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METHODS AND COVPOUNDS USEFUL FOR THE PREPARATI ON OF
SODI UM GLUCCSE CO- TRANSPORTER 2 | NHI BI TORS Thi s

wappbiocare on clainms priority to U S. provisi onedT/US2008/070250

application no. 60/952,122, filed July 26, 2008, the
entirety of which is incorporated herein by reference.

T IS Lnvention relates to
WD A pr AN sER A MR T BRERARETION o soprum
cotranspor t eiIGRUCOSE B RALRD ﬁﬁl@?‘iNﬁfBﬁ’f@‘i@e
co-transporter 2 (SGLT2) is a transporter that
reabsorbs glucose fromthe renal filtrate and prevents
t he Tbis@pplicagpyeloiras priorithi¢o Uik$.meovideral upplictnpebi 40/%8,122, filed
1Bk b dn@r - T se the r | exgretion of
P Dkt B e e R B s R S P R B Soa
gl ucose | evels associated with di seases such as
1di abEllEED OBAHIOENVENTIONXpert Opin. Ther. Patents
15(1 1):153 1-1540 (2005). In the search for new drugs
t hat ThigynWeations dattProtrh @Aé dsifphlafifig irhiBIIPEI soRfunb&ulese co-
i nhi bitors have been disclosed. See, e.g., Handl on,
rappPEer 4. S, patent no. 6,515,1 17; U.S. patent
appl i cation publication nos. US 2006/0035841, US

2.20044QE384RDUNKD | east one inhibitor is in clinica
‘devel opnent as a treatment for Type 2 diabetes

[ gy . ' .et al
T oS it wDBRG SpiE 8 lismor hestbogs shucos
frofehSadbluitratd and s chiRtRK R s & BEIBRRE ifthe 2rin®CBEduse competitive
. E@ggces Fasting Serum 3 ucose and 3 ucose Excursion in '
inpyers ookt e@savibeirenalsxaiiaronidluoserthaummaye used to normalize high
bIAPEAEAR @e%g%'_'s@a@%%d@s%&&s SN difd Fes SEESHRNS AL, Expert Opin,
Ther. Patents 15(11):1531-1540 (2005).

In the search for new drugs that may be used to treat diabetes, a number of SGLT2

inhibitors have been disclosed. See, e.g., Handlon, supra; U.S. patent no. 6,515,117; U.S.
patent application publication nos. US 2006/0035841, US 2004/0138439. At least one
inhibitor is in clinical development as a treatment for Type 2 diabetes mellitus. See, e.g.,
Komoroski, B., et al., “Dapagliflozin (BMS-512148), a Selective Inhibitor of the Sodium-
Glucose Uptake Transporter 2 (SGLT2), Reduces Fasting Serum Glucose and Glucose
Excursion in Type 2 Diabetes Mellitus Patients Over 14 Days” American Diabetes Assn. 67
Scientific Sessions, Abstract 0188-OR (2007).

3. SUMMARY OF THE INVENTION

This invention encompasses methods of preparing certain inhibitors of SGLT2, as
well as compounds useful therein.
One embodiment of the invention encompasses a method of preparing compounds of

formula I:



10

15

20

3. SUMVARY OF THE I NVENTI ON Thi s i nvention enconpasses

nmet hods of preparing certain inhibitors of SAT2, as
wowrib/oa7eonpounds useful therein. One enbodi meeit/UsL008/070250

the i nvention enconpasses a nethod of preparing

conmpounds of fornmula | :1 the substitutes of which are

defi ned herein, (Rure~<3 th V\,hl ch conpri ses
contacting a compouny dr nul/a : zvi 11% a base
under suitable conditions. Al sed By the

I nvention are various intefRsdi ates| useful in the

preparati on of SG.T2 i nhibitors,HAnc ' conpounds

of formula | . 4. BRI EF DESCRI PTI ON THE FI GURES

Certain aspects of the invention may be understood

with reference to the attachedifigures. Figure 1 is a
th%(fsﬁt(aséglt%sgtl Iaﬁglsaré [Q)g? Itléde ﬁerl]‘elgf anad sa[tg/ ﬁltefaelolf I w elcﬁ gérlngrlsfe(s) rcontactlng a

cotnfofing Bt R ii4- et hoxybenzyl ) phenyl)-6-(nethylthio)te
trahydro-2H pyran-3,4,5-triyl triacetate. The spectrum

was obt ai ned usimg,-aF | ex diffractoneter
(Cu ( 1.54060 A) rad@‘ﬁ)\(_frgure 2O|s %_?&-ray
diffraction pattern o cryst [ ' 8r m of
(4-chl oro-3-(4- (R,),
et hoxybenzyl ) phenyl ) (( 3aS, 5R 6Sp ) > oxy-2,2-dim
et hyl tetrahydrofuro[2,3- d][I, 3] di oxdl-5-yl) met hanone.
The spectrum was obtai ned using a R gaku M ni Fl ex

I

with a base under suitable conditions.
Also encompassed by the invention are various intermediates useful in the preparation

of SGLT2 inhibitors, including compounds of formula I.

4. BRIEF DESCRIPTION OF THE FIGURES

Certain aspects of the invention may be understood with reference to the attached
figures.

Figure 1 is a X-ray diffraction pattern of a crystalline solid form of (2S,3S,4R,5S,6R)-
2-(4-chloro-3-(4-ethoxybenzyl)phenyl)-6-(methylthio)tetrahydro-2H-pyran-3,4,5-triyl
triacetate. The spectrum was obtained using a Rigaku MiniFlex diffractometer (Cu (1.54060
A) radiation).

Figure 2 is a X-ray diffraction pattern of a crystalline solid form of (4-chloro-3-(4-
ethoxybenzyl)phenyl)((3aS,5R,6S,6aS)-6-hydroxy-2,2-dimethyltetrahydrofuro[2,3-
d][1,3]dioxol-5-yl)methanone. The spectrum was obtained using a Rigaku MiniFlex
diffractometer (Cu (1.54060 A) radiation).

Figure 3 is a X-ray diffraction pattern of a crystalline solid form of ((3aS,5R,6S,6aS)-
6-hydroxy-2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxol-5-yl)(morpholino)methanone. The
spectrum was obtained using a Rigaku MiniFlex diffractometer (Cu (1.54060 A) radiation).
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diffractometer (Cu ( 1.54060 A) radiation). Figure 3
is a X-ray diffraction pattern of a crystalline solid

wo eoaof7q ( 3aS, 5R, 6S, 6aS) - PCT/US2008/070250

6- hydr oxy- 2, 2- di net hyl t et r ahydr of ur o[ 2, 3-d]
[1 3].di oxol - 5-yl) hol i no) thano pectru
BYISie & A& ffa%?%aﬂﬁmw P pryatel a}erSPrg&fm@f lePITMO 2-(4-
|
etﬁ&fyb ﬁ@%oﬁ%r%zreerﬁ% gﬁé %&%ﬁ%%gs%})ﬁaéﬁe?o rg arr@argaku MiniFlex

mﬂhmhhmﬁ@%EM«l54@6mé&yhmnzmb) 4-i odobenzene. The
spectrum was obtai ned using a Ri gaku M ni Fl ex

SR BARRO0) B S0, et
i 5N S AOME N b 1 ORAM HBBI CaRFBHRSS2 (SOLT2) were
re@&ftl%dd@scio'@@d E'éé@@ @%@is@(ﬁﬁ?ﬁ ARatiDRR, c@RER 65K A §3p4@mber 29,

filéd March This invention Is based, in par
2094, aﬂd&%?%aﬂ%eﬁyeddwamb\& AAholdss mfvetpmpabawg mmasteon the discovery

ompounds. Particular net hods, of, the, i nv 0]
of G RO AT NGO ‘Riap GEBRUTS. R UAE PR 8 4 imRfion allow for
thO8bihpotddoNErddilceRsnalufigiuit se i ndi cat ed, the term

"al kenyl " nmeans a strai ght chain, branched and/ or

cyclic hydrocarbon having from2 to 20 (e.g., 2 to 10

or 2 4. 6)Definiions at ons, and i ncl udi ng at Ieast one
carbon carbon doubl e bond. Representative al ken

noi efiless qthweﬁ@end/lpﬁyqi th%ﬂerlyl ‘alkeny (1089 a stpaighif Céﬁlgﬁl branched

ang?o(r%rg'ls’%l)};({ I%P%I%)Ca en?}%@ n% 1{1 %%? Eg I@%% F% lto 0 or 2 to 6) carbon atoms, and

iné’luaiﬂ@iaﬂtehmdne Zaﬂbuheﬂwon dﬂ)ulb‘le )beﬂdll Re@‘eﬁﬁmﬂw lalkenyl moieties include
pt enyl

.3- hexenyl , 3- hept eny]
Vuiylo%lbénfrbutegylo%x%émvl lsgbw%e@ﬁw -peptepgherpntensl. Agpehylr 1-butenyl,
2GRy SSEEM 3 Bgpenal a0l el a5
hep®nal, Byiepgmelyp- ocBnahﬁl—c&senyl 3-octenyl, 1-nonenyl, 2-nonenyl, 3-nonenyl, 1-
decenyl, 2-decenyl and 3-decenyl.

Unless otherwise indicated, the term “alkoxy” means an —O—-alkyl group. Examples
of alkoxy groups include, but are not limited to, -OCHj3, -OCH,CH3, -O(CH,),CH3,
O(CH;);CH3, -O(CH;)4CHs, and -O(CH,)sCHs.

Unless otherwise indicated, the term “alkyl” means a straight chain, branched and/or
cyclic (“cycloalkyl”) hydrocarbon having from 1 to 20 (e.g., 1 to 10 or 1 to 4) carbon atoms.
Alkyl moieties having from 1 to 4 carbons are referred to as “lower alkyl.” Examples of
alkyl groups include, but are not limited to, methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl,
isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl, 2,2,4-trimethylpentyl,
nonyl, decyl, undecyl and dodecyl. Cycloalkyl moieties may be monocyclic or multicyclic,
and examples include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and adamantyl.
Additional examples of alkyl moieties have linear, branched and/or cyclic portions (e.g., 1-
ethyl-4-methyl-cyclohexyl). The term “alkyl” includes saturated hydrocarbons as well as
alkenyl and alkynyl moieties.



10

15

20

25

30

of al koxy groups include, but are not limted to,

- OCH3, - OCH2CH3, -Q(CH2)2CH3, Q(CH2)3CH3, -Q(CH2)4CH3,
W@aw9/03oCH2) 5CH3. Unl ess ot herw se indi cated, PEEUSENEN70250

"al kyl " nmeans a straight chain, branched and/or cyclic

("cycl oal k . hydr ocar pon hayv from1 to 20 (e.
1 t v Iilsswﬁﬁm@ 1R§icyly ﬁ? nge&%loﬁ%y?wlwr %Jﬂsy &Wleén%a% F“h@lkyl
gmolma%gn ngqbﬁyare referred to as "l ower alkyl.

' es of al'kyl groups include, but are not limted
t o, [de]ttwjther@uslcyhdlcpc@ﬂm terms akklyﬁpgdroaml”bmt ylkyl-heteroaryl” means an

but hexyl , i1sohexyl, heptyl,
antﬁyl B) ﬁ%}?mglé'if‘é’ﬂetyz 2, 4-trinmet hyl pentyl,
nony{ljnle?ﬁ&ﬂérwﬂéﬂﬂ@i@é’t'ed aRdiaadekyl hete@diflcléwok%lkm&érb le” means

éybe monocyclic or multicyclic, and exanples inclu
anca} ldwndwﬁmun@ybabﬁ@pywﬂeﬁ@@ﬁbpentyI cycl ohexyl , and

ada Addltl a alk | noietie

i ng@;{ﬂ isc dn(g < gfd %ﬁec e alkg O¥lt | oeégs %%tralght c%aln ¥fanched or

cyelif M&dlﬁceffséthbﬂw@g’ frb@Iessy0) (e. gT|1€’to oM "t@bkydrbon Mehddes including
saturated hydrocarbons as well as_al kenyl and aIkY yl
athleqn ces g @stondtipkernd e Rt aitle@, allpme! meicies include acetylenyl,

& o] I
rpBy B8 pBnY 18k, ZERARAE A4 EHYL- PRI, d-pentynyl,
1-h&rgmiy IQFh &hﬁyﬁheiﬁfyhdr b!éptyr@ﬂ 2- Héﬁwﬂyl hehartaai yl-dctprdnd-octynyl,
an alk oungﬁto a eroar noi ety éLIess

7-getpayl §1@HYIW %lé?ré'@y Fﬂé)n’@”é}‘ I’?éiieé?/&ﬁlfé‘ﬁ degynyl.
" al kUﬁlegkeJtﬁér%ééQhﬁcatQE &EHéte?rﬁ “g, ’aneng' a%ta)forgﬁ’t&’cnﬁln% Qreaﬁl aromatic or

het erocycl e noiety. Unl ess ot hérw se indi cated
parigalin dramkiyqghg syseamsorapssed af girbore ivad Imydrégearatdresl An aryl moiety may
on havi m2_to

cogipse fyisle RET ARMAE R 100 2l in o S LigforigPiptRide, butare

ndt HHNRA 16, anRecchl, RhBe3®HphdB9R lﬂ%@ﬁaﬂ&mﬂdéﬁ ity Mtaphthyl,
noi eti es i ncl ude acetyl enyl, ~propynyl, butyny ,

pIgaesbignyh pheasbdst ety e eSOy - | - but yny!
4- pe@ﬁl%ssyotherwme indicated, the term “arylalkyl” or “aryl-alkyl” means an aryl moiety

bound to an alkyl moiety.

Unless otherwise indicated, the terms “halogen” and “halo” encompass fluorine,
chlorine, bromine, and iodine.

Unless otherwise indicated, the term “heteroalkyl” refers to an alkyl moiety (e.g.,
linear, branched or cyclic) in which at least one of its carbon atoms has been replaced with a
heteroatom (e.g., N, O or S).

Unless otherwise indicated, the term “heteroaryl” means an aryl moiety wherein at
least one of its carbon atoms has been replaced with a heteroatom (e.g., N, O or S).
Examples include, but are not limited to, acridinyl, benzimidazolyl, benzofuranyl,
benzoisothiazolyl, benzoisoxazolyl, benzoquinazolinyl, benzothiazolyl, benzoxazolyl, furyl,
imidazolyl, indolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, phthalazinyl, pyrazinyl,
pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, pyrimidyl, pyrrolyl, quinazolinyl, quinolinyl,
tetrazolyl, thiazolyl, and triazinyl.

Unless otherwise indicated, the term “heteroarylalkyl” or “heteroaryl-alkyl” means a

heteroaryl moiety bound to an alkyl moiety.
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1- hexynyl, 2-hexynyl, 5-hexynyl, 1-heptynyl,
2- heptynyl, 6-heptynyl, 1-octynyl, 2-octynyl,

wWQa 20004990 , 1- nonynyl, 2-nonynyl, 8-nonynyl, 1PCIBEU$2998/070250
2-decynyl and 9-decynyl. Unl ess otherw se indicated,

the term"aryl ans aronatic ring an aromat.i C
or p‘ém@qisaqtﬁfgrwﬁed eated.it th ;rg@t@m%ﬁpffg‘%ra 0 {RPRHE Partially

aréﬂgtlpb{pﬂdﬁgﬁﬂmﬁﬁ Hﬁno.ﬁ%’%h@?)’éolg%{&ﬁ%m rin @gtélﬁ%omg]glsed of carbon,

mul'tiple rings oun oget anpl es
hyalrgdenrmnil et ices oncn betacbefonb (1 g. aNeOmtS) l Ametmfdcyﬁcd:q may comprise multiple

(. Fﬂ%}g(glsf r%g%% 5,] (IP éllh ol r%he 1 er%or < eg 1nclu({%q1ae?e'roaryls
E)éla;n?plé%a iftclu@é, rtﬁhéﬁ@rn@t RARBY ﬂﬁ'b@ﬁh%{l ]’dﬁ’m{to%}l?’i 3- d'l-ﬂ}ld@&%enzo[l ,4]dioxinyl,

ot herw se indicated, the term "ar
cingliplyl, yrieyyl; hy@atosnﬁnmalrp)hphmd; @teyantyb @mamd Iaperazm;ill piperidinyl,
pyrllglo(%l E_)Iérel IUBgr% %d.lﬁ%l?%{ra (E’o rl{;géjnlg Lt tfa%gg%oﬁgrang{ﬁ lmgl;a,hx%ropyrldlnyl,
teﬁﬁ@ﬂd@nnﬁ&ﬁyl @&taﬂ?drotﬂﬂb@&ﬁyl@fdﬁahyﬁdrSﬁudﬁWdr@lﬁﬁlﬁﬁvaléﬂﬁI%tctarnyl

term " heteroal kyl" refers to an al kyl noiety .,
| i nddrlesstherphedngeatedsdhe teymj’ hetmczzﬂe%lkylr &8s I@et@ﬁ@wéff -alkyl” refers

tolqﬁugaﬁﬁﬁﬂ??%gﬁgwga%%?ggﬂyﬁﬁ ed with a heteroatom

ss”’ ot herwi se indi cated, the
t er nuiilbet @h@atigel itdinahshaterar fikterooy dbyikWieetersto atnon-aromatic
| east one of its carbon atons has been replaced with a
@%?@%ﬁ%tonl(e g., N, Oor S). Exanples include, but

ar e Ppksd diflred ih@icaBE rth@ieﬁi‘l"‘het@ﬁﬁ%lﬂhﬁ?l%ﬁé y! ory“lheterocycloalkyl-

benzofuranyl benzoi sot hi azol yI, béenzoi Sox
dbﬁﬁzﬁ@mn@abcknmyﬂpakghmomnﬂanmhy®anbkmkmMEZQIyI

