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pol ycyclic system (fused or not) and having five to fourteen ring nenbers,
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al so included. Likewise, if a conpound is shown as a salt, the acid and/or
basic forns are also included. "AUC' is the area under a curve representing
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20 with a reasonable benefit/risk ratio. It preferably refers to a conpound
or conposition that is approved or approvable by a regulatory agency of the
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R3 is seléecte rom en an Ituted o roup
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Co- Cl het er oaryl ; IS a su ituted or unsubstituted group sel ected

f r om 'G1- CL!sP KN 8 cashoppomsda AT rngstrestyrsi kynyl , C3- Cl5cycl oal kyI
C3- Cl5het er ocyaé Wﬂnkuémrﬁcﬁiﬁ@l”)&hd e%l%eﬁ*&kﬁn@ﬁ&éﬂ’ %la grédlcoh®iRBin S
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Do o e RS e oS o A BRI AR
20 more (up to six) ring members are substituted or unsubstituted heteroatoms (e.g. N, O, S, P)
or groups containing such heteroatoms (e.g. NH, NR, (R, is alkyl, acyl, aryl, heteroaryl or
cycloalkyl), PO,, SO, SO,, and the like). Heterocycloalkyl groups may be C-attached or
heteroatom-attached (e.g. via a nitrogen atom) where such is possible. Examples of
heterocycloalkyl groups include, without limitation, pyrrolidino, tetrahydrofuranyl,
25  tetrahydrodithienyl, tetrahydropyranyl, tetrahydrothiopyranyl, piperidino, morpholino,
thiomorpholino, thioxanyl, piperazinyl, azetidinyl, oxetanyl, thietanyl, homopiperidinyl,
oxepanyl, thiepanyl, oxazepinyl, diazepinyl, thiazepinyl, 1,2,3,6-tetrahydropyridinyl, 2-
pyrrolinyl, 3-pyrrolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-dioxolanyl, pyrazolinyl, dithianyl,
dithiolanyl,  dihydropyranyl, dihydrothienyl, dihydrofuranyl, pyrazolidinyl, imidazolinyl,
30 imidazolidinyl, 3-azabicyclo[3,1,0]hexanyl, 3-azabicyclo[4,1,0lheptanyl, quinolizinyl, and
sugars, and the like. The term heterocycloalkyl includes both unsubstituted heterocycloalkyl
groups and substituted heterocycloalkyl groups. The term “C3-C,, heterocycloalkyl” refers to
a heterocycloalkyl group having from 3 to the indicated “n” number of atoms (carbon or
heteroatom or group) in the ring structure, including at least one hetero group or atom as
35 defined above. Unless the number of carbons is otherwise specified, “lower heterocycloalkyl”

groups as herein used, have at least 3 and equal or less than 8 ring members in their ring
structure.
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of the invention. For exanple, the invention pertains not only to the
particular salt forns of conpounds shown herein as salts, but also the
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i nt e2Bal liwitationz glyridyh, lrmdamwhepynmﬂmylnaiyrazelabt1r|aquylt tettazbigl Sftigl, t théenglesi red

f d I h
known 1 0 52 28E 8RR, SeZBlebibzah, BEAGHE dincRRTDRO QR ORISR | B
est er, sifNdpiydeinddlingly| fspindolylc agierrenvht ésochipmanyl.- Npepzimidagzelyl, bmofua':mdl ot hers
as dem)n%fnﬁéﬁn?ld |if|d:érzol9lxamﬁllﬁn phﬁ‘@la%lw/' %M&ﬁyﬂ'ﬁyﬁzﬂﬁlﬁdﬂlgﬂﬁﬁ' Boinbil1

of
which are in @enera applica S g kages | n compounds 1n %eneraP Act ual
cl eavabi PIE{igings PuFRy| PW@ZO'M'aHh'B@a%%e%%"Y'n b@ﬂ%qﬂaa%awv drenzaihigpRasylby usi ng

hydr @byt bsnzotmmyrrwenzotmé@om BeRioxSahe, q&.h&roam) aumcsmtn@bolqlmmimned tests
and assays wel | hinown i nt erpati onal licatio

WO

91/ 14434 RGN 86"6‘5‘”%'8}5': i E?PJ@I‘YéB'BY'n c HIPYALnY s %?%P%bgé’gi"?““‘é' l‘}V'Us
2006/ 004808iMyl, anpervedingl. ehermmhr@lsuo4)ghedazmyed piGnetiiazingi7, b@AdxadByl, are al |
i ncor por aibsﬁkohﬁw “arﬁythéeﬁkgr?ﬁ@?erh”h Say ﬁ\gﬁlhése%gths et utt]e%ypggr%g | be a

variety of |inkers may usefu presen Frnvent i on.
25Al t hougRupharst substitutsg betgtaanmh gios'p%nT@éG@'ge@sﬁeln@ewarw mfergmsem héteroeyhpound

struebur Qﬁ)up hBghd oA G tétre lwwéd @ ﬁlﬁrﬁb&bﬂét&lnsf(é%\rrkmﬁl&‘%e@%t&rﬁ)gﬁdr{)urﬁ ifanes
and for as o he invention is not limted by any such

t heori es rﬁﬁng?& ‘gﬁgc'f"%ii“g'éq fhyeast aeNFisP QEAURICE BlomEsfsTined boliges” of al | novel
conmpounds  ar eTrertenmyhsteectyole” bhihetenveyrlit o, héteroe gEIFK inciife AéterBRydIgHMyS M OF

theory o u ster rodr.u nven tion al so
rel ates tzl000fll;Pl]%{(?g&alrﬁu%rau%'{ps A%)%p]% %r lr’rffjﬁéa}gmf:yceﬁsfnﬁugﬁowﬁh‘gﬁie‘%ﬁaﬁo" acridinyi R3is
sel ect edazaciHmh, ibpd:l@!g’@holﬂn@eazosf,tUBIM| berizettliofuranyh shamzothiopheg!, grenmgxagelyiect ed
fro 1- c2 nyl kyn cyc |

C3- g%he%rr%glcé%{yz)a 5{5&@%&&&] E%etgzggl %f‘gﬁé%ezgégr yl l&e%%ﬁg%azmyl

R4 is a BemBEnifazeting Qﬁrba;ﬁlyuHgHrqachaedylgpmbphrwblchmwf conomeyl Cifedlikyl] |

C2- Cl12al kenyl , 5C2-Ci2al kynyl, C3-Cl5cycl oal kyl, C3-Cl5heterocycl oal kyI ,
C6- Cl5aryl, and Co- C15heteroaryl ; or a phar rraceuti cally acceptable salt or
sol vat e t hereof. The invention also relates to conpounds of Formul a
I, wherein at |east one of R3 or R4llis a pharnacoki netic nodul ating

noi ety. Exanpl es of suitable pharmacokinetic 10nodul ating noieties include
sul fonate esters, neopentyl sulfonate esters, aryl sulfonate



ester, and nitro-substituted aryl sulfonate esters. In another aspect, the
I nvention relates to Fornula I1-A as well as salts and sol vates thereof:
15 HO 4 0W0Q(11o12900wher ei n, R4 is a substituted ecTuaovgnixat ed
group selected from Cl Cl2al kyl 02 Cl2al kenyl, C2-Cl2al kynyl,

C3-C15 | kyl - C C eroar | ;
ST T e R L e R S e L Tl
i nvent i ofuradasy, rmldazelshnyb doipzalingls  ipfidaZolykru f H-indazolyl, IIndNenyAhem@;crllnleS _
and/ or Rﬁid@lfzﬁuy?%ﬁ@olyln%mﬁwngéo%er%k‘ﬁ d&érf?&@é% QBQH&O@P”%&%&MHQ of : (i)

a substitute unsubst i rou ‘ect ed
C2- Cl2al iseingelyl, CzoqindlinKy nipthiazgyl, staewbymﬁm‘qaydloxyphenyl morpholinyl,

C3- Cléhewrmryys.hﬂal&vénydf‘a@og&ﬁ@hw , ox@bidzéhr- Globekaliaalyy /| 12(4-6)3ad%zolyl
substituted or unsubstitut sel ected from Cl-C 2}@
C2- Cl12al ﬂ@rﬁﬂ%adé@'ﬁl5é@¢r9xaﬁ'ﬁg°'ld5 oxgzelifier OXFRAVL (FXarglidiyls uB%ri”i"F“ﬂY'ed or
unsubs L | bher@fthedioy Ppishasibtatiolyl f pmmaﬂﬁﬂ C‘ﬂiéﬁyﬂhlaéﬁ@l- G&f}mé(aﬂmnyg 1rpthe??<xazinyl,
C5-C10 Litut or, unsu ut e a . group;
Coy SR 0ne bahagtn pivssoyf e inkl, BbS iRy SRRt HoBRny pEgfRY Wi v )
subst i t upgdnybr apydmng|, Cpyablidinyl, 3Quyrazalnyl, ( \wyrazdlyla pwiszinylut eyfidopxazole, ()

- hst 1t e roun: or (x) a
o oot of PEABAZER B8, i AHERL Al Rl 25
i ndependartpyifold, sayselyl t quinagoliny!, uaingtingi ¢hitqinolizinyp agieexadndd afipegidinyl,

Cl- Coal k A keny| o reRyrEisd iy, C3- GeearyhiRghikdliny, tetrazolyl
C3- %hetfgrgh%fgg ‘ . (XNa d yC heteroaryla na SHazon

C(0) 0C1- Bl Ayth |ad|@z‘r21yl’ NHC(b?é@l'aft'%?é’inyl b Apiad) %P'Xizs 5 élr2e‘5 thiadizzolyloget her
Wi th thenmadjaaamyl Cahlﬁmﬁreayloth@zclflygr mtmem,oumla@trﬂzgw fmwﬁb&S&Eolyl
C8 et erogycl o or , n r a
toggtjl;] t\#‘f’iﬂ"? |VE3 tﬁ:B ﬁt?:eé"% Ct'i a{%‘ﬂiuﬂa&o%r rﬁ%“%@zeﬁgcac%e%baﬁ@ﬁ or
g54 gigﬂetl ér%yzdl;&a*dnﬁenﬂua_edj the liig. Jheuprm betescdie mes]lbpteh?mer?tugiiml:‘t?dom
e ) or a group s
C1- Coal kb?lg ?%1 ﬁ%B %@@dﬂ%égﬁw&w Accordi ng to one aspect,
at |east one Bfe ESmafamioe’ R4 “BminegT asi uset | hasein refersi to @ eungulestifytest oFor nul a

B, Vmereklﬁbsfﬁ%%d' %o@t?y Sﬁﬁ%kﬁbl'mulé!mﬂﬁ%bn IMwthaaa@'lﬁBSé% Ktk e P}éﬁ@nw n R22

is a C3- C4al According to another aspect east one o nd/ or R4
in F39rruf‘¥9"P99“o?‘kY|1 arg, PisheieTocysivh op RO ANEBY rigien trasthar wiih the pispgancator do
fol | ows: whiarrtBéy areRdttddBed, form a heterocyclic ring. The term “aminocarbonyl” includes

compounds or moieties which contain a nitrogen atom bound to the carbon of a carbonyl or
a thiocarbonyl group. The term acylamino refers to an amino group directly attached to an
acyl group as defined herein.

25 The term “nitro” means -NO,; the terms “halo” and “halogen” refer to bromine,
chlorine, fluorine or iodine substituents; the term “thiol”, “thio”, or “mercapto” means SH;
and the term “hydroxyl” or “hydroxy” means -OH. The term “alkylthio” refers to an alkyl
group, having a sulfhydryl group attached thereto. Suitable alkylthio groups include groups
having 1 to about 12 carbon atoms, preferably from 1 to about 6 carbon atoms. The term

30 “alkylcarboxyl” as used herein means an alkyl group having a carboxyl group attached
thereto.

The term “alkoxy” or “lower alkoxy” as used herein means an alkyl group having an
oxygen atom attached thereto. Representative alkoxy groups include groups having 1 to
about 6 carbon atoms, e.g., methoxy, ethoxy, propoxy, tert-butoxy and the like. Examples of

35 alkoxy groups include methoxy, ethoxy, isopropyloxy, propoxy, butoxy, pentoxy,
fluoromethoxy,  difluoromethoxy, trifluoromethoxy, chloromethoxy, dichloromethoxy,

12



(B') R6, R7 and R8 are as previously defined. 20More particularly, the

invention relates to conpounds of Fornula Il or Il-A wherein R3 and/or R4
are each wodependsnt |y a group of Forrmula B or B, wher ecm/da20iogo122p2 CH2Nu
or -CH2Nu, wherein Nu is a nucleophilic group, which is a functional group

h [ f_el d h th | fod

ot RS bRl B8, D e AN b a0 5,
sel ect edsubstitntet latkogy graypse etas as ivelhgs odlogeneated aiklylaxyegousc  sul fonat es, _
S it ed e gRahidnh 8F AR EmoBbEABRI Bk %t&h%hﬁtiamsam fides,

hydr oxyl ami nes, and er e I ment, the nucl I C group
i's sel ectasepry eesectad withoru goele Poad itg gn oxyeeibatem: lﬁXémp@s erﬁ@%%@ﬁ ivhighed

an nes, @hhifh €8BS inclY8 bREMdks, KRIRES 'BRoXylid BcHE Hthgds! Béi&@%rﬂ‘l%rfb‘és( NH2) .

The invention also further relates to conpounds of Formula Il or II-A,
wherein & is a group of Fornmula B or B', wherein R6 is -CHZCHZNHZ and 30

R?I anfl 58 ar err%zf@rhm ‘iaﬁlﬂeﬂ;lié‘rﬂﬁﬂé bafbianigasgtblsp trraursadaaredwsamﬁtsidamoa@tc@m fu;pl
&3 Cohet BPITRTTie PR ATFTS Rrov Mi-eatih S S d¥aill G SRl WhREN o o

t aken t oges ler inteigeh frome rto atl]; acg nacetyd r & aoyclaalioyn groupf ()Ergn @;-Osaycipaleyd), ect ed

fro roup of
Forml(f:3 @@ E\Eﬂ@#ﬁéé@ﬁ%@l S -%%Ws)é%éter r‘gn §%ﬁ¥§%%ﬁgegendent |y
in each C@é&du‘? gndenzoyheandethpdise Ayl arogpe \ay| hedunstbstitited pdsubstiteR7acaind RS
are eachg,bgp%egng@,e I 9{ a substr tuted or unsubstituted group selected from

Cl- Coal kyl Coal C6al kyn C3- Coeycl oal kyl
C3- CGheteroc EW&Ha@%%dersé%’ddﬁI@aPWs“t " 95 sulstibited dﬂWI‘”le@PSF@P HCIRE ar e

t aken t og@mb@rha%adn stubﬁmrnoaﬁh AGRBSrdaRE AR thd tdfvaleteoth® YibstiftkRcCt ed

from cycl - C8het erocycl o In a further aspect, R4
is a1§3 E?é Sﬁtug‘t ?”dgﬁat\fcﬁ"e?l&s’ﬁt“ fiegults '%ﬁ?@wpoﬁ R8 are
each i nd&q&zsnnt&rﬁpbytaaedﬁislyﬁﬁmlei@pl trargformZticansucRSasabg réﬁl@h@emageb'y”tﬂiﬁatmt h their

adj acent omto form 8 7 and. are
eajch a rrew ﬁ%}%ﬂr%}%p,&” 'r‘sed he{e'anocﬁ %&s&@;ﬁte}fya mé%ngo 'P% ey‘?j' pe#@rsﬁﬁrg B or
B' wher esuybsiRgerts of OMCBQNN(L@J&B In \nfmoaﬂ aspad, the rtehﬁlsslblsrsdbmmmhtsandhdeoupl ed

am no ackgci@mh E%L@r[ﬁ'arﬁﬂﬁ@r ﬁd 1HvaRGR! 9&8&‘2&%05“ P(et@ro&?c]r%!)rlﬁé'tjic afy R7 and

R8 are taken togethér wt eir adjacent c n at
C3- c%%ycn%@rqmaﬂc sebsiifuenigiof groric spMPmBdaridedsrnissblasulsjituentssapbe pre er f ur t her
aspect, [Rérea MRk B aubstiftié@l, Waah B%ociéﬁr&rhwf’cmﬁiyrof%@f%ﬁ&ﬁg gRuPORIGE M tO

forma C3- C8heteroc cl oal kﬁ or R7 and are taken together with their

adj acentagﬁ?r“BGH bslitule atene oF moke P%?d,‘PBr‘f‘é‘h(s@bﬁ““e&tsf%‘P*&ﬁ%ﬁ‘éW anpipo (JRAYUANG ur t her
aspect, &ples amingetrhytrlo ghauararayrdnﬁz a:ﬁUi\oRancﬁrcﬁarﬂn@h&JéerbrﬂOQRMB@rarﬁMd)h their

adj acent rbon ? m a C3- CBhet e cyclwc?a K are
t aken todd %ﬁ‘é ° F(ﬁrqrrﬂar FaRA e aru[fb at d cfa(gbc%/ng;oﬁ;{ a "?r)élﬁ? gﬂ'@""(’% a
fur a%nealkovambmnymamt |adk0ija9mnylelczarlﬂn<yt cadoryaten dsniodcafmnpiu| @mohd  &fd I | - A,

wher ei n gggk@é]q{nggar@zg rar rﬁaggd({, %%%QFA@%% gE{gr @*\Hﬁ&e@?( il aalkyltﬁ’r

wherein Ro 1s a %
separ at efyithie, alk W'%‘E@GW efftiecarkaxylate; dewery @HWhy'QW@@eqlkenWydP\@%ylalkyrwl ogen

cyano, tgyiclhmgr cha@rdtyéroarryrt B9, r?é‘ré}o@ryrs uaﬁérl IarH&)@d PflodyN SRS EABEREYT Oup
selected fr - O6het er ocycl oal kyl , ~ CBaryl ,

C5- cehet%‘?“c’s‘ﬁ?’w %eféé’bfﬂihYV' &y B&ﬁ ﬁ?ﬂ%ifx'fac‘fb(séjf%‘fe SEH9nesiRe RhOSRRRIE.0) R11,

NH2, 3NHRiHbsphomatoNpRIsbhBato, oxo, gudnidimes i tfehyt Bﬁdntl’id”lﬁkegmmvrbf(t@él%b&fel ng of

St 15 Mt S S V80 ol R SE

C(0) R14, grarmamﬁrriaroum oarethgh i nteger selected fromO0O, 1, 2 and 3 30R11 is a

substi t ut ed t I
C3- Coeycl oal EL“F“&%Q&Wﬁ‘eét‘é?%?g%”ﬂryﬁﬁr'%%?’at"’ p RSB s ipvention onzy

R12 is aM qrimae golyent melasH ﬁuwhﬁﬂr@d ogaawrs*@r@mceahw phmoalas@aqatmr

C3- By Ghexadds Wydrogan Eﬁmtgelrpééﬂ‘éanﬂétgdﬁles th® 85IVate wittsdBdpabie P RbMtion, l?@rnzyl
CH2R16, and FHv(r Cl- Coal rx %
examplé when one or mo solvent molecules are incorporated in the crystal lattice of the

crystalline solid. “Solvate” encompasses both solution-phase and isolable solvates.
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R13 is a substituted or unsubstituted group sel ected from Cl-C6al kyl,
C3- Coeycl oal kyl, 35C3- C6het erocycl oal kyl, Céaryl, C5-C6heteroaryl, and
benzyl; wWO2801017$87800PCT/ CA2010/ 001229 R14 is trhe/aasicdoeof a
natural or unnatural N-coupled am no acid having an protected or

unpr ot ec rbo end e na ur r
nnat ur Py RRes o gk krind el PEbONTS:. FrpBtdidored i o
end; andeSmr@lat@ s@b@ﬂ:@r@dolﬁhegmthéalwmm edunglaten garst -‘IDIB(atE)SCPf Cethekyl and
w 0) 001pl§§% Vc\:@égliy accﬁé)tab@%dv@?{t@msh&r‘ A §R Wésat36§0|9&\t§cﬂg§&¥ﬂégsln0?heF ormul a

or II erern /or R4 are each in endent grou of Formul a
B or B, Infgreatiens{ Renferenee §f oldprmerizaiann(ICH). CG”’ﬂhef%l/’W“Ré/ i 3G Jmeuitied f r om
hydr OﬂenReﬁUtﬂﬂ BolentsCodPalhi! contdBlAds GCEHY) RidntioANEcldée <a6K @bRRElandand al |
ot her grou S are ats previously defined. In one exanple, RO is selected from
hydr ogen™ P C1- CBal kyl, OR11, OC(0)R11l, and OC(0)OR11. In another

exanple, RO |As ﬁdrmatamcﬁny)aumpthmgeﬂt di)edrfdmpphnd éida eabdient exprBsions,

o) berafiin S5 8 Ehen bt SR BB RATRLG ol Fothin by AR
hydr oxy| cempbuadl thabtetain ogimprgye thzer lsolagthjreﬁectmemlsy aokdpioperties dfithe/ iee ddidsanot her
exanpy e, ar%g{)b%hs&] fel St BMSsuRd O g)e@‘m)} that takes m%gié gx@pl e of

conmpounds o e invention are conpoun wher ei n at
| east onBirsicaly bagig, idic er @a@eddwﬂc@@nqttyrwmmle@ulernd ”Wﬁ@r@t hiokgically a gr oup

of For mubgotherwisb&ingédiatie] §xaﬁ%%§ mhaceUncah) aéﬂ@ﬁtabl@%gltssﬁe ddd RBGHRES
G

exanple, X is eIe ed from C{g)ORlZ and ao@m _I'n_anot her
exanpl e, fof(e?‘%m 118 éQf $h@mht ics!t Solls”, bR RSS! 8 d- 818V AHRID. | n

anot her satgmeluge: X i s selected from SC(0) RL3 and, SC(0)OR12. In another

S S R BT IO ot B B

exanpl e, additios afghergardcl acld@mlﬁHas BRroHRAE il ,hy@CPONIREEd, hyurgiedic acidt her

exanpl e, I 2 on al so
r )él g{)es %%ﬁug%?rﬁguﬁg;rﬁe afcIggr mul alq IH p%{?ﬁ%&d ONE{R%&? ﬁ%ﬁté %ﬁgarle eachS
i ndepend¥st Py foamed it weanicoasids auc$ Q’ﬁr agstic amep@pwnmﬁaq‘ds lactig ragidp oxdlic For nmul a
C Where?l?co?fc 'a&d%ﬂilﬂ%@d Qfﬂéty‘?dcéucpéa@rB—H‘J{'d?&@ﬁut@ﬁ@aa§ \F’aﬂéf\é'%lh%xgrﬁﬁd ned. As

an example, X IS 2. is sel ected fromC Coaryl ,
benz¢{ , it radsioPe IcoBGi K PYryvia geidagnalnin Reid. é%él*i‘tﬂ ec'd Serp erid) OR1.2,
alnfl Rélﬁ imsleRelcric fuarthrit éﬁmtﬁiarﬁ@%ldk&l‘mg af3ﬁ brBiR%6id, :g« )@t&(% blét‘{io)ch6| andX
al | other_.groups.are as Vi 0 ef | I ng to anot her exanpl e

s ooy oretS cHABMEA S el ai Aol aspheBereiteliS gl koreinatr T

OC( 0) Rl1d|s1aﬁodlc@G@Oa-ﬁmdxyemadewlfbm@ad:mrcycgofmxwammbmlfamcpbﬂvb@nusrie)sumid ned. In
a furthe xa ( | e d rogen, roxyl,

C1- Caal kécl'@ o%ma 0)%@1 &@%ﬁﬁf% &5 %ég‘;sm é("% ] &X,Q

C1- C&l kértoluenssyjfionic iseidz Gamphorspiftarec acithch- rsw(m:mmwlamesulphqmyec:danot her
ex a”D' €, lathryl SufiO3ERBoic g@%{)’%lﬂ%ﬁ“& £5d %@af:é a8y, hé{tmc%ﬁjn emBYHE ﬂ?é}ﬂoac& Q%d%al kyl,

R11,  and 1. and is selected from C
2011/ o%?’@?ﬁ&?@‘l‘%@%?ﬁ@ BCF?QEB'C a&ﬁ’da@%‘dc'%%ﬁ'%ﬁfbcm gﬁﬁcwf@'Caspect
when X i acidCgicomit Acid t dhesoheptorsic acld,i ghitagieaciichapbitte’ doido Aydkoghagthoi®bglier ably n

is 1. o relates.to s of Formula Il or I1-A
:/\/nerel n %Cyhgg?dlé%ﬁ%%gragﬂegg lcac eB‘&ﬁ‘%Pé%?‘i‘ic/ npg‘ﬁgg% of Fornmula B or B',
wher#d n R6 i 42} bgge @dditien IS@HSmﬂOHnQU avtien Sanviaeidisi prodoni preibil( ) GR1 Raranid al |

ot her gréﬁd{b%uﬁd %ltl*?e? |9rr§Mé&HsﬂyYaqﬁétél”iglq in d|ﬁ’¢; :ft'?(é‘l@’zéfg?(idn W%h%r# R12, and

R12 is selected from Cl- Coa Coaryl

CH( CLCoaiRi M ReESSIYHR), éﬂ@{kﬁhﬂe ?—.%E‘hr’t?ﬂ €9 mggewqcm)cm@anmomnen rgetgle| ect ed
from Cl-iGgabdcl as SRARLG, zﬂ@dirdﬁl‘i(&i'admﬁbm tneRkE: oSSR ﬁ'dté@wfﬂpaﬁ‘g f?;r

exanpl e, X|s NHC(O 0R12 and i s selected from hydrogen, roxyl,

Cl- Coal &( OFRTPNE n PRI D R Siethyigening | Q_@V'?ﬂeﬁ@m'@r oud/: ar e as

]E)r ev?p?usdllyerdydéhylenbdldnmnea,ramdmelarrmeaﬂ]@tr%noléﬁnln& Nb@éﬁ’dl@rﬁﬁag trd&Q:e(tha?mﬁ@'l‘@Ct eg
rom hy 1 0)OR11, and R12
is sel e‘é‘?%ﬁﬁ@%%%%é ele"g ChIGERR; %}?'“ pf)o&ﬁ?y‘i’h% 8,a“§ﬂt? Ikey C1- Ceal kyl ) R16.

In a further exanple, X is NHC(0)OR12, R9 is selected from hydrogen,

hydr oxyl, Cl-C6al kyl, OR11, OC(0)R11l, and OC(0)OR11l, and Rl12 is sel ected
from Cl- Céal kyl, CH2R16, and CH(Cl- 1 5 C6al kyl)R16. The invention al so
relates to conpounds of Fornula Il df 11-A wherein R3 and/or R4 are each
i ndependently a group of Fornmula B or B', wherein R6 is a group of Formula
C and wherein nis 2, Xis NHC(0)OR12, and all other groups are as
previously defined. As an exanple, nis 2, Xis NHC(0O)OR12, and Rl12 is

sel ected from Cl1- C6al kyl, C6aryl, benzyl, CH2R16, and CH(Cl-C6al kyl )R16. In
anot her exarrple n |s 2, X is NHC(0)OR12, and R12 is 20 selected from

~A NI IS NA S



The invention also relates to conpounds of Forrmula Il or I1-A wherein R3
and/or R4 are each independently a group of Formula B or B, wherein R6 is
a group oVoRorwmubs®woC and wherein X is OC(0)R13 and all @®CharA2gromopoare as
previ ously defined. For exarrpl e, Xis 30 OC(0)R13, and R13 is selected from
C1- Coal kyl I I IS Q).RlBh.And R13
is Cl-Coal kylcﬁ]aa I”ngaerlfoc%n% ar% %ﬁsiﬂ&g&(rﬁﬁ%%h %gﬁﬁt%%a%st ry?ta

Accor di nepntainsaan badieer a;xcacnp'loety, Xy icsnveaianpRIi@micah thefR@d$. Ceneraliy.t sygh Baltsm

hydr ogenge kaéHa?éWﬂ) reQ&thGtﬁé lfr)éé 1acu9%1 Joas@‘o‘rﬂ% Bflﬂaeségéjen%m Q'@Hchldnfétr‘%”o'[ her
exanpl e, OC(O‘S is selected from hydrogen, hydroxyl, Ci1-C6alkyl,
OR11, oc?'ﬁ?%‘ pf th&r?(ﬂ’p@t’,(@? @R&elm fHinpyater; of irggn §E§la§t9tséhfe'ﬁtr BN 1T Ry | |
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techniques and by observing results obtained under analogous circumstances. In

determining the effective amount or dose of compound administered, a number of factors
15  are considered by the attending diagnostician, including, but not limited to: the size, age, and

general health of the subject; the specific disease involved; the degree of or involvement or

the severity of the disease; the response of the individual subject; the particular compound

administered; the mode of administration; the bioavailability characteristics of the preparation

administered; the dose regimen selected; the use of concomitant medication; and other
20  relevant circumstances.

As used herein the term “therapeutic bio-distribution of 1,3PDS” refers to one or
more pharmacokinetic parameters of 1,3PDS which affect 1,3PDS therapeutic activity.
Examples of such pharmacokinetic (PK) parameters include but are not limited to:
bioavailability of 1,3PDS, AUC of 1,3PDS, Cpax of 1,3PDS , Tax of 1,3PDS, bio-absorption

25 of 1,3PDS, bio-distribution of 1,3PDS etc.
As used herein the terms “increased (or like terms, e.g., increasing, increase in,
etc.) therapeutic effectiveness of 1,3PDS” and “enhanced (or like terms, e.g.,
enhancing, enhancement, etc.) therapeutic effectiveness of 1,3PDS” refer to an
increased effectiveness of 1,3PDS as measured, e.g., by one or more parameters listed
30  under “therapeutic bio-distribution of 1,3PDS” above, e.g., by 5%, 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, 95%, 99%, 125%, etc., or even more, e.g., 2, or 4 fold, or even
more when administered to a subject, e.g., animal or human, which increase is with respect
to the same equivalent molar dose of 1,3PDS administered orally in water solution.

The term “reduction of side effects of 1,3PDS” refers to decreasing the amount of

35  or severity of one or more side effects of 1,3PDS by, e.g., 5%, 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, 95%, 99%, or 99.9%, or even 100%, which decrease is with respect
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to the amount of or severity of a side effect of 1,3PDS that is exhibited when the same
equivalent molar dose of free or disodium salt of 1,3PDS is administered orally.

The term “reduction of effective dosage of 1,3PDS” refers to decreasing the molar
amount of 1,3PDS in the prodrug necessary to be administered to achieve the same or

5 equivalent result as achieved by administering free 1,3PDS (e.g. to achieve equivalent
parameters such as one of AUC, C.x, Tmax, %F, an the like). The decrease is for example
administration of 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, or 80%, of the dose of 1,3PDS
(molar equivalent) in order to achieve the same or equivaient blood levels as compared to
administration of free 1,3PDS, or to reach equivalent efficacy.

10 More generally, the terms lessening etc., increasing etc., refer in context herein to the
percentage changes, e.g., by 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%,
99%, 125%, etc., or even more, e.g., 2, or 4 fold, or even more.

When referring to “1,3PDS" being produced (e.g., released from a formulation or

prodrug), all forms of 1,3PDS are included, e.g., solvates thereof, ionically dissociated forms
15  thereof, charged forms thereof, etc.

"Pharmaceutically acceptable” and equivalent expressions refer to salts, drugs,
medicaments, inert ingredients, carrier, vehicle, fillers, etc., which the term describes,
suitable for use in contact with the tissues of humans and lower animals without undue
toxicity, incompatibility, instability, irritation, allergic response, and the like, commensurate

20  with a reasonable benefit/risk ratio. It preferably refers to a compound or composition that is
approved or approvable by a regulatory agency of the Federal or state government or listed
in the U.S. Pharmacopoeia or other generally recognized pharmacopoeia for use in animals
and more particularly in humans.

"Pharmaceutical composition" refers to at least one compound and at least one

25 pharmaceutically acceptable vehicle, with which the compound is administered to a subject.

"Pharmaceutically accéptable vehicle" and equivalent expressions refer to a
diluent, adjuvant, excipient, or carrier with which a compound is administered.

Reference will now be made in detail to certain embodiments of compounds and
methods. The disclosed embodiments are not intended to be limiting of the invention.

30

1. Compounds of the Invention

The present invention relates to methods, compounds and compositions for
delivering in a subject, preferably a human subject, 1,3-propanedisulfonic acid, or salts
thereof, also referred herein as 1,3PDS. The invention encompasses compounds that will

35  vyield or generate 1,3PDS, either in vitro or in vivo.

Accordingly, the invention relates to compounds of Formula I:
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10

15

20

25

30

35

R is selected from OR?®, -NHC(O)R®, -NHC(NH)NHR?®, and -NH(Cs-C yoheteroaryl);

R? is selected from OR*, -NHC(O)R®, -NHC(NH)NHR?®, and -NH(C;-Coheteroaryl), or
R'" is a covalent bond and R? is selected from O, OC;-CsalkylO, NH, NC(O)R®,
NC(NH)NHR®, and N(Cs-Cisheteroaryl) when R' and R® are taken together with their
adjacent atoms to form a heterocycle;

R? is selected from hydrogen and a substituted or unsubstituted group selected from
C+-Cqsalkyl, C,-Cyralkenyl, C,-Cialkynyl, Cs;-Ciscycloalkyl, Cs-Cisheterocycloalkyl, Ce-
Cisaryl, and Cs-Csheteroaryl;

R* is a substituted or unsubstituted group selected from C;-Cqzalkyl, C,-Cyalkenyl,
C,-Cizalkkynyl, C,;-Cyscycloalkyl, Cs-Cysheterocycloalkyl, Ce-Cysaryl, and Cs-Cisheteroaryl;
and

R® is selected from hydrogen and a substituted or unsubstituted group selected from
C4-Croalkyl, Cy-Cisalkenyl, C,-Cyalkynyl, Cs-Ciscycloalkyl, Cs;-Cisheterocycloalkyl, Ce-
Cisaryl, and Cs-Cysheteroaryl;
or a pharmaceutically acceptable salt or solvate thereof.

The invention pertains to both salt forms and free acid/base forms of the compounds
of the invention. For example, the invention pertains not only to the particular salt forms of
compounds shown herein as salts, but also the invention includes other pharmaceutically
acceptable salts, and the acid and/or base form of the compound. The invention also
pertains to salt forms of compounds shown herein as free acids or bases.

To avoid any confusion, in this section the exemplary compounds of the invention
are all shown in their free (i.e. free acid or base) form. Reference to specific salts in the
examples is made by the addition of the counterion in brackets. For example, Compound
A29(Na) or Compound A29(sodium salt) is the sodium salt of Compound A29, and
Compound B51(2TFA) is understood as the bis(trifluoroacetic acid) salt of Compound B51.

The sulfonate ester moiety, any other pharmacokinetic modulating moiety of the
prodrugs, their precursors, as well as combinations thereof, may be cleaved prior to
absorption by the gastrointestinal tract (e.g., within the stomach or intestinal lumen) and/or
after absorption by the gastrointestinal tract (e.g., in intestinal tissue, blood, liver, or other
suitable tissue of a mammal). In certain embodiments, 1,3PDS remains covalently attached

to the pharmacokinetic modulating moiety during transit across the intestinal mucosal

18
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barrier. In certain embodiments, pharmacokinetic modulating moieties according to the
invention are essentially not metabolized to the corresponding 1,3PDS within cells of the
intestine or liver (e.g. enterocytes, hepatocytes), but generates the parent 1,3PDS molecule
once within the systemic circulation. These prodrugs may be absorbed into the systemic

5 circulation either by active transport, passive diffusion, or by a combination of both active
and passive processes.

The pharmacokinetic modulating moiety of certain of the compounds according to the
invention may be cleaved either chemically and/or enzymatically. One or more enzymes
present in the stomach, intestinal lumen, intestinal tissue, blood, liver, or any other suitable

10 tissue or organ of a mammal may enzymatically cleave release 1,3PDS. The
pharmacokinetic moiety may also be cleaved indirectly by the cleavage of a moiety located,
for example, 5 to 7 atoms away from the sulfonate ester, the cleavage of said moiety
triggering internal cyclization, or other internal reaction, to liberate the desired free drug. The
cleavable moiety will generally comprise a bond which is known to be so cleavable such as

15  but not limited to, a peptide, amide, ester, sulfide, disulfide, carboxamate, urea, -N-O-, etc.
bond, and others as demonstrated for example in the structures disclosed herein, all of
which are in general applicable as linkages in compounds in general. Actual cleavability of
the linker can be assessed in vitro and/or in vivo by using hydrolytic-, enzymatic- (e.g.
peptidase, esterase) or metabolic-based tests and assays well known in the art. international

20 PCT application WO 91/14434, WO 96/18609, published applications US 2005/0096317,
and US 2006/0046967, and Yan L. et al, (2004), J. Med. Chem., 47, 1031-43, are all
incorporated herein by reference in their entirety since they describe a variety of linkers that
may be useful according to the present invention.

25 Although theory of operation is discussed herein, for specific compound structures,
including all generic structural formulas and specific names and formulas of compounds, the
invention is not limited by any such theories unless specifically stated otherwise. Thus, all
uses of all novel compounds are encompassed by the invention, irrespective of mechanism
or theory of operation.

30

A. The sulfonate ester prodrugs:

The invention also relates to a compound of the Formula Ii:

OO OO

wherein,
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NH2 Cs-Cqoalkyl, C,-Cyoalkenyl, C,-Cialkynyl, Cs-Ciscycloalkyl, Cs-Cisheterocycloalkyl, Ce-

C,saryl, and Cs-Cysheteroaryl; and
R* is a substituted or unsubstituted group selected from C;-Cyzalkyl, Co-Calkenyl,
5  Cx-Cqalkynyl, C5-Cqscycloalkyl, C;-Cysheterocycloalkyl, Cs-Cysaryl, and Cs-Cqsheteroaryl;
or a pharmaceutically acceptable salt or solvate thereof.

The invention also relates to compounds of Formula Il, wherein at least one of R® or

R* is a pharmacokinetic modulating moiety. Examples of suitable pharmacokinetic

10  modulating moieties include sulfonate esters, neopentyl sulfonate esters, aryl sulfonate
ester, and nitro-substituted aryl sulfonate esters.

In another aspect, the invention relates to Formula 1I-A, as well as salts and solvates

thereof:
15
HO\ /\/\ /O ~
//S\\ //S\\ R4
wherein,

R* is a substituted or unsubstituted group selected from C;-Cyalkyl, C,-Cysalkenyl,
C,-Cqoalkynyl, Cs-Cyscycloalkyl, C;-Cisheterocycloalkyl, Cs-Cisaryl, and Cs-Cqsheteroaryl;
20 or a pharmaceutically acceptable salt or solvate thereof.

The invention also relates to compounds of Formula Il or Il-A, wherein R® and/or R*
are each independently selected from the group consisting of. (i) a substituted or
unsubstituted group selected from C,-Cioalkyl, Cs-Cioalkenyl, Cy-Cialkynyl, Cs-

25 Ciscycloalkyl, C3-Cqsheterocycloalkyl, Cs-Cisaryl, and Cs-Cqsheteroaryl; (ii) a substituted or
unsubstituted group selected from Ci-Cqealkyl, C,-Cyalkenyl, Cg¢-Cysaryl, and Ces-
Cysheteroaryl; (iii) a substituted or unsubstituted group selected from C;-Cgalkyl, Cs-C1oaryl,
and Cs-Cqcheteroaryl; (iv) a substituted or unsubstituted C,-Cizalkyl group; (v) a substituted
Cs-Csalkyl group; (vi) a branched Cs-Csalkyl group; (vii) a substituted branched Cs-Csalky!

30  group; (viii) a substituted or unsubstituted neopentyl group; (ix) a substituted neopenty!
group; or (x) a group of Formula B:

R22
){KKRG
R7
R® (B)

20
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wherein,

R® R’ and R® are each independently a substituted or unsubstituted group selected
from C;-Cgalkyl, C,-Cgalkenyl, C,-Csalkynyl, C;-Cecycloalkyl, C,;-Cgheterocycloalkyl, Cs-
Croaryl, Cs-Cyoheteroaryl, C(O)OH, C(0)OC4-Cealkyl, NH,, NHC(OQ)OC+-Cealkyl, or R” and R®

5 are taken together with their adjacent carbon atom to form a group selected from Cs;-
Cscycloalkyl, and Cs-Cgheterocycloalkyl, or R®, R” and R® are taken together with their
adjacent carbon atom to form a C,-C,scycloalkyl or C4-Cioheterocycloalkyl fused ring group,
or a Cg-Cyoaryl, and Cs-Cygheteroaryi; and

R* is a hydrogen atom or a group selected from C4-Csalkyl, C(O)OH, or C(O)OC;-

10  Cealkyl.

According to one aspect, at least one of R® and/or R* in Formula Il or II-A is the group
of Formula B, wherein R* is C-Csalkyl, wherein R% is a C;-Csalkyl, or wherein R is a Cs-
Caalkyl. According to another aspect, at least one of R® and/or R* in Formula Il or II-A is a

15  group of Formula Formula B’ defined as follows:

R6
X

R 3
wherein,
R®, R” and R® are as previously defined.
20 More particularly, the invention relates to compounds of Formula Il or II-A, wherein R®

and/or R* are each independently a group of Formula B or B’, wherein R® is -CH,CH,Nu or
-CH;Nu, wherein Nu is a nucleophilic group, which is a functional group having a reactive

pair of electrons and having the ability of forming a chemical bond by donating electrons. For
example, the nucleophilic group is selected from the group consisting of carboxylates,

25 sulfonates, substituted or unsubstituted amines, alcohols (hydroxyl), thiols, sulfides,
hydroxylamines, and imines. In another embodiment, the nucleophilic group is selected from

. the group consisting of substituted or unsubstituted amines, and alcohols (hydroxyl),
preferably an unsubstituted amine (NH.). The invention also further relates to compounds of
Formula Il or Il-A, wherein R*is a group of Formula B or B’, wherein R® is -CH,CH,NH,, and

30 R’ and R® are each independently a substituted or unsubstituted group selected from Ci-
Cealkyl, C,-Cealkenyl, C,-Cgalkynyl, Cs-Cscycloalkyl, Cs-Cgheterocycloalkyl, C¢-Cyearyl, and
Cs-Cioheteroaryl, or R” and R® are taken together with their adjacent carbon atom to form a
group selected from C;-Cqcycloalkyl and C;-Csheterocycloalkyl. Also, R* may be a group of
Formula B or B’ wherein R® is -CH,CH,NH(aa)..s, wherein aa is independently in each
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occurence, the residue of a C-coupled amino acid, and R” and R? are each independently a

substituted or unsubstituted group selected from C;-Csalkyl, C,-Cgalkenyl, C,-Csalkynyl, Cs-

Cecycloalkyl, Cs-Csheterocycloalkyl, Ce-Croaryl, and Cs-Cqoheteroaryl, or R” and R® are taken

together with their adjacent carbon atom to form a group selected from C;-Cgcycloalkyl and

5  C;-Cgheterocycloalkyl. In a further aspect, R* is a group of Formula B or B’ wherein R® is -

CH,CH,NH,, and R” and R® are each independently a C-Csalkyl, or R” and R® are taken

together with their adjacent carbon atom to form a Cs-Cscycloalkyl, preferably R” and R® are

each a methyl group. In yet another aspect, R* is a group of Formula B or B’ wherein R% is -

CH,CH,NH(aa), wherein aa is the residue of a C-coupled amino acid, and R’ and R® are

10  each independently a C-Cgalkyl, or R’ and R® are taken together with their adjacent carbon

atom to form a C;-Cscycloalkyl, preferably R’ and R® are each a methyl group. In a further

aspect, R’ and R® are taken together with their adjacent carbon atom to form a C;-

Cgheterocycloalkyl, or R” and R® are taken together with their adjacent carbon atom to form

a lactone (e.g. a furanone). In yet a further aspect, R® is a methyl group and R” and R® are

15  taken together with their adjacent carbon atom to form a C;-Csheterocycloalkyl, or R’ and R®
are taken together with their adjacent carbon atom to form a lactone (e.g. a furanone).

The invention also relates to compounds of Formula 11 or 1I-A, wherein R® and/or R*
are each independently a group of Formula B or B’, wherein R® is a group of Formula C:

i
n
20 RS (©)
wherein,
R® is, separately in each occurrence, selected from hydrogen, hydroxyl, halogen,
cyano, trifluoromethyl, nitro, and a substituted or unsubstituted group selected from C;-
Cealkyl, Cs-Cescycloalkyl, Cs-Csheterocycloalkyl, Csaryl, Cs-Csheteroaryl, C(O)OH, C(O)OR™,
25 OR'", OC(O)R", OC(O)OR", NHC(O)R"', NH,, NHR'", and N(R").:
X is selected from the group consisting of OH, NH,, NO,, CN, SH, C(O)OH,
C(O)OR™,  OC(O)OR™, NHC(O)OR™, SC(O)OR™,  P(O)OH),,  P(O)OR'),,
P(O)(OR™)(OH), OC(O)R™, OC(O)NHR™, SC(O)R'®, C(O)R™, and NHR'®;
n is an integer selected from 0, 1, 2 and 3;
30 R" is a substituted or unsubstituted group selected from C4-Cgalkyl, C3-Cecycloalkyl,
Cs-Cgheterocycloalkyl, Csaryl, Cs-Csheteroaryl and benzyl:
R™ is a substituted or unsubstituted group selected from C;-Cgalkyl, C3-Cgeycloalkyl,
Cs-Cgheterocycloalkyl, Cearyl, Cs-Ceheteroaryl, benzyl, CH,R'®, and CH(C-Cealky)R'®;
R™ is a substituted or unsubstituted group selected from C;-Csalkyl, C5-Cecycloalkyl,
35  Cs-Csheterocycloalkyl, Csaryl, Cs-Csheteroaryl, and benzyl;
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R is the residue of a natural or unnatural N-coupled amino acid having an protected
or unprotected carboxyl end;

R'® is the residue of a natural or unnatural C-coupled amino acid having an protected
or unprotected amino end; and

R is selected from the group consisting of 0OC(0)C4-Cealkyl and OC(O)OC;-Cgalkyl.

The invention also relates to compounds of Formula 1l or II-A, wherein R® and/or R*
are each independently a group of Formula B or B’, wherein R® is a group of Formula C,
wherein R® is selected from hydrogen, hydroxyl, C,-Cealkyl, OR', OC(O)R', and
OC(O)OR", and all other groups are as previously defined. In one example, R? is selected
from hydrogen, hydroxyl, C+-Cealkyl, OR"", OC(O)R"", and OC(O)OR"". In another example,
R® is selected from hydrogen, hydroxyl, C;-Cealkyl, OR', OC(O)R", and OC(O)OR"". In
another example, R® is selected from hydroxyl, OR'", OC(O)R", and OC(O)OR"". According
to a further example, R® is hydroxyl and all other groups are as previously defined. In yet
another example, R® is selected from C(O)OH and C(O)OR"".

Another example of compounds of the invention are compounds of Formula Il or II-A,
wherein at least one of R® and R* is a group of Formula B or B’, wherein R® is a group of
Formula C, wherein X is selected from OH, NH,, and SH. In another example, X is selected
from C(O)OH, C(O)OR™, and C(O)R™. In another example, X is selected from OC(O)OR™?,
OC(O)R™, and OC(O)NHR™. In another example, X is selected from SC(O)R™ and,
SC(O)OR™. In another example, X is selected from NHC(O)OR™ and NHR'. In another
example, X is selected from OH, OC(O)OR", OC(O)R", and OC(O)NHR™. In a further
example, X is selected from SH, SC(O)R™ and, SC(O)OR™. In yet another example, X is
selected from NH,, NHC(O)OR'? and NHR'®.

The invention also relates to compounds of Formula Il or II-A, wherein R® and/or R*
are each independently a group of Formula B or B’, wherein R® is a group of Formula C,
wherein X is C(O)OR'? and all other groups are as previously defined. As an example, X is
C(O)OR™, and R™ is selected from C;-Csalkyl, Cearyl, benzyl, CH,R™ and CH(Cs-
Cealky)R'™. As another example, X is C(O)OR™, and R™ is selected from C-Csalkyl,
CH;R™, and CH(C;-Csalky)R® and all other groups are as previously defined. According to
another example, X is C(O)OR'™, R® is selected from hydrogen, hydroxyl, C,-Cealkyl, OR"",
OC(O)R", and OC(O)OR", and all other groups are as previously defined. In a further
example, X is C(O)OR™, R° is selected from hydrogen, hydroxyl, C;-Csalkyl, OR",
OC(O)R", and OC(O)OR'", and R™ is selected from Cy-Csalkyl, Cearyl, benzyl, CH,R™ and
CH(C+-Cqalky)R™. In yet another example, X is C(O)OR™, R® is selected from hydrogen,
hydroxyl, C4-Cealkyl, OR', OC(O)R"", and OC(O)OR"", and R™? is selected from C+-Cealky,
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CH,R™, and CH(C4-Csalkyl)R"™. In one aspect, when X is C(O)OR™, then n is an integer
selected from 1 or 2, preferably n is 1.

The invention also relates to compounds of Formula 1l or II-A, wherein R® and/or R*

are each independently a group of Formula B or B, wherein R°® is a group of Formula C and

5  wherein X is NHC(O)OR" and all other groups are as previously defined. As an example, X

is NHC(O)OR"™, and R™ is selected from Cs-Csalkyl, Cearyl, benzyl, CH,R', and CH(C:-

Cealky)R'™. In another example, X is NHC(O)OR™, and R™ is selected from C;-Cealkyl,

CHR™, and CH(C;-Csalkyl)R"®. According to another example, X is NHC(O)OR™, and R? is

selected from hydrogen, hydroxyl, Ci-Cgalkyl, OR"', OC(O)R", and OC(O)OR"", and all

10  other groups are as previously defined. In another example, X is NHC(O)OR", R® is

selected from hydrogen, hydroxyl, C+-Csalkyl, OR™, OC(O)R", and OC(O)OR", and R™ is

selected from Ci-Cealkyl, Cearyl, benzyl, CH,R™, and CH(C;-Csalky)R™. In a further

example, X is NHC(O)OR™, R® is selected from hydrogen, hydroxyl, C;-Cealkyl, OR"",

OC(O)R™", and OC(O)OR", and R" is selected from C;-Cealkyl, CH.R', and CH(C:-

15 Cealkyl)R™. The invention also relates to compounds of Formula Il or IIl-A, wherein R® and/or

R* are each independently a group of Formula B or B’, wherein R® is a group of Formula C

and wherein n is 2, X is NHC(O)OR™, and all other groups are as previously defined. As an

example, n is 2, X is NHC(O)OR™, and R is selected from C,-Cealkyl, Cearyl, benzyl,

CH,R™, and CH(C-Csalky)R™. In another example, n is 2, X is NHC(O)OR™, and R™ is

20  selected from C-Cealkyl, CH,R™, and CH(C:-Cealky)R™. In another example, n is 2, X is

NHC(O)OR™, R"™ is selected from C,;-Cqalkyl, CH,R", and CH(C1-Csalky)R" and R® in at

least one occurrence, is selected from hydroxyl, C;-Cealkyl, OR', OC(O)R", and

OC(O)OR™. In a further example, n is 2, X is NHC(O)OR™, R™ is selected from Cs-Cealkyl,

CH:R™, and CH(C-Cealky)R'® and R°® in at least one occurrence, is selected from C(O)OH

25 and C(O)OR™. In one aspect, when X is NHC(O)OR'™, then n is an integer selected from 1
or 2, preferably n is 2.

The invention also relates to compounds of Formula Il or 1I-A, wherein R® and/or R*
are each independently a group of Formula B or B’, wherein R® is a group of Formula C and
wherein X is OC(O)R™ and all other groups are as previously defined. For example, X is

30  OC(O)R®, and R™ is selected from C;-Csalkyl, Csaryl, and benzyl. In another example, X is
OC(O)R™, and R™ is Cs-Coalkyl. In another example, X is OC(O)R™, and R™ is Csaryl.
According to another example, X is OC(O)R™, and R® is selected from hydrogen, hydroxyl,
C+-Cealkyl, OR", OC(O)R", and OC(O)OR". In another example, X is OC(O)R™, R® is
selected from hydrogen, hydroxyl, C-Cealkyl, OR'", OC(O)R'", and OC(O)OR™, and R™ is

35  selected from Ci-Cqalkyl, Cearyl, and benzyl. In another example, X is OC(O)R™, R® is
selected from hydrogen, hydroxyl, C;-Cgalkyl, OR", OC(O)R", and OC(O)OR", and R* is
C+-Cealkyl. In yet another aspect, X is OC(O)R™, R® is selected from hydrogen, hydroxyl, C4-
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Cealkyl, OR™, OC(O)R", and OC(O)OR", and R'™ is Csaryl, and all other groups are as
previously defined. The invention also relates to compounds of Formula Il or Il-A, wherein R®
and/or R* are each independently a group of Formula B or B’, wherein R® is a group of
Formula C and wherein n is 2, X is OC(O)R", and all other groups are as previously defined.
As an example, n is 2, X is OC(O)R™, and R® in at least one occurrence, is selected from
hydroxyl, C+-Csalkyl, OR", OC(O)R"", and OC(O)OR"". In a further example, n is 2, X is
OC(O)R™, and R’ in at least one occurrence, is selected from C(O)OH and C(O)OR". In
one aspect, when X is OC(O)R™®, then n is an integer selected from 1 or 2, preferably n is 2.

