WO 2009/014970PCT/US2008/070250 METHODS AND COMPOUNDS USEFUL FOR THE
PREPARATION OF SODIUM GLUCOSE CO-TRANSPORTER 2 INHIBITORS This application
claims priority to U.S. provisional application no. 60/952,122, filed July 26, 2008, the entirety of which
is mcorporaggg 9&@;}@ %reference 5 1,FIELD OF THE INVENTION This invention relates to
methods of preparing inhibitors of sodium glucose co-transporter:. 2,BACKERBUIE T He%odium
glucose co-transponer 2 (SGLT?2) is a transporter that reabsorbs glucose 10from the renal filtrate and
prevents the lgss_of glucose_in the urine. Because competltlve |h|b|tors of SGLTZ cause the renal
excretion of gm ?%ﬁ SO ETRS HERFE RidTORoBH S OSEA
diseases such as diabetes. Hangdlomod, @@p@ﬁ{,@@@@'ﬁ’ﬂ@gﬁf ey
search for new drugs that may be used to treat diabetes, a number of SGLT2 15|nh|b|tors have been
disclosed. See, e.g+ PIgy atent 0,.6.515, 117 U.S, patent application publication
nos. US 2006/003584}5115,l SOk f?é% 4 S ISRS! FR chARRud s prhent4ada
treatment fonJWp"eﬁzzﬁ%éte%ﬁmmusﬁ@eeb eagnp&pmmmiskd:r@n et adfer aa@aallflozm (BMS-512148), a
Selective Inhibitor of the Sodium-Glucose Uptake Transporter 2 (SGLT2), Reduces Fasting Serum
GlucoseSandiGlucoseHExewysignn Type R-Pighetes Mellitus Patients Over 14 Days" American
Diabetes Assn. 67th Scientific Sessions, Abstract 0188-OR (2007). 3.SUMMARY This disclosure
encompasses mettidds iof préparigcedairinfibiors hitl ihlinewell asiaampaundsyseful therein.
One embodlgldel%&ftépe disclosure encompasses a method of preparing compounds of formula I

2. BACKGROUND

The sodium glucose co-transporter 2 (SGLT2) is a transporter that reabsorbs glucose
10 from the renal filtrate and prevents the loss of glucose in the urine. Because competitive
inhibitors of SGLT2 cause the renal excretion of glucose, they may be used to normalize high
biood glucose levels associated with diseases such as diabetes. Handlon, A.L., Expert Onin,
Ther. Patents 15(11):1531-1540 (2605).
in the search for new drugs that may be used to treat diabetes. a number of SGLT?2
15 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 & treatment for Type 2 diabetes mellitus. See, e.g.,
Komoroski, B., er al., “Dapagliflozin (BMS-5 12148), a Selective Inhibitor of the Sodium-
Glucose Uptake Transporter 2 (SGLT2), Reduces Fasting Serum Glucose and Glucose
20 Excursion in Type 2 Diabetes Mellitus Patients Over 14 Days” American Diabetes Agsn. 67%
Scientific Sessions, Abstract 0188-0OR (2007,

3. SUMMARY

This disclosure encompasses methods of preparing certain inhibitors of SGLT?2,

as well as compounds useful therein.

)
L

One embodiment of the disclosure encompasses a method of preparing

compounds of formula I



the substitutes of which are defined herein, and salts thereof, which comprises contacting a compound
of formula II: (Ri)rn? OH with a base under suitable conditions. In one aspect, there is provided a
method of preparing a compound of formula I or a salt thereof, which comprises contacting a
compound of formula H: Il with a (g conditiohSsufficient to provide the compound of formula
1, wherein: Y is 0, S, Nit', or C(R4)2; ZINjs 045, éU‘;a\‘c} 2; sach-Plis independently a hydroxyl
protecting group stable under acidic conditions; eac 1 igyinde endenty hydrogen, halogen, cyano,
ORIA, SRIA, or optionally substituted alkyl; eadf®*®R4A is ingependently hydrogen or optionally
substituted alkyl or aryl, each R2 is independently I"i"')/arogeg, haB*éen, cyano, OR2A, SR2A, or
optionally substituted alkyl; each R2A is independently hydrogeh or optionally substituted alkyl or aryl;
R3 is optionally substituted alkyl, aryl or heterocycle;gach R.4 is independently hydrogen or optionally
substituted alkyl or aryl; nis 1-3; and mis 1-3; = wherein "alkyl" means a straight chain, branched
and/or cycliE{ePEBaEkyPS Wb st sHTISEAVIRL oAt 112 0hearBbBEh O BHE Shchites Satirated
hydrocarbogs s wellk-aseatkenyliand alkynyl moieties;
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with a base under suitable conditions.

In one aspect, there is provided a method of preparing a compound of formula I

mom\{—}ym,__\
\_/ y/ O Z1—Rs
}
HO

{(Ran
OH

OH
I

or a salt thereof, which comprises contacting a compound of formula IE:
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\ / Il\// O Z1_R3
P,O

(R2)n
OP,

5.
it

with a base under conditions sufficient to provide the compound of formula ¥, wherein:

Y 18 O, S, NRy, or C(R4)a;

7118 O, 8, 50, or SO»;

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

each R; is independently hydrogen, halogen, cyano, OR 4, SR, or optionally
substituted alkyl;



"aryl" means an aromatic ring or an aromatic or partially aromatic ring system composed of carbon and
hydrogen atoms; "heterocycle” means an aromatic, partially aromatic or non-aromatic, monocyclic
or polycyclic ring or ring system comprised of carbon, hydrogen and at least one heteroatom;

"alkenyl” means a straighi Rhais ispeiieg gﬁgﬁggbg}jQ)p)gggmgp&gglﬁiﬁggrgl%g&pa@lf:arbon

atoms and including at least one carbon-carbon double bond; and "alkynyl" means a’straight chain,
branched or cyclic K{8Poaib A RESAHG S RYSe200. MiieERPa M) PRz incHidinPap Emabhie
carbon-carbenbiipladiomdsy1in one aspect, there is provided a method of preparing a compound of
formula 11(b): (Ri)rn 11(b) or a salt thereof, which comprises contacting a compound of formula 11(e):

(R)m  y" SH (R2JABiBR B iEsPandsa ednipnena 6f antirswibiiaReitritialkzbatrions sufficient to
prpvide the compoungipt)mm@y]s%@g)img@@@13%_@%9%{@0@@;@?. alkanesulfoxy, or alkoxysulfoxy;
Yis 0,5, NR4, or each R4 is independently hydrogen or optionally substituted alkyl or aryl;
nis 1-3; and
mis 1-3;
wherein “alkyl” means a straight chain, branched and/or cyclic (“cycloalkyl™
hydrocarbon having from 1 to 20 carbon atoms and includes saturated hydrocarbons as well
as alkeny! and alkyny] moieties;
“ary]” means an aromatic ring or an aromatic or partially aromatic ring system
composed of carbon and hydrogen atoms;
“heterocycle” means an aromatic, partially aromatic or non-aromatic, monocyclic or
polycyclic ring or ring system comprised of carbon, hydrogen and at Jeast one heteroatom;
“alkenyl” means a straight chain, branched and/or cyclic hydrocarbon having from 2
to 20 carbon atoms and including at least one cﬁrbon—carbon double bond; and
“alkynyl” means a straight chain, branched or cyclic hydrocarbon having from 2 to 20

carbon atoms, and including at least one carbon-carbon triple bond.
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each P1 is independently a hydroxyl protecting group stable under acidic conditions; each 121 is
independently hydrogen, halogen, cyano, 0124, SR4, or optionally substituted alkyl; each R2is
independently hydrogen, halogen, cyano, 0124, S124, or optionally substituted alkyl; R3 is optionally
substituted alkyl, apyl,ae hgteroeysie:eachiRdiis mﬁg@eﬁﬁm&mgaommm%wy?ﬁ%&uted alkyl;
nis 1-2; and mis 1-2: wherein "alkyl" means a straight chain, branched and/or cyclic ("cycloalkyl")
hydrocarbon having from 1 to 20 cdrb oms\and inglu saturated hydrocarbons as well as
alkenyl and alkynyl moieties; "aryl" megns 4n aroratic sing ORan aéon]%tic or partially aromatic ring
system composed of carbon and hydrogen atoms; /hieterotycle™ymeans an aromatic, partially
aromatic or non-aromatic, monocyclic or polycycliéﬁiﬁrﬁg or rin steim comprised of carbon, hydrogen
and at least one heteroatom; "alkenyl" means a straigH? chain, brédfthed and/or cyclic
hydrocarbon having from 2 to 20 carbon atoms and including at l@&gt one carbon-carbon double bond,;
and "alkynyl" means a straight chain, branched og lic hydrocarbon having from 2 to 20 carbon
atoms; and including at least one carbon-carbon tripl d. In one aspect, here is provided a method
of preparingaa ecatipibarm Hifbrchulardiidys ORitacRIR@RH@Pbund of formula Ii{e):

(R1)m\€>‘\{_i_\
\ U// O. _SH
(RZ)n
P07 > “op,

oP,

i{c)

with a compound of the formula Ry X under conditions sufficient to provide the compound of
formula Il{b), wherein:

X is bromine, iodine, alkanesulfoxy, or alkoxysulfoxy;

Y 15 O, S, NRy, or C{Ry)a;

each P) is independently a hydroxyl protecting group stable under acidic conditions:

each R, is independently hydrogen, halogen, cyano, OR4, SRy, or optionally
substituted alkyl;

each R; is independently hydrogen, halogen, cyano, ORy, SRy, or optionally
substituted alkyl;

Rj is optionally substituted alkyl, aryl or heterocycle; _

each Ry 1s independently hydrogen or optionally substituted alkyl;

nis 1-2; and

mis I-2:

wherein “alkyl” means a straight chain, branched and/or cyclic (“cycloalkyl™)
hydrocarbon having from 1 to 20 carbon atoms and includes saturated hydrocarbons as well
as alkenyl and alkynyl moieties;

“aryl” means an aromatic ring or an aromatic or partially aromatic ring system
composed of carbon and hydrogen atoms;

“heterocycle” means an aromatic, partially aromatic or non-aromatic, monocyelic or

polycyclic ring or ring system comprised of carbon, hydrogen and at least one heteroaton;

b



11(d) or a salt thereof, which comprises contacting a compound of formula 11(e): OH 11(e) with a
salt of PIX™ under conditions sufficient for the formation of the compound of formula 11(d), wherein: X"
is chlorine, bromine, iodine, alkylcarboxy, alkanesulfoxy, or alkoxysulfoxy; Y is 0, S. NR4, or each PI
is independently a hytiengy!" prejestinergighi:iakle HdeE sidiceeadiionsaeRsbRL isindensadently
hydrogen, halogen, cyano, 0124, SR4, qr optionally substituted alkyl; each R2 is independently
hydrogen, hilogef gﬁ?rﬁi{aﬁ{dé%ilgfgﬁﬁtﬂﬂdﬁ?ﬁ} Shs SRR sk ederbRRArNH d@dendently
hydrogen or optionafijkstastifiad @'Kﬁﬁigﬂﬁé&rﬁh@ﬂ%ﬂ&ﬂ%cﬂ&?cycliwlﬁﬁﬁ&éﬁ!g}{lhﬁ@ﬁ@ﬁ&§§m
chain, branches and/or cyclic_ ("cycloalkyl") hydrocarbon having from [ to 20 carbon atoms and
includes sattifated ﬁ?@?&%&é%@%@ ke iRanGPAPRPAIRYPRA fstilsie@ad.  “alkenyl” means a
straight chain, branched and/or cyclic hydrocarbon having from 2 to 20 carbon atoms and including at
least one carbon-EafB6ABERIbIEHoIfRraNEed 2 ragkyes o imesmsincstredghiceiiding Bramdadd(dr:cyclic
hydrocarbon having from 2 to 20 c?!_:gbon at i ing at least one carbon-carbon triple bond
Also encompassed by the disclosu & Brevari

inhibitors, including compounds of formula

Bid)

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

(R1)m®
Y
Q OH

(Ra)n
HO Y OH
OH
HI
with a salt of P, X" under conditions sufficient for the formation of the compound of formula

Ei(d}, wherein:

X" is chlorine, bromine, iodine, alkylcarboxy, alkanesulfoxy, or alkoxysulfoxy;

Y is O, S, NRy, or C(Ry)z:

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

each R; is independently hydrogen, halogen, cyano, ORy, SRy, or optionally
substituted alkyl;

each R; is independently hydrogen, halogen, cyano, OR4, SRy, or optionally
substituted alkyl;

each Ry is independently hydrogen or optionally substituted alkyl;

nis 1-2; and

mis 1-2;

wherein “alkyl” means a straight chain, branched and/or cyclic (“cycloalky]™)
hydrocarbon having from 1 to 20 carbon atoms and includes saturated hydrocarbons as well

as alkenyl and aikynyl moieties;
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In one aspect, there is provided a crystalline compound of the formula: In one aspect, there is
provided a compound of the formula: EtOCI 40 AcOOAc OAc or a salt thereof In one aspect, there is
provided a compound of the formula: or a salt thereof In one aspect there is provided a compound of

the formula: or a saltteerEahdmenesasieatcibiad AR 88 RS PRRURSHAI B IQMWRe from 2
to 20 carbon atoms and including at least one carbon-carbon double bond; and
“alkynyl” means a straight chain, branched or cyclic hydrocarbon having from 2 o 20

carbon atoms, and including at least one carbon-carbon triple bond.

Also encompassed by the disclosure are various intermediates useful in the

preparation of SGLT2 inhibitors, including compounds of formula 1.

In one aspect, there is provided a crystalfine compound of the formula:

ﬁ

AcO - OAc
OAc

In one aspect, there is provided a compound of the formula:

EtO Cl

or a salt thereof.

in one aspect, there is provided a compound of the formula:

EtO Ci

or a salt thereof.
In one aspect, there is provided a compound of the formula:
OH
H
O

(T 1T s

2d

EtO

or a salt thereof.



or a salt thereof. In one aspect, here is provided a compound of the formula: O or a salt thereof In one
aspect, there is provided a compound of the formula: M(Xiip wherein M is Na, K, Li. or Mg. Xis
chorine, bromine or iodine, and p is 1 or 2. In one aspect there is provided a compound of the formula:
MgCI CIEtO In ondragpeatptierhis:providéded comppownd of tihe formuila: | EtO- Cl or a salt thereof

In one aspect, there is provided a method of preparing ((3a,5R.65,6aS)-6- hydroxy-2,2-d

or a salt thereof.

In one aspect, there is provided a compound of the formula:

)
O
(\N Q
O\) HO Ok
or a salt thereof,

In one aspect, there is provided a compound of the formula:

Eio Cl

wherein M is Na, K, Li, or Mg, X' is chorine, bromine or iodine, and pis1or?2.

In one aspect, there is provided a compound of the formula:

IS A
Fto Ci

In one aspect, there is provided a compound of the formula:

o
EtO Cl

or a salt thereof,
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which comprises contacting (3aS,5R.6S,6aS)-6-hydroxy-2,2-dimethyhetrahydrofuro[2,3- dip
,31dioxole-5-carboxylic acid with morpholine under conditions sufficient to provide
((3aS,5R,6S,6aS)-6-hydroxy-2,2-dimethyltetrahydrofuro[2.3-d][1,3]diox01-5-
yl)(morpholino)methanone. 4.BRIEF DESCRIPTION OF THE FIGURES Certain aspects of the
invention may be understood with reference to the attached fimites Figure 1 is a X-ray diffraction
panelii of a crystalline solid loin' of (2S,3S,4R.5S,6R)- 2-(4-chloro-3-(4-ethoxybenzyl)phenyl
)-6-(rnethylthio )tetrahy dro-2 H-pyran-3 A ,5-triy1 triacetate. The spectrum was obtained using a
Rigak-u MiniFlexidiftacioppeteri@@y ({.bA068:A) aadiatiod) of prepiguee dishR-fytdiffréetion pattern

of a crystalline solid form of (4-chloro-344- etho zvDphenyN((3aS.5R,65.6aS -nGe-,b
hony 2 PR s SRR RBARNRD | ined

using a Rigalai MiniFlex diffractometer (Cu (1:54060.A) radiation). Figure 3 is a X-ray diffraction
pattern of a crystalline solid folin of ((3aS.5R,6S,6a$)-
6-hydroxy-2,2-dimethylterrahydrofuro[2,3=d]j{;3]dioxo )(morpholino)methanone. The spectrum
was obtained using a Rivaku MiniFlex #giffragtomet: u (1,54060 A) radiation). WO
2009/014970PCDUS2008/070250 qzigaﬁe 4ds a X-raly diffraction pattern of a crystalline solid form
of 1-chloro-2-(4- ethoxybenzyl)-4-iodobenzene. The spectrum was obtained using a Rigaku MiniFlex
diffractometeiciCwinE4060 Ay rHtiatien) s B. DGR HEDDRSCRIPdIronh Biuresmpslnhds that inhibit

ine SodiUfHé%i%é%% 8?6%%88%%%&%%@?%%&6%GHXeP'ié&%%%@&a&%@d&i&tﬂ@w%@@@ application
nos. 60/848,156, filed Septembér 29, 2006, and 60/905,714, filed March 8, 2007. This invention is

based, in Pags Sk the. eASeEvBRIIEE hew THatRBIE &f preaig thoskldotiietrlds. Particular methods of
the invent@w&l@wh@{ﬂ@}%mgnds' large-scale manufacture. 105.1,Definitions Unless otherwise
indicated, the ter.means a straight chain, branched and/or cyclic hydrocarbon having from 2 to 20
(e.g., 2to 10 or 2 to 6) carbon atoms, and including at least one carbon-carbon double bond.
Representative alkai poieteR ivgiuoe iy eyl JEGURAY, 2-butenyl, isobutylenyl, 1-pentenyl,
2-pentenyl, 3-methyl-l-butenyl,

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

figures.

Figure 1 is a X-ray diffraction pattern of a crystaliine solid form of (25,35.4R,55.6R -
2-(4~-chloro-3-{4-ethoxvbenzyljphenyl }-6-(rnethylthio jtetrahydro-2H-pyran-3.4.5-tr1yl
triacetate. The spectrum was obfained using a Rigaku MiniFlex diffractomezer (Cu (1.54060
A) radiation).

