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(4A). Another aspect of the present invention is a pharnmaceuti cal
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ol | omﬁn@eptable EXCip@ETL(dilbienia ca€ag®r, d(iil 2. 586264 g;gmpAsulg& comprising atdeapo( 4)

of ( cukde PSRk fn B ackadd albas dRELEBERAM B oGRgRNsELORAy 054 TaR! 7
and 2ledcipieng dilogmt, sobardestEhepﬂaﬁn@m&dt‘datlsaemrmpmtmlm@y be akimiaisietedns at
16.5 0. 181.5 0.2 ppmas determned on a

500M4z3§THEE?PF’8HéYé’F S?@‘F%[ﬁ'ial}\éaf‘a '%?9%959% ne adamantine of 29.5 ppm or
30d) a di f f efeid Bd uSESBRIOAGNSED AN it idry é.hggeﬁgrraaawtﬁwneg aha tﬁ@@&lbmﬁgn of
about 142.5 2C. WD 2010/ 023594PCT/ 182 5362 In a further
éhbodi Aetgiled dracrintipstase W@W'%ﬁeﬂﬁpﬁna&ﬁwﬁﬂ%ﬁﬂﬁa@@t (E@ﬁ*ﬁ@tu/ﬁopfd'ﬂef ornul a
(4A) a r c acid in a 1:1 stochionetric ratio. Conpounds
of thenglrelét;%taglgérll%/ﬂ;erﬁq on may be synthesized by synthetic routes that

i ncl ude processes anal ogous to those well-known in the chem cal arts,
particularly in light 5of BRIEFIRBESCRIPTION OﬁFEELUIRESher ein. The starti ng
materials a erally a | abl.e fro I’CI rcess h as Al drich
Chen cal 5 ( HGTERLErdre o neTot e aRl) SEeis B R FrgTis #5 GeTRetndknown
5o t hogmichkivhd pRtted Lsh tAe ISHELXITL pléttﬁ@%a%ﬂiaéé! net hods general Iy descri bed
in Louis F. Fieser and Mary Fieser, Reagents for Organic Synthesis, V.

1-19, W eyFIGUREYiopresentythegedned cyyst ﬁtrB@wr%EOéﬂh% Exgmala A caepound

or gani grlag, Berlin, including

suppl ean@%%%ﬁfssgtgg\y;émgjtaéelgﬂﬁléﬁﬂhgﬁgmg el %{ “online dat abase)) : For
illustr at i VEIGURBdSEpresemts areabsevad pohaiee X-adgmiftrbetibrbpd ttem ook xateple 22:

potent' for hesi zi the co ds of the present invention as
el | ERRER W kBt L ERER 48 coPBoliB BHAaPORE r f pt L on of t he

dondi vi dual FRIGRENrephr&fts 88 ebs&eetpanrice X199 diffrabtidbpattarw.iorlBasaplekdd: | ed
inthe art wll appre0|ate that other synthetic routes may be used to

synt he5x2@pted0 Coceistal wé Examplutd $OMROUAE #9A Lspyepiutamistastq | ng material s
and reagent

tarting mar Sy PSR RaLs B oS R A o e he ot o

vari et ¥£xamptie?3:Viatamee 18rcdaystakefdtxaomple didéampeisd amd bgidlineon, nany of t he

d by th t hods d i bed bel be f h di d
201 h 11 gnt " HOURES HPresautire REeni et SRames ERc e ibPiodtai ot
Jshose tEb’(hMp&d%l:B:n EkélmpthO tCocrystaI bh Ekbl?p@fﬁ@@?ﬁipb@?d ?ﬁd Qooyrogum@mgfactme
resen I nvent Il Qn otectl not e uncti onal | | er nedl ates_nm
Be necessarg H"%g n'(%‘@(ﬁe?r%}ts g’l?c’ﬁf'ﬁ?‘gf"é/éﬁql SHUGHIE fqyérpef/ P?dédngceﬁryfs g
nat ur eEQEmbTb%A eBRIpBUhY BRHILOPRlihE Wh’r’érﬂmébﬁlo@t%a(ﬂsmgotﬂ% sﬁEL%ﬁ_ BloRRRy ati on

met hods. A "hydroxy-protecting group” refers to a substituent of a hydroxy
gr oup Dh@ha%bl ocks or protects the hydroxy functionality. Suitable

hydr oxyl - c),
silyl (Ili ke téﬁ y sﬁé%? EF%S’)PQP&?J’ P@)sl’bﬁigtrp&?ﬁoee@?i%ﬁé Hey%EI'Bé??'IygLé%{z\yl
30Bn) , Eaamplmam@mmumdland RMBpglutaricydcid Which wes plohied mnnlmgrth@)‘ﬂHELXTL
paranit ?benz and the Iike (benzylidene for protection of 1,3-diols).
The neQ[ﬁ’ tfr@rp%%@ﬂ €protection is readily determned by one skilled in the

art. For a general description of 30protecting groups and their use, see T.
W G eene, Protective Goups in Oganic



Synt hesi s, John Wley & Sons, New York, 1991. WO

2010/ 023594PCT/ 1B2009/ 053626 11 Ally!
2, 3, 4-t r iwO2ben2g394 D- gl ucopyr anosi de (1-a, where Pgl i sPaThBmoybs3geéoup) can
be prepared by procedures described by Shinya Hanashima, et al., in

Bi oorganic & Medicinal Chemstry, 9, 367 (2001); Patricia A GCent et al.
in Journal of the Chem cal Society, Perkin 1, 1835 (1974); Hans Peter
Wessel in the Journal of Carbohydrate Chemistry, 7, 263, 5 (1988); or Yoko
Yuasa, et al., in Oganic Process Research & Devel opnent, 8, 405-407 (2004).
In step 1 of Schene 1, the hydroxynet hyl ene group can be introduced onto

t he gl ycosi th

e 91 c0s ER TR 0o PUBAL, B LS hE BAGhORARTE NIt
hydr oxsgejtrunt forsExasnple 26t Cedrystal a$ Eaameledm cbapouad and L-gaogiuemic Heed. Swer n
oXi dat n i s desc'k%ged b %]é Onur.a and Dagl el 10Swern in Tetrahedron,
34, 16 e(pfgly%jnar by AERIISiEharesIPIRMNG S|E88BYS known to those of skill in
the art nmay al so be used. For exanple, other oxidants, l|like stabilized 2-
iszodoxybenzoi ¢ aci d descri bed in Organl Cc Letters, 5,
25803 (2003), as well as other %T@é?ﬁ??iﬁ%\l}ﬁig?l\% hose skilled in the art
can al so beTbheeteseThmvahtion maxe undarstosd guencrorhasaditydry reésrencd talthiey

sa5o ( FBEUTfialeh BGaREh B oxdoifemPraicrh SRR i FE0HS Yonhiss

I n st emcRided thetegme 1, protecting groups (Pg2) can be added by treating
internediate (I-b) vm'th the appropriate reagents and procedures for the

particul ar Befdreeid p@senstineeFidsedompositiexaamd methodeireatisdiesstyand PVB)
]%roups may be introduced by 20 treatnent of interpediate (kb) with

met h@R§BESLy it iHioRE H@dﬁfﬁéﬁdﬁﬁ@%ﬁyﬁmgﬂn i APbiMijed %SR%'%YQM% of
sodi umyfelsd<dst mBRh %I%tlﬂﬁ%ﬂ!ﬂéd §ev£¥{}t 36131448 t‘oedé Qt?oe‘%hétrthé sol vent
like tetra ydrofura 1, 2-di met hoxyet hane or N, N- i met hyl f ormam de (DVF).
Condi t temmolomouwdw@erpm is-forethirpuybeserf daspchlhgrp@aw:;\rrﬂrumctmentmw endés of

et hanBSUI iR BerdmiBi cIhERBra Ao TaE T T R okl ieBangpante
di chl optheethanige indipatoreofaturhigeranes can al so be used. Benzyl (Bn) groups
may be introduced by treatnent of internmedi ateagkbrz Wlthg?g}ﬁ brorri de or

IPenzyl chl of'F y&ed Heyene tHp deiah kBT redgsgite m rpapGade #lde,

pot assigHAULELHRUL PHedfkdlE RdR H%'?tbé étké?gﬁt%rrb?@ly@'féaf WHbxample, the term
1, 2-di net hoxyet ane or N, N-di met hyl'f or mani de. Condi tions invol ving

benzyl t(G1cPd) aikydafﬁfersﬁp@amenovalpmtegeai@et of beansched [@jiphaticagrountcoptainieg d 1o é. g.
30trif ul f | fonic
aci d) }:%r% {) Egﬁs’urﬁt%ﬂgg egﬂdﬂ‘f%@&é? ﬁgc}g/ll rﬁg%t 'a?gl‘@‘ %Ut hesn@!iz#al so be

used pWyZGMéWBﬁWPEMéIBﬁBO@I %rs]ewrmw neoperityl, SB&l)rr@tm/ﬂprSDiﬂehexyl, 2t he

[ 1yl t t 1 1
U1 BRethyiSerh i M BTl e alipion . b b slCberey
Ot her ggdlatldaﬂaﬂ Ki]@/ﬁ@mmb HI@%@arﬁiﬁb' bl‘RS’lSUmO é}“%rﬂfélkﬂ% @rcﬁlpﬂ‘ﬂa%&hé%ﬁﬁwe see

eene, Protective Group gani c nt hesis, John Wley & Sons,
New Yoplﬁﬂnltmm apgve. ov\memhedlsaf@eltaﬂ bE(Img dr;ptlonally subsiituted’ the alkaeg ﬁ@*realpr

oxi dat PR PIsEh YR BRSO A LESURN AT 8 RLSPIRE; Genedhf

| act onené ke tre¢ subsdotrad excedt ilNtite dmsaaoﬂ‘r;dlogw'dwbsyltwmtmwdlryatr perchimre de to

orm the correspandin i may_.ex libriu a
b1 os BTGB grasnORnEY S5eBpdforahe et b ttypds TEtad delbuntitte o o
pr oceddemsitigvefdr “Kussttuted.” t esie- s@bsﬁt&tdd alkyl” tei€rsabtan grohsubsttute@mgthS. M
Wi nreb, Tetrahedron Letters , 3815-1818 (1981 For exanpl e,

i nt er mBBE & eqre hejogeg)ateras ( Y] ﬁh@ﬁ%ﬂ“@f@ﬂ‘ IdHWPf%e@Mhﬁfk@F%mﬁSWhval | abl e

N, O- di h oxyl e and an activating agent (e.g.,
trimet ngﬂgﬁt%x% P cﬂf“ﬁd?@eﬂﬂ!ﬂé%@f(ﬂcquggem 1, the aryl benzyl group (Ar) i's
i ntroduced Uké teynt fwcl@e&qyk eelfeoer parwracometic ongetgéare (Ldiy@ydragegatad anot hi um

TR By e SR RRIRE bk S 5B0 Pla s B8 dpscliebGihdtiee, et o

hydr ol gaibdci¢lizathgsis dedierllyian3{td @-inenfbened tihgnFpr éxarhple, cmdsaels;ﬂmﬁtﬂludtg | act ol
(H which may be in equilibriumw th the correspondi ng ketone (I-h). The
bri dged 20ketal notif found in (A) and (B) can be prepared by renoving the
protecting groups (Pg2) using the appropriate reagents for the protecting
groups enpl oyed. For exanple, the PMB protecting groups nmay be renoved by
treatment with trifluoroacetic acid in the presence of anisole and

di chl oronet hane (DCM at about OC to about 23C (roomtenperature). The
remal ni ng pr ot ectl 'ng groups (Pgl) may then be rermved u5| ng the appr opr| ate

LT ~rr . o o



removed by treating with formc acid in the presence of palladium (Pd

bl ack) in a protic solvent (e.g., ethanol/THF) at about roomtenperature to
produce twe 2biomebsopr oducts (A) and (B). When Rl is CN, wrha/1Bye/ed’cz Lew s
acid like boron trichloride at a tenpérature rangi ng fromabout -78C to
about roomtenperature in a solvent |ike dichloronethane or

301, 2-di chl oroet hane may al so be used to renove benzyl protective and/or
para- met hoxybenzyl protective groups. WD 2010/ 023594PCT/ 1B2009/ 053626 13
Wen RL is CN and R2 is (Cl-C4)al koxy in interndediate (1-i) or in products
(A) or (B), upon treatnment with a Lew s acid such as boron trichloride or

ohenol OlSEiashitloalio SERERLEFeleBaRl R CEbRRa A e8I FRPORLIS
is CN @nclydRi2i2s1]Bkbtyl) Iblt:jmls[ZCB:E]a)bﬁ/J drivethéGlke. 5C4) al koxy group may be
re-introduc d Vi a ﬁ]el ective, al kgl ation usin i od| de under

m | dly basi EN@&HHN tEHHISCY e relse ﬁ?)P@narﬁﬁtaé@g’ir@ﬁ](t%ﬁ%ﬁMﬁfeh%ﬁ andt a

t enper giayridt Hgler i fi r renik8s 3HEuH heRBEE SR
ool o o e SagleifiE 8kgehc ARPEH b SERA A TBnke: S e&?ts@unﬁﬁrs?ood by

dne skheteserychc tfing imgenaralit a Shéo ﬁﬁ@qﬁbﬁ@ﬂmq Qprﬁ@ldingu bt@ $heiereatp®shene 1)

|1
or gano b T o 4, &2 nABroalfnSPREGBERK D keledien MO UL Papen SAEEE i,
t he (r:]oHre@pcymicm@gsmmmgmpaguclmlasepbxp,mlrldmjlhbaﬁahymmaw pymdlehrwkl |l ed
in the ounds.

t
pr epar g@mgyybqy roidigy 5|Pé°eu'9lrwgp é‘?ﬁfaé'm’lt H}Sraéoﬁéﬁ eﬁH ph(%‘@&”@@%ﬁ%’? ve schene

for prefghb oﬁH@hefr@hydrme?Hw té@a%@ﬂhﬁé?@m |1Dd|é>5i§éh&ﬁﬂ3th% like\\O 2010/ 023594
PCT/ 1 B2009/ 053626 14 ep 3 -g Schene 2 51 n Schene 2,

Mherein Me TBe pBfasgl’ tbﬁﬁaprlt'CEBy @ifwlve amptmteme@ns BN (@Y 9h azompound of

chl oro Vi i i X alu i ydrof uran
follo h?]%ry%%tﬁ ?‘%ﬁ%ﬁ@s? E%t% ?Pgéj%aﬁﬁ Lf”i\:/lgglsia %_0?988&|8[‘|1,08ﬂcﬁ|s%r1d§%| tionis
added bﬁmyllldtess mmemomuebeommmnaieﬂion@ drireoreemptomsat§ the péi@ciiar Hveaske by
stirrin 1

tri st Ponrfo iRt as Br DB e oh S YR 1 R955HY RDP P MRrP SHTRBS P5IRS:- one

(11-a) phaicdias @R¥jewusd, ddMditionobrgiRerdndetBtbgdBisarein. ng sol ution is cooled to
-15C. This solution is then added to the - 70C aryllithium sol ution

ol | oned by TBE {9 1#gimal rafefroigrumansoimale or fnalgsioraianian eimals@ @ wo
2010/°043 %@é&@%@&%&?@é@@éo e SMBSIAR anitald, MRARAUIGhal bl AWRAd Biher

war m ng ?o roomt enperature aJTg stirring for to 24 %ﬁ%aﬁ The reaction
is deemadlacen'pm@tse)emen ‘Edibleaarzimaies refleesy tal fong- souR% arvhnals gLkt dsoeows pigeen
basi fi gﬁ b% I;‘ E aI d| tion of 5 M aqueous sodi um hydroxi de sol ution. The
resul t %Je 3? OUVE filtered off foll owed by concentration of the crude

product sol Thé pAras2g-“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,
SGLT2) with compounds of the present invention thereby partially or fully preventing
glucose transport across the transporter.
The term “compounds of the present invention” (unless specifically identified
otherwise) refer to compounds of Formula (A), Formula (B) and all pure and mixed
30 stereoisomers (including diasterecisomers and enantiomers), tautomers and isotopically
labeled compounds. Hydrates and solvates of the compounds of the present invention are

considered compositions of the present invention, wherein the compound is in association



Snet hyl tetrahydrofuran is added as a co-solvent and the organic phase is
extracted twice wwth water. The organic phase is then concentrated to 4
vol unes iwotolues®s This concentrate is then added to aPETAB20e@pi3are:

tol uene solution causing precipitate 8o form The solids are collected and
dried under vacuumto afford a solid. In step 2 of Schene 2, to (Il-b) in
nmet hyl ene chloride is added i m dazole followed by 10cooling to OC and then
addition of trimethylsilylchloride to give the persilylated product. The
reaction is warmed to roomtenperature and quenched by the addition of
water, and the organic phase is washed with water. This crude nethyl ene
chlori ( 0 u t. taken on
crude PDSRHESTRIEespee el o Ea EnE Y AR BT gBB et Pon ot
(11-c) crystatriesthenei.€ dsoto-dgstats, b@qmmht,r@rttaéy trayl exét\esl amerphods soies. t he
solvent is e changed to net hanﬁyé%érae met hanol solution of (Il-c) is cooled

to 0C, M'SYRN oM FPANCRBIPASESY) 8i2%-e is added as a solution in

met hanol  f o] gyeembydipidritr RN I-florheﬁhyh%‘kﬁy?r prEEPﬁ rseafddypmnétﬁokh%&@epcbed by
addition of 1 nmol % acetic acid in y warmng to room
tenper ayand, CEmlqyehpr@yd;mmgeIObutyét hwncﬁhenetﬂeodlmt tRueaH inmethgl e, of the

I I
(1) B e bR A8, £8P e o5 SRR PG T hfihetiisRy B
crude IanIHumethI ce‘th;(l,lrtnetﬁoxysethom;dht@lad:mm GCIF;pwr\zmlupmpyIt Haryeta lfurtlest wi t h
t hyl e hl d | f d Tri et hyl dded foll d
by cooPMEgarRsHOR” et L AIa F i EYans e By PARREPompl ex 15 added i n- 3

por tions as|morkPbindodineky, R?@uﬁethynteﬁ{wadrépyﬁh@?rf BDIE hRoxkys efidxy! BACRN
addi ti onal 3 hours at 10C 25beforée quenchin wat er and warm ng to room
Kenper 8YaN%® -ClrheChh@Hesethyry! s%gaetﬁﬂélexm?r I%W@deurhathgortqyélom | Bhe
chlori RERUS, i & t e~ghl ori de
sol uti gﬁoﬂggyghb% rﬂ R % en d| rect %{iﬂltogh ﬂ%thg)b eﬁ‘[ol*g P Wérfd‘ CF p 5 of
Scheme CE,CHh eetbymme3-9@emnylony a3- te(trlahydoofursanylomz eafrtcyatoe(bm/d) Iroavfurtilenme  and

f or mal BERPAEE: BORBEEVF GHTOVERBY BRI S (G 80 A cbariee SIVEOR. of
2 equi Izsﬁétehylexpm RetadgSiofirapiies p atogclobrddydsintydts fadﬁleudemabhumm RA/is

stirring for 24 hours at 55C. The reaction tenperature is then raised to
P0C f ofMeAiOyRfi@th@Hal 12 hours. The reaction is cooled to

2010/ 023594RCTLE2AAGAFBORE chibtdIQVMArRBREHEbMBoykh WALRR Wotdlink&ri - but !
nmet hyl et her and bI’IBI’Ie The CI}i%ses arrser separategow‘iﬂj a%g“by Ir]Fvernt
exchangerogiutames agidgani c phase to ethyl acetate. The et hyl acetate phase is

washed Wlth bri n ated to |l ow v W concentrate is
then purifi é‘aawﬁ? chb {jﬁ%&f hfsﬁyﬁtﬁf%%?%%gaﬁﬁy?e 8{{]@@&0@% 5% net hanol ,
595% t ol uene. duct t ted to
ow vol ume. et ool SFEcadned PEPPOTEI BT ot Bpfl 8EF pRRM AR ARREAEIT,
Xccur sequrldo shesfrdlawingh i s cool ed and the solids are collected and rinsed

wi th heptane foll owed by dry| ng Product (Il-f) is isolated as a solid. In
step 6 of Schene 2, OROAYS, |(§_§bssol ved in 5 volunmes of nethyl ene
10chl ori de fol | owed by the aédl tion of 1nol/0 SiliaBoncP tosic acid and
stirring for 18 hour sb at128e26(1Ehepab0t.e. The acid catalyst is filtered

of f and the nethyl ene chl oride )O/;ol ution of (I I-g) is taken directly into
the next step co-crystal 20 X+ préSC‘e%Qwe In step 7 of Schene 2,

h t hyl h t
Botvent | s exchaned T BOG0EH AR, Sirdcibn Burteth GRRETHG PHECAMLIIICNE. | |
55C. 1Fetfiation euelepgtiubi NB84056A)- pyr-00l2yt18m € 0a;i1d.4 s Ocatided 2fl al + Ovied by

cooling the resul t| ng solution to roomtenperature. The solution is then

seeded and granuflat e $@id Stgtenbifs IMREPeptreBdlaving, Paakerastiangshtanb-bPi%ct ed
d h t I

ol i d, 1371 2T BERAGR, S 18I B Gt EkT b %%@%ﬁ%%ahﬁ%rﬁ%%? P

t he pr eseatie ﬂoWQIImQadanﬁapn@beggBijm Sﬂrheme 3 and descri bed bel ow.

2010/ 023594PCT/ | 82009/ 0 3626 Ar
ifferential scannlng calorimetry thermogram having an endotherm of

about 142.5 + 2°C.



o' R3stepl HO''. vy ""OH OH (Ill-a) OHO Ar O,R3 Pg40ONs'. v ',0 P g 4 OPg4
(rrr-d) Ark = 0 HOOAr Pg40"s. y - ',0 P g 4 0OPg4 (I11-9) 70

0 Ar stepSOol@o/aA8398s.y."'' "' OH OH (A) Schene 3 The PEFNBIOY DB 62K
(I'11-a), where R3 is an alkyl or fluofo substituted al kyl (except for the
carbon adjacent to the oxygen atom 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 introduced by treatnent of
intermediate (l11-a) wth chlorotriphenyl methane in presence of a base |ike

pyridine in [ : | r ne at a
Ferper at ur oA RGeS Bl plrecHt gl B OE e, Lo 8haibe BaBRIRSEr ot or e
Addi ti foreaduld (e amdl lepyrobiutaralc am‘@treaﬂtwgtogmloumricamﬁoexperi mental conditions
are known by those skilled in the art and can

e fo i
Protective EPBIHISNFHOONGRIFEENtdyYRHEs;Ray Q%ﬁ)ﬁ”%%?g Byédﬁ@etlméwt%?h@t 1991.
I n st epckidefprocban® a?nalédb%s&@%yé%m mmﬁwﬂhewh@w&@% B@rtl%l‘éﬂ?ﬁﬁ fghtby

t he approprlate prot ectlng groups. For exanple, benzyl groups (Pg4 i's Bn)
dan beof H?Brdﬁmﬂ@@mmalﬂﬁ éi‘leﬁ@ﬁt bee startieg matesale afe peneypllywayailapenizgm

brom d | um

b oM O8oRmiEBEHHERL QidtfE, AR ASERR ErRbuROS WITRAre héley RRSGTS!

2010/ 0235@4}5@%&8%0%6\536@@10@ skilled in the art (e.g., prepared by methods generally
described in Louis F. Fieser and Mary Fieser, Reagents for Organic Synthesis, v. 1-19,
Wiley, New York (1967-1999 ed.), or Beilsteins Handbuch der organischen Chemie, 4,

10 Aufl. ed. Springer-Verlag, Berlin, including supplements (also available via the Beilstein

online database)).
For illustrative purposes, the reaction schemes depicted below provide potential
routes for synthesizing the compounds of the present invention as well as key intermediates.
For a more detailed description of the individual reaction steps, see the Examples section
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 trimethylsily (TMS) or tert-butyldimethylsilyl
(TBS)), benzyl (Bn), para-methoxybenzyl (PMB), trityl (Tr), para-bromobenzoyl, 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.



tetrahydrofuran, 1, 2-di nmethoxyethane or N, N-dinethyl formam de at a
tenperature rangi ng fromabout O degrees Cel sius to about 80 degrees

Cel si us. wWoebwo2seiv4benzoyl groups (Pg4 = Ac or Bz) nay PeTiRio0woisesd by
treatment of internediate (111-b) wit® acetyl chloride, acetyl brom de or
acetic anhydride or benzoyl chloride or benzoic anhydride in the 5presence
of a base like triethylam ne, N, Ndiisopropylethylamne or 4-

(di met hyl ami no) pyridine in a solvent |ike tetrahydrofuran,

1, 2- di met hoxyet hane or di chl oronet hane at a tenperature ranging from about
O degrees Cel sius to about 80 degrees Celsius. In step 3 of Schene 3, the

hen pya 1 somerne o Ahes PSRBT b s 83F eofifSe hﬁ?ﬁ# R REhBade oot o

li ke panam@eémmnaaubhonlc acid in a alcoholic solvent Ilke met hanol at a

be used. d
€ uy ces of for deh
ih a sol vent %¢§% _q % at a tenpe?gﬁhs gpé$ﬁb from
about roomté€ 9 &

tenperature rangi ng fromabout -20 degrees Celsius to about room
t enper at to provide internedi @e (III-d) Cosol vents I9R®E chl or of or m may
h h ¢ F
through a procéss 15si ni¥%r' .t 64 eme 1 (step
1) and Sghe é5 ers 4 and 5
parafofpdsge
erature to about 70 ees Celsius in the pr nce of an
al kal i netal (#koxide can al so be use® in this step. Wen Pg 49s Bn, this

step provides internediate (lI11-e) and when Pg4 is Ac or Bgepdhis step
provides internediate 20(111-f). In step 5 of Schene 3 nt er medi at e
(I1r-e) is tr %t @D an acid like ﬁlgluoroacetlc acid @pgan acidic
resinin a so nt N--dse di chl or onet hapedat a tenperature r ngkpg B on1about
-10 degrQ%Fo to abou rooqab@ I oduREol NPef

(I'11-g). ’'n step 6|0 Phsch er |n|ng pr ng graoups
then be re V the approprg Fﬁ éwy for thafphrt ctbpg’
protectingqg%oup Sﬁ%r exanpl e, benf€ pr ng groups may mefeaned by
treating with fo @Hl acid in the presenc %f pal | adi um ( Pd blquy in a
protic solvent ( et hanol / THF) at ab roomtenperature to produce the
final product ( In step 7 of Schene 3, internediate (I11-f) is

treated with an cid like trifluoroacetic 30acid or an acidic resinin a
sol vent |ike dichl oronethane at a tenperature ranging from about, -10

.(Pg4) may

degr ees % ot'0 about room tenpey F%Fé Szto produce the fln.“Pﬁﬁod (A).
WO 2010/ g h 82009/0 36 6 19 her algernative § b
synt hesi zing pF’@u t (A) i ct 4 and s CofGed =70
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(I-g) (I-h) (1)
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isdes

5 Scheme 1



OHOH (1V-b) (A Schenme 4 5In step 1 of Schene 4, internediate (l11-a) is
treated with the appropriate aryl sul fonyl chloride R4502C1L or aryl sulfonic
anhydri dewB48(00229%( 0) 2R4 (wherein R4 is an optional |y abaBrogdisdaryl
group, such as found in the arylsul fortyl chlorides 4-nethyl -benzenesul f onyl
chloride, 4-nitro-benzenesul fonyl chloride, 4-fluoro-benzenesulfonyl

chl oride, 2,6-dichlorobenzenesul fonyl chloride,

4-fl uoro-2- et hyl - benzenesul fonyl chloride, and 2,4,6-trichloro- 10
benzenesul fonyl chloride, and in the aryl sul fonic anhydride,

p-tol uenesul foni ¢ anhydride) in presence of a base Iike pyridine

triethylam [ v t. ran,
" ot ol ot P SRR oIty AP e (Ca v et is mtir COhORLEH Ehe
Cel sub upretpaé@d)byibrasawmémwl 5|Iaéclnb§ Srﬁww?agmhmmapim in B&)ozaémﬁé Bl Mlebxbmm de
M e used as addit nt o] chenme i nt er ne te
srﬁ?-ht 2 op A ds Iaét%%té'c b oéﬁztcﬁji ;d ﬁ%wna|
o] e %ﬂ
%gr r es%&ﬂr{%fsng@gﬁdegydsg V\EI E\%Sﬁazmetm s‘%%ﬁ%?t‘ﬁ% 71;:;:::@?

rres )iy Yekar BasaagtiAorin KaRRAicdrg ORMEnE Sr #afl e

| V-a S I ne,
b o ARt St TeBe R v ietREns b 85 iegfocd oI AENC 1 |
a sol vglyboﬂ;ldk@ydnem”tsmﬂa Sukfrozxidatiat fodioWed;bgrtﬁaﬂmenirwﬁgfmmaid&hydehmthe room

e al de iate

t t t b 150 nt

R Btregos AL elkaieetalisOR Ae (Sn soPtm Y S BXICE L st S TS RESAS bF Bed 1 or
step 1a(d§1lb‘éﬁﬂ|ziéroa@ﬂcﬁc§r€pﬂ5e é%maﬁdabuorﬁ €3 d@s@ﬂyé@ bgflktaﬁ[l AL ghd b¥nig) . WO
2010/ 023594PCT/ 1B2009/ 053626 20 In step chene 4, internedi ate

10 v- b) Swern ineheteanedrem 3 1861 d191%e M@d'ﬂwaﬁl@ﬂéé?éﬁt@ BraseRsl kppWa ko Hseial r esi n
| bout -10
in a Sgkg}ffhe érkﬁa‘i}'ﬁb > e gg%ﬁn fBPe%m@urSﬂﬁB%%Hﬁt‘% ﬁ@({‘%ﬂaﬂﬁizéé i abou

degree Sl us enperatufre to produ I nal” product (A).

When Rbdosykierzoiaad kigagribedhiey Prammes sA. red . hl@@@rﬁlotﬂﬁdr suSi 2YOIAO3, &5,
‘g‘ggrle'( @/pﬁ)ggcﬁga%rH%gdraé{t%C%ﬁ%wﬁ%y%%skn &Pinthe art Xl P %& 8h§ Icll |IQ S&Pgé
1 010PghnARgaro sequence has been described by Robert Schaffer in the Journal of The
15 American Chemical Society, 81, 5452 (1959) and Amigues, E.J., et al., in Tetrahedron, 63,
10042 (2007).
In step 2 of Scheme 1, protecting groups (Pg?) can be added by treating

intermediate (I-b) with the appropriate reagents and procedures for the particular protecting
group desired. For example, p-methoxybenzyl (PMB) groups may be introduced by

20 treatment of intermediate (I-b) with p-methoxybenzyl bromide or p-methoxybenzyl chloride
in the presence of sodium hydride, potassium hydride, potassium fert-butoxide in a solvent
like tetrahydrofuran, 1,2-dimethoxyethane or N, N-dimethylformamide (DMF). Conditions
involving para-methoxybenzyltrichloroacetimidate in presence of a catalytic amount of acid
(e.g., trifluoromethanesulfonic acid, methanesulfonic acid, or camphorsulfonic acid) in a

25 solvent such as dichloromethane, heptane or hexanes can also be used. Benzyl (Bn)
groups may be introduced by treatment of intermediate (I-b) with benzyl bromide or benzyl
chloride in the presence of sodium hydride, potassium hydride, potassium tert-butoxide in a
solvent like tetrahydrofuran, 1,2-dimethoxyethane or N,N-dimethylformamide. Conditions
involving benzyltrichloroacetimidate in presence of a catalytic amount of acid (e.g.,

30 trifluoromethanesulfonic acid, methanesulfonic acid, or camphorsulfonic acid) in a solvent

such as dichloromethane, heptane or hexanes can also be used.



(V-1) step 2 | WD 2010/ 023594PCT/ 1B2009/ 053626 21 Schene 5 In step 1
of Schenme 5, which provides internediate (V-i), the organonetal lic addition
step is caorod28i9 in a simlar way to the one descri bedTiiR28eh#saml, step
6, using the organonmetallic reagent d@rived from (V-a), where Pg is a
suitabl e protective group for the 5hydroxyl group. For instance Pg5 can be
a tert-butyldinethylsilyl group (TBS) (see U52007/0054867 for preparation
of for instance {4-[(5-brono-2-chloro-phenyl)-mnethyl]-
phenoxy}-tert-butyl-dinethyl-silane). In step 2 of Schene 5, when Pg2
= PMB, internmediate (V-|) is treated with an acid like trifluoroacetic
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m xtures, formpart of the present invention. In addition resent

i nvent E@Me@tn(ﬁrgac@tﬁaﬁO"'T@'e)oﬁ*B&hqué reamg t%@?'ﬁi%ﬂé@ preghigertae f'F@'rpr@Qtafﬁﬁl if a
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art, Sﬁ@ﬂh@@bbﬁzﬁ@’r&%ﬁ@g@ggg and/or fractional crystallization,
distillation, sublimation Enantioners can be separated by converting the

enantionmeric mxture into a diastereoneric mxture by reaction with an
appropriate optically active conmpound (e.g., chiral auxiliary such as a
chiral alcohol or Mdsher's acid chloride), separating the diastereoi soners
and converting (e.g., hydrolyzing) the individual diastereoisoners to the
correspondi ng pure enantioners. Al so, some of the conpounds of the present
i nvention 25may be atropisoners (e.g., substltuted blaryls) and are.



