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characteristics of the conpound or adversely interfere with the use

of the medi canent. 5Specific conpounds of Formula (A) include:
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pl ott ed usypIeiohesseHELXTL pl otti ng package. FI GUREC Rt 88eseet S
the refined crystal structure for thesExanple 9A compound whi ch was

plotted using the SHELXTL plotting package. FI GURE 3 represents
an observed powder X-ray diffraction pattern for Exanple 22: Exanple
18 Cocrystal of Exanple 4A conpound and L-proline 20Fl GURE 4
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i ngredients conprising a fornul ati on, and/or the manmal being treated
therew t h. The terns "treating”, "treat", or "treatnent"
enbrace bogb pforesPiati ve, i.e., prophylactic, and pall pararaoons3e2s
treatnment. The ternms "nodul ated” or "wodul ating”, or "nodul ate(s)",
as used herein, unless 25otherw se indicated, refers to the

i nhibition of the sodiumglucose transporter (in particular, SAT2)

w th conpounds of the present invention thereby partially or fully
preventing glucose transport across the transporter. The term
"conpounds of the present invention” (unless specifically identified
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enanti omiis), tautoners and isotopically | abel ed conpounds. Hydrates

and sol vates,qf the co&gg nds of the present |n entiaqn are con5|ﬂ red
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aSSOC|aukg@nnmg(&Q}OI023594PCTR82009/053626 8 with water or sol vent,
respectively. The conpounds may %ﬁ%E exi st in one or nore crystalllne

states, i.e. as co-crystals, po phs, or they may exist as

anDrphous solids. Al such forsyare enconpassed by the clainms. In

one enbodinent, RL is H neth ethyl, propyl, isopropyl, nethoxy,

et hoxy, F, d, bcyano, -CF3gic opropyl, or cyclobutyl. In another

enbodi nent, Rl is H, nethyl Aethyl, isopropyl, nethoxy, ethoxy, F,

C, cyano, -CF3, or cyclop . In a further enbodinent, RL is H,

nmet hyl , ethyl, nethoxy, etrn , F, d, cyano, -CF3, or cyclopropyl.
In yet a further enbodingﬁﬁ. Rk}|s nethyl ethyl, F, d, cyano, CF3,

or cyclopropyl. In one ed@dilent, R2 is nethyl et hyl , propyl,

i sopropyl, nmethoxy, etHiaxys , 10cyano, CF3 - CF2CH3, et hynyl,

3- oxetanyloxy 3- tetrahydroturanyloxy or cyclopropyl. In another
enbodi ment, R2 is nethyl, eﬁ%&l, i sopropyl, nmethoxy, ethoxy, F, d

cyano, CF3 - CF2CH3, ethynyl,m@@oxetanyloxy,

3-tetrahydrof uranyl oxy, or cyclopropyl. In a further enbodi nent, R2

is methyl, ethyl, methoxy, ethoxy, F, d, cyano, -CF3, -CF2CHS,
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pharmaceutical agents (in particular, anti-obesity and anti-diabetic agents described herein

25 below). The combination therapy may be administered as (a) a single pharmaceutical



onl i ne dat abase)). For illustrative purposes, the reaction
schenmes depi cted bel ow provide potential routes for synthesizing the
conpounds wH 2wtfamppesent i nvention as well as key interpetigthesssder
a nore detail ed description of the individual reaction steps, see the
Exanpl es section 15bel ow. Those skilled in the art will appreciate
that other synthetic routes nmay be used to synthesize the inventive
conpounds. Al though specific starting materials and reagents are
depicted in the schemes and di scussed bel ow, other starting naterials
and reagents can be easily substituted to provide a variety of
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FIGURE 8 represents the refined crystal structure for the Example 25: Cocrystal of

30 Example 4A compound and L-pyroglutamic acid which was plotted using the SHELXTL
plotting package.



10042 (2007). In step 2 of Schene 1, protecting groups (Pg2)
can be added by treating internediate (I-b) with the appropriate
reagents agRepropesdures for the particul ar protecting gpevisMesistRd.
For exanpl e, p-methoxybenzyl (PMB) greups nay be introduced by 20
treatment of internediate (l1-b) wth p-nethoxybenzyl brom de or

p- met hoxybenzyl chloride in the presence of sodi um hydride, potassium
hydri de, potassiumtert-butoxide in a solvent |ike tetrahydrofuran,

1, 2-di met hoxyet hane or N, N-di net hyl f or mam de (DVF). Conditions

i nvol vi ng para-nethoxybenzyltrlchloroacetlnldate in presence of a

| i f i . a. f id
S hanesul FoREUREle @Bllehf dt ondelied “ETBIE M Rt TR Peanipore as
di chl or epedthaméor Etxempam% omodmmartﬁf:@&mlahﬁeob@ouﬁ@dnd Benzydiutahng acid.

roups be introduc by treatnent of  internediate b) with
Denzy! BPBRRELS Bre D, IS SPTTB RIS RESence. of sodi m hydr i de,

pot assi um hydri de, potassiumtert-butoxide in a solvent |ike

tef rahydrofuran, 1,2-dinethoxysthaneponedciipiiem hyl f or mam de.
Condi ti ons i nvol vi ng benzyltrichl oroaceti mdate in presence of a

catal yti c anbdPresentiprentios gay bgondensiaesraysarneaseadilydiyi refesencs, to the

nmet hane
o e o A0 SoBR e oS R SRt Rinis

2010/ ozmmactmrsmow 053626 12 In step 3 of Schene 1, the
all'y" protection oup is renoved (e.g., by treatnent wth pall adi um
chloride in Hefore pree@ﬁ@pvmwnm k:@rrtlliosﬁpm ane nedradsag digonsed@nd

d ,
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In step n6t iatendet éarbe limitirige Trecploaeatd siepulas shiead be treatddas\nterchangeble,

hydr oxyl e dro hl orloge h% formthe correspondi ng Wei nreb am de
whi ch rrﬁ PNiPBIHORE ' a 10cl osed/ opened form (14/1-q).
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N, O-di met h roxyl am ne hydrochloride and an activating
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h |
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oroups. GGyl Rl BR e e 3 OF o6 SRR Nulok TR A bREBHS G5bAE
enpl oyedne E@mr@e(amzitfmrﬁmxd@wlrpmetoasé bﬂmlggwgfﬂgwgﬁ%c?g?igﬁaro or
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The rengifmmifich o edudetiluRa. 9" wxﬁs&mmtedram h&tBrei8 dnedIRN @fbupSEUBSLIURRY with
appropriate chemstry 25for the particul ar_ protecting ‘groups. For

exanpl ePNBEHTYArE b?'@ﬁ@'&ﬁt%’@s @@uﬁ@rﬁWtWé @%‘i’/‘éﬁthmw e&mﬁ@yw th
formc ﬁ%”’%*‘fét@ﬁ'aﬁ??%w.éfhﬁfa”% fichyum (Pd bl ack) in a protic

sol vent ) at about oomterrper ature to produce the
final produclie tean “syelogliRyl. refrsrio Renaromalic ringe thad @refuliy hyewgenated @nd

e borny didtGRINAGIE riRh, Bc) SERRLY W Hirb#RG! Whidd-UPARBY birieffise! fhe

carbocyclic ring is generally a 3- to 8-membered ring. For example, cycloalkyl include



TMBO O -rnso™' ' 4/0TMB OTMB | | -a HO?PAr HOOMe HO'v.4/0H OH | I-f step 6
Ar HCAL/4"-A3% 111 HO'( ''OHOHIl-g Ar O Me "' OH step 2 I1-b [ Ar

TMSO ' ' OMpobofdiohisee OEt 40 HO CP'to. N 002H OH I I-h pSeheim ;438 VB
11/ 0TMs 5In Schene 2, wherein Me is mathyl and Et is ethyl, in step

1, 1-(5-brono-2- chlorobenzyl)-4-ethoxybenzene is dissolved in 3:1,
tol uene: tetrahydrofuran followed by cooling the resulting solution
to <-70C. To this solution is added hexyllithiumwhile maintaining
the reaction at <-65C followed by stirring for 1 hour

(3R, 43,5R,6R) -3, 4, 5-

tr2| zggr i@i fp%’slu?:é laé :cgt)élé%:ryg)&l( S%gé&ﬁ%hXJC?édéﬁky?Xc}chéﬁteQ%l gy'c}o tegcgrw,drgo?ggrrnep

(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
5 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, aziridinyl, tetrahydrofuranyl, pyrrolidiny!,
N-methylpyrrolidinyl, piperidinyl, piperazinyl, pyrazolidinyl, 4H-pyranyl, morpholino,
thiomorpholino, tetrahydrothienyl, tetrahydrothienyl 1,1-dioxide, and the like.

10 The phrase “therapeutically effective amount” means an amount of a compound of
the present invention that (i) treats the particular disease, condition, or disorder, (i)
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.

IS5 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

20 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

25 otherwise indicated, refers to the inhibition of the sodium-glucose transporter (in particular,
SGL.T2) 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

30 stereoisomers (including diasterecisomers and enantiomers), tautomers and isctopically
labeled compounds. Hydrates and solvates of the compounds of the present invention are
considered compositions of the present invention, wherein the compound is in association



10in toluene and the resulting solution is cooled to -15C. This
solution is then added to the - 70C aryllithiumsolution followed by
stirring f\Wo 24100884 A solution of nethanesul fonic aci dpc¥¥g2009/0s3626
2010/ 023594PCT11132009/ 053626 15 in nmgthanol is then added foll owed
by warm ng to roomtenperature and stirring for 16 to 24 hours. The
reaction is deenmed conpl ete when the a-anoner level is < 3% The
reaction is then basified by the addition of 5 M aqueous sodi um
hydr oxi de solution. The resulting salts are filtered off followed by
concentration of the cr ude product sol ution. 2-

5net hyltetk‘ drof g eI ﬁ.ﬁ CO- sodvent 131 an| C EEhase
i s extratletf WHEEr Y ThE® SPYERRIECHINEL 81504 e"ﬁ%é’h Rt at ed
to 4 vottym;nerstétebueﬂes cbhirgstaleNserhophe, distheatayaskieds athaplwoub solids.
hept ane:  tol uene sol ution causi nq recipitate to form The solids are

col | ect AY SHA TAFSEie GRAYPPISTEGUM B S Merd a solid. In step 2 of
Scheme 2, tOIn(drle‘é}")tbbcﬂ]n'EﬁE W't@ﬂew@ﬂ'ﬁﬂrétﬁﬁ prep?ld%aerdpm ﬂ?etr%@démokpvvedm

by 1OCooI|ngto 0C and then addition of trine si I'yl.chl ori
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phase i s washeéd w wat e i s crude e ion of
(1'1-c) issHdmptw!, @m reetbpwneﬂtQWaFeClaamartmean,@kevplmfonyiudteyetratmrlhlae

next st cL.f r of (I'rT-c) in
met hyl e%@ 8hF%r| e I's %@@b tl’a chnS cﬁdo?\/v(]?g\f%rpe{gg%d t hen t he
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ne§ hyl epptcddyriditoxgnd di met hyl sul foxi de. Triethyl anine is added

fol l oned by Cooling"to 10C and then sul fur trioxide ri di ne conpl ex
i s added in ® gwremeedimgst, thesenysig! e@mnmﬁaﬁth@upempﬁu@déélaed Lfpreline or L-
reactio r an additional 3 hours at 10C 25before quenching
with wa %'lroﬁgjr?t({h\{/c\:/aa‘r%ﬁnﬁ ng to roomtenperature. The phases are separated
fol | oned by lneshirthgr emeoctlmamtlltbﬂemstaf bas dee bagare of thie falipréows

amoni um chl ori de. The crude nethyl ene chloride solution of (lI-e |s
taken directly iro tﬁ@aﬁestoueﬁ 2(1)2(1)2(1) gnd vajs csll paragighenimsubstaph
cxude sehudlitothedfollghinge) is concentrated to | ow volune and then the
sol vent is exchanged to ethanol. Thirty equival ents of aqueous

f or mal dehyde i s 30added by r,n ng to 55C. An aqueous
sol ution of 2 equival &nt 2%8b9€®sg‘s phosphat e, tribasic is added

foll owed by stirring fb0£12‘$6]3@$||5§;/5\a @5{: The reaction tenperature is

then raised to 70C for an additional 12 hours. The reaction is cool ed
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,Ar stepl HO'' OH (111-a) OH Ar step3 0 ,, R3 step4
Pgef 110Pg4 OPg4 (111-d) Ar = OPgS Ar cy,R3step2 y "OH OH (11I-b) \

ArAr 0, , R3y@ 2fi@gRekod 10Pg4HO i t" CH / The synt hegtseBhosns3ss
(I''1-a), where R3 is an alkyl or fluowo substituted al kyl (except for

the carbon adjacent to the oxygen aton) can be prepared in a simlar
way as described in step 51 of Schene 2. In step 1 of Schene 3, the
primary hydroxyl group is selectively protected by an appropriate
protective group. For exanple, a trityl group (Pg3 = Tr) can be

i ntroduced by treatnent of internediate (r11- a) W th

chl orotri phepyl hane i nce a base |ike ridine in

col vent 11 ke EbRES by ARB e s Caeoma) SrBl HaR S odednd of
t enper atathRid @RQiand LEpwoylakent abidde areestochiomaise fslioabout r oom

t enper at ur e. Additlgnal 10exanp| es of such protective groups

exper i ment al CEBRAVI¢HALNE PEESER WHGWW'HBEE%MWP%@B‘? stm@hataqrogﬁﬁf that

be founghg J&leTproWss@é %ﬁﬁl%%gﬂé)fcﬁtﬁbéé’ FefFkALRE i fhe@l’ﬁ?rﬂééf an¥ néd?ﬁé]l&iyllﬂ gnt
Wley & Sons, New York In step 2 of Schene 3,

se‘i:ondapifthwiﬁsgst@;longq%w@ect hereiie Pieotteding dndprialp areapeiaspiiy @wable from
pr ot ect baﬁl.rr%{ggalps%urfé%rslﬁ}ﬂaémd.l&mcrpéﬁérglcggr(wmf&%’?W )or %B@ere%%[w Er‘r?egﬁ{ec?e

i ntroduced treatnent of 1 nterne
or benzysingmethodrewelhknewn for hoee slellext mstbelactrfﬁmydrepm;ad@(ytra@bodmgenerally

2610/ 02955 R HYbSo Tk 84 ¥t Biefafi ResBBhue bl Grodlfd svnthasts a1

or N, N- erwt NgzM‘(nrkrﬁ‘rﬁaTm 209 ed .}, enBeilstens Hanabgcn derf argamiatioart CBemie, 4,
55 L Sy R SR g B o A8 Bl B B UE®
( I I I - b) onlinedatepasd)). chl ori de,
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
15 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
20 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
25 blocks or protects the hydroxy functionality. Suitable hydroxyl-protecting groups (O-Pg)
include for example, allyl, acetyl (Ac), silyl {like trimethyisily (TMS) or tert-butyldimethyisily!
(TBS)), benzyl (Bn), para-methoxybenzyl (PMB), trityl (Tr), para-bromobenzoy!, para-
nitrobenzoyl 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
30 protecting groups and their use, see T. W. Greene, Protective Groups in Organic

Synthesis, John Wiley & Sons, New York, 1991.



acetyl brom de or acetic anhydride or benzoyl chloride or benzoic
anhydride in the 5S5presence of a base like triethylam ne,

N, N- di i sopgenR¥ogkikys am ne or 4- (di nethyl am no) pyri di neptggbosalsyopt
| i ke tetrahydrofuran, 1,2-dinmethoxyetyane or dichl oronet hane at a
tenperature rangi ng fromabout O degrees Cel sius to about 80 degrees
Celsius. In step 3 of Schene 3, the primary hydroxyl group is
deprotected to lead to 10internediate (111-d). Wen Pg3 is Tr,
internediate (11l-c) is treated in the presence of an acid like

par a-tol uenesul fonic acid in a alcoholic solvent |ike nethanol at a
tenperature ngi ng from about -20 degrees Cel siys tQ abouf room
Lenper at ure C8YAPSYIUIMERTES HeoRrat mOERITER pTe ERUH e i BraVideasombounds of
chl or of eigpreeyntievartied. I n step 4 of Schene 3, a hydroxynethyl ene
group is introduced through a process 15simlar to the one glready
described M Scheme 1 (step 1) ak¥ Scheme 2 (steps 4 and @a° Ot her

sour ces of @ebyde, |ike par Glebyde in a s0b
eratureffﬁbg”ﬂ flom hbout rooﬂﬂﬁhn%@#%

et hanol at te

70 degregs~s 1" ikn the presencas al kal i et al kQxt

al so be s%d ' ?ﬁps st ep. Whe%%ﬁgﬁ ééﬁ?lthis step p?%v de Pq!

i nternedi ate FPPI-e) and when Pg4 is A? or Bz, this step pro |?es

i nt er nedi ate (-2 In step 5 of Scheyie’ 3, internedi ate (III-@? is
treated with an acid like trifluoroacetic acid or an aci digeprsesin in
a solvent |ike dichloronethane at a tenperature ranging from about
-10 degrees j2us_to about roomte ature to produce igegrmedi at e
(rrr-g). In scf.tblrsﬁd S'\(lrsf— chene 3, the paﬁgl i

may then g0 [ '
particul ar protectisng groups—For exanple, Jhenzye—protectin
may be renowedoby Yt riemging with forpy© adi d Orgt he presdigt@ o )
pal | adi um (Pd bl ad®y'in a protic sol vent GRg'g., ethanol / THF) 9FP9%about
roomtenperature ¢g produce the final prgdget (A). (lFd) st ep
7 of Schenme 3, internediate (111-f) is treated with an acid |ike
trifluoroacetic 2@acid or an acidic resin in a solvent |ike

>N

di chl or onet hane a tenperature rangi ng fromabout -10 degrees
Cel sius to about Moom tenperature to prodgce t he final produ‘p$d».

WO 20101 ( 10B5#RET/ | B2009/ 053626 19QPg°0OPg Apot her al ternative| schenp
for synthesiziin@rPat@duct (AjerBs deplc ngﬁ 'chene:ﬂ:andng§crlueo

bel ow. "S- JoN! A : ., .. Okefano , Rg
stepl R, 0dd@p, "T'H Y T i . 0.-- ' -+g'0- YO opg'
y.'"OHW y OH gi'l1-a)(1V-a) Ar =40 KOEPPSchene 4 51 n step 1 OPg'

Schene 4, intergipdiate (1ll1-a) is treateg-nMth the appropriate (-
aryl sul fonyl chl©ride R4S02C1 or aryl sul fonic anhydride

R4S(0) 205(0) 2R4 (wherein R4 is an optionally substituted ar group,
such as found in the aryl sul fonyl chlorides 4-nethyl-benzepesul f onyl
chloride, 4-nitro-benzenesul fonyl chloride, 4-fluoro-benzgnesul fonyl
chl oride, 2,6-dichlorobenzenesul fonyl chloriq%i
4-f| uoro-2- et hyl - benzenesul fonyl chloride, apd
benzenesul fonyl chloride, and in the arylsul f Ogfc™ghhydri de,
p-tol uenesul foni ¢ anhydride) in presence of a Jé&éﬁlike byridj
triethylamne, N N-diisopropylethylanmne in goSolfveldy |i ke o'
tetrahydrofuran, 2-nethyltetrahydrofuran at a tegperature rangi(ig
from about -20 degrees Cel sius to about roomtenpgyature. Some {(ggW s
acids like zinc(ll) brom de nmay be used as additives. 15In step of
Schene 4, inter LatRY( iRZ subnmitted to a Kornblumtype
oxidatif@&isee, et al., Journal of The Anerican

Cheni cal ci etk

al dehyde whi ch
5 Scheme 1




WO 2010/ 023594PCT/ 1B2009/ 053626 21 Schenme 5 In step 1 of Schene
5, which provides internediate (V-i), the organonetal lic addition
step i s cagbigymssin a simlar way to the one descri bggragrdodiesrel
step 6, using the organonetallic reagent derived from (V-a), where
Pgb is a suitable protective group for the 5hydroxyl group. For

i nstance Pg5 can be a tert-butyldinmethylsilyl group (TBS) (see
US2007/ 0054867 for preparation of for instance

{4-[ (5-brono-2-chl oro-phenyl ) -net hyl ] -

phenoxyl -tett-butyl -di nmet hyl -sil ane). In step 2 of Schene 5,
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(pds. Thﬁfén,caBCH&mcﬂS%mg?g 81! 5452 ?1955%@%[9&&36!2%@% < Qdhedron, 63,
1991)) or 1 nstance - is treated Wth the appropriate Termnal

al kyne MEe$B(3097pr esence of copper (1) i odi de a catal yst |ike

bi s- (tripheny g@g?rgﬁg@ﬁ mgaﬂ) Egﬁi%%{mg%%éé){ﬂr?d?céﬁ be added by treating | .| _

tetrakis(triphenyl phosphine resence _
tri et hylrdgrimesiaje !:tg)l\WItrBtm@uapmmr@@r@gnytsaandwocedmesfﬂrmpamcuder protecting
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such as dichloromethane, heptane or hexanes can also be used.




5internmedi ates (and/or m xtures of intermediates) is rem niscent of
the process of nutarotation involving al doses, known by those skilled
in the artwooi0/023s9he present invention al so enbraces pcraB2000/053626

i sotopi cal ly-1abel ed conpounds of thejgpresent invention which are
identical to those recited herein, but for the fact that one or nore
atons are replaced by an atom having an atom c nmass or nmass nunber
different fromthe atom c 10mass or mass nunber usually found in

nat ure. Exanples of isotopes that can be incorporated into conpounds
of the invention include isotopes of hydrogen, carbon, nitrogen,

oxygen, hosphor us, .sul.fur u i.odi ne, and ¢ uch as .
ok O5h DhoMSE3 prdhadk 1. Hadhh BorediS Pun B NipSledls S shy TGt wit
1231, 1§5Uacﬂ.mﬁ cBforide in hrespeet; lcmedalyent@&etd&lmbgbmeﬁilanemlﬁ?é)l Nsd abeiﬁe%l; l_?therd
conpounds resent |nv e.g. t hose apel e 1 an
o0 Sl Knre ot Bosh AN Do he SiBlaa 60 BS ss8e Spck Wriatabon.
assays. pfstetival@bubk irfOrgatid Sattesid! PR Wiey & Rns, AR dri6 AOORER B the

parti cul arly preferred for Therr “ease of preparation and
det ect alAoel{ld)- Further, substitution with heavier isotopes such as

deut erium (i y€step 41dr S'Eﬁ¥m@f‘lf 8?«9&1&5{ bethe uh@&ft@&@&'hb&roi\ﬂgg@ﬁe%&% oX0 group

resulting from greater met abol i c stabi | I ncr
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agueous solvents I ncl'ude water, ethan ene

pol yet hppkipet (glgy.cahangld Hf) at pE@amgompEr@ggm;tureép @roqm. t?ﬁﬁ fidal meeducts (A)
th fa :
o ! 18, AR SRS ST LG LB RN et

stab|I|2|n wettin rica
15agent sanginpuirerinfabent-7 850 $pebalitmgomdempsratyreds arsobent/ide, dlchloromethane or
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methoxybenzyl protective groups.



sol vates, such as nethanol, nethyl t-butyl ether, ethyl acetate,

met hyl acetate, (5)-propylene glycol, (R)-propylene glycol,

1, 4- but ynew@iz@lom2awg the like. The crystalline fornms Snpyrde®exd:st
as conpl exes with other innocuous smaiid nol ecul es, such as L-
phenyl al ani ne, L-proline, L-pyroglutamc acid and the |ike, as
co-crystals or solvates or hydrates of the co-crystalline material.
The sol vates, hydrates and co-crystalline conpounds nmay be prepared
usi ng procedures described in PCT Publication No. WO 08/ 002824,
incorporated herein by reference, or other procedures well-known to

th f 10skid ]l A ) Th h t
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an artl e or IS I ONn._ 1 NCl udes cont al ner avl n osite
Fheri na famseis seeluilion B e rorraonsing Ahans! By asai Giesd Be

Sui t ab! goeRcHANRS corficnaRh) ok(E)MinsrOR! ROGR did Kl IGOH.NIFLGL Beods ! 1nand.-

i nclude materials such as bott (plastic and H& ass), sachets
0

arfpoul e§4)HOXY IreURAGY. ber@ﬂr&roc@yﬁi Neselectiyp dlkyigon ruﬁusg arlfe-Ceoalkyi indide
may al sgnjEChiide basit RBRG T oMY, ‘P&%x%ﬁ@%*’%@&%ﬂn?c%@ﬁ&@ﬁn hRdbRS LeSt

access to the contents of the I'n addition, the contal ner has

deposi t &empéretuse rrngingisen abet m&s@mm@um@ ahont 66 degreps Oeisius.
container. T,

resent 1 nvehepieRnR A TE EARIYESORR IR God BY BhERICGIRE art that
condi ti ﬁTEsor@addametaﬂlcsmdd@nsatemﬁl(ﬁmwmb i) willHoe danmmbmtiaﬁrthefcorresponding (Cy-

sgdi um Q nsporters in i mal..t hat [nhcl. tering
B e T B CRARERE S aBarn Pl AR e Blosp Bl EER PG Al
anount efage tc dnpenrrespohdihh sulfsresesing coentiondl negthadspkrowralseiliose akilled in
conposiE on,conprising an effective anount of a conpound of the
presentr? &¥&ntion and a 25phar maceutical | y acceptabl e exci pi ent,

di l uent, or ¢ﬁéb®mbowﬁﬁﬁﬁﬁﬁ§bQﬂehﬁnﬁ@ﬂkﬁQﬂé@bépmﬂﬁﬁéd@s6@%mk&ﬁﬁb9ﬂ@any
dlseases %@?dltl S and/or di.sorders %;at benefit fromth

i nhi bi t SHitR A Tepreseiqiive, Syt Dfﬁ‘fF@”ﬁBéé‘é*hPWﬁ(ﬁ@ﬁ [SHesCEbRE
tnﬁatnegbhg%eqpe5|ty, and obeS|ty rel ated disorders (e.g.,

overwei ght, weight gain, or weight maintenance). OQobesity and
overwei ght are generally defined by body mass index (BM), which is
30correlated with total body fat and estimates the relative risk of

di sease. BM is calculated by weight in kilograns divided by height
in neters squared (kg/ n2). Overweight is typically defined as a BM

of 25-29.9 kg/n2, and obesity is typically defined as a BM of 30

kg/ m2. WD 2010/ 023594PCT/ 182009/ 053626 26 See, e.g., National Heart,
Lung, and Blood Institute, Cinical Guidelines on the ldentification,
Eval uation, and Treatnent of Overweight and Obesity in Adults, The
Evi dence Report, Washington, DC. U.S. Departnent of Health and Human
Services, N H publication no. 98- 4083 (1998). 5Anot her aspect of the
present invention is for the treatnent or delaying the progression or
onset of diabetes or diabetes-related disorders including Type 1

(i nsulin-dependent diabetes nellitus, also referred to as "I DDM') and
Type 2 (noninsulin-dependent diabetes nellitus, also referred to as
"Nl DDM') di abetes, inpaired glucose tol erance, del ayed wound heal i ng,
hyperinsul i nem a, elevated blood | evels of fatty acids,
10hyperli pi dem a, hypertriglyceridem a, Syndrone X, increased high
density |lipoprotein levels, insulin resistance, hyperglycem a, and

di abetic conplications (such as atherosclerosis, coronary heart

di sease, stroke, peripheral vascul ar di sease, nephropat hy,
hypertensi on, neuropathy, and retinopathy). In yet another aspect of
the present invention is the treatnent of obesity co- 15norbidities,



5 also noted that the conpounds of the present invention can be used
in sustained rel ease, controlled rel ease, and del ayed rel ease

formul ati aggoihbedsfornms are al so well known to one of pOf/fh0@0a¢3626
skill in the art. The conpounds; of this invention nay al so be
used in conjunction with other pharmaceutical agents for the
treatnment of the diseases, conditions and/or disorders 10descri bed
herein. Therefore, nethods of treatnent that include adm nistering
conpounds of the present invention in conbination with other
pharmaceutical agents are al so provided. Suitable pharmaceuti cal
agents that may be used in conmbination with the conpounds of the

pr esent |nvent|8n Lhclude anti-obesity ageats (includinglappetite ar

sSuppr essmst I'-di abetic agentgg er gl ycenic N L
| oweri ng ageq; @ntl-lnflannatory agentsl1 and anti-hypertensivel.