Lg;ﬁ]@f %}Fgf%vggl?ﬁlg%lpygg (%Jb% eﬁgl Bgzitlrﬁlgﬁ?ezu ’ﬁ%dbé%‘lfcﬁg aglze sa%s” refers to

saRY pRp &Y fronPyhdrAagdutichlly zﬁbéélbthE 'noﬁ)fdiilérh@iti@?dﬂ bases including inorganic
pyrimdyl, pyrrolyl, quinazolinyl, quinolinyl,

act ta,ngi)m;e}ﬂand pr«gaamc;d,s ang hascsr Sglzfphig/pharmaceutlcally acceptable base

addition salts include, but are not limited to, metallic salts made from aluminum, calcium,
lithium, magnesium, potassium, sodium and zinc or organic salts made from lysine, N,N’-
dibenzylethylenediamine, chloroprocaine, choline, diethanolamine, ethylenediamine,
meglumine (N-methylglucamine) and procaine. Suitable non-toxic acids include, but are not
limited to, inorganic and organic acids such as acetic, alginic, anthranilic, benzenesulfonic,
benzoic, camphorsulfonic, citric, ethenesulfonic, formic, fumaric, furoic, galacturonic,
gluconic, glucuronic, glutamic, glycolic, hydrobromic, hydrochloric, isethionic, lactic,
maleic, malic, mandelic, methanesulfonic, mucic, nitric, pamoic, pantothenic, phenylacetic,
phosphoric, propionic, salicylic, stearic, succinic, sulfanilic, sulfuric, tartaric acid, and p-
toluenesulfonic acid. Specific non-toxic acids include hydrochloric, hydrobromic,
phosphoric, sulfuric, and methanesulfonic acids. Examples of specific salts thus include
hydrochloride and mesylate salts. Others are well-known in the art. See, e.g., Remington’ s
Pharmaceutical Sciences, 18" ed. (Mack Publishing, Easton PA: 1990) and Remington: The
Science and Practice of Pharmacy, 19" ed. (Mack Publishing, Easton PA: 1995).
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Unl ess ot herw se indicated, the term"heteroaryl al kyl"
or "heteroaryl-al kyl" neans a heteroaryl noiety bound

wo eooam14rkyl noi ety. Unl ess ot herw se i ndi cat edPCT/K82008/070250
term "heterocycle” refers to an aromatic, partially

aronatlc of non-aromati c nonocyclic or poI cyclic ring
or riHg g@@’ﬁ*&%ﬁﬁﬂ?ééﬁe Srmc AeBeROmHa Mgy af‘ﬁlamapasses racemic

lx%'éé asox%u Q§§t91reﬁlﬂglq‘fgllgreenﬁchedl\fmxglr@g (e% RA D6/96 0864, @.0/60 45/55,

nprise nu e., two or rings fuséed
5%%5m@ﬂWd6$6@enmé&BO}bterocycles i ncl ude heteroaryls
e, not,

| | ud
bonsupEsss BT Cits 3R e s 5 ale o D BigiA composition th

cophI®d bridterebisbAENdra J&Mﬁlﬁﬁﬁ@ ikt s subRARARY IFRY bf other stercoisomers of
oxet anyl, oxiranyl, plpera2|n |, piperidinyl,

thﬁiyqonmounni anyaxamp;ﬂr p olerapinpyically pure &hlylm%ﬁ@n aﬁfycompound having one
ste%rg(%c[egﬂ% 1? 0By Isu tlaltl ehre%@ g{ t% g%orsn{e ﬁl{]%ep%sornqr of the compound. A
stér@@rh&ﬁbéﬂ&@h‘fﬂ @mygoanmh oft ﬁ@oﬁ@b@i@ﬂl@@ﬁgﬁmﬁd sterblde@ess will be

ot herwi se indicated, the term "heterocycl eal kyl" or

subgfantil ydirsl of. Déhqz Qlastefe@n@r@ﬁtbe SOBQWde ¢y BiEcahifpispperically pure
kﬂﬁ%ﬂ?g 'r'c?rnnﬁlﬂ Qﬁlter i b\6u é(’f“) %?%ve‘?élﬂ %%%ec‘ﬁetleggb&l@lt (?[qhe compound

roc Cc ers"to a non-aromat
ankdés rtivamyabloat 20% Ibgsv@elglttlmébt/hes stetendbmatsed thd dstenpoelnm greater than

"he er cycl.oal kyl al kyl " or erocycloal | ky .
abogt oVt 8?%@9@%31“&9‘?*]“ tﬁ%P@PpOW& aléﬂal ahpRY}0% by

wé hte(;ﬂfhe H'ﬂbles?&e&ts&ﬁ&‘ﬁﬂo? fhel c%g{p%ﬁﬁ@ %'reattQQhénez{%ht 95% bg weight of one

harmaceutically acceptable salt's" refers to sal
stpe@penehiithormmirandace ltss tahlapodoe py aisight nbthctothar stereoisomers of

g EadRod, BRAEP 1ah SR b ReERr bR i iRt R cHifound and
leRGRAPARRE @Wﬁ%ﬁ@elgﬂtddﬂth@&h&adt@@oﬂs&%ﬂd @ thelmluRd, W greater than
limted to, netallic salts made from al um num

about W%y Wdigltioianc steigniseingnef thoerspound and detis mlrﬁnaa’@dut 1% by weight

oSS P o Yo e

di etlhﬂlﬁ@] @ahdrivise iedibytb&nBdicadti Bebstituted,” when used to describe a chemical
structure or moiety, refers to a derivative of that structure or moiety wherein one or more of
its hydrogen atoms is substituted with a chemical moiety or functional group such as, but not
limited to, alcohol, aldehyde, alkoxy, alkanoyloxy, alkoxycarbonyl, alkenyl, alkyl (e.g.,
methyl, ethyl, propyl, t-butyl), alkynyl, alkylcarbonyloxy (-OC(O)alkyl), amide (-C(O)NH-
alkyl- or -alkyINHC(O)alkyl), amidinyl (-C(NH)NH-alkyl- or -C(NR)NH,), amine (primary,
secondary and tertiary such as alkylamino, arylamino, arylalkylamino), aroyl, aryl, aryloxy,
azo, carbamoyl (-NHC(0O)O-alkyl- or -OC(O)NH-alkyl), carbamyl (e.g., CONH,, as well as
CONH-alkyl, CONH-aryl, and CONH-arylalkyl), carbonyl, carboxyl, carboxylic acid,
carboxylic acid anhydride, carboxylic acid chloride, cyano, ester, epoxide, ether (e.g.,
methoxy, ethoxy), guanidino, halo, haloalkyl (e.g., -CCls, -CF3, -C(CF3)s3), heteroalkyl,
hemiacetal, imine (primary and secondary), isocyanate, isothiocyanate, ketone, nitrile, nitro,
ox0, phosphodiester, sulfide, sulfonamido (e.g., SO,NH,), sulfone, sulfonyl (including
alkylsulfonyl, arylsulfonyl and arylalkylsulfonyl), sulfoxide, thiol (e.g., sulthydryl, thioether)

and urea (-NHCONH-alkyl-).



megl um ne (N-net hyl gl ucam ne) and procai ne. Suitable
non-toxic acids include, but are not limted to,
WO p@pgatrc and organi c aci ds such as acetic, aP@i/npa908/070250
anthranilic, benzenesul fonic, benzoic,
canmphor sul foni.c,, citric ethene f, , formc,
f umelRless qtheryiise indigatgdthe wHmC Inc 3}4@ g?ﬁ e S@P%}?ﬁ@ﬁg @s “include, but
ar@hbt lﬁfﬂt&i togt a)ﬁ@l(ihé fémh‘Y&ﬁLﬁféﬁ’ofiﬂs(%he sl ﬁi@zﬁllﬁ’g h&4includes, but is not
Isethionic, lactic, nmaleic, malic, nmandelit
lime¢dhtar e§uh1ﬂarba the tomng [ sich ait dsaghe mmnmncanu@m tbe bermi ‘spch as, but not
lrgh%dz}]yol,acetl c, phosphoric, propionic, salicylic,
! succ:|nic sulfanilic, sulfuric, tartaric

5 aci CUnl@MtHér%ééﬂﬂdi@éﬂea Qb Gr ﬁfo'réjadj SRS fﬂlﬁedﬁ%tﬁ R¥t&ing a series of
aci ds include hydrochloric, hydrobromc, ph OSP oric,
®

nogig fsueibe com’q@ed{@ﬁ PeMEsg g eashf desi whsins ER@irgxamplepthe phrase
oggslga{lfyl s&)%% e ar hus ’ b gl(reoa%%{ﬂ E%%tlﬂle ga:r%lg rengéal?lgg ggsc}/ptlonglly

suBeifufRg iy, optorBNakmeialéd &8, oBeptsiaasg suﬂs&hheceﬂeterbh@@ K
Publ i shiug\%EI East on PA: 1990) and Rem ngton: The
C

Sci dieho motad thata C]@ffmlpﬁlaffl?#ﬁwhatlfgffﬁs eadt of aVigeger compound may
10 bﬁpdr’%géﬂ%la' hggsm E@ﬁ% Qa ’é;'\c iRl M%l%%& 11;%1%%1%)8&5 as a single molecule

I cat &rm ™ SPer 60i°s ofver
oremammmamly acwmial i mdmalefoas;;am}blb thsterrns ‘pyridine” and “pyridyl”
stere |caIIy enri ched mxt res. (e , RIS = 30/ 70

arggqrded e gane meamse wish yicd g gespgibe 85108y affachee esher chemical
mbfli&s S’T IR],tS NGRE WS ghﬂaQ&' S&hg dwh B X gs{)ﬂpndzt SR ORI Chdr¥in X is

pure” means a conposition that conprisés one
pysidarce ersawerded thasaowmpouny, andcienpapsthantinpdings pyeein-2-ol,
of ..o ter 0|s mers of that conpound. For exanpl e,
15 PY&%‘%}OZB?@PYT& q pure conposition of a conpound

havimghQnealss 8¢ ﬁ@t@@ tHa@if thé btbreBensMBey 8Nt stalckite bF 8Boion of a
the opposite stereoi soner of the conpound. A

steIcar e met m@mate;d vpih. dorcaapps, bbl@irordﬁsl@démn@ damsruetre agthe portion
ofgyl\nst?&c?urg oX t% be nigt%{pﬁetle& asbeenc%ng>§§s ngtalll ster%?lsgr%grs %ff 1t0thﬁ‘oreover any

ereomner

atSi8heOM R 4 dﬁlvduyg pith %n@a@ﬁﬁéwﬁzﬂemmas&ﬁﬁe(gﬂbﬁﬁta@hcﬁehaﬁ enough
about 80% by weij ght of one stereoisoner of th

20 hydsongss aransindaliey $ha yencab oraddiivnpshoread hen degicpashwith one solid
ln%tped??ﬁf%'l ROSR dusiRdd l¥d%een8@tﬁpé)s§ Bth s%g%lﬁrﬁf d&d%"l’@(e. g., aromatic) bonds, if

valences permit.

5.2. Methods

This invention encompasses methods of preparing compounds of formula I:

(R1)m®Y
k/ Z,—R;

(R2)n

25
|

and salts and co-crystals thereof, wherein: Y is O, S, NR4, or C(R4)2; Z; 18 O, S, SO, or SOy;
cach R, is independently hydrogen, halogen, cyano, OR;a, SR4, or optionally substituted
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about 90% by wei ght of one stereoi soner of the

conpound and | ess than about 10% by wei ght of the
wW@rdwen1erer eoi soners of the conpound, greater PEEES2008/070250

about 95% by wei ght of one stereoi soner of the

conpound and | ess than about 5% by wei ght of the other i
aligylopacBifyo ﬁseméewpawgﬂw&mﬁaa 98 optpniatly sHOSEY e élﬁ%mr agypygach Ry is

in?ﬁoe‘ﬁ@érﬁ%ﬂhpﬁ%o(;?ﬂ,%a%g%ﬁeéilag?,r@RZAS’fSR%Q r 8?@%&? gu%%t&@glﬁyl; each

an ab by wei ght the othér s SONMers o
Rishe ingleppulantdly hydroggneatoptiondihrsubkiduted @584 byarwkiRghs otfonally

ne stereoi sgner of the coppound .and | ess than about.
suf s GG HIGR heRio oS e el Rar oo Comr Sch draigen oF optionally

subSHTRRY Ayl bPAOE S 191 e bMd ffisiindli cated, the term
"substituted,” when used to describe a chem cal

st r uspartisular apmpeahyis shafebgdowan §clbend Viat i ve of t hat
structure or noiety wherein one or nore of its

(R at opENh s substituted with a chem cal noiety
or o3
al co , ald

oup~such as, but not limted to,
wdey & g?y?éal
al koxycar Ryl , allkenyl, al kyl (e.g., nethyl, ethyl,
propyl, t-buty®p akkyngpb, al kyl carbonyl oxy
(-OC(Oal kyl'), am dgpf-C(O) NHal kyl - or
-al kyl NHC( O al kyl ), am di nyl (-C(NH) NH al kyl - or
-C(NR)NH 2) ,ll(am ne (primary, secondary and tertiary
such as al kyl am no, arylam no, aryl al kyl am no), aroyl,
aryl, _aryl oxy, azo, carbanoyl (-NHC(O) O al kyl- or
(Rilpst0 aJ carbanyl (e.g., CONHR{L ad we
CONR yl', Ok aryl,  apk,CONH-aryl aly . calb Z,—Rs
car boxyl, ca aci d, carhoxylic acid anhydfi dg
carboxyl i €%ci d ghlorige, cyano, ester, epoxRade, ety

(e.g., methoxy" 1%t haxy) Pguani di no, hal o, hal oal KA” Y ~OH
(e.g., -CC 3, -CF3,0PC(CF3)3), heteroal kyl, OH
hem acet al , ilgi ne (primary and secondary), i socyanatle,

i sot hi ocyanat'e, ketone, nitrile, nitro, oxo,

phosphodi ester, sulfide, sulfonamdo (e.g., SO2NH2),

sul fone, sul fonyl (includi nyth&mey sul f onyl ,

aryl sul fonyl and aryl al kyl sul fonyl ), sul foxide, thiol .
wligseig cacls Bi 1 hydbpyndentlinia dertltoay)) protecting group stable under acidic conditions.

In this approach, a compound of formula II(a) is oxidized to provide a compound of formula
II, which is then contacted with a base to afford the compound of formula I. Suitable
oxidation conditions are known in the art, and include the use of peroxy compounds, such as
m-chlorophenylperacid, peracetic acid, oxone, a mixture of hydrogen peroxide or its complex
(e.g., urea hydrogen peroxide) and acid anhydride (e.g., phthalic anhydride). Suitable bases
are also known in the art, and include alkoxides, hydroxide, carbonates and amines.

Of course, potentially reactive moieties encompassed by the definitions of various
moieties (e.g., R1-R3) provided herein may be protected using methods known in the art.
Moreover, the final product may undergo further reactions known in the art to afford other
compounds encompassed by formula I. The final product may also be crystallized. In one
method, the product is co-crystallized with an amino acid (e.g., L-phenylalanine, L-

phenylglycine, L-arginine).



and urea (-NHCONH al kyl -). Unl ess ot herw se i ndi cat ed,

the term"include" has the sane neaning as "incl ude,
wheiovare®7not [imted to, " and the term "i ncl udesr/ukzgs/ 070250

t he sane neaning as includes but is not limted to "

Simlarly, erm "such as" has the sanme ani ng
t he W@Pﬁ%’g?’é el ot the generigstipptiies egd fepetiongfigsesed hrein (e.g., in

Sc@i‘eﬁ%g W ?ewllléllg hﬁﬁtcggle &@ﬁltpémﬁmﬁﬁ?ﬁgbﬁﬁk'lﬂ%tlon are such that Y is

Immlaeyprecelngaserleso nouns iIs to be
C@anstln oddrag sfpISQ oS Do lpathernfeacthl, inandependeotly C(O)Rs, wherein

eagf{%n?l iBien gﬁgﬁgﬁgﬁ arf L ShOREL ¥ SYPAL ! ﬁt o &, include acetyl,
5 benQ@}l'aﬁHJ BlvaYoy$ URSSthéritnsd darh &its éﬂﬁﬁ ORNAbAY RFAU@Sffok Ekﬁn@ﬁe optlonally

aryl, or optionally substi t ut het er oar It shou
subgtithist devertrdleyl a I pidatiscRt istslogey. Irtmhersdim lyegrtaliof (eg methyl or

etf(t)yglﬁnm qtﬁerg,%ui?g%%a ée be d Scr Inkt) ?sdl hl% o?hers lflsllsrfg a nhame

cco en T X std A single
ol eI@lldne eBibodinRANEY GADHR I, ¥s S.6€ sogietq ik b&ok@dtzqa thlofQ&nd R is
exanple, the terns "pyridi ne" and " rldg are
meihlo ks gx4RRlC sl e rgcthgre ﬁh%)ewovade femulsel ig of the formula:

noi ety attached to other chentcal noi eti es. Thus, t he
two phrases " XOH,Ek [s7pyridyl" and "XOH,
wherein X is pyriding em t he sane neani ng,
and enconpass the cong e iaid>2~qL Z1Byri di n- 3- ol
and pyridin-4-ol. It should also be notjed that if the
stereochem stry of a structure of a
structure is not indicated with, for : exanp e, bold or
10 dashed |ines, the structure or t he p&tion of the
irht r a S I .
121 5ok YO8 (1L P RICRth 2R, IGRIERSH L s s .
Fatreawnpig, inf d puricidatrhahod dhe/atnqmmad olf SorastuhB@f tie: floemula:
attached to enough hydrogen atons to satisfy the
val ences. In additdi bonds depicted with

daghed |ine e conpass
1% UC)ZQG—FAn

In a particular embodiment, the compound of formula II(a) is of formula II(b), which

15  can be prepared as shown below in Scheme 2:
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val ences permt. 5.2. Methods This invention
enconpasses net hods of preparing conpounds of fornula
w0 2009014amd salts and co-crystal s thereof, wherBCHUS2008/670250
O S, NR, or R4 ; Zi is O S SO or SO ; each Ri
i s indep endentl hydr ogen, hal ogen, cyano, ORIA SR
Wysubstitutedal kyl; each RI1Ais
orgﬂnlonally subsgt ikt uted alky
' ndently hy.
cyano, OR AR:BR2A, dgr opgtionally substituted aIkyI
each R2A is indep@ident| y'dpsdrogen or optionally
substituted al kyl or @ﬁyl; R3 is optionally
substituted al kyl, aryl 'or heterocycle; each R4 is
i ndependent |y hyg(?gen or opthmg%LgL stit
or aryl; nis 1-%and mis 1-3. artg -agfap
is shown below in Schene 1. Il (a) Sc
each Pi is independently a hydroxyl proteqﬁdng group
stabl e under acidic conditions. In this approagha y
conpound of formula Il(a) is oxidized to prOV|de a :
compound of forrmula Il, which is then contacted wi t OB
base to afford the conmpound of forrmula I . Suitable
oxi dation conditions are known in the art, and llfgl ude
the use of peroxy conpounds, such as
m chl or ophenyl peraci d, per a&x&€me 2aci d, oxone,
d n
w%grr%élgll‘% )f;sc}gérélg% {)Og?ﬂ%k ?lggée%ﬁlf%&égf %lkgﬁﬁﬁgﬂ?% egﬂtl{aﬁlegreactlon conditions
arpRhdveh ircthaakty tot eiempl&bakia l@bﬁdlba@sa(s gartlee adesd akaeywuchas N, N-
the art, and. inpclude aIKOX|des oxi de, car?onates
dissapronyh Gidamine) e\ heswsed it @rﬁmatlhpif» t[l%%%lpw dypdfrud II(b) is of the

fofigQmpassed by the definitions of various

EtO l Cl l
AcO Y OAc

(:)Ac
A specific compound of formula II(b) is (2S,3S,4R,5S,6R)-2-(4-chloro-3-(4-

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

N

A particular crystalline form of this compound has a melting point of about 156°C as
measured by differential scanning calorimetry (DSC) (onset temperature). The form provides
a X-ray powder diffraction (XRPD) pattern with peaks at one or more of about 7.7, 11.9,
12.4,16.9,19.5,19.9,21.9,23.2, 24.1, and/or 27.7 degrees 20. As those skilled in the art are

well aware, the relative intensities of peaks in a X-ray diffraction pattern of a crystalline form

10



noi eties (e.g., R -R) provided herein may be
prot ect ed using nethods known in the art. Moreover,
w0 b@9Pi4920 product may undergo further reacti OPGI/KR29081070250
inthe art to afford other conpounds enconpassed by
cagg{agtu (lgq%p{llcil'ggohﬁﬁ H%sqqag[{ggsgp%tegqq A &eldgta is collected. With this in
o R RS S RRRR e Rfiis gy Fievre
r egangeharablcbmpéurtds ef frmatd H(atcan bt propsredriy the agroawhshown below
cIo ed herein (e.g., in Schemes 1-3), where
m?ﬁﬁ?ﬁﬂ% ble, certain enbodinents of the invention are
suoh that Y is CXILt) . In others, Zi is S SO or SO.

