
DIOXA-BICYCLO[3.2.1]OCTANE-2,3,4-TRIOL DERIVATIVES FIELD OF THE INVENTION
The 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 include 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 impart 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 Il (type 2)
diabetes. More recently, sodium-glucose co-transport (SGLT) inhibitors,
particularly SGLT2 inhibitors, 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 normalize 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). 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. 6,515,1 17; 6,414,126; 7,101 ,856; 7,169,761
; and 7,202,350; U.S. Publication Nos. US2002/01 11315; US2002/01 37903;
US2004/01 38439; US2005/0233988;US2006/0025349; US2006/0035841 ; and
US2006/0632722; and PCT Publication Nos. WO01/027128; WO02/044192;
WO02/088157; WO03/099836; WO04/087727; WO05/021566; WO05/085267;
WO06/008038; WO06/002912; WO06/062224; WO07/000445; WO07/093610; and
WO08/002824. Certain 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 (1997 )
; Bacterial Reverse Mutation Test, OECD TG 471 (1997); Mammalian
Erythrocyte Micronucleus Test, OECD TG 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.
SUMMARY Compounds of Formula (A) and Formula (B) have been found to act as
sodiumglucose cotransport (SGLT) inhibitors, in particular, SGLT2
inhibitors; therefore, may be used in the treatment of diseases mediated by
such inhibition (e.g., diseases related to obesity, Type 2 diabetes, and
obesity-related and diabetes-related co-morbidities). These compounds may
be represented by Formulas (A) and (B) as shown below: ( ) wherein R1 is H,
(Ci-C 4)alkyl, (Ci-C 4)alkoxy, Cl, F, cyano, fluoro-substituted (d-
C2)alkyl, (CrC 4)alkyl-SO2- , or (C3-C6)cycloalkyl; and R2 is (Ci-C
4)alkyl, (Cr C4)alkoxy, (C2-C4)alkynyl, 3-oxetanyloxy, 3-
tetrahydrofuranyloxy, Cl, F, cyano, fluoro-substituted (CrC 2)alkyl, (Ci-C
4)alkyl-SO2- , (C3- C6)cycloalkyl, or a (C5-C6)heterocycle having 1or 2
heteroatoms each independently selected from N, O, or S.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. Specific compounds of Formula (A) include:
(1S,2S,3S,4R,5S)-1-hydroxymethyl-5-
[3-(4-methoxy-benzyl)-4-methyl-phenyl]-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4
-triol;
(1S,2S,3S,4R,5S)-5-[3-(4-ethoxy-benzyl)-4-methyl-phenyl]-1-hydroxymethyl-6,
8-dioxabicyclo[ 3.2. 1]octane-2,3,4-triol; (
1S,2S,3S,4R,5S)-5-[4-chloro-3-(4-methoxy-benzyl)-
phenyl]-1-hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(1S,2S,3S,4R,5S)-5-[4-
chloro-3-(4-ethoxy-benzyl)-phenyl]-1-hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]
octane-2,3,4- triol; (
1S,2S,3S,4R,5S)-5-[4-fluoro-3-(4-methoxy-benzyl)-phenyl]-1
-hydroxymethyl-6,8- dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
2-(4-methoxybenzyl)-4-((1S,2S,3S,4R,5S)-2,3,4-
thhydroxy-1-(hydroxymethyl)-6,8-dioxa-bicyclo[3,2,1]oct-5-yl)benzonitrile;
2-(4-
ethoxybenzyl)-4-((1S,2S,3S,4R,5S)-2,3,4-trihydroxy-1-(hydroxymethyl)-6,8-di
oxabicyclo[ 3,2,1]oct-5-yl)benzonitrile;
(1S,2S,3S,4R,5S)-5-[3-(4-ethoxy-benzyl)-4-fluorophenyl]-
1-hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(1S,2S,3S,4R,5S)-5-{4-
fluoro-3-[4-(tetrahydro-furan-3-yloxy)-benzyl]-phenyl}-1-hydroxymethyl-6,8-
dioxabicyclo[ 3.2. 1]octane-2,3,4-triol; (
1S,2S,3S,4R,5S)-5-[3-(4-chlorobenzyl)-4-fluorophenyl]-1 -
hydroxymethyl-6,8-dioxabicyclo[3.2.1]octane-2,3,4-triol;
(1S,2S,3S,4R,5S)-5-{4-fluoro-3-[4- (oxetan-3-yloxy)-benzyl]-phenyl}-1
-hydroxymethyl-6,8-dioxa-bicyclo[3.2. 1]octane-2,3,4-triol; and (
1S,2S,3S,4R,5S)-5-{4-chloro-3-[4-(oxetan-3-yloxy)-benzyl]-phenyl}-1
-hydroxymethyl- 6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol. Specific
compounds of Formula (B) include: (1S,2S,3S,4S,5S)-1-hydroxymethyl-5-
[3-(4-methoxy-benzyl)-4-methyl-phenyl]-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4
-triol; ( 1S,2S,3S,4S,5S)-5-[3-(4-ethoxy-benzyl)-4-methyl-phenyl]-1
-hydroxymethyl-6,8-dioxabicyclo[ 3.2. 1]octane-2,3,4-triol; (
1S,2S,3S,4S,5S)-5-[4-chloro-3-(4-methoxy-benzyl)-
phenyl]-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-benzyl)-phenyl]-1-hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]
octane-2,3,4- triol; (
1S,2S,3S,4S,5S)-5-[4-fluoro-3-(4-methoxy-benzyl)-phenyl]-1
-hydroxymethyl-6,8- dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(1S,2S,3S,4S,5S)-5-[3-(4-ethoxy-benzyl)-4-fluorophenyl]-
1-hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol; and
(1S,2S,3S,4S,5S)-5-[3-(4-chlorobenzyl)-4-fluorophenyl]-1-hydroxymethyl-6,8-
dioxabicyclo[3.2.1]octane-2,3,4- triol. A further aspect of the present
invention is a crystal comprising a compound having the formula (4A):
Another aspect of the present invention is a pharmaceutical composition
that comprises ( 1) a compound of the present invention, and (2) a
pharmaceutically acceptable excipient, diluent, or carrier. Preferably, the
composition comprises a therapeutically effective amount of a compound of
the present invention. The composition may also contain at least one
additional pharmaceutical agent (described herein). Preferred agents
include anti-obesity agents and/or anti-diabetic agents (described herein
below). In yet another aspect of the present invention, a method for
treating a disease, disorder, or condition modulated by SGLT2 inhibition in
animals is provided that includes the step of administering to an animal
(preferably, a human) in need of such treatment a 



therapeutically effective amount of a compound of the present invention (or
a pharmaceutical composition thereof). Diseases, conditions, and/or
disorders modulated by SGLT2 inhibition include, e.g., Type Il diabetes,
diabetic nephropathy, insulin resistance syndrome, hyperglycemia,
hyperinsulinemia, hyperlipidemia, impaired glucose tolerance, obesity
(including weight control or weight maintenance), hypertension, and
reducing the level of blood glucose. Compounds of the present invention may
be administered in combination with other pharmaceutical agents (in
particular, anti-obesity and anti-diabetic agents described herein below).
The combination therapy may be administered as (a) a single
pharmaceuticalcomposition which comprises a compound of the present
invention, at least one additional pharmaceutical agent described herein
and a pharmaceutically acceptable excipient, diluent, or carrier; or (b)
two separate pharmaceutical compositions comprising (i) a first composition
comprising a compound of the present invention and a pharmaceutically
acceptable excipient, diluent, or carrier, and (ii) a second composition
comprising at least one additional pharmaceutical agent described herein
and a pharmaceutically acceptable excipient, diluent, or carrier. The
pharmaceutical compositions may be administered simultaneously or
sequentially and in any order. It is to be understood that both the
foregoing general description and the following detailed description are
exemplary and explanatory only and are not restrictive of the invention, as
claimed. BRIEF DESCRIPTION OF FIGURES FIGURE 1 represents the refined
crystal structure for the Example 8A compound which 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
FIGURE 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 Example 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 Example 4A compound and
L-pyroglutamic acid which was plotted using the SHELXTL plotting
package.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.
DETAILED 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 described, 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: As used herein, the term "alkyl" refers to a
hydrocarbon radical of the general formula CnH2n+i- The alkane radical may
be straight or branched. For example, the term "(Ci-C 6)alkyl" refers to a
monovalent, straight, or branched aliphatic group containing 1 to 6 carbon
atoms (e.g., methyl, ethyl, n-propyl, /-propyl, n-butyl, /-butyl, s-butyl,
f-butyl, npentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl, neopentyl,
3,3-dimethylpropyl, hexyl, 2- 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 perfluoroalkyls)
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 may exist as a single ring, bicyclic ring or a spiro ring.
Unless specified otherwise, the carbocyclic ring is generally a 3- to
8-membered ring. For example, cycloalkyl includegroups such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclohexenyl, norbornyl
(bicyclo[2.2.1]heptyl), bicyclo[2.2.2]octyl, and the like. The term
"heterocycle" refers to nonaromatic rings that are fully hydrogenated and
may exist as a single ring, bicyclic ring or a spiral ring. Unless
specified otherwise, the heterocyclic ring is generally a 3- to 6-membered
ring containing 1 to 3 heteroatoms (preferably 1 or 2 heteroatoms)
independently selected from sulfur, oxygen and/or nitrogen. Heterocyclic
rings include groups such as epoxy, azihdinyl, tetrahydrofuranyl,
pyrrolidinyl, N-methylpyrrolidinyl, pipehdinyl, piperazinyl, pyrazolidinyl,
4H-pyranyl, morpholino, thiomorpholino, tetrahydrothienyl,
tetrahydrothienyl 1, 1-dioxide, and the like. The phrase "therapeutically
effective amount" means an amount of a compound of the present invention
that (i) treats the particular disease, condition, or disorder, (ii)
attenuates, ameliorates, or eliminates one or more symptoms of the
particular disease, condition, or disorder, or (iii) prevents or delays the
onset of one or more symptoms of the particular disease, condition, or
disorder described herein. The term "animal" refers to humans (male or
female), companion animals (e.g., dogs, cats and horses), food-source
animals, zoo animals, marine animals, birds and other similar animal
species. "Edible animals" refers to food-source animals such as cows, pigs,
sheep and poultry. The phrase "pharmaceutically acceptable" indicates that
the substance or composition must be compatible chemically and/or
toxicologically, with the other 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 otherwise 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 stereoisomers
(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 associationwith 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, cyano, -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, cyano, -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
methoxy 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 equal to the following: a = 7.4907(10) A
a= 90. b = 12.8626(15) A b= 90. c = 28.029(4) A g = 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 2 1.1  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 d) a differential
scanning calorimetry thermogram having an endotherm of about 142.5  20C.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 of the description contained herein. The starting
materials are generally available from commercial sources such as Aldrich
Chemicals (Milwaukee, Wl) 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 Synthesis , v.
1-19, Wiley, New York ( 1967-1 999 ed.), or Beilsteins Handbuch der
organischen Chemie , 4, Aufl. ed. Springer-Verlag, Berlin, including
supplements (also available via the Beilstein 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 below. 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 blocks or protects the hydroxy functionality. Suitable
hydroxyl-protecting groups (O-Pg) include for example, allyl, acetyl (Ac),
silyl (like thmethylsily (TMS) or tert-butyldimethylsilyl (TBS)), 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 protecting groups and their use, see T.
W. Greene, Protective Groups in Organic Synthesis . John Wiley & Sons, New
York, 1991 .Scheme 1 outlines the general procedures one could use to
provide compounds of the present invention. Scheme 1AIIyI 2,3,4-t i
-O-benzyl-D-glucopyranoside ( a, where Pg1 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 et al. in Journal
of the Chemical Society, Perkin 1 , 1835 (1974); Hans Peter Wessel in the
Journal of Carbohydrate Chemistry , 7, 263, (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 Swern 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 American Chemical Society , 8 1, 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 (MD) with the
appropriate reagents and procedures for the particular protecting group
desired. For example, p-methoxybenzyl (PMB) groups may be introduced by
treatment of intermediate (MD) with p-methoxybenzyl bromide or
p-methoxybenzyl chloride in the presence of sodium hydride, potassium
hydride, potassium te/t-butoxide in a solvent like tetrahydrofuran,
1,2-dimethoxyethane or L/ L/-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 solvent such as dichloromethane, heptane or
hexanes can also be used. Benzyl (Bn) groups may be introduced by treatment
of intermediate (MD) with benzyl bromide or benzyl chloride in the presence
of sodium hydride, potassium hydride, potassium te/t-butoxide in a solvent
like tetrahydrofuran, 1,2-dimethoxyethane or L/ L/-dimethylformamide.
Conditions involving benzylthchloroacetimidate in presence of a catalytic
amount of acid (e.g., trifluoromethanesulfonic acid, methanesulfonic acid,
or camphorsulfonic acid) in a solvent such as dichloromethane, heptane or
hexanes can also be used.In step 3 of Scheme 1, the allyl 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 lactol (Ld). In step 4 of Scheme 1, oxidation of the unprotected
hydroxyl group to an oxo group (e.g., Swern oxidation) then forms the
lactone (l-e). In step 5 of Scheme 1, the lactone (Le) is reacted with
L/,O-dimethyl hydroxylamine 



