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DIOXA-BICYCLO[3.2.1]0CTANE-2,3,4-TRIOL DERIVATIVES FIELD OF THE
INVENTION 5The present invention relates to
dioxa-bicyclo[3.2.1]octane-2,3,4-triol derivatives, crystal
structures, pharmaceutical compositions and the uses thereof as
sodium-glucose co-transporter (SGLT) inhibitors. BACKGROUND Obesity
is a significant health problem due to its serious medical
complications that 10include co-morbidities such as hypertension,
insulin resistance, diabetes, coronary artery disease and heart
failure (collectively referred to as Metabolic Syndrome). Obesity and
its related co-morbidities continue to cause rising health issues in
the developed world and are beginning to affect the developing world
as well. The negative health consequences of obesity make it the
second leading cause of preventable death in the United States and
15impart a significant economic and psychosocial effect on society.
See, McGinnis M, Foege WH., "Actual Causes of Death in the United
States," JAMA, 270, 2207-12 (1993). There is a need to identify and
develop new medications that treat and/or prevent obesity and its
associated co-morbidities, in particular type II (type 2) diabetes.
More recently, sodium-glucose co-transport (SGLT) inhibitors,
particularly SGLT2 20inhibitors, have been shown to block the
reabsorption of glucose from the renal filtrate in the glomerulus
thereby inducing glucose excretion in the urine. As excess glucose is
excreted, there is a decrease in blood glucose level, decreased
hepatic storage of glucose, decreased insulin secretion and,
subsequently, decreased carbohydrate conversion to fat and,
ultimately, reduced accumulated fat. Selective inhibition of SGLT2 is
expected to 25normalize plasma glucose by enhancing glucose
excretion. Consequently, SGLT2 inhibitiors provide an attractive
means for the improvement of diabetic conditions without increasing
body weight or the risk of hypoglycemia. See, Isaji M. Current
Opinion  Investigational Drugs, 8(4), 285-292 (2007). For a general
review of SGLT as a therapeutic target, see also Asano, T., et al.,
Drugs of the Future 29(5), 461-466 (2004). 30  Representative
examples of glycosides that have been shown to be useful for the
treatment of NIDDM and obesity can be found in the following
disclosures: U.S. Patent Nos. 6,515,117; 6,414,126; 7,101,856;
7,169,761; and 7,202,350; U.S. Publication Nos. US2002/0111315;
US2002/0137903; U52004/01 38439; US2005/0233988;  WO
20101023594PCT/1B20091053626 2 US200610025349; US2006/0035841; and
US2006/0632722; and PCT Publication Nos. W001/027128; W002/044192;
W002/088157; W003/099836; W004/087727; W005/021566; W005/085267;
W006/008038; W006/002912; W006/062224; W007/000445; W007/093610; and
W008/002824. 5Certain glycosides are genotoxic and impact a cell's
genetic material such that they may be potentially mutagenic or
carcinogenic. Genotoxic materials may be detected using standard
assays such as the In Vitro Mammalian Cell Micronuleus Test (MNvit),
Organization for Economic Co-Operation and Development (OECD) Draft
Test Guideline (Draft TG) 487 (2007); In vitro Mammalian Chromosomal
Aberration Test, OECD TG 473 10(1997 ); Bacterial Reverse Mutation
Test, OECD TG 471 (1997); Mammalian Erythrocyte Micronucleus Test,
OECD 10 474 (1997); or the like. Consequently, there still exists a
need for a more effective and safe therapeutic treatment and/or
prevention of obesity and its associated co-morbidities, in
particular, Type 2 diabetes and related disorders. 15SUMMARY



WO 2010/023594PCT/1B2009/053626 3        It is generally understood
by those skilled in the art that various substituents may be added to
the compounds of Formula (A) or Formula (B) so long as the
substituent(s) selected does not adversely affect the pharmacological
characteristics of the compound or adversely interfere with the use
of the medicament. 5Specific compounds of Formula (A) include:
(1S,2S,3S,4R,5S)-1-hydroxymethy1-5-
[3-(4-methoxy-benzy1)-4-methyl-phenyl]-6,8-dioxa-bicyclo[3.2.1]octane
-2,3,4-triol;
(1S,23,3S,4R,5S)-513-(4-ethoxy-benzy1)-4-methyl-pheny1]-1-hydroxymeth
yl-6,8-dioxabicyclo[3.2.1]octane-2,3,4-triol;
(1S,2S,35,4R,5S)-514-chloro-3-(4-methoxy-benzy1)-
pheny1]-1-hydroxymethy1-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(1S,25,35,4R,5S)-5-[4-
10chloro-3-(4-ethoxy-benzy1)-phenyl]-1-hydroxymethyl-6,8-dioxa-bicyci
o[3.2.1]octane-2,3,4- trial;
(1S,23,3S,4R,5S)-514-fluoro-3-(4-methoxy-benzylyphenyl]-1-hydroxymeth
yl-6,8- dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
2-(4-methoxybenzy1)-4-((1S,2S,33,4R,5S)-2,3,4-
trihydroxy-1-(hydroxymethyl)-6,8-dioxa-bicyclo[3,2,1]oct-5-yObenzonit
rile; 2-(4-
ethoxybenzy1)-4-((1S,2S,3S,4R,5S)-2,3,4-trihydroxy-1-(hydroxymethyl)-
6,8-dioxa- 15bicyclo[3,2,1]oct-5-yObenzonitrile;
(1S,28,3S,4R,58)-543-(4-ethoxy-benzy1)-4-fluoro-
pheny1]-1-hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(1S,2S,3S,4R,58)-5-{4-
fluoro-344-(tetrahydro-furan-3-yloxy)-benzyll-pheny1}-1-hydroxymethyl
-6,8-dioxabicyclo[3.2.1]octane-2,3,4-triol;
(1S,2S,3S,4R,5S)-5-[3-(4-chlorobenzyl) 4-fluoropheny1]-1-
hydroxymethy1-6,8-dioxabicyclo[3.2.1]octane-2,3,4-triol;
(1S,2S,3S,4R,5S)-5-{4-fluoro-314-
(oxetan-3-yloxy)-benzylkpheny1}-1-hydroxymethy1-6,8-dioxa-bicyclo[3.2
.1]octane-2,3,4-triol; and
(1S,2S,3S,4R,5S)-5-{4-chloro-344-(oxetan-3-yloxy)-benzyll-pheny1}-1-h
ydroxymethyl6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol. Specific
compounds of Formula (B) include: (18,2S,3S,43,5S)-1-hydroxymethy1-5-
[3-(4-methoxy-benzyl) 4
methyl-pheny11-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
25(1S,2S,3S,4S,53)-543-(4-ethoxy-benzy1)-4-methyl-pheny1]-1-hydroxyme
thyl-6,8-dioxa- bicyclo[3.2.1]octane-2,3,4-triol;
(1S,2S,3S,4S,5S)-544-chloro-3-(4-methoxy-benzy1)-
pheny1]-1-hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(1S,2S,3S,4S,5S) 5 [4
chloro-3-(4-ethoxy-benzy1)-phenyl]-1-hydroxymethyl-6,8-dioxa-bicyclo[
3.2.1]octane-2,3,4- triol;
(1S,2S,3S,4S,5S)-514-fluoro-3-(4-methoxy-benzy1)-phenyl]-1-hydroxymet
hyl-6,8- 30dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(1S,2S,3S,4S,5S)-513-(4-ethoxy-benzy1)-4-fluoro-
pheny1]-1-hydroxymethy1-6,8-dioxa-bicyclo[3.2.1)octane-2,3,4-triol;
and (1S,2S,36,4S,5S)-  WO 2010/023594PCT/1B2009/053626 4
5-[3-(4-chlorobenzy1)-4-fluorophenyl]-1-hydroxymethyl-6,8-dioxabicycl
o[3.2.11octane-2,3,4- triol.        A further aspect of the present
invention is a crystal comprising a compound having the formula (4A):
5OH (4A). Another aspect of the present invention is a pharmaceutical
composition that comprises (1) a compound of the present invention,



BRIEF DESCRIPTION OF FIGURES               FIGURE 1 represents the
refined crystal structure for the Example 8A compound 15which was
plotted using the SHELXTL plotting package.       FIGURE 2 represents
the refined crystal structure for the Example 9A compound which was
plotted using the SHELXTL plotting package.       FIGURE 3 represents
an observed powder X-ray diffraction pattern for Example 22: Example
18 Cocrystal of Example 4A compound and L-proline 20FIGURE 4
represents an observed powder X-ray diffraction pattern for Example
22: Example 20 Cocrystal of Example 4A compound and L-pyroglutamic
acid       FIGURE 5 represents an observed differential scanning
calorimetry thermogram for Example 23: Example 18 Cocrystal of
Example 4A compound and L-proline FIGURE 6 represents an observed
differential scanning calorimetry thermogram for 25Example 23:
Example 20 Cocrystal of Example 4A compound and L-pyroglutamic acid
FIGURE 7 represents the refined crystal structure for the Example 24:
Cocrystal of Example 4A compound and L-proline which was plotted
using the SHELXTL plotting package           FIGURE 8 represents the
refined crystal structure for the Example 25: Cocrystal of 30Example
4A compound and L-pyroglutamic acid which was plotted using the
SHELXTL plotting package.  WO 2010/023594PCT111320091053626 6
FIGURE 9 represents an observed 13C solid state nuclear magnetic
resonance spectrum for Example 26: Cocrystal of Example 4A compound
and L-pyroglutamic acid. The peaks marked by asterisks are spinning
sidebands. 5DETAILED DESCRIPTION       The present invention may be
understood even more readily by reference to the following detailed
description of exemplary embodiments of the invention and the
examples included therein. Before the present compounds, compositions
and methods are disclosed and 10described, it is to be understood
that this invention is not limited to specific synthetic methods of
making that may of course vary. It is also to be understood that the
terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting. The plural and
singular should be treated as interchangeable, other than the
indication of number: 15As used herein, the term "alkyl" refers to a
hydrocarbon radical of the general formula C11H2n.,1. The alkane
radical may be straight or branched. For example, the term
"(Ci-C6)alkyl" refers to a monovalent, straight, or branched
aliphatic group containing 1 to 6 carbon atoms (e.g., methyl, ethyl,
n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, npentyl,
1-methylbutyl, 2-methylbutyl, 3-methylbutyl, neopentyl,
3,3-dimethylpropyl, hexyl, 2- 20 methylpentyl, and the like).
Similarly, the alkyl portion (i.e., alkyl moiety) of an alkoxy, acyl
(e.g., alkanoyl), alkylamino, dialkylamino, alkylsulfonyl, and
alkylthio group have the same definition as above. When indicated as
being "optionally substituted", the alkane radical or alkyl moiety
may be unsubstituted or substituted with one or more substituents
(generally, one to three substituents except in the case of halogen
substituents such as perchloro or 25perfluoroalkyls) independently
selected from the group of substituents listed below in the
definition for "substituted." "Halo-substituted alkyl" refers to an
alkyl group substituted with one or more halogen atoms (e.g.,
fluoromethyl, difluoromethyl, trifluoromethyl, perfluoroethyl,
1,1-difluoroethyl and the like).           The term "cycloalkyl"
refers to nonaromatic rings that are fully hydrogenated and 30may
exist as a single ring, bicyclic ring or a spiro ring. Unless



ingredients comprising a formulation, and/or the mammal being treated
therewith.       The terms "treating", "treat", or "treatment"
embrace both preventative, i.e., prophylactic, and palliative
treatment. The terms "modulated" or "modulating", or "modulate(s)",
as used herein, unless 25otherwise indicated, refers to the
inhibition of the sodium-glucose transporter (in particular, SGLT2)
with compounds of the present invention thereby partially or fully
preventing glucose transport across the transporter. The term
"compounds of the present invention" (unless specifically identified
otherwise) refer to compounds of Formula (A), Formula (B) and all
pure and mixed 30stereoisomers (including diastereoisomers and
enantiomers), tautomers and isotopically labeled compounds. Hydrates
and solvates of the compounds of the present invention are considered
compositions of the present invention, wherein the compound is in
association  WO 2010/023594PCTRB2009/053626 8 with water or solvent,
respectively. The compounds may also exist in one or more crystalline
states, i.e. as co-crystals, polymorphs, or they may exist as
amorphous solids. All such forms are encompassed by the claims. In
one embodiment, R1 is H, methyl, ethyl, propyl, isopropyl, methoxy,
ethoxy, F, Cl, 5cyano, -CF3, cyclopropyl, or cyclobutyl. In another
embodiment, R1 is H, methyl, ethyl, isopropyl, methoxy, ethoxy, F,
Cl, cyano, -CF3, or cyclopropyl. In a further embodiment, R1 is H,
methyl, ethyl, methoxy, ethoxy, F, Cl, cyano, -CF3, or cyclopropyl.
In yet a further embodiment, R1 is methyl, ethyl, F, Cl, cyano, CF3,
or cyclopropyl. In one embodiment, R2 is methyl, ethyl, propyl,
isopropyl, methoxy, ethoxy, F, Cl, 10cyano, -CF3, -CF2CH3, ethynyl,
3-oxetanyloxy, 3-tetrahydrofuranyloxy, or cyclopropyl. In another
embodiment, R2 is methyl, ethyl, isopropyl, methoxy, ethoxy, F, Cl,
cyano, -CF3, - CF2CH3, ethynyl, 3-oxetanyloxy,
3-tetrahydrofuranyloxy, or cyclopropyl. In a further embodiment, R2
is methyl, ethyl, methoxy, ethoxy, F, Cl, cyano, -CF3, -CF2CH3,
ethynyl, 3- oxetanyloxy, 3-tetrahydrofuranyloxy, or cyclopropyl. In
yet a further embodiment, R2 is 15methoxy or ethoxy.       In one
embodiment, the crystal comprises the compound 4A and L-proline or
Lpyroglutamic acid. In a further embodiment, the crystal has one or
more of the following: a)space group of P2(1)2(1)2(1) and unit cell
parameters substantially 20equal to the following: a = 7.4907(10) A
a= 900 . b = 12.8626(15) A p= 90. c = 28.029(4) Ay = 90; 25b)a powder
x-ray diffraction pattern comprising 2-theta values of (CuKa
radiation, wavelength of 1.54056A) 6.4  0.2, 16.7  0.2, 17.4  0.2 and
21.1  0.2; c)a solid state 13C NMR spectrum having peak positions at
16.5  0.2, 131.1  0.2, 158.7  0.2, and 181.5  0.2 ppm as determined
on a 500MHz spectrometer relative to crystalline adamantine of 29.5
ppm; or 30d)a differential scanning calorimetry thermogram having an
endotherm of about 142.5  2C.  WO 2010/023594PCT/1B2009/053626 9
In a further embodiment, the crystal is a co-crystal comprising the
compound of formula (4A) and L-pyroglutamic acid in a 1:1
stochiometric ratio.        Compounds of the present invention may be
synthesized by synthetic routes that include processes analogous to
those well-known in the chemical arts, particularly in light 5of the
description contained herein. The starting materials are generally
available from commercial sources such as Aldrich Chemicals
(Milwaukee, WI) or are readily prepared using methods well known to
those skilled in the art (e.g., prepared by methods generally
described in Louis F. Fieser and Mary Fieser, Reagents for Organic



online database)).        For illustrative purposes, the reaction
schemes depicted below provide potential routes for synthesizing the
compounds of the present invention as well as key intermediates. For
a more detailed description of the individual reaction steps, see the
Examples section 15below. Those skilled in the art will appreciate
that other synthetic routes may be used to synthesize the inventive
compounds. Although specific starting materials and reagents are
depicted in the schemes and discussed below, other starting materials
and reagents can be easily substituted to provide a variety of
derivatives and/or reaction conditions. In addition, many of the
compounds prepared by the methods described below can be further
modified in light of this disclosure using conventional chemistry
well known to those skilled in the art.        In the preparation of
compounds of the present invention, protection of remote
functionality of intermediates may be necessary. The need for such
protection will vary depending on the nature of the remote
functionality and the conditions of the preparation methods. A
"hydroxy-protecting group" refers to a substituent of a hydroxy group
that 25blocks or protects the hydroxy functionality. Suitable
hydroxyl-protecting groups (0-Pg) include for example, allyl, acetyl
(Ac), silyi (like trimethylsily (TMS) or tert-butyldimethylsilyl
(IBS)), benzyl (Bn), para-methoxybenzyl (PMB), trityl (Tr),
para-bromobenzoyl, paranitrobenzoyl and the like (benzylidene for
protection of 1,3-diols). The need for such protection is readily
determined by one skilled in the art. For a general description of
30protecting groups and their use, see T. W. Greene Protective Groups
in Organic Synthesis John Wiley & Sons, New York, 1991.  WO
2010/023594PCT1E320091053626 10       Scheme 1 outlines the general
procedures one could use to provide compounds of the present
invention. OHOH0Pg2 step 1 HOstep 2 pn20  Pg10"%0Pg1 0Pg1 (I-a)   s
Pgldtpgi 0Pg1 (I-b)  pg, d.40Pg1 0Pg1 (I-c step 3 1,    I RiI R2
5Scheme 1  WO 2010/023594PCT/IB2009/053626 11       Ally!
2,3,4-tri-O-benzyl-D-glucopyranoside (I-a where Pgl is a benzyl
group) can be prepared by procedures described by Shinya Hanashima,
et al., in Bioorganic & Medicinal  Chemistry, 9 367 (2001); Patricia
A. Gent etal. in Journal of the Chemical Society, Perkin  1, 1835
(1974); Hans Peter Wessel in the Journal of Carbohydrate Chemistry
7,263,  5 (1988); or Yoko Yuasa, et al., in Organic Process Research
& Development 8 405-407 (2004). In step 1 of Scheme 1, the
hydroxymethylene group can be introduced onto the glycoside by means
of a Swern oxidation followed by treatment with formaldehyde in the
presence of an alkali metal hydroxide (e.g., sodium hydroxide). This
is referred to as an aldol-Cannizzaro reaction. The Swern oxidation
is described by Kanji Omura and Daniel 10Swern in Tetrahedron 34 1651
(1978). Modifications of this process known to those of skill in the
art may also be used. For example, other oxidants, like stabilized 2-
iodoxybenzoic acid described by Ozanne, A. et al. in Organic Letters,
5 2903 (2003), as well as other oxidants known by those skilled in
the art can also be used. The aldol Cannizzaro sequence has been
described by Robert Schaffer in the Journal of The 15American
Chemical Society, 81 5452 (1959) and Amigues, E.J., et al., in
Tetrahedron, 63 



10042 (2007).       In step 2 of Scheme 1, protecting groups (Pg2)
can be added by treating intermediate (I-b) with the appropriate
reagents and procedures for the particular protecting group desired.
For example, p-methoxybenzyl (PMB) groups may be introduced by  20
treatment of intermediate (I-b) with p-methoxybenzyl bromide or
p-methoxybenzyl chloride in the presence of sodium hydride, potassium
hydride, potassium tert-butoxide in a solvent like tetrahydrofuran,
1,2-dimethoxyethane or N,N-dimethylformamide (DMF). Conditions
involving para-methoxybenzyltrichloroacetimidate in presence of a
catalytic amount of acid (e.g., trifluoromethanesulfonic acid,
methanesulfonic acid, or camphorsulfonic acid) in a 25solvent such as
dichloromethane, heptane or hexanes can also be used. Benzyl (Bn)
groups may be introduced by treatment of intermediate (jb) with
benzyl bromide or benzyl chloride in the presence of sodium hydride,
potassium hydride, potassium tert-butoxide in a solvent like
tetrahydrofuran, 1,2-dimethoxyethane or N,N-dimethylformamide.
Conditions involving benzyltrichloroacetimidate in presence of a
catalytic amount of acid (e.g., 30trifluoromethanesulfonic acid,
methanesulfonic acid, or camphorsulfonic acid) in a solvent such as
dichloromethane, heptane or hexanes can also be used.  WO
2010/023594PCT/IB2009/053626 12       In step 3 of Scheme 1, the
ally' protection group is removed (e.g., by treatment with palladium
chloride in methanol; cosolvent like dichloromethane may also be
used; other conditions known by those skilled in the art could also
be used, see T. W. Greene, Protective Groups in Organic Synthesis
John Wiley & Sons, New York, 1991) to form the 5lactol (I-d).
In step 4 of Scheme 1, oxidation of the unprotected hydroxyl group to
an oxo group (e.g., Swern oxidation) then forms the lactone (I-e).
In step 5 of Scheme 1, the lactone (l-e) is reacted with N,0-dimethyl
hydroxylamine hydrochloride to form the corresponding Weinreb amide
which may exist in equilibrium in a 10closed/opened form. (l4/1-q).
The "Weinreb amide" (kg) can be made using procedures well known to
those of skill in the art. See, Nahm, S., and S.M. Weinreb
Tetrahedron Letters, 22(39), 3815-1818 (1981). For example,
intermediate (14/1-g) can be prepared from the commercially available
N,0-dimethylhydroxylamine hydrochloride and an activating agent
(e.g., trimethylaluminum). 15In step 6 of Scheme 1, the arylbenzyl
group (Ar) is introduced using the desired organometallic reagent
(e.g., organo lithium compound (ArLi) or organomagnesium compound
(ArMgX)) in tetrahydrofuran (THF) at a temperature ranging from about
-78C to about 20C followed by hydrolysis (upon standing in protic
conditions) to the corresponding lactol (El which may be in
equilibrium with the corresponding ketone (I-h). The bridged 20ketal
motif found in (A) and (B) can be prepared by removing the protecting
groups (Pg2) using the appropriate reagents for the protecting groups
employed. For example, the PMB protecting groups may be removed by
treatment with trifluoroacetic acid in the presence of anisole and
dichloromethane (DCM) at about 0C to about 23C (room temperature).
The remaining protecting groups (Pgl) may then be removed using the
appropriate chemistry 25for the particular protecting groups. For
example, benzyl protecting groups may be removed by treating with
formic acid in the presence of palladium (Pd black) in a protic
solvent (e.g., ethanol/THF) at about room temperature to produce the
final products (A) and (B). When R1 is CN, the use of a Lewis acid
like boron trichloride at a temperature ranging from about -78C to



TMSO 0 -rmso`''4/0TMS OTMS II-a HO?Ar HOOMe HO"v.4/0H OH II-f step 6
Ar HCA1/4"-A3%"111 HO"( ''OH OH II-g  Ar 0 Me "'OH step 2 II-b [ Ar
TMSO''' OMe 1 0 II-e OEt  40 HO CP'to. N 002H OH II-h   Scheme 2 OTMS
11/0TMS 5In Scheme 2, wherein Me is methyl and Et is ethyl, in step
1, 1-(5-bromo-2- chlorobenzy1)-4-ethoxybenzene is dissolved in 3:1,
toluene: tetrahydrofuran followed by cooling the resulting solution
to <-70C. To this solution is added hexyllithium while maintaining
the reaction at <-65C followed by stirring for 1 hour.
(3R,43,5R,6R)-3,4,5-
tris(trimethylsilyloxy)-6-((trimethylsilyloxy)methyl)-tetrahydropyran
-2-one (11-a) is dissolved 



10in toluene and the resulting solution is cooled to -15C. This
solution is then added to the - 70C aryllithium solution followed by
stirring for 1 hour. A solution of methanesulfonic acid  WO
2010/023594PCT11132009/053626 15 in methanol is then added followed
by warming to room temperature and stirring for 16 to 24 hours. The
reaction is deemed complete when the a-anomer level is < 3%. The
reaction is then basified by the addition of 5 M aqueous sodium
hydroxide solution. The resulting salts are filtered off followed by
concentration of the crude product solution. 2-
5methyltetrahydrofuran is added as a co-solvent and the organic phase
is extracted twice with water. The organic phase is then concentrated
to 4 volumes in toluene. This concentrate is then added to a 5:1,
heptane: toluene solution causing precipitate to form. The solids are
collected and dried under vacuum to afford a solid. In step 2 of
Scheme 2, to (II-b) in methylene chloride is added imidazole followed
by 10cooling to 0C and then addition of trimethylsilylchloride to
give the persilylated product. The reaction is warmed to room
temperature and quenched by the addition of water, and the organic
phase is washed with water. This crude methylene chloride solution of
(II-c) is dried over sodium sulfate and then taken on crude into the
next step. In step 3 of Scheme 2, the crude solution of (II-c) in
methylene chloride is 15concentrated to low volume and then the
solvent is exchanged to methanol. The methanol solution of (II-c) is
cooled to 0C, then 1 mol% of potassium carbonate is added as a
solution in methanol followed by stirring for 5 hours. The reaction
is then quenched by addition of 1 mol% acetic acid in methanol,
followed by warming to room temperature, solvent exchange to ethyl
acetate, and then filtration of the minor amount of inorganic
20solids. The crude ethyl acetate solution of (II-d) is taken
directly into the next step. In step 4 of Scheme 2, the crude
solution of (II-d) is concentrated to low volume, then diluted with
methylene chloride and dimethylsulfoxide. Triethylamine is added
followed by cooling to 10C and then sulfur trioxide pyridine complex
is added in 3 portions as a solid at 10 minute intervals. The
reaction is stirred an additional 3 hours at 10C 25before quenching
with water and warming to room temperature. The phases are separated
followed by washing the methylene chloride layer with aqueous
ammonium chloride. The crude methylene chloride solution of (II-e) is
taken directly into the next step.       In step 5 of Scheme 2, the
crude solution of (II-e) is concentrated to low volume and then the
solvent is exchanged to ethanol. Thirty equivalents of aqueous
formaldehyde is 30added followed by warming to 55C. An aqueous
solution of 2 equivalents of potassium phosphate, tribasic is added
followed by stirring for 24 hours at 55C. The reaction temperature is
then raised to 70C for an additional 12 hours. The reaction is cooled
to  WO 2010/023594PCT/1132009/053626 16 room temperature, diluted
with tert-butyl methyl ether and brine. The phases are separated
followed by solvent exchange of the organic phase to ethyl acetate.
The ethyl acetate phase is washed with brine and concentrated to low
volume. The crude concentrate is then purified by silica gel flash
chromatography eluting with 5% methanol, 595% toluene. Product
containing fractions are combined and concentrated to low volume.
Methanol is added followed by stirring until precipitation occurs.
The suspension is cooled and the solids are collected and rinsed with
heptane followed by drying. Product (II-f) is isolated as a solid. In