I nllothgrs, each Pi i) adeprnden ) Rs, wherein
Xach L&A, ndependent | yzi_:_%w al kylaryl, jor
aryl Exanpl es of Pi Iud cetyl benzoyl and
plhKal oy I n ot her enbodi nent s(Rz) i's (R A and RITA

is, for e&an‘ple optionally substituted | ower alkyl.
In othgrs, R2 is halogen. In gthers, R3 is |ower alkyl
(e.g., nethyl or ethyl). In others, R4 is hydrogen. In
ot hers mis 1. pthers, nis 1. In one enbodi MentoH
) : ' oS, R is ethoxy, R2|sc
éﬁa\RS @hpl e, in &p | gr Amet
t he oun a |snf—rhefo\{rul/a 1R/ -
anot her ephgdi mst&F Y

o CH2, Zi is S or SQ2 |sHO NP
et hoxy, I's chl oro and R3 is ethyl. For e%%?h'pl e, in 2
a particular ngjhed, the conpound of formula I is gf;
the forrmula: In a’particul ar enbodi nent, the corrpoun(%l

of formula Il(a) is of formula Il (b), which can be

prepared as shown ﬁel ow- n Sch 2 11 (b) Schenme 2
wherein X is brorf*ﬁ @\@_ma,_:a
al koxysul foxy. Suitab eact I

anesul f oxy, or
iioms are known
i n-the—art> For exanple, bagie '
use of a base such as N, Ndiisopr,

ns (e.g.—the—

,am ne) can
be used. In one nethod, the corrpoundoﬁf formula Il (b)
is of the li(e)

OP,
—_—e
OP1 (R1 )m i
\
Scheme 3

wherein: each P; is independently a hydroxyl protecting group stable under acidic
conditions, or both P,s are taken together to provide a single protecting group; X' is chlorine,
bromine or iodine; and X" is a leaving group (e.g., amino, alkoxyamino, hydroxy, halogen,

alkoxy, phenoxy, carboxy, sulfoxy). In particular methods, each P, is independently C(O)Re,

11
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formul a: A specific conpound of formula Il (b) is
(2S, 3S, 4R, 5S, 6R) - 2- (4-chl oro- 3- ( 4-
werwonsenzyl ) phenyl ) - 6- (et hyl t hi 0) t et r ahydr oPQFHUR00&0170250
-3,4,5-triyl triacetate: A particular crystalline form
f th| s conpound has a I tin i nt of about 156C a
Orﬁagagwéae eraﬁogf:@?retﬁtnr%v @é%q%z,wgwa%m BRahHt 1P yldemg@fnﬁy alkyl, aryl,
1k griature). The form provides a X-ray powder
aﬁ&?@actﬁgﬁ {’XRPD) pattern with peaks at one or nore
of allndhis apprpachl ]hegc;ormﬁ)und ofl ®urdulalld(ah jis digaided Bﬁc&tacting a
23.2, 24,1, [Qr . hos skil| ed
cofipong St B it ke SRS D0 PO PR AUt dsBEpon the
na@tﬁ’@ l6$ 7 NF& e&aﬁl@lé ﬂiefcfoh@)%hh@l?f Mﬁﬁﬁ@((ﬂfca@b& EFAcdd WhRa Lewis
forncan vary d pend| ng on how the sanple is prepared
acgh(. &dwnterfeflsllazﬂ tiflupremaethensseldonaw)and thpwres to efitpid 2 campound
t Qf this cr taI ne formis
Wﬁergm 3a% I(e gIZI A rrrélﬁ% I(I{3 5} shgxﬁvgra ?Ve Co@’cﬂ% gg 'ﬁfl ompound d of formula
II{d)(o@l) bé asnth@cpivepargdrdxyl &diﬁpcﬁﬂﬂﬁl(ﬁd&’fhcﬁh@whdlﬁﬁln@% hfford a
Scherme 3: V IV Schenme 3 wherein: each Pis
CQ“H@@B@W(H‘@W&II %8 Qwydroxyl protecting group stable under
aci
or o\‘j(lbcggﬁcgﬂlglk 'ﬁg 1a°1r1g§t%%ﬁ b€ 8@%@%&2‘%8@3&@%9% %qﬁn%c]’:uﬁd of formula
1) @rithniy -1 undHilsnﬁablelrﬁdc%n ¢cmdalolne,avlnaﬁg'ngf"bis ehloeing, hromine, iodine,
am no, al xya rox hal, o, al koxy, .phenox
aﬂag}wagw P?SB §y, Orﬁﬁ@m oY aP RN sARIOeRAIDS pis Known in the
art. %%@Mg&t {h¥ r&(c@) rbeQQfaE&zEd Ban®alakeh Jsﬁ)?’ﬁﬁﬂl%r 14 @ particular
provid , ere n eac I's indépendently al kyl,
enalvodimers] thy Icampbunctxvf farnpilallkyl) is dfithe fersulappr oach, the
compound of formula I'l(a) is obtained by contacting a
conmpound of for nmuEt@] |
conditions that w ||

exanpl e, the conmpoundxgf
contacted with a Lew s

and the salt of P, is, for example, acyl chloride or acetic anhydride.

Compounds of formula II(e) can be prepared by contacting a compound of formula
ITI(a) with an acid under conditions sufficient to provide the compound of formula II(e).
Suitable acids are known in the art, and include acetic acid, hydrochloric acid, sulfuric acid,
phosphoric acid, methanesulfonic acid, and toluenesulfonic acid.

Compounds of formula III(a) can be prepared by reducing a compound of formula
ITI(b). Suitable reducing conditions are known in the art, and include the use of cerium
chloride and sodium borohydride, a borane complex, enzymatic reduction, and hydrogenation
or transfer hydrogenation. In a particular embodiment, the compound of formula ITI(b) is of

the formula:

12
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acid (e.g. , trinmethylsilyl trifluoronethanesul fonate)
and thiourea to obtain a conpound wherein Z2 is S

W@ 2009/014906 fornula 11 (c), shown above in ScheneCRYS200$1¢70250

conmpound of formula I1(d) can be contacted with a
hydr oxyl conpound under acidic conditions to afford a
compound wherein Z2 is O Conpouno! Qf formula 11(d)
can be obtalnengy ahact i ng-a compuad of formula

[1(e) with Pi vQondi ti ons,
2 QO
al kyl car boxy, al kanesul foxy, /or aHbeys, .
e i th

wherein X" is chlo‘ & 7bro;V
Sui tabl e reaction conditi are known in the art. For
exaqpl tbhed i ;ﬁf 4.a base, such
ﬁ%? O& ﬁ aHOa?%lc arﬂﬁﬁﬂgd¥%§ﬂfpythe compound
ethxfxyfoemzryuh)lpheﬂyll)((@ﬁS;Sﬁ @, 649 b-hrairomit-2,2 -damethty Hetrahgidto farfo [ BB -
cyI chl oride or acetic anhydri de.

‘HEQ%H‘XHHS B498¢'a 11 (e) can be prepared by

contacting a conpound of fornula tiléa) with an acid

formula Il (e). Sui in the art,
and include acetic & sul furic
acid, phosphori cged i ranesul f i ¢ Ncj and
toluenesulfonlc aci d. Cbnpounds of formifa II(a) can

e S S R A TR R

médiGicdads HEE (6156t tefpEREirs)N THR! fBfnh gRyvand asgdmy Pattern with peaks at one
bor ohydri de, a borane conpl ex, enzgnatlc reducti on,

oranRrC Ry dbay & fat 3 3nl BP: ]t7r‘hr1§fﬁar19ﬁyé(? ag%h%@flldé@r 23 hdegrees 26. An
131 (b
ex{’c)uglrpg %gﬁ?%:%?fnn%%ls c@gfallgnegaé% nsﬂ%r 1d]§8 ]EI{TFI gtie j (b)

11 (Gdmpsund4d of fﬂrﬁlﬁﬁrﬁl(bﬁ can be prepared by coupling a compound of formula IV
ennxybenzyl) henyl ) ((3aS, bR, 6S, 6aS) - 6- hydr oxy- 2, 2- di ne
legfﬁp@mp%ﬁadoq cff’@il‘éﬁ . uiigplercpupiing @klémogs 1o knemnAn difeatt, and

include the use of metalating (e.g., magnesium or lithium) or transmetalating agents such as
magnesium reagents (e.g., alkyl magnesium halide, dialkyl magnesium, lithium trialkyl
magnesium halide) and organolithium reagents (e.g., n-butyl lithium, sec-butyl lithium, t-

butyl lithium). Thus, compounds of formula ITI(b) can be prepared using compounds of

formula I'V(a):
M“‘@v S M
iy e

(Ra)n
IV(a)
under suitable conditions, wherein M is an appropriate metal, such as Na, K, Li, or Mg, X' is
CL Br,or1,and pis 0, 1, or 2, depending on the metal.
In a particular method, the compound of formula V is such that X” is amino (e.g.,
morpholino). A specific compound of formula V is ((3aS,5R,68S,6aS)-6-hydroxy-2,2-
dimethyltetrahydrofuro[2,3-d][1,3]dioxol-5-yl)(morpholino)methanone:

13
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A particular crystalline formof this conpound has a
melting point of about 113C as neasured by DSC (onset

W@ 209petaature) . The form provi des a XRPD patt er PCTU$1908/070250
peaks at one or nore of about 7.6, 13.2, 17.0, 17.4,
18.6, 19.5, 20.5, 20.8 and/qr 23.2 degrees 2Q An
exanpl e of a XRPD pattern gﬁ this crystalline formis
provided in Figure 2. hd
be prepared by coupling ajco & formula IV with
a conmpound of fornul a® ui tg
are known in the art, and iHRI ud

coupl i ng conditions
e of
netalating (e.g., magnesiumor lithiu or

aﬁﬁﬁm%@ls@niﬂa@foﬁﬂ 8NhSs SeIduAg hﬂﬁﬂﬁﬁﬁinlg'ﬁoﬁrﬁ@gﬁmlﬁ 136°C as
magnesi um hal’i de, di al kyl nmagnesi um

mﬁasumdlhmlwé éq)néyﬂ teppgiatEe ks £bine eovides ack @mt?]rpivmh peaks at one
o GRS R a0 T RERL i g RSy el M e or

thDgfaap@rcffdhlu shR@llaRMpatNdsoofded af Figle 3.V(a) : 1V(a)

under suitable conditiagns, wherein Mis an appropriate
met aT 18 g@;@ﬁulﬁ]‘scq@oupqd of ifom)él,la Wg:an Re prepayed byg,pprogphqs such as that
t 2, depending on the netal. In a
ﬂ%ﬁ?ﬁ?&tlﬂkcmgﬁ;a the conmpound of formula V is such
that X' is afHho (e g., norpholi n9) Aospecific
conpound _of flor aVis HO @)
((3aSHBR, 6%, 6aY - 6Qydroxy- 2, 2- dlnes;yiz- ydrofur o
[2,3 -d] [ }$] jipxol - 5- yl) (nor phol jyod) ne ne : A
particular crystalline formof this cogpound has a
nmel ting point of about 136C as neasured by DSC (onset
tenmperatyye). The form provides a XRPD patpern vvith
peaks at )gne gr nore of about 9.0, 16.9, 1 \6

18. 4, 022.7 degrees 2Q An
XRPD pa ter f th crystalline forn1| OVI |n
Fi gure 3. t\ cul ar conpound of J.Qt V c /Eé

prepared by approaches such as that

f formula 111 (b) can

Scheme 4

Suitable reaction conditions are known in the art, and include those described below in the
Examples. In general, L-(-)-xylose is cyclized under conditions sufficient to provide
compound 1, which is then oxidized to provide compound 2, which is then contacted with
morpholine under conditions sufficient to provide ((3aS,5R,6S,6aS)-6-hydroxy-2,2-
dimethyltetrahydrofuro[2,3-d][1,3]dioxol-5-yl)(morpholino)methanone. This invention
encompasses compounds of formulae 1 and 2, including crystalline forms thereof.

Returning to Scheme 3, in a particular method of the invention, the compound of

formula IV is of the formula:

14
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shown below in Schene 4 : Schene 4 Suitable reaction

conditions are known in the art, and include those
wa@le®eni49edd bel ow in the Exanples. In general, PCT/US2008/070250

L-(-)-xylose is cyclized under conditions sufficient

to 0 OVIde cQ 1. which is_then oxidized t

A SpgsutierTeRansg go ulgyhy sl 9@0%%164-&@ﬁf%@%ﬂ)xﬁlpgobenmne

nor phol i ne under condi tions sufficient to provi de

((3aS, 5R, 6S, 6aS) - 6- hydr oxy ;m- It et rahydrof uro

[2,3 -d] [1,3]dioxol-5 - 0) met hanone

This invention enconpagses g of formulae 1 and

2, including crystalline forms thereof. Returning to
A gettentar 8rysialiina fpam df thid @mpoaht dels ©metting p'oﬁntenﬁhbmrn 65t éas
deg%ﬁ%%ﬁﬁg' rg];p ;&;%{15 nge Ifém? 1];r0t\71hd%s ]; %at"?érg 1t?1 peaks at one or

mbre@HaBb@-52t, 14:521 hoxybermyd dndhod DAPRGRELT: A exarnple of a XRPD
particular crystaliine formof this conmpound has "a

patttetnt ofrtbyis woyisted linsf foarh auprogssicd QIaEIgd@t‘ér m ned by m p.

poaist iiepipui B S & ABE O

22.2 and/or 27.0 degrees RQ A anpie)pf a XRPD
pattern of this crystal e[ f or provided in Figure
4. Particul ar conpound or s V(a) include those

of the fornula: Nbr@“bartlcuphr compounds are of the
M 1 h 2& formula 1'V(a) are
%RJ lgﬁ%ﬁgﬁﬁﬁﬁé%%ogy &%Tﬂienyl)nagnesiun1iodide

and (4-chloro-3-(4- etho rRe Ng(¥gnesi um
chl ori de, shown bel ow @ formulae IV and V
can be prepared by reds

hose di scl osed
bel ow, as well as ods known in the art. See, e.g.,

SpdciPic dMPRIhIIEE folnid PVia) bfs (4RaNHS-3-M-dthexy®enAH)phenyl)magnesium
#%traheé%on Letters 34 9 81-4 (1 g. Sen#)phenylmag
iodide and (4-chloro-3-(4- ethoxybenzyl)phenyl)rnagnesmm chloride, shown below:

oo
EtO Cl

Compounds of formulae I'V and V can be prepared by methods such as those
disclosed below, as well as methods known in the art. See, e.g., U.S. patent no. 6,515,117;
Davis, N.J., et al., Tetrahedron Letters 34(7):1181-4 (1993).