The invention also relates to compounds of Formula Il or II-A, wherein R® and/or R*
are each independently a group of Formula B or B’, wherein R°® is a group of Formula C and
wherein X is SH, SC(O)R™ or SC(O)OR™ and all other groups are as previously defined. In
one aspect, when X is SH, SC(O)R" or SC(O)OR", then n is an integer selected from 1 or
2, preferably n is 2. In another example, n is 2, X is SH, SC(O)R" or SC(O)OR™, and all
other groups are as previously defined. As another example, n is 2, X is SH, SC(O)R™ or
SC(O)OR™, and R? in at least one occurrence, is selected from hydroxyl, C+-Cgalkyl, OR",
OC(O)R™", and OC(O)OR". In a further example, n is 2, X is SH, SC(O)R" or SC(O)OR™,
and R’ in at least one occurrence, is selected from C(O)OH and C(O)OR™.

The invention also relates to compounds of Formula Il or 1I-A, wherein R® and/or R*
are each independently a group of Formula B or B’, wherein R® is a group of Formula C and
wherein X is NHR' and all other groups are as previously defined. For example, X is NHR",
and R is the residue of a natural C-coupled amino acid. In another example, X is NHR'®,
and R is the residue of a natural C-coupled hydrophobic amino acid, such as an aliphatic
hydrophobic amino acid (e.g. alanine, isoleucine, leucine, valine and the like), an aromatic
hydrophobic amino acid (e.g. phenylalanine, tryptophan, tyrosine and the like) or a polar
hydrophobic amino acid (e.g. cystein, methionine and the like). In another example, X is
NHR™, and R' is the residue of a natural C-coupled hydrophilic amino acid (e.g. arginine,
lysine, asparagine, histidine, proline, aspartic acid, glutamic acid and the like). In another
example, X is NHR', and R is the residue of a natural C-coupled neutral polar amino acid
(e.g. asparagine, cystein, glutamine, methionine, serine, threonine and the like). In another
example, X is NHR™, and R™ is the residue of a natural C-coupled acidic amino acid (e.g.
aspartic acid, glutamic acid and the like). In yet another example, X is NHR™, and R'® is the
residue of a natural C-coupled basic amino acid (e.g. arginine, histidine, lysine and the like).
According to another example, X is NHR'®, and R® is selected from hydrogen, hydroxyl, C;-
Cealkyl, OR™", OC(O)R"", and OC(O)OR™. In another example, X is NHR' R’ is selected
from hydrogen, hydroxyl, Cs-Csalkyl, OR', OC(O)R", and OC(O)OR", and R is the
residue of a natural C-coupled amino acid. In a further example, X is NHR", R® is selected
from hydrogen, hydroxyl, Cs-Cealkyl, OR", OC(O)R", and OC(O)OR'" , and R is the
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residue of a natural C-coupled lipophilic amino acid. In yet another example, X is NHR', R®
is selected from hydrogen, hydroxyl, C;-Cgalkyl, OR", OC(O)R"!, and OC(O)OR", and R™
is the residue of a natural C-coupled hydrophilic amino acid. The invention also relates to
compounds of Formula Il or 1I-A, wherein R® and/or R* are each independently a group of
5  Formula B, wherein R® is a group of Formula C and wherein n is 2, X is NHR", and all other
groups are as previously defined. As an example, n is 2, X is NHR'®, and R? in at least one
occurrence, is selected from hydroxyl, C;-Cgalkyl, OR"', OC(O)R", and OC(O)OR"". In a
further example, n is 2, X is NHR'™, and R® in at least one occurrence, is selected from
C(O)OH and C(O)OR™. In one aspect, when X is NHR'®, then n is an integer selected from
10 1or2, preferably nis 2.

Furthermore, the compounds of the invention are encompassed by Formula Il or 1I-A,
wherein R® and/or R* are each independently a group of Formula B or B’ and wherein R® is a
group of Formula C, and all other groups are as previously defined. In one example, R® is a
group of Formula C, and R” and R® are each independently a substituted or unsubstituted
15 group selected from C;-Cealkyl, C,-Cealkenyl, C,-Csalkynyl, C;-Cecycloalkyl, Cs-
Ceheterocycloalkyl, Cs-Croaryl, and Cs-Cyoheteroaryl, or R’ and R® are taken together with
their adjacent carbon atom to form a group selected from Cs-Cgcycloalkyl and Cs-
Csheterocycloalkyl. In another example, R® is a group of Formula C, and R” and R® are each
independently a C4-Csalkyl, or R” and R® are taken together with their adjacent carbon atom

20 toform a Cs-Cscycloalkyl, preferably R” and R® are each a methyl group.

The invention also relates to compounds of Formula Il or 1I-A, wherein R® and/or R*
are each independently a substituted or unsubstituted Ce-Cioaryl or Cs-Cyoheteroaryl. For
example, R® and/or R* are each independently a substituted Cs-C1oaryl or Cs-Cyoheteroaryl.

25  In another example, R® and/or R* are each independently a substituted or unsubstituted

Cearyl or Cs-Cgheteroaryl. In a further example, R® and/or R* are each independently a group

of Formula D:
(R17)m
(D)
wherein,
30 R" in each occurrence is each independently a hydrogen atom or a substituted or

unsubstituted group selected from C,-Cgalkyl, Co-Cealkenyl, C,-Coalkynyl, C;-Cecycloalkyl,
Cs-Csheterocycloalkyl, Ce-Cioaryl, Cs-Cioheteroaryl, an electron-withdrawing group or a
substituent selected from the group consisting of amino, amido, hydroxyl, alkoxy, acyloxy,
alkoxycabonyloxy, and the like; and
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m is an integer from 1 to 5.

For example, in Formula Il or ll-A, where R® and/or R* are each independently a
group of Formula D, then R is, in at least one occurrence, an electron-withdrawing group,
which is a group having the ability to attract valence electrons from neighboring atoms. In

5 another embodiment, R" is an electron-withdrawing group selected from nitro, acyl (ketone),
carboxylate (acid), alkoxycarbony! (ester), alkylaminocarbonyl (amide), formyl (aldehyde),
sulfonyl, trifluoromethyl, halogeno (chloro, fluoro, iodo and bromo), and cyano groups. In
another example, R" is selected from nitro, acyl (ketone), carboxylate, trifluoromethyl, and
halogeno groups (chloro, fluoro, iodo and bromo). In another example, m is an integer

10  selected from 1 to 3, preferably 1 or 2, preferably 1.

The following structures are examples of monosulfonate ester prodrugs of the
invention and are illustrative of the invention only and they should not be construed as
further limiting:
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is a M-C6al kyl, and R3 is a group of Formula B, wherein R6 is a group of
Formula C, apd wher(el n Xis CRO0)ORL2. In another enbodinent, R4 is Fornula
E, wherei p RE-s ol R3 is M, Jon anoiber enbo@rnec?ﬁ,/ R4 is
Formul a E, wher e| ni C2- 05al kyl an@’w WOFor%H/a B. In
anot her enbo | Formul a E, wherein Rz_is Sal kyl, and R3 is
a group of ?r'ﬂn%aAégs wherein R6 is a group®B8PPRMA(S c "in anot her
enbodi ment, R4 is Fornmul agE, wherein Rz |sm% CZ@OSaI kyl, and R3 is a group
of For mul aOB,-0nwhedgi R6 ||s a group of For ntthaz reidd Xis

C(0) OR12. Hbﬁh‘afr{\tﬂ'\%roe iorent, R4 is For mo” g\E/%ue%rel n 5 0a C3-
Cr7cycl oal kyl, and R3 i —/ I n anot her enbodinent, R4 is Fo a E, wherein
Rz is1a C3- C7@9mbma1d<&71 and R3 is a group of GompuixmB?ﬂn anot her
enbodi nent, R4 |s For mula E, 30 wherein Rz is a C3-Crcycloalkyl, and R3 is
a group ofOF rein R6 is a group of Fornula C. In another
enbodi mentip” Oo E, wherein Rz is a C3-Cr/cycloalkyl, and R3 is a
group of Fornula B, whgrefn R6 is a group of Fornula C, and wherein X is
C(0)OR12. In anot her od| rrent R4 is Fornula E, wherein Rz is a

C5- Céceycl oal ky and In anot her enbodi nent, R4 is Formul a E,
wherein Rz is oaIkyI and R3 is a group of 35 Forrmula B. In
anot her enitﬁ)maﬂnmeutlcmV BeceﬁtabmmaoEsol\xdtnamfeinvloﬁeoﬁ@onapoﬁﬁdﬁ’cmcdml kyl , and
R3 isp@ group of Fornula B, wherein R6 is a group of Fornmula C. In another
enbodi nent, R4 is Formula E, wherein Rz is a C5-C6cycloalkyl, and R3 is a
group of For mihg fRllowjpgestarchiresare exampley @ftfbsﬂﬁn%ﬁﬁ@t prodiugs ntithetieestion X i s
C( 0) OR12. addaramasthaive 61the fhivémioh onlRénd thelF SRS AotlBe ch@d Bs ffthéSinftingdar y!

and R3 is H In further another enbodinent, R4 is Formula E, wherern Rz is
a Cearyl, and R3 |sR£a>Lgrgg M@ula B. Iné%gj\g%enbodl ment, R4 is
For mul a E wher ei n , A ormula B, wherein
R6 is a group of Fornula 5In" a $uet heo enbodi neft, R4 is Fornula E,
wherein Rz is a Cbaryl, and R3 i s Gomgpaund Bf Fornula B, wherein R6 is a
group?®f Formula C, and wherein X is C(0)ORL2. In another aspect, the
conmpound of the invention i/s\ﬁa\é(b:rrgpound of Fo la Il, and R3 and R4 are
each independently a growp™o ‘a/\E/\bn @fr'}g‘ie’hhﬂdl ment of this aspect,
10 Rz in each of R3 and R4 is mdébeandenbf\gs a group Sel ected from

Cl- Ceal kyl, C3-Cr7cycl oal kyl, or C&omypoundrBanot her enbodinment, IR in the
group R3 is a group sel ect ed from OCl- Ceal kyl, C1-C6al kyl, C3- Cr7cycl oal kyl
or Céaryl, and Rz in the group R4 is Cl-C6al kyl. In another enbodi ment, Rz
in the group R3 is a group sel ected Blom 0C1- Csal kyl, Ci1-Ceal kyl, C3-
Crcycl oal kyl, or Coaryl, and Rz in the group R4 is C2-C6al kyl. In another
enbodi nent, Rz in 15 the group R3 is a group selected from OCL- Ceal kyl
Cl- C6al kyl, C3-Cr7cycl oal kyl, or Cearyl, and Rz in the group R4 is
C3-Crcycl oal kyl . I n anot her enbodinent, Rz in the group R3 is a group

seI ect ed from 0C1- Coal kyl , Cl C6a| kyI C3- CYCycI oal kyl, or C6ary| and Rz

T S —~ A - . U I B e T I Y L o ‘.l__



0C1- Ceal kyl , Cl1-C6al kyl, C3-Crcycloal kyl, or Céaryl, and Rz in the group R4
is Coaryl. In 20 another enbodinent, Rz in the group R3 is Cl-C6al kyl, and
Rz in thewgroumi®boi s a group sel ected from OCL- C6al kyl pCTIcACeBNdayI29
C3-Crcycl oal kyl, or Céaryl. In another enbodinment, IR in each of R3 and R4
i s independently a Cl-C6al kyl group. In another enbodinent, Rz in the group
R3 is Cl-Cgal kyl, and Rz |n the group R4 is C2 Céal kyl . I'n anot her

enbodi ment, Rz in the @J/\({&l- kyb ndN oln_the group R4 is

C3- C7cycl oal kyl . In ano he enbodi g 2B R I W tRe gFroup R3 is

Cl-Ceal kyl, and Rz in the Qroup R4 i 8 CG-OC§cycI oal K1 . In anot her

enbodi nent, Rz in the group R3 is Mq@? and Rz in the group R4 is
Coéaryl. In another errbodqusmln t he grqup IJHS C2-Col kyl, and Rz in
the group R4 is a group se for,, scg C1- Ceal kyl

C3- C7cycl oal kyl, or Cearyl. In andt h@r ercb@dr rrent Rz in the group R3 is
C2-Coab kyl, and Rz in the group RACemp@ind®Bhl kyl. |In another enbodi nent,

IR in 30 each of R3 and R4 is independently a C2-C6al kyl group. In another
enbodi nent,| Rz in the grdd\dﬂ\RB is C2-Coal ky and Rz in the group R4 is

C3- Crcycl \S/l\n/angu enmbodi nent , C2- Coal kyl
and Rz in the grrgup % s C6-Coéeycl oal kyI I n anﬁ% e d| ment, Rz in the
group R3 is ﬁBsand Rz in the group R4 & Eﬁg In anot her

enbodi nment , Rz |n t group R3 is C3-Crcycl oal k in the group R4

Céaryl . e int Y MO Ngal kyl , and
Rzrn pR@lsCQ@G . I'n anot H efbodi medity n the group R3

IS C3 7cyc|oaé31.x Mgy Rz in the group R4 is In anot her
enbodi nent, In %uach of R3 and R4 is i ndepen?en'ﬁ%d%‘%% Crcycl oal kyl
group. In ang her enbodi nment n t he group R3 is C3- C?cycl oaI kyl, and Rz

inthe gro K 1 is Cb- CchcIo
R3 is C3- cﬂ@

. Ino r @rrbedl/rrenb nbh t)he group
o oal r\ams 'l\ gr aryI //\\Inot er
enbodi nent, Rz ind'Ne grafifh R3 i S CS- jcl 2 and 9 @4, gr oup

R4 is a group cahssilmaced r om 0CL- Coéal kyl, Ci- CGad;&.x /cycl oal kyI or
Céaryis5 | n anot her enbodinent, Rz in t he group R3 #ou@&cycl oal kyl, and

Rz in the oup,R is Cl- CGIkyI I n anot he Laent |nthe group
R3 is C5-{Becycl 03 { kyT, ,,ﬁnd n the group’R gﬁ)jsb /(()%a/I?ﬁ( not her
yI

is a groule ed fro<5n0 1- Coal kyﬁ Cl- C6a| kyI C3 Crcycl oal kyl, or
bt heX: &

enbodi nen 9 nOt he greu is C5-Céeycl and R2 On group R4
is C3- C7cyc| oaddipound'B@NOt her enbodi ment, &%ﬂ‘daé 3 and R4 is 10

i ndependently a CchcI oal kyl group. In anot her e ment, Rz in the
group R3 is CS C6 oaId<yI d Rz in the up R4 i C@aryl. I n anot her
enbodi nent NT% /[g nlt h oup R4 is a group
sel ect ed from 0C1 aI kyI HCl CGaId; \ C cycl ol kY1 ,%orTCearyl. In

anot hgy embodi ment, Rz in the grogp aryI and Rz inthe group R4 is
Cl-Coal kyl. In anot her enbodi ment , Fhe group R3 is Coaryl, and Rz in
the 15 group R4 is C2-05al kyl a further enbodi rrent@ in the group R3
is Coéaryl, and Rz in th p\;@ C3-\C}C\ycd)o further

embodi ment, Rz in the grojp ﬂ3|s CG@'«SX %ﬁd |n tHhe rgroup R4 is

C5- Coeycl oal kyl . I n yet anct her enbodi ment ° Bz in each 8f: R3 and R4 is
i ndependently a Céaryl group. In GomgeunkBl4nbodi ment, the conpound of the
invention is Conpound,B59, @r a pharnaceuticall y accept able salt or solvate

t hereof. 20 he fo/luo/\r%/\g/\étor uct ures ar of sulfonate ester
prodrugs of the inventi®n &n bl usty ,s{tr ntion only and

t hey 26shoul d not be construed @&s flPrtCher 1>|cmt| NeH >I A 25 rrpound D1Conpound
D2 0 0-ss-0 o Conpound D3 o0 o0-ss-@ompournd B15 Conpound D4 O e 000ss 00O

| D e

Compound B16
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30Conmpound D5 o0 00 0 0-ss-0 0 Il oo Conmpound D6 o0 0"o Conpound D7 o
0-SS-0 0 0 ss-0 0,0 0"o 0"o Conpound D8 WO 2011/017800PCT/ CA2010/ 001229 or
a phar mmowototiadilgpoaccept abl e salt or sol vate of any onecofcAZorgmouxds D1 to
D8. In yet another aspect, the invention further relates to a
compound of Formula Il, 5wherein at |east one of R3 or R4 is a group of
Formula F: wherei WY—Z ics selected from C(O)QDCHZ Q(0) CH2, CH2C(0)O0,
and CH20C(0); 10 ;&( J\ R arde each |r51e nﬂl\y el ected froma
hydrogen atom or a sbs?®it@te Asubst pi utedyCioC3al k¢l group, or Rw and
Rx are taken together with th@1'r adj @cenf BarbofHatoms to forma double
bond; and k is an integer sel ectefompeundB11 and 2. 15According to one
aspect, the conpound of the |nvent|on is a conpound of Fornula 1, and one
of RBor R4 is a gr{?ugja AF In onm;rg{l this aspect, Rw
is a methyl group ) Bﬁéﬂ’f\s roup and each of
Rx and; RY are hydrogen atons. ohn afob her deabodi arent Rx and RY are each a

met hyl group and Rw i s a hydr ogencohpoundl Bagot her embodi ment, Rw and Rx are
taken together with thei r adj acent

AAAI S o in MAAIA

@\ A\

Compound B19

10
0 0
P J\l>g — M A
OH
Compound B20
O
Ykoio Q@ . g<ﬁ J )%
15 Compound B21
0 0 0 0
%OJ\O/“\N% ,S\/\/\ 0 : NJ\OJ\O&
H OH o \O O//\\O OH H
Compound B22

@/U\ /\X/ //S\\/\/\,s\/o\></\ )j\©
20

Compound B23
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20 carbon atonms to forma double bond. In yet another enbodi nent, Rw and Rx
are taken together with their adjacent carbon atons to forma doubl e bond,
and RY i swe 2bydnaospen. Accordi ng to anot her aspectcTidteommopand of
the invention is a conpound of Formula Il, and R3 and R4 are each

i ndependently a group of Fggmula F. In one enbodlqﬁnt of this aspect, Rwis
a nethyl group. In another%gz?Qngent Rwis a t group and each 25 of
Rx and RY are hydroa ato ahsfﬁef“EﬁB RY are each a
met hyl group and R a hydmﬂgen<3|@ yeK>anoth Henbo t, Rwand Rx are
t aken toget her mnth their adjacenb carboagﬁgons to forma double bond. In
yet anot her enbodi nent, Rw and Rx E( together with their adjacent
carbon atons to forn1a doubbe bond, and RY is a hydrogen. 30 The
invention further rel th c unds of F@ a II wherein said conpound
IS any one or nore nﬁbun S Lg A72, 8 6<>B 78, B79, B80 and
B81, or a pharnaceu |1y acteptabl @ saKtoor salvat e eof . WO

2011/ 05t 7800PCT/ CA2010/ 001229 B. A b%ﬁﬁﬁﬁﬁd@ﬂg CGemi ni Diners In
further aspects of the invention, conpounds of Formula | nay conprise
two or nore 1, 3PDS nol ecul es |i\nked together., Therefore, another aspect of
the invention relates to okbgiﬁgﬁs~gbxl(3 .@..~a nol ecul e conpri si ng,
or consisting essentially of, 500h5|sb1@g oftwo or nore nol ecul es of

1, 3PDS | i nked together through cl Kﬁﬁkﬁd 2gkage(s) Thus, the invention
relates to a compound of Formula Il1: th - A p- Lx- A(III) wherein, Ais

1, 3- propanedi sul foni c geld noiety; 10Lx i's a cl eavabl g | i nkage for
coval ently and di ssoci @ cou /i n(g t oget he Nﬁ’ noi eti es

respectively; and p is or’a é\wéébe 2, 3, 4, or 5; or a
pharmpgeutically acceptabl e salt %s@er cop sol vat e thereof
15Al ternatively, the invention rebahmmuthaOCOHpound of Formula II11-A:

QA), (I'1'1-A) wherein, mis an integer from2 to 5; Ais
1, 3- propanedlsulfonlc acﬁU nnlggy, and 20LY ig,a nulfivalent carrier noiety

for coval ently and dfé M8 A noi eties, at
Ho

’/ \\ // \\

either sulfonic acid en

Compound B31

15
G
Compound B32
HO:EO></ OYOH
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N Y ¢ NH,
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20 Compound B33
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O, \\0 7\ H
00
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or a pharmaceutically acceptable salt, ester, or solvate thereof. The free
sul fonic acid group at each end may or may not be further esterified with a
25 R3 orwB4ograogwoas descri bed herein. Those skill ed i rCTha2arotoovdzb| be
capable to select proper linkers and linkage site and test the resulting
product for efficacy and fgr ggpability of cl ea\gag% under various chem cal
and/ or bi ol ogi cal conditi%n The fQlI'0Wing structures are
exanpl es of prodrugs%&hmq\gn\wn%a@{ﬁég/m& han one 1, 3PDS
nmoi ety and are illustragjve of thesTgventfgn only and &gey shoul d not be
construed as further |im'ting. da@g 0000 000 npound Gl 35 WO
2011/ 017800PCT/ CA2010/ 001229 HO. , CSI“R%B 000NH2 Compound G2 HO, NH2 0
0000 000 5Conpound G3 00004i i &4, 0011li 0000 0-0 oCogpound G4 or a

pharmaceutical |y acceptabl eYalt, or sol vatew one of Conmpounds Gl to
4. 10 C. Non-ester prodrugg Os g™ g0

@\ AN

o) 00
5 Compound B37

NH,

Compound B38
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10 HO™ ~0 0~ ~OH

Compound B39
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In one aspect, the invention relates to conpounds of Formula IV: R18.,R19 S
0000(1V) 15wherein, R18 is selected from ON NH2, -NHC(0)R5, -NHC(NH) NHR5,
- NH( C5- Ciwbebvavaasogl) , NR20-21, R14, and - NHR15; PCRIN2DB/®Ed2eCt ed
from NH2, -NHC(0)R5, -NHC(NH) NHR5, -NH(C5-Cloheteroaryl), -NR29R21, R14,
and - NHR15; 20R3, R5, R14, and R15 are as previously defined; and

R29 and R21 are taken together wrbh their aga nt _nitrogen atomto forma
nono or bicyclic heteroah§l Ttavi g)r,}ro 5,50 ngHrenbers; or a
pharmaceutically acceptable salt @olvateDthereof 25The i nvention

rel ates to conpounds of Formul a | ¢onwaindiB45R18 is OH, or a

phar maceutically acceptable salt thereof. The invention also relates to
conpounds of Fornula | whereiy/n R19 |s - NHC( 0 TheQi nvention al so
relates to conpound ernyﬁééb {%?<}§31>~\ NHR5. The

invention also relateg to corrpoundﬁ\ f Fo(g la IV, wRerejn R19 is

- NH( C5; Clohet eroaryl). For exanpl B4t NH( C5- Clohet eroaryl), wherein
said Cb- ClOheteroaryl is selected ﬂ 4ol - 2- yl, imdazol-2-yl,

1, 3- oxazol - 2- yI 1 30 zot hi azol - 2- yI 1, 3- benzoicrn' dazgl -2-yl, and

1, 3- benzoxazol - In/ialet r exarrp)\e/\RJeg 5((:;&0 ohet er oaryl)

wherer n said CS Cl et®er@aryl Ts seot%ct ed,\\fromthrsaZBI -2-y i m dazol - 2-yl,
and 1, 3-oxazol-2-yl. In a further Whg,égw is -NH(thi azol -2-yl1), and

all other 5groups are as previously Ine The invention al so
relates to conpounds of Fornula,lyV, wherer n saigd R5 is selected from

hydr ogen and a substitut ednor Slabsti edo rup spel ected from CL- Cual kyl ,
C3- Ciscycl oal kyl, C3-Cl5heterocy fzﬁa I/,\\CG Cl5aryl, and

C5- Cl%het eroaryl . As an exanpl e, Ps & Ected from hydr ogen and a

substituted or unsubstituted In ar?(?f‘?ﬂ?r“ dB4fpl e, 10R5 is hydrogen. In a
further exanple, R5is a substrtut ed or unsubstituted Cl-C6al kyl, and all

ot her groups are previouslyg d m%/ ol|l owi ng structures are
exanpl es of prodrugs of"t Y |,,e\n fonate ester prodrug
noiety and are illustratiwe of theprnventq on only d they should not 15be
construed as further limting: Cd¥pound B49

15
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0 O0ONH\ , HO'" N),, NH2 Conpound N5 O, O NH O \ HON H H Conpound N7 0, , P00
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/U\>Qo\ )@Lk

//\\

Olll

Compound 354
O\/O\—é g\: : g%:o\/o
// \\ // \\
5 Compound 855

O\;&o\ s Vbz<

//\\

Compound 856
L ng\ oM~y

/, \\
. 0

Compound B57

0 Q o
\\// \\// A~ _”/\/\II />%L A
)5(\ SSa~U-Sh O/%LOH do o-§ 8-0 o]
0 0
Compound B58 Compound B59
AR e e C I e e e
15
Compound B60 Compound B61
Bu/o\”></oj/s\\/\/\,13:\o\>§(o\8u Hex/o\”></ojls\\/\/\,/3:\0\>§]/o\Hex
5 oo 0o © o 5 oo o” 0 o
Compound B62 Compound B63
20
Pr/O\[%</OZS\\/\/\//S\iCO)\><[(O\Pr \ﬂ></ // \\ // < \>§(O\CBU
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..... \'/ SNSNS HH Conpound N10 WO 2011/017800 0"pO0O \\" , N HO Conpound N11
, 0", p HO'" NC 5Conpound N13 PCT/ CA2010/ 001229 0 0 0 4) --tJ\ Conpound N12
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0000 ',\ H2NNH2 10 Conpound N17 or a pharmaceutically acceptable salt
or solvate of any one of Conpounds N1 to N18. 15D. Precursor prodrugs

I n furthewoaspeaarsoof the invention, the conmpounds of tIreTiaazervaom@29ar e
precursors of 1,3PDS, i.e. . Therefore, another aspect of the invention
relates to a qpl egul e conpri gi ng,, or consisting essentially of, or

consi sting 01J4 ¥ Jhus, the | entlon relates to gcgrrpo ndoof Formula V:
20 (V) whetrein, g7 B#And\D are each.j nelep®n aspr ecursor of an
SQBH grouf? or Bhammﬁh@all ac¥ept ab a\F/ne ItO ester; o? sgl vat e

t hereof. 25Thée€ invention further'relates to c ounds of FormuPa (V),
wher ei n B and @mpeunstB$6 | ndependent | y sel ect edCompeysi-B&hd SO2H.

The followi ng structure is an exanple of a precursor prodrug of the

i nvent i on,oriaPhamagstiically %ceetﬁbl?ﬁé't PrRPVALS B ANLANS O SIOPOHRAS BI-B:  be
constr@ed as further limting: 30 WD 2011/017800PCT/ CA2010/ 001229 |, SN
00 Conmpound Plin Qd’noﬂhepbﬁé’rﬁfﬂ@etblé lcambbmdauecee@dirﬂMuad SAlFormla $,0kheréie Rifis Gorrpound

PL. 5 Sy nct;ohlg%nts bond zsm%zqs)gﬁ oxygen a?om tnen IJ%n talr{'en together with their adjacent

atoms form the 8-membered heterocyclic ring Compound C1.

Q o)
N\ O~
0=8"""8=0

10 Compound C1

In yet another example, the compound is a compound of Formula |, wherein R is a
covalent bond, and R? is a substituted or unsubstituted OC,-CsalkylO group, and R' and R?
taken together with their adjacent atoms form an 8 to 10-membered heterocyclic ring. In one

156 embodiment, the compound is Compound C2.

Q

\\s/_\

0= ! o

oL S\
o’ Yo

Compound C2

In another embodiment, the compound is Compound C3.

20 \/O O\/
Compound C3

The invention also further relates to a compound of Formula II, wherein at least one
of R® or R* is a group of Formula E:

\AS\/O\"/

25 O (E)
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In general, all conpounds of the present invention may be prepared by the
nmethods illustrated in the Exanpl es hereinafter and/or other conventi onal
nmet hods, weing/omesdi | y avail abl e and/ or conventional |y pcegaatmizxbarting
materials, reagents and conventional 10 synthesis procedures. In these
reactions, it is also possible to nmake use of variants which are in

t hensel ve‘@hq{ﬂ%vm but are not nentioned here. Certain novel and exenplary
met hods of pr éﬁas arsgbstied nvemﬁubsteuted)lgpmpr&é!ecadefrode% Ci-blsg, CrCihienyl,

Exenplifi h
i nvgﬁtl onéa(ltfﬁaﬁ@t ?bna?l %M%@‘ug%}sﬂg& | va ent rsb%%mt hé?’%ﬂe@éﬁ dségescrl bed
her ei n arfeh2alk.c Phduelteny, saGeCgalliewhl §B -opeydqatyl, RreSheisreeyeealinor e
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dai |y dosBEether withigiaciasentaseon atamsiig fren gl t@O@Cﬁnﬁ‘(ﬁy '%MOQFOO ng to
about 3500 ny,Acebaing %O&dﬂﬁarta&pé{both% a&mumofamwem 80 (cBmBORH ofL200

ng, about ab 800 bo about 2500 about 400
ng to aboF%%%?ggah%R &%tarﬁﬁa g%"“ﬁﬁ&%éﬁ%owaﬁﬂﬂﬂeS%W@e% about
4000 ny, eftidsesEon ngs 8 meettybgupusamenmger emibodimed ) R*igja rettabgrotip A Bady,

about 2830 0ysNEx t 0 I abo t 1200
ng to about 52@0@23% hy?h%@@n %gjén sampgﬁ%ﬂ%b%nt{&%%b%@% %O‘Qrﬁl rs%er e

singl e dad"PYP AULR" §r2 fa'ﬂ(ﬂgaed'riwt ﬁmﬂﬂer@n@o@mm I@ﬂdﬁéhmﬁakemgdw WIlExarrpI es
of dosageteinbdjdcsdPESbérea@mshe iin u&Jbtwbdﬁel il yeP ahtNR RitoRintdh 0%’233‘93’3‘ t he

d PCT publ t WO 2007
2007 195385 R0 RS FO0HO PR 7ocr T COED Ao BB dePe BANSY a6 £t e

entirety Hydrogah.l purposes. 51t is gener aI | y advant ageous to fornul ate
paremgeral conpositions in dosage unit formfor ease of adm nistration and
uniformty of dosage. The term"unit dosage fornt' refers to a physically

di screte unit T8ainvaption fughesmnelatas o chosmmyeds dfdiorhulatinwberbinesaldscoapdusd iBer
manmal S, HaheWnin r t d i act mat eri al
cal cul ate y pro odggﬂtbegabﬂgjls?gﬂ ﬁﬁgr'ghglg??cla&lj?}% 679, nggs S '%{ %A with a
suitabl e Pgﬁ@ﬂ%?aeté?eﬂx CEEPIRIA SRl @ sotppie ﬂlﬂe@‘pem fication for t he dosage unit
forms of the invention nmay vary and are dictated by and directly dependent
on (a) the unique characteristics of the therapeutic agent and the

particul ar therapeutic effect to be achieved, and -(b) the limtations

i nherent in the art of conpounding such a therapeutl c agent for the
prevention of treatnent of the disea8® or disorder. 15Adninistration of the
conpounds and conpositions of the present invention to a subject to be
treated can be carried out using known procedures, at dosages and for
periods of time effective to achieved the desired purpose. Dosage regi nens
can be adjusted to provide the optimum therapeutic response. For exanpl e,
several d| VI ded doses may be adm ni stered dally or the dose may be
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mellitus (e.g. type 1 or type 2), diabetes with features of netabolic
syndrone, netabolic syndrone, any underlying or resulting disease or

synpt om olvoany/aihs®of or egoi ng, or any conbi nati on t her eofPCTEMA2MI®5220f

subj ect s include humans, nonkeys, cows, rabbits, sheep, goats, pigs, dogs,

cats, rats, m g :%é:@%ﬁ@%@hﬁuﬁﬁﬁeg es thereof. The term "subject™
t

pr ef erably |nc udes nimal's susceptible to states characterized by

anyl oi dosi s aﬂﬁf&ﬂheﬂf&p@&@bfﬁe%v%ﬁt%eﬁre c%mﬁouﬁ@m@nulael Hay wnsd;raé%ore g
hunmans. The animal can al s for a disorder, %Fes
In

amy| oi dosTerenpIRS I’f’(?!f&P'eS B’PkeﬁﬁW?H@é eﬂlﬁe@ﬁeaﬂé’t‘r?eé agerRe &f e "P"&f‘“%&

certain etab@l@bmerst of af3FD® iienVenibletule tdamphsinginors ubysitihg iessérmialeet] af

t t t h t hod f
A ek R T e )

art - r ecoghrhusettie inrantion nelbtes ésa sanpopiod sf Edmatlahlive been i dentified as having
anydof tge f oregoi ngt di sezgsef el )dlhﬁg’rﬂ' A has i gyrrpt gm of sgch aI gi Eease
or disorder, or is at risk o uc I sease or di sorder, and wou e
expect ed, wheseiad on di agnosi s, e.g., nedical diagnosis, to benefit from

treatnment (e. g*,s 1%rb§g;1ed,ggg,|n|crgg,d n;L&etypr eventing, alleviating, relieving,
altering, remed gl anel i orating rrBown or affectln%i]the di sease or
¢

di sorH%r, t he '-siﬁrﬁ) BHaBle "P'I‘@edi’rs‘é’é@% raneﬁssé?%mv cyplingiaoqihertwe f PR

di sease 0r|ho|di|&0é§t%€;ﬁvely and For exanpl e, the human subject nmay be a hunan
over 20 year sal 30 years. old,, human_over 40 years old, a human over
50 years ol d, R4S ﬂﬁfrﬁ 8?5%75:%‘350%?&3% '30 human over 70 years old, a
human oveor Mamestlamllyjaccihmblsablt,ester,myolhﬂe thefeofral e hurman, including a
post nenopausal femnal e human, who may be on hornone (estrogen) replacenent

t herapy. The subject may al so be a male human. |In another enbodi nent, the
subj et i s undéterngtivejy thednvsintion refatesrie agomeeund of Rermyildljlést has a di sease
that provokes a sustained acutgaghase 25 regpgpse. For exanple, such

di seases include chronic inflanmatory disorders (e.g. |ong standing

i nf | ammatWRHSIM chronic |ocal or systemic nicrobial infections, and

mal i gnant neoph mntedj@rﬁomm e, such a disease includes Rheunmatoid
Arthritis or Ifo\am”# Neg Irrane n .Fever (a genetic disease). In
anot her aspect’, "t He”"Sb)PRE &L rﬂ}?%tlyoa”ﬂ\ anyl oi dosis, with or without

r enal 2B0i rrpal rithisre mulfealerd xamipt nzmuetylﬁmr coudigrelg tanh dissauiaplyaiodplifg dioy tabdosi s wi t h
renal , ar.y. . rate and severe inpairenent. I n
anot her aspecr?métt'\é at euthéroﬂf&ué Qm (ﬁ ¢reatinine clearance is | ower than
about 80 9figRharMadedtigay @mntablbcsalt ester 9 setvate theeepbre), from about 30 to
about 80 nmi/min (noderate), or greater than about 80 nL/mn (mld to none).

35In sone aspects, the subject may have synptons of a netabolic di sease or
condi ti on, sucﬁh%lge‘?j?‘dfﬁé'ﬁé‘ﬁ'd(géo@ a‘te?‘ﬁberldl may YHBRERO be frthgpesterdied with@ome

obesi 25, Rt &Rl droup ey &&brlt%abﬁﬁélmtase EIRASH et wﬂﬂb& chpate ﬁ%ﬂ&;@ﬁ?@pé}f t ype

1 di abet and be over wei rrp ect has a
i ndex (BM %?ergfarﬁi 'ené(?g?rﬁﬁ\e aﬂg t%?\ﬂt ‘E)é‘f’ A @%dughgo 3%P°318¥ and BR)i i gl’f/ m)re
The Body Méaysgd wdlex yarpus BMmical and/oedgogieal obnditioper son' s wei ght taking into

account their height. It is given by the fornula: BM equals a person's
wei ght (mass) in kilograns divided by the square of the person's height in

netres. |n sombedsipetigsstrubtutddcars eldrislés bfSpredraebi the &Wﬂntfoﬂcbéhfaﬁ% more
adm %OSt rtﬁ'gﬁ Bhe QfSP%éorqglg %d'&é li”u'sf? thL ?Jf %em?‘%rﬁ)gﬁ hlgt r[}é tﬁ u)(,\% d,[ rplz bglof‘rgghlng

and does not require xoge ous in I'n etre

of the i rﬁP@ﬁleeHr"f‘séWhGW' ”9-ayi ng the requirement for treating the diabetic
patient with insulin. Preventlng or preventlon is intended to refer at
| east the reduction oflOLi od_or the ri (c&HsusceptibiIity t o)
acquiring a di sease or d?sor erd@ e’, C us»&g a st one of the clinical
synptons of the di seas® n@t to de&%lop inQ patleno "t Ieat may be exposed to
or predisposed to the disease but tpgsoundiclyet experience or display
synptddns of the disease). The term "prevention"” or "preventing"” is al so
used to describe the adm nistration of a conpound or conposition of the
invention to a subject who is at risk of (or susceptible to) 15 such a

di sease or condition. Patients anenable to treatnent for prevention of the
di sease or condition include individuals at risk of the disease or
condition but not show ng synptons, 44 well as patients presently show ng
synptons. Predisposing factors identified or proposed in the scientific
literature include, anong others, genetic factors, environnental factors,
chronic inflammation and other conditions (such as ones predisposing to AA
anyl oi dosi s), sedentary 20 lifestyle, eating habits, and netabolic
dlsorders predlsp05|ng a subject to a dlsease or dlsorder as descrlbed
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reduci ng serumtriglycerides levels, etc). The treatnent or anelioration of
synpt ons can be based on objective or subjective paraneters; including the
resul ts ofoaopimigsoeal exam nation or the subject's eval raTiaa0wmioosyeapt ons,
or of a test known in the art (e.g. glucose level, etc). The treatnent or
anelioration of synptons al so includes del aying the onset of dialysis, i.e.
5the necessity fmo_dialysks. o Asoused herei npt h er "therapeutically
ef fective anount” m§?§#§§?as$hévaﬁﬁﬁﬁto§¢ seo&?ot e conpoWid, upon single
or multiple dose &inPnistPati®n to th® patien®, which provides the desired
effect in the patient under di agnacsempeundGEat nent. An effective anmount can
be readily determ ned by the attending diagnostician, as one skilled in the
art, by the use 10 _of known techni ques and by observi resul ts obtained
under anal ogous c chﬂfﬁaﬂ66§(O#O/ﬁﬁLe@ﬂgﬂfﬂg/?hgf@{iggiLM@HﬁﬂDunt or dose
of conpound adnini@febed, @ nlgrber of HAacyors gresgonsi dered by the
attendj ng di agnosti ci an, includinqc but n limted to: the size, age, and
general health of the subject;: the¥PRUMAES gi sease(s) involved; the degree
of or involvenent or the seyerity %f t he dbsease;c;he response of the

i ndi vi dual subject; the par LQE%&(HI5 conpdurd _adm ni stered; the node of
admini stration; the biod¥T§abiTity~ghargeferisti g5 Ut the preparation

adm ni stered; the dose regi®en sel €cfed; [tBe use & concom tant mnedication;
and ot her rel evant circunstances. o ngprovenent in condition i s present
within the context of the present inyent¥on if there is a neasurable

di fference between the performnces of soQchts treated using the 20net hods
of the invention as conpared to negbers of pl acebo group, historical
control, or between subsequent tes %“@ﬁﬁﬁﬁﬁ%i)the sane subj ect. It is
t 0 be underspraodadeatitallybereptable sakhbusrvatnal angogest Gongopnds/GdedGherei n, e. g.,
in ages of subject popul ations, dosages, and blood levels, all values and
ranges enconpassed by these val ues and ranges, are neant to be enconpassed
within the scdpe ofNontestespesdaigs 25i nvention. Mreover, all values in these
val ues and ranges may al so be the upper or lower limts of a range.

In certain endBaNHBRESt therpveptinnysiatrgde sompraupipediormya NMccording to the

i nvention can be used in conbination therapy with at | east one ot her

t herapeutic or a nutraceuticg* agent. The conBounds of the invention when
adm ni stered in association Wi éﬁ\ixéﬁﬂsoﬂ% 300t her agent(s), can act
additively or, in certain enbodi/ments, symergistically. The conpounds
of the invention can be adnini & ePed pr rO subgyquent to or concomtantly
W th §§e Q&Q&E agent. The conpositions of the present invention can be

admi nistered Wi th the ot her t herapeutic agent as part of the sane

phar maceut i calR'% isngstesiem foom OR®, i, -NHA(QIRT, --HHENH)BIBIRD,08iH(C L0 figteoaryh hat

cont ai ni ngyRe! Qundsref the 35present invention. The at |east one other
agent can be effective for'treating the same or different disease,

di sorder, or ddndstsastedpireme Nibl y’,gH@GQ%Rot INHCRIGEVHRY, sNEKT4+Glohaterbanyl)t he

t r eat ment-NpRPRSY MY, ahd-10HRE: net abol i ¢ di sorder, e.g. diabetes, diabetes with
feat ures of sabhpljc_sygdrone, netabolic syndrome, and the |ike.

Met hoﬁs of tE?Ergegen?”‘?/ﬁv@r[ﬁ?%'?fe\"ﬂ‘ﬁ?ytéfé‘” ﬁ{“gi strati on of one or nore
conpounds or ptfasndaBEdre takien dopeties With thesr anfjackhtenitisges efidm toeantal enasid one
or nore ofher j : ded that the conbined
adninist?ggﬁgﬂk%%EQQﬁ%%hpﬁﬁ?@?@qPﬁggbﬁéﬁgﬁﬁutic ef ficacy of the one or nore
conpoundsPr GfPhereacsiicalinaccepiablasplber sefvdfedherdefes not produce adver se

conbi nati on effects. In sonme aspects, the conbination therapy
conp%%§es altqrnalin bet ween adninisterigg a cogposit[on1of t he present

i nverfth on and '8¢ cBAPESR (PIEIPS clOnBITRAUAGS HhdTorerla 1Y, (Hereip it iie Qigent 2 €. g.
to m ni mphermateeticaty cceptatid eak hassOThatingbntbl B RMEd §3/lcBmpBiddd- ofhen a

Cher apout mUdRHRHER kUL SRR Be RGeSt e coriecepriamga
i ncl udi ndY, werreindt" Isi-NHCE@HINGIR®t Thel invenyion tilse rdldtes RsHigoGnd 0 ForB@a IV,

advant agggsd; adm Rri st d haj, f al bel ow t he threshol d at
whi ch the ad&%ﬁgiBsﬁﬁkee§P@%§%F®be€@E$%§Wk’ pﬁd?#ggﬁgP?%g@aW%cWWﬂS@ition

can al so further conprise substances to enhance, nodul ate and/or control

rel ease, bioavailability, therapeutic_efficacy, therapeutic potency,
stability, and the Iike. The cBfpounds or pharmaceutical conpositions
of the present invention include, or can be adm nistered to a patient
together with, another therapeutic drug that may be avail abl e
over-the-counter or by prescription. Therapeutic drugs as well as
nutraceuticals 20 useful in a conbination with a therapeutic conpound of

t he present invention are known to the skilled artisan. Preferred
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25t he conditions discl osed herein. Preferred therapeutic drugs to be
used with the 1, 3PDS prodrugs and diners and ol i gonmers of the present

i nvent i orwaneittdesoapeuti ¢ drugs useful in the preventi oRrCorCA20ma0MERAt Of
renal disorders as well as diabetes and associ ated synptons and syndrones.
PCT pat eng; I ' 7 p r nce)
provi de néﬁ'@m %%érQ&ylV\goéglg%gtm%éw%Qf %ﬁéﬁﬂzgﬁtf%% r)lélg9F e[rgt can
be usef ul bengef @é?h%%al?’éﬁnzoméﬁﬂob?ﬁbaﬂwt3rh§"?-9¥@é5rhzr36r1" aW"“S’[%NQG‘@IedR thods

for t§St [ |Qt(:3] -NHIE,-CORBRIARS, Qihekdi® daity E(%’},?\Gﬁféteroaryl is selectecti Tig’&n CRizRe g at od
accordln e | nve | ONn C er est e or | dat e
o bl AN praaPE R B ey EmEp o 3% ey b Al ot h%r.r

saf etwang}ohpmyas bmbiotrslydéfrmedr capability to deli ver 1, 3PDS, etc. The

followi ng are ative the t assa tshat can be
conducted to afshs?e' \éen{?‘{‘ealso £ t?ﬁ gccgﬁ'%)gu'ﬁc% Of% Lﬁ%i et ?%ﬁ of® ?rlu tic

C eavage fodm Pydbgerysnd ra Wbsrtltuted or unsﬁmstltmealgrgupasle’reqiedstfreme& 6rzelﬁylu@s- it is
gener al | yCd@y%bQ%W 63-5 ﬂeteﬂ)@ﬁ:lc‘y kgfjbu-@waﬁ)l'%‘na% @5{% eYodr){]t:@sCan é)!anﬁ)%eaﬁ cl eaved

or not converte par ent rol nt est tract

and be c|igetad fam éydrow ﬁ*“@lﬁeﬁé’é“ttlﬁé %aﬁ%rbstltateﬁ@ Gm"qvleln anothes exgngpleni c

ci rcuj@t i RMis MdrdgéH. uh ahﬁtﬁ@f eximpid, ®iid 4 EibshRfbddr unS@Blituted At bk earﬂ;%ller m ned
by the rrecEanl sm and Ki ne s of absorption of the prodrug by

gastroi nt @ rlgﬁ%{lpstafea%rﬁ‘”o‘ﬁ PeF- 1 evel of lability can at |east |n part be
determ ned by the phar rracokl netics of the prodrug and parent drug in the
system c ci rcu11 I%wm 0. dener arl X rolgr uEsmtrhat g %.hm(rg’? st(grgl.e in a Caco-2
S9 and/ or pancrea N s "'g’ 5 ARS*AVRHSER Fa'SFI r\n' YS |0er AR REPan

pl asma, rsulfohdte esteSorodmig aiaiety bodrare illistretiveIS ther iepantian polp acdhepshagehol as an

oral | y; adgd 'n§ttnegae£f9{|%qr, fing:The results of tests, for determning the
enzymatic cleavage of pro ru%s invitro can be used to seI ect prodrugs for

in vivo testing. 15Bi oava| llability of ProdriagsPin VO\VQ Pr odrugs that
provi de, foll@®w ngRa@nithi stered to a pati epé WB} : xcertain | evel
of bi oava%M /tuhe correspondi ng parent drug ca b fuI as

t herapeuti € agents. oava| | ability of the conpounds of the&+tnvention and
of rel eased 1 ,GmjownaiNfoe neasured in vivo (hungéipeuriwz | aboratory

ani mal s) using nmethods well known in the art. 20110 Toxicity A
variety of different paranmeters can be noni odSeeb to m&es toxi city.

Exanpl es ofOsoch par @res eps i ncl ude, but_ar o, _<cell
proliferatj VS@I\thl\n actl vation I I r pat vva s f oxi col ogi cal
responses by ,’}bene or prﬁt ei n expressi al ysr s, DNA frag tion,
changgs in theb iNd on of cellular nenbrangs §e per meabi lity, 25
activation of onents of death- receptors or cfg S ream signaling

pat hways (§ & Caspeses). generic stress resggns , NFgkgpp@B activation
and respon to m\\ /og ns. Rel ated assays ar Qe to asgfay)h‘\or apopt osi s
(a progr amred\ﬁe{es ofNgel | death) and ne o \r/\r’ﬁdlrmg aEVP formation
and NO for mat |é)n é@)ty and therapeutic effl é of t he" conmpound(s) and
conposition(s) i nvention can be deter W%t andard

phar maceuti cal pr ocedu s in cell cultures or experinmental, animals, e.g.,
for deter npm%g th%/%i (the dose lethal tp %0 of ol p puI ati on) and the
ED50 (they ncakly effectineNy oof “tHE R -atN.on). The
dose 25%ti o between tdéki cHand therapeutic Bffécts is thePthdtapeutic index
and can be ex[RAMdAY t he rati o LD50/ ED50, arfebropeusidiN8 a | ar ger

t herapeutic index is nore 35 efficacious. Wile agents that exhibit toxic

si de effecés gray e @Jrs}ig’>care shoul d be tz}(é‘e go sesi 9 @ defyvery system
c e

t hat target;sss o the site of af i s ue\g,’/n/(ﬂr;d r to

mnimze Wotenti a d ge to unaffected cel Ps a,'[? he ebyN r&duce side
effects. iv) cﬁ%ﬁc}d uRbNgest i nal  absorption unds or drugs
accorgh ng to thei nvent| on can be further anal yzecf%ut%grq)@ or validated for

their ability to be absorbed by the gut and/or intestine if so desired. 5
Intestinal perneability and transport of a drug candi date nmay be esti mated
using a variety of in vitro, in situ, as well as in vivo nodels (Balinmne
et al. (2000) J Pharnmacol Toxicol Methods 44:385-401; Hidalgo |I. (2001)
Curr Top Med Chem 1:385-401, HiIIgreg K, Kato A and Borchardt R (1995)
15: 83- 109, each incorporated herein § reference). For instance, parallel
artificial nenbrane perneability (PAMPA) assay and cell -



10 based systens such as Caco-2 and Mardin-Darby cani ne kidney (MOCK) cells

are the nost frequently used in vitro nodels. The PAMPA nodel consists of a

hydr ophobwo 2bititiesoomat eri al coated with a m xture of | eecthiadphosyhol i pi ds

di ssolved in an inert organic solvent creating an artificial |ipid nenbrane

barrier that 81 m cg the intestinal epithelium Cacos2 cel . a human col on

adenocar ci 90% 7g0 .spont aneous enterocytic eik{ erenty/ation in culture
obafr

15 and broo aedcells with well -est agftgh \i/ﬁ\qﬁts\j\mh' tions,
resenbling intesti naljé\g:@')?el iumin humans.” Cacol 2 cel | m)%;eg been t he
nost popul ar and the st extensively characterized cell-based nodel in

exam ni ng the GumpamdiN{i1ty of drugs in both thecghpsumtg i cal industries
and academ a. Alternatively, MDCK cells which also devel op tight junctions
and form mpngbayer & &f polarized cells are used, , ®0An @nOsitu study such as
an intesti nmw\owoul d al so be perforgqed;s\o/as\s/eSS dr\\ug absorption.

| sol ated At estinal sdgnemts conprise the a\;j\‘ptive cel 1§ amd the
underlying nuscle layers/ As it is comonly ed, this te que only

al | owsd sanpl i iGpripamdiNMS nucosal side; drug di sceppauriNBt i s assunmed to be
equal to drug absorption. Typically, a whole animl absorption study

(phar macokisegic study) wll erformed-iq parallel with 2zte in vitro
and/or in g studies to as i ntesti I gneral , drug
absorption in ahifg?s i &SBellie
humans. v) 3 r"thi’nrés\t\i’ﬁ N ~ &tcording to
the inventionocan be further anal yzed, tested 30 or vall'dated for

gastroi nt est i rGdmgddnd N18xi ci ty. Gastroi nt esti nadorhgouneiNgs of a compound in
vivo can be reliably established through the inplenentation of a standard
battery of general toxicological assessnments. 9Gengeral | g,0r@gul atory test
gui delines frow®he EQ,O00ECD, |CH FDA-aQd~M\WVsar _af
material for, [bh®& prepasation of study tocol siHfor such Hassess
Nort HOAneri cd&, the toxi colfogi cal asses3frents ®ill generally

out in conpli &¥PondiNiThe United States Food dampyung N¥8ninistration Title
21 Code of F%deral Regul ations Part 58, Good Laboratory Practice for

Non- cl i ni¥ZIPhamageeicaicagseriabip spleerstivate of eny argrd CompauidsiN1He 18t er pl us
subsequent anendnents. Wthin the context of such a non-clinical
assessirent of 4 he Xicit f a particular conpound, G toxicity may
spec??’i cally tl)%'a as}spgegls"éar rﬂ‘?rgﬁfgh the nonitoring of body weight gain, the

gr oss exam nat ! itt e test subject (specifically
Yom tus. and { e anet asfBZh A Bl B8 sBrpbilfi e Mgl arpprasireors o

( appet encledPDF-iet Héerainre, angthenagberieaf thenptention fates tn@rmaléduld @aiprising, or

t oxi col OQoR&ting TESH 3 i n I 0 ct, tissues
fromthe dest %ubj ectm(ﬁg)f’ Pf)@fhﬁfgﬁf; Pfjé'ogltl%gfeﬁ,e%\%%ﬁ%ﬂeéy Syrohigg?%lé‘g[ﬂqo?fogi cal
exam nat if@A™Y? Vsai d tissues by a trained pathol ogist, is a useful tool,
corrplﬁgrrent ary to the aforemeptieged~jin-life" observations. 10Those skilled
int art will recognize, oP be abl ePto ascert®™n usi ng no nore than

routi ne evhessin,nent ati on, nunerous equivalents to the specific procedures,
enbodi ments, gl _ai and .exanpl.es descri bed herein. Such equivalents are
consi der ed togﬁgdvﬁs%rﬁfeﬁg}'ﬂéep%%@y8fprei°HfS§r?fﬁ?§Q3H&ﬁ°%d covered by the

cl ai ns aPparbathapeytically. actémaliesalie aster, of sohate thekeft ences, i ssued patents, and
publ i shed patent applications cited throughout this 15application are

her e% i ncorpgorated by reference. The invention is further illustrated by
the #3811 owi ng'&BKstiaR furlips relatesio porapaynds efd-opwie (Y)ueberais B andtMere dachvi t i ng.
EXAMPLESindependently selectelif®nF3i@aR4 §8,15et forth herein bel ow provide exenplary
synt heses of certain 20representative conpounds of the invention.