,Ar step1 HO''' OH (111-a) OH Ar step3 0               ,,R3 step4
Pgef110Pg4 0Pg4 (III-d) Ar =  0Pg3 Ar cy,R3step2 y 'OH   OH (11I-b) \
ArAr 0,,R3 0 HO,R3 110Pg4HO.it'OH /           The synthesis of
(Ill-a), where R3 is an alkyl or fluoro substituted alkyl (except for
the carbon adjacent to the oxygen atom) can be prepared in a similar
way as described in step 51 of Scheme 2. In step 1 of Scheme 3, the
primary hydroxyl group is selectively protected by an appropriate
protective group. For example, a trityl group (Pg3 = Tr) can be
introduced by treatment of intermediate (I11-a) with
chlorotriphenylmethane in presence of a base like pyridine in a
solvent like toluene, tetrahydrofuran or dichloromethane at a
temperature ranging from about 0 degrees Celsius to about room
temperature. Additional 10examples of such protective groups and
experimental conditions are known by those skilled in the art and can
be found in T. W. Greene Protective Groups in Organic Synthesis John
Wiley & Sons, New York, 1991.       In step 2 of Scheme 3, the
secondary hydroxyl groups can be protected by the appropriate
protecting groups. For example, benzyl groups (Pg4 is Bn) can be
introduced 15by treatment of intermediate (III-b) with benzyl bromide
or benzyl chloride in the presence of sodium hydride, potassium
hydride, potassium tert-butoxide in a solvent like  WO
2010/023594PCT/11320091053626 18 tetrahydrofuran, 1,2-dimethoxyethane
or N,N-dimethylformamide at a temperature ranging from about 0
degrees Celsius to about 80 degrees Celsius. Acetyl or benzoyl groups
(Pg4 = Ac or Bz) may be introduced by treatment of intermediate
(III-b) with acetyl chloride, 



acetyl bromide or acetic anhydride or benzoyl chloride or benzoic
anhydride in the 5presence of a base like triethylamine,
N,N-diisopropylethylamine or 4- (dimethylamino)pyridine in a solvent
like tetrahydrofuran, 1,2-dimethoxyethane or dichloromethane at a
temperature ranging from about 0 degrees Celsius to about 80 degrees
Celsius. In step 3 of Scheme 3, the primary hydroxyl group is
deprotected to lead to 10intermediate (11I-d). When Pg3 is Tr,
intermediate (11I-c) is treated in the presence of an acid like
para-toluenesulfonic acid in a alcoholic solvent like methanol at a
temperature ranging from about -20 degrees Celsius to about room
temperature to provide intermediate (III-d). Cosolvents like
chloroform may be used. In step 4 of Scheme 3, a hydroxymethylene
group is introduced through a process 15similar to the one already
described in Scheme 1 (step 1) and Scheme 2 (steps 4 and 5). Other
sources of formaldehyde, like paraformaldehyde in a solvent like
ethanol at a temperature ranging from about room temperature to about
70 degrees Celsius in the presence of an alkali metal alkoxide can
also be used in this step. When Pg4 is Bn, this step provides
intermediate (III-e) and when Pg4 is Ac or Bz, this step provides
intermediate       In step 5 of Scheme 3, intermediate (III-e) is
treated with an acid like trifluoroacetic acid or an acidic resin in
a solvent like dichloromethane at a temperature ranging from about
-10 degrees Celsius to about room temperature to produce intermediate
(III-g). In step 6 of Scheme 3, the remaining protecting groups (Pg4)
may then be removed 25using the appropriate chemistry for the
particular protecting groups. For example, benzyl protecting groups
may be removed by treating with formic acid in the presence of
palladium (Pd black) in a protic solvent (e.g., ethanol/THF) at about
room temperature to produce the final product (A).           In step
7 of Scheme 3, intermediate (11I-f) is treated with an acid like
trifluoroacetic 30acid or an acidic resin in a solvent like
dichloromethane at a temperature ranging from about -10 degrees
Celsius to about room temperature to produce the final product (A).
WO 20101(123594PCT/IB2009/053626 19       Another alternative scheme
for synthesizing product (A) is depicted in Scheme 4 and described
below. "S-R4 0 1t OH0 I 1OHOH 1.,...70Art1/4..? ",..0kefano ,R3
steplR, ocop," H                                  0.-- ' ----'- HO'''
y.'"OHWr y OH OHOH (III-a)(IV-a) Ar=40 aOEt Scheme 4 5In step 1 of
Scheme 4, intermediate (Ill-a) is treated with the appropriate
arylsulfonyl chloride R4S02C1 or arylsulfonic anhydride
R4S(0)205(0)2R4 (wherein R4 is an optionally substituted aryl group,
such as found in the arylsulfonyl chlorides 4-methyl-benzenesulfonyl
chloride, 4-nitro-benzenesulfonyl chloride, 4-fluoro-benzenesulfonyl
chloride, 2,6-dichlorobenzenesulfonyl chloride,
4-fluoro-2-methyl-benzenesulfonyl chloride, and 2,4,6-trichloro-  10
benzenesulfonyl chloride, and in the arylsulfonic anhydride,
p-toluenesulfonic anhydride) in presence of a base like pyridine,
triethylamine, N,N-diisopropylethylamine in a solvent like
tetrahydrofuran, 2-methyltetrahydrofuran at a temperature ranging
from about -20 degrees Celsius to about room temperature. Some Lewis
acids like zinc(II) bromide may be used as additives. 15In step 2 of
Scheme 4, intermediate (IV-a) is submitted to a Kornblum-type
oxidation (see, Kornblum, N., et al., Journal of The American
Chemical Society, 81, 4113 (1959)) to produce the corresponding
aldehyde which may exist in equilibrium with the corresponding



WO 2010/023594PCT/1B2009/053626 21 Scheme 5       In step 1 of Scheme
5, which provides intermediate (V-i), the organometallic addition
step is carried out in a similar way to the one described in Scheme1,
step 6, using the organometallic reagent derived from (V-a), where
Pg5 is a suitable protective group for the 5hydroxyl group. For
instance Pg5 can be a tert-butyldimethylsilyl group (TBS) (see
US2007/0054867 for preparation of for instance
{4-[(5-bromo-2-chloro-phenyl)-methyl]-
phenoxyl-tett-butyl-dimethyl-silane).       In step 2 of Scheme 5,
when Pg2 = PMB, intermediate (V-i) is treated with an acid like
trifluoroacetic acid, methanesulfonic acid or an acidic resin in
presence of anisole in a 10solvent like dichloromethane at a
temperature ranging from about -10 degrees Celsius to about room
temperature to produce intermediate (V-j).       In step 3 of Scheme
5, protecting groups (Pg5) and (PO can be removed to provide (V-k).
Typically (Pg5) is TBS and Pgl is Bn. In this circumstance, the
protecting groups are removed by sequential treatment of (V-j) with
1) tetrabutylammonium fluoride in a solvent 15 like tetrahydrofuran
or 2-methyltetrahydrofuran at a temperature ranging from 0 degrees
Celsius to about 40 degrees Celsius and 2) treatment with formic acid
in the presence of palladium (Pd black) in a protic solvent (e.g.,
ethanol/THF) at about room temperature. In this sequence, the order
of the 2 reactions is interchangeable. In step 4 of Scheme 5,
intermediate (V-k) is treated with N,N-bis-
20(trifluoromethanesulfonyI)-aniline in presence of a base like
triethylamine or 4- dimethyaminopyridine in a solvent like
dichloromethane or 1,2-dichloroethane at a temperature ranging from 0
degrees Celsius to about 40 degrees Celsius to produce intermediate
(V-I). In step 5 of Scheme 5, intermediate (V-I) is subjected to a
Sonogashira-type 25 reaction (see, Sonogashira, K. Coupling Reactions
Between sp2 and sp Carbon Centers. In Comprehensive Organic Synthesis
(eds. Trost, B. M., Fleming, I.), 3, 521-549, (Pergamon, Oxford,
1991)). For instance (V-I) is treated with the appropriate terminal
alkyne HCCR6 in presence of copper(I) iodide, a catalyst like
bis-(triphenylphosphine)-palladium dichloride or
tetrakis(triphenylphosphine)palladium(0) in presence of a base like
triethylamine or N,N- 30diisopropylethylamine in a solvent like
N,N-dimethylformamide at a temperature ranging from about room
temperature to about 120 degrees Celsius to produce the desired
product (A) and (B). When R6 is H, it is more convenient to use
trimethylsilylacetylene. In this case  WO
2010/023594PCT/1B2009/053626 22 the crude material obtained from the
reaction described above is treated with a base like potassium
carbonate in an alcoholic solvent like Me0H at about room temperature
to produce after classical work-up known by those skilled in the art
the desired product (A) and (B) where R2 is -CCH. 5One skilled in the
art would understand that the chemistry described above in schemes 1
to 5, represents different ways of accessing intermediate (V-k). In
turn, particularly when Rlis Cl, (V-k) can be treated with an
alkylating agent of choice under classical conditions to selectively
alkylate the phenol group to produce (A) (and (B) in schemes 1 and 5)
where R2 is (01-C4)alkoxy. 10The compounds of the present invention
contain asymmetric or chiral centers, and, therefore, exist in
different stereoisomeric forms. Unless specified otherwise, it is
intended that all stereoisomeric forms of the compounds of the



5intermediates (and/or mixtures of intermediates) is reminiscent of
the process of mutarotation involving aldoses, known by those skilled
in the art.       The present invention also embraces
isotopically-labeled compounds of the present invention which are
identical to those recited herein, but for the fact that one or more
atoms are replaced by an atom having an atomic mass or mass number
different from the atomic 10mass or mass number usually found in
nature. Examples of isotopes that can be incorporated into compounds
of the invention include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosphorus, sulfur, fluorine, iodine, and chlorine, such as
2H, 3H, 11c, 13c, 14c, 13N, 15N, 150, 170, 180, 31, 32p, 35s, 18F,
1231, 1251 and 36 Cl, respectively. Certain isotopically-labeled
compounds of the present invention (e.g., those labeled 15with 3H and
14C) are useful in compound and/or substrate tissue distribution
assays. Tritiated (i.e., 3H) and carbon-14 (i.e., 14C) isotopes are
particularly preferred for their ease of preparation and
detectability. Further, substitution with heavier isotopes such as
deuterium (i.e., 2H) may afford certain therapeutic advantages
resulting from greater metabolic stability (e.g., increased in vivo
half-life or reduced dosage requirements) and 20hence may be
preferred in some circumstances. Positron emitting isotopes such as
150, 13N, 11r% u and 18F are useful for positron emission tomography
(PET) studies to examine substrate occupancy. Isotopically labeled
compounds of the present invention can generally be prepared by
following procedures analogous to those disclosed in the Schemes
and/or in the Examples herein below, by substituting an isotopically
labeled 25reagent for a non-isotopically labeled reagent. Compounds
of the present invention are useful for treating diseases, conditions
and/or disorders modulated by the inhibition of the sodium-glucose
transporters (in particular SGLT2); therefore, another embodiment of
the present invention is a pharmaceutical composition comprising a
therapeutically effective amount of a compound 30of the present
invention and a pharmaceutically acceptable excipient, diluent or
carrier. The compounds of the present invention (including the
compositions and processes used  WO 2010/023594PCT111320091053626 24
therein) may also be used in the manufacture of a medicament for the
therapeutic applications described herein,       A typical
formulation is prepared by mixing a compound of the present invention
and a carrier, diluent or excipient. Suitable carriers, diluents and
excipients are well known to 5those skilled in the art and include
materials such as carbohydrates, waxes, water soluble and/or
swellable polymers, hydrophilic or hydrophobic materials, gelatin,
oils, solvents, water, and the like. The particular carrier, diluent
or exciplent used will depend upon the means and purpose for which
the compound of the present invention is being applied. Solvents are
generally selected based on solvents recognized by persons skilled in
the art 10as safe (GRAS) to be administered to a mammal. In general,
safe solvents are non-toxic aqueous solvents such as water and other
non-toxic solvents that are soluble or miscible in water. Suitable
aqueous solvents include water, ethanol, propylene glycol,
polyethylene glycols (e.g., PEG400, PEG300), etc. and mixtures
thereof. The formulations may also include one or more buffers,
stabilizing agents, surfactants, wetting agents, lubricating
15agents, emulsifiers, suspending agents, preservatives,
antioxidants, opaquing agents, glidants, processing aids, colorants,



solvates, such as methanol, methyl t-butyl ether, ethyl acetate,
methyl acetate, (5)-propylene glycol, (R)-propylene glycol,
1,4-butyne-diol, and the like. The crystalline forms 5may also exist
as complexes with other innocuous small molecules, such as L-
phenylalanine, L-proline, L-pyroglutamic acid and the like, as
co-crystals or solvates or hydrates of the co-crystalline material.
The solvates, hydrates and co-crystalline compounds may be prepared
using procedures described in PCT Publication No. WO 08/002824,
incorporated herein by reference, or other procedures well-known to
those of 10skill in the art.        The pharmaceutical composition
(or formulation) for application may be packaged in a variety of ways
depending upon the method used for administering the drug. Generally,
an article for distribution includes a container having deposited
therein the pharmaceutical formulation in an appropriate form.
Suitable containers are well-known to those skilled in 15the art and
include materials such as bottles (plastic and glass), sachets,
ampoules, plastic bags, metal cylinders, and the like. The container
may also include a tamper-proof assemblage to prevent indiscreet
access to the contents of the package. In addition, the container has
deposited thereon a label that describes the contents of the
container. The label may also include appropriate warnings. 20The
present invention further provides a method of treating diseases,
conditions and/or disorders modulated by the inhibition of
sodium-glucose transporters in an animal that includes administering
to an animal in need of such treatment a therapeutically effective
amount of a compound of the present invention or a pharmaceutical
composition comprising an effective amount of a compound of the
present invention and a 25pharmaceutically acceptable excipient,
diluent, or carrier. The method is particularly useful for treating
diseases, conditions and/or disorders that benefit from the
inhibition of SGLT2.       One aspect of the present invention is the
treatment of obesity, and obesity-related disorders (e.g.,
overweight, weight gain, or weight maintenance). Obesity and
overweight are generally defined by body mass index (BMI), which is
30correlated with total body fat and estimates the relative risk of
disease. BMI is calculated by weight in kilograms divided by height
in meters squared (kg/m2). Overweight is typically defined as a BMI
of 25-29.9 kg/m2, and obesity is typically defined as a BMI of 30
kg/m2.  WO 2010/023594PCT/182009/053626 26 See, e.g., National Heart,
Lung, and Blood Institute, Clinical Guidelines on the Identification,
Evaluation, and Treatment of Overweight and Obesity in Adults, The
Evidence Report, Washington, DC: U.S. Department of Health and Human
Services, NIH publication no. 98- 4083 (1998). 5Another aspect of the
present invention is for the treatment or delaying the progression or
onset of diabetes or diabetes-related disorders including Type 1
(insulin-dependent diabetes mellitus, also referred to as "IDDM") and
Type 2 (noninsulin-dependent diabetes mellitus, also referred to as
"NIDDM") diabetes, impaired glucose tolerance, delayed wound healing,
hyperinsulinemia, elevated blood levels of fatty acids,
10hyperlipidemia, hypertriglyceridemia, Syndrome X, increased high
density lipoprotein levels, insulin resistance, hyperglycemia, and
diabetic complications (such as atherosclerosis, coronary heart
disease, stroke, peripheral vascular disease, nephropathy,
hypertension, neuropathy, and retinopathy). In yet another aspect of
the present invention is the treatment of obesity co- 15morbidities,



5 also noted that the compounds of the present invention can be used
in sustained release, controlled release, and delayed release
formulations, which forms are also well known to one of ordinary
skill in the art.        The compounds of this invention may also be
used in conjunction with other pharmaceutical agents for the
treatment of the diseases, conditions and/or disorders 10described
herein. Therefore, methods of treatment that include administering
compounds of the present invention in combination with other
pharmaceutical agents are also provided. Suitable pharmaceutical
agents that may be used in combination with the compounds of the
present invention include anti-obesity agents (including appetite
suppressants), anti-diabetic agents, anti-hyperglycemic agents, lipid
lowering agents, anti-inflammatory agents 15and anti-hypertensive
agents.        Suitable anti-obesity agents include cannabinoid-1
(CB-1) antagonists (such as rimonabant), 11f3-hydroxy steroid
dehydrogenase-1 (11I3-HSD type 1) inhibitors, stearoylCoA
desaturase-1 (SCD-1) inhibitor, MCR-4 agonists, cholecystokinin-A
(CCK-A) agonists, monoamine reuptake inhibitors (such as
sibutramine), sympathomimetic agents, I33 adrenergic agonists,
dopamine agonists (such as bromocriptine), melanocyte-stimulating
hormone analogs, 5HT2c agonists, melanin concentrating hormone
antagonists, leptin (the OB protein), leptin analogs, leptin
agonists, galanin antagonists, lipase inhibitors (such as
tetrahydrolipstatin, i.e. orlistat), anorectic agents (such as a
bombesin agonist), neuropeptide-Y antagonists (e.g., NPY Y5
antagonists), PYY336(including analogs thereof), 25thyromimetic
agents, dehydroepiandrosterone or an analog thereof, glucocorticoid
agonists or antagonists, orexin antagonists, glucagon-like peptide-1
agonists, ciliary neurotrophic factors (such as Axokine TM available
from Regeneron Pharmaceuticals, Inc., Tarrytown, NY and Procter &
Gamble Company, Cincinnati, OH), human agouti-related protein (AGRP)
inhibitors, ghrelin antagonists, histamine 3 antagonists or inverse
agonists, neuromedin U 30agonists, MTP/ApoB inhibitors (e.g.,
gut-selective MTP inhibitors, such as dirlotapide), opioid
antagonist, orexin antagonist, and the like.  WO
2010/023594PCT/1132009/053626 28       Preferred anti-obesity agents
for use in the combination aspects of the present invention include
CB-1 antagonists (e.g., rimonabant, taranabant, surinabant,
otenabant, SLV319 (CAS No. 464213-10-3) and AVE1625 (CAS No.
358970-97-5)), gut-selective MTP inhibitors (e.g., dirlotapide,
mitratapide and implitapide, R56918 (CAS No. 403987) and CAS 5No.
913541-47-6), CCKa agonists (e.g.,
N-benzy1-214-(1H-indo1-3-ylmethyl)-5-oxo-1-phenyl-
4,5-dihydro-2,3,6,10b-tetraaza-benzo[e]azulen-6-y11-N-isopropyl-aceta
mide described in PCT Publication No. WO 2005/116034 or US
Publication No. 2005-0267100 Al), 5HT2c agonists (e.g., lorcaserin),
MCR4 agonist (e.g., compounds described in US 6,818,658), lipase
inhibitor (e.g., Cetilistat), PYY3_36(as used herein "PYY3.36"
includes analogs, such as 10peglated PYY3.36 e.g., those described in
US Publication 2006/0178501), opioid antagonists (e.g., naltrexone),
oleoyl-estrone (CAS No. 180003-17-2), obinepitide (TM30338),
pramlintide (SymlinO), tesofensine (N52330), leptin, liraglutide,
bromocriptine, orlistat, exenatide (Byetta0), A0D-9604 (CAS No.
221231-10-3) and sibutramine. Preferably, compounds of the present
invention and combination therapies are administered in 15conjunction



25denoted as follows: s, singlet; d, doublet; dd, doublet of doublet;
t, triplet; q, quartet; m, multiplet; bs or br.s., broad singlet; 2s,
two singlets, br.d., broad doublet. Electrospray ionization mass
spectra (ES) were obtained on a Waters TM ZMD instrument (carrier
gas: nitrogen; solvent A: water /0.01% formic acid, solvent B:
acetonitrile/0.005% formic acid; available from Waters Corp.,
Milford, MA). High resolution mass spectra (HRMS) were 30obtained on
an AgilentTM Model 6210 time of flight Where the intensity of single
chlorine or single bromine-containing ions are described, the
expected intensity ratio was observed (approximately 3:1 for
35C1/37C1-containing ions and 1:1 for 79Br/81Br-containing ions) and
the  WO 2010/023594PCT/1B2009/053626 30 intensity of only the lower
mass ion is given. In some cases only representative 1H NMR peaks are
given.       Column chromatography was performed with either BakerTM
silica gel (40 microm; J.T. Baker, Phillipsburg, NJ) or Silica Gel 50
(EM SciencesTM, Gibbstown, NJ) in glass 5columns or in Flash 40
BiotageTm columns (ISC, Inc., Shelton, CT). MPLC (medium pressure
liquid chromatography) was performed using a BiotageTM SP
purification system or a Combiflash Companion from TeledyneTM ISCOTM;
BiotageTM SNAP cartridge KPsil or Redisep Rf silica (from TeledyneTM
ISCOTM) under low nitrogen pressure were used. HPLC (high pressure
liquid chromatography) was performed using a ShimadzuTM 10A LC- 10UV
or a Agilenirm 1100 preparatory HPLC. Except where otherwise noted,
all reactions were run under an inert atmosphere of nitrogen gas
using anhydrous solvents. Also, except where otherwise noted, all
reactions were run at room temperature (-23C).         When doing TLC
(thin layer chromatography), Rf is defined as the ratio of the
distance 15traveled by the compound divided by the distance traveled
by the eluent. Rt (retention time). Starting Materials Generally, any
of the following starting materials can be prepared using the
procedures described in Schemes 7 or 8 of US Publication No.
2008/0132563, or 20alternatively, Schemes 2, 3 or 8 of US Publication
No. 2007/0259821. More specifically, the following starting materials
used in the following Examples can be prepared using the procedures
described in the corresponding references or purchased from the
corresponding vendor. 4-Bromo-2-(4-methoxy-benzy1)-1-methyl-benzene
can be prepared by the 25procedures described in Example 8 of PCT
Publication No. WO 01/027128.
4-Bromo-2-(4-ethoxy-benzyI)-1-methyl-benzene can be prepared by the
procedures described in Preparation Example 17 of US2008/0132563.
4-Bromo-1-chloro-2-(4-methoxy-benzyI)-benzene can be prepared by the
procedures described in Preparation Example 19 of US2008/0132563 or
Example V of 30US2007/0259821.  WO 2010/023594PCT/1B2009/053626 31
4-Bromo-1-chloro-2-(4-ethoxy-benzyI)-benzene may be purchased from
Shanghai Haoyuan Chemexpress Co., Ltd., Shanghai, People's Republic
of China.       4-Bromo-2-(4-methoxy-benzyI)-benzonitrile can be
prepared by the procedures described in Example XXII of
US2007/0259821. 5The following starting materials were prepared as
described below. Preparation of
4-bromo-1-fluoro-2-(4-methoxv-benzt4)-benzene:       Oxalyl chloride
(11.0 mL, 126 mmol) was added dropwise to a well stirred suspension
of 5-bromo-2-fluoro-benzoic acid (25.0 g, 114 mmol) in
dichloromethane (150 mL) and N,N-dimethylformamide (1.5 mL) at 0C.
The resulting mixture was allowed to  10 gradually warm to room
temperature. After 18 hours, the solid had gone into solution. The



methanone (22.5 g, 72.80 mmol) and triethylsilane (27.9 mL, 20.3 g,
175.0 mmol) in dichloromethane (20 mL) and acetonitrile (60 mL) at 0C
was added boron trifluoride etherate (32.0 mL, 36.2 g, 255.0 mmol)
dropwise. Boron trifluoride etherate was added at a rate so that the
internal temperature did not exceed 20C. The reaction solution was
30 warmed to room temperature and stirred overnight. After a total of
18 hours, a solution of potassium hydroxide (5.0 g) in water (15.0
mL) was added and the resulting mixture was stirred for 2 hours. The
organic phase was separated and the aqueous phase was  WO
2010/023594PCT/IB2009/053626 32 extracted two times with diethyl
ether. The combined organic phases were washed once with aqueous 1M
sodium hydroxide solution and once with brine. The organic phase was
dried over sodium sulfate, filtered, and concentrated under reduced
pressure. Upon addition of ethanol to the resulting residue a white
solid formed. The solid was collected 5and dried under high vacuum to
afford 4-bromo-1-fluoro-2-(4-methoxy-benzyI)-benzene (20.1 g, 93%
yield) as a white solid.               1H NMR (400 MHz, chloroform-d)
delta ppm 3.79 (s, 3 H), 3.89 (s, 2 H), 6.85 (d, J=8.6 Hz, 2 H), 6.91
(t, 1 H), 7.12 (d, J=8.8 Hz, 2 H), 7.21 -7.31 (m, 2 H). 10Preparation
of starting material 4-bromo-2-(4-ethoxy-benzy1)-benzonitrile:
A solution of ethyl (4-ethoxy-phenyl) acetate (2.689, 12.87 mmol),
4-bromo-2-fluorobenzonitrile (2.74 g, 13.70 mmol) in
N-methylpyrrolidone (4 mL) was slowly added to a suspension of
potassium tert-butoxide (3.14 g, 27.98 mmol) in N-methylpyrrolidone
(13 mL) at 0C. Upon addition, the solution became dark red. The
dark-red mixture was stirred at 150C for 30 minutes and then at room
temperature for 1 hour. Methanol (10 mL) and aqueous 1 M sodium
hydroxide solution (13.7 mL) were added and the mixture was stirred
overnight at room temperature. pH was adjusted to - 4 with
hydrochloric acid (1 M aqueous solution) and the mixture was
extracted with ethyl acetate (50 mL x 4). The combined organic layers
were washed with brine, dried over sodium sulfate and 20evaporated to
dryness. N,N-dimethylformamide (5 mL) and potassium carbonate (7 g)
were added, the mixture was heated to 100C for 1 hour and cooled to
room temperature. Water was added and the mixture was extracted with
ethyl acetate (60 mL x 3). The combined organic layers were washed
with brine, dried over sodium sulfate and evaporated to dryness. The
crude was purified by flash chromatography over silica gel 25(eluting
with a gradient of 0 to 14% ethyl acetate in heptane), to afford 2.26
g of crude product (containing the desired product and another
product). The crude product was precipitated with methanol, affording
4-bromo-2-(4-ethoxy-benzyI)-benzonitrile (1.2 g, containing 5 % of
another compound with NMR peaks at 4.15 ppm quartet, and 1.5 ppm
triplet). 301H NMR (400 MHz, chloroform-d) delta 7.48-7.38 (m, 3 H),
7.13 (d, J = 8.4 Hz, 2H), 6.85 (d, J= 8.4 Hz, 2H), 4.08(s, 2H),
4.03(q, J= 7.2 Hz, 2H), 1.41 (t, J= 7.2 Hz, 3H). Preparation of
starting material 4-bromo-2-(4-ethoxv-benzyl)-1-fluoro-benzene  WO
20101023594PCT/1B2009/053626 33       To a solution of
4-bromo-1-fluoro-2-(4-methoxy-benzyl)-benzene (4.2 g, 14.2 mmol) in
dichloromethane (20 mL) at 0C was slowly added a 1M solution of boron
tribromide in dichloromethane (15.7 mL, 16.0 mmol) dropwise over 10
minutes. Once the addition of boron tribromide was complete the
reaction mixture was gradually warmed to room 5temperature. After 4
hours, the reaction mixture was cooled to 0C and quenched by slow
addition of 1 N aqueous hydrochloric acid solution (20 mL). The



stirring the reaction mixture for 18 hours at room temperature, the
reaction mixture was concentrated under reduced pressure. The
resulting residue was purified by flash  WO
2010/023594PCT/1132009/053626 34 chromatography over silica gel
eluting with a gradient of 0 to 30% ethyl acetate in heptane to
afford 3.5 g (51% yield) of the desired product as a colorless oil.
1H NMR (400 MHz, chloroform-d) delta ppm 2.05 -2.12 (m, 2 H), 2.45
(s, 3 H), 3.77 - 3.92 (m, 4 H), 5.09 -5.14 (m, 1 H), 7.35 (d, J=8.00
Hz, 2 H), 7.79 (d, 2 H). 5 Preparation of toluene-4-sulfonic acid
oxetan-3-v! ester To a solution of oxetan-3-ol (1.0 g, 13.0 mmol) in
anhydrous pyridine (25 mL) at room temperature was added 4-toluene
sulfonyl chloride (3.09 g, 16.2 mmol). After stirring the reaction
mixture for 18 hours at room temperature, the reaction mixture was
concentrated 10under reduced pressure. The resulting residue was
purified by flash chromatography over silica gel eluting with a
gradient of 0 to 30% ethyl acetate in heptane to afford 1.9 g (62%
yield) of the desired product as a white solid. 1H NMR (400 MHz,
chloroform-d) delta ppm 2.46 (s, 3 H), 4.63 - 4.75 (m, 4 H), 5.26
-5.34 (m, 1 H), 7.36 (d, J=8.00 Hz, 2 H), 7.78 (d, J=8.40 Hz, 2 H).
15 Preparation of starting material
3-14-(5-bromo-2-fluoro-benzyl)-phenoxyl-tetrahydro-furan To a
solution of 4-(5-bromo-2-fluoro-benzyI)-phenol (1.5 g, 5.3 mmol) and
cesium carbonate (2.61 g, 8.0 mmol) in N,N-dimethylformamide (15.0
mL) at room temperature was added a solution of toluene-4-sulfonic
acid tetrahydro-furan-3-y1 ester (1.94 g, 8.0 mmol) in
N,N-dimethyformamide (10.0 mL). The reaction mixture was then stirred
overnight at 50C. After a total of 18 hours, the reaction mixture was
cooled to room temperature, diluted with brine and extracted 3 times
with ethyl acetate. The combined organic layers were washed twice
with water and once with brine, dried over sodium sulfate, filtered,
and concentrated under reduced pressure. The resulting crude residue
was purified by flash 25chromatography over silica gel eluting with a
gradient of 0 to 30% ethyl acetate in heptane to afford 1.66 g (89%
yield) of the desired product as a colorless oil. 1H NMR (400 MHz,
chloroform-d) delta ppm 2.09 -2.24 (m, 2 H), 3.86 -4.01 (m, 6 H),
4.86 -4.91 (m, 1 H), 6.80 (d, J=8.6 Hz, 2 H), 6.91 (t, J=9 Hz, 1 H),
7.10 (d, J=8.6 Hz, 2 H), 7.23 (dd, J=6.8, 2.5 Hz, 1 H), 7.26 -7.31
(m, 1 H).  WO 2010/023594PCT/1132009/053626 35 Preparation of
starting material 3-14-(5-bromo-2-fluoro-benzyl)-phenoxvl-oxetane To
a solution of 4-(5-bromo-2-fluoro-benzyl)-phenol (1.1 g, 3.9 mmol)
and cesium carbonate (1.91 g, 5.87 mmol) in N.N-dimethylformamide
(15.0 mL) at room temperature was added a solution of
toluene-4-sulfonic acid oxetan-3-y1 ester (1.34 g, 8.0 mmol) in N,N-
5dimethylformamide (10.0 mL). The reaction mixture was then stirred
overnight at 65C. After a total of 18 hours, the reaction mixture was
cooled to room temperature, diluted with brine and extracted 3 times
with ethyl acetate. The combined organic layers were washed twice
with water and once with brine, dried over sodium sulfate, filtered,
and concentrated under reduced pressure. The crude residue was
purified by flash chromatography over 10silica gel eluting with a
gradient of 0 to 30% ethyl acetate in heptane to afford 0.948 g (72%
yield) of the desired product as a white solid. 1H NMR (400 MHz,
chloroform-d) delta ppm 3.88 (s, 2 H), 4.76 (dd, J=7.22, 5.3 Hz, 2
H), 4.95 (t, J=6.6 Hz, 2 H), 5.14 - 5.21 (m, 1 H), 6.63 (d, J=8.4 Hz,
2 H), 6.92 (dd, 1 H), 7.10 (d, J=8.6 Hz, 2 H), 7.23 (dd, J=6.6, 2.15