Figure 2 is 2 X-ray diffraction pattern of a crystalline solid form of (4-chloro-3-(4-
ethoxybenzyl)phenyl}((3aS,5R,68,6aS)-6-hydroxy-1.2-dimethylterrahydrofuro[2.3-
d}{1,3]dioxol-3-yl)methanone. The spectrumm was obtained using a Rigaku MiniFlex
diffraciometer (Cu (1.54060. A) radiation).

Figure 3 is a X-ray diffraction patterm of a crystalline solid form of ((3a5.5R,65,6a8)-
6-hydroxy-2,2-dimethviterrabydrofuro[2,3-ad][ 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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152-methy1-2-butenyl, 2.3-dimethy1-2-butenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, 1-heptenyl, 2-
heptenyl, 3-hcptenyl, 1-octenyl, 2-octenyl, 3-octenyl, 1-nonenyt, 2-nonenyl, 3-nonenyl, 1- decenyl,
2-decenyl and 3-dceenyl. Unless otherwise indicated, the term "alkoxy" means an -0-alkyl group.

Examples of @ligeaps@ressgs include, but are not limited to, -0C1-11, -OCHZEH Q4L 2CHI, 20
0(CH2)3CH3, -0(CH2)4CHS3, and -0(CH2)5CHS. Unless otherwise indicated, the term "alkyl"

means a straight chain, branched and/or. cyclic ("cycloalkyl") hydrocarbon having from Ito 20 (e.g., 1 to

10 or Ito 4) carbon at&fHE AlkJITAEE LS HERARG H5R 2fth esiiBrsdid iuremed-thiagbider alkyl."
Examples of atkykgbeupdirclugedbutare Tiat Jiritaio.nebhyhathyk Prapyhisoprapyxn-butyl, t-butyl,

25isobutyl, pentyl, hexyl, isphexyl, t é 4 4-dimethylpentyl, octyl, 2.2,4-trimethylpentyl, nonyl, decyl,
undecyl and é%%%@ %%/%f&%&k@'%@f?e@ig 1fraf’%S"l/ﬁt()}g“)rnonocyclic or multicyclic, and examples include

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and adamantyl. Additional examples of alkyl moieties
have linear, b?anchéé%%?@@@%%%@%g., 1- ethy1-4-methyl-cyclohexyl). The term -alky!"
includes 4§9aturated h%d%%carbons as well as 30alkenyl and alkynyl moieties. WO
2009/014970PCT/USSHOSIBEERE: that @M‘éﬁééhﬁtf?é{\}eﬁ‘ LEliaredr tnteh ARGEAD ieralkyl-aryl”

means an alkycmoietidetuad. toanatybrooidtnal appliniess aiherwiss indicatedsthe-tese 29,

"alkylheteroaryl: or "alkyl; ryl" mean yl moiety bound to a heteroaryl moiety. Unless
otherwise indTégté&n%@{%ﬁgﬁﬁkﬁ%%ﬁc?&@)Z‘I)ri%"a%ﬁhe 8?88?/6%%%?%61%1’%"éﬂﬂﬁ%&df@@’%und to
a heterocycleoinaietycthodUfigsspatherise ndicated; tHtecntatahylls maansnastraighiiehdin,
branched or 9}{8'&%-R}égﬁ%@’f‘ilﬂge%\éi@%E[Md&&%.20 (e.g., 2 to 20 or 2 to 6) carbon atoms, and

including at least one carbon-carbon triple bond. Representative allynyl moieties include acctylenyl,
10propyﬂ}yl, 1-butynyl5 %-but%n%l, -pentynyl, 2-pentynyl, 3-methyl-1 -butynyl, 4-pentynyl,

siinitions

Vi o A

Unless otherwise indicated, the term “alkenyl” means a straight chain, branched
and/or cyclic hydrocarbon having from 2 to 20 (e.g., 2 to 10 or 2 to 6) carbon atoms, and
including at least one carbon-carbon double bond. Representative alkenyl moieties include
vinyl, allyl, 1-butenyl, 2-butenyl, isobutylenyl, l-pentenyl, 2-pentenyl, 3-methyi-1-butenyl,

15 2-methyl-2-butenyl, 2.3-dimethyl-2-butenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, i-heptenyl, 2-
heptienyl, 3-heptenyl, 1-octenyl, 2-octenyl, 3-octenyl, I-nonenyl, 2-nonenyl, 3-nonenyl, 1-
decenyl, Z-decenyl and 3-decenyl.

Unless otherwise indicated, the term “alkoxy” means an ~O-alkyl group. Exarmples
of alkoxy groups include, but are not limited to, -OCHa, -OCH,CHa, -O(CH,),CHs,

20 O{CHzCHs, -O(CH2)4CHs, and -G(CH;)sCH-.

Unless otherwise indicated, the term “alkyl” means a straight chain, branched and/or
cyclic (“cycloalkyl”™) hydrocarbon having from 1to 20 (e.g., 1 1o 10 or 1 to 4) carbon atoms.
Alkyt moieties having from 1 to 4 carbons are referred to as “lower alkyl” Examples of

allkeyl groups include, but are not limited to, methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl,

-
wh

isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl, 2,2,4-trimethyipentyl,
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-d-methyl-cyclohexyl). The term “alky!” includes saturated hydrocarbons as well as

30 alkenyl and alkynyl moieties.



1-hcxynyt, 2-hexynyi, 5-hexynyl, 1-heptynyl, 2-heptynyt, 6-heptynyl, | -octynyl, 2-octynyl, 7-octynyl,
1-nonynyl, 2-nonynyl, 8-nonynyl, 1-decynyl, 2-decynyl and 9-decynyl. Unless otherwise indicated,
the term’ aryl" means an aromatic ring or an aromatic or partially aromatic ring system composed of

carbon and hygyegep atems. An aryl moiety may comprise multiple rings bouigghdfkiseddpgether.
Examples of aryl moieties include, but are not limited to, anthracenyl, azulenyl, biphenyl, fluorenyl,

indan, indenyl, naphthyl, phenanthrenyl, phenyl, 1,2,3,4-tetrahydro-naphthalene, and tolyl. Unless
otherwise indicated,lff%ig “Hria C%%dam-ml"%mlaﬁyaﬁ}m%@’ﬂ/ BantEbedR Alkyl moiety.
20Unless othemwise indichied the! tesitsy.halogen” and "halo" encompass fluorine, chlorine, bromine,

o hrerched or D e e e R R et

linear, branched or cy%ﬁc? In ' which at'least one of its carbon atoms has
heteroatom (eligy! NoGor i8)25alegsrothdrwiseiindicated, the term "heteroaryl" means an aryl moiety

wherein at least one filts Garhon.iame.as heenrenlace .e@é&*aﬁlget&f il %%%%%e'b%l\lc’iﬁo’ Ocl;

Examples include, but are not limited to, acridinyl, benzimidazol enzofitr nzolisothiazolyl,
benzoisoxazdlyiasahaeefiinzsithy asizeaideaMicbenzoxazolyl, furyl, imidazolyl, indolyl, isothiazolyl,
isoxazolyl, oxadiazofyli@xagahiRhthalaziayheysazinl,3Qpyrazelyl Ryigaziny, pytigyl.pyrimidinyl,

pyrimidyt, pyrrolyl, guinazolinyl, quinolinyl, tetrazolyl, thiazolyl. and triazinyl. Unless otherwise
indicated, thecfé?‘{i'ﬁ BRI MY ol lRer SAR- SRy 12 MeHhe 2 FrefeGaryPiemty BEURETE AR alkyl
moiety. WO %EQJOW@R@TCIMWG?)685.0Repfﬁb&%@&&@&ﬁl@%ﬁ%&ﬂﬁi@aiﬁﬂ_uﬂé%,é@fﬁbnyi1 '
fing eyl cOHEL! S T eber G N G2t A heTBAr b o sf K locycle may
comprise multipkexyingl, i\ﬂif@f’@mm;)ﬁd)eptmggl,flllM@nﬁgElfitfhi@gﬁﬂhé{fhdﬂateyt;dyoteﬁniﬂcmd_etMroaryls.
e,y et M STl raes . HoC Loy, pyrroiin
tetrahydrofurany!, tetfaRS/pBsYars Inteeratly dre pyidingt | taneirydropyrimidginge tetahydrothiophenyl,
tetrahydrothiopyianykand.valgrlactamyloplass athenuisedpdicatadythe iRrm theigracyslealkyr or
"hetero%%de_g(!}l%}laléigzgfg’uslﬁplc rings bound or fused together. Examples of aryl moieties include, but are
not limited to, anthracenyl, azuienyl, biphenyt, fluorenyl, indan, indenyl, naphthyi,
phenanthrenyl, phenyl, 1,2,3 4-1etrahydro-naphthalene, and tolyi.
Unless otherwise indicated, the term “arylalkyl” or “aryl-alky!” means an aryl moiety
bound 1 an alkyl moiety.
20 Unless otherwise indicated, the terms “halogen” and “halo” encompass fluorine,
chionine, bromine, and iodine.
Unless otherwise mdicated, the term “heteroalkyl” refers to an alkyl moiety (e.g.,
lingar, branched or cyclic) in which at least one of its carbon atoms has been replaced with a
hetercatom (e.g., N, O or 8).
25 Unless otherwise indicated, the term “heteroaryl” means an aryl moiety wherein at
Jeast one of tts carbon atoms has been replaced with a heteroatom (e.g., N, O or S).
Examples include, but are not limited to, acridinyl, benzimidazolyl. benzofurany},
benzoisothiazolyl, benzoisoxazolyl, benzoquinazolinyl, benzothiazolyl, benzoxazolyl, furyl,
imidazolyl, indolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, phthalazinyl, pyrazinyl,
30 pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, pyrimidyl, pyrrolyl, quinazolinyl, quinolinyl,
tetrazolyl, thiazolyl, and triazinyl.
Unless otherwise indicated, the term “heteroarylalkyl” or “heteroaryl-allyl” means a

heteroaryl motety bound to an alkyl moiety.



10to a heterocycle moiety bound to an alkyl moiety. Unless otherwise indicated, the term
"heterocycloalkyl" refers to a non-aromatic heterocycle. Unless otherwise indicated, the term
"heterocycloalkylalkyl" or "heterocycloalkylalkyl" refers to a heterocycloalkyl moiety bound to an alkyl

moiety. 15Unjesswthgmwse indicated, the term "pharmaceutically acceptap&\ﬁ%%gg@;ﬁggﬁtp salts
prepared from pharmaceutically acceptable non-toxic acids or bases including inorganic acids and

bases and organic agids and bases Suitable pharmaceutically acceptable base addition salts include,
but are not Iirgited t?)[,S fEtaMieEHits M H@t?%ﬁ%eaﬁfﬁﬂinﬁﬁ‘?f%@fﬁﬁnﬁ: AR AR S UL dassium,
sodium and zhnemtinrgea:tﬁo.—aaitﬁmd@ﬁmw@ob}d}iéﬁzQdi@aﬁzwigﬁwleaﬁ}eﬁi%ﬁﬁ@@i @hlﬂf@@;ﬁp(ﬁline,
choline, diethanolamine, ethylenediamine, meglumi -methylglucamine) and procaine. Suitable
non-toxic acicﬁg ?ﬁ%ﬁ?&é‘ Ry &t?g:r% tn%]telall}ﬁfgg%?% d?g"an‘itg\lé)ﬁ%ebréa%%%%%@esﬁéﬁ %%15’5&&(}?3?5 fc,
anthranilic, béﬁ?eﬁé@Qtfmﬂtri,)bém?cﬁmiﬁdmbdnm@m&mﬁcpcﬂm@mthemwdmnﬁcheﬁmgmqmaric,_ furoic,
galacturonic, &Eanif. JHAHERNE: AN ARG YGORIRIIG IVAMs ol (RN Ast
25maleic, malic, mandelic, methanesulfonic, mucic, nitric, pamoic, pantothenic, phenylacet ¢
phosphoric, prEpRIHEL duleyiic hEfeskn guamBonlfaatirs2syifartaritariestweiay Amibptotuehesulfonic
acid. SpeCifiCﬁﬂ:@x@ﬁ@iﬂ@r@%@%&@@i@hﬁi@lhﬁé@@%ﬁ%&a@@E@Q&Q?@iﬁ;ﬁ?&ﬁ@h@ﬂ&hﬁﬂ%&iﬁ‘?d ]
methanesulfonic acids. Examples of specific salts thus include hydrochloride and mesylate salts.
Others are Wécfffﬁﬁ%%ﬁpw{ﬁg%ﬂ’%@@%ﬂ%@?ﬂﬁ?@%@?@ﬁ@ﬁ&%@éﬁtm GEneesmdth ed. (Mack
Publishing, Easton RAl1080)kandRemingtomTharStiense ane Rracicepffhammagy, ttred. (Mack

Publiship@, E%S}i% ﬁI(?;I%: 1%?%2&5\:4\/%021191 91{)0%1142%0 I%%%JSZOOS/WOZSO Unless otherwise

indicated, the term Stereoisomeric mixiure” enc mpas%’és racemic mixtures as well as stereomerically
enriched mixtures (&/gicR/8her8047 01 B&I68, 46/60m4H55,065:451160/4016513% and 4F0130)c Unless
otherwise indj{%@g&gygﬂg term "stercomerically pure” means a composltlon that 5comprises one
stercoisomer of a compound and is substantially free of other stercoisomers of that compound. For
example, a stereom@ﬂ%&ﬁ?@ﬁ’f@%@#ﬁé@ﬁﬂ@ﬁ@f tarEbrpsUId Hewikigadind” or “heterocycloalkyl-

alkyl™ refers to a heterocycloalky! moiety bound to an alkyl moiety.

15 Unless otherwise indicated, the term “pharmaceutically acceptable salts” refers to
saits prepared from pharmaceutically acceptable non-toxic acids or bases including inorganic
acids and bases and organic acids and bases. Suitable pharmaceutically acceptable base
addition salts include, but are not limited to, metallic salts made from aluminum, calcium,
lithium, magnesium, potassium, sodium and zinc or organic saits made from lysine, NN'-

20 dibenzylethylenediamine, chloroprocaine, choline, diethanolamine, ethylenediamine,
megiumine (N-methylglucamine) and procaine. Suitable non-toxic acids inchude, but are not
Limited to, imorganic and organic acids such as acetic, alginic, anthraniic, benzenesulfonic,
benzoic, camphorsulfonic, citric, ethenesulfonic, formic, fumaric, furoic, galacturonic,
gluconic, glucuronic, glutamic, glycolic, hydrobromic, hydrochloric, isethionic, lactic,

25 maleic, malic, mandelic, methanesulfonic, mucic, nitric, pamoic, pantothenic, phenylacetic,
phosphoric, propionic, salicylic, stearic, succinic, sulfanilic, sulfuric, tartaric acid, and p-
wluenesulfonic 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

30 Pharmaceutical Sciences, 18" ed. (Mack Publishing, Easton PA: 1990) and Remington: The
Science and Practice of Pharmacy, 1 otf e, (Mack Publishing, Easton PA: 1995).

e



stereoccnter will be substantially free of the opposite stereoisomer of the compound. A stereomerically
pure composition of a compound having two stercocenters will be substantially free of other
diastereomers of the compound. A typical stereomericatly pure 10compound comprises greater than

about 80% byywelghblefsone stereoisomer of the compound and less than apeyt.2Q%.by-¥eight of
other stereoisomers of the compound, greater than about 90% by weight of one sterecisomer of the
compound and Iess\)tvp n about 10% by weight of the other steregisomers of the compound, greater
than about 95% by é%ﬁ%% 18%%5}%8@6 B S TRe TonTR A AARESSS tREFARItIS 8955 Geight of
the other sterooisomess of!l 5theccompocait; eateaienthanraew W R-bywmight ef cnesstereeisomer

of the compog@gi rgé S ,a? t. 3% by weight of the other stereoisomers of the compound, or
greater than abou$ gfiébglg\?\faeg;ﬁﬂ 0 ’o;ftl) ' stereoisomer of the compound and less than about 1% by

weight of the other M@@W@@fnﬁ@e@m@mum Untessiotieilyiseriridicated, thentermissubstituted,”
when used to gscrine i chemieal A0SIELLER QLR 6I81s 0, ABTvalve of el stucture o

moiety wherein one or more of its hydrogen atoms is substitute a chemical moiety or functional

group such a&*BEPRBCKRTtetPis ambliof: drietyepcalkakys aaroyiorys Hicoryeansbhyinkenyl, alkyl
(e.g., methyl, gthsdearepyiithubbsaikumy salkylaarnyles (RG QR amids, (:G4Q) L\THalkyl- or
-alkyINHC(0)alkyl), amidinyl (-C(NH)NH-alkyl- or -C(N %NHZ), amine (primary, Zésecondary and
tertiary such 5?%@@%%,?&?&5%38%%%%%%% FEYINA RO A FTEREEESS, hrBamoy!
(-NHC(0)0-alkybsom:RO(Qybi--adkiyd), diasharylte ¢ e QMNpduas welkpe LNty GONHE-aryl, and
CONH-apylallcyl), carbonyl, carboxyl, carboxylic acid, carboxylic acid anhydride, carboxylic acid
chioride Dyare O e S AHh G R S T i,
-CF3, -C(CF3¥3) tretéroalkylit 30kehyiacatht, afmiticiprimaispand sécondanypusocyanatehan
isothiocyanat 2, ity e, 0X0,.R odieste 1quide sulfona Ldo e.g. NH2),
sulfone, sulfo%byﬁtr?gfdﬁép g?%}lgﬁ?o%%cé}%r%%ﬁ%gn%f@%é%%r]ﬁ%‘lll?)c}lg‘ﬁ g%%l@s%ﬁ‘o%%éé@@ (e.g.,
sulfhydryl, thib&tedrphig efsa {rRecone-alie Fomrouedos/eta g I POTIUS008/0 732501 Intess

otherwise indigateghonerlermelissdiag the Same.naaningasy ineluge, byt ars-Potlimited Lo, ,and the

term "in Iude%‘ﬁhas the s(gme meaning as "includes, but is not limited to." Similarly, the term "such as"

{ SARRYA HErter s e MUBhBEEhREApsierecisomer of the compound and

has the samé
less than about 3% by weight of the other stereoisomers of the compound, or greater than

about 99% by weight of one stercoisomer of the compound and less than about 1% by weight
of the other sterecisomers of the compound.
Unless otherwise indicated, the term “substituted,” when used to describe z chemical

20 structure or moiety, refers to a derivative of that structure or moiety wherein one or more of
its hydrogen atoms 1s substituted with a chemical moiety or functional group such as, but not
iimited to, alcohol, aldehyde, alkoxy, alkanoyloxy, alkoxycarbonyl, alkenyl, alkyl (e.g.,
methyl, ethyl, propyl, t-butyl), alkynyl, alkylcarbonyloxy (-OC(Q)alkyl), amide (-C(O)NH-
alkyi- or -alkyINHC(O)alkyl), amidinyl (-C(NH)NH-alkyl- or -C{NR)NH,), amine (primary,

25 secondary and tertiary such as alkylamino, arylamino, arylalkylamino), aroyl, aryl, aryioxy,
azo, carbamoyl (-NHC(O)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, -CFs, -C(CF2)s), heteroalkyl,

30 hemiacetal, imine (primary and secondary), isocyanate, isothiocyanate, ketone, nitrile, nitro,
ox0, phosphodiester, sulfide, sulfonamido (e.g., SO;NH,), sulfone, sulfonyl (inciuding
alicylsulfonyl, arylsulfonyl and arytaliylsulfonyl), sulfoxide, thiol (e.g., sulfhydryl, thiocther)
and urea (-NHCONH-alkyi-).