agents. U|P£ﬁie'aﬂrr—0b€S|tymag t ©4 nctrude cannpb S d- O™
(CB-1) antagonlg?@ (such asgfert nonabant) CH11f 3- hyd¥®¥y steroid ©OTMS
dehydr ogenase- M4 111 3- HSD type 1) inhi binbrs, stearoyl CoA fl-c

desaturase-1 (SCD-1) inhibitor, MCR-4 agonists, chol ecyst oki ni p- A
(CCK-A) agoni sts, nopnoam ne reuptake i nhibitors (such as

si butram ne), synpathom netic agents, |33 adrenergic agonists,
dopam ne agoni sts (such as bronocriptine), nelanocyte- sti M3P At ng
hor nrone anal ogs, 5HT2c agoni sts, nelanin concentrating hornone
antagonists, leptin (the OB protein), leptin analogs, |leptin

agonists,H | ani & ant agoni sts, || pase inhjbitjors (such as Ar

t et rahydrot JM‘ i.e. orlist ~ aAeyectic agents (su

bonbesi naggli s, ide- | antlagoni®¥fs LE_Q___NEY 5 OMe
ant agoni st') , JP 36(|nclud|ng alTalsofSYT Hemeof ) ?ﬁ yronj wsel ¢y~ “oTMs
agents, dehydeeplandrosfﬁ?%ne ok an apwsog thereo gl ucpcorti cowg

agoni sts or antagoni sts, orexin antagoni sts, glucagon-|ike peptide-1
agoni sts, cil #Hdry neurotrophic factors (guch as Axokine TM avaij.gbl e
from Regeneron, Phar maceuticals, Inc., Tarrytown, NY and Procter &

Ganbl e Cbnp%Q%L Ci ncinnati, OH), hunan agouti-rel ated protein (AGRP)

i nhi bi t or s®te elin antagonists, histanmi ne 3 antaggni s¢s or inverse
agoni sts, neurepnedi n U 30agoni st s, NWP/ApoBiggI s (e.g.,

t 20
ant agoni St i ant agoni st, andH®hexl 1k

gut -sel ective MIP inhibitors, such as _diflQg

€.
2010/ 023594 PCIF 32009#@536264%&» o ‘i&Ired an besity agents
for use in e on®f nat i oRtegpect s of° t e present 9Fnu&ntdogh i ncl ude
CB-1 ant agoni st¥! (e.g., rinonabant, t ar af abant, surirfhbant,
ot enabant, SLV3l® (CAS No. 464213- 10- 3) anltih AVE1625 (CAS No.
358970-97-5)), gut-selective MIP inhibitors (e.g., dirlotapide,
mtratapi de and inplitapide, R56918 (CAS No. 403987) and CAS 5No.
913541-47-6), CCKa agonists (-0,
N-benzyl-214-(1H i ndol- 3-yl ngt hyl ) - 5-8X Ju>
4, 5-di hydro-2, 3, 6, 10b-tetraaza tge_nz o@. @ 6-y11-IN-i sopropyl - acet a
m de described in PCT Publicatlon . >N\0~2005/ 116034 or US
Publ i cation No. 2005-0267100 AT), SHIZC agonists (e.g., lorcaserin),
MCR4 agoni st (e.g., conpounds described in,US 6,818, 658), |ipase
inhibitor (e.g., Cetilistat), PYYS §%§§ %ed herei n "PYY3. 36"
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i nvention and conbi nation Therapies are admnistered in 15conjunct|on
tris(trimethylsilyloxy)-6- ((tr|methyIS|Iyioxy)methyi) tetrahydropyran-2-one (il-a) is dissolved

1 bi

10 in toluene and the resulting solution is cooled to -15°C. This solution is then added to the -
70°C aryllithium solution followed by stirring for 1 hour. A solution of methanesulfonic acid



25denoted as follows: s, singlet; d, doublet; dd, doublet of doublet;
t, triplet; g, quartet; m multiplet; bs or br.s., broad singlet; 2s,

two singl ag8.0fdfeaskey broad doubl et. El ectrospray ioni zapepiXwasi62
spectra (ES) were obtained on a Watergs TM ZMD i nstrunent (carrier

gas: nitrogen; solvent A: water /0.01%form c acid, solvent B:
acetonitrile/0.005% form c acid; available fromWters Corp.,
MIford, MA). Hi gh resolution nass spectra (HRVS) were 30obtai ned on
an AgilentTM Model 6210 time of flight Were the intensity of single
chlorine or single brom ne-containing ions are described, the
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phosphate, tribasic is added followed by stirring for 24 hours at 55°C. The reaction

temperature is then raised to 70°C for an additional 12 hours. The reaction is cooled to



met hanone (22.5 g, 72.80 mvol ) and triethylsilane (27.9 niL, 20.3 g,
175.0 mmol ) in dichloronethane (20 nL) and acetonitrile (60 nL) at 0OC
was added Rarenhidl! uoride etherate (32.0 nmb, 36.2 g, R2ePushoidiidkezs
dropwi se. Boron trifluoride etherate was added at a rate so that the
internal tenperature did not exceed 20C. The reaction solution was

30 warnmed to roomtenperature and stirred overnight. After a total of
18 hours, a solution of potassium hydroxide (5.0 g) in water (15.0
m.) was added and the resulting m xture was stirred for 2 hours. The
organi ¢ phase was separated and the aqueous phase was
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Ve e waa\h \%wsam;&%f dby@gwrﬁrc a%@ﬁislaadéalf&%edmo%ﬁ ﬁ\‘é%@&lﬁ
dryness. N, N-di net émor mam d potassium car onat e (7

wer e ad@elgtion frerogkienirergiaee. h@'@ %@U‘I‘QS‘ '§O]@@ sended gnggranated deon %h@ﬁs

t
byl - aneh ool Sofits MRACREER ARYIRE Wit el B bAGYER, Mbbuc
wi t h br{lhb) isdsdlateéd@ser saiddi um sul f ate and evaporated to dryness. The

crude was pu (el Ut
wth a gradlﬁe‘ht hg’?‘ gé’? Ey@ﬁ%lgﬁﬁﬁacef@% GXdQY@eOE?H aén@%,ge'?@h‘é%?'%ﬁdy éé@%ed
2 of crudScl‘pmmchzmd(deanmlmdﬁbeigwt he desired product and anot her
product). The crude product was precipitated with nethanol, affording
4- br ono- 2- (4- et hoxy-benzyl)-benzonitrile (1.2 g, containing 5 % of
anot her conpound with NVR peaks at 4.15 ppmquartet, and 1.5 ppm
triplet). 301H NWR (400 MHz, chloroformd) 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-brono-2-(4-ethoxv-benzyl)-1-fluoro-benzene WO
20101023594PCT/ 1B2009/ 053626 33 To a solution of

4- br ono- 1-f | uor o- 2- (4- net hoxy- benzyl ) - benzene (4.2 g, 14.2 muol) in
di chl oronet hane (20 nL) at O0C was slowy added a 1M sol ution of boron
tribromde in dichloronmethane (15.7 nm., 16.0 mmol) dropw se over 10
m nutes. Once the addition of boron tribrom de was conpl ete the
reaction mxture was gradually warnmed to room 5tenperature. After 4
hours, the reaction m xture was cool ed to OC and quenched by sl ow
addition of 1 N aqueous hydrochloric acid solution (20 nL). The



stirring the reaction mxture for 18 hours at roomtenperature, the
reaction m xture was concentrated under reduced pressure. The

resul ting weshfdwesw@s purified by flash WO PCT/IB2009/053626
2010/ 023594PCT/ 1132009/ 053626 34 chr oqmt ogr aphy 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 NVR (400 WMHz, chloroformd) delta ppm2.05 -2.12 (m 2 H), 2.45
(s, 3H, 3.77 - 3.92 (m 4 H, 509 -5.14 (m 1 H), 7.35 (d, J=8.00
Hz, 2 H, 7.79 (d, 2 H. 5 Preparation of toluene-4-sulfonic acid
oxet an- 3- v! ?fter To a solution of oxetan-3-ol (1.0 g, 13.0 mol) in
anhydrous p dine (25 ) at room Baper ature was added 4 oJrgl uene
sul fonyl chli'sgjfs 3““ 9 g, mol
m xture for 3
concentrate| wi o "
purified by fladh chronmat ography ob'@r Si |C@ngl el uti ngpg;gd*‘h

Afteprstirrin thereac on
eRs eadtdpen mi xt

gradient of 0 t ®B0% et hyl acetate in hept ane to afford 1.9 g

yield) of the dd=dred product as a whigiepsolid. 1H NVR (400 I\@z
chloroformd) d a ppm2.46 (s, 3/H),~4.63 - 4.75\(m 4 H) 36
-5.34 (m 1 H, [.36_(d, J=8.00 , 2 778(d =8. 40

15 Preparagtion o

3- 14- (5_h§%,2 £l

solution of 4 X4) uoro blen . 5 g,

cesi umcarbonatgo(z BOFE% Zﬁqﬁb di meﬁ‘&/ ormam

m) at roomtenperat(ap% was added sol uti 8R%of t ol/uene- 4- sul f ofHc
acid tetrahydro-furlif)3-y1 ester (2.94 g,(IBe)0 mmol) in (In-)

N, N- di nret hyf ormam de (10.0 nL). The reacti ¢on m xture was then gtirred
overni ght at 50C. After a total of 18 IsteePg, the reaction gixtyre was
cool ed to room t erfe ' ted with bjine and extracted 3]|tines

with ethylsaceta ned organic_laygrs were washed twce
with water and b Seifie, dried aygrosedium syl fate, fj FTer da,
and concentrated under reduced presddre. [The result-l_Rg-..cH@de

was purified by flash 250hronatography Qvker silica gel elutin
gradient of 0 to 30% ethyl acetate if#4Heptine “PBoafford 1.66"g YEIYHOH
yield) of the desired product as a col orlessgpll 1H NWVR (400 Mgy
chloroformd) delta ppm 2.09 -2.24 (m 2(}[1)} .86 -4.01 (m 6 I—%),
4.86 -4.91 (m 1 H), 6.80 (d, J=8.6 Hz, ,691(tJ9Hz
7.10 (d, J=8.6 Hz, 2 H), 7.23 (dd, Me&eQSW 726 731

1 2010/ 023594 cw/ 32 09/ 053626 3
ot et £h% sy iaegoF Al gy .87 ekgLeriior %ﬁ)@ff@&%ﬁ DRexsrptfor the
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and cesi um carbonat e g in N N-dinmethylfornmam de
(15. 0 nflyef Schewgs. t'érﬁé@r aehipeheips 3a(ﬂ‘Gé2ﬂ'n?sﬁf¥@VG&0P<wr9"6$p A selectively protected

Lol uenepg s @%r@t@ﬁﬂo@ecﬂ%@%%ﬁ#%ﬂe%ﬁﬁﬁé 4 bitdréup B ! dar

5di net hy m de he reactl on m Xture nstlrred
over ni gmtmdtm%by tregtment of intgratedistte (18- ai@um§hlqra@phe@dmetmnmpmsenmgf a
cool ed nes

oo ther RS SEDIRIRAL AL L W thentd bl RS LR GFLied L
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o, £ o ERRPRb S AU Plote it S o abSme L SO ors R REwIET those
gr a?ij)entslf(@édh[gl ig@ aweu??ﬁggt [} mmﬂ%mﬁﬁi\ﬁf%ﬁd??ogﬁmﬂb (72%
Lhl or of Sarinh Ngw%ﬁf;égj 76 (dd, J=7.22, 5.3 Hz, 2

H, 4.95 (t,Inkt Qdf"Ech@mb’)& tHe deond dfdRyl drobibs cfn 63 plslecida®ydndt,
2H),692(dd§pl|—|) 710(d JSM%G}%é{w (pJ66y215
appropriate protecting groups. For example, benzyl groups (Pg4 is Bn) can be introduced

15 by treatment of intermediate (Ili-b) with benzyl bromide or benzyl chioride in the presence
of sodium hydride, potassium hydride, potassium terf-butoxide in a solvent like



5chl or obenzyl ) phenoxy) oxetane (2.5 g, 70% yield) as a white solid.
1H NWVR (400 MHz, dichl oronethane-d2) delta ppm7.34 -7.28 (m 2 H),
7.26 (d, J®Q.26odzssed H, 7.14 - 7.09 (m 2 H), 6.69 - 6pdhimosidadd .
5,22 - 516 (m 1 H, 4.96 - 4.91 (migH), 4.72 - 4.68 (m 2H), 4.01
(s, 2H). 10Preparation of

4- br ono- 2- (4- chl or o- benzvi) - 1-fl uor o- benzene A sol ution of

5- br ono- 2-f | uor obenzal dehyde (10.2 g, 50 mmol ) in anhydrous
tetrahydrofuran (200 nL) was cooled to -78C. A solution of

4- chl or ophenyl - magnesi um brom de (1Min diethyl ether, 60 nL, 60

R B S M T R R
ol U108 yoe 200l a0 AR oo antar barhand auenchod by ada L on el
ot ur at B ARRS AR BHROHeEEPY Tl plinfineiste e Wi eabh chitoe
phase W@&e@ﬂﬁr@ﬁﬁ@oﬁé&é’c'&:%ﬂh?&imﬂaern@éyldzh%r‘d@%r BBRLAE bRRIRide U ey
reduced pressure to renove any renaining organlc sol vent. The aqueous

phase wagesgm qte basqiikatristinamine N A-discpopYiathyanyegid-t he extracts
wer e t&%ﬂﬂ’l&ﬁﬂoﬁﬂyﬁﬁmbh@a@%ﬁ/@ﬂf @ tbﬁ’éﬁﬁ?é’fgfem Hrﬂ? n%di%rb%ne@' S

solutlon was ‘washe bri ne %‘and was rledéé€€l ium
sul f at e)jiChfq?‘qu@?h@ﬂeéihat@'@ﬁ@f@ﬁifﬁd@'@!ﬂm a@rahoelaaei@arq@s gugto @pqntﬁg

crude ( uor opheny1) - (4-chl or opheny1) - net hanol (15.2 g, 96%
yi el d) gg&'re%g‘q(%ové solid. To a solution of the above

( 5- br onp- 2- fInﬁiegmﬁhéﬁpmyem(ez&@‘mmm@'ryéwlngxyh@phanﬁ)ﬁemé(em&ddogeada@

g[ff' ) 2RfleddddhRhiRg) f@%nﬁm 318 THite O B0 1) 8 ér%b?e'&'iﬂ‘i e{*@@ﬁ & §4h acia

bor on t iikd paaribllends@icnid acd imea alcehdlZZolent likel@éthanol 3t.a féhrper&temd anoing

| uti irred for 18.h whi | i ng_t
* enper alabo 2] Serefh cehus Batpultonamretetin Biouds ime it -
by sl owCaddivehtanikefchiordibimeweguse @idassi um hydr oxi de sol ution (30 nl)

d extract [ tert-butyl ether (200 . Th
Sonbi med or o AteD daf %ﬁh@rﬂe%é TG aoup 1§ 95ofices tBlough & prgoess
(2> n ém%DartdjﬂieQﬂwe(aﬂ%é'dyf@e%ﬂﬁe@tlﬁb’chémbﬁ %ﬂ%mz ?ét@&s yadens).

r educed Eressure Puri fication | ash urm chr omat ogr a over

silica er W%l@ﬁ@m@?ﬂi@mﬁgymgm%? @%qu\tlbk%gﬁn@ ata
gr adi entepb-af ¥} rﬂ’b?r?gtoﬁérﬁ a‘bBqu%BFrﬁt‘é ddf¥Ere to about 70 de%rees Celsius m the
enz 5.0 g,

2-(4-chloro r ono- fluoro enzene Yoyi el d

coI or | epresente o an RIvRi (et w:de&an@*m be ns trdBIStséempWithm?s BQ, tbm
Elség( ovidesin erf]he'a%t fl aﬁd%ﬁwemﬂg‘; id AT o B%i this & E%r vidds zaég?%diate

, Feparatio tes” Preparatfon of er me
(Z(IZR SR(IHS) 5R)-6-al |l vl oxv-3, 4,5-tris-benzvl oxv- tetrahvdropvran 2-vl) -

Cuspensi on of PR sEaetl S Mg Meed (T Wer bt Sl asidlie wlProspec

acid ( 120|rltdr aargtidit tagin il £odiednt (ike H)chlwmlakhahedt aterBpé&ratuoe réhgiaysom

Th t 1 th | atil
o s abit AR Hs5aRs ol btk P L TRe AR R priee iy st MR

L). This WaSinSSIé Bdf@tﬁerﬁ‘l@lﬂ trﬁﬂﬂéﬁ‘larrﬁl Ftestmganel rhay\/ﬂ‘ﬁarﬂﬁbj%oved
15trityl chlori g%g trletgﬁﬁl aéﬁj(rf?gpzm nm., 1.67

mol ). AUSINg g a%@é’ﬂ@?rﬁ twgg%t?é@"m'ﬂr@f%t&a gﬁoHBSt FP%@’?W”?QJ?FI Benzyl
The r eaﬁ?dté’&m?‘ Qfé&ﬁ@mﬁ’?%e%r‘nb(r@(ﬂib\ﬁ Qéata‘lgd\%ﬁ fc?ﬁnc?'é)&}:l ﬁfﬂﬂetdﬂé’ébn%@%m palladium

reacti on SE grving el g ,C_]I reactions. To each
t hese r &4 ia@hbn\ﬁayoh@a@ueméﬁﬂy|etw0dﬁf e af pmut feom Jergpergiirg to produce the

fol | oneg ;ﬁ cItI(REWI se addition of sodium hydride (102.5 g, 2.60
nol ) rral nt ning 'the reaction tenperature between 40 to 2050C. After
conpl et e addintstem7 of Behemad: irdermadiate (¥ isdremted with ed astd likedrifluoroacetic

tggPer abuh % R ackiic AR #ra EAGh TiREGhRRoMBRahd 8P 2 RAHEEG0RE tohging from

about -10 degrees Celsius to about room temperature to produce the final product (A).



A solution of dinethylsulfoxide (87 nL, 1.22 nol) in dichloronethane
(160 nL) was 1l0added dropwi se to a solution of oxalyl chloride (64.7
m., 0.76 nRlo)otdh28deghl oronethane (2.5 L) at -78C. After peoiplo6di&ss2s
addition a solution of internmediate (ke l1a) (287 g, 0.59 nol) iIn

di chl oronet hane (500 nlL) was added dropw se at -78C. After conplete
addition the reaction mxture was stirred for 30 m nutes and
triethylamne (417 nL, 2.9 nol) was added dropw se. After conplete
addition the reaction mxture was allowed to self warmto room

15t enperature. The reaction was then washed wi th 1M aqueous

hydrochl ori c,acjd splutjon (2 L). and water (2 nd_ then dried over
nagnesi um s uf*Pa*ﬁ‘&F al?‘?‘ff’@{“@e%c%’?m%fob?%%%ﬁﬁ"ég &EQLU)FEQQ dePioiRd & §cheme
equi val ent deeadaamsownd after drying they were conbi ned and
evaporated to give the aldehyde as a yellow oil (1.71 kg). This oil
was di ssol ved in isopropanol (i2.57 L) and split into seven equal
reactions. To @ach of these Wﬁ“&dded a 37% agygous 20 formal dehyde
solution (0.79L, 10 ol ), fqlbowed by the dropwi se addition ocfH_.a....o
sol ution of sodyim Yy dRexsieste A, B stamal )y APLE

conpl ete additi teo reactlon| ni ¥t0f e Was™ st tof Gom—
tenperature fi¥ 27day® The ppgacET GoHM Xt ure was tpgd Wi t hydor ne g,

(2 L) and extracted with ethyl tate (2 L). The gani ¢ phase
further washed with saturated aqueous sodi um bi carbonate sol ution
L), brine (2 L) WA then dried ¥#er 25magnesi um $GPfate. The orgdhic
phases fromthe seven reactions were combined, gyaporated and the

residue purified on silica gel (elutgngywmt# 3yto 1 up to 1to 1
hexanes in WO 2010/ 023594PCT/ 4132009/ 05367 D ethyl acetate) to

gi ve internediate conpound (1-1b) &s & mXture of anonmers (980 g, 53%
yield over the two steps). Rf 0.57 andS&]quei4n 1: 1 hexanes/ et hyl

acet at e.

(35, 4S, 5R) - 6lnastey Mo peBemest interndsiate ylllex)yis freatedivath( the mpptopxigtcbmpizyiliany!

t hyl , d - i ' id L . .
Vs, 45 Ehplie ERveeoril Al pibionkE RelsEoN TR Nl v i anmiparly
N ot oyl o et o 10070 1) e oal 0 1 0 00, Sott um Ty, dor 605

) I A [ 1 Iu , . %
0t Sper s PO MBS Z8peutongsh et Fuiheaaes KRGUETRNIE, 2o it
r eact i opemeshesLificrwe ehibads 14-fludkb-20Gefgl-bdnAaEsulRRlDéforidie and di 4 6-8ithro-
1- br onmopet hy1- 4- met hoxy- benzene ( The reaction

{ hoxy , 5.96 nl, 40.3 mol). . o
wHS t heR® SHifry! gyeride andiig e arylsulfonic anhwirides oteBeresulionts anbygrisigin
t enper aﬁ;bifs%né‘é\ df 4 BBsé M birihe\@fetiySnmaesl, W&i%ﬁ%@bﬁéth@?%i%ﬂ%l%t like

wth et acetate (2 tines). The 15 conbined organic’ | ayers were

washed fitEhydrafigan, meiayitefiahydrotyan aldtamparaiure Bngingr from apedt -8R degrees
concent 1P r trhQ13;

chr omat ct)}% Eﬁ%h%ﬁ%@ﬁ%a%@ 'kge"?’?ﬁ li“ér}gsv?ﬁ%ﬁ Ilggg}a f)et}rqtaﬁ@fe [Ba¥ tcj)e 58%’ as
ethyl a@editives.in heptane) yielding 7.55 g (52% yi el d) of product

1c). M5 7 : it . . e
S5 30 a5, A syPh My SohbiNE . RS ddife FRCR)is submitied fo aKomblum type oidation
-tetr ahﬁelmfeoprmn,Zﬂolet 411,-JoQrnal BT 1260 AOvelizars OhBT¢E] B20ie8/] 8336263 (48588 o
(33 aaPead otk (ifespbndRe ARV Wik Ghad b B5SRTBNH vith the corresponding
met hoxy hipdraydrakymisdrhigtatat fotmalycds@npe mtsrietiale (1V7a)56 trgated.if theprebdnce
was aadBhs PR e BT By b TdB o deoq gas. AN Slogn cpery AREE e
resul ti pgmeihytdatigogRdivg iin b eelvaht Ikl EmbeRPalRkidest BabmbeRAMeTandik§ from
i ndicated the clean formation of a nore pol ar ﬁroduct. The reaction

was fi| BePEdoemiemgRatarite appyt Hiregserserelsibe thendehydeitrmgdiate
Pr essur grodliBEd &tHER sUBRickab tYRSIaENE MR RHS BRNGEhRV&scibdd R 891

{Scheme 1) and step 5 (Scheme 2) to produce intermediate (IV-b).



(/-/e) To a solution of oxalyl dichloride (1.9 m., 23 mMmmol) in

di chl oronet hane (65 nL) at -78C was added a sol ution of dinethyl

sul f oxi de W@.2810mk35947 nmol ) in dichloronmethane (5 n) aﬁd']"/imo()/()a3625
resulting solution was stirred at this»tenperature for 30 m nutes. A
solution of WD 2010/ 023594PCT/ 1B2009/ 053626 41 starting materi al
((3R,4S,55)-3,4,5-tris-benzyl oxy-6, 6-bi s- (4- net hoxy- benzyl oxymnet hyl ) -
tetrahydro-pyran-2-ol (1-1d, 5.6 g, 7.7 mmol) in dichl oronet hane
(15.0 nmL) was then added dropwi se and the resulting m xture was
stirred for 30 mnutes allow ng the terrperature torise to -60C.

Sl Fowd To e s Ssnoae gy HEredifie (RERS pERRBATOR R0 RS aiubbpuc

addi ti oacniforsmtauchd: estirainueselserd ik dichtorarheibahd et a térapératuranahdifmefrom

or gani ¢ _phas s dri . nesium su at filtered. and

concent DR | BAErSe S 4,7 BL8 Feh WhE8Teh e iecuee I R Praghet kg
by flash chr wmhcrg"r@pwcgmwynﬁuthe@am@eé nelyWe pdfonnell uirgr Suheaid 5,0fhdiein
to 60% %Tghg/h at te in heptane to produce the product (1-1le) (4 g,
7% vyi e { Ik¥hoo MHz, chloroformd) delta ppm 3.24 (d, J=10
Hz, 1 H, 340-347(m2H) gg $SZ3H),

(d, J=10 Hz, 1 H), 4407 (d, J:8. OP9=9. 6, Hz
4.35 - 455(r’@|96l=|)_,_4_6.5
4.87 (d, J=11. 1H),510Ho
H, 6.81 - 685(m 2H) 711(dd0§>g p@1 25Hz p%

(m 17 H. 15 opPg’

(2R, 3S,49)-2,3,4-tris-benzvl oxy- 5- hy‘é(rhéxv 6- (4- net hoxy(\p@nzyl oxy) - 5-(
4- met hoxVbenzvl oxymnet hyl ) - hexanoi ¢ aci d net hoxy- net hyI am de (1-1q)
a
( )
(

3.77

nd/ or R!
3R, 4S, 5S) - 3, 4, 5-4

- (et hoxy- net hél
1-1g) (1-1f) T

P
) Oo>%§/- 6, 6- bi s- (4- et hoxy- ben
N0 et r ahydr o- pyran-2-ol (1-1t):
a so \ptl on of | actone

yl oxynet hyl) -2

((3R,43,5S) - 345tr benzyloxy66b|s(4 met heyd
et rahydr o- pyr an- 2- one Ql Ie , 14.5 mml) and

N, 0- di met hyi h dro rgéchlorlde(l 77 g.pgRS. o) in
di chl or onet hBhe - 0C was 25added dr OpWI se @pg! 0 M sol ution
of trimethyl aldi um|n exanes(145n1_ 29.0 mmol) WO

2010/023594PCT/182009/053626 42 and the resulting sol @tion was
stirred at roomtenperature for 16 hours. The reaction |m xture was
cooled to OC and quenched by sl ow addition of aqueQwsS4N hydr ochl ori c
acid solution. The resulting m xture was allowed to sti
The organi c phase was separated and washed with aqu
hydrochl oric acid solution, dried over sodiumb5
and concentrated under reduced pressure. The crude rma
purified by medium pressure chromatography (gradlﬁ@t
ethyl acetate in heptane) yielding 6.5 g (58% of proe. )
1H NMR (400 MHz, chloroformd) delta ppm 2.62 (br. (@ ﬂ) 2.94 (br
s, 3H, 3.23 (br. s, 3H, 3.42 (d J=9.4 Hz, 'y §5o-3.60

(m 3 H, 3.75 (s, 3 H, 3.77 (s, 3/, 4.03 10(d, 3%3941 1H,
1 &),

4.20 (dd, J=6.9, 3.3 Hz 4. 44 (m 5 H) 6 - 4.51 (m,
oH), 4.53 (d, J=12 Hg 6 (d, J=12 Hz, 1 H), 4.'80 (br. d
J=11.5 Hz, 1 ¥ Hz, 1 H), 6.77 - v %gt%F

1 | 3

- 7.35 (m 19 H+] 780 8, p05|t|ve de; A (C 'y 0
negati ve node). .~-‘ 3 b&hcul ated for C46f%’4 HO™ (WHHH 3742, found
780. 3708. 15

(2R, 38, 4S)-2, 3, 4, 6- tetrakl s- benzyl ox¥5- benzy! UQy pt 9 - 5- hydr oxy- hex
anoi ¢ aci d met hoxy- met h Ri dg //Bq) and/ or OH

(3R, 4S,58)-3, 4, 5- ts“(ﬁ? c@ 6, 6- bi sbenzyl oxymet(w)l- 2- (met hoxv- et



WO 2010/ 023594PCT/ M2009/ 053626 43 net hyl - am no) -t et r ahydr o- pyr an- 2- ol
(1f) except that the al kylating agent used in the experinental part
descri bi ngghhgreseersion from (1-1 b) to (I-1c) was bepgyAgRiissle

i nst ead of para-net hoxybenzyl brom dez; 1H NVR (400 MHz, chl orof orm d)
delta ppm2.66 (br. s, 1 H), 2.94 (br. s., 3 H, 3.23 5(br. s., 3 H
3.48 (d, J=9.4 Hz, 1 H), 3.55-3.66 (m 3 H, 4.05 (d, J=6.9 Hz, 1