5chlorobenzyl)phenoxy)oxetane (2.5 g, 70% yield) as a white solid.
1H NMR (400 MHz, dichloromethane-d2) delta ppm 7.34 -7.28 (m, 2 H),
7.26 (d, J=8.4 Hz, 1 H), 7.14 - 7.09 (m, 2 H), 6.69 - 6.35 (m, 2 H),
5.22 - 5.16 (m, 1 H), 4.96 - 4.91 (m, 2H), 4.72 - 4.68 (m, 2H), 4.01
(s, 2H). 10Preparation of
4-bromo-2-(4-chloro-benzvi)-1-fluoro-benzene        A solution of
5-bromo-2-fluorobenzaldehyde (10.2 g, 50 mmol) in anhydrous
tetrahydrofuran (200 mL) was cooled to -78C. A solution of
4-chlorophenyl-magnesium bromide (1M in diethyl ether, 60 mL, 60
mmol) was added via syringe over 8 minutes. Stirring was continued at
low temperature for 5 minutes and the reaction was warmed up to
15room temperature and stirred for 1 hour at this temperature. The
solution was cooled in an ice-water bath and quenched by addition of
saturated aqueous ammonium chloride solution (40 mL). The organic
phase was decanted and the aqueous residue was concentrated under
reduced pressure to remove any remaining organic solvent. The aqueous
phase was extracted with ethyl acetate (200 mL x 2) and the extracts
were  20 combined with the decanted tetrahydrofuran solution. This
solution was washed with brine (25 mL) and was dried (sodium
sulfate), filtered and concentrated under reduced pressure, giving
crude (5-bromo-2-fluoropheny1)-(4-chloropheny1)-methanol (15.2 g, 96%
yield) as a yellow solid. To a solution of the above
(5-bromo-2-fluoropheny1)-(4-chloropheny1)-methanol 25(15.0 g, 48
mmol) and triethylsilane (18.5 mL, 116 mmol) in dichloromethane (40
mL) and acetonitrile (20 mL) at 0C under nitrogen, was slowly added
boron trifluoride diethyl etherate (22.7 mL, 181 mmol). The resulting
solution was stirred for 18 hours, while slowly warming to room
temperature. The reaction was cooled in an ice-water bath, quenched
by slow addition of 7 M aqueous potassium hydroxide solution (30 mL)
and extracted with  30 methyl tert-butyl ether (200 mL x 2). The
combined organic solution was washed with water (25 mL x 2), brine
(25 mL x 2), dried (sodium sulfate), filtered and concentrated under
reduced pressure. Purification by flash column chromatography over
silica gel  WO 2010/023594PCT/1132009/053626 37 eluting with a
gradient of ethyl acetate in heptane gave
2-(4-chlorobenzy1)-4-bromo-1- fluorobenzene (5.0 g, 35% yield) as a
colorless oil. 1H NMR (400 MHz, chloroform-d) delta ppm 7.33-7.22 (m,
4H), 7.13 (d, J = 8.4 Hz, 2H), 6.93 (dd, J = 9.2, 9.2 Hz, 1H), 3.92
(s, 2H). 5 Preparation of Intermediates Preparation of Intermediate
((2R,3R,4S,5R)-6-allvloxv-3,4,5-tris-benzvloxv-tetrahvdropvran-2-v1)-
methanol (I-la):  OH o  PhH2Cd'OCH2Ph OCH2Ph 10(I-la)         A
suspension of D-glucose (1.2 kg, 6.6 mol), trifluoromethane sulfonic
acid (12 mL) and allyl alcohol (5 L) was heated at 80C for 3 days.
The mixture was cooled down to room temperature, the volatiles were
removed in vacuo and the residue dissolved in N,Ndimethylformamide (8
L). This was split into four equal reactions and to each was added
15trityl chloride (463 g, 1.67 mol) and triethylamine (231 mL, 1.67
mol). A slight exotherm was observed while adding the triethylamine.
The reaction mixture was stirred for 2 days at 30C and then each
reaction split in half, giving eight equal reactions. To each of
these reactions was added benzyl chloride (300 mL, 2.60 mol),
followed by portionwise addition of sodium hydride (102.5 g, 2.60
mol) maintaining the reaction temperature between 40 to 2050C. After
complete addition, the reaction mixtures were stirred at room
temperature for 20 hours. Each reaction was then poured onto



A solution of dimethylsulfoxide (87 mL, 1.22 mol) in dichloromethane
(160 mL) was 10added dropwise to a solution of oxalyl chloride (64.7
mL, 0.76 mol) in dichloromethane (2.5 L) at -78C. After complete
addition a solution of intermediate (I-1a) (287 g, 0.59 mol) in
dichloromethane (500 mL) was added dropwise at -78C. After complete
addition the reaction mixture was stirred for 30 minutes and
triethylamine (417 mL, 2.9 mol) was added dropwise. After complete
addition the reaction mixture was allowed to self warm to room
15temperature. The reaction was then washed with 1M aqueous
hydrochloric acid solution (2 L) and water (2 L), and then dried over
magnesium sulfate. This reaction procedure was repeated on six
equivalent reactions and after drying they were combined and
evaporated to give the aldehyde as a yellow oil (1.71 kg). This oil
was dissolved in isopropanol (2.57 L) and split into seven equal
reactions. To each of these was added a 37% aqueous  20 formaldehyde
solution (0.79 L, 10 mol), followed by the dropwise addition of a
solution of sodium hydroxide (32 g, 0.8 mol) in water (130 mL). After
complete addition the reaction mixture was stirred at room
temperature for 2 days. The reaction mixture was diluted with brine
(2 L) and extracted with ethyl acetate (2 L). The organic phase was
further washed with saturated aqueous sodium bicarbonate solution (2
L), brine (2 L) and then dried over 25magnesium sulfate. The organic
phases from the seven reactions were combined, evaporated and the
residue purified on silica gel (eluting with 4 to 1 up to 1 to 1
hexanes in  WO 2010/023594PCT/1132009/053626 39 ethyl acetate) to
give intermediate compound (1-1b) as a mixture of anomers (980 g, 53%
yield over the two steps). Rf 0.57 and 0.60 in 1:1 hexanes/ethyl
acetate.
(3S,4S,5R)-6-allyloxy-3,4,5-tris-benzyloxy-2,2-bis-(4-methoxy-benzylo
xymethyl)-tetrahydro5pyran (1-1c): (Mc) The starting did l
W3S,4S,5R)-6-allyloxy-3,4,5-tris-benzyloxy-2-hydroxymethyl-tetrahydro
pyran-2-y1)-methanol (1-1b: 10 g, 19.208 mmol) was dissolved in
N,N-dimethylformamide 10(70 mL) and cooled to 0C. Sodium hydride (60%
dispersion in mineral oil, 1.69 g, 42.3 mmol) was added and the
reaction was allowed to stir at 0C for 1 hour before the addition of
1-bromomethy1-4-methoxy-benzene (5.96 mL, 40.3 mmol). The reaction
was then heated to 60C overnight. The mixture was cooled down to room
temperature and the reaction was quenched with water and extracted
with ethyl acetate (2 times). The 15 combined organic layers were
washed with water, brine, dried over sodium sulfate, filtered and
concentrated under reduced pressure. The reaction was then
chromatographed over silica gel (eluting with a gradient of 0 to 80%
ethyl acetate in heptane) yielding 7.55 g (52% yield) of product
(1-1c). MS 778.8 (M + NH4+; positive mode).
20(3R,48,5.3)-3,4,54ris-benzvloxv-6,6-bis-(4-methoxy-benzyloxymethyl)
-tetrahydro-pyran-2-ol (1-10:  WO 2010/023594PCT/1B20091053626 40 Me0
--  Bn01'')-OBn OBn d) To a solution of starting material
((33,48,5R)-6-allyloxy-3,4,5-tris-benzyloxy-2,2-bis-(4-
methoxy-benzyloxymethyl)-tetrahydro-pyran, (1-1c: 7.55 g, 9.92 mmol)
in methanol (60 mL) 5and dichloromethane (20 mL) at room temperature
was added in palladium (II) chloride (528 mg, 2.98 mmol) and the
resulting mixture was stirred at this temperature for 4 hours. TLC
indicated the clean formation of a more polar product. The reaction
was filtered through Celite(r) and concentrated under reduced
pressure. The crude material was chromatographed over silica gel



(/-/e) To a solution of oxalyl dichloride (1.9 mL, 23 mmol) in
dichloromethane (65 mL) at -78C was added a solution of dimethyl
sulfoxide (3.3 mL, 47 mmol) in dichloromethane (5 mL) and the
resulting solution was stirred at this temperature for 30 minutes. A
solution of  WO 2010/023594PCT/1B2009/053626 41 starting material
((3R,4S,5S)-3,4,5-tris-benzyloxy-6,6-bis-(4-methoxy-benzyloxymethyl)-
tetrahydro-pyran-2-ol (I-1d, 5.6 g, 7.7 mmol) in dichloromethane
(15.0 mL) was then added dropwise and the resulting mixture was
stirred for 30 minutes allowing the temperature to rise to -60C.
Triethylamine (9.7 mL, 69.5 mmol) was added dropwise and the mixture
5allowed to warm up to 0C over 1 hour. The reaction was quenched by
addition of saturated aqueous ammonium chloride solution and the
organic phase was dried over magnesium sulfate, filtered and
concentrated under reduced pressure. The crude material was purified
by flash chromatography over silica gel eluting with a gradient of 0
to 60% ethyl acetate in heptane to produce the product (1-1e) (4 g,
72% yield). 101H NMR (400 MHz, chloroform-d) delta ppm 3.24 (d, J=10
Hz, 1 H), 3.40 - 3.47 (m, 2 H), 3.74 (s, 3 H), 3.77 (s, 3 H), 3.86
(d, J=10 Hz, 1 H), 4.07 (d, J=8.6 Hz, 1 H), 4.15 (d, J=9.6 Hz, 1 H),
4.35 - 4.55 (m, 6 H), 4.65 - 4.72 (m, 2 H), 4.82 (d, J=11 Hz,1 H),
4.87 (d, J=11.2 Hz, 1 H), 5.10 (d, J=11.1 Hz, 1 H), 6.74 -6.79 (m, 2
H), 6.81 -6.85 (m, 2 H), 7.11 (dd, J=7.0, 2.5 Hz, 2 H), 7.17 - 7.41
(m, 17 H). 15
(2R,3S,4S)-2,3,4-tris-benzvloxy-5-hydroxv-6-(4-methoxy-benzyloxy)-5-(
4-methoxVbenzvloxymethyl)-hexanoic acid methoxy-methyl-amide (1-1q)
and/or
(3R,4S,5S)-3,4,5-tris-benzyloxy-6,6-bis-(4-methoxy-benzyloxymethy1)-2
-(methoxy-methyl-amino)-tetrahydro-pyran-2-ol (1-1t): OMe
(1-1g)(1-1f) To a solution of lactone
((3R,43,5S)-3,4,5-tris-benzyloxy-6,6-bis-(4-methoxybenzyloxymethyl)-t
etrahydro-pyran-2-one (1-le: 10.4 g, 14.5 mmol) and
N,0-dimethylhydroxylamine hydrochloride (1.77 g, 29.0 mmol) in
dichloromethane (100 mL) at 0C was 25added dropwise a 2.0 M solution
of trimethyl aluminum in hexanes (14.5 mL, 29.0 mmol)  WO
2010/023594PCT/1B2009/053626 42 and the resulting solution was
stirred at room temperature for 16 hours. The reaction mixture was
cooled to 0C and quenched by slow addition of aqueous 1N hydrochloric
acid solution. The resulting mixture was allowed to stir for 1 hour.
The organic phase was separated and washed with aqueous 1N
hydrochloric acid solution, dried over sodium 5 sulfate, filtered,
and concentrated under reduced pressure. The crude material was
purified by medium pressure chromatography (gradient of 5 to 40%
ethyl acetate in heptane) yielding 6.5 g (58%) of product.
1H NMR (400 MHz, chloroform-d) delta ppm 2.62 (br. s, 1 H), 2.94 (br.
s., 3 H), 3.23 (br. s., 3 H), 3.42 (d, J=9.4 Hz, 1 H), 3.50 - 3.60
(m, 3 H), 3.75 (s, 3 H), 3.77 (s, 3 H), 4.03 10(d, J=6.9 Hz, 1 H),
4.20 (dd, J=6.9, 3.3 Hz, 1 H), 4.31 -4.44 (m, 5 H), 4.46 - 4.51 (m ,
2H), 4.53 (d, J=12 Hz, 1 H), 4.66 (d, J=12 Hz, 1 H), 4.80 (br. d,
J=11.5 Hz, 1 H), 4.87(d, J=11.4 Hz, 1 H), 6.77 - 6.83 (m, 4 H), 7.15
- 7.35 (m, 19 H). ([M+H+] 780.8, positive mode; [M+FICO2] 824.7,
negative mode). HRMS calculated for C46H54N010 (M+H+) 780.3742, found
780.3708. 15
(2R,38,4S)-2,3,4,6-tetrakis-benzyloxy-5-benzyloxymethyl-5-hydroxy-hex
anoic acid methoxy-methyl-amide (I-6q) and/or
(3R,4S,58)-3,4,5-tris-benzvloxy-6,6-bisbenzyloxymethy1-2-(methoxv-met



WO 2010/023594PCT/M2009/053626 43 methyl-amino)-tetrahydro-pyran-2-ol
(1f) except that the alkylating agent used in the experimental part
describing the conversion from (I-1 b) to (I-1c) was benzyl bromide
instead of para-methoxybenzyl bromide. 1H NMR (400 MHz, chloroform-d)
delta ppm 2.66 (br. s, 1 H), 2.94 (br. s., 3 H), 3.23 5(br. s., 3 H),
3.48 (d, J=9.4 Hz, 1 H), 3.55 -3.66 (m, 3 H), 4.05 (d, J=6.9 Hz, 1
H), 4.21 (dd, J=6.9, 3.3 Hz, 1 H), 4.36 (d, 1H, J = 11.7 Hz), 4.41
-4.58 (m, 7 H), 4.68 (d, J=11.9 Hz, 1 H), 4.81 (br. d, J=11.5 Hz, 1
H), 4.89 (d, J=11.5 Hz, 1 H), 7.15 - 7.35 (m, 25 H). MS [M+W] 720.7,
positive mode; [M+HCO2] 764.7, negative mode).
10(4S,5S)-3,4,5-tris-benzyloxy-2-[3-(4-methoxy-benzy1)-4-methyl-phenv
I1-6,6-bis-(4-methoxv- benzyloxvmethyl)-tetrahvdro-pvran-2-ol (1-1
i):  Me0 (/-/i) n-Butyl lithium (0.97 mL, 2.5 M/hexanes, 3.15
equivalents) was added dropwise (1 drop 15every 5 seconds) to an
oxygen degassed solution (placed in a pre dried BiotageTM microwave
vial 10-20 mL sealed with its cap and placed under a positive stream
of nitrogen gas) of 4-bromo-2-(4-methoxy-benzyI)-1-methyl-benzene
(690 mg, 3 equivalents) in anhydrous tetrahydrofuran (2.7 mL) at -78C
and the resulting solution was stirred at this temperature for an
additional hour. A solution of (2R,3S,4S)-2,3,4-tris-benzyloxy-5-
20hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexan
oic acid methoxy- methyl-amide (I-1q) (608 mg) in anhydrous
tetrahydrofuran (1.35 mL) was then added dropwise over 1.5 hours
using a syringe pump and the resulting mixture was stirred at - 78C
for 1 hour before being allowed to warm to -20C over 14 hours (put in
a deep Dewar  WO 2010/023594PCT/1132009/053626 44 covered with
aluminum foil to maintain cold temperature; size of Dewar: external
diameter 10 cm, internal diameter 8 cm, height 9 cm). Diethyl ether
was added and the reaction was quenched by dropwise addition of 1M
aqueous hydrochloric acid solution. The resulting biphasic mixture
was stirred at room temperature for 15 minutes. The organic phase was
5 separated, washed with brine, dried over magnesium sulfate,
filtered and concentrated. Chromatography over silica gel using a
gradient of 20 to 50% ethyl acetate in heptane gave the product as a
mixture of isomers (440 mg, 61% yield). HRMS calculated for
C59H62010Na (M+Na+) 953.4235, found 953.4236.
101(2S,3S)-2,3,4-tris-benzvloxy-5-1344-methoxy-benzv1)-4-methvl-phenv
Il-6,8-dioxa- bicyclo[3.2.11oct-1-y11-methanol (I-1k): OMe    OBn
(1-1k) To a solution of intermediate I-1i (150 mg) in dichloromethane
(3 mL) was added anisole 15(90 microL, 5 equivalents) followed by 3
mL of a solution of 20% trifluoroacetic acid in dichloromethane and
the resulting mixture was stirred at room temperature for about 1
hour. The mixture was concentrated and the crude was chromatographed
over silica gel (using a gradient of 10 to 30% ethyl acetate in
heptane) to afford the desired product as a mixture of isomers (66
mg, 61% yield). MS (LCMS) 673.9 (M+Ht; positive mode). 20  WO
2010/023594PCT/1B2009/053626 45 OH OBn PMBO OBn 



PMBOOBn (I-2i)  n-Butyl lithium (0.312 mL, 2.5 M/hexanes, 3.05
equivalents) was added dropwise (1 drop every 5 seconds) to an oxygen
degassed solution (placed in a pre dried BiotageTM 5microwave vial
10-20 mL sealed with its cap and placed under a positive stream of
nitrogen gas) of 4-bromo-2-( 4-ethoxy-benzyI)-1-methyl-benzene (238
mg, 3.05 equivalents) in anhydrous tetrahydrofuran (0.9 mL) at -78C
and the resulting solution was stirred at this temperature for an
additional hour. A solution of (2R,3S,4S)-2,3,4-tris-benzyloxy-5-
hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexanoi
c acid methoxy- 10methyl-amide (1-12) (200 mg) in anhydrous
tetrahydrofuran (0.6 mL) was then added dropwise over 1.5 hours using
a syringe pump and the resulting mixture was stirred at - 78C for 1
hour before being allowed to warm to room temperature over 16 hours
(put in a deep Dewar covered with aluminum foil to maintain cold
temperature; size of Dewar: external diameter 10 cm, internal
diameter 8 cm, height 9 cm). Diethyl ether was added 15and the
reaction was quenched by dropwise addition of aqueous 1M hydrochloric
acid solution. The resulting biphasic mixture was stirred at room
temperature for 15 minutes. The organic phase was separated, washed
with brine, dried over magnesium sulfate, filtered and concentrated.
The crude material was chromatographed using the BiotageTM automated
chromatography unit (two stacked 10g silica gel columns; eluting with
a gradient 20of 0 to 60% ethyl acetate in heptane) to give the
product as a mixture of isomers (136 mg, 56% yield). MS (LCMS) 968
(M+Na+; positive mode).
(12S,3S)-2,3,4-tris-benzvloxv-543-(4-ethoxv-benzyl)-4-methyl-phenvI1-
6,8-dioxabicyclo13.2.Iloct-1-W-methanol (I-2k):  WO
2010/023594PCT/1B2009/053626 46    (1-2k) To a solution of the
intermediate I-2i (136 mg, 0.145 mmol) in dichloromethane (4 mL) was
added anisole (310 microL, -5 equivalents) followed by 4 mL of a
solution of 20% 5trifluoroacetic acid in dichloromethane and the
resulting mixture was stirred at room temperature for 1.5 hours. The
mixture was concentrated and the crude was chromatographed using the
ISCOTM combiflash(r) companion(r) automated chromatography unit (4g
silica gel column) and eluting with a gradient of 0 to 70% ethyl
acetate in heptane to afford the desired product as a mixture of
isomers (85 mg, 85% yield). MS (LCMS) 687.7 10(M+H+; positive mode).
(4S,5S)-3,4,5-tris-benzyloxy-244-chloro-3-(4-methoxy-benzyl)-pheny11-
6,6-bis-(4-methoxvbenzvloxvmethvI)-tetrahvdro-Dvran-2-ol 0-30:  Me0
WO 20101023594PCT/IBB2009/053626 47 n-Butyl lithium (0.97 mL, 2.5
M/hexanes, 3.15 equivalents) was added dropwise (1 drop every 5
seconds) to an oxygen degassed solution (placed in a pre dried
BiotageTM microwave vial 10-20 mL sealed with its cap and placed
under a positive stream of nitrogen gas) of
4-bromo-1-chloro-2-(4-methoxy-benzyI)-benzene (725 mg, 2.95
equivalents) in 5anhydrous tetrahydrofuran (2.7 mL) at -78C and the
resulting solution was stirred at this temperature for an additional
hour. A solution of (2R,3S,4S)-2,3,4-tris-benzyloxy-5-
hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexanoi
c acid methoxymethyl-amide (I-1q) (616 mg) in anhydrous
tetrahydrofuran (1.35 mL) was then added dropwise over 1.5 hours
using a syringe pump and the resulting mixture was stirred at - 1078C
for 1 hour before being allowed to warm to -20C over 14 hours (put in
a deep Dewar covered with aluminum foil to maintain cold temperature;
size of Dewar: external diameter 10 cm, internal diameter 8 cm,



WO 2010/023594PCT/1B2009/053626 48 To a solution of the intermediate
I-3i (530 mg) in dichloromethane (11 mL) was added anisole (300
microL, 5 equivalents) followed by 11 mL of a solution of 20%
trifluoroacetic acid in dichloromethane and the resulting mixture was
stirred at room temperature for 1 hour. The mixture was concentrated
and the crude was chromatographed over silica gel 5using a gradient
of 10 to 40% ethyl acetate in heptane to afford the product as a
mixture of isomers (229 mg, 59% yield). MS (LCMS) 693.6 (M+H+;
positive mode).
(4S,5S)-3,4,5-tris-benzy1oxy-244-chloro-3-(4-ethoxv-benzvn-phenv11-6,
6-bis-(4-methoxy10benzvloxvmethvI)-tetrahydro-pran-2-o/ (1-41):
CH3CH20 Cl OH OBn PMBO OBn 7. PMBOj  OBn (1-41)  n-Butyl lithium (1.0
mL, 2.5 M/hexanes, 3.25 equivalents) was added dropwise (1 drop every
5 seconds) to an oxygen degassed solution (placed in a pre dried
BiotageTm 15microwave vial 10-20 mL sealed with its cap and placed
under a positive stream of nitrogen gas) of
4-bromo-1-chloro-2-(4-ethoxy-benzyI)-benzene (815 mg, 3.25
equivalents) in anhydrous tetrahydrofuran (2.9 mL) at -78C and the
resulting solution was stirred at this temperature for an additional
hour. A solution of (2R,3S,4S)-2,3,4-tris-benzyloxy-5-
hydroxy-6-(4-methoxy-benzyloxy)-544-methoxy-benzyloxymethyl)-hexanoic
acid methoxy- 20methyl-amide (I-1 q) (600 mg) in anhydrous
tetrahydrofuran (1.45 mL) was then added dropwise over 1.3 hours
using a syringe pump and the resulting mixture was stirred at - 78C
for 1 hour before being allowed to warm to -25C over 14 hours (put in
a deep Dewar covered with aluminum foil to maintain cold temperature;
size of Dewar: external diameter 10 cm, internal diameter 8 cm,
height 9 cm). Diethyl ether was added and the reaction was  WO
2010/023594PCT/1B2009/053626 49 quenched by dropwise addition of
aqueous 1M hydrochloric acid solution. The resulting biphasic mixture
was stirred at room temperature for 15 minutes. The organic phase was
separated, washed with brine, dried over magnesium sulfate, filtered
and concentrated. Chromatography over silica gel using a gradient of
10 to 40% ethyl acetate in heptane 5gave the product as a mixture of
isomers (280 mg, 38% yield). HRMS calculated for C59H61010CINa
(M+Na+) 987.3845, found 987.3840.
1(2S,3S)-2,3,4-tris-benzyloxv-5-(4-chloro-3-(4-ethoxy-benz4)-phenvI1-
6,8-dioxabicyclo13.2.11oct-1-01-methanol (I-4k):    100-13n (1-4k) To
a solution of the intermediate I-4i (1.46 g) in dichloromethane (31
mL) was added anisole (900 microL, -5 equivalents) followed by 31 mL
of a solution of 20% trifluoroacetic acid in dichloromethane and the
resulting mixture was stirred at room temperature for 1 15hour. The
mixture was concentrated and the crude was chromatographed over
silica gel using a gradient of 10 to 30% ethyl acetate in heptane to
afford the product as a mixture of isomers (670 mg, 63% yield). HRMS
calculated for C43H4407CI(M+H+) 707.2770, found 707.2765.  WO
2010/023594PCT/1142009/053626 50 



