
rahydro-2H-pyran-3,4,5-triol for use in the manufac-
ture of a medicament for treating or managing
atherosclerosis, cardiovascular disease, diabetes
(Type 1 or 2), hyperglycemia, hypertension, lipid dis-
orders, obesity, or Syndrome X, wherein the crystal-
line anhydrous (2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-
ethoxybenzyl)phenyl)-6-(methylthio)tetrahydro-2H-
pyran-3,4,5-triol has a DSC endotherm at 124°C +
5.0°C or 134°C = 5.0°C.
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The compound for use of claim 4 or 5, wherein the
disease or disorder is diabetes.

Patentanspriiche

1.

Pharmazeutische Zusammensetzung, umfassend
ein kristallines wasserfreies (2S, 3R, 4R, 5S, 6R) -2-
(4-Chlor- 3- (4-ethoxybenzyl) phenyl)- 6-(methylthio)
tetrahydro- 2H-pyran- 3,4,5-triol, wobei das kristalli-
ne wasserfreie (2S, 3R, 4R, 5S, 6R) -2- (4-Chlor-
3-(4-ethoxybenzyl) phenyl)- 6-(methylthio) tetrahy-
dro- 2H-pyran- 3,4,5-triol bei einer DSC-Messung
ein endothermes Signal bei 124 °C = 5,0 °C oder
134 °C * 5,0 °C aufweist.

Pharmazeutische Dosierungsform, umfassend ei-
nen aktiven pharmazeutischen Wirkstoff und einen
pharmazeutisch akzeptablen Hilfsstoff, wobei der
aktive pharmazeutische Wirkstoff kristallines was-
serfreies (28,3R,4R,5S,6R)-2-(4-Chlor- 3-(4-etho-
xybenzyl) phenyl)- 6-(methylthio) tetrahydro-2H-py-
ran- 3,4,5-triol ist, wobei das kristalline wasserfreie
(2S, 3R, 4R, 58, 6R) -2- (4-Chlor- 3- (4-ethoxyben-
zyl) phenyl)- 6-(methylthio) tetrahydro- 2H-pyran-
3,4,5-triol bei einer DSC-Messung ein endothermes
Signal bei 124 °C = 5,0 °C oder 134 °C = 5,0 °C
aufweist.

Die pharmazeutische Dosierungsform nach An-
spruch 2, die eine Tablette, eine Kapsel oder eine
Caplette (Filmtablette) ist.

Kristallines wasserfreies (2S,3R,4R,5S,6R)-2-(4-
Chlor- 3-(4-ethoxybenzyl) phenyl)- 6-(methylthio) te-
trahydro- 2H-pyran-3,4,5-triol zur Verwendung bei
der Behandlung oder dem Management von Athe-
rosklerose, einer Herz- Kreislauf-Erkrankung, Dia-
betes (Typ 1 oder 2), Hyperglykamie, Bluthochdruck,
Lipidstérungen, Adipositas oder Syndrom X, wobei
das kristalline wasserfreie (2S, 3R, 4R, 58, 6R) -2-
(4-Chlor-3-(4-ethoxybenzyl) phenyl)- 6-(methylthio)
tetrahydro- 2H-pyran- 3,4 ,5-triol bei einer DSC-Mes-
sung ein endothermes Signal bei 124 °C = 5,0 °C
oder 134 °C = 5,0 °C aufweist.

Kristallines wasserfreies (2S,3R,4R,5S,6R)-2-(4-
Chlor- 3-(4-ethoxybenzyl) phenyl)- 6-(methylthio) te-
trahydro- 2H-pyran-3,4,5-triol zur Verwendung bei
der Herstellung eines Medikaments zur Behandlung
oder dem Management von Atherosklerose, einer
Herz- Kreislauf- Erkrankung, Diabetes (Typ 1 oder
2), Hyperglykamie, Bluthochdruck, Lipidstorungen,
Adipositas oder Syndrom X, wobei das kristalline
wasserfreie (2S, 3R, 4R, 5S, 6R) -2- (4-Chlor- 3- (4-
ethoxybenzyl) phenyl)- 6-(methylthio) tetrahydro-
2H-pyran- 3,4 ,5-triol bei einer DSC-Messung ein en-
dothermes Signal bei 124 °C £ 5,0 °C oder 134 °C
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+ 5,0 °C aufweist.

