2, 5- DI SUBSTI TUTED ARYLSULFONAM DE CCR3 ANTAGONI STS CROSS REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clains priority to U.S.

Provi si orsib 24ppi2Besat i on No. 61/ 171,775, filed April 22, pe0aS2010lg1828

di scl osure of which is incorporated herein by reference inits entirety.

FI ELD [ 0001] Provi ded herein are 2,5-disubstituted aryl sul fonam des that are
useful for nodulating CCR3 activity, and pharmaceutical conpositions
thereof. Al so provided herein are nethods of their use for treating,
preventing, or2smKUBSTITUYED KR PLSUDFONIMID DU R ARTLCRNISESi at ed

di sorder, disease, or condition. BACKGROUND [ 0002] CC chenoki ne receptor 3
(CCR3) is a seven-transnenbrane G protein- coupled receptor, which binds to
a variety of C C che@RKSA®EFERENCIIIO&EeAlax APKICCATIONS eot axi n-3 ( CCL26) ,
MCP-3 (CCL7), MCP-4 (CCL13), and RANTES (CCL5) CCR3 is known to be a ngjor
chenoki neg ept or .expr n.aller i ncl udi ng

eosi nophi ?6061‘]:baso Fhlf ?%ésuog Cgagfl? %r,w%t Vl%gai%péhca%&+ cells

( Conbadi 6r1;e17et77ﬁlﬁlqd A]pnl B2,d1009 GinfealIBcldsQﬁ:&f v@l?c(h is h6ePdra6 48in tastereate al ., J.

| munol 1%95 %55 5299-5305) . Eosinophils have been inplicated in the

pat hogend3 S HF°Y% nunber of allergic di seases, such as bronchial asthm
(Durham and Kay, din. Allergy 1985, 15, 411- 418; Kroegel et al, J. Allergy
Clin. Inmunol. 1994, 93, 725-734), dflEebgic rhinitis (Durham din. Exp.
Allergy 1998, 28 Suppl. 2, 11-16.), atopic dermatitis (Leung, J. Allergy
Adin. | MYHRA 19 r itis

(Bi schof f et h al . 919rovrligcf]'he ét(s?tg 1}6(1)205(3 %@%ﬁgﬁﬂﬁgﬁgﬁﬁ%g@tﬂﬁ%}e éen

denonst ram@dlatlhaCCaatacuNaWeaild@bmnmo@mmlsomed)saamethwqot‘)rAbaslomdpd bereinn ( VBP)
whi ch bl Oal(r:ekéle cﬂo?khe ke 1Mr2 tr arré:vré:lntc R hor %m%one or) Orn Sy eés

i ncreasi ng deet [i"her F %ep anéingpolf ent it g vaga Fyy nedi a
bronchoc@(ﬁlarmecﬂlatemdl(scﬁ‘darn&sme al canditionCl i n. | nvest. 1997 100, 2254 2262) .

[ 0003] Nurrer ous reports indicate that CCR3 plays inportant roles in allergic
conditions. For exanple, it has ReeR.LgBPRGEd that, in both atopic and
nonat opi ¢ asthma patients, there are increases in both nRNA and protein

|l evels of CCR3 and its |ligands, eotaxin, eotaxin-2, RANTES, and MCP-4
(Ying et [8002] J. |@Gfghanokikge@ptogd (CERis 6329)- -trapymeypgang [(spyotgee n

denonstr I in an
acut o modeist REpud CHAPRR BF\EhLO P o kB Ras LRy col SR LR "t
USA 2002 ,e0@8in-31€79-26 14 84 P-BECEL7)aMCP-4(C@13n and RG&FES (2002), (A0B is621- 628;
Pope et al . munol. . 05, 175, 5341- 53 et. al ... .Proc.

ot ool v O SmtR e o R B gera B RBR Shus Bl 1Sy e
shown t habsiUpR3s, dadophitn maitsells uahl hdparttypQORE aeﬁm((mnmaaﬂere&mtzl bosices, bl ock
bi ndi ng q -_| i 0a t i ther tran t h|| thus
bl ocki ng %2@3% B@é&gf‘fm“o Rt esali hd(ienge bir(?g% gkéﬁ?%oﬁ?'%

eot axi n, h%%ﬁlmlﬂfcath@ﬁi-tﬁe ﬁ)&h&geheksfstofahumbe} .of @lldric dls%%&ucthQﬂmclﬁ&

178-184; Grl uko e 99, 65, 846-853; Justice et
al., Am ¢ mgz%fheﬂl an B%CJZ@S‘EEI? r@l%tﬁﬁéf 4%%’%%’8]1'%5‘1 r@rft'¥goni sts are
pot ent i alzhyumsiefagh, §0724 ) taleatomikitisQDuitail @W&ﬁxprmzﬁgﬁmsez% Suppich as
allergic rhinitis and allergic asthma. In add agoni sts are

al so pot éntlial QtQIPIﬁg‘“éFHFUSO(ILS‘&& hlg ef‘ﬁy«,fdt’% W’H‘Pl é%@?cﬁ%“é@%@“dcel |'s by some

M Cr 0or gapkisdPhilicdGfdeBritd (BiscBSt HAR3 1S KNOWR 1999.8”. 85218854)Y 1fAs H&KEPT OF
for sone m croorganl snms. SUMMARY OF THE DI SCLOSURE [ 0004] Provi ded herein is

a 2, 5- di sapeniiaigd gt agtiypisdipesewaniisdelesse npghatigprotein (MBP), which blocks

inhibitory M2 muscarinic receptors (M2Rs) on nerves, increasing acetylcholine release, and
potentiating vagally mediated bronchoconstriction (Evans et al., J. Clin. Invest. 1997, 100,
2254-2262).

[0003] Numerous reports indicate that CCR3 plays important roles in allergic
conditions. For example, it has been reported that, in both atopic and nonatopic asthma

patients, there are increases in both mRNA and protein levels of CCR3 and its ligands,
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R R3 (1) or an enantiomer, a mxture of enantioners, a mxture of two or
nore di astereoners, a tautoner, or a mxture of two or nore tautoners

t her eof ; WO 2a10ph39saraceuti cal |y acceptabl e salt, sol vat e pCiyuse@inm3ises
prodrug thereof; wherein: R and R2 are each independently (a)
hal o, cyano, nitro, hydroxyl, or guanidine; (b) C1_6 alkyl, Cl_6 al koxy, or
Cl 6 al kylthio, wherein the al kyl, al koxy, and al kylthio are each

i ndependeptakiy. ml@@tnm@té 3én§ M@L& mhgglnw Y Ndngel 1999, 9906311h626) hal o; (O
C2_6 al kenyl 6 a behzyl , phenoxy, benzoxy or

het er ocy diy/#lso gen @@r)lonsn:e 9 it CCK{ @f)r@rdael&twn OB NFRPINRPIA] recie{tNFRtE) NRi bR e,

-0¢(0) Rh,a itd %Qél%&%enmgﬁpe)sm%aqauﬁlbles le WFQ@)]&X‘RAQE%; i, U@@Q@MQ@Q
-0S(0)2Ria, -0S(0 R e, 2010/ 123956PCT/ US2010/ 03182

0S( 0) 2NRiI479- é484NMaa?C(1D)/RCéII;l T A020) E9RH,-628NBYREC 0) MRinmr@l 2005, 175,
NRi aC( =NRi:¢) NRi DRI .0 .z NRi i d. - NBi Ri bRi c,
NRi aS( 0) ?ngai E'gogaﬂ%gmﬂ\‘%ﬁ?%g%?{@lﬁgmﬂzﬁg%\@gd v Ng!r@%é%% NRi bRi ¢
R3 is (a)Fuhb!@nmg?estpdihalhaw sloypanrtbat GﬁR&amﬁagomisthwddoaswhti QUR3 wpnogloatlkyl Ci 6
al koxy, |. t io are
each i ndeptebnO tfq(flclf(gbﬁ%p%p?f%&rgf%? ngsutﬁs? ftﬁletrlqeR&' tranlgf%éxms o etosm()pwls Tr ee hal 0;
(O C2_6 baadckmgyhemcﬁﬁ}uﬁof&lohymls mdncetde)tyr(a@(chgrhokums sud as eﬁ(a&)rRRAN-TG(SO) ORi a,
-C(0) NRi b N

0GR 37 NGTERTO ol e ShSRP%, 150G R e 6% D) H b o,
- NRi bRi ¢,199NRBi5 8826R5B Khstice MRz /a @0 y ORiysio L. 2008, 284, 0 RILDF) C Therefore, CCR3
NRi aC( =NR1d) NRi bRi c, -NRi aS( 0 NR aS( 0
-NRi aS( O)a‘Z'i%‘%‘H“StS g B?WP ﬁy §E?(§‘)‘12€?2i ge tf@%@@)tmgrf@ﬁ“@afw disegses) %&g%ﬂe&g“’

rhinitis and allergic asthma. In addition, CCR3 antagonists are also potentially useful

blocking infection of CCR3 expressing cells by some microorganisms, such as HIV, as CCR3

is known to be an entry co-receptor for some microorganisms.
SUMMARY OF THE DISCLOSURE

[0004] Provided herein is a 2,5-disubstituted arylsulfonamide of Formula I;
Rl

0.0 X
R4

R3
ty
or an enantiomer, a mixture of enantiomers, a mixture of two or more diastereomers, a
tautomer, or a mixture of two or more tautomers thereof; or a pharmaceutically acceptable
salt, solvate, hydrate, or prodrug thereof;
wherein:

R' and R? are each independently (a) halo, cyano, nitro, hydroxyl, or
guanidine; (b) Cy_¢ alkyl, C_¢ alkoxy, or Cy alkylthio, wherein the alkyl, alkoxy, and
alkylthio are each independently and optionally substituted with one, two, or three halo; (c)
C,6 alkenyl, C, ¢ alkynyl, phenyl, benzyl, phenoxy, benzoxy, or heterocyclyl; or (d)
~C(O)R™, ~C(0)OR™, -C(O)NR"’R'®, -C(NR')NR'’R'®, ~OC(O)R"*, -OC(O)OR ",
~OC(O)NR'"R'®, ~OC(=NR'“)NR'*R*, ~OS(O)R™*, ~OS(0),R"*, OS(O)NR"’R’",
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(RS)p A is RNr Nlc; or R5 is (a) halo, cyano, nitro,
hydr oxyl, oxo, or guanidine; (b) C1 6 alkyl, Cl-6 al koxy, or G _6
al kyl t hi ovowhaveseyset he al kyl, al koxy, and al kylt hi o ar epeaais2emdasendent | y
and optionally substituted with one, two, or three halo; (C) C2_6 al kenyl,
C2_6 al kynyl, phenyl, benzyl, phenoxy, benzoxy, or heterocyclyl; or (d)
_C(O0)Rh, -C(O0)0R a, -C(O)NRi bRic, C(NRi a)NRi bRic, -0C(0)Rh, -0C(0)ORi a,
-00( 0) NRLER(G) NRW““NRRE@NRLW@ &R@scml%ﬁ\l QIORSI OVERLAINR R
-OS(O)NRIbK'S|c OQ(W%:« N %@ N NRlaC(O)ORld
-NRi aC( 0y RNiR ) léé(%lm&ﬁ MR IR S(ONRY aStI NR R aS(0) 2Ri d,
- NRi as( 0). Rdas owz&ﬁ@m Byl SROPKFNS OHRIRR . s )gﬁwﬁwbm c, or
S(O)ZNRlbgc( §() S%BQQS(Q%O 9 8%29 NRla)9
-C(Ria)(Rid)-9 or R’ is (a) hydrogen halo, cyano, nitro, or hydroxyl (b) Ci6 alkyl, Cy_6 alkoxy,
or Cy6 alkylthio, wherein the alkyl, alkoxy, and alkylthio are each independently and
optionally substituted with one, two, or three halo; (¢) C,¢ alkenyl, C,_¢ alkynyl, or tetrazolyl;
or (d) ~C(O)R"*, -C(O)OR™, -C(O)NR'*R"®, -C(NR'*)NR'’R", ~OC(O)R"*, ~OC(0)OR",
~OC(O)NR'R', ~OC(=NR'")NR"R'*, ~OS(O)R'*, ~OS(O),R"*, ~OS(0)NR'*R",
~0S(0),NR'R'®, -NR"R ", -NR"*C(0)R"?, -NR"*C(0)OR ", -NR"*C(O)NR''R",
~NR"™C(=NR'YNR''R'¢, -NR"S(O)R'?, -NR"*S(O),R "¢, -NR"*S(O)R'?, -NR'*S(O),R ",

~S(O)R'?, =S(O),R™?, —S(O)NR“’R“‘ or —S(O),NR'R’¢;

Rs)p\ *M) RIbN A%

R*is " Rle Rla :

R’ is (a) halo, cyano, nitro, hydroxyl, oxo, or guanidine; (b) C¢ alkyl, C;¢
alkoxy, or C; alkylthio, wherein the alkyl, alkoxy, and alkylthio are each independently and
optionally substituted with one, two, or three halo; (c) C,.6 alkenyl, C,¢ alkynyl, phenyl,
benzyl, phenoxy, benzoxy, or heterocyclyl; or (d) —C(O)R™, —C(O)OR™, —C(O)NR'R'¢,
~C(NR')NR'"R'*, ~OC(O)R™, ~OC(0)OR™, ~OC(O)NR'’R*, ~OC(=NR'*)NR"’R’",
~0S(O)R™, ~0S(0),R™, “OS(O)NR'’R'*, ~0S(0),NR"°R'®, -NR'"R"*, -NR*C(O)R"*,
~NR"C(0)OR™, -NR"“C(O)NR'*R"®, -NR"*C(=NR'9)NR"’R'®, -NR"*S(O)R ",
~NR™S(0),R', -NR™*S(O)R'’, -NR™*S(0),R', ~S(O)R'*, =S(0),R"*, ~S(O)NR'"R", or
~S(0),NR"R';

XisOQorS;

Y is —O-, =S—, —=S(0)-, =S(O)>—, -N(R'*)—, -C(R™)(R'%)-, or
_C(R™¥(NRR®)—:

m is an integer from 0 to 3;

n is an integer from 1 to 3;

p is an integer from O to 4;

ris an integer from 1 to 6; and

each R'™ R'™ R, and R™ is independently (a) hydrogen, phenyl, or benzyl;
(b) Cs.7 cycloalkyl, heteroaryl, or heterocyclyl, each optionally substituted; or (c) C;_¢ alkyl,
optionally substituted with one, two, or three substituents, each independently selected from

halo, hydroxyl, carboxy, alkoxy, carbamoyl, Ce.14 aryl, C;_¢ alkylcarbamoyl, di(C; 6
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C(Ra)(NRibRic)-; mis an integer fromO to 3; nis an integer from1l to 3;

pis an integer fromO to 4; r is an integer from1l to 6; and each Rla,
Rlb, Rlc,weandioRi28vsss i ndependently (a) hydrogen, phenyl pcorusbennyiszs (b)
C3_7 cycloal kyl, heteroaryl, or heterocyclyl, each optionally substituted;
or (C) C1_6 alkyl, optionally substituted with one, two, or three

substi tuents each independently selected from hal o, hydroxyl, carboxy,

al koxy, ybé‘ﬁpéfhogg @%ﬁclﬁly}hear&ln.o@l @h(k@% %@@d@ carb@lﬂné@

al kyl ) car banoyl 15}/ car banoy| 7 heterocycl yl car banoyl ;
or eacheaﬁapmr@ffRRa néPeriher Widhyle Nettomyitq which thenaigtagpshed whi ch

they are;afbagbae ﬂoﬂggg%g@pgg%m@&l’y@ypet eroaryl or heterocyclyl;

with the proviso‘that when X is _N(Rh) L mand n are 1; Rl and R2

are each i ndependevitth She@meO@atmh@IrKIS @eth/JrN(Ror) iing it oy IL; RR&RS arfi t 1 0;
and p is t 098 i1 e

phar rraceutg |hc1g§%@n£ﬁ%§sﬁl{)}gnrgt}%’gﬁnpn grﬁggg)ggl})%%glﬁt 3 gfsgoéglgh e?%?(lr;f, e.g.,
conpound hgfirogornul a |, including an enantioner, a m xture of enantiomners,
m xture of two or nore diastereoners, a tautorrer or a mxture of two or
nor et autgaRy S t he sol vat e,
hydr at e, or E)r odr UAEQE{&V g%? ﬁerpg%%ﬁfn%%&gchi W@ggg%acglr@na@ea

phar mce@bmpalﬂdﬁlsamﬁﬂtem e goarcoingewnd df 0008]IFU ichdmgpnguandietieherein is a
met hod f%xtﬁf o‘f'eﬁ%{fti%&te%cﬁ%m%%' fé&&’m rr?o?érﬁ’laétére 8 E%Q%&&Bé G AntdRBo th a
therapeutlcaeiye ective ‘anmount of a di'scl osed erein, e.g., a
conpound teb omerasuduaomers ihecof) dr mghMamacwﬂly (accept,abla sm mlmte, hyﬂra@namt i oners,

m xture %fr%%u thr m%na n E%g or Te Ié ace daél c trqale 1ersof two or
nor e t auttONers t'he rglocfo g Bh P?Fa é{lﬁl 8 8Ininy e ﬁﬂtaacl%P §ai'""™sol vat e,
hydrate, or prodrug thereof. [0007] Additionally provided herein is a netho
for treatlPMg) pr ev@mliemgovided lzemeah iscarra¢thmtgfoomedldatingtii@3se}cﬁpﬂtx)nsrnprﬁsi@

CCR3- nedi at e ondi tion in e r|S|ng
i i ot o rigins EERkun f LB Re < ERR Sl S PuBb S SRS

conpound edi. swlon@eldldhﬁﬂ?emmla B igludirg an@mummnﬂr afmikioremfleaantiomar, aemasmire orrer a
m xture of enanti gge m xt ure of i ast er eone a tautorrer

or a mi xtOPE Frmes aBtP"eﬂ‘BPfé 4P U P ‘FlH‘é‘F88ED %ot “éi”%ﬁ&?ﬁ‘ﬁ{?éﬁ??oéa‘?flay
accept ablpparsatdutic8Bl acadpeabl Wil satvate, 10fdr4ds, 06 plogrul e @of .

[0007] Additionally provided herein is a method for treating, preventing, or
ameliorating one or more symptoms of a CCR3-mediated disorder, disease, or condition in a
subject, comprising administering to the subject a therapeutically effective amount of a
compound disclosed herein, e.g., a compound of Formula I, an enantiomer, a mixture of
enantiomers, a mixture of two or more diastereomers, a tautomer, or a mixture of two or more

tautomers thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof.

DETAILED DESCRIPTION
[0008] To facilitate understanding of the disclosure set forth herein, a number of
terms are defined below.
[0009] Generally, the nomenclature used herein and the laboratory procedures in

organic chemistry, medicinal chemistry, and pharmacology described herein are those well
known and commonly employed in the art. Unless defined otherwise, all technical and
scientific terms used herein generally have the same meaning as commonly understood by

one of ordinary skill in the art to which this disclosure belongs. In the event that there is a

a
a

a
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DETAI LED DESCRI PTI ON [ 0008] To facilitate understanding of the disclosure
set forth herein, a nunber of terns are defined bel ow. [0009] Generally, the
nonencl atwoeowsgessher ei n and the | aboratory procedures POTAISY@ENI081828

chem stry, medicinal chem stry, and pharmnmacol ogy descri bed herein are those
wel | known and conmmonly enployed in the art. Unl ess defined otherw se, al
technical and scientific terns used herein generally have the sanme neani ng

as commo thMam? deaahaRds RY a @8 R 1Rrdh RRYSY iSiklslsketiol ptdd&il Bibssks@iewhi ch this
di scl osure belongs. In the event that there is a plurality of definitions

for a terothetisi8Y herein, those in this section prevail unless stated
ot herwi se. [0010] The term "subject” refers to an animal, including, but not
limted tgo10f Pri MfBefe @bject WIBD)o anC@Wnal Ah8udifd) ®8Phot URALd D@ pSRate dOY,
cat, rabbit, rat, or nouse. The terns "subject” and "patient" are used
i nt er charng&albyamerd: piei Hoste B dIES; dqoral.axthiipl4 OF tY9uw: nARIEME an subj ect,
such as amﬁﬁ%@ﬂmﬁuﬂhQHF@nhﬂe@ﬂﬁx&HRQQM§%&kmiﬂnﬁHﬁ&ﬁ;ﬁ&QQ%ﬁLJH?aFerﬂs
"treat," "treating," and "treatnment” afe meant to include alleviating or
abr ogat i mepnzmaliag sytgest. suehi as@dweman bjesh mylpre ebodigrenp gduyan.npr e of t he
synptonms associated with the disorder, disease, or condition; or
al l evi atijng 1pr er aﬂﬁect@itrﬂsnﬁeithe‘tr@ﬁﬂ%?(aﬁa “@auhdie’ 4t 8RAASS inc RS ARSRUinOT .
condition itself. [0012] The ternms "prevent," "preventing," and "prevention"
are meantor flyogaiaR adesorlcindisprse GOy PR ShECETOf PieeyMpEnK@sIoRécdnset of a
di sor der i GERS o Olis O d dnfifon 371 Qauknl or BhEERAIR: SUBRY B Darring a
subject fromacquiring a disorder, diseasé, or condition; or reducing a
subj ect ' glisojdek dsfasacugprdign issedi sor der, di sease, or condition. [0013] The
term"therapeutically effective amount” are meant to include the amunt of
a conpoungybhat, whgn.Adm,pistiereivediio s Yhd b RAkiod ArdhEMEMindEMel opment
of, or alleviate to sone extent, one orf nore of the synptons of the
di sor der mafiosled delaying anddpdiraciugdmaties engettof @ disedler, Haease.cor gonditinay agéditical |y
ef f ect i Ve AMRHG mp@hRO LS Sibfed e aGiRHAL: Blordr GRIRRUALEAAS:
sufficien? to e F%?E f%e %foﬁb%?%é@ggr ne%fcﬁ%rrésponsé of a&%fgfogical
mol ecul e rédcigpg a sabjgntotrigk nf acgnizipgre disfiNer, doeasONAyondgeinl , ti ssue, system
ani mal, or human, which is being sought by a researcher, veterinarian,
medi cal  gggiapr: Orpl b Ghaheuli 00} HllRe LM REMARIS Hicl BBl AnREREPL D! €
carrier, phar maceuti cal |y acceptable

of a compound that, when administered, is sufficient to prevent development of, or alleviate

to some extent, one or more of the symptoms of the disorder, disease, or condition being
treated. The term “therapeutically effective amount™ also refers to the amount of a compound
that is sufficient to elicit the biological or medical response of a biological molecule (e.g., a
protein, enzyme, RNA, or DNA), cell, tissue, system, animal, or human, which is being

sought by a researcher, veterinarian, medical doctor, or clinician.

kRT3

[0014] The term “pharmaceutically acceptable carrier,” “pharmaceutically acceptable

k13

excipient,” “physiologically acceptable carrier,” or “physiologically acceptable excipient”
refers to a pharmaceutically-acceptable material, composition, or vehicle, such as a liquid or
solid filler, diluent, solvent, or encapsulating material. In one embodiment, each component
is “pharmaceutically acceptable” in the sense of being compatible with the other ingredients
of a pharmaceutical formulation, and suitable for use in contact with the tissue or organ of
humans and animals without excessive toxicity, irritation, allergic response, immunogenicity,
or other problems or complications, commensurate with a reasonable benefit/risk ratio. See,

Remington: The Science and Practice of Pharmacy, 21st Edition, Lippincott Williams &
Wilkins: Philadelphia, PA, 2005; Handbook of Pharmaceutical Excipients, 5Sth Edition, Rowe
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exci pient," "physiologically acceptable carrier,” or "physiologically
acceptabl e excipient” refers to a pharnaceutically-acceptable material,
conposi t iwp,20ov128®hi cl e, such as a liquid or solid fill ecr/useénmests2s

sol vent, or encapsulating material. In one enbodi nent, each conponent is
"pharmaceutically acceptable” in the sense of being conpatible with the
other ingredients of a pharmaceutical formulation, and suitable for use in

contact W kb HiBerhd maHBacehical B8R a8l tﬂawmé}&a@mhrﬁﬁueﬁﬁéﬁ AL 2805 essi ve
toxicity, irritation, all ergi c response, imunogenicity, or other problens

or conpl i@ tiaetheok @foprﬁﬁlié’ﬁ@qﬁﬂfaftaéf‘ddltﬂl‘?sa%fﬁi Ed@@ha”zﬂhén%éﬁ]éﬁii& 1G9k ratio. See,
Rem ngt O%bﬂéhﬁlg%%n?ﬂa%ﬁ 00 ﬂ%h%&de&tﬁ‘ca%r gﬁ%%&#anazﬁv%uﬁ%ﬁ i(fFvon lHgPPI Ncot t
Wllianms & W adel phi a, ndbook of Pharmaceuti cal
Exci pi entRC BlteBﬁIEdFtBOGmRatR&v@ 8904al , Eds., The Pharmaceutical Press and
t he American Pharmaceuti cal Associ ation: 2005 and Handbook of

Phar rmceL[@)(bl%?I Addigd t¥1%§“ab§1'itdo dj, foQﬂnat I}n@aIﬂgIaMeﬁﬁIﬁe err{fQ¥ES Publi shi ng
Conpany: 200 Phar maceutical Preformulation and Formnul ati on, G bson Ed.

CRC Pr es@articaar Biezss Raterwinedy Or@@@ﬂrdll{awi@] ke are mkichalsprpes ingpart on

appr oxi HRLehYy B2 PRaARa3E SERLARIE 18LEREn &ffodfndd b GithAtnd@! e as
deterningﬁkby Ohe oﬁl%rgInar I ?nrt e aﬂ: %%'%epen S #ﬁ part on
how t he Vapnuexiingtelyd aganseditton 1dk18e¢rr’ﬁ| stradard [davietems alweawb@dlbndainmts thhe term
"about [0 n ations.
I'n certa?‘%me%g&lé 51] 1Bk ate%&q?eﬁhnwgtlgﬁl? Q% 2307 1%% %% 9t§0e$%]d7%} d60/?i§5V/'W thin
50% 20%49%.5%, 2%09«% 91%70 890. OSF/B/@féﬁgﬁ/eIB@AjluquaI@% 2% 1% 0.5% or 0.05% of a
given value or range. [0016] The ternms "active ingredient” and "active
substanceio ! er - { A GAMRAN oWl Nurls® 2 QAT MBHED Gk @000l 1

conbi nation th one or nore plarnmaceutically acceptabIe exchlents to a
subj ect fvdrichtis edhinisggredpalencesrtin n(gnbimatioamtlhiome at mpig pbatmaoﬂrutindb@csqpmbleons of a
condi ti of 830N uniOF 1ol S8 Corc (S O aiSE Shuthy 0nB6H VS L AGLEdIpRL " and
vactive SUBRENNIR STRS F2 U5 §p?|ca P% Pvetisomer” 68V ehnpadnd

descri bedohr&rum dLSOI[d@iOdzﬂc]ﬂéIaﬁE tAerused Hedeing ,adtlvetuhmé(hqzﬁU:iridC‘aagiemﬁbs'tanemd

"chenot h t t f h t I
composi t 1 FEHBPBIEAS v OPEF olathoRrbPBF Bt Bl cct Tor tr ot ng,

preventing, or aneliorating one or nore synptons of a condition, disorder,
or di seas{@()17ﬂ 0018] Theatetnesr wrdizal m;elrapeut&fagem ‘tand acHe'mlo&ﬁrapamcIagamCh&d tsat ur at ed

nonoval ent carbon radic e opt. i ona
subst 1 ¢ atg e Gt R PG Pesrh v Bieh i N R0 RSB PF 5
| i near SaJteblii@t @dvmngmhmmﬁorﬂy@m@eaﬁiﬁm smﬁuoﬁalofhh@idlth)asdléorﬂ@ &0 (C1-20), 1
to 15 (C 1to 10 (C1-10), or 1 to 6 (C1_6) carbon atons, or branched
saturate oval ent hydrocarbon radical of 3 to 20 (C3-20), 3 to 15
(C3-15), 3 to 10 (C3-10), or 3 to 6 (C3_6) carbon atons. As used herein,
| i near Cl0@8and br Eieched 403/ 6refdrkipla lgeawp braacted ahtsated@iambvachtas " | ower
al kyl . " | es of. al kyl s.include, but 0, .met hyl,
Syl pISEYRTT e WEre s ey ol ssR il S Bt M bur v
(i ncl udi rgreah bmbsdeiLs, Chef DityIE)a, hri&altbldtuydted mslﬁbantelytlh,yd@eﬁb&uﬁayﬂcal that B yl,
pentyl (i ncl @dl n tho i someric (I()érr‘gf‘gr hexy!l (i ncl udi n all i sorreri C

b i

forms). FdP? G112 910 I@ﬁa((IlF)rFé n 4R GBI Hhoval ent

hydr ocar Reiratcadhsidlal@fc hidrb@uronGadibQr AP (L), 3 Brnancheds satouicat §br
nonoval ent hydrocar bon radical of 3 to 6 carbon atoms. WD

2010/ 123996 bEF+ VISP 0B 828uLd he9Theat 6 mind brasshpd Os sy bpreursgreaalsq near or
branChedr&PH&MﬁIﬁﬂ&xﬂ&?I0@@&&&&(ﬁéﬁwﬁgbumMﬂﬂ&ﬁ QAN ERBEOMe®DL €, N one
enbodi nent, one to five, in another ehbodi nent, one, carbon-carbon double
bond(s) . ctftyb PPk bluding alljsonessicifems). Inypreppbgsipranyb Quiak (ierdutkng degompsicei n.  The
term"al I n
cont gar o nd- FARO G AEEB LR OGSt Bl tinDying BB [ pot
appreC|aKe@mﬂygpﬂggéwo¢ﬁmmdlﬁbr?mgmkiC1$ﬁkﬂh@k@ﬁQahm®wu®€dﬂﬁere|n the term
"al kenyl " r Wi I erw se
speot 1] e TR BAER R 3P Flo AR AR il rdill 55 LS
nDnovaIemUmMydb@nadmﬂnﬁBa®6cabmnﬁmﬁsto 6 carbon atoms or a branched
unsat ur at ed nonoval ent hydrocarbon radical of 3 to 6 carbon atonms. In
certain enbodi nents, the alkenyl is a |inear nonoval ent hydrocarbon radical
of 2to 20 (C2-20), 2 to 15 (C2-15), %Sto 10 (C2-10), or 2 to 6 (C2_6)
carbon atons, or a branched nonoval ent” hydrocarbon radical of 3 to 20
(C3-20), 3 to 15 (C3_15), 3 to 10 (C3-10), or 3to 6 (C3_6) carbon atons.
Exanpl es of al kenyl groups include, but are not limted to, ethenyl,
propen-1-yl, propen-2-yl, allyl, butenyl, and 4-methyl butenyl. [0020] The
term"al kynyl" refers to a linear or branched nonoval ent hydrocarbon



radi cal, which contains one or nore, in one enbodinent, one to five, in
anot her enbodi nent, one, carbon-carbon triple bond(s). The al kynyl nay be
opt i onal lwo=uotgiee4sat ed as descri bed herein. The term "alPkyngki10abmsos
enconpasses both linear and branched al kynyl, unless otherw se specifi ed.
In certain enbodi nents, the alkynyl is a |inear nonoval ent hydrocarbon
radical of 2 to 20 (C2_20), 2 to 15 (C2_15), 2 to 10 (C2_10), or 2 to 6
(C2_6) cg@dﬂ@g at on’ﬁhe i Rh AN ched t@ﬁ@é@b@a}anchy@ﬁmmm Hﬁféh&@ﬁ of 3 to
20 (C3-20) 15 (C3-15), 3 to 10 (C3-10), or toG%ﬁ(\% car bon
atoms. EX é@ln@rcoatalw 99¢ OlgRFApE onpemirdments ane it Bven Branpihgs gekediteentet hyny |
(-CCH) - ange RLABRLGKLN oAk ﬁ%ralk%ﬁ%%)i Fe offorfRbiila heIGLAO 2

| i near unsat ur at ed nonoval ent drocarbon radl cal 2 to 6 carbon atons or
a branc héldrem%temralt“é&enﬁindmﬁélﬁmcehy@n(@bé}ab@ﬁ “¢laohndé‘rm'@f cgnfigyragiogsr bon
atons. | er yGi e

hydr ocar %gﬁl%%?glgl va??ﬁg ﬁ gﬁhgﬁljgu%%t%s%h%ﬁ 9[e@ulgésﬁt% |étoﬁft g@&gg%gg@l I bed
herei n. lart. dnesaitizod, mlsrtt:l;m Ca}lmln@élekgdmpgsssumh tregar bal watohedalechyl, anldgsor

bri dged, and/.or d C|IC rtain
enbodi rn::nt%hsrmt“hS emﬁe{?oaﬂr Eilmpﬁ Zfrfken E%ersg% %{ %t romDQV%I%rRlS (C3-15),
from3 tmydl@ca(rﬁb}}ri&):aloﬁﬂtdﬁoarbﬁ &tmnﬁor(a&BgrﬁhemhomteammValﬁxarrpl es of

| oal ky| limit | | cyclobutyl ,
el opentymeahBr RO %o Sttt Thisphdfh st Sen 5 HRAIY a iniy © 00U
bi cycl of Znéhotdlrepydtbearimaadicayl 2 toamca@l)armauykcz b0022]0Tioe ) erms ar y!

il 1 it e ARBRAP B BRB T KA GO Aot PRt gl S r e cdrBon i ng.

I n cert ai@, girhedioent,$, ortahe 6aCy)) chdsn hb@En @xdnﬁplf%Q)f éﬂ;@nﬁ?boupg‘ hemG bto 15
(C6-15), or from6 to 10 (C6_10) ring atons l es o gr oups

i ncl ude, AuROt HpEeds: etheny, tp&a)e*aé yl mﬁ%a?pﬂ ylr?élpfhtbﬁwyl fddorehyl ute%}%m enyI
anthryl, phenanthryl, pyrenyl, biphenyl, and terphenyl. Aryl also refers to
bi cyclic[ogofri cycTﬁaemafm%yr €S to RS 0N cabd inbeovialeRQS dicsadb®mat i ¢ and
the others_of which may be saturated, partlally upsat urated, or aromatic,
for exarrﬁi‘qéca d’YIH%}b‘iOBWH‘éI‘?P%% mo‘FﬁB@H@/?m DAdHAnANS five gmnawﬁmfm?&gmnhw
(tetralinyk)carbbilc&®b4 @ R:lﬁ&ﬂ@(@ﬂlTlﬁrélk%nyleiﬁé&lbe%Moﬁﬁy@tﬂkﬁﬁ&@'ah MessHihgt i t uted as
descri bed herein. 0“025 The term "heteroary refers to a nonoval ent
nonocycl ihEregy &ﬁ*&ﬁr@l @lrkdmd amfﬂefpmmﬁwslt@yblmeér w Srehed afyeulputltiat contain at

| east On%t&h%@@@e&ﬁédl nﬁce%ﬁ@éﬁb(ghlﬁénti %ﬂﬂﬁsﬁkﬁ?ﬁs @ﬁlﬁé’@rrﬂoﬁo&dléﬁghﬁﬁwaﬁdoﬁs one or
nore hetero atoms | ndependently selected fromO0, S In the ring.

Het er oar yidigl elip® Ar(e2-boRdedd to1vhdlo ¥ o, o Béo @@ﬂtﬁﬁf@mwf@%gha t he
aromatic A% u wo O
e B S R S s o 0 o
total nurises (Gf.c)kaber gampnExanplesat hlkyiyl graugs folude, bnt 4@3@ liangdeach ring
R e R Tk Y IS e IR R s £ e
monocycl ivasdnetted o@nylalegt lndpsaiboe kaaldnal oft2ub 6a:arbom@m)mls jom: bedched, fur anyl

:Og‘r g‘;lzf]' ?{mé al rgtgctlror}]:ogla/'(%v% h;yd'&?o ﬁ;?ad}’cm of%étg‘%c th%fn fﬁ;‘ﬁ' azglr?/lm yfxazo' yh

t hi adi azol yI t hi azol yI thienyl, tet razol &/I tr| azinyl, and tri a1zol yl .
Exanpl es (042 1bi cycl Tl thest éwyolaalyyl g&fcmpsa ¢yebt mdeoval:mt h)alr(eralrlvon rddical, t ed t o,
benzofura en 0i SPXAZ0 bhenz y

benzot hi i BRgT orBaRdS i G A BREORR L e BB A G st

benzoxaz (glrgdps mfaube)myutratdgrIand/bni)mt@zmmyd/bdnonyﬁmdgednankﬂzﬂhkndaz@byd groumsdol 1 zi nyl ,
i ndol yl zoI nzof ur | ,.1sqbe hi,enyl .. i soj hdal yl

| Soqu nolt YT TR0 Py A ERY PRy B CoRdraTbagt oy, Horh 3

pht hal aziwwmyd (C39$)e(5rlfdjnﬂ3’h7 @rj Gyon apymsl aapyipleciyt chlbylkyl@r@@yﬁﬂcdmb but

qui nol i nyl, qui noxalin i nazolin t hi_adi rimd and

t hi enopy f'di ﬂmﬁﬁ%%?yéiopbqp%FY%%XIA’HIQPWH&W?% glff %101?‘31@8%{ude but are not
limted tsycBEi. dihewl, bidyernyd ndpkytll, dcanBazal ¥damadipenzof uranyl

peri m di nyI phenant hrol'i nyl, phenanthri di nyI phenar sazi nyl , phena2| nyl ,

phenot hi oxazjn and xant he ertaln enbodi nts,

ot or oar Y00 iy of STt ot i SR RE e R Eathe SRRk don.