It is also possible that the internmedi ates and conpounds of the present
invention may exist in different tautoneric fornms, and all such forns are
enbr aced wot2hion283vse scope 300f the invention. The term PCROBDORNI36LH
"tautoneric formt' refers to structurald i somers of different energies which
are interconvertible via a | ow energy barrier. For exanple, proton
tautoners (al so known as prototropic tautoners) include interconversions
via mgration of a WD 2010/ 023594PCT/ 1B2009/ 053626 23 proton, such as
ket o- enol and i m ne-enam ne isonerizations. A specific exanple of a proton
tautomer is the imdazole noiety where the proton may m grate between the

two ring ni S | 1 aut ns. i nfer Ver sj Y/
reorgani zat | oh%glgl? 20 aﬁ??h'%@b%ﬁ%’@ﬁ@i g@%ﬁﬁﬁgpg(ﬁlwﬂ)@@ﬁ% (é%to\gveen
cl osed(Bndpon eeathéntritrod Lewiseadd stiet ae dossresichidndé or borott tiibesidd, partial
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&t ons &rjalkoxyigseeriMey kenreaintiptiuead vig selechy® aikylatas sising arssCoatked jodide
differ - ] ! l. i.n nature.
excanp) Sh0gy gl bSic e RliBrg KPR Rl BaBs BRI RETAR St e S ne

i nvent temperaturedangisgfropesbait rogdrtegeerata@rtbabounbd degeres @elyigen,

phosphor us, ., sul fur | ugpin i odi ne, ~angd. chl orine, such H ,3H 11

D30 P14 19fGeniEN r‘é‘/gbfé ﬁ@’ﬂ'di‘g@",ky'ﬁ‘ae' Ig§¢{nd§g§90digyspn§§§ﬁ|?§ IhHe %{hﬁ‘agec:l,
I espectHe/SlghnofetdliRl addife g@b@décﬁeh@bgl wifl berp@at st s thel® riispsRdihg (C-

i nvention (e.g., those |labeled 15with 3H and 14C) are useful in conpound

ha or Celot-Bacenteiniaa erapnernatali resgest Sdpsthiorelkyliathan @yidieed agpjatana
for Colao . SHypshio .. f
ot epar et s cottor iR fERe B R BN oo R of Medk g e

such athedatiterium (i.e., 2H) may afford certain therapeutic advantages
resulting from greater abolic stabi.lit e.g., increased in vivo

el f-1 119 of P BHERU iR ELbE et bpeane isnaretanas e e belbay 1 o
SOMe ChUiEAbIB hdiees . ANRprédepiathdl Schen@ fob piepRERg SUEH ca<rtfls id ddberibadand 18F
are useful for positron em ssion tonography (PET) studies to exam ne

IQubst r fEBEHEIpancy. |sotopically |abel ed conpounds of the present

i nvention can generally be prepared by foll ow ng procedures anal ogous to

t hose disclosed in the Schenmes and/or in the Exanpl es herein bel ow, by
substituting an isotopically |abeled 25reagent for a non-isotopically

| abel ed reagent. Conpounds of the present invention are useful for treating
di seases, conditions and/or disorders nodul ated by the inhibition of the
sodi um gl ucose transporters (in particular SG.T2); therefore, another

enbodi ment of the present invention is a pharnaceutical conposition
conprising a therapeutically effective amount of a conpound 30of the
present invention and a pharnmaceutically acceptabl e excipient, diluent or
carrier. The conpounds of the present invention (including the conpositions
and processes used WD 2010/ 023594PCT/ 1B2009/ 053626 24 therein) may al so be
used in the manufacture of a nedicanent for the therapeutic applications
descri bed herein. A typical formulation is prepared by mxing a
conmpound of the present invention and a carrier, diluent or excipient.
Suitable carriers, diluents and excipients are well known to 5those skilled
in the art and include materials such as carbohydrates, waxes, water

sol ubl e and/ or swel |l abl e polyners, hydrophilic or hydrophobic materials,
gelatin, oils, solvents, water, and the like. The particular carrier,

di luent or excipient used will depend upon the neans and purpose for which
t he conpound of the present invention is being applied. Solvents are
generally sel ected based on sol vents recogni zed by persons skilled in the
art 10as safe (GRAS) to be admnistered to a nmanmal . I n general, safe

sol vents are non-toxi c aqueous solvents such as water and other non-toxic
solvents that are soluble or mscible in water. Suitable aqueous sol vents

i ncl ude water, ethanol, propylene glycol, polyethylene glycols (e.qg.,
PEG400, PEG300), etc. and m xtures thereof. The fornul ations may al so

i nclude one or nore buffers, stabilizing agents, surfactants, wetting
agents, lubricating 15agents, emulsifiers, suspending agents,

preservatives, antioxidants, opaquing agents,



glidants, processing aids, colorants, sweeteners, perfum ng agents,
flavoring agents and other known additives to provide an el egant

pr esent atworzowfo2s3se drug (i.e., a conpound of the preseRrCTIIRMONDI3626 OF
pharmaceutical conposition thereof) oW aid in the manufacturing of the
pharmaceutical product (i.e., nedicanent). 20The fornul ati ons may be
prepared using conventional dissolution and m xing procedures. For exanpl e,
the bul k drug substance (i.e., conpound of the present invention or
stabilized formof the conpound (e.g., conplex with a cyclodextrin
derivative or other known conpl exation agent)) is dissolved in a suitable
solvent in the presence of one or nore of the excipients_described abowe.
The conpoungd of the present invention is 2atypically forpulated int#

phar macespi C sage forns to pr el |y controllﬂhbejﬁgizé%My t he
drug and _t o @ive.jhe patient an eIegan d eaS|Iy handl ¢abl e
The pharnﬁ%eut caPT%% npositions™al s8O nql ud sotvares and AYeR at§s OFVEfhe
conmpounds of FSFfful a (I) sfhd term "sol PHte" ref ef®2 o0 alnol ecul @MTonpl ex
of a conpound IFepresented by Fornula (1)n-ki ncl udi ng pharnmaceutideg!y
acceptabl e salts thereof) 30with one or nore sol vent nol ecul es.| Such

sol vent nol ecul es are those commonly used in the pharnmaceuticall art, which
are known to be innocuous to the recipient, e.g., water, ethanal, ethylene
glycol, and the like, The term "hydrate" refers to the coﬁﬁWéx where the WO
2010/ 023594PCT/ 1B2009/ 053626 25 sol vent nol ecul e is water. The |sol vates
and/or hydrates preferably exist in crystalline form Qher solvents may be

used as Hfternedj ate sol vates i the prepgra i on of nore eS|rdee

sol vat es, as met hanol , nmet Qyl _4&; boig etlher, ethyl atet thyI
acet at €0 ( rdfyl ene gl ycol, |(R)-dro yceﬁe lycol, 1,4 B%ty e- eMe |and
the |ikenoThg Crostalline forms ShEy Ubﬂ%iS% as conple eGs obhey

i nnocuous snm@hl nol ecul eep5such |as L- nyl al ani #8P4L-proline, 3rus
L-pyroglutam c acid and the |ike, as co-crystals or solvates or hydrates of
the co-crystald ine material. The solvates, hydrates and co- crystalllne
conpounds nmay be prepared using proceddﬁbs described in PCT PubMdation No.
WO 08/ 002824, |i ncorporated herein by reference, or other procedures

wel | - knowsege [t hose of 10skill in the art. The Bgarnaceutica
conposition (or fornulation) for applicatio Ll he aged in a variety

of ways dependi ng upon the nethod used for i ng the drug.
General ly, _Qn artjsele for distribuytieg keSS cont ai ner havi ng
deposi t et hez egn the pharnaceutlcé1 fprpll ation in appropriate form
Sui t abl e cqpt ef,s are wel I-known tovtTRoSerski l | ' Sthe art and

include materi Al s such ass'¥ottles (plastgsc and gl ass)l sathet s, anpoul es,
plastic bags, netal cylinders, and the |ikg, The container may al so include
a tanper - proofl-assenbl age to prevent indiscreet access to the contents of

t he package. In addition, the container has deposited thereon a | abel that
descri bes the contents of the container. The | abel may al so include
appropriate warnings. 20The present |nvent|on fogrth provi des a met hod of
treating di seases, conditiong and/or ted by the inhibition
of sodi um gl ucose transportefsa}h @ udes adm nistering to
an animal in need of such tr atnen effective anount of a
conmpound of the present invention or a phar maceuti cal conposition
conprising an effective anount of ag Fplggd of the present invention and a
25pharmaceutical ly acceptabl e ex0|p|en | uent, or carrier. The nmethod is

rticularl eful for treati. S i.tions,a [ d| orders that
enefit f roﬁ# TR W fedrh% %@c_uﬂl hdEtis eﬂ'diénég?feétpgég Br esent
i nvent bmerob‘entzywtétaakywmzeﬂé isOdieSaIVeyd inedhd, Rhessiet ;etn'aeb/autoedadlfdwm By (e.g.,
overwei ght, wei ght gain pt nmai nt enance Obesity and overweight are
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| nsti t B0 affllithiuaasolGivrofliowes byrstitrirey fodleé Hout.i Saddltion dfadthahésuifondtid
Treatment of Overwei ght and Obesity in Adults, The Evidence Report,

Washi ngton, DC. U S. Departnment of Health and Human Services, NH
publication no. 98- 4083 (1998). 5Anot her aspect of the present invention
is for the treatnent or del aying the progression or onset of diabetes or
dlabetes reIated di sorders |nclud|ng Type 1 (|nsuI|n dependent di abet es
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15norbidities, such as netabolic syndrome. Metabolic syndrome includes

di seases, conditions or disorders such as dyslipidema, hypertension,

i nsul i n reei2etianse®4 di abetes (e.g., Type 2 diabetes), ceCDARZNPI/BIFBEY Y

di sease and heart failure. For nore détailed information on Metabolic
Syndrone, see, e.g., Zinmet, P.Z., et al., "The Metabolic Syndrone: Perhaps
an Etiologic Mystery but Far Froma Myth - Were Does the 20l nternational

D abetes Federation Stand?," Di abetes & Endocrinol ogy, 7(2), (2005); and

Al berti, K G, et al., "The Metabolic Syndrome - A New Wirl dw de
Definition," Lancet, 366, 1059-62 (2005). Preferably, adm nistration

of the.c iLnvent.i i 1Sk
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and/ or chol esterol ,aé?ﬁségcoggar ed to a vehicle control contal ning no_drug.
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conpounds of the present invention and conbination therapies are
adm ni stered in 15conjunction with exercise and a sensible diet. Suitable
anti - di ab®0i20104083%s i ncl ude an acetyl - CoA car boxyl ase- PCTASDO2Y5362ehi bi t or,
a phosphodi esterase (PDE)-10 inhibitoxw, a diacylglycerol acyltransferase
(DGAT) 1 or 2 inhibitor, a sulfonylurea (e.g., acetohexam de,

chl or propam de, di abi nese, glibenclam de, glipizide, glyburide,
glinmepiride, gliclazide, glipentide, gliquidone, glisolamde, tolazam de,
20and tol butam de), a neglitinide, an a-anylase inhibitor (e.g.,

tendam stat, trestatin and AL- 3688), an a- glucoside hydr ol ase i nhi bi tor
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quer cet | n- 3- a- ar abi nopyr anosi uercetin Xyl opyranosi de,
quer cefitar Ge@ing6thepsatids @ee ogllectasd gad doseﬂswdb heptane followed by drying. Product

10quer { n-.3-0-(6"-benzoyl ) -6-gal act osi de, and/ or
querceﬁﬁhi§J§y§F§5¥%%gaﬁgnoside. Enbodi nents of the present invention
are illust rAh@qiebwtwbeyhmbbewbn@ fokeompesndd (A)ids theoplesennidesstionod debrtayver ,

t hat the enbodlnent h% jnvention are not limted to the specific

et ai | ¥ BENeHeSS FQ% §9V%t her variations thereof will be known, or
apparent in light of the instant disclosure, to one of ordinary skiII in
the art. 15EXAMPLES Unl ess specified otherwi se, starting naterials

are generally available fromcomercial sources such as Aldrich Chem cals
Co. (M Iwaukee, W), Lancaster Synthesis, Inc. (Wndham NH), Acros
Organics (Fairlawn, NJ), Maybridge Chem cal Conpany, Ltd. (Cornwall

Engl and), Tyger Scientific (Princeton, NJ), AstraZeneca Pharmaceutical s
20( London, Engl and), and Accela ChenBio (San D ego, CA). Ceneral

Experi mental Procedures NVR spectra were recorded on a Varian UnityTM
400 (available fromVarian Inc., Palo Alto, CA) at roomtenperature at 400
MHz for proton. Chemical shifts are expressed in parts per mllion (delta)

relative to residual solvent as an internal reference. The peak shapes are
25denoted as follows: s, singlet; d, doublet; dd, doublet of doublet; t,
triplet; q, quartet; m nmultiplet; bs or br.s., broad singlet; 2s, two
singlets; br.d., broad doublet. Electrospray ionization nass spectra (ES)
were obtained on a Waters TM ZMD instrument (carrier gas: nitrogen; solvent
A. water /0.01%formc acid, solvent B: acetonitrile/0.005)/0 form c acid,
avail able fromWaters Corp., MIford, MA). Hi gh resolution nass spectra
(HRVB) were 300bt ai ned on an Agil ent TM Model 6210 tinme of flight. Were the
intensity of single chlorine or single brom ne-containing ions are

descri bed, the expected intensity ratio was observed (approximately 3:1 for
35C1/ 37Cl-containing ions and 1:1 for 79Br/81Br-containing ions) and the
WO 2010/ 023594PCT/ 1B2009/ 053626 30 intensity of only the lower nass ion is
given. In sone cases only representative 1H NVR peaks are given.

Colunn chronatography was perforned mnth elther BakerTM 5|I|ca gel (40

o - ~ 1 o -——.



When doing TLC (thin |ayer chromatography), Rf is defined as the ratio of
the di stance 15travel ed by the conpound divided by the distance travel ed by
t he el uerwoO 2Rt0/0288tention tine). Starting Material s GenecaliB3oovessg2eof the
followi ng starting materials can be ptepared using the procedures described
in Schenes 7 or 8 of US Publication No. 2008/ 0132563, or 20alternatively,
Schenes 2, 3 or 8 of US Publication No. 2007/0259821. More specifically,
the following starting materials used in the foll ow ng Exanpl es can be
prepared using the procedures described in the corresponding references or
purchased fromthe correspondi ng vendor.

4- Br ono- 2- Qﬁinethoxy benzyl) - 1-met hyl - benzene can be prepared by the
25procedur gs described in Exanpl e 8ds PCT Publication No. (i£,01/027128.

4- Br onp- 2- ( Wq5n2y|2m11nethy bepzengr can be preparegd by.the

e 2thQy
procedures d @m tion 1R3 of_St$92008/ 01 "Rs
4- Br ono- 1}Eﬁ+- 0 d nEthoxy benzyl). eﬂe can be prepared by he
procedur es des.rlbed4|n Pr epar at i g | €019 of U52008/F3]132 otokganpl e

V of 30U52007/ 6#69821. WD 2010/023594P / 1B2009/ 053626 31
4- Br ono- 1- chl ¢itlen) 2- (4- et hoxy- benzyl ) - hgngene nay be purchasedIFQd%|Shangha
Haoyuan Chenexprgss Co., Ltd., Shanghai, People's Republic of bﬁ

4- Br onp- 2- (4- meyhoxy- benzyl) benzpni t rffe can be pr pared byh he procedures

described in Ex ArRof U52Q07/ 02598 g | | owi ng r
mat er i al ¥Ry e pr ods? depfi| b W, t atli_on 61 R3

-fluoro-2-(4 chiori de (11 0
mmol ) was ad&ﬁﬁb o a wel\ §pﬁ?red susP éﬁ% n of

5- br onp- 2-f | uor o- be@Poi c acid (25\0 g, 1140Rwpl ) iry di chl or onet ltane (150
m) and N, N-di net hyl-dyor manmi de (1.5 nl) atgQg. The fesulting m xfge was
allowed to 10 gradually warmto roomtenpefature. After 18 hourjs, the solid
had gone into solution. The resulting Lisght orange solutlog W@Jt
concentrated unde

ether to afford

pr g3ur e and wag chased two tines t h di et hyl
uor o- benzoyl chloride (27.0 g, quamtitative
yi el d) a#”a‘pakf To a SO|utlﬂﬂ_U@ bronD 2-fl uor a—bergo
chloride (27.0 g, 1229 g, sI®60 : 4’|n
di chl or omet hane (150 nL) at OC was added| al ufi num trichl ori de |(16.
nmol ) portionwi se so that the interpglote rappge remai ned, pe !
After stirring for 4 hours at 0C, the solu #on was poured over ckushed ice
and the resulting mixture was stirred. After430 mnutes, the orddhic phase
was renoved and the aqueous phase was exﬁW&ﬁted two times with (A)

di chl oronet hane. The conbi ned organic 20phases wer e washed once with
aqueous 1M hydrochl oric acid sol uti 8hemecd with aqueous 1M sodi um

hydr oxi de s e r
o m sl £y R A o S g3 B ety

r esul t catponexsiangat mmercwggzetamm J catibé pc&paeemmsmmlara\fa‘ycﬁajdescrlbed in step
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(32.0 Bbse B Byribllnéﬁﬁa Qol%ﬁt‘ likeAbRIBWE SR traBRdBfLraR iof LikAIdreRetidierale was
added at a rate so that the internal tenperature did not exceed 20C. The

react i @MeYRE 6aNGiIAG TR skgurdegieeD bRlSiumpatoUIre A ikMBETaiyredAdditemlght .
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wat er g7 &80 t|ng m Xture was s
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2010/ 0 35 4PCT/ 1B2 536 d two tines wth diethyl ether. The
conbi n %h ﬁgl %‘%@ @%}%Y a@éﬁ w t h aqueous 1M sodi um hydr oxi de
sol ution angh QQQQ d‘P‘Sdhehfé @QheE@@oMaﬁ?'ﬁV@ro&bﬁ@r@uM@éaﬂbb%ﬁot@\é@d [5ofeum

sulfate, filtered, and concentrated under ressure. Upon addition
of et haRBloptiate pretacisgiorours. FesExaaple, hﬁn@égwns@(F’g@r%@a CFR HedBiredHaREs
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whi t e sbsodium hydride, potassium hydrlde potassium tert-butoxide in a solvent like
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1H NMR (400 MHz, chloroformd) delta ppm3.79 (s, 3 H, 3.89 (s, 2 H, 6.85
(d, J=8.6 Hz, 2 H), 6.91 (t, 1 H, 7.12 (d, J=8.8 Hz, 2 H), 7.21 - 7.31 (m
2 H . 10Rveparcasim of starting material PCT/IB2009/053626

4- br ono- 2- (4- et hoxy- benzyl ) - benzoni t ri8l e: A sol ution of ethyl

(4- et hoxy-phenyl) acetate (2.68 g, 12.87 mol),

4- br onp- 2-f | uor obenzonitrile (2.74 g, 13.70 mol) in N-nethyl pyrrolidone (4
m.) was slowly added to a suspension of potassiumtert-butoxide (3.14 g,
27.98 mol) in N-methyl pyrrolidone (13 nL) at OC. Upon addition, the

sol ution becarre dark red. The dark-red m xture was stirred at 150C for 30

m nut es

aqueouset'%%%fj hy@romoggrgﬁ{&%%ﬁrg\rli (qgge‘}m #&;m &eé]%nd%teedrﬁé%a[qr%égﬂﬁ%ure
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hept and$97€5 @'$1%-d 2. 26 g of crude product (containing the desired product
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concentrgted under reduced pressure to afford a light pink solid (3.83 g,
)-crude product 4-(5-brono-2-fluoro- 10benzyl)-phenol was used in

Bgft ge;;:)msgﬁpsﬂéb T5rt5¥‘§chfe\ﬂHet @%te?MbeFa'té? (’JlFllé?lr_b.b tréﬁeB"Vﬁﬂ{ élrQQmMﬂ?(e tﬁmlo%éﬁé%m d)

(t, J=secid gran alcmhiy reszn ma (sglveot:la;@adlphlorcgnmane aQa t@rﬁgeraﬂwe rgnglgg:grom 1 H)
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. ter stirri.n t O m nut es, |1 odoet hane nmo
%/éas adH%‘&g P%BRP@Q”Q%&%%SWEQWP? REIRHlE RrieGRNg %r°|“8§ve§°f SX%QPWI’ EB”% room
t enper Fdié&mg“g?rb@bs Ariay elifePnoviedieby atingQm tHiokinlY ScidabthaURBsaad o ganavher
and extracted twice with ethyl acetate. The conbi ned organic |ayers were

was hed (Rehbleekiintahpriede eplvanti(e2ao athanal/ T HF bat akout geena demperatyrgda &seduae the
sul fat e, f rb&@cft?ﬂ and concentrated under reduced pressure. The crude
resi due S purif ?ed by flash chronmat ography over silica gel eluting with a
gr adi ent of Inr0step 7m%cxmemd 3 doermediaiten (IHdpisdreatedwith faoratidilile gifl((S@cgiic! d)
32)1;1 t he d.ﬁsi red pr.oduct .as a[y%etll'kowdjoﬁll' th ¢ %H NI\/RL§4OO VHz

| or oGP @ FAYIE LEHPIA 4 Salyept keydignigrqmethgnent a serpgeraturesapging from (g,
25J=6. 9bblt,-18 dé)greeﬁs G8isiLg to $B8utirobm te%d@ratu@e Blpfoducd &% fihdiprodudtA). 7. 10
(d, J=8.8 Hz, 2 H), 7.20 - 7.30 (m . Preparation of toluene- -sulfonlc
acid tetrahydro furan-3-0 ester To a soI ution of 3-hydroxy tetrahydrofuran
(2.5 g, 28.0 mol ) in anhydrous pyridine (60 30nL) at roomtenperature was
added 4-toluene sulfonyl chloride (6.49 g, 34.0 mmol ). After stirring the
reaction m xture for 18 hours at roomtenperature, the reaction m xture was
concentrated under reduced pressure. The resulting residue was purified by
flash V\D 2010/ 023594PCT/ 1B2009/ 053626 34 chr omat ogr aphy over silica gel
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1H NWVR (400 MHz, chloroformd) delta ppm2.05 - 2.12 (m 2 H), 2.45 (s, 3
H, 3.77 - 3.92 (m 4 H, 50 - 514 (m 1H, 7.35(d, J=8.00 Hz, 2 H),
7.79 (d, woHpro/@3Prepar ati on of tol uene-4-sul fonic aci dPoXABzNNY/B536%6 est er
To a solution of oxetan-3-ol (1.0 g, ®3.0 muol) in anhydrous pyridine (25
m.) at roomtenperature was added 4-tol uene sulfonyl chloride (3.09 g, 16.2
nmml ). After stirring the reaction m xture for 18 hours at room
tenperature, the reaction m xture was concentrated 10under reduced
pressure. The resulting residue was purified by flash chronmatography over
silica gel eluting with a gradi ent of O to 30%ethyl acetate in heptane to

afford 1.9 %.y1 el

(400 M. Angfier %“%fﬁaﬂ} o8 rﬂgf&}%;h%‘! ‘g%%“’ta(i\ )&, 48b ét%‘?g'q(slr%ﬂeﬁ‘% 526
- 5. 34a(1mdeécrﬁi)ed beld®. (d, J=8.00 Hz, , 7.78 (d, J=8.40 Hz,

Preparation of starting materj al

3-14-(5-brono-2-fl uoro-benzyl )\- phenoxyl -t etrahydro-furan To a sol ution of
4- (5- brono- 2-gH uor o- benzyl) Ooﬁe‘ﬁml (1.5 g, 5 3,mol) and cesium, carbonate
(2.61 g, 8.0 b) ig N N-di nethylformam de (1%.0 ni) at room I'e';:r:prs-,(_)ature

was added a soO B stepl U ilof Ogtdpe ael ﬁ&/grgepfgur ast er
(1.94 g, 8.0 2Qqmp).)” i NN T di|met 0 e D7 eac
m xture was H®enYSt 0t ed ovgyhihght @i 50C. Af g opgl of 18

mat he
reaction m xturegwas cooled to om t enperature, ._Lut ed with %I‘I e an'td
extracted 3 tines with ethyl acétate. The conbi ne rgani c | ayers QMer e
washed tw ce wiflFe)wat er and onéeawi th brine, dri@dPover sodi um sulM at e,
filtered, and concentrated under reduced ressu& The resulting crude
residue was purified by flash 25chr y br silica gel eluting with
C O

a gradient of 0 to 30% ethyl agetatg¢ e to afford 1.66 g (89%
yield) of the desired product as & il. 1H NVR (400 WHz,

chl oroformd) delta ppm 2.09 - 224( H, 3.86 - 4.01 (m 6 H), 4.86
-491(m1H) 680(d J=8.6 Hz, ce@ﬂ@f(t J=9 Hz, 1 H), 7.10 (d,
%=8.6 Hz, f ABdhdthe iﬂﬁtegmegla% p‘ﬁaa qsﬁ%?ted vt the & ilorfrl’é‘te ér;)]@ulfonw)
2010/ 023594PCT 182009/ 053626 35 Preparation starting teri

3-14- (shlbrlderﬁhsorzcbowwtseﬁzmblanbhdmﬁ(ms (EXeDa(e).RT ¢whereirnt Bt isoan orbtlona”y

(1 o1 58 Esb A ons FthaanRERR b hui i o8B iR iR IRPL Y
was addkidride s hiito- l@éhz@heémfdmhehléﬂdelléf-ﬂur’tbr@ tmizenexgfoant chigrides 2 @dichlbrd4 g,
8.0 |%II’]NN— SE‘WHE Ifor m de (.10.0 ctlo m xture was

then sPphzenesyliemic 4 gero- ﬂ%hylabqr@@aﬁsefpnxgc%rﬁ% angpe.0aEEhlpEsh

19 Xt ur SeM@é‘ne‘éQ%r‘?}ﬂ' chRrieoshd ﬁmaera@«}@mﬁ)n.dhhwoe@e%&aueﬁéwoﬁradarﬂgaha@)t ad 3
tinmes with eth¥ acetate. The conbl ned organi c | ayers were washed tw ce

wi t h watesengaaf amese ke u@ybdmﬂetnetimaédn@vHrN@Itb%nnmmdaﬂhvmnem atselvedt likend

eonC ek PSE LR 2 AR BBRRR o Y iobAErd P URSRE  Bbrls

et hyl @etlizd © aboubepdranemperaaireo8dme. [B4is gc(dEZi%eylr&:l(ldl))bromldehmadem used as

product a white solid. 1H NWVR (400 MHz, chloroformd) delta ppm 3.88 (s,
dgg?%d J=7.22, 5.3 Hz, 2 H), 4.95 (t, J=6.6 Hz, 2 H), 5.14 - 5.21

1(5m 1H), 6|r16§eb@ of%eﬁé“hn%rr‘ﬁbdlaﬁe Q‘?’a(dgsuklml'tﬂed t8 allQor(wﬁlunQﬁﬁ)eGOiﬂatlo% H) ,

7.23 (dd, J= 1 H, % Ig) 5 Preparation of

3- (4- (MK@ﬂlbjur@hNO@@éanWG emical 00|etv 81, 4113 (1959)) to

4-b e d

i c RIS Soequiid AURARAY ibn W GRS i Saulferid e RS SRR RGT -

tribr ohydietsarhd!br bemlamethl mmampe ihBmedidie (I34ags rimmte)d wetbe pdekethce

d bat h
oo e aREsE HES oBldie o ouduige 2 babuidife, N disBronl BRS8N o The
Jeeact i (mm@thytlalﬁmo\n@ﬁudméoih@hdl@erﬂ@k@ddngmr@h@d.deyat@dtéhipe@étuﬁé rabhyirRf&aus

hydr ochl oric acid sol ution . The xture was stirred for 30 m nutes,

t r ansf 8PPEJOPH tEMNShALER @r@bqtﬁﬁﬁ@degf%s %@'@'&'ﬁl the aldepydp intemnediatéed, and
the aqyRYiS é}%“ﬁe conbi ned
or gani E ext regg%lge\gx]e% %E%\Lﬁl}d&aﬂdﬁm%ﬁﬁ ate &ﬁﬁf}t er ed&pgnd
concen($<ziteembﬂham@etﬂa@EtSdnb’rrt&ZI)t@Qrédmmlmermedta’w()web)enzyl ) phenol (9.5 g,
99% vyield) as a white solid. To a solution of crude

4- (5- br ono- 2- chl or obenzyl ) phenol (3.0 g, 10 mml) and cesium carbonate (4.9
g, 15 mmol) in N, N-dinmethylformam de (77.5 nL) at room tenperature was
added a solution of toluene-4-sulfonic acid oxetan-3-yl ester (3.5 g, 15 30
mol) in N, Ndinethylformam de (8 nL). The m xture was heated to 65C for 22
hour s wher eupon an additional aliquot of cesiumcarbonate (3.3 g, 10 mmol)
was added The reactlon mxture was stirred for a further 12 hours at 120C,

o o M o, VAN AN AN N AN AFSANVT ] A SN SN ] A= Nrsrngrs /o




wher eupon water and ethyl acetate were added and the m xture was carefully
acidified with 1N aqueous hydrochloric acid solution. The organic |ayer was
separ at edvowastessoni t h brine (3 tines), and concentr at e@#CTNBUALKE3626
Purification via Biotage MPLC (silicaogel, eluting with a gradient of 0 to
25% et hyl acetate in heptane) afforded 3-(4-(5-brono-2-

5chl or obenzyl ) phenoxy) oxetane (2.5 g, 70%vyield) as a white solid.

1H NMR (400 MHz, dichl oronethane-d2) delta ppm7.34 - 7.28 (m 2 H), 7.26
(d, J=8.4 Hz, 1 H, 7.124 - 7.09 (m 2 H, 6.69 - 6.35 (m 2 H), 5. .22 -5.16
(m 1 H, 4.96 - 492 (m 2H), 4.72 - 4.68 (m 2H), 4.01 (s, 2H).

10P ti 4- -2: (. | fl
ol ut s on of M 3SR ERiea. ehDeflll s bedied WEL S AERRE riyaronpeits
Zet L?hydldﬁfrlﬂnaacidié@@slﬁk) a\gaﬁrenglﬂdee?f\:/rlhmronz&%ﬂé\asaltt%mpenmtwfe ranging from ¥

chl or ophe nesi um bromni de in die et her was
added 9P§Ut33¥|q?§éee§\/§?lsﬁ‘sﬁ?ﬁ PRSro0s} {EMRETEiUR E@HPP%J&P%%@&CF%H ature
for 5 m nut gfmeane? |%Q€210%?’§R3{r§/mtﬁéaéroﬁ@éé7ﬁr@%% rSé?fo%%"e@QIﬁr{geg@ﬁérﬁé 8 §hafdn

stirred for 1 hour nperat ure e solution was cooled In an
isce- waRéis BaariCaftat)ajddnched by addition of saturated aqueous ammoni um
chloride solution (40 nL). The i,c phase was decan; ed and the aqueous
resi due was concentrated under pressure to FFove any remaining

organi ¢ sol vth. Thé*@dueous phias xtracted wt acetate (200 niL
x 2) and the g)[racts were 20 i igsh t he Fd ed |t Frahydrofuran

solution. This solution was washed 15 brine (ZSFHL(% $ dried (sodium
sulfate), filtered and concentrat e%%nggr reduced dfgigl ving crude

(5-brono- 2-fl uorophenyl) - (4-chl or opléhyl) - met hanol (15( _gg, 96% yield) as a

yellow solid. To a solution of the above V)
(5- bromo- 2-f | uor opheny1) - (4- chl or opheny1) - met hanol 5.0 g, 48 mmol) and
triethylsilane (18 @Pgol ) in dichl ororrethé??@ (140 m.) and

acetonitrile (20 under nitrogen, was slowy added ron
trifluoride diBe * ate(227n1_ 181 mmol ). The reglMf \
was stirred for 18 Kaeays, while slowy warmng to . -
reaction was cooled in an ice-water bath, quenchiéd By 3 additton of 7 M
aqueous pot assiu o 1o eosg)g ution (30 nm.) and exiN g ed with 30 net hyl
tert-butyl t;he The conbi ned or g&8i@ L[QFigen was washed

w th water |ne (25 nL x 2), dried (sodff9m sulfate), filtered
and concentrat ed under reduced pressure. Purification gé flash col umm
chromat ography over silica gel WD 2010/ 023594PCT/ 182(5 /053626 37 eluting
with a gradient of ethyl acetate in heptane gave

2- (4-chl or obenzyl ) - 4- brono- 1- fl uor obenzene (5.0 g,585% vyi el é as a
colorless oil. 1H NVWR (400 MHz, chloroformd) delta pp 3 1 H4H),
7.13 (d, J= 8.4 Hz, 2H), 693(dd J=9.2, 9.2 Hz, ] (s 5

Preparation of Internedi ates Preparation of I nt aoﬁed' e
((2R, 3R, 4S, 5R) - 6- aIIvI oxv- 3, 4, 5 tris-benzvl oxv-tetrahvd opvran-2-v1)-rret han
ol (lI-la): OHoki,",......... L0, s.jja....HO . Y. OH..--........
,-,,, PhH2OC OCHZPh OCHZPh 10( 1 O a) A suspenerlﬂ of Dgl ucose (1 2
kg, 6.6 mol), trifluoromethane sulfonic acid (12 nm) agdyally! alcohol (5
L) was heated at 80C for 3 days. The m xture was cool ed, down to room
tenperature, the volatiles were regpRed in vacuo ang,yhe residue dissol ved
i n N, Ndi net hyl f or mam de ) was split into four equal reactions and
to each was added_15(t)r | de (463 g, 1.67 nol) and %I’I et hyl ara ne

(231 m., 1. .r. : 5 ot herm was observed whi addpEny LCE
triethyl am ne. actlon mxture was st rredfoboz DC n%3then
each reaction i hal f, giving ei g‘ﬁ‘f gbal rneéact .~To>each of these

d b8hzyl chioride (300 WL, 2.6( fol I owed by

reaction tenperature betveen #72050C. After cofdl ete addition, the

i i €d dt roomtenperature &gr 20 hours. Each
e/water (2 L) and e ftacted with et hyl
. organlc phases of each were washed with saturated
bri ne/water (1: O% conbi ned and dried over magnesi um sul fate
(product Rf O. hexanes/ethyl acetate) After filtration and
evaporation the resrdue was di ssolved in a m xture of 25di chl oronet hane (16
L) and nethanol (4 L). The m xture was split into 5 equal portions and to
each was added sul furic acid (32 nL). The reactions were stirred for 3
hours, washed wi th brine/2M aqueous sodi um hydroxi de solution (1:1, 2 x 2
L), conblned and dr|ed over nagnesrunrsulfate After filtration and

T M N D o T

reacti on was
acetate (2.5



tetrahydro-pyran-2-vl)-nethanol (1-1 b): OH 00 HO rsisr .. '

PhH2CO ' OCH2Ph OCH2Ph (1-1 b) A solution of dinethyl sulfoxi de (87 m., 1.22
nol ) in owohlbhoyvwsmthane (160 nl) was 1lOadded dropw se t@Ca/IBmiowdI36rs Of
oxalyl chloride (64.7 nL, 0.76 nol) iX dichloronethane (2.5 L) at -78C
After conplete addition a solution of internediate (I1-1a) (287 g, 0.59 nol)
i n dichloronethane (500 nL) was added dropw se at -78C. After conplete
addition the reaction mxture was stirred for 30 mnutes and triethyl am ne
(417 m., 2.9 nmol) was added dropw se. After conplete addition the reaction
m xture was allowed to self warmto room 15tenperature. The reacti on was

t hen washed with 1M aqueous hydrochﬁ%iﬁ] aé:i d solution (2 L) and water (2
L), and then dried over nagnesiums 81'.° This reaction procedure was
repeat ed onlrsstep dopfiSohleatd 5,relaich ipensdesidterinedratel (Vi) the dregnorieealltoadditisrd

and eva ratedto e { h aldeh e as el l 171k This oil was
o) SRR e e i e simias way Bhg snechisbibefieStieris! SRme. iag tioons. To
each oydigRRIRe r@é&%@danv?e?&mﬁgv%swaeré O EIIVS ﬁ@kéatwe@r&&b Tthe 10

| owed by the dropw se addition of a solution of sodi um hydroxide
(532 g, hmdr@xwtgrpup rFQ/oarﬂ%anQelBgs pan be af tedrbudydipnaing sibdl graupod Bdhdseeact i on

o di PIEDR HOBHSEE it orpBAE b R AT AU pfRIS R G e S
or?atn: gzﬂi(rﬁzml}_a-tmmmudtnhmmmlﬂheﬂ \If]\ll tnh sategrgflg? aqueOtrJ]Z sodi ulrJr} ]lcolatcgr b'?'ﬂgt e
organi o phaleiop A SHEMSLY oRen B! oM IS EHIREE NEd S Soas AR AN R 1 ne

r esi dugkdtHiiubiR@etd asidl n@@weﬁl@su(f@\hgbb@garvari dcidictresid iMPrdsende bPadisbeXanRes in
WO 2010/ 023594PCT/ 1B2009/ 053626 39 et hyl acetate) to give internediate

IKompouf@iventlike)digiorpmathang at dterap@yatie rangog Jomsabayfi-&P dearass Galaius i
;}?;apgz ab&it rBom/teIrAufftd Srodude MEEANRFAELY]. acetate. (3S, 45,
|| vl oxv- 3, 4lrﬁstEp|3seft&1hmmeo&,vprﬁte2tlbg srqubsntPgkioand (Roly sdroke mernbvéd ta priovalevdr o

o 55 g Bbicatty (Pag) S 1BS b SLS EIR 10 S gromstapase e PIRICING 9'8HD By an

-2 y1) reméVengy s@qdéhha[h@ezﬂmeh@o? cgrwmnli ) teBabatyRBEhYEdm fluoride in a solvent
N, N- di et hyl f or mam de 10( 70 % and cooled to OC. Sodi um hydri de (60%

I sper B‘F%Wtraﬁyﬁﬁqfﬁérﬁﬁlorgrmetwlt@ akydrafprran %F%mW§tLﬁ@(ﬂ%@”&% Ofh@ degi&esi on
was al b%mﬂs Capsiult QLR f@éls&;s%r 8qga‘?rrn§nf Weh ?&ﬁié béllﬁ ifthe presence of
met hy1l- 4- nmet )9

1- brono enzene e reaction was then
heat ed paldﬁcﬁlﬂm (Bddlankg im a pTdte snlvannr(egvxmhw‘cm/rr ¢th) ddahovtoopooientpenplereatior e

and t n wat er cted with ethyl acetate
(201 i S MR RGeS PR BE B hea i th wat o, br i ne.
dried over Bﬂdepmcﬂlﬂdrﬁh% 5f|hietmedrét@(\dk)2@ﬁﬁeanéd aitadN, NAasler reduced
ressure The reacti on )ihen chr omat ofg hed over ?I | ica gel (eluting
th altgflueristhasnesy! f‘PW'B@"d %?ereﬁ%'éqea?eaggsehlﬁtﬁfé'ﬁg)y%m'é‘?d?r 7.55 g (52%
yi el d) yphetRyLEHGS in€ in a¥Blventlike dichiér an@%?"l J-M@n ane at a
| d) gph Qq bg@%) M@%ﬁﬁ@&%bdﬁh@tﬁ t RSk

20( 3R, 4S, 5S tris-benzvl oxv-6, 6-bi s- (4- net hoxv- benzvl oxviret hvl)-tetra
hvdr o- pmmeratuﬁe r@mglngi)‘rom Y\degres/Cigss KPaTputEinoeyress 2 iuntonesoduce

intermediate (V-l).
In step 5 of Scheme 5, intermediate (V-I) is subjected to a Sonogashira-type
25 reaction (see, Sonogashira, K. Coupling Reactions Between sp® and sp Carbon Centers. In
Comprehensive Organic Synthesis (eds. Trost, B. M., Fleming, I.), 3, 521-549, (Pergamon,

Oxford, 1991)). For instance (V-l) is treated with the appropriate terminal alkyne HCCR® in
presence of copper(l) iodide, a catalyst like bis-(triphenylphosphine)-palladium 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



(I-1d) To a solution of starting materi al

((3S,4S,5R)-6-al l yl oxy-3,4,5-tris-benzyl oxy- 2, 2- bi s-(4-

nmet hoxy- bwozyiomegivet hyl ) -t et r ahydr o- pyran, (1-1c: 7.55 @CTABIRAI/NFBO626) i N
met hanol (60 nlL) 5and di chl or omet hane2(20 nl) at roomtenperature was added
in palladium (11) chloride (528 ng, 2.98 muol) and the resulting m xture
was stirred at this tenperature for 4 hours. TLC indicated the clean
formati on of a nore polar product. The reaction was filtered through
Celite(r) and concentrated under reduced pressure. The crude material was
chromat ogr aphed over silica gel eluting with a gradient of 0O to 80% ethyl
acetate | 8 r -1d 738.8
(M + N &uég %@%\ r%%e%gk%%ha j'ggctggac{%\éh%g)abB e%t?egé{% V\ﬁthja P)asévlﬁ(e
5-tri Spb@BthowrbGn@tebn sin(alearelibesivehelikevMeOHrat dbdut réeh tepdraturevoan- 2-

one (1 To a solution of o i chl ri e_19 , mol )
in di cﬁr#@ﬁ@ﬁﬁag@%@ ﬁlé&k”%tbmséﬁﬁ'ld’dd”gﬁﬂ 8%?' ecﬂﬁﬁfé?gt Hh ( ?