Die Verbindung zur Verwendung gemal Anspruch
4 oder 5, wobei die Krankheit oder die Stérung Dia-
betes ist.

Revendications

Une composition pharmaceutique comprenant le
(2S, 3R, 4R, 58S, 6R) -2-[(4-chloro-3-(4-éthoxyben-
zyl)-phényl]-6-(méthylthio)-tétrahydro-2H-pyran-
3,4,5-triol anhydre cristallin, dans laquelle composi-
tion le (2S,3R,4R,58,6R)-2-[(4-chloro-3-(4-éthoxy-
benzyl)-phényl]-6-(méthylthio)-tétrahydro-2H-py-
ran-3,4,5-triol anhydre cristallin présente une DSC
endotherme a 124°C = 5,0°C ou 134°C 5,0°C.

Une forme de dosage pharmaceutique comprenant
un ingrédient pharmaceutique actif et un excipient
pharmaceutiquement acceptable, dans laquelle I'in-
grédient pharmaceutique actif est le
(28,3R,4R,5S,6R)-2-[(4-chloro-3-(4-éthoxyben-
zyl)-phényl]-6-(méthylthio)-tétrahydro-2H-pyran-
3,4,5-triol 1 anhydre cristallin, dans laquelle le (2S,
3R, 4R, 5S, 6R)-2-[(4-chloro-3-(4-éthoxyben-
zyl)-phényl]-6-(méthylthio)-tétrahydro-2H-pyran-
3,4,5-triol anhydre cristallin présente une DSC en-
dotherme & 124°C = 5,0°C ou 134°C 5,0°C.

Une forme de dosage pharmaceutique selon la re-
vendication 2, qui est une pastille, une capsule ou
un comprimé.

(2S, 3R, 4R, 58, 6R)-2-[(4-chloro-3-(4-éthoxyben-
zyl)-phényl]-6-(méthylthio)-tétrahydro-2H-pyran-
3,4,5-triol anhydre cristallin, destiné a étre utilisé
pour traiter ou gérer 'athérosclérose, les maladies
cardiovasculaires, les diabétes (de type 1 ou 2), I'hy-
perglycémie, ’hypertension, les troubles lipidiques,
'obésité ou le Syndrome X dans lequel (2S, 3R, 4R,
5S, 6BR)-2-[(4-chloro-3-(4-éthoxybenzyl)-phényl]-
6-(méthylthio)-tétrahydro-2H-pyran-3,4,5-triolanhy-
dre cristallin présente une DSC endotherme 2 124°C
* 5,0°Cou 134°C 5,0°C .

(2S, 3R, 4R, 58, 6R)-2-[(4-chloro-3-(4-éthoxyben-
zyl)-phényl]-6-(méthylthio)-tétrahydro-2H-pyran-
3,4,5-triol anhydre cristallin, destiné a étre utilisé
dans la fabrication d’un médicament pour traiter ou
gérer I'athérosclérose, les maladies cardiovasculai-
res, les diabétes (de type 1 ou 2), 'hyperglycémie,
I’hypertension, les troubles lipidiques, 'obésité ou le
Syndrome X dans lequel (2S, 3R, 4R, 5S, 6R)-2-[(4-
chloro-3-(4-éthoxybenzyl)-phényl]-6-(méthyl-
thio)-tétrahydro-2H-pyran-3,4,5-triol anhydre cris-
tallin présente une DSC endotherme a 124°C =+
5,0°C ou 134°C 5,0°C .
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6. Le composé pour une utilisation selon la revendica-
tion 4 ou 5, dans lequel la maladie ou le trouble est
celui d0 aux diabétes.
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{25,3R,4R 58 §R}-2-{4-KLOR-3-{4-ETOXIBENZIL)FENIL 8-
(METILTIOITETRAHIDROZH-PIRAN-2,4,5- TRIOL SZILARD FORMAI £8
ELJARASOK ALKALMAZASURRA