[0024] The term "heterocyclyl” or "heterocyclic" refers to a nonoval ent
nonocycli c non-aromatic ring systen1aqp/or mul ticyclic ring systemt hat
contains at |east one non-aromatic ring, wherein one or nore of the
non-aromatic ring atons are heteroatons independently selected fromO0, S,
or N, and the remaining ring atons are carbon atons. In certain

enbodi ments, the heterocyclyl or heterocyclic group has from3 to 20, from
3 to 15 from3 to 10 from3 to 8, from4 to 7 or from5 to 6 ring atons.

T R 1 o b oy Y b1



and/ or iodine. [0027] The term "optionally substituted" is intended to nmean
that a group, such as an alkyl, alkenyl, alkynyl, cycloal kyl, aryl,

het er oar yWo 2nmvesweycl yl , or al koxy group, may be subst iPCuusdomiosts2one or
nore substituents independently selected from e.g., (a) alkyl, alkenyl,

al kynyl, cycloal kyl, aryl, heteroaryl, and heterocyclyl, each optionally
substituted with one or nore, in one enbodi nent, one, two, three, or four,

subst i t ugndyARn aRAidylc HahAic g@M@Qﬁathm at Rhdt b LroMb&o oarboftid Rin -(0) R,
-C(0) Nl eRe, -C(NRa)N eRe, - 0C(0 )

- 00( =NRa)CRIRbRembadimes, the aryl@s( @912@0 2 Gg(zcﬁ) mg(rﬁé% 15 63(1@) g‘hﬁm o 1\RyRe,

S R SR e AN e VRSB

-S(0) NRb RaorearidazuBaol anheRehenahibrinyressk hipRenyl, R teRélenjdn driiﬂzdlsp gefers
' nde‘pendec‘g'f) '0} ggyyﬁ%lf fl r1§1 § RVhQJe—eﬁe ?‘}tjﬁ%bn%sqga%mghé(ﬁ{amle ot ﬁgf al kynyl,

C3 7 cycloa eteroary et erocyc eac optlonally
subst i tutVéulclvma}l”becsamramfrd mmdly unnatmaedeqrtaonlmamerﬁ)r exanele tlnhmromdph@el, or four,

substit uenc} IQndanyiLi(O{ etr)al&%h?na%h)gg%e r%ﬂl ?n cé’r\%u ? dan?s t 2 Whl ch they

are attached”torm m?'?'e or nore, in
one enbodipti@mally sunequtet\wo dest titsedéherer. four substltuents Q As used her ein,
all groups that can be substituted are opti onal 'y substituted," unless

ot her wi S%?@% cifi efihe tLlQrP Zh%ler&r)??ﬁefe%g}%oa?ﬂn& Vtalbnt%nﬁc hc %rongl 18 gﬁngent Iy

sel ected the group consis cyano ; and (b)
Cl_6 al kyhd/oGaulicallik @rpplafic Eup thal &oynmp at 1633t « Ghecaycmlléma Irllng,l whef6n ddear gtie,

het er oar y! nd. hete%roc cl - OQRS - MRe - Obkng .
NRe) NRFEMUC OR8¢ NIy s ag‘rg?é nde F e I5E Ok ﬁlﬁ‘f—% :

S
e .. - NRe e e - NRe :

NReS( 0) Ngr’}%“ng N%%"é‘}aéﬁ LA SR 2 ‘B)W'-'ég O atggpyy “M?% r

, and

S( 0) 2NRf Bge td/v@em hfons Q{ﬁbwﬁﬁi thiRfthe thl n@fitskr a’lhdtfirodt(ﬁlﬁﬁim%@dﬁﬂig iy fc(uir pr laydr ogen;
(i) C1_6 aI Kk C2_6 al kenyl, 6 al k C3_7 cycl oal kyl 14 aryl,

het er oar yd € Wéf%@@&%ﬁllwton&ﬁa@i"i‘ fpm %eﬁﬁlnF‘é‘@n—EIOS’&é’PﬁeﬁheWtfn}‘?a‘tyh@sN atomto

whi ch t heynas & R fraaikad 15 Urmolies @rl@Qer@ans RO 914 &rﬁ&{ottﬁdhﬁ he@Redi ment s,
"optically active" and "enant i omeri ca |y active" refer
groups include, but are not limited to, furanyl, imidazolyl, isothiazolyl, isoxazolyl,

oxadiazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl,
pyrrolyl, thiadiazolyl, thiazolyl, thienyl, tetrazolyl, triazinyl, and triazolyl. Examples of
bicyclic heteroaryl groups include, but are not limited to, benzofuranyl, benzimidazolyl,
benzoisoxazolyl, benzopyranyl, benzothiadiazolyl, benzothiazolyl, benzothienyl,
benzotriazolyl, benzoxazolyl, furopyridyl, imidazopyridinyl, imidazothiazolyl, indolizinyl,
indolyl, indazolyl, isobenzofuranyl, isobenzothienyl, isoindolyl, isoquinolinyl, isothiazolyl,
naphthyridinyl, oxazolopyridinyl, phthalazinyl, pteridinyl, purinyl, pyridopyridyl,
pyrrolopyridyl, quinolinyl, quinoxalinyl, quinazolinyl, thiadiazolopyrimidyl, and
thienopyridyl. Examples of tricyclic heteroaryl groups include, but are not limited to,
acridinyl, benzindolyl, carbazolyl, dibenzofuranyl, perimidinyl, phenanthrolinyl,
phenanthridinyl, phenarsazinyl, phenazinyl, phenothiazinyl, phenoxazinyl, and xanthenyl. In

certain embodiments, heteroaryl may also be optionally substituted as described herein.

[0024] The term “heterocyclyl” or “heterocyclic” refers to a monovalent monocyclic
non-aromatic ring system and/or multicyclic ring system that contains at least one non-

aromatic ring, wherein one or more of the non-aromatic ring atoms are heteroatoms



to a collection of nol ecul es, which has an enantioneric excess of no | ess
t han about 50% no | ess than about 70% no |ess than about 80% no | ess
t han abowo020#4128956] ess t han about 91% no | ess than abeot/US264/081328 €SS
t han about 93% no | ess than about 94% no |ess than about 95% no | ess
t han about 96% no | ess than about 97% no |ess than about 98% no | ess
t han about 99% no | ess than about 99.5% or no | ess than about 99.8% In

certain Qﬁﬁé@&id@ﬁﬁl Sleclel GoMAROYNL: ﬁﬁwﬂeﬁﬁfnu%t}mgtam‘%é%@éarw&ra%n%f rpne
enanti oner and about 5% or |ess of the other enantiomer based on the total

wei ght ofceide embedameite herhegrregelybiy. he[ew:z@]Clgrliowé@&frpwﬂﬁg 2Qrfr<25b§ﬂth’i ly active
conmpound, g e toolroefrb%%sto '§ 1%19 4% A Rttt HeRhE idi& %
configuration of the nolecule about 1ts chiral center(s) he ( and (-)
ar e used boadeddp e aest hiethopolegalp thr@tgatthleorwncﬂromﬁ@ rpgmpoeatidin epfpadingests, t he

directio ISy by,.: ptically
active cghrrép%ﬁ\r{:@ygghg ?‘k‘fh%%”ﬂ%.b}? | ndl c ghé 09 %dyt% ]ﬁ%&%ﬁ%gﬂlh%h@g%ag)

| evor ot atimrlyde atthset! or bl;ldgeﬂeng@ymu aokd mortlacthetlae niluegfpll (Hrselﬁufatqwlra&yilxed light to
the l eft O{lonaﬂugt {‘chll ?hen rseen a;(r)rI]IleSIIg eo F aﬁ ermz cFancE hat the COITpOUﬂd I S
dext r or ot’a YOrhg UG BE gq‘twh Fane” of polFari*zed 1i ght
to the r|bg|puruanymifonkmlﬁaed,ldommnc Tﬁedle&trcgnyclgfmqpma a@ather] od mbmm (+) and
(-), is not he ab qu nfl rati.on of th ecul e and S.
[ ob31] The Rl b hplsfostotf aRaRgn P B Sah PSuRliet TR e st oyt

t her eof , Baamplas f)ﬂﬂhblhﬁ&’terbmhudﬁﬁ:aﬁ 118311LQ1bdhit @ﬂmbﬂhrﬁlt@irtoméplﬁ)ﬂol chionetric
anount of sol vent boun vaI ent. internol ecul ar forces. Were the
sol vent iP§n4R4toafnyl.{bRRLo g’(?lxéé({]ge‘}zg UEIRY r'%{?flé‘)pyf%@g]bﬁﬁé‘)pty@fl?ﬁ ‘natural l'y
oCCUr I i NGenkeraf@irdfuRny\B@RotSLYdiothi&9N BeGbitbyinyNbdiot 0@ pl Mmateri al s
such as nucleic acid nol ecul es, polypeptides, host cells, and the Ilike,
refers t GaRatBljchramap ehhwla%ylf%wanxlncwa]@mé depghydrosopgpolipghi pul at ed by

man.  Si MdiktdbenzidHARL, WiBobe DO A Al Aihy@fofuyR Bt @bisy@dolyef ers to a
material that is not found'in nature or that has been structurally nodified

or synt hélﬂyﬂww@pyln@hydr?mga]ﬁﬁ@}@é}pmazwerhyqlrepmdgn@ slibgdrappiamisiiyive
recept or g AfopSrrdigH, hi%%laﬁﬁef@@uhlamlfﬁﬂané@l %flﬂﬂhﬁu&f 1ﬂﬁgi&hy1nﬂld§mﬁ@| l'ul ar

response to a varlety of ‘cheénoki nes, incl'uding, but not linited to, eotaxin
(CCL11), l%btlmteﬁa@d((m%)ISOHVWIQST&(I!E@%GHYH\@MWDI(I@@18:9§OUHaim1dy1RAI\I'I'ES (CCL5).

CCR3 var i af &1ih (IS HAG Y £ 93RS HARHIARb i Rb i1 *6‘8{31? HGQ45 1t 0 a native CCR3,

i.e., prot el ns )ﬂaw ng one-“oOr nore natur{épﬂ)y or “natural | y occurring
am no aciodtatiglreseindidyl, @ms@rdtnooyisowolshméthtranuyl cmwré(zmyg Dipe@URSL, deri vati ves,

honol ogs and .fr nt.s S re t.he guence of a native
cor. “Shaaat R STRDb R SR OTRAS odnd AR A A S h ot 006

i denti caltetraa‘ydrbﬁa;sltetadhydlto1s9@t9(mwld1@ntatmhjrd,ropylranat tdtmhﬁtroth]lamydt 95% i dentical to
a native .agoni.st." conmpound t hat,
o pari ey A ap T Ry Bk BBy s hOURDE I, or

downr eguleaibedinfehiRheteddyvlid ay élmﬂaet@nmdll@@ﬁ%uantﬁdagaéucﬁbed ek r ef er s to a
conmpound that binds to, delays the activation of, |nact| vat es

d t t ith
he. i nt el on of Tt CORBTEE oSG CARAUR SORHaHB A Fitgastaiilr i g, but

not | i m tad@nyloglk@ot, amlml]@ﬂ;@rﬂlmeterem;dam meaoo(yaga,zﬁch as N’%eﬂh(ﬁ@ﬁi.?) MCP- 4
ijsCIé;—g)e Egigd/ 1%%10 %I}_:/tsgf Cgl_ng?ug%rbagafrg h?tqlmlte% to, methoxy, ethoxg par;[)peoqg di _Sor der or

propoxy, 2-propoxy, n-butoxy, isobutoxy, fert-butoxy, cyclohexyloxy, phenoxy, benzoxy,
and 2-naphthyloxy. In certain embodiments, alkoxy may be optionally substituted as

described herein. In certain embodiments, alkoxy is C; alkyl-oxy.

[0026] The term “halogen”, “halide” or “halo” refers to fluorine, chlorine, bromine,

and/or iodine.

[0027] The term “optionally substituted” is intended to mean that a group, such as an



di sease nedi ated by CCR3" refer to a condition, disorder, or disease
characterized by inappropriate, e.g., less than or greater than normal,
CCR3 act iwotzg10/128@ppr opri ate CCR3 functional activity mpghtusasiossisas t he
result of CCR3 expression in cells which normally do not express CCR3,

i ncreased CCR3 expression or degree of intracellular activation, |eading
to, e.qg., inflammatory and i mmune-rel ated di sorders or di seases; or

decr eaSGQll&%eﬁﬂPilEﬁz&l @fﬁloaﬁ(ﬁ% HRSbAV1eRLGORRI 0P Riko gﬁ%’i%%{ay@é di sease

may be corrplete or  par nedi at ed” by i nappropri at activity. In
parti cul élﬂbSU&ltW@l PREN aloéfdsuéﬁﬁ‘éﬁntsl igdepentiesiby iﬂ’lﬁaeélfmm s@ase alkyl, ghrenyln V\:hl ch

modul ati oq.af, @ycg%l aﬁf‘f %Qieﬁfar}fl Canld h&émkmyﬁom Ehilcnsiy s%sthﬁt@d Hﬁﬁ 8hd i N9

condition or” di'sord e.g. antagoni st or agonist results in sone

i MPr OV e meRre,iim opg ermt@dsmens one tw ﬂpf&@ iog frus, shlestitugnts (s aned) h@@rqy@mm(dé‘,N)

[ 0036] Pr degd; di Ut g ul am a\l\:hl ch are

usef ul fgl‘gl&onﬁ q] eL@Rchéa@%iﬁ@ﬁk&% @ P?%%d fﬁ%rael n a

phar naceu{OCtﬁ@DOI&Oﬁ(ﬂﬁéQ)NiRBRs @ﬁ(wmw;w@m d@\mmd@sa@mm hods of use
of the col by f ar a CCR3- nedi at ed

di sorder, | ﬁl?c glﬁﬁ%ggﬁ béé)ﬂ@ dﬁéﬁ(?)%%hﬁﬁag“%m provi ded herein
is a 2, 5~Nl§ﬂ©fNR liNRb(Rd aWS(@)Rf em%(d)azkﬂf ~NAGS (OINR "RE, —NR?S(()DZNRBR an

enant i oner, tur . © ture of. t

di ast er eonBr ss@)ﬁt &f §'@M§%§g‘3 durszogkﬁt]gx%wg?re m%%ﬁgg{m@g% Ker eof ;
or a pharumpememc}a(h)lmdme@pﬁ)a(bﬁ QUSRI ¢ akehN AL, alku dr @) eoycalkpr, or,ug

t her eof i ndependently (a) hal o,

cyano, n|afmeteﬁwlo%ﬁeter%wé]u%Eﬂp%‘g‘mwfB Stéﬂtegwé KYF T 968 koxy, or ClL_6

al kyl t hi @mbatngiesi, Bnd, Rev, @lrky bs foat, K@éb{meﬁﬁl@ ai (kmlnbhh@Rafogetﬁ@mu dRpendent I'y
and optionally substituted with one, or three halo; (C C2_6 al kenyl,

C2_6 al kyHyh O WHehPey ap atigehed fopp é%wyyclﬁe?%wly SEPSUFETEYITEPRE Y POrGr  ( d)
_C(0)Rh, 5 G Bnent, GhO X NRYLBE @ f(iu@(shgﬂtlﬁ)e g&seused RGER) Marou I HP) ORI a,
0C(0) NRi bRi e, -OC(—NRIa)NRIbRIe -OSO 0)2R ', -0S(0)NRi bRi e,
0S( 0) 2NRICBIRPsubs (Nedh e SOPLiomri b e e unlmoﬁ@my@me@ﬁed NRi aC( 0) NRi bRi e,
NR aC(=NR1d) NRi bRie, -NR aS(0)R d, - NRI aS(0)2Ri d, -NRi aS(0) NRi bRi e,
[0028] In one embodiment, each Q is independently selected from the group

consisting of (a) cyano, halo, and nitro; and (b) C;_¢ alkyl, C, ¢ alkenyl, C,_¢ alkynyl, C;54
cycloalkyl, Cg.14 aryl, heteroaryl, and heterocyclyl; and ~C(O)R®, -C(O)OR", —C(O)NRng,
—C(NRY)NR'RE, ~OR®, ~OC(0)R®, -OC(O)OR®, ~-OC(0)NR'RE, ~OC(=NR*)NR'RS,
—OS(0)R®, —0S(0),R®, ~OS(O)NR'RE, ~0S(0),NR'R, -NR'R¢, -NR°C(O)R",
~NR‘C(O)OR", -NR°C(O)NR'RE, -NR°C(=NR")NR'R, -NR°S(O)R", -NR°S(O),R",
—NR°S(0)NR'RE, -NR°S(0),NR'RE, —SR°®, —S(O)R®, =S(0),R®, ~S(O)NR'RE, and
~S(0),NR'R®; wherein each R®, R', R€, and R" is independently (i) hydrogen; (ii) C1. alkyl,
Cy6 alkenyl, C, ¢ alkynyl, C;_7 cycloalkyl, Cg 14 aryl, heteroaryl, or heterocyclyl; or (iii) R!

and R® together with the N atom to which they are attached form heterocyclyl.

[0029] In certain embodiments, “optically active” and “enantiomerically active” refer
to a collection of molecules, which has an enantiomeric excess of no less than about 50%, no
less than about 70%, no less than about 80%, no less than about 90%, no less than about 91%,
no less than about 92%, no less than about 93%, no less than about 94%, no less than about
95%, no less than about 96%, no less than about 97%, no less than about 98%, no less than
about 99%, no less than about 99.5%, or no less than about 99.8%. In certain embodiments,

the compound comprises about 95% or more of one enantiomer and about 5% or less of the
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NRi aS(0) 2NRi bRi e, _S(0)Rh, -S(0)2R ', -S(0)NRi bRi e, or -S(0)2NR bRi e;

R3 is (a) hydrogen, halo, cyano, nitro, or hydroxyl; (b) C1 6 alkyl, C1 6
al koxy, owoCutiobi2adskyl t hi o, wherein the al kyl, al koxy, amdTalskyiowbises ar e
each independently and optionally substituted with one, two, or three hal o;
(C© C2_6 alkenyl, C2_6 al kynyl, or tetrazolyl; or (d) _C(O)Rh, -C(0)ORi a,
-C(O)NRi bRi e, -C(NRi a)NRi bRie, -0C(0)Rh, -0C(0)ORi a, 0C(0)NRi bRi e,

- 0C( =NRi ¥R IRl Simer I Oh B tocaf3H6i gﬂt%‘?the’race%(eml wﬁﬂsggﬂ e, 0S(0)2NRi bRi e,

-NRibRie, -NRi aC(0)Ri d, -NR aC( , -NRi aC(0) NRi bRi e,

NRi aC( NRld NRi bR e, -NRIaSORI -NRi aS(0) 2Rid, -NRi aS(0)Ri d,

- NRi aS( 0) 04, S(@)%Wnbl%@efﬁﬁagy actye GPRPPUIE the Drsfixesdy @)d Bigddo (R5) p R4
is 1: Jenotd thé absoldtd éonﬁ@ﬁra@ér&f'th&rﬁéle@ale about its chiral center(§9 Ths ( )%d h?‘

cyano nitro, hydroxyl, oxo, or guanidine; (b) Cl1 6 alkyl, Cl- koxy, or

Cl 6 al ky¥aHPSL depeie &er?ptl%r%tmof thg|cRpRQUNd gL i (R JiEeRiQH lawl@mne

' ndepend%@bjﬂ){n&a HuQE kd?;ﬂ@d by HRARLIY A€ chddin@ehe (t)V}SE‘eﬁ;Pl'hdlfcgtésetﬁatha| o; (O
C2_6 al kenyl, é nyl henyl,” benzyl,” phenoxy, benzoxy

het er ocyéh%ﬂomP@PnfkléI}eVow(@)fRﬁ ati@(@)cgmpaundm}(d@y NRIPERE ef POl@(ZNNIal)tNREhBRl e,
-0C(0) Rh,
- 03(0) 2R A" 9&%@% gﬁ\%{ ﬁg%@%@%@ ﬁﬁcﬁ%%am%%%@um&ﬁﬁi&%%m&t
NRi aC{ 0) @erdd: comNRIEEp@)cNRiclpRine of pARIZaCli gNRL the KRhiRickckwiNgRi HO¢O)eRitl,
sign of optical rotation, (+) and (-), is not related to the absolute configuration of the

molecule, R and S.

[0031] The term “solvate” refers to a compound provided herein or a salt thereof,
which further includes a stoichiometric or non-stoichiometric amount of solvent bound by

non-covalent intermolecular forces. Where the solvent is water, the solvate is a hydrate.

[0032] The term “naturally occurring” or “native” when used in connection with
biological materials such as nucleic acid molecules, polypeptides, host cells, and the like,
refers to materials which are found in nature and are not manipulated by man. Similarly,
“non-naturally occurring” or “non-native” refers to a material that is not found in nature or

that has been structurally modified or synthesized by man.

[0033] The term “CCR3” refers to CC chemokine receptor 3 or a variant thereof,
which is capable of mediating a cellular response to a variety of chemokines, including, but
not limited to, eotaxin (CCL11), eotaxin-3 (CCL26), MCP-3 (CCL7), MCP-4 (CCL13), and
RANTES (CCLS5). CCR3 variants include proteins substantially homologous to a native
CCR3, i.e., proteins having one or more naturally or non-naturally occurring amino acid
deletions, insertions or substitutions (e.g., CCR3 derivatives, homologs and fragments), as
compared to the amino acid sequence of a native CCR3. The amino acid sequence of a
CCR3 variant is at least about 80% i1dentical, at least about 90% identical, or at least about

95% identical to a native CCR3.

[0034] The term “CCR3 antagonist” refers to a compound that, e.g., partially or
totally blocks, decreases, prevents, inhibits, or downregulates CCR3 activity. The term
“CCR3 antagonist” also refers to a compound that binds to, delays the activation of,

inactivates, or desensitizes a CCR3 receptor. A CCR3 antagonist may act by interfering with
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NRi aS(0)2Rid, -NRiaS(0)Ri d, -NRi aS(0)2Rid, _S(O0)Rh, -S(0)2R ",
-S(O)NRibRi e, or S(0)2NRibRie; Xis Oor S, YisO , S, SO0)-, -50)2-,
_N(Rh) _, wo(@Ricaizé®Rd)-, or C(R a)(NRlbRic)-; mis an i rCcegseomnsrse® to 3;
nis an integer from1l1l to 3; pis an integer fromO to 4; r is an integer
from1l to 6; and each Rh, Rib, -lc, Kand R d is independently (a)

hydr ogen, phenyl, or benzyl; (b) C3_7 cycloal kyl, heteroaryl, or

het er ocy%aﬁhaem@a&hom(tm&ké@(orsdﬁ@ﬁg tfebHoRBhe 19%nd( ﬁl):lu@angﬁo@h&mmue@@é ionally

substituted with one, hree substituents, each independently

sel ect ed °Piyih(h&l-bl). WW@%WCL%%MQW (CAILZORMCP-6 46 BhiDyand/ o8 ATy yI , G _6
al kyl car Q@@g)l di (G _6 al kyl )carbamyl, C3_7 cycl oal kyl car banoyl , and C3 7
het er ocycl yl car banoyl ; or each pair of Rib and Ric together with
the N atomto which they are attached independently form heteroaryl or

het er ocydP4Ad] The terms “WGRS-mehatest Goardys of figgasihrdfl “xconglitpn, disqrder oy Rh) _: m

and n ar le%ase'ﬁiedﬁfé&' b%@iﬁ 880 'c@fi‘cﬁf?&{]q{%ﬂfdkﬁ/ oF AL QELohaRiblefiRd bm?t hyl, or
isopropyl; R31s nitro; and p is 0O; th i s not hydrogen. 38]In one

enbodi rrenlaappmﬁn%rerﬁjllasmthan or greater than ncmmahﬁ?@RﬁzaC@wlé/ deapRraprige ently (a)

hal o, tloﬁultal Flgrl){%{tgﬁ ag ltl%rregﬁ'@ori} 'C@Rgeexg&gs)l é}ﬂgé@ls%lhw non%l?ﬁ%oal koxy, or

G 6a|k thi o, al koxy, thio are e
i ndependelm ¢>gorea$16CBb11n@mbd (}CB&bsmrﬁaswn@dthtemf@n@celhm actortigthte@dinpal o; ( C)

et or ocy a1 1§ ubsS A e BRSRAl JRRK o BRRIR YecRERERIA P\ b
NeRt e, NIEIxm(su)anPdCCR3 -mediated condition, disorder or disease may be completely or partially
mediated by inappropriate CCR3 activity. In particular, a CCR3-mediated condition,
disorder or disease is one in which modulation of a CCR3 receptor results in some effect on
the underlying condition or disorder, e.g., a CCR3 antagonist or agonist results in some

improvement in at least some of patients being treated.
Compounds

[0036] Provided herein are 2,5-disubstituted arylsulfonamides which are useful for
modulating CCR3 activity. Also provided herein are pharmaceutical compositions which
comprise the compounds and methods of use of the compounds and compositions for the

treatment of a CCR3-mediated disorder, disease, or condition.

[0037] In one embodiment, provided herein is a 2,5-disubstituted arylsulfonamide of
Formula I:
Rl
X
ONY
oS- R?
R4
R3
(D

or an enantiomer, a mixture of enantiomers, a mixture of two or more diastereomers, a
tautomer, or a mixture of two or more tautomers thereof; or a pharmaceutically acceptable

salt, solvate, hydrate, or prodrug thereof;
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NR1aC(0)ORi d, -NRlaS(0)2Rid, -S(0)2Ria, or -8(0)2NR bRlc; R3 is
(a) hydrogen, halo, cyano, nitro, or hydroxyl; (b) C 6 alkyl, C _6 al koxy,
or C _6 awvbybtoizessewherei n the al kyl, al koxy, and al kyl Phirajsasie/ ogesesh

i ndependently and optionally substituted with one, two, or three halo; (O
C2_6 al kenyl, C2_6 al kynyl, or tetrazolyl; or (d) _C(O)Rh, -C(0)OR a,
-C(O)NRIbRIc, OC(O)NR tbRic, NRRbRic, Nzlac(O)R d, or NR aC(0)ORi d;
(RS) P R4 itSreilN r Nlc; or R5 is (a) halo, cyano, nitro

hydr oxyl, oxo, ng anlqlne (b) G _6 alkyl, Ci1-6 al kox or

al kyl thi o, wherei tﬁlé‘RalaI@yqaCh wdgreRrgently hﬁlokwaﬂ%lnéf%h T@S}éh)fl ndependent ly

and 0Pt JAaike SYRCLIA 2 ik, 9P LG GERRER. NROIL(G) 2.6 al keny!

C2_6 al kynyl, henyl benzyl, enox enzox erocyclyl; or (d)
_C(0) R, all@(tmp@m cach md:@r@)lmlb Paléoptlootﬁ(y@)lmubﬁl with (RS BRI. €1 thNthal@( G)Rid,

NR1aC( 0) %Rl qlken)!'}l%z 6%18/}131%&11y1' I%n%rlzﬁ&eﬂmqp Eenzm%( Q) &Nﬁ‘bg%y? 'or %ﬂ)s or S
~C(O)R"?, —C(O)OR™, —C(O)NR'’R'¢, -C(NR')NR'"R'¢, ~OC(O)R"*, -OC(O)OR",
—~OC(O)NR'PR'®, “OC(=NR')NR'’R*, ~OS(O)R'*, “OS(0),R"*, ~OS(O)NR'"R'®,
—0S(0),NR'’R¢, -NR'*R ¢, -NR™*C(O)R?, -NR"*C(0)OR¢, -NR"*C(O)NR"*R ",
~NR"™C(=NR')NR'’R'*, -NR"S(O)R?, -NR"*S(O),R'?, -NR*S(O)NR'’R'¢,
~NR"™S(0),NR"R", —S(O)R"*, =S$(0),R"*, =S(O)NR'’R'®, or —-S(0),NR'"R';

R’ is (a) hydrogen, halo, cyano, nitro, or hydroxyl; (b) C,¢ alkyl, C,_¢ alkoxy,
or C;¢ alkylthio, wherein the alkyl, alkoxy, and alkylthio are each independently and
optionally substituted with one, two, or three halo; (¢) C,¢ alkenyl, C, ¢ alkynyl, or tetrazolyl;
or (d) -C(O)R™, —C(0)OR™, —-C(O)NR'"R, -C(NR'*)NR'"R, -OC(0)R"*, -OC(O)OR ",
—~OC(O)NR'PR'®, “OC(=NR')NR'’R*, ~OS(O)R'*, “OS(0),R"*, ~OS(O)NR'"R'®,
—0S(0),NR'’R¢, -NR'*R ¢, -NR™*C(O)R?, -NR"*C(0)OR¢, -NR"*C(O)NR"*R ",
~NR"™C(=NR')NR'’R'*, -NR"S(O)R'?, -NR"*S(O),R'?, -NR™*S(O)R', -NR'*S(O),R ¢,
—S(O)R™, —=S(0O),R", —~S(O)NR'R'®, or ~S(0),NR'*R";

%N‘y‘ Rlb .
(RS)pTI +/I) NN
m r RIc Rla :

R’ is (a) halo, cyano, nitro, hydroxyl, oxo, or guanidine; (b) C;¢ alkyl, Ci
alkoxy, or Cy_ ¢ alkylthio, wherein the alkyl, alkoxy, and alkylthio are each independently and
optionally substituted with one, two, or three halo; (c) C,.6 alkenyl, C,¢ alkynyl, phenyl,
benzyl, phenoxy, benzoxy, or heterocyclyl; or (d) ~C(O)R™, —~C(O)OR", -C(O)NR'"R'®,
—~C(NR"™NR"R', -OC(O)R"*, ~OC(O)OR"*, ~OC(O)NR'"R'¢, ~OC(=NR'*NR'*R°,
—~OS(0)R™, ~0S(0),R"*, —~OS(O)NR'’R¢, ~0S(0),NR'*R¢, -NR'"R", -NR"*C(O)R",
~NR™C(0)OR'", -NR“C(O)NR "R, -NR"*C(=NR')NR'’R ¢, -NR'*S(O)R ",
~NR™S(0),R', -NR"*S(O)R', -NR"*S(O),R'?, =S(O)R"*, =S(0),R"*, ~S(O)NR'*R°, or
~S(O),NR'R';

XisOorS;

Y is —0—-, —=S—, =S(0)-, —=S(0)—, -N(R'*—, -C(R™*)(R'%)~, or
_C(Rla) (NRlelc)_;

m is an integer from 0 to 3;
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Yis 0S S(0)-, -S(0)2-, NR1)_, -C(Ra)(Rd)-, or CRa)(NRDbRc)-; mis
an integer from0O to 3; nis an integer from1l to 3; pis an integer fromO
to 4; r iwoamomnssger from1l to 6; and each RCa/iapadoBB32$ S

i ndependently (a) hydrogen, phenyl, or benzyl; (b) C3_7 cycl oal kyl,

het eroaryl, or heterocyclyl, each optionally substituted; or (C) G _6

al kyl, optionally substituted with one, two, or three substituents, each

[ ndependent ly sel elngs%q 1ﬁt£%§7ﬁbfﬁll(10 shydroxyl, carboxy, al koxy, carbanoyl,

C6_14 aryl, G _6 al kyl carbanoyl (G _6 aI kyl ) car banoyl, C3_7

cycl oal kyl car barmpyP is aamlaegssfr?mﬁ)etpér ocycl yl car banoyl ; and each
Riband Ricis mdggggﬁ@&%}gorﬁq)mgyﬁﬁogen or phenyl; or (b) G _6 alkyl,
optional Iy substituted one, two, or three substltuents each

i ndependent | y sel ek’ fR rrR]heﬂnéR%ymdéwﬂenﬂdaia)ﬂb'ﬂspgelalphwy or bezplarmoy| |

c(;:scllga?L %) car bZﬁB Hﬁy egg%gl”%x{?m&%@yg%/ll%&?gér% ggﬁqgml or (8%_16811@1 each

pai r of Rphoratyg Slmsntutedg\etthr:, twpmrtlnrh‘esuhstau‘ﬂm t@hmﬂrdepd:ndtnhtbyse@m@d &omached

i ndependent |y for tero het th the proviso
t hat V\:heﬁl g(a P{ dr(chEnQar% R%EZ]Y‘I‘S car'[aam%?ll 614 Xrlyi X/J 5 alﬁflcarbsan% &Seach

I ndependeiiiyl)yarbdrh@il, 43 7 i ¢lodlyleutianolyl, and Ci. ﬁmmmgyllylcmfﬁambﬁ oitro; and p is O;
then Rh is not hydrogen. 9394 1, anot her n‘glo

R and 2 are eaonRARBEHHORE S HERGUoT e & ARyt s Res AR sl bst i ¢ ut ec
Wi t h one,independealy fohifi B@eroalyDor R@rdcgclgyano or nitro; RILL) (RpNr N R4
IsorRicRla ; with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R! and R? are
each independently chloro, nitro, methyl, or isopropyl; R? is nitro; and p is 0; then R' is not

hydrogen.

[0038] In one embodiment, in Formula I,

R' and R? are each independently (a) halo, cyano, nitro, hydroxyl, or
guanidine; (b) Cy_¢ alkyl, C;_¢ alkoxy, or C; alkylthio, wherein the alkyl, alkoxy, and
alkylthio are each independently and optionally substituted with one, two, or three halo; (c)
C,6 alkenyl, C, ¢ alkynyl, phenyl, benzyl, phenoxy, benzoxy, or heterocyclyl; or (d)
~C(O)R™, -C(O)OR™, -C(O)NR'"R'®, ~OC(O)NR "°R"®, -NR'"’R'*, -NR"™*C(O)R",
~NR"C(0)OR', -NR'S(0),R", =S(0),R™, or —S(0):NR"’R';

R’ is (a) hydrogen, halo, cyano, nitro, or hydroxyl; (b) C,¢ alkyl, C,_¢ alkoxy,
or Cy¢ alkylthio, wherein the alkyl, alkoxy, and alkylthio are each independently and
optionally substituted with one, two, or three halo; (¢) C,¢ alkenyl, C, ¢ alkynyl, or tetrazolyl;
or (d) ~C(O)R™, ~C(0)OR'™®, -C(O)NR'’R'®, ~OC(O)NR'"’R'®, -NR'"R"*, -NR'*C(O)R"", or
~-NR™C(O)OR'%;

% NL%" Rb
(R),~4~ *M) N ’H\N%'-
R*is =1, or Rc Rla ;

R’ is (a) halo, cyano, nitro, hydroxyl, oxo, or guanidine; (b) C;¢ alkyl, Ci
alkoxy, or C; alkylthio, wherein the alkyl, alkoxy, and alkylthio are each independently and
optionally substituted with one, two, or three halo; (c) C,.6 alkenyl, C,¢ alkynyl, phenyl,
benzyl, phenoxy, benzoxy, or heterocyclyl; or (d) ~C(O)R™, —~C(O)OR", -C(O)NR'"R'®,

—OC(O)NR'™R', -NR!’R!*, -NR"™*C(0)R!, -NR"*C(0)OR', -NR'*S(0),R'¢, =S(0),R", or
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R5 is C _6 alkyl, optionally substituted with one, two, or three halo; Xs
Oor § Yis -0-, -N(Ra) 9 c(Ra)(Rid 9) or -(Ra)(NRbRic)-; MiS1
nis 1 orwazop)/12395® 1, or 2; r is 2 each RRrCan$20i0031838

i ndependently (a) hydrogen; (b) C3_7 cycloal kyl, heteroaryl, or

het erocycl yl, each optionally substituted; or (C) C _6 alkyl, optionally
substituted with one, two, or three substituents, each independently

sel ect ed g ﬁako hydr oxyl , carboxy, al koxy, carbamoyl, C6 14 aryl, C _6
alkylcarbannyl n%cn 6 alkyl)carbannyl C3-7 cycl oal kyl carbanoyl, and C3_7

heterocyclylcarba ¥ © oapd each Rib and Ric is independently

G _6 al kyl, optionalilyysuRstigiyiedswth qies Livpr=pkie hpee substituents,
each |ndependently sel ect ed ron1ha|o “hydroxyl, carboxy, alkoxy,

car banoy-CIO) R Ry, G 6 alkylcarbannyl dl(O 6 al kyl ) car banoyl, C3-7
cycl oal kyl car banoy|, ocyclylcarbanDyI or each
pair of Rib and RH%I%%ﬂgFgngﬁ?§ e’{he N atomto mhlch they are attached

i ndependent |y fornmhemGMQEyﬁbmﬂioénd with the proviso that when

Xis 0; Yis NL.&E 4 1, R and R2 are each independently

chl or o, nitro, propyr R3is nitro, and pis 0; then Rhis
not hydrogen. [004ﬂ¢hmuy@$rﬁmnﬂh@6zmﬂbodlnent, in Formula |, R and R2 are
each |ndependently hgk@

%rs an 1nteger fro

and R 13'16ndg'llaei§1gf|:n;tly (a) hydrogen, phenyl, or benzyl; (b) Cs;
cycloalkyl, heteroaryl, or heterocyclyl, each optionally substituted; or (¢) C;.¢ alkyl,
optionally substituted with one, two, or three substituents, each independently selected from
halo, hydroxyl, carboxy, alkoxy, carbamoyl, Ce.14 aryl, C;_¢ alkylcarbamoyl, di(C; 6
alkyl)carbamoyl, Cs.; cycloalkylcarbamoyl, and Cs;.7 heterocyclylcarbamoyl; and

each R'® and R'“ is independently (a) hydrogen or phenyl; or (b) Cy_ alkyl,
optionally substituted with one, two, or three substituents, each independently selected from
halo, hydroxyl, carboxy, alkoxy, carbamoyl, Ce.14 aryl, C;_¢ alkylcarbamoyl, di(C; 6
alkyl)carbamoyl, Cs.; cycloalkylcarbamoyl, and Cs_7 heterocyclylcarbamoyl; or

each pair of R'® and R™ together with the N atom to which they are attached
independently form heteroaryl or heterocyclyl;

with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R! and R? are
each independently chloro, nitro, methyl, or isopropyl; R’ is nitro; and p is O0; then R is not

hydrogen.