hydrochloride to form the corresponding Weinreb amide which may exist in
equilibrium in a closed/opened form (l-f/l-g ) . The "Weinreb amide" ( gJ
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 (l-f/l- a) can be prepared from the
commercially available L/,O-dimethylhydroxylamine hydrochloride and an
activating agent (e.g., trimethylaluminum). In 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 -780C
to about 2O0C followed by hydrolysis (upon standing in protic conditions)
to the corresponding lactol (N) which may be in equilibrium with the
corresponding ketone (Ni). The bridged ketal 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 O0C to about
230C (room temperature). The remaining protecting groups (Pg 1) may then be
removed using 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
products (A) and (B). When R1 is CN, the use of a Lewis acid like boron
trichloride at a temperature ranging from about -780C to about room
temperature in a solvent like dichloromethane or 1,2-dichloroethane may
also be used to remove benzyl protective and/or paramethoxybenzyl
protective groups.When R1 is CN and R2 is (Ci-C 4)alkoxy in intermdediate
(l-i) or in products (A) or (B), upon treatment with a Lewis acid such as
boron trichloride or boron tribomide, partial to complete de-alkylation to
the corresponding phenol may occur to lead to the corresponding compound
(A) or (B) where R1 is CN and R2 is OH. If this occurs, the (d- C4)alkoxy
group may be re-introduced via selective alkylation using a (CrC 4) alkyl
iodide under mildly basic conditions, for example, potassium carbonate in
acetone at a temperature ranging from about room temperature to about 56
degrees Celsius. When R1 and/or R2 is (CrC 4)alkyl-SO 2- it is understood
by one skilled in the art that the organometallic addition step 6 (Scheme
1) will be carried out on the corresponding (d- C4)alkyl-S- containing
organometallic reagent. The thio-alkyl is then oxidized at a later stage to
the corresponding sulfone using conventional methods known by those skilled
in the art. The compounds of the present invention may be prepared as
co-crystals using any suitable method. A representative scheme for
preparing such co-crystals is described in Scheme 2.Scheme 2 In Scheme 2,
wherein Me is methyl and Et is ethyl, in step 1, 1-(5-bromo-2-
chlorobenzyl)-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,4S,5R,6R)-3,4,5-
ths(thmethylsilyloxy)-6-((trimethylsilyloxy)methyl)-tetrahydropyran-2-one
(ll-a) is dissolved in toluene and the resulting solution is cooled to
-150C. This solution is then added to the - 7O0C aryllithium solution
followed by stirring for 1 hour. A solution of methanesulfonic acidin
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- methyltetrahydrofuran 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 (ll-b) in methylene chloride is
added imidazole followed by cooling to O0C and then addition of
trimethylsilylchlohde 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 (ll-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 (ll-c) in methylene
chloride is concentrated to low volume and then the solvent is exchanged to
methanol. The methanol solution of (ll-c) is cooled to O0C, 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
solids. The crude ethyl acetate solution of (ll-d) is taken directly into
the next step. In step 4 of Scheme 2, the crude solution of (ll-d) is
concentrated to low volume, then diluted with methylene chloride and
dimethylsulfoxide. Triethylamine is added followed by cooling to 1O0C 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 1O0C
before 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 (ll-e) is taken
directly into the next step. In step 5 of Scheme 2, the crude solution of
(ll-e) is concentrated to low volume and then the solvent is exchanged to
ethanol. Thirty equivalents of aqueous formaldehyde is added followed by
warming to 550C. An aqueous solution of 2 equivalents of potassium
phosphate, tribasic is added followed by stirring for 24 hours at 550C. The
reaction temperature is then raised to 7O0C for an additional 12 hours. The
reaction is cooled toroom temperature, diluted with te/t-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, 95%
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 (ll-f) is isolated as a solid. In step
6 of Scheme 2, compound (ll-f) is dissolved in 5 volumes of methylene
chloride followed by the addition of 1mol% SiliaBonc/ tosic acid and
stirring for 18 hours at room temperature. The acid catalyst is filtered
off and the methylene chloride solution of (ll-g) is taken directly into
the next step co-crystallization procedure. In step 7 of Scheme 2, the
methylene chloride solution of (ll-g) is concentrated and then the solvent
is exchanged to 2-propanol. Water is added followed by warming to 550C. An
aqueous solution of L-pyroglutamic acid is added followed by cooling the
resulting solution to room temperature. The solution is then seeded and
granulated for 18 hours. After cooling, the solids are collected and rinsed
with heptane followed by drying. Product (ll-h) is isolated as a solid. An
alternative synthesis route for compounds (A) of the present invention is
depicted in Scheme 3 and described below.Scheme 3 The synthesis of (lll-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 1 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 (lll-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 examples 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 by
treatment of intermediate (lll-b) with benzyl bromide or benzyl chloride in
the presence of sodium hydride, potassium hydride, potassium te/t-butoxide
in a solvent liketetrahydrofuran, 1,2-dimethoxyethane or L/
L/-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 (lll-b) with acetyl chloride,
acetyl bromide or acetic anhydride or benzoyl chloride or benzoic anhydride
in the presence of a base like triethylamine, L/ L/-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 intermediate (lll-d). When
Pg3 is Tr, intermediate (lll-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 (lll-d). Cosolvents like chloroform may
be used. In step 4 of Scheme 3, a hydroxymethylene group is introduced
through a process similar 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 (lll-e) and when Pg4 is Ac or Bz, this step
provides intermediate (lll-f). In step 5 of Scheme 3, intermediate (lll-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 (lll-g).
In step 6 of Scheme 3, the remaining protecting groups (Pg4) may then be
removed using 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 (lll-f) 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 the final product (A).Another alternative
scheme for synthesizing product (A) is depicted in Scheme 4 and described
below. Scheme 4 In step 1 of Scheme 4, intermediate (lll-a) is treated with
the appropriate arylsulfonyl chloride R4SO2CI or arylsulfonic anhydride
R4S(O)2OS(O)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-trichlorobenzenesulfonyl chloride, and in the
arylsulfonic anhydride, p-toluenesulfonic anhydride) in presence of a base
like pyridine, triethylamine, L/ L/-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(ll) bromide may be used as additives. In 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 , 8 1, 4 113
(1959)) to produce the corresponding aldehyde which may exist in
equilibrium with the corresponding hydrate and/or hemiacetal form. For
example intermediate (IV-a) is treated in the presence of a base like
pyridine, 2,6-lutidine, 2,4,6-collidine, L/ L/-diisopropylethylamine, A-
(dimethylamino)pyridine in a solvent like dimethyl sulfoxide at a
temperature ranging from about room temperature to about 150 degrees
Celsius. The aldehyde intermediate produced is then submitted to the
aldol/Cannizzaro conditions described for step 1 (Scheme 1) and step 5
(Scheme 2) to produce intermediate (IV-b).In step 3 of Scheme 4,
intermediate (IV-b) is treated with an acid like thfluoroacetic 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 the
final product (A). When R2 is (C2-C4)alkynyl the process may be performed
using Scheme 5, wherein R6 is H or (CrC 2)alkyl.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 Schemel , step
6, using the organometallic reagent derived from (V-a), where Pg5 is a
suitable protective group for the hydroxyl group. For instance Pgs can be a
te/t-butyldimethylsilyl group (TBS) (see US2007/0054867 for preparation of
for instance {4-[(5-bromo-2-chloro-phenyl)-methyl]-
phenoxy}-te/t-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 solvent
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 (Pg 1) can be removed to provide
(V-k). Typically (Pg5) is TBS and Pg1 is Bn. In this circumstance, the
protecting groups are removed by sequential treatment of (V-j) with 1)
tetrabutylammonium fluoride in a solvent 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- (trifluoromethanesulfonyl)-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 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(l) iodide, a
catalyst like bis-(triphenylphosphine)-palladium dichlohde or
tetrakis(triphenylphosphine)palladium(0) in presence of a base like
triethylamine or N,Ndiisopropylethylamine in a solvent like L/
L/-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
casethe crude material obtained from the reaction described above is
treated with a base like potassium carbonate in an alcoholic solvent like
MeOH 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. One 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 R1is 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 (Ci-C 4)alkoxy. The 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 present invention as well as
mixtures thereof, including racemic mixtures, form part of the present
invention. In addition, the present invention embraces all geometric and
positional isomers. For example, if a compound of the present invention
incorporates a double bond or a fused ring, both the cis- and trans- forms,
as well as mixtures, are embraced within the scope of the invention.
Diastereomehc mixtures can be separated into their individual
diastereoisomers on the basis of their physical chemical differences by
methods well known to those skilled in the art, such as by chromatography
and/or fractional crystallization, distillation, sublimation. Enantiomers
can be separated by converting the enantiomeric mixture into a
diastereomeric mixture by reaction with an appropriate optically active
compound (e.g., chiral auxiliary such as a chiral alcohol or Mosher's acid
chloride), separating the diastereoisomers and converting (e.g.,
hydrolyzing) the individual diastereoisomers to the corresponding pure
enantiomers. Also, some of the compounds of the present invention may be
atropisomers (e.g., substituted biaryls) and are considered as part of this
invention. Enantiomers can also be separated by use of a chiral HPLC (high
pressure liquid chromatography) column. It is also possible that the
intermediates and compounds of the present invention may exist in different
tautomeric forms, and all such forms are embraced within the scope of the
invention. The term "tautomer" or "tautomeric form" refers to structural
isomers of different energies which are interconvertible via a low energy
barrier. For example, proton tautomers (also known as prototropic
tautomers) include interconversions via migration of aproton, such as
keto-enol and imine-enamine isomehzations. A specific example of a proton
tautomer is the imidazole moiety where the proton may migrate between the
two ring nitrogens. Valence tautomers include interconversions by
reorganization of some of the bonding electrons. The equilibrium between
closed and opened form of some intermediates (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 mass 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, 1 1C, 13C, 14C, 13N, 15N,
15O, 17O, 18O, 3 1P, 32P, 35S, 18F, 1231, 125I and 36CI, respectively.
Certain isotopically-labeled compounds of the present invention (e.g.,
those labeled with 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 hence may be preferred in some
circumstances. Positron emitting isotopes such as 15O, 13N, 1 1C, and 18F
are useful for positron emission tomography (PET) studies to examine
substrate occupancy lsotopically 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 reagent 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 of the present
invention and a pharmaceutically acceptable excipient, diluent or carrier.
The compounds of the present invention (including the compositions and
processes usedtherein) 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 those 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 excipient 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 as 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 agents, emulsifiers, suspending agents,
preservatives, antioxidants, opaquing agents, glidants, processing aids,
colorants, sweeteners, perfuming agents, flavoring agents and other known
additives to provide an elegant presentation of the drug (i.e., a compound
of the present invention or pharmaceutical composition thereof) or aid in
the manufacturing of the pharmaceutical product (i.e., medicament). The
formulations may be prepared using conventional dissolution and mixing
procedures. For example, the bulk drug substance (i.e., compound of the
present invention or stabilized form of the compound (e.g., complex with a
cyclodextrin derivative or other known complexation agent)) is dissolved in
a suitable solvent in the presence of one or more of the excipients
described above. The compound of the present invention is typically
formulated into pharmaceutical dosage forms to provide an easily
controllable dosage of the drug and to give the patient an elegant and
easily handleable product. The pharmaceutical compositions also include
solvates and hydrates of the compounds of Formula (I). The term "solvate"
refers to a molecular complex of a compound represented by Formula (I)
(including pharmaceutically acceptable salts thereof) with one or more
solvent molecules. Such solvent molecules are those commonly used in the
pharmaceutical art, which are known to be innocuous to the recipient, e.g.,
water, ethanol, ethylene glycol, and the like, The term "hydrate" refers to
the complex where thesolvent molecule is water. The solvates and/or
hydrates preferably exist in crystalline form. Other solvents may be used
as intermediate solvates in the preparation of more desirable solvates,
such as methanol, methyl t-butyl ether, ethyl acetate, methyl acetate, (S)-
propylene glycol, (R)-propylene glycol, 1,4-butyne-diol, and the like. The
crystalline forms may also exist as complexes with other innocuous small
molecules, such as Lphenylalanine, 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 



skill 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 the 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. The 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 pharmaceutically 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 correlated 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.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). Another
aspect of the present invention is for the treatment or delaying the
progression or onset of diabetes or diabetes-related disorders including
Type 1 (insulindependent 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, hyperlipidemia,
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
comorbidities, such as metabolic syndrome. Metabolic syndrome includes
diseases, conditions or disorders such as dyslipidemia, hypertension,
insulin resistance, diabetes (e.g., Type 2 diabetes), coronary artery
disease and heart failure. For more detailed information on Metabolic
Syndrome, see, e.g., Zimmet, P.Z., et al., "The Metabolic Syndrome: Perhaps
an Etiologic Mystery but Far From a Myth - Where Does the International
Diabetes Federation Stand?," Diabetes & Endocrinology , 7(2), (2005); and
Alberti, K.G., et al., "The Metabolic Syndrome - A New Worldwide
Definition," Lancet , 366, 1059-62 (2005). Preferably, administration of
the compounds of the present invention provides a statistically significant
(p<0.05) reduction in at least one cardiovascular disease risk factor, such
as lowering of plasma leptin, C-reactive protein (CRP) and/or cholesterol,
as compared to a vehicle control containing no drug. The administration of
compounds of the present invention may also provide a statistically
significant (p<0.05) reduction in glucose serum levels. For a normal adult
human having a body weight of about 100 kg, a dosage in the range of from
about 0.001 mg to about 10 mg per kilogram body weight is typically
sufficient, preferably from about 0.01 mg/kg to about 5.0 mg/kg, more
preferably from about 0.01 mg/kg to about 1 mg/kg. However, some
variability in the general dosage range maybe required depending upon the
age and weight of the subject being treated, the intended route of
administration, the particular compound being administered and the like.
The determination of dosage ranges and optimal dosages for a particular
patient is well within the ability of one of ordinary skill in the art
having the benefit of the instant disclosure. It is 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 described
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), ant i diabetic
agents, anti-hyperglycemic agents, lipid lowering agents, anti-inflammatory
agents and anti-hypertensive agents. Suitable anti-obesity agents include
cannabinoid-1 (CB-1 ) antagonists (such as rimonabant), 11b-hydroxy steroid
dehydrogenase-1 ( 11b-HSD type 1) inhibitors, stearoyl- CoA desaturase-1
(SCD-1 ) inhibitor, MCR-4 agonists, cholecystokinin-A (CCK-A) agonists,
monoamine reuptake inhibitors (such as sibutramine), sympathomimetic
agents, b3 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), PYY3-36
(including analogs thereof), thyromimetic 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 agonists, MTP/ApoB inhibitors
(e.g., gut-selective MTP inhibitors, such as dirlotapide), opioid
antagonist, orexin antagonist, and the like.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 No. 913541-47-6), CCKa agonists (e.g., N-benzyl-2-[4-(1
H-indol-3-ylmethyl)-5-oxo-1-phenyl-
4,5-dihydro-2,3,6,10b-tetraaza-benzo[e]azulen-6-yl]-N-isopropyl-acetamide
described in PCT Publication No. WO 2005/1 16034 or US Publication No.
2005-0267100 A 1) , 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 peglated
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 (Symlin(r)), tesofensine (NS2330),
leptin, liraglutide, bromocriptine, orlistat, exenatide (Byetta(r)),
AOD-9604 (CAS No. 221231-10-3) and sibutramine. Preferably, compounds of
the present invention and combination therapies are administered in
conjunction with exercise and a sensible diet. 