Me0  - PMBOOBn (I-51) n-Butyl lithium (462 microL, 2.5 M/hexanes, 3.0
equivalents) was added dropwise (1 drop 5every 5 seconds) to an
oxygen degassed solution (placed in a pre dried BiotageTM microwave
vial 10-20 mL sealed with its cap and placed under a positive stream
of nitrogen gas) of 4-Bromo-1-fluoro-2-(4-methoxy-benzyI)-benzene
(341 mg, 3 equivalents) in anhydrous tetrahydrofuran (1.4 mL) at -78
C under nitrogen. The resulting solution was stirred at this
temperature for 1 hour. Then a solution of
(2R,3S,48)-2,3,4-tris-benzyloxy-5-
10hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexan
oic acid methoxy- methyl-amide (I-1q) (300 mg, 0.385 mmol) in
anhydrous tetrahydrofuran (0.70 mL) was added dropwise very slowly (1
drop every 5 seconds) and the resulting mixture was stirred at -78C
for an additional hour before warming to 10 C over 12 hours (put in a
deep Dewar covered with aluminum foil to maintain cold temperature;
size of Dewar: external diameter 1510 cm, internal diameter 8 cm,
height 9 cm). The reaction was diluted with diethyl ether and
quenched by the dropwise addition of aqueous 1N hydrochloric acid
solution. The resulting biphasic mixture was stirred at room
temperature for 15 minutes. The organic phase was separated, washed
with brine, dried over magnesium sulfate, filtered, and concentrated
under reduced pressure. The crude residue was purified by flash
20chromatography over silica gel (eluting with a gradient of 10 to
40% ethyl acetate in heptane) to afford the product as a mixture of
isomers (199 mg, 55 % yield).
(128.3.31-2,3,4-tris-benzvloxv-544-fluoro-3-(4-methoxv-benzvl)-phenv1
1-6,8-dioxa- bicyclo(3.2.1Thct-1-yll-methanol (I-5k):  WO
2010/023594PCT/1132009/053626 51 OMe    (1-5k) To a solution of
(4S,5S)-3,4,5-Tris-benzyloxy-214-fluoro-3-(4-methoxy-benzylyphenyl]-6
,6- bis-(4methoxy-benzyloxymethyl)-tetrahydro-pyran-2-ol191 mg, 0.204
mmol) in 5dichloromethane (3.75 mL) was added anisole (0.178 mL, 1.63
mmol) followed by a 20% solution of trifluoroacetic acid in
dichloromethane (3.75 mL) at room temperature under nitrogen. After
stirring for 1 hour at room temperature, the reaction mixture was
concentrated under reduced pressure. The crude residue was purified
by flash chromatography over silica gel (eluting with a gradient of
10 to 30% ethyl acetate in 10heptane) to afford the product as a
mixture of isomers (115 mg, 83% yield). MS (LCMS) 677.7 (M+H+;
positive mode).
(4S,5S)-3,4,5-tris-benzvloxv-243-(4-ethoxv-benzyl)-4-fluoro-ohenv11-6
,6-bis-(4-methoxvbenzvloxvmethvI)-tetrahvdro-ovran-2-ol (I-101)  \-o
OH OBn PMBO OBn 15PMBOOBn (/- /00  WO 2010/023594PCT/1B2009/053626 52
n-Butyl lithium (508 microL, 2.5 M/hexanes, 3.0 equivalents) was
added dropwise (1 drop every 5 seconds) to an oxygen degassed
solution of 4-Bromo-2-(4-ethoxy-benzyI)-1-fluorobenzene (392.0 mg,
1.27 mmol) in anhydrous tetrahydrofuran (1.5 mL) at -78C under
nitrogen. The resulting solution was stirred at this temperature for
1 hour. Then a solution 



5of
(2R,38,4S)-2,3,4-tris-benzyloxy-5-hydroxy-6-(4-methoxy-benzyloxy)-5-(
4-methoxy- benzyloxymethylyhexanoic acid methoxy-methyl-amide I-Ag
(330.0 mg, 0.423 mmol) in anhydrous tetrahydrofuran (0.75 mL) was
added dropwise very slowly (1 drop every 5 seconds) and the resulting
mixture was stirred at -78C for an additional hour before warming to
10C over 12 hours (put in a deep Dewar covered with aluminum foil to
10maintain cold temperature). The reaction was diluted with diethyl
ether and quenched by the dropwise addition of aqueous IN
hydrochloric acid solution. The resulting biphasic mixture was
stirred at room temperature for 15 minutes. The organic phase was
separated, washed with brine, dried over magnesium sulfate, filtered,
and concentrated under reduced pressure. The crude residue was
purified by flash chromatography over silica gel (eluting 15with a
gradient of 10 to 40% ethyl acetate in heptane) to afford the product
as a mixture of isomers (180 mg, 44% yield).
112S,3S)-2.3,4-tris-benzvloxv-5-13-(4-ethoxv-benzv1)-4-fluoro-1ohenv1
1-6,8-dioxabicvclo(3.2.11oct-1-04-methanol (1-10k)  20  WO
2010/023594PCT/1B2009/053626 53 To a solution of intermediate l-10i
(180.0 mg, 0.19 mmol) in dichloromethane (2.0 mL) was added anisole
(0.175 mL, 1.60 mmol) followed by a 20% solution of trifluoroacetic
acid in dichloromethane (2.0 mL) at room temperature under nitrogen.
After stirring for 1 hour, the reaction mixture was concentrated
under reduced pressure. The crude residue was purified 5by flash
chromatography over silica gel (eluting with a gradient of 10 to 30%
ethyl acetate in heptane) to afford the product as a mixture of
isomers (85.0 mg, 64% yield).
(4S,5S)-3,4,5-tris-benzvloxv-2-14-fluoro-3-14-(tetrahvdro-furan-3-vlo
xv)-benzvil-phenvII-6,6-
bis-(4-methoxy-benzyloxymethvn-tetrahydro-pyran-2-ol (I-1 1i)
(1-//i) n-Butyl lithium (1.0 mL, 2.5 M/hexanes, 3.0 equivalents) was
added dropwise (1 drop every 5 seconds) to an oxygen degassed
solution of 314-(5-bromo-2-fluoro-benzy1)-phenoxy]- tetrahydro-furan
(878 mg, 2.50 mmol) in anhydrous tetrahydrofuran (3.0 mL) at -78C and
15the resulting solution was stirred at this temperature for 1 hour.
A solution of (2R,3S,4S)-
2,3,4-tris-benzyloxy-5-hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-b
enzyloxymethyl)- hexanoic acid methoxy-methyl-amide l-1q (650 mg,
0.833 mmol) in anhydrous tetrahydrofuran (1.5 mL) was then added
dropwise very slowly (0.9 mL/hour) and the resulting mixture was
stirred at -78C for an additional hour before warming to 10C over
1012 hours (put in a deep Dewar covered with aluminum foil to
maintain cold temperature). The reaction was diluted with diethyl
ether and quenched by the dropwise addition of aqueous IN
hydrochloric acid solution. The resulting biphasic mixture was
stirred at room temperature for 15 minutes. The organic phase was
separated, washed with brine, dried  WO 2010/023594PCT11B20091053626
54 over magnesium sulfate, filtered, and concentrated under reduced
pressure. The crude residue was purified by flash chromatography over
silica gel (eluting with a gradient of 10 to 40% ethyl acetate in
heptane) to afford the product as a mixture of isomers (287 mg, 34%
yield) 5
U2S,3S1-2,3,4-tris-benzvloxv-5-14-fluoro-3-14-(tetrahvdro-furan-3-vlo
xv)-benzvIl-phenv1}- 6,8-dioxa-bicyclo13.2.1loct-1-0-methanol (1-Ilk)
oC\ OBn HO OBn OBn (1-11k) 10To a solution of



WO 2010/023594PCT/1132009/053626 55 n-Butyl lithium (1.0 mL, 2.5
M/hexanes, 3.1 equivalents) was added dropwise (1 drop every 5
seconds) to an oxygen degassed solution (placed in a pre dried
BiotageTM microwave vial 510-20 mL sealed with its cap and placed
under a positive stream of nitrogen gas) of 4-
Bromo-2-(4-chloro-benzy1)-1-fluoro-benzene (702 mg, 2.9 equivalents)
in anhydrous tetrahydrofuran (3.0 mL) at -78C and the resulting
solution was stirred at this temperature for 25 minutes. A solution
of
(2R,3S,46)-2,3,4-tris-benzyloxy-5-hydroxy-6-(4-methoxybenzyloxy)-5-(4
-methoxy-benzyloxymethyl)-hexanoic acid methoxy-methyl-amide (I-1 q)
10(621 mg) in anhydrous tetrahydrofuran (1.5 mL) was then added
dropwise using a syringe pump (0.9 mL/hour) and the resulting mixture
was stirred at low temperature for an additional 17 hours (placed in
a deep Dewar covered with aluminum foil to maintain cold temperature;
size of Dewar: external diameter 10 cm, internal diameter 8 cm,
height 9 cm). The reaction was quenched by dropwise addition of
aqueous 1M hydrochloric acid solution 15(1.5 mL). The resulting
biphasic mixture was stirred at room temperature for 30 minutes. The
mixture was diluted with saturated aqueous ammonium chloride (15 mL)
and was extracted with ethyl acetate (15 mL x 3). The combined
organic solution was washed with brine (30 mL), dried over magnesium
sulfate, filtered and concentrated. Chromatography over silica gel
using a gradient of 10 to 40% ethyl acetate in heptane gave the
product as a 20mixture of isomers (477 mg, 64% yield).
1(2S,3S)-2,3,4-tris-benzyloxy-5-13-(4-chloro-benz0-4-fluoro-phenv11-6
,8-dioxabicyclo13.2.1loct-1-0-methanol (I-12k):  WO
2010/023594PCT/182009/053626 56 Cl    (I-12k) To a solution of the
intermediate I-121 (243 mg) in dichloromethane (9 mL) was added
5anisole (0.15 mL, 5.3 equivalents) followed by trifluoroacetic acid
(1.0 mL, 50 equivalents) and the resulting mixture was stirred at
room temperature for 2 hours. The mixture was concentrated and the
crude was chromatographed over silica gel using a gradient of 10 to
30% ethyl acetate in heptane to afford the product as a mixture of
isomers (102 mg, 58% yield). 10
(4S,5.3)-3,4,5-tris-benzvloxv-2-(4-fluoro-3-14-(oxetan-3-vloxv1-benzv
Il-ohenv11-6.6-bis-(4-
methoxv-benzvloxvmethvI)-tetrahvdro-Dvran-2-01(1-131)   WO
2010/023594PCT/1B2009/053626 57 n-Butyl lithium (1.12 mL, 2.5
M/hexanes, 3.0 equivalents) was added dropwise (1 drop every 5
seconds) to an oxygen degassed solution of
344-(5-Bromo-2-fluoro-benzy1)- phenoxyl-oxetane (942.0 mg, 2.79 mmol)
in anhydrous tetrahydrofuran (3.0 mL) at -78C and the resulting
solution was stirred at this temperature for 1 hour. A solution of
5(2R,38,4S)-2,3,4-tris-benzyloxy-5-hydroxy-6-(4-methoxy-benzyloxy)-5-
(4-methoxy- benzyloxymethyl)-hexanoic acid methoxy-methyl-amide l-1q
(725.0 mg, 0.930 mmol) in anhydrous tetrahydrofuran (1.5 mL) was then
added dropwise very slowly (0.9 ml/hour) and the resulting mixture
was stirred at -78C for an additional hour before warming to 10C over
12 hours (put in a deep Dewar covered with aluminum foil to maintain
cold 10temperature). The reaction was diluted with diethyl ether and
quenched by the dropwise addition of aqueous 1N hydrochloric acid
solution. The resulting biphasic mixture was stirred at room
temperature for 15 minutes. The organic phase was separated, washed
with brine, dried over magnesium sulfate, filtered, and concentrated



20OBn  WO 2010/023594PCT/1B2009/053626 58 To a solution of
(4S,5S)-3,4,5-Tris-benzyloxy-2-{4-fluoro-344-(oxetan-3-yloxy)-benzygp
henyll-6,6-bis-(4-methoxy-benzyloxymethyl)-tetrahydro-pyran-2-ol
I-13i (535 mg, 0.548 mmol) in dichloromethane (2.0 mL) was added
anisole (0.480 mL, 4.38 mmol) followed by a 20% solution of
trifluoroacetic acid in dichloromethane (8.0 mL) at room temperature
5under nitrogen. After stirring for 1 hour, the reaction mixture was
concentrated under reduced pressure. The crude residue was purified
by flash chromatography over silica gel (eluting with a gradient of
10 to 30% ethyl acetate in heptane) to afford the product as a
mixture of isomers (300 mg, 76% yield).
10NS,5S1-3,4,5-tris-benzvloxv-2-14-chloro-344-(oxetan-3-yloxy)-benzyi
l-phenyll-6,6-bis-(4- methoxv-benzyloxymethyl)-tetrahvdro-avran-2-ol
(I-141): ct) Cl OH OBn PMBO OBn PMBOv7 013n (I-14i)  n-Butyl lithium
(0.97 mL, 2.5 M/hexanes, 3.15 equivalents) was added dropwise (1 drop
15every 5 seconds) to an oxygen degassed solution (placed in a pre
dried BiotageTM microwave vial 10-20 mL sealed with its cap and
placed under a positive stream of nitrogen gas) of
3-(4-(5-bromo-2-chlorobenzyl)phenoxy)oxetane (824 mg, 2.95
equivalents) in anhydrous tetrahydrofuran (2.7 mL) at -78C and the
resulting solution was stirred at this temperature for an additional
hour. A solution of (2R,38,4S)-2,3,4-tris-benzyloxy-5-
20hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexan
oic acid methoxy- methyl-amide (I-1q) (616 mg) in anhydrous
tetrahydrofuran (1.35 mL) was then added  WO
2010/023594PCT/1B2009/053626 59 dropwise over 1.5 hours using a
syringe pump and the resulting mixture was stirred at - 78C for 1
hour before being allowed to warm to -20C over 14 hours (put in a
deep Dewar covered with aluminum foil to maintain cold temperature;
size of Dewar: external diameter 10 cm, internal diameter 8 cm,
height 9 cm). Diethyl ether was added and the reaction was 5quenched
by dropwise addition of aqueous 1M hydrochloric acid solution. The
resulting biphasic mixture was stirred at room temperature for 15
minutes. The organic phase was separated, dried over sodium sulfate,
filtered and concentrated. Chromatography over silica gel using a
gradient of 0-50% ethyl acetate in heptane gave the product as a
mixture of isomers (563 mg, 72% yield). 10
((2S,3S)-2,3,4-Tris-benzyloxy-544-chloro-3-(4-(oxetan-3-yloxy)-benzyl
1-pheny1)-6,8-dioxabicyclo(3.2.1loct-1-y1)-methanol (I-14k):    OBn
(I-14k) 15To a solution of the intermediate
(4S,5S)-3,4,5-tris-benzyloxy-2-{4-chloro-314-(oxetan-3-
yloxy)-benzyll-phenyll-6,6-bis-(4-methoxy-benzyloxymethyl)-tetrahydro
-pyran-2-ol I-14i (282 mg) in dichloromethane (2.84 mL) was added
anisole (200 microL, -7 equivalents) followed by 3.07 mL of a
solution of 20% trifluoroacetic acid in dichloromethane and the
resulting mixture was stirred at room temperature for 1.5 hours. The
mixture was 20concentrated and the crude was chromatographed over
silica gel using a gradient of 10 to  WO 2010/023594PCT/IB2009/053626
60 50% ethyl acetate in heptane to afford the product as a mixture of
isomers (186 mg, 89% yield). 



Example I
5(18,28,38,4R,58)-1-hydroxvmeth0-543-(4-methoxv-benzv1)-4-methyl-ohen
v1)-6,8-dioxa- bicyclo(3.2.11octane-2,3,4-triol (1A) and
(18,25,35,45,58)-1-hydroxymethy1-543-(4-
methoxv-benzv1)-4-methyl-nhenvIl-6,8-dioxa-bicycloT3.2.17octane-2,3,4
-triol (18):   OMe  OMe       HO  HO  10    OH (1B)  To a solution of
{(26,38)-2,3,4-tris-benzyloxy-513-(4-methoxy-benzyl) 4
methyl-phenyl]- 6,8-dioxa-bicyclop.2.1joct-1-yll-methanol (1-1k: 236
mg) in ethanol/tetrahydrofuran (7 mL, 4/1 volume) was added
successively formic acid (270 microL, 19 equivalents) and palladium
black (150 mg, 4 equivalents) and the resulting mixture was stirred
at room 15temperature for 3 hours. The palladium was filtered and the
crude mixture obtained after evaporation of solvent was purified by
chromatography over silica gel eluting with a gradient of 85 to 100%
ethyl acetate in heptane. The mixture of products obtained was
purified by HPLC preparative. HPLC preparative method: reverse phase
C18 phenomenex column Luna 5 20micrometer 150 x 21.20 mm, 20
mL/minute, gradient of acetonitrile/0.1% formic acid:water/0.1%
formic acid; 20 to 60% of acetonitrile/0.1% formic acid over 20
minutes. UV detection: 254 nm. The HPLC indicated a ratio of
diastereoisomers of 3:1 (1A:1B).  WO 2010/023594PCT/182009/053626 61
1A: (55 mg, 39% yield); Rt = 10.9 minutes; the fractions containing
the product were concentrated under reduced pressure. The crude
material was precipitated from ethyl acetate and heptane. The
resulting white solid was washed with heptane 2 times and dried under
reduced pressure. MS (LCMS) 403.3 (M+H+; positive mode) 447.3
(M+HCO2-, 5negative mode).                   1H NMR (400 MHz,
methanol-d4) delta 7.33 (d, 1H, J = 1.6 Hz), 7.30 (dd, 1H, J = 7.6
and 1.6 Hz), 7.10 (d, 1H, J = 7.6 Hz), 7.02-6.98 (m, 2H), 6.79-6.75
(m, 2H), 4.13 (d, 1H, J = 7.4 Hz), 3.90 (s, 2H), 3.82 (d, 1H, J =
12.5 Hz), 3.77 (dd, 1H, J = 8.2 and 1.2 Hz), 3.72 (s, 3H), 3.66 (d,
1H, J = 12.5 Hz), 3.65 (t, 1H, J = 8.0 Hz), 3.59 (d, 1H, J = 7.8 Hz),
3.58 (dd, 101H, J = 7.5 and 1.5 Hz), 2.16 (s, 3H). HRMS calculated
for C22H2707 (M+HI") 403.1751, found 403.1737.        1B: (20 mg, 14%
yield); R = 11.5 minutes; the fractions containing the product were
concentrated under reduced pressure. The crude material was
precipitated from ethyl acetate and heptane. The resulting white
solid was washed with heptane 2 times and dried 



15under reduced pressure. MS (LCMS) 403 (M+I-1+; positive mode) 447
(M+HCO2-, negative mode).                   1H NMR (400 MHz,
methanol-d4) delta 7.38 (d, 1H, J = 1.8 Hz) 7.33 (dd, 1H, J = 7.9 and
1.8 Hz), 7.10 (d, 1H, J = 7.9 Hz), 7.02-6.97 (m, 2H), 6.79-6.74 (m,
2H), 4.02 (d, 1H, J = 7.4 Hz), 3.93 (t, 1H, J = 2.2 Hz), 3.91 (br. s,
2H), 3.88 (d, 1H, J = 12.5 Hz), 3.84 (d, 2H, J = 2.4 Hz), 3.75 (d,
1H, J = 12.5 Hz), 3.71 (s, 3H), 3.49 (d, 1H, J = 7.4 Hz), 2.16 (s,
3H).                                      Example 2
(1S,28,38,4R,5S)-5-(3-(4-ethoxv-benz0)-4-methyl-phenv11-1-hydroxvmeth
yl-6,8-dioxabicyclo[3.2.1Thctane-2,3,4-triol (24) and (I
S,28,38,45,5S)-543-(4-ethoxv-benzvI)-4-
methvl-phenv114-hydroxvmethvl-6,8-dioxa-bicyclo(3.2.11octane-2,3,4-tr
iol (2B)   WO 2010/023594PCT/1132009/053626 62 OCH2CH3OCH2CH3    To a
solution of
{(28,3S)-2,3,4-tris-benzyloxy-5-13-(4-ethoxy-benzy1)-4-methyl-pheny0-
6,8- 5dioxa-bicyclo[3.2.1]oct-1-y1}-methanol (I-2k: 85 mg, 0.12 mmol)
in ethanol/tetrahydrofuran (7 mL, -411 volume) was added successively
formic acid (95 microL, 19 equivalents) and palladium black (53 mg, 4
equivalents) and the resulting mixture was stirred at room
temperature for 3 hours. The palladium was filtered and the crude
mixture obtained after evaporation of solvent was purified by HPLC
preparative. 10HPLC preparative method: reverse phase C18 phenomenex
column Luna 5 micrometer 150 x 21.20 mm, 20 mUminute, gradient of
acetonitrile/0.1% formic acid:water/0.1% formic acid; 20 to 60% of
acetonitrile/0.1% formic acid over 20 minutes. UV detection: 254 nm.
The HPLC indicated a ratio of diastereoisomers of 4:1 (2A:2B). 2A:
(20 mg; 38% yield) Rt= 12.7 minutes; the fractions containing the
product were 15concentrated under reduced pressure. The crude
material was precipitated from ethyl acetate and heptane. The
resulting white solid was washed with heptane 2 times and dried under
reduced pressure.       MS (LCMS) 417.3 (M+H+; positive mode); 461.4
(M+HCO2-; negative mode). 1H NMR (400 MHz, methanol-d4) delta ppm
1.34 (t, J=6.9 Hz, 3 H), 2.18 (s, 3 H), 3.60 (d, J=8 20Hz, 2 H), 3.66
(t, J=8 Hz, 1 H), 3.68 (d, J=12.5 Hz, 1 H), 3.78 (d, 1H, J= 8.8 Hz),
3.84 (d, J=12.4 Hz, 1 H), 3.92 (s, 2 H), 3.97 (q, J=7 Hz, 2 H), 4.15
(d, J=7.5 Hz, 1 H), 6.77 (m, 2 H), 7.00 (m, 2 H), 7.12 (d, J=7.7 Hz,
1 H), 7.31 (dd, J=7.9 and 1.4 Hz, 1 H), 7.34 (s, 1 H).  WO
2010/023594PCT/M2009/053626 63       2B: (5 mg; 9% yield) Rt = 13.2;
minutes the fractions containing the product were concentrated under
reduced pressure. The crude material was precipitated from ethyl
acetate and heptane. The resulting white solid was washed with
heptane 2 times and dried under reduced pressure. 5MS (LCMS) 417.3
(M+H+; positive mode); 461.4 (M+HCO2"; negative mode). 1H NIMR (400
MHz, methanol-d4) delta ppm 1.34 (t, J=6.9 Hz, 3 H), 2.18 (s, 3 H),
3.52 (d, 1H, J= 7.4 Hz), 3.77 (d, J=12.5 Hz, 1 H), 4.00-3.84 (m, 8
H), 4.04 (d, J=7.4 Hz, 1 H), 6.79-6.75 (m, 2 H), 7.03-6.98 (m, 2 H),
7.12 (d, J=7.9 Hz, 1 H), 7.35 (dd, J=7.7 and 1.9 Hz, 1 H), 7.39 (d, J
= 1.9 Hz, 1 H). 10                                   Example 3
(18,25,3S,4R,58)-5-14-chloro-3-(4-methoxy-benzyn-Phenv11-1-hydroxvmet
hvl-6,8-dioxabicyclo13.2.11octane-2,3,4-tdoi (3A) and
(1S,2S,38,4S,5S)-5-1-4-chloro-3-(4-methoxvbenzvo-Dhenv11-1-hydroxvmet
hvl-6,8-dioxa-bicyclof3.2.11octane-2,3,4-triol (313): OMeOMe HOHO
OHOH 15OHOH (3A)(3B) To a solution of
((28,3S)-2,3,4-tris-benzyloxy-544-chloro-3-(4-methoxy-benzy1)-phenyl]
-6,8- dioxa-bicyclo[3.2.1]oct-1-A-methanol (I-3k: 229 mg) in



5acid:water/0,1% formic acid; 20 to 60% of acetonitrile/0.1%formic
acid over 20 minutes. UV detection: 254 nm. The HPLC indicated a
ratio of diastereoisomers of 1.4:1 (3A:3B).       3A: (50 mg; 36%
yield) R = 12.1 minutes; the fractions containing the product were
concentrated under reduced pressure. The crude material was
precipitated from ethyl acetate and heptane. The resulting white
solid was washed with heptane 2 times and 10concentrated under
reduced pressure.       MS (LCMS) 423.3 (M4-H; positive mode); 467.3
(M+HCO2-; negative mode). 1H NMR (400 MHz, methanol-di) delta 7.43
(s, 1H), 7.38-7.30 (m, 2H), 7.08 (d, 2H), 6.79 (d, 2H), 4.12 (d, 1H,
J = 7.5 Hz), 4.01 (s, 2H), 3.81 (d, 1H, J = 12.5 Hz), 3.75 (d, 1H, J
= 8.4 Hz), 3.73 (s, 3H), 3.66 (d, 1H, J = 11.7 Hz), 3.63 (t, 1H, J =
8.2 Hz), 3.57 (d, 1H, J = 7.4 15Hz), 3.52(d, 1H, J = 7.8 Hz). HRMS
calculated for C21H2407C1 (M+H+) 423.1205, found 423.1192.       3B:
(37 mg; 27% yield) Rt = 12.8 minutes; the fractions containing the
product were concentrated under reduced pressure. The crude material
was precipitated from ethyl acetate and heptane. The resulting white
solid was washed with heptane 2 times and 20concentrated under
reduced pressure.       MS (LCMS) 423.3 (M+H+; positive mode) 467.3
(M+HCO2-, negative mode). 'H NMR (400 MHz, methanol-d4) delta 7.50
(d, 1H, J = 1.9 Hz) 7.42 (dd, 1H, J = 8.3 and 1.9 Hz), 7.35 (d, 1H, J
= 8.3 Hz), 7.12-7.07 (m, 2H), 6.83-6.78 (m, 2H), 4.06-4.01 (m, 3H),
3.91-3.83 (m, 4H), 3.78-3.72 (m, 4H), 3.51 (d, 1H, J = 7.5 Hz). 25
Example 4
S,25,3S,4R5S1-544-chloro-3-(4-ethoxv-benzW)-phenv114-hydroxvmethvl-6,
8-dioxabicyclo13.2.1loctane-Z3,4-triol (4A) and
(18,25,38,45,55)-544-chloro-3-(4-ethoxybenzvn-pheny17-1-hydroxymethyl
-6,8-dioxa-bicyclo[3.2.17octane-2,3,4-triol (48):  WO
2010/023594PCT/1B2009/053626 65    To a solution of
{(2S,3S)-2,3,4-tris-benzyloxy-544-chloro-3-(4-ethoxy-benzy1)-phenyl]-
6,8- dioxa-bicyclo[3.2.1]oct-1-y1}-methanol (I-41c 335 mg) in
ethanol/tetrahydrofuran (10 mL, 54/1 volume) was added successively
formic acid (420 microL, 22 equivalents) and palladium black (208 mg,
4 equivalents) and the resulting mixture was stirred at room
temperature. After 1 hour, additional formic acid (420 microL, 22
equivalents) and palladium black (208 mg, 4 equivalents) were added
and the mixture was allowed to stir for an additional hour at room
temperature. The palladium was filtered and the crude mixture
10obtained after evaporation of solvent was purified by HPLC
preparative.       HPLC preparative: reverse phase C18 Gemini column
5 micrometer 30 x 100 mm, 40 mL/minute, gradient of acetonitrile/0.1%
formic acid : water/0.1% formic acid; 25 to 50% of acetonitrile/0.1%
formic acid over 18 minutes; UV detection: 220 nm. The HPLC indicated
a ratio of diastereomers of 1.1:1 (4A:4B). 154A: (60 mg, 29% yield);
R = 12.4 minutes; the fractions containing the product were
concentrated under reduced pressure. The crude material was
precipitated from ethyl acetate and heptane. The resulting white
solid was washed with heptane 2 times and dried under reduced
pressure. MS (LCMS) 437.3 (M+FIll; positive mode); 481.3 (M+HCO2";
negative mode). 1H 20NMR (400 MHz, methanol-d4) delta 7.43 (d, 1H, J
= 1.9 Hz), 7.36 (dd, 1H, J = 8.3 and 2 Hz), 7.32 (d, 1H, J = 8.3 Hz),
7.08-7.04 (m, 2H), 6.79-6.75 (m, 2H), 4.12 (d, 1H, J = 7.5 Hz), 4.00
(s, 2H), 3.96 (q, 2H, J = 7.0 Hz), 3.81 (d, 1H, J = 12.5 Hz), 3.75
(dd, 1H, J = 8.3 and 1.3 Hz), 3.65 (d, 1H, J = 12.5 Hz), 3.63 (t, 1H,
J = 8.2 Hz), 3.57 (dd, 1H, J = 7.5 and  WO