H, 4.21 (dd, J=6.9, 3.3 Hz, 1 H), 4.36 (d, 1H J = 11.7 Hz), 4.41
-4.58 (m 7 H, 4.68 (d, J=11.9 Hz, 1 H), 4.81 (br. d, J=11.5 Hz, 1
H, 4.89 (d, J=11.5 Hz, 1 H), 7.15 - 7.35 (m 25 H. M5 [MtW 720.7,
positive node; [ MWHCQ2] 764.7, negat'}e rmﬁ .
10(4S,5S)-3,4,5-tris-benzyl oxy-2-[ 3- oxy- benzyl) - 4- net hyl - phenv
| 1- 6, 6- bi s- (I‘h‘é‘f@;ﬁ h@ﬁﬁchaﬂ@ﬂ{h\m}@ﬁmbh&léé irit@trieliig (\24) pwreadrgan@hetémchddmon
i): MO (/-/i) n-Butyl lithium((0.97 nL, 2.5 Mhexanes

equi val &Pd§ Cﬁfé@détﬂ’él@b@ arisIway t? ﬁ‘eoﬁrlf’pdeﬁfré%ﬁi A %C*?éfé‘%ﬂnég%o Q &SE}Q the
oxygen Q%ﬁ%ﬁ%@alﬁ@@é@b%eﬁr%@%ﬁw Nlafi \AFPi"e?e ﬁgg ’% ﬁhlféb@ﬁ%{\éc%&@%‘f& the

vial 10 seal ed h its cap and placed under posI tive stream
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25 reaction (see, Sonogashira, K. Coupling Reactions Between sp® and sp Carbon Centers. In

Comprehensive Organic Synthesis {eds. Trost, B. M., Fleming, 1.}, 3, 521-549, (Pergamon,

Oxford, 1991)). For instance (V-) is treated with the appropriate terminal alkyne HCCR® in
presence of copper(l) iodide, a catalyst like bis-(triphenylphosphine)-paliadium dichloride or
tetrakis(triphenylphosphine)palladium(0) in presence of a base like triethylamine or N,N-

30 diisopropylethylamine in a solvent like N,N-dimethylformamide at a temperature ranging
from about room temperature to about 120 degrees Celsius to produce the desired product
(A) and (B). When R®is H, it is more convenient to use trimethylsilylacetylene. In this case
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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 SGLTZ2); therefore, another embodiment of the present invention is a
pharmaceutical composition comprising a therapeutically effective amount of a compound

30 of the present invention and a pharmaceutically acceptable excipient, diluent or carrier.
The compounds of the present invention (including the compositions and processes used
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%lstrogen Eye resHﬁci Fgpsol ution was stirr at this tenperature for
hour ty{ﬂq@ forrayiaigq igkp 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 (1) (including pharmaceutically acceptable salts thereof)
30 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.qg., water,

ethanol, ethylene glycol, and the like, The term “hydrate” refers to the complex where the
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correlate with total body Tat and estimates the relative risk of disease. BMI is calculated by
weight in kilograms divided by height in meters squared (kg/m?). Overweight is typically
defined as a BMI of 25-29.9 kg/m?, and obesity is typically defined as a BM! of 30 kg/m?.
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20 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
PPARy agonist (e.g., balaglitazone, ciglitazone, darglitazone, englitazone, isaglitazone,
pioglitazone, rosiglitazone and troglitazone), a PPAR a/y agonist (e.g., CL.X-0940, GW-1536,

25 GW-1929, GW-2433, KRP-297, L-796449, LR-90, MK-0767 and SB-219994), a biguanide
(e.g., metformin), a glucagon-like peptide 1 (GLP-1) agonist (e.g., exendin-3 and exendin-4),
a protein tyrosine phosphatase-1B (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 [V (DPP-1V) inhibitor

30 (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
insufin mimetic, a glycogen phosphorylase inhibitor, a VPAC2 receptor agonist and a
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Preparation of starting material 4-bromo-2-f4-ethoxy-benzyvl)-1-fluoro-benzene
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Preparation of toluene-4-sulfonic acid tetrahydro-furan-3-yvl ester

To a solution of 3-hydroxy tetrahydrofuran (2.5 g, 28.0 mmol) in anhydrous pyridine (60
30 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 flash
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Empirical fornul aC50H37N4019C1 For nul a wei ght 1033. 29
Tenper at ure296(2) K Wavel engt hl. 54178 A Crystal systemvbnoclinic

Space groqxogil(oé%ﬁggnit cell dinmensions a = 17.5050(4) 'letﬂI:Bzgt%mss&ﬁ:

6. 2303(2)

80(10). ¢ = 21.9545(5) A y=90. Vol Ure

2373.03(11) A3 2 Density (calculated) 1.446 Mg/ n8 Absorption
coefficient 1.452 mm1 F(000) 1068 Crystal size 0.18 x 0.02 x 0.01
mB Theta range for data collection 2.55 to 61.76. Reflections
col l ected 8972
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Preparation of starting material 3-[4-(5-bromo-2-fluoro-benzyl)-phenoxyl-oxetane

To a solution of 4-(5-bromo-2-flucro-benzyl)-phenol (1.1 g, 3.9 mmol) and cesium
carbonate (1.91 g, 5.87 mmol) in N.N-dimethylformamide {(15.0 mL) at room temperature
was added a solution of toluene-4-sulfonic acid oxetan-3-yl ester (1.34 g, 8.0 mmol) in N,N-
dimethylformamide (10.0 mL). The reaction mixture was then stirred overnight at 65°C.
After a total of 16 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 O to 30% ethyl acetate in heptane to afford 0.948 g (72%
yield) of the desired product as a white solid.

'H 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-chiorobenzyl)phenoxyloxetane:

4-bromo-1-chloro-2-(4-methoxybenzyl)-benzene (10 g, 32 mmol) was dissolved in
dichloromethane (32 mL) and cooled to 0°C 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 0°C 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-bromgo-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 N,N-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 N,N-dimethylformamide (8 mL). The mixture was heated to 65°C 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 120°C, cooled to room temperature
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Conpl eteness to theta = 61.76 Absorption correction Max. and
mn. transghSeidaRspiRef i nement method Data / restraints i
Goodness-of -fit on F2 Final R indgges [1>2sigma(l )]4)%/2%{%1?2&@%%

structure parameter 10Extinction coefficient Largest diff, peak and
hole 5062 [R(int) = 0.0236] 85.8 % Enpirical Absorption Correction
0.9856 and 0.7801 Full-matrix | east-squares on F2 5062 Ii / 668 1.009
Rl = 0.0436, wR2 = 0.1090 0.02(3) 0.0015(2) 0.217 and -0.173 e. A3
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Q8 Centdrnbiged with, the detatedestehydrofuran 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% vield) as a
yellow solid.

To a solution of the above (5-bromo-2-fluaropheny!)-(4-chlorophenyl)-methanol

25 (15.0 g, 48 mmol) and triethylsilane (18.5 mL, 116 mmol) in dichloromethane (40 mL) and
acetonitrile (20 mL) at 0°C under nitrogen, was slowly added boron triflucride diethyl
etherate (22.7 mL, 181 mmol). The resulting solution was stirred for 18 hours, while slowly
warming to room temperature. The reaction was cooled in an ice-water bath, quenched by
slow addition of 7 M aqueous potassium hydroxide solution (30 mL) and extracted with

30 methyl tert-butyl ether (200 mL x 2). The combined organic solution was washed with
water (25 mL x 2), brine (25 mL x 2), dried (sodium sulfate), filtered and concentrated

under reduced pressure. Purification by flash column chromatography over silica gel



1530x100mm 40ni/mnute flow rate, gradient of acetonitrile/0.1%
formc acid : water/0.1%formc acid; 25 to 50% acetonitrile/0.1%
formc am\@ gver 18 mnutes; UV detection: 220 nm HPLC ana t| cal
met hod: Qﬁg’éwﬁ:f?a{'ée C18 Gemi ni colugn, 5 pm 4. 6x 150t CHIHAIHRHGE e
flow rate, gradient of acetonitrile/071%trifluoroacetic acid :
water/ 0. 1% 20trifl uoroacetic acid; 5 to 100% acetonitrile/0.1%
trifluoroacetic acid over 12 mnutes; UV detection: 220 nm

10A: (2.2 ng, 4.5%yield) RR = 7 mnutes (analytical nethod); the
fractions containing the product were concentrated under reduced
pressure. WD 2010/ 023594PCT/ 1B2009/ 053626 77 M5 (LCMB) 421.4
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(dd, J=8p®, 7.233.2(m UH)) 7.13.(8)lJ £ 8.4 B=12H 5 6198, (dd, J#,Q.:&%H@ﬂ HR 392 (s,
3.96 (q H‘}:6'9 Hz, 2 H, 4.12 (d, J=7.4 Hz, 1 H, 6.77 (m 2 5H),
7.00 (da, J=9.4, 8.2 Hz, 1 H, 7.08 (m 2 H, 7.36- 7.41 (m 2 H).
168: (1.8 ng, 3.7%yield) R = 7.13 mnutes (analytical nethod); the
fractions containing the pr oduct wer e concentrated under reduced
pressure. MS (LCVS) 42Frapanation.ofigtarmediatagde) 465. 3 (M-HCOR-,
gegagl v erépigion dtthidMRe b R0 MkiB
Hz) nvranﬁﬂima#krarw‘lmmm 03 (d J=7.4 Hz, 1 H), 6.79 (m 2 H),
7.02(dd J=9.8, 8.4 Hz, 1 H), (m2H) 7.41 -7.49 (m 2 H).
Note: after preparative HPLC, th ractl on containing these products
ifi ‘ raphy over silica
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to each was added sulfuric acid (32 mL). The reactions were stirred for 3 hours, washed

In

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 further



79 d d HO HO OH (12A) To a mi xture of internediate

| -12k (102 ng) and pal | adi um bl ack (98 ng, 6.1 equivalents) 5in

et hanol / t ypapdpnbyran (2 nl, 4/1 volune) was added fopf frapflodackd. O
m) and the resulting mxture was stigyed at roomtenperature. %ter
1 hour, additional palladiumblack (67 ng, 4.2 equival ents) was added
and the mxture was al lowed to stir for an additional hour at room
tenperature. The pall adium was renoved by filtration through Celite
and the filtrate was concentrated, giving the product m xture. This
material was combined with a 10second batch of crude materi al

(prepared. fr mi.ter |ate f.ol |l owi ng the, procedur

Goscr batitasEybs e sihiorl 66 s arabi BipI0ehe B IS edate
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30 x 100 flowrate 40 nmi/ mnute, gradient of acetonitrile/0.1%
formic §c1| kexangg/ey) acetater ormi ¢ aci d; 25 to 50% of acetonitrile/0.1%
formc acid over 18 mnutes), UV detection: 220 nm 15HPLC anal yti cal
nmet hod: reverse phase Cl8 Geni n| coI um, 5 m4 6x150mn 1 m_/m nut e
f 1w r aPeepagation efrinteqhediate ((AS.#5i IR Balldax : t9xy-2rd k
wat er/ 0 ; to 100%aceton|trlle/0 1%

trifl uoté]né) k. 2 Fn b 8}' itae es; WV detection: 220 nm 12A: (18
ng, 16%yield) St = 7.11 m nut €8H(anal yti cal nethod); M5 (LCMBS) 411.3
20( M+rH+; positive node); 409.2 [MH+; negative node). 1H NVR (400
VHz, net hanol - 014) delta ppm 7. 45-7,4 , 5 (d, J = 8.4 Hz,
2H), 7.19 (d, J = 8.4 Hz, 21, } =96, 952 Hz, 1H), 4.15
(d, J = 7.6 Hz, 1H),398(s, , J =12.4 Hz, 1H), 3.78
VD 2010/ 023594PCT1] 1320091053626 8 )= 8.4, 1.2 Hz, 1H), 3.68(d,
J= 12.8 Hz, 1H), 3.66(t, JPHBLEAY, . %68,00d, J= 7.4, 1.4 He,
1H), 3.56(d, J =7.6 Hz, 1H). B: (12ng 11%y|eld) Rt =
7.25 mnutes (analytical nethod); M ! 411. 3 (MrH+; positive
node); 409.1 (M H+; negative rmde) 1 (400 WHz, nethanol -c/a)

5de|tappm752745( 2H) , ;d 8.4 Hz, 2H), 7.19 (d, J =
8. 4 Hz H) , ABolygon @ﬂdm‘mtl&yl@l@xzdg 8 ,1132)molz)|r@g|cb|@rometharre (zlaqsz) was
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hours, the reaction mxture was filtered and the filtrate was

concent foa9ikg thengideh sfd@oﬁﬁc%uelt%gwr@ kaphd hiseailives Aigselved & isopropanol (2.57

L) and split into seven equal reactions. To each of these was added a 37% aqueous

20 formaldehyde solution (0.72 L, 10 mot), 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 sadium bicarbonate solution (2 L), brine (2 L) and then dried over

25 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 in
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chromat ography over silica gel (eluting wwth a gradient of 0 to 15%
met hanol ronet hane) to afford 153.0 ng of a whj Solid

(m xture O‘PO%@E% §§) The m xture of %gsomars was puri fljg{‘ﬂﬁb@%)m’%%
preparative HPLC. HPLC preparative nmet’hod: reverse phase Cl8 Gem ni
colum, 5 mcroneter 530x100mm 40nL/m nute flow rate, gradient of
acetonitrile/O. 1% formc acid : water/0.1% formc acid; 25 to 50%
acetonitrile/0.1%formc acid over 18 mnutes; UV detection: 220 nm
13A: (23 ng, 12%yield) R= 7.9 mnutes; the fractions containing the
product were concentrated under reduced pressure. 101H NVR (400 MHz,
met hanokthyhacatate) to giperirgerazed@aie compoBndHi- 16} aplp, mxiEe of anorpers. (88f4g, 53%

H), 3 6 d, J=12.5
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dr oxvnet hvl - 6, 8- di oxa- bi cycl o(3. 2. floctane 3 4-triol (14A) WO

2010/ 023594PCT/ 182009/ 053626 82 To a so}# internedi ate

((2S,39)-2,3,4-tris-benzyl oMgG-{4-chl o 14 (oxet an- 3-

yl oxy) - benzy1l] - phenyl | -6, 8-di 0 Ri cyql o[3. 2. 1] oct - 1-y1) - met hanol

| -14k (182 ng) in ethanol/tetry rof Gran (14 m., 4/1 volune) was

added successively formc acid Q0 m crqj. i val ents) and

pal | adi um bl ack (106 ng, 4 equi val e the resulting 5m xture
was stirred at roomtenperature. After n additional 1 nL of
tetrahydrof uran was added and the Bégh

| ti EE; ure was stirred at
roomtenperature for a additional hour. ABt hi s poi nt addi tional
formc acid (190 m croL, 20 equival en? and pal | adi um bl ack (106 ng,
4 equival ents) were added and the m'x-t":tf—é was allowed to stir for an
addi t i oMaé stapting dibl [(BSH3,BRpEralll/loke-3, 4[$lmsalaédzatﬂ:b(ym-hmo>iyinhétbyiedtramdro-
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. Exanpld oLbroskelAbE s 7S pn i postid madey> (G 1720 e T

S, 25, 35, 4R58) 5-1. 4-chl or o- 3- (4- et hoxv- benzvh- Phenvl1l- 1-

haodr oxvg, bgl5%.334 8itox-BehiEYEH6 3%:@(4Lﬂn@mv—®eaz@oﬂmﬁérhm tltleraamlsyrdm2-ol
conmpoun th Lproline to give (15): L-proline dissolved in water
(approxﬁnﬂﬂely 480 ng/ nL) was added to the exanple 4A conpound

(approxi mately 80 noles L-proline per nole (exanple 4A conpound)).

Vol une 30was doubl ed with ethanol and sol ution was capped and stirred
for approximtely 12 hours. Vol une was reduced by half by evaporation
on the bench. Vol une was doubl ed using WO

2010/ 023594PCT111320091053626 83 et hanol and the vol unme of solution




hydr oxvnet hvl - 6, 8- di oxa- bi cvcl of 3. 2. 1l oct ane- 2, 3, 4-tri ol (Exanple 4A
compound) with Lproline to give (16): L-proline dissol ved in water
(appr oxi maf@lyieA8skeyo/ ML) was added to the exanple 4A 1Qg W%zﬁ
(approxi mately 59 nol es L-proline per mle exanple 4A corrpoun

Vol ume was doubl ed with nethanol and solution was clear. Vol unme was

i ncreased by 25% using acetone. Sol ution was capped and stirred for
approxi mately 12 hours. Vol une was reduced by approximately 60%

t hrough evaporati on on the bench. Vol ume was doubl ed usi ng net hanol
and remai ni ng sol vent was evaporated |leaving solid white precipitate.
15 Exanpl e 17 Constalization of
(1S, 25, 35, 4R, 5S) - 5- 14- chl or o- 3-MQ
hydr oxvnet hyl - 6, 8- di oxa- bi cycl of 3. 2 ol tane-2,3,4-triol (Exanple 4A
conpound) with Lproline to dive (1 i
saturated with L-proline wage@dded tO t e exanpl e 4A conpound
(approximately 2.2 noles L-prolse Dl e exanpl e 4A conpound) in a
glass vial. Cear solution was A~St i rreE)dJ;‘]or appr oxi mat el y
72 hours. Vol une was reduced byNakf by evz at room
tenperature. Precipitate was seen and Vi was| capped and stirred for
approximately 12 hours. White solid was Gge 'e%élsi ng centrifugal
filtration. 25 Exarrple 18 Cocrvst al i ZBfAbn n

(1S, 25, 3S, 4R, 5S) - 5- 1- 21- chl or o- 3- ( 4- et hoxv- l@@Bavh- phenv1l- 1-

hydr oxynet hyl - 6, 8- di oxa- bi cycl of 3. 2. 11oct ane- 2, 3, 4-tri ol (Exanple 4A
conpound) with Liar-cline to give (1W{BOL-proline dissolved in water

compoundod AR PR R RBSHS R Baly Bl OB R ps i

cl oudy. mefthay-Hhz2I0xymeiyBsetparadrgpyran) G cWA S5 gh Sr2vachodrinl neattisgyein 0omL. )
becane thick X1 wat er was added. an ol uti o S
capped B CEnIGPRRPEDETT i 2 Fing et Shet Binadiad s P OELRD S iphES
Wite s (Jazfadng@z 98 <n+.rhe|¢ bed tma;weﬁlitmgemmmé w}at Efredat talsd?ﬁ:bbﬁﬂlilﬁe"fom ?8@3.
vac ovepn far .a ours e rvstalizatign o

(1S, 25, C4pg|g% dgh m@tzgn ﬁa@%qgg)pg %@Hﬁxfc%%ﬁéﬁ%t]onlwas filtered
Shydr oxmm@vceﬁe‘%aﬁa @mcé?itr%!z'é‘d @Hc?erzeadc@@tpa@@su?e - drid@hatdnsnmke 4A
corrpound W th L-h%%ro glutamc acid to give ( 153 m croL of the

corrpouna emtographedhrs sifica getelnbng wih aggfawgnmfgo R0 et aesiaterip o

50 m chgbiaRé lad?.a@s dglﬁ%?.em'o@prdau\e@a%) (n;?% @gamm;,s élfl\fé’l‘hode).
was Capped an stiTred overni r oxi nat e

L- pyrogl utam c acid was added. 100 mcroL 10of et hanol was added.

Sol uti oGS, $0p. fig-tmeﬁgq:&,;g. 6DIEFAidoney PeNANBYy iRy AAARS B b )ran-2-

uncappednafd/dleft in hood overnight. Approxi mately 10-30 ng nore
exanpl e 4A conpound was added. Sol ution was capped and stirred for
approximately 2 days. Wiite precipitate was seen. Suspensi on was
pi petted into a Co-star m crocentrifuge tube equi p with a 0.45

m crom 15nylon filter nenbrane insert. Sokut i on ntrifuged until

solid was separated fronMeDutisen. Cocr | Q& g recover ed.
Exanpl e 20 Cocrvstalization o
(1S, 2S, 35, 4R, 5S) - 5- 14- chl or o- Q@

20hydr oxvnet hvi - 6, 8- di oxa- bi cycl 013. 2. %;octan )
4A conpound) with L- pyroplutamc aci@®toCuive (20
et hanol /water solution was saturated with L{pyroglutamc acid (412.1

ng/ mL). 730 ng of the exanple 4A ound added to 3.2 nL of the
L- pyroglutam c acid sol uti OR’L%(S appro ely 1 mnute,
r.eci pitation was seen. The ution was t 5 thick to stir

therefore 2 nL of a 1:1 ethanol/water solution was added. The
sol ution was stirred overnight. The sftl&d was col | ected using vacuum

To a solution of oxalyl dichloride (1.9 mL, 23 mmol) in dichloromethane (65 mL) at -78°C
was added a solution of dimethyl sulfoxide (3.3 mL, 47 mmol) in dichloromethane (5 mL)
and the resulting solution was stirred at this temperature for 30 minutes. A solution of
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and the resulting solution was stirred at room temperature for 16 hours. The reaction
mixture was cooled to 0°C 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 hydrochioric 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.

'H NMR (400 MHz, chloroform-d) delta ppm 2.62 (br. s, 1 H), 2.94 (br. s., 3 H), 3.23
(br.s.,3H), 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=11.5 Hz, 1 H), 4.87 (d, J=11.4
Hz, 1 H), 6.77 - 6.83 (m, 4 H), 7.15 - 7.35 (m, 19 H). ((M+H"] 780.8, positive mode;
[M+HCO2] 824.7, negative mode). HRMS calculated for C4sHsaNO1o (M+H™) 780.3742,
found 780.3708.

(2R, 3S,45)-2, 3,4, 6-tetrakis-henzvioxy-5-benzyloxymethyl-5-hydroxy-hexanoic acid
methoxy-methyl-amide (1-6gq) and/or (3R,4S,5S)-3,4,5-tris-benzyloxy-6,6-bis-
benzyloxymethyl-2-(methoxy-methyl-amino)-tetrahydro-pyran-2-ol (I-6f):

é é o

1-6g) (~-69)
This compound was prepared starting from [{((35,45,5R)-6-allyloxy-3,4,5-tris-benzyloxy-2-

hydroxymethyl-tetrahydro-pyran-2-yl)-methanol (I-1b) using a similar procedure as the one
described for the synthesis of (2R,33,48)-2,3,4-tris-benzyloxy-5-hydroxy-6-(4-methoxy-
benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexanoic acid methoxy-methyl-amide (I-1g)
and/or (3R,48,58)-3,4,5-tris-benzyloxy-6,6-bis-(4-methoxy-benzyloxymethyl)-2-(methoxy-
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methyl-amino)-tetrahydro-pyran-2-ol (I-1f) except that the alkylating agent used in the
experimental part describing the conversion from ([-1b) to (I-1¢) was benzyl bromide
instead of para-methoxybenzyl bromide.

'H 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, /=6.9 Hz, 1 H), 4.21 (dd,
J=6.9, 3.3 Hz, 1H), 4.36 (d, 1H, J = 11.7 Hz), 4.41 - 4.58 (m, 7 H), 4.68 (d, J=11.9 Hz, 1
H), 4.81 (br. d, J=11.5 Hz, 1 H), 4.89 (d, J=11.5 Hz, 1 H), 7.15 - 7.35 (m, 25 H). MS [M+H"]
720.7, positive mode; [M+HCO3] 764.7, negative mode).

(4S,535)-3,4,5-tris-benzyvioxy-2-[3-(4-methoxy-benzyl}-4-methyl-phenvi]-6,6-bis-(4-methoxy-

benzyloxymethyl)-tetrahydro-pyran-2-of (1-1i):

MeO

(1-1i
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™
microwave vial 10-20 mL sealed with its cap and placed under a positive stream of nifrogen
gas) of 4-bromo-2-(4-methoxy-benzyl}-1-methyl-benzene (690 mg, 3 equivalents) in
anhydrous tetrahydrofuran (2.7 mL) at -78°C and the resulting solution was stirred at this
temperature for an additional hour. A solution of (2R,35,4S)-2,3,4-tris-benzyloxy-5-
hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexanoic acid methoxy-
methyl-amide (l-1g) (608 mg) in anhydrous tetrahydrofuran (1.35 mlL.) was then added
dropwise over 1.5 hours using a syringe pump and the resulting mixture was stirred at -
78°C for 1 hour before being allowed to warm to -20°C over 14 hours (put in a deep Dewar
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covered %’wt umtinum foll t6 maintain cold temperature; size of Dewar: external diameter
10 cm, internal diameter 8 cm, height 9 cm). Diethyl ether was added and the reaction was
quenched by dropwise addition of 1M aqueous hydrochloric acid solution. The resulting
biphasic mixture was stirred at room temperature for 15 minutes. The organic phase was

5 separated, washed with brine, dried over magnesium sulfate, filtered and concentrated.
Chromatography over silica gel using a gradient of 20 to 50% ethyl acetate in heptane
gave the product as a mixture of isomers (440 mg, 61% vield).

HRMS calculated for CsgHaoO10Na (M+Na*) 953.4235, found 953.4236.

10 {(2S,35)-2, 3, 4-tris-benzyloxy-5-{3-(4-methoxy-benzyl)-4-methyi-phenvyl]-6, 8-dioxa-
bicyelof3.2. 1jcct-1-vi}-methanol (I-1k):
OMe
CH, !
OBn
0 o
HO
z OBn
6Bn
(l-1k,

To a solution of intermediate 1-1i (150 mg) in dichloromethane (3 mL) was added anisole

I5 (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% ethy! acetate in heptane) to afford the desired product as a
mixture of isomers (66 mg, 61% vield). MS (LCMS) 673.9 (M+H"; positive mode).

(4S,55)-3.4, 5-tris-benzvioxy-2-[3-(4-ethoxyv-benzyl)-4-methyl-phenvl]-6, 6-bis-{4-methoxy-
benzyloxymethvl)-tetrahydro-pyran-2-ol {I-2i):
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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™
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 -78°C and the resulting solution was stirred at this
temperature for an additional hour. A solution of (2R,33,48)-2,3,4-tris-benzyloxy-5-
hydroxy-6-{4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl }-hexanoic acid methoxy-
methyl-amide (I-1g) (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 -
78°C for 1 hour before being allowed to warm to room temperature over 16 hours (putin 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™
automated chromatography unit (fwo 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).

{(28,38)-2, 3, 4-tris-benzyloxy-5-[3-(4-ethoxy-benzyl)-4-methyl-phenyi]-6, 8-dioxa-

bicyclo[3.2. 1]oct-1-vi}-methanol (I-2k):
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To a solution of the intermediate 1-2i (136 mg, 0.145 mmol) in dichloromethane (4 mL) was
added anisole (310 microL, ~5 equivalents) followed by 4 mL of a solution of 20%

5 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 using the ISCO™ combiflash® companion® automated chromatography
unit (4g silica gel column) and eluting with a gradient of 0 to 70% ethyl acetate in heptane
to afford the desired product as a mixture of isomers (85 mg, 85% yield). MS (LCMS) 687.7

10 (M+H"; positive mode).

(4S,55}-3,4, 5-tris-benzvloxy-2-f4-chloro-3-f4-methoxyv-benzyl)-phenyli-6, 6-bis-(4-methoxy-
benzyloxymethvll-tetrahydro-pyran-2-of {I-3i):

9

OH
OBn
0
PMBO. _A
3y OBn
PMBO~  OBn
15 (1-30)
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hydr ogen paraneters were added to the structure factor cal cul ations
but 10 were not refined. The shifts calculated in the final cycles of
| east squares refinenment were all less than 0.1 of the correspondi ng
standard deviations. The final R-index was 5.15% A final difference
Fourier revealed no nmissing or msplaced el ectron density. The

refined structure was plotted umé’g the SHELXTL plotting package
( Fi gur eT@) sofufionzidag tmtt@,m@@lmte gt D@m)mélcb@mnﬁﬁhﬁeq (bvmhwamn@dj

and_angP AEoERSOg PIAREDS sdaRaEiE)[-ABkEn LFMTAE LY s SphAG Bl Ao flRpnete

24-5). Faiblie d@hblor@etytanalandamaarantﬂing m:xtutmwes sifedaimentn tbmpels‘aéamfom

24 Enpi 0 2.1 N 02, .1120
57005 RTnes DR Balt APt En e dRhn T chbe hemgnicmelsdaried oy e oo
Mmnocl i gsieg aSpadiengsfollpio@% ethyt acsthte ihepBase dnafferdthe BradiBigO4slé mikussof
90. b = 7'24?272234% w:. Jﬁgl. 268(5). c= 11.8023(6) Ay = 90. Volune
2754. 2( BPMRES BetrsPiF'¢Ucal cul ated) 1.375 Mg/ nB Absorption

coef fi cvBLCMIPERIBYN+H"; positive mode).