Szabadalmi igénypontok:

1. Gyogyaszall  készitmény, amely  lorialmar  koistdlyos  vizmendss
{(25,3R AR 58 6R)-2-(4-Klor-3-(4-stoxibenzilifenil)- S (meliltiojtetrahidro-2H-piran-
3450, shol a kristdlyos  viementes (25 3R 4R 55 8R)-I44-Kor-3-{4-
stoxibenzilifeniy-6-(metiltiotstrahidro-2H-pirdn-3 4 S-riolnak DEC endotermaia
van 124 °C £ 50 "Condl vagy 134 *C 2 50 °C-ndl

2, Gyogyaszali adagolsst forma, amaly tartaimaz aldiv gyogysszati komponenst
&6  gyogyaszating slogadhatd segédanyagot, ahol ar  aktiv - gydgyaszat
komponens kristalyos vizmentes (25, 3R 4R 55 BR)-2-{4-Kldr-3-{4-
stoxiberziifend)-B-metilliojetrahidro-dH-piran-3 4. 8-tri0l,  ahol 2 kristalyos
vizmentes (28 3R 4R 58 6R)-2-(4-kior-3-(4-cloxibenzifeni)-6-(metiliotatrahidro-
2H-piran-3,4 5-riclnak DSC endotermaia van 124 °C & 5,0 °C-ndl vagy 134 °C »
5,0 "C-nal

3. A 2 igénypont szenndl gydgyaszall adagolast forma, amely tabletts, kepsaula
vagy kapletta

4. Krstalyos  vizmentes {25 3R 4R 58 6R)-2-{4-kidr-3-{4-stoxibenziliferi)) 8.
{metitiotetrahidro-2H-pirdn-3 .4 S-niol atherosclerosis, kardiovaszkularis
betegaey, cukorbelegség {(1-es vagy 2-es tipust)y, biperglikémia, magas
varmyomas, lipid rendellenességek, elhizds vagy X szindroma kezeléssben vagy
kézbentartasaban  vald  alkelmazdsrs, ahol 8 kristdlyos  vizmentes
{45 3R 4H 55 8R)-2-(4-kior-3-{4-eloxibanzilfenil}-6-(metiitiotetrabidro-2H-pirgn-

3,4 S-triolnak DEE endotermaia van 124 °C £ 5,0 °C-ndl vagy 134 °C ¢ 50 °C-nal.

UNMRLTI P

SZTNH-100082692



5. Knstalyos vizmenies (28 3IR 4R .68 OR}-2-(4-kidr-3-(4-atoxibenzilifenil)-&-
{metitioftetrahidro-2H-piran-3.4,5-tiol athemsclarogls, kardiovaszkularnis
betegsty, cukorbotegseg {(1es vagy 2-es tpust) hiperglikémis, magas
vernyomas, lipid rendellenessegek, elhizds vagy X szindroma keselesére vagy
kézbeordartasara alkalmas gydgyszer elballitdsaban vald alkalmazdsra, ahol a
kristdlyos vizmantes {28, 3R 4R 58 ORF2-{4-kilr-3-(4-sloxibhanziBieniy-H-
{metilticitetrahidro-2H-pirdn-3 4 5-triolnak DSC sndotarmala van 124 °C ¢ 5.0 °C-
nat vagy 124 °C £ 50 "Cnal

8. A vegyllet alkalmazasra a 4 vagy 5. igénypont szerint, shol a belegség vagy
rendelienaessdy cukorbetegséy.
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