Suitable anti-diabetic agents include an acetyl-CoA carboxylase-2 (ACC-2)
inhibitor, a phosphodiesterase (PDE)-IO inhibitor, a diacylglycerol
acyltransferase (DGAT) 1 or 2 inhibitor, a sulfonylurea (e.g.,
acetohexamide, chlorpropamide, diabinese, glibenclamide, glipizide,
glyburide, glimepiride, gliclazide, glipentide, gliquidone, glisolamide,
tolazamide, and tolbutamide), a meglitinide, an a-amylase inhibitor (e.g.,
tendamistat, trestatin and AL- 3688), an a-glucoside hydrolase inhibitor
(e.g., acarbose), an a-glucosidase inhibitor (e.g., adiposine, camiglibose,
emiglitate, miglitol, voglibose, pradimicin-Q, and salbostatin), a PPARg
agonist (e.g., balaglitazone, ciglitazone, darglitazone, englitazone,
isaglitazone, pioglitazone, rosiglitazone and troglitazone), a PPAR a/g
agonist (e.g., CLX-0940, GW-1536, GW-1929, GW-2433, KRP-297, L-796449,
LR-90, MK-0767 and SB-2 19994), a biguanide (e.g., metformin), a
glucagon-like peptide 1 (GLP-1) agonist (e.g., exendin-3 and exendin-4), a
protein tyrosine phosphatase-1 B (PTP-1B) inhibitor (e.g., trodusquemine,
hyrtiosal extract, and compounds disclosed by Zhang, S., et al., Drug
Discovery Today , 12(9/10), 373-381 (2007)), SIRT-1 inhibitor (e.g.,
reservatrol), a dipeptidyl peptidease IV (DPP-IV) inhibitor (e.g.,
sitagliptin, vildagliptin, alogliptin and saxagliptin), an insulin
secreatagogue, a fatty acid oxidation inhibitor, an A2 antagonist, a c-jun
amino-terminal kinase (JNK) inhibitor, insulin, an insulin mimetic, a
glycogen phosphorylase inhibitor, a VPAC2 receptor agonist and aglucokinase
activator. Preferred anti-diabetic agents are metformin and DPP-IV
inhibitors (e.g., sitagliptin, vildagliptin, alogliptin and saxagliptin).
Suitable anti-inflammatory agents include genital tract/urinary tract
infection preventatives and treatments. Exemplary agents include
cranberries (i.e. Vaccinium macrocarpon) and cranberry derivatives such as
cranberry juice, cranberry extracts or flavonols of cranberries. Cranberry
extracts may include one or more flavonols (i.e. anthocyanins and
proanthocyanidins) or a purified cranberry flavonol compound, including
myricetin-3- b-xylopyranoside, quercetin-3- b-glucoside, quercetin-3-
a-arabinopyranoside, 3'-methoxyquercetin-3- a-xylopyranoside,
quercetin-3-O-(6"-p-coumaroyl)- b-galactoside, quercetin-3-O-(6"-benzoyl)-
b-galactoside, and/or quercetin-3- a-arabinofuranoside. Embodiments of the
present invention are illustrated by the following Examples. It is to be
understood, however, that the embodiments of the invention are not limited
to the specific details of these Examples, as other variations thereof will
be known, or apparent in light of the instant disclosure, to one of
ordinary skill in the art. EXAMPLES Unless specified otherwise, starting
materials are generally available from commercial sources such as Aldrich
Chemicals Co. (Milwaukee, Wl), Lancaster Synthesis, Inc. (Windham, NH),
Acros Organics (Fairlawn, NJ), Maybridge Chemical Company, Ltd. (Cornwall,
England), Tyger Scientific (Princeton, NJ), AstraZeneca Pharmaceuticals
(London, England), and Accela ChemBio (San Diego, CA). General Experimental
Procedures NMR spectra were recorded on a Varian Unity(tm) 400 (available
from Varian Inc., Palo Alto, CA) at room temperature at 400 MHz for proton.
Chemical shifts are expressed in parts per million (delta) relative to
residual solvent as an internal reference. The peak shapes are denoted 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
obtained on an Agilent(tm) 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
35CI/37CI-containing ions and 1:1 for 79Br/8 1Br-containing ions) and
theintensity of only the lower mass ion is given. In some cases only
representative 1H NMR peaks are given. Column chromatography was performed
with either Baker(tm) silica gel (40 microm; JT. Baker, Phillipsburg, NJ)
or Silica Gel 50 (EM Sciences(tm), Gibbstown, NJ) in glass columns or in
Flash 40 Biotage(tm) columns (ISC, Inc., Shelton, CT). MPLC (medium
pressure liquid chromatography) was performed using a Biotage(tm) SP
purification system or a Combiflash (r) Companion (r) from Teledyne(tm)
Isco(tm); Biotage(tm) SNAP cartridge KPsil or Redisep Rf silica (from
Teledyne(tm) Isco(tm)) under low nitrogen pressure were used. HPLC (high
pressure liquid chromatography) was performed using a Shimadzu(tm) 10A LCUV
or a Agilent(tm) 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 traveled 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 alternatively, 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-benzyl)-1 -methyl-benzene can be prepared by the
procedures described in Example 8 of PCT Publication No. WO 01/027128.
4-Bromo-2-(4-ethoxy-benzyl)-1 -methyl-benzene can be prepared by the
procedures described in Preparation Example 17 of US2008/01 32563.
4-Bromo-1-chloro-2-(4-methoxy-benzyl)-benzene can be prepared by the
procedures described in Preparation Example 19 of US2008/01 32563 or
Example V of US2007/0259821 .4-Bromo-1-chloro-2-(4-ethoxy-benzyl)-benzene
may be purchased from Shanghai Haoyuan Chemexpress Co., Ltd., Shanghai,
People's Republic of China. 4-Bromo-2-(4-methoxy-benzyl)-benzonitrile can
be prepared by the procedures described in Example XXII of US2007/0259821 .
The following starting materials were prepared as described below.
Preparation of 4-bromo-1-fluoro-2-(4-methoxy-benzyl)-benzene: Oxalyl
chloride ( 1 1.0 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 L/ L/-dimethylformamide ( 1 .5 ml_) at 00C.
The resulting mixture was allowed to gradually warm to room temperature.
After 18 hours, the solid had gone into solution. The resulting light
orange solution was concentrated under reduced pressure and was chased two
times with diethyl ether to afford 5-bromo-2-fluoro-benzoyl chloride (27.0
g, quantitative yield) as a pale orange oil. To a solution of
5-bromo-2-fluoro-benzoyl chloride (27.0 g, 114 mmol) and anisole (12.9 g,
13.0 ml_, 119 mmol) in dichloromethane (150 ml_) at 0C was added aluminum
trichloride (16.2 g, 119 mmol) portionwise so that the internal temperature
remained below 10C. After stirring for 4 hours at 0C, the solution was
poured over crushed ice and the resulting mixture was stirred. After 30
minutes, the organic phase was removed and the aqueous phase was extracted
two times with dichloromethane. The combined organic phases were washed
once with aqueous 1M hydrochloric acid solution, 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. The
resulting residue 



was recrystallized from ethanol to afford
(5-bromo-2-fluoro-phenyl)-(4-methoxy-phenyl)- methanone (22.5 g, 64%) as a
white solid. To a well stirred solution of
(5-bromo-2-fluoro-phenyl)-(4-methoxy-phenyl)- methanone (22.5 g, 72.80
mmol) and triethylsilane (27.9 ml_, 20.3 g, 175.0 mmol) in dichloromethane
(20 ml_) and acetonithle (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 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 wasextracted 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 and dried
under high vacuum to afford 4-bromo-1-fluoro-2-(4-methoxy-benzyl)-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). Preparation of starting
material 4-bromo-2-(4-ethoxy-benzyl)-benzonitrile : A solution of ethyl
(4-ethoxy-phenyl) acetate (2.68 g, 12.87 mmol),
4-bromo-2-fluorobenzonitrile (2.74 g, 13.70 mmol) in L/-methylpyrrolidone
(4 ml_) was slowly added to a suspension of potassium te/t-butoxide (3.14
g, 27.98 mmol) in L/-methyl pyrrol idone (13 ml_) at 0C. Upon addition, the
solution became dark red. The dark-red mixture was stirred at 0C 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 evaporated to dryness. L/
L/-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 (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-benzyl)-benzonithle ( 1 .2 g,
containing 5 % of another compound with NMR peaks at 4.15 ppm quartet, and
1.5 ppm triplet). 1H 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-ethoxy-benzyl)-1-fluoro-benzeneTo 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 temperature. 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 reaction mixture was
stirred for 30 minutes and extracted twice with dichloromethane. The
combined organic layers were dried over magnesium sulfate, filtered, and
concentrated under reduced pressure to afford a light pink solid (3.83 g,
96%). The crude product 4-(5-bromo-2-fluorobenzyl)- phenol was used in the
next step without further purification. 1H NMR (400 MHz, chloroform-d)
delta ppm 3.88 (s, 2 H), 4.76 (br. s., 1 H), 6.77 (d, J=8.2 Hz, 2 H), 6.91
(t, J=9.1 Hz, 1 H), 7.07 (d, J=8.6 Hz, 2 H), 7.23 (dd, J=6.8, 2.3 Hz, 1 H),
7.26 - 7.31 (m, 1 H). To a solution of 4-(5-bromo-2-fluoro-benzyl)-phenol
(6.0 g, 2 1.0 mmol) in anhydrous L/ L/-dimethylformamide (20 ml_) cooled at
0C was added sodium hydride (60% dispersion in mineral oil, 1.02 g, 25.6
mmol). After stirring at 0C for 45 minutes, iodoethane (2.08 ml_, 25.6
mmol) was added dropwise and the resulting mixture was allowed to warm up
to room temperature. After 18 hours, the reaction mixture was quenched with
water and extracted twice with ethyl acetate. The combined organic layers
were washed twice with water and once with brine, dried 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 0 to 10% ethyl acetate in heptane to afford 4.6 g (58% yield)
of the desired product as a yellow oil. 1H NMR (400 MHz, chloroform-d)
delta ppm 1.40 (t, J=7.0 Hz, 3 H), 3.89 (s, 2 H), 4.01 (q, J=6.9 Hz, 2 H),
6.83 (d, J=8.4 Hz, 2 H), 6.91 (t, J=9.0 Hz, 1 H), 7.10 (d, J=8.8 Hz, 2 H),
7.20 - 7.30 (m, 2 H). Preparation of toluene-4-sulfonic acid
tetrahydro-furan-3-yl ester To a solution of 3-hydroxy tetrahydrofuran (2.5
g, 28.0 mmol) in anhydrous pyridine (60 ml_) at room temperature was added
4-toluene sulfonyl chloride (6.49 g, 34.0 mmol). After stirring the
reaction mixture for 18 hours at room temperature, the reaction mixture was
concentrated under reduced pressure. The resulting residue was purified by
flashchromatography 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). Preparation of toluene-4-sulfonic
acid oxetan-3-yl 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
under 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). Preparation of starting material
3-[4-(5-bromo-2-fluoro-benzyl)-phenoxyl-tetrahydro-furan To a solution of
4-(5-bromo-2-fluoro-benzyl)-phenol ( 1 .5 g, 5.3 mmol) and cesium carbonate
(2.61 g, 8.0 mmol) in L/ L/-dimethylformamide (15.0 ml_) at room
temperature was added a solution of toluene-4-sulfonic acid
tetrahydro-furan-3-yl ester ( 1 .94 g, 8.0 mmol) in L/ L/-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 chromatography 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).Preparation of starting material
3-[4-(5-bromo-2-fluoro-benzyl)-Dhenoxyl-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 L/.L/-dimethylformamide (15.0 ml_) at
room temperature 



was added a solution of toluene-4-sulfonic acid oxetan-3-yl ester ( 1 .34
g, 8.0 mmol) in N,Ndimethylformamide (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 silica 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 Hz, 1 H), 7.26 - 7.31 (m, 1 H). Preparation of
3-(4-(5-bromo-2-chlorobenzyl)phenoxy)oxetane :
4-bromo-1-chloro-2-(4-methoxybenzyl)-benzene (10 g, 32 mmol) was dissolved
in dichloromethane (32 ml_) and cooled to 0C under nitrogen. A 1.0 M boron
tribromide solution in dichloromethane (35.3 ml_, 34.3 mmol) was added
dropwise over 10 minutes. Following the addition, the ice bath was removed
and the solution was stirred at room temperature for 1 hour. The reaction
mixture was cooled to 0C and quenched by addition of 1N aqueous
hydrochloric acid solution (45 ml_). The mixture was stirred for 30
minutes, transferred to a separatory funnel, the organic layer was
collected, and the aqueous layer was extracted with dichloromethane (45
ml_). The combined organic extracts were dried over magnesium sulfate,
filtered, and concentrated in vacuo to afford 4-(5-bromo-2-
chlorobenzyl)phenol (9.5 g, 99% yield) as a white solid. To a solution of
crude 4-(5-bromo-2-chlorobenzyl)phenol (3.0 g, 10 mmol) and cesium
carbonate (4.9 g, 15 mmol) in L/ L/-dimethylformamide (77.5 ml_) at room
temperature was added a solution of toluene-4-sulfonic acid oxetan-3-yl
ester (3.5 g, 15 mmol) in L/ L/-dimethylformamide (8 ml_). The mixture was
heated to 65C for 22 hours whereupon an additional aliquot of cesium
carbonate (3.3 g, 10 mmol) was added. The reaction mixture was stirred for
a further 12 hours at 120C, cooled to room temperaturewhereupon water and
ethyl acetate were added and the mixture was carefully acidified with 1N
aqueous hydrochloric acid solution. The organic layer was separated, washed
with brine (3 times), and concentrated in vacuo. Purification via Biotage
MPLC (silica gel, eluting with a gradient of 0 to 25% ethyl acetate in
heptane) afforded 3-(4-(5-bromo-2- chlorobenzyl)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). Preparation of
4-bromo-2-(4-chloro-benzyl)-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 room 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
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-fluorophenyl)-(4-chlorophenyl)-methanol ( 15.2 g, 96% yield) as
a yellow solid. To a solution of the above
(5-bromo-2-fluorophenyl)-(4-chlorophenyl)-methanol (15.0 g, 48 mmol) and
thethylsilane (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 methyl
te/t-butyl ether (200 ml_ x 2). The combined organic solution was washed
with water (25 ml_ 2), brine (25 ml_ x 2), dried (sodium sulfate), filtered
and concentrated under reduced pressure. Purification by flash column
chromatography over silica geleluting with a gradient of ethyl acetate in
heptane gave 2-(4-chlorobenzyl)-4-bromo-1- fluorobenzene (5.0 g, 35% yield)
as a colorless oil. 1H NMR (400 MHz, chloroform-c/) delta ppm 7.33-7.22 (m,
4H), 7.1 3 (d, J = 8.4 Hz, 2H), 6.93 (dd, J = 9.2, 9.2 Hz, 1H), 3.92 (s,
2H). Preparation of Intermediates Preparation of Intermediate ((2R, 3RAS,
5R)-6-allyloxy-3,4, 5-tris-benzyloxy-tetrahvdropyran- 2-yl)-methanol (l-1a)
: 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 trityl chloride (463
g, 1.67 mol) and thethylamine (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 50C. After
complete addition, the reaction mixtures were stirred at room temperature
for 20 hours. Each reaction was then poured onto ice/water (2 L) and
extracted with ethyl acetate (2.5 L). The organic phases of each were
washed with saturated brine/water ( 1 : 1 , 2 x 2 L), combined and dried
over magnesium sulfate (product Rf 0.85 in 3:1 hexanes/ethyl acetate) After
filtration and evaporation the residue was dissolved in a mixture of
dichloromethane (16 L) and methanol (4 L). The mixture was split into 5
equal portions and to each was added sulfuric acid (32 mL). The reactions
were stirred for 3 hours, washed with brine/2M aqueous sodium hydroxide
solution ( 1 : 1 , 2 x 2 L), combined and dried over magnesium sulfate.
After filtration and concentration in vacuo, the residue was
furtherpurified on silica gel eluting with 30% ethyl acetate in toluene to
give intermediate compound (1-1 a) as a mixture of anomers ( 1 .77 kg, 54 %
yield from D-glucose). Rf 0.15 in 3:1 hexanes/ethyl acetate. Preparation of
Intermediate
((3S,4S,5R)-6-allyloxy-3,4,5-tris-benzyloxy-2-hvdroxymethyltetrahvdro-
Dyran-2-yl)-methanol (1-1 b): A solution of dimethylsulfoxide (87 ml_, 1.22
mol) in dichloromethane (160 ml_) was added 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 (1-1 a) (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
thethylamine (417 ml_, 2.9 mol) was added dropwise. After complete addition
the reaction mixture was allowed to self warm to room temperature. 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 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
magnesium 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 inethyl acetate) to give intermediate compound
(1-1 b) 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-benzyloxymethyl)-tetrahvdropyran
(1-1 c): The starting diol
[((3S,4S,5R)-6-allyloxy-3,4,5-tris-benzyloxy-2-hydroxymethyl-tetrahydropyra
n- 2-yl)-methanol (1-1 b: 10 g, 19.208 mmol) was dissolved in L/
L/-dimethylformamide (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-bromomethyl-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 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 (J Ic). MS 778.8 (M + NH4 +; positive mode).
(3R, 4S, 5S)-3, 4,5-tris-benzyloxy-6,
6-bis-(4-methoxy-benzyloxymethyl)-tetrahvdro-pyran-2-ol (l-1d):To a
solution of starting material
((3S,4S,5R)-6-allyloxy-3,4,5-ths-benzyloxy-2,2-bis-(4-
methoxy-benzyloxymethyl)-tetrahydro-pyran, (1-1 c: 7.55 g, 9.92 mmol) in
methanol (60 ml_) and 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 eluting with a gradient of 0 to 80% ethyl
acetate in heptane yielding 5.6 g (78% yield) of product (J Id). MS 738.8
(M + NH4 +; positive mode). (3R, 4S, 5S)-3, 4,5-tris-benzyloxy-6,
6-bis-(4-methoxy-benzyloxymethyl)-tetrahvdro-pyran-2- one (1-1 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 ofstarting material
((3R,4S,5S)-3,4,5-tris-benzyloxy-6,6-bis-(4-methoxy-benzyloxymethyl)-
tetrahydro-pyran-2-ol, (l-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 allowed to warm up to O0C
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
(l-1e ) (4 g, 72% yield). 1H 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=1 1 Hz,1 H), 4.87 (d, J=1
1.2 Hz, 1 H), 5.1 0 (d, J=1 1.1 Hz, 1 H), 6.74 - 6.79 (m, 2 H), 6.81 - 6.85
(m, 2 H), 7.1 1 (dd, J=7.0, 2.5 Hz, 2 H), 7.17 - 7.41 (m, 17 H). (2R, 3S,
4S)-2,
3,4-tris-benzyloxy-5-hvdroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxybenzyloxym
ethvD- hexanoic acid methoxy-methyl-amide (I-1Q) and/or
(3R,4S,5S)-3,4,5-trisbenzyloxy-
6,6-bis-(4-methoxy-benzyloxymethyl)-2-(methoxy-methyl-amino)-tetrahydro-
Dyran-2-ol (1-1 f): To a solution of lactone
((3R,4S,5S)-3,4,5-tris-benzyloxy-6,6-bis-(4-methoxybenzyloxymethyl)-
tetrahydro-pyran-2-one (M e: 10.4 g, 14.5 mmol) and
L/,O-dimethylhydroxylamine hydrochloride ( 1 .77 g, 29.0 mmol) in
dichloromethane (100 ml_) at 0C was added dropwise a 2.0 M solution of
trimethyl aluminum in hexanes (14.5 ml_, 29.0 mmol)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 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 (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=1 1.5 Hz, 1 H),
4.87 (d, J=1 1.4 Hz, 1 H), 6.77 - 6.83 (m, 4 H), 7.15 - 7.35 (m, 19 H).
([M+H+] 780.8, positive mode; [M+HCO2 ] 824.7, negative mode). HRMS
calculated for C46H54NOi 0 (M+H+) 780.3742, found 780.3708.
(2R,3S,4S)-2,3,4,6-tetrakis-benzyloxy-5-benzyloxymethyl-5-hydroxy-hexanoic
acid methoxy-methyl-amide (I-6Q) and/or
(3R,4S,5S)-3,4,5-tris-benzyloxy-6,6-bisbenzyloxymethyl-
2-(methoxy-methyl-amino)-tetrahydro-pyran-2-ol (l-6f) : This compound was
prepared starting from [((3S,4S,5R)-6-allyloxy-3,4,5-tris-benzyloxy-2-
hydroxymethyl-tetrahydro-pyran-2-yl)-methanol (1-1 b) using a similar
procedure as the one described for the synthesis of
(2R,3S,4S)-2,3,4-tris-benzyloxy-5-hydroxy-6-(4-methoxybenzyloxy)-
5-(4-methoxy-benzyloxymethyl)-hexanoic acid methoxy-methyl-amide (H q)
and/or (3R,4S,5S)-3,
4,5-tris-benzyloxy-6,6-bis-(4-methoxy-benzyloxymethyl)-2-(methoxymethyl-ami
no)-tetrahydro-pyran-2-ol (J If) except that the alkylating agent used in
the experimental part describing the conversion from (1-1 b) to (1-1 c) 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 (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=1 1.5 Hz, 1 H), 4.89 (d,
J=1 1.5 Hz, 1 H), 7.15 - 7.35 (m, 25 H). MS [M+H+] 720.7, positive mode;
[M+HCO 2 ~] 764.7, negative mode). (4S,
5S)-3L,5-tris-benzyloxy-2-f3-(4-methoxy-benzyl)-4-methyl-phenyll-6,
6-bis-(4-methoxybenzyloxymeth vD-tetrahydro-pyran-2-ol (I-1i): 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
Biotage(tm) microwave vial 10-20 ml_ sealed with its cap and placed under a
positive stream of nitrogen gas) of 4-bromo-2-(4-methoxy-benzyl)-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-
hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexanoic acid
methoxymethyl- amide (M g) (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 - 780C for 1 hour before being allowed to
warm to -2O0C over 14 hours (put in a deep Dewarcovered 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 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, 6 1% yield).
HRMS calculated for C59H62Oi0Na (M+Na+) 953.4235, found 953.4236. {(2S,
3S)-2, 3,4-tris-benzyloxy-5-[3-(4-methoxy-benzyl) -4-meth yl-phenyll-6,
8-dioxabicvclo[ 3.2. 1loct-1-yl)-methanol (1-1 k): To a solution of
intermediate J (150 mg) in dichloromethane (3 ml_) was added anisole (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, 6 1% yield). MS (LCMS) 673.9 (M+H+; positive mode). (4S,
5S)-3,4, 5-tris-benzyloxy-2-[3-(4-ethoxy-benzyl)-4-methyl-Dhenyll-6,
6-bis-(4-methoxybenzyloxymeth vD-tetrahydro-pyran-2-ol (\-2\) :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
Biotage(tm) microwave vial 10-20 ml_ sealed with its cap and placed under a
positive stream of nitrogen gas) of 4-bromo-2-( 4-ethoxy-benzyl)-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)-hexanoic acid
methoxymethyl- amide (l-1q ) (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 - 780C 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 and 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 Biotage(tm) automated
chromatography unit (two stacked 10g silica gel columns; eluting with a
gradient of 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).
{(2S,3S)-2,3L-tris-benzyloxy-5-[3-(4-ethoxy-benzyl)-4-methyl-Dhenyll-6,8-di
oxabicvclo[ 3.2. 1loct-1-yl}-methanol (l-2k):To a solution of the
intermediate \ 2 (136 mg, 0.145 mmol) in dichloromethane (4 ml_) was added
anisole (31 0 microL, ~5 equivalents) followed by 4 ml_ of a solution of
20% thfluoroacetic 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 ISCO(tm) 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 (M+H+; positive
mode). (4S, 5S)-3,4,
5-tris-benzyloxy-2-[4-chloro-3-(4-methoxy-benzyl)-phenyll-6,
6-bis-(4-methoxybenzyloxymeth vD-tetrahydro-pyran-2-ol (7-3/) :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
Biotage(tm) 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-benzyl)-benzene (725 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,3S,4S)-2,3,4-tris-benzyloxy-5-
hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexanoic acid
methoxymethyl- amide (H g) (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 - 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 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 gave the
product as a mixture of isomers (530 mg, 7 1% yield).
{(2S,3S)-2,3A-tris-benzyloxy-5-[4-chloro-3-(4-methoxy-benzyl)-Dhenyll-6,8-d
ioxabicvclo[ 3.2. 1loct-1-yl}-methanol (l-3k) :To a solution of the
intermediate J Si (530 mg) in dichloromethane ( 1 1 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 using 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)-3L,5-tris-benzyloxy-2-f4-chloro-3-(4-ethoxy-benzyl)-phenyll-6,
6-bis-(4-methoxybenzyloxymeth vD-tetrahydro-pyran-2-ol (\-4\) : 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
Biotage(tm) 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-ethoxy-benzyl)-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)-5-(4-methoxy-benzyloxymethyl)-hexanoic acid
methoxymethyl- amide (l-1q ) (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 - 780C for 1 hour before being allowed to
warm to -250C 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 wasquenched 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 gave the
product as a mixture of isomers (280 mg, 38% yield). HRMS calculated for
C59H6IOi 0CINa (M+Na+) 987.3845, found 987.3840.
{(2S,3S)-2,3A-tris-benzyloxy-5-[4-chloro-3-(4-ethoxy-benzyl)-Dhenyll-6,8-di
oxabicvclo[ 3.2. 1loct-1-yl)-methanol (l-4k) : To a solution of the
intermediate i ( 1 .46 g) in dichloromethane (31 ml_) was added anisole
(900 microL, ~5 equivalents) followed by 3 1 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 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 C43H44O7CI (M+H+) 707.2770, found
707.2765. 