_Unless otherwise indicated, one or more adjectives immediately preceding a series of nouns is to be
construed as applying to each of the nouns For example, the phrase "optionally substituted alky, aryl,
or heteroaryl" has the same meaning as "optionally substituted alky, optionally substituted aryl, or

optionally sulsgtitusegldhgtaroaryl.” It should be noted that a chemical moiety that forms part of a Iqrger
compound may 10be described herein using a name commonly accorded it when it exists as a single

molecule or a namer[rc%% monly accarded its radical. For example, the terms "pyridine" and "pyridyl" are

accorded the same FOHEN SO QR alfhBitty BttdbR&Hs Beemesmingrfoldties.
Thus, the twozphrasésnTXOId, witetieinotis pitidds and HQhwhereinds pyriding g aggorded the
same meaning, and enc ss the compounds pyridin-2-ol, 15pyridin-3-01 and pyridin-4-M. It
should also bg fﬁ%%g Otha%?n %aer%tgl?'ggec erﬁ}”‘éq?yats)f){éa%tirhucc tire g?gg%%gftf‘(‘?ﬁg(%ftgr@trﬁf,‘ft}}ré&iéjﬁld}m
indicated withlifgtsgXartiple, bold or dashed lines, the structure or the portion of the structure is to be

interpreted as encomagssipa,all lPieAISOIRSts Ol b, MOIERYSL, any.slom hown 2 drawing with
unsatisfied valences is assumed to be atta_che to enough 2 %y&rogen atoms to saﬁ%?y € valences.
in addition, cHETHIEAF BobrIccaEHietett Wit one solighinbimrates idonexdashediineiencompass both

single and doukje iy aipmaiie) hepds, if yalenses-permit 5 2 Methoss, T his-ipveniigp encompasses

methods of preparing compounds of formula I: Y (R2)n HOOH 6H and salts and co-crystals thereof,
wherein: Y is B8R BIEIRRI Y 6UEHREd GRS on onte bl 1 brdehiriery Y drogen, halogen,
cyano, ORIA, SRik, hrsbptionaly sidastituteiemical moiety that forms part of a larger compound may
10 be described herein using a name commonly accorded it when it exists as a single molecule
or a name commonly accorded its radical. For example, the terms “pyridine” and “pyridyl”
are accorded the same meaning when used to describe a moiety attached to other chemical
moieties. Thus, the two phrases “XOH, wherein X is pyridyl” and “XOH, wherein X is
pyridine” are accorded the same meaning, and encompass the compounds pyridin-2-ol,
I35  pyridin-3-ol and pyridin-4-ol.
It should also be noted that if the stereochemistry of a structure or a portion of a
structure is not indicated with, for example, bold or dashed lines, the structure or the portion
of the structure is to be interpreted as encompassing all stereoisomers of it. Moreover, any
atorn shown in a drawing with unsaiisfied valences is assumed to be attached to enough
20 hydrogen atoms to satisfy the valences. In addition, chemical bonds depicted with one solid
line parallel to one dashed line encompass both single and double (e.g., aromatic) bonds, if

valences permit.

5.2, Methods

This invention encompasses methods of preparing compounds of formula ¥:

(Rq)mm@y_[m\
\ / Ik e O Z-}""Rg

HO : OH

[

LA
Cyun
I

and salts and co-crystals thereof, wherein: Y is O, S, NRy. or C(Ry)s; 71 is O, 8, SO, or $O5;

each R, is independently hydrogen, halogen, cyano, OR1a, SRya, or optionally substituted



WO 2009/014970PCTIUS2008/070250 alkyl; each RI A is independently hydrogen or optionally
substituted alkyl or aryl; each R2 is independently hydrogen, halogen, cyano, OR2A, SR2A, or
optionally substituted alkyl; each R2A is independently hydrogen or optionally substituted alkyl or aryl;
R3 is optionafhyysishstituteg alkyl, aryl or heterocycle; each R4 is independ%@gg%@ﬁgr optionally
substituted alkyl or aryl; n is 1-3; and m is 1-3 A particular approach is shown f)e oW In Sc emccja . oP,
OH Scheme 1 wherein each P1 is independently a hydroxyl protecting group stable under acidic
conditions. 1tV theEbBrodt HERGATHHN T %Pﬁ?ﬂﬁﬂl%?ﬂ?é‘?%’éﬁhﬁﬁ@@@@%\ﬂﬁ@ﬁlm%uﬁd of
formula Whiﬁtﬁé@éh&mﬂpm@aﬁ@wi{lﬂl@aﬁgdﬁ@m%m@gqmﬂq#ﬁﬂ@%ﬁ%mﬁkﬁtgdgmgapgﬁxidatlon
conditions are .known in the art, and include the use of peroxy compounds, such as
m-chIoropher‘?{g/ﬁ?)‘éL?'altl(]:fic'ip 5%%%%1} ’i%yagcr? COXOREY Wi‘(tﬁ'fgsgflﬁ POge E oxitd bRt ediplex (e.g.,
urea hydrogeruperoxide)! eyidaagidantydrideea:) phthatidashydride)y Sujtable basesibare also
known in $he att,aRAIRgluge.Alkoxidgs, hydieride, parbonates and amines.

A particular approach is shown below in Scheme 1

Scheme 1

wherein each Py is independently a hydroxy! protecting group stable under acidic conditions.
10 In this approach, a compound of formula Ii{a) is oxidized to provide a compound of formula

EE, 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-chiorophenylperacid, 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
15 are also known in the art, and include alkoxides, hydroxide, carbonates and amines.

Of course, potentially reactive moicties encompassed by the definitions of various
moieties (e.g., R;-Rs) provided herein may be protected using methods known in the art.
Moreaver, the final product may undergo further reactions known in the art to afford other
compounds encompassed by formuia I. The final product may also be crystallized. In one

20 method, the product is co-crystallized with an emino acid (e.g., L-phenylalanine, L-

phenyiglycine, L-argining).



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 formulal.
The final progiust,may @lse be crystallized. In one 20method, the product is,eq:crystallized with an
amino acid (e.g.. L-phenylalanine, L- phenylglycine, L-arginine). WO '
2009/014970PCT/US2008/070250 With regard to all of the generic structures and reactions disclosed
herein (e.g., in ScheMEs FZydimaliee bR Haretrce ssburméms Belveahberminfeareisuch that Y
is C(R4)2. In sthefseZIL3$ Sh&QHhER ] notharsmeash Phisingensndenti.c @Ran kerein each R5

is independently,alkyl, aryl. alkylaryl, or arylalkyl. Examples of P, include acetyl, 5 benzoyl and
pivaloyl. In otﬁé@hg%&%n%%g ﬁ)i’(’s %{?ﬁrﬁé ﬁd‘ﬁ%’%ﬁ%%&ﬁﬁ%@%ﬂﬁfgmQ%ﬁu‘f’é’&%@ver alkyl.
In others, R2 isdéna?fegemdiwameﬁﬁym loweslaikytye g.amethyl. o eiftplls|ofothersu R4isdydrogen.
In Othersﬁm I%&IZB}P&H%E%VQIJ(}?IIJ"II] othlf:rr] c?m oggpn%zol slrﬁe;?:;[ IS gl—é) Zl'ésfgror Soa RIS etﬂoxy’ R2
methy r s

is chloro, and R3 IS |. For example, in a particular me Rdﬁ, eRdf)r]nioourﬂ3 GtiormuiRTis of the

e;hgxyf, _F|<_2 ils qhleroiRpth &S I8, alykFRLeXABRlE.InALAtiGUALMEhod, the compound of formulal is
of the foilitula:
In one embodiment, Y is CHz, 2, is S or SOy, R, is ethoxy, R; is chloro, and R is

methyl. For exampie, in a particular method, the compound of formula I is of the formula:

EtO Z 'Cf = l
H
R S >¢’KCIZ1R3
|
HO™ > oH
10 Ok

In another embodiment, Y is CH,, Z; is S or SOy, Ry is ethoxy, R; is chloro, and R is ethvl,

Faor example, in a particular method, the compound of formula 1 is of the formula:

EtO Gl
i
HO : OH

OH
In a particular embodiment, the compound of formula 1i(a) is of formula Ii(b), which

{5  can be prepared as shown below in Scheme 2:



HO Y OH OH In a particular embodiment,the compound of ormula 11(a) is of foiliula 11(b), which
15can be prepared as shown below in Scheme 2: WO 2009/014970 OPi PCT/US2008/070250 R3X

RI Scheme 2 wherein X is bromine, iodine, allcanesulfoxy, or alkoxysuffoxy. Suitable reaction
conditions argykn@winindhe art. For example, basic conditions (e.g., the UW&%%.%%@ as
N,Ndiisopropyl ethylamine) can be used. In one method, the compound of formula 11(b) is of the

formula: E 0 s ClI
Ri)m—~L

RaX

Seheme 2
wherein X is bromine, iodine, alkanesulfoxy, or alkoxysulfoxy. Suitable reaction conditions

are known in the art. For example, basic conditions (e.g., the use of a base such as N,N-

Ln

ditsopropyl ethylamine) can be used. In one method, the compound of formula Fi(h} is of the

formula;

A specific compound of formula F(b) is (28,38,4R,58,0R )-2-(4-chloro-3-(4-

ethoxybenzyljphenyl)-6-(methylthio)tetrahydro-2H-pyran-3,4,5-triy] triacetate:

\j

G Cl

| i

-
\\ iy, O “.‘\S

Aco”"()\o;\c

10 éAc
A particular crystalline form of this compound has a melting point of about 156°C as
measured by differential scanning calorimetry (DSC) (onsct 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 26. As those skilied in the art are

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

i0



SR3 AGOOAc OAc A specific compound of formula 11(1)) is (2S,3S,4R,5S,6R)-2-(4-chloro-3-(4-
ethoxybenzyl)phenyl)-64methylthio)tetrahydro-2H-pyran-3,4,5-triyl triacetate. AcO'OAc 100Ac A
particular crystalline form of this compound has a melting point of about 156C as measured by
differential scganingcalprmetry (DSC) (onset temperature). The form proyigdes.a, X ayspowder
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, 24.13 and/or 27.7 degrees 20. As those skilled in the art are 15well aware, the relative intensities
of peaks in a TaY HiFACHBRHARHAM draseRRGIRRERSHT W05 61297 B EBLSHBB/GEI#50 can
vary dependingiah fiovxthe sapleRS preparad aimd hoptihe dasanis collected iWiththis in mind, an

example of a XRPD pattern of this crystalline form.is provided in Figyre 1. In general, compounds
of formula H(a) can {5&6?8‘5‘58%?’%’%? %gsaop%pq%rangh{ygg% i e%a?%ﬁ%%fb n]%eé:pa‘fﬁ éggﬁ%wﬁ %@Vein:
each P2 is indepemtenfly a hydroxyl protecting group stable under acidic conditions, or both P2s are

taken together to provide a single protecting group; Xis chlorine, bromine or iodine: and X" is a leaving
group (e.g., amin exyamino, hydroxyrhg 10al¥ﬁe§pﬁ%noxy, carboxy, sulfoxy). In particular

methods, each*P2 isiind ently CO)R5, N / Y“;?/ .
HO' o, Rzl
Y v
{(Rodm~L7
— \
1{b)
(Ri)m~T v =
\ L/ A o _oH
fRZ)n
HO® >y SoH
li{e) o
Rim—~L
\
e
<R¢>mx®y Yy
\_/ U// OTZQ_RS
H(d) (Ro
i ;*:>1o“”;\é/\"‘*op1
OP,
5 li(a)
Scheme 3

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

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

11



WO 2009/014970PCT/US2008/070250 or both P2s are taken together to provide C(R6)2, wherein
each R6 is independently alkyl, aryl, alkylaryl, or arylallcyl. In this approach, the compound of formula
lI(a) is obtained by contacting a compound of formula 11(d) with reagents and reaction conditions that
will depend o e naturg of Z2. For example, the compound of formula 114d).cap,be.contacted with a
Lewis acid (e.qg., ttimethylsilyl trifluoromethanesulfonate) and thiourea to obtain a compound wherein
Z2is S (e.g., of formula ll(e), shown above in Scheme 2). The compound of formula II(d) can be
contacted Witﬁrabﬂ%?é&%ﬁéah?ﬁéﬁgﬂhﬁﬁ%PYQEF&&%&HPB%‘”?@ Ra'esrApmdaniineteth 22%s o.
10Compoundslofitermutad-l{d) can be obtained by contacting a compound of formula li(e) with P1-X"
under suitable reactilorjti{:ondition%, \{%llherein X"'%s %Jlorinf:,rﬁromine, iodine, alkylcarboxy-,
alkanesulfoxy, or alkOxySUTFX)  Suitshie PEREHdR CSHEBAL BHE RREWIT P IHE XA Er example, the
reaction may bergatalyzéddoynelbEgd) suithaspyridinechntapacticitanethihodimentthecompound of

formula 1{d) i5.of thefermula: 15 and the salt of Pl is, for le, acyl chloride ar. acetic anhydride
Compounds ofaformulazilnk%%) a"c:a&n ?g?gp%r%%%?{%ﬁ%%%ﬁa%@gn%ﬁ&n((‘i‘)g\‘i%crﬁﬁ ghflg A with an

acid under coffditiors. dtffieieristo proligeotheortpbomdo ffeltiuteri(e) oBuitableagids:are known in
the art, and inglude ageticsaci, B%*ﬂl@rﬁ@%igwo%wf%&é‘%ds%%HQ%“J%%@&?{MH&%}%%H!EO”iC

acid, and toluenesulfonic acidc."Com ounds of formula 111(a) can be prepared by reducing a
compound of fofhia PRIEST STtaBIE e bripg toranivngd Hresimsidirirribians snfferdlade the use of
cerium chloriderapshsoaivarborohydride, a borane complex, enzymatic reduction, and hydrogenation
or transf%r hydroger@tion. Inda g{;\{ticul r odiment, the compound of formula 111(b) is of the
foimula'l ompounds Of tormula can be obtained by contacting a compound of formula
H{e) with P)-X" under suifable reaction conditions, wherein X" is chiorine, bromine, iodine,
aikylcarboxy, alkanesulfoxy, or alkoxysulfoxy. Suitable reaction conditions are known in the
art. For example, the reaction may be catalyzed by a base, such as pyridine. In a particular

embodiment, the compound of formula TI{d) is of the formula:

EtC

15

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

Compounds of formula (e} can be prepared by contacting a compound of formula
11¥(a) with an acid under conditions sufficient to provide the compound of formula ¥i(e).
Suitable acids are known in the art, and include acetic acid, hydrochioric acid, sulfuric acid,

20 phosphoric acid, methanesulfonic acid, and toluenesulfonic acid.

Compounds of formula IHi{a) can be prepared by reducing a compound of formuia
ITi(B). Suitable reducing conditions are known in the art, and include the use of cerium
chioride and sedium borohydride, a borane complex, enzymatic reduction, and hydrogenation

or transfer hydrogenation. In a particular embodiment, the compound of formula IT(b) is of

I3
A

the formula:



WO 2009/014970PCMS2008/070250 (R1) He (R2)n A specific compound of formula Ili(b) is
(4-chloro-3-(4- ethoxybenzyl)phcnyl)((3aS,5R,6S.6aS)-6-hydroxy-2,2-dimethyltetrahydrofuro[2,3-
d][1,3]dioxol-5-yhmethanone: 0 A particu r crystalline form of this compound has a melting point of
about 113C aggneaseisdiby DSC (onset temperature). The form provides g-XRER,patterp with peaks
at one or more of about 7.6. 1 3.2, 17.0, 17.4, 18.6, 19.5, 20.5, 20.8 and/or 23.2 degrees 20 An
example of a XRPD pattern of this crystalline form is provided in Figure 2. 10Compounds of foimula
111(b) can be prepared by coupling a compound of formulaijwith a compound of formula V. Suitable
coupling conditions are known in the)art, A va Lise~af+h gtalating (e.g., magnesium or
lithium) or transmetalating agents such & FONESI §., alkyl magnesium halide, dialkyl
magnesium, lithium trialkyl magnesium hatide) and opgénolifsium feagents (e.g., n-butyl lithium,
sec-butyl lithium, t-butyl lithium). Thus, compounis}éf formula llI(bY¢an be prepared using compounds
of formula IV(a): ) ( 1L IV(a under suitable itions, wherein, M is an appropriate metal, such
as Na, K. Li. or Mg, %%%%Izeé?p%ﬁ% grfl%u {bn}lslléﬁl?ﬁ(}sr lﬁ,%g[})ﬂeoﬁ%"i% “n the metal. In a particular
method, the céimpspeaeonformlidNSs Buth Bt khigmminb€igictndrphoiino) fusogpéeific compound

of formula V ig;({382:0R,65-88mbsRydroxy-2,2-
dimethyltetrahydro uro[2,3-d][1,3]dioxol-5-y1)(morpho|ino)ngethanone:

£t0

A particular crystalline form of this compound has a meliing point of about 113°C as
measured by DSC (onset temperature). The form provides a XRPD pattern with peaks at one
or more of about 7.6, 13.2, 17.0, 174, 18.6, 19.5, 20.5, 20.8 and/or 23.2 degrees 268. An
example of a XRPD pattern of this crystalline form is provided in Figure 2.