sul f oxiHE (BPwRedR? ®ZCOP! ) in dichloromethane (5 m_) and the resulting

sol ution was stirred at this tenperature for 30 m nutes. A solution of WD

2010/ o23594@0&5/8@20@91%@6wukﬁlursdqshandghatethenchamlstry described above in

3R 4 I
et ansarates o Soldsr S GHeBy R AT Rk e TB L IR 0 oy
was t hpartiadegl witeopRiis €l a(k{dotdae beeisedtbd mgthrarxalikylatimgagenti afroadiceamdae
t |l the  t t to -60C. T th 9.7 niL,
505 ARy CALLOTaES (D SERen e ke e aram e R ARRT 9 i) oc
over lséffdthes ThadaagidreRasC gy, by addition of saturated aqueous
anmoni um chl ori de sol ution and the organic gugse was dried over nagnesium

Kyl fate, filbefFempadadsehibemresgrddn ep cpa a%vrpméymrechlmh@er&e@dénd
t f th

e or g srPfeFe Rt i Gfiohih sdtedeGEREROAE, VLsOGecified ofBASE Flshichaed
(1-1e) tr(ad a{j ste?é%symehd)‘orrrﬂsOdﬂ-ﬂh&IIttEtrr(péOﬁdNblﬁtheqhbsemiﬂmemtldh ad;e/l/elhaspmnxterem

d, J= 3. 86
(5 JotBres inpiidio Gicgmic mixiides’ Brgodr of e bedit jnberbion i Agdifan pd ) 3
- 4. 55 praseft ifventlorBdmbratedAll(gBonietht anép88|t|6ﬁal |§on'hérsH2Fo1r dﬂ)amp'ﬂe 8f7a(d
J=11.2 Hz, 1 H), 5.10 (d, J=11.1 Hz, 1 H), 6.74 - 81 -6.85
6m 2 p@mpt;uqqottﬂ\@ prgsqntonV@tlgnpﬁcorQorﬁjes g deuble bpngpr(anfpsgq npg; bqtg the
(2R 3ScASknd ¢dng- ﬁo?r‘nﬁ Rengl bhsfrdy drotiaddy IRARERY b6 e;# A% AveritibA- et h
oxvbenzvl oxvnet exanol ¢ acl oxv-net hvl - am de - and/ or
(3R, 4S, 59) - B;%tefreomegcm»que&aanBeSeDarate(dflmtmﬂwlecmndlblduawla&term:ummgrsz;r( met h
géﬁ{r?g{l?\/%qsq Q %Heo%yrs%glv&emlBalroaﬁerenges By metl)lods w%knowé &%)sg'smeg?n a

( (3R, 4Athebait,-shchA, a&-wctr&ob@mgrhplxwaﬁd/ﬁr frastfdn@r mtsfaumbemzdlétﬂmymtéwhmmehrahy
dr o- pyran- 2-one 0O-le: 104% t%gand N, O- di e %/ﬁ)l)klﬁo_lroxylamne
Ky dr ocﬁﬁ@?ﬁ'%e@lcaﬁﬁegse%a@ rﬁVo‘FC)”VPFPrEH ﬁl%ﬁﬁ%ﬂ‘ﬁ%&"’(ty MR § at 0C was

25addeé a‘é.fé?@&‘néﬁcﬁm?tu% Méﬁééldﬂbh%t hdn é%ér@%ﬁé‘t\é'o CHIN Sl it Aage.d 14- 5
m., 29 WO 2010/ 023594PCT/ 1B2009/ 053626 42 "and the resulting

sol uti chlral/aayXélaryrmm 2t a coioeh aleatiee paMosbervacidehlsigles. sepagatingbei on mi xt ure
was co s ric
v BBl O S g RN o Sh QR LB A B AR |

or Iganl cormé%mmdén@pwermmgtlemHemdAriﬁfasmﬂe?f ItHe wgmmSMthrmht mgentuml d

sol ution, dried . over sodium5 su iltered, a oncent ed un
Poduceiieeiusomhs @ e maided BoriaLond fie sstaed BaPamas s o

chr omaEaghadh¥rs(@npsls € BE s@ba%té@bﬁ@% oF B)dhuréICHPECG{hIgH d?é@éu%@%uw e' dl ng 6.5
g (58% of product. VR (400 MHz, ch oroformd) delta ppm
2. 62 ( BRromgtoarapy) golgmn( pbr. s. , 3 23 br s., 3.42 (d, J=9.4

Hz, 1 H, 3

J=6.9 Hz. “3303'32%23%'“‘ gth?) Bte%?gg'a% ’?d g%mpi ’ﬁs éfstﬂei é@(e”t ﬂggﬁ&&& 46 -

4.51 (may &xift,in diffeBer{tdautdmeiciizrms], add,allsugt féuns drel@émbiaced wibhin theS<toper . d,

3‘]0:11' 50%@ irlwe'_eri’on.4 T%7e tgprh “f]afjilolrhé'r” or “tautomeric form” refers to structural isomers of
different energies which are interconvertible via a low energy barrier. For example, proton

tautomers (also known as prototropic tautomers) include interconversions via migration of a



Hz, 1 H, 6.77 - 6.83 (m 4 H, 7.15 - 7.35 (m 19 H). ([ MFH+] 780. 8,
positive node; [ MHCO2] 824.7, negative node). HRMS cal cul ated for
CA6H54NO W O(2MORIB3394780. 3742, found 780. 3708. 15 PCT/IB2009/053626

(2R, 3S,49) -2, 3,4, 6-tetraki s-benzyl oxy235- benzyl oxynet hy1- 5- hydr oxy- hexanoi ¢
aci d nmet hoxy-nethyl -am de (1-6q) and/or

(3R, 4S,55)-3,4,5-tri s-benzyl oxy- 6, 6- bi sbenzyl oxynet hy1- 2- ( net hoxy- net hyl - am
i no) -tetrahydro-pyran-2-ol (l1-6f): 20(1-6q) This conpound was prepared
starting from R(3S, 4S,5R)-6-al | yl oxy-3, 4,5-tris-benzyl oxy- 2-

hydr oxynet hyl -t et r ahydr o- pyr an- 2- yl) nmet hanol (1- lb) using a simlar

q .
(2R 3sPry T3 e SBRAYT Bloe Balife, BT E 3t 1 095 2Me 5199 R4 - et ho
Xy- benpydtox yambigt )s- thexmmzoleanouétymhér@me rpecbtbyllmwnr@a(e]bétw)seﬁ?omdlll@r

(())?:5 48@%&@5@@@@%{@‘@5@% b/egzQb%gmbllnfpgéonver&gr%%y ?eeonrégki Ion othglolr%e 2z (meth
met hyl tr@%&@ind 6Fe6ﬁfbb{éjr1f?fe0é/dLﬁlibT%n9beMee?afc)lo%§rm opdifld folt® dkkieat i ng agent

used in the experl mental part describing the conversion from (I-1b) to
(I - 1c) intgrenastaiey (amgd/ onindduries <f éxdermagdipigs hisretrissant 97 {he posessiel. 1H NWVR

400 2.94 (b ., 3 ,
g. 23 5 a'%%%r”gﬁﬁ"%g)afgﬁf’%ak% ﬁyﬁ?z%s%%'%eé "éﬁ%@”t 3. 66 Emr SSH), 4.H%)5
(d, J=6.9 HIhe prédent mvéﬂltlcﬁrddlso\bqq&)rﬁcee&sﬁtdﬁlcalIy |&Deled cBBpodndsLef, thé predent 7
HZ) 4,41 11.5

m)vengforsy%tc@ argiciqn aH? tﬁ@sé_ﬁém@d%@reln;glggor(tﬁefggt ta';xL (grwsor[mﬁ;@to% 7.
pOSI t | Yee rEpitRsedldy drii6iaR] hzﬁﬂ%Bn NEBRE An¥Ss Bpﬁh%)ss nbf{bePdiffeRntIrohn the atomic
5-tris-benzyl oxy-2-13-(4-net hoxy-benzyl)-4-net hyl - phenyl | -6, 6-bis-(4-m

1éx hoxyma§é 9 YN ISEYHERPES| UsLgBy f%mﬁl 9 @RIy FXaRPiesPl ipatopes )hat CRB beVBOOBN
(1) DicBiorbiciin AR e BBl RKRRESaoidod SRR uaLE 67 ufa yes added

dropw se seconds 0 an oxygen degasse on (placed
ina pnéro@enedxy@eot plo@stondis; rsoifary @uwiiirad, |dd]ne,mnd_crﬂeratee($umhlals Ht 8Hc'ap, and

pl aced; PRy td yarst r2am ofs, Ogengask of 436

4-bro #2 él mt hgt( (%en yI?lFraet&h’ylébe zene (Im nﬁl rgs%etﬁy ?/lé{l ents) in
anhydr ous teteﬂauwddst@bwéngmdbélea mmp@andskﬁ@w@f)fbstehemw@ﬁwrt (00§, Bsutlaseledas
stirred at, this tenperature for an additional hour. A solution of

I62R, 35With) Hzargd 4C) aresugrfHlip|coxyposind and/or substrate tissue distribution assays.
20hyd I 4 '
yar ETf%ﬁﬁat@d((l“e B am&geﬁlﬂ 40(¥¥) ’f_C6)( gotggézéﬁ%é’ pé)r%%l)éh ?Yéf@ﬁr@éf For JHQ @98 C

aci d met hoxy- net hy I'n anh tetrahydrofuran
(1.35 nf_pramasatloheamda@mwaumtypvﬁLsrmemvaubslttmohwﬂ@wmgscaoegs smjweaspurrp and

the regulti.n Xt was. stirred C.ftor .1 hour f al | oned

to-war Aevs09oEesy Hh el st coffll Rl fical audads HehutiRo of gfERéH

2010/ 07#EINC B AR 08/90 336 8Bs el incwve heifHifel drivedlicsd dosadedebuirementshtiadin col d

terrperﬁture size of Dewar: external dianeter 10 cn}é internal djanmeter 8
gRES 1y He. Prefestadn SONHRerirQuaRS laieRSy RARIThEMitiRg (SORPSRayCh #dncRed by

dropw &3 adsli 44 PYF Qfre %%@ﬂﬂﬁ%&tr’&)ﬁ@rﬁi@@ubﬁﬁbrﬁoéﬁé ?PEH’%‘S@J@@SFB%X%%%% ting

bi phaSIC mxture was stirred roomterrperatur m nut es
or gani sulpsiegie oma@o@cyehsamqadiy Iaftmk%dompoundﬁ ofrtbe poesasd investiomagmesi um

| f at j | i
S o B S T R b 85 2179
m xt ur 8chémees @gggcs irf #@%mggpl@i%gyeu e loe)ow, Hﬁl\@bsaﬂuoug ahe@tbncal@Bl%blé@GlONa
M FNa+) 953.4 . .
2( PO{ (25" gfo§ EYaliy iSQ 'yﬁ%ﬁ@i@&%@e{‘h- met hoxy- benzy1) - 4- net hyl - pheny11- 6,
8- di oxa- bi cyrlpRLRdZ ofltHeiredentiihvaRioRane luséfut fdf tieathg diseases, conditions

and/or disorders modulated by the inhibition of the sodium-glucose transporters (in

particular SGLT2); therefore, another embodiment of the present invention is a

pharmaceutical composition comprising a therapeutically effective amount of a compound
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



(1-1k) To a solution of internediate I-1i (150 ng) in dichloronethane (3
m.) was added anisole 15(90 mcroL, 5 equivalents) followed by 3 nL of a
sol ut i on Wb 280RG839%f | uor oaceti c aci d i n dichl or onet hane pamdB20ogo33ezul t i ng
m xture was stirred at roomtenperatude for about 1 hour. The m xture was
concentrated and the crude was chromat ographed over silica gel (using a
gradient of 10 to 30% ethyl acetate in heptane) to afford the desired
product as a mxture of isoners (66 ngy, 61%yield). M5 (LCVMS) 673.9 (M-H+;
positive node). 20 WD 2010/ 023594PCT/ 1B2009/ 053626 45 (1-21) n-Butyl
lithium (0.312 nL, 2.5 M hexanes, 3.05 equival ents) was added dropw se (1

Bi of agt FVERTEr i ae vpdd MR- ERF aRe hticathe e Meifisipalid Drder &
posi ti mpplidaltlemrdeécrrldeﬁrmem gas) of 4-brono-2-(

4- et hoxy- benz - et h pbenzene (238 ng, 3.05 eq Ients i.n anhydr ous
Cetr o D Rkl doR oo & ProBtes kY MU 2 8amPrHgY ob e MeRenievSTPhAng: ot

this t §r6éﬁ"'é?ft il ferh OF eRflpidfdl Siiedhe cHRiers, diusfsHnd®kcRients are well known to
(2R, 3S,49)-2, 3,4-tris-benzyl oxy- 5-

By dr oxvlo@e(smllﬁrétnh&@arb@ﬁ@ym%b@g MeLgripl 18 ¢hoay caenhydrasesrmabigs,) walek aploble aci d
el hox b0 e e BTk n/HRfifO8: Atk b Rt ake, dehrAbdrahvige (0 ©

m.) was tThen a ver usin
resul t wagermand meehhsasThﬁ partueulaatarﬂer'f&nIuémorJemcpmntlmsédwﬂll bepemgj apdrotked t o

B L eSS AR B o LRl Rae pistst GFCRIRRIF Dold dpvian.

di amet gplvEAtsCaRe dohepdifaeldtiedBhesd 8n e8lvehRir8Bogriz&dby pBrsehBkillgd e theves
added 15and the reaction was quenched by dropw se addition of aqueous 1M

Wy dr ocAb GRTe(GIAS) BAIUERDIISITIRS PESTRITIG. B BREGIA S EOleNsess Sprried at
foom tﬁHB&S&BéHI@eth%uéﬁa%‘t@r%d JtH§ ac?rﬂ?él{g&?cﬁ%%s angzré%B%rb?et %g}‘%’ﬂ:’?&}ﬁfej

with brine ried over nagnesi um su e, tiltere concentr at
crude watesr |83J|taW%anJaouEmsbb@ntquhelddaswa1g, etreanBi, prapgddind glytolrpolgdthylene

h h ' h

o na B CaBaR % H54R0, RERIOLEE: 08 SRt HoegPrhuBld e PRNHRC s 4

m )c(ite ;Jr fchfde Grer mokelBETery, stabifiziviy @bents, Mafddtshe) wehiBg(dgehtdatubrieashg i ve

no .

5 2s, 38gentsgemulsifiess. fIsPeNYRY 29ents. Preservaixes. raliewidants. H‘B@WPQ PEBAB11- 6, 8- d
'Oxab' §| § 2@% :hrgcélés a.as\/&dva%h@%e(e@en%@ é)legft‘ﬂ@ rﬁ&%?ér?% %%%%0053626

oaso utio i nterme nmol) in
d| chl optheskhaws agditive} tmxasnvadﬁdwdeblasbrbreselslmomrptt’r@l_drug51 @qalcomp@nnd)of

foll d f f
di ch of e Erananuti Pyl BrdbinpPe fiparfebabab b bR BLaB B m v isiina s o
for 1. thehsharmacébcarpxdduce (iasmedisameht)at ed and the crude vvas
chr omat ogr a heg usi ng the 1 SCOTM conbi fl ash( r%f anl Oﬂﬁg aut omat ed

r omat ogr agﬁ? YAUatong reqy be arepared ypingPPNYRIR, iSﬁ%'U ? Bnd "YXiRdi ent of 0
to 70% Rﬁé@ﬂhre%.cqfcﬁte%ahlblé“%ﬁé 80Kk drg% %Df)@téﬁcé g% d&?ﬁ;ﬁ&ﬂwd%f‘%ﬁé‘%?e%ﬁta m xture

of |sorrers (85 85% yield %o;eltlve node) .
(4S, 5SinvenHoKoE $fﬁbﬂlb©d1iqmb&f\l Qcmmp@hndr(@gsqomm@t w&&@qy@ xringdesivative er 6- b

| s-(4- g%g%é@ﬁ%é%g%%g‘éé%;ghf) J Rl LRV AL ivértif e pre¥Encd® one

2010/ 0
or more of the excipients described above. The compound of the present invention is

25 typically formulated into pharmaceutical dosage forms to provide an easily controllable
dosage of the drug and to give the patient an elegant and easily handleable product.
The pharmaceutical compositions also include solvates and hydrates of the
compounds of Formula (I). The term “solvate” refers to a molecular complex of a
compound represented by Formula (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.g., water,

ethanol, ethylene glycol, and the like, The term “hydrate” refers to the complex where the



47 n-Butyl lithium (0.97 nm., 2.5 M hexanes, 3.15 equivalents) was added
dropwi se (1 drop every 5 seconds) to an oxygen degassed solution (placed in
a pre driwo2BiogrRaggeTM m crowave vial 10-20 nlL seal ed w PRTIBROZI362nd

pl aced under a positive stream of nit25ogen gas) of

4- br ono- 1- chl or o- 2- (4- et hoxy- benzyl ) - benzene (725 ng, 2.95 equivalents) in
5anhydrous tetrahydrofuran (2.7 nL) at -78C and the resulting solution was
stirred at this tenperature for an additional hour. A solution of

(2R 3S,49)-2,3,4-tris-benzyl oxy- 5-

hydr oxy- 6- (4- net hoxy- benzyl oxy) - 5- (4- met hoxy- benzyl oxymnet hyl ) - hexanoi ¢ aci d

was e nene R BRREM BT Lo T b ] B B R S EGR i o™
\rAgft%I E Ennezzr(r)egk\tauitsama@meﬁmserdwhnaérmedilélégavfam ih tHimpredaedtwreofbaonegdeshrbbmed to

to mai ﬁ?%{?‘ﬁ!scgqjlﬁ{%%m Oag{%r,égt% @thkg&?ﬁ&%\PE&?té%g&gyl% %gl m num foil
i nt er nglodi @ﬁ%l%ol&ligfﬁromét%‘blygolcﬁh bl RE RN, Sk W8S T‘Wé%tﬁmﬁeﬁ‘&ﬁws

reacti on was quench dropw'se addition of aqueous 1M hydrochloric acid
Sol ut | oy ameemé%aﬁ €omp eze@wat@uqtheﬁ iRpeEUSURSsNalk Mplesdlest suahoes kenper at ur e

for T a t i dpe,

dri ed 8ver ‘I’rlrlgglr?gspg%&sr% Pé@ergaﬁt%l tereﬁ%ﬁggﬁgéﬁ F%}t@%%%ﬁr oIf)rlwka} %grd;ph

over shidratesgef the sbrgystalijna disterdal ofTheGolvatdd) Yydtdigs and edvatrystallindept ane gave
the product as a m xture of isonmers (530 , . 11% yi s

(25 385504 fiay S sRparRe ARG oS SR IETR TS HhisHon NAHR 1 6. 8- ¢
| oxa20bBeob24 3ndorpbréd hefiln Bgfrété%ﬂce (&r Sthki pfIRdureszvéBhdwn %ﬂwoséf\@f
2010/ 023594PCT/ 1B2009/ 053626 48 To a solution of the intermediate 1-3i (530

I9g) i nskill éntherdket hane (11 nL) was added anisole (300 microL, 5

equi val ent s I fd in
di chl or onet Eﬁégh Hﬁ?ﬁ@@lﬁoﬁsﬂgon%o?f&dwglﬁlﬁnﬁ r%?)lﬁ %éﬂofn MQ (i%%%ggéq:ur e
for 1 kaornnetde:fervaysMapeadmwpmrtbeMetabédlsadldbrtdmmost&tmg\mhs dmhg oBGenellgphed
over silica a di ent to %eth ace te,in heptane to
of for abp ooy B et ndldes 8 orBingthady Sassigd B RES b
693. 6 defHd\‘atloﬁQﬁIahla@rW form. Suitable containers are weII known to those skilled in

(4S, SS% 3,4,5-tris-benzyl oxy-2-14-chl or 0- 3- (4-et hoxy benzyn- phenyl11-6, 6- b|s

L5 4- e hﬁﬁ@@ﬂ MW%WF@%WCJ\@?%W%MaﬁWW 91ag$); F?LCU?H am@@@ﬁiﬁa%ﬂ

oBn P Wﬁﬁ 3. 25
eqﬂi vg/ﬁé?}%? taas a gresfﬂbgég%wgbé%ﬁé(g?ﬁ%meé&/ery%scger{ca(}’n to an oxﬁgen
degassedsezmblagemnp(qyleati@dia'creei aecesgiioi tbe cBntﬁnésgefﬁNemnk@ge)mm/@d'rﬁm thHe- 20
mL | St f

of - oPotalet ap GPeSSRAREr T Bpel BUFhefuhBanhe tiaghS B saMlef Ve )
in anh}aﬂ;reomytﬁd bl decfpprepriat@ warmhbgs.at - 78C and the resulting solution

was stirred_at this tenperature for an additi | hour A solution of
2R 3s, 45) - Phe present Envg ﬁ%f Wrgrowdasametho of treating diseases, conditions

Pn); ? Lgiﬁn@b? ﬂrs%?c‘]é?@%rYooQﬂ‘é’téd 'b?fb(é TrﬁﬂtﬁﬁorﬁBF M&m@%‘eqw&?b YIS in il aci d
y- 20met hyl - am de 0 nmg) 1 n anhydrous tetrahydrofuran (1.45
m) wathat hmiu@cmunlnlstenng to an anlmal in need of such treatment a therapeutically
effective amount of a compound of the present invention or a pharmaceutical composition
comprising an effective amount of a compound of the present invention and a
25 pharmaceutically acceptable excipient, diluent, or carrier. The method is particularly useful
for treating diseases, conditions and/or disorders that benefit from the inhibition of SGLT2.
One aspect of the present invention is the treatment of obesity, and obesity-related
disorders (e.g., overweight, weight gain, or weight maintenance).
Obesity and overweight are generally defined by body mass index (BMI), which is
30 correlated with total body fat and estimates the relative risk of disease. BMI is calculated by
weight in kilograms divided by height in meters squared (kg/m?). Overweight is typically

defined as a BMI of 25-29.9 kg/m?, and obesity is typically defined as a BMI of 30 kg/m?



dropwi se over 1.3 hours using a syringe punp and the resulting m xture was
stirred at - 78C for 1 hour before being allowed to warmto -25C over 14
hour s (puwoiz2ni0z028k9¢p Dewar covered with al um numfoil tecraBrvadFsenol d
tenperature; size of Dewar: external 2 aneter 10 cm internal dianeter 8
cm height 9 cm. D ethyl ether was added and the reaction was W)

2010/ 023594PCT/ 1B2009/ 053626 49 quenched by dropw se addition of aqueous 1M
hydrochl oric acid solution. The resulting biphasic m xture was stirred at
roomtenperature for 15 mnutes. The organi c phase was separated, washed
with brine, dried over magnesiumsulfate, filtered and concentrated.

o o g SRR 3 BAnd IR B R Sid b8 o e %degg}%ad B ate
HRg/g g&k/alub&br&chtnﬁdfreéﬁ%zrﬁibﬂ@@@nggNchNg?’%eé&WrA Agtéfﬁso)zﬂetﬁgﬁbé&é e 6 8- d
! oxabi Wastiseon OC J5.&: Deloiimengertiedin 41¢ Hien Sendcas s rblgald S

sol uti gm@hg‘,gjgggl nternedi ate |-4i (1. 46 g) in dichloronethane (31 nL) was

added anisole (900 mcroL, -5 equivalents) followed by 31 nL of a solution
éf 20% trif Anetineasspedt OémajpﬁeﬁedliIemrmo@n@n‘dfa*h@tr@ﬁunem@rrd@éayllmgﬂi@ m xture

e St bIE b LOSIRAHIRRAIANS datcd. HObOW acdherTInEIG RS FARSARL " 2t ed

and th was c rona o ra over Srlica ge of 10 to
30% et Hgperadeeit atabetas rinehxt@nelsbcreﬁa‘rlfemrtd dsheDpMsparcd Tase 2 (nonihsulim-dépersilentr s

670 % I 407Cl. MFH+ 707. 2770 f d
o7, 27 Hieottansofhs) alscaaipsen o ms i B bdabRls RPaIred Glichse th oun
n- BUtYHeI'a?/édil'wwh(i‘h@%hﬁg g@lennamﬁeM@ee@nﬁéd b I@@élébﬁfa@@taﬁdéf\/as added

dropwi se (1 drop 5Severy econdsé to an oxygen degassed sol ution (placed
ih a pméprHP@G”lB? dyageTalyeerdesiayeyvdramers-ingreated aiNedenaity Hperrotadap and

pl aced e i

4- Broml)ef‘ll%g f”se'"'p %tﬁﬁ mg@wﬁ%ﬁ@%% gﬁggﬁgé%rggicar%)psésuect?u?sval ents) in

anhydr etrerostderabigdcarboaarhdgatt disedse, atrokd,etipbacd vascul arodjseasel hephrepathtyi, ng
sol Ut'R was stirred a th| 56 r@)erature for 1 hour. Then a solution of

(2R, 3S/ GNP, NEHGPa

10hydr oxy- Gh(;ﬁetrmbh@nasp@azoﬂtmgbesén{ v BB G0 h® @B Nhent)TebbYity cdrexanoi ¢
aci d nmet hoxy- nethyl-am de 300 %ogo 385 mml ) in anhydrous

ot r aherbAtiesnsYa ammﬁte)bdh/a§yadr@mf dMeisholie syrdrome iggliges diseaseevery 5
secondgindifishd fecissrals dikh 8 HdibRicHRs, 13l E'treﬁgloﬁt .nsuﬁﬁefs%aﬁéé Afdietdsonal

hour before warmng to 10 C over Dewar covered with
al um n(evgf, a"lypeQodlamtas)alcqromhdalttemeﬁsarmd fmazrtefadﬂreDeWar moex tetaiad
| anet e I|gt 9 c t| on was

G Tt e ol Bn dh MoPHegiif Syndieiie Bk . £.oh 2P & el TH el o e ous
1N hy dsgadionid: Perioass $0 Etiblogit Mystery iestiHriFrgmbd Myaswvmwtmw& twvas stirred

f 15 Th h d, hed
R 1 DeeRtara clebeles FegrROP AN | Biabe:es MECRRNGIRAL 2L Ga0Ih B¢ Under

reduced| Rie8 W. Cet al NeTK NREathE ISIHBroMRS Nl RriBWide BEfhIREE N ek Oﬁ@phy
over silica gel (eluting with a gradient of 10 to 40% et hyl acetate

hept andP59-6242Pd%)d t he product as a mixture of isonmers (199 ng, 55 ( )/ 0

5 a1 s bent oRl BUTPTRISNOTne SOMEPHAYS OL bR ARSRIIAiRn §rogde @

i oxabi et;amlsmia’ﬂy%:ghlﬂmt (p1<0®5 Ireduatdman(mit |6akt bke cardiovascular disease risk factor,

25 such as lowering of plasma leptin, C-reactive protein (CRP) and/or cholesterol, as
compared to a vehicle control containing no drug. The administration of compounds of the
present invention may also provide a statistically significant (p<0.05) reduction in glucose
serum levels.

For a normal adult human having a body weight of about 100 kg, a dosage in the

30 range of from about 0.001 mg to about 10 mg per kilogram body weight is typically

sufficient, preferably from about 0.01 mg/kg to about 5.0 mg/kg, more preferably from about

0.01 mg/kg to about 1 mg/kg. However, some variability in the general dosage range may



WO 2010/ 023594PCT/ 1B2009/ 053626 51 Owe z OBn (/-5k) To a solution of
(4S,5S5)-3,4,5-Tris-benzyl oxy-244-f| uoro- 3- (4- met hoxy- benzyl) - phenyl ] - 6, 6-

bi s- (4metWwoxytiessoyl oxynet hyl ) -t et rahydr o- pyran- 2-ol (| PEir/IB204/038526 0. 204
mrol ) in 5di chl oronet hane (3.75 nL) wWis added anisole (0.178 nL, 1.63 mmol)
foll owed by a 20% solution of trifluoroacetic acid in dichloronethane (3.75
m.) at roomtenperature under nitrogen. After stirring for 1 hour at room
tenperature, the reaction m xture was concentrated under reduced pressure.
The crude residue was purified by flash chromatography over silica gel
(eluting with a gradient of 10 to 30% ethyl acetate in 10heptane) to afford

the pr ngéﬁﬁlfi?eisﬁje%@@ng L?pochf thiesa(ﬁgeér% Mfljgﬁt @me%ﬁﬁeﬂ Bgﬂb'trelg?ecf, "ti%v@ter%ge?d /

( MtH+;
(4S, 5S)olde 4f 5dmm'|strat1mnzWap@ﬁuajléeedrﬁpmﬁwmﬂ@edwmﬁeﬁed B tHe: ikee el - 6, 6- bi

S- 4 rret hoxvbenzvl oxvnet hvl ) -t et rahvdr o- vran 2- ol n PVMBO
( @IBTOE@%BH of Aosy9 ra ?@?(W@Qﬁ@ﬁ 51’858 fé%&ﬁ%%}t'&@t 5 "Efi?_{‘ﬁi'l In

it m ume(eﬁﬂﬁt 5 ©he lof o?dlﬁarMs'RﬁMﬁwsart%ao.n@CtHe%@hsﬂt&kh&%ta@iﬂm&mﬁa@wﬁ@ (1
drop every 5 seconds to an o egasSed sol ution of

4- Br onglsp-nolecthad e m@wr)dﬂotyth@@rezﬁ@@hmﬁet@mg@ be wged in austamd)release

anhydr gusJiehy RYAE oL 8lkalda R AImuBREUIREn Riti<OftE ks gy LESHA 1410

sol uti 6n wWas stITT el enperature a so ut|on
(2R, BSQASbfardBrmytsklllsmﬁwanyl OXy- 5- hydr oxy- 6- (4- met hoxy benzyl oxy) - 5 (4 rreth

oXy- benzyl? net h % e]xt?qnmc ci d nmet hoxy- net -amd | -1b, ( ?té

0. 223 ol ) 16 CAMRDHASRIT TR PURNGOTEY BIF0(E5 Yee SRRt se very
sl oW y phdrnsdceRitieNegents e aRngsdtnatd of e d.@éevdetsl Bﬁwdﬂldﬁsuér‘fd/té\@éiséﬁd'efs ed at
-78C for an additional hour before warmng to 10C over 12 hours (put in a

eep DeGafriesrarein. vinerefaraimeinads ef 'lreatmeﬂbimt incide edninisteineeennew)ds The
reactl 8f‘th\%6;§re9ér#tti'ﬁ\?e¢1mh 89Hn%m}¥ ibn %ﬂﬂedt Qéeﬁ@eﬂ ?I i rﬁ@uded

addi ti on of aqueous rochloric aC| '&‘éﬂﬁc%he resu |pha5| c
m Xt ur Sumalslesmlarmacbmtcar@gﬁnts g enat loe eséd)m dcﬁmbmatnﬂremth Thecamnpawnds ghase

was separ at ed n ried.o nesi sulfate, filtered,
b conEeeran iR Ee 1% e Abl abage S HRE FREHPRlE Siteraeenitl pifeq by
flash efpes@tgentapit- ay@érg@bémmw{ts (n@hdJrowwuné@gehts anglidTnenhtory adéniko
40% et hyl acetate in heptane) to afford the product as a m xture of isoners

Ic180 nghdaatshypertensive agents.

(25,557 Buape i bR S S sdbbhaeqsnbeay 110,
rimonabant), 113-hydroxy steroid dehydrogenase-1 (11B-HSD type 1) inhibitors, stearoyl-
CoA desaturase-1 (SCD-1) inhibitor, MCR-4 agonists, cholecystokinin-A (CCK-A) agonists,
monoamine reuptake inhibitors (such as sibutramine), sympathomimetic agents, B3

20 adrenergic agonists, dopamine agonists (such as bromocriptine), melanocyte-stimulating
hormone analogs, SHT2¢ agonists, melanin concentrating hormone antagonists, leptin (the
OB protein), leptin analogs, leptin agonists, galanin antagonists, lipase inhibitors (such as
tetrahydrolipstatin, i.e. orlistat), anorectic agents (such as a bombesin agonist),
neuropeptide-Y antagonists (e.g., NPY Y5 antagonists), PYY3.6 (including analogs thereof),

25 thyromimetic agents, dehydroepiandrosterone or an analog thereof, glucocorticoid agonists
or antagonists, orexin antagonists, glucagon-like peptide-1 agonists, ciliary neurotrophic
factors (such as Axokine™ available from Regeneron Pharmaceuticals, Inc., Tarrytown, NY
and Procter & Gamble Company, Cincinnati, OH), human agouti-related protein (AGRP)
inhibitors, ghrelin antagonists, histamine 3 antagonists or inverse agonists, neuromedin U

30 agonists, MTP/ApoB inhibitors (e.g., gut-selective MTP inhibitors, such as dirlotapide), opioid

antagonist, orexin antagonist, and the like.



oBn WD 2010/ 023594PCT/ 1B2009/ 053626 53 To a solution of internediate |-10i
(180.0 ng, 0.19 nmmol) in dichloromethane (2.0 nL) was added anisole (0.175
m., 1.60 woebjo/f2eddkowed by a 20% sol ution of trifl uoroaeeriiB2awdiboan

di chl oronet hane (2.0 nlL) at roomtenp®rature under nitrogen. After stirring
for 1 hour, the reaction m xture was concentrated under reduced pressure.
The crude residue was purified 5by flash chromat ography over silica gel
(eluting with a gradient of 10 to 30% ethyl acetate in heptane) to afford
the product as a m xture of isonmers (85.0 ng, 64%yield). (4S, 5S5)-3,4,
5-tris-benzyl oxv-2-(4-fl uoro-3-14- (tetrahydro f uran- 3- vl oxv) - benzvl | - phenvl

CBn’ VB Soéﬁef%%f%ﬁg{'ﬁyép%‘ﬁ" B 1 B oRNHIPY SRR oS mphetanct, 5. 0

equi valreehton mmdecdmad aﬂﬂta:gmiﬁg 4., dmpab&r&rmr@aﬁmmdamabmamenmﬁn

Letr angavale (eAR ha69ata- 18-S (odt (el SPGB RTR) threstestive 9P )
at ‘78Fﬁh?d"t@r31@@ed|‘ﬂ6§ag|de' At R8bbIRA ifBftaBlde! RE8O GA‘SN& q0BSE AladCASr 1

hour. A solution of

2, 3, 4- Noi @ﬁ%zﬂ-@%ﬁ@%ﬁ@@@s @-¢-4Nrarayka- b eHT{1dek §yBe ity veditokphpeylzy| o
KyTet ) SNSRI RO BOALEL N 2RI N5dodBy Coale oo BRZTTROT |0

anhydr ous uran ropw S€ Very s y (0.9
mL/ houP)Jblmaliohmm VG W00bMd 6084 bulUS Ratdicationr Ned2@05- GMODOM aﬁHﬁﬁdagmmstal

noth ol uraSelnd Mokdrsaristie coramatunes gbSTbet s § Bla BERR inES i it e
With dirgdigk ( @gh@retumﬁltgqnwscéa% Bed Re el pwwg%@uﬁmﬂetslémws agregys 1IN

hydrochl oric acid sol ution. The resulting hasic m xture was stirred at

foom t eAgiaiegtRIY .- a‘a@rg 1H0fe ﬂﬁﬁ@@eﬁfﬁ&%%'@'rﬁa&%RQ@@OWCﬁéﬁ&'@ﬂ@@tagﬁ@%d
Wt Did B oflelsie) YRAUKNA2IEA4NET! AARA0905302 RSO VAlsFRR ST Um

sul f at ter e concentrate pressure ’ crude
resi dupra;xnimtlpal(svmbjzea‘ofmmecamﬁmoaggemphyragmuesbmnmng’nﬂe (elstati ng wi th

a gradient of 10 409 te,l ne), to afford.the oduct as
a mxt 8}(@13&@ égﬁ&qﬁ@ 8%5%1 @5@) 2?&?341"?8}3?%& sibutramine. Pre?eraBIr

((2S, 35@m§o§nd’sc§ﬂthépk§§éﬁvin‘)ér’v{hcﬁr%édrﬁl@ih@h&théraﬁﬁﬁaﬁr@@dﬁﬁlﬁrsfdﬂé@m3 vl oxv)-b
enzvl | - Dhenv11l- 6, 8-dioxa-hicyclof3.2. 11oct-1-vl)-nethanol (I1-11k) oCQ HO

15 0- 1 ESPNIpACtoDRyith exescise SBf d epsidlt diet
(4S,59) -3, 4gy m%anﬁ)%%)é}.e_éﬁ]s@tﬁwaéié@ﬁ Seetfrico ebf ﬂ&@-zf%@;zgm}ﬁlb%w)a

benzyl] - phenyl 6- bl's oxy-benzyl o ynethy etrah yran- 2- ol
| -11i phIsphogiesterase (RMIE)-10 'nnhmmhla)dlemiglmmel Q@Jtmns&)rasm@@eldlbdi ocadi sol e

G eor orbitef e EMted © 4, Ch6ioRekeRhide, ATapiraiies i das SisERmae " ¢ 1o

for 1 bnmzudet@ﬁbdrﬁﬁcgmmepuﬁuatgmbl@zw@sglqmmdetgl@hﬂ@néSglmd@mdectukaedmmeessur e.