(4S, 5S)-3,4, 5-tris-benzyloxy-2-[4-fluoro-3-(4-methoxy-benzyl)-phenyll-6,
6-bis-(4methoxybenzyloxymeth yl)-tetrahvdro-p yran-2-ol (l-5i) :n-Butyl
lithium (462 microL, 2.5 M/hexanes, 3.0 equivalents) was added dropwise ( 1
drop every 5 seconds) to an oxygen degassed solution (placed in a pre dried
Biotage(tm) 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-benzyl)-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,4S)-2,3,4-tris-benzyloxy-5-
hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexanoic acid
methoxymethyl- amide (M g) (300 mg, 0.385 mmol) in anhydrous
tetrahydrofuran (0.70 ml_) was added dropwise very slowly (1drop 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 10 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 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 (199 mg, 55 %
yield).
{(2S,3S)-2,3,4-tris-benzyloxy-5-f4-fluoro-3-(4-methoxy-benzyl)-Dhenyll-6,8-
dioxabicvclo[ 3.2.1loct-1-yl}-methanol (ISk) :To a solution of
(4S,5S)-3,4,5-Tris-benzyloxy-2-[4-fluoro-3-(4-methoxy-benzyl)-phenyl]-6,6-
bis-(4methoxy-benzyloxymethyl)-tetrahydro-pyran-2-ol (l i ; 191 mg, 0.204
mmol) in dichloromethane (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 heptane)
to afford the product as a mixture of isomers ( 1 15 mg, 83% yield). MS
(LCMS) 677.7 (M+H+; positive mode). (4S, 5S)-3,4,
5-tris-benzyloxy-2-[3-(4-ethoxy-benzyl)-4-fluoro-Dhenyll-6,
6-bis-(4-methoxybenzyloxymethyl)- tetrahvdro-Dyran-2-ol (I- 1Oi)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-benzyl)-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 of
(2R,3S,4S)-2,3,4-tris-benzyloxy-5-hydroxy-6-(4-methoxy-benzyloxy)-5-(4-meth
oxybenzyloxymethyl)- hexanoic acid methoxy-methyl-amide 1-1 a (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 maintain cold temperature). 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 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
(180 mg, 44% yield).
{(2S.3S)-2.3.4-tris-benzyloxy-5-[3-(4-ethoxy-benzyl)-4-fluoro-Dhenyll-6.8-d
ioxabicvclo[ 3.2.1loct-1-yl}-methanol (l-10k)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 thfluoroacetic 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 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 (85.0 mg, 64% yield).
(4S,5S)-3,4,5-tris-benzyloxy-2-{4-fluoro-3-f4-(tetrahvdro-furan-3-yloxy)-be
nzyll-Dhenyl}-6,6- bis-(4-methoxy-benzyloxymethyl)-tetrahvdro-pyran-2-ol
(I- 1H) 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
3-[4-(5-bromo-2-fluoro-benzyl)-phenoxy]- tetrahydro-furan (878 mg, 2.50
mmol) in anhydrous tetrahydrofuran (3.0 ml_) at -78C and the 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-benzylo
xymethyl)- hexanoic acid methoxy-methyl-amide 1-1 q (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 12 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
1N hydrochloric acid solution. The resulting biphasic mixture was stirred
at room temperature for 15 minutes. The organic phase was separated, washed
with brine, driedover 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)
((2S. 3S)-2,
3,4-tris-benzyloxy-5-{4-fluoro-3-f4-(tetrahvdro-furan-3-yloxy)-benzyll-Dhen
yl}- 6.8-dioxa-bicvclo[3.2.1loct-1-yl)-methanol (1-1 1k) To a solution of
(4S,5S)-3,4,5-Tris-benzyloxy-2-{4-fluoro-3-[4-(tetrahydro-furan-3-yloxy)-
benzyl]-phenyl}-6,6-bis-(4-methoxy-benzyloxymethyl)-tetrahydro-pyran-2-ol
l-1 1i (275 mg, 0.28 mmol) in dichloromethane (2.0 ml_) was added anisole
(0.250 ml_, 2.29 mmol) followed by a 20% solution of trifluoroacetic acid
in dichloromethane (8.0 ml_) at room temperature under nitrogen. After
stirring for 1 hour, the reaction mixture was concentrated under reduced
pressure. The crude residue was purified 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 (168 mg, 83% yield). (4S,
5S)-3L,5-tris-benzyloxy-2-f3-(4-chloro-benzyl)-4-fluoro-phenyll-6,
6-bis-(4-methoxybenzyloxymeth vD-tetrahydro-pyran-2-ol (I-12\) :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
Biotage(tm) microwave vial 10-20 ml_ sealed with its cap and placed under a
positive stream of nitrogen gas) of 4-
Bromo-2-(4-chloro-benzyl)-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,4S)-2,3,4-tris-benzyloxy-5-hydroxy-6-(4-methoxybenzyloxy)-
5-(4-methoxy-benzyloxymethyl)-hexanoic acid methoxy-methyl-amide (H g) (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 ( 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 



