WO 2011/ 056589PCT/ US2010/ 054124 1 Bl SPHOSPHONATE COMPOUNDS FOR TREATI NG
BONE METABOLI SM DI SORDERS [ 0001] This application clains the benefit of
priority woamniss&soProvi sional Patent Application No. 6bc2E%2886s54120i ch was
filed on Cctober 26, 2009, the contents of which are incorporated herein in
their entirety. FIELD OF THE | NVENTI ON [ 0002] Novel bi sphosphonate cyclic
acetal conpounds are disclosed, as well as their uses as antiresorptive
agents and for the treatnment and prevention of disorders associated with
bone netabolism such as abnormal cal ci um and phosphat e netabolism
Processes for preparing the novel bisphosphonate cyclic acetal conpounds,
as well as nethods of using them and pharnaceutical conpositions containing
them are al so di scl osed. BACKGROUND [ 0003] Bi sphosphonates were first

devel oped to conplex calciumin hard water to inprove detergent

per for mance. Bi sphosphonates have since been found to be useful in the
treatnent and prevention of di seases or conditions characterized by
abnornmal cal ci um and phosphate netabolism Such conditions may be divi ded

nonal 3‘3s9%??&W%%E?QM%%&%%M@G@@F-n@Eﬁé@g@%@ Cor

specific bone | oss or excessiveIP cium and phosphate levels in the
fluids of the body. Such conditions are sonetines referred to as

pat hol ogi cal hard tissue dem neralization. WD 2011/ 056589PCT/ US2010/ 054124
2 [0005] 2. Conditions which cause or result from deposition of cal cium and

phosphat e an l.y_1n.the body.  These. conditi qns onetinmes referred
to as patholggﬁbirﬁggﬁ@gpfgglQBW%”hfgﬁﬁ%TO?H%°?§ﬁ£¥ng&§é§8W§wpagludes
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resul ting i n cPrigels@f aduchese asprnerated bereintin dheigntigetiicel | ous bone are | ost,
and marrow and bone spaces becone |arger, resulting in reduced cancel |l ous

bone strength. Bone al so becones | ess dense and fragile. Osteoporosis can
be sub-classified as genetic, EEHIPOF HIEJNVENEEN (e. g., adrenocorticoid,
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their uses as antiresorptive agents and for the treatment and prevention of
disorders associated with bone metabolism, such as abnormal calcium and
phosphate metabolism. Processes for preparing the novel bisphosphonate cyclic
acetal compounds, as well as methods of using them and pharmaceutical

compositions containing them are also disclosed.

BACKGROUND
[0003] Bisphosphonates were first developed to complex calcium in hard water
to improve detergent performance. Bisphosphonates have since been found to be
useful in the treatment and prevention of diseases or conditions characterized by
abnormal calcium and phosphate metabolism. Such conditions may be divided
into two broad categories:
[0004] 1. Conditions which are characterized by anomalous mobilization of
calcium and phosphate leading to general or specific bone loss or excessively
high calcium and phosphate levels in the fluids of the body. Such conditions are

sometimes referred to as pathological hard tissue demineralization.



mani festations are simlar. Another condition in the first category is
Paget's di sease (osteitis deformans). In this disease, dissolution of

nor mal bowe 20tinss3w9 whi ch is then haphazardly repl aced lpgTastaio/opaes |y

m neralized tissue such that the bone2becones deforned from pressures of
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subj ect of considerable research efforts in this area. Paget's disease and
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ri sedronate l.e n have been..used.for .treatnent of bone disorders,
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profiles. [0010] Farnesyl ,gi%/rophos hat e synthase (FPPS) is a key regulatory
enzyne in t h&ORREREPIHAN anlpbiterReAnd Unifed Skatenbaisat NibiZgdd 484 seachesranmal i an
cells, provi i ] 1R , te n
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and ni trogen-contai ni ng bi sphosphonates (N-BPs) as drugs for osteoporosis
therapy that target FPPS and inhibit protein prenylation. In the case of

N-BPs, the unique bone-targeting pharnacokinetic properties of WO
2011/ 056589PCT/ US2010/ 054124



4 these conpounds cause sel ected inhibition of FPPS and | oss of prenyl ated
proteins in osteoclasts, thereby inhibiting the bone-destroying function of
t hese celwe.208uWsb48RY OF THE | NVENTI ON [ 0011] The bi spho®pharsatie/ossied i c
acetal compounds descri bed herein are3useful in the treatnent and/or
prevention of disorders associated with bone netabolism such_as abnornal

cal ci um and ﬁ’r\%’%lﬁi"ﬂlo@lcrf%’f’]é‘b%‘?qwénﬁxqmiﬁ 0@ fol- bbipie exHBPIEOiaTeVET, §8%8es such as
ost eopor osi s, ' 0 et j 1 P ' ' e, bone
rel ated and octhﬁlg?dég%%%gg © ? E%%%}% rb%@’??ﬁ’g‘gg%é %%ilcsdgg lesr(gg?(gsﬁg hgﬂleggo ar bone

| oss of t en agswedvatweddwiot hk¢g réleabonh affectiiweaseint dhire bisphogphnratent ai ni ng

bi sphosphonat BPs ave the abili o inhihit th esorption of bone
ti ssue and arlgﬁ‘?ﬁﬁmmﬂ 5 18%"?&?%’@?%“%%}%%5@5?‘? 8t5§9ﬁii’{ﬁ_ CYLPIsY) |
Further more, &4@hafianRay beﬂg%@ﬁﬁﬁ%%cﬁg@ﬂk.y SHRY S Hl NPRAE SvHBER
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bones). O her_uses i.nclude i nonodul.ati gn and anti -infl ory effects,
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The cyclic acetal functionality of the bi thosphonate cyclic acetal
conpounds dedésnhperhopaieepsvally hayeesredpw ara) pipgvaitabiliy egpperallyontyed 2% aci d

bi sphosphonat,es, ' ' . nt.roduction of the
tetra acid bittg%ﬁ‘gé%%goﬁgitlyegqrﬂftng&%ﬁgQ%P%%hg?éagé;{r%\ag%%gigfgfrbﬁrﬂntﬁgne aspect,
conpounds of dastrditiestidal atet. dBishobpivtafes ol usuallReerRbolat hnd whredagilRl , R2, R3,
R4, and R5 are as described herein. [0013] In sonme enbodi nents,
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difficult for bisphosphonates to move across the cell membrane. Oral absorption

is further reduced when taken with food, especially food rich in calcium. This
“food effect” phenomenon can be explained by the formation of insoluble
calcium salts of bisphosphonic acids which remain in the digestive tract without
any detectable absorption. Bisphosphonic acids are known strong chelators of
metal ions, including calcium, due to the presence of four acidic groups and a
alpha-hydroxy substituent, when present. For example, with the calcium salts of
alpha-hydroxybisphosphonic acids, the crystal structures show that the calcium
1on is bound to two acidic hydroxyl groups from the different phosphate moieties
and to the alpha-hydroxyl group. Therefore, there remains a need to develop
bisphosphonates that maintain or enhance the pharmacological activity with

- fewer side effects and better absorption profiles.
[0010] Farnesyl pyrophosphate synthase (FPPS) is a key regulatory enzyme in
the mevalonate pathway. This pathway, ubiquitous in mammalian cells, provides
essential lipid molecules, such as cholesterol and isoprenoids, with isoprenoids
being necessary for posttranslational prenylation of small GTPases. The
blockage of this pathway is a concept that has found widespread clinical use, with
statins as drugs that inhibit hydroxymethylglutaryl CoA reductase and reduce
cholesterol biosynthesis, and nitrogen-containing bisphosphonates (N-BPs) as
drugs for osteoporosis therapy that target FPPS and inhibit protein prenylation.

In the case of N-BPs, the unique bone-targeting pharmacokinetic properties of



[0014] In other enbodi ments, the nethod includes the step of adm nistering
to the patient a therapeutically effective anount of a conpound of Formula
| . [0015]woOroanssiser aspect, conpounds of Formula Il ar ectasesioboed2her ei n:
where A, B, and C are as described he#ein. [0016] In sone enbodi nents,
conpositions jincluding a conpound of Formula |l and one or nore

phar maceut i cangsy compemdsspesesslesied prhibition g KRYS Badilase pbpisnylpied17] 1 n ot her
enbodi nent s, { {ocidsgaty andbRin Rk (L HaTe! i : ci at ed
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i ncluding theeBs.ep of administering to the patient a therapeutically

ef fecti ve anount of a conpound of Formula I1. [0018] In yet another aspect,
conmpounds of Formula Il are described herein: where RI, R2, R3, R4, R5,
R9, and R10 are as descri bedShaMARY [QO0IQE INVIEROR®NNMDOdI ment s,
conpositions jncluding a conpound of Formula I1] and_one or nor

phar maceut i cdP$ill a f%?@oé‘é?erqyélﬁ%a‘%‘f?aé C%E?W%%S%Féihﬁim{ @Bﬂgﬁ]ﬁlll n ot her
enbodi ment s, ;efhRdengl aga@ﬂ%@%t%%%o My RIbLAG ifll AL ARARESACT at ed
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2011/ 056589PGhh4R2AdPARPRE A ancer therapy, orthopedic disorders, and alveolar bone
loss often associated with periodontal disease. The nitrogen-containing
bisphosphonates (N-BPs) have the ability to inhibit the resorption of bone tissue
and are inhibitors of farnesyl pyrophosphate synthase (FPPS). Furthermore, such
compounds correspondingly have orthopedic uses (including, but not restricted
to, fracture repair and implant fixation; and prevention of prosthesis loosening,
and osteonecrosis of various bones). Other uses include immunomodulation and
anti-inflammatory effects, and use in various parasitic disorders (e.g., malaria,
leishmaniasis, trypanasomal diseases, entamoeba, giardia, and cryptosporidial
infections). The cyclic acetal functionality of the bisphosphonate cyclic acetal
compounds described herein is cleaved in vivo to release the tetra acid
bisphosphonates often at a different rate than direct introduction of the tetra acid
bisphosphonate into the bloodstream.

[0012] In one aspect, compounds of Formula I are described herein:

Ro
P~ R4
HO o &
HO'§
| X
N~ @

where R;, Ry, R3, R4, and Rs are as described herein.
[0013] In some embodiments, compositions including a compound of Formula I

and one or more pharmaceutically acceptable carriers are described herein.



6 (IV) where A, B, and C are as described herein. [0022] In sone

enbodi nents, conpositions including a conpound of Fornula IV and one or
nor e pharwaceuiisembl y acceptabl e carriers are descri bedPogruseowo/o0fQ0L3] I n
ot her enbodi nents, nmethods of treatin§d and/or preventing a disorder
associated wt h abpnorpmal cal ci um and phosphate netabol | sm are descri bed
herein, incl J&PH@ t ngteérﬂ)b%lfm%?ﬁtﬂ? welerd aelpdss thisteme] adminggtering to

t her apeut | caldhy pdieG thotshofitBlerRlif £ATRAVAY o gﬁ{d@i{f%nln?ﬁ [0024] As
used herein, thg exposure of ri'sedronate after |nPravenous I or oral
(PO adni ni stf0813]om @iother sgutchwampowrds af Foswda dhaeelesyibled bemoet al conpound
is defined by the percentage of the risedronate recovered froma urine
sanpl e based on the amount of risedronate @r risedronate cyclic aceta
dosed. [0025] As used herein, the conp ﬁwﬁ§% of the invention include
conpound(s) of Formula I, Il, hg Phb, llTi Tid, He, 111, 1V, 1Va, |Vb,
Ve, Ivd, Ve or IVf. [0026] 1Bed hér&in, the gastrointestinal stability
of the bi sphosphonate refers to srability of the bisphosphonate cyclic
acetal in the presence of acidi Btric fluid in the stomach. As used
herein, the systemc stability t®e bi sphosphonate cyclic acetal refers
to the stability of the bisphgsphgonate cyclic acetal towards netabolic or
cheni cal conversions to risedronate after enterindnto systenic
circul ati on WRerdaRS® Bhd OMrOhs dddbSsddi Hein BRI EF DESCRI PTI ON OF THE FI GURES
[0027] Figure 1 shows the anmpbunt of urinary excretion of risedronate after
i ntravenous (I0¥16]abiniomestmiztdiroentsfcomipssitioonamckdangh aimpduad of Eosnils dhrer  of

Exanple 62 in rats over tjne. TAl LED CRI PTI ON [,002. vel
bisgﬁosphonaﬁ@dé?SPf8“%%8@%@68§ﬁﬁ§hhﬁ§eQE@G&F@E?%@B ?“%ﬁ%dggﬁﬁbund(s) of
the inventi onodrgl HoRhGQARVAREESR], th&RIITedtidg ellﬂdl/or pré&@ntihg B disolder 11 d,

Ile, 1, IV, IVa, Vb, IVc, Ivd, Ve, or IVf. In the bisphosphonate cyclic
associated with abnormal calcium and phosphate metabolism are described

herein, including the step of administering to the patient a therapeutically
effective amount of a compound of Formula II.

[0018] In yet another aspect, compounds of Formula III are described herein:

Ro
Ry Rs
OH
OQPI/O Ru
Rg
Ry o*ﬁ/o Re
HO o (11D

where Rj, Ry, R3, Ry, Rs, Rg, and Ryg are as described herein.

[0019] In some embodiments, compositions including a compound of Formula
III and one or more pharmaceutically acceptable carriers are described herein.
[0020] In other embodiments, methods of treating and/or preventing a disorder
associated with abnormal calcium and phosphate metabolism are described
herein, including the step of administering to the patient a therapeutically
effective amount of a compound of Formula II1.

[0021] In another aspect, compounds of Formula IV are described herein:



WO 2011/ 056589PCT/ US2010/ 054124 7 acetal, the bi sphosphonic acid
functionality is "masked" as a cyclic acetal noiety which results in an

i ncrease WO 20hsbispophilicity of the nol ecul e, thus i npPaTiUsSgODIE124
absorption profile of the bisphosphonates. The cyclic acetal noiety in

bi sphosphonate cyclic acetal nolecules also prevents the chelation of the
bi sphosphonates with netal ions such ciumin mlk and other

cal cium cont ai ni ng food by bl ockigpg t oxy groups fromthe

bi sphosphonate (one from each phgsf noi ety). Therefore, the

bi sphosphonat e conpounds descrRpgd herein are likely to have a decreased
"food effect” derived absorptirgyr ’'ess. Al so, the bi sphosphonate conpounds
descri bed herein are |less likel W(Dé interact with f\he G surface simlarly
to unmasked bi sphosphonates and therefore are Iesg It kel y to be associ at ed
with G irritehéres, Bsant€ arhes dasetildd Hergiage is hydrol ytically labile, the

cyclic acetal | i n bi.sphosphonate cyclic, acetal co unds descri bed
e el n can bl TPl T AuF RS D eSO L5 Coat PR PR RE  he retra
aci d bi sphosphoaat &k afri@e pahsoichiticaly atdpdBle cihgert fcesideaderrin.as used
herein refers to F , Br, or I. [0030] The tem "alkyl" as used herein

G , : . .
refers to a |i0A23r In ghenrarhadiments, ayetheds of dxcating end/onaesniipgedisesdarng  r om 1
to 20 carbon - T Ch- | " - ' stoa
| i near, br anc%eé),1 %‘%%@8 ?%rms?g u?lag&e%}dﬁ%/ﬁgﬁ%}%ger%%%g%gﬁ %Ilﬁrhfeé(g{r%% to 8 carbon
at oms. Repr eslen¢iafinviediag-t16S8step kfyddnginidupimgitn delpdeienttithe@apeutivally | i mited to,
met hyl , ethyl, propyl, isqpropyl, cycl oprop&l}, butyl, sec-butyl, iso-butyl,
tert-butyl, c§ECERuEpPunt9éacompordoifiosmpla Ieo- pentyl, tert-pentyl,
cyclopentyl, fagsyl AsG¥&d RRGX Yth h%@ £ rE¥GANERRY! | ropiy! (1-
met hyl hept yl )[TO a%]d (S:ycl ooct y%/t. e[eg%c%l QI'hrf(;S term %&fx[lll&ragﬁgf @/f},‘brggaﬁ used
her ei n ref er s(P) admGilist@Bioalok yisedrsnalebi masedatroyegyohic tabetalnngroundise hydr ogens
substituted b a n atons. 32 he term "al kenyl" as used. herein
refers to a I‘?/#g‘ﬁﬁli ,39gk}eé?%‘f?gga,geE??ﬂ\?y‘lﬁﬁa—r@nﬁtﬁﬁ(ioﬁ?ﬁgﬁ%ﬁ&%ﬁé?ﬁéﬁ YA ng from
2 to 20 carbogh dbai®usivt riabdlofas br ABRIretdORIicachaNdgdeubl e bond. The telin
"C2-C8 al kenyl" as used herein refers to a linear, branched, or cyclic

unsat ur at ed hiP82¥cas el heasinsige tompomd(s of thedinvenioatiothadeemnpounieast one

b o i P LY SRR 5

ken I he ove,” W ’h one or nore
hydr ogens sub@®026]une dsdiyhdneihogie gastodmestinh D3t ityldTahéd Bisphosphdurydeferas used
herein refers to a |jnear, branched, or c¢yclic unsaturated hydrocarbon
havi ng from 2°tte SepiliGalohe BFRRsPRTRcyclibaetial g dhe mgsence of acidic

2011/ 056589P(§-e(sﬁ}1%2fgﬁ94rp§1% 1efhdh. Asused herein, the systemic stability of the

bisphosphonate cyclic acetal refers to the stability of the bisphosphonate cyclic
acetal towards metabolic or chemical conversions to risedronate after entering

into systemic circulation via absorption or injection.

BRIEF DESCRIPTION OF THE FIGURES
[0027] Figure 1 shows the amount of urinary excretion of risedronate after
intravenous (IV) administration of risedronate and of the trans isomer of

Example 62 in rats over time.

DETAILED DESCRIPTION
[0028] Novel bisphosphonate cyclic acetal compounds are disclosed. The
compound(s) of the invention include compound(s) of Formula I, II, IIa, IIb, IIc,

11d, Ile, 111, IV, IVa, IVb, IVc, IVd, IVe, or IVL. In the bisphosphonate cyclic



carbon-carbon triple bond. The term"C C8 al kynyl" as used herein refers to
a linear, branched, or cyclic unsaturated hydrocarbon having from2 to 8
carbon atworoandessd | east one carbon-carbon triple bondPCraB3&p/03des t eam
"C2-C8 hal oal kynyl " as used herein refers to a C2-C8 al kynyl as defined

above, with one or nore hydrogens _substituted by hal ogen atons. [0036]
Sinmlarly, t fsciab Fbﬁngleﬁﬁloeﬁh%lwﬁ fupstioality fse %8%641 g argcioacgtal ey |

branched, or \Gieh t&GuR@inUindhadadFHRCRE AN b B ho R, they i%xepgévriﬁgn at ons.
Representative Cl1-C4 al kyl groups 1 nclude, but are not Timt to, nethyl,

et hyl , propylthe bsoprtomyirofileyd thepbisghwkphdpatey] The eyolioatsthl moisgriout yl |

tert-butyl, gnd.cycl obutyl.. [0037] .Simlarly, the term:'Cl- al kyl " as

used herein ﬁ%ﬂ%Pé&FBaﬁ‘ﬁFH%%F£EBL>%@E%&%°d¥§@9 ﬁb%ggi%EWéggg’hydroparbon

havi ng from Ihi§hodperfee WithliAdal ioMERICE 26 BilahhVie ik 531 hiydal@iaups i ncl ude,

but are not limted to, nethyl, eagé;% propyl, |so§ropyl, and cycl opropyl .
Y

[ 0038] The t edomfaining &ogd by beckisgty Xy grefipy Gomdhebisphidsphongteigpe | | nked t o

. Sim " Cl- K | .. d, h ' f
G- ox iy “oFnateshesrnbistg Rttt iy b Gigiolnd€ S2a ° ©

herei n ref er sdck@itRdPepdip aAiKeBi 0dihage b Becragill “foadiefott” dehidélabsolioa car bonyl
group, conpounds and noities which contain a carbon connected with a double

bond to an oXggerfilse.dbabprhgsphenategommonndedespialgdihesein pie lgestlikebto t he term
" | n f N i i A 2
aryl ™ reter Sin{e?ac?%:i?thgﬁe G?Etﬂ%te'sﬁ?lﬁ%ﬂfﬂ%g.ﬁ%%d%ﬁ)é?%phtoﬁgttes t%er]eﬁ?]rgnyl ,

aromatic rings, In I ng nonocyclic - or ups such as p

bi phenyl or raphishiikelyWhbe assccintediwiihn@l friitatiod.oBiate theracegblindapeiscl i c, etc.),
the aromatic rings.o e aryl group may be joined at a sinpgle point (e.g.,
bi phenyl ), orthfgé%caﬁléﬁgzﬂ,ea HispEhgaoetal Wéetéeryblswwwysﬁé astdlonal 1y
substituted by Aend® dd¥Bfikdebs ﬁ'cﬁrpﬁél&%ave@;[u%der ih Vihe c%g&i‘tﬁgﬁ§, !tﬁét'«g(f}{ ; , at any

poi nt of attachment. The substituents can ensel ves be option
substi t ut ed. ®BRosing therittesscidblsphespbenatgsadicf alcsakptiondef i ned, the term

"het eroaryl " rs,to aryls as, defi ned above r ne or nore carbons are
subst it ut ed b@ﬁ%@ti{n%%pgnéalog%,@@@ﬂ)@{gpgpfégt‘é‘ﬁﬁC‘,ﬁ,%g{jﬁ, but not i mited
to, nitrogen,[0830]f The tedtalN YV URMised RG] refbREtota8¥ar, GAMBR&Y 6f bclici Ng” refers

to cyclic conmpounds containing only carbon atons. The carbocyclic ring may
be optional | yau#ed hydreearberyhames GpmnlpioeOsagtmi aterant The tgrd “Fafsbe

sat ur at ed, ur%ﬁl%ﬁ“ E%ﬁg h%FeiI{j‘{e?%tt(; % linea\(\,l%r%(?c]fl%é,o(?r(sglgl?f S%Il{ryt%g ?&gllogér%%rzl 49

having from 1 to 8 carbon atoms. Representative C;-Cs alkyl groups include, but
are not limited to, methyl, ethyl, propyl, isopropyl, cyclopropyl, butyl, sec-butyl,
1so-butyl, tert-butyl, cyclobutyl, pentyl, iso-pentyl, neo-pentyl, tert-pentyl,
cyclopentyl, hexyl, cyclohexyl, heptyl, cycloheptyl, octyl, sec-octyl (1-
methylheptyl), and cyclooctyl.

[0031] The term “C,;-Cg haloalkyl” as used herein refers to a C;-Cg alkyl as
defined above, with one or more hydrogens substituted by halogen atoms.
[0032] The term “alkenyl” as used herein refers to a linear, branched, or cyclic
unsaturated hydrocarbon having from 2 to 20 carbon atoms and at least one
carbon-carbon double bond. The term “C,-Cg alkenyl™ as used herein refers to a
linear, branched, or cyclic unsaturated hydrocarbon having from 2 to 8 carbon
atoms and at least one carbon-carbon double bond. 4

[0033] The term “C,-Cs haloalkenyl” as used herein refers to a C,-Cg alkenyl as
defined above, with one or more hydrogens substituted by halogen atoms.

[0034] The term “alkynyl” as used herein refers to a linear, branched, or cyclic

unsaturated hydrocarbon having from 2 to 20 carbon atoms and at least one



[0043] The term "heterocyclic ring" refers to cyclic conpounds where one or
nore carbons are substituted by heteroatons. Exenplary heteroatons include,
but not IWoi2bEdS6389 nitrogen, sul fur, and oxygen. The heC®ruseyiolosa24i ng may
be optionally substituted, and nmay be8saturated, unsaturated or aromatic.

[0044] The term "sat urat ed" as used herein neans that the conpound does not
cont ai n doubl@rsn-qagham teplsdivad. Tipterme GarCamlkytylr ey usgd hearsin ress 19t ei n neans

that the CO”Hﬁ{éQld &ﬁ@ﬁ@d, 08¢ rgcglﬁs t ra{%ﬁ%gq%%gllb%n% Vﬁlg ﬁge)hffz*e&@p% ezme term

"aromatic" as usé erern at oun alns a rnating
doubl e and siawgheadbatdsast $ix0hDhonfduebdretripic b:tmtdl onal Iy substituted” as used

her ei n neans e CO 0] S nt al N, .one or_nore subst | t uent S,
i ncl udi ng, befﬁ%;ﬁrﬁ ”ﬁ Tlég%a@a"ﬁﬁyaﬂa@ws ihsgeineefesdo 81Geyts a%wéﬁ%ﬂ Cl- C8
hal oal kyl, aldefinyd abcﬁ'lek@i%ﬂ Ione 3lcl¥1lore Hﬁk&%‘ﬁ@ sub'%ﬁbﬁlted ﬁ%ﬁﬁﬁ%ﬁ%drﬁs or

heterocycllc ring, -

-C(=N-OH) - NH2[00361( &JNhl)ar]Nl—ﬂ@H;rm @F@ll—blkNHa@@s@I)he@em ad¢tknsito a11BEEH,

L0 0 OB GBI S5 L Bt b B 5P LSpebip BBt v

0- 00- opti Ona|Rébr§s'éQt$1€1Vé ol-eda %?ll(gtlou SQl‘Cfﬁ@BWarﬂQ)‘t@@ﬂ%@'rﬁé’th 1, etQ ICO N-
(al kyl)2, -SH, -C(=0)-NH2, RIH—(Iovver al kyl) and -'C(=0 3/ 2’ I ower

al ky1) 2. [oom?pyrnéomapﬂowdnnmaﬂ,,bw seseityletseibulylsteftdusylt andt he car bon
backbone and %]r lBﬁ br anchi ng, but does not include carbon atons of the
substituents, “such”as al koxy substitutions and the |ike. [0047] The term

“adm ni ster”,[003MNBimiEEB] thegerm T;-CASIRYINIaS Uil hepéin refes tHaCRehterein refers
to adm ni stering a conpound or pharmaceutically acceptable salt or hydr at e
of the conpouenced &r@lﬁﬁtfo%#‘trﬂtéﬁht’@oﬁﬁb%b%% ¥f[)(§’014‘8)]3 RO PR ani nal " as

used herein 'K%Jrék@ﬁt%twé"tt Eo‘dfk Lgﬁ@u{)?‘&m%e 5ht ) 1ind[RYSG, métﬁ’él et%f nea pig,

dog, cat, hors COow, p| I npahzee, baboon, r’mnkey I n
one enbodi nerp:ropylheomnpyiadmd @/ch)pn@*yﬂml I n anot her errbodl nent, the ani mal

is a human. The te gndi t qns effective as sed herein refers
to synthetic RSl e e Salbrangs bied e\‘iﬁl?reﬁfét%ﬁlbéﬁ%h%m% PHES8 38k | 1 ed in
the art of sypiBeliSinfR09Mh6 Ghend, S(tiz{éflkoiﬁggsoﬂsea_lﬂ@reiﬁe@r s®f{ e, ve amunt”

as used herein'refers to an anount a conmpound or phal Inaceutlcally
accept abl e seﬂlkyl@rqudﬂ@déO@fowgmrrpound t hat, V\D

cifoctive 1o MPSJRie bh AT Soutd R AR R Ria Bp @M B e gt o

condi ti on fr gadiekli(Ch;Cle) @ (fﬁﬂﬂ)otﬁ’ﬂéxf(ﬁf) Scaipdusid S a6t whithSoehfa@l a
carbon connected with a double bond to an oxygen.
[0040] Unless otherwise specifically defined, the term “aryl” refers to cyclic,
aromatic hydrocarbon groups that have 1 to 2 aromatic rings, including
monocyclic or bicyclic groups such as phenyl, biphenyl or naphthyl. Where
containing two aromatic rings (bicyclic, etc.), the aromatic rings of the aryl group
may be joined at a single point (e.g., biphenyl), or fused (e.g., naphthyl). The
aryl group may be optionally substituted by one or more substituents, e.g., 1to 5
substituents, at any point of attachment. The substituents can themselves be
optionally substituted.
[0041] Unless otherwise specifically defined, the term “heteroaryl” refers to
aryls as defined above where one or more carbons are substituted by heteroatoms.
Exemplary heteroatoms include, but not limited to, nitrogen, sulfur, and oxygen.
[0042] The term “carbocyclic ring” refers to cyclic compounds containing only
carbon atoms. The carbocyclic ring may be optionally substituted by one or more

substituents, and may be saturated, unsaturated or aromatic.



[ 0051] The term "pharmaceutically acceptable salt”, as used herein, refers
to salts derived fromorganic and i norganic acids of a conpound descri bed
herei n. Bxernpliznsysssal ts i nclude, but are not |limted topcCIuisb@b@s4ieitrate,
acetate, oxalate, chloride, hydrochl ofide, brom de, hydrobrom de, i odide,
nitrate, bisulfate, phosphate, acid phosphate, isonicotinate, |actate,
salicylate, d8P4BlcThs e hetsracyelicring|refarsto ayghinearapoundn FaeIsEm0s,

bitartrate, 336 BAHRs al%téﬁﬁétﬁgt%g Eog %E{fe?(?att&ns. eg%@?&%o t&ﬁ?{n%%u?e,

gl uconat e, glucaronate, sacc or nat e, gl utana
met hanesul f ortat et lahhahtes itfogamtsel ful) end exeen| Tlonladtaocyrlic oingamestd f onat e,

canphor sul fonat e, .napt hal enesu) fonate, propi onate, succinate, fumarate,
mal eate, mal d??éﬁf’@?lpyng’ﬁ?ﬁtétp S 111 2] %?a%ﬁ{qanWE{mtS‘hﬂr PIWBUEe. The term

"pharmaceuti qgb4d BRERRHEBLEERA s w8 MSEH nhBhSINA: Bl IBMHEIRT dock Qo Sal t of
a conpound descri'bed herein having an acidic functional group, such as a

car boxyl i ¢ aciodtainideubloertiptysunds. AhelteamiassturEedrpd wsey homsemeanschatde, but

are not limted to, hydroxide, of alkali tals inc i ng sqQdi um. pot assi um
and 1 thi um R evBap g e e tapp e oS o i aaiea

nmagnesi un hyige@kérdpsmednsthdieie coblund cohtaihs aﬁeﬁw@b&wm&m shigle; ammoni a,
organi ¢ am nes such as unsubstituted or hydroxyl -substituted nono-, di-, or

trial kyl ami né®ndgli cycl ohexyl ami ne; tributyl amine; pyridine; N-methyl, N

et hyl am ne; dj y 1 .N€5 L1 3, 1€ 7 | S- I
tris-(2-0H ( ghﬁ%%) J_l"ﬁé;eﬁ‘gﬁll 8ﬁ%n§§1?3§{§€srggﬁgs ARI8a herlgln meand that the
N, N- di et hy| -dSn{pduhdinex yaithiyiloha bt Avr@subktifuedts-iayldaiaxyait hyt hartas,

N- net hyl - D- gl ucam ne; hol i ne; thi onorphol i ne; Ei peri di ne; pyrrolidine;

nor
and am no aci WsoaybpsubstityiediatihealkenytiGieCs hateplik ealkynod, alligie]. tagy
"phar maceut i . . S salt of a
c g npound des ?%ih(@eég?%g? g%n%gé)ﬁ)l 8 %E iﬁet?ﬁl'ec §l?(ladr 121%’ ﬁﬁg‘?’dw Eﬁ’{gg _ll\jgé%?’”é’r_ei n,
refers to a coEIURANHE.cORN-O)-Nib, dddiNH)aNHadHywl(eNH)-Tig-A(yOh-ad-es may be
obt ai ned by any .k met had in the art by disso] vj t he conpounds in
water and re t%pq%]%' _?ﬁ' 'OPBoriaHé’SPB%&‘&Féeaﬁ%(L éﬁI:P:%??f ‘%’H%‘m]ryyst alline
structure. [%égdmﬂéa%rﬁ,ero&bf@"-&tﬁﬁml ashsuafel eBhil, -eRaliiogneppass
carriers, excipients, and diluents. 2011/ 056589PCT/ US2010/ 054124 11

[ 0054] When r@rgeopherallysabstiveted byl oP-Ghyslis aO-Go P ratlids-O-€GeN- as
nol ecul ar wei o] m ropertd SUc chem ormul ae, all
conbi nat i ons @%gl)é’uggggﬂ?jﬁl% §8@7%)F§E13g%wgfalﬂéygi%}i]“@_éﬁ'@ég?‘ﬁ%rnt s therein

are intended dleylpe i ncluded. [0055] The disclosure of each patent, patent
application, and publication cited or_described in this docunent is hereby

i ncor por at ed B¢4¢lefhe eaber nymberngs ysed Reteine rsfers & Hissarhes trooBEE and one
coBect, ComUNR A Al iy B BUREEUST o angslableonal | o
i ndependent | yalkoxy substitutions and the like.
[0047] The term “administer”, “administering”, or “administration”, as used
herein refers to administering a compound or pharmaceutically acceptable salt or
hydrate of the compound or a composition to an animal.
[0048] The term “animal” as used herein includes, without limitation, a human,
mouse, rat, guinea pig, dog, cat, horse, cow, pig, monkey, chimpanzee, baboon,
or thesus monkey. In one embodiment, the animal is a mammal. In another
embodiment, the animal is a human.
[0049] The term “conditions effective to” as used herein refers to synthetic
reaction conditions that will be apparent to those skilled in the art of synthetic
organic chemistry.
[0050] The term “effective amount” as used herein refers to an amount of a

compound or pharmaceutically acceptable salt or hydrate of a compound that,



a) hydrogen; b) halogen, -CN, -CF3, or -NO2; c) C-C8 alkyl or Ci1-C8

hal oal kyl ; d) C2-C8 al kenyl or C2-C8 hal oal kenyl; e) C2-C8 al kynyl or C2-C8
hal oal kyrwb;20f1y05e380i onal | y substituted aryl or optional IPgTaisb&ios412ed
heteroaryl; g) -C(O)R6; h) -C(0)OR6, ®Wr -0O2R6; i) -O0R6, -0 L-0C(0) R6, or

- 0-L- OC(O)OR6 -0C(0)R6, or -0C(0)-L-0C(0)R6; k) -OC(O

-0C(0) 0- L- 0(07}1@ adimysigyas. teﬁ@@emrs effectiveto prpris to at) eaStJe aiNkeR7, or

SIS, 2 A e S B s yla O

- NR6R7 0) -thiRG{E{0) R7; WD 2011/ 056589PCT/ US2010/ 054124 12 p) - NR6C( 0) 0R7

a) - NRGC( 0) NI%(-)SI] The term “pharmaceutically acceptable salt”, as used herein, refers to
salts derived from organic and inorganic acids of a compound described herein.
Exemplary salts include, but are not limited to, sulfate, citrate, acetate, oxalate,
chloride, hydrochloride, bromide, hydrobromide, iodide, nitrate, bisulfate,
phosphate, acid phosphate, isonicotinate, lactate, salicylate, acid citrate, tartrate,
oleate, tannate, pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate,
fumarate, gluconate, glucaronate, saccharate, formate, benzoate, glutamate,
methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate,
camphorsulfonate, napthalenesulfonate, propionate, succinate, fumarate, maleate,
malonate, mandelate, malate, phthalate, and pamoate. The term
“pharmaceutically acceptable salt” as used herein also refers to a salt of a
compound described herein having an acidic functional group, such as a
carboxylic acid functional group, and a base. Exemplary bases include, but are
not limited to, hydroxide of alkali metals including sodium, potassium, and
lithium; hydroxides of alkaline earth metals such as calcium and magnesium;
hydroxides of other metals, such as aluminum and zinc; ammonia, organic
amines such as unsubstituted or hydroxyl-substituted mono-, di-, or tri-
alkylamines, dicyclohexylamine; tributyl amine; pyridine; N-methyl, N-
ethylamine; diethylamine; triethylamine; mono-, bis-, or tris-(2-OH-(C;-Cy)-
alkylamine), such as N,N-dimethyl-N-(2-hydroxyethyl)amine or
tri-(2-hydroxyethyl)amine; N-methyl-D-glucamine; morpholine; thiomorpholine;
piperidine; pyrrolidine; and amino acids such as arginine, lysine, and the like.
The term “pharmaceutically acceptable salt” also includes hydrates of a salt of a
compound described herein.
[0052] The term “hydrate”, as used herein, refers to a compound formed by the
addition of water. The hydrates may be obtained by any known method in the art
by dissolving the compounds in water and recrystallizing them to incorporate
water into the crystalline structure.
[0053] The term “carrier”, as used herein, shall encompass carriers, excipients,

and diluents.



r)y -0S02R6; s) -S020R6; t) -SO2R6; u) -NR6SO2R7; v) -S2NR6R7; O mil n O -L
AV))OR7; y 0 {0 R7 31)R8 ; 0| R14 '55ss'OV' L. z)P;
WO 2011/056589 PCT/US2010/054124
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[0054] When ranges are used herein for physical properties, such as molecular
weight, or chemical properties, such as chemical formulae, all combinations and
subcombinations of ranges of specific embodiments therein are intended to be
included.

[0055] The disclosure of each patent, patent application, and publication cited or

described in this document is hereby incorporated by reference, in their entirety.

Compounds
[0056] In one aspect, compounds of Formula I or a pharmaceutically-acceptable

salt or hydrate thereof are provided:

Ro
R Rs
o
P~ R4
HO o R
HO'§
| X
N~ D,

where Ry, Ry, R3, R4 and Rs are each independently:

a) hydrogen;

b) halogen, -CN, -CFj3, or -NO;

¢) C;-Cg alkyl or C,-Cjg haloalkyl,

d) C,-Cs alkenyl or C,-Cg haloalkenyl;

e) C,-Cyg alkynyl or C,-Cg haloalkynyl;

f) optionally substituted aryl or optionally substituted heteroaryl;

g) -C(O)Rg;

h) -C(O)ORg, or -CO,R;

1) -ORg, -O-L-OC(O)Rg, or -O-L-OC(O)ORg;

1) -OC(O)R, or -OC(0)-L-OC(O)Rg;

k) -OC(O)ORg, -OC(0)O-L-C(O)R7, -OC(O)O-L-C(O)OR, or -L-OC(O)Rg;
1) -C(O)NRgR7, or -CNRgR7;

m) -OC(O)NRgR7, -OC(O)N(Rg)-L-OC(O)R7, -OC(O)O-L-(Re)-L-C(O)R7,
-OC(0)-C(Re)(R7)-L-OC(O)Rg, -OC(O)N(-L-OC(O)R7)(-L-OC(O)Ry);

n) -SRg, or -NRgR7;

0) -NR¢C(O)R7;



0 "sssOZ aa)mLY ; or bb)Rl and R2, R2 and R3, R3 and R4, or R4 and R5
taken together forman optionally substituted 4- to 8-nenbered carbocyclic
or het er o8@ebiiwssisng, wherein the ring i s saturated, unearasatiedsarns
aromatic; wherein mand n are each inidependently an integer fromO to 2;
V\02011/05658% 13 Yis -CH2-, -0-, -NR7-, or -S-; pis an integer from1l to
3; Rl4 is hycﬁdblé{m?(%%@en, Cl-C8 al kyl, or G -C8 al koxyl;

PCT/ US2010/ 0541 ' \ Z isor each R6 is independently hydrogen, Cl-C8
al kyl, Ci- (Bstﬂaﬁ;ng&%ﬁ%z- C8 al kenyl, C2-C8 hal oal kenyl, C2-C8 al kynyl,
C2- C8 hal oal kyr@BO-Ryy optionally substituted 4-8 nenbered saturated

car bocyclic or g(st(géqcycl ic ring, optionally substituted aryl, optionally
substituted HBRYY 1, -L-optionally substituted aryl or -L-optionally
substituted hetengaryl;

u) -NR6802R7;
V) -SOzNR6R7;

0
\’éo/u\r\@}n
o

L
b
W) O R7 ;
O o}
& A AL Ry
0~ "N
L/
X) n ;

y) Rs
0 i
S 17 R4
0
z) p ;
X
n
;O ZJ/\*\‘
(Y v
aa) ; or

bb) R; and Ry, Ry and R3, R3 and Ry, or R4 and R; taken together form an
optionally substituted 4- to 8-membered carbocyclic or heterocyclic ring, wherein

the ring is saturated, unsaturated or aromatic;

wherein m and n are each independently an integer from 0 to 2;



R7 and R8 are each independently hydrogen or Cl1-C8 alkyl; and L is G -C8

al kyl; or R6 and R7 taken together forman optionally substituted 4- to

8- menber edocariseisel i ¢ or heterocyclic ring, wherein thecriusgoiossaat ur at ed,
unsaturated or aromatic. [0057] In soe enbodinments, R, R2, R3, R4, and R5
are each inde endently h){\?r ogen, hal ogen, -CF3, Cl1-C8 alkyl, optionally
substituted phéhi R1,Q10860) R6, - 0- L- 0C(0) OR6, - 0C(0) RS,
-0C(0)-L-0C(0) Rs, C(0)0R6 -0C(0)0R6, -0C(0)0-L-C(0)R7, -0C(0)NR6RY7,
-0C(0) N(R®) - EQFQ%Q)I ﬁ(gg(lqw( L-0C(0)R7) (-L-OC(0)R8), WO

2011/ 056589PCT/ US201 /054124 14 00 '10 NAO R7 R8 , wherein Y is
-CH2-, -0-, -NR7-, or -S-; pis aninteger from1l to 3; Rl4 is hydrogen,

hal ogen, G - QRisa$ kydrogam; htoge®l CatGealipll,, or i Gs dkexylCH, and R6, R7, Rg, L, m
and n are as defined above. [0058] In sonme enbodi nents, Rl, R2, R3, R4, and

R5 are each inde%eQRgnt ) -0-(CH2) p-0C(0) R6, -0-(CH2)p-0C(0)OReG,
-0¢(0) R6, -0C(0) =& )(Wiﬁ (CHZ)lO OC(0) R8, -C(0)O0R6, -0C(0)0OR6

- 0C( 0) 0- CH( R6Z {CHZY pot 0YR7,; - 0C( 0) NR6R7, - 0C( 0) N( R6) ( CH2) p- 0C( 0) 1t 7,
- 0C( 0) N( - (CH2) p- OC( 0) R7) (- (CH2) p- 0C(0) R8) , 0

each Rg is independently hydrogen, C;-Cs alkyl, C;-Cs haloalkyl, C,-Cg alkenyl,
C,-Cg haloalkenyl, C,-Cg alkynyl, C,-Cg haloalkynyl, an optionally substituted 4-8
membered saturated carbocyclic or heterocyclic ring, optionally substituted aryl,
optionally substituted heteroaryl, -L-optionally substituted aryl or -L-optionally
substituted heteroaryl;

R7 and Rg are each independently hydrogen or C,-Cs alkyl; and L is C;-Cg alkyl; or

R¢ and Ry taken together form an optionally substituted 4- to 8-membered
carbocyclic or heterocyclic ring, wherein the ring is saturated, unsaturated or

aromatic.

[0057] In some embodiments, R;, Ry, R3, R4, and Rs are each independently
hydrogen, halogen, -CF3, C;-C;s alkyl, optionally substituted phenyl, -OR¢ -O-L-
OC(O)Rg, -O-L-OC(O)ORg, -OC(0O)R¢, -OC(0)-L-OC(O)R¢, -C(O)ORs,
-OC(O)ORg, -OC(0)O-L-C(O)R7, -OC(O)NRgR7, -OC(O)N(Rg)-L-OC(O)R7,
-OC(O)N(-L-OC(O)R7)(-L-OC(O)Ry),

O
}{O/U\@}n
O m’

0 2 . n .
. “ R4 ’EOJJ\Z*\H j\L
0 p , m{L}\/Y, O Ry ,
0O o



, or and R6, R7, R8, L, Y, m n, and p are as defined above. [0059] In sone
enbodi nents, R6 is C1-C8 al kyl, C2-C8 al kenyl, C3-C6 cycl oal kyl, benzyl; R7
and Rg arwoeattnssssdependent|y hydrogen, nethyl, or ethylPCTNISR&10/08+124 and L
is C1-C3 alkyl. In a specific enbodingnt, mis O and nis O or 1. [0060] In
sonme enbodi nents, Rl and R2, R2 and R3, R3 and R4, or R4 and RS taken
together forman optionally substituteff 5-0to 7-nmenbered carbocyclic or
heterocyclic ring, wherein the ringyl rated, unsaturated or aromatic.
In certain specific enbodi nents, the 5- Eﬁé%-nenbered car bocyclic or
heterocyclic ring is unsubstituted. In @ Rgpeci fic enbodi nents, the 5-
to 7-nenbered carbocyclic or heterocyclic rReg is saturated or aromatic. In
yet ot her specific _enbodi ments, the 5- to 7-menbered heterocyclic ring

i ncl udes 1 orvhergiarero&thnsO-1-Rptor obhers abuseer Fomnbed: RentsdiydrEeand R2,
R2 and R3, ;
2011/ 056589%%ﬂ%ﬁ?gé%%ﬁﬁ?g{?%%g% rznlts T‘g‘?éﬁ{ a‘?‘i?ﬁ‘i?&%a%dmnangnnd m are

as defined ahmwes ddfmegabowt her specific enbodinents, Rl and R2, R2 and RS,
R3 and R4, Or[0(|)?§18]aﬂ1dso%56 ématg(oed?mgr(ljtgﬁ{r}e{g, I%r, eR4,OanZI\R50a?e each independently -
ORg, -O-(CH,),-OC(O)Rs, -O-(CHy),-OC(O)ORs, -OC(O)Rs, -OC(0)-C(Re)(R7)-
(CH2)p-OC(O)Rs,
-C(O)ORg, -OC(O)OR¢ , -OC(0)O-CH(R6)(CH2)p,C(O)R7, -OC(O)NRgR7, -

OC(O)N(R¢)(CHz),-OC(O)R, -OC(O)N(-(CH,),-OC(O)R7)(-(CH,),-OC(O)Rs),

X
Fo N
o _ ji, o} p(H2Q)
8 “ R4 \f{o N/\ feoJ\O OQ(O
O p K bY’ Y’ R7 >
ji 0
AV a —x,
e Rs, ot Rs ;
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and Rg, Ry, Rg, L, Y, m, n, and p are as defined above.

[0059] In some embodiments, Rg is C;-Cg alkyl, C,-Cs alkenyl, C3-C¢ cycloalkyl,
benzyl; R; and Rg are each independently hydrogen, methyl, or ethyl; Y is -O-;
and L is C;-C; alkyl. In a specific embodiment, m is O and nis 0 or 1.

[0060] In some embodiments, R; and Ry, R, and R;, R3 and Ry, or R4 and Rs
taken together form an optionally substituted 5- to 7-membered carbocyclic or
heterocyclic ring, wherein the ring is saturated, unsaturated or aromatic. In
certain specific embodiments, the 5- to 7-membered carbocyclic or heterocyclic
ring is unsubstituted. In other specific embodiments, the 5- to 7-membered
carbocyclic or heterbcyclic ring is saturated or aromatic. In yet other specific
embodiments, the 5- to 7-membered heterocyclic ring includesbl or2
heteroatoms. In yet other specific embodiments, R; and R,, R, and R3, R; and

R4, or R4 and R taken together form



In yet other specific enbodinents, Rl and R2, R2 and R3, R3 and R4, or R4
and R5 taken together are 0 00 and the remaining R groups of R, R2, R3,
R4, and RsoOana/e3sd hydrogen. In yet other specific enbedirnsnaes/s4i4 and R2,
R2 and R3, R3 and R4, or R4 and R5 taken together are wherein R15 is

hydr ogen, hal ogen, or -OR6. In yet other specific enbodinents, Rl and R2,
R2 and R3, R3 and R4, or R4 and R5 takerftogether are e7i and the renaining
R-groups of Rl, R2, R3, R4, and R5 areg i ndependently -H or 0C(0)OR6.
[0061] In some enbodinents, one of R, R2,}R3, R4, and RS is -ORs,
0-L-0C(0)R6, -0-L-0C(0)0R6, -0C(0)Rs6," FOCHY- L- 0C(0) R6, -0C(0) OR65
0C(0)0-L-C(0)R7, -0C(0)NR6R7, -0C(0)N(R6)-L-0C(0)R7,

0C(0) N( - L- OC(cnyi R7and-rh afkCsQeRB¢d abod® P §ét/ofties SBRETérbSR M8t SR 1 ad B

R, and R3, R3 and R4, or R4 and R taken together are

0

A

o, .0
PO

In yet other specific embodiments, R; and Ry, R; and R3, R3 and R4, or R4 and Rs

taken together are

0O

A

Q,.0

P
and the remaining R-groups of Ry, Ry, R3, R4, and Rs are each hydrogen. In yet
other specific embodiments, R; and Ry, R, and R3, R3 and Ry, or R4 and Rs taken

together are

Ff15
A\
&,
wherein R;s is hydrogen, halogen, or -ORs. In yet other specific embodiments, R;

and Ry, Ry and R3, R3 and Ry, or R4 and Rs taken together are

Ris

N

Ty
and the remaining R-groups of Rj, Ry, Rs, R4, and Rs are each independently -H or
-OC(O)ORg.
[0061] In some embodiments, one of R;, Ry, R3, R4, and Rs is -ORg,
-O-L-OC(O)Rg, -O-L-OC(O)ORg, -OC(O)R¢, -OC(0)-L-OC(O)R¢, -OC(O)ORg,
-OC(0)O-L-C(O)R7, -OC(O)NR¢R7, -OC(O)N(R¢)-L-OC(O)R7,
-OC(O)N(-L-OC(O)R7)(-L-OC(O)Rg),



0 Opl',Ss. | '140zZ0 '555' 01Y,0R7 P, m, 00 "'"1'0)-LNA0 fI{R7 R8 ; any
two of the remaining groups of RI, R2, R3, R4, and R5 are hal ogen; each of
t he renmaiwongliRsggsoups of R1, R2, R3, R4, and R5 are hyacogsagioand2R6, R7,
R8, L, Z, Y, m n, and p are as definsd above. [0062] In some enbodi nents,
one of Rl, R2, R3, R4, and R5 is -0OR6, O0-L-0C(0)R6, -0-L-0C(0)ORG,

-0C(0) Re, -OC(O) L- 0C(0)R6 -0C(0) OR65 OC( 0-L-C(0) R7, -0C(0)NR6R7
-0C(0) NR6) - L- OC( 0) R7, OC(O)NR-OC(O)R7)(;tO L:)ﬁ OO0 I"OLNA

0 _RM ¥ )l\z ot bLR7
}éO L}\/Y O}\R7 { Rs

, , n , Or
O 0
ooy A
O
R\ ey
Rg -
any two of the remaining groups of Rj, Ry, R3, R4, and Rs are halogen; each of the
remaining R-groups of Ry, Ry, R3, R4, and Rs are hydrogen; and Rg, R7, Rg, L, Z,
Y, m, n, and p are as defined above.
[0062] In some embodiments, one of R, Ry, R3, R4, and Rs is -ORg,
-O-L-OC(O)Rs, -O-L-OC(O)ORs, -OC(O)Rg, -OC(0)-L-OC(O)Rs, -OC(O)ORs,
-OC(0O)O-L-C(O)R7, -OC(O)NRgR7, -OC(O)N(Rg)-L-OC(O)R7,

~OC(O)N(-L-OC(O)R;)(-L-OC(O)Ry),
0
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m @ o o
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e
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one of the remaining R-groups of R;, Ry, R3, Ry, and Rs is halogen, -CF;, C;-Csg
alkyl, phenyl,

-ORg, or -C(O)ORg; and each remaining R-group of Ry, Ry, R, Ry, and Rs is
hydrogen; and R¢, R7, Rg, L, Z, Y, m, n, and p are as defined above.

[0063] In some embodiments, one of Ry, Ry, R3, R4, and Rs is -ORg,
-O-L-OC(O)Rs, -O-L-OC(O)OR¢, -OC(O)R¢, -OC(0)-L-OC(O)R¢, -OC(O)ORs,
-OC(0)O-L-C(O)R7, -OC(O)NRgR 7, -OC(O)N(Rg)-L-OC(O)R7,
-OC(O)N(-L-OC(O)R7)(-L-OC(O)Ry),



10 1R7 R8 ; one of the remaining R-groups of RI, R2, R3, R4, and R5 is

hal ogen, -CF3, Cl-Ca al kyl, phenyl, OR6, or -C(0)OR6; and each renai ning
R-group oNORQ1/R2589R3, R4, and R5 is hydrogen; and R6, RTT/URS)10l0541Z4 Y, m
n, and p are as defined above. [0063]17l n sonme enbodi ments, one of R, R2,
R3, R4, and R5 is -OR6, O0-L-0C(0)R6, -0-L-0C(0)OR6, -0C(0)RS6,

-0C(0) - L- 0C(0) R6, - 0C(0) ORS, 00(0)0 L- C(0) K7, -0C(0) NR6R?,
-0C(0) NR6) - L- OC(0) R7,  0C(0) N( - OC(O)RU:iO )JR8), WO
2011/ 056589PCT/ US2010/ 054124 17 In 0 0's- A ’} i'nR140Z- - - - - o
Ao v L 2
0 RIS n L ¥, R
R ~ 3 7
p , m Y’ O R7 , n ,OI‘
j\ 0

O
{HCr,
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the remaining R-groups of R}, Ry, R3, R4, and Rs are each hydrogen; and R¢, R7,
Rs, L, Z, Y, m, n, and p are as defined above.

[0064] In some embodiments, R and Rs are each independently halogen; and R
is -ORg, -O-L-OC(O)R¢, -O-L-OC(O)ORg, -OC(O)Rs, -OC(0)-L-OC(O)Rs,
-OC(0)ORg, -OC(0)O-L-C(O)R7, -OC(O)NR¢R7, -OC(O)N(R4)-L-OC(O)R7,
-OC(O)N(-L-OC(O)R7)(-L-OC(O)Ry),

the remaining R-groups of R, Ry, R3, R4, and Rs are each hydrogen; and R¢, R,
Rs, L, Z, Y, m, n, and p are as defined above. In certain specific embodiments, R,
and R;s are each independently -F or -Cl.

[0065] In some embodiments, R; is -ORg -O-L-OC(O)Rg, -O-L-OC(O)ORg,
-OC(0O)Rs, -OC(0)-L-OC(O)R¢, ~-OC(O)OR4, -OC(0O)O-L-C(O)R7,
-OC(O)NRgR7, -OC(O)N(Rg)-L-OC(O)R7,
-OC(O)N(-L-OC(O)R7)(-L-OC(O)Rg),



O{ L/YI\(Rg Pm, or 0 0 -SONl Ao ntR7 Rg ; the remaining R-groups of R,

R2,

R3, R4, and R5 are each hydrogen; and R6, R7, Rg, L, Z, Y, m n, and p are
as defi nestoabovsessp0064] | n sone enbodi nents, Rl and R5ParaSe@olos4124
i ndependent |y hal ogen; and R3 is -0R6I8 -0-L-0C(0)R6, -0-L-0C(0)OR6,

- 0C( 0) RS,

-0C(0)-L-0C(0)R6, 0C(0)OR6, -0C(0)0-L-C(0)R7, -0C(0)NR6R?,

-0C( 0) N(R6) - L- OC(0) R7, ~ 0C( 0) N( - L- OC( 0) R7) (-1- OC(0) R8), ' 5550 0
"7
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one of the remaining R-groups of Ry, Ry, R3, R4, and Rs is halogen, -CF3, C;-Cg
alkyl, phenyl, -ORg, or -C(O)ORg; each remaining R-group of Ry, Ry, R3, Ry, and
Rs is hydrogen; and R¢, Ry, Rg, L, Z, Y, m, n, and p are as defined above.

[0066] In some embodiments, Rs is -ORg, -O-L-OC(O)Rg, -O-L-OC(O)ORg,
-OC(O)Rg, -OC(0O)-L-OC(O)Rs, -OC(O)ORg, -OC(0)O-L-C(O)R7,
-OC(O)NR¢R7, -OC(O)N(R¢)-L-OC(O)R,
-OC(O)N(-L-OC(O)R7)(-L-OC(O)Rys),

one of the remaining R-groups of Rj, Ry, R3, Ry, and R is halogen, -CFs, C;-Cs
alkyl, phenyl, -ORg, or -C(O)ORg; each remaining R-group of Ry, Ry, R3, Ry, and
Rs is hydrogen; and Re, R7, Rs, L, Z, Y, m, n, and p are as defined above.

[0067] In some embodiments, Rj is -ORg, -O-L-OC(O)Rg, -O-L-OC(O)ORs,
-OC(0)R¢, -OC(0)-L-OC(O)Rg, -OC(O)ORs, -OC(0)O-L-C(O)R,
-OC(O)NR¢R7, -OC(O)N(Rg)-L-OC(O)R7,
-OC(O)N(-L-OC(O)R7)(-L-OC(O)Rg),



I1mI'002Z/\() "sss""ONF1 "I OOR7T O0OI"OLNAO fI{ R7T R7 R8 ; the
remai ni ng R-groups of R, R2, R3, R4, and R5 are each hydrogen;
Rg, L, Z,wu,20myose589and p are as defined above. | n cert aiPoTaseaiofsd24

enbodi nents, Rl and R5 are each indep@ndently -F or -C.

enbodi nents, Rl is -0OR6, -0-L-0C(0)R6, -0-L-0C(0)OR6,
0

[ 0065]

and R6, R7,
In sone
, Or

one of the remaining R-groups of R;, Ry, R3, R4, and Rs is halogen, -CF;, C;-Cg
alkyl, phenyl, -ORg, or -C(O)ORg; each remaining R-group of Rj, Ry, R3, R4, and

Rsis hydrogen; and R¢, R7, Rs, L, Z, Y, m, n, and p are as defined above.
[0068] In some embodiments, R; is -ORg -O-L-OC(O)Rg, -O-L-OC(O)ORe,
-OC(O)Rg, -OC(0)-L-OC(O)R¢, ~-OC(0O)ORs, -OC(0)O-L-C(O)R7,

-OC(O)NRgR7, -OC(O)N(Rg)-L-OC(O)R,
-OC(O)N(-L-OC(O)R7)(-L-OC(O)Ry),

Ry, R3, R4, and Rsare each hydrogen; and R¢, R7, Rs, L, m and n are as defined
above. In certain specific embodiments, R; is -OC(O)OR 4, -OC(O)R ¢ or -
OC(O)NR¢R;7 and R} and R;7 are each independently C;-C,4 alkyl.

[0069] In some embodiments, Rj3 is -ORg -O-L-OC(O)R¢, -O-L-OC(O)ORg,
-OC(0O)Rs, -OC(0)-L-OC(O)R¢, -OC(O)OR¢, -OC(O)O-L-C(O)R,
~-OC(O)NR¢R7, ~-OC(O)N(Rg)-L-OC(O)R7, -OC(O)N(-L-OC(O)R7)(-L-

OC(O)Ry),



0C(0) R6, -0C(0)-L-0C(0)R6, -0C(0)OR6, -0C(0)O0-L-C(0)R7,
-0C(0) N(R6) - L- 0C(0) R7,  0C( 0) N( - L- OC( 0) R7) ( - L- 0C( 0) R8)

0C( 0) NR6RY?,
WO

2011/ 0565806RCT/05653010/ 054124 18 0ja 0 N --1LO {R7 R8T/US2c00541DR4 t he

remai ning R-groups of RlL, R2, R3, R4,20and R5 is hal ogen,
phenyl, -0R6, or -C(0)0R6; each remaining R group of RI,
I's hydrogen; and R6, R7, Rg, L, Z, Y, m n, nd p are as

[ 0066] In sonme enbodi ments, R5 is -0R6, 91 | - 0-
0C(0)R6, -0C(0)-L-0C(0)R6, -0C(0)ORSs, -oq%)ou:ﬁe)m
0
=
N i \;“RM ’g /U\ /
\O 0 {Ll\/Y O R
0
)LNJ40
LCr,
Rg .

-CF3, G -C8 al kyl,
R2, R3, R4, and R5
deflned above

L- 0C(0) ORs,

O
Ry
{wiy e

, OF

R, Ry, R4, and Rs are each hydrogen; and Rg, R7, Rg, L, Z, Y, m, n, and p are as
defined above. In certain specific embodiments, R3 is -OC(O)OR 4, -OC(O)R ¢ or
-OC(O)NR¢R 7 and R;6 and R;7 are each independently C;-Cy4 alkyl.

[0070] In certain embodiments, R; is -OC(O)Rg or -OC(O)ORg and Ry, R3, R4

and Rs are each independently hydrogen, halogen, -CF3, C;-Cg alkyl, optionally
substituted phenyl, -ORg, or -C(O)ORg. Preferably, R,, R3, R4 and Rs are each

hydrégen. In some preferred embodiments, R,, R3, R4 and Rs are each hydrogen,
R is -OC(O)ORg and Rg is C1-Cg alkyl, and more preferred, Rg is C;-C; alkyl.
[0071] In certain embodiments, R; is -OC(O)ORg or -OC(O)ORg and R;, R3, R4
and Rs are each hydrogen. More preferably, R; is -OC(O)ORg, Ry, R3, R4 and R;

are each hydrogen, and R¢is C;-Cg alkyl. In other certain embodiments,'Rl 1S -
OC(O)OCH3, -OC(O)YOCH,CHj; or -OC(O)OCH(CHs),; and Ry, R3, Ry and Rs
are each independently hydrogen, halogen, -CF3, C;-Cs alkyl, optionally
substituted phenyl, -ORg, or -C(O)ORs, In a preferred embodiment R, is -
OC(0O)OCH3; or -OC(O)OCH(CH3s),; and Ry, R3, R4 and Rs are each

independently hydrogen, halogen, or -CFj.

[0072] In some embodiments, specific examples of compounds or

pharmaceutically acceptable salts or hydrates of the compounds of Formula I

include, without limitation:



0C(0) NR6R7, -0C(0)N(R6)-L-0C(0)R7, OC(O)N(-L-OC(0)R7)(-L-0C(O)R8), O
0'sss'-..----- .." n-LR7 A. R140 20 e'o ,, or O OI"ON A O RR8 ; one of the
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al kyl, phenyl, -0R6, or -C(0)OR6; eacht remaining R-group of R, R2, R3, R4,
and R5 is hydrogen; and R6, R7, R8, L, Z Y, m n, and p are as defined
above. [0067] In sonme enbodinments, R3is -0R6, -0-L-0C(0)R6, -0-L-0C(0)OR6,
-0C(0)R6, -0C(0)-L-0C(0)R6, -0C(0)O0R6PMDC(0)0-L-C(0)R7, 0C(0)NR6R7,
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04 Ao-L R14-04 sr'O0OR7 OH0 N O 1R7 R8 ; R2, R3, R4, and R5 are each
hydrogen; and R6, R7, Rg, L, mand n are as defined above. In certain

speci fi ¢ wohodiosessvs, RL is -0C(0)0ORLl6, -0C(0)R16 or - @CrA)hRLORUNZ4 and R16
and R17 are each independently Cl1-C4 28l kyl. 100691 In some enbodi nents, R3
is -OR6, -0-L-0C(0)R6, -0-L-0C(0)ORs, OC(O)R6 -0C(0)-L-0C(0) R6

-0C(0)0OR6, -0C(0)0O-L-C(0O)R7, -FOC(O)N -0C(0) N(R®) - LFOC(O)RQ/\
-0C(0)N(-L-0C(0)R7) (-LOC(0) R8 1/ 056589PCT/ US20Q Q/ZO RS :
R, R2, R4, and R5 are gach oge and R6, R7pyRg, , m n, and p

are as defined above. Oklpct sp@m fic enbodk |sO-OC( 0)0R16
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[0070] In certain enbodinents, Rl is -0C(0)R6 or -0C(0)0OR6 and R2, R3, R4
and R5 are each independently hydrogen, hal ogen, -CF3, Cl-C8 al kyl,
opt i onal lwo=ohgissisat ed phenyl, -0R6, or -C(0)0R6. Preferablus0iR@d541R8, R4
and R5 are each hydrogen. In sonme preferred enbodi ments, R2, R3, R4 and RS
are each hydrogen, Rl is -OC(O)OR6 and R6 is C-C8 al kyI and nor e
preferred, R6 is G - C3a|k)ﬁ P ertain enbodd .,,, -

~Lg
-0C(0) OR6 or -OC(O)O , 4 and R5 arOeOeBCh Mor e
preferably, Rl is - R3 R4 and R5 apé egch ydr gen and R6 is
Cl-C8 alkyl. In othe t;@n enbodl ment s, Qg:(O)OCHS - 0C(0) oCH2CH3

or -0C(0)0CH(CH3) 2; R3, R4 and RS are ach i ndependent|y hydrogen,
hal ogen, -CF3, Ci- C8 optionally substi Ophenyl -0R6, or
-C(O)OR6. In a prefe r e embodi ment Rl is - Of(0)0CH3 or -OC(O)OCH(CHB)Z
and R2, R3, R4 and R5~&r e each i ndependent |y W rogen, hal ogen, - CF3.
[0072] In sonme enbodi nents, specific exanples of conpound$ or
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[0073] In another aspect, compounds of Formula II or a pharmaceutically-

acceptable salt or hydrate thereof are provided:



HJO D0 '"1?1 HOO [0073] In another aspect, conpounds of Formula Il or a
phar maceuti cal | y-acceptabl e salt or hydrate thereof are provided: WO
2011/ 056580RaTi/03&53010/ 054124 32 (11) where A is -0R6, -@CZRG20100050¢(0) R6,
-0-L-0C(0)R6, -0-L-0C(0)OR6, -0C(0)Re32 -0C(0)-L-0C(0)R6, -0C(0)O0RS6,
-0C(0)0-L-C(0)R7, -0C(0)0-LC(0)01Z7, -C(0)NR6R7, -CNR6R7, -0C(0)NR6R7,
-0C(0)N(R6) -L-0C(0)R7, - 0C(0)N(-L-0C(0) ;\(BL-OC(O)RS), , O 0o

'S CANAo R7 R8 ; and B and C are eagh Mntly hydr ogen, hal ogen,
-CF3, -CN, Cl1-C8 al kyl, phenyl, -@Rg,o0qQr ~C(0)0R6, or B and C when taken
together forman optionally substiyd ftedl £ to 8-nmenbered car bocyclic or
heterocyclic ring, wherein the rin '§I/%aturat ed, unsaturated or aromati c;
HO o
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where A is -ORs, -CO,Re, -L-OC(O)R¢, -O-L-OC(O)Rg, -O-L-OC(O)ORs,
-OC(O)R, -OC(0)-L-OC(O)Rs, -OC(0)ORg, -OC(0)0-L-C(O)R, -OC(0)O-L-
C(0)OR3, -C(O)NRgR5, -CNRgR7, -OC(O)NR¢R7, -OC(O)N(Rg)-L-OC(O)R, -
OC(O)N(-L-OC(O)R7)(-L-OC(O)Rs),
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B and C are each independently hydrogen, halogen, -CF3;, -CN, C;-Cg alkyl,

;and

phenyl, -ORg, or -C(O)ORg, or B and C when taken together form an optionally
substituted 4- to 8-membered carbocyclic or heterocyclic ring, wherein the ring is
saturated, unsaturated or aromatic;

wherein m and n are each independently an integer from 0 to 2; Y is -CHj-, -O-, -
NR7-, or -S-; p is an integer from 1 to 3;

Z1is {N} or ;;NY:LL,

each Rg is independently hydrogen, C;-Cs alkyl, C,-Cs haloalkyl, C,-Cs alkenyl,
C,-Cg haloalkenyl, C,-Cs alkynyl, C,-Cs haloalkynyl, an optionally substituted 4-8
membered saturated carbocyclic or heterocyclic ring, optionally substituted aryl,
optionally substituted heteroaryl, -L-optionally substituted ary! or -L-optionally
substituted heteroaryl; L is C;-Cg alkyl; R4 is hydrogen, halogen,

C,-Cg alkyl, or C;-Cy alkoxyl; R7 and Rg are each independently hydrogen or C;-Cg



wherein mand n are each independently an integer fromO to 2; Y is -CH2-,
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i ndependemol2gingessegen, Ci - C8 al kyl, Cl-C8 hal oal kyl, CPcTAiSadikesbk4s C2-C8
hal oal kenyl , C2-C8 al kynyl, C2-C8 hal®al kynyl, an optionally substituted
4-8 menbered saturated carbocyclic or heterocyclic ring, optionally
substituted alkpl, optionally substituted heteroaryl, -L-optionally
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or R6 and R7 taken together forman optionally substituted 4- to 8-nenbered
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[0076] In some embodiments, A is -OC(O)NR¢R7, -OC(O)Rg, or -OC(O)ORs.
[0077] In some embodiments, R and R; are each independently hydrogen or C;-
Cs alkyl.



(He). [0076] In sone enbodinents, Ais -0C(0)NR6R7, -0C(0)R6, or -0C(0)OR6.
[0077] In sone enbodi nents, R6 and R7 are each independently hydrogen or C
- C8 al kywo 20052391/ 056589PCT/ US2010/ 054124 34 [0078] PoTAsawomsdiodi nent s,
B and C are each independently hydrog®n, cyano, hal ogen, or -0C(0)R6.

[0079] In sone enbodi ments, B and C are each |ndependentl hal ogen. [ 0080]
In sone enbodP98itks somegmbodinaenss, Baar € precragh ifdspeentinhydsegens 6¥a5i ment s,

R6 is hydrog t hy |, propyl, isopropyl, tert-butyl, -CH2CH(CH3)2,
pentyl , - %?B%w? ?%‘?wy L CH( CHB) ( GH2) 5C113, - CHEC( CH3) 2. cycl opr opyl .
cycl obut yI qpa‘!sqplarsbyie enthodindiex VB andi@azydach didep&ideathy Hilogeht pyr anyl .

[0082] In sone enbodi nents, R6 is_hydrogen, rrethyl et hyl, propyl,
i sopropyl , th?SOAuwpmee@r@ém@B and&éﬁfeyﬁrach BPPC( CH3) 3, hept yi

-CH(CH3)(CHZ) Y, tyl,
cycl ohexyl , nz IIn Sor tetraﬁg%lr@y%lfg{/ %m%%%wlagrap%gb@% ach
i[ ggggfn?ent | yerfnabdtde,gQHzChﬁCHy)z, peatbhngzp)l(@Hy)la,, hagg}gpmﬁﬂis)(ﬂéfz)s%ué yl. t

n so me a : one_ enbodi nents, a
phar maceut i cg‘ﬁfﬁ:g%g"gh ?y('ff?pi“?%’h LF(X%‘?B“%(I & B?m &lslheﬁﬁ]a L cal |y
accept abl e sal#aRurdydi#t&yef a conpound of For rrul al or Il and a
phar maceutical |l y acceptabl é carrier is provided. Preferably, the conpound

of Fornul a | [8982Fclmrsaine emboidgnews, Eetiehlydrogan, owthybfethiepropdeisbpropelibodi nent s

examios of dBEsBbRaCHPECH BB Lobbatnh Bohd cilsaRHEkE e ' e
phar maceut i catCH=enPes),! mlbpffw lt%lo%@tryprdy@l@ﬁerﬁyl l:ﬁﬁéﬁex p%e@mrd?aceutl cally

active ingredient selected fromt roup consisting of:
anti-infl amﬁ@tmlvdma%mmwbmd&@n@ 3 age @ﬁbllraiepfmdeaﬂhhg@ag@"s resitletlal

anabol i c agergthyl,alg}gpﬁ’ ggﬁ%bﬂ?}er%@her eof .
[0083] In some embodiments, L is C;-Cs alkyl.
[0084] In some embodiments, a pharmaceutical composition including a
compound or a pharmaceutically acceptable salt or hydrate of a compound of
Formula I or II and a pharmaceutically acceptable carrier is provided. Preferably,
the compound of Formula I or Formula II is selected from one of the specific
embodiments disclosed above, and, more preferably, the compound is selected
from the examples of compounds listed above.
[0085] In some embodiments, the pharmaceutical composition further comprises
at least one pharmaceutically active ingredient selected from the group consisting
of: an anti-inflammatory, an immunomodulator, a chelator, a musculoskeletal
anabolic agent, and a combination thereof.
[0086] In yet another aspect, a method of treating or preventing disorders
associated with abnormal calcium and phosphate metabolism is disclosed,
including administering an effective amount of a compound of Formula I or
Formula 11, or a pharmaceutically acceptable salt or hydrate thereof to a patient in
need of such treatment. Preferably, the compound of Formula I or Formula I is
selected from one of the specific embodiments disclosed above, and, more
preferably, the compound is selected from the examples of compounds listed
above.
[0087] In certain specific embodiments of the method of treating or preventing

disorders associated with abnormal calcium and phosphate metabolism, the



[0086] In yet another aspect, a nmethod of treating or preventing disorders
associ ated with abnormal cal ci um and phosphate netabolismis disclosed,

i ncl udi ngvaadnimiseiseri ng an effective anount of a conpoumrdTafs2ionsuba | or
Formula 11, or a pharmaceutically acc¥ptable salt or hydrate thereof to a
patient in need of such treatnent. Preferably, the conpound of Formula I or
Formul a | | i disedecswdidtedowtonbnamatl ¢tricispendphosphateodétaleriiss idi scl osed
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rheumatoid anthriti steoarthri i Paget ' i | vegl ar . bone | oss,
bone. rel at ed tacilets gRSAERRRHIE, b el A Fhmlpb RN B B UiB B dnr s, The

di sorder is garBiticskedreééral di sorder selected fromthe group consisting of a
non- bone cancer, an inflammatory di sorder, an i munonodul atory di sorder,
and a parasi ti0888]i Gofurber enpsggnents.the parasitic dispsisrismelsetsd fioppths &raimi t i ¢

di sorder is : he. onsi. St fi: ar i pshmani asis, a
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method includes administering an effective amount of a compound of Formula

IIa, IIb, Ilc, I1d, or Ile or a pharmaceutically acceptable salt or hydrate thereof to
a patient in need of such treatment. In some embodiments, the method includes
administering an effective amount of a compound or a pharmaceutically

acceptable salt or hydrate of a compound selected from:
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a) hydrogen;

b) hal ogen,
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maa); or WD 2011/ 056589PCT/ US2010/ 054124 48 bb) R1 and R2, R2 and R3, R3
and R4, or R4 and R5 taken together forman optionally substituted 4- to

8- menber edocariseisel i ¢ or heterocyclic ring, wherein thecriusgoiossaat ur at ed,
unsaturated or aromatic; wherein mamn$ n are each i ndependently an integer
fromO to 2; Yis -CH2-, -0-, -NR7-, or -S-; pis an integer from1l to 3;
R14 is hydrogen, halogen, G -C8 al kyl, or Cl1-C8 al koxyl;yYZis -~'r" or --r'

; R6 is independently hydrogen, Cl1-C8 al kyl, C -C8 haloabkyl, C2-C8

al kenyl , C2-C8 hal oal kenyl, C2- C®Ma kynyl , 02-08 hal oal kynyl , an optionally
substituted 4-8 nenbered satura o oE ic or hetePegyelic ring,
optionally substituted 3(5)0 aII |tut I-[Bete yl,
-L-optionally subst i t ut edrd -L-0 tlonaIIy Cgbé 10 M@roaryl R7
and R8 are each |ndepeH'c'f% | yohydr ogen or C1- | ;oand L is C1-C8

al kyl; or R6 and R7 take (ﬁ]ﬁgether form an optlon IH]" substltuted 4- to

8- menber ed carbocyclic éterocyclic ring, wh Othe ring is saturated,
unsaturated or aronmati @; and R9 and R10 are eac dependent |y hydrogen,
hal ogen, oxygen, Cl1- csN yl, G -C8 hal oal kyl, al kenyl, C2; C8

hal oal kenyl , C2-C8 al kynyl, C2-C8 hal oal kynyl, optionally\substituted aryl,
optionally substituted heteroaryl, -0R6, -SR6, -NR6R7, - ([C1-C8

al kyl )-NR6R7, -(C1-C8 hal oal kyl) - NR6R7 (CZ al keny@)\gNP?BR? -(C2-C8

hal oal keny1l) - NR6R7, -(C2-C8 al k (C2-C8 hal oal kyl ) - NR6R?7,

-L-R11; or RO and R10 taken togety nocycllco clic
opti onal |y substituted car@cﬁ?ﬂ{)cl i er o@/cl iC él% inthe ring
i s saturated, unsaturat edH(9rP ar omatic; and HO P
o) o)
Ho"'D' Ho'ﬁ
N © N °
N~ N~
OAc
O._N
N oA
o (PP/O 0
HO
/O
HO/ﬁ
N0
N~
F 0.0 (!)
OH e ER
HO O F
Ho’ﬁ/
S\d¢



R11 is optionally substituted aryl or optionally substituted heteroaryl.
49 [0092] In sone enbodi nents, RO is hydrogen, oxygen, -F, -d, -CH3, -OH,
-SH, - NHAVO-2@HAsEB3, or -N-(Cl-C8 alkyl); R10 is -d, -ed3US2B80pbaDy] ,
-S(pchl orophenyl), -(CH2),INH2, -(Cl14®)ci NR6R7, WO

2011/ 056589PCT/ US2010/ 054124 50 hydrogen, -OH, Cl1-C8 al kyl, -CH3, or -F;
R13 is hydrogen, -OH, C1-C8 al kyl, - , - OCH2- phenyT, -CF3[ “\H2, -F, or

-Br; R18 and R19 are eachFrngepe dﬁmw hydr ogen, hal ggenO-~: , -SR, an

optionally substitut gdcpacgkyl oup,, ansoptional oy su ut ed alkenyl
SpOStyit P E opigional I'y

ydrogen, an optionally

group, an optionally™s alkoxyl grou ,\‘pa%
substituted aryl gr08pl_wgere Ry is sel ected"

substituted al kyl grdup.fand an optionally subgtitfited aryl group; or R18
and R19 taken toget @rm an optionally su Ptait ed car bocyclic or
heterocyclic ring, whefein the ring is saturlated, unsaturated or aromati c;
and R20- RRAafe each independent]|y ogen, hal ogen, -CN, -0OR,,
-COORz, - OCOOR.,, -COR, -CO\ -000N(Rz) 2, - N2, -SR,, -SO2R, -
SO2N(R2)2 or -SOR, group, an opt ally substituted al kyl group, an
optionally substituted al kenyl group, and an optionally substituted aryl

group, where R, is selected hydr ogen, an optiona substituted al kyl
group, an optionally substituted aryl group, and an optignally substituted
acyl group; or R20 1 and R22, R22 &_r[ld or R23 and

R24 when taken together fop ti d carbocyclic

re optionall y0§P

or heterocyclic rings, Whﬁdj\éaln he ri n@ i s saturatgg,| unsaturated or

aromatic; and ei t her §/Qr R26 i s hydrogen a € other is an al kyl
group substituted with a s |b§t(')‘| tuted or unsubstitutedoaryl group. In
certain specific enbodi 5, "R10 is - CH2CH2NHZ, - ) 3NH2,

- (CH2) 2N( CH3) ((CH2) 4CH3) N~ , and

[0091] In yet another aspect, a pharmaceutically acceptable salt or hydrate of a

compound of Formula III is provided,

Ro
OH
OQF!)/O Ru
Rg
Rq o*ﬁ/o Re
HO o (1ID)

where Ry, Ry, R3, Ry and Rs are each independently:

a) hydrogen;

b) halogen, -CN, -CF3, or -NO»;

¢) Cy-Cs alkyl or C;-Cg haloalkyl;

d) C,-Cs alkenyl or C,-Cg haloalkenyl;

e) C;-C3 alkynyl or C,-Cg haloalkynyl;

f) optionally substituted aryl or optionally substituted heteroaryl;
g) -C(O)Rg;

h) -C(O)ORg, or -CO;R;

1) -ORg, -O-L-OC(O)Rs, or -O-L-OC(O)ORg;

j) -OC(O)Rs, or -OC(0)-L-OC(O)R;

k) -OC(O)ORg, -OC(0O)O-L-C(O)R7, -OC(O)O-L-C(O)ORy, or -L-OC(O)Rg;
1) -C(O)NRgR7, or -CNRgR7;



kKN , 0 In certain other enbodinments, RO is -OH 100931 In sone

enbodi nents, RO is hydrogen, -F, or -C; R1I0Ois WO

2011/ 0565806RCTI/03&23910/ 054124 51 R13 are each i ndependentCy/usganogans - CH,
- CH3, -CHZCHB -C(CH3) 3, or -F In ce47tain ot her enbodi rrents RO is

hydrogen or -F; and R12 are _each dro {3 094] | n sone
enbodi nent s, IRb %ﬁ%@)ﬁi@Rar QG((QMGW ég@pﬁ@} (26?)19 HBslk-G(RaR%.0l | owi ng

b ol DSRG0S B <. R and S
- 0- L- 0C( 0) OR&) -SBE()}RBsR»0C( 0) - L-0C(0) R6, - OC( 0) ORG, - OC( 0) 0-L-C(0) R7,
- 0C(0) NR6RY7, 00_%2&\5%672 L-OC(0O)R7, - OC(O)N(-L-OC(0)R7)(-L-OC(O0)R8), O
p) -NR¢C(O)OR7;
q) -NR¢C(O)NR7;
r) -OSO2Rs;
s) -SO,0Rg;
t) -SO.R¢;
u) -NRgSO,R7;
v) -SO,NRgR7;

y) ;



the remaining R groups of R, R2, R3, R4, and R5 are each hydrogen; and R6,
R7, Rg, L, Z, Y, m n, and p are as defined above. [0096] In sone

enbodi mrenwe,20R105689- OR6, -0-L-0C(0)R6, -0-L-0C(0)0R6, - POT(UBR6/054124
-0C(0)-L-0C(0)R6, -0C(0)OR6, -0C(0)0-48-C(0)R7, -0C(0)NR6R7, - OC(0)N(R6)-L

-0C(0) 127 0 0C( 0) R7) (- L- OC( 0)
205(1/ 2)56589Pd’%3 @3232946/201??(2131)@413!)5%3 an&%m@m@e taien geethes famodn t he r emai ni ng

ok, o o OBy by e SR e AR STRrerily e T

hydr ogen; ancthRﬁng Brsaturgred, lunsatpra¥ed onarematénd p are as defined above.
Wheréin m and n are each independently an integer from O to 2;
Y is -CH;-, -O-, -NR7-, or -S-;
p is an integer from 1 to 3;

R4 1s hydrogen, halogen, C;-C;s alkyl, or C;-Cg alkoxyl;

Zis ™™ or ™M

R 1s independently hydrogen, C;-Cs alkyl, C;-Cg haloalkyl, C,-C; alkenyl, C,-Cg
haloalkenyl, C,-Cs alkynyl, C,-Cs haloalkynyl, an optionally substituted 4-8
membered saturated carbocyclic or heterocyclic ring, optionally substituted aryl,

optionally substituted heteroaryl, -L-optionally substituted aryl or -L-optionally

substituted heteroaryl;
R7 and Ry are each independently hydrogen or C;-Cg alkyl; and L is C;-Cy alkyl; or

R¢ and Ry taken together form an optionally substituted 4- to 8-membered
carbocyclic or heterocyclic ring, wherein the ring is saturated, unsaturated or

aromatic; and

Ry and Ry are each independently hydrogen, halogen, oxygen, C;-Cg alkyl, C;-Cg
haloalkyl, C,-Cg alkenyl, C,-Cs haloalkenyl, C,-Cg alkynyl, C,-Cg haloalkynyl,
optionally substituted aryl, optionally substituted heteroaryl, -ORg, -SR¢, -NRgR7, -
(C4-Cs alkyl)-NRgR7, -(C;-Cg haloalkyl)-NR¢R7, -(C,-Cs alkenyl)-NRgR7, -(C,-Cy
haloalkenyl)-NRgR7, -(C,-Csg alkynyl)-NRgR7, -(C,-Cg haloalkyl)-NRg¢R7, -L-Ry;; or
Rg and Rjp taken together form a monocyclic or bicyclic optionally substituted
carbocyclic or heterocyclic ring, wherein the ring is saturated, unsaturated or
aromatic; and

Ry is optionally substituted aryl or optionally substituted heteroaryl.