[0039] In another embodiment, in Formula I,
R' and R” are each independently halo or C; alkyl, optionally substituted
with one, two, or three halo;

3. .
R” is cyano or nitro;

b
<R5>p\ M) RENARN%

Ic RIa .
R is C1.6 alkyl, optionally substituted with one, two, or three halo;
XisQorS;
Y is —O—, -N(R")—, —-C(R™)(R'Y-, or —-C(R"*)(NR'’R"*)—;

mis 1;
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R3 is cyano or nitro; (R5)pNr N R4 |smorRR1 R5

Is G 6a|ky| Xis 0 or

S, Yis -0-, NRh)_, -C(Ra)(Rd)- -C(Ria)(NRibRic)-; mis 1l nis 1

or 2; p iwo@p1oli23w6 2; r is 2 each Rla and Ridis

[ ndepemdfsmllomsisysjr ogen,

C3_7 cycloal kyl, heterocyclyl, or G _6 alkyl; and each Rib and Ric is

I ndependently G _6 al kyl; or each pair of Rib and

Ric together with the N

atomto which they are attached independently form het erocycl yl ; and

with the proviso thatjghen Xis 0; Yis -NR a)-

mand n are 1; R and R2

are each independent Io)élchl oro, nitro, nethyl, or |sopropyl; R3 is nitro;

and p is 0; then RnSi%sLisE hydr ogen.

ris?2;

each R' and R is independently (a) hydrogen; (b) Cs cycloalkyl, heteroaryl,
or heterocyclyl, each optionally substituted; or (c) C;_¢ alkyl, optionally substituted with one,
two, or three substituents, each independently selected from halo, hydroxyl, carboxy, alkoxy,
carbamoyl, Cg 14 aryl, Cy_¢ alkylcarbamoyl, di(C;_¢ alkyl)carbamoyl, C;_;
cycloalkylcarbamoyl, and Cs;.7 heterocyclylcarbamoyl; and

each R'® and R is independently C;_¢ alkyl, optionally substituted with one,
two, or three substituents, each independently selected from halo, hydroxyl, carboxy, alkoxy,
carbamoyl, Cg 14 aryl, Cy_¢ alkylcarbamoyl, di(C;_¢ alkyl)carbamoyl, C;_;
cycloalkylcarbamoyl, and Cs;.7 heterocyclylcarbamoyl; or

each pair of R'® and R™ together with the N atom to which they are attached
independently form heterocyclyl; and

with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R' and R? are
each independently chloro, nitro, methyl, or isopropyl; R’ is nitro, and pis 0; then R'is not

hydrogen.

[0040] In yet another embodiment, in Formula I,
R! and R? are each independently halo or C; ¢ alkyl;

R is cyano or nitro;

(Rs)p\# RY NThN
Rlc Rla :

R’ is Ci6 alkyl;

XisOQorS;

Y is -0, -N(R')—, ~-C(R™)(R'%)~, or ~-C(R*)(NR""R")~;

mis 1;

nis1or?2;

pis 0,1, or 2;

ris?2;

each R and R' is independently hydrogen, Cs.7 cycloalkyl, heterocyclyl, or
Ci.¢ alkyl; and

each R'® and R'“ is independently Cy_¢ alkyl; or each pair of R'® and R'®
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[0041] I n yet another enbodinent, in Formula I, Ri and R2 are
each independently fluoro, chloro, nethyl, ethyl, propyl (e.g., npropyl or
i sopropylwo 20ro/f2845¢1 (e.g., n-butyl, 2-butyl, isobutyl, por/us2doiyisps R3 is
cyano or nitro; (R pRILL) 0,1.1S, Nr NR4 isorRIC, R5is nethyl; Xis 0 or
S, Yis -0-, _N(Rh)_, -CRa)(Rid)-, or -CCRa)(NRibrRic)-; mis1,; nisl
or 2, pis 0, 1, or 2; r is 2 each Rh is hydrogen, nethyl,

ethyl, praRWer ¢fh the N gtoﬂrt@)@xlch%ey awa%wlade &MEM féﬁn geterogycmtaylh 2 but yI,
i sobutyl, or t-butyl pentyl (e.g., entyF, 2 Imy ]Eent .
met hyl butyl, 3- et ¥ %WV1801ha1waPrn§tlh91 BropWR )1, T ang) hese by p@fndaixlare or

2, 2-di rTEteQéﬂ 19&6%913{&6)11!1y @IM&JOOIHEQtrMéth 1Yr 1sopropy1 R’ is nitro; andp is 0; then R is not
3-oxo0-1H 1 mdazo[ 1,5 -c]|mdazo-2y -y1; ach R'b and Ricis

i ndependdwdiogemet hyl or ethyl; or each pair of Rib and Ric toget her with
the N atomto which they are attached | ndependently form pyrrolidinyl or

pi peri di rW(Ml] and Finq/ei aq-noméfiérﬁ%ﬂhent, in Formula [,
R'! and R? are each independently fluoro, chloro, methyl, ethyl, propyl (e.g., n-
propyl or isopropyl), or butyl (e.g., n-butyl, 2-butyl, isobutyl, or #-butyl);

3. .
R” is cyano or nitro;

(Rs)p\\(:; RIbN’H\NHL
R*is . Rlc RIa )

R’ is methyl;

XisOQorS;

Y is -0, -N(R')—, ~-C(R™)(R'%)~, or ~-C(R*)(NR""R")~;

mis 1;

nis1or?2;

pis 0,1, or 2;

ris?2;

each R' is hydrogen, methyl, ethyl, propyl (e.g., n-propyl or isopropyl), butyl
(e.g., n-butyl, 2-butyl, isobutyl, or #-butyl), pentyl (e.g., n-pentyl, 2-pentyl, 3-pentyl, 2-
methylbutyl, 3-methylbutyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, or 2,2-dimethylpropyl),
cyclopentyl, or 3-oxo-1H-imidazo[1,5-c]imidazol-2(3H)-y];

each R'® and R'“ is independently methyl or ethyl; or each pair of R'® and R'®
together with the N atom to which they are attached independently form pyrrolidinyl or
piperidinyl; and

s hydrogen;

with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R! and R? are

each independently chloro, nitro, methyl, or isopropyl; R’ is nitro; and p is O0; then R is not

hydrogen.

[0042] In still another embodiment, in Formula I,
R! and R? are each independently fluoro, chloro, or methyl;

R’ is cyano or nitro;
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with the proviso that when Xis 0; Yis NRh)_; mand n are 1; R and R2
are each independently chloro, nitro, nethyl, or isopropyl; R3 is nitro;

and p is Wp2ten3dRh i s not hydrogen. [0042]In still anotrhensSesogiseent, in
R2 are each independently fluoro, chloro, or nethyl; R3

Formula I, R and

IS cyano or nitro;

R4 isorRIC R is
-C(Ri a) (NRi bRi c) -

WD 2010/ 123956PCT/ US2010/ 031828 (R)pR I LL) /HS,

\ Nr

methyl; Xis Oor S Yis -0-, NRh_, -CCRa)(Rd)-, or

mis 1(;1/11}\?&,_5 1o 2, pisO, 1, or 2; r is 2
(Rs)p\\\l:l) RN
Riis Y~ or Rle Rla :
R’ is methyl;
XisOorS;
Y is —O—, -N(R")—, -CR™)(R'Y-, or —C(R'*)(NR'"R')—;
mis 1;
nis1or?2;
pis 0,1, or 2;
ris?2;

each R™ is hydrogen, methyl, isopropyl, 2-pentyl, 3-pentyl, cyclopentyl, or 5-

butyl-7-chloro-3-oxo0-1H-imidazo[1,5-c]imidazol-2(3H)-yl;

each R'™ and R'is independently methyl or ethyl; or each pair of R and R™

together with the N atom to which they are attached independently form pyrrolidinyl or

piperidinyl;

!4 is hydrogen;
with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R' and R? are

each independently chloro, nitro, methyl, or isopropyl; R’ is nitro; and p is O0; then R is not

hydrogen.

[0043]

with one, two,

~C(O)OR™,

In one embodiment, in Formula I,
R'! and R? are each independently halo or C,_ alkyl, optionally substituted
or three halo;

R is cyano or nitro;

b
<R5>p\ M) RENARN%

Ic RIa .

R is oxo0; Cy¢ alkyl, optionally substituted with one, two, or three halo; or

XisOorS;

Y is —O—, =S—, =$(0)—, -N(R'*)—, -C(R'(R'H-, or -C(R"™)(NR""R)—;
mis 1;

nis1or?2;

pis 0,1, or 2;

ris?2;

- 18 -
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each Rh is hydrogen, nethyl, isopropyl, 2-pentyl,
5- butyl-7-chl oro-3-o0xo0-1Him dazo[ 1, 5-c]im dazo

3-pentyl,

-2(3H) -y1;

cycl opentyl, or
each

Ri b and Rvo 0wy/i2eabependent|y nethyl or ethyl; or each pacm/uskoiRiobisasid Ri c
together with the N atomto which they are attached i ndependently form

pyrrolidinyl or piperidinyl; R d is hydrogen; wi th the proviso
that when X is O;

i ndependent |y chl og@p RPY ol R/ 1§Tﬁfd91yelnderfﬂ5/ <a)wmo§mkb)@$cyaomﬁ r}fater@@ﬂ pis O
hydr ogen. [0043LIn one

then Rh i s not
R and R®rjetero

W th one,.twp tthJ sut)gtft@tﬁltsh@alcﬁ in.

R5 is OXO, G

al

Yis NRh)_; mand n are 1; R and R2 are each

» qapiepiend b

sitwied: or (?9 C@s albylaq)HWPaHYcﬁp}bﬁU@ﬁ%ﬂ Wh eifhst i tut ed
nkSn(§¥%ER Qe Frof hhfolhyded33, QaIBéX}’ Sikofy,r N or

kyl, op tlonagﬁi substituted w th ‘one; two, or three hal o;
-C(0) (_(;pa]bamoyh S6-10 2y}, C$6 alkylcarbamoyl di(C,6 alkyl)carbamoyl, C;_;

cycloalkylcarbamoyl, and C; 7 heterocyclylcarbamoyl; and

each R'® and R'“ is independently C,_¢ alkyl, optionally substituted with one,

two, or three substituents, each independently selected from halo, hydroxyl, carboxy, alkoxy,

carbamoyl, Cg 14 aryl, Cy_¢ alkylcarbamoyl, di(C;_¢ alkyl)carbamoyl, C;_;

cycloalkylcarbamoyl, and Cs;.7 heterocyclylcarbamoyl; or

each pair of R'® and R™ together with the N atom to which they are attached

independently form heterocyclyl; and

with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R! and R? are

each independently chloro, nitro, methyl, or isopropyl; R’ is nitro, and pis 0; then R'is not

hydrogen.

[0044]

Ci.¢ alkyl; and

In another embodiment, in Formula I,
R! and R? are each independently halo or C; ¢ alkyl;

3. .
R” is cyano or nitro;

RS)D\J RIbN A%

R is m Ic Rla :

R’ is oxo, Cy. alkyl, or —C(O)OR“‘, wherein R™ is Cy.¢ alkyl;
XisOorS;

Y is ~O—, =S—, =S(0)>—, -N(R")—, -C(R™*)(R'Y—, or -C(R'*)(NR'*R'*)—;
mis 1;

nis1or?2;

pis 0,1, or 2;

ris?2;

each R and R' is independently hydrogen, Cs.7 cycloalkyl, heterocyclyl, or

each R'® and R is independently C; ¢ alkyl; or each pair of R' and R™®

together with the N atom to which they are attached independently form heterocyclyl; and

with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R! and R? are

each independently chloro, nitro, methyl, or isopropyl; R? is nitro; and p is 0; then R' is not
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Yis O , S, S0)2-, NRh)_, -C(Ra)(Rd)-, or —-CCRaXNRi bRic)-; mis 1,
nis 1lor 2, pis0, 1, or 2, r is 2; each Rla and Rid is

i ndependewol2zgi10(2}9shydr ogen; (b) C3_7 cycl oal kyl, het er o2cylus2@0/031828

het er ocycl yl, each optionally substituted; or (C) C1_6 alkyl, optionally
substituted wth one, two, or three substituents, each independently

sel ected from hal o, hydroxyl, carboxy, al koxy carbanoyl, C6_14 aryl, G _6
al kyl car haaRydn. di (G _6 al kyl) carbamoyl, C3-7 cycl oal kyl car banoyl , and C3 7
het er ocycl yl car banoyl ; and each Rib and Ric is i ndependent |y

C _6 alkyl, optionally substituted with one, two, or three substituents,
each i nddpéifient | yinost @othsEembsime b Formpit bxyl ,  carboxy, al koxy,

carbamoyl, C6_14 aryind Karbeadh Kﬁzﬂaﬁéﬂﬂegﬁ bro, @HI&Q m&hﬁl &H)I'l)lﬁ%)b@@)’ill Cﬁ 7
eac

cycl oal kyI carbanoyl, and C3_7 heter oc ﬁl car banoy
pair of Ri“li’yb‘ﬁfdsqu‘l?yl)o@fé’t“%@&u’fPiquh% NEY, t@ﬁ%’bo’@m‘i’%ﬂ)they are attached

i ndependent |y fornkﬂgtcgng%yﬁlltﬂgl and with the proviso that when
Xis 0; Yis -N(R a)-; man narel Ri and R2 are each independently
chloro, nitro, nmethyl, or o%% R3|s nitro, and pis 0; then Rh is
not hydrogen. [0044]I| rR difeng™ in Formula |, R and R2 are each

i ndependent |y hal opor Ci _6Y ]lgyl Rk s P@lyano or nitro; (RSP

R’ is methyl, oxo, or methoxycarbonyl;

XisOQorS;

Y is ~O-, -S—, —=S(0)>—, -N(R*)—, ~C(R")(R'%)~, or ~C(R'*)(NR""R");

mis 1;

nis1or?2;

pis 0,1, or 2;

ris?2;

each R' is hydrogen, methyl, ethyl, propyl (e.g., n-propyl or isopropyl), butyl
(e.g., n-butyl, 2-butyl, isobutyl, or #-butyl), pentyl (e.g., n-pentyl, 2-pentyl, 3-pentyl, 2-
methylbutyl, 3-methylbutyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, or 2,2-dimethylpropyl),
cyclopentyl, or 3-oxo-1H-imidazo[1,5-c]imidazol-2(3H)-y];

each R'™ and R'is independently methyl or ethyl; or each pair of R and R™
together with the N atom to which they are attached independently form pyrrolidinyl or
piperidinyl; and

!4 is hydrogen;

with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R! and R? are

each independently chloro, nitro, methyl, or isopropyl; R? is nitro; and p is 0; then R' is not

hydrogen.

[0046] In still another embodiment, in Formula I,
R! and R? are each independently fluoro, chloro, or methyl;

R?is cyano or nitro;
1b
(R5)p\ \M) RY N/H\N‘a
R is m IC RIa .

R’ is methyl, oxo, or methoxycarbonyl;
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R4 is

G 6 alkyl; XisOor S YisO , S, S(0)2-, NRh) , -C(Ra)(Rd)_,
_Cc(Ri a) (NRobkRiociz39gsemis 1; nis 1 or 2; pis 0, 1, or 2pCm/usgoid/o3msach Rh
and RId is independently hydrogen, C3_7 cycloal kyl, heterocyclyl, or

al kyl ;

and each Rb and Ric is independently C _6 al kyl;

Nr Nlc;, or RS is OXO G _6 alkyl, or -C(O)ORi a, wherein Rh is

or

G 6

or

each

pair of Rib and Ric together with the N atomto which they are attached

i ndependent |y fornxhepefgcyclyl; and
Xis 0; Yis

chl oro,

not

mand n are 1; Bi

nitro, rret%ﬁyﬂ ~OurStsofPbpy NR RS- rQ(Pﬁ )R ;> camé (P HNR

mis 1;

Haen

nis1or?2;

pis 0,1, or 2;

ris?2;

each R™ is hydrogen, methyl, ethyl, isopropyl, 2-pentyl, 3-pentyl, cyclopentyl,
cyclohexyl, or 5-butyl-7-chloro-3-oxo-1H-imidazo|[ 1,5-c]imidazol-2(3H)-yl;

each R'™ and R'is independently methyl or ethyl; or each pair of R and R™
together with the N atom to which they are attached independently form pyrrolidinyl or
piperidinyl;

!4 is hydrogen;
with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R' and R? are

each independently chloro, nitro, methyl, or isopropyl; R? is nitro; and p is 0; then R' is not

hydrogen.
[0047] In another embodiment, the arylsulfonamide of Formula I has the structure of
Formula II:
R!
\\ Y R2

RO~ \H)

ey

or an enantiomer, a mixture of enantiomers, a mixture of two or more diastereomers, a

R3

tautomer, or a mixture of two or more tautomers thereof; or a pharmaceutically acceptable
salt, solvate, hydrate, or prodrug thereof; wherein Rl, Rz, R3, RS, X, Y, m,n, and p are each as

defined herein.

[0048] In one embodiment, in Formula II,

R' and R? are each independently (a) halo, cyano, nitro, hydroxyl, or
guanidine; (b) Cy_¢ alkyl, C;_¢ alkoxy, or C; alkylthio, wherein the alkyl, alkoxy, and
alkylthio are each independently and optionally substituted with one, two, or three halo; (c)

C,6 alkenyl, C, ¢ alkynyl, phenyl, benzyl, phenoxy, benzoxy, or heterocyclyl; or (d)

-21 -
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hydrogen. [0045]1n yet another enbodinent, in Formula I,
R2 are each independently fluoro, chloro, nethyl, ethyl, propyl (e.g.,
owvoizeopreydgl ), or butyl (e.g., n-butyl, 2-butyl pCrasbubpsis2or
t-butyl); R3 is cyano or nitro; (R5)p R4 is -1--k Nr N1.E Ic; or

npr opyl
met hyl ,

oxo, or nethoxycarbonyl; Xis Oor S; Yis O , S, $0)2-,

-C(Ria)(Rid-, or —-C(R a)(NRibRic)-;

~C(O)R™, ~C(0)OR™, -C(O)NR"R'®, ~OC(O)NR"R'®, -NR'"R"®, -NR*C(O)R"",
~NR™C(O)OR'?, -NR'S(0),R", ~S(O),R™, or ~S(0),NR"*R';

R’ is (a) hydrogen, halo, cyano, nitro, or hydroxyl; (b) C,¢ alkyl, C,_¢ alkoxy,
or C;¢ alkylthio, wherein the alkyl, alkoxy, and alkylthio are each independently and
optionally substituted with one, two, or three halo; (c) C, ¢ alkenyl, C, ¢ alkynyl, or tetrazolyl;
or (d) -C(O)R™, ~C(0)OR™, ~C(O)NR"'R'®, ~OC(O)NR'"R'®, -NR'*R'¢, -NR'*C(O)R", or
~-NR"C(O)OR'%;

R’ is (a) halo, cyano, nitro, hydroxyl, oxo, or guanidine; (b) C;¢ alkyl, C;¢
alkoxy, or C; alkylthio, wherein the alkyl, alkoxy, and alkylthio are each independently and
optionally substituted with one, two, or three halo; (c) C,.6 alkenyl, C,¢ alkynyl, phenyl,
benzyl, phenoxy, benzoxy, or heterocyclyl; or (d) —C(O)Rla, —C(O)ORla,
~C(O)NR™R'®, ~OC(O)NR™R', -NR'"R'*, -NR"*C(O)R ', -NR"*C(O)OR™,
~NR™S(0),R', ~S(O),R™, or ~S(0),NR"*R';

XisOQorS;

Y is ~O—, -S—, =S(0)-, =S(0)>—, -N(R'*)—, ~C(R™)(R'Y)~, or
_C(R™¥(NRR®)—:

m is an integer from 0 to 3;

n is an integer from 1 to 3;

p is an integer from O to 4;

each R' and R' is independently (a) hydrogen, phenyl, or benzyl; (b) C3.7
cycloalkyl, heteroaryl, or heterocyclyl, each optionally substituted; or (¢) C;.¢ alkyl,
optionally substituted with one, two, or three substituents, each independently selected from
halo, hydroxyl, carboxy, alkoxy, carbamoyl, Ce.14 aryl, C;_¢ alkylcarbamoyl, di(C; 6
alkyl)carbamoyl, Cs.; cycloalkylcarbamoyl, and Cs;.7 heterocyclylcarbamoyl; and

each R'® and R is independently (a) hydrogen or phenyl; or (b) Cy6 alkyl,
optionally substituted with one, two, or three substituents, each independently selected from
halo, hydroxyl, carboxy, alkoxy, carbamoyl, Ce.14 aryl, C;_¢ alkylcarbamoyl, di(C; 6
alkyl)carbamoyl, Cs.; cycloalkylcarbamoyl, and Cs_7 heterocyclylcarbamoyl; or

each pair of R'® and R™ together with the N atom to which they are attached
independently form heteroaryl or heterocyclyl;

with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R' and R? are
each independently chloro, nitro, methyl, or isopropyl; R’ is nitro; and p is O0; then R is not

hydrogen.
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mis 1, nis lor 2, pis 0, 1, or 2; r is 2; each Rh is

hydr ogen, nethyl, ethyl, propyl (e.g., n-propyl or isopropyl), butyl (e.g.,
n- butyl , wWeokwtoyl239s6sobutyl, or t-butyl), pentyl (e.g., mrcpaseyl/o3Bd2pentyl,
3-pentyl, 2- nethylbutyl, 3-nethylbutyl, 1,1-dinethylpropyl,

1, 2-di et hyl propyl, or 2,2-dinethyl propyl), cyclopentyl, or

3-0x0-1Him dazo[ 1, 5-c]i m dazol -2(3H)-y1; each Rib and Ric is

i ndependegpgdoy met hiplanhefdnobimel, ilfAGHuRat,r of Rib and Ric together with
the N atomto which they are attached independently form pyrrolidinyl or

pi peridinyl; and -RdaK K gragpgh sgependendy halo or C1s gkylhontinaallyslstisied hat when X
is 0; Y idmMNeROb or ie@hdon are 1; R and R2 are each independently chloro,
nitro, nethyl, or i§ppropyl;.R3 is nitro; and pis 0; then Rh is not

hydr ogen. [0046] | nRsisicy4nognoitier enbodiment, in Fornula |, R and R2 are

Ezcihsi ”ﬂlelroe&de”t YR EOL Gy COL RNy QbsdTREMW]th off3 S ofWRRaRE NI LTO: (RE) P

XisOQorS;

Y is —O—, -N(R")—, -CR"™)(R'Y-, or —C(R'*)(NR'"R')—;

mis 1;

nis1or?2;

pis 0,1, or 2;

each R' and R is independently (a) hydrogen; (b) Cs cycloalkyl, heteroaryl,
or heterocyclyl, each optionally substituted; or (c) Ci.¢ alkyl, optionally substituted with one,
two, or three substituents, each independently selected from halo, hydroxyl, carboxy, alkoxy,
carbamoyl, Cg_14 aryl, Cy_¢ alkylcarbamoyl, di(C;_¢ alkyl)carbamoyl, Cs_;
cycloalkylcarbamoyl, and Cs;.7 heterocyclylcarbamoyl; and

R and R'® are each independently C;¢ alkyl, optionally substituted with one,
two, or three substituents, each independently selected from halo, hydroxyl, carboxy, alkoxy,
carbamoyl, Cg 14 aryl, Cy_¢ alkylcarbamoyl, di(C;_¢ alkyl)carbamoyl, C;_;
cycloalkylcarbamoyl, and Cs;.7 heterocyclylcarbamoyl; or

R'™ and R' together with the N atom to which they are attached form
heterocyclyl;

with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R! and R? are
each independently chloro, nitro, methyl, or isopropyl; R’ is nitro; and pis0; R is not

hydrogen.

[0050] In yet another embodiment, in Formula I,
R! and R? are each independently halo or C; ¢ alkyl;
R’ is cyano or nitro;
R’ is C ¢ alkyl;
XisOQorS;
Y is —O—, -N(R")—, -CR™)(R'Y-, or —C(R'*)(NR'"R')—;
mis 1;
nis1or?2;

pis 0,1, or 2;
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or R5 is nethyl, oxo, or nethoxycarbonyl; Xis Oor S5 Yis O , S,
S(0)2-, NRh) , c(Ra(Rid_, or c(Ra(NRibRic) ; mislil1l nislor 2

pis 0, IWOani0223956i s 2; each Rh i s hydr ogenpcratshylojo3msesyl ,
| sopropyl, 2-pentyl, 3-pentyl, cyclopentyl, cyclohexyl, or
5- butyl- 7-chl or o- 3- oxo- 1Hi m dazo[ 1, 5-cl i m dazol - 2( 3H) -y1,; each

Rib and Ric is independently nmethyl or ethyl; or each pair of Rb and Ric

together with the é\icekermnarawr@hebpe&lhemy%@rogéﬁ e&h@ﬂwamﬁﬁe%emﬁyorf orm
pyrrolidinyl or piperidinyl; Rr S h" t'he proviso

t hat whertiXalkgherd Y js  N(Rh) _ nrand n are 1 R and R2 are each

i ndependent | y Ch'Oﬁ@amﬁkkhﬂumﬁ?&ﬁéknm%hytﬁg%kﬂp&l R3 is nitro; and p is O;
then Rh is not hydrogen [0047] I n ‘anot her enbodi nent, the aryl sul f onani de

of Formula | has tR&asd Rijsegsther with fheNiaip to phich they are attached form
heterocyclyl;

with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R! and R? are
each independently chloro, nitro, methyl, or isopropyl; R’ is nitro; and pis0; R is not

hydrogen.

[0051] In yet another embodiment, in Formula I,

R! and R? are each independently fluoro, chloro, or methyl;

R’ is cyano or nitro;

R’ is methyl;

XisOQorS;

Y is —O-, -N(R')-, -CR "R, or ~-C(R"*)(NR'"R"*)—;

mis 1;

nis1or?2;

pis 0,1, or 2;

each R' is hydrogen, methyl, ethyl, propyl (e.g., n-propyl or isopropyl), butyl
(e.g., n-butyl, 2-butyl, isobutyl, or #-butyl), pentyl (e.g., n-pentyl, 2-pentyl, 3-pentyl, 2-
methylbutyl, 3-methylbutyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, or 2,2-dimethylpropyl),
cyclopentyl, or 3-oxo-1H-imidazo[1,5-c]imidazol-2(3H)-y];

each R'® and R'“ is independently methyl or ethyl; or each pair of R'® and R'®
together with the N atom to which they are attached independently form pyrrolidinyl or
piperidinyl; and

s hydrogen;

with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R' and R? are

each independently chloro, nitro, methyl, or isopropyl; R? is nitro; and p is 0; R' is not

hydrogen.

[0052] In still another embodiment, in Formula II,
R! and R? are each independently fluoro, chloro, or methyl;
R’ is cyano or nitro;

R’ is methyl;
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(I'l') or an enantioner, a m xture of enantioners, a mxture of two or nore
di astereoners, a tautomer, or a mxture of two or nore tautoners thereof;
or a pharwecewizs®hkl y acceptable salt, sol vate, hydratepPConspriodsisgs

t hereof; wherein R, R2, R3;, R5, X, Y, m n, and p are each as defined
herein. [0048]In one enbodinent, in Fornmula I1I, R and R2 are
each independently (a) halo, cyano, nitro, hydroxyl, or guanidine; (b) G _6
al kyl, G _6 al koxyx iof ok, 6 al kylthio, wherein the alkyl, alkoxy, and

al kylthio are each_independently and optional |y sullgs{ci tuted with one, two,
or three hal o; (C)Y&2-@aNknyi CRO® arkynGR IPWen§I)— benzyl , phenoxy,
benzoxy, or heterogyciyl; or (d) _C(O)Rh, -C(0)OR a, -C(0)NRL1Ric,
-0C(0)NR11Ric, NRibrRic, NRiac(o)Rid, NR aC(0)OR d, -NR aS(0)2Rid,

-S(0)2Ri a, or -S(0)BNRIBRI c; R3 is (a) hydrogen, halo, cyano,
nitro, or hydr OXylpis(()t?l, gz;_6 al kyl, G _6 al koxy, or G _6 alkylthio, wherein
t he al kyl, al koxy,™ and y Kyl thio are each i ndependently and optionally
substituted with oseh Rt\iohydogehhnebylhiadmwopyl.) ped L6-prnkdreytlop@yl6orat kynyl |

or tetrazg W td .Q -C(0).0Ri +C(Q)NRi bRi ¢, -0C(0)NRi bRi c,
-NRi bRi czbuh%(lllzacg%((b§ﬁ&%+%@%lgg]ﬁ%lgﬁogﬂ3& P R5 is (a) halo, cyano,
nitro, hydroxyl, ocaoh RO andgRaTik didagendéoly n@ithyb osdtkyl] or e@ih iralf ROXand ROY Ci 6

B

C2_6 al kyipetidinptienyl , benzyl, phenoxy, benzoxy, or heterocyclyl; or (d)

_C(0)Rh, -C(0)ORi %{10" 0)NR11Ri ¢, -O0C(O)NRL1Ric, -NRi bRic, -NR aC(0)R d,

-NRi aC( 0) ORi d, aﬁ%ﬁd % -S(0)2Ria, or -S(0)2NRibRic; Xis 0 or S;
with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R! and R? are

each independently chloro, nitro, methyl, or isopropyl; R’ is nitro; and pis0; R is not

hydrogen.

[0053] In one embodiment, in Formula II,

R' and R” are each independently halo or C; alkyl, optionally substituted
with one, two, or three halo;

R’ is cyano or nitro;

R’ is oxo0; Cy¢ alkyl, optionally substituted with one, two, or three halo; or
~C(O)OR'™

XisOQorS;

Y is —O-, =S—, —=S(0)—, -N(R')-, ~-C(R"*)(R'%)~, or -C(R'*)(NR'*R'*)~;

mis 1;

nis1or?2;

pis 0,1, or 2;

each R and R' is independently (a) hydrogen; (b) Cs.; cycloalkyl, heteroaryl,
or heterocyclyl, each optionally substituted; or (c) Ci.¢ alkyl, optionally substituted with one,
two, or three substituents, each independently selected from halo, hydroxyl, carboxy, alkoxy,
carbamoyl, Cg 14 aryl, Cy_¢ alkylcarbamoyl, di(C;_¢ alkyl)carbamoyl, C;_;
cycloalkylcarbamoyl, and Cs;.7 heterocyclylcarbamoyl; and

R and R'® are each independently C;¢ alkyl, optionally substituted with one,
two, or three substituents, each independently selected from halo, hydroxyl, carboxy, alkoxy,

carbamoyl, Cg 14 aryl, Cy_¢ alkylcarbamoyl, di(C;_¢ alkyl)carbamoyl, C;_;
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YisO0O 9S9 S(O)-9 -5(0)2-9 -N(R a)-9 -C(Rla) (Rid)-9 or

C(Ria)(NRibRic)-; mis an integer fromO to 3; nis an integer from1l to 3;
pis an |w09gmv123956m 0 to 4; each Rh and Ri dpcs/usnaeparsdent |y
(a) hydrogen, phenyl, or benzyl; (b) C3_7 cycloal kyl, heteroaryl, or

het er ocycl yl, each opti onal ly substituted; or (c) G _6 alkyl, optionally
substituted with one, two, or three substituents, each independently

sel ected c!“y&@mﬁ@drpam@y%@@{ het&aéﬁg/mrbaamow, carbanoyl, C6_14 aryl, G _6
al kyl car banoyl n’élg ) car bano C3_7 cycl oal kyl car banoyl , and C3 7
y

het er ocycl yl car banByl2nd Bndlogether with the ﬁl@a@ﬁo Riish dlivd arg aiaghediforgependent |y ()
hydr ogen h%(ero‘é?&?lw or (b) G _6 alkyl, optionally substituted with one,

two, or three subst i t uent s, each i ndependent ly selected from hal Q,

hydr oxyl, car boxy,waltlw@pyovm@ah%amyx is @Y - MRy} nCandgn @rbllylkc@ﬂﬂ?aml

di (G _6 a %1&?’ ﬁg?éﬂlorocﬁt{g rﬁéﬁ%ll ol Jﬁé}oﬁw RaM# &ﬁ‘zgﬁ' 13%3

het erocycly air and Ri'c toget her with
the N at (hmhtogemw ch they are attached i ndependent |y form heteroaryl or
heterocyclyl with the proviso that when Xis 0; Yis NRh) _; m

and n ar R a tly chloro, nitro, nethyl, or
|sopropyﬁ R!% i's zﬂtarﬁgthare c})%aﬁ&nl %ﬂﬁd}ﬁ‘ﬂﬂqgh i s not hydrogen. WO

2010/ 123956PCT/ USZEllim/dO{%Bmclﬁ 004 ghdentlahelbloet’.extddi ment, in Formula I1,

Ri and R2 are each]§ 2&]%%?g%ly halo or G _6 al kyl, opt| onal Iy substituted
wi th one, hr & R3 is cyano or nitro; RS is Cl1_6 alkyl,

opti onal | y substl t&imdxw(hlaakkmbpr{@@)oﬁa vhareée RAab 656 8kg; 0 or S; Y is -0-,

-N(Ria) 9 c(Ri a)(Rk sOorS

Y is —0—, —=S—, —S(0)—, -N(R")—, —-C(R"™(R'Y—, or —C(R'*)(NR'°R"%)—;

mis 1;

nis1or?2;

pis 0,1, or 2;

each R and R' is independently hydrogen, Cs.7 cycloalkyl, heterocyclyl, or
Ci.¢ alkyl; and

R'® and R'° are each independently C, ¢ alkyl; or

'* and R'® together with the N atom to which they are attached form

heterocyclyl;

with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R' and R? are
each independently chloro, nitro, methyl, or isopropyl; R? is nitro; and p is 0; R' is not

hydrogen.