(4S,55)-3,4, 5-fris-benzviloxy-2-f4-chloro-3-{4-ethoxy-benzyl)-phenvil-6, 6-bis-(4-methoxy-
10 benzyloxymethyl)-tetrahydro-pyran-2-of (I-4i);
CH,CH,0

{I-4i)
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™

15 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 -78°C and the resulting solution was stirred at this
temperature for an additional hour. A solution of (2R,3S,45)-2,3,4-tris-benzyloxy-5-
hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexanoic acid methoxy-

20 methyl-amide (I-1g) (600 mg) in anhydrous tetrahydrofuran (1.45 mL) was then added
dropwise aver 1.3 hours using a syringe pump and the resulting mixfure was stirred at -
78°C for 1 hour before being allowed to warm to -25°C 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



F(000) 1208 Crystal size 0.08 x 0.16 x 0.92 mB Theta range for
data collection 2.74 to 65.58. WO 2010/ 023594PCT/ 132009/ 053626 92

I ndex ran f i ons coll ected I ndependent reflecti omns
Cowpletenggs F@‘%ﬁ%i = 65. 58 5Absorpggd on correction Reﬁaﬁgﬁg%ﬂbmnﬁ
met hod Data / restraints / paraneters Goodness-of-fit on F2

Final R indices [1>2sigma(l)] 10R indices (all data) Absolute
structure paraneter Extinction coefficient Largest diff. peak and
hole  -38<=h<=37, -8<=k<=6, -13<=1<=13 6261 2922 [R(int) = 0.0526]
74.9 % None Full-matrix | east- squares on F2 2922 / 5/ 380 0.953 R1 =
0. 0515, wR2 0.1304 R1 = 0.0581, wR2 = 1334 0.02(3) 0.0027(2)

0. 252 aHHe”%‘eﬂltD’ HOpwige af@'t'?alﬂf@q%ﬂ% “\Aﬂ"éfﬁ'ioé‘h'@% ?a'idrﬁ&!lé@”( Theresylting
and eQUb@bge&n.k@% WaBisgirred ﬁp}o%ﬁ?t@?ﬁﬁeratgaé@ms%.ﬁuté&thé%@arﬁ@bhase was

Exanpl e Is defined as one third of the trace of
ort hogoﬁgﬂnargtﬁgi WASh%ChMjh brine, dried over magnesium sulfate, filtered and concentrated.

Chromatography over silica gel using a gradient of 10 to 40% ethyl acetate in heptane
5 gave the product as a mixture of isomers (280 mg, 38% yield).
HRMS calculated for CsgHg1O10CINa (M+Na®) 987.3845, found 987.3840.

{(25,38)-2, 3,4-tris-benzyloxy-5-[4-chloro-3-(4-ethoxy-benzyl)-phenvl]-6, 8-dioxa-
bicyclof3.2. 1Joct-1-vi}-methanol (I-4k):

OCH,CH,

Cl

OBnN

HO
~oBn

10
(--4k

To a solution of the intermediate 1-4i (1.46 g) in dichloromethane (31 mL) was added
anisole (900 microL, ~5 equivalents) followed by 31 mL of a solution of 20% trifluoroacetic
acid in dichloromethane and the resulting mixture was stirred at room temperature for 1

15 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 C4aH4407Cl (M+H™) 707.2770, found 707.2765.

20 (45.5S)-3,4, 5-tris-benzyloxy-2-{4-fluorg-3-{4-methoxy-benzyl)-phenvyl]-6,6-bis-(4methoxy-
benzyloxymethyl)-tetrahydro-pyran-2-ol {1-5i):




Ueq) CL(01) 7251(1) 14669(2) 1220(1) 73(1) N(1) 5586(1) 4836(6)
1285(3) 52(1) 0(1) 6821(1) 9986(6) 5726(3) 66(1) /5 C(1) 6691(2)

13136(9) @63?@02;&3{)2) 0(2) 6311(1) 7637(5) -1948(2) 59&”}1)[320&(%3626

6929(2) 1 0(4) 66(1) 0(3) 3P36(1) 10106(4)

n-Buty! lithium (462 microL, 2.5 M/hexanes, 3.0 equivalents) was added dropwise (1 drop
5 every 5 seconds) to an oxygen degassed solution (placed in a pre dried Biotage™

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,38,4S)-2,3,4-tris-benzyloxy-5-

10 hydroxy-6-{4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexanoic acid methoxy-
methyl-amide (I-1g) (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 -78°C 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

15 10 em, 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

20 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. 35)-2,3.4-tris-benzyloxy-5-4-fluoro-3-(4-methoxy-benzyvl)-phenyil-6. 8-dioxa-
bicyclo[3.2. Tloct-1-vli-methanol (I-5k):




-2723(2) 46(1) C(3) 6973(1) 10182(7) 4725(4) 55(1) 30 0(4) 5415(2)
10596(7) -4969(4) 89(1) C(4) 7278(2) 11410(8) 4564(4) 62(1) C(5)

7411(2) 1]‘?%%%%%3 6(4) 59(1) 0(5) 5145(1) 6652(5) - g%ﬁ,@}mg%%ék

o(6) 7237 7) 2618(4) 53(1) 35 0(6) 5092(1) 70

OMe

©

OBn
O o
HO
: OBn
OBn
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To a solution of (48,55)-3,4,5-Tris-benzyloxy-2-[4-fluoro-3-(4-methoxy-benzyl)-phenyl]-6,6-
bis-(4methoxy-benzyloxymethyl)-tetrahydro-pyran-2-ol (1-5i; 191 mg, 0.204 mmol) in
5 dichloromethane (3.75 mL) was added anisole (0.178 mL, 1.63 mmol) followed by a 20%

solution of triflucroacetic 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

10 heptane) to afford the product as a mixture of isomers (115 mg, 83% yield). MS (LCMS)
677.7 (M+H"; positive mode).

{(4S,55)-3.4, 5-tris-benzyloxy-2-[3-(4-ethoxy-benzyl)-4-fluoro-phenyl]-86,6-bis-{4-methoxy-
benzvioxymethvil-tetrahydro-pyran-2-ol (1-10i)

15




-1397(3) 63(1) 0(7) 5878(1) 7968(5) 33(3) 54(1) C(7) 6932(2)
9079(7) 2793(4) 59(1) 0(8) 5009(1) 2361(6) 1421(4) 78(1) C(8)

6804(2) 89\?%2{%]6%% (5) 59(1) 40 0(9) 5409(1) -82(6) 12?%%(79%&96)26

o(9) 7365 8) 1443(4) 59(1) 4C(10) 7014(1) 11

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-benzyt)-1-fluoro-
benzene (392.0 mg, 1.27 mmol) in anhydrous tetrahydrofuran (1.5 mL) at -78°C under
nitrogen. The resulting solution was stirred at this temperature for 1 hour. Then a solution
5 of (2R,38,45)-2,3,4-tris-benzyloxy-5-hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-

benzyloxymethyl)-hexanoic acid methoxy-methyl-amide I-1g (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 -78°C for an additional hour before
warming to 10°C over 12 hours (put in a deep Dewar covered with aluminum foil to

10 maintain cold temperature). The reaction was diluted with diethyl ether and quenched by
the dropwise addition of aqueous 1N hydrochioric 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 chromatagraphy over silica gel (eluting

15 with a gradient of 10 to 40% ethyl acetate in heptane) to afford the product as a mixture of
isomers (180 mg, 44% vyield).

{(25.35)-2 3 4-tris-benzyloxy-5-[3-(4-ethoxy-benzyi)-4-fluoro-phenyll-6. 8-dioxa-
bicyelo[3.2. 1joct-1-vl}-methanol (I-10k)

07N

HO



533(4) 51(1) C(11) 6926(1) 13040(7) 382(4) 52(1) C(12) C(13)
C(14) C(15) 93 6592(2)13693(7) 6331(1)12460(7) 6401(1)10583(6)

49(1) 5 (IR 1) o600 e) ~1esacay, 47(1)  cl17)  b1BeURPIRISTYY

_3112(4) 51(1) C(18) 5775(1)8575(6) —3448(4) 49(1) C(19)
5720(2) 9220(7) -4695(4) 59(1)

To a solution of intermediate 1-10i (180.0 mg, 0.19 mmol) in dichloromethane (2.0 mL) was
added anisole (0.175 mL, 1.60 mmol) followed by a 20% solution of trifluoroacetic acid in
dichloromethane (2.0 mL) at room temperature under nitrogen. After stirring for 1 hour, the
reaction mixture was concentrated under reduced pressure. The crude residue was purified

5 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-benzvioxy-2-{4-fluoro-3-[4-(tetrahydro-furan-3-yloxy)-benzyll-phenyl}-6, 6-
bis-(4-methoxvy-benzvioxymethvi)-tetrahvdro-pyran-2-ol (I-11i)

10

(L1120
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 -78°C and
15 the resulting solution was stirred at this temperature for 1 hour. A solution of (2R,3S5,48)-
2,3,4-tris-benzyloxy-5-hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-
hexanoic acid methoxy-methyl-amide 1-1g (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 -78°C for an additional hour before warming to 10°C aver
20 12 hours (put in a deep Dewar covered with aluminum foil fo 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



C(20) 5363(1)8012(7) -3103(4) 51(1) 10 C(21) 5455(1)7344(7)
-1843(4) 50(1) C(22) 5739(1)8727(6) -1085(4) 46(1) C(23)

5335(2) 160968h10h229¢ 4) 62(1) ~O(24) 5698(2) 2825(8) 1186¢Rinhdfoblszs
C(25) 6072(2)2583(12) 2141(9) 105(3)sd5 C(26) 5826(2)5594( 10)
2391(5) 74(2) C(35A) 6000(5)4000(30) 3036(13) 126(7) C(35B)
6229( 4) 4430( 20)

over magnesium sulfate, filtered, and concentrated under reduced pressure. The crude
residue was purified by flash chromatography over silica gel (eluting with a gradient of 10
to 40% ethyl acetate in heptane) to afford the product as a mixture of isomers (287 mg,
34% yield)

{(25.38)-2.3 4-tris-benzyvloxy-5-{4-fluoro-3-[4-(tetrahydro-furan-3-vioxy)-benzvil-nhenvi}-
6.8-dioxa-bicyclof3.2. 1]oct-1-vl)-methanol (1-11k)
Lo
O

&

F

QO o

OBnN

HO
OBn

OBn
(l-11k)
10 To a solution of (4S,58)-3,4,5-Tris-benzyloxy-2-{4-fluoro-3-[4-(tetrahydro-furan-3-yloxy)-
benzyl]-phenyi}-6,6-bis-(4-methoxy-benzyloxymethyl)-tetrahydro-pyran-2-ol 1-11i (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
15 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% vield).

{4S8,55)-3,4, 5-tris-benzyloxy-2-13-(4-chloro-benzyi}-4-fluoro-phenvi]-6, 6-bis-{4-methoxy-
20 benzvloxymethvi)-tetrahydro-pyran-2-ol (I-12i):




2538(15) 71(5) 0(99A) 5382(2)3257(7) 6727(5) 101(2) 20 Table 24-3.
Bond | engths rA and angles 11 for Exanple 24 CI(01)-C(11) 1.761(4)

NO ) - O 26)., 1. 492( 7 -C(24) 1.513(7 N(1 ) - H( 98A 8
Noﬁ-ﬁﬁgséﬂ’f?%%” %(%-c%s) 1. 3(7575%5) (1)~ PO pLrihfishizdons
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—

PMBO”  OBn
(-12i)

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™ microwave vial
5 10-20 mL sealed with its cap and placed under a positive stream of nitrogen gas) of 4-
Bromo-2-(4-chloro-benzyl)-1-flucro-benzene (702 mg, 2.9 equivalents) in anhydrous
tetrahydrofuran (3.0 mL) at -78°C and the resulting solution was stirred at this temperature
for 25 minutes. A solution of (2R,38,48)-2,3,4-tris-benzyloxy-5-hydroxy-6-(4-methoxy-
benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexanoic acid methoxy-methyl-amide (1-1g)

10 (621 mg) in anhydrous tetrahydrofuran (1.5 mL) was then added dropwise using a syringe
pump {0.9 mL/hour) and the resulting mixture was stirred at low temperature for an
additional 17 hours (placed in a deep Dewar covered with aluminum foil fo maintain cold
temperature; size of Dewar: external diameter 10 cm, internal diameter & cm, height 9 cm).
The reaction was quenched by dropwise addition of aqueous 1M hydrochloric acid solution

15 (1.5 mL). The resulting biphasic mixture was stirred at room temperature for 30 minutes.
The mixture was diluted with saturated agueous 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

20 mixture of isomers (477 mg, 64% vyield).

{25, 38)-2.3,4-tris-benzyloxy-5-[3-(4-chloro-benzyvl)-4-fluoro-phenvl]-6,8-dioxa-
bicyelof3.2. 1Joct-1-vl}-methanol (I-12k):




0(1)-C(2) 1.434(7) CO)-C(2) 1.499(8) 30 C(1)-H(03C) 0.9600
C(1)-H (03D) 0.9600  C(1)-H (03E) 0.9600  0(2)-C(17) 1.430(5)
0(2) - (16)wé63Mesxhy 35 C(2)-H(O3F) 0.9700 C( 2) - H( Og&3/18308/038%26
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(1-12k
To a solution of the intermediate [-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,58}-3.4, 5-tris-benzyvloxy-2-{4-fluoro-3-[4-(oxetan-3-vioxy)-benzyl]-ohenyl}-6.6-bis-(4-

methoxy-benzyloxymethyi)-tetrahvdro-pyran-2-ol (1-13i)

-
e

PMBO~  OBn
(1-13i)



0(3)-C(16) 1.409(5) 0(3)-C(18) 1.437(5) C(3)-C(4) 1.379(7) 40
C(3)-C(8) 1.386(7) 0(4)-C(19) 1.405(7) 0(4) - H(4A) 0.8200
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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)-
phenoxyl-oxetane (942.0 mg, 2.79 mmol) in anhydrous tetrahydrofuran (3.0 mL) at -78°C
and the resulting solution was stirred at this temperature for 1 hour. A solution of
(2R,38,45)-2,3,4-tris-benzyloxy-5-hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-
benzyloxymethyl}-hexanoic acid methoxy-methyl-amide 1-1g (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 -78°C 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). 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,35)-2 3,4-tris-benzyloxy-5-{4-fluoro-3-[4-(oxetan-3-vioxy)-benzyil-phenyi}-6. 8-dioxa-

bicyelof3.2. 1Joct-1-vl)-methanol (I-13k)

HO



45 C(5)-C(6) 1.371(7)  C(5)-H(2) 0.9300  0(5)-C(20) 1.400(6)
0(5)-H(5) 0.8200 WD 2010/ 023594PCT/ 1132009/ 053626 94

a6 - 7) §{6)-C(9) 1.528(6) 0(6)-0C(21)1.413(5 5

Q( 6) - H{ 99A égg@(@ﬁ%o% 7)CE c% 22) 1. 5122)( 5§3 2)( % : H% 99B) 5 92%(5 T/B2009/053626
C(7)-C(8)1.380(7) C (7)-H (026)0.9300 0(8)-C(23) 1. 235(7)

10C( 8) - H(033) 0. 9300 (9)- C(23) 1. 251(7) C(9)-C(10) 1. 513(7) 0(9)-H
(02A) 0. 9700 C(9) - H( 02B) 0. 9700 15C( 10) - O 11) 1. 386( 7)

0(10)- C(15) 1. 392(7) 0(11)-C(12) 1. 369(7) 0(12)-C(13)1.373(7) C(12 )-H
(027) 0. 9300

To a solution of (45,58)-3,4,5-Tris-benzyloxy-2-{4-fluoro-3-[4-(oxetan-3-yloxy)-benzyl]-
phenyl}-8,6-bis-(4-methoxy-benzyloxymethyl)-tetrahydro-pyran-2-ol 1-13i (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

5 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).

10 (4S,55)-3.4, 5-tris-benzyloxy-2-{4-chiloro-3-[4-(oxetan-3-vioxy)-benzyil-phenyi}l-6, 6-bis-(4-
methoxy-benzyloxymethyl)-tetrahydro-pyran-2-ol (1-14i):

(I-14i)
n-Butyl lithium (0.97 mL, 2.5 M/hexanes, 3.15 equivalents} was added dropwise (1 drop

15 every 5 seconds) to an oxygen degassed solution (placed in a pre dried Biotage™
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 -78°C and the resulting solution was stirred at this
temperature for an additional hour. A solution of (2R,35,48)-2,3,4-tris-benzyloxy-5-

20 hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl}-hexanoic acid methoxy-
methyl-amide (1-1g) {616 mg) in anhydrous tetrahydrofuran (1.35 mL) was then added



20C(13) - C(14) 1. 381(7) C(13)-H (021)0.9300 C(14)- C(15) 1. 394(6)
C(14) - C(16) 1. 501(6) C(15)-H (030)0. 9300 25C( 16) - C(22) 1. 536( 6)
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C(19) - H( 031) 0. 9700 C(20)-C(21)1.537(6) C(20)-H(4)0.9800 35C(21
)-C(22)1.533(6) 0(21 )-H(015)0.9800 C(22 )-H (013)0. 9800
C(23)-C(24)1.510(7) C(24)-C(25)1.506(10) 40C(24)- H(029)0. 9800

C(25) - C(35B) 1. 479(17) C(25)-C(35A) 1. 52(2) C(25)- H(34A)0. 9700

C(25) - H( 34B) 0. 9700 45C(26) - C(35A) 1. 440(19) C(26) - C(35B) 1. 548( 14)
C(26) - H{ 03A) 0. 9700 C(26) - H(03B) 0, 9700 WO o _
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( 98A) 100¢&reddtd aluminuin-feil (D8BJrogin pldlempemtung; §izp oHDEsaB)ekidIE)diameter

(35B) 0.
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15

20

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% vyield).

((2S,3S)-2,3,4-Tris-benzyloxy-b-{f4-chloro-3-{4-(oxetan-3-vloxy)-benzyl[-phenyl}-6,8-dioxa-
bicyclof3.2. 1]oct-1-vi)-methanol (I-14k):
AP

O

Cl

O o

OBn

HO
OBn

6Bn

(1-14k)
To a solution of the intermediate (45,55)-3,4,5-tris-benzyloxy-2-{4-chloro-3-[4-(oxetan-3-
yloxy)-benzyi]-phenyl}-6,6-bis-(4-methoxy-benzyloxymethyl }-tetrahydro-pyran-2-ol 1-14i
(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 to



H (98A)-N (1)-H (98B) 114(4) C(3)-0(1 )-C(2)117.7(4) C(2)-C(1)-H

(030)109.5 C(2)-C(1)-H (03D)109.5 15H (03C)-C(1 )-H (03D) 109.5 C(2
-C(1)-H ..o H (03C)-C(1)-H (03E) 109.5 H (03D); =~ H(

)109C.( 5) co 9‘885%’??"9%(’? 6) ( 106? 6(CE°,) ) 200% - )C( 2)- (1) 1(13. 42 E&%@“%’%p

)-C(2)-H(03F)108.9 C(1)-C (2 )-H (03F)108.9 0(1)-C(2 )-H (033 108.9

CO)-C(2)-H(03G 108.9 H (03 F)-C(2)-H (03G 107.7 CO6)-0(3)-C(1

8) 103. 3(3) 00)-C(3)-C(4)125.4(4) 00 )-C(3)-C(8)115.1(4)

C(4)-C(3)-C(8)119.4(4) 30C(19)-0(4)-H(4A)109.5 C(3)-C(4)-C(5)119.7(5)

C(3)-C(4)-H(025)120.2 C(5)-C(4)-H(025)120.2 C(6)-C(5)-C(4)121.0(5)

35C(6)-C(5)-H(2)119.5 C(4)-C(5)-H(2)119.5 C(20)-0(5 )-H (5)109.5

C( 5) - C( 89 %cetnylieretade i) hentgne o Fordtieg predudi(@p)a mixture of isomers (186 mg, 89%

40C(7) - -C(9)120.7(4) C(21)-0(6)-H(99A)105(3) C(22 )-0(7)-H(99B

) 108( 3) )-C(7)-C(6)121.2(4) C(8)-C(7)-H(026)119.4

45C(6)-C(7)-H(026)119.4 C(7)-C(8)-C(3)120.0(4) C(7)-C(8)-H(033)120.0

C(3)-C (8)-H (033)120.0 WD 2010/ 02&xaaip@a/11B2009/ 053626 96
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bicyclo[3.2. 1joctane-2,3,4-triot (1A) and (1S,2S.35.4S,56S)-1-hydroxymethyl-5-{3-(4-

methoxy-benzyvl)-4-methyl-phenvll-6,8-dioxa-bicyclof3.2. 1]Joctane-2.3,4-triol (1B):

OMe OMe

10 (1A) (1B)
To a solution of {(25,35)-2,3,4-tris-benzyloxy-5-[3-(4-methoxy-benzyl }-4-methyl-phenyl]-
6,8-dioxa-bicyclo[3.2.1]oct-1-yl}-methanol (I-1k: 236 mg) in ethanol/tetrahydrofuran (7 mL,
4/1 volume) was added successively formic acid (270 microl, 19 equivalents) and
palladium black (150 mg, 4 equivalents) and the resulting mixfure was stirred at room

15 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.

HPL.C preparative method: reverse phase C18 phenomenex column Luna 5

20 micrometer 150 x 21.20 mm, 20 mL/minute, gradient of acetonitrile/0.1% formic
acid:water/0.1% formic acid; 20 to 60% of acetonitrile/0.1% formic acid over 20 minutes.
UV detection: 254 nm. The HPLC indicated a ratio of diasterecisomers of 3:1 (1A:1B).



5C( 6) - C(9) - H(02B) 109. 4 H(02A) - C( 9) - H 02B) 108. 0
0(11)- C(10) - C(15) 116. 7(4) 0(11)- C( 10) - C(9) 123. 4( 4)

15)-C( 1 8(4) 10C(12)- C(11)- C(10) 122. 9( 4) ]
&(123-&(13?’ %‘%ﬁb(e% 4 g((log-g((nh- CL1(01)119. 5(4) PCT/IB2009/653626

C(11)-C(12)-C(13)119. 1(5) C(11)-C(12)-H 027)120.5
15C(13) - C(12) - H(027) 120. 5 C(12)-C(13) - C(14) 121. 0( 4)
C(12)-C(13)-H(021)119.5 C(14)-C(13)-H(021)119.5
C(13)-C(14)- C(15) 118. 6(4) 20C(13)-C(14)- C(16) 119. 9( 4)
0( 15) - C(14) - C(16) 121. 4(4) C(10) - %15?4( %3)4)113118( 5)
- - 19, (14
gg ég) ) C(C(lé)S ) OQH%) %‘;')g'no _1g(®°é(y(@,§ &C%ép)@m%gwegf(aghons coniaining the product were
0(2) - C( t6ncrtrbfodldddel (Sdudel ?@)T 3 tfidwas precipitated from ethyl
T37A)

0(2)-C(16)-C(22)110.3(4
0( 2) - C( aestaty aﬂgg hertage. 3§'h@(e_s}ﬂt@g |te|-qug@)a§m®ed with heptane 2 times and dried

A M O A g o,

0(3B) - C( 1BYatveIodd®7. 4(4) 0(3)- C(18) - C(17) 100. 7( 3)

oi 1) - o 16) - & BB bt RRYARbLG SRl 5t Bl SP6 Ha). 7.30 (da, 1H, 0 = 7.6

0(4) - C( 28y 1@ H8), T11D. (4( 4H, DE4).6 Bz, F).02H6@BHM, 01 06.79-6.75 (m, 2H), 4.13 (d, 1H, J =
45C18) 74 A2y 3R AR S b Al L5 HoP3 A0 T,y = s2and 1.2 H2), 372,
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,
10 1H, J = 7.5 and 1.5 Hz), 2.16 (s, 3H). HRMS calculated for CayHp7O7 (M+H') 403.1751,
found 403.1737.
1B: (20 mg, 14% yield); R, = 11.5 minutes; the fractions containing the product were
concentrated under reduced pressure. The crude material was precipitated from ethyl
acetate and heptane. The resulting white solid was washed with heptane 2 times and dried
15 under reduced pressure. MS (LCMS) 403 (M+H"; positive mode) 447 (M+HCO5", negative
mode).
"H NMR (400 MHz, methanol-d,) 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 =
20 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
{15,25,38 4R, 58)-5-[3-(4-ethoxy-benzyl)-4-methyl-phenyl]- 1-hydroxymethyi-6,8~dioxa-
bicyclof3.2. 1Joctane-2,3,4-triol (2A) and (1S,2S,3S.4S,5S)-5-[3-(4-ethoxy-benzyl}-4-
25 methyl-phenyi]-1-hydroxymethyl-6. 8-dioxa-bicyclof3.2. 1Joctane-2,3,4-triol _(2B)




C(18) - C(19) - 1- 1(031) 109. 0 H(03H) - C(19) - H(031) 107.8 WO

2010/ 023594PCT/ 082009/ 053626 97 0(5) - C( 20) - & 21) 110. 0( 4)

0(5) - O 20 5(4) O(21)-C(20)-C( 18) 108. 9( 3) .

o%5§ g((zog ﬁ%ﬁi)%)l"%%ﬁl gsc% 2?) )C(C(ZO))I-{;C2((4) 108. 1 O 18) - o 20) W88 1

0(6)- O{ 21) - C{ 22) 110. 6(3) 0(6) - C(21) - C( 20) 113. 1( 4)

O 22) - O 21) - ©( 20) 109. 9(4) 100(6) - C( 21) - H( 015) 107. 7

O 22) - O 21) - K 015) 107. 7 C(20)- (21 )-H (015) 107. 7

0(7)- O(22) - O(21) 109. 7(4) 0(7)-C(22) - C(16) 111. 8( 3)

15C( 21) - O 22) - O 16) 110. 3(3) 0(7) - C(22) - 1- 1(013) 108. 3 C(21)- (22 )-H

(013)108.3 C(16)-C(22 )-H (013 (8)-0(23)-009) 17, 9(5)

200(8) - C( 23) - C( 24) 118. 1( 5) 0(9%%253‘; O 24) 114. 1( 5)

O 25) - O( 24) - O( 23) 114. 1(5) O 250.C( 24) - N( 1) 103. 3( )

O 23) - O 24) - N(1) 110. 3(4)  25C(25)JC( 24) - H( 029) 109. 6

G(23) - O 24) -H(029) 109. 6 N (L} CA'24)-H (029) 109. 6

O( 35B) - C( 25) - C( 24) 108. 3( 8) CH

300( 24) - O{ 25) - O 35A) 103. 1(4

O 24) - C( 25) - H(34A) 111. 2 QLB - O( 25) - H (34A) 1

C(35B) - O( 25) - H(34B) 137. 2 356 24) - C( 25) - H( 34B)

(34B) 111.1 H(34A)- C(25) ~PNE34B) 109. 1 O 35A) -

C(35A) - 0(26)- O(358) 42. 5CH_ O
J07 Y

35B )-C(25)-H (34A)

C( 35A) - C(25) - H
-N (1) 104. 8(9)
OH

HO

(2A) (2B)

To a solution of {(25,3S)-2,3,4-tris-benzyloxy-5-[3-(4-ethoxy-benzyl)-4-methyl-phenyl]-6, 8-

5 dioxa-bicyclof3.2. 1joct-1-yl}-methanol (1-2k: 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.

10 HPLC preparative method: reverse phase C18 phenomenex column Luna 5
micrometer 150 x 21.20 mm, 20 mL/minute, gradient of acetonitrile/0.1% formic
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 diastereocisomers of 4:1 (2A:2B).

2A: (20 mg; 38% yield) R, = 12.7 minutes; the fractions containing the product were

15 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+HCO;’; negative mode). 'H
NMR (400 MHz, methanol-d,) delta ppm 1.34 {t, J=6.9 Hz, 3 H), 2.18 (s, 3 H), 3.60 (d, J=8

20 Hz, 2 H), 3.66 (t, J=8 Hz, 1 H), 3.68 (d, /=12.5 Hz, 1 H), 3.78 (d, 1H, J= 8.8 Hz), 3.84 (d,
J=12.4 Hz, 1 H), 3.92 (s, 2 H), 3.97 (q, J=7 Hz, 2 H), 4.15 (d, J=7.5 Hz, 1 H), .77 (m, 2 H),
7.00 (m, 2H), 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).