100971 In sone enbodi nents, R3 is -0R6, -0-L-0C(0)R6, -0-L-0C(0)O0RG,
OC(0)R6, -0C(0)-L-0C(0)R6, -0C(0)OR6, -0C(0)0-L-C(0)R7, -0C(0)NR6R7, -
OC( 0) N( RewoL0+1a36BYR7, - 0C(0) N(-L-0C(0) R7) (-L-0OC(0) R8), PCT/US2010/084104

'O LNAO R7 R8 ; one of the remaining¥R-groups of R, R2, R3, R4, and R5 is
haI ogen, -CF3, - C8 al kyl henyl, -O0OR6, or -C(O)0R6 each renai ni ng
R-group of RJJ,OO?& hr@mqaambcaigmem Rsslshydnoggemxym R6CL, RELROHISHZ, v, m

, d 0 R1 - OR®6,
.ol MCHE B ol Mo ol ol 0
-0C( 0) N( - L- 0C( 0)R) (-1 OC(N(?%RB)Z’ A \/\0}32011/ 056589PCT/ US2010/ 054124 53 0 Op. L

SRR SRR
¢
oo o w rv

Rys

2

N, % \®/R21
E_ \ A\ / 7 Ris

. A
e
T Jj%\p %
o N / Ny = N/g
; ,NC*N/, s
R | e TN S
s

q is an integer from 0 to 8; Rj;is an optlonally substituted aryl group, wherein the

substituent 1s chosen from a group consisting of -CF3 -CN, and -F; Ry, is



"14 sssOAZ-P''. -ss''0l LIYr.,D, PMJ1-.7 33 00 0) ANO 1R7 R8 ; R2, R3,
R4, and R5 are each hydrogen; and R6, R7, Rg, L, Z, Y, m n, and p are as
defi ned alWwowe11/(568399] | n sone enbodi ments, R3 is -0R6, POTIUSOGOOFRE4
-0-L-0C(0)0R6, -0C(0)Rs, -OC(O) L- OC(5D)R6 -0C(0)0R6, -0C(0)0-L-C(0)R7,
[qg_)g( %)\ﬂNR;S?? ) Orco(ég,l\ }% Ci- Cglg_alg}%( }%7, or -F; %g)wl\l}gydrogen 8 783(Cg|;_a1% (-)) R8), 0
OCH3, -OCH;-phenyl, -CF3; -NH; —F, or -Br;
Rig and Ry are each independently hydrogen, halogen, -N(R,),, -SR,, an
optionally substituted alkyl group, an optionally substituted alkenyl group, an
optionally substituted alkoxyl group, and an optionally substituted aryl group,
where R, is selected from hydrogen, an optionally substituted alkyl group and an
optionally substituted aryl group; or R;3 and R taken together form an optionally
substituted carbocyclic or heterocyclic ring, wherein the ring is saturated,
unsaturated or aromatic; and
Ry0-Ry4 are each independently hydrogen, halogen, -CN, -OR,, -COOR,, -
OCOOR,, -COR;, -CON(Ry)z, -OCON(R,)2, -N(R,)2, -NO,, -SR,, -SO;R, -
SO,N(R,),; or -SOR,, group, an optionally substituted alkyl group, an optionally
substituted alkenyl group, and an optionally substituted aryl group, where R, is
selected from hydrogen, an optionally substituted alkyl group, an optionally
substituted aryl group, and an optionally substituted acyl group; or
Ryo and Ryj, Ry; and Ry, Ry and Rys, or Rys and Ry4 when taken together
form one or more optionally substituted carbocyclic or heterocyclic rings, wherein
the ring is saturated, unsaturated or aromatic; and
either Rys or Ryeis hydrogen and the other is an alkyl group substituted with
a substituted or unsubstituted aryl group.
In certain specific embodiments, R;¢ 1s -CH,CH,;NH,, -(CH;);NH,
~(CH2),N(CH3)((CH2)4CHj),

Ry
O e, A
Z \i/,or == N.

In certain other embodiments, Rg is -OH.

[0093] In some embodiments, Ry is hydrogen, -F, or -Cl; Ryg is

Rj; 1s hydrogen, -OH, C;-C;y alkyl, -OCHj3, or -F; and R;3 is hydrogen, -OH, C;-Cg

alkyl, or -F. In certain specific embodiments, Rg is hydrogen or -F; and Ry, and



OmMOR/ OONOR7/ R8; R, R, R4, and R5 are each hydrogen; and R6, R7,
R8, L, Z, Y, m n, and p are as defined above. [00100] In sone enbodi nents,
R10 i s - GMDCGhI2MISESSY- (CH2) 3NH2, - (C112) 2N( CF13) ( ( CH2) 4CHBLT/USR@OLSMR4 | N sone
enbodi nents, Rl is -0C(0)0CH3, -0C(0)0CH2CH3 or -0C(0)0CH(CH3)2; R2, R3, R4
and R5 are each mdependently hydr ogen, WD 2011/ 056589PCT/ US2010/ 054124 54
hal ogen, - CFRu @ qagh fdepende ﬁmﬁagqry ~GHpthls ot EeCiheR(FHs)soREE- by

: ?(Gg)Z?ZRﬁlRng,deﬁg? p-C %%?’88’}%‘]1:“% g_{ 18 I?}ydroggn’orpﬁ- dsRlz %ng frd each( CHZ) | NH2,

hydrogen.
[0094] In some embodiments, Ry and Ry are taken together to form one of the

following bicyclic rings:

oy e N, X

|
;sy‘ N , ;Sy N/ , OF ?‘Sﬁ N.
[0095] In some embodiments, R; and Rsare each independently halogen; and
R3 1s -ORg, -O-L-OC(O)Rg, -O-L-OC(0O)OR4, -OC(O)Rg, -OC(0)-L-OC(O)Rg, -
OC(O)ORs, -OC(0)O-L-C(O)R7, -OC(O)NRgR7, -OC(O)N(R¢)-L-OC(O)R, -

OC(O)N(-L-OC(O)R7)(-L-OC(O)R),

the remaining R-groups of Ry, Ry, R3, R4, and Rs are each hydrogen; and R¢, R7,
Rs, L, Z, Y, m, n, and p are as defined above.

[0096] In some embodiments, R; is -ORg, -O-L-OC(O)R¢, -O-L-OC(O)ORg, -
OC(O)Rs,

-OC(0)-L-OC(O)Rg, -OC(O)ORg, -OC(0)O-L-C(O)R7, -OC(O)NR4R7, -
OC(O)N(Rg)-L

-OC(O)R7, -OC(O)N(-L-OC(O)R7)(-L-OC(O)Ry),



wherein R12 is hydrogen, -OH, Cl1-C8 alkyl, -OCH3, or -F;, and R13 is
hydr ogen,
hydr ogen,wopi1/036589 F; and R12 and R13 are each i ndepen#emtusgoiopsatiogen,
-OH, -CH3, -CH2CH3, - C(CH3)3, or -F.s2ln certain other enbodi nents,
hydrogen or -F;, and R12 and R13 are each hydrogen. In preferred

enbodi nent s,
-CF3, and in nore preferred enbodinents,'ﬁg

hydr ogen.
hydr ogen.

OHO, | c*

- 0- L- 0C( 0) ORS,
- 0C(0) 0- LC( 0) ORY?,

OC(0) N(-

In preferred enbodi nents, R2, R3]
[00102] In yet another gspect, a Gf
acceptabl e salt orghydga ongac npeyRd of For

OH, C1-C8 alkyl, or -F. In certain specific enbodi nents,

R2, R3, R4 and R5 are each ind

and R5 are each

m@grir1 i 5 R1ORG; -L-0
: -0C(0) - L-{b(
D) NR6R7,, - CNRBRY

R9O i

RO is

endent |y hydrogen, hal ogen,

n R12 and R13 are each
nd or pharnaceutlcally

)Eg txé)g by ded ABC

R6, - 0)0R6 -0 ooFiﬁ C(0) R7,
S0C( I NRBR7, ,- 0C(0) N(R6) - LeHC( 0) 117,

L- OC(0) R7) (- L- OC(0)R8), WD 21)11/0056589PCT/ US2010/ 054124 55 0

one of the remaining R-groups of Ry, Ry, R3, Ry, and R; is halogen, -CF3, C;-Cg
alkyl, phenyl, -ORg, or -C(O)ORg; each remaining R-group of Ry, Ry, R3, Ry, and
Rs is hydrogen; and Re, R7, Rs, L, Z, Y, m, n, and p are as defined above.

[0097] In some embodiments, Rj is -ORg -O-L-OC(O)R, -O-L-OC(O)ORs, -
OC(O)Rs,

-OC(0)-L-OC(O)Rs, -OC(0O)ORs, -OC(O)O-L-C(O)R7, -OC(O)NRgR7, -
OC(O)N(Rg)-L

-OC(O)R7, -OC(O)N(-L-OC(O)R7)(-L-OC(O)Rs),

one of the remaining R-groups of R;, Ry, R3, R4, and R; is halogen, -CF3, C;-Cg
alkyl, phenyl, -ORg, or -C(O)ORg; each remaining R-group of Ry, R,, R3, Ry, and
Rs is hydrogen; and Re, R7, Rg, L, Z, Y, m, n, and p are as defined above.

[0098] In some embodiments, R; is -ORg, -O-L-OC(O)Rg, -O-L-OC(O)ORg,
-OC(O)R¢, -OC(0O)-L-OC(O)R4, -OC(O)ORs, -OC(O)O-L-C(O)R7, -
OC(O)NRgR7,

-OC(O)N(Re)-L-OC(O)R 7, -OC(O)N(-L-OC(O)R7)(-L-OC(O)Rg),

S

or



0 R14 s"0z"" 0 O mi OR7 0 0 OANA O R7 orR8 ; and B and C are each

i ndependent |y hydrogen, hal ogen, -CF3, -CN, Cl-C8 al kyl, phenyl, -0R6, or

- C(0) OR6,won0B/m@n539C when taken toget her form an opti onaChryussabssittut ed 4-
to 8-nmenbered carbocyclic or heterocy8lic ring, wherein the ring is
saturated, unsaturated or aromatic; and RO and R10 are each independently
hydr ogen, hal ogen, oxygen, Cl1-C8 al kyl, Ci- % hal oaI kyl, C2-C8 al kenyl,

C2- C8 hal oal kenyl, C2-C8 al kynyl, C2-C8 , optionally substituted
aryl, optionally substituted heteroaryl, , -NR6R7, -(Cl-C8

al kyl ) -NR6R7, -(Cl- C8 hal oal kyl ) gNR6R?, (C.E{eit al kenyl) - NR6R7, - (C2-C8

hal oal keny1) - NR6R7 g - ( al kyny1) R6R7 -C8 hal Ik )& NR6R7
-L-R11; or RO an 10 ak R1£ 0 eﬂhezf rma ocycllOooer iC
optional ly substigutigd rbocycllc{ terémlc ring, eiff the ring
is saturated, unsaturBted or ,arondtic; and $ optiondl |y subsbituted

aryl or optionally substituted heteroa(yl omand n are each independently
an integer from0O to 2; Yis -CH2-, SssiO,;Ux R-, or -S-; pis an integer from
1to3;, Zis Nor CH each R6 is |ndében enpl y hydrogen, Cl1-C8 al kyl, Cl1-C8
hal oal kyl , C2-C8 al kenyl, C2-C8 hal oal ke ~RE2- C8 al kynyl, C2-C8
haloalkynyl, an optionally substituted 4-8 rpnbered saturated carbocyclic
or heterocyclic ring, optionally substituted aryl, optionally substituted
het er oaryl , dehtRQmaﬂRyasuhshhwhbgdlan@R@dh,RgIgﬁl\bnahiynéyb&ﬂktuted

het er oaryl ; gl C8 al kyl; R14 is hydrogen, hal ogen, Cl-C8 al kyl, or
Cl-C8 alkoxyl R#I3hel R8 are each independent|y hydrogen or Cl-C8 al kyl: or

R6 and R7 takﬁbmﬁloﬂﬁd?ﬁéerﬁ%dﬂn%ﬂts% is0ORl | mm;ké(b)kyf»@dybc@oﬁénwbered

carbocyclic or heterocyclic ring erei i the ri ng I's saturated
unsat ur at ed otOG(QDRat- W(O)%OWNB]O@@)%Q@G@&W@R%m is hydr ogen,
oxygen - CHZ R11, or -N-(Cl1-C8 alkyl); R10
is - %%OB SRS, 8%&?8?%6&%8 _ -(CH2), INFI 2, -(CH2) qNRERY,
-OC(O)N(-L-OC(O)R7)(-L-OC(O)Ry),
0
\”e‘oJ\N |
{ n
0 ) 17
LR P Hﬂ’ L L Ry
2 p ™4 0" 7 o) Re
0 o ’ m{Ll\/Y’ O¢I\R7 ’ n{ o
0O o
ooy A
o)
LR,
Rg

Ri, Ry, R4, and Rsare each hydrogen; and R¢, R7, Rg, L, Z, Y, m, n, and p are as
defined above.

[00100] In some embodiments, R;q is -CH,CH,;NH,, -(CH;);NH,,
~(CH2):N(CH;3)((CH,)4CH,),

i
X
| N j{\N/%N @J:/?\J
Z =/ or == .
[00101] In some embodiments, R; is -OC(O)OCHj3, -OC(O)OCH,CHj; or
-OC(O)OCH(CHjs),; Ry, R3, R4 and R are each independently hydrogen,



WD 2011/ 056589PCT/ US2010/ 054124 57 hydrogen, -OH, Cl1-C8 alkyl, -CH3, or -F;
R13 is hydrogen, -OH, C1-C8 al kyl, - OCH3, -0OCH2-phenyl, -CF3, -NH2,-F, or
-Br; R18 wpaoRIBesmpe each i ndependently hydrogen, hal ogeaT/ushi{iRp24124 SR, an
optionally substituted al kyl group, a® optionally substituted al kenyl

group, an optionally substituted al koxyl group, and an optionally
substituted aajogegr 6ip, Cwhe plkyRypiienadly|sebstiseted phenyhy ORegeanC(@Q0ORpRsonal | y

substituted al ou tiagn y~su itwted aryl group; or R18
and R19 take(’rﬂl1 ?‘ Jirog%érlg’f(;wjlr?h ngﬂl gngH ycgugﬁ%[?i)?]\t]}%[%d car bocyclic or

het erocyclic .r(CHQ)QNR/gle{,eg@ dhitgophengl)j s saturated, unsaturated or aromatic;
and R20-R24 are each i ndependently hydrogen, hal ogen, -CN, -OR, -COORz,
OCOORz, -CORz, -CON(R)2, -000N(R2)2, -N(R2)2, - SRz, -SO2R, -
SozN(Rz)Z or -SO? group, an optionally subst;i ,@ rlqgl group, an
optionally substituted alkéﬁ@o aqd an optjiigpal ly substituted aryl
group, where Rz is selected r geN a Nonal |y substituted al kyl
group, an optl onal Iy substituted.aryl oup! "dhd an optiénally substituted

S 5o O S S PR S, R,

t aken toget her m One “or re opt| 0 a y su
het er ocycl i ¢ ®HnGsCsuliat,@r AF.t heceraimgspiesifis @tibo dinswahts, Rlassahydtr@geﬁd (oM, air-omati cC;

Ubst tut ed iR s ELREH S GPIHEIBUT POURRE D GRbabrot Hocer  ai

speci fic enmbodj PRlﬂdﬁ Gd?&'éﬁiwa tCRZ I Nd2o F; and R
- (CH2) 2N( CH3)( %%4 ¢ a1,n I'n cel;n%eéll n gt her egr%lé)él meants 2 I%Q%dls - OH.

[00104] In soRm aemmh]ihmgsn Mlprsferrnd tbodintents, By, RyaRaapbBj giemach el ative to
C. In other e odigenlt dAls t he gSItIOI’II‘ Iatl t.o C. [RtOOlOS]
In some enbod ALY Eocgﬁﬂ’ PP sy é’rf'% dR g8y Py gr CSRTES

accept abl e saRf RQandRdaA &cRhy@os@IMPOpRERI dntomithént! \1@5 RL VO, R| YG, aﬂdVd or

| Ve:
R3 are each hydrogen.

[00102] In yet another aspect, a compound or a pharmaceutically acceptable salt

or hydrate of a compound of Formula IV is provided,

A 4\/8
on  [(ic
OQFI’/O c*
Rg
R1O>J\,ﬁ/o

wherein A is -ORg, -CO;R¢ -L-OC(O)Rg, -O-L-OC(O)R, -O-L-OC(O)ORg, -
OC(O)Rs, -OC(0)-L-OC(O)Rs, -OC(0)ORg, -OC(0)O-L-C(O)R5, -OC(0)O-L-
C(O)OR7, -C(O)NRgR7, -CNR¢R7, -OC(O)NR¢R5, -OC(O)N(Re)-L-OC(O)R3, -
OC(O)N(-L-OC(O)R7)(-L-OC(O)Rs),



WO 2011/ 056589PCT/ US2010/ 054124 58 [0100] In some enbodi nents, the conpound
Is a conpound or a pharmaceutically acceptable salt or hydrate of a
conmpound WO 2pvosedsa | Vf, wherein RO is H OH or F, RLO PSTIUSBDIBNOSIRK | S
Cl1-C8 al kyl, C1-C8 al koxyl, or 0 N®sn{y_ (OR7 R8 ; and R7, Rg, and n are
as defined above. OR O

or Rs
and B and C are each independently hydrogen, halogen, -CF3, -CN, C;-Cg alkyl,
phenyl, -ORg, or -C(O)ORg, or B and C when taken together form an optionally
substituted 4- to 8-membered carbocyclic or heterocyclic ring, wherein the ring is
saturated, unsaturated or aromatic; and Rg and Rj¢ are each independently
hydrogen, halogen, oxygen, C;-C;z alkyl, C;-Cs haloalkyl, C,-Cg alkenyl, C,-Cs
haloalkenyl, C,-Csg alkynyl, C,-Cs haloalkynyl, optionally substituted aryl,
optionally substituted heteroaryl, -ORg, -SR¢, -NRgR7, -(C-Cg alkyl)-NRgR7, -(C;-
Cs haloalkyl)-NRgR7,
-(C,-C;s alkenyl)-NRgR7, -(C,-Cs haloalkenyl)-NRgR7, -(C,-Cg alkynyl)-NRg¢R7,
-(C,-C;s haloalkyl)-NRgR7, -L-R;1; or Rg and R taken together form a monocyclic
or bicyclic optionally substituted carbocyclic or heterocyclic ring, wherein the ring
is saturated, unsaturated or aromatic; and Ry; is optionally substituted aryl or
optionally substituted heteroaryl; m and n are each independently an integer from O
to 2; Y is -CHjy-, -O-, -NR7-, or -S-; p is an integer from 1 to 3; Z is N or CH;
each Rg is independently hydrogen, C,-Cs alkyl, C;-Cg haloalkyl, C,-Cg alkenyl,
C,-Cs haloalkenyl, C,-Cs alkynyl, C,-Cs haloalkynyl, an optionally substituted 4-8
membered saturated carbocyclic or heterocyclic ring, optionally substituted aryl,
optionally substituted heteroaryl, -L-optionally substituted aryl or -L-optionally
substituted heteroaryl;
L is C;-Cs alkyl; Ry4 is hydrogen, halogen, C;-Cs alkyl, or C;-Cg alkoxyl;
R; and Ry are each independently hydrogen or C;-Cjg alkyl;
or Rg and R taken together form an optionally substituted 4- to 8-membered
carbocyclic or heterocyclic ring, wherein the ring is saturated, unsaturated or

aromatic.



-0 R10,1'i HO O(1VO WO 2011/ 056589PCT/ US2010/ 054124 59 [0101] In sone
enbodi nents, specific exanples of conpounds or pharmaceutically acceptable
salts or wWoanatmssessef the conpounds of Forrmula 111 and FecmuisaoioNs41and,
specifically of Formula |IVf, include,56without limtation: [0102] In sone
enbodi nents, specific exanples of conpounds or pharnmaceutically acceptable
sal ts or hydri@0#83]oln sohe anthrdouends Rofis Epdrogaen, axygen, dhdCEeCHul-0H, VSHncl ude,

without Timtathony, RO o NAE . cPaikyl); Ry is -Cl, -CHs, -S-phenyl, -S(p-
chlorophenyl), -(CH){NH,, -(CH2){NRgR7,

SR e SRy R

2
N/

oy o g T T

Ry

, 2
= Rig  Rao Rig Rie  Rap
18
@ R21 @ ~Ro
%Nl N ES l N
F P
R4 R22 Ro4 Ry
R23 M R23 b

M N 2 M ]
N N/§ Z
N CQ S
N
Ri3 , Y \ VSSS\,
Rz
Z \
| X ’ |
e A S
13 N H >~ _
, , Or .

q is an integer from O to 8; Ry; is an optionally substituted aryl group, wherein the

substituent is chosen from a group consisting of -CF3; -CN, and -F; R;5 is



H3CNO HCH3 G .- \ OH0 [ 00106] In sone enbodi nents, a pharnaceuti cal
conposition including a conpound or a pharmaceutically acceptable salt or
hydr at e ovoaociaspssand of Formula I11 or |V and a phar maeeuttisealoloy4124
acceptable carrier is provided. Prefet7ably, the conmpound of Fornula |1l or

Formula IV is selected fromone of the specific enbodi nents discl osed
above, and, rideogsnefLdhts alkile-dnmpothidR b & kyeregenedH rGRCt flylexanpl es of

conmpounds | | odi nents, the pharnaceuti cal
conmposi tion f%&ﬁ?fe?%n%kflg gél?ft rﬁ@ag 05n§ ’phar maceuti cally active

i ngredi ent sekgehe®,f 4rovadhhiad eﬁd@lﬂ@ﬂ@ﬂt@fehﬂﬂﬂo ) -N(Ry)2, -SRy, an

2011/ 056589PCT/ US2010/ 054124 61 of: an anti -i nf m"ratory an

i munonodul at@tionglleqbptatted allgyl ﬁ@@u?fb%{t&n&l)ﬁﬁu@ﬁ%@ﬂ alkera/@ewp, and a
combi nati on t ?1058 y suﬁagt}tgfléh !1&)&(351\,\#11 ﬁf}%ﬁ%r r‘é sugstﬁﬁlteg%gsh treating or

preventing di ers assocl a nor cl um an Sphat e

met abol i sm i SwhhrSRlymﬁ:otddrfﬁirmﬂydh@gadl?ﬁh@pﬁbﬂlymgbﬁﬂuteﬁ tRgt pnoap andummt of a
conmpound or a phar maceutical ly acceptable salt or hydrate of a conpound of
Formul a 111, qpiiongiyssubsiygtedjagy eroupy or RVeaD&r 1P$Pfke{1(§0g§ﬂf95f9r€hftn emtioRaldy of

such treat m%bstﬁﬁ@fl%?ﬁ@@' licbPBete ?é' H?]Heehr{ ibx thr\étedl Va, Vb, IV,

Ivd, Ve or IV Is se ecte fromon of t eC| IC ehbodlrrents
di scl osed abomatumn@llormwraatpneﬁérabl y, the corrpound is selected fromthe

I f ds Listed 3 I! 0105] .1 e c enbodi nents
g?atﬁﬁee?re? hog&gﬁgg ?rr‘]rggf“fﬂrfé‘d%?’eng 1\3' ‘?ﬂfnd‘La%%geﬁ‘gr Ci&@g‘lzw th ablnor nal
cal ci um and phosprat & dret a@@mﬁm -ObONIRSH! U&R, )gs_ml I@d g@&kh abnor mal

cal cium and phos hat e nef abol I sm’i s ost eopor osi’s, rheumatoid arthritis,
ost eoart hri t i3Q:¥Rglevr SQR.swoume an apttewillyrsubsiiteted @1‘3@1 gioopeanragitianaty cancer

therapy, or as%b%tﬁtrég %ﬁen}% g%l%p? ragg an OIIJtTOIthy Substituted aryl group, where R, is
selected from hydrogen, an optionally substituted alkyl group, an optionally
substituted aryl group, and an optionally substituted acyl group; or
Ry and Ryy, Ry) and Ry, Ryy and Rys, or Ry3 and Ry when taken together form one
or more optionally substituted carbocyclic or heterocyclic rings, wherein the ring is
saturated, unsaturated or aromatic; and
either Rys or Rygis hydrogen and the other is an alkyl group substituted with a
substituted or unsubstituted aryl group.
In certain specific embodiments, Rjg is -CH,CH,NH,, -(CH;);NH,,
-(CH2)N(CH3)((CH2)4CHs),
| \/N }{\DN

, Or .
In certain other embodiments, Ry is -OH.
[00104] In some embodiments, A is in the ortho or para position relative to C*.
In other embodiments, A is in the meta position relative to C*,
[00105] In some embodiments, the compound is a compound or a
pharmaceutically acceptable salt or hydrate of a compound of Formula IVa, IVb,

IVe, IVQ, or IVe:




enbodi nents, the disorder is a non-skeletal disorder selected fromthe
group consisting of; a non-bone cancer, an inflammatory di sorder, an

i mmunonodmbabowosessvsor der, and a parasitic disorder. |nprsoras2@wisdesent s,
the parasitic disorder is selected frs8mthe group consisting of malaria,

| ei shmani asis, a trypanasonal d| sease, an entanoebal infection, a giardia

i nfection, and a cryptosporifia~1# ection. [010% +-3one enbodi nents, the
conpound or a phar nmace | ept abl e PH_or ate of a compound of
Formula 111, | Va, w vc, | Ve or%%PYff.) istered to the subject
ani mal or human modi f i 8t hep act V|ty of fR3rresyh pyrophosphate synthase in
t he subj ect ani mal or R. [0107] In soffeo odi ments, the nethod

i ncl udes admi ni stering effective &ivopnt @ conpound(@)Fornmula 111 or
a pharmaceutically acceptabl e It or hydrate thereof to a patient in need
of such treatnent, where RI is ydéogen, -F, or -d; Rois 1\1\R1 3 NH

R12or R12 V\02011/056589Pcf /054124 62 Rt rogen, -CH, Cl1-C8
al kyl, -OCH3, or -F; a@x 3 ydr ogen, -d;ﬂ,OCI- | kyl, or -F. In sone
enbodi nents, the nethed ¥ nclfudes admi ni st eg Rg an e fecCtlve anount of a
conpound or a pharma ably acceptabl e sga?IJ\L & hydrate of a conpound of
Formula Il to a pati 1ﬁp iin need of such f{l‘onggment where Rl and R5 are
each i ndependent!y hal ogel‘P and R3 i&VeoRrs, -0°PL-0c(0) R6(IVd- L- 0C(0) ORS,
-0C(0)R6, -0C(0)-L-0C(0)R6, -0C(0)OR6, -0€(0)0-L-C(0)R7, -0C(0)NR6R7,
-0C(0) N(R6) - L-0C(0) R7, -0C(O)N(-L-0C(QR7)(-1,-0OC(0)R8), 011 n

0. 'b

HO g (IVe).
[0100] In some embodiments, the compound is a compound or a
pharmaceutically acceptable salt or hydrate of a compound of Formula VT,

wherein Rois H, OH or F; Rjo is

; i
CN
) (-
N</7 or == N ;

Ry is C;-Cy alkyl, C;-Cg alkoxyl, or

O
4 A
HR7

O

3
——

HO o 1\%))



; )L NO R7 R8 ; the R2 and R4 are each hydrogen; and R6, R7, Rg, L, mand
n are as defined above. In sone enbodinents, Rl is -0R6, -0-L-0C(0)R6,

- 0- L- 0C( OWOR611/0568800) R6, - 0C(0)-L-0C(0)R6, -0C(0)0R6, POTBp@0l54G¢0) R7,
-0C(0) NR6R7, - 0C(0)N(R6)-L-0C(0)127,59-0C(0)N(-L-OC(0)R7) (-L-OCC(0)R8), 2
R7 R8 ; one of R2, R3, R4 and R5 is hal ogen, -CF3, Cl-C8 al kyl, phenyl,
-0R6, or - C(Ooldfbl Inescune erabadimienty, Reejfie garaplerpf cormourds oR4, " and R5 i s

hyd X . i

5031/ os6ssapctioaan b Ba s DR Qupv it Al AptheRRE frronila o
- 0- L- 0C( 0) R6, andOFdrm(a( 10), AR, spe¥i(i g1 RG f Fod(R)IVIE-18€100¢, Rathoud i@ OR0
+00(0)0-L- O R, + C(0) NRGR7, - 00(0) N(R) - L-0C( 0) K7,

-00(0) (- L- 0C(0) R7) (- L- O 0)R8), O 'sss"' ONE.a 1 Lk/ 'n A_ o4

OY 0 OYO OY

H .0
R‘\ /O ll:l) PI
B HO HO ¢
7 N 7
[11 / e __ >N
(])H (J)H
o o
=Rk o >/ O=R" on 0 5/
LT R
/A (o] 7N 0O
2 g ToH AN\ g ToH
" =N , O N

[0102] In some embodiments, specific examples of compounds or
pharmaceutically acceptable salts or hydrates of the compounds of Formula III

and Formula IV include, without limitation:

o} o
O>=° OH )
OH
2 o~d = | 0:F“O
N L2 SN OH
X N\/(_OH
PO //P<0
0’ "OH 0" "OH

o
I



R'sss | Ofl 00{ O R7T Pm,,, 00 so'0O)NA O R7 R8 ; one of RI, R2, R4 and
R5 is hal ogen, -CF3, ClI-C8 al kyl, phenyl, -0R6, or -C(0)OR6; each remnaining
R-group oNORD11/0R2589R4 and R5 is hydrogen; and R6, R7, RgCTHS20m0@sd2h are as
defined above. [0109] In sone enbodinm®nts, Rl is -0R6, -0-L-0C(0)R6,
-0-L-0C(0)0OR6, - OC(0)R6, -0C(0)-L-0C(0)R6, -0C(0)ORS, -OC(O)O L-C(0)R7, -

0C( 0) NR6R7, - 0C(0) N( R6) L- 0C(0) R7, -0C(0) - OC( 0) R‘?QQ(/ 1-0c(0)1z8),
\P
\o HsC OH
<=0
o N\
o o} OH e}
>= j\OH \( >':O
Y 7 )
o. DOH
0§ /OH . = \P/—O
P~o \/N OH
Hsc\/\/\N/\/ﬁm)—Q /P\—O
| R0 O on o
H

o
\P—o al o\\ /OH
OH P—0Q
H,N
R—O
V S —_—
O/ OH o) O/P °
>: OH o
o
—
0 0.
>\ s > , Or
OH
o\ /

[00106] In some embodiments, a pharmaceutical composition including a
compound or a pharmaceutically acceptable salt or hydrate of a compound of
Formula III or IV and a pharmaceutically acceptable carrier is provided.
Preferably, the compound of Formula III or Formula IV is selected from one of
the specific embodiments disclosed above, and, more preferably, the compound is
selected from the examples of compounds listed above.

[0103] In some embodiments, the pharmaceutical composition further comprises

at least one pharmaceutically active ingredient selected from the group consisting



0O 0ONOR7 Rg. ; RR, R3, R4, and R5 are each hydrogen; and R6, R7, Rg,
and n are as defi ned above. In sonme enbodi nents, the nmethod incl udes

adm ni st ewpngliansesbf ecti ve anount of a conpound or a phacraseuviosabd y

acceptable salt or hydrate of a conpoind of Fornmula Il to a patient
need of such treatnent, where R3 is -0OR6, - 0-L-0C(0)R6, -0-L-0C(0)ORs,
-0C(0)Re, - OCC(foan mﬂﬁ@@m&toryo@( MORGEMEID] D910 a khdl410y, RAnuscOISERII M6 R7

- 0C( 0) N( R6) -

R7, LO R7).( - L- OC( 0) R8 WO
2011/056589P@FP %%’67“@ gfggm%ocr(b‘% 03 qll)R?)RB;

[0104] In yet another aspect, a method of treatmg or preventing disorders
associated with abnormal calcium and phosphate metabolism is disclosed,
including administering an effective amount of a compound or a
pharmaceutically acceptable salt or hydrate of a compound of Formula III, IV,
IVa, IVb, IVc, IVd, IVe or IV to a patient in need of such treatment. Preferably,
the compound of Formula III, IV, IVa, IVb, IVc, IVd, IVe or IVfis selected from
one of the of the specific embodiments disclosed above, and, more preferably,
the compound is selected from the examples of compounds listed above.

[0105] In certain specific embodiments of the method of treating or preventing
disorders associated with abnormal calcium and phosphate metabolism, the
disorder associated with abnormal calcium and phosphate metabolism is
osteoporosis, theumatoid arthritis, osteoarthritis, Paget’s disease, alveolar bone
loss, bone related cancer therapy, or an orthopedic disorder. In other
embodiments, the disorder is a non-skeletal disorder selected from the group
consisting of; a non-bone cancer, an inflammatory disorder, an
immunomodulatory disorder, and a parasitic disorder. In some embodiments, the
parasitic disorder is selected from the group consisting of; malaria, leishmaniasis,
a trypanasomal disease, an entamoebal infection, a giardia infection, and a
cryptosporidial infection.

[0106] In some embodiments, the compound or a pharmaceutically acceptable
salt or hydrate of a compound of Formula III, IV, IVa, IVb, IVc, IVd, IVe or IVf
administered to the subject animal or human modifies the activity of farnesyl
pyrophosphate synthase in the subject animal or human.

[0107] In some embodiments, the method includes administering an effective
amount of a compound of Formula III or a pharmaceutically acceptable salt or
hydrate thereof to a patient in need of such treatment, where Ro is hydrogen, -F,
or -Cl;

R10 is

in

L,

m



Rl1, R2, R4, and R5 are each hydrogen; and R6, R7, R8, L, mand n are as
defi ned above. I n sone enbodi nents, the nmethod includes adm nistering an
ef fecti vewarmunisessh a conpound or a pharnmaceutical ly aceeptisbéie/osabks or
hydrate of a compound of Fornula IV t@ a patient in need of such treatnent.
I n sone enbodi nents, the nethod includes adm nistering an effective anmount
of a conpoundRmﬂS@Wb%ﬁmnéﬂéu31Sahﬂwla@é%bx@bfemshRnlahwhvgmaﬂéHoCrﬁs
conmpound of F | Va pat i

of such treat? fo¥’16‘im? ﬁm{’\@r}ge@ﬁb%’& .“P%%%‘% lncm(aﬁ%?%léfl gqnnlgr Bftfé%ﬁtév
preventing di aﬁmﬂfebsa asEp&indioed pﬂbﬁlﬁhcabtﬁ&ﬂlwlcc%ﬁd $ $HIR N diiosmhat e

met abol i smis disclosed. The nethod includes adm nistering an effective

amount of a cqmﬁwﬁ@o‘éForal%H} et patient iy nepd aéaecbtt@@rréeréawher@& BydRate of a
conpound of t [ SpSehac! . ry of
Properties [0 é%%%ﬁﬂ&¥%n&%ﬂghg n§?§9§9§~,§R~C§ﬁ§ nb Cﬁg @rlﬁed

her ei n dendnsEOIRE, FOCHORT -@OEOIRR] 4@11‘(0)@9@;—}@(&(!0)@ ILHGIdé)DRQr-@C(O)NR6R7,

adm nistratio ed wwth the tetra aci Qnhates. During ora
i ni st rat | GCEVBE T o ke dnrko A E O RDE I RBARD. 206 t 0 about 5%
of the dosed bi sphosphonates is absorbed. Due to the polar nature of the
nol ecul e, bi sphosphonates generally have | o affinity to lipids, thus

in need

making it difficult for themto cross thefa qbranes I n addition,
paracel lul ar transportation is difficult becalse insphosphonat es are polar
and can easily become charged undgr physiol ag conditions, In

conpari son, bi sphogpho , cyck%ﬁﬂhc tal conpou ds di scljpose h&reln utilize
a blsphosphonatssc cllq\a Eral " on of ¢ heni Qgsphonlc
acid functional t he Ilpom |ch|ty he result bi'$phosphonat e
cyclic acetal conpouﬂﬂs is gneatIV‘lncrease fch, faC|P|tates t el r

transportation through the |ipid-contabnin nenbrane and results in

i nproved absorption. In sone enbodlgénﬂs he bi sphosphonate cyclic acetal
conpounds described herein result |nchp 0 bive times better absorption
than the tetra acid bi sphosphonates. 10} Rhe bi sphosphonate cyclic
acetal conpounds described herein also exhijt. inproved absorption in the
presence of food when conpared with the WD 2011/056589PCT/ US2010/ 054124 67
tetra acid bithpRosphBnaeesch ]ﬁydrbgﬂyl amdR ¢, &dnReiIs ton and warel as defiredoatesence of

food, especiall f.ood r tetra
acid bisphoséh&ﬁgFégl Q“?%V% Q$ECQE*9}gédggéﬁcgbgggﬁsécj8)

bi sphosphonat@@(@me@(r@p\% eo@r(@ @R?Qb@ébﬁ)&h@k@}l@ﬁ @etdyngaRrei-umin food,
resulting in ver ow or V|rtua rption. Because of this food

ef fect, nost (BCé(%)MB%bTQ@(@Rma@é}z@)Nb%O@@g)tRn)(chQﬁ{od&s)s ng or al
adninistratlon The bi sphosphonate cyclic acetal conpounds contain a

si x- menber ed bi sphosphonate cyclic acetal ri g The bi sphosphonate cyclic

acetal masks one hydroxyl group from eachs ﬁ ate constraining themin
a six-nmenbered ring conformation, thereby hin @ (and
y 0
y i T Ria }éoJ\zHﬁn o’L o J\
. NS Ll\/ )\ [ Rg
0] b , m{ Y’ O R+ , n , or
X
TR,
Rs

one of Ry, R3 R4 and Rsis halogen, -CF3, C,-Cg alkyl, phenyl, -ORg, or -C(O)ORg;
each remaining R-group of Ry, Ry, R3, Ry, and Rs is hydrogen; and R¢, R7, Rg, L, m

and n are as defined above.



in sone cases preventing) any bisphosphonate-cal ci umchelation. In sone
enbodi nents, the bi sphosphonate cyclic acetal conpounds are stable in the
gast r oi ntwetnnaiseispact. As a result, the bi sphosphonat epcyalisc@oasabal
conpounds descri bed herein exhibit ingdroved absorption when adm ni stered

wi th food. [Ollﬂg Once absorbed, the bi sphosphonate cyclic acetal conpounds
described herl8108lakesossnsrebadsdents, Rie -©Bt, Q- (H%Rspﬂds@ﬁﬁ%@& Dur i ng

this conversi e S phonate cyclic

acet al conpodﬁggjﬁp (ﬁﬁgbég:fggéﬁ@ §E$§3XR%dREB§ F(agﬁgqthe tetra acid
L opoSPona  ES(GMR e SXCINIRY 16 QURORALOCORCLDADIRPALOCIONTY, ' e
cyclic acetal noiety. In sone enbodi nents, the byproducts generated are

those a generally recogni zed as GRAS, a statgis designated for substances
considered safe in foods. In sonme enbodin dy§, he byproduct generated is

salicyclic acid or salicyclic aldehyde, B&h j,ch are generally

recogni zed as safe (GRAS). In sone enbodrnenu he process of the
conversion utilizes enz ) enzyfes [ ncl ude, Cbutcere not limted
to, hydrol ases. An R né; wi t houtL|i mi tet ofR# he

conver si on fronpf spﬁon te Irc ace aI to t t tr &gi d

bi sphosphonat e i Osh i n Schenmep, § Sch R, bisphos nat e 8yc|rc

acetal 1 is used to denobnstrate a prop Sed nechanrshtof t he convérsron
where RO and R10 are as defined her and non-limting exanples of R
i nclude R6, and as defined herein. heJFN noiety is cleaved by certain

enzynes, e.g., a hydrolase, to provide i medi ate 2, whi ch under goes
spont aneous d|S|ntegrat|on to release th B?a acid blsphosphonate 3,
whil e generating salrcyclrc byproduct 4 (R R$s; H or . ldeally, this

f t t t al
compounde. ¢ HOt FELRE Ryghe KSRk ok ed o Eeﬁ%YEEEgr@sglﬁ%ni S e
absor pti on. mzeaatﬁﬁgaagmawuemm @BdR2% 1§8rogenind SGNRAR L[ Akkd] Thus,

t he brsphosphonate cycljc acetal conpounds described herein denpnstrate
i nproved | i popfiel?s dptgedad@ver al  adni ni strati on absorptron especi al | y when

adm ni st ered Mﬁﬁosp &556 éﬁﬁﬁ&QRﬂﬁebﬁl 6 Rsab@L?ﬂﬂtﬁ ed to the

tetra acid bisp onat es ter absorptlon thus’résulting rn &n i ncrease

exposure of bDEHRspHIBE)d.-OTBRR 6, POCERIORY, -QAVR)Q-RgBEO)R, 1 he

and fowbr_ adndhl APV o RO RIS kR QBT ERRDEIHR OGS, o1 et

bi sphosphonate cyclic acetal conpounds described herein denonstrates
i nproved safety or tolerability during IV adfnistration. Synthesis

R2, R3, R4, and Rs are each hydrogen; and R¢, R7, Rg, L, m and n are as defined
above. In some embodiments, the method includes administering an effective
amount of a compound or a pharmaceutically acceptable salt or hydrate of a
compound of Formula III to a patient in need of such treatment, where Rs is -ORg, -
O-L-OC(O)Rs, -O-L-OC(O)ORs, -OC(O)Rg, -OC(0)-L-OC(O)R¢, -OC(O)OR, -
OC(0)O-L-C(O)R7, -OC(O)NRgR7, -OC(O)N(R6)-L-OC(O)R7; -OC(O)N(-L-
OC(O)R7)(-L-OC(O)Ry),



[0115] The conpounds and their pharmaceutically acceptable salts or
hydr at es descri bed herein are prepared using a variety of nethods starting
f rom commeoenaldsyssavai | abl e conpounds, known conpounds, POT/USReMPOs410s
prepared by known net hods. General syithetic routes to many of the
conmpounds descri bed herein are included in the follow ng schenes. It is
understood by those skilled in the art that ¢hrotection and deprotection

steps not shown in the Schenes may be reqgd; n these syntheses, and
that the order of steps may be changed to acc ate functionality in the
target nol ecule. The need for pr of, ection ang, otecti , and the

sel ection of appropri rotegl g grpups are f{ound r e le, in

G eene and Wit s, Piot ect i GG upﬂ\ gani c ynthe?ﬁ Edition,
John Wley & Soﬁ) which is| pora hereln by efence inits
entirety. [0116] In the schenes dGBCfIbed hé&tei /7 appropmlate sol went s

i nclude, but are not limted to, dinethbyl @quOX|de di met hyl f ol i nam de,
t et rahydrof uran, methanol, WO 2011150&}58 9PCT/ US2010/ 054124 69 et hanol ,
met hyl ene chl ori de, toluene and acéQonel itabl e acid binding agents
i nclude, but are not limted to, organlgqb§s such as, for exanple,
pyridine, triethylam ne, triethanol am ne, Rg

1, 8-di azabi cycl o[ 5. 4. 0] undec-7-ene (DBU), and ﬁllsopropylethylanlne
(DI PEA) ; and Rn®sgRNkad Baseactshigio@s; addRq, ®ARRNIIE m S@idh b ak idfihéle,

pot assi um car bonate, and sodi um carbonates. Suitable reducing agents

i ncl ude, but 3%hoge. Btsomerﬁmlwhrfl@nts é%m@mow%mra@wwwfﬂ%g gheflecdiye um
triacetoxyborghyd es are
provided. In sone&b Jﬁﬁéﬁﬁér %5?§§?%%? Jﬁ%gﬁagﬁnﬁg%ﬁ}gggxgre
comercially mnmdua@béFommlmI\hmapaﬁmdlmeﬂswf smdhetr@ubatu ﬂmﬁo&nie

benzyl al dehyde re are&@ﬁ qg%%ggs known in the art, %dgjllustrated in
the fol l owi ng™8 %ET e W ETIREH STeoiyR 2oantky des beari ng
an ether i ”k&ﬂ?po%@oﬁé{ﬂhaﬂﬁﬁb&ﬁfiallg &‘é‘ﬁﬁbl% shik byﬁ§6r§t%%?a@8§1p@ﬁﬂ§§§s for

maki ng substituted benzal dehyde earing an ether |inkage, where Ra is any
of Rl, R2, R3forrala BhdVRIVbwhYeHVdr &Veawr 1¥é T mpatidne ienged of sich tagatmnenteger

fromO to 4. dr ox i S or th. respect to the
1l dehyde ot ol TICH Lo RiEnd o BihaRnr B Pe hrBRRmatifgbSIbor ¢ uted
al kyl group. mdtedmﬁthmgnmmlaanmnd@mo Jnﬁtdaﬁetabcﬂ@m isldidfedsed.RPhe and
-L-0C(0) OR6, where R6 and L are as defined herein. Exenplary |eaving groups
i ncl ude, wit H8gthod ingfudss pdpinistgringgn effectiGrameurop ELgPOUKHOIGT s
(OS2CeHACH) d de 5 is
reacted mﬁth1@%ﬁﬁ%?hn§%P’co§%?$?%W§” Rﬁ%?ég&ﬁgpproéggéggﬂ EYT ted

hydr oxybenzal ttiehyrdpoid inkee@edRbmoccupi es a position on the phenyl ring
which is ortho, nmeta, or para relative to the al dehyde group. The reaction
is carried out in an appropriate solvent, e.g., acetone, ace g;trlle

di methyl form de, or a m re thereof. An acfi d binding agent used in
this reaction. Exenplary appropriate aci@iﬁﬁhdlng agent s @Qf , W t hout
limtation, inorganic%%ﬁées such as, for exanple, sodiumh dride

pot assi um car bonate, ang s--|un1carbonates aerd >Ser gani ¢ bas 3 as, for

exanpl e, pyridine, td4ieth i ne, trkﬁﬁﬁgnol. ne,
1, 8- di azabi cycl o[ 3904,-O ac< 7-ene ( and dllsoprgp Tet yI m ne
i's carried out L@M/tenperatu 0C, at room
S
’H

(DI PEA). This reagdi)o
t enper at ur e, underr%kar ng condition (9| a conbi nati C;%ereof

OH
| o

0 \7// \>//
e o
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WO 2011/ 056589PCT/ US2010/ 054124 70 (Ra)r(Ra)r 56 Scherme 2 [0119] In
ot her enbodi nents, benzyl al dehydes bearing an ester |inkage are

synt hesi 2&w0.208a136382 3 i || ustrates one process for maki ng@Csaisseionstied
benzal dehyde 7 bearing an ester |inkage, where Ra and r are as defined
herein and IR is an optionally substituted al kyl group. Non-limting

exanples of R, include -R6 and -L-0C(0)R6, whe and L are as defined
herein. The hydroxyl group i tho, meta, or pard with respect to the

al dehyde group. As shown in S¢hene 3, substituted dr oxybenzal dehyde 5 is
reacted under conditions effefii ve to produce subst%Fﬁ%ed

hydr oxybenzal yde 7, mhere - ccupﬂbs a Ppsition on the phenyl
ring which is ngl ara [élztﬁVBLQp t he ehyde group. An

acyl ating agent i \u ed i yl ati ng agents

i nclude, without |im tg 0) OH, i 'CCXO))ZO When

RcC(0)OH i s used as the’ acylatlng ,agent, 06U'Hlng agents are used to
pronote the esterification reaction. Exenpl ary_co pllng agents i ncl ude,

wi thout limtation, DCC (D cycl ohexyl carbodiim , DC

(N, N -Di i sopropyl carbodii mde), and EDC (1- 0

Et hyl- 3-(3- d|nethylanlnop?tﬁi?)carbodllnlde) Vhéh=PRcC(0))20 is used as
the acyl ating agent, a cataP |s use: to pmonnﬁe the esterification
reaction. Exenplary catalyst clud ation, DVAP (4-

D met hyl am nopy dlqp), The% eactio |n an appropriate

sol vent, e.qg., Ineflhyréne_chl quene9\aﬂnEthyIforn1de or a mxture
t hereof. An a riighnd£ﬁ§>6§€%ij? dinthis reaction. Appropriate acid
bi ndi ng agents |ncIu wi t hout ation, organic bases, such as, for

exanpl e, pyridine, trlé% ylanlne’ trlethanolanlne ’

1, 8-di azabi cycl o[ 5. 4. 0] undec- 7-ene (DBU), _and dllsopmqp91ethylan1ne

(DI PEA). This react loqnﬁs carried out at enperat FeQ OC at room
t enper ature, under he; tbng i tioms, or onbi na ot hre
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RC TO (Ra)r 7 (Ra)r 5 Schenme 3 [0120] In yet other enbodi nents,
benzyl al dehydes bearing a carbonate |inkage are synthesized. Schene 4
i 1l ustratwe 20ne@spgsacess for nmaki ng substituted benzal delrg@tasdolbessizng a
carbonate |inkage, where Ra and r ares6defi ned herein and Rd is an
optionally substituted ngyI group. Non-limting exanples of Rd

o}
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Summary of Properties

[0111] The bisphosphonate cyclic acetal compounds described herein
demonstrate improved absorption, especially under oral administration, compared
with the tetra acid bisphosphonates. During oral administration, a very low
percentage, e.g., from about 0.2% to about 5%, of the dosed bisphosphonates is
absorbed. Due to the polar nature of the molecule, bisphosphonates generally
have low affinity to lipids, thus making it difficult for them to cross the cell
membranes. In addition, paracellular transportation is difficult because
bisphosphonates are polar and can easily become charged under physiological
conditions. In comparison, bisphosphonate cyclic acetal compounds disclosed
herein utilize a bisphosphonate cyclic acetal to “mask” a portion of the
bisphosphonic acid functionality. Thus, the lipophilicity of the resulting
bisphosphonate cyclic acetal compounds is greatly increased, which facilitates
their transportation through the lipid-containing membrane and results in
improved absorption. In some embodiments, the bisphosphonate cyclic acetal
compounds described herein result in up to five times better absorption than the
tetra acid bisphosphonates.

[0112] The bisphosphonate cyclic acetal compounds described herein also

exhibit improved absorption in the presence of food when compared with the



i nclude -R6, and -L-0C(0)R7, where R6, R7 and L are defined herein. The
hydr oxyl group is ortho, nmeta, or para with respect to the al dehyde group.
As shown wo 28cilsess94, substituted hydroxybenzal dehyde 5PCs/useaotsd2ander
conditions effective to produce substd7’t uted hydroxybenzal dehyde 8, where -
0C(0) ORd can occupy a position on the phenyl ring which is ortho, neta, or
para rel ati vetetre a¢itl disphosphyohtesy ridunng oxabiaiministratiomip the prpeericeio fagsled in this

process. Exenpl ar.y, derjvati zi,ng reagents . nclude,. wthout..limtation,
R10G(0) C1._ ThaPGar itk SR8 AR RARIES Rt S gHEPER) y v 1 bl e or
i's produced byispmkpiamstds ﬁwmherrurhlﬂ@ﬁ@dng.rea{ﬁ@d,r&@msb%ﬁbph@s Bohdtberaut in an
appropriate sol vent nmet hyl ene chl ori de, toluene, dinethylformde, or

. €.9., > 1or ENE
a mxture theviedle andinselable chelaieh methaglaiem jis fadetpsulting il wery des of on.
Exerrp! ary app&i%ﬁl@ﬁﬁ&a&%%#p%og] %%lcép ¢ 08I & 'd%?fle&dgfost\t’ﬁ%g %%};'ého'nht’éé i‘x%;el LM
organi ¢ bases, such as, for exanpl e, pyri dr e, trioe yq am ne,
tri et hanol am foed rdstriBetiodidazial by almidsthtioh U M e bisphespBoddoBtl)clic abétal
di i sopropyl et hylam ne (DI.PEA). This reaction is carried out at |ow
t enper at ure, NPOUNGYCONiFIn a SEANCEREEA Risphesrhangfe eydaaceiabrieantii i ons, or a

B N R

synt hesi zed. Qukiessing thdrh ust siatreenbered png cesdrihaionytictaby ndesihj (artded

Egrnéﬁlndehyde i% slgren%rciasne% p?ev%gtrir?g rgralgl%islpilonsl%% relaite-ca %Iu?n c elz?cﬂ)crjx. rIn g(gnele defined
embodiments, the bisphosphonate cyclic acetal compounds are stable in the
gastrointestinal tract. As a result, the bisphosphonate cyclic acetal compounds
described herein exhibit improved absorption when administered with food.
[0113] Once absorbed, the bisphosphonate cyclic acetal compounds described
herein are converted to the tetra acid bisphosphonates. During this conversion,
the cyclic acetal moiety of the bisphosphonate cyclic acetal compounds is cleaved
under in vivo conditions and the tetra acid bisphosphonates are released while
generating certain byproducts of the cyclic acetal moiety. In some embodiments,
the byproducts generated are those a generally recognized as GRAS, a status
designated for substances considered safe in foods. In some embodiments, the
byproduct generated is salicyclic acid or salicyélic aldehyde, both of which are
generally recognized as safe (GRAS). In some embodiments, the process of the
conversion utilizes enzymes. Exemplary enzymes include, but are not limited to,
hydrolases. An exemplary mechanism, without limitation, of the conversion
from the bisphosphonate cyclic acetal to the fetra acid bisphosphonate is shown
in Scheme 1. In Scheme 1, bisphosphonate cyclic acetal 1 is used to demonstrate
a proposed mechanism of the conversion, where Rg and R, are as defined herein
and non-limiting examples of R’ include R¢, and as defined herein. The R’C(O)
moiety is cleaved by certain enzymes, e.g., a hydrolase, to provide intermediate
2, which undergoes spontaneous disintegration to release the tetra acid
bisphosphonate 3, while generating salicyclic byproduct 4 (R’ is H or OH).
Ideally, this conversion occurs after the absorption of the bisphosphonate cyclic
acetal compounds, thus resulting in the release of the bisphosphonate after

absorption.



WO 2011/ 056589PCT/ US2010/ 054124 72 and Re is an optionally substituted

am no group. Non-limting exanples of Re include -NR6R7, -N(R6)-L-0C(0)R7,

- N( - L- OC(WPR#I1(05658@C( 0) R8), n RBfI{R7 , andR8 , where R®CTRB201R®5414 m and

n are defined herein. The hydroxyl gr@up is ortho, nmeta, or para with

respect to the al dehyde group. As shown in Schene 5, substituted

hydr oxybenzal dehyde 5 is reacted under conditions effective to produce Q®H

substituted hydroxybenzal dehyde 9, where -0C(0)Re occupi es a positi onRgnP~Ol

t he phenyl ring which ie ortho, neta, or para relative to the al geh p—0l
7\

group. A derivati zing re}gent is used in this process, S Lary S on
derivatizing reaggpts iacl ude, vm t hout |i raPHt i dA é{) d EB he
duced By

derivati zi ng rea,gémo Re Cl r dloa H*;O ava

met hods knowanon% he e reacti onRjeS carr. e |n an appropriate+
solvent, e.g., nmethy®ene | oride, tol uene/Ndi met yl form de, or m xture
thereof. An acid ®i®ing agent is used in q "8 reaction. Exenpl ary HO,
appropriate acid bindiyng agents include, without limtation, pyridineQ
triethylamne, triethanolanine, 1,8- diazabicyclo[5.4.0] undec 7-ene g \
di i sopropyl et hyl am ne (D PEA), and sodi um hydride. This reaction is Carrie
out at | ow tenperature, e.g., 0C, at roomtenperature, under heating
conditions, or a conbination thereof. Schenme 5 [0122] Secondly, as shown
in Schene 6, bi sphosphonate cyclic acéchémednpounds are synthesized from

substituted '

commercially va| éﬂ§ %}ﬁogﬂﬁigée ngl%;%% enzgﬁ%gﬁas;c%g%?%ga zed by

met hods knOV\/rdeum)ntsthﬁe anproved onp}bb@zyedrﬂem!ldﬁﬁnﬁsﬁatﬁﬁl abbaption, esmehwdlyes 2- 5.
In Schene 6, \ﬁg‘? .. R3, R4, R5, R9 and R10 agre defi ned her ei n and Y are
hal ogens i ncl nr?ggmmeﬁ%f ;‘E’lﬂll fofidh ahhegclicpeetagromppnds argepgvegied t9 the - cg

al kyl, C2-C8 @l kepyibis p%)%ﬁ:l%ng@s 2hdVRBYdrptiS thlsl MRS £ 1ﬁc1§£s|3%§§osu¥p
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of bisphosphonate. Other potential advantages of the bisphosphonate cyclic

acetal compounds include fewer esophagus side effects and fewer administration
restrictions. In some embodiments, the bisphosphonate cyclic acetal compounds
described herein demonstrates improved safety or tolerability during IV
administration.

Synthesis

[0115] The compounds and their pharmaceutically acceptable salts or hydrates
described herein are prepared using a variety of methods starting from
commercially available compounds, known compounds, or compounds prepared
by known methods. General synthetic routes to many of the compounds
described herein are included in the following schemes. It is understood by those
skilled in the art that protection and deprotection steps not shown in the Schemes
may be required for these syntheses, and that the order of steps may be changed
to accommodate functionality in the target molecule. The need for protection and
deprotection, and the selection of appropriate protecting groups are found, for
example, in Greene and Wuts, Protecting Groups in Organic Synthesis, Second
Edition, John Wiley & Sons (1991), which is incorporated herein by reference in
its entirety.

[0116] In the schemes described herein, appropriate solvents include, but are not

limited to, dimethyl sulfoxide, dimethylformamide, tetrahydrofuran, methanol,



6, substituted benzal dehyde 10 is converted to internediate 11. In sone
enbodi nents, X and Y are both O and benzal dehyde 10 is reacted with
reagent swohon#s63s9phosgene under conditions effective POTASOMOOS124
internediate 11. O her exenplary reag@nts to convert benzal dehyde 10 to
internediate 11 (where X and Y are each C) include, without limtation,
phosgene. Thetthengbimefhylere eldenide plaene, and @ﬁtoaspﬁéﬁablg@@dbmdmmgenﬁ g.
tetrahydrof ur n i.n gent is
used in this ?lggg%%u?g&%?tﬁ{ﬁléd%)& gcpéapg%gg%c%%dﬁ% ﬁl gen e‘;‘ i ncl ude,
without |im taiet}qmmlpy,rtnehhmmlamme;at Bsdhmblngclo[sm e}utﬁaétQMm: (@BUY,, dhd

di azabi cycl o[ 4.0]u qu 7- ene and diisopropyl et hyl am ne (DI PEA).
Thi s reacti on® SQPE’QV{‘LF iar’&‘é}f* (]a{ W?%Wﬁéﬂa&’ccd?aées é“‘él as, eexgppleoom

t emper at ur e, n 23
e atur e, yAGE ORRL BAaSAIA ARG, B AUBATEHBALIAT SURRERLIZS]

produce car boagents iidudd, fcruisaremo‘ehinbijeﬂ e padsym Rfanabotshy@8dabikd/dodama X and Y
are each d and int n(g1r e 11 is reacted with t-BuOH to produce carbonate
12. This reacti6Hox¥O0 P'&% out in an appropriate solvent, e.g.,

t et r ahydr of ur gaa7prethyy), %ﬁl%txﬁﬂé@ﬁérﬁ?]zaldeﬁ&&&r&% RViddd ”I%&dﬂﬁ@erh@&ﬁﬁ@ﬁtsm acid
bi nding agent is used’in this reaction ary appropriate aci d binding

agent s i ncl udée swhstiied benzpatdehydas arqpgani eneellytavaidabiy: | amities,

511 Sope ooy o HBpadinis Ahe SR 02y B8R eSS B Ristodd Ry in

tenperature, weQrt, asdGustaked QAN foflBR@AdHERes. Under heating conditions, or a
conbi nation thereof. [0124] Carbonate 12 is then reacted with

bi sphosphonat B118 {misne enbrfimpeinsbearyleldehxdes bearpieramrtkerfinkperosphonat e
CyC| Ic acet a! ﬁy]‘nﬁ‘fesi;@(% écq'x%&t 'Zgﬂu%ﬁatg ne ? cegéJ%or' m&%gﬁt‘a{%@ ate sol vent,
riie. n aCI In

e.g., acetoni nt 1s use i'S reaction.
Appropri ate abérdalkibm(dlierﬁgoeagﬁglmeuhalclhnkige, wher&BY s dniyrofRaf RQMR;, Ry ahdi ne,

triethylamne, triethanolam ne, 1,8-diazabicyclo[5.4.0]undec ene U,
and di i sopr op§Peth gﬁiaﬁé‘%mr}ﬁggéﬁ a8 TRtEBE oM 0itQ 4¢ #Fﬁ@‘g‘oéﬁltg@%er i nert
at mosphere. BExeppbanyial H&5drq HiIDSHE! ©%hd NALMAR or rpﬁmﬁsalremlhggro

nitrogen and argon atmosphere. Thi's reaction’is ca i ed out at
t enper at ur e, andRyisheapiiomgllysnbliitititehslkybgronp. anbﬂmtmgmxaﬂmdcmﬁRd n sone

enbodi nent s, rod hspho ycl C 14 | urified by
purification Wgﬁlﬁga% E‘ﬁm%% aﬂiplgwo 6 Wf%?rF?{é giﬂ are 8 %‘ﬁﬂi

chr omat ogr aphyereih ExeiiplagyRadingeriup S1M&owah@utlanM%ecRﬂ3rlpdﬁTt but yl
and Xis O is reacted with bi sphosphonate 13 to produce bi sphosphonate

cyclic acetal (ﬁpoF\?baQ@@ifﬁ@@é@S@@@%Eéi@]ﬁW heme2p substituted sonme
nbodi t
T oedr onat o, NERIBSRAGALE, 3R MREEEV IR RS GIMANLOIRbSetdeift 10,11 ve 10

produce ri sedpmdateesubsmhued h&dl@kﬁﬂ)enhﬂldememewﬂ@reiGmepﬂs RpOsitisn 6654 I n
sone enbodi nents, a_m xt a} ri sedronate (hi sphosghonate 13 where RI is
OH and RLO |stheah?r%ﬁpspr§1 i8I 4A: HEas A4 idetdyn torthe ddehyds gsawed e 40C for

1 hour and t hgpueeqk @Qn%@oﬁﬂﬁ%%ﬁ%%ﬁﬁ%%ﬁentcé QBab e ég%tﬁﬂ%@ R is

tert-butyl and X is O is then a t'ure an mxture is
heat ed at 35QGlifethylforhsier e md@uremhetreﬁg@m andr’omﬂhgrgentas psemldnct]ms ri sedronate
cyclic acetal re ét?o\{xc lﬂxemp?a%[/ Q;gpr%ﬁna"%@ ac18 b1nd1ng aggﬁ'ts 1n8ude w1thout limitation,
inorganic bases, such as, for example, sodium hydride, potassium carbonate, and
sodium carbonates and organic bases, such as, for example, pyridine,
triethylamine, triethanolamine, 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU), and
diisopropylethylamine (DIPEA). This reaction is carried out at low temperature,
e.g., 0°C, at room temperature, under heating conditions, or a combination

thereof.



1\1). [0126] In sone enbodi nents, bisphosphonate 13 where RO is OH and R10
Is is reacted wth carbonate 12 under conditions effective to produce

ri sedronawe 20yaisszs9acet al 14, where RO is OH and R10 i s PrTNSRe10964TR4

enbodi ments, a m xture of risedronate0(bi sphosphonate 13 where R9 1S )CN , N
OH and R 10 is), diisopropylethylamne, and acetonitrile is heated at 40C
for 1 hour and then cool ed to €BOm t enper at ure. onate 12 where Rf is
tert-butyl and Xis O is thepladded t & The mi xtudge and the mixture is
heated at 35C for 16 hours under-oMO 2011/ 056589PGHJAG2010/ 054124 75
nitrogen atnosphere to produ i sedronate cycl &~acetal, (cyclic acetal 14
where RO is OH and R10 is )@RW[0127] In some effebdi nents, bi sphosphonate 13
where RO is Hand R10 is is regcted with carbonat% 12 under conditions
effective to produce risedronate cyclic acetal 14, where RO is H and R10 is
In sonme enbodi nents, a m xture of ris&dhanale (bi sphosphonate 13 where RO

's Hand R0 f.(ﬁlé]SIn other embodiments, benzylaldehydes bearing an ester linkage are
synthesized. Scheme 3 illustrates one process for making substituted
benzaldehyde 7 bearing an ester linkage, where R, and r are as defined herein and
R, is an optionally substituted alkyl group. Non-limiting examples of R, include
-R¢ and -L-OC(O)Rg, where Rg and L are as defined herein. The hydroxyl group
is ortho, meta, or para with respect to the aldehyde group. As shown in Scheme
3, substituted hydroxybenzaldehyde 5 is reacted under conditions effective to
produce substituted hydroxybenzaldehyde 7, where -OC(O)R, occupies a position
on the phenyl ring which is ortho, meta, or para relative to the aldehyde group.
An acylating agent is used in this process. Exemplary acylating agents include,
without limitation, R.C(O)OH, R.C(O)Cl, and (R.C(0));0. When R,C(O)OH is
used as the acylating agent, coupling agents are used to promote the esterification
reaction. Exemplary coupling agents include, without limitation, DCC
(Dicyclohexylcarbodiimide), DIC (N,N'-Diisopropylcarbodiimide), and EDC (1-
Ethyl-3-(3-dimethylaminopropyl)carbodiimide). When (R.C(0)),0 is used as the
acylating agent, a catalyst is used to promote the esterification reaction.
Exemplary catalysts include, without limitation, DMAP (4-
Dimethylaminopyridine). The reaction is carried out in an appropriate solvent,
e.g., methylene chloride, toluene, dimethylformide, or a mixture thereof. An acid
binding agent is used in this reaction. Appropriate acid binding agents include,
without limitation, organic bases, such as, for example, pyridine, triethylamine,
triethanolamine, 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU), and
diisopropylethylamine (DIPEA). This reaction is carried out at low temperature,
e.g., 0°C, at room temperature, under heating conditions, or a combination

thereof.



di i sopropyl et hyl am ne, and acetonitrile is heated at 40C for 1 hour and
then cooled to roomtenperature. Carbonate 12 where Rf is tert-butyl and X
is O is wbeniadesd to the m xture and the m xture is hearas@n/o0368¢ for 16
hours under nitrogen atnosphere to prdduce risedronate cyclic acetal,
(cyclic acetal 14 where RO is Hand R10 is WO

2011/ 056589PCT/ US2010/ 054124 G0 Scheme 6 [ 0128] CHReyconpounds and
pharmaceutically acceptabl e |ts or_hydrates of\thé compounds descri bed
herein are also useful in tHe facture of diafrefes for treating or
preventing di sorder associa th abnormal c um and phosphate

met abolismin a mamal . [01R%] The cyclic aceRal bi sphosphonate conmpounds
may exist in two isoneric forms, i.e., cis-isonez and trans-isonmer. As
shown in Schene 7, when the ahydroxy group and the substituted phenyl group
are on the opposite side of the six-mSchaned cyclic acetal ring, the isoner

i s assigned trans-i.soner. .If the a- 0 roup and the.substituted
pheny! grou_pa@flgolp ¥%8t}§5ﬁ@%_8ﬁh _ n&ff g?%ggﬁehyi%r}r%@?%gé garepate @éﬁgﬁl ring,
the isoner i sadspitBaesdascRetid 5ilBRARE ond Pros@EBoEHRARE SRRtifuted he t WO

i soners are separated and the configuration of each isomer is assigned

usi ng anal ogybangaldelydrifroceriag acerbpnale liskagef wherp &ntandir sierdefiaed kgrsinens ( see

1). V. A Paylay,. : j 1 Zi i k . Magnet,i i
Crbri iy 18 Ragg o oftioiny SUbned uidh o8 Nl R RO G TS 357
Nucl ear MagneintindResg aahde OG0y, iR CIRE ihé Lsare J¥iRY Herdier Sigd ence, New

York, 1972). _ 77 substituted phenyl groupsubstituted ghenyl group oH(R Q Hr
R HO a- hydr ORIQHd8pPuP iNaao,rera, or pargwvgh respect to the aldehyde group. As

shown in Scheme 4, substituted hydroxybenzaldehyde 5 is reacted under
conditions effective to produce substituted hydroxybenzaldehyde 8, where -
OC(O)OR4 can occupy a position on the phenyl ring which is ortho, meta, or
para relative to the aldehyde group. A derivatizing reagent is used in this
process. Exemplary derivatizing reagents include, without limitation,
R4OC(O)CI. The derivatizing reagent R4C(O)Cl is commercially available or is
produced by methods known in the art. The reaction is carried out in an
appropriate solvent, e.g., methylene chloride, toluene, dimethylformide, or a
mixture thereof. An acid binding agent is used in this reaction. Exemplary
appropriate acid binding agents include, without limitation, organic bases, such
as, for example, pyridine, triethylamine, triethanolamine, 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU), and diisopropylethylamine (DIPEA).
This reaction is carried out at low temperature, e.g., 0°C, at room temperature,

under heating conditions, or a combination thereof.

CHO CHO
X —_— ~ »\Q/Rd
&é;TOH &é;ro
(Ro); (Ra):
5 8
Scheme 4

[0121] In yet other embodiments, benzylaldehydes bearing a carbamate linkage
are synthesized. Scheme 5 illustrates one process for making substituted

benzaldehyde 9 bearing a carbamate linkage, where R, and r are defined herein



Na trans-Isonmer Jpii 15-17 Hz Schene 7 Pharnmaceutical Conpositions [0130]

I n sone enbodi nents, the conpounds or pharnmaceutically acceptable salts or
hydr at es wb 20hi@se3sapounds descri bed herein are a conponent/uskoi@/osanposi ti on
t hat includes one or nore pharnmaceuti®al |y acceptabl e excipients. [0131] In
sone enbodi ments, the conposition further conprises a

phar maceut i cadnidyR.ds eepptaialy extestipitehamindtgeotpe rNon-limiting examples of R.

"pharmaceuti cal y- t e ipient " rej ans any

physi of ogi cal T AVEat, ALRREICRY R N RedBIE e BE M noun o one
skilled in thesar which is conpatible with the physical and chem cal
characteristi csNof {,he i somer herein. Pharnaceutically-acceptable

exci pi ents incll ; but are not limtedoto, polyners, resins, plasticizers,
fillers, lubricants, diluen®s, bindet ,J(di sintegrants, solvents,

co-sol vents, sugflact antf\,N Bervati vgs, Osweet eni ng agents, flavoring
agents, pharmackutical grjad S Orn pts, and viscosity agents. [0132]
Fl avori ng ageffs Rand ,dyerJ and pi gpgnts aRpngwheRe, Ris®L Ul Aei@idurtNcl ude

t hose described in Handbook of Pharnaceutical Excipients (4th ed.,

Phar naceut i cafetineébereing e hydiaxyBglousis eraln, eneip-0s sixaewits respedt taldie but are
not limted t l, A.S 4 ui,t abl e
surfactants i%%‘fh&ggg{b%gt Agrsgg‘%g?gggﬁ%egg%ygﬁﬁ%g?g%%?%%%élel%%ygésﬁ%tan fatty
acid esters, padtybuydet bydditiensraifeomddiylpredure sebstinted bkoxgroesddrde 9s0di um

| auryl sulfate, Tween 80(r), .and lanolin esters and ethers. [0135] Suitable
preser vat i vesWigig ragED)Rs9ccupies sppsitiqnAn B phenyl gReMéNch 1§ orAp, Bereits of

par ahydr oxyb i i, j i d : . / +moric acid and
Phe oai 1o 1 ndr Earegi Bl RaRe sl A A ol - “benzy)
al cohol , WO 1204sh5.066588RG deldS2040g Saddird incBidehwithow Siatitatiphghyl(ORClcuri ¢
acetate and nitrate, .nitronersol,. benzoal koni chlqride, cefylypridinium
chi ori de,  met P SR ptABRTaER Ter Rl theraperial Do SBiblen b frited DY er s
include, but @e@olOkndwilthitBat OThSEAERDD is A8t inSHCpPRPriaftBbIRAEXT ri N,
and mcrocrystalline cellulose. [0137] Suitable plasticizers include, but
are not | i m teg, methytang ehleyidedblueng, dimptbyNemige,ome ngikirgothergof.opplacide
gl ycol , dibutyl ,phthal ate, .castor qil, acetyl ated nonogl.ycerj.des nd
Uriacetin. [ oTadne et Rured shnisrdom, dRietory apirgPaa g ded oihyicienty
et hyl cel | ul osi@clud€lwitHods Bmataeda tperillink NEikthiyladdife, triethanolamine, 1,8-
hydr oxypr opyl met hyl cel | ul ose phthal ate, cellul ose acet at eajpht hal at e,
pol yvi nyl acediazabicyriohnf Alunderiene(aBLi disepropylsthytsmipe PHRAX ad L 100- 55,
and Eudragit (&) - { Rah adt rmny),
and Acryl EZE(S;O}h%l%Q udreé?gl?% ’???%0%?&%“3'5%?%?%@“‘%??&%%?CF’S‘? ). [0139]
Sui t abl e | ubricomntmpemtireidmdertheatiag eomidtions] on 4 @antinationeheresfii um st ear at e,
stearic acid, and talc.

CHO CHO

K —— S
I/ \/—OH l//_o
(Ra), (Ra):r
5 9
Scheme 5

[0122] Secondly, as shown in Scheme 6, bisphosphonate cyclic acetal
compounds are synthesized from substituted benzaldehyde 10. Substituted
benzaldehyde 10 is any commercially available benzaldehyde or any
benzaldehyde synthesized by methods known in the art, e.g., benzaldehydes 6-9
as shown in Schemes 2-5. In Scheme 6, R;, Ry, R3, Ry, Rs, Rg and R are
defined herein, X and Y are halogens including, without limitation, Cl, Br, and I,

and Ry 1s C;-Cg alkyl, C,-Cg alkenyl, or C,-Cg alkynyl. As illustrated in Scheme



[ 0140] The pharmaceutical conpositions described herein, in sone

enbodi nents, optionally conprise a chelating agent. The term "chel ati ng
agent ," asousadsbsspei n, nmeans a nol ecul e cont ai ni ng twoPoT/UsRYIe/0841e€t I ON
donor atoms that can form coordi nate Bonds to a single netal ion. The term
"chel ating agent" is understood to include the chelating agent as well as
sal ts t her eof6, sHetituishbgizeldehyse 10ap porrveried & intrymadietst 1. Insdmedes citric acid

as well as itssalt forps, . {014 e st nd widely used.chel ating
Soents coor o ?r Bna el E15pTREL OB PRttt 38 0TS 201 0
both. QG her |sslsas@iphDipead 8hddricofditgRydfect0OfodiroaicR ihteimeddte U Ddieri N t he

formof -SH (thiol or mercapto) Igroups. After the first coordinate bond is

formed, each XeepkEyreprgensoronyeskendaldehpintktodpeanedaty 1di(whereghend ni ng t he
metal atom e ' - b t 44 nt at e,
etc., dependﬁlé&uéﬁgfrllbgﬁg?iﬁggwlwgﬁﬁéﬁg%%ﬁb&g%g% P?iryé%jl%? %tﬁoﬁﬁs S%rﬁtrc}%?gpdonor
at ons capabl dnah approgiiag sbleeiithe giyedtahyddofurun, $el@edd, bk Oidixmre thaeyt| Apedi a of
Chem cal Techno] ogy. (4th ed. 2Q01).. [0142] Chel ati ng agents, suitable for
use in the co?ﬁfJo@P ingRgenf dseser bR HiihEREhan- | empday gppropriate acid binding

phar maceut | Cajebys EGERL ARhGuafifHAlohIByABRL lrich ARl ThdnEoRXARRISE Of

chel ating ager%tsssui table for use inthe 5r%%g§r;1{t i n\’/erﬁﬁi{hgﬁﬁl ncl’ulﬁ

et hyl enedi am databicydated.Dundei-d-chEDTB)), andtdiiseprapylathylredinc(RICEA). t art ari c
acid, lactic . gcid, aspartic.acid, glutamc acid,.Jysine, sodium

nexanret aphospiit e GRBREas Rat Fdnd PhaRaGrS iy CREAASH PRI « ne
present i nvenfideheating cEhBliGHs 88 cHfEbiddH @6ReBIPCT/ US2010/ 054124 79 agent
is EDTA, citric acid, or sodi um hexanet aphosphate. In certain preferred

enmbodi nent s, [OB]chedraediate Hgierken rsageiraith R/QH| ungler ¢nmddivis effectrvsrte
preferred enmbodi nent he,chel ating, adent. is di i EDTA. LR, certain
enbodi nent s, Rrﬁ%un%icg%ﬁgétﬁﬁ%ha? (Saorg%%pgﬁ(% sentciélzf:lf icﬁicagcifaﬁg'}l'él?% aal’ng% 8°mul at ed
as oral dosagach Ol a&d GitasledReO 1 13 réftddedS-Bles] Bakrédiice Marboraté42, 459 or
United States Patent No. 7,645,460, which are incorporated herein by

ref erence i n TH&rGactkn jscafripd oubirves appFoPais 9b1enk wigodriRdydrofaragpnodent at e

conpl exi ng agﬁée{hyﬂeﬁe HﬁSﬂdé[, RolRERC Br Q&iﬁu&%?&%t&%&a& 'Bﬁid?ﬁrgo{g%rﬁg%@éd

Sui t abl e non ntate conpl'exi ng agents | nclude, but are Imted to,
phosphat es ( enghis repodon nExdnos plyatperopsiath acid Bihding agentpmobphaveghows odi um aci d
phosphat e, dipotassi um phosphate, .di sodi u hosphat e, nonobasic) and

car boxylic aé?raléatt%l; SYI?CPI’F‘?Jﬁ’E?tF} aﬁlé?ed?negfﬁaé‘g}a%“ﬁ%ilﬂ%%. In one embodi ment, the
nmonodent at e Ccﬁ_éﬂ&bﬁ:ﬁbl@?&@.@ﬁﬁﬁeé—s-eﬁé@B@)%d@iis&&%ﬂﬂlkth}ﬁﬁli yWpEAQf chelating
agent present in the oral dosage formof the present”invention will depend
on the parti cliiareagties ischmigdagbatlowdtmperetirarnd. tE, stroemtteroperbiusphosphonat e
conpound prese the oral dosage f.orm nle'aI ly, the oral dosage forns

n%ter flenatl{lg condiﬁ?rrs, Qrd %rplﬁmgti%n tﬁe

of the presen‘f I'nventron w con o€ “8nd ef fective amount of a

chel ati ng aggoi24uChdbhste 121s tehi@vicdgvithsissiRsplicdtectdalndet gdafdect . 1 n one
enbodi nment, the oral dosage formcontains fromabout 10 ng to about 1000 ny
of a chel ati ridfesiento paducghisphasphenate gyelitorcrial 14 nbeviicadinn 1s cagiedodl  dosage
forms contain._f o] 120 - Of : : it per
uni t dose. Wr}relr?ﬁgﬁg%?ﬁgﬁ%asgjﬁlﬁg@%gér?tga?lgﬁrggT%ndmrgmg%P@ggtggéeﬁgego ;dﬁﬂgﬁ%ref erred
range is fromeabhout Aproyiatcoacad bintlingQgeny ingudef eithbdtyinhitaionapaidine/5 ng to
about 250 ny, .and nmore preferably om apout. 25 t o about_ 250 per unit
dose. Wen tﬁé‘e@ﬁmﬁ?’ﬁgetgif%?mmga %%‘tdﬂarzé ‘&X‘Flﬂ[zsodr'gﬂ‘ﬁéﬁcﬁz'ﬁ’é? }%@aép ng agent,
the prefer ediif3aeByleninai ABYAR THlrch Gi IO UL itR00 (Hir REA! erabl y from
about 50 ng to a ou%l 58/0 ng per unit dose. [0145] In some enbodi nents, the
phar maceut i cadtmosphpos i Eicomdargesat ithedplreesaincudgtwitoat limitetompnitsgea del ayed

rel ease mechani,sm The term "del ayed rel ease,” as used herein, refers to a
el | very of ) B ROMETS ot FRPEo GyearTaie: AaoR TERBrARr g dent whi ch
is achi eved eafifg B3HdadiRGort N rALITRGREESC ah s6RBRADLHINRMCAEPr i sing the

bi sphosphonate and the chelating agent so that they will be released at a

general |y pr aupéucgs bisphewhpnaie cyqlictagetal bvsrpugfied bapurifieasion naitkedsl t o t hat

whi ch woul d ve been compl-i: she ad there be no, alteratiqn in the
el fver'y of LB Do brana Lo es oo e iy PREMuf nobf B
enbodi ment's, caWandRUY Whéb 8P RGEH/ BB 1A G54 X245 reacted with bisphosphonate 13

to produce bisphosphonate cyclic acetal 14.