10 Compounds of formula BH{b) can be prepared by coupling a compound of formula I'V
with a compound of formula V. Suitable coupling conditions are known in the art, and
include the use of metalating {e.g., magnesium or lithium) or transmetalating agents such as
magnesiumm reagents (e.g., alkyl magnesium halide, dialkyl magnesium, lithium trialkyl
magnestum halide) and organolithium reagents (e.g., n-buty! lithium, sec-buty! lithium, -

buty! Iithium). Thus, compounds of formula TF{b) can be prepared using compounds of

formula IV{a):
o M{Xh
\_7 3“/«/

(Ra)n
1V{a)
under suitable conditions, wherein M is an appropriate metal, such as Na, K, Li, or Mg, X' is
20 CLBr,orland 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.,
morpholing). A specific compound of formula V is ((3a8,5R,68,6a8)-6-hydroxy-2,2-
dimethyltetrahydrofuro[2,3-d][ 1,3]dioxol-5-y1)(morpholinoymethanone:



WO 2009/014970PCT/US2008/070250 A particular crystalline form of this compound has a melting
point of about 136C as measured by DSC (onset temperature). The form provides a XRPD pattern
with peaks at one or more of about 9.0, 16.9, 17.6, 18.2, 18.4, 18.8 and/or 22.7 degrees 20. An
example of apgRRBRHaHEM of this crystalline form is provided in Figure 3, ... . This b rt;s%ular
compound of formula V can be prepared by approaches such as that shown below in Scheme 4:
Scheme 4 10Suitable reaction conditions are known in the art, and include those described below in
the Examples. In general. L-O-xylose is cyclized ur}njﬂer conditions sufficient to provide compound 1,
which is then oxidized to provide compound.2; istBen contacted with morpholine under
conditions sufficient to provide ((3aS,5111.6S,6a5)-64{ydrggy-2,2-
dimethyltetrahydrofuro[z,3-d][1,3]dioxol-5-9M§r@gdlln methanone. This invention 15encompasses
compounds of formulae 1 and 2, including crystalline form&thereof Returning to Scheme 3, in a
particular met fihe | he campound of formula 1V is of the formula: CI. WO
2009/014970F>R 'T%%Eg%o%ﬁ%%o&ﬂﬁm%cé%ﬂ SO P g PPt SRt 15855
1-chloro-2-(4-Egiexsasehiziy P Ao henpenarBtoThe form provides a XRPD pattern with peaks at one

or more of about 9.0, 16.9, 17.6, 18.2, 18.4, 18.8 and/or 22.7 degrees 26. An example of a
5 XRPD pattern of this crystalline form is provided in Figure 3.
This particular compound of formula V can be prepared by approaches such as that

shown below in Scheme 4:

OH .0
HO Sg > M e T
OH OH HO O
:
0 o
i o 3. o
HO (\Z"O — (\N Qo
HO 0)( O\) ol o)<
2 3

Seheme 4
10 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 [, which is then oxidized to provide compound 2, which is then contacted with
morpheline under conditions sufficient to provide ((3aS,5R,6S,6a8)-6-hydroxy-2,2-
dimethyltetrahydrofuro[2,3-d][1,3]dioxol-5-yi){morpholino methanone. This invention
15 encompasses compounds of formulae 1 and 2, including crystailine forms thereof.

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

formula IV is of the formula:

14



A particular crystalline form of this compound has a melting point of about 65C (as determined by m.p.
apparatus). The form provides a XRPD pattern with peaks at one or 5Smore of about 5.1, 13.5, 15.2,
20.3, 22.2 and/or 27.0 degrees 20. An example of a XRPD pattern of this crystalline form is provided in

Figure 4. Parigylansemppeunds of formula IV(a) include those of the formujai,BtOC] More particular
compounds are of the formula: 10 Specific compounds of formula IV(a) are

(4-chloro-3-(4-ethoxybenzyl)phenyl)magnesiurn iodide and _
(4-chIoro-3-(4‘§e?98§3y¥§e%}?§?ﬁﬂ?@rﬂ%?ﬁﬁbﬁ§¥dﬁ1l cHHSFiRre -Sheai sew i Mg eosesere ompounds of

formulae IV and V can be prepared by methods such as those 15qisclosed below, as well as methods

known in the art. See, e.g., U.S. patent no. 6,515,1%#; Daws, N:J~, et al.. Tetrahedron Letters
34(7):1181-4 (1993). / P
EtO Cl

A particular crystalline form of this compound has a melting point of about 65°C (as
determined by m.p. apparatus). The form provides a XRPD pattern with peaks at one or

5 moreofabout 5.1, 13.5, 15.2, 20.3, 22.2 and/or 27.0 degrees 20. An example of a XRPD
pattern of this crystalline form is provided in Figure 4.

Particular compounds of formula FV{a) include those of the formula:

o
EtO Ci

More particular compounds are of the formula;

o
EtO Ci ;

Specific compounds of formula IV(a} are (4-chloro-3-(4-ethoxybenzyl)phenyl)magnesium

10

iodide and (4-chioro-3-(4-ethoxybenzyl)phenyl)magnesium chloride, shown below:

i
EtO = Ci =

Compounds of formulae IV and V can be prepared by methods such as those
15 disclosed below, as well as methods known in the art. See, e g., U.S. patentno. 6,515,117,

Davis, NI, 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.

15



6.EXAMPLES Aspects of this invention can be understood from thefollowing examples, which do
not limit its scope. WO 2009/014970PCT/US2008/070250 6.1.Synthesis of
((3aS,5R,6S.6aS)-6-hydroxy-2,2- dimethyltetrahydrofuro[2,3411 [1,31d
ioxo01-5-vO(mgenbglsnglaathanone 1. MgS04, H2S04 HoO ggeelgRalil4d,0H2. 0.1 N
HCHO' To a 12L three- necked round bottom flask with mechanical stirrer, rubber septum 5with
temperature probe and ubblerwas charged L- -) xylose(504 40 g, 3. 360 mol), acetone (5L
reagent grade) and arth dro ¢ - f SRCELIEY -6 A

set Stlrl‘lng at ambient and t AL SReaRheth et PR SN TER] foad? 11 2a .t RLE R e LIV LY : .
slow mild exotherm wag.;noticed (temperature rose to 24C over about I hr) and the reactlon was
allowed to stir at Wermgﬁt ﬁ%ﬂg@@gﬁours}ﬁgm sted all L-yyf6s¢ 1&g, been
consumed, wiffPthe fnajdr pr@duet-bengfhe—brs-aeetonlde al ome
(3aS,5S,6R,6aS)-5-hydrhxymethyl) 2! %@Kﬁﬁethyltetrahydmmro[z [1.31¢f0%O1=626R 56 @action
mixture was filtered and the collected solids were washed twice with acetone (500 mL per wash). The
stirring yellow Filtrate was neutralized with concentrated NH4OH solution (39 mL) to pH = 8.7. After
stirring for 10 mln,othe suspended 15solidswviergikeraoued by filtration. Théfiltrate was concentrated to

1.5 equiv NMM O
afford crude blS a tC&m 1.5 equiv morpholine ' N (\Z:“O
)< THF, 20 °C 5 o' o)<

To a 121 three-necked round bottom flask with mechanical stirrer, rubber septum

5 with temperature probe and gas bubbler was charged L-(-)}-xylose (504.40 g, 3.360 mol),

acetone (5L, reagent grade) and anhydrous MgSQO, powder (811.23g, 6.740 mol / 2.0 equiv).
The suspension was set stirring at ambient and then concentrated HySO4 (50 mL, 6.938 mol /
0.28 equiv) was added. A slow mild exotherm was noticed {temperature rose to 24°C over
about 1 hr) and the reaction was allowed to stir at ambient overnight. After 16.25 hours, TLC

10 suggested all L-xylose had been consumed, with the major product being the bis-acetonide
along with some (3a5,55,6R,6aS)-5-(hydroxymethyl)-2,2-dimethyltetrahydrofuro{2,3-
d][1.3]dioxoi-6-0l. The reaction mixture was filtered and the collected solids were washed.
twice with acetone (300 mL per wash), The stirting yellow filtrate was neutralized with
concentrated NH4OH solution (39 mL) to pH = 8.7, After stirring for 10 min, the suspended

15 solids were removed by filtration. The filirate was concentrated to afford crude bis-acetonide
intermediate as a yellow o0il (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 IN aq. HCI (142
mL) and stured at roor temperature for 6 h until GC showed sufficient conversion of the big-

20 acetonide intermediate to (3a8,55,0R,6a8}-5-(hydroxymethyl)-2,2-
dimethyltetrahydrofuro{2,3-d}[ 1,3]dioxol-6-0l. The reaction was nsutralized by the addition
of 50% w/w aq. K;HPO, 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 i vacuo to afford an orange oil which was dissolved in 1 L methyl tert-butyl

25 cther. This solution had KF 0.23 wt% water and was conceatrated to afford (3a8,58,6R ,6aS)-
S~(hydroxymethyl)-2,2-dimethyltetrahydrofuro{2,3-d]{ 1,3]dioxol-6-0l as an orange oil
(551.23g, 86% yield, 96.7 area% pure by GC). 'H NMR (400 MHz, DMSO-ds) § 1.22 (s, 3

16



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 IN ag. HC] (142 mL) and stirred at room

temperature fRig6:siMibGC showed sufficient conversion of the bis- 20acegg§‘qj/g}g i&tﬁg!iqaﬁ%iate to
(3aS,5S,6R,6aS)-5-(hydroxymethyl)-2,2- dimethyltetrahydrofuro[2.3-d][1,31 ioxoﬁG- he reaction

was neutralized by the addition of 50% vv/w ag. K.2HPO4 until pH=7. The solvent was then

evaporated and &thy(Sicetité-t1. o5 ywds! 30@%8 k5-givé) & wWhitddsispendidivhieh Was fiteré@0The
filtrate was cofeentrateddnsyacuotecaiforeaymarange: pil #dvish wasigisseivad i lsk methy tert-butyl
25ether. This solutio % KF 0.23 wt% Watgr andqwas concentrated to afford éSaS,S_S.GR, as)-
S-(hycroxymenty b iRy et QI BiaRoHore. 1 i e e O (851 g, 8%
D 0S/014070RCTAIS20081070250 H) 137 (5, 3 1y S50 (0ot 21 is & B i e el 11 12
5.05 Hz, 1 H)%ﬁééﬁ(ﬁiﬁ’q(%‘/qoi%sg%%%s“ﬁ“ lf?é‘éeia?fjé%?%%f g6 b s Bl 58 (d,
J=3.54 Hz, 1 Bid48 ENVIR (10IMRL, @MSOUB) 676,48, 26102, 59. BEMVIZES, 8L, 71nB5.48: 104.69,
110.73. T i{ola] 5 )z5(Dydlr ethyl1-2.2-dimeth ]J e rofuro2,3-
dffl.3]dioxol-&%é%ﬁ%&%nﬁ&%ﬁ%ﬁ%?nﬁe "37;@ F’ﬁfﬁ? C3yar?dq%§6n&%a¥1é,@%ags8§d‘éed
NaHCO (33.04930'8d %), INaBE 2By, Potiemioc et STEMPOY (@ 40g c2 #hdls) fir 26€. Phémixture
was cooled tq £556 andsseliddrichlaroisagyanyric.acidi(F:Ce4: 20-5,9- LD agquiy %?@Wsadded in

portions, The suspension was stirred at 20C for 24h. Methanol (20 mL) was added and the mixture
was stirred at 9Befat 1HS Rohitd SUSHEHE StRVAKCTTORHEG Bt i e R Hhixddie Wess filtered,
washed with aegtoredBOMba@Xmdhe organicsoleniwas Jemaverd Rdek YreHUT and the)agueous

layer was extracted wi t0Ac (300 mL.. 12X x3) and the combined organic layers were concentrated
to afford an ol yﬁ%%l({mg}vg %)s%nnggl S STRERELS lj)é.g%\lé% BHES (15BN BX Ak aided 4R dite mixture

was filtered. Fhigtacetoessolationiwasiive concentraieditpsaffordsthedde sie chacigkture was
yellon soid (21 Qe 7o R LA R D S TN e 32 i, 1y, .53
(d. I= 3.2 Hz ({38, B8 @I =08y dmpx A 4y dingthydiegily & @Rr(d 2 3HII 1,3 ) dioxole-5-carboxylic

acid) as a yellow solid (21.0g, 79%). '"H NMR {methanol-ds), 8 6.00 (d, /= 3.2 Hz, 1H), 4.72

d, /=32 Hz, IH). 453 (d, /= 3.2 Hz, 1H), 438 (d, /= 3.2 Hz, TH), 1.44 (s, 3H), 1.32 (s,

3H).

To a solution of (3a8,5R,68,6aS)-6-hydroxy-2,2-dimethyltetrahydrofura[2,3-
20 d]{1,3]dioxole-5-carboxylic acid (5.0g, 24.5 mmo!) in THF (100 mL, 20X) was added TBTU
(11.8g, 1.5 equiv), N-methylmorpholine (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 wes concentrated

b
tn

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), § 6.02 (d, /= 3.2 Hz, TH), 5.11 (brs, iH), 462 (d, /=32 Hz,
1H), 4.58 (d, /=32 Hz, 1H), 3.9-3.5 (m, 8H), 1.51 (s, 3F), 1.35 (s, 3H).

6.2.  Alternative svnthesis of ((325.5R.65.6aS5)-6-hvdroxv-2,2-
30 dimethvitetrahvdrofuro[2.3-d][1.3]dioxol-5-vIi(morpholing imethanone

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

i7



To a solution of (3a8,5R,6S,6aS)-6-hydroxy-2,2-thmethyltetrahydrofuro[2.3-
70dif1,3ichoxole-5-carboxylic acid (5.0g. 24.5 mmol) in THE (100 mL, 20X) was added TBTU (11.8g,
1.5 equiv), N-methylmorpholine (NMM, 4.1 mL, 1 5 equiv) and the mixture was stirred at 20C for 30

min. Morphlingd3¢dol«edeS equiv) was then added, and the reaction mixtuge.was,stirred at 20C 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 75under vacuum and the residue was purified by silica gel

column chrorfStS§rapry iReNaAELRn Wont-144d BMY 1 @fdra.- 4. 39! ShrRegesiied tarphoiine
S e A T e AR i i
.2 Hz. , 4, =3. : .9- m, L. : ,.1.35 (s, . 6.2.Alternative
synthesis of (i %gg%ﬁ’%lé%‘%_ : \2/; X@Qé}’%\i/w, w.é mole, l.bd_'r-,)q) in water (7.3 L) and a solution of
30dimethyltetkablitPoflreiZ 3- 610, 34 dioxciis- (N ihoinhotineyme tdanon ecAl selutomaf theidjol

(3aS,5S,6R,683):-5- r 1t - di ethyltetrahydrafuro[2.3-d][1,3]dioxQ1-6-0l in acetonitrile
(5.38 kg,%S%%%%@%é%tg %”%%%&%a%%%ﬁﬁgﬁ{ﬁbﬁ}a%ﬁ& a% f@lglf"is .%Bp%’%} ,Ba%é’tonitrile
(10.5 L) and FEMPORBA ) 1sphetion) wvete autibidaeh & sbitfiorodftoRHED, In[0 3P 1kg) %:Béeamop and

1CH2PO4 (1 2Rik0 1%L MARIRNREBE (b 30 ibnSAUHODN AENAGHO2 (317 kgnBO% MW R L G mole,
1.50 cci) in water %17.0 L) and a solution of 1C21-1P04 (2.89 kg. 0.90 eq) in water (3.0 L) were

prepared witH'E88HHg SR 13 614 AloprsxHste curnbseeRsld o iras Higddwtlethie K2HPO4
soLution. Approxifaately 20 a6 the NaCE02 1sohdtian (16 k) antdibisachAHRO4-solitionH400 mL, |

mol %) were added. The remajnders of the two solutions were added simultaneously. The reaction
mixture turnet q&éi&nrgés t?réjvi\l/tr?@ﬁdg: W %é\t{;@éﬁ-ﬁ%gg%%%]}%%]W@M%W%éﬁ%ﬁé‘ Nac102
solution was aldouto4@! witahpin (S4ENEAdifioA) aind theadditien catetanthe-bleachiKaHP Q4 10solution
was about 10-12.inl/mi S r addition). while maintaining the.batch at 15-25C. Additional charges of
TEMPO (14.§g, 8% r% %g.\(/gv(g?éﬂ ggﬁ o@n)&é%ng\?fe‘w %R%T%“rs %%if%%c}%%&i@ﬁ%éﬁ? o %%)n?rg%e fon (usually
two charges afadsufigisnt)sitrogeridvigapons the hedospate teeapsbrubber-with agbepusiams

performed to keeptheigrerthyelowish gasfiomageumuigting,ndhevessed lon Mixture was
cooled to < 10C and ql%nched with 15 Na2S01 (1.4 Eﬂgij%gé] g%‘%l%r? ?ﬁrezngrtdiTc{ar?g{lg\?g]} é;’)chl}{vrr{.]tbl’he

reaction mixtOrE Wi tKefBalififRd WiFEe PRABoRS GRET 11 FEacRedionomxiurp Bep thed s §IEEC. The

layers were separated andithe aguaeds layer wasexiragted with agelonitile 30 Sbax 2k e
combined orqﬁmic Iaéer was concentrated under vacuo H100-120 torr) at <35C (28-32C vapor, 45-50C

bath) to low VOfUIHEL 8 7 E) Ry THEH filshll RHAMEE it d @6 L) Ukt R Br R goiGti8rEL Oreached
< 1% when ditatetbtosuohimendabautd 2-161-with tacetoritite CNEFPROINE§3:645L50°C bath) to

low volume (~ 6-7 L) and then flushed with acetonitrile (40 L) until KF of the solution

20 reached < 1% when diluted to volume of about 12-15Lwith acctonitrile, Morpholine (1.61 L,
18.4 mol, 1.0 eq) was added over 4-6 h and the shurry 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 sait of ((3aS,5R,65,6aS)-6-hydroxy-2,2-dimethyltetrakydrofuro]2,3-

d]i1,3]dioxole-5-carboxylic acid as a white solid (92-94% pure based on 'H NMR with 1,4

2
n

dimethoxybenzene as the internal standard), 72-75% yield corrected for purity. 'H NMR.
(D;0) 6 5.96 (4, /= 3.6 Hz, 1H), 4.58 (d, J=3.6 Hz, 1H), 4.53 (d, /=32 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, 1125, 104.6, 84.2, 81.7, 75.0, 63.6, 43.1, 25.6, 25.1.