S,25,35,4R,5S)-5-14-t1uoro-3-(4-methoxv-benzv1)-nhenv11-1-hydroxvmeth
vI-6,8-dioxa1 5bicyclo[3.2.1loctane-2.3,4-triol (5A) and
(1S,2S,3S,4S,5S)-5-14-fluoro-3-(4-methoxv-
benzvO-phenv11-1-hvdroxvmethvl-6,8-dioxa-bicycloi3.2.17octane-2,3,4-t
riol (513):    (5A)(5B) 20To a solution of
{(2S,3S)-2,3,4-Tris-benzyloxy-514-fluoro-3-(4-methoxy-benzy1)-
phenyl]-6,8-dioxa-bicyclo[3.2.1]oct-1-y1}-methanol (115 mg, 0.170
mmol) in a 4:1 solution of ethanol/tetrahydrofuran (10 mL) was added
successively formic acid (137 microL, 3.42 mmol) and palladium black
(73 mg, 0.687 mmol). The resulting mixture was stirred at room
temperature. After 3 hours, additional formic acid (137 microL, 3.42
mmol) and palladium 15black (73 mg, 0.687 mmol) were added. After 18
hours, the reaction mixture was filtered and the filtrate was
concentrated under reduced pressure. The resulting crude residue was
purified by flash chromatography over silica gel (eluting with a
gradient of 0 to 15%  WO 2010/023594PCT/1132009/053626 67 methanol in
dichloromethane) to afford 64 mg of a white solid. The mixture of
isomers was purified by preparative HPLC.       HPLC preparative
method: reverse phase C18 phenomenex column Luna 5 micrometer 150 x
21.20 mm, 20 mL/minute, gradient of acetonitrile/0.1% formic
5acid:water/0.1% formic acid; 20 to 80% of acetonitrile/0.1% formic
acid over 20 minutes). UV detection: 254 nm. The HPLC indicated a
ratio of diastereomers of 1:1 (5A:5B).       5A: (6 mg; 9% yield) Rt
= 8.5 minutes; the fractions containing the product were concentrated
under reduced pressure. The crude material was precipitated from
ethyl acetate and heptane. The resulting white solid was washed with
heptane 2 times and dried 10under reduced pressure.
1H NMR (400 MHz, methanol-c14) delta ppm 3.55 (d, J=7.8 Hz, 1 H),
3.58 (dd, J=7.5, 1.2 Hz, 1 H), 3.64 (t, J=8.2 Hz, 1 H), 3.67 (d,
J=12.5 Hz, 1 H), 3.74 (s, 3 H), 3.77 (dd, J=8.3, 1.2 Hz, 1 H), 3.83
(d, J=12.5 Hz, 1 H), 3.91 (s, 2 H), 4.14 (d, J=7.4 Hz, 1 H), 6.76 -
6.84 (m, 2 H), 7.02 (dd, J=9.9, 8.3 Hz, 1 H), 7.09 -7.13 (m, 2 H),
7.37 - 7.44 (m, 2 H); MS: 15407.4 (M+ H+; positive mode); 451.3
(M+HCO2-; negative mode)       5B: (12 mg; 17% yield) Rt = 9 minutes;
the fractions containing the product were concentrated under reduced
pressure. The crude material was precipitated from ethyl acetate and
heptane. The resulting white solid was washed with heptane 2 times
and dried under reduced pressure. 201H NMR (400 MHz, methanol-d4)
delta ppm 3.51 (d, J=7.4 Hz, 1 H), 3.74 (s, 3 H), 3.75(d, 1H, J = 13
Hz), 3.83 - 3.93 (m, 6 H), 4.03(d, J=7.4 Hz, 1 H), 6.78 - 6.82 (m, 2
H), 7.02 (dd, J=9.9, 8.5 Hz, 1 H), 7.09 - 7.13 (m, 2 H), 7.42 - 7.49
(m, 2 H); MS: 407.4 (M+ H+; positive mode); 451.3 (M+HCO2-; negative
mode) 25Example 6
2-(4-methoxvbenzv1)-44(1S,2S,3S,4R5S)-2,3,4-tritivdroxv-1-(hydroxvmet
hvI)-6,8-dioxabicyclo13,2,11oct-5-v1)-benzonitrile (6,4):  WO
2010/023594PCT111320091053626 68    (6A)        n-Butyl lithium (1.04
mL, 2.6 mmol, 2.5 M in hexane) was added to a solution of isopropyl
magnesium bromide (1.27 mL, 1.27 mmol, 1 M in tetrahydrofuran) at 0
C. After 5being stirred for 30 minutes, the resulting mixture was
cooled to -78C and a solution of 4-
bromo-2-(4-ethoxy-benzyI)-benzonitrile (380 mg, 1.20 mmol) in
anhydrous tetrahydrofuran (1 mL) was added. The greenish mixture was
stirred for 1 hour at -78C and a solution of
(2R,35,4S)-2,3,4,6-tetrakis-benzyloxy-5-benzyloxymethy1-5-hydroxy-hex
anoic acid methoxy-methyl-amide (I-6g) (700 mg, 0.972 mmol) in



product was purified by flash chromatography over silica gel eluting
with a gradient of 0 to 20% ethyl acetate in heptane affording the
desired intermediate 2-(4-Ethoxy-benzy1)-4-
((4S,5S)-3,4,5-tris-benzyloxy-6,6-bis-benzyloxymethy1-2-hydroxy-tetra
hydro-pyran-2-y1)- benzonitrile (300 mg; 34% yield). MS 918.8 (M+Na+,
positive mode). 20Boron trichloride (4.18 mL, 4.18 mmol, 1 M solution
in hexane) was added to the solution of the above intermediate (250
mg, 0.279 mmol) in CH2Cl2 (2 mL) at -78 C. The mixture was stirred at
-78C for 10 minutes and then warmed up to room temperature overnight.
The mixture was quenched with water (10 mL) and extracted with ethyl
acetate (50 mL). The organic layer was dried over sodium sulfate and
evaporated to dryness. 25Purification by flash chromatography over
silica gel (eluting with methanol in dichloromethane : Ito 9 in
volume) gave the desired intermediate 2-(4-Hydroxy-benzy1)-4-
((1S,2S,3S,4R,53)-2,3,4-trihydroxy-1-hydroxymethyl-6,8-dioxa-bicyclo[
3.2.1]oct-511)-  WO 2010/023594PCT/IBB2009/053626 69 benzonitrile (35
mg, 30% yield).       Potassium carbonate (28 mg, 0.2 mmol) was added
to a solution of the above intermediate (34 mg, 0.077 mmol) in
acetone (0.4 mL), followed by iodomethane (7 microL, 0.11 mmol) at
room temperature. The mixture was stirred at 45C overnight. The
mixture 5was diluted with ethyl acetate (60 mL) and washed with
water. The organic layer was dried over sodium sulfate and evaporated
to dryness. Purification by preparativeThin Layer Chromatography over
silica gel (eluting with methanol in dichloromethane : 1 to 9 in
volume) allowed isolation of desired product 6A (18 mg; 57% yield).
1H NMR (400 MHz, methanol-d4) delta 7.69 (d, J = 8 Hz, 1H), 7.61 (s,
1H), 7.56 (d, J 10= 8 Hz, 1H), 7.19-7.14(m, 2H), 6.87-6.82 (m, 2H),
4.18 (d, J = 7.6 Hz, 111), 4.14 (s, 2H), 3.86 (d, J= 12.7 Hz, 1H);
3.81 (d, J= 8.3 Hz, 1H), 3.76 (s, 3H), 3.69(d, .1= 12.5 Hz, 1H), 3.67
(t, J = 8.1 Hz, 1H), 3.61 (d, J = 7.6 Hz, 1H), 3.54 (d, J = 8 Hz,
1H); MS 458.4 (M+HC01; negative mode). 15Example 7
2-(4-ethoxybenzyl)-4-(11S,28,38,4R,58)-2,3,4-trihydroxy-1-(hvdroxymet
hyl)-6,8-dioxabicyclo13,2,11oct-5-v1)-benzonitrile (7/4):    (7A)
20Potassium carbonate (8 mg, 0.058 mmol) was added to a solution of
intermediate 2- (4-hydroxy-benzy1)-4-((
1S,2S,3S,4R,5S)-2,3,4-trihydroxy-1-hydroxymethyl-6,8-dioxabicyclo[3.2
.11oct-5-y1)-benzonitrile (see example 6; 8.9 mg, 0.022 mmol) in
acetone (0.4 mL), followed by iodoethane (4 microL, 0.044 mmol) at
room temperature. The mixture was stirred at 45C overnight. The
mixture was diluted with ethyl acetate (60 mL) and washed 25with
water. The organic layer was dried over sodium sulfate and evaporated
to dryness. Purification by preparative Thin Layer Chromatography
over silica gel (eluting with  WO 2010/023594PCT/1B2009/053626 70
methanol in dichloromethane : 1 to 9 in volume) allowed isolation of
desired product 7A (2.4 mg; 26% yield).                    1H NMR
(methanol-d4) delta 7.69 (d, J = 8.0 Hz, 1H), 7.61 (d, J = 1.5 Hz,
1H), 7.56 (dd, J= 8.0, 1.5 Hz, 1H), 7.17-7.13(m, 2H), 6.86-6.81 (m,
2H), 4.18 (d, J= 7.5 Hz, 1H), 54.14 (s, 2H), 4.01 (q, J= 7.0 Hz, 2W;
3.86 (d, J= 12.5 Hz, 1H); 3.80 (dd, J= 8.0 and 1.2 Hz, 1H), 3.70(d,
J= 11.7 Hz, 1H), 3.67(t, J= 8.0 Hz, 1H), 3.61 (dd, J= 7.5 and 1.2 Hz,
1H), 3.54 (d, J = 7.8 Hz, 1H), 1.37 (t, J = 7.0 Hz, 31-1); MS 472.1
(M+HCO2-; negative mode).               Example 8 illustrates the
preparation of a crystalline derivative of the compound of 10Example
3B in order to confirm the structure and stereochemistry of Example
3B. Example 8 Per 4-bromobenzovtation of (1



WO 2010/023594PCT/1112009/053626 71 diisopropylethylamine (32 microL,
7 equivalents) and 4-dimethylaminopyridine (3 mg, 0.9 equivalents)
followed by para-bromobenzoyl chloride (35 mg, 6 equivalents) and the
resulting mixture was stirred at room temperature for 62 hours. Ethyl
acetate and water were added and the organic phase was successively
washed with 0.5M aqueous 5hydrochloric acid solution and brine. The
organic phase was dried over magnesium sulfate, filtered,
concentrated and the crude was purified by flash chromatography over
silica gel eluting with a gradient of 15 to 30% ethyl acetate in
heptane to afford 27 mg of product (90% yield). 1H NMR (400 MHz,
chloroform-d) delta 7.82 (m, 2H), 7.74-7.64 (m, 4H), 7.58-7.46 10 (m,
8H), 7.42-7.34 (m, 4H), 7.29 (d, 1H, J = 8.3 Hz), 6.89 (m, 2H), 6.63
(m, 2H), 6.04 (dd, 1H, J = 9.6 and 1 Hz), 5.98 (dd, 1H, J = 9.6 and
4.4 Hz), 5.89 (d, 1H, J = 4.4 Hz), 4.70 (d, 1H, J = 12.4 Hz), 4.65
(d, 1H, J = 12.4 Hz), 4.60(d, 1H, J = 8 Hz), 3.98-3.88(m, 3H), 3.73
(s, 3H). Single crystals were obtained by vapor diffusion techniques
using heptane and ethyl 15acetate as solvents. Melting point = 191C.
Single Crystal X-Ray Analysis. A representative crystal was surveyed
and a 1 A data set (maximum sin 06.=0.5) was collected on a Bruker
APEX II/R diffractometer. Friedel pairs were collected in order to
facilitate the determination of the absolute configuration. Atomic
scattering factors were taken from the International Tables for
Crystallography. See International Tables for 20Crystallography Vol.
C, pp. 219, 500, Kluwer Academic Publishers,1992. All
crystallographic calculations were facilitated by the SHELXTL system.
See, SHELXTL, Version 5.1, Bruker AXS, (1997). All diffractometer
data were collected at room temperature. Pertinent crystal, data
collection, and refinement are summarized in Table 1 below. 25Table 1
Crystal data and structure refinement for Example 8A. Empirical
formulaC49H35011Br4C1 Formula weight1154.86 Temperature296(2) K
30Wavelength1.54178 A Crystal systemMonoclinic Space groupC2  WO
2010/023594PCT/1B2009/053626 72 Unit cell dimensionsa = 23.7485(6)
Aa= 900 . b = 6.3175(2) A0= 104.4910(10). c = 32.3167(8) Ay = 90.
Volume4694.3(2) A3 5Z4 Density (calculated)1.634 Mg/m3 Absorption
coefficient5.216 mm-1 F(000)2296 Crystal size0.12 x 0.03 x 0.02 mm3
10Theta range for data collection3.75 to 50.43. Reflections
collected8339 Independent reflections3932 [R(int) = 0.0491]
Completeness to theta = 50.4389.7 'Yo Absorption correctionEmpirical
Absorption Correction 15Refinement methodFull-matrix least-squares on
F2 Data / restraints / parameters3932 / 1 / 587 Goodness-of-fit on
F20.967 



Final R indices [1>2sigma(I)]R1 = 0.0371, wR2 = 0.0854 Absolute
structure parameter-0.03(2) 20Extinction coefficient0.00011(3)
Largest diff, peak and hole0.297 and -0.294 e.A-3       A trial
structure was obtained by direct methods. This trial structure
refined routinely. Hydrogen positions were calculated wherever
possible. The methyl hydrogens were 25located by difference Fourier
techniques and then idealized. The hydrogen parameters were added to
the structure factor calculations but were not refined. The shifts
calculated in the final cycles of least squares refinement were all
less than 0.1 of the corresponding standard deviations. The final
R-index was 3.71%. A final difference Fourier revealed no missing or
misplaced electron density. The refined structure was plotted using
the 30SHELXTL plotting package (Figure 1). The absolute configuration
was determined by the method of Flack. See, Flack, H.D., Acta
Crystallogr., A39, 876, (1983).  WO 20101023594PCT111320091053626 73
Example 9 illustrates the preparation of a crystalline derivative of
the compound of Example 4A in order to confirm the structure and
stereochemistry of Example 4A. Example 9 5Per 4-nitrobenzovlation of
(1S,25,35,4R,5S)-544-chloro-3-(4-ethoxv-benzvl)-phent41-1-
hydroxvmethvl-6,8-dioxe-bicyclof3.2.1loctane-2,3,4-triol (4A) to give
(9A): OCH2CFI3    NO2 (9A) To a solution of
(18,2S,3S,4R,58)-544-chloro-3-(4-ethoxy-benzy1)-phenyl]-1-
10hydroxymethy1-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol (4A: 10.6
mg, 0.024 mmol) in anhydrous tetrahydrofuran (300 microL) cooled at
0C were added N,Ndiisopropylethylamine (30 microL, 7 equivalents) and
4-dimethylaminopyridine (3 mg, 1 equivalents) followed by
para-nitrobenzoyl chloride (27 mg, 6 equivalents) and the resulting
mixture was stirred at 60 C for 6 hours. The mixture was cooled to
room temperature, 15ethyl acetate and water were added and the
organic phase was successively washed with 0.5M aqueous hydrochloric
acid solution and brine. The organic phase was dried over magnesium
sulfate, filtered, concentrated and the crude was purified by flash
chromatography over silica gel eluting with a gradient of 10 to 50%
ethyl acetate in heptane to afford 18 mg of product (73% yield).  WO
2010/023594PCT/1B2009/053626 74            1H NMR (400 MHz,
chloroform-d) delta 8.33 (m, 2H), 8.28-8.12 (m, 8H), 8.07 (m, 2H),
8.00 (m, 2H), 7.91 (m, 2H), 7.45-7.40 (m, 2H), 7.34 (d, 1H, J = 8.2
Hz), 6.87 (m, 2H), 6.64 (m, 2H), 6.13 (d, 1H, J = 8.6 Hz), 6.06 (t,
1H, J = 8.3 Hz), 5.86 (d, 1H, J = 8.1 Hz), 4.81 (d, 1H, J = 8.3 Hz),
4.75 (d, 1H, J = 12.7 Hz), 4.60 (d, 1H, J = 12.8 Hz), 4.06 (d, 1H, J
5= 8.5 Hz), 3.98-3.90 (m, 4H), 1.39 (t, 3H, J = 7 Hz).       Single
crystals were obtained by slow recrystallization from acetonitrile/
isopropanol as solvents. Melting point = 211C. A representative
crystal was surveyed and a 0.88 A data set (maximum sin 0/X=0.57) was
collected on a Bruker APEX II/R diffractometer. Friedel pairs were
collected in order to facilitate the determination of the absolute
10configuration. Atomic scattering factors were taken from the
International Tables for Crystallography. See, International Tables
for Crystallography, Vol. C, pp. 219, 500, Kluwer Academic
Publishers,1992. All crystallographic calculations were facilitated
by the SHELXTL system. See, SHELXTL Version 5.1, Bruker AXS, (1997).
All diffractometer data were collected at room temperature. Pertinent
crystal, data collection, and refinement 15are summarized in Table 2
below.  Table 2 Crystal data and structure refinement for Example 9A.



Empirical formulaC50H37N4019C1 Formula weight1033.29
Temperature296(2) K Wavelength1.54178 A Crystal systemMonoclinic
Space group P2(1)  Unit cell dimensions a = 17.5050(4) A a= 90.  b =
6.2303(2) A 0= 97.6580(10).  c = 21.9545(5) A y=90. Volume
2373.03(11) A3   2  Density (calculated) 1.446 Mg/m3  Absorption
coefficient 1.452 mm-1  F(000) 1068  Crystal size 0.18 x 0.02 x 0.01
mm3  Theta range for data collection 2.55 to 61.76.  Reflections
collected 8972   



WO 2010/023594PCT/IB2009/053626 75  Independent reflections
Completeness to theta = 61.76 Absorption correction        Max. and
min. transmission 5Refinement method Data / restraints / parameters
Goodness-of-fit on F2     Final R indices [1>2sigma(I)] Absolute
structure parameter 10Extinction coefficient Largest diff, peak and
hole   5062 [R(int) = 0.0236] 85.8 % Empirical Absorption Correction
0.9856 and 0.7801 Full-matrix least-squares on F2 5062 Ii / 668 1.009
R1 = 0.0436, wR2 = 0.1090 0.02(3) 0.0015(2) 0.217 and -0.173 e.A3
A trial structure was obtained by direct methods. This trial
structure refined routinely. Hydrogen positions were calculated
wherever possible. The methyl hydrogens were 15located by difference
Fourier techniques and then idealized. The hydrogen parameters were
added to the structure factor calculations but were not refined. The
shifts calculated in the final cycles of least squares refinement
were all less than 0.1 of the corresponding standard deviations. The
final R-index was 4.36%. A final difference Fourier revealed no
missing or misplaced electron density. 20The refined structure was
plotted using the SHELXTL plotting package (Figure 2). The absolute
configuration was determined by the method of Flack; See, Flack,
H.D., Acta Crystalloqr. A39, 876, (1983). Example 10
25(IS,2S,35,4R,5S)-5-13-(4-ethoxv-benzv0-4-fluoro-ohenv11-1-hydroxvme
thvl-6,8-dioxa- bicyclof3.2.1loctane-2,3,4-triol (10A) and
(IS,28,35,45,5S)-543-(4-ethoxy-benz0-4-fluorophenv11-1-hydroxvmethyl-
6,8-dioxa-bicyclo13.2.11octane-2,3,4-triol (10B)   WO
2010/023594PCT/11320091053626 76 OCH2CH3OCH2CH3  HOHO :OH_OH OHOH
(10A)(10B) To a solution of
{(2S,39)-2,3,4-tris-benzyloxy-543-(4-ethoxy-benzy1)-4-fluoro-phenyl]-
6,8- 5dioxa-bicyclo[3.2.1]oct-1-yll-methanol I-10k (80.0 mg, 0.120
mmol) in a 4:1 solution of ethanol/tetrahydrofuran (10 mL) was added
successively formic acid (93 microL, 2.32 mmol) and palladium black
(62 mg, 0.580 mmol). The resulting mixture was stirred at room
temperature. After 3 hours, additional formic acid (93 microL, 2.32
mmol) and palladium black (62 mg, 0.580 mmol) were added. After 5
hours, the reaction mixture was filtered and 10the filtrate was
concentrated under reduced pressure. The resulting crude residue was
purified by flash chromatography over silica gel (eluting with a
gradient of 0 to 15% methanol in dichloromethane) to afford 35.0 mg
of a white solid (mixture of isomers). The mixture of isomers was
purified by preparative HPLC. HPLC preparative method: reverse phase
C18 Gemini column, 5 micrometer 



1530x100mm, 40mL/minute flow rate, gradient of acetonitrile/0.1%
formic acid : water/0.1% formic acid; 25 to 50% acetonitrile/0.1%
formic acid over 18 minutes; UV detection: 220 nm. HPLC analytical
method: reverse phase C18 Gemini column, 5 pm 4.6x150mm, 1 mL/minute
flow rate, gradient of acetonitrile/0.1% trifluoroacetic acid :
water/0.1% 20trifluoroacetic acid; 5 to 100% acetonitrile/0.1%
trifluoroacetic acid over 12 minutes; UV detection: 220 nm.
10A: (2.2 mg, 4.5% yield) Rt = 7 minutes (analytical method); the
fractions containing the product were concentrated under reduced
pressure.  WO 2010/023594PCT/1B2009/053626 77       MS (LCMS) 421.4
(M+H+; positive mode) 465.3 (M+HCO2-, negative mode). 1H NMR (400
MHz, methanol-d4) delta ppm 1.33 (t, J=7.0 Hz, 3 H), 3.53 (d, J=8.0
Hz, 1 H), 3.57 (dd, J=7.5, 1.5 Hz, 1 H), 3.60 - 3.67 (it, 2 H), 3.75
(dd, J=8.3, 1.3 Hz, 1 H), 3.81 (d, J=12.5 Hz, 1 H), 3.89 (s, 2 H),
3.96 (q, J=6.9 Hz, 2 H), 4.12 (d, J=7.4 Hz, 1 H), 6.77 (m, 2 5H),
7.00 (dd, J=9.4, 8.2 Hz, 1 H), 7.08 (m, 2 H), 7.36- 7.41 (m, 2 H).
10B: (1.8 mg, 3.7% yield) Rt = 7.13 minutes (analytical method); the
fractions containing the product were concentrated under reduced
pressure.       MS (LCMS) 421.4 (M+H+; positive mode) 465.3 (M+HCO2-,
negative mode). 1H NMR (400 MHz, methanol-d4) delta ppm 1.34 (t,
J=7.0 Hz, 3 H), 3.51 (d, J=7.4 Hz, 1 H), 103.75 (d, 1 H, J = 12.5
Hz), 3.82 -4.01 (m, 8 H), 4.03 (d, J=7.4 Hz, 1 H), 6.79 (m, 2 H),
7.02 (dd, J=9.8, 8.4 Hz, 1 H), 7.10 (m, 2 H), 7.41 -7.49 (m, 2 H).
Note: after preparative HPLC, the fraction containing these products
were concentrated and repurified by flash chromatography over silica
gel (eluting with a gradient of 0 to 10% 15methanol in
dichloromethane). Example 11
f18,28,38,41?,5S)-5-14-fluoro-3-14-(tetrahydro-furan-3-vloxv)-benzvIl
-phenvil-1- hydroxvmethvl-6,8-dioxa-bicyclo13.2.11octane-2,3,4-triol
(11A)     20OH  WO 2010/023594PCT/IB2009/053626 78 To a solution of
((23,3S)-2,3,4-tris-benzyloxy-5-(4-fluoro-344-(tetrahydro-furan-3-ylo
xy)- benzylkphenyl}-6,8-dioxa-bicyclo[3.2.1]oct-1-ylymethanol I-11k
(160.0 mg, 0.218 mmol) in a 4:1 solution of ethanol/tetrahydrofuran
(10 mL) was added successively formic acid (185 5 microL, 4.64 mmol)
and palladium black (148 mg, 1.39 mmol). The resulting mixture was
stirred at room temperature. After 3 hours, additional formic acid
(185 microL, 4.64 mmol) and palladium black (148 mg, 1.39 mmol) were
added. After 5 hours, the reaction mixture was filtered and the
filtrate was concentrated under reduced pressure. The resulting crude
residue was purified by flash chromatography over silica gel (eluting
with a gradient of 0 10to15% methanol in dichloromethane) to afford
100 mg of a white solid (mixture of isomers). The mixture of isomers
was purified by preparative HPLC.       HPLC preparative method:
reverse phase C18 Gemini column, 5 micrometer 30x100mm, 40mL/minute
flow rate, gradient of acetonitrile/0.1% formic acid : water/0.1%
formic acid; 25 to 50% acetonitrile/0.1% formic acid over 18 minutes;
UV detection: 220 15nm.       HPLC analytical method: reverse phase
C18 Gemini column, 5 micrometer 4.6x150mm, 1 mL/minute flow rate,
gradient of acetonitrile/0.1% trifluoroacetic acid : water/0.1%
trifluoroacetic acid; 5 to 100% acetonitrile/0.1% trifluoroacetic
acid over 12 minutes; UV detection: 220 nm. 20IIA: (19 mg, 19% yield)
R = 6.43 minutes (analytical method); the fractions containing the
product were concentrated under reduced pressure.               1H
NMR (400 MHz, methanol-c14) delta ppm 2.03 - 2.11 (m, 1 H), 2.15
-2.25 (m, 1 H), 3.55 (d, 1 H, J = 8 Hz), 3.59 (dd, 1 H, J = 7.4 and 1