80 the del ayed rel ease nechanismis selected fromthe group consisting of
pH triggered delivery systens, bacterial enzyme triggered delivery systens,
ti me depewodenti/deispvery systens and conbi nati ons thereofrCirruspiosiigger ed
delivery systens, the del ayed rel ease’4of the pharnaceutical conposition may
be achieved by coating the tablet, capsule, or particles, granules, or
beads of the Bi2Whbsyomsrrankodimentshespbpsnhanitad3 agene RuistGHand Bhsisance whi ch
is pH dependent, i.e., broken down or dissolves at a pH which is generally
present in the lower G tract, but n nt in the upper A tract (i.e.

t he nouth, buccal cavity, pharynx, esophagus, or stomach). [0146] In sone
enbodi nents, the pharmaceutical conposihNtions, described herein optionally

conprise a pHtriggered delivery. systemof,a filmcoati or an enteric
Conttng. 1 St EBBae e reled it SRDERE 2 St P B O pricE

bi sphosphonatgcaRIRRUIES: 4R2ta214] Wh&GO R, FCOH aMitf), &t omach acidic fluids.
Excipients suitable for use in a filmcoating include, but are not limted

t o, hydroxypropyl net hyl cel | ul ose, hydr éprlcellulose, gel atin,

pol yvi nyl pyrrol i done, | actose, ponethyI?n glycol, talc, mcrocrystalline
cel lul ose, and polyvinyl alcohol. Excrpfents suitable for use in an enteric
coating include, but are not limted to, cellulose acetate trinelliate,
hydr oxypr opy | Imstimgleombollinhansss apinixtvat af msedomlateubphopbetdt €3 phttdkate,

pol yvi nyl achgted ht hal ate, Eudragit(r) L 30-D, Eudragit(r) L 100-55,
Eudragi t (r) 59 Km Pharma GrbH and Co. KG, Darnstadt, Germany),

Acryl -EZE(r) and Sureteric(r) (Colorcon, Inc., West Point, Pa.), triethyl
citrate, polyethylene glycol, propyl pé\ col, dibutyl phthal ate, castor
oi |, acetyl ated nonogl ycerides, triacetin, and talc. [0147] Such

phar maceuti cal compositions are prepar@d, f ok exanpl e, using a nethod

i ncl udi ng admnyxi gq@%ﬁggggu i o alt or
hydr at e of tﬂgﬁ%gﬁ%;un an éﬁgkg%ﬁgggﬁﬁgggﬁ%agggtgS?gﬁﬁ@kggg?g%ént.

Admi xi ng i s amobudpb raine tenysiratgrensianioohated? Whérn ®ms forbuddrmind Xhig @ i€onpound
or a pharmaceuticall cceptabl e, salt, or hydrat.e of, a.c ound and a

physi ol ogi cal ﬁn%%%ﬂé? Pﬁlbﬁ%?ﬂ%gﬁpyxggﬁﬁﬁF’?d3f9£6%@r255P$?8H&§ are wel
known t o thosgtrs#dnl dt@dsperd 8@ réduce 2Rekrahfe By@RAHEH], (& che aodtslanceneth
accept abl e pharmaceutical procedures, such as, for exanple, those descri bed
i n Renmi ngt on ReiseHhppdBeusi cal Sciences, 17th edition, ed. Al fonoso R
Gennaro, Mack Publishing Conpany, Easton, PA (1985), which is incorporated
herein by reference in its entirety. iStact ory pharmaceutical ly
accept abl e exci pients include those tha} are WO

2011/ 056589PCT/ US2010/ 054124 81 conpatNble wi.th the other ingredients in
the formul ati nd that are.bial qgicall ccept,abl e..10Q148] ,The present
conposi ¢ 1 ons BEAT D e Ss EihRimind 3 uRen st SR o

tablets, pills, pellets, capsules, cagfgles containing liquids, powders,
sust ai ned-rel ease fornul ati ons, suppo 'tﬁgifﬁ, enul si ons, aerosols, sprays,
suspensions, or any other formsuitable f use. I n one enbodi nent, the
conposition i.g_ I r €. . !

phar maceut i calﬁ f‘%/aggegg’glb’{ g%@g%{seaﬁ 12{1?(%?9 rificljt f é}géegf%%?aétqﬁé)%g%{}r%rgg%%%ﬁ%eescr i bed
herei n may becyaHoucutstidr @tereRalis PbandRpent eral |y, neat or in conbi nation
with conventional pharmaceutical carriers as described above. The conpounds
or pharmaceutically acceptable salts ar~hydrates of the conpounds descri bed
herein can al so be adninistered by any cenvinient route, for exanple,
orally, by infusion or bolus injection, by absorption through epithelial or
mucocut aneousinlsofeR@fholBndhts, a@hidture bEGicAtonakABispBbsphandde I Bldstd Reys nucosa,
etc.) and can be adm ni stered together wi th another therapeutic agent.
[0150] In some enbodi mefif sn~"vhe bi sphosphonate cyclic acetal conpounds
descri bed her@Hnmamgogdnianye&ed as an adjuvant with one or nore anti-

diisopropylethylamine, and acetonitrile is heated at 40°C for 1 hour and then
cooled to room temperature. Carbonate 12 where Ry is tert-butyl and X is Cl is

then added to the mixture and the mixture is heated at 35°C for 16 hours under



i nfl anmat ory or inunonodul atory conpounds. The use of higher affinity

bi sphosphonat e conpounds known in the art with anti-inflamatory conpounds
is |imtesodor/asesspoxi city issues related to the conbi naCirars2ab/osdiese
conpounds. I n particul ar, higher dosages of anti-inflammtory conpounds are
required to protect bone, when co-adm nistered with known bi sphosphonat e
conpounds. BedHOER BmopMsThiogheducy sisedrenate gpedioasetal, Sexgtic aeqtadidswhaiel ot her
toxicity-rel eﬂ(ﬂﬁ%ﬁﬁkSigre qui ckly observed and the co-adm ni stration can
be st opped. ecause e“blsphosphonate cyclic acetal conpounds descri bed
herei n have i nproved absorption mhicqgglloms for | ower dosage, however,
they can be used effectively to protéct 'Ehﬁ in conbination with
anti-inflammtories or inmunonodul atory agenity at dosage | evels that are | ow

enough to not igger toxic effects. ,Accordi ngl t he. nds descri bed
her ei n provid%ﬁ?zhﬁb$%ﬂ3%?%¥g@?W5&” y9F mﬁggé%g?%gfgﬁgg&ﬁRWESat the same
time offering inproved joint preservation, ile inducing | ess overal
skel etal turnover reduction than traﬁ;tio al i sphosphonates. In one
enbodi nent, the conpounds descri bed ﬁg@ﬂ e useful for inhibiting bone
erosion. In another enbodi ment, the co % ds described herein are useful
for inhibiting both inflamuation and bone ‘erosion. For WO
2011/ 056589 PCF¥ r¢ssd Mittosuentes 2 endenpomditionscitfeatvd toipnédiameatdsongte
i munonodul at or y,.and qg%i-ﬁro 'ongfr% rties are achieved in sone
enbodi ment s WAEHC P it 8?3%8% BV ¢ acetal conpounds descri bed
herein are co-admnistered with an anti-inflammtory or inmunonodul atory
agent. In these enbodi nents, the anp%éinfla tory or inmunonodul atory agent
can be adm nistered at | ower doses t \ adm nistered on its own. Thus,
in sone enbodi nents, the bi sphosphonate clic acetal conpound is
adm ni stered in conbination or in sequence with the one or nore
anti - i nf | ammeinGoyhe@mbiodiiens) duhixtuee v €osipaiand®isphxgiiphae Y3 ambfe Ry IHaMMat ory
conmpounds include, wthout |imtation, biologic anti-inflammatory conpounds
such as tunor@¥dbedsis factor ant agoni sts (e.g., Enbrele), NSAI Ds, and
nmet hotrexate. [0151] The synergy of the b%ifgosphonate cyclic acetal

| i

conpounds descri bed herein is also benefiialy for treatnent of
osteoarthritis. In osteoarthritis, tHe ted joints are known to

exhi bit hi gher bone turnover. Treatnentlwth conmbi nation of one or nore
of the bi sphosphonate cyclic acetal conpdﬁnds’described herein and an
anti - i nf | ammedigopropPRRBARISinG 2MANREDRIiEs hdied 4 U0RY &t 18tout BEPRedi t €S

wi t hout produci ng excessive bone turnover in the remaining skeleton. In
addi tion, thecaptedddmpaomn semparitore. reatberiarel? where fatetmtiaitylantd Maisdgtiot i ¢

ef fects on chgndr that are.delivered it o t.hiS.d0}n the virtue of

t hese | ower ggfgﬁﬁﬁéaﬁﬁgb %§5 8%% 5f%%aF8§§?m*ﬁ£‘§%§§%EEQEXHE§89?bed her ei n
are useful f ofitrbger amesshete ©fprpdicstristdivaite ofclicl L24@R) cydliiatasl M, whre
conpounds descrijbed herein can al so be co-adm nistered with anabolic
conpounds. WRnisH aghRwphonat e conpounds known in the art, a wash out phase
IS necessary when treating patients who have been previously adm nistered
anabol i ¢ conmpounds, such as parathyroid h ne and prostagl andins. The

| ower bone affinity of the conpoundé%ﬂeg?*i d herein, however, results in
| ess interference with these anabolic agents. Accordingly, the conpounds
descri bed herein can be adm nistered to d&tiehts treated with anabolic
agents with little or no washout period. In one enbodi nent, the conpounds
descri bed herein are co-admnistered with one or nore anabolic conpounds.
One exenpl ary anabolic conpound is a conpound based on parathyroid hornones
(PTH) such as PTH 1-34 (Fortee). Anabolic therapy is often prescribed to
patients with very serious osteoporotic di sease and/or those who do not
respond



to bi sphosphonate therapy. Accordingly, the bisphosphonate cyclic acetal
WO 2011/ 056589PCT/ US2010/ 054124 83 conpounds descri bed herein are useful
for treatwenniiafSeisst eoporoti c di sease, as well as subj eecs/ushaonsespond
poorly to bisphosphonate therapy. 101%31 It is understood that the dosage,
regi men and node of adm nistration of the bi sphosphonate cyclic acetal
conpounds will vary accordinBto the nalady and the |nBQV|duaI bei ng
treated and will be subjr j Rspractitioner

i nvol ved. I n sone enbodi me pre of the
conpounds or phar maceutPsg ot O,
descri bed herein begins 3 aRIom/dose and is ingreasedg unt|I the desired
effects are achieved. 101541 The bi sphosphonate cyclic %cetal conmpound or a
pharmaceutically acceptable gglt or hydrate thereof ofi4this invention is
delivered in an anmount that is effective for treating or |preventing bone
nmet abol i sm di sorder. In addition, in vitro or in viv s ays are optionally
enployed to help identify optlnal dosage(sgagg The™ e i se dose to be

enpl oyed wi || al so depend on the route of% nistrationy the condition,
the seriousness of the condition being 1 as well as various physica
factors related to the individual beln@ treead ~and shouRd be deci ded
according to the judgneRL*b : . rRaunber and
frequency of dosages _gz e Qon to a cqepleted cours: therapy will be
det er ni ned accor di n§} u det g, oner.  10155]
The anmount of the blsphg§
pharmaceutical |y acceptab e s * hydrate thereo of " this invention that
is effective for treating orqpreventing a central nervoys system di sorder
will typically range fromabout 0.01 ng/kg to about 1 g/kg of body wei ght
per day; in anot her enbodi nent, from &g¢beme® ny/ kg to about 600 ng/kg body

e B ST ORISR0 AR R Ay 0

about 400 ng/&gm@mmys&@b@hﬁﬂﬁﬁmndﬁmﬂmrmmﬁn@mﬂennammnﬂueeﬂhwdkmmen@bout 10
ng/ kg to about 200 of bog ght per day; in another epbodi nent,
from about 1 0ﬁﬂF%ﬂ“¥HFﬁﬁﬁﬂPn& @Oﬁﬁywﬁo%?w%ﬁﬁyf%éWQHtCﬂéﬁmﬁﬁy% in one

enbodi nent, d@ﬁgb@@@gk&$9hgyhkgH&gmiﬁout 25 ng/ kg body wei ght per day; in
anot her enbo ment, fromabout 1 ng/kg to about 10 ngy/ kg body wei ght per
day; in anot h[@ﬂZ%]nﬁbdcyrémtacem}bmlwaate @0tbonpdskgay existho tivo isOMhenwy/ kg of
body weight p day; i.n_anot her enhodi ment, from gbout \%gl / kg to about
10 Iyl kg of DO GHSHRF ey ramsyisme HHEBEaP oR88h9%2 84 and i n

anot her enbodﬁ%@my LI ARRLL G0 PR Bro ngcma%pgait%gld%fofmdy wei ght

per day. [015 I i one enbodi nent e phar conposition is in
unit dosage f$XﬂnambﬁQMQMhta@ﬂﬂrnmeﬂEOﬂnmsusmmqmﬂéaSMUadrmpded Ifthaini t dose

cont ai ni ng appropriate quantjt t he ound or harna eutjcally
accept abl e s& #U'Vmﬁﬁﬁﬁ zﬁﬂéF é“E%Wﬁgﬁﬂg mﬁﬁpﬂ ?%gh?can be

packaged compggitdniPed cyclic acetal ring, the isomer is assigned as a cis-isomer. In some

embodiments, the two isomers are separated and the configuration of each isomer
is assigned using analogy to the NMR characteristics of reported similar systems
(see (1). V. A. Pavlov, J. A. S. Smith, T. A. Zjablikova, Magnetic Resonance in
Chemistry, 1992, 30, 716-722; (2) G. C. Levy, G. L. Nelson, Carbon-13 Nuclear
Magnetic Resonance for Organic Chemists, Wiley-Interscience, New York,

1972).



for exanple, packeted powders, vials, anpoules, prefilled syringes or
sachets containing liquids. The unit dosage formcan be, for exanple, a
capsul e owotatlsssspt sel f, or it can be the appropriate raFhseoiofsary such
conpositions in package form Such unl7t dosage fornms may contain from about
0.01 ng/ kg to about 250 ng/kg, in one enbodi nent from about 1 ng/ to
about 250 ng/ kg, in another enbodi nefief BFYESYUt 10 ny/ KY “Pﬁ”g%&WW”QS

ng/ kg, and may be given in a single (dose or in tw or nore divided doses.

Variations in the dosage W/ I nedessafi |y depend 0p thg S egi es, wei ght
and condition pati ery be:;/ge-&at ed andyt he ti ~&Rndi vi dual
response to t?’ug ﬁ%é&{ﬁg / \>> ] one e t pi u dosage form

is about 0.01 to about 1000 q\ﬁ’l n anot her odi np\\pahe unit dosage form
is about 0.01 to abo rrgO\Ln anot her eftbodi néxt , OL\h.«E unit dosage form
is about 0.01 to abo 500 N 1eodel) anotgllggro,(egggdvﬁenf*,c,sxtohae unit dosage form
i's about 0.01 to about 100 mgjis-imHanot her enbodi nment Jxtthé3dmit dosage form
is about 0.01 to about 50 ng; in another enbodi nent, the unit,dosage form

i s about 0.01 to about 25 ng; in anotRej.ephodi rrent, the unit dosage form
is about 0.01 to about 10 ng, i n anot her enbodi ment, the unit dosage form
is about 0.01 to about and i n anot her enbodi nent, the unit dosage
formis about 0l to.a [0158] An enteric coating can be applied
to the conpr egg‘ér %Icg?eowﬁ%g’%%sul e (e.g., gelatin, starch, or

hydr oxypr opyl 8oy I &hdiémbeliment/ the céﬂﬁpomﬁlads pha:rafabemiceﬂy accepibleul es of
active ingredient” in a sufficient thickness so that the ent| re coating does

not di ssol ve $ahts@abydrgieﬁpéglmcampomdﬁCI9§CrIaIfte HCKSiR HEAFRIPOBENIRE R does
di ssolve at a c? H 0%11:'[10% tgatqfxcl@g e o;rp{% ur lab@dt@@ll;%cc@f)tﬁbl@te%lbﬁtntson of the

exci pi ent coal 0es no antil the entry of the coated
dosage form i 191} ﬂlescﬁﬂaémbmdiﬁems; meco@@d:ﬁﬁ(}nﬁmhlescmmrms ed that any

ani oni c polyrrer exhibiting the uisite H-dep‘ dent b|||t rofile
can be used aBhaimagsytigsl Ika‘@éﬁtﬁpfwaFlﬁ‘ePﬁeTg eER; B EY%%%H bf)enventl on

to achi eve de SPhesR B1gicahe s, Earm\é&lo icall
2011/ 056589PC%%§%%1%6%%%%E8 ggrgnt S}?Jg??lhgél owgr fit ract. gl'he }eoatl ng is

chosen depend mattmqanatendd@avmbo lone skilled n thpertpahich em%mpa@fobp‘ﬁ% BKonat e

cyclic acetal ¢ sel. e d Th er n the
present i nvenP]i“éﬁTngi”?éfj %r&?tﬁ%%?g ihel %qrregrqlgwllqeﬁﬁar&%gerﬁcj arly
preferred t hatdcge b]@%gﬁ@’nss 1@51@d@%ybﬂemopﬁinytemt(§ pobymttrs, resies, pr ef er abl y,
partly nethyl - rifie nethacryllc aci d in vvhlchtheratlo of

ol yners,
free anionic pbﬁfhmw}& fék&lb@“@@m&s@@ﬁm@f‘w‘%‘é aldéS”&tB%‘@f’tsisolVen{‘S@i%O] A
particularly s I 1=l L. RTM
particul arly d%’“g% ﬁfﬁ&%ﬁ?%ééé E%II/I@ hgwéagﬁh%ggé It_é Iﬁ(aJOS htsmanuf actured
by Rohm Phar nph4aatbuaiedl @ademso%rgmmand @ewsuwtgentm Eudraglt L 30
D55.RTm the ratio of free car bo‘ﬁ%ﬁﬁ%“g est er rou%é[ﬂl ~appr oxi mately
1:1. Further, [24 F&%)";S’é‘lnﬁrﬁ‘%?m?%n 8'a5w %‘P%‘f“ i ds having a
pH bel ow 5. 5. it th&se degcribédgx?ﬂﬁﬁd’édol( of Pﬁﬁl‘n&h@blﬁldaDEkélﬁleﬁﬂslMtﬂe@f t he upper
G tract having a pH about 15 t0o 5.5, but readily sol ubI e at pH above

5.5, which coﬁ’hmmomdmatbresmﬁ)%m of t he fI uid in the | ower tract. [0161]

oral dosage. f 4118 e PriaN Gl ifilule ofl e P RSy Blaltt I?ﬁ‘f°§%@'e”g e

i ngredi ent Whiga&Rhebe enpl oyed in the rret hod of treatnent described
herein, either alone or in conbination with ot her coatl %ﬁ’@{fﬂq&dr agi t
S. RTM and Eudr[%ﬂgﬁ4ﬂ Siiabip srafagtants inetusiet bitiaee BRY ieikad terealy Cand Co. KG

Dar st adt, go nt%n fa%tg&c%%s&er? &)%g{etﬁgl%ﬁé moh%&ﬁ%&@shc&s@ﬁo%e%r M only

insofar as th roups to ester groups is

appr oxi mat el y sddidm 1ewet agiate, SWEEMID mkiﬂmohlmek’erst‘amir@lgm L 30 D55 RTM
substantially insoluble at pH bel ow 5.5, but un i ke Eu it DSS RTM
is poorly sol d%ﬁ].Sﬂl@quHriﬁeH@UN&‘wlﬁ]@d& o 1gm?d§) aaﬂé lteﬁta? present
in smll inte tf bk Bé:ﬁzmg'elgiﬁagéntzoxg a@@%ﬂd&h@?ﬁlﬂd@l’l&eﬁt b&l’é acida@n@le above,
such as that pr sen%I the ternmnal i1leumand col on. ([1:)162 Eudraglt S. RTM
can al so be uselts mbmn’é saﬂncaaaxcbamdthgsaktﬂ thbreab ghlprghrugano deasilipleehgl, of t he

bi sphosphonat e active ingredi ent begi nning prinmari I y at the large intestine
(nmore distal than the termnal ileunm via a del ayed-rel ease nechanism In
addition, Eudragit S.RTM being poorly soluble in intestinal fluids bel ow
pH 7.0, can be used in conbination with Eudragit L 30 DSS. RTM soluble in
intestinal fluids above pH 5.5, in order to effect a del ayed rel ease
conposition which can be formulated to deliver the active ingredient at
various segnments of the intestinal tract; the nore Eudragit L 30 DSS. RTM
used, the nore proximal WD 2011/ 056589PCT/ US2010/ 054124 86




rel ease and delivery begins and the nore Eudragit S. RTM used, the nore
distal release and delivery begins. [0163] The coating can, and usually
will, comwei2niizospdsasti ci zer and possi bly other coating extiysc@ots4isach as
coloring agents, surfactant, talc, an®/ or magnesi um stearate, nmany of which
are well known in the coating art. In particular, anionic carboxylic

acryl i c pol yriBieerosalgtheyylgierquricetaierand mitpgosnifyomersefhbergpalompmst i ci zer ,

especially trj | .Gl e J | ¢l tar i | citrate,
di butyl pht ha‘%hg“%‘{el?é’ %‘?%%‘3{1‘%8%“% E@Pg?é ,m%fﬁly%%%&?%%é%é%’é B%Tagéa(“c etyl at ed

monogl ycer i def91psjoPyikabiefifdry dalludeabat dir¢ h@dihited to GameRhitoRabuce®@R] i ng

t echni ques such as f|uid- bed Oé@lﬁ)an coating are enployed to apply the

coating. CoatPRiPderirek Autaucpayseting e¢l8Heset o ensure that the oral dosage

formrenai ns N [ ' i:re ' Lvery in the
lower G tr ac[fﬁ?@ ?!gg%h%%lhﬁfcgéf&?&@f}gﬁé t;su?ﬂe ?)Pgmga?fl)s’glgeetﬁiloc?%t%ay be in the
form of a cogiodykticdernpr dgsddorbpierd glwbolctiboyhplahalatepeastarollesceorlatgd anul es of
t he bi sphosphonate active |ngredient and the chel ating agent, or of a soft
or hard capsuPg® .Cﬁ?lfiesgé?‘%‘tr?aﬁ?“%t arch, or hydroxypropyl et hyl cel | ul ose),
coated or ungeas&dsuiMbiChoIGRRikahAaddBalsScAbt RAlEd &), edyREILIBE, BLifpb@sphonat e
active ingredient and the cthel ati ng agent, which thenselves are enterically
coat ed. [ 0l65icetytrimedlitaicniroxypeemdmethytdeBulosspitbaphorediubsancttahel ati ng

agent a sustai.ned rel ease ,pal s .required te.c rol .thes dissol ution
g e L b R T B L bR i
t he bi sphosprsmaieEandgehs!18bi(REnBFPRBMAGRPPATN SOIKB) Barhdeldt ned as 33

mg/m or greater in water) then high |evels of sustained rel ease polyners

are requir ed. Camang), gad Aceilde gl yuretesc fealergenHae., West Paet, PR ted to,
hydr oxypr opyl vk 1| .Car . Met hods
of “Lise P01 65 TELY SEIAL SR G e ARl AR Rk 38 5o S PRI
treating, preveniciaog, atid @ahel i orating di sorders of bone netabolism such as
t hose characterized by abnornmal cal ci um and phosphat e netabolism These

met hods i ncl U8&4tinthephamaseutigal sorogitionydessribechhgiei Brsoeher manmmal i n
need thereof @nsakRedndpBbAARE oS rREAMALIaRhe Fodpbe b i ition
delivered to said hfma’n por o%e()\rﬁ?pnammp \e/l?agfg%e oﬁﬁ&gﬂsg}gﬁ:ﬂ&#ﬂgr ﬁ)tgescri bed
herei n. [ 0167s uSkdkasies mehay mnbkcilzedntinizhiver oahoral ciromdams aphos phat e

met abol i sminglude,. but are not lLimted to st eqporosi § condary

ost eopor osi s?ﬁgtect% AQrLH 9@@%“28?%?)@@5%@5&?}682%&0 3’_5[‘24&??&?%?%'50 rosis

stemri ng fronk Qad@aBed BSinslud® sHeePelating hidn® as WaN @b saltsAh&GB6¥S Fot OR4hIE] S

def or mans), Qt%per par at hyroi di sm hypercal cem a of nali ‘gnancy, osteol ytic
t

bone net ast asie terpy ebelating agpat’tinelades pirisgcikasiwell asdid seltdeoiss uni versal i s,
and such affl4 He) 1t LLi Ursitis, tendoniti bone
pai n, and ot (rﬂilln?ﬁ%ﬁ%a 8&195%%%% \EVP%WS‘&S% ?Ié?%g%ﬁgeé eg%ggér(illlﬁa\?%ﬁov%%alti ssue to
| o0ss or depositbérethrodghca@dygeni ot pirogahddres atohiseoCiostho Orids ldesemimdad herein
are al so useful for other bg,ne dj sorderg{ and condi tions such as, w thout

1

limtation, fY5tH0eeaesperordingiedarngsrdiuri Bgriarm sh SHARYSr BHERsi
(e.g., of hi p%eﬁ KNeedr thl BR: G@Hﬂgﬁ%nﬂﬁéﬁ%%% BELRELRE QR SRoHSef ul for
(0) al?’l SKe re 8

t he preventi d treatnment o l'eta ated events associated with
cancer such dbatrietdsstresessy ringlomrmtaigimghdimetadaenpah chelbtimgrigenemay ded such

afflictions as,arthritis (including bone disease and joint function in

osteoarthriti ??nt?f&rtflﬂ‘ér}t?t_ ttﬁga‘gmgﬁﬁ&s‘%ﬂﬁ?g By ‘ﬁg‘?t%?rﬁt gy g’ﬁ)’u_sef ul

for treat mentmaRdfoRr, @Y ewtiré 88 Rfat @At BRF bilkiE Lbahe MBlaRhiBrh. &¢eKifk-I nduced
Othmer Encyclopedia of Chemical Technology (4™ ed. 2001).

[0142] Chelating agents suitable for use in the compositions described herein
include any pharmaceutically-acceptable chelating agent. Non-limiting examples
of chelating agents suitable for use in the present invention include
ethylenediaminetetraacetic acid (EDTA), citric acid, malic acid, tartaric acid,
lactic acid, aspartic acid, glutamic acid, lysine, sodium hexametaphosphate, and

combinations thereof. In one embodiment of the present invention, the chelating



during the treatnent of cancer, such as hornone abl ation therapy, aronatase
i nhi bitor therapy, and androgen abl ation therapy, particularly in patients
suf f eri ngwbnomvdssssast or cancer patients. [0168] |n ot hecTarsbadiosant s, the
di sorder may be a non-skel etal disord®@r such as, but not limted to, a
non- bone cancer, an i munonodul atory di sorder, an inflanmmatory di sorder, or
a parasitic digeorid@DTA rwitrkesi, endpddinmbertayetafhospmteadntcedaidipsefented can be,
but is not limted to, laria, |eish jasis t rypanasomal. di sease, an
ent amvebal | fTERAGTBANS AN HRIAiE ABRRidR EPOrs Omatrs IeeSP SRpE PTIPEET | nf ect | on.
[0169] The cosmeyimndents Qe EndbRhoMRER 8 dRb&UA] BOTUS ah ¥brtdif ermbb&inRiheyent i on
and treatnent of parasitic disorders such as mal aria and Chagas di sease,
and di sor der sthebisphespherate edmpamds degcribedbareinpeh foamulatadeastarpladosgger asi t es,

N e e e e

infections, sNel e 40000idaRe intbpdteBerainthydiefee@e sn thef| el mal ari a
trypanasones | ei shmani a, ent omaeba, cryptosporidium and giardia. [0170] In
sone enbodi mel#d43] Imamothsisebadisncab seronnsigntatermplenieg egeat Hlusedin plaat i ng or

preventing in 3591?(} ' r ,SQr [ i.f.hout
limtation, r(#ea1 na oezngi[a%ﬁeﬁaﬁn %g?ntaﬁgﬁ%{'?lrg ﬁbglgﬁg{t%&%/e%b§g§i§§gg&gl n sonme
enbodi nent s, inblede,bsedrefnor litnitedtd, phosphates € gntddigniphbsphawntddumdi sor der s,
the WO 2011/0Q56589PCT/ US2010/,054124 88 conpaunds . descri bed hergin are used
in combinat i ofﬁuwrtuﬁl PRte rofimafd P’P‘??P}C‘%(ﬁn‘ﬁf’%tﬁﬁl%ﬁg‘bﬁ’ga@z dlf%ﬁ‘ﬂl] In some
enbodi nent s, TROHRHSsi I 3 i 1 qf oL g,
preventing orﬁﬂgﬁgﬁ?dr at'i ggﬂ Zd?lltg acllﬂu%ggggtf%cg#gs’t.e '@’Exeﬁelﬂn%'qg%ld’d%%% %I(g?% Iilancl ude,

wi t hout | i m tate eprhodomenits the snomodepae complekalg agestaasesticlagidsone enbodi nent s,

t he conpounds crjibed hereipn are useful for trea nt rel at to dental
Sur g1 oal - pr ocldindhe SR oS -Beidire 501 Biseeit e o Bomeei s e

enbodi ment s, $8gnt ANBRHBIOSIIARDERd B thehRaFRiulhr 3hBlatisEhdtht §déctdd SataEnt
related to orthopedic joint inplants, for exanple, to inprove fixation of

artificial joineintefbisphqspeensta canepssiadiprrgersfinitharakdasagy wimt Senerllyur t her
embodi ment s, tthh%ra(fﬁg?a%?%js J9SEL bRED DRI, Qgi’@on‘&{iﬁ NQRRALG HEGR . Such as
to prom)te or Fam | e ract UI’% repair and one regenerati on, el t her when

used as a sol amdlitbapyhdaingegeanduitableifomachdvingathbdesifel @haagegiéfifenl ror
non- pharmaceuti cal, orthopedi c therapy. [0173] In further enbodi ments, the

bi sphosphonat ¥eShadanentcthg oral dpsngs Ao sadeps Fem aherel hmgite abows PG pedi ¢
utility int S, ' " haht sid&s1 d th
pedi atric an%ggg%gﬁpoptﬁ);a%e% %ﬂ.ulﬁ[}gi%%ﬁ] In‘%ﬁgﬁ%f glﬁsg(gsage’ ocfrgms (ﬁ% cri bed
her ei n ar e suformbkentéiorfrcad abait § 0 mag foabotioS(Pedg af n ichelatngaaheht pgoahitent s i n
need of such trea nt 0175] In so nbodi nents,. t he hi sphosphonat e
Cyol i o acet al dsEmybdee Haigeg e FEA e S LRt e PirTetR R one

abl ati on t her g, abb@1 08X 2EPAdUt 500 Rt hRRdrabI§ Wohehbor® 75 hhtohke@astsocancer or
prostate cancer. |In sonme enbodi nents, the bi sphosg(glonate cyclic acetal
conpounds des@egi dddnéremeeiarabhyelromaboit 22smp sy aboyt 220 memeavelt dosei BVhay

t herapy, for exapple. in patients suffering . fraom cancer. |0 SO

embodi ment s, RO HMEIARhESLTE *8g & Y Sibst dicl s Btiote ardeT FOBaS R er ei n
are useful asisgiam atfut apeiOgeBoadl 080 indy) prdfefaBByfrorh @bo@s8TRE & abiot PEd | ent s
suffering fromprostate cancer or other diseases. [0176] Adm nistration of
t he bi sphosph’@ﬁé’@‘é‘%%‘l’ﬁec acetal compounds descri bed

[0145] In some embodiments, the pharmaceutical compositions described herein

optionally comprise a delayed release mechanism. The term “delayed release,”
as used herein, refers to a delivery of a bisphosphonate active ingredient and a
chelating agent which is achieved by formulating the pharmaceutical compositibn
comprising the bisphosphonate and the chelating agent so that they will be
released at a generally predictable location in the lower GI tract, more distal to
that which would have been accomplished had there been no alteration in the

delivery of the bisphosphonate and the chelating agent. In certain embodiments,



herein can be acconplished via any node of adm nistration for therapeutic
agents. These nodes include systemc or |ocal adm nistration such as oral,
nasal , pawervarw@bssot r ansder mal , subcut aneous, vagi nal, Ilparamsbkoioneatal or
topi cal adm nistration nodes. [0177] ®ependi ng on the intended node of

adm ni stration, .the coppositions containing the bi sphosphonate cyclic

acet al conpodﬁﬁéelaé@éF{égWF@a@1sﬁl is spletfed (ipoihe growessping ¥erb10/ 054124 89
in solid, Serfpsab deifier) Lyttt dR3EER rRER v by SRR

i nj ect abl es, t%%?éts? ga%ﬁ§5|t6r?§s, Sﬁ Is,rg#ne-rePzégeycapéu es, elixirs,
tinctures, endgpsidensdelsgrugystensomdepmpidations tisteof updhigpesed deliverhie | i ke,

sonetines in unit dosages and consjstent with convent onal har maceut i cal

oot ces. | LiRansebe pHaye iRt Qe shat G ERpeR o AT bot h

bol us and 'nfB&Sdo(aﬂﬂgtHe'l&HlﬁtP@a[ﬁsﬁlEPlé&fﬂa’rti&é@%ﬁfé@%e@ds dmhgamuscul ar form
e

in all manners known to those skill'ed in'the pharmaceutical arts. [0178]
The oral dosdysphosphepaigfand e qhelatioprgénivaiitd snbstanes which atiplé degandent,

adm nistration to .,a patient..according.tqg.a continuous dosi i_nt al of
dai |y, veekl y:CReRSE PP GBeRRL R i Rome R Dressil I BRIYS O 0179)
Wien admi ni stigicg®ut A6t préent iheBé BRItk Gl hrabNehitld BOulf bicllasalitg, Whatyndl sease
state or disorder, it is understood that the effective dosage may vary
dependi ng upcHORIHEUDH KF S1oB1ECAX t he bi sphosphonate cyclic acetal conpounds or

har maceuti c agc I S it £ 8.4 tion
Uil zed, thgb%ﬂe&o’?%fﬁbﬁﬁdﬁ%‘%?’i@%? Sgéé‘g% ﬁ?’?‘{ E’?‘f‘%ﬁ%déssg{}g‘?‘% }%8 her eof
of the condi topoionélsyi cugnpiriseatpdliriggsredelelivas sthrem\odaiftmscoptiyg orcal et or s

related to the Lndividuagygfing treated. I n therapeutic application, the
bi sphosphonat®@2Ey&| coRCePEOdEBIRID MU ICIHAE fRdle e BispRosabensitt abl e
salts or hydl@hfRuhd@oe9bigdBRGLIRAM A6haiNaAliE REQYIEIRIGR: &ilBlkient
already suffering froma disease 1n an anpunt sufficient to cure or at

| east parti alusy imaélmepaing intleds \buparemet bitethéo,di sease and its
conplications. .An anount e te 1o, acconpli this is defined as a
"therapeu;ipzppy”%Pﬁﬁﬁﬂ?gﬁyﬁﬂgﬁ e;ﬁ“#ﬂ%“ﬁ%@ﬂﬂ%RWﬁmﬂ%ﬂﬁgbd in the treatnent
of a specifi oiRagylsARoIRRNEUREESS bYBLihyRak elyEbnedc hyictdeyseliifndi ng
physi ci an. The variabl es involved include the specific condition and the
si ze, age andctuloponseé pplavingt alcpholt Facipianisewitable (a8} imhe eifeBppedipBonat e
cyclic acetal. | cal C ble salts or hydrates
t her eof descHP@%@Q%QF%?ﬁggﬁgR§?gg%gggéﬁvﬁF%%¥ﬁ§K%§%%facture of medi canments
for treating lydexypropeimadibylicalinlcieghitickddte,i dellalos@uaetdte pihaialeapdlyvinyhe

bi sphosphonat e cyclic acet al Q%ﬁgoundzggnd_@harnaceuticalgy accept abl e
salts or hydrastiete rhtaladerEyleazt | bhaerlhdivdragitalel Q-2 Rvdergil S PG (Rohm

f act ; t - i ' op. [ 0181
manuf act ur e %aﬁﬁgwaﬁafcs%g Dﬁﬂi}&lét&ﬂ, agégfgitﬁ ),%&?mtﬁ@ Hssarder- | |

The followi ng exanples illustrate the pro on of representative
conpounds ded€loidresh, her..eWast Pod RO) i b F580RE oSO 6108 Adi2 4orofy ERCAMPLES
[0182] The foll ow e l.es illustrate the production of representative
compounds. destr DN BIPRISEreaSiEhati feDAHECEnElgrIdes ansebagma e
under st ood t F[@m]hgu&lggﬂﬁﬁa&um cBRYEsitived H8pRphRE, PResRALUMRA t N
conmbi nation wth the disodiumsalt.

method including admixing the compound or pharmaceutically acceptable salt or

hydrate of the compound and a pharmaceutically acceptable excipient. Admixing
1s accomplished using methods well known for admixing a compound or a
pharmaceutically acceptable salt or hydrate of a compound and a physiologically
acceptable excipient. Examples of such excipients are well known to those
skilled in the art and are prepared in accordance with acceptable pharmaceutical
procedures, such as, for example, those described in Remington’s Pharmaceutical
Sciences, 17th edition, ed. Alfonoso R. Gennaro, Mack Publishing Company,
Easton, PA (1985), which is incorporated herein by reference in its entirety.

Satisfactory pharmaceutically acceptable excipients include those that are



Section 1. Synthesis of substituted benzal dehydes. [0183] Substituted
benzal dehydes were either commercially avail able or synthesized accordi ngly
to the fowbawimgeispocedures. Exanple 1. 4-Fornyl phenyl e@ctraseoavss4aro 0
[0184] To a 250 nmlL dry round bottom fdlask were added 4- hydroxybenzal dehyde
(6.11 g, 50.0 mmol) and anhydrous CH2C12 (50 nL). The solution was cool ed
in an i ce- wat@mpadble,witthée ofher indrattert8ind8e fdrmulAdnrmd that weesbislddidlly To t he
resulting solutio octanoyl chloride (10.3 nL, 60 mmol) was added sl owy
under Stll‘l‘ll’?@c%mg’NZ The mixture was first stirred at OC for 2 hours,

then at roo O[bﬂ@ge’fﬁé H{&_fé%%mﬁgsnl?&}ércﬁn tak@ tﬁé"ﬁm’hﬁﬁ%ﬁ?}ﬂﬂnﬂ W Gongrat er (100

nm.) was adde ayer was separate e aqueous ayer was
extract ed corgmulsiah,tgblaist fillCHi2TMR, dapOlesytapsule} corffthimingdindiidse goGHRE1 2
sol ution was dried.over BlaZ ﬂ After r.enoval u?f t he sol.vent, the residue

was purified SHFEHCdTE e AIQI BRRPBGFSD It AFTRIULP1eYscet at e,

r adi ent el utdaghsiofls Arisy GnkOrR QNBNY o QBL AROaErk i lirhe) tes_col o | ess
oil. Yield: 86% 111N|\/Ry CDC13, 300 MHz): 8 (s, 1 ,791(d J =

8.7 Hz, 2H) @nﬂ@smnm}mﬁh@fmﬁacg ule.2. 58 (t, = 6.9 Hz, 1.38-0.86

1225, a5, WP T5cou0r Blifaccyty i Eﬁ%%??p?féwgm%f Oﬁﬁw pﬁi’ﬁyf’

i sopropyl cardeiaigds N@cﬁ&ﬁﬂe@@ﬁﬁ&?%@ﬁﬂhﬁﬁ@t@%%ﬂw tenterally, neat or
in combination with conventional pharmaceutical carriers as described above.
The compounds or pharmaceutically acceptable salts or hydrates of the
compounds described herein can also be administered by any convenient route,
for example, orally, by infusion or bolus injection, by absorption through
epithelial or mucocutaneous linings (e.g., oral, rectal, vaginal, and intestinal
mucosa, etc.) and can be administered together with another therapeutic agent.
[0150] In some embodiments, the bisphosphonate cyclic acetal compounds
described herein are administered as an adjuvant with one or more anti-
inflammatory or imunomodulatory compounds. The use of higher affinity
bisphosphonate compounds known in the art with anti-inflammatory compounds
is limited due to toxicity issues related to the combination of these compounds.
In particular, higher dosages of anti-inflammatory compounds are required to
protect bone, when co-administered with known bisphosphonate compounds.
Because of the higher dosages, however, side effects and other toxicity-related
effects are quickly observed and the co-administration can be stopped. Because
the bisphosphonate cyclic acetal compounds described herein have improved
absorption which allows for lower dosage, however, they can be used effectively
to protect bone in combination with anti-inflammatories or imunomodulatory
agents at dosage levels that are low enough to not trigger toxic effects.
Accordingly, the compounds described herein provide improved protection
against bone erosion, while at the same time offering improved joint preservation,
while inducing less overall skeletal turnover reduction than traditional
bisphosphonates. In one embodiment, the compounds described herein are useful
for inhibiting bone erosion. In another embodiment, the compounds described

herein are useful for inhibiting both inflammation and bone erosion. For



OHOyO O [0185] To a 250 mL dry round bottom flask were added

4- hydr oxybenzal dehyde (4.88 g, 40.0 mml), anhydrous CH2C12 (40 nL) and
pyri di ne wo.2811mis¢5882. 0 mol ). The m xture was stirred i rCRUS2@OAOMARLr bat h,
then a solution of isopropyl chlorofd®mate in toluene (1.0 M 48.0 nL) was
added. After stirring at 0OC for 2 hours, water (100 nL) and MIBE (300 mni)
vere added t oS%aWpIe, sheh sshinfammatery, impwoniwdulaingy pad anti-Gresios dencaiesd, and

t he MIBE | aye ; : r i i ORE ), cold 5%
NaGH aqueods. Torane i aame ofbREmapttten Hr biohitpHotfl Sl dbeily S0ucous
solution (80 edmpaunds descdbatkiceein @&Ocoridminixeedwithnhantidyammaterylor ed over

Na2SO4, and the sol vent was ev rated to give 4- fornyl phenyl isopropyl
car bonat e (S.WWOQBPW assply Fbess ?m.dboﬁl@ s theygey-inflammalpry f cpc13, 300
MHz) : 43 = 9. ifdurothodbidlory §e 8t chiflbe darmindtdted Bt 10@ED dosés an Ghhend = 8.7 Hz,

2H), 4.73 (seventet, J =6.0 Hz, 1H), 1.12 (d, J = 6.3 Hz, 6H). Exanple 3.
3, 5- Di f | uor o- &lnhipistarépbreity dbwR- dhon xaswhé enbeliBentas tho kisphosph@He chlilcd -
Tri phosgene, triethylamne, , THE NH.2. 2 .6-Difl uoro-4-hydr benzal dehyde 0O
0 [0186] To aR5H CHTPRY I} BUMETTEY S AR an SEHER B8 e Qe AT none
(4.35 g, 50. Omarednti-inflamBRAes PSP Bntndlutitord @ompatimis) E{@ng)?dﬂﬁﬂﬁ[—ous THF (80

m.). The mxture was stirred in an ice-water bath, then triethylamne (9.8
mL, 70.0 nmol nflpaenasers semppewisynclipge, shthepi limijtatpnabiobegi¢ anti-mflapumpatonyhe

m xture was S| i |1y rature [ne . e reaction
T xture vas i PFRgARY PihocRloss 3ol SRRLEN G SIS E NoatPhle Ve

di ssol ved i n &) mbthofrexakd2C1l2, and this solution was added slowy to a
stirring mxture of 2,6-difluoro-4- hydroxybenzal dehyde (5.93 g, 27.5 mmuol)

and pyridi ne (45kk The synsseyofihe bisphesphenats Cyslic apiglostrountpdessaribed 0C. After

oLLC1) D o OBt oI Gy O B ted 0,
afflicted joints are known to exhibit higher bone turnover. Treatment with a
combination of one or more of the bisphosphonate cyclic acetal compounds
described herein and an anti-inflammatory compound can normalize the turnover
at these sites without producing excessive bone turnover in the remaining
skeleton. In addition, the co-administration minimizes any potential antiapoptotic
effects on chondrocytes that are delivered to this joint by the virtue of these lower
affinity bisphosphonate analogs. The compounds described herein are useful for
improvement of joint function.
[0152] Similarly, the compounds described herein can also be co-administered
with anabolic compounds. With bisphosphonate compounds known in the art, a
wash out phase is necessary when treating patients who have been previously
administered anabolic compounds, such as parathyroid hormone and
prostaglandins. The lower bone affinity of the compounds described herein,
however, results in less interference with these anabolic agents. Accordingly, the
compounds described herein can be administered to patients treated with anabolic
agents with little or no washout period. In one embodiment, the compounds
described herein are co-administered with one or more anabolic compounds. One
exemplary anabolic compound is a compound based on parathyroid hormones
(PTH) such as PTH 1-34 (For“[eo®). Anabolic therapy is often prescribed to
patients with very serious osteoporotic disease and/or those who do not respond

to bisphosphonate therapy. Accordingly, the bisphosphonate cyclic acetal



separated, and the aqueous |ayer was extracted continually wth CH2Cl12 (50
mL X 4). The conbi ned CH2C12 sol ution was dried over Na2SO4. After renova
of the soWoent10s63%¢ resi due was purified with a silica gelr/uskoomstiogr aphy
(heptane/ et hyl acetate, gradient elut8ng) to give

3, 5-di fl uoro-4-fornyl phenyl 2-oxooxazolidi ne3-carboxylate (4.92 g) as a
white soli d édnqiouindﬁ&é&cribﬁdheﬁ%ﬂa(e@ﬁéﬁﬂ for36atndt bf o8eepotdicABseasg, adH) , 6. 98

dd, J =1 t,.J = 7.8 , J2H), 4.18 (t, J = 7.6 Hz,
(2H) 13C NMWR (Wﬂé%su'gzﬁt%‘”%m@ Roojly 30 élspfi%&gt&a{%@?ﬂaﬁ’y— 26% 6, 8.00 Hz),

151.2, 148.0, ﬂOiggj fis dRr8odPhat the ﬂosza':ge7m%%eﬁ%wﬁode@a&mlrﬂ§raaon|<:3¥a”p| e 4.
3-Forny|pheny butyrate [0187] To a dry round bottom fl ask were

added 3- hydr oty bisphesplietafeleydis.a0etgl codpodndnwil) yaraatspddiog o @ei@laly 50 nl) .
The sol ution cooled i.n an.ice-water,,bath,. the dlne 6.64 nL, 82.0
ot ) s aqcid R BB icrta S50 i BR Shic gF D e BebEs 15 mi. a0 2
mol ) was addgedisdlPratitidneianvsited. rnn@gn@%walmeﬂw 2B idtFBoNRS ofhd &5t Stirred
at OC for 2 hours, then at room tenperature for 20 hours. To the reaction

m xture, wat eRo(esy the Jompasndyerphasmacaurieal brzcasahle galis ophydrates af ficed. The

aqueous | ayer 2&2 ﬁé% 5&8&@%&%@&5% é’iﬁL L¥a %@é%@(ﬂ%ﬂ&%gsemune( Ry The

conbi ned CH2CT I on r|e over reana of the
sol vent, the d@edleffect@sepuliieféded with a silica gel chromatography

(heptane/ethyl acetate radlent eluting) to give 3- fornylphenyl butyrate
g) as coiﬂéﬁ‘ﬂeEE BiSP osphenaie CYF@%E‘C‘Ft%I\‘WR’ epEena Phsmasppyalls = 9. 96 (s,

(5

1 7.72 (t t. 52 (t,
f“— 6 1t iyttt Faiforhydfad %fzf%%ﬁ??% is et dffmobifl et 02 T
J 7.2 Hz, ZiH)effedti\@ZfO( treatihgor Pré&vehting Bide. m&S011MRIi {1 3n adbtibn,Nbiz) : 8 =

191.2, 171.7, 151.3, 137.7, 130. 36.0Q,, 18.3, 13.5.
Exanpl e 5. EtW{iP 021"1‘ Brapisphetis P%%‘Pﬂ?éf ﬁ&lpéoyeaﬁ’ §®‘E i&@@é‘s@@ﬁ@%ﬂ@%m/ 054124
93 CHO Ethyl ghbQr aftepiradciory td BH &plofddidIPa1sd8beRd on the route of

administration, the condition, the seriousness of the condition being treated, as

well as various physical factors related to the individual being treated, and should
be decided according to the judgment of a health-care practitioner. The number
and frequency of dosages corresponding to a completed course of therapy will be
determined according to the judgment of a health-care practitioner.

[0155] The amount of the bisphosphonate cyclic acetal compound or a
pharmaceutically acceptable salt or hydrate thereof of this invention that is
effective for treating or preventing a central nervous system disorder will
typically range from about 0.01 mg/kg to about 1 g/kg of body weight per day; in
another embodiment, from about 1 mg/kg to about 600 mg/kg body weight per
day; in another embodiment, from about 1 mg/kg to about 250 mg/kg body
weight per day; in another embodiment, from about 10 mg/kg to about 400 mg/kg
body weight per day; in another embodiment, from about 10 mg/kg to about 200
mg/kg of body weight per day; in another embodiment, from about 10 mg/kg to
about 100 mg/kg of body weight per day; in one embodiment, from about

10 mg/kg to about 25 mg/kg body weight per day; in another embodiment, from
about 1 mg/kg to about 10 mg/kg body weight per day; in another embodiment,
from about 0.001 mg/kg to about 100 mg/kg of body weight per day; in another
embodiment, from about 0.001 mg/kg to about 10 mg/kg of body weight per day;



0 [0188] To a 250 nmL dry round bottom flask were added

4- hydr oxybenzal dehyde (6.11 g, 50.0 mmol), anhydrous CH2C12 (150 nlL). The
sol uti on wexotiasbssd i n an i ce-water bath, then pyridi nepP(C4/1880101054180. 0
mmol ) was added. To the resulting sol&tion, ethyl chloroformate (4.78 ni,
50.0 mmol ) was added slowy under stirring and N2. The m xture was stirred
and war med t Gnfdeanethersarbadipent, ﬁ%@r@b@ﬂtior-(?(ﬂdng/kgﬁ@@bﬁlﬁérﬁb@k&?ﬁb@d}’over ni ght .
To the reacti&agﬁpﬁwggg, wat er (100 nlL) was added and the CH2Cl2 | ayer was
separ at ed. The dqueous | ayer was extracted continually with CHCl12 (100 ni
X 2). The conbi$ddin@ri2Chibodvhetit] tha ph@madeitiedl @rngosiiad % unf dBtige enoval of
the sol vent, the resi L%e was purified with_a silica %el chr omat ogr aphy

( hept ane/ et hylP™c 5t $HeB Tomg. 4bs eqrapasttian ip gyb-diyids e vait H9se ntaimpgy | phenyl

bonate (8. - oL ' i 1920 ): 6 =

50,07 (s, iy PRRRRARIAL! T Qoo Bt G 6 T
J = 7.2 Hz, 2Zbidratdofithe compdund; thedmtitzdosagd) forrh 3ah Nh/Rac(k@@ﬁL&m;liﬁitg)nM-E): 6 =

191.0, 155.7,.152.9, 134, 131, 4, 121.9, 65. 4, 4. 3. Exanpl e 6,

4-For nyl phenyPt ?@mpawaéﬁ%%pweawﬁ%amwammﬁkﬁ%mgmm@qhe% a 100 ni

dry round botdoamidih@fluider ehasldedhshed fvdh Be ot 8tufle CALBONY bi fbei d (2.8
g, 21.5 mmol ), thionyl chloride (2.8 nL, 34.4 mmol). ‘I’he m xture was
refluxed for isslingmiticanshe theepprapiiiate hember aftany suchetosmiositionsvir gackage

rotary-evapor d 0. 1. resjdue, anhydrous 2 10 ded. The
resul %/i ng golfﬁ)1 | 'o%ugv%/a%nlg‘goosﬁ%% LS 2y Cﬁﬁ%mp P ﬂ‘%%%l( W%H%ﬁ'g\ii 1) was
added, fol | ows@kByin@ns embbdigienofrodr Abydf D¥gReNEabeeinsdend/Re G4 afethéd. 8 Mol )

i n anhydrous CH2Cl2 (30 nmL). The reaction mxture was stirred and war ned

fromOC to r d‘é@hqdéﬁﬁérf@ﬁrual)@%llamgﬁfg torrdRutdS meke whpay be given sver ni ght . To
the WO 2011/ sﬂ%ﬁég@%%ﬂ#@?oo&‘%QQ%ﬁec?é%Je&a%h8fbn@‘iﬁ<[h‘ércﬁsag‘@%iﬁr (60 ) was

added and the ayer was separa
necessarily depend upon the species, weight and condition of the patient being

treated and the patient’s individual response to the medicament.

[0157] In one embodiment, the unit dosage form is about 0.01 to about 1000 mg.
In another embodiment, the unit dosage form is about 0.01 to about 500 mg; in
another embodiment, the unit dosage form is about 0.01 to about 250 mg; in
another embodiment, the unit dosage form is about 0.01 to about 100 mg; in
another embodiment, the unit dosage form is about 0.01 to about 50 mg; in
another embodiment, the unit dosage form is about 0.01 to about 25 mg; in
another embodiment, the unit dosage form is about 0.01 to about 10 mg; in
another embodiment, the unit dosage form is about 0.01 to about 5 mg; and in
another embodiment, the unit dosage form is about 0.01 to about 10 mg.

[0158] An enteric coating can be applied to the compressed tablet, the capsule
(e.g., gelatin, starch, or hydroxypropylmethylcellulose) and/or the beads, particles
or granules of active ingredient in a sufficient thickness so that the entire coating
does not dissolve in gastrointestinal fluids at a pH below 5.5, but does dissolve at
apH of 5.5 or above. The dissolution or disintegration of the excipient coating
generally does not occur until the entry of the coated dosage form into the small
intestine. |

[0159] It is expected that any anionic polymer exhibiting the requisite pH-
dependent solubility profile can be used as an enteric coating in the practice of

the present invention to achieve delivery of the bisphosphonate and chelating



The aqueous | ayer was extracted continually with CH2C12 (50 nL x 3). The
conbi ned CH2C12 sol uti on was washed with a cold aqueous sol ution of
sat ur at edwdiabiG@B364880 nl). After drying and renoval of tRreT4asbaens4i24 he
residue was purified with a silica gd&5 chromat ography (heptane/ et hyl
acetate, gradient eluting) to give 4-fornyl phenyl

t et r ahydr o- 2Hgsyt tathelloper bdspttatlbe cdating igyhasen dependéndspomicdmpatibality: 87%

(a5 & 5.4 R Digpanieups bingsthapis e Mescla ool st 55" o1 (1

1H), 2.03-1. 8§efehed ﬂb‘?'melé”far Nﬁan(t@gﬂegent {vetibdde: anfontc d6bxJlic172. 2, 155. 3,
133.9, 131.1, 122.2 , 40.1, 28.4. Exanple 7. 4- ornylphenyl

mor phol i ne- 4-ReAYIBeReylt it par@ratarky pigfarisd v Ao BN ErPyeryli méymem@dzl 0O ONO

(611 o, 50, ooty Shh 4P, AN BRGRR AR RS p A, IRIEARE °0070°
mml ). The mpatluroefmasmsﬁlbrcmdxylrgralﬁpslteesmﬁg@nps ishtbﬂutéll-'IrDI’ phol i necar bonyl
chloride (6.12 nl, 52.5 mpl) was added. The m xture was stirregd, and warmed

slowy to rookf @nﬁé?aéwlaély &tuﬁéhlemth%ﬂ%mc}mm%ﬁa@ra@@é%ep ni ght. An
aqueous solu d}lgé—ipg% aMmr xture.
Tﬂe CH2C12 Iaélag{rq(:d\?v%ﬂ separ at eg(ﬁ.@@é{m haélwg%l&e us g@é? &\Afasﬁgﬂf?g{gﬁe?d
continual |y vibyt RolghiPGand Ghbil and Q). KGhiearawtdal, r@ﬂxr@hﬁ@ﬁﬁuﬁrﬂguth ®hDwas dri ed
over Na2SO4. of. t soI ent ave 4-f or hen

Tor phot | ne. - CaRboy Gtia of Geg gl s udi PLuBNs APeroxEly 411 R
(CDC13, 300 “ﬁ?ﬁher 8aid B glgln{éxs 1w t6 b%Qnsfo@hblellrrGﬁﬂQdﬁEaVlm HbeRRy (d, J =
9.0 Hz, 2H), 3.77-3.57 (m 6H). 13C NWR ( CDC13, .5 Mz, mxtureoftwo

i soner s) 8 =5.39Tha is,1i66 goneralipingolubR3nehe 1@d of thellmeBGI Becthavieg apH 45. 0,
4.2, Bxanpl e g 2 FLuoL Q- A of syl RGNV (FPIRNES 1614 @Rl Fine VO

pH of the fluid in the lower GI tract.

[0161] Other methacrylic acid copolymer which are suitable for use in coating

the oral dosage forms and/or the granules, particles, or beads of active ingredient

which can be employed in the method of treatment described herein, either alone

or in combination with other coatings, is Eudragit S.R™ and Eudragit

FS30D.R™, manufactured by Rohm Pharma GmbH and Co. KG, Darmstadt,

Germany. Eudragit S.R™ differs from Eudragit L 30 D-55.R™ only insofar as

the ratio of free carboxyl groups to ester groups is approximately 1:2. Eudragit

S.R™ is also, like Eudragit L 30 D-55.R™, substantially insoluble at pH below

5.5, but unlike Budragit L 30 D-55.R™ is poorly soluble in GI fluids having a

pH of 5.5-7.0, such as that present in small intestinal fluids. Eudragit SR™is
soluble at pH 7.0 and above, such as that present in the terminal ileum and colon.
[0162] Eudragit S.R™ can also be used alone as a coating which would provide
delivery of the bisphosphonate active ingredient beginning primarily at the large
intestine (more distal than the terminal ileum) via a delayed-release mechanism.
In addition, Eudragit S.R™, being poorly soluble in intestinal fluids below pH
7.0, can be used in combination with Eudragit L 30 D—SS.RTM, soluble in
intestinal fluids above pH 5.5, in order to effect a delayed release composition
which can be formulated to deliver the active ingredient at various segments of

the intestinal tract; the more Eudragit L 30 D-55.R™ used, the more proximal



95 0 [0191] To a 250 nmL dry round bottom fl ask were added 3-fl uoro-4-

hydr oxybenzal dehyde (4.76 g, 34.0 mmol), anhydrous CH2C12 (40 nL) and

pyri di ne wB.2611mis¢5844. 2 mol ). The m xture was stirred i rCRUS2TOAOMARLr bat h,
t hen 4-norphol i necarbonyl chloride (4864 nL, 37.4 mmol) was added. The

m xture was stirred and warnmed slowy to room tenperature, then at room

t enper at ur e ot\¢b¥1$ﬂ @dtdell\/ﬁb’éqegm@ndﬁ_})e miere Eudeheit S8t heeds heanoredistlxt ure. The
CH2C12 Iayer sepa tedb and the aqueous | ayer was extracted continually
with cHc12 (' a?ﬁ_a (%Twer'?lhgglc%rrbl ned CH2C12 sol ution was dried over

Na2SO4. Aft er[on63[0YA¢ céitinkRen, @l ieilly Wille corsih dyasviBisedatd dos &bl yVdthdt a
silica gel chromatography (hept ane/ et hyl acetate, %cradl ent eluting) to give

2-f | Uor o- 4- f HORYNHAEAFIENFESHHRS Golpsing AgaRtBRyTRetaRt, fafc, 450/g) MAENSHHIN ¢ soI i d.

7 as ey = N AR e oy ] céai@&%ﬁ)w&l el ighi® \ 25D
m xture of tverbsgiieasylic ﬁolynibﬁé?uﬁallylﬁzﬁil 50nté:53()325%531v\&igh14ﬂa0 143. 8,

135.0, 134.9, 126.7, 126, ? 124.8, 116. , 066.3, 45 2, 44 4,
Exanpl e 9. 3.Bagycizel;seepciallySHahylitpic: tru‘?BWbﬁlmar%éctayl%ﬁt%ma& ditstid cHo

4- Mor phol i ne I g—ﬁ% ée?%E To a 250 nL
dry round bot oﬁ??lxadsl%h&gé%ﬁ%%tggﬁlgét%gdne%%l(2)a4 %-%lggy 1enzal dehyde (5.53
g, 35.0 mol )propyihly&iglgcrﬂ ﬂdZtﬁaQet(m@amiy):ntmmdl @atingteobniBesGBicimhs fldld- 5 Mol ) .

The m xture stirred.in an i ter t t hen, 4-.nor.phol i necar bonyl
hiorf de- (4. B0t P o5 ingdrs bl Ruppale Shatkitr roeHEE BECBETSE 1 hour
the m xture vasigbithd %ﬁ'su?é th'é@ﬂh@‘otfeﬁ B SRS r AY BRI WS il Y18 uhBOthEL) and
CH2C12 (50 nL) were ad to the reaction mxture. The 2C12 | ayer was

separ at ed, arriﬁStrmaSIEcquel@hserlyayére Igwarsr €ktracias wdchednt i nual |y with
[0164] The solid oral dosage form may be in the form of a coated compressed
tablet which contains particles or granules of the bisphosphonate active
ingredient and the chelating agent, or of a soft or hard capsule (e.g., gelatin,
starch, or hydroxypropylmethylcellulose), coated or uncoated, which contains
beads or particles of the bisphosphonate active ingredient and the chelating agent,
which themselves are enterically coated.
[0165] For sustained release of the bisphosphonate and chelating agent a
sustained release polymer is required to control the dissolution rate of .the
bisphosphonate and chelating agent from the dosage form. If the bisphosphonate
and chelating agent are both soluble (defined as 33 mg/ml or greater in water)
then high levels of sustained release polymers are required. Sustained release
polymers include but are not limited to, hydroxypropylmethylcellulose,
hydroxypropylcellulose and Carbomer.
Methods of use
[0166] The present invention further relates to a method of treating, preventing
or ameliorating disorders of bone metabolism, such as those characterized by
abnormal calcium and phosphate metabolism. These methods include the step of
administering to a human or other mammal in need thereof a safe and effective
amount of a pharmaceutical composition delivered to said human or other
mammal via the oral dosage forms described herein.
[0167] Diseases characterized by abnormal calcium and phosphate metabolism

include, but are not limited to, osteoporosis, secondary osteoporosis, secondary




WD 2011/ 056589PCT/ US2010/ 054124 96 CH2Cl12 (50 nL x 3).

sol uti on was

was puri fwedowaskssa silica gel chronmatography (heptane/ eciyiS2aomsate,

The conbi ned CH2C12

dried over Na2SO4. After renoval of the solvent, the residue

gradient eluting) to give 3,5-difluor&-4- fornyl phenyl

nmor phol i ne- 4-
(CDC13, 300

3.77-3.58 (m
183.7, 163.8

carboxylate (8.90 g) as white solid. Yield: 94% 111 NWR
Npggoporsis stgnpipgfrom eigopogosis, optgearthyitis, Ragefls disease (psteitiH) |

bty hogifhysdiplelon Ryesep b hififhahy, MRl ERTERE)

8 =
111.7

(t, J =11.5 ﬁﬂzt)astasl@Gnﬁ)s(tdd),smﬂicans%ﬁag}essa/aﬁhld:iii&)sls tiversalab ald sueh. 2, 44.5.
Exanpl e 10. 2-Fl uoro-4-fornyl phenyl di net hyI car bamat e CHOCHO

D net hyl carb
round bottom

aHilIctiont %ﬁrqu@tISP}ﬁunaﬁ rirsiidg.pendonitisy aeng PRty 9 Other 5 250 niL dry

mmol ), anhydr %ﬁ%—é@g ‘?‘gg&%‘%‘%g‘%g%és& IHVQE%%gﬁ%Z@ﬂOgSE&Y&%F}?@Q%Q1 550

m xture was staldinmghbsphatesi The varhpoundatibscribbdherdinraee hlgd osafblafior othehl or i de

(3.54 L, 38.
for 62 hours.
m xture. The

extracted continually with CH2C12 (50 nmli X

5 mml% The . m xt s

bapgdLio
b fdsts InfgRdtioNBsSRRINELE s (eagf| dott ﬁl?_ oPRHRIUThE BNBPoMRS

was dried ovedespitrgdereinpeasorusafn &ir thé pltehgltmlanémeaterméOf geladale was

purified with @éesdek{%ﬁg %)C%ﬁ% @Fa&% %Cxa% n@é&% gt ate, gradient

eluting) to g|

white solid.

1H), 7.69-7.64 (m 2H), 7.40 (t, J =

16 g) as

roomtenperature

dopomdSondtionensb s, VRSB A e ne. « enot\ o

he conbi ned 2Cl12 sol ution

pAi| fehict9&Yand &ich Nﬂ‘fﬁcﬁm%ﬂhﬁﬁg(lmdmg%om &s@a%e @fld jolnt= 1.8 Hz,

3.03 (s,

3H). 13C NVR {uoponsin opsogtgis).. Father,itbe compqws Gescribed ber@ul arg als017. 1 Hz),

1248, 116 5, "1 Fymart dulpkendprptf iy fus@ ot gabedfl), o

WO 2011/ 056580R{up/thiSZdt e toat Ladced, subix anfudrenoht abRtibh derapybartoatamgt phenyl
nmor phol i ne- 4-

1%]%1%?1:8%( %flleg[pg, and androgen ablation therapy, particularly in patients suffering
from breast or cancer patients.

[0168] In other embodiments, the disorder may be a non-skeletal disorder such
as, but not limited to, a non-bone cancer, an immunomodulatory disorder, an
inflammatory disorder, or a parasitic disorder. In these embodiments, the
parasitic disorder can be, but is not limited to, malaria, leishmaniasis, a
trypanasomal disease, an entamoebal infection, a giardia infection, and a
cryptosporidial infection.

[0169] The compounds described herein are also useful for the prevention and
treatment of parasitic disorders such as malaria and Chagas disease, and disorders
of the gastrointestinal tract such as intestinal parasites, and irritable bowel
disease. In some embodiments, the compounds described herein are, in some
embodiments, useful to inhibit or treat parasitic infections, such as protozoan
infections and diseases including malaria trypanasomes leishmania, entomaeba,
cryptosporidium, and giardia. )

[0170] In some embodiments, the compounds described herein are useful for
treating or preventing inflammation disorders. Such disorders include, without
limitation, rheumatoid arthritis, and irritable bowel disease. In some

embodiments, when used for treating or preventing inflammation disorders, the



[0194] To a 250 nmL dry round bottom fl ask were added 3-fl uoro-2-

hydr oxybenzal dehyde (4.90 g, 35.0 mmol), anhydrous CH2C12 (50 nL) and

pyri di ne WwB.2401/05658942. 0 mmol ). The mi xture was stirred POTAS201005M24 er

bat h, then 4-norpholinecarbonyl chlor88de (4.50 ni, 38.5 mml) was added.

The m xture was stirred at roomtenperature for 24 hours. Water. (80 nlL) was

added to the sosmROundhdssestbesrhereingee wseg oy combipaiionyidh eumermedntiand t he

aqueous | ayer; e ntinually with CH2C12 (100 nL x 2). The

conbi ned Wde%gaut'gg&%&%?ied over Na2SO4. After renoval of the

sol vent, the [0&%1]dlresonaserpbirdithiestd, the témpowids idesriped habmonateguldphy

(heptane/ ethyl acetate, gradient elutin to give_2-fluorQ-6-fornyl phenyl

mor phol i ne- 4-%%15&@%&“&%%8? gopeligrating éﬁﬂ%)rléh% Srd. Exgralery despaders | | ” NVR

(CDC13, 300 Mgghide,8vithokiP1italin, chttlies dndPRriodbntaldiseade. 8m sbpe HZ, 1H),

7.39-7.22 (m 2H), 3.69 (br, 6H), 3.50 (br, 2H). 13C NWR (CDC13, 75.5 Mz,

m xture of twonbsloments,)the BompaBids @escti®@d Bereih7@e BsefillF6r Ueatthbidt rdlafed,toJ =

100. 7 Hz), 139. d,.J, =12 8 Hz 130.5, 126 d J=7.3 H), 125.2 (d,

J=3.1 H), ‘?"é‘?@lg‘n’@bﬁal grogedes, S %S%%‘égirflpd‘%ff"g? 44. 3. Exanple 12.

3, 5-Di | | uor o- b mydoRebodisems ARy @@gfﬁ@@é@m@k&&k@ drS QRITAMYH

chlorof ormate Pyridine, CH2Cl2/tol uene 0 [0195] To a 250 nL dry round

bottom fl ask Hiratmeentdeleted2o ertheradirdpint amplpaisotey beample.de ipgeove 4ixgGoyof 30. 4

m_TDI ), anhydr %ﬁci%%%]s,zoét%%r%t ?Bgengﬁ/ r('ﬁfdll rf) ange "gintch’ ??ﬁ@ftéermml ). The

m xture was Stirred I n an irce-water bath, tnen a sol ulion of i sopropyl

chl or of or mat eembdi@kute e tdmpPoudds 3dschibbd herdishand deBopeAidBes, shél 4969 at 0C

for 2 hours, the mxture was stirred at._ roomtenperature overnight. Water

(80 nL) was RIGEQQY fpsilitatehirqtmsrendinandone reeeneppeon 2itheneheniiged abpar at ed,

and the aqueays. h@%GY e oSbAdh SHir ARk fiiRhhocutitd Br SR HAmaE et X 3)
orthopedic therapy.

[0173] In further embodiments, the bisphosphonate cyclic acetal compounds
described herein offer orthopedic utility in the outcomes of hip, knee or other
skeletal sites in both pediatric and adult populations.

[0174] The oral dosage forms described herein are suitable for administration to
pediatric or adult patients in need of such treatment.

[0175] In some embodiments, the bisphosphonate cyclic acetal compounds
described herein are useful as part of hormone ablation therapy, for example, in
patients suffering from breast cancer or prostate cancer. In some embodiments,
the bisphosphonate cyclic acetal compounds described herein are useful as part of
aromatase inhibitor therapy, for example, in patients suffering from cancer. In
some embodiments, the bisphosphonate cyclic acetal compounds described
herein are useful as part of androgen ablation therapy, for example, in patients
suffering from prostate cancer or other diseases.

[0176] Administration of the bisphosphonate cyclic acetal compounds described
herein can be accomplished via any mode of administration for therapeutic
agents. These modes include systemic or local administration such as oral, nasal,
parenteral, transdermal, subcutaneous, vaginal, buccal, rectal or topical
administration modes.

[0177] Depending on the iﬁtended mode of administration, the compositions

containing the bisphosphonate cyclic acetal compounds described herein can be



WO 2011/ 056589PCT/ US2010/ 054124 98 CH2C12 sol ution was dried over Na2SO4.
After renoval of the solvent, the residue was purified wth a silica gel
chr omat ogwepbhy/oshsspt ane/ et hyl acetate, gradi ent el uti ngPCraSgewms4124

3, 5-di fl uoro-4-fornyl phenyl isopropyl8carbonate (6.20 g) as a col orl ess
oil. Yield: 84% 1H NWVR (CDC13, 300 MHz): 8 = 10.30 (s, 1H), 7.02- 6.96 (m
2H), 5.03 (sepanligtsemy-seligonliquid dagage formy sugheps, fprexgnplepjecijes, 13C NVR

(P13, 75,2 A g 0 P g e eBR ol 1 7 -

74.5, 21.5. lsailﬁlp‘db/‘p'b\(/@@iﬂﬁlm(ﬁBﬂJsﬁeﬂﬂdm)s, or8helikel 38metihes indunit ddsbebland Exarrpl e
13. 3,5-Difluoro- forﬂyl phenyl ﬁt an-2-yl carbonate 0_.[0196] To a 250
dry round bot $BiSFPREND R L feald amgceutlgl praghiess. & lkegaseet p1y also

triphosgene (& fthidisteldd £ ifRleho@\Bo ﬁjsré?l‘dsinf_ﬁ%n{mpagy@'x)onegihe m xture was

stirred in an ice-water bath, then pyridine mofl ) was

i nj ected sl owsupcutafidoms ostntnamuﬂgﬂatfonn,amailenqmlea?tkmpwnfto|thc86 sknilndltreﬂ;nﬁ t he
m xture was filtered nd the filtrate was concentrated. The residue was
di ssol ved i n RETRpcegHc 12 and cooled in an ice-water bath. To this

stirring sol ufi98), Tﬁeéﬁb.'llelbé gefmns%f% hbdedPIeridhy e Qxydpenal dehyde (4.2 g,
26.6 mmol ) and pyridine nmmol) in 20 nL of anhydrous CH2Cl2

was added sl oddoginispptier togmatuenwe@ndmgmmqoemmﬁgmeg frderval afclarly, water (80
m.) was added [ actl on_| m xt er was separated, and
t he aqueous Ia%/%rl}t'rv]\grfegx P ECt 8 %‘oﬁYIFerlrﬁlgp ? 12 (100 nL x 3). The

conbi ned CH2QW27$j0 WHenQidnitaiSteeld feﬂth@\ﬁ%ammzs%hlbﬁﬁd@éf d SBMadr ddeatdre
solvent, the residue was purified with a silica gel chronatog@ldph
ng

(hept ane/ et hyf’rtatﬁ@éfhét)’éier -ariadnderstoad that the)effestivy dasage may wnylﬁ@pl 4 a6
f | ph Yi 46%
T30 R ooy tp Aok Burfipiti: BEbRANRAghits Bl BRPGURBITHE 5 o LE) 156. 3

(t, J = 15.2 Ilﬂlm)madeﬁmcélly éb]:épt%lésaltsbr:hydfatdé thizpof dF@Es Sviedton dtilized5. 7, 3. 62

;(Z)%L 1/ 826 g 39 I?SSG}LF Bg@@ 138 p@é?pisg@tlég 5?3511%01& érgld geverlty t?‘xereo}[\o f the condition

(13- Fl uor o- 4- f Qi iy 1 REN X TRl e vAPiaby pRYsical factors related to the individual
being treated. In therapeutic application, the bisphosphonate cyclic acetal
compounds and pharmaceutically acceptable salts or hydrates thereof described
herein are provided to a patient already suffering from a disease in an amount
sufficient to cure or at least partially ameliorate the symptoms of the disease and
its complications. An amount adequate to accomplish this is defined as a
“therapeutically effective amount.” The dosage to be used in the treatment of a
specific case can be subjectively determined by the attending physician. The
variables involved include the specific condition and the size, age and response
pattern of the patient.

[0180] The bisphosphonate cyclic acetal compounds and pharmaceutically
acceptable salts or hydrates thereof described herein are also useful in the
manufacture of medicaments for treating a bone metabolism disorder in a
mammal. Similarly, the bisphosphonate cyclic acetal compounds and
pharmaceutically acceptable salts or hydrates thereof described herein are also
useful in the manufacture of medicaments for treating a bone metabolism
disorder.

[0181] The following examples illustrate the production of representative

compounds described herein.



CHO O OKI 2- Fl uor o- 4- hydroxy benzal dehyde, O0/\ | a AcetoneK2CO3 Acet one
[0197] To a 500 nlL dry round bottomflask a were added 2-fl uoro-4-

hydr oxybeweabdalsgzse (5. 60 g, 40 mmol ), anhydrous K2CO3 @COAB2@0/034828 Mol )
and acetone (200 mL). The mi xture wasstirred at roomtenperature for 30

m nutes. To another 500 nL dry round bottomflash b were added chl oronet hyl
butyrate (9.33 g, 61.5 mml), K (14EXAMPEES6 mmol) and acetone (150 mnl).
This m xture e r r es. After the
solid settle W?z %Eé)fo %Wl{gﬁ &aﬁ}%és%ggo{at?me ?idﬁ o 8fre$108év§t§§}§t one sol ution
inflask b mnq;@aﬁdﬂ@@cmbwmetdm Bt doiirid iAgtasek it w@lmbe fbaﬂhy?uﬁdwsndodmt tom
flask a. The resulting m xture was refluxed for 4 hours. Mst acetone was
rotary evaporthitdbe Pfé’ﬁﬂ"tﬁ ey he¥s meiided ghe monpsedivp salfriacerbietion wihhy |
tert-butyl etfen; (MRt hree tinmes (100 nL, 50 ni, 50 nl). The MIBE
extract was concentratec} and the residue was purified with a silica gel
chromat ogr aphy (heptane/ethyl acetate, gradient eluting) to give

Viel o 4% ISERME Sobies obopstiesd binnddiss. 0“1y 7 g0 (i, 9 =

8.
Hz, 1H), 6 9q0§8ﬁ98ﬁ3§htu¥é@ben@alagh}qugwelle erth%?c&nm%rc%aﬂé%vaﬁé’@le or- 83 (s, 2H)
2.36 (t, 2H) , 4 (sextet, 2 (t, J =17.5
Hz, 3H). 130S}MeQIZMSprdmlﬁtd\AhzfolkﬁwmgDBBC@H‘(SEI J = 6 1 Hz), 169.7 (d, J

= 258.8 Hz), 162.8 (d, J = 12.2 Hz), 130.2 (d, J = 3.7 Hz), 119.1 (d, J =
8.5 Hz), 112.4 (d, J = 3.1 Hz), 103.5 (d, J = 24.4 Hz), 84.1, 35.7, 18.0,
13.3. WO 20@%&5& &%’-@B&h@?ﬂﬂe%pé&&ﬂéatéoo Exanpl e 15.