30 The morpholine salt of ((3aS,5R,68,6a8)-6-hydroxy-2,2-dimethyltetrahydrofuro[ 2,3-
d][1.3]dioxole-3-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 shurry was

degassed and heated at reflux with a Dean-Stark trap under nitrogen for 12 h and then cooled

18



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 0-5C 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,6S,6aS

)-6-hydroxy- &%%ﬁ@ghwtﬁtraltydrofuro[z 3- 25d][1,3]dioxole-5-carboxylic agic.as.a,whie selid (92-94%
pure based on "1-1INMR with 1,4- dimethoxybenzene as the internal standard), 72-75% yield corrected
for purity. 'EIl NMR (D,0) 85.96 (d, J= 3.6 Hz, 111), 4.58 (d, .1= 3.6 Hz, 11-1), 4.53 (d, = 3.2 Hz, | H),
4.30 (d, = 3.2 P ORHCERS IR 2 1)° B RvaH teran e ey ve nsplubisrpnd i FMIRE20) 6 174.5,
112.5, 104.6, ﬁésﬂec&lnﬁ} Buep63.6,434; ﬁﬁ:@nemc&%ﬁ@dm@ﬁm@lme st afd ﬂubhcd with
((3as,5R.68 E%alS Qy%%b){ 2.2-dimethyltetrah dr fur 5’6 ggl ,3]dioxole-5-carboxylic acid (7.85 kg,

26.9 mol), morpﬁo]iln LI RN ahd D Pl% Aid & JO' WY1 18Ry Wete HEEES to
toluene (31 14! 4Thewesediing Shwiy wad-d6tasSad mdlhm@ﬁadmtweilummrgm@ﬁaﬂ{&wﬁrap under
nitrogen for 1R andkien §9glada oy 2909 AR ARG R8I0 0 G ! %%8?1(4‘?3% gure. The

mixture was filtered to remove inso ub cs and er cake washe oluene e filtrate was
concentrated $84HBUTCRAT carRiaklshal witls solifefe2(-80. By to reradi¥ exicéds marphdfitie. When final

volume reachaslyd? Luheaierenfi L 1as add sionl AiEQ-T0G, Theesuling surey ygs cooled

gradually to room 5tem %erature anc aged for 3 h. It was then filtered an "With hepténc (22L)

and dry undef Hitrbgért a[ve%éﬂ@h’tl@l)prﬁﬁ 36litMTesDB. ke P93 Burk 3 0896wield) GNpR136C (DSC). 'H

NMR (CDCH)of.6021(6,)l528.2:H27 4H 454 Lfbrss cAH), 4:62(dy/ 7 32 diz, 461074,58 4d, 1=3.2 Hz,
1H). 3.9:3.5 (m, 8E1), 1.51 (5, 31-1), 1.35 (s, 31-1). 13C NMR (methanol-chi) 6 26.84, 27.61, 44.24,

47.45. 6816,97.9%. 81.14, 86.80, 106.87, 113.68, 10169.05. 6.3.Synthesis of
1-ehloro-2-(4-ethoxybenzy)-4-lo¢ohrnzens Chiore-2-(4-ethoxvhenzyl-4-iodshenzene

Cl

(T

OFEt

A 2L three-necked round bottom flask with mechanical stirrer, rubber septum with
temperature probe and pressure-equalized addition funne! with gas bubbler was charged with
15 2-chloro-5-iodobenzoic acid (199.41 g, 0.706 mol), dichloromethane (1.21, KF = 0.003 wt%
water) and the suspension was set stirring at ambient temperature. Then N,N-
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 oxaiyl chioride (6
20 ml, 0.069 mol, 0.10 equiv) was added to consume unreacted starting material. Afrer 2 hours,
the reaction mixture was concentrated in vacuo to afford crude 2-chloro-5-icdobenzoy!
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
25 charged with aluminum chloride (97.68 g, 0.733 mol, 1.04 equiv}, dichloromethane (0.65 L,
KF = 0.603 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 mternal temperature below 9°C. The resulting orange solution was diluted with

dichloromethane (73mL) and was cooled to -7°C. Then a solution of 2-chioro-5-
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A 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 2-chloro-5-iodobenzoic acid
(199.41 g, 0.706 mol), dichloromethane (1.2L. KF = 0.003 wt% water) and the suspension was set

stirring at amRignplemperature. Then N,Ndimethylformamidc (0.6 mL, 1.1 mat,20)was-asded followed
by oxalyl chloride (63 inL, 0.722 mol, 1.02 equiv) which was added over 11 min. The reaction was

allowed to stir, at ambient Eve,rni%i;;and became a solution. After 18.75hours, additional oxalyl chloride
(6 20mL, 0.0889ABTE L OPBEETS (wab DadRe taichitsting chirsaRRiBRetItiig tHatenar IRHsieiFours, the
reaction mixture-piag tencentibtesiarvactibla-afford cride-2rahlarekrivd abenzomchinside asa pale
yellow foam which wi carried for to the next step. jacketed Zkthree-necke round bottom
sk with meShiar sy S rber R RSB AL SPOBACA R FSCRUTE: AEAfbed addiion
funnel with gasdstibblerwasBehangetttith atamanim €HRTidEN97. 68 b7 33mgljnl=Qdceebiv),
dichloromethage, (Ofa drr kT OrRQ3, Wit water) and the suspension was set stirring under nitrogen
and was cooled to about 6€§Thgn"eﬁt}hox§tben§§ﬁ.eg(9£ %ﬁg%%'?ﬁrrﬁ%fuﬁ\gﬁgeaﬁv %\Q/J[zién ggﬁgécover 7
minutes keeplAgdHteyhal BmperaturberBliowiod biheste suttints orantersdlutidi Wiy diutedwith

diCh|0r0methﬂ'ﬂ§l&M)g§’fﬂg1%@&%'%@6517‘%&1@@@@ %Wmﬂi%ﬁm%%ﬁh sé%gited aq.
2009/014970PCT/US2008/070250 iodobenzoyl chloride (< 0.706 owl) in 350 nth dichloromethane was

added over 15 AiHTRESHKRAISY AR HtBRR A1thh FaratIFe BEIEIFS e PAE FeactiBH da efieivad barmed
slightly and helekata-&6-for shaunsettRisC analysis,suggestied iherreactionwasgerpplete and the

reaction,yas guenched.into 450mL pre-cooled (-5C) 2N aq, HCI with stirfing In a jacketed round
pottom sk TR B A QB SR Ser s B WA er o Lofor R LAFS rorheiig betow
28C. The quericiédrbipHbsicatnixtgieswas:stirtétnat, 20C fordsminyand) the lower organic phase was

washed with 1N aq. HGH(ZO0TL, ics.ith saiuiatsd agssadium bicarbonate (200mi, per wash), and
with saturated aq. sod_llum chloride (200mL). The washe extract was concentrated on a rotary
evaporator to’afferd EiidePpivoPsbECid ephenitd eth okyshe nvigmetdaideeles dn off-white solid

(265.930, 99, digabhy DAk 2 GR0PHR hALRA0 segiomoer Bl 200 S Bt o wield).

A jacketed 1 L three-necked round bottom flask with mechanical stirrer, rubber septum wit
temperattire Br8Be 4a YASHABHIEE MR ONREEWRhERiBE (PIenRsEn and was cooled to about
iodopheny!)(4athoxypher)ymathanoner (30733 @mkd93 mmghiacaioniile {300k bk harek50.004
wt% water) an the.au%l?epsio was (ggt {[ir{i&g Lénder nitrogen and was cooled to about
rirluoride-thethyletherate (24ml., 194 406mmol, 2.50 equiv) which was added over about 30
seconds. The reaction was warmed to ambient over 30min and was stirred for 17 hours. The
reaction was difuted with methyl zers-butyl ether (150mL) followed by saturated aq sodium
20 bicarbonate (150mL} which was added over 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 ag. sodium
chioride (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
25 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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5C. Then triethylsilanc (28mL, 175.30 mmol, 2.25 equiv) was added followed by boron
trifluoride-diethyletheratc (24mL, |1 94.46mmol, 2.50 equiv) which was added over about 30 seconds.
The reaction was warmed to ambient over 30min and was stirred for 17 hours. The reaction was
diluted with meghdgiostReugy! ether (150mL) followed by saturated aq sodiupy.2 %%E}@%@ (150rnL)
which was added over 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 aqg. sodium
bicarbonate (100 mL)%hd LS HE Rt Iy ALY AU THRER tewas
concentrated on a rotary evapotdtdF- A ehaidlafy I Eth water
(70 mL). Further concentration in 25 vacuo at 45C was done until white prills forme(si which were
allowed to cool to amhient while stirring. Af%e;ﬁw Baut 30 minutes at ambient, the su pen ed solids were
isolated by filtratiof water ' dried in 0a 5 Aftera 2.5
hours, this affardé '

C ARTAY- 2L T ey A

A1

1 o A el A i B
¢ O

B

)

0-24(4-ethoxybehzy1}:4-iodobenzene as-a.sl gé;v 20Ky W ranular
powder (28.28 g, 98.2 area % by HPLC at Z@m\,ﬁgﬁgf%% "as[%i;z' yield). WO e 07N\
2009/014970PCT/U82008/070250 6.4.Synthesi§°of ’
(4-chloro-3-(4-ethoxyberiplidiahemvitglders:5RI68aS)eByl )-4-iodobenzene (500mg, 1.34 mmol) in

hydroxy-2,2-dimethyliel: X Sl B3Ad O m salti e
1-chIoro-2-(4®hpggg?%ﬁ%%%§§£% 5%5%%1?%&4 %%%ﬁ Foéﬁs?léaomﬁe\}vglgdggded

i-PrMgC1 (2.ONFHHT B, SE0ctor 2 .00 fhtiol) at O-sCumli{éahinkups (rds-stirvdertor 1.5 h at 0-5C. A
solution of (3ab:RR8&EAFIEYAroXWIRI 2 dioxol-5-y)(morpholino)methanone (146.5 mg, 0.536

dimethyltetrahydrofur 3-d1[1,3]diox0135-y11(morpholino)methanone (146.5 mg, 0,536 mmol) in
THF (1.0 mL)n\}//vné(g}dag%e%ﬁoab]é\}ﬁi %?%@%%W&RW&"’WR}% VA R B TR QYRS HNAD W8 d % 20C and

stirred at 20CH fon2iout & T reattionewassqeench2donith The reaction was quenched with

1o saturated aq NH4Cl, extracted with MTBE, washed with brine. The organic layer was
concentrated and the residue was purified by silica gel column chromatography to afford the
desired ketone (178 mg, 76%) as a white solid. 'H NMR (CDCls) § 7.88 (dd,J=8.4,2.0 Hz,
1H), 7.82(d, /= 2.0 Hz, 1H), 7.50 (d, J= 8.4 Hz, 1H), 7.12 (d, /= 8.4 Hz, 2H), 6.86 (d, /=
8.4 Hz, 2H), 6.07 (d, /= 3.2 Hz, 1H). 5.21 (d, /= 3.2 Hz, 1H), 4.58 (d,./ = 3.2 Hz, 1H), 4.56

15 (d.J=32Hz 1H),4.16 (d. /=72 Hz 2H), 403 (q,/= 7.2 Hz, 2ZH), 1.54 (s, 3H), 1.42 (t..7
= 7.2 Hz, 3H), 1.37 (s, 3H).

6.5.  Alternative svnthesis of (4-chloro-3-{4-
e¢thoxvbenzvhnhenvh{((3aS.5R.68,6a5)-6-hvdroxv-2.2-
dimethvitetrakvdrofuroiZ, 3-d|[i .31diexol-5-vDimethanone

20 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
morpholimoamide) at room temperature and cooled to -5°C. To the above solution was added
dropwise a solution of /~-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.

25 To a 50 L reactor cquipped with a mechanical stirrer, a temperature controller, and &
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 af room temperaure
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

30 over 3 hours. Then the above Grignard solution was added to this solution at -20 over 41
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10saturated aq NH4CL extracted with MTBE, washed with brine. The organic layer was concentrated
and the residue was purified by silica gel column chromatography to afford the desired ketone (178
mg, 76%) as a white solid. 111 NMR (CDC13) 6 7.88 (dd, J = 8.4, 2.0 Hz, 1H), 7.82 (d, "/--- 2.0 Hz,
1H), 7.50 (d,ds58AdA4d4l), 7.12 (d,8.4 Hz, 2H), 6.86 (d, =- 8.4 Hz, 2H), 6!,(&)@5;05&@7%2‘ , 1H), 5.21
(d, J= 3.2 Hz, 1H). 4.58 (d. J= 3.2 Hz, 1H), 4.56 15(d,/ = 3.2 Hz, IH), 4.16 (d,/ = 7.2 Hz, 2H),4.03 (q, J=
7.2 Hz, 2H), 1.5&#& 3H), 1.42 (t,/ = 7.2 Hz, 3H), 1.37 (s, 3H). 6.5.Alternative synthesis of
(4-chloro-344 ™ SiHia5y B BRSNS A HEES R B B8 B RIdRSk( befere quench. The reaction
dimethyltetrahydnafuret?, 34dbl 34 dioxekaxyimethanene 20T 6 )20 d: cerator@aripPacwith &
mechanical stirrer,.a temperature oller and a nitrogen inlet was charged with the iodide (3.00 kg,
8.05 mol) and’ Ef"lzﬁg%gfé%& lilgyﬁ%‘él (grgg(trrphl}g?i%%nrﬁli%télfca\gﬂiﬁ@ é &Ié{t??rlg Ahd Eooled 16-8¢E. #o the
above solutiontwess addeddrofawised s Sotdtion 35 iRty G 1ieF THR A driete 20\, 439L28823ymol) at
-SC over 3 hours.Jia Brgnas solufionasyseddn e ketane fomaton below, 2070 2,50 L reactor
equipped with a mechanical stirrer, a temperatuie controller, and & hitrogen et Was ¢ argedathe
morphohnoam i éXHEICpsiithecordiions 204 tkla7 BabiwhraftI DHEMAL, BHX) Bfders temperature

and stirred fopAR.ainites:abracmdemReratis.:and doml 3 Jinkiss @%@%&I@%tﬁ%ﬂ%‘gwps solution
was then cooled to -25C. To this solution was added a solution of r-BuMgC1 in THE (Aldrich 1 Ni, 7.32

L, 7.91 mot) dt - B5EBeErkN i pelieh s LpbE Gy Fhkd 8iutisn: aedegne thigieblation at

-20 over 41 \WEn2009/NAHOBEGH (52008/070RS Q. minutes. I e asuling-salticn was, fusther stirred
at -20C pg:forg quen h'i hg re tion?iinig(tur_e'was added to 10 Wt%&ﬁgyeoqs NH4C1 (10 L, 5X) at 0C
with vigorous SRS And Stmrsarar 40 Hitute S AP OB HREGHF NS WL RIASH StomhEs N HO (4 L,
2X) at OC to distaivr aveleaiisdl ttiorand stinredsfoe 301 rain 0testab bOG. Aftek phase;splifuthe organic

ayer v eSSV LMK 5 RS TISD e e laveues orcenytd o 9

solution under the conditions (200
evaporated tFEBXCEHICHIGH LNt @ theccortitions (a5 mbacdibhtnddmpaBOC)S After Femaveddsdlids by

a polish filtratigsy EAG A Li3aWaRAgidacand copgentaledio druness(doAmhgr. i {pmp 500).

The wet cake was then transferred to a 50 L reactor
slowly cooled to 60°C and stirred for 1 h at 60°C. The suspension was then slowly cool to

room temperature and stirred for 14 h at the same temperature. The crystals were collected
and washed with heptane (8 L, 4X), dried under vacuum at 45°C to give the desired ketone as

fluffy solids (2.57 kg, 100 wi% by HPLC, purity-adjusted vield: §1%)

20 6.6.  Svnthesis of (2S.3S AR.58.6R)-2-(4-chloro-3-(4-ethoxvhenzvlinhenvi)-6-
(methvithio)etrahvdro-2H-pvran-3.4.5-trivl triacetate

OH
sl o
S S Nem
o) 1. HOAg, HyO
EtO - CI/L/ Ho' :
e} I 2. AcCl pyr.
1. TMSOTH, EtO Clu_#
thicures i ( H
Ok 2. Mel, --ProNEt S O._~SMe
Y~ “OAc AcC” Y7 YOAc
Chc Ohc

To a solution of the ketone (4-chioro-3-(4-cthoxybenzyl)pheny!)(3aS,5R,6S,6a5)-6-
hydroxy-2,2-dimethyltetrahydrofuro[2,3-d]{ 1,3]dioxol-5-yDmethanone (114.7 g, 0.265 mol)

.
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10equipped with a mechanical stirrer, a temperature controller and a nitrogen inlet. After EtOAc was
added, the suspension was heated at 70C to obtain a 2.5X homogeneous solution. To the resulting
homogeneous solution was added slowly heptanc (5 L, 2.5X) at the same temperature. A

homogeneoug galukianas seeded and heptane (15 L. 7.5X) was added slewlydg,a Jitlls gloudy
solution at 70C. After stirred for 0.5 h at 70C, the suspension was 15slowly cooled to 60C and stirred

for 1 h at 60C. The suspension was then slowly cool to room temperature and stirred for 14 h at the

same temperdtiHEOFhE drytaie Winsradgstidctel dRaWash e withdsepthsid (BaLmisryranatstinder

vgcl:g u gnl zjt)4g@ moogs,i\(ﬁaﬁln@M@iﬁ@%&%@ﬁ@ﬂ;{%{;@;ﬁ%&% -&ngg(ejg%w&%gbwﬂlgk@ Nggf;gadjusted
yield: 81%). 206.6.Synthesis .3S.4R,5S,612)-2-(4-chloro-3-(4-ethoxybenzyl)nheny1)-6-
(methylthio)te@rgf?}%&f&g]fi%ﬁgsﬁf?g%%ﬁ@qﬁggétﬁ at theriSTREKHHS W oF thigdcdigndid not
(4-chloro-3-(4eethakylEnzyl)phenyi) (3aS;5R68,683)-6or 1 hour, slowly warmed to 0°C and
hydroxy-2,2-di ltetrahydrofuro[2,3-d][1,3ldioxol-5-yOmethanone (114.7 g, 0.265 mql) WO
2009/014%970%%%%52‘6@%%%%% iLﬁ ﬁgb&l %?’??7 X 'a?%%@éﬂ%%%i‘é‘??‘#%ﬁ“@?ig %1 .2 equiv)
and the mixturecas stirper et XBC drtiddlisolidswetavdissolvad (The, miziud wassthercoadled to -78C
and NaBH4 ( 5 ) L j 0.1 3 rature of the r Oc%t' 1did not
e 700 e e R R

saturated aq RASAES 58kt A50jorfrs pikEreowhsS BbnEeftiatstotnger i ata ardid faRBV6 MeOH and
then extractechwjthE1QAC(lsd b hQX @) andiashad withibring @50k, 2295 The gombined organics

were co 5entrated under vacuum to afford the desired alcohol as a colorless oil (crude. 115g). To this
colorlessoil WHS BHEe A EP R0 iioP Sha e Usd 11t AARRenrsaiaretwad naatstdaL B0€E and
stirred for 15 heeiiswiiie(d@dujxture wag théin caoleditaeoniterppamiure (20¢) and wensrnirated

e mitune ik Al 106 THER, &1 (108 L S0 SAY AL el SRR tre was.