40N( 1) - C(26) - C(35B) 101. 1(7) C(35A)-C(26)-H (03A) 110.8 NO
) - C(26) - H(03A) 110. 8 C(35B )-C(26)-H (03A) 73.1 C(35A)-C(26)-H (03B)

110. 8 45 1)-C (26)-H (03B) 110.8 C(35B )-C(26)-H (03B)_ 144 0 H
(03A) - [ 22{?'592'@&%)"4 )108. 5(9 ( )26) - 35%3- ( 223) C(105? 8( 18) "%}ﬁ"”“”%”m“
2010/ 023594PCT/ | B2009/ 053626 98 C(26) -C( 35A) - H(35A) 110.6

C(25) - C( 35A) - H(35A) 110.6 C(26)-C(35A)-H(35B) 110.6

C(25) - C( 35A) - H(35B) 110.6 5H (35A)- C(35A)-H (35B) 108.7

C(25) - C( 35B) - C( 26) 102. 7(8) C(25)- C(35B) - H(35C) 111.2

C(26) - O(35B) - H(35C) 111.2 C(25)-C(35B)-H(35D) 111.2

10C( 26) - C(35B) - H(35D) 111.2 H(35C)- C(35B)-H(35D)109.1 15Tabl e 24-4.
Ani sot ropi ¢ @Bs{fl mgedenielghRem®8 & minuiexthed@ictions catainingghe prodiinbwere

ani sot r gpi ' f the farm..-2-1

S0t L ST, B Bl B8 e b oflL el

69(1) - adéthle dfdhept2id.1The NsL)ting6(tile sbld MaseiHsPipd QGiR)heh24rid) 2 2 and dried

0(1) 70{ 2herBhideLabEhu 2 23(2)

5 MS (LCMS) 417.3 (M+H"; positive mode); 461.4 (M+HCO,"; negative mode). 'H

NMR (400 MHz, methanol-d;) delta ppm 1.34 (t, /=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}, 6.79-8.75
(m, 2 H), 7.03-8.98 (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=1.9Hz 1H)

10
Example 3

(18.28,3S,4R, 5S)-5-f4-chloro-3-(4-methoxy-benzyl)-phenyll-1-hydroxymethyl-6,8-dioxa-
bicyclof3.2. 1Joctane-2,3 4-triol (3A) and (1S,28,3S.4S .58)-5-[4-chloro-3-(4-methoxy-
benzyl)-phenyi]-1-hydroxymethyl-6, 8-dioxa-bicyclof3.2. 1]Joctane-2, 3,4-triol (3B):

OMe OMe

15
(3A) (3B)

To a solution of {(25,3S)-2, 3,4-tris-benzyloxy-5-[4-chloro-3-(4-methoxy-benzyl)-phenyl]-6, 8-
dioxa-bicyclof3.2.1joct-1-yf}-methanol (I-3k: 229 mg) in ethanol/tetrahydrofuran (7 mL, 4/1
volume) was added successively formic acid (270 microl, 20 equivalents) and palladium

20 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 at



-3(2)
49( 1)

C(1) 80(3) 76(4) 77(3) -2(3) 13(3) 8(3) 0(2) 47(1) 52(2)
-1(1) 3(1) 12(1) C(2) 63(3) 84(4) 52(2) 1(2) 13(2) 7(3) 0(3)

46(1) 43(2hohmfoanil) 3(1) -1(1) 3) 48(2) 59(3) 572} Phfonsidk2)

8(2)
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room 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 21.20 mm, 20 mL/minutes, gradient of acetonitrile/0.1% formic
acid:water/0,1% formic acid; 20 to 60% of acetonitrile/0.1%formic acid over 20 minutes. UV
detection: 254 nm. The HPLC indicated a ratio of diastereocisomers of 1.4:1 (3A:3B).

3A: (50 mg; 36% yield) R, = 12.1 minutes; the fractions containing the product were
concentrated under reduced pressure. The crude material was precipitated from ethyl
acetate and heptane. The resulting white solid was washed with heptane 2 times and
concentrated under reduced pressure.

MS (LCMS) 423.3 (M+H"; positive mode); 467.3 (M+HCO5'; negative mode). 'H
NMR (400 MHz, methanol-dy) 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 (1, 1H, J = 8.2 Hz), 3.57 (d, 1H, J=7.4
Hz), 3.52 (d, 1H, J = 7.8 Hz). HRMS calculated for Cp1H2407CI (M+H") 423.1205, found
423.1192.

3B: (37 mg; 27% yield) R, = 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+HCOy, negative mode). 'H
NMR {400 MHz, methanol-ds) 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-chioro-3-(4-ethoxy-benzyl)-phenvl]-1-hydroxymethyi-6, 8-dioxa-
bicyclof3.2. 1]octane-2,3,4-triol (4A) and (1S,2S,38.45,58)-5-[4-chloro-3-(4-ethoxy-
benzyl}-phenvi]-1-hydroxymethyl-6, 8-dioxa-bicyclof3.2. tjoctane-2,3,4-triol (4B):




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

QOCH,CH, OCH,CH,

(4A) (4B)
To a solution of {{2S8,3S)-2,3,4-tris-benzyloxy-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-6,8-
dioxa-bicyclo[3.2.1]oct-1-yl}-methanol (-4k: 335 mg) in ethanol/tetrahydrofuran (10 mi.,

5 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

10 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).

15 4A: (60 mg, 29% yield); R = 12.4 minutes; the fractions containing the product were
concentrated under reduced pressure. The crude material was precipitated from ethyl
acetate and heptane. The resulting white solid was washed with heptane 2 times and dried
under reduced pressure.

MS (LCMS) 437.3 (M+H"; positive mode); 481.3 (M+HCOy’; negative mode). *H

20 NMR (400 MHz, methanol-ds) 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 (g, 2H, J = 7.0 Hz), 3.81 (d, 1H, J =12.5 Hz)}, 3.75 (dd, 1H, J= 8.3
and 1.3 Hz), 3.65 (d, 1H, J = 12.5 Hz), 3.63 (t, 1H, J = 8.2 Hz), 3.57 (dd, 1H, J = 7.5 and



47(2) 87(2) -6(2) 25(2) -9(1) 35 0(7) 62(2) 49(2) 51(2) 2(1) 12(1)
~1(1)  O(7) 54(2) 59(3) 58(2) -11(2) -4(2) -2(2) 0(8) 63(2) 63(3)

116(3) -2 - 12(2 8) 52(2) 57(3) 69(3) -1 =l 2)
o DBy 20 OO 2D ST) 693 ARk

0(9) 90(2

1.3 Hz), 3.52 {d, 1H, J = 8.0 Hz}, 1.33 (1, 3H, J = 6.9 Hz). HRMS calculated for CxHzs07Cl
(M+H") 437.1361, found 437.1360.

4B: (30 mg, 15% yield); R; = 13.2 minutes; the fractions containing the product were
concentrated under reduced pressure. The crude material was precipitated from ethyl

3 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+HCOy', negative mode). 'H
NMR (400 MHz, methanol-ds) 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), 4.04-3.29 (m, 3H), 3.95

10 (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 (1, 3H, J = 7 Hz). HRMS calculated for CaaH607CI (M+H") 437.1361, found 437.1358.

Example 5
(15,28, 35S, 4R, 5S}-5-f4-fluoro-3-(4-methoxy-benzyl)-phenyi]-1-hydroxymethyi-6, 8-dioxa-
15 bicyclof3.2. 1]octane-2, 3.4-triol (5A) and (1S,2S.3S,4S,5S)-5-[4-fluoro-3-(4-methoxy-
benzyl)-phenyil-1-hydroxymethyl-6, 8-dioxa-bicyelo[3. 2. 1]octane-2, 3. 4-triol (6B):

(5A) (5B)

20 To a solution of {(25,35)-2,3,4-Tris-benzyloxy-5-[4-fluoro-3-(4-methoxy-benzyl)-
phenyl]-6,8-dioxa-bicyclo[3.2.1]oct-1-yl}-methanol (115 mg, 0.170 mmal) 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 mrnol} and palladium

25 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%
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methanol in dichloromethane) to afford 64 mg of a white solid. The mixture of isomers was
purified by preparative HPLC.
HPLC preparative method: reverse phase C18 phenomenex column Luna 5
micrometer 150 x 21.20 mm, 20 mL/minute, gradient of acetonitrile/0.1% formic
5 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% vyield) Ry = 8.5 minutes; the fractions containing the product were
concentrated under reduced pressure. The crude material was precipitated from ethyi
acetate and heptane. The resulting white solid was washed with heptane 2 times and dried
10 under reduced pressure.
'H NMR (400 MHz, methanol-dy) 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, 4=9.9, 8.3 Hz, 1 H), 7.09 - 7.13 (m, 2 H), 7.37 - 7.44 (m, 2 H); MS:
15 407.4 (M+ H"; positive mode); 451.3 (M+HCO2"; negative mode)
5B: (12 mg; 17% yield) R, = 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.
20 'H NMR (400 MHz, methanol-ds) 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+HCQ;; negative mode)

25 Example 6
2-{4-methoxybenzyi}-4-((1S,25,3S,4R.5S)-2,3.4-trihydroxy-1-(hvdroxymethyl)-6,8-dioxa-
bicyclo[3.2. 1]Joct-5-vi}-benzonitrile (6A):
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n-Butyt 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
5 being stirred for 30 minutes, the resulting mixture was cooled to -78°C 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 -78°C and a solution of
(2R,38,48)-2,3,4,6-tetrakis-benzyloxy-5-benzyloxymethyl-5-hydroxy-hexanoic acid
methoxy-methyl-amide (1-6g) (700 mg, 0.972 mmol) in anhydrous tetrahydrofuran (2 mL)

10 was added very slowly (over 20 minutes, 1 drop every 5 seconds). The solution was stirred
at -78°C 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

15 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% ethy! acetate in heptane affording the desired intermediate 2-(4-Ethoxy-benzy!)-4-
{(45,55)-3,4,5-tris-benzyloxy-6,6-bis-benzyloxymethyl-2-hydroxy-tetrahydro-pyran-2-yl)-
benzonitrile (300 mg; 34% vield). MS 918.8 (M+Na", positive mode).

20 Boron trichloride (4.18 ml., 4.18 mmol, 1 M solution in hexane) was added to the
solution of the above intermediate (250 mg, 0.278 mmol) in CHoClz (2 mL) at -78 °C. 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 fo dryness.

25 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-
((18,28,38,4R,58)-2,3,4-trihydroxy-1-hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]oct-5-y1)-



0(2) -3(2) 4(2) 3(2) 5 C(22) 48(2)40(2)50(2)-2(2) 10(2) 5(2) C(23)
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104) and isotropic displacenent paraneters (A2x 15 10 3) for Exanple
24

benzonitrile (35 mg, 30% yield).
Potassium carbonate (28 mg, 0.2 mmol) was added to a solution of the above

intermediate (34 mg, 0.077 mmol) in acetone (0.4 mL), followed by iodomethane (7 microL,
0.11 mmol) at room temperature. The mixture was stirred at 45°C overnight. The mixture

5 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 9in
volume) allowed isolation of desired product 8A (18 mg; 57% vield).

'H NMR (400 MHz, methanol-dy) delta 7.69 (d, J = 8 Hz, 1H), 7.61 (s, 1H), 7.56 (d, J
10 = 8 Hz, 1H), 7.19-7.14 (m, 2H), 6.87-6.82 (m, 2H), 4.18 (d, J= 7.6 Hz, 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+HCO2"; negative mode).

15 Example 7
2-(4-ethoxyvbenzyl)-4-((18,2S,35,4R ,5S}-2,3,4-trihydroxy-1-{hvdroxymethyvl)-6.8-dioxa-
bicyclof3, 2, 1]oct-5-vi)-benzonitrile (7A):

0
HO 7

Nl
HO®

(7A)

20 Potassium carbonate (8 mg, 0.058 mmol} was added to a solution of intermediate 2-
(4-hydroxy-benzyl)-4-((1S,25,3S,4R,55)-2, 3,4-trihydroxy-1-hydroxymethyl-6,8-dioxa-
bicyclo[3.2.1]oct-5-yl)-benzonitrile (see example 6; 8.9 mg, 0.022 mmol) in acetone (0.4
mt.), followed by iodoethane (4 microL, 0.044 mmol) at room temperature. The mixture was
stirred at 45°C overnight. The mixture was diluted with ethyl acetate (60 mL) and washed

25 with water. The organic layer was dried over sodium sulfate and evaporated to dryness.
Purification by preparative Thin Layer Chromatography over silica gel (eluting with



U(eq) H(98A)5291(6)4930(60) 1320(30) 33(9) 20 H(98B)5680(13)5750(50)
760(30) 51(12) H(03C) 676413698 5659 117 H(03D) 675713962 6973 117

H( 03E) 6393?7%%@2,@%}?4117 H(03F) 722311637 6698 80 95 H( 9@%}&%3&&9&23

7327 80 97 -4553 134 H(35) 739412210 5155
H(2) 761912262 3404 71

methanol in dichloromethane : 1 to 9 in volume) allowed isolation of desired product 7A
(2.4 mg; 26% yield).

'H NMR (methanol-ds) delta 7.69 (d, J = 8.0 Hz, 1H), 7.61 (d, J = 1.5 Hz, 1H), 7.566
(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),

5 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 (1, J = 7.0 Hz, 3H); MS 472.1 (M+HCOQO;"; negative
mode).

Example 8 illustrates the preparation of a crystalline derivative of the compound of
10 Example 3B in order to confirm the structure and stereochemistry of Example 3B.
Example 8
Per 4-bromobenzoylation of (15.2S.3S.4S. §S)-5-[4-chioro-3-(4-methoxy-benzvl)-phenvil-1-
hydroxymethyl-6,8-dioxa-bicyclof3.2. 1loctane-2,3.4-triol (3B) to give (8A):

OMe

Br

Br

@]
O
O

Br

Br
15 {(8A)
To a solution of (15,28,38,45,55)-5-[4-chloro-3-(4-methoxy-benzyl)-phenyl]-1-
hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol (3B) (11 mg, 0.026 mmol) in
anhydrous tetrahydrofuran (600 microl.) were added at room temperature N,N-
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diisopropylethylamine (32 microl,, 7 equivalents) and 4-dimethylaminopyridine {3 mg, 0.9
equivalents) followed by para-bromobenzoyl chloride (35 mg, 6 equivalents) and the
resulting mixture was stirred at room temperature for 62 hours. Ethyl acetate and water
were added and the organic phase was successively washed with 0.5M aqueous
5 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).
'H NMR (400 MHz, chloroform-d) delta 7.82 (m, 2H), 7.74-7.64 (m, 4H), 7.58-7.46
10 (m, 8H), 7.42-7.34 (m, 4H), 7.29 (d, 1H, J = 8.3 Hz), 6.89 (m, 2H), 6.63 (m, 2H), 6.04 (dd,
1H, J =9.6 and 1 Hz), 5.98 (dd, 1H, J = 9.6 and 4.4 Hz), 5.89 (d, 1H, J = 4.4 Hz), 4.70 (d,
1H, J =124 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
15 acetate as solvents. Melting point = 191° C. Single Crystal X-Ray Analysis. A

representative crystal was surveyed and a 1 A data set (maximum sin ®/A=0.5) was
collected on a Bruker APEX II/R diffractometer. Friedel pairs were collected in order to
facilitate the determination of the absolute configuration. Atomic scattering factors were
taken from the International Tables for Crystallography. See, International Tables for
20 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.
25 Table 1
Crystal data and structure refinement for Example 8A.
Empirical formula CagHas011BriCl
Formula weight 1154.86
Temperature 296(2) K
30 Wavelength 1.54178 A
Crystal system Monoclinic

Space group Cc2



61 40 H(02D) 63257285 -3614 61 H(03H) 59829696 - 4830 71
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Unit cell dimensions

Volume
5 Z

Density {(calculated)

Absorption coefficient
F(000})
Crystal size

10 Theta range for data collection
Reflections collected
Independent reflections
Completeness to theta = 50.43°
Absorption correction

15 Refinement method
Data / restraints / parameters
Goodness-of-fit on F2
Final R indices [I>2sigma(l}]
Absolute structure parameter

20 Exfinction coefficient

Largest diff. peak and hole

a= 90°.
B= 104.4910(10)°.
y=90°.

a =23.7485(6) A
b = 6.3175(2) A
c=32.3167(8) A
4694.3(2) A3

4

1.634 Mg/m3

5.216 mm-1
2296

0.12 x 0.03 x 0.02 mm?3

3.75t0 50.43".

8339

3932 [R(int) = 0.0491]

89.7 %

Empirical Absorption Correction
Full-matrix least-squares on F2
3932/1/587

0.967

R1=0.0371, wR2 = 0.0854
-0.03(2)

0.00011(3)

0.297 and -0.294 e.A-3

A trial structure was obtained by direct methods. This trial structure refined routinely.

Hydrogen positions were calculated wherever possible. The methyl hydrogens were

25 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

30 SHELXTL plotting package (Figure 1). The absolute configuration was determined by the
method of Flack. See, Flack, H.D., Acta Crystallogr., A39, 876, (1983).
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6.64 (m, 2H), .13 (d, 1H, J = 86Hz)606(t 1H, J = 8.3 Hz), 586(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), 3.88-3.90 {(m, 4H), 1.39 (t, 3H, J = 7 Hz).

Single crystals were obtained by slow recrystallization from acetonitrile/ isopropancl
as solvents, Melting point = 211°C. A representative crystal was surveyed and a 0.88 A
data set {(maximum sin ©®/A=0.57) was collected on a Bruker APEX lI/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.

Table 2

Crystal data and structure refinement for Example SA.

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Reflections collected

CsoHazN4O16ClH
1033.29

296(2) K
1.54178 A
Monoclinic

P2(1)

a = 17.5050(4) A
b = 6.2303(2) A
¢ = 21.9545(5) A
2373.03(11) A3
2

1.446 Mg/m3
1.452 mm-1
1068

0.18 x 0.02 x 0.01 mm3
2.55 to 61.76°.
8972

a=90°.
B= 97.6580(10)".
y = 90°.



89(1) C(2) 1302(6) 8776(3) 399(2) 81(1) 0(3) 2546(3) 8104(1)
625(1) 55(1) C(4) 2553(4) 7080(2) 489(1) 430) C(5) 1555(5)

6676(2) 1 20 O(6) 1669(4) 5630(2) 13(1) 500 745( 4
4966E2§ 223‘&%"%3’%’)“2 C(Cz(s)) 3723(51))53%5((2))639E 13 ) pétrleanondsids

Independent reflections 5062 [R(int) = 0.0236]
Completeness to theta = 61.76° 85.8 %
Absarption correction Empirical Absorption Correction
Max. and min. transmission 0.9856 and 0.7801

5 Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 5062 /1 /668
Goodness-of-fit on F2 1.009
Final R indices [I>2sigma(l)] R1 = 0.0436, wR2 = 0.1090
Absolute structure parameter 0.02(3)

10 Extinction coefficient 0.0015(2)

Largest diff. peak and hole 0.217 and -0.173 e.A-3

A trial structure was obtained by direct methods. This trial structure refined routinely.

Hydrogen positions were calculated wherever possible. The methyl hydrogens were

15 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.

20 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
Crystallogr., A39, 876, (1983).

Example 10

25 {1S,28.3S.4R. 5S)-5-{3-(4-ethoxy-benzyl)-4-fluoro-phenyl]- 1-hydroxymethyl-6, 8-dioxa-
bicyclof3.2. 1loctane-2.3.4-triof (10A) and (18.25,38,4S,58)-5-[3-(4-ethoxy-benzyl}-4-fuoro-

kenyll-1-hydroxymethvl-6,8-dioxa-bicyclof3.2. 1loctane-2,3, 4-tricl (108
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To a solution of {(2S,3S8)-2,3,4-tris-benzyloxy-5-[3-(4-ethoxy-benzyl)-4-fluoro-phenyl]-6,8-
5 dioxa-bicyclo[3.2.1]Joct-1-yI}-methanot 1-10k (80.0 mg, 0.120 mmol) in a 4:1 solution of
ethanol/tetrahydrofuran (10 mL) was added successively formic acid (23 microlL, 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
10 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
15 30x100mm, 40mL/minute flow rate, gradient of acetonitrile/0.1% formic acid : water/0.1%
formic acid; 25 to 50% acetonitrile/0.1% formic acid over 18 minutes; UV detection: 220
nm.
HPLC analytical method: reverse phase C18 Gemini column, 5 pm 4.6x150mm, 1
mL/minute flow rate, gradient of acetonitrile/0.1% trifluoroacetic acid : water/0.1%
20 trifluoroacetic acid; 5 to 100% acetonitrile/0.1% trifluoroacetic acid over 12 minutes; UV
detection: 220 nm.
10A: (2.2 mg, 4.5% yield) R; = 7 minutes (analytical method}); the fractions

containing the product were concentrated under reduced pressure.
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MS (LCMS) 421.4 (M+H*; positive mode) 465.3 (M+HCOy, negative mode). 'H
NMR (400 MHz, methanol-d4) delta ppm 1.33 (t, J=7.0 Hz, 3 H), 3.53 (d, J=8.0 Hz, 1 H),
3.57 (dd, J=7.5, 1.5 Hz, 1 H), 3.60 - 3.67 (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), 8.77 (m, 2

5 H), 7.00 (dd, J=9.4, 8.2 Hz, 1 H), 7.08 (m, 2 H), 7.36 - 7.41 (m, 2 H).

10B: (1.8 mg, 3.7% yield) R; = 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+HCOy7, negative mode). 'H
NMR (400 MHz, methanol-ds) delta ppm 1.34 (t, /=7.0 Hz, 3 H), 3.51 (d, J=7.4 Hz, 1 H),

10 3.75(d, 1H,J=125Hz), 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%
15 methanol in dichloromethane).

Example 11

(1S.285.3S, 4R, 5S)-5-{4-flucro-3-[4-(tetrahydro-furan-3-vioxv)-benzyvil-phenyf}-1-
hyvdroxymethyl-6, 8B-dioxa-bicvelo[3.2. 1]octane-2,3, 4-triol {114)

(11A)
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To a solution of ((25,35)-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 I-11k (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
30x100mm, 40mL/minute flow rate, gradient of acetonitrile/0.1% formic acid : water/0.1%
formic acid; 25 to 50% acetonitrile/0.1% formic acid over 18 minutes; UV detection: 220
nm.

HPLC analytical method: reverse phase C18 Gemini column, 5 micrometer
4.6x150mm, 1 mL/minute flow rate, gradient of acetonitrile/0.1% triflucroacetic 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) R; = 6.43 minutes (analytical method); the fractions
containing the product were concentrated under reduced pressure.

'H NMR (400 MHz, methanol-ds) delta ppm 2.03 - 2.11 (m, 1 H), 2.15 - 2.25 (m, 1
H),3.55(d, 1 H,J =8 Hz), 3.59 (dd, 1 H, J = 7.4 and 1 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),
8.79 (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
(18,28, 3S.4R,56S)-5-[3-(4-chiorobenzyi)-4-fluorophenyl]-1-hydroxymethyi-6, 8-

dioxabicyclo[3.2. 1]octane-2,3,4-triol (12A) and (1S,2S,385,4S,58)-5-{3-{4-chlorobenzyl)-4-

fluorophenyll-1-hydroxymethyl-6, 8-dioxabicyclof3.2. 1]octane-2. 3, 4-triol (12B)




440) C(30) 6903(4) 529(2) 14250) 470) 45 0(31) 8289(3) 3646(2)
21670) 620) C(32) 8567(4) 4451(3) 19350) 500;1362§g$) C(34)  C(35)
N(36) 103 4857(3) 1544(1) 8309(7)5813(3 ]
1800%(5)5@%@%@&@%%%1§ égsg(g)%ogz(zg%ggo(l) 60(1) 100(BSTEGIYYOSEZE 1)
5 C(37) 10097(5)7035(3)18890 ) 62(1) '0(38) 10174(4)7793(2) 16360)
940) 0(39) 10136(4)7059(2)23530) 720 )

OH
(12B)

To a mixture of intermediate |-12k (102 mg) and palladium black (98 mg, 6.1 equivalents)
5 in ethanolftetrahydrofuran (2 mL, 4/1 volume) was added formic acid (0.9 mL) and the
resulting mixture was stirred at room temperature. After 1 hour, additional palladium black
(67 mg, 4.2 equivalents) was added and the mixture was allowed to stir for an additional
hour at room temperature. The palladium was removed by filtration through Celite® and the
filtrate was concentrated, giving the product mixture. This material was combined with a
10 second batch of crude material (prepared from intermediate |-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.
15 HPLC analytical method: reverse phase C18 Gemini column, 5 ym 4.6x150mm, 1
mL/minute flow rate, gradient of acetonitrile/0.1% triflucroacetic acid : water/0.1%
trifluoroacetic acid; 5 to 100% acetonitrile/0.1% trifluoroacetic acid over 12 minutes; UV
detection: 220 nm.
12A: (18 mg, 16% yield) R; = 7.11 minutes (analytical method); MS (LCMS) 411.3
20 (M+H"; positive mode); 409.2 (M-H*; negative mode). '"H NMR (400 MHz, methanol-ds)
delta ppm 7.45-7.42 (m, 2H), 7.25 (d, J = 8.4 Hz, 2H), 7.19 (d, J= 8.4 Hz, 2H), 7.05 (dd, J
= 9.6, 9.2 Hz, 1H), 4.15(d, J=7.6 Hz, 1H), 3.98 (s, 2H), 3.84 (d, J = 12.4 Hz, 1H), 3.78
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(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) Ry = 7.25 minutes (analytical method); MS (LCMS) 411.3
(M+H"; positive mode); 409.1 (M-H*; negative mode). *H NMR (400 MHz, methanol-dy)
5 delta ppm 7.52-7.45 (m, 2H), 7.25 (d, J = 8.4 Hz, 2H), 7.1¢ (d, J = 8.4 Hz, 2H), 7.05 (dd, J
=0.8, 8.6 Hz, 1H), 4.05 (d, J = 7.2 Hz, 1H), 3.98 (s, 2H), 3.91-3.84 (m, 4H), 3.76 (d, J =
12.4 Hz, 1H), 3.52 (d, J=7.6 Hz, 1H).

Example 13

10 (1S.28,35,4R, 5S)-5-{4-fluoro-3-[4-(oxetan-3-yioxy)-benzyll-phenyi}-1-hvdroxymethy!-6,8-
dioxa-bicyclof3.2.1]octane-2,3, 4-triol (13A)

OH
(13A)

15 To a solution of ((25,35)-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 1-13k (300 mg, 0.417 mmoal) 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 microlL, 8.34 mmol)

20 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 crude
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residue was purified by flash chromatography over silica gel (eluting with a gradient of O 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
30x100mm, 40mL/minute flow rate, gradient of acetonitrile/0.1% formic acid : water/0.1%
formic acid; 25 to 50% acetonitrile/0.1% formic acid over 18 minutes; UV detection: 220
nm.

13A: (23 mg, 12% yield) R; = 7.9 minutes; the fractions containing the product were
concentrated under reduced pressure.

'H NMR (400 MHz, methanol-d,) delta ppm 3.52 (d, J=7.8 Hz, 1 H), 3.57 (d, J=7.2
Hz, 1 H), 3.60 - 3.68 (m, 2 H), 3.75 (d, J=8.2 Hz, 1 H), 3.81 (d, J=12.5 Hz, 1 H), 3.89 (s, 2
H), 4.12 (d, J=7.4 Hz, 1 H), 4.63 (dd, J=7.3, 4.8 Hz, 2 H), 4.95 (t, /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), 710 (m, 2H), 7.36 - 7.42 (m, 2
H).

Example 14

loxy)-benzyi]-
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To a solution of intermediate ((28,35)-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 [-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
5 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

10 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.

15 14A: {20 mg, 17% vield); R, = 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+HCO;"; negative mode). 'H

NMR (400 MHz, methanol-ds) delta ppm 3.53 (d, J=8.0 Hz, 1 H), 3.58 (dd, J=7.4, 1.4 Hz, 1
H), 3.64 (1, 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,

20 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), 7.11 (m, 2 H), 7.34 (d, J=8.4 Hz, 1 H), 7.38 (dd, J=8.4, 2.2
Hz, 1 H), 7.45 (d, J=2.0 Hz, 1 H).

Example 15
25 Cocrystalization of (1S,2S.3S.4R.5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyi]-1-
hvdroxymethyl-6, 8-dioxa-bicyclof3.2. 1Joctane-2.3,4-triol (Example 4A compound) with L-

proline fo 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
30 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 using
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ethanol and the volume of solution was again reduced by half using evaporation. Solid

was recovered using centrifugal filiration.

Example 16

Cocrystalization of {1S.25,3S.4R,.5S}-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyi]-1-
hydroxvmethyi-6,8-dioxa-bicvelof3.2. 1Joctane-2,3.4-triol (Example 4A compound) with 1 -

proline 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
Cocrystalization of (18,25,38,4R, 5S)-5-{4-chloro-3-(4-ethoxy-benzyvl)-phenyl]-1-
hvdroxymethvyl-6,8-dioxa-bicvclo[3.2. 1Joctane-2,3.4-triol (Example 4A compound) with -

proline 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
Cocrystalization of {18,2S,3S,4R, §S)-5-[4-chioro-3-(4-ethoxy-benzyl)-phenyl]-1-
hydroxymethyl-6,8-dioxa-bicyclo[3.2. 1]Joctane-2,3,4-triol (Example 4A compound} with L -

proline 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.
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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

10 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 pipetied into a Co-star microcentrifuge tube equipped with a 0.45 microm

15 nylon filter membrane insert. Solution was centrifuged until solid was separated from
solution. Cocrystal (19) was recovered.