Unl ess otherwi se indicated, all nunbers expressing quantities of

i ngredients, riechiloving sindiré @sn eRANBIE TV aAbrb&Uisor d%d?@fbf trieSinveptig!il 1 ties,
and so fglﬁ%trétiyégﬂhé [ﬁvéﬂ%n%gle%infi@aﬂ oogband | ai n5_are to be understood as
bei ng modiFied in al e CANEaY SiHIG pat be cpppfrueg,gs further dmitinge very | east
each°fumerical paraneter should at |east be construed in |ight of the
nunber of 25 reported significant digits and by applying ordi nary roundi ng
techni ques. Accordingly, unless indicated to the contrary, the nuneri cal
paranmeters set forth in the present ecification and attached clains are
approxi mati ons that may vary dependi'flg upon the properties sought to be

obt ai ned. Notw thstandi ng that the numerical ranges and paraneters setting
forth the broad scope of the enbodi nents are approxi mati ons, the nuneri cal
val ues set forth in the 30 specific exanples are reported as precisely as
possi bl e. Any nunerical val ue, however, inherently contain certain errors
resulting fromvariations in experinments, testing neasurenents, statistical
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and as to reaction conditions and techniques. In sone cases, the conpounds
may be commercially avail able. Accordingly, the foll ow ng exanples are

pr esent edWOa@011A1Z890r at e how sonme sul fonat e ester prodr ug€TARCONAI0R9t 0 t he
i nvention may be prepared. Commercial material is generally

avai | abl e from known sources exarrpl % ma- 5Al dri ch, Bachem
Lancaster, Alfa Aesar, etc. Exarrpcf Tal synthetic protocol for the
synt hesi s of nono and di sul fonateoesters olOa)l 3- propanedi sul f onyl

di chl ori de: 1, 3- Propanedi sutémpoundaret d di sodi um salt (1, 3PDS(2Na)),
74 g, 0.29 nol) was weII grounded and dried at 110 C for 15 h. PCI5 (72 g,
0. 62 nol ) onsgshagvatedticaliylacdeptablesal of sollatersfiConpbund et until they nelt. The
reactigpn m xture was stirred for 2 h then cooled to roomtenperature. The
resulting material was added with cautlon to ice (200 g), followed by 15
addi ti on #f etJupthesis of th 310f entiorkt ure was stirred unt|I aclear

two phases wasgp ggﬁ&élnﬁﬂcoﬂﬂb‘ﬁn&r&%@ ?regV mrrﬁ%(z @

hydrochloric acid (1 M, concentrate sure Wé produce
an anor phsdatgdgarhe #Xgmphea heper&ﬂ%earﬂlpr other e@nvpmoeelheﬁthader oy rerdily

i sol at i onavafiable 3n@b0BERAicHEI pwbradlecabmﬁ%%tér@% géagﬁﬁtsaaﬁﬂhbcgrﬁe&%hld ﬁZH

1 3,.,.500 ,
204H) SEoY A PBIGSE & ‘f?reé‘er%dP “P‘%ggde%;% %t'%ﬁ's’? PoRgiRle tq T"H%e U%ﬁ\ﬁfoaé'antid'h'chs ---10
00 Cl // @e Bt topmielvebknaws,dutitiemot BEntbndd pere pEeTeeH rdelelfa?ﬂIe&ﬁlaﬁlhﬁ}' nldétﬁ@uil urr}
It (23. t ot solu n o
SB:CI 2( |-|20‘§| Fﬁe"iigﬁg Z'E%Wn%'it'vg%o;n O\Arl%sge]rf%(ggfﬁ”gt% @%sgﬁeg}pﬂ@at'onrﬁ%c '8?:3%) si on
was heat gvetheds argvitiinfthe scope of s invetioa dFurstioraband strobiraltequigalamtd oatheowed t o
settle b%o%p%ﬂﬁ’ds%scrﬂé@ Hé/ﬂéld Qn@@hfcﬁ hﬂ@esthggg}ngcg%ﬁgapyroéérgesr Fhbth ghdodri ed

under h| gh vacuum at for propanedi 10l f onat e
(20 g!° 6209gre SIFP'NN/F('%'M“?“W@@”M? made Which(dey nop piverselyoaffect the pssentiglh Hz

4H) . natursbemeatwbﬁhéb@ﬁp&mudferalwma@dédum 1, 3- propanedi sul fonat e (15g,
i (PCI5) and heated at

44. 17 mmol) D horus pentachl ori de : .
110 C for 5 h. "(r‘? rP@”WFB%E’YthB r?é‘ﬁ&?da EBRPIPETEHS of e rPrasent aRtioRgay bee
reacti on preparer gy tha settmds éidsttated io e Banpisatbetion hemftéhen quenchefl Wi Ej h

/ wat 15 I t at Th 5 at e
washed wi t h vareeomBinggblle PREEHTh RN Rl bORRE miEen P atedtienes By ness.
af f ordf nghe,, Synfbwpaﬂ%dnstula’ndnybtodolshdascmhﬂad (&eig) as lituduisted( BDEe3 sp&fifik MHz) 6
PN oceﬁur%s"&owa%'a‘) P 8%6\%5 {hF? gkllIIezj ﬁlton Hm 1%5:?8”'26 Lt 8th(ebstf}the§'8l ution

b) 3- phenoxysul anesu
of 1,3-pr %1?@ PFf'BﬁS',‘i'e yothets PQI@NfNSdfPﬁ Berasing d)e ¢ompungs Sfthisnnwkntionn

di chi or O%Meﬂ%dmt tl’Y@félI(ﬂﬂﬁbeig pﬂfvﬂ@%ﬁ%l@b?@é#ﬁ'&%ﬂg SHAGOR I|Fr1jrtrn§8 g, 20

mmol ) in dichl oronet hane/ pyridine (20 reacti on m xtur

stirred fRMePES ”V%““Pf‘ s €Gr aHOMRPRYENRE R8RS TrapeRmMatianms Ly Ry kar OCIAqueous
HCl (2BM) Mt Pablidberst(0989nandoppurate® ReidinkbyureorentB et YilDBE fuitheRoéeEgniRa that

separ at edq,gfd &gtegt}ﬁ%rangaogg%%cyr% gtlrjalltégellesewmfb'eletmeprloygd that are standard in the art

(See, e.g., “Protective Groups in Organic Synthesis” by Greene and Wuts (1991),

incorporated herein by reference). Those skilled in the relevant arts will recognize that the

selection of any particular protecting group (e.g., amine, hydroxyl, thio, and carboxyl

30  protecting groups) will depend on the stability of the protected moiety with regards to the
subsequent reaction conditions and will understand the appropriate selections.

Further illustrating the knowledge of those skilled in the art is the following sampling

of the extensive chemical literature: “Chemistry of the Amino Acids” by J.P. Greenstein and

M. Winitz, John Wiley & Sons, Inc., New York (1961); “Advanced Organic Chemistry:

35 Reactions, Mechanisms, and Structure” by J. March, 4th Edition, John Wiley & sons (1992);

T.D. Ocain, et al., J. Med. Chem., 31, 2193-99 (1988); E.M. Gordon, et al., J. Med. Chem.,
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15 and concentrated. The residual material was purified by silica gel
chromat ogr aphy usi ng hexanes/ethyl acetate (70:30) as eluent to isolate
3- phenoxysol2zbomi1s0d- pr opanesul f onyl chl ori de (7.2 g9): 1IHC|IJMRZ()B)@I01NHZ
CDCI3) 8 in ppm2.71 (quint, J = 7.0 Hz, 3.52 (t, J =7.0 Hz,

3.95 (t {.26; »

aci d gmnc?js?égg 90 E%S%Hh%t'ceom gﬁtﬁ@ (épﬁt 6%2 S%gﬂ ? éﬂr&?ra%?{]%gd&gﬁﬁ?gl 8 '

(RI [ f R4 Spsingardderiay Neyv Yj@rkcc‘r%b)edasymlcl&}yn&@s?r chnStlraa;tloormf Cﬁml?ﬁmu@S( 0 83)
(0] 1on e

(5,57 o B mBRERGRL Y A dorkls S R CRANBSR ORI 8 SORL B NG EF o

of the cdi%@tﬁ‘@h@n%\gmmabﬁmihesqszgf Rentiigs”iby Chpws Cplprd H’PW@TS(t\QBFGH"E/ Newi). The

react ison ygebe); lafd Sﬁqtr&ﬁ&doﬁ 8f Péptiie dhewtlye by tP. BlERdIeAh Wilepe BBEE,t 0 room
terrperature Aqueo rochloric acid (1M_is added to the reaction

i xt ure. ANyt ﬁghl(@glzg)‘?é?h iNCOBYABF APl PYIPIPEICBver magnesi um sul fate and
concentr at ed. Théeyntrssigloradonipatifds & thé svpntioh fis ﬁdzfe?ﬁliw caried oat ige solvent.

h t h t t t {1 | ate th
e L
St ep 2: [Depid ctate tmden the‘lfemaeratmirejamd)presn‘ure tanditinbenseddn dtegedgtidn.prhepdinies ul f oni ¢
d .al k d
Soet i ol SBPER yih fle R SRE of e ST ey ot pnd bl S BERA )
The r eactdooditiorisxsushctemperatuire, rﬂwnajmrd@f thieyepasgisrand aprting material, solubility and

20117 017 8Q0.Th1(he HIEME hAd Stafth %éﬂemal RRé bypemd rdfior? al??d hwe(lmé Héﬁénhm?onm ete

consunption of starting materi al he suspension is filtered
filtrate qngh%aff@eﬁﬁna%aowﬂﬁmh %§'St"'F8 of H@gqs@gq §8%{P”t§rﬂ"taérbr9aﬂ°r p@mpiied an

aquefus Sa(ljlbh'ettlb didbarberl &'y Cl@éxbﬁébaﬂw@ptédé‘é{ Il%roﬁ\ill-_hetrcﬂé’lﬁn ether, rdgauhéxam dn xt ure
IS Stlrre an e er
silidh ganet wp@ﬁ@ﬁs O B oG hoTR R s s (B IR oo MR PE  50. 20)

as el uentcathon@itruehidrie, cdichilespiant, nghbrabeprednpanadi dicHidromienzene); d arommtioest er .
1,3 pr apanedhail (00! feRthd, TRARESIFLRdAIEARARAE BRABASEN. oridhe) 211 2
ethers (e.g., diglyme, methyl-ferf-butyl ether, methyl-fert-amyl ether, ethyl-tert-butyl ether,
diethylether, diisopropylether, tetrahydrofuran or methyltetrahydrofurans, dioxane,
20 dimethoxyethane, or diethyleneglycol dimethylether); amides (e.g., N,N-dimethylformamide,
N,N-dimethylacetamide); nitriles (e.g., acetonitrile); ketones (e.g., acetone); esters (e.g.,
methyl acetate or ethyl acetate); alcohols (e.g., methanol, ethanol, isopropanol); water and
mixtures thereof.
“Activated esters” and equivalent expressions may be represented by the formula
25  COX for carboxylate esters or SO,X for sulfonate esters, where X is a leaving group, typical
examples of which include halogens (e.g. chloride or bromide), N-hydroxysulfosuccinimidy!
and N-hydroxysuccinimidyl groups; aryloxy groups substituted with electron-withdrawing
groups (e.g., p-nitro, pentafluoro, pentachloro, p-cyano, or p-trifluoromethyl); and carboxylic
acids activated by a carbodiimide or other conventional coupling reagents to form an
30 anhydride or mixed anhydride, e.g., -OCOR? or -OCNR®NHR®, where R® and R® are
independently C,-Cs alkyl, Cs-Cg alkyl (e.g., cyclohexyl), C4-Cq perfluoroalkyl, or C4-Cg alkoxy
groups. An activated ester may be formed in situ or may be an isolable reagent. The ester
leaving group may be, for example, sulfosuccinimidy! esters, pentafluorothiophenol esters,
sulfotetrafluorophenol, substituted or unsubstituted C4-Cs alkyl (such as methyl, ethyl, propyl,
35 isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, or hexyl), or substituted or
unsubstituted Ce-Cys aryl or heterocyclic groups, such as 2-fluoroethyl, 2-chloroethyl,
2-bromoethyl,  2,2-dibromoethyl, 2,2 2-trichloroethyl, 3-fluoropropyl,  4-chlorobutyl,
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3- Na2CQO3, if necessary Conpound C 10(Ris R4 as previously described)

Compound d (Exanple 13) (5.0 mmol) and triethylamne (20.0 mmol) are added

to a stirweadosalizgonon of sel ected al cohol (5.25 nmol) i ec@icazbmrooned hane

(15 nL). The resulting m xture is stirred for 24 h at roomtenperature and
ed.in vacu

th ti ' t . The resjdue is dilute i th
vt o1 and"BRRTBR Yy oubheRIB e PR gl ey B | orl2SPBRERbe resi n
( Dowex TNsdveopakyroethyTM ON-bB@xvi@ethds h, teBitbugpxymEthult | on-ethaxpett er 1-pethyl-tted to
‘colate th o . ) o o

corr &SM&?#&B’?@S‘?L BbfroBSY Dt Sopickl BRI R AL ABY et
monosul f dd.&trighiotpethexymethdnol  wibiskZ-eliereethexyimettddi um édipen@Pexymethyd nmol )

for 1% mAchicbbt@9BInyIE MRSréhshEthoxafyiM XLéH GodtRoyPRPyIC O MESBkeioRfbuly?
dryness and subjected to silica gel chromatography using a m xture of
20di chl oroMehRasthoxABetid isHipsymeteoypiient metioxyelPaiperryh eMethPrvEtsdivhg

1, 3- pr opajeaglls phemsihyg, 3qiHdnTpop@s teshenyibayll | @ahphtyRastafl, GRRbpAthgendaa,

| yophiliz as its final solid for 1, 3- panedi sul f onj c _acj d esters:
00 Rort e amstriy Wy PEmS o huSht T AR CE RS e -heBobErohng ar o
as previ A byrincktisydlvanigd B,4,5-trimethyibemeyt, di-nitréiend)l, doittobeaayl, Gf-methoxybenzyl,

1, 3-pyp ' dichl ori de (a), (4 20 nr 0

di chi 5 o RLSYPP el bl o] 4PATRAER. ( hrdndhchen®) Fotobelio ng

al cohol (4eyanehsnky!diphanyeretion, onbisaniegphenyidiety! gr2apsri: 5 nl). The reaction

m xture is stirred for 3-15 h while it is gradually warned to room

tenperature. Aqueous hydrochloric acid (1M is 30 added to the reaction

m xture. fhe &éﬁﬁﬁ-@éﬂlgﬁ-&@’—"ﬂg’—”%barat ed, dried over magnesium sul fate and

concentr at ed. Péferabgsthél dahpdlRuE bf Bk inventPHiard foRtHulEd Bhidrits adeiRlstra®InUAB US| ng
Fuent to jsolate the correspondin

L3 olEop BT Em RGPS B M e Fick PROSBED AT TSRO BSnBibunds Bl
and B2( bifcominglyyon cmotieatesbodindn), B epredsit eipvedtibiCCelae€lBr bhdinm@ceutical
g(%|14>c- Cfcslo%%é;it?cir{ssge'.\s_.'zso Ih €& g’ery-:s%ﬁa- %xéFe%P s%lu}‘lcl)(ris', 's'u/sge(n)é?o%) ' ér\ emt _si_or(i)s 4?lre<
comprising effective amounts of one or more compounds according to any of the Formulae
herein and a pharmaceutically acceptable vehicle, as well as methods of using and
20  manufacturing such pharmaceutical compositions.

The pharmaceutical compositions are formulated for suitable administration (orally,
parenterally, (IV, IM, depo-IM, SC, and depo-SC), sublingually, intranasally (inhalation),
intrathecally, topically, or rectally). Suitable pharmaceutical vehicles include, without
limitation, any non-immunogenic pharmaceutical carrier or diluent suitable for oral,

25 parenteral, nasal, mucosal, transdermal, topical, intrathecal, rectal, intravascular (1V),
intraarterial (1A), intramuscular (IM), and subcutaneous (SC) administration routes, such as
phosphate buffer saline (PBS). Also, the present invention includes such compounds which
have been lyophilized and which may be reconstituted to form pharmaceutically acceptable
formulations for administration, as by intravenous, intramuscular, or subcutaneous injection.

30  Administration may also be intradermal or transdermal.

Preferably, the pharmaceutical composition of the invention is suitable for oral
administration. The formulations may conveniently be presented in unit dosage form and
may be prepared by any methods well known in the art of pharmacy. In general, the
formulations are prepared by uniformly and intimately bringing into association a compound

35  of the present invention with a pharmaceutically acceptable vehicle (e.g. an inert diluent or
an assimilable edible, liquid or finely divided solid (or both), carrier) and, optionally, one or
more accessory ingredients and then, if necessary, shaping the product. The amount of the
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Conmpound B2(2TFA) Conpound Bl 5Step 1: To a stirred solution of comerci al
3-brono- 2, 2-di net hyl propanol (3.5 g, 21 mmol) in dinethyl sul foxide (50 nm.)
was addedweebii/grssonded pot assi um cyanide (3.8 g, 58 nmmpCY/CAEh®/o0ergt i on
m xture was stirred at 100 C for 15 h, then cooled to roomtenperature and

LS Wbl AR REUER i TR RS S b

sodi um suwiilf ke ebtairetl. evaporated 10 to an oily residue. The residual nmateri al

was purified BymGMtidh® ofStNethﬁ)&f é\fﬁab{le (f§rl érhlcﬁingﬁétratlbﬁmw RithY forRCatt at e
70: 30 then 50:50) to afford a% di met leutanenltrlle

1H NVR ( CBR3UEs (§90hayrior saft e"fﬁs'rse' n@ﬁpw> %qslets zo"bofa(oms fzgnges, Rawdess, 2 |
25326(’5(17 gﬂaonu%sopéﬂéts @'L’rhbeesl§§ Nbé?ed @;ﬁ é’fﬁer&%atﬁs’h‘}zdr ch&eﬁélmar 23a 88lutiod or 10,
ni.ckel

) 11 g Sﬁ@f’ tﬂ% € §19%, nas a@deg to a
stirred SoPsTIONY aﬂla%‘iﬁé?f‘ 95/”0”33‘13'68‘{ Ky PR ARHP RIS 8T ves R (3.0
g, 26. 51 emulsign, bnagtihaibdl or(shlp, ot ys pdsdilldshiusing s rentshase, sueh aadeétn andoni um

nydr 0! 0663l QucHBleSinn bt bng (U $360 LKA Wi Biing LD oHnder

at nosphe pressure o {ef @
filtrate opapowsinelethe rriessdt inyertionas ateggtm lmjedlerstn Au@nmgnféhowzﬂ pregeritn

di chlqgr Orfﬁ;ehﬁdﬁeméﬁglso %Q a@hﬂrslgté’rjeb QURChdR, @Q&hér‘y% pRte d(')r(lﬁ&frﬁorg% lﬁlréctly om

di carbonate (6. reaction m xture was

t enper at i@ tfeogu bllecfﬁ @E%I MorRoere H1ecOntPPURdsEa Mg a'lyé‘@tﬁ&@!edpioé%ﬂf%de fPrﬁ e

resi dual .mér%r Alpid/\@Eg %!éasfel(ﬁéi I@We%’o'doﬁﬁgg&i th@.ﬂ} tembecwawaabggrt@pﬂaylde
(hexanes/ et hy|  act et at

b DOt ot blaishg [t elpage sve; ke Ry 0 perbntesraly paed Ter batign gastpintestifsk
(CDCl 3, HGQraMrtgl)orBro(qnpdsﬁfr&n Q6gréadation ) the dtoddc.s, 9H), 1.46 (m 2H) 2.10

(bs, 1%>H) To a ir} fo? %@8%&%) %%Bé ln’ver‘%lon §or orél_l|Z aldmmkgtr‘atlon ge a(cPvez ingredient is

Step
4-1 - but oﬂxmtallbdnlyedammhoorze 2>rd|mmet bbrammdwcalyohccbptahresmrpers ¢rOndiBactive2 nmol )

in pyri dlzaﬂsméaicgutma IPSj\@§|$ﬁ1gd§&h]as seRPRRSR! & WidRs 's&%@r 'brdsnrx( Ffﬂﬂgp' el

(a)) (81 Feaction mxture was st roo erature
for 2 h, @ﬂOWH‘LQeEI"QRﬁ Phextendess ée.9. FteIchasn lastose. a%b@tpsangmoseema@@@ oF éé'gler e. The

reSIdual Viddelts @YNBsbiyistRteMidsl, SbiRytes Aferliat l lution
shedgmwt V\S/a(tgr drlye r%\%gr g sgﬁ IO&O&F 0@%80%1%%50§§od| um

qu e a%daféa'ﬁbemm%cf%ﬁﬁ fﬁa rga@?fel)armf?éﬁg@tinw agRRts (Ri9 PPPIBY ERYFWIAN

chr omat ogafphate( pathto &2 tgedca én@mmmmb higld, agrelirasifcalds; 3Rd s6@IM @AibdhAte);
provi din white s CDCI 3,

260" ) SRR, shand (G 28 L) oy et S 1y

= 7.2 Hz anﬂM)n,lunfB compéunds )y kjetting. Afenst (eg] cetyl. dlcdHp| aﬂd—i};lycé}ogﬁoﬁés!eardtbb 4. 58

o, 51 Rttty gg et 1k M B hopnfis B i sfBufsedihgl )

Tri f1280r d@ﬁ%ﬁ'@métﬁa@’f% ﬁomolmﬁyle@d@y@ols sodiugt laurylsdifate) andinikturss th&wquund Bl
from Stepnd €dbrihg Sgents. 3R MBDEIse Bf Chisled, tRds an-ghﬁllg e@,gt bl%?mgéé&rtlégle Was

stirred at roomtenperature for 2 h then concentrated under reduced

pressur e PYPIFHFE SATPrES bufieiing goents: [Solid GeiPersdienseky sigdlpt typg may
quant i t atalsoebeydnaplaled asdilleslimsdfeand Nadyileoddladin chpsuN¥Ris{ig2dich 59@p|&4h‘§ ksS (pPpmM

3 a7 (7, by uggude o U s nlfil B el gk Py ool e S pom
18. 060 22. 65, Pe®ral zompssitpns tBHalBalsd cllide iqiBd $62GonEServBsidn3 s(lwemlonsw
Exanpl e 3hg fh& MR 2fHeOphainalibay terthnid RELAES sURBLRA K ) prd5iatdf of sudf
compositions are well known in the art. Typical components of carriers for syrups, elixirs,
emulsions and suspensions include ethanol, glycerol, propylene glycol, polyethylene glycol,
liquid sucrose, sorbitol and water. For a suspension, typical suspending agents include
35  methyl cellulose, sodium carboxymethyl cellulose, tragacanth, and sodium alginate; typical

wetting agents include lecithin and polysorbate 80; and typical preservatives include methyl
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Compound Al (K) Conpound A2 Step 1: To a stirred solution of

4-1 - but oxycar bonyl am no- 2, 2-di net hyl- 1-butanol (Exanple 2, Step 2) (0.43 g,
2 mmol ) iwopyridisee/ CH2A 2 (10 nl: 10 nl) was added 1, 3- pprapansdiosubf onyl
dichloride (Exanple 1 (a)) (407 ng, 2 nmol), followed by addition of 1M 20

m.) .. { orously
Stirred Pas %aﬁf#:ﬁgi? gf@ﬂ@” 6@%3%6{%[%%’%5;@@%?@%%2@%9 B8 cEuPE oovi TS dlal
I I B et a abertsraidogiionguity.
(6 o oronet st e gL 6 L RS0 020 Gt SR
Al( potassi um sa% %@ 5 i z?é‘f 'Ié’?e as 2 V\A‘%I %e Sol 1 d LﬁSﬂB, 500
I\/Hz) 6 ( PPWjiors, (WBer(es)NamH}Jlub@) 29d1§|@erSIQIH) and stgge (payderpifor the exerppgraadus 2. 93

2H) 130%&&a|’é§lon gf'gterllg Iﬂ%tzéb[@ so&h“bns &%?épél% o(f‘ in all casek:; %e%%mggfwon tﬁus? ge ( S,

37.53, 4ptagle awgntr% befb'dgts)th%@gt%qf)*aiﬁsswrm@'msemﬁa It wyat_he) stable tnder s ep

2: Trifl llﬁHélﬂaGﬂﬁbhé?of&ﬁérﬁfe{cﬂlré’%ﬁd M&%g@ﬂrﬂﬁﬂuét%e@)r&bh"e&% a.ﬁﬁltnetédafhnqﬁauﬁgrmound
AL(K) fro am Stefo ﬁ"% h IChE P BL N EI n% TB
reaction @'C\/%%gaé‘f r Hf aals bagistia: AP giegler | 81,9 golR ﬁoﬁ'ﬁ’ﬂ Gt &ft r at ed

under re@mebdpbw&supaatlrﬁl&\ertﬁahd&wb agémtnertmeafeqm Smsm][t‘lded alppléapnat?] g
/ I,on_was red. e soli

at oriDal “REEMHi ke 3 pARErRER of RBlrle st SRRE AR S inairrh Bheg BYS o

88% yi el d)teraé sterilitatioe Gehdraly, didpddviBng BROprebaed NhizincdBpdrptpny) tzTe tB&apatic 6H)

%' (5)7H§ m Za%gﬁt’mtg gkﬁle ﬁegwﬁ]&)e wtﬁgh C%,f\%' az%nl'g ?Lpzeés %%d@rﬁ <a(181tr5e r'%%wrfi ﬁ%ﬁ

33. 18, 3@%@le%frgm thoge egumergtedapovez én tha ca@mr@mm@rw})r the,pzeRaration.

d 8 f t c r,
ErN ggg;( g: Io@ﬁ{laﬂecﬁ léu?ngon%%ns HeDinsdidds bﬂ%ﬁ%gagbﬁ ﬁkogé;]éuhan %gﬂngfiéﬁd Toa b

0>,..7°. 4 fige ")"(‘@)"‘)h chyyiefds s %ﬁ)p%ﬁﬁef'vsgquqm (i eléhes'thé'ﬁpiu%r?@e Blys 2:
Using an aapregaimavws&e@mg@ﬂuehh@orﬁéw@md Bg@ stéhletﬁmaﬁ}alsenuaor(tﬁé@as Sdivaitthr4) used
f h n r uor oac
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116. 00 (&ntllaac{egglgaqqzantl galcﬁgeqtpp{pr e@g@le@@a@?eng gh@@bpﬁanolcgjlqypl "pp;zgrblc ES- MS
373 (M 1-a2iliFfNimerosal, and the like. In many cases, isotonic agents are included, for example,
sugars, sodium chloride, or polyalcohols such as mannitol and sorbitol, in the composition.
25  Prolonged absorption of the injectable compositions can be brought about by including in the
composition an agent which delays absorption, for example, aluminum monostearate or
gelatin.
Pharmaceutical formulations are also provided which are suitable for administration
as an aerosol, by inhalation. These formulations comprise a solution or suspension of the
30 desired compound of any Formula herein or a plurality of solid particles of such
compound(s). As a liquid, the formulation will comprise, for example, a water-soluble
compound of the invention, or a salt thereof, in a carrier which comprises water. A surfactant
may be present which lowers the surface tension of the formulation sufficiently to result in
the formation of droplets within the desired size range when subjected to nebulization. On
35  the other hand, solid particles can be obtained by processing the solid form of a compound,
or a salt thereof, in any appropriate manner known in the art, such as by micronization. The
liquid droplets or solid particles should have a particle size in the range of about 0.5 to about
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Step 3: To a suspension of Conpound B4(bis(trifluoroacetate)salt) from Step
2 20 (0.671 g, 1.5 nmmol) in dichloronethane (40 nL) was added triethyl am ne
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such as acacia, microcrystalline cellulose, carboxymethyl cellulose and hydroxypropyl

20 methyl cellulose. Glidants, lubricants, sweeteners, colorants, antioxidants and flavoring
agents disclosed above may also be included. The compound(s) of the invention may also
be administered parenterally, intraperitoneally, intraspinally, or intracerebrally. For such
compositions, the compound(s) of the invention can be prepared in glycerol, liquid
polyethylene glycols, and mixtures thereof and in oils. Under ordinary conditions of storage

25 and use, these preparations may contain a preservative to prevent the growth of
microorganisms.

To administer the compound(s) of the invention by other than parenteral
administration, it may be useful to coat the compound(s) with, or co-administer the
compound(s) with a material to prevent its inactivation. For example, the compound(s) of the

30 invention may be administered to a subject in an appropriate carrier, for example, liposomes,
or a diluent. Pharmaceutically acceptable diluents include saline and aqueous buffer
solutions. Liposomes include water-in-oil-in-water CGF emulsions as well as conventional
liposomes.

Pharmaceutical compositions according to the invention may also be coated by

35 conventional methods, typically with pH or time-dependent coatings, such that the
compound(s) of the invention is released in the vicinity of the desired location, or at various
times to extend the desired action. Such dosage forms typically include, but are not limited
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To a cold (0C) solution of isobutyryl chloride (10 nL, 98 mmol ) in CH2O 2
(250 m.) was added zinc chloride (1.6 g, 9.8 mvol ), followed by
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about 100 mg to about 2500 mg, about 100 mg to about 1200 mg, about 100 mg to about
800 mg, about 400 mg to about 2500 mg, about 400 mg to about 1200 mg, about 400 mg to
35  about 800 mg, about 800 mg to about 4000 mg, about 800 mg to about 3500 mg, about 800
mg to about 2500 mg, about 800 mg to about 1200 mg, about 1200 mg to about 4000 mg,
about 1200 mg to about 3200 mg, about 1200 mg to about 2500 mg, administered as a
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single daily dose or divided in multiple doses throughout the day. Examples of dosages of
1,3PDS (e.g. herein using molar equivalence or less of the prodrug) are described in PCT
published applications WO 2007/004072, WO 2007/125385 and WO 2008/078176,
incorporated herein by reference in their entirety for all purposes.

[t is generally advantageous to formulate parenteral compositions in dosage unit form
for ease of administration and uniformity of dosage. The term "unit dosage form" refers to a
physically discrete unit suitable as unitary dosages for human subjects and other mammals,
each unit containing a predetermined quantity of active material calculated to produce the
desired therapeutic effect, in association with a suitable pharmaceutical vehicle. The
specification for the dosage unit forms of the invention may vary and are dictated by and
directly dependent on (a)the unique characteristics of the thérapeutic agent and the
particular therapeutic effect to be achieved, and -(b) the limitations inherent in the art of
compounding such a therapeutic agent for the prevention of treatment of the disease or
disorder.

Administration of the compounds and compositions of the present invention to a
subject to be treated can be carried out using known procedures, at dosages and for periods
of time effective to achieved the desired purpose. Dosage regimens can be adjusted to
provide the optimum therapeutic response. For example, several divided doses may be
administered daily or the dose may be proportionally reduced as indicated by the exigencies
of the therapeutic situation. Preferably, the compound(s) of the invention is administered at a
therapeutically effective dosage sufficient to reduce the disease’s or disorder's symptoms in
a subject, preferably a human subject.

The compound(s) of the invention may be packaged as part of a kit or a
pharmaceutical package, optionally including a container (e.g. packaging, a box, a vial, etc).
The kit may be commercially used according to the methods described herein and may
include instructions for use in a method of the invention. Additional kit components may
include acids, bases, buffering agents, inorganic salts, solvents, antioxidants, preservatives,
or metal chelators. The additional kit components are present as pure compositions, or as
aqueous or organic solutions that incorporate one or more additional kit components. Any or
all of the kit components optionally further comprise buffers.

V. Methods of Uses of the Compounds

Another aspect of the invention pertains to a method for treating a disease or
disorder in a subject by administering an effective amount of a prodrug of the present
invention. The term “subject” includes living organisms with a disease or disorder treatable
by 1,3PDS, or which are susceptible to such a disease or disorder, e.dg. amyioid A
amyloidosis, renal disorders, diabetic nephropathy, hyperglycemia, dyslipidemia, diabetes
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In one aspect, the subject has a disease that provokes a sustained acute phase

25 response. For example, such diseases include chronic inflammatory disorders (e.g. long
standing inflammation), chronic local or systemic microbial infections, and malignant
neoplasms. For example, such a disease includes Rheumatoid Arthritis or Familial
Mediterranean Fever (a genetic disease).

In another aspect, the subject has amyloid A amyloidosis, with or without renal

30 impairment. For example, the subject has amyloid A amyloidosis with renal, which may vary
from mild, moderate and severe impairement.

In another aspect, the subject’s rate of creatinine clearance is lower than about 80
mL/min, lower than about 30 mL/min (severe), from about 30 to about 80 mL/min
(moderate), or greater than about 80 mL/min (mild to none).

35 In some aspects, the subject may have symptoms of a metabolic disease or
condition, such as diabetes (e.g. type Il diabetes), metabolic syndrome, obesity, etc. In
another embodiment, the subject may have symptoms of type Il diabetes and be overweight.
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7). e fineche fed i TRVAS 5. Brallmcared bricsis B e oRegIar deui R AN & 1
(a)) (0. Tibetps patisntsmol ) i n di chl or onet hane (200 m.) in the presence of

di 2.5, 0

%[ Ier: QF \(/vas pﬂjre?t e8’6 t%el)nt O%IQ%& ¢hr o) o ;g\ér ﬁ ('?189{5‘?18@?%({"%}”3(1‘8& ate
70: 3% o ameliomting aiéaast gh%mduseaﬂe)ortdcsom Gred alrpsmgﬁmmmamgdhsdévbmpmentaam d
bi s(4-( M@%hs%éé@“ @@rﬂagplang 02 thé 'Eﬁ%cré}' %yr’l'nptl%%ytll'nérgsﬁt cérgagygmggduz‘én@ as a

pal e yel | ow oi | X sol ution of ane onirc acid
bi s( 4- ( N-Feating” ¢y |"eﬁ@?ﬁ"ad)efezs ? a’HF'r?éitﬁ?f'I feastiene ym@gagparﬁmew dne@srtain( 0. 70
gddot 80 ramnlo)ilmelntsEtl tgﬁétlﬁdj%rﬂltrbamt 'de@as &emhmm@ tlﬁlé Hfs@%norga%rdéroblﬂfé’r‘ed by
addi tion 9 under

hydr u?gen gg 'Eq{’ gog’ ﬁg}’i'lze?tfnggﬁ’ngﬁscerﬁ'hg SP’%‘\A%PP %SIQIBQ'B?IWOW %a%abl"iziatﬂoé‘r‘gd
throwgh & lﬁ”aldlC@lfPMﬁEQT@n kot It wertéin [embaticnentss "tesatipgd rant’ eehtithentdrrefaess The
residual qaplR 'tﬁé oﬁ&? oPWe! disele Y fs%VcEF eptggrfetr{atﬂﬁg%gﬁg{ yylpélgi%gjf

wat er / net hano % anmoni um hy I‘OXI de
Conpound sBcicgs? (51 t@g t@atn%m%)g/ar@glwat@g of an ||rgq|w Rathdlegw apichnditiad, NMRd(’@MS@ 500
l;/HZ)l E(3ml obpive(r §uijsbtive Paratéter Slith asbBfererl; rehmidsidH: Gimifitling &sYplorhs o 2H) »
maH?ng the injury, pathology or condition more tolerable to the subject; improving a subject’s
35  physical or mental well-being, reducing symptoms experienced by the patient; and, in some
situations additionally improving at least one parameter of a renal disorder (creatinine
clearance, proteinuria, etc) or metabolic disorder (e.g. glucose tolerance, insulin secretion,
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151.83 (m 2H), 2.11 (m 2H), 2.88 (d, J=5.0Hz, 2H), 3.10 (m 4H), 3.51 (t,
J=8.0Hz, 4H), 3.92 (s, 4H), 7.81 (br t, J=5.0Hz, 2H). Exanple 8:

Prepar at iwo 20f1/@esepounds Al5(sodi umsalt) to A20(sodi umpsaldAzosmdiZenmpounds
815 to B20 20 OPhPhO %< OBnPYr, 01-120120 <ctj")7L R Ag2CO3 Step 4 a b 12

Comoun S LB 5500 BB B o AL,

A20( sodi thasehbn Pbjedtive oosubjestiBl pdrameters; inciBtling the: reFidts af sghysicab axaphination
(3S)-2, 2- d#mé%b@%%sge/ugg.gg Aff;%t}teﬁ%)&%%}ésf Ribwh uﬁ’t?e(a‘l]i" (% gucd%?&/@r eg).

accordin i ncorporated herein nce) 1n

di chl or o?@eﬁéﬂa&ne{mr ﬁ@?"%@“&ﬁéﬁ@fﬁw lgp inclydes Qe|ﬁ’!_99 thﬁcﬂ"ﬁ@vﬁid"ﬁh@'sa' &| ow
addi t ison tpd netess uéﬁdpenysq)j 3 phenoxysul fonyl- 1- propanesul fonyl chloride
(Exanmple 1 (b)) | or omet hane he dar k-col ored

sol uti on obt ai e%\/Q?reg'{ hrerté?ﬁ“ a‘PerPB%WF?"é!r?ﬁfé?t Flﬂ’@‘g‘brrefﬂ? 1. thergEopRELt i on
m xture vddSe &F khel esipduhdl, dSnasigo us nﬂ}tﬂl’eodlﬁbm’dhmlﬁfaludw colmé ﬁn)sntam(:h

dichlor Onr}?évrl]daese’;hé %esuregt e}fect in hﬁ]e p%\‘len? under a%rnog}@ or ff é(e;[trrngrﬁ:tt En e?/f\écthve amount
can be readily determined by the attending diagnostician, as one skilled in the art, by the use
10  of known techniques and by observing results obtained under analogous circumstances. In
determining the effective amount or dose of compound administered, a number of factors
are considered by the attending diagnostician, including, but not limited to: the size, age, and
general health of the subject; the specific disease(s) involved; the degree of or involvement
or the severity of the disease; the response of the individual subject; the particular
15 compound administered; the mode of administration; the bioavailability characteristics of the
preparation administered; the dose regimen selected; the use of concomitant medication;

and other relevant circumstances.

Improvement in condition is present within the context of the present invention if
there is a measurable difference between the performances of subjects treated using the

20  methods of the invention as compared to members of a placebo group, historical control, or
between subsequent tests given to the same subject.

It is to be understood that wherever values and ranges are provided herein, e.g., in
ages of subject populations, dosages, and blood levels, all values and ranges encompassed
by these values and ranges, are meant to be encompassed within the scope of the present

25  invention. Moreover, all values in these values and ranges may also be the upper or lower
limits of a range.

In certain embodiments, the compounds and composition according to the invention
can be used in combination therapy with at least one other therapeutic or a nutraceutical
agent. The compounds of the invention when administered in association with at least one

30 other agent(s), can act additively or, in certain embodiments, synergistically.

The compounds of the invention can be administered prior, subsequent to or
concomitantly with the other agent. The compositions of the present invention can be
administered with the other therapeutic agent as part of the same pharmaceutical
composition as, or in a different composition from, that containing the compounds of the

35  present invention. The at least one other agent can be effective for treating the same or
different disease, disorder, or condition. Preferably, the other agent is suitable for the
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10 dichl oronethane (2 x 100 mL). The conbi ned organic | ayers were
successively washed with I N aqueous hydrochloric acid (100 nL) and

bri ne: watwo 2017di780800 nl), dried over nagnesium sul f at ecaraA2biowered. The
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silica gel hl t at e/.he 8 t to
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under redru@eﬁneae&ﬁwne PrIl@ﬂe@rﬂdél@paﬁubdd toubd fused vath e 6Rp&ifilds or
chr omat ogr a m xt ure hexane/ et hyl acetate/acetic acid

(70: 30: 3) pf}ggm%qeﬂﬁ prgPasitiogs @ ttrHaepresent invention are therapeutic drugs useful in the
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solid (sidfveral Gred)rdér)s adael b Hbeét@Qahlﬁéd@&ré’te& bﬁﬁﬁtorﬁé HEd Shdferlest BdVphtantd

Bf i chner fu (i nsed The sol vent was renoved
under recﬁ?@éﬁ? ?32@@5&02%58 nGarRomRLs e'??“équq)(/a@%lr‘?ﬂcﬁhgrro"'ﬁﬁﬁ one PupPorsi | i ca
gel c#r orﬁxhel@ﬁtlza@hgt af sthegpettitydrugs® dhattoah hexasetul, (i2 GoBBnats, abetedihg tothgl ve 1-

I sopr opoxygAiiseny! oxyet hyl (2R) - 2- benzyl oxy- 3, 3- di net hy1- 4- ( 3- phenoxysul f ony
| propyl sulfon 15yl oxy)butanoate (0.72 g, 47%yield) as an oil. Step
5. The (R)-ester fromStep 4 (722 ng) was dissolved in a m xture of

met hanol 24 rytanc@wm&l’fo,(tgstmhe&}?ﬁg hds SPnd v yas added 20% pal | adi um
hydr oxi de (0. iﬁ and the m xture was a%r‘e‘d_m%u ] ydrogen (one

at nosphere, b Fo‘%ﬁ’mpouﬂ%a?ﬁoﬂ'@@%'@?Ftpﬂeéﬁ"aperfé@mrt gecht tgsted fasr 18

hour s35 Thaliddted usieg asvafiety to? i dittohasea@h o.amp@do Qfssa?@ltd Eéntivhandlr 46y A9 cake
ri nsed Wlt_}kpav aii)har,goelzr The tf| I%rat @@6 ﬁ{r} g one equi val ent of 1.0N
NaCH, stiT7ad aty EnFaPanisy fateive +arDs s e ‘§'°W§H@"?;l9%@ﬁ¥€raftt€%ltmﬁder
reduced pfbiobgicel aseaygithvat caibe cordideteq tooabiseds thd Inetadt dodkotmdser i al was purifi ed
by silica gel chromatography using a m xture of dichl oronethane/ net hanol
(4:1) as eluent to afford Conpound A20(sodiumsalt) (0.51 g, 91%yvyield) as
a white solid. 1H NVR (500 MHz, DMSOP96 in ppm0.89 (d, J = 5.1 Hz, 25 3H)
& 0.95 (d, J = 5.1Hz, 3H), 1.22-1.24 (m 6H), 1.46 (d, J = 5.4Hz, 3H),
1.96-2.01 (m 2H), 2.54 (t, J = 7.1Hz, 2H), 3.41-3.52 (m 2H), 3.87-3.93
(m 2H), 4.06-4.09 (m 1H), 4.76-4.82 (m 1H), 5.84 (d, J = 5.6Hz, 0.5H,
OH) & 5.90 (d, J = 5.6Hz, 0.5H, OH), 6.67-6.72 (m 1H). b) Conpound
Al8(sodiumsalt): NaO // 300000




5H Compound Al18(sodiumsalt) is prepared using the sane net hodol ogy
as described for Conpound A20(sodiumsalt) (Exanple 8 (a)) by repl acing
1- chl or oewbybitvEaogoopyl carbonate in Step 4 with comer cipalrica2avwaiolzbl e
1-chl or oet hyl ethyl carbonate. Conmpound Al18(sodium salt) was obtained (0.43
g) as a white solid. 1H NVR (500 MHz, WD 2011/017800PCT/ CA2010/ 001229

O 8 i, 0 = B, d, J = 6.1Hz, 3H), 1.20-1.23
?%B ék{),l’)@ej‘g’m(’%g,g’? gt @zg&g@@e@@@fﬁp@gﬁﬁg%ﬁﬁ(% 2H), 2.54 (t, J = 7.1Hz,
2H), 3. 41- 3. 5kor englly2@min@tessth od®og, i is Zeperally, desirableghatrie pidprugaemaing, 18 (m

2H), 5. 8?ncfs?’y mtldct'(lé ﬁkgeavgd Q#hotgiﬂveﬁeétogtﬁe ﬁé’rentjdrug)@hﬁé% th@ggéﬂvomg?)mal
6.67-6.72 (m (sodi um sal t
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J=7. 3Hz, 0. =2 2 1, m
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3. 42-18. 52nf rare 2fre I&nilg 7in 3a0Blagma, RiHan nlaeﬁa 4ra® Yver ri§9, Jadyl/or 51u812n (Iuer His% 6Hz,
0.5H, 0. 7 5 :

0 Compouti R a1 oS ysofyas s ot adthisiial Elckruge ThE Bodfe Sers bor

usi ng thé‘e?&ﬁ‘é‘“ﬁ'ﬂﬁmﬂ“é%ﬂ%?ya%ddé@(&wsd@d'tfp@ﬁn oo HprsUiA gelaaterathansen i8al t) by
repl aci n@jijoesihgp 1 starting material (3S)-2,2-

di met hy1l- 3- (phenyl net hoxy) pent - 4-en-1-ol wit h _

(3R) -2, 2-di met hy1- 3- (phenyl net hoxy) pent - 4- en-1-ol, which was prepared

si m 1a&r | yi) BbavaliabvﬁtyeuPrb&mp@mdjmg (S)- pant ol actone. e) Conpound Al7(sodi um

. d
Sm?!t Lz)dol ogy as g% %g’?f’q’fdgg%ﬁ@g%%%'ﬁﬁl ao‘iapﬁﬁr?grsgi{@g‘i eé%ﬂ\'ﬁYﬁ salt)
by repl acf rbg)alallahilltyrQfethﬁybrresponwngmolamnbpalgo%anebe ns&ulegs thevapehticcegents.ci al |y
avai | abl eiday &by AR Y LonfiIMAL 1RO MRl Rion 3Ra b CRIBAHNIPAS 267 BeinkEssRk L) -

in vivo (humans and/or laboratory animals) using methods well known in the art.
20 i) Toxicity
A variety of different parameters can be monitored to assess toxicity. Examples of
such parameters include, but are not limited to, cell proliferation, monitoring activation of
cellular pathways for toxicological responses by gene or protein expression analysis, DNA
fragmentation, changes in the composition of cellular membranes, membrane permeability,
25 activation of components of death- receptors or downstream signaling pathways (e.g.,
caspases), generic stress responses, NF-kappaB activation and responses to mitogens.
Related assays are used to assay for apoptosis (a programmed process of cell death) and
. necrosis, including cGMP formation and NO formation.
Toxicity and therapeutic efficacy of the compound(s) and composition(s) of the
30 invention can be determined by standard pharmaceutical procedures in cell cultures or
experimental animals, e.g., for determining the LD50 (the dose lethal to 50% of the
population) and the ED50 (the dose therapeutically effective in 50% of the population). The
dose ratio between toxic and therapeutic effects is the therapeutic index and can be
expressed as the ratio LD50/ED50, and usually a larger therapeutic index is more
35 efficacious. While agents that exhibit toxic side effects may be used, care should be taken to
design a delivery system that targets such agents to the site of affected tissue in order to
minimize potential damage to unaffected cells and, thereby, reduce side effects.
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Compound Al19(sodium salt) was prepared using the sane nethodol ogy as
descri bed for Conpound Al5(sodiumsalt) by replacing 1-chl oroethyl

2- met hyl pyvopangatrsoi n Step 4 with conmercial 1-chl or oet Irgir/CA2010/001229

i sopropyl carbonate. 5 g)Conpounds B16 to B20: Conmpound B15 to B20
are prepared foll owi ng an anended version of Exanple 8(a) to (f) used for
the preparation of Conpounds Al5(sodiumsalt) to A20(sodiumsalt), .

r epl aci n§y) Saplntestipstdbisomiiar 1- pr opanesul fonyl chloride (Exanple 1(b)) in
Step 1w th Irds cGRianateslsbiani Hiehhpoiide cAFXARREr darbo A8leq
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stirred for 1Fé¢roinstanced papailek attificialenieinbranameomeakbiidy (RANIPA) agpay emiddeadl- was

4 S3qbVefaidd GLEMALANE B8R gﬂtng}ld}rv-DérB%@gH r@k%ﬁ](ﬁlgéﬁgcafswme#%t ).

The reaction xture tirred overni rature
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gel chr 0BBétQ&{}vﬁtﬁ)Ehn%ﬁmmﬁiﬁ/pﬁ&%bh%%s%ﬁeg91 atlihert Brgahit QbRleichiting

2-benz di net h o ] ] o
phe%oxys@[‘f%’ﬁ?l% '%erﬁ%\é?@ﬁ LidRiga e (ntesiogl ppithelipg. CaCO'Z_CG"S’ a
2011/ 017 800BCTHIOAZAEAdARINOAT, undergo sﬁbr&aheaus ‘EhAtefocgiid auﬁadnmbmﬁn emtupd t he
et hyI ester from St acid

(2 ni5 1 8 otzﬁaamwﬁ'emcs"wﬁ% wO-EARNRRR udrd pilronsy 2sSREIRE; BieShaL, o

was stir epithelimdein HuenegeBagd2ldetyongdef dias Zedn Hbeirmsost qropulat iahd dhevphast e

consunpt i,@n- G g@gﬁ% %FS g %l?{,é %B)mod-gh%&%ﬁﬁrﬁﬂﬁb;fhgg)e%gab'" 3J by 54 Egsc g, t he

filtrate was concen ness onate
sol ut i onthepharmaceutieatindusides mcaﬁ@ﬂlaeﬁjemam/glywm@"s\mlcb1aispr®delo;mr 30

m n, and t le was purified by silica
gel chr o%@%ﬁgﬁﬁ%ggﬁ rﬁﬂ]oéa-yggrogrsréeﬂtaﬁ%ﬁe ﬁegtaérgpl% éBO 20) as eluent to yield

the @npound A2E §'66$‘H¢M gughtas qrointestinal perfusiapifopld alsn Mperiqrmﬁm eEEss 500

MHz) 6 | Arugp ﬁbé}rﬂ@n( %olaﬁé@ mt&s’uﬁ&l cbgmehts c?m@né‘éz ithe3 Hbsorgtivé8 céiBUbA icge] &—4722
Hz

( A’B @d%‘m§ “"Lﬁﬂf‘ 'aV&fSnL\S('&'S C?ﬁnon'x %5 thig *]efhn'queosréb%wa ﬁgknﬁ\@‘?( 5§ um

sal t ) ClH@ roudd&elldide; drug disappearance is assumed to be equal to drug absorption. Typically,
a whole animal absorption study (pharmacokinetic study) will be performed in parallel with
25 the in vitro and/or in situ studies to assess intestinal permeability. In general, drug absorption

in animals is believed to be a good predictor of absorption in humans.

v) Gastrointestinal toxicity
The compounds or drugs according to the invention can be further analyzed, tested
30 or validated for gastrointestinal (GI) toxicity. Gastrointestinal toxicity of a compound in vivo
can be reliably established through the implementation of a standard battery of general
toxicological assessments. Generally, regulatory test guidelines from the EU, OECD, ICH,
FDA and JMOHW are used as reference material for the preparation of study protocols for
such assessments. In North America, the toxicological assessments will generally be carried
35  out in compliance with the United States Food and Drug Administration Title 21 Code of
Federal Regulations Part 58, Good Laboratory Practice for Non-clinical studies issued on
December 22, 1978, Federal Register plus subsequent amendments.
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Compound 53(sodi um salt) was produced using the sane procedure as descri bed
for 15 the synthesis of Conpound A26(sodiumsalt) (Exanple 9 (a)) by

repl aci ngwetzhﬂmnVsonn Step 1 with isopropanol to give Corpoumdo®apsndi um
salt) (0.35 g) as a white SO|Id 1H NWMR (D20, 500 MHz) 8 in ppm 1.05 (s
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2- yl propanoate (US published application 2005/ 022243 i ncor por at ed
her e| n byrac flispuasc Bom( thegtegt subiest(End fhanglider siges efliowadh by histopathologica

3- phenoxy&anf.ﬁmmﬂnism @maswlaf@méd seltlogistias a(JE¥RMBbE cdhpitherktdry20 i 4. 0

mml) int ridine (2.93 nL, 36.4 nmol). The crude m xture
obt ai ned %gée”%m' e'& "8"5/ B%/ 9Y28"Yel chromat ogr aphy (hexanes/ et hyl acet at e

70:30 to 50:50) to afford
14[ 3, 36 di net hyTlhode SKHqhianb asulill cevpbize py IbeHbleoyastril wsing jno more than

oy ARy S R RA T ReRRNOBBlehe B3nd <pBhid Mofidlles? Brolifiefisy ©! | OV

oil. ene roce esl's
monopr ot eclaum sod femmnieaéeaﬁsbe(cﬂmwpl %ucrl(erwwasn@pﬁre)con%deaed tonkee wﬁm@rtheal from

Step 1 ofg %rg?ltﬁs %ﬂﬂ%](%n&éo@ 3b)pl%e@%?rln§ %pP @H RS, {0

degassed WI nitrogen ore a |t| on I um on charcoa 10% wet) .