The cr ud resi url fied by flash ograph over silica
el uti AY W'?Waa"%‘r a%th glitipdes BN CEpBYose b 't° 9afeé1dia ﬂébttréﬁ@}'”ta&d%ﬁf ord

the progdast aAg- @ué@s’l‘c‘]éllﬁﬁdrelfasé W@fo? ﬁé 66%0%@@?’%36 @h@ésudase inhibitor (e. 9
(4S, 5S)-3,4,5-tT1I s- benzvl oxv- 2- | or o- benzvl)=4-11 uor o- DhenviI-6, 6- bi
s- ( 4- rrgdlp@s(lme camiglibose, emiglitate, mlglltol vogllbose 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., CLX-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 IV (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
insulin mimetic, a glycogen phosphorylase inhibitor, a VPAC2 receptor agonist and a



20benzvl oxvnet hvl ) -t et rahvdr o- Dvran-2-ol (1-121): WO

2010/ 023594PCT/ 1B2009/ 053626 55 n-Butyl lithium (1.0 nL, 2.5 M hexanes, 3.1
equi val enweowae3®wdded dropwi se (1 drop every 5 secondsPCTaBziN9/e36¢zen
degassed solution (placed in a pre dr¥%ed Bi otageTM m crowave vial 510-20 nL
sealed with its cap and placed under a positive stream of nitrogen gas) of
4- Brono-2-(4-chl oro-benzyl)-1-fl uoro-benzene (702 ng, 2.9 equivalents) in
anhydrous tetrahydrofuran (3.0 nmL) at -78C and the resulting solution was
stirred at this tenperature for 25 mnutes. A solution of

(2R 3S,49)-2, 3, 4-tris-benzyl oxy- 5- hydr oxy- 6- (4- nmet hoxybenzyl oxy) - 5-(4-net ho

Xy-benzyl ) in

anhydr éE{I'§8 %?é %é(y% tcpur a%% r%d%% %J%ag%éﬁntgeatrgﬁeﬁ% r4cj;|:e)lljﬁsllvﬁgr(' gﬁéﬁrl nge

]Lourrp ((b.gdmtéghmum)vﬂdagllmlhealbglﬁllintadrfwsamgﬁmrne was stirr ed gt I 0\r/1v tlerrper ature
or an addi urs aced in a covered with al um num

foil to mai %Hgﬁﬂﬁe@B df’faé‘ﬂﬁﬁééoé\’ é‘%”tsénci‘éd%ge'%@ﬁ’@cmé%%)’ Hact igfegieler 10 cm

i nt er ngle\@heiivESand teMmESk I Exeth gt -agbhs iheRak icPihiFe U RN GABEnk dr opwi se

addition of aqueous 1M hydrochloric acid solution 15(1.5 nL). The resulting

i phasimaciecarerd angscranberrederatives suele Ap srantoery jice, Genberyessactne

m xt ur h ) and
e ox R otbfBethsy AR SHAY R IR RhE B TR R Lol it i on
was washthdcyariihs hnd peoa(rﬂlﬁbayla)ndlrw ioe pmréued m‘mnytﬂavsubifcmmpodrid irefuetingand
concentrat ed. %‘1 ﬂmato over 8113(@'5 g usi ngq %radl Ent of 10.to 40%
et hyl JUECEHs3iRxyiapya 83'8 VG RRlIN5P Faglbpogde Uy 2% P NORYAEPS A4 77
ng, 64%"¢M’eﬂidﬁ/quercetln 3-a xYIopyran03|de uercetin-3-O-(6"-p-coumaroyl)-B-galactoside,
{(2S,39)-2,3,4-tris-benzyl oxy-5- (4-chl oro-benzyl)-4-fluoro- phenyll 6, 8-d

iGox abi gy@ch ||3-3203(6 obenzawly-p .gﬁﬁCF%lﬂﬂ andlor pripreetipgg-a-arabinofuranoside.

2010/ 023594 T fi. it he

i nt er nedi at Eﬂg %W%ggﬁnﬁé CeH I%rﬂ gFTGEI nsétﬁéeteczléﬁfme)%II&N%Q(%&HR{E%%IE%' e
(0.15 tdbe En@eretqmdvlad)weﬂer)th{ablHembbduylenmo‘flthmmantﬂm areawit im(téd @ the, 50
equalen ulting mxture was stirred at roomtenperature for
> hour Soeoikoditls ontBet S EXubRRE % AhetVarhiRnn P ot had B, FEAR G e iR
over siighteA tigehstast digclds@ieat &y ofdrdibant skilBia%hetityl acetate in heptane to
afford the product as a mxture of isoners (102 ng, 58%yield). 10

104S, 5S) -3, 4, 5-tri s- benzvi oxv- 2- 14- BXVBLESf 4- (oxet an- 3- vi oxv) - benzvi | - phen

EBecb eV R R ST Slrst apap agotiond 130,

M hexanemmedcial syucessesit 39 Alghish Lehvaal cals dpmi( de(amk@la opl) ek/mqasferﬁamummﬁ) to

e e (RRRRT Qu30 pehas Bedinict Falrbif] - Wl che s bampany, (9. 0 )

ﬁt - 78@:@n|d;allhEnglaﬁdlj , Myger Scikntifio(Prinastodt NUY,ebtaZehbts Phameadaltisale for 1
OUI‘ sol ut Lon

) 2R, 3@-%@?”2'5@»9'@”9)( PEdeS\A GRETBIMRATLRIPIB. CA) et hoxy- benzyl oxy) - 5- (4- net

hoxy- benzyl oxynet hyl) - hexa@@hé‘rapgkpeﬁmé,lﬂgp(yrdgggyméls am de |-1b (725.0 ny,
0.930 mml ) in anhydrous tetrahydrofuran (1.5 nlL) was then added dropw se

very sl ow yNMR spentrahuernie)reaerded loa a ¥aian Unigy i 400upeailekte Beinr\asi@ndnc., P80 f or
an addib GORJ of 18Kk BETREGNEHTIMED S il Uit R exprbsBed fPPat®Var

cover ed W am ndm mai ntain 'c
per million (delta) relative to residual solvent as an internal reference. The peak shapes are

25 denoted as follows: s, singlet; d, doublet; dd, doublet of doublet; t, triplet; g, quartet; m,
multiplet; bs or br.s., broad singlet; 2s, two singlets; br.d., broad doublet. Electrospray
ionization mass spectra (ES) were obtained on a Waters™ ZMD instrument (carrier gas:
nitrogen; solvent A: water /0.01% formic acid, solvent B: acetonitrile/0.005% formic acid;
available from Waters Corp., Milford, MA). High resolution mass spectra (HRMS) were

30 obtained on an Agilent™ Model 6210 time of flight. Where the intensity of single chlorine or
single bromine-containing ions are described, the expected intensity ratio was observed

(approximately 3:1 for **CI/*’Cl-containing ions and 1:1 for "*Br/®'Br-containing ions) and the



10t enperature). The reaction was diluted with diethyl ether and quenched by
the dropw se addition of aqueous 1N hydrochloric acid solution. The

resul ti ngwbizptueesso4m xt ure was stirred at roomtenper at eC&/1Bm09/0B6M nut es.
The organi ¢ phase was separated, wash®d with brine, dried over nagnesium
sulfate, filtered, and concentrated under reduced pressure. The crude

resi due was purified by flash chromatography over silica gel (eluting
15with a gradient of 10 to 40% ethyl acetate in heptane) to afford the
product as a mxture of isoners (535 ng, 59 %yield). WU2S, 3S)-2, 3,
4-tris-benzvl oxv-5-14-fl uoro-3-14-(oxeta n-3-vl oxv)-benz v1l-phen v1J-6,

5010/ oSRRlNEr Paldnd it 35 108 g TP fiHe fseb Bhly rept&entative 'H NMR
T g e e o Lonzyl oyt byl Lot ahodr o ?2%2 ey s
o L O el aimatoarbeRy B %@%M&?ﬂ% L f@%mécr@@ 480

m., 4.3§ 'E?éRleb FfHHh;BéBM? I‘@.}’) & S% &al 54 (F_Wl Sﬁleﬁde'sf”"‘ L@le%Wn' NJ%H @aéé‘
di chl or onet hane at room tenperature Sunder ni trog en.

Stirri AQIUMEYS or i Lﬁ’Sh 4Ch Iotmét"ucownms(ﬂa%lr\msswli@aeﬁﬂaMBle(ﬁ@@lrum educed

G 7 oaPfe e'rﬂ#‘ﬁ@%ﬁ% %ff’\?ﬂﬁﬁﬁ%%#ﬁei’%a%"eéééfﬁtea@% AT RR Sk e

t o af f or d Gdmebipasrdue tbmﬁanlan mtruTeIedf/neTydBmTﬁ" BRA8gety, SNAParteildde KPsil or

oyt - B Bl B TSR Fea U ot el B g 1o
0 (I-14PLC m&ubnéssuﬂetlmummr@n%ogrbph@ Wadbbexraibusing ASHisdbY@vergs) cnas

added dr opw se 80 5every 5 seconds) to an oxygen degassed sol ution
10pl aceH’VW%AEH@tH‘“é BrepasgfemMifl-6r onave vial 10-20 ni sealed with its

cap an Bé& USRS R PSR e%[';ﬁ Qlfe r'&'nt%?@ngﬁé% g@os here of

3-(4-( rono- 2- chl or obenzy )p enoxy) oxetane qul va ents) in
anhydr oit®gestgashustrgodnhyanoys2salverits. Aal‘so - HEphwletehetherssé notegl, albredadtions was
stirred at thItS te erattiye I; §51 addi ti onal hour. A solution of

(2R, 3SVEE) 19! & RO} POIRGEAAR %?‘

20hy dr g¥erbddidg rmtj»ﬁwméwnz:wdwtb W) R idaxfihdeeas tHeauiioet thel distagganoi ¢

aci d met hoxy- net 6 ng) in anhydrous tetrahydrofuran

am de (I Bh?z@
161. 35 FFEye|ﬁﬂ§Ytth%ﬁ°'é‘@6léﬂd digseroRioing isioneTAYEe0 By /108 SBE6L59 dr opwi se over

1.5 hoRr e BH t yringe punp and the resulting m xture was stirred at -
78C for q#ﬂl Iﬂ}egre being allowed to warmto -20C over 14 hours (put in a

deep Dewar covered with al um nunStaritingtMategiahs ai n col d terrper ature; size of

De : |

D1 ot y1 et nEPTGEELY o de ing BB e el et ne Py bBBheE R ¢ on
of aqg@mgmfﬁs@?cﬁbm mgfg?newlyglrswlf%us;ln PrL:Ehcaturoaswtb tzom@édr?egaaﬁg @rem xture
was Sstilrre a | S

Uoar npbanote T Eaad it S PuItelipt Moo o g sShAE Miped Sepcicall,
Chrona'ﬂf&ﬁbﬁ&bhﬁﬁ%{ﬂm 'nhétéﬁalg%lseaﬁﬁﬂﬁf%ll&hrﬂ@'@@m&és Qa@géop?%d’éfbgl%gﬁg)%é in

hept ane gave the product as a m xture of 1Soners
((2S, 3syoczdsre&deacgb©@ﬁz@e@oym§p@udlogIr@‘eberwemr@umgd o Wey) - benzyl | -phe

nyi | - Cgrrgépocifﬁich‘y%o%[r?’ .1loct-1-1/1)-met hanol (1-14k): (1-14k) 15To a

solution © ernedi at e
(4S, 5S) -3, 44$rbm082 bembjﬂwmyybéhzﬁ/l@ bhieﬂﬁybb%éﬁerﬁ@m bapBepared by the

o)) ProRAtEsee bed in Brampe: S Rsa o) anisole cabb
5,700 procaitiesencibed in EranbE S ALPR L Ysaet Hi) WG REAAE ani a0l e (200
mcroL, -7 @IIB#bM%LL&M 8Ihdx91dePpol 1 Ove @y RBemterefl cam k%)bl*érpb%tl 8 tre5focedures

trifluoroacetic acid in dichloronethane and the resulting m xture was
sti r r edesgribeddmPrepgratien Exampls 174 05UREAPE/013820%i xt ure was 20concentr at ed

and the crugdesuas, £BnoMRLEARNESY-BYRLy PbbifhedSh B hRPafedbtlieent of 10 to
procedures described in Preparation Example 19 of US2008/0132563 or Example V of

30 US2007/0259821.



WO 2010/ 023594PCT/ 1B2009/ 053626 60 50% et hyl acetate in heptane to afford
the product as a mxture of isonmers (186 ng, 89%yield). Exanple 1

5(1S, 2S, 38020683591 - hydr oxvnet hvl - 5- 13- ( 4- met hoxv- benzvIPCTABIOY/MB6260henv1l-
6, 8- di oxa- bi cvol of 3. 2. 11octane-2, 3, 81triol (1A) and

(1S, 2S, 3S, 4S, 5S) - 1- hvdr oxvnet hvl - 5- 13- ( 4-

nmet hoxv- benzvl) - 4- net hvl - phenv11- 6, 8-di oxa- bi cycl 013. 2. 1l oct ane- 2, 3, 4-tri ol
(18): 10(1A) (1B) To a solution of

{(2S,3S9)-2,3,4-tris-benzyl oxy-5-[ 3- (4- net hoxy- benzyl) - 4- net hyl - phenyl ] -

6, 8- di oxa- bi cycl o[ 3. 2. 1] oct - 1-y1} - net hanol (1-1k: 236 ng) in

acid (270 i ergrect iR 4o Ber R StE A PE B R SEEF Ty parighial” ©
equi vaHaoysan @hérrtebtﬁre“ses{w f Lidg Sharighaie Peapless Repeldlicadf Crioan 15t enper at ur e

for 3 hours. The pal adi um s f | tered and the crude ure obtai ned
after evapof’zﬁ PER- \(‘{ &l?ﬂzpp'érﬁe Wn&?r%ﬁ%r &rgélpth Wt i ca gel
el uti nge%rmdqn@rxgm@kxqfoféﬁﬁgggmmgq hyl acetate in heptane. The m xture
of products obtained was purified by HPLC preparative. HPLC preparative

et hod: r evéhe&olighingsaiidgpnaiesiaisnes equrnaiedamdesripegibelavet er 150 x 21. 20
mm 20, ‘om 30 ezl-/ Zé,pe(m c acid:water/0.1%
form c—s v ; T 01 c acid over 20 m nutes.
UV detecti o@xal%dhlomie (I’h1e0 HFEL@26rrdnnoatvm$ aaddmidmpwfsedoavsm/eht stmebners of 3:1
(1A 1B O, 20%% B2359 PCT/ 1B2009/ 053 i.el d);

R = 168YSPSHSHNY FORO-FrAOF - ﬁEZ%BﬁP'Q?égnggtWA"BFE?@dEtd'?(}UZ‘RrQH% e %’ Bt ed

under g erady, R GRRIA fornmBRidd Yldﬁ MR 0PE! THE FedRiithfy Rixhibaths éuame%tteyl
acetate and hept ane. he resulting white solid was washed wth heptane 2

0 mes gragiuaty warmridepomdempethtpice SAftarel.8 Iviirg LtarBplid 03d JopssHe sopdiont The:

node - tlve N 0

ot hant Ui M e RIS cGRERraled yyaer sedpent presiinb WP eMen | o
Hz) , 7tv&@tu(nés V\MH dléthyl éth@r tazafford . PRrotRB-fludro-BéHzoyb cBrife 127.0 1), qdéhtitadvel 3

(d, 1H, Hz (s, 2H), 3.82 (d, 1H, J = 12.5 Hz), 3.77 (dd, 1H,
J = g.¥e @31393' a”%ﬁ‘?‘ (s, 3H), 3.66 (d, 1H, J = 12.5 Hz), 3.65 (t, 1H
J = 8.0 Hz) 703 stfutlchh ofleLbroﬂncrzﬁu%rdd%énz |§|8|o(u6lé'(271@ ,114 mmB f)%nafyﬂuisjmé Hz)
2. 16 (s, 3H). HRM5 cal culated for C22H2 (MHHE) 4 ound 403. 1737.
15B: (2014789, 13%plel th mnral) ia qqh'QFWWQih@@%U&Od@L} ataQtG Wﬁs adda@l glumingmt he

or oci pr IR TB R {3 AR iohaGY KB B8 Mk ey K hlEE rEp el Tl

was hed 10fC.hA flesstienre f2>r mlhmss armf’GjrtMedoIHJBunndms poeldem:edermresmd iee aB thé CVB)

Ny E%Mﬁ@oskﬁrﬁﬁvﬁ?s itect Aliet 40 Fagiep MEHEAYE oSG Has remoyed agg tha )
7 9 andg dBhasewddektfhctdditwd timeg v@tH‘@&hloFonQ&hﬁn@ﬁKé%orﬂbﬂhed@rdé?‘n@ 74 (m
1HJ—74H2,393 2 Hz), 3.91 (br. s, 2H),

23) 88 ( ahaiﬁs wgre-washes! ¢poe wr:eh 8qugQUs ‘(EW hygireshmg &P'Cﬂ-ﬁ?'U ign, mceavith aguepus
é)z(aﬁp:'?v&sc?d idrh t{yﬁroﬁc@ $O|§tl&% a(ngj ontEhwith brn‘?e.%h'é'zargal%cjp@agé wa%"&rred over

(1S, 28s6¢$um%Lﬁ1S)e 5Ht[etbc( 4ndtchogenttated yhjedredacéy prgssarey TheTesyitingresnbichy 1- 6,
?igl g)éabgg?%gyg |zgd ﬂ’@%ﬁ:tﬁ é\pﬁﬁ@@f}df@é&Z@-ﬁlgorﬁzé)-ﬂu%r}g-phenyl)-(4-methoxy-pheny|)-
25net hydetidremel(22 5 GysiroxasaiWnitt-$i- di oxa- bi cycl o[ 3. 2. 1l oct ane- 2, 3, 4-tri ol

(28) WO 2010/ 023594PCT/ 1B2009/ 053626 62
To a well stirred solution of (5-bromo-2-fluoro-phenyl)-(4-methoxy-phenyl)-

methanone (22.5 g, 72.80 mmol) and triethylsilane (27.9 mL, 20.3 g, 175.0 mmol) in
dichloromethane (20 mL) and acetonitrile (60 mL) at 0°C was added boron trifluoride
etherate (32.0 mL, 36.2 g, 255.0 mmol) dropwise. Boron trifluoride etherate was added at
a rate so that the internal temperature did not exceed 20°C. The reaction solution was

30 warmed to room temperature and stirred overnight. After a total of 18 hours, a solution of
potassium hydroxide (5.0 g) in water (15.0 mL) was added and the resulting mixture was

stirred for 2 hours. The organic phase was separated and the aqueous phase was



OCH2CH3OCH2CH3 HOHO OHOH = OHOH (2A) (2B) To a sol ution of

{(2S,39)-2, 3,4-tris-benzyl oxy-5-13-(4-et hoxy-benzyl) - 4-net hyl - phenyll- 6, 8-
5di oxa- biwgehoj@3®41] oct - 1-y1} - met hanol (I-2k: 85 ng, OPCZ/IRINOIPS3626

et hanol /tetrahydrofuran (7 nL, -4/1 v@l une) was added successively formc
acid (95 mcroL, 19 equivalents) and palladium black (53 ng, 4 equival ents)
and the resulting m xture was stirred at roomtenperature for 3 hours. The
pal |l adiumwas filtered and the crude m xture obtained after evaporation of
sol vent was purified by HPLC preparative. 10HPLC preparative nethod:
reverse phase C18 phenorrenex colum Luna 5 mcroneter 150 x 21.20 mm 20

noi o eS8k SMes BB bleb | S5 ohmPilel PofinBPrists Wate Ralba 8hEt Y
det ect ivth:ag2edumn M é’dmdﬂﬁ’iy@ro)mh saltitish and ahc@with ilines tTéeesrgsisphasefvas: 1
(2A: 2B) t he fractions containing

e 2 PHriad bvescti T8 syltatent e auath aRicenbatoidr seduised Prongrr Uag nay o1 o

was preagibh af éﬁahbpt@tﬁé fﬂé(éult"r’ﬁgerte%?o%ead‘ﬂ/hh@Ebf?d‘f%)rm-éaeTﬁé.%HI'ld Va8 coédigq sol i d
was washed with heptane 2 tinmes and dried under reduced pressure. VS

(SLCvs) and drigd uRKer Righpyasutmte affocksd-brame- flyapHc@methaxydianzyl)beaegne 1H NVR
400 mi1.34 (t, J=6.9 Hz, 3 H, 2.18 (s, 3 H),
g 60 ?’gfoﬂ%gmgdgégf%{ea%& J=8 |(42 1 H), 3.68 (ED J=12. 5(Hz 1H)H),
3.78 (d, 1HH DR (800-Hz, 3hl8>40f©dn d)dbRa $phi3.79 (5)3 H3. 89 (s, 2 H),19.85 &,97 (q,
J=7 Hz 7 m 2 7.12
(d, J=%° %6@1 21“?{0% ég tsi*@dz E‘idﬁgﬁﬁl} 2"1) &4?1 %H% mﬂ% ( H). VO
2010/ 023594PCT/ 1B2009/ 053626 63 2B: (5 ng; 9% yi el d) Rt = 13 2;

1 nut eprd N afis A6t $t8RMgTRMeAN-BEohHS-RLSHYS)- b RS2 -EEHYeRREkat ed under
reduced pressure. The crude material was precl gl tated Tromethyl acetate

and hept aneA sphaioneaf gthyil (dreitteixy oheoyl) @CW@@ (#}8& @d 1 ABY imept 4eornot-fiwasroand

(o SRR R oD E TS Wi P etk Sidar (0P Wwa?‘%d%é%%%"%f‘?i *
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7 05 6368 G oo dgliich. e sdulige beear Gatk (50 The Q@r% Sl My Buntibied bty

IH) 7| @9(:3%6‘6* . 30mmuteatlt theh ddrooHemperature for 1 hour. Methanol (10 mL) and
anpl e

( 1S, 25289’ 5 i) saliam-ryerefide solyhomvé‘ta%m)- tesre\atided masthe mixtwelves SHeey | -

6
, 8-d
3o, IR Rt 1 hBELRIE: A4 WS ddiied (G0 Fpyarochiprigacid (1 1
8- di oxaqbeauscdaditor? abhtidoe anetuls ®¥ad-exiracted VB8) ethpeekile (20 G X 8B)THEO a
| uti f ) i ) ) )
(25, 369mBingd proanic Iayers wers yasad with &Yioesdiel msRRdHB SHEYP R Bheny 11- 6, 8-
i oxa- blsysrhep. t8.dhlisys: JN Mdm@rﬁ;h@ﬁﬂbrrﬁ)d@(ﬁ mZ?Qndmbtds@lum carbonate (7 g)

et hanol / t et r ahydr of ur an added successively formc
aci d (WeOe afidedithe W@@W@&Ihéﬁfeg)toé@@ 95@'[ bBPHW@bB‘P%l@Q tq nopmn fRynperature.

equi Val{\%}éﬁ%aé‘ﬁgaé@%nawmhﬂﬁ \Hbé‘lsgﬁr%ct%%ltﬁtétﬁ)ﬁ%‘éggatt g&mtﬁ %@ture

Af ter our rtironal formc aci ui val'ents) and
pal | adcommblyiedakgéridtayegs weéregashed aith Prineedredddedscaiom shfateiandur e was

allowed to s%}ir I??}rén an iﬁldi tional houg q?P lV\Qé 0r10/ 2359 PCT/rl 2009/|053626

64 r ooff TRIBEL HEESPRLNB STV aRPHELSS PY [RFLASHRIOHEPRY Qi S 9 e

bt ai negluidd with aurpdieat ot 4% dtg ricetds irphspthhed tdaffdtidla2 P yeparadd ve.
product (containing the desired product and another product). The crude product was

precipitated with methanol, affording 4-bromo-2-(4-ethoxy-benzyl)-benzonitrile (1.2 g,
containing 5 % of another compound with NMR peaks at 4.15 ppm quartet, and 1.5 ppm
triplet).

30 'H NMR (400 MHz, chloroform-d) delta 7.48-7.38 (m, 3 H), 7.13 (d, J = 8.4 Hz, 2H),
6.85 (d, J = 8.4 Hz, 2H), 4.08 (s, 2H), 4.03 (q, J=7.2 Hz, 2H), 1.41 (t, J = 7.2 Hz, 3H).

Preparation of starting material 4-bromo-2-(4-ethoxy-benzyl)-1-fluoro-benzene




HPLC preparative nethod: reverse phase Cl8 phenonenex col um Luna 5

m cronmeter 150 x 21.20 mm 20 nlm nutes, gradient of acetonitrile/0.1/0
formc SawDROWReI9%0, 1% form c acid; 20 to 60% of acet omCTABL©H/053696 or mi C
acid over 20 mnutes. UV detection: 284 nm The HPLC indicated a ratio of
di astereoi soners of 1.4:1 (3A: 3B). 3A: (50 ng; 36%yield) R=12.1
m nutes; the fractions containing the product were concentrated under
reduced pressure. The crude material was precipitated fromethyl acetate
and heptane. The resulting white solid was washed with heptane 2 ti mss and
10concentrat ed under reduced pressure. M5 (LCVS) 423.3 (MI-H
positive no
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cal cul ghegh theron@aéIvt%%oacfawaeﬁﬁé»eéa%nmﬁ,refv@maaagaw%ed to room 3B: (37
ng; 27%yield) R = .8 mnutes; the fractions containing roduct were
éoncenter@m@ratumdéffter édnswéai the esastipe mlxlwée vegdeoledtterG® @lanmqmcged pytstaved

f d wth
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2010/ 02 %4(PCT{%P2009/ 053626 65 To a sol ution of
{(2S, 35 I s- benzyl oxy- 544- chl or o- 3- (4- et hoxy- benzy1l) - phenyl | - 6, 8-

di oxa- bi cyciela3sciutinosits- -urb}ndrgtfim@mbenéiw 1erdb 6. U?) 211 mmol) in anhydrous
et hanol / t et rahydrofuran (10 , 54/ 1 vol unme) was added SUCCESSI vely formc
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HPLC indicated a ratio of diastereoners of 1.1: g%4A 4B) . 154A° (60 ngy, 29%
yi el d) witka gradignt ofd tif 8%, ethpleadetatetn baptanerne affmmfdg,fitgw@&@/o pielebtof Wee e

concen ressure. The crude material was precipitated
from eb%&feeog%r‘g){ag ea%nggﬁ&’gtogne The resulting white solid was washed with
hept anéH :NMereo Mz (d:hlo@dfotmctﬁ)rdeltta(ﬂipaed 40r (€SET@Hz MEH) LEBB)(s 4B RA), 3.0 Md+;

ROSI LT e 0o 4813, L WEEICKE: 1o [5%ebl 4o RSl K, 20N (400 W%H%nd )
Hz) 1L7332)_(7d30§,|ﬁ 2H)= 8.3 Hz) 7.08-7.04 (m 2H), 6.79-6.75 (m 2H), 4.12

(d, 4.00 (s, 2H), 3.96 (g, 2H, J = 7.0 Hz), 3.81 (d, 1H, J
= 12.5 Hz), 375(dd 1H J =8.3 and 1.3 Hz), 3.65(d, 1H, J = 12.5 Hz),
2 - =l D WO

X J £ ! A tH, J = 8.0 Hz), 1.33 (t,
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37.136 % e f
ot & Rlgt FoRm B Rerato s adrelatdusne s onst Haft 1A Boa BrEmobnaher Lae
mat er i glirringshd Fectibh ndik&de fdra® 3Ry lat room temperature, the reaction mlxture was

concentrated under reduced pressure. The resulting residue was purified by flash



5acetate and heptane. The resulting white solid was washed with heptane 2
times and dried under reduced pressure. M5 (LCVS) 437.3 ( MtH+;

posi ti ve wodej)o/o28b43 ( MFHCO2-, negative node). 1H NVR ( 200/1B2409/053626

met hanol -d4) delta 7.48 (d, 1H, J = 1349 Hz) 7.40 (dd, 1H, J =8.1 and 1.9
Hz), 7.32 (d, 1H, J = 8.3 Hz), 7.08-7.03 (m 2H), 6.80-6.74 (m 2H),
4.04-3.99 (m 3H), 3.95 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 (t, 3H J =7 Hz). HRVB
cal cul ated for C22H2607CI (M+H+) 437.1361, found 437.1358. Exanple 5

(1S, 2S, 3S, 4R, 5S) - 5- 14-f | uor o- 3- (4- net hoxv- benzvl) - phenvl1l- 1- hvdr oxvnet hvl - 6
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benzvl)o—@ﬂfmﬂ\&agl(sm‘myuebdyUEtki&)desﬁe&pd@MablMérﬁs% dl. 1loct ane-2, 3, 4-tri ol
i on of

{25, 38 N8 08 M 5Biedgemytsipke R R 955-32 i Ry 2688y L. 377 - 3.92

phenyl Im84 8 dsgéadowyrﬁlpm 7.38l@ci=glod Hi; o 3har’r@| (d(23#p. my, 0.170 nmmol) in
a 4:1 solution of et hanol/tetrahydrofuran m.) was added successively
f5ormc acid (137 microL, 3.42 mol) and pall adi um bl ack (73 ng, 0.687

o ) PSS bt ol LKL M BRShel £S PhbpOm Lemper atul e After 3

our 2 mmol ) and pal | adi um 25bl ack
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filt d d the fil t tr d
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67 methanol in dichloronethane) to afford 64 gg of a white solid. The
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cont ai (thng H) hye3gr@d&tego@verze2q-gn¢en8t Hay£Rl40MeR H cBeduced pressure. The crude

material was precipitated from et hyI acetate and heptane. The resulting
Mhite solid was washed with hept ane 2 tines and dried 10under reduced
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3.83 1 1
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B: 12 17% he f
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white solid was washed with heptane 2 times and dried under re
pr essudd,utegmuh e grpextnasted ddimesnuith aifyl akatate. ppencanBingciorgani.|ayans 1

, A

W o Bierd asfledhiog with ks dib ofod il s afePdysr sttt Sad, fleredl

7. 13 ( sonéenthatedudder-redudd pﬁrmssmgrel-ﬂ'he hc&ultmg?cr@déhcﬁélddsrwapcpmrlfledbymadle)

451 . ati v, node 5Ex

B L e A B RpDY oAy ies 9e cheian Ban cgadien 91 18,30% 8V 2CRAE BLRRRIERR 1 ) - 6

, 8- di oxphi&wcl 66 %égg"%lﬁélb) &Mé)dé@ﬁ@é @?(bdbrc't be a(@frless\M).

2010/ 0;3594PCT/ 1B2009/°0536
H NMR (400 MHz, chloroform d) delta ppm 2.09 - 2.24 (m, 2 H), 3.86 - 4.01 (m, 6 H), 4.86
-4.91 (m, 1 H), 6.80 (d, J=8.6 Hz, 2 H), 6.91 (t, J=9 Hz, 1 H), 7.10 (d, J=8.6 Hz, 2 H), 7.23
(dd, J=6.8, 2.5 Hz, 1 H), 7.26 - 7.31 (m, 1 H).

30



(6A) n-Butyl lithium(1.04 nL, 2.6 mmol, 2.5 Min hexane) was added to
a solution of isopropyl magnesi umbromde (1.27 nm, 1.27 mmol, 1 Min
tetrahydrwbuoswvp3zt 0 C. After 5being stirred for 30 m mawraB2009/b&s62esul ting
m xture was cooled to -78C and a sol Wi on of 4-

br ono- 2- (4- et hoxy- benzyl)-benzonitrile (380 ng, 1.20 nmmol) in anhydrous
tetrahydrofuran (1 nL) was added. The greenish m xture was stirred for 1
hour at -78C and a sol ution of

(2R 3S,49)-2, 3, 4, 6-tetraki s-benzyl oxy- 5- benzyl oxymet hyl- 5- hydr oxy- hexanoi c
aci d net hoxy-net hyl - am de (1 6p) (700 ng, 0.972 rrrml) i n anhydrous

t et rahydr of ur. vl : 1 drop
every ‘ '(‘gt . § : '9 . znd sl ow y
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oct-5-y1)- WO 2010/ 023594PCT/ 1B2009/ 053626 69 benzonitrile (35 ng, 30%

el d). ~ Pot a55| um car bonate (28 ng, 0.2 mml) was added to a solution
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Bar bonte 10N UG Sl OLART Radar v Eirs AP R AT e B aat o 2-
(4- hydbﬁléVcBéﬁEWéﬁerﬂﬁ s(ég @@/ﬁﬁelﬂga%)wrate ol L1
hydr oxy- 1- h%Oroxymet - di oxabi ¢ oct - 5%1 -benzonitrile (see
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4 . d at 45C
il R NS L T A T i i

25w t htemp@*aturé' e sadyiedi acsdlatyear oﬁ/\tahmdmubelulmrm audahxatarsiiu—lyf ester ghblg, 15

390vapor ?r;[rr?o N% &lmesﬂswlformamlde (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



Purification by preparative Thin Layer Chromatography over silica gel
(eluting with WD 2010/ 023594PCT/ 1B2009/ 053626 70 nethanol in

di chl or ormOlzar#23591 to 9 in volune) allowed isol ati on ofPCauaB2oogas3product 7A
(2.4 ny; 26%yield). 13d NVR (et hanol -d4) delta 7.69 (d, J =
8.0 Hz, 1H), 7.61 (d, J = 1.5 Hz, 1H), 7.56 (dd, J= 8.0, 1.5 Hz, 1H),
7.17-7.13 (m 2H), 6.86-6.81 (m 2H), 4.18 (d, J= 7.5 Hz, 1H), 54.14 (s,
2H), 4.01 (g, J= 7.0 Hz, 2H); 3.86 (d, J= 12.5 Hz, 1H); 3.80 (dd, J= 8.0
and 1.2 Hz, 1H), 3.70 (d, J = 11.7 Hz, 1H), 3.67 (t, J = 8.0 Hz, 1H), 3.61
(dd, J = 7.5 and 1.2 Hz, 1H), 3.54 (d, J = 7.8 Hz, 1H), 1.37 (t, J =7.0

Hz, 3
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and the resultlng mxture was stirred at roomtenperature for 62 hours.
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data C%' %f&blf’dq and refinement are summarized in Table 1 bel ow. 25Table 1
dAY 3°%hd structure refinenment for Exanpl e 8A. Enpiri cal

f or rml aC49H35@130|lBr041CEbf the abule (Svbiaing-2fhbr@shehghfdrchlaropl2&6()2hethanol
2350V\avel( 5#%3@ and(t:']é/’tﬁ;[/lgljlang(s’l eéTMEn?%Immol in dichloromethane (40 mL) and

acetonitrile (20 mL) at 0°C under nitrogen, was slowly added boron trifluoride diethyl

etherate (22.7 mL, 181 mmol). The resulting solution was stirred for 18 hours, while slowly
warming to room temperature. The reaction was cooled in an ice-water bath, quenched by
slow addition of 7 M aqueous potassium hydroxide solution (30 mL) and extracted with

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

under reduced pressure. Purification by flash column chromatography over silica gel
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the structure and stereochem str I ample 9
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A suspension of D-glucose (1.2 kg, 6.6 mol), trifluoromethane sulfonic acid (12 mL)

and allyl alcohol (5 L) was heated at 80°C for 3 days. The mixture was cooled down to
room temperature, the volatiles were removed in vacuo and the residue dissolved in N,N-
dimethylformamide (8 L). This was split into four equal reactions and to each was added

15 trityl chloride (463 g, 1.67 mol) and triethylamine (231 mL, 1.67 mol). A slight exotherm was
observed while adding the triethylamine. The reaction mixture was stirred for 2 days at
30°C and then each reaction split in half, giving eight equal reactions. To each of these
reactions was added benzyl chloride (300 mL, 2.60 mol), followed by portionwise addition
of sodium hydride (102.5 g, 2.60 mol) maintaining the reaction temperature between 40 to

20 50°C. After complete addition, the reaction mixtures were stirred at room temperature for
20 hours. Each reaction was then poured onto ice/water (2 L) and extracted with ethyl
acetate (2.5 L). The organic phases of each were washed with saturated brine/water (1:1, 2
x 2 L), combined and dried over magnesium sulfate (product R; 0.85 in 3:1 hexanes/ethyl
acetate) After filtration and evaporation the residue was dissolved in a mixture of

25 dichloromethane (16 L) and methanol (4 L). The mixture was split into 5 equal portions and
to each was added sulfuric acid (32 mL). The reactions were stirred for 3 hours, washed
with brine/2M aqueous sodium hydroxide solution (1:1, 2 x 2 L), combined and dried over

magnesium sulfate. After filtration and concentration in vacuo, the residue was further



5Per 4-nitrobenzovl ati on of

(1S, 2S, 3S, 4R, 5S) - 5- 14- chl or o- 3- (4- et hoxv- benzvl) - phenvl1l- 1-
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purified by flash chromatography over silica gel eluting with a gradient of

10 to 50% ethyl acetate in heptane to afford 18 ng of Iproduct (73% %I el d).
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dropwise. After complete addition the reaction mixture was allowed to self warm to room

15 temperature. The reaction was then washed with 1M aqueous hydrochloric acid solution (2
L) and water (2 L), and then dried over magnesium sulfate. This reaction procedure was
repeated on six equivalent reactions and after drying they were combined and evaporated
to give the aldehyde as a yellow oil (1.71 kg). This oil was dissolved in isopropanol (2.57
L) and split into seven equal reactions. To each of these was added a 37% aqueous

20 formaldehyde solution (0.79 L, 10 mol), followed by the dropwise addition of a solution of
sodium hydroxide (32 g, 0.8 mol) in water (130 mL). After complete addition the reaction
mixture was stirred at room temperature for 2 days. The reaction mixture was diluted with
brine (2 L) and extracted with ethyl acetate (2 L). The organic phase was further washed
with saturated agqueous sodium 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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theta = 61.76 Absorption correction Max. and mn. transm ssion

5Ref i nement nethod Data / restraints / paraneters

ethyl acetate) to give intermediate compound (I-1b) as a mixture of anomers (980 g, 53%
yield over the two steps). R 0.57 and 0.60 in 1:1 hexanes/ethyl acetate.