Example 20
Cocrystalization of (1S,2S5,35,4R,565)-5-[4-chloro-3-(4-ethoxy-benzvl)-phenvi]-1-
20 hydroxymethyi-6. 8-dioxa-bicyclof3.2. 1Joctane-2,3,4-triol {Example 4A compound) with [-

pyroglutamic acid to give (20):

4-5 mL of a 1:1 ethanol/water solution was saturated with L-pyroglutamic acid (412.1
mg/mL). 730 mg of the example 4A compound was added to 3.2 mL of the L-pyroglutamic
acid solution. After approximately 1 minute, precipitation was seen. The solution was too

25 thick to stir therefore 2 mL of a 1:1 ethanol/water solution was added. The solution was
stirred overnight. The solid was collected using vacuum 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

30 NMR to be 1:1.63. Excess L-pyroglutamic acid was removed by suspending the material in
ethanol yielding 1:1 co-crystal (20).
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10 solution was washed with 200 microL ethanol and solution was transferred fo 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 30°C, solution
was placed on ambient temperature stirrer and stirred at 20°C for 20 minutes. Solution
was clear. Approximately 2 mL of dry seeds were added. Suspension became thick over

15 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 50°C vacuum oven.

Example 22
20 Cocrystal of (18.2S.3S,4R, 5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyll-1-hydroxymethyl-
6,8-dioxa-bicyclo[3.2. 1loctane-2,3,4-triol (Example 4A compound) and L-proline and
cocrystal of (15,28,3S,4R, §S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyi]-1-hydroxymethyi-
6.8-dioxa-bicyclof3.2. 1]octane-2,3,4-triol (Example 4A_compound) and L-pyroglutamic

acid:

25 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 L-
pyroglutamic acid were carried out on a Bruker D5000 diffractometer using copper
radiation (wavelength: 1.54056A). The tube voltage and amperage were set to 40 kV and
40mA, respectively. The divergence and scattering slits were set at 1 mm, and the

30 receiving slit was set at 0.6 mm. Diffracted radiation was detected by a Kevex PSI
detector. A theta-iwo theta continuous scan at 2.4 ° per minute (1 second per 0.04° step)
from 3.0 to 40 ° 20 was used. An alumina standard was analyzed to check the instrument



CO 6) 41(2)25(1)42(1)30)20 )-30) 45C(17) 36(2)31(2)45(2)00)5(1)-30)
C(18) 36(2)280)430)30)40 )-7(1) 0(19) 40(1)28(1)45(1)20 )-5(1)-5(1)

106 (21 SICHPAE0E) "ot2) 25(2) Sioeg) 6(D) 0(22) 775 AR o

6(1) -21(1) -14(1) C(23)42(2) 32(2) 47(2) 2(1) -8(1) -2(1)
0(24)58(1) 37(1) 62(1) 8(1) -18(1) -3(1) 5 C(25)52(2) 36(2) 42(2)
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alignment. Data were collected and analyzed using Bruker axis software Version 7.0.
Samples were prepared by placing them in a quartz holder. It should be noted that Bruker
Instruments purchased Siemens; thus, Bruker D5000 instrument is essentially the same as
a Siemens D5000. Eva Application 13.0.0.3 software was used to visualize and evaluate
5 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

10 Bruker system used for measurements reported herein, the sample is typically placed into
a holder which has a cavity. The sample powder is pressed by a glass slide or equivalent
to ensure a random surface and proper sample height. The sample holder is then placed
into the instrument. The incident X-ray beam is directed at the sample, initially at a small
angie relative to the plane of the holder, and then moved through an arc that continuously

15 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

20 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 °26 (Chen

25 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

30 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 ° 28.
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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
5 the degree 20 and relative intensities with a relative intensity of =2 2.7% measured on a
Bruker D5000 diffractometer with CuKa radiation:

Angle Relative
(Degree Intensity™
20) (22.7%)
4.6 5.1
5.5 12.8
7.6 40,2
8.5 11.9
10.3 9.1
11.0 4.5
12.1 22.3
12.6 13.5
14.4 13.1
14.8 16.1
15.3 2.7
15.9 10.4
16.5 3.0
16.8 8.2
17.0 16.6
17.4 33.9
18.1 2.9
18.4 10.3
18.9 16.8
19.5 12.2
20.3 100.0
21.0 6.5
22.0 5.5
22.2 7.1
22.6 11.5
22.9 29.3
23.5 4.5
24.3 13.8
24.8 14.2
25.4 14.7
25.7 23.2
26.0 6.9
26.8 59
27.0 58
27.5 21.2
28. 15.5
29.4 6.5
29.8 8.2
30.2 5.3
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C(32) 48(2) 45(2) 57(2)
C(34) 135(4) 78(3) 87(3) 18(2)

Q) 64(2) 5(2) 7(2) -3(2)
%22})5)?%‘%3C(37)49(2) 65(2) 42(2) 5(2) -1(2)

12(2) 2(2)

-9(2)

-3(2) 1(2)

30.7 14.1
31.7 5.2
32.1 7.4
32.5 7.7
33.0 9.9
33.3 7.5
33.8 55
34.4 5.8
39.5 3.4
35.8 4.0
36.9 3.1
37.4 2.9
38.2 4.7
38.3 6.0
39.3 8.0

-58(3)

C(33) 57(2) 64(2)

-19(3)

N(36) 23(2) BLtAdrodddssdas

*The relative intensities may change depending on the crystal size and morphology.

5 Characteristic 20 peaks or combinations of cocrystal of example 4A compound and L-

proline:

Angle (Degree
26)

7.6

12.1

20.3

28.8

Cocrystal of example 4A compound and L-pyroglutamic acid from Example 20

10 characterized by the following powder x-ray diffraction pattern, provided in Figure 4,

expressed in terms of the degree 20 and relative intensities with a relative intensity of =

2.7% measured on a Bruker D5000 diffractometer with CuKa radiation:

Angle Relative

(Degree Intensity*

20} (24.3%)
6.4 31.0
7.6 5.9
11.8 4.3
12.3 8.8
12.7 11.0
13.5 10.4
14.2 31.3
14.4 24.0
15.2 13.9
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-2(2)

-11(2)

0(39)79(2) 69(2)

- 60( 18)
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- 2(15)

Uleq) H(1A)
18.7 66.8
17.4 57.1
18.3 10.5
18.7 53.3
19.1 24.2
19.3 32.0
19.8 9.2
20.3 75.6
21.1 100.0
22.5 9.2
23.6 11.7
24.3 18.7
24.7 222
25.0 14.2
26.2 53.4
27.2 4.6
27.9 10.0
28.3 26.3
29.0 14.5
29.5 31.3
30.7 16.2
31.5 5.4
32.0 23.2
33.0 9.9
34.2 19.9
35.2 5.4
35.9 13.6
37.3 8.3
37.9 9.5
38.4 6.1
39.2 10.3
*The relative intensities may change depending on the crystal size and morphology.
5 Characteristic 26 peaks or combinations of cocrystal of example 4A compound and L-
pyroglutamic acid:
Angle {Degree
26)
6.4
16.7
17.4
21.1
Example 23
10 Cocrystal of (1S,2S,3S5,4R, 5S5)-5-[4-chloro-3-(4-ethoxy-benzyl}-phenyi]-1-hydroxymethyi-

6, 8-dioxa-bicyclo[3.2. 1]Joctane-2.3,4-triol (Example 4A compound) and L-proline and
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cocrystal of {15,25,35,4R, 55)-5-f4-chloro-3-(4-ethoxy-benzyi)-phenvil- 1-hvdroxymethyi-
6.8-dioxa-bicyclof3.2. 1]octane-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
Calaorimeter (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 25°C to 200-300°C at 10°C 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 +2°C, preferably to within +1.5°C.

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
Cocrystal of (15,28, 3S,4R. 5S)-5-[4-chloro-3-(4-ethoxy-benzyl}-phenvyl]-1-hydroxymethyi-
6,8-dioxa-bicyclof3. 2. 1]octane-2 3,4-triol (Example 4A compound) and L -proline

Single Crystal X-Ray Analysis. A representative crystal using the filtrate from example 17
and concentrating via solw evaporation was surveyed and a 0.85 A data set (maximum sin

©/1=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”



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

1665 53  HLAT).ohE03, 2691 782 45 H(21A) PCT/IB2009/053626
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conformations A very similar disorder was observed in H. D. Flack, Acta Crystallogr., A39,
876, 1983.
The hydrogen atoms bonded to N1, 06 and O7 located by difference Fourier

techniques and allowed to refine with distances restrained. The relevant hydrogen atoms
5 bonded to 05 were located from Fourier techniques, but was deleted and placed in

idealized location (HFIX 83). The relevant hydrogen atom bonded to 04 could not be
found with Fourier techniques and was placed in an idealized location (HFIX 83). The
hydrogen atoms on the water molecule could not be located and were left out of the
solution. The hydrogen parameters were added to the structure factor calculations but

10 were not refined. The shifts calculated in the final cycles of least squares refinement were
all less than 0.1 of the corresponding standard deviations. The final R-index was 5.15%. A
final difference Fourier revealed no missing or misplaced electron density.

The refined structure was plotted using the SHELXTL plotting package (Figure 7).

The absolute configuration was determined by the method of Flack®. Coordinates,

[5 anisotropic temperature factors, distances and angles are available as supplementary
material (Tables 24-2 o 24-5).

Table 24-1 Crystal data and structure refinement for Example 24

20 Formula weight 570.02
Temperature 298(2) K
Wavelength 1.54178 A
Crystal system Monoclinic
Space group C2
25 Unit cell dimensions a = 32.8399(16) A o= 90°.
b=7.2457(4) A B=101.268(5)°.
¢ = 11.8023(6) A v =90°.
Volume 2754.2(2) A3
4 4
30 Density (calculated) 1.375 Mg/m3
Absorption coefficient 1.729 mm-1
F(000) 1208
Crystal size 0.08 x 0.16 x 0.92 mm3

Empirical formuia

Theta range for data collection

Caz Has Cl O7,Cs Hg N Oy, HO

2.74 to 65.58°.



5235 -1219 1181 60 H(21B) 6528 - 1543 1595 60 45 H(97D) 3240(80)
-1700(40) 1620(20) 120(20) H(23) 4498 -261 2375 48 H(97C) 6720( 50)

- 1040( 30) so78(14) " H(25) 6950 1407 2275 52 WO perumaoos/osssas
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Index ranges -38<=h<=37, -8<=k<=6, -13<=I<=13
Reflections collected 6261
independent reflections 2922 IR(int) = 0.0526]
Completeness to theta = 65.58° 74.9 %
5 Absorption correction None

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 2922 5/ 380
Goodness-of-fit on F2 0.953
Final R indices [1>2sigma(l)] R1=0.0515, wR2 = 0.1304

10 R indices (all data) R1=0.0581, wR2 =(.1334
Absolute structure parameter 0.02(3)
Extinction coefficient 0.0027(2)
Largest diff. peak and hole 0.252 and -0.210 e.A-3

15
Table 24-2. Atomic coordinates ( x 104) and equivalent isotropic displacement
parameters (A2x 103) for Example 24. U(eq) is defined as one third of the trace of the
orthogonalized Uy tensor.

20 X y z U(eq)
Cl(01) 7251(1) 14669(2) 1220(1) 73(1)
N{1) 5586(1) 4836(6) 1285(3) 52(1)
O(1) 6821(1) 9986(6) 5726(3) 66(1)

25 C(1) 6691(2) 13136(9) 6328(5) 78(2)
O(2) 6311(1) 7637(5) -1948(2) 50(1)
C(2) 6929(2) 11374(9) 6600(4) 66(1)
O(3) 5936(1) 10106(4) -2723(2) 46(1)
C(3) 6973(1) 10182(7) 4725(4) 55(1)

30 O(4) 5415(2) 10596(7) -4969(4) 89(1)
C(4) 7278(2) 11410(8) 4564(4) 62(1)
C(5) 7411(2) 11447(8) 3506(4) 59(1)
O(5) 5145(1) 6652(5) -3818(3) 66(1)
C(6) 7237(1) 10299(7} 2618(4) 53(1)

35 O(6) 5092(1) 7027(5) -1397(3) 63(1)
O(7) 5878(1) 7968(5) 33(3) 54(1)
C(7) 6932(2) 9079(7) 2793(4) 59(1)
0(8) 5009(1) 2361(6) 1421(4) 78(1)
C(8) 6804(2) 8992(8) 3838(5) 59(1)

40 0% 5409(1) -82(6) 1265(4) 76(1)
C(9) 7365(1) 10429(8) 1443(4) 59(1)
C(10) 7014(1) 11175(7) 533(4) 51(1)
C(11) 6926(1) 13040(7) 382(4) 52(1}
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20
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C(12)
C(13)
C(14)
C(15)
G(16)
G(17)
c(18)
C(19)
C(20)
c(21)
C(22)
C(23)
C(24)
C(25)
C(26)
C(35A)
C(35B)
O(994)

Modhtihyoly 3ae)

5455(1)
5739(1)
5335(2)
5698(2)
6072(2)
5826(2)
8000(5)
6229(4)
5382(2)

13693(7)
12460(7)
10583(6)
9959(7)
9260(6)
7179(7)
8575(6)
9220(7)
8012(7)
7344(7)
8727(6)
1609(8)
2825(8)
2583(12)
5594(10)
4000(30)
4430(20)
3257(7)

-395(4) 58(1)
-1057(3) 52(1)
-950(3) 44(1)
-151(3) 49(1)
-1659(4) 47(1)
-3112(4) 51(1)
-3448(4) 49(1)
-4695(4) 59(1)
-3103(4) 51(1)
-1843(4) 50(1)
-1085(4) 46(1)
1299(4) 82(1)
1186(5) 63(1)
2141(9) 105(3)
2391(5) 74(2)
3036(13)  126(7)
2538(15) 71(5)
B8727(5) 101(2)

Table 24-3. Bond lengths [A] and angles [°] for Example 24

Cl(01)-C(11)
N(1)-C(26)
N(1)-C(24)
N(1)-H
N(1)-H(98B)

O(3)-C(18)
C(3)-C(4)
G(3)-C(8)
O(4)-C(19)
O(4)-H(4A)
C(4)-C(5)
C(4)-H(025)

1.761(4)
1.492(7)
1.513(7)

0.977(18)

1.00(2)
1.377(5)
1.434(7)
1.499(8)
0.9600

0.9600

0.9600

1.430(5)
1.434(5)
0.9700
0.9700
1.409(5
1.437(
1.379(
1.386(

1.401(7)
0.9300
1.371(7)
0.9300
1.400(6)
0.8200
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10nar ke isks in K e) 9 are spinning sidebands. WO
2010/ 02 32009/ 05 09 PHARMACOLOG CAL TESTI NG
The pra j t he instaqt5d1é§7)enti on for the treatnment of diseases
nmodul at é i nhi bitiqgf A SGLT2 can be evidenced by activity in
2.;:35 | eas 1) )} he pr ot o%gg%(&escri bed 5herei nbel ow. Bi ol ogi cal
says E'§1 18)ASSaY  1'506(s)

C(17)-H(02C) 0.9700

C(17)-H(02D} 0.9700

C(18)-C(19) 1.520(6)
30 C(18)-C(20) 1.540(6)

C(19)-H(03H}) 0.9700

C(19)-H(031) 0.9700

C(20)-C(21) 1.537(6)

C(20)-H(4) 0.9800
35 C(21)-C(22) 1.533(6)

C(21)-H(015) 0.9800

C(22)-H{013) 0.9800

C(23)-C(24) 1.510(7)

C(24)-C(25) 1.506(10)
40 C(24)-H(029) 0.2800

C(25)-C(35B) 1.479(17)

C(25)-C(35A) 1.52(2)

C(25)-H(34A) 0.9700

C(25)-H(34B) 0.9700
45 C(26)-C(35A) 1.440(19)

C(26)-C(35B) 1.548(14)

C(26)-H(03A) 0.8700

C(26)-H(03B) 0.9700



The SGE.T2 functional assay was designed to detect the inhibition of
met hyl - al pha- D gl ucopyranosi de (AMS - a non-net abol i zabl e form of

gl ucose) the S@T2 10transporter. The SGLT2 ﬁﬂ‘f‘zﬁ
recovers agh?gg)g}\é?-?émthe proximal tupules of the ki dne%'l Sﬁbﬁ({sﬁ{zé
inhibition results in sugar wasted in the urine. The p05|tive control
compound, Phlorizin, is a known inhibitor of glucose uptake for SG.T2
and was used for conparing the high percent effect of SGE.T2

i nhibition of the test conpounds. CHO Flpln (lInvitrogen, Carl sbad,

CA) cells stably expressing human SG.T2 15(pcDNA5/ FRT) were plated in
| so-1C 96, wel | Iates (Perkln El mer, Waltham MA) at a density of

100, 000 & M(EY) i n 100087O%L of growth nedia (1:1 F-12/ DVEM nedi a
(G bco, CGRASIEEE )CA), 1049198 (Sigma, St. Louis M), 1X Pen/Strep
(G bco, CERB)HEEC)CA) . 606-F0r og/ nL Hygronycin (I nvitrogen,

Car | sba@(3@)|)1(35ﬁr| or to Or¥&ing with test conpound, confluent cells
weY e serum starved for 2 hours at 37Cin 1:1 F-12/DVEM nedi a,

repl aci RE2OENGIHC(R4lesh FOBI(BVEM nedi a after 1 hour. Test conpounds
in di meC38)SN(1)-OKOBR) (SiiPTe?) St. Louis, MO were diluted 100 fold in
upt ake B¢24)aN(10-t4B3A) NaClO(Pr onega, Madi son, W), 2nM KCl (Teknova,
Hol | i st &(26)a)1)-H(88B)CaCl A7{®knova, Hollister, CA), 1mM MyCl2
(Meknov & 243aM{1)-$1(@8B) CA)119&3d 10mM HEPES (G bco, Carlsbad, CA) to
cel | pl aesApRNEIH(BBRD witdupt ake buffer. Cells were pre-incubated
w th tesy3comaay for He7m@nutes prior to the 25addition of 50

m croL AM5-CAQ-HIGBCAMG [1go1stC] (Perkin Elnmer, Waltham MA) in

unl abel loeg)-&MEH(O8Oy i ch,108t5 Louis, MJ)) per well yielding a final
cpncent HOIEPC b388 mMogreEM AMG. Cel | plates were then incubated
for 3 hewsscat.- @ for AMgsiptake. After incubation, cells were

washed Ho5E-&1IHDEE) colgy gvash buffer (uptake buffer cont ai ni ng 200

m cr oM L& ), r dried and lysed in 30 microL of 200 mM
Na OH an%%%yéi&kg%smm% an or bital shaker. Mcroscint 40 (Perkin
}

8 was to the lysed cells (giving a final

B qrer,
vol unme
Pl at es %})

pj_) a xed by orbital shaking for 30 m nutes.
: F)' %rk overni ght and quantitated in the 1540
M cr obe 235 111320091053626 110 Trilux (Wall ac,
Wl t hanb

unds to inhibit AMG uptake was cal cul ated

9% nor1 zed protocol for 14C detection. The

using t lC‘I 5 :3 n: [%Effect = ((ZPE-T)/ (ZPE-HPE)) X
10094 5 S th1 (@ ected counts per mnute (CCPM in
control alnlngH: GDIVBO, Tis the CCPMin wells containing
test co arious, Co ntrations of the standard curve, and
HPE i s cent 1@ ! referring to the CCPMin control wells
tai n it%in. The 1Cso val ues were cal cul ated usi ng

a dos é %@(ébuatl on“&r?d }are summari zed for the conpounds tested
in Tabl &(3- C(ﬂ@‘kﬁgg@w at |1@|Qsz used in the in vitro testing description
i ncl ude (BB sod gl ucose co-transporter AMG methyl-a-D

A ucopy E&RIdsiSE (VENMDUI b‘é’dle 5 Modified Eagle's Medium | C50 50%

| Fhi bi t COR-CEEHRY r at | ol 185FBS Fet al Bovi ne Serum

DVBODI mE{4lyCEHH(Bki de SO999bdi um Dodecyl Sul fate CHO Fl pi n Chi nese
Hanst er CRGrQ(5¢-E(5) cont di0Bitng the FRT site Table 3 111 gitRi nk-.

Conpoun&{GHERBHARI OS eod18B(N. . . ""j:::,:iffingliel"Ne ' .. -9 <50 11
4" ... nC(5)-C(6)-C(9)...... 120.7.(4) .
40 C(7)-C(6)-C(9) 120.7(4)

C(21)-0(6)-H(99A)  105(3)
C(22)-0(7)-H(99B)  108(3)
C(8)-C(7)-C(6) 121.2(4)
C(8)-C(7)-H(026) 119.4

45 C(6)—C(7) H(026) 119.4
C(7)-C(8)-C(3) 120.0(4)
C(7)-C(8 )H(033) 120.0
C(3)-C(8)-H(033) 120.0



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

>10000 40.3¢ 2010/023594 PCT/IB2009/053626
96

G(10)-C(9)-C(6) 111.2(3)
C(10)-C(9)}-H(024)  109.4
C(6)-C(9)-H(02A) 109.4
C(10)-C(9)-H(02B)  109.4
5 C(6)-C(9)-H(02B) 109.4
H(02A)-C(9)-H(02B)  108.0
C(11)-C(10)-C(15)  116.7(4)
C(11)-C(10)-C(9) 123.4(4)
G(15)-C(10)-G(9) 119.8(4)
10 C(12)-C(11)-C(10)  122.9(4)
C(12)-C(11)-CI(01)  117.6(4)
C(10)-C{(11)-CI{01)  119.5(4)
cm) C(12)-C(13)  119.1(5)
C(11)-C(12)-H(027) 1205
C( 027) 120.5
14) 121.0(4)
C(12)-C(13)-H(021) 1195

(

C(1

15 (

E
C(14)-C(13)-H(021) 1195

(

(

(

(

(

13)-G(12)-H
G(12)-C(13)-C

,—..,—.‘,—._,-\,—.\,—.\

C(13)-C(14)-C(15)  118.6(4)
20 C(13)-C(14)-C(16)  119.9(4)
C(15)-C(14)-C(18)  121.4(4)
C(10)-C(15)-C(14)  121.8(5)
C(10)-C(15)-H(030)  119.1
C(14)-C(15)-H(030)  119.1
25 O(3)-C(16)-0(2) 105.4(3)
O(3)-C(16)-C(14) 108.5(4)
0(2)-C(16)-C(14) 111.6(3)
O(3)-C(16)-C(22) 107.4(3)
O(2)-C(16)-C(22) 110.3(4)
30 C(14)-C(16)-C(22)  113.2(3)
O(2)-C(17)-C(18) 104.8(3)
0(2)-C(17)-H(02C)  110.8
C(18)-C(17)-H(02C)  110.8
O(2)-C(17)-H(02D) 110.8
35 C(18)-C(17)-H(02D)  110.8
H(02C)-C(17)-H(02D) 108.9
O(3)-C(18)-C(19) 107.4(4)
O(3)-C(18)-C(17) 100.7(3)
C(19)-C(18)-C(17)  113.4(4)
40 O(3)-C(18)-C(20) 106.7(3)
C(19)-C(18)-C(20)  113.1(4)
C(17)-C(18)-C(20)  114.3(4)
O(4)-C(19)-C(18) 112.7(4)
O(4)-C(19)-H(03H)  109.0
45 C(18)-C(19)-H(03H)  109.0
O(4)-C(19}-H(03l)  109.0
C(18)-C(19)-H(O3l)  109.0
H(03H)-C(19)-H(031) 107.8
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0(5)-C(20)-G(21)
O(5)-C(20)-C(18)
C(21)-C(20)-C(18)
0(5)-0( ) H(4}
C(21)-C(20)-H(4)
c(18)- 0(20) H(4)
0(6)-C(21)-C(22)
0(6)-C(21)-C(20)
C(22)-C(21)-C(20)
O(6)-C(21)-H(015)
C(22)-C(21)-H(015)
C(20)-C(21)-H(015)
O(7)-C(22)-C(21)
O(7)-C(22)-C(186)
C(21)-C(22)-C(16)
O(7)-C(22)-H(013)
C(21)-C(22)-H(013)
C(16)-C(22)-H(013)
Q(8)-C(23)-0(9)
0(8)-G(23)-C(24)
0(9)-C(23)-C(24)
C(25)-C(24)-C(23)
C(25)-C(24)-N(1)
C(23)-C(24)-N(1)
C(25)-C(24)-H(029)
C(23)-C(24)-H(029)
N(1)-C(24)-H(029)
C(35B)-C(25)-C(24)
C(35B)-C(25)-C(35A)
C(24)-C(25)-C(35A)
C(35B)-C(25)-H(34A)
C(24)-C(25)-H(34A)
C(35A)-C(25)-H(34A)
C(35B)-C(25)-H(34B)
C(24)-C(25)-H(34B)
C(35A)-C(25)-H(34B)
H(34A)-C(25)-H(34B)
C(35A)-C(26)-N{1)
C(35A)-C(26)-C(35B)
N(1)-C(26)-C(35B)
C(35A)-C(26)-H(03A)
N(1)-C(26)-H(03A)
C(35B)-C(26)-H(03A)
C(35A)-C(26)-H(03B)
N(1)-C(26)-H(03B)
C(35B)-C(26)-H(03B)
H(03A)-C(26)-H(03B)
C(26)-C(35A)-C(25)

110.0(4)
113.5(4)
108.9(3)
108.1
108.1
108.1
110.6(3)
113.1(4)
109.9(4)
107.7
107.7
107.7
109.7(4)
111.8(3)
110.3(3)
108.3
108.3
108.3

109.6
108.3(8)
42.4(8)
103.1(8)
70.3
111.2
111.2
137.2
111.2
111.1
109.1
104.8(9)
42.5(9)
101.1(7)
110.8
110.8
73.1
110.8
110.8
144.0
108.9
105.8(10)

97

1 1590 1.27 2 1010 0.816 3

PCT/IB20095/053626



2480 0.846 10 2840 0.768 4B 1 >1000 122 2 >10000 66.8 3
undeterm ned 81.7 5A 1 >10000 4.5 2 >1000 81.7 3 5790 2.42 4

undet er m ngd hiofissed 12 -, V1 Te Conpound  MEWE e€paAMcrqpynnomssszs
o8

C(26)-C(35A)-H(35A) 110.6
C(25)-C(35A)-H(35A) 110.6
C(26)-C(35A)- H(35B) 110.6
C(25)-C(35A)-H(35B) 110.6
5 H(35A)-C(35A)-H(35B) 108.7
C(25)-C(35B)-C(26)  102.7(8)
C(25)-C(35B)-H(35C) 111.2
C(26)-C(35B)-H(35C) 111.2
C(25)-C(35B)-H(35D) 111.2
10 C(26)-C(35B)-H(35D) 111.2
H(35C)-C(35B)-H(35D)109.1

15 Table 24-4. Anisotropic displacement parameters (A2x 103) for Example 24. The
anisotropic displacement factor exponent takes the form: -2m2[ h2 a*2Uyy + ... +2 hka*
b* Uiz ]
Uiy Uas Uaz U2z Utz Uz
20
Cl{o1) 77(1) 69(1) 69(1) -11(1) 1(1) -27(1)
N(1)  56(2) 40(2) 60(2) 2) 12(2) 0(2)
o)  70(2) 70(3) 62(2) 2(2) 23(2) -3(2)
C(1)  80(3) 76(4) 77(3) -2(3) 13(3) 8(3)
25 O(2) 47(1) 52(2) 49(1) -1(1) 3(1) 12(1)
C(2) 63(3) 84(4) 52(2) 1(2) 13(2) 7(3)
O@3)  46(1) 43(2) 45(1) 2(1) 3(1) -1(1)
C(3) 48(2) 59(3) 57(2) 5(2) 12(2) 8(2)
o) 111(3) 83(3) 62(2) 8(2) -10(2) 23(3)
30 C{4) 59(3) 72(4) 53(2) -10(2) 10(2) -12(2)
C(5) 54(2) 66(3) 55(2) -6(2) 4(2) -11(2)
O(5) 69(2) 59(2) 59(2) 2(2) -12(2) -8(2)
Ce) 41(2) 55(3) 59(2) -2(2) 4(2) 4(2)
OB) 58(2) 47(2) 87(2) -6(2) 25(2) -9(1)
35 O7) 62(2) 49(2) 51(2) 2(1) 12(1) -1(1)
C(7)  54(2) 59(3) 58(2) -11(2) -4(2) -2(2)
O8) 63(2) 63(3) 116(3) -22(2) 36(2) -12(2)
C(8) 52(2) 57(3) 69(3) -1(2) 12(2) -7(2)
OQ) 90(2) 52(3) 98(2) -8(2) 44(2) -7(2)
40 C(9) 45(2) 72(4) 58(2) -12(2) 5(2) 1(2)
C(10) 45(2) 61(3) 46(2) -4(2) 11(2) -3(2)
C(11) 57(2) 48(3) 50(2) -8(2) 11(2) -16(2)
C(12) 75(3) 43(3) 57(2) 2(2) 12(2) -1(2)
C{(13) 50(2) 54(3) 49(2) 7(2) 4(2) -2(2)

45 C(14) 48(2)  44(2)  41(2) 1(2) 10(2) 0(2)
) -5(2) 8(2) 5(2)

C(16) 45(2)  49(3)  47(2) 1(2) 8(2) 3(2)

) -10(2) 8(2) -2(2)
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C(18) 52(2) 44(3
C(19) 63(3) 80(3
C(20) 45(2) 45(3
c{21) 51(2) 37(2

) -6(2) 1(2) 0(2)
|

5 C(22) 48(2) 40(23 50/
i

)

) -7(2) 1(2) -3(2)
) -3(2) -3(2) 4(2)
) -1(2) 11(2) 3(2)
) -2(2) 10(2) 5(2)
) -12(2)  24(2) -3(2)
84(3) 3(2) 30(2) 4(2)
176(8)  13(5) 8(4) 14(3)

C(23) 79(3)  46(3
c(24) 63(3) 49(3
C(25) 70(4) 63(5

C(26) 68(3)  79(4)  68(3) -3(3) -3(3) 8(3)
10 C(35A)104(11) 178(19)  79(8)  29(10)  -26(8)  -30(11)
C(35B) 43(6)  73(10)  90(9) -3(7) -1(8) 4(6)

O(99A) 130(4)  76(4) 95(3) 14(2) 18(3) 9(3)

Table 24-5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x
15 10 3) for Example 24

X Vi z U{eq)

H(98A) 5291(6) 4930(60) 1320(30) 33(9)

20 H(98B) 5680(13) 5750(50) 760(30) 51(12)
H(03C) 6764 13698 5659 117
H(03D) 6757 13962 6973 117
H(O3E) 6398 12877 6176 117
H(03F) 7223 11637 6698 80

25 H({03G) 6878 10893 7327 80
H{4A) 5481 11497 -4553 134
H(025) 7394 12210 5155 74
H(2) 7619 12262 3404 71
H(5) 5097 7017 -4489 98

30 H(S9A) 4974(16) 8220(40)  -1350(50) 64(15)
H(92B) 5744(13) 8610(60) 540(30) 54(13)
H({026) 6810 8302 2195 71
H{033) 6604 8136 3947 71
H(02A) 7604 11232 1504 71

35 H(02B) 7443 9215 1214 71
H(027) 6544 14955 474 70
H(021) 6103 12894 -1584 62
H(030) 6793 8697 -74 59
H(02C) 6017 5929 -3159 61

40 H(02D) 6325 7285 -3614 61
H(O3H) 59082 9696 -4830 71
H(03I) 5643 8173 -5204 71
H(4) 5187 9111 -3149 61
H(015) 5605 6171 -1818 59

45 H(013) 5578 9843 -1009 55
H(029) 5776 2606 438 76
H(34A) 8327 2839 1870 126
H(34B) 6084 1342 2453 126
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H(O3A) 6044 6414 2248 89

H(03B) 5645 6267 2805 89

H(35A) 5809 3518 3496 152

H(35B) 6259 4310 3548 152

H(35C) 6415 4913 2066 85

H(35D) 6372 4404 3339 85
Example 25

Cocrystal From Example 20 of (15.25.3S.4R, 55)-5-{4-chiorc-3-(4-ethoxy-benzyi)-phenvi]-
1-hydroxymethyl-6, 8-dioxa-bicyclof3.2. 1]Joctane-2.3,4-triol (Example 4A compound) and L-

pvroglutamic acid:

Single Crystal X-Ray Analysis. A representative crystal of a sample from Example 20
was surveyed and a 0.90 A data set (maximum sin ©/A=0.56) was collected on a Bruker
APEX diffractometer. Friedel pairs were collected in order to facilitate the determination of

the absolute configuration. Stereochemistry determined from the flack parameter and also
from the known chirality of the coformer (L-pyroglutamic acid). Atomic scattering factors
were taken from the International Tables for Crystallography, Vol. G, pp. 219, 500, Kluwer
Academic Publishers,1992. All crystallographic calculations were facilitated by the
SHELXTL Version 5.1, Bruker AXS, 1997 system. All diffractometer data were collected at
room temperature. Pertinent crystal, data collection, and refinement are summarized in
Table 25-1.