The mi xt ureéer@msalssp%opatws 24Nt RyktRbed hp"d?'ﬁgéwl'@%@”? 1citgd rﬁhyougﬂrwé Hisct ur e
was fhbtep cétBh%her@%}ln%@rBMa@é@%yt ﬂéﬁarédcletﬁ%t mvémsn %Oﬁlﬁl%?tlllu%ir&@d ey

reduced 10 pressure e residual materia purjfied by silica gel

chr onat ogfoipMip9 P’éﬂ”&ﬂ‘ﬁsol"’ﬁ'ﬁ’é?%?%?ﬁ%’?ﬁyf“e‘i%fuﬁh?rd'”ﬁtlﬁ‘gﬂfO) to afford Conpound
Al3 (1.16g, 82%yield) as a white soli d 1H NWVR (DVBSO, 500 MHz) 8 in ppm
0.91 (s, 6H), 1.05 (d, J=2.0Hz, 3HEXAMPEZESd, J=2.5Hz, 3H), 1.037 (d,

J=5Hz, 3H), 1.41 (t 2
J=7.5Hz, 2H) é“ o%x‘("ﬁ?'e ﬁf%'ﬁ%er(eﬁ‘d%e'\?‘g"%r@"ﬁ% %ﬁ?‘p%syg‘gg% ?fS ’%ﬂﬂ 6. 65
(g, J26. SHprestriptiveldompdundstof the=iduebtion. 1H). b) Conpound B13: 00 0 O NO Oc; 1%

Zg: :jgw' 28 EE}? Lgrﬂ%%rdﬂ @&8%%%3 élmunw%?s e%()brétsgﬁghéan‘ﬁflesdéfﬂ{g%oﬁ?&ﬁseqea%ﬁérf oni ¢

1- ( 4- hydr exditens coneastratons 1 pioperiesa slahiitiess Bothe fxip)used it higlspecifipationyand

| pr Opananlﬁm(sUane R&BE 'uﬁ@@rgto@dp@é 'b@ﬁ%;'n%&ﬂ%@%él@%gt%ﬂgés) b)ﬂl%e @ng abgut4§\trfﬁ@3| ) Was
reacted with 1, 3-propanedi sul f | oride (Ex 1(a)) (1 4.73

ny
mol ) in YRIR3SH GAET AARICRLRRRTRESr #h?uwr?é'q?ﬁb%mtrw 'wghtdme r(urnt@rﬁt 94. 5
ol ) 25 Af teﬁabrt@d/a icahi dnglts atnhez)yCarpp iﬂg I@Fdﬂdwlioumﬁg t%unmcﬁue@dA&;\omﬁrnd J’ @alegsel
chr omat ogr s Ph% anes IL]% acet 2 E{O"I\ff}ﬁ) to affor ound
13" (2. 31 meob808 e Gpa ek R Gl it et O T OR By el 6 in
ppm 1. 00 @#gché® Elpimslard GpprdximatighsGhiat, mayAldyy déped&ng dpothhB pﬁiﬂenleﬁH))ughli(BS (t,
J=8. OHz, %QS gA—% E{z ( e?t% gg g%ré 3 4H)
bt N h
3.94 (s. {go a %tg)lt s& n_g4l%g the m 3 . % ng f’ol?fﬁ tr(é“
broad scope of the embodiments are apprOXImatlons the numerical values set forth in the
30 specific examples are reported as precisely as possible. Any numerical value, however,
inherently contain certain errors resulting from variations in experiments, testing
measurements, statistical analyses and such.
The present invention also relates to novel compounds and the synthesis thereof.
The following detailed examples describe how to prepare the various compounds and/or
35  perform the various processes of the invention and are to be construed as merely illustrative,
and not limitations of the preceding disclosure in any way whatsoever. Those skilled in the

art will promptly recognize appropriate variations from the procedures both as to reactants
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30 Exanple 11: Preparation of Conpounds A29(sodium salt), A30(sodiumsalt),
829 and 830 a) Conpound A29(sodiumsalt): Fol | ow ng the general

pr ocedur ewbanittesosynt hesi s of nonoprotected sul foni c aecacA2E0ao2e 1(d)),
commerci al ethyl 3-hydroxy-2, 2-di met hyl propanoate was reacted with Conpound

Cd (Exanpl 3). ound..A29(sodi um salt) was obtaiped (4.3 g) as a white
sol i(d. 1 ”ﬁu\?é %"D’fg?@o‘g’”ﬁ}ﬁ&’is ”‘i?gecﬁB'ﬂ#“%ﬁ- é% SpLe casgs, the 59 Pa‘,‘”dg may; bg i
2H), 3. 5Tomerclally aggilableHAccopdifgly, 3hdBligwing dxamplesBareipreszhiied 1@ iRt towt et , J
= 7.6 Hz, | i i.ogl J =7.1 Hz, 3H),
1.275 (s,so'%ﬁ))sfmog?)a %%8&%@%??8@%# %&yﬁ%?}'%'?’ﬁ;’?gégljpf%\%ﬁeﬁg the gener al
procedur e f or CPRENeEatMatasiakis generalivaiypitabiecirend krawrf saviaes Hof ekamplex Sigpiae 1(d) ) ,

comesci AidriekBacherd; indadiery Alfa Resdl,@RE hyl propanoate was reacted with
Compound C (Exanple 13) . Conpound A30(sodiumsalt) was obtained (0.91 g)

as white solid. 1H NVWR (D20, 500 MHz) 6 in ppm1.28 (s, 6H), 2.12-2.18 (m

2H), 2. 9Ex@mplelt: Gedbin) syditfietic Brofddolfor, the Syhtddss of Adhe afd didulfonate Bsbers 5- 23 (s,

2H) , 7.42-7.406 m 5H). 15 c¢) Conpound B29: Fol | owi ng t he general

procedure forii#e sm%@siatp dPprot ec@%};\ul Pigtere! &bm 1(e)),
commer ci al N@M oney - 2, Z-QM noat € "was ed 1,3- 20
pr opanedi sul fo\%ﬁl di chloride (Exanple 1 (a)). %ﬁ@éound B29 was obt ai ned
(16.0 g) as a WPABSENEbl i d. 1H NVR (CDCI 3, 500 "6 in ppm4.23 (s, 4H),
4.17 (q, J = 7.1 Hz, 4H), 3.35 (t, J = 7.3 Hz, 4H), 2.37 (m 2H), 1.273 (t,
over | ap vv'sth g singlet at 1.266, 6H) 1.266 (s, 12 H). 25 d)Conpound B30:
oossd 008’ Fol 1.3wre nedisulfepd dighlesidgiedure for the synthesis of diprotected
thf gnl c agl d$,3_(FEKL6Hrﬂ11§J|:ii§ulfb6@)écidt R @sb@lmt ’Qﬁﬂg@{\'ﬂ»’f“gg’ 0.29 mol) was well
- hydr oxy- - di r a reacted wi , 3- _
pr opaned%rsolfl'h%%cﬂ?nrge%legIﬂ%?&gcg%( égg\ggﬁlé (42 992 meh g aAdeded thmtvarsrligs ned
(9.0 g, Vess Sredaind) thap neeltwiihd ecastidn @ixtutdtwbl/BtifdeDior 2, h BHRA Jubled t& rédm pp?ﬁ
1.29 (s, 24 (auy) J=7. o3 17 (t, J=7 . 4H), 4 22 (s,
i 5 152’,3,3%%) et Bllho, mtfelioP YR il wity bl o stz oikper Ry v
negaflPv e afgins: ofeatiy! eretateA200 L) ETaepiigurevasPstipd natili 2 oleaf twaphasesdss
A32(sodi Yptaiad .t ThéBrhafidZayer was separated, washed with hydrochioric acid (1 M), and
concentrated under reduced pressure to produce an amorphous brownish solid.
Recrystallization in ether allowed the isolation of 1,3-propanedisulfonyl dichloride (62 g) as a
white solid: "H NMR (CDCl;, 500 MHz) & in ppm 2.78 (q, J= 7.0 Hz, 2H), 3.95 (t, J= 7.0 Hz,
20 4H).

Alternate protocol:

0
\ //O
Ox NN -0 S\O' 0) O
Step 1 Ba++
Nao/\‘f(l) ﬁ/\ONa & { o Step 2 O>§/\/\§/éo
© { Cl Cl
70
0

Step 1: To a solution of 1,3-propanedisulfonic acid disodium salt (23.5 g, 94.7 mmol)

25  in water (30 mL) was added a hot solution of BaCl,.H,O in H,O (20 mL). A white precipitate

was formed. The suspension was heated at ~ 80 °C for 2 h then cooled to room

temperature and allowed to settle by standing. The white solid was collected by filtration and

dried under high vacuum at 120 °C for 15 h to afford barium 1,3-propanedisulfonate (20 g,
62%): '*H NMR (CDCls, 500 MHz) & 2.04 (m, 2H), 2.92 (t, J= 7.0 Hz, 4H).
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5Conpound B32Conpound A32( Na) Step 1: Follow ng the general procedure
for the synthesis of diprotected sulfonic acids (Exanple 1(e)), comrerci al
met hyl sawoaeyliztiesoeas reacted with 1, 3- propanedi sul f onylpCaticbovaotz9
(Exanmple 1 (a)). Conpound B32 was obtained (1.8 g, 74%yield) as an oiI 1H

10NVMR ( CDCI 3, 50 8 2. 75 7 t, =
7.0 Hz,( 4H) HZEZ)‘C'B pl"‘r“]"}grg‘? BaTiyE é%?’mﬂﬁﬂedjs?'@?‘ 1%34&%’"6" ‘%aé

7.98 (d, mixed VVithSPfHBph@H‘Q pentaCthTldS’[(@ﬁ'sQ andl beated @t A0 5G fof S@Wtb@undtuz from
Step 1 (feRy %J(n(g_st%*tér 15 é’ﬁ%&)anlehle k Qn mn)tur&%s 06lESt0a66Hh kdmparatbre( 10 L)

fol | oned rﬁ% m.). The reaction m xture was

stirred @ &enh‘ilt?ﬁ%%’nw(ﬂl'c&(%ter (Bé@l ,«,a)ndf@hylgacgtater héhe (EgrRies [y Wes 15

filtesedisomrd, tWashdd Mtﬁaha&emﬁ.esmereba@megmfb@ @hur&ﬁgemr’étw foe8iyAksal
mat eri al was di ssol ved i n net hano |t|on of 1M

10
o o ahnen Sapsmasaom Ao 5 o 1T ME! GacTaBon WS 278 =0
concent r a-exH)amds pu= 7.0 eid, 4. si l i ca gel chromat ogr aphy usi ng
di chl or onet hane/ net hanol (90: 10 to 80:20) as eluent to give Conpound
A32(sodiumsalt) (0.85 g, 59%y| eld) as a white solid. 1H NWR (D20, 500
MHz) 5 i B)ppn3- 5hélﬁox(yqu'fdﬁy11ebr6pahe@ul2ﬁ+jlchlahhle 3.10 (t, J = 7 0 Hz,

3 75 J = J = 8.0
3y’ 7. 0679 858 @ 5] gl Sy orihearfuisin SicaBaiChaiter & 25204 a

00 0, Ommol)olﬁ@(mrﬂbroémgthade 80, mH@SS@M@(O@ﬂsmamwt@i 0125I70en©t {(r8&d, &bl uti on

of 1, 3- PhPRAN %@?r&ﬁ&ﬁ%@%&h@né% Bl ST[ﬂL)pl?ﬂé%EQ{IH{SI((\\QWQMQ%IQM F)‘? 3(HD ( 0) C13

100 n1) was he € reaction mxture was a

cool to WHtitmessErdely warsed @pr&rm%@te@oéqmwsw& (itdaes o to i 1 ng
solid Wa$eaf:ildnt @ﬂ'xﬂﬁe amé %&h@(&y&ﬂ Whs §(Jé'rla‘i’a\’t@dc Qrigd Q)aerxmé@\gsimn) sulfafee fifedbd d was

t hen added t irrin m xt.ure. olid was then
filt é? edan%aerpf@afr%ﬁ hT'!ﬁa'Eeéﬁd“‘E'Z“%g%d"%?LFju”ﬁ?ﬂj by s{liga gl Wmamgraphy using
2011/ 017 ae¥ned/ebp2 adf4t0078:20) s deenti g hisslate usHphérxpdyiferytl1-Paspanesutoryl ( 23. 3

31y, 3. Qiipite (2475 GOY e, s b R v e D s

A23( sodi amisAbH), 3@adt, 32F .68y, JHI1.260g.450hesH)al : Step 1: A solution
of commercial 2, 2-dinmethyl butyrolactone (5 nL) in tetrahydrofuran (20 mi)
was added dropwi se to a cooled (-78 C) solution of 1M Iithium al um num

hydr 28e ich di &8tpyopanedisulfadicracid maficestersh at -78 C, the m xture was war ned
to roomtenperature and 10 stirred for 15 hours. The rgpgti

cool ed t ®h0.C ~andc~et il atéﬁtlat@]dl/,@)/was()gddﬁdoioll \Aéé/o\%\aﬁeg

addi tion ob/ﬁ%er éa%»‘dn_) The mdetﬁ:ere W?)SSS irred at room Perrp rature for
1 h. The resulting solution was flltered over a pad of Cel ke Tiva &nd t he

solid wa W%¢ré@0§&@53&bg@s with ethyl acetate. After evaporation, the
pr oduct vvas purified by silica gel chronmatography (hexanes/ethyl acetate

70:30 to 0:100) to afford the desired 2, 2-
Step 1: Esterification: To a cold (0 °C) solution of 3-phenoxysylfonyl-1-

25  propanesulfonyl chloride from Step (b) (5.97 g, 20 mmol, see (b)) in CH,Cl, (30 mL) is added
dropwise a solution of the corresponding alcohol (22 mmol) in CH,Cly/pyridine (20 mL/5 mL).

The reaction mixture is stirred for 3-15 h while it is gradually warmed to room temperature.
Aqueous hydrochloric acid (1M) is added to the reaction mixture. The organic layer is
separated, dried over magnesium sulfate and concentrated. The residual material is purified

30 by silica gel chromatography using hexanes/ethyl acetate as eluent to isolate the
corresponding intermediate 1,3-propanesulfonic acid alkyl phenyl ester.

Step 2: Deprotection: To a solution of the intermediate 1,3-propanesulfonic acid alkyl
phenyl ester from Step 1 (2 mmol) in MeOH (50 mL) is added acetic acid (5 mL) followed by
addition of Pd(OH), (200 mg) in water (5mL). The reaction mixture is stirred under hydrogen
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15di met hyl but ane-1,4-diol (3.18 g, 61%yield) as a colorless oil. _
Step 2: Benzoyl chloride (3.13 nL) was added to a cooled (-78 C) solution
of 2,2- dwoevhydiebane-1, 4-diol fromStep 1 (3.18 g), tpCatdnzbawiona9 (7.5
m.) and 4- (dinethyl arri no) pyridine (0.05 g) in dichloronethane (100 ni).

over i ght ! e PRISSE) Aot Bt Vil 8P e BRI ARE ot A Bl 1 e
conpound svseensioniis filkededsand ithe fiteate) &l conbertmateddg depbss. (T beheamsslbﬁtnhaténaatsgt ate
95:5 to %dé@)anté?quécglfsoédﬂjtlgn ng&@?%\éﬂboﬁa@gqug%é,sgm% rgg%%qf]ﬁtugez Is 9,

44% vyi el d). as a col orl ess oi oW ng the
gen(:a?/al p%“H&‘édﬁ?F 3G gpint ard dhen wem@traﬁeddl pivet easidvd isulpfidfiedc bucsiiba gelxanpl e

t I a). \gtﬁz]g 2) was
oo el e S G0 M) 48,0,

bt ai 1EES rapAeg PN asid HOTRRRE® sol i d. 1H NVR (CDCI 3, 500 MHz)
\gafnoppﬁqll 08‘(‘1(98 12H) ; 1623 30(t, J=7.0Hz, 4H); 2.43 (m 2H); 3.34 (t,

8.0Hz, 4
5 EGOI(_ItZ i Gﬂfz%ﬂg—ﬁed"%"%‘i%cd "’S"“Qeﬁte’ (ﬁlj‘z "“ﬂ?ﬁ)@m“\ﬁeﬁgo(ﬁ/ oi7soo v

c) Conmpound A23(sod| um salt R:0rH00 88 - Following the general procedure
for the synthes NONB 0+ ed sul? nic (Exanple 1(d)),

3, 3-di net hy1- 4- ;b_"t_l"benzom W4 (a), Step 2) was 5
reacted with Conp é&p égsgg Conmpound A23(sodi um salt) was

obt ai ned (16.8 g), pg,ﬁ?% V\:hl te SO|I TH VR (DVBO, MSiaMHz) 8 in ppm 1.01
(s, 6H); 1.75 (t, Oz 2.01 (m 2H); 2.57 (t J=7.5Hz, 2H); 3.49
(t, JO7. E{RZS}R‘?agpre@o@Tyc(@pn@H) 4.36 (t, J=7.0Hz, 7.53 (t, J=8.0Hz,

: Y le 1
I23Ir_|)epar7afS |50§1t of oéﬂz%ié& R ﬁgdér’ngsmaqq? an Eﬁétgé%nf](gozgxm@ gd%otﬁ'pound
A6( Na) Corfp¥iiid sgetlon of selectecl aa:ob@h(ﬁ 28 chnend) indicblorapietimeme (&5 ). Thkcedutting( 1. 75
9) in a mixul 8 éﬁfre@)‘ér'ﬁl‘ ﬁ'%t Q'(;ch 'i@r)i é‘é}gredér@ht}wgrgé??épgﬁﬁ ule"GnBlnralias;,added

r nedi on lorid
1.3-p Opa}/acuo %’He resi ue is dlluted with water and passed through a column of strongly acid cation

15 exchange resin (Dowex™ Marathon™ C, 30-40 mesh, 30 g). Elution with water permitted to

isolate the monosulfonic acid prior to silica gel chromatography. The corresponding sodium
salt can also be obtained after treatment of the monosulfonic acid in methanol with aqueous
1N sodium carbonate (10.0 mmol) for 15 min. at room temperature. The mixture is then
concentrated to dryness and subjected to silica gel chromatography using a mixture of

20  dichloromethane and methanol as eluent to isolate the corresponding 1,3-propanedisulfonic
acid monoester. The final product can also be lyophilized as its final solid form.

e) 1,3-propanedisulfonic acid diesters:
o | RO OR
CHCl,

25 (Ris R®in one occurrence and R* in another and are as previously described)
To a cold (0 °C) solution of 1 ,3-propanedisulfonyl dichloride from Step (a) (4.8 g, 20
mmol) in dichloromethane (30 mL) is added dropwise a solution of a corresponding alcohol
(44 mmol) in dichloromethane/pyridine (20 mL:5 mL). The reaction mixture is stirred for 3-15
h while it is gradually warmed to room temperature. Aqueous hydrochloric acid (1M) is
30 added to the reaction mixture. The organic layer is separated, dried over magnesium sulfate
and concentrated. The residual material is purified by silica gel column using hexanes/ethyl
acetate as eluent to isolate the corresponding 1,3-propanedisulfonic acid diester.
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15 g). The reaction mxture was stirred at roomtenperature for 15 hours
and concentrated in vacuo. A 1M aqueous sol ution of sodium bi carbonate (20
m.) was awldediizm@dobhe reaction m xture was stirred for PoTamdommocxat r at ed
under reduced pressure. The residual material was purified by silica gel
chr omat ogr aphy usi ng di chl oronet hane/ met hanol as an eluant with first, a
98:2 ratio to yield Conpound B6, and second, with a 80:20 ratio to yield
Conpound Exempie(2s &mngmtigapf GomepupdgyB1 gad éZﬁmsrt'fifélos‘@P?tate) 3% NVMR (D20, 500 MHz)

8 in ppm0.98 (s, ,228(qU|nt J= 7.3 Hz, 3.08 (t, J=17.5 Hz,
2H), 3.55 (tidS ff.‘i&,l—% Ben 2 @ﬁ«‘r‘pound B6 (0.47 g) as a whi t e
solid, 1H N CDCI3,5 )6|n (s, 3.34 (t, J = 7.0 Hz,
4H), 2.43 (q, J = 7.0 Hz, 2H), 0.99 (s 1 .25 E),\(zmple 16: Preparation of
Conmpound A56(sodi umsalt) WD 2011/017&@@ /cM@01229 Step 1:

To a 0 C sol uti ono\o;ﬁ CQpITer Ci aI zcanmphani aCbm% g) im nethanol (50

m), was adtedxfTeSnTy pregarel: Gt i *pt-abazal ?‘re’)gﬁ\d‘l‘\ftoyl et her
until the ¥l l ow col oration pef%l sted. The sol vent was renoved®to obtain

t he desired est&pountiBaptamtitati ve yield. The est eemppmfsili Ssol ved in THF
(100 nL) to which was added slowly at 0 C, 20 nL of 5 a 1M sol ution of
['ithium al um ni um hydride in tetrahx\drofuran The reaction m xture ¥vas
stirréd at rosieRledBeé sfirad sohtnn o ammercia| Shieme ke METHPLRBRY (3 9. 2

hydr ochl @imhdl) iaGirflethyiddifodae (5Bi hitvesd atided well Giolundiciotdssiumityanide gaBige 58 ayer

The r osi UG ARPSFIPR RATBART P Bg00R: e b BR LRI somspe=ure
(hexanes/aed Hitechwitht HYl dy&Octi)c dcal. | Bhelraikteret wes ekfracteddith ethyl acetate and the
4 hyd I

( y r OEXﬁ?thMérle vgahﬁec? wihtd HM%Q%%N?:%&&&”&%Q& B%é‘r s%la?wﬁsuilfl\tg%% %pr%%oé&ré‘%t ect ed
S uI f dﬁ| c tmen diy reﬂsimrpr@ @ﬁldl)é)l matteh@l whcRHied by gcpwrsn ébromaWQBaph\eéﬁdtCé@ew th

Conpound h@an@@éﬂﬁ?pl s‘cela%é 76%6DQH&¢ ééﬁgfow umowl t3)2 ngs o@buaaya%s!%@% 4 9) as
a white powder H N In ppm

0.99 (s, dmthvlbwammimedewR @@ms B0 BePRNHY 1- oamy» 6%&0@@(%) 289 ( 5s . 30
(quint, $u5 33 (d"?a 38z, 2@)4%|(|MR &b, fl257r@H£)?B( 91)236@251'#35264)70 oFxanpl e
17: Prepar ation of Conpounds A58, A60, A6l an 82 a) Conmpound  A68:

Fol | owi nd18.8& gener al pr ocedure for the synt hesi s of rmnopr otected sul fonic
aci ds (Exampl e 1(d)6& %@e xdroxy 2, 2-di met hy| - anoate)g

2007/ 653346 ?tgfr‘eé%} ¥ ?N“We‘f’%%%‘i‘?@é)to ire ée P 06 +-AYEBH¥pound C
( Exanpl e3J:§Sa|me{59|6u@uémltmé5$ommep)bt(alon@dzd:su hn@l) i Ehanor 1) rak). aTyhhis e

52 G SubeRsimRs et AbRbR RIS (30 31 Wil 107RE The Mo Pyt L1

AG60( sodi was ssdifred under Quoperic pASSYagf Qydipgem dor AL déydaend then filtered. Tdha

sol uti Onflﬁrtatecwgg)ﬁmgpt%&{ spdit Hén( Hl% rés@du@ﬂwd%ecéjgso ed"y ldrchllgﬁﬁ% fé& b)) in

a 303:1 wat er/ et hano ut1on suspens Pd/ C
(0. 120qg) mip fellpwedh by additian of di(terdulyb Sigattiongte <& B gt ?Sbmnwas Toeireactien Meturg0 mi n

under hy g2 @l FEHP A re(tmlfdrqqna\nd A @&é&t@@%@?&@é&%@%&é@r@l%@ and
filtered over wi th net hanol (15 nl)

L £ he oL Bt svds ated, e Slioa oa S RS Mo o (PBipBTRR RS20 di um
salt) (OBG.POgjjeng@%Oytoeb@lateaa-batok/yndrlﬁanslahﬂrd 2, 2-HinMdiiyl-{-Biiaad! (56Q, 64%). "M i n

PR e R ). sod 280 By, £43% oy s Gy iz PG HaTBRES Y

25 (m 2H) 3.35(d, J=6.0 Hz, 2H) 4.65 (bs, 1H).

Step 3: To a stirred solution of 4-t-butoxycarbonylamino-2,2-dimethyl-1-butanol from

Step 2 (0.43 g, 2 mmol) in pyridine (10 mL) was added 1,3-propanedisulfonyl dichloride
(Example 1 (a)) (812 mg, 4 mmol). The reaction mixture was stirred at room temperature for

2 h, diluted with toluene, and concentrated under reduced pressure. The residual material

30 was diluted with ethyl acetate. The resulting solution was washed with water, dried over
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: Fol | ow ng
50. 75H, C2H). c¢) Conpound A61: Conmpound C Conpound A61 _ _
t he generaIF%rocédure for the synthesis of nonoprotected sul fonic acids

Exanpl e wOapii/o1esony| PCT/CA2010/001229
(2- (t renr)t - but oxycar bonyl am no) - 3- hydr oxy- 2- net hyl - propanoate (Yu S. et 10 al.

Chem | nt atjonal Edition, 44(1), 135-138,

(2005) - Al O e R ™ R bl i o s o o
13). The cheonategraghyr(siicaget hmeﬂetmagniatwozbotﬂdnfdogmy,m lﬁ'ﬂﬁc&ﬁp%\iﬂ {Bé coli g

i : . % vyi .
1171 NR (30" S50 es St LORE RO Pt dhyrd kg ) 528 10 5"y |
2. 25 (quit®H), U52(nT, 461).H243 @uid), J 87.0%Z 2H), 3.15 (7, 3H)7|§,362{t, H)=:]7.E.|-ﬁ24|g)t, 3_93:27 H;)
& corpbid" & BorF G MR oiurs B & oo Sagi aEbhem L
pr ocedur e3%9r 38-6b 4 \Pat We®), J961, 1H6HIBpESME6EAMSL f oni ¢ aci ds (Exanple 1(d)),

Conmpound. 1 { Bieib e ies520505 Agth h TLeanadeokio @ sieda cOw of Cptomuyd B1) as
whi te solfi‘_odq %ﬂaEfB (2"32@9( g%g gnrﬁ?ﬂin\"}ﬂj%b%&ih[bzﬁbﬁm@r%a.%gn ET{ix,tur\%E\és%ﬁEefd %H%omi :2))2
ng 51 t:7 _7'?erﬂ e fOE?ZSB then cénq’fntrated ungsf AReHced 1F’8‘?SSPfteeﬁ9§i?f@N &emepugbBRounds
858 116 8GBis@HluaroattatpsuitylinBhRintitafive, yidlel6&aldMrEdsOklx) Giid. bPH NMHR TBLY Bdo
B30CoMPOY i) BIFom) 0.88 (5, 12H), 1.5 (m, 4H), 2.25 (quint, J = 7.0 Hz, 2H), 2.91 (m, 4H), 3.47 (¢

J = 7.2 Hz, 4H), 3.95 (s, 4H); "°C NMR (D,0, 125 MHz) 5 (ppm) 18.00, 22.65, 33.22, 35.29.

35.73,47.17,78.162; ES-MS 403 (M+1).

15 Example 3: Preparation of Compounds A1(potassium salt) and A2

00
W g |(|) NHBoc o] H
/—h/ NHBoc =SS0 X 2
HO

TFA/CH.Cl,
— —_— .
Pyridine
|
I\ Step 1 OK  Step2
o L i 1 :
o o)
Compound A1(K) Compound A2

Step 1: To a stirred solution of 4-t-butoxycarbonylamino-2,2-dimethyl-1-butanol

(Example 2, Step 2) (0.43 g, 2 mmol) in pyridine/CH.Cl, (10 mL:10 mL) was added 1,3-

propanedisulfonyl dichloride (Example 1 (a)) (407 mg, 2 mmol), followed by addition of 1M

20  aqueous potassium carbonate (5 mL). The reaction mixture was vigorously stirred for 30

min then concentrated under reduced pressure. The residual material was purified by silica

gel chromatography (dichloromethane/methanol 90:10 then 80:20) to isolate Compound

Al(potassium salt) (0.42 g, 49% yield) as a white solid. '"H NMR (D20, 500 MHz) & (ppm)

0.86 (s, 6H), 1.29 (s, 9H), 1.38 (m, 2H), 2.14 (m, 2H), 2.93 (t, J = 7.0 Hz, 2H), 2.98 (m, 2H),

25 343 (t, J=7.0 Hz, 2H), 3.92 (s, 2H); *C NMR (D,0, 125 MHz) & (ppm) 19.10, 23.08, 27.91,
33.33, 36.13, 37.53, 47.84, 48.78, 78.98, 81.06, 158.28; ES-MS 402 (M-1-K).

Step 2: Trifluoroacetic acid (1 mL) was added to a stirred solution of Compound
A1(K) from Step 1 (0.20 g, 0.47 mmol) in dichloromethane (6 mL). The reaction mixture was
stirred at room temperature for 2 h then concentrated under reduced pressure. The residual
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86 WO 2011/ 017800PCT/ CA2010/ 001229 To a solution of Conpound B30
(0.96 g, 1.64mpl, Exanple 11 (d)) in ethanol (20nL) was added a suspension
of 10% PdwG200uat780g) in et hanol (2nl). The resulting solraTicaowae1Rbirred 2
h under hydrogen atnosphere (balloon) before being filtered over a pad of

Celite T S A I : ' At e was
evalporat 2403 t@%?ggglrégsr?\égge&gﬁfmg%f) %%E\ﬂ%Ef%ﬁ;%&r%éé%ghm?gg%teg&%@% i}?eé dd) as a
whi t e solTihg solidHmRieRal(VENEEashed Odh Iekey th@nidiieg pnelttain € orpoun® AP (0.22 §588% 1%) (m
2H) , 3. 5Qidid\ s aed=dihi ; 7 BHY- P X _
Clogl)rrpoundqllléegOt :aSJa %h'&%g'&%&nrﬁ(%ggééolwg(as&o]r)u(g?%%s’gw’cgér_r*bﬁu’nn Bbz-%d'( 1. 064,
3.19 mol{Quipty & rpl-@ Hz1 2t 290216 @148 3 4G fthdFat @ He02id64§4 (8.2H; iR n

acet omi t (plce 102 MHEL b (Was) Aled ¢b| 2 @Tes by | 2812 9ABL 4827778 Md: ESlfis Bopmol ) .
The m xture was stirred for 4h at 60C and filtered over a pad of CeliteTM
The cake a8 washed with acetonitrile (2x20nl). The filtrate was
concentrated in vacuo and the residue was purified by silica gel

(1. 30 g, BRI LG ChmaGion £ o Ao Phe@e’dre PR cbai 5. 500

MHz) 5 in ppm11l.24 (s, 6H), 1.26 (t, J=7.0Hz, 3H), -2.39 (quinht, J=7.5Hz,
2H), 3.30 (t, J=7.0Q1%, 2|—|)§,>l/o3HMB@c(\'><J/@?|. S5Hz, %1 ( 57.5Hz, 2H),
4.19 (s, 2H), 6.07%5,/&1;%{07. —J=#. S5HNBoc , 65 (t {, DHEac 1H),

8.09 (d, J=7.0Hz, 2H). c) CofifBund B60: 20 Fol| owi ng the
general procedure for the synthesi¢of diprotected sIPPBHI%?aci ds (Exanpl e
1(e)), isopropyl 3-hydroxy-2,2-dinethyl-propanoate (W 2007/ 053346) was
reacted with 1, 3-propanedi sul fonyl dichloride (Exasglerrd|(a)). Conmpound B60
(0.47 g, 70%yvyield) was obtained as a co'l)aj\)cr;/l\gss(oi lé 1H I\/?I?B(CDC_I 3, 580 .
MHz) 8 in ppm 24%&;/*63%125,12, ~25 (s, , 2. quint, J= 7.
Hz,)2|—|), 3 w.o sz4. 2%@5,—444), %@K\wm, 2H) .
d) Conpoun@%g%: 0,0 00 N HN H

Step 3 2
Compound B73 0 e

TFA
Compound B4(2TFA)

10 Step 1 and Step 2: Using an amended version of the procedure of Example 2 (Steps 3 and

4) used for the synthesis of Compounds B1 and B2(bis(trifluoroacetate)salt), Compounds B3
(used as an intermediate) and B4(bis(trifluoroacetate)salt) were prepared by replacing 4-(t-
butoxycarbonylamino-2,2-dimethyl-1-butanol with commercial 3-(t-butoxycarbonylamino-2,2-
dimethyl-1-propanol (Steps 1 and 2). Compound B4(bis(trifluoroacetate)salt) was obtained

15 (0.59 g) as a colorless waxy solid. 'H (D,0, 500 MHz) & in ppm 0.90 (s, 12H), 2.27 (quint, J=
7.2 Hz, 2H), 2.88 (s, 4H), 3.48 (t, J= 7.2 Hz, 4H), 4.07 (s, 4H); °C (D,O, 125 MHz) & (ppm)
17.90, 20.80, 33.92, 46.22, 47.32, 76.33, 116.00 (g, J= 293 Hz, CF; of TFA), 163.00 (q, J=
36 Hz, CO of TFA); ES-MS 373 (M-1-2TFA).

Step 3: To a suspension of Compound B4(bis(trifluoroacetate)salt) from Step 2

20  (0.671 g, 1.5 mmol) in dichloromethane (40 mL) was added triethylamine (1.3 mL, 9.0 mmol)
followed by commercial ethyl chloroformate (0.86 mL, 9.0 mmol). The mixture was stirred for

2 h at room temperature, diluted with 1H HCI and extracted three times with ethyl acetate.

The combined organic layers were washed with water, dried over magnesium sulfate, filtered

and filtrate evaporated to give a residue. The crude product was purified by silica gel

25  chromatography using hexane/ethyl acetate (50:50) to isolate Compound B73 (0.46g, 59%
yield) as a colorless oil. '"H NMR (CDCl,, 500 MHz) & in ppm 0.975 (s, 2x6H), 1.24 (t, J= 7.3
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Fol I owi ng the general procedure for the synthesis of diprotected sulfonic
acids (Exanple 1(e)), nethyl 3-hydroxy-2, 2-dinmethyl-propanoate (WO

2007/ 05336201 780¢act ed wi th 1, 3- propanedi sul fonyl di circardadelo(oixaepl e 1
(a)) to afford Conpound B61 (5.3 g, 85%yield) as a white SO|Id 1H NVR

b 5. 3o 208 o9 ABPTE P03 oy, My, Ik 1 e 0B laadu R threden o,

t he synt h®d87 6, %*ZFHJ‘b‘rQ)@leé%éa HeuRAR2bti49e(bt, @8NHD (Exanpl e 1(e)), butyl

3- hydr oxy- 2, 2- di net hyl - pr opanoat e (V\D 2007/ 053346) was reacted with

1, 3- propaned| sul fonyl dichloride (Exanple 1 (a)). Conpound B62 was obtai ned
(4.5 g, 2OARRILPHyreRaationgiGoapedidsd3 (peiasaim satbendA4500 Miz) 8 in ppm 4. 22
(s, 4H), 4.12 (t, J:65Hz 4H), 3.35 (t, J = 7.0 Hz, 4H), 2.38 (m 2H),

4 .28 (s, e =4.3 Hz, 6H). 15 f)
éo?rgofmmd BW@JI (i'@ e-r—a-l-_P.r—O:l-)%mn WWM hesi s of
di prot ect ed @ul f oni® aci ds ( Exanpl e 16’(5)C5’3(“"|)1exyb K+ NHBoc

3- hydr oxy- 2, 2- di net hyl - propanoate (WO 28@7/ 053346)command B@kst ed with 1,3- 20
pr opanedi sulfonyl dichloride (Exanple 1 (a)). Conpound B63 was obtai ned
(2.0 g, 36%yield) as a colorless oil. 1H NWR ( | Bga 500 MHz) 8 in ppm
0.89 (t, J=7.0 Hz, 2x3H), 1.27 (s, 2x6H), 1.30-1.3p (m 2x6H), 1.57
(quint, J= 7.5 Hz, 2x2H), 2.37 (quint, J= 7.0 Hz, 2H), 3.35 (t, J= 7.1 Hz,

2x2H), 4.12 (t, J= 7.0 Hz, 2x2H), 4.22 (s, ZXWWOUI’M B64:
Fol  owi ng the general procedure for the synth of dé\pmﬁd sul fonic
acids (Exanple 1(e)), propyl 3-hydroxy-2, 2-di rret yl -pro e2(WD

2007/ 353346) was reacted with 1, 3- propanedl sul f onyemepved4ori de (Exanple 1

(a)). Conpound B64 was obtained (7.0 g, 30 71%vyield) as a white soI id. 1H

3.35
MR CDCI 3 5S¢,
(Nt S C _%?)smg ah%n%ﬁaédz\%r&griéfa s tﬂ?_&rggeio(t%%o amf?gs) usegd fgr (t 32
7.4 Hz, é'P-g pr epmtlmﬁgmgur%@(p@wmwlm Qpnnpognd A3(potassmm salt) was

prepared from commercial 3-t-butoxycarbonylamino-2,2- -dimethyi-1-propanol and 1,3-

propanedisulfonyl dichloride (Example 1 (a)). Compound A3(potassium salt) was obtained

10 (0.19 g) as a white powder. "H NMR (D20, 500 MHz) & ppm 0.82 (s, 6H), 1.29 (s, 9H), 2.13
(quint, J = 7.2 Hz, 2H), 2.90 (s, 2H), 2.92 (t, J = 7.2 Hz, 2H), 3.42 (t, J = 7.2 Hz, 2H), 3.93 (s,
2H); "*C NMR (D,0, 125 MHz) d 19.04, 21.22, 27.83, 35.73, 46.79, 47.84, 48.76, 76.87,
81.03, 158.50; ES-MS 426 (M-1).

Step 2: Compound A4 was prepared from Compound A3(potassium salt) from Step 2
15 using an amended version of Step 2 of the procedure of Example 3, used for the preparation
of Compound A2. Compound A4 was obtained (0.16 g) as a white solid. '"H NMR (D,0, 500
MHz) & ppm 0.97 (s, 6H), 2.13 (quint, J = 7.2 Hz, 2H), 2.89 (s, 2H), 2.95 (t, J = 7.2 Hz, 2H),
3.46 (t, J = 7.0 Hz, 2H), 4.06 (s, 2H); "*C NMR (D0, 125 MHz) § 19.09, 20.88, 33.90, 46.32,
47.96, 48.66, 76.11; ES-MS 288 (M-1).
20

Example 6: Preparation of 1-chloroethyl 2-methylpropanoate:

A

To a cold (0°C) solution of isobutyryl chloride (10 mL, 98 mmol) in CH,Cl, (250 mL)
was added zinc chloride (1.6 g, 9.8 mmol), followed by acetaldehyde (6.5 g, 147 mmol). The
25 reaction mixture was stirred for 4h at room temperature then concentrated. The crude
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0O Follow ng the general procedure for the synthesis of diprotected sulfonic
acids 5 (Exanple 1(e)), cyclobutyl 3-hydroxy-2, 2-dinethyl - propanoate (WO
2007/ 05336)0mzE 7s0eact ed with 1, 3- propanedi sul fonyl di crcomdadelofoixanpl e 1
(a)). Conpound B65 was obtai ned (0 61 g, 44%yield) as a coI orI ess 0|I 1H

y )hg(R 1|(_|Cgcf§l_ﬂter'|5 %agﬂdﬁatig |n( %eﬂglﬁ&ﬁr anﬂ vg,ééerz?el((s%qrtenﬁ)]haé?_ﬁe!ét%? )/veress%pgr ?d (m
J=7. 1Hz, ThE2¢dpanicl l@yer (Was RaEhEY , with. Béne| firied ke IHmgn@Silirh) sulfat®, ffilfer&b mpdund
B66: conceh Q%tta&“m MEub Ihﬁ’leg%glg{lélNFQ E)Qr?‘%g lt')S/ %HIEQ geltéﬂforﬁéfgﬁrg'ﬁﬁl' Lﬁm(&fdlethyl

di protected sulfonic ac @)

3- hydr ox#irerbegnae i) 2p Pbs@ﬁ@awdev\@ gzl Ot tﬂ?@@amp;@w 3 @A@t;%s% liquasd. i E) [1 ;
1, 3- psopansge I 1 u P! ai ne
(3.9°0, 3P0 65?”3&%?3&“*’““%?“*”‘5%%%h R E N S e s
4.23 (s, 5 ‘ieHZa“iéaaHz 4H), 3.34 (t, J = 7.8 Hz, 4H), 2.37 (m

2H), 1. 95 (m 2H), 1.28 (s, 12H), 0.94 (g Bé?ZZgCIS)W 12H) . I20 j) C;)rr:pound
B67(bis drochl gri sal t n oW n e
gen(eral( 86’88‘{12 g’ f‘?é’o’éi/r?fh&ﬁ”?ng@#dl‘6?6te?:§1edA§5(SPG(Hi"c %?ét?dsB% Fxanpl e
1(e)), etBdy(birificesdcelats)u)@adBspy| am no) - 3- hydr oxy- 2- met hyl - pr opanoate (Yu
S. et al. (2005), Angewandte Chem e, International Edition, 44(1), 135-138)
was rl@act@ed wcompouBd A8%: pr opanedi sul fonyl dichl oride (Example 1 (a)). The
resulting mxture was treated with trifluoroacetic acid in dichloronethane
and with I N aqueous hydrochl OLI@@CI dto affolrg)corrpou\rll\ﬁ t d 1M NWR

B67(bis(h ockRforide) salt) % yi e as a i id.

00\ y%? o)F;_cy /00122%)7 >% ppm £ 31 (t, J = 7.3
Hz, 2x3 H), 1.63 (s, 2x3 Eﬁ%'\@soqu nt NHB»c63 (t, J =
7.3 Hz, 2x2 H), 4.35 (q, J © 7.3 Hz, 2x2 H), 4.53 & 4.83 (AB, J = 11.3 Hz,
2x2 H). Fol | ow ng the general procedure for thx;ynt hesi s of

( D20,

di protected sul fonic acids (Exanple 1(e)), ethyl Sten 2
3- hydr oxy- 2, 2- di net hyl - but anoateg( Boyd, V.L. et al. (19874, B _ Chem ,
30(2), 366-374, incorporated h n by reference) was react ed Wi 1, 3-

pr opanedi sul f onyl di chl hde : rrplgtgp %(ia)) Conpound 6 % ged
(0.65 g, mooé\/wetb N Ior i OP in ppm
1.17 (s, 6&F éo(s 6H) ; ‘?_—J 7. o ~ (d J— 5|N£' °°6H)
2.35 (m 2H) 3.30 J=7. Hz 4H) 416(m 4H) .10 (q, —6 5Hz,

) Conpound B69: GEtda,Ethu.QgAm

Step 1: To a mixture of commercial 3-amino-2,2-dimethyl-1-propanol (1.33 g, 13

mmol) in tetrahydrofuran (40 mL) and 1 M aqueous potassium carbonate (10 mL) was added

a solution of N-Boc-Phe-O-Succinimide (4.60 g, 13 mmol). The reaction mixture was stirred

15 vigorously at room temperature for 2 h. The two phases were separated and the organic

layer was concentrated to afford 3-(N-Boc-L-phenylalaninamido)-2,2-dimethylpropanol as a
white solid ready for use without further purification.

Step 2: To a stirred solution of 3-(N-Boc-L-phenylalaninamido)-2,2-dimethylpropanol

from Step 1 (2 mmol) in a mixture of pyridine/dichloromethane (5 mL:10 mL) was added a

20  solution of phenyl 3-phenoxysulfonyl-1-propanesulfonyl chloride (Example 1 (b)) (2.2 mmol)

in dichloromethane (5 mL). The reaction mixture was stirred at room temperature for 15 h,

then concentrated and rediluted with ethyl acetate and aqueous hydrochloric acid (1 N). The

organic phase was isolated, washed with aqueous hydrochloric acid (1N) and concentrated.

The residual material was purified by silica gel chromatography using hexanes/ethyl acetate

25 (70:30 to 50:50) as eluent to afford 3-phenoxysulfonyl-1-propanesulfonic acid 3-(N-Boc-L-
phenylalaninamido)-2,2-dimethylpropy! ester.
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OHPyr, CH2C 2CEtEt0 Step 1Step 2 15Conpound B69 Step 1. To a
suspensi on of paraformal dehyde (0.87 g, 26.4 mmol ) and potassi um car bonat e
(7.3 g, 520&o0nmmalgooi n et hanol (100 nL) was added di et hylpomlcaatoemo(229ni,
17.6 mmol ). The reaction mxture was stirred at roomtenperature for 24 h,

filt d th k bt d h

e!t ha(r?(r)?a gl/g(r)mﬂ_f'@}hgo f4 Isf’fyﬁqn o) 5&550)8’8@8’5 t?%rgﬁﬂ"aéfﬂ 5\(,:\%‘30'\3%@" Eﬂ%Lr esi due

was puri fbfmylbkmlamldo)ﬂ gelimethylpopyl egteafrbm Steye2 4nesgep rmyhol)amehethaqcﬁisolo to

70: 307 Ompf i SuddlsSLbie e]c%r(swgrfa@e%gxh@ﬁ% AT%KUH)EI(]%%@ gl{e? )59, 7%
| ow era

yield) as_a col orless oi dure
for the slht IRaslic Hxtue M’iaétsétf?cééln%ﬂﬂ"w@fﬁ%n a@i%she(rﬂm‘dpbl@ fo 28)h (th@tllal cohol

from$ epcolnplﬁ@ cérﬂa@ﬁffp% W startink rﬁat@ﬁﬁpﬁﬁ@gus?%sfl&ﬂ%s fterddl &Y E'flﬁ'gte(v@%a”pl el

(a)). Co g'g ? S obtl_al ned EZ %yield) as a co ss ol l.
NVR ( CDCl FiadH0 Angess, Thp festiting ciude n??*ﬁi'alswas digsolyed in digioromethgpg (102. 36
(EQ] 2:—|) r&LBfoll()\lved B)fiddﬂldhfof golﬂ)Joroéc%S agﬂ 25 &ﬁ?TI%‘Peactl%{ﬁ)mlxtﬂa%%s(‘imegWr 2 )

anpl e ion 0 ounds iumsa an sodi um sa
30 a) Co%o??ﬂégrg\%%?s%n [ FFUISE Pyessure, 3653 b3 eg by ﬁ chromatogrgnly| $fiong t he
gener al p(ildd@dme%amejmeﬂwheols{?mw)em auatt tasmualdp@@ﬁmmaokaﬂ uBb® Rigy a8 @i Wisite

( Exa”Ri R NGNS el 'soﬁﬁ@%)a(m LR O s odéolgar@()ng Yty 2RRs Az (3.