[0055] In yet another embodiment, in Formula I,
R! and R? are each independently fluoro, chloro, or methyl;
R’ is cyano or nitro;
R’ is methyl, oxo, or methoxycarbonyl;
XisOorS;
Y is ~0—,-S—, -S(0)—, -NR'*)—, -CR )R-, or -C(R™*)(NR'"°R™*)—;
mis 1;
nis1or?2;

pis 0,1, or 2;
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) or -C(Ria)(NRibRic)-; MiS1 nis1or 2, pis 0, 1, or 2

each Rh and Rid is independently (a) hydrogen; (b) C3_7 cycl oal kyl,

het er oar yWo 20r0/f2845er ocycl yl , each optional |y substitut e@#CTaS2¢1@031818 6

al kyl, optionally substituted with one, two, or three substituents, each
i ndependently sel ected from hal o, hydroxyl, carboxy, al koxy, carbanoyl,
C6_14 aryl, Cl1 6 al kyl carbanmoyl, di (G _6 aI kyl ) car banoyl, C3-7

cycl oal kyl car bamoydach &Pds Mgeh%&ﬁﬁ%fﬁ}l?’ﬂr@@fl b@gmnymp@nﬂ isopropyl), butyl R b
and Ric are each independentl i; opti ona sub sF Fute d with one,
two, or theetbyiybIthubykdpabytyl, @aé—hut“hd@p@ (qu gﬁn%l%mné@ ¥peopilral o,

hydr oxyl ., & MY%m% h@%%nl 1013&1%Eﬂ}}ﬂropym ALinRinyl prop?! 4;532 Q'dﬁ&i&tﬁﬁ{agﬁﬁ?w
di (G _6 aI kyl ) car ba I"oal Kyl car banoy
het er ocy@wglbm%méwxo wﬂrrml&;oanijclmda@bé@ﬁied WI th the N at omto which

they are attached e%agﬂ ﬁ]%ﬁh gYn%elyekxden&y metlall i_)&ethyl\’\(i)r egcwbﬁnogegﬁeqnge R hat when

Xis 0; Yis _N(Rh) _; man are eac ntly
chl oro, negether witetheyN atomrto wbap itlepare atéheld sndependentlyadnan pyrrdidOyl #h i s not
hydr ogen. 91 15nO |0, yet another embodinment, in Formula I, R and R2 are
each |ndé) ?4 y halo or G _6 al kyl; R3|s cyano or nitro; RS is G _6
alkyl; Xis 0 or S;RY¥iilsydsd@en; N(Rh) , -C(Ria)(Rd 9

with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R' and R? are
each independently chloro, nitro, methyl, or isopropyl; R’ is nitro; and pis0; R is not

hydrogen.

[0056] In still another embodiment, in Formula II,

R! and R? are each independently fluoro, chloro, or methyl;

R’ is cyano or nitro;

R’ is methyl, oxo, or methoxycarbonyl;

XisOQorS;

Y is —O—, =S—, —S(O)>—, -N(R")—, —-C(R™)(R'Y)-, or -C(R'*)(NR'"R'*)—;

mis 1;

nis1or?2;

pis 0,1, or 2;

each R™ is hydrogen, methyl, isopropyl, 2-pentyl, 3-pentyl, cyclopentyl, or 5-
butyl-7-chloro-3-oxo0-1H-imidazo[1,5-c]imidazol-2(3H)-yl;

each R'™ and R'is independently methyl or ethyl; or each pair of R and R™
together with the N atom to which they are attached independently form pyrrolidinyl or
piperidinyl;

s hydrogen;

with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R! and R? are

each independently chloro, nitro, methyl, or isopropyl; R? is nitro; and p is 0; R' is not

hydrogen.

[0057] In yet another embodiment, the arylsulfonamide of Formula I has the structure

of Formula III:
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) or -C(Rla)(NRbRic)-; mis 1, nis 1or 2; pis 0, 1, or 2; each Ra and
Rid is independently hydrogen, C3_7 cycloal kyl, heterocyclyl, or G _6

al kyl ; amstoRptw/2Bed6Ri ¢ are each independently G _6 al kylpcTars2i0b3msegl Ri c
together with the N atomto which they are attached form heterocyclyl;

with the proviso that when Xis 0; Yis -N(Ra)-; mand n are 1; Rl and R2
are each independently chloro, nitro, nethyl, or isopropyl; R3 is nitro;
and p is 0; Rh is not hydrogen. [0051]In yet ganot her enbodi nent, in Fornul a
1, R and R2 are each independently fluoro, Ichloro, or methyl; R3 is cyano
or nitro; RS is nmethyl; Xis Oor S; Yis -0 N(Ria) 9 c(Ra)(Rd 9

0.0
R S R?
lilc lila
R3
(11D

or an enantiomer, a mixture of enantiomers, a mixture of two or more diastereomers, a
tautomer, or a mixture of two or more tautomers thereof; or a pharmaceutically acceptable
salt, solvate, hydrate, or prodrug thereof; wherein Rl, RZ, R3, Rla, R“’, R1°, X, and r are each

as defined herein.

[0058] In one embodiment, in Formula III,

R' and R? are each independently (a) halo, cyano, nitro, hydroxyl, or
guanidine; (b) Cy_¢ alkyl, C;_¢ alkoxy, or C; alkylthio, wherein the alkyl, alkoxy, and
alkylthio are each independently and optionally substituted with one, two, or three halo; (c)
C,6 alkenyl, C, ¢ alkynyl, phenyl, benzyl, phenoxy, benzoxy, or heterocyclyl; or (d)
~C(O)R™, ~C(0)OR™, -C(O)NR"R'®, ~OC(O)NR"R'®, -NR'"R"®, -NR*C(O)R"",
~NR"C(0)OR', -NR'S(0),R", =S(0),R™, or —S(0):NR"’R';

R’ is (a) hydrogen, halo, cyano, nitro, or hydroxyl; (b) C,¢ alkyl, C,_¢ alkoxy,
or C;¢ alkylthio, wherein the alkyl, alkoxy, and alkylthio are each independently and
optionally substituted with one, two, or three halo; (¢) C,¢ alkenyl, C,_¢ alkynyl, or tetrazolyl;
or (d) ~C(O)R™, ~C(0)OR'™®, -C(O)NR'’R'®, ~OC(O)NR'"’R'®, -NR'"R"*, -NR'*C(O)R"", or
~-NR"C(O)OR'%;

XisOQorS;

r is an integer from 1 to 6;

each R' and R' is independently (a) hydrogen, phenyl, or benzyl; (b) C3.7
cycloalkyl; or (c) C, alkyl, optionally substituted with one, two, or three substituents, each
independently selected from halo, hydroxyl, carboxy, alkoxy, carbamoyl, Cs.14 aryl, C; ¢
alkylcarbamoyl, di(C;_ ¢ alkyl)carbamoyl, C; 7 cycloalkylcarbamoyl, and C; ;
heterocyclylcarbamoyl; and

each R'® and R is independently (a) hydrogen or phenyl; or (b) Cy6 alkyl,
optionally substituted with one, two, or three substituents, each independently selected from

halo, hydroxyl, carboxy, alkoxy, carbamoyl, Ce.14 aryl, C;_¢ alkylcarbamoyl, di(C; 6
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) or -C(Ria)(NRibRic)-; MiS1 nis1or 2, pis 0, 1, or 2

each Rh is hydrogen, nethyl, ethyl, propyl (e.g., n-propyl or isopropyl),
butyl (e.wo,20rv/fasd5¢l , 2-butyl, isobutyl, or t-butyl), peargs2qie/gis2s
n-pentyl, 2-pentyl, 3-pentyl, 2- nethylbutyl, 3-nethyl butyl,

1, 1-di et hyl propyl, 1,2-di nethyl propyl, or 2,2-dinethyl propyl),

cycl opentyl, or 3-oxo-1Him dazo[1,5-climdazol-2(3H)-y1l; each
Rib and Bll&l)ba%bérﬁ@@@r?@%&dllyyléﬁ%amﬁyl Qhd €1 WekeroQtlyRamAmPaAl ér of Rib and Ric

together with the N atomto, whic fhey are attached independently form
pyrrolidinyl or pi{ehpar ok a%fh%l F@gle@%‘yléh@gé?ﬁtommwbwhthey aregitpghed he

provi so H%Feﬂ@gﬁ R frch BetProaryl bhetelcA}1» mand n are 1; R and R2 are each
i ndependently chloro, nitro, nethyl, “or isopropyl; R3 is nitro; and p is O;

"Zia is not hydrogen. t£10052] In stil I anot her enbodi ment, in Formula Il, Ri
and R2 arl@¥4ch i nbepehgremtiogingeni gt ormgly iy o, or methyl; R3 is cyano or

nitro; RS is net hykr and’R2Surdea0 1n§epe¥dén§1 1o or C[\lg Bkﬂ) optlonﬁy@lﬁs)u(@cp) or
-C(Ra)(NRibRic)-; mis1; nis1l §

with one, two, or three halo;

R’ is cyano or nitro;

XisOQorS;

ris?2;

R"is (a) hydrogen; or (b) Cy.¢ alkyl, optionally substituted with one, two, or
three substituents, each independently selected from halo, hydroxyl, carboxy, alkoxy,
carbamoyl, Cg 14 aryl, Cy_¢ alkylcarbamoyl, di(C;_¢ alkyl)carbamoyl, C;_;
cycloalkylcarbamoyl, and Cs;.7 heterocyclylcarbamoyl; and

' and R'® are each independently C,_¢ alkyl, optionally substituted with one,
two, or three substituents, each independently selected from halo, hydroxyl, carboxy, alkoxy,
carbamoyl, Cg 14 aryl, Cy_¢ alkylcarbamoyl, di(C;_¢ alkyl)carbamoyl, C;_;
cycloalkylcarbamoyl, and Cs;.7 heterocyclylcarbamoyl; or

R and R'® together with the N atom to which they are attached form

heterocyclyl.
[0060] In yet another embodiment, in Formula III,
R! and R? are each independently halo or C; ¢ alkyl;
R’ is cyano or nitro;
XisOorS;
ris?2;
R is hydrogen; and
R'® and R'° are each independently C, ¢ alkyl; or
'* and R'® together with the N atom to which they are attached form
heterocyclyl.
[0061] In still another embodiment, in Formula III,

R' and R? are each independently fluoro or methyl;
R’ is cyano;

XisOorS;
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pis 0, 1, or 2 each Rh is hydrogen, nethyl, isopropyl,
2-pentyl, 3-pentyl, cyclopentyl, or 5-

buty1l- 7- chbanw/23w%0- 1H i m dazo[ 1, 5-cl i m dazol - 2( 3H) - y1PCT/US2010/031828 each
Rib and Ric is independently nethyl or ethyl; or each pair of Rb and Ric
together with the N atomto which they are attached i ndependently form
pyrrolidinyl or piperidinyl; Ri d I s hydrogen; with the proviso
that when X is 0; (Ysbs -N(Rl a)-; mand n are 1; R and R2 are each

i ndependently chlorg, nitro, met hyl, or isopropyl; R3is nitro; and p is O;
Rais not hydrogeR. i{iDUSBPEiéne enbodiment, in Formula I, Ri
and R2 are each mﬁegg(q\ﬁeg;ée){hﬁadro or G_6 al kyl, optionally substituted
with one, two, or three 1an R3 is cyano or nitro; R5 is oxo; C _6 alkyl,
optional |y substitRtead Rnctt%etmewﬂhmN@wmtt%r’vé@hm@re %ﬁach-e@wgﬂdanﬂyxl s 0 or

S Y [ s Q(irm ﬁrzuhdlﬁgrpc}r%bpen%%rﬁh)— -C(Ra)(Rd)- -C(RiaXNRibRic)-; mis

each Rla and Ridis
|ndependentl (a) hydroge het eroaryl, or

n,, (b) cycl qal kyl
het er ocyd9§a2 eachThsparpérak § é%b%ﬂ%s d{a L RE XY, 18, mpkgAd r impt i onal |y
substi tut ﬂm‘ﬁ’h?ﬁ %Pﬁha&:‘ﬁ&hhe e tfld echééﬂ?@ﬁ?dk éh‘?s”&e%enb%&‘ﬁé}e' ngi_%Gendent Iy

sel ect ed rom droxyl, car oxy car bam) 14 aryl, G _6
al kyl car b:ambylhtlong |0( BGe e@bqllklynt) pmvtg]adxbgrbm f@fgsuah groups are w1th1n the scope of

this disclosure.

[0063] In certain embodiments, R'is halo, cyano, nitro, hydroxyl, or guanidine. In
certain embodiments, R!is halo. In certain embodiments, R! is fluoro or chloro. In certain
embodiments, Rlis C16 alkyl, Cy¢ alkoxy, or C,¢ alkylthio, wherein the alkyl, alkoxy, and
alkylthio are each independently and optionally substituted with one, two, or three halo. In
certain embodiments, R!is C, alkyl, optionally substituted with one, two, or three halo. In
certain embodiments, R' is methyl, ethyl, propyl (e.g., n-propyl and isopropyl), butyl (r-butyl,
2-butyl, isobutyl, or #-butyl), or pentyl (e.g., n-pentyl, 2-pentyl, 3-pentyl, 2-methylbutyl, 3-
methylbutyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, or 2,2-dimethylpropyl). In certain
embodiments, R'is methyl, In certain embodiments, R'is C, alkenyl, C, ¢ alkynyl, phenyl,
benzyl, phenoxy, benzoxy, or heterocyclyl. In certain embodiments, R' is ~C(O)R',
~C(O)OR™, ~C(O)NR™"R'®, -C(NR')NR'"R"®, -OC(O)R™*, ~OC(O)OR"*, -OC(O)NR'*R"*,
~OC(E=NR™NRPR', ~OS(O)R'?, ~OS(O)R™, ~OS(O)NR'"R'®, ~OS(0),NR""R'®, -NR"’R",
~NR™C(O)R'?, -NR*C(0)OR'?, -NR"“C(O)NR "°R"®, -NR*C(=NR'*)NR'"R ",
~NR™S(O)R', -NR'*S(0),R'?, -NR'*S(O)NR'*R'*, -NR'*S(0),NR'*R'*, ~S(O)R'*,
—S(0),R™, —S(O)NR'™R™, or —S(0),NR'R'"; wherein R'*, R, R', and R'* are each as
defined herein. In certain embodiments, R' is —C(O)R'*, -C(O)OR", —-C(O)NR'°R*,
~OC(O)NR'"R'®, -NR'*R, -NR"*C(0)R'‘, -NR"*C(0)OR'?, -NR"*S(0),R"", =S(0),R"*, or
~S(0),NR'®R'®; wherein R'?, R'®, R'®, and R'® are each as defined herein.

[0064] In certain embodiments, R®is halo, cyano, nitro, hydroxyl, or guanidine. In
certain embodiments, R is halo. In certain embodiments, R? is fluoro or chloro. In certain
embodiments, R?is C16 alkyl, Cy¢ alkoxy, or C,¢ alkylthio, wherein the alkyl, alkoxy, and
alkylthio are each independently and optionally substituted with one, two, or three halo. In

certain embodiments, R?is C1 alkyl, optionally substituted with one, two, or three halo. In
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cycl oal kyl carbanoyl, and C3_7 heterocyclyl carbanoyl; and Ri b and
Ric are each independently C 6 al kyl, optionally substituted with one,

two, or twoeelmsabssti t uents, each i ndependently sel ect edpCrarseénalosis2s

hydr oxyl , carboxy, al koxy, carbanoyl, C6_14 aryl, C _6 al kyl carbanoyl,

di (G _6 al kyl)carbanoyl, C3-7 cycloal kyl carbanoyl, and C3_7

het erocycl yl carbanoyl; or Rb and Ric together wwith the N atomto which

they are cal%@%%hufn@ﬂtm%% ﬁétﬁﬁy&hw propyl (e g, 1- propyl anwlid@rappg mftmh $@yt hat
when X is 0; Y i N(Rh) ; mand n R “and re each 1ndepéndently

chloro, rriuty, 1S<H%lt}ﬁyqrt b @@S?W%ﬂg ”F@n%: Qmeﬂ?yb 3- Bfﬁ@ﬂ p-ngthgbutih3i s not
hydrogen m&l@%‘ﬂ@}l' M ﬂﬂﬁ)étm%roﬁ)ffbpﬁj HMylprbﬁfl FRLMithefh {ylpr(@yl ang.JRinr € each

i ndependent 'y hal o or i's cyano or 5 1s oxo, G _6
al kyl , remb@@@e(mllé is wiedwkiln Cﬂhim an@dlreermﬂ IRyIS szla&e@ylo@z Slkyyyl, ghayl9 S 9

SO1Z0 My AN s S BN ke Lok 1o 1 or 2
cycl oal ky{C(OKBR Br-¢OINR/IR oL (SR “BNRIPRY/ O(é(@aR“ —OC<O)0R“‘ —OC<O)N1?“’R1°
—~OC(=NR"™NRR', ~OS(O)R", —~OS(0),R", ~OS(O)NR'’R'®, ~0S(0),NR'"R'¢, -NR'"R'¢,
~NR"™C(0)R', -NR™C(0)OR'?, -NR"™*C(O)NR'’R¢, -NR"*C(=NR'Y)NR'°R'¢,
~NR"™S(0)R', -NR"S(0),R"?, -NR*S(O)NR'’R¢, -NR"*S(0),NR'*R'*, —=S(O)R"?,
—S(0),R™, —S(O)NR'™R™, or —S(0),NR'R'"; wherein R'*, R, R', and R'* are each as
defined herein. In certain embodiments, R? is —C(O)R"™, —-C(O)OR'®, —C(O)NR'°R'¢,
—~OC(O)NR'™R', -NR'"R'¢, -NR"*C(O)R'¢, -NR*C(0)OR?, -NR"S(0),R'", —=S(0),R", or
—S(0),NR'PR®; wherein R', R'®, R, and R' are each as defined herein.

[0065] In certain embodiments, R! and R are the same. In certain embodiments, R!
and R? are fluoro. In certain embodiments, R! and R? are chloro. In certain embodiments, R!

and R” are methyl.

[0066] In certain embodiments, R! and R? are different. In certain embodiments, R!

is fluoro, chloro, or methyl. In certain embodiments, R?is fluoro, chloro, or methyl.

[0067] In certain embodiments, R?is hydrogen, halo, cyano, nitro, or hydroxyl. In
certain embodiments, R’ is cyano or nitro. In certain embodiments, R’ is Ci alkyl, Ci6
alkoxy, or C; alkylthio, wherein the alkyl, alkoxy, and alkylthio are each independently and
optionally substituted with one, two, or three halo. In certain embodiments, R®is Cy alkenyl,
Cy6 alkynyl, or tetrazolyl. In certain embodiments, R?is —C(O)R'®, -C(O)OR™,
~C(O)NR'"R'®, ~C(NR')NR'"R'*, ~OC(O)R™*, ~OC(0)OR ', ~OC(O)NR'*R',
~OC(=NR"™)NR'’R'®, ~OS(O)R™, ~OS(0),R"*, ~OS(O)NR"’R’®, ~OS(0),NR"R'*, -NR'"R"*,
~NR™C(O)R'?, -NR*C(0)OR'?, -NR"“C(O)NR "°R"®, -NR*C(=NR'*)NR'"R ",
~-NR"S(O)R', -NR*S(0O),R", -NR™S(O)R"", -NR"*S(0),R"%, ~=S(O)R™*, —=S(0),R"*,
—~S(O)NR'R', or —S(0),NR'°R'; wherein R'*, R'®, R', and R'? are each as defined herein.
In certain embodiments, R’ is —C(O)R'?, -C(O)OR"™, —-C(O)NR'°R*, —OC(O)NR'’ R,
~NR™™R, -NR"™C(O)R", or -NR"*C(O)OR""; wherein R'*, R'®, R'®, and R'® are each as

defined herein.
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Rib and Ric are each independently C _6 alkyl; or Rib and Ric together with
the N atomto which they are attached form heterocyclyl; wth
t he proviwo 2tva3ashen X is 0; Y is _N(Rh) _; mand n arePCI/ulo1ansis®? are
each independently chloro, nitro, nethyl, or isopropyl; R3 is nitro; and p
Is 0; Rhis not hydrogen. [0055]1n yet another enbodinent, in Formula I,
Ri and R2 are each independently fluoro, chloro, or nethyl; R3 is cyano or
nitro; R5 is nethyl, oxo, or nethoxycarbon w,lXis Oor S; Y is
-0-9-S-9-5(0)2-9-N(R a) - 9-C(Ria)(Rict(R%))\ C(Ria)(NRIbRIc) ; mis 1; n
Is 1 or 2; Is 0, 1, or 2; P ‘\ﬁz}ch Riais, hydrogen met hyl ,

et hyl , prle@gl (e. gIn Ceﬁalpﬁ@bwm@m iRépropyl ) "butwhergieRy Y, Hnnbftjlﬂy?lare 2- butyl
i sobutyl, lo y] e entyl, 2-

met hyl buteja}%asge%@hy{e nutglg ﬁ lf %te%tlgﬁlgflﬁg/ p?%%éﬁam%fﬁ)g E][}élms’[%ﬁPpr opyI , or

2, 2-di rretlk&flgﬂo %), cycl opentyl or

3- 0xo0- 1Hi arng 195 c]|madqgol each Rb and Ricis

i ndependent Ty net hyfhestn Bedfy |- R ‘E%ﬂ‘fﬁe%fala? deffneghgieiind Ri ¢ together with
the N atomto which they are attached i ndependently form pyrrolidinyl or

pi peri di ngd69] and  In certain embodiments, R’ is halo, cyano, nitro, hydroxyl, oxo, or guanidine.

In certain embodiments, R is oxo. In certain embodiments, RYis C1 alkyl, C,¢ alkoxy, or
C,¢ alkylthio, wherein the alkyl, alkoxy, and alkylthio are each independently and optionally
substituted with one, two, or three halo. In certain embodiments, R’ is Ci alkyl. In certain
embodiments, R’ is methyl, ethyl, propyl (e.g., n-propyl and isopropyl), butyl (n-butyl, 2-
butyl, isobutyl, or f-butyl), or pentyl (e.g., n-pentyl, 2-pentyl, 3-pentyl, 2-methylbutyl, 3-
methylbutyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, or 2,2-dimethylpropyl). In certain
embodiments, R is methyl, In certain embodiments, R%is C, alkenyl, C, ¢ alkynyl, phenyl,
benzyl, phenoxy, benzoxy, or heterocyclyl. In certain embodiments, R’ is -C(O)R™,
~C(0)OR ', ~C(O)NR'*R'*, ~-C(NR'*)NR'’R'¢, ~OC(O)R™*, ~OC(0)OR"*, -OC(O)NR"’R’,
~OC(=NR"™)NR'’R'®, ~OS(O)R™, ~OS(0),R"*, ~OS(O)NR"’R’®, ~OS(0),NR""R'*, -NR'"R"*,
~NR"C(O)RY, -NR"C(O)OR'’, -NR**C(O)NR™*R, -NR"*C(=NR')NR'’R"*,
~NR™S(O)R', -NR'*S(0),R'?, -NR'*S(O)R'?, -NR'*S(0),R ', ~S(O)R™, —=S(0),R ",
~S(O)NR'PR', or —S(0),NR'’R'; wherein R R, R!¢, and R'® are each as defined herein.
In certain embodiments, R is —C(O)R', ~-C(O)OR', -C(O)NR'°R'®, ~-OC(O)NR'’R'®,
~NR™™R, -NR"™C(O)R", or -NR"*C(O)OR""; wherein R'*, R'®, R'®, and R'® are each as
defined herein. In certain embodiments, R’ is —C(O)ORla, wherein R'? is as defined herein.
In certain embodiments, R%is —C(0)O-C, alkyl, optionally substituted with one or more

substituents. In certain embodiments, RYis —C(0O)O-C; ¢ alkyl. In certain embodiments, RYis

methoxycarbonyl.
[0070] In certain embodiments, X is O. In certain embodiments, X is S.
[0071] In certain embodiments, Y is —O—. In certain embodiments, Y is —S—. In

certain embodiments, Y is —S(O)-. In certain embodiments, Y is —S(O),—. In certain
embodiments, Y is —NRla—, wherein R'? is as defined herein. In certain embodiments, Y is
—C(Rla)(Rld)—, wherein R™ and R are each as defined herein. In certain embodiments, Y is

~CR"NR'™R'_, wherein R'?, R'®, and R'® are each as defined herein.
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Rid is hydrogen; with the proviso that when Xis 0; Yis
-N(Ria)-; mand n are 1; R and R2 are each independently chloro, nitro,

met hyl , owoiempreysgl ; R3 is nitro; and p is 0; Rh is norcChyseagosis2g 0056] | n
still another enbodinment, in Fornula Il, R and R2 are each independently
fluoro, chloro, or nethyl; R3 is cyano or nitro; R5 is nethyl, oxo, or

met hoxycarbonyl; Xis O or S Yis 0O 9359 §0)2-9 -N(Ria) 9 c(Ra)(Rd 9
) or - C{ih@hf NRi bRinGlbriain EMbbBndacs, M 15D, In Bérafn enfoddindes, ris OF Inkertain
each Rh is hydrogen, nethyl, isopropyl, 2-pentyl, 3-pentyl, cyclopentyl, or
5- but y1-mbetim§pE-B 103 dn PR Hedypass e idni dazol - 2( 3H) - y1;
Rib and Ric is independently nethyl or ethyl; or each pair of Rb and Ric

t oget her [gosh t he 1N kQRhBoMAESRE nlibeY medeRaidlehBeN 8k NAEpeR@kiny form

each

pyrrolidinyl or piperidinyl; R dis hydrogen,; with the proviso
t hat whesmRofigieps, nvisds  N(Rh) : mand n are 1; R and R2 are each
I ndependently chloro, nitro, nmethyl, or isopropyl; R3is nitro; and p is O;
Rh i's notjodwdr ogent AR éhbsdixelts, RGN nedDOM WRMh embb@mafiY, s 1l If @aani de of
Formula | has the structure

nis 2.

[0075] In certain embodiments, p is 0. In certain embodiments, p is 1. In certain

embodiments, p is 2. In certain embodiments, p is 3. In certain embodiments, p is 4.

[0076] In certain embodiments, ris 1. In certain embodiments, r is 2. In certain
embodiments, ris 3. In certain embodiments, r is 4. In certain embodiments, ris 5. In

certain embodiments, 1 is 6.

[0077] In certain embodiments, R is hydrogen. In certain embodiments, R%is
phenyl or benzyl. In certain embodiments, R"™is Cs cycloalkyl. In certain embodiments,
R™is cyclopentyl or cyclohexyl. In certain embodiments, R is heteroaryl or heterocyclyl,
each optionally substituted. In certain embodiments, R'%is 3-o0xo0-1H-imidazo[1,5-
climidazol-2(3H)-yl. In certain embodiments, R'%is 5-butyl-7-chloro-3-oxo-1H-imidazo[1,5-
climidazol-2(3H)-yl. In certain embodiments, R is C1.6 alkyl, optionally substituted with
one, two, or three substituents, each independently selected from halo, hydroxyl, carboxy,
alkoxy, carbamoyl, Cg.14 aryl, Cy¢ alkylcarbamoyl, di(C;.¢ alkyl)carbamoyl, Cs_;
cycloalkylcarbamoyl, and Cs_7 heterocyclylcarbamoyl. In certain embodiments, R is Cis
alkyl. In certain embodiments, R™is methyl, ethyl, propyl (e.g., n-propyl and isopropyl),
butyl (n-butyl, 2-butyl, isobutyl, or f-butyl), or pentyl (e.g., n-pentyl, 2-pentyl, 3-pentyl, 2-
methylbutyl, 3-methylbutyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, or 2,2-dimethylpropyl).

In certain embodiments, R™ is methyl, methyl, isopropyl, or 3-pentyl.

[0078] In certain embodiments, R'®is hydrogen. In certain embodiments, R®is
phenyl. In certain embodiments, R™®is benzyl. In certain embodiments, R™®is Css
cycloalkyl. In certain embodiments, R™ s cyclopentyl. In certain embodiments, R is Cg
alkyl, optionally substituted with one, two, or three substituents, each independently selected
from halo, hydroxyl, carboxy, alkoxy, carbamoyl, Ce.14 aryl, C, alkylcarbamoyl, di(C;.6
alkyl)carbamoyl, Cs.; cycloalkylcarbamoyl, and Cs_.; heterocyclylcarbamoyl. In certain
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of Formula I11I: R3 (Ill) or an enantionmer, a mxture of enantioners, a

m xture of two or nore diastereoners, a tautoner, or a mxture of two or
nor e tautwoens/RBesseof ; or a pharnaceutical ly accept abl eczaistoiossiseat e,
hydrate, or prodrug thereof; wherein R, RR9 R39 Rh, Rib, " ,-, le KX and
r are each as defined herein. [0058]1n one enbodinment, in Formula I1]

Ri and R2 are each independently (a) hal o, cyano, nitro, hydroxyl, or

guani di n%mbeﬁa}ne@sﬁb @sl dgy6 alky& er@AIK@aﬁu@dlﬁém@mﬁls %{emyl telHyp prdy@ﬁ(re%l n-the

al kyl, alkox&Jil thio are each independent and opt i onal’l g
subst i t utPeepy rtdhsqpﬁwl)twl (buyhPdwthdsput E@}tb}w@ A PRERNE-2-- cPewYhl kynyl ,
phenyl , be 3. t r

POD) o o DAY SRR e AT i i 21 OGN Mo L Dol o

NRi aC( 0) aR- @Iimethsdlkrm()omﬁr@m engodimRisaR ° oy metdsyloy 2hRLbR1C; R3is
(a) hydrogen, halo, cyano, nitro, or hydroxyl; (b) G _6 aIkyI G _6 al koxy,

or G _6 ghagph thio, In%%%fﬁb&ﬁﬁeﬁck ‘W* is h?élr%géﬁy 1n BHiALISO RIS, RIS each

|ndependently and optionally s titutéed th one, two, or three halo; (c)
C2_6 al kehgnyl mzeealapmp@@;mentarRi@tbp@zz/bllylcertm erpppdimenty Rihis C2.0( 0) ORI a,

C( 0) NR! Q%lgalkﬂ%{ &:}[QB elrrﬁ)ghlﬁlen@ﬁ@b@ cgfclofﬂ!%'tﬁp il‘péeﬁh{H’em%BdIMS,afgé g)@ll? d
alkyl, optionally substituted with one, two, or three substituents, each independently selected
from halo, hydroxyl, carboxy, alkoxy, carbamoyl, C¢ 14 aryl, C;_¢ alkylcarbamoyl, di(C;_¢
alkyl)carbamoyl, Cs.; cycloalkylcarbamoyl, and Cs_.; heterocyclylcarbamoyl. In certain
embodiments, R is Ci6 alkyl. In certain embodiments, R is methyl, ethyl, propyl (e.g., n-
propyl and isopropyl), butyl (n-butyl, 2-butyl, isobutyl, or -butyl), or pentyl (e.g., n-pentyl,
2-pentyl, 3-pentyl, 2-methylbutyl, 3-methylbutyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, or
2,2-dimethylpropyl). In certain embodiments, R'® is methyl or ethyl.

[0080] In certain embodiments, R'™ and R together with the N atom to which they
are attached form heteroaryl, optionally substituted with one or more substituents Q as
described herein. In certain embodiments, R'® and R'® together with the N atom to which
they are attached form heterocyclyl, optionally substituted with one or more substituents Q as
described herein. In certain embodiments, R!® and R together with the N atom to which
they are attached form 5- to 7-membered heteroaryl. In certain embodiments, R' and R'
together with the N atom to which they are attached form 5- to 7-membered heterocyclyl. In
certain embodiments, R'™ and R* together with the N atom to which they are attached form
5-membered heterocyclyl. In certain embodiments, R and R™ together with the N atom to
which they are attached form pyrrolidinyl. In certain embodiments, R'® and R'® together with
the N atom to which they are attached form 6-membered heterocyclyl. In certain
embodiments, R' and R together with the N atom to which they are attached form

piperidinyl.

[0081] In certain embodiments, R s hydrogen. In certain embodiments, R s
phenyl or benzyl. In certain embodiments, R'%is C34 cycloalkyl. In certain embodiments,
R is cyclopentyl. In certain embodiments, R'is Crg alkyl, optionally substituted with one,
two, or three substituents, each independently selected from halo, hydroxyl, carboxy, alkoxy,

carbamoyl, Cg 14 aryl, Cy.¢ alkylcarbamoyl, di(C;.¢ alkyl)carbamoyl, Cs_7 cycloalkylcarbamoyl,
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Xis Oor S; r is aninteger from1l to 6; each Rh and Rid is

i ndependently (a) hydrogen, phenyl, or benzyl; (b) C3_7 cycloal kyl; or (c)
C _6 al kywo 2omtizeesal |y substituted with one, two, or thireg/isabsodtseent s,
each independently sel ected from hal o, hydroxyl, carboxy, al koxy,

car banoyl, C6-14 aryl, Cl-6 al kyl carbanoyl, di (C _6 al kyl)carbanmoyl, C3_7

cycl oal kyl carbamoyl, and C3-7 heterocyclyl carbanoyl; and each
Rib and RhgCi Ehét&@l@@@ﬁtq%mom (Iﬁbertbyrdé&gﬁnn&rts Rhiqwl ¢ alQ¥l. (derGdn 6 al kyl,
optional Iy substituted with one, or three substituents, each

i ndepend@ﬁtbwdn@eqs&t dngthgratinal R§0P}111§ﬁd§‘ gxpiopylead BeRippya bk §-busdr Banoy | |
C6_14 ar Yy %ob@ty%i‘%&% Q@B&H{iﬁl (e.9l 1 Gent 2%&&%1' %%@ﬁt?ﬁméthyl&%ﬂ@

cycloalkylcarbanoy eterocyclyl car each
pai r of RidthydndylR.& dtl@@@ﬂ}brépylvﬁ 2 ﬁlmdﬂwlmomlmﬂt?odlmhdhmph@y Ipgastagt t ached

:Edﬁgfggl%ﬂibw Pfeﬁlrsrﬁlh?strﬁétﬁﬁrl}%%r%gl E)?E%eﬁ{?y %X&rhal 8%2%%% ésﬁtii?;@ r e”bOd'Ci”egt’

e eac al o or _
al kyl , optyflordriboprepybstituted with one, two, or three halo; R3 is cyano or
nitro; Xis 0or S; r is 2; R s 1 (a) hydrogen; or (b) G _6
al kyl, o ally 1 QQ%T . r i each
|ndependgﬁ%?€ se|é@#§§E?%§%@'ér&%aﬁ I 0X p%ln %EVEEC §§§¢&yggﬁgnnyl
C6_14 ar ybnpsisGing 6f:al kyl car banoyl , dl(O 6 aIkyI)carbanDyI C3-7
cycl oal kyl car banmoyl, and C3_7 heterocyclylcarbannyl and Ri b

and Ric are each independently €6 al kyl, optlonally sdbstituted with one,
two, or three substituents, eagh 'ndependently sel ect ed om hal o,
hydr oxyl , carboxy, al koxy, cargampyl, C6 14 aryl, O 6 yl car banoyl ,

di (G _6 aIkyI)carbanDyI()GS P c cloalkylcarbannyb Q3 7
het er ocycl yl car banoyl ,S ald; Ri ¢ togeth?p«ﬁﬁs e N atomto which
they are attached fo{/\
CN , CN
51 52
F F

WS

O\\ '/() ¢ NS/
N’S F (\N,S F
HNw) \rN\)
CN CN

53 54

F F

O\\ /y O\\ /,() O :

N’S F N F

N\) N\)
Bl L T 5

55 56
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het erocyclyl. [0060]In yet another enbodinment, in Fornula Ill, R and R2
are each independently halo or G _6 alkyl; R3 is cyano or nitro; Xis 0O or
S; r is 2voRnor3dsydrogen; and Rib and R ¢ are each i ndepgrusenbloyised 6

alkyl; or Rb and Ric together with the N atomto which they are attached

formheterocyclyl. [0061]In still another enbodinent, in Formula Ill, Ri
and R2 are each independently fluoro or nmethyl; R3 is cyano; Xis O or S; r
is 2;
F F
0, O 0.0 ¢
//\N,s F (\N,s F
ICN__) 0
CN , CN ,
57 58
F F
O\’/ O\//O o
! N (N
59 60
Cl F
O\\’/O Q O\\’/
NS Cl NS F
) N
C/ NO, CN ,
61 62
F F
Qe LY Qopet
N\/\N,S F N\/\N,S F
H H
CN : CN ,
63 64
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Ria is hydrogen; and Rib and Ric are ethyl; or Rib and Ric
together with the N atomto which they are attached i ndependently form
pyrrol i diwgloovizpesperi di nyl . [ 0062] The groups, R, R29 R8¥/1R4Q0BSH2R a,
Rib, Ric, Rd, X, y9 m n, 139 and r in Forrmula I, Il, or Ill are further
defined in the enbodi ments described herein. Al conbinations of the
enbodi nents provided herein for such groups are within the scope of this

di scl osure. [0063]1n certain e ?glnents Ri is halo, c o, nitro,

hydr oxyl, or guanidine. In cert enbodi nents, R is hgld. In certain
enbodi nents, R is fluoro or ¢ 0. In certain enbodi s, R is G _6
al kyl, G 6 al koxy, or G _6 aI hi o, wherein the al al koxy, and

al kylthio are each i ndep}:rﬁle tly and optl onal I y (B\lfbsﬁl tyted with one, two,
or three halo. In cer SepbadiCient s iy CHoptional |y

substituted with Onﬁli\l hree hal o ta| podi nents, R is
nmet hyl, ethyl, propy \‘/wog h- propyl and i sobw%pyl )Y butyl (n- butyl ,
2-butyl, isobutyl, or t- butyCl)I or pentyl (e.g., n-pentyl, 2-pentyl,
3-pentyl, 2-net hyI butyl, nmet hyl butyI 1, 1- d| met hyl propyl ,

1, 2-di met hyl propyl, or 2 26d| et hyl pr opyI ). In cer &in enbodi ments, R is
methyl. In certain enbodl ments, R is C_6 alkenyl, C_6 a Jékynyl phenyl
benzyl, phenoxy, benzoxy, or het:récyclyl. In certain enb ?nents R is
_C(0)Rh, C(0)OR a, -C(0)NRLLRi C(NRi a) NRi bRi ¢, -0C( , -OC(O)ORIa,

-0C(0) NRLIR ¢,  0C(=NR a) NRi bRy A 0S(0) R, - 0S(0) 2Ri 3 0) NRl bK' si ¢,
_05(0) 2NRLbRLc, NRLbRIc, o\\»@uc( ) Ri d, - NRlaC(0) OR & NR|'6§C( 0) NRi bRi ¢,
NRi bRi ¢,

NRi aC( NR1d) NRi bRi c, N 815 - NRi 1S(0) 2%@]\1- R as(
b

-NRi aS(0) 2NRi bRi c, 0) 2Ri a, - S( c, -S(0) 2NRi bRi c;
wherein R a, Rlb mﬁ f are each as)%‘i ed hergin. In certain
enbodi nents, Ri ~C(0) Rh, QGO)ORJa -C(O)NRi bRic, ©C(0)NRi bRic,

-NRi bRi c, -NRlaC(O)RId I\BlaC(O)ORId -NR1aS(0)2R|d -S(0)2Ri a, or
S(0)2NRi bRic; wherein Rla, Rib, Ric, and Rd are e@?bh as defined herein.
[0064] I n certain enbodinents, R2 js halo, cyano, nitro, h&QroxyI, or

guani dine. In certain enbodinents] R2 is halo. In certainjehbodi nents, R2

is fluoro or chloro. In certain odinents, R2 is C _6 yl, G _6 al koxy,
or G _6 alkylthio, wherein the |, al koxy, and al kyl are each
i ndependently and opti onab] bstituted wth oneQ, o, of three halo. In
certai n enbodi nents, 32’#@ ' atRyl, optionatTyy itdfed with one,
two, or three halo. ”NJ H3C’NQ
g CN , CN ,
69 70
CH, CH,
O\// O\/p 3
(\N) CH, N?s CH;
o ~x
CN : ‘ CN ,
71 72
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certain enbodi ments, R2 is nethyl, ethyl, propyl (e.g., n-propyl and

i sopropyl), butyl (n-butyl, 2-butyl, isobutyl, or t-butyl), or pentyl

(e.qg., n-wermbwli23®epentyl, 3-pentyl, 2-methyl butyl, 3- merhgkdootoyiss

1, 1-di net hyl propyl, 1,2-dinethyl propyl, or 2,2-dinethylpropyl). In certain
enbodi nents, R2 is nethyl. In certain enbodinents, R2 is C2_6 alkenyl, C2_6
al kynyl, phenyl, benzyl, phenoxy, benzoxy, or heterocyclyl. In certain
enbodi nents, R2 is _C(0)Rh, C(0)pRi a, -C(O)NRL1Ri c, -C(NRi a) NRi bRi c,
-0C(0)Rh, -0C(0)0ORi a, -0C(0)NR11Ri¢, O0OC(=NRi a)NRi bRic,

-0S(0)2Ria, -0S(0)NR bK' slc, _Q0) 2NRi bRic, -NR bRic,
-NRi aC(0) ORi d, - NRi aC(0) NRi bRi Ri aC(=NR1d) NRi bRi c,

-NRi aS(0) 2Ri d, - NRi 4S(0) NRI,Q?JRISC - NRi aS( 0) 2NRi bRi 0, ©_ S(0) ORi a,
-S(0)NRi bRi ¢, or -SN bRy, WHerein R a, Nﬁl ndlRi d are each as
defined herein. Inl certaHn di ments, R2 is | C(0) C(0)ORi a,

-C(0O)NRi bRic, 0C(0)NRi bRi c, Ri bRi c, leé::’éd NR1aC(0)ORi d,
-NR1aS(0)2Ri d, -S(0)2Ria, or C$(0)2NRi bRic erein RRGNR b, Ric, and R d

are each as defined herei n,{ [ 0065] I n certain errbod,}4m3nts Ri and R2 are the
sanme. In certain enbodi ne 35 R and R2 are fluoro.” I n certain enbodi nents,
Ri and R2 are chloro. In certain ggbodinents, R and R2 gre nethyl.