6. EXAMPLES

Aspects of this invention can be understood from the following examples, which do

not limit its scope.
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6. EXAMPLES Aspects of this invention can be
understood fromthe foll owi ng exanpl es, which do not

WO 209P014916 scope. 6. 1. Synt hesis of PCT/US2008/070250
((3aS, 5R, 6S, 6aS) - 6- hydroxy 2, 2-
di methyl te rahvdrof 2 31d|oxgl-5 yl) f nmor pho
| i no) Bret haRBHAESs O LBRES HaSHfihydronv-22-5 o, TEMPO HO
V T O acet dmth@teﬁnhvdrofum[ﬂ&_—gﬂﬁ@ﬂom - anorpholing)methanone
HCl HO " NaHCCB, Acet one/ H20 To a 12L t hr ee- necked

roundoﬁbtton1fhamgsegwgsmﬁchaqamgh irrer, rubbez TEMPO
Héepéggxfkk?)tenpenamere probe rafd ¢

charged!| - 504.40 g, 3.3

(5L, egbent g?g@g§ﬁgﬁd anhydr ou$iOwy

b| er wad equiv TCCA
SO@ 0 \’Nderq\?a Acetone/HZO
1.23g, 6.740 nol / 2.0 equiv). The suspension was set
stirring at anbient and then concentrated H SO (50 ni,
0.838 nol / 0.28 equiy}u@sTEflded. A S|0M/n1|@

ex thebn1mas notlced GbeqmeN&mMre rose to 24 AV,
out( 1 and t he TregelimaPhriine allomed o'%tl
te )<f

anbi e i ght. Aftefrlfy 25 hours,
al [HQ. - xyKb had been consuned, with the najor product

bei s- acet oni de ;al.on

(5 a ot T M REELR AR B M8 T hanicol sirver, by geptum
witlp teuipRladurd-prétid dnd3adlbedErwasadhargti € -(- ?—ﬁ?lbb@(ﬁ OWMK)E%J 8860 mol),

was filtered and the coll| ected solids were washe

aceiping éiwr@%eaberﬁ%@n@ 30y dipusdeS Quapy der thb!- 39, Oridfgnol / 2.0 equiv).
THE A MHsfoh alfs%tesg%@gﬁ%%%%ﬂléﬂth%& bR HRRRAT S8, I%ﬁogn%(r).%s mol /

0.20cquin), Wﬁ&h&idﬁ(ﬂlSA@ﬂtﬂ)@ chikladxothermevas no8omi&anizyature rose to 24°C over

fil he filtrate was concentrated to af
st BB gnd Mestaionauialoae i b agae Qermighy- oﬁ 1925 hours, TLC

R I
algng WitheahaiaS8S,6R .0a%)ey- (hydub«tymetlgépﬁ,@rdlmethlyltetrahydroﬁlro[2 3-
d][1,3]dioxol-6-0l. The reaction mixture was filtered and the collected solids were washed
twice with acetone (500 mL per wash). The stirring yellow filtrate was neutralized with
concentrated NH,OH solution (39 mL) to pH = 8.7. After stirring for 10 min, the suspended
solids were removed by filtration. The filtrate was concentrated to afford crude bis-acetonide
intermediate as a yellow oil (725.23 g). The yellow oil was suspended in 2.5 L water stirring
in a 5L three-necked round bottom flask with mechanical stirrer, rubber septum with
temperature probe and gas bubbler. The pH was adjusted from 9 to 2 with 1N aq. HCI (142
mL) and stirred at room temperature for 6 h until GC showed sufficient conversion of the bis-
acetonide intermediate to (3aS,5S,6R,6aS)-5-(hydroxymethyl)-2,2-
dimethyltetrahydrofuro[2,3-d][1,3]dioxol-6-0l. The reaction was neutralized by the addition
of 50% w/w aq. K;HPO,4 until pH=7. The solvent was then evaporated and ethyl acetate
(1.25L) was added to give a white suspension which was filtered. The filtrate was
concentrated in vacuo to afford an orange oil which was dissolved in 1 L methyl tert-butyl
ether. This solution had KF 0.23 wt% water and was concentrated to afford (3aS,5S,6R,6aS)-
5-(hydroxymethyl)-2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxol-6-0l as an orange oil
(551.23g, 86% yield, 96.7 arca% pure by GC). 'H NMR (400 MHz, DMSO-ds) 8 1.22 (s, 3
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tenperature probe and gas bubbler. The pH was adj usted
from9 to 2 with INag. HOJ (142 nlL) and stirred at

WO owaiotemnper ature for 6 h until GC showed suf fPCI/E82008/070250
conversion of the bisacetonide internediate to

B A O L . 2505 1099 40
(nggaﬁ%agg’i@g{&rlﬁ’é gd?!]JL?.WHQ)/I e sdek ki onyd 7oavows vy HoZI 1 H).

H=7. The solvent was then evaporate
BamnaVat(hg1 MaeeDMSO1d). 2538, aD2a6elad, 13R8yRV.E1285M1,164.69, 110.73.

suspensi on  whi was filtered. The filtrate. wa
conckEht pelten ?ﬁg@%éﬁéRt@Safo Yeroxnmethy g?é-é}metﬁﬂreéq%hydrofuro[zﬁ-

d]ﬁ%?]&?ﬂx%ﬁ@lo\f ?%Kéll—éj 131 Imtﬂag iy Ace{o%%?‘?‘%ﬂ lﬁtdjaﬁ{d' Hﬁ@g ntﬂa, 5X) was

t1on ha 0.23 wt% water and was concentrate
added dDianHOBA33.98, BReGE ), NaBr (2.8g, 20 mol%) and TEMPO (0.40g, 2 mol%) at

e o e e R R Y e LS SN
1.9€quivPhveae R HI® dAY pSfelons 1iThNNRp AR WakstirfVRO2 040 foid 24h. Methanol
1,22 (s, 3H) 1.37 Fs, 3 H) 3 51 (dd, J=I 1.12, 5.81

(2PmL)vag)addedand td misture was tirreg. 08074 for ThH)A Bha@ suspansian was

o b pinty 1B gl s gl i it oot 30, e
orgdA3d Mient WS o 1hdebvABumAhd 82 ade8odJayef va8&xtracted with EtOAc
81.71, 85.48, 104.69, 110.73. To a solution of

(30854, 4 8X6R) sadthemoptyned oxganig layery veroceficattaigd oeatfosgh e oily
A0SR B X 10l 205 o AR g v
filNatCN 3 {c3®nOgoluBod) wasthex eondsabBatel 20 Bford2Re dasir) acidd

(35 T Do 204 o B 1S SRS - Hporegeed-Carboxylic
sci) 3 aifelidn Sof e, 198 PASNGEARANABIRTY RFR O b 110, 472

d,UnL) 2\Whs 1EYAESE aind =t he Hy KK swas. st Hedl [y, 12006 3 1.32 (s,

Lh. A white suspension was fornmed at this point. The
36 xt ure was filtered, washed with acetone (50 nL, 2X).

R S LR S S S
d]k3}]danxdlet frearboryiceed] Grlpadd & rayh s Thér(@0¢ oric 80X) ateddded TBTU
(ltl %g,a { g %(rlgivi%-glieltl}gllmorpholine (NMM, 4.1 mL, 1.5 equiv) and the mixture was
stirred at 20°C for 30 min. Morpholine (3.2 mL, 1.5 equiv) was then added, and the reaction
mixture was stirred at 20°C for an additional 6h. The solid was filtered off by filtration and
the cake was washed with THF (10 mL, 2X x2). The organic solution was concentrated
under vacuum and the residue was purified by silica gel column chromatography
(hexanes:EtOAc, from 1:4 to 4:1) to afford 4.3 g of the desired morpholine amide (64%) as a
white solid. "H NMR (CDCls), 8 6.02 (d, /= 3.2 Hz, 1H), 5.11 (br s, 1H), 4.62 (d, /= 3.2 Hz,

1H), 4.58 (d, J= 3.2 Hz, 1H), 3.9-3.5 (m, 8H), 1.51 (s, 3H), 1.35 (s, 3H).

6.2. Alternative synthesis of ((3aS.5R.6S.6aS)-6-hydroxv-2,2-
dimethyvltetrahvdrofuro[2.3-d][1.3]dioxol-5-vD(morpholino)methanone

A solution of the diol (3aS,5S,6R,6aS)-5-(hydroxymethyl)-2,2-
dimethyltetrahydrofuro[2,3-d][1,3]dioxol-6-0l in acetonitrile (5.38 kg, 65% w/w, 3.50 kg

17



10

15

20

25

30

m xture wth sonme solid residue. Acetone (125 nL, 5X)
was added and the m xture was filtered. The acetone

WG 20000i409Mm0 was t hen concentrated to afford the PEBUSTNGS/070250
aci d
(3a$S, bR, 6S, 6aS) roxy di met hyl tetr dr of ur o[
Vg 1§40 m @fﬁcswa}teledXSera&% | FN%‘B.(%%X gl IV(RKP added to

sofiR o'n%f(K%ﬂ{P@a © Z??% L @anar@g@ﬁgh 29 ¢ H% )9.20 n{iﬂ% \(zéier (1051). A
SOBth)nHi,Nmz (34123@ Q0% d/ws 3. (melki 1 |59|)€$1) ﬂlwm;el( (§ 0 B)-Qn,d a solution of

K% GRoda B oa Ra TRty D) Bl nrensod vith romting: SHenchBOL.

l6o 5
ap;pﬁb‘x_}_ﬁé']&t[e 61/8101611!1$MH%Tﬁe%@%%é§h&1%%$&%z%%olu%?_)fl AR ximately

208qaf thy, qmﬂmlhty¢nrﬂr@hbandqldef(qthP@asomlon:ﬂ@ @éwr\l/ ol %) were

he m xt.ur e stl red at 2 Cfor 30 min
(%Bc? p'J; glrlerﬁ%lnti%rs Qf %Stw? sglu 01&? Weread a e(% %1mﬁlltg%eéoélaly r%a}%tlon mixture
tufrRd @hikod HroWMER] Ness eﬁbtﬂlélfr@d/aélbbs%ﬂfé@ fToe aaditiod @at& bﬂth@|NaC102
6h. The solid was filtered off bg filtration and t

sofien Wik baristenLinind3 FFaddigonand thy additionTpte foiy @aﬁie@cWKzHPm
sofift oﬂtv!lfjegl %\@131 oCPi“&i(%C g(tlgﬁe%f H@cgﬁé%%ﬁeﬁgb&g{agm}#gﬁ% JRRnAYE5-25°C.
Admamah ebarg&t (EﬁEEEMPOdrm_'Bg% B anod%]) )Netd)pe&fo‘rmbdi eﬁer& 5§ﬁ bif until the

the desired rmrph)élm am de (64% a ite solid.
reiq_t;omyff@n(c @j@n@g etiqq W;ly(talo cgar:ge%arg S 1016111},%n ngogenlsvtqj:p of the
heﬁdsp'atg to a‘%c%b@pwnﬂ aqugbug v&}élé Fet‘f@med"ﬁo R8¢ 3(55 ﬁil(e eeg }ﬁﬂg\évﬁg gas from
acpdmnelanag m/tdae szyswh él§1egeaﬁ10n mixture was cooled to < 10°C and quénéhed with

NEERER ke TP AR b Bl PBTSS o ira fedgastion s pptign ecidiied

wit e, P®} B YPercAciRal2ud-2an2sto. 17|]L§ a€j5-q|5°C The layers were separated and
(3aS, 5S, 6R, 6aS) - 5- (hydr oxynet h

thel pgresoby fayet wathgxdirasted W@'[hZaCBtO@]tfli/ 831)6 i Io>x 8).- Bheotonmbined organic layer
was cio)ng atlE:aé dlouﬁlld r5 V 3c%o Kll'd)ofiﬁgtwrlr:f]v%t %M%%vi%porl% %BOC bath) to
lo%)voehe(~aelgad) aTnd tl@ensmlshéd ith @ KRS (4OL Bentk KF df 184 solution
regg%lezi <a1r3)2 W}ggr% I?i%tegi %o' 3051ui(n%’of 256218 lr2n-)1I Villlph aygg‘go%{tnl(el ?\/Iosrph)ohne (1.61 L,
18.4 mol, 1.0 eq) was added over 4-6 h and the slurry was aged overnight under nitrogen.
The mixture was cooled to 0-5°C and aged for 3 hours then filtered. The filter cake was
washed with acetonitrile (10 L). Drying under flowing nitrogen gave 4.13 kg of the
morpholine salt of ((3aS,5R,68S,6aS)-6-hydroxy-2,2-dimethyltetrahydrofuro[2,3-
d][1,3]dioxole-5-carboxylic acid as a white solid (92-94% pure based on "H NMR with 1,4-
dimethoxybenzene as the internal standard), 72-75% yield corrected for purity. '"H NMR
(D20) 6 5.96 (d,J=3.6 Hz, 1H), 4.58 (d, /= 3.6 Hz, 1H), 4.53 (d,/= 3.2 Hz, 1H), 4.30 (d, J
= 3.2 Hz, 1H), 3.84 (m, 2H), 3.18 (m, 2H), 1.40 (s, 1H), 1.25 (s, 1H). "H NMR (D,0) &
174.5,112.5, 104.6, 84.2, 81.7, 75.0, 63.6, 43.1, 25.6, 25.1.

The morpholine salt of ((3aS,5R,6S,6aS)-6-hydroxy-2,2-dimethyltetrahydrofuro[2,3-
d][1,3]dioxole-5-carboxylic acid (7.85 kg, 26.9 mol), morpholine (2.40 L, 27.5 mol) and
boric acid (340 g, 5.49 mol, 0.2 eq) were added to toluene (31 L). The resulting slurry was

degassed and heated at reflux with a Dean-Stark trap under nitrogen for 12 h and then cooled
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solution ONaCl O 2 (3.12 kg, 80%wWw, 27.6 nole, 1.50
eq) in water (7.0 L) and a solution of K2ZHPO4 (2.89
Whe09019® eq) in water (3.0 L) were prepared wa€mhus2008/070250
cool i ng. Bleach (3.0L, appr oxi mat e 6% househol d grade)
was m xed W|th t he, K2HPO4 tion. mat el 0%
to gpor fempexetues. o hegniryre wag i if red Yo ErpP Vs 1@%9@@ pﬁgﬁﬁlter cake
wadky Wlﬂl%l(lél@é)(Srﬂl? The]ﬁlﬁyt'e Wik cWeﬁter‘ég%jabogllﬂ ®4 L and flushed with
remai nders of e two solutions were ad
tokienw(t&rigca $¢ryoverxeessmphw_imemWhm féna:l wphiew rdaghied r-éd L, heptane

r Qwn a I o s ob erv The [
(1710 8 Ao Rl P B R AR BBt Ry so room
teﬁh aideliré alwageariﬂr 3 Helte\%y thérpﬁltér@& sndf RhsHeBSvitH IRPEE K12 L; and dry
PO4 sol ution was about 10-12 /mn (10 hr addition
urmihfr nigrogeri gavaiarslightly piakisalic (.20 kg,@W@@reA&&% viebhaim.p.: 136°C

(oigr v bl eaac B n3S SoEouiRclFom. s —32 e

lfﬁ)uﬁlé@'(h,y.fiw Qharpes. 9@?(@%&&) @'5@'(& 3H)NL B5 @g6p)SWeeRMR
of the headspace to a scrubber with adqueous was
(nptiranol-dp & 2608k 88011 He24rd e 9&%&%%8@&4 §.8m106.87, 113.68,
6? ccunul ating in the vessel. The reaction m xture was
D ed to < 100C and guenched with Na2SO ( 1.4 kg, 0.6

eq) in tggee %tbhﬁ@éf P%ﬁforé—zﬂ@etﬂ'#@b@ﬁ@ﬂEh-@&idﬂeﬁkéﬂee
was then aciditred w unt | reacne
(2.5-2.7 L) at 5-15C. THé | ayers were separated and

t he aqueous | ayer was ex ed with acetonitrile
(10.5 L x 3). The conb B | ayer was
concentrat ed under vacl glton) at < 35C
(28-32C vapor, 45-500C bath) to Tow @&l une (~ 6-7 L)
and then flushed with acetonitrile (40 L) until KF of
the saglution reached < 1% when diluted . to vol une

about 212hresingrleqd rqprd betfan flpsk with msrlAniqd st(qerslilblzer septum with
tel\:lﬂqger%uﬂp Brob% afld ?ﬂ%su‘@@% 9E8 . M fon ﬁnﬁﬁlmlﬁ{]ga %%b&t Wa5 ¥harged with

aged over ni ght under ni trogen ture
2- cldofoeﬁl—iactmbenmmm%gﬁog K)d71063nckibgldudﬂ¢rbanthfand: (leIIe,cKF 0.003 wt%
fiilter cake was washed with . acetonitril gl%(e g%h)
W%F PRE HEYEPeIPIoB N 4S g It iRl AR tomRcsatEs- ofhep
dimethylformamide (0.6 mL, 1.1 mol %) was added followed by oxalyl chloride (63 mL,

0.722 mol, 1.02 equiv) which was added over 11 min. The reaction was allowed to stir at
ambient overnight and became a solution. After 18.75hours, additional oxalyl chloride (6
mL, 0.069 mol, 0.10 equiv) was added to consume unreacted starting material. After 2 hours,
the reaction mixture was concentrated in vacuo to afford crude 2-chloro-5-iodobenzoyl
chloride as a pale yellow foam which will be carried forward to the next step.