warmed to 20Gardl $tided ardetfor 2h 0T Acfeedktidihwaswjivenchedwithad 20:(5900ME)tand diluted
E10AG and pyiaiie, The oo e o ik LI (1000 L Ak e R i e P (.
500 mL1X2) &HEEENE 1300 EfOrHeplgutisiny efwass sbrcemdite dovtifdrdive (88fred tetrdacetate
intermediate agsaeHaw FQAMHSEBIAN, 500 mL, x2) and brine (300 mL). The organic layer was
concentrated to afford the desired tetraacetate intermediate as a yellow foam (~133g).
To a solution of tetraacetate (133 g, 0.237 mol assuming pure) and thiourea (36.1, 2.0
equiv) in dioxane (530 ml, 4X) was added trimethylsiivl trifluoromethanesulfonate
200 (TMSOTY) (64.5 mL, 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 HpO (650 mL, 5X x2). The organic layer was separated and concentrated under vacuum
25 o give a yellow solid. To this yellow solid was added MeOH (650 mL, 5X) and the mixture
was teshurried at 60°C for Zh and then cooled to 0°C and stirred at 0°C for 1 hour. The
mixture was filtered and the cake was washed with MeQH (0°C, 70 mL, x3). The cake was
dried under vacuum at 45°C overnight to afford the desired triacetate (25,35,4R.58,6R)-2-(4-
chloro-3-(4-ethoxybenzyljphenyl)-6-(methylthiojtetrahydro-2H-pyran-3,4, 5-triyl triacctate
30 (88 g 60% over 4 steps) as a pale yellow solid. "H NMR (CDCl:) 8 7.37 (d,./=&.0 Hz, 1H),
7.20{dd, /=8.0, 2.0 Hz, 1H), 7.07 (m, 2H), 6.85 (m, 2H), 5.32 (t,./= 9.6 Hz, 1H), 5.20 (1, J
= 9.6 Hz, 1H), 5.05 (, /= 9.6 Hz, 1H), 4.51 (d, /= 9.6 Hz, 1H}, 4.38 (d, /= 9.6 Hz, th). 4.04
(m, 2H}, 2.17 (s, 3H), 2.11 (s, 3H), 2.02 (s, 3H), 1.73 (s, 3H), 1.42 (¢, J = 7.2 Hz, 3H).
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To a solution of tetraacetatc (133 g, 0.237 mol assuming pure) and thiourea (36.1. 2.0 equiv) in
dioxane (530 mL, 4X) was added trimethylsilyl trifluoromethanesulfonate 20(TMSOTO (64.5mL, 15
equiv) and the reaction mixture was heated to 80C for 3.5 hours. The mixture was cooled to 20C and
Mel (37 mL, %o eghisiv)and N,N-diisopropylethylaminc (DIPEA) (207 mL, 5Q-eguiylwas.agdded and the
mixture was stirred at 20C for 3h. The mixture was then diluted with methyl tertiary-butyl ether (MTBE)
(2.3 L, 10X) and washf with H20 (650 mL, 5X x2 The oranlc Iayer was separated and
concentrated under vacUum2SE EHES -:f’ H-sBe yeilSwE st NaElay --'o= MeOI 1 (650 mL,
5X) and the mixture was reﬁ R aseatu iy SHEUBIE I E S ShFAR-34eTHEE 1 hour.
The mixture was filtered an Aceiale

ke was Washed Wlth MeOH (OC 70 mL x3) The cake was dried

under vacuum at 45¢,qv: [ aie (2 2.55,6F w
chloro-3- 24 ethoxybeﬁj %é%%greiégg ﬁ%h%ﬁﬁ%%e%ﬁgﬁq@%%&%p%gg%ﬁ 5- tﬁ%gigfﬁgg%%e e%v 6&3
a

60% over 4 stBpsyiag léky%errow 5stitl 2RI VIR TEOCL.1Y 67237 (duivz SvietHzpdi),57.20v¢dd, | = 8.0,

2.0 Hz, 1H), 7, ), (Jre S0 AR 5,05 (t, J = 9.6
Hz, 1E|) 4.51 Eg% f%ggg%z@o fﬁ A 1@% o c’%i?h 5&’%59 grgkgﬁ% 51 1?7%§ i %§1%4(s 3H), 2.02

4.38
(s. 3H), 1.73 E‘élu?}@i)‘“ f%f‘(‘t*bi 1273 éﬁéﬂ W@VXW@%@?WP&M@@%M@%@@O bz mitermative

synthesis of (2% 3ARiESIGR)-2-(Arehiare:8-{dalysis of the reaction mixture showed approximately
ethoxybenzyl))%h][%n(yl 6 -(meth lthlo)tm dro 21-1-nyran-3.4,5-trivl triaeetate To a 50 L reactor

under nitrogen"a ere. : ST G RSS! BifiE k&lone (2. 56b%G: 5%8 mol)

mosp ere.
and Ce®!.7H204(2d 6kay;rt . @ mquinycietbanot {7 :aduwas aﬁdeﬂw&rmseméaldym ax A8X). A

Slowly, (35 mi) A o0 Frd v el SR DR o P S S Ron
mixture showedEpproxitn steths210 @i@zstegemhem@md %h&remm:am andshgusnchedwith 10 Wt% aq

NH4C1 (2.5 1 10ang the agqg W t vagyum,to oX, diluted with water (10 L,
4X) and MIRE (12.5L. 5X). T e mix uere%v%gggg%%c(ﬁg%ﬁgqﬁd %ﬁrﬂ. g}(}g gl \z;%éﬂaé%&% u%ﬁ Fhe pH of

the mixture ré4tHad %deﬂm%’%gs(éeﬁﬁnée@ fOYPEGPHIRIS HEentRdlaye P Reresbepaiisted. The

organic layeritas washerbwithd43Atakay e GomRined RANEQYS layer was extragied with MTBE
(12.5 L, 5X). The comblned or anlcc{ layers were washed with 15 brine (2.5 L. IX) and concentrated

under vacuuf't6'3 ?(Wﬁeceﬁf? RS a%heaXTh%drﬁWté?QWﬁé“@&’n‘é’éﬁf?é‘ﬂ@ﬂcgd’alﬁ A L (4X)

and any solidigsithae Wizs rémoved/byhadpelish-dittiatioamdhe cake-was washed with minimal amount

of MeCN. The organic filtrate was transferred to 50 L reactor, and a pre-prepared 20 mol%
aqueous Ho504 sotution (61.8 mL 98% concentrated HaSO4 and 5 L HO) was added. The

20 mixture was heated to 80°C for 2 hours and then cooled to 20°C. The reaction was quenched
with a solution of saturated aqueous K2COs (5 L, 2X) and diluted with MTBE (15 L, 6X).
The organic layer was separated, washed with brine (5 L., 2X) and concenirated under
vacuum to 5 L (2X). MeCN (12.5 L, 5X) was added and the mixture was concentrated to 7.5
L (3X).

25 The above MeCN solution of (38,4R,5R.65)-6-(4-chloro-3-(4-
ethoxybenzylyphenyl)tetrahydro-2H-pyran-2,3,4,5~tetrao! was cooled to 10°C, added with
dimethylaminopyridine (17.53 ¢, 2.5 mol%j, 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

30 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 KHCOs (5L, 2X),

1 N NaHSO4 (5 L, 2X}, and brine (5 L, 2X) in sequence.
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The organic filtrate was transferred to 50 L reactor, and a pre-prepared 20 mol% aqueous
H2S0O4solution (61.8 mL 98% concentrated H2SO4 and 5 L 1120) was added. The 70mixture was
heated to 80C for 2 hours and then cooled to 20C. The reaction was quenched with a solution of

saturated aqueeusleés (5 L, 2X) and diluted with MTBE (15 L, 6X). The ofganigdaysiywas
separated, washed with brine (5 L, 2X) and concentrated under vacuum to 5 L (2X). MeCN (12.5 L,

5X) was added and il-he mixture was con%entrated to 7.5 L (3X). 25The above MeCN solution of
(3S,4R,5R, 6S)-6-(4-CATSTEH G 8 th SR B SADHEHTE HAR AP By rah -2 54 KI$EREdAwds cooled
to 10C, added Withdietiydaminopytidine(d7cbgaabmolos) [folsweadroy slmw,adpiiearef acetic

anhydride (3. , 6.Q.equiv) and triethylamine (5 L. 2X, 6.0 equiv) sq tha perature of the
it was KESEHION O e A R Tt B 000 A e s o e
diluted with MEBEW{] Solid 63¢). rTine waixbyre whshsidwdyqueche dalvithy wates{Fd St 3% )i Fhe organic
layer was; separated @ﬂ%\g@&h@@%ﬂ saturated aqueous KHCO3 (51_ 2X), 1 N NaHSO4 (5 L, 2X),

and brine (5 L, 2X) in sequence. WO 2009/014970PCT/US2008/070250 The organic layer was then
concentrated under VadtiMauegilrepxy et (st BRY wabbetsd and TheSsoThtiba Wad .5

concentrated dguv5 LTERXAHG 8% Rigxane (1P & 3% Was adsied and the,s0lufign was
concentrated tq 7.50 L (3X) (ICE - O.%Z%ﬁ. Any residual solid was removed by a polish filtration and

the cake was WABR& Wit Hifihala fatoRdie (50bHk)! T4 aBYVe filtrate was added
thiourea (880dd¢t2;0i@gudy) andnENISQ T, (L(BdLivl Seauivkdthe mastionmixiure washeatedie 80C

for 3 hoygs (>97% conversion). The mixture was cqaled ta 20C and methyl iodide (541 mL, 1.5 equiv)

and dictwélliso%rgﬁﬁa‘mfi&ﬁlee%%?eﬁy .‘6’%%%&/%/“ er@%ggég) éﬁ& tHe Wﬁfﬁ%d\%ﬁa%“&ﬁfeﬁ%f‘%@’ For 1018

hours. An ext$a'rméﬂ13ﬂq3ﬁiﬁie thavge (B mixi0r25 eqhiv) dvasdddedans the Mixiiee)was stired at

20C for 1 homﬁé&%@%&%ﬁ§*1‘?%%'%rfdx‘wg%y'\’é&%%%%?“L;asls%xzr%{%% washed Wéth asEe o -
a PR MebRr

5X x2). The organic layer was separated and concentrated under vacuum to 251,
5X) was added @ tite ixtdre wasidnEdattated tey BXdeedfforbi e shirtyrThes reixtgrersiad tthen

heated at 60G o, L #our A6-60018d #1046 @06 then heated at 60°C for 1 hour and cooled to 0°C and
15 stirred at 0°C for | hour. The mixture was filtered and the cake was washed with MeQH
(0°C, 251, 1Xx2, 1.OL, 04X). The cake was dried under vacuum at 45°C overnight to
afford the desired triacetate (1.49 kg, 47% over 4 steps) as a pale yellow/off-white solid.

6.8.  Svnthesis of (2S3R.4R.55.6R)-2-(4-chioro-3-(4-ethoxvbenzvinhenvi)-6-
{methvithiojtetrahvdro-2H-nvran-3.4.5-triol

éAC
To a slurry of {25,38,4R, 55 ,6R }- 2-(4-chloro-3-(4-cthoxybenzyl)phenyi)-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 untif 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

2
h

H>O (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 (CDCL) § 7.38 (d, J = 8.4 Hz, 1H), 7.22 (m,
2H), 711 (d, /= 8.8 Hz, 2H), 6.83 (d, /= 8.8 Hz, 2H), 4.35(d, /= 9.6 Hz, 1H), 4.15(d, J =

]
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15 stirred at OC for 1 hour. The mixture was filtered and the cake was washed with McOH (0C, 2.5 L,
IX x2, 1.0 L, 0.4X). The cake was dried under vacuum at 45C overnight to afford the desired triacetate
(1.49 kg, 47% over 4 steps) as a pale yellow/off-white solid. 6.8.Synthesis of

(2S.3R,412,58RIvta{4sshloro-3(4-ethoxybentyllpheny1)-6- POTUSZ008/076250
(methylthio)tetrahydro-211-nyran-3,4.5-triol To a slurry of

(2S,3S,4R,58,6R)-2-(4-chloro-3-(4-ethoxybenzyl)pheny1)-6- , .
(e AR ar oM Sy A ete 190 B oL T A AR TH 000t 205 was
added NaOM¢sirs e QMO 250w %2 18:mE)0.2X) at 20C and the mixture was stirred at 20C for 2 hours
until all solids disappeared. The mixture was then concentrated to 300 mL, added to H20 (IL) and

stirred for 1 hour. Theselid was, iieies ane washed i 20,108 mb x3kans he gaks s dried

under vacuum at 45C overnighi i, afor e, deslied el WIIgWRE 1R (AU 3%, JHNMEEGDCI3) 6
7.38 (d, = 8.4 Hz, 1H), 7.2Z\ps:24H), 7.11 (d, i= 8.8'Hz, 21T).6.83(d, = 8.8 HZ, ZH), 4.357(d, -1 = 9.6

Hz, 111), 4.15 (d,../ = WO 2009/014970PCT/US20081070250 9.6 Hz, 1H), 4.10-3.95 (m, 3H), 3.64 (t,
J=8.8 Hz. 1H 3.50 (imd2Hyli hT3 ity SHprR A7 rissQkt), id 461, 1s¢:2-Mas 36 OPreparation of
Crystalline A . A412.5S.6R)-244-ehloro-3- ) ] . .

ooy oniiads ffnel i AR e AR FURIRCTLSL) sopadded i rinss. The S Sighay
positive n itrod@ﬁ-ﬂM@Qﬂ&@%Mﬁ@éﬁ@@W@sM@-M@@HI (lnyand!the Griacttater(k a0 Kg,
3.09 mol). Methanel (3L was-added As.a finsg; JA?%@M&}%XQ%&“?@ ﬁg%ﬁqtb@%%@d%%ﬁm 5 W%,

340 mL, 0.2X) in 15 minutes at 20C and the mixture was stirred at 20C for 2 hours until all solids
disappetited. TEIhe Mirturd Was hudee&onih T welirgdD ¥ 48K ifdBinsmmshesd Gite™s §seeding

(DSC 123C).,sidigle crashec-eut 20 the mixtureias slived Au206dork Bourcaaledito Qg and
stirred for 30 minutes. Jhe soé/ig}was.ff;tltered and washed with water (1.7 L, Ix, x2) and the cake was

dried under vA&HFEAEE eIl ghio aloid thi thde EOMBOMHUCHT pYat S5 es ydSEEpuEAKE . 28 K,
97.7% yield).4556. tOcrRigpasatitmoheristalinecdnbysirpus (25:83R4 B &SiHR)- 2 (A ehil0vo-3Y;

yield).

15 6.10. Preparation of Crvstalline Anhvdrous (25.3R.4R.55.6R)-2-(4-chioro-3-
{4-ethoxvbenzvlyphenvl}-6-(methvithio)tetrahvdro-2H-pvran-3.4.5-triel
Form 2

Under slightly positive nitrogen pressure, to a 50 L reactor was charged MEK (2~
butanone, 4 L) and (28,3R 4R, 58,6R }-2-(4~chloro-3-(4-ethoxybenzyl yphenyl)-6-

20 (methylthio)tetrahydro-2F-pyran-3,4,5-tricl Form 1 (1.49 Kg). MEK (3.45 L) was added as
a rinse. The mixture was heated to 80°C and heptane (14.9 L, 10X) was slowly added in 1.3
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 mixturs was cooled to 20°C in 3 hours
and stirred at 20°C for | hour. The solids were filtered and the cake was washed with

25 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 Crvstalline Anhvdrous (258,3R.4R.55.6R)-2-
{4-chioro-3-(4-ethoxvbenzvlphenvl)-6-(methvithioletrahvdro-2 H-
30 pyran-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 wag
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(4-ethoxybenzyl)plienv1}-6-(methylthio)tetrahydro-2H-pYran-3.4,5-triol Form 2 Under slightly
positive nitrogen pressure, to a 50 L reactor was charged MEK (2- butanone, 4 L) and
(2S,3R,4R,55,6R)-2-(4-chloro-3-(4-ethoxybenzyl)phenyl)-6-
20(methylthiojetsatmyeiersH-pyran-3,4,5-triol Form 1(1.49 Kg). MEK (3.45 L)-was,afdeghas a rinse.
The mixture was heated to 80C 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 80C for 15 ROUFS TR TRIKTIPENHES (ctelfdt S0EHs & hgttdhsiasshired &t 20w e 1 Psticothe
solids were filt€reda@ichthé kakewasdvashedswisthi2BMEKheptarne s 2.5, WiV hLAQ L 106x2), dried

under nitrogen for 12 rs.and under vacuu 90C for 24 hours to afford the title compound as a
white solid (mr.ipi.l‘i?-%-{-ﬂiqgf &by SERpERK: if.lzri%ﬁ?{[a’? SO TEESER) égi ?%ﬁé‘(ﬁsaﬁ’\?é‘ﬁ?e‘ﬁgiaﬂon of
Crystalline Aniligthvngs (P8:8R, #R[BS BR)k2) was added and the mixture was concentrated under
(4-eh|or053-(4\7gégg§yt§@ﬁ@@w‘ B Dethylipip)tefrabydro- % 30pyran-3,4,5-triol.Form 2. To a
250 L reactor was charged the triaﬁgflate (10 Ii(g) ar%:}j methgﬁ%i? g E%%y%g |ﬂbrﬁ1%lﬁt[et?l1lg>%i%rgﬁl.c6 kg.
30% solution) W58 HefEashRt s Ry AvathElNdiginse. cPReciirtedamas vW@m. MEK (100 kg) was

2009/014970BGEAUS2A08(070250 stiredah o denReraluse farableash 2 hewrs A1 4k ihe reaction
was completgdif%ﬂ%rtcoal Darco G-60, 1 kg) was added with 5 k%]methanol rinse. This mixture was

heated at 40 B8NS o dents 82 aRBcRiRSr Mt st dedite. rredueare i vashed
with methanob10kejiy. Wate {100 Kgyhias-addeghanghihesmprine nasconcriated iden s vacuum.