(3S,4S,5R)-6-allyloxy-3,4,5-tris-benzyloxy-2,2-bis-(4-methoxy-benzyloxymethyl)-tetrahydro-
5 pyran (I-1c):

OMe

MeO
Q S
o) z \/\

(-1¢)
The starting diol [((3S,4S,5R)-6-allyloxy-3,4,5-tris-benzyloxy-2-hydroxymethyl-tetrahydro-
pyran-2-yl)-methanol (I-1b: 10 g, 19.208 mmol) was dissolved in N, N-dimethylformamide
10 (70 mL) and cooled to 0°C. Sodium hydride (60% dispersion in mineral oil, 1.69 g, 42.3

mmol) was added and the reaction was allowed to stir at 0°C for 1 hour before the addition

of 1-bromomethyl-4-methoxy-benzene (5.96 mL, 40.3 mmol). The reaction was then
heated to 60°C overnight. The mixture was cooled down to room temperature and the
reaction was quenched with water and extracted with ethyl acetate (2 times). The

15 combined organic layers were washed with water, brine, dried over sodium sulfate, filtered
and concentrated under reduced pressure. The reaction was then chromatographed over
silica gel (eluting with a gradient of 0 to 80% ethyl acetate in heptane) yielding 7.55 g (52%
yield) of product (I-1c). MS 778.8 (M + NH,4"; positive mode).

20 (3R,4S,5S)-3,4,5-tris-benzyloxy-6,6-bis-(4-methoxy-benzyloxymethyl)-tetrahydro-pyran-2-ol
(I-1d):




Goodness-of -fit on F2 Final R indices [1>2sigma(l)] Absolute structure
paraneter 10Extinction coefficient Largest diff. peak and hol e 5062
[R(int) =w0.2008R35985. 8 % Enpiri cal Absorption Correcti orCOAB86H0aZs 0. 7801
Ful l -matrix | east-squares on F2 5062 40 1 / 668 1.009 R1 = 0.0436, wR2 =

0. 1090 0.02(3) 0.0015(2) 0.217 and -0.173 e.A-3 Atrial structure was
obt ai ned by direct nmethods. This trial structure refined routinely.

Hydr ogen positions were cal cul ated wherever possible. The nethyl hydrogens
were 15l ocated by difference Fourier techniques and then idealized. The
hydr ogen paraneters were added to the structure factor cal cul ati ons but
were not refined. The shifts C@@g |lated in the final cycles of |east
squares refinenent were all le Ran 0. 1 of the correspondi ng standard
deviations. The final R-index was 4 % A final difference Fourier
reveal ed no m ssing or msplaced e on density. 20The refined structure
was plotted using the SHEYfEO pl otti ng package (Figure 2). The absol ute
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(I-1e)
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



WO 2010/ 023594PCT/ 1B2009/ 053626 77 M5 (LCVS) 421.4 (MrH+; positive
node) 465.3 (MHCO2-, negative node). 1H NVR (400 MHz, nethanol -d4) delta
ppm 1. 33 WO,200:02394Hz, 3 H), 3.53 (d, J=8.0 Hz, 1 H), 3PET/IBnd9/03Bsk 5, 1.5
Hz, 1 H, 3.60 - 3.67 (m 2 H), 3.754dd, J=8.3, 1.3 Hz, 1 H), 3.81 (d,
J=12.5 Hz, 1 H), 3.89 (s, 2 H, 3.96 (g, J=6.9 Hz, 2 H), 4.12 (d, J=7.4 Hz,
1H, 6.77 (m 2 5H), 7.00 (dd, J=9.4, 8.2 Hz, 1 H, 7.08 (m 2 H, 7.36 -

7.41 (m 2 H). 10B: (1.8 ng, 3.7%yield) R = 7.13 mnutes
(anal ytical method); the fractions containing the product were concentrated
under reduced pressure. M5 (LCVS) 421.4 (MrH+; positive node) 465.3

527G Ripraptensf TR 551 A8The. 6%{‘41‘/1%5'30}%?{"346@‘*& SEARGRBRY" 55,
;3 4 Olte(tmhyard-byraﬁ 03|, (Idd, 56 g4ZTzn_qmbl dlcﬂhlo?em(ethan% k5.0 ﬁ’lL@ﬁ/aédlﬁbn deFéPecB
pr epar qup\yl‘égqﬁ’ﬂ‘élhec '%?éuft'f"ag%'?(%e (‘f‘@%t%'irrﬁidrf@'g %EE%“"S? @H%‘@WQ tQ% FQ—;m EW@B& Rt!P at ed

and repyg id 16%)dCbYI'rfe|tr%ﬁé1n%r 9”7'5%@969@“’:&#&\’)&&a§édﬂd€cﬁd@%bv&(e%r\ﬁ th‘éQthLErQ a
gr adi ent of to 10%15net hanol i n di chl oronet hane). Exanpl e

(1S, 2satl;®vemtcs\sytr6m-to I0ferayeB hou(.t &be aeaadioo - Was querghed @x\@ddﬁ@@zqﬂ | - phenv1)

2010/ 09SSP YROBy 7 iR Mk St ik Bfodnic phiald el disd/dher YO

((2S, 3B)agReSiudr sulfate fittersd arx@eﬁnc{e#ﬂrbtecbmrmdé%éeh@ctw prebyuheo-Ther @nd 8 mdtenal) -

b 1] - b 3.2 t-1-y1)-nethanol |- 0.0 ny,
0D 1% B MR By 4530 LB R aRDhY VLS Sek d iR arAenbor o 688 nadog
succesétﬁ«yeb&etéfénmrfépwedto(plﬁéu@e HeGiroduct41-64) @@ l7poandipal | adi um bl ack (148

, 1.39 The resulting m xture was stlrred at roomterrperature

Wr ter 3 hm%)Nl\é%MQQ thita, chk@f@fpenaﬁudelte P88 #24(@LY/=W B2, il 3-48ndB-palmadi um

bl ack d,_.Af L er o) ture
was fi t%el) egqand ?ﬁe@l% g\ﬁgesvégqgo‘{lc@nlﬂfgtg undgdr ?UQZ?H eag;gqré The
resul t Un®. 6d-|11;dleH) ds3Flud. ymen pdiH)f4.68 - By X (rashHg . aﬂxﬁd og=rla|d-lhzy1 d)ed.8Fi(di ca

211 or v 1bb e di e Bl B €8 e oh RO o TEIREA ). 6 0 GRS T 8708 TG hrer

was pudd,ieq. d))@ PHEPRHPLTNE - HPA_C(m 17 H). HPLC preparative nmethod: reverse
phase Cl8 Gemini columm, 5 m croneter 30x100mn 40mL/ m nute flow rate,

adi ent of acetonltrlle/O l%formc acid : water/O l%formc aC|d 25 to
50% ace$ d
15nm

pLer/ l 100tr|f L}Eaclglc'd'_ A 1PO%

acet on Totes, 1 on:
220 nnp)ér%@,lz_ﬂ (/ym ny, 19% y| eI d) R = 6 43 m nut es (anal yt| caI nmet hod) ; the

tr|flura9 t|§C|_4

fracti ons cont ai ni
1H NMR (400 MHz,

g the product were concentrated under reduced pressure.
2VRanol -d4) delta ppm2.03 -2.11 (m 1 H) 2 15 -2.25 (m

1 H, 3.55 (d, 1 J=84g), 3.59 (dd, 1 H J = 7.4 and ), 3.61 -
3.69 (m 2 H, 3| (dd,2and1Hz 1 H), 3.81 - 396/ ﬁ%
(d, J=7.4 Hz, 1 HY 4.94 >4.98 (m 1 H), 256 79 (m I\Qe@vN 7 j@& 9,
8.5 Hz, , 1.12 I-F 737-745(
S, 25, 35, 4R, 5- 13-( -c9 oQ)beW ) 4- quoroph I-Johy r 0X rrethyl 6, 8-
di oxabi cycl 417
(1S, 2S, 33, 4S, 5S) - 5- 1- 3:(4 ch|'§robenzy|) 4-
30f | uor opheny11- 1- hydr hy €, 8- di oxabi cycl 0[3 Y2 3 4-triol
(128) WO 2010/ 02359 PCT/l 2009/ 053626 79 A d HO gj
MeO

20

(I-19) (1-17)

To a solution of lactone ((3R,4S,5S)-3,4,5-tris-benzyloxy-6,6-bis-(4-methoxy-
benzyloxymethyl)-tetrahydro-pyran-2-one (I-1e: 10.4 g, 14.5 mmol) and N,O-dimethyl-
hydroxylamine hydrochloride (1.77 g, 29.0 mmol) in dichloromethane (100 mL) at 0°C was

25 added dropwise a 2.0 M solution of trimethyl aluminum in hexanes (14.5 mL, 29.0 mmol)



OH (12A) To a mxture of internediate 1-12k (102 ng) and pal | adi um
bl ack (98 ngy, 6.1 equivalents) 5in ethanol/tetrahydrofuran (2 nm., 4/1

vol une) waie 2athdestdftornmic acid (0.9 nmL) and the resulti n@CEIIR2009/853625
stirred at roomtenperature. After 1 42our, additional palladium black (67
ng, 4.2 equivalents) was added and the m xture was allowed to stir for an
addi tional hour at roomtenperature. The pall adi umwas renoved by
filtration through Celite(r) and the filtrate was concentrated, giving the
product mxture. This material was conmbined with a 10second batch of crude
material (prepared frominternediate 1-12k (80 ng) foll ow ng the procedure
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S 28 3, 78037/ 4- f | uor o- 3- 14- (oxet an- 3-yl oxy) - benzyl | - phenyi | - 1- hydr oxym
et hyl - 6, 8- di oxa-bicycl 013. 2. 1l octane-2,3,4-triol (13A) 15To a sol ution
Iof ((2S, 35) - 2,3,4-tris- benzyl oxy-5-{4- f1 uor o- 344- (oxetan 3-vyl oxy) benzyl] -

J

xdiaam bl ack (266
t enperature.
sERniviel it —act o € | ) 20and
pal | adi um bI ac 66 2 50 rrm)l) wer e added. After 5 ﬁg_g the reaction
r

m xture was fil ed a heflltrate was concentrated u educ

pressure. The regllti ngNéfude WO 2010/ 023594PCT/ 192'@@94,65 56\43@& due

was purified by Iash c romat ography over silicg (el negO

gr adi ent to i n di chl or onet ha af br d| 153. 0 ng of a

whi te SOI‘@( om;@%e The #iekure ™1 £\ @e ed by

pr eparative HP C E _ep ratr ve method: reverse phas,é 818 coI um,
m cr onet er 5 E) OI gj

20 1-69) (1-6f

This compound was prepared starting from [((3S5,4S,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,3S,4S5)-2,3,4-tris-benzyloxy-5-hydroxy-6-(4-methoxy-
benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexanoic acid methoxy-methyl-amide (1-19)
25 and/or (3R,48,55)-3,4,5-tris-benzyloxy-6,6-bis-(4-methoxy-benzyloxymethyl)-2-(methoxy-



530x100mm 40nL/mnute flow rate, gradient of acetonitrile/0.1%formc acid
water/0.1% formc acid; 25 to 50% acetonitrile/0.1°)/0 formc acid over
18 m nut e®Q 20M/det9ect i on: 220 nm 13A: (23 ny, 129CyiBrod)0R626 7. 9
m nutes; the fractions containing thet3product were concentrated under
reduced pressure. 101H NWR (400 MHz, nethanol -d4) delta ppm 3.52 (d, J=7.8
Hz, 1 H, 3.57 (d, J=7.2 Hz, 1 H, 3.60 - 3.68 (m 2 H), 3.75 (d, J=8.2 Hz,
1H, 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), 495(t J=6.5 Hz, 2 H, 5.16 - 5.23 (m 1
H, 6.63 (m 2 H, 700(dd J=9.7, 85 H, 1 H, 7.10 (m 2 H), 7.36 -7.42

2 . ,
(15, 5oetnang BB Enidoryan2: aHﬂ;feX?%%t that g AU A0G AT BRERH1 - hy i ox
ymet hv exgernemtabpart He@oﬂbhrq:[ PeZohiectiamieerd, (B18) tor (l-dk) wad Aenzy\BEbmide
2010/ 023594 CT/ 18200 3626 82 To a solution of internediate
((2S, 35)ten ép‘%”'lr@e ng)(l)prgm{ 2chl or 0- 344- (oxet an- 3-
yl oxy) - benzm}\:mm/cb i\/ﬂ-ﬁa Bnrrsan ) Qﬂéﬁb%ﬁw Qeé] erstsl, ﬁ n@l)zgze(bh%mé HY,-3L 3%

(182 ng) in ethanol/tetrahydrofuran (14 was added

succes§irvel p H)oBrﬁ8c(daert4(Fizad . S %1 ; 3.0 (eq& th@ﬁ ) Jah@ ihal 1 BidA tdack
(106 ng, t he_ 5 e red m
terper 206 St o A A80 FE Il Ee Ty LA T 3B 2R AT 6 B Yt
and t hel)r&sul(bi. dgJ#1 k6 ktz 1vid)s 489 (d; g€1ab Hodnh |, e a35r(en, 28rH )| MgIfM+HGnal
hour . his point ad rm c CI d 90 microlL, 20 equivalents) and
pal | adi %PnsbPa% @en@A+u8§ahj7b H?% é& Sdded and the nixture was
allowed to stir for an additional hour at roomtenperature. The palladi um

was filtered and the crude m xture 10obtai ned after evaporation of solvent
I0cont al4$.A8)-3.4adfis1benzfoxNyserid=fEmepaxvahanzyl) eimeihwiphenyil-6,8abist(#~meethoxy-

HPLC p%ggapg)ﬁw&hgirt%% FE¥EL5e BNasH. C18 Xbri dge col urm 5 nicroneter 100

X —n%qm‘é‘g't‘e—g'r@gﬁ'ent of acetonitrile/0.1/0 formc acid
water/O 1% ormc acid; 30 tMe©5% of acetonitrile/0.1°)/0 form'c acid over

11 mnutes; UV detection: 220 nmYF5MA: (20 ng, 17%yvyield); R 4.43

m nut es; the fractions containi ng product were concentrated under

reduced pressure resulting in a w M5 (LCMB) 465.3 ( MtH+;

positive node); 509.2 (MrHcoz-; . 1H NWR (400 MHz,

met hanol -d4) delta ppm 3.53 (d, H , 3.58 (dd, J=7.4, 1.4 Hz, 1

J=8

H, 3.64 (t, J=8.2 Hz, 1 H), 3.6 1 H), 3.77 (dd, J=8.4, 1.4
Hz, 1 H), 3.83 (d, 20J=12.6 Hz, 2 H, 4.14 (d, J=7.4 Hz, 1
H, 4.65 (m 2 H), 4.97 (t, J=6. m22 (m 1H, 6.65(m 2 H),
7.11 (m 2 H), 7.34 (d, J=8.4 Hz, g, J=8.4, 2.2 Hz, 1 H), 7.45

(d, J=2.0 Hz, 1 H) Exanpl e 15 25C0crvs¢) xation of
(1S, 2S, 3S, 4R, 5S) - 5- 14- chl or o- 3- (4- et hox -be zv1l) - phenvl1ll-1-

hydr oxvnet hvl - 6, 8- d| oxa- bi cvcl Pz oBnd-triol (Exanple 4A
conpound) with Lproline to give (15): SL- pr ol ine 'di ssolved in water
(approxi mately 480 ng/nL) was ad&dtB®o t h®Bexanpl e 4A conpound

(approxi mately 80 noles L-proline per nole (exanple 4A conpound)). Vol une
30was doubl ed with ethanol and sol uti &alihvas capped and stirred for

bonch. T L O . 4 e, S o8 Bty e HosBY S BRAI5 " 8% nanol
I&nd t hevenylSuseconds st arnt omanmg@gaemsoleumemamd inca DreucﬁmmgBlemﬁﬁ ation.
ggl:lr S S“pﬁ?ro@%?? \e/{e}erl ﬁ I mE%ea ereltv(n'tr]; lt'g Cap %hlcltpfa%e'dou%der a r(Tjgltlve s?ream of nitrogen

(1S, 25038, &R- 5@)mc523(4 rﬁeth@kpbanﬁyﬂr) einhethyl= mémé)(ewﬁ@(tsleqlnvamnts in
hvdr oxvnet hvl - 6, 8-d a- bicvcl of 3. 2. 1l octane-2, 3,4-triol (Ex rrple 4A
corrpouﬁﬂ')‘qukj%tq_mpforﬁ@raﬁdz& wk) g g C and the resultlng solution was stirred at this

temperature for an additional hour. A solution of (2R,3S,4S)-2,3,4-tris-benzyloxy-5-

20 hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexanoic acid methoxy-
methyl-amide (1-1g) (608 mg) in anhydrous tetrahydrofuran (1.35 mL) was then added
dropwise over 1.5 hours using a syringe pump and the resulting mixture was stirred at -

78°C for 1 hour before being allowed to warm to -20°C over 14 hours (put in a deep Dewar



L-proline dissolved in water (approxinmately 480 ng/nlL) was added to the
exanpl e 4A 10conpound (approxi mately 59 noles L-proline per nole exanple 4A
conpound)woVolounmesaas doubl ed with met hanol and sol uti orCraB200)/e626 Vol une
was i ncreased by 25% usi ng acetone. S8l ution was capped and stirred for
approximately 12 hours. Vol unme was reduced by approxi mately 60% t hr ough
evaporation on the bench. Vol une was doubl ed usi ng net hanol and renai ni ng
sol vent was evaporated | eaving solid white precipitate. 15 Exanple 17
Cocrystalization of

(1S, 25, 3S, 4R, 55) - 5- 14-chl or o- 3- (4- et hoxy- benzyl ) - phenyl | - 1-

hydr ox -6, 8- I (o] ( :
corrpou?gg?érgnM %ﬂﬂt%Laﬁ)?' I nefi?légéﬁ%/ﬂgaﬁ%ola t%%hg 'T“%t §|z Otép e&s{ ra%%ﬁ'@f@tt%rd

Wi It h L4pread, imiternmauambtled&cm hletgm@anm)l Bléﬁylgmwa?@@pa@dimﬁe%bﬁoﬂwés

nol es L- I er nole 4A co un In a ass. vial . ar

sol ut i SHgﬂéLe g&b QaWER ‘i'qr} &quﬁﬁg?l)g%i‘rﬁ’ﬁ'ﬂ'ér'? a?% Sr?ildf %Slrﬁﬁjt'%s
reducegidnysidahiipy V\%‘éas‘?lﬂreatdtQ@orﬁttet‘rmiéefﬂtur%%?*1 8itlhGtes Prreel d?gér% PhEeS waken
and vial was capped and stirred for approximtely 12 hours. Wiite solid was

dol | ecseppratadayasbad withljine, fiiied puei mAINSHUR Bl filtgredandeangentratedon of

hyar ox A AStpSERgD Y MR e aZratK SR L AR U ofetts i ostans,

conpoupdye Wet;b‘rotjpctcds almlxtoregofvleor(né$ (440304.-61%lyiedd). di ssol ved in water (330

arsol ved | RV EnisuEleH AP BBy MENR B4 RS 200y After

15-20 m nutes preC| pitation was observed and suspensi on becane thick.

Appr oxi mat el y n. of water was added and sol ution was caré)ed,and stirred
8ver ni §E8. 38)\1233%ﬁtflmbwuzloxp@ﬂ?q(ésmﬂﬂypnmsazzvlhﬁ -MgthylohRasvilch. &0 Xa0| | ect ed
usi ng 5 HIAM 5 i4b 3 5 at 10p, o Aripg- in a 50C vac oven for approxinmately 2

hour s. € n of

(1S, 2S, 3S, 4R, 5S) - 5- 14-chl or o- 3- ( 4- ethoxy-béﬂﬁyl)-phenylI-1-

5hydr oxynet hy1- 6, 8- di oxa- bi cycl ol 3. 2. 1l oct age- 2, 3, 4-triol (Exanple 4A
conpound) with L- pyroglutamc acid to gi 19): 153 mcroL of the
conmpound (4A) in isopropyl alcohol (97.97 m.) was pipetted into 500
mcroL of L-pyroglutanmic acid in water ¢213[ 0 ng/nL). Sol ution was capped
and stirred overnight. Approximtely 51 g i i i
was added. 100 mi croL 10of ethanol wag added. Sol ution was capped and
stirred overnight. Ethanol was added % total volune was adjusted to
approximately 2 nL. Sol ution was uncapp | eft in hood overnight.
Approxi mately 10-30 ng nore exanple ppound was added. Sol ution was
capped and stirred for approxi matgl White precipitate was seen.
Suspensi on was pipetted into a Co- 1 i i i
0.45 microm 15nylon filter menbrane insggt. Solution was centrifuged until
solid was separated from solution. Cocrystal (19) was recovered. Exanple 20
Cocrvstalization of (I-1k)

1S, 2S,.3S, 4R 5S) -5-14-chl -3- et.h h -1- :
onyar SEAMI & aeimegel Pl on i Betiars AT o7 eedastarnisolea
Bonpough midrdln, 3-equiivaiehts) AsTiowedddyd3 it & &/ Sol(BEN of 28 Trifidorecaticlacld |n
ethanol/mater sol Ution was saturated with L- yroglutamc acid (412.
ng/ nL) dichinomgthanetand tg aapHenamixeiepuas atin ataqg@gutqrr@pe;gatyr@rf_or@bophé
L- I t
L. YT BRI IR €2 Bt o, RERA RN UM Ehitric Brlthq olERGe bt | o
et hanolusivag agradiénttafdf) tme’.i@"/aetreytﬂacé‘thte indiaptare) toafost therdesired eradughas aThe

enr oo SGEte (Rang, o B SR L M IS RTalTeduie’ oP e Mt el y 2"

Jdoours. Approximately 960 ng of the cocrystal conpl ex (20) was recovered.

The st0|ch| orretrlc ratlo of Exarrple 4A co ound to L- pyrolutamc aci d was
det er S S € --- £l QY £red-GORNIRXY WERE I'4 ; 2 ‘;-'fi H4/c0, P-UAN -g.l"l"gua C

aci d wasns LY.t abgnt g geperial in ethanol yielding 1:1
co-cry . 009/ 053626




85 Exanple 21 Cocrystalization of
(1S, 2S, 3S, 4R, 5S) - 5-[ 4-chl or o- 3- (4- et hoxy- benzyl) - phenyll1- 1-
hydr oxy mewbyb108)2859di oxa- bi cycl o[ 3. 2. 1l oct ane- 2, 3, 4-t ri olPCTHB200RDE362hA
conpound) with Lpyroglutamc acid to 4ive (21): 5494 ny of the exanple 4A
compound was dissolved in 1.5 nL solution of isopropanol and ethanol (4:1
respectively). 917.2 ng of L-pyroglutamc acid was dissolved in 3 nL water.
Bot h sol utions were heated to 40C. 200 microL of L-pyroglutamc acid
sol ution was added to exanpl e 4A conpound sol ution every mnute until al
solution was transferred (both sol utions capped unl ess sol ution was bei ng
transferred). Vial wwth L-pyroglutam c acid 10sol ution was washed wi th 200
m croL ethanol and sol ution was fransferred to exanple 4A conpound
solution. Solution was stirred for 5 mnutes and then heat was turned off
degree Celsius every 3 mnutes). At
enperature stirrer and stirred at 20C
for 20 m nutes. Solution was clea ﬁﬂproxinately 2 mL of dry seeds were
added. Suspension becane thick over 15%4he next 2 hours. Solution was
stirred overnight. Solid was recovasged/ using vacuumfiltration on a Pyrex 2
m. 10- 15M si ntered gl ass funnel fil Solid was dried for 24 hours in a
50C vacuum oven. Exanpl e 22 20Cocry of
(18,28,38,4R,58)-5-[4-ch|0r0-3-(4-et ‘%%E%l) phenv11-1- hydr oxynet hyl -

i i anple 4A conpound) and

(solution cool ed at approxi nat el
30C, solution was placed on anbi ey

L-proline and cocrystal of
(1S, 25, 3S, 4R, 5S) - 5- [ 4- chl or o- 3- fz'i" SORERY~eNopi) - pheny11- 1- hydr oxymet hyl 6, 8
- di oxa- bi cycl o[ 3. 2. 1l oct ane- 2, 3, 4oy 0l EExanpl e 4A conpound) and

L- pyrogl utam c acid: 25Powder X-ray Diffraction Analysis: The powder X-ray
diffraction patterns of the cocrystal (la?) exanpl e 4A conpound with L-proline

dth st al t
o v ol T UAUE R ETR s e Frect Dnetiur deginn Asien tragwEei 0418 °
(wavel a5 sdoop@PRrlin oxjtRnidéiRsyed ts@lgﬁor@(tﬂa@é@iﬁreﬁﬁr% dRiEBREIgd™® 40 kV and

40nA respectively. The divergence and scatterin its were set at 1 mm
and t h@'QQW@M@Mﬁ' n§-2) mt- sgaedswith i cap enmaoeidftmdeéﬁwsrtua|sénea6hofvrat§ogen

det ect ﬁQ?)bé‘f BolSHNES- Fz’tséth@g&%%hﬂfl 1Am§tjﬂg| t?%ﬁigﬂte éﬁ@%ﬁrégfﬁd Q&{W&Sﬁ&ﬂh at 2.4

per secon was ' use n al um na
st andaadhyﬁeuam&lrwetbfumndﬁ&mu bta—?8ﬁ@tandrtbetresd!®g solution was stirred at this

2010/ 023 594P 82009/ IR t | d
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purchased Sl enens; thus uke 000 instrunent is essentlally t he sane as

9 si enBreéhybsoude ABQrmq)arﬂ ppRYdraus tesrahyseafuiagy ©-Gurd) wesdhe adiedial i ze
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0. 3 weré&@éwd haurrsiterepgretg atiavegd/topearin toskiogh temnperatureeveut @ boursf(petinarat ed

manual PoonRad £ et JURRSTE P o HatiAa P Clintr s s e rent. on
a Br aggxtBrr@ntdaametenso fepTeiterrdl eantdter &@rerlgert 9sys) Onethgerihéronasraaged ement s
reported her n, the sanple is ty aced into a hol der mhrch has a

IPavi t yang %?B%W@émﬂch%d BY é’é‘g‘é’\’is%ﬁdg't'aﬂ 25394quse! MihveraniefIcafid t o
ensur eséluﬁ@r'i'dﬁ’ﬂb $é§Jlt<’r’ngeb|6HQS|8fn99t‘éFe %E@.‘trﬁe&%‘t %Hm tiferdaralis ’ﬂ?rrﬁ#%teé s then
pl aced into the instrunment. The incident X-ray beamis directed at the
sanpl e Thewergani¢ phasg was §ﬁaanated1gra$heélvath rine, grictl@ver enagnesiumhsulfage.der, and

o, TR AR B Sk B DM IR i b B gt

associ atiethated bhsunedtograpay umamm stanlaéqurs@g silies gkl cdlumns gelutiig wtty aquaﬁreot ors
i ncl udi S Ie on (e, | e_hei ght),. (b

Ahet r urbilio BBYsbY acenS n AePanabloiis fia Bipobiesk & ahRbRe:St ST ers 16 mbq)

operatgegﬁwégnggrngwugung(meQg'gbggrénﬁﬁ@§ent when determ ning the peak

Iocatronsz the nature of the material (e.g. preferred

200ri e ﬂdtrfsfbamzvrl@méﬁr[@ (drathoxyrberzl)rhmathdmwhenylhb8-dienas anpl e

helght 7 gﬁ 2 !rg 0y fghlft of all the peaks in the same
dire piEEBLE 2 DiocE v %ltﬁaﬂon 2 anpl e hei ght when using a flat holder wll

Iead to Iarge di spl acenents in XRPD peak positions. A systematic study
showed that, using a Shimadzu XRD- 6000 in the typical Bragg-Brentano
configuration, sanple height difference of 1 nmlead to peak shifts as high
as 1 020 (Chen 25et al.; J Pharmaceutical and Bi onedi cal Analysis, 2001;
26,63) These shrfts can be |dent|f|ed fronrthe X—ray D'ffractogranrand can
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Cocrystal of exanple 4A conmpound and L-proline from Exanple 18
characterized by the followi ng powder x-ray diffraction pattern, provided

i n Fi gurew®,208mpsm®ssed in terns of 5the degree 20 and r @CaIBUSINFBBNSI L1 €S
with a relative intensity of 2.7% nmea®ured on a Bruker D5000 diffractoneter
with CuKa radiation: Angle (Degree Relative Intensity* 20) (2.7)/0) 4.6
5.1 5.512.8 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

10

15

J

o

OBn
O o

HO
OBn

OB

(I-2k
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%
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 O to 70% ethyl acetate in heptane
to afford the desired product as a mixture of isomers (85 mg, 85% yield). MS (LCMS) 687.7
(M+H"; positive mode).

(4S,5S)-3,4, 5-tris-benzyloxy-2-[4-chloro-3-(4-methoxy-benzyl)-phenyl]-6, 6-bis-(4-methoxy-

benzyloxymethyl)-tetrahydro-pyran-2-ol (I-3i):

MeO

OBn
@)

PMBO .
s H OBn

PMBO~  OBn
13



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. WOR/R26599 6.9 26.8 PCT/1B2009/053626
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47

n-Butyl lithium (0.97 mL, 2.5 M/hexanes, 3.15 equivalents) was added dropwise (1 drop
every 5 seconds) to an oxygen degassed solution (placed in a pre dried Biotage™
microwave vial 10-20 mL sealed with its cap and placed under a positive stream of nitrogen
gas) of 4-bromo-1-chloro-2-(4-methoxy-benzyl)-benzene (725 mg, 2.95 equivalents) in
anhydrous tetrahydrofuran (2.7 mL) at -78°C and the resulting solution was stirred at this
temperature for an additional hour. A solution of (2R,35,45)-2,3,4-tris-benzyloxy-5-
hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexanoic acid methoxy-
methyl-amide (l-1g) (616 mg) in anhydrous tetrahydrofuran (1.35 mL) was then added
dropwise over 1.5 hours using a syringe pump and the resulting mixture was stirred at -
78°C for 1 hour before being allowed to warm to -20°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
quenched by dropwise addition of agueous 1M hydrochloric acid solution. The resulting
biphasic mixture was stirred at room temperature for 15 minutes. The organic phase was
separated, washed with brine, dried over magnesium sulfate, filtered and concentrated.
Chromatography over silica gel using a gradient of 10 to 40% ethyl acetate in heptane

gave the product as a mixture of isomers (530 mg, 71% yield).

{(2S.3S)-2,3.4-tris-benzyloxy-5-[4-chloro-3-(4-methoxy-benzyl)-phenyl]-6.8-dioxa-

bicyclo[3.2. 1]Joct-1-vl}-methanol (I-3k):

OMe

Cl

\_ 7/




5.9 27.0 5.8 27.5 21.2 28.8 15.5 29.4 6.5 29.8 8.2 30.2 5.3 WO
2010/ 023594PCT/ 1B2009/ 053626 88 30.7 14.1 31.7 5.2 32.1 7.4 32.5 7.7 33.0
9.9 33.3 WO020B8312898. 5 34.4 5.8 35.5 3.4 35.8 4.0 36.9 PCT/IB2009/053626
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To a solution of the intermediate [-3i (530 mg) in dichloromethane (11 mL) was added
anisole (300 microL, 5 equivalents) followed by 11 mL of a solution of 20% trifluoroacetic
acid in dichloromethane and the resulting mixture was stirred at room temperature for 1
hour. The mixture was concentrated and the crude was chromatographed over silica gel
using a gradient of 10 to 40% ethyl acetate in heptane to afford the product as a mixture of
isomers (229 mg, 59% yield).

MS (LCMS) 693.6 (M+H"; positive mode).

(4S,5S)-3,4, 5-tris-benzyloxy-2-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-6,6-bis-(4-methoxy-
benzyloxymethyl)-tetrahydro-pyran-2-ol (I-4i):

CH,CH,0
cl
O OH
OBn
0
PMBO. -
::E OBn
PMBO~  OBn

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™
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,35,45)-2,3,4-tris-benzyloxy-5-
hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexanoic acid methoxy-
methyl-amide (1-1g) (600 mg) in anhydrous tetrahydrofuran (1.45 mL) was then added
dropwise over 1.3 hours using a syringe pump and the resulting mixture was stirred at -
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



3.1 37.4 2.9 38.2 4.7 38.3 6.0 39.3 8.0 *The relative intensities may
change depending on the crystal size and norphol ogy. 5Characteristic 20
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quenched by dropwise addition of agueous 1M hydrochloric acid solution. The resulting
biphasic mixture was stirred at room temperature for 15 minutes. The organic phase was
separated, washed with brine, dried over magnesium sulfate, filtered and concentrated.
Chromatography over silica gel using a gradient of 10 to 40% ethyl acetate in heptane

5 gave the product as a mixture of isomers (280 mg, 38% yield).
HRMS calculated for CsgHg1010CINa (M+Na™) 987.3845, found 987.3840.

{(2S,3S)-2, 3,4-tris-benzyloxy-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-6,8-dioxa-
bicyclo[3.2.1]oct-1-yl}-methanol (I-4k):

OCH,CH,

Cl

OBn
O o
HO
OBn

10 OBn
(I-4k

To a solution of the intermediate |-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 C43H4407Cl (M+H") 707.2770, found 707.2765.

20 (4S,5S)-3,4, 5-tris-benzyloxy-2-[4-fluoro-3-(4-methoxy-benzyl)-phenyl]-6,6-bis-(4methoxy-
benzyloxymethyl)-tetrahydro-pyran-2-ol (I-5i):
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n-Butyl lithium (462 microL, 2.5 M/hexanes, 3.0 equivalents) was added dropwise (1 drop
every 5 seconds) to an oxygen degassed solution (placed in a pre dried Biotage™
microwave vial 10-20 mL sealed with its cap and placed under a positive stream of nitrogen
gas) of 4-Bromo-1-fluoro-2-(4-methoxy-benzyl)-benzene (341 mg, 3 equivalents) in
anhydrous tetrahydrofuran (1.4 mL) at -78 °C under nitrogen. The resulting solution was
stirred at this temperature for 1 hour. Then a solution of (2R,3S,45)-2,3,4-tris-benzyloxy-5-
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
10 cm, internal diameter 8 cm, height 9 cm). The reaction was diluted with diethyl ether
and quenched by the dropwise addition of aqueous 1N hydrochloric acid solution. The
resulting biphasic mixture was stirred at room temperature for 15 minutes. The organic
phase was separated, washed with brine, dried over magnesium sulfate, filtered, and
concentrated under reduced pressure. The crude residue was purified by flash
chromatography over silica gel (eluting with a gradient of 10 to 40% ethyl acetate in

heptane) to afford the product as a mixture of isomers (199 mg, 55 % yield).

{(2S,3S)-2,3.4-tris-benzyloxy-5-[4-fluoro-3-(4-methoxy-benzyl)-phenyl]-6. 8-dioxa-

bicyclo[3.2.1]oct-1-yl}-methanol (I-5k):
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To a solution of (4S,5S)-3,4,5-Tris-benzyloxy-2-[4-fluoro-3-(4-methoxy-benzyl)-phenyl]-6,6-
bis-(4methoxy-benzyloxymethyl)-tetrahydro-pyran-2-ol (I-5i; 191 mg, 0.204 mmol) in
dichloromethane (3.75 mL) was added anisole (0.178 mL, 1.63 mmol) followed by a 20%
solution of trifluoroacetic acid in dichloromethane (3.75 mL) at room temperature under
nitrogen. After stirring for 1 hour at room temperature, the reaction mixture was
concentrated under reduced pressure. The crude residue was purified by flash
chromatography over silica gel (eluting with a gradient of 10 to 30% ethyl acetate in
heptane) to afford the product as a mixture of isomers (115 mg, 83% yield). MS (LCMS)
677.7 (M+H"; positive mode).