[0066]In certain enbodiments, R and R2 are different. Ijn certain

enbodi nents, R is fluoro, chI or or nethyl. In certai nbodi ments, R2 is
fluoro, chloro, or nethyl. %)20 X certain enbodi nen i s hydrogen,

hal o, cyano, nitro, or hy€g . ln certain enbddu,@re ts,|l R3 is cyano or
nitro. In certain enb -\R3¢is G 6 al g IQQoxy, or G _6

al kyl t hi o, wherein 3 al Eyl , koxy, and am p each i ndependently
and optionally su@ uted with one, two, or thr In certain

enbodi nent s, IS

6 al keny¥Q> C2_6 al kynyl, or tefNazolyl. In certain
embodi ments, R3 is _C(O)Rh,_ -C(0)ORia, C(0)NRi bRi C(NRi a) NRi bRi c,
-0C(0)Rh, -0C(0)ORi a, -OC(?ﬁ NRi bRi c, OC(=NRi a) Nleaq?l c, -0S(0)Rn,
-0S(0)2Ria, -0S(0)NRi bRic, -0S(0)2NRi bRic, -NRi bRic,

Cl
O“s”O I Cl O“s’p i Cl
ol f; )
N N
N /j N
77
cl CI
00 1§ 0L |
\(\N,S\© Cl (\N'S Cl
HNW) N
N G/ N
80
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NR1aC(0) Ri d,
NR1aS(0) Ri d,
- S(0) 2R1ay0 28(00ebiRs bRi c,
are each as defined herein.
-C(0)ORi a, -C(0)NRi bRi c,

- NR1aC( 0) ORi d,
-NRi 1S(0) 2Ri d,

(R5)p ? [0068]In certain enbodi ne
are each as defined herein; and R
enbodi ments, R4 is Rb Riclarc
as defined herein. [0069]In cer
hydroxyl, oxo, or guanidiog®I?
enbodi nent s
al kyl ,

C _6 al kyl.
n- propyl and i sopropyl), q¥tyl
or pentyl (e.g., n-pentyl,
nmet hyl butyl, 1, 1- dlnethylpropyl
2, 2-di met hyl propyl ).

enbodi nent s

, In certain
i , R5 is C2_6 al kenyl
benzoxy, or heterocyclyl. In c

-C(0) NRi bRi c, C(NRla)NRlOg
0C(=NRi a) NRi bRi c, -OS
-NRi bRi ¢, NRi aC(0)| Rl )
- NRi aC( =NR1d) NRi bRuq\J

83
S
CN
85
87

-NRi aC(0) NRi bRi c,
-NR1laS(0) R d,
or -S(0)2NRi bRi c;
In certain enbodi nents,
-0C(0) NRi bRi c,
-NRi aC(0)ORi d; wherein Ria, R b, Rc,
Fs, R4 is , wherein R
is not attached to
erein Ra, R b, -I
embodi nents, R5 i | o0,
cértai n enbodi rrem:Os S'R5Ti's oxo.

, RBis O _fga G Cb al koxy, I(}r\lg;ls

al koxy, andj @I—N\\Lﬁl o] @ each i ndepe(gl
substltuted with one . or ree halo. In rtai
In certain enbodi nemts,
(n-butyl,
b pentyl

RS is net hyI et

3-pentyl,
2 di met hyl propyl, or
od| ment s,
_6 aIkynyI
n enbodi ment s,
0) Rh,
R| a, -0S(0)

-NRi aC(=NR1d) NRi bRi c,
-NRi 1S(0) 2Ri d, _S(0) Rn,

wher ei n Ri a, PRThIS20300318281d Ri d
R3 is _C(0)Rh,
NRi bRic, -NRi aC(O)Ri d, or
and Rid are each as defi ned herein.
Cr Y, m n, and p
In certain
K and r are each
cyano, nitro,
In certain
2l k¢l t hi o, wherein the
d optionally
enbodi nents, R5 is
|, propyl (e.g.,
2- butyI i sobutyl, or t-butyl),
2. hyl butyl, 3-

detl

R5 is methyI.ClIn certain
phenyl , |, phenoxy,
R5 i s )Rh, C(0)ORi a,
-OC(O)ORO@y -DC( %NRIbRIC

¢~ X,05( 0) 2NRi bRi c,
NRla )N

(\N CH,4

CN

Cl

N\, l
- S C
N

=
L
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NRi aS(0) Ri d, - NRi aS(0) 2Ri d,

-S(0)2Rla, S(O)NRibRic, or -S(0)2NRi bRi c;
are each we 2dmii2eesd her ei n.
-C(0)ORia, -C(0)NRi bRic, -0C(0)NRi bRi c,

-NRi aS(0) Ri d,

In certain enbodi nents,
NRi bRi c,

“NRi aS(0) 2Ri d, _S(0)Rh,

wherein Rh, Rib, Rc, and R d
R5 PET/USC@)/B1828
-NR1aC(0)Ri d, or

-NR1laC(0)ORi d; wherein Rh, Rib, WC, and Rid are each as defined herein. In

certai n enbodi nents,

R5 is -C(0)ORi a, wherein Rh is as defined herein. In

certain enbodinents, R5 is -C(0)0-Ci _6 alkyl, optionally bstituted with
one or nore substituents. In certgin enbodinents, R5 is -@0)0-C _6 al kyl.
In certain enbodinents, RS is ne ycar bonyl. [0070]In ain

enbodi nents, X is 0. In certain dinments, Xis S. [0 n certain
embodi ments, Y is -0-. 2 . IIn certain

enbodi nents, Y is -S(0 SCb)2-. In certain

enbodi nents, Y is -NR
enbodi nents, Y is i
herein. In certain

odi nent sCNY i s -

n. In certain

i aNRl bRl c_, erei,n Ria, K and

Ric are each as defined herein. WO 2010/ 123956PCT/ \JS2010/ 031828 [0072] I n

certain enbodiments, mis &. In certain enbodinentS mis 1. In certain
enbodi nents, mis 2. In certain enbodinents, mis 3. [00731In certain
enbodinents, nis 1. In certain enpodinents, nis 2. In cefrtain
enbodi ments, n is 3. [0074] I n cerfain enbodi ments, mis nd nis 1. In
certain enbodi ments, mis 1 and 2.
0.0 @9 0.0 O
°S Cl N
(\N K\N, Cl
N MCN_)
<:::Y CN CN ,
Cl Cl
00 @ 0,0 @
o /[::T,S Cl N,s Cl
nBuYN)\\N HN\)
T \%J CN CN
ol ’ 94
93
Cl Cl
OK/N 0P 7 CI ! 1 Cl
\/\N’ N’
N NQ
e
CN , CN ,
95 96
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[0075] I n certain enbodinents, pis 0. In certain enbodinents, pis 1. In
certain enbodinents, pis 2. In certain enbodinents, pis 3. In certain
enbodi mrenwe,20/123954. [ 0076] I n certain enbodi nents, r i sPLT/USRO10AB1S28 N
enbodi ments, r is 2. In certain enbodinments, r is 3. In certain

enbodi nents, r is 4. In certain enbodinments, r is 5. In certain

enbodi nents, r is 6. [0077]1n certain enbodinents, Rh is hydrogen. In

certain enbodi nents, Rh is phenyl or benzyl. In certain %gbodinents, Riais
C3_7 cycloalkyl. In certain enbodijirents, Rh is cycl openty} or cycl ohexyl.
In certain enbodi nents, Rh is he aryl or heterocyclyl ach optionally

substituted. In certain enbodi Rh is 3-oxo-1Him 111, 5-
climdazol-2(3H-yl. In cegt@i§ efbodiments, Rh ig O o

5- but y1- 7- chl or o- 3- 0x0- P dagotlll, 5- clm geazg|-S

enbodi nents, Rh i ] [ th one, two, or

t hree substituents, i ndepgndent |y sel éct rom hal o, hydroxyl,

car boxy, al koxy, carbanmoyl, C6ed4 aryl, Cl1_6 al kyl carlanoyl, di(C _6

al kyl ) carbanmoyl, C3_7 cycl gal kyl carbanoyl, and C3_7 heterocyclyl carbanoyl .
In certain enbodi nents, RV s Cl 6 alkyl. In certalth enbodi ments, Rh is
nmet hyl, ethyl, propyl (e.g., n-pQprI and i sopropyl), bukxl (n-butyl,
2-butyl, isobutyl, or t-butyl), qgr pentyl (e.g., n-pentyl], 2-pentyl,
3-pentyl, 2- nethylbutyl, 3-net utyl, 1,1-dinethylpr ,

1, 2-di met hyl propyl, or 2,2-ding propyl). In certain dinments, Rhis
nmet hyl , net hyl, isopropyK%éérS3--entyl. [0078] | n &Pt di n lenbodi nents, Ri b
i s hydrogen. In certais~gmdegdixefts, Rbis p?éhmks &ttain enbodi nents,

Ribis benzyl._ln_QEL g%ﬂ ena ment s, Rib\L§NC3 7 c alkyl. In certain
enbodi nents, R b is TCyclopent In certain“enbodi nenffs, Ribis G _6 alkyl,
optionally substituted with oN& two, or three substiNGents, each

i ndependent |y sel ected from hal o, hydroxyl, carbox§g al koxy, carbanoyl,

C6_14 aryl, G _6 al kyl carb&hoyl, di (G _6 al kyl)cadB4noyl, C3 7
cycl oal kyl carbanmoyl, and C3_7 heterocyclyl carbanoyl. In certain
enbodi nents, Ribis G _6 alkyl. Ln certain enbodinents, R b is nethyl,
ethyl, propyl (e.g., npropyl an opropyl), butyl (n-b , 2-butyl,

i sobutyl, or t-butyl), or gﬁng .g., n-pentyl, %5p6 . 3-pentyl,
2- met hyl but yl , 3-nethy|bd&¥ , 11, -dinethylpropylf%g,Z di met hyl propyl, or
2, 2-di met hyl propyl). kf cér enbodi ments, RIDNS yl or ethyl.

[0079] In certain erboNipents ¢ is hydrogepn LA ¢ n enmbodi nents, Ric
is phenyl. In certain enbodinents, Ric is benzyl. In gertain enbodi nents,
Ric is C3_7 cycloalkyl. In ceMain embodinments, Ric i¥%yclopentyl. In
certain enbodinents, Ric i,g,C 6 al kyl, optionallﬁofubstituted w th one,
two, or three substituents, each independently selected from hal o,
hydroxyl, carboxy, al koxy, carbgqoyl, C6_14 aryl, C _6 ghkyl carbanoyl,

di (G _6 al kyl)carbanoyl, C3_7 cykl oal kyl carbanoyl, and Q3 7

het erocycl yl carbanoyl. In certd enbodi nents, Ric is al kyl. In
certain enbodinents, Ric is , ethyl, propyl ﬁe . propyl and
i sopropyl), butyl (n-buﬂ%g? yl, isobutyl, did-gutyl), or pentyl
(e.g., n-pentyl, 2-pentw-, dentyl, 2-meth u , hyl but yl ,

1, 1- di net hyl propyl, 2:-Jdi | propyl, or BN2-dine propyl). In certain
enbodi ments, Ric is nefhyl ethyl. [0080]In tertaind enbodi nents, R b and
Ric together with the N atomN% whjch they are attach¥d form heteroaryl,
optionally substituted mﬁﬁﬁsone or nore substitueqbi Q as described herein
In certain enbodinents, Rib"and Ric together with e Natomto which they
are attached form heterocyclyl, optionally substituted with one or nore
substituents Q as described herein. In certain enbodinents, Rib and Ric
together with the N atomto which they are attached form5- to 7-nenbered
heteroaryl. In certain enbodinents, Rib and Ric together with the N atomto
whi ch they are attached form5- to 7-nenbered heterocyclyl. In certain
enbodi ments, Rib and Ric together with the N atomto which they are
attached form 5-nenbered heterocyclyl. In certain enbodinents, Rib and Ric
together with the N atomto which they are attached formpyrrolidinyl. In
certain enbodinents, Rib and Ric together with the N atomto which they are
attached form 6- menber ed heterocyclyl.lln certain enbodinents, Rib and Ric
together with the N atomto which thé§ are attached form pi peridinyl.
[0081]In certain enbodinents, Rid is hydrogen. In certain enbodi nents, R d
i s phenyl or benzyl. In certain enbodinents, Ridis C3 7 cycloalkyl. In
certain enbodi ments, ,-..ld



Kis cyclopentyl. In certain enbodi nents,

Ridis G_6 alkyl, optionally

substituted with one, two, or three substituents, each independently
sel ect ed woamohabess hydr oxyl, carboxy, al koxy, carbanoylPCT@S2014/031898, C 6

al kyl car barmoyl , di (G _6 al kyl ) car banoyl ,

C3_7 cycl oal kyl carbanoyl, and C3_7

het er ocycl yl carbamoyl . I n certain enbodinents, Ridis G _6 alkyl. In

certain enbodinents, Ridis nethyl, ethyl,
i sopropyl), butyl (n-butyl, 2- butyl, isobutyl, or t-but
(e.g., n-pentyl, 2-pentyl, 3-pentyl, 2-nethylbutyl, 3-
|opyl, or 2,2-dinet hyl
enbodi nents, Rid is nethyl, isoprepyl, or 3-pentyl,. b-

1, 1-di net hyl propyl, 1, 2-di net hyd

propyl (e.g., n-propyl and

), or pentyl

et hyl butyl,

In certain
~-Haﬂ1eMmmnEMS,

Rid is 1- hydroxyl-iso H&g?ls [ 0082] I n one enmbodPyEnt], provided herein is a
conpound sel ect ed f?qﬁgbh p consisting\qF?N’ 152 54 56
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and enantiomers, mixtures of enantiomers, mixtures of two or more diastereomers, tautomers,
and mixtures of two or more tautomers thereof; and pharmaceutically acceptable salts,

solvates, hydrates, and prodrugs thereof.

[0083] The compounds provided herein are intended to encompass all possible
stereoisomers, unless a particular stereochemistry is specified. Where the compound
provided herein contains an alkenyl or alkenylene group, the compound may exist as one or
mixture of geometric cis/trans (or Z/E) isomers. Where structural isomers are
interconvertible, the compound may exist as a single tautomer or a mixture of tautomers.
This can take the form of proton tautomerism in the compound that contains, for example, an
imino, keto, or oxime group; or so-called valence tautomerism in the compound that contain
an aromatic moiety. It follows that a single compound may exhibit more than one type of

1somerism.

[0084] The compounds provided herein may be enantiomerically pure, such as a
single enantiomer or a single diastereomer, or be stereoisomeric mixtures, such as a mixture
of enantiomers, e.g., a racemic mixture of two enantiomers; or a mixture of two or more
diastereomers. As such, one of skill in the art will recognize that administration of a
compound in its (R) form is equivalent, for compounds that undergo epimerization in vivo, to
administration of the compound in its (§) form. Conventional techniques for the
preparation/isolation of individual enantiomers include synthesis from a suitable optically
pure precursor, asymmetric synthesis from achiral starting materials, or resolution of an
enantiomeric mixture, for example, chiral chromatography, recrystallization, resolution,
diastereomeric salt formation, or derivatization into diastereomeric adducts followed by

separation.

[0085] When the compound provided herein contains an acidic or basic moiety, it
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may also be provided as a pharmaceutically acceptable salt (See, Berge er al., J. Pharm. Sci.
1977, 66, 1-19; and “Handbook of Pharmaceutical Salts, Properties, and Use,” Stahl and
Wermuth, Ed.; Wiley-VCH and VHCA, Zurich, 2002).

[0086] Suitable acids for use in the preparation of pharmaceutically acceptable salts
include, but are not limited to, acetic acid, 2,2-dichloroacetic acid, acylated amino acids,
adipic acid, alginic acid, ascorbic acid, L.-aspartic acid, benzenesulfonic acid, benzoic acid,
4-acetamidobenzoic acid, boric acid, (+)-camphoric acid, camphorsulfonic acid, (+)-(15)-
camphor-10-sulfonic acid, capric acid, caproic acid, caprylic acid, cinnamic acid, citric acid,
cyclamic acid, cyclohexanesulfamic acid, dodecylsulfuric acid, ethane-1,2-disulfonic acid,
ethanesulfonic acid, 2-hydroxy-ethanesulfonic acid, formic acid, fumaric acid, galactaric acid,
gentisic acid, glucoheptonic acid, D-gluconic acid, D-glucuronic acid, [.-glutamic acid, a-
oxoglutaric acid, glycolic acid, hippuric acid, hydrobromic acid, hydrochloric acid,
hydroiodic acid, (+)-L-lactic acid, (+)-DL-lactic acid, lactobionic acid, lauric acid, maleic
acid, (-)-L-malic acid, malonic acid, (+)-DL-mandelic acid, methanesulfonic acid,
naphthalene-2-sulfonic acid, naphthalene-1,5-disulfonic acid, 1-hydroxy-2-naphthoic acid,
nicotinic acid, nitric acid, oleic acid, orotic acid, oxalic acid, palmitic acid, pamoic acid,
perchloric acid, phosphoric acid, [.-pyroglutamic acid, saccharic acid, salicylic acid, 4-amino-
salicylic acid, sebacic acid, stearic acid, succinic acid, sulfuric acid, tannic acid, (+)-L-tartaric

acid, thiocyanic acid, p-toluenesulfonic acid, undecylenic acid, and valeric acid.
[0087] In one embodiment, the compound provided here is a hydrochloride salt.

[0088] Suitable bases for use in the preparation of pharmaceutically acceptable salts,
including, but not limited to, inorganic bases, such as magnesium hydroxide, calcium
hydroxide, potassium hydroxide, zinc hydroxide, or sodium hydroxide; and organic bases,
such as primary, secondary, tertiary, and quaternary, aliphatic and aromatic amines, including
L-arginine, benethamine, benzathine, choline, deanol, diethanolamine, diethylamine,
dimethylamine, dipropylamine, diisopropylamine, 2-(diethylamino)-ethanol, ethanolamine,
ethylamine, ethylenediamine, isopropylamine, N-methyl-glucamine, hydrabamine,
1H-imidazole, L-lysine, morpholine, 4-(2-hydroxyethyl)-morpholine, methylamine,
piperidine, piperazine, propylamine, pyrrolidine, 1-(2-hydroxyethyl)-pyrrolidine, pyridine,
quinuclidine, quinoline, isoquinoline, secondary amines, triethanolamine, trimethylamine,
triethylamine, N-methyl-D-glucamine, 2-amino-2-(hydroxymethyl)-1,3-propanediol, and

tromethamine.
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[0089] The compound provided herein may also be provided as a prodrug, which is a
functional derivative of the compound, for example, of Formula I and is readily convertible
into the parent compound in vivo. Prodrugs are often useful because, in some situations, they
may be easier to administer than the parent compound. They may, for instance, be
bioavailable by oral administration whereas the parent compound is not. The prodrug may
also have enhanced solubility in pharmaceutical compositions over the parent compound. A
prodrug may be converted into the parent drug by various mechanisms, including enzymatic
processes and metabolic hydrolysis. See Harper, Progress in Drug Research 1962, 4, 221-
294; Morozowich et al. in “Design of Biopharmaceutical Properties through Prodrugs and
Analogs,” Roche Ed., APHA Acad. Pharm. Sci. 1977; “Bioreversible Carriers in Drug in
Drug Design, Theory and Application,” Roche Ed., APHA Acad. Pharm. Sci. 1987; “Design
of Prodrugs,” Bundgaard, Elsevier, 1985; Wang et al., Curr. Pharm. Design 1999, 5, 265-287;
Pauletti ef al., Adv. Drug. Delivery Rev. 1997, 27, 235-256; Mizen et al., Pharm. Biotech.
1998, 11, 345-365; Gaignault et al., Pract. Med. Chem. 1996, 671-696; Asgharnejad in
“Transport Processes in Pharmaceutical Systems,” Amidon et al., Ed., Marcell Dekker, 185-
218, 2000; Balant ef al., Eur. J. Drug Metab. Pharmacokinet. 1990, 15, 143-53; Balimane
and Sinko, Adv. Drug Delivery Rev. 1999, 39, 183-209; Browne, Clin. Neuropharmacol.
1997, 20, 1-12; Bundgaard, Arch. Pharm. Chem. 1979, 86, 1-39; Bundgaard, Controlled
Drug Delivery 1987, 17, 179-96; Bundgaard, Adv. Drug Delivery Rev. 1992, 8, 1-38; Fleisher
et al., Adv. Drug Delivery Rev. 1996, 19, 115-130; Fleisher er al., Methods Enzymol. 1985,
112,360-381; Farquhar et al., J. Pharm. Sci. 1983, 72, 324-325; Freeman et al., J. Chem.
Soc., Chem. Commun. 1991, 875-877; Friis and Bundgaard, Eur. J. Pharm. Sci. 1996, 4, 49-
59; Gangwar ef al., Des. Biopharm. Prop. Prodrugs Analogs, 1977, 409-421; Nathwani and
Wood, Drugs 1993, 45, 866-94; Sinhababu and Thakker, Adv. Drug Delivery Rev. 1996, 19,
241-273; Stella et al., Drugs 1985, 29, 455-73; Tan et al., Adv. Drug Delivery Rev. 1999, 39,
117-151; Taylor, Adv. Drug Delivery Rev. 1996, 19, 131-148; Valentino and Borchardt, Drug
Discovery Today 1997, 2, 148-155; Wiebe and Knaus, Adv. Drug Delivery Rev. 1999, 39, 63-
80; and Waller et al., Br. J. Clin. Pharmac. 1989, 28, 497-507.

Methods of Synthesis

[0090] The compound provided herein can be prepared, isolated, or obtained by any
method known to one of skill in the art. For an example, a compound of Formula I can be

prepared as shown in Scheme 1. Nitrobenzene 1 reacts with compound 2 via aromatic
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145146 and enantioners, m xtures of enantioners, mxtures of two or nore

di astereoners, tautonmers, and m xtures of two or nore tautoners thereof;
and phar nsoeunto/ieadsky acceptabl e salts, sol vates, hydrat esT/useaops13ds ugs

t hereof. [0083] The conpounds provided herein are intended to enconpass al
possi bl e stereoi soners, unless a particular stereochemstry is specified.
Where the conpound provided herein contains an al kenyl or al kenyl ene group,

t he conmpaynduiBy r&Xichtin 82 PR of Tbide Wubh & poBRATRchibbndd, $6 tom@ns (or Z/ E)
i soners. \Where structural i soners are interconvertible, the conqpund may
t

exi st as ndrebianyide Subsseunnely. e nigobit diseedied witk rmsbeing 735 sehistidide t he
form of P oS haHbQMFRE, 1S MnliBbhhe4 COTRPN AL DR EQRI BB cf10fidS 3Pl €, an
imno, keto, or Oxinme group; or ‘so-called valence tautorerismin the
conmpound tentandoeysr sdaptican Aasammerhéoliranky 1id formesl Hyovastinpiaul foaylghlege Sconpound
may exhi Bl 109 11A0CANG YRS, Al LOATRLIAM. [ 0084] The compounds provi ded
herein nmay be enantiionerically’ pure, such as a single enantioner or a
single diastereoner, or be stereoisoneric mxtures, such as a m xture of
enantiomers, e.g., a racemc m xtur¥hgmedwo enantioners; or a nixture of

two or nore diastereoners. As such, one of skjill in the art will recognize
that adm nistration of a conmpound in its (R) formis equivalent3>for
conpounds that undergo epinerization in viv o0 adm nistratio t he
conmpound in itsC(S) form ®onventional teg es for the

prepar ati ombNsokati on of
sui tabl e opti @ pure p

di vi | enant foners RfEHde synt KEsi®s from a
rs%%§+a§y‘w' 'épsyéggggEsIﬁN--—ach¥ral
starting materigd’s, orpgxé€sytuti on of an tiorreric m'xtur or exanpl e,
chiral chromatogfaphy, recrystallization, Tresolution, diastegy€oneric salt
formation, or derivatization into diaster&neric adducts fol Rdwed by
separation. [0085] Wien t heZ2conpound provided herein contains an acidic or
basic noiety, it nay also be provided as a pharnaceuticalIy4acceptable
salt (See, Berge et al., J. Pharm Sci. 1977, 66, 1-19; and "Handbook of
Phar maceutical Salts, Properties, rRand Use," Stahl and Wrnuth, Ed.;

W ey-VCH and VHCA, Zurich, 2002) 0086] Sui t abl e acidg.for use in the
preparation of pharmaceutically ptabl e salts incl but are not
limted to, adetane,acid, 2, 2-di oacqgjc acid,,agyhgted ami no acids,

oo . L > 050 . . . .
adi pi c aC|d,-gﬁgrgrg—aC|d,¢ cgrbige acid, —t-aspagli ¢ agkd, benzenesul fonic
aci d, benzoic acrd," - acétlé%lsr%{goi c &6Fd, bofi d, (+) - canphori c

aci d, canphorsul fonic acid, ( 1S) - canphor-10-sulfonic acid, capric
acid, caproic acid, caprylic agid, cinnamc acid, cggr

: ic acid, cyclamc
acid, cycl ohexanesul fam c aci d,” dodecyl sul furic aci et hane- 1, 2-di sul fonic
aci d, ethanesul fonic acid, 2-hgdroxy-ethanesulfonic@acid, formc acid,
fumaric acid, galactaric acid, gentisic acid, glucoheptonic acid,

D-gl uconic acid, D-glucuronic acid, L-glutamc acid, aoxoglutaric acid,
gl ycol i c &Y, hi ppepmeowrdiof Fomaipdn lotgn glap ke atepded ysdpwe HI Whpwe dci d,

hydr oi odi i@kl @s fifst donveh@CGhioGuRSyeh1éndeBlyid @€ Kh&in@GkOead@g Obi ONni ¢ acid,
lauric acid, naleic acid, (-)-L-malic acid, maloni¢ acid, ()-DL-mandelic
aci d, metSvbseauendy owlfenyd ehlaridenbyshethaite ReH 2 hg presnice olachage, such as

napht ha! ‘%H&ﬁ);llarﬁfnglﬁ 'fqrfnoc'ﬂﬁo(folf%gieQB 8,]‘\§/fﬂ¥lg{h9ﬁ(y 'algté %P'B&Hgéu%g%% I‘OIHhtFCOt I nc
acid, nitric acid, oleic acid, orotic aC|éi oxalic acid, palmtic acid,
panpi ¢ achlbityen olatteomiie thegiraenggleds pisorsuch acpotissibmpybogdte t@friro aaci d,
sacchari%O%g&gmc§§&5ﬁmifc acid, 4-amnosalicylic acid, sebacic acid,
stearic acid, succinic acid, sulfuric acid, tannic acid, (+)-L-tartaric
acid, thiocyanic acid, p-toluenesulfonic acid, undecylenic acid, and

val eric acid. [0087]1n one enbodi ment, the conpound provided here is a
hydr ochl ori de salt.
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[ 0088] Sui t abl e bases for use in the preparation of pharnmaceutically
acceptable salts, including, but not [imted to, inorganic bases, such as
magnesi urwb\edroorsgse, cal ci um hydr oxi de, pot assi um hydr opCuaS2@i0s1828

hydr oxi de, or sodi um hydroxi de; and organi ¢ bases, such as primary,
secondary, tertiary, and quaternary, aliphatic and aromatic am nes,

i ncl udi ng L-arginine, benetham ne, benzathine, choline, deanol,

di et hanol am ne, di et hyl am ne, dinethyl am ne, dipropyl am ne,

di i sopropyl am ne, 2-(diethyl am no) -seihbasal , et hanol am ne, et hyl am ne,

et hyl enedi am ne, isopropylanine, N-net hyI I ucam ne, hydrabam ne,
1H i m dazol e, L-lysi n@l nor phol i ne, E% dr oxyet hyl ®¢ ﬁolfﬂhol i ne,
met hyl am ne, pi pepNdiA piRRIAZI Ne,c m n@4H Py i N@;\e,

1- (2- hydroxyet hyl) - H-di-re—pyridin |ne ol i ne,
i soqui nol i ne, secondaw¥ aﬁﬁ?@v ClFrl et hano am ne %I’I met hyam ne,
triethylam ne, N nethg-D gl ucam ne, R3

2- am no- 2- (hydr oxynet hyl ) -1, 3- propanedlob, and tromet ham gpe. WO
2010/123956PCT/U82010¢031828 [ 0089] The conpound provi ded herein may also be
provided as a prodrug, which is a functional derivative of the conpound,
for example, of Fornula | and is readily convertible int® the parent
conpound in vivo. Prodrugs are often useful because, i e situations,
they may be easier to acnlnlstGIUQh. the parent conpo They may, for

i nstance, be bi oavail apfe )53 he parent
conpound is not. The p have ehhang uBtlity in

phar maceut i cal conp6§|t|ons over th& parent congﬁun prodrug may be
converted into the pareRt drug by v&ious mechani sms™ ncl udi ng enzymatic
processes and netabolic, hydroly5|§ See Harper, Progrgss in Drug Research
1962, 4, 221- 294; Mrozowich et al. in "Design of Bi gpharmaceuti cal
Properties through Prodrugs and Anal ogs," Roche Ed., BPHA Acad. Pharm Sci.
1977; "Bioreversible Carriers in Drug in Drug Design, Theory and

Appl i cat iRmaBeeReCEBposiAHA Acad. Pharm Sci. 1987; "Design of Prodrugs,”
Bundgaard, El sevier, 1985; V\ang et al., Curr. Pharm Design 1999, 5,

265- 287; etti Rev. 1997, 27, 235- 256 M zen
ot A b e sl et e Pl RS i P OB

Chem 19%6ov1&311e1@ﬁﬁe gha gbnﬂpcnmn adFérmulalll @nspefite ikirodgessasiuding Hhar maceut [ cal
Systens,"” Am don et al Mar cel | Dekker, 185 218, 2000; Balant et

al ., Eur en%l“tloﬁrebé njERE ! GWPWEEO%WH%‘FG 05‘9‘@@”‘1’5@ 1154%*6‘8%“5 BARY O He Tand

Si nko, AdMnixfrdder (6 bl MBFfeltalteMers #B3RBr: 038phal&3ceag&ﬂl BeQpasle st isBlvate,

Neur ophar macol . 1997, 20, 1-12; Bundgaard Arch g harm Chem 1979, 86,
1-39; Burkitiasr o, pregspg thefepn exnifinapen it pphargggeutiqatly agsegLagls: VeBﬁdeaar d, Adv.
Drug Del ic¥@fey, dffedh, ok 822pier; ork- n%%turé:théﬂe&her et al., Adv. Drug Delivery Rev.
1996, 19, 115-130; Flelsher et al., Methods Enzynol. 1985, 112, 360-381;
Far quhar et al J. Pharm Sci . 1983 72, 324-325; Freeman et aI J. Chem
Soc., ChdfR93 tommnThei@@_Pou@ﬁo‘Sf}’eﬂ hepsin may B anppisaisdaione. qein compinasign, m S
1996, 4, Afron5%; m@ﬁ:ﬂﬁﬂ@@orﬁﬁoﬁhg proti8&t helRlif. pblwﬂanﬁc@ﬁmaﬁro%wg&lsml ogs,
1977, 409-421; Nathwani and Wod, Drugs 1993, 45, 866- Si nhababu and
Thakker , coWriseRrqgPDed RieyiJedrsiein, 396, Comgouw&ilea Psfr@l beafomul%wd in Drugs
1985, 29 Varl}aé dzélge -f(ﬂ'ﬂls &y 0"13211 aré%@!a\fal R‘alt' 18? lerfﬁﬁfsbfatl%%v Thégl%?magé%ucai-jj 151;
Tayl or, Adv. Drug Delivery Fg 6, 8; Val entino and Borchardt,
Drug Di s@omewtwn@dayalsp@@?fomwlatqdm nlfssﬁedwle@e daw@e fnmsrgnclyding debyyady, Del i very

107 507, “NeThgad ap Ry ARG pBuf] ool st b g CHRERE o o

pr epar ed préogohatet]cagr ambgaatirine@emgondngagﬁﬁtnmgdﬂkﬂs@magqfomaofoes kill in the
art. For n.b a sh wn in
Scheme 1 p?‘eﬁa%é%”@%rc? fé%% %8\%9 Hl%a?mgtfh{)?l:s angltlecﬁmﬁlées e\lmg tog.tlf’l%r%a {u?lgd 1%Sth itution

reaction(um‘RMWnpvmﬁ%asawn%aadB&&eauguwhnmaypmpmsBMMMEtBubaaab&g to form

™ Sl RS e ST L BT

t hen conwer.t2eds)t o sul fonyl chloride 5 via the Sandneyer reaction.
conpound of Fornmula | is fornmed by reacting sulfonyl chloride 5 mnth RAH in
t he presence of a base, such as triethylam ne Schene 1
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12 34 R3R3 5(1) [0091] A conpound of Fornula | can al so be prepared as
shown in Schene 2. Aniline 6 is first converted into sulfonyl chloride 7
via the Ssodnmyessseacti on. Subsequently, sul fonyl chlorcaasZowmases Wt h
R4H in the presence of a base, such as triethylamne, to form chl orobenzene
8, which then reacts with conpound 2 via aronmatic substitution reaction in
the presence of a base, such as potassium carbonate, to forma conpound of
Formul a ljggoaPhar megeiat ksebdieRPAs phdrRR&uliQf dahJstvhdgd pfaﬁfd@a th PdRage
pharnaceutlcal conposi tions conprising a conpound provided herein, e.g., a
conpound e fop pralicanipistrgion ayhighe eqmyRsise AgprapRuaAProvidse berdinngs: ahCErRoNd omer . a
mixture of GRARH, MRk o MnkbHES o Afix bW BRanfTBirs U ABLEE HATRICE mo, t aut oner,
or a mixture of two or nore tautonmers thereof; or a pharnmaceutically
accept abldeaszdomerss playigmesr, ohy dvxtug,of pyo @rrrmm Wgtwté@f:@f pine conbi nation with
a pharma I ipient, or a
m xture %&ﬂgg@tlc%i%g%%%gebsgg%%eﬁdﬂ @Faégﬁgéﬂggﬁgg%&éﬁlﬂenﬁgb ég&a 8r§1r1gn| ster ed

al one, omhamaconballysaceapmblal exbipene oorarmes.e ot her conpounds provi ded herein.
The pharnmaceutical conpositions that conprise a conpound provided herein,
e.g., a und of r t ” e forns
for oral, 1 pa?ent eral EQ&IE@(?H?DSHIT%%F%G%&%%%%%Cgﬂlpb%&l@ t?%@ﬁ??cm
conposi t idoswge tam faf wrb@alfadmmstatleld wdmchrmdlpﬁsmlcomeﬂloemgmdd@ﬂgaeelm @ravs,

i ncl udin I ] I

control | g &%&p@%n?e f glglgrﬁ(&éﬁ?(?nc?udi %{ldgnral%ﬁl?r 8 nﬁgt%}eaéf Qggltlblg’l&lg ersl% xturg of Lnd

gastri c neb enmbenlidesmgers mrans)meﬂ'Imeamlxtosa@ewd mrm@re CaArnizes qherepfaoeaj
according,to cony t echni kn wn .t 0 those skilled in
theart e RB R SR O A SEP L R P B e i i o

Modi fi ed-pRahaaemcmngcd@&Iblev@mpleiﬁe@hmhagy, 2nd Edi t| on, Rathbone et al.,
Eds., Marcel Dekker, Inc.: New York, NY, 2008).