mixture of isomers (477 mg, 64% yield).
{(2S,3S)-2,3L-tris-benzyloxy-5-[3-(4-chloro-benzyl)-4-fluoro-Dhenyll-6,8-di
oxabicvclofS^. iloct-i-yli-methan ol (1-1 2k):To a solution of the
intermediate l-12i (243 mg) in dichloromethane (9 ml_) was added anisole
(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).
(4S,5S)-3,4.5-tris-benzyloxy-2-{4-fluoro-3-f4-(oxetan-3-yloxy)-benzyll-Dhen
yl}-6,6-bis-(4- methoxy-benzyloxymethyl)-tetrahvdro-Dyran-2-ol
(1-13i)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
3-[4-(5-Bromo-2-fluoro-benzyl)- phenoxy]-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
(2R,3S,4S)-2,3,4-tris-benzyloxy-5-hydroxy-6-(4-methoxy-benzyloxy)-5-(4-meth
oxybenzyloxymethyl)- hexanoic acid methoxy-methyl-amide 1-1 a (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 temperature). 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 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
(535 mg, 59 % yield). ((2S, 3S)-2,
3.4-tris-benzyloxy-5-f4-fluoro-3-[4-(oxetan-3-yloxy)-benzyll-Dhenyl)-6.
8-dioxabicvclo[ 3.2.1loct-1-yl)-methanol (1-1 3k)To a solution of
(4S,5S)-3,4,5-Tris-benzyloxy-2-{4-fluoro-3-[4-(oxetan-3-yloxy)-benzyl]-
phenyl}-6,6-bis-(4-methoxy-benzyloxymethyl)-tetrahydro-pyran-2-ol l-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 under 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).
(4S,5S)-3A,5-tris-benzyloxy-2-{4-chloro-3-[4-(oxetan-3-yloxy)-benzyll-Dheny
l)-6,6-bis-(4- methoxy-benzyloxymethyl)-tetrahvdro-pyran-2-ol (I-14\) :
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 Biotage(tm) 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,3S,4S)-2,3,4-tris-benzyloxy-5-
hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexanoic acid
methoxymethyl- amide (l-1q ) (616 mg) in anhydrous tetrahydrofuran ( 1 .35
ml_) was then addeddropwise over 1.5 hours using a syringe pump and the
resulting mixture was stirred at - 780C for 1 hour before being allowed to
warm to -2O0C 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 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, 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).
((2S,3S)-2,3A-Tris-benzyloxy-5-{4-chloro-3-4-(oxetan-3-yloxy)-benzyll-oheny
l}-6,8-dioxabicvclo[ 3.2.1loct-1-yl)-methanol (1-1 4k): To a solution of
the intermediate (4S,5S)-3,4,5-tris-benzyloxy-2-{4-chloro-3-[4-(oxetan-3-
yloxy)-benzyl]-phenyl}-6,6-bis-(4-methoxy-benzyloxymethyl)-tetrahydro-pyran
-2-ol l-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 concentrated and
the crude was chromatographed over silica gel using a gradient of 10 to50%
ethyl acetate in heptane to afford the product as a mixture of isomers (186
mg, 89% yield). Example 1
(1S,2S,3SAR,5S)-1-hvdroxymethyl-5-f3-(4-methoxy-benzyl)-4-methyl-Dhenyll-6,
8-dioxabicvclo[ 3.2. 1loctane-2.3.4-triol (1A) and
(1S.2S.3S.4S.5S)-1-hvdroxymethyl-5-[3-(4-
methoxy-benzyl)-4-methyl-Dhenyll-6, 8-dioxa-bicvclo[3.2.1loctane-2,
3,4-triol (1B): To a solution of
{(2S,3S)-2,3,4-tris-benzyloxy-5-[3-(4-methoxy-benzyl)-4-methyl-phenyl]-
6,8-dioxa-bicyclo[3.2.1]oct-1-yl}-methanol (1-1 k: 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 temperature 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 micrometer 150 x 2 1.20
mm, 20 mL/minute, gradient of acetonithle/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:1 B).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+HCO 2 ~, negative
mode). 1H NMR (400 MHz, methanol-d 4) 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, 1H,
J = 7.5 and 1.5 Hz), 2.16 (s, 3H). HRMS calculated for C22H27O7 (M+H+)
403.1751 , found 403.1737. 1B: (20 mg, 14% yield); Rt = 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 under
reduced pressure. MS (LCMS) 403 (M+H+; positive mode) 447 (M+HCO 2 ~,
negative mode). 1H NMR (400 MHz, methanol-d 4) 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,2S,3SLR,5S)-5-[3-(4-ethoxy-benzyl)-4-methyl-Dhenyll-1-hvdroxymethyl-6,8
-dioxabicvclo[ 3. 2. 1loctane-2, 3,4-triol (2A ) and (1S,2S, 3S,4S,
5S)-5-[3-(4-ethoxy-benzyl)-4- meth yl-ohen yll- 1-hvdroxymeth yl-6.
8-dioxa-bicvclof3. 2.1loctane-2. 3,4-triol (2B)To a solution of
{(2S,3S)-2,3,4-tris-benzyloxy-5-[3-(4-ethoxy-benzyl)-4-methyl-phenyl]-6,8-
dioxa-bicyclo[3.2. 1]oct-1-yl}-methanol (l-2k : 85 mg, 0.12 mmol) in
ethanol/tetrahydrofuran (7 ml_, -4/1 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. HPLC preparative method: reverse
phase C18 phenomenex column Luna 5 micrometer 150 x 2 1.20 mm, 20
mL/minute, gradient of acetonithle/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 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)
417.3 (M+H+; positive mode); 461 .4 (M+HCO2 ; negative mode). 1H NMR (400
MHz, methanol-^) delta ppm 1.34 (t, J=6.9 Hz, 3 H), 2.18 (s, 3 H), 3.60 (d,
J=8 Hz, 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=I 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).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. MS (LCMS) 417.3 (M+H+; positive
mode); 461 .4 (M+HCO2 ; negative mode). 1H NMR (400 MHz, methanol-^) 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). Example 3 (1S,2S,3SAR,5S)-5-
4-chloro-3-(4-methoxy-benzyl)-ohenyll-1-hvdroxymethyl-6,8-dioxabicvclo[
3.2. 1loctane-2.3.4-triol (3A) and
(1S.2S.3SAS.5S)-5-[4-chloro-3-(4-methoxybenzvD- phen yll- 1-hvdroxymeth
yl-6, 8-dioxa-bicvclof3. 2. 1loctane-2, 3,4-triol (3B): To a solution of
{(2S,3S)-2,3,4-tris-benzyloxy-5-[4-chloro-3-(4-methoxy-benzyl)-phenyl]-6,8-
dioxa-bicyclo[3.2. 1]oct-1-yl}-methanol (l-3k : 229 mg) in
ethanol/tetrahydrofuran (7 ml_, 4/1 volume) was added successively formic
acid (270 microL, 20 equivalents) and palladium black (140 mg, 4
equivalents) and the resulting mixture was stirred at room temperature.
After 1 hour, additional formic acid (270 microL, 20 equivalents) and
palladium black (140 mg, 4 equivalents) were added and the mixture was
allowed to stir for an additional hour atroom temperature. The palladium
was filtered and the crude mixture obtained after evaporation of solvent
was purified by HPLC preparative. HPLC preparative method: reverse phase
C18 phenomenex column Luna 5 micrometer 150 x 2 1.20 mm, 20 mL/minutes,
gradient of acetonithle/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 1.4:1 (3A:3B). 3A: (50
mg; 36% yield) Rt = 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 concentrated under reduced pressure. MS (LCMS) 423.3
(M+H+; positive mode); 467.3 (M+HCO 2 ; negative mode). 1H NMR (400 MHz,
methanol-d 4) 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 Hz), 3.52 (d, 1H, J = 7.8 Hz). HRMS
calculated for C2iH24O7CI (M+H+) 423.1205, found 423.1 192. 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 concentrated under reduced pressure. MS (LCMS) 423.3
(M+H+; positive mode) 467.3 (M+HCO 2 , negative mode). 1H NMR (400 MHz,
methanol-d 4) 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). Example 4 (1S.2S. 3S. 4R. 5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-Dhen
yll- 1-hvdroxymeth yl-6. 8-dioxabicvclo[ 3.2. 1loctane-2,3 L-triol (4A) and
(1S,2S,3S LS,5S)-5-[4-chloro-3-(4-ethoxybenzvD- phen yll- 1-hvdroxymeth
yl-6, 8-dioxa-bicvclo[3. 2. 1loctane-2, 3,4-triol (4B):To a solution of
{(2S,3S)-2,3,4-tris-benzyloxy-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-6,8-
dioxa-bicyclo[3.2.1]oct-1-yl}-methanol (l-4k : 335 mg) in
ethanol/tetrahydrofuran (10 ml_, 4/1 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 obtained 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). 4A: (60 mg, 29%
yield); Rt = 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+H+;
positive mode); 481 .3 (M+HCO2 ~; negative mode). 1H NMR (400 MHz,
methanol-d 4) 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 and1.3 Hz), 3.52 (d, 1H, J
= 8.0 Hz), 1.33 (t, 3H, J = 6.9 Hz). HRMS calculated for C22H26O7CI (M+H+)
437.1361 , found 437.1360. 4B: (30 mg, 15% 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. MS (LCMS) 437.3 (M+H+; positive mode) 481 .3 (M+HCO2 ,
negative mode). 1H NMR (400 MHz, methanol-d 4) delta 7.48 (d, 1H, J = 1.9
Hz) 7.40 (dd, 1H, J = 8.1 and 1.9 Hz), 7.32 (d, 1H, J = 8.3 Hz), 7.08-7.03
(m, 2H), 6.80-6.74 (m, 2H), 4.04-3.99 (m, 3H), 3.95 (q, 2H, J = 7 Hz),
3.89-3.81 (m, 4H), 3.73 (d, 1H, J = 12.5 Hz), 3.49 (d, 1H, J = 7.3 Hz),
1.32 (t, 3H, J = 7 Hz). HRMS calculated for C22H26O7CI (M+H+) 437.1361 ,
found 437.1358. 



Example 5
(1S.2S.3SAR.5S)-5-[4-fluoro-3-(4-methoxy-benzyl)-Dhenyll-1-hvdroxymethyl-6.
8-dioxabicvclof3. 2. 1loctane-2, 3,4-tol (5A ) and (1S.2S, 3S,4S,
5S)-5-f4-fluoro-3-(4-methoxybenzvD- phen yll- 1-hydroxymeth yl-6,
8-dioxa-bicvclo[3. 2. 1loctane-2, 3,4-triol (5B): To a solution of
{(2S,3S)-2,3,4-Tris-benzyloxy-5-[4-fluoro-3-(4-methoxy-benzyl)-
phenyl]-6,8-dioxa-bicyclo[3.2.1]oct-1 -yl}-methanol ( 1 15 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
black (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%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 2 1.20 mm, 20 mL/minute, gradient of
acetonithle/0.1 % formic acid: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 under reduced pressure. 1H NMR (400 MHz,
methanol-d 4) 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: 407.4 (M+ H+; positive mode); 451
.3 (M+HCO 2 ~; 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. 1H NMR (400 MHz, methanol-d 4) 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+HCO 2 ~; negative mode) Example 6
2-(4-methoxybenzyl)-4-((1 S.2S. 3S.4R. 5S)-2.
3.4-trihvdroxy-1-(hvdroxymethyl)-6. 8-dioxabicvclo[ 3.2. 1loct-5-yl)-benzon
itrile (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 being stirred for 30 minutes, the
resulting mixture was cooled to -78C and a solution of 4-
bromo-2-(4-ethoxy-benzyl)-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,3S,4S)-2,
3,4,6-tetrakis-benzyloxy-5-benzyloxymethyl-5-hydroxy-hexanoic acid
methoxy-methyl-amide (l-6g ) (700 mg, 0.972 mmol) in anhydrous
tetrahydrofuran (2 mL) was added very slowly (over 20 minutes, 1 drop every
5 seconds). The solution was stirred at -78C for 1 hour and slowly warmed
up to room temperature over 3 hours. The reaction was quenched by dropwise
addition of aqueous 1M hydrochloric acid solution and then diluted with
ethyl acetate. 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, affording
the crude product. The crude 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-benzyl)-4-
((4S,5S)-3,4,5-tris-benzyloxy-6,6-bis-benzyloxymethyl-2-hydroxy-tetrahydro-
pyran-2-yl)- benzonithle (300 mg; 34% yield). MS 918.8 (M+Na+, positive
mode). Boron 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
CH2CI2 (2 mL) at -78 0C. The mixture was stirred at -78 C 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. Purification
by flash chromatography over silica gel (eluting with methanol in
dichloromethane : 1 to 9 in volume) gave the desired intermediate
2-(4-Hydroxy-benzyl)-4- ((1 S,2S,3S,4R,5S)-2,3,4-trihydroxy-1
-hydroxymethyl-6,8-dioxa-bicyclo[3.2. 1]oct-5-yl)-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, 0.1 1 mmol) at room temperature. The mixture was
stirred at 45C overnight. The mixture was 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-^) delta 7.69 (d, J = 8 Hz, 1H), 7.61 (s,
1H), 7.56 (d, J = 8 Hz, 1H), 7.19-7.14 (m, 2H), 6.87-6.82 (m, 2H), 4.18 (d,
J = 7.6 Hz, 1H), 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, J = 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+HCO 2 ;
negative mode). Example 7 2-(4-ethoxybenzyl)-4-((1S,2S, 3SAR, 5SJ-2.
3L-trihvdroxy-1-(hvdroxymethyl)-6, 8-dioxabicvclof3,2,
1loct-5-yl)-benzonitrile (7A): Potassium carbonate (8 mg, 0.058 mmol) was
added to a solution of intermediate 2-
(4-hydroxy-benzyl)-4-((1S,2S,3S,4R,5S)-2,3,4-trihydroxy-1-hydroxymethyl-6,8
-dioxabicyclo[ 3.2.1]oct-5-yl)-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 with water. The organic
layer was dried over sodium sulfate and evaporated to dryness. Purification
by preparative Thin Layer Chromatography over silica gel (eluting
withmethanol in dichloromethane : 1 to 9 in volume) allowed isolation of
desired product 7A (2.4 mg; 26% yield). 1H NMR (methanol-^) 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), 4.14 (s,
2H), 4.01 (q, J = 7.0 Hz, 2H); 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, 3H); MS 472.1 (M+HCO 2 ; negative mode). Example 8 illustrates the
preparation of a crystalline derivative of the compound of Example 3B in
order to confirm the structure and stereochemistry of Example 3B. Example 8
Per 4-bromobenzoylation
of(1S,2S,3S,4S,5S)-5-[4-chloro-3-(4-methoxy-benzyl)-Dhenyll-1-
hvdroxymethyl- M-dioxa-bicvclofS^. iloctane^^A-t ol (3B) to give (8A): To a
solution of (1S,2S,3S,4S,5S)-5-[4-chloro-3-(4-methoxy-benzyl)-phenyl]-1- 



hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol (3B) ( 1 1 mg,
0.026 mmol) in anhydrous tetrahydrofuran (600 microL) were added at room
temperature N,Ndiisopropylethylamine (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
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 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
(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 acetate as solvents. Melting point = 191 C. Sinple Crystal X-Rav
Analysis. A representative crystal was surveyed and a 1 A data set (maximum
sin Q/l=0.5) was collected on a Bruker APEX Il/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
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 are summarized in Table 1 below.A trial structure was obtained
by direct methods. This trial structure refined routinely. Hydrogen
positions were calculated wherever possible. The methyl hydrogens were
located 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 SHELXTL plotting package (Figure 1) . The absolute configuration
was determined by the method of Flack. See, Flack, H.D., Acta Crvstalloqr .
, A39, 876, (1983).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 Per 4-nitrobenzoylation of
(1S,2S,3SAR,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-Dhenyll-1-
hvdroxymethyl-6,8-dioxa-bicvclo[3.2. 1loctane-2,3,4-triol (4A) to give
(9A): To a solution of
(1S,2S,3S,4R,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-1-
hydroxymethyl-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 O0C 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, ethyl 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).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 = 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 = 2 110C. A representative crystal was surveyed and
a 0.88 A data set (maximum sin Q/l=0.57) was collected on a Bruker APEX
Il/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 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 are summarized in Table
2 below.A trial structure was obtained by direct methods. This trial
structure refined routinely. Hydrogen positions were calculated wherever
possible. The methyl hydrogens were located 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. The
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 Crvstalloqr . , A39, 876, (1983). Example 10 (1S. 2S. 3S.
4R. 5S)-5-[3-(4-ethoxy-benzyl)-4-fluoro-Dhenyll-1-hvdroxymethyl-6.
8-dioxabicvclo[ 3.2. 1loctane-2,3,4-triol HOA) and
(1S,2S,3S,4S,5S)-5-f3-(4-ethoxy-benzyl)-4-fluoro- Dhenyll- 1-hvdroxymeth
yl-6, 8-dioxa-bicvclof3. 2.1loctane-2, 3,4-triol ( OB)To a solution of
{(2S,3S)-2,3,4-tris-benzyloxy-5-[3-(4-ethoxy-benzyl)-4-fluoro-phenyl]-6,8-
dioxa-bicyclo[3.2.1]oct-1-yl}-methanol 1-1Ok (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 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% 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 30x1 00mm, 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 mm 4.6x1 50mm, 1
mL/minute flow rate, gradient of acetonitrile/0.1 % thfluoroacetic acid :
water/0.1 % thfluoroacetic acid; 5 to 100% acetonitrile/0.1 %
trifluoroacetic acid over 12 minutes; UV detection: 220 nm. 1OA: (2.2 mg,
4.5% yield) Rt = 7 minutes (analytical method); the fractions containing
the product were concentrated under reduced pressure.MS (LCMS) 421 .4
(M+H+; positive mode) 465.3 (M+HCO 2 , negative mode). 1H NMR (400 MHz,
methanol-^) delta ppm 1.33 (t, J=I. 0 Hz, 3 H), 3.53 (d, J=8.0 Hz, 1 H),
3.57 (dd, J=I. , 1.5 Hz, 1 H), 3.60 - 3.67 (m, 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 H), 7.00 (dd, J=9.4, 8.2 Hz, 1 H), 7.08
(m, 2 H), 7.36 - 7.41 (m, 2 H). 