A trial structure was obtained by direct methods. This frial structure refined routinely,
except for a low residual peak that was refined as 0.1 stoichiometric water. The
stoichiometry of water was found by first deleting a hydroxyl group on the molecule,
refining and measuring the resulting q peak; then comparing this peak to the residual peak
from the water molecule. Using this method, a ratio of 1 to 0.1 (molecule to water) was
estimated. Additionally, removing the water molecule from the solution and searching for
void spaces in the crystal with Material Studio, Platon, and Mercury revealed a plausible
volume of 33 cubic angstroms for a water molecule (water typically has about 40 cubic
angstroms of space). The hydrogen atoms on nitrogen and oxygen were located by
difference Fourier techniques and allowed to refine freely with no restraints. A few of the
protons bonded to hetercatoms (H97a, H97b, H97¢, and H97¢) exhibited somewhat short
bond lengths (~0.8 angstroms found vs. ~0.96 expected), yet the distances were left
unrestrained. The hydrogen atoms on 099 (water) were not found from the difference map
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and left out of the structure solution. The hydrogen parameters were added to the structure
factor calculations but were not refined. The shifts calculated in the final cycles of least
squares refinement were all less than 0.2 of the comresponding standard deviations. The
final R-index was 3.58%. A final difference Fourier revealed no missing or misplaced
electron density. Of the residuals left, one is in a reasonable position for a proton bonded
to O39 (carboxylic acid). This residual could be an additional occupancy position for the
H98a proton (proton bonded to 039), but was not refined as such

The refined structure was plotied using the SHELXTL plotting package (Figure 8).
The absolute configuration was determined by the method of Flack (H. D. Flack, Acta
Crystallogr., A39, 876, 1983). Coordinates, anisotropic temperature factors, distances and
angles are available as supplementary material (Tables 25-2 through 25-5).

Table 25-1. Crystal data and structure refinement for Example 25.
Empirical formula Ca2 Has Ciy O7 * Cs Hy Ny O3 * 0.1(H20)

Formula weight

Temperature 570(2) K

Wavelength 1.54178 A

Crystal system Orthorhombic

Space group P2(1)2(1)2(1)

Unit cell dimensions a=7.4907(10) A a=90°.
b = 12.8626(15) A = 90°.
¢ =28.029(4) A y = 90°.

Volume 2700.6(6) A3

Z 4

Density (calculated) 1.396 Mg/m3

Absorption coefficient 1.767 mm-T

F(000)} 1196

Crystal size 0.03x 0.2x 0.2 mm3

Theta range for data collection
Index ranges

567.79

3.15 t0 59.28°,

-6<=h<=7, -13<=k<=14, -31<=|<=29

Reflections collected 9116

Independent reflections 3759 [R(int) = 0.0275]
Completeness to theta = 59.28° 96.5 %

Absorption correction Empirical

Refinement method
Data / restraints / parameters

Full-matrix least-squares on F2
3759/0 /387



WD 2010/ 023594PCT/ 11320091053626 113 In-Vivo Assay Exanples 1A and 4A
were tested in rats to assess inhibition of glucose transport 5via
urinary gl retion. Male Sprague Dawl ey rats (-3 <
singly hou@é&ﬁﬁ%{s#g#abol i c cages for i&?Ei ne col |l ection. gg?@%%’%‘{”?‘”“
access to standard | aboratory chow and water ad libitum Rats (n=2 to
5/ group) received vehicle or compound by oral gavage. Dosing
solutions were 0.03 ng/nL, 0.3 ng/nmL, 0.9 ng/ni, 3 ng/nm, 9 ng/nlL and
18 nmg/ L for the 0.1ng/ kg, 1 ng/kg, 3 nmg/kg, 10 ng/ kg, 30 ng/ kg and
60 ny/ kg doses 10respectively. Dosing volume was 1 ni/300 g of body
wei ght for all doses. One group received a 10 ng/ kg dose of Exanple
1A and Gduensess-etRtiore®2 0.1, 1, 3, 16,0330 or 60 ny/ kg dose of Exanple

4A. TheFrFarPR%ﬁB%%%g%f?ﬂ%g - PE400 qu: 86%5 ’/V\V/Rggqigégaoropyl bet a

cycl odextrin; ng oral admmnistration, urine was

col | ect &ingiges fall ¢fak s. @ ucose conbdrit P&t BvRAS He%&lred in urine
a_y Whah@@blb@ﬁmmqiarm@t@ton% ry 8io10¢£s)340 nm usi ng a Roche .

i t achi ect t onet er a osti cs, i ston, :
Thge t ot g%é?%ﬁnc[%eggpegﬁ?ucose excr et g@%ﬁ%ﬂg%ri ne was cal cul ated as
t he prodatgesbiffupeaiecancb@ent r ati on 8rid1@nNdne.36lau¥ using the formul a

bel ow. urinary glucose excreted (ng)/200g body wei ght = urinary
gl ucose concentration (ng/dL) x urine volume (dL) x 200/rat body

wei ght (Dable APDUMNAtEMA cabrdifatcy gkmsl)
0.

tromra | sahorguivia i6sipic dRprREsmeRt ai ned
oK SRR SR Q) kbR R O Ve
pl asma ar 5

sat 1, 2, 4, 7, 24 hours postdose to obtain
doses tested are shown in Sable 4.

114 Tab

SEM (n= i")l\/ls\an PK ParaE:
1.00 A -24) (ng*h/ )25 %68
4A 0.1 g).o 62. 54 546

satellite oup~ani

009/ 053626

7080(2) 489

2553(4) (1) 43(1
C(5) 1555(5)  BB76(2) 117(1) 54(1
20 C(6) 1669(4)  5630(2) 13(1) 50(1)
c(7) 2745(4)  4966(2) 268(1) 42(1)
C(8) 3723(4)  5385(2) 639(1) 50(1)
C(9) 3643(4)  6423(2) 749(1) 49(1)
c(10) 2839(5)  3807(2) 157(1) 49(1)
25 c(11) 2248(4)  3159(2) 577(1) 40(1)
C(12) 467(4)  3074(2) 708(1) 44(1)
Cl(13) 4197(1)  8652(1) 362(1) 59(1)
C(14) 56(4)  2535(2)  1112(1) 46(1)
G(15) 1219(4)  2055(2)  1391(1) 44(1)
30 c(16) 3014(4)  2095(2)  1265(1) 36(1)
c(17) 3502(4)  2652(2) 864(1) 38(1)
c(18) 4335(3)  1493(2)  1560(1) 36(1)
0(19) 3862(2) 420(1)  1544(1) 38(1)
C(20) 5478(4) 95(2)  1630(1) 39(1)
35 c(21) 5397(4)  -1208(2)  1525(1) 50(1)
0(22) 4012(4)  -1782(2)  1739(1) 62(1)
C(23) 5592(4) 18(2)  2233(1) 40(1)
0(24) 7085(3) -534(2)  2419(1) 52(1)
C(25) 5750(4)  1168(2)  2361(1) 43(1)
40 0(26) 5536(3)  1267(2)  2861(1) 61(1)
C(27) 4393(4)  1816(2)  2086(1) 39(1)
0(28) 4750(3)  2904(2)  2136(1) 50(1)
0(29) 6093(3)  1545(1)  1363(1) 44(1)
C(30) 6903(4) 529(2)  1425(1) 47(1)
45 0(31) 8289(3)  3646(2)  2167(1) 62(1)
C(32) 8567(4)  4451(3)  1935(1) 50(1)



43.4 1.50 188 Exanple 4A 1 1519 52.02 372 1.00 2000 Exanple 4A 3
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Exanpl e 4 4.141.1 10500 1.00 10700 Exanple 4A 60 7 1
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Testing in Rats Exanples 1A, 2A A4A §2A, and 14A were tested in
rats to assess pharnmacoki neti c 5paraneters including maxi num
concentration (Crax), area under the plasma concentration tinme curve
(AUC), clearance (CL), steady state volune of distribution (Vss),
half life (tv2), and bioavailability (F). Male Sprague Dawl ey rats (-
300 g) were used. Rats received conpound by intraveneous (IV) or oral
gavage K@) admi ni st r at7484(&nd tﬁ@g%abes tdeE] i ncl LBl vehicle to
f or mul aké34osi ng soI ut i&99(Bre | 681HA) i n TEAGHE)5. 10FNBbwi ng |V or
PO admi Ri($)r ati on, 0. 210408(8)ood ®@GS2(8anpl €d6B(1Im t he §A{Gul ar vein at
vari ous N(88fepoi nt s (Tatﬂ%%@). TWeB®3(2)ri cr ol99al1)quot s &F(1pl asma

sahpl esC4B8i) st andar ds 1@OSF(Fubj ecO®E(3) 0 prid@B8(MH precigd(tpti on with
acet oni O(88) cont ai ni ntP1@A(4)nt er AAP3(2) andarBds(Ganpl esgdey e vort exed
and cenQ(8$uged to obte)136s4)per nA0SANR) Whi A58 anal yzxd) by LCVS/ V5.
Anal yst (8@ sion 1.4.1) 4avasi0ysedasoopepsuri@epedl ar eagr(apd peak area
rati os of 15analyte to internal standard were cal cul ated. LC M5/ M5
cpnditions are as follows: Mass

Table 25-3. Bond lengths [A] and angles [°] for Example 25.

C(1)-G(2) 1.486(5)
C(2)-0(3) 1.419(4)
O(3)-C(4) 1.371(3)

15 C(4)-C(9) 1.382(4)
C(4)-C(5) 1.385(4)
GC(5)-C(6) 1.379(4)
C(6)-C(7) 1.375(4)
C(7)-C(8) 1.381(4)

20 C(7)-G(10) 1.525(4)
C(8)-C(9) 1.371(4)
C(10)-C(11) 1.509(4)
C(11)-C(12) 1.388(4)
C(11)-C(17) 1.398(4)

25 C(12)-C(14) 1.382(4)
C(12)-CI(13) 1.746(3)
C(14)-C(15) 1.381(4)
C(15)-C(16) 1.391(4)
C(16)-C(17) 1.381(4)

30 C(16)-C(18) 1.504{4)
C(18)-0(19) 1.426(3)
C(18)-0(29) 1.430(3)
C(18)-C(27) 1.532(4)
0(19)-C(20) 1.440(3)

35 C(20)-C(21) 1.507(4)
C(20)-C(23) 1.529(4)
C(20)-C(30) 1.529(4)
C(21)-0(22) 1.408(4)
C(23)-0(24) 1.424(3)

40 C(23)-C(25) 1.527(4)
G(25)-0(26) 1.418(3)
C(25)-C(27) 1.523(4)
C(27)-0(28) 1.430(3)
0(29)-C(30) 1.452(3)

45 0(31)-C(32) 1.239(4)
C(32)-N(36) 1.327(4)
C(32)-C(33) 1.494(4)
C(33)-C(34) 1.491(5)



Spectroneter + Source Type was Sciex APl 4000 - Turbo Spray; HPLC
punp was Shi madzu; Autosanpler was CTC PAL Autosanpler; Injection

vol une wa m crolL; A gradient was used with a

10 MM a Svr\{lgl}%og)g:gg)gte and 1% | sopropyl al cohol in wat ”PB{«;E&O@']) iﬁ(’
Acetonitrile; Flowate 0.300 nL per mnute (Colum 2.0 x 30 20mm 5

m crom LUNA C18 col unmm (phenonenex)). Detection node was negati ve.

A calibration curve was constructed fromthe peak area ratios of the
standards to the internal standard by applying a weighted |inear (1/X
or 1/x2) regression. The dynam c range of the standard curve was 5. 00
ng/ mL to 5000 ng/ L. WD 2010/ 023594PCT/ 1B2009/ 053626 115

Phar mac &$he(38) par anet er 4-58% det ermi ned from i ndivi dual ani mal
dat a usGHePIMY@Otonpar t mentldd43éhal ysis in Watson (version 7.2).

Concent £ 5)@1@7bel ow t he Mig#h7AS)of quantitation (BLQ were recorded as
0 ng/ mLG(3F)-QE8)i n cal cul 4t3066k). The fol | owi ng cal cul ati ons were
used: S5AE(OMR) = Det er mi e 1{d)i ng the |inear trapezoidal nethod
AUC(0-co) = AUC(0--r) plus extrapol ated area determ ned by dividing
pl asma CfBEB(RWGEt) on at 108B(3Y he sl ope of the term nal |og-1linear
phase CC(4-OB)eI(AUC(0-cclii7\8{8s = CL x MRT 10Cmax = Recorded directly
from pl ggpCE@ent rati onet4(8e curve Tmax = Recorded directly from
plg|sma cma)ce(ltrca(sj on ti m@acsfpyve t112 = In(0.5)/slope of the term nal

| og- I| neas)-EasR5F% = AUYGEOH8P) PO per dose/ AUC(0-00) IV per dose

C(0) @(@)L@@chn}ed by l419e548) r egression fromthe apparent

di strl b(g(y tase 15f ol4zowipg |V adm nistration MRT = AUMC
(AUC(O 8P0) W312Q8y 023594PCT/ | B2009/ 053626 116 Table 5
Exanpl e 1@4 ) Rouxg g{( 3n For mul ation Tinme points Cnax (pg/mnL)

AUCt hf b@@)*@ @£ (m_/@On/(g ) Vs, (L/kg) tv2 (h) F

C(9)-C(8)-C( 121.8(3)

C(8)-C(9)- C(4) 120.1(3)

C(11)-C{10)-C(7) 111.6(2)
20 C(12)-C(11)-C(17 117.2(2)

) )
C(12)-C(11)-C(10)  122.1(3)
C(17)-C(11)-C(10)  120.8(3)
C(14)-C(12)-C(11)  121.9(3)
C(14)-C(12)}-CI(13)  117.8(2)

25 C(11)-C(12)-CI(13)  120.4(2)
C(15)-C(14)-C(12)  119.5(3)

)

)-

)-

-

C(14)-C(15%-C(16)  120.5(3)
C(17)-C(16)-C(15)  118.8(3)
C(17)-C(16)-C(18)  122.7(2)

30 C(15)-C(16)}-C(18)  118.4(2)
C(16)-C(17)}-C(11)  122.2(3)
O(19)-C(18)-0(29)  105.1(2)
0O(19)-G(18)-C(16)  108.5(2)
0(29)-C(18)-C(16)  111.6(2)

35 O(19)-C(18)-C(27)  107.5(2)
0(29)-C(18)-C(27)  109.5(2)

)-
C(16)-C(18)-C(27)  114.1(2)
C(18)-0(19)-C(20)  103.16(19)
0(19)-C(20)-C(21)  108.4(2)

40 0(19)-C(20)-C(23)  106.7(2)
C(21)-C(20)-C(23)  113.5(2)
O(19)-C(20)-C(30)  101.9(2)
C(21)-C(20)-C(30)  112.1(2)
C(23)-C(20)-C(30)  113.3(2)

45 0(22)-C(21)-C(20)  113.3(3)
0(24)-C(23)-C(25)  109.6(2)
O(24)-C(23)}-C(20)  111.2(2)
C(25)-C(23)-C(20)  109.3(2)
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0(26)-C(25)-C(27)
O(26)-C(25)-C(23)
C(27)-C(25)-C(23)
0(28)-C(27)-C(25)
0(28)-C(27)-C(18)
C(25)-C(27)-C(18)
C(18)-0(29)-C(30)
0(29)-G(30)-C(20)
0(31)-C(32)-N(36)
0(31)-C(32)-C(33)
N(36)-C(32)-C(33)
C(34)-C(33)-C(32)
C(33)-C(34)-C(35)
N(36)-C(35)-C(37)
N(36)-C(35)-C(34)
C(37)-C(35)-C(34)
C(32)-N(36)-C(35)
0(38)-C(37)-0(39)
0(38)-C(37)-C(35)
0(39)-C(37)-C(35)

110.9(2)
107.28(19)
103.8(2)
126.0(3)
125.4(3)
108.6(3)
105.9(3)
106.9(3)
116.5(3)
102.8(3)
112.1(3)
115.8(3)
124.4(4)
119.8(3)
115.8(3)

- 8.48 4.04 1.1 4.1 -

(n=2) PEGA00/ 025,

(10/30/60 v/v/iv) 8.20

PCT/IB2009/053626

Table 25-4. Anisotropic displacement parameters (A2x 103) for Example 25. The

anisotropic displacement factor exponent takes the form: —27r2[ hZ2 a*2U;y + ... +2hka*
o VIPY
U1 Uz Uas Uzs Uss Us2

C(1) 115(4) 49(2) 104(3} -20(2) -54(3) 31(2)
C(2) 95(3) 52(2) 95(3) -12(2) -47(2) 23(2)
O@3) 62(1) 36(1) 68(1) -3(1) -17(1) 6(1)
C{4) 45(2) 35(2) 49(2) 1(1) 1(1) o(1)
C(5) 61(2) 43(2) 59(2) 4(2) -16(2) 9(2)
C(6) 61(2) 43(2) 47(2) 2(1) -13(1) 0(2)
C(7) 50(2) 36(2) 41(1) 6(1) 7(1H -2(1)
C(8) 58(2) 44(2) 49(2) 9(1) -9(2) 7(2)
C(9) 54(2) 43(2) 50(2) 2(1) -12(1} 3(1)
C(10) 63(2) 40(2) 43(2) 6(1) 5(1) 6(1)
C(11) 52(2) 27(1) 41(1) 0(1)} 4(1) -2(1)
C(12) 50(2) 29(2) 52(2) 0(1) -4(1) -4(1)
Cl(13) 59(1) 51(1) 66(1) 7(1) -16(1) 4(1)
C(14) 40(2) 35(2) 64(2) 7(1) 4(1) -2(1)
C(15) 44(2) 39(2) 50(2) 11(1) 7(1) -4(1)
C(16) 41(2) 25(1) 42{1) 3(1} 2(1) -3(1)
C(17)y 36(2) 31(2) 45(2) 0(1)} 5(1) -3(1)
C(18) 36(2) 28(1) 43(1) 3(1) 4(1) -7(1)
O(19) 40(1) 28(1) 45(1) 2(1) -5(1) -5(1)
C(20) 40(2) 30(2) 47(2) 1(1) -6(1) 2(1)
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c(21) 57(2) 33(2)  60(2) 32) -122) 6(1)
O(22) 77(2)  37(1)y  73(2) 6(1) 21(1)  -14(1)
C(23) 42(2)  32(2)  47(2) 2(1) -8(1) -2(1)
O(24) 58(1)  37(1) 62(1) 8(1) 48(1)  -3(1)
5 C(25) 52(2)  36(2)  42(2) 0(1) 7(1) -8(1)
O(26) 100(2)  40(1)  43(1) A1) -9(1) -9(1)
C(27) 45(2)  28(1)  43(1) 2(1) 0(1) -8(1)
O(28) 55(2)  28(1)  89(1) -6(1) 7(1) -3(1)
0(29)  36(1) 39(1) 56(1) 8(1) 7(1) -4(1)
10 C(30) 48(2) 38(2)  56(2) 2(1) A1) 8(1)
O@31) 62(2)  56(1)  70(1) 7(1) Q1) -12(1)
C(32) 48(2)  45(2) 57(2) -9(2) -3(2) 1(2)
C(33) 57(2)  64(2) 58(2) 7(2)  12(2) 2(2)
C(34) 135(4)  78(3)  87(3) 18(2)  -58(3)  -19(3)
15 C(35) 55(2) 61(2) 64(2) 5(2) 7(2) -3(2)
N(36) 53(2) 61(2) 72(2) 11(2) 222)  -9(2)
C(37)  49(2) 65(2)  72(2) 5(2) 4(2) 6(2)
O(38) 116(2)  70(2)  95(2) 19(2) 2020 11(2)
0(39) 79(2) 69(2)  70(2) 2(1) 0(1) 3(1)

20 0(992) 90(20) 110(20)  89(19)  -60(18) -2(15) 29(17)

Table 25-5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x

10 3) for Example 25.

25

X y z U(eq)

H(1A) 1080 9742 965 134

30 H(1B) 557 10275 482 134
H(1C) 2571 10087 606 134
H(2A) 107 8492 427 o7
H(2B) 1587 8843 63 o7
H(5) 813 7108 -61 65

35 H(6}) 998 5365 -239 60
H(8) 4455 4952 819 60
H(9) 4323 6685 999 59
H(10A) 2083 3655 -115 58
H(10B) 4055 3623 73 58

40 H(14) -1256 2497 1194 56
H(15) 875 1701 1665 53
H(17) 4703 2691 782 45
H(21A) 5235 -1219 1181 60
H(21B) 6528 -1543 1595 60

45 H(97D) 3240(80)  -1700(40) 1620(20) 120(20)
H(23) 4498 -261 2375 48
H(97C) 6720(50) -1040(30)  2557(13) 78(14)

H(25) 6950 1407 2275 52
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H(97B) 5570(50) 1910(30) 2942(14) 79(13)
H(27) 3214 1680 2224 48
H{97A) 5800(50) 2930(30) 2137(12) 60(12)
H(30A) 7992 577 1611 57
5 H(30B) 7175 214 1119 57
H(33A) 7294 4347 1291 71
H(33B) 6226 5021 1664 71
H(34A) 7528 6411 1397 120
H(34B) 8616 5735 1030 120
10 H(35) 11047 5874 1457 72
H(99) 10740(50) 4950(20) 2171(11) 49(10)
H(98A) 9670(60) 6410(30) 2507(15) 95(14)
15 Example 26

Cocrystal of (15,2S5,3S,4R,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenvil-1-hydroxymethyi-
8.8-dioxa-bicyclof3.2. 1Joctane-2, 3, 4-triol_(Example 4A compound) and L-pyroglutamic

acid.

Solid state NMR:

20 Approximately 80 mg of cocrystal of (18,28,38,4R,58)-5{4-chloro-3-(4-ethoxy-benzyl)-
phenyl}-1-hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol (Example 4A
compound) and L-pyroglutamic acid prepared using the process described in Scheme 2
was tightly packed into a 4 mm ZrO; rotor. Spectra were collected at room temperature
and pressure on a Bruker-Biospin 4 mm BL CPMAS probe positioned into a wide-bore

25 Bruker-Biospin DSX 500 MHz ('H frequency) NMR spectrometer. The packed rotor was
oriented at the magic angle and spun at 15.0 kHz. The "C solid state spectrum was
collected using a proton decoupled cross-polarization magic angle spinning experiment
(CPMAS). The cross-polarization contact time was set to 2.0 ms. A proton decoupling
field of approximately 85 kHz was applied. 1448 scans were collected with recycle delay of

30 14 seconds. The carbon spectrum was referenced using an external standard of
crystalline adamantane, setting its upfield resonance to 29.5 ppm. The chemical shift data
is dependent on the testing conditions (i.e. spinning speed and sample holder), reference
material, and data processing parameters, among other factors. Typically, the ss-NMR
results are accurate to within about + 0.2 ppm.

35
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Carbon chemical shifts observed.
Characteristic peaks are starred.

All peaks are (+ 0.2 ppm)
*C Chemical Shifts

tppml® Intensity®
SRS 5 A NS -2 S,
23,1 48 o
30.5 4.5
............................... 425 o B
96.7 .. 4.5
61.0 6.2
............................... 830 .| 7e
69.4 8.0
e DO T2
74.7 84
............................... 802 ool B0 T
85.3 11.4
110, T 100
110.4 7.9
TITT e A
127.9 5.7
.............................. 1287 ez
130.0 6.9
1 31 '1 A 1 2 0 .....
.............................. 1822 ol TTes
134.4 68
............................ 137.8 e B9
140.3 5.3
LTSI A R 79
747 | 45
......................... 1815 | 11
5 (a) Referenced to external sample of solid phase adamantane at 29.5 ppm.

(b) Defined as peak heights. Intensities can vary depending on the actual
setup of the CPMAS experimental parameters and the thermal history of
the sample. CPMAS intensities are not necessarily quantitative.

The SSNMR *C CPMAS spectrum of Example 26 is shown in Figure 9. The peaks
10 marked by asterisks in Figure 9 are spinning sidebands.
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PHARMACOLOGICAL TESTING

The practice of the instant invention for the treatment of diseases modulated by the
inhibition of SGLT2 can be evidenced by activity in at least one of the protocols described
hereinbelow.

Biological Assays
In-Vitro Assay

The SGLT2 functional assay was designed to detect the inhibition of methyl-alpha-D
glucopyranoside (AMG - a non-metabolizable form of glucose) uptake via the SGLT2
transporter. The SGLT2 transporter recovers glucose from the proximal tubules of the
kidney; its inhibition results in sugar wasted in the urine. The positive control compound,
Phlorizin, is a known inhibitor of glucose uptake for SGLT2 and was used for comparing
the high percent effect of SGLTZ inhibition of the test compounds.