[0096] In yet another embodiment, the pharmaceutical compositions are provided in a

dosage form for topical administration, which comprise a compound provided herein, e.g., a
compound of Formula [, including an enantiomer, a mixture of enantiomers, a mixture of two
or more diastereomers, a tautomer, or a mixture of two or more tautomers thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof; and one or more

pharmaceutically acceptable excipients or carriers.

[0097] The pharmaceutical compositions provided herein can be provided in a unit-
dosage form or multiple-dosage form. A unit-dosage form, as used herein, refers to
physically discrete a unit suitable for administration to a human and animal subject, and
packaged individually as is known in the art. Each unit-dose contains a predetermined
quantity of an active ingredient(s) sufficient to produce the desired therapeutic effect, in
association with the required pharmaceutical carriers or excipients. Examples of a unit-
dosage form include an ampoule, syringe, and individually packaged tablet and capsule. A
unit-dosage form may be administered in fractions or multiples thereof. A multiple-dosage
form is a plurality of identical unit-dosage forms packaged in a single container to be
administered in segregated unit-dosage form. Examples of a multiple-dosage form include a

vial, bottle of tablets or capsules, or bottle of pints or gallons.

[0098] The pharmaceutical compositions provided herein can be administered at

once, or multiple times at intervals of time. It is understood that the precise dosage and
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WO 2010/ 123956PCT/ US2010/ 031828 [ 0094] I n one enbodi nent, the pharnaceuti cal
conpositions are provided in a dosage formfor oral adm nistration, which
conpri se wocompiasesd provi ded herein, e.g., a conpound ofPCFarspubm31828
including an enantioner, a mxture of enantionmers, a mxture of two or nore
di astereoners, a tautoner, or a mxture of two or nore tautoners thereof;
or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof ; @RdoRBErAIMIFhRY pmm(%ﬁ'éﬁg'ec\@él%]yt ARCBRLAM &t%ﬁu@ﬁt%@ﬁlg or
carriers. [0095%I n anot her eéenbodi nent he phar maceuti cal conpositions are
provi ded teacd a6 8wy &c fgeimirerenipaicaRy ring knoodi eilige protdceki or RhPdrpelaigir i se a
compound rf ol ARy HRHE) st & dhgnodic ARTPRUNGRL: lﬁa&g%@thht fof 45 Hfticlidr an
enantiomer, a mxture of enantioners, a mxture of

di ast er eanrividual speciliit dnvege, regimens Wy b adjpsted gvsr Gine W@lm%@ﬁmdlsldtlﬁer eof ;

or a phar @@cféﬁ‘d%ec H&@&%P%E%rﬁ‘&'t &r tﬁé‘};&s ﬁkn‘{ﬁ&@nngh%q Eﬁsm%{hepr odr ug

t her eof ; one or r maceut y accepta excipients or

car ri er s.adng@Bjidmofytiat foammlalhtms. enbodi nent, the pharnaceutical conpositions
are provided in a dosage formfor topical admnistration, which conprise a
conpound Prgvi ﬂﬁﬂm‘[&%&é e.g., a conpound of Fornula I, including an
enantionmer, a mxture of enantioners, a mxture of two or nore

di astereoners a tautomer, or a mxture of two or nore tautoners thereof;
or a phal®¥&ut i callephapesptisnl empasitionspetvider dereinfgr erpkadnypistEion £iy

ther eof ; ?gov%g Pl iRNRITRGEH b AL fofmB RS SPA BB SisFAEIPISRS Of
carriers. [0097] The pharmaceut i ositions provided herein can be
provi ded hierving oshidminidogmgelsp aramdos bupadlt linsiuel, ergsablensbigradmindstiaipn.- dosage
form as ysad. el &s ef{)}?ﬁs%&éd ObLRQYSﬂo?ﬁ g @ ﬁBlegtﬁ Hé" %w%‘ﬂi table for
adm ni stration to a human and ani ma | ect, divi ofual ly as
i s known chpsutehepilds; stanafodchesl,dmtengﬁsswsmmalcacm aelbtsenhedleatm dedinguant ity of an
active | RRedlGn (SorRUlh] SheRL it 0 PLAGUES D dRslr od) Fherapsuhic effect,
in associatix th erequire ﬁ FhacEUTT St Tar V'er'dsr eXC|p|ents
Exanpl es eofulséony. rsuﬁped@mg@afémrspmﬂded uhbarsamdeslympml B, adgiyion mgbe aaine

i ndi vi dual | tabl et .and capsule. A unit-dosa orm

i i st ptpRCE et g e PARES < e ones” AT TEreauEale form i s a
El ur gl i t)éc@btabldéeﬂﬁiefsair exbipibnte] osoh@end, Blitwt m?ﬁ&ﬁgaﬂndeﬁt lﬁusrs rnfglhaltgont ainer to
e adm nistered in se uni t - dosage form Ex es of a. .

mul tipl e d&b‘&%ﬁé@t% S’Fm“gﬁ%‘%ﬁsdggﬁc%ﬂtsagh PS5t (tql‘gméfag‘f‘%ag%)@l%?“oé‘éégﬁf"é% or

bottl e ofswpébHiSy &lend; mdv@ﬁ% adePO2B]uING i MR eRPEATER and APASInG bQMS, Pr ovi ded
herein can be adm nj stered at once, or nulti Ie times at intervals of tine.

It is undESSYHESSAYENE: Wénﬁﬁ‘é?@}lss]él%s%fé@l%t S, HifrsqriceyPiGRopR digkident may
vary with the age, weight, and condition of the patient being treated, and

may be degb@®@oou] ned Bipérk bEahhatths ifghrkddBvivch &S b NALRL BLeASHE Gic AbLINDY
extrapolation fromin vivo or in vitro test or diagnostic data. It is

further UFiBRPISE Ho¥t 9%?011‘161}‘35% Sb‘&‘f‘ktl‘i’ Riglegy of gigwAters spcludg, 6’«%‘&?@ fel dosage

regi mens iUk sQ&h@sdkdbﬁta%’orﬁ\éﬁfchtpdmO AeRAS Ml pek-dihhed kiddh vd gdual need and
the professi onal d gnent of the person adm nistering or supervising the
admi ni st rPAARSA 700y; rgélaflbrswratsvw SUROSCCRIBFOSAAIRY FIsS s enaddB8eFThe

phar mce%ﬁ!u?ﬂhn&%%@&é ﬁdn‘i’s“%cﬁra%dagﬁda@ﬁw%hﬂ f19hatld @itra@%’ﬁlﬂélﬁ%@ ion can be
provided in soli seni sol i d, I qu dosagé forns for oral

adni ni st maRWvaEumABhals g, H@rceliagﬂ ofeﬁahgoléaaﬂﬁsmaﬁmmﬂbﬂc@lume| ncl udes buccal ,

| i ngual , n&"é?lﬂr I t s]itg% rns incl ude
but are not I%&%mfé%g&?ln?gg#g{dghg ?Hh IQIELQM g(Ej,\MtCa I'et's, Ifgapsul es,

pi lls, stragpsnthtandghasguni; odbhges sucpast%tfhlyll w@Hylogacletose agetkd, et s, nedi cat ed
chew ng ef fer fe ovvders or

ar anul s S4B S BARRRE By, Sok e RN Reu DRI Bl ChRIFERLARE SIS, Pl s,
elixirs, hadndxwm}quulokm(}ﬁmﬁj hﬁdmxypmpylbmmmse (HRC)L llmgilr@dp@pyl(m@thylt he

pharnaceut sitions ca ntain one r ar
acceptabl8‘@g?#ﬁg&@SGPNgQPSBﬁ@ﬁfg?kﬁﬁ PUdiHh ﬁshggﬁlﬁ%ﬂﬂifﬁﬁ&gg&?gﬁ&%lnders
fi:leys AKWKE@HU358HMSH@EEgﬂBm®$GaM%quﬂQﬂﬁgﬁﬂkﬁ&;meﬁmbﬁﬁmﬁes?%kﬁﬁnts
colorin ation J nhiDbi sweet eni n ents avorin
agent 5. ST FsrniseiemeCre SR th et B SREPOR R EH Gltine ;
preservatives, solvents, non-aqueous |liquids, organic acids, and sources of
car bon di oxi de. _s3.




[ 00100] Bi nders or granul ators inpart cohesiveness to a tablet to ensure the
tablet remaining intact after conpression. Suitable binders or granulators
i ncl ude, wotomvr3gset |limted to, starches, such as cor nPeTASed)/0pBL@at O
starch, and pre-gelatinized starch (e.g., STARCH 1500); gelatin; sugars,
such as sucrose, glucose, dextrose, nolasses, and | actose; natural and
synthetic guns, such as acacia, alginic acid, alginates, extract of Irish

noss, par&é\mos@w‘gawcmafcauul&u raextmeg k208, ﬁﬁnﬂu%ﬁ@meﬂc aBd SdoBoitol, starch, pre-
carboxynethylc | ul ose, nethyl I'ul ose, polyvinylpyrrolidone %

Veegum |galraewzwrsaaé6gamh@txawes tb@fweferTéla ampun o6 & AACT o8 Hllergn e gum ceI | ul oses,
such as %myﬂac&ﬁ'chlébﬁagssm&l@ b}ow &8 RerBhShAlGpof a{etw@&yomrﬁmiaueﬁlawl ose

cal cium “sodi um car boxynet hyl | ul ose, hyl | ul ose

hydr oxy etr¢adilg distanhiblsgo (heQ)t, orchyaiy ol pr @pyﬂc@hﬂ lmnqlﬁs er (ﬂl@@)ay baypehsexypr opy!|

v o - e PSR oo T Y Bl el RS Bl

Marcus Hook, PA); and mixtures thereof. Suitable fillers include, but are
not |im te0ib, t abwtableslilaenimineladen Brrenot Frieder fistlgiumi phespheie] qaidivs e,

powder ed sﬁl‘ﬂtéz qe}c@(ﬁg ’soﬁi)?téf E&E‘(%g un&ﬂgf Efﬁl’ulo’gg'}gbﬁn h1anrﬁ[o|f1 sgarlﬁmacﬁiogide %19); bi tol,
starch, pre-gelatinized starch, and m xtures thereo e anount of a

bi nder orstafdhl alelrpowwdelteﬂeug@haﬁﬁmuecutuﬁmalsudmspstmtt@lolmstom svbitdedutreseerml vari es
upon the. | n. \% cern

ordinary's &iﬁﬁr&Lmq%%gﬁéﬁ%mﬁ?ﬁg%@gungmgﬁgz?m¥gkﬁu§ﬁ)%ﬁkco&§n§ 8?%g%iabout
50 to abdmtp@ﬁﬁmhynmgm@hnnMwInmﬂhphamwu@eﬁmdmahmnaﬂ@bmbwmomm&pmaﬂwded

her ei n. e dilue di cal ci um
phosphat Sttt B aant T el Sn SRR ePBhord h bEN T

cel lul os Qlﬁrekﬁ@klbﬂupdﬁﬂhm‘ﬂyp@d)f fomﬂhtimm ahliokhds,didemibid @niodse oferdinpgwiidlr ed
sugar. CEr&ﬁin di luents, such as mannitol, |actose, sorbitol, sucrose, and
|n03|tolln “present in sufficient quantity, can inpart properties to
sonme conpressed tablets that permit disintegration in the nouth by chew ng.
Such connmﬁﬁspd taﬁheb&dﬁﬂﬂqﬁﬁﬁu@éﬂ&ﬁbmﬁh@mﬂhhmeﬁabhgﬁSmn$h$3anDunt of a

di | uent the nac c itio ovi ded in varies upon the
Cype of FEPIEs RN e 4Dt oo SR aPARHIERS §oph oy "GP nar y ski 1)
in the arspong[aaﬁﬂ;&z]:ﬁuhﬁgabésﬁlsda@mtae@r gnm suchAGb gﬁte,guﬂmahd Feeuiol Vi ¢iffud ed to,

agar; bentonite,; ses uch as Icel gse, and
carboxynéPﬁVP@@iW %% “‘ﬁﬁbﬂméﬁﬁﬂﬁgﬁgn %ﬁ¥ﬁ?§? éﬁﬂﬁ@@“w§aﬂFBﬁsexchange
resins;  at@poidondCdreks-1AKEPBstarshés  taRfung tkdbor@teMmaistriéeighéteiloseCduch s pul p;
cross- 1 i nked cel | ul oses, such as croscarnellose; cross-linked polyners,

such as éP@B%@VW@dﬁE”mg?8@%“ﬂ@ﬁ?§@“@?d¥%ﬁ5§Su@&ﬁé?ﬁﬁ%%ﬁfﬁ%#%ﬁ%@fh

M crocry $iRbdalsBechCald pid-09&iniRH Gr@ScI8RIARL Shahfu@b MeRLAURiec apRuACH | 1 N

pot assi um starches, such as corn starch, potato starch, taploca starch,

and pre- gﬂeilsamtiﬂgwrzeluths Ph%rmﬁceumaéygmp%ltiogmrowdﬁahwsttvmeéslp@m@ﬁém% of The anpunt
of a di SRR kN LRs1PRREAREEHIIRAL GAARISIAIRER A IKE ARALMBLFI N vari es
upon the type of fornulation, is readily discernible to those of

or di nary defaitégdrant i thiy ghampceutién cmmonmroaldeﬂ Isﬂrm ggreanpor the type of

phar maceyti cal. €0 i n e type of

f or mul at :f%n tlog ailﬁg?sfﬂg%ég %%ch&fg)‘ééet?%?g{(ﬁglgarﬁgfélgqgfh%%ﬁd|ﬁr}gry skill in the
art. The pphamnamgaltcpmabsmmsrpmmw bersinpray\couten frvar giont Oryo dont k% orf r om about
0.5to aQout %%?'%Qb&ﬁ%@’ b%&ttx)a%m1909%n5qbby wei ght of a disintegrant.
[00103]SU|P5% ?ubrlcan ? é but> are not limted to, calcium
stearate; nagne5|un1stearate nlneral oil; light mneral oil; glycerin;

sor bi t ol ;[0M&ANI t ol Sui@blﬁdldirigantsimchdaé‘pugdryc@rlmlitebe(heaiaiulel ssntitpol yet hyI ene

gl ycol f

Veget abl (R SR AL RO UL 8 B A DUSLRSDRE °0
oi |, oli\eghtdrpl maberratecnntl pokyaﬁylsm&yglm (RHG); stgdrieacigt mdruat hurybilﬂlfyite wlceat e;

hyl ' I I h
S | 830 0 L LERR T S, r B R Ppssee o” o

Bost on, M#y¢ oiérdrniill hnd @gbdah etl earc scchiuge; ptharl sreae thyChabreawgas staicns provi ded

herein t ai n.about, to ab iy brlca

001 04) STeeRBRETyTitantLc iy e 2 BUROSTE e RSt o BEBBRROMIM s 11 con
di oxi de, CAB-O-SIL(r) (Cabot Co. of Boston, MA), and ashestos-free talc.

Sui tabl e col oring agents include, but _are not limted to, any of the
approved, certified, water soluble FD@ dyes, and water insoluble FD&C dyes
suspended on al um na hydrate, and col or | akes and m xtures thereof. A color
| ake is the conbination by adsorption of a water-soluble dye to a hydrous
oxi de of a heavy netal, resulting in an insoluble formof the dye. Suitable
fIavorlng agents |nclude but are not Ilnlted to, natural fIavors extracted

o, o o ) T o




[ 00106] The pharmaceuti cal conpositions provided herein for oral

adm ni stration can be provided as conpressed tablets, tablet triturates,
chewabl e wWozerigiesyseér api dl y di ssol ving tabl ets, nultipl epcomscassers2g abl et s,
or enteric-coating tablets, sugar-coated, or filmcoated tablets.
Enteric-coated tablets are conpressed tablets coated with substances that
resist the action of stomach acid but dissolve or disintegrate in the

i ntesti ngng CABSONTO? &RSGHLNGD. bRBoAGHE, WAE); hOhBHIr&NhSed! AR bREmAGLHIE

envi ronment of the stomach. Enteric-coatings include, but are not linited
to, fattFomppsiionsprpiled Bereimpmaysaniamabaetd). | naken S%heveiah of aMbEGINAt ed

shell ac, and cellul ose acetate phthal ates. Sugar-coated tablets are

conpr essqdoﬂoapl et sS§tblQUHRANOYIA beUgakot BRdbd Y collMtat Rl kgihenef i ci al
in coverrnqﬁup ohj ectionable tastes or odors and in protecting the tablets

from oxi datR-6h IRt batddortaniMos aad esbevrpiressledSriblcalonippagenir e cover ed

Wi th a tBdiydea®breQfot fitnld t@fan o‘f"ﬁlte%fa SRl LBl B alt Qlublé:F]béIngést hitPs
i ncl ude, but are not limted dpoxyethy | ceéll ul ose, sodi um

car boxy rrertarﬁﬁylut,seluplsrlF&?eC dﬁelsyse@wwnelugru}ﬂclmdmmem cogrdakes i ingeEesacet at e

pht hal at I R S sugar
Coat i ng. NI By EREehEe ERA A bREy SETB TR, B AMAE NS TGRS Tore

t han one osokpPf eh@wmmecﬂjrcrbseltmgmamsqi@ld: &)}mroémetdabl &metbleeﬂadorprgelgsnt@oat ed or
dry- coat AN 0 red fromthe
active |§H%&%P%ﬁ%%rm H&&%ih %ﬁnh Fggﬁ%g?rnl1gﬁsg€&¥£?o§%§3§alone or in
conbrnatm@mhMmﬂmmdmdk@nmanbwmammm@heempbemmnpmewhsmdesod1%eﬂpmmmnnn
includin cont r ol d rel ease | ubricants,
ai' uent o B RERST S, M EHAR Loy FERaRe SRELPLRRRG BRHTE Sropect al 1y
usef ul i nadidse, thamiveit s}@lﬁpsogly@hemblaﬁlftc&bhx@éeﬁenansphublomg@enn hR0108] The

phar maceut i cal gnggﬁrtr provrdeaﬁ ein fo rgl aqninistration can be
provi ded SRATEYF1 SYROGLPHIEHPE dpEs i “tcf"’é‘hn% & BrH €4t i n,

met hyl celdapdcas®, bedtoali€ And Qlrfac@hi©, such &l Igly@ap@hyﬁreeoﬂbamdmlmowaien capsul e,

al so known as the dry-filled c@g sul e (DFC%, consi st,s of two sections, one
sl i ppi ng (GV&EN - d’Pﬁ’@?‘yeﬂ%W i merqolpale RO VR 1802 and fHohanplagingdi ent .
The soft oglagStuffasi@RSPBing RE Nispedsify :?éflﬁs incllae Bk &% nsMighited SUeHuAS @ gel atin
shell, which is plasticized by the di ti on of gl ycerin, sorbitol, or a
simlar pabyemetpieliaiops, P@?éllna‘ﬁgﬁcaélﬂ’e Veesuimpeacintodium earpiesslaisedpione o
prevent tRggy 2% rrféfhyf&ﬁ&l@éér ﬁfﬂ']io%nﬁryl Hbﬁd%ﬁkesﬁ[a%ﬁzeﬁ’réééﬁvhé{\%% iffflef hose as
descri bed herein,” i ncludi ng ¥ - and propyl - parabens, and sor bi ¢ aci d.
The | i quibyt arg apk liswjfed do, gbmelms @reithj/ Asapey I pasrbeR. heneid @@dsqdemelpqnzmarﬁe
encapsul icefloll Buft ARSI LageR kARl Sul LWl ARG Wnk rdgsage forms

i ncl ude sol utions and ensi ons 1 n propylene carbonat vegetabl e oils,

or tri gl yemoitchasic, sOhpgnineBo@EL, éieﬁniylrge glyed rmmblatllrat@nsndcmrwbeeﬂp»rlepar ed as
descri be AS ; 3 d The
capsul esqadr@ hﬁé S{églgggftgé ﬁdﬁéeﬁgén ot lﬁigtgg?od% g%rnll F(ﬁFﬁ&t @4 hO|1n or der
to nDdrfyn¢swems&amhbdpms@mumﬂamubmuhhemmemuwmnsm@néﬂbmnuemﬁmﬁﬂ@ghihe

phar maceut.i ¢ 0 ded herein fo trati on can be
provi ded mlﬂeralo { gp 3“’ Seegr‘ﬁsls @PR%"I%‘%%%{“" acr%rr%ucfee e |ahd1°gfnmée Ps8iSs,

sol uti onand ta$tuﬁ<pﬁﬁk$| Smable edurdds roscaranmlwdupelude%uteamuh(ﬁﬂmﬁteda) eodiwm phase
system in one qurd i s dispersed in the formof snall globules

t hr ougho ¢ B@ﬁé? $Fﬂﬂ1ﬁ“(mﬂfch can be oil-in-water or water-in-oi

Enmul sions may include a pharmaceutically acceptabl e non-aqueous Irqurd or
sol vent, [em0bEi f yi hehafestyndandopheseiyaiirices anBus@pinss ong serayseveral ude a
pharnace ti all¥ ace bIe aygﬁﬁqdrng agent and preservative. Agqueous

al cohol i ¢"§3P %ﬁb F AT UGE 4 Blar naceut i cal |y acceptabl e acetal, such
as a di (Il ower aIkyI) acetal of a |ower al kyl al dehyde, e.g., acetaldehyde
di et hyl aec@toa] ; anﬁhea)hmamﬁeutwhlswhipbetlmIpmmdedrhamrnfgr ankadotinismation bydr oxy|

groups, such as pro Iene et hano i Xirs ar | ear., sweet ened,
ana " hyer SRS B SR oA S e b8 it s B8 e ot Tone o
a Sugar,tﬂﬂﬁ&emﬂﬁméenmﬁuﬁ&hﬁﬂmsamdnmﬁyCQMﬁmemmtﬁ%&uﬁm@ﬁﬂ&éﬂMﬁhMﬁ@ For a
i quid dosage form for a so |on in eth | ene col may be
i 1ot ed RS SR P A e S PR pti S AR HECERA o 1 1 aui o
carrier, e.g., water, to be neasured conveniently for adm nistration.

[ 00110] O her usef ul Irqurd and senlsoléd dosage forns include, but are not
limted to, those containing the actr i ngredi ent(s) provided herein, and
a di al kyl at ed nono- or polyal kyl ene gl ycol, including,

1, 2-di met hoxynet hane, diglynme, triglyne, tetraglynme, polyethylene

gl ycol - 350-di net hyl ether, polyethylene glycol-550-di nmethyl ether,
ponetherne egcoI 750 drnethyl ether mherern 350 550 and 750 refer to

o, o o o o . Y b1 e T



[ 00112] The pharmaceuti cal conpositions provided herein for oral

adm ni stration can be provided as non-effervescent or effervescent,

gr anul es woadoponesEsss, to be reconstituted into a |iqui dpdoasgeofosrses
Pharmaceutically acceptable carriers and excipients used in the

non- ef fervescent granul es or powders may include diluents, sweeteners, and
wetting agents. Pharmaceutically acceptable carriers and excipients used in
the ef f erv@SCEMonALRRYY BS dREIPROYARE SeFRY id ME hﬂé«%ﬁn@&lﬁﬁ%&&eeﬁﬁ%o agi\d a source
of carbon di oxide. WD 2010/ 123956PCT/ US2010/ 031828 [00113] Col ori ng and

f | avor i ndnargfbentsiTeim hereidissesirommant pf the st@lﬁécha@@wctf@&twgélmblﬁwut '002114] The
phar macetyhlifao, CAERORL LLOMheRY Xl JRH, BRL! Aol ulh i@l Mo LALT on can be
fornul ated as iI'mredi ate or nodified release dosage forms, i ncluding

del ayed- celétu@&ealpmt@lphtb@lats@oﬁu,garcmated@bﬂeéﬁare ?@n@é&swtablemdrr@mdgi@md rel ease
forms. B. r r i ositions
provi ded Sﬁg?g?ﬂnﬁlga‘ﬂl dﬁ‘lé ?\eﬁéﬁéélglgc%g}r}%@ ﬂ%tlg%ge%(j%eq%f ?%%1 a&?%ua on, or
i npl ant atpra@ecting gre tﬂd@afromroxslymre rﬁlkm aumdnabétttqr at icompref3gd ehteerthdt are

admi ni strat | Od”l 1that unsﬁ ror %1 mofa er N %lé r?lgrr%ﬂelngm cbatinng 1 %ﬁlﬁ Ellarlare

i ntraperitoneal, ecal’) Cintiavent s cafar, ncradeettrar,

i ntrast ernnalhmltedtbrl@drcamthjzlceliumse aMm@uhmbxymem)ﬂ@ﬁy]nm(palkethylater@ymsi cal, and

or ovi ded LAy Bl PR S AP B YR B R s TR PR any

dosage f ek pEgat hatingrduliplctcalpsdea tabay @ab@ﬁ@bss&dmlmsmaﬁaby aldre thicddedi ng
sol uti ons, suspensi ons sions, . mce crospheres
nanosyst éﬁ@?reé%?u‘al gslei HC?E‘P%LW%?I {ahistse 2t e%&Pﬂ?CF‘br Y7 ?at%‘{nfélf}ﬁtﬁm ons in

liquid prior to injection. Such dosage forns can be prepared according to
convent i qgo@lo7ret hotis: tkislewdosdgo fdrhrsen Skprepaed firoin theeci@veting@bdigh a maceut i cal

sci ence ﬁ? ﬁll?em ton: The Sg)l encgwgnd Practice of Pharmac a).

[ 00117] TREVPHET RSB IS APERH L 261S OF R ORGBEU TP At s ?amef of

adm ni st reatibiefits devaribdicetale RN biNREC PR ARG tthircidldllcacpephrl e carriers
and excipients, including, but not limted to, aqueous vehicles,

vat er - m JETISRRS JIHGTY. é%dforrfawr%e”é%ygn%ﬁ}déwvégtema&es%SéFeoﬂép%ﬂla Iygasils or

preser vatij ¥ SoraBabmst chb Ve 191aeMshn@ o8l ges. 00r gani sns, stabilizers, solubility
enhancers, isotonic agents, buffering agents, antioxidants, | ocal

anest heti suspendl and di spersi.n wetting or enuI5|f i ng
agents, @@B?bm ng ! d@%’fr%ace%“é W@?lflﬁ%ﬁ 2 ‘?Vlci?ﬂé‘Frﬁtq IR orafkhiRstration cdn

cryopr ot eghanided a& Y ORI AIUleS, whibi @R inide BORMNeRuin PhbRdEISIdk&g agent s,
and inert gases. [00118] Suitable aqueous vehicles include, but are not

limited tTchyacalciunsdleiae. Thnbard splaig @amls alsp keovgt asghodytidied castleer ed

sal i ne (RBRY), coRdkUM&hH L&ﬁb&eoﬂéﬂhﬁﬁhg O¥br R AR Bus! BinB et Phclds@ N €
dextrose injection, sterile water ection, dextrose and | actated Ringers

i nj ect i ot Gingradipns. %%S%ﬁy@a%ap&@m( @ds 1 e, atebulanhell. apeh asgeeelalini ted to,
fixed oi 'sﬁe19ivh}éﬁ9§151§§&'cﬁe@5§ @k Qddl&&%f%ﬁycgﬂlﬁ soibRENo dimilGPolydNSaRoR |, Ol i ve

oil, peanut oil, pepperm nt
gelatin shells may contain a preservatlve to prevent the growth of microorganisms. Suitable

preservatives are those as described herein, including methyl- and propyl-parabens, and
sorbic acid. The liquid, semisolid, and solid dosage forms provided herein may be
encapsulated in a capsule. Suitable liquid and semisolid dosage forms include solutions and
suspensions in propylene carbonate, vegetable oils, or triglycerides. Capsules containing
such solutions can be prepared as described in U.S. Pat. Nos. 4,328,245; 4,409,239; and
4,410,545. The capsules may also be coated as known by those of skill in the art in order to

modify or sustain dissolution of the active ingredient.

[00109] The pharmaceutical compositions provided herein for oral administration can

be provided in liquid and semisolid dosage forms, including emulsions, solutions,
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safflower oil, sesane oil, soybean oil, hydrogenated vegetable oils,

hydr ogenat ed soybean oil, and nediumchain triglycerides of coconut oil,
and pal mweedi0i2Bes6Sui t abl e wat er - mi sci bl e vehi cl es i nclpauais2dn3msee not
limted to, ethanol, 1,3-butanediol, liquid polyethylene glycol (e.g.,

pol yet hyl ene gl ycol 300 and pol yet hyl ene gl ycol 400), propylene glycol,
glycerin, Nrethyl-2-pyrrolidone, N, N-dinethylacetam de, and dinethyl

sul f oxi dgyspefdnb AR ta® s BuANATERRIQM Rh (RGBS s RfenP Erﬁv%ﬁlrcﬂ @ﬁé ) cﬁxfd s ncl ude,
but are not limted to, phenol s, cresols, mercuri al s, benzy

chl or obutdésheised ifgierfprm ahﬂnqélrgmaﬂes gHgehewyamethodiuids which |thl?%@h1n water

benzal ko LY. A fuil B Onay RENEEE ARRLTLG AN OLLAGNb1e A Mo @ uid or
propyl - parabens, and sorbic ‘acid. Suitable isotonic agents include, but are
not |im tselenteemuningragen| @dlp@féervgm\g@cérlaimnm@mdnademlmd@s@ha@aﬁcmmh@ buf feri ng
agents i Op itable
antlOXIdg%%§g§$gR#hOSé§é£%%% %gﬁnﬁer BQ%§Q@@%%8§&HU ?ﬁ?éégnd sodi um
met abi suIpham@celﬁmltyaebtﬁe)tdbm&alaﬂ@htaheth(lowel akyluabetal mlowmsalk}d»aldbhmei ed to,
procai ne h dléqclgehoﬁé gl.eth falfcl:l t an asut%Pren?scci:{ Yo Vrf])g %IVS eI‘SI . ore%e&t gy12r € t hose
as descri‘bedher ern; PG S ddF M Car oxy ne]h ¥ U0Se, Hyaroxypropyl

nethylce@hummsednamdnpﬁmygbuyhp&mhmkﬂdEMﬁmaﬁuﬂﬂmbheaemmlawfylng agents are

t hose desc i n udln yet e.sorpitan nol ayr at e,
ol yoxyerniioahoDEsai i oHBoHE s Bt FRTIGR bR FB e Suft
Suitablesﬁ@quﬁatmﬁgngxnbn@hﬁhﬁ&mﬂguaganiShmmahudg;ﬁhunba&an@miaI|nlted to

EDTA. SU|tabIe t|n nts includ t.are not |imted to, sodium
hydrOX|déouH?HW§éﬁﬁﬁhW@n%§ 8%%%W@Fﬂemﬁ%laﬁaé CF&%?P@“&S#% Sui t abl e

conpl exi pam@eAkiSaliynetdpidle IRUId @FfferNOL, WdidH el ni@suréyc@nddeontly ifes, i ncl uding
a-cycl odextrin, P-cyclodextrin, hydroxypropyl Pcycl odextrin,
squobut?ﬁ@Fﬁ%@“@lcyclodextr|n and sul f obutyl ether 7-13-cycl odextrin
(CAPTI SOL(r), CyDex, Lenexa, KS). [00120] When the pharnmaceuti cal

conposi tifomgopr ovi dedr xefugliquidbi fedidoull abage foahs Molutié, PLearél A& a@Sted to,

adm nistration, the multiple dosage parenteral f or nul at j ons nust contain an

antimecr (SIEﬂS‘éFoné%j%‘Hg thyacyedpgpdigigshproxid ‘Fhﬁfrﬂﬂgﬁ‘ngtaélﬁ lylaghaem Papslns. Al
par ent er alkyleat BHLAL ihORNSinPUSE-diRR 1ok fhéthhe, (ﬁg Kl@otwglyﬁi@dteﬁﬁg@ﬁﬁé ced in the art.
[00121] I n one enbodi nent, the pharnaceutl n§05|t|ons for par ent er al
adnln|stﬂﬁbﬁ@ﬁb&?§yﬁﬂ@§9ééﬁmaéeW@aaﬁyﬁbﬂﬁ§éﬂ§Pbﬁ(]@n§6Wh@P%hs I n anot her
embodi menjjy e&?ﬁn@@%dﬁ@@ﬁ%&@l eéB@r”Rzﬂéﬂefn' ﬁ@%s@reﬁldpﬂs@&‘éf&é@ th%sapﬁﬂo%rnialt@ dry
sol ubl e products i ncl ud Igﬁh i zed powders and hypoderm c tablets, to
be recongyérags seleglartveighy @p@y?shyﬂme gysolyskhesq fprydaticap earierthenbodi ment ,
Lhe phar TB6AHL el RORRAR)LLANS & & PIOMLARHBN SEadYBHE) WSEIALET 1 &
suspensi ons. | n yet anot her enb I ment e’ phar maceuti cal conpositions are
prOV|dedhaébsﬂmmpkéBﬂfy]ﬂﬂ&@BﬂbkevmmmdﬁthHWEMEmeme¢®N$KwnMn@ﬁ with a
vehicl e I c
N g e SR i
phar naceubdmmlmatr{hmlfﬁe ttlmodlgropmomad]ddm&hes eitars, fand digava@rttaeragh. adm nistration
can be fornulated as i medi ate or nodified rel ease dosage forns, including
del ayed-, ain d-rel ease
For me. T ST} e Hhe MR8 caE PR LR o Ak Bt bor o B B R BT
parente r &k alad mqv1®t1 irathe Gmme aﬁhmorhm mmemsednca{@phersa,u SPENS$YOILMSS Mured.iar
sem -sol i or. 1 hi xot S n as an i npl anted
depot . Iﬁg% eﬁ”ﬁ%Sao%é%ﬁmrdﬁsgaﬁgP%%geuglcaﬁjc%%%%ggtlons provi ded herein
are dispersed in a solid inner matri x, which is surrounded by an outer
pol ynmer i d0Gdabr aneThephamaseitivglolontpbstions pooaied hbrginder grat adalihigivesion har act i ve
i ngredie a S i f
[00124] Sar P RARUTRGS L G ERTRAT b ARC rbbS5. 6 B RUARuca

into a liquid dosage form. Pharmaceutically acceptable carriers and exc:lplents used in the

non-effervescent granules or powders may include diluents, sweeteners, and wetting agents.
Pharmaceutically acceptable carriers and excipients used in the effervescent granules or

powders may include organic acids and a source of carbon dioxide.
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pol yrmet hyl net hacryl at e, pol ybutyl - net hacryl ate, plasticized or

unpl astici zed pol yvi nyl chl ori de, plasticized nylon, plasticized

pol yet hylwoeotoezaeqsht hal at e, natural rubber, polyi soprenecTaskyissises yl ene,
pol ybut adi ene, pol yet hyl ene, ethyl ene-vinyl acetate copolyners, silicone
rubbers, pol ydinethyl sil oxanes, silicone carbonate copol yners, hydrophilic
pol ymers, such as hydrogels of esters of acrylic and nethacrylic acid,

col | agen,[om@fs || kg fn LA MO a%mp&&lbe wBadn Gf1 08 fhie hbdVk @dsdpaidrhal | y
hydr ol yzed pol yvi nyl acetate. 6% 25] Sui tabl e outer polyneric nmenbranes

i ncl ude but are not limted to pol yet hyl ene, poly ropylene

et hyl ene/ B(?ldﬁ‘)l/l ene 1??&15‘611%‘%@31 CQHWP%‘H@/P&‘{W hgrep forpra @%‘BF%‘@P&E‘“

et hyl ene/p¢irsluld%el &hReGP Ol MOBITiSd rafdabd SRR (HMRORCRAinR AbMAIORLEMMhed,

si | oxanes, neoprene rubber, chlorinated pol yethylene, ponV|nyIchIor|de

vi nyl ch|pulrsPfhecqeaﬁléﬂdngedwaﬁ%pwgmmeéé@%%ﬁéorn\% nyl i dene chloride, ethylene
and propyl ene, iononer polyethylene terephthal ate, butyl rubber

epi chl or ahyelkdnerslubehiswrat®h hy! ene/ vi nyl al cohol copol yner, ethyl ene/ vi nyl
acet at e/ vi nyl alcohol terpolyner and ethylene/vinyloxyethanol copol yner.