3, 5-Di chl or o- 4-f ornyl phenyl i sopropyl carbonate

CHO
CHO

Octanoyl chloride

Pyridine, CH,Cl,

0]
[0184] To a 250 mL dry round bottom flask were added 4-hydroxybenzaldehyde

(6.11 g, 50.0 mmol) and anhydrous CH,Cl, (50 mL). The solution was cooled in
an ice-water bath, then pyridine (8.09 mL, 100 mmol) was added. To the
resulting solution, octanoyl chloride (10.3 mL, 60 mmol) was added slowly under
stirring and N,. The mixture was first stirred at 0°C for 2 hours, then at room
temperature for 20 hours. To the reaction mixture, water (100 mL) was added and
the CH,Cl, layer was separated. The aqueous layer was extracted continually
with CH,Cl, (100 mL x 2). The combined CH,Cl, solution was dried over
NaySO,. After removal of the solvent, the residue was purified with a silica gel
chromatography (heptane/ethyl acetate, gradient eluting) to give 4-formylphenyl
octanoate (10.7 g) as colorless oil. Yield: 86%. "H NMR (CDCls, 300 MHz): § =
9.98 (s, 1H), 7.91 (d, ] = 8.7 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2H), 2.58 (,J = 6.9 Hz,
2H), 1.38-0.86 (m, 13H). *C NMR (CDCls, 75.5 MHz): 6 = 191.0, 171.7, 155.6,
134.0, 131.3, 122.5, 34.5, 31.7, 29.1, 29.0, 24.9,22.7, 14.2.

Example 2. 4-Formylphenyl isopropyl carbonate



1. nBuLi/THF 2. DMF 3. 2N HC [0198] The synthesis of

2, 6-di chl or o- 4- hydr oxybenzal dehyde as depicted in the above schene foll owed
t he procewonres/dsmel osed i n: Hi rschheydt, T. V.; Voss, BCcT®gntiomsiiz4 2004,
12, 2062. [0199] To a 250 nL dry rourd bottom fl ask were added

2, 6-di chl oro-4- hydroxybenzal dehyde (5.73 g, 30.0 mmol ), anhydrous CH2C12
(30 nL) and pyridine (3.0 ntHO36.5 Mol ). The ni®t@re was stirred in an

i ce-wat er bath, then a sol ytjon of isopropyl ch oformate in toluene (1.0
M 33.4 nL) was added. Aft t isbprof\d citbroffmdt© hours, water (100 nL) and
CH2C12 (50 nlL) were added te¢"th o ~ The CH2C12 | ayer was
separated, and the aqueous hgyer W% P2t ed chnti nual ly with CH2C12 (40
m. x 3). The conbi ned CH2C12 sol uti on was dried P 2SO4. After renova
of the solvent, the residue was purified with a si gel chromat ogr aphy

(hept ane/ et hyl a a I ent utln to giv

5 5l onl or o- BT hS h gRORY S 8prEbior B4 %wg%gd?@ %QY@PX&@naaléW&m

oil. Yield: §}% | . 3L sb.¢tl (s, 2H)

5. 00 (seventar P § g gnpl-mptrod ClER G0 ) s pyigh 2l 2R (cocrs

75.5 MHz): 6 remoB7Tie; miS@edyasshitred jn arsge@yat@mﬂs theb2esoBjtionpfésoprpy. 101

Eg?gg;;l é,? o RS lohn a8 toélugn%r(li%l I‘ah&? ¥! LE} was T8l Wi 4 Stiting 2t 0% Oki 4 ne- 3-
hours, water (100 mL) and MTBE (300 mL) were added to the reaction mixture.

The aqueous layer was separated, and the MTBE layer was washed, respectively,
with cold water (80 mL), cold 5% NaOH aqueous solution (80 mL), cold water
(80 mL), cold 0.5 N HCI aqueous solution (80 mL) and cold water (80 mL). The
organic layer was dried over Na,;SO,, and the solvent was evaporated to give 4-
formylphenyl isopropyl carbonate (8.50 g) as pale yellow oil. Yield: 100%. 'H
NMR (CDCls, 300 MHz): 6 =9.71 (s, 1H), 7.64 (d, J = 8.4 Hz, 2H), 7.10 (d, J =
8.7 Hz, 2H), 4.73 (seventet, J = 6.0 Hz, 1H), 1.12 (d, ] = 6.3 Hz, 6H).

Example 3. 3,5-Difluoro-4-formylphenyl 2-oxooxazolidine-3-carboxylate

9] .
1. Triphosgene, triethylamine, THF

0] NH
\ 2. 2,6-Difluoro-4-hydroxy benzaldehyde [\

[0186] To a 250 mL dry round bottom flask were added 2-oxazolidinone (4.35 g,
50.0 mmol), triphosgene (5.49 g, 18.5 mmol) and anhydrous THF (80 mL). The
mixture was stirred in an ice-water bath, then triethylamine (9.8 mL, 70.0 mmol)
was added slowly. After stirring at 0°C for 1 hour, the mixture was stirred
continually at room temperature overnight. The reaction mixture was filtered and
the filtrate was concentrated. The residue was dissolved in 20 mL of CH,Cl,, and
this solution was added slowly to a stirring mixture of 2,6-difluoro-4-
hydroxybenzaldehyde (5.93 g, 27.5 mmol) and pyridine (4.44 mL, 55.0 mmol) in
30 mL of anhydrous CH,Cl, at 0°C. After stirring at room temperature for 10

hours, water (100 mL) was added to the reaction mixture. The CH,Cl; layer was



Boc20 ONaHCO3 i 1. CH3Mgl/THF/ Et20 2. tBuOK/ THF 1. Triphosgene,
triethylamne O N.,./0 Il112. 2,6-Difluoro-4-hydroxy benzal dehyde 00 0O HNJNO
H [ 0200]wohelimgeishesi s of 5, 5- Di net hyl - oxazol i di n- 2- onecagsdepiostied i n t he
above schene followed the procedures 9isclosed in: Bull, S. D.; Davies, S
G ; Jones, S.; Sanganee, H J. J. Chem Soc. Perkin Trans. 1 1999, 4, 387.
102011 To a 2®Pamteddand the aqubobstayenwid exdtacted centamudy with CH,Cl, (50 mL x

5, 5-di et hyl | idin-2- 5. , 44.3 1), i .26 g, 17.7
ol ) and anhbar BuoTRRe SHGE RN AR v i vt SDr KA RO T EE wat er
bath, then trigidayliRdietiaué {abpilific®ritl a FMRh peM@FoRedghpal M¥pYane/Bif1

resulting mxture was stirred at roomtenperature overnight. The reaction
m xture was fadetats, gohdzand elutieg)f tolgivead, & didredrioanyiphensd 2-oRooxarelidisst due was

added 2, 6-di fl uor o-4- oxybenzal deh 5 I 0 nmL of
Gociz. The reSuppreCk PRl it Rade SaBY dieiatn Pt lePth.def VR
triethyl am nes £6009nt, 1126.58 @RI1)= Vs, sdee I HAUI AN (1,9t 7 8IHY 281, 4,09
tenmperature for 7 hours,.water élOO nm.) was added to the reaction m xture.
The CH2C12 | aler-6dds 28Bpdr AR (CRAds, The MHak dus 13hyelo3visldekt 282 Oed
continually w conbi ' ution was dried
over Na2804.m%??égiﬁgiévgég%ﬁhgﬁ%§é%ﬁ3@%9, 'ZﬁgggggﬁgééQEQBUrified with a
silica gel chromatography (heptane/ethyl acetate, gradient eluting) to give
3,5-dif|uoro-4-fornyIBhenyI 5, 5-di net hy1- 2- oxooxazol i di ne-3- carboxyl ate
(6.9 g) as a BxwpPled: PRormihenyl bytyapte. 5200 1H NVR (CDC13, 300 MHz): 8 =
10.39 (s, 1H), 7.09 (d, J = 9.0 Hz, 2H), 3.97 (s, 2H), 1.67 (s, 6H)
CHO CHO
@\ Butyryl chloride ©\ 0
Pyridine, CH,Cl
oH sy O/U\/\
[0187] To a 250 mL dry round bottom flask were added 3-hydroxybenzaldehyde

(5.0 g, 41.0 mmol), anhydrous CH,Cl, (50 mL). The solution was cooled in an

ice-water bath, then pyridine (6.64 mL, 82.0 mmol) was added. To the resulting
solution, butyryl chloride (5.15 mL, 49.2 mmol) was added slowly under stirring
and N,. The mixture was first stirred at 0°C for 2 hours, then at room temperature
for 20 hours. To the reaction mixture, water (80 mL) was added and the CH,Cl,
layer was separated. The aqueous layer was extracted continually with CH,Cl,
(50 mL x 3). The combined CH,Cl, solution was dried over Na,SOy. After
removal of the solvent, the residue was purified with a silica gel chromatography
(heptane/ethyl acetate, gradient eluting) to give 3-formylphenyl butyrate (5.9 g)
as colorless oil. Yield: 75%. 'H NMR (CDCls, 300 MHz): 6 =9.96 (s, 1H), 7.72
(tofd,J=1.2,7.5Hz, 1H), 7.60 (t, ] = 2.4 Hz, 1H), 7.52 (t, ] = 8.1 Hz, 1H),
7.36-7.32 (m, 1H), 2.56 (t, J = 7.5 Hz, 2H), 1.78 (sextet, J = 7.2 Hz, 2H), 1.04 (t,
J=7.5Hz, 3H). >C NMR (CDCl;, 75.5 MHz): = 191.2, 171.7, 151.3, 137.7,
130.1, 127.8,127.2, 122.2, 36.0, 18.3, 13.5.

Example 5. Ethyl 4-formylphenyl carbonate
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(S)-3,5-Difluoro-4-fornyl phenyl 2-(acetoxynethyl)pyrrolidine-lcarboxyl ate
102021 Thwoxynidsesps of (S)-(+1-benzyl-2-pyrrolidi nenet irgir/iseebasd2as
depicted in the above schene fol I owed3t he procedures disclosed in: Zhao,
S.; Freeman, J. P.; Bacon, C. L.; Fox, G B.; ODriscoll, E; Foley, A G;
Kelly, J.; Farrell, U ; Regso .; M zsac, S. A $HSznuszkovicz, J. Bioorg.
Med. Chem 1999, 7, 1647. 203] EAO Ror Pl dr ound bottom fl ask were
added tri phosgene (8 90 ¢ m@ls_anﬁ_anhyd $ CH2Cl12 (300 nmL). The

m xture was stirred in an gacet ne bath fen a sol ution of
(S)-(-)-1-benzyl- 2- pyrrolld nemet A Meada s e (21 0 g 90.0 nmol) in 50 ni
of CH2C12 was added sl ow y.C'%After the addition, \ﬁ/réﬁjl ting mxture was
cooled in an ice-water bath, then warnmed sl owly t oor oom t enperature and was

ti d at h f t f t l.atil
mat er gl o, ¢ nTPUTRaC UANC RRRRL B re HotC et S S By
(hept ane/ et hy(s. laogP—tS@'fO&nm@l')aﬁll@ﬂfouﬁ IAHOM)1 50 enIgi 'YEe iogﬁltldnjwas cooled in an
(chl orocar bonyl ) pyrrolidin-2-yl)nmethyl acetate 35, as a colorless oil.

Yi el d: 83% 1lxze-lvaﬁwﬂ2a1(hcﬂ)@wynéme (48 mIm@tQ}fl@OBquwdﬁ dreethe yesulging
4.30- 4. 07 CDC13,
75.5 Mz, Enm ommb%h?sch%?rgg)nnérms (%Hé m%’?éﬂ%&m%%&gg adfk% SW@%’%? (63. 9,

63. 0, 59.2, S58irdng &l ¥, T8.m0ixtui28whs stdredandiarfhed 22rddm Rehperatii@2Béh To a 250
mL dry round bottom flask were added

S-(1- .
(chl or ocar borSH5isE At BIomy SIS AoV AR ﬁqé £ &eacgory grgure yatpr () L)
2,6-difluoro I (5.40
m., 39.0 mﬁ'g%%fgggﬁﬁfg%g}gmdﬁ%giz Sfo"%f ' gl*’e%‘ts ki eﬁé”%eg%@gd was
stirred at roomihedjyeri G&szc(ﬂO(?nﬂiayB) ThheambateélCHZBIDz solyjtionasasaliided to t he

reaction mxture, The 2C12 | ayef .was, separated, and the _ aqueous | ayer was
extracted cor®YhOBIYe- wittehrappel o ‘{‘ISGOINmethQ)reSIdFWé”@d’NE‘I K8 TR sol uti on

was dried ovege cMQn%%éﬁ@Qﬁ@;%E&Tétﬁ%%%{e W@é&%ﬂt élﬁﬁnég'gggfgé etf¥fi yer renoval

of the solvent, the residue was purif a si r omat ogr aphy
(hept ane/ et hyifonaylehat}é catppaate 6192 g} artdohg)ess oil.gi iekl: 92%. 'H NMR (CDCls,

(S)-3,5-difl ) XY, r d oxyl at e
(395 g) s e OMBAaY 107y 408 BT HY R T Mm% St wr e
of two Isorreras)tzgcgJ 71@}1%82!@ 1417rbzt J£7%7H£t3H)J”eNMR4(dml3 5M4~Izz384 12
(m 3H), 3.65 é 13C NMR ( CDG13,

m xt ure of twol?benle%s@,w 9= 1314823,15141? 19((5d4,153— 7.3 Hz), 163.6 (dd, J =
262.5, 8.6 Hz), 157.0, 150.8 (d, J = 14.6 Hz), 112.6, 106.2 (d, J = 25.0
Hz), 64.4, 63.8, 56.8, 56.4, 47.4, 47.3, 28.7, 27.8, 23.8, 22.9, 20.8.
Exanpl e 19. 3Efdriple®. 4-Foraippipdisnydtr shydx0QXRpoHandd-0erbdxeRtdoxyl ate 00

Tri phosgene A 9

CHO
COOH OClI
SOCl, 4-Hydroxybenzaldehyde
e ’ ol
0 Reflux o Pyridine, CH2Cl>
0
0

[0189] To a 100 mL dry round bottom flask were added tetrahydro-pyran-4-
carboxylic acid (2.8 g, 21.5 mmol), thionyl chloride (2.8 mL, 34.4 mmol). The
mixture was refluxed for 45 minutes, then all the volatile materials were rotary-
evaporated. To the residue, anhydrous CH,Cl, (10 mL) was added. The resulting
solution was cooled to 0°C, and pyridine (2.63 g, 21.5 mmol) was added,
followed by a solution of 4-hydroxybenzaldehyde (2.04 g, 25.8 mmol) in
anhydrous CH,Cl; (30 mL). The reaction mixture was stirred and warmed from

0°C to room temperature slowly, then at room temperature overnight. To the



O NHO N-LL'Cl Triethylam ne THF CHO CHO 1-0 OHN 0 O [0205] To a 2000 nmL dry
round bottom fl ask were added 2-fl uoro-4- nethoxybenzal dehyde (25.0 g,

162. 2 mowp,20anisgzspous Al C1l3 (64.8 g, 486.8 nmol) and amrbydiSous/0SH2L1 2
(1000 nL). The m xture was stirred amd refluxed for 3 days. The reaction

m xture was cooled in an ice-water bath, then ice (100 g) was added very
careful | y i ntreadties rmamm,wmerr(ﬁsmdr)ems@dq@deminhe bl ehdewss was Saratedhot her 800

nL of | d dded. Th nd th
aqugougosol ﬁ%&%@us %Xe?é{"@fgﬁg ?‘?ﬁ ﬁ*gﬁan(a ﬁ%ﬁgfi{?@nﬁhg%gﬁﬁ nedeor gani c
| ayer was C0%%ﬂﬁﬁe%t@%c@thuﬁ&Pwﬁse\%@M@|w1’§104 dofild H‘@&ogé SO HESE aftirA0P N of

col d 2N aqueous NaCH and of water. The resulting aqueous sol ution
was extract edNail€0; (AOBELY. mrmmg and reiﬁt@e@bﬁsthmdq@lédbm@dmtwasn t hen was

acidified with After .fi tratl | yor o- 4-
Podr oxy bens e AR AT s horiiteStmu e ARyl Halfer Spodones 1
g"VE I(-I/ZAcet one- tg@évséﬁﬁ) enfl t&ral?dﬂo@l([%yraﬂ-‘ﬂ car%oﬁ}ﬂ?t@§4 4@|§)_as1 golgﬂesgt ] \Illz =
1H. WO 2011q1b§6é59$>7<%/ ﬁsﬁ@ﬂb(@@@hzwqwl%@ﬁ@]wm 15288114, I $.7r ound

(5 40"y | 15 HEEDSRIE TR ARE) L IR Bl Ds iy S DT SRR EETE
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room t enper at cs:3 6@%911 ijhlt Iz%lge“r%%cﬁér%ﬁoﬂ’r 2¥Gre was filtered and the
filtrate was concentrated. The residue was dissolved in 10 nL of CH2C12,
and

Example 7. 4-Formylphenyl morpholine-4-carboxylate

CHO
¢cOocCl
[N j 4-Hydroxybenzaldehyde
Pyridine, CHxC!
o Y 20k (\)O
O\H/N
O

[0190] To a 250 mL dry round bottom flask were added 4-hydroxybenzaldehyde
(6.11 g, 50.0 mmol), anhydrous CH,Cl, (80 mL) and pyridine (4.86 mL, 60.0

mmol). The mixture was stirred in an ice-water, then 4-morpholinecarbonyl
chloride (6.12 mL, 52.5 mmol) was added. The mixture was stirred and warmed
slowly to room temperature, then stirred at room temperature overnight. An
aqueous solution of 5% NaHCO; (100 mL) was added to the reaction mixture.
The CH,Cl, layer was separated, and the aqueous layer was extracted continually
with CH,Cl, (50 mL x 2). The combined CH;,Cl; solution was dried over
NaySO4. Removal of the solvent gave 4-formylphenyl morpholine-4-carboxylate
(8.80 g) as white solid. Yield: 75%. '"H NMR (CDCl;, 300 MHZ): 0=9.97 (s,
1H), 7.90 (d, J = 9.0 Hz, 2H), 7.30 (d, J = 9.0 Hz, 2H), 3.77-3.57 (m, 6H). °C
NMR (CDCls, 75.5 MHz, mixture of two isomers): 6 = 191.0, 156.0, 152.6,
133.6,131.1, 122.3, 66.5, 66.4, 45.0, 44.2.

Example 8. 2-Fluoro-4-formylphenyl morpholine-4-carboxylate



this solution was added slowy to a stirring m xture of

2-fl uoro-4-hydroxybenzal dehyde (3.78 g, 27.0 mmol) and triethylam ne (5.63
m., 40.4 woeb)1/i565820 nL of anhydrous CH2Cl2 at O0C. Aft elPCIitseotiongiiat room
tenperature for 2 days, water (80 nlL)9sand MIBE (100 nli) were added to the
reaction m xture. The m xture was filtered and the solid was washed with
cold water (50 mL x 2), gpblowed by extraction using MMBE (50 nL x 4).

After drying, 3-fluoro-4] formyphsnyhedr e- 3-carboxyl ate (5.90
g) was obtained as a sol : 13, 300 MHz): 6 =
10.42 (s, 1H), 8.03 '1_; = 8.1 sznd.;l;gj)GH&;ZY 7.2 ?/\%ﬁl (t, J =
7.8 Hz, 2H), 4.29 (t, 7.5 Hz, 2H). 13CNI\/R( 13 7 = 186.3
(d, J = 6.0 Hz), 166. 9 985.0 (d, J = 260 Hz), 130. 2 § 118 3 110.7
(d, J = 24.4 Hz), 62.2, 43.9. 19F NI\/R(CDClB 282. 3 . 6 = -118. 6.

Exampl e 20. 2- Fornyl-4- et hyl phen 2- oxooxazol i di ne- 3-car boxyl ate
[0207] To a SE8%HL %HFQSP%QYW?%WWPY&Q@SWP@ adldeddr ﬂQK’EB(ézoI i di none (9.13

g, 104.9 nmmol 1 )Y s HF (100 m).
The m xture V\%\y é;{;{bg%g&gag@eﬁfhcg %;Ak/aoté?ﬂoz)étgﬁgjd} fen tzr%lie %yrﬁﬂ)fn -rll-le (15.8 i,
115. 4 mvol ) vasidadd@d mLlodd.9 mmbly. Thesulxture gvasistitred m anaise-siater betth, tienr oom

t enper at ure oyerni ction m xt evvasfllt e nd the filtrate
was concentra gabrp lé‘e?aégc?rﬁ’ﬁjgﬁ\ﬂﬂgegﬂégﬁf \326‘ W‘WOQO"’W ‘Fddé%?ﬂﬁtureaWGS this
sol ution was ﬁﬂf&@%@%ﬂn&d S0 wdy ﬁmamteﬁlfe@aﬁﬁwﬁerpét réorﬂeé drsiadd cyl al dehyde
(10.0 g, 73.4 mmo pyri dine nmol ) 0 nmL of anhydrous

CH2C12 at OC. O\M‘mg%t Watfrrr(ﬁ(angﬂdtwaswdded @rtberat:mrem@umenﬂgmﬁﬂz@}aﬂ@er ( 50 m.)

d MIBE (100 to th t t Th
fltered and Vhoteodled REEREabfol k95, o ihelastsbint 6n0rdect 50105 i tn
cold water (2Q10d3XTRB cothBink® WBHCRYsoMIBE vl Qridh 0¥era\)la286f RferdEMbiA, 2-
fornyl- 4-net hyl Bhenyl 2- oxooxazol i di ne- 3- car boxyl at e é 3 g) was obtained

as a white sobfithe sotvesitahe m%uemsmﬁémeﬂlmh@&el Blm@rrmebg)”apha 10. 25 (s,

1H), 7. 78 (s, 4.58
(03 27 5%y ikt i nbiig S Big T S Bgnte 2L by
2-(((4- For rryl ROEHOKNY- mamsayllabe((ne:tsrgyla)s Wﬂt@@bl@d hyikldag Bhatte NMaR (CDCls,
BnCl / Tri et hyl am ne/ CHZCer - Ac20/ CH2C
300 MHz): & = 9.97 (s, 1H), 7.74- 770(m 2H), 7.45 (t, ] = 7.8 Hz, 1H), 3.81-
3.61 (m, 8H). BC NMR (CDCls, 75.5 MHz, mixture of two isomers): 6 = 189.9,
156.5, 153.1, 151.8, 144.0, 143.8, 135.0, 134.9, 126.7, 126.6, 124.8,116.7, 116 .4,

66.4,66.3,45.2,44.4.

Example 9. 3,5-Difluoro-4-formylphenyl morpholine-4-carboxylate

CHO
CHO
F g 4-Morpholinecarbonyl chloride‘ F F
Pyridine, CH,Cl, o
Oyt

OH

0]
[0192] To a 250 mL dry round bottom flask were added 2,6-difluoro-4-

hydroxybenzaldehyde (5.53 g, 35.0 mmol), anhydrous CH,Cl, (40 mL) and
pyridine (3.68 mL, 45.5 mmol). The mixture was stirred in an ice-water bath,
then 4-morpholinecarbonyl chloride (4.4 mL, 37.4 mmol) was added. After
stirring at 0°C for 1 hour, the mixture was stirred at room temperature overnight.
Water (80 mL) and CH,Cl; (50 mL) were added to the reaction mixture. The

CH,Cl, layer was separated, and the aqueous layer was extracted ycontinually with



HOTri et hyl am ne/ DMAP(cat.) HON (Ph O 1 Triphosgene CH2C 2 [ 0208] The
synt hesi s of 2-(benzyl (net hypam no)ethanol as depicted in the above schene
fol | onwed wbeorosemdur es di scl osed in Jones, G C.; HauseCT/uS201R054124 O g.
Chem 1962, 27, 802. [0209] To a 500 %L dry round bottom fl ask were added
2- (benzyl (rret hyI ) am no) et hanol (46.3 g, 280.2 mmwol ), triethylamne (150
m., 1.08 nol )CHrs{?ale(SQ:manh%/)dﬁ"hdQOI(IBlJJe@CHrbClz3QBIt12nmrasld)led avm}lﬁhrzSOs CH2C12
(100 ni) and stal i.ece. of 4- Di net hyl r|d| The m xture
has stitrad dTROTP e ALt Ao esHp S PR eE R BT bt added | nt o
the reaction d]ﬁéﬂa&tb ap hing/e Kﬁé&a@e%&dlw%ﬁ@ﬁ 0SEPETELMBho-4M th cold
2N NaCOH (150 nli), vv%ie?ilfhlg mybrlneé g)I'eg% BE | ayer was
concent r at ed, fogmjlphﬁéfl nmm@e earpryiytatel W@)@V&Itqs@hdg‘éiel%éé%( 240.0 g).

of = 3:
e Pas vms SRR b 0] VIR UL T, feplong T %A 19
8237% %HGEIN(RS(QDEJA% (ﬁQ@HMJI%O: NMR-{ci’)Gbl “76. Sﬁ)ﬁﬂzrﬁmﬁhﬁe 0f4w89so§rlers)j§ —86 gH)Hz,
1500 NVR (CD011§3H)736358M)J %634,187@3 bIZ) 15801, I 229, 39£IZ) 1518, 111.7 (, §2 '

11.5 Hz), 106.6 (dd, J = 25.1, 3.70 Hz), 66.6, 66.5, 45.2, 44.5.

Example 10. 2-Fluoro-4-formylphenyl dimethylcarbamate

CHO CHO

Dimethylcarbamyl chloride _

= Pyridine, CH,Cl, F 1
OH \n/ ~

[0193] To a 250 mL dry round bottom flask were added 3-fluoro-4-
hydroxybenzaldehyde (4.90 g, 35.0 mmol), anhydrous CH,Cl, (20 mL) and
pyridine (3.68 mL, 45.5 mmol). The mixture was stirred in an ice-water bath,
then dimethylcarbamic chloride (3.54 mL, 38.5 mmol) was added. The mixture
was stirred at room temperature for 62 hours. Water (80 mL) and CH,Cl, (50
mL) were added to the reaction mixture. The CH,Cl; layer was separated, and the
aqueous layer was extracted continually with CH,Cl, (50 mL x 3). The combined
CH,Cl,; solution was dried over Na,SQOq. After removal of the solvent, the residue
was purified with a silica gel chromatography (heptane/ethyl acetate, gradient
eluting) to give 2-fluoro-4-formylphenyl dimethylcarbamate (7.10 g) as white
solid. Yield: 96%. '"H NMR (CDCls, 300 MHz): & = 9.92 (d, J = 1.8 Hz, 1H),
7.69-7.64 (m, 2H), 7.40 (t, T = 7.5 Hz, 1H), 3.13 (s, 3H), 3.03 (s, 3H). °C NMR
(CDCls, 75.5 MHz): 6 = 190.0, 156.5, 153.0(d,J = 17.1 Hz), 144.2 (d, ] = 12.8
Hz), 134.7 (d,J = 5.5 Hz), 126.6 (d, ] = 3.6 Hz), 124.8, 116.5, 116.2, 36.8, 36.5.
F NMR (CDCl;, 282.3 MHz): § = -127.5.




128.2, 127.1, 62.5, 62.2, 55.3, 42.6, 21.0. [0210] To a 1000 niL dry round
bottom fl ask were added triphosgene (24.2 g, 81.5 mmol) and anhydrous
CH2C12 (580 2niajosesBhe m xture was stirred in a dry ice-aeerarseotlbasdi24then a
solution of 2-(benzyl (methyl)am no)etflyl acetate (50.7 g, 244.6 mmol) in
150 nL of anhydrous CH2Cl2 was added slowy. After the WO

2011/ 056589 Pd¥xauwapie 18/ BFuare-6tfg mydphanyb morpheline4¢hrhaxylate xt ure was cool ed
in an ice-water bath, then warnmed slowy to roomtenperature, followed
being stirred at roo@{enperature overni ght. After gynoval ~0Ofgthe volatile
material s, the residye rhllr’r/a

e O 6l 0500, Ak t‘ b gratbar aphy
gra N e
Rv.eam no) et hyridiaect (40.2 g I;_31cyel low oil. Yield:

(hept ane/ et hyl acetg

(chl orocar bonyl (et K

92% NVR (CDC13, 300 , mxture of two isoners): isoner 1: 6 = 4.27 (t,
J = 5.7 Hz, 20194])3Td& 260 mL)dry rburdd blatton2 iHpsk WerkGidfied 3-3hpro-2- 09 (s, 3H);

i 2: 6 = 4.26_(t, =51 Hz, , .6 t, J = 5. Hz, 2H), 3.20 ,
'sfﬁ;),”erz. 07 (s ,h@mxybé@@k}%we(@r?@l@ ,35%0?@05»19&%%&%31 515%1) @g)ner s): e( >

=170.5, 149. Yyl @,4084E 242 Grhmiol). The MnixRPe Ras S8ré in34i6b-war Bath[ 0211] To a
250 nL dry round bottom fl ask were added sodi um hydride (2.08g, 60% 52

mol ), anhydrtbes4-TidEpiclBrepdrbormg dhlpridy ¢.6% ylie 38 & dmol)deas(add88 The 40. 0 nmmol ) .
Th | t] i xt ) tirred at h To thi
mixture. o soPRGT et Spbhdr il R ARy 6y 6 i Usaidie” 5 o8
g, 50 mml) i@ tHOrebtioA mAniiY ArRUSHSAE (aldr WasspdRRd, add@eag8dul 1dygr M xture

was stirred at roomtenperature overnight. The volatile material's were
renmoved, therwaodxtraviad eent{mually mith (id<£"latidodnk & 2)hEhe esiliueal CHifel> aqueous

| uti tracted with CH2GI2 (60 ml x 4).. Th i CH2C12
Sol Ui on was Sitiel oreRDeaTe Sk Ao BsYal Orshe et LaR: BREuEPRS T esi due
was purified midfiedavigi 4 §ifida g&lchfjma%@a@gr@%mné/&ﬁpﬂ Repiethlenpeltiab)e,

gradient eluting) to give 2-(

fai nyl phenoxyt))cga\rﬂo%ﬂyom(ﬁrﬁlwg nylroyhelne-seatbaxdaiex8.34 gyps whita col orl ess

oil. Yield: 98% PN e } ,y A somer 1:
6 = 9.92 (s, S%ﬁfi;ﬁ%%%%@@%%@&f&g%?%%‘%@15’%@2,]‘2H), 4. 26
(t, J = 5.4 Hzg, RFHz BHRE.30t7.22 (1, DHY 360, (bR 1H), 850 2or( 3H).3H NMR 03 (s, 3H);

i somer 2: 6 = 9.9257(5s 1H), ,7.85f(d, J =84 H 2H)8 7.27 (d, J = 8.4 Hz,
2H), 4.24 (t,(CPSag5P MHZ migturenfgwoisomers)=ds k874 1835 17035,096¢%s, 3H), 2.01
(s, 3H). 13C NyR C 5,5 1-X f i rs) =190. 7,
170.5, 170. 4, "156.0, %?g179}?z)1%%¢%fd’1m53%,gﬁlz?{sl.%)\;lg?%%%gg?’ 136‘.331,2761. 6, 61.5,
48.3, 47.9, 3R (R0=3.1 HYD120IY10-6533RTH 6HR0U00,088124 107 Exanpl e 22.
2,2 ((4-fornyl phenoxy) car bonyl azanedi y1) bi s(et hane-2, 1-diyl) diacetate OH

Example 12. 3,5-Difluoro-4-formylphenyl isopropy! carbonate

CHO
CHO

F F Isopropyl chloroformate

-
_—

F

Pyridine, CH,Cl,/toluene 6. 0
OH \n/ Y
0]
[0195] To a 250 mL dry round bottom flask were added 2,6-difluoro-4-hydroxy-
benzaldehyde (4.80 g, 30.4 mmol), anhydrous CH,Cl, (30 mL) and pyridine (3.0
mL, 36.5 mmol). The mixture was stirred in an ice-water bath, then a solution of
1sopropyl chloroformate in toluene (1.0 M, 33.4 mL) was added. After stirring at
0°C for 2 hours, the mixture was stirred at room temperature overnight. Water (80
mL) was added to the reaction mixture. The CH,Cl, layer was separated, and the

aqueous layer was extracted continually with CH,Cl; (80 mL x 3). The combined



BnBr OH Ac20, OAc HNTri et hyl am ne/ CH2C1: Ph r-N \-\Tri et hyl am ne/ DVAP
(cat.) PrN\ OHOHOAc Triphosgene CH2A 2 41-Hydroxy benzal dehyde NaH THF
OAc 0/ / Wi 2011@IS658QAC PCT/US2010/054124
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CH,Cl,; solution was dried over Na,SQ4. After removal of the solvent, the residue
was purified with a silica gel chromatography (heptane/ethyl acetate, gradient
eluting) to give 3,5-difluoro-4-formylphenyl isopropyl carbonate (6.20 g) as a
colorless oil. Yield: 84%. "H NMR (CDCl, 300 MHz): § = 10.30 (s, 1H), 7.02-
6.96 (m, 2H), 5.03 (seventet, J = 6.3 Hz, 1H), 1.43 (d, ] = 6.3 Hz, 6H). >*C NMR
(CDCl3, 75.5 MHz): 6 = 183.3, 163.6 (dd, J = 262.5, 7.92 Hz), 156.3 (t, ] = 15.2
Hz), 151.1,111.9 (t, J = 11.5 Hz), 106.0 (dd, J = 25.1, 3.62 Hz), 74.5, 21.5. °F
NMR (CDCls, 282.3 MHz): 6 =-113.0 (d, J = 9.0 Hz).

Example 13. 3,5-Difluoro-4-formylphenyl octan-2-yl carbonate

CHO
F F

OH 1. Triphosgene, Pyridine, THF

M

2. 2,6-Difluoro-4-hydroxy benzaldehyde 0 0
46 % \”/ M
_ O
[0196] To a 250 mL dry round bottom flask were added 2-octanol (4.51 g, 34.6
mmol), triphosgene (3.44 g, 11.6 mmol) and anhydrous THF (100 mL). The
mixture was stirred in an ice-water bath, then pyridine (5.6 mL, 69.2 mmol) was
injected slowly. After stirring at room temperature for 30 minutes, the mixture
was filtered, and the filtrate was concentrated. The residue was dissolved in 15
mL of CH,Cl, and cooled in an ice-water bath. To this stirring solution, a
solution of 2,6-difluoro-4-hydroxybenzaldehyde (4.2 g, 26.6 mmol) and pyridine
(2.80 mL, 34.6 mmol) in 20 mL of anhydrous CH,Cl, was added slowly. After
stirring at room temperature for 2 hours, water (80 mL) was added to the reaction
mixture. The CH,Cl, layer was separated, and the aqueous layer was extracted
continually with CH,Cl, (100 mL x 3). The combined CH,Cl, solution was dried
over Na;SOy4. After removal of the solvent, the residue was purified with a silica
gel chromatography (heptane/ethyl acetate, gradient eluting) to give 3,5-difluoro-
4-formylphenyl octan-2-yl carbonate (5.0 g) as a colorless oil. Yield: 46%. °C
NMR (CDCls, 75.5 MHz): 6 = 183.2, 163.4 (dd, J = 263.0, 8.53 Hz), 156.3 (t,J =
15.2 Hz), 151.2, 111.8 (t, J = 11.0 Hz), 105.9 (dd, J = 25.7, 3.62 Hz), 78.0, 35.6,
31.6,28.9,25.1,22.4,19.6, 13.9.



0 [0212] The synthesis of 2,2'-benzyl azanediyl - bi s-ethanol as depicted in

t he above schene foll owed procedures disclosed in Shen, Y.; Feng, X ; Li,
Y.; Zhangyvo@Go11/0363ng, Y. Tetrahedron 2003, 59, 5667. [O02Pt3jusiaoasd00 ni dry
round bottom flask were added 2, 2' - be¥¥zyl azanedi yl bi s- et hanol (45.2 g,
231.0 mmol ), triethylamne (200 nmL), acetic anhydride (52.4 nlL, 554.4

mol ), anhydrEWﬂ@@l@ Fh@@oﬁtﬁormh’@nexvm@ylmm@tbf DVAP. The ni xture
was stirred in an ice-water bath for 1 hour, then at roomtenperature for 2
hours. Mst volatile materials were evapor at ed, then MIBE (700 ®HP was
added into the residue, and this m xture was washed, respective Av th

water (100 nL), cgdd 2N NgpH (200 nmL), WateFr 15( | m.). The
MIBE | ayer was co egkr&t—ed—&ml vole erEQy)oen Bldn a gilica gel
pad (200.0 @) e Pad Ghef$s*®leut ed wit h a co-sol veénfSs dfcelienyl adet

heptane (1: 1) to gl ve 2, 2 (benzy Iazaned| yl) bi s(ethane-2,1-diyl)
di acetate (53.0 %) el d: 82% 1H NWVR (CDC13 300 MHz): 8
= 7.38-7.25 (I19EHfo a45090nlefify {Pund hot@rmﬂaslﬁmer%adﬂ?d@sﬂuozw 2.86 (t, J =

6.3 Hz, 4 1

128. 6, 12? 2, @yfg@x;fgén%g yd%g%d,\@’/gg.(ﬁsﬁ,%%O?”Bh.;é’[(’gli 1 % C%f"a"‘%o%’? %‘Lm‘é’?y r ound
bottom f | ask awrzec@mdd&D0tmLpHhsgarerd &8s 8irged b Sodn tenmppeyataredoadbhydr ous
CHZC12 500 nL t i b th
e o
189. 7 mmol ) gj% (@%3%4@@%&6 URT @Z@Cé%@@ﬁmﬁﬁﬁﬁﬂ ac¥fone (150 mL). This

2011/ 056589PCT/ S2010/ 124 10 slowy. After the addition, the resulting
m xture was cowitend was abyo sticred whtoem tbmphrahxrhécn 3Remimptes sh ol the sdid oom

t enper at ur e, d bej stirred. at e ure er ni Af ter
ombvar of -t e A hERRPIrE S dth. FESTRAETREA e So RUE B PRkp &1 1 Tea
gel chromat ogwaphacah e pita o/ s@hﬂﬁ’é soR@RIndih Ehe BuAE bEHSm Elablt b NMhe resulghy e

2,2'-(chl orocarbony-1 azanedi bl s(et hane-2, 1-diyl) diacetate 45.7 g) as a
yel | ow oi | . Yjéjtare vogostlungd hapedostaggongpys rOGarsz exappyated, an Hz,

ﬁzH) ’ 2ﬁ|j ,252( Béregldualgr(ﬂd% ggtt%ed%ﬁ‘r{?m(e@ge%‘ﬁ%’ lcﬁlé%a(@mséﬁ%? n(’ésé 170 5
149. 4, 61.5, @D08L,50.04L, HomL). MMTBE&zﬂr&}t Wi canddrate, ﬂrdythemmmebottom
ARt 5 e T o P AN R T o @%ﬁa)le/e%leaqe@é%dmus e
was stirred alffg tﬁg«%wﬁbw@fw1 i el b 2 S0l Ut on of

2,2'-(chloro- carbon nedi yObi s( et 1) diacetate (12.6 g, 50
mmol) in 10 ntolwﬂesanﬂy‘drebhéiﬂ’d—l WeY R Gdels, 306@»4He)§l§|=t10198fﬂi(ﬂb1r7e80/\@5

stirred at ro mt ni,ght e t renoved,
then cold Watgr (ﬁlgléelr@) 8&2 &fd@éc}% 6?%2‘%? é(—:'2 Ll'ﬁa Qajag@s(%utl on was
extracted w th3sMBE=(7AOHRI2FY), 3)64 (B_d?@etCDHbISFIQQ MB&%@d n onHwesHriced over

Na2SO4. After renpval of the solvent, the residue was purified wth a

silica gel chNYHR{GREkpRSS Midpk Areldatigh T sdet Heb 168”76(@1 Ene5&Bdtdng) to give

2,2" ((4-formy| V) etate
(12.5 g as 2 G 1o sofr RORERECE I S RS TR Rl 98 215 e
(s, 1H), 7.833.THA, (005 @ ~ 24.08) 322, 1317, B),,138.25 (t, J = 5.7 H, 2H),
4.20 (t, J = 5.4 Hz, 2H), 3.66 (t, J =5.7 Hz, 2H), 3.56 (t, J = 5.4 Hz,
2H), 1.98 (s, 3H), 1.96 (s, 3H). 13C NWR (CDC13, 75.5 MHz): 6 = 190.5,
170.3, 170.2, 155.7, 153.3, 133.5, 130.8, 62.0, 61.6, 47.6, 47.3, 20.4.
Section 2. Synthesis of bisphosphonate cyclic acetals. [0216] The

bi sphosphonate cyclic acetals were synthesized foll ow ng the general
procedures shown bel ow for R sedronate cyclic acetal Exanple 26. Exanple
25. tert-Butyl chlorobenzyl carbonate



[0217] The substituted benzal dehyde 23 was converted to tert-butyl

chl or obenzyl carbonate 25 using the general procedures shown below. WO
2011/ 056580RaT/03&33010/ 054124 109 [0218] To a dry 250 nipcowsdoloosiiem fl ask
was added substituted benzal dehyde 230 468 ng, 20.0 nmol), anhydrous THF
(15 nL) and triphosgene (2.96 g, 10.0 mmol ), and pyridine (0.79 nL, 0.63
mol ). The nikxampledads3 StPichlogofdoformyhphenybisopdpyl carbenatthe conpl eti on of
the reaction was nonitored by 13C NVR, peak at 6 = 80-87 indicated the
formati on of carbonyl chloride 24. This reacti @sm xture was used in the
next step without work-up and purification. Tx.a0solution of carbonyl
chloride 24 in THF was added di chl or onet han J’?O m) f9ll owed-py drop-w se
addition oftBuOH (25 nmol ) and pyriaH ne (25 rm@l) at 0C resul ted

m xture was stirred at OC for 15rs eaction m e was diluted

with MIBE (100nmL) and filtered th of gl ass criofibre filter to
remove the pyridine hydrochl oridgle rm‘%a‘t‘@d’ foltrate was

col | ected and washed with ice cold vvaterz(siﬂ‘ 9/THfhd ~th&i or gani c | ayer was
dried over MJSO4 The sol vents were renoved by evaporati o 0 give the
carbonate 25 (18 mml) as a pale yellowoil. This oil was used for next
step without further purification. Exanple 26. Risedronate cyclic acetal
0,0 [ 0219] To a suspension of risedronate (8 nhoPY-/ TR MecN (10 nmL) was
added DI PEA (40 nmol) and the m xture was heated &MF40C jor 10 ninutes. The
resulting clear solution was cooled to roomtenpePbitite nd a solution of
the WO 2011/ 056589PCRS2010/ 054124 110 carbonate 25 in CN (5 nmL) was

added under inert a [ros her& The mixture was then stirr&d at 40C - 45C for
per ature and

18 hours. The reactro ture waslthen c oI ?d to room
resi dyo TR RATRRSR, 1 i i eld bl conbi -f I ash

evaporated to dryness.

system (120 g silica collum, |sco @H,SbithiGatelrg)iand t hChr adi er@l el uting by
acetonitril e-MeOH (0- 30%\&/(?' fractions containing cis amd trans i somers

of DI PEA-salt of the prodlct |were separately collected (nonitored by 31P

NVR). The earlier fractions contained trans-isoner (chemcal shift of
phosphor us i n[03928 NivRsymlesisoTt¢-dishloro-Hileiddixyberdabichydeaastdepictedan ¢he

cis-isomer (op - in a ker |eId D P f the c wa
converted to %O¥8ﬁqﬁme§§ﬁ?w% hierPr?gf uliet%ﬁ%@?é‘ffia’ﬁg ”8‘31}’6 ? R’(ﬂss ﬁ:‘em n .
Lyophi li zat i qun@feslgqjob‘qecpego@zr actl ons afforded 0.4 mmol of trans i soner,
0.3 mmol of cis-isoner, of mxture cis/trans isoners. Mxture

of isomers (NAISY Ty azse nPIu Flt‘}h@l‘m@ é@féﬂfatﬂ@ék pgrecagddpd 2 ordigHotert-omat ogr aphy

t t 200
(57755 5T N Bs A O B T £t b R GERTR ) ML 208,05
(: 9. iH)Hz, 31(I5|)7pyrmjﬂé(3(OmL§B-61 5 nﬁnﬂlzl T}te,mﬂxlﬂ)rﬁ “gg 88rréd in alxl-ﬂg\,e W@teZIBatht t(h[e)%gb 1421182
ME) . 6 = 15.8 uﬂ%of lmpi oieFlorstbimaterubisaalt n}%ﬁ}s‘l@ oS s o at ed 1o

Szgi- 1ﬁ|3 yl S7 Ogﬁyas%rgnékp@c@éﬁi }wurg \ﬂgep@ 00 Hllfl) ahd CIJﬁC:fj @B’m]i)osk'&g ad§ed?0- 57, H

to the reaction mixture. The CH,Cl, layer was separated, and the aqueous layer
was extracted continually with CH,Cl, (40 mL x 3). The combined CH,Cl,
solution was dried over Na;SO4. After removal of the solvent, the residue was
purified with a silica gel chromatography (heptane/ethyl acetate, gradient eluting)
to give 3,5-dichloro-4-formylphenyl isopropyl carbonate (6.72 g) as a colorless
oil. Yield: 81%. 'H NMR (CDCls, 300 MHz): § = 10.53 (s, 1H), 7.41 (s, 2H),
5.09 (seventet, ] = 6.3 Hz, 1H), 1.48 (d, ] = 6.3 Hz, 6H). >*C NMR (CDCls, 75.5
MHz): 6 = 187.8, 153.8, 151.5, 138.0, 127.8, 122.8, 74.6, 21.8.



[0221] cis-lsoner Yield 150 ng (2% . 11-1 NWR (D20, 300 MHz): 6 = 8.37 (s,

1H), 8.22 (d, 1H),

8.10 (d, J = 8.1 Hz, 1H), 7.41-7.45 (m 2H), 7.18 (t,

1H), 7.0MW0,201ke56588. 90 (d, J = 8.1 Hz, 1H), 6.37 (t, 1HPCTAISBMOOM124H),

J = 12.6 Hz), 1.63-1.2810m 8H). 31P NWVR (D20, 121.5 MHz): 6
15.338. M5 (M1) mz: 498. Elenmental analysis (% calculated for
C20H231\ 110 1(1924\\1&1216 265H26?i@nmm43€§brl@5®hﬁnyl:S,Edaﬁeml,-ZHxaowplidi@rﬁo;

3.15 (t, 2H,

C 37.59, H475

Ove [0222]

procedures of Exanple 26 starting from 3-net hoxybenzal dehyde. (BOZZB]

405 ng (179 .

3250 H4.13, N 7.26. ESI

f ound:

WO 2011/ 056589PCT/ US2010/ 054124 111 Exanple 27.
Pr%’fé 7 was synt hesi zed follow ng the general synthetic

Yi el d:

(D20, 300 MHz):

El emrental analysis (% cal cuI at ed for
C15E117N108P2. 0. 9NaC1. 1. QNMCJ"CQ%?\?K@; mNJ/@%ﬁo/f ound: C
00 Navsd) .

8 = 8.80-8.45 (m 3H), 7.95-7.05 (m 5H), 5.95 (m 1H), % 90 (s, 3H),
3.60-3.45 (m 2H). 31P NVR (D20, 121.5 Miz): 6 = 16.2, 16. o anpl e 28.

QAc [0224] Exanple 28 was synthesized fol | owi ngchhe
procedures of Exanple 26 starting from 4-fornyl phen y

0.720g (22%

IEeReR pynthetic
DROEEREIA [0225] Vield

as white powder, nmixture of cis (55%) ’dﬁﬁ”ﬁFans 45% i somers,
contam nated with R sedronate (16%. 1H NWVR (D20): 8 = 8.75

F O
0] : 5 N//% - 1. Triphosgene, triethylamine HNJ\O
H \ﬂ/ \If 2. 2,6-Difluoro-4-hydroxy benzaldehyde \_F
= O O

[0200] The synthesis of 5,5-Dimethyl-oxazolidin-2-one as depicted in the above
scheme followed the procedures disclosed in: Bull, S. D.; Davies, S. G.; Jones,
S.; Sanganee, H. J. J. Chem. Soc. Perkin Trans. 1 1999, 4, 387.
[0201] To a 250 mL dry round bottom flask were added 5,5-dimethyl-
oxazolidin-2-one (5.10 g, 44.3 mmol), triphosgene (5.26 g, 17.7 mmol) and
anhydrous THF (80 mL). The mixture was stirred in an ice-water bath, then
triethylamine (8.6 mL, 62.0 mmol) was added slowly. The resulting mixture was
stirred at room temperature overnight. The reaction mixture was filtered and the
filtrate was concentrated. To the residue was added 2,6-difluoro-4-
hydroxybenzaldehyde (5.03 g, 31.9 mmol) and 80 mL of CH,Cl,. The resulting
solution was cooled in an ice-water bath, then triethylamine (6.0 mL, 42.5 mmol)
was added. After stirring at room temperature for 7 hours, water (100 mL) was
added to the reaction mixture. The CH,Cl, layer was separated, and the aqueous
layer was extracted continually with CH,Cl, (50 mL x 3). The combined CH,Cl,
solution was dried over Na;SQ,. After removal of the solvent, the residue was
purified with a silica gel chromatography (heptane/ethyl acetate, gradient eluting)
to give 3,5-difluoro-4-formylphenyl 5,5-dimethyl-2-oxooxazolidine-3-
carboxylate (6.9 g) as a pale yellow crystal. Yield: 52%. '"H NMR (CDCls, 300
MHz): 6 =10.39 (s, 1H), 7.09 (d, J = 9.0 Hz, 2H), 3.97 (s, 2H), 1.67 (s, 6H).



(s, 0.45Htrans), 8.61 (s, 0.55Hcis), 8.44 (m 1Htrans,cis), 8.36 (d, J =
7.8, 0.45Htrans), 8.21 (d, J = 7.8 Hz, 0.55Hcis), 7.63 (d, J = 8.9 Hz for
AB- syst ervORoti#s6388), 7.61 (m 1H, trans, cis), 7.29 (dpci/us280854i24 f or
AB-system 0.9Htrans), 7.18 (d, J =1® 9 Hz for AB- system 1.1Hcis), 7.11
(d, J 8.5 Hz for AB-s System 0.9H-trans), 55 (t, 0.55H, cis), 6.41 (t,

0. 45H, trans)Exzannl@ 18n¢: )ﬁ,iDiﬂu@ortfqmmﬂnhewt(pamxymetényl)pzr@h@me-13H) 31P
NVR ( D20): 6 = B8iviR cis, 16.29-trans. LC-Ms (ESI) for G 6H 7NO9P2 m z 428
[M- fir Cale: %60 2011/ 056589PCT/ US2010/ 054124 112

0. 84C16Hi 5NNa209P2.0. 7H7NNa407P2. 2. 5H20 (%: C 34.84, H3.76, N 2.79;
found (%: C 34. 36, F‘J:gi@}oﬁl Ace¥Bchidida 29, 10DRBdsgeranpl e 29 was
synt hesi zed fol | owi ng the geneE? ﬁ_%f,n e NC % durgﬁ AQ anpl e 26
starting from 4- fonnylrﬁ},nyl Yrate. 102271 cios-1s0 r yleld 0.63 g
(18% . 1HNMR (D20): = 4(s 1H), 8.50 (8h J = 57Hz 1
7.5 Hz, 1H), 7.70 (d, J = 9.0 Hz for AB-system 2H), 7.59 (

o)
=
o
—~
Q.
o
11

d,j 5.7 7.5

Hz, 1H), 7.24 (d, J = 9.0 Hz for AB—systetm 6.62 (t, J 4 9 Hz, 1H),
3.45 (t. J = 12.4 H\ 2H), 2 66 (t, J = 7. w1 77 = 7.2 H,
2H), 1.03 (t, J 27.; 3 PNNR(QO = 16. 68, I\/S(ESI) f or

C18H2I NO9P2 m z 4H 6 38.93, H
4.54, N 2.52; found

N§§! C18H19MNa209P2- 3H2
h{g 1 rans soner:
yield 0.647 g (18% 111 N §9Y”t"§e 8 46C(d, J = 4.8 Hz,
1 8.32 (d, 7 8.5
H) for AB-gys 2] g"—é ”?@‘ef‘]?’wf@(ﬁ b%}l%yl-l{zfz-p}fr? 17d acetZt %%dglgdfg (t, J =

Hz

4.8 Hz i8 thléat(otv;a scheme:liﬁllwa&the&kt)qedﬁre@ﬁliclo,sednl:zna@ SHzFreé‘hbn, J1.78 (m
J =7. N 16.40. LC- M5B
(ESI) for CléE)QB é 1(11 'zFO %1\/%”5'2 coﬁ;?s- f AN p,

G 8H19NNa209Hs n5®2@41%§\£éc$ (£ 85z5uskoBry, JHB?boZ%M’e\!i iRth. 15ewnd1649: C

36.98, H 3.90, .53. Exanplé 30. 0 O,
[0203] To a 500 mL dry round bottom ﬂask were added trlphosgene (890 g,

30.0 mmol) and anhydrous CH,Cl, (300 mL). The mixture was stirred in an dry
ice-acetone bath, then a solution of (S)-(-)-1-benzyl-2-pyrrolidinemethyl acetate
(21.0 g, 90.0 mmol) in 50 mL of CH,Cl, was added slowly. After the addition,
the resulting mixture was cooled in an ice-water bath, then warmed slowly to
room temperature and was stirred at room temperature overnight. After removal
of the volatile materials, the residue was purified with a silica gel
chromatography (heptane/ethyl acetate, gradient eluting) to give (S)-(1-
(chlorocarbonyl)pyrrolidin-2-yl)methyl acetate (15.3 g) as a colorless oil. Yield:
83%. '"H NMR (CDCls, 300 MHz, mixture of two isomers): 6 = 4.30-4.07 (m,
3H), 3.65-3.50 (m, 2H), 2.11-1.90 (m, 7H). *C NMR (CDCls, 75.5 MHz,
mixture of two isomers): ¢ = 170.4, 170.3, 146.9, 146.1, 63.9, 63.0, 59.2, 58.1,
50.7, 48.9, 28.1, 27.6, 22.9, 22.8, 20.6.

[0204] To a 250 mL dry round bottom flask were added (S)-(1-
(chlorocarbonyl)pyrrolidin-2-yl)methyl acetate (6.79 g, 33.0 mmol), 2,6-difluoro-
4-hydroxybenzaldehyde (4.74 g, 30 mmol), triethylamine (5.40 mL, 39.0 mmol)
and anhydrous CH,Cl, (40 mL). The resulting mixture was stirred at room
temperature for 2 days, then water (80 mL) was added to the reaction mixture.
The CH,Cl, layer was separated, and the aqueous layer was extracted continually

with CH,Cl; (80 mL x 2). The combined CH,Cl, solution was dried over



HO 6 WD 2011/ 056589PCT/ US2010/ 054124 113 [ 0229] Exanpl e 30 was synt hesi zed

follow ng the general synthetic procedures of Exanple 26 starting from

2- f | uor o-wofworimgbgsbenyl butyrate. Yield: 0.18 g (3 % . EBErcermsedalosanal ysis

(9% calculated for C18HL8FNNa209P2. 1.18NaCl. 2H20 (606.97): C 33.62, H 3. 45,
18, found C 33.45, H 3.21, N 2.29. ESI M5 (CH3CN): mz 474(100) 475

N 2.
(15), cal cul aNex$Qn Aftgrsmyyal ofithewkvenbtbe ressipe Was puried withagilice geBH, J =
7.2
=1

23 i) ctinpibaply T il %43@5’ i by wSe Ly sy T 5

Hz), 7.71 (m4- Id‘ﬂ)nylﬁheﬁ?l 1- (Ecetbk')/me&yﬁﬁyl(rmdlﬂ&ﬂ waﬂaoﬁﬁla(ef’(n 91@) as31P NMR (D20,
121.5 MHz): 8 = 16. 46. MR (D20, g = -.128.75. Exanpl e 31.
\/--, O.r.- _cqtgyless ofl. Y@bi 45% F@}[MRdQDQh, 00 MHZ mixture of two isomers): &

HO O '. [023 len3 synRt [ II h nt hetic
procedurEas 019:]‘ I]:‘xg§§1r§J 1?9 619 f%l )rlllg A‘?qu%m f3r9r4rty }*) %gtgg’@a éz?_ékarrpl e
1). Yield: 725108. ((113%71{) cemacmmvyamm%nmb@mm Bdmem): § =

e 0 8 PR ARG S Sl sl S ©
MHz): 8 = 8. 6{k 618 1076, 868.2 (&- J@22§30¥§)(6E4 %B*)& 5§85§6§ 42744(4'713 21@7 2.42 (t,

oH), 1.76-0.82 (m 13F) 31P NWVR (D20,
27.8,23.8,22.9, 20.8.

Example 19. 3-Fluoro-4-formylphenyl 2-oxooxazolidine-3-carboxylate

0 QO o
/U\ Triphosgene /U\ Jj\
Q NH ™ > 0 N
\__/  Triethylamine \__/
THF
CHO CHO
F F
AlCly /’"\
CHCl,, reflux Triethylamine, CH,Cl, O N_O
SN OH

[0205] To a 2000 mL dry round bottom flask were added 2-fluoro-4-
methoxybenzaldehyde (25.0 g, 162.2 mmol), anhydrous AlCl; (64.8 g, 486.8
mmol) and anhydrous CH,Cl, (1000 mL). The mixture was stirred and refluxed
for 3 days. The reaction mixture was cooled in an ice-water bath, then ice (100 g)
was added very carefully into the reaction mixture to quench the excess AlCls.
Another 800 mL of cold water was added. The organic layer was separated, and
the aqueous solution was extracted with MTBE (300 mL x 2). The combined
organic layer was concentrated, and the residual solid was dissolved in 400 mL of
cold 2N aqueous NaOH and 200 mL of water. The resulting aqueous solution
was extracted with MTBE (200 mL x 2). The basic aqueous solution then was
acidified with concentrated HCI. After filtration and drying, 2-fluoro-4-
hydroxybenzaldehyde (21.5 g) was obtained as a white solid. Yield: 95%. 'H
NMR (Acetone-dg, 300 MHz): 6 = 10.12 (s, 1H), 9.87 (s, 1H), 7.74 (t, = 8.4 Hz,
1H), 6.83 (dd, J = 8.4, 1.8 Hz, 1H), 7.70 (dd, J = 12.3, 2.1 Hz, 1H).




Exampl e 32. WD 2011/ 056589PCT/ US2010/ 054124 114 [0231] Exanple 32 was
synt hesi zed foll owi ng the general synthetic procedures of Exanple 26
starti ng woamidséisaor o- 4- net hoxybenzal dehyde. [0232] traogAlssaoms412yi el d
1.0 g (20 %9. Elenmental analysis (% 1e4l cul ated for C151- 114FNNa2

08P2- 0. 3NaCl- 2. 3H20 (522.19): C 34.50, H 3.59, N 2.68; found C 34.40, H
3.41, N 2.80.[028%] WsaSHUNity nonad Wat®ng flagk) wers pdd¢BDpxazppidinonef4.3akcul at ed

Ty, 6 75 ( moubgmd) Saalone b s, B S ciocl]apd ausdlfio B 00y g7 10 1y

8.42 (m 1H ,m&tu'srz WaRlstikéd) in adlibe-WRr bBROthed ZethylMiizne (98 mL110.8 -amdIPF NNR
(D20, 282 WHz): = - 121.84. [0233] cis-Isoner el d: 159 (31 9

Vi
El enent al anaW@SSadéle showiw Adter stisingras P°Clos - @ywmxtgmawlméq 2H20

(Cecn)? it 2 PR o e o P TP e on i Pl 00
MHz): 6 = 3. 4Befi ﬂtratéwas dorreedtbatéd. Hﬂlkxesﬁ%ﬁm(ssdls@f@ed 16 18 &I( of CHIIp, ad71 (m

3H), 6. 89 (m_1H (m 8.40 (m 1H), 8.73 (m 1H).
31P NMR (D20, th!l?ZSPhESIOWF&aF ag%edél%lyge afgmnﬂ\mim of 2dhpropighydiqgy= - 121, 23.

Exampl e 33. | £ W ral
synthetic proce%%rae;hé]d E(Egg st artl W ﬁQ( %@ﬁ?%&}ﬁ%})%@@
i sobutyrate. rbDZifﬁilhydramsCHgdmQ°CyA&Ierjst1rﬁn§ago@ftﬂteﬂ&)eraEirelﬁr&ritchiys,anal ysi s

9% cal cul at ed
§ b0 N D, o6 Wil s TR UOR BNy o5 Bed KR ORAOR S 356 ( 100)
457 (22) cal %lﬂﬁ@%a@fﬁte@ n§¥h Qo'ﬂd%v(ra@ﬁ@d wﬁQQoWQter(ggmﬂ %§ (d, 6H, J
6 Hz), 2.88 (sept. 1H, M3 (t, 379 (s, 1H),

6.41 (m 1H),follod6d bﬂbxtia‘d)lon dsidp MTTBEZH) mLA 50 Afrer dﬂ;lﬂ)g, 38ﬂ1?(50(48 lH) 8. 40
(m 1H) 8.61 (m (m _1H). 31P NMR (D20, 121.
16. 41. ci s- | sofr(?EP}’ pbml a@X@O@azghélils-35car)eoxyat% 8 W%\Sr%ht%f:%a%w/avht’f%u cul at ed

o o S Na LR i MLy AR AT Bob Miitzf53210%2 s, YD), 8.03 (¢, 7 = 8.1

2011/ 056589
Hz, 1H), 7.27-7.23 (m, 2H), 4.61 (t, ] = 7.8 Hz, 2H), 4.29 (t, J = 7.5 Hz, 2H). 1°C

NMR (CDCls, 75.5 MHz): § = 186.3 (d, J = 6.0 Hz), 166.9, 155.0 (d, J = 260 Hz),
130.2, 122.6, 118.3, 110.7 (d, J = 24.4 Hz), 62.2, 43.9. '*F NMR (CDCls, 282.3
MHZ): § = -118.6.

Example 20. 2-Formyl-4-methylphenyl 2-oxooxazolidine-3-carboxylate

0
1. Triphosgene, Triethylamine, THF O\H/N\[(

O\ /NH 2. 5-Methylsalicylaldehyde, Pyridine o O

[0207] To a 500 mL dry round bottom flask were added 2-oxazolidinone (9.13 g,
104.9 mmol), triphosgene (10.9 g, 36.7 mmol) and anhydrous THF (100 mL).
The mixture was stirred in an ice-water bath, then triethylamine (15.8 mL, 115.4
mmol) was added slowly. The resulting mixture was stirred at room temperature
overnight. The reaction mixture was filtered and the filtrate was concentrated.
The residue was dissolved in 20 mL of CH,Cl,, and this solution was added
slowly to a stirring mixture of 5-methylsalicylaldehyde (10.0 g, 73.4 mmol) and
pyridine (8.5 mL, 104.9 mmol) in 30 mL of anhydrous CH,Cl; at 0°C. After
stirring at room temperature overnight, water (50 mL) and MTBE (100 mL) were

added to the reaction mixture. The mixture was filtered and the solid was washed



115 H 3.83, N 2.29; found C 35.24, H3.53, N 2.44. ESI M5 (CH3CN): mlz 456
(100), 457 (30), calculated mz 457.32. 1H NWMR (D20, 300 MHz): 6 = 1.27 (d,
6H, J = owb2p11/@6BF (sept., 1H, J = 6 Hz), 3.41 (t, 2H POTASIOOBH2), 6.57
(m 1H), 7.10 (m 1H), 7.18 (d, 1H, Jox= 7.8 Hz ), 7.54 (m 1H), 7.65 (d,
1H, J = 9.0 Hz), 8.09 (m 1H), 8.43 (m 1H), 8.59 (m 1H. 31P NWR (D20,
121.5 MHz): 6with cald. weger (E&mﬁaké)a‘mlowedmmE 20ambixe2)3Afwadrymgn2hesi zed

foll t he I t he roc of EXx 26 starting from
2”1 tor 025 nelBR bEiEA By e O PORIIEF-Fraho BB RER (1973 aies POERSY 624 .
El enental ana} ¥git§ sd1%d, Y@l cmloat eaniat (A AHAENBROB RS- = 3DaGks 21BH20
(522.19): C 29.85, H 3.21, N 2.32; found C29 84, H 91, N 2.40." ESI
(CH3CON): m z 218(x 180)7.624407 ) Hz4P4), 7D (dal c8iklad Hy 4.58 (9] 247.8 Ha, NI\/RH)
D20, 300 MHz 37 = 1 Hz 3.74 (s, 1H, 6.58 (m 1
6 ot (m 1H), b, 367((%1 ﬁ%tHZragZ %‘87(3 iﬂ% 2 Hz)( 8. SSD(d 1H, J = 8.
Hz), 8.40 (d, 1H, J = 7. 873(s 1H) 31P NMR (D20, 121.5 MHz): 6
16.38. 19F NWR (D20, 282 ) 08. Exanple 35. [0238] Exanple
was synt hesi zElﬂamBlelzdvv?ﬂﬂﬁlﬁ’éﬂgyéIPWMEWhqwi)i('@eﬁw@@@dw)eﬁl)’éflcﬁﬁtfrrpI e 26
starting from 3-fornyl phenyl butyrate (Exanple 4). WO

2011/ 056589PCT/ USZOI;I[OI 05#12# 116 [0239] Yielrh 215 1% ment aI
9 Bef T egthy T ECob§ !INa %M% . 6
anal ysis (% Cal/g\/ 209P%: Triethylamine/DMAP(cat /LNC

1
35

35.94, H 3.85M"ON 2 33 found: C HO >
Triphosgene
CH4Cl,
/lOJ\ | o O 4-Hydroxy benzaldehyde )OJ\ |
~_N { >—< =~ N._Cl
o hid H NaH/THF/CH,Cl, g ¢
o o)

[0208] The synthesis of 2-(benzyl(methyl)amino)ethanol as depicted in the
above scheme followed the procedures disclosed in Jones, G. C.; Hauser, C. R. J.
Org. Chem. 1962, 27, 802.

{0209] To a 500 mL dry round bottom flask were added 2-
(benzyl(methyl)amino)ethanol (46.3 g, 280.2 mmol), triethylamine (150 mL, 1.08
mol), acetic anhydride (31.8 mL, 336.2 mmol), anhydrous CH,Cl, (100 mL) and
a crystal piece of DMAP (4-Dimethylaminopyridine). The mixture was stirred at
room temperature for 3 hours. MTBE (700 mL) was added into the reaction
mixture, and this mixture was washed, respectively, with cold 2N NaOH (150
mL), water (100 mL), brine (150 mL). The MTBE layer was concentrated, and
the residue was poured onto a silica gel pad (200.0 g). The pad was eluted with a
co-solvents of ethyl acetate: heptane = 3:1 to give 2-(benzyl(methyl)amino)ethyl
acetate (50.8 g) as a yellow oil. Yield: 87%. "H NMR (CDCls, 300 MHz): 6 =
7.41-7.25 (m, 5H), 4.29 (t, ] = 6.3 Hz, 2H), 3.65 (s, 2H), 2.74 (1, J = 6.0 Hz, 2H),
2.38 (s, 3H), 2.14 (s, 3H). >C NMR (CDCl3, 75.5 MHz): § = 170.9, 138.7, 128.9,
128.2,127.1, 62.5, 62.2, 55.3, 42.6, 21.0.

[0210] To a 1000 mL dry round bottom flask were added triphosgene (24.2 g,
81.5 mmol) and anhydrous CH,Cl, (500 mL). The mixture was stirred in a dry
1ce-acetone bath, then a solution of 2-(benzyl(methyl)amino)ethyl acetate (50.7 g,
244.6 mmol) in 150 mL of anhydrous CH,Cl, was added slowly. After the



35.80, H 3.83, N 2.28. ESI M5 (H20): nmlz: 456 (M+1). 1H NWR (D20, 300
MHz): 8 = 8.72-7.05 (m 8H), 6.56-6.32 (m 1H), 3.42-3.22 (m 2H), 2.60 (m
2H), 1. 74w0rep1121%5890. 96 (m 3H). 31P NVR (D20, 121.5 MHPLT/UG2010084184 16. 4.
Exanpl e 36. [0240] Exanple 36 was syfi hesi zed foll ow ng the general

synt hetic procedures of Exanple 26 starting from ethyl 4-fornyl phenyl

car bonat e ( Exadvptian, He. refud@agliniRtine| whs cadzlédmgar(ﬁ%watmlmﬁemhmlwmﬂysi s (N

cal cul ated for 7THL7NI Na2010P2 0. 8H20 .(570. C 35.80, H 3.29, N
2.46; found: TONH QEOOTY tEMBRIAtULg, g"@ﬁ"eg ngl\?@“(’ﬁ% OOmnTF PEAEEC (M 1) . 1H NWR

(D20, 300 M'izavenﬁgﬁt &ﬂ‘é?re?n&%l &mqe $bi)aule§n§€’naﬁs We {fidud as priB&E ¢itR4 (M
2H), 3.46-3.26 (M 2H), 1,36-1.28 (m 3H). 31P NWVR (D20, 121.5 Mi): 8 =

16. 7. Exanpl esiB@ gﬂd]GhJ(Oﬂ)atqgf Qlﬂl}'l-@emarl%@hﬁ dceaie2pragieahgiéng 1o wive Zynt hesi zed

foll owi ng the ner dur mpl_e tarti. rom

41 or my1 pheny (SN ePramb bt PESia Al G0 AR VR . B4R 8o oy
El enent al ana]I‘YNMR(@@)C@;aBG(DJI\/&H@%J(@&e @t%ag&mzp%&emmmﬂ(t%zo
(622.86): C 36.64, H4.17 2.25; found C 36. H 3.87, N 2. 33. ESI M5

(CH3CN) : m z 27417 2H)3. 7@1(1,1J T 56\ Ha ADud 49 &y 3h11),z2 0965, 34); isomeviR: 0520, 300

L) D = L OBk 0 R L ATy Mg B9t (20

2011/ 056589PCNMBSBDIZDOI3O5511MHZ mixture of two isomers): 6 =170.5, 149.9, 149.0, 61.2,
61.1,51.4, 50.0, 39.4, 37.4, 20.7.
[0211] To a 250 mL dry round bottom flask were added sodium hydride (2.08g,
60%, 52 mmol), anhydrous THF (40 mL) and 4-hydroxybenzaldehyde (4.88 g,
40.0 mmol). The resulting mixture was stirred at room temperature for 1 hour. To
this mixture, a solution of 2-(chloro-carbonyl(methyl)amino)ethyl acetate (8.98 g,
50 mmol) in 10 mL of anhydrous CH,Cl, was added. The resulting mixture was
stirred at room temperature overnight. The volatile materials were removed, then
cold water (100 mL) was added to the residue. The aqueous solution was
extracted with CH,Cl, (60 mL x 4). The combined CH,Cl, solution was dried
over NapSQOy. After removal of the solvent, the residue was purified with a silica
gel chromatography (heptane/ethyl acetate, gradient eluting) to give 2-(((4-
formylphenoxy)carbonyl)(methyl)amino)ethyl acetate (10.4 g) as a colorless oil.
Yield: 98%. '"H NMR (CDCls, 300 MHz, mixture of two isomers), isomer 1: 6 =
9.92 (s, 1H), 7.85 (d, ] = 8.4 Hz, 2H), 7.27 (d, ] = 8.4 Hz, 2H), 4.26 (t, ] = 5.4 Hz,
2H), 3.66 (t, J = 5.4 Hz, 2H), 3.12 (s, 3H), 2.03 (s, 3H); isomer 2: = 9.92 (s,
1H), 7.85 (d, ] = 8.4 Hz, 2H), 7.27 (d, ] = 8.4 Hz, 2H), 4.24 (t, ] = 5.1 Hz, 2H),
3.57 (t, J = 5.1 Hz, 2H), 3.02 (s, 3H), 2.01 (s, 3H). *C NMR (CDCls, 75.5 MHz,
mixture of two isomers): 6 =190.7, 170.5, 170.4, 156.0, 155.9, 153.6, 153.2,
133.2,130.8, 130.7, 61.6, 61.5, 48.3, 47.9, 35.5, 20.5.



117 1H), 7.48 (m 2H), 7.62 (m 2H), 8.03 (m 1H), 8.39 (s, 1H) 8.55 (s,
1H). 31P NWR (D20, 121.5 MHz): 6 = 16.72. Exanple 38. OH Ck- -00 HOL .0
HO Il 0 [wd2di1/Esmoapl e 38 was synt hesi zed fol | owi ng thqummsrzwllomsgdm hetic
procedures of Exanple 26 starting fraf 4-formnyl phenyl

t et rahydro- 2H- pyran- 4- car boxyl ate (Exanple 6). [0245] Yield: 385 ng (14%;
el enent al anaEyaple(2y 2 24((@toamgtphenexyjeaiRniaxapalig) s @ Naae-211-0120
(618.92): C 3@ 8]th H 3. 94 N 2.26; found: C 38. 79, H 4.15, N 2.45. ESI Ms
(H20) mlz 498 T) -1NVR (D20, 300 M—Iz) 6 = 8.88-7.16 (m 8H),
6.62-6.50 (m 1H), 406402(m 2H), 3.63-3 49(rn 4H), 2.98 (m 1H),
2.07-1.81 (m 4H).°81P NWR (D20, 121.5 V. 6 = 16.0, 15.9. Exanple e 84¢

/_/ BnBr N N Ac0 N
HNH Triethylamine/CH,Cl, Ph/— \j Triethylamine/DMAP(cat) / H

CH OH OAc

Triphosgene

CH.Cl;
OAc
_4-Hydroxy benzaldehyde O>\ N
NaH/THF
@ cl —
N OAc
V\O
O

[0212] The synthesis of 2,2'-benzylazanediyl-bis-ethanol as depicted in the
above scheme followed procedures disclosed in Shen, Y.; Feng, X.; Li, Y.;
Zhang, G.; Jiang, Y. Tetrahedron 2003, 59, 5667.

[0213] To a 500 mL dry round bottom flask were added 2,2’-benzylazanediyl-
bis-ethanol (45.2 g, 231.0 mmol), triethylamine (200 mL), acetic anhydride (52.4
mL, 554.4 mmol), anhydrous CH,Cl, (100 mL) and a crystal piece of DMAP.
The mixture was stirred in an ice-water bath for 1 hour, then at room temperature
for 2 hours. Most volatile materials were evaporated, then MTBE (700 mL) was
added into the residue, and this mixture was washed, respectively, with water
(100 mL), cold 2N NaOH (200 mL), water (150 mL), brine (100 mL). The
MTBE layer was concentrated, and the residue was poured onto a silica gel pad
(200.0 g). The pad was eluted with a co-solvents of ethyl acetate: heptane (1 : 1)
to give 2,2'-(benzy-lazanediyl)bis(ethane-2,1-diyl) diacetate (53.0 g) as a yellow
oil. Yield: 82%. "H NMR (CDCls, 300 MHz): & = 7.38-7.25 (m, 5H), 4.20 (t, ] =
6.3 Hz, 4H), 3.77 (s, 2H), 2.86 (t, J = 6.3 Hz, 4H), 2.09 (s, 6H). '*C NMR
(CDCl3, 75.5 MHz): 6 = 170.7, 139.0, 128.6, 128.2, 127.0, 62.4, 59.2, 52.5, 20.8.
[0214] To a 1000 mL dry round bottom flask were added triphosgene (18.8 g,
63.2 mmol) and anhydrous CH,Cl, (500 mL). The mixture was stirred in a dry
ice-acetone bath, then a solution of 2,2'-(benzylazanediyl)bis(ethane-2,1-diyl)
diacetate (53.0 g, 189.7 mmol) in 100 mL of anhydrous CH,Cl, was added



[0246] Exanple 39 was synt hesized follow ng the general synthetic
procedures of Exanple 26 starting from 2, 6-di fl uoro-4-nmet hoxybenzal dehyde.
[0247] Yiwbdn112665say (11% ; el enental analysis (% cal cecatusdoos4124

Cl 5H13F2NI Na2 08P2. 1. 2NaCl- 0. 5H20 (56808 36): C 32.15, H 2.52, N 2.50; found:
C 32. 04, H2.52, N 2.53. ESI M5 (H20) mz 436 (M+1). 1HNWR (D20, 300 MHz):
6 = 8.72-7. AGlqwly. Afgr the additién,3Re (agpltiBEmixBrd&@ag enol@Hp an3ced®atdr B8h( m 2H).

31P NWVR (D20,,121.5 = 16 19F N 3, 282.3 MHz): 6 = -113.
WO 2011/ gSGSé@W?‘H%%VWSQE%PH@% NF g’ggjf’ei[“@é%fg BSR e 40 was
synt hesi zed fighh&uhuidoddisigBE AGte tenSoral Bﬁﬂlb%l&ﬁ%ﬁ%ﬁ% tBé rdsREN 8

starting from 4-fornyl phenyl norpholine-4-carboxyl ate (Exanple 7). [0249]

Yi el d: 342 nputifisdgwithed %h@ﬂf& chrgmatagsanhy((byptens/ehylacetdtef gradient eluting)
R L N N
8.58-7.16 (yéuoavfd)m Y@el&@d%’ﬂ IPHNMR A1B0L;; 3(§¥BM(HI7] M 2731,43- 8728, 0H), 2H) .

31P NMR (D20, 42152(t J=5. 41212 2H); ;3 ]79 (t,J 1567 %z 2H) 68 (t, J - 5. 4%62 ZII}% 08 (s,
3H); 2.06 (s, 3H). *C NMR (CDCl3, 75.5 MHz): § =170.5, 149.4, 61.5, 61.0,
50.4, 49.1, 20.6.
[0215] To a 250 mL dry round bottom flask were added sodium hydride (2.08g,
60%, 52 mmol), anhydrous THF (40 mL) and 4-hydroxybenzaldehyde (4.88 g,
40.0 mmol). The resulting mixture was stirred at room temperature for 1 hour. To
this mixture, a solution of 2,2'-(chloro-carbonylazanediyl)bis(ethane-2,1-diyl)
diacetate (12.6 g, 50 mmol) in 10 mL of anhydrous THF was added. The
resulting mixture was stirred at room temperature overnight. The volatile
materials were removed, then cold water (100 mL) was added to the residue. The
aqueous solution was extracted with MTBE (50 mL x 3). The combined MTBE
solution was dried over Na;SQj,. After removal of the solvent, the residue was
purified with a silica gel chromatography (heptane/ethyl acetate, gradient eluting)
to give 2,2'-((4-formylphenoxy)carbonylazanediyl)bis(ethane-2,1-diyl) diacetate
(12.8 g) as a white solid. Yield: 95%. '"H NMR (CDCls, 300 MHz): & = 9.88 (s,
1H), 7.83-7.79 (m, 2H), 7.25-7.22 (m, 2H), 4.25 (t, J = 5.7 Hz, 2H), 4.20 (t, J =
5.4 Hz, 2H), 3.66 (t, ] = 5.7 Hz, 2H), 3.56 (t, J = 5.4 Hz, 2H), 1.98 (s, 3H), 1.96
(s, 3H). °C NMR (CDCls, 75.5 MHz): & = 190.5, 170.3, 170.2, 155.7, 153.3,
133.5, 130.8, 62.0, 61.6, 47.6, 47.3, 20.4.

Section 2. Synthesis of bisphosphonate cyclic acetals.
[0216] The bisphosphonate cyclic acetals were synthesized following the general

procedures shown below for Risedronate cyclic acetal Example 26.

Example 25. tert-Butyl chlorobenzylcarbonate
[0217] The substituted benzaldehyde 23 was converted to tert-butyl

chlorobenzylcarbonate 25 using the general procedures shown below.