(4S.5S)-3.4.5-tris-benzyloxy-2-[3-(4-ethoxy-benzyl)-4-fluoro-phenyl]-6,6-bis-(4-methoxy-

benzyloxymethyl)-tetrahydro-pyran-2-ol (1-10i)

PMBO~  OBn
(1-10i)
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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,3S,4S5)-
2,3,4-tris-benzyloxy-5-hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-
hexanoic acid methoxy-methyl-amide I-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 over
20 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
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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% vyield)

((2S,3S)-2,3.4-tris-benzyloxy-5-{4-fluoro-3-[4-(tetrahydro-furan-3-vloxy)-benzyl]-phenyi}-
6.8-dioxa-bicyclo[3.2.1]oct-1-yl)-methanol (I-11k)

A
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HO
OBn

OBn
(-11k)
10 To a solution of (45,5S)-3,4,5-Tris-benzyloxy-2-{4-fluoro-3-[4-(tetrahydro-furan-3-yloxy)-
benzyl]-phenyl}-6,6-bis-(4-methoxy-benzyloxymethyl)-tetrahydro-pyran-2-ol 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% yield).

(4S,5S)-3,4, 5-tris-benzyloxy-2-[3-(4-chloro-benzyl)-4-fluoro-phenyl]-6, 6-bis-(4-methoxy-
20 benzyloxymethyl)-tetrahydro-pyran-2-ol (I-12i):
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PMBO~  OBn
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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-fluoro-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,35,45)-2,3,4-tris-benzyloxy-5-hydroxy-6-(4-methoxy-
benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexanoic acid methoxy-methyl-amide (1-19)

10 (621 mg) in anhydrous tetrahydrofuran (1.5 mL) was then added dropwise using a syringe
pump (0.9 mL/hour) and the resulting mixture was stirred at low temperature for an
additional 17 hours (placed in a deep Dewar covered with aluminum foil to maintain cold
temperature; size of Dewar: external diameter 10 cm, internal diameter 8 cm, height 9 cm).
The reaction was quenched by dropwise addition of aqueous 1M hydrochloric acid solution

15 (1.5 mL). The resulting biphasic mixture was stirred at room temperature for 30 minutes.
The mixture was diluted with saturated aqueous ammonium chloride (15 mL) and was
extracted with ethyl acetate (15 mL x 3). The combined organic solution was washed with
brine (30 mL), dried over magnesium sulfate, filtered and concentrated. Chromatography
over silica gel using a gradient of 10 to 40% ethyl acetate in heptane gave the product as a

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

{(2S,3S)-2,3,4-tris-benzyloxy-5-[3-(4-chloro-benzyl)-4-fluoro-phenyl]-6,8-dioxa-
bicyclo[3.2.1]oct-1-yI}-methanol (I-12k):
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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,58S)-3.4, 5-tris-benzyloxy-2-{4-fluoro-3-[4-(oxetan-3-yloxy)-benzyl]-phenyl}-6_6-bis-(4-
methoxy-benzyloxymethyl)-tetrahydro-pyran-2-ol (1-13i)

PMBO~  OBn
(1-13i)
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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
5 (2R,35,4S)-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

10 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

15 with a gradient of 10 to 40% ethyl acetate in heptane) to afford the product as a mixture of
isomers (535 mg, 59 % yield).

((2S,3S)-2.3.4-tris-benzyloxy-5-{4-fluoro-3-[4-(oxetan-3-vloxy)-benzyl]-phenyl}-6,8-dioxa-
bicyclo[3.2.1]oct-1-vl)-methanol (I-13k)

HO

20 OBn
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To a solution of (45,55)-3,4,5-Tris-benzyloxy-2-{4-fluoro-3-[4-(oxetan-3-yloxy)-benzyl]-
phenyl}-6,6-bis-(4-methoxy-benzyloxymethyl)-tetrahydro-pyran-2-ol 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% vyield).

10 (4S,5S)-3,4, 5-tris-benzyloxy-2-{4-chloro-3-[4-(oxetan-3-vloxy)-benzyl]-phenyl}-6,6-bis-(4-
methoxy-benzyloxymethyl)-tetrahydro-pyran-2-ol (I-14i):

-~

PMBO~  OBn

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

20 hydroxy-6-(4-methoxy-benzyloxy)-5-(4-methoxy-benzyloxymethyl)-hexanoic acid methoxy-
methyl-amide (I-1g) (616 mg) in anhydrous tetrahydrofuran (1.35 mL) was then added
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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
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 aqgueous 1M hydrochloric acid solution. The resulting
biphasic mixture was stirred at room temperature for 15 minutes. The organic phase was
separated, dried over sodium sulfate, filtered and concentrated. Chromatography over
silica gel using a gradient of 0-50% ethyl acetate in heptane gave the product as a mixture

of isomers (563 mg, 72% yield).

((2S,3S)-2,3,4-Tris-benzyloxy-5-{4-chloro-3-[4-(oxetan-3-yloxy)-benzyl]-phenyl}-6,8-dioxa-

bicyclo[3.2.1]oct-1-yvI)-methanol (I-14k):
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To a solution of the intermediate (4S,5S)-3,4,5-tris-benzyloxy-2-{4-chloro-3-[4-(oxetan-3-
yloxy)-benzyl]-phenyl}-6,6-bis-(4-methoxy-benzyloxymethyl)-tetrahydro-pyran-2-ol I-14i
(282 mg) in dichloromethane (2.84 mL) was added anisole (200 microL, ~7 equivalents)
followed by 3.07 mL of a solution of 20% trifluoroacetic acid in dichloromethane and the
resulting mixture was stirred at room temperature for 1.5 hours. The mixture was

concentrated and the crude was chromatographed over silica gel using a gradient of 10 to



C( 25)
74(2)

6072(2) 2583(12) 2141(9) 105(3) 15 C(26) 5826(2)5594(10) 2391(5)
C(35A) 6000( 5) 4000(30) 3036(13) 126(7) C(35B) 6229( 4) 4430( 20)

2538( 15) w0(26)0/0269999A) 5382(2) 3257(7) 6727(5) 101(2) 20prTahBm02d53826 Bond
| engths [Al and angles r01 for Exanpl® 24 Cl(01)-C(11) 1.761(4)
N(1)-C(26) 1.492(7)

10

15

20

50% ethyl acetate in heptane to afford the product as a mixture of isomers (186 mg, 89%
yield).

Example 1
(1S,2S,3S,4R,5S)-1-hydroxymethyl-5-[3-(4-methoxy-benzyl)-4-methyl-phenyl]-6,8-dioxa-
bicyclo[3.2. 1]Joctane-2.3.4-triol (1A) and (1S.2S,3S.4S.5S)-1-hydroxymethyl-5-[3-(4-
methoxy-benzyl)-4-methyl-phenyl]-6, 8-dioxa-bicyclo[3.2. 1]Joctane-2, 3, 4-triol (1B):

OMe

(1A) (1B)
To a solution of {(2S,3S5)-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 mixture was stirred at room
temperature for 3 hours. The palladium was filtered and the crude mixture obtained after
evaporation of solvent was purified by chromatography over silica gel eluting with a
gradient of 85 to 100% ethyl acetate in heptane. The mixture of products obtained was
purified by HPLC preparative.

HPLC preparative method: reverse phase C18 phenomenex column Luna 5
micrometer 150 x 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).



N(1)-C(24) 1.513(7) 25 N(1)-H(98A) 0.977(18) N(1) - H(98B) 1.00(2)

0(1)-C(3) 1.377(5) 0(1)-C(2) 1.434(7) C(1)-C(2) 1.499(8) 30

C( 1) - H( 03D 201098834 PCT/IB2009/053626
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1A: (55 mg, 39% yield); R; = 10.9 minutes; the fractions containing the product were
concentrated under reduced pressure. The crude material was precipitated from ethyl
acetate and heptane. The resulting white solid was washed with heptane 2 times and dried
under reduced pressure. MS (LCMS) 403.3 (M+H"; positive mode) 447.3 (M+HCOy,
5 negative mode).
'H NMR (400 MHz, methanol-ds) delta 7.33 (d, 1H, J = 1.6 Hz), 7.30 (dd, 1H, J = 7.6
and 1.6 Hz), 7.10 (d, 1H, J = 7.6 Hz), 7.02-6.98 (m, 2H), 6.79-6.75 (m, 2H), 4.13 (d, 1H, J =
7.4 Hz), 3.90 (s, 2H), 3.82 (d, 1H, J = 12.5 Hz), 3.77 (dd, 1H, J = 8.2 and 1.2 Hz), 3.72 (s,
3H), 3.66 (d, 1H, J = 12.5 Hz), 3.65 (t, 1H, J = 8.0 Hz), 3.59 (d, 1H, J = 7.8 Hz), 3.58 (dd,
10 1H, J = 7.5 and 1.5 Hz), 2.16 (s, 3H). HRMS calculated for C2;H»707 (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+HCO,’, negative
mode).
'H NMR (400 MHz, methanol-ds) 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
(1S.2S,3S,4R, 5S)-5-[3-(4-ethoxy-benzyl)-4-methyl-phenyl]-1-hydroxymethyl-6, 8-dioxa-
bicyclo[3.2.1]Joctane-2,3,4-triol (2A) and (1S,2S,3S,4S,5S)-5-[3-(4-ethoxy-benzyl)-4-
25 methyl-phenyl]-1-hydroxymethyl-6,8-dioxa-bicyclo[3.2. 1]Joctane-2, 3,4-triol (2B)




C(1)-H(03D) 0.9600 C(1)-H(03E) 0.9600 0(2)-C(17) 1.430(5)

0(2)-C(16) 1.434(5) 35 C(2)-H(03F) 0.9700 C(2)-H(03G 0.9700

0( 3) - C( 1LeWOo20t0R24dN 0(3)-C(18) 1.437(5) PCT/IB2009/053626
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OH
(2m) (28)

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

5 dioxa-bicyclo[3.2.1]oct-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 diasterecisomers of 4:1 (2A:2B).

2A: (20 mg; 38% vyield) 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+HCOy;"; negative mode). 'H
NMR (400 MHz, methanol-ds) 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, J=12.5 Hz, 1 H), 3.78 (d, 1H, J= 8.8 Hz), 3.84 (d,
J=12.4 Hz, 1 H), 3.92 (s, 2 H), 3.97 (q, J=7 Hz, 2 H), 4.15 (d, J=7.5 Hz, 1 H), 6.77 (m, 2 H),
7.00 (m, 2 H), 7.12 (d, J=7.7 Hz, 1 H), 7.31 (dd, J=7.9 and 1.4 Hz, 1 H), 7.34 (s, 1 H).



C(3)-C(4) 1.379(7) 40 C(3)-C(8) 1.386(7) 0(4)-C(19) 1.405(7)

0(4)-H(4A) 0.8200 C(4)-C(5) 1.401(7) C(4)-H(025) 0.9300 45

C( 5) - C( 6)W0.28i01027394 PCT/IB2009/053626
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2B: (5 mg; 9% yield) R; = 13.2; minutes the fractions containing the product were
concentrated under reduced pressure. The crude material was precipitated from ethyl
acetate and heptane. The resulting white solid was washed with heptane 2 times and dried
under reduced pressure.

5 MS (LCMS) 417.3 (M+H"; positive mode); 461.4 (M+HCOy;"; negative mode). 'H
NMR (400 MHz, methanol-ds) delta ppm 1.34 (t, J=6.9 Hz, 3 H), 2.18 (s, 3 H), 3.52 (d, 1H,
J=7.4Hz), 3.77 (d, J=12.5 Hz, 1 H), 4.00-3.84 (m, 8 H), 4.04 (d, J=7.4 Hz, 1 H), 6.79-6.75
(m, 2 H), 7.03-6.98 (m, 2 H), 7.12 (d, J=7.9 Hz, 1 H), 7.35 (dd, J=7.7 and 1.9 Hz, 1 H), 7.39
(d,J=1.9Hz, 1 H).

10
Example 3

(1S.2S,3S,4R,5S)-5-[4-chloro-3-(4-methoxy-benzyl)-phenyl]-1-hydroxymethyl-6,8-dioxa-
bicyclo[3.2.1]octane-2,3.4-triol (3A) and (1S.2S,3S.4S.5S)-5-[4-chloro-3-(4-methoxy-
benzyl)-phenyi]-1-hydroxymethyl-6, 8-dioxa-bicyclo[3.2. 1]Joctane-2, 3,4-triol (3B):

OMe OMe

s OH
(3A) (3B)
To a solution of {(2S,3S)-2, 3,4-tris-benzyloxy-5-[4-chloro-3-(4-methoxy-benzyl)-phenyl]-6, 8-
dioxa-bicyclo[3.2.1]oct-1-yl}-methanol (1-3k: 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



C(5)-H(2) 0.9300 0(5)-C(20) 1.400(6) 0(5)-H(5) 0.8200 VO
2010/ 023594PCT/ 1B2009/ 053626 94 C(6)-C(7)1.383(7) C(6)-C(9)1.528(6)
0( 6) - C( 21W0.24W03253940( 6) - H(99A) 0. 95(2) 50(7)-C(22) 1. 420( BLT/IB2009/053626
0(7)-H(99B)0.93(2) C(7)-C(8)1.380(7) (7)-H(026)0.9300 0(8)-C(23)1.235(7)

10C( 8) - H(033) 0. 9300 0(9) - C(23) 1. 251(7) C(9)-C(10)1.513(7) C(9)- H(02A) 0. 9700

C(9) - H(02B) 0. 9700 15C( 10)- C(11) 1. 386(7) C(10) - C( 15) 1. 392( 7)
C(11)- C(12) 1.369(7) C(12)-C(13)1.373(7) C(12)- H 027)0. 9300

10

15

20

25

30

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 diasterecisomers 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+HCO;"; negative mode). 'H
NMR (400 MHz, methanol-d,) delta 7.43 (s, 1H), 7.38-7.30 (m, 2H), 7.08 (d, 2H), 6.79 (d,
2H), 4.12 (d, 1H, J = 7.5 Hz), 4.01 (s, 2H), 3.81 (d, 1H, J=12.5 Hz), 3.75(d, 1H, J = 8.4
Hz), 3.73 (s, 3H), 3.66 (d, 1H, J = 11.7 Hz), 3.63 (t, 1H, J = 8.2 Hz), 3.57 (d, 1H, J=7.4
Hz), 3.52 (d, 1H, J = 7.8 Hz). HRMS calculated for C»1H240;Cl (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+HCO,", negative mode). 'H
NMR (400 MHz, methanol-d,) delta 7.50 (d, 1H, J = 1.9 Hz) 7.42 (dd, 1H, J=8.3 and 1.9
Hz), 7.35 (d, 1H, J = 8.3 Hz), 7.12-7.07 (m, 2H), 6.83-6.78 (m, 2H), 4.06-4.01 (m, 3H),
3.91-3.83 (m, 4H), 3.78-3.72 (m, 4H), 3.51 (d, 1H, J = 7.5 Hz).

Example 4
(1S.2S,3S,4R.5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-1-hydroxymethyl-6.8-dioxa-

bicyclo[3.2.1]octane-2,3,4-triol (4A) and (1S,2S,3S,4S,5S)-5-[4-chloro-3-(4-ethoxy-

benzyl)-phenyl]-1-hydroxymethyl-6,8-dioxa-bicyclo[3.2. 1]Joctane-2, 3,4-triol (4B):




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)

C(17) - C( MPR0BEAREBY C(17) - H( 02C) 0. 9700 C(17) - H( 02D) 0. 97 ®OT/IB2009/053626

C(18) - C(19) 1. 520(6) 30C(18)- C(20) 1. 54B3(6) C(19)-H(03H) 0. 9700

C(19) - H(031) 0. 9700 C(20) - C(21) 1. 537(6) C(20) - H( 4) 0. 9800

35C(21) - C(22) 1. 533(6) 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) 40C(24)-H 029) 0. 9800

C(25) - O(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)g %7@3 WO 2010/ 023594PCT/ 182009/ 053626 95
O 35A) - H( 35A) 0. 9700 O( 35A) - H( 358028700 C(35B) - H( 350)PCHZ0:

C( 35B) - H( 35D) 0. 9700 5

HO HO

(4A) (4B)
To a solution of {(2S,3S5)-2,3,4-tris-benzyloxy-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-6,8-
dioxa-bicyclo[3.2.1]oct-1-yl}-methanol (1-4k: 335 mg) in ethanol/tetrahydrofuran (10 mL,

5 4/1 volume) was added successively formic acid (420 microlL, 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); Ry = 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+HCO,"; 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 (q, 2H, J = 7.0 Hz), 3.81 (d, 1H, J = 12.5 Hz), 3.75 (dd, 1H, J = 8.3
and 1.3 Hz), 3.65 (d, 1H, J = 12.5 Hz), 3.63 (t, 1H, J = 8.2 Hz), 3.57 (dd, 1H, J = 7.5 and



C(26) - N( 1) - C(24) 109. 1(4) C(26) - N( 1) - H( 98A) 107(2) C(24) - N( 1) - H( 98A) 109( 3)
C(26) - N( 1) - H( 98B) 97(3) 10C(24) - N( 1) - H( 98B) 119(3) H( 98A) - N( 1) - H( 98B) 114( 4)
O 3) - 0( 1)WGERYIRTs9( 4) C(2) - C( 1) - H( 03C) 109. 5 C( 2) - C( 1) - BCOBBI0DYB53526
15H(03C) - O( 1) - H(03D) 109.5 C(2)- C(1)-46( 03E) 109.5 H(03C)- C(1)- H(03E) 109.5
H(03D) - C(1) - H(03E) 109.5 C(17)-0(2)-C(16) 106.6(3) 200(1)- C(2)- C(1)113. 4(5)
0(1)-C(2) - H(03F) 108. 9 C(1)-C(2)-H 03F)108.9 0(1)-C(2) - H(03G) 108. 9

O(1) - O( 2) - H( 03G) 108. 9 25H( 03F) - C( 2) - H( 03G) 107.7 C(16) - 0( 3) - C( 18) 103. 3( 3)

0(1)-C(3)-C(4)125. 4(4) 0(1)- 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) - -O(5)119. 7(5) O 3) - C( 4) - H(025) 120.

PR O R AR R R

c(5) - C(M}HQ(Q??l?:EBW(féQndﬁlﬂ)ﬂ 736@( 6) - C(9) 120. 7(4) C(21)-0(6)-H(99A) 105(3)

2(5%(223) 0(C(7)7) 98’5%&1 gg‘)é y%lgg;_Rcfg‘? ?;.%T? ?uljtze% ’51(e4f?'ac%8g cgrgtg)lnlrl;g cg1268roc]*]uct were
concentrated under reduced pressure. The crude material was precipitated from ethyl

5 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-d,) delta 7.48 (d, 1H, J = 1.9 Hz) 7.40 (dd, 1H, J=8.1 and 1.9
Hz), 7.32 (d, 1H, J = 8.3 Hz), 7.08-7.03 (m, 2H), 6.80-6.74 (m, 2H), 4.04-3.99 (m, 3H), 3.95

10 (9, 2H, J =7 Hz), 3.89-3.81 (m, 4H), 3.73 (d, 1H, J = 12.5 Hz), 3.49 (d, 1H, J = 7.3 Hz),
1.32 (t, 3H, J = 7 Hz). HRMS calculated for C2,H260-Cl (M+H") 437.1361, found 437.1358.

Example 5
(1S.2S,3S.4R, 5S)-5-[4-fluoro-3-(4-methoxy-benzyl)-phenyl]- 1-hydroxymethyl-6, 8-dioxa-
15 bicyclo[3.2. 1]octane-2, 3. 4-triol (5A) and (1S.2S.3S.4S.5S)-5-[4-fluoro-3-(4-methoxy-
benzyl)-phenyl]-1-hydroxymethyl-6,8-dioxa-bicyclo[3.2. 1]Joctane-2, 3,4-triol (5B):

(5A) (5B)
20 To a solution of {(2S,3S)-2,3,4-Tris-benzyloxy-5-[4-fluoro-3-(4-methoxy-benzyl)-
phenyl]-6,8-dioxa-bicyclo[3.2.1]oct-1-yl}-methanol (115 mg, 0.170 mmol) in a 4:1 solution of

ethanol/tetrahydrofuran (10 mL) was added successively formic acid (137 microlL, 3.42
mmol) and palladium black (73 mg, 0.687 mmol). The resulting mixture was stirred at room
temperature. After 3 hours, additional formic acid (137 microL, 3.42 mmol) and palladium

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%



O(7)-C(8)-C(3)120.0(4) C(7)-C(8)-H 033)120.0 C(3)-C(8)-H 033)120.0 WO
2010/ 023594PCT/ 1B2009/ 053626 96 C(10)- C(9) - C(6) 111. 2( 3)

C( 10) - C( 9yoHpBARpsA9. 4 C(6) - C( 9) - H( 02A) 109. 4 C( 10) - C( 9) PHIOBBYL0B62s

5C(6) - C(9) - H( 02B) 109. 4 H( 02A) - C(9) - H@2B) 108.0 C(11)- C(10)-C(15)116.7(4)
C(11) - C(10) - C(9) 123. 4(4) C(15)-C(10)- C(9) 119. 8( 4)

10C(12) - C(11) - C(10) 122. 9(4) C(12)- C(11)- CL(01)117. 6(4)

C(10) - O(11) - C1(01) 119. 5(4) C(11) - ¢(12) - ¢( 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) - O( 14) - C( 15) 118. 6( 4)

o 10) - et BbiomeBbtey (i g o s MGG e mixiure of somsss 1S

250( 3) p@(lﬂeﬁz)b pRpboative(RBPLO( 3) - C(16) - C(14) 108.5(4) 0(2)-C(16)-C(14)111.6(3)
g(()?é% 14) 12 1%%@;%’%{)&%3ém(tﬁéq C%lasg%wzg% 0 3 r%})(@gnex column Luna 5
micrometer 150 x 21.20 mm, 20 mL/minute, gradlent 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% yield) R; = 8.5 minutes; the fractions containing the product were
concentrated under reduced pressure. The crude material was precipitated from ethyl
acetate and heptane. The resulting white solid was washed with heptane 2 times and dried
10 under reduced pressure.
'H NMR (400 MHz, methanol-ds) delta ppm 3.55 (d, J=7.8 Hz, 1 H), 3.58 (dd, J=7.5,
1.2 Hz, 1 H), 3.64 (t, J=8.2 Hz, 1 H), 3.67 (d, J=12.5 Hz, 1 H), 3.74 (s, 3 H), 3.77 (dd,
J=8.3, 1.2 Hz, 1 H), 3.83 (d, J=12.5 Hz, 1 H), 3.91 (s, 2 H), 4.14 (d, J=7.4 Hz, 1 H), 6.76 -
6.84 (m, 2 H), 7.02 (dd, J=9.9, 8.3 Hz, 1 H), 7.09 -7.13 (m, 2 H), 7.37 - 7.44 (m, 2 H); MS:
15 407.4 (M+ H"; positive mode); 451.3 (M+HCO;"; 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-d,) delta ppm 3.51 (d, J=7.4 Hz, 1 H), 3.74 (s, 3 H),
3.75 (d, 1H, J = 13 Hz), 3.83 - 3.93 (m, 6 H), 4.03 (d, J=7.4 Hz, 1 H), 6.78 — 6.82 (m, 2 H),
7.02 (dd, J=9.9, 8.5 Hz, 1 H), 7.09 — 7.13 (m, 2 H), 7.42 — 7.49 (m, 2 H); MS: 407.4 (M+ H™;
positive mode); 451.3 (M+HCO;"; negative mode)

25 Example 6
2-(4-methoxybenzyl)-4-((1S,2S,3S.4R,5S)-2, 3,4-trihydroxy-1-(hydroxymethyl)-6, 8-dioxa-
bicyclo[3,2, 1]oct-5-yl)-benzonitrile (6A):




0(2)-C(17) - H(02C) 110. 8 C( 18) - C(17) - H(02C) 110. 8 0(2) - C( 17) - H(02D) 110. 8

35C( 18) - C( 17) - H(02D) 110. 8 H(02C) - C(17) - H(02D) 108. 9

0( 3) - C( 18y0C0MaRIVT. 4(4) 0(3)- C(18)- C(17) 100. 7(3) C( 19) PCIABIDYBBI6LL3. 4( 4)

400(3) - C(18) - C(20) 106. 7(3) C(19) - C( 188- C( 20) 113. 1( 4)

C(17) - C(18) - C(20) 114. 3(4) 0(4)-C(19) - C(18) 112. 7(4) 0(4)- C(19) - H( 03H) 109. 0

45C(18) - C(19) - H(03H) 109. 0 0( 4) - C(19) - H( 031) 109. 0 C( 18) - C( 19) - H(031) 109. 0

H(O3H) - C(19) - H(031) 107.8 WD 2010/ 023594PCT/ 1B2009/ 053626 97

0(5) - C(20) - C(21) 110. 0(4) 0(5)-C(20) - C(18) 113. 5(4) C(21)-C(20) - C(18) 108. 9( 3)

0(5) - C(20) - H(4) 108. 1 5C(21) - O( 20) - H(4) 108. 1 C( 18) - C( 20) - H( 4) 108. 1

0(6) - O 21) - G 22) 110. 6(3) 0(6)-C(21)-C(20)1 )- G(21) - O 20) 109. 9(4)

100( 6) - C( 21) - H(015) 107. 7 C(22) - C( 21) A4S ©C(21) - H(015) 107. 7
%)

0(7)- C(22) - O(21) 109. 7( 4) 0(7)- et

C(21) - C(22) - H(013) 108. 3

(6A)

n-Butyl lithium (1.04 mL, 2.6 mmol, 2.5 M in hexane) was added to a solution of
isopropyl magnesium bromide (1.27 mL, 1.27 mmol, 1 M in tetrahydrofuran) at 0 °C. After
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,35,45)-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 O to
20% ethyl acetate in heptane affording the desired intermediate 2-(4-Ethoxy-benzyl)-4-
((45,5S)-3,4,5-tris-benzyloxy-6,6-bis-benzyloxymethyl-2-hydroxy-tetrahydro-pyran-2-yl)-
benzonitrile (300 mg; 34% yield). 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, 0.279 mmol) in CHxCl, (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 to 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-
((18,28,3S,4R,5S)-2,3,4-trihydroxy-1-hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]oct-5-yl)-



C(16) - C(22) - H(013) 108. 3 0(8)- C(23) - 0(9) 127. 9(5) 200( 8) - C( 23) - C( 24) 118. 1(5)
0(9) - O(23) - O(24) 114. 1(5) O 25) - C( 24) - C(23) 114. 1(5) O 25) - C( 24) - N( 1) 103. 3(5)
O 23) - C( 24P-2h(01pashd. 3( 4) 25C( 25) - C( 24) - H( 029) 109. 6 C( 23 PCTIBAPY/BIRO) 109. 6
N( 1) - C(24) - H( 029) 109. 6 C( 35B) - C( 25) - G924) 108. 3(8) C(35B) - C( 25) - C( 35A)

42. 4(8) 30C(24)-C(25)-C(35A)103. 1(8) C(35B)-C(25)-H(34A) 70. 3

C(24) - O( 25) - H( 34A) 111. 2 C(35A) - O( 25) - H( 34A) 111.2 C(35B)- C(25) - H(34B) 137.2
35C( 24) - C( 25) - H(34B) 111. 2 C(35A) - C( 25) - H(34B) 111.1 H(34A) - C( 25) - H( 34B)

109. 1 C(35A)- C(26)- N(1) 104. 8(9) C(35A)- C(26) - C(35B) 42.5(9)

40N( 1) - C(26) - C(35B) 101. 1(7) C(35A) - C(26) - H(03A) 110. 8

25 N 1T PEVEI 35h) 0 56) - H 038) 144 0 H 03A) . G(26) - H 038)
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Chromatography over silica gel (eluting with methanol in dichloromethane : 1 to 9 in

volume) allowed isolation of desired product 6A (18 mg; 57% yield).

'H NMR (400 MHz, methanol-ds) 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+HCO;’; negative mode).

15 Example 7
2-(4-ethoxybenzyl)-4-((1S,2S,3S,4R,5S)-2, 3,4-trihydroxy-1-(hydroxymethyl)-6,8-dioxa-
bicyclo[3,2, 1]oct-5-yl)-benzonitrile (7A):

O
pd
@)
O
I
N
O
I
@

20 Potassium carbonate (8 mg, 0.058 mmol) was added to a solution of intermediate 2-
(4-hydroxy-benzyl)-4-((1S,28,3S,4R,5S)-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
mL), 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



UL1U22U33U23U13U12 20 Cl (01) 77(1)69(1)69(1)-11(1)1(1)-27(1)

N( 1) 56(2) 40(2) 60(2) 0(2) 12(2) 0(2) 0(1)70(2)70(3)62(2)2(2)23(2)-3(2) C(1)

80( 3) 76( AyB20B)0223993) 13( 3) 8(3) 250(2) 47( 1) 52( 2) 49( 1) - 1( 1 PBCABARY/3361( 2)
63(3)84(4)52(2)1(2)13(2)7(3) 0(3)46(1043(2)45(1)2(1)3(1)-1(1) C(3)
48(2)59(3)57(2)5(2)12(2) 8(2) 0(4)111(3)83(3)62(2)8(2)-10(2)23(3)

300( 4) 59( 3) 72( 4) 53(2) - 10(2) 10(2) - 12(2) C(5) 54(2) 66(3) 55(2) - 6(2) 4(2) - 11(2)
0(5) 69(2) 59(2) 59(2) 2(2) - 12(2)-8(2) C(6) 41(2)55(3)59(2)-2(2)4(2)4(2)
0(6)58(2)47(2)87(2)-6(2)25(2)-9(1) 350(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)-22(2)36(2)-12(2) C(8)

so0( ) 5T haikhplRaBn o BNelrisyaipdidiedbngt ‘%?5('%@2‘3%%%—’*3( )

C(11) 5242ﬂ$8ﬁﬂé5ﬁwﬂ)-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) 45C(14) 48(2)44(2)41(2)1(2)10(2)0(2)

15) 47(2)54(3)45(2)-5(2)8(2)5 16) 45(2) 49(3) 4 1(2)8(2)3(2) C(17
54(2) 47(3) 554 DRGSO H9(B)3 19 ey 6ABUBBI 00U 06556 18D, 76610)

52(2) AdBIATE D, 15 A, ﬁ4)19)176?(1%) ROORI)S868)6.81 th, SR .18 af 249 E3h25(1)), - 3(2)
5 414 (s, 2H), 4.01 (q, J = 7.0 Hz, 2H); 3.86 (d, J = 12.5 Hz, 1H); 3.80 (dd, J=8.0 and 1.2
Hz, 1H), 3.70 (d, J = 11.7 Hz, 1H), 3.67 (t, J = 8.0 Hz, 1H), 3.61 (dd, J=7.5 and 1.2 Hz,
1H), 3.54 (d, J=7.8 Hz, 1H), 1.37 (t, J = 7.0 Hz, 3H); MS 472.1 (M+HCO’; 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 (1S,2S,3S.4S.5S)-5-[4-chloro-3-(4-methoxy-benzyl)-phenyi]-1-

hydroxymethyl-6, 8-dioxa-bicyclo[3.2. 1]octane-2,3,4-triol (3B) to give (8A):
OMe

Br
15 (8A)
To a solution of (15,25,3S,4S,5S)-5-[4-chloro-3-(4-methoxy-benzyl)-phenyl]-1-
hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol (3B) (11 mg, 0.026 mmol) in

anhydrous tetrahydrofuran (600 microlL) were added at room temperature N,N-



C(21) 51(2)37(2)60(2)-1(2) 1(2) 1(2) -3(2) 11(2) 0(2) -3(2) 4(2) 3(2) 5
C(22) 48(2)40(2)50(2)-2(2) 10(2) 5(2) (C(23) 79(3)46(3)65(3)-12(2) 24(2)
-3(2) C(R0)2083233949(3)84(3)3(2) 30(2) 4(2) C(25) 70(4pP63(1B300763383613(5)
8(4) 14(3) (C(26) 68(3)79(4)68(3)-3(3m -3(3) 8(3) 10 C(35A

104(11) 178(19) 79(8)29(10) -26(8) -30(11) (C(35B) 43(6)73(10)90(9)-3(7)
-1(6) 4(6) 0(99A) 130(4)76(4)95(3)14(2) 18(3) 9(3) Table 24-5. Hydrogen
coordinates ( x 104) and isotropic displacenent paraneters (A2x

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 =12.4 Hz), 4.65 (d, 1H, J = 12.4 Hz), 4.60 (d, 1H, J = 8 Hz), 3.98-3.88 (m, 3H), 3.73
(s, 3H).
Single crystals were obtained by vapor diffusion techniques using heptane and ethyl

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 ®/2.=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 Ca9H35011Br4Cl
Formula weight 1154.86
Temperature 296(2) K
30 Wavelength 1.54178 A
Crystal system Monoclinic

Space group C2



15 10 3) for
20 H(98B)5680( 13)5750(50) 760(30) 51(12)
H(03D) 675v0298226®73 117 H(03E) 639812877 6176 117 H( 0BEXIBR28Y0B8% 6698 80

Exampl e 24

25 H(03G 687810893 7327 80

10
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20

25

30

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

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

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
Absolute structure parameter

Extinction coefficient

Largest diff. peak and hole

xY z U(eq)

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

4

1.634 Mg/m3

5216 mm-1
2296

H( 98A) 5291( 6) 4930( 60) 1320(30) 33(9)
H(03C) 676413698 5659 117

o= 90°.
B=104.4910(10)°.
y = 90°.

0.12 x 0.03 x 0.02 mm3

3.75 to 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

located by difference Fourier techniques and then idealized. The hydrogen parameters

were added to the structure factor calculations but were not refined. The shifts calculated in

the final cycles of least squares refinement were all less than 0.1 of the corresponding

standard deviations. The final R-index was 3.71%. A final difference Fourier revealed no

missing or misplaced electron density. The refined structure was plotted using the

SHELXTL plotting package (Figure 1). The absolute configuration was determined by the
method of Flack. See, Flack, H.D., Acta Crystallogr., A39, 876, (1983).




H( 4A) 548111497 - 4553 134 H(25) 739412210 5155 74 H(2) 761912262 3404 71
H(5) 50977017 - 4489 98 30 H(99A)4974(16)8220(40) - 1350(50) 64(15)

H( 99B) 57 MO28)@RIVE60) 540(30) 54(13) H(26) 68108302 2POT/IEH09/053626

H( 033) 66048136 3947 71 H(02A) 760411282 1504 71 35 H(02B) 74439215

Example 9 illustrates the preparation of a crystalline derivative of the compound of

Example 4A in order to confirm the structure and stereochemistry of Example 4A.

Example 9
5 Per 4-nitrobenzoylation of (1S,2S,3S,4R,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-1-
hydroxymethyl-6,8-dioxa-bicyclo[3.2. 1]Joctane-2, 3, 4-triol (4A) to give (9A):
OCH,CH,

O,N

Y@ )

\)\/

(9A)
To a solution of (15,25,3S,4R,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-1-

10 hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol (4A: 10.6 mg, 0.024 mmol) in
anhydrous tetrahydrofuran (300 microL) cooled at 0°C were added N,N-
diisopropylethylamine (30 microL, 7 equivalents) and 4-dimethylaminopyridine (3 mg, 1
equivalents) followed by para-nitrobenzoyl chloride (27 mg, 6 equivalents) and the resulting
mixture was stirred at 60° C for 6 hours. The mixture was cooled to room temperature,

15 ethyl acetate and water were added and the organic phase was successively washed with
0.5M aqueous hydrochloric acid solution and brine. The organic phase was dried over
magnesium sulfate, filtered, concentrated and the crude was purified by flash

chromatography over silica gel eluting with a gradient of 10 to 50% ethyl acetate in heptane

to afford 18 mg of product (73% vyield).



1214 71 H(27) 654414955 -474 70 H(021)610312894 -1584 62 H(030)67938697

-74 59 H(02C) 60175929 -3159 61 40 H(02D) 63257285 -3614 61 H(03H) 59829696
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'H NMR (400 MHz, chloroform-d) delta 8.33 (m, 2H), 8.28-8.12 (m, 8H), 8.07 (m,
2H), 8.00 (m, 2H), 7.91 (m, 2H), 7.45-7.40 (m, 2H), 7.34 (d, 1H, J = 8.2 Hz), 6.87 (m, 2H),
6.64 (m, 2H), 6.13 (d, 1H, J = 8.6 Hz), 6.06 (t, 1H, J = 8.3 Hz), 5.86 (d, 1H, J = 8.1 Hz),
4.81(d, 1H,J=8.3 Hz), 4.75 (d, 1H, J = 12.7 Hz), 4.60 (d, 1H, J = 12.8 Hz), 4.06 (d, 1H, J
= 8.5 Hz), 3.98-3.90 (m, 4H), 1.39 (t, 3H, J = 7 Hz).