C. Topic Adm ni s o The . harna ti ositions provided
e ot n a0 Ba nans TR Iy 4 NG COB T P PF FUBGSE mubosa The
topi cal gdrhidiadly rb@\ﬁm&mon aﬁfuu51ed>r hﬂ[ﬂ@mﬁnonl o€ l0dAIe S s{stdmtit adiBi@lstadon.
conjunctival, intraconeal i ntraocul ar ht hal mi ¢, auricul ar, transderwa

nasal , v:f@’feﬁ%lfa adfpigisHptgN, a%‘@%‘bherrealfldflﬁluaea}ﬁ aveRUS A SHTRREFHQRAl
[00127]Thﬁnﬁﬁ%@ﬂﬁ&@ﬁhh&@hr@&ﬂﬁ&ﬁhhh@ﬂ%&ﬁﬁﬁWhéﬁﬂmhﬁhﬁﬁﬂmﬁ&ﬂmbe formulated in
any dosage fornms that are suitable for topical admnistration for |ocal or
syst em c lefpEovialipEverdsahgnd i ePeieys aynisEtioRs, suspensi ons, creans, gels,
hydrogel s, ointnents, dusting powders, dre55|ngs elixirs, lotions,

suspensi qogL16} | nct meqailarm&t@ﬁl cohPBfBons prdvided h@&frﬁ%%a’ientérﬁlr i gati ons,
sprays, suppositories, bandages, and dernal patches. The topical

for mul at PERIBTIAHARCARINS K FEREART 1B ARY %w&gmﬁ tBﬁé“p%“BW‘%i@é Pﬁfé‘i*t%’iah can al so
conpri se shinRRRANES indld&f sbﬁﬁons%&ﬁ&ﬁf%ﬁ@'éﬁl%l&dﬂ@%@éi@g 8fFBsonfRRd M xtures

t her eof . [00128]Pharnaceut|cally acceptabl e carriers and excipients

sui t abl e nfigfosphsees| nanesyeemy ¢ sdlidtiompn suidabloles sltions aessprariensiniligeflude, but
are not | e n- aqueous
Ve o1 s B e o R TR S
nlcroorgémpwmﬁﬂhgﬁabmmdz@h@mi@bﬂ@bmkﬂnyﬂénhandeWstmggbmdﬂ@S&genvwd
bUffer'nQHQQ%QEFPmﬁﬂE@P gnts | ocal anesthetics, suspending and

di spersi ng agent t or emnul sifying agents, conplexing agents,
sequestering or chelatlng agents, penetration enhancers, cryoprotectants,

| yopr ot ed9@dv's, t thmq@ntmﬁgela'gekﬂoglpoaﬁ@Siimteﬂed draparentefad gdRiQisTHEon can

phar maceu iy &alo,¢ BIRGS| h%]ﬁﬂ§eu%@ﬁl,ﬁa{]§e%t£ &%Jﬂnate%g@ & ARG, Yulthy

el ectroporati on, |ont5b oresis ophoresi's, son %ore5|s or mcroneedl e
or need| dufiredeo, |aq|t}eec$ Yedmtlessmth raSCIFl@E@?Fff mlt(eolnﬂ \rebmle@cﬂnpmlchr yville,
CA), and Bl glor%}g;régv Vedh eacfrgst ME d "Hlo m?crr](glo(% a% IrneS abnhzers solljlﬂ)ﬂ%tl n, OR).
[00130]Th %arnaceu Ica Y Ons 8q Tere i Lanhe prOV|ded in
t he for rr&znhﬁncﬁs rigorasid &g,enus rlmaﬁeﬁng @edtsmhsxlde&m tezial aeesmentmnlpendﬁiy antles

i ncl ude ol eagi nous . or rocarb n vehicles,  incl | ard, benzoi nat ed
lard, ol (VBB TGy WS@%&&“HPP 1%%%‘3‘6? (FEPPI "8 agWﬁ ?eéluﬁsé‘%f?%l Gt um

enul si f i abélaimragahs erypptotsetavighiycpresciambiahicRdindyaderng pil ddpus@et Jcoh@tanm
hydroxyst.earin sulfate, and anhydrous | anolin; water-renovabl e vehicles,
such as RYdYSpHi1ic oi ntment; water-sol ubl e oi ntment vehicles, including
pol yet hyl ene gl ycols of varying nol ecul ar wei ght; emul sion vehicles, either
wat er - i n{00118] W O) Sweatle ai@oss mhioméslindlwdey\lait are I(OOH.IWtecEth\IV:SéIOMine,i ncl udi ng

cetyl alc hoI yceryl ost ear at.e, $ qﬂ aric.acjd (see,

Rerm ngt onnsoreee K br B AR iR bty SRS Sk et of es are

enol | i entinjbetion gemedi aliéxyroeigjettic, ﬁéldlb'&xla&ﬂuﬁkfctlarli]tdbﬁi@sé]arliliﬁctaﬁdeﬁfgaSer vati ves.
injection. Suitable non-aqueous vehicles include, but are not limited to, fixed oils of

vegetable origin, castor oil, corn oil, cottonseed oil, olive oil, peanut oil, peppermint oil,
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[ 00131] Sui tabl e cream base can be oil-in-water or water-in-oil. Suitable
cream vehi cl es may be wat er-washabl e, and contain an oil phase, an

enul si fi ewp 2ardi2aes6aqueous phase. The oil phase is al sectalishad/ostses
"internal" phase, which is generally conprised of petrolatumand a fatty
al cohol such as cetyl or stearyl alcohol. The aqueous phase usually,

al though not necessarily, exceeds the oil phase in volune, and generally

cont ai ns sgrRWERSE 38hme d1Qo W0 Sil fHyBfogbla ves @R bRl MdkRlchQ {BYeaR@i12
noni oni ¢, anionic, cationic, or anphoteric surfactant. ]00132]Gels are

seni sol i dnd gydigarehiipriglysssideyeficeranut &, gad palhecseoily Suialeraigr- missiolpani ¢

macr oMol qekil s indhl bl PHE 6l BRI LARLAN! X3 WALIII Ruld VoRHABRME oh0 |1 qui d
carrier. Suitable ge ng agents include, but are not nlted to

crossl i nkeg. mlytgtlllyl@le@ml ww;adreﬁlyethsla@dglmlé@r)mqamﬂ@e gbaﬁlbg\lxqut &Yal kyl enes,
and CARB f)' hyl ene oxi des,
polyoxyetqﬁ%)g2 g%%@g?g%§f&'§&%§%§ fﬁ§§%? ngﬁ ﬁ%V|nylalcoho

cellulosic polyners such as hydroxypropyl ceIIquse hydroxyethyl

cel | ul osdV0IHYHr oxy%ﬂl@b&@lantﬂmcmblaéégelntﬂ%ﬁ@serhwﬁmylpﬁ@byq argrpqtipliee k. ul ose

pht hal at I , d xant han gum
sodlun1aﬁ%?%§f8£§h$§k§g+g%ﬂ%ﬁg?ﬁgo é?ﬁﬁggggglg%eggﬁﬁﬁ%$g§ﬁ1gel, di spersi ng
agent's s ugtroagheat@ehohingrosgl, V@ealkmmanhlbedea@cgedbenmhomhm dpedridengretigknt can
be di sper; r ni ] X r 90133] The
pharnaceu?ggxgykﬁnﬁ%gi <%%gmcg%§| l%ﬁﬁg?g#§ %%ﬁsgﬁﬂégﬁyﬁ%éﬁéﬁggmggdtaIIy,

ur et hr al Isydiumationidé, lglycemr, apredexmag: rSallthlg;te buffering agamrsiisclade, Bwppasitt ori es,
pessari e a a dre53|ngs
creans, Eﬁ%gﬁﬁ%ﬁ%@%ﬁ% ?‘édtcétr% T ““agl |a‘ra%l‘?° drs%‘P 3 a%a%ﬁ)sﬁtaf 8‘%“1 egrlﬁu’fesu ons,
suspen5|@mﬂmhﬁgﬂmmMmanQQMsnnﬁ@anmmﬁ&pﬁmyﬁﬂebmﬂemQHEEQHHMQﬁemd@ﬁage forns

can be manuf gctured usi onvent.ional processes as.described i n Rem ngton:
The Soi orddeaiy Piraes FeBS R Tan il SugRhAS SXGh R eet TSR ol ang
vagi nal sldfppiesd heddih acladify sdluntedansty@sthfRElldoRs aydrbg@mpﬁ ﬁhetthdMlLﬂlfsbfl ces,
whi ch are solid at ordinary tenperatures but nmelt or soften at body

t enper at GPePeiyVipdpEEidong Suiigble gauisitypeageatprshose dssegied h‘?ée”érlpcfl‘f‘&%

Phar nace%ly@aﬂzekw@%&ﬁmnh@n&@m oS okhettlylch dorbitan 186H08lca@ R, A4@9i nal _
suppositories include bases or vehi ¢l €s, “such as stiffening agents, which

produce dtiganolapunedvast Jusablp geqEpsesngior ghebing agrptsighilss iftareenol {peed
fOf”“'at%QEDT%hShﬁﬁﬂ@ﬂﬁ%gﬁ&ﬁ@%g&ﬁhngﬁﬂﬁgﬁk&i&ﬂ%nﬁ&@&iQﬁﬂnﬂﬁ%ﬁbﬂdeand
anti oxi dants as describ hefern, including bisulfite and sodi um

met abi sulhyfioghlomygaidbitae spichiard laetiq agd Jsablpermpedngsgents ingludedut e nelocoa
butter (t 21 | 0- 1N, R yl ene

gl ycol), hré}g%fglrir.ﬁc tl(i?dek%%lﬁ a{l(%{&ﬁlgé %ﬁ%ﬁé&%{ﬁ gg?{lg%%v%xﬂﬁ% (y}&%gr[gprl ate

m xt ur es colodmntr, sulfbbu@lechet-picgtlydairing el saffobhaglttieraci ds, and hydrogel s, such
as ponV|g¥ al cohol ¥dro%yethyl met hacryl ate, and polyacryllc aci d.
Conbi nat i’ofeydtderia (GAPTHGL vERPEY. LenxarK%i so be used. Rectal and vagi nal
suppositories may be prepared by conpressing or nolding. The typical weight

of a rectiabiend vayihBRihe pHARASILIEAN Yo FosaRAYbroidt@h@Biaute BrifllakdRL35] The
phar maceuti cal conpositions provided herein can be adm ni stered

opht hal mteinly dpsaes deninigiFaion dhe wgltipledoprge PaigRisEhOTHRationsiniisheoRtain an

enul si oNSinigRYobiQLENNS LAQLHTstP0Sr fulﬁ% 8¢ Sont QftraBHsUAIORN PR FSrmuBEiBhAT
inserts, and inplants. [00136] The pharnmaceuti cal conpositions provided
herein carshle e #h snosyneandipriciigadas el or by i nhal ation to the respiratory
tract. The pharmaceutical conpositions can be provided in the formof an
aerosol qmn&@]UtlOmx%@@mg&hmyﬁTMe9§hﬁgxﬁu&ﬂG&ﬁ#ﬁh&ﬁﬁm@ﬁﬂ&ﬁ&ﬁﬁr punp,
spray, atonizer, such as an atom zer u5|n%Be ect roh drodé?anlcs to produce
a fine medpunigrationae proyuled anicadielogie plarle Saiont Anofier smBpdanntaby e

propel | anham@kGhicASomhpdsiton? aretppdvidhlay AR URARRILRY products, includin

1,1,1,2, 3,3, 3-hept af | uor opr opane. The pharnaceuti cal conp03|§|ons can al so
be provi dwhé@ecap@rcgersw@mmodﬁmc fabkeist fof hetrpeonstitabdwith aveliigle poordP et i on wi t h
an i nert 1630ihGheritBaffal HelAHLLRALSRBALIRL IR praftbandnaly fgRs.  For

i ntranasal "use, the po conprise a bioad e i ve agent, |nclud|ng
chi t osan smlle@}ameod@xst fi pet another embodiment, the pharmaceutical compositions are
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[ 00137] Sol utions or suspensions for use in a pressurized container, punp,
spray, atom zer, or nebulizer can be fornulated to contain ethanol, aqueous
et hanol , W0 2a108128458bl e al t ernati ve agent for dispersingpcsalsadiolosmsehg, or
extending rel ease of the active ingredient provided herein; a propellant as
solvent; and/or a surfactant, such as sorbitan trioleate, oleic acid, or an
oligolactic acid. [00138] The pharnmaceutical conpositions provided herein
can be mpedQRiazedetie dy I%goq@m@woa@@tebta%o&ewtmlyh pyem&@@ll&% @R, rsuch as
about 50 m crometers or |less, or about 10 mcroneters or |less. Particles of
such si ze8ll gagthasembpdimantedic pBImgCeticn FOMPRIICAYATBEVEIA RNTSIY-OT'SE hose

skill ed iR i @idns. SUch as spiral jet mlling, fluid bed jet mlling,
supercritical fluid processing to form nanoparticles, high pressure
honngenlzatlon or spray drying. [00139] Capsul es, blisters, and cartridges
for use ilMVIZAl | nhallsrpharmaceisalqoaperitiensrayeder esein a5 BMetalcont ai n a powder

m x of t REnRRGLIBEEH e $enuEANPRR Shhb@RS oP NSt 16! &she f@rn%uln‘éﬁlﬁing powder
base, such as | actose or starch; and a performance nodifier, such as /-

| euci ne, detapest-tsgstaine, pnlﬁ@he@nweéteeﬁ@ﬂeandmegm@w%@em@rwe anhydr ous or
in the formof the nonohydrate. Qther suitable excipients or carriers

include, hab3are Nple fhafhdcElichiRonPElisR Provilcd HOR R fol Bt RSEL sor bi tol,
xylitol, fructose sucrose, and trehal ose. The pharnaceuti cal qp03|t|ons

provi ded aHeinastiatipmeanibe emadinedriis a susperiona sirtidnsesti walid, hthigkopig ilﬂlﬁe Otonpri se
a sui t abfidfii QM as SYRPIaAGd BERE PRl on8 PHbENOTERL E@alma&{igéa%oﬁy&ﬁ%ﬁ@er S,

such as saccharin and saccharin sodium [00140] The phar naceut’ cal
conposi t irensdedhereineedieareidin 4 slidiiopt oairixaghich uswrre@nd@dmbzc amower f or nul at ed

to be img gim% In{egig_?a%ﬁlaf’fs lﬂEBgJ‘ofe it Gody A FRAS G al 19 ﬁil%}eﬁg\é/gﬂ nihe eSust ai ned,

pul sed-, targete rogr anme ease. ed Release
[00141]TmbmphaﬂMBdeump@mhmsdﬁm&smnn@hs prOV|ded hereln can be fornul ated as
a nodified rel ease dosage form As used herein, the tern1"nDdified rel ease”

refers t ]osages‘; @El@iﬁd@r %%%Qs ‘hggder ?%tearé)ﬁotﬁ} §.of release of the active

ingredieﬂt(s) is different at of an I medi até dosage form when
admi ni st ecbtebylndacsdare pobbtigl- thdcrrﬁ/lla@dplmiIC'eadser wpkaigezeflor ms i ncl ude, but

are not |J yv1n3QPf08fl? % Cflsfaé{ze% ?}%?Stlglzgd ]?olg{t lf(:)ntggerg hitha detlt|es iu&?gfbber,

[6)
pulsatllg ACde
pr ogr ampdlyisebeas eplyesnbhtgam polgzbutﬁhemt pmtldmlagpeh}ﬂ@mmmyl Icteeatephar maceut i cal
conposi tionsg i

in forns can red using a
var ey GPPghr B b RS pERT PSR SR Rred Y BOBRE R ki 1 ot i
the art, hwmeMdtpgmnh@BuﬂﬂmIbﬂﬁgﬂ@df&mxsmﬂkﬁmmambmﬂhmhﬂﬁdwkEhﬂagﬁldeVICeS,
osnotic cont ol led rel ces ti ontrolled rel ease
Govt ces, FomiBkahyinT it TLfpsriner bbby ST pAR) N 6 E0at f nge
nlcrospheres | i posonmes, and conbi nations thereof. The rel ease rate of the
active ingoled] ent (Syitableoual sdybericmeibragd iljudeduyiragottlingepas,ti cl e si zes and

pol ymor pho of the active ingredi nt(s es of nodified
ol tasc RBFRAR BHOPEPEeir cy R FRRITs piRE dasl bG fRBs. Pat . Nos. :
3, 845, 77Qopdyd6, B%ncBin§BacBRXopdyROS, Li2Bhe AbOES, pobRimdahyB #oEaE;
5, 059, 595neoprene rubber, chlorinated polyethylene, polyvinylchloride, vinyl chloride copolymers with
vinyl acetate, vinylidene chloride, ethylene and propylene, ionomer polyethylene

terephthalate, butyl rubber epichlorohydrin rubbers, ethylene/vinyl alcohol copolymer,

ethylene/vinyl acetate/vinyl alcohol terpolymer, and ethylene/vinyloxyethanol copolymer.
C. Topical Administration

[00126] The pharmaceutical compositions provided herein can be administered
topically to the skin, orifices, or mucosa. The topical administration, as used herein, includes

(intra)dermal, conjunctival, intracorneal, intraocular, ophthalmic, auricular, transdermal,
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5,591, 767; 5,120,548; 5,073,543; 5,639, 476; 5, 354,556; 5,639, 480;
5, 733,566; 5,739,108; 5,891, 474; 5,922,356; 5,972,891; 5,980, 945;
5, 993, 855yvo0arMa3B80; 6, 087, 324; 6, 113, 943; PCT/US2010/031828

nasal, vaginal, urethral, respiratory, and rectal administration.

[00127] The pharmaceutical compositions provided herein can be formulated in any
dosage forms that are suitable for topical administration for local or systemic effect, including
emulsions, solutions, suspensions, creams, gels, hydrogels, ointments, dusting powders,
dressings, elixirs, lotions, suspensions, tinctures, pastes, foams, films, aerosols, irrigations,
sprays, suppositories, bandages, and dermal patches. The topical formulation of the
pharmaceutical compositions provided herein can also comprise liposomes, micelles,

microspheres, nanosystems, and mixtures thereof.

[00128] Pharmaceutically acceptable carriers and excipients suitable for use in the
topical formulations provided herein include, but are not limited to, aqueous vehicles, water-
miscible vehicles, non-aqueous vehicles, antimicrobial agents or preservatives against the
growth of microorganisms, stabilizers, solubility enhancers, isotonic agents, buffering agents,
antioxidants, local anesthetics, suspending and dispersing agents, wetting or emulsifying
agents, complexing agents, sequestering or chelating agents, penetration enhancers,

cryoprotectants, lyoprotectants, thickening agents, and inert gases.

[00129] The pharmaceutical compositions can also be administered topically by
electroporation, iontophoresis, phonophoresis, sonophoresis, or microneedle or needle-free
injection, such as POWDERJIECT™ (Chiron Corp., Emeryville, CA), and BIOJECT™
(Bioject Medical Technologies Inc., Tualatin, OR).

[00130] The pharmaceutical compositions provided herein can be provided in the
forms of ointments, creams, and gels. Suitable ointment vehicles include oleaginous or
hydrocarbon vehicles, including lard, benzoinated lard, olive oil, cottonseed oil, and other
oils, white petrolatum; emulsifiable or absorption vehicles, such as hydrophilic petrolatum,
hydroxystearin sulfate, and anhydrous lanolin; water-removable vehicles, such as hydrophilic
ointment; water-soluble ointment vehicles, including polyethylene glycols of varying
molecular weight; emulsion vehicles, either water-in-oil (W/O) emulsions or oil-in-water
(O/W) emulsions, including cetyl alcohol, glyceryl monostearate, lanolin, and stearic acid
(see, Remington: The Science and Practice of Pharmacy, supra). These vehicles are

emollient but generally require addition of antioxidants and preservatives.

[00131] Suitable cream base can be oil-in-water or water-in-oil. Suitable cream

vehicles may be water-washable, and contain an oil phase, an emulsifier, and an aqueous
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6, 197, 350; 6, 248, 363; 6, 264, 970; 6, 267, 981; 6, 376, 461; 6, 419, 961,

6, 589, 548;

[ 00143] Thwophevrreeseut i cal conpositions provi ded herei n iPaTASdioBisesl
rel ease dosage formcan be fabricated using a matrix controll ed rel ease
device known to those skilled in the art (see, Takada et al. in

"Encycl opedia of Controlled Drug Delivery,"” Vol. 2, Mathiow tz Ed.

1999) .

a0 104 42 39R6 RGdkb WHZA R Q&é&@ﬁ ph 20 1dkid R g&ﬁarratl@l BupRadme nt

pharmaceutical compositions provid herein in a fired rel ease do
formis frerpaiua:aed adaiyrcohnl seelbeh Omyéomsaqarxl rleglali & be aqm@ltswha% usually,

wat er Sm'altﬁ&lgﬁ no@ﬂe@&%emﬁ 1ex5€ed§t‘ﬂ!& H@ Fﬁas@ﬁl VOIGhS and Qﬁhﬁﬁﬂ/ B(g’ltaIM not i

to, syntheti ¢ polyners, and natura

'y occurring polyners and derivati

such as pohydgarichhe q:rg@lglflgm@j agragigiopulation may be a nonionic, anionic, cationic, or

amphoteric surfactant.

[00132] Gels are semisolid, suspension-type systems. Single-phase gels contain
organic macromolecules distributed substantially uniformly throughout the liquid carrier.
Suitable gelling agents include, but are not limited to, crosslinked acrylic acid polymers, such
as carbomers, carboxypolyalkylenes, and CARBOPOL®; hydrophilic polymers, such as
polyethylene oxides, polyoxyethylene-polyoxypropylene copolymers, and polyvinylalcohol;
cellulosic polymers, such as hydroxypropyl cellulose, hydroxyethyl cellulose, hydroxypropyl
methylcellulose, hydroxypropyl methylcellulose phthalate, and methylcellulose; gums, such
as tragacanth and xanthan gum; sodium alginate; and gelatin. In order to prepare a uniform
gel, dispersing agents such as alcohol or glycerin can be added, or the gelling agent can be

dispersed by trituration, mechanical mixing, and/or stirring.

[00133] The pharmaceutical compositions provided herein can be administered
rectally, urethrally, vaginally, or perivaginally in the forms of suppositories, pessaries,
bougies, poultices or cataplasm, pastes, powders, dressings, creams, plasters, contraceptives,
ointments, solutions, emulsions, suspensions, tampons, gels, foams, sprays, or enemas.
These dosage forms can be manufactured using conventional processes as described in

Remington: The Science and Practice of Pharmacy, supra.,

[00134] Rectal, urethral, and vaginal suppositories are solid bodies for insertion into
body orifices, which are solid at ordinary temperatures but melt or soften at body temperature
to release the active ingredient(s) inside the orifices. Pharmaceutically acceptable carriers
utilized in rectal and vaginal suppositories include bases or vehicles, such as stiffening
agents, which produce a melting point in the proximity of body temperature, when
formulated with the pharmaceutical compositions provided herein; and antioxidants as
described herein, including bisulfite and sodium metabisulfite, Suitable vehicles include, but
are not limited to, cocoa butter (theobroma oil), glycerin-gelatin, carbowax (polyoxyethylene
glycol), spermaceti, paraffin, white and yellow wax, and appropriate mixtures of mono-, di-
and triglycerides of fatty acids, and hydrogels, such as polyvinyl alcohol, hydroxyethyl

methacrylate, and polyacrylic acid. Combinations of the various vehicles can also be used.
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[ 00145] Materials useful in formng an erodible matrix include, but are not
limted to, chitin, chitosan, dextran, and pul lul an; gum agar, gum ar abi c,
gum kar aysp 20omensds6bean gum gum tragacant h, carrageenamrsT/usaomogbests i , guar
gum xant han gum and scl eroglucan; starches, such as dextrin and

mal t odextrin; hydrophilic colloids, such as pectin; phosphatides, such as

| ecithin; alginates; propylene glycol alginate; gelatin; collagen;

cel | ul osigGgial 4GRS sBhWorfes hlay @8R pAED)y comirbingbPiblae®! MUk ageal MEC)

car boxyret hyl  cel T ul oslgeﬂa’%.cwr:), S<’l:JVEEphyolr’(')xd;/%h e P o
hydroxypﬂﬁﬁ?ﬁoﬁéﬁ$®l%@éaQFP@me%@FVwﬁﬁgﬁﬂ%@éb%ﬁgg(CA), cel | ul ose propionate
(CP), cellulose butyrate (CB), cellul ose acetate butyrate (CAB), CAP, CAT
hydr oxyprig@sk] met hyhe sathdeb@r el ohiBMiions PRMiRA hERMADbe ByifinQwydr opyl net hyl
cellul ose acetate trinellitate (HPMCAT), and et hyl h¥droxyethyl cel | ul ose
(EHEC) ; pohhalnisally pythe firmg sheelutions. yySPARAIONS] GRRISNES. qaBilsjensndel-fordéncat e;

gl ycerol (Rliby, Axldrast SiionP b ariMt AWrdCindRAbNMASr Y 1 ¢ acid; copolynmers of
ethacrylic acid or nethacryli ¢ acid (EUDRAG T(r), Rohm Anerica, Inc.,
Piscatamaé NJ); poly 2-hydrpxyethyL1nethacrylate); %ol | acti des;
copolyneﬂ(hép]L-gIEH Endgeytigaliompatihgns Provifeld hanvit @n b agriaiisside 1 actic

aci d- gl yGakingsa@§ bfb CRARAAIRS the rRBIr¥iolthac). ~Bre PUARRXREH ¥binFosdfond cardf2d Ot her
acrylic acid derivatives, such as honopol yners and copol yners of

but yl net Waeidedan e fora ¢fyan apiesH QEsojytipndor defiygyy usiag hakessyrigadeoniampy| acryl at e,
(2-di met 1,nQe : ' ' acryl ate
chIorideEMF%g%%gj%E%%%gF%?%&%%%ggﬁﬁ%ﬁﬁg%&%ﬁgﬂ%ﬁa n%ggggﬁ%§¥k%gﬁ%%sitions
provi ded gty eri ngbalizer, hlonerod iatcebinptidn vathvomwteblediop¢lianhawahiag 1dehvd-ce. The
active i i )l ' | ' r ' i b1 ] nd is
reIeasedqgﬁgﬁgﬁgpéﬁﬁg1gﬂ?%%é?gﬁﬁgﬂggﬁghﬁﬁﬁé§?%%#$nﬁgw%?§&%ﬂgg$éﬁﬁ?ﬁistered.
Mat er i al sssbk pabyided hox duiypewds far inartitlgioo diltylesr ima¢amibinatiew watk an mettude, but are
not limted to,,insoluble plastics uch .as pol yet hyl ene, . pol ypropyl ene,
pol yi sopranist 5 ey Rest v FhEwasndy st cipe et Rie RO RO P o,

pol ybut ylcompligecr bibalhesiveclgtiorincladieg clpokanairirydledeirinpol yvi nyl chl ori de, net hyl
acryl ate-net hyl nethacryl ate copol yners, ethyl ene-vinyl acetate copol yners,
et hyl ene/ | ene¢ Gopol r : ene | .acryl at opal rs, vinyl
chIoride[@ggzryner%ﬁWﬁ%ﬂX€§ﬁ§?$§%§¥gF%fég%%%WP é%én%HEB%Pﬁgf%gﬁhylene and
pr opyl enejonmismoireebipuénah by feemelated tegint dnatthine], alutoyd ethanoher g suitable

epi chl orohydrin rubber eth e/ vinyl al.cohol copplyner, ethy]ene/vinyl
cbet at of MG RERGT EorBeyPItint e Broe Aot BRHETET meSUBH, mer

pol yvi nylpr@hdedmitden; a ptcpsildn hzet) ety hiabor aphasdiint,isaedaspotbyien thpleaeeoleic
terephthal ate, n t%raJ rubber, silicone rubbers, polydinethylsiloxanes, and
si | i cone %&'%4r Hih lg)€@63péners; hydr ophi li c pol yners, such as ethyl

cel lul ose, cellul ose acetate, crospovidone, and cross-linked partially

hydr ol yzg¢d0138] yvi nyhe mhasbat@icalanchpbstiéng peomnjed e, cas be miasnigartnawviea wax,

m crocrystal line wax, .an riglycerides. [00147]1n mat r.i x ntroll ed

el eace Syl B oy sl el Rilaeh £ s PRGSREDs oot st BB 1 or

exanpl e],c mﬁ@m‘efel@ cﬂ@ésy.n&g;iélysﬂﬁﬁﬁdﬂlsﬁz@y%betﬂﬂ@ag_ﬁluyiﬂ%ﬁ)(:&lhﬁlﬁt@lﬁhg ﬁh_,ethbhlfe pﬁrti cle
sl zes of the polyner._and/or the active.ingredient(s), the ratio of the
2ctive i HPRRIEHES GOt RGeS PR Ie: TGS SR A P nerbEe gtk 1 er s
in the compOsibédsQRSto (hIOHABpaHiGesDhiah PREQME hdi@lge fiGAMASHIshANIryOVi ded herei n
in a nodified rel ease dosage form can be prepared by net hods known to those

skilled ip t art, including direct compression, dry or t granul ation

ol | oved 03B nr cCum e P e oG st R Rbe on o BrHctasa g s Bosi on 5.
Gsnoti ¢ Eortuladd t@do&h@?‘é@d@a‘l\ﬁ&@eﬁle[pﬁm&]uﬁbﬁ cPi fésRBE Piolvladl h&eaPosi ti ons
provi ded herein in a nodified rel ease dosage form can_be fabricated using

an osnot iSBEOERMFY Rage. segheag dactqge oy gachs japd Hﬁf‘ﬁ'@‘?n%%‘)dﬁ&ﬂf > Pethastled to,

one- chamM@lcing YiSA@i], bVaaGRANRASleaBesS IR acRSY AEDE dfhy0BIDEAR tetie@hE0l 0gy
(AMT), and extruding core.sgsteny(ECS). I n general, such devices have at

| east t wéhcBapBHEAEs Oteg yuiable SreEPRPP Ohcagintt Hickide. HHt ae potlianiied & deiteddt . and
(b) a sempeiRaAR:E, SRIBI 2PRoMtilo@t sucRRS an@REnARET YRS phaRdcbuticwhi Ch
encapsul ates the core. The sem perneabl e nenbrane controls the 1 nflux of
wat er t o cpmpostime pfovisiesl Aereiadoridobpdeddniyinag pdintnisghtiensean futhgscangprisagyse dr ug
rel ease by extrusion through the delivery port(s). [00150]In addition to
the active ingredient(s), the core of %he osnotic device optionally

i ncl udes an osnotic agent, which creé? S a driving force for transport of
water fromthe environnent of use into the core of the device. One cl ass of
osnotic agents is water-swellable hydrophilic polynmers, which are al so
referred to as "osnopol ymers” and "hydrogel s.” Suitable water-swell able
hydrophilic polyners as osnotic agents include, but are not limted to,



pol yvi nyl pyrrolidone (PVP), crosslinked PVP, polyvinyl alcohol (PVA),

PVA/ PVP copol yners, PVA/ PVP copol yners with hydrophobi ¢ nononers such as
met hyl nmewbaoroy2asse and vi nyl acetate, hydrophilic pol yecetusanes3msest ai ni ng
| ar ge PEO bl ocks, sodium croscarnel | ose, carrageenan, hydroxyet hyl

cel lul ose (HEC), hydroxypropyl cellulose (HPC), hydroxypropyl mnethyl

cel lul ose (HPMC), carboxynethyl cellul ose (CMC) and carboxyethyl, cellul ose
(CEQ), sqgibm @vef, Bahes nRAMYCABARMehhod S risReeXRR BRA a8 haARdng0di um
starch glycol ate. [00151] The ot her class of osnpbtic agents is osnpgens,

whi ch ar 63¢hPEbIdIUBT. | nbi bi ng water to affect an osnotic pressure gradient
across the barrier of the surrounding coating. Suitable osnobgens include,

but are neg14bj M t efhd phardhROE@ANofpSAidrS prévided he@inBIReRhh$Hldabe,
magnesi um chl ori de, cal cium chloride, saodiumchloride, |ithiumchloride,

pot assi urfs b foanelated g edaimigdiagrslspisf Bdifisd gilens. dnsfubialelyes ogpamedul fit e,
L i thi um syl k@t ©onPQleds $drii £ Bl PEbdemnRAckiSQdi um sul fate; sugars, such as
dextrose, fructose, glucose, inositol, lactose, maltose, mannitol
raffinose, sorhitol, sucrose, trehal ose, and xylitol; organic acids, such
as ascor t-cMadifigd Rglewsoi ¢ acid, fumaric acid, citric acid, maleic acid,
sebacic acid, sorbic acid, adipic acid, edetic acid, glutam c acid,

p- t ol uengsailsf pni ¢ Bl wharnsdéeical onpbhidonsPislidedmbRin n B€ dinuldle@as a and

m xtures thereof. [00152}C5nntic agents of djfferent dissolution rates can
be enpl oJ%thﬁSl plRtse defiee %w‘“rsé}bfidd]ewft’t‘}?tﬁr@f iwlflqi]g?]é%ﬁee?ﬁﬁ(r%)"%‘?s?%?i tially
del i ver edoff @raHidlend Ra@S14c0 bMelcm R of IR Eing RIBARN QUBTTSHIE &Fotn theigh as
MANNOGEMIM EZ (SPI Pharma, Lewes, DE) can be used to provide faster

del i ver y a8dpmgdjate desage fagm vasp plaingstererbliir e samegperpMogitise sdercedesnge desired
t her apeutph,e,&hdi&fel but @Rt AHMP,! %1888, SAMLRURblMEL! GagReR] plidiflel Mai ni ng
amount to maintain the desired ievel of therapeutic or prophylactic effect
over an eéReenidddagseleragd-.dist+ japgetedt, pragrnamedrptease; il ghetric yeteritipg degent (s) s
rel eased S ~ ; M j ingredi ent
netabolige Saﬁggggg%%%§%&Qf%gﬁﬁg%ﬁ%%ﬁﬁbre gg%mgﬁg%ggﬁgﬁ%&gﬁglﬁﬁ)%Hvariety
of ot her veixgiphray sf modfichrelcherdviass aid sethiodekindvarteithmse skilddhateeart he

per f or man e f te stabilit r .pr i ng.
Fo0154] Naga i bGeERRRLE s R Rl ReBRATR G BLEB o iRUAGERE, 1.