[ 0250] Exanple 41 was synthesi zed follow ng the general synthetic
procedures of Exanple 26 starting from2,2'4(4-

f or myl phewoxy)ioasisonyl azanedi yObi s( et hane- 2, 1-di y1l) di aeetratseoipzanpl e 22).
[0251] trans-Ilsoner, yield: 677 ng (1899. El emental analysis (% cal cul ated
for C23H26N2Na20i 3P2- 0. 8H20 (660.82): C 41. 80, H 4.21, N 4.24; found: C

41.76, H 4.30, N 4.03. ESI M5 (H20) mz .- O( 1H NMVR (D20, 3 206
:8.64703(m 8H) 640628(m 1H), 22(m 4H), 3. 69- (m

4H), 3.30 (t, 1.99 (s, 6H) MR (29, 121.5 Wrz):
16.5. WO 201/ 0] P 25%!&6@3&&4 D252 dis—tsomer —yjeld: 294
(7% . Elenenta anal /() Ryaitip el TatFe d f 3H26 N2 N&ypiding A0, hig

NaCl. 1. 2H20 (697. 26): C 39.62, H4.11, N 4L02¢Cifound: C 39.51, H'4. 1, &I
4.02. ESI M5 (H20): rTFz 601 (I\/Hr 1). 1H NWR (P20, 300 MHz): 6 = 8.60-7.10
(m 8H), 6.58 (br, 1B, 4.20 (br, 4H). 3.75-F%2 (m 4H), 3.39 (br, 2H2®
2.06 (s, 6H). 31P NWR (D20, 121.5 MHz): 8 = 16.8. Exanple 42. 0 OH () | .00
H5IN, .0 [0253] Exanple 42 was synthesized followi ng the general synthetic

procedures of oﬁmrr%% &925@ AITt Joddd BB@J&%&@WL&Héawtstéute@t)aﬂat&hyd% enoat e.
[ 0254] Yield: g (22% . Elenental analysis (% calculated for

Ci 9Hi 9NNa209P23 016§mag;202> RERD, é@B@romffodlégnﬁband-m@h@@enNZ&@& 10fund C

w2 b9, 33, TR BpY T BT OB g, HRE s we el 1 B 5650,
2H, J = 16.6 i'ﬂ74)0°C S49% . (Bhe é'dfﬁpletﬁ)rﬂdf thé readtibn Wasménitort by 131? RMK 'BealZH)

7.24 (m 2 m 1 21 (m 1 8.38 (m 1 8.71 (s, 31P
NVR (E)ZO |;|__|)21at53 TEOBY 11@11th_cbth4§0rrr(5(19m§apgarhgnyl chl(onde ZZD This reactl(on 1.

mixture was used in the next step without work-up and purification. To a
solution of carbonyl chloride 24 in THF was added dichloromethane (10 ml)
followed by drop-wise addition of '‘BuOH (25 mmol) and pyridine (25 mmol) at
0°C. The resulted mixture was stirred at 0°C for 1.5 hours. The reaction mixture
was diluted with MTBE (100mL) and filtered through a pad of glass microfibre
filter to remove the pyridine hydrochloride salt precipitated. The filtrate was
collected and washed with ice cold water (100mL) and the organic layer was
dried over MgSO,, The solvents were removed by evaporation to give the
carbonate 25 (18 mmol) as a pale yellow oil. This oil was used for next step

without further purification.

Example 26. Risedronate cyclic acetal

0.0OH
S ONa Q
HO, P-OH o
1.25, CH3CN, 35°C HO P_O>_©
== R—OH
\ \OH 2. Na* ion-exchange column = AN
; \ ) 0O ONa
N 26

[0219] To a suspension of risedronate (8§ mmol) in MeCN (10 mL) was added
DIPEA (40 mmol) and the mixture was heated at 40°C for 10 minutes. The

resulting clear solution was cooled to room temperature and a solution of the



[ 0255] Exanpl e 43 was synt hesized follow ng the general synthetic
procedures of Exanple 26 starting from 4-fornyl phenyl

cycl opr opsioecardsessyl ate. [0256] trans-1somer, yield: 0.PCTESCAODsIP4

El emental analysis (% cal cul ated fon1@C sH 7NNa209P2- 0. 05NaC1. 1. 3H20
(525.62): C 41.13, H3.76, N 2.66; found C WD 2011/ 056589PCT/ US2010/ 054124
120 41.17, H @rmatedSinpeCES) mig Wasiadded under mensamosphete. sanixgny

20 W0 50 B e iy,
7.17 (m 2H) , cobled4o faom lddiperBufdin(iryapdrated todryné&sHThe réidid obthinelias) = 5. 4

Hz), 8.67 31P NMR (D20, 121 = 16.57. [0257] cis-|soner,
yi )el d: 0. 1(2S WFED eg bycomp- ﬁéhiyaieﬂhﬂép léca(ﬁydur%%ﬂ%'fm%rséléc[}ﬁcw it

% 81117'\"\'&202&3(11911%2%&% éér a%bl%ﬂltﬁéz%%@?ﬁﬁﬂ %4@?&%&&@@% 6c§s JdOU”d c

38.93, H 3.6 aj'cul at ed
m z 455. 30. 1HrddyRsqnid2s pf BOUE A4l of 6le:prddul>ﬂw(emsepaﬂ)ltelﬂco@lbcted(mmhi)qre@ 38 (t,

2H, J = 12.6 HZ 4 Hz 44
7.63 (d, 2H, Jp ?ﬁéﬁhz*he %a]](b?i f%%ﬁloﬁwonﬁalgﬁdf’@sﬂiﬁmeféz g%m(c?h ifFé’fn 8.54 (s,
1H). 31P NWR ];(Hag ords%h- > NI wab 1rrst13€ﬂ1g@15ﬁel@( b dtfions 482R8kok4AEP! € 44

was synthesized follow ng the general synthetic procedures of Exanple 26

starting from2dweakeoiidld). oDIﬁﬂfp-hélhyfth@m@pt Wpsamalﬁ@bwyd mialmfﬂtzw]

trans-1 somer f n Si s cuI ated for
O ot o0 A g ipkitdhated Sfnaks o PR, ThaBifietRhis koo S R o0 2
39. 39, H 3. 7lgadNors dlord&Hh.4 MmO I3 fdMs-isdthér, G?»Zmﬁép@f)azs Aédiet, 282 OCSa| cul at ed
mz 473.29. 1H NVR (D20, 300 MHz): 6 =1.14 (m 4H) 1.94 (m 1H), 3.32 (t,

oH, J = 17.5 gl ofmprurecis/imgas igoraers, Mintyrg o woaquma-@m arefunthrer(t | 1H, J =

8.1 Hz), 7.3 = 4.5 Hz
8. 67 ()s 1H) SefyPurefhe C?%?gﬁa%é‘ﬁ%aphg (artBhopydhi %’g‘i:&ﬁﬁ\)ﬂg%ﬁ%“) 282 |sz§
6 = -129.18. [P22Q0}rans-Bomsnryesld 200 elgd2. 7960 6H QMR. (D, 30EVEIBrE alg.38nal ysi s
9 2 2,
N 2. 73: “Toundod 195888 (0116, 367 (1 b~ 88 Hadroibs et TG oo 800y 473
30 | cul at Q 4 1 94
Em : 1&)a Cg 24@) ?12%141?1 Y éﬁlll Osesﬁgpgf‘? US%%%},Z gffz% %é? g_mlzw)

6.52 (t, 1H, NMR 329, 12). §MH1B5(?r15 #H) MY (M4l )(mviz: 499. ElinGBal(adaly@B, J = 7 8

1215 ey ¢ &8 lgtigied E iR s s g oo Bl 7 N AT (D20
found C40.57,H4.61, N 2.47.
[0221] cis-Isomer Yield 150 mg (2%). "H NMR (D,0, 300 MHz): § = 8.37 (s,
1H), 8.22 (d, 1H), 8.10 (d, J = 8.1 Hz, 1H), 7.41-7.45 (m, 2H), 7.18 (¢, 1H),
7.07(t, 1H), 6.90 (d, T = 8.1 Hz, 1H), 6.37 (¢, 1H), 4.87 (m, 1H), 3.15 (t, 2H, J =
12.6 Hz), 1.63-1.28 (m, 8H). *'P NMR (D0, 121.5 MHz): & = 15.338. MS (M-1)
m/z: 498. Elemental analysis (%) calculated for
Co0H23N1019P2Nay-2.5H,0-0.1CH3CN (591.1): C 37.84, H 4.45, N 2.40; found: C
37.59, H4.75, N 2.75.



Exanmpl e 45. [0261] Exanple 45 was synthesized foll ow ng the general
synthetic procedures of Exanple 26 starting from 2-fl uoro-4-fornyl phenyl

nor phol i rwo4etizoskzsgy| at e (Exanpl e 8). [0262] trans-| somecT/use@oms41203 ny
(79 ; elenmental analysis (% cal cul atied for

Ci 9H19FI N2Na2010P2. 0. 2NaCl. 1. 0H20 (592.02): C 38.55, H 3.58, N 4.73; found:
C 38. 44, H 3.ExammMe2750; ESI M5 (H20): niz: 517 (M1). 1H NMR (D20, 300
MHz): 6 = 8.67-6.93 (m 8H), 6.35 (t, J = 4.5 Hz, 1H), 3.75-3.50 (m 8H),
3.32 (t, J =17.4 Hz, 2H). 31P NWR (D20, 12105(IeM—Iz) 6 = 16.5. 19F NMWR
(CDC13, 282.3 MHz): 6 = -130.0. [0263] cis-lLganer, yield: 298 ng (11%;

el enrental analysis (% calculated for ggl91- | N2Na2010132. 2. 2NaC1. 1. 2H20
(712.53): C 32.03, H 3.03, N 3.93; fdnll~« .92, H 3.06, N 3.88; ESI M
(H20): mz: 517 (M1). 1H NWR (D20,H Aiz): 6 = 8.52-7.25 (m 8H), 6.54
(t, J =5.4 H, 1H, 3.77-3.53 (m 8#),P3737 (t, J = 12.6 Hz, 2H). 31P NWR
(D20, 121.5 MHz): 6 = 16.8. 19F N "@3613 282.3 MHz): S = -129.9. Exanple
46. WD 2011/ 056589PCT/ US2010/ 054124 122 [0264] Exanple 46 was synthesi zed
foll owi ng the general synt hetic prid ures of Exanple 26 starting from

(26 cont an i R 2R b STt b D B e DaTheno e utp o Sy
2850 (? J Eo‘fﬁhﬂlplem‘gtamﬁgﬁ%n(ﬂmdhoxyﬁer&aldgl d]eH) 7 69 (d é A gz4fHZ for
-syste or
AB-szstem 2Hmr)@223d ‘é@h’% 405 ma(18%). Eiz%meym} anaéy%%(/émalwlgted ®r46 (t, J = 12.5

For 0. 0actortONUD000s- 0 ST B Y Bl bt (ot Tl 55

3.58, N 2.58;32{50yHM. (YN 7(264ESBMS (H,0) 6Bz 400 2M93). HQQH&](Dzoaeeel Soner:
y| el d 0.596 279 t dwth R sedronate (9.6% . 1H NWVR (D20): 6
= 8.77 (s, 1&#‘ ¢48%§%‘!?5n8_ » 149>~ 7199) (.65 P (myTH), §:99 (3Hh 1) | 7. 51
(dd, J =5.03 .94 “P7N§4R 1903121581\451 L9f AR gystem 2H), 7.15 (d,
—85HzforAB—§|3%/s (76 _ZzlzﬁgHle) 3.52 (m 1H),
34(t J:170Hz 2H) 237(m4H) 218188(m2H) 31P NMR (D20):
6 - 16.42. 20 0. 9C19HI9NNa209P2. 0. 1C7H7NNa407P2. 0. 5H20 (% : C 42. 14,
H3.73, N 2. Xa“ﬂb‘ﬁﬁ(% C 41.85, H 3.97, N 2.37. Exanple 47. 0 OH

OAc
o (')HO\K@
p~
HO

P/O

Ho’ll
N
N.. =

[0224] Example 28 was synthesized following the general synthetic procedures
of Example 26 starting from 4-formylphenyl acetate.

[0225] Yield 0.720g (22%) as white powder, mixture of cis (55%) and trans
(45%) isomers, contaminated with Risedronate (16%). 'H NMR (D,0): & = 8.75
(s, 0.45H-trans), 8.61 (s, 0.55H-cis), 8.44 (m, 1H-trans,cis), 8.36 (d, ] = 7.8,
0.45H-trans), 8.21 (d, J = 7.8 Hz, 0.55H-cis), 7.63 (d, J = 8.9 Hz for AB-system,
1.1H-cis), 7.61 (m, 1H, trans, cis), 7.29 (d, J = 8.5 Hz for AB-system, 0.9H-
trans), 7.18 (d, J = 8.9 Hz for AB-system, 1.1H-cis), 7.11 (d, J = 8.5 Hz for AB-
system, 0.9H-trans), 6.55 (t, 0.55H, cis), 6.41 (t, 0.45H, trans), 3.40 (m, ] = 16.5
Hz-trans, 2H-trans, cis), 2.3 (s, 3H). 3P NMR (D,0): 6 = 16.55-cis, 16.29-trans.
LC-MS (ES]) for Cy¢H7NOoP; m/z 428 [M - H] Calc. for




C 1.00 HO | 1.0 HO 0 [0267] Exanple 47 was synthesized follow ng the
general synthetic procedures of Exanple 26 starting from
2- f | uor o-wofworimgbgshenyl 3- met hyl but - 2- enoate. [ 0268] tr anFAlSs@0Ps412yi el d:
0.26 g (4.5 % . Elenental analysis (%2 cal cul ated for
C19HBFNNa209P2. 0. 02NaCl - 0. 45H20 (582.17): C 42.34, H 3.55, N 2.83; found
WO 2011/ 0565@W%HSW@D%MM7HMQQ26§H29 %0)19,34N426376,B6L. 795
(C}BC»D n1z 4# g% %ﬁ% ulated nmz 487.32. 1H NWR (D20, 300
})3,%34% Q% NEFE 3 33 (t, 2H J = 17.4 Hz), 5.95 (s,
1FD, 6.36 (t 1H, J 4.8 Hz), 6.95 (m 1H), 7.09 (m 1H), 7.18 (m 1H),
7.33 (m 1H), 8.08 (n1 1H, J = 7.8 Hz), 8.33 (d, 1H, J = 4.5Hz), 8.68 (s,
1H). 31P NVR Exoagople291 5 MHz): 6 = 16.24. 19F NWVR (D20, 282 MHz): 6 =
-128.84. [0269] cis-lsoner, yield: 0.11 g (1.9 %. Elenental anal ysis (%

cal cul ated for CoH18FNNa209P2 0. O4NaC1- EﬂﬁSSBA/O C 39.07, H4.07, N
2.40; found C 38.80, H 3.77, N 2. ©OH . mz 486 (100), 487
(23) calculated mz 487.32. 1H NV~ 00 I\(ﬁ-iz) 6 = 1.98 (s, 3H), 2.14

(s, 3H), 3.37 (t, 2H, J = 12.5 19 99(s 1H), 6.53 (t, 1H J = 4.4Hz),
7.10 (m 1H), 7.25 (m 1H), 7.51|Srcf’ 2H) 8.10 (m 1H), 8.44 (m 1H), 8.58

(s, 1H). 31P NWR (D20, 121.5 O® = 16.58. 19F NMR (D20, 282 MHz): 6 = -

128.83. Exanple 48. OH 0 HO N| P
[0226] Example 29 was synthesized following the general synthetic procedures
of Example 26 starting from 4-formylphenyl butyrate.
[0227] cis-Isomer: yield 0.63 g (18%). 'H NMR (D,0): & = 8.64 (s, 1H), 8.50 (d,
J=5.7Hz, 1H), 8.16 (d, J = 7.5 Hz, 1H), 7.70 (d, J = 9.0 Hz for AB-system, 2H),
7.59 (dd, J =5.7,7.5 Hz, 1H), 7.24 (d, ] = 9.0 Hz for AB-system, 2H), 6.62 (t,J =
4.9 Hz, 1H), 3.45 (t, ] = 12.4 Hz, 2H), 2.66 (t,J = 7.2 Hz, 2H), 1.77 (m, ] = 7.2
Hz, 2H), 1.03 (t, ] = 7.2 Hz, 3H). >'P NMR (D,0): & = 16.68. LC-MS (ESI) for
Ci1sH21NOoP,> m/z 456 [M - H] Calc. for CisH9NNayOoP, -3H,0 (%): C 38.93, H
4.54, N 2.52; found (%): C 38.62, H4.12, N 2.64.
[0228] trans-Isomer: yield 0.647 g (18%). 'H NMR (D,0): & = 8.79 (s, 1H), 8.46
(d,J=4.8 Hz, 1H), 8.32 (d, } = 8.1 Hz, 1H), 7.56 (t,J = 5.7 Hz, 1H), 7.33 (d, ] =
8.5 Hz for AB-system, 2H), 7.17 (d, J = 8.5 Hz for AB-system, 2H), 6.48 (t, ] =
4.8 Hz, 1H), 3.45 (t, J = 16.5 Hz, 2H), 2.67 (t,J = 7.2 Hz, 2H), 1.78 (m, ] = 7.2
Hz, 2H), 1.04 (t, ] = 7.2 Hz, 3H). >'P NMR (D,0): & = 16.40. LC-MS (ESI) for
Ci1sH21NOoP; m/z 456 [M - H] Calc. for C;gH9NNa,OgP;,-1.5H,0-1NaCl (%): C
36.85, H 3.78, N 2.39; found (%): C 36.98, H 3.90, N 2.53.

Example 30.
F
@]
oH b
0:7.0 o)
HO ;
/O
HO/ 1
Xy, O



.0 HO 0 0 [0270] Exanple 48 was synthesized foll ow ng the general
synthetic procedures of Exanple 26 starting from

3, 5-di f | vwoaed/dsessay| phenyl norphol i ne-4- carboxyl at e ( Bxamsb@o®¥4124 0271]
Yield: 209 ng (5% ; elenental anal ysii$3 (% cal cul ated for
C19H18F2N2Na2010P2 1.5NaCl. 2. 2H20 (707.60); C 32.25, H 3.19, N 3.96; found:
C 32.08, H 3.1229I\Ezample 3yasmnthesiznd fellowemshe general syMbrifpODEIIes300 Mz ) |

o 5. 107 PRy 268y el il bt iR . 16T 11 s (o

9.0 Hz), -IIRIE IR g@ %) Elémeimhl arﬁlgamﬂy@ cé&ulatéﬂ@or
2011/ 056589PCT/ USZOlO/ 054124 124 &Q i\ was synt hesi zed
fol I owi ng t heCyBdPaY22Q¢k et haliael 68058 (6%33 }@ Y- K dewnddy from

2-f1 uor o-4- f o531y (EH‘?QY'N@'?@EE?MCF}%@& en{/E%WPﬂo@) 195 (130 Rhardl /- 518

my (149 ; el ement’al anal ysi's ted f
C171- 117F1 N2NEZRIPZH NMRE0023 OHRHZA) 634 0798) ¢, 3<E1 33= 22 HH BIUG, 2N, 4: 56

o % 2 M B B - B St
ig’)F Nﬁ/Rl(lc(DSélgﬁﬁﬁAs%m%H@S% se’Btd) 2H3J81Pd'\ﬁ1§cP2}071 (Jr?lifié M Im, 17858 (Hr, 16 5.
1H), 8.65 (m, 1H). *'P NMR (DZO 121 SMHZ) 6—16 46. F NMR (D0, 282

MHz): 6 =- 128.75.

Example 31.

[0230] Example 31 was synthesized following the general synthetic procedures
of Example 26 starting from 4-formylphenyl octanoate (Example 1).

Yield: 725 mg (26%); elemental analysis (%) calculated for
CxnH37NNa;OgP,-0.70NaCl-1.0H,0 (616.34): C 42.87, H 4.74, N 2.27; found: C
42.91, H 4.87, N 2.21. ESIMS (H,0): m/z: 512 (M'-1). '"H NMR (D,0, 300
MHz): 6 = 8.60-6.80 (m, 8H), 6.62-6.38 (m, 1H), 3.58-3.24 (m, 2H), 2.42 (1, 2H),
1.76-0.82 (m, 13H). >'P NMR (D,0, 121.5 MHz): § = 16.5, 16.0.

Example 32.



0C) O CHP HO -4 "Th.0 J HOii o [0274] Exanpl e 50 was synt hesi zed
follow ng the general synthetic procedures of Exanple 26 starting from
2- f or nyl phengi/asessbyl carbonate. [0275] trans-1soner, yiperaS2@0h841g4 (3.7
% . Elemental analysis (% calcul atedi4or Cl6l-115NNa2002. 0. 09NaCl- 2. 2H20
(534.14): C 35.98, H 3.66, N 2.62; found C 35.74, H 3.45, N 2.89. ESI M5
(CH3CN) : i z [8231]( Booyple 32 5vas soythesizasifolewingthe geneml spnthatic nrapaduged20, 300

150102 3 ikl odih Mapds Bl uhi (5 5 3 54,

8.75 (s, 1H) .[0337} MVR-IsD2Esr: yisld 19 MID)%). &Flemdfialhal yEXavg) lcglchlited WO

2011/ 056589PC(£/51L{J§%IQI:IL\I%/2 %Eﬁ;g.gN%%?2.3Hzo (522.19): C 34.50, H 3.59, N 2.68; found C
34.40, H 3.41, N 2.80. ESI MS (CH3CN): m/z 418 (100), 419 (80), 420 (10)
calculated m/z 419.24. '"H NMR (D0, 300 MHz): 6 =3.39 (t, 2H, ] = 8.7 Hz),
3.79 (s, 1H), 6.73 (m, 2H), 6.78 (m, 1H), 7.52 (m, 1H), 7.60 (m, 2H), 8.10 (s,
1H), 8.42 (m, 1H), 8.57 (m, 1H). *'P NMR (D0, 121.5 MHz): §=16.57. '°F
NMR (D,0, 282 MHz): &=-121.84.
[0233] cis-Isomer, yield: 1.5 g (31 %). Elemental analysis (%) calculated for
CisH14FNNay OgP,-0.4NaCl-2H,0 (504.62): C 35.70, H 3.20, N 2.78; found C
35.52, H 3.23, N 2.83. ESI MS (CH3CN): m/z 418 (100), 419 (8), calculated m/z
419.24. '"H NMR (D,0, 300 MHz): & =3.43 (t, 2H, ] = 15.6 Hz), 3.76 (s, 3H),
6.58 (m, 1H), 6.71 (m, 3H), 6.89 (m, 1H), 7.48 (m, 2H), 8.24 (m, 1H), 8.40 (m,
1H), 8.73 (m, 1H). *'P NMR (D,0, 121.5 MHz): & = 16.36. '°’F NMR (D0, 282
MHz): & = - 121.23.

Example 33.

[0234] Example 33 was synthesized following the general synthetic procedures
of Example 26 starting from 4-formylphenyl isobutyrate.

[0235] frans-Isomer, yield: 0.9 g (17 %). Elemental analysis (%) calculated for
CisHsFNNay OgP,-0.8NaCl-0.2H,0 (546.40): C 39.57, H 3.80, N 2.56; found C
39.29,H 4.10, N 2.76. ESI MS (CH3CN): m/z 456 (100), 457 (22) calculated m/z
457.32. "H NMR (D,0, 300 MHz): & =1.25 (d, 6H, ] = 6 Hz), 2.88 (sept, 1H, ] =
6 Hz), 3.37 (t, 2H, J = 8.7 Hz), 3.79 (s, 1H), 6.41 (m, 1H), 7.10 (m, 1H), 7.25 (m,
2H), 7.50 (m, 1H), 8.25 (s, 1H), 8.40 (m, 1H) 8.61 (m, 1H), 8.72 (m, 1H). *'P
NMR (D;0, 121.5 MHz): 8 = 16.41.cis-Isomer, yield: 0.9 g (15.5 %). Elemental
analysis (%) calculated for CigH;9NNay,OgP,-0.9NaCl-2.1H,0 (610.74): C 35.40,



[0276] Exanple 51 was synthesized follow ng the general synthetic
procedures of Exanple 26 starting from 2-brono-4-fornyl phenyl butyrate.
[0277] ciweolenimasssoyi el d 0.201 g (6.7% of title conpourdTas2eviosa2powder .
11 NWR (D20): 6 = 8.57 (s, 1H), 8.4313d, J = 5.1 Hz, 1H), 7.99 (s, 1H),
7.96 (d, J = 8.2 Hz, 1H), 7.67 (d, J = 7.8 Hz, 1H), 7.43 (t, J = 5.4 Hz,
1H), 7.31 (d,H3.83, K R2%Loumdy 358450 3(33, N2.44. £ M3 (CHsN)3ngpd6t, J = 12.7

Hz, 2H), 2.73 = 7.2 .80 = 7. Hy,_ t, J =
7o b 3y G ARG ety AP R By Btk RBoby o 2
534 [M - 2H],61536- b Mz), X3 2Eeft, alH, arad MS), 3.4(13&, 2Rljcul @8 81) f6087 (m, 1H),
C181118Br NNa209P2- 1H20. 2NaC11_§30§(): C 30.23, H2.82, N1.96; found (%: C
30. 42, H 3. 33184, BY), 78R 4dplte J527.8d% WD 51 (o 1HD 663 60 181 | &&0PIzd 52 was

synt hesi zed f i e t-hat 31 C ample 26
starting fron%)'éé- @Wh%?)b?%;gf(glf ?rfl[?’[a)ér%g?\ >4 rp Me@%g?bg%@fg [ 0279]
Yield: 0.135 1r.18% . Na-salt of title conmpound as white powder,
trans-isonmer. 1HNMR (D20): 6 = 8.78 (s, 1H), 8.45 (d, J = 5.1Hz, 1H), 8.26
(d, J =8.4 H, 1H, 7.50 (dd, J =5.1, 8.4 Hz, 1H), 7.17 (t, J = 8.7 Hz,
1H), 7.01 (d,gpgampR33. Hz, 2H), 6.70 (t, J = 6.0 Hz, 1H), 3.90-3.50 (m 8H),
3.44 (t, J = 17.0sz, 2H). 31P NMR (D20): 6 = 16.42. 19F NWR (D20): 6 =
-117.27. LG M5 (ESI) for CL9H2I FN2010P2-m z 517 [M - Hr. El enental analysis
(% calculated for WD 2011/ 056589PC]/ US20 054124 126

C191- 119FN2Na2010P2. 3. 0H20 (% : C 87..08, +4:09, N 4.54; found (%: C
36.89, H 3.91, N 4.71. Exanple 5340 I:[020] Exaﬁff’?e 53 was synt hesi zed
foll owi ng the general synthetic pr Pes of Exanple 26 starting from

2-f 1l uoro-6-fornyl phenyl norpholine |4@’<5ar boxyl ate (Exanple 11).
X
|

[0236] Example 34 was synthesized following the general synthetic procedures
of Example 26 starting from 2-fluoro-5-methoxybenzaldehyde.

[0237] trans-Isomer yield: 1.25 g (24 %). Elemental analysis (%) calculated for
Ci5sH14FNNa,O3P,-0.3NaCl-2.3H,0 (522.19): C 29.85, H 3.21, N 2.32; found C
29.84,H 2.91, N 2.40. ESI MS (CH3CN): m/z 418 (100), 419 (20), 420 (1)
calculated m/z 419.24. '"H NMR (D,0, 300 MHz): & =3.37 (t, 2H, J = 17.2 Hz),
3.74 (s, 1H), 6.58 (m, 1H), 6.91 (m, 1H), 7.00 (m, 2H), 7.54 (d, 1H, ] = 5.4 Hz),
8.30 (d, 1H, J = 8.1 Hz), 8.40 (d, 1H, J = 7.5 Hz), 8.73 (s, 1H). *'P NMR (D0,
121.5 MHz): § = 16.38. '°F NMR (D,0, 282 MHz): & = - 130.08.

Example 35.
O
O)J\/\
0.0
HO ¥
/o
HO'
N
NN~

[0238] Example 35 was synthesized following the general synthetic procedures
of Example 26 starting from 3-formylphenyl butyrate (Example 4).




[0281] Yield: 253 ng (7% . Elenmental analysis (% calculated for

C191- 119Cal Fi N2010P2- 1. ONaCl. 6. OH20 (775.47): C 29.43, H 4.03, N 3.61;
found: Cw0.26M1/056584. 01, N 3.43. ESI M5 (H20) mliz 517 ( MpCx/us3diobdves ( D20,
121.5 MHz): 8 = 16.0, 15.8. (The solubélity of this calciumsalt in water
is very low, and only 31P NVR was avail able). Exanple 54. [0282] Exanple
54 was synt held23%dYiad: Dwimg(11116). flanemid] assimsib €) calpulated fur es of Exanpl e 26

C0583] i ef o Gy Neshah L TOERDTYL 6R ST b3 X ISt o 55
11-1 NWR (D203s5, 8(?&3@361%2(2%,515%!“&48 §{25)§ s 4§6§M5 -17. 1HZN D,838¢ (d, J =

7.8 Hz, 1H) (dd d, 9.0 Hz, 2H),
6. 92 (t MHZ) @-81@)7 055(rm,28fq)m6 59- 6—3%(@, M&)ﬁf 3223(m1,72P()t26Q (m,12.6 Hz,

(Dob) H (ST Bt cl Eihgm. YL PRSI RTST RGN SR 20 427 S1P

for G 8F119P2N010P2 ni z 508 [M H . El enent aI analysis (% calculated for
0. 95C181- 117F2NNa20101)2 0. 05C7H7NNa407P2. 2H20. 0. 5NaCl (% : C 34.39, H
3.39, N 2.30;Exypp¢309%: C 34.02, H 3.59, N 2.25. Exanple 55. 1 N 102841
Exanpl e 55 was synt hesi zed foll ow ng the general synthetic procedures of

Exanpl e 26 starting from 3-fl uoro-4- f:;@h@nﬁp{mm phol i ne- 4- car boxyl at e.
OH

O

[0240] Example 36 was synthesized following the general synthetic procedures
of Example 26 starting from ethyl 4-formylphenyl carbonate (Example 5).

[0241] Yield: 215 mg (9%); elemental analysis (%) calculated for
Ci7H ;7N NayO;g P»-0.9NaCl-0.8H,0 (570.29): C 35.80, H 3.29, N 2.46; found: C
35.86, H 3.29, N 2.54. ESI MS (H,0): m/z: 458 (M'-1). '"H NMR (D,0, 300
MHz): & = 8.62-7.21 (m, 8H), 6.60-6.52 (m, 1H), 4.36-4.24 (m, 2H), 3.46-3.26
(m, 2H), 1.36-1.28 (m, 3H). *'P NMR (D,0, 121.5 MHz): § = 16.7.

Example 37.

[0242] Example 37 was synthesized following the general synthetic procedures
of Example 26 starting from 4-formylphenyl 3-methylbutanoate.

[0243] cis-Isomer, yield: 0.31 g (5.0 %). Elemental analysis (%) calculated for
Ci9oH2;NNa,OgP;:1.1NaCl-2.4H,0 (622.86): C 36.64, H 4.17, N 2.25; found C
36.64, H 3.87, N 2.33. ESI MS (CH;CN): m/z 470 (100), 471 (20) calculated m/z
471.34. "H NMR (D,0, 300 MHz): & =1.00 (d, 6H, J = 6.0 Hz), 2.13 (m, 1H, J =
6.6 Hz), 2.5 (m, 2H), 3.37 (t,2H, J = 12.1Hz), 6.55 (t, 1H, J = 4.3 Hz), 7.17 (m,



102851 Yield: 0.655 g (149% of Ca-salt of title conmpound as white powder,

m xture of cis- (64% and trans- (36% isoners. 1l1-1 NVWVR (D20): 8 = 8.77
(s, 0. 36Hwvonang)ess8. 65 (s, 0.64Hcis), 8.50 (d, 0.64H cipex/USB010454104
0.36Htrans), 8.17 (m 1Htrans,cis), 117. 80 (t J = 8.4 Hz, 0.64Hcis), 7.56

(m 0.64H—cis£ 7.48(mH0 36H—trans 236H—tra cis),
6.70 (m 1H- t HAWLA8dms P37 ab(m, H), H?(@H}H):&%P&S(}ﬁl)ji%(izlf@ M f or cis,
2H-trans, cis ( 6 53- trans, 16.36-cis. LC-Ms (ESI) for
Cl 9H2I FN2010P19q}\/1r§§15)29\1¥B Ié/l%ﬁl)éﬂ i Fe%rgnt al anal ysi s (% calculated for
C19H19CaFN2010P2- 0. 1CaC12 4.0H20 (%: C 35.68, H 4.26, N 4.38, Ca 6.89;
found (%: C 546 H 3.86, N 4.39, Ca 6.80. Exanple 56. WO

2011/ 056589PCTF P BYf 054124 128 [0287] Yield: 0.128 g (3.5% . Na-salt of
title corrpound as white powder, mxture of cis- (70% and trans- (30%

i soners, contam nated with Ri sedronate (12%. 1 (D20): 6 = 8.77 (s,
0.3Htrans), 8.61 (s, 0.7Hcis), 8.46 ( J , 1Htrans,cis), 8.22

s), 8.07 (d, J = 7.2 Hz,
(m 07H-C|s) 751(rr),
t, J 5.1 Hz, 0.7Hcis),

(d, J =6.9 Hz, 0.3Htrans), 8.18q, t
0.7Hcis), 7.82 (t, J = 8.5 Hz, @7 i 7.
7.46 (m 0.3Htrans),7 .15 (m ,H&XJO8 (m, 6.8
6.69 (t, J =5.0 Hz, 0.3Htrans)g
12.3 Hz, 1.4Hcis), 3.36 (t, J =

(
J = 7.2 He, 2H), 3.43 (t, J

p36 (
HKB"Z Hz, 0. 6Htrans), 1.36 (t, J = 7.2 Hz,
3H). 31P NWR (D20): = 16.68-ci 6 46-trans. 19F NVR (D20): 6 = -116.32
(cis), -116.84 (trans). LC-Ms N ) for C171-118FNO10P2 mz 476 [M - Hy.

El | | cul f . .
0. Z?&??ﬁlemﬁf&é@ﬂo E% %Plfgé%%&gt 2 fallpyingdle sqnpyal synthefiggarocequaessn N
2.27; found (O@Exaglﬁglégartfﬂﬁ:frﬁ@ 4Dyl fifony EERIRY Bo-2T-pyrh P 488 b BiP! € 57

was synt hesi zed fol'l ow ng the general syntyhetl C procedures of Exanple 26
starting frontEsahple ®-f| uor o- 4-f or nyl phenyl carbonate. [0289] Yield: 0.100

3% . Ca- | t oo f - (789 d
Drine. " (505 W0gafy it rfRtoMANc el y5u st o fsbied fung) ©' 5 66 (s
0.78H-cis), 8C§3[21(I\ﬂNa§l(b'l-oP{ @BNanl smo @6143692()(1@ 38 832H‘3t 38162 .26 8f0dRd:(c,
0.78Hcis), 7.80 78H-Ci s), iH), 7.59 (m

0.22Htrans), 3877%8'{ 43509 2(4r§; E@HMS @Len ny/e 493)(1\7181-19 célsl)’Ml%(M) @00
2idtrans. o A bEaen. i i 5 2Hdag th ) Toeh G AT e ! =

16. 32-tr ans, 1o, ¥H)c2.98 (hOFHNER7¢ D0}, ﬁ{F3’Pm16118a)2();|13)5MHz}V5=(ES®) for
Ci 7H 8FNO10P2 z 476 [M- H. Elenmental analysis (% calculated for

Cl7H 6CaFN010P27-2H20- CaCl2 (% : C 30.83, H 3.04, N 2.11; found (%: C
30.74, H 3.42, N 2.77. Exanple 58. WD 2011/ 056589PCT/ US2010/ 054124 129

F OMe
OH
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HO
N ©
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Example 39.

[0246] Example 39 was synthesized following the general synthetic procedures
of Example 26 starting from 2,6-difluoro-4-methoxybenzaldehyde.

[0247] Yield: 256 mg (11%); elemental analysis (%) calculated for
CisHi3F2NjNa, OgP,-1.2NaCl-0.5H,0 (560.36): C 32.15, H 2.52, N 2.50; found:
C 32.04, H 2.52, N 2.53. ESIMS (H,0) m/z 436 (M*-1). '"H NMR (D0, 300
MHz): 8 = 8.72-7.40 (m, 4H), 6.82-6.52 (m, 3H), 3.80 (s, 3H), 3.42-3.26 (m, 2H).
*'P NMR (D0, 121.5 MHz): § = 16.6. "’F NMR (CDCls, 282.3 MHz): § = -113.



[ 0290] Exanpl e 58 was synt hesized follow ng the general synthetic
procedures of Exanple 26 starting from 3,5-difl uoro-4-fornyl phenyl

di et hyl caphanaisesso[ 0291] Yield: 200 ng, (3% . 1HNVR ( DPQY/USB016/0241941 ( 3H,
s), 3.05 (3H, s), 3.37-3.48 (2H, m, 1880-6.88 (3H, m, 7.47-7.54 (1H, m,
8.05-8.26 (1H, n), 8.42-8.71 (1H, n). 31P NMR (D20): 6 = 16.59. El enental
anal ysis: found C 34.70% H 3.45% N 4.7% calculated for

C171 - 116F2N2Na209P2( H20) 2. 7C 34.79% H 3.68% N 4.77% LC-Ms: (M1) mz 493
cal cul ated for*daBk*FoN200P2 494. 29. Exanpl e 59. OH O, | -00 H51, "O HO
0" | 10292] Exanple 59 was synthesized foll ow ng the general synthetic
procedures of Exanple 26 starting from nethyl o)

2- (butyryl oxy)-5-fornyl benzoate. [0293] -stqr;e]r, yield: 0.68 g (11.5
% . Elenmental analysis (% calcul gied f i 8HL9NNa2010P2. 0. 09NaCl- 1. 5H20
(591.62): C 40.60, H 4.09, N 2. @kP@ > 40%4, H 4.07, N 2.32. ESI Ms
(CH3CN): nfz 514 (100), 515 (23)0dal cylated m'z 515.35. NMR (D20, 300 MHz):

6 =0.98 (t, 3H J =7.5 Hz), 1.69¢0; 2H J = 8.1 Hz), 2.63 (d, 2H J =
8.0 Hz), 3.45 (t, 2H,-J = 16.5 HHQ3.88 (s, 3H), 6.41 (t, 1H, J = 4.5 Hz),
7.18 (m 1H), 7.40 (m 1H), 7.47 {m 1H), 7.73 (m 1H), 8.18 (m lH), 8. 33
(m 1H), 8.69 (s, 1H). 31P NWVRN 0, 121.5 MHz): 6 = 16.42. Exanpl e 60.

[0248] Example 40 was synthesized following the general synthetic procedures

of Example 26 starting from 4-formylphenyl morpholine-4-carboxylate (Example
7).

[0249] Yield: 342 mg (13%); elemental analysis (%) calculated for
C1oHoN;NayO19P,-1.0NaCl-1.0H,0 (620.79): C 36.76, H 3.57, N 4.51; found: C
36.89, H 3.50, N 4.48. ESIMS (H,0) m/z 499 (M™-1). 'H NMR (D,0, 300
MHz): § = 8.58-7.16 (m, 8H), 6.56 (m, 1H), 3.80-3.45 (m, 8H), 3.43-3.28 (m,
2H). *'P NMR (D0, 121.5 MHz): § = 16.8, 16.5.

Example 41.
OAc
O N
N oA
OH
031-0 o)
HO
.0
HO”lDI
N °
N~

[0250] Example 41 was synthesized following the general synthetic procedures
of Example 26 starting from 2,2'-((4-
formylphenoxy)carbonylazanediyl)bis(ethane-2,1-diyl) diacetate (Example 22).
[0251] trans-Isomer, yield: 677 mg (15%). Elemental analysis (%) calculated for
Ca3H26N,2NayO13P,-0.8H,0 (660.82): C 41.80, H 4.21, N 4.24; found: C 41.76, H
4.30, N 4.03. ESIMS (H,0) m/z 601 (M*-1). 'H NMR (D,0, 300 MHz): § =
8.64-7.03 (m, 8H), 6.40-6.28 (m, 1H), 4.27-4.22 (m, 4H), 3.69-3.56 (m, 4H), 3.30
(t,J =16.5 Hz, 2H), 1.99 (s, 6H). >'P NMR (D,0, 121.5 MHz): § = 16.5.



WD 2011/ 056589PCT/ US2010/ 054124 130 1 N [0294] Exanple 60 was synt hesized
follow ng the general synthetic procedures of Exanple 26 starting from

et hyl 5-fwoano/@efsor myl phenyl carbonate. [0295] trans-| somars2oigiosdids 0. 231
g (699, contam nated with Ri sedronatd1{9% . 1H NWR (D20): 6 = 8.72 (s, 1H),
8.40 (d, J = 4.5 Hz, 1H), 8.16 (d, J = 8.1 Hz, 1H), 7.44 (dd, J = 4.5, 8.
Hz, 1H), 7. SGDZSEOCZGﬂsom% yield: 284 mg((s%o@lememal SabBis((9) Qalcula«ned7fon 1H),

3. s1p N (o0 oNEObE 18R g RiRRopRaty e g d1 a0 e éEg ) for

Ci 7HL8FNOI 0P339 1z HAZ.61 [IW4-02HES]T FSere o a/2861 ra)(‘%dea»baB@@I for
0. 91C171- 116FNNa2010P2- 0. 09C7H7NNa407 2. 3H20 C 34.42, 'H'3.80, N 2.49;

found (% : CMHzgd=pgi68- B (my 8H)NE. 5?(512196]{)1,4%9(@04@537%3&%(% 4B8 g (12%.

7753 (1, 3 ARG g 3@14‘%%(@29”%%1 SO 672 (L Dl s

Hz, 1H). 4.40 (q, J = 6.9 Hz, 43(tJ:123Hz,2H),1.40(t,J:
6.9 Hz, 3H). 31P NVR (D20): 6 16 16. 19F NVR (D20): 6 - 110.124. LC-MS (ESI)
for C 7EL18FNEYmBled?y 476 [M - HT. Elemental analysis (% calcul ated for

C171116FNNa2010P2. 3NaCl (% : C 29.31, H 2.31, N 2.01; found (%9: C 28.94, H

2.67, N 2.47. Exanple 61. 0 OO WO 201 WUSZOlO/ 054124
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[0253] Example 42 was synthesized following the general synthetic procedures
of Example 26 starting from 4-formylphenyl 3-methylbut-2-enoate.

[0254] Yield: 0.12 g (2 %). Elemental analysis (%) calculated for
C19H19NNayO9P,-0.5NaCl-2.2H,0 (582.17): C 39.20, H 4.05, N 2.41; found C
39.00, H 3.88, N 2.73. ESI MS (CH3;CN): m/z 468 (100), 469 (20) calculated m/z
469.33. "H NMR (D,0, 300 MHz): & =1.97 (m, 3H), 2.13 (m, 1H), 3.36 (t, 2H, J
=16.6 Hz), 5.96 (s, 1H), 6.41 (t, 1H, J = 4.5 Hz), 7.09 (m, 2H), 7.24 (m, 2H),
7.45 (m, 1H), 8.21 (m, 1H), 8.38 (m, 1H), 8.71 (s, 1H). *'P NMR (D,0, 121.5
MHz): 6 = 16.43.

Example 43.

[0255] Example 43 was synthesized following the general synthetic procedures
of Example 26 starting from 4-formylphenyl cyclopropanecarboxylate.

[0256] trans-Isomer, yield: 0.11 g (2.1 %). Elemental analysis (%) calculated for
Ci3H17NNayOoP,-0.05NaCl-1.3H,0 (525.62): C 41.13, H 3.76, N 2.66; found C



131 [0297] Exanple 61 was synthesized follow ng the general synthetic
procedures of Exanple 26 starting from 3,5-difl uoro-4-fornyl phenyl

oct an- 2- Wwocaripsessve ( Exanple 13). [0298] Yield: 394 ngpCTa%poiombapent al
analysis (% calculated for C23H27F2NRNa2010P2. 0. 3NaCl. 0. 6H20 (651.76): C
42.39, H 4.36, N 2.15; found: C 42.27, H 4.32, N 2.32; ESI M5 (H20): nlz:
578 (M1). 1W1|\NRH($3@®, N200. NeEMS (@&%4)5@2645748(10&) 4$f+|130)4:amla(enhm/2|—|)

?'642‘iﬁ%&&‘%ﬁ&ﬁ@%ﬁ@%@%ﬁ@51%25%%“”%@?5%& > 100568 2l o 62

was synt hesi zed7fialA) s ng, 11el gasa) 7@gmﬁxhgﬂwm r¢34% Exgnpl e 26
starting fron12 foeﬁ%ﬂfhenyl i SO rop car bonat e. 31C|s | soner, vyield:
0.46 g (7.4 o Tkl SSETY) 1508 Boet ey OT AR G5

C18Hi 9NNa20105%F?0¥§;g%c31 2 %ZQO 0. ZCHBCN (630.36): C 35.06, H 4.06, N 2.67;
found C 34.81 8 ESI M5 (CH3CN): niz 472 (100), 473 (25)

cal cul ated m [B28M3ci32sonddr BdIR: (D2E, (2301). M’rE'ﬁlentBl amaﬂys&Q"/()(ialcﬁldEedeor]—-HG. ? Hz),
3.36 (t, 2H, 12.3 Hz). 4. 95 J=6.0 H 67 (t S J =
3oy o el inos R TSl By B34 N oo oo € 7 5" by).
7.74 (d. 1H, 54 (s,
1H). glP NVR %Dzoﬁﬁémw% ? §IM§(CWC %bﬁ))rgﬁg@z@gbn@@ed@% ( 0. 46
g (8.1 9%. El4fesi 4 Wal(y)sosm@/MHzal&:mlaﬂe(m @by, 1.91 (m, 1H), 3.38'(t, 2H, J

CHHI 9NNa2010P2 5 8 3 found C
38.03, H 4. 16, 1216%9615@1%1%%)7 lﬁrf‘? 2‘7‘%97(41‘@6‘)‘ 1?@%%'?%% tiEah:cul at ed
mz 473.32. I 8 36 (t
2HZ AR Gmms(wgn 122@5\4?@}1@:8@?8 ﬁ@ts%lzd(sh}ﬁ t})%@MR(Jbzc_)?’E) : |(42)
7.18 (m 2H),122. HzWﬁ?OiﬁﬁOSGSwPCT/ Us2010/ 054124 132 (M 1H), 7.43 (m
2H), 8.16 (m 1H, J = 7.2 Hz), 8.36 (d, 1H J = 5.4 Hz), 8.67 (s, 1H). 31P
NVR (D20, 121.5 MHz): 8 = 16.22. Exanple 62a. (trans) (nonosodi um sal t)

Example 44.
OQ /O\K@

HO
|\o

N. .~
[0258] Example 44 was synthesized following the general synthetic procedures
of Example 26 starting from 2-fluoro-4-formylphenyl cyclopropanecarboxylate.
[0259] trans-Isomer, yield: 0.14 g (2.6 %). Elemental analysis (%) calculated for
Ci3H16FNNayO9P,-0.2NaCl-1.3H,0 (552.38): C 41.80, H 3.12, N 2.71; found C
39.39, H3.71, N 2.71. ESI MS (CH3CN): m/z 472 (100), 473 (20) calculated m/z
473.29. "H NMR (D0, 300 MHz): & =1.14 (m, 4H), 1.94 (m, 1H), 3.32 (t, 2H, J
=17.5Hz), 6.35 (t, 1H, J = 4.5 Hz), 7.04 (m, 2H), 7.17 (t, 1H, J = 8.1 Hz), 7.35
(m, 1H), 8.08 (m, 1H, J = 7.5 Hz), 8.33 (d, 1H, J = 4.5 Hz), 8.67 (s, 1H). *'P
NMR (D,0, 121.5 MHz): &= 16.45. '°F NMR (D,0, 282 MHz): & = -129.18.
[0260] cis-Isomer, yield: 0.06 g (1.2 %). Elemental analysis (%) calculated for
Ci8H16FNNayO9P,-0.8NaCl-1.8H,0 (525.62): C 41.80, H 3.12, N 2.71; found C
35.99, H 3.36, N 2.68. ESI MS (CH3CN): m/z 472 (100), 473 (30) calculated m/z
473.29. '"H NMR (D,0, 300 MHz): & = 1.14 (m, 4H), 1.94 (m, 1H), 3.34 (t, 2H, J



[ 0302] Exanpl e 62a (PG 990) was produced as follows to obtain the

nonosodi um salt of Exanple 62 (trans): PG 990 1)

| sopr opoxiyoantiznsyissal i cyl al dehyde [ 0303] A sol ution of ealriusgéialosabyde (444
g, 3.64 nol) in acetonitrile (3.6 L) IWas treated with potassi um carbonate

(powder, 753 g, 5.45 nol) and isopropyl chloroformate (1 Min toluene, 4 L,
4 nol) was addéd6lraro.-32 tiolid, ) TRe Hampd BdmubH),0F44 (e 1H)x7.67 €d.2858 T 0 28C

during the a The B ul n a tirred for
34 days. The Tl W BRI LN el 71 Frpdta Hasr COURAEPht cd on a
rotory evaporgiy MHAI ¥ apR7. WP@IMRS(DQ@@M@MH@J@H-Q@M 1.6 L total volume
of 1:1 ethyl acetate: heptane, washed with 2x250 niL of hal f-saturated
ice-brine followed by brine, dried over nagnesium sul fate, WO
2011/056589P§%%@ﬁ%gég/054124 133 filtered and concentrated on the rotovap
finishing at M Hg to give 763.9 grans (-100 %yield) of 1, GC
purity 98.5% ii) BOC-chl orobenzyl internediate 304] Triphosgene (359.6
g, 1.212 nol) was dissolved in 2 L of toFuene ufder@ nitrogen and the

sol uti on was added over about 1 hour to_z Ne¢Jf pyridine (30 nmL, 0.369
nol) in 2 L of toluene in a 12 L &Hneck ask llequi pped wi th nmechani cal
stirrer, addition funnel with ni pda\ ptet , Cand t her nocoupl e probe, with
i ce-bath cooling, keeping the t eragture bel ow 9C. Compound 1 (desi gnated
as #1 in the schematic diagram |re§t y above) (763.9 g, about 3.635 nol)
was then added over about 3 m HSowi th a 100 nlL tol uene rinse, while the
tenperature remai ned between 6l3-6.9C. The m xture was then warned to room
tenperature over a period of nutes, warmed to 40C for 1 hour, and

hilled i i - 300
ch e i1 enobe) bl Taihe it 27 e Bora8 bl frishne (300
10C. Pyridi nGDf(EB(EBlpm_Z6 daiBing fromh Q—ﬂm&-ﬂﬁem}ﬂﬂMI slofphlolineveardayhitenut es,

mai nt ai ni ng %%ﬁ EP%rature bet ween 14-15C. The m xture was then warned to
room t enper at P)stirred for 2 hours, then filtered. The filter cake

was washed wifobeH0p /15t 8Ed: BRGNS bﬁﬁf el df et ai’l‘ﬁ?s& ?’@Y@ﬂ&fl?{%@@oron the

rotary evaporator to give tHe internediate conpound esignated as #2 in
t he schemat i cCdHadr&MNadDr®eOI2Naglyd 0} O((£9202): @38 %% §i58) W 4. NyRoymdr i ty

-90-95% . C 38.44, H 3.61, N 4.50; ESI MS (H,0): m/z: 517 (M"-1). '"H NMR (D,0, 300
MHz): & = 8.67-6.93 (m, 8H), 6.35 (t, J = 4.5 Hz, 1H), 3.75-3.50 (m, 8H), 3.32 (t,
Y =17.4 Hz, 2H). *'P NMR (D;0, 121.5 MHz): § = 16.5. '°F NMR (CDCls, 282.3
MHz): 6 = -130.0.

[0263] cis-Isomer, yield: 298 mg (11%); elemental analysis (%) calculated for
C1oH19F1N;Na,01P22.2NaCl-1.2H,0 (712.53): C 32.03, H 3.03, N 3.93; found:
C 31.92, H 3.06, N 3.88; ESIMS (H,0): m/z: 517 (M"-1). "H NMR (D,0, 300
MHz): § = 8.52-7.25 (m, 8H), 6.54 (t, ] = 5.4 Hz, 1H), 3.77-3.53 (m, 8H), 3.37 (t,
J=12.6 Hz, 2H). >'P NMR (D,0, 121.5 MHz): 6 = 16.8. "’F NMR (CDCl;, 282.3
MHz): & =-129.9.

Example 46.



iii) Drying of risedronic acid [0305] Risedronic acid (designated as #3 in
the schematic diagramdirectly above) (923.6 g) was suspended in 1.5 L of
mesi t yl erwoi2n112058582 3- neck fl ask equi pped wit h a nechanipcalussations4e4 and
Dean-Stark trap, and was heated at rdflux until was renoved fromthe
distillate and about 60 nL of water had been collected. This process took
about 1.5 hours. The m xture was cool ed and foi | t d, and the filter cake
was washed wi th heptane and puIIed dry ader ayfi ter dam The precipitate
was transferred to a 3 L flask a@d (yri d on the rotary evaporator
at maxi mum vacuum (ca 1-5 mm Hg)_,oaﬁd [00C unti|l no additional sol vent
distilled. 862.6 grans of dried rJ nic acid were obtai ned. [0306] Dried
ri sedronic acid (500g, 1.766 nol) d diisopropyl ethylamne (913 g, 7.06
nol) were suspended in acetonit ®5 L) ina 12 L, 3-necked flask, and
the m xture was heated at 70C f hours until the solution becane clear.
The m xture was cooled to roomt rrperature treated with the internediate,
WO 2011/ 05658@R6A) BS2pIe/4654 b 24nthedzaioisfiount tRe fdne2d) byhtetic Fol<dunal ) , and
the m xture heat ed éé%SCfor 38 hours The rc%ﬁictlon m Xt ure was
concentrated ¢ ’ti‘f‘\PZ stariyng e &-TppmylRhegy] cycighubaneearhexyl@gct i on mi xture
was dil uted 1 C i i g col um
( Sor bent Tec\#r?%?%]g fliesg %%&Aﬁteﬁrq %%1 }% P@n)d cé‘@eﬁrgﬁﬁg@g 5‘%%1 %%egrgﬁ% lg@%) cgl. 19x47
cm) packed i nNBt’ﬂb(I@zG)tSFIEZe@ (antH);I&,ﬁOe(d badddbsi ND 8lm(dﬁ—2&2leadHt),oni trile,

et hanol / acet Ry 01 a4 oo Beesdiems St ARG A acotort Hei 10 T2adazn

Appr oxi mat el y=3 493} f&rm rs?s@érh%l*?) W &t quémzequmdsaa@@hmemmt s and NWR

Product began eluting in action 15, and frggtl on was “nost
inpurities. Fragtizos), 2838m, déh 2. %er}d&Sr{edZHh %M@B@t@h 5&)1@64;@2@!05 6

grans of at C ] th 00 nmL of
distilled m'?%)gbagﬁg ppli éﬁkbogﬁéﬁnﬁ)er e&%@%?%ﬂ?@ (s/@dl lfl@]’ééo col um
(2.1 kg, 2.4 1s5%ad28l ﬂmadl(%)am4(1.$1qm3ob5amez e3. colum). The product was
eluted with distilled water, collecting the main band of product in 1.1 L
of water and tZP0li figrs-fsqmer:orield M?%(Edzgﬁf aoqonmlaﬁted THE Ripedeenalhs were kept
cold with an ed

| yophi li zat i 09??};?%2\31\4}??% 8&1%36% Wpii; %qf o? bgizolﬁfgz%ﬁ% mai n band
fracti ons weibétk, 184.728 @d, bnd.0, B Iﬁallﬂ{)n@ﬁ (hdt= &ﬂ&lw@r@\lﬁdys&mﬁS . The

Vol ure was apdt 1598 =S R Al edh A B 4620w ThS ket ﬁﬁb%éiﬁhi' crude
product had ey, sebyt, Q‘L'Sﬁpd) Yl%dzH)T besmﬁﬂmez\x\m s%t(hr ned. ¥Ea@Ri(Pab.y at

room tenperaturé unti| al gummy material had convertedto
free-fl owi ng &ollpde, Cﬂlﬁef@r(Rk%?1éileNéd)QQmOd@dHtNHh&fh@dH,zOt(%énCch| lled in

an ice bath i QMY re collected by
filtration anc? %Bezgv\%@t%h%aﬁoélﬁlqug é#ﬂ'—%gf cos%id%n%'\tl’&ﬁ'anol fol |l owed by about

200 nL of ether. It was then air-dried in the funnel and allowed to reach
roomtenperature. It was transferred to a tared bottle and further dried
for two days B¥ampleddphi|izer to give 59.11 g of PG 990 (Exanple 62a
(trans)) as a white powder. NVR analysis indicated that this product was a
m xture of about 85:15 trans-:cis- isomerfs (31P) and contai ned about 0.4
nol of methanol. iv) Purification [0308]-47.9 of this white powder
was recrystallized by dissolving |dH|n mL lof ter, filtering it

t hrough a gl ass mcrofi ber fllteQ\ Bnd seqd%nt dllutlon to 2.3 L with
acetone. The resulting suspensi wasnstirred at roomtenperature for 1
hour, then cooled in an ice bath foP hours, and the product collected by
WD 2011/ 056589PCT/ US2010/ 054124 o

I
N~

[0267] Example 47 was synthesized following the general synthetic procedures
of Example 26 starting from 2-fluoro-4-formylphenyl 3-methylbut-2-enoate.
[0268] frans-Isomer, yield: 0.26 g (4.5 %). Elemental analysis (%) calculated for
CioH18sFNNayOoP,-0.02NaCl-0.45H,0 (582.17): C 42.34, H 3.55, N 2.83; found



filtration and washed with 200 nL of acetone. The solids were dried in the
filter under suction overnight to give 38.13 grans (79.6%recovery) of
product awo0=ati365898% purity with <0.5%ri sedronate, <0PB¥USRotDI0BS41CE S-
compound, and about 1.1 ol % acetond2by NVR [0309] Specifically, the

trans isomer of Exanple 62 was synthesized according to the follow ng
procedures. [0320], PMIEP 30D5SHME MSI(SHBGNB}GMZdﬁﬁf(Il k4873 S hetdedated sedr onat e

G ool eon izl M RABIOSSSEARIATS 13t 3B Bl D 382 hnger e

for 1 hour, thmeuu{zg bgsqulee%gt A1 + hemH¥yas.95 (i 118¥] 7109 @) i ce- wat er
bat h and cool ed to ol uti on_of chl orocar bonat e (designated as #1 in

t he schemati cli) adlga(madﬂﬁécﬁ (mabidy 8Y08((3u 18, §= 787Hz), 85I (1. THh, 135 L of
hyd | al | d bath
tns rempved. akttiehs L8 B nb Uk G20 1A0s MtoF B o SrE ik i ©' @ P

at nospher e f oz826MeYrds= - DRI react i on m xture was poured into a 250 g of
silica gel chromatography (10.5 cm hei (%St]%4 The col um was eluted with 1.5
L of acet r oni RRP9lecistlspanery yigld: Odd s5de? smentabaebsi{rorpicalatefar second
fraction (50% 1@,@@ At 4 S t 6 g of
brown gunmmy O(F{mtl hi szb ElEjAdjsa It t%ez)nO %s (fgsalgés:ggb?’?rlggnhﬂapml Olérﬁfﬁ
Anberlite Na 3%80,éksfAanye.AoEShVS (O%TLY): iﬂ?ie48€e(sll®[)) anst (2ﬁ)>chl¢u]atadaa/zt hen

| yophilized a r 1 d, .To this | i t hanol
()éoprrL) was a %Wﬂé sg(l)(ﬁvmf)né qg)fge(svée[i) Pilfde 3g)i§§2 2{1 oom

L emperature fprs 2125‘@9'95(]8 imge. 9‘3l{Et1|fﬂﬁrJ imhg)dmro (e ) Ce23@h ermbatsh for
ours. The resulti nglso id was collécted by fil ratl on and washed with coI d

met hanol (5 nﬂLTI)ZPD) 0 mn 1 ids St 4o, tiH)] 858 (0 1H).) T PPOFRADHA 1 245 Midther

drying in the i lod rodu anple 62 (trans was

ob%/al ged as a8 g F R(Bé e@[%r%g $30%§ gEEyrrglP NI\/R( Yi el Z:I) WO

2011/ 056589PCT/ U82010/ 054124 136 Exanple 63. [0313] Exanple 63 was

synt hesi zed fol | ow t he general synthetic procedures of Exanple 26
starting fronk ga’flplﬁd‘%o 4-f ornyl phenyl i sopropyl car bonate. [0314] ,
trans-lsoner: yield 0.259 g (7% . 1H NVWVR (D20): 8 = 8.76 (s 1H) 8.41 (d,
J =4.8 Hz, 1H), 8.15 (d, J = 7.8 Hz, 1H), 741r(/dng: 7.8 Hz, 1H),
7.20- 7.04 (m 3H), 6.70 (t, J = 4.5 Hz 6.5n03 (m J 60Hz 1H),
3.41 (t, J =17.1 Hz, 2H), 1.40 (¢y 6H) . 31PNNR(D20) 8 =
16.54. 19F NWR (D20): 8 -117.0323:&@ Sl) G or CL8H2OFNOI OP2ri z 490 [ M
-Calc. for CLl81118FNNa2010P2-2 (%! CI37.84, H 3.88, N 2.45; found (%9:
C 37.83, H4.19, N 2.19. [0315] p’rgomgr yield O. 4 g (10.5%,

contam nated wth Ri sedronate ( (‘)’1H NVR (D20): 8 .57 (s, 1H), 8.43
(d, J =5.1 Hz, 1H), 7.98 (d, =N7.2 Hz, 1H), 782(t,J:8.1Hz, 1H),
7.43 (m 1H), 7.22-7.10 (m 2Hy 83(tJ:51Hz 1H), 5.00 (m J = 6.3
Hz, 1H), 3.4 J =12 H, 1 (d, = 6.3 Hz, 6H). 31P NWR
(D20): 8 = 16l0%§01 §WNW%(V@EG)‘/ thssmdlf%gloyslﬁ tﬂﬁéern%al(szﬁhyﬂmpcqﬁumzom 0P2
mz 490 [M

0. 95018HBFNNa2010g§J1%2%%%r7nH 37 O b RSP moRhgest o 92 N
2.15; found (&yboxgld(IBOGMpEe B).34, N 2. 29.

[0271] Yield: 209 mg (5%); elemental analysis (%) calculated for
CioH;3F2NoNayO19P,-1.5NaCl-2.2H,0 (707.60): C 32.25, H 3.19, N 3.96; found:
C 32.08, H 3.34, N 3.90. ESI MS (H,0) m/z 535 (M*-1). '"H NMR (D,0, 300
MHz): § = 8.74-6.81 (m, 7H), 3.76-3.39 (m, 10H). >'P NMR (D,0, 121.5 MHz):
§=16.5. ’F NMR (CDCls, 282.3 MHz, mixture of two-Isomers): 8 =-112.8 (d, J
=9.0 Hz), -113.2 (d, ] = 9.3 Hz).

Example 49.



Exanpl e 64. WO 2011/ 056589PCT/ US2010/ 054124 137 [0316] Exanple 64 was
synt hesi zed foll owi ng the general synthetic procedures of Exanple 26
starti ng woamisbisaor o- 2- f or nyl phenyl i sopropyl carbonatreT/Use®/nF4124
trans-1somer: yield 0.774 g (20.5% . 124 NVR (D20): 6 = 8.71 (s, 1H), 8.40
(d, J =4.5 Hz, 1H, 8.14 (d, J = 8.4 Hz, 1H), 7.42 (dd, J = 4.5, 8.4 Hz,
1H), 7.23 (m 1H), 7.11 (m 2H), 6.58 (t, fJ = 4.9 Hz, 1H), 5.03 (m 1H),
3.40 (t, J =- 16.2 Hz, 2H), 1.39 (d, J =_5 N6H). 31P NMR (D20): 6 =
16.15. 19F NWR (D20): 6 -110.102. lo& M5 ) flor C18H20FNOIOP2 niz 490 [M
- Hr. Elemental analysis (% cal UiraPed Tor O $HI8FNNa2002- 1. 8H20 (% : C
38.08, H 3.83, N 2.47; found (%HO 38032, H 3 98, N 2.30. [0318]
cis-lsomer: yield 0.25 g (6.5%, onf’am nat ed vvlth Ri sedronate (5% and
5-nmenber ring product (10%. 1H ©D20): 6 = 8.59 (s 1H), 8.45 (d, J =

3.9 Hz, 1H), 8.04 (d, J = 8.1 H, 783(dd J ='3.9, 8.1 Hz, 1H), 7.48
(m 1H), 7.26-7.08 (m 2H), 6.79%F, J = 5.0 Hz, 503(mJ:6.3Hz,
1H), 3.41 (t , , D20): 6
b PSR () %%g’?ﬁle% s £ ﬂ W E%Eé‘éf_%rsy% A Sen 2

490 [M - H en@?ﬁﬂlmlﬁm% ytartsig(fBdm 2 luwud- &tfeﬂnilp]nenyl dlmethylcarbamate
0. 85C18HlSFNl;EtZOlOiL%ﬁl 0. 1C18H17FNNa3010P2. 0. 05C7H7/NNa407P2. H20. NaCl1 (% : C
34.60, H 3.2 found (%9: C 34.34, H 3.41, N 2.52. Exanple 65. OH

0, -0 HO I.0 fd978 Yield: 518 mg (14%); elemental analysis (%) calculated for
C17H17F1NoNayOgP,-1.0NaCl-2.0H,0 (614.76): C 33.21, H 3.44, N 4.56; found:
C 33.20, H 3.64, N 4.49. ESIMS (H,0): m/z: 475 (M*-1). '"H NMR (D0, 300
MHz): § = 8.71-6.97 (m, 7H), 6.55-6.37 (m, 1H), 3.42-3.30 (m, 2H), 3.11 (s, 3H),
2.96 (s, 3H). *'P NMR (D,0, 121.5 MHz): & = 16.8, 16.5. ’F NMR (CDCl,
282.3 MHz): § = -130.0.

Example 50.

[0274] Example 50 was synthesized following the general synthetic procedures
of Example 26 starting from 2-formylphenyl methyl carbonate.

[0275] trans-Isomer, yield: 0.19 g (3.7 %). Elemental analysis (%) calculated for
Ci6H1sNNayO19P-0.09NaCl-2.2H,0 (534.14): C 35.98, H 3.66, N 2.62; found C
35.74, H 3.45, N 2.89. ESI MS (CH;CN): m/z 444 (100), 445 (10) calculated m/z
445.26. "H NMR (D,0, 300 MHz): § = 3.37 (t, 2H, J = 16.4 Hz), 3.88 (s, 3H),
6.55 (t, 1H, J = 5.4 Hz), 7.21 (m, 1H), 7.33 (m, 2H), 7.48 (m, 2H), 8.23 (m, 1H),
8.38 (m, 1H), 8.75 (s, 1H). *'P NMR (D,0, 121.5 MHz): § = 16.21.

Example 51.



[ 0319] Exanpl e 65 was synthesi zed follow ng the general synthetic
procedures of Exanple 26 starting from 3,5-difl uoro-4-fornyl phenyl

2- oxooxazwbi2dimseB9 car boxyl ate (Exanple 3). [0320] Yi elpdT/iB4G00641049%) .

El emrental analysis (% calculated fon2181116F2N2Na2011132-0. 3NaCl- 1. 3H20
(621.22): C 34.80, H2.69, N 4.51; found: C 34.88, H2.71, N 4.41; ESI M
(H20) mz 535 (M1). 1H NMR (D20, 300 . 6 =8.55-6.87 (m 7H), 4.51 (t,
J =7.2 Hz, 2H), 4.20 (t, J = 7.2 Hz, 056589PCT/ US2010/ 054124
138 3.36 (t, J = 12.3 Hz, 2H). 31B|—NI\/R : 115M—Iz) 8 = 16.6. 19F NWR
(CDC13, 282.3 MHz): 8 = -112.0 (%p9 Hz) Exanpl e 66. [0321] Exanpl e
66 was synt hesized follow ng t enal synt heti c procedures of Exanple 26
starting from (3-fluoro-4-fornyl heﬁoxy) met hyl butyrate (Exanple 14).

[0322] Yield: 195 my (7% ; el enefQb analysis (% cal cul ated for

Ci 9H20FI NI Na2002. 1. ONaC1. 0. 8H20 ( 22 18): C 36.68, H 3.50, N 2.25; found: C
36 77 H 3.49, N 2.28; ESI mMs} ): mz: 504 (M+1). 1H NMR (D20, 300

Mi): 8 - ! 8. Q@F&'?G]Gé,égmﬁ@ggmatséyﬁﬁe&f%fo@ @@e e ?x%tﬁébc(ﬁbcﬁg}%Z 37 (1.

31P NWMR (D20 of BXhmpld\tergtartiBig FrohH2-Brom&-46for Pbh YRGS, 282. 3 MHz) ! 8 =
-116.9. Exanpl e 67. [10323 Exanpl e 67 was S){nt hesi zed fol | ow ng the general
synthetic prd9&4llr g&lsomesyalg &20s & T Pﬁ@tff?%ﬁﬁ’@nfilaﬁfﬁ‘ﬁh&??@fvé?rnﬁphenyl

di met hyl car baggirem, N334 I oy L 29 i
cal cul ated for (7I-2|b$F§N2]I§Ia5;§|O(§ FH)OQ 4]3?(%1J 2%69}2[0’%8@82@%% yégdsj H 3.66, N
4.62: found @33{2431)51&37(411 N.8H39 H)EBM3 NG ] CHB E) 1Hjn723 14(d5] € IO}z, 476

123 o) . 5 10 B0 i = Rupa TG € sa A 3. 2.8 Bof 72 a2 L 5.1
Hz), 6.85 (t,1.90mJ =76.18, HED), 1.65 811 = 7.2 Hz, 3H). *'P NMR (D,0): § = 16.84.

LC-MS (ESI) for C1sHpoBrNOgP, m/z 534 [M - 2H]', 536 [M]". Elemental

analysis (%) calculated for C;gH;sBrNNayOyP,-1H,0-2NaCl (%): C 30.23, H

2.82, N 1.96; found (%): C 30.42, H 3.33, N 2.35.

Example 52.

[0278] Example 52 was synthesized following the general synthetic procedures
of Example 26 starting from 3-fluoro-4-formylphenyl morpholine-4-carboxylate.
[0279] Yield: 0.135 g (3%). Na-salt of title compound as white powder, trans-
isomer. "H NMR (D,0): & = 8.78 (s, 1H), 8.45 (d, J = 5.1Hz, 1H), 8.26 (d, ] = 8.4
Hz, 1H), 7.50(dd, J = 5.1, 8.4 Hz, 1H), 7.17 (t, } = 8.7 Hz, 1H), 7.01 (d, 1 =9.3
Hz, 2H), 6.70 (t, J = 6.0 Hz, 1H), 3.90-3.50 (m, 8H), 3.44 (t, = 17.0 Hz, 2H). *'P
NMR (D,0): 8 = 16.42. "F NMR (D,0): § =-117.27. LC-MS (ES]I) for
Ci19H2FN2O 1P, m/z 517 [M - H]'. Elemental analysis (%) calculated for



WO 2011/ 056589PCT/ US2010/ 054124 139 (m 1H), 7.14 (m 1H), 7.33 (m 1H),
7.47 (m 2H), 8.05 (m 1H), 8.18 (m 1H), 8.42 (m 1H), 8.55 (s, 1H), 8.61
(s, 1H). SORONNRe{8D20, 121.5 MHz): 8 = 16.50 (trans); 1®CTASe@i0AF41249F NWVR
(D20, 282 MHz): 8 =-116.65, -115.81. 1B&anple 68. [0325] Exanple 68 was
synt hesi zed followi ng the general synthetic procedures of Exanple 26
starting frorfr3HBENeNpaGhpke:- UMLKY (Hp):Khah(B, REAWYI Nebadd derende o) @33256319 H
cis-1somer: yﬂ&f‘i} 9-4265 g, white solid, contaminated with Ri sedronate
(3.59% and 5 rnerber ring product (11% 1H NWVR (D20): 8 = 8.68 (s, 1H),

8.54 (d, J = 5.1 Hz, 1H), 8.29 (d, J 6.6 Hz, 1H), 7.69 (t, 1H), 7.03 (d,
J = 9.9 Hz, 2H), 6. 92 (t, J =5.5Hz, 1H, 4.37 (q, J = 7.2 Hz, 2H), 3.48
(t, J = 12.3 Kgample)S3. 1 36 (t, J = 7.2 Hz, 3H). 31P NMR (D20): 8 = 16. 36.
19F NMR (D20): 8 = - 112.291 (d, JFF=93H2) LC- M5 (ESI) for
C171-117F2NO10P2 mz 494 [M - H erreno n y5| s (% calculated for

0. 855C17H15F2NNa2010P2- 0. 11C171114F2 . 0. 035C7H7NNa407P2- H20- Na C
(%9: C 32.66, H2.73, N 2.29; found( 3 00, H3.08, N 2.38. Exanple
69. [0327] Exanple 69 was synthesized f g t he general synthetic
procedures of Exanple 26 starting from) R) 3-((3,5-difluoro-4-

f or myl phenoxy) car bonyl oxy) but anoat e. 56589PCT/ US2010/ 054124 140
[0328] cis-Isonmer, yield: 0.35 g (4H(? El emental analysis (% calcul ated
for C20HOF2NNa2012P2- 1. 3NaCl- 3. 0H20 4P ?5) C 32.40, H 3.40, N 1.89;
found C 32.15, H 3.14, N 2.15. ESI MYPGBCN): nfz 566 (100), 568 (35)
calculated mz 567. 33. 1HN|\/R(D2013 M—|z) 6 = 1.37 (d, 3H, J = 6.3 Hz),
2.76 (d, 2H, J = 6.3 Hz), 3.40 (t, g = 12.1 Hz), 3.67 (s, 3H), 522

(sext, 1H, J %’6 = 4.
251 38 S Ot et o St
(m 1H), 8. 6lof(Bxambld26 Sadinpiient DZExprolB Yormplzenyl momhdind8-caftidkyMNdR ( D
282 MHz): 6 = _-112. 13 115. 61. Exanple 70.

(Example 11).

[0281] Yield: 253 mg (7%). Elemental analysis (%) calculated for

CioH19Ca F1NyO4oP2-1.0NaCl-6.0H,O (775.47): C 29.43, H 4.03, N 3.61; found:

C 29.61, H 4.01, N 3.43. ESI MS (H,0) m/z 517 (M*-1). >'P NMR (D,0, 121.5

MHz): § = 16.0, 15.8. (The solubility of this calcium salt in water is very low,

and only *>'P NMR was available).

Example 54.

[0282] Example 54 was synthesized following the general synthetic procedures
of Example 26 starting from 3,5-difluoro-4-formylphenyl isopropyl carbonate
(Example 12).

[0283] Yield 0.52 g (27%), white solid, contaminated with Risedronate (5%). 'H
NMR (D,0): 6 =8.67 (s, 1H), 8.51 (d, J = 5.7 Hz, 1H), 8.24 (d,J = 7.8 Hz, 1H),
7.65 (dd, J = 5.7,7.8 Hz, 1H), 7.02 (d, *Jpy= 9.0 Hz, 2H), 6.92 (t, ) = 5.4 Hz,
1H), 5.02 (m, J = 6.3 Hz, 1H), 3.47 (t, ] = 12.6 Hz, 2H), 1.37 (d, ] = 6.3 Hz, 6H).



[ 0329] Exanple 70 was synt hesi zed follow ng the general synthetic
procedures of Exanple 26 starting fromethyl 2-fornyl phenyl carbonate.

[ 0330] Yiwbdniinsé®og (3.0 % . El enental analysis (% calpculstad/ofars

Cl 7HL7NNa2010132. 0. 1NaCl. 2. 2H20 (548176): C 37.21, H 3.93, N 2.55; found C
36.98, H 3.81, N 2.47. ESI M5 ( CN): mlz 458 (100), 459 (20) cal cul ated
m z 459. 29. ﬂPNMl((Dz@) 0300044z )F NBIR- (D20 o (113824 (d, :IFFFQO&&z)) L3B- 35 (t,

2H, J = 16.2 4 11 Shfh, b )4 8 HE) . 7. 18
(d, 1H J = )(ﬁf}fsl‘?%% f(Fﬁﬁoz‘i—i)z %.ﬁ%H?’?ﬁHgl@e”’%mi‘]la“(ahys spp) 5 = 7)8 H),
8.34 (d, 1H, Ghlculfﬁecﬁﬁrﬁl))SClﬁhﬁﬁl\ﬁ\saqO}lomOOSQ%N%@EPZHQ(Q@) S@aW%‘%

16.25. Exanple 71. \\D 20117 056589PCT/ US2010/ 054124 141 [0331] Exarrpl e 71

was synt hesi zZed458l Howthd' 2.& fgurk®al: S3h0hdl P S9%pNdetdur es of Exanpl e 26
starting from (3,5-difluoro-4-fornyl phenoxy) net hyl pentanoate. 103321 Yield
400 ng (10% for cis- and trans- isonmers. 111 NWMR (D20, 300 MHz): 8 = 8.64-
8.52 (m 2H),Efampled593 (m 1H), 7.41 (m 1H), 6.82-6.70 (m 3H), 4.75 ( s,
2H), 3.43-3.3.0 (m 2H), 2.36 (t, 2H), 1.59-1.51 (m 2H), 0.81 (t, 3H). 31P
NVR (D20, 121.5 MHz): 8 =16.748, 16.688. M5 (M z: 522. Elenental
analysis (% calculated for C19H21NO1 P2Na2-2. H@Cl (567): C 34.38, H
3.80, N 2.11; found: C 34.57, H354 le 72. N/ 103331

Exanpl e 72 was synt hesi zed foII geneipl synthetic procedures of
Exanpl e 26 starting from 3, 5- dlﬁd oro 4-tornyl phenyl nethyl carbonate.
103341 Yield: 0.23 g (4.3 %. t@l analysis (% calculated for

C161115F2NNa2002. 0. 2NaC1 0. 97H2 4.39): C 34.66, H2.72, N2.53 found C
34.96, H 3.14, N 2.17. ESI M CR): nfz 480 (100), 481 (50), 484 (40)
calculated mz 481.24. 111 NMVR!(D20, 300 MHz): 6 = 3.40 (t, 2H, J = 12.6

Hz), 3.86 (s, 3H), 6.17 (m 1H)°6.49 (t, 1H J = 5.3 Hz), 6.96 (m 1H),

7.59 (m 1H), [0884]8Eksmpltidp,wa.s¢hthédizedlio)lowthgthe génera]l H}Inth&ld.ﬁroblﬂdﬁrésDZO
121.5 MHz): 8 = 16.43. 19F NMR (D20, 282 MHiz): 8 112. 24, anple 73.
VO 2011/ 05658@%@@@?@5‘3@@ 3-fluoro-4-formylphenyl morphohne-4 carboxylate

[0285] Yield: 0.655 g (14%) of Ca-salt of title compound as white powder,
mixture of cis- (64%) and trans- (36%) isomers. "H NMR (D,0): & =8.77 (s,
0.36H-trans), 8.65 (s, 0.64H-cis), 8.50 (d, 0.64H-cis), 8.44 (d, 0.36H-trans), 8.17
(m, 1H-trans,cis), 7.80 (t, J = 8.4 Hz, 0.64H-cis), 7.56 (m, 0.64H-cis), 7.48 (m,
0.36H-trans), 7.20-6.84 (m, 2.36H-trans, cis), 6.70 (m, 1H-trans, cis), 3.90-3.50
(m, 8H), 3.46 (m, J = 12.0 Hz for cis, 2H-trans, cis). >'P NMR (D,0): § = 16.53-
trans, 16.36-cis. LC-MS (ESI) for C;oH3;FN,OoP, m/z 517 [M - H]'. Elemental
analysis (%) calculated for C;oH;9CaFN,O;oP,-0.1CaCl,-4.0H,0 (%): C 35.68, H
4.26, N 4.38, Ca 6.89; found (%): C 35.46, H 3.86, N 4.39, Ca 6.80.

Example 56.

[0286] Example 56 was synthesized following the general synthetic procedures
of Example 26 starting from ethyl 3-fluoro-4-formylphenyl carbonate.



142 [0335] Exanple 73 was synthesized follow ng the general synthetic
procedures of Exanple 26 starting from 4-fornyl phenyl nethyl carbonate.