1OB: ( 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+HCO 2 , negative mode). 1H
NMR (400 MHz, methanol-d 4) delta ppm 1.34 (t, J=7.0 Hz, 3 H), 3.51 (d,
J=7.4 Hz, 1 H), 3.75 (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%
methanol in dichloromethane). Example 11
(1S.2S.3SAR.5S)-5-{4-fluoro-3-[4-(tetrahvdro-furan-3-yloxy)-benzyll-Dhenyl}
-1- hvdroxymethyl- .S-dioxa-bicvclofS^. iloctane^.SA-t pol ( A)To a
solution of
((2S,3S)-2,3,4-tris-benzyloxy-5-{4-fluoro-3-[4-(tetrahydro-furan-3-yloxy)-
benzyl]-phenyl}-6,8-dioxa-bicyclo[3.2.1]oct-1-yl)-methanol 1-1 1k (160.0
mg, 0.218 mmol) in a 4:1 solution of ethanol/tetrahydrofuran (10 ml_) was
added successively formic acid (185 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 to15% 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 30x1 00mm, 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 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. 11A : (19 mg,
19% yield) Rt = 6.43 minutes (analytical method); the fractions containing
the product were concentrated under reduced pressure. 1H NMR (400 MHz,
methanol-d 4) delta ppm 2.03 - 2.1 1 (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 Hz), 3.61 - 3.69 (m, 2 H),
3.77 (dd, J=8.2 and 1 Hz, 1 H), 3.81 - 3.96 (m, 7 H), 4.14 (d, J=7.4 Hz, 1
H), 4.94 - 4.98 (m, 1 H), 6.79 (m, 2 H), 7.02 (dd, J=9.9, 8.5 Hz, 1 H),
7.12 (m, 2 H), 7.37 - 7.45 (m, 2 H). Example 12
(1S,2S,3SAR,5S)-5-[3-(4-chlorobenzyl)-4-fluoroDhenyll-1-hvdroxymethyl-6,8-
dioxabicvclo[3.2.1loctane-2,3 L-triol (12A) and
(1S,2S,3SLS,5S)-5-[3-(4-chlorobenzyl)-4- fluorophen yll- 1-hvdroxymeth
yl-6, 8-dioxabicvclof3. 2.1loctane-2, 3,4-triol (12B)To a mixture of
intermediate l-12k (102 mg) and palladium black (98 mg, 6.1 equivalents) in
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(r) and the filtrate was
concentrated, giving the product mixture. This material was combined with a
second batch of crude material (prepared from intermediate l-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. HPLC
analytical method: reverse phase C18 Gemini column, 5 mm 4.6x1 50mm, 1
mL/minute flow rate, gradient of acetonithle/0.1 % thfluoroacetic acid :
water/0.1 % thfluoroacetic acid; 5 to 100% acetonitrile/0.1 %
trifluoroacetic acid over 12 minutes; UV detection: 220 nm. 12A: (18 mg,
16% yield) Rt = 7.1 1 minutes (analytical method); MS (LCMS) 4 11.3 (M+H+;
positive mode); 409.2 (M-H+; negative mode). 1H NMR (400 MHz, methanol-c(4)
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), 4.1 5 (d, J = 7.6 Hz, 1H), 3.98 (s,
2H), 3.84 (d, J = 12.4 Hz, 1H), 3.78(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) 4 11.3 (M+H+; positive mode); 409.1 (M-H+;
negative mode). 1H NMR (400 MHz, methanol-d 4) delta 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
(1S,2S,3SAR,5S)-5-{4-fluoro-3-[4-(oxetan-3-yloxy)-benzyll-Dhenyl}-1-hvdroxy
methyl-6,8- dioxa-bicvclo[3. 2.1loctane-2. 3.4-triol ( 3 ) To a solution of
((2S,3S)-2,3,4-tris-benzyloxy-5-{4-fluoro-3-[4-(oxetan-3-yloxy)-benzyl]-
phenyl}-6,8-dioxa-bicyclo[3.2.1]oct-1-yl)-methanol l-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) and 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 cruderesidue 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 30x1 00mm, 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) Rt = 7.9 minutes; the fractions containing the product
were concentrated under reduced pressure. 1H NMR (400 MHz, methanol-d 4)
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=I. , 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). Example 14
(1S.2S.3SAR.5S)-5-{4-chloro-3-[4-(oxetan-3-yloxy)-benzyll-Dhenyl}-1-hvdroxy
methyl-6.8- dioxa-bicvclo[3. 2.1loctane-2, 3,4-triol (14A)To a solution of
intermediate ((2S,3S)-2,3,4-tris-benzyloxy-5-{4-chloro-3-[4-(oxetan-3-
yloxy)-benzyl]-phenyl}-6,8-dioxa-bicyclo[3.2.1]oct-1-yl)-methanol l-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 mixture 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 obtained 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. 14A:
(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-^) 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, J=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), 7.1 1 (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 Cocrvstalization
of(1S.2S.3S.4R.5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyll-1-
hvdroxymethyl-6,8-dioxa-bicvclor3.2. 1loctane-2,3L-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
was 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 usingethanol and the volume of solution was again
reduced by half using evaporation. Solid was recovered using centrifugal
filtration. Example 16 Cocrvstalization of
(1S,2S,3SAR,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyll-1'-
hvdroxymethyl-6,8-dioxa-bicvclo[3.2. 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 compound
(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. Example 17 Cocrvstalization of(1S,2S,3S
LR,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyll-1- hvdroxymethyl-
-dioxa-bicvclotf^. i loctane L-triol (Example 4A compound) with Lproline to
give (17): A 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. Example 18 Cocrvstalization of
(1S.2S.3S.4R.5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyll-1- hvdroxymethyl-
-dioxa-bicvclotf^. i loctane L-triol (Example 4A compound) with Lproline to
give (18): L-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.White solid was collected
using vacuum filtration and dried in a 50C vac oven for approximately 2
hours. Example 19 Cocrvstalization
of(1S,2S,3SAR,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyll-1-
hvdroxymethyl-6,8-dioxa-bicyclo[3.2. 1loctane-2,3,4-triol (Example 4A
compound) with Lpyro alutamic 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 of 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 nylon filter membrane insert. Solution was centrifuged until
solid was separated from solution. Cocrystal (19) was recovered. Example 20
Cocrvstalization
of(1S,2S,3S,4R,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyll-1-
hvdroxymethyl- M-dioxa-bicvclo .i loctane L-triol (Example 4A compound)
with Lpyroglutamic 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 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 filtration on a 0.45 microm nylon filter membrane.
The solid was dried in a 50 C vacuum oven for approximately 2 hours.
Approximately 960 mg of the cocrystal complex (20) was recovered. The
stoichiometric ratio of Example 4A compound to L-pyroglutamic acid was
determined using quantitative NMR to be 1:1 .63. Excess L-pyroglutamic acid
was removed by suspending the material in ethanol yielding 1: 1 co-crystal
(20).Example 21 Cocrvstalization
of(1S,2S,3SAR,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyll-1-
hvdroxymethyl-6,8-dioxa-bicyclo[3.2. 1loctane-2,3,4-triol (Example 4A
compound) with Lpyroglutamic acid to give (21): 494 mg of the example 4A
compound was dissolved in 1.5 ml_ solution of isopropanol and 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 solution 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 the 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 Cocrvstal of (1S,2S,3S,4R,
5S)-5-f4-chloro-3-(4-ethoxy-benzyl)-phenyll-1-hvdroxymethyl-
6,Q-dioxa-bicvclo\3.2A]octane-2,3A-triol (Example 4A compound) and
L-proline and cocrvstal of (1S,2S,3SAR,
5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyll-1-hvdroxymethyl-
6,Q-dioxa-bicvclo\3.2A]octane-2,3A-triol (Example 4A compound) and
L-pyroglutamic 



acid: Powder 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 Lpyroglutamic 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 4OmA,
respectively. The divergence and scattering slits were set at 1 mm, and the
receiving 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  2Qwas used. An alumina standard was
analyzed to check the instrumentalignment. 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 PXRD 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 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 increases 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 errors, (d)
operator errors (including those errors present when determining the peak
locations), and (e) the nature of the material (e.g. preferred orientation
and transparency errors). Calibration errors and sample height errors often
result in a shift of all the peaks in the same direction. Small differences
in sample height when using a flat holder will lead to large displacements
in XRPD peak positions. A systematic study showed that, using a Shimadzu
XRD-6000 in the typical Bragg-Brentano configuration, sample height
difference of 1 mm lead to peak shifts as high as 1 2Q(Chen et al.; J
Pharmaceutical and Biomedical Analysis, 2001 ; 26,63). These shifts can be
identified from the X-ray Diffractogram and can be eliminated by
compensating for the shift (applying a systematic correction factor to all
peak position values) or recalibrating the instrument. As mentioned above,
it is possible to rectify measurements from the various machines by
applying a systematic correction factor to bring the peak positions into
agreement. In general, this correction factor will bring the measured peak
positions from the Bruker into agreement with the expected peak positions
and may be in the range of 0 to 0.2  2Q.The powder X-ray diffraction values
are generally accurate to within  0.2 2-theta degrees, due to slight
variations of instrument and test conditions. Cocrystal of example 4A
compound and L-proline from Example 18 characterized by the following
powder x-ray diffraction pattern, provided in Figure 3, expressed in terms
of the degree 2Qand relative intensities with a relative intensity of >
2.7% measured on a Bruker D5000 diffractometer with CuKa radiation:*The
relative intensities may change depending on the crystal size and
morphology. Characteristic 2Qpeaks or combinations of cocrystal of example
4A compound and Lproline: Cocrystal of example 4A compound and
L-pyroglutamic acid from Example 20 characterized by the following powder
x-ray diffraction pattern, provided in Figure 4, expressed in terms of the
degree 2Qand relative intensities with a relative intensity of > 2.7%
measured on a Bruker D5000 diffractometer with CuKa radiation:*The relative
intensities may change depending on the crystal size and morphology.
Characteristic 2Qpeaks or combinations of cocrystal of example 4A compound
and Lpyroglutamic acid: Example 23 Cocrvstal of (1S,2S,3SLR
5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyll-1-hvdroxymethyl-
6,8-dioxa-bicvclo[3.2. 1loctane-2,3L-triol (Example 4A compound) and
L-proline andcocrvstal of (1S.2S.3SAR.
5S)-5-f4-chloro-3-(4-ethoxy-benzyl)-phenyll-1-hvdroxymethyl-
6,8-dioxa-bicvclo[3.2. 1loctane-2,3,4-triol (Example 4A compound) and
L-pyroglutamic acid: Differential Scanning Calorimetry Thermogram Analysis:
Thermograms 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 temperature 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  1.50C. Example 18 cocrystal of Example 4A
compound and L-proline DSC results are shown in Figure 5. Example 20
cocrystal of Example 4A compound and L-pyroglutamic acid DSC results are
shown in Figure 6. Example 24 Cocrvstal of (1S.2S.3S.4R.
5S)-5-f4-chloro-3-(4-ethoxy-benzyl)-phenyll-1-hvdroxymethyl- b.
-dioxa-bicyclofS^.iloctane^.SA-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 Q/l=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
were 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 . A 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"conformations A very
similar disorder was observed in H. D. Flack, Acta Crvstallogr . , A39,
876, 1983. The hydrogen atoms bonded to N1, 0 6 and 0 7 located by
difference Fourier techniques and allowed to refine with distances
restrained. The relevant hydrogen atoms bonded to 0 5 were located from
Fourier techniques, but was deleted and placed in idealized location (HFIX
83). The relevant hydrogen atom bonded to 0 4 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 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, 



anisotropic temperature factors, distances and angles are available as
supplementary material (Tables 24-2 to 24-5).Table 24-2. Atomic coordinates
( x 10 ) and equivalent isotropic displacement parameters (A2c 10 ) for
Example 24. U(eq) is defined as one third of the trace of the
orthogonalized U j tensor.HIP PANEL FOR A DISPOSABLE ABSORBENT ARTICLE AND
METHOD OF MANUFACTURING SAME BACKGROUND [0001] The field of this invention
relates generally to disposable absorbent articles and more particularly to
hip panels for disposable absorbent articles and a method of manufacturing
the same. [0002] Disposable absorbent articles, such as infant diapers,
child training pants, adult incontinence briefs, and feminine hygiene
products are well known for their use in absorbing and retaining liquid
and/or solid discharges from the human body. Typically, absorbent articles
include a permeable inner or bodyside liner, an impermeable outer cover,
and an absorbent structure disposed intermediate the liner and the outer
cover. The absorbent articles often have a front waist region, a back waist
region, and a crotch region that extends longitudinally between and
interconnects the front and back waist regions. [0003] In some known
absorbent articles, hip panels are secured to transversely opposite sides
of the absorbent article in its back waist region for extending circumf
erentially about the wearer' s hip region and securing the back waist
region to the front waist region. That is, the hip panels circumf
erentially (e.g., transversely) interconnect the front and back waist
regions of the absorbent article to define the leg openings of the article
and support the article on the wearer's hips. In particular, when the
absorbent article is worn, the hip panels overlie the respective hips of
the wearer. As a result, a lower edge of the hip panels defines part of a
leg opening of theabsorbent article and is often curved or arcuate to match
the contour of the wearer's upper thigh. An upper edge of the hip panel
defines part of a waist opening of the absorbent article for encircling the
waist of the wearer when the article is worn. [0004] In one known method of
manufacturing conventional hip panels, a web W of suitable hip panel
material is continuously fed to a suitable cutting apparatus CA as
illustrated schematically in Figure IA. The cutting apparatus CA performs a
first cut to remove a generally semielliptical portion EP from one side of
the web W to form a corresponding generally semi-elliptical cutout EC
therein. The web W is subsequently severed (e.g., a second cut) at or near
an apex A of the semi-elliptical cutout EP to form respective hip panels HP
from the web for subsequent assembly with the rest of the absorbent
article. [0005] As a result of this manufacturing process, the hip panel HP
has a curved upper edge UE and a curved lower edge LE. As seen in Figures
IA and IB, for example, the upper edge UE of the hip panel HP curves in the
opposite direction than the lower edge LE. More specifically, the upper
edge UE of the conventional hip panel HP is curved downward while the lower
edge LE is curved upward as viewed in Figure IA. A pair of the hip panels
HP is then attached to the back waist region of the absorbent article
(e.g., diaper D of Figure IB) for connecting the back waist region to the
front waist region. Often, the back waist region is releasably connected to
the front waist region using fastener components (FC) , such as hook and
loop fasteners .[0006] It has been found that the downward curvature of the
upper edge UE of the hip panel HP, which causes the fastener on the hip
panel to be well below the end of the back waist region, may result in the
caregiver inadvertently placing the front waist region of the absorbent
article too low on the front of the wearer. It is believed that this
misalignment is a result of caregivers having a general tendency or
preference to align the hip panels and corresponding fasteners with the
belly button region of the wearer. When this occurs, however, leakage,
sagging, and drooping of the absorbent article is more likely to occur. In
addition, misalignment compromises the overall comfort of the absorbent
article and may cause redmarking of the wearer's skin along the hip region.
[0007] Moreover, the conventional manufacturing process for forming hip
panels results in significant portions of the web being wasted. In the
illustrated embodiment of Figure 1 , for example, each of the
semielliptical portions EP cut from the web W result in unusable waste.
Furthermore, conventional hip panels often have a significant maximum
height, particularly at the end of the hip panel that is permanently
attached to the back waist region of the article. In the illustrated
embodiment of Figures IA and IB, for example, the hip panels have a maximum
height of about 91 mm, thus requiring a substantial amount of material to
make the hip panel. [0008] There is a need, therefore, for a hip panel for
an absorbent article that facilitates proper alignment of the absorbent
article during its placement on the wearer and is manufactured using less
material and without producing waste.SUMMARY [0009] In one aspect, a
disposable absorbent article generally comprises an absorbent assembly
having a bodyside liner, an outer cover, an absorbent structure disposed
intermediate the liner and the outer cover, a first waist region, a second
waist region, a crotch region disposed longitudinally between and
interconnecting the first waist 