304 311 Zlﬁcé%ﬁi dteth-hbreiH), D96 8, + e ErdmeH), 3viasi 828 AR Jwi 140 @czm)lazmd c

Exanpl 2 t % | d
ol or il 32 i PRER A B30 MBS g VB R Py Pad oy POBALE ()
3H), 1.3572(H).J31776¢ ¢, 5'-6%05 (&t, GONHymoheompletely exthiirgedkih,D,8).07 ('t J— 7.0
Hz, 2H), 3.58 (t, J= 7.5 Hz, 2H), 42(m 4H), 4.28 (s, 1H), 4.32 (s, 1H).
10 b), Co q A63§ di It): 0 ?200. (11, SS_ Na. 000 Fol |

é&er oun sodium salt): ( ol I owi ng

t he d AS3t s°tdl'+l§“§§'ﬁt hesi s of m)noprot ected sul fonic acids

( Exanpl el(d)) 29fn:ethyl 2-nitro-1-propanol (Janzen, E. G et, al . (1978), J.
O g. Chery 10) 190Q5 1903 Hnéor porated hetrein by, théj erence) was
reacted wit B?LGS a Pex N,_@ggrpoundo (Sudinip’ ald ) was
obt ai ned (0. 5 g, o15% wi@kchc.as a whit e opovvderNaHébH (D20, 100 ) 61in
ppm 1. 68 (s, 6H) 26 (quintyy J= 7.0 Hz, 2H;3705(t, J= 7.0 Hz, 2H),
3.59 (t, 7e|9\§HZ =y, 4.79 (s/s\&l—l) Exarrpl e 20: Prepar atléyp,,pgundgggngunds
856 and 870 ¢0 87% 20 a) ConPpeuiid B56: Fol | 8w R t he "general

procedure for the synthesis of diprotected sulfonic acids (Exanple 1(e)),
the al cohol fTemaSt etpred GblubisaNpl €3- iir(ﬁBw@E- h@t%leﬁ%amlaag 2b. &methglp anol
0

00085 o EHESLY b RS bR ol i Gevsermethamoidiro ' 1
ppm R097 was, aded® Hi)3-prop8dissifon@xBdt)oridd (Eﬂan{;ﬁe 1 Zé&)$k‘*) 37 é) &He Yealchort mlxn?rél"')
% H§33 é 23” nQurr%&( %E%oon‘gte%gn Hﬂg ng %ﬁ ahd @né%ﬁ*ﬁ? undwjeduce% p;rgésure‘] TI'he 0 ke,
2011/ 0 178%@@”’@2@1'@5&@@ 1sHieg gel chromatography using hexanes/ethyl acetate (70:30) as
eluant to yield 1.5 g of the monoesterification product. The product was dissolved in
tetrahydrofuran (10 mL) to which was added a 1M aqueous solution of sodium bicarbonate
25 (10 mL) and tetrahydrofuran (10 mL). The reaction mixture was stirred for 15 h and
concentrated under reduced pressure. The residual material was purified by silica gel
chromatography (dichloromethane/methanol 90:10) to isolate Compound A52(sodium salt)
(0.63 g) as white solid. '"H NMR DMSO-ds 500 MHz) & ppm 0.83 (s, 6H), 1.23 (s, minor
rotamer, 1.3H) and 1.30 (s, major rotamer, 7.7H), 2.00 (quint, J = 7.0 Hz, 2H), 2.55 (t,J=7.0
30 Hz, 2H), 2.76 (dd, J = 14.0 & 10.0 Hz, 1H), 2.90 (dd, J =14.0 & 5.0 Hz, 1H), 3.0 (t, J = 7.0
Hz, 2H), 3.48 (t, J = 7.5 Hz, 2H), 3.86 (s, 2H), 4.18 (m, 1H), 6.95 (d, J= 8.5 Hz, 1H), 7.15-
7.30 (m, 5H), 7.88 (t, J= 6.5 Hz, 1H).
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b) Compound B70: O, 110, , 00, ,011,0 |000,c) Fol | owi ng t he general
procedure for the synthesis of diprotected sulfonic acids (Exanple 1(e)),

t he di et D 2esitarsoof ( 2- hydr oxy- 1, 1- di met hyl et hyl ) - phos phoriacomdiot22¢ Cann 5
P.F. et aI (1972) J. Chem Soc., Perkin Transactions 2, (3), 304-311) was

reacted i f on i Exanple 1 (a)). Conpound
Bro vas Bhia %%@pfg"%ﬁg &5#' ?’8%%‘3‘9‘ g?aéﬁyeﬁ'ﬁg ol 1H Nﬁ/R)%CDmgp 500
MHz) 8 in ppm 1. 24 (s 2 H) , 27 (s 2x3H) 1 34 (t, J=17. 2 Hz, 2x6H),
2.44 (quint, J= J— 7 \v/°2x2‘Hg° 4.16 [(m_ 2x4H),

4.22 (s, &4 H?SO4 2 PRt urvd‘sﬂ* %Hmssc) NC
CN

ool o g tmpeC ner&[ p 0 ed“ﬁ‘F°@b5f0r t he synt hesis of"™ ot ect ed
sul foni c acids (Exanpl Siert comer cisgp2 ~ Compound B52

3- hydr oxy- 2, 2- di met hyl - pr opanenl trile wgs” rémeted with 1, 3-

pr opanedi sul fonyl dichl ofi de (Example d (a)) .} Conmpound B71 was obt ai ned
(4.10 g, 66% 15yi e o W&DW 3, 500 MHz) 8 in ppm
1.45 (s, 2x6H), 2. ( ore nt | = pisleDoatde) 2 3nHg , J= 7.0 Hz, 2x2H),

4.15 (s, 2x2H). d) Conpound B72: zzoc) 02N cls/scp Fol |l ow ng the gener al
procedure for the synthesis oforakqundBHETEN sul foni c aci ds 20 (Exanpl e
1(e)), 2-nethyl-2-nitro-1-propanol (Janzen at al. (1978), J. Og. Chem

(1978), 43(10g¢e 1196931&9& smnr&emﬁ@ocvu Mbn%laiénmémep@dlowétﬁm» anol

di chl ori de%Ei npl e g ound B72 was obt ai ned g 62/oé%el d) as
a whi Pe SoEmple ﬁﬁ)l\ﬁﬁp 939) @(ﬁ)mW§ obpyridi ”ﬁﬁﬂﬁ T'—éé”? 'Ch'QSPGW}ha 9 (

(quint, &k) Wwds ddtled 2HD- proBati’éihs(JIfonyﬂ gichlofdHExampRH) . (ayt. (330 (. TRX 2&dctio?S

Exanpl e %%xturgrwaga{lrred eﬁ room temprépa?grg(?orqgﬁ thc'a_lrp éo%'éleHl%raQe% under reduced pressure.

The residue was purified by silica gel chromatography using hexanes/ethyl acetate (70:30)
as eluant to afford 3.5 g of Compound B52 which was used for the next step.

10 Step 2: Compound B52 (3.5 g) from Step 1 was dissolved in dichloromethane (10
mL) to which was added trifluoroacetic acid (5 mL). The reaction mixture was stirred for 2 h
and concentrated under reduced pressure to afford Compound B51(bis(trifluoroacetate) sait)
(0.5 g) as a white solid. "H NMR (CD50D, 500 MHz) & ppm 0.85 (s, 2 x 3H), 0.90 (s, 2 x 3H),
2.35 (quint, J = 7.0 Hz, 2H), 3.00 & 3.26 (AB, J = 14.0 Hz, 2 x 2H), 3.10 & 3.20 (ABX, J =

15 14.0&7.0Hz, 2 x2H), 3.46 (t, J =7.3 Hz, 2 x2H), 3.85 (AB, J =9.5Hz, 2 x2H), 4.11 (t, J =
7.5 Hz, 2 x 1H), 7.31-7.42 (m, 2 x 5H).

d) Compound A14:

O H
H
Step 1 0
Step 2 l
o
0 Step 3

HO__ -— :

7y / Y N R b

N K \\O H : Y ) NHCBz

Compound A14
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N'<".-FN NHBoc Na+ 0-0 O Conpound A64 Step 1: A solution of
commerci al 3-am no- 2, 2-di net hyl- 1- propanol (1.7 g, 16.5 nmol),

N[ (1, 1- awoevhidiesohoxy) car bonyl1] - D- Val i ne, 2, 5-di oxo- 1- pgmraA2nniooyd29 est er
(Guntini F. et al., J. Med. Chem (2009), 52(13), 4026-4037, incorporated

h i b f 4. 7 5 15. 0 ) .and t i

car bonat e (10SKE " Bymercaiiycppt AR SP TR coM @) eTREoL R AERR: oom

t enper at woltigrpof 2-amindFRE-dimethyllebutas! (Rracpiet 2asep 2 priabtutheodigtettbityyl of its
vol ume, didatoRsendib) MddydBAChI aACodeABEBERCHSMA bNOES by 1

et hyl acetate. The conbin organic yers were wasl wat er, 'Bri ed
over magiE&rigHagydretitan 11 (300avld dAfiand 8thref stiiring.rtee eoletipapyisatiletdd wish watessi due.
The crude1qD @dyahd wgl sbetad (200 Y. RS bldarR 18Rk mﬁbrs%f}ﬂ%ﬁel[a?ﬂehb{e Ha&éwf

0

hexane/ et hyl acetate (50:50) to isolate 4g (88% yiel d) tert-buty
N-[(1S)- ia)%f %V?%%%WS&@??M ARG (190 Bly T anpRinashorgaric iRyars werewashod | car bam
ate. with Stieq fiRereffahd omcegtratéetogiyRes Thp lcAeie thhtsrial Ahs F@ﬂie& P Eiesde ?‘1 .

1 :

nmonopr ot i Ci [ , .the alco rom St
0,565 Shfiton o iy RRATRIEAL Biog edfaRueaaf slerd S TCES
to give Ya@amiqed2%-qiinethyll1-bidtardh . 1459, Bt idrmmadli 88%) ssceohivhita solid.
3-[3-[[(2S)-2-(tert-butoxycarbonyl am no) - 3- net hyl - but anoyl | am nol - 2, 2-

di met'Ry| - pr op&iepl 3ulFpiawing the rasedure ustownaine Example 1(6k$tpp 3t, 44N-CBz-L-

i nt er medivagfaniid i N , 1 ) S i fo f r,oom

t enper att\JI e i : Mﬂ?ﬁpg %gutfﬁqrogff{oab%c}gbggt i(é@c?'gé(@hﬁﬁ)éa{%&g?c fhor?’orret hane

(10 nl). X%%%Pw-é-mnwaw Ahlogde dEwngmlesls (B)b (P4 o B.Zompolirid thes (2. 3

L1 mol )

Biy 207" Y pesechoeidt paridie (20 D 288 ol IO (eeuork) i TRhafe bl PRS- 9 LS.
Co i By Sics’ ol Drgpftogiafyy friowanesiping pcoiain 11039 1’ W35 RGO B 24

Iéizé421(5%, pBerﬁ@y%tﬂfonyli-p?oral’énbﬂufoﬂt*)aciﬁ?:488ad8i;L-ﬂaﬁnD§8i)ao)b%%-diérxlr&hyl-ﬁ-bg |2 (eSter 2H) ,
: t, . exchanged wit : anpl e 22:
Pr epar at i(%%ﬁs%g%fg%&%%ﬁk@k@odi umsalt) to A68(sodiumsalt) a) Conpound
A65(sodi um sakfeh: 3- K- B of Oa i )0 -FoJ | ow he general
procedure for!_;_%%&s ,’gt ﬁ%lgtllog o %H%%r te%@gg pgolﬁ’ﬁ?%SHF%M‘I';C%C(']ASW%'E%&%]?E% 1(d)),
conmer ci 0 irgetyigl- sigl/tam ; rée di28 Immg sin meeditene (100 trih.)

é(P"“fmIS’@PTZ(?&{ thyld-Ryftylestayfiom Sep G pdreedize
Conpoundweb defaess®ivth AitbgerCoAP QbR LeheH 0 | 39,
59% yj el d) d;%%@ V\,hi(%e soli o 1H Nﬁoﬁmn?gﬁﬁé %ﬁ?‘%-oﬁ%%h%@g%‘v%%, 6H) ,
1. 02 Pd, Styredjor?4 fy undgrj atmosgherg gf hysiogen g The reaglign migturewgsHitererthronghps
|(4<uni gtH) scelitaTN(padz,Thalfmrateau&Gev(zaboratbg t&g@?é&, ﬂié%resgi&ﬁa;fﬁqaferi%l@%%@ﬁfd szi;l- 0

: : = 7. . = 5. , , 4. S, :

8.34 (bt ?ﬁ%(:h?{“%?gﬁ%ﬁé{%ﬁ‘%/“°£%%ﬁ'3ﬂ§)e‘8 %Edrjmcmuf‘d @)146%3%&rﬁ?‘yﬁwe'ébodi um
salt): Oas awhite solid. 'H NMR (DO , 500 MHz) § in ppm 1.00 (m, 12H), 1.59 (m, 2H), 1.13 (m,

1H), 2.27 (m, 2H), 3.06 (t, J=7.5Hz, 2H), 3.26 (M, 1H), 3.34 (m, 1H), 3.57 (t, J=7.5Hz, 2H),

25 3.61(d, J=6.0Hz, 1H), 4.07 (s, 2H).

e) Compound B14:

”O\X/\N)?\/'\

H

C'\/s/\/\/<c' l-ilHCBz f ?
/\\ /\
o % o ‘o -

: K -

Step 1 NHCBz o %o NHCB2

MN/\X/CY\/YC\X/\ o}
YV N/‘k,/‘\
H % c{\\o H

NH
2 NH,

Compound B14

Step 1. Following the general procedure for the synthesis of diprotected sulfonic
acids (Example 1(e)): 4-(N-CBz-L-valinamido)-2,2-dimethyl-1-butanol (2.14 g, 6.1 mmol)
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0, .0.000ll Sc;K 10 Fol | owi ng the general procedure for the

synt hesi s of nonoprotected sulfonic acids (Exanple 1(d)), phosphoric acid,
di et hyl 3wbydriomysod, 2- di met hyl propyl ester (Qgilvie et &CT/,CA2010A0122Chem
Soc. (1977) 99(4) 1277-1278, incorporated herein by reference) was

ted AB6 | t
ot ai ned (EERPE Sy sep Y bR eg A 1 PRI e, aBIOH ML h20, 500
MHz) 5 irfo. mmg13 03 nfdd), in 6dtilghlordmaBage (200-mL] n{)thbiz),res@h{)e ofhyt@ing (U5 i, 30& 7.0

HZ’ 2H) r%m%g 3!\’/en% 53 g %%ra(tgcﬁ)a 3th%9 e(s@gal‘]mage d !X% ;%'F‘?led % ggllcgdgel‘] 4.6

sod Iuntsa d
A68(sod| momtqg)raphy ﬁp@j\@ﬁ/@tf&l @gﬁpf@uﬁ@wxaq( Ocquﬂﬁuwadlms(twaaffozbst?ep 1:
Fol | ow nQbréd&ﬁe&l&%ﬁn@'acn@rﬂP&@-WCszLWahﬁé?ﬁd&)m Eﬁﬁﬁe’th%xl P—EutW@QtBF at7c edomul fonic
acids (Exanple 1(d)), commercial 2,2,5-trinmeth 3-di oxane- 5-Tret hanol
(1.0 g, GS2PAMMSIYWRAS react ed Wit h Corrpound CI (Exarrple 13) (1.2 g, 6.44

ol 6 T NVRSBad: "oOtiigh 5" o mieeancune wid die-yciztiinasio 350" (. ©

3H), 2. 3@ireylrithutyd)yester ZohizSte@ HX0.78 g0, 8(( tnmol)n BEtCGH 80, miDM)as d&53ssz8 wjth J=

Z:ogpglzmd%ﬁéj?fgg%glﬁ%ﬁsﬁg? g\f %&gﬁqo@%d/&@@ a" e}g?hé ﬁ?tlﬁ%l 'rrwgr%ﬂs‘%g'gq ved in

wat er10( 3 hytirpgem dasliatmaseberei(1 latrag.etlihe ramltmg(sbluuur) waihﬂeneﬂxmauww wamdgifi rred

A5 sodl el £ 15, B Sl ol B NE Sk R et el Rkt PEBER 2400 i)
8 in ppmrgvegsge Ql"gaseyppomagogmphngw,twatey&neﬁh@os%m"/memoglugvhy(dfomd\p):1¢0/g Hz,

2H), 3. 5Qo 66YB) td 2fidrd- ébnh%undllsm (034155 de% yuél&) s e@lqﬁl yeu%!ﬂ)ou "H RirR(®msd) -
Exanpl e 23; Preparati er al

ot ocedur S0P e e BYMZ B aP T OB el Shr G BoA A e 8H ) )

commeysci algalmbe qaa¢1e 280 i g {dhy+5. 4HA 2P, APAN@ 4ph, 38t 280He 4Ny Bla2 1, 3-
pr opanedi sg; PT ég%?gﬁ% g:anpl e 2a)) Comb)ound B74 was IA(‘))ibt ai ned
(0.71 g, ® &3}] HesBriess oil . 1H NVR (CDCI 3, 500 MHz) 5 in ppm
1.12 (s, 2x6H), 2. 40 (qU| nt, J= 7.2 Hz, 3.32 (quint, J= 7.0 Hz, 2x2H),

S B o Yna?' Loty 2%5( ng'anpﬁagzﬁ:l}? Sl -

CorrpoundsCOﬁlwumfﬂjB%BZOSt epl: To a solution of 3,3-dinethylglutaric
anhydipgide (3 g, 21.1 mol) in ethanol (30 nL) was added a 21% w w sol ution
of sodiumethoxide in ethanol (5.0 nL, 23.2 nmmol ). After 20 h of stirring,
the solution was evaporated and the resulting solid was suspended in

di ethyl ether (50 ni). The m xture was filtered and the solid was washed

wi th diethyl et her PX2 The sol i d,was dr| ed under hi gh aguumto
afford 5-e o\ (2.92 g,
66% yi el d) as @l ghtCHsﬁeI I ow §ol i “” S

Step 1 Step 2
J
o Step 3 ones
J\KIL Q
Cl v
PhO b R R PhO;/\/MH
! \
D, N - A0, N Y o8n
Step 4

a b R' Compound
b (R) (S) #Pr A15

o OH Sy Ry FiPr A16
(R) (S) OFEt A17
(8) (R) OEt A18
(R) (S) OiPr A19

8) (R) OiPr A2
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Step 2: To a solution of acid fromStep 1 (2.92 g, 13.9 nmmol) in a mxture
of THF/ DMF (5:1, 60 mL) was added isopropylchloroformate (2.71 mi, 20.9
mol ). AfwerofD@h78eh stirring at roomtenperature, the secmdamowms22¢00l ed
to 0OC and NaBH4 (1.06 g, 27.9 mml) fol | oned methanol (5 nL) was added to
t he sol ut fter f Stl |ng, a 5 saturated aqueous sol ution of
anmoni um? hI oo g%gg 'u(‘?f)a ) and foll owed by ethyl acetate (20 niL).

The | ayers were separated a uejt hayer was extracted with ethyl
acetate (2x30Nm.) /{be\coaig%@ﬁ( %LQLS were washed with brine, _
dried with magn um sulkate, £ilt%ered afd e filtrate was concentrated in
vacuo. The resi dué vvasopﬁrlfleHH by silica gel chromatography (hexanes/ et hyl

S by dr oxy- 4. 458Pnbit ol (GPE PR SRy Rl RE b 420 s
vol )altt i | e PEapRmd e@ﬁ@owiﬂg to  WO28994933854, Foh¢qnmratgdt Hneregenby alrefpreacdun e f or

the syt 0RRiohyRind a0l SRLLARH! HATME (REIHS. (FSATELP o 6N naficaPl oo

2 ted Wi
I)tra? ;nu ﬁtegg?ﬂt'é‘la éf rggﬁ}%ﬂ;wukﬁanvh&p@pmw@%|chl9rlde1+éEmwk{ Dzab)) 56@7Veix )in 8 15 in

ppm 0 97 d(oﬁl;or(ﬁf'r@thanﬁ [a (nﬁL; JFHZ QER:[COI%‘I';%? séiufoh (obtalnla68w§§|zstlrr%§0 gt é 2H)

4 06 (s %%g_ﬁeratarelf r l_%h re@ﬁ?" @wf%waw'#MW@ @quwsdtyd@@hlonczwén | owi ng
t he geneK#do mmcaﬁﬂlrcﬁchidbdiméth%@nds?(nmsmﬁﬁus Ok dqwogtseﬁ &dvway!l éﬂ?br@ggg{ﬂgs with
o= S £ Bl OB o R Sl

obt ai ned 17 aguegys BW%ophlehtd)acms (00c alLprdnes brira:waterl K : NVROE{ GRIG] ?drleEO&/eM‘iz) 6
I2)I22ppm 0 5%§ és?um %ﬁl@at@?ng ]n'_érgd ( tTé\el_BoR/eét \&éy%v%)or%e g_l\%e] %%q% oﬂ%esggu.l?q) 3. 36
(t, J = Wwhigh wgs purified Hay, smpaggel(@rongr&ghy usirig4 ethyl, acbtate/ﬁe)(biﬁeHZO 8Qx3as H) .
Exanpl e 3hentfts eaginht O1-Ris) U 65@2“2791%%9% bERLahi) o8 ¢ réylg%g)F e b))/

t he geéner a ure si’s of

rmno Pot QEP'?d‘atSqu%ﬂ 86%"93@ %@(@tfaﬁﬁ'rde 1( d) )2 oog} Stl %IS 2 neor bor at o
Eléelr giyﬁr (t;;yr gfg%gg?ngt %%i@g ‘%ﬂé‘g‘ @ﬁ% PAPtn 1 (@eﬂiﬁl e 13). P Conmpound
A70( sodi dnhlsa)hte)hawa$1 by iwasdoblBd %578 °C. %%sﬁluﬁérﬂ)za@@r@ed&ﬂfh@xbﬁ 3past e6H)1H
133 (t, oyt by A P B Bt e S erpstabirg ity hl3Blon yney ™y vy
2H), 3. 5elightly bige: Thepeadtion @& fOIIOWE(OIQ:)y(tBIn e Ef) GhreindtbgrdptBAuntindispbarance of Exarrpl e

26: Bp epﬁfe%%_érﬂﬂ; Rhteid. nﬁ@%@@ﬁoﬂ% HOF bGP Rt gxybgn é?asf{n%ﬁvj hit6g eanl t) 5 a
CC)rrpoundre'?\nove (rgscl)dulalutggoﬁe Excess dimethylsulfide (3.0 mL) was added to the reaction mixture

at-78 °C and stirred, over a period of 1 hour, with gradual warming to room temperature.
The solvents were removed under reduced pressure using a rotary evaporator to give the
O1-[(3R)-3-benzyloxy-2,2-dimethyl-4-oxo-butyl] O3-phenyl propane-1,3-disulfonate (4.62,

25 100% yield) as a colorless oil. The residue was used for next step without further purification.

Step 3: A solution of the aldehyde intermediate from Step 2 (4.62 g, crude) in
acetone (60 mL) was cooled to 0 °C. At this temperature, a freshly prepared 2.0 M aqueous
Jones-Reagent solution (5.0 mL, 10 mmol)) was added slowly to the stirred solution. The
reaction mixture quickly turned brown and solid formed. The reaction was stirred at 0 °C for

30 1 hour. After the starting material was completely consumed, excess isopropanol (3.2 mL)
was added at 0 °C to consume excess oxidant and the reaction mixture was stirred for an
additional hour. The reaction mixture was diluted with water (80 mL), acidified with 1N
aqueous hydrochioric acid (12 mL), transferred to an evaporator and concentrated. The

aqueous residue was diluted with ethyl acetate and extracted three times with ethyl acetate.
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NaO0O Fol |l owi ng the general procedure for the synthesis of

nonopr ot ected sul fonic acids (Exanple 1(d)),

di hydr o- 3vOhydraxzsenet hyl ) - 3-met hyl 2(3H) - furanone (US 2@09/(0Q6@2%581229

i ncorporated herein by reference) was reacted with Conpound O (Exanple
13). Conpound 10A71(sodium salt) was obtained (0.42 g, 26% yield) as a
white povvder 1H NWR (D20, 500 MHz) 5 in ppm 1.32 3H), 2.22-2.32 (m
3H), 2.54 r@nﬁzoni%ed argapc (egdraqjs- w;er%wp§hed2\pq}h bgneﬁ(;irl(a toveg magnesiygh gulfpteg, Hz
2H) , 4. 3iltéred, 4R héBolvdrts idmdVebitindetibducdd 'ﬂ)Veséﬁre 'ﬂhe &ud: 58d wébtpuriflel ompound

I 0 eneral procedure for
AT2( s0di U 33t raBon e, Gt .00 dFkEShiaM IS Lhe deperal rgosdd
di hydr o- Eﬁlt(elmydcp atfpre they [ IR)2-raptzyigly-28- ahi)etﬁyiJMMpM@o((ﬁSIfaﬁlb%@&Gl&ﬁ@Doxwas

react a0 WhidhoEumPUNe, Gaot G & bilichRARANDG A7 SRR %E%‘? SH9KE) 5 in

ppm 1. 50 V(*BteSQ'H) 2.20 (m 1H) 2. 28 (qU| nt J= 7.3 Hz, 2.38 (m 1H),
2.77 (t, J= 7.0 Hz, I—? (t, . , H)20360(t J= 7.1 He,
2H), 4.42 ( ABStep-41Thes ﬁ)warbEm"C a9)d mﬁé‘%ma (23 (%3 ovisutissolyed )in agimEirays 0

; S< Na0O tHOérLeO(WO rmﬁL)tahe reRERNA m@larﬁcm&éetﬁw%ogwaylbé‘rsbr%t&h fPRepPROt ect ed
suI foni c ,aci ds

(3R) - di hy 8"e§e’§?§d’? g@g‘?f ﬁafg ’Qt%k fﬂx& %153%?0% uMhenSARionARixtyts waswerepdint h
Conpoidnd alimigiEmafoip bed W8] stirfsang g 47 3(ed Odlmmlﬁaﬂe*swum&h&@ﬂ\ﬁér @8@&@@347 g,

125" (S, M8 Bl hodpatn Gl 58 nenet B v el PSGyfyohie, ol

3%7. 6Hz,
2H), 4. 19he splyeiitrwasiginovesl dridef sgduged) presﬁxarmlee:nﬂié mé&teks) auaa tfurther pimf@d rrpounds

876 to 8%11 silica ?el ch%mgfg qS'F? 6e‘thyl a%ﬂa%‘Mngnet % Qﬁ ey glluerlﬂr %CSI%J r1e_ for
the synthésis o rote
|sopropoxycarbonyloxyethyI(ZR) 2- benzyloxy-3 3-dimethyl-4-(3-phenoxysulfonylpropyl sulfon

15 yloxy)butanoate (0.72 g, 47% yield) as an oil.

Step 5: The (R)-ester from Step 4 (722 mg) was dissolved in a mixture of methanol
(24 mL) and water (3 mL). To this mixture was added 20% palladium hydroxide (0.16 g) and
the mixture was subjected to hydrogen (one atmosphere, balloon). The mixture was stirred
at room temperature for 18 hours. The mixture is filtered through a pad of Celite™ and the
20 cake rinsed with methanol. The filtrate was treated with one equivalent of 1.0N NaOH,
stirred at room temperature for 5 minutes, and concentrated under reduced pressure to give
the crude product. The crude material was purified by silica gel chromatography using a
mixture of dichloromethane/methanol (4:1) as eluent to afford Compound A20(sodium salt)
(0.51 g, 91% yield) as a white solid. "H NMR (500 MHz, DMSO) & in ppm 0.89 (d, J = 5.1 Hz,
25 3H) &0.95(d, J = 5.1Hz, 3H), 1.22-1.24 (m, 6H), 1.46 (d, J = 5.4Hz, 3H), 1.96-2.01 (m, 2H),
254 (t, J = 7.1Hz, 2H), 3.41-3.52 (m, 2H), 3.87-3.93 (m, 2H), 4.06-4.09 (m, 1H), 4.76-4.82
(m, 1H), 6.84 (d, J = 5.6Hz, 0.5H, OH) & 5.90 (d, J = 5.6Hz, 0.5H, OH), 6.67-6.72 (m, 1H).

b) Compound A18(sodium salt):

NDO~ S /O\X)/U\ /k /ﬁ\

//\\ //\\
30

Compound A18(sodium salt) is prepared using the same methodology as described
for Compound A20(sodium salt) (Example 8 (a)) by replacing 1-chloroethyl
isopropylcarbonate in Step 4 with commercially available 1-chloroethyl ethylcarbonate.
Compound A18(sodium salt) was obtained (0.43 g) as a white solid. '"H NMR (500 MHz,
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S (Exanple 1(e)), dihydro-3-(hydroxynethyl)-3-methyl-2(3H)-furanone (US
2009/ 099253) was reacted with 1, 3-propanedi sul fonyl dichloride (Exanple 1
(a)). Conwoudt/B7T®0was obtained (11.7 g, 79%yvyield) as &CRKiA201099122¢]. 1H
NI\/R CDCI3 500 MHz) 8 in ppm1l.31 (s, 6H), 2.08 (ddd, J= 13.2, 76and40

7 b M&%‘z‘o"p&ﬁ@%@g Galo 0 o 3 4 e @%01{?&2%83@ 147" oy

4.40 (m @2H 56FID|3H)WI 9@2I0h6§mgﬁﬂ)$26|4 (PUeCRUY, @Hf, c3r41tjne1 Gy eH)E383 398

di prot ected If np ) _
(IC%%)-di hyf ﬁ‘r 34 0% @ﬂﬁ %%‘r&ﬁ@f %’%’31%9%?#%” LT SR \,\Sgé rQEbE&PUAh

1, 3- pr opxfits, @ﬁHfGH)'IGGTI-Q:m@de’e (Exanple 1 (a)). Conpound B77 was obtai ned
(9.3 g 70%yield) as a white solid. 1H NMR (D20, 500 MHz) 8 in ppm 5.01
(s, 2H), 4.11 (d, J = 9.0 Hz, 2H), 4.05 (d, J 9.0 Hz, 2H), 3.58-3.72
(10- peaksC) 4H)C°nn:°@2d(ﬁa§(¢pdnmfalt)1 29 (s, 6H), 1.18 (s, 6H). 20 O Conpound
B78: 0 "O0"0 ;S)S0 00->c to ol lhowi ng the general procedure for the
synt hesi s of ql,la rot.ected %Wac ds nple 1(e)),

di hydr o- 5- (hydr oﬁ( hyS - 5¥metiny | 02( uranone (US 2009/099253) was 25
reacted with 1, 31|§ropari>ed1 sulf(myl di chl oride (Exanple 1 (a)). Conpound B78
\glas obt ai 2928@%nﬂaoﬁhd iﬁ%‘{s\ﬁhﬁ*ﬂd)saqsw?scﬁ’rb%ré@%l ' Ithe %E‘Pgwﬁsﬁgﬁ%&' 20 2'\/'7_%)
(ml nzgzm)descglbgé, f?rn{)orgm Aw(sgglumalt))@)q)mple ) (aﬁd?yp@g}agmgﬂgchlqmet@ﬂ PB\v/9 00
Fol | o ngsdphsipyeeriat instes @ ith e- &@Foeftﬁwz-méﬂiyl'bﬁﬁiaﬁoéié (EaRipRia3 CE&pstmb f oni C

G hydr o ATRIRITUT,S) iaf DGR 10,85 Shps AR SR JHNVIR (500MHs, BMER) 5 in
1, 3- propapedo.ssld ayisHd| sh) @r94d© Oamlaﬂm 67 g (@omqgwm;h -B49 éMaéHPbt ai ned

El 34 g, éeg%()/% ?'Edg,é)wi ) 22\'\@7 5 A %pa%%un %mé%g@ e m)o_z T Bupem 1.18

J= 9Hz 219878393 (rd, Zid), 40880, (M2 HMH), HSDQ, (s5.68H]) 0.8H 50O DH)R. 5BIA)(, J=5.6Hz,

Fol | e for the synthesis of diprotected sul foni c
ol do Y BLAHR SGHER T ERETH S

(38) di hydr o- 3- hydr oxy- 4, 4- di rret hy1l-2(3H)-furanone was reacted with

1,3-pro edi i (Exanple 1(a)). Conpound B80 was obt ai ned
15 (E 78%'7, 8%%7{/‘?8“!(’1“3%%&%%% solid. 11-1 NWR (CDC13, 500 MHz) 5 in ppm

1.18 6H & 1.29 (s, 60- 2 3.59-3.64 (m 2H) &
3. 66- gs72 (H)m2'F‘I)\ ( \;égggﬁ\%&ﬁﬁxl(d J=9Hz, 2H), 5.00 (s, 2H).

f) Conpound B81.# 01l /o\Xss 0

Compound A15(sodium salt) was prepared using the same methodology as

20  described for Compound A16(sodium salt) by replacing in Step 1 starting material (33)-2,2-

dimethyl-3-(phenylmethoxy)pent-4-en-1-ol with (3R)-2,2-dimethyl-3-(phenylmethoxy)pent-4-
en-1-ol, which was prepared similarly from the corresponding (S)-pantolactone.

e) Compound A17(sodium salt):

NaO\ SN S J\/ﬁ\/\
/}9\\ //\\/\><"J\o 0" Yo

25 OH
Compound A17(sodium salt) was prepared using the same methodology as
described for the sodium salt of Compound A15(sodium salt) by replacing 1-chloroethyl 2-
methylpropanoate in Step 4 with commercially available 1-chloroethyl ethylcarbonate.

30 f) Compound A19(sodium salt):
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Fol l owi ng the general procedure for the synthesis of diprotected sulfonic
acids (Exanple 1(e)), comrercial tetronic acid was reacted with

1, 3- propawednswdifsanyl di chloride (Exanple 1 (a)). Conporod/(B2iiwvms220bt ai ned
(0.85 g, 56%yield) as a white solid. 1H NVR (DVBO, 500 MHz) 5 in ppm 2. 34
(m 2H), 3.99 (t, J=7.5Hz, 4H) .00 ( 4H), 6.05 (t, 25J=1.5Hz, 2H).
Exanpl e 28: Preparation of ound |P1 | di $odium salt) WD 2011/017800

PCT/ CA2010/ 007" \/\ﬁvr\).tégo 8 >rt Step 1 0 Ao, OH H20 Step 2
MeONa NCCNNaC: Ce" s’ NaoOo 0" WHO St ep 3Conpound P1(2Na) Step 1. To

a solution of - hi,.ol )...and. acr N LEi , 30
nmol ) was addgé"%?lr{dg%qusf 6'.“'1‘ %ﬁ)%ﬁ}q?#%durugﬁ\%ﬁgh%t ﬁééﬁg\/\g‘r%%éﬁﬂ%zta gLrt and
stirred alesaribed far SiopwoandiAE5(satiung Salt) by éptacnoxi-chierostay 2ovetbdproparoets inn vacuo
and the rgsd Wasm | £ Sk hr omat ogr aphy (hexanes/ et hyl
acetate 888‘:%2%%@‘0 0: 15’3?’“ I gﬁgrfo ?@?‘dg‘dfhdfg%?ﬂghat&

cyanoét hyl sul fanyl ) propyl sul fanyl ] propanenitrile (2.14g, 100%yield) as a
col orl esg)0i | compounds B48k B20:T0 a solution of disulfide fromStep 1 (0.5
g, 2.34 mol) in water (10 nL) was added a 32% sol uti on of peracetic acid
in acetic aci CompothdB15 tHB2AD arepleparelifoldiving dh @hended NersRATE ERdmiple 8(d) he

formed sqlid wa I l.tered and ed with ter (2x10 nd..et hanol
10( 2x10° Aty A fobis” RiEBadlon, 47 Tt ioe Ve S5ty b o B hpffeSeiin "BR
3- [ 3- ( 2- oyrlaningg Byphendxjsaulfghy)-1-propanesulfonyl chioride (Example 1(b)) in Step 1 with 1,3-

10  propanedisulfonyl dichloride (Example 1(a)) and adjusting the molar ratio of

alcohol/disulfonyl dichloride derivative to (2:1).
Example 9: Preparation of Compounds A26(sodium salt) and A53(sodium salt)

15 a) Compound A26(sodium salt):

0 _ o)
PhO - 1- Oxaly| chloride PhO
A 4 - S Eton nen A Io; -
o © OBn ’ 0 OBn

Step 1

1- Pd(OH)2
2- NaHCO3

o]
NaO \></U\O/\
7S J 7
o O OH

Compound A26(Na)

Step 1: To a stired 0°C solution of (2R)-2-benzyloxy-3,3-dimethyl-4-(3-

phenoxysulfonylpropylsulfonyloxy)butanoic acid (Example 8(a), Step 3) (0.8 g) in

20  dichloromethane (10 mL), was added oxalyl chioride (0.28 mL) followed by a drop of N,N-

dimethylformamide. The reaction mixture was stirred for 1 hour and concentrated in vacuo.

The resulting residue was dissolved in dichloromethane (10 mL), to which was added

ethanol (2 mL). The reaction mixture was stirred overnight at room temperature. The

volatiles were removed, and the residual material was purified by silica gel chromatography

25  (hexaneslethyl acetate 70:30) to afford ethyl (2R)-2-benzyloxy-3,3-dimethyl-4-(3-
phenoxysulfonylpropylsulfonyloxy)butanoate (0.70 g).
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propyl sul fonyl]-propanenitrile (0.62 g, 95%yield) as a white solid.
Step 3: To a suspension of disulfone fromStep 2 (0.62 g, 2.23 ml) in
nmet hanol Wo3ondgi7seas added a 0.5M sol ution of sodi um nercaxdadeloaoiazet hanol
(8.9 m., 4.58 mml) After 24 h of stirring, t he honpbgenous sol ution was

d ' d d d h I
(20 ) and t PR aEret aldion st e PPt o Sep i cabaratiel (B
suspensi wasveaged atdterasitl @nall fwowmkb,y Ra@rdd (0n2 ghrnem/étarnal mgzxr:ne rehgtioand
di et hyl %ﬂ@ﬂ’e g&a%)gﬂge der g\g&r %a&r((é?lmi?\)f ?gﬁirmg?r u?rtlltc?ﬁlg%?r ac %ﬁﬁtlso%%?

m Xt ure passe throu%|1 uti’n Oon:
cont ai ni stpriogripernal e{aisggmlwwﬂllteyedv\emcbthecﬂltna@cwmw]n@tra;adpmdmnzm

| d.
?Lf (236%:\/29\( gzﬂorgagéﬁlg él\:‘c/’luilzﬁ@ §r@§rbb'r'i§t§ %Iﬁt)on(@ 64141I) gvas%gé%'aﬁéi He l_&%§ul§nd"ﬁn’ixﬁlﬁe sol i

8. 0Hz, 4Mps stifechar 30 M, a'rﬂr*éﬁ'aﬁ%ncraeirﬁt%ﬁ &rﬁwﬁldgatmaiwaﬁaurm ba)slh@ﬁﬁbound
B11: 2hiofratagrdphy Usihg GENBEREthBFISREHA @sofzv) aTs"éPue'?ﬂ“?é bR fﬁectfon%daﬁ@t ect ed

i -2-0 t th
T o on ABE PRl Aioices & s SR AR BEOL 598 MPebiant e o).
obt ai ned 1(:.(§9 =07.0 B2%BH);, elzg)(qm A= G 194, |2§J|$33(Dﬂ(|t J iHoNI&f?Rzrg)g@@bfit j@gﬂ%l'\_/l'zﬂ) 6
oy P e 7%9(935é132153*%5rﬁw5 2 47 G0 8255 ofp oty 8 3 (G
J20 5. OHz, 5 b) Conpound B12: .a.." ?ontﬁl...i.h f11 N
ure or e syn ESI S (0]
LT b SuP{ngB%&‘ﬁsé(ggd?E{(‘seJ n@h proce y

dlprotect nic acl e 1(a)), pyridin-3-ol was reacted with

3- pr opanedi su?ﬁ‘onyb dochloyjale (Example 1 (a)). Conpound Bl2 was obtai ned
(0 61 g, ) 5S\a/OQJ/§f~é) s oil. 1H NWR (DVBO, 10 500 MHz) 8 in ppm
8.64 (d, J m 862§Jdd J =12, 4.6 Hz, 2H), 7.87 (ddd, J =
1.2, 2.8, 8.5 Hz, 758(de 4.6, 8.5 Hz, 2H), 3.85 (t, J = 7.5 Hz,
4H), 2.49-2. 400r(nm>unﬂr5}3(SOEmamalt)aw&)proﬁroenasirm thersaoie ptawepars ad defiiBed for 887 15

a) CagPoyacyRésis of Compound A26(sodium salt) (Example 9 (a)) by replacing ethanol in Step 1
with isopropanol to give Compound 53(sodium salt) (0.35 g) as a white solid. '"H NMR (D20,
500 MHz) & in ppm 1.05 (s, 3H), 1.06 (s, 3H), 1.31 (d, J = 7.0 Hz, 3H), 1.32 (d, J = 7.0 Hz,
3H), 2.29 (quint, J = 7.0 Hz, 2H), 3.08 (t, J = 7.0 Hz, 2H), 3.59 (t, J = 7.0 Hz, 2H), 4.14 (s,
1H), 4.16 & 4.23 (AB, J = 9.5 Hz, 2H), 5.11 (hept, J = 7.0 Hz, 1H).
20
Example 10: Preparation of Compounds A13 and B13

a) Compound A13:

Compound A13
Step 1: Following the general procedure for the synthesis of monoprotected sulfonic
25 acids (Example 1(c), Step 1), 1-(4-hydroxy—2,2-dimethy|-1-butylaminocarbonyloxy)-1-ethyl 2-
methylpropanoate (US published application ' 2005/0222431, incorporated herein by
reference) (1.0 g, 3.6 mmol) was reacted with 3-phenoxysulfonyl-1-propanesulfonyl chloride
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Fol l owi ng the general procedure for the synthesis of diprotected sulfonic
acids (Exanple 1(e)), ethyl 2-hydroxy-3, 3-dinethyl-butanoate (Wang et al.
(2006), 9y0I2et1012906(8), 20 1169- 1172, incorporated her @Ch/da20ngPE2&NCeE)
was reacted with 1, 3-propanedisul fonyl dichlori de (Exarrpl e 1l (a)). Conpound

ez s, QRS oh 0, BB Py Bocui b OGRS TR 2
7.0 Hz, 2ddyde Bidute (obtainkd wWasOpiified 2y Mifica gél aﬂrommogfbpﬂwhexénéﬁﬁetmﬁ acéltaﬂal—l) 25
b) CorrpOUbeboBﬁg 0 I (o) ET% HOVIV'[[E)%B i mFthglef'%;?"en&{y%&f‘oq%[)r%pylgﬁlfohﬂgxy%ﬁ%]hes' S
of diprotecte on| Cc acl

2- hydr oxycaﬁ%\wwwetbv}t%rnetavleropm 2% (et 4% a pgigryell@ooitn , 24(19),

2743-2747, incorporated herein b reference was reacted with 1, 3-
30pr opanedi sulStehg I F OHP%'HQH}‘E‘IQ}'@G(%RES’H%%G for G*!%)§V"th%ﬁ]96G‘ﬁG°FBQSCtWé§U|@DlCal ned

(0.85 g, aRRO(EYArapIEN (XSStap 2l strliSHatetidl froiH‘St'é‘B/R & e (Mds)Jg:@é. 0198 l&gm

gng) (d, ‘]r:\)gol?m n%%nc%é?@ h—tl_g}]wagépﬁsseg wAtb thﬂge@iﬁ&}@ agdltﬁ c(fqoa’llgdmm 9B Hz,

2x2H) , 4 @arcod, (10% wetD THe, miRtufe Whs sfire) foCadhousaer B,&#ogen gas (1 atl’ﬁg| ITeiei Ng It he
f Ci anpl e

gener ol PRAGRVEE gt ARETEARTL Safl o] AL SEe LRl 5 0,05

1, 3- p?oopdﬁéﬁil@n fT(blﬁyIfeald@ail dﬂatéeal(E)mrrpblmled(éDy) silCanpgrinchB8@atogmsphybt ai ned

Eg 42)9(119 E(Qf’c’hl}éioﬁ{e?)c?&@ﬁqe%a%ﬂo‘é0%8'6bq8hsk%§?d%p(oﬁ%ﬁ%(15%%@ 358 pgl61(;5

2x1H) . )Wr@Sr?B'('ﬂJn'ﬂl NEHS(DMR 500 Myt 8 in arsrB01 dwichy esedgemdiHal ity 68&dUr e for

t he synt i d L f aghds (

(29 5 by dr e LRIl e S G AooR o )sk 8T P oaed E8n, Ahes e
refer ence})‘7%5% %'@a%?%é’“vﬁ)h?’is@dp#ﬂp%ﬁeﬁﬂzs&‘ﬂ} érﬁ‘ﬁl(scﬁHérﬁ fod =g Brartphe 1
(a)) .15Comaumnd=B8Eiz\agy. obtained (8.2 g, 71%yield) as a white solid. 1H NWR
(CDCI 3, 500 MHz) 8 in ppm 0.97 (d, J=6.8Hz, 2x3H) & 1.08 (d, J=6.8Hz,
2x3H), 1.31 (t, J=7.1Hz, 2x3H), 2.30- 202.36 (m 2H), 2.54-2.60 (m 2x1H),
3. 46- 3. 5d)(m cmmapmmzs 4.30 (m 2x2H), 4.89 (d J=3.9Hz, 2x1H). e)

Conmpound B86g

Following the general procedure for the synthesis of diprotected sulfonic acids
20 (Example 1(e): 1-(4-hydroxy-2,2-dimethyl-1-butylaminocarbonyloxy)-1-ethyl 2-methy
Ipropanoate (US published application 2005/0222431) (2.60 g, 9.45 mmol) was reacted with
1,3-propanedisulfonyl dichloride (Example 1(a)) (1.14 g, 4.73 mmol) in dichloromethane (200
mL) in the presence of pyridine (7.6 mL, 94.5 mmol). After evaporation, the crude product
was purified by silica gel chromatography (hexanes/ethyl acetate 80/20 to 50/50) to afford
25  Compound B13 (2.31 g, 68% yield) as a pale yellow oil. "H NMR (CDCl;, 500 MHz) & in ppm
1.00 (s, 12H), 1.16 (d, J=7.0Hz, 12H), 1.45 (d, J=5.5Hz, 6H), 1.55 (t, J=8.0Hz, 4H), 2.43 (m,
2H), 2.53 (m, 2H), 3.17-3.25 (m, 4H), 3.36 (m, 4H), 3.94 (s, 4H), 4.86 (br d, J=4.5Hz, 2H),

6.76 (q, J=5.5Hz, 2H).

30  Example 11: Preparation of Compounds A29(sodium salt), A30(sodium salt), B29 and B30

a) Compound A29(sodium salt):
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(1)00\ 0 " 0OOH Conpound B77Conpound B86 25Conpound B77 (8.6 g; Exanple 27
(b)) was dissolved in 2M ammonia in ethanol (150 nL). The sol ution was

stirred avonoumirsenperature for 48 h. The sol vent was reco@Edouwider9vacuum
and the residual material was washed vvith hexanes (2 x 100 mL) to give the

d d d f t t ht
tandi ho_at SR8 EraAL by Bt afTeer A e ebe e RE col ¢
met hanol (Exanaflé ot(d)),Coorpmarihl R8Iyl 3-Byddoxy;2, 28i%eltyiprappnaate awashir¢astesiomitd. 1H
(N%R (D'Vs%o gﬂ &/H%)é%@arﬁ;ge Rey. Qm§§ r%jSAZ gééhmﬁg)sa%}w%%o tnga% gs 9} a %?wh%t') 3.20
J=4. 5Hz SQM) H'NM% (RLHx, §00Ml=|bz ) T B8N @i s (s, 21, 4.29 (A1)J Ed’rﬂpldyr?dﬂ 8857 (tOS-]? o)
Fol | I t th t
R e L i R i A e G R LR V-

r ox
1, 3- propd9 ?fshflgﬁ Ayl7 HHZ}WI"BFE% rrpl e l(a)) Conpound B87 was obt ai ned
(0 85 g, 53% 10yield) as a col orless oil. 1H NMR (CDCI 3, 500 MHz) 8 in ppm

1.32 (t, J= 7.0 Hz 1.73 (s, 2x6H) 250(quint, J=7.0 Hz, 2H),

3.46 (t, ¥= 7%"1%’““?%535“&'"2 é g, J= 2x2H) . Exanple 31: GCeneral

synthetic protocol for the ;\Q@ms of oxorret hyl disul fonate esters a)
S

1, 3- propar}%lsulfonlc atyd sal t: olr -, 11_HO6--- -6--CH
1111 0 A

10 Following the general procedure for the synthesis of monoprotected sulfonic acids
(Example 1(d)), commercial benzyl 3-hydroxy-2,2-dimethylpropanoate was reacted with
Compound C1 (Example 13) . Compound A30(sodium salt) was obtained (0.91 g) as white
solid. "H NMR (D,0, 500 MHz) & in ppm 1.28 (s, 6H), 2.12-2.18 (m, 2H), 2.96 (t, J=7.6Hz,
2H), 3.40 (t, J=7.3Hz, 2H), 4.35 (s, 2H), 5.23 ( s, 2H), 7.42-7.46 (m, 5H).

15
c) Compound B29:

Q 0, ,0 o\\ ,0 o
/\o \/\/ /><U\O/\

Following the general procedure for the synthesis of diprotected sulfonic acids

(Example 1(e)), commercial ethyl 3-hydroxy-2,2-dimethylpropanoate was reacted with 1,3-

20  propanedisulfonyl dichloride (Example 1 (a)). Compound B29 was obtained (16.0 g) as a
white solid. 'H NMR (CDCls, 500 MHz) & in ppm 4.23 (s, 4H), 4.17 (9, J = 7.1 Hz, 4H), 3.35

(t, J = 7.3 Hz, 4H), 2.37 (m, 2H), 1.273 (t, overlap with a singlet at 1.266, 6H) 1.266 (s, 12
H).

25 d) Compound B30:

Following the general procedure for the synthesis of diprotected sulfonic acids

(Example 1(e)), commercial benzyl 3-hydroxy-2,2-dimethylpropanoate was reacted with 1,3-

“ propanedisulfonyl dichloride (Example 1 (a)). Compound B30 was obtained (9.0 g, 78%
30 yield) as a white solid. '"H NMR (CDCl;, 500 MHz) & in ppm 1.29 (s, 12H), 2.21 (quint,
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H20 To a solution of 1,3PDS (109 g, 534 mmol) in H20 (500 nL) was
added silver carbonate (162 g, 587 mmol) in portion over 30 mn. After 30

mn at rosooampesoat ure, the solution was filtered over PpaTgadowiooCebite TM
and the cake was washed once with water (100 nlL). After evaporation of the

sol ution e he, ro _ S d |, 2 m.) and
t he resul t?ﬂlta n%'B'?t f‘]aléa(g/aj srsbﬁz g'é'iquféﬁé?jH?h ﬂ)df gm ?gﬁ?’grat(j?‘é?ﬁ%
filteredpoditie nedec 60 nidtaeV$ negativemiotie: @BMOIAC\QZ)XBO mL) and dried under
vacuum at 40C to afford 1, 3-propanedi sul fonic acid disilver salt

(1, 3PDS(2Ag)) (198 g 89% vi el d) as a white solid. 25b)
1, 3- pr opdemplal % angraé!eme Gararasnay A3Paktesal) ag BERAoci 0 Ag0 -1 WNi g. - OAg
0).- RAOO 2(it_o it OCH3CN, 60C11I1 00 To a suspensi on af

1, 3 propanedl ul foni c aci i loves salt m g 2 (a)D\},cn agé\/cp
@E&I/&ﬂ%ﬁ e~

added t he sWh MG
h at 60 C Before bef'ng cool ed_ down to roo terrperature and filtered over a
pad of Celite TM. The c¥ 1% then wa¥fed @i th acetonitri | e"™hd The

filtrate is evaporated on the r “‘?éﬁ'?%@%%e resi due '%o?rth EQSQ silica

gel chromatography to afford t ndi ng 1, 3- propanedis onic acid
oxonet hyl diester. 5 Exanple 32: Preparation of Cbnpounds D to D8 a)

Corr{)ﬁund le 8p01: o%cslawrg lea enertangbbéummmrtthesgﬂﬁesrsabf an?mdsaraufbme t he
syn esiIs O I SU ona ers ci al

chi o ome BAYP SRR el Byl SHicats Y58 SRARRIGHEL ! Piabimenateaiery

di s: | ver dihlotidd Bxarmples fﬁé) (cadn)pound:mpcwasobbmnema DYt B gidid) JagSaa @, 1+$1%

%' izq%)q TR DGR s08 e o3 phii s 15 Gy o0 i B2 b BR VG u agto )

(s, 6H), 7.26-7.45 (m, 4H), 7.58 (t, J = 8.0 Hz, 2H), 7.98 (d, J = 7.8 Hz, 2H).

Step 2. To a solution of Compound B32 from Step 1 (1.89 g, 4 mmol) in methanol

(100 mL) was added acetic acid (10 mL) followed by Pd(OH), (0.3 g) in water (2 mL). The

reaction mixture was stirred under hydrogen (1 atm., balloon) for 3 h. The suspension was

15 filtered, and the filtrate was concentrated to dryness. The residual material was dissolved in

methanol (10 mL), followed by addition of 1M aqueous sodium carbonate (4 mL). The

mixture was stirred for 1 h, concentrated and purified by silica gel chromatography using

dichloromethane/methanol (90:10 to 80:20) as eluent to give Compound A32(sodium salt)

(0.85 g, 59% yield) as a white solid. '"H NMR (D;O, 500 MHz) & in ppm 2.41 (quint, J = 7.0

20 Hz, 2H), 3.10 (t, J = 7.0 Hz, 2H), 3.75 (t, J = 7.0 Hz, 2H), 3.94 (s, 3H), 7.45-7.55 (m, 4H),
7.72 (t, J = 8.0 Hz, 2H), 7.96 (d, J = 7.8 Hz, 2H).