A jacketed 2L three-necked round bottom flask with mechanical stirrer, rubber
septum with temperature probe and pressure-equalized addition funnel with gas bubbler was
charged with aluminum chloride (97.68 g, 0.733 mol, 1.04 equiv), dichloromethane (0.65 L,
KF = 0.003 wt% water) and the suspension was set stirring under nitrogen and was cooled to
about 6°C. Then ethoxybenzene (90 mL, 0.712 mol, 1.01 equiv) was added over 7 minutes
keeping internal temperature below 9°C. The resulting orange solution was diluted with

dichloromethane (75mL) and was cooled to -7°C. Then a solution of 2-chloro-5-
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nor phol i ne salt of

((3aS, 5R, 6S, 6aS) - 6- hydr oxy- 2, 2-di net hyl t et r ahydr of ur of
wWQ@2@9/00490 , 3] di oxol e-5-carboxylic acid as a WhPCBEUS08/0I70250

(92- 94% pure based on 1H NMR with 1, 4-

108@ 38(9 enZ n f78 nﬁ{‘fyni%%t()% tr?r%g rI?%WgJé%F (é/%er 413 minutes
kegprgﬁg%é’ﬁlteﬁbﬁ@%@éeog’[? Cﬁ(%ﬁovi +§. % Eél%"?elalc_%@ %11x48}1211%‘(?bvna]£§qr¢éal_r|)ﬂ1’ed slightly and
heBd at8-3Cay fo2Hhour. BPL{sgnalyd)s, suggbed(the rdakflon waHdiHete and the

reécgzoil waésl}léfllch%g 11%[1 i?ﬁl@]“%gé ﬁg%lla(? a%%ggﬁﬁ agf H%? 'w?th s%?m?g in a jacketed
roﬁﬁ@?&t&ﬁﬂﬁﬁb GEnD qfenlol WaQ )@Mne’zmzp'ogﬂlé'[ﬁtd%ﬁ I(ﬁflﬁla‘b‘ﬁ’lgfn@écrﬂzﬂ%mperature

%@ , 3] di oxol e-5-carboxylic acid (7.85 ,
remln)mg PWRETE né?h@ quengh¢d biphrasic mmitl)reafrﬂs spoed @t A Ccfor 45min and
| uene.
o e e i s M B Bu HHCCROD AR AN rcd s
sotdRink biatbohdte 2 I0RANpSHRLsK), ahap/ithndeiated id. 88&I0mf dlorlde (00mL). The
and then cool edto roomtenperature. The m xture was

wishpd exteagt vas cesvEatrhepp wglasevwaméo ifgrd gfude4R<hloro-5-

lowﬁﬂe @Iat goci&? hmet{tﬁafﬁia and. I us e% fig Y%ﬁ 93§I’ %9e(r)1 rea% by HPLC

at @266im] ).0 iceal/erepiogsoenct as 30 0mat, 9B Gl %nes-ls‘i/\bzeam)‘l nal vol unme

d ~1 hept 14 dd W . t.
Ega%e@éﬁeéﬂé Yhé%ﬁﬁac gﬁblg%ll‘ﬂé I‘Lﬁpgr Wg é%ecgﬁ%éﬂgrl}’fﬁr fgpber

SGPR‘%FE @@ﬁé}&ﬁt\:{feepraﬂéja@ﬁ%g bluBBleBwhs cHaY%_ d8gitt B88e (2-chloro-3-

d washed hept ane ( and dry under
10d|<|>11heogle(|4 @hﬂﬁ@phﬁgﬂ)ﬂgﬁhﬁd@n@(&ﬂ(l 3sgzl77d93(r6m26 dagton®¥idé (300mL, KF =

0. @6‘4{)\2{%) {eﬁ/ (1331) S enq.l?_ﬁl \:?’vgé:s s&rr%g unéier %éen@rgézd(s&oolfd to about
Og 3F11%n|fﬁeth§rll§ﬁane$)2§1§L§ 75, 3]0 mnrﬁ)l 2. i’?eqéhﬁ)was%dae@foﬁlo(w@? by boron

MR (et hanol

trlﬂgoadc dlgmy&lherm @4411L,41794¢5mr3@ 160 eqiiv) which pvapsadded over about 30

7. 11 3 e S|
se? grh(e) 9 CE 9111 Wf'*l% eedntzoy eilt ovar%)énnlz e nd W&S gﬁ_tged for 17 hours. The

rehd’lfoﬁ&vaﬂ&ﬁﬂﬁ%@l WlﬂUﬂl@th@DiePQHSﬂtﬂ aBd (WMOhL ibasd bakaturated aq sodium
blcar‘lt)&{a?er (lSE)rliIl*IJB %vrhlg’hevegsuargded oger about 1 minutes. Mild gas evolution was noticed
and the biphasic solution was stirred at ambient for 45 minutes. The upper organic phase was
washed with saturated aq. sodium bicarbonate (100 mL), and with saturated aq. sodium
chloride (50mL). The washed extract was concentrated on a rotary evaporator to about one
half of its original volume and was diluted with water (70 mL). Further concentration in
vacuo at 45°C was done until white prills formed which were allowed to cool to ambient
while stirring. After about 30 minutes at ambient, the suspended solids were isolated by
filtration, washed with water (30 mL), and were dried in vacuo at 45°C. After about 2.5
hours, this afforded 1-chloro-2-(4-ethoxybenzyl)-4-iodobenzene as a slightly waxy white

granular powder (28.28 g, 98.2 area % by HPLC at 220nm, 97.4 % “as-is” yield).
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tenperature probe and pressure-equalized addition
funnel with gas bubbler was charged with

WQ2@botoe 5- i odobenzoic acid (199.41 g, 0.706 P@I/Ps$2008/070250
di chl oronet hane ( 1.2L, KF = 0.003 wt % water) and the

suspensi On was Set tlrrln at anbj ent _tenperat ure.
P Synihest tblrﬁpR6S6as

1. 02 equi v) Whl ch was added over 11 mn. The reaction
was allowed to stir at anmbient overnight and became
I"18. 75hoB@i additional

U . 3 C C
(6 @ o] O—r?—eqyrvj—was added $ Q‘o
Enr €3 t@ t Af t 24

rédct@d star |ngmae|nlo er 2efooU O)v

reaction m xture vvascne ated in vacuo to afford
crude 2-chl oro-5- |odobenzoyl chI oride as a pale yell ow
f oarTovobalhtion off 1 blﬁomai4(4edlof<plﬁemayl()|-4tlod<bl’fbﬁzm>(ﬁO(&hg,pl 34Ammol) in

k d h k db m f |
TR TS it SSKrg GPIMECEOLM S S & Tk 10 BEHdl 20s5°C. and the

E(rugg &vaRRGPI B39 1‘?%@(?15'@(?1 Alesghﬁ’gﬂ'off Eﬁ@(’?ﬁ"ﬁ%ﬁ%% %gdlggs 0.2-

bl'er was charge um num
dite 3 Betmadiydrafu®d2,8gijii1v3] diodo ke fHy D froomph blame methasénel (1 4&F nxg, 0.536

o T L o BB e L v o

1ELWASKYPRITIR 080 Wrrbd at ¢ X3r MRburs 1 THE r@BHdY WayGensldedith
over 7 mnutes keeping internal t enperature bel ow 9C

sauwieted es MH4Chg:an<etn@w1 MUBEowashsd vdihl rinsd T\hsetorgamc layer was

cong? Iia%éi '?zreéqu]{l%?v éuﬁlfg %fio%%hcaogel (e(’gmug}nl Cél OI{I éogfa,?%to afford the

deiREd két@n&(ﬁagmg dbehya9k QR Reme %@ch@dc@s\}%w dd, J=8.4,2.0 Hz,
m nut es keeping the internal tenperature bel ow + +3C.

1Hpé S2ddot T érﬁ) Hrz XDy & 50k J\/va8 ﬁé& slH)g’hlI ¢d, drrcl-thélzd2H), 6.86 (d, /=

326 @ 5 T TERG Al S SRR R sl 1456

(dpy e-3coBaL ety 496)d2N-22. HJszH)vw t)Bl (@U:E 724, RRDA1.54 (s, 3H), 1.42 (t,J
Jﬁacket ed round bottom flask. This quench was done in

7.8, byefs.BB¥ n with internal tenperature

remai ni ng bel ow 28C. The quenched bi phasic m xture was

stir r@@ at A?tgplﬁtfvg Vﬁﬁl’&l@ of‘mjchloro 3-(4-
ethoxvbenzylphenvl)((3aS.5R.6S.6aS)-6-hydroxy-2,2-
dimethvltetrahvdrofuro[2.3-d][1.3]dioxol-5-vDmethanone

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

To a 50 L reactor equipped with a mechanical stirrer, a temperature controller, and a
nitrogen inlet was charged the morpholinoamide (HPLC purity = 97 wt%, 2.01 kg, 7.34 mol)
and THF (11 L, 5.5X) at room temperature and stirred for 45 minutes at room temperature
and for 15 minutes at 30°C. The homogeneous solution was then cooled to -25°C. To this
solution was added a solution of ~-BuMgCl in THF (Aldrich 1 M, 7.32 L, 7.91 mol) at -25°C

over 3 hours. Then the above Grignard solution was added to this solution at -20 over 41
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the | ower organi c phase was washed with IN aq. HC
(200M.), twice with saturated aq. sodi um bi carbonate

W@ 20a0149per wash), and with saturated aqg. sodi Ber/US2008/070250

chloride (200m.). The washed extract was concentrated

iRtsap HOR S REGPRUEY B PSSt re0 DA< DI T eacton

mB@hrk §ab 2083390 W9 ?ﬁ[@ﬁﬁ@%&?@l QBLLCS%) a{z@‘(@@hh li1é2)ré\lses?irﬁng, and

regi ol soner at 200n
stirzd Kext Hdminukestah 0&e- e ¢hie chixtorendasosided ISﬁDf’Vﬂy&lé N H.Ct & L, 2X) at 0°C to

oS ah S L RDRY SCRLU I DL S B S i e

i
Wéﬂ%\%&d{%@ gﬁ’i’ﬁl% Wil %Nﬁ)@}/ tﬁ)alg Ae]Qt ?ﬁ? ?]Flli/al‘ﬁgﬁ@ Mll&)lﬁfé l&‘}%@ Wag conceﬁtrated to a

@,lalm eirder mona@ogw@@mba@mm@nmeim@b i Emg (zﬁwd'elrzm was

adtrc]iI eatn en%pao{%a (?b%g soﬁgdg ug Ut 051% ?fBOurflP/e}r bath temp 50°C).

Aﬂ&d@ﬂm@&i $onae Gy B)poﬁﬂf filtratibh fEt@@Icl (dEL Qixg twhay |a@&éwn@to©ncentrated to
(24nL 194. 46nmol 50 e UIV) whi ch was added over

drypest (| Sombasc baihy éemprﬁ% (e dde eshoalisn aiehereanmsisrisdtp argp L reactor

%é)?reccij | utﬂg@&ﬂn@ﬁsﬁ{# Fd ¢ %&P%@Eud%)z/ﬂnﬁ § an Tegg &g?\ﬂnﬁé}n After

EtOod wawedidby, thasuspatsmh wap lmt:hdwmﬂm(caardm:nata@ 1 5@mbgencous
j ch vvaﬁ added ver about mnutes, M|d

wrutTiodhe ieseling hrmegensaus soharian wisadded slgriy ﬁ%a%(é L,2.5X) at the
sa?ﬁe'térﬁﬁgraﬁﬁre aﬂ’l‘hb %‘eﬁe%ﬁs g&uﬁ%ﬂﬁ@&ed%ﬁld Bhe ?fﬁgfi‘n') §X) was added

hase was washed th saturated aq. sodi um bi carbonate
sl((\&kyOO I‘cILl)ﬂ;le elnadyio iticmet (10 At .e 4 fragstirsddpudnd drdt §O7@ehe suspension was

sl(S%ltyé:roéleg ggy&g@&f &W)éa{%]bﬁ% ﬁﬁ@(ﬁ Ceesglg]gq%%g)g az?a{g d%{laqlowly cool to
ro¥ R teBeraffle Wabstitddubet Wit the %h@fen(p%@atﬁ@e) ThE‘é‘f}I\;hthﬂf’sf were collected

concentration in vacuo at 450C was done unti l
andrw4shed wish ieptanh(&clh 480k dried wtsiﬁedaqu@nwdﬁ ¢ to aivb therdesired ketone as

h
LS TPy iary FRB B B S E) vashed
vvlth water (30 nmL), and were drled in vacuo at 45C.

After about 2.5

6.6. Svnthesis of (2S.3S.4R.5S5.6R)-2-(4-chloro-3-(4-ethoxvbenzyl)phenyl)-6-
(methylthio)tetrahvdro-2H-pvran-3.4.5-trivl triacetate

o)
H : H
o) O
O NaBH, O 1. HOAc, H,O
cl CeCly7TH,0  |EtO cl HO" O)T

2. AcCl, pyr.

EtO Cl 1. TMSOTH, EtO Cl
H thiourea
O.__OAc 2. Mel, |Pr2NEt
AcO Y OAc Y OAc
L OAc | OAc

To a solution of the ketone (4-chloro-3-(4-ethoxybenzyl)phenyl)((3aS,5R,68S,6aS)-6-
hydroxy-2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxol-5-yl)methanone (114.7 g, 0.265 mol)
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hours, this afforded
| -chl oro-2-(4-ethoxybenzyl)-4-i odobenzene as a
W@ Rooglat49y0 waxy white granul ar povvder (28. 28 g, PEBUR2008/070250
area % by HPLC at 220nm 97.4 % "as-is" yield).®6.4.
Synt hesi s

m(MeQHK%.l@léXz wapdsd fiskhw b Hd8yig) h3sguiyRarrbthe agxtuge was stirred
at %6’(; 8%%(1 %1’ s%hgé W%} hc}{Lsto?\;eda%g 'irﬁ%tldlfeo&/gs éleﬁl Mle&”god 7R%® hn(lisNaBHA;
0 a soluti
(12-:088) 102 eqlﬂVI ﬁaﬁidﬁi@& yrbpasmyshs) sodthitate t@ﬁp&%&‘re(oﬁi (ﬁ&lm;lctibniiﬁd not
rm%)ci)nTg% aaddedl-éO EOMI °C

oxgeqsl 1, C2T %{%W%m@fe 06 i P hEo g piiignsd 0 0°C and
ql%%gﬂse’rd%%’t%%’ﬁga §§ g Iﬁ“f[ g,Q g@ﬁm%ﬁ?' Hid AktRE was concentrated under
vadilmrettd ydrmcsxterMb@Hramﬂ mlnerm[ &ti3etddl WithFtMAaexd11151 §X xirandovadhed with

[ t 146. 5 , 0.536 | in THF (1.0 nL
briid S L 9 oy SETGnCRo R N RabHH S ARt afford the

de§fréd sledb1hoh cbl'%rleé’%il’ﬁ%ﬂld'éol 29 Crands 8d1bFlERBilakasABEd AcOH (650
for 2 hours. The reaction was quenched with saturated

mh)qaml—HﬁD (450xmE hotdetic wmﬁurewwmeamisrh d00%G e Girjoddor Thkours. The

R NS R S1R DL R s GRSt SRS st vapypm to give
a ¥y éﬂ%v&d@ﬁ (di'@di KBI e Tolth dride dib¥s @(ﬁiea pyHitine (5011 1|nll) addthe mixture

CDCl 3) d 7.88 = 8.4, 0 Hz, IH, 2 (d,
Wgs eooedgo AZC. [Thyn, chzédl?iijg ~8. O@qmvpﬁvas pqiged apdi@e wtu@ was

w%;n%dﬁpz CH%@ %11%f8a? 56‘% fol t 2. ?‘héz&% Bﬁwdi qgeé{ég d;( thhﬂhzo (500 mL)
and. Zlukdd, wikiHEtO Ae 8600 thL)J Bhedrgankizlaydryas sépdrbted dnd doreentrated under
vaghégﬁgﬁeﬁq}bemtéésap(g%’ygﬁbné Tha ﬁﬁ@e%&?qidﬂ%g%gm&f EtOAL (1000 mL) and
whdhE§ ()v'?tﬁt r@fﬂ Q@]IS l5?0 HIL & SR (§O(§ ﬂTL(%r ohe 01%amc layer was

et hoxybe zZyr) H( 3aS, 5 , 6S, 6aS) - 6- hv
coaibm’etalt}dl to @ffnahbhd rdosfmﬂdd{f‘rza,a:éetdte[lht;eﬂndilm @b a Sel)lm)' fesnh 6NGRg).

ot rFor b SeaRd WBSEroEhL molsauaiis oged Fitkse (361,20
eq‘lil_&ﬁé ui Bﬁ)& 5@? tgtLt tzﬂg@ WARAIIE BB 158:1 B QRomBihinA0Honate
(TMSOTY) (64 5 rnL 1.5 equiv) and the reaction mixture was heated to 80°C for 3.5 hours.
The mixture was cooled to 20°C and Mel (37 mL, 2.5 equiv) and N,N-diisopropylethylamine
(DiPEA) (207 mL, 5.0 equiv) was added and the mixture was stirred at 20°C for 3h. The
mixture was then diluted with methyl tertiary-butyl ether (MTBE) (1.3 L, 10X) and washed
with H,O (650 mL, 5X x2). The organic layer was separated and concentrated under vacuum
to give a yellow solid. To this yellow solid was added MeOH (650 mL, 5X) and the mixture
was reslurried at 60°C for 2h and then cooled to 0°C and stirred at 0°C for 1 hour. The
mixture was filtered and the cake was washed with MeOH (0°C, 70 mL, x3). The cake was
dried under vacuum at 45°C overnight to afford the desired triacetate (2S,3S,4R,5S,6R)-2-(4-
chloro-3-(4-ethoxybenzyl)phenyl)-6-(methylthio)tetrahydro-2H-pyran-3,4,5-triyl triacetate
(88 g, 60% over 4 steps) as a pale yellow solid. '"HNMR (CDCls) § 7.37 (d, J = 8.0 Hz, 1H),
7.20 (dd, J =8.0, 2.0 Hz, 1H), 7.07 (m, 2H), 6.85 (m, 2H), 5.32 (t, /=9.6 Hz, 1H), 5.20 (t,J
=9.6 Hz, 1H), 5.05 (t, /= 9.6 Hz, 1H), 4.51 (d, /=9.6 Hz, 1H), 4.38 (d, /=9.6 Hz, 1h), 4.04
(m, 2H), 2.17 (s, 3H), 2.11 (s, 3H), 2.02 (s, 3H), 1.73 (s, 3H), 1.42 (t, /= 7.2 Hz, 3H).
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nmor phol i noam de) at room tenperature and cooled to

-5C. To the above solution was added dropw se a
wa00aoiem of /-PrMgC in THF (Aldrich 2 M 4. 3BCT/USBOBE70250

nol) at -5C over 3 hours. This Gignard solution was

used in the ketoneformatl?n bel ow. Toa 0 L reactor
equi ppdd W Athyig sknthesis o - -&-(4-
cont r ol | er ethaxybenzyl)phenybn6-(methylth tertradwdm-ZH-mvran 3.4,5-trivl

mor phol i noM&QHPLC purlty =97 w% 2.01 kg, 7.34
mol) and THF ( 11 L, 5.5X) at roomtenperature and '
st i rFea 5 drreadomindat pigrogen stoospheespriaMeOd] wasiclfapgedl Hllowed with

g SEPRGT 3 ko™ vah end CLBTRERR. Toke LGRS Mstitob 7.5 L was
aa%Ed és B tallyu 7L, (FArA %slﬁg/lpre%a?é% sBlutlzn%%NlBH; (&1.5¢,04

over 3 hours Then the a ghard sol ution
eqmé naelqi@dm ON Na@Hs(alS(mmLc) rwaataddezbslwhyr(M niinj U °CTHée mixture

ultin ol uti.on ther. stirred at -200C before.
wERTBH R BT T BT o 8 R Bl Pt Wiy Bl imately
9@%&@&’[&6%6@ rdtib0 The réattiof tval @lerthtdwithdQvAsaq NH,Cl (2.5 L, 1X)
stirring, and stirred for 30 mnutes at 00C. To this

angthe m@uma@%a?@aé@jlt@t@émnﬂe@awmto 6. dilutpyvithtwag €l b, 4X) and
M?‘%%%IIQ ,&if gk? Ahe %letr% QBs 9(&16 erBé %nIi 8N §(§) Hral %‘ﬁ %8%6%1: dmtll the pH

phase”s ["aye

oﬂ/khé ﬂnﬁﬁre%%ha@ 2Na(3t1rﬁﬁ>g {vas é’oﬂiﬁﬁled ﬂﬁiﬂﬂ rﬁlh&te@ ﬁg.ﬂthledayers were
er was concentrated to a 3X sol uti on under th

SeE%FﬁEWt i8R eTeepE0ayRsaYas veahed VERBR08E) 2XEt %0@@4116@ aqueous layer
Wﬁ@?ﬂgé‘%g w@@lq\q(i‘BFa(gg S?rb %%r ggltg %ofnﬁm@d gﬁ%ﬁ&l l%éfrg Qet\WRhed with

Itions
brirer®wdd 190land sotentratpd Iund;eh vacuutn &t 3)érMeENG}4\ﬁ L 6XL1 wa XJded. The

GiED W600C) PG A chih VA EHLI PLAS PR TBmg Py a polish

filkrafiGRCTIRY caREW BRI W ith fifiREDERbERIofShdCNET, @
tenperature controller and a nitrogen inlet. After

Et OAEhamgarad difithte whetranpdgeadsto 6 lweesctheandd pat-prep@ed £0 mol%

o EBgEARs Lo (0T DA Lade: saener eSOt ahdT NS daded. The

m&ZtEwadhedtb&tSSITE foLMPEHRlaHA EhenAobRIBE 20Fe0 UBhSRhdtionGhas quenched
with 3 solution of shhufatod aduebas KiCOs (5 L 3%) and diluied with MTBE (15 L, 6X).
The organic layer was separated, washed with brine (5 L, 2X) and concentrated under
vacuum to 5 L (2X). MeCN (12.5 L, 5X) was added and the mixture was concentrated to 7.5
L (3X).