region and the second waist region, longitudinally opposite ends, and
laterally opposite side edges. A pair of hip panels releaseably secures the
first and second waist regions of the absorbent assembly together in a wear
configuration of the article. One of the hip panels extends laterally
outward from one of the side edges in one of the first and second waist
regions of the absorbent assembly and the other hip panel extends laterally
outward from the opposite side edge in the one of the first and second
waist regions of the absorbent assembly. Each of the hip panels comprises
an upper edge, a lower edge, a fixed end attached to one of the first and
second waist regions, and a free end. Each of the upper and lower edges has
a length and is curved along at least a portion of its length. The curved
portions of the upper and lower edges are identical with respect to each
other. A fastener component is secured to each of the hip panels . [0010]
In another aspect, a disposable absorbent article generally comprises an
absorbent assembly having a bodyside liner, an outer cover, an absorbent
structure disposed intermediate the liner and the outer cover, a first
waist region, a second waist region, a crotch region disposed
longitudinally between and interconnecting the first waist region and the
second waist region, longitudinal oppositeends, and laterally opposite side
edges. A pair of hip panels releaseably secures the first and second waist
regions of the absorbent assembly together in a wear configuration of the
article. One of the hip panels extends laterally outward from one of the
side edges in one of the first and second waist regions of the absorbent
assembly and the other hip panel extends laterally outward from the
opposite side edge in the one of first and second waist regions of the
absorbent assembly. Each of the hip panels has a fixed end attached to the
absorbent assembly at a location inward from the longitudinal end in the
one of first and second waist regions, and a free end disposed closer to a
line including the longitudinal end in the one of first and second waist
regions than the fixed end in a laid-flat configuration of the article.
[0011] In yet another aspect, a method for manufacturing a hip panel for a
disposable absorbent article generally comprises feeding a web to a cutting
apparatus. The web is cut at a first location with the cutting apparatus to
form a curved lower edge of the hip panel. The web is cut at a second
location with the cutting apparatus to form a curved upper edge of the hip
panel. The curved lower edge and the curved upper edge are substantially
identical with respect to each other. BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Figure IA is a schematic of a prior art method of manufacturing hip
panels from a web. [0013] Figure IB is a plan view of a diaper in its
unfastened and laid flat configuration to show an inner surface of the
diaper which faces the wearer when the diaperis worn, the diaper having the
prior art hip panels of Figure IA. [0014] Figure 2 is a plan view of a
diaper in its unfastened and laid flat configuration to show an inner
surface of the diaper which faces the wearer when the diaper is worn.
[0015] Figure 3 is a perspective view of the diaper in its fastened, wear
configuration. [0016] Figure 4 is a plan view of another embodiment of a
diaper in its unfastened and laid flat configuration to show an inner
surface of the diaper which faces the wearer when the diaper is worn.
[0017] Figure 5 is a perspective view of the diaper of Figure 4 in its
fastened, wear configuration. [0018] Figure 6 is a schematic of a method of
manufacturing the hip panels of Figures 1 and 2 from a web. [0019] Figure 7
is a schematic of a method of manufacturing the hip panels of Figures 3 and
4 from a web. [0020] Figure 8 is a schematic of a method of manufacturing
another embodiment of hip panels from a web. [0021] Figure 9 is a schematic
of a method of manufacturing yet another embodiment of hip panels from a
web .DETAILED DESCRIPTION OF THE DRAWINGS [0022] Referring now to the
drawings, Figures 2 and 3 illustrate one embodiment of a disposable
absorbent article in the form of a diaper, indicated generally at 21. The
diaper 2 1 in Figure 1 is in an unfolded and laid-flat configuration to
illustrate a longitudinal axis X and a lateral axis Y of the diaper. The
diaper 2 1 generally comprises an absorbent assembly, indicated generally
at 23, having a front (e.g., anterior) waist region 25, a crotch (e.g.,
central) region 27, and a back (e.g., posterior) waist region 29. The front
waist region 25 generally includes the portions of the absorbent assembly
23 which extend over the wearer's lower abdominal region and the back waist
region 29 generally includes the portions of the absorbent assembly which
extend over the wearer's lower back waist region. The crotch region 27
includes the portion extending longitudinally through the wearer' s crotch
from the front waist region 25 to the back waist region 29 and laterally
between the wearer's legs. It is contemplated that the absorbent article
can be in the form of an adult incontinence article or a training pant
instead of the diaper described herein without departing from the scope of
the invention. [0023] The absorbent assembly 23 is generally rectangular
and has laterally opposite side edges 31 and 



longitudinally opposite front and rear waist edges or ends, respectively
designated 33 and 35. It is understood, however, that the diaper 2 1 may
have other shapes, such as an I-shape or a T-shape without departing from
the scope of the present invention. The side edges 31 of the diaper 2 1
extend longitudinally from the front waist region 25 through the crotch
region 27 to the back waist region 29 for formingtransversely spaced leg
openings 37 (one of the leg openings being seen in Figure 3 ) of the diaper
when worn. As worn on the wearer's body, the diaper 2 1 further defines a
central waist opening 43 for receiving the waist of the wearer. [0024] As
seen in Figure 2 , the absorbent assembly 23 of the diaper 2 1 comprises an
outer cover 49, a bodyside liner 51 positioned in opposed relationship with
the outer cover, and an absorbent structure 53 disposed between the outer
cover and the liner. In one embodiment, the outer cover 49 is stretchable
and may or may not be somewhat elastic. More suitably, the outer cover 49
is sufficiently extensible such that once stretched under the weight of the
insulted absorbent structure, the outer cover will not retract
substantially back toward its original position. However, it is
contemplated that the outer cover 49 may instead be generally
non-extensible and remain within the scope of this invention. [0025] The
outer cover 49 may be a multi-layered laminate structure to provide desired
levels of extensibility as well as liquid impermeability and vapor
permeability. For example, the outer cover 49 of the illustrated embodiment
is of two-layer construction, including an outer layer constructed of a
vapor permeable material and an inner layer constructed of a liquid
impermeable material, with the two layers being secured together by a
suitable laminate adhesive. It is understood, however, that the outer cover
49 may instead be constructed of a single layer of liquid impermeable
material, such as a thin plastic film, without departing from the scope of
this invention. The liquid impermeable inner layer of the outer cover 49
can be either vapor permeable (i.e., "breathable") or vapor
impermeable.[0026] The bodyside liner 51 is suitably pliable, soft feeling,
and nonirritating to the wearer's skin, and is employed to help isolate the
wearer' s skin from the absorbent structure 53. The liner 51 is less
hydrophilic than the absorbent structure 53 to present a relatively dry
surface to the wearer, and is sufficiently porous to be liquid permeable to
thereby permit liquid to readily penetrate through its thickness. A
suitable bodyside liner 51 may be manufactured from a wide selection of web
materials, but is suitably capable of stretching in at least one direction
(e.g., longitudinal or lateral). In particular embodiments, the bodyside
liner 51 is extensible and capable of extending along with the outer cover
49 for desired fit of the diaper 2 1 on the wearer. [0027] The diaper 2 1
illustrated in Figure 2 also comprises a pair of containment flaps 75
configured to provide a barrier to the lateral flow of body exudates. The
containment flaps 75 are located generally adjacent laterally opposite side
edges 31 of the diaper 2 1 and, when the diaper is laid flat as shown in
Figure 1 extend inward toward the longitudinal axis X of the diaper. Each
containment flap 75 typically has a free, or unattached end 77 free from
connection with the bodyside liner 51 and other components of the diaper
21. Elastic strands 79 disposed within the flaps 75 adjacent the unattached
ends thereof urge the flaps toward an upright, perpendicular configuration
in at least the crotch region 27 of the diaper 2 1 to form a seal against
the wearer's body when the diaper is worn. The containment flaps 75 may
extend longitudinally the entire length of the diaper 2 1 or they may
extend only partially along the length of the diaper. When the containment
flaps 75 are shorter in length than the diaper 21, the flaps can be
selectively positionedanywhere between the side edges 31 of the diaper 2 1
in the crotch region 27. In a particular aspect of the invention, the
containment flaps 75 extend the entire length of the diaper 2 1 to better
contain the body exudates. [0028] Such containment flaps 75 are generally
well known to those skilled in the art and therefore will not be further
described herein. As an example, suitable constructions and arrangements
for containment flaps 75 are described in U.S. Patent No. 4,704,116 issued
November 3 , 1987, to K . Enloe, the disclosure of which is hereby
incorporated by reference. The diaper 2 1 may also incorporate other
containment components in addition to or instead of the containment flaps
75. For example, while not shown in the drawings, other suitable
containment components may include, but are not limited to, elasticized
waist flaps, foam dams in the front, back and/or crotch regions, and the
like. [0029] The absorbent structure 53 is generally compressible,
conformable, non-irritating to the wearer's skin, and capable of absorbing
and retaining body exudates. The absorbent structure 53 may be constructed
of any of a number of absorbent materials, as are well known in the art.
For example, the absorbent structure 53 may include coform, meltblown
fibers, bonded carded webs, a wetlaid body, tissue laminates, foams, a
surge/air formed composite and the like or combinations thereof. [0030]
Examples of suitable fibers for use in the absorbent structure 53 include
naturally occurring organic fibers composed of intrinsically wettable
material, such as cellulosic fibers including wood pulp fibers which can be
curled, crosslinked or otherwise mechanically orchemically modified. Other
examples of suitable fibers 



include synthetic fibers composed of cellulose or cellulose derivatives,
such as rayon fibers; inorganic fibers composed of an inherently wettable
material, such as glass fibers; synthetic fibers made from inherently
wettable thermoplastic polymers, such as particular polyester or polyamide
fibers; and synthetic fibers composed of a nonwettable thermoplastic
polymer, such as polypropylene fibers, which have been hydrophilized by
appropriate means. The fibers may be hydrophilized, for example, by
treatment with silica, treatment with a material that has a suitable
hydrophilic moiety and is not readily removable from the fiber, or by
sheathing the nonwettable, hydrophobic fiber with a hydrophilic polymer
during or after the formation of the fiber. It is contemplated that
selected blends of the various types of fibers mentioned above may also be
employed. [0031] High-absorbency material can also be used in the absorbent
structure 53 and may include absorbent gelling materials, such as
superabsorbent materials. Absorbent gelling materials can be natural,
biodegradable, synthetic and modified natural polymers and materials. In
addition, the absorbent gelling materials can be inorganic materials, such
as silica gels, or organic compounds such as cross-linked polymers. Such
means can include, for example, physical entanglement, crystalline domains,
covalent bonds, ionic complexes and associations, hydrophilic associations,
such as hydrogen bonding, and hydrophobic associations or Van der Waals
forces. Examples of synthetic absorbent gelling material polymers include
the alkali metal and ammonium salts of poly (acrylic acid) and poly
(methacrylic acid), poly (acrylamides) , poly (vinyl ethers), maleic
anhydride copolymers with vinyl ethers and alpha-olef ins, poly
(vinylpyrrolidone) , poly (vinylmorpholinone) , poly (vinyl alcohol), and
mixtures and copolymers thereof. [0032] Further polymers suitable for use
in the absorbent core include natural and modified natural polymers, such
as hydrolyzed acrylonitrile-graf ted starch, acrylic acid grafted starch,
methyl cellulose, chitosan, carboxymethyl cellulose, hydroxypropyl
cellulose, and the natural gums, such as alginates, xanthan gum, locust
bean gum and the like. Mixtures of natural and wholly or partially
synthetic absorbent polymers can also be useful in the present invention.
Other suitable absorbent gelling materials are disclosed by Assarsson et al
. in U.S. Patent No. 3,901,236 issued August 26, 1975. Processes for
preparing synthetic absorbent gelling polymers are disclosed in U.S. Patent
No. 4,076,663 issued February 28, 1978 to Masuda et al . and U.S. Patent
No. 4,286,082 issued August 25, 1981 to Tsubakimoto et al. [0033] The
diaper 2 1 can also include a surge management layer (not shown) which
helps to decelerate and diffuse surges or gushes of liquid that may be
rapidly introduced into the absorbent structure 53. Desirably, the surge
management layer can rapidly accept and temporarily hold the liquid prior
to releasing the liquid to the absorbent structure. In the illustrated
embodiment, for example, a surge layer can be located between the absorbent
structure 53 and the bodyside liner 51. Examples of suitable surge
management layers are described in U.S. Pat. No. 5,486,166 entitled FIBROUS
NON-WOVEN WEB SURGE LAYER FOR PERSONAL CARE ABSORBENT ARTICLES AND THE LIKE
by C . Ellis and D . Bishop, which issued Jan. 23, 1996, and U.S. Pat. No.
5,490,846 entitled IMPROVED SURGE MANAGEMENT FIBROUS NONWOVEN WEB FOR
PERSONAL CARE ABSORBENT ARTICLES AND THE LIKE by C . Ellis and R . Everett,
which issued Feb. 13, 1996, the entire disclosures of which are hereby
incorporated by reference in a manner that is consistent herewith. [0034]
To provide improved fit and to help further reduce leakage of body exudates
from the diaper 21, elastic components are typically incorporated therein,
particularly at the waist area and the leg areas. For example, the diaper 2
1 of the illustrated embodiment has waist elastic components 85 and leg
elastic components 87 (Figure 3 ) . The waist elastic components 85 are
configured to gather and shirr the end margins of the diaper 2 1 to provide
a resilient, comfortable close fit around the waist of the wearer and the
leg elastic components 87 are configured to gather and shirr the side
margins of the diaper at the leg openings 37 to provide a close fit around
the wearer's legs. [0035] A pair of hip panels, each panel being indicated
generally at 65, is secured to the absorbent assembly 23 generally at the
back waist region 29 thereof with the hip panels extending laterally
outward from adjacent the respective opposite side edges 31 of the
assembly. As illustrated in Figure 2 , for example, one of the hip panels
65 extends laterally outward from adjacent one of the side edges 31 in the
back waist region 29 of the absorbent assembly 23 and the other hip panel
extends laterally outward from adjacent the opposite side edge in the back
waist region of the absorbent assembly. [0036] The hip panels 65 may be
attached to the outer cover 49 as illustrated, to the bodyside liner 51,
between the outer cover and liner, or to other components ofthe diaper 21.
The hip panels 65 may also be stretchable, elastic, or otherwise
elastomeric. For example, the hip panels 65 may be an elastomeric material
such as a neckbonded laminate (NBL) or stretch-bonded laminate (SBL)
material. Methods of making such materials are well known to those skilled
in the art and are described, for example, in U.S. Patent No. 4,663,220
issued May 5 , 1987 to Wisneski et al., U.S. Patent No. 5,226,992 issued
July 13, 1993 to 



Morman, and European Patent Application No. EP 0 217 032 published on April
8 , 1987 in the names of Taylor et al ., the disclosures of which are
hereby incorporated by reference. In one potential embodiment, the hip
panels 65 may be formed integrally with a selected diaper component. For
example, the hip panels 65 may be formed integrally with the outer cover 49
or the bodyside liner 51. In another suitable embodiment, the hip panels 65
are formed separate from the other components of the diaper 2 1 and secured
thereto, such as by bonding, adhesive or other suitable attachment
technique . [0037] Fastening components, such as hook and loop fasteners,
designated 71 and 72 respectively, are used to secure the diaper 2 1 in its
wear configuration. Alternatively, other fastening components (not shown) ,
such as buttons, pins, snaps, adhesive tape fasteners, cohesives,
mushroom-and-loop fasteners, or the like, may be employed. Desirably, the
interconnection of the fastening components 71, 72 is selectively
releasable and re-attachable. In the illustrated embodiment of Figures 2
and 3 , the hook fasteners 71 are secured to and extend laterally outward
from the respective hip panels 65 at the back waist region 29 of the diaper
21. In the illustrated embodiment, the hook fasteners 71 are generally
rectangular but it is understood that thefasteners can have different
shapes. It is understood that the hook components 71 can be secured to the
respective hip panel 65 within the boundary of the hip panel such as
adjacent to the laterally outermost edge of the free end 69. It is also
understood that the hip panels 65 may be formed of a hook material and thus
comprise the hook fasteners 71 without departing from the scope of this
invention. That is, the hook fasteners 71 can be integral with the hip
panels 65. [0038] The loop fastener 72 of the illustrated diaper 2 1 is a
panel of loop material secured to the outer cover 49 at the front waist
region 25 of the diaper 2 1 to provide a "fasten anywhere" mechanical
fastening system for improved fastening of the hook fasteners 71 with the
loop fastener. It is contemplated that, in other embodiments, the loop
fastener 72 may be formed integral with the outer cover 49. In other words,
the outer cover 49 (such as the outer layer thereof) can be made in part or
in whole from a loop material. It is also contemplated that the loop
fasteners 72 can be formed integral with or attached to the hip panels 65
and the hook fasteners 71 formed integral with or attached to the outer
cover 49. [0039] As illustrated in Figures 2 and 3 , each of the hip panels
comprises (relative to the orientation of the diaper as illustrated) an
upper edge 66, a lower edge 67, and two side edges defining a fixed end 68
and a free end 69 of the hip panel. Each of the hip panels 65 is secured
(e.g., bonded) at its fixed end 68 to one of the respective laterally
opposite sides of the absorbent assembly 23 in its back waist region 29.
The free ends 69 of the hip panels 65 have the hook fastener component 71
attached adjacent thereto. In one suitable embodiment, such as for a
diaper,the free ends 69 of each of the hip panels 65 have a height H in the
range between about 25 mm and about 100 mm. In one particularly suitable
embodiment, the height H of the free ends 69 of each of the hip panels 65
is about 65 mm. In the illustrated embodiment, the hip panels have a
uniform height along their length (e.g., from their fixed end 68 to their
free end 69) . As a result, the fixed ends 68 of the hip panels have the
same height as the free ends 69. It is contemplated, however, that the hip
panels can vary in height along their lengths and that the fixed ends 68
can have heights that differ from the free ends 69 without departing from
the scope of this invention. It is also understood that these dimensions
will vary depending on the intended purpose of the article, such as for an
adult incontinence article. [0040] Each of the hip panels 65 also includes
an overall height H l that is defined by its maximum projected height. In
the illustrated embodiment, for example, the overall height H l of each of
the hip panels 65 is defined as the projected height from the intersection
of the fixed end 68 and the lower edge 67 to the intersection of the free
end 69 and the upper edge 66 (Figure 2 ) . In one suitable embodiment, such
as for a diaper, the overall height H l of each of the hip panels is in the
range between about 25 mm and about 170 mm. In one particularly suitable
embodiment, the overall height H l of the hip panels 65 is about 100 mm to
provide a comfortable fit on wearer' s hips while inhibiting sagging and
droop of the article. In another particularly suitable embodiment, the
overall height H l of the hip panels 65 is about 55 mm to reduce waste and
cost while still inhibiting sagging and droop. In one suitable embodiment,
the ratio of the overall height H l of the hips panels 65 to their height
at their respective free ends 69 is greater than1 . In a particularly
suitable embodiment, the ratio of the overall height H l to the height at
the respective free end 69 is in the range of about 1.5 and 2.25. In a more
particularly suitable embodiment, the ratio of the overall height H l of
the hip panels 65 to their height at their respective free end 69 is
approximately 1.75. [0041] Each of the upper and lower edges 66, 67 of the
hip panels 65 has a length L and is curved along at least a portion of its
length. In the illustrated embodiment, the curved portions of the upper and
lower edges 66, 67 are identical with respect to each other. More
specifically, the curved portions of the illustrated upper and lower edges
66, 67 comprise a first radius of curvature R l adjacent the fixed end 68
and a second radius of curvature 