Example 13: Preparation of Compound C1

0 0

0..0 0..0 PoC, Y- O~g
/S\/\/S\ _— // \\

HO OH ™ ioc 0 K) ol

Compound C1
25 A stirred solution of 1,3-propanedisulfonic acid (30 g) in phosphorus(V) oxychloride
(P(O)Cls, 100 ml) was heated at 100 °C for 1 h. The reaction mixture was allowed to cool to
room temperature and chloroform (300 mL) was added. The resulting solid was filtered and
washed with chloroform (2 x 100 mL). The solid was then added to 1.4 L of a stirring
ice/water mixture. The solid was then filtered, washed with water (2 x 200 mL) and dried
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Fol I owi ng the general procedure for the synthesis of oxomethyl disulfonate
esters (Exanple 31 (b)), comrercial chloronethyl benzoate was reacted with

1, 3- propawednswiifsani ¢ aci d disilver salt (Exanple 31 (aprricACorvpoiazd D2 was
obtained (0.40 g, 71%yield) as a white solid. 1H NVR (CDCI 3, 500 MHz) 8 in

(ot 32, R M Vel o Sy Chpbdubd 1295 g?éE%zv%‘lé*)éSBa s oo & MPZ S,

4H) . C) O@n@oﬁ@ﬂjMleélﬁ%mz MM @HY 80 1ge et .8Hz piH)cedur e for the synthesis of
oxonet hyl disulfonate esters (Exanple 31 (b)), chloronethyl butanoate (Baudy
et al. (2009), J. Med. Chem 52(3), 771- 778, incorporated herein by

ref er enceFXQmB’eﬂéaBlfeééfaﬁm @pranyﬂdﬁp%%mdwm gathans! B23 d di si | ver salt
(Exanmple 31 (a%t) npound D3 was obtained (10.8 g, 76%yield) as

col or | 8ss @i | . fﬁ"mna*(ecebs 500 MHz) 8 in ppm0.98 (t, J=7.5Hz, 6H), 1.70
(m 4H), 2.42 (yn 6H), 3.41 (t, 30J=7.0Hz, 4H), 5.8l (s, 4H. d) Conpound

D4: ). A o o0.,05s- oZo o lt!l Fol QM09 t he general pxocedure for the
synthesis o mw &he#s—(»Ex

rci al
chl or onet hy rop§7 carbonate was reateéd w , 3= pr opanedl sul fonic acid
disilver salt (Exanple 31 (a)) . Conpound D4 wa obt ained (0.98 g, 95%

e szaslin "S5 1A Boflion or oirbléi 20 R Mtont &y PR anydof e, (m
2H) 5 g1( smL)ZV‘F‘FF adggg @pp\@gmmple{%( 78e C) solution of 1M lithium aluminym hgirige in .

S_. , dlethylether (4E%L)0W{té}91 hté'igﬂge@%@}m)@&rg)‘%\%g Wa‘?mé@fo foBf tSHPLEfR §noof

ers
oo ‘?%t ARyt BB Sr BostoR e (emeAsBiPIdh DA, andethu)acetpte (AmLicwesm
52(3), 774ddeaspliowas nsyaaa’e&ml auu.t.dm b %t@f qwmﬂ_dl $he fmmme R&d thr‘r'gd;aﬂd rb%gnssgl t
5

wht te sor Pl fos Tr-2RESAe PG AT hRsE vt 5308 pefig &g tne kol (m
4H), 1. eewgs-ryvagﬁ)i seg_erilﬁm(emwﬂdhl-@thyl écéiaﬁe(Mterébﬁp(o;ﬁlo#JIhé modétbﬂ)wasii)uﬁﬁ)ec(kﬁ hg the
éeZerSSIZ pé?gefz gﬁ)g?ﬁw gheg(%hem H %t%r%;te ﬁ?fl%j@[}gsél E?f@f‘gaﬁhg des eiif*jlrggvI
(Exanmp? e Tetwﬂoytan%ﬁﬂdwr&%ﬂ 9|62"/ledrimmgql¢:fl¢:seqnbat e (Baudy et al. (2022? .
J. Med. Chem §§é 3) 1 lerﬁzg chibBlie (B3 ﬁﬁ?%‘é@gd(ﬂd talaaico? %a":l negﬁ%éfﬁg&f an%%

di silver %

yi el d) as E% Pytap ggs‘} RUN fmifLRﬁVR (cdéré @ootﬂmqul;amme (7.5 mL) and 4-

(dlmethylamlno)pyndlne (0.05 g) in dichloromethane (100 mL). The mixture was then slowly
warmed up to room temperature and stirred overnight. The reaction mixture was

20  concentrated in vacuo and the compound was purified by silica gel chromatography
(hexanes/ethyl acetate 95:5 to 60:40) to afford 3,3-dimethyl-4-hydroxy-1-butyl benzoate (2.6
9, 44% yield) as a colorless oil.

Compound B23:

. ©)k o0 B Q<AOJK©

Following the general procedure for the synthesis of diprotected sulfonic acids

(Example 1(e)), 3,3-dimethyl-4-hydroxy-1-butyl benzoate (Example 14 (a), Step 2) was

reacted with 1,3-propanedisulfonyl dichloride (Example 1 (a)). Compound B23 was obtained

(0.65 g, 54% yield) as a white solid. "H NMR (CDCls, 500 MHz) § in ppm 1.08 (s, 12H); 1.83

30 (t, J=7.0Hz, 4H); 2.43 (m, 2H); 3.34 (t, J=7.0Hz, 4H); 4.02 (s, 4H); 4.40 (t, J=7.0Hz, 4H);
7.44 (t, J=8.0Hz, 4H); 7.56 (t, J=7.0Hz, 2H); 8.02 (dd, J=8.0, 1Hz, 4H).
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255 in ppm0.86 (t, J=7.5Hz, 6H); 1.21 (s, 12H); 1.61 (q, J=7.5Hz, 4H);
2.42 (quint, J=7.0Hz, 2H); 3.41 (t, J=7.0Hz, 4H); 5.81 (s, 4H. g) Conpound
D7: 00 o"wo2011/017800F0l | owi ng t he general procedure for trhe/cyentovesizs of
oxonet hyl disulfonate esters (Exanple 31 (b)), chloronethyl propanoate
(Baudy etal . d[ﬁ@p m 52(3), 771- 778) was reacted with

1, 3- propa edi sul f'oni c aC|Sl‘(¥}?’ﬂ'|I SIQP@) ér salt (Exanple 31 (a)) . Conpound D7 was
obtained (13.2 g, 66%yield) a white solid. 1H NWMR (CDClI 3, 500 MHz) 6 in
ppm 51. 91({,c W= l__?z/>6§|)\,,o (quint, J=7.0Hz, 2H); 2.47 (q, J=7.5Hz,
4H); 3.41 (t,§J3=7 H; %5.82 (s, 4H). h) Conpound D8: 10Fol | owi ng the
general procedure for the synthesis of oxonethyl disulfonate esters

(Exanpl e 31 (l5pliowindther ganetah prqsedirariaathe sqBaesis ofenordprot¢ @D Sifonit. actdsd.

Ch f i sil
Chem (Exz(@<am&zlr<d>?7§za m@%qaﬁgegéwbhgl %Bgzgia{;]eegszg@%g% @i fa% gj(ég' | ver
white %oI'PECtele#t*N&?F!"PQ}[DKQI Q! (BewpkHR). @mwup@)ﬁ?@(s%umtsalt)m diginedsp8 1. 37
(m 4H); gl)aéé Wi sBlid. 1HN7VIF@§I§MS@"§OO MHﬁ%ﬁpgrfi 1% 368% iiﬁ%i@i%% 7. OHz,

4H) ; 5 81 4H) . . _Preparation A 00Ag
CL-S0 '6'% H>R815|7d$<e=7 Ehapdiing: 4@;2t P57.8Hz, e&H)u&igﬁgs Arpea8iod=o6Hz,

1, 3- propamgdr. 531{tfﬁﬂalo¢+zazmd765%ﬂ bveghS aly 70Rt@Ry eH3biha) ) 20 (60 g, 140
nmml) in acetonitrile (1 L) was added a sol ution of di'i odomet hane (17 ni,
210 mmol ) in acetonitrile (20 nm.) over 15 h (syringe punp). After the

addi t10on Exampie iy Rbmdatiohloe Compbunie A6Badileisagad geor an additional 24 h,
cool ed down to roomterrperature and filtered over a pad of CellteTM The

cake was hdvvlth aee |Ie ;*10 ) andthef rate
concent rat ohhi s gol ilica gel
was 25 added and the mmm.«;re was evapor ated to dryness. The resi due was

| oaded on a silica gel colum a el ut e&(}&th hexanes/ et hyl acetate 80: 20
to 50:50 to afford Conpound C2 :Ejﬁw Y yi el d) asCemRgyneBSsol i d. 1H NWVR
(CDCI'3, 500 MHz) 6 in ppm 2.54 (m 2H) 3.60 (t, J=6.0Hz, 4H), 5.80 (s,

2H). 30 Exanp

34: Preparation o o) 3 Co ound_(_:3 To a
sol ution of chﬁﬁeﬁl g?%f‘ﬁ@lo@toﬁlf}?or’?m!' %@BH&&?’@%V@WH&% Prrypdine diddak)@ndo. 91 g,
4dé5 noldjchinemeiraried50 enl) wag antied 20-p70dpamaius)ulfbmy| dicalbliqy @xaipRNe@af)3 @@2WL|))WaS
added; =1
The S‘gl ufgl) oﬁ{e\i\ﬁggaﬁgfﬁ Hlen % stﬁjﬂgﬁg Ay ms%gfﬁa&rai%%é%n% t&“gdaq(d C\%ﬁ%’ﬂ@%edfﬁe
resi due WASUDdy 1N jagdeayy SQiUtKPrb@f sgelunthcaihmamg@ﬁpfw v(dseadaa@ahcetheweacabet ate
90: 010 t GidDieai i
Ty IN reabs §ti@re§ferQ'h(jan§%BPéEﬁﬂgteg:%néé? %(% %d pt%gs/ﬁig ﬁééj}egﬁﬁﬁ farE¥Yn éal (m
2H), 3. 43V86rﬂu“'£ﬂd)by SA‘Céee'(QQFOWrM usmm)dlchl@r%etfqa@e/mﬁtbanon@ axelnit wits5:
Ceneral  dipntanes:2 ¢atirtotyREPCorhedunti BB, Bds&dad Swithfa 86:50/t 818 Jle€Sompound
20  AB(sodium salt) (0.5 g) as a white solid. "H NMR (D,O, 500 MHz) & in ppm 0.98 (s, 9H), 2.28
(quint, J= 7.5 Hz, 2H), 3.08 (t, J= 7.5 Hz, 2H), 3.55 (t, J= 7.5 Hz, 2H), 4.02 (s, 2H).
Compound B6 (0.47 g) as a white solid, '"H NMR (CDCl,, 500 MHz) 3 in ppm 3.90 (s, 4H),
3.34 (t, J = 7.0 Hz, 4H), 2.43 (q, J = 7.0 Hz, 2H), 0.99 (s, 18H).

25  Example 16: Preparation of Compound A56(sodium salt)

o]
P o 0 K) o o
HO Mﬁﬂ HO Compound C1 Nww
2- LiAlH,, THF ’ ‘
Step 1 Step 2

Compound A56(Na)
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1, 3- Propanedi sul fonyl dichloride (Exanple 1(a)) (20 mml) is added to a
stirred solution of selected amne (40 mmpl)) in a mxture of pyridine (10
m.) and dwohlbowamebhane (50 nl). The reaction m xture i CIdAapwoer29r oom
tenperature for 15 h and then concentrated 15in vacuo. The residual

material is pugifi chro h Si m xt re of
di chl or oret hauét ?ﬂaﬂgl ézfgllug?']fgr‘f?m rrgstf)d:% E %‘b %@g%rﬂ) "hE]‘et anol (50
di sul fonarrﬂ_ﬁe\(asrﬁddmﬂ)fresf&ﬁpreﬁarepaolatjoroof didzoethaoe irddietNyZetaerclinkillthe ay)alldﬁorrpound

N12: O 20coloratlon %exrg QtjeP Omgg ?Ol\tlé?\? wa€ qg&@}edﬁ%?fbﬁa@r‘r’ El’{% (];?%Ereé %gtef Yn aga%ﬂaﬁve

di sul f onam des comrer c react ed
with 1,3- w?'@JpHrwemaﬁ@lfmwﬂ B HIHGT (1 @@mE Eearhishevas a(dayq SIO\MMmp@uﬁcQMQ owas

Ob%aISHEd 400 30I9t,|on6§f°/ﬁtbfutﬂ| Qﬂmﬁﬁlnﬁh%ﬁ'ﬁé €n %J*gdrof%HnNWRe (r%!)@ ’ml)ﬁ
pp

252. 15 (qg“fﬁadﬁH%"Od.‘)1 ‘PE‘PG@H)'e fofwj Q@mﬂﬁﬁlc}"s@w@wwghmrmozwcs)( h@wmnd
l(;l14 y dilutedFaithl ednl GGetétbgTPGﬂB‘rQérﬁ& lapérafeRdstiRed, Qfied B\fér%é@hé@&ht d§ulf%|ftehand

I SU ona Z0lL e Was  reacte

1, 3-pr opa%geggrﬁ[ﬂq?%(ﬂ{;‘? ‘éﬁc&'}‘ﬁ‘o-l: ng‘g‘@igﬁ#ﬁ”é{@as(%”bed By HisResLionatagaaly

obt ai ned (hexatesigihyb 3tétgte e50ij0) aie imolbiei he deslréd] 4- (&ydrdiﬂyﬁ&e(rﬂ)ﬁo?ﬁ%tm) S ppm
8.18 16 (s, 2 3.83 (t, J =7.5 Hz, 4H), 1.78

(q, chi 73’{?0%‘"70[3%1 I‘?elgxa%@?e 37: I(Drepalr_Datl on of(Corrpounds N15 angb N16

Step 1.: Foll

di sgl f onani de?_i%% ﬁ%@wmgrﬂ?g aé”em &qrgé({rﬁﬁ? gﬁﬂ} %Ln%ﬁb&oﬁgﬁegr?f"ﬁog ©

hydr ochl o?GidExamige 4{d))gthg alﬁ%w)froma%tep éa@@e@omdtvnthpc@nqwo@@m éEMamPIla‘ b’i)yl

di chl de 58(sb Q I |ned
e e o e g A B e e

i 5 (t,
J= 7. In ppr (% 3H)14P,954s. 73'3*)(‘%{’9 tr5H), 2.681. 7(0rﬁn 2H), 1.95- Z)&P @.3H4 ( ABX,

J= 1415) 8250?nH.1—| 2430 (quitit, V& .0Hz ), 2 45 @4 1HY) 4. 2B, I = 9.3 Hz, 2H),
7. 17732(m( 1OIZI) (qu tepZ 'I)oaggmon of i‘-gio(ri‘éosf}(rifzd2&5fromStep

1(0.60 g, 1.1 mml) in ethanol (10 nL) was added 6N aqueous hydrochloric
aci d (20 Btampled7:Preparatidnof €ompsursfsiAs8eaboiadeand €l ux for 4 h. The m xture
was cool ed, evaporated to dryness and diluted in a 95:5 mxture 20 of

di chl or onet hane/ net hanol for purification by silica gel chronatography.

El ution with £amMpQUNdAESt et hyl acetate/acetic acid (97:3) permitted to

i sol ate Conmpound N16 (0.334 g, 57%yield) as a white solid. 1H NVR (DVSO,
500 MHz) 6 |‘|?1/\p\|cyn\4?.6 (ging, J=7.0 Hz, 2H), 2.47 (m 2H, 2.60 (m 2H,
2.78 (dd,"9="1375 §°9° ,O2H), 3.05 (dd, 13.5 & 5.5 Hz, 2H), 3.98 (m
2H), 20 20- 7032 (m ©10H), 7.80 (d, J= 9.0 Hz, 2H), 13.00 (bs, 2H). 25

Following the general procedure for the synthesis of monoprotected sulfonic acids
(Example 1(d)), methyl 3-hydroxy-2,2-dimethyl-propanoate (WO 2007/053346, incorporated
herein by reference) was reacted with Compound C1 (Example 13). Compound A58 was
obtained (1.2 g, 48% yield) as a white solid. "H NMR (D,0O, 500 MHZz)d in ppm 1.26(s, 6H),

25 240 (m, 2H), 3.05 (t, J=7.5Hz, 2H), 3.55 (t, J=7.5H, 2H), 3.74 (s, 3H), 4.35 (s, 2H).

b) Compound A60(sodium salt):

NaO., /\/\s \><[r \/© Ha PAC10% Nao,
s
4

// \\

AN O OH
- //S\\

EtOH/H2 0 00 o

Compound A30(Na) Compound A60(Na)
To a solution of Compound A30(sodium salt) (0.54 g, 1.3 mmol; Example 11(b)) in a
30  3:1 water/ethanol solution (30mL) was added a suspension of 10% Pd/C (0.12 g) in ethanol

(2 mL). The resulting solution was stirred for 30 min under hydrogen atmosphere (balloon)
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Exanpl e 38: Preparati on of Conpounds N17 and N18(bis(tritluoroacetate)salt)
Step 1. To a stirred solution of 1,3-propanedisul fonyl dichloride (Exanple
1 (a)) (wegpii@izsoomol ) in tetrahydrofuran (30 nmL) was aduawh228%0&@2O0NI UM
hydroxide (6 nL). The reaction was exotherm c and was stirred for an

addi tion At i, xt.ur. under
vacuum Zélngrs}@?{eggﬁle{lgg% toﬁggnﬁ%n alrﬂ%(gﬁ?é R W?%href’nvﬂf'hrgﬁo?nc’?r(rﬁ@y cfﬁ] silica
gel and diliegiowas evaretatett ipdagess Wfosi Coropoupe IA68(spgiomtsaliel 4appL6Bdietd) t op of

colum f e g a f

i chl or o e Ruf ol AR PR SOES ML ek BEmET 1515 8. (23 45 %0 2% 1 o1 a)
as a whi t?é%ﬁv@%,rpaMHmmd(MDMS%)Wﬂ ® JFhsbpnam 494 ((qu2Ht 12@5 (Fs,0 Hz,
2H), 3 28 18H, obzHi.- 104H) . Step 2: To a solution of Conpound
N17 fromStep 1 ( 303 g, 1.5 mol) in DVF (20 nL) were added conmmerci al
N-[(1,1- dd)nebulmbbeﬁmnsv;) carbonyl ] -L-phenyl al ani ne, 2, 5-di oxo-1- pyrrolidinyl
ester (1.2 g, 3.3 mol) and DBU (0.49 nL, 3.3 nmmol ). The m'xture was

stirred forql; ry d| luted with et h}:zl acetate and IN HC, xtracted
three tine e washed
W th water, d over gnn@slumzs#qu@,t,%,, f||t angNi | tr

concerntrat ed in vacuo. The residue was pur| fied by sil | ca ge

chr omat ogre®ePundiClg hexanes/ et hyl acetate (50: 50)c(;l9pau$]glA%tle t he desired
tert-butyl

N41- benzyl- 24§4’ﬂ02v"(91 @letgwemkymaedwelﬁdram amth&spdxfengﬁopmteqnahayfoblewcfdarmyl ] pr
opy! sul T aeyditsi Al): dnfPserhitdlybabat 8. rg@m%y.%-rgéw pBhte (RPSI&GP 3+ TO

a solution of
di chl'8r or?ét@%ﬂ?é» /é'wWﬁﬂqtevﬁ@rrmd@am@ iarea] Ed'ﬂ@nadéﬂl) 135138, (rlsonwnr)ated'ﬂhmelm xt ur e

was stir rb@de@trerib@)owaé PERRIIANM EofnPburd O1 Qﬁfhrﬁﬁ?@qgﬁtﬂh@tr@&nfg M&@;&
Triturati ontFH {t‘] tgﬁn et her/ hexanes m xture al ound
(0]

NL8( bi s( 'R Larogeetic gpielyin dighigepmethans ip affgyd GemepupdiAGd ¢ Dd52°/.6.H NVR

(D20, 50@icddiay aaumtaspwnﬂamm bg:bllsmb Mﬂﬁ87ngpﬂﬁlzh312d'|)&— %1@@ & ﬂ&&sp@x 25J=
14.0 & 7. 15-7. 30

7 2
(m 10H). ) %%ﬁr’mﬁé%’éﬁc@% éﬁd&drc?e‘lbéé’ *@éﬁ&(@?@o HZn? 143 @thﬁl lity
of tHé Caupida)2ds), 462 Bhiesd (ABENEI1013 Hy) Yher and sinul ated gastric fluid
stability The objective of this test was to determine the stability
of the prddo¢ergpound @l at ed gastric fluid (SG) and water at 37C up to 2
hours and g wateg at r@omteffperature up to 524 hours. The stability was
perfornemoaé/‘l\nm&at ed ig'Mb[;eaH Tabl e 1: Tenperatures and Sanpling
Summary Ti ng- Poi n§ € (Rolirs) S&F at 37C dH20 at 37C dH20 at room t enper at ur e
0O Yes No Yes o 0
~° NG
Following the general procedure for the synthesis of monoprotected sulfonic acids
(Example 1(d)), commercial 2,2-bis(hydroxymethyl)propanedioate were reacted with
20 Compound C1 (Example 13). Compound G4 was obtained (0.41 g, 31% vyield) as white
solid. 'H NMR (D20, 500 MHz) & in ppm 1.30 (t, J=7.0Hz, 6H), 2.26 (quint, J=7.5Hz, 4H),
3.06 (t, J=7.5Hz, 4H), 3.62 (1, J=7.5Hz, 4H), 4.34 (9, J=7.0Hz, 4H), 4.86 (s, 4H).

Example 18: Preparation of Compounds B58 to B69
25 a) Compound B58:

©\/O\n></ckﬁ/\/\s/o\><'(0\/© Ha, P/C 10% O\n></o\ S/()\><n/o|-|
,)s/\/\ll“
EtOH D 7% &% f

Compound B30 Compound B58
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1 Yes Yes No 2 Yes Yes No 24 No No Yes Sinulated gastric fluid and water
sanpl es were incubated in a shaking water bath at 10 37C for up to 2 hours.
The conpowoado(ipnesdnug) was added at Tinme-point 0. At ea®hTa2emi0t2201 e
point (refer to table), sanple aliquots were w thdrawn and anal yzed t(r)]
determ ne the concentration of 1 nedi sul f gn 3PDS) . The
concentrat i onsﬁ’of" ?ﬂé‘?jﬂﬁf opng §a$é§g§ P & ‘ﬁ F é qé é@c‘f‘i%”ﬁbak
area. The(2umappearaided aoéusﬂzer&IiHBSofV\m% dreif@ o Mgl nbpth"ahﬁi @mbuntre esultrmypound

det er m neg, &En%ga%kkt&r%gg% 'lr’ ﬁé&’r@@r\r &ﬂwo’é@weﬁ?& U}J?\j]‘ be%?é‘B&Hgﬁ Flﬁ%réé)g ér]aoo% of

1, 3PDS generate odru ulrva t concén
Si mul at edp@h@‘tca‘fqhtse“r | thed-ajse wpaw\ashe@lrw'tm@tbam §1501L) engthg fiffates wes avnp@rﬂtem de

and 0.82 r&dyi L0y
vol ums?ri% f %%E%ﬁﬁ%ﬁ%@%@n@o@%el o/?u%,izegtg e‘\:s/at emmt\%as?"d;dde and t he

Xt Ur e WEMSG SR Yioipam. 18 6718 .00, TRYTCHOD 69 (oA s cifled, ang
t he vol ungqceppd AlsCHl 50D with deionized water. The resulting mxture
was transfe)(r:red ?% a polxyprtl)-gbl ene bottle and pH neasured (pH=1.5). 25ii)
Sanpl e prep@onipoand BS9f resh stock solution at approximately 2 ng/nL of the
conpound was prepared. One stabildty solution at 200 pg/nL in the SGF was

prepared (sanple referred to gs Jube A). A stability solution at 200 pg/ni
i n deioni zed wat er was prepa ( sdnpfle referéed to as Tube B). o! nmedi atel y
.u

after preparapion, @ach 2 0 QZ@QJ utlon : d|Iu®ed |rotr|pl cates to 30
20 pg/m_ I MH ' VE X ( DEtre- poi nt
0) CH30N
60°C
Compound B29 Compound B59
10 To a solution of Compound B29 (1.06g, 3.19 mmol; Example 11 (c)) and silver

carbonate (0.86 g, 3.19 mmol) in acetonitrile (25 mL) was added chloromethylbenzoate (2.73
mL, 16.0 mmol). The mixture was stirred for 4h at 60°C and filtered over a pad of Celite™.
The cake was washed with acetonitrile (2x20ml). The filtrate was concentrated in vacuo and
the residue was purified by silica gel chromatography (hexanes/ethyl acetate 90:10 to

15 50:50). Compound B59 (1.30 g, 97% vyield) was obtained as a colorless oil. '"H NMR (CDCls,
500 MHz) & in ppm 1.24 (s, 6H), 1.26 (t, J=7.0Hz, 3H), 2.39 (quint, J=7.5Hz, 2H), 3.30 (t,
J=7.0Hz, 2H), 3.44 (t, J=7.5Hz, 2H), 4.15 (q, J=7.5Hz, 2H), 4.19 (s, 2H), 6.07 (s, 2H), 7.50 (t,
J=7.5Hz, 2H), 7.65 (t, J=7.5Hz, 1H), 8.09 (d, J=7.0Hz, 2H).

¢) Compound B60:

O e

Following the general procedure for the synthesis of diprotected sulfonic acids

(Example 1(e)), isopropyl 3-hydroxy-2,2-dimethyl-propanoate (WO 2007/053346) was

reacted with 1,3-propanedisulfony! dichloride (Example 1 (a)). Compound B60 (0.47 g, 70%

yield) was obtained as a colorless oil. "H NMR (CDCl,, 500 MHz) § in ppm 1.24 (d, J=64

25 Hz, 12H), 1.25 (s, 6H), 2.38 (quint, J= 7.0 Hz, 2H), 3.35 (t, J= 7.0 Hz, 4H), 4.22 (s, 4H), 5.01
(hept, J=6.4 Hz, 2H).

20

d) Compound B61:
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Thereafter, the incubation of tubes A and B was continued in the shaking
wat er bath at 37C for 1 and 2 hours while one aliquot of tube B was kept
at room twoperiatiosoe for 24 hours. At each specific tinmePpoiaa20mio01229

i ncubation, 3 aliquots (triplicate) of 50 pL were renoved, diluted in 450

L of water a anal vzed usi,ng LG M5/ net hod.. | rall el reference
Rl es of 1 BRI ¥ ety Srobrd PO TS s &8 bR syroié ok
triplicat(Bxdmplevi(esy methyl B-hydroxyei2-aimehyl-hepbremie) (W ROATE53846}) Wes eadtedf t he
batch. T >, : i de r yid 3 oE¥@ uation:
The concgﬁlt% ?‘a??@él%?fs\eqé@h% m\gfxfl'ad}e{Ega @Eﬂa@&gé %ﬁﬁfg(j oﬂ P@@B%é‘d’éé S z‘!?)}he
r ef er enc &/ieldieglacwhitarsalic 8 NMR €58 800MHDRIR PENERY (EsHDN3.&3 (STRY). % &dpear ance

of 1, 3PDG was 1L045eb 8% by7theygyount s of conpound determ ned at each
time g)oi Flcdt c'orrpér@c’i ?om]e'g%gbt edE r’lom@)nal concentration (1009 of 1,3PDS

generated by 100% of the prodrug (equival ent concentration). The results of
wat er st alyi EbmpoaneBez:esented in Table 2 and sinulated gastric fluid are
presented in Table 3. Table 2: Water Stability Results I D No Conversion to
9 : : : : : : .0 0.0 A14
1, 3PDS (@u/o%digsgh\%g\if@»%%o%f 1.0 1.6 1.4 A13 0.0 0.0 0.0
o O o}

Following the general procedure for the synthesis of diprotected sulfonic acids
10 (Example 1(e)), butyl 3-hydroxy-2,2-dimethyl-propanoate (WO 2007/053346) was reacted
with 1,3-propanedisulfonyl dichloride (Example 1 (a)). Compound B62 was obtained (4.5 g,
40% vyield) as a white solid. 'H NMR (CDCl,, 500 MHz) & in ppm 4.22 (s, 4H), 4.12 (t, J= 6.5
Hz, 4H), 3.35 (t, J = 7.0 Hz, 4H), 2.38 (m, 2H), 1.63 (m, 4H), 1.39 (m, 4H), 1.28 (s, 12H),
0.94 (t, J = 7.3 Hz, 6H).
15
f) Compound B63:

Following the general procedure for the synthesis of diprotected sulfonic acids (Example
1(e)), hexyl 3-hydroxy-2,2-dimethyl-propanoate (WO 2007/053346) was reacted with 1,3-
20  propanedisulfonyl dichloride (Example 1 (a)). Compound B63 was obtained (2.0 g, 36%
yield) as a colorless oil. '"H NMR (CDCls, 500 MHz) & in ppm 0.89 (1, J= 7.0 Hz, 2x3H), 1.27
(s, 2x6H), 1.30-1.35 (m, 2x6H), 1.57 (quint, J= 7.5 Hz, 2x2H), 2.37 (quint, J= 7.0 Hz, 2H),
3.35 (t, J=7.1 Hz, 2x2H), 4.12 (1, J= 7.0 Hz, 2x2H), 4.22 (s, 2x2H).

25 g) Compound B64:

Pr/om></o\s/\/\s/o\><[(o\Pr
0o o 0 |

o}
Following the general procedure for the synthesis of diprotected sulfonic acids
(Example 1(e)), propyl 3-hydroxy-2,2-dimethyl-propanoate (WO 2007/053346) was reacted
with 1,3-propanedisulfonyl dichloride (Example 1 (a)). Compound B64 was obtained (7.0 g,
30 71% yield) as a white solid. 'H NMR (CDCl; 500 MHz) & in ppm: 4.23 (s,4H),4.08(t, J=6.6
Hz, 4H), 3.35 (t, J = 7.2 Hz, 4H), 2.38 (m, 2H), 1.67 (m, 4H), 1.27 (s, 12H), 0.9 (t, J=7.4Hz,

6H).
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h) Compound B65:

(0]
cBu/O\”></ /,S\\/\/\//S\\ \>§]/ “cBu
o’o o ©

o} o}

Following the general procedure for the synthesis of diprotected sulfonic acids
(Example 1(e)), cyclobutyl 3-hydroxy-2,2-dimethyl-propanoate (WO 2007/053346) was
reacted with 1,3-propanedisulfonyl dichloride (Example 1 (a)). Compound B65 was obtained
(0.61 g, 44% yield) as a colorless oil. '"H NMR (CDCl;, 500 MHz) & in ppm 1.26 (s, 2X6H),
1.59-1.69 & 1.79-1.85 (m, 2X(1H & 1H), 2.02-2.10 (m, 2X2H), 2.32-2.40 (m, 2H+(2X2H)),
3.34 (t, J=7.1Hz, 2X2H), 4.21 (s, 2X2H), 4.98 (q, J=7.6Hz, 2X1H).

i) Compound B66:

Following the general procedure for the synthesis of diprotected sulfonic acids
(Example 1(e)), isobutyl 3-hydroxy-2,2-dimethyl-propanoate (WO 2007/053346) was reacted
with 1,3-propanedisulfonyl dichloride (Example 1 (a)). Compound B66 was obtained (3.9 g,
32% yield) as a light yellow oil. '"H NMR (CDCl; 500 MHz) 5 in ppm 4.23 (s, 4H), 3.90 (d, J =
6.6 Hz, 4H), 3.34 (t, J = 7.8 Hz, 4H), 2.37 (m, 2H), 1.95 (m, 2H), 1.28 (s, 12H), 0.94 (d, J =
6.8 Hz, 12H).

j) Compound B67(bis(hydrochloride) salt):
O

HO/YI\O/\ HCI ol
NHBoc H2N H
Chg~~g Ll 1- pyr, CHzCl \/o\[])(/o\ s/o\>4(%\/
& \) s E—
eo & o) Om ke 0

2-TFA, CH.Cl;
3- 1N HCI

Compound B67(2HCI)

Following the general procedure for the synthesis of diprotected sulfonic acids
(Example 1(e)), ethyl 2-(tert-butoxycarbonylamino)-3-hydroxy-2-methyl-propanoate (Yu S. et
al. (2005), Angewandte Chemie, International Edition, 44(1), 135-138) was reacted with 1,3-
propanedisulfonyl dichloride (Example 1 (a)). The resulting mixture was treated with
trifluoroacetic acid in dichloromethane and with 1N aqueous hydrochloric acid to afford
compound B67(bis(hydrochloride) salt) (0.75 g, 49% yield) as a white solid. '"H NMR (D,O,
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500 MHz) & in ppm 1.31 (t, J = 7.3 Hz, 2x3 H), 1.63 (s, 2x3 H), 2.35 (quint, J = 7.0 Hz, 2 H),
3.63(t,J=7.3Hz,2x2 H), 4.35(q, J =7.3 Hz, 2x2 H), 4.53 & 4.83 (AB, J = 11.3 Hz, 2x2 H).

k) Compound B68:

5

Following the general procedure for the synthesis of diprotected sulfonic acids
(Example 1(e)), ethyl 3-hydroxy-2,2-dimethyl-butanoate (Boyd, V.L. et al. (1987), J. Med.
Chem., 30(2), 366-374, incorporated herein by reference) was reacted with 1,3-
propanedisulfonyl dichloride (Example 1(a)). Compound B68 was obtained (0.65 g, 54%
10  yield) as a colorless oil. 'H NMR (CDCls, 500 MHz) & in ppm 1.17 (s, 6H); 1.25 (s, 6H); 1.28
(t, J=7.0, 6H); 1.40 (d, J=6.5Hz, 6H); 2.35 (m, 2H); 3.30 (t, J=7.0Hz, 4H); 4.16 (m, 4H); 5.10

(g, J=6.5Hz, 2H).

) Compound B69:

9 OEt
o o (HCHO) 0 O Cl— ¥ :
Eto*r&oa KeCOs, E1ON Eto)%*m ::X m{:
OH Pyr, CHzCl2
Step 1 Step 2

15 Compound B69
Step 1: To a suspension of paraformaldehyde (0.87 g, 26.4 mmol) and potassium
carbonate (7.3 g, 52.8 mmol) in ethanol (100 mL) was added diethylmalonate (3 mL, 17.6
mmol). The reaction mixture was stirred at room temperature for 24 h, filtered over a pad of
Celite™, and the cake obtained was washed with ethanol (2*20mL). The filtrate was
20  concentrated in vacuo and the residue was purified by silica gel chromatography
(hexanes/ethyl acetate 90:10 to 70:30) to afford diethyl 2-(hydroxymethyl)-2-methyl-

propanedioate (2.8g, 78% yield) as a colorless oil.

Step 2: Following the general procedure for the synthesis of diprotected suifonic
acids (Example 1(a)), the alcohol from Step 1 was reacted with 1,3-propanedisulfonyi
25  dichioride (Example 1 (a)). Compound B69 was obtained (2.64 g, 67% vyield) as a colorless

oil. '"H NMR (CDCls, 500 MHz) & in ppm 1.28 (t, J=7.5Hz, 12H); 1.55 (s, 6H); 2.36 (m, 2H);
3.35 (t, J=7.0Hz, 4H); 4.23 (q, J=7.5Hz, 8H); 4.54 (s, 4H)

Example 19: Preparation of Compounds A62(sodium salt) and A63(sodium salt)

30 a) Compound A62(sodium salt):
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Following the general procedure for the synthesis of monoprotected sulfonic acids

(Example 1(d)), diethyl ester (2-hydroxy-1,1-dimethylethyl)-phosphonic acid, (Cann P.F. et

al. (1972), J. Chem. Soc., Perkin Transactions 2, (3), 304-311, incorporated herein by

5 reference) was reacted with Compound C1 (Example 13). Compound A62(sodium salt) was

obtained (0.7 g, 84% yield) as a colorless paste. '"H NMR (DO, 500 MHz) & in ppm 1.23 (s,

3H), 1.28 (s, 3H), 1.35 (t, J= 7.0 Hz, 6H), 2.30 (quint, J= 7.2 Hz, 2H), 3.07 (t, J= 7.0 Hz, 2H),
3.58 (t, J= 7.5 Hz, 2H), 4.2 (m, 4H), 4.28 (s, 1H), 4.32 (s, 1H).

10 b) Compound A63(sodium salt):

05,0 05 O

I,
Na0” o5 Nao
Following the general procedure for the synthesis of monoprotected sulfonic acids
(Example1(d)), 2-methyl-2-nitro-1-propanol (Janzen, E. G. et al. (1978), J. Org. Chem
(1978), 43(10), 1900-1903, incorporated herein by reference) was reacted with Compound
15 C1 (Example 13). Compound A83(sodium salt) was obtained (0.5 g, 15% yield) as a white
powder. '"H NMR (D,O, 500 MHz) & in ppm 1.68 (s, 6H), 2.26 (quint, J= 7.0 Hz, 2H), 3.05 (t,
J=7.0 Hz, 2H), 3.59 (t, 7.0 Hz, 2H), 4.79 (s, 2H).

Example 20: Preparation of Compounds B56 and B70 to B72

20 a) Compound B56:

le) (o)
0 (e
(0]

O\ /\/\ ’

PSS ’/S\\

0o 0770
Following the general procedure for the synthesis of diprotected sulfonic acids
(Example 1(e)), the alcohol from Step 1 of Example 16 was reacted with 1,3-
propanedisulfonyl dichloride (Example 1 (a)). Compound B56 was obtained (0.32 g, 10%
25  vyield) as a colorless paste. 'H NMR (CDCl;, 500 MHz) 5 in ppm 0.97 (s, 2x3H), 0.98 (s,
2x3H), 1.11 (s, 2x3H), 1.67-1.73 (m, 2x1H), 1.83-1.89 (m, 2x1H), 2.00 (m, 2x1H), 2.08 (m,
1H), 2.47 (quint, J= 7.0 Hz, 2H), 3.44 (m, 2x2H), 2.48 (AB, J=11.7 Hz, 2x2H).
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b) Compound B70:
0

O. || O\ /O O\ .0

r e )

Following the general procedure for the synthesis of diprotected sulfonic acids
(Example 1(e)), the diethyl ester of (2-hydroxy-1,1-dimethylethyl)-phosphonic acid (Cann
P.F. et al. (1972), J. Chem. Soc., Perkin Transactions 2, (3), 304-311) was reacted with 1,3-
propanedisulfonyl dichloride (Example 1 (a)). Compound B70 was obtained (0.70 g, 24%
yield) as a yellow oil. '"H NMR (CDCl;, 500 MHz) & in ppm 1.24 (s, 2x3H), 1.27 (s, 2x3H),
1.34 (t, J= 7.2 Hz, 2x6H), 2.44 (quint, J= 7.2 Hz, 2H), 3.39 (t, J= 7.0 Hz, 2x2H), 4.16 (m
2x4H), 4.22 (s, 2x1H), 4.25 (s, 2x1H).

c) Compound B71;
P
Following the general procedure for the synthesis of diprotected sulfonic acids
(Example 1(e)), commercial 3-hydroxy-2,2-dimethyl-propanenitrile was reacted with 1,3-
propanedisulfonyl dichloride (Example 1 (a)). Compound B71 was obtained (410 g, 66%
yield) as a white solid. '"H NMR (CDCls, 500 MHz) § in ppm 1.45 (s, 2x6H), 2.53 (quint, J=
7.0 Hz, 2H), 3.47 (t, J= 7.0 Hz, 2x2H), 4.15 (s, 2x2H).

d) Compound B72:
o A

Following the general procedure for the synthesis of diprotected sulfonic acids
(Example  1(e)), 2-methyl-2-nitro-1-propanol (Janzen et al (1978), J. Omg.
Chem. (1978), 43(10), 1900-1903) was reacted with 1,3-propanedisulfonyl dichloride
(Example 1 (a)). Compound B72 was obtained (5.0 g, 62% yield) as a white solid. '"H NMR
(CDCls, 500 MHz) & in ppm 1.68 (s, 2x6H), 2.36 (quint, J= 7.0 Hz, 2H), 3.36 (t, J= 7.0 Hz,
2x2H), 4.52 (s, 2x2H).

Example 21: Preparation of Compound A64
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b) Whol e bl ood stability: The objective of this test was to determ ne
t he st abiwotgtiafi7dohe prodrugs in fresh human whol e bl ocoa@catcatpfofeeranat
time-points (0, 0.5, 1, 4, 24 hours). Blood sanples were incubated in a
shaki ng water bath at 37_C for up to 24 hours. The conmpound (prodrug) was 5
added at Ti ne- poi nto O, aﬁﬁ/éanple aliquots were withdrawn and anal yzed at
each tinme point to ge{€rmRelhe concentration of 1,3PDS. |If possible, the
| oss of conpound S _Heterm ned by the ambunts of conmpound determ ned at

each ti paint conparéd tq theo\a)'pb@/rﬁ\[(det ermned at Tine-point 0. To

el i ni napglot\%e{é%versi ?tg due to the maflri X a spegjal Time-point 0 was
prepared in pre-extrac &d bl ood sanpl e.” 10 i) \Sanpke pteparati on:

Approxi mately 2.5 nL of whol e blood was incubated i gently shaki ng water
bath at 37C for 15 minutes. Two (2) nL of thegpresymeubét ed whol e bl ood
were aliquoted in an eppendorf tube. A 100 pL aliqxqt of blood was renoved
and 100 pL of the conpound Stoek 15 Sol uti on was adddd. The sohkyti on was
m xed by invessiqn. . Thi ol e was referredut9 as Tube The £i nal
concentrati onoﬁmsgorrpound i NNt uﬁe_SWS apﬁ?@o?‘r/rr\g%\%l a WW@#WL.

| mredi ately after m xing, 100°pL of TiUbe A was aliquotted intc® 3 different
eppendorf tubes. Thesg, samlgs were extracted as described in the
"Extraction Procedure” Section. These sanples were referred to Ti ne-point
0. Ther eaft er Staphé: Angelbtioni o cohmigisd 3camine-22etinethyigldprapanoh (1.Aeg,s ki ng
wat er bat ] f 24 FeS il 1 . LI Ll poi nt
of i ncubm ??)\}ri,'@gﬁ dﬁﬁ?@,ﬁ??ﬂﬁafbgg?gg 2’%#%%055%3%%?@@%@@\%? ré%g:fn l[e@?:r' acted
as descri®hél J-Wq%ihem 8%k PHASPH ¥ eincasperaied ferei by yeiprigngrd tédtd. al

further dew iR W agREAS WofksSd/ @FooRNESHO IR, 469 AM8H iiPBcdibiifliscs, t he
al i quot extracts were kept on ice until_analysis. After extraction, sanples
vere analV2 RS ITRY af_@oWE}eW@eFﬁgqrﬁég_Z b5The '5""%55? W8 CPerenpated &ygbut one A

vol une ofthid08F ilvalime; @filGted @fth a0 hpdibéHdriceaciieandaeldiedieti Ahrae tinfes itheqapgndor f
t ube and ice until utilization.

K 100 pL,of th le to b
extract ed C\%gée' gﬁae‘i?mgﬁ‘&dt?{%af}ﬁ Jﬁyﬁﬁsw%r%%%&&p"(@g‘g?‘Sh?q".séai%egm?%ﬂﬁﬁwa) . The
sanpl e wasifaterfiiteied iagpd dhanfilirat 2y8poratgd td 3 2889duep Th8Oruda prddGeicwant parfiad @y wi t h
eppengor T ] - I t wa
CFanaPar e gBtdnrofbtodi My bifE nelindfBnRcetle 81 1o Roptd o WREMRRE,, "¢
stream TeiEb¥EN-W1D-WEhydseors2-pimsthybipriapyllsatbreoyibdiethypprapdicarbaimgtes anpl e

was t hen anal gzed according to 1, 3PDS specific nmethods. 35iii) Eval uation:
tep 2: Following the general procedure for the synthesis of monoprotected sulfonic

acids (Example 1(d)), the alcohol from Step 1 (1.7 g, 5.62 mmol) was reacted with

Compound C1 (Example 13) (1.15 g, 6.18 mmol) to give 2.6 g (89% yield) of the
15 intermediate sodium 3-[3-[[(2S)-2-(tert-butoxycarbonylamino)-3-methyl-butanoyljamino}-2,2-

dimethyl-propoxylsulfonylpropane-1-sulfonate.

Step 3: The intermediate from Step 2 (2.6 g, 5.0 mmol) was stirred for 3 h at room
temperature in a mixture of trifluoroacetic acid (6 mL) and dichloromethane (10 mL). The
mixture was evaporated to dryness to afford Compound A64 (2.3 g, 90% vyield) as a white

20  solid. "H NMR (D;0, 500 MHz) & in ppm 0.99 (s, 6H), 1.02 (d, J= 7.0 Hz, 3H),1.05(d, J=7.0
Hz, 3H), 2.22 (m, 1H), 2.28 (quint, J= 7.0 Hz, 2H), 3.06 (t, J= 7.0 Hz, 2H), 3.16 & 3.32 (AB,
J=14.0 Hz, 2H), 3.56 (t, J= 7.3 Hz, 2H), 3.82 (d, J= 5.9 Hz, 1H), 4.06 (s, 2H), 8.34 (bt,
CONH not completely exchanged with D20).

25  Example 22: Preparation of Compounds A65(sodium salt) to A68(sodium salt)

a) Compound A65(sodium salt):
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The concentrations of 1,3PDS were cal cul ated based on the nom nal
concentration of the calibration standards and their respective peak area
rati o. A worenroirsegr essi on using a wei ght of 11x2 is usedTiaa2dmvioyr9t he
concentration of 1,3PDS. The % appearance of 1,3PDS was determ ned by the
anount s of corrpound determ negd at each tine point conpared to Snom nal
concentr at D@Q»C( 1009@/Oof 1, 3P0 generated by 100% of the prodrug (equival ent
concent r akioOAN" THE S Sobbtet ned are summari zed in Table 4 bel ow. Tabl e
4: Human Whol e Bl ood Stabrlity R J Its 1D No Conversion to 1, 3PDS (% by
molar ratio) GCh 0.5 h 1 h 4h 24h A6(Na) 0.5 0.7 0.8 1.2 4.7 Al13 12.8 44.0
47.8 61.7 62. Bolidlwhglthé general procedure for the synthesis of monoprotected sulfonic acids

(Example 1(d)), commercial 1-benzoate-2,2-dimethyl-1,3-propanediol was reacted with
Compound C1 (Example 13). Compound A65(sodium salt) was obtained (2.3 g, 59% vyield)

5 as white solid. 'H NMR (D0, 500 MHz) & in ppm 0.99 (s, 6H), 1.02 (d, J= 7.0 Hz, 3H), 1.05
(d, J= 7.0 Hz, 3H), 2.22 (m, 1H), 2.28 (quint, J= 7.0 Hz, 2H), 3.06 (t, J= 7.0 Hz, 2H), 3.16 &
3.32 (AB, J= 14.0 Hz, 2H), 3.56 (t, J= 7.3 Hz, 2H), 3.82 (d, J= 5.9 Hz, 1H), 4.06 (s, 2H), 8.34
(bt, CONH not completely exchanged with D20).

b) Compound A66(sodium salt):

O
O30 03420 P
Na-O/ \/\/ \O O/l\o
> (O)
10

Following the general procedure for the synthesis of monoprotected sulfonic acids
(Example 1(d)), phosphoric acid, diethyl 3-hydroxy-2,2-dimethylpropyl ester (Ogilvie et al., J.
Am. Chem. Soc. (1977), 99(4), 1277-1278, incorporated herein by reference) was reacted
with Compound C1 (Example 13). Compound A66(sodium salt) was obtained (1.2 g, 27%
15  yield) as a colorless waxy solid. "H NMR (D,O, 500 MHz) & in ppm 1.03 (s, 6H), 1.33 (t, J=
7.0 Hz, 6H), 2.28 (quint, J= 7.0 Hz, 2H), 3.07 (t, J= 7.0 Hz, 2H), 3.59 (t, J= 7.0 Hz, 2H), 3.92
(d, J= 4.6 Hz, 2H), 4.16 (s, 2H), 4.20 (m, 4H).

c) Compounds A67(sodium salt) and A68(sodium salt):

St e FI e i

Step 1 Step 2 o]
Compound C1 Compound A67(Na) Compound AB68(Na)
20 Step 1: Following the general procedure for the synthesis of monoprotected sulfonic

acids (Example 1(d)), commercial 2,2,5-trimethyl-1,3-dioxane-5-methanol (1.0 g, 6.24 mmol)

was reacted with Compound C1 (Example 13) (1.2 g, 6.44 mmol). Compound AB7(sodium

salt) was obtained (0.7 g, 30% yield) as a white solid. '"H NMR (D,O, 500 MHz) & in ppm

0.93 (s, 3H), 1.42 (s, 3H), 1.50 (s, 3H), 2.30 (quint, J= 7.2 Hz, 2H), 3.07 (t, J= 7.3 Hz, 2H),
25 359( J=76 Hz, 2H), 3.78 (AB, J= 12.5 Hz, 4H), 4.39 (s, 2H).
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Step 2: Compound A67(sodium salt) from Step 1 (0.70 g, 2.0 mmol) was dissolved in
water (3 mL) and diluted with acetic acid (7 mL). The mixture was stirred for 10 h and the
solvents were removed by evaporation to give Compound A68(sodium salt) (0.5 g, 80%
yield) as a white solid. "H NMR (D0, 500 MHz) & in ppm 0.95 (s, 3H), 2.30 (quint, J= 7.2

5 Hz, 2H), 3.07 (t, J= 7.3 Hz, 2H), 3.50 (AB, J= 12.5 Hz, 4H), 3.57 (t, J= 7.6 Hz, 2H), 4.22 (s,
2H).

Example 23: Preparation of Compound B74

10 Following the general procedure for the synthesis of diprotected sulfonic acids
(Example 1(e)), commercial 1-benzoate-2,2-dimethyi-1,3-propanediol was reacted with 1,3-
propanedisulfonyl dichloride (Example 1 (a)). Compound B74 was obtained (0.71 g, 65%
yield) as a colorless oil. 'H NMR (CDCl;, 500 MHz) & in ppm 1.12 (s, 2x6H), 2.40 (quint, J=
7.2 Hz, 2H), 3.32 (quint, J= 7.0 Hz, 2x2H), 4.13 (s, 2x2H), 4.17 (s, 2x2H), 7.46 (t, J= 7.8 Hz,

15 2x2H), 7.58 (t, J= 7.0 Hz, 2x1H), 8.05 (d, J= 8.5 Hz, 2x2H).

Example 24: Preparation of Compounds A69 and B75

a) Compound A69:

0]
1-
0 0 CM o
EtONa THF, DMF

EtOH 2- NaBH4, MeOH
Step 1 Step 2

ke

HO_'M_O/><\/“\O/\ Step 3

I iy » Compound C1
Compound A69

20 Step1: To a solution of 3,3-dimethylglutaric anhydride (3 g, 21.1 mmol) in ethanol (30

mL) was added a 21% w/w solution of sodium ethoxide in ethanol (5.0 mL, 23.2 mmol). After

20 h of stirring, the solution was evaporated and the resulting solid was suspended in diethyl

ether (50 mL). The mixture was filtered and the solid was washed with diethyl ether

(2x20mL). The solid was dried under high vacuum to afford 5-ethoxy-2,2-dimethyl-5-oxo-
25  pentanoic acid sodium salt (2.92 g, 66% yield) as a light yellow solid.
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Step 2: To a solution of acid from Step 1 (2.92 g, 13.9 mmol) in a mixture of

THF/DMF (5:1, 60 mL) was added isopropylchloroformate (2.71 mL, 20.9 mmol). After 20h

of stirring at room temperature, the solution was cooled to 0°C and NaBH, (1.06 g, 27.9
mmol) followed methanol (5 mL) was added to the solution. After 30min of stirring, a

5 saturated aqueous solution of ammonium chloride was added (20 mL) and followed by ethyl
acetate (20 mL). The layers were separated and the aqueous layer was extracted with ethyl
acetate (2x30 mL). The combined organic layers were washed with brine, dried with
magnesium sulfate, filtered and the filtrate was concentrated in vacuo. The residue was
purified by silica gel chromatography (hexanes/ethyl acetate 95:5 to 60:40). After

10  evaporation at low temperature, ethyl 5-hydroxy-4,4-dimethyl-pentanoate (1.82 g, 75% yield)

was obtained as a volatile colorless oil.