[ 0336] trwoxeiiwsessp: yield 0.327 g (11% of title conpornd/issomiosiiesd solid.
1H NWVR (D20): 6 = 877(s 1H) 8431@&1J 5.1 Hz, 1H) 8.20 (d, J =7.2
Hz, 1H), 7.46 g 30 (d, J 8.8Hz for AB-system
oH), 7.25 (d,[038F '§leéad &128&(3/@4% Iél@véﬁf 0@114}6 ccanpwmétas white pgwdenyiz, 1H), 3.94

s, 3 3 4 : I\/IS ESI

or Ci 6HL7NO1 4 (% C
o G 6L NOTBB Y S e RegANapE R By s Rl ()
35.37, H 3 9Q12%)2 H&MRQD&@) (8%8 TC(89. ﬂﬂtrahk)SSM(s N.721-24), sSafdple 74. Cl
OH 0- | 1 fl éi03374§< was_ synt hesi zed fol |l ow ng
the gener aI ﬁ%ﬁ?eﬁ{ﬂr %65@»&%@ %%HZGQ@Q ar t§ G- grns), 8.07
2- chl oro-4- f&HWLQ@Hi"O ALY, £85 Boﬁag% H[zQ?'%@chsI)rﬁ?‘FSrhs(Wﬁ y‘i’ §i(d 0.156 g

(5.5% of title conpound as white 1H NVR™( D20 , 1H),
8.47 (d, J = (#)57.Hg (m16HH- zﬁaﬁ&),’,(tﬁ(rﬂ) %.08. () Hz 84 (tH) = 571 U9, Qﬁldczx),é:6%.0 8.1

Hz, 1 7.39-7.2 6.4 = 7.2 Hz,
2H) , 5')43 (1,67 = g??‘%(’ﬁ@”ﬁﬁﬁ) ‘?igﬁ‘bj(‘t ghz,zi;%zziﬂt %H)lé%é IR (D20): 6
= 16.31. LG Ny (ESh t errléqﬁkﬂ(B@ho%Q 74,39 & 149221, sHZHIp NAR 6 léd){\?a

El enental anal ysis cal cul a1 ed for C17 T6C1NNa2010P2. 2H20. a (

33.86, H 3. 34=1N6&c3216 ﬂ@umts( NI\@BDzQB,8=1+136£a,(czN, 111884 (1ra@y). LC-

2011/ 056589PCLEeB10/ Q54 2400, 0P, m/z 476 [M - H]". Elemental analysis (%)
calculated for 0.88C;7H;sFNNay,O;0P,-0.12C;H;NNayO7P,-3H,0-NaCl (%): C
30.82, H 3.42, N 2.27; found (%): C 30.50, H 3.49, N 2.86.

Example 57.

[0288] Example 57 was synthesized following the general synthetic procedures
of Example 26 starting from ethyl 3-fluoro-4-formylphenyl carbonate.

[0289] Yield: 0.100 g (3%). Ca-salt of title compound as white solid, mixture of
cis- (78%) and trans- (22%) isomers. 'H NMR (D20): 6 =8.79 (s, 0.22H-trans),
8.69 (s, 0.78H-cis), 8.53 (m, 1H-trans, cis), 8.46 (d, 0.22H-trans), 8.32 (d, 0.78H-
cis), 7.80 (t, J = 8.4 Hz, 0.78H-cis), 7.71 (m, 1H), 7.59 (m, 0.22H-trans), 7.20-
7.00 (m, 2H), 6.85 (t, 0.78H-cis), 6.69 (t, 0.22H-trans), 4.36 (q, J = 7.2 Hz, 2H),
3.50 (m, J = 11.0 Hz for cis, 2H-trans, cis), 1.36 (t, J = 7.2 Hz, 3H). *'P NMR
(D,0): & = 16.32-trans, 16.11-cis. "’F NMR (D,0): § =-116.31 (cis). LC-MS
(ESI) for C;7H1sFNOoP, m/z 476 [M - H]". Elemental analysis (%) calculated for
Ci7H6CaFNO,¢P,-2H,0-CaCl; (%): C 30.83, H 3.04, N 2.11; found (%): C
30.74, H 3.42, N 2.77.

Example 58.



143 Exanpl e 75. [ 0339] Exanple 75 was synt hesi zed foll ow ng the general
synthetic procedures of Exanple 26 starting from 4-fornyl phenyl
2- oxooxazawbi2dimseBocar boxyl ate. [0340] Yield 217 ny (10‘1?&:T/U]SI2{)1NMR1(24D20, 300
MHz): 8 = 8.42 (s, 1H), 8.29 (m 1H) 128.14 (m 1H), 7.96-7.81 (m 1H), 7.36
(d, 2H ,7.24 (m 1H, 6.87 (d, 2H), 6.52 (t, 2H), 6. 21-6. 05 (m 1H), 4.24
(t, 2H, 3.94 (t, 2H), 3.14-3.01 (m 2H) 31P NN/R(DZO 121.5 MHz): 8 =
16. 343, 16.051. M5 (M1l) mz: 499. Ele i ) f"y\S| s (% calculated for
C181- 118N-2002Na2. 11% ri sedr onat P"%HZO (563.3): C 36.56, H 3.68,
N 4.79; found: C 36.25, H 3.30, arrpl e 76. [0341] Exanple 76 was
synt hesi zed foll owi ng the general ntd)et IFc procedures of Exanple 26
starting from 3, 5-di chl oro-4-for I(? henyl isopropyl carbonate (Exanple 15).
[0342] cis-Isoner, yield: 258 #. Elenmental analysis (% calcul ated
for G 8HL7CL2Ni Na2010P2- 1. ONaCl32. gH20 (680.67): C 31.76, H 3.11, N 2.06;
found: C 31.30, H 3.20, N 2.52. M5 (H20) mz 540 (M1). 1H NWR (D20,
300 MHz): 8 2[0895]6Eiarﬂ;§16(5|81wa§|'§}1nth6319&1 followikidthe §er§8al(s§nthét1c—prﬂ;26(ﬁrd§2 2H) ,
1.30 (d, J = H). 31P NWR (D20, 121.5 MHz):
2011/ 056589chf/11532mi®2®5@11214 ﬁ:mm3éx<aﬂ1aq>r@ %ﬁmytmsm@]dlm@wa@amtms
synt hesi zed f WkAg gt §al1 L f e 26
starting fronl?g?@hl or%’-%@frﬁ%ggés %}&}%Fﬁ%@ § %&P@I’H&% 3 OS%W
2- oxooxazol i di.Be3-4832HOnY) @8E6.38A3HUAN) 1 T.4MNS: 5!4$DHpnn) yoeRA6 (DH1M),g (2 9.
Bl ement al anaé Xés I8 ((1/?1 %lﬁ}l’ﬂl\l?\glﬁ%D];(c)))r:8=l6.59. Elemental analysis: found C

34.70%, H 3.45%, N 4.7%, calculated for C17H16F2N2N&209P2(H20)2,7 C 34.79%,

H 3.68%, N 4.77%. LC-MS: (M-1) m/z 493 calculated for C;7H;3F;N,09P>

494.29.
Example 59.
|
@) @]
i
H
0:1.0 O
HO
P
HO
Y °
N~

[0292] Example 59 was synthesized following the general synthetic procedures
of Example 26 starting from methyl 2-(butyryloxy)-5-formylbenzoate.

[0293] trans-Isomer, yield: 0.68 g (11.5 %). Elemental analysis (%) calculated
for CigH19NNayO14P2-0.09NaCl-1.5H,0 (591.62): C 40.60, H 4.09, N 2.37; found
C 40.54, H 4.07, N 2.32. ESI MS (CH3CN): m/z 514 (100), 515 (25) calculated
m/z 515.35. "H NMR (D,0, 300 MHz): § = 0.98 (t, 3H, ] = 7.5 Hz), 1.69 (d, 2H,
J=28.1Hz),2.63 (d, 2H, J = 8.0 Hz), 3.45 (1, 2H, J = 16.5 Hz), 3.88 (s, 3H), 6.41
(t, 1H,J =4.5Hz), 7.18 (m, 1H), 7.40 (m, 1H), 7.47 (m, 1H), 7.73 (m, 1H), 8.18
(m, 1H), 8.33 (m, 1H), 8.69 (s, 1H). *'P NMR (D,0, 121.5 MHz): § = 16.42.

Example 60.



C18H 5CLFN2Na2011P2- 1. 1NaCl. 4. 3H20 (750.17): C 28.82, H 3.04, N 3.73;
found: C 29.10, H 3.05, N 3.12. ESI M (CH3CN): miz 551 (100), 553 (75),
555 (30) welzoulmtssd nfz 552.73. 1H NVR (D20, 300 MHz): @CTAB28006¢1243H J =
15.9 Hz), 4.30 (t, 2H, J = 7.7 Hz), 4365 (t 2H, J = 8.3 Hz), 6.50 (t, 1H,
J=52H), 7.41 (m 1H), 7.62 (m 1H), 68(5 1H) 7.94 (s, 1H), 8.34
(m 1H), 8.45 (s, 1H). 31P NMR (D20, 1 ): 6 = 16.82. 19F NMR (D20,

282 MHz): 6 = -125.56. Exanple 78. [034 Ie 78 was synt hesi zed

foll owi ng the general synthetic proce res arrple 26 starting from

cycl obutyl 2-fornyl phenyl carbonat eo.f @846 ans | somer: vyiel d 0.129 ¢
54{(m 2

(4.6% .NVR (D20): 6 = 8.82 (s, 1H o H) , 777(dd J = 5.4, 7.8
Hz, 1H), 7.53 (m 1H), 7.38 (m 2H), ./@(d J = 8.7 Hz, 6.61(t, J =
5.1 Hz, 1H), 5.06 (m J = 7.0 Hz, IBSl(tJ=153Hz 2H) 2.45-2. 20
(m 4H), 1.84 (m 1H), 1.65 (m 1 NVR (D20): 6 WO

2011/ 056589PCT/ US2010/ 054124 145 3y 15/80. LC MB (ESI) for CoH2I NO10P2 m z
484 [M - Hr. Elenmental analysis (% calcul ated for CL9H 9NNa2010P2. 3H20
(% : C 39.12,[0804] B2ampled04as S[ymhndm(d’/ﬁom@ir&gheg¢ndfal3yﬂ8¢tid\p1@c®llres[ 0347]

gl a1 ?%ﬁerzm < f‘;é 5 03?17?53?%6‘ frl"?aet*‘i‘yggf%ﬁwﬁ{o( g%ol)m-‘/épq“fgyf‘iarb%l(a% 5.2 Hz, ?Eﬁ ,
5.07 (m J = [T)ZQS]HZran.a-@)mei% yaedd(0. 23}] SJ cgnthﬂmnazéﬂ) witl R@d%ngt@, g} ’
Or

1.86 (m 1H) 1H). "31P NMR = 15.71. LG MS
C19H211\ 1010P2ihMR zp)[ V=878 (s, b et @ T ad Yei BHY, 816441 kw altléa for

C19H19NNa2010ﬁ%N% ﬁ?ﬁg JZN{itgl?(l %.lﬁ) %2,@2]20%{‘31%3 %% ()ggfn fzﬁ %d58(

34.10, H 3.60 Exanple Syn heS|
fol | owi ng theJ :garvema,llfs)ymtmequc; V)QC}QszHII)E$4@(t &amlfez 261)§1 a7 (tl ng 7f2( om
4-f ornyl phenyl @hg acet ate. [0349],trans-|soner g(29%.

El ement al  anali§s] MR QaPxt&ad 1949 B AUBNRaOIr2- IGOé)ﬂédinM%Hzo

620.48): C c VS
(RN 2 S§)1f°106 1 EgoNpEpioand MMPHIC Eliindifl Bzt Bibuiiea o5 1
(D20, 300 M-|2991(617H16F1\B&z©t01’2 QROCIHANNZRPHEHL0 86D 3442, HHB S06NZHAt, 1H, J
= 6.3 Hz 7.23 (d, 2H, J = 8.1 Hz), 7.39

5H), 8. 111 (m%fﬁég){?)%[%d'%zllﬁ% 8@4%] 2H§ 8.68 (s, 1H). 3)1P NMVR (E)?O,
121.5 MHz): 6[029816 cA9sorh&3%R1d G358 b $01%8Y. | HWMR D,0):33-9. 6(25531 8.4%l ement al
analysis (% cal cul ated for C22H19NNa209P2- (2:1 3. 3H20 48): C

41.07, H 3. 70(s, NIR 811®.(df b Idz41®1)7%83|ét,3ﬂ>,8Hm PHEG.53gs), | 1@4@@&) 504

(100), 505 (5 0 c 505. 0,
3.38 (t, 2H, 21, ggﬁif)zf b tﬁfi‘mﬂ?‘q b ?3’6‘?%%%% 1@%3‘ 2 s (d
2H, J = 7.5 HZH) 14046 JEn%.9%H) 3HY. 3'511NMR(1215®)) 571663, {8, NNIR, (DJOF 8- 4 Hz), 8.08
(m 1H J=75H) 843 (m 1. 857 (s, 1H). 310 NWR (D20, 1215 Mi):
6 = 16. 69. 110.124. L.C-MS (ESI) for Ci7H;sFNOoP, m/z 476 [M - H]. Elemental analysis

(%) calculated for C17H;sFNNayO1oP,-3NaCl (%): C 29.31, H 2.31, N 2.01;

found (%): C 28.94, H 2.67, N 2.47.

p?

O

Example 61.

!
N. .~



WD 2011/ 056589PCT/ US2010/ 054124 146 Exanple 80. Ove OH 1C) | -0 HO, | 21 .0
1?" HO1 0 [03511 Exanple 80 was synthesized foll ow ng the general

synt het i cwpnrotiedesses of Exanple 26 starting from PCT/US2010/054124

2, 6-di fl uoro-3-nmet hoxybenzal dehyde. [18852] Yield 0.135g (4% of title
conpound as white solid, mxture of cis (40% and trans (60% isoners. 1H
NVR (D20): 6 [2%7IgkExqmsple@larestsyathesizedgfoBewing, the general isgythet®: Bacqdyres) = 5. 7

Hz, O0.6Ht .50 J = 5, .. 0. 4 i 8..44 5 7. Hz,

0 brt ey et 26 Slarhe Trapy 9 sifudtortbsthStne Ry Biah pwesiboiah M
Hz, 0.6Htran®kampledB)(dd, J = 5.7, 7.8 Hz, 0.4Hcis), 7.28-6.90 (m 2H),
6.84 (t, J =5.1 H, 1H-trans ,cis}, 6.38 (t, 0.44Htrans), 3.90 (s,

1.2 cis), 3.[188981sY1eld:gQ4mmg(l3po). Blagental analysis €4) caleylated fFH- t r ans), 3. 46
t, J = 12.9 \ I .. J : T hS, A4-1rans. 19F
Nk {020y & SHRa IR0 MBS 1 78, T AR £58: b foia? 00
-125.182 (J :C12.971-12[,4.32',$1)2.32;J%MS|€6H§O):%1/|2:5978I-QIM+-;)E&m&;gMRl(lﬁz(N,lB(%(Egl]2 for
C151 - 115F2NO 36 [M- Hr.. Elenmental analysis (% calculate or
Lot SN 2 QBPE) B 3536 s ien. 115 432 (3 195 341 3256, R L0 SRy (o -
32.11, H 3. 4861l ApdnrExaoRl£1.8 hnit)0853le £4Br801% rﬁrllm\ﬁ@g)ésl%{,@s'@%ﬂ zed

h
followi ng the géneral synthetic procedures of Exanple arting from
2- chl or o- 4- f ovildz):piverdil2.2- oxooxazol i di ne-3- car boxyl at e.

Example 62.

[0299] Example 62 was synthesized following the general synthetic procedures
of Example 26 starting from 2-formylphenyl isopropyl carbonate.

[0300] cis-Isomer, yield: 0.46 g (7.4 %). Elemental analysis (%) calculated for
C1sH19NNayO,oP,:0.9NaCl-2.9H,0-0.2CH3CN. (630.36): C 35.06, H 4.06, N
2.67; found C 34.81, H 3.95, N 2.83. ESIMS (CH;3CN): m/z 472 (100), 473 (25)
calculated m/z 473.32. "H NMR (D,0, 300 MHz): § = 1.33 (d, 3H, J = 6.3 Hz),
3.36 (t, 2H, J = 12.3 Hz), 4.95 (sept, 1H, J = 6.0 Hz), 6.67 (t, 1H, J = 4.5 Hz),
7.21(d, 1H, J = 8.4 Hz), 7.39 (m, 1H), 7.47 (m, 2H, J = 7.8 Hz), 7.74 (d, 1H, ] =
7.8 Hz), 8.05 (m, 1H, J = 8.1Hz), 8.40 (m, 1H), 8.54 (s, 1H). *'P NMR (DO,
121.5 MHz): § = 16.08.

[0301] trans-Isomer, yield: 0.46 g (8.1 %). Elemental analysis (%) calculated for
C18H19NNayO4oP2:0.7NaCl-2.5H,0 (564.38): C 38.29, H4.21, N 2.48; found C
38.03, H 4.16, N 2.49. ESIMS (CH3CN): m/z 472 (100), 473 (25) calculated m/z
473.32. "H NMR (D,0, 300 MHz): 8 =1.32 (d, 3H,J = 6.3 Hz ), 3.36 (t, 2H, J =
16.6 Hz), 4.96 (sept, 1H, J =5.5 Hz), 6.55 (t, 1H, J = 5.1 Hz), 7.18 (m, 2H), 7.31



WO 2011/ 056589PCT/ US2010/ 054124 147 [0354] Yield: 0.33 g (5 % . Elenental

analysis (% calculated for C 8HL5CIN2Na2011P2-1. 1NaCl. 3. 8H20 (676.03): C
31.98, HWOWG11/0%3%914; found: C 31.76, H 3.13, N 4.11. ESE/USSH();@EB@N): m z
533 (100), 535 (30) cal cul ated mlz 53& 74. 1H NVR (D20, 300 MHz): 6 3.37

(t, 3H 3 =12.7 H), 4.25 (t, 2H J = 7.8 4.52 (t, 2H, J = 8.4 Hr),
6.54 (t, 1H, @,3H3, 43-&131 23):@66((1% 1M = 772§9) (Srﬁ6(!1H)H J7—é(31}(1g),8§[l|)(s 7.80

s, 1 o w18 8.52 (s, 1H). 31P NMR
EDZO F|)1215rL\l}Hz))MPéI‘lﬁle(t]?%’2 )Sglé(%oqu\n oou(41.gl)m,1'1?1 HO 0

1 [0355] Exanple 82 was synt he5| zed foll owi ng the general synthetic
procedures of Exanple 26 starting from 2-fornyl phenyl

2- oxooxazol i dixanple 63adgxydmenosqaasralt el d: 0.33 g (5.3 % . El enental
analysis (% calculated for C181-119N2Na2011P2. .3NaCl.3. 7TH20 (628.47): C
34.40, H 3.75, N 4.46; found C 34.39, H 4.07, N - ESI M5 (CH3CN): niz
499 (100), 500 (24) calculated mz 500.30. X (D20, 300 MHz): 6 = 3.04
(t, 34 J = 16.5 Hz), 3.99 (t, 2H, J 8.1 c>4 21 (t, 2H, J = 16.3 Hz),
6.24 (t, 1H, J = 4.5 Hz), 6.91 (m 1H)°N’='6 98>(m 2H), 7.17 (m 1H), 7.92
(m 2H), 8.11 (m 1H), 8.37 (s é-i—Fb 0, 121.5 MHz): 6 = 15.88.
Exanpl e 83.

[0302] Example 62a (PG 990) was produced as follows to obtain the

monosodium salt of Example 62 (trans):

A ke
0.__0
OH  isopropyl! chloroformate 0" "0 a) triphosgene, cat. \’4
OA© 1M in toluene - ' pyridine \A 0
— e
pyridine b) -BUOH, pyridine O\[(O
O Cl

/ HoQ\ /OH s Hoo\ /ONa 9 /k
jon exchange O

\p )
Diisopropylethylamine, recrystalhzatlon / @

CH3CN
DIPEA salt

PG 990

i) Isopropoxycarbonylsalicylaldehyde
[0303] A solution of salicylaldehyde (444 g, 3.64 mol) in acetonitrile (3.6 L) was
treated with potassium carbonate (powder, 753 g, 5.45 mol) and isopropyl
chloroformate (1 M in toluene, 4 L, 4 mol) was added over 1 hour. The
temperature of the mixture rose to 28°C during the addition. The resulting
suspension was mechanically stirred for 3-4 days. The mixture was filtered and
the filtrate was concentrated on a rotory evaporator (rotovap). The residue was
taken up in 1.6 L total volume of 1:1 ethyl acetate:heptane, washed with 2x250

mL of half-saturated ice-brine followed by brine, dried over magnesium sulfate,



WO 2011/ 056589PCT/ US2010/ 054124 148 [ 0357] Exanpl e 83 was synt hesi zed
follow ng the general synthetic procedures of Exanple 26 starting from

3, 5-di f | wwoaed/dsessay| phenyl 5, 5-di net hyl-2- oxooxazol i diPngAB2@anbazyl at e
(Exanple 16). [0358] cis-Isoner, yielld8 312 ng (10% . El enental analysis
(%9 calculated for C20HL8F2N2Na2002. 0. 5NaCl- 1. 8H20Qé§69' 9;{): C 35.86, H
3.25, N 4. 18;fifgethend engenteed o the 1gfovap fnishgng pgp0° gip £1V863 (M- 1) .
1

H NVR (D20, 87 (t, J = 5.7 H, 1H),
3. 40 (s( %%%%45%%“?)0% éééjﬁczlg%wnt?%zsﬁ , ( 31P NVR (D20, Mors
Miz): 6 = Y 1951)Nnaqmt&>exﬁ§m3ermaﬁate6 BSEPHIE 0(d J =93 H).

Exanpl e 84. Qv ro 0-1, 00 HO4 HO O 359] anpl e 84 was synthesi zed
Fol | bwi ng i hllgile THPRaSTIEDD & toi Gl SRR LB A PRepne 1261 Glisnt PG r om

4-formyl-2- ”Eﬁlt}g%‘éﬁ%%%f% sdlét?cﬂf \9£’sVAdd% BQQJ%BFtalt %ﬁ?glrnﬁ&ﬁ:?éoéﬁ&’ﬂ‘ﬁ{ yield:

0.93 g (15 ¢ mental anal ysis cal cu
C19H2 1NNa2011(:BQ 10 .053CGh012 1r62-|2£bf(t612&16319)a. 120 36166R flagk efpudpped With. 25; found C

36.54, H 4.53, N 2. 15.. ESI Z 502 100 503 cal cul at ed
mz 503.34. TRRfeR aég@ &,%%C?‘gnh nitr%gfn(l 1 thermo g@@&‘ be.3. 34 (t,
2H J = 17. 2 1ce3)a§f>cdo$mga@eimﬁ tl@é—teﬁ?@f&ure%ﬂow@"ﬁ Qjognﬂ'c%)hd 16. 38 (t, 1H J

= 5.4 H), 6.87 (m 2H), 7.13 ), 7.37 (m 1H), 8.14 (m
1H J=28.1 Hzl)mgl&t@iw#ﬂ in the schematic diapeay digecily abeve) (1439 814boNMR63 D20,

121.5 NHZ) 6mc_>l) was Etshen ad\c/i\% 8\9&1{, 5[%5%1%1%9/&{%20}86 Oi l%ene rinse, while the
temperature remained between 6.3-6.9°C. The mixture was then warmed to room
temperature over a period of 30 minutes, warmed to 40°C for 1 hour, and chilled
in an ice bath. Tert-butanol (277.6 g, 3.745 mol) in toluene (300 mL) was added
over about 10 minutes whilst maintaining a temperature below 10°C. Pyridine
(273 mL, 3.354 mol) was then added slowly over 35 minutes, maintaining the
temperature between 14-15°C. The mixture was then warmed to room
temperature and stirred for 2 hours, then filtered. The filter cake was washed
with 500 mL toluene, and the filtrate was concentrated on the rotary evaporator to
give the intermediate compound 2 (designated as #2 in the schematic diagram
directly above) (1.201 kg, 96% yield, NMR purity ~90-95%).

iii) Drying of risedronic acid
[0305] Risedronic acid (designated as #3 in the schematic diagram directly
above) (923.6 g) was suspended in 1.5 L of mesitylene in a 3 L 3-neck flask
equipped with a mechanical stirrer and Dean-Stark trap, and was heated at reflux
until was removed from the distillate and about 60 mL of water had been
collected. This process took about 1.5 hours. The mixture was cooled and
filtered, and the filter cake was washed with heptane and pulled dry under a filter
dam. The precipitate was transferred to a 3 L flask and further dried on the rotary
evaporator at maximum vacuum (ca 1-5 mm Hg) and 100°C until no additional
solvent distilled. 862.6 grams of dried risedronic acid were obtained.
[0306] Dried risedronic acid (500g, 1.766 mol) and diisopropylethylamine (913
g, 7.06 mol) were suspended in acetonitrile (5 L) in a 12 L, 3-necked flask, and
the mixture was heated at 70°C for 2 hours until the solution became clear. The

mixture was cooled to room temperature, treated with the intermediate,



149 [0361] c
cal cul ated f
2.25; fouwmo?2

Hz), 3.38 (t,

6.54 (t, 1H, QPmpogng@2yER01 kgzﬁ%WODmndthemx mhezmi at§5?§32f0(rﬁ$ hmwrs J

Is-lsomer: yield 0.62 g (10 %9 . Elenmental analysis (%

or Cl9H2I NNa2011P2. 0. 5NaCl. 2. 5H20 (621.59): C 36.71, H 4.22, N

@BB6HS, H 4.38, N 2.22. ESI M5 (CH3CN): nf 2CSAB21008)124 503
(23) calculated nfz 503.34. 1H NVR (D20, 300 Miz): 6 = 1.33 (d, 3H J

6.3

OH, J = 12.3 Hz), 3.85 (s. 3H), 4.43 (sept, 1H J = 6.0 Hz).

7.5

55 0,20 0 W pdadnilendt boudtiubb B 4E2u KeheR e, Shisog o) ©

synt hetic pr

2- (acet oxynet rrolidi ne-1carboxyl at.e | e
( d %E&ﬁm (§9fb§nf("5/eche@r>w¥9@ §>z7r5 mthza 91a.3kgpcas 20

(29% . Elene

oeeciohasixafre Baadidhted 6thsit Bot hd’tg)rﬁﬂi’m&cﬁ)faﬂaﬁ;ﬂlém zpbiﬁeall
né

R S T

6.59-6. 42 (mZ(HLDlO‘VodrndtﬁamI/hﬁet()mitrilBHL3B‘%612ﬁef&aﬁcﬁl/a(cﬂnoni4ﬂ'i-l)e 82,9365 1. 85 (m 7H).

31P NMR ( D20,
2011/ 056589P
followng th
(S)-3,5-difl

ﬁ?@@%ﬁ@éﬁ@%&*ﬂ%ﬂf@% I éé%‘% m@%aw%@@e%ﬁw&s sﬁ)t hesi zed

e[09gne @m%ﬁw@tv Gughos P eAMERer bolRAPIR R81y5LdbF MiSaddr Om

(acet oxynet hyl ) pyrrol i"di ne- 1- car boxyl at e

uor o-4-

0363] Yield: 856 ng

(Exanpl e 18). NMIBGEKdeté)Ie@n @ﬁtlm@n(f@%mn Eﬁ,eamérftaatlomaam sy caI cul at ed

for C22H22F2
f ound:

I\ll%ll\p%% 1€8. Flragtll\(l)ancs:]IS?Zlelv_lle(é) cgmgmeg ahd evaporate(? to give 36550 6 grams

of a thick oil. This oil was dissolved with agitation in 300 mL of distilled water
and applied to an Amberlite IR120(plus) sodium form column (2.1 kg, 2.4 L bed
volume in an 11 cm diameter column). The product was eluted with distilled
water, collecting the main band of product in 1.1 L of water and tailing fractions
in 400 mL of water. The fractions were kept cold with an ice bath. The fractions
were divided into 6x1200 mL lyophilization flasks, frozen, and lyophilized for 3
days. The main band fractions weighed 194.23 g, and the tailing fractions
weighed 3.65 g. The combined fractions were treated with methanol and water
(30 mL) (total volume was about 1.1 L). A white precipitate began to form
before the crude product had entirely dissolved. The mixture was stirred
mechanically at room temperature until all of the gummy material had converted
to free-flowing solids, then was stirred an additional hour, then chilled in an ice
bath with stirring for 2 hours. The solids were collected by filtration and washed
with about 200 mL of cold methanol followed by about 200 mL of ether. It was
then air-dried in the funnel and allowed to reach room temperature. It was
transferred to a tared bottle and further dried for two days on a lyophilizer to give
59.11 g of PG 990 (Example 62a (trans)) as a white powder. NMR analysis
indicated that this product was a mixture of about 85:15 trans-:cis- isomers (*'P)
and contained about 0.4 mol of methanol.

iv) Purification
[0308] 47.9 grams of this white powder was recrystallized by dissolving it in 720
mL of water, filtering it through a glass microfiber filter, and subsequent dilution
to 2.3 L with acetone. The resulting suspension was stirred at room temperature

for 1 hour, then cooled in an ice bath for 2 hours, and the product collected by

3. 50;



C 32.96, H3.75 N 3.42. ESI MS (H20) mfz 591 (M+1). 1H NMR (D20, 300
Miz): 8 = 8.66-6.80 (m 7H), 4.36-4.12 (m 3H), 3.57-3.25 (m 4H),
2.06- 1. SAWOP1IMIH58931P NVR (D20, 121.5 MHz): 8 = 16.8, PETMS200M5MRR
(CDC13, 282.3 MHz): 8 = -112.8. Exanpb® 87. [0366] Exanple 87 was

synt hesi zed foll ow ng the ener al nthetic procedures of Exanple 26
starting frorfilzatignadovashe Wmﬁ}?lﬂ&ﬂéhgpfW@oﬂ"élzéph@lmegﬂe@m%é@qe"at e.

[0367] trans 6 o 76 (s, 1H)
b L o= o tiof byt §ysd FE metdo bod b I opliyee & 7°, (5 7!
Hz, 1H), 7. 36-abbut 9B% plkitl with <0.64 risedidmafe0.3¥) of the 45- {dmpohing, #hd8 Hz, 1H)
4.59 (t, J = 8.25 Hz, 2H), 4.30@4 J =825H, 2H), 3.41 (t, J = 17.2 He,
oH). 31P NVRaPepoY mol % agstons byNMRNR (D20): 8 = - 129, 192. LC-MS (ESI) for
C18HI 7FN2011P2 mz 517 [M- H]. Elenmental analysis (% calc. for

Cl 8E115FN2Na2011P2-3H20 (% : C 35.08, H 3.43, N 4.55; found (%: C 35.49, H
3.63, N 4. 20.[03@H6Sjecificullystbererns isomeroDEROED1g 62 1ASGynilitdiaNR(DROYE: 8 =
8.64 (s, 1H) 8.19 (d, J = 8.1 Hz, 1H), 7.66-7.37 (m 4H),
6.60 (t, tat@%ygwmg%%dws(t 3=8.2H, 2H, 4.30 (t, J =8.2 H.
2H) 3.46 (t. J = 12.6 Hz, 2H). 31P NMR (D20): 8 = 16.61. 19F NVR (D20): 8
= -129.084. LC-Ms (ESI) for G 8H 7FN2011P2 mz 517 [M - FI])>—El enental
analysis (% calc. for WD 2011/056589 87(%2 2010/ 054124 159

C181- 115FN2Na2011132. 2. 5H20. 1. 5Na®1~(9 : 1.11, H 2.90, N>71003 f ound
(%: C31.53, H3.17, N@PYe. Ey [ 0369] Ot%?npp 88 was

synt hesi zed fol | ow ngH@ &her’ %gt (Procedid, 8 @I e 26
starting from 2-ch -p03 ield: 0.29 ¢

—QHHTY
(4% . Elenental afal ysisy'($Q caldéed.ahed for o ONa
C22H 8NNa2C109P2- 1-8BNaCl. 3. 5H20. 0. 2CH3CN ( 731. C 36.80, H 3.53, N 2.30;

S R B A R
mmol), anhydrous acetronitrile (75 mL) and diisopropylethylamine (30 mL,
172.8 mmol). After stirring at 45°C under N, for 1 hour, this mixture became
clear, and then was stirred in an ice-water bath and cooled to 5°C. A solution of
chlorocarbonate (designated as #1 in the schematic diagram directly above) (31.0
g, 77.7 mmol) in 35 mL of anhydrous acetronitrile was injected into the cooled
mixture. The cold bath was removed and the resulting mixture was stirred at
30°C under N, atmosphere for 6 hours. This reaction mixture was poured into a
250 g of silica gel chromatography (10.5 cm height). The column was eluted with
1.5 L of acetronitrile, then 1.5 L of 50% methanol/acetronitrile. The second
fraction (50% methanol/acetronitrile) was concentrated to give 28.96 g of brown
gummy oil. This DIPEA salt then was passed through a 200 g of Amberlite Na*
ion-exchange column.

[0311] The resultant mixture was then lyophilized and produced 18.15 g of
orange solid. To this solid, methanol (60 mL) was added and the resulting
mixture was first stirred at room temperature for 2 houré, then further cooled in
the ice-water bath for 2 hours. The resulting solid was collected by filtration and
washed with cold methanol (5 mL x 2), then acetronitrile (10 mL).

[0312] After further drying in the lyophilizer, 3.35 g of product (Example 62
(trans)) was obtained as a white powder, pure frans-isomer, by >'P NMR. Yield:

15%.



3.40 (s, 1H), 6.50 (m 2H), 7.26 (m 1H), 7.41 (m 7H), 7.72 (m 1H), 8.03
(m 1H), 8.42 (m 1H), 8.55 (s, 1H). 31P NWR (D20, 121.5 MHz): 6 = 16.53.
Exanpl e 890 20nm356580 [0371] Exanpl e 89 was synt hesi zed falrlusasmngs4ibe
general synthetic procedures of ExanpBe 26 starting from
3-fluoro-4-fornyl phenyl 2- oxooxazol i di ne-3- carboxyl ate (Exanple 19).
[0372] Yield: 370 (139 . Elenental analysis (% calculated for

Ci 8H15FI N2Na 1311 6§ 1H20 (600.10): C 36.03, H 3.22, N 4.67; found:

C36. 17, ; 1. ESI M5 (H20): mz 517 (M1). 114 NWR (D20, 300
MHz): 6 = 870702(m7H) 6806C1_p(m1§i) 4.53-4.47 (m 2H),
4.21-4.10 (m 2H), WD 2011/056589P 152 3.42-3.28 (m 2H).
31P NWR (D20, 121.5 MHz): 6 = 16‘@7? 016, q(KIVR (CDC13, 282.3 MHz): 6 =
-116. 1, -116.7.- Exanple 90. 0 Qg P

Ho’ﬁ
N °
N

[0313] Example 63 was synthesized following the general synthetic procedures
of Example 26 starting from 3-fluoro-4-formylphenyl isopropyl carbonate.

[0314] trans-Isomer: yield 0.259 g (7%). '"H NMR (D,0): & = 8.76 (s, 1H), 8.41
(d,J=4.8 Hz, 1H), 8.15(d, J =7.8 Hz, 1H), 7.41 (dd, ] = 4.8, 7.8 Hz, 1H), 7.20-
7.04 (m, 3H), 6.70 (t, ] = 4.5 Hz, 1H), 5.03 (m, J = 6.0 Hz, 1H), 3.41 (t,J=17.1
Hz, 2H), 1.40 (d, J = 6.0 Hz, 6H). >'P NMR (D,0): § = 16.54. ’F NMR (D,0): &
-117.032. LC-MS (ESI) for CsH0FNO1oP; m/z 490 [M - H]". Calc. for
CisH1sFNNay0,0P,2H,0 (%): C 37.84, H 3.88, N 2.45; found (%): C 37.83, H
4.19, N 2.19.

[0315] cis-Isomer: yield 0.4 g (10.5%), contaminated with Risedronate (5%). 'H
NMR (D,0): 6 =28.57 (s, 1H), 8.43 (d, ] = 5.1 Hz, 1H), 7.98 (d, ] = 7.2 Hz, 1H),
7.82 (t,J = 8.1 Hz, 1H), 7.43 (m, 1H), 7.22-7.10 (m, 2H), 6.83 (t,J = 5.1 Hz, 1H),
5.00 (m, J = 6.3 Hz, 1H), 3.41 (t, ] = 12.3 Hz, 2H), 1.37 (d, J = 6.3 Hz, 6H). *'P
NMR (D;0): & = 16.78. 'F NMR (D,0): & =-116.361. LC-MS (ESI) for
C1sH2FNOoP, m/z 490 [M - HY'. Calc. for
0.95C;3H;3sFNNay01¢P,-0.05C7H7NNasO;P,-0.6H,O-2NaCl (%): C 32.23, H2.92,
N 2.15; found (%): C 32.60, H 3.34, N 2.29.

Example 64.



O, 1 -OPHO,1 7D.0 HOil ol N[0373] Exanple 90 was synt hesized foll ow ng
the general synthetic procedures of Exanple 26 starting from 2-fornyl phenyl
acet at e. Woaﬁ'lﬂl]'os&ﬁsel d 330 ng (10%; cis and trans i sonmePsT/Us2010/0B0R ( D20,
300 MHz): 6 =8.73 (s, 1H), 8.37 (d, 13H), 825(d 1H), 810(m 1H)
759713(m 4H), 6.59 (t, 1H, 3.36 (m 2H), 2.36 (s, 3H. 3113 NMR (D20,
121.5 MHz): d0316l6Egoaple b wavisthesized faligwing|thergemesdl sprthetiosprocqduges

| cul ated f 1214 Na 462 H 3. 81,
N2 52 found RIS DRGEE g e s o R 01 was
synt hesi zed fioBiTwiramgs- Isbﬁ’leﬂ%fﬁkﬂd al77a>gr(tbg%)c HPNMEADs@S 56f 8 Exaphy, 26
startlngfrom4forrrylg Y F%éz oxo%rolldlne lcar boxyl at e.
Eggz/g] a?n{lde![(rj PH6h T § 41580 15}, 8‘51|4t(ldeJ C(i tnidDad 4tdd.d sHPi &4Hﬁakfgb;ﬁsg)f cis
8.55 (s, 0. Lo it qﬁ) Z%ﬂ&(gmﬁéﬁﬁ - Fp g, 18y ?@32&1 i) 33 5 1

Hz, O. 41Htralms3Hz,82Hp1(3@ (d,]J 6. 1z, 162T). DP NMR(DaO%:)5, = 7695 ‘€ENM1’1 8.1 Hz,
0.59H ci s), a} .5 WD 2011/ 056589PCT/ ;52010/ 054124 153 Hz for
AB- syst em 1(3_38 A d)¢ 1924[6CM91SE% or{ 18 ENQefind/z@P8YM 6o (t, J = 5.1

' ementaPanatysis{%) ¢ a 0 % 9
EZH) 3523 C'mslél Entdi n(aizy is%) %1&1'%1‘9(:%1"1*161@9%013231%(& /%%:PmNﬁ/% (BEO) o

= 16.81-cis, HB8. %ONZ‘#"arfeund ) 5288(IE’SH398)JN221)1124N2010P2 mz 525 [M- Hr.
= emental angils (gl SIS, 08 SORARNNERAOEALRR, () %020
5-member ring product (10%). 'H NMR (D,0): & =8.59 (s, 1H), 8.45 (d, J = 3.9
Hz, 1H), 8.04 (d, J = 8.1 Hz, 1H), 7.83 (dd, J = 3.9, 8.1 Hz, 1H), 7.48 (m, 1H),
7.26-7.08 (m, 2H), 6.72 (t, J = 5.0 Hz, 1H), 5.03 (m, J = 6.3 Hz, 1H), 3.41 (t,J =
12.5 Hz, 2H), 1.41 (t, ] = 6.3 Hz, 6H). *'P NMR (D,0): 6 = 16.15. '°F NMR
(D20): 6 =-110.189. LC-MS (ESI) for C;gH0FNO;(P, m/z 490 [M - HY.
Elemental analysis (%) calculated for
0.85C;sH13sFNNay01P,-0.1C3H;7FNNa3O10P,-0.05C;H7NNasO7P,-H,O-NaCl
(%): C34.60, H 3.22, N 2.31; found (%): C 34.34, H 3.41, N 2.52.

Example 65.
//\O
F 0 N
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[0319] Example 65 was synthesized following the general synthetic procedures
of Example 26 starting from 3,5-difluoro-4-formylphenyl 2-oxooxazolidine-3-
carboxylate (Example 3).

[0320] Yield: 545 mg (19%). Elemental analysis (%) calculated for
CigHi6F2NoNayO;1P2-0.3NaCl-1.3H,0 (621.22): C 34.80, H 2.69, N 4.51; found:
C 34.88, H2.71, N 4.41; ESIMS (H,0) m/z 535 (M*-1). '"H NMR (D,0, 300
MHz): 6 = 8.55-6.87 (m, 7H), 4.51 (t, J = 7.2 Hz, 2H), 4.20 (t, J = 7.2 Hz, 2H),



Exampl e 92. [0377] Exanple 92 was synthesized foll ow ng the general
synthetic procedures of Exanple 26 starting from 2-fornyl-4-nethyl phenyl
2- oxooxazwbi2dimseB9 car boxyl ate (Exanple 20). [0378] ci eciramsowo/oyiled d: 313
ng (7% . Elenental analysis (% cal cuBsat ed for CL9H1I8N2Na2011132-2. 1H20
(596.14): C 38.28, H3.75, N4 70, found: C 38.23, H 3.84, N 4.84. ESI M
(H20): m z 51333QM+H)1231HZ,2NM3EMR(B@© My ME)=5 8.19%. TFI6MRm  7H), 6. 67

(t, J =5 —75 4.39 (t, J -- 7.5 Hz, 2H),
3.56 (t, %P@Hﬁ?z%iﬁ% LDH@%%B NMVR (D20, 121.5 MHz): 8 =
15. 3. Exarrpl e 93. O WO 2011/ 056589PCT/ US2010/ 054124 154 [0379] Exanple
93 was synthesized follow ng the general synthetic procedures of Exanple 26
starting frorﬂ’@mldﬁﬁﬁl 6- met hoxyphenyl nethyl carbonate. [0380] Yield 290
ng (8%, cis and trans isoners. 1H NWR (D20, 300 MHz): 6 (s, 1H), 8.4
(m 2H), 7.75 (d, J = 8.1 Hz, 1H), 725(m 2H) , 5(m 1H , 6.46 (m
1H, 4.87 (m 1H), 3.78 (s, 3H), 3.73(s %25(m 2H). 31P NMR 6

3.,
(D20, 121.5 MHz): 6 = 15.699. NS 1) @ 474, ¥ erental anal ysis (%
cal cul ated for CL7H19NOO2NaZ2. 2. NaCl (5849: C 34.81, H 3.95, N
2.39; found: C 34.41, H 3.95, M 37O anpl e 94.

P
HO'.

|\O

N~

[0321] Example 66 was synthesized following the general synthetic procedures
of Example 26 starting from (3-fluoro-4-formylphenoxy)methyl butyrate
(Example 14).

[0322] Yield: 195 mg (7%); elemental analysis (%) calculated for

Ci9HzoF 1N NayO,0P,-1.0NaCl-0.8H,0 (622.18): C 36.68, H 3.50, N 2.25; found:
C 36.77, H 3.49, N 2.28; ESIMS (H,0): m/z: 504 (M*-1). "H NMR (D,0, 300
MHz): § = 8.70-6.61 (m, 8H), 5.80-5.77 (m, 2H), 3.40-3.25 (m, 2H), 2.37 (t,J =
7.5 Hz, 2H), 1.56 (sextet, ] = 7.5 Hz, 2H), 0.82 (t, ] = 7.5 Hz, 3H). *'P NMR
(D,0, 121.5 MHz): & = 16.8, 16.6. "’F NMR (CDCls, 282.3 MHz): § = -116.9.

Example 67.

[0323] Example 67 was synthesized following the general synthetic procedures
of Example 26 starting from 3-fluoro-2-formylphenyl dimethylcarbamate.

[0324] Yield: 0.12 g (2%). Elemental analysis (%) calculated for
Ci17H17FN,NayOgP,-0.7NaCl-2.5H,0 (606.23): C 33.68, H 3.66, N 4.62; found C
33.43, H 3.41, N 4.39. ESI MS (CH3CN): m/z 475 (100), 476 (20) calculated m/z
476.29. '"H NMR (D,0, 300 MHz): & =2.94 (d, 3H, J = 12.3 Hz), 3.12 (d, 3H, J
=10.8 Hz), 3.36 (m, 2H), 6.80 (t, 1H, J = 5.1 Hz), 6.85 (t, 1H, ] = 6.0 Hz), 6.91



0 CHHO *0.0 HO O [0381] Exanmple 94 was synthesized follow ng the general
synthetic procedures of Exanple 26 starting from ethyl

2- f or nyl-wormtisrigphenyl carbonate. [0382] Yield 272.5 mgT(iB¥10as4ithe

di sodi um sal t-4.5H20. El enental anal y8%s (% cal cuI ated for

Cl 8H19NNa2011P2- 4. 5H20: C 35.19, H 4.59, N, found: C 35.07, H 4.28, N
2.31. 1H NVR (EBddY); 7.64 Gng1B) 735 (i), 73472(711,(2H) @Hﬁ (g 1), 13 (mH)HD, 4. 20 (m

2K, 6.39 (S.g M, fiP8.s6%s, 1H) 8.68( 11 2'P Nvr (000 191,540, /3 38658 1H) -

(trans); 16.74 (cis). '°F NMR (D0, 282 MHz): § =-116.65, -115.81.

Example 68.

[0325] Example 68 was synthesized following the general synthetic procedures
of Example 26 starting from 3,5-difluoro-4-formylphenyl ethyl carbonate.

[0326] cis-Isomer: yield 0.265 g, white solid, contaminated with Risedronate
(3.5%) and 5-member ring product (11%). "H NMR (D,0): & = 8.68 (s, 1H), 8.54
(d, J=5.1 Hz, 1H), 8.29 (d, ] = 6.6 Hz, 1H), 7.69 (t, 1H), 7.03 (d, ] = 9.9 Hz,
2H), 6.92 (t, ] = 5.5 Hz, 1H), 4.37 (q, ] = 7.2 Hz, 2H), 3.48 (t, ] = 12.3 Hz, 2H),
1.36 (t, J = 7.2 Hz, 3H). *'P NMR (D,0): § = 16.36. 'F NMR (D,0): 6 =-
112.291 (d, Jgr= 9.3 Hz). LC-MS (ES]) for C;7H;7F2NO;0P> m/z 494 [M - H].
Elemental analysis (%) calculated for
0.855C;7H;5sF2NNayO19P2-0.11C17H;4F;NNa3O4P2-0.035C;H7NNasO7P, H,0O-Na
Cl (%): C 32.66, H 2.73, N 2.29; found (%): C 33.00, H 3.08, N 2.38.

Example 69.

[0327] Example 69 was synthesized following the general synthetic procedures
of Example 26 starting from (R)-methyl 3-((3,5-difluoro-4-

formylphenoxy)carbonyloxy)butanoate.



8.11 (m 1H), 8.28 (m 1H), 8.59 (s, 1H). 31P NVR 6 = 16.573 (- 5%,
16.003 (-95% . Ms (ESI): nmle 488 (M H+). Exanple 95. WO

2011/ 056580RaT/033010/ 054124 155 [0383] Exanpl e 95 was ®¢mtusesionsd 24
foll owi ng the general synthetic procddures of Exanple 26 starting from

2-formyl-4-nmet hoxyphenyl nethyl car bonate. [0384] Yield: 226 6.5%; cis
and trans i solW828F cidsqmayryiels 8,35 308 M) Eleentalganglysisd %) ppiculateddor (m ~ 2H)

(i oaty, 3. 77 oGt 8Ra6E) 0B (120 € st Rlp1 BT ot 6, 4,57
MHz): 8 = 15.%DB3, H5.14,15 2. INSSECMMS (GHLNMitvz S& 0@1@9})6&8 (3F)akcaiated(ily
30, 94 H 3. 91N HAMRIBRE S0 B S s 5 b3t ea it rbe = [ 0385)

Exanpl e 96 wag 3yt Nesizeg ﬁ@htqwuj% 6471% Qﬁ@@@d?s@i&”ﬁﬁej‘-% fpﬁgsqw es of
Exanpl e 26 starting from 4-fornyl phenyl "I sopropyl carbonate anple 2).

[ 0386] Vi el d:(d488, hg 132293), 6.8# ¢ty Ht A ehHEY 9% (18 dch#amlaz)eaéﬂ @m,

PR R e ) e R

8.61-7.06 (mM8H).s514856°BANMR(DIB) 2824080 NM& ﬂilj)ls 318268.20 (m 2H), 1.22
(d, J = 6.3 Hz, 6H). 31P NI\/R(DZO 121. ='16.7, 16.4. Exanpl e 97.

WO 2011/ 056589PCT/ US2010/ 054124 156
Example 70.

[0329] Example 70 was synthesized following the general synthetic procedures
of Example 26 starting from ethyl 2-formylphenyl carbonate.

[0330] Yield: 0.16 g (3.0 %). Elemental analysis (%) calculated for
C17H17NNa0,0P,-0.1NaCl-2.2H,0 (548.75): C 37.21, H 3.93, N 2.55; found C
36.98, H 3.81, N 2.47. ESI MS (CH3CN): m/z 458 (100), 459 (20) calculated m/z
459.29. "H NMR (D,0, 300 MHz): & =1.30 (t, 3H, ] = 7.2 Hz), 3.35 (t, 2H, J =
16.2 Hz), 4.31 (q,4H,J =7.1 Hz), 6.54 (t, 1H, ] = 4.8 Hz), 7.18 (d, 1H, ] = 8.4
Hz), 7.31 (m, 2H), 7.43 (m, 2H), 8.11 (d, 1H, J = 7.8 Hz), 8.34 (d, 1H, J = 8.34
Hz), 8.65 (s, 1H). *'P NMR (D,0, 121.5 MHz): § = 16.25.

Example 71.



0 1 [0387] Exanple 97 was synthesized follow ng the general synthetic
procedures of Exanple 26 starting from 4-fornyl phenyl pivalate. [0388]

ci s-1 somewoenal3ss8200 nmg (2% . El enental analysis (% cacralsatiensfios
C19H21N1Na209P2. 0. 9NaCl. 2. 5H20 (612.9#): C 37.23, H 4.28, N 2.29; found: C
37.15, H4.30, N 2.37. ESI M5 (H20): nmz 470 (M+1). 1H NWR (D20, 300 MHz):
6 = 8.41-7.04 (m 8H), 6.47 (br, 1H), 3.25J = 1273 , 2H), 1.21 (s, 9H).
31P NWR (D20, 121.5 MHz): 8 = 16.8. e §8. R Ove 1 [0389] Exanple
98 was synthesized follow ng the ggpera ntheti§ procedures of Exanple 26
starting from 2-fornyl- 4- net hoxy@hey] ooxazobi di ne-3- carboxyl at e.
[0390] Yield: 0.81 g (13.0 %9 . Hbegnental lanalysis (% calculated for
C19H18N2Na2012P2- 0. 1NaCl. 4. 2H20 8-97)F C 34.80, H 4.06, N 4.27; found C
35.09, H 4.37, N3.76. ESI M ( % mz 529 (100), 530 (23) cal cul at ed
m z 530.33. 1H NWMR (D20, 300 =3.31 (m 6H), 3.62 (s, 1H), 3.67 (s,

1H), 4.21 (m 4H), 442(m 2HN 45(t 1H J=5 5Hz) 6.65 (t, 1H J =
4.8 H), 67 % (m 2H), 7.50 (m. 2H), (m 2H, 8.34 (m
2H), 8.49 (ml033hl. quplmﬂ/ﬂz V(mnthmaedsfowwg the genf@l gmtb@trc@mgye ueE. 37

(cis). WO 20&%&%@@?& gftggm(Q?—ﬁﬁﬂf})r(}éZfonnylphenoxy)methyl pentanoate.
[0332] Yield 400 mg (10%) for cis- and trans- isomers. '"H NMR (D,0, 300
MHz): 6 = 8.64- 8.52 (m, 2H), 8.11-7.93 (m, 1H), 7.41 (m, 1H), 6.82-6.70 (m,
3H), 4.75 (s, 2H), 3.43-3.3.0 (m, 2H), 2.36 (t, 2H), 1.59-1.51 (m, 2H), 0.81 (4,
3H). *'P NMR (D,0, 121.5 MHz): § =16.748, 16.688. MS (M-1) m/z: 522.
Elemental analysis (%) calculated for C;9Hy;NO;oP;Nay-2-H,O-NaCl (567): C
34.38, H 3.80, N 2.11; found: C 34.57, H 3.54, N 2.17.

Example 72.

N~
[0333] Example 72 was synthesized following the general synthetic procedures
of Example 26 starting from 3,5-difluoro-4-formylphenyl methyl carbonate.
[0334] Yield: 0.23 g (4.3 %). Elemental analysis (%) calculated for
Ci6H15F2NNayO1oP2°0.2NaCl-0.97H,0 (554.39): C 34.66, H 2.72, N 2.53; found
C34.96,H 3.14, N 2.17. ESI MS (CH3CN): m/z 480 (100), 481 (50), 484 (40)
calculated m/z 481.24. "H NMR (D,0, 300 MHz): & = 3.40 (t, 2H, ] = 12.6 Hz),
3.86 (s, 3H), 6.17 (m, 1H), 6.49 (t, 1H, J = 5.3 Hz), 6.96 (m, 1H), 7.59 (m, 1H),
8.18 (m, 1H), 8.46 (m, 1H), 8.60 (s, 1H). >'P NMR (D,0, 121.5 MHz): § = 16.43.
F NMR (D0, 282 MHz): § = - 112.24.

Example 73.



Exanpl e 99. 103911 Exanple 99 was synthesized follow ng the general
synthetic procedures of Exanple 26 starting from cycl opentyl

2- f or ny1-wormetissigphenyl carbonate. 10392] Yield 230 ngprCTAXR010@5412Kt Ur e Of
cis and trans isonmers. 31P NWR (D20, 1421.5 MHz): 8 = 15.725. M5 (M1) nmz
529. Elenental analysis (% calculated for C211-125N1011P2Na2. 2. 5H20 (618):

C 40.66, H 4.87, N 2.26; found: C 40. 66, ‘B%-N 2. 26. Exanpl e 100.
103931 Exanpl e 100 was synthesi zgg qﬁgl I o t general synthetic
procedures of Exanple 26 starti ™o obutyl 2-fornyl-4-nethyl phenyl

carbonate. 103941 trans-I|soner: i d dz?O ng (3% . 11-1NWVR (D20, 300 MHz):
8 =8.41 (s, 1H), 8.10 (m 1H), 7[,89%(d, J = 9.9 Hz, 1H), 7.15 (m 2H),
6.95 (d, J = 8.4 Hz, 1H), 6.74 (dxJO= 8.1 Hz, 1H), 6.55 (s, 1H), 6.17 (t,
1H), 4.68 (m 1H), 3.06 (t, 2H,N|J 17.1 Hz), 1.90 (s, 3H), 2.02-1.84 (m
4H), 1.45 (m 1H), 1.29 (m 1H).>31P NMVR (D20, 121.5 MHz): 8 = 15.829. M5
(M1) mz: 49334 Eﬁaﬂplal73mlsyﬁﬂhss1zémoa@&ﬂdgaﬁé%&ﬁa? el fob&thiedd 158 (%
cal cul ated for C20H23N1010P2Na2- 2H20 (579) 4.66, N 2.41; found:
C 41.18, H 4. ®Exauple Fostartmgdmm difermdphasyl mpfhyl garbomiery (2. 2% 1| 1NI\/R

%2’ (%002%4290;3@62;8% %M& yééig@ 3(225@ 1‘/(93%%0’%9?3?“(% “9‘er 381“13 i Hz
%H)O,2 6. 32 (t,NMB (DA)BO =87 HH), 3.48Qd(I = s2iz 1D, 3onde%7211{299}1() 3H), )
2.0 184 (o A 15 S, b0 U0 gl (UG NI (DR, g120,5) M)

SZgEZ?’N' 20 ggm@%lﬁp{% A}ﬂ_\?s)temféﬁ)%%?r i(t, =44 681, NaP- 24 (sf PNEi40G 4L 44, H
17.1 Hz, 2H). 31P NMR (DQO) 8 =16.53. LC-MS (ESI) for C;¢H;,NO (P> m/z
444 [M - HJ. Calc. for C16HsNNayO10P, - 3H,0 (%): C 35.37, H 3.90, N 2.58;

found (%): C 35.50, H 3.94, N 2.54.

Example 74.
Cl
O Oo._~
OH hig
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N ©
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[0337] Example 74 was synthesized following the general synthetic procedures
of Example 26 starting from 2-chloro-4-formylphenyl ethyl carbonate.

[0338] trans-Isomer: yield 0.156 g (5.5%) of title compound as white powder.
"H NMR (D,0): 6 =8.79 (s, 1H), 8.47 (d, ] = 4.5 Hz, 1H), 8.24 (d, J = 8.1 Hz,
1H), 7.49 (dd, J = 5.0, 8.1 Hz, 1H), 7.39-7.23 (m, 3H), 6.43 (t, J = 4.9 Hz, 1H),
4.42 (q,J = 7.2 Hz, 2H), 3.43 (t, ] = 17.4 Hz, 2H), 1.40 (t, ] = 7.2 Hz, 3H). *'P
NMR (D,0): 6 =16.31. LC-MS (ESI) for C;7H;3CINO;¢P, m/z 492 [M - 2H],
494 [MY. Elemental analysis (%) calculated for
Cy7H16CINNayO10P2-2H,0-0.5NaCl (%): C 33.86, H 3.34, N 2.32; found (%): C
34.18,H 3.14, N 1.80.



[ 0396] [0001] Exanple 102 was synthesized follow ng the general synthetic
procedures of Exanple 26 starting from cycl ohexyl 2-fornyl phenyl carbonate.
[ 0397] [ OWO2p11tosesss- | sonmer, yield: 579 ng (8% . 11-1NVRrPCDAG2018041MHz): 6 =
8.39(s 1H), 808(d 1H), 7.95 (d, 13 = 8.1 Hz, 1H), 7.23-7.13 (m 2H),
7.12-6.87 (m _3H), 24 (t, 1H), 4.45 ( buried under D20, m 1H), 3.08 (t,
2H, J = 15. 9E&2)mpl}?750 1.50 (m 3H), 1.5-0.96 (m 8H). 31P NMR (D20, 121.5
MHz): 6 = 15.715. M5 (M1) mz: 512. Elenental analysis (% calculated for
Cl 7HI9NOI 1P2Na2. 2. 0H20 (593): C 42.62, H 4. 87 N2\37; found: C 42.33, H
4.48, N 2.41. [0398] [ 0003] cis-Isoner, (699. 11-1 NWR (D20,
300 MHz): 6 8.25 (s, 1H), 8.11 (GH 1H) ' (d J =7.8 Hz, 1H), 7.45
(d, 1H, 7.21-7.16 (m 2H), 7.09P .923(d 1H), 6.38 (t, 1H), 4.45
(buried under D20, m 1H), 3.07HQ . J =12.9 Hz), 1.72-1.58 (m 3H),
1.40-0.84 (m 10 H). 31P NWR (D2@, ., 2 5 MHz): 6 = 15.745. M5 (M1) mz
512. Elenental analysis (%9 WO d;/056589PCT/ US2010/ 054124 159 cal cul ated
for C20H23NO10P2Na2- 2. 0H20. 0. 3NaCl]. 0. 1CH3CN (611): C 41.27, H 4.79, N 2.50;
found: C 41.07, H 4.52, N 2. 79N anpl e 103. OHOl.rx O HO>, .0 [0399]

Ex | 103 th d f | | | t d f
el 6 26 st By aot Bk ORRleS s M AR IS RRE Bin e B BhiCrBE e o) ©
Yield: 220 ngof(]ﬁgénplé\/kﬂﬁtuﬁﬁﬁgﬁfom Srlmﬁﬁﬁ Mﬂth@xb@idz@hdlﬁe-@i:aﬁ%x Take. NNR (D20)
8 =1.08 (9H, 9) ]@gg nﬁy %J_H 7 11-
7.38 (3H, m, [O$4®4Y7d@§ Zm(li}% ﬁgh’ﬂ%( (3@91M ): 53’_@34%@1

2 450 " cal cui Dt 51 B0 N hE oK BhRNE %%‘%eﬁ%{%%gfm“;‘g?%" )
2.33% LG NB:2)V6Bp (i2H)f @dha.0554n, 168) €.04 at,@H)f 904 G20HR3NCOPA1 485. 37.
Exanpl e 104. 2H). *'P NMR (D,0, 121.5 MHz): § = 16.343, 16.051. MS (M-1) m/z: 499.

Elemental analysis (%) calculated for C;gH;sN,O11P;Na;-11%

risedronate-1.2H,0-0.2NaCl (563.3): C 36.56, H 3.68, N 4.79; found: C 36.25, H

3.30, N 4.64.

e

Example 76.

[0341] Example 76 was synthesized following the general synthetic procedures
of Example 26 starting from 3,5-dichloro-4-formylphenyl isopropyl carbonate
(Example 15). '

[0342] cis-Isomer, yield: 258 mg (9%). Elemental analysis (%) calculated for
Ci3H17C1;N1NayO19P,-1.0NaCl-2.0H, 0 (680.67): C 31.76, H 3.11, N 2.06; found:
C 31.30, H 3.20, N 2.52. ESI MS (H,0) m/z 540 (M"-1). "H NMR (D0, 300
MHz): 6 = 8.56-7.18 (m, 7H), 4.90 (m, 1H), 3.38 (t,J = 12.5 Hz, 2H), 1.30 (d, ] =
6.0 Hz, 6H). *'P NMR (D,0, 121.5 MHz): § = 16.5.



[ 0401] Exanple 104 was synthesized follow ng the general synthetic
procedures of Exanple 26 starting from 24((4-

f or myl phewoxy)ioasisenyl ) ( met hyeam no) et hyl acet at e ( ExanpiCe/t®1)10/0540402]
Yield: 972 ng (34% . Elenental anal ydi#s (% calculated for
C20H22N2Na2011132. 2. 1H20 (612.18): C 39.24, H 4.31, N 4.58; found: C 39.27,
H 4.47, N 4. 3%xapge 7¥5 (H20): miz 529 (M+1). 1H NMR (D20, 300 MHz): 6 =
8.70-7.06 (m 8H), 6.58-6.38 (m 1H), 431429(m2H) 3.72-3.58 (m 2H),
WD 2011/ 056589PCT/ US2010/ 054124 160 3. 42F3. 31 ( 3 10-2.97 (2
singlets, 3H), 2.06 (s, 3H). 31P NWR (D2t = 16.8, 16.5.
Exanpl e 105. [0403] Exanple 105 Iovm ng the general

synt heti c procedures of Exanpl eozgjS gcf| om forrryl phenyl butyrate.

[ 0404] trans-lsomer, yield: 0.8 808% El emrental analysis (%

cal cul ated for CL8H 9NNa2010P2. Of O9RaCl. 1. 5H20 (591.62): C 40.60, H 4.09, N
2.37; found C 40.54, H 4.07, N @o ESI I\/B(CHSCN): n12 456 (100), 457
(20) calculated nmlz 457. 32. 1F|N (D20, 300 MHz): 8 = 0.95 (t, 3H, J = 6.6
Hz)167(d 2H, J = 7.2 Hz),N2265 (d, 2H, J = 6 9Hz)335(t 2H, J =

%Eb 3 ) ( m"[%gtﬁ] E%A?g\%l% 77 w%fwgs%e% @ﬁo&%}t&%%%%%t%& dg,g%%;%sm (m

=16. 10. Exanpif&Exhifple 24 ﬁ&%]g filox@Pqehiprd-8 luses 4y nhyiphing e d-okobx 2ol idiget he
general syntheti E pr ocedures of Exanple 26 starting from 2-fonnyl phenyl
3- net hyl but andS8OXYl¥806] Yield: 0.58 g (10.0%, trans and cis isoners.

(E I5(733E gg? l anggmystrﬁ'@s%g’% % 5 421§ 363 ag%%é%%%ﬁa%%ﬁj“&&%@& B WS
(CH3CN) : m z @B sCIR)Na, @7 P2-( A0aCl-4.3H,0 (750.17): C 28.82, H 3.04, N 3.73;
found: C 29.10, H 3.05, N 3.12. ESI MS (CH3CN): m/z 551 (100), 553 (75), 555
(30) calculated m/z 552.73. "H NMR (D,0, 300 MHz): & = 3.30 (t, 3H, ] = 15.9
Hz), 4.30 (t, 2H, ] = 7.7 Hz), 4.55 (t, 2H, J = 8.3 Hz), 6.50 (t, 1H, ] = 5.2 Hz),
7.41 (m, 1H), 7.62 (m, 1H), 7.68 (s, 1H), 7.94 (s, 1H), 8.34 (m, 1H), 8.45 (s, 1H).
P NMR (D,0, 121.5 MHz): &= 16.82. '°’F NMR (D,0, 282 MHz): § = -125.56.

Example 78.

[0345] Example 78 was synthesized following the general synthetic procedures
of Example 26 starting from cyclobutyl 2-formylphenyl carbonate.

[0346] trans-Isomer: yield 0.129 g (4.6%). '"H NMR (D,0): 6 = 8.82 (s, 1H),
8.54 (m, 2H), 7.77 (dd, ] = 5.4, 7.8 Hz, 1H), 7.53 (m, 1H), 7.38 (m, 2H), 7.26 (d,
J=8.7Hz, 1H), 6.61 (t,J = 5.1 Hz, 1H), 5.06 (m, J = 7.0 Hz, 1H), 3.51 (t,J =
15.3 Hz, 2H), 2.45-2.20 (m, 4H), 1.84 (m, 1H), 1.65 (m, 1H). >'P NMR (D,0): &



WD 2011/ 056589PCT/ US2010/ 054124 161 cal cul ated m z 471.34.1H NVR (D20, 300
MHz): 8 = 1.00 (d, 6+6H, J = 6.0 Hz), 2.13 (m 1+1H, J = 6.6 Hz), 2.5 (m
2+2H) , 3.w02()m/osasng, J =15.9, 12.1 Hz), 6.51 (t, 1H PCEUS2B0MEJ124 6. 62
(t, 1H J = 4.8 Hz), 7.14 (m 2H), 7182 (m 4H), 7.45 (m 4H), 7.81 (m
2H), 8.49 (s, 1H), 8.58 (s, 1H), 8.76 (s, 1H), 8.78 (s, 1H). 31P NWR (D20,
121.5 MHz): 8= 11802UC-M$ (B9)) f@)@mﬁh@@ﬁl?zm/z 484 [M4HT] EEgqumdilemaDﬁswas

Starting fronn AR RE S PRE Re Pl b SE B40ET % BTG (1405
el ement al anafoypics3o 39, Eabgdn by, G 7HL7FI N2Na209P2. 1. ONaCl- 2. O0H20 (614. 76):

C 33.21, H3.44, N 4.56; found: C 33.20, H3.64, N4 49; ESI M5 (H20): mz:
475 (M- 1). iQMFK)Rcz(smnersmlm 3 g65.1%8. 'FANNR D% 571975 6, 58).6.@7 (m

) oo 16 8ok B 29, 750 (e dsdnaas 1 u- AR BB i Do,

[ 0409] Exanpl p=¥08Hwa$)sy 68 s l=21@d3 He) 2}@);\@15@ 1.D@ (e, alsegynt Hgti.63
procedures of Exanpl,e 26 starting f rnmyl-4- netho&iphe plvalate
[0410] El enentl IHnaP YR (Cof): 4T do 7@2}9@1\1&3&@@1@@@2@ 4848Mp1; H,

5.06; N, 2. 27. 5fOffena ardfysioo aicdhiddi fobc, A1 HENads, MRS ERBINacE 1 223 (s,

9H),
(%): C 33.90, H 3.29, N 2.08; found (%): C 34.10, H 3.60, N 2.28.

Example 79.

[0348] Example 79 was synthesized following the general synthetic procedures
of Example 26 starting from 4-formylphenyl 2-phenylacetate.

[0349] trans-Isomer, yield: 0.12 g (2 %). Elemental analysis (%) calculated for
CpH9NNayO9P»-0.2NaCl-3.3H,0 (620.48): C 36.61, H 4.24, N 2.25; found C
36.54, H4.53, N 2.15. ESI MS (CH3CN): m/z 504 (100), 505 (50), 506 (5)
calculated m/z 505.36. "H NMR (D,0, 300 MHz): § = 3.35 (t, 2H, J = 17.2 Hz),
3.98 (s, 2H), 6.39 (t, 1H, ] = 6.3 Hz), 7.07 (d, 2H, J = 7.5 Hz), 7.23 (d, 2H, J =
8.1 Hz), 7.39 (m, 5H), 8.14 (m, 1H, J = 6.3 Hz), 8.35 (m, 2H), 8.68 (s, 1H). *'P
NMR (D,0, 121.5 MHz): 6 =16.49.

[0350] cis-Isomer, yield: 0.33 g (5.3 %). Elemental analysis (%) calculated for
CpH19NNa;OgP2-0.2NaCl-3.3H,0 (620.48): C 41.07, H 3.70, N 2.18; found C
40.78, H 3.83, N 2.59. ESI MS (CH3;CN): 504 (100), 505 (50), 506 (5) calculated
m/z 505.36. "H NMR (D,0, 300 MHz): & =3.38 (t, 2H, J = 12.3 Hz), 3.99 (s,
2H), 6.55 (t, 1H,J =4.5Hz), 7.15 (d, 2H, J = 7.5 Hz), 7.40 (m, 5H), 7.51 (m,
2H), 7.62 (d, 1H, J = 8.4 Hz), 8.08 (m, 1H, ] = 7.5 Hz), 8.43 (m, 1H), 8.57 (s,
1H). 3P NMR (D,0, 121.5 MHz): § = 16.69.




WD 2011/ 056589PCT/ US2010/ 054124 162 3.241 (t, 3H, JpH = 16.5 Hz), 3.694 (s,
3H), 6.32 (t, 1H, J =5 Hz), 6.66 (s, 1H), 6.86 (m 2H), 7.38 (m 1H), 8.14
(d, J = AvO 2bir)oseB927 (m 1H), 8.60 (m 1H). 31P NVR 8 RCTIAISB@B/054B (ESI):

me 500 (mH+). Exanple 109. [0411] tEanple 109 was synt hesized foll ow ng
t he general 4])a(nt hetl c procedures of Exanple 26 starting from 2-founyl phenyl
pi val at e. Ms isomer Yield: 105 ng. Elenmental analysis (% calcd

for Cl9H2I NI O9P2Na2 2.0H20 C 41.39, H 4.57, N 254% found C 41.67, H4.51, N
2.55; ESI M5 (H20): mz 470 (M1). 1H NWR ( le 300 MHz): 8 = 8.75 (s, 1H),

8.58 (m 1H), 8.43 (s, 1H), 7.80 (m 1H),F (m 1H), 7.30 (m 2H), 7.00
(m 1M, 6,40 (s, 1H, 3.37 ({, J = 18 , 1.30 (s, 9H). 31P NMR
(D20, 121.5 MHz): 8 = 15.35. Exanpl 236 2011/ 056589PCT/ US2010/ 054124

163 [0414] Trans isoner 260 ng. El
C211- 125N1010P2Na2. 2. 5H20 (604. 4):
H 5.15, N 2.35. 111NWR (D20; 300

al hanadl ysis (9% calcd for

41P73, H 5.00, N 2.32; found: C 41.88,
HOg = 8.78. (s, 1H), 8. 47-(m 1H).
8.33 (d, 1H), 7.58 (m 1H), 7.32 ( H, 7.10 (t, 1H), 7.01 (s, 1H), 6.52
(t, 1H), 5.21 (m 1H), 343(t, 2HN~F = 17.1Hz), 2.35 (s, 3H), 1.95-1.45

1,5 08 PR S oA TR b L 50

foIIovmngth genera starting from
1-f onnyl naphtdfdlxamp?eZlﬂ.staﬁmgtfﬂmyE,GQﬁﬂb@ﬁai-ﬁl.et}{oQﬂHeﬁa]zalﬁ'é@dd. 201 ng, trans
isonmer. |11 4.85

(m 1k, 7 13005 3k 0333 Lo ofsie comisund aphth ol s grers i A01g) 85
B6.571 b, 3. T8 P e 1 A (g s T G o8P0, NG ek : i
522 (m11). cis), 8.54 (d, ) =5.7 Hz, 0.6H- trans),850(d J=5.7 Hz, 0.4H-cis), 8.4 (d, ] =

7.5 Hz, 0.6H-trans), 8.18 (d, J = 7.8 Hz, 0.4H-cis), 7.69 (dd, ] =5.7Hz,J = 7.5

Hz, 0.6H-trans), 7.60 (dd, ] = 5.7, 7.8 Hz, 0.4H-cis), 7.28-6.90 (m, 2H), 6.84 (t, J

= 5.1 Hz, 1H-trans,cis), 6.38 (t, 0.44H-trans), 3.90 (s, 1.2H-cis), 3.88 (s, 1.8H-

trans), 3.51 (t, ] = 15.9 Hz, 1.2H-trans), 3.46 (t, ] = 12.9 Hz, 0.8H-cis). *'P NMR

(D,0): & = 16.48-cis, 16.44-trans. '°F NMR (D,0): § = -136.074 (J = 9.3 Hz,

cis), -136.560 (J = 9.3 Hz, trans), -125.182 (J = 7.9 Hz, cis), -125.636 (J = 7.9

Hz, trans). LC-MS (ESI) for C;sH;sFa2NOgP, m/z 436 [M - H]'. Elemental

analysis (%) calculated for C;sH;3F,NNa,OgP,-3H,0-0.5NaCl (%): C31.92, H

3.39, N 2.48; found (%): C 32.11, H 3.48, N 2.45.

Example 81.
Cl
o) ,\/,:(\o
HO o
P~
HO
N °
N~

[0353] Example 81 was synthesized following the general synthetic procedures
of Example 26 starting from 2-chloro-4-formylphenyl 2-oxooxazolidine-3-

carboxylate.



Exanple 112. [0417] Exanple 112 was synthesized foll ow ng the general
synthetic procedures of Exanple 26 starting fromi sopropyl

4-f or mnyl-wonaphtshssat e. [ 0418] Yield: 685 ng of a m xtur @CofUSedi00s4R4
trans-isoner : cis-isoner. Anal Cal cd4Tor C22H21 NNa2010P2. 2. 4 H20: C,
43.25; H, 4.26; N, _2.29. Found: C, WD 2011/ 056589PCT/ US2010/ 054124 164
43.17; H, 3. 88354 Yixld0.33 gk Flopontal gnalysis 36) qafqulated for3 41 (m -2H), 4.9

m -1H), 7.0~8 - ; | .16, , 239 Sl): m
552 (m )| R S R 0D s PO AT R PR g The
gener al synt heéBil F6pHBCEJIN £$1 diSIBM8TOHeCRS: 8Aze381(QD)f $330) Eaauiytedphenyl

3- t -2,2-di th te. 04201 Yield: 65.7 as the di sodi um
St e0 Yt i X M NIBABRO s M o e b - 7 B (910
Cl 8H19NNa2011P2 4. : 313L; . : 2. : y 239, H,
RN o 5 AT Rk 201 3 B Hp. B 1% S AR m AR b0 B
4.32 (s, 2H),(n6.16D, 7.69 (LRH), 778086, (H), 71949 (d, TH5J €M38 HE)), 8.39 (m, 1H), 8.52

(s, 1H). *'P NMR (D,0, 121.5 MHz): & = 16.82.

Example 82.

A

106
N._~

[0355] Example 82 was synthesized following the general synthetic procedures
of Example 26 starting from 2-formylphenyl 2-oxooxazolidine-3-carboxylate.
[0356] Yield: 0.33 g (5.3 %). Elemental analysis (%) calculated for
Ci13H19N>NaO011P,-0.3NaCl-3.7H,0 (628.47): C 34.40, H 3.75, N 4.46; found C
34.39, H 4.07, N 4.66. ESI MS (CH3CN): m/z 499 (100), 500 (24) calculated m/z
500.30. '"H NMR (D,0, 300 MHz): & = 3.04 (t, 3H, ] = 16.5 Hz), 3.99 (t, 2H, J =
8.1 Hz), 4.21 (t,2H, J=16.3 Hz), 6.24 (t, 1H, ] = 4.5 Hz), 6.91 (m, 1H), 6.98 (m,
2H), 7.17 (m, 1H), 7.92 (m, 2H), 8.11 (m, 1H), 8.37 (s, 1H). >'P NMR (D,0,
121.5 MHz): ¢ = 15.88.

Example 83.




7.82 (d,
(-5.5 9%,

2011/ 0565806R0T/0363010/ 054124 165 [ 0422] El enent al

1H),

7.95 (d, 1H), 8.40 (m 1H), 8.53 (s, 1H. 31P NVR= 16.

16.151 (-94.5%. MS (ESI): mle 528 (mH+). Exanple 114.

C211125N1010P2Na2. 1. 5H20 (616.4): C 4887, H 4.91, N 2.27; found: C
H4.99, N 2.27. 1H NWR (D20; 300 M#z) 8 = 8.58 (s, 1H), 8.35 (d, 1H), 8.23
( 1H), 7.56 (m 1H, 6.84 (d, 1H), 6.73 (s, 1H), €63 (d, 1H, 6.20
1H), 4.45 (buried under D20, m 1H), 3.52 (s, 3 3.22 (t, 2H, J =

Hz), 1.70-1.50 (m 3H), 1.5-0.96 (m mﬁw\’gro(mo, 121.5 Miz):
ESI mz 542 (M1). Exanple 115. _OH IS

OQ'/O
P

HO
0 F

Ho'ﬁ

N ©

N~

[0357] Example 83 was synthesized following the general synthetic procedures

of Example 26 starting from 3,5-difluoro-4-formylphenyl 5,5-dimethyl-2-
oxooxazolidine-3-carboxylate (Example 16).

[0358] cis-Isomer, yield: 312 mg (10%). Elemental analysis (%) calculated for
CaoH13F2N2Nay O, P2-0.5NaCl-1.8H,0 (669.97): C 35.86, H 3.25, N 4.18; found:
C 35.86, H3.16, N 4.15. ESIMS (H,0) m/z 563 (M"-1). "H NMR (D,0, 300
MHz): § = 8.54-6.99 (m, 6H), 6.87 (t, = 5.7 Hz, 1H), 3.40 (s, 2H), 3.36 (t,J =
12.3 Hz, 2H), 1.52 (s, 6H). >'P NMR (D,0, 121.5 MHz): 6 = 16.7. '’F NMR
(CDCls, 282.3 MHz): 6 =-112.0 (d, J = 9.3 Hz).

Example 84.

l \Hog

N~
[0359] Example 84 was synthesized following the general synthetic procedures
of Example 26 starting from 4-formyl-2-methoxyphenyl isopropyl carbonate.
[0360] trans-Isomer, yield: 0.93 g (15 %). Elemental analysis (%) calculated for
Ci9H21NNay011P,-0.5NaCl-2.6H,0 (623.39): C 36.61, H 4.24, N 2.25; found C
36.54, H 4.53, N 2.15. ESI MS (CH3CN): m/z 502 (100), 503 (22) calculated m/z
503.34. "H NMR (D,0, 300 MHz): & = 1.32 (d, 3H, J = 6.3 Hz), 3.34 (t, 2H, ] =
17.2 Hz), 3.83 (s, 3H), 4.91 (sept, 1H, J = 5.9 Hz), 6.38 (t, 1H, ] = 5.4 Hz), 6.87
(m, 2H), 7.13 (d, 1H, J = 8.1 Hz), 7.37 (m, 1H), 8.14 (m, 1H, J = 8.1 Hz), 8.34 (d,
1H, J = 5.1 Hz), 8.71 (s, 1H). *'P NMR (D0, 121.5 MHz): § = 16.57.

347
WO

anal yecs/ustiomadied f or

42. 97,

(t,
15.9
15. 18.