79  Cl  Cl HO  HO     OH (12A)        To a mixture of intermediate
I-12k (102 mg) and palladium black (98 mg, 6.1 equivalents) 5in
ethanol/tetrahydrofuran (2 mL, 4/1 volume) was added formic acid (0.9
mL) and the resulting mixture was stirred at room temperature. After
1 hour, additional palladium black (67 mg, 4.2 equivalents) was added
and the mixture was allowed to stir for an additional hour at room
temperature. The palladium was removed by filtration through Celite
and the filtrate was concentrated, giving the product mixture. This
material was combined with a 10second batch of crude material
(prepared from intermediate I-12k (80 mg) following the procedure
described above) for purification by preparative HPLC. HPLC
preparative conditions: reverse phase C18 Gemini column 5 micrometer
30 x 100 mm, flow rate 40 mL/minute, gradient of acetonitrile/0.1%
formic acid : water/0.1% formic acid; 25 to 50% of acetonitrile/0.1%
formic acid over 18 minutes), UV detection: 220 nm. 15HPLC analytical
method: reverse phase C18 Gemini column, 5 pm 4.6x150mm, 1 mL/minute
flow rate, gradient of acetonitrile/0.1% trifluoroacetic acid :
water/0.1% trifluoroacetic acid; 5 to 100% acetonitrile/0.1%
trifluoroacetic acid over 12 minutes; UV detection: 220 nm. 12A: (18
mg, 16% yield) St = 7.11 minutes (analytical method); MS (LCMS) 411.3
20(M+H+; positive mode); 409.2 (M-H+; negative mode). 1H NMR (400
MHz, methanol-c14) delta ppm 7.45-7.42 (m, 2H), 7.25 (d, J = 8.4 Hz,
2H), 7.19 (d, J = 8.4 Hz, 2H), 7.05 (dd, J = 9.6, 9.2 Hz, 1H), 4.15
(d, J = 7.6 Hz, 1H), 3.98 (s, 2H), 3.84 (d, J = 12.4 Hz, 1H), 3.78
WO 2010/023594PCT1I1320091053626 80 (dd, J= 8.4, 1.2 Hz, 1H), 3.68(d,
J= 12.8 Hz, 1H), 3.66(t, J= 8.2 Hz, 1H), 3.60 (dd, J= 7.4, 1.4 Hz,
1H), 3.56 (d, J = 7.6 Hz, 1H).       12B: (12 mg, 11% yield) Rt =
7.25 minutes (analytical method); MS (LCMS) 411.3 (M+H+; positive
mode); 409.1 (M-H+; negative mode). 1H NMR (400 MHz, methanol-c/a)
5delta ppm 7.52-7.45 (m, 2H), 7.25 (d, J = 8.4 Hz, 2H), 7.19 (d, J =
8.4 Hz, 2H), 7.05 (dd, J = 9.8, 8.6 Hz, 1H), 4.05 (d, J = 7.2 Hz,
1H), 3.98 (s, 2H), 3.91-3.84 (m, 4H), 3.76 (d, J = 12.4 Hz, 1H), 3.52
(d, J = 7.6 Hz, 1H). Example 13 10(IS, 2S,3S,4R,
5S)-5-14-fluoro-3-14-(oxetan-3-vlox4-benzv11-phen
v1)-1-hydroxymethyl-6,8- dioxa-bicyclo13. 2.1/octane-2,3,4-triol
(13A)     15To a solution of
((2S,3S)-2,3,4-tris-benzyloxy-5-{4-fluoro-314-(oxetan-3-yloxy)-benzst
phenyl)-6,8-dioxa-bicyclo[3.2.1]oct-111)-methanol I-13k (300 mg,
0.417 mmol) in a 4:1 solution of ethanol/tetrahydrofuran (10 mL) was
added successively formic acid (333 microL, 8.34 mmol) and palladium
black (266 mg, 2.50 mmol). The resulting mixture was stirred at room
temperature. After 3 hours, additional formic acid (333 microL, 8.34
mmol) 20and palladium black (266 mg, 2.50 mmol) were added. After 5
hours, the reaction mixture was filtered and the filtrate was
concentrated under reduced pressure. The resulting crude 



WO 2010/023594PCT/1B2009/053626 81 residue was purified by flash
chromatography over silica gel (eluting with a gradient of 0 to 15%
methanol in dichloromethane) to afford 153.0 mg of a white solid
(mixture of isomers). The mixture of isomers was purified by
preparative HPLC. HPLC preparative method: reverse phase C18 Gemini
column, 5 micrometer 530x100mm, 40mL/minute flow rate, gradient of
acetonitrile/0.1% formic acid : water/0.1% formic acid; 25 to 50%
acetonitrile/0.1% formic acid over 18 minutes; UV detection: 220 nm.
13A: (23 mg, 12% yield) R = 7.9 minutes; the fractions containing the
product were concentrated under reduced pressure. 101H NMR (400 MHz,
methanol-d4) delta ppm 3.52 (d, J=7.8 Hz, 1 H), 3.57 (d, J=7.2 Hz, 1
H), 3.60 - 3.68 (m, 2 H), 3.75 (d, J=8.2 Hz, 1 H), 3.81 (d, J=12.5
Hz, 1 H), 3.89 (s, 2 H), 4.12 (d, J=7.4 Hz, 1 H), 4.63 (dd, J=7.3,
4.8 Hz, 2 H), 4.95 (t, J=6.5 Hz, 2 H), 5.16 - 5.23 (m, 1 H), 6.63 (m,
2 H), 7.00 (dd, J=9.7, 8.5 Hz, 1 H), 7.10 (m, 2 H), 7.36 -7.42 (m, 2
H). 15 Example 14
(1S,25,38,4R,5S)-544-chloro-344-(oxetan-3-vloxv)-benzvIl-ohenvil-1-hv
droxvmethvl-6,8- dioxa-bicyclo(3.2.floctane-2,3,4-triol (14A)   WO
2010/023594PCT/182009/053626 82 To a solution of intermediate
((2S,3S)-2,3,4-tris-benzyloxy-5-{4-chloro-314-(oxetan-3-
yloxy)-benzy1]-phenyll-6,8-dioxa-bicyclo[3.2.1]oct-1-y1)-methanol
I-14k (182 mg) in ethanol/tetrahydrofuran (14 mL, 4/1 volume) was
added successively formic acid (190 microL, 20 equivalents) and
palladium black (106 mg, 4 equivalents) and the resulting 5mixture
was stirred at room temperature. After 2 hours an additional 1 mL of
tetrahydrofuran was added and the resulting mixture was stirred at
room temperature for a additional hour. At this point additional
formic acid (190 microL, 20 equivalents) and palladium black (106 mg,
4 equivalents) were added and the mixture was allowed to stir for an
additional hour at room temperature. The palladium was filtered and
the crude mixture 10obtained after evaporation of solvent (containing
a mixture of isomers) was purified by HPLC preparative.       HPLC
preparative method: reverse phase C18 Xbridge column 5 micrometer 100
x 30 mm, flow rate 40 mL/minute, gradient of acetonitrile/0.1% formic
acid : water/0.1%formic acid; 30 to 55% of acetonitrile/0.1% formic
acid over 11 minutes; UV detection: 220 nm. 1514A: (20 mg, 17%
yield); Rt = 4.43 minutes; the fractions containing the product were
concentrated under reduced pressure resulting in a white solid.
MS (LCMS) 465.3 (M+H+; positive mode); 509.2 (M+HCO2-; negative
mode). 1H NMR (400 MHz, methanol-d4) delta ppm 3.53 (d, J=8.0 Hz, 1
H), 3.58 (dd, J=7.4, 1.4 Hz, 1 H), 3.64 (t, J=8.2 Hz, 1 H), 3.67 (d,
J=12.4 Hz, 1 H), 3.77 (dd, J=8.4, 1.4 Hz, 1 H), 3.83 (d, 20J=12.6 Hz,
1 H), 4.03 (s, 2 H), 4.14 (d, J=7.4 Hz, 1 H), 4.65 (m, 2 H), 4.97 (t,
J=6.6 Hz, 2 H), 5.22 (m, 1 H), 6.65 (m, 2 H), 7.11 (m, 2 H), 7.34 (d,
J=8.4 Hz, 1 H), 7.38 (dd, J=8.4, 2.2 Hz, 1 H), 7.45 (d, J=2.0 Hz, 1
H). Example 15 25Cocrvstalization of (1
S,25,35,4R5S)-5-1.4-chloro-3-(4-ethoxv-benzvh-Phenv11-1-
hydroxvmethvI-6,8-dioxa-bicyclo13.2.11octane-2,3,4-triol (Example 4A
compound) with Lproline to give (15): L-proline dissolved in water
(approximately 480 mg/mL) was added to the example 4A compound
(approximately 80 moles L-proline per mole (example 4A compound)).
Volume 30was doubled with ethanol and solution was capped and stirred
for approximately 12 hours. Volume was reduced by half by evaporation
on the bench. Volume was doubled using  WO
2010/023594PCT111320091053626 83 ethanol and the volume of solution



hydroxvmethvl-6,8-dioxa-bicvclof3.2.1loctane-2,3,4-triol (Example 4A
compound) with Lproline to give (16):  L-proline dissolved in water
(approximately 480 mg/mL) was added to the example 4A 10compound
(approximately 59 moles L-proline per mole example 4A compound).
Volume was doubled with methanol and solution was clear. Volume was
increased by 25% using acetone. Solution was capped and stirred for
approximately 12 hours. Volume was reduced by approximately 60%
through evaporation on the bench. Volume was doubled using methanol
and remaining solvent was evaporated leaving solid white precipitate.
15 Example 17 Comstalization of
(1S,25,35,4R,5S)-5-14-chloro-3-(4-ethoxv-benzvh-phenv11-1-
hydroxvmethyl-6,8-dioxa-bicyclof3.2.1loctane-2,3,4-triol (Example 4A
compound) with Lproline to dive (17): 20A solution of ethanol
saturated with L-proline was added to the example 4A compound
(approximately 2.2 moles L-proline per mole example 4A compound) in a
glass vial. Clear solution was capped and stirred for approximately
72 hours. Volume was reduced by half by evaporation at room
temperature. Precipitate was seen and vial was capped and stirred for
approximately 12 hours. White solid was collected using centrifugal
filtration. 25 Example 18 Cocrvstalization of
(1S,25,3S,4R,5S)-5-1-21-chloro-3-(4-ethoxv-benzvh-phenv11-1-
hydroxymethyl-6,8-dioxa-bicyclof3.2.11octane-2,3,4-triol (Example 4A
compound) with Liar-cline to give (1W: 30L-proline dissolved in water
(330 mg/mL) was dripped into approximately 2 mL of the example 4A
compound dissolved in isopropanol (98 mg/mL) until solution became
cloudy. After 15-20 minutes precipitation was observed and suspension
became thick. Approximately 8 mL of water was added and solution was
capped and stirred overnight.  WO 2010/023594PCT/1132009/053626 84
White solid was collected using vacuum filtration and dried in a 50C
vac oven for approximately 2 hours. Example 19 Cocrvstalization of
(1S,25,35,4R,5S)-5-14-chloro-3-(4-ethoxy-benzy1)-phenyll-1-
5hydroxymethvI-6,8-dioxa-bicyclo13.2.1loctane-2,3,4-triol (Example 4A
compound) with L- pyroqIutamic acid to give (19): 153 microL of the
compound (4A) in isopropyl alcohol (97.97 mg/mL) was pipetted into
500 microL of L-pyroglutamic acid in water (213.0 mg/mL). Solution
was capped and stirred overnight. Approximately 5-10 mg more solid
L-pyroglutamic acid was added. 100 microL 10of ethanol was added.
Solution was capped and stirred overnight. Ethanol was added until
total volume was adjusted to approximately 2 mL. Solution was
uncapped and left in hood overnight. Approximately 10-30 mg more
example 4A compound was added. Solution was capped and stirred for
approximately 2 days. White precipitate was seen. Suspension was
pipetted into a Co-star microcentrifuge tube equipped with a 0.45
microm 15nylon filter membrane insert. Solution was centrifuged until
solid was separated from solution. Cocrystal (19) was recovered.
Example 20 Cocrvstalization of
(1S,2S,35,4R,5S)-5-14-chloro-3-(4-ethoxv-benzvh-phenyll-1-
20hydroxvmethvi-6,8-dioxa-bicyclo13.2.11octane-2,3,4-triol (Example
4A compound) with L- pyroplutamic acid to give (20): 4-5 mL of a 1:1
ethanol/water solution was saturated with L-pyroglutamic acid (412.1
mg/mL). 730 mg of the example 4A compound was added to 3.2 mL of the
L-pyroglutamic acid solution. After approximately 1 minute,
precipitation was seen. The solution was too 25 thick to stir
therefore 2 mL of a 1:1 ethanol/water solution was added. The
solution was stirred overnight. The solid was collected using vacuum



ethanol (4:1 respectively). 917.2 mg of L-pyroglutamic acid was
dissolved in 3 mL water. Both solutions were heated to 40C. 200
microL of L-pyroglutamic acid solution was added to example 4A
compound solution every minute until all solution was transferred
(both solutions capped unless solution was being transferred). Vial
with L-pyroglutamic acid 10solution was washed with 200 microL
ethanol and solution was transferred to example 4A compound solution.
Solution was stirred for 5 minutes and then heat was turned off
(solution cooled at approximately 1 degree Celsius every 3 minutes).
At 30C, solution was placed on ambient temperature stirrer and
stirred at 20C for 20 minutes. Solution was clear. Approximately 2 mL
of dry seeds were added. Suspension became thick over 15the next 2
hours. Solution was stirred overnight. Solid was recovered using
vacuum filtration on a Pyrex 2 mL 10-15M sintered glass funnel
filter. Solid was dried for 24 hours in a 50C vacuum oven. Example 22
20Cocrvstal of
(1S,2S,35,4R,5S)-5-14-chloro-3-(4-ethoxv-benzvh-phenv11-1-hydroxvmeth
vl- 6,8-dioxa-bicyclo[3.2.floctane-2,3,4-triol (Example 4A compound)
and L-proline and cocrvstal of
(1.3,25,35,4R,55)-5-14-chloro-3-(4-ethoxv-benzvh-phenv11-1-hydroxvmet
h0- 6,8-dioxa-bicyclof3.2.11octane-2,3,4-triol (Example 4A compound)
and L-pvroglutamic acid: 25Powder X-ray Diffraction Analysis: The
powder X-ray diffraction patterns of the cocrystal of example 4A
compound with L-proline and the cocrystal of example 4A compound with
L- pyroglutamic acid were carried out on a Bruker D5000
diffractometer using copper radiation (wavelength: 1.54056A). The
tube voltage and amperage were set to 40 kV and 40mA, respectively.
The divergence and scattering slits were set at 1 mm, and the
30receiving slit was set at 0.6 mm. Diffracted radiation was detected
by a Kevex PSI detector. A theta-two theta continuous scan at 2.4
per minute (1 second per 0.04 step) from 3.0 to 40  20 was used. An
alumina standard was analyzed to check the instrument  WO
2010/023594PCT/IB2009/053626 86 alignment. Data were collected and
analyzed using Bruker axis software Version 7.0. Samples were
prepared by placing them in a quartz holder. It should be noted that
Bruker Instruments purchased Siemens; thus, Bruker D5000 instrument
is essentially the same as a Siemens D5000. Eva Application 13.0.0.3
software was used to visualize and evaluate 5PXRD spectra. PXRD data
files (.raw) were not processed prior to peak searching. Generally, a
Threshold value of 2 and a Width value of 0.3 were used to make
preliminary peak assignments. The output of automated assignments was
visually checked to ensure validity and adjustments manually made if
necessary. To perform an X-ray diffraction measurement on a
Bragg-Brentano instrument like the  10 Bruker system used for
measurements reported herein, the sample is typically placed into a
holder which has a cavity. The sample powder is pressed by a glass
slide or equivalent to ensure a random surface and proper sample
height. The sample holder is then placed into the instrument. The
incident X-ray beam is directed at the sample, initially at a small
angle relative to the plane of the holder, and then moved through an
arc that continuously 15increases the angle between the incident beam
and the plane of the holder. Measurement differences associated with
such X-ray powder analyses result from a variety of factors
including: (a) errors in sample preparation (e.g., sample height),
(b) instrument errors (e.g. flat sample errors), (c) calibration
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In 7.4 in 7.7 33.0 .9 33.3 7.5 33.8 5.5 4.4 n n .4 n 4.  Inn 7.4 n
nni 38.3 60 no  *The relative intensities may change depending on the
crystal size and morphology. 5Characteristic 20 peaks or combinations
of cocrystal of example 4A compound and L- proline: Angle (Degree 20)
7.6 12.1 20.3 28.8 Cocrystal of example 4A compound and
L-pyroglutamic acid from Example 20 10characterized by the following
powder x-ray diffraction pattern, provided in Figure 4, expressed in
terms of the degree 20 and relative intensities with a relative
intensity of 2.7% measured on a Bruker D5000 diffractometer with CuKa
radiation: Angle (Degree 20) Relative Intensity* 



(.4.3%) 6.4 31.0 7.6 5.9 11.8 4.3 12.3 8.8 12.7 11.0 13.5 10.4 14.2
31.3 14.4 24.0 15.2 13.9  WO 2010/023594PCT/182009/053626 89 16.7
66.8 17.4 57.1 18.3 10.5 18.7 53.3 19.1 24.2 19.3 32.0 19.8 9.2 20.3
75.6 21.1 100.0 22.5 9.2 
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*The relative intensities may change depending on the crystal size
and morphology. 5Characteristic 20 peaks or combinations of cocrystal
of example 4A compound and L- pyroglutamic acid: Angle (Degree 20)
6.4 16.7 17.4 21.1  Example 23 10Cocrystal of
(1S,2S,3S,4R,5S)-5-1-4-chloro-3-(4-ethoxy-benzy1)-phenyll-1-hydroxyme
thyl- 6,8-dioxa-bicyclof3.2.11octane-2,3,4-triol (Example 4A
compound) and L-proline and  WO 20101023594PCT/1B2009/053626 90
cocrvstal of
(1S,25,35,4R5S)-5-14-chloro-3-(4-ethoxv-benzvI)-phenv11-1-hvdroxvmeth
vl6,8-dioxa-bicyclof3.2.floctane-2,3,4-triol (Example 4A compound)
and L-pvroolutamic acid: Differential Scanning Calorimetry Thermogram
Analysis: 5Thermograms were obtained on a TA Instruments Q1000
Differential Scanning Calorimeter (DSC). 1-2 mg of sample was placed
in aluminum sample pans and then covered with a pierced lid. The
energy was measured against an empty pan as the temperature increased
from 25C to 200-300C at 10C per minute. The onset temperature of the
melting endotherm was reported as the melting temperature. The onset
10temperature of the melting endotherm is dependent on the rate of
heating, the purity of the sample, size of crystal and sample, among
other factors. Typically, the DSC results are accurate to within
about 2C, preferably to within 1.5C. Example 18 cocrystal of Example
4A compound and L-proline DSC results are shown in Figure 5.
15Example 20 cocrystal of Example 4A compound and L-pyroglutamic acid
DSC results are shown in Figure 6. Example 24 Cocrvstal of
(-1S,25,38,4R,5S)-5-14-chloro-3-(4-ethoxv-benzv1)-phenv11-4-hvdroxvme
thvl- 206,8-dioxa-bicyclo13.2.1Thctane-2,3,4-triol (Example 4A
compound) and L-proline Single Crystal X-Ray Analysis. A
representative crystal using the filtrate from example 17 and
concentrating via solw evaporation was surveyed and a 0.85 A data set
(maximum sin e/A=0.60) was collected on a Bruker APEX diffractometer.
Friedel pairs were collected in  order to facilitate the
determination of the absolute configuration. Atomic scattering
factors 25were taken from the International Tables for
Crystallography, Vol. C, pp. 219, 500, Kluwer Academic Publishers,
1992. All crystallographic calculations were facilitated by the
SHELXTL system, Version 5.1, Bruker AXS, 1997. All diffractometer
data were collected at room temperature. Pertinent crystal, data
collection, and refinement are summarized in Table 24-1. 30A trial
structure was obtained by direct methods. This trial structure
refined routinely except the unexpected water molecule and the
conformational disorder with the L-proline. The L-proline was modeled
with -60/40 occupancy in the "half-chair" and "envelope"  WO
2010/023594PCT/1B20091053626 91 conformations A very similar disorder
was observed in H. D. Flack, Acta Crystafloor. A39, 876, 1983. The
hydrogen atoms bonded to N1, 06 and 07 located by difference Fourier
techniques and allowed to refine with distances restrained. The
relevant hydrogen atoms 5bonded to 05 were located from Fourier
techniques, but was deleted and placed in 



idealized location (H FIX 83). The relevant hydrogen atom bonded to
04 could not be found with Fourier techniques and was placed in an
idealized location (HFIX 83). The hydrogen atoms on the water
molecule could not be located and were left out of the solution. The
hydrogen parameters were added to the structure factor calculations
but 10 were not refined. The shifts calculated in the final cycles of
least squares refinement were all less than 0.1 of the corresponding
standard deviations. The final R-index was 5.15%. A final difference
Fourier revealed no missing or misplaced electron density. The
refined structure was plotted using the SHELXTL plotting package
(Figure 7). The absolute configuration was determined by the method
of Flack4. Coordinates, 15anisotropic temperature factors, distances
and angles are available as supplementary material (Tables 24-2 to
24-5). Table 24-1 Crystal data and structure refinement for Example
24 Empirical formula Formula weight C22 1125 Cl 07, C5 Hg N 02, 1120
570.02 Temperature 298(2) K  Wavelength 1.54178 A  Crystal system
Monoclinic  Space group C2  Unit cell dimensions a = 32.8399(16) A a=
90.  b = 7.2457(4) A f3= 101.268(5).  c= 11.8023(6) A y = 90. Volume
2754.2(2) A3   4  Density (calculated) 1.375 Mg/m3  Absorption
coefficient 1.729 mm-1  



F(000) 1208  Crystal size 0.08 x 0.16 x 0.92 mm3  Theta range for
data collection 2.74 to 65.58.   WO 2010/023594PCT/132009/053626 92
Index ranges Reflections collected Independent reflections
Completeness to theta = 65.58 5Absorption correction Refinement
method Data / restraints / parameters Goodness-of-fit on F2
Final R indices [1>2sigma(I)] 10R indices (all data) Absolute
structure parameter Extinction coefficient Largest diff. peak and
hole   -38<=h<=37, -8<=k<=6, -13<=1<=13 6261 2922 [R(int) = 0.0526]
74.9 % None Full-matrix least-squares on F2 2922 / 5 / 380 0.953 R1 =
0.0515, wR2 = 0.1304 R1 = 0.0581, wR2 = 0.1334 0.02(3) 0.0027(2)
0.252 and -0.210 e.A-3  15 Table 24-2. Atomic coordinates ( x 104)
and equivalent isotropic displacement  parameters (A2x 103) for
Example 24. U(eq) is defined as one third of the trace of the
orthogonalized LA tensor.     



U(eq)  C1(01) 7251(1) 14669(2) 1220(1) 73(1)  N(1) 5586(1) 4836(6)
1285(3) 52(1)  0(1) 6821(1) 9986(6) 5726(3) 66(1) /5 C(1)  6691(2)
13136(9) 6328(5) 78(2)  0(2) 6311(1) 7637(5) -1948(2) 50(1)  C(2)
6929(2) 11374(9) 6600(4) 66(1)  0(3) 5936(1) 10106(4) 



-2723(2) 46(1)  C(3)  6973(1) 10182(7) 4725(4) 55(1) 30 0(4) 5415(2)
10596(7) -4969(4) 89(1)  C(4)  7278(2) 11410(8) 4564(4) 62(1)  C(5)
7411(2) 11447(8) 3506(4) 59(1)  0(5) 5145(1) 6652(5) -3818(3) 66(1)
C(6)  7237(1) 10299(7) 2618(4) 53(1) 35 0(6) 5092(1) 7027(5) 



-1397(3) 63(1)  0(7) 5878(1) 7968(5) 33(3) 54(1)  C(7)  6932(2)
9079(7) 2793(4) 59(1)  0(8) 5009(1) 2361(6) 1421(4) 78(1)  C(8)
6804(2) 8992(8) 3838(5) 59(1) 40 0(9) 5409(1) -82(6) 1265(4) 76(1)
C(9)  7365(1) 10429(8) 1443(4) 59(1)  C(10)  7014(1) 11175(7) 



533(4) 51(1)  C(11)  6926(1) 13040(7) 382(4) 52(1)   C(12)  C(13)
C(14)  C(15)  93 6592(2)13693(7) 6331(1)12460(7) 6401(1)10583(6)
6744(1)9959(7)  -395(4) -1057(3) -950(3) -151(3) 58(1) 52(1) 44(1)
49(1) 5 C(16)  6104(1)9260(6) -1659(4) 47(1)  C(17)  6125(1)7179(7)
-3112(4) 51(1)  C(18)  5775(1)8575(6) -3448(4) 49(1)  C(19)
5720(2)9220(7) -4695(4) 59(1)  



C(20)  5363(1)8012(7) -3103(4) 51(1) 10 C(21)  5455(1)7344(7)
-1843(4) 50(1)  C(22)  5739(1)8727(6) -1085(4) 46(1)  C(23)
5335(2)1609(8) 1299(4) 62(1)  C(24)  5698(2)2825(8) 1186(5) 63(1)
C(25)  6072(2)2583(12) 2141(9) 105(3) 15 C(26)  5826(2)5594(10)
2391(5) 74(2)  C(35A) 6000(5)4000(30) 3036(13) 126(7)  C(35B)
6229(4)4430(20) 



2538(15) 71(5)  0(99A) 5382(2)3257(7) 6727(5) 101(2) 20 Table 24-3.
Bond lengths rAi and angles 11 for Example 24   CI(01)-C(11) 1.761(4)
NO )-C(26) 1.492(7)    )-C(24) 1.513(7)    N(1 )-H(98A) 0.977(18)
NO )-H(98B) 1.00(2)    0(1)-C(3) 1.377(5)    



0(1)-C(2) 1.434(7)    CO )-C(2) 1.499(8)   30 C(1)-H(03C) 0.9600
C(1)-H (03D) 0.9600    C(1)-H (03E) 0.9600    0(2)-C(17) 1.430(5)
0(2)-C(16) 1.434(5)   35 C(2)-H(03F) 0.9700    C(2)-H(03G) 0.9700 



0(3)-C(16) 1.409(5)    0(3)-C(18) 1.437(5)    C(3)-C(4) 1.379(7)   40
C(3)-C(8) 1.386(7)    0(4)-C(19) 1.405(7)    0(4)-H(4A) 0.8200
C(4)-C(5) 1.401(7)    C(4)-H(025) 0.9300   



45 C(5)-C(6) 1.371(7)    C(5)-H(2) 0.9300    0(5)-C(20) 1.400(6)
0(5)-H(5) 0.8200    WO 2010/023594PCT/1132009/053626 94
C(6)-C(7)1.383(7) C(6)-C(9)1.528(6) 0(6)-C(21)1.413(5)
O(6)-H(99A)0.95(2) 50(7)-C(22)1.420(5) 0(7)-H(99B)0.93(2)
C(7)-C(8)1.380(7) C (7)-H (026)0.9300 0(8)-C(23)1.235(7)
10C(8)-H(033)0.9300 (9)-C(23)1.251(7) C(9)-C(10)1.513(7) 0(9)-H
(02A)0.9700 C(9)-H(02B)0.9700 15C(10)-C(11)1.386(7)
0(10)-C(15)1.392(7) 0(11)-C(12)1.369(7) 0(12)-C(13)1.373(7) C(12 )-H
(027)0.9300 