CHO-Flpin (Invitrogen, Carisbad, CA) cells stably expressing human SGLT2
(pcDNAS/FRT) were plated in Iso-TC 96 well plates (Perkin Elmer, Waltham, MA) at a
density of 100,000 cells/well in 100 microL of growth media (1:1 F-12/DMEM media (Gibco,
Carlsbad, CA), 10% FBS (Sigma, St. Louis MO), 1X Pen/Strep (Gibco, Carlsbad, CA), 600
microg/ml. Hygromycin (Invitrogen, Carisbad, CA)). Prior to treating with test compound,
confluent cells were serum starved for 2 hours at 37°C in 1:1 F-12/DMEM media, replacing
with fresh F-12/DMEM media after 1 hour. Test compounds in dimethylsulfoxide (Sigma,
St. Louis, MO) were diluted 100 fold in uptake buffer (140mM NaCl (Promega, Madison,
WiI), 2mM KClI (Teknova, Hollister, CA), 1mM CaCl; (Teknova, Hollister, CA), 1mM MgCl,
(Teknova, Hollister, CA), and 10mM HEPES (Gibco, Carlsbad, CA) to cell plates pre-rinsed
with uptake buffer. Cells were pre-incubated with test compound for 15 minutes prior to the
addition of 50 microL AMG (40 nCi AMG [U-**C] (Perkin Elmer, Waltham, MA) in unlabelied
AMG (Aldrich, St. Louis, MO)) per well yielding a final concentration of 11.33 microM
AMG. Cell plates were then incubated for 3 hours at 37°C for AMG uptake. After
incubation, cells were washed twice with ice cold wash buffer (uptake buffer containing 200
microM Phlorizin (Sigma), air dried and lysed in 30 microL of 200 mM NaOH and 1% SDS
buffer on an orbital shaker. Microscint 40 (Perkin Elmer, Waltham, MA) was added to the
tysed cells (giving a final volume of 200 microL.) and mixed by orbital shaking for 30
minutes. Plates were stored in the dark overnight and quantitated in the 1540 Microbeta
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Trilux (Wallac, Waltham, MA) using a normalized protocol for **C detection. The percent

effect of test compounds to inhibit AMG uptake was calculated using the following

calculation:

[% Effect = ((ZPE-T)/(ZPE-HPE)) x 100%]

5 where “ZPE” is the corrected counts per minute (CCPM) in control wells containing 0.5%
DMSO, T is the CCPM in wells containing test compound at various concentrations of the
standard curve, and HPE is the high percent effect referring to the CCPM in control wells
containing 10 microM Phlorizin. The ICsp values were calculated using a dose response
equation and are summarized for the compounds tested in Table 3.

10 Abbreviations used in the in vitro testing description include:
SGLT2 type 2 sodium/glucose co-transporter
AMG methyl-u-D Glucopyranoside
DMEM Dulbecco's Modified Eagle's Medium
IC50 50% Inhibition Concentration
15 FBS Fetal Bovine Serum

DMSO Dimethylsulfoxide
SDS Sodium Dodecyl Sulfate
CHO-Flpln  Chinese Hamster Ovary cell containing the FRT site

Table 3
. 1080 : e
2 454 1.15
3 327 0.779
4 562 0.715
5 262 0.654
6 359 1.61
2A 1 1240 0.827
2 >1000 1.53
3 >1000 0.942
4 >1000 0.741
5 679 1.58
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1.06 31.7 1.69
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6 undetermined 1.05
3A 1 543 0.479
2 397 0.972

3 550 1.39

4 757 0.811
5 523 0.602
6 672 0.588

7 380 1.35

3B 1 >10000 41.6
2 >10000 40.8

3 >10000 27.9

4 undetermined 62.2

4A 1 1590 1.27
2 1010 0.816

3 1750 0.57
4 >1000 0.922

5 >1000 1.85
6 2090 0.812

7 1810 0.7
8 2860 0.737
9 2480 0.846
10 2840 0.768

4B 1 >1000 122
2 >10000 66.8

3 undetermined 81.7

5A 1 >10000 4.5
2 >1000 81.7

3 5790 2.42

4 undetermined 1.77




PEG400/ 0.5, 1,
VI VI'V)

WO 20106/023594
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5B 1 >10000 186
BA 1 >10000 18.7
| 2 >1000 9.99
3 >1000 13.5
4 >1000 13.4
5 8930 5.71
6 undetermined 7.67
7A 1 >1000 10.6
2 >10000 6.38
3 >1000 5.88
4 undetermined 6.11
10A 1 >10,000 4.08
2 >3330 334
3 >3160 2.54
10B 1 >10,000 127
2 >10,000 103
11A 1 >10,000 9.6
2 >10,000 11.9
3 >10,000 19.8
4 >10,000 7.13
12A 1 >10,000 11.1
2 5780 7.41
3 >10,000 8.85
4 >10,000 0.802
5 >10,000 10.7
& >10,000 14.1
12B 1 >3160 32.3
13A 1 >10,000 14.9
2 >10,000 17.8
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>10,000 2.28
>10,000 3.12
>10,000 2.39
>10,000 2.87

14A

Bl N

in-Vivo Assay
Examples 1A and 4A were tested in rats to assess inhibition of glucose transport

via urinary glucose excretion. Male Sprague Dawley rats (~300 g) were singly housed in
metabolic cages for urine collection. Rats had access to standard laboratory chow and
water ad libitum. Rats (n=2 to 5/group) received vehicle or compound by oral gavage.
Dosing solutions were 0.03 mg/mL., 0.3 mg/mL, 0.9 mg/mL., 3 mg/mb, 9 mg/mL and 18
mg/mL for the 0.1mg/kg, 1 mg/kg, 3 mglkg, 10 mg/kg, 30 mg/kg and 60 mg/kg doses
respectively. Dosing volume was 1 mL/300 g of body weight for all doses. One group
received a 10 mg/kg dose of Example 1A and others received 0.1, 1, 3, 10, 30 or 60 mg/kg
dose of Example 4A. The vehicle was 20% viv PEG400 and 24% viv hydroxypropyl beta
cyclodextrin; HPBCD. Following oral administration, urine was coliected for 24 hours.
Glucose concentration was measured in urine by UV absorbance spectrophotometry at
340 nm using a Roche Hitachi 917 spectrophotometer (Biamond Diagnostics, Holliston,
MA). The total amount of glucose excreted in the urine was calculated as the product of
urine concentration and urine volume using the formula below:

urinary glucose excreted (mg)/200g body weight = urinary glucose concentration (mg/dL) x
urine volume (dL) x 200/rat body weight (g). Amounts of urinary glucose excreted (UGE)
were obtained from rats for Example 1A and Example 4A by the method described above
and are shown in Table 4. Blood (0.1 mL) was collected from the PK satellite group
animals at 1, 2, 4, 7, 24 hours postdose to obtain plasma and analyzed by LC-MS/MS.
Mean PK parameters at the various doses tested are shown in Table 4.
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Table 4

1,

(5/ 10/ 85
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Compound

Example 1A

Mean UGE

{mg/200g of body

Mean PK Parameters (n=2)

Cmax
ng/mL

tmax
h

1.00

AUC(0-24)

Example 4A

389.0 + 62.54

43.4

1.50

Example 4A

1519 + 52.02

372

1.00

Example 4A

1937 + 101.1

1320

1.00

Example 4A

10

2145+ 132.3

3100

2.50

Example 4A

30

2554 = 141.1

10500

1.00

10700

Example 4A

60

2437 + 116.7

25300

2.00

233000

SEM: Standard error of the mean.

Pharmacokinetic Testing in Rats

Examples 1A, 2A, 4A, 12A, and 14A were tested in rats to assess pharmacokinetic
parameters including maximum concentration (Cmax), area under the plasma
concentration time curve (AUC), clearance (CL), steady state volume of distribution (Vss),
half life (t,2), and bioavailability (F). Male Sprague Dawley rats (~ 300 g) were used. Rats
received compound by intraveneous (IV} or oral gavage (PO) administration and the doses
tested including vehicle to formulate dosing solutions are listed in Table 5.

Following IV or PO administration, 0.2 mL blood was sampled from the jugular vein
at various timepoints (Table 5). Twenty microL. aliquots of plasma samples and standards
were subjected to protein precipitation with acetonitrile containing an internal standard.
Samples were vortexed and centrifuged to obtain supernatant which was analyzed by LC-
MS/MS. Analyst (Version 1.4.1) was used to measure peak areas and peak area ratios of
analyte to internal standard were calculated. LC-MS/MS conditions are as follows: Mass
Spectrometer + Source Type was Sciex API 4000 — Turbo Spray; HPLC pump was
Shimadzu; Autosampler was CTC PAL Autosampler; Injection volume was 3.0 to 10
microL; A gradient was used with mobile phase A: 10 mM ammonium acetate and 1%
Isopropyl alcohol in water; B: Acetonitrile; Flowrate 0.300 mL per minute (Column 2.0 x 30
mm 5 microm LUNA C18 column {phenomenex)). Detection mode was negative.

A calibration curve was constructed from the peak area ratios of the standards to the
internal standard by applying a weighted linear (1/x or 1/x2) regression. The dynamic
range of the standard curve was 5.00 ng/mL to 5000 ng/mL..
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Pharmacokinetic parameters were determined from individual animal data using
non-compartmental analysis in Watson (version 7.2). Concentrations below the limit of
quantitation (BLQ) were recorded as 0 ng/mL for use in calculations.

The following calculations were used:

AUC(0-1) = Determined using the linear trapezoidal method

AUC{0-0) = AUC(0-1) plus extrapolated area determined by dividing plasma
concentration at t by the slope of the terminal log-linear phase

CL = Dose/AUC(0-x)

Vdss = CL x MRT

Cmax = Recorded directly from plasma concentration time curve

Tmax = Recorded directly from plasma concentration time curve

t1/2 = In(0.5)/slope of the terminal log-linear phase

F% = AUC(0-0)PO per dose/AUC(0-)IV per dose

C(0) = Extrapolated by finear regression from the apparent distribution phase
following IV administration

MRT = AUMC (AUC{0~c)fAUC(0-c0)
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(B) wherein

cyano,
(C3-C6) cycl oal kyl ;
(C2-04) al kynyl ,
cyano,
C6) cycl oal kyl ,
i ndependently selected fromN, O,

is clai

nmed is:

3- oxet anyl oxy,
fl uoro-substituted (Cl- C2)a)k
or a (C6-C6) heterocycl

Rl is H (G-C4)alkyl,
fluoro-substituted (01-C2)al kyl,
and R2 is (G -C4)al kyl,
3- 10tetr ahydr of ur anyl oxy,
1- C4) al kyl

(Cr

é"bll%l

NC_

Dat a not avail able or
HBCD = Hydr oxypr opyl

PG = Propyl engS¥uafdmsse26

not

1.A corrpound of Forrrul é- (A) or
(G -A) al koxy,
. A4) al kyl

a,
- S02-,

(bl- C4) al koxy,

ng | or

-S02-,

O )

(CG3-
2 heteroatons each
or S. 2. The conpound of claim1

bet a

For mul a

F,
or

F,

V\her_gé&_('g_slal rIBPn nllnlrti IF$ a I(‘?n‘ani_nd of Fornmul a 15( ) 3._The compound
of gl &PmEe] Psié&vﬁﬂé‘ %) fFprmulation pfimes | L Cmapt| h\AUCwet h ¢/ CHorOf VIVss | te | F
i sopropyl , y, "et hoxy, F, d’°’"tﬁ 3{4@16?8 @l‘%ﬁ"m&&/ '6{59 ('-{‘fﬂ) (h) | (%)
CyC|Qﬂ\U[yI, dlw J.UI'M;I lWé@i,ﬂgulyl, Pt UF)’IB £SOptof e 1_|1u\y,41 -
et hgxy, F, |G, cylamez) + GhSG400CH2EHS; | et hyn) § xet anyl oxy|, _ '
3-t gt rahydr|of ur anyl oxy|, sasseEgol ;ﬁr“d*p | . The corrpound of claim3
wherlein Rl jis H, {nethy| K (1e/8M§d %opl opyl met hoxy, ethoxy,| F, d,
cyano, -CFE, or r‘yr‘l Q v
2 PO/ ween 80/ | V> r 0.772 5.65 - - 3.7 67
{n=3) 0.5% MC [ 24,7
(0.1/99.9 | 20
viv)
5 PO/ | 20% PEG/ | 147 1.19 16.8 - - 79
(n=5) | 24% HBCD | 24
12A 2 v/ DMSO/ | 9985, - 220 15.9 3.68 | 3.90 | -
(n=2) | PEG400/ |o0.25,
30%SBECD | o5, 1,
(5/10/85 |, , &
viviv) 6.7.20
1A 2 V/ | DMA/PG/ |[0083 - 0.947 37.1 1.71 (0962 -
(n=2) | 50 mM Tris | 0.5,
Base 0.5, 1,
{5/10/85 24,8,
viviv) 8,20
10 PO/ PEG200/ | 945 1.65 2.68 - - 2.82 | 56.5
(n=2) | 0.5%MC {5/ | 05.
95 viv) 0.75, 1,
2,4,8,
8, 20
14A 2 v/ DMSO/ | 925 - 1.06 31.7 169 | 136 | -
(n=2) | PEG400/ | 05,1,
30%SBECD | 2,4,7,
(5/10/85 | 59 29
vIvIvVY '
10 PO/ PEG200/ |Y>1 0.551 2.29 - - 1.71 1435
(n=2) | 0.5%MC (5! | 24,7,
95 viv) 20, 22
2A 2 v/ DMA/ PG/ | VPS> - 1.34 217 1.03 | 0.94 -
(n=2) | 50 mM Tris | 0.25,
Base 05,1,
(5/10/85 |, 4
viviv) 8,20
3A 2 Y4 DMA/ PG/ | 0.083, - 1.41 238 1.82 | 1.58
(n=2) | 50 mM Tris | 0.25,
Base 05,1,
(5110/85 |, 4
viviv) 820
- = Data not available or not applicable; DMSO = Dimethyl Sulfoxide; HBCD = Hydroxypropyl beta cyclodextrin;
PEG Polyethey!ene G[ycol PG Propylene Glycol; SBECD = Suifobutylester beta cyclodextrin; MC =




-CF2CH3, ethynyl, 3-oxetanyl oxy, 3-tetrahydrofuranyl oxy, or

cycl opropyl . 5. The compound of claim4 wherein Rl is
H nethyl, ethyl, nethoxy, ethoxy, F, d, cyano, -CF3, or
cyclopropyl; and 5R2 is nethyl, ethyljzethoxy, ethoxy, F, C, cyano,
-CF3, -CF2CH3, ethynyl, 3- oxetanyloxy, 3-tetrahydrofuranyl oxy, or

cycl opropyl. 6. The conpound of claim5 wherein Rl is
nmethyl, ethyl, F, d, cyano, CF3, or cyclopropyl; and 10R2 is
met hoxy, or ethoxy. 7. A conpound sel ected fromthe group

consi sting of:

(1S, 2S, 3S, 4R, 53) - 1- hydr oxynet hy1- 5- [ GLABS®et hoxy- benzyl) - 4- et hyl - phe
nyl ] -6, g\”@% 0%%.— bidc.épl o[ 3.2.1] octane-2,3,4-triol;

15( 1S, 2388 B3 (4- et hoxy- benzyl) 4- et hyl - phenyl ] - 1- hydr oxyne
t hyl - 6, 8- di oxa-bjcyclo a 4-trjol;

(1S, 25, 35S, 4R?'53) -%PMPE‘LW%‘PJ myia G’?SPﬁEQWﬂJ@&%M ypheny11- 1- hydr oxymet
hyl-6, 8- di oxa-bicyclo[3.2.1 Joctane-2,3,4-triol;

(1S, 2S, 38, 4R 58)-514-ch

| or 0- 3- (4- et hoxy- benzy fy 1124 bydr oxynet hy1-6, 8 R R?
') 0di oxa- bi cycl of 3. 2. d-triol;
1S, 2S, 38, 4R«Q3)-B444%U0F et hoxy-b yl L- hy deQ th

(

yl -6, 8- dh%xa-'cy@ o[ 3.2. 1] oct ane- 2, 3, 459 olf;

2- (4- met hoxybedzy1}).4- (( 1S, 2S, 3S, 4R, 55)-2, 3, 44fTi%ydr oxy- 1- (hydr oxyme
thyl)-6, 8- HPOxaJpi cyehio[ 3, 2, 11oct - 5- Abenzaalt Myt e: YoH

252- (4- et hoxybenzyyl) - 4- (( 1S, 28 38, 4R, 58) - 2, 3, 4- @i hydr oxy- 1- (hydr oxym
et hyl)-6, 8- dioxa-bicyclo[3,2,11loct- 5-beenzoni trile;

(1S, 2S, 38, 4R, 5S) - 543Af 4- et hoxy- benzyl) - 4-f | uor o- phemy! ] - 1- hydr oxynet h

yl™- 6 8- dioxa-bicyclo[3.2. 11loctane-2, 3,4-triol;

(1S, 2S, ¥HemMn 5S) - 5- (4-t | uor o- 344 (tetrahydro furan- 3- yl oxy) - benzyl]-p
henyll-1- 30fgydr C -
AT 4Rh5§ wgmm%ﬁ e gbqgrtﬁgin% fuckd 36bAAReE (-2 )alkyPlC,
uor opheﬁy)ﬁ]k%sﬁ&dr% e)aycloaikg- ardi oxabi cycl0[3.2 .1

S B S R s LT G

8L oxat&iwabydrloaﬁ{ranylczxy,EI]Iﬁ@vamm-ﬂIaprd3$tmsttltL|teﬁ C1a@uﬂalkyl (C1-QalBiyl- -SOx-, (Cs-

23, 38,4 { l 1-
v roxoiirayaRel 858 s ChReRit PRIENER dy ShautiahRIhRERIEHy
8. A cospleched freim dhO, sr S.
(1S, 2S, 33, 4R, 5S) - 544- chl or o- 3- (4- et hoxy- benzypphenyl ] - 1- hydr oxynet hyl
-6, 8-di oxa-bicycl o[ 3. 2. 11octane-2, 3,4-triol. 9. A conpound
sel ected fromn t heltgr ampporodsif skimd wiierein said compound is a compound of Formula
1%(/18 25, 3S, 4S, 55) - 1- hydr oxynet hyl- 543- ( 4- net hoxy- benzyl) - 4- et hyl - ph
|'] 6@ di oxa- bi cycl o[ 3. 2. 1] octane- 2, 3, 4-triol;
(18, 2S, 3S, 4S, 58) 543 (4- et hoxy-benzyl) - 4- met hyl - phenyll 1- hydr oxynet h
yl -6, 8- di ox C{?%RZ llgctane-2, 3,4-trjol;
(1S, 23,3S,4 58) Qing-ozcla H“"?'n%’fl%%}ﬁrﬁ‘@nzyl) pheny1] - 1- hydr oxym
et hyl -6, 8- 1§Uisqxanbm e, Brapyl rAeth fHoRY, F, CI, cyanblS, 2S, 38,
4S, 5S)-544-chl oro- 3- % g?Lgxc%ybeﬁ@fg%hen EDé{tle r?%r o>8/rr%ytah$1 - 6, 8-
di oxa- breke Fytapropyl] ecevakbulyliand- ¢ i ol ; (1812S, 3S, 4S3
51441 uopd
gf‘% B E& .gsgéﬂf lgesngpgv ﬁﬁ%pwhﬁw&y,%ma&w CIYERhBY-ER; £F,CH;,
0( 1S, 2sethsny @gptasy[ogy (&%ﬁhiﬁ(?ﬁMWY) or cyclopropyl.
4-fl uoro-phenyl]-1-hydroxynet hyl-6, 8-
di oxa- bi cycl o[ 3. 2. 1] oct ane- 2, 3, 44riol; and
(1S, 2S, 3S, 4345S) - g @nipbunkiod claine 32yiegrein

i oxant oo nr oSkt AL IE MRy, Migthoxy ethpsy Fy Ologyane,-HEe.gr qyplopropy
25 and

R?is methyl, ethyl, isopropyl, methoxy, ethoxy, F, Cl, cyano, -CFs,



12. The crystal of claim 10 further conprising L-pyroglutam c acid and
havi ng 5one or nore of the follow ng: a)space group of P2(1)2(1)2(1)
and unit cell paraneters substantially equal to the followng: a =
7.4907(10) A a= 90. b = 12.8626(15) A -890 10c = 28.029(4) A7= 90

b)a powder x-ray diffraction pattern conpr|3|ng 2-theta val ues of
(CuKa radiation, wavel ength of 1.54056A) 6.4 0.2, 16.7 0.2, 17.4
0.2 and 21.1 0.2; or c)a solid state 13C NWR spectrum
conprising peak positions at 16.5 0.2, 131.1 0.2, 158.7 0.2, and
181.5 0.2 ppmas determ ned on a 500MHz spectroneter 15relative to

cryst al |-CiteCHg atmyriyl, i3eo)@tar?foxy, PRiahidroflrBn@sms baby®prEhyii m 10
further conprising L-pyroglutam c acid wherein the crystal is a

co-crystal conprising the compound of formula (4A) and L-pyroglutanic

acidin a 1.5, storﬁ@b@mp@mﬁocofr@é,mq, wR&reikdt- The crystal of claim 10
further conprjsing L-p utam c acid and havi ng

powder x-ray R:lisf'f'r@émygﬁtrﬂbt“ﬂ@hﬁ‘%@mvﬁ itg @yapot Hdbaonayclopraply!; %aflea
ragiation, weee pagi oyl mehgRp Blndty b, & Gargh ‘tﬂ%ogﬁ% t@;,%eazl%

NVR spectrum conpri Si ng ‘peak positi ons ‘at

and 181 cgeta@y@xbp?ﬁe&rghm@p&raﬁm OTCYSIPOEMHz spectrometer rel.ative to
crystalline adamanti ne of 29.5 ppm 15. The crystal of claim10
further conprising L-proline and having one or nore of the follow ng:
30a) space gr8up ofhecompelindficlaield winsrelnet er s substantial |y equal to

the foll ow ngzgqgﬁthipe%pggé@)cy& 'CFg V\d% Z(P 2457 4) A= 101. 268(5) .

121 ¢ = 11.8 paYy""(!l’ffractlon pattern
cbhpri sing 2R€Isenathway ue sthufxy( CuKa radl ation, wavel ength of 1.54056A)
7.6 0.2, 12.1 0.2, 20.3 0.2 and 28.8 0.2. 16. A

phar maceuti cal corrposi tion conprising (i) a conpound of any of clains
1 through 9 Er akcympaﬂmd)@elmtgd tbmcthaignuplébntietingfl (| l) a

D ompound of %25 35rALR SR By R P hs 65 ey Feni-hamptor-sbeayihg &
10-15 odioaagumcmeumcmme-z,empmw tion of claim16 for use as a
nedi carent . (18,28,38,4R, 58)-5-[3-(4-ethoxy-benzyl)-4-methyl-phenyl]-1-hydroxymethyl-6,8-
dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(15,25,38,4R,58)-5-[4-chloro-3-(4-methoxy-benzyl)-phenyl]-1 -hydroxymethy!-6,8-
dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(1S,28,38,4R,5S)-5—[4-chIoro-3—(4-ethoxy-benzyl)-phenyl]-’l-hydroxymethy!-6,8-
20 dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(18,28,38,4R,58)-5-[4-fluoro-3-(4-methoxy-benzyl)-phenyl]-1 -hydroxymethyl-8,8-
dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
2-(4-methoxybenzyl)-4-((18,28,38,4R,5S)-2,3,4-trihydroxy-1-(hydroxym ethyl}-6,8-
dioxa-bicyclo[3,2,1]oct-5-yl)benzonitrile:
25 2-(4-ethoxybenzyl)-4-((18,28,38,4R,58)-2,3,4-trihydroxy-1-(hydroxymethy!)-6,8-
dioxa-bicyclo[3,2,1]oct-5-yl\benzonitrile;
(18,28,38,4R,5S)-5~[3-(4—ethoxy-benzyt)—4-ﬂuoro-phenyl]—1-hydroxymethyl-6,8-
dioxa-bicyclo[3.2.1loctane-2,3,4-triol;
(15,25,38,4R,58)-5-{4-fluoro-3-{4-(tetrahydro-furan-3-y! oxy)-benzyl]-phenyl}-1-
30 hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(1S,28,35,4R,58)-5-[3-(4-chiorobenzyl)-4-fluorophenyl]-1 -hydroxymethyl-6,8-
dioxabicycio[3.2.1]octane-2,3,4-triol;
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(1 8,28,38,4R,58)—5-{4-ﬂuoro-3-[4~(oxetan-3-y|oxy)—benzyl]-phenyl}-‘l -
hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol: and

(1 S,28,38,4R,58)—5-{4-chEoro-3-[4~(oxetan-3-yloxy)-benzyf}—phenyl}-1 -
hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol.

8. A compound which is (1 S,28,38,4R,58)-5-[4-chloro-3-(4-ethoxy-benzy!)-
phenyl]-1-hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol.

9. A compound selected from the group consisting of:

(18,28,38,48,55)-1-hydroxymethyl-5-[3-(4-m ethoxy-benzy!)-4-methyl-phenylj-6,8-
dioxa-bicyclo[3.2.1]octane-2,3,4-triol;

(1 3,28,35,48,58)-5-[3-(4-ethoxy-benzyl)-4-methyl-phenyi]-1 -hydroxymethyl-6,8-
dioxa-bicyclo[3.2.1]octane-2,3,4-triol;

(18,28,38,48,58)-5-[4-chloro-3-(4-m ethoxy-benzyl)-phenyl]-1-hydroxymethyl-6,8-
dioxa-bicyclo[3.2.1]octane-2,3,4-triol:

(15,25,35,4S, 58)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-1 -hydroxymethyl-6,8-
dioxa-bicyclo[3.2.1]octane-2,3,4-triol;

(1 S,28,38,4S,58)-5-[4-f|uoro—3-(4-methoxy—benzyl)-phenyl]-1 -hydroxymethyl-6,8-
dioxa-bicyclo[3.2.1]Joctane-2,3,4-triol;

(15,28,38,48,58)-5-[3-(4-ethoxy-benzyl)-4-fluoro-phenyl]-1 -hydroxymethyl-6,8-
dioxa-bicyclo[3.2.1]Joctane-2,3,4-triol; and

(15,25,38,48,58)-5-[3-(4-chlorobenzyl)-4-fluorophenyl]-1 -hydroxymethyl-6,8-
dioxabicyclo[3.2.1]octane-2,3,4-triol.

10. A crystal comprising a compound having the formula (4A):
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1. The crystal of claim 10 further comprising L-proline or L-pyroglutamic acid.

12.  The crystal of claim 10 further comprising L-pyroglutamic acid and having
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=74907(10)A o= 90°.
b=12.8626(15) A B=90".
c=28.029(4) A  y=90%

b) a powder x-ray diffraction pattern comprising 2-theta values of (CuKa
radiation, waveiength of 1.54056A) 6.4 0.2, 16.7 +0.2,17.4 +0.2 and 21.1 £ 0.2; or

c)  a solid state "*C NMR spectrum comprising peak positions at 16.5 =
0.2,131.1+0.2,158.7 £ 0.2, and 181.56 +0.2 ppm as determined on a 500MHz spectrometer
relative to crystalline adamantine of 29.5 ppm.

13.  The crystal of claim 10 further comprising L-pyroglutamic acid wherein the
crystal is a co-crystal comprising the compound of formula (4A) and L-pyrogiutamic acid in

a 1:1 stoichiometric ratio.

14.  The crystal of claim 10 further comprising L-pyroglutamic acid and having
b) a powder x-ray diffraction pattern comprising a 2-theta value of (CuKa
radiation, wavelength of 1.54056A) 6.4 + 0.2; and
d) a solid state "*C NMR spectrum comprising peak positions at 16.5 +

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.

15.  The crystal of claim 10 further comprising L-proline and having one or more

of the following:

a) space group of C2 and unit cell parameters substantially equal to the
following:
a =32.8399(16) A a=90°.
b =7.2457(4) A B=101.268(5)".
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c=11.8023(6)A v=90° or

b) a powder x-ray diffraction pattern comprising 2-theta values of
(CuKo radiation, wavelength of 1.54056A) 7.6 £0.2, 12.1 £0.2, 20.3 £ 0.2 and
28.8 +0.2.

16. A pharmaceutical composition comprising (i) @ compound of any
of claims 1 through 9 or a crystal of any of claims 10-15; and (ii) a
pharmaceutically acceptable excipient, diluent, or carrier.

17. A compound of any of claims 1 through 9, a crystal of any of
claims 10-15 or a pharmaceutical composition of claim 16 for use as a

medicament.