Single crystals were obtained by slow recrystallization from acetonitrile/ isopropanol
as solvents. Melting point = 211°C. A representative crystal was surveyed and a 0.88 A
data set (maximum sin ®/4=0.57) 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 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 9A.

Empirical formula

Formula weight 1033.29

Temperature 296(2) K

Wavelength 1.54178 A

Crystal system Monoclinic

Space group P2(1)

Unit cell dimensions a =17.5050(4) A a=90°.
b = 6.2303(2) A B= 97.6580(10)°.
¢ =21.9545(5) A y = 90°.

Volume 2373.03(11) A3

Z 2

Density (calculated) 1.446 Mg/m3

Absorption coefficient 1.452 mm-1

F(000) 1068

Crystal size 0.18 x 0.02 x 0.01 mm3

Theta range for data collection
Reflections collected

CSOH37N4O1QC|

2.55t0 61.76°.
8972



59 45 H(013)55789843 -1009 55 H(029)57762606 438 76 H(34A)63272839 1870

126 H(34B) 60841342 2453 126 WD 2010/ 023594PCT/ 1B2009/ 053626 100 H(03A)

6044 6414v024B/B39( 03B) 5645 6267 2805 89 H(35A) 5809 BETEBANYG53:%2 H( 35B)
75

Independent reflections
Completeness to theta = 61.76°
Absorption correction

Max. and min. transmission

5062 [R(int) = 0.02306]

85.8 %

Empirical Absorption Correction
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.2S,3S.4R,5S)-5-[3-(4-ethoxy-benzyl)-4-fluoro-phenyl]-1-hydroxymethyl-6, 8-dioxa-

bicyclo[3.2.1]octane-2,3,4-triol (10A) and (1S,2S,3S,4S,5S)-5-[3-(4-ethoxy-benzyl)-4-fluoro-

phenyl]-1-hydroxymethyl-6, 8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol (10B)




6259 4310 3548 152 H(35C) 6415 4913 2066 85 H(35D) 6372 4404 3339 85
Exanpl e 25 10Cocrvstal From Exanple 20 of

(1S, 2S, 3SyoRpBBR3HP414- chl or o- 3- (4- et hoxv- benzvl) - phenv1PCT/IB2009/053626

1- hydr oxynet hyl - 6, 8- di oxa- bi cycl 013. 2Zl611oct ane-2, 3, 4-tri ol (Exanple 4A
compound) and Lproglutam c acid: Single Crystal X-Ray Analysis. A
representative crystal of a sanple from Exanple 20 was surveyed and a 0.90
A data set (nmaxi mum sin 0a=0.56) was coll ected on a Bruker 15APEX
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methanol in dichloromethane) to afford 35.0 mg of a white solid (mixture of isomers). The

097 system All
Pertinent crystal,

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.



The refined structure was plotted using the SHELXTL plotting package
(Figure 8). The absolute configuration was determ ned by the nethod of

Fl ack (HwD.20f@8394 Acta 10Crystal l ow., A39, 876, 1983) PCCaBri)/NBoBS,

ani sotropi c tenperature factors, dist@nces and angles are avail able as
suppl ementary material (Tables 25-2 through 25-5). Table 25-1. Crystal data
and structure refinenent for Exanple 25. Enpirical formulaC22 H25 Cl11 07 *
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containing the product were concentrated under reduced pressure.
MS (LCMS) 421.4 (M+H"; positive mode) 465.3 (M+HCOy,, negative mode). 'H
NMR (400 MHz, methanol-ds) delta ppm 1.34 (t, J=7.0 Hz, 3 H), 3.51 (d, J=7.4 Hz, 1 H),
10 3.75(d, 1 H,J=12.5Hz), 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,2S,.3S.4R, 5S)-5-{4-fluoro-3-[4-(tetrahydro-furan-3-yloxy)-benzyl]-phenyl}-1-
hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol (11A)

20




5 Extinction coefficient 0.00067(17) Largest diff. peak and hole 0.171
and -0.136 e. A-3 Tabl e 25-2. Atom c coordinates ( x 104) and equi val ent
i sotropi cwoizepleee®aent 10 paraneters (A2x 103) for ExanmpCe/1BH09/0K36zp) 1S
defined as one third of the trace of 1he orthogonalized Uu tensor.
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To a solution of ((2S,3S)-2,3,4-tris-benzyloxy-5-{4-fluoro-3-[4-(tetrahydro-furan-3-yloxy)-
benzyl]-phenyl}-6,8-dioxa-bicyclo[3.2.1]oct-1-yl)-methanol 1-11k (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 O
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% trifluoroacetic acid :
water/0.1% trifluoroacetic acid; 5 to 100% acetonitrile/0.1% trifluoroacetic acid over 12
minutes; UV detection: 220 nm.

11A: (19 mg, 19% yield) 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=8Hz), 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 - 498 (m, 1 H),
6.79 (m, 2 H), 7.02 (dd, J=9.9, 8.5 Hz, 1 H), 7.12 (m, 2 H), 7.37 - 7.45 (m, 2 H).

Example 12
(1S,2S,3S,4R,5S)-5-[3-(4-chlorobenzyl)-4-fluorophenyl]-1-hydroxymethyi-6, 8-

dioxabicyclo[3.2.1]octane-2,3,4-triol (12A) and (1S,2S,3S,4S,5S)-5-[3-(4-chlorobenzyl)-4-

fluorophenyl]-1-hydroxymethyl-6, 8-dioxabicyclo[3.2.1]octane-2,3,4-triol (12B)
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To a mixture of intermediate 1-12k (102 mg) and palladium black (98 mg, 6.1 equivalents)
in ethanol/tetrahydrofuran (2 mL, 4/1 volume) was added formic acid (0.9 mL) and the
resulting mixture was stirred at room temperature. After 1 hour, additional palladium black
(67 mg, 4.2 equivalents) was added and the mixture was allowed to stir for an additional
hour at room temperature. The palladium was removed by filtration through Celite® and the
filtrate was concentrated, giving the product mixture. This material was combined with a
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.

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%
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
(M+H"; positive mode); 409.2 (M-H*; negative mode). "H NMR (400 MHz, methanol-d,)
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) R; = 7.25 minutes (analytical method); MS (LCMS) 411.3
(M+H*; positive mode); 409.1 (M-H*; negative mode). '"H NMR (400 MHz, methanol-d.)
5 delta ppm 7.52-7.45 (m, 2H), 7.25 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H), 7.05 (dd, J
= 9.8, 8.6 Hz, 1H), 4.05 (d, J =7.2 Hz, 1H), 3.98 (s, 2H), 3.91-3.84 (m, 4H), 3.76 (d, J =
12.4 Hz, 1H), 3.52 (d, J = 7.6 Hz, 1H).

Example 13

10 (1S,2S,3S,4R, 5S)-5-{4-fluoro-3-[4-(oxetan-3-yloxy)-benzyl]-phenyl}-1-hydroxymethyl-6, 8-
dioxa-bicyclo[3.2.1]octane-2,3.4-triol (13A)

OH
(13A)

15 To a solution of ((2S,3S)-2,3,4-tris-benzyloxy-5-{4-fluoro-3-[4-(oxetan-3-yloxy)-benzyl]-
phenyl}-6,8-dioxa-bicyclo[3.2.1]oct-1-yl)-methanol 1-13k (300 mg, 0.417 mmol) in a 4:1
solution of ethanol/tetrahydrofuran (10 mL) was added successively formic acid (333
microL, 8.34 mmol) and palladium black (266 mg, 2.50 mmol). The resulting mixture was
stirred at room temperature. After 3 hours, additional formic acid (333 microL, 8.34 mmol)

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-ds) delta ppm 3.52 (d, J=7.8 Hz, 1 H), 3.57 (d, J=7.2
Hz, 1 H), 3.60 - 3.68 (m, 2 H), 3.75 (d, J=8.2 Hz, 1 H), 3.81 (d, J=12.5 Hz, 1 H), 3.89 (s, 2
H), 4.12 (d, J=7.4 Hz, 1 H), 4.63 (dd, J=7.3, 4.8 Hz, 2 H), 4.95 (t, J=6.5 Hz, 2 H), 5.16 -
5.23 (m, 1 H), 6.63 (m, 2 H), 7.00 (dd, J=9.7, 8.5 Hz, 1 H), 7.10 (m, 2 H), 7.36 - 7.42 (m, 2
H).

Example 14

(1S,2S,3S,4R, 5S)-5-{4-chloro-3-[4-(oxetan-3-yloxy)-benzyl]-phenyl}-1-hydroxymethyl-6_8-
dioxa-bicyclo[3.2.1]octane-2,3,4-triol (14A)
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To a solution of intermediate ((2S,3S)-2,3,4-tris-benzyloxy-5-{4-chloro-3-[4-(oxetan-3-
yloxy)-benzyl]-phenyl}-6,8-dioxa-bicyclo[3.2.1]oct-1-yl)-methanol 1-14k (182 mg) in
ethanol/tetrahydrofuran (14 mL, 4/1 volume) was added successively formic acid (190
microL, 20 equivalents) and palladium black (106 mg, 4 equivalents) and the resulting
mixture was stirred at room temperature. After 2 hours an additional 1 mL of
tetrahydrofuran was added and the resulting mixture was stirred at room temperature for a
additional hour. At this point additional formic acid (190 microL, 20 equivalents) and
palladium black (106 mg, 4 equivalents) were added and the mixture was allowed to stir for
an additional hour at room temperature. The palladium was filtered and the crude mixture
obtained after evaporation of solvent (containing a mixture of isomers) was purified by
HPLC preparative.

HPLC preparative method: reverse phase C18 Xbridge column 5 micrometer 100 x
30 mm, flow rate 40 mL/minute, gradient of acetonitrile/0.1% formic acid : water/0.1%formic
acid; 30 to 55% of acetonitrile/0.1% formic acid over 11 minutes; UV detection: 220 nm.

14A: (20 mg, 17% yield); 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+HCOy;"; 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 (t, J=8.2 Hz, 1 H), 3.67 (d, J=12.4 Hz, 1 H), 3.77 (dd, J=8.4, 1.4 Hz, 1 H), 3.83 (d,
J=12.6 Hz, 1 H), 4.03 (s, 2 H), 4.14 (d, J=7.4 Hz, 1 H), 4.65 (m, 2 H), 4.97 (t, J=6.6 Hz, 2
H), 5.22 (m, 1 H), 6.65 (m, 2 H), 7.11 (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
Cocrystalization of (1S,2S,3S,4R.5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-1-
hydroxymethyl-6,8-dioxa-bicyclo/3.2.1]octane-2,3,4-triol (Example 4A compound) with L-

proline to give (15):

L-proline dissolved in water (approximately 480 mg/mL) was added to the example 4A
compound (approximately 80 moles L-proline per mole (example 4A compound)). Volume
was doubled with ethanol and solution was capped and stirred for approximately 12 hours.

Volume was reduced by half by evaporation on the bench. Volume was doubled using
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ethanol and the volume of solution was again reduced by half using evaporation. Solid
was recovered using centrifugal filtration.
Example 16

Cocrystalization of (1S,2S,3S,4R,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-1-
hydroxymethyl-6,8-dioxa-bicyclo/3.2.1]octane-2,3,4-triol (Example 4A compound) with L-

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 (1S,2S,3S,4R,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-1-
hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol (Example 4A compound) with L-

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 (1S,2S,3S,4R,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-1-
hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol (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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White solid was collected using vacuum filtration and dried in a 50°C vac oven for
approximately 2 hours.

Example 19
Cocrystalization of (1S,2S,3S,4R,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-1-

hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol (Example 4A compound) with L-

pyroglutamic acid to give (19):

153 microL of the compound (4A) in isopropyl alcohol (97.97 mg/mL) was pipetted into 500
microL of L-pyroglutamic acid in water (213.0 mg/mL). Solution was capped and stirred
overnight. Approximately 5-10 mg more solid L-pyroglutamic acid was added. 100 microL
of ethanol was added. Solution was capped and stirred overnight. Ethanol was added
until total volume was adjusted to approximately 2 mL. Solution was uncapped and left in
hood overnight. Approximately 10-30 mg more example 4A compound was added.
Solution was capped and stirred for approximately 2 days. White precipitate was seen.
Suspension was pipetted into a Co-star microcentrifuge tube equipped with a 0.45 microm
nylon filter membrane insert. Solution was centrifuged until solid was separated from

solution. Cocrystal (19) was recovered.

Example 20
Cocrystalization of (1S,2S,3S,4R.5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-1-

hydroxymethyl-6,8-dioxa-bicyclo/3.2.1]octane-2,3,4-triol (Example 4A compound) with L-

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
thick to stir therefore 2 mL of a 1:1 ethanol/water solution was added. The solution was
stirred overnight. The solid was collected using vacuum filtration on a 0.45 microm nylon
filter membrane. The solid was dried in a 50 °C vacuum oven for approximately 2 hours.
Approximately 960 mg of the cocrystal complex (20) was recovered. The stoichiometric
ratio of Example 4A compound to L-pyroglutamic acid was determined using quantitative
NMR to be 1:1.63. Excess L-pyroglutamic acid was removed by suspending the material in

ethanol yielding 1:1 co-crystal (20).
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Example 21
Cocrystalization of (1S,2S,3S,4R,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-1-
hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol (Example 4A compound) with L-

pyroglutamic acid to give (21):

494 mg of the example 4A compound was dissolved in 1.5 mL solution of isopropanol and
ethanol (4:1 respectively). 917.2 mg of L-pyroglutamic acid was dissolved in 3 mL water.
Both solutions were heated to 40°C. 200 microL of L-pyroglutamic acid solution was added
to example 4A compound solution every minute until all solution was transferred (both
solutions capped unless solution was being transferred). Vial with L-pyroglutamic acid
solution was washed with 200 microL ethanol and solution was transferred to example 4A
compound solution. Solution was stirred for 5 minutes and then heat was turned off
(solution cooled at approximately 1 degree Celsius every 3 minutes). At 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
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
Cocrystal of (1S.2S.3S.4R, 5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-1-hydroxymethyil-
6.8-dioxa-bicyclo[3.2. 1]Joctane-2,3,4-triol (Example 4A compound) and L-proline and
cocrystal of (1S,2S,3S,4R,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-1-hydroxymethyi-
6,8-dioxa-bicyclo[3.2. 1]Joctane-2,3,4-triol (Example 4A compound) and L-pyroglutamic

acid:

Powder X-ray Diffraction Analysis: The powder X-ray diffraction patterns of the cocrystal
of example 4A compound with L-proline and the cocrystal of example 4A compound with 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
receiving slit was set at 0.6 mm. Diffracted radiation was detected by a Kevex PSI
detector. A theta-two theta continuous scan at 2.4 ° per minute (1 second per 0.04° step)

from 3.0 to 40 ° 20 was used. An alumina standard was analyzed to check the instrument



C(11)-C(17) 1.398(4) 25 C(12)-C(14) 1.382(4) C(12)-Cl(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
O( 16) - C( 18P 20105045904)  C(18)-0(19) 1.426(3) O 18) - O( 29T TABABY(B)26

86

10

15

20

25

30

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
PXRD spectra. PXRD data files (.raw) were not processed prior to peak searching.
Generally, a Threshold value of 2 and a Width value of 0.3 were used to make preliminary
peak assignments. The output of automated assignments was visually checked to ensure
validity and adjustments manually made if necessary.

To perform an X-ray diffraction measurement on a Bragg-Brentano instrument like the
Bruker system used for measurements reported herein, the sample is typically placed into
a holder which has a cavity. The sample powder is pressed by a glass slide or equivalent
to ensure a random surface and proper sample height. The sample holder is then placed
into the instrument. The incident X-ray beam is directed at the sample, initially at a small
angle relative to the plane of the holder, and then moved through an arc that continuously
increases the angle between the incident beam and the plane of the holder. Measurement
differences associated with such X-ray powder analyses result from a variety of factors
including: (a) errors in sample preparation (e.g., sample height), (b) instrument errors (e.g.
flat sample errors), (c) calibration errors, (d) operator errors (including those errors present
when determining the peak locations), and (e) the nature of the material (e.g. preferred
orientation and transparency errors). Calibration errors and sample height errors often
result in a shift of all the peaks in the same direction. Small differences in sample height
when using a flat holder will lead to large displacements in XRPD peak positions. A
systematic study showed that, using a Shimadzu XRD-6000 in the typical Bragg-Brentano
configuration, sample height difference of 1 mm lead to peak shifts as high as 1 °20 (Chen
et al.; J Pharmaceutical and Biomedical Analysis, 2001; 26,63). These shifts can be
identified from the X-ray Diffractogram and can be eliminated by compensating for the shift
(applying a systematic correction factor to all peak position values) or recalibrating the
instrument. As mentioned above, it is possible to rectify measurements from the various
machines by applying a systematic correction factor to bring the peak positions into
agreement. In general, this correction factor will bring the measured peak positions from
the Bruker into agreement with the expected peak positions and may be in the range of 0
to 0.2 ° 26.



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) - O( 24P 2010424%93) 40 C(23)- C(25) 1.527(4)  C(25) - 0PRENBIOHILBES)
87

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:
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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)

O 33) - C( 3P 20104R3%98) WD 2010/ 023594PCT/ | B2009/ 053626 POA/IBEOFEI36L 35)
C(35)-N(36) C(35)-C(37) C(37)-0(38) 58(37)-0(39) 0(3)-C(2)-C(1)
C(4)-0(3)-C(2) 0(3)-C(4)-C(9) 100(3)-C(4)-5)

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 5.5
34.4 5.8
35.5 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

*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
20)
7.0
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




C(9) - C(4)-C(5) 6)-C(5)-C(4) (7)-C6)-C5) (6)-C7)-8)

15¢(6) - ([ 7) - (( 10)

(8)-C(7)-C(10) C(9)-(8)-C7) C(8)-9)-4)

O(11) - O MP2@(AR3P C( 12) - O(11) - O(17)  C(12) - O 11) - O 10) PCLABI0BYBEI6 C( 10)

C(14)-C(12) - C( 11)
C(15)-C(14) - ¢ 12)
C(15)-C(16) - C(18)
0(29) - C( 18) - C( 16)
C( 18) - 0( 19) - C( 20)
0( 19) - C( 20) - C( 30)
0( 24) - ¢ 23) - C( 25)
1.517(5) 1.206(4)
119.5(3) 122.1(3)
117.2(2) 122.1(3)
118.8(3) 122.7(2)
109.5(2) 114.1(2)
113.3(2) 113.3(3)

2010/ 023594PCT/ 1B2009/ 053626
0(26)-C(25)-C(23)108.1(2) Cf
0(28)-C(27)-C(25)111.2(2) 5
C(25)-C(27)-C(18)110.9(2)
0(29)-C(30)-C(20)103.8(2) 0
100(31)-C(32)-C(33)125.4(3)
C(34)-C(33)-C(32)105.9(3) C
N(36)-C(35)-C(37)116.5(3) 15
C(37)-C(35)-C(34)112. 1(3)

0(38)-C(37)-0(39)124.4(4) O
200(39)-C(37)-C(35)115.8(3)
(A2x 103) for Exanple 25. TI
exponent takes the form -2]

C(14)- C(12)- C1(13) ®5 C(11)- C(12) - C1( 13)
C(14) - C(15) - C(16) C(17)- C(16) - C(15) C(17)- C(16)-C(18) 30
C(16)-C(17)-C(11) 0(19)-C(18)-0(29) 0(19)-C(18)- C(16)

35 0(19)-C(18)-C(27) 0(29)-C(18)-C(27) C(16)-C(18)-C(27)
0(19) - C(20) - C(21) 40 0(19)-C(20)-C(23) C(21)-C(20)- C(23)
C(21) - C(20) - C(30) C(23)-C(20)-C(30) 45 0(22)-C(21)-C(20)

D
D
4

0(24) - O 23) 20y 25)—££33)—€0)  1.539(5) 1.443(4)
1.301(4) FOB—g¢ Ry —HE7 8 1164 3) 124.5(2) 119.1(3)
117. 4(3) F245(3) 120.7(%%3&2&78-3) 120.1(3) 111.6(2)
120. 6(3) PG5y H7-8(23 31264 2) 119.5(3) 120.5(3)
118. 4(2) }22f 3405431 5108-5(2) 111.6(2) 107.5(2)
103. 16( 10]—+aR-#2)—106- 242 —+13, 5(2) 101.9(2) 112.1(2)
109. 6(2) Friaf 2309345 1O
IO (2 A 2pa g 212 1(2)
Sy N b T i W
(287 52— A T3 tT #(P)
187505 2" 307497 28(119)
SI)5/ R S2)" N6 4 20013
NE ALK T
33) 34)- (35 6-9(3
NG cres ooz o3
SelZr e o) S ola s ot
S8)5 g ST)[T 3554 §9- B(3 .
Tdiﬁg;‘?) 25-14- .A”26’L3t ropit di spl acenment parameters
e 29:(1 AN SPj FOPT C li spl acenent factor
[t 2f5d a 20t 35— h k a* 25b* Ul2 ]
30.7 16.2
31.5 54
32.0 23.2
33.0 9.9
34.2 19.9
35.2 54
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 20 peaks or combinations of cocrystal of example 4A compound and L-

pyroglutamic acid:

Angle (Degree
20)
6.4
16.7
17.4
21.1

Example 23

10 Cocrystal of (1S,2S,3S,4R,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-1-hydroxymethyi-

6,8-dioxa-bicyclo[3.2. 1]Joctane-2,3,4-triol (Example 4A compound) and L-proline and




Ul11U22U33U23U13U12 C( 1) 115(4)49(2)104(3)-20(2)-54(3)31(2)
30C(2)95(3)52(2)95(3)-12(2)-47(2)23(2) 0(3)62(1)36(1)68(1)-3(1)-17(1)6(1)
C(4) 45(2yB820@yc23592) 1(1) 1(1)0(1) C(5) 61(2)43(2)59(2)4( PrTa8%02)/033836 C( 6)
61(2)43(2)47(2)2(1)-13(1)0(2) 35C(7)50(2)36(2)41(1)6(1)7(1)-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)0o(D)4(1D)-2(D)
40C(12)50(2)29(2)52(2)0(1)-4(1)-4(1) CA(13) 59(1)51(1)66(1)7(1)-16(1)4(2)
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) 45C( 17) 36(2) 31( 2)45(2)0(1)5(1)-3(1)
g((%ggi af lA ; ‘. A~ t‘ Ior ‘_.' .'5 BZ -3.1 -d...."..f_z .u‘ 56
C( 21) 58(82y¥i334-Djdyelo?). zaa@otanel 2(2%- tﬁnﬁllexaQ(;ﬂé)slNdo?mﬁimw 53(1 Z)Mrd@quaM(: 1)
- 14( 1) C( 23)42(2)32(2)47(2)2(1) -8(1) -2(1)

i Yes

Differential Scanning Calorimetry Thermogram Analysis:

5 Thermograms were obtained on a TA Instruments Q1000 Differential Scanning
Calorimeter (DSC). 1-2 mg of sample was placed in aluminum sample pans and then
covered with a pierced lid. The energy was measured against an empty pan as the
temperature increased from 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

10 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.
15 Example 20 cocrystal of Example 4A compound and L-pyroglutamic acid DSC results are

shown in Figure 6.

Example 24
Cocrystal of (1S,2S,3S.4R, 5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-1-hydroxymethyl-
20 6,8-dioxa-bicyclo[3.2.1]Joctane-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

®/A=0.60) was collected on a Bruker APEX diffractometer. Friedel pairs were collected in

order to facilitate the determination of the absolute configuration. Atomic scattering factors

25 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.

30 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”



0(24)58(1)37(1)62(1)8(1) -18(1) -3(1) 5 C(25)52(2)36(2)42(2)0(1) -7(1)
-8(1) 0(26)100(2)40(1)43(1)-1(1) -9(1) -9(1) C(27)45(2)28(1)43(1)-2(1)
0(1) - 6( W0 20(028)B5( 2) 28(1)69(1)-6(1) -7(1) -3(1) O(29PBEARIGYBFEG( 1) 8( 1)
7(1) -4(1) 10 C(30)48(2)38(2)56(2)2( M -1(1) 8(1) 0(31)62(2)56(1)70(1)7(1)
-9(1) -12(1) ©(32) 48(2)45(2)57(2)-9(2) -3(2) 1(2) C(33)

57(2) 64(2) 58(2) - 7( 2)

conformations A very similar disorder was observed in H. D. Flack, Acta Crystallogr., A39,
876, 1983.
The hydrogen atoms bonded to N1, O6 and O7 located by difference Fourier

techniques and allowed to refine with distances restrained. The relevant hydrogen atoms
5 bonded to O5 were located from Fourier techniques, but was deleted and placed in

idealized location (HFIX 83). The relevant hydrogen atom bonded to O4 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,

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

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

Empirical formula

C22 Has Cl O7,Cs Hg N O2, H,O

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)°.
c=11.8023(6) A v =90°.
Volume 2754.2(2) A3
Z 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

Theta range for data collection

2.74 t0 65.58°.



-12(2) 2(2) (C(34) 135(4)78(3)87(3)18(2) -58(3) -19(3) 15 C(35)
55(2)61(2)64(2)5(2) 7(2) -3(2) N(36)53(2)61(2)72(2)11(2) -22(2) -9(2)
C(37) 49( 2y620R)022992) 5(2) -1(2) 6(2) 0(38)116(2)70(2)95p2XaBLtoR)/0538162)
-11(2) 0(39)79(2)69(2)70(2)2(1) 0(1)%923(1) 20
0(99)90(20)110(20)89(19)-60(18) -2(15) 29(17) Table 25-5. Hydrogen
coordinates ( x 104) and isotropic displacenent paraneters (A2x 10 3) for
Exanpl e 25. 25

Index ranges -38<=h<=37, -8<=k<=0, -13<=I<=13
Reflections collected 6261
Independent reflections 2922 [R(int) = 0.05206]
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 [I>2sigma(l)] R1 =0.0515, wR2 = 0.1304

10 R indices (all data) R1=0.0581, wR2 =0.1334
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 10%) and equivalent isotropic displacement
parameters (A2x 103) for Example 24. U(eq) is defined as one third of the trace of the
orthogonalized Uj; tensor.

20 X y z U(eq)
CI(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)
0(2) 6311(1) 7637(5) -1948(2) 50(1)
C(2) 6929(2) 11374(9) 6600(4) 66(1)
0O(3) 5936(1) 10106(4) -2723(2) 46(1)
C(3) 6973(1) 10182(7) 4725(4) 55(1)

30 O4) 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)
0O(8) 5009(1) 2361(6) 1421(4) 78(1)
C(8) 6804(2) 8992(8) 3838(5) 59(1)

40 0(9) 5409(1) -82(6) 1265(4) 76(1)
C(9) 7365(1) 10429(8) 1443(4) 59(1)
C(10) 7014(1) 11175(7) 533(4) 51(1)
C(11) 6926(1) 13040(7) 382(4) 52(1)



xY z Uleq) H(1A)10809742 965 134 30 H(1B)55710275 482 134 H(1C) 257110087
606 134 H(2A) 1078492 427 97 H(2B)15878843 63 97 H(5) 8137106 -61 65 35

H(6) 9985862010122%960 H(8) 44554952 PCT/IB2009/053626
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20 Table 24-3. Bond lengths [A] and angles [°] for Example 24
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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



819 60 H(9) 43236685 999 59 H(10A) 20833655 - 115 58 H( 10B) 40553623 73 58
40 H(14) -12562497 1194 56 H(15) 8751701 1665 53 H(17)47032691 782 45

H( 21A) 52350220@23981 60 H(21B)6528- 1543 1595 60 45 H( 9PDYAR20$/8By261700( 40)
1620( 20) 94

C(6)-C(7) 1.383(7)
C(6)-C(9) 1.528(6)
0(6)-C(21) 1.413(5)
O(6)-H(99A) 0.95(2)

5 0(7)-C(22) 1.420(5)
O(7)-H(99B) 0.93(2)
C(7)-C(8) 1.380(7)
C(7)-H(026) 0.9300
0(8)-C(23) 1.235(7)

10 C(8)-H(033) 0.9300
0(9)-C(23) 1.251(7)
C(9)-C(10) 1.513(7)
C(9)-H(02A) 0.9700
C(9)-H(02B) 0.9700

15 C(10)-C(11) 1.386(7)
C(10)-C(15) 1.392(7)
C(11)-C(12) 1.369(7)
C(12)-C(13) 1.373(7)
C(12)-H(027) 0.9300

20 C(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

25 C(16)-C(22) 1.536(6)
C(17)-C(18) 1.526(6)
C(17)-H(02C) 0.9700
C(17)-H(02D) 0.9700
C(18)-C(19) 1.520(6)

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) 0.9800
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

45 C(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
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2171(11) 49(10) H(98A) 9670(60) 6410(30) 2507(15) 95(14) 15 Exanpl e 26
Cocrystal of

(1S, 2S, 33yOR)BAR3H414- chl or o0- 3- (4- et hoxy- benzyl ) - phenv1PCTARYdY/@369MEt hyl 6, 8
- di oxa- bi cycl 013. 2. 11oct ane-2, 3, 4-tri%®l (Exanple 4A conpound) and

L-Dvroglutam c acid: Solid state NVR 20Approximately 80 ng of cocrystal of

(1S, 2S, 3S, 4R, 5S) - 544- chl or 0- 3- (4- et hoxy- benzyl) -

phenyl ] - 1- hydr oxymet hy1- 6, 8- di oxa- bi cycl o[ 3. 2. 1] octane-2, 3, 4-tri ol (Exanple

4A compound) and L-pyroglutam c acid prepared using the process described

in Scheme 2 was tightly packed into a 4 mm Zr02 rotor. Spectra were

col |l ec 2d enpey ( and pressure on a Bruker-Biospin 4 mm BL

CPMAS g Loned ' g wi de- bore 25Bruker-Bi ospi n DSX 500 MHz (1H

freque 3 ; trorr% g The packed rotor was oriented at the magic

angl e ) 5.0 3the 13Csolid state spectrum was col | ected using

a prot @Y cros¥bdi ari zati on magi ¢ angl e spi nni ng experi ment
2@%2@'&(@ pol at9&4tion contact tine was set to 2.0 ms. A proton

decou pl -G {28)#l( 6)‘ ap ?Qﬁ('lrrately 85 kHz was applied. 1448 scans were

col | ec@é@) G/(%ﬁ@@@)/cl e ﬁ‘e@ 8{3)of 3014 seconds. The carbon spectrum was

r ef er ef@dC(&li)re(28h ext €tha(4)st andard of crystalline adanantane, setting

its upfO(R)Ci2ds-a{abre tt029(45 ppm The chenmical shift data is dependent on

tohe t eSYBRG(ZO+0tbpns {(07.€. spi nning speed and sanple holder), reference

mat er i @(22 am@mia{ (@1Py oce®ARVng paraneters, anong other factors. Typically,

the ssCP® 7J|—tg151e@(g:z:wateto vmthln about 0.2 ppm WO

2010/ 0@5 é d(B2909/ 05@H261)108 Carbon chemi cal shifts observed.

Characbg 22; @.(qe;zs areph )red Al'l peaks are ( 0.2 ppm 13C Chem cal

I%hftsd(f)r Id'(qusmy{bgg) 9.3 23.1 4.8 30.5 4.5

H (013) 108.3

(21) (22) H(013) 108.3
C(16)-C(22)-H(013)  108.3
0(8)-C(23)-0(9) 127.9(5)

20 0(8)-C(23)-C(24) 118.1(5)
0(9)-C(23)-C(24) 114.1(5)
C(25)-C(24)-C(23)  114.1(5)
C(25)-C(24)-N(1) 103.3(5)
C(23)-C(24)-N(1) 110.3(4)

25 C(25)-C(24)-H(029)  109.6
C(23)-C(24)-H(029)  109.6
N(1)-C(24)-H(029)  109.6
C(35B)-C(25)-C(24)  108.3(8)
C(35B)-C(25)-C(35A)  42.4(8)

30 C(24)-C(25)-C(35A)  103.1(8)
C(35B)-C(25)-H(34A)  70.3
C(24)-C(25)-H(34A)  111.2
C(35A)-C(25)-H(34A) 111.2
C(35B)-C(25)-H(34B) 137.2

35 C(24)-C(25)-H(34B)  111.2
C(35A)-C(25)-H(34B) 111.1
H(34A)-C(25)-H(34B) 109.1
C(35A)-C(26)-N(1)  104.8(9)
C(35A)-C(26)-C(35B)  42.5(9)

40 N(1)-C(26)-C(35B) ~ 101.1(7)
C(35A)-C(26)-H(03A) 110.8
N(1)-C(26)-H(03A) ~ 110.8
C(35B)-C(26)-H(03A)  73.1
C(35A)-C(26)-H(03B) 110.8

45 N(1)-C(26)-H(03B) =~ 110.8
C(35B)-C(26)-H(03B) 144.0
H(03A)-C(26)-H(03B) 108.9
C(26)-C(35A)-C(25)  105.8(10)
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Table 24-4. Anisotropic displacement parameters (Azx 103) for Example 24. The

anisotropic displacement factor exponent takes the form: -2m2[ h2 a*2U;q + ...
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5.9 140.3 5.3 158.7* 7.9 174.7 4.5 181.5* 5.0 5(a) Referenced to external
sanpl e of solid phase adamantane at 29.5 ppm (b) Defined as peak heights.
| nt ensi tiwe 2082831y dependi ng on the actual setup of tIRETIBMOB053626
experinental paraneters and the therm® history of the sanple. CPMAS
intensities are not necessarily quantitative. The SSNVR 13C CPMAS spectrum
of Exanple 26 is shown in Figure 9. The peaks 10marked by asterisks in
Figure 9 are spinning sidebands. WO 2010/ 023594PCT/ 1B2009/ 053626 109

PHARMACOLOG CAL TESTI NG The practice of the instant invention for
the treatment of diseases rmdul ated by the i nhibition of SGT2 can be

evi den by 53 ivi t)ﬁ t one t he R ﬁt ocol escri bed

5her ei oI og Assa e SG.T2 functional
assay de?"5 ed 18 tect | nh| 1 on thyI ha- D

gl ucop os (AI\/IS45 non abol i Ie fo bf gI se) uptake via the
SG.T2 an ter )i'anspﬂl( ér S gI ose fromthe

P OXi n&l(2ubd k| dn Jts i b| t| o ebsul t 93 sugar wasted in

t he ur C&3) TH@ 05|t|4\%3cont 3bo oli#@d) PhI%"r?)u n, r% )a known i nhi bitor
of gl ubd2® uPBtke f ordOEHLT2 a34tﬂ3)/vas used for %Qiﬁ'barl ng(@)he hi gh percent

ef f ect C625)SATDA)i nhi B3F)on of 76(B¢ t est3(BprmpouBiy. CHOMEBPI n (I nvi trogen,
Car | sb&26)CARSERI | s SO y exXix(@ssi ng-3ABnman SAIR 15( BEIDNAS/ FRT) wer e

19l at edG(35ARIG4TI)96 WSI(19)pl at7R8) Per DO mer-26(84l t he3B(1MA) at a density of
100, 00Q(33B) a3¢®l | 1 M3UOP m ©0pR) of o3pMt h medi(@) (1: 14F6)12/ DVEM nedi a

(G bcop QQM $fg@(zl CA)76(40% FBB($)SI gmed4 (3 - Lou;( MO), 913§ Pen/ Strep (G bco,
Car | sbad, 600 m crog/ L Hygrorrym n (lnvit rogen Carl sbad, CA)). Prior

to tre o[

hour § i‘%b%%’?é“% 3 e BB BT SR) sEBRL B MR RSP Th AP RE 2
l&fter r%u?r EXPé%@e rrpounds in di met hyl sul f oxi de (Sigma, St. Low s, M)
wer e d' J d ) oll 0 10 ,
2mVi KCl (Teknova HoI | i st ar CA), 1yr1\/| Cadl 2('l2l9knova Wislal) i st er, CA, 1nM
MyCl2 (Teknova, Hollister, CA), and 10nmM HEPES (G bco, Carl sbad CA) to
cell pHgO&S) pre-ri nsed52®’[(6) upt 24G80060)f er .1320(30 wer e3Q(©O¢- i ncubated with
Aest cengsBind for 15 nbERA(e@S) prisns50(80)t he 28a@)ti on f(129 m crol AMG (40
nC  AVE(Q3£L4C] (Perkigrzdd mer, ygddgham Mapspn unl abeiyed AMG (Al drich, St.
Loui s, HR@)D) per well ygpbdi ng aqddgpral congengrati on ¢f711. 33 m croM AMG

Cel | &s) were then pgagaibat edijgy7 3 hourgg7zgt 37C f @7 AMS upt ake. After

i ncuba ceI l's werey hed tyegg W th iggggcol d wasgybuffer (uptake
ffer |n| ng 200 ggwoM Ph jzi n (Sigpw), air dgoed and lysed in 30

m crolL ?ﬂé uf fer _/%R3an or bi shaker. M croscint

0 mM NaCH 1% S
40 (Pe[_| El mer, V\altg 0add ed t5q he | ysed &:ells (giving a final
vol une 00 m croL) m xed or bi tal aking fob,30 m nutes. Plates
were stitled in the dar ermg?1 dqua atedlng

% §e 1540 M crobeta WO
2010/ 0 APCT/ 182009/ 62 T | ux VWl t MA) using a
Stor mal FIZAbr of ocol égh { 2a300) (éase?@n SalTh) ' using
H(99B) 8610(60) 540(3 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) 5982 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) 6327 2839 1870 126
H(34B) 6084 1342 2453 126



effect of test conpounds to inhibit AMG uptake was cal cul ated using the
follow ng calculation: p/o Effect = ((ZPE-T)/ (ZPE-HPE)) x 100% b5where
"ZPE" is wbeonmans®dt ed counts per m nute (CCPM in cont Poll/IBmI0d/85362Nt ai ni ng
0.5%DVBO, Tis the CCPMin wells contai ning test conpound at vari ous
concentrations of the standard curve, and HPE is the high percent effect
referring to the CCPMin control wells containing 10 mcroM Phlorizin. The
| C50 val ues were cal cul ated using a dose response equation and are

sumari zed for the conpounds tested in Table 3. 10Abbreviations used in the
in vitro testing description include: SGET2type 2 sodi uni gl ucose

co-tra L er AMG et ja- D Gé&ﬁglpyranogzgf DVEMDul hgcco' s Modi fi ed
Eagl e’ I um | C50 50 hi biti Concen ﬁ i on 15FB3, Fetal Bovi ne Serum
DVBCDI | sul f oxi de Sodi ué%@drecyl 5 ate CHO1 pi n Chi nese Hanster
Ov t ai ni FRT si bl 112

ary 5B)con ai ni ng 5 Si =0 abl e 548 152
5 H(35C) 6415 4913 2066 85

H(35D) 6372 4404 3339 85
Example 25

10 Cocrystal From Example 20 of (1S,2S,3S.4R,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-

1-hydroxymethyl-6, 8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol (Example 4A compound) and L-

pyroglutamic 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

15 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. C, pp. 219, 500, Kluwer
Academic Publishers,1992. All crystallographic calculations were facilitated by the

20 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 trial structure refined routinely,

except for a low residual peak that was refined as 0.1 stoichiometric water. The

25 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

30 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 heteroatoms (H97a, H97b, H97¢, and H97¢) exhibited somewhat short
bond lengths (~0.8 angstroms found vs. ~0.96 expected), yet the distances were left

35 unrestrained. The hydrogen atoms on O99 (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 corresponding 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 O39), but was not refined as such

The refined structure was plotted using the SHELXTL plotting package (Figure 8).
The absolute configuration was determined by the method of Flack (H. D. Flack, Acta
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 Co2 Hos Ciy O7 * Cs H7 Nt O3 * 0.1(H20)

Formula weight 567.79

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 B=90°.
c =28.029(4) A v = 90°.