20C(13)-C(14)1.381(7) C(13)-H (021)0.9300 C(14)-C(15)1.394(6)
C(14)-C(16)1.501(6) C(15)-H (030)0.9300 25C(16)-C(22)1.536(6)
0(17)-C(18)1.526(6) C(17)-H(02C)0.9700 C(17)-H(02D)0.9700
C(18)-C(19)1.520(6) 30C(18)-C(20)1.540(6) C(19)-H(03H)0.9700
C(19)-H(031)0.9700 C(20)-C(21)1.537(6) C(20)-H(4)0.9800 35C(21
)-C(22)1.533(6) 0(21 )-H(015)0.9800 C(22 )-H (013)0.9800
C(23)-C(24)1.510(7) C(24)-C(25)1.506(10) 40C(24)-H(029)0.9800
C(25)-C(35B)1.479(17) C(25)-C(35A)1.52(2) C(25)-H(34A)0.9700
C(25)-H(34B)0.9700 45C(26)-C(35A)1.440(19) C(26)-C(35B)1.548(14)
C(26)-H(03A)0.9700 C(26)-H(03B)0.9700  WO
2010/023594PCT/IB2009/053626 95 C(35A)-H (35A)0.9700 C(35A)-H
(35B)0.9700 C(35B )-H (35C)0.9700 C(35B )-H (35D)0.9700 5
C(26)-N(1)-C(24)109.1(4) C(26)-N(1 )-H(98A)107(2) C(24)-N (1)-H
(98A)109(3) C(26)-N (1)-H (98B)97(3) 10C(24)-N (1)-H (98B)119(3) 



H (98A)-N (1)-H (98B) 114(4) C(3)-0(1 )-C(2)117.7(4) C(2)-C(1)-H
(03C)109.5 C(2)-C(1)-H (03D)109.5 15H (03C)-C(1 )-H (03D) 109.5 C(2
)-C(1)-H (03E) 109.5 H (03C)-C(1)-H (03E) 109.5 H (03D)-C(1 )-H(03E)
109.5 CO 7)-0(2)-C(1 6) 106.6(3) 200(1)-C(2)-C(1)113.4(5) 0(1
)-C(2)-H(03F)108.9 C(1)-C (2 )-H (03F)108.9 0(1)-C(2 )-H (03G)108.9
CO )-C(2)-H(03G)108.9 H (03 F)-C(2)-H (03G) 107.7 CO 6)-0(3)-C(1
8)103.3(3) 00)-C(3)-C(4)125.4(4) 00 )-C(3)-C(8)115.1(4)
C(4)-C(3)-C(8)119.4(4) 30C(19)-0(4)-H(4A)109.5 C(3)-C(4)-C(5)119.7(5)
C(3)-C(4)-H(025)120.2 C(5)-C(4)-H(025)120.2 C(6)-C(5)-C(4)121.0(5)
35C(6)-C(5)-H(2)119.5 C(4)-C(5)-H(2)119.5 C(20)-0(5 )-H (5)109.5
C(5)-C(6)-C(7)118.6(4) C(5)-C(6)-C(9)120.7(4)
40C(7)-C(6)-C(9)120.7(4) C(21)-0(6)-H(99A)105(3) C(22 )-0(7)-H(99B
)108(3) C(8)-C(7)-C(6)121.2(4) C(8)-C(7)-H(026)119.4
45C(6)-C(7)-H(026)119.4 C(7)-C(8)-C(3)120.0(4) C(7)-C(8)-H(033)120.0
C(3)-C (8)-H (033)120.0  WO 2010/023594PCT/1B2009/053626 96
C(10)-C(9)-C(6)111.2(3) C(10)-C(9)-H(02A)109.4 C(6)-C(9)-H(02A)109.4
C(10)-C(9)-H(02B)109.4 



5C(6)-C(9)-H(02B)109.4 H(02A)-C(9)-H(02B) 108.0
0(11)-C(10)-C(15)116.7(4) 0(11)-C(10)-C(9)123.4(4)
C(15)-C(10)-C(9)119.8(4) 10C(12)-C(11)-C(10)122.9(4)
C(12)-C(11)-C1(01)117.6(4) C(10)-C(11)-C1(01)119.5(4)
C(11)-C(12)-C(13)119.1(5) C(11)-C(12)-H(027)120.5
15C(13)-C(12)-H(027)120.5 C(12)-C(13)-C(14)121.0(4)
C(12)-C(13)-H(021)119.5 C(14)-C(13)-H(021)119.5
C(13)-C(14)-C(15)118.6(4) 20C(13)-C(14)-C(16)119.9(4)
0(15)-C(14)-C(16)121.4(4) C(10)-C(15)-C(14)121.8(5)
C(10)-C(15)-H(030)119.1 0(14)-C(15)-H(030)119.1
0(3)-C(16)-0(2)105.4(3) 0(3)-C(16)-C(14)108.5(4)
0(2)-C(16)-C(14)111.6(3) 0(3)-C(16)-C(22)107.4(3)
0(2)-C(16)-C(22)110.3(4) 30C(14)-C(16)-C(22)113.2(3)
0(2)-C(17)-C(18)104.8(3) 0(2)-C(17)-H(02C)110.8
0(18)-C(17)-H(02C)110.8 0(2)-C(17)-H(02D)110.8
35C(18)-C(17)-H(02D)110.8 H(02C)-C(17)-H(02D) 108.9
0(3)-C(18)-C(19)107.4(4) 0(3)-C(18)-C(17)100.7(3)
0(19)-C(18)-C(17)113.4(4) 400(3)-C(18)-C(20)106.7(3)
0(19)-C(18)-C(20)113.1(4) C(17)-C(18)-C(20)114.3(4)
0(4)-C(19)-C(18)112.7(4) 0(4)-C(19)-H(03H)109.0
45C(18)-C(19)-H(03H)109.0 0(4)-C(19)-H(031)109.0 



C(18)-C(19)-1-1(031)109.0 H(03H)-C(19)-H(031) 107.8  WO
2010/023594PCT/O32009/053626 97 0(5)-C(20)-C(21)110.0(4)
0(5)-C(20)-C(18)113.5(4) C(21)-C(20)-C(18)108.9(3)
O(5)-C(20)-H(4)108.1 5C(21 )-C (20)-H (4)108.1 C(18)-C(20)-H(4)108.1
0(6)-C(21)-C(22)110.6(3) 0(6)-C(21)-C(20)113.1(4)
C(22)-C(21)-C(20)109.9(4) 100(6)-C(21)-H(015)107.7
C(22)-C(21)-H(015)107.7 C(20)-C(21 )-H (015)107.7
0(7)-C(22)-C(21)109.7(4) 0(7)-C(22)-C(16)111.8(3)
15C(21)-C(22)-C(16)110.3(3) 0(7)-C(22)-1-1(013)108.3 C(21)-C(22 )-H
(013)108.3 C(16)-C(22 )-H (013)108.3 (8)-C(23)-0(9)127.9(5)
200(8)-C(23)-C(24)118.1(5) 0(9)-C(23)-C(24)114.1(5)
C(25)-C(24)-C(23)114.1(5) C(25)-C(24)-N(1)103.3(5)
C(23)-C(24)-N(1)110.3(4) 25C(25)-C(24)-H(029)109.6
C(23)-C(24)-H(029)109.6 N (1)-C (24)-H (029)109.6
C(35B)-C(25)-C(24)108.3(8) C(35B)-C(25)-C(35A) 42.4(8)
30C(24)-C(25)-C(35A)103.1(8) C(35B )-C(25)-H (34A) 70.3
C(24)-C(25)-H(34A)111.2 C(35A)-C(25)-H (34A) 111.2
C(35B)-C(25)-H(34B) 137.2 35C(24)-C(25)-H(34B)111.2 C(35A)-C(25)-H
(34B) 111.1 H(34A)-C(25)-H (34B) 109.1 C(35A)-C(26)-N (1)104.8(9)
C(35A)-C(26)-C(35B) 42.5(9) 



40N(1)-C(26)-C(35B)101.1(7) C(35A)-C(26)-H (03A) 110.8 NO
)-C(26)-H(03A)110.8 C(35B )-C(26)-H (03A) 73.1 C(35A)-C(26)-H (03B)
110.8 45 N (1)-C (26)-H (03B) 110.8 C(35B )-C(26)-H (03B) 144.0 H
(03A)-C(26)-H (03B) 108.9 C(26)-C(35A)-C(25) 105.8(10)  WO
2010/023594PCT/IB2009/053626 98 C(26)-C(35A)-H(35A) 110.6
C(25)-C(35A)-H(35A) 110.6 C(26)-C(35A)-H(35B) 110.6
C(25)-C(35A)-H(35B) 110.6 5H (35A)-C(35A)-H (35B) 108.7
C(25)-C(35B)-C(26)102.7(8) C(25)-C(35B)-H(35C) 111.2
C(26)-C(35B)-H(35C) 111.2 C(25)-C(35B)-H(35D) 111.2
10C(26)-C(35B)-H(35D) 111.2 H(35C)-C(35B)-H(35D)109.1 15Table 24-4.
Anisotropic displacement parameters (A2x 103) for Example 24. The
anisotropic displacement factor exponent takes the form: -2-ir2[ h2
a*2Uii ++ 2 h k a* b*U12] UilU22U33U23U13U12 20  CI(01) 77(1) 69(1)
69(1) -11(1) 1(1) -27(1)  N(1) 56(2) 40(2) 60(2) 0(2) 12(2) 0(2)
0(1) 70(2) 70(3) 62(2) 2(2) 23(2) 



-3(2)  C(1)  80(3) 76(4) 77(3) -2(3) 13(3) 8(3)  0(2) 47(1) 52(2)
49(1) -1(1) 3(1) 12(1)  C(2)  63(3) 84(4) 52(2) 1(2) 13(2) 7(3)  0(3)
46(1) 43(2) 45(1) 2(1) 3(1) -1(1)  C(3)  48(2) 59(3) 57(2) 5(2) 12(2)
8(2)  



0(4) 111(3) 83(3) 62(2) 8(2) -10(2) 23(3) 30 C(4)  59(3) 72(4) 53(2)
-10(2) 10(2) -12(2)  C(5)  54(2) 66(3) 55(2) -6(2) 4(2) -11(2)  0(5)
69(2) 59(2) 59(2) 2(2) -12(2) -8(2)  C(6)  41(2) 55(3) 59(2) -2(2)
4(2) 4(2)  0(6) 58(2) 



47(2) 87(2) -6(2) 25(2) -9(1) 35 0(7) 62(2) 49(2) 51(2) 2(1) 12(1)
-1(1)  C(7)  54(2) 59(3) 58(2) -11(2) -4(2) -2(2)  0(8) 63(2) 63(3)
116(3) -22(2) 36(2) -12(2)  C(8)  52(2) 57(3) 69(3) -1(2) 12(2) -7(2)
0(9) 90(2) 52(3) 98(2) 



-8(2) 44(2) -7(2) 40 C(9)  45(2) 72(4) 58(2) -12(2) 5(2) 1(2)  C(10)
45(2) 61(3) 46(2) -4(2) 11(2) -3(2)  C(11)  57(2) 48(3) 50(2) -8(2)
11(2) -16(2)  C(12)  75(3) 43(3) 57(2) 2(2) 12(2) -1(2)  C(13)  50(2)
54(3) 49(2) 7(2) 4(2) 



-2(2) 45 C(14)  48(2) 44(2) 41(2) 1(2) 10(2) 0(2)  C(15)  47(2) 54(3)
45(2) -5(2) 8(2) 5(2)  C(16)  45(2) 49(3) 47(2) -1(2) 8(2) 3(2)
C(17)  54(2) 47(3) 52(2) -10(2) 8(2) -2(2)  WO
2010/023594PCT/1B2009/053626 99  C(18) 52(2)44(3)47(2)-6(2) C(19)
63(3)60(3)50(2)-7(2) C(20) 45(2)45(3)56(2)-3(2) C(21)
51(2)37(2)60(2)-1(2) 1(2) 1(2) -3(2) 11(2) 



0(2) -3(2) 4(2) 3(2) 5 C(22) 48(2)40(2)50(2)-2(2) 10(2) 5(2)  C(23)
79(3)46(3)65(3)-12(2) 24(2) -3(2)  C(24) 63(3)49(3)84(3)3(2) 30(2)
4(2)  C(25) 70(4)63(5)176(8)13(5) 8(4) 14(3)  C(26)
68(3)79(4)68(3)-3(3) -3(3) 8(3) 10 C(35A) 104(11)178(19)79(8)29(10)
-26(8) -30(11)  C(35B) 43(6)73(10)90(9)-3(7) -1(6) 4(6)  0(99A)
130(4)76(4)95(3)14(2) 18(3) 9(3)  Table 24-5.Hydrogen coordinates ( x
104) and isotropic displacement parameters (A2x 15 10 3) for Example
24      



U(eq)  H(98A)5291(6)4930(60) 1320(30) 33(9) 20 H(98B)5680(13)5750(50)
760(30) 51(12)  H(03C)676413698 5659 117  H(03D)675713962 6973 117
H(03E)639812877 6176 117  H(03F)722311637 6698 80 95 H(030)687810893
7327 80  H(4A)548111497 -4553 134  H(25) 739412210 5155 74
H(2)761912262 3404 71  



H(5)50977017 -4489 98 30 H(99A)4974(16)8220(40) -1350(50) 64(15)
H(99B)5744(13)8610(60) 540(30) 54(13)  H(26) 68108302 2195 71
H(033)66048136 3947 71  H(02A)760411232 1504 71 35 11(02B)74439215
1214 71  H(27) 654414955 -474 70  H(021)610312894 -1584 62
H(030)67938697 -74 59  H(02C)60175929 -3159 



61 40 H(02D)63257285 -3614 61  H(03H)59829696 -4830 71
H(031)56438173 -5204 71  H(4)51879111 -3149 61  H(015)56056171 -1818
59 45 H(013)55789843 -1009 55  H(029)57762606 438 76  H(34A)63272839
1870 126  H(34B)60841342 2453 126  WO 2010/023594PCT/1132009/053626
100 H(03A)60446414224889 H(03B)56456267280589 



H(35A)580935183496152 H(35B)625943103548152 5H(35C)64154913206685
H(35D)63724404333985 Example 25 10Cocrystal From Example 20 of
(1S,2S,3S,4R,5S)-5-14-chloro-3-(4-ethoxv-benzyll-phenv11-
1-hydroxvmethy1-6,8-dioxa-bicyclof3.2.11octane-2,3,4-triol (Example
4A compound) and Lpwocilutamic acid: Single Crystal X-Ray Analysis. A
representative crystal of a sample from Example 20 was surveyed and a
0.90 A data set (maximum sin 0/X=0.56) was collected on a Bruker
15APEX diffractometer. Friedel pairs were collected in order to
facilitate the determination of the absolute configuration.
Stereochemistry determined from the flack parameter and also from the
known chirality of the coformer (L-pyroglutamic acid). Atomic
scattering factors were taken from the International Tables for
Crystallography, Vol. C, pp. 219, 500, Kluwer Academic
Publishers,1992. All crystallographic calculations were facilitated
by the 20SHELXTL Version 5.1, Bruker AXS, 1997 system. All
diffractometer data were collected at room temperature. Pertinent
crystal, data collection, and refinement are summarized in Table
25-1.       A trial structure was obtained by direct methods. This
trial structure refined routinely, except for a low residual peak
that was refined as 0.1 stoichiometric water. The stoichiometry of
water was found by first deleting a hydroxyl group on the molecule,
refining and measuring the resulting q peak; then comparing this peak
to the residual peak from the water molecule. Using this method, a
ratio of Ito 0.1 (molecule to water) was estimated. Additionally,
removing the water molecule from the solution and searching for void
spaces in the crystal with Material Studio, Platon, and Mercury
revealed a plausible 30volume of 33 cubic angstroms for a water
molecule (water typically has about 40 cubic angstroms of space). The
hydrogen atoms on nitrogen and oxygen were located by difference
Fourier techniques and allowed to refine freely with no restraints. A
few of the protons bonded to heteroatoms (H97a, H97b, H97c, and H97c)
exhibited somewhat short bond lengths (-0.8 angstroms found vs. -0.96
expected), yet the distances were left 35unrestrained. The hydrogen
atoms on 099 (water) were not found from the difference map  WO
2010/023594PCT/1B2009/053626 101 and left out of the structure
solution. The hydrogen parameters were added to the structure factor
calculations but were not refined. The shifts calculated in the final
cycles of least squares refinement were all less than 0.2 of the
corresponding standard deviations. The final R-index was 3.58%. A
final difference Fourier revealed no missing or misplaced 5electron
density. Of the residuals left, one is in a reasonable position for a
proton bonded to 039 (carboxylic acid). This residual could be an
additional occupancy position for the H98a proton (proton bonded to
039), but was not refined as such       The refined structure was
plotted using the SHELXTL plotting package (Figure 8). The absolute
configuration was determined by the method of Flack (H. D. Flack,
Acta 10Crvstalloqr., A39, 876, 1983). Coordinates, anisotropic
temperature factors, distances and angles are available as
supplementary material (Tables 25-2 through 25-5). Table 25-1.
Crystal data and structure refinement for Example 25. Empirical
formulaC22 H25 C11 07 * C5 H7 N1 O * 0.1(H20) Formula weight567.79
15Temperature570(2) K Wavelength1.54178 A Crystal systemOrthorhombic
Space groupP2(1)2(1)2(1) Unit cell dimensionsa = 7.4907(10) Aa= 90.
20b = 12.8626(15) Ap= 90. c = 28.029(4) Ay = 90. Volume2700.6(6) A3 4
Density (calculated)1.396 Mg/m3 Absorption coefficient1.767 mm-1



Theta range for data collection3.15 to 59.28. Index ranges-6<=h<=7,
-13<=k<=14, -31<=I<=29 30Reflections collected9116 Independent
reflections3759 [R(int) = 0.0275] Completeness to theta = 59.2896.5 %
Absorption correctionEmpirical Refinement methodFull-matrix
least-squares on F2 35Data / restraints / parameters3759 / 0 /387  WO
2010/023594PCT/182009/053626  Goodness-of-fit on F2 Final R indices
[1>2sigma(I)] R indices (all data) Absolute structure parameter 102
1.032 R1 = 0.0358, wR2 = 0.0885 R1 = 0.0418, wR2 = 0.0920 0.010(18) 5
Extinction coefficient 0.00067(17)  Largest duff, peak and hole 0.171
and -0.136 e.A-3  Table 25-2. Atomic coordinates ( x 104) and
equivalent isotropic displacement 10 parameters (A2x 103) for Example
25. U(eq) is defined as one third of the trace of the  orthogonalized
Lig tensor.        U(eq) 15 C(1)  1385(7) 9812(3) 634(2) 



89(1)  C(2)  1302(6) 8776(3) 399(2) 81(1)  0(3) 2546(3) 8104(1)
625(1) 55(1)  C(4)  2553(4) 7080(2) 489(1) 430)  C(5)  1555(5)
6676(2) 1170) 540) 20 C(6)  1669(4) 5630(2) 13(1) 500)  C(7)  2745(4)
4966(2) 268(1) 420)  C(8)  3723(4) 5385(2) 639(1) 



50(1)  C(9)  3643(4) 6423(2) 7490) 490)  C(10)  2839(5) 3807(2) 1570)
49(1) 25 C(11)  2248(4) 3159(2) 577(1) 400)  C(12)  467(4) 3074(2)
7080) 440)  C103) -11970) 36520) 362(1) 590)  C(14)  -56(4) 2535(2)
11120) 460)  C(15)  1219(4) 2055(2) 13910) 



44(1) 30 C(16)  3014(4) 2095(2) 1265(1) 360)  C(17)  3502(4) 2652(2)
8640) 380)  C08) 4335(3) 1493(2) 15600) 360)  009) 3862(2) 4200)
15440) 380)  C(20)  5478(4) -95(2) 16900) 390) 35 C(21)  5397(4)
-1208(2) 15250) 500)  0(22) 4012(4) -1782(2) 17390) 



620)  C(23) 5592(4) 18(2) 22330) 400)  0(24) 7085(3) -534(2) 24190)
520)  C(25) 5750(4) 1168(2) 23610) 430) 40 0(26) 5536(3) 1267(2)
28610) 610)  C(27) 4393(4) 1816(2) 20860) 390)  0(28) 4750(3) 2904(2)
21360) 500)  0(29) 6093(3) 1545(1) 13630) 



440)  C(30) 6903(4) 529(2) 14250) 470) 45 0(31) 8289(3) 3646(2)
21670) 620)  C(32) 8567(4) 4451(3) 19350) 500)   C(33)  C(34)   C(35)
N(36) 103 7407(5)4857(3)1544(1) 8309(7)5813(3)1364(2)
10008(5)5962(3)1666(1) 9939(4)5092(2)1990(1) 60(1) 100(2) 60(1) 62(1)
5 C(37) 10097(5)7035(3)18890 ) 62(1)  0(38) 10174(4)7793(2)16360)
940)  0(39) 10136(4)7059(2)23530) 720 ) 



0(99) 470(40)9300(20)19680 0) 970 0) 10     Table 25-3. Bond lengths
[A] and angles [] for Example 25.   C(1)-C(2) 1.486(5)   C(2)-0(3)
1.419(4)   0(3)-C(4) 1.371(3)  15 C(4)-C(9) 1.382(4)   C(4)-C(5)
1.385(4)   C(5)-C(6) 1.379(4)   C(6)-C(7) 1.375(4)   C(7)-C(8) 



1.381(4)   C(7)-C(10) 1.525(4)   C(8)-C(9) 1.371(4)   C(10)-C(11)
1.509(4)   C(11)-C(12) 1.388(4)   C(11)-C(17) 1.398(4)   C(12)-C(14)
1.382(4)   C(12)-CI(13) 1.746(3)   C(14)-C(15) 1.381(4)   C(15)-C(16)
1.391(4)   CO 6)-CO 7) 1.381(4)  



30 CO 6)-CO 8) 1.504(4)   CO 8)-0(19) 1.426(3)   C(18)-0(29) 1.430(3)
C(18)-C(27) 1.532(4)   0(19)-C(20) 1.440(3)  35 C(20)-C(21) 1.507(4)
C(20)-C(23) 1.529(4)   C(20)-C(30) 1.529(4)   C(21)-0(22) 1.408(4)
C(23)-0(24) 1.424(3)  40 C(23)-C(25) 



1.527(4)   C(25)-0(26) 1.418(3)   C(25)-C(27) 1.523(4)   C(27)-0(28)
1.430(3)   0(29)-C(30) 1.452(3)  45 0(31 )-C(32) 1.239(4)
C(32)-N(36) 1.327(4)   C(32)-C(33) 1.494(4)   C(33)-C(34) 1.491(5)
WO 2010/023594PCT/1B2009/053626 104 C(34)-C(35)1.539(5)
C(35)-N(36)1.443(4) C(35)-C(37)1.517(5) C(37)-0(38)1.206(4)
5C(37)-0(39)1.301(4) 



0(3)-C(2)-C(1)108.8(3) C(4)-0(3)-C(2)117.8(2) 0(3)-C(4)-C(9)116.4(3)
100(3)-C(4)-C(5)124.5(2) C(9)-C(4)-C(5)119.1(3)
C(6)-C(5)-C(4)119.5(3) C(7)-C(6)-C(5)122.1(3) C(6)-C(7)-C(8)117.4(3)
15C(6)-C(7)-C(10)121.9(3) C(8)-C(7)-C(10)120.7(3)
C(9)-C(8)-C(7)121.8(3) C(8)-C(9)-C(4)120.1(3)
C(11)-C(10)-C(7)111.6(2) 20C(12)-C(11)-C(17)117.2(2)
C(12)-C(11)-C(10)122.1(3) C(17)-C(11)-C(10)120.6(3)
C(14)-C(12)-C(11)121.9(3) C(14)-C(12)-C1(13)117.8(2)
25C(11)-C(12)-CI(13)120.4(2) C(15)-C(14)-C(12)119.5(3)
C(14)-C(15)-C(16)120.5(3) C(17)-C(16)-C(15)118.8(3)
C(17)-C(16)-C(18)122.7(2) 30C(15)-C(16)-C(18)118.4(2)
C(16)-C(17)-C(11)122.2(3) 9)-C(18)-0(29)105.1(2) 0(19)-C(
18)-C(16)108.5(2) 0(29)-C(18)-C(16)111.6(2)
35O(19)-C(18)-C(27)107.5(2) 0(29)-C(18)-C(27)109.5(2)
C(16)-C(18)-C(27)114.1(2) C(18)-0(19)-C(20)103.16(19)
0(19)-C(20)-C(21)108.4(2) 400(19)-C(20)-C(23)106.7(2)
C(21)-C(20)-C(23)113.5(2) 0(19)-C(20)-C(30)101.9(2)
C(21)-C(20)-C(30)112.1(2) C(23)-C(20)-C(30)113.3(2)
450(22)-C(21)-C(20)113.3(3) 0(24)-C(23)-C(25)109.6(2)
0(24)-C(23)-C(20)111.2(2) C(25)-C(23)-C(20)109.3(2) 



WO 2010/023594PCT/IB2009/053626 105 0(26)-C(25)-C(27)112.1(2)
0(26)-C(25)-C(23)108.1(2) C(27)-C(25)-C(23)111.1(2)
0(28)-C(27)-C(25)111.2(2) 50(28)-C(27)-C(18)111.4(2)
C(25)-C(27)-C(18)110.9(2) C(18)-0(29)-C(30)107.28(19)
0(29)-C(30)-C(20)103.8(2) 0(31)-C(32)-N(36)126.0(3)
100(31)-C(32)-C(33)125.4(3) N(36)-C(32)-C(33)108.6(3)
C(34)-C(33)-C(32)105.9(3) C(33)-C(34)-C(35)106.9(3)
N(36)-C(35)-C(37)116.5(3) 15N(36)-C(35)-C(34)102.8(3)
C(37)-C(35)-C(34)112.1(3) C(32)-N(36)-C(35)115.8(3)
0(38)-C(37)-0(39)124.4(4) 0(38)-C(37)-C(35)119.8(3)
200(39)-C(37)-C(35)115.8(3) Table 25-4. Anisotropic displacement
parameters (A2x '103) for Example 25. The anisotropic displacement
factor exponent takes the form: -27c2[ h2 a*21.111 ++ 2 h k a*
25b*I.112] U 11U22U33U23U13U12 C(1)115(4)49(2)104(3)-20(2)-54(3)31(2)
30C(2)95(3)52(2)95(3)-12(2)-47(2)23(2)
0(3)62(1)36(1)68(1)-3(1)-17(1)6(1) CO)45(2)35(2)49(2)1(1)10)00 ) C(5)
61(2)43(2)59(2)4(2)-16(2)9(2) C(6) 61(2)43(2)47(2)20)-13(1)0(2)
35C(7)50(2)36(2)41(1)60)70)-20) C(8) 58(2)44(2)49(2)90)-9(2)7(2) C(9)
54(2)43(2)50(2)20)-12(1)30) C(10) 63(2)40(2)43(2)60)5(1)60) C(11)
52(2)270)41(1)00)40)-20) 40C(12) 50(2)29(2)52(2)00)-40)-40) CI(13)
59(1)510)66(1)70)-16(1)40) C(14) 40(2)35(2)64(2)70)40)-20) C(15)
44(2)39(2)50(2)110)7(1)-40) 



CO 6) 41(2)25(1)42(1)30)20 )-30) 45C(17) 36(2)31(2)45(2)00)5(1)-30)
C(18) 36(2)280)430)30)40 )-7(1) 0(19) 40(1)28(1)45(1)20 )-5(1)-5(1)
C(20) 40(2)30(2)47(2)10 )-60)20)  WO 2010/023594PCT/1132009/053626
106  C(21)57(2) 33(2) 60(2) -3(2) -12(2) 6(1)  0(22)77(2) 37(1) 73(2)
6(1) -21(1) -14(1)  C(23)42(2) 32(2) 47(2) 2(1) -8(1) -2(1)
0(24)58(1) 37(1) 62(1) 8(1) -18(1) -3(1) 5 C(25)52(2) 36(2) 42(2)
0(1) -7(1) 