MTBE (200 kg) an r.(50 K ed and phases were split. The organic layer was washed
with wat%egr (1(% %S%ﬁi%[%é%%g:{f?gmﬁder @’é’é)&lgtfﬁfi Mﬁ%%\&éb@g A 48RESHd %ééﬁ’ﬁffe about of
solvent was digtiliédiabder $EEUURermiisavE Kiadeitionandidistitéitordiassiepedaltsiddo siry the
solution. Eno M to duc tion.of _ o o )
(25.3R,4R,58lf%g 'R‘)Mzg- 4%%?)?5—%%$e}t%%%%ﬁéﬁ%%é%% O R SR e aig b 14 7C over
10pyran-3,4,5tHaPin SOESMER aTHIS sshimsriabpolishsfitdedahititeptant w208 d withs added at
about 80C. Farmn2ieseds. (Telakwete aaded folowddby siamaddiion oloeRlang (RS 80C.
Heating was continued for 8 h more at 80C, cooled to 20C over at least 3 hours, held at this
tempera];%re ol \diY @'ﬁ&%éﬁfﬁ’té’?@&?'and washed with MEK/heptane. The cake was dried at 50C
under vacuum to afford the title compound as a

6.12. Svathesis of (25.3R.4R.58.6R)-2-(4-chloro-3-(4-ethoxvbhenzvDnhenyl)-6-

(methylsulfonviitetrabvdro-2H-pvran-3.4.5-iriel

EtO cl
Z l EtO. o Cl
) H WSMe 1. UHP, phthalic anhydrice o | H o\\S,P
yi\/\]\ 2. NaOMe/MeOH N e
AcO™ Y7 TOA e
Sre Ho™ >y oH
OH

To a mixture of urea hydrogen peroxide (UHP, 92.34g, 6.0 equiv) and phthalic

20 anhydride (72.70g, 3.0 equiv) was added MeCN (720 mL) and McOH (180 mL). The
mixture was stirred at 20°C until all solids were dissolved. Then a solution of
(ZS,BS,4R,5S,6R}-2—(4~chiom-3—(4—ethoxybenzyl)phenyl’)—6—(mcthylthio)tet'rahydro—ZH-
pyran-3,4,5-riyl 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)

25 and washed with saturated ag NaHCO: (900 mlL., 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 ther 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 HyQ (1350 mL) with stirring. The stirring was
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15white solid (6.6 kg. 86% yield). 6.12. Synthesis of
(2S3R,4R.SS.6R)-2-(4-chloro-3-(4-ethoxybenzyl)nheny1)-6-
(methylsulfonyl)tetrahydro-2H-pyran-3.4,5-triol Et0<5.2. CL.","5.7., IFl Hmile 1. UHP, phthalic anhydride
11.2. NaOMeAvig Qb ARQshPAc HOC.-C'V-C40H 'OA OH To a mixture of ureg-hyciagen-parpxide (UHP,

92.344. 6.0 equiv) and phthalic 20 anhydride (72.70g, 3.0 cquiv) was added MeCN (720 inL) and
MeOH (180 mL). The mixture was stirred at 20C until all solids were dissolved. Then a solution of
(2S,3S,4R 55 -%?Ea’l-‘%?h 1843 (e tREJyBENIIRS e Procaretryshetrah did 20 jphns3)4,5-triyit
riacetate (90.0040:163 doolkinuMed M5(BA0vmhichXwasadtedandithe mixiureayasestiyred at 20C for
7 hours. The mi il with EtQAC ( 0X) 25 and washed with saturated aq NaHCO3
(900 L, 450 M0} MO IB0 (r80 Hy) TR biadnte (g et B o Caht dhad tndki-fack Gt ko give a
white solid (-95g} e €& aboyéhwhiteisolid Was addadiMeQH (300 1), and, then NadMe énMeOH (25
wt%, 18 mL. C mixture was, stirred at.20C for.3h,until all the solids disappeared. The
mixture was (?ﬁ%%r?t?;%t?? t(omB %Sl’nﬁ\fﬂérggls?éﬁvgh? gﬁérend %@E&Q’(f@% Prf%) %v%iﬁrﬁéti?%ﬁgf‘%g@ irring was
WO 2009/014978rGH1) S2008/070250 continued for 1 hour. The solid was filtered and the cake was
washed with H20 (90 mL, x2) and dried under vacuum at 45C overnight to afford the desired sulfone
(71.49, 96%). IFI NMR (CDC11) 6 7.35 (d"J= 8.4 Hz, 1H), 7.20 (m, 2H), 7.081 (d, J= 8.8 Hz, 2R), 6.78
(d, = 8.8 Hz, 2H), 4.58 (br s, 1W, 4.51 (br s, 1H), 4.42 (d,J = 9.6 Hz, 1H). 4.24 (d,/ = 9.6 Hz, 1H),
4.10-3.90 (M, 4H), AT (micklickh 3.54 (ork BB 36005 Sy lkhioR BLifs1 Ao ok 3Ihclirphidebiz, 311).

10 herein by reference in their entireties.



All publications (e.g.; patents and patent applications) cited above are incorporated 10herein by
reference in their entireties. CLAIMS What is claimed is: A method of preparing a compound of
formula I: 5 or a salt thereof, which comprises contacting a compound of formula H: with a base under
conditions sufficient to provide the compound of formula I, wherein: 10Y is 0, S, NR4, or C(114)2; Z, is
0, S. SO, or SO2; each Pl is independently a hydrdkyh fisdsecting group stable under acidic conditions;
each Rl is independently hydrogen, halogen, cyano, ORIA, SRIA, or optionally substituted alkyl;
eachR., Aj ndep?ndendtly hydrogen or optionally substituted alkyl or aryl; each R2 is independently
hydrogen ha ogen cyano, OR2A SR2A, or optionally substituted alkyl; each R2A is
independently hydrogen or optlonall substituted alky! or aryI 5R3 is optionally substituted alkyl, aryl or
heterocycle; eachlR4 is |ﬁd@|§‘é @‘P%FB@@W%W% é?ﬁ/f%%%}ﬁ‘t@ted alkyl or aryl; nis 1-3; and m

is 1-3;
Tﬂ““-‘-_
Q K/ O _Z1—Rs
(Ra)q

5 i

or a salt thereof, which comprises contacting a compound of formula I

(R‘i)m“‘\@_\(
7 e
{Raln
o,

[}
with a base under conditions sufficient to provide the compound of formula I, wherein:
10 Y is O, S, NR4, or C(Ra)a;
72118 O, 8, SO, or SOy;
each P, is independently a hydroxyl protecting group stable under acidic conditions:
each R, is independently hydrogen, halogen, cyano, OR A, SR 4, or optionally

substituted alkyl;
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wherein "alkyl" means a straight chain, branched and/or cyclic ("cycloalkyl") 10hydrocarbon having
from 1 to 20 carbon atoms and includes saturated hydrocarbons as well as alkenyl and alkynyl
moieties; "aryl" means an aromatic ring or an aromatic or partially aromatic ring system composed

of carbon and hydrogem Rtmﬁsiﬂﬁmiandey&behyﬂmm ammlb’ patrsiatiyearefqgkier @rvlon-aromatic,
monocyclic or 15pol lic r|n or r tem com f dregen one
?@# ﬁ{fg R d“ %x‘? s yc ﬁz d@ﬁ.m apd,atdaast

heteroatom; "alkereﬁ tralg aﬁc and ¢arbon havingfrom 2 to 20
carbon atomg;giﬂﬁiﬂm:hlklyﬁ;g at least one carbon carbon double bond; and "alkynyl" means a straight

chain, branched or ¢ dro arb from 0c at least one
carbon-carbon trlp?g%" e?ﬁ h}%fr { \%ﬁg%ﬁp @9&@@@%&8@&!@6 method of
claim % wherein me@;;ﬁ@;dt;ﬁ@ﬁasmme@,am methndleiffrzz:<lm}’ltﬂl@q wherein P1 is C(0)R5, wherein R5
is alkyl, aryl, alkylar aryla t fcI i i yl, benzoyl, or

: ,%9{ o é"ﬁn entid il B8 o ém%ﬂﬁ[&@ A3 is:ac6t

pivaloyl. 256.The 5rita e method of claim 6, wherein Rip, is
optionally substituted Ipwesralkyl. 8. The method of clalm 1, wherein R2 is halogen.

mis 1-3;
wherein “alkyl” means a straight chain, branched and/or cyclic (“eycloalkyl™)
10 hydrocarbon having from 1 to 20 carbon atoms and includes saturated hydrocarbons as well
as alkenyl and alkynyl moieties;
“aryl” means an aromatic ring or an aromatic or partially aromatic ring system
composed of carbon and hydrogen atoms;
“heterocycle” means an aromatic, partially aromatic or non-aromatic, monocyclic or
15  polycyclic ring or ring system comprised of carbon, hydrogen and at least one heteroatom,
“alkenyl” means a straight chain, branched and/or cyclic hydrocarbon having from 2
10 20 carbon atoms and including at least one carbon-carbon double bond; and
“alkynyl” means a straight chain, branched or cyclic hydrocarbon having from 2 to 20

carbon atoms, and including at Jeast one carbon-carbon triple bond.
20 2. The method of claim 1, wherein Y is C(Rs)s.
3. The method of claim 1, wherein Z; is 8, SO or 50O,

4, The method of claim 1, wherein Py is C(O)Rs, wherein Rs is alkyl, aryl,
alkylaryl, or arylalkyl.

5. The method of claim 4, wherein P; is acetyl, benzoyl, or pivaloyl.

25 6. The method of claim 1, wherein R is OR;ja.
7. The method of claim 6, wherein R4 is optionally substituted lower alkyl.
8. The method of claim 1, wherein R is halogen.

9. The method of claim 1, wherein Rj3 is lower alkyl (e.g.. methyl or ethyl).
10.  The method of claim 1, wherein Ry is hydrogen.
20 11. The method of claim 1, whereinm s 1.
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9. The method of claim I, wherein R3 is lower alkyl (e.g., methyl or ethyl). 10. The method of claim 1,
wherein R4 is hydrogen. 3011.The method of claim 1, wherein mis 1. 12. The method of claim 1,
wherein nis 1. 13. The method of claim 1, wherein Y is CH2, Z4 is S or SO2, Rl is ethoxy, R2 is
chloro, and R3 is methyl. The héhbheMmaihad okhtaiim 43swherein the compound of formula | is of the
formula: EtO s CI OH OH 15. The method of claim 1, wherein Y is C112, Z1 is S or SO2, R1 is
ethoxy, R2 is chlorg; and R& iﬁ;ﬁm}d.of clali6. T vehmrethddinf &ai i 15, Swhdien thescohpouid bf

formula | is of the for H OH
chloro, glﬂg 18 met Vi,

14.  The method of claim 13, wherein the compound of formula I is of the formula:
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517.The meth_od of claim 1, wherein the base is alkoxide, hydroxide, carbonate, or amine. 18.The
method of claim 1, wherein the compound of formula!! is prepared by oxidizing a compound of formula

II(Q): wherein Z2 is S or SO. 19. The method of claim 18, wherein the oxidation is achieved
using a peroxy compound 20. The methad ' hergi X i5.M:
15chlorophenylper |%i’d, pgr%ec’g)t?é%géé’?aé?%ﬁlec,l ’o&%gﬁ%%%%g%%?ﬁe%?ﬁﬁ%gg%})?g%%517' r|E)lseroxide

complex (e.ghiura,aahydtpg;ea’tméroxide) and acid anhydride (e.g., phthalic anhydride). 21. The
method of claim 1, which further comprises crystallizing the compound of formula I. 22.A method of
preparing a compoliid of ik uretik@)pf claim 15, wherein the compound of formala I is of the formula:

5 17. The method of claim 1, wherein the base is alkoxide, hydroxide, carbonate, or
amine.
18.  The method of claim 1, wherein the compound of formula Il is prepared by

oxidizing a compound of formula TE{a}:

<R1)m\® LN
N\ / &// O _Z,Rs
)
PO

(Rahn
OP,
OP;
10 Ti(a)

wherein 7 is § or SO.

19.  The method of claim 18, wherein the oxidation is achieved using a peroxy
compound.

20.  The method of claim 19, wherein the peroxy compound is m-

15 chlorophenyiperacid, 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).

71, The method of claim 1, which further comprises crystallizing the compound of

formuia .
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I1(b) or a salt thereof, which comprises contacting a compound of formula 11(c): 50Pi 11(c) with a
compound of the formula R3X under conditions sufficient to provide the compound of formula 1i(b),
wherein: X is bromine, iodine, alkanesulfoxy, or alkoxysulfoxy; 10Y is 0, S, NR4, or each P[ is
independently a herXW}pEﬁ@E@i@gf%WbiQmeﬁ@@idf@mm@1’[&)eaCh Rl is independently
hydrogen, halogen, cyano, OR4, SR4, or o tlonally substituted alkyl: each R2 is independently
hydrogen, halogen. cyano, ORA4. SRy pti ' Ibsubstituted alkyl; R3 is optionally substituted
alkyl, aryl or heterocycle; each R4 is indefen ently hdroe ppti

and m is 1-2; 20wherein "alkyl" means a straight ﬁ%

rnc ed and/or cyclic ("cycloalkyl")

hydrocarbon having from 1 to 20 carbon atoms a fﬁcl aturate ydrocarbons as well as
alkenyl and alkynyl moieties; "aryl" means an aromatlt ring @r an aromatic or partially aromatic ring
system composed of carbon and hydrogen atoms; OP;

Ii(b)

or a salt thereof, which comprises contacting a compound of formula El{e):

O
'\
ok

Hi(e)
with a compound of the formula R3X under conditions sufficient to provide the compound of
formula 1i(b}, wherein:
X is bromine, iodine, alkanesulfoxy, or alkoxysulfoxy;
10 Y is O, 8, NRy, or C(Ry)z;
each P, is independently a hydroxyl protecting group stable under acidic conditions;
each R, is independently hydrogen, halogen, cyano, OR4, SR4, or optionally
substituted alkyl;
each R, is independently hydrogen, halogen, cvano, ORs, SRy, or optionally
15  subsiituted alkyl;
R; is optionally substituted alkyl, aryl or heterocycle; |
each Ry is independently hydrogen or optionally substituted alkyl;
nis I-2; and
mis1-2;

20 wherein “alkyl” means a straight chain, branched and/or cyclic (“cycloalkyl™)
hydrocarbon having from 1 to 20 carbon atoms and includes saturated hydrocarbons as well
as alkeny! and alkyny! moieties;

“aryl” means an aromatic ring or an aromatic or partially aromatic ring system
composed of carbon and hydrogen atoms;

25 “heterocycle” means an aromatic, partially aromatic or non-aromatic, monocyclic or
polycyclic ring or ring system comprised of carbon, hydrogen and at least one heteroatom;
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25"heterocycle" means an aromatic, partially aromatic or non-aromatic, monocyclic or polycyclic ring
or ring system comprised of carbon, hydrogen and at least one heteroatom; "alkenyl" means a
straight chain, branched and/or cyclic hydrocarbon having from 2 to 20 carbon atoms and including at
least one carbon- Cfafbmyﬂ’aubdmsbmatﬂanghdchamdﬂ(?nyhed]@mfglacsmardm@hamb@ﬁéwéﬁéﬂ seyklic

hydrocarboE £§ fro 2t02 lnc{‘?gn OMS. 2 quv:n ggwgﬁﬁé@%g%@o%garbon triple bond.

23.The me w erein romlne e met m 22, wherein X is iodine. 25.
The method of clarm@a,ywrmeam X igsighorkeizs biaeméthodyoficlainrearivrebaiving s @R 4220

27. The method of claim 2 ergin P| (O her rﬁ{yl alkylaryl, or arylalkyl.
28. The mectﬁg’arb?’&alrﬁ 11}%5‘?{:”% Igl |€sazsice)tlyl %égnigoy#;lor plvﬁ ¥E 29. The method of claim 22,

wheregw R, is ORI% 530 % e%tl Qp([ﬁ&l@mf%vﬁg}g ein RLA IS aptionally substituted lower alkyl. 31.
The méthod of claiin 22, wherein R2'ls alogen. 32. The method of claim 22, wherein R3 is lower alkyl

(e.g., methyl, ethyh), 33. The method 4 §lairm32.mhergikRéiisidrogen. 34. The method of claim 22,

wherein mis 1.
25. The method of claim 22, wherein X is sulfoxy.

26. The method of claim 22, wherein Y 1s C{R4).
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1035.The method of claim 22, wherein nis 1. 36. The method of claim 22, wherein Y is CH2, Z, is
S or 502, R1 is ethoxy, R2 is chloro, and R3 is methyl. 37. The method of claim 22, wherein Y is
CH2, Z,[is S or SO2, Rl is ethoxy, R2 is chloro, and R3 is ethyl. 1538.The method of claim 22,

wherein the comp?ﬁgd of fscﬁrmul 1%(% is of tr?i% fohmula: 39%§%net od of ¢laim @2 Whe{ein the
compound of formuta 11(e)'1§ B}‘gﬂﬁ ot BB AR LS miSo FRTRLRA ra)® @ RBW PioOP
200P, 1i(d) sithialewtisatitkand thiourea under conditions sufficient to provide the compound of
formula 11(e).

28. The method of claim 27, wherein Py is acetyl, benzoyl, or pivaloyl.

29. The method of claim 22, wherein R; is OR; 4.

5 30. The method of claim 29, wherein Ry, is optionally substituted lower alkyl.

31.  The method of claim 22, wherein R, is halogen.

32. The method of claim 22, wherein Rj is lower alkyl (e.g., methyl, ethyl).

33.  The method of claim 22, wherein Ry is hydrogen.

34, The method of claim 22, wherein m is 1.

10 35. The method of claim 22, wherein nis 1.