The above MeCN solution of (3S,4R,5R,6S)-6-(4-chloro-3-(4-
ethoxybenzyl)phenyl)tetrahydro-2H-pyran-2,3,4,5-tetraol was cooled to 10°C, added with
dimethylaminopyridine (17.53 g, 2.5 mol%), followed by slow addition of acetic anhydride
(3.23 L, 6.0 equiv) and triethylamine (5 L, 2X, 6.0 equiv) so that the temperature of the
mixture was kept below 20°C. The reaction was then warmed to 20°C and stirred for 1 hour
and diluted with MTBE (15 L, 6X). The mixture was slowly quenched with water (7.5 L,
3X). The organic layer was separated and washed with saturated aqueous KHCO; (5L, 2X),

1 N NaHSOy4 (5 L, 2X), and brine (5 L, 2X) in sequence.
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slowy to a little cloudy solution at 700C. After
stirred for 0.5 h at 700C, the suspension was slowy

W@ owhett® 600C and stirred for 1 h at 600C. TPET/US2008/070250
suspensi on was then sI owy cool to roomtenperature

and stirred for 14 h at the sanme tenperature. The
crystif gegs @Y%W%T@F% AonEeRIrHAL Hedrr e kit e ) gMeCN (125 L,

)@Q/as k& gn ?51&’1@1@ Wég‘céﬁceﬂég{'e& & gk \Le(3§d(? %Kﬁels—%?:)ta%%) Dioxane

oneasf sol i ds . kg, 100 WMt % b
(1purLL, t%)amhswslﬁ@ﬁam the slolu as &@en@}ﬂt tkve735(sL @3X) (KF = 0.02%). Any

S,.3S, 4R, 5S, 6 ch.r-3-.4-e oxybenzyl henyl.) -6 .
reSUATSO R Pk [ PAATS: B ARt SOstBE MY et mfhimat
arﬁddn@@ﬁ&l@kﬁleY@O@nﬁ})' ution of the ketone

(4-chl or o- 3-(4- et hoxybenzyl ) pheny I)(§3a8 5R, 6S, 6aS) - 6-

hy dr Bix§he 2bovailimstehyas asidedHyelor (F86[22 2 9-chv) asqa TEG.S7L, 1.5

copd? ThheR R Ry 6 B Ry iy Tk ahy o). The

miXitt Wag cvalsd & Qﬂo(ﬁdld&hetKQQSdldB (341 @L| 1 seluigpamer e
di ssol ved. The m xture was then cool ed to -78C and

le&B‘MO@&%}/@@@ne 392 bq%}p@ﬂu%svem&d pipel themixeiEg Wabstirprgh at 20°C for
1 ERPELRT 1 ﬁlyp odE&%&ﬁ%?@@ﬁ% ? e%ﬁﬁrg G4E g&(?jed VaZngﬁ:e mixture was

e mxture was-stirre
stinet] e 20 Wofod 0 Goarsd T enic tvee was tlfenslaumdatléﬁlv{mﬁsmasa] 10X) and

5 5 Th d de
WD 0d D B CTAAICRL S QL SBPATRE i egggentrated under
VaQ&urilllto -3 ;ﬁﬂ@)M@Oﬁ V\g@%h@% by a@ﬂéd@ld(tﬁé Ghifire wad conI&ﬁrated to

mbi ned organi cs were concentrated under vacuumto
5>ét(f difatd mhbirge sThegdixaire ghas theadicated ef 60ICes 1 diolr ok eovéed to 0°C and

AT B P D SR Gbd veon

(080t 511 1x6d, 1 9L, bo00ue. cald @ adMipd dAiRieVascutiten 4620 beénight to
to roomterrperature EZOOC and concentrated under

af{oud therdesigedyiripectatey 1P & % oferrduziens) 24 8 pefy yelfowoff-white solid.
crude oil was added pyridine (500 nL) and the m xture

vas cggl et 609, 5of JRRQUER Thtor 8- AN W) Bibhenvi-c.
PSR A TR T8 TR A A
6300 g

EtO

NaOMe/MeOH

AcO K OAc
OAc
To a slurry of (2S,3S,4R,5S,6R)-2-(4-chloro-3-(4-ethoxybenzyl)phenyl)-6-
(methylthio)tetrahydro-2H-pyran-3,4,5-triyl triacetate (90.0 g, 0.164mol) in MeOH (900 mL,
10X) was added NaOMe in MeOH (25 wt%, 18 mL, 0.2X) at 20°C and the mixture was

stirred at 20°C for 2 hours until all solids disappeared. The mixture was then concentrated to
300 mL, added to H,O (1L) and stirred for 1 hour. The solid was filtered and washed with
H,0 (100 mL, x3) and the cake was dried under vacuum at 45°C overnight to afford the
desired methyl thiolate (67.0g, 95%). 'H NMR (CDCls) & 7.38 (d, J = 8.4 Hz, 1H), 7.22 (m,
2H), 7.11 (d, J= 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 4.35 (d, /=9.6 Hz, 1H), 4.15 (d, J =

25



10

15

20

25

30

and diluted wwth Et QAc (1000 nL). The organic |ayer

was separated and concentrated under vacuumto renove
weEe@o14nd pyri di ne. The residue was dil uted WETUS0¥70250

(1000 nmL) and washed with aq NaHSO 4 (IN, 500 mi, x2)

and brine (3 The organic |l a concent ted
9.8 8l Horcl RS (s b Wi Bt 11 58 ok & 'A4bas, JHD, 217
(Syﬁjy qw()f(p@mﬁz}%gh) To a solution of tetraacet ate

3 assuming pure) and thiourea (36.1,

2 0 eqw v) |n d| oxane (530 m_, 4X) was added

tri me6.Ryl sPteplars tlihe A 2 $.3RARERHR)-2-(4-chloro-3-

(64.5 L, Mhemcben)zv]@irbﬂvh% l‘me(thtvlthm)tetvdhwdeo -QHspvran-3.4.5-triol

heated to BeAfif or 3.5 hours. The m xture was cool ed

to 200C and Mel (37 mL, 2.5 equiv) and

N, N-Uhdcs @ﬁglﬁ@yﬂ@ﬁ%h@&’ﬁg&ﬁ ptdRIREAD a(5007 rdiktor Heal cRgPéd/MeOH (12 L)

was added the mixture was stirred at 200C for

3h.
angifhe maﬁ@t@ﬁeél \R/Q§<&a RN rael)-uMethappt GLyspppidded as a rinse. The slurry was

thif E%dea%%%%ﬁ %HEQS(V%%% %zlilﬂ gdia:r%) X 13:101|>§)am1219%s %?d"%dand the mixture

wmmedtaeﬁlow]ﬂ)r Cdwasnintid bl doluhdhﬂ’appmm IT\otth)e giixtercavas added slowly

wi ( EW o fha Fﬁlﬂ@%ﬁr %ft 2 ¥ed a?P%@#gg&ege@ Caﬁsqiﬁ out and the
mﬁ(@d}e twl'b@ @tlﬁ@@!ﬁ% CQOppEoﬁngoﬁéd tror(?@ a"i\H sHRE fdi‘r30:'m1|ﬂﬁfé5 The solid

The mxture was filtered and the cake was washed
weMe@H:chDa)(d, Wé’s@tedwth)o@e)ter (THeL clak e2harxd theicelt wm@nednaxdaumcuum at

45‘3§§‘b§§1 g%f%r thé?t(l%‘één%odund'l% Ses|yed 17 hACELALE| 28 kg, 97.7%
ylglmoro 3- (4 et hoxybenzyl ) phenyl ) -6- (et hyl t hi o) tetrahy
dro-2H pyran-3,4,5-triyl triacetate (88 g, 60%over 4

steps) as a pale, yeIIow solid. 1H NI\/R CDA 3) d 7.

(d, J610g Brepara of llinej Anhvdr S S6R|)4)2 -(4-chloro-3-
. sx Ny el 0 i shvd mn345trlol
5.20 (t, JForrﬁ26Hz IH) 505(t J:96Hz | H),

4.51 (d, J = 96HZIH) 4.38 (d, J—96Hzlh),
4. 04UNdar sREhtly positife (nstrogghlpresfurd, th a(X), L sddytor 2.a02hdrged MEK (2-

buigrlop il ) 4 25 R 5 82 4-chidro 5. Ga-ERoxy ey iphenyD-6-

(n(e%%»lé’h%)éeﬁaﬁﬁr@@ﬁ fafl36hh eh@ F%n§141 ()1 49 Kg). MEK (3 45 L) was added as
et Hoxybenzyl) pheny -6-fret hyl t hi o) t et rahvdr o- 2H pyran
a rise4 The mpikipre was heated to 80°C and heptane (14.9 L, 10X) was slowly added in 1.5

hours. Solids started to crash out and the mixture was charged heptane (14.9 L, 10X) in 6 h.
The mixture was stirred at 80°C for 15 hours. The mixture was cooled to 20°C in 3 hours
and stirred at 20°C for 1 hour. The solids were filtered and the cake was washed with
MEK/heptane (2.5:7.5, v/v, 1.49 L, 1X x2), dried under nitrogen for 12 hours and under
vacuum at 50°C for 24 hours to afford the title compound as a white solid (m.p. =~ 134 °C by
DSC peak; 1.48 Kg, 98% recovery).

6.11. Alternative Preparation of Crystalline Anhvydrous (2S.3R.4R,5S,6R)-2-
(4-chloro-3-(4-ethoxvbenzvlphenvyl)-6-(methvlthio)tetrahvdro-2H-
pvran-3.4.5-triol Form 2

To a 250 L reactor was charged the triacetate (10 kg) and methanol (75 kg). Sodium

methoxide (1.6 kg, 30% solution) was added with 5 kg methanol rinse. The mixture was
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triacetate To a 50 L reactor under nitrogen

at nosphere, 40 L MeOH was charged, followed with the
wheaoneto(®. 50 kg, 5.78 nol) and Ced 3- 7H20 ( 2. RGI/K§2008/070250

1.0 equiv). Methanol (7 5 L) was added as rinse

(tatally 47.5 9X) eshly prepared. sol ution
stiggeraRreemy t@mpsraguregs?o LA S %qurﬁ oL Shsreaqiiatary qoptete. Charcoal
(Do GV@SI g Aeds Q&Wth(ﬁ?‘% fﬂeﬂl)ané'itrnijs@ 2Rfsmikife %Vaé(héﬂ't@d at 40°C for

was then stirred for C anal ysis of
1 h.emotaddo ronnx tamreranewedl ﬁilmmbbhm@haeyt@ (Cht@ake was washed with

3ty it 8 CE et 0k D s e e 08 Sqgentded under
vae QA MTRE @b(“f%%ﬁd Vi 50 f(@ woeke a@dédﬁn@%h‘é)&ets Rvaf@§it. The organic
(10 L, 4X) an BE (12.5L, 5X). The m xture was

13WOY3édV3tSbe¢LWOE“@m (BOQ&quél@Dncm@afadl daderyaeium g MEI%HOO kg) was
d%fsd 1 m Xt Il §o ngent was dls\?tlle gn Walgmcf oﬂﬁls W[I]glg ad81t10n and
m S ar a .

ers were e organic

dibtéaeibn V)@S rd@&ﬂé&@o &Mytthe FRRigD LEnoZ%h ME'KQV&QﬂbédT@q)roduce a solution
ueous | ayer was extracted with MIBE (12.5 L,

of'(%% 3Rethbp el -8r(dehicso3aerthoubere yhlas et W(mﬁthwmﬁ ctrahydro-2H-
o5l S0P MRS ML B8 SR PRI AR Pl 1) s

adﬂgdi hnaboot 4OCL Hoé¥)2 seads (Eﬂ)nlykg)o/{/érd adcxsli fdllewwdby slewosdddion of

ollshflltratlon The ca s washe i.th
heﬁw .(rg 10 Lhs i Cote awﬂap@fgfﬂm% hmpferaége%oled to 20°C over
attléa§P§ h&drs %l& & tﬁ@ t&nﬁ&%feoﬂ’or aﬁ@&’st a hB{n% Hft@r@&‘ r86 w2lhed with

| % aqueous SO4 solution (61. 98% concent r at ed
MEK‘H@ptm@d The lQa s dvacs] A 30 und'dwamm tor affond shertebet @anpound as a

0 80. far our,s. and then cooled to 200C. The
angea%ﬂ(?ﬁggﬁ'ﬁﬁsg%%é’ﬁ%a)ed with a solution of saturated

aqueous K2CO (5 L, 2X) and diluted with MBE (15 L,

6X) . éhe. osaRthess bARSI3RVAR, SSARY 2{£dhlore 38k théivibenzyl)phenyl)-6-

brine (5 LFm&?&lsﬁHﬁn@%@ﬁ%ﬂ&&ﬁﬁ?ﬁ FﬂQﬁBEM%Q-QHHW to S L
(2X). Me was a an € m xture was

oQncentrat s EtO

«SMe 1. UHP, phthalic anhydride
2. NaOMe/MeOH

6Ac

To a mixture of urea hydrogen peroxide (UHP, 92.34¢g, 6.0 equiv) and phthalic
anhydride (72.70g, 3.0 equiv) was added MeCN (720 mL) and MeOH (180 mL). The
mixture was stirred at 20°C until all solids were dissolved. Then a solution of
(2S,3S,4R,5S,6R)-2-(4-chloro-3-(4-cthoxybenzyl)phenyl)-6-(methylthio)tetrahydro-2H-
pyran-3,4,5-triyl triacetate (90.00g, 0.163 mol) in MeCN (540 mL, 6X) was added and the
mixture was stirred at 20°C for 7 hours. The mixture was diluted with EtOAc (900 mL, 10X)
and washed with saturated aq NaHCO; (900 mL, 450 mL) and H,O (450 mL). The organic
layer was then concentrated under vacuum to give a white solid (~95g). To the above white
solid was added MeOH (900 mL) and then NaOMe in MeOH (25 wt%, 18 mL, 0.2X) and the
mixture was stirred at 20°C for 3h until all the solids disappeared. The mixture was

concentrated to 300 mL and slowly added to H,O (1350 mL) with stirring. The stirring was

27



10

L (3X). The above MeCN sol ution of
(3S, 4R, 5R, 6S) - 6- (4- chl or 0- 3- (4-

werwonysenzyl ) phenyl ) t et r ahydr o- 2H pyr an- 2, 3, 4PGFUS1008070250
| was cooled to 100C, added wi th di net hyl am nopyri di ne

17.53 2.5 9., foll d I ddi ti of
CO%E@%qdcfog%ﬁyarr o S@gd g Lﬁ,lt%%@ngéfaﬁs Saidg “'taﬁlgle%{]\ﬁ@hl HaP {0 mL, x2)
anldrded v der @c@ggmsﬁt SRrfiBRtto bfird GEREGARN YL B0 gté .E@, 96%). 'H

m xture was t bel ow 200C. The reaction was t
NMER (EHICLPS 200 Qd afrd 8sit iz, r1éd), 7.00 (dh, 2y r7.idddl + 8t&eldz iH)h6.78 (d, J
MIBE (15 L X). The m xture was_sl ow uenched w th
- Wi o5, 558 (i) G et rager) i Wep et e 9.6 12
' { QF d Uueau , gﬁpﬁ -

1%2{1?%2% @’aﬁg)’ E?lgtr@ %gg’L,' 2 ﬁ%gg bern%ﬁi h%é\io ’ganl’c'37 «J
7.2 &geBHpvas t hen concentrated under vacuumto 5 L (2X).