Volume 2700.6(6) A3

Z 4

Density (calculated) 1.396 Mg/m3

Absorption coefficient 1.767 mm-1

F(000) 1196

Crystal size 0.03x 0.2 x 0.2 mm3

Theta range for data collection 3.15 to 59.28°.

Index ranges -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 Full-matrix least-squares on F2

Data / restraints / parameters 3759/0/387



WO 2010/ 023594PCT/ 1 B2009/ 053626 113 in-Vivo Assay Exanples 1A and 4A were
tested in rats to assess inhibition of glucose transport 5via urinary

gl ucose ewonretwmsso4Mal e Sprague Dawl ey rats (-300 g) wereTaBrIgh/Ys3azused in
nmet abol i c cages for urine collectionl0Rats had access to standard

| aboratory chow and water ad libitum Rats (n=2 to 5/group) received

vehi cl e or conmpound by oral gavage. Dosing solutions were 0.03 ng/n., 0.3
ng/m., 0.9 ng/nm., 3 ng/nL, 9 ny/nL and 18 ny/nL for the 0.1ng/ kg, 1 ngy/kg,
3 ng/ kg, 10 ny/ kg, 30 ng/ kg and 60 ng/ kg doses 10respectively. Dosing
volunme was 1 nl/300 g of body weight for all doses. One group received a 10
ng/ kg dose of Exarrpl e, 1A and ot hers received 0.1, 1, 3, 10, 30 or 60 ny/kg
dose of5oegass-ef-imon Fhe vehicle was!.888 v/ v PEGA00 and 24% v/ v

o e B B hour s Glicta e soneant o was measured | n
urine E@ @E&%ﬁhce spect rophot o tr@sﬁfglﬁgﬁ (ﬂﬁéﬁgl ng a Roche Hi tachi
917 spébtsolurmsittmmleqrarammmnd Di ag316$®(16$ Hol i ston, MA). The total

amount EQfindoRcegiccer eted in the ujbhpss cal cul at ed as the product of
urine concentration and urine vol une u5| na phe fOérng a below wurinary
r

gl ucosbkawest diffeBeqhayd Dol®g body wei YArTan ﬂéﬁyﬁ [*ucose concentration
(my/dL) x urine volune (dL) x 200/rat body weight (g). Amounts of urinary
gl ucose excreted (UGE) 20were obtained fromrats for Exanple 1A and Exanpl e

4A by tm|@25120dmdﬁﬁ@b@@emaaém\<?<t aﬂﬂ%q@h@%hth@ot‘f?ﬂtdls‘ﬂjlaogh@iﬂ (0.1 n)

S CO | our s

l\é(\f;stdogﬁ &% é fki:% flﬁg)&% Jgmal ;‘/Jz(géj)gpd%gbﬁ%/gi%% tp)id 0?5‘}&%;%8@?16?5 at
I 0 !

the va Z) are shown in Table 4.
2010/ 023594 526 M
(ng/ 200g of body wei XSEM (n 5
(ng/ n"L\ t rax / h\ Al I(“/ 24)

c) T ”1§§5(7) 9812(3) 634(2) 89(1)
C(2) 1302(6) 8776(3) 399(2) 81(1)
0(3) 2546(3) 8104(1) 625(1) 55(1)
C(4) 2553(4) 7080(2) 489(1) 43(1)
C(5) 1555(5) 6676(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 Cc(11) 2248(4) 3159(2) 577(1) 40(1)
C(12) 467(4) 3074(2) 708(1) 44(1)
CI(13) -1197(1) 3652(1) 362(1) 59(1)
C(14) -56(4) 2535(2) 1112(1) 46(1)
C(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) 1690(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)
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Exanpl e 4A 60 2437 116.7 25300 2.00 233000 SEM Standard error of the nean.
Phar macoki netic Testing in Rats Exanples 1A 2A 4A, 12A and 14A were
test ed i rwoanw/ss9assess phar macoki neti ¢ Sparanet ers i neCudBg9/nEBE2aTUM
concentration (Crax), area under thelp asma concentration time curve (AUC),
cl earance (CL), steady state volune of distribution (Vss), half life
(t112), and bioavailability (F). Male Sprague Daw ey rats (- 300 g) were
used. Rats received conpound by intraveneous (1V) or oral gavage (PO
adm ni stration and the doses tested including vehicle to fornul ate dosing
solutions are listed in Table 5. 10Follow ng IV or PO adm ni stration, 0.2
nmL bl opd 3%rrpledfrorq jugul ar vein at various tinmepoints (Table 5).
i | i quot s of E sanpl es and standards were subjected to
tation wt onitrile containing an internal standard.
rtexed and S i fuged to obtain supernatant which was
anal yzed L / M5. Anal ((4 ersion 1.4.1) was used to neasure peak areas
and pe§l(37a)r@€\39r atios of 1 ﬁ@i&(ldf))/te to internal standard were cal cul at ed.
LC-Ms/ M5 conditions are as foll ows: Mass Spectroneter + Source Type was
Sci ex A¥B)-G(DECH) Tur bo E¥-&(3) HPLC punp was Shi madzu; Aut osanpl er was CTC
PAL AuCd4a@f3)ee(2) | nj ect 1bh8()l ume was 3.0 to 10 microl; A gradient was used
wi th mol8)-6(HhHa®e A 101HE@)moni um acetate and 1% | sopropyl al cohol in
Mat er ; OB3)-86Et@BItril e; 1H.6@)ate 0.300 nmL per mnute (Columm 2.0 x 30 20mm
5 mcr guekCdA-Gib8 col ummg. piBnomenex)). Detection node was negative. A
cal i br giéoHwWwMe was corgb(ycted fromthe peak area ratios of the
st andaogr)-t®)id18) i nt er ngd2 sfzndard by applying a weighted linear (1/x or

1/ x2) @(s;s) @)y The dypa range of the standard curve was 5.00 ng/nL to

%000 ng 010/ 02$§p§ / 1B2009/ 053626 115 Phar macoki neti c

par ane term om i ndi vi dual ani mal data using

non- cog anal y$4 ' Wat son (version 7.2). Concentrations bel ow
the |i titati ' Q were recorded as 0 ng/nL for use in

cal cul t( ollo 5 al cul ati ons were used: 5AUC(0-t) = Determ ned
si ng ﬂ}apez 2 met hod AUC(0-09) = AUC(0-t) plus extrapol ated
rea d Grg ivi | asma concentration at T by the slope of the
termn = Dose/ AUC(0-09) Vdss = CL x MRT 10Cmax =
Recor d@éﬂ@'r 1@} om Q&1 concentration tine curve Tmax = Recor ded

di rect Y14)r6mh2piCddta cohtbRtIation tinme curve t1/2 = I1n(0.5)/sl ope of the
t er m n&(14)dgNI2)-68ERB) phatt’.862)= AUC( 0- 09) PO per dose/ AUC(0-09) IV per dose
[(0) =CEkt)rGa)-&iEd) by 120é@) regression fromthe apparent distribution

phase CHIHFCOMQIT1RN adtdNBE)rati on MRT = AUMC ( AUC(0- 30)/ AUC(0- 30) WO
2010/ 0Z3594CAE)B26)09/ 05353@)116 Tabl e 5
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)
O(19)-C(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)
O(19)-C(20)-C(21)  108.4(2)
40 O(19)-C(20)-C(23)  106.7(2)
C(21)-C(20)-C(23)  113.5(2)
0(19)-C(20)-C(30)  101.9(2)
C(21)-C(20)-C(30)  112.1(2)
C(23)-C(20)-C(30)  113.3(2)
45 0(22)-C(21)-C(20)  113.3(3)
O(24)-C(23)-C(25)  109.6(2)
0(24)-C(23)-C(20)  111.2(2)
C(25)-C(23)-C(20)  109.3(2)
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Table 25-4. Anisotropic displacement parameters (Azx 103) for Example 25. The

anisotropic displacement factor exponent takes the form: -2x2[ h2 a*2Uq; + ...

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

10 3) for Example 25.
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H(97B) 5570(50) 1910(30) 2942(14) 79(13)
H(27) 3214 1680 2224 46
H(97A) 5800(50) 2990(30) 2137(12) 60(12)
H(30A) 7992 577 1611 57
H(30B) 7175 214 1119 57
H(33A) 7294 4347 1291 71
H(33B) 6226 5021 1664 71
H(34A) 7528 6411 1397 120
H(34B) 8616 5735 1030 120
H(35) 11047 5874 1457 72
H(99) 10740(50) 4950(20) 2171(11) 49(10)
H(98A) 9670(60) 6410(30) 2507(15) 95(14)
Example 26

Cocrystal of (1S,2S,3S,4R,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-1-hydroxymethyi-
6.8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol (Example 4A compound) and L-pyroglutamic

acid:

Solid state NMR:

Approximately 80 mg of cocrystal of (15,2S,3S,4R,5S)-5-[4-chloro-3-(4-ethoxy-benzyl)-
phenyl]-1-hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol (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
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
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.
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Carbon chemical shifts observed.
Characteristic peaks are starred.
All peaks are (+ 0.2 ppm)
°C Chemical Shifts | b
a ntensity
[ppm]
............................... 16.97 e 03
I ~2 1 N— 48
30.5 4.5
............................... 425 39
............................... 987 oD
61.0 6.2
_______________________________ 63.0 o 06
69.4 8.0
S 4 02 N T2
74.7 8.4
............................... 802 e 09
85.3 11.4
.............................. 10 i 100
110.4 7.9
.............................. LT CY N N L1 S
127.9 5.7
.............................. 128.7 o852
130.0 6.9
....................... 18 120
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 1822 .85
[ < .. S — 0.8
.............................. 1878 29
........................ 140.3 o3
SN £ 27 AN S [ S
[ 4.2 AN E— 49
............................. 18157 i 20
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.

12A 2
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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 SGLT2 inhibition of the test compounds.

CHO-FlIpln (Invitrogen, Carlsbad, 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, Carlsbad, 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,
WI), 2mM KCI (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 unlabelled
AMG (Aldrich, St. Louis, MQO)) 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
lysed cells (giving a final volume of 200 microL) and mixed by orbital shaking for 30

minutes. Plates were stored in the dark overnight and quantitated in the 1540 Microbeta
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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%]
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 ICsy values were calculated using a dose response
equation and are summarized for the compounds tested in Table 3.
Abbreviations used in the in vitro testing description include:
SGLT2 type 2 sodium/glucose co-transporter
AMG methyl-a-D Glucopyranoside
DMEM Dulbecco's Modified Eagle's Medium
IC50 50% Inhibition Concentration
FBS Fetal Bovine Serum
DMSO Dimethylsulfoxide
SDS Sodium Dodecyl Sulfate
CHO-FIpIn  Chinese Hamster Ovary cell containing the FRT site

Table 3
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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undetermine
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
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6A 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 33.4
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 >10,000 713
12A 1 >10,000 111
2 5780 7.41
3 >10,000 8.85
4 >10,000 0.802
5 >10,000 10.7
6 >10,000 14.1
12B 1 >3160 32.3
13A 1 >10,000 14.9
2 >10,000 17.8
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14A 1 >10,000 2.28
2 >10,000 3.12
3 >10,000 2.39
4 >10,000 2.87

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/mL, 9 mg/mL and 18
mg/mL for the 0.1mg/kg, 1 mg/kg, 3 mg/kg, 10 mg/kg, 30 mg/kg and 60 mg/kg doses
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% v/v PEG400 and 24% v/v hydroxypropyl beta
cyclodextrin; HPBCD. Following oral administration, urine was collected for 24 hours.
Glucose concentration was measured in urine by UV absorbance spectrophotometry at
340 nm using a Roche Hitachi 917 spectrophotometer (Diamond Diagnostics, Holliston,
MA). The total amount of glucose excreted in the urine was calculated as the product of
urine concentration and urine volume using the formula below:

urinary glucose excreted (mg)/200g body weight = urinary glucose concentration (mg/dL) x
urine volume (dL) x 200/rat body weight (g). Amounts of urinary glucose excreted (UGE)
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
Compound Dose Mean UGE Mean PK Parameters (n=2)
(mg/kg) (“.‘gr’lfofgsg';wbw_ys Cmax |tmax| AUC(0-24)
e W) 2SEMNY) | (ngimL) | (h) | (ng*himL)
Example 1A 10 2049 + 382.2 1260 1.00 6630
Example 4A 0.1 389.0 + 62.54 43.4 1.50 188
Example 4A 1 1519 + 52.02 372 1.00 2000
Example 4A 3 1937 + 101.1 1320 1.00 7080
Example 4A 10 2145 +132.3 3100 2.50 26400
Example 4A 30 2554 + 141 .1 10500 1.00 10700
Example 4A 60 2437 +116.7 25300 2.00 233000
SEM: Standard error of the mean.
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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 (t1,2), 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 APl 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-) = 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-)

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 linear regression from the apparent distribution phase
following IV administration

MRT = AUMC (AUC(0-o0)/AUC(0-o)
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Example | Dose | Route | Formulation | Time Cmax AUC;¢ CL Ve tip F
(mg/kg) In points | (ug/mL) | (ug*h/mL) | (mL/min/kg) | (L/kg) | (h) (%)
(h)
4A 2 v/ DMSO/ 0053, - 8.48 4.04 1.1 41 -
(n=2) | PEG400/ | %%
30%SBECD | 24°&
(10/30/60 | %%
v/viv)
2 PO/ | Tween80/ [0%T 0.772 5.65 - - 3.7 67
(n=3) 05%MC |24,7,
(0.1/99.9 20
viv)
5 PO/ | 20% PEG/ | 147 119 16.8 - - - 79
(n=5) | 24% HBCD | 24
12A 2 v/ DMSO/ 0.083, - 2.20 15.9 3.68 | 3.90 -
(n=2) PEG400/ | 0.25,
30%SBECD | 05,1,
(5//1 (;/85 245
VIV V) 6,7,20
1A 2 v/ DMA/ PG/ | 0083 - 0.947 371 171 | 0962 | -
(n=2) | 50 mM Tris | 0.25,
Base 0.5, 1,
(5/10/85 246
viviv) 8 20
10 PO/ PEG200/ |92 1.65 2.68 - - 282 | 565
(n=2) | 0.5%MC (5/ | 05,
95 viv) 0.75, 1,
2,4,6,
8, 20
14A 2 v/ DMSO/ 0.25, - 1.06 317 169 | 1.36 -
(n=2) PEG400/ | 05,1,
30%SBECD | 2, 4,7,
(5/10/85 20. 22
vIviv) '
10 PO/ PEG200/ [9>T 0.551 2.29 - - 1.71 | 43.5
(n=2) | 0.5%MC (5/ | 24,7,
95 v/iv) 20, 22
2A 2 v/ DMA/ PG/ | 0083 - 1.34 27.7 1.03 | 0.94 -
(n=2) | 50 mM Tris | 0.25,
Base 0.5, 1,
(5//1 (;/85 246
VIVIv) 8, 20
3A 2 v/ DMA/ PG/ | 0083, - 1.41 23.8 182 | 1.58 -
(n=2) | 50 mM Tris | 0.25,
Base 0.5, 1,
(5/10/85 246
viviv) 8 20
- = Data not available or not applicable; DMSO = Dimethyl Sulfoxide; HBCD = Hydroxypropyl beta cyclodextrin;
PEG = Polyetheylene Glycol; PG = Propylene Glycol; SBECD = Sulfobutylester beta cyclodextrin; MC =




2 v D\W PG 0.083, - 1.41 23.8 1.82 1.58 - (n=2) 50 MM Iris 0.25,

Base 0.5, 1, (5/ 10/ 85 VI VI V)
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Throughout this application, various publications are referenced. The disclosures of
these publications in their entireties are hereby incorporated by reference into this
application for all purposes.

5 It will be apparent to those skilled in the art that various modifications and variations
can be made in the present invention without departing from the scope or spirit of the
invention. Other embodiments of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention disclosed herein. Itis
intended that the specification including the examples be considered as exemplary only,

10 with a true scope and spirit of the invention being indicated by the following claims.



2, 4, 6, 8, 20 - = Data not avail able or not applicable;
DVBO = Di net hyl Sul foxi de; HBCD = Hydroxypropyl beta cyclodextrin; PEG =
Pol yet heywerre10@2g39el ; PG = Propyl ene G ycol; SBECD = SulpCohBropd/esssr bet a
cyclodextrin; MC = WD 2010/ 023594PCT48.B2009/ 053626 117 Thr oughout this
application, various publications are referenced. The discl osures of these
publications in their entireties are hereby incorporated by reference into
this application for all purposes. 5It will be apparent to those skilled in
the art that various nodifications and variations can be nmade in the
present invention without departing fromthe scope or spirit of the

i nvention. O her enbodi nents of the {%DXﬁ\ﬁ%i on will be apparent to those
skilled in the art fromconsiderationh o he specification and practice of

t he i nwandtiodamhetisosed herein. It is intended that the specification

i ncl udi ng the exanpl es be considered as exenplary only, 10with a true scope
and spirit of thgcdo Ghd@ﬂF@ﬁhGlﬁéﬁ%f FafRdalip)t he following clains. WO
2010/ 023594PCT/ 1 B2009/ 053626 118 AIMS What is clained is: 1. A conpound of
Formula (A) or Forrmula (B) 5(A)(B)

s (A) (8)
wherein
R'is H, (C4-Cs)alkyl, (C1-C4)alkoxy, Cl, F, cyano, fluoro-substituted (C4-Cy)alkyl, (C1-
C4)alkyl-SO,-, or (Cs-Cs)cycloalkyl; and
R? is (C1-C4)alkyl, (C1-Ca4)alkoxy, (Co-Cs)alkynyl, 3-oxetanyloxy, 3-
10 tetrahydrofuranyloxy, ClI, F, cyano, fluoro-substituted (C+-Cy)alkyl, (C4-C4)alkyl-SO»-, (Cs-
Ce)cycloalkyl, or a (Cs-Ce)heterocycle having 1or 2 heteroatoms each independently

selected from N, O, or S.

2. The compound of claim 1 wherein said compound is a compound of Formula
15 (A).

3. The compound of claims 1 or 2 wherein
R'is H, methyl, ethyl, propyl, isopropyl, methoxy, ethoxy, F, Cl, cyano,
-CFs3, cyclopropyl, or cyclobutyl; and
20 R? is methyl, ethyl, propyl, isopropyl, methoxy, ethoxy, F, Cl, cyano, -CFs, -CF,CH,
ethynyl, 3-oxetanyloxy, 3-tetrahydrofuranyloxy, or cyclopropyl.

4. The compound of claim 3 wherein

R'is H, methyl, ethyl, isopropyl, methoxy, ethoxy, F, Cl, cyano, -CFs, or cyclopropy!;
25 and

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



wher ein Rl is H (Cil-C4)al kyl, (Cl-C4)al koxy, O, F, cyano,
fluoro-substituted (Cl-C2)al kyl, (Cl- C4)al kyl-502-, or (C3-C6)cycloal kyl;
and R2 i swOCutomyshkyl , (Cl-C4)al koxy, (C2-C4)al kynyl, BcoaBramyizersy, 3-
10t et rahydr of uranyl oxy, d, F, cyano114| uoro-substituted (Cl-C2)al kyl,
(Cl-A)al kyl-502-, (C3- C6)cycloal kyl, or a (C5-C6)heterocycle having lor 2
het eroat ons each i ndependently selected fromN, 0, or S. 2. The conpound of
claim1l1l wherein said conpound is a conpound of Formula 15(A). 3. The
conmpound of clainms 1 or 2 wherein R1 is H, methyl, ethyl, propyl,

i sopropyl, methoxy, ethoxy, F, d, cyano, - cyclopropyl or cycl obutyl;

a0 2O . MO ?gﬁetraﬁf&ﬁ@ﬁ?%xﬁ Q?ééwyﬁﬁlﬂﬁﬁ?ani oxy, or
cycl opropyl. 4. The conmpound of claim3 wherein RL is H, nethyl, ethyl,

i sopropyl, pethoxy, ethox ,, d, cyano, -CF3, or cyclopropyl; 25and WO
2010/ 023594PCT/ 1 9@'7‘999%‘?84:‘1@@‘ 4@{%1@ ethynyl, 3-oxetanyl oxy,

3-tetrahydrpf lérlfl”mle%}”etr%fl rﬁéﬁlo&?ré’c%ky, F50|Té}%n601mﬁ3u6€' C\gélo&bawnhﬂdwherel n
Rl isH methyl hoxy, ethoxy, F, or” cycl opropyl :

#nd 5R2 is Retsmethygtaﬁw mﬁﬁthwxgthoéy ch»@J,, cyanocrgFacy@ﬁzCHs,@ﬂwnyl &F2CH3,
B MY Y by oty B AR MrorFah bk A W Rlopragy! oxy. or cyel opropyl . 6. The

compoun i s met hyl, ethyl, F, d, cyano,
CF3, or cycl opr opyI and 10R2 i s net hoxy, or ethoxy. 7. A conpound sel ect ed
fromthe gr&u n5|st|n

f. . .
(1S, 2S, 3S, 4R 59! rie ﬁ%PBg'ﬁr@f Hgim BN AN et hoxy- benzy1l) - 4- met hyl - phenyl ] - 6,

8- di oxa- bi RYg kYR WGt anecyard, G)Fgrd)roéyclopropyl and
15( 1S, 2S, 3S, 4R, SS% 543 ('4-'et hoxy- benzy1) -'4- et hyl - pheny1] - 1- hydr oxynet hyl - 6

108- di oxa- bRgiﬁcflné hoxy. anefbeshe- 2, 3, 4-tri ol ;

(1S, 2S, 3S, 4R, 5S) - 544- chl or o- 3- (4- met hoxy- benzyl)-phenyl] - 1- hydr oxynet hyl -
8- dioxa-bicyclo[3.2.1]octane-2, 3,4-triol;

(1S, 2S, 3S, 4R, 5S) Asdmpoohdselegtddifrenhibe grdugnegyrk)stiolgenfy 1] - 1- hydr oxynet hyl - 6, 8

(15 26 36, ZH%%#%% 4R B IS I Sy 6T T ey banai) A et sy ke Sy -
8- di o¥rxBiAdIB odﬂaﬁéizamﬂ-tﬁol?» 4-triol;

2- (4- met hox benzy S, 3S, 4R, 5S5)-2, 3, 4-tri hydroxy- 1- (hydr oxynet hyl ) -
1§, 8- di oxa i %43%@?@%5150& 4§t9‘1§3bbﬁ'2%’ﬂ1)i'4ﬁqﬂéy| phehyl]-1-fydroxymethyl-6.5-

252- (4 S, 4R, 5S5) -2, 3, 4-tri hydroxy-1-(hydroxynet hyl)
- 6, 8- | oxa- él cgg?o%]%&gﬁé%% ta%églyl) benzonitrile;
(1S, 2S, 3S, 4R$@3&®3@$@M0m&&metmﬁwm&mgl fieny 1-1-Hydngximoativted, By | - 6, 8

- di ox cl 1 4-triol;

(1S, 238%33%’%%%[%% 2&@%%431@ (tetrahydro-furan-3-yl oxy)-benzyl] - phenyl}

(15, 25,35, Z“R“%’%’wf = () orabenzy 1) - 4-11uor bphenya] - 1 hyar oxymet iyl -6,
chl orohenzy uor opheny - hydr oxynet hyl - 6, 8-

3 oxabHiareitipaIds 21 pganeres 4104 111 of

(1S,28,3S,4R,5S)-5-[4-fluoro-3-(4-methoxy-benzyl)-phenyl]-1-hydroxymethyl-6,8-
dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
2-(4-methoxybenzyl)-4-((1S,2S,3S,4R,5S)-2,3,4-trihydroxy-1-(hydroxymethyl)-6,8-
dioxa-bicyclo[3,2,1]oct-5-yl)benzonitrile;
25 2-(4-ethoxybenzyl)-4-((1S,2S,3S,4R,5S)-2,3,4-trihydroxy-1-(hydroxymethyl)-6,8-
dioxa-bicyclo[3,2,1]oct-5-yl)benzonitrile;
(1S,28,3S,4R,5S)-5-[3-(4-ethoxy-benzyl)-4-fluoro-phenyl]-1-hydroxymethyl-6,8-
dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(15,2S,35,4R,5S)-5-{4-fluoro-3-[4-(tetrahydro-furan-3-yloxy)-benzyl]-phenyl}-1-
30 hydroxymethyl-6,8-dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(15,2S,35,4R,55)-5-[3-(4-chlorobenzyl)-4-fluorophenyl]-1-hydroxymethyl-6, 8-
dioxabicyclo[3.2.1]octane-2,3,4-triol;



WO 2010/ 023594PCT/ 1B2009/ 053626 120

(1S, 2S, 3S, 4R, 5S5) - 5-{4-f |l uor o- 344- (oxet an- 3-yl oxy) - benzyl] - phenyl } - 1-

hydr oxy mewbyatod289di oxa- bi cycl o[ 3. 2. 1] oct ane- 2, 3, 4-t ri olPCTARZN09/053626

(1S, 2S, 3S, 4R, 5S) - 5-{ 4- chl or 0- 344- (oxde@an- 3-yl oxy) - benzyl] - phenyl } - 1-

hydr oxynet hy1- 6, 8- di oxa- bi cycl o[ 3. 2. 1] octane-2, 3,4-triol. 5 8. A
conpound which is (1S, 2S, 3S, 4R, 5S) - 544- chl or o- 3- (4- et hoxy- benzyl) -

phenyl ] - 1- hydr oxymnet hy1- 6, 8- di oxa- bi cycl o[ 3. 2. 1] octane-2, 3, 4-triol .

9. A conpound selected fromthe group consisting of:

10( 1S, 2S, 3S, 4S, 5S) - 1- hydr oxymnet hy1- 543- (4- net hoxy- benzyl) - 4- net hyl - phenyl ] -

?12 Zgl g)éa4@|%§ l%%%ﬁk?@é@%én@y@é%h ﬁsy li?ﬁ/(Y)-'%%nezﬁ(ylﬂh-efy ﬁ'y16r oxynet hyl-6, 8
- di oxhydrogydktryB6B-dibrabivyelol3.2, 14]octtarh@|2_3 4-triol; and el T 1o hvdr oxvimet hvl. 6
(1S, 2 S R S B e T A DB bBRSbhecd o Xy et hy-6.

S, 2S, 3Ry d’r%x?@bﬂ'@ﬂé acawbsaé%xc%cbgs §t1|]&2{é{nél§r87-¥~1r)olpheny|] 1 -hydroxynet hyl-6, 8-

di oxa- bi cyc 1] oct ane-'2 4-triol
(1S, 2S, 3S, 4S, 58) 544 fl uoro-3-(4- nethoxy benzyl) phenyl ] - 1- hydr oxynet hy1- 6,

8- di oxa- bi ycI o] I

S, 28, 35, 4s Jz%ﬁhﬁﬁoxy §n§§%§ géqthugé i‘r‘]ecﬂ'olr? 1406 hy1- 6, 8-
di oxa- pheyyd}- @-[fﬁdl?lXﬂl]T@d‘ﬁW@EG dioxabidycia)B.2. Hactane-2,3,4-t(idl.

S, 2S, 3S, 4S5, 5S) - 543- (4-chl or obenzyl) - 4-f | uor ophenyl] -1 -hydroxynet hyl-6, 8-

di oxabi cycl o[ 3. 2. 1] oct ane 2,3,4-triol. 2510. A crystal conprising a conpound

having the §or muAao nd s@@c?ébﬂ@érﬂ&ﬁé%ﬂcﬁ@édr%?&ﬂ@/&53626 121 11. The
crystal of claim10 further conpri si n% Lgrollne or L-p ro | utam c_aci d.

2. The crystha 2§f38c4%|5|$.)4ld1wdﬁ@>swn@¢thw (sMeheymasyl) I-pepayIE6S-

havi ng I l;J:ow ng: a)space group of P2(1)2(1)2(1) and
unit Cgﬁ%ﬁ%é% 2e] B&ahg?ééi'?ltg [y equal to the following: a = 7.4907(10) A

a= 900 . b @ISLZS&&‘&E 55)-5A3F(8=etB@/-berifyt)-4=mzgh0hehy]-Avhy dedxyngthy |g®h8der
X-ray |ffracthctg tternzzgggrlsmg 2-theta values of (CuKa radiation,
wavel ef¥A Y C3£0H8AFE: 16.7 0.2, 17.4 0.2 and 21.1 0.2; or

c)a solid s %6281&@4@\6% ERIGFO-8AAhtBDRBDE LRAGddkyrhBtHy1-63- 2,
131.1 0.2, t( 2, )3%311181 5 Q0 2 ppjraﬁgas etgﬁxﬂed zn ay H;y

lsspectrgk?é?é?‘cyfg?{%lzaﬂp‘"atén?@ ®fy8%lal | i ne adamantine of 29.5 ppm 13 The
crystal of glgp@izkisd uih Ben - HUBLI-M-Bdhoky BEh2dl-Bhém 1 AGHOXRRER)B, 8.he

dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
(1S5,28,35,4S,55)-5-[4-fluoro-3-(4-methoxy-benzyl)-phenyl]-1-hydroxymethyl-6, 8-
dioxa-bicyclo[3.2.1]octane-2,3,4-triol;
20 (15,2S,35,4S,55)-5-[3-(4-ethoxy-benzyl)-4-fluoro-phenyl]-1-hydroxymethyl-6, 8-
dioxa-bicyclo[3.2.1]octane-2,3,4-triol; and
(15,2S,35,4S,55)-5-[3-(4-chlorobenzyl)-4-fluorophenyl]-1-hydroxymethyl-6,8-
dioxabicyclo[3.2.1]octane-2,3,4-triol.

25 10. A crystal comprising a compound having the formula (4A):

OCH,CH,




crystal is a co-crystal conprising the conpound of formula (4A) and
L-pyroglutamc acid in a 1:1 stoichionetric ratio. 20 14. The crystal of

cl ai m 10 worotven3z®enpri si ng L-pyrogl utam ¢ aci d and haviPag/IB2009/053626 b) a
powder x-ray diffraction pattern conpeising a 2-theta value of (CuKa

radi ati on, wavel ength of 1.54056A) 6.4 0.2; and d)a solid state 13C NWR
spectrum conpri sing peak positions at 16.5 250.2, 158.7 0.2, and 181.5
0.2 ppmas determ ned on a 500MHz spectroneter relative to crystalline
adamanti ne of 29.5 ppm 15.The crystal of claim 10 further conprising

L- proline and having one or nore of the foll ow ng: 30a)space group of C2
and unit cell paraneters substantially equal to the followng: a =
32.8399(16) A a= 90. b = 7.2457(4) A 3= 101.268(5). WO

2010/ 023594PCT/ 1B26 08k 3626iM 2D fartrerlchnBSiAMP)-pAYine 80 pyroglutz)c paader
x-ray diffraction pattern conprising 2-theta val ues of (CuKa radiation,
wavel ength of 1.54056A) 7.6 0.2, 12.1 0.2, 20.3 0.2 and 28.8 0.2. 5
16. A phar maggut i i c%fﬁP%?blhhﬁﬁoqgm%r‘é‘dnﬁtglsﬁrﬂd L%de}ImgHmja&B &y h&ling! ai ms
1 through 9 or a crystal of any of clains 10-15; "and

@ghar maceut i cal | W%@@@D%D@@)&‘@'ﬂqwl@m di luent, or carr| er 1017. A net hod
for treating obesity and obesi t%/ rel at ed d| sorders in animals conprising
the step of adni®l st eMasg areural BAIINAI1)2(1) aedanibcek parameters sHbstardially

t her apeygtialaaltthe fobhvert i ve amount of a corrpound of any one of clains 1
through 9 or a ther apeu?v%@di ?(r@? fect anount of a crystal of any one of
claims 10 through 15 151 treatlng or del aying the
progressi on or onset f 1@&@621@)1&% 868°.and di abetes-rel ated disorders in
1@ni mal s conpri sing t he=2829%4) ,&dmmgmarl ng to an aninmal in need of such

treatment a ther eutically effe nt of a,go nd of a one of
ot hroneroBC ord Bowidr Srbcdiitastiod PoH L SaE g adbog e Y EiRn ot
any On@ao@Jtuoﬁ|\/@é\FE$eﬁd1h tohh 34e8BAb56. 42+00 391é\7 g hofy 4 aro 4 se@bh NG: gbesi ty and
obesity-rel ated disorders in ani mal s conprising the step of adm nistering

to an animal in ®eed 8ol ehte rediMBripesiigaeIraREsing paak posHeRs 8l otf.of

claim 46 1%?%0 "RSEPd of P ageé 487! ”@g@gn@&é Ayl P&u&e@orf’é%@bﬁ/ﬁ@gﬁ%c%m%@

of Type I 'abet’eés and es-rela disorders 1 n ani nprising the
ISt ep ofelativ@ toi sy stailing adamntlaelofrﬁg.appmneed of such treatnent a
pharmaceutical conposition of claim16.
13.  The crystal of claim 10 further comprising L-pyroglutamic acid wherein the
crystal is a co-crystal comprising the compound of formula (4A) and L-pyroglutamic acid in

a 1:1 stoichiometric ratio.

20
14.  The crystal of claim 10 further comprising L-pyroglutamic acid and having
b) a powder x-ray diffraction pattern comprising a 2-theta value of (CuKa.
radiation, wavelength of 1.54056A) 6.4 + 0.2; and
d)  asolid state ">C NMR spectrum comprising peak positions at 16.5 +
25 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:
30 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=11.80236) A y=90° or

b) a powder x-ray diffraction pattern comprising 2-theta values of (CuKa
radiation, wavelength of 1.54056A) 7.6 £ 0.2, 12.1 £0.2,20.3 £ 0.2 and 28.8 +0.2.

16. A pharmaceutical composition comprising (i) a compound of any of claims 1
through 9 or a crystal of any of claims 10-15; and (ii) a pharmaceutically acceptable

excipient, diluent, or carrier.

17. A method for treating obesity and obesity-related disorders in animals
comprising the step of administering to an animal in need of such treatment a
therapeutically effective amount of a compound of any one of claims 1 through 9 or a

therapeutically effective amount of a crystal of any one of claims 10 through 15.

18. A method for treating or delaying the progression or onset of Type 2 diabetes
and diabetes-related disorders in animals comprising the step of administering to an animal
in need of such treatment a therapeutically effective amount of a compound of any one of
claims 1 through 9 or a therapeutically effective amount of a crystal of any one of claims 10
through 15.

19. A method for treating obesity and obesity-related disorders in animals
comprising the step of administering to an animal in need of such treatment a

pharmaceutical composition of claim 16.

20. A method for treating or delaying the progression or onset of Type 2 diabetes
and diabetes-related disorders in animals comprising the step of administering to an animal

in need of such treatment a pharmaceutical composition of claim 16.