36. The method of claim 22, wherein Y is CHa, 7, is S or 5O,, R is ethoxy, Ry is

chioro, and Rj is methyl.

37. The method of claim 22, wherein Y is CH,, Z; is S or SO,, R 15 ethoxy, R is
chloro, and Rj is ethyl.

15 38.  The method of claim 22, wherein the compound of formula 11{(b} is of the

formula:

OAc
39.  The method of claim 22, wherein the compound of formula ¥i(¢} is prepared

by contacting a compound of formula E(d}):

ﬂ%)m\@iy_i_\
\ K// o_ _OP;

20 OP;



40.The method of claim 39, wherein the Lewis acid is trimethylsilyl trifluoromethanesulfonate. 541.A
method of preparing a compound of formula 11(d): (Ri)m? Y (R2)n PiOOPi 0 P 11(d) or a salt thereof,
which comprises contacting a compound of formula 11(e): (R16 1011(e) with a salt of P IX" under
conditions suifficidntvios shiel fenhttionred theoompdund offtiimeda Ol whetbincottirsiohlerine,
bromine, iogi%%h%”g@grboxy, alkanesulfoxy, or alkoxysulfoxy; Y is 0, S. NR4, or 15each Pl is
independenﬁy a hydroxyl protecting group stable under acidic conditions; each 121 is

independently hydigaen. falogen6vana. f34: Slpdearapionalsuisitieg il each R2is
independently hydrogen, halogen, cyano, 0124. S124, or optionally substituted ‘alkyl; each Rei is

independeritiyl yrirogdnamasoitionslly substituted alkyl; n is 1-2; and in is 1-2;

5 41, A method of preparing a compound of formula 11{d):

{R‘i)m\@\,_ﬁ
N\ / Q// o _OP;
(Rain
P07 Y op,
OP;
11(d)

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

(an@
Y
O OM

(Rz)n
HO : CH

10 Fie)
with a salt of P, X" under conditions sufficient for the formation of the compound of formula
1i{d), wherein:
X" is chlorine, bromine, iodine, alkylcarboxy, alkanesulfoxy, or alkoxysulfoxy;
Y is O, 5, NR4, or C{Ry)z:
15 each P is independently a hydroxyl protecting group stable under acidic conditions;
each R, 1s independently hydrogen, halogen, cyano, OR4, SRy, or optionally
substituted alkyl;
each R; is independently hydrogen, halogen, cyano, ORy4, SRy, or optionally
substituted alkyl;
20 each Ry is independently hydrogen or optionally substituted alkyi;
nis 1-2; and
mis 1-2;
wherein “alkyl” means a straight chain, branched and/or cyclic (“cycloalky!™)
hydrocarbon having from 1 to 20 carbon atoms and includes saturated hydrocarbons as well

25  as alkenyl and alkynyl moieties;
34



wherein "alkyl" means a straight chain, branched and/or cyclic ("cycloalkyl") hydrocarbon having from
1 to 20 carbon atoms and includes saturated hydrocarbons as well 25as alkenyl and allcynyl moieties;
"alkenyl" means a straight chain, branched and/or cyclic hydrocarbon having from 2 to 20 carbon

atoms and includingBlgdastaamcarhaistadamoetrbichbonddaidyclic Talymylibne ansiagsirag it
chain, branched or cyclic hydrocarbon haying from 2 to 20 carbon at nd including at least one
carbon-cartBr BRSBTS TS RV S A B 32 e method of cla
41, wherein P1 is C{@izh]WwhesginaRbdatlkHarryihratisytal iy ovaly ladidybcarbon4divigefrosinad 06

claim 41, wherein Pi is acetyl, benzoyl, oy pivaloyl. 45. The method of clajm 41, wherein Xth is chlorine
or acetoxy. ﬁ@b?ﬁ@%fhﬁ%‘gdflgf fiﬁiﬂﬁ \{/’gﬁgrg f Oéﬁ?%f]’ 2*7?’%%’ hod of claim 46. wherein R A

is optiopally substityted lawer alkyl. 48, The thog of.clajim {%h;l(e herein R2 is halogen. 49. The
method’of claim 41'fie n thECBIR Sﬁr?é%iﬁ%‘p%?m‘é’ ir(edﬁlgé? R‘f ‘mula. Et

43, The method of claim 41, wherein Py is C(O)R;s, wherein Rs is alkyl, aryl,
alkylaryl, or arylalkyl.

3da



50. The method of claim 41, wherein the compound of the formula 11(e) is prepared 10by contacting a
compound of formula 111(a): OHH HO' (R2)nOP2 111(a) with an acid under conditions
sufficient to provide the compound of formula I11(e), wherein each P2 is independently C(0)R6, or both

P2s are taken together t i - 15wherein each R6 is independently alkyl, aryl, alkylaryl, or
arylalky!; whe?gil]h --a?ﬁg{%g%r% ﬁ%%éhztﬂéhvéigrﬁr ranthied AR /§§) %?/%ﬁ% E’%%‘fgﬁmé ") hydrocarbon

having from 1 to 2Qcarbop,atame angrinciudes safwaiedvdracarbons as well as alkenyl and alkynyl

. LA & QR ASSORYL
moleties; aryl means an aromatic rng or an aromatic or partally arom fic rnng system 20

composed of carbgg and-fwdrnagn ALPRISimAlY RN GIPRNS:3RRAIKY! moiety bound to an aryl moiety;
"arylalkyl" means an aryl moiety bound to an alkyl moiety; "al enyl" means a straight chain,

branched and/or cyglic hyrrecashen bavingfum.2Ha20 R@,ﬁ%%ﬁﬁ%ﬁ&}%@%?ﬁm@é@%%54?%1%‘/}6&1”3

carbon-carbon double bond; and "alkynyl" means a straight chain, branched or cyclic ocarbon
havingfrom 2 to 2@gcarborhatemecand dnsiyding.ahleastiong g@r@é%-_carbon triple bond.

49, The method of claim 41, wherein the compound of formula ¥i(d) is of the

formula:

C:)AC
50. The method of claim 41, wherein the compound of the formula Ii(e) is prepared

10 by contacting a compound of formula ITi(a):

i(a)

with an acid under conditions sufficient to provide the compound of formula Ii(e),

wherein each P; is independently C(O)Rs, or both P;s are taken together to provide C{Re ),
15 wherein each Re is independently alkyl, aryl, alkylaryl, or arylalkyl;
wherein “alkyl” means a straight chain, branched and/or cyclic (“cycloalkyl™)
hydrocarbon having from 1 to 20 carbon atoms and includes saturated hydrocarbons as well
as alkenyl] and alkynyl moieties;
“aryl” means an aromatic ring or an aromatic or partially aromatic ring system
20 composed of carbon and hydrogen atoms;
“alkylaryl” means an alkyl moiety bound to an aryl moiety;
“arylalkyl” means an aryl moiety bound to an alkyl moiety;
“alkenyl” means a straight chain, branched and/or cyclic hydrocarbon having from 2
to 20 carbon atoms and including at least one carbon-carbon double bond; and
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51.The method of claim 50, wherein the compound of formula 111(a) is of the 5formula: 52.The
method of claim 50, wherein the acid is acetic acid, hydrochloric acid, sulfuric acid, phosphoric acid,
methanesulfonic acid, or toluenesulfonic acid. 53. The method of claim 50, wherein the compound of
formula li(a) is prepaksdslyy kedusingraigomprinbefidraiuadi¢hy. By (RixartoR daR@fismb)o 2054,
The method of claim 53, wherein the corlwpound of f rmula III{lbariglgfbtgrcladformulaz

carbon atoms, and including at

51.

% formula:

52.

gast one c:ar on-carbo

The method of claim 50, wherein the compound of formula ITl{a} is of the

Rz

The method of clair 50, wherein the acid is acetic acid, hydrochloric acid,

sulfuric acid, phosphoric acid, methanesulfonic acid, or toluenesulfonic acid.
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55. The method of claim 53, wherein the reduction is achieved using cerium 10chloride and sodium
borohydride, a borane complex, enzymatic reduction, hydrogenation, or transfer hydrogenation.

56. The method of claim 53, wherein the compound of formula Ill(b) is prepared by contacting a
compound of formula IV: (Ri)m-L Y (R2)n 151V with a compound of formula V: under conditions
sufficient to provide the compound of formula I11(b), wherein: X' is 20bromine or iodine; and X" is a
leaving group (e.g.,.aming, alkoxyatnino, h | r %M}

57. The method ofsc aim ? ,e nﬁ%&ﬁ?ﬁﬂ%ﬁ iti’g(ﬁgirl%%S%en%%%ﬁggg\%ggﬁﬁ&ggg%ggfﬁé 0 formgg [(b)
comprise theyusdwfiasnmetalatingootrmsmEtdidiing agent. 58. The method of claim 57, wherein
the metalating agent is magnesium or lithium. 559.The methed of claim 57, wherein the
transmetalating agent is a magnesium reagent (e.g., alkyl madp halide, dialkyl magnesium,

lithium trialkyl magnesium halide) otrai.ergana ithiyu Y[ reagent (¥.g. \a=utyl lithium, sec-butyl lithium,
t-butyl lithium).

5 TEI(b)

54.  The method of claim 53, wherein the compound of formula Hi(b) is of the

formula;
O
(R1)m\®_ y
(Ro)s 0N
55, The method of claim 53, wherein the reduction is achieved using cerium

10 chloride and sodium borohydride, a borane complex, enzymatic reduction, hydrogenation, or
transfer hydrogenation.

56.  The method of claim 53, wherein the compound of formula IIi{b) is prepared
by contacting a compound of formula IV:

(Rom\\\f} S
\ / m//
Ra)r

I5 v

with a compound of formula V:

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

alkoxy, phenoxy, carboxy, sulfoxy).
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60. The method of claim 56, wherein the compound of formula 1V is of the formula: 10 61. The
method of claim 60, wherein the compound of formula IV is of the formula: EtCI 62. The method
of claim 56, wherein X" is amino (e.g., morpholino). 1563.The method of claim 62, wherein the
compound of formuia, vV isﬁidhﬂeﬁhm@u@claﬁﬂ%mdtbmﬁhdhprﬁpﬂﬁiﬁ@é(&aﬁ;ﬁ&ﬁﬁ paskd: bydroxy-2,2-

dimethyltetrahydrofur, é $3 Sﬁ ol-5- gn orphoh one: which comprises contacting
(3aS,5R,6S %)éy%‘j "HP% %y‘-f-g‘]lé‘ h&’ﬁ“ ! Foftiro] P oS -%%a‘i‘r‘m t?n%na aC?Id with
morpholine under diti suff pro ﬁe
(328,5R 65,68y S hycro T S rueths e dr e ar ﬂ?%%&&%x%?"& is magnesium or
y1)(morpholiitbymethanone.

5 59. The method of claim 57, wherein the transmetalating agent 1s a magnesium

reagent {e.g., alkyl magnesium halide, dialkyl magnesiom, lithium trialkyl magnesium halide)

or an organolithium reagent {e.g., n-butyl lithium, sec-butyl lithium, t-butyl lithium).

60.  The method of claim 56, wherein the compound of formula IV is of the
formula:
N SR
i
Ry— |
= P
10 i
61. The method of claim 60, wherein the compound of formula IV is of the
formula:
o xr
EiO Ci
62. The method of claim 56, wherein X" is amino (e.g., morpholino).
15 63. The method of claim 62, wherein the compound of formula V is of the
formula:

4,

S )Q‘/\T
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65. The method of claim 64, wherein (3aS,5R,68,6aS)-6-hydroxy-2,2-
dimethyltetrahydrofuro[2.3-d][1,31clioxole-5-carboxylic acid is prepared by oxidizing
(3aS,5S,6R,6aS)-5-(hydroxymethyl)-2.2-dimethyltetrahydrofuro[2,3-d][1,31dioxol-6-0l under conditions
sufficient to prowdg (3a8. %‘1@%

5el][1,3]dioxole-5- carboxy ic aC|86d:jl§1)pt?e??‘4 %ﬁg@% W%?ﬁ éj‘ ¥9F18)f(|% ghi

(3aS.5S,6RiBag)BHfityalnpaphiethPip-2 11 diretwlitétrdiyraibediz; Brdifiagidioxol-6-ol is prepared by
cyclizing L-H-xylose in the presence of acetone under conditions sufficient to provide
(3a3,5S,6R,6aS)-5- (hydroxymethyl)-2,2- dlmetFt rahydrofur012 3-d111,31dioxol-6-ol. 1067.A
crystalline compound of the formula: 68.The com claim 67 which is of the formula: 69. The
compound of claim 68, which has an X- ray ow er d| actj n attern 15with peaks at one or more of
7.7,11.9,12.4,16.9, 19.5, 19.9, 21.9, 23. 2®24 or rees 20. 70. The compound of claim
68, which has a melting point of 156C. 71.A comp nd of the formula: or a salt thereof. AcOOAc

which comprises contacting (3aS,5R,68,6a5)-6-hydroxy-2,2-dimethylietrahydrofuro[2,3-
5  dj[1.3]dioxole-5-carboxylic acid with morpholine under conditions sufficient to provide
((3aS,5R,65,6a8)-6-hydroxy-2,2-dimethyltetrahydrofuro[2,3-d][ 1,3 }dioxol-5-

y(morpholino)methanone.
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OAc 72. A compound of the formula: or a salt thereof 73. The compound of claim 73, which is of fhe

formula:
formula:

10

15

75.A compound of the formula: OH EtO-- CIHO or a salt thereof. 40 76. A compound of the
or a salt thereof.

65, The method of claim 64, wherein (3aS,5R,68,6a5)-6-hydroxy-2.2-
dimethyltetrahydrofuro{2,3-d][1,3]dioxole-5-carboxylic acid is prepared by oxidizing
(3aS,58,6R,6a8)-5-(hydroxymethyl)-2,2-dimethyltetrahydrofuro{2,3-d][ 1,3 ]dioxol-6-0l under
conditions sufficient to provide (3a8,5R,65.6a5)-6-hydroxy-2,2-dimethyltetrabydrofuro]2,3-

dif1,3}dioxole-3-carboxylic acid.

66.  The method of claim 653, wherein the (3a5,55,6R,6a5)-5-(hydroxymethyl)-2,2-
dimethyltetrahydrofure][2,3-d][1,3]dioxol-6-0l is prepared by cyclizing L-(-}-xylose i the
presence of acetone under conditions sufficient to provide (3a5,55,6R,6a5)-5-

(hydroxymethyl)-2,2-dimethyltetrahydrofuro{2,3-d][1,3]dioxoi-6-0l.

67. A crystalline compound of the formula:
O Cl
|
I e
AcO OAc
OAc
68.  The compound of claim 67, which is of the formula:

69.  The compound of claim 68, which has an X-ray powder diffraction pattern
with peaks at one or more of 7.7, 11.9,12.4,16.9, 19.5, 19.9, 21.9,23.2,24.1, and/or 27.7
degrees 26.

70.  The compound of claim 68, which has a melting point of 156°C.
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79. The compound of claim 78, which is crystalline. 80. The compound of claim 79, which has an X-ray
powder diffraction pattern 10with peaks at one or more of 7.6, 13.2, 17.0, 17.4, 18.6, 19.5, 20.5, 20.8
and/or 23.2 degrees 20. 81. The compound of claim 79, which has a melting point of 113C. 82. A
compound of the ?EmulaAOC 1505&%%%%5%%& %?d,The compound of claim 82, which is of the formula
84. The compound of claim Qg}%\/hlc IS crystalline. 85. The compound of claim 84, which has an
X-ray powder diffraction pattern withf@aks.at.Qn€! of 9.0, 16.9, 17.6, 18.2, 18.4, 18.8 and/or
22.7 degrees 20. 86. The compound 3] elting point of 136C. 587.A
compound of the formula: wherein M is Naxk; e“Bromine or iodine, and pis1lor

2. 88. The compound of claim 87, wherein M is Mg.

OhAc

OAc

or a salt thereofl.

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

EtO 1
SH
AcO” Y7 “oac
5 OAC
73. A compound of the formula:
EtO Ci
H
O O _O_OAc
AcO OAc
OAc
or a salt thereof.
74.  The compound of claim 73, which is of the formula:

Eto Cl

10 6!’\(:

75. A compound of the formula:

OH
H
o
® (> 0
EtO cl HO O)i‘

or a salt thereof.
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89. A compound of the formula: 10 MgCl 90. A compound of the formula: EtCY---Cl or a salt thereof
1591.The compound of claim 90, which is crystalline. 92. The compound of claim 91, which has an
X-ray powder diffraction pattern with peaks at one or more of 5.1, 13.5, 15.2, 20.3, 22.2 and/or 27.0
degrees 20. 93. The.compasibshaf@latinDdiawhith, hasdh melting points65C.

OH

i H

: O

s RS
| | | Q
P = - {

EtO Ci =o' O/T_

77. A compound of the formula:
0O
H
0
(U 9
Ci HO O)Y‘

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

EtO

5 or a salt thereof.

E{O Ci HO
79. The compound of claim 78, which is crystalline.
80.  The compound of claim 79, which has an X-ray powder diffraction pattern
10 with peaks at one or more of 7.6, 13.2, 17.0, 17.4, 18.6, 19.5, 20.5, 20.8 and/or 23.2 degrees
20.

81.  The compound of claim 79, which has a melting point of 113°C.
82. A compound of the formula:

O

O
(\ N O
O\) HO O)<
[5  or a salt thereof,

83, The compound of claim 82, which is of the formula:

O
M. 0
N O
CQ H0°LZ:/\<
41



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

g5. The compound of claim 84, which has an X-ray powder diffraction pattern

with peaks at one or more of 9.0, 16.9, 17.6, 18.2, 18.4, 18.8 and/or 22.7 degrees 28.
86.  The compound of claim 84, which has a melting point of 136°C.

5 g7. A compound of the formula:

EtO Cl '

wherein M is Na, K, Li, or Mg, X' is chorine, bromine or iodine, and pis 1 or 2.
88. The compound of claim 87, wherein M is Mg.

89. A compound of the formula:

EtO Cl

10
90. A compound of the formula:
oxr
EtO Cl
or a salt thereof.
15  SIL The compound of claim 90, which is crystalline.
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92. The compound of claim 91, which has an X-ray powder diffraction pattern
with peaks at one or more of 5.1, 13.5, 15.2, 20.3, 22.2 and/or 27.0 degrees 26.

93.  The compound of claim 91, which has a melting point of 65°C.
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