-8(1)  0(26)100(2) 40(1) 43(1) -1(1) -9(1) -9(1)  C(27)45(2) 28(1)
43(1) -2(1) 0(1) -6(1)  0(28)55(2) 28(1) 69(1) -6(1) -7(1) -3(1)
0(29)36(1) 39(1) 56(1) 8(1) 7(1) -4(1) 10 C(30)48(2) 38(2) 56(2) 2(1)
-1(1) 8(1)  0(31)62(2) 56(1) 70(1) 7(1) -9(1) 



-12(1)  C(32) 48(2) 45(2) 57(2) -9(2) -3(2) 1(2)  C(33) 57(2) 64(2)
58(2) -7(2) -12(2) 2(2)  C(34) 135(4) 78(3) 87(3) 18(2) -58(3) -19(3)
15 C(35) 55(2) 61(2) 64(2) 5(2) 7(2) -3(2)  N(36)53(2) 61(2) 72(2)
11(2) -22(2) -9(2)  C(37)49(2) 65(2) 72(2) 5(2) -1(2) 



6(2)  0(38)116(2) 70(2) 95(2) 19(2) -2(2) -11(2)  0(39)79(2) 69(2)
70(2) 2(1) 0(1) 3(1) 10 0(99)90(20) 110(20) 89(19) -60(18) -2(15)
29(17)  Table 25-5.Hydrogen coordinates ( x 104) and isotropic
displacement parameters (A2x  10 3) for Example 25. 15
U(eq)  H(1A) 



1080 9742 965 134 30 H(1B) 557 10275 482 134  H(1C) 2571 10087 606
134  H(2A) 107 8492 427 97  H(2B) 1587 8843 63 97  H(5)  813 7106 -61
65 35 H(6)  998 5365 -239 60  H(8)  



4455 4952 819 60  H(9)  4323 6685 999 59  H(10A) 2083 3655 -115 58
H(10B) 4055 3623 73 58 40 H(14)  -1256 2497 1194 56  H(15)  875 1701
1665 53  H(17) 4703 2691 782 45  H(21A) 



5235 -1219 1181 60  H(21B) 6528 -1543 1595 60 45 H(97D) 3240(80)
-1700(40) 1620(20) 120(20)  H(23) 4498 -261 2375 48  H(97C) 6720(50)
-1040(30) 2557(13) 78(14)  H(25) 6950 1407 2275 52  WO
2010/023594PCT111320091053626   107   H(97B) 



5570(50) 1910(30) 2942(14) 79(13) H(27) 3214 1680 2224 46 H(97A)
5800(50) 2990(30) 213702) 600 2) H(30A) 7992 577 1611 57 H(30B) 7175
214 1119 57 H(33A) 7294 4347 1291 71 H(33B) 6226 5021 1664 71 H(34A)
7528 6411 1397 120 H(34B) 8616 5735 



1030 120 H(35) 11047 5874 1457 72 H(99) 10740(50) 4950(20) 21710 1)
490 0) H(98A) 9670(60) 6410(30) 250705) 950 4)  15Example 26
Cocrvstal of (1
S,2S,38,4R,5S)-5-14-chloro-3-(4-ethoxv-benz14)-phem41-1-hydroxvmelhvl
6,8-dioxa-bicyclot3.2.1loctane-2,3,4-triol (Example 4A compound) and
L-pyroplutamic acid: Solid state NMR: 20Approximately 80 mg of
cocrystal of (1S,2S,3S,4R,5S)-544-chloro-3-(4-ethoxy-benzy1)-
pheny1]-1-hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol
(Example 4A compound) and L-pyroglutamic acid prepared using the
process described in Scheme 2 was tightly packed into a 4 mm Zr02
rotor. Spectra were collected at room temperature and pressure on a
Bruker-Biospin 4 mm BL CPMAS probe positioned into a wide-bore
25Bruker-Biospin DSX 500 MHz ('H frequency) NMR spectrometer. The
packed rotor was oriented at the magic angle and spun at 15.0 kHz.
The 13Csolid state spectrum was collected using a proton decoupled
cross-polarization magic angle spinning experiment (CPMAS). The
cross-polarization contact time was set to 2.0 ms. A proton
decoupling field of approximately 85 kHz was applied. 1448 scans were
collected with recycle delay of 3014 seconds. The carbon spectrum was
referenced using an external standard of crystalline adamantane,
setting its upfield resonance to 29.5 ppm. The chemical shift data is
dependent on the testing conditions (i.e. spinning speed and sample
holder), reference material, and data processing parameters, among
other factors. Typically, the ss-NMR results are accurate to within
about  0.2 ppm.  WO 2010/023594PCT/IB2009/053626 108 5(a) Referenced
to external sample of solid phase adamantane at 29.5 ppm. (b) Defined
as peak heights. Intensities can vary depending on the actual setup
of the CPMAS experimental parameters and the thermal history of the
sample. CPMAS intensities are not necessarily quantitative. The SSNMR
13C CPMAS spectrum of Example 26 is shown in Figure 9. The peaks
10marked by asterisks in Figure 9 are spinning sidebands.  WO
2010/023594PCT/1132009/053626 109 PHARMACOLOGICAL TESTING
The practice of the instant invention for the treatment of diseases
modulated by the inhibition of SGLT2 can be evidenced by activity in
at least one of the protocols described 5hereinbelow. Biological
Assays In-Vitro Assay  



The SGLT2 functional assay was designed to detect the inhibition of
methyl-alpha-D glucopyranoside (AMG - a non-metabolizable form of
glucose) uptake via the SGLT2 10transporter. The SGLT2 transporter
recovers glucose from the proximal tubules of the kidney; its
inhibition results in sugar wasted in the urine. The positive control
compound, Phlorizin, is a known inhibitor of glucose uptake for SGLT2
and was used for comparing the high percent effect of SGLT2
inhibition of the test compounds. CHO-FlpIn (Invitrogen, Carlsbad,
CA) cells stably expressing human SGLT2 15(pcDNA5/FRT) were plated in
Iso-IC 96 well plates (Perkin Elmer, Waltham, MA) at a density of
100,000 cells/well in 100 microL of growth media (1:1 F-12/DMEM media
(Gibco, Carlsbad, CA), 10% FBS (Sigma, St. Louis MO), 1X Pen/Strep
(Gibco, Carlsbad, CA), 600 microg/mL Hygromycin (Invitrogen,
Carlsbad, CA)). Prior to treating with test compound, confluent cells
were serum starved for 2 hours at 37C in 1:1 F-12/DMEM media,
replacing 20with fresh F-12/DMEM media after 1 hour. Test compounds
in dimethylsulfoxide (Sigma, St. Louis, MO) were diluted 100 fold in
uptake buffer (140mM NaCI (Promega, Madison, WI), 2mM KCI (Teknova,
Hollister, CA), 1mM CaCl2(Teknova, Hollister, CA), 1mM MgC12
(Teknova, Hollister, CA), and 10mM HEPES (Gibco, Carlsbad, CA) to
cell plates pre-rinsed with uptake buffer. Cells were pre-incubated
with test compound for 15 minutes prior to the 25addition of 50
microL AMG (40 nCi AMG [U-14C] (Perkin Elmer, Waltham, MA) in
unlabelled AMG (Aldrich, St. Louis, MO)) per well yielding a final
concentration of 11.33 microM AMG. Cell plates were then incubated
for 3 hours at 37C for AMG uptake. After incubation, cells were
washed twice with ice cold wash buffer (uptake buffer containing 200
microM Phlorizin (Sigma), air dried and lysed in 30 microL of 200 mM
NaOH and 1% SDS 30buffer on an orbital shaker. Microscint 40 (Perkin
Elmer, Waltham, MA) was added to the lysed cells (giving a final
volume of 200 microL) and mixed by orbital shaking for 30 minutes.
Plates were stored in the dark overnight and quantitated in the 1540
Microbeta  WO 2010/023594PCT111320091053626 110 Trilux (Wallac,
Waltham, MA) using a normalized protocol for 14C detection. The
percent effect of test compounds to inhibit AMG uptake was calculated
using the following calculation: [% Effect = ((ZPE-T)/(ZPE-HPE)) x
100%] 5where "ZPE" is the corrected counts per minute (CCPM) in
control wells containing 0.5% DMSO, T is the CCPM in wells containing
test compound at various concentrations of the standard curve, and
HPE is the high percent effect referring to the CCPM in control wells
containing 10 microM Phlorizin. The ICso values were calculated using
a dose response equation and are summarized for the compounds tested
in Table 3. 10Abbreviations used in the in vitro testing description
include: SGLT2type 2 sodium/glucose co-transporter AMG methyl-a-D
Glucopyranoside DMEMDulbecco's Modified Eagle's Medium IC50 50%
Inhibition Concentration 15FBS Fetal Bovine Serum
DMSODimethylsulfoxide SDS Sodium Dodecyl Sulfate CHO-Flpin Chinese
Hamster Ovary cell containing the FRT site Table 3  111 gitRink-.
Compound gERPININIOS eool 1 ON...""j:::,:iffingliel'Ne ' .. -9 <50 11
4"... m''' .................... 



...bntsi  6 undetermined 1.05 3A 1 543 0.479  2 397 0.972  3 550 1.39
4 757 0.811  5 523 0.602  6 672 0.588  7 380 1.35 3B 1 >10000 41.6  2
>10000 40.8  



3 >10000 27.9  4 undetermined 62.2 4A ' 1 1590 1.27  2 1010 0.816  3
1750 0.57  4 >1000 0.922  5 >1000 1.85  6 2090 0.812  7 1810 0.7  8
2860 0.737  9 



2480 0.846  10 2840 0.768 4B 1 >1000 122  2 >10000 66.8  3
undetermined 81.7 5A 1 >10000 4.5  2 >1000 81.7  3 5790 2.42  4
undetermined 1.77  112  f-,V1   Te Compound  MEWS epqmw 



WOOMMR:Ofi:,'N'M                  5B 6A   1 1 2 3 4 5 >10000 >10000
>1000 >1000 >1000 8930 186 18.7 9.99 13.5 13.4 5.71      6
undetermined 7.67  



7A 10A 10B 11A 12A 12B 13A   1 2 3 1 2 3 1 2 1 2 3 4 1 2 3 4 5 6 1 1
2 >1000 >10000 >1000 >10,000 >3330 >3160 >10,000 >10,000 >10,000
>10,000 >10,000 >10,000 >10,000  5780 >10,000 >10,000 >10,000 >10,000
>3160 >10,000 >10,000 10.6 6.38 5.88 4.08 33.4 2.54 127 103 9.6 11.9
19.8 7.13 11.1 7.41 8.85 0.802 10.7 14.1 32.3 14.9 17.8   



4 undetermined 6.11          



WO 2010/023594PCT/11320091053626 113 In-Vivo Assay Examples 1A and 4A
were tested in rats to assess inhibition of glucose transport 5via
urinary glucose excretion. Male Sprague Dawley rats (-300 g) were
singly housed in metabolic cages for urine collection. Rats had
access to standard laboratory chow and water ad libitum. Rats (n=2 to
5/group) received vehicle or compound by oral gavage. Dosing
solutions were 0.03 mg/mL, 0.3 mg/mL, 0.9 mg/mL, 3 mg/mL, 9 mg/mL and
18 mg/mL for the 0.1mg/kg, 1 mg/kg, 3 mg/kg, 10 mg/kg, 30 mg/kg and
60 mg/kg doses 10respectively. Dosing volume was 1 mL/300 g of body
weight for all doses. One group received a 10 mg/kg dose of Example
1A and others received 0.1, 1, 3, 10, 30 or 60 mg/kg dose of Example
4A. The vehicle was 20% v/v PEG400 and 24% v/v hydroxypropyl beta
cyclodextrin; HPBCD. Following oral administration, urine was
collected for 24 hours. Glucose concentration was measured in urine
by UV absorbance spectrophotometry at  15 340 nm using a Roche
Hitachi 917 spectrophotometer (Diamond Diagnostics, Holliston, MA).
The total amount of glucose excreted in the urine was calculated as
the product of urine concentration and urine volume using the formula
below: urinary glucose excreted (mg)/200g body weight = urinary
glucose concentration (mg/dL) x urine volume (dL) x 200/rat body
weight (g). Amounts of urinary glucose excreted (UGE) 20were obtained
from rats for Example 1A and Example 4A by the method described above
and are shown in Table 4. Blood (0.1 mL) was collected from the PK
satellite group animals at 1, 2, 4, 7, 24 hours postdose to obtain
plasma and analyzed by LC-MS/MS. Mean PK parameters at the various
doses tested are shown in Table 4.  WO 2010/023594PCTA82009/053626
114 Table 4 Compound Dose (mg/kg) Mean UGE (mg/200g of body weight)
SEM (n=5) Mean PK Parameters (n=2)    Cmax (nglmL)  1260 tmax (h)
1.00 AUC(0-24) (ng*h/mL)  6630 Example 1A 10 2049  382.2    Example
4A 0.1 389.0  62.54 



43.4 1.50 188 Example 4A 1 1519  52.02 372 1.00 2000 Example 4A 3
1937  101.1 1320 1.00 7080 Example 4A 10 2145  132.3 3100 2.50 26400
Example 4A 30 2554 141.1 10500 1.00 10700 Example 4A 60 2437  116.7
25300 2.00 233000 SEM: Standard error of the mean.  Pharmacokinetic
Testing in Rats  Examples 1A, 2A, 4A, 12A, and 14A were tested in
rats to assess pharmacokinetic 5parameters including maximum
concentration (Cmax), area under the plasma concentration time curve
(AUC), clearance (CL), steady state volume of distribution (Vss),
half life (tv2), and bioavailability (F). Male Sprague Dawley rats (-
300 g) were used. Rats received compound by intraveneous (IV) or oral
gavage (PO) administration and the doses tested including vehicle to
formulate dosing solutions are listed in Table 5. 10Following IV or
PO administration, 0.2 mL blood was sampled from the jugular vein at
various timepoints (Table 5). Twenty microL aliquots of plasma
samples and standards were subjected to protein precipitation with
acetonitrile containing an internal standard. Samples were vortexed
and centrifuged to obtain supernatant which was analyzed by LCMS/MS.
Analyst (Version 1.4.1) was used to measure peak areas and peak area
ratios of 15analyte to internal standard were calculated. LC-MS/MS
conditions are as follows: Mass 



Spectrometer + Source Type was Sciex API 4000 - Turbo Spray; HPLC
pump was Shimadzu; Autosampler was CTC PAL Autosampler; Injection
volume was 3.0 to 10 microL; A gradient was used with mobile phase A:
10 mM ammonium acetate and 1% Isopropyl alcohol in water; B:
Acetonitrile; Flowrate 0.300 mL per minute (Column 2.0 x 30 20mm 5
microm LUNA C18 column (phenomenex)). Detection mode was negative.
A calibration curve was constructed from the peak area ratios of the
standards to the internal standard by applying a weighted linear (1/x
or 1/x2) regression. The dynamic range of the standard curve was 5.00
ng/mL to 5000 ng/mL.  WO 2010/023594PCT/1B2009/053626 115
Pharmacokinetic parameters were determined from individual animal
data using non-compartmental analysis in Watson (version 7.2).
Concentrations below the limit of quantitation (BLQ) were recorded as
0 ng/mL for use in calculations. The following calculations were
used: 5AUC(0-T) = Determined using the linear trapezoidal method
AUC(0-co) = AUC(0--r) plus extrapolated area determined by dividing
plasma concentration at t by the slope of the terminal log-linear
phase CL = Dose/AUC(0-cc) Vdss = CL x MRT 10Cmax = Recorded directly
from plasma concentration time curve Tmax = Recorded directly from
plasma concentration time curve t112 = In(0.5)/slope of the terminal
log-linear phase F% = AUC(0-co)P0 per dose/AUC(0-0o)IV per dose
C(0) = Extrapolated by linear regression from the apparent
distribution phase 15following IV administration MRT = AUMC
(AUC(0-cc)/AUC(0-00)  WO 2010/023594PCT/IB2009/053626 116 Table 5
Example Dose (mg/kg) Route / n Formulation Time points Cmax (pg/mL)
AUCthf (pg*h/mL) CL (mL/min/kg) Vs, (L/kg) tv2 (h) F 



(%) 4A 2 IV/ DMSO/ VP " - 8.48 4.04 1.1 4.1 -   (n=2) PEG400/ 025,
0.5,          30%SBECD 1, 2, 4. 6,          (10/30/60 v/v/v) 8.20  



2 P0/ Tween 80/ 0.5, 1, 0.772 5.65 - - 3.7 67   (n=3) 0.5% MC 2,4, 7,
(0.1/99.9 20          V/V) 



5 P0/ 20% PEG/ 1, 4, 1, 1.19 16.8 - - - 79   (n=5) 24% HBCD 24
12A 2 IV/ DMSO/ 0.083,  2.20 15.9 3.68 3.90 -   



(n=2) PEG400/ 0.25,          30%SBECD 0.5,1,          (5/10/85 V/1.06
2,4 5,           6, 7, 20      



1A 2 IV/ DMA/ PG/ 0.083, - 0.947 37.1 1.71 0.962 -   (n=2) 50 mM Iris
0.25,          Base 0.5, 1,          (5/10/85 V/V/10 2, 4, 6,   



8, 20        10 P0/ PEG200/ U'251 1.65 2.68 - - 2.82 56.5   (n=2)
0.5%MC (5/ os,          95 v/v) 0.75, 1, 



2, 4, 6,           8,20       14A 2 IV/ DMSO/ 0'25' - 1.06 31.7 1.69
1.36 -   (n=2) 



PEG400/ 0.5, 1,          30%5BECD 2, 4, 7,          (5/10/85 20,22
V/V/V)         



10 P0/ PEG200/ (Lb, 1, 0.551 2.29 - - 1.71 43.5   (n=2) 0.5%MC (5/ 2,
4, 7,          95 v/v) 20, 22       2A 2 IV/ DMA/ PG/ 0.083, - 1.34
27.7 1.03 0.94 



-   (n=2) 50 mM Iris 0.25,          Base o.s, 1,          (5/10/85
VMV) 2, 4, 6,           8, 20   



3A 2 IV/ DMA/ PG/ 0.083, - 1.41 23.8 1.82 1.58 -   (n=2) 50 mM Tris
0.25,          Base o.s, 1,          (5/10/85 VA/A0 



2, 4, 6,           8, 20       - = Data not available or not
applicable; DMSO = Dime hyl Sulfoxide; HBCD = Hydroxypropyl beta
cyclodextrin; PEG = Po yetheylene Glycol; PG = Propylene Glycol;
SBECD = Sulfobutylester beta cyclodextrin; MC = ........_..._.......
117 CLAIMS What is claimed is: 1.A compound of Formula (A) or Formula
(B) wherein        R1 is H, (Ci-C4)alkyl, (Ci-C4)alkoxy, Cl, F,
cyano, fluoro-substituted (01-C2)alkyl, (Cr ..C4)alkyl-S02-, or
(C3-C6)cycloalkyl; and R2 is (Ci-C4)alkyl, (01-C4)alkoxy,
(C2-04)alkynyl, 3-oxetanyloxy, 3- 10tetrahydrofuranyloxy, Cl, F,
cyano, fluoro-substituted (C1-C2)a)kyl, (01-C4)alkyl-S02-, (C3-
C6)cycloalkyl, or a (C6-C6)heterocycle having lor 2 heteroatoms each
independently selected from N, 0, or S. 2. The compound of claim 1
wherein said compound is a compound of Formula 15(A). 3. The compound
of claims 1 or 2 wherein       R1 is H, methyl, ethyl, propyl,
isopropyl, methoxy, ethoxy, F, Cl, cyano, -CF3, cyclopropyl, or
cyclobutyl; and 10R2 is methyl, ethyl, propyl, isopropyl, methoxy,
ethoxy, F, Cl, cyano, -CF3, -CF2CH3, ethynyl, 3-oxetanyloxy,
3-tetrahydrofuranyloxy, or cyclopropyl. 4. The compound of claim 3
wherein R1 is H, methyl, ethyl, isopropyl, methoxy, ethoxy, F, Cl,
cyano, -CF3, or cyclopropyl; and  118 



-CF2CH3, ethynyl, 3-oxetanyloxy, 3-tetrahydrofuranyloxy, or
cyclopropyl.     5. The compound of claim 4 wherein           R1 is
H, methyl, ethyl, methoxy, ethoxy, F, Cl, cyano, -CF3, or
cyclopropyl; and 5R2 is methyl, ethyl, methoxy, ethoxy, F, Cl, cyano,
-CF3, -CF2CH3, ethynyl, 3- oxetanyloxy, 3-tetrahydrofuranyloxy, or
cyclopropyl. 6. The compound of claim 5 wherein               R1 is
methyl, ethyl, F, Cl, cyano, CF3, or cyclopropyl; and 10R2 is
methoxy, or ethoxy.     7. A compound selected from the group
consisting of:
(1S,2S,3S,4R,53)-1-hydroxymethy1-5-[3-(4-methoxy-benzy1)-4-methyl-phe
nyl]-6,8- dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
15(1S,23,3S,4R,5S)-543-(4-ethoxy-benzy1)-4-methyl-phenyl]-1-hydroxyme
thyl-6,8- dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(1S,2S,3S,4R,53)-5-[4-chloro-3-(4-methoxy-benzylypheny11-1-hydroxymet
hy1-6,8- dioxa-bicyclo[3.2.1 ]octane-2,3,4-triol;
(1S,2S,38, 4R,58)-514-ch
loro-3-(4-ethoxy-benzy1)-pheny1]-1-hydroxymethy1-6, 8-
')0dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(1S,2S,38,4R,53)-544-fluoro-3-(4-methoxy-benzylyphenyl]-1-hydroxymeth
yl-6,8- dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
2-(4-methoxybenzy1)-4-((1S,2S,3S,4R,5S)-2,3,4-trihydroxy-1-(hydroxyme
thyl)-6,8- dioxa-bicyclo[3,2,11oct-5-Abenzonitrile;
252-(4-ethoxybenzy1)-4-((1S,2S,38,4R,58)-2,3,4-trihydroxy-1-(hydroxym
ethyl)-6,8- dioxa-bicyclo[3,2,11oct-5-yObenzonitrile;
(1S,2S,38,4R,5S)-543-(4-ethoxy-benzy1)-4-fluoro-phenyl]-1-hydroxymeth
yl-6,8- dioxa-bicyclo[3.2.11octane-2,3,4-triol;
(1S,2S,3S,4R,5S)-5-(4-tluoro-344-(tetrahydro-furan-3-yloxy)-benzyl]-p
heny11-1- 30hydroxymethy1-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(1S,2S,3S,4R,53)-5-[3-(4-chl orobenzy1)-441
uoropheny1]-1-hydroxymethy1-6,8- dioxabicyclo[3.2 .1
]octane-2,3,4-triol;  119       (1S,2S, 3S, 4R, 5S)-5-{441
uoro-344-(oxeta n-3-y1 oxy)-benzylkpheny11-1- hydroxymethy1-6,
8-dioxa-bicyclo[3 .2 .1 ]octane-2, 3,4-triol; and       (18,
23,38,4R,5S )-5-{4-ch loro-344-(oxetan-3-y1 oxy)-benzyll-pheny11-1-
hyd roxymethy1-6, 8-dioxa-bicyclo[3.2 .1]octane-2, 3,4-triol. 5
8. A compound which is
(1S,2S,33,4R,5S)-544-chloro-3-(4-ethoxy-benzypphenyl]-1-hydroxymethyl
-6,8-dioxa-bicyclo[3.2.11octane-2,3,4-triol.        9. A compound
selected from the group consisting of:
10(1S,2S,3S,4S,5S)-1-hydroxymethy1-543-(4-methoxy-benzy1)-4-methyl-ph
enyl]-6,8- dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(18,2S,3S,4S,5S)-543-(4-ethoxy-benzy1)-4-methyl-pheny11-1-hydroxymeth
yl-6,8- dioxa-bicyclo[3.2.11octane-2,3,4-triol;
(1S,23,3S,4S,5S)-5[4-chloro-3-(4-m ethoxy-benzy1)-pheny1]-1-hydroxym
ethyl-6,8- 15dioxa-bicyclo[3.2.1]octane-2,3,4-triol;       (1S,2S,38,
4S, 5S)-544-chloro-3-(4-ethoxy-benzyl)phenyl]-1-hydroxymethyl-6,8-
dioxa-bicyclo[3.2.1]octane-2,3,4-triol;       (1812S,3S, 4S3
5S)-51441 uoro-3-(4-methoxy-benzy1)-pheny1]-1 -hydroxymethy1-6,8-
dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
0(1S,2S,3S,4S,5S)-5-[3-(4-ethoxy-benzyl)
4-fluoro-phenyl]-1-hydroxymethy1-6,8-
dioxa-bicyclo[3.2.1]octane-2,3,44riol; and
(1S,2S,3S,4S,5S)-5-[3-(4-chlorobenzyl)
4-fluoropheny1]-1-hydroxymethy1-6,8-
dioxabicyclo[3.2.1]octane-2,3,4-triol. OH  120 11.The crystal of



12.The crystal of claim 10 further comprising L-pyroglutamic acid and
having 5one or more of the following: a)space group of P2(1)2(1)2(1)
and unit cell parameters substantially equal to the following: a =
7.4907(10) A a= 90. b = 12.8626(15) A = 90. 10c = 28.029(4) A7=90;
b)a powder x-ray diffraction pattern comprising 2-theta values of
(CuKa radiation, wavelength of 1.54056A) 6.4  0.2, 16.7  0.2, 17.4
0.2 and 21.1  0.2; or             c)a solid state 13C NMR spectrum
comprising peak positions at 16.5  0.2, 131.1  0.2, 158.7  0.2, and
181.5  0.2 ppm as determined on a 500MHz spectrometer 15relative to
crystalline adamantine of 29.5 ppm. 13.The crystal of claim 10
further comprising L-pyroglutamic acid wherein the crystal is a
co-crystal comprising the compound of formula (4A) and L-pyroglutamic
acid in a 1:1 stoichiometric ratio. 20 14.The crystal of claim 10
further comprising L-pyroglutamic acid and having             b)a
powder x-ray diffraction pattern comprising a 2-theta value of (CuKa
radiation, wavelength of 1.54056A) 6.4  0.2; and d)a solid state 13C
NMR spectrum comprising peak positions at 16.5  250.2, 158.7  0.2,
and 181.5  0.2 ppm as determined on a 500MHz spectrometer relative to
crystalline adamantine of 29.5 ppm. 15.The crystal of claim 10
further comprising L-proline and having one or more of the following:
30a)space group of C2 and unit cell parameters substantially equal to
the following: a = 32.8399(16) A a= 90. b = 7.2457(4) A= 101.268(5).
121 c = 11.8023(6) A y = 90; or b)a powder x-ray diffraction pattern
comprising 2-theta values of (CuKa radiation, wavelength of 1.54056A)
7.6  0.2, 12.1  0.2, 20.3  0.2 and 28.8  0.2.       16. A
pharmaceutical composition comprising (i) a compound of any of claims
1 through 9 or a crystal of any of claims 10-15; and (ii) a
pharmaceutically acceptable excipient, diluent, or carrier.       17.
A compound of any of claims 1 through 9, a crystal of any of claims
10-15 or a pharmaceutical composition of claim 16 for use as a
medicament.         