Step 3: Following the general procedure for the synthesis of monoprotected sulfonic
acids (Example 1(d)), the alcohol from Step 2 was reacted with Compound C1 (Example 13).
Compound A69 was obtained (1.1 g, 56% yield) as a white solid. '"H NMR (D;0, 500 MHz) &
15 in ppm 0.97 (s, 6H), 1.25 (1, J=7.0Hz, 3H), 1.67 (t, J=8.5Hz, 2H), 2.28 (m, 2H), 2.41 (t,
J=8.0Hz, 2H), 3.07 (t, J=7.0Hz, 2H), 3.57 (t, J=7.5Hz, 2H), 4.06 (s, 2H), 4.14 (q, J=7.0Hz,

2H)

b) Compound B75:

)}\/X\\\o \\,,/><\/“\

20 Following the general procedure for the synthesis of diprotected sulfonic acids
(Example 1(e)), the alcohol from Step 2 of Example 24 (a) was reacted with 1,3-
propanedisulfonyl dichloride (Example 1 (a)). Compound B75 was obtained (7.3 g, 57%
yield) as a colorless oil. '"H NMR (CDCls, 500 MHz) § in ppm 0.98 (s, 2x6 H), 1.26 (t, J = 7.1
Hz, 2x3 H), 1.67 (t, J = 7.0 Hz, 2x2 H), 2.30 (t, J = 7.0 Hz, 2x2 H), 2.43 (quint, J = 7.0 Hz, 2

25 H),3.36(t, J =7.10 Hz, 2x2 H), 3.93 (s, 2x2 H), 4.14 (q, J = 7.10 Hz, 2x2 H).

Example 25: Preparation of Compound A70(sodium salt)
Tg? S O/P gv
Na-0~ SN \o/><\/ ~
Following the general procedure for the synthesis of monoprotected sulfonic acids
30 (Example 1(d)), diethyl (4-hydroxy-3,3-dimethyl-butyl) phosphate (W02006/014282,
incorporated herein by reference) was reacted with Compound C1 (Example 13). Compound
AT70(sodium salt) was obtained (0.45 g, 26% yield) as a colorless paste. '"H NMR (D20, 500
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I n sumarwo 20ten1sgoabi ity results showed that the conpoma@aazeto/@s22pr odr ugs
and |iberate 1,3PDS either in gastric fluid or in whole blood. In fact nost

of them yere found .t e, Gl d i ole blood to a greater extent than in
gastric ;ﬁﬁﬁ?é '%Pthog'r(,g’ (?e'\g/)e(fi%é?“"ré= ?Q’mg?’égg’e%ggl?qﬁlﬂb§= Y §12i #mASY 4 BF ood

whi | e bei7rigHz, @Hxt3.564t, Y= Steibt, @H), .06 £2H)ph d5-8 26 UhabRy gastric fluids.

Exanpl e 40: Preparation of dosing fornulation a)Dosing vehicle for

formul ati on: 20Doubl e processed tissue culture water (Sigma, WB500) was
used for Exemp{en?s: Poapatdtian pbPompaepds AT (saviumasa to AT8gsodeim sdite 0. 5% Met hocel TM
(Met hocel Tm KAM Dow Chem cal , #002891) in water (double processed tissue
cul ture RAtempPeutATdsodiumsaltlat i on of al |l Met hocel TM fornul ati ons was
prepared according to literature procedures. The 2% benzyl al cohol in corn

oi | was prepayed by addi ngobenzyl al cohol to corn oil according to
mﬁ\%
ti

25proportr\jagn ; for the preparation of oil fornulation of
prodrugs. b)Dosing for n concentration: For 1, 3PDS(2Na), the
concentration in the dosing formul ati on was standardi zed to such a | evel

t hat t he doseFelbuing the géd€rainprbéayiuteofor thedsymthekis ka Indnoprotaatedi sulforfi¢ atias ol

fi . | ure i el ! 2y " th
wbrgnt ofE SR R, ol SRS BV R0 RRAEER R 2ReBbBR el gt
in such #cpmpraiedehereinby rajérancelwee reaoted with Bepipbly) C1 (ixaaiple t3heCqpmpodndigs

woul dobe A6l@bAik sBhPRHaDRANEY WD § 88, i@l?gg?nf%g%gw& TO\MH Péﬁgﬁgoé o the

ani mal s. The dosi ng vol une used for wa rats and eys, and
5 ni/ kg M52 p BYRRSt §32 6 SHh@-22che%eim. Bil.i2dH (oF 1db Si0adt o7 BHzaRHb3.68dst, 0. 04

mol / L er rays Ang 2@%@)’&4.4@'@@8,@'—'0@.6@!2%,'I':47f(95=%%rl-5}‘?%ﬁh The vehi cles
or 2% behz

used can either be water, 0.5% Methocel TM I n" water yl al cohol in

corn oil ., The dosin olution can either be 10a solution, a suspension or
an enul stn&'n“—%‘?u"&i‘%sz° meallll s of doses, the amounts of the

>S8 Z
NaO WS\OWO

15 Following the general procedure for the synthesis of monoprotected sulfonic acids
(Example 1(d)), dihydro-5-(hydroxymethyl)-5-methyl-2(3H)-furanone (US 2009/099253) was
reacted with Compound C1 (Example 13). Compound A72(sodium salt) was obtained (0.85
g, 14% vyield) as a white powder. '"H NMR (D,O, 500 MHz) & in ppm 1.50 (s, 3H), 2.20 (m,
1H), 2.28 (quint, J= 7.3 Hz, 2H), 2.38 (m, 1H), 2.77 (t, J= 7.0 Hz, 2H), 3.07 (t, J= 7.0 Hz, 2H),

20 3.60(t, J=7.1 Hz, 2H), 4.42 (AB, J= 11.3 Hz, 2H).

c) Compound A73(sodium salt):
O o,.,0

NIR/) INIR/2

s
Na0~ >~ 5~q

Following the general procedure for the synthesis of monoprotected sulfonic acids

(Example 1(d)), commercial (3R)-dihydro-3-hydroxy-4,4-dimethyl-2(3H)-furanone  was

25  reacted with Compound C1 (Example 13). Compound A73(sodium salt) was obtained (0.47
g, 28% yield) as a waxy solid. '"H NMR (D,0, 500 MHz) & in ppm 1.11 (s, 3H), 1.25 (s, 3H),

2.31-2.37 (m, 2H), 3.07 (t, J=7.6Hz, 2H), 3.70 (t, J=7.6Hz, 2H), 4.19-4.24 (m, 2H), 5.41 (s,
1H).
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conpounds used in the dosing fornulation preparation were adjusted
accordingly. c)Dosing formulati on preparation: For conpounds
sol ubl e iwotzha/medoect ed vehicle, the appropriate anount paasccA20oed120 15a
stirring solution of vehicle. The m xture was prepared 30 mn prior dosing.

For compaqund i nsol uble in e sel ec vehi cl e, suspension (for solid) or
enul si an%agrple fffuwgéa"ﬁ?%g?’a%i’“ag? %%jtg %?anet ary mcro mll (Pulverisette
7, Fritsch) OIFB g&les used are elther 0. 5% Met hocel TMin water or 2%

benzyl al I'n corn oil. The appropriate anmount of conpound was added,
in porti ono to the selected vehigle and the m xture was 20 processed using

the planetary n‘iQ:QrSaOn‘i IO\\%,;S? 10 fin at 800 rpm The obtai ned suspension or
enul si on ésﬁgem’ Order~$tigTi ing a stirring bar until dosing. The

m xture c e prepared 30 Hi 0 18 h prior dosi ng Exanple 41: In vivo
protocol s 25 %%PK study inr

ur nmale | )
Spr ague- Dawl e}CoMng BE ggnerar. @%ﬁ’@é‘(@sfo(HBﬂfya@?ﬁgtO?d?pr%@ed stibeniq Eciger e
fasL eahf (ngxahﬁﬂé a(ely/ dmydnefao(mdrbﬁmw_ yd%ﬁdth?lfﬁéﬂ?ghaﬁérﬁ (mmgmgezbmd ) Mast rg_ti on
with the dosin utio ensi gn. pr.epar r t est ounds,_accor di ng
Vo, Branp RS A b HseBneRRRT BbPe ERROTE | Pibef BTRBR ROaBEt e o
a dosi ng (vof ynE% iel) asta/viite lsoity '3 QIR (GIICI,, 550 MMHANa SN ppippl31gd, gHyp2.bdur s
post dos 0 cted.,in t mcro
ibes. ( Eut 3ao2" gBEancs S Flopfih At (A2 ERD SR 4E 3 2ty a2
ani mal s/ GradupY=at1 iz, éHilob22 anik.38 (Ame-ﬂoolmmmg4momeapel5ma 2Hj, 4pt9stn, dose:
15 mqg. . - mn., 1 h, 2h 4h, 6 h, 8h, 12 h, and 24 h. The coll ected
bl ood sanpl’es were kept on ice and then centrifuged at 4C at a m ni nrum
speed of 3000 rpm (1620G) for 10 mn to prepare the 35plasna sanpl es. The

pl asma sptSnp¥dieaptored at -80 C until analysis. An aliquot of dosing
formul ati on was al so taken prior to the dosing and stored at -20 C for

anal ysi s Papte 5: 1, SP%R%UI ts in Rats after Oral Adm nistration of
Prodrugs | loVehi cl @2 3 (ng/kg) 1,3PDS AUCO-Tiast (ng.h/nmL)7
1, 3PDS(ZNB/§_§OQ/ZFMSLO POSt2Na) 2 100
o o
Following the general procedure for the synthesis of diprotected sulfonic acids
15 (Example 1(e)), commercial (3R)-dihydro-3-hydroxy-4,4-dimethyl-2(3H)-furanone was
reacted with 1,3-propanedisulfonyl dichloride (Example 1 (a)). Compound B77 was obtained
(9.3 g, 70% vield) as a white solid. "H NMR (D,0, 500 MHz) & in ppm 5.01 (s, 2H), 4.11 (d, J
= 9.0 Hz, 2H), 4.05 (d, J = 9.0 Hz, 2H), 3.58-3.72 (10-peaks, 4H), 2.62 (pent, 2H), 1.29 (s,
6H), 1.18 (s, 6H).
20

¢) Compound B78:
o.,0 o, .0

Following the general procedure for the synthesis of diprotected sulfonic acids

(Example 1(e)), dihydro-5-(hydroxymethyl)-5-methyl-2(3H)-furanone (US 2009/099253) was

25  reacted with 1,3-propanedisulfonyl dichloride (Example 1 (a)). Compound B78 was obtained
(1.1 g, 57% yield) as a colorless oil. '"H NMR (CDCl,, 500 MHz) & in ppm 1.48 (s, 2x3H),

2.03-2.10 (m, 2H), 2.32-2.44 (m, 2x2H), 2.61-2.75 (m, 2x2H), 3.40 (m, 2x2H), 4.26 (m,
2x2H).
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d) Compound B79:

\\// \\//

Following the general procedure for the synthesis of diprotected sulfonic acids
(Example 1(e)), commercial dihydro-3-hydroxy-4,4-dimethyl-2(3H)-furanone was reacted
with 1,3-propanedisulfonyl! dichloride (Example 1 (a)). Compound B79 was obtained (1.34 g,
63% vyield) as a white solid. "H NMR (CDCl3, 500 MHz) & in ppm 1.18 (s, 6H) & 1.29 (s, 6H),
2.57-2.69 (m, 2H), 3.59-3.72 (m, 4H), 4.05 (d, J=9Hz, 2H) & 4.11 (d, J=9Hz, 2H), 5.00 (s,
1H) & 5.02 (s, 1H).

e) Compound B80:

Following the general procedure for the synthesis of diprotected sulfonic acids
(Example 1(e)), commercial (3S)-dihydro-3-hydroxy-4,4-dimethyl-2(3H)-furanone was
reacted with 1,3-propanedisuifonyl dichloride (Example 1(a)). Compound B80 was obtained
(1.70 g, 80% yield) as a white solid. '"H NMR (CDCl;, 500 MHz) & in ppm 1.18 (s, 6H) & 1.29
(s, 6H), 2.60-2.65 (m, 2H), 3.59-3.64 (m, 2H) & 3.66-3.72 (m,2H), 4.05 (d, J=9Hz, 2H) & 4.11
(d, J=9Hz, 2H), 5.00 (s, 2H).

f) Compound B81:
0 9 Q 0
0%}‘0—3/\/\%—0@:0
o} o]

Following the general procedure for the synthesis of diprotected sulfonic acids
(Example 1(e)), commercial tetronic acid was reacted with 1,3-propanedisulfony! dichloride
(Example 1 (a)). Compound B81 was obtained (0.85 g, 56% yield) as a white solid. "H NMR
(DMSO, 500 MHz) & in ppm 2.34 (m, 2H), 3.99 (t, J=7.5Hz, 4H), 5.00 (s, 4H), 6.05 (t,
J=1.5Hz, 2H).

Example 28: Preparation of Compound P1(disodium salt)
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Triton B A oH

HS/\/\SH+=\ —_— NC\/\S/\/\S/\/CN-————-+

CN MeOH-780C->rt H:0
Step 1 Step 2
MeONa
NG CN Nao\s/\/\S/ON
p; N —_> M ] 2
d d MeOH © 0
Step 3 Compound P1(2Na)

Step 1: To a solution of 1,3-propanthiol (1 mL, 10 mmol) and acrylonitrile (2 mL, 30
mmol) was added Triton B (0.1 mL). The mixture was then warmed up to rt and stirred at this
temperature for 20 h. The mixture was concentrated in vacuo and the residue was purified

5 by silica gel chromatography (hexanes/ethyl acetate 80:20 to 0:100) to afford 3-[3-(2-
cyanoethylsulfanyl)propylsulfanyl]propanenitrile (2.14g, 100% yield) as a colorless oil.

Step 2: To a solution of disulfide from Step 1 (0.5 g, 2.34 mmol) in water (10 mL) was
added a 32% solution of peracetic acid in acetic acid (3.3 mL, 14.0 mmol). After 4 h at room
temperature, the formed solid was filtered and washed with water (2x10 mL) and ethanol

10 (2x10 mL). The cake was dried under high vacuum to afford 3-[3-(2-cyanoethylsulfonyl)
propylsulfonyl]-propanenitrile (0.62 g, 95% yield) as a white solid.

Step 3: To a suspension of disulfone from Step 2 (0.62 g, 2.23 mmol) in methanol (15
mL) was added a 0.5M solution of sodium methoxide in methanol (8.9 mL, 4.58 mmol). After
24 h of stirring, the homogenous solution was concentrated in vacuo and the resulting solid
15 was suspended in ethanol (20 mL) and the suspension was stirred 1 h at room temperature.
The suspension was filtered and the cake washed with ethanol (2x10 mL) and diethyl ether
(2x10 mL). Water (2 mL) was added to the solid and the mixture passed through a C8 pad
eluting with water. The fractions containing Compound P1(disodium salt) were collected and
lyophilized, affording Compound P1(disodium salt) (0.41 g, 85% yield) as a white solid. 'H

20 NMR (D;O, 500 MHz) 5 in ppm 1.84 (quint, J=8.0Hz, 2H), 2.44 (t, J= 8.0Hz, 4H).

Example 29: Preparation of Compounds B11 and B12

a) Compound B11:

= =
I PN
N O_ﬁ/\/\ﬁ‘o N
o] o]
25 Following the general procedure for the synthesis of diprotected sulfonic acids

(Example 1(e)), commercial pyridin-2-ol was reacted with 1,3-propanedisulfonyl dichioride
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(Examplé 1 (a)). Compound B11 was obtained (0.59 g, 82% vyield) as a colorless oil. '"H NMR
(CDCl3, 500 MHz) 6 in ppm: 2.79 (q, J=7.5Hz, 2H), 3.98 (t, J=7.5Hz, 4H), 7.15 (c, J=8.0Hz,
2H), 7.30 (dd, J=5.0, 7.5Hz, 2H), 7.84 (td, J=8.0, 2.0Hz, 2H), 8.34 (dd, J=2.0, 5.0Hz, 2H).

5 b) Compound B12:

- z
v b § P
S o_ﬁ/\/\ﬁ—o
0 0

Following the general procedure for the synthesis of diprotected sulfonic acids
(Example 1(a)), pyridin-3-ol was reacted with 1,3-propanedisulfonyl dichloride (Example 1
(a)). Compound B12 was obtained (0.61 g, 67% vyield) as a colorless oil. *H NMR (DMSO,
10 500 MHz) 3 in ppm 8.64 (d, J = 2.7 Hz, 2H), 8.62 (dd, J = 1.2, 4.6 Hz, 2H), 7.87 (ddd, J =
12,28, 8.5 Hz, 2H), 7.58 (dd, J = 4.6, 8.5 Hz, 2H), 3.85 (t, J = 7.5 Hz, 4H), 2.49-2.40 (m,
2H).

Example 30: Preparation of Compounds B82 to B87
15
a) Compound B82:

Following the general procedure for the synthesis of diprotected sulfonic acids

(Example 1(e)), ethyl 2-hydroxy-3,3-dimethyl-butanoate (Wang et al. (2006), Synlett 2006(8),

20 1169-1172, incorporated herein by reference) was reacted with 1,3-propanedisulfonyl

dichloride (Example 1 (a)). Compound B82 was obtained (2.0 g, 82% yield) as a colorless

oil. "H NMR (CDCls, 500 MHz) 5 in ppm 1.06 (s, 2x9H), 1.32 (1, J= 7.0 Hz, 2x3H), 2.53 (quint,
J=7.0 Hz, 2H), 3.44 (t, J= 7.0 Hz, 2x2H), 4.27 (m, 2x2H), 4.66 (s, 2x1H).

25 b) Compound B83:

Following the general procedure for the synthesis of diprotected sulfonic acids

(Example 1(e)), ethyl 2-hydroxy-3-methyl-butanoate (Anand et al. (1994), Syn. Comm.,
24(19), 2743-2747, incorporated herein by reference) was reacted with 1,3-

30  propanedisulfonyl dichloride (Example 1 (a)). Compound B83 was obtained (0.85 g, 73%
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yield) as a colorless oil. '"H NMR (CDCl3, 500 MHz) 6 in ppm 0.97 (d, J= 6.8 Hz, 2x3H), 1.08
(d, J= 7.0 Hz, 2x3H), 1.30 (t, J= 7.0 Hz, 2x3H), 2.33 (m, 2H), 2.57 (m, 2x1H), 3.49 (m,
2x2H), 4.27 (q, J= 7.0 Hz, 2x2H), 4.88 (d, J= 4.0 Hz, 2x1H).

5 ¢) Compound B84:

0, .
;k \/\/S\j/\\
SN

Following the general procedure for the synthesis of diprotected sulfonic acids

(Example 1(e)), 2-hydroxy-3,3-dimethyl-butanenitrile was reacted with 1,3-propanedisulfony!

dichloride (Example 1 (a)). Compound B84 was obtained (4.4 g, 56% yield) as a white solid.

10 "H NMR (CDCls, 500 MHz) & in ppm 1.15 (s, 2x9H), 2.55 (quint, J= 7.0 Hz, 2H), 3.52 (t, J=
7.0 Hz, 2x2H), 4.86 (s, 2x1H).

d) Compound B85:

=0

~
\/0\”/;\0_ A~ o~
(l

o) o 0

O=wI—0

15 Following the general procedure for the synthesis of diprotected sulfonic acids
(Example 1(e)), ethyl (2S)-2-hydroxy-3-methyl-butanoate (W0O2008/087560, incorporated
herein by reference) was reacted with 1,3-propanedisulfonyl dichloride (Example 1 (a)).
Compound B85 was obtained (8.2 g, 71% yield) as a white solid. '"H NMR (CDCl;, 500 MHz)
& in ppm: 0.97 (d, J=6.8Hz, 2x3H) & 1.08 (d, J=6.8Hz, 2x3H), 1.31 (t, J=7.1Hz, 2x3H), 2.30-

20 2.36 (m, 2H), 2.54-2.60 (m, 2x1H), 3.46-3.52 (m, 2x2H), 4.23-4.30 (m, 2x2H), 4.89 (d,
J=3.9Hz, 2x1H).

e) Compound B86:

0 Ox _NH,
N4 \\S//o N /,O O\\ /,O
/O/ \/\/ \O 'O/S\/\\/ \O oH
Compound B77 Compound B86
25 Compound B77 (8.6 g; Example 27 (b)) was dissolved in 2M ammonia in ethanol

(150 mL). The solution was stirred at room temperature for 48 h. The solvent was removed
under vacuum and the residual material was washed with hexanes (2 x 100 mL) to give the
crude product (5 g) which was recrystallized from methanol. After overnight standing at room
temperature, the solid was filtered and washed with cold methanol to afford Compound B86
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(2.4 g, 25% yield) as a white solid. "H NMR (DMSO, 500 MHz) & in ppm 0.89 (s, 6H), 0.91 (s,
6H), 2.21 (m, 2H), 3.20 (m, 2H), 3.26 (m, 2H), 3.47 (t, J=7.5Hz, 4H), 4.69 (s, 2H), 4.83 (t,
J=4.5Hz, 2H), 7.43 (brs, 2H), 7.58 (brs, 2H).

5 f) Compound B87:
N o, 0
\/Oj]><o/s\/\/s\o o _~
0
Following the general procedure for the synthesis of diprotected sulfonic acids
(Example 1(e)), ethyl 2-hydroxy-2-methyl-propanoate was reacted with 1,3-
propanedisulfonyl dichloride (Example 1(a)). Compound B87 was obtained (0.85 g, 53%

10  vyield) as a colorless oil. "H NMR (CDCls;, 500 MHz) 8 in ppm 1.32 (t, J= 7.0 Hz, 2x3H), 1.73
(s, 2x6H), 2.50 (quint, J= 7.0 Hz, 2H), 3.46 (t, J= 7.0 Hz, 2x2H), 4.27 (q, J= 7.0 Hz, 2x2H).

Example 31: General synthetic protocol for the synthesis of oxomethyl disulfonate esters

a) 1,3-propanedisulfonic acid disilver salt:

0 o Ag2COs 0 0
HO—%" "% oH AgO —:s::/\/\%— OAg

To a solution of 1,3PDS (109 g, 534 mmol) in H,O (500 mL) was added silver
carbonate (162 g, 587 mmol) in portion over 30 min. After 30 min at room temperature, the
solution was filtered over a pad of Celite™ and the cake was washed once with water (100
mL). After evaporation of the solution on the rotavap, the solid was suspended in ethanol

20 (500 mL) and the resulting mixture was stirred for 30 min at room temperature and filtered.
The cake was washed twice with ethanol (2x150 mL) and dried under vacuum at 40°C to
afford 1,3-propanedisulfonic acid disilver salt (1,3PDS(2Ag)) (198 g, 89% yield) as a white
solid.

25 b) 1,3-propanedisulfonic acid oxomethyl diesters:

0
o o R/U\o/\:l 0 0 0 o
A0 — %‘ OAg —> R/U\O/\O—M—O/\ R
0 o) CH1CN, 60°C L i

To a suspension of 1,3-propanedisulfonic acid disilver salt from Step (a) in
acetonitrile is added the selected chloromethylacetate (5 eq). The mixture is heated for 24 h

at 60 "C before being cooled down to room temperature and filtered over a pad of Celite™.
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The cake is then washed with acetonitrile and the filtra{e is evaporated on the rotavap. The
residue is purified by silica gel chromatography to afford the corresponding 1,3-

propanedisulfonic acid oxomethyl diester.

5  Example 32: Preparation of Compounds D1 to D8

a) Compound D1:

(0] o]
0 0
o o

Following the general procedure for the synthesis of oxomethyl disulfonate esters
(Example 31 (b)), commercial chloromethylpivaloate was reacted with 1,3-propanedisulfonic
10  acid disilver salt (Example 31 (a)) . Compound D1 was obtained (18.3 g, 81% yield) as a
white solid. "H NMR (CDCls, 500 MHz) & in ppm 1.25 (s, 18H), 2.42 (quint, 7.0Hz, 2H), 3.41
(t, J=7.0Hz, 4H), 5.81 (s, 4H).

b) Compound D2:

0 Q
0 0
@/“\O/\O__%/\/\ﬁ_o/\o)]\@
(0] 0
15

Following the general procedure for the synthesis of oxomethyl disulfonate esters

(Example 31 (b)), commercial chloromethylbenzoate was reacted with 1,3-propanedisulfonic

acid disilver salt (Example 31 (a)) . Compound D2 was obtained (0.40 g, 71% vyield) as a

white solid. '"H NMR (CDCl;, 500 MHz) & in ppm 2.40 (quint, 7.0Hz, 2H), 3.40 (t, J=7.0Hz,

20  4H), 6.02 (s, 4H), 7.49 (dt, J=8.0, 1.5Hz, 4H), 7.64 (tt, J=9.0, 1.5Hz, 2H), 8.08 (id, 8.5,
1.5Hz, 4H).

¢) Compound D3:

0
A NP PN N SN PN

Il
O O

25 Following the general procedure for the synthesis of oxomethyl disulfonate esters
(Example 31 (b)), chloromethylbutanoate (Baudy et al. (2009), J. Med. Chem. 52(3), 771-
778, incorporated herein by reference) was reacted with 1,3-propanedisulfonic acid disilver
salt (Example 31 (a)) . Compound D3 was obtained (10.8 g, 76% vyield) as colorless oil. 'H
NMR (CDCls, 500 MHz) & in ppm 0.98 (t, J=7.5Hz, 6H), 1.70 (m, 4H), 2.42 (m, 6H), 3.41 (t,
30  J=7.0Hz, 4H), 5.81 (s, 4H).
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d) Compound D4

Q 0]
(0]
)\OJJ\O/\O_g/\/\ —O/\O/”\OA

1l |
0 )

=n=0

Following the general procedure for the synthesis of oxomethyl disulfonate esters

5 (Example 31 (b)), commercial chloromethylisopropylcarbonate was reacted with 1,3-

propanedisulfonic acid disilver salt (Example 31 (a)) . Compound D4 was obtained (0.98 g,

95% yield) as a colorless oil. 'H NMR (CDCl;, 500 MHz) & in ppm 1.35 (d, J=6.5Hz, 12H),
2.43 (quint, J=7.0Hz, 2H), 3.43 (t, J=7.0Hz, 4H), 4.97 (m, 2H), 5.81 (s, 4H).

10 e) Compound DS5:

o) 0
i 9
0 O

Following the general procedure for the synthesis of oxomethyl disulfonate esters
(Example 31 (b)), chloromethylcyclohexanecarboxylate (Baudy ef al. (2009), J. Med. Chem.
52(3), 771-778) was reacted with 1,3-propanedisulfonic acid disilver salt (Example 31 (a)) .
15  Compound D5 was obtained (25.0 g, 72% yield) as a white solid. '"H NMR (CDCl;, 500 MHz)
& in ppm 1.23-1.35 (m, 6H), 1.46 (m, 4H), 1.66 (m, 2H), 1.77 (m, 4H), 1.94 (m, 4H), 2.41 (m,

4H), 3.40 (t, J=7.5Hz, 4H), 5.81 (s, 4H).

f) Compound D6:

0 0
Q 0
/><lko/\o_#/\/\ls:_o/\o/“><\
20 0 0
Following the general procedure for the synthesis of oxomethyl disulfonate esters

(Example 31 (b)), chloromethyi2,2-dimethylbutenoate (Baudy et al. (2009), J. Med. Chem.
52(3), 771-778) was reacted with 1,3-propanedisulfonic acid disilver salt (Example 31 (a)) .
Compound D6 was obtained (2.0 g, 66% vyield) as a colorless oil. "H NMR (CDCl,, 500 MHz)

25 §in ppm 0.86 (t, J=7.5Hz, 6H); 1.21 (s, 12H); 1.61 (q, J=7.5Hz, 4H); 2.42 (quint, J=7.0Hz,
2H); 3.41 (t, J=7.0Hz, 4H); 5.81 (s, 4H).

g) Compound D7:

/\H/O\/O\S/\/\S/o\/o\ﬂ/\
/, \\ 7/, \\
o oo 0o

o]
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Following the general procedure for the synthesis of oxomethyl disulfonate esters

(Example 31 (b)), chloromethylpropanoate (Baudy et al. (2009), J. Med. Chem. 52(3), 771-

778) was reacted with 1,3-propanedisulfonic acid disilver salt (Example 31 (a)) . Compound

D7 was obtained (13.2 g, 66% yield) as a white solid. '"H NMR (CDCls;, 500 MHz) & in ppm

5 1.91(t, J=7.5Hz, 6H); 2.42 (quint, J=7.0Hz, 2H); 2.47 (q, J=7.5Hz, 4H); 3.41 (t, J=7.0Hz, 4H);
5.82 (s, 4H).

h) Compound D8:

O\/O:S\/\/\/Sfovo\n/\/\
o/ \O O/ \O

o 0
10 Following the general procedure for the synthesis of oxomethyl disulfonate esters
(Example 31 (b)), chloromethylpentanoate (Baudy et al. (2009), J. Med. Chem. 52(3), 771-
778) was reacted with 1,3-propanedisulfonic acid disilver salt (Example 31 (a)) . Compound
D8 was obtained (1.8 g, 57% yield) as a white solid. '"H NMR (CDCl;, 500 MHz) & in ppm
0.93 (t, J=7.5Hz, 6H); 1.37 (m, 4H); 1.65 (quint, J=7.0Hz, 4H); 2.39-2.45 (m, 6H); 3.41 (t,

15 J=7.0Hz, 4H); 5.81 (s, 4H).

Example 33: Preparation of Compound C2

0
0 CHzlo <5
AgO —:$/\/\$- OAg ———— > %S{_\(')
o} o} CH:CN, Reflux g o

Compound C2

To a refluxing suspension of 1,3-propanedisulfonic acid disilver salt (Example 31 (a))

20 (60 g, 140 mmol) in acetonitrile (1 L) was added a solution of diiodomethane (17 mL, 210

mmol) in acetonitrile (20 mL) over 15 h (syringe pump). After the addition was completed,

the mixture was refluxed for an additional 24 h, cooled down to room temperature and

filtered over a pad of Celite™. The cake was washed with acetonitrile (2*100 mL) and the

filtrate was concentrated in vacuo to about 150 mL. To this solution, 40 g of silica gel was

25 added and the mixture was evaporated to dryness. The residue was loaded on a silica gel

column and eluted with hexanes/ethyl acetate 80:20 to 50:50 to afford Compound C2 (22.6

g, 73% vyield) as a white solid. '"H NMR (CDCl;, 500 MHz) & in ppm 2.54 (m, 2H), 3.60 (t,
J=6.0Hz, 4H), 5.80 (s, 2H).

30  Example 34: Preparation of Compound C3
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Compound C3

To a solution of commercial diethyl 2,2-bis(hydroxymethyl)propanedioate (0.91 g,

4.15 mmol) and pyridine (1.7 mL, 20.7 mmol) in dichloromethane (200 mL) was added 1,3-

propanedisulfonyi dichloride (Example 1 (a)) (1 g, 4.15 mmol). The solution was refluxed for

5 3 days and comcentrated in vacuo. The residue was purified by silica gel chromatography

(hexanes/ethyl acetate 90:010 to 50:50) to afford Compound C3 (0.32 g, 20% yield) as a

white solid. "H NMR (CDCls, 500 MHz) & in ppm 1.31 (t, J=7.0Hz, 6H), 2.46 (m, 2H), 3.45 (m,
4H), 4.30 (q, J=7.0Hz, 4H), 4.66 (s, 4H).

10  Example 35: General synthetic protocol for the synthesis of disulfonamides

O )

7,
A AP R-NH R MN R
D o o
c o Pyridine/CH.Clz H H

1,3-Propanedisulfonyl dichloride (Example 1(a)) (20 mmol) is added to a stirred

solution of selected amine (40 mmol)) in a mixture of pyridine (10 mL) and dichloromethane

(50 mL). The reaction mixture is stirred at room temperature for 15 h and then concentrated

15 in vacuo. The residual material is purified by silica gel chromatography using a mixture of
dichloromethane/methanol as eluant to yield the corresponding disulfonamide.

Example 36: Preparation of Compounds N12 and N14

a) Compound N12:

20
Following the general procedure for the synthesis of disulfonamides (Example 35),
commercial 3,5-dimethylpyrazole was reacted with 1,3-propanedisulfonyl dichloride
(Example 1 (a)). Compound N12 was obtained (0.73 g, 68% yield) as a white solid. '"H NMR
(CDCl, 500 MHz) 3 ppm 5.98 (s, 2H), 3.54 (t, J = 7.0 Hz, 4H), 2.47 (s, 6H), 2.25 (s, 6H),

25 2.15(q,J =7.0 Hz, 2H).
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b) Compound N14:
Sl
/ \50 O/ MN
- o

Following the general procedure for the synthesis of disulfonamides (Example 35),
commercial imidazole was reacted with 1,3-propanedisulfonyl dichloride (Example 1 (a)).
Compound N14 was obtained (0.45 g, 53% vyield) as a beige solid. '"H NMR (DMSO, 500
MHz) & ppm 8.18 (s, 2H), 7.64 (s, 2H), 7.16 (s, 2H), 3.83 (t, =75 Hz,4H),1.78 (4, J =75
Hz, 2H).

Example 37: Preparation of Compounds N15 and N16

HCI H, rfgg\)/
o) o]
0\ y c{ Y \\// \\// \// ci\//O
c
Step 1 Step 2 H

Compound N15 Compound N16
Step 1: Following the general procedure for the synthesis of disulfonamides

(Example 35), commercial ethyl ester L-phenylalanine hydrochloride (1.8 g, 8.0 mmol) was
reacted with 1,3-propanedisulfonyl dichloride (Example 1 (a)) (0.964 g, 4.0 mmol).
Compound N15 was obtained (0.6 g, 28% yield) as an oil. '"H NMR (CDCl;, 500 MHz) & in
ppm 1.25 (1, J= 7.0 Hz, 6H), 2.04 (m, 2H), 2.73 (m, 2H), 2.91 (m, 2H), 3.04 & 3.14 (ABX, J=
14.0 & 5.7 Hz, 4H), 4.18 (m, 4H), 4.34 (m, 2H), 5.07 (d, J= 9.3 Hz, 2H), 7.17-7.32 (m, 10H).

Step 2: To a solution of Compound N15 from Step 1 (0.60 g, 1.1 mmol) in ethanol (10
mL) was added 6N aqueous hydrochloric acid (20 mL) and the mixture was stirred under
reflux for 4 h. The mixture was cooled, evaporated to dryness and diluted in a 95:5 mixture
of dichloromethane/methanol for purification by silica gel chromatography. Elution with a
mixture of ethyl acetate/acetic acid (97:3) permitted to isolate Compound N16 (0.31 g, 57%
yield) as a white solid. '"H NMR (DMSO, 500 MHz) & in ppm 1.64 (quint, J= 7.0 Hz, 2H), 2.47
(m, 2H), 2.60 (m, 2H), 2.78 (dd, J= 13.5 & 9.5 Hz, 2H), 3.05 (dd, 13.5 & 5.5 Hz, 2H), 3.98
(m, 2H), 7.20-7.32 (m, 10H), 7.80 (d, J= 9.0 Hz, 2H), 13.00 (bs, 2H).

Example 38: Preparation of Compounds N17 and N18(bis(trifluoroacetate)salt)
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IR
O NHBoc
Step 1 Compound N17
Step 2 DBU, DMF

0 op 00 O

Y4 Y TFA
—-f————
N Step 3
NH2 H di-TFA sait H NH2

Compound N18(2TFA)

Step 1: To a stirred solution of 1,3-propanedisulfonyl dichloride (Example 1 (a))
(1.59, 6.2 mmol) in tetrahydrofuran (30 mL) was added 28% ammonium hydroxide (6 mL).
The reaction was exothermic and was stirred for an additional hour at room temperature.
5 The mixture was concentrated under vacuum, dissolved in a minimum amount of
water/methanol, mixed with silica gel and evaporated to dryness. The silica ge! support was
applied on top of column for silica gel chromatography using as eluent a mixture of
dichloromethane/methanol (70:30) to afford Compound N17 (0.30 g, 24% yield) as a white
powder. "H NMR (DO, 500 MHz) § in ppm 2.19 (quint, J= 7.0 Hz, 2H), 3.28 (t, J= 7.0 Hz,

10 4H).

Step 2: To a solution of Compound N17 from Step 1 (0.303 g, 1.5 mmol) in DMF (20

mL) were added commercial N-[(1,1-dimethylethoxy)carbonyl]-L-phenylalanine, 2,5-dioxo-1-

pyrrolidinyl ester (1.2 g, 3.3 mmol) and DBU (0.49 mL, 3.3 mmol). The mixture was stirred

for 15 h, diluted with ethyl acetate and 1N HCl, and extracted three times with ethyl acetate.

15 The combined organic layers were washed with water, dried over magnesium sulfate, filtered

and filtrate concerntrated in vacuo. The residue was purified by silica gel chromatography

using hexanes/ethyl acetate (50:50) to isolate the desired tert-butyl N-[1-benzyl-2-[3-[[2-(tert-

butoxycarbonylamino)-3-phenyl-propanoyl]suIfamoyl]propylsulfonylamino]-z-oxo-ethyl]
carbamate (0.9 g, 87% vyield).

20 Step 3: To a solution of intermediate from Step 2 (0.90 g, 1.3 mmol) in
dichloromethane (10 mL) was added trifluoroacetic acid (5 mL). The mixture was stirred at
room temperature for 5 h and concentrated to dryness. Trituration using an ether/hexanes
mixture allowed to isolate Compound N18(bis(trifluoroacetate)salt) (0.68, 72% yield) as a
white solid. 'H NMR (D,0, 500 MHz) & in ppm 2.01 (quint, J= 7.0 Hz, 2H), 3.06 & 3.15 (ABX,

25 J=14.0&7.0 Hz, 4H), 3.29-3.42 (m, 4H), 4.07 (t, J= 7.0 Hz, 2H), 7.15-7.30 (m, 10H).
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Example 39. In vitro stability of the Compounds of the Invention

a) Water and simulated gastric fluid stability

The objective of this test was to determine the stability of the prodrugs in simulated
gastric fluid (SGF) and water at 37°C up to 2 hours and in water at room temperature up to
5 24 hours. The stability was performed as indicated in Table1.

Table 1: Temperatures and Sampling Summary

Time-Points o o dH,0O at room
(hours) SGF at 37°C dH,O at 37°C temperature

0 Yes No Yes

1 Yes Yes No

2 Yes Yes No

24 No No Yes

Simulated gastric fluid and water samples were incubated in a shaking water bath at

10  37°C for up to 2 hours. The compound (prodrug) was added at Time-point 0. At each
selected time point (refer to table), sample aliquots were withdrawn and analyzed to
determine the concentration of 1,3-propanedisulfonic acid (1,3PDS). The concentrations of
1,3PDS were calculated based on their respective peak area. The % appearance of 1,3PDS

was determined by the amounts of compound determined at each time point compared to

15 nominal concentration (100%) of 1,3PDS generated by 100% of the prodrug (equivalent

concentration).

i) Simulated gastric fluid preparation:

Amounts of 0.2 g of sodium chioride and 0.32 g of pepsin were weighted and
20 ftransferred into a 100-mL volumetric flask. Approximately 50 mL of deionized water was
added and the mixture well mixed. A volume of 700 pL of hydrochloric acid was added, and
the volume completed to 100 mL with deionized water. The resulting mixture was transferred
in a polypropylene bottle and pH measured (pH=1.5).

25 i) Sample preparation:

A fresh stock solution at approximately 2 mg/mL of the compound was prepared.

One stability solution at 200 ug/mL in the SGF was prepared (sample referred to as Tube A).

A stability solution at 200 pg/mL in deionized water was prepared (sample referred to as
Tube B). Inmediately after preparation, each 200 pg/mL solution was diluted in triplicates to

30 20 pg/mL in deionized water and analyzed using LC-MS/MS method (Time-point 0).
Thereafter, the incubation of tubes A and B was continued in the shaking water bath at 37°C
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for 1 and 2 hours while one aliquot of tube B was kept at room temperature for 24 hours. At
each specific time point of incubation, 3 aliquots (triplicate) of 50 uL were removed, diluted in
450 pL of water and analyzed using LC-MS/MS method. In parallel, 3 reference samples of
1,3PDS at 100, 10 and 1 pg/mL were prepared, diluted in triplicate in water and injected at
5 the beginning and at the end of the batch. These samples were considered as reference

samples.
i} Evaluation:

The concentrations of 1,3PDS were calculated based on response of the reference

samples and their respective peak area response. The % appearance of 1,3PDS was

10 determined by the amounts of compound determined at each time point compared to
expected nominal concentration (100%) of 1,3PDS generated by 100% of the prodrug
(equivalent concentration). The results of water stability are presented in Table 2 and

simulated gastric fluid are presented in Table 3.

Table 2: Water Stability Results

Conversion to 1,3PDS (%)
ID No oh 1h 2h 24h
AB(Na) 0.4 1.0 1.6 1.4
A13 0.0 0.0 0.0 0.0
Al4 0.2 04 1.4 -
A18(Na) 12.8 23.0 28.4 15.8
A26(Na) 3.1 5.9 8.6 10.0
A32(Na) 0.0 0.1 0.1 0.0
A51 13 14 18 -
A52(K) 7.0 146 18.8 21.3
B13 0.3 0.4 0.4 -
B14 0.0 0.0 0.0 -
B23 0.0 0.0 0.0 0.0
B30 0.0 0.0 0.0 0.0
C1 50.3 57.3 63.1 61.2

15
Table 3: Simulated Gastric Filuid Stability Results

Conversion to 1,3PDS (%)

D No 0h 1h 2h
AB(Na) 0.3 1.0 1.6
A13 0.0 0.0 0.0
A14 0.2 0.3 0.4
A18(Na) 2.2 3.8 4.8
A26(Na) 2.7 5.8 8.4
A32(Na) 0.0 0.0 0.0
A51 11 11 13
A52(K) 6.2 13.1 15.9
B13 0.1 0.2 0.2
B14 0.0 0.0 0.0
B23 0.0 0.0 0.0
B30 0.0 0.0 0.0
C1 51.2 59.8 65.9
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b) Whole blood stability:

The objective of this test was to determine the stability of the prodrugs in fresh
human whole blood at different time-points (0, 0.5, 1, 4, 24 hours). Blood samples were
incubated in a shaking water‘bath at 37 °C for up to 24 hours. The compound (prodrug) was

5 added at Time-point 0, and sample aliquots were withdrawn and analyzed at each time point
to determine the concentration of 1,3PDS. If possible, the loss of compound was
determined by the amounts of compound determined at each time point compared to the
amount determined at Time-point 0. To eliminate the conversion due to the matrix, a special
Time-point O was prepared in pre-extracted blood sample.

10
i) Sample preparation:;

Approximately 2.5 mL of whole blood was incubated in a gently shaking water bath at
37°C for 15 minutes. Two (2) mL of the pre-incubated whole blood were aliquoted in an
eppendorf tube. A 100 pL aliquot of blood was removed and 100 L of the compound Stock

16  Solution was added. The solution was mixed by inversion. This sample was referred to as
Tube A. The final concentration of the compound in tube A was approximately at 100 ug/mL.
Immediately after mixing, 100 uL of Tube A was aliquotted into 3 different eppendorf tubes.
These samples were extracted as described in the “Extraction Procedure” Section. These
samples were referred to Time-point 0. Thereafter, the incubation of Tube A was continued

20  in the shaking water bath at 37°C for 0.5, 1, 4 and 24 hours. At each specific time point of
incubation, aliquots (triplicate) of 100 UL were removed and extracted as described in the
“Extraction Procedure” Section. To avoid potential further degradation of compound and/or
possible degradation products, the aliquot extracts were kept on ice until analysis. After
extraction, samples were analyzed using LC-MS/MS method.

25
ii) Extraction procedure:

A volume of 300 pL of cold-ice acetonitrile was added to a 1.5 mL eppendorf tube
and kept on ice until utilization. 100 uL of the sample to be extracted was added and the mix
was vortexed (acetonitrile and blood). The sample was centrifuged at 16250 x g (13200 rpm
30  on IEC centrifuge with eppendorf rotor) for 5 minutes. A volume of 250 uL of the supernatant
was transfered to another tube and evaporated to dryness under a nitrogen stream. The
residue was reconstituted with the mobile phase. This sample was then analyzed according

to 1,3PDS specific methods.

35 iii) Evaluation:
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The concentrations of 1,3PDS were calculated based on the nominal concentration

of the calibration standards and their respective peak area ratio. A linear regression using a

weight of 1/x? is used to derive the concentration of 1,3PDS. The % appearance of 1,3PDS

was determined by the amounts of compound determined at each time point compared to

5 nominal concentration (100%) of 1,3PDS generated by 100% of the prodrug (equivalent
concentration). The results obtained are summarized in Table 4 below.

Table 4: Human Whole Blood Stability Results

ID No Conversion to 1,3PDS (% by molar ratio)
Oh 0.5h 1h 4h 24 h
AB(Na) 0.5 0.7 0.8 1.2 4.7
A13 12.8 44.0 47.8 61.7 62.3
A14 1.6 2.5 3.0 5.8 23.3
A18(Na) 9.5 16.4 18.3 39.8 71.9
A26(Na) 11.1 12.2 14.5 14.5 31.6
A32(Na) 0.1 0.1 0.2 0.4 2.0
A51 23.7 21.8 26.5 34.4 63.6
A52(K) 217 24.4 29.0 32.8 55.6
B13 5.5 106.1 91.1 67.0 73.2
B14 0.1 5.0 17.0 44.9 55.1
B23 1.2 103.4 98.5 59.0 66.5
B30 BLLQ 0.1 0.2 2.0 15.0
C1 AULQ AULQ AULQ AULQ AULQ

BLLQ: Below lower limit of quantitation
10 AULQ: Above upper limit of quantitation

In summary, the stability results showed that the compounds act as prodrugs and
liberate 1,3PDS either in gastric fluid or in whole blood. In fact most of them were found to
be cleaved in whole blood to a greater extent than in gastric fluid or water, even some

15  released 1,3PDS only in whole blood while being relatively stable in water and simulated
gastric fluids.

Example 40. Preparation of dosing formulation

a) Dosing vehicle for formulation:

20 Double processed tissue culture water (Sigma, W3500) was used for all the
formulation prepared in water. The vehicle 0.5% Methocel™ (Methocel™ K4M, Dow
Chemical, #002891) in water (double processed tissue culture water) used for preparation of
all Methocel™ formulations was prepared according to literature procedures. The 2% benzyl
alcohol in corn oil was prepared by adding benzyl alcohol to corn oil according to

25  proportions, which was used for the preparation of oil formulation of prodrugs.

b) Dosing formulation concentration:
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formulation to the animals. The dosing volume used for was 10 mL/kg for rats and monkeys,

and 5 mL/kg for ferrets; or the concentration of dosing formulation was 0.04 mmol/mL for
rats and monkeys, and 0.08 mmole/mL for ferrets. The vehicles used can either be water,
0.5% Methocel™ in water or 2% benzyl alcohol in corn oil. The dosing solution can either be
10  a solution, a suspension or an emulsion. For different levels of doses, the amounts of the
compounds used in the dosing formulation preparation were adjusted accordingly.

c) Dosing formulation preparation:

For compounds soluble in the selected vehicle, the appropriate amount was added to
15  a stirring solution of vehicle. The mixture was prepared 30 min prior dosing.
For compound insoluble in the selected vehicle, suspension (for solid) or emulsion
(for oil) was prepared using a planetary micro mill (Pulverisette 7, Fritsch). The vehicles used
are either 0.5% Methocel™ in water or 2% benzyl alcohol in corn oil. The appropriate
amount of compound was added, in portion, to the selected vehicle and the mixture was
20  processed using the planetary micro mill for 10 min at 800 rpm. The obtained suspension or
emulsion was kept under stirring using a stirring bar until dosing. The mixture could be
prepared 30 min to 18 h prior dosing.

Example 41. In vivo protocols

25 a) PK study in rats
One group of four male Sprague-Dawley rats of age 7-9 weeks (body weight of 200 —
300 g) were fasted for 15 to 17 h before being dosed through oral gavage administration with
the dosing solution/suspension prepared from test compounds according to Example 40 at a
dose specified in Table 5 in a concentration adjusted to a dosing volume of 10 mi/kg-body
30 weight. Food was supplied two hours post dose. Blood samples (200 uL blood) were
collected into Sarstedt micro tubes (EDTA K;E / 0.5 mL) from the jugular vein of each animal
(4 animals/group) at pre-dose and at the following time-points of post-dose: 15 min., 30 min.,
Th 2h,4h 6h, 8h, 12 h, and 24 h. The collected blood samples were kept on ice and
then centrifuged at 4°C at a minimum speed of 3000 rpm (1620G) for 10 min to prepare the
35 plasma samples. The plasma samples were stored at -80 °C until analysis. An aliquot of

dosing formulation was also taken prior to the dosing and stored at -20 °C for analysis.
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1.0 19573 A23(Na) 172 7818 4.0 51197 A51 175 10308 2.0 26480 B75 207 9180
1.5 37280 B76 171 21846 2.0 98971 B77 171 7440 2.0

WO 2011/017800 PCT/CA2010/001229
. Dose® 1,3PDS AUCq 7ias
ID No' Vehicle? (ma/kg) (ng.hi mL)9T' t

B30 3 234 36903

B51(2TFA) 1 359 10756
B58 2 81* 31865
B58 2 162 52982, 53724
B58 2 809° 188592
B59 2 187 5060
B60 2 195 24258
B61 2 173 33340, 43365
B62 2 207 10566
B63 2 229 4028
B64 2 195 20687
B65 2 205 14372
B66 2 207 10802

B67(2HCI) 2 214 44526, 46223
B68 2 195 14178
B70 2 235 128
B71 2 147 BLLQ
B72 2 163 BLLQ
B73 2 207 1472
B74 2 234 753
B75 2 207 31039, 29201
B76 2 86* 22150
B76 2 171 36025, 36606
B76 2 857° 131932
B77 2 86* 19175
B77 2 171 57973, 38230
B77 2 429° 30726
B78 2 171 36767
B8O 2 171 44258
B81 2 147 9572
B82 2 195 13535
B83 2 184 499297
B83 2 184 522308
B84 2 158 2953
B85 2 184 222417
B87 2 173 37909
C1 1 74 41103
C1 2 74 34219
C1 3 74 45637
c2 2 43* 29800
c2 2 86 66542, 58313
Cc2 2 216° 142985
C3 2 155 10049
D1 2 173 46036, 44860
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Urinary cretion iron
The dosing formulation was administed using a gavage tube attached to a plastic syringe.

The dosing volume was 10 mlL/kg for all animals; and the actual dosing volume was
10  calculated and adjusted according the most recent body weight of each animal. The animals
were housed individually in stainless steel monkey cages at a conventional animal facility,
maintained under 12-h light/dark cycle at 24+3 °C and 50+20% relative humidity. All animals
had access to 5 cookies (Harlan 25% Protein Primate Diet # 2055) in the morning (at about
07:45) and 5 cookies in the afternoon (at about 16:30) except on the morning of dosing
15 where the morning cookies were given at least 4 hours after the dose. Maximum allowable
concentrations of contaminants in the diet (e.g. heavy metals, alfatoxin, organophosphate,
chlorinated hydrocarbons and PCB’s) were controlled and routinely analyzed by the
manufacturer.

Reverse osmosis water was available ad libitum at all times. In addition, all

animals had access to a daily enrichment diet (e.g. Prima treats, ice with fruits, popcorn,

117



| D Nol Dose (ng/kg)2 Fe (% dose)3 1,3PDS(2Na) 100 54.2, 49.1 A23(Na) 163
44.9 A29(Na) 142 7.8 B29 183 69.0 B58 162 87.5 B61 173 72.1 B68 195 32.7
B76 171 WO 2011/017800 PCT/CA2010/001229

fruits, vegetables, peanuts, pasta, fruit crunchies or fruity gems). However, no treats were
given to any animals within 4 hours of dosing. The animals were acclimated to the gavage
procedure for 3 days during the 7-day pretreatment period. Thereafter, the animals were
acclimated to the oral gavage procedure only if they are more than 7 days between
5 administrations of 2 compounds. Prior to the first dosing, four (4) animals (2 males and 2
females) were assigned to the study. Any animal with unacceptable pretreatment data (i.e.
clinical signs, body weight) would not be included in the study. All animals were subjected to
a detailed physical examination once during the 7-day pretreatment period and weekly
thereafter. Cage-side clinical signs (ill, health, behavioral changes, etc.) were recorded once

10  daily during the treatment period. Body weights were recorded for all animals once during
the 7-day pretreatment period and weekly thereafter. All animals were restrained using a
sling apparatus from the completion of the oral gavage until a maximum of 1 hour post-dose
to facilitate blood collection. All animals were then returned to their respective housing cage
for the remaining blood collection period.

15 Blood samples (approximately 1.0 mL each) were collected via the femoral vein from
each animal at the foliowing time-points: Pre-dose, 15, 30 min., 1, 2, 4,6, 8, 12 and 24 h
post-dose. Any deviations in blood sampling times were documented in the report. For
each time-point, blood samples were collected and split into two tubes containing K;-EDTA.
One series of tubes (for plasma samples) were kept on wet ice pending centrifugation

20  (maximum 30 minutes). Samples were centrifuged under refrigeration (4 °C) at a minimum
speed of 3000 rpm for 10 minutes. Plasma were harvested into polypropylene tubes,
immediately placed on dry ice and stored frozen (at approximately -80 °C) until shipment.
The second series of tubes (whole blood) were immediately placed on dry ice and stored

frozen until shipment and analysis.