MeCN (12.5 L, 5X) was added and the sol ution was
concentrated to 7.5 L (3X) (KF = 0.08% . Dioxane (12.5

L, 5X) was added and the solution was concentrated to

7.50 L (3X) (KF = 0.02% . Any residual solid was

r emofk gubljcagioprolei g patants angtiatemt aprdicetiense aikes! abasc wresheatporated
hwiittﬂ3 mfnlirerlrlal inatgnunltl .ro{i di oxane (500 nmL). To the above

FHPOY AN T S R Bur ea (880 g, 2.0 equiv) and

TMSOTf (1.57 L, 1.5 equiv). The reaction m xture was

heated to 800C for 3 hours (>97% conversion). The

m xture was cooled to 200C and net hyl iodide (541 ni,

1.5 equiv) and diethylisopropylamne (3.02 L, 3.0

equi v) were added and the m xture was stirred at 200C

for 18 hours. An extra nethyl iodide charge (90 ni,

0. 25 equiv) was added and the mi xture was stirred at

200C for 1 hours. The m xture was then diluted wth

MIBE (25 L, 10X) and washed with water (12.5 L, 5X

x2). The organic | ayer was separated and concentrated

under vacuumto ~5 L (2X). MeOH (12.5 L, 5X) was added

and the m xture was concentrated to
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5X to afford a slurry. The m xture was then heated at
600C for 1 hour and cooled to 00C and stirred at 00C
WO 200901490ur . The mi xture was filtered and t he PERES288070250
washed with MeOH (00C, 2.5 L, IXx2, 1.0 L, 0.4X). The
cake was dried under vacuum at 45C overnight to afford
the desired triacetate (1.4 kg 47% over 4 steps) as
a pale yellow of f-white solj HATMSs. Synt hesi s of
gS, 3R 4R, 5S, 6R) - 2- (4- chl or o- 3- (4- et hoxybenzyl ) phenyl ) -
What i dRiAYd {shi o) t et rahydr o- 2H pyran-3,4,5-triol To a

slurry of
(2S, 3S, 4R, 5S, 6R) - 2- (4- chl or o- 3- (4- et hoxybenzyl ) phenyl)
"6 Y-met Mycotsro)al of papmpEpeLdfpyRenl3, 4, 5-triyl
triacetate (90 4ol ) Me CH (900 m., 10X)
was added NaC]Vb W@Z % 118 nL, 0.2X) at 200C
and the mixture vvas dt heyrs until
all solids disappeared. The n'j/xture was| t hen
concentrated to 300 ml, adéfih to and stirred
for 1 hour. The solid was filter&d and wddhed with H O
(100 nL, x3) and the cake was dried wwer vacuum at
45C overnight to afford the desired nethyl thi ol ate

S (67.0g, 95%. 1H NVR (CDCI3) d7.38 (d, J = 8.4 Hz,

anld@phaZrngc%uﬁgg}_byza&ethblel dr]nn%damd] = 8. 8 HZ 421H)15 ?d83\]( d,

I_I?D 62 gZSO wgtgl'oi c?agrn ]g]wh%wu%%?é,p%grr&atfel(lf%caﬂ§%§§ep§¥%%ammo acid

is (tphedytalafing, Htheﬁﬁlgl chheQor IRagp@inat i on of Crystalline
Anhydrous (2S, 3R, 4R, 5S, 6R) - 2- (4-chl or o- 3-

fa-eg hOXY&W]Ydd)cﬁ‘}ﬁébﬁ'rﬂ%ﬁ compblivd dhioentgtrr ahydr o- 2H- py

ran-3,4,5-triol Form| Under slightly positive
ni trogen pressutRym O L ¢e

(12 L) and the triac tat/ (Y'Q

Met hanol (5L) was ad as a ra se
t hen added NaOwve in MeOH (8%)WM %
m nutes at 200C and the m xtureHQ

10 (:)H
|

<R1>m®Y_.\
\ I// Z1—R3

(RZ)n

tor was charged MeCOH
ol) .

S 1urR?*°‘y was

L, 0.2X) in 15

P,O

OP,

1
15  with a base under conditions sufficient to provide the compound of formula I, wherein:
Y is O, S, NRy4, or C(R4)z;
Z,18 O, S, SO, or SO,;
cach P, is independently a hydroxyl protecting group stable under acidic conditions;
cach R, is independently hydrogen, halogen, cyano, OR;4, SR, or optionally
20  substituted alkyl;
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was stirred at 200C for 2 hours until all solids
di sappeared. To the m xture was added sl owly water
W@ 2898514970 15X) in 45 minutes with 5 g seedi ng POBCS2008/070250
123C). Solids crashed out and the m xture was stirred
at 200C for .1 hour, cooled to 00C and stirred for 30
i NP8 R T iroze Peptival admi e %llﬁylwa@@fl;
( 1.chchR,lss déﬁ%d@rﬁ Hhydfodeftigl h§ORNASR , v ¢ BPfInall
at 45C over ni ght togéegbr t he iiﬁ@'cbnp%ﬁndzfn1pﬁ el
sub@BuCablyl;DSC peak; 1.28 Kg, 97.7%yield). 6.10.

E)rZ gp%%ﬁ | °%éﬁ@@%%eﬁqﬁﬁ'_h'gh{‘o%p@fo‘gé_{&{o%%ﬁy substituted alkyl or aryl;
f4- qm%gﬁ&mzwl shBRME 2kt hRBLRYbERICPIEet r ahydr o- 2H- py
ran-3,4,5-triol Form 2 Under slightly positive

ni t rasgle Ra py iadenendentltydiydragnor pptaertady swessitwehalgrldorvER:

(2- buﬁggon , 4 L) and

(2S,3R 4R 8BS, 6R) - 2- (4- chl or 0- 3- (4- et hoxybenzyl ) pheny! )
- 6- nethyl thi o)tetrahydro-2H pyran-3,4,5-triol Form1l
( 1.49 Kg). MEK (3.45 L) was added as a rinse. The

m xtyre wAg hedbedr t9in890¢hasd hapt@ns. (14.9 L, 10X)
was slowy added in 1.5 hours. Solids started to crash

out and t rﬁlét’ﬁBél’BPcM@%P@ﬁér&ﬁ%gt?E%%(g%r$6b§: 9 L, 10X

in 6 h. The mxture was stirre 15 hours.

The m xt o) Cdn r ti.r

o P BRE 8P S0,RO06 T, IR ST A .
alepkgl waaryMggiled wi th MEK/ heptane (2.5:7.5, v/v, 1.49

L, X x2), dried under nitrogen for 12 hours and under

vacuum atTiROQEhH@ bf A4inh O UK Berkid Fafid &re%l,tmz&ﬁ; J)rg)ivalo L.
conmpound as a white solid (mp. ~ 134 0C by DSC peak;

1. 48 Kg, DR LECOYLENIm 3 Bydein lieORGL] Ve Preparation
of Crystalline Anhydrous (2S, 3R 4R, 5S, 6R) - 2-

f4- cyl or ﬁ;pt}?/é;{alﬁt}ﬁ& BPAYRE B2 h PRGN Y iR Bstifi@ (HGLF alkyl.

ahydro- 2
10. The method of claim 3, wherein R, is halogen.
11. The method of claim 3, wherein Rj is lower alkyl (e.g., methyl or ethyl).
12. The method of claim 3, wherein Ry is hydrogen.
13. The method of claim 3, wherein m is 1.

14, The method of claim 3, whereinnis 1.

15. The method of claim 3, wherein Y is CHy, Z, is S or SO,, R; is ethoxy, R; is
chloro, and R3 is methyl.

16. The method of claim 15, wherein the compound of formula I is of the formula:

EtO Cl
H
‘ O O Zi—

HO B OH
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3,4,5-triol Form2 To a 250 L reactor was charged the

triacetate (10 kg) and nethanol (75 kg). Sodi um
woreaohoxdode (1.6 kg, 30% sol ution) was added w P¢IT/BSH0g8/070250

met hanol rinse. The m xture wasstirred at room

tenperature for east 2 hours or until _the reacti

was Uonp|7élteénetéa§%%lanm%wheéanc¥l§(ﬁ Hy 24 69 S @ 30adbid ot oxy. Ry is

h phanol rinse. This mxture was heated at

Ch%r%(?@ofgg ty ‘cooled to roomtenperature, and filtered

thro

kg). V ter é(]%g%l {Hfd\%gé??a ed an% ﬁqrﬁﬂoﬁnlﬁgi(?ﬁ?%ﬁl\?l\ga!ll{sjo?theformula

concentrat ed unda®. vael BE (200 kg) and water (50

kg) were added and i i Rpli t. The organic

| ayer was washed w ) P and, centrated

under vacuum MEK (10 and t he sane

about of solvent was distilled ugaer ¥»gcuum This MEK
addition and distillation was F'Qpeated ! dry the

sol uti on. Enough MEK was added to posduce a sol ution

of (2S, 3R, 4R, 5S, 6R) - 2- (4- chl or o- 3- (4- et hoxybenzyl ) pheny

1) - 61 et Thd mbthod betlnahg owkerdinple Bave iSalldoXidé, hiydtoxide, Bdtbonate, or
L MEK. This solution was polish filtered and heptane
amigo L) was added at about 800C. Form 2 seeds (0.1 kg)

were added foll owed by slow addition of heptane (100

L) a¥f)- soothe miethed afclums 3 cuherpinikeicqrapouddief feypailall is prepared by

at least 3 hours, held at

Oxg(fggggaC%R{é)‘rgg?%&ei%ggrglag!&?'east 2 hours, filtered, and
washed vvlth MEK/ hept ane. The cake was dried at 500C

under vacuum t o(Rffo eg_le\corrpound as a white

solid (6.6 kg, 86%y . 6.2 _JQynidesi 5@,

S, 3R 4R, 5S, 6R) - 2- (4- chl or o- 3- (/4< et hoxybgnzyl ) phenyl ) -6

- frethyl sul fonyl)tetrahydfReH pyr 4,5-triol To a

m xture of urea hydrogen per oxi 8" ( URP, 1349, 6.0

equi v) and phthalic anhydride (72. 7Og3p3 0 equiv) was

added MeCN (720 nL) and MeCH (180 ni). "The

II(a)
wherein Z; is S or SO.
21. The method of claim 20, wherein the oxidation is achieved using a peroxy
compound.
22. The method of claim 21, wherein the peroxy compound is m-

chlorophenylperacid, peracetic acid, oxone, or a mixture of hydrogen peroxide or hydrogen
peroxide complex (e.g., urea hydrogen peroxide) and acid anhydride (e.g., phthalic
anhydride).

23. The method of claim 3, which further comprises crystallizing the compound of
formula L.

24. The method of claim 23, wherein the crystallization forms a co-crystal.

25. The method of claim 24, wherein the co-crystal is with an amino acid (e.g., L-

phenylalanine, L-phenylglycine, L-arginine).
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m xture was stirred at 200C until all solids were
di ssol ved. Then a sol ution of

W@ 28988194R, 5S, 6R) - 2- (4- chl or 0- 3- ( 4- et hoxybenzyPQPhs299$/970250
-6- (et hyl thi o)tetrahydro-2Hpyran- 3,4,5-triyl
triacetate (90.0CQg, 0.163 nol) i CN (540 L, 6X)
was Hdded @dhadR! HeBarine e %&3%@?%&%@%@@ for 7
hours. The thH{‘? —qi | utedw th Et OAc (900 niL,
10X) and washed Wit
m.) and H20 (450 nl) j
concentrated under vacuum EFg%‘
(~95g). To the above white id weas _added MeCOH (900
nm.) and then NaOwve in MeOH (25 9% 18 mOP0, 2X) and
the m xture was stirred at 200C for 3pPuntil all the
sol i ds di sappeared. The m xture was concentrated to
300 nL and slowy added to HIEP) 1350 ni) with

CirL A S The
ordor IR PRSP R LB il oS
(90 rnL, x2) andrsj-ed—ander v m at 45C over ni ght
to afford the desire \sul hfe—ﬁi—?l Ag, 96% . 1H NWMR
(CDA3) d 7.35 (d, J 74 Hz, N 2H) ,
7.081 (d, J = 8.8 Hz, 2H), @QZ% (d, 8.8 Hz, 2H),

Hp

4.58 (br s, IH), 4.51 (br s, N op) = 9.6 Hz,
IH, 4.24 (d, J = 9.6 Hz, IH), 4.10-3.200 (m 4H), 3.74
(m IH), 3.54 (m IH), 3.36 (br s, 1HPP12.81 (s, 3H),
1.37 (t, J = 7.2 Hz, 3H). AIIH@ blications (e.qg.,
patents and patent application ;J cited above are
witln e oopps@idast thefoemnlady; X edder emakitions suffedignt to provide the compound of
entireties. CLAIMS What is clained is: 1. A co-crystal
fogpulg IKEpBisEeinof formula | : | and a pharmaceutical |y

ceootieBmAn St dpTiestucrugpsl.of ot

Y is O, S, NRy4, or C(R4)z;

cach P, is independently a hydroxyl protecting group stable under acidic conditions;

cach R; is independently hydrogen, halogen, cyano, OR4, SR4, or optionally
substituted alkyl;

cach R; is independently hydrogen, halogen, cyano, OR4, SR4, or optionally
substituted alkyl;

R3 is optionally substituted alkyl, aryl or heterocycle;

cach Ry is independently hydrogen or optionally substituted alkyl;

nis 1-2; and

mis 1-2.

27. The method of claim 26, wherein X is bromine.
28. The method of claim 26, wherein X is iodine.

29. The method of claim 26, wherein X is sulfoxy.

30. The method of claim 26, wherein Y is C(Ry),.
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IS L-phenyl al ani ne, L-phenylglycine, or L-arginine. 3.

A nmet hod of preparing a conpound of formula I : | or a
W@ 2000/014920 eof V\,hi ch conprises contacting a coP@DUsH0&670250

fornmula I1: with a base under conditions

suff|C|ent to vide, t onmpound of fornul a |
wherdin: Ms rget%)(? af cl Rm%e o¥hergirFoss 8@)35 swigsreig Rsdgplky), aryl,

al 1Q§% 1ﬁk ji's independently a hydroxyl protecting
roup s bIe under acidic conditions; each R is

o 051 onh %%‘e@é@B?&?’*%Mf?ﬁ%Sﬁ’Pé YRR L, oFpiveloyt.
i nd end ti.o substituted al kyl
or a e@bdﬁ £¥$§P8' gén hy'P § en, hal ogen,
cya or o i onal | substJt ed. a
> each i'\Rr & it %gﬁe@m Vhfgﬁa?la ISP @Bﬁ%ﬂ&sﬁlﬁed lower alkyl.
substituted al kyl or ar g i's optlonally
subst3: t ut B metkgdl of glpin @rwlrf‘é@lérRaé%a @2Cheach R4 is
i nde endently hydrogen or optionally substituted al kyl
or ha metho@ of elpign A.ivsheteig Rads lowee alket (vl methyl, ethyl).
clain13 wherein Y is C(R4)2. 5. The nethod of claim
3, vider eiThleheuhed 8f clsO 26, vBRein R4 iThwlrogdnhod of cl ai m
3, wherein Pi is C(OR5, wherein R5 is alkyl, aryl,
38. The method of claim 26, wherein m is 1.

10 39. The method of claim 26, whereinnis 1.

40. The method of claim 26, wherein Y is CH,, Z; is S or SO, R; is ethoxy, R, is
chloro, and R3 is methyl.

41]. The method of claim 26, wherein Y is CHy, Z; is S or SO, R; is ethoxy, R, is
chloro, and R3 is ethyl.

15 42. The method of claim 26, wherein the compound of formula II(b) is of the
formula:
EtO Cl
H
O T o
AcO Y OAc
OAc
43. The method of claim 26, wherein the compound of formula II(c) is prepared

by contacting a compound of formula 1I(d):

(Ri)m \/\:>7
k/ o _OP,

(RZ)n
OP,

Olllll

20 P4

11(d)
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al kylaryl, or arylalkyl. 7. The nethod of claim 6,

wherein Pi is acetyl, benzoyl, or pivaloyl. 8. The
woreiokotood claim 3, wherein R is OR A 9. TheP@EUk®AS/070250

of claim8, wherein RAis optionally substituted

] ower al kyl . ., The nmethod. of claim3, wherein R2 is
withy p bswis aqdﬁnd%tﬁ@%@éwéar enditions pytdicicpp e dggiecgmpound of
1bhgmgqugykyl (e.g. , methyl or ethyl). 12. The method

of claim3, wherein R4 is hydrogen. 13. The net hod of

cl ai44. 3, TWwemethod of ¢lgind 43, wherdih ¢hare¢viis dcidfis trinadthylSilyl

$@ereiqln i? 1. 15. The nmethod of claim3, wherein Y
triflyoygmpsthapesylfongien, s R is ethoxy, R2 is chloro,

and R3 is nethyl. 16. The nmethod of . claim 15, wherein

t he ‘Conpobimeftistd afgyeriraee cogperng pleforppimi@)17. The

met hod of cIaimg2 wheeein Y i , ZI is S or SO,
R is ethoxy, R2 |1§"Y
met hod of claim 17, wRerdin tHe

l is ethyl. 18. The
coxpoind _&fP,f or nul a |

is of the forrmula: 19. The &$t od of di m 3, wherein
the base is al koxide, hydro ZBe, cgrhonate, or am ne.
20. The method of claim 3, mheré?ﬁ)th@ coﬁ%ﬁund of
formula Il is prepared by oxidizing aafgnmpound of
formula Il(a): Il1(a) wherein Z2 is S or SO 21. The
met hod of claim20, wherein ttH8)oxi dation is achieved
usi ng a peroxy

or a salt thereof, which comprises contacting a compound of formula II(e):

(R1)m@
Y
O OH

(R2)n
HO” Y~ YOH

Olln
I

I1(e)

with a salt of P; X" under conditions sufficient for the formation of the compound of formula
11(d), wherein:

X" 1s chlorine, bromine, iodine, alkylcarboxy, alkanesulfoxy, or alkoxysulfoxy;

Y is O, S, NRy, or C(Ry)y;

cach P, is independently a hydroxyl protecting group stable under acidic conditions;

cach R; is independently hydrogen, halogen, cyano, OR4, SR4, or optionally
substituted alkyl;

cach R, is independently hydrogen, halogen, cyano, OR4, SR4, or optionally
substituted alkyl;

cach Ry is independently hydrogen or optionally substituted alkyl;

nis 1-2; and

mis 1-2.
46. The method of claim 45, wherein Y is C(R4),.