vari ous gleadasmolipaticylhte centrolliediyelcase devives, syn-gxohanaatedias, enpdt yesingy, s, and
cellul osic gﬁriv tiyes t hat are Fater-pe&pea%le.anqhmate -inzolub!e at
physi ol odiERRY GG R AUES I CRSRICT G Rps Ay S SR OB RO Shergd EBG FFéiteréd

wat er - i nsothshkeyveiygredienistedn addotbe maddifaud by Sugihgake garddshivaslehdig Exanpl es of

sui t abl e pol rs useful in . formng the coating, include plasticized,
unplastiépggﬁgﬁﬁﬁﬂnp WﬁﬁﬁP@éﬂgﬁﬂ%¥ l ose acetate (CA), cellulose diacetate,

cellulose triacetate, CA propionate, cellulose nitrate, cellul ose acetate
but yr at e [(@AB) , CAEeiipids of atobdied redeasGARudCAunee hytllind@d b iakedesGfbeducci nat e,

cellul ose acetate trji it i | am e CA et hyl
carbonaté?E%i%@hﬁB?6%§§$g®éggﬁ%é%f%%?aéiggaggiQ%ﬁiﬂ%?ﬁgﬁiﬁ%#?%nate, éﬁ
gut yl ;sulstasuat)ﬁ:,s,m,ms';ts)lzaﬁalae; 5@113{521{3&5,639,%;615,3@@@36?3,6%9@8@1593@,5?16;: acetate,
eta gl ucan tate, be ucan triacetate, e e dine acet at e,
11 acot a8 0T Geliet hesr2ain SAGdob stk k. sPFgIEneSer iy holfats. Bo. peo
PPG,  PEG/IRG 98901 980:56,243\483; 44, 970RCL67C34T; 6,800-451; EEMDD6 1HBINRE 54 81PMCAS,
HPMCAT, polééaqryllcé acids and esters and poly(methacrylic) acids and
esters aellecpdIPdeO9P¥br eof , starch, dextran, dextrin, chitosan,
col | agen, gel atin, polyal kenes, polyethers, polysulfones,

pol yet herisphifienesnrqRl Releydeeneies pol yvi nyl hal i des, pol yvinyl esters and
et hers, natural waxes, and synthetic waxes. [00155] Sem perneabl e nenbrane

can al so hydr.aphgbi ¢ mi cropor ous nenbr ,_wWherein the pores are
cubstanc 1o £ 11 BR MR GaER R RS POkt it GBBb s e um
but are pesiyeadheah 6c NdliElicMApRra masx dbbollabRRatelctcSkndiat to e siGlO8, 119.
Such hydr ophobi ¢ but water-vapor perneabl e nenbrane are typically conposed
of hydr ophBBIRE (61 bakeier abih Taey Byl CrEE I SN bRERCY Odt ypt opyl Gne,
pol yt et r afidiotagthyere, 1999). yacrylic acid derivatives, polyethers,

pol ysul f ones, pol yet hersul fones, polystyrenes, polyvinyl halides,

pol yvi nyl i dene fluoride, polyvinyl esters and ethers, natural waxes, and
synt heti c waxes. [00156] The delivery 8%rt(s) on the sem perneabl e nenbrane
can be forned post- coating by nechani¢al or laser drilling Delivery
port(s) can also be fornmed in situ by erosion of a plug of water-sol uble
material or by rupture of a thinner portion of the nenbrane over an
indentation in the core. In addition, delivery ports can be formed during
coating process, as in the case of asymmetric nenbrane coatings of the type

o ~ 2 ™ O /NA PN NN o = NN NSNS F A \NA = =y == a oa



substantially by nodul ated via the thickness and porosity of the

sem per neabl e nenbrane, the conposition of the core, and the nunber, size,
and posi tworronf1284s6 del i very ports. [00158] The phar nace®Ciramskoionssesi ti ons
in an osnotic controll ed-rel ease dosage formcan further conprise
addi ti onal conventional excipients or carriers as described herein to
pronote performance or processing of the fornulation. [00159] The osnotic

control | ggoiug| eas qn%ﬁﬁgemﬁwﬁsm@% ﬁﬁnmc@ma&%n@@g%&lpﬁwe@ heRpvigAt i onal
met hods and techni ques known to those skilled in'the art (see, Rem ngton:

The Sci enewlifznddelpgsgdpsagefogn lﬁ@&ﬁ%@gl usigg,yy godilg magex devipe paljgl s whter-
Control | %@eﬂﬁﬁheeé%&bi@%ﬁsoh%ﬁe 6polyr3e1fs u}éﬁfd , e 8 11mml§af tH%j%&?dW and

| ndustrial Pharmacy 695- erma et Control | ed Rel ease
2002, 79,angngqplly P@@m@@]mhn@@r atnéldnn@ﬁb@ﬁd pugb ns Boly&ah@aeranﬁnr@tmsc al
conpositions provided herein are fornulated as AMI control | ed-rel ease

dosage fgpdusyhi ChyGORRE LSSS 1@fbrﬁﬁﬁgr£ﬁ%¥ddib@e QSR A GBI LRS! Rl Goats a
core conprising the active ingrediént(s) and other pharmaceutically

accept ablchitiax@ypsagndexrayy, a@bmrl Uéafnsgunsé@r gug arghag, gumd<ara5a dazsigsan gyg WO
2002/ 179§§m (7 %Qcaﬁﬁ{"- camgée[fu gﬁng@ Q&ﬁhi 2g’ E?; af PR h%ﬁf%par ed

according to Conventio nlque own to ose skilled in
the art, smnwhudwmgmdﬁmemmuhmdﬁﬂegsndn@Hthcg@amulamhemmmMEumgﬂamukat|on
and a d| oat t maceut i cal
compos AR st ARy gt AV ERE by B S, RS0 R TBE L o G RAERCDCS
dosage f@&wiaﬂhkmh&ﬁbmpmhﬂe&yhmﬂdsnﬂ&ﬁﬁ)mmﬂhm@m@hﬂh&ﬂdow&C@ﬂa Chi’,

Coar e PR BTt DB b bk e YA BBk RE8) P00 ot o
Cbntrol|edhﬂ&k@&@ﬁm@&VCEESdhmﬁéBﬂbﬁhﬁ(ﬁhamﬂﬂﬁﬁukmﬁﬁbu@ﬁmp@ﬁiﬂﬂCAB provi ded
hor 1 par 60 PR rEed GRS BRSERE Rl PSR RAIERL 5B S e o i 1
of parti cbgesegtant iraselli@ic (ABM®LS, andangl Rgirdyeiiybkaulbse@HE@ t o about 3

mm about 50 | amtog about 2.5 nn% or fromabout 100 [amto about 1 mmin
di anet er PoRyp mFTofifens: pelvyindplshelapplpdnyhacriais ehicam! () adid €4Sk nown t o

t hose skip| y@@ylaﬁnaehgol%c&yhcl 01 HoReheVRIf e MAcHy B M1 B6aRMhRt1QAcid
extru5|on/s§ eronjzation, roller-conpaction, nelt-congealin

spray- coabVREASdéa Rabpedmerggelncs, Biscasaiuin NG); pwq2thY6a%thbﬂrra%tgaCalw) Dr ug
Del i very; OWC&@G!S %Kﬁ/ﬁ{ers 0¥%9 uta@RhcfNAL TRGEH ol Aha ERkL8IdbEALL R AciieChnol ogy;

Mar cel Eekker 198 her excipients or carriers as described

herein cafychlc mdaméwmm holwlpe( phaydasutirearidcpdyr airphisacid aid in

processi nganded QHT08 ARALHAIGHERL LSy B LGB, hlefigr Parti cl es can

thenselvesncongtg%uﬁe ?ﬁgﬁﬁﬁy%%part# &Pate dé ?%ea]? cane@’ coated by
methacrylate, ethyl methacrylate, ethylacrylate, (2-dimethylaminoethyl)methacrylate, and

(trimethylaminoethyl)methacrylate chloride.

[00146] In certain embodiments, the pharmaceutical compositions provided herein are
formulated with a non-erodible matrix device. The active ingredient(s) is dissolved or
dispersed in an inert matrix and is released primarily by diffusion through the inert matrix
once administered. Materials suitable for use as a non-erodible matrix device include, but are
not limited to, insoluble plastics, such as polyethylene, polypropylene, polyisoprene,
polyisobutylene, polybutadiene, polymethylmethacrylate, polybutylmethacrylate, chlorinated
polyethylene, polyvinylchloride, methyl acrylate-methyl methacrylate copolymers, ethylene-
vinyl acetate copolymers, ethylene/propylene copolymers, ethylene/ethyl acrylate
copolymers, vinyl chloride copolymers with vinyl acetate, vinylidene chloride, ethylene and

propylene, ionomer polyethylene terephthalate, butyl rubbers, epichlorohydrin rubbers,
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various filmformng materials, such as enteric polyners, water-swell able,
and wat er-sol ubl e polyners. The nultiparticul ates can be further processed
as a capswbeoovi2aestabl et. 4. Targeted Delivery [00164] TireTalsaornomsmses i cal
conpositions provided herein can also be fornulated to be targeted to a
particular tissue, receptor, or other area of the body of the subject to be
treated, including |iposonme-, reseal ed erythrocyte-, and anti body-based

e 1 1 e ne/ 1 te 1 & er,
dellvery 8Y RNy mm S hf@P'ﬂhﬁe bty a@éﬁ Rt meoﬁ% difmert hose di scl osed
in US Pat. Nos: 6, 53 4, 552" 1, 359 3.°872: 6,139, 865

6, 131, 57@,thy@quzmy%ﬁthaalpbcpwm@f relypeD! 0@8321,{16 69,1%5219?‘?136’,10116?]@89}29?5,
6,004, 5 3%b1y‘étzh9ﬁ§e é%%hthélal%?@&tﬁ@l%bl;ér,%QQOI?E'SI%Ebers, polydimethylsiloxanes, and

silicone carbonate copolymers; hydrophilic polymers, such as ethyl cellulose, cellulose
acetate, crospovidone, and cross-linked partially hydrolyzed polyvinyl acetate; and fatty

compounds, such as carnauba wax, microcrystalline wax, and triglycerides.

[00147] In a matrix controlled release system, the desired release kinetics can be
controlled, for example, via the polymer type employed, the polymer viscosity, the particle
sizes of the polymer and/or the active ingredient(s), the ratio of the active ingredient(s) versus

the polymer, and other excipients or carriers in the compositions.

[00148] The pharmaceutical compositions provided herein in a modified release
dosage form can be prepared by methods known to those skilled in the art, including direct
compression, dry or wet granulation followed by compression, and melt-granulation followed

by compression.
2. Osmotic Controlled Release Devices

[00149] The pharmaceutical compositions provided herein in a modified release
dosage form can be fabricated using an osmotic controlled release device, including, but not
limited to, one-chamber system, two-chamber system, asymmetric membrane technology
(AMT), and extruding core system (ECS). In general, such devices have at least two
components: (a) a core which contains an active ingredient; and (b) a semipermeable
membrane with at least one delivery port, which encapsulates the core. The semipermeable
membrane controls the influx of water to the core from an aqueous environment of use so as

to cause drug release by extrusion through the delivery port(s).

[00150] In addition to the active ingredient(s), the core of the osmotic device
optionally includes an osmotic agent, which creates a driving force for transport of water
from the environment of use into the core of the device. One class of osmotic agents is
water-swellable hydrophilic polymers, which are also referred to as “osmopolymers” and
“hydrogels.” Suitable water-swellable hydrophilic polymers as osmotic agents include, but
are not limited to, hydrophilic vinyl and acrylic polymers, polysaccharides such as calcium
alginate, polyethylene oxide (PEO), polyethylene glycol (PEG), polypropylene glycol (PPG),
poly(2-hydroxyethyl methacrylate), poly(acrylic) acid, poly(methacrylic) acid,
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5, 840, 674; 5,759,542; and 5, 709, 874. Met hods of Use [00165]1n one
enbodi nent, provided is a nethod of treating, preventing, or aneliorating
one or nowe 21wmpswrs of a di sorder, disease, or conditi eoTas3@oi0atsesl Wit h
CCR3 in a subject, which conprises adnministering to the subject a
therapeutically effective amount of a conmpound provided herein, e.g., a
compound of Formula I, including an enantiomer, a mxture of enantioners, a

m xture %Blytvmlp?ﬁoﬁme (WI@%@&E&&WP&]P ?ol&@ﬁ%l%&%h@l (PVAR pNiAspype of two or
nore tautonersS fhereof; or a pharmaceutic accept a )l e salt, solvate,

hydr at e, C@P“Kiﬂ@é&rﬂ)@“?ﬁ@ﬂ@mlym@ﬁW&héY@ﬁﬁ@@ICWmefsrﬁéd’s%HPfé]&ﬂ njeghagrybgmel | n
anot her egpoL MR Rbe, fyifophHRIpBFurdHiné &Hﬂﬁﬁlg 1L&Q%ﬁ@lﬂl&k§@9&1&%r embodi ment s,

provided I's a nmethod of ‘treati'ng, preventing, amel 1 orating one or nore
synpt ons cofscamdilespradapgecnting bykexyedyl ectnldie @Eﬁi)rl@/ﬂwmmé celyleshetRBHul at i on

of CCR3 3 | ; ect a
ther apeuty wet ) Py Fulhel uMCPELEARRBRTL LSS 1R dBG oot
conpoundcgmﬂﬁmKﬁﬁCBSWanm@hudip@y@mmehmumh0nammhalgnxmudsxmﬂnsw&ht|oners, a
m xture oﬁ t or nore diastereoners, a tautoner, or a mxture of two or
more t autonBr's thereof: or a pharnaceutically acceptabl e salt, sol vate,
hydrate, or prodrug thereof. In one enbodi nent, the subject is a mammal In
anot her d8®dd] ment Thet dileer slabyj desmpiac agehis rEnymoL@B. 1M are yabldtrhiabing

enbodi n‘e%a’ter% Qf¥écg§n os'rll%tlg‘pggsttlpe gg‘acp I:nt tdgrggtthglgdm& ?ﬁl%rl{:nlr&gl’dm% coating.
Suitable osmogens include, but are not limited to, inorganic salts, such as magnesium sulfate,
magnesium chloride, calcium chloride, sodium chloride, lithium chloride, potassium sulfate,
potassium phosphates, sodium carbonate, sodium sulfite, lithium sulfate, potassium chloride,
and sodium sulfate; sugars, such as dextrose, fructose, glucose, inositol, lactose, maltose,
mannitol, raffinose, sorbitol, sucrose, trehalose, and xylitol; organic acids, such as ascorbic
acid, benzoic acid, fumaric acid, citric acid, maleic acid, sebacic acid, sorbic acid, adipic acid,
edetic acid, glutamic acid, p-toluenesulfonic acid, succinic acid, and tartaric acid; urea; and

mixtures thereof.

[00152] Osmotic agents of different dissolution rates can be employed to influence
how rapidly the active ingredient(s) is initially delivered from the dosage form. For example,
amorphous sugars, such as MANNOGEM "™ EZ (SPI Pharma, Lewes, DE) can be used to
provide faster delivery during the first couple of hours to promptly produce the desired
therapeutic effect, and gradually and continually release of the remaining amount to maintain
the desired level of therapeutic or prophylactic effect over an extended period of time. In this
case, the active ingredient(s) is released at such a rate to replace the amount of the active

ingredient metabolized and excreted.

[00153] The core can also include a wide variety of other excipients and carriers as
described herein to enhance the performance of the dosage form or to promote stability or

processing.

[00154] Materials useful in forming the semipermeable membrane include various
grades of acrylics, vinyls, ethers, polyamides, polyesters, and cellulosic derivatives that are

water-permeable and water-insoluble at physiologically relevant pHs, or are susceptible to
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aneliorating one or nore synptons of a disorder, disease, or condition
nmedi ated by a CCR3 receptor in a subject, conprising admnistering to the
subj ect awOheroapsessi cal |y effective anount of a conpoumrdTarsemiodak2éer ei n,
e.g., a conmpound of Formula I, including an enantionmer, a m xture of
enantionmers, a mxture of two or nore diastereoners, a tautoner, or a

m xture of two or nore tautoners thereof; or a pharnaceutically acceptable
sal t, solb\éﬁg@end@aé@mteems%blerbs)@ﬁaﬁc&ﬂaﬁé@mn such aQE&%ss%HfQﬁQ' PeRlplestope subj ect
is a manmal | n anot her enbodi hent, the subj ect is a human. é 0168] I n yet
anot her  eriyoH ebrrers wel inloaming the coingodciuge plastised mgplagicaodrmnd ng, or

ame! | of atlifrQiLiRlio TR LS UTRL ATRIRL adibRORENARD bl A RArBliGRRdCT

di sease, or condition in a subject, conprising adm nistering t he subj ect
a t her apsaliylesnitate t€ldasp ety dEAR), dohpbylrvdrbamaigi dab, (Evénn@thyl e.g., a
conpound ?Jbal'ﬁ% A QudeinalcNGHHALOG A1 tﬁ&@mdteo([@{ ) é‘A'ﬁhﬁ‘étﬁ'ﬁﬁnﬁ{Eac%%”EAO”” S, a
m xture of two or nore gias tereoners T, m xture of two or

nor e tautemychasb(tnhm@efcmomacaatpﬂé‘k magleqxtd]ats?aCAymabﬂelpif@bﬂeeCeéohtyl sol vat e
gxg{ ﬁtere e O &{egéﬁ;? tot hl’?f{ SlJ.?ff ate ag%i.r gc%atﬁ rgrnallose I‘%it%@]etie%a @ll an aa%%%stﬁ%e{m
enbodi I'TE@'ﬂucalpl’rdetde,dlCetsldd‘lyﬁEﬂiﬁIMh}fﬂ adetdid, @ddcetag of picest bedni gugh, hgdroxgi@éd or at i ng

one or nDre S ted dlsor r condition

in a subjd¥ nﬁﬁﬁngeﬂgﬁgﬁﬁfﬁPEt%ﬁéﬁtafgmgwgﬁgj Tﬁg!?ﬁg§§8%gtlcally

ef fecti ve:MBDL[mEM@f HEMCPYRONTA Q HPM LT, faBi &irylic) &:1@ a,ndeste@rmopmgzl of Fornul a
, |nclug g%snagtloner a nlxﬁure%ﬁf §$antko a nlx ure of two or

mor e di adbeliagivis acidsandestetpag conglymerhere anofle"r%‘} & ‘tt%?ﬁﬂ’oner s

ther eof ; conagan RRRALNBLBUIKeAR! Ibdlye@ce@@pmﬁhhfen@sabayetﬁ@éuvfah@; pdlysiyrades, or

prodrug thereof. |In one enbodi nent e subject is a mammal 1 n anot her

enbodi rrer?PlthnPibhaéIQ?ﬁ Belyvipd eateﬁ&ﬁ%thmm@&ur@]waﬁe%@d ARGEGVEEHbodi nent ,

provided is a nethod for treating, preventing, or aneliorating one or nore

synpt ons [0158] NSt Sagbémiceilamesibhs ednt@o,be dihg@@pRubiOhicEPoLliul embiafe,a
subj ect, conprising adm nisteri n?egt 0. a subject a therapeutically effective

anmount ole]&reéfb%BWﬁﬁiarﬁ PeRriageylyHE d with dgnagal and age E‘BWH%W e agsPRul a 1,

i ncl udi ngnh@NmeRa Rk REREbleAo Wadeh Wifdr, A ABOBMI OB ar. Rol8, 2J8ure, Qfict wo or nore
di astereoners, a tautoner, or a nmi xture of two or nore tautoners thereof;

or a phamidalatickit MpteErsOpPEBIcable aepprage g aynacally gerppgsed oldiydpbeltiag
thereof . LnRAGUETRA! JTBR es, Jifeﬂ%ll@i &5y @&n%&%trahﬁo@&ﬁ&l@@é embodi nent,

t he subject i's a hurman. [00171]1n yet another enmbodi nent, provided is a

met hod f delyeershg wdgdenﬁate%rnom@wrswolmvrbfpmeémﬂxeﬁ@rseﬁeneerpomtryéenggf nmpt oms of an
i nfl anmat gy BASE pbiQviftyIRMR Bfride GRIREA, LAY rgadeaa N 56kl A8 Qnlihe subj ect
a therap utxegi y effe 2%?%e annun%egg a gznpoﬁﬁ fbv?& é'ﬁefETQ, e.g., a
conpound spithdgrasksa |, includi ng an enantioner, a mxture of enantioners, a
m xture of two or nore diastereoners, a tautoner, or a mxture of two or
mor e {aufosee L NENRALii Gy HanPH HBGAHb kY aGGER! ARl rSaldh pogo! vat e,
hydrate, or pfodrug tﬁEYe%P t.n ahe en%g |nen?’ the sub jecte goa manal . I'n
anot her entsodibyerachanidabordedsj élting. sDeiviaymeni(s) F@O@ﬂlﬂﬁqeﬁhenedue stuleraosieli seases,
or conditj geg i ound
of Fornulagpﬁglngﬁhggﬁﬁﬂgﬁ&gﬁgﬁg?gﬁgggggﬂagéhuren%&(gggﬁ?§%%%$gﬁwg8ngture
of two orindeptagordingled @I@dﬂ@d@tlom delavetyoprets caobe @rmgdkduning codting wcess, ayor e
tautoners, Q%&%Qﬁ S elghar CQ&%hE%" Accept. S(ﬁnee% | vate, hydrate,
or prodr ug ht hereo ncli u renol 11mted t ) N T anmat ory or
aIIerglcsdﬂ3éﬁﬁem1569&ﬂ20dlng systenlc anaphyIaX|s and hypersen5|t|V|ty

di sorders, atopic dermatitis, urticaria, drug allergies, insect sting
allergie d al and
Tast ooyt cs)(lnss‘?]o (2) Jn?e tﬁ!aFg’fincganSH tgéjééalge %!gegggte@ r&?%%? ;gﬂﬂe ! %.Sﬁjhllaéé%)al i coase,
ul cer at i webscalialtyi tzy modui!cltetd 8¢ thartidclemsemd pomslt}(ﬁ)tha/ﬁamhneabse manigtaldehcet ' s

syndrone;, ( s_and fIa tor t 0S nc uding dermatitis,
eczens, é?‘%%ggﬂg %ﬁb??geagéngﬁ?']f%ﬁ¥§%ﬁxg§ f%Fd Ve aria, viral
cut aneous pat hol ogi es i ncluding those derived from human papil |l omavi rus,

H V or RIN0ILSKT ect i B, phbacdceutical confpbsigads,in ancknotib eontpded sildasd dasageaneous

pat hol ogi es, and cutaneous | upus erythematosus; (5) asthma and respiratory
all ergic diseases, including allergic asthma, exercise induced asthnma,
allergic rhinitis, otitis nedia, aIIerglc conjunctivitis, hypersensitivity
| ung di seases, and chronic obstructlvg pul nonary di sease; (6) autoi mmune
di seases, including arthritis (including rheumatoid and psoriatic),
system ¢ | upus erythematosus, type | diabetes, nyasthenia gravis, multiple
sclerosis, Gaves disease, and glonerul onephritis; (7) graft rejection
(including allograft rejection and graft-v-host disease), e.g., skin graft

In



and vom ting; (15) neurologic disorders, including Al zheiner's disease;
(16) sleep disorders, including insomia, narcol epsy, sleep apnea syndrone,
and Pi ckwvokofyngesene; (17) pain; (18) renal disorders; PCTAS2a0081828

di sorders, including glaucoma; and (20) infectious diseases, including H V.
[00173]In certain enbodi nents, the disorder, disease, or condition is

sel ected fromthe group consisting of asthma, allergic asthm, exercise

i nduced a§ih\emR. fuel 85Bprfse alMifbdal SonvBRIBARKkEDieA bEFGi&Gs ieRirfob$nersigasonal
allergic rhinitis, atopic dermatitis, contact hypersensitivity, contact

der mat i t it8Progwij REFETmanre Preprogepding ¢fitke EENYIYHEE i vitis, eosinophilic
bronchitis, food allergies, eosinophilic gastroenteritis, inflamuatory
bowel di 6@} Ul CERAdsindBe EHlbolibEreletdeQidRacs fokhRRAS B poREdPLYSQTLS hyper | gE
syndrone, system c |upus erythematous, psoriasis, acne, nmultiple sclerosis,
al | ogr af ccopenEet Bathodseind tqchaipens knaywothoseskided @ thodrt e Rev@siont Henar y

di sease, (CNELPHAYRS oBYNIHENEsupsi: Skttt dnd BaRES PRWlrbfed IGUWESI 5, BT ONi C
urticaria, basophilic l'eukocytosis, psoriasis, eczemn, COPD échronlc

obst r uct ilv&l: Yarmeosiat yDic I efepryent and tyeisiiiad Pherpeqsdf) do. 06 PP tYemagsori ati ¢
arthriti%i‘@Q%nggﬁﬁg@h%g;ﬁhhsﬂ)5@9}74]In certain enbodi nents, the disorder,
di sease, of condition is asthma, eXxercise induced asthma, allergic
rhinitis, atopic dermatitis, chronic obstructive plunonary disease, or

al | er gi c [@¥®PLinct i Wpiceitain embodims)tpésemigiprgedisak apasisenspagvidedingstsae  or
condi i Ol f6 KR oS, SR A6 SyEHDEHAR an L FQADAUARR Of

phar maceuti cal conpositions provided herein can be adm nistered by oral,
par ent er aenftgang. that conty agars eampisingithyt actpemgredinriéd) and etherphemwyeuticplgy,

i ntraci st i.njecti 1 pfysioq, c g j ok 1 npl ant) ,

| mhaat | G Paleh SBEAER: Qpridel S AP e R B R BBl PP 8 fnd

t r ansder me¥IT gonttadbleddleasodises: fofmsawnibapspaad kenrdarpdo camnvehgonhbmethddat ed, al one
or toget her . N, 2ULEARL & fosadR. Dl M Ly AR RGet L eaLly accept abl e
exci pi ent™3d CEUIATes kROWILIG, (IS St ded i the £ McbrRe WS ORI 18y each route of
adm ni st regatnutarion, Ales grapulainded a dip-acninpingthodt i on of t he conpounds or

phar maceuti cal conpositions provided herein in a depot fornulation, in
which th [ ve inagredi i I over ined.ti er i od.
[00176] 1 RORRL! 1 - ol eefith Ebodlalif (ARG QU o RoRBYRMHR el

synpt ons famuws¢duyd;SCaloheolgidaeledse dbiags formcwkinh copeoes @sisgiotiatmembrane

dermatiti fever, sepsis, st.em c lLu ryt hemat osus. di abet es,

Fheunat oitat st 1es SR e RSP Er RS, SNERSERM BRI BT ERE ane

rej ect i omphamnbéudioarptoeaptddnatipitnseasariesancer, or other conditions,

di sorders or diseases associated with a CCR3 receptor, an appropriate
dosage | gvel .general |y is.r in rom about 0.001 to 100 ng per kg subject
body meighﬁﬂ%g Mté@niéﬁfﬁga%ggeﬁg§%yw??on1about 0.01 to about 75 ng/ kg per
day, fromabout 0.1 to about 50 ny/kg per day, fromabout 0.5 to about 25
ng/ kg perd0@&y] or Thahaairoeuticdl dcoopaperts pRYyideg/hkiginper ngdalfjedwtlpash can be
adm ni stered i.n_single or | tiple doses, Within this ran t he dosage can
e r angi 3 e S EwB B FePhnH s RSt Ra R Blhek B 2 HERRey’ anour 0-,

f r om aboubmPrises b mudtdpdiaity &f @rtidasogrambaudr pbllgte radpingt frdbb abdur thp@abostbou t o

about 20,, or fro bout .1 tpo_about 50 py/ er da In certain

cmbodi mentd™ el WBER L Es B OF iR PO R s B brBe EERio st 00

”E’ k? gegxilﬂ?gamdgmte? eﬁfg iBd m;lceerdyok k lﬂgdiﬁs@‘es thdnen @?B@g ekiggyig!thd ﬁtt mn}?ﬁ]@gdf rom
abou : 0, abou ) .per day. In certain enbodinents, the dosage
level i s YesAg Fa e an due o nEP P Ohsuior. BB TGRSR el reF g e n
embodi ey Spral Reah@S&Pote@VRE, foSexamPRI MYl kAR RBRA ! Driy DQivayOMErcdd g/ kg
per day. In certain enbodiments, the dosage level is rangjng from about 1
to about ksiglRd: B hgayacepisoh hefetestiopd sinalagy faed! ek, 196%e
pharmaceutical conpositions provided herein can be fornmulated in the form
of tabl etjgo1eent ai NOMGr éxicPBnald dirridrsAs i@ catederedn AABe BRn@fd Wwilehact i ve

i ngredient, in one enbodi nent, about 1, about 5, about 10, about 15, about
20, aboutPhasaceiealcompositigns i aidy B Pragssine apgdornipipile MpEpartighiatst: b, about
220, . agggésuﬁﬁ’l pa%@@?&aﬁ%%&se%@&%nst?ﬁ@,th@r?ﬁ’lﬂfaarﬁ&ﬁate g@@détorgﬁpoetc%@@&'by 8?0, (i
abou , and abou : ng o e active ingredient for e synptomatic
adj ustmrent of the dosage to the patient to be treated. The pharnmaceuti cal
conpositions can be adm nistered on a %eginen of 1 to 4 tines per day,

i ncluding once, twice, three tines, and four tines per day.



[00178] It w Il be understood, however, that the specific dose | evel and
frequency of dosage for any particular patient can be varied and w |
depend upwoaiwvi2sesety of factors including the activitypofi/ush@ospmses fic
conpound enpl oyed, the netabolic stability and | ength of action of that
conpound, the age, body weight, general health, sex, diet, node and tine of
adm nistration, rate of excretion, drug conbination, the severity of the
parti cul avran&ﬁrfﬂﬂntfbﬁlﬂng aadritib %uapasstentéﬂé 95 ?&bﬂgwﬁt&e{%ﬂl)(ble,[ag@ WiRl-8l1sqe provi ded
herein are nethods of nodul ati ng CCR3 ivity, n?r|5|n contacting a
CCR3 r ec@pbygrersni Tl ngtlngriselaied coy evivlesy prw%?chas acapsule ¢f adgigfound of Fornul a
I, including an enantioner, a mxture of enantioners, a m xture of two or
nore di ast gLERMAMRIivéyt autoner, or a mxture of two or nore tautoners
thereof; or a pharnaceutlcally acceptabl e salt, solvate, hydrate, or
prodrug ther I n one enbodi ment receptor ressed by a
DU e ol oo T e by eSS B AR BRIEEEY, 2 |

i ncl udi n@argfieCPRAPatRURE sissde, 'iré(:)éﬁﬂdf 8r Sther@RANV RIS of @e Bbfdctiotbe@eattd¥0 Or nor e
di astereoners, a tautoner m xture of two or nore tautoners thereof;

or a pharfebig FRosems;. r&%ﬂé@ﬂ%}ﬁff@%%l and agihagytbasedyighiyesy wysteps. Braemlery

t her eof , gaficahs Areifr GANRI BeoRraidRRd ih V.S AAPINRLY, PB4 LdnAtd3er agents
useful in the treatnent, ggreventlon or anelioration of one or nore

synpt oms 66X 1A% 6l 3 et 559,800 so e 0; @F 26 Brlelf O7 ot 686000 68943425 conpounds
provi ded iheh 5 AR, 4854 os, 30'7“53@%6'895 9§50, 35785 s @) b AL 9§ 5. Bif 1S, eczem,
psoriasis, atopic¢ dermatitis, fever, sepsis, systemc lupus erythenatosus
di abet es,5. 10A8Utmat oi d arthrltls nultlple sclerosis, atherosclerosis,
transpl ant rejection, inflannatory bowel di sease, cancer, infectious

di seases,yahdisLhgse pathol ogi es noted above. [00181]1n certain enbodi ments,
the conpounds provided herein can be conbined with one or nore steroidal

drugs known in the art, including, but not limted to the group including,

al dost er dH¥65hec| oteing sBhedimpt RIREAFLS 8 Method Ob TAlBEL ITeYS8tRE Bhe acet at e,

f 1 udrocoryhiciG€ng @%Q&ﬁ%ﬁh&h@&%%(&Q%kkRQPerm@ﬂﬁ@&k@ﬂhﬁ@&mm&ﬁ%g&lSone

nethylprednlsolone dexamet hasone, and trianti nol one. [00182] I n certain

enbodi medi(R3 mhéul@%p\mﬂu@nﬁmw adavinisiesing ta (hegrbibet adkmrienacallyetiortisne or mor e

ant 1 bact Ghlodh o@g%%éodﬁﬁ% #Yidell nEAE g%t cly uualbfﬁarmlaﬂtl ﬁlgﬁldlln%ngﬁt ed to the

group including am kaci anoxi cl ictl ar sphena

azi t hr ompoiniomay. e ma et cpanitioiets| 4 mlxtlbacf tWoae inrpre dnaﬂtebemlers Ialtwﬁom@refﬁracl or,

cef adr oxi 'rmxﬁ]? @f'l@@‘é{) §re 53401 Heﬂ:bf f%??gﬂr%éeﬂm ({p{aﬁle ffss’l'vﬁtQ“ n,

cef epi ne, I XI e, operazone, X1 me ‘podoxi ne,

cef prozi lhydeef @mocﬁug@preoﬁﬂn |0bfueralmd1m@ft tthgobjentais amfrtrmaﬂ abkogmethercef ur oxi ne,

chlorarrphem&]me tﬁ?33§&§n chprofloxaC|n clarithronycin, clindamycin,

conaC|II|n L éév#oprlstln denecl ocycline, dicloxacillin

d|r|thronyC|n, doxycycllne eryt hromyci n, enrofl oxacin, ertepenem

et hanbut d0Q16b] ucl obaopthei ermboflmlmnpmi/ided ifsama:zlmdmanzeinggat‘iehtmg(aci n,

geldananyC|p ent am cin
me 1(’)rafiln

[ evof | oxAMel one o, m&re’ ﬁymlg[e()frrrsrgf% dlsbrcfe dgeaserab ?n t?olnfaf%slﬁng)%sweatn%lryc' n,

€ezo oxacin, P oracar nDX|roxaC|n
ner openenmodnmtmmaﬁ Oardheiyityravd wbjebd C(}mprmnlg&dlylﬁhstfﬂm,g torthpisutgedta, nafcillin,
neonycin,. neti tnh ﬁ ni trof Fnt0|n $orthT§0|n of | oxaci n

oxyt et r adYARCHLCAIREHPUNT PPRINT BT HEPIROITY PTRYVIAR B ARt S/ PR Sy xi n B,
pront00|Ebanﬁaznmmmmghhenmukmunmnmkmﬂaﬁemmﬁ@ﬂmmnanﬁnxmtmﬁﬂﬂmﬁmﬁe

spectino

R%% stregwo cin, sulfacetam de, sulfang @;ole
sul f anet HEREFOME™: ¢ "c?g%lf - Shit XU Of DY} G eF syt ticarcillin,
t obr anmy cipRarntatéuiiedllyaRedpiablel sa| ORAROMEALE) or pﬂoamgftﬁe@@@anbneaﬂl@o&meﬁtorrycl n.
[00183]In certai.n enbodi nents, the conpounds provided herein can be
conbi ned the subjectis a mammal. In another embodiment, the subject is a human.
[00167] In yet another embodiment, provided is a method of treating, preventing, or
ameliorating one or more symptoms of a disorder, disease, or condition mediated by a CCR3

receptor in a subject, comprising administering to the subject a therapeutically effective
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with one or nore antifungal agents known in the art, including, but not
limted to the group including anorol fine, anphotericin B, anidulafungin,
bi f onazolwp 2biveseti ne, but oconazol e, caspofungin, cicl epirus010/031828
clotrimzol e, econazole, fenticonazole, filipin, fluconazole, isoconazole,
i traconazol e, ketoconazol e, mcafungin, mconazole, naftifine, natanycin,
nystatin, oxyconazol e, ravuconazol e, posaconazole, rinocidin,
sert ac0n@mhﬁ,oﬁ%ﬁp&ﬁ@%&ﬂdea%éllainnagI REompdtng ONBZRHuf 1 ﬁlblq&agagol e, and
vori conazol e. [00184]1n certain enbodi nents, the conpounds provided herein
can be cERYIUABET @iMiKUETE CRMUABIETE, RMPTES QGO DXPTR HBHETCPIRCTS fdavgprer, or
| nct udi N Rihe GQko bk Fbflud fert 1T QHR phBELUAL G ACLHARRUIR O ate,
argatroban, bivalirudin, lepirudin, ‘fondapar i nux, heparln phenlndlone
war f ar i nhygmg, @mm@dragg@meah In P@@qrs@]dlmer@ dhe ibrecierb oimmsht b, anpther conpounds
provi ded | §B$hﬁn “Q?Q%JM% with one or nore thronbol ytics known in the
art, i nclu I ng, ut *n Imted to the group including anistreplase,
reteplase t-PA (altepl ase activase), streptokinase, tenecteplase, and
urok|nasé00¥@b186}@n@béﬁﬂ@rﬁn@ﬁhéﬁﬁdE%ﬂ@ﬂlﬁhéwﬁﬁﬁﬁﬁ@ﬁayng@vﬂﬂéﬁ(ﬁereln can
be- combl ntiakfl G%: RlorBhBANLISh EEH AR AL gL RILATERLOLYAGROA & known
inthe art, Inc I ng