25 Table 6: PK Parameters for 1,3PDS after Oral Administration of Prodrugs to Monkeys1

ID No? Dose® Cmax | Tmax | AUCoTiast
(mg/kg) | (ng/mL) | (h) | (ng.h/mL)
1,3PDS(2Na) 100 1933 1.0 19573
A23(Na) 172 7818 4.0 51197
A51 175 10308 20 26480
B75 207 9180 1.5 37280
B76 171 21846 2.0 98971
B77 171 7440 2.0 57079
D5 194 3933 4.0 26369

! Pharmacokinetic parameter values are mean except for Tmax for which the median is presented
% See the footnote 1 under Table 5.
? Dose of prodrugs is molar equivalent to 100 mg/kg 1,3PDS.
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22.4, 23.4 B77 171 7.4, 6.7 B83 184 45.5 C2 86 80.4 D1 173 71.1 D3 162 79.8
D7 151 85.2 1 See footnote 1 under Table 5. 2 Al the conpounds
wer e admwo=briatiesbooral |y at 0.4 nmol e/ kg (equi val ent t ecT@2om/dege200se of
1,3PDS(2Na)). 5AIl the conmpounds were dosed in 0.5% Met hocel TM 3 Fe is
calculated fromthe nolar anount of 1, 3PDS excreted in urine divided by the
mol ar amount of prodrug adm nistrated, expressed in percentage. Two val ues
i ndi cat e @ wo F'h‘dé‘béﬂﬂ'érﬁ' fesseder i nent s. Exanpl e 42: Plasma and urine

sanpl e analysis 10 a asna sanpl e anal S extracted
fran an al i quonedgroyspf thfﬁ‘?u%‘@'e?%‘rr?aé‘te ?’eﬁdﬁﬂ@ﬁst'ﬁlsé@f?aﬂ@ W?i)ro%

preci pi ta\teire)atamd fcbrtwprdxmmae@ly ad h ptier ta adimfpistratierhefenadsigy B huistipu m@ed with a
t andem mass s romatr ?et ecé'?ra{“ eak. area

ot o et RS EVER SEPUR RS e oA P Pl Wi 58 VR e 2o TermtieBT 8 Back
cal cubat eomhpeurciopyc eral gavageradmlmstmloa%rdawu@el @n0.4 memdlekg cefithemial 9:8i%, 1
standard MethotEr™ Jr m \%tgﬁj nTl%f dc?sir{g%llljn%a\yvgssa&]astgoa‘fb% %/kg. Clinical signs were
recorded throughout the study period. Blood samples (200 ul of blood) were collected, from
the jugular vein from each animal (3 animals/group) at time-point of 15 min, 30 min, 1, 2, 4,
6, 8 and 12h post dose, into Sarstedt micro tubes (EDTA K:E / 0.5 ml), kept on ice until
10  centrifugation at 4 °C at a minimum speed of 3000 rpm (1620G) for 10 min, to prepare
plasma samples. Plasma samples were stored frozen at -80 °C pending transfer to analysis.
An aliquot of dosing solution (0.5mL) was taken prior to dosing and stored frozen at -20°C
pending transfer to analysis. Animals used for multiple studies after a wash out of a
minimum twelve day period.
15 Prodrugs evaluated in ferrets were Compounds A23(Na), A51, A1, B29, B58, B75,
B76, B77, B82, B83, C2, D1, D3, D5, and D7. Compounds A23(Na), A51, A61, B29, B76,
B77, B82, and B83 were all safe prodrugs and showed no clinical signs at standard dose
(0.04 mmol/kg) after oral administration. After administration of Compound B75, 2 out of 3
animals showed abdomen scratching but recovered after 1 h. Administration of B58 caused
20  animal vomiting. Compound C2 showed severe toxicity and all the three animals became
sick and had to be kiled 4 days after compound administration. Administration of
Compounds D1, D3, D5, and D7 caused different side effects, ranging from green face (D1)
to abdominal contracting and/or vomiting (D3, D5, and D7).

25 d) Rat urine collection experiment

Animals (one group of four), dose, and the compound administration were the same
as described in Example 41 (a). Food was given 2 h post dose. Following prodrug
administration, animals were housed individually in metabolic cage; and urine samples were
collected from each animal, one pre-dose and one during the period of the first 24 h post-

30 dose. Urine sample was collected in pre-weighed polypropylene tube over dry-ice, and then
stored at -80 °C immediately following collection pending transfer to analysis. An aliquot of
dosing solution (0.5 mL) was taken prior to dosing and stored frozen at -20°C pending
transfer to analysis.
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a) Plasma

sample analysis

na%d drme sample analysis

1,3PDS was extracted from an aliquot of rat, mouse, ferret or monkey plasma using

protein precipitation and then injected into a liquid chromatograph equipped with a tandem

mass spectrometry detector.

Quantification was done by peak area ratio method. A

weighted (1/x?) linear regression was performed to back calculate the concentration of the

analyte. On the day of analysis, 1 standard curve, a minimum of 2 replicates of each QC

level and the appropriate study plasma samples were analyzed using the following step:

Vortex the samples.

Aliquot 25 pL of each sample into separate 1.5-mL polypropylene tubes.

Add 100 pL of ISWS in appropriate samples.

Add 150 pL of chilled acetonitrile and vortex for a few seconds.

Centrifuge at 13200 rpm at room temperature for 5 minutes.

Transfer the supernatant into a 96-well polypropylene collection plate and evaporate

to dryness (approximately 20 minutes).

Reconstitute the residue with 400 uL of dH,O and vortex the plate.
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Exanpl e 44: Bacterial nutation tests (Ares test) 30Bacterial mutation tests
were performed at Charles River Laboratories to evaluate the nutagenic

pot ent i alwof2omarnissas pr odrugs. Sal nonel | a typhi nuri um sPcaiaa0 (MB35, TAI
537, TA98, TA100) and Escherichia coli strain WP2 uvrA were treated with

prodrugs at cQncentratipns r. ing. from1.58 to 5000 gg/plate in the
presence and (ggﬁrz%eetﬁgp% %‘&@Q‘?@Hﬁ?ﬁ’fé&"’r#‘?ﬁeﬂgﬁ° M™% i x) using the
pre-i ncubat i dnjevtesagiptes oofo thdreCARIMEri al nutation test. Al concentrations
of each conpound were evaluated in triplicate. Bacteria were incubated with
standard positive control agents, and the response of the various bacterial

strai ns bb t Héxire satepleanalysiti rned the sensitivity of the test system and
the activity of the SO m x. 5Table 8. Results of Bacterial Mitatign Tests

ID No51 Vehi cl.8PlRR @stextragied fpmsamalisust ofging ragipiGeviing s3mmale diwispnge pvso
Negat i vediNeapddnie WEDhAInjdMdEhtoRPRjuld dhPorMREdhpH Equifpld \With & talRgRinaYE
Negative A61 o . . 2
spectrometry detector. Quantitation was done by peak area ratio method. A weighted (1/x°)
Quadratic regression was performed to back calculate the concentration of the analyte. On
the day of analysis, 1 standard curve, a minimum of 2 replicates of each QC level and the
10  appropriate study plasma samples were analyzed using the following step:
Vortex the samples.
Aliquot 25 pL of each sample into separate 50-mL polypropylene tubes.
Add 100 pL of ISWS in appropriate samples.
Add 50 mL of water and vortex adequately.
15 . Transfer 400 uL of the solution into a 96-well polypropylene collection plate.
Centrifuge the plate at 2000 rpm for 2 minutes at room temperature.

« Inject samples onto the LC-MS/MS.

Example 43. PK data analysis

20 For the various pharmacokinetic studies conducted in rats, ferrets and monkeys,
plasma (and blood) concentration-time data for the prodrug and 1,3PDS were analyzed by
non-compartmental analysis (NCA) using the software program WinNonlin® Professional
Version 5.2.1. In order to conduct the NCA, at least 3 measurable concentrations had to be
available in a concentration-time profile. The following pharmacokinetic parameters were

25  determined for plasma (or blood) data: Cax, Tmax, AUCo.Tiast,, AUCo.o,, A2, @and T4, Since the
prodrugs and 1,3PDS were administered at equimolar doses, the effect of the prodrugs on
the bioavailability of 1,3PDS was assessed by comparing the Cy,.x and AUC of 1,3PDS after
administering a prodrug with that after administering 1,3PDS.

Example 44. Bacterial mutation tests (Ames test)

30 Bacterial mutation tests were performed at Charles River Laboratories to evaluate
the mutagenic potential of various prodrugs. Salmonella typhimurium strains (TA1535,
TA1537, TA98, TA100) and Escherichia coli strain WP2 uvrA were treated with prodrugs at
concentrations ranging from 1.58 to 5000 pg/plate in the presence and absence of a

supplemented liver fraction (S9 mix) using the pre-incubation version of the bacterial
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Water Positive Positive B29 DMSO Positive Negative B58 DVSO Positive
Positive B68 DMSO Negative Negative B75 DMSO Negative Negative B76 DMSO
Negat i ve Wegati/oaesoB77 DMSO Negati ve

10

PCT/CA2010/001229

mutation test. All concentrations of each compound were evaluated in triplicate. Bacteria

were incubated with standard positive control agents, and the response of the various

bacterial strains to these agents confirmed the sensitivity of the test system and the activity

of the S9 mix.
Table 8: Results of Bacterial Mutation Tests
1 . Result
ID No Vehicle
In presence of S9 | In absence of S9
A23(Na) DMSO Negative Negative
A29(Na) Water Positive Negative
A51 Water Negative Negative
AB1 Water Positive Positive
B29 DMSO Positive Negative
B58 DMSO Positive Positive
B68 DMSO Negative Negative
B75 DMSO Negative Negative
B76 DMSO Negative Negative
B77 DMSO Negative Negative
B78 DMSO Negative Negative
B83 DMSO Negative Negative

! See footnote 1 below Table 5.

It is understood that the examples and embodiments described herein are for

illustrative purposes only and that various modifications or changes in light thereof will be

suggested to persons skilled in the art and are to be included within the spirit and purview of

this application and scope of the appended claims. Any publication, document, patent,

patent application or publication referred to herein should be construed as incorporated by

reference each in their entirety for all purposes.
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Negative B78 DVSO Negative Negative B83 DMSO Negative Negative See
footnote 1 below Table 5. It is understood that the exanples and

enbodi mrenwe 2dagarsobed herein are for 10 illustrative purposaowmioy22and t hat
various nodifications or changes in light thereof will be suggested to
persons skilled in the art and are t i ncluded within the spirit and
purview of this application and scopglﬁglﬁgt he appended cl ai ns. Any

publ i cation, docunent, patent, patent application or publication referred
to herein shouj d be cRiptihd&FoARubNCOr porated by reference each in their
entirety for all purposes. CLAIMS 1.A conpound of Fornmula |I: RLR2 50000(1)
wherein, Rl is selected from OR3, -NHC(0)R5, -NHC(NH) NHR5,

- NH( C5- C1l0het eroaryl) or a niRregefi~atom-par R%of a nono or bi cyclic
heteroaryl having from5 to 10 viwg nenbens; R2 is selected from OR4,

- NHC( 08 R5, - NHC( NH) NHR5, - NH( C52 C80het er®af3/l) @ a 10 nitrogen atom part
of a nono or bicyclic heteroaryl having from5 to 10 ring nenbers, or Rl is
a coval ent™¥8Ad and R2 is selected from0, NH, NC(O)R5, NOC(NH)NHR5, and

N( C5- Ci ohet erR'ais \de)ectsl efrofRDRINNHRAOR e -NHR NH)NBIGEt INEH(CC 1ohetérbaiyl) cadj acent

cubst i t ut AP bR B pormeyale nearanllyfind FRFEEo i Repypteroen =nc @
C2- C12al kenyl ,R'02-sefeztedkfyany IOR" CNHEASY ¢ HECN)NHBS - OHEBet ehaserpatlybar lay |, C6-
Cre ke RS FAE05L01 At o Bl SR L b i o
C3- C15cycischeRyAlent Gancant &Y’ o selpsted raey 1O, -%@@R%NC%&WB?, @IH¥Cer oar y! ;
and Cioheteroaryl) when R' and R? are taken together with their adjacent atoms to form a
heterocycle;
R® is selected from hydrogen and a substituted or unsubstituted group selected from
15 C4-Cqoalkyl, C,-Csalkenyl, C,-Cisalkynyl, C;-Cyscycloalkyl, Cs;-Cqsheterocycloalkyl, Ce-
Cisaryl, and Cs-Cysheteroaryl;
R* is a substituted or unsubstituted group selected from C4-Cyaalkyl, Co-Cralkenyl,
C2-Cyaalkynyl, Cs-Ciscycloalkyl, C;-Cisheterocycloalkyl, Ce-Cysaryl, and Cs-Cysheteroaryl;
and
20 R® is selected from hydrogen and a substituted or unsubstituted group selected from
Ci-Croalkyl, Cx-Cyalkenyl, C,-Cioalkynyl, Cs-Cyscycloalkyl, Cs-Cisheterocycloalkyl, Ce-
Cssaryl, and Cs-Cysheteroaryl;

or a pharmaceutically acceptable salt or solvate thereof.

25 2. The compound of claim 1, wherein said compound is a compound of Formula

(n
wherein,
R? is selected from hydrogen and a substituted or unsubstituted group selected from
30 C4-Cyealkyl, C,-Cyoalkenyl, Cy-Cqsalkynyl, Cs-Cyscycloalkyl, C;-Cqsheterocycloalkyl, Cs-
Cisaryl, and Cs-Cqsheteroaryl; and
R* is a substituted or unsubstituted group selected from C;-Cyzalkyl, C,-Cyalkenyl,
C2-Cyzalkynyl, C5-Cyscycloalkyl, C3-Cysheterocycloalkyl, Cs-Cisaryl, and Cs-Cisheteroaryl;
or a pharmaceutically acceptable salt or solvate thereof.
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20R5 is selected from hydrogen and a substituted or unsubstituted group
sel ected from Cl-Cl2al kyl, C2-Cl2al kenyl, C2-Cl2al kynyl, C3-Cl5cycl oal kyl,
C3- Cl5hetwoaoyiaiiosmb kyl , C6- Ci 5aryl, and C5- Cl5het er oar PCT/GA208/001229
pharmaceutically acceptable salt or solvate thereof. 252. The conpound of
claim1l1, wherein said conmpound is a conpound of Formula R3,s,s,oR4 \

0000( | I) wher ei n, R3 is selected from hydrogen and a substituted
or unsubstitut®d grifgFonepest d¢laim @nwgen®ids R pHbstitugedcIamskestitpted group

C2- C12a| kyé"é’dted CQFOGJ-SCOG 19&'*%y| Cz-@?ﬁﬁ;&%et @Q%Myﬁﬂl k3d3+C1%CIO@(yE—'ar ﬁ;’,* and
C5- Cl5het ituted or unsubstituted group

ar
sel ect ed &ﬁg éﬁyw%ﬂ oy C1sapth a@i?aﬁi‘ﬁ‘j?m%z Cual kynyl , C3-Cl5cycl oal kyl ,
C3- CleheterocycI oal kyl, C6-Clbaryl, and C5- ClSheteroaryI or a

h ti t abl t th
D e oo L, SRR TS o 2 el S e ot o v

i s a substormutaddAor unsubstl tuted group

sel ect edf r onC1- Cl2al kyl , Cﬂ&lZal kenyl , 12al kynyl , C3- Cl6cycl oal kyl , C3-
Ci 8het erocycl oal kyl CG C aTgI/,\aﬂﬁ/\Cg p{at eroaryl. 5 4. The
conmpound of claim1 or 2, r% n sai rrpound is a conpound of Fornul a

I1-A HO \/*s'ClFR4 0000(II-A) “wher ei 10R4 i s alllsAjpstituted or

unsubsti t yhgdingr oup sel ected from Cl- Cl2al kyl, C2-Cl2al kenyl,

C2- C12al kynyl C3 Cl6cycl oal kyl , C3-Cl6heter ocycl oal kyl, C6- ClGaryI, and
C5- CLé%et er oarRyiis asubs tﬁﬁﬁrqw@?{hsi'féﬁﬂl%w@cﬁﬁﬁ%ﬂf@“ $aiGroadyl. SoiGuzmikenylher eof .

5. The cogpayamlyri, WY cPEI6alRf, Gyl LHEEerdeykBalkyl, MEL A INarki clEatdterg§; Of R3 and

R4
or a pharmaceutically acceptable salt or solvate thereof.

5. The compound of any one of claims 1 to 4, wherein at least one of R® and R*
16 is a group of Formula B:

R22
XK@G
ReR (B)
wherein,
R® R and R® are each independently a substituted or unsubstituted group selected
20 from C,-Cealkyl, C,-Cgalkenyl, C,-Cealkynyl, C;-Cecycloalkyl, Cs-Cgheterocycloalkyl, Cs-
Caoaryl, Cs-Csoheteroaryl, C(O)OH, C(O)OC;-Cealkyl, NH,, NHC(O)OC,-Cqalkyl, or R” and R®
are taken together with their adjacent carbon atom to form a group selected from C,-
Cscycloalkyl, and Cs-Csheterocycloalkyl, or R®, R’ and R® are taken together with their
adjacent carbon atom to form a C,-Cyocycloalkyl or C4-Coheterocycloalkyl fused ring group,
25  ora Cs-Cyoaryl, and Cs-Cygheteroaryl; and

R* is a hydrogen atom or a group selected from C;-Cgalkyl, C(O)OH, or C(O)OC:-
Cealkyl.

6. The compound of claim 5, wherein said R* is C,-Csalkyl, or wherein said R?
30 is Cs-Csalkyl, or wherein said R* is a C5-C,alkyl.
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15is a group of Formula B: (B) wherein, R6, R7 and R8 are each

i ndependently a substituted or unsubstituted group selected 20 from
Cl- Coal kywo 202/0@8mb kenyl , C2- Céal kynyl , C3- C6cycl oal kyl PCT/CA2010/001229
C3- Cohet erocycl oal kyl , 06- Ci aryl, C6-Cl0het eroaryl C(O)OH

C(0) 0C1- Coal k N r her
wth their adj)elacen'lt# %%gPE%lmadt (()C)%mk?qaa‘i11 Wn%’f%{rq 57! L?p ﬁ‘(‘:]'%f%g%g&ﬂ)&pgft
C8cycl oal kgrinuladdyd C3- C8het er ocycl oal kyl, or RS, R7 and Fe are taken
together with their adjacent carbon atgento forma Ca-G ocycl oal kyl or

C4- Cl0het erocycl oal kyl fused ri up, 25or a C6-ClOaryl, and

C6- ClOheteroaryl; and R22 is a ﬁm@ atomor a group selected from

Cl- Ceal kyl, C(0)OH, or C(0)0Cl- CoeaRkyl. B’ 6. The conpound of claim
5, wherein said R22 is C2-CBal kyl, or wherei #®daid R22 30is C3-Col kyl, or
wher ei n seheteiR2?2 is a C3-C4al kyl. WD 2011/ 017800PCT/ CA2010/ 001229 7. The

conpound of - clegl B B I0Eleeldn SRt lentPa gubsmferagar%n& st ladior T 2

(B') whefein are each 1n ent stltuted or

unsubst i tfmr@ong@iml Gt Catkeny! f %W@B(QMYC'@W ﬁd Q@ﬁSPFOCYQtQa"&YBapk'ynyI
C3- Coeycl - T QB
G0y or - By L B A BN, S Sl D PR B € e

t oget her %CPttﬁk"’t’h@igPthaﬁj’Vﬁ'&é’r‘ﬁ" é@l?‘iﬁﬁ‘n Ca&bemact%n ftBrfﬂ'i”h agyrevR) selested tfop Lrom C3-

C8cycl oal Etycloamyl 43 @5&1@@&&@@&@5@@ by R?, R af$, RSPeYreaalebnR%gather Waﬂsemau

t oget th thej rk% a% cent rbog) tlomt C% ? c oal kgl or
CaA-Cl HEY TGP é’Bar figroGe a@v °<5rC4 %l? Kyl g ””9 grou

C5- Cthet@rraIBJ@Joaryl and C;-C8hetdoeryconpound of any one of cl ai m; 5to 7,
wherein R6, R7 and R8 are each independently a substituted or unsubstituted
group sel ected from Cl-C6al kyl, C2-C6al kenyl, 15 C2- C6a| kynyl ,

C3- Coeycl oal ky8., CTheshmperndcyf @hyahk 9l claids-5deTampereinRy REBNCRtase eaavar v |

or R7 andmgﬁneﬁa@nﬂg’aak%sﬁtetg@top%ﬁsq%ﬁtnteﬁ'&% p SfllcRGERIm e ? S(EO(F]a‘k@n)tlorm a

group selected from cl oa C3- Obhet er oc 7R6 R7
I RS ar e enlmyl; Gufecnalil Gr GEPToCHgaky i Coih GG SmNEs A In R

C3dog(53 y(é !LQF]H F![l(“)/ére @er%g@ﬁl@ﬁ‘%ﬂ{ Hely abjadnt ¥arbbaleh tb dteh D§etbseltedirdRcl0ar yl
an etero
&cycloalky? glnd Cs-Cgheterocycloalkyl, or R®, R’ and R® are taken together with their
adjacent carbon atom to form a C;-Cgcycloalkyl or C;-Csheterocycloalkyl fused ring group, or

a Cg-Cyoaryl, and Cs-Cyoheteroaryl.

20
9. The compound of any one of claims 5 to 8, wherein R® is a group of Formula
C:
X
n
9
R (©)
wherein,
25 R® is, separately in each occurrence, selected from hydrogen, hydroxyl, halogen,

cyano, trifluoromethyl, nitro, and a substituted or unsubstituted group selected from C;-
Cealkyl, Cs-Cecycloalkyl, C3-Cgheterocycloalkyl, Csaryl, Cs-Cgheteroaryl, C(O)OH, C(O)OR"",
OR™, OC(O)R™, OC(O)OR'", NHC(O)R"", NH,, NHR™", and N(R""),;
X is selected from the group consisting of OH, NH,, NO, CN, SH, C(O)OH,
30 C(O)OR™, ~ OC(O)OR™,  NHC(O)OR™, SC(O)OR™, ~ P(O)OH), P(O)OR'™),,
P(O)(OR™)(OH), OC(O)R™, OC(O)NHR™, SC(O)R"®, C(O)R™, and NHR'®:
n is an integer selected from 0, 1, 2 and 3;
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20 9. The conpound of any one of clains 5 to 8 wherein R6 is a
group of Formula C. (C) wherein, 25RO is, separately in each occurrence,
sel ect ed woamihasoogen, hydroxyl, hal ogen, cyano, trifl roramsebtoyior22mitro,
and a substituted or unsubstituted group selected from Cl- C6al kyl,

C3- Coeycl oal kylsy . C3- | oal Kyl | - OH,
SR RREAL R R R R e e T
X is sel eGrGeheferanycivalieyl (Featyp Celabsteroamtprofbe@tyl; NH2, NO2, CN, SH, C(0)OH,

30C(0) OR12, OC(iry AR 2 NHHR) P FA<unsfitlfdd GRS <Blelikl Fehide BE QIO }-éh&/cloankyl, _
P(0) (OR12 , 0) R13 0) NHR13, s‘%f‘o R13, C(0)Ri4 d RERLO:
i§1t ééer s 1('86}016&!10%'?#1(3@,5;69[&"7%3525—}@6?"9’93% benz)yl, Cﬁﬁg,i(%l)d&"ggbggq"tyuﬁgé Orn s an

gs %ﬁ” It tut ed FleIP %rﬁlzsm?c%ht@féﬁ%ﬂluﬁé%glitg%ﬂ @ﬁf&lpl%)dectle@:fméﬁiﬁﬁ%y&! i bﬁ?icyploalkyl,

- et erogycl oa ar - eteroaryl an enzyl; is a

Subst1 1 ut ICHE Rl Gl CyrCotTam L B LBy o 1 Coal kyl

C3- Cocycl oal kyr'! isGRe feshiat of ®aztatabad tinbturdCBladoypled Bminctiaiithariag ay proténtstzy | |

CH2R16, and CH%} CGatIkOK(?,/IIe)anG; 5R13 is a substituted or unsubstituted group
AR,

sel ected Priof< ts- Céeycl oal kyl , C3-C6het erocycl oal kyl , Céaryl,
C6- Cohet er oar YR isahelrdsising pf a natural or unRatral €-dohpled emindiesiddfaviag Rapuatadtedor

unnat y al oMn%M%%ﬂﬁ&Q%%ﬁ&d havi ng an protected or unprotected carboxyl

end; o S the residue of a natural or unnatural C-coupled
am no aci O hesslesteddrnpihsgeireansigline ofiRp(OCetralty! A RC (N -GatlYIR16 | s
selected fromthe group consisting of OC(0)Cl-C6al kyl and OC(0) 0Cl- Céal kyl .
10. The conpound of _claim 9, i 1S, separately in each occurrence,

wherein: RI is
sel ected from Wdr JGESFOMAIAXCIRIM Y NSEMR, 15 cyano, trifl uoronet hyl ,
nitro, and a sribsf bépsrately o eders dbSkrehdd, @dleged Hins aydedend hidroxgl (alogehal Kyl ,

Clos AL kSRRl o S e 01
X is sel eCtadql, Ox-@avychalkgr 6upshetansiysibalkyg, @daryOH)s-OyhiteroShil, GUOP)HHG(OBDRY OR12,
g]:((jO) 0RleRN!'@é%)QR?%C(&gFQ),W—HO)WZ%‘QR“%%(HH%}B’ SC(0) R13, C(0)R14,
X is selected from the group consisting of OH, NH,, SH, C(O)OH, C(O)OR™,
OC(O)OR™, NHC(O)OR™, SC(O)OR™, OC(O)R"™, OC(O)NHR', SC(O)R", C(O)R™, and
20 NHR'™;
n is an integer selected from 0, 1, 2 and 3;
R'" is a substituted or unsubstituted group selected from C4-Cealkyl, C3-Cecycloalkyl,
Cs-Cgheterocycloalkyl, Cearyl, Cs-Csheteroaryl and benzyl;
R™ is a substituted or unsubstituted group selected from C+-Cealkyl, C3-Cscycloalkyl,
25  Cs-Csheterocycloalkyl, Cearyl, Cs-Cgheteroaryl, benzyl, CH,R"®, and CH(C-Cgalkyl)R'®;
R™ is a substituted or unsubstituted group selected from C;-Cgalkyl, Cs-Cqcycloalkyl,
Cs-Csheterocycloalkyl, Csaryl, Cs-Csheteroaryl, and benzyl;
R™ is the residue of a natural or unnatural N-coupled amino acid;
R is the residue of a natural or unnatural C-coupled amino acid; and
30 R is selected from the group consisting of OC(O)C4-Cealkyl and OC(O)OC;-Calkyl.

11. The compound of any one of claims 1 to 4, wherein at least one of R® and R*

is a group of Formula D:
x@ (~n
(D)
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20NHR15; n is an integer selected fromO, 1, 2 and 3; R11 is a
substituted or unsubstituted group selected from Cl-C6al kyl,

C3- Cocyclwal2kulo1708- C6het er ocycl oal kyl , Céaryl, C6- C6hetreraanylio/mmtsbenzyl ;
R12 is a substituted or unsubstituted group sel ected from Cl-C6al kyl,

C3- Céeycl o%i K. 25C3- Cohet er ocycl oal kyl , Coéaryl, C6-C6heteroaryl, benzyl,
CH2R16, aff @ﬁt(Cl C6al kyl ) R16; R13 is a substituted or unsubstituted
group sel ect edR'f nmeadﬁleo@@médcylis e@3r iGdepeotiandly laythydragan @ﬁimebea@upsﬂtlmed kuyl

Coar yl 4 or
innat ur al TROR QR cckdB AR B Ol oL 8 alafy 85 LiHnf) oF oRERERY.

unnat ur al C(‘,Cdf@m(‘dﬁloélhﬂn@eﬁcqaﬂf' G oBERPeNY}. sars @lestrersyithdramng r%O‘QJr @Up?

consi s§ i nﬂjtﬁﬁtug@(s@)e%d%m ! gréuplcdAsistPéHarkihél dnibio, l@aromealﬁ&lWQWMyOf any

one of clalms 1 to 4, wherein at | east one of R3 and I's a group of
For mul a DRAKOXYREbPPHPIRRN (e dkes aRd R17 in each occurrence i s each
i ndependent | y midwHinteg&ifront oo Hr a substituted or unsubstituted group
sel ected from Cl- Ceal kyl, C2-C6al kenyl, C2-C6al kynyl, C3-C6cycl oal kyl ,
C3- Cohet er ocycl oal kyl , C6-ClOaryl, C5-ClOheteroaryl, an

el ect ron-wi t hdt2awi e gomppundrof anpenssftdidime o 4 ebtertindt Lasione beRYaralRy’

consigtin AoEdo, hydroxyl, al koxy, acyloxy, al koxycabonyl oxy,
and tﬁée Iigl?gro@rgérﬁ%l S ah i nteger from1 to 5. 12. The conpound of

any one of clainms 1 to 4, wher EISF\}IO t one of R3 and R4 10is a group of
Formula E: Rz O(E) V\,herei n, Ft' is a substituted or
unsubstituted group sel ected from Cl-(32al kyk C2- Cual kenyl ,

C2- C12al kynyl C3- Cl5cycl oal kyl, C3-Cl5het erocycl oal kyl, C6-Cl5aryl, 05-
wh ereln

R* is a substituted or unsubstituted group selected from C;-Cysalkyl, C.-

Cioalkenyl, Cx-Cialkynyl, C3-Cyscycloalkyl, Cs-Cysheterocycloalkyl, Cg-Cysaryl, Cs-

15 Cysheteroaryl, OC;-Cyalkyl, OC,-Cqalkenyl, OC,-Cqralkynyl, OC;-Ciscycloalkyl, OCs-
OCsheterocycloalkyl, OCe-Csaryl, and OCs-Cisheteroaryl.

13. The compound of any one of claims 1 to 4, wherein at least one of R® and R*
is a group of Formula F:
20

R (F)

wherein,
W-Y-Z is selected from C(O)OCH,, OC(O)CH,, CH,C(0)O, and CH,OC(0);

25 R" R, and R’ are each independently selected from a hydrogen atom or a
substituted or unsubstituted C4-Csalkyl group, or R* and R* are taken together with their
adjacent carbon atoms to form a double bond; and

k is an integer selected from 0, 1 and 2.

30 14. The compound of claim 4, wherein said compound is selected from

Compounds A1 to A73 as herein described, or a pharmaceutically acceptable salt or solvate
thereof.
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15Cmhet eroaryl, OC1-Cl2al kyl, 0C2-Cl2al kenyl, 0C2-Ci2al kynyl,

0C3- Cl5cycl oal kyl, 0C3- 0Cnheterocycl oal kyl, 0C6-Cl5aryl, and

0C5- Cl5hewvenronroiisoo 13. The conmpound of any one eCTtadAadrewoi22bo 4,
wherein at |east one of R3 and R4 is a group of Formula F: 20 (F)

wherein, WY-Z is selected from C(0)0CH2, OC(0)CH2, CH2C(0)0, and CH20C(0);
25 Rw, Rx, and RY are each independently selected froma hydrogen atomor a
substitut ed orlSunsdibst ¢eropandd Gif- c3im k3/1 whgreinpsaidr cariposdnd iRxselgated diloem

toget her @hhbodndsBH t@gBﬁﬁéeﬂéreﬁQfeQ&ﬁbe@td?%}h%ﬁnefc@ﬁﬁ@aﬁ\/ Seubbse kNG sk k is
an integer selected fromO, 1 and 2. The conpound of claim4, wherein
sai d conp®8iea’i s sel ected from Conpounds Al to A73 as herein descri bed, or
a phargmaceutically acceptable salt or soI vate thereof. WO

2011/ 017800PCT/ CA2Q10/ 001229 he caonpoyn cl aim erei n
sai d compound 165 sAPEEOREOTHAN HhRENAAE cETPdbss aed kot CApadids og

a phar maceuta asaielrgn elesmpé(ﬁbf & psamacaticalylacedptablesmit@o olvdie thereof. 16. The
conmpound of 1, wherein said conpound is selected from Conpounds C to C3 as
herei n descri bed, or a pharmaceutically acceptable salt or solvate thereof.
17. The conpoulld ofThel edrmound afhelaim HZS&ihéreermpUun@nlbcsmgeiBesﬁlmﬂed rfrom

1000rrﬁ>@uné§m£24unhg 0 BB A@%@éwd&%ﬁséd fa thrrma%elH@QI aﬂé%%?ﬁlé&l&%é}l ¥ @Rt abl e
salt or vate t e compoun arm erein said
conpound h§re%rrpound D5, or a phar maceutl cally acceptable salt or solvate

t hereof. 15

18. The compound of claim 17, wherein said compound is Compound D5, or a

pharmaceutically acceptable salt or solvate thereof.

15
19. The compound of claim 12, wherein said compound is selected from
Compounds Compounds A71, A72, A73, B76, B77, B78, B79, B80 and B81 as herein
described, or a pharmaceutically acceptable salt or solvate thereof.
20 20. The compound of claim 19, wherein said compound is selected from
Compounds B76 and B77, or a pharmaceutically acceptable salt or solvate thereof.
21. A compound of Formula I}l:
25 A—(L*—A),—L*-A (IH)
wherein,
A'is 1,3-propanedisulfonic acid moiety;
L*is a cleavable linkage for covalently and dissociably coupling together two 1,3PDS
moieties respectively; and
30 p is 0 or an integer selected from 1, 2, 3, 4, or 5;
or a pharmaceutically acceptable salt, ester, or solvate thereof.
22. The compound of claim 19, wherein said compound is a compound of
Formula HI-A:
35 LY(A)m (1-A)
wherein,

m is an integer from 2 to 5;
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19. The conmpound of claim 12, wherein said conmpound is selected from
Compounds Conpounds A71, A72, A73, B76, B77, B78, B79, B80 and B81 as

herei n deworntxadyscor a pharmaceutical ly acceptabl e sal t par/Gabwabe2b her eof .

2020. The conpound of claim 19, wherein said conpound is selected from
har ITB.CE‘L{t [ cal |y acceptable salt or solvate

Conmpounds B76
[11: 25A- (Lx - A p- Lx-A(lIll)

t her eof .
wher ei n,

noi eties respec

A0 Sttt S rasting

A i s U jSa pruivalaetdiesidr ety fancovhlenty atd dissociably doupling feont veateabl e
l'i nkage for Acrﬂ&?ﬁe‘?;” leﬁh@r@ﬁlf%ééc?&érgnbdéﬁ coupling together two 1, 3PDS

an i nteger selected froml 2, 3, 4,
or 5; or caamhammemﬂxcmcegta@!eéélbtea@r er salvate thereobr | or sol vate t her eof .

Ais

22. The conpound of claim 19, wherein said corrpound is a conpound of
Formula 111-A 35LY%A) "(111-A) wherein, mis an integer from2 to 5;
1, 3- pr opanedi 23l f on'® CamPRYNGAT SaIm 2Ry %, wherein| said corBPoWRA$ SSIPRIRA OBy r i er

noi ety f aCormgGANEGY Ity Gang neteirs asicaliddy of® phdrmagedtit s dovaptitte §aive sbivawi et i es,
at either sulfonic acid end of A; or a pharnaceutically acceptable salt,

ester,

phar NREeut | cal2

or"¥8Pate thereof. 5 23. The conpound of claim 21 or 22, wherein
sai d conpound is selected from Conpounds Gl to G4 as herein described,

“‘rﬁgB&ﬁPJu‘ﬂd %%lénmo{ wha eYrg%aﬁ%wofﬁog% 13% @Enggg@mﬁrénd of

claimid, vvherel n sa
v:
18\8 /\/\S _~R19
7\ 7\
OO O O (V)
wherein,
R" is selected from OR®, NH,, -NHC(O)R®, -NHC(NH)NHR?®, -NH(C5-Coheteroaryl),
15 -NR®R*,R™ and -NHR";
R™ is selected from NH,, -NHC(O)R®, -NHC(NH)NHR®, -NH(Cs-Cjsheteroaryl),
-NR*R*', R™ and -NHR";
R® R® R™ and R" are as defined in any one of the preceding claims; and
R? and R?' are taken together with their adjacent nitrogen atom to form a mono or
20  Dicyclic heteroaryl having from 5 to 10 ring members;
or a pharmaceutically acceptable salt or solvate thereof.
25. The compound of claim 22, wherein:
R'™ is selected from OR?®, -NHC(O)R®, -NHC(NH)NHR®, -NH(Cs-Coheteroaryl) and
25 -NR¥*R%;
R' is selected from -NHC(O)R®, -NHC(NH)NHR®, -NH(Cs-Cioheteroaryl) and
-NR®R?":
R® and R® are as defined in any one of the preceding claims; and
% and R?' are taken together with their adjacent nitrogen atom to form a mono or
30  bicyclic heteroaryl having from 5 to 10 ring members;
or a pharmaceutically acceptable salt or solvate thereof.
26. The compound of claim 22 or 23, wherein said compound is selected from
Compounds N1 to N18 as herein described, or a pharmaceutically acceptable salt or solvate
35 thereof.
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S 'S 0000(1V) wherein, R18 is selected fromOWN NH2, -NHC(O0)R5,

- NHC( NH) NHR5, - NH( C5- ClOheteroaryl), 15-NR20R21, R14, and - NHRL5;

R19 i s sawvecvadifsoom NH2, - NHC(0)R5, - NHC(NH) NHR5, - NH( E6TCWbmtoernaryl),
-NR2R21, R14, and -NHR15; R3, R5, R14, and R15 are as defined in any one of
t he preceding clains; and R2 and R21 are taken together with
their adjacent nitrogen atomto forma nono or 20bicyclic heteroaryl having
from5 to 10 r37ng Hesb@paundoper @ phamaseticalyc actaptapte splt adyl eolvate t thereok ol vat e

t her eof . s’){@sfgh@a"&@gﬁ%lﬁ%e@énb@i Wltmé%grenmraﬁ%ﬂne or more of the examflé® 1S sel ected
fromOW -NHC(0) - NHC( NH) NHR5, - NH( C5- C10heteroaryl) and 25- NR20R21;

R19 is selected from-NHC(0)R5, - NHC( NH) NHR5, - NH( C5- ClOheteroaryl) and
-NR2R24; R3 arms$. R5 pagompaandieffithéfemiler any one of the preceding clains; and
R2 and R21 are taken together vvll_w their adjqé}gent nitrogen atomto forma
nono or 30bicyclic heteroaryl havi m§’ o 10 ring nenbers; or a
pharmaceutical ly acceptable salt @‘ sol vat ot hereof . 26. The corrpound of
claim?22 or 23, wherein said cor‘rPound is selected from Compounds Ni
to N18 asOlfRemaceutically pecgptable salt phsgivaiatbererkal | y acceptabl e salt or

sol vate 35thereof. WD 2011/017800PCT/ CA2010/001229 27. A corrpound or
a pharmaceut i %I ly acc rgt abl.e salt gr sol vate thereof substantial Ia/

herei n descri Jrapesulical composiion CoMBRNSINg 2 5pmPQyind AGEOTding, to,prvsones o g A
conpotlihd daffcldire1 toozawtugaherhm,emﬂaimﬁsumaﬂy aceptablenacieut i cal |y accept abl e
salt or solvate thereof. 29. A pharmaceutical conposition
conprising a conpound according to any one 10of clains 1 to 28 together
with a phar mac¥ut i ¢lgklof azrpoweurthbleanyaonei afrclaims 1 to 28, for treating or preventing

amyloid A amyloidosis.

15 31. Use of a compound of any one of claims 1 to 28, for treating a renal disorder

or for stabilizing renal function or delaying progression of a renal disorder.
32. Use of a compound of any one of claims 1 to 28, for delaying requirement for

dialysis in a patient with a renal disorder.
20
33. The use of claim 31 or 32, wherein said renal disorder is diabetic

nephropathy.

34. The use of claim 31 or 32, wherein said renal disorder is amyloid A
25 amyloidosis.

35. Use of a compound of any one of claims 1 to 28, for the treatment or
prevention of dyslipidemia or metabolic syndrome.

30 36. Use of a compound of any one of claims 1 to 28, for the prevention or
treatment of hyperglycemia.

37. The use of claim 36, wherein the disease is diabetes mellitus.

35 38. The use of claim 37, wherein said diabetes mellitus is type 1 diabetes.
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30. Use of a conpound of any one of clains 1 to 28, for treating or
preventing anyloid A anyl oidosis. 1531. Use of a conpound of any one of
clainms 1 wo288/01f$90 treating a renal disorder or for stabiridazingorenal
function or del aying progression of a renal disorder. 32.Use of a conpound

of any one of 3%' al rﬁeaf%gf ciaé 3f72\6here||n%¥|d%%§§t%gw Ll'ﬁﬁé%{yB‘af 98| g L@l %il zrl gza

patient with arenal
wherein said renal disorder is diabetic nephropathy. 34. The use of

claim 31 or 3% V‘“%S'LB?%%QHTH @Q%?Qélﬁ%ﬁﬂe&laﬂe%s I||t9 & @Fnﬁéad%e@s%m S.

35. Use of a conpound any one o al ns e treatment or
prevent i oﬁanesﬁmeiqbpufeﬁwarome met abol i ¢ syndrone. 3036 Use of a conpound of
any ong of claims 1 to 28, for the prevention or treatment of

hyper gl ycem a. se of cl ai.m 36, erein the disease is dj abetes

mel 1 tus. 353§1The[[]?§é#8f°°@b°8'r”}‘ﬁ of ANy AR PEFIAIMS A 19 28i fablBeeasingInpyiin evelss type

1 di abet esirculatiMg ﬂgﬂd%d)ﬁ?%ﬁﬁr ioGéB@Wc?@&H@Qe&stance to in3Blin a'mrusaeaﬁ qrg(r?] | ai m
,  Wh t t e use

of ol ar m 3Pl BT REE Bl o oy TG 5 B3 Geanngnsude s

f eat ur es oy panerestiol detis, swehsmgebet&-cells and/or igléts dfsengérhanscoegeneris afd/any one

sr ol Drehelaith of Rowd BARASHAR & Bitlihthol RPUSHBLIR ty BbAGL D DleRRE ! "

response t decreasin resistance to I nsu easli n
insulin seeslosisun bgtaicallss ene stabilizing, sexiering(@ndder improvingn penkreatimigndtioneany,

i ncr easi N@oleN patitdlarfeshBliZiRy) B¥toRRy)CardRk 1 }JR)@’n?Sbeté\ BaIea, n@ro@ﬁlt? &6l s

and/ or |sLuets of Langer hans neogenesi s and regeneratl on of 1slets of
Langer han ‘Eﬂonpreventl ng their destruction by apoptosis, preventing
apoptosis in beta-cells, and stabilizing, restoring, and/ or i npr ovi ng

pancregatic fungtion d nore particular|l i ing, restorin and/ or
i mpr o@?ng bet a‘&cel IU§e§F Qé?maﬁ’%&ﬁfu a0y O &t ‘Uﬂ%? ?‘b#’ Zoigglgqug@edgq %E'Sﬁbound
of any onfer idatiog aidiabetic fatie@Qvith@xoghdbayinagint he requirenent for treating a
di abetic patient w th exogenous insulin. 43. A nethod for

treating or preventing AA anyl oidosis, conprising the step of
43, A method for treating or preventing AA amyloidosis, comprising the step of

administering a therapeutically effective amount of a compound of any one of claims 1 to 28

20  such that said AA amyloidosis is treated or prevented.

44. A method for treating a renal disorder or for stabilizing renal function or

delaying progression of a renal disorder, comprising the step of administering a

therapeutically effective amount of a compound of any one of claims 1 to 28, such that said

25  renal disorder is treated, said renal function is stabilized or progression of said renal disorder
delayed.

45, The method of claim 44, wherein said renal disorder is diabetic nephropathy.

30 46. A method for the treatment or prevention of dyslipidemia or metabolic
syndrome, comprising the step of administering a therapeutically effective amount of a
compound of any one of claims 1 to 28, such that said dyslipidemia or metabolic syndrome
is treated or prevented.

35 47. A method for the treatment or prevention of hyperglycemia, comprising the
step of administering a therapeutically effective amount of a compound of any one of claims
1 to 25, such that said hyperglycemia is treated or prevented.
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adm nistering a therapeutically effective anount of a conpound of any one
of clainse 1 to 28 20such that said AA anyloidosis is treated or prevented.
44. A netwoaofiari7doneat i ng a renal di sorder or for stabi PCTiaagoromoad29
function or del aying progression of a renal disorder, conprising the step
of adm nistering a therapeutically effective anmount of a conpound of any
one of clainms 1 to 28, such that said 25renal disorder is treated, said
renal functiortd s dihabiethodend cloim 4f, adieeisthe disedsedailidbgtenmellids sor der del ayed.
45. The nethod of claim44, wherein said renal disorder is diabetic
nephropathy. 3046. A nethod for the treatment or prevention of dyslipidema

or metabolic $Pndr Jhe Methde Flginnds. mhereint s djabeirarmellites isitynsg! gabetes.

therapgutically effective amount of a conpound of any one of clainms 1 to
28, such that said sli,pid rria met abol ndr o js treated or
prevent ed. 354@:A J@%H@HPQP&?C'FWE 4?”«5‘856%?‘??4 ‘ﬁ?b% @ﬁﬁ? §AYR§r2 Hi9hkESyl yeeni a,
conprising the step of admnistering a therapeutically effective anount of
a conpound of any | Qi . at ais
treated or pr e5\a/|ent gﬂsn%&m%fgilgﬁb%%%ﬁé%ﬁ%%%?%@styaépzed'goe\{ . The
met hod of fesluegisrof nipfabalivesysinemehe di sease is di abetes mellitus.

49. The nethod of claim48, wherein said diabetes nmellitus is type 1

di abetes. 5 50. The nmethod of claim48, wherein said diabetes
mel litus is tyRe 2Adnethed fosincreasing insulilevefseirckistingyn bisod & eesperse to (eedr ei n

sai d di abgdcpsasimglrédidtaitceits lﬁleﬁﬁarﬁllﬁlllﬂiﬁﬁsﬁ@ ivduli sé iy lﬁsse@f:teﬂ'%gﬁfégl
syndrone i ncreasi ng i.nsul evels C|rculat|ng

in blood ﬁmt@gl&ﬁqgéw%rg "F%%?f'“gdgﬂ“}l'ﬁég?r%onr'@’s?aé“? E%C?HS 'i"ﬁ@ﬁ?"i‘gh befagelsy
i ncr easi n@d/cnsmllbtsnofslemgemam ingogenesie | apdioe dedeneduiers of esidls of Alangdrbg 6r and

i b | s, i il
S, | BSLEP  BBHA, S Sh RLrBASA SR n e S RS, o
i sl ets of reEtQh@garahé/nsmmfo\mfg ppn@edict fimdjon, ewid rmate partiagiyostalbilzirgp et wivg S
preventi n%d?d?omp‘?oct)lr? fb@tatl,‘:'e &g | owtﬁngnd%r FJHHI aﬁ%mp’ﬁ?ﬁ%%&nﬂﬁste%d/ or

i mprovi ng pancreati unct1on, ard nore I'zin

rest or i ngthergpeytisellyi %ﬁ%l%’i@ubb@faﬁ eampogng sz%ny C{g\lemﬁ/phlr@mﬁlco% hmsuhle!mm
conpri si ngeeaqmersdsst ering a therapeutically effective anobunt of a conpound
of an%O one of clains 1 to 28 to a subject in need thereof. 20 53.
Met hot” for delaying the requirenent for treating a diabetic patient with

exogenous i nsu3i n, Mbﬂmdl’foSIdé@ayMBGthStl@ﬁmﬁgme@d%rntréétiﬂ@|d‘@ila'beﬁ&1%éﬁé?\‘?%llhca| ly

effectlve npunt . o co 8, such that sai d
r equi r emen nouaéqsg%ﬁomg'%@@qﬁg@teBPP%d'?'ﬂ'étFﬂ?Pe%heﬁap%tf?ﬁbh‘?fécg‘fe anount of

phar nmace ¢aapdund etanypne bf daigal 1tto RBeuelofhat suid fequinsmmant selelayed.of a

medi canent; a pharnaceutical conposition; use of a pharmaceutical
conposition to treat diabetes; a corrpound use of a pharmaceuti cal

conpo® ti on i P4t he Usanlid ﬁ@raneétlmonwonwchan’mimaéeutlcallly@acemt@le)saltphmefnt| ng

AA anyl oi e rﬁamﬁacﬁﬁ& Bpéjmgfilcénﬁ@rﬂté ﬂ%rrﬁéca@xﬁ@e}( @&%bd&ﬂ.o%s@"&/&%h%&:&unc&r use
of a phar W&CGL{%I cal )osition in the manufacture
composition to treat iabetes; a compound; use of a pharmaceutlcal composition in the
manufacture of a medicament for treating or preventing AA amyloidosis; a method of treating
or preventing AA amyloidosis; or use of a pharmaceutical composition in the manufacture of

30 amedicament for treating diabetes, substantially as herein described.

55. A method for the preparation of a compound of Formula ll-A as defined in any
one of claims 4 to 10, comprising the steps of: a) preparing a disulfonyl chloride of the
formula: CIOZS-(CHz)a-SOZCI; b) reacting the disulfonyl chloride of step (a) with a compound

35  of the formula PGOH, wherein said PG is a protecting group, to produce a monosulfonyl
chloride of the formula: PGO3S-(CH.);-SO,CI; ¢) reacting the monosulfonyl chloride of step
(b) with an alcohol of the formula R*OH to produce a monoprotected compound of the
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30a nedi canent for treating diabetes, substantially as herein described.
55. A nethod for the preparation of a conpound of Formula Il1-A as defined in
any one olocbaioresod to 10, conprising the steps of: a) pCEMa2ITYIER29

di sul fonyl chloride of the formnul a: ClOZS—(CH2)3 S02C1; b) reacti ng the

dlsulfony f, S h _a.co d35 of e for
wher ei n sgfr?fn?’%&%(g% &&)étsgjopﬁngangdgﬁfav'?% rp6 %Cé'ng groﬁﬁﬁ%gﬁl %nr?y Otea Nor | de
of the focampoand BEIFSc) ©CHZ)BeSBZBhpownd of EarntulanilyAt he nmonosul f onyl chI oride
of step (b) with an al cohol of the fornmula RACH to produce a nonopr ot ect ed
conmpound of the fornula: PQ3S-(CH2)3-S030R4; and d) cleaving the
protecting grdf offhehaeiodopt ciaipt éé d@ﬁiﬂﬂhrﬁﬂemf(abtc(@ﬁ‘p(léﬁs teAgredlide a
conmpound gbpariiEUikdhid échAdlsodlum salt wif®hodgMrupleh@ehiidec! @i m 55, wherein step
(a) conprises reacting 1,3- 5propanedisulfonic acid disodiumsalt with
phosphor us pentachl ori de. 57. The nethod of clains 55 or 56,
Wner;al n t[le P& CmﬁitEMIﬁdecﬁf cﬁdirﬁ@SGb) 56,SwHengin tre BGOHSdoﬁfpo(ud:DoméﬁJ((‘jU) ®LS
reacting nppr.o sour.c i um an sour ce
of hydr sqRiFghant BB @ bamnetBgating ihe BoRaRiSiHeq meblyl lfhar iR B ()
ggrrp[rl seSpailﬁdigmgafnpa:slogntegfsmw\;\ymﬁemgpsie (_Pg(G-i_)g)_, an acid anpldhydr ogen gas.
nmet hod of cl ai m 58, erein said acid is acetic acid.
60. TE(Z nmet hod of any one of clainms 55 to 59, wherein steps (b) and (c)
further conpride addetinethodfofacldimsE?, wherein stegl(d) Thmprises hardtlingf palladium 60,
wher ei n Sﬁ\!dﬁjox%s(ﬁdqoﬁ-l g”arpééﬁf’%ochylag%@n gas. 62. The nethod of claim®61l,

wherein said organic base I's pyri

59. The method of claim 58, wherein said acid is acetic acid.

15
60. The method of any one of claims 55 to 59, wherein steps (b) and (c) further
comprise addition of a base.
61.  The method of claim 60, wherein said base is an organic base
20

62. The method of claim 61, wherein said organic base is pyridine.
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