47. The method of claim 45, wherein Py is C(O)Rs, wherein Rs is alkyl, aryl,
alkylaryl, or arylalkyl.

34



compound. 22. The nethod of claim21, wherein the
per oxy conpound is nthl orophenyl peraci d, peracetic
W@eiod/o149%dne, or a m xture of hydrogen peroxi deCDES2008/070250

hydr ogen peroxi de conplex (e.g. , urea hydrogen
per oxj de) _and aci d_anhydride (e.g. , phthali i
anhytl i deyhe rzgtﬁodrﬁéglﬁlé@ hodvhsreip IPgF%%,Yl’vh?PWif%rﬁlY?é?yl-
conprises crystallizing the compound of formula I
24. ‘he nEtaipethed ot¢lainyd 23vhegpia el ¥ chlpgine or acetoxy.
crystallization forms a co-crystal. 25. The nethod of
cl ai 0. 24, Thwheetbpdh of dleine 65,0vyeseialR1iisORit.h an ami no aci d
(e.g., Lphenyl al ani ne, L-phenyl gl ycine,
L- argi. ni nBje @éthodofrahino 80,0f hgpeie Rak isgpt@nalbmpdutigtcflower alkyl.
formula Il (b): Il1(b) or a salt thereof, which

5 conpsd. sesTionER6d bN@aian ¢ PRk Rofis haogan. a 11 (c):
ii(c) wwth a conmpound of the formula R3X under
condk i onphSHbthb@ bEAhint 85 AU Ehd B foRiB 8¥ RffmRfa 11(d) is of the
formula 11 (b), wherein: X is bromne, iodine,

foanklanesul f oxy, or al koxysulfoxy; Yis O S, NR4, or

C(R-2; each Pi is independently a hydroxyl protecting
group stabl e undertOagjgic Wonditjons; each R is
i ndependent |y hydr ogg OR4, SR, or
optionally substitutes QArdependent | y

hydr ogen, hal ogen, cyano, \ 6r optional |y
AcO T OAc
OAc
54. The method of claim 45, wherein the compound of formula I1(e) is prepared
10 by contacting a compound of formula ITI(a):
My

<R1>m@
Y

(R2)n OPZ

11I(a)
with an acid under conditions sufficient to provide the compound of formula II(e), wherein
cach P, is independently C(O)Rs, or both Pys are taken together to provide C(Re),, wherein
15  each Rg is independently alkyl, aryl, alkylaryl, or arylalkyl.

55. The method of claim 54, wherein the compound of formula ITI(a) is of the

formula:
OH
:H
Ri)m
e %
(RZ)n O
56. The method of claim 54, wherein the acid is acetic acid, hydrochloric acid,

20  sulfuric acid, phosphoric acid, methanesulfonic acid, or toluenesulfonic acid.
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substituted alkyl; Ris optionally substituted al kyl,
aryl or heterocycle; each R4 is independently hydrogen
wW@ero0op1490nal | y substituted alkyl; n is 1-2; anBCTUB208/070250
1-2. 27. The nmethod of claim26, wherein X is brom ne.
28. The net hod of ajm 26, wherein X is iqQdine 29
The et hothspethpd Pﬁ?l%n SSshcariA the ompoypgd 8?( &m@bﬂ IT(g) is prepared
Yis C(R4)2.31. The met hod
b}f(}f%H{I:kﬁ{g %Eoz%b@dmdk?e(%g?rﬁmg?i?gm C(ORs, wherein R5is
al kyl, aryl, alkylaryl, or arylal k)ﬂ 32. The net hod
of claim 31, wherein Dl i or
pi val oyl . 33. TH®) o\ 0 i
ORI A. 34. The net ho [
optional l'y substituted A Kyl HO35. Mhe met hod of
claim 26, wherein R2 is haffe§jen. 36. TheCRet hod of
claim 26, wherein R3 is | owe | kyl (e.g., nethyl,
ethyl). 37. The nethod of cliﬁl )26, wherein R i's
hydrsﬁ%en 38. The npet hod_ of cl a|m26 wherein mi
Eharethed ob s awm bevheigiathg Goripauad of f%@ulﬁﬂyb) is of the
foﬁﬁﬁﬂa"d of claim26, wherein Yis CH2, Zi is S or SQ2,
I's ethoxy, R2 is chloro, and R3 is nethyl. 41. The
rrethod of claim 26, wherein Y is |,_|Z| is S or SO,
Ri is ethoxy, R2 is

<R1>m@
Y

(RZ)n

59.  The method of claim 57, wherein the reduction is achieved using cerium
chloride and sodium borohydride, a borane complex, enzymatic reduction, hydrogenation, or

10 transfer hydrogenation.

60.  The method of claim 57, wherein the compound of formula ITI(b) is prepared

by contacting a compound of formula IV:

(R2)q

Xl

v

15  with a compound of formula V:

under conditions sufficient to provide the compound of formula ITI(b), wherein: X' is
bromine or iodine; and X" is a leaving group (e.g., amino, alkoxyamino, hydroxy, halogen,

20  alkoxy, phenoxy, carboxy, sulfoxy).
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10

15

chloro, and R3 is ethyl. 42. The nethod of claim 26,
wherein the conpound of fornmula Il (b) is of the
wo o0a014270 43. The net hod of cl aim 26, wherei n PEBUS2008/070250
compound of forrmula Il(c) is prepared by contacting a
compound of formula Il(d):wth a Lew s acid_and i
t hi dUrea Ih?d@?thtg@ﬁg?lﬁ%ﬁ@ P drernditionp peicigat orpgovide the
co Ry Bﬁfo?lfnufaqlﬂmb @or_h%ﬁs@the a4 ofgqﬁftgiﬁfigg O Qénsﬁle?élzmtf&?%vgent.

ereln the Lews acid 1s trinethy

2 colipouniananas BT ART Faynefey i AR NPRe Bhord PRAL R or

lithiwapr i ses contacting a conpound of formula Il (e):
I[1(e) with a salt of Pi X" under conditions sufficient
for d¢he foHIELONoOEIainh 681 6RNERSIHMiEE @dnshRfalng abbhtdy a magnesium
wherein: X" is chlorine, bromne, iodine, ) i )
reggaay (dear Blxdymagerismewlide.ahglkylonagnekivsy Sthiymijalkyt magnesium halide)
L 1-0r : C i . X\
orsa’n 0 é}ltohﬁﬂurgrg%gnt (t%%b’r}l'ﬁh}ﬂl dlztpiugg S%g&gg&% n‘rfl, t-h%wl %%km)

pr ot Ing group s 'e"u i’'ons;” eac

" orPpt1 DT goLabariy HE et arit i STy BF fumiiry Rt ane

formglgpendent | y hydrogen, hal ogen, cyano, OR4, SR4, or
optionally substituted al kyl; each R4 is independently

hyd ti [ 1 bstituted.al ky :
yarogen or optiona Yy SL: \| e K y(l',
Ri— |

Cl

65.  The method of claim 64, wherein the compound of formula IV is of the

formula:
oxr
EtO Cl
66.  The method of claim 60, wherein X" is amino (e.g., morpholino).

67.  The method of claim 66, wherein the compound of formula V is of the

formula:

0]

,

A o
o Q‘O
O\) HO\“C S \
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nis 1-2; and mis 1-2. 46. The nethod of clai m 45,

wherein Y is C(R4)2. 47. The nethod of claim 45,
wab@pe1497®Pi is C(O Rs, wherein R5 is al kyl, arpeT/US2008/070250

aIkyIaryI or arylal kyl.48. The nmet hod of cl ai m 45,

et gy orA st e o) R b 2o
dlﬁl%ﬂk%fahy%%fur tﬁflhﬁgl&{ﬂ-g@gﬁb@aﬁ% RleflaRoiR:

51.° The in RITA |s
optionally substituted | owgy aIkyI 52. The net hod of
claim45, wherein Ris haI 53 The nmet hod of

cl ai m 45, wherein the ggmula 11(d) is of
the forrmula: 54. The th d of clsai wherein the
conpound of formula Ildfe) rep 2%<§y contacting a
compound of formula I I(a) II(a Wi th an acid under

di t ffi t h d f
wEgR MBS B tecties ékeﬁa?[’%%%ym S Iy dgofirol2.3-
d][l Ofdidx8tds @%%@iﬁlct a%lﬁﬁ&}lth ‘Pfgﬁfaﬁtﬁfnehﬁdeﬁr déﬁ&il@%ngﬁﬁélgnt to provide

wherein each R1s independently al

((ﬁﬂéﬂ 6B PhS)- @ﬁlydmoyydwesﬂrnetlﬁatetrmrq@m[w difl &)dixingl-54,
hﬁin tg%ﬂﬁ ngound of formula Ill(a) is of the
ROSEM MR8 et hod of claim 54, wherein the acid
is acetic acid, hydrochloric acid, sulfuric acid,
phosphori c acid, methanesul fonic acid, or

t ol uenesul fonic acid.57. The nmethod of claim 54,
wherein the conmpound of formula Ill(a) is prepared
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by reducing a conpound of fornmula Il1l1(b): 58. The
nmet hod of claim57, wherein the conpound of formnula

WO 2dofr)4976s of the forrmula: 59. The nmethod of cPEI/BSEU§/070250
wherein the reduction is achieved using cerium

hi ofj de and sodi um bor ohyd |
cnzyfth | cl %G 9%1 Eﬁ‘cla%é% Sl s %%%?%é%’é@r%xy 22-

diﬁ%ﬁ%ﬂgﬁﬂﬁzﬁk d;fﬁhﬂdigﬁ&ﬂ%@ﬂc&ﬁo 11%'a€id~rlz pre rbxid?gng

und “of IS prepared
(3eD.0P ORRTh SPH5- (ﬁl@dnmuylaeﬂhyl) 2 X/dmletthylsetnabyqloﬁm{zdf d]‘[ hB}dyd»a)l 6-ol under

coffis UGS g e R S GBI A -GP e GFRa ofurol2.3-

5 d]Elr,‘ dksxoless@aﬂbsmc%lcgr oup (e.g., anmino, alkoxyanino,
roxy, hal ogen, al koxy, phenoxy, carboxy,

su faxy) - file mgtPSd BELBR 6@fw19érélg aS WRYREES tsf@ydroxymethyl) 2,2-
conditi ons su Iclent to provi t he COI’TpOUﬂ
difrethyltk@ahiyidtdfno[ 2 8+ddlli Heiokblet-obB pmépaaediait @lchtinpd.-G)-xylose in the

PR AeCifa BN B HE ST o7 4 RS B S ER AT S
(h?@roxﬂﬂ@th?ﬁImanﬁef,thﬁte@ﬂaﬁir(ﬁéfuré!‘['?ef &J[n31dkol-6-0l.

ransnet al'ating agent is a nmagnesium reagent (e.g. ,

10  alky J/Wf‘%ﬂ% s%Mohﬁ)%ug@bP{h%XJ)rn{{ﬁQnes' um lithium

trial nesi um or an organolithiumreagent
(e.qg., n-butyl Ii um sec-butyl lithium t-butyl
lithium. 64. Thétﬁethoq of claim60, wherein the

conmpound of formul a V. e fornul a:

OAc

72. The compound of claim 71, which is of the formula:

N

O Cl
/""’LC)J:S
AcO Y OA

C:)Ac

C

73.  The compound of claim 72, which has an X-ray powder diffraction pattern
15  with peaks at one or more of about 7.7, 11.9, 12.4, 16.9, 19.5, 19.9, 21.9, 23.2, 24.1, and/or
27.7 degrees 26.

74. The compound of claim 72, which has a melting point of about 156°C.
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65. The nethod of claim64, wherein the conpound of

formula IVis of the formula: 66. The nmethod of claim
wWEeNMherei n X' is amno (e.g., norpholino). GACT/Uk08/070250

met hod of claim 66, wherein the conpound of fornula V

is of the fornula; 68 A neihod of preparing

((3a8:5R, %SO@B%‘)‘H‘%O Hb%l femplay 2 di net hyl t et r ahydr of ur o

[2,3 -d] [1,3]dioxel -5yl )d&uworphol i no) met hanone :

whi ch conprises cont3

(3aS, 5R, 6S, 6aS) - 6- hyd ,

,3- d][I, 3]dioxole-5-¢c ' wY'h nor phol i ne

under conditions sufficient to pro

((3aS, 5R, 6S, 6aS) - 6- hydr oxy- 2, 2-AtGret hyl t é@Acahydr of ur of

2,3-d][I,3]dioxol-5- yl)(norpholino)rgthanone .69. The

met hod of claim 68, wherein
or(a3al IR @S, 6aS) - 6- hydr oxy- 2, 2-

di met hyl t et rahydrofuro[ 2, 3-d][|, 3] di oxol e-5-carboxylic

aci d/6.s pFlepangsuby obxlauh Z5,nghich is of the formula:

(3aS, 5S, 6R, 6aS) - 5t hydrOXéﬂethyl)-Z,Z-dinethyltetrahyd
rofuro[ 2, 3-d][I, $¢| ' e der conditions
sufficient to prOV|d
(3aS, 5R, 6S, 6aS) - 6- hyd™exy t3hhydr of ur of 2

,3- d][I, 3] dioxol e-5- carboxyllc acild. 70. The nethod
of cIa|n169 wherein the AcO OAc

(3aS, 5S, 6R, 6aS) - 5- (hydr oxynet hyl ) - 2,
dlnethyltetrahydrofuro[Z 3-d][I, 3]d|o -6-0l is

prep xyl ose in the presence of
acet &8?1Eﬁﬁéﬁqﬁ%hg&%%¥f|0|ent to provide

(3aS, 58 6R, 6aS) - 5gto
(hydroxynet hyl ) - 2, 2- mhxgrofuro[Z 3-d] [, 3]
dioxol-6-0l. 7 1. A onpqynd(mm;the
formula: 72. The conpound 0 [ ich is of the
formula: 73. The conpound of clai m{2, i ch has an
X-ray powder diffraction pattericO OAc

or a salt thereof.

78. The compound of claim 77, which is of the formula:

EtO Cl
H
iiln lilm @) OAc

AcO Y OAc

79. A compound of the formula:

OH
H
I Cl HO

or a salt thereof.
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wi th peaks at one or nore of about 7.7, 11.9, 12.4,

16.9, 19.5, 19.9, 21.9, 23.2, 24.1, and/or 27.7
waelegpeew7®Q 74. The conpound of claim 72, whiR¢I/H82908070250

mel ting point of about 156C. 75. A compound of the

formul a or a salt thereof, 76. The c ound of claim

75, Skhi chllescompoupd of glaim, /% whish 1SM&%@‘?§5@H@ of the

formula: or a salt thereof. 78. Thg conpound of claim

77, which is of the fornula: 79. A ddnpound of the

formula: or a salt t 5
: Eﬂt’ of the
82 &~ of claim
a. 83. e Cco d of claim

79, which is of the

fornmula: or a s

81, which is ofa’%‘ﬁe form(ﬁl

82, which is crystalline. 84. The conpound of cl aim

83, 8thi chA kaspamdofithy fpetter diffraction pattern with

peaks at one or nore of about 7.6, 13.2, 17.0, 17.4,

18.6, 19.5, 20.5, 20.8 and/or 23.2 degrees 2Q 85. The

conpound of claim 83, whis 2 @l to_ ng poi nt of

about 113C. 86. A cg .o Or a salt

t hereof. 87. The cq mh%%%Lis of the
’ is

mpound 0 ai m
82. The compound of claim 81, which is of the formula:

formul a: 88. The B@npound ©@f clai n'ﬂ@?
crystalline.
or a salt thereof.

Cl HO' O)T

83.  The compound of claim 82, which is crystalline.

EtO

84.  The compound of claim 83, which has an X-ray powder diffraction pattern
with peaks at one or more of about 7.6, 13.2, 17.0, 17.4, 18.6, 19.5, 20.5, 20.8 and/or 23.2
degrees 26.

85.  The compound of claim 83, which has a melting point of about 113°C.

86. A compound of the formula:

O
(\ N 9
O\) HO O)<
or a salt thereof.

87. The compound of claim 86, which is of the formula:

)\,,
SPos®
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89. The conpound of claim 88, which has an X-ray

powder diffraction pattern with peaks at one or nore
w@Rooabowro 9. 0, 16.9, 17.6, 18.2, 18.4, 18.8 anedDUSDBS/70250

degrees 2Q 90. The conpound of cl aim 88, which has a

mel ting poi nt of abouyt 13 A conpound of the

for mifl-a: E?CO@H?%‘EBE%l% ’t"ﬁleld?@rcﬂﬁ m@S A corrpound

of the forrmula: wherein Mis Na, K, Li, , X

chor§%he, Brinmnouad of glainn &S, valrgh baS@Péray QOW dlfﬁr@étlon pattern

W&]?B?B%g g?or?e or%&'tje Out\gﬁ)e g I9n 1 ’MB iR, %/2 8f49 3s. S'AQnS%ErEQ "’/W&%grees 20.

I h or rr}JI a: hA cor‘rpouhg of tI V\/n

97. 96 o
orysit J e B8 couound ARSI Pl et pmteh%ﬁé% .
5 or ot absarraind Stihe BbE 7 00" 25 andl or 27,0

degrees 2Q 99. The conpound of claim 97, which has a

mel ti ng point of about 65Cm, O
Rk st

HO O
92. A compound of the formula:
0
M., 0
HO (__Z*O
HO' O)Y
93. A compound of the formula:

EtO Cl

10
wherein M is Na, K, Li, or Mg, X' is chorine, bromine or iodine, and p is 0 - 2.
94.  The compound of claim 93, wherein M is Mg.
95. A compound of the formula:
MgCl
15 96. A compound of the formula:

EtO I C

97.  The compound of claim 96, which is crystalline.

or a salt thereof.
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98.  The compound of claim 97, which has an X-ray powder diffraction pattern

with peaks at one or more of about 5.1, 13.5, 15.2, 20.3, 22.2 and/or 27.0 degrees 26.

99.  The compound of claim 97, which has a melting point of about 65°C.
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