R2 adjacent the free end 69. The first radius of curvature R l is greater
than the second radius of curvature R2 . As a result, the curvature of the
hip panels 65 is greatest near the back waist region 29 of the absorbent
assembly 23 and decreases as it extends outward toward its free side edge
68. In the illustrated embodiment, the upper and lower edges 66, 67 hip
panels 65 are almost straight near the free end 69 - angling longitudinally
and laterally outward relative to the absorbent assembly. It is
contemplated, however, that the radius of curvatures can be greater or less
than those illustrated in the accompanying figures. It is also understood
that the upper and lower edges 66, 67 may be other than curved and remain
with the scope of this invention. [0042] The hip panels 65 each have an
overall length L in the range from about 50 mm to about 120 mm. In one
suitable embodiment, for example, each hip panel 65 has an overall length L
of about 82 mm. The overall length L isdefined as the length of the hip
panel 65 as measured from its fixed end 68 to its free end 69. Each of the
hip panels 65 also include a useable length defined as the distance between
the free end 69 of the respective hip panel and the adjacent lateral side
edge 31 of the absorbent assembly 23. [0043] As seen in Figure 2 , each of
the hip panels 65, and more specifically the upper edge 66 of the hip panel
is offset longitudinally from the longitudinal end 35 of the absorbent
assembly 23 in the back waist region 29 of the absorbent assembly a
distance D l in the range of about 0 mm to about 45 mm in a laid flat
configuration of the diaper 21. In one suitable embodiment, the distance D
l between the longitudinal end 35 in the back waist region 29 of the
absorbent assembly 23 and the upper edge 66, each of the hip panels 65 is
about 35 mm. As described above and illustrated in Figure 3 , at least the
upper edges 66 of the hip panels 65 curve upward as they extend away from
the absorbent assembly 23. In the illustrated embodiment, the curvature of
the hip panel upper edge 66 and the distance D l between the longitudinal
end 35 of the absorbent assembly 23 in its back waist region 29 and the
upper edge 66 of the hip panels 65 at the attachment end of the hip panel
is such that the free ends 69 of the hip panels do not extend
longitudinally outward beyond a line 90 including the longitudinal end 35
of the absorbent assembly 23. It is understood, however, that the free ends
69 of the hip panels 65 can extend longitudinally outward beyond the line
90 including the longitudinal end 35 of the absorbent assembly 23. [0044]
As illustrated in Figure 3 , the hip panels 65 releaseably secure the front
and back waist regions 25, 29 of the absorbent assembly 23 together to
define a wearconfiguration of the diaper 21. It has been found that the
curved hip panels 65 positively influence the placement of the diaper 2 1
of the wearer. More specifically, the upward curved hip panels 65
facilitate securement of the fastener components of the hip panels higher
on the front waist region 25 (nearer the longitudinal end 33 of the
absorbent assembly) of the absorbent article 23. For example, as
illustrated in Figure 3 , the upper edges 66 of the hip panels 65 are
generally aligned with the longitudinal end 33 of the absorbent assembly 23
in the wear configuration of the diaper 21. Thus, in some embodiments the
diapers 2 1 would be less prone to sagging and/or drooping, which can
result in leakage. Moreover, attaching the hip panels 65 higher on the
front waist region 25 results in a better and more comfortable fit for the
wearer. Furthermore, the hip panels 65 can be manufactured with a
significantly reduced height, particularly at the fixed end 68 thereof, as
compared to the prior art hip panels. [0045] Figures 4 and 5 illustrate a
diaper 121 having another suitable embodiment of hip panels 165. The hip
panels 165 of Figures 4 and 5 are similar to those illustrated in Figures 2
and 3 except that each of these hip panels includes an attachment portion
192 for bonding the hip panel 165 to the back waist region 129 of the
absorbent assembly 123. In the illustrated embodiment, the attachment
portions 192 are generally rectangular but it is understood that they can
have different shapes. Fastener components 171 (e.g., hook fasteners) are
secured to the each of the hip panels 165 within the boundaries of the
respective hip panel.[0046] Figure 6 schematically illustrates one
embodiment for manufacturing the hip panels 65 illustrated in Figures 2 and
3 . A continuous web 201 of material suitable for use as hip panel material
is fed to a cutting apparatus 203 in a machine direction as illustrated by
a direction arrow in Figure 6 . The web 201 is cut at a first location 207
with the cutting apparatus 203 to concurrently form the curved lower edge
67 of a leading hip panel 65 and the curved upper edge 66 of a trailing hip
panel 65. The web 201 is subsequently cut at a second location 205 with the
cutting apparatus 203 to form the curved lower edge 67 of the trailing hip
panel 65 (as well as the upper edge 66 of the next trailing hip panel) . A
distance D2 between the first and second locations 207, 205 of the web 201
that are cut is in the range between about 25 mm and about 100 mm. In one
suitable embodiment, the distance D2 between the first and second locations
is about 65 mm. [0047] It is understood that a single cutting apparatus 203
or two, separate cutting apparatus can be used to cut the web at the first
and second locations 207, 205. It is also understood that the two cuts in
the web can occur separately or simultaneously. As seen in Figure 6 , the
entire web 201 is used in manufacturing the hip panels 65. That is, no
wasted web material is produced. 



[0048] As illustrated in Figure 6 , fastener components 71 have been bonded
to the web 201 before the web is cut by the cutting apparatus 203. It is
contemplated, however, that the fastener components 71 may be bonded to the
hip panels 65 (e.g., after cutting) instead of to the web 201.[0049] After
the hip panels 65 are formed, they may be bonded (or otherwise permanently
attached) to the absorbent assembly 23. More specifically, the hip panels
65 are bonded adjacent one of the absorbent assembly side edges 31 in the
back waist region 29 of the absorbent assembly 23 and the other hip panel
is bonded adjacent the opposite side edge in the back waist region of the
absorbent assembly. In one suitable embodiment, each of the hip panels 65
is bonded to the absorbent assembly 23 with the upper edge of the hip panel
offset longitudinally about 0 mm and about 45 mm from the longitudinal end
35 of the absorbent assembly in its back waist region 29. In a particularly
suitable embodiment, this offset is about 35 mm from the longitudinal end
35 of the absorbent assembly 23 in its back waist region 29. [0050] Figures
7-9 illustrate other embodiments of hip panels that can be manufactured
from a web without waste. In particular, Figure 7 is a schematic
illustrating one suitable method of manufacturing the hip panels 165 of
Figures 3 and 4 from a continuous web 301. The method is substantially
similar to the method described above and illustrated in Figure 6 . That
is, the web 301 is fed to a cutting apparatus 303 in a machine direction as
illustrated by the direction arrow in Figure 7 . The web 301 is cut at a
first location 305 with the cutting apparatus 303 to form a lower edge 167
of a trailing hip panel 165 and an upper edge 166 of a leading hip panel.
The web 301 is subsequently cut at a second location 305 with the cutting
apparatus 303 to form the lower edge 167 of the leading hip panel 165. The
attachment portion 192 of the hip panel 165 is also formed by the cuts at
the first and second locations 305, 307. As illustrated, the entire web 301
is used in manufacturing the hip panels 165 thereby eliminating
waste.[0051] Figure 8 is a schematic illustrating a method of manufacturing
yet another embodiment of a hip panel 465 from a continuous web 401 without
producing waste. The web 401 of material suitable for use as hip panels is
fed to a cutting apparatus 403 in a machine direction as illustrated by the
direction arrow in Figure 8 . The web 401 is cut along a diagonal at a
first location 405 by the cutting apparatus 403 to form an edge 467 of the
hip panel 465. The web 401 is also cut along a diagonal at a second
location 405 by the cutting apparatus 403 to form an opposite edge 466 of
the hip panel 465. As seen in Figure 8 , the resulting hip panel 465 is
generally frustum. [0052] Figure 9 is a schematic illustrating a method of
manufacturing still another embodiment of a hip panel 565 from a continuous
web 501 without producing waste. The web 501 of material suitable for use
as hip panels is fed to a cutting apparatus 503 in a machine direction as
illustrated by an arrow in the Figure. The web 501 is cut along a generally
straight line at a first location 505 by the cutting apparatus 503 to form
an edge 567 of the hip panel 565. The web 501 is also cut along a diagonal
at a second location 505 by the cutting apparatus 503 to form an opposite
edge 566 of the hip panel 565. [0053] When introducing elements of the
present invention or the preferred embodiment (s) thereof, the articles
"a", "an", "the", and "said" are intended to mean that there are one or
more of the elements. The terms "comprising," "including", and "having" are
intended to be inclusive and mean that there may be additional elements
other than the listed elements.[0054] As various changes could be made in
the above constructions without departing from the scope of the invention,
it is intended that all matter contained in the above description or shown
in the accompanying drawings shall be interpreted as illustrative and not
in a limiting sense.WHAT IS CLAIMED IS: 1 . A disposable absorbent article
comprising: an absorbent assembly having a bodyside liner, an outer cover,
an absorbent structure disposed intermediate the liner and the outer cover,
a first waist region, a second waist region, a crotch region disposed
longitudinally between and interconnecting the first waist region and the
second waist region, longitudinally opposite ends, and laterally opposite
side edges; a pair of hip panels for releaseably securing the first and
second waist regions of the absorbent assembly together in a wear
configuration of the article, one of the hip panels extending laterally
outward from one of the side edges in one of the first and second waist
regions of the absorbent assembly and the other hip panel extending
laterally outward from the opposite side edge in said one of the first and
second waist regions of the absorbent assembly, each of the hip panels
comprising an upper edge, a lower edge, a fixed end attached to one of said
first and second waist regions, and a free end, each of the upper and lower
edges having a length and being curved along at least a portion of its
length, the curved portions of the upper and lower edges being
substantially identical with respect to each other; and a fastener
component secured to each of the hip panels. 2 . The disposable absorbent
article as set forth in claim 1 wherein the curved portions of the upper
and lower edges of the hip panels have a first radius of curvature 



adjacent the fixed end and a second radius of curvatureadjacent the free
end, the first radius of curvature being greater than the second radius of
curvature. 3 . The disposable absorbent article as set forth in claim 1
wherein each of the fastener components extends laterally outward beyond
the free end of the respective hip panel . 4 . The disposable absorbent
article as set forth in claim 1 wherein the fixed end of each hip panel has
a height in the range between about 25 mm and about 100 mm. 5 . The
disposable absorbent article as set forth in claim 1 wherein each of the
hip panels further comprises an attachment portion. 6 . The disposable
absorbent article as set forth in claim 1 wherein the hip panels are
constructed of a neckbonded laminate material. 7 . The disposable absorbent
article as set forth in claim 1 wherein the hip panels are stretchable. 8 .
The disposable absorbent article as set forth in claim 1 wherein the first
waist region is a front waist region, and the second waist region is a back
waist region. 9 . The disposable absorbent article as set forth in claim 1
wherein the upper edge of each of the hip panels is longitudinally offset
from the longitudinal end in the back waist region of the absorbent
assembly a distance in the range of about 0 mm to about 45 mm.10. A
disposable absorbent article comprising: an absorbent assembly having a
bodyside liner, an outer cover, an absorbent structure disposed
intermediate the liner and the outer cover, a first waist region, a second
waist region, a crotch region disposed longitudinally between and
interconnecting the first waist region and the second waist region,
longitudinal opposite ends, and laterally opposite side edges; and a pair
of hip panels for releaseably securing the first and second waist regions
of the absorbent assembly together in a wear configuration of the article,
one of the hip panels extending laterally outward from one of the side
edges in one of the first and second waist regions of the absorbent
assembly and the other hip panel extending laterally outward from the
opposite side edge in said one of first and second waist regions of the
absorbent assembly, each of the hip panels having a fixed end attached to
the absorbent assembly at a location offset longitudinally from the
longitudinal end in said one of first and second waist regions, and a free
end disposed closer to a line including the longitudinal end in said one of
the first and second waist regions than the fixed end in an opened and
laid-flat configuration of the article. 11. The disposable absorbent
article as set forth in claim 10 wherein the distance between the
longitudinal end in said one of first and second waist regions of the
absorbent assembly and the upper edges of each of the hip panels is in the
range of about 0 mm to about 45 mm.12. The disposable absorbent article as
set forth in claim 10 wherein each of the hip panels curves as it extends
away from the absorbent assembly. 13. The disposable absorbent article as
set forth in claim 10 wherein each of the hip panels has a height at its
free end and an overall height that is defined by its maximum projected
height, the ratio of the overall height to the height at the free end being
greater than 1. 14. A method for manufacturing a hip panel for a disposable
absorbent article, the method comprising: feeding a web to a cutting
apparatus; cutting the web at a first location with the cutting apparatus
to form a curved lower edge of the hip panel; and cutting the web at a
second location with the cutting apparatus to form a curved upper edge of
the hip panel, the curved lower edge and the curved upper edge being
substantially identical with respect to each other. 15. The method set
forth in claim 14 further comprising bonding a fastener component to the
web. 16. The method set forth in claim 14 wherein a distance between the
first and second locations of the web is in the range between about 25 mm
and about 100 mm. 17. The method set forth in claim 14 wherein cutting the
web at a first location comprises cutting the web diagonally.18. The method
set forth in claim 14 wherein cutting the web at a second location
comprises cutting the web diagonally. 19. A method of attaching a pair of
hip panels to an absorbent assembly, the method comprising forming a pair
of hip panels using the method set forth in claim 22; and bonding the pair
of hip panels to the absorbent assembly, the absorbent assembly having a
front waist region, a back waist region, and a crotch region disposed
longitudinally between the front waist region and the back waist region,
longitudinal ends, and side edges. 20. The method set forth in claim 19
wherein one of the hip panels is bonded adjacent one of the side edges in
the back waist region of the absorbent assembly and the other hip panel is
bonded adjacent the opposite side edge in the back waist region of the
absorbent assembly. 