[ 0423] Exanple 115 was synthesized follow ng the general synthetic
procedures of Exanple 26 starting from 4-chl oro-2-fornyl phenyl i sopropyl

car bonat evO[20ti24558Yi el d: 195 ng. El enental anal ysis (% pcalusdoivos4124

Cl 8H20N. 1010P2Na2- 1. 5H20. 0. 3NaCl (6024%): C 36.29, H 3.90, N 2.56; found: C
36.15, H 3.54, N 2.34. 1H NMR (D20; 300 MHz) 8 = 8.41 (s, 1H), 8.11 (d,
1H), 7.89 (1+ﬁ?36171 aig-Igomerzyigld 076202 (10s%). Filgmemalgmaysis (W)caloglargl for, 1H) |

vy g o AR, P anAcRa St ogeh sdy iddn, fh 2p BT o1 5

2011/ 056589PGH%M@%,%&LZ%SWS[(@I%@N)E&WZ&(lﬂ)Oﬁ 5086239 alctlatddzem

foll owi ng the_ geney nt heti ¢ procedures of Exanple 26 startln? from
(2-fornyi-5- (3 t3ﬁr%MKP@)W@%})%MQM%%dr%g;}ﬁ@a% B8Hart, L F0426]

S

Gorpontnapo 12Esh BiEpas P, 4oy JBL. 300 A S IR, L0 030
3.57, N 1.95;nESH)NAT t2MH), mozmﬁm [ MA-3Hz), BEN\G, (1BD0S. SQWIWjP 6 =
8.82- 7.22 6. 5. 87 2 5.0-4.8 1 3.45
(t, J = 17.&%&41‘%? @Fé?’ﬂglgﬂ gg]ﬁjg 31P NMR 25[320 H)121 5 Miz): (glz [?3 9. 19F
NVR (CDC13, 282.3 MHz): 8 = -63.5. Exanple 117. [0427] Exanple 117 was

synt hesi zed foll owi ng the general synthetic procedures of Exanple 26
starting froniwiple8p! bi phenyl-2-y1 isopropyl carbonate.

[0362] Example 85 was synthesized following the general synthetic procedures
of Example 26 starting from (S)-4-formylphenyl 2-(acetoxymethyl)pyrrolidine-1-
carboxylate (Example 17).

[0363] Yield: 856 mg (29%). Elemental analysis (%) calculated for
C2H24NyNayO41P2-2.5H,0 (645.42): C 40.94, H 4.53, N 4.34; found: C 40.93, H
4.47,N 4.31. ESIMS (H,0): m/z 555 (M*-1). '"H NMR (D,0, 300 MHz): & =
8.73-7.12 (m, 8H), 6.59-6.42 (m, 1H), 4.40-4.12 (m, 3H), 3.64-3.30 (m, 4H),
2.06-1.85 (m, 7H). >'P NMR (D,0, 121.5 MHz): § = 16.8, 16.5.

Example 86.



[0428] Yield: 400 ng, trans-isoner. Elenental analysis (% calcd for
C24H23N010132Na2- 2. 0H20. 0. 4 NaCl (656.91): C 44.25, H 4.19, N 2.35; found:
C 43.97, Wo40HM563492. 22. | HNMR (D20; 300 MHz) 6 = 8. 36 @€T/UBk)10/084120- 8. 06
(m 1H), 7.85 (d 1H), 7.15 (m 8H), 16092 (d, 1H), 6.29 (t, 1H), 3.05 (t,
2H) , 068(d . _3IPNVR (D20, 121.5 MHz): 8 = 15.87. ESI' mz 548 (M1).
Exanpl e 118. lzﬁammgﬁgmpmthﬁumfptb@mngmqmeml syiohet]presedupsise 118 was

synt hesi zed f er alqa, Sy. tiC roc of Exanple 26
starting fr om f’xgﬁqpor o‘r’t %aqlgggmfnph‘%ﬁ’ fdgﬁl X0 HEZB car boxyl at e.
[ 0430] Yi el d:(adetékymiptHypysrolidResr cﬂ@mé éﬁxa@rﬁﬂé ysy s (% calcd for

CL8HL5CLN2011132Na2- 2, 5H20 (635, 78): C 34.95, 36, N 4.41 ; found: C
35.14, H 3. 64036814Yiekd: §7 % pEdem %@anﬂz/;186@0@0@9t6(1§0r 1H), 8.11 (m1H),

7.96 (d, 1H), 1 4 21
(200 3 bR Radiib ?ﬁ% gL B R 1090 L poRAS o fappdl) | 2
= 15.51. ESI cnm%,:{s?,(wﬁl N)3. 4£mr}1xu@(nmm/z 59[1qn43‘1jd) Examm]fuaéxgagsclwasze
th df t eral s rocedures o a e
§¥2rt.eﬁ52fe o S st T 4 3% I@pémggﬁ &7 Do A haay -5 erd: 200
ng, t El'e Renk 9 1 0 2 H
e C dEErY 10%@2@51?”%:% TR do T R R PR
(D20; 300 MHAYIHB): 3 8:-42.8s, 1H), 8.26 (m 1H), 7.79 (m 1H), 7.31- 7.15 (m
8H), 6.96 (d, 1H), 6.27 (t, 1H), 3.13 (t, 2H), 1.04 (d, 6H). 31PNMR (D20,
121.5 MHz): 6 = 15.10. ESI mz 548 (M1).

Example 87.
F
o) @O
OH bl
O;lé/O 0] 0
HO
/O
Ho’ll
N
N~

[0366] Example 87 was synthesized following the general synthetic procedures
of Example 26 starting from 2-fluoro-4-formylphenyl 2-oxooxazolidine-3-
carboxylate.

[0367] trans-Isomer: yield 0.267 g (12%). "H NMR (D,0): & = 8.76 (s, 1H), 8.42
(d,J=4.0Hz, 1H), 8.19 (d, J = 7.5 Hz, 1H), 7.45 (dd, J = 4.0, 7.5 Hz, 1H), 7.36
(t,J=28.1 Hz, 1H), 7.15 (m, 2H), 6.45 (t, ] = 4.8 Hz, 1H), 4.59 (t,J = 8.25 Hz,
2H), 4.30 (t, ] = 8.25 Hz, 2H), 3.41 (t, ] = 17.2 Hz, 2H). *'P NMR (D,0): § =
16.45. '°F NMR (D,0): 8 =-129.192. LC-MS (ESI) for C;5H;7,FN,0;,P, m/z 517
[M - H]". Elemental analysis (%) calc. for C;gH;sFN,Nay,O,1P2-3H,0 (%): C
35.08, H 3.43, N 4.55; found (%): C 35.49, H 3.63, N 4.20.

[0368] cis-Isomer: yield 0.302 g (14%). 'H NMR (D,0): 6 = 8.64 (s, 1H), 8.49
(m, 1H), 8.19 (d, J = 8.1 Hz, 1H), 7.66-7.37 (m, 4H), 6.60 (t, ] = 4.5 Hz, 1H),
4.59 (t, ] = 8.2 Hz, 2H), 4.30 (t, ] = 8.2 Hz, 2H), 3.46 (t, ] = 12.6 Hz, 2H). *'P
NMR (D,0): § =16.61. '°F NMR (D,0): & = -129.084. LC-MS (ESI) for
CigH17FN2O11P, m/z 517 [M - H]'. Elemental analysis (%) calc. for



WD 2011/ 056589PCT/ US2010/ 054124 168 Exanpl e 120. [0433] Exanple 120 was
synt hesi zed foll owi ng the general synthetic procedures of Exanple 26

st arti ng woanmiogeisebut yl 4-f or nyl- 2- net hoxyphenyl carboratrais210434p4 Yi el d:
152 ng; trans-isomer. Elenental analys8is (% calcd for

C201- 124N011P2Na2. 0. 4H20. 0. 1MeCN- 0. 1ri sedronate (600.97): C 41.77, H 4. 23,
N 2.80; foundCisEisfNolN&0 4. 592,0 NSNa6b (%) KNB/RI [,028;903N50H Mifyurgl (20)8C52 (s,
1H), 838(m 1 7.57 (m 2H), 6.85(m 2H), 6.66 (d, J =
7.8 He, %‘%H(?l%m%n 67 (m 1H), 3.53 (s, 3H), 3.06 (t, 2H, J =

17. 1Hz) , 2 02-1.84 (m 4H), 1.50 (m 1H), 1.28 (m 1H). 31PNMR (D20, 121.5
MHz): 6 = 15.63. ESI mz 514 (M1). Exanple 121. [0435] Exanple 121 was
synt hesi zed fl6¥ampked§. t he general synthetic procedures of Exanple 26
starting fromcycl opentyl 4-fornyl phenyl carbonate. [0436] Yield: 190 ngy;
trans-i somer. Elenental analysis (% cal®d for C20H23NOO2Na2. 1. 0H20. 0. 5NaCl
(592.59): C 40.54, H 4.25, N 2.36; founds_040-30 4.22, N 2.50. 1HNWR
(D20; 300 MHz) 6 = 8.38 (s, 1H c8106 1H)ﬁ(d J = 9.9Hz, 1H),
7.15 (m 3H), 7.01 (t, 1H), 6. 8P, B (tAH) . 4.87 (m 1H), 3.07
(t, 2H, J = 16.2Hz), 155128HQ :
ESI mz 498 (M1). Exanple 122. B"2011/ 056589PCT/ US2010/ 054124 169

[ 0437] Exanple 122 was synt hesigddof ol | owi ng the general synthetic
procedures of Exanple 26 startiing from cycl obutyl 4-fornyl phenyl carbonate.
[0438] Yield: 290 ng; trans-il r. Elenental anal ysis (% calcd for

428, N 2. 30 IR 383 S it sSowiletne denggh Syleiq O 7700 o
1H), 7.15 (mole'i)amp@e %stﬁmﬁé ﬁ(oli’ﬁ 2—3hDoro a. f@ﬂnflbhem@l‘mwphénﬁZce(tm 1H), '3.04 (t,
2H, J = 17. leé 2,02-1 g/é 1.45-1. Sm 2H).” 31PNMR 8 (D20, 121.5
MHz): 16. 12 70]n¥2e1@13)429t 4%)- Elemental analy51s (%) calculated for

CpHgNNa,ClOoP,+1.3NaCl-3.5H,0-0.2CH;CN (731.04): C 36.80, H 3.53, N
2.30; found C 36.56, H 3.26, N 2.55. ESIMS (CH3CN): m/z 538 (100), 540 (47)
calculated m/z 539.81. 'H NMR (D,0, 300 MHz): & = 3.38 (t, 2H, ] = 11.0 Hz),
3.40 (s, 1H), 6.50 (m, 2H), 7.26 (m, 1H), 7.41 (m, 7H), 7.72 (m, 1H), 8.03 (m,
1H), 8.42 (m, 1H), 8.55 (s, 1H). *'P NMR (D,0, 121.5 MHz): § = 16.53.

31 PNMR (D20, 121.5 MHz): 8 = 16. 43.

Example 89.
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[0371] Example 89 was synthesized following the general synthetic procedures
of Example 26 starting from 3-fluoro-4-formylphenyl 2-oxooxazolidine-3-
carboxylate (Example 19).

[0372] Yield: 370 mg (13%). Elemental analysis (%) calculated for
CisHisFi1N2NayOp1P,-2.1H,0 (600.10): C 36.03, H 3.22, N 4.67; found: C 36.17,
H 3.43, N 4.81. ESIMS (H,0): m/z 517 (M*-1). "H NMR (D,0, 300 MHz): § =
8.70-7.02 (m, 7H), 6.80-6.60 (m, 1H), 4.53-4.47 (m, 2H), 4.21-4.10 (m, 2H),



Exanpl e 123.

Ove | N/ [0439] Exanple 123 was synthesized follow n

general synthetic procedures of Exanple 26 starting from cycl ohexyl
4-f or ny1-wormetissisphenyl carbonate. [0440] Trans-i soner PCYiUuskav/04234 ny

(7.09%; elenental analysis (% calcdlﬁbr C22H25Ni Na2011132. 0. 1H20 (600. 81):
C 45.18, H 4. 43 2.33; found: H4 .96, N2 07.,ESI M5 (H20): niz:
542 (Ml) 1 ﬂvﬁ@@@n%o@%}}@@ﬂé 571’91}1@)9%*6%7 opy) FOMR (¢t 3= 5.1
Hz, 3.8 : i 1.96-1.26 (m 10H). 31P
NVR (D20 12% 5 32@31%}1%?6( 11\25\/{0 1%%11/ 056589PCT/ US2010/ 054124 170
Example 124. Owe [0441] Exanple 124 was synthesized follow ng the general
synthetic p

rr(é{%edureﬁgof Exanpl e 26 starting from cycl opentyl

g the

4-fornyl- 2- nyl carbonate. [0442] Trans isoner: Yield: 412 ny.
El ement al anaIyS|s (99 calcd for C21t123Ni Na2002- 1. 2H20 (594.98): C 42. 39,
H 4.30, N 2.35; found: C 42.45, H 4.55, -06. ESI M5 (H20): mz: 528
(M.NWR (D20; 300 MHz): 8 = 8.77-6.90 (m , 6.44 (t, J = 4.8 Hz, 1H)
5.20 (broad, 1H), 3.88 (s, 3H), 3. 41 (t, N .7 Hz, 2H), 1.96-1.55 (m
8H). 3113 NMR (D20, 121.5 Miz): 6 = @60% le 125.

HOJ o

/P!/
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[0373] Example 90 was synthesized following the general synthetic procedures
of Example 26 starting from 2-formylphenyl acetate.

[0374] Yield 330 mg (10%); cis and trans isomers. "H NMR (D,0, 300 MHz): &
=8.73 (s, 1H), 8.37 (d, 1H), 8.25 (d, 1H), 8.10 (m, 1H) 7.59-7.13 (m, 4H), 6.59
(t, 1H), 3.36 (m, 2H), 2.36 (s, 3H). >'P NMR (D,0, 121.5 MHz): § = 16.003. MS
(M-1) m/z: 428. Elemental analysis (%) calculated for
C17H19NOoP2Nay-2.0H,0:0.75NaCl (508.5): C 34.62, H 3.81, N 2.52; found: C
34.37,H 4.03, N 2.48.

Example 91.

[0375] Example 91 was synthesized following the general synthetic procedures
of Example 26 starting from 4-formylphenyl 4,4-dimethyl-2-oxopyrrolidine-1-
carboxylate.

[0376] Yield 0.135 g (13%) of title compound as white solid, mixture of cis
(59%) and trans (41%) isomers. '"H NMR (D;0): 6 =28.71 (s, 0.41H-trans), 8.55

(s, 0.59 H-cis), 8.41 (d, ] = 4.8 Hz, 0.59 H-cis), 8.37 (d, J = 5.1 Hz, 0.41H-trans),

8.10 (d, J = 7.5 Hz, 0.41H-trans), 7.96 (d, J = 8.1 Hz, 0.59H-cis), 7.70 (d, ] = 8.4



OO0OO0OOCHO- 1T .0 HX4 ' HO" 0 [0443] Exanple 125 was synthesized foll ow ng
the general synthetic procedures of Exanple 26 starting from

2- f or ny1l-wormetinasigphenyl i sopropyl carbonate. [0444] Yi eca/usi&o/osy24
trans-isoner. Elenental analysis (% 18al cd for

C19H23N010P2Na2- 1. 0H20- 0. 3NaCl (584.89): C 39.02, H 4.31, N 2.39; found: C
38.86, H 4 od{Zf@rzﬁé)@yst@HMvRS o2 7-400. 18K, 3$2H-garme-if)s6. 6QH)J @bEZ(d 1H),

Gty o Py i b g Mool Vg Vo B .68 ¢ R
( D20, 121 5 NAR)) 2.08 (& J £56. QHZ m) 1ra3z(s5612) ¢ MR (Mo) 6—16 81 -cis, 16.50-

2011/ 056589PCT/ US2010/ 054124 171 Exanpl e 126. 1MI[C ]%; e 126 was
synt hesi zed fi&F1Solk-dSt(keal )Qf%@ﬂ]&lmwfﬁﬁé@/?ézﬁl[ dalir §m§111t hfﬁ}se( 796

starting fr Oft}a?tuialngpfoi) ZQI(I{WA BN@INLL, B (35 dEMBIIY 271, N 4.36; found (%):

oxoazeti di ne-1-car
C 38.92, H455 N403.

Example 92.

71
HOC)

[0377] Example 92 was synthesized following the general synthetic procedures
of Example 26 starting from 2-formyl-4-methylphenyl 2-oxooxazolidine-3-
carboxylate (Example 20).

[0378] cis-Isomer yield: 313 mg (7%). Elemental analysis (%) calculated for
ClnggNzNaZOuPzQ.leO (596.14): C 38.28, H 3.75, N 4.70; found: C 38.23, H
3.84, N 4.84. ESI MS (H,0): m/z 513 (M"-1). '"H NMR (D,0, 300 MHz): & =
8.79-7.16 (m, 7TH), 6.67 (t, ] = 5.4 Hz, 1H), 4.60 (t, ] = 7.5 Hz, 2H), 4.39 (t, ] =
7.5 Hz, 2H), 3.56 (t, ] = 11.7 Hz, 2H), 2.38 (s, 3H). *'P NMR (D,0, 121.5 MHz):

d=153.
Example 93.
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[0446] Yield: trans-isoner, 105 ng (1.8 %9 . Elenental analysis (% calcd
for C201119F1N2Na2010P2(574.32): C 41.83, H 3.33, N 4.88; found: C 42.64, H
3.69, N A6201ESHSSWE (H20): mz: 529 (Mk-1). 111 NWR (DROT/BOM0NKEP4 8 =
8.73- 7.06 (m 7H) 668(t J = 4.8+, 1H, 3.72 (s, 2H), 3.39 (t, J =
17.0 Hz, 2H), 6H) . 31PNNR(D20 121.5 MHz): 8 = 16.3. 19F NMR
(CDC13, 282. 310&/?&1) EX%ﬂﬂC%WS@Yﬂ*E&%%P&l fellqwing the penerdl spthets) oaiPretas

th d f | 26
St arting fr oy atisnend A BETELES (G MRk R {f}ﬁ‘%?g‘%ftﬁxp‘%f e
trans-i soner: [Osm]n’gleﬂdzmﬁ%@%)mmﬁaﬁam&dma’s HWE&D@ 3fOOIMHz) S—f N
G 8HL7Ni Na2010 3 OH20 _(550.83): C.39.25 H.3.48, N 2.54: foun
C 39. 24I H 3. %%3 %SN?@ ﬁ“ &Eéﬂ)wyé&gd) 8&31%2 Do/ eMmy 2R 168 100 Mz) : 8
= 8.69-7. 23 t, J =
165 v, ory 80 By Un, 87 (el 4578 6 SRR SIGIIHA 328 GEpEIR RS O Uo
2011/ 056589PCCD20$2DH@A\4HSZI)1@$ 1]57699EMMM€)11128 ATBOEEn@ntal andysO@6p NHO 0

L?ggg]durae(gngl‘ m gﬁ‘?ﬂ azfi %@Wégg?@l(gﬁ%egeﬁaé %ﬁ;ég%car bonat e.

2.39; found: C 34.41, H 3.95, N 2.37.

Example 94.
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[0381] Example 94 was synthesized following the general synthetic procedures
of Example 26 starting from ethyl 2-formyl-4-methoxyphenyl carbonate.

[0382] Yield 272.5 mg (5%) as the disodium salt-4.5H,O. Elemental analysis
(%) calculated for CysH;9NNa;O11P3-4.5H,0: C 35.19, H 4.59, N, 2.28; found: C
35.07, H 4.28, N 2.31. 'TH NMR (D,0): 6 = 1.20 (m, 3H), 3.27 (t, 2H), 3.71 (s,
3H), 4.20 (m, 2H), 6.39 (s, 1H), 6.66 (s, 1H), 6.9 (m, 1H), 7.0 (m, 1H), 7.38 (m,
1H), 8.11 (m, 1H), 8.28 (m, 1H), 8.59 (s, 1H). *'P NMR & = 16.573 (~ 5%),
16.003 (~95%). MS (ESI): m/e 488 (M-H").

Example 95.




[0450] Yield: 192 ng (3% . Elenmental analysis (% calcd for

Cl 6H18N2Na2010P2. 0. 5H20 (515.28): C 37.30, H 3.72, N 5.44; found: C 37.66,
H 4.09, Nvb.20005880 MS (H20): mz: 461 (M1). 11-1 NVR PDZAIS2@0054MklE): 6 =
8.70-8.67 (m 1H), 7.65-7.28 (m 6H) 15%.76-6.65 (m 1H), 5.10-4.90 (m 1H),
4.76-4.68 (m 2H), 1.41-1.38 (m 6H). 31P NWR (D20, 121.5 MHz): 6 = 12.67,
12.45. [0451] Alternatively, Exanple 2028 %as synt hesi zed according to the
foll owi ng synthetic procedure: i) 2-1 oFr poxyf or noxy benzal dehyde

104521 To a solution of salicylal dehydep(10.39 g, 85.08 mmol) and pyridine
(7.57 m., 1.1 eq.) in dichloromethang, (40 in a 250 nL round-bottom

fl ask was added a solution of 1Mi®g groformate in tol uene (93. 60
m, 1.1 eq.) slowy in 20 m nut esHdpg| nailnt ai n PHE i nternal t enperature

bel ow - 25C using a col d bath of dry gePacetone. Wiite precipitate began to
formduring the addition and nore prec¢i pitate was seen after the addition
was conplete. The m xture was re romthe cold bath and stirred for 2
hours with the application of a sl i ncrease of tenperature. Subsequently,
the reaction mxture WO 2011/ 056589PCT/ US2010/ 054124 173 was evaporated to
hal f the vol uf883nExample 86 yaswapbeszcs follgwingtthel seiera) spathgtic preeadares (50 nl),

washed with i : ] A I wat er (2x50
m.) and cold cﬁfﬁxﬁglp?e&\?%gﬁnﬁr}%%%ﬁ? i[?ef{)?‘-‘l 1e%mgﬁﬁ%}%géﬁ%@ca%@%&apor ated on
a rotary evap08sdjolidlid 226ang0es5%N.Bbarg #B8%onadrs;y 8l NMR (DJO, 300814t bonat e
(10.52 g) was_distil lﬁid) in_high vacuumto yield 32 g of colorless oil

9.
(b.p. 101- 10D TA®3dst1GD $-2 (M, KR 1 B06h AaS-1 Bpcid), 7. 200m2H)s7. 15, 7. 92
dd, J = 2.1, , t = 2201 , ArdTin(t, J = 7.5
o1y 7 5o e 8 68 6y 573  éia (@ 5B I R TR
6H). [0453] THMR @26, ildhSWAEZNOr tD5e 16y TSN ysi/s 473 Ndlefiental st ep of

distillati f. the, t [ ece o mpimze noisture
cont ent t her IS8 (e Sy RRHaEl P 10t BT S Syt G ARy Lediontie
i sopr opoxyf or@Bxyleazyd. s4 s bdenbelowing: coaductesdrsindersgexcl usi vel y

anhydrous conditions. ii) _
1-tert-But oxyfornoxy-2'-isopropoxyfornmxybenzyl chl ori de

0] 0]
o T
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Example 96.

[0385] Example 96 was synthesized following the general synthetic procedures
of Example 26 starting from 4-formylphenyl isopropyl carbonate (Example 2).
[0386] Yield: 485 mg (12%). Elemental analysis (%) calculated for
Ci3H19N1NaO10P2-3.3H,0 (576.75): C 37.49, H 4.47, N 2.43; found: C 37.56, H
4.82, N 2.57. ESIMS (H,0): m/z 472 (M*-1). 'H NMR (D,0, 300 MHz): § =
8.61-7.06 (m, 8H), 6.48-6.30 (m, 1H), 4.80 (m, 1H), 3.32-3.20 (m, 2H), 1.22 (d, J
= 6.3 Hz, 6H). *'P NMR (D,0, 121.5 MHz): § = 16.7, 16.4.

Example 97.



C i HL204016F121C106 Mol . W.: 208.21Mol. W.: 344.79 [0454] A 50-nL 3-neck
round- bottom fl ask equi pped with an argon line, a therno couple and a
rubber sepoumwmEssseharged with 2-1sopropoxyfati noxy benralrdshyides{i24 680 g,
8.069 mml) and purged with vacuum angon for 3 cycles. Freshly distilled
THF (16 nL) was added foll owed by the addition of triphosgene (0.798 g, 1.0
eq. based on phosgene) at 3C and then a solutjon 1.0Mpyridine in THF
(0.40 nL, 5 nol %9 . Freshly obtained tripkosg (Al drich) was used to
ensure high conversion. The mi xty 8%ur | ogdy after the addition. The
resultant m xture was war ned to,_rod m tenpérature over the course of 15

m nutes and then heated at 44C in abl bath for 1 hour. The m xture was
cooled to - 10C. To it was added @ios%l ution of 1.6MtBuCH and 1.6M pyridi ne
in THF (5.55 nm., 1.1 eq.) slow ®mintain the internal tenperature <-7C.
The t BuCH, pyridine and THF sol n was nmade in 1. 6M concentration and
dried and stored with nol ecul ar 3T eves under argon, which had been
pre-dried in [@38MYExgnsiv 0T wak simtb&Sided il @hiny digdigiefad symthéRyfocedWds

2011/ 056589PCT/ US2010/ 054124 174 [0455] After the addition, the m xture was
stirred and tHEpBREAGTUHEE SoBWiormuyrheaykRvalaism t enper at ure over the
course of 1 : I r N [ L ) W th

Et OAc: Hex (1&2&8]%22%\%%? %ﬂ%@%gen?%&e@ggt%%@é%ﬁgggEbé)gg%g{elb%? Z(%sur eto
give 1.957 g GhHyelhNaxdoPhD ONabl-2.SHIOE61 09 Er 0812, & 428, Niged; foundt Ge next

oo onvi ronrint A L3Sl 23w Ral PR ERREGTAED AE- DAL (G & 1o "up Fo

2 weeks when Noy-ed- 8 hi 3 (4 @l 6.@@@5@1H%—U.ﬂ\@, ﬁ@%d{é?ﬂ{),ﬁf}ﬁi @,of the

substituted benzyl chl oride vs. t)he al dehyde starting material. i)
Dryi ng (1- hydtboxyPNVIRi @a@ol 2115 VMibjz)ed yl6-8L, 1- bi sphosphoni ¢ aci d (zol edronic
acid) 0 011g,H 1:)H

Example 98.

[0389] Example 98 was synthesized following the general synthetic procedures
of Example 26 starting from 2-formyl-4-methoxyphenyl 2-oxooxazolidine-3-
carboxylate.

[0390] Yield: 0.81 g (13.0 %). Elemental analysis (%) calculated for
C19H18N2Na2012P2-0.1NaCl'4.2H20 (628.47): C 34.80, H 4.06, N 4.27; found C
35.09, H 4.37, N 3.76. ESI MS (CH3CN): m/z 529 (100), 530 (23) calculated m/z
530.33. 'H NMR (D,0, 300 MHz): & =3.31 (m, 6H), 3.62 (s, 1H), 3.67 (s, 1H),
4.21 (m, 4H), 4.42 (m, 2H), 6.45 (t, 1H, ] = 5.5 Hz), 6.65 (t, 1H, ] = 4.8 Hz), 6.73
(m, 4H), 7.07 (m, 2H), 7.50 (m, 2H), 8.11 (m, 2H), 8.34 (m, 2H), 8.49 (m, 2H).
P NMR (D20, 121.5 MHz): 6 = 15.99 (trans), 16.37 (cis).



\Jp 0" OH OH nH20 Azeotrope 0 OF-!, OHCOH Ol OH OH 18500 -nH20 [ 0457]
Si nce the supplied bi sphosphonic acid contai ned hydrates, the water was
renoved bwoaniizwsessvr opi ¢ distillation procedure. [0458] pZolusdeionsa2aci d
hydrate (24.00 g) was suspended in na8itylene (50 nL) in a 100 nL
round-bottom f | ask eguipped with a Dean-Stark trap. The suspensi on was
heated at refExampletd9% the distillate was free of water, which took
approximately 2 hours and about 2 nL of water was collected. After cooling,

the m xture was filtered and the solid shed with hexane and dried in
hi gh vacuum overni ght to produce 21.94 g a white solid, which was stored
under argon until further use. O*(O

Hdﬁ
N0
N~

[0391] Example 99 was synthesized following the general synthetic procedures
of Example 26 starting from cyclopentyl 2-formyl-4-methoxyphenyl carbonate.
[0392] Yield 230 mg (10%); a mixture of cis and trans isomers. >'P NMR (D,0,
121.5 MHz): 6 = 15.725. MS (M-1) m/z 529. Elemental analysis (%) calculated
for C2;HpsN;O11P2Nay2.5H,0 (618): C 40.66, H 4.87, N 2.26; found: C 40.66, H
4.87, N 2.26. |

Example 100.
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[0393] Example 100 was synthesized following the general synthetic procedures
of Example 26 starting from cyclobutyl 2-formyl-4-methylphenyl carbonate.
[0394] trans-Isomer: yield 170 mg (3%). '"H NMR (D,0, 300 MHz): 6 = 8.41 (s,
1H), 8.10 (m, 1H), 7.89 (d, ] = 9.9 Hz, 1H), 7.15 (m, 2H), 6.95 (d, ] = 8.4 Hz,
1H), 6.74 (d, J = 8.1 Hz, 1H), 6.55 (s, 1H), 6.17 (t, 1H), 4.68 (m, 1H), 3.06 (t,
2H, J = 17.1 Hz), 1.90 (s, 3H), 2.02-1.84 (m, 4H), 1.45 (m, 1H), 1.29 (m, 1H). *'P
NMR (D,0, 121.5 MHz): & = 15.829. MS (M-1) m/z: 498. Elemental analysis



iv) Carbonic acid isopropyl ester 2-(2,3,4-trihydroxy-3-imdazol-1-

yl met hyl- 2, 4-di oxo-2)5,4 X5-[1,5, 2, 4] di oxadi phosphi nan-6-y1) - phenyl ester
WO 2011/ OB628RIRGIFSWS2010/ 054124 175 [ 0459] A 50- nL r oun@cChatstanmobdiask
charged with zol edronic acid (1.098 g8 4.035 mmol) and EtNiPr2 (2.81 ni,

4.0 eqg.) in aghydrous DMVF (25 m[_a was heated at 42C for 15 min (during
whi ch n” separ@) ghubseditor EentaNPwleNap 2@ (At 44-2oHut $o AN 361
1-tert-but oxy, Q -t r f or moxybenzyl chl oride (1.957 g, crude) in
anhydr ous Dl\/ljogé(g%rﬂg%gﬁg%?ésu Agint m xture was stirred and maintai ned at
42C for 24 hd0Beslasisdsdmdreyielfieitsang (22¢5)ehs NMR (B, 310 MHz):ison83edqd and a
condenser wer | ace flask and the yolatiles were distilled in high
vacuum at 400 HEbBETde F, TR 40r B2 e R B Ptk oo B8 by
mxing with M Sigdi I \Y agion to
dryness under g'i'dglgl%\c/ia hd?r?@kjli sé'ggilazi’ gﬁ\b&aé%gggiegs’%dég;&%ﬁgbb%ggggggléliurm of
silica gel (2002.HzaNHI2(s,1dEY 292-h SEHBRCHHNEOH (@1,0H), 1.30 (m, 1H). *'P
->10: 1->4:1->2° 1- >0: fracti |l ecte checked by. TLC and M
anal yses. Tﬁ%@ﬁﬁkéé}@ﬁ% 5571%@?&\&%(1\&@&&% X%z:‘%ené‘?ng‘gran%]\yéﬁor ation
under reduceqopy QEuMHE B2 3 9)r esnewRt Hveky, N pQ460] The
di acid (0. 15%%@% was di sgg%}@gj@ﬁm Cﬁggw Bassed f hrough an ion exchange
resin col urm foeetitGithithd] AdBeNIZ.6% | R-120 (Na) i on exchange resin which had
been washed with water before |loading) (40 g), eluded with deionized water.
The fraction with slight tan color was freeze-dried to give 64 ng of a
white fluffy Bedmpgle 10Re product showed cis/trans m xture and a strong
signal in negative M5-ESI. 31P NWR (300 MHz, D20): M3.85 (s) and 13.51 (s);
M5 (ESI): 461.0 (MH). Exanple 129. WO 2011/ 056589PCT/ US2010/ 054124 176
[0462] Yield 0.644g (24%, white solid. 1 (D20, 8 ppm J Hz): 8.64
(d, 3hill =7.2, 1H), 7.25-7.90 (m 8H), 6 (t, 3hip = 5.1, 0.5H), 6.68
(t,3JHp = 5.1, 0.5H), 5.02 (m 1H), 3.4%3.40 (m 2H), 2.55-2.80 (m 1H),
1.39 (d,3Jm = 6.3, 3H, 1.38 (d, 3JHH =%./3, 3H). 3113 NWR (D20, 8 ppm
16. 05, 15.97 (cis-isoner 849%,; 15.77, 15. 02 (Arans-isoner 16%. LC- M5 (ESI)
for C20H22N209P2nmiz 495 [M - H]. Cal c.offor C20H20N2Na209P2. 2H20 (% : C
41.68, H 4.20, N 4.86; found (%: C g&ﬁ Y4762, N 4.67. Exanple 130. O N
H

HO/ﬁ/
N ©
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[0396] [0001] Example 102 was synthesized following the general synthetic
procedures of Example 26 starting from cyclohexyl 2-formylphenyl carbonate.
[0397] [0002] trans-Isomer, yield: 579 mg (8%). 'H NMR (D,0, 300 MHz): § =
8.39 (s, 1H), 8.08 (d, 1H), 7.95 (d, J = 8.1 Hz, 1H), 7.23-7.13 (m, 2H), 7.12-6.87
(m, 3H), 6.24 (t, 1H), 4.45 ( buried under D,0, m, 1H), 3.08 (t, 2H, ] = 15.9 Hz),
1.70-1.50 (m, 3H), 1.5-0.96 (m, 8H). *'P NMR (D,0, 121.5 MHz): § = 15.715.
MS (M-1) m/z: 512. Elemental analysis (%) calculated for
Ci7H19NO11P;Nay-2.0H,0 (593): C 42.62, H 4.87, N 2.37; found: C 42.33, H
4.48, N 2.41.

[0398] [0003] cis-Isomer, yield: 434 mg (6%). 'H NMR (D,0, 300 MHz): 6 =
8.25 (s, 1H), 8.11 (d, 1H), 7.77 (d, ) = 7.8 Hz, 1H), 7.45 (d, 1H), 7.21-7.16 (m,
2H), 7.09 (d, 1H), 6.92 (d, 1H), 6.38 (t, 1H), 4.45 (buried under D,O, m, 1H),
3.07 (t, 2H, ] = 12.9 Hz), 1.72-1.58 (m, 3H), 1.40-0.84 (m, 10 H). >*'P NMR
(D20, 121.5 MHz): 8 = 15.745. MS (M-1) m/z 512. Elemental analysis (%)



[ 0463] Exanple 130 was synthesized follow ng the general synthetic
procedures of Exanple 26 starting from 2-fornyl phenyl

2- oxooxazawbidimseBocar boxyl ate. [0464] Yield 0.355 g (1p@r/usednowe+1solid.
1HNMR (D20, 8 ppm J Hz): 8.66 (d, 335 1H 4.2, 1H), 7.30-7.90 (m 8H) 6.72
(t, 3J3fip = 4.2, %460& 3JHH = 8.7, 2H), 4.39 (t, 3JHH = 8. 2H) ,
3.57 (td, 3mqlc:ula7e or §3¢ks OmleﬁazQz%IgOin?@C(lﬁ;lCirHﬁ @ﬂ@)mzbﬂ) 8 PPm)
16.57(cis-is i soner 88% . LC-Ms (ESI) for
Sornonororar BN 3 ’["ﬂ’ﬁdcjgz“ N R onone 1. 610 (% : C 40. 42,
H3.39, N7.07; found (%: C 41.03, H 3.91, N 6.56. Exanple 131. WO

2011/ 056589PCT/ US2010/ 054124 177 [0465] To a 500 m dry round bottom fl ask
were added nilempIgil®3acid (1.607 g, 4.989 mol), carbonic acid

2- (tert-butoxycarbonyl oxy-chl oro-net hyl ) - phenyl ester isopropyl ester (3.44
g, 9.98 mol, 2.0 eq.) and i Pr2Net (3.65° M0 ) in anhydrous CH3CN
(20 nmL). The m xture was stlrredonItH42 28 hours, at which point it
turned to a honogenous brown sol GtA"0ON ¢ solvent was evaporated to 1/2

of its volume and the renaini nd*% tegt was | oaded to a pre-packed
silica-gel colum eluted with ac gﬁltrlle water (10:0 -310:1 410:2 ->10:3
->10:4). Fractions show ng pro @Pass were conbi ned and evaporated to 1/3
of its volume. The aqueous phage s passed through a col um of Na+

i on- exchange resin and the el ulne was | yophilized to give 0.826 g of the
sodi um sal t. 5@99]59kérﬂpl\é@§3 Wa§@ﬁqt%sﬁi&d%@&'&zﬁ@%éﬁénefﬁgyxﬁﬁet{ 398&&@1‘89” ature
for 2 hours. The 'suspension was centrifuged and an off-white solid 131
(0.219 g) rerﬂm@mplﬁl@tmﬁmﬁfom})lphelﬁl 23- crnsl)‘:th(yl’auianuate of cis/trans

i soners). LC 1) 1.2 = .Na+) . .Section 3. nv.ersi.o

Bi sphosphonat@ﬁ@% %d A%?é h@?@ﬁ%%‘ﬁ%ﬁrﬁt‘@g’ %?%ro\f%ﬁééaﬁﬁ{%% (1V)
Admi ni strati 0(@2@? éﬁquas@ﬁcgt glsa (@M dk)Expasurre2pf nii 6phesphonakhg after O al
Adm ni stration of a Bisp honat e Cyclic Acetal,in Fasted and Fed Rats

[0466] Mal e, &pF @éﬁéﬂ)Dé\ﬁI“ 28 (1L s 04 18- 69y (4ab proX PrdYIR| (D-0003 200.59 wer e
studied. For rHl’l'd%%'.ﬁQ%.O0.0SS). Elemental analysis: found C 39.98%, H 4.89%, N 2.45%;

calculated for C20H23NC10,2N82,209P2(H20)3.3 C 40.00%, H 4.97%, N 2.33%. LC-
MS: (M-1) m/z found 484; calculated for CyoH5sNOgP, 485.37.

Example 104.
0N
oH by
OQPI/O O o
HO
/PI/O O)\
HO
N
N~

[0401] Example 104 was synthesized following the general synthetic procedures
of Example 26 starting from 2-(((4-
formylphenoxy)carbonyl)(methyl)amino)ethyl acetate (Example 21).

[0402] Yield: 972 mg (34%). Elemental analysis (%) calculated for
CroH22N;Na041P2-2.1H,0 (612.18): C 39.24, H 4.31, N 4.58; found: C 39.27, H
4.47,N 4.51. ESIMS (H,0): m/z 529 (M™-1). 'H NMR (D,0, 300 MHz): & =
8.70-7.06 (m, 8H), 6.58-6.38 (m, 1H), 4.31-4.29 (m, 2H), 3.72-3.58 (m, 2H),



[0467] Al foinulations were prepared within approximately 1 hour of
dosing. Oral (PO and Intraduodenal (I1D) Dosing: [0468] The appropriate
test artiwbeofiaseisbati on was adm ni stered to each ani malPCaaIS2010/054124

m cronol e/ kg, 2 nL/kg dose sol ution i 0. 6% et hyI cel | ul ose /0. 2% Tween
80(r) by oral_gavage. Alternatively, aninals wer sed with a 17 WO
2011/ 056589P %Jéégm,@amho -2:98 (Giseaglsin PE) ?g06€§ %H) kd’ Y (R4l én in
saline throug{ingygrongka s gto the duodenum Aninals in the fasted groups
were fasted for épprom fately 4 hours after dosing and were returned to ad
i bitum access to food thereafter. Animals in the fed groups had access to
food ad |ibitumfor | east 2 hours prior to dosing, and throughout the
day post dos .X‘}“@P]&@ ng: [0469] Generally, animals were adnministered a 1.7
m cronol e/ kg, 2 m/kg 1V dose (tail vein) of the appropriate formnulation
using a syringe and attached butterfly Al'l aninmals renai ned fasted
for an additional 4 hours post dose and e returned to ad |ibitum access
to food thereafter. Urine Sanple Colle tlon. 470] Urine sanples were
collected into refrigerated plastic oo J al es at approximately 4, 8 and
24 hours post-dose. At the end of epghfcolll ection period, sanples were

wei ghed and transferred to a -70C fr X or storage unt|I anal yzed.
Conversion of Risedronate Cyclic Ace ab’c'go Ri sedronate after |1V

Adm ni stration: [0471] The absorbe 10 edronate is stable in vivo and is
not netabolized. After 1V adm ni st nation of risedronate to rats, about 60%

of risedronate binds to bone and abqut 40%pf ri sedronate dosed i s excreted
in urine. e[ﬁ493]séd¢mpi&t1@5®sasIsymhescwetbll@\mmgohmg@eml eyrglieticriretedumng

i ntravenously er cen |ic acetal can renmmin

i ntact and ca“?féé‘élmé’x%% ?tgxgmg%r ??%P?&ygb‘ﬁggent age of the cyclic acetal
can be converagi]t gand-BethcfRad18: 0.5 ¥i(8.8%)ASISmehtaDaral we&droralalhar ed in
vivo has the simlar tissue distribution profile as described above, about

40% of ri sedr%ﬁﬁu%@@ap@@\ia@wi%oﬁ?l 6%%‘3&6%@’%0? MNéd7Thbouad§ about
60% of risedrgnat ¢ g %%@%gp%{&#\@@l ) 6 {1‘68P%? on?&gr%ulaiéaqn/z

per cent age of thé cy |c acet conver ronate in vivo
is estimated 48i32g" IENMRI(Eze, 3mrmmt) & 0.9 (5 80T, Grad.6 H €T (e dHf § em

Ri sedronate = et al _ Anpu f ronate recovered. in urine/0.4 X
Rsedronate = OY6) Lo Gl 1 AL 3T S0 TR S o5 el ot L 45

Hz), 7.07 (m, 1H), 7.28 (m, 2H), 7.47 (m, 2H), 8.24 (m, 1H), 8.35 (m, 1H), 8.61
(s, 1H). *'P NMR (D,0, 121.5 MHz): § =16.10.

Example 106.

[0405] Example 106 was synthesized following the general synthetic procedures
of Example 26 starting from 2-formylphenyl 3-methylbutanoate.

[0406] Yield: 0.58 g (10.0%), trans and cis isomers. Elemental analysis (%)
calculated for Cy9H,1NNayOgP,-0.7NaCl-1.3H,0 (579.66): C 39.37, H4.10, N
2.42; found C 39.26, H 4.38, N 2.58. ESI MS (CH3CN): m/z 470 (100), 471 (20)



Amount of Risedronate Cyclic Acetal dose [0472] Ri sedronate cyclic acetal
conpounds were adm nistered intravenously in saline (0.9% sodi um chl oride).
The amounwe 20persesat age) of the cyclic acetal conpoundsPCOSROTNAMIRO
risedronate were cal culated and are detmarized in Table 1. WO

2011/ 056589PCT/ US2010/ 054124, 179 [0473] For exanpl e, when Exanpl e 82 was
dosed in rat sCaladasdm/z hH . HosdNMRAD:O: 3eMi2)nas 1F¥eyered ) ahd Ha% of t he
dosed cyclic I co ised e | eul,atye i.Rg Fornul a
A). In sone c%ggglﬁ H)r ’gxa%%zt)’\%j? KIB&?E@F é’g'%{:ﬂ’ g%%ﬁ’p)grég‘tr?t gzggﬁoif?’ cyclic
acetal converé.8d(t oHyJ sadridnat&2v s He dlFous Bz d . 1o @ HYp7.82 (hadHLG0% Wi l e
this may be c&gs@ bg an inaccurac]ﬁ@:’n measur.i ng7 smal | quantities of the
conpound in t npP&&M TH): 3fT{et 898 (S:dhbwg- 76 6hp Rt &78fS- ABAr 15 conpl et e
conversi on t oNR i r(pgglig.M{{gﬁy&] DS $sippRri zed in Table 1, exenplary
cyclic acetal conpourids exhi |teoft & spectrum (slow to fast) of conversion
rates fromrisedronate cyclic acetal to risedronate in vivo after 1V

adm ni strati o of %fﬁ) cyclic acetal conpounds to rats. For exanple, dosing
Exanpl es 28, 2¥mB 1043”105 47 63, 79, and 83 in rats resulted in very

| ow urinary recovery of the cyclic acetal, dermnsﬂrati ng rapid rate of
conversion of the cyclic acetals to ri sedrona(ge i'n vivo, i.e., conversion
quickly to risedronate. In conparison, d 0 gﬁpl es 32, 40, 45, and 82
inrats resulted in significant aj@,ﬁbts yclg c acetal recovery (about
S50% or nore of the cyclic acetal ggnmpolinds were recovered after dosing)
indicating relatively slow rates Ey@ten‘i c conversion of the cyclic
acetal to risedronate. Exanples 3,580 and 62 (trans) denonstrated both
system c exposure of the cyclic t9l and risedronate suggesting both
stability of the cyclic acetal gndJconversion to risedronate in vivo. Table
1. Risedronate Cyclic Acetal Winary Recovery and Anpunt Converted to

Ri sedronat e af0d@7] EXanApleilQ7 stasayatbesizzd fHileechigohagmetd) synthetdombeddardso Rat s
Compound Adm'(glf'Ester d. Amopunt. of clic Ac

xample 26 starting from 4- rmylphenyféi%llethylcarbamate.
[0408] Yield: 518 mg (14%); elemental analysis (%) calcd for
Ci7H17F1N2NayOgP,-1.0NaCl-2.0H,0 (614.76): C 33.21, H 3.44, N 4.56; found:
C 33.20, H 3.64, N 4.49; ESIMS (H,0): m/z: 475 (M*-1). 'H NMR (D,0; 300
MHz): 8 = 8.71-6.97 (m, 7H), 6.55-6.37 (m, 1H), 3.42-3.30 (m, 2H), 3.11 (s, 3H),
2.96 (s, 3H). *'P NMR (D,0, 121.5 MHz): § = 16.8, 16.5. '°’F NMR (CDCl,,
282.3 MHz): & = -130.0.

Example 108.

[0409] Example 108 was synthesized following the general synthetic procedures
of Example 26 starting from 2-formyl-4-methoxyphenyl pivalate.

[0410] Elemental analysis (%) caled CpoH23NNay,O10P,-4 H,O: C, 38.91; H, 5.06;
N, 2.27. Found: C,38.75, H, 4.93; N, 2.18. 'H NMR (D,0), & 1.223 (s, 9H),



Excretedb Amount Converted to Ri sedronatec Exanple 28 0 106(15)' Exanple 29
(trans) 1.0 (41) 50 (13) Exanple 30 0.1 (82) 98 (52) Exanple 32 (trans) 77

(13) 7.1 wWo.20)1/iEsmapl e 33 (trans) O PCT/US2010/054124
162

3.241 (t, 3H, Jpu = 16.5 Hz), 3.694 (s, 3H), 6.32 (t, 1H, J = 5 Hz), 6.66 (s, 1H),
6.86 (m, 2H), 7.38 (m, 1H), 8.14 (d, J = 7.8 Hz), 8.27 (m, 1H), 8.60 (m, 1H). >'P
NMR & = 15.822. MS (ESI): m/e 500 (m-H").

Example 109.
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[0411] Example 109 was synthesized following the general synthetic procedures
of Example 26 starting from 2-formylphenyl pivalate.
[0412] Trans isomer Yield: 105 mg. Elemental analysis (%) caled for
Ci9H21N;O9P;Na; 2.0H,0 C 41.39, H 4.57, N 254%; found C 41.67, H4.51, N
2.55; ESIMS (H,0): m/z 470 (M'1). 'H NMR (D,0; 300 MHz): & = 8.75 (s, 1H),
8.58 (m, 1H), 8.43 (s, 1H), 7.80 (m, 1H), 7.43 (m, 1H), 7.30 (m, 2H), 7.00 (m,
1H), 6.40 (s, 1H), 3.37 (t, ] = 15.0 Hz, 2H), 1.30 (s, 9H). *'P NMR (D,0, 121.5
MHz): 6 = 15.35.

Example 110.

H O’ 1!
N
N~
[0413] Example 110 was synthesized following the general synthetic procedures

of Example 26 starting from cyclopentyl 2-formyl-4-methylphenyl carbonate.



84 (5.6) Exanple 105 (trans) 5.7 (52) 81 (30) Exanple 29 (cis) 3.6 (37) 130
(43) Exanple 36 27 (17) 69 (7.0) Exanple 39 30 (28) 12 (12) WO
2011/ 056586RCT/03&23910/ 054124 180 Exanpl e 40 PCT/US2010/054124
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[0414] Transisomer 260 mg. Elemental analysis (%) calcd for
C21H25N;O10P2Nay-2.5H,0 (604.4): C 41.73, H 5.00, N 2.32; found: C 41.88, H
5.15,N 2.35. 'H NMR (D,0; 300 MHz): & = 8.78, (s, 1H), 8.47-(m, 1H), 8.33 (d,
1H), 7.58 (m, 1H), 7.32 (1, 1H), 7.10 (t, 1H), 7.01 (s, 1H), 6.52 (t, 1H), 5.21 (m,
1H), 3.43 (t, 2H, ] = 17.1Hz), 2.35 (s, 3H), 1.95-1.45 (m, 8H). m/z 512.

Example 111.

[0415] Example 111 was synthesized following the general synthetic procedures
of Example 26 starting from 1-formylnaphthalen-2-yl isopropyl carbonate.
[0416] Yield: 201 mg, trans isomer. 'H NMR (D,0), & = 1.18 (d, 6H), 3.47 (t,
2H, Jpu=14.1 Hz), 4.85 (m, 1H), 7.13 (m, 2H), 7.41 (m, 2H), 7.65-7.83 (m, 3H),
8.13 (d, 1H), 8.35 (d, 1H), 8.44 (d, 1H), 8.66 (s, 1H). Anal Calcd for
CooH21NNayOy0P2: C, 46.57; H, 3.73; N, 2.47. Found: C, 46.52; H, 3.98; N,
2.40. MS (ESI): m/e 522 (m-H").

Example 112.

0 J\
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[0417] Example 112 was synthesized following the general synthetic procedures
of Example 26 starting from isopropyl 4-formyl-1-naphthoate.
[0418] Yield: 685 mg of a mixture of (100:4) trans-isomer : cis-isomer. Anal

Calcd fOI‘ szHleNa2010P2-2.4 HzO: C, 43.25; H, 4.26; N, 2.29. Found: C,




79 (10) 4.0 (32) Exanple 43 (m xture of cis/trans isoners) 16 (19) 72 (27)
Exanpl e 45 (m xture of cis/trans isoners) 67 (6.6) 9.3 (35) Exanple 47 4.8

(27) 16 (wénobxasgbe 50 (trans) 45 (9) 76 (16) Exanpl e BET/US2010/054124
164

43.17; H, 3.83; N, 2.57. "H NMR (D,0), § = 1.26 (m, 6H), 3.41 (m, ~2H), 4.9
(m,, ~1H), 7.0-8.6 (m, ~10H). *'P NMR (D,0) & 16.353, 16.239. MS (ESI): m/e
522 (m-HY.

Example 113.
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[0419] Example 113 was synthesized following the general synthetic procedures
of Example 26 starting from 2-formylphenyl 3-acetoxy-2,2-dimethylpropanoate.
[0420] Yield: 65.7 mg as the disodium salt-0.5 H,O, ~95:5 cis-isomer : trans-
isomer. Anal. Calcd for C;gH;oNNayO11P,-4.5H,0: C, 43.31; H, 4.15; N, 2.41.
Found: C, 43.19, H, 4.28; N, 2.36. '"H NMR (D,0), § = 1.4 (in, 6H), 2.14 (m,
3H), 3.36 (m, 2H), 4.32 (s, 2H), 6.66 (m, 1H), 7.08 (d, 1H), 7.5 (m, 2H), 7.82 (d,
1H), 7.95 (d, 1H), 8.40 (m, 1H), 8.53 (s, 1H). *'P NMR & = 16.347 (~5.5 %),
16.151 (~94.5%). MS (ESI): m/e 528 (m-H").

Example 114.

[0421] Example 114 was synthesized following the general synthetic procedures
of Example 26 starting from cyclohexyl 2-formyl-4-methoxyphenyl carbonate.



11 (26) 42 (14) Exanple 62 (trans) 16 (17) 10(22) 13 80 (5.5) 75 (12) 87

Exanpl e 63 (trans)

3.3 (57) 33 (26) Exanple 70 22 (22) 75 (37) Exanple 75
PCT/US2010/054124

48 (20) WO 2011/056589
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[0422] Elemental analysis (%) calcd for C;;HysN1010P,Nay 1.5H,0 (616.4): C
42.87,H 4.91, N 2.27; found: C 42.97, H 4.99, N 2.27. '"H NMR (D,0; 300
MHz) 6 = 8.58 (s, 1H), 8.35 (d, 1H), 8.23 ( 1H), 7.56 (m, 1H), 6.84 (d, 1H), 6.73
(s, 1H), 6.63 (d, 1H), 6.20 (t, 1H), 4.45 (buried under D,O, m, 1H), 3.52 (s, 3H),
3.22 (t, 2H, J = 15.9 Hz), 1.70-1.50 (m, 3H), 1.5-0.96 (m, 8H). *'PNMR & (D0,
121.5 MHz):15.18. ESIm/z 542 (M-1).

Example 115.

[0423] Example 115 was synthesized following the general synthetic procedures
of Example 26 starting from 4-chloro-2-formylphenyl isopropyl carbonate.
[0424] Yield: 195 mg. Elemental analysis (%) caled for
CigH20N1010P2Nay-1.5H,0.0.3NaCl (602.4): C 36.29, H 3.90, N 2.56; found: C
36.15, H 3.54, N 2.34. "H NMR (D,0; 300 MHz) & = 8.41 (s, 1H), 8.11 (d, 1H),
7.89 (1H), 7.14 (m, 3H), 7.02 (s, 1H), 6.86 (d, 1H), 6.70 (d, 1H) , 6.17 (t, 1H),
4,65 (m, 1H), 3.05(t, 2H), 1.01(d, 6H). *'PNMR (D,0, 121.5 MHz): § = 15.03.
ESI m/z 506 (M-1).

Example 116.



56 (31) Exanple 79 (trans) 0.3 (220) 43 (27) Exanple 81 25 (54) 50 (24)
Exanpl e 82 50 (10) 43 (10) Exanple 83 2.3 (114) 55 (16) Exanple 96 16 (15)

25 (27) BxearzplieseB9 PCT/US2010/054124
. 166

[0425] Example 116 was synthesized following the general synthetic procedures
of Example 26 starting from (2-formyl-5-(trifluoromethyl)phenoxy)methyl
isopropyl carbonate.

[0426] Trans isomer: yield: 259 mg (3.5%); elemental analysis (%) calcd for
Ca0H20N 1 Nay Oy F3P; (615.32): C 39.04, H 3.28, N 2.28; found: C 39.24, H 3.57,
N 1.95; ESI MS (H,0): m/z: 570 (M*-1). "H NMR (D,0; 300 MHz): & = 8.82-
7.22 (m, 7H), 6.75-6.73 (m, 1H), 5.87 (s, 2H), 5.0-4.8 (m, 1H), 3.45 (t, ] = 17.1
Hz, 2H), 1.27 (m, 6H). *'P NMR (D0, 121.5 MHz): § = 15.9. '°’F NMR
(CDCls, 282.3 MHz): § = -63.5.

Example 117.

[0427] Example 117 was synthesized following the general synthetic procedures
of Example 26 starting from 3-formylbiphenyl-2-yl isopropyl carbonate.

[0428] Yield: 400 mg, trans-isomer. Elemental analysis (%) calcd for
C24H23NOoP2Nay2.0H,0.0.4 NaCl (656.91): C 44.25, H 4.19, N 2.35; found: C
43.97,H 4.57,N 2.22. "HNMR (D,0; 300 MHz) & = 8.36 (s, 1H), 8.10-8.06 (m,
1H), 7.85 (d, 1H), 7.15 (m, 8H), 6.92 (d, 1H), 6.29 (t, 1H), 3.05 (t, 2H), 0.68 (d,
6H). *'PNMR (D,0, 121.5 MHz): § = 15.87. ESI m/z 548 (M-1).

Example 118.



31 (47) 44 (68) 'dose = 1.7 mcronol e/ kg; bvalues are % of adm ni stered
dose excreted in urine; 'values are % dose converted fromcyclic acetal as
per For mwe 201/md6xsef ficient of variation (%CV). Tabl e 2pCBitsphiosphionat e
Cyclic Acetal Urinary Recovery and Atount Converted to Bi sphosphonate after
IV Adm ni stration of Bi sphosphonate Cyclic Acetals to Rats Bi sphosphonate
Conmpound Adm ni stered" Amount of Cyclic gl Excreted' Anpunt Converted
t o Bi sphosphonat ec Ri sedronate Exanpl e062 trans) 16 (17)c 80 (5.5)
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[0429] Example 118 was synthesized following the general synthetic procedures
of Example 26 starting from 4-chloro-2-formylphenyl 2-oxooxazolidine-3-
carboxylate.
[0430] Yield: 120 mg Trans isomer Elemental analysis (%) caled for
Ci3Hi5CIN, O, PoNay-2.5H,0 (635.78): C 34.95, H 3.36, N 4.41 ; found: C 35.14,
H 3.64, N 4.14. "HNMR (D,0; 300 MHz) & = 8.40 (s, 1H), 8.11 (m,1H), 7.96
(d, 1H), 7.16 (m, 3H), 6.86 (d, 1H), 6.78 (s, 1H), 6.16 (t, 1H), 4.21 (t, 2H), 3.99
(t, 2H), 3.04 (t, 2H, J = 16.8Hz). *'PNMR (D,0, 121.5 MHz): § = 15.51. ESI m/z
533 (M-1).

Example 119.

[0431] Example 119 was synthesized following the general synthetic procedures
of Example 26 starting from 3-formylbiphenyl-4-yl isopropyl carbonate.

[0432] Yield: 200 mg, trans-isomer. Elemental analysis (%) caled for
Cp4Hp3NOoP2Nay-0.8 HyO (611.91): C 47.50, H 4.10, N 2.52; found: C 47.69, H
4.23,N 2.37. "HNMR (D,0; 300 MHz) & = 8.47 (s, 1H), 8.26 (m, 1H), 7.79 (m,
1H), 7.31- 7.15 (m, 8H), 6.96 (d, 1H), 6.27 (t, 1H), 3.13 (t, 2H), 1.04 (d, 6H).
IPNMR (D,0, 121.5 MHz): § = 15.10. ESI m/z 548 (M-1).




10(22) 75 (12) 13 87 Unnamed Exanmple 129 7.1 17.5 Zol edronate Exanple 128
51.2 0 adose = 1.7 mcronol e/ kg; bvalues are % of adm ni stered dose

excret ed wo 20r1/036589"' val ues are % dose converted from cyeCrawsacenadi2zas per
Forrmula A; 'Coefficient of variation1(®V). [0475] In the experinent

descri bed above, risedronate urinary excretion data reveal ed a sl ower

ri sedronate rletample128te into the bl oodstream from Exanpl e 62
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[0433] Example 120 was synthesized following the general synthetic procedures
of Example 26 starting from cyclobutyl 4-formyl-2-methoxyphenyl carbonate.
[0434] Yield: 152 mg; trans-isomer. Elemental analysis (%) calcd for
CyH24NO 1 P,Nay-0.4H,0-0.1MeCN-0. Irisedronate (600.97): C 41.77, H4.23, N
2.80; found: C 42.08, H 4.59, N 2.50. '"HNMR (D,0; 300 MHz) & = 8.52 (s, 1H),
8.38 (m, 1H), 8.21 (d, 1H), 7.57 (m, 2H), 6.85(m, 2H), 6.66 (d, J = 7.8 Hz, 1H),
6.11 (t, 1H), 4.67 (m, 1H), 3.53 (s, 3H), 3.06 (t, 2H, J = 17.1Hz), 2.02-1.84 (m,
4H), 1.50 (m, 1H), 1.28 (m, 1H). *'PNMR (D0, 121.5 MHz): § = 15.63. ESI
m/z 514 (M-1).

Example 121.
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[0435] Example 121 was synthesized following the general synthetic procedures
of Example 26 starting from cyclopentyl 4-formylphenyl carbonate.

[0436] Yield: 190 mg; trans-isomer. Elemental analysis (%) calcd for
Cy0H23NO1oP;Nay-1.0H,0-0.5NaCl (592.59): C 40.54, H 4.25, N 2.36; found: C
40.30, H 4.22, N 2.50. "HNMR (D,0; 300 MHz) & = 8.38 (s, 1H), 8.06 (d, 1H),
7.87 (d,J =9.9Hz, 1H), 7.15 (m, 3H), 7.01 (t, 1H), 6.89 (t, 1H), 6.23 (t, 1H), 4.87
(m, 1H), 3.07 (t, 2H, J = 16.2Hz), 1.55-1.28 (m, 8H). *'PNMR (D,0, 121.5
MHz): 6 = 16.43. ESI m/z 498 (M-1).

Example 122.



WD 2011/ 056589PCT/ US2010/ 054124 181 (trans) than fromrisedronate. After
Exanple 62 (trans) adm nistration, risedronate urinary excretion was

si gni fi camol2g11isgsser at |ater urine collection tines (i PET/US4018/064128- 24
hours) than after risedronate adm ni 969ation, see Table 3 and Figure 1.
Table 3. Urinary recovery of Cyclic Acetal and Risedronate after |V dosing
I n Rats Conpound adm ni stered’ Co oun ‘a\ggunt excreted (nnol) by
collection tine 0-4 hours 48d1@ hogr s nple 62

/

P
HO

!\O

N~

[0437] Example 122 was synthesized following the general synthetic procedures
of Example 26 starting from cyclobutyl 4-formylphenyl carbonate.

[0438] Yield: 290 mg; trans-isomer. Elemental analysis (%) calcd for
C19H21NOoP,Nay-1.0H,0 (553.44): C 41.67, H 4.24, N 2.78; found: C 41.29, H
4.28,N 2.39. 'THNMR (D,0; 300 MHz) 6 = 8.45 (s, 1H), 8.15 (m, 1H), 7.95 (d,
1H), 7.15 (m, 2H), 6.95-6.85 (m, 3H), 6.12 (t, 1H), 4.67 (m, 1H), 3.04 (t,2H, J =
17.1Hz), 2.02-1.84 (m, 4H), 1.45-1.20 (m, 2H). *'PNMR § (D0, 121.5 MHz):
16.12. ESIm/z 484 (M-1).

Example 123.

[0439] Example 123 was synthesized following the general synthetic procedures
of Example 26 starting from cyclohexyl 4-formyl-2-methoxyphenyl carbonate.
[0440] Trans-isomer: Yield: 423 mg (7.0%); elemental analysis (%) calcd for
Cx»H3sN1Nap;011P2-0.1H,0 (600.81): C 45.18, H 4.43, N 2.33; found: C 45.61, H
4.96,N 2.07. ESIMS (H,0): m/z: 542 (M"-1). "H NMR (D,0; 300 MHz): § =
8.79-6.93 (m, 7 H), 6.45 (t, ] = 5.1 Hz, 1H), 3.89 (s, 3H), 3.43 (t,J = 17.6 Hz,
2H), 1.96-1.26 (m, 10H). *'P NMR (D,0, 121.5 MHz): § = 16.1.




(trans) Risedronate 105.6 23.3 33.2 Exanple 62 (trans) 58.1 1.3 0.74
Ri sedronate Risedronate 170.2 11.6 14.3 'close --= 1.7 m cronol e/ kg.
WO 2011/056589 PCT/US2010/054124
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Example 124.
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[0441] Example 124 was synthesized following the general synthetic procedures
of Example 26 starting from cyclopentyl 4-formyl-2-methoxyphenyl carbonate.
[0442] Trans isomer: Yield: 412 mg. Elemental analysis (%) calcd for
C21H23N Nay Oy P2 1.2H,0 (594.98): C 42.39, H 4.30, N 2.35; found: C 42.45, H
4.55, N 2.06. ESIMS (H,0): m/z: 528 (M*-1). 'H NMR (D,0; 300 MHz): § =
8.77-6.90 (m, 7 H), 6.44 (t, ] = 4.8 Hz, 1H), 5.20 (broad, 1H), 3.88 (s, 3H), 3.41
(t, ] =16.7 Hz, 2H), 1.96-1.55 (m, 8H). *'P NMR (D,0, 121.5 MHz): § = 16.2.

Example 125.

Ho’ﬁ
N
N~

[0443] Example 125 was synthesized following the general synthetic procedures
of Example 26 starting from 2-formyl-4-methoxyphenyl isopropyl carbonate.
[0444] Yield: 150 mg; trans-isomer. Elemental analysis (%) calcd for
Ci19H23NOoP,Nay-1.0H,0-0.3NaCl (584.89): C 39.02, H 4.31, N 2.39; found: C
38.86, H 4.00, N 2.00. "HNMR (D,0; 300 MHz) & = 8.36 (s, 1H), 8.03 (d, 1H),
7.82 (1H), 7.07 (m, 1H), 6.74 (d, 1H), 6.64 (d, 1H), 6.42 (m, 1H), 6.17 (t, 1H),
4.62 (m, 1H), 3.50 (s, 3H), 3.02 (t, 2H), 1.00(d, 6H). *'P NMR (D,0, 121.5
MHz): 8 = 15.82. ESIm/z 502 (M-1).



Exposure of Risedronate after Oral Adm nistration of R sedronate Cyclic
Acetal 104761 Exanple 62 (trans) and risedronate were adm nistered via

i nt raduodwoabi1(is&dssand oral adm nistration to fasted ane#cramd2eiatws4i2&6 m | ar
to the procedure described above in n&lation to the IV study, the urine of
the rats was collected, and risedronate was recovered fromurine.

Ri sedronat e dicpaapled260l |1 owing I D and oral administration was cal cul ated as
percentage of the recovered risedronate fromthe dosed cyclic acetal
(Formula A), and the results were conpared to that| from dosing wth

ri sedronate, See Table 4. 104771 Adm épl strag on'/off risedronate orally to
fasted rats generally results in r|s % ojure of less than 1%of
dose as estimated by urinary reqﬂ A nl\gfrat©on with food (i.e., fed
rats) causes an extensive redu n o ri'sedronat e exposure as conpared to
fasted rats. [0478] |ID adm nistratiomof Exanple 62 (trans) to fed rats
resulted in greater risedronate |ggposure (as percentage of the dose) than
when risedronate was adm niste 1D to fed rats. Thus, Exanple 62 (trans)
was | ess susceptible to the f ffect than ri sedronate [ 0479] Therefore,
t hese experinmental results suggest that oral adm nistration of

bi sphosphonat[e443jcExanpledRalvag opmbesivtd foRswinkshé generad Sjmﬂecdlc rsgdagphonat e
exposure under. fed conditions. 2011/ 056589PCT/ US(%H /054124 182 Tabl e
4. summary ofolample2q Saripg iipm s -fpr-fompdphanyb fd-dimedyl-dnat e after 1V,

| nt raduodenal 5@(@%%31 %‘%&(1539 (fasted and fed) dosing to Rats Conpound
Adm ni st ered Anpunt crete

[0446] Yield: trans-isomer, 105 mg (1.8 %). Elemental analysis (%) calcd for
CooH 9F1N;NayO10P(574.32): C 41.83, H 3.33, N 4.88; found: C 42.64, H 3.69,
N 4.67. ESIMS (H,0): m/z: 529 (M*-1). 'H NMR (D,0; 300 MHz): § = 8.73-
7.06 (m, 7 H), 6.68 (t, ] = 4.5 Hz, 1H), 3.72 (s, 2H), 3.39 (t, ] = 17.0 Hz, 2H),
1.41 (m, 6H). *'P NMR (D,0, 121.5 MHz): § = 16.3. '°F NMR (CDCls, 282.3
MHz): § = -116.6.

Example 127.
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[0447] Example 127 was synthesized following the general synthetic procedures
of Example 26 starting from cyclopropyl 2-formylphenyl carbonate.

[0448] Yield: trans-isomer: 98 mg (1.9 %). Elemental analysis (%) calcd for
CisH17N;Na040P,-0.3NaCl-1.0H,0 (550.83): C 39.25, H 3.48, N 2.54; found: C
39.24, H 3.56, N 2.41. ESIMS (H,0): m/z: 470 (M*-1). 'H NMR (D,0; 300
MHz): & = 8.69-7.23 (m, 8 H), 6.57 (t, ] = 4.8 Hz, 1H), 4.26 (m, 1H), 3.38 (t,J =
16.5 Hz, 2H), 0.94-0.77 (m, 4H). *'P NMR (D,0, 121.5 MHz): § = 16.2.




IDb fasted IDb fed Oalb fast Oalb fed R sedronate Ri sedronatec 39 36 (13)

0.49 (23)e 0.57(4.5) 0.28(29) 0.012 (50)
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Example 128.

[0449] Example 128 was synthesized following the general synthetic procedures
of Example 26 starting from 2-formylphenyl isopropyl carbonate.

[0450] Yield: 192 mg (3%). Elemental analysis (%) calcd for
CisHisN2NaxO;0P2-0.5H,0 (515.28): C 37.30, H 3.72, N 5.44; found: C 37.66, H
4.09, N 5.19; ESIMS (H,0): m/z: 461 (M*-1). '"H NMR (D,0; 300 MHz): 6 =
8.70-8.67 (m, 1H), 7.65-7.28 (m, 6H), 6.76-6.65 (m, 1H), 5.10-4.90 (m, 1H),
4.76-4.68 (m, 2H), 1.41-1.38 (m, 6H). *'P NMR (D,0, 121.5 MHz): § = 12.67,
12.45.

[0451] Alternatively, Example 128 was synthesized according to the following
synthetic procedure:

i) 2-Isopropoxyformoxy benzaldehyde

N Ox. m

oH HProCOCI OYO g

Q

EtsN, DCM o j/ SM— 3

Product—9 | =

C7HgO, C11H1204 .| ©
Mol. Wt.: 122.12 Mol. Wt.: 208.21

[0452] To a solution of salicylaldehyde (10.39 g, 85.08 mmol) and pyridine
(7.57 mL, 1.1 eq.) in dichloromethane (40 mL) in a 250 mL round-bottom flask
was added a solution of 1M isopropyl chloroformate in toluene (93.60 mL, 1.1
eq.) slowly in 20 minutes to maintain the internal temperature below -25°C using
a cold bath of dry ice/acetone. White precipitate began to form during the
addition and more precipitate was seen after the addition was complete. The
mixture was removed from the cold bath and stirred for 2 hours with the

application of a slow increase of temperature. Subsequently, the reaction mixture



0.13 0.003 Exanple 62 (trans) Exanple 62c (trans) 16 (17) 10(22) 13 0.046
(1128) 0.092 (36) 0.028 (26) 0.33f (25) 0.002 0.016
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was evaporated to half the volume on a rotary evaporator, diluted with ethyl
acetate (50 mL), washed with ice cold water (2x100 mL), 1N NaOH (3x50 mL),
ice water (2x50 mL) and cold brine (1x100mL), dried over anhydrous MgSO4
and evaporated on a rotary evaporator to produce 15.85 g (88%) of yellow oil.
The carbonate (10.52 g) was distilled in high vacuum to yield 9.32 g of colorless
oil (b.p. 101-103 °C/0.8 torr). '"H NMR (300 MHz, CDCls): $10.22 (s, 'H), 7.92
(dd, I =2.1, 7.5 Hz, 'H), 7.68 (dt, J = 2.1, 7.5 Hz, 'H), 7.47 (t, ] = 7.5 Hz, 'H),
7.32(d,J =7.5 Hz, 'H), 5.04 (m, 'H), 1.45 (d, ] = 6.3 Hz, 6H).

[0453] The reaction was monitored by TLC analysis. The final step of
distillation of the carbonate product is necessary to minimize moisture content
therein as the synthesis of 1-tert-Butoxyformoxy-2'-
isopropoxyformoxybenzylchloride below is conducted under exclusively
anhydrous conditions.

ii) 1-tert-Butoxyformoxy-2'-isopropoxyformoxybenzylchloride

Cl o.__0
_0 1)Triphosgene, pyr hil \K
YO\H/O THF YO\H/O O
o) 2) t-BuOH, Pyr, THF o)
C41H1204 C16H21ClOg
Mol. Wt.: 208.21 Mol. Wt.: 344.79

[0454] A 50-mL 3-neck round-bottom flask equipped with an argon line, a
thermo couple and a rubber septum was charged with 2-Isopropoxyformoxy
benzaldehyde (1.680 g, 8.069 mmol) and purged with vacuum-argon for 3 cycles.
Freshly distilled THF (16 mL) was added followed by the addition of triphosgene
(0.798 g, 1.0 eq. based on phosgene) at 3°C and then a solution of 1.0M pyridine
in THF (0.40 mL, 5 mol%). Freshly obtained triphosgene (Aldrich) was used to
ensure high conversion. The mixture turned cloudy after the addition. The
resultant mixture was warmed to room temperature over the course of 15 minutes
and then heated at 44°C in an oil bath for 1 hour. The mixture was cooled to -
10°C. To it was added a solution of 1.6M BuOH and 1.6M pyridine in THF
(5.55mL, 1.1 eq.) slowly to maintain the internal temperature <-7°C. The
tBuOH, pyridine and THF solution was made in 1.6M concentration and dried
and stored with molecular sieves under argon, which had been pre-dried in a

drying oven at 145°C in high vacuum for 2 days.



Ri sedronated 80 (5.5) 75 (12) 87 0.25(44) 0.34 (14) 0.07 (24) 0.53f (21)
0.07 0.022 '"dose = 1.7 mcronol e/ kg; bdose = 17 m cronvol e/ kg; 'values are %
of adm niwbenadsesse excreted in urine; dval ues are % dese/useowasiied from
cyclic acetal as per Fornula A; 'Coefif4 cient of variation (%V); fdose = 85
m cronol e/ kg. Section 4. Bone Density Study of Risedronate and R sedronate

Cyclic Acet al [0f#IRAfIET thegd@typniithe mix b vasoftinied @nd e euREa I ERamy e 62
A narali oot oSREBLEcHERLuBa e i bR SORKRL, e LY 0L eepd

m neralization in Ition " was eva an ani nal
nmodel syst em fidbation ami titsed fwithl EtOzc: Han@ :4)e tThboblasibas widre egepoeatad upder nci pl es

o oo S ol Bt 8 sclosed ol nnda gt ol TR g SS T
for the next step without further purification subsequent to storing in an air
moisture free environment freezer. This intermediate was relatively stable for up
to 2 weeks when stored this freezer.
[0456] '"H NMR showed 3:1 ratio of the substituted benzylchloride vs. the
aldehyde starting material.
iii) Drying (1-hydroxy-2-imidazol-1-yl)-ethyl-1,1-bisphosphonic acid

(zoledronic acid)

0
OI-(I‘D?/OH vt OH1_OH
L~ ~ Zeotrope I~ ~
NONTYTOH 0 N\///N/\l/ OH
\—] Pon 185 °C = Pon
OH -nH,0 OH

[0457] Since the supplied bisphosphonic acid contained hydrates, the water was
removed by an azeotropic distillation procedure.
[0458] Zoledronic acid hydrate (24.00 g) was suspended in mesitylene (50 mL)
in a 100 mL round-bottom flask equipped with a Dean-Stark trap. The
suspension was heated at reflux until the distillate was free of water, which took
approximately 2 hours and about 2 mL of water was collected. After cooling, the
mixture was filtered and the solid was washed with hexane and dried in high
vacuum overnight to produce 21.94 g of a white solid, which was stored under
argon until further use.

iv) Carbonic acid isopropyl ester 2-(2,3,4-trihydroxy-3-imidazol-1-
ylmethyl-2,4-dioxo-2)>,4 ks-[1,5,2,4]dioxadiphosphinan-6—yl)-phenyl ester

o) o) o)
O I/OH Cl O (e} O"ED'/OH J\
NN o, o \([)]/ j< iPr,NEt, DMF NN Y o OJ\O
= _p = s

oY
O oM 0 42°C, 2 days 0’(5H0)\©

OH

CsH1gN2O7P> C46H21ClOg
Mol. Wt.: 272.09 Mol. Wt.: 344.79 C1gH20N2010P>
Mol. Wt.: 462.28



[0481] Mal e Sprague Dawl ey rats approximately 6 weeks old with weights
rangi ng between 120 and 150 grans were placed into groups based on body
wei ght, wohoti/Bezai mal s per group. All groups recei vedPCramskomios4iby
subcut aneous injection (SQ once dailigsfor 7 days. [0482] On day 7 after
the start of dosing, all animal sn\é\ﬁre eut hani zed vj a .exs,angr ui nati on under

gas anest hesi 84aMdAot0-rmbroundpotiqny Hask ¢hgrged avith soledipnigasid (4088 8ct ed free
and placed in ggﬂg Q;&{ﬂ %80 49%&; 4 183
[0482] The pr%ggigf&ﬁ¥%§%%y5|sk%§1¥ﬁ%%iig't§tl (§8§£S anéﬁyz d %%ing dual
ener gy Xx-ray lxasdrapti2Whier 1§ n{iDY¢wing Whick npeparatitesodcnfred)matl itoit was changes i n
both cortical and cancell pus bone density, The prinmary end-point. for this
study was bo n"éi%r‘?él AsPafoya gf‘?"ﬁl'g‘ftgﬂﬁj%npﬂx%%éS?Hng%yg%Hééygﬁzggkﬁ&dﬁoI ogi cs
QDRA500 densi (st L bridbiPineghdoud DSAF (194AL. lﬂ&xﬁ%kulﬁaﬁﬁ}n‘i‘)&hﬂe%s%ﬁn‘é@t a was

made using paranetric and non- par ametric analysis of variance and Fisher's
prot ect ed t - tastmaiptagedat A2 Gefon 24 hawisas abaterogesequsishspensibn.eAf ect conpar ed

to control anj. , defin as the | onwest effectiv i.gni f.i cant

oot resor pt U85 st B kit WHE rsSonifi B AR BELUATER S 2006
conpared to tdistilvdhGigh GCOUR af P0) (oAt alTas kaiRE wisabsorb&Dbrib kicllose
response rel ationship, which estimtes an efficacy value using all animals

in the study gilgnayxag veth Me@H @malnd silRaszel 013 g)dplpved iy evagamgion (2007) ) .
TR0l SOy B 88 BRLATI 109, SRR el AP Sl 100
silica gel (200 g) and eluded with CH3CN:MeOH (10:0 ->10:1->4:1->2:1->0:10).
The fractions collected were checked by TLC and MS analyses. Two poured
fractions showed the product mass after evaporation under reduced pressure gave
80 mg and 170 mg, respectively.
[0460] The diacid (0.152 mg) was dissolved in CH3CN and passed through an
1on exchange resin column (containing Amberlite IR-120 (Na) ion exchange resin
which had been washed with water before loading) (40 g), eluded with deionized
water. The fraction with slight tan color was freeze-dried to give 64 mg of a
white fluffy solid. The product showed cis/trans mixture and a strong signal in
negative MS-ESL. *'P NMR (300 MHz, D,0): 813.85 (s) and 13.51 (s); MS
(ESD): 461.0 (M-H).

Example 129.

[0461] Example 129 was synthesized following the general synthetic procedures
of Example 26 starting from 2-formylphenyl isopropyl carbonate.



Ri sedronate 1 1.8 Exanple 62 (trans) 3 5 Zol edronic acid 0.1 0.1 Exanple
128 1 0.5 [0485] As confirnmed in the Schenk Mdel, all four conpounds
i ncreasedwbana/de3ssity in the rat proximal tibial mnetaplrgsits2oi0lostibact that
Exanpl e 62 (trans) and Exanple 128 wafe efficacious provides evidence that
the active blsphose nate was rel eased into the bl ood prior to urlnary
excretion. [0462] Yield 0.644g (24%), white solid. 'H NMR (D,0, 6 ppm, J Hz): 8.64 (d,

3Jan= 7.2, 1H), 7.25-7.90 (m, 8H), 6.71 (t, *Jup = 5.1, 0.5H), 6.68 (t, *Jp = 5.1,

0.5H), 5.02 (m, 1H), 3.45-3.70 (m, 2H), 2.55-2.80 (m, 1H), 1.39 (d, *Juu = 6.3,

3H), 1.38 (d, *Jun = 6.3, 3H). *'P NMR (D0, & ppm) 16.05, 15.97 (cis-isomer

84%); 15.77, 15.72 (trans-isomer 16%). LC-MS (ESI) for C,0H2oN,O9P; m/z 495

[M - HY. Calc. for CyoH20N2Na,OoP-2H,0 (%): C 41.68, H 4.20, N 4.86; found

(%): C 41.57, H 4.62, N 4.67.

Example 130.

[0463] Example 130 was synthesized following the general synthetic procedures
of Example 26 starting from 2-formylphenyl 2-oxooxazolidine-3-carboxylate.
[0464] Yield 0.355 g (15%), white solid. 'H NMR (D,0, & ppm, J Hz): 8.66 (d,
3Tpn= 4.2, 1H), 7.30-7.90 (m, 8H), 6.72 (t, *Typ = 4.2, 1H), 4.60 (t, *Jyn = 8.7,
2H), 4.39 (t, *Juu = 8.7, 2H), 3.57 (td, *Jun = 7.5, *Jup = 21.3, 2H), 2.73 (m, 1H).
3p NMR (D20, 6 ppm) 16.57(cis-isomer 12%); 16.16, 16.10 (trans-isomer 88%).
LC-MS (ESI) for Cy0H19N3010P, m/z 522 [M - H]". Calc. for CyoH17N3NayO 0P, -
1.5H,0 (%): C 40.42, H 3.39, N 7.07; found (%): C 41.03, H 3.91, N 6.56.

Example 131.




[ 0486] When ranges are used herein for physical properties, such as

nol ecul ar wei ght, or chem cal properties, such as chem cal fornulae, al
conbi nat iwooandemabconbi nati ons of ranges of specific eciasgeemnsa24 herein
are intended to be included. WD 20117D56589PCT/ US2010/ 054124 184 [ 0487]
The di scl osure of each patent, patent application, and publication cited or
described in this docunent are hereby incg ated herein by reference, in
their entirety. [0488] Numerous alt@Hatio pdj fi cations, and variations
of the preferred enbodi nents disgl ose@ et efin Wi | e apparent to those
skilled in the art, and they are a i ci pmtedand contenplated to be
within the spirit and scope of th ifed i nvEnti on. For exanpl e, al though
speci fic enbodi nents have b edgyn d&ail, those with skill in the
art will understand that tfe ecedi Ag enbodi nents and vari ati ons can be
nodi fied to incorporate vagi pes of substitute, additional or
alternative materials. Accordingly, even though only a few variations of
the present invention are exenplified herein, is to be understood that
the practice gof su i tional dificatjons d vari ations, and the

equi val ent's t[ﬁé?%oi‘ 35&%%rwn 8“%‘}5‘1 fis Wé’ﬁ‘?ja g pangfropiiacid{y & i on as
defined in t faol / 85 e
claim 1.A cgﬁégﬁ%é&g?nggf%gﬁggn?ZVE%@@%&éﬂﬁﬁgéggggj%Fgg Jggg%@§?gble salt
or hydrate t hastesafopropiybestérr(3.RH g, RIS nRBol, RY egichnR5PaNet @adhmLdlependent | y

a) hydrogen; in anhydrous CH3CN (20 mL). The mixture was stirred at 42°C for 28 hours, at

which point it turned to a homogenous brown solution. The solvent was
evaporated to 2 of its volume and the remaining content was loaded to a pre-
packed silica-gel column eluted with acetonitrile:water (10:0 >10:1 >10:2
->10:3 210:4). Fractions showing product mass were combined and evaporated
to 1/3 of its volume. The aqueous phase was passed through a column of Na+
ion-exchange resin and the eluent was lyophilized to give 0.826 g of the sodium
salt. The solid was mixed with MeOH and stirred at room temperature for 2
hours. The suspension was centrifuged and an off-white solid 131 (0.219 g)
remained. >'P NMR: 15.57 (s), 15.48 (s) (mixture of cis/trans isomers). LC-MS
(ESI): 511.2 (M - Na+).

Section 3. Conversion of Bisphosphonate Cyclic Acetals to Bisphosphonates
after intravenous (IV) Administration of Cyclic Acetals and Exposure of
Bisphosphonate after Oral Administration of a Bisphosphonate Cyclic Acetal
in Fasted and Fed Rats

[0466] Male, Sprague-Dawley, rats weighing approximately 200-400 g were
studied.

Formulations:

[0467] All formulations were prepared within approximately 1 hour of dosing.
Oral (PO) and Intraduodenal (ID) Dosing:

[0468] The appropriate test article formulation was administered to each animal
as a 17 micromole/kg, 2 mL/kg dose solution in 0.6% methylcellulose /0.2%

Tween 80° by oral gavage. Alternatively, animals were dosed with a 17



b) hal ogen, -CN, -CF3, or -NO2; c¢) C-C8 alkyl or CI-C8 haloal kyl; d) C2-C8

al kenyl or C2-C8 hal oal kenyl; e) C2-C8 al kynyl or C2-C8 hal oal kynyl; f)
opt i onal lwo=ohgissisat ed aryl or optionally substituted heCensasrylos41g)
-C(0)R6; h) -C(0)OR6, or -02R6; i) 1790OR6, -0-L-0C(0)R6, or -0-L-0C(0)ORe6;
.1) -0C(0) R6,migromd)¢zkg,) I il 3@ dseBolukipn ir0GLIA HRGugh HEMANNR-ihtoThd) R7,

0010 L G0 SR s GONEET, o G OB IO e
-0C(0) 04, - ( R@lh‘&i‘—d(@ﬁ!% 480 werl GtBme St B (iBifhm hc&g @B@d thereafter. Ani als in
-0C(0)N(-L-0C(0)R7) (-L-0C(0)R8); n) -SRe, 0) -NR6C(0)R7; p)
- NR6C( 0) OR7; the fed groups had access to food ad libitum for at least 2 hours prior to dosmg,

and throughout the day post dose.

IV Dosing:

[0469] Generally, animals were administered a 1.7 micromole/kg, 2 ml/kg TV

dose (tail vein) of the appropriate formulation using a syringe and attached

butterfly needle. All animals remained fasted for an additional 4 hours post dose

and were returned to ad libitum access to food thereafter.

Urine Sample Collection:

[0470] Urine samples were collected into refrigerated plastic conical tubes at

approximately 4, 8 and 24 hours post-dose. At the end of each collection period,

sarhples were weighed and transferred to a -70°C freezer for storage until

analyzed.

Conversion of Risedronate Cyclic Acetal to Risedronate after IV Administration:

[0471] The absorbed risedronate is stable in vivo and is not metabolized. After

IV administration of risedronate to rats, about 60% of risedronate binds to bone

and about 40% of risedronate dosed is excreted in urine. When risedronate cyclic

acetal compounds are administered intravenously to rats, a percentage of the

cyclic acetal can remain intact and can be excreted in urine while a percentage of

the cyclic acetal can be converted to risedronate iz vivo. Assurhing risedronate

formed in vivo has the similar tissue distribution profile as described above, about

40% of risedronate generated in vivo will be excreted in urine and about 60% of

risedrénate generated in vivo will bind to bone. Thus, the percentage of the cyclic

acetal which is converted to risedronate i vivo is estimated using Formula A:

Amount (%) Risedronat Amount of Risedronate
unt {7 € recovered in urine/0.4
converted from Risedronate = - — X 100% Formula A
Cyclic Acetal Amount of Risedronate Cyclic
Acetal dose

[0472] Risedronate cyclic acetal compounds were administered intravenously in
saline (0.9% sodium chloride). The amounts (percentage) of the cyclic acetal
compounds converted to risedronate were calculated and are summarized in

Table 1.



q) -NR6C(0)NR7; r) -0S02R6; s) -SO20R6; t) -SCRR6; u) - NR6SO2R7; V)
~SC2NR6R7; 0 OANF In'M 0 : 00 R7 R8 X)5 0 0 ' 55?' OANAO
WO 2011/056589 PCT/US2010/054124
179

[0473] For example, when Example 82 was dosed in rats, 50% of the dosed
cyclic acetal was recovered, and 43% of the dosed cyclic acetal was converted to
risedronate (calculated using Formula A). In some cases, for example with
Example 29, the percentage of cyclic acetal converted to risedronate was
calculated to be more that 100%. While this may be caused by an inaccuracy in
measuring small quantities of the compound in the samples, it, nonetheless,
shows complete or nearly complete conversion to risedronate.

[0474] As summarized in Table 1, exemplary cyclic acetal compounds exhibited
the spectrum (slow to fast) of conversion rates from risedronate cyclic acetal to
risedronate in vivo after IV administration of the cyclic acetal compounds to rats.
For example, dosing Examples 28, 29, 30, 33, 105, 47, 63, 79, and 83 in rats
resulted in very low urinary recovery of the cyclic acetal, demonstrating rapid
rate of conversion of the cyclic acetals to risedronate iz vivo, i.e., conversion
quickly to risedronate. In comparison, dosing Examples 32, 40, 45, and 82 in rats
resulted in significant amounts of cyclic acetal recovery (about 50% or more of
the cyclic acetal compounds were recovered after dosing) indicating relatively
slow rates of systemic conversion of the cyclic acetal to risedronate. Examples
36, 50 and 62 (trans) demonstrated both systemic exposure of the cyclic acetal
and risedronate suggesting both stability of the cyclic acetal and conversion to

risedronate in vivo.

Table 1. Risedronate Cyclic Acetal Urinary Recovery and Amount Converted
to Risedronate after IV Administration of Risedronate Cyclic Acetals to Rats

Compound Administered” | Amount of Cyclic Acetal | Amount Converted to
Excreted® Risedronate’
Example 28 0 106 (15)d
Example 29 (trans) 1.0 (41) 50 (13)
Example 30 0.1 (82) 98 (52)
Example 32 (trans) 77 (13) 7.1 (7.0)
Example 33 (trans) 0 84 (5.6)
Example 105 (trans) 5.7(52) 81 (30)
Example 29 (cis) 3.6 (37) 130 (43)
Example 36 27 (17) 69 (7.0)
Example 39 30 (28) 12(12)




R7 3/)R8 ; '14 Z) WD 2011/ 056589PCT/ US2010/ 054124 187 |'OAZ1 LIY m ; or
bb)RlL and R2, R2 and R3, R3 and R4, or R4 and R5 taken together form an

opt i onal lwo=ohgissisat ed 4- to 8- menbered carbocyclic or rerarseegmbiies ring,

wherein the ring is saturated, unsatus@ated or aromatic; wherein mand n are
each independently an integer fromQ to 2; Y is -CH2-, -0-, -NR7-, or -S-;
p is an integer frEXﬂ"lPlﬁﬂ)O 3: R14 is hyddg@n, hal ogen, G 40%32I kyl, df
Cl-C8 al koxyts E’xamp‘le 43 16 (19) 72 (27)
(mlxture of cis/trans isomers)
Example 45 67 (6.6) 9.3(35)
(mixture of cis/trans isomers)
Example 47 4.8 (27) 16 (29)
Example 50 (trans) 45 (9) 76 (16)
Example 54 11 (26) 42 (14)
Example 62 (trans) 16 (17) 80 (5.5)
10(22) 75 (12)
13 87
Example 63 (trans) 3.3(57) 33 (26)
Example 70 22 (22) 75 (37)
Example 75 43 (20) 56 (31)
Example 79 (trans) 0.3 (220) 43 (27)
Example 81 25 (54) 50 (24)
Example 82 50 (10) 43 (10)
Example 83 23(114) 55(16)
Example 96 16 (15) 25(27)
Example 98 31 (47) 44 (68)

®dose = 1.7 micromole/kg; ®values are % of administered dose excreted in urine; ‘values
are % dose converted from cyclic acetal as per Formula A; “Coefficient of variation

(%CV).
Table 2. Bisphosphonate Cyclic Acetal Urinary Recovery and Amount

Converted to Bisphosphonate after IV Administration of Bisphosphonate
Cyclic Acetals to Rats

Bisphosphonate Compound Amount of Cyclic | Amount Converted to
Administered® Acetal Excreted” Bisphosphonate®
Risedronate Example 62 (trans) 16 (17)° 80 (5.5)
10(22) 75 (12)
13 87
Unnamed Example 129 7.1 17.5
Zoledronate Example 128 51.2 0

®dose = 1.7 micromole/kg; Pvalues are % of administered dose excreted in urine; values
are % dose converted from cyclic acetal as per Formula A; ‘Coefficient of variation
(%CV).

[0475] In the experiment described above, risedronate urinary excretion data

revealed a slower risedronate release rate into the bloodstream from Example 62



zis --r" or --r ; each R6 is independently hydrogen, Cl1-C8 al kyl,

C -C8 hal oal kyl, C2-C8 al kenyl, C2-C8 hal oal kenyl, C2-C8 al kynyl, C2-C8
hal oal kyrwb,20emse3svi onal | y substituted 4-8 nenbered sat ecatusdoioasdecyclic
or heterocyclic ring, optionally subdsituted aryl, optionally substituted
heteroaryl, -L-optionally substituted aryl or L-optionally substituted
het eroaryl ; (trans) thapdrommpis@Bonate AfehExamdp 63 deqrs) ydntipisiradem or Cl1- C8

al kyl; and L j - I . Qr . R7 e ther faun an optionally
subgt i tuted -S%fi %%%%Q%&reglg?%aéé i1t€$a(r)1¥l§ﬁ§ﬁg% %gjg/\tgﬁ FEEH S?tlovr\)ner ein the
ring is saturtghedj.eynsair8-24 Beurdy thas ef@irisedrodatthemidsmpmiondsceiTablesd m 1,
wherein RI, R2, R3, R4, and R5 are each independently hydrogen, hal ogen,
-CF3, Cl-C8 a™hfigutgdi i onal |y substituted phenyl, -OR6, -0-L-0C(0)Res,
-0-L-0C(0)0OR6, -0C(0)R6, -0C(0)-L-0C(0)Ro, C(0)OR6, -0C(0)ORS,
-0C(0)0-L-C(0)R7, -0C(0)NR6R7, 0C(0)N(R6)-L-0C(0)R7,

- 0C(0) N( - L- 0CX'#191&3) Urina 3 €ep Ry, of CAOli2 Kckt) 268 Fokdrohii2 Gifer 09 4luiihglii8 O O
"sssLLY 0 O

Rats
Compound Compound Amount excreted (nmol) by collection time
administered measured 0-4 hours 4-8 hours 8-24 hours
Risedronate 105.6 23.3 33.2
Example 62 531 13 )
(trans) Example 62 . . 0.7
(trans)
Risedronate Risedronate 170.2 11.6 143

?dose = 1.7 micromole/kg.

Exposure of Risedronate after Oral Administration of Risedronate Cyclic Acetal
[0476] Example 62 (¢rans) and risedronate were administered via intraduodenal
(ID) and oral administration to fasted and fed rats. Similar to the procedure
described above in relation to the IV study, the urine of the rats was collected,
and risedronate was recovered from urine. Risedronate exposure following ID
and oral administration was calculated as percentage of the recovered risedronate
from the dosed cyclic acetal (Formula A), and the results were compared to that
from dosing with risedronate, See Table 4.

[0477] Administration of risedronate orally to fasted rats generally results in
risedronate exposure of less than 1% of dose as estimated by urinary recovery.
Administration with food (i.e., fed rats) causes an extensive reduction of
risedronate exposure as compared to fasted rats.

[0478] ID administration of Example 62 (trans) to fed rats resulted in greater
risedronate exposure (as percentage of the dose) than when risedronate was
administered ID to fed rats. Thus, Example 62 (trans) was less susceptible to the
food effect than risedronate.

[0479] Therefore, these experimental results suggest that oral administration of
bisphosphonate cyclic acetal compounds results in improved bisphosphonate

exposure under fed conditions.




0 R” R8 , wherein Yis -CH2-, -0-, -NR7-, or -S-; pis an integer from1l to

3; R14 is hydrogen, hal ogen, Cl1-C8 alkyl, or G -C8 al koxyl; and z isor.

3. The compound/m36s88l ai m 1, wherein R, R2, R3, R4, and RETAISe010M64124

i ndependently -0R6, -0-(CH2)p-0OC(0)Ra882-0-(CH2)p-0C(0)0R6, -0C(0)R6,

-0¢(0) - (R6) (R7) - (CH2) p- OC(0) R8, - C(0) OR6, -0C(0) OR6

-0C(0) 0- CH(R6) (CH2) pC(0) R7, -0C(0)NR6R7, -0C(0)N(R6) (CH2)p-0OC(0)R7,

9L 0) Ne( Cr2) i Y ik SF BBy of EycrriSRtctdl i kilBoffate ler' S5S 0A
1V, Intraduodenal (ID) and Oral (PO) (fasted and fed) dosing to Rats

Compound Amount ve D’ D Oral’ Oral’
Administered Excreted fasted fed Fast fed

Risedronate Risedronate® 39 0.49 (23)° 0.012 0.13 0.003

36 (13) | 0.57(4.5) (50)

0.28(29)

Example 62° | 16 (17) | 0.046 (118) | 0.028 | 0.002 | 0.016

(trans) 10(22) (26)

EX?::;I:(; 62 13| 0.092(36)

g 0.33°

25)
Risedronate® | 80 (5.5) 0.25(44) 0.07 0.07 0.022

BAD N haaaa | @Y

87
0.53"
1)

®dose = 1.7 micromole/kg; ®dose =17 micromole/kg; *values are % of administered dose
excreted in urine; ®values are % dose converted from cyclic acetal as per Formula A;
*Coefficient of variation (%CV); ‘dose = 85 micromole/kg.

Section 4. Bone Density Study of Risedronate and Risedronate Cyclic Acetal
in Rats.

[0480] The effect of the compounds (Example 62 (trans) and Example 128) on in
vivo bone resorption inhibition and mineralization inhibition was evaluated in the
Schenk Model, an animal model system known in the field of bone metabolism.
The general principles of this model are disclosed in Shinoda et al., Calcif. Tissue
Int., 35: 87-99 (1983); and in Schenk et al., Calcif. Tissue Res. 11: 196-214
(1973).

[0481] Male Sprague Dawley rats approximately 6 weeks old with weights
ranging between 120 and 150 grams were placed into groups based on body
weight, with 4-8 animals per group. All groups received treatment by
subcutaneous injection (SQ) once daily for 7 days.

[0482] On day 7 after the start of dosing, all animals were euthanized via
exsanguination under gas anesthesia and/or CO,. The right tibia and femur were

dissected free and placed in 70% ethyl alcohol.



0'sss'""ONA R7 '55?"0A0 \__ /O R7 7-R7 R8 , or RBED 4. The conpound of claim
1, wherein R6 is C1-C8 al kyl, C2-C8 al kenyl, C3-C6 cycl oal kyl, benzyl; R7
and R8 arwoeatinssssdependent|y hydrogen, nethyl, or ethylPCTNS2GI0/08+124 L iS
Cl-C3 al kyl; WD 2011/ 056589PCT/ US20183% 054124 189 mis 0; and nis 0 or 1.

[0483] The proximal metaphysis of the right tibia was analyzed using dual
energy x-ray absorptiometry (DXA). This provides information on changes in
both cortical and cancellous bone density. The primary end-point for this study
was bone mineral density (BMD) in the tibia measured using Hologics QDR-
4500 densitometer (Hologics, Inc). Statistical evaluation of data was made using
parametric and non-parametric analysis of variance and Fisher’s protected t-test
to determine a statistically significant effect compared to control animals, defined
as the lowest effective (significant anti-resorptive) dose (LED).

[0484] The dose which increased (BMD) 20% compared to the vehicle group
(D20) was calculated via a logistic dose response relationship, which estimates an
efficacy value using all animals in the study (Lundy et al., J. Bone Min. Res. 22
(Suppl. 1): S443, (2007)).

Table 5. Summary of efficacy parameters as estimated in the Schenk Model

Compound LED D20
(mcg P/kg) (mcg P/kg)
20%>BMD than control
Risedronate 1 1.8
Example 62 (trans) 3 5
Zoledronic acid 0.1 0.1
Example 128 1 0.5

[0485] As confirmed in the Schenk Model, all four compounds increased bone
density in the rat proximal tibial metaphysis. The fact that Example 62 (trans)
and Example 128 were efficacious provides evidence that the active

bisphosphonate was released into the blood prior to urinary excretion.

[0486] When ranges are used herein for physical properties, such as molecular
weight, or chemical properties, such as chemical formulae, all combinations and
subcombinations of ranges of specific embodiments therein are intended to be

included.



5. The compound of claim3, wherein R6 is C1-C8 al kyl, C2-C8 al kenyl, C3-C6
cycl oal kyl, benzyl; R7 and R8 are each independently hydrogen, nethyl, or
et hyl ; amdloYoiigseB9 6. The conpound of claim 1, wherei RCRIUS2aMG/0RA24 R2 and
R3, R3 and R4, or R4 and R5 taken tog®& her forman optionally substituted
5- to 7- rrenbered carbocyclic or heterocyclic ring, wherein the ring is

saturated, u rl@ﬂﬂ]r Eh%@ls‘apsw eheach patentz pateptanplisaiém andpullication gtedyier ei n
the 5- to 7- Bl freHorbGURIDEA el Sotd Gy tferbfiOURShEE Ut ed- - 8.

The conpound o ¢l erernt car ocyclic or
het erocyclic emtlmgyl s sat ur at ed or aromatic. 9. The conpound of claim®6,

wherein the 5 7- rrenber d hetero I|c ring includes_ 1 or eteroatom;
10. The corrpo[lgfilééi N“’E‘Ie%ﬂ%a crafipRs, B0 ﬁyﬁftl%ﬁ?da V“F@ﬁ‘o%ﬂfsthgpr@%ﬂd R4, or

and R5 taken éﬂ%ﬁrﬂ&{ts Hﬁél%ed }%}elnmﬁbegﬁpﬂ&ﬁ% Hos€ Lializa ﬁpﬁle‘ﬁﬁee{rﬁl' n Rl and
R2, R2 and R3, and or R4 and ken toget her are

2011/ 056589 PGM)[BE @M@h@@pa_@d aid®Cordénplaed4o he d/lﬁhhethle epmit aind g:o@e gf teps of R1
\’/vhsr2 ei ESRl Rgn&a%%d lﬁ%aé%e%?ex%%&ggﬂnﬂ{ghé}’e A° 8.’?? 0 oug%éoé P‘cg)elé‘glt hmeE3 are
described in detail, those with skill in the art will understand that the preceding
embodiments and variations can be modified to incorporate various types of
substitute, additional or alternative materials. Accordingly, even though only a
few variations of the present invention are exemplified herein, it is to be
understood that the practice of such additional modifications and variations and
the equivalents thereof, are within the spirit and scope of the invention as defined

in the following claims.



wherein R15 is hydrogen, hal ogen, or -OR6. 14. The conpound of claim 13,
wherein RlL and R2, R2 and R3, R3 and R4, or R4 and R5 taken together are
and t he rwoepni/osgssR- groups of R, R2, R3, R4, and R5 areceamskoiongapendent|y
-H or -0C(0)0R6. 15. The conpound ofi8&€l aim 1, wherein one of R, R2, RS,
R4, and R5 1S -0R6, O0-L-0C(0)R6, -0-L-0C(0)0R6, -0C(0)R6,

-0C( 0) - L- oc( OYVR&laimpc( 0) OR6, ~ 0C( 0) 0- L- C(0) R7, - 0C( 0) NR6R7,

-0C(0)N(R6) -L-OC(0)R7, -0C(0)N(-L-0C(0)R7)(-L-0C(0)R8), OO0ONO R7 R8
; any two of the remaining RI, R2, R3, R4, and R5 are hal ogen; and each of
the renai ni ngl-R- grdbgpmpedndf Forpulay, ' R4, and RS are hydrogen. WO

2011/ 056589PCT/ US2010/ 054124 191

Ro
Ry Rs
O\QHO
P R4
HO o Ry
HO'§
N

or a pharmaceutically acceptable salt or hydrate thereof,
wherein Ry, Ry, R3, R4 and Rs are each independently
a) hydrogen;
b) halogen, -CN, -CF3, or -NO;;
¢) C;-Cg alkyl or C;-Cg haloalkyl;
d.) C,-Cg alkenyl or C,-Cg haloalkenyl;
e) C,-Cs alkynyl or C,-Cg haloalkynyl,
f) optionally substituted aryl or optionally substituted heteroaryl;
g) -C(O)Rg;
h) -C(O)ORg, or -CO,Rg;
1) -ORg, -O-L-OC(O)R¢, or -O-L-OC(O)ORg;
1) -OC(O)R¢, or -OC(0)-L-OC(O)Rg;

k) -OC(0)ORg, -OC(0)O-L-C(O)R5, -OC(0)0O-L-C(O)ORy, or
-L-OC(O)Rg;

1) -C(O)NRgR7, or -CNRgR7;




16. The conpound of claim11, wherein one of RI, R2, R3, R4, and R5 is -ORG,
0-L-0C(0)R6, -0-L-0C(0)OR6, -0C(0)R6, -0C(0)-L-0C(0)R6, -0C(0)ORS,

0C( 0) 0- L-wpapRM56589C( 0) NR6R7, -0C(0) N(R6) - L-0C(0) R7, PCT/US2010/054124

0C(0) N(- L- OC(0) R7) (-L-OC(0)R8), OD -986 1 140 Z -' ()l Pm, , or 0 0 NO R7

R8 ; one of the renuinin R—gqgups of R, R2, R3, R4, and R5 is hal ogen,
CCF3, G- Cs al kyl MpHIDNRERs OCEOINEsd ] o6 OWre GUNT ErtBrrkR§ Oy oup of
T2 o el T RO, 108 SRR S R yrer o 1 one

n) -SRg, or -NRg¢R7;

0) -NRsC(O)R7;

p) -NR¢C(O)OR7;

q) -NRsC(O)NRy;

I') -OSO;)_R6;

S) '8020R6;

t) -SO2Rs;

u) 'NR6SOQR7;

v) -SO,NR¢R;

Y) ;



-0-L-0C(0)R6, -0-1,0C(0)O0R6, -0C(0)R6, -0C(0)-L-0C(0)R6, -0C(0)ORSG,
-0C(0)0-L-C(0)R7, -0C(0)NR6R7, -0C(0)N(R6)-L-0C(0)R7,
0C(0) N( - LwOC)DiyiRg¥06- L- OC(0)R8), INL" I n 0,,ssA )-)i Rl2c@/uideomwiodRzs P
O'I-0)-LNATfO 1R7 , or R8 ; and th& remaining R groups of R, R2, R3,
R4, and RS are each hydrogen. 18. The conpound of claim1, wherein R1 and
are each i ndependently hal ogen; and o

& He

o Zz

aa) m{ L}\/Y; or

bb) R; and Ry, Ry and R3, R3 and Ry, or R4 and Rs taken together form
an optionally substituted 4- to 8-membered carbocyclic or heterocyclic ring,

wherein the ring is saturated, unsaturated or aromatic;
wherein m and n are each independently an integer from 0 to 2;
Y is -CH;-, -O-, -NR7-, or -S-;
p is an integer from 1 to 3;

Rj4 1s hydrogen, halogen, C;-Cs alkyl, or C;-Cg alkoxyl;

Zis ™ or ™

each R is independently hydrogen, C;-Cg alkyl, C;-Cg haloalkyl, C,-Cg
alkenyl, C,-Cs haloalkenyl, C,-Csg alkynyl, C,-Cg haloalkynyl, an optionally
substituted 4-8 membered saturated carbocyclic or heterocyclic ring, optionally

substituted aryl, optionally substituted heteroaryl, -L-optionally substituted aryl or
-L-optionally substituted heteroaryl;

R7 and Rg are each independently hydrogen or C;-Cs alkyl; and L is C-Cg
alkyl; or

Re and R;taken together form an optionally substituted 4- to 8-membered
carbocyclic or heterocyclic ring, wherein the ring is saturated, unsaturated or

aromatic.

2. The compound of claim 1, wherein R;, Ry, R3, Ry, and Rs are each
independently hydrogen, halogen, -CF;, C;-Cs alkyl, optionally substituted phenyl,
-ORg, -O-L-OC(O)Rs, -O-L-OC(O)ORg, -OC(O)Rg, -OC(0)-L-OC(O)Rs,
-C(O)OR¢, -OC(0O)ORs, ~-OC(0)O-L-C(O)R7, -OC(O)NRgR7,
-OC(O)N(R¢)-L-OC(O)R 7, -OC(O)N(-L-OC(O)R7)(-L-OC(O)Ry),

R5



WD 2011/ 056589PCT/ US2010/ 054124 192 R3 is -OR6, -0-L-0C(0) R6,
-0-L-0C(0)OR6, -0C(0)R6, 0C(0)-L-0C(0)R6, -0C(0)0R6, -0C(0)O0-L-C(0)R?,
- 0C( 0) NRORB,20 HBIB(BY N( R6) - L- 0C( 0) R7, - 0C( 0) N( - L- 0C( 0) R7) @€ASS{10)RAR4

In 0,sss-L "14 0 Z0 oD jO O -j-LN 08KR7 R8 ;
R2, R3, R4, and R5 are each hydrogen.

of RI,

o)
f‘oJ\N }n
0] ) yf n L s’f‘ )J\\-‘&R-/
Riu 07~z 0 o
o {L%\HJY PR { e
p M m b 7 2 n 70r
o o
ot
{Cr,
Rg

wherein Y is -CHj-, -O-, -NR7-, or -S-;

p is an integer from 1 to 3;

Ri4 is hydrogen, halogen, C;-C;g alkyl, or C;-Cg alkoxyl; and
Zis ™™ or "™,

3. The compound of claim 1, wherein R}, Ry, R3, R4, and R are each
independently -ORg, -O-(CH;),-OC(O)Rg, -O-(CH>),-OC(O)ORs, -OC(O)Rs,
-0C(0)-C(Re)(R7)-(CH2)p-OC(O)Rs, -C(O)ORs, -OC(O)ORs,
-OC(0)O-CH(Rg)(CH2),C(O)R7, -OC(O)NRgR7, -OC(O)N(R6)(CHy),-OC(O)R7,
~-OC(O)N(-(CH2),-OC(O)R7)(-(CHz)p-OC(O)Rs),

bt
Fo

_ Ji 0 p(HaC)

o) 2. .

8 ] Ri4 Q{O N/\ EOJKO O\V\O
O p > K/Y’ Y? R7 2

O o

Q 0 1 p ?{OJ\N/Z(

» J o 0
N T VR g E R,

RB, Rs, or Rg

4, The compound of claim 1, wherein Ry is C,-Cg alkyl, C;-Cg alkenyl, C3-Cg
cycloalkyl, benzyl;

R7 and Rg are each independently hydrogen, methyl, or ethyl,

Y is -O-;

L is Cy-C;s alkyl;

Nzl

and the remai ning R groups



19. The compound of claim 18, wherein R1L and R5 are each i ndependently -F
or -Cl. 20. The conpound of claim1l, wherein RL is -0R6, -0-L-0C(0)RS,

0- L- 0C( 0)wBapt1ds6BYyR6, -0C(0)-L-0C(0)R6, -0C(0)0R6, 0OCPOXArSROICONIRY,
-0C(0) NR6R7, -0C(0)N(R6)-L-0C(0)R7, -48C(0)N(-L-OC(0)R7)(-L-OC(0)R8), 0 "14
ss-'0 R8 ; one of the remaining R-groups of R, R2, R3, R4, and R5 is

hal ogen, -CF3, Cl-38% a3l phenyl, -OR6, or -C(0)OR6; and each remai ning
R-group of R1, R2,n1{j§%,0 4, and RS is hydrogen. WO

2011/ 056589PCT/ US2010/ 054124 193 21. The conmpound of claim1, wherein R3
is -OR6, -0-L-0C(0)R6, -0-LOC(0)OR6, -0C(0)R6, -0C(0)-L-0C(0)R6, -0C(0)ORS6,

-0C(0)0-L-C( Oy R7, - R -:1.+0¢ 0 o ;
0G{0) N L- Y 0) RAETERPDY Fes o o DAGEERrT 7 ML oo atkenyt, o
cycloalkyl, benzyl;
R7 and Rg are each independently hydrogen, methyl, or ethyl; and
Y 15 -O-.

6. The compound of claim 1, wherein R; and R;, R; and R3, R3 and Ry, or Ry
and Rs taken together form an optionally substituted 5- to 7-membered carbocyclic

or heterocyclic ring, wherein the ring is saturated, unsaturated or aromatic.

7. The compound of claim 6, wherein the 5- to 7-membered carbocyclic or

heterocyclic ring is unsubstituted.

8. The compound of claim 6, wherein the 5- to 7-membered carbocyclic or

heterocyclic ring is saturated or aromatic.

9. The compound of claim 6, wherein the 5- to 7-membered heterocyclic ring

includes 1 or 2 heteroatoms.

10. The compound of claim 6, wherein R; and R;, R; and R3, R3 and Ry, or Ry

and Rs taken together form

0
o 0

nlg{ DQLIm'

7/

11. The compound of claim 10, wherein R; and R;, R; and R3, R; and Ry, or R4

and Rs taken together are
X
Q, .0

12. The compound of claim 10, wherein R; and R;, R; and R3, R; and Ry, or R4

and R;s taken together are



nMD R7 0 0 0 n1R7 R8 ; one of the remaining Rgroups of R, R2, R3, R4, and
R5 is hal ogen, -CF3, Cl-Ca al kyl, phenyl, -0R6, or -C(0)OR6; and each
remai ni ngwe-2griaspssof R1, R2, R3, R4, and R5 is hydrogenpPCTaR2010het1conpound
of claiml1, wherein RL is -0R6, -0-L40C(0)R6, -0-L-0C(0)0R6, -0C(0)R6,
-0C(0)-L-0C(0)R6, -0C(0)OR6, -0C(0)0-L-C(0)R7, -0C(0)NR6RY?,
-0C(0)N(R6) -L-0C(0)R7, -0C(O)N(-L-0C(O0)R{)(-L-OC(0)R8), R14 O mLLY O ONO
R7 R8 ; and R2, R3, R4, and R5 are eacla rogen. 23. The conpound of
claiml1, wherein R3 is -0R6, -0-L-0OC(0)NR6Y}..-0-L-0C(0)0R6, -0C(0)RS6,
-0C(0)-L-0C(0)R6, -0C(0)ORG, ’

and the remaining R-groups of Ry, Ry, R3, R4, and Rs are each hydrogen.

13. The compound of claim 6, wherein R; and Ry, R; and R3, R3 and R4, or Ry

and Rs taken together are

T15
7
Ty
wherein R;s is hydrogen, halogen, or -OR.

14. The compound of claim 13, wherein R; and Ry, R; and R3, R3 and Ry, or Ry
and Rs taken together are

and the remaining R-groups of Ry, Ry, R3, R4, and Rs are each independently -H or
-OC(O)ORe.

15. The compound of claim 1, wherein one of Ry, Ry, R3, R4, and Rs is -ORg,
-O-L-OC(O)Rg, -O-L-OC(O)OR¢, -OC(O)R¢, -OC(0)-L-OC(O)R¢, -OC(O)ORg,
-OC(0)O-L-C(O)R7, -OC(O)NRR7, -OC(O)N(R¢)-L-OC(O)R,
~-OC(O)N(-L-OC(O)R7)(-L-OC(O)Ry),

0
e
{
0 m 0 0O
o 7L ):f)]\ n L » JU R
yRia o zHﬁ o &7
féo m{Ll\/Y OiFﬁ n{ " or
2 O’ O M 2
oA
0
n{ R7
Rg

any two of the remaining R, Ry, R3, R4, and R are halogen; and each of the

remaining R-groups of Rj, Ry, R3, R4, and Rs are hydrogen.
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- 0C( 0) N( R6) - L- 0C( 0) R7, -0C(0) N( - L-OC(0)R7) (-L-0C(0)R8), 0 Oto -ss A '1"o,
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16. The compound of claim 1, wherein one of Ry, Ry, R3, R4, and Rs is -ORg,
-O-L-OC(O)Rg, -O-L-OC(0O)OR¢, -OC(O)Rs, -OC(0)-L-OC(O)Rg, -OC(O)ORg,
-OC(0O)O-L-C(O)R7, -OC(O)NRgR7, -OC(O)N(R)-L-OC(O)R7,

~OC(O)N(-L-OC(O)R7)(-L-OC(O)Rs),

0
ﬁo)i@}n
0 m 0 0
G TS WU S S
P S "’ Om{@ oiR7 ° n{bLRS N
O o
oA
MEx,
Rs

one of the remaining R-groups of R}, Ry, R3, R4, and Rs is halogen, -CFs, C;-Cs
alkyl, phenyl, -ORg, or -C(O)ORg; and each remaining R-group of Ry, Ry, R3, Ry,
and Rs is hydrogen.

17. The compound of claim 1, wherein one of Ry, Ry, R3, R4, and Rs is -ORg,
-O-L-OC(O)Rg, -O-L-OC(O)ORg, -OC(O)Rg, -OC(0)-L-OC(O)R, -OC(O)ORs,
-OC(0O)O-L-C(O)R7, -OC(O)NRgR7, -OC(O)N(R)-L-OC(O)R7,
-OC(O)N(-L-OC(O)R7)(-L-OC(O)Ry),

G TR S S Az
5;‘)O o X m{L}\/Y O)\R7 n[ Re or
, oo , ,
oA
MHCr,
Rg

and the remaining R-groups of Ry, Ry, R3, R4, and Rs are each hydrogen.

18.  The compound of claim 1, wherein R; and Rs are each independently

halogen; and



and R1, R2, Ra, and R5 are each hydrogen. 24.The conpound of claim 22,
wherein RL is -0C(0)012.16, -0C(0)R16 or OC(0)NRI6R17 and R16 and R17 are
each i ndependawisbssoCl - CI al kyl . 25. The conpound of cl ai mCc2a1s2evesaeh R3 is
-0C(0)OR16, -0C(0)R16 or O0C(0)NRI 6R172 and R16 and R17 are each

i ndependently Cl1-C4 aléélg. 26. The conpound of claim 1, wherein RL is
-0C(0) 0OCH3, - 0C(0)Ruasr orL-QaORe ®)ORad-GE(OMB, R4 and R5 are

Sabet! ut ba oRRO-IEEANET BRI oA LiG R, S PP Y
wher ei n R3 | SOMOJRRAGB00(0)NBP) ATHIDIE) DIC@)N(R-OCRIR RALDT B ar € each

i ndependent |y hydrogen, hal ogen, or -CF3. 28. A conpound of Forrmula Il, WD
2011/ 056589PCT/ US2010/ 054124 195 (I1) or a mhar rraceutl cally acceptable salt
or hydrate thereof, wherein Ais -0R6J -0 -L-0C(0) RG,

-0-L-0C(0)R6, -0-L-0C(0)OR6, -0C(0)R6, -0 0)NL- ¢g0)R6 - 0C( 0) ORS,
-0C(0) 0- L- C(0) R7, -0C(0)0-L-

> ) m 0 0O
i T R1a # A ot P A Ry
2 « 0z 3 0" NTNLE
o T ; m{L]\/Y, o R ”{ , or
0O o
?{O/U\NJ{
@]
MG,
R8 .

and the remaining R-groups of Rj, Ry, R3, Ry, and Rs are each hydrogen.

19. The compound of claim 18, wherein R; and Rs are each independently -F

or -Cl.

20. The compound of claim 1, wherein R; is -ORg, -O-L-OC(O)Rg,
-0-L-OC(0)ORg,-OC(0)Rs, -OC(0)-L-OC(O)Rg, -OC(O)ORs,
-0C(0)O-L-C(O)R7, -OC(O)NRgR7, -OC(O)N(R6)-L-OC(O)R3,
-OC(O)N(-L-OC(O)R7)(-L-OC(O)Ry),

’ m Y’ O R7 , n " or
O o0
o
AR,
Rs

one of the remaining R-groups of Rj, Ry, R3, R4, and Rs is halogen, -CFs, C;-Cg
alkyl, phenyl, -ORs, or -C(O)ORg; and each remaining R-group of Rj, Ry, R3, Ry,
and Rs is hydrogen.




C(0)O0R7, -C(0)NR6R7, -CNR6R7, -0C(0)NR6R7, -0C(0)N(R6)-L-0C(0)R7,
-0C(0)N-L-0C(0)R7) (-L-0C(0)R8), 0O O -sss''"OANAO R7 R8 ; and B and C
are each wodepensassnt | y hydrogen, hal ogen, -CF3, -CN, ClrC3/usbkiglos4iphenyl ,
-0R6, or -C(0)OR6, or B and C when tak®n together forman optionally
substituted 4- to 8-nenbered carbocyclic or heterocyclic ring, wherein the

ring i s saturdted, Therroangrad eficlaim brwrmaeindts inHeRerA-LnO4) ke, fPd-each

i ndependent |y, e m X

i nt eger fromqé{@d;i 986 g&’ (9C(9) goa@gﬁﬁ ég%ogORﬁdg éoﬁr%tq}bjnﬂdr ogen,
C1-C8 al kyl, cme@&mmy oadd@bN(m-LcecaDMezma@N(@dmOW)ke@C O)R2),C8

al kynyl, C2-C8 hal oal kynyl, an optionally WD 2011/ 056589PCT/ US2010/ 054124
196 substituted 4-8 menbered sat urated carbecyclic or heterocyclic ring,
optionally substituted aryl, optionally jubjiy tuted heteroaryl,
-L-optionally substituted aryl or -L-optidénalNy lhpstl tut ed het eroaryl;

(e) m
R S WAL, L )OL [ r
$ TR 0 Z% o) eAA‘O W !
S5n NS )\ Rg
0 N 0” "R {
p 2 m b 7 b n b Or
0 o
Fon

one of the remaining R-groups of Rj, Ry, R3, R4, and Rs is halogen, -CF3, C;-Cg
alkyl, phenyl, -ORg, or -C(O)ORg; and each remaining R-group of Rj, Ry, R3, Ry,
and Rs is hydrogen.

22. The compound of claim 1, wherein R; is -ORg, -O-L-OC(O)Rg,
-O-L-OC(O)OR4, -OC(O)Rs, -OC(0)-L-OC(O)R¢, -OC(O)ORs,
-0C(0)O-L-C(O)R7, -OC(O)NRgR7, -OC(O)N(R¢)-L-OC(O)R7,
-OC(O)N(-L-OC(O)R7)(-L-OC(O)Ry),

0 ~ :_R \ré )‘J\ n -L }3\ j)J\ R7
%o C0 mlztbv A n{bé""s
5 O, . , , O
For oA
L,
Rs

and Ry, Rj, R4, and Rs are each hydrogen.

23. The compound of claim 1, wherein R3 is -ORg -O-L-OC(O)Rs,
-O-L-OC(O)OR¢, -OC(O)R¢, -OC(0)-L-OC(O)R, -OC(O)ORg,




L is C1-C8 alkyl; R14 is hydrogen, halogen, Cl1-C8 al kyl, or Cl-C8 al koxyl;
R7 and R8 are each independently hydrogen or C-C8 alkyl; or R6 and R7

t aken t ogwoOher1/dsessn an optional ly substituted 4- to 8- meoivarsedoossibocyclic
or het erocycl icri ng, wherein the ringtis saturated, unsaturated or
aromati c. The nmpound of claim 28, whe elnAlsmthe ortho or para

position rel aQQfQ)@ﬂJ @(0)1@0 OC‘F@I‘%WO&N(I&)& RCLR)Rmherein Ais in the
meta positi onor @{,K%é@)ﬁ;)( corrpound of claim 28, wherein the

conpound is a nd o har rracg ically acceptable salt or hydrate of
a conpound of Forrrula ha, Ilb, Ilc, lid, or He: 0,9-HO CH J'F) "PHO?1 -0
HO,1 Fi -OHO' PO -11, ;f)J\

0 an

{
0 m 0 o)

0 ~ L S )J\ n ~L s /U\ 7
?{O ] Riq rréo [z%lﬁ j\ ffo N:U>LRR8

Y
0” R
, m , T, n , OF

0O o
e
MR,

Rg

and R, Ry, R4, and Rs are each hydrogen.

24. The compound of claim 22, wherein R; is -OC(O)OR 4, -OC(O)R ¢ or
~-OC(O)NR6R17 and Ry6 and R;7 are each independently C;-Cy4 alkyl.

25. The compound of claim 23, wherein R3 is -OC(O)OR 4, -OC(O)R 6 or
-OC(O)NR6R17 and Ry6 and R;7 are each independently C;-C4 alkyl.

26.  The compound of claim 1, wherein R; is -OC(O)OCH3, -OC(O)OCH,CHj;
or -OC(O)OCH(CH3),; and

Ry, R3, R4 and Rs are each independently hydrogen, halogen, -CF3, C;-Cg alkyl,
optionally substituted phenyl, -ORg, or -C(O)ORg.

27. The compound of claim 1, wherein R3 is -OC(O)OCHj; or
-OC(O)OCH(CHs),; and

R1, Ry, R4 and R are each independently hydrogen, halogen, or -CFj.

28. A compound of Formula II,



HO O IN N (ha)(llb) WD 2011/ 056589PCT/ US2010/ 054124 197 (llc) (He).
32. The conpound of claim 28, wherein Ais -0C(0)NR6R7, -0C(0)R6, or

- 0C( 0) ORowO 288/05d33¢ conmpound of claim 32, wherein R6 an®CRUSare/ oeach

i ndependent |y hydrogen or Ci -C8 al kyl19s 34. The conpound of cl ai m 33,
wherein B and C are each independently hydro cyano, hal ogen, or
-0C(0)R6. 35. The conpound of claim 34 /%el n B and C are each

i ndependent |y hal ogen. 36. The conppu /tl@i m 36, wherein B and C are
each fluoro. oql,o
HO

0
=)

| \Hog
N~ (1)
or a pharmaceutically acceptable salt or hydrate thereof,
wherein A is -ORg, -CO2R¢, -L-OC(O)Rs -O-L-OC(O)Rs, -O-L-OC(O)OR,
~-OC(O)Rs, -OC(0)-L-OC(O)Rg, -OC(O)OR¢, -OC(0)O-L-C(O)R7, -OC(O)O-L-
C(O)ORy, -C(O)NRgR7, -CNR¢R7, -OC(O)NRgR7, -OC(O)N(R¢)-L-OC(O)R7,

-OC(OIN(-L-OC(O)R7)(-L-OC(O)Rs),

P , m R , , or
O o
Ao A
AR,
Rs - and

B and C are each independently hydrogen, halogen, -CF3, -CN, C;-Cg alkyl,
phenyl, -ORs, or -C(O)ORg, or B and C when taken together form an optionally
substituted 4- to 8-membered carbocyclic or heterocyclic ring, wherein the ring is

saturated, unsaturated or aromatic;
wherein m and n are each independently an integer from 0 to 2;
Y is -CHj;-, -O-, -NR7-, or -S-;

p is an integer from 1 to 3;

PR

Zis v or "

each R is independently hydrogen, C;-Cg alkyl, C;-Cg haloalkyl, C,-Cg
alkenyl, C,-Cs haloalkenyl, C,-Cg alkynyl, C,-Cs haloalkynyl, an optionally



37. The conpound of claim4, wherein R6 is hydrogen, nethyl, ethyl, propyl,
i sopropyl, tert-butyl, -CH2CH(CH3)2, pentyl, -CH2C(CH3)3, heptyl, -

CH( CH3) ( GMR)26 0136589 CH=C( CH3) 2, cycl opropyl, cycl obutyl , pcyaiSeqensib4

cycl ohexyl, benzyl or tetrahydro-2H pg¢anyl. WO
2011/056589PCT/U82010/054124 198 38. The conmpound of claim1l, wherein R6

i s hydrogen, TRestHiled 48 mpmbersd spiprated esbrcypls or hederocyslicying, ortigpally cH3) 2,

pentyl, -CH2 P v opyI
cyclobutyl g%% pentgﬁ &%fgﬁl exgﬁﬁaﬁknzy? rLf§H5£ﬂ§Eﬁtgﬁgﬁpyra§£I and
R7 and R8 areleaﬂhmﬂhﬁenﬂanWMqumhygrogen met hyl , ethyl, propyl,

i sopropyl, tert-butyl. 39. The conpound of claim1, V\/nerei n L is Cl-C3

al kyl . 40. The cgm) g 8;%(” aim1l, wherein R2, R3, R4 and R5 are each
hydrogen and R1 i %é% § Lor -0C(0)0OR6. 41. The conpound of claim 40,
wherein R1 is -0C(0)OR6 and R6 is O-C8 alkyl. 42. The conpound or a

pharmaceutical |y argephakbeensRilbod Cydrate @fc tbgalk ound of claiml,
& ﬁi?c%b Rt Cradityd, GHC LOLaIRENR:

wherein the compound is

R7 and Ry are each independently hydrogen or C;-Cg alkyl; or

R and R taken together form an optionally substituted 4- to 8-membered
carbocyclic or heterocyclic ring, wherein the ring is saturated, unsaturated or

aromatic.

29.  The compound of claim 28, wherein A is in the ortho or para position

relative to C*,

30. The compound of claim 28, wherein A is in the mefa position relative to
C*. |
31.  The compound of claim 28, wherein the compound is a compound or a

pharmaceutically acceptable salt or hydrate of a compound of Formula Ila, IIb, Ilc,

11d, or Ile:

HO*P L0 C
/O C I’
P HOo
HO' ! A
0 |
| N N~
N~

(Ia) (IIb)




WD 2011/ 056589PCT/ US2010/ 054124 199 N WO 2011/ 056589PCT/ US2010/ 054124
200 OHOH 0- 1 .0C) 1 .0 HO OH® /5- HO OHO O

WO 2011/056589 PCT/US2010/054124
‘ 197
C
A B A B
o2b g L,
HO i HO
P/O P/O
@l el
195 S
| |
N~ N~
(Ilc) (11d)
C
B A
02
HO
/O
Ho’}IDI
N
N~
(Ile).

32.  The compound of claim 28, wherein A is -OC(O)NR¢R,
-OC(O)Rg, or -OC(O)ORs.

33.  The compound of claim 32, wherein R¢ and R7 are each independently

hydrogen or C;-Cg alkyl.

34.  The compound of claim 33, wherein B and C are each independently

hydrogen, cyano, halogen, or -OC(O)Rs.

35.  The compound of claim 34, wherein B and C are each independently
halogen.
36.  The compound of claim 36, wherein B and C are each fluoro.

37.  The compound of claim 4, wherein Rg is hydrogen, methyl, ethyl, propyl,
1sopropyl, tert-butyl, -CH,CH(CH3),, pentyl, -CH,C(CHjs)s, heptyl, -
CH(CH3)(CH;)sCH3, -CH=C(CH3),, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, benzyl or tetrahydro-2H-pyranyl.




WO 2011/ 056589PCT/ US2010/ 054124 201 0 y0O CH 0,1,00 HO , P HX VO
2011/ 056589PCT/ US2010/ 054124
WO 2011/056589 PCT/US2010/054124
198

38.  The compound of claim 1, wherein R¢ is hydrogen, methyl, ethyl, propyl,
1sopropyl, tert-butyl, -CH,CH(CHs),, pentyl, -CH,C(CH3)s, heptyl,
-CH(CH3)(CH,)sCHj3, -CH=C(CH3),, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, benzyl, or tetrahydro-2H-pyranyl; and R; and Ry are each
independently hydrogen, methyl, ethyl, propyl, isopropyl, tert-butyl.

39, The compound of claim 1, wherein L is C;-C5 alkyl.

40. The compound of claim 1, wherein R;, R3, R4 and Rs are each hydrogen
and R; is -OC(O)ORg or -OC(O)ORe.

4]. The compound of claim 40, wherein R, is -OC(O)ORg¢ and Rgis C;-Cg
alkyl.

42.  The compound or a pharmaceutically acceptable salt or hydrate of the

compound of claim 1, wherein the compound is:
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N ° N °
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0, 00 OHOH 0-1.00,1.0 -P P HO4 .0HO 0.0 P HO1?1 HO61 0 11 , or 43.The
conpound or a pharnmaceutically acceptable salt or hydrate of the conpound
of cl ai mwp 2ehierseism t he conpound i s: PCT/US2010/054124

201

/O P
Ho’ﬁ Ho’ﬁ °
N ° N °
N~ N._.=
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F o) NJ o)
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050 o) Ngle
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44. The conpound of claim43, wherein the conpound is a trans-isonmer. 45.
The conpound of claim44, wherein the conpound i s a nonosodi um sal t
nonohydr awe.201146658% conpound of Formula 11, WO PCT/US2010/054124
2011/ 056589PCT/ US2010/ 054124 210 RIR30OH RO p.0 R10O " HO Il O(lIIl) or a
pharmaceutically acceptable salt or hydrate thereof, wherein Rl, R2, R3, R4
and R5 are each independently a) Yydrogen; b) hal ogen, -CN, -CF3, or -NO2;
0 F 0.0
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c) Cl1-C8 al kyl or Ci1-C8 hal oal kyl; d) C2-C8 al kenyl or C2-C8 hal oal kenyl ;
e) C2-C8 al kynyl or C2-C8 hal oal kynyl; f) optionally substituted aryl or
opt i onal lwo=ohsissisat ed heteroaryl; g) -C(0)R6; h) -C(0) @R®/USN1008G2R6; 1)
-0OR6, -0-L-0C(0)R6, or -0-L-0C(0)OR62031) -0C(0)R6, or -0C(0)-L-0C(0)R6; k)
-0C(0)0OR6, -0C(0)0-L-C(0)R7, -0C(0)0-L-C(0)OR7, or -LOC(O0)RG; 1)
-C(0)NR6R7, or -CNR6R7; 111) -0C(0)NR6R7, -0C(0)N(R6)-¢-0C(0)R7,

-0C( 0) 0- L- (R6) - L- C( 0) RY, Q@F&)(R?)-L-OC(O)FB, 0O~
-0C({0) 1\ 1( - L- 0C( 0) R7) (ok ):n) -SRe, or. onRBRI. ) - NR6C(O)R7: p)
-NR6C( 0) OR7; q) - NR6B&H4 -0%02R6; s) - SoR0RKS - SCPRo;
HO HO
ot il
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U -NR6SO02R7; V) -SO2NR6R7; x) (1:110 0 n NI(O0 1R7 ; 0 R14 z) 5)'0 0 5-0
aa) mol" bb) Rl and R2, R2 and R3, R3 and R4, or R4 and R5 taken

t oget her Woi2oitvosessoopti onal |y substituted 4- to 8- nenbered/usasibosyied i c or
heterocyclic ring, wherein the ring 284 saturated, unsaturated or aromati c;

OMe
0.__0 O-__N
o 7 o g
HO HO
e e O)\
HO' ! HO !
N N
N~ N
F [
o)
F O-__N O__N
o T on T
eNgte o 0:7.0 o ©O
HO HO
0 F P .0
Ho’l‘jl © Ho"'D'
N N
N~ N
Cl |
o) O__N
on o ™
0:1.0 o) 0:1.0 o)
HO HO
50 5O o)\
HO’!I HO 1}
N ° N °
N N~



WO 2011/ 056589PCT/ US2010/ 054124 212 wherein mand n are each independently
an integer from0O to 2; Yis -CH2-, -0-, -NR7-, or -S; pis an integer
from 1l t owB;20R1086388 hydr ogen, hal ogen, G -C8 al kyl, or ECTG82a&blosxyd ;

; ss'cs VC 11 Z isor; R6 i s20hdependently hydrogen, G -C8 al kyl,
Cl1-C8 hal oal kyl, C2-C8 al kenyl, C2- hal oal kenyl, C2-C8 al kynyl, C2-C8
hal oal kynyl, an optionally substituted 4-8 nmenbered saturated carbocyclic
or heterocyclic ring, optionaldy substituted aryl,oQpoi onally substituted

heteroaryl, -L-optionally substiltuted aryl or -L-optlionally substituted
het er oaryl ; R7 and R8 are i ndependent |y Mrdegogen or Cl1-C8 al kyl ;
and L is Cl-Cs al kyl; or Rg @irgi R ken t oget %qf,)H(gor @] optionally

substituted 4- to 8-nenber&dp  CarbotycldMe or hetefogycl¥C oMy, wherein the
ring i s saturated, unsatuF@ d @@ aromati c; HO angl RO and R10 are each

i ndependent |y hydrogen, hal gé’n, oxygen, Cl-GCs %Iok'S/I , Cl1-C8 hal oal kyl ,
C2-C8 al kenyl, C2-C8 halo yl, C2-C8 al kyn¥s ®-C8 hal oal kynyl ,

optionally substituted arN\,/ optionally substituted heteroaryl, -0R6, -

| )
SR6, -NR6R7, -(Cl-C8 al kyI¥ZNR6R7, -(Cl-C8 h kyl ) - NR6R7, ~-(C2-C8
al kenyl)- NR6R7, -(C2-C8 hal oal kenyl)-NR6R7, -(C2-C8 al kynyl)-NRGR7,
-(C2-C8 hal oal kyl)- NR6R7, -L- . nd R10 taken togetthe orma
nonocyclic or bicycli COQ@lﬂd' on sufistituted c @bl(gycl et erocyclic

ring, wherein the ring I's"Saturated, "unsat urated of~ 3 ,
R11 is optionally substituted aryl or optional I"SQ ubsdituted heteroaryl.
WD 2011/ 056589PCT/ US20 g/o%4124

HO
N ° N
N~ N~

/ﬁ/o /ﬁ/o
HO HO
Y ° N °
N~ N~




213 47. The conmpound of claim46, wherein R9 is hydrogen, oxygen, -F, -d,
-CH3, -OH, -SH, -NH2, -CH2-R11, or -N-(Cl1-C8 alkyl); RIO is -d, -CH3,

- S- phenylwo-28(1psbsser ophenyl ), - (CH2), I NH2, - (CH2), | NR6RPCTRK2010854194lr ogen,
-OH, G -Cs alkyl, -CH3, or -F;, and R28 is hydrogen, -OH, Cl-C8 al kyl,
-OCH3, -OCH2-phenyl, -CF3, -NH2, -F, or -Br. 48.The c ound of claim47,
wherein R10 is - CH2CH2NH2, - (CH2) 12, - (CH2) 2N( CH3) 2) 4CH3) , 49.
The conpound of claim 47, wherein is -OH 50. The ¢ ound of claim 46,
wherein RO is hydrogen, -F, or gCp Rois R12 ig._hydrogen, -CH, Cl1-C8
al kyl, -OCH3, or -F;, and Y

/o rd
Ho’ﬁ HOﬁ ’
N N
N _~ N
o ° Y °
o) o)
OH OH
0+1.0 0:1-0 O
HO HO O
e e
HO & HO !
Sfe {Oo

HO' ! HO' !
N ° N °
N N~



R13 is hydrogen, -OH, Cl1-C8 alkyl, or -F. WD 2011/ 056589PCT/ US2010/ 054124

214 51. The conpound of claim50, wherein RO is hydrogen or -F, and R12

and R13 awe 2enaiseisndependent |y hydrogen, -OH, -CH3, - CHPCIH3IS201Q08H3) 3, or

-F. 52. The conpound of claim50, werein RO is hydrogen or -F;, and Rl12

and R13 are each hydrogen. 53. The conpound of claim46, wherein RL and RS

are each i ndependently hal ogen; 4« R3 is -0R6, -0-L-0C(0)Re,

-0-L-0C(0)0R6, -0C(0)R6, -0C(0)-LOCLO)R6, -0C(0)0OR6, < 0C(0)0-L-C(0)R7,

-0C(0) NR6R7, -0C(0)N(R6)-LOC(0)R7,]-0C(0)N(-L-0C(0)R7)(-L-OC(0)R8), In

0 0 '55ss' ONAO n{R7 R8 ; and R@Q%H@ R4 are each hydxggen. 54. The conpound

of claim46, wherein RL is -0R6, '-0-L-0C(0)R6, -0-L-!0C(0)0ORS6, -0C(0)Rs6,

-0C(0)-L-0C(0)R6, -0C(0)ORS, -OC? -C(0)1z7, - CEP R7,

- 0C( 0) N(R6) - L- 0C( 0) R, -oq@g‘gﬂh L- g@)(-L-og@jo%)
e

HO HO C
-0 o)
Ho’ll Ho’ll
N ° N ©
N~ N~
0 0-_0
r N ph
o) CF, 0
OH
OQI;/Ow;@/ OQ(')/HO
HO 5 HO 5
HO/E Ho"'D'
N N
N~ N~

0 0
OH OH
OQ:‘D/OjD\G Osp-0 Ph
HO HO

e o)
Ho’i':I> Ho’ﬁ
N © N
N~ N~
OMe
0__0 0.__0
w CTT0 o OO0
0+1.0 o) 051-0 o)
HO 5 HO 5
HO/ﬁ/ HO/I'DI/
N ° N
N N
OMe
0. _0 0__0O
OH hif g
OH
0:7.0 o) 04 7.0 0
HO 5 HO 5
HO/ﬁ/ HO/ﬁ/
Xy © Po



'se'd NFInm O R4 'sss(YLZ On OA_ sc'Cl ™r,,,,, 1/4.2r-.7 PO O
'seeN)( i0 n1IR _7 , O
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WO 2011/ 056589PCT/ US2010/ 054124 215 one of R2, R3, R4 and R5 is hal ogen,
-CF3, C1-C8 al kyl, phenyl, -0R6, or -C(0)OR6; and each remaining R-group of
R2, R3, Rfoand/isessbydrogen. 55. The conpound of cl ai m 46 PCRiuSe@ion343234 i S
-OR6, -0-L-0C(0)R6, -0-L- 0C(0)ORS, -ZQ)SCI(O)RG, -0C(0)-L-0C(0)R6, -0C(0)ORs,
-0C(0)0-L-C(0)R7, - OC(0)NR6R7, -0C(O N(R6) L- 0C(0) R7,

-0C(0) N(-L-0OC(0)R7) (-L-0C(0)R8), 'S— 000 R7 . ong of R, R2,
R4 and R5 is hal ogen, -CF83; phenyl, -OR Q O\E(N))X@ ; and
each remai ni ng R—groB Ieg R , Z%d R5 |§<£wdro he corrpound of
claim46, wherein RL TR - -0-L-0 B o-. - 0)R6
-0C(0)-L-0C(0)R6, -0 0 -OC(O)O L C(O)R'?I )5( 0) NR6RY7,
-0C(0) N(R6) - L- 0C(0) R HOFDC(O)N( -0C(0) R7) (-L OC(FD)R8)
\
i N

Q
0, D

|!
HO 0 HO O
I |
N~ or N._~
43.  The compound or a pharmaceutically acceptable salt or hydrate of the

compound of claim 1, wherein the compound is:

44.  The compound of claim 43, wherein the compound is a trans-isomer.

45.  The compound of claim 44, wherein the compound is a monosodium salt

monohydrate.

46. A compound of Formula III,




o0 o0o0No fI{R7 R8 ; and R2, R3, R4, and R5 are each hydrogen. 216 57. The
conpound of claim46, wherein R3is -0R6, -0-L-0C(0)R6, -0-LOC(0)ORG,

- 0C( 0) R6,wo@(10)563890C( 0) R6, -0C(0) OR6, -0C(0)0-L-C(0) 12PCTAISATOFNRER7,
-0C(0)N(R6) -L-0C(0)R7, -0C(0O)N(-L-OCem) R7)(-L-0C(0)R8), I n O O ssss,-1-R14
0O mL LLY A

Ro
R Rs
oo KL
Rosl o Rs
Rio R
HO o (1)

or a pharmaceutically acceptable salt or hydrate thereof,
wherein Ry, Ry, R3, R4 and R are each independently
a) hydrogen;
b) halogen, -CN, -CF3, or -NOg;
¢) C;-Cg alkyl or C;-Cjg haloalkyl;
d) C,-Cs alkenyl or C,-Cg haloalkenyl;
e) C,-Cs alkynyl or C,-Cg haloalkynyl;
f) optionally substituted aryl or optionally substituted heteroaryl;
g) -C(O)Rs;
h) -C(O)ORg, or -CO,Rg;
1) -ORg, -O-L-OC(O)Rg, or -O-L-OC(O)ORg;
1) -OC(O)R¢, or -OC(0O)-L-OC(O)Rg;

k) -OC(O)ORs, -OC(0)O-L-C(O)R5, -OC(0)O-L-C(O)OR3, or -L-
OC(O)Rg;

I) -C(O)NRgR7, or -CNR¢R7;

m) -OC(0)NR¢R7, -OC(O)N(Re)-L-OC(O)R7, -OC(0)O-L-(Rg)-L-C(O)R,
-OC(0)-C(Rg)(R7)-L-OC(O)Rs, ~-OC(O)N(-L-OC(O)R7)(-L-OC(O)Rs);

n) -SRg, or -NRgR7;

O) -NRGC(O)R7;




0 0 ''""QANAO nl1R7Y , or RB ; and RI, R2, R4, and R5 are each hydrogen.
58. A conpound of Formula IV, ABCOHO, Ro-o HXIV) or a
phar macewocalllogesmacept abl e salt or hydrate thereof, PCT/USHI@M084124 A | S
-0R6, -0O2R6, -L-0C(0)R6, -0-L-0C(0O)R®&L -0-L-0C(0)OR6, -0C(0)RS6,
-0C(0)-L-0C(0)R6, -0C(0)OR6, -0C(0)O0O-L-C(0)R7, -0C(0)0-LC(0)OR7,
- C(0) NR6RY7, - CNReRY NI mR'GR?, -0C(0) N(R6) - L-0C(0) R7,
-0C(0) N(-L-OC(0)R7) (- L-0C(0) R8),

q) -NR¢C(O)NR7;

1) -OSO,R¢;

s) -SO,0Rg;

t) -SO2R;

u) -NRgSOzR7;

V) ‘SOZNR6R7;

Y) ;

bb) R; and Ry, R; and R3, R3 and Ry, or R4 and Rs taken together form an
optionally substituted 4- to 8-membered carbocyclic or heterocyclic ring, wherein

the ring is saturated, unsaturated or aromatic;



WD 2011/ 056589PCT/ US2010/ 054124 217 0 14 00 "1'0AN) (0 n1lR7 R8 ; and

B and C are each i ndependently hydrogen, hal ogen, -CF3, -CN, Cl-C8 al kyl,
phenyl , -WB@p11015658€( 0) OR6, or B and C when taken toget hecTfuseonmansi24
optionally substituted 4- to 8-nmenber#&d carbocyclic or heterocyclic ring,
wherein the ring is saturated, unsaturated or aromatic; and R9 and
R10 are each i ndepéaeinm ¢ndw areseh indenensigatly aminyegen from0 ©e2;al kyl , Cl- C8
hal oal kyl , C2-C8 al kenyl C2- C8 hal oal kenyl, C2-C8 al kynyl, C2-C8

hal oal kynyl , opti su teb?_ _ryI opti onal |y substi tuted
het eroaryl, -ORS6, GP% I%{ ?F@IIR\EFJ ’C8 al kyl)-NR6R7, -(Cl-C8

hal oal kyl ) - NR6R7, -(C2-C8 al kenyl)- NR6R7, -(C2-C8 hal oal kenyl) - NR6R7,
-(C2-C8 al kyny1) - NRsR#d integeCdrobB 1 haBpal kyl ) - NR6R7, -L-R11; or R9 and R10
taken together forma rmnocycl ic or bicyclic optionally substituted

carbocyclic or het clicr erei ing .Js saturated,
unsat urated or orﬁﬁﬁc%ydmgen ﬁﬂaﬁ&%ﬂfﬁ%ﬁ’l%%ﬁ?ﬁ %k%ﬁy?’y substituted aryl
or optionally substl tuted heteroaryl; mand n are each independently an

|nteger fromO to 2 s - -0-, -NR7-, or -S-; pis an integer from1l
to 3; '3'"?" 11 leZs"“'y.'hL‘ 9"2‘%

R is independently hydrogen, C;-Cs alkyl, C;-Cs haloalkyl, C,-Cg alkenyl,
C,-Cg haloalkenyl, C,-Cs alkynyl, C,-Cs haloalkynyl, an optionally substituted 4-8
membered saturated carbocyclic or heterocyclic ring, optionally substituted aryl,
optionally substituted heteroaryl, -L-optionally substituted aryl or -L-optionally

substituted heteroaryl,

R7 and Ry are each independently hydrogen or C;-Cs alkyl; and L is C;-Cg
alkyl; or

Rs and Ry taken together form an optionally substituted 4- to 8-membered
carbocyclic or heterocyclic ring, wherein the ring is saturated, unsaturated or

aromatic;

and Rg and R} are each independently hydrogen, halogen, oxygen, C;-Cg
alkyl, C,-Cg haloalkyl, C,-Cs alkenyl, C,-Cs haloalkenyl, C,-Cg alkynyl, C,-Csg
haloalkynyl, optionally substituted aryl, optionally substituted heteroaryl, -ORg, -
SR, -NRgR7, -(C;-Cs alkyl)-NRgR7, -(C;-Cs haloalkyl)-NRgR7, -(C,-Cg alkenyl)-
NRgR7, -(C2-Cs haloalkenyl)-NRgR7, -(C,-Cs alkynyl)-NRgR7, -(C,-Cs haloalkyl)-
NRgR7, -L-Ry1; or Rg and Ry taken together form a monocyclic or bicyclic
optionally substituted carbocyclic or heterocyclic ring, wherein the ring is

saturated, unsaturated or aromatic;

wherein R,; is optionally substituted aryl or optionally substituted

heteroaryl.



each R6 is independently hydrogen, G -C8 al kyl, Cl-C8 hal oal kyl, C2-C8

al kenyl, C2-C8 hal oal kenyl, C2-C8 al kynyl, C2-C8 hal oal kynyl, an optionally
WO 2011/ OB6280RGIFSWS2010/ 054124 218 substituted 4-8 nenperaseanssiat ed
carbocyclic or heterocyclic ring, optidbnally substituted aryl, optionally
substituted heteroaryl, -L-optionally substituted aryl or -L-optionally
substituted Het erdlamompeun@”@lam%nwwrelnﬁw hydrogess ogwen, Fat@gertlc1- cs

al kyl', or Cl-g§ 8\ i e endent| vy gen_or ClC8
AP R R A e I C R R S

8- nenber ed ca:hhncpimlnyr) Q@HB)@NH&O{;@HL)hNRgRﬁg, wherein the ring is satur at ed,
unsaturated or aromati c. 59 The corrpound of claimb58, wherein Ais in the

ortho or para posit OR co sl of Ia|m58
wherein Ais in the rret S|t|o]r atlve|to
claim 58, wherein the cgund IS conpouncthA a pha Qeutl

acceptable salt or hydrate of a conpound of Fornul | Va, IVb HIVC IVd or
| Ve: WO 2011/ 056589 010/0541 oundx
pharmaceutically accep a salt or hyo f a gopNound of c?a|n161
wherein the conpound or pharnaceutlcal ’accepta e>salt or ydrate of a
conpound of Formula |Va i g=a\¢onmpound or /bharnaceutlc yacceptable salt
or hydrate of a conﬁgﬁjfég/jFBMUIafyﬁﬁi%§LJ 2 7 Riz

NH

R12 Ry2 or R

q is an integer from 0 to §;
Rz 1s hydrogen, -OH, C;-C;g alkyl, -CHjs, or -F; and

Rj3 is hydrogen, -OH, C;-Cs alkyl, -OCHj3, -OCH,-phenyl, -CF; -NH,_ -F,

or -Br.

48. The compound of claim 47, wherein R is -CH,CH,;NH,, -(CH;);NH,,
-(CH2):N(CH;3)((CH2)4+CH3),

e
XN
3{\®\1 ONTY @;%\I
= \/ ,or == .
49.  The compound of claim 47, wherein Ry is -OH.

50. The compound of claim 46, wherein Rg is hydrogen, -F, or -Cl,

R10 is

Rj7 is hydrogen, -OH, C;-Cg alkyl, -OCH3, or -F; and

Rj3 1s hydrogen, -OH, C,;-Cg alkyl, or -F.



HO 011(IVO, wherein RO is H OH or F, RIO is and Ris C-C8 al kyl,
Cl-C8 al koxyl or 0 csss-N nigR7 R8 63. The conpound or a pharmaceutically
accept ablwo=altosessohydrat e of a conpound of claim 62, wereraisaomwhsesieconmpound
is 220 64. A pharmaceutical conpogi4ion conprising a conmpound of claim
46 or a pharmaceutically acceptable salt or hydrate thereof and a

phar maceut i cdllly aldwepmpobed ebelaines, wigsein Roes hydipgaceul @wllReeng8si ti on of

claim 64, wherein,the co sition fu e o] -Ses east .one
phar maceut i cdl't ch&?feygnﬁgyglﬁglgﬁfn’sfg%gé{:g% '%Wh’ﬁgﬁéhpordgnsi sting of:
an anti-inflammtory, an i munonodul ator, a chelator, a nuscul oskel et al

anabol i ¢ agenblz,' a%e%o?n%ggﬁg g% élgirr]n g&%{f}?e%ih Ry is hydrogen or -F; and Ry, and Ry3

are each hydrogen.

53. The compound of claim 46, wherein R; and Rs are each independently
halogen; and R3 is -ORg -O-L-OC(O)Rs, -O-L-OC(O)ORg, -OC(O)R¢, ~-OC(O)-L-
OC(O)Rs, -OC(0O)ORs, -OC(O)O-L-C(O)R7, -OC(O)NR¢R7, -OC(O)N(R¢)-L-
OC(O)R7, -OC(O)N(-L-OC(O)R7)(-L-OC(O)Rs),

and R, and R4 are each hydrogen.

54.  The compound of claim 46, wherein R; is -OR¢, -O-L-OC(O)Rs, -O-L-
OC(0O)ORe,-OC(O)R¢, -OC(0O)-L-OC(O)Rg, -OC(O)ORs, -OC(0)O-L-C(O)R7, -
OC(O)NRgR 7, -OC(O)N(R6)-L-OC(O)R7, -OC(O)N(-L-OC(O)R7)(-L-OC(O)Rg),

0
£ A N@]n
m{ 9] 0

o
o 3 . . .
) i R1a fio)]\ ijn ot ’{O/U\N ~
Fo S oy & (W
0 Y 7R, ]

O

O
oA
TR,
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p m
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66. A nethod of treating or preventing disorders associated w th abnornal
cal ci um and phosphate netabolism the nethod conprising adm nistering an

ef fecti vewarmunisessb a conpound of claim 46 or a phar nacedriusadibpsaeccept abl e
salt or hydrate thereof to a patient2ih need of such treatment. 67. The
met hod of claim 66, wherein the disorder associated with abnornmal cal cium

and phosphat engef Redti, RBaandReisthelogenoSFs, CirGealkyd phenyhrORei ari-§(O)ORs;
osteoarthrit 'a§1d eg?’ﬁ‘%&ﬁ lﬁlé 5?@ %O{s\ﬁ %ollarantaoglﬁy&rgggﬂ bone rel ated cancer

t herapy, or an or

55. The compound of claim 46, wherein Rj is -ORg -O-L-OC(O)Rg, -O-L-
OC(0O)ORg, -OC(O)R¢, -OC(0)-L-OC(O)R, -OC(O)ORs, -OC(O)YO-L-C(O)R7, -
OC(O)NRgR7, -OC(O)N(R)-L-OC(O)R7, -OC(O)N(-L-OC(O)R7)(-L-OC(O)Ry),

0
ﬁo)LQ}n
{
m o o
9O ;’ )J\ n L 2 M R
Rig 0 i
?%OJ\H/O Z% O&I\R7 © WRs

P

, oo ,
oA
MCr,

Rs

one of Ry, Ry R4 and Rs is halogen, -CF3, C;-Cy alkyl, phenyl, -ORg, or -C(O)OR6;
and each remaining R-group of R;, Ry, R4 and Rs is hydrogen.

56. The compound of claim 46, wherein R; is -ORg_-O-L-OC(O)R, -O-L-
OC(O)ORs, -OC(O)Rs, -OC(0)-L-OC(O)R¢, -OC(O)OR, -OC(O)O-L-C(O)R7, -
OC(O)NRgR7, -OC(O)N(R)-L-OC(O)R7, ~-OC(O)N(-L-OC(O)R7)(-L-OC(O)Ry),

and Ry, R3, R4, and Rs are each hydrogen.
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57.  The compound of claim 46, wherein R3 is -OR_-O-L-OC(O)R, -O-L-
OC(0O)ORg, -OC(0O)Rs, -OC(0)-L-OC(O)R¢, -OC(O)OR, -OC(O)O-L-C(O)R, -
OC(O)NRgR7, -OC(O)N(R¢)-L-OC(O)R7, -OC(OIN(-L-OC(O)R7)(-L-OC(O)Ry),

O
ﬁok@ln
SIS,
N

0O o
oA
i acy
Rsg :

and R}, Ry, R4, and Rs are each hydrogen.

58. A compound of Formula IV,

HO g (IV)

or a pharmaceutically acceptable salt or hydrate thereof,

wherein A is -ORg -CORg -L-OC(O)R¢, -O-L-OC(O)Rs, -O-L-OC(O)ORs,
-OC(O)R¢, -OC(0)-L-OC(O)R, -OC(O)ORs, -OC(0)O-L-C(O)R7, -OC(0)O-L-
C(O)OR, -C(O)NRgR7, -CNRgR3, -OC(O)NRgR7, -OC(O)N(R¢)-L-OC(O)R5,
-OC(O)N(-L-OC(O)R7)(-L-OC(O)Rs),



WO 2011/056589 PCT/US2010/054124
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; and

B and C are each independently hydrogen, halogen, -CF3, -CN, C;-Cjy alkyl,
phenyl, -ORs, or -C(O)ORg, or B and C when taken together form an optionally
substituted 4- to 8-membered carbocyclic or heterocyclic ring, wherein the ring is

saturated, unsaturated or aromatic; and

R and Ry are each independently hydrogen, halogen, oxygen, C;-Cs alkyl,
C,-Cg haloalkyl, C,-Cg alkenyl, C,-Cg haloalkenyl, C,-Cg alkynyl, C,-Cg
haloalkynyl, optionally substituted aryl, optionally substituted heteroaryl, -ORg, -
SRs, -NRgR7, -(C;-Cs alkyl)-NR¢R7, -(C;-Cs haloalkyl)-NRgR7, -(C,-Cg alkenyl)-
NReR7, -(C2-Cs haloalkenyl)-NRgR7, -(C,-Cg alkynyl)-NRgR7, -(C,-Cg haloalkyl)-
NReR7, -L-R11; or Rgand R taken together form a monocyclic or bicyclic
optionally substituted carbocyclic or heterocyclic ring, wherein the ring is

saturated, unsaturated or aromatic;

wherein Ry; is optionally substituted aryl or optionally substituted

heteroaryl,
m and n are each independently an integer from 0 to 2;
Y is -CH»-, -O-, -NR-, or -S-;

p is an integer from 1 to 3;

Zis ™™ or

A% A

each Rg is independently hydrogen, C;-Cg alkyl, C;-Cg haloalkyl, C,-Cs
alkenyl, C,-Cs haloalkenyl, C,-Cg alkynyl, C,-Cg haloalkynyl, an optionally
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substituted 4-8 membered saturated carbocyclic or heterocyclic ring, optionally
substituted aryl, optionally substituted heteroaryl, -L-optionally substituted aryl or
-L-optionally substituted heteroaryl; L is C,-Cs alkyl; Ry4 is hydrogen, halogen, C-
Cs alkyl, or C;-Cg alkoxyl;

R7 and Rg are each independently hydrogen or C;-Cs alkyl; or

R and Ry taken together form an optionally substituted 4- to 8-membered
carbocyclic or heterocyclic ring, wherein the ring is saturated, unsaturated or

aromatic.

59. The compound of claim 58, wherein A is in the ortho or para position |

relative to C*.

60.  The compound of claim 58, wherein A is in the meta position relative to
C*.
61.  The compound of claim 58, wherein the compound is a compound or a

pharmaceutically acceptable salt or hydrate of a compound of Formula IVa, IVb,

IVe, IVd, or IVe:
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62.  The compound or a pharmaceutically acceptable salt or hydrate of a
compound of claim 61, wherein the compound or a pharmaceutically acceptable
salt or hydrate of a compound of Fomula IVa is a compound or a pharmaceutically

acceptable salt or hydrate of a compound of Fomula IV{,
OY Rx

0]
OH
OQ ! /OﬁJ@
R P
9>Kp/o

Rw R
HO o ave),

wherein Ry is H, OH, or F; Ry is

. e
A
0, CF
l\\l</7 or == N;

and Ry is C;-Cj alkyl, C;-Cg alkoxyl or

O
Wl TR,
Rg
63.  The compound or a pharmaceutically acceptable salt or hydrate of a

compound of claim 62, wherein the compound is
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64. A pharmaceutical composition comprising a compound of claim 46 or a

pharmaceutically acceptable salt or hydrate thereof and a pharmaceutically

acceptable carrier.

65.  The pharmaceutical composition of claim 64, wherein the composition
further comprises at least one pharmaceutically active ingredient selected from the
group consisting of: an anti-inflammatory, an immunomodulator, a chelator, a

musculoskeletal anabolic agent, and a combination thereof.

66. A method of treating or preventing disorders associated with abnormal
calcium and phosphate metabolism, the method comprising administering an
effective amount of a compound of claim 46 or a pharmaceutically acceptable salt

or hydrate thereof to a patient in need of such treatment.

67. The method of claim 66, wherein the disorder associated with abnormal
calcium and phosphate metabolism is osteoporosis, rheumatoid arthritis,
osteoarthritis, Paget’s disease, alveolar bone loss, bone related cancer therapy, or

an orthopedic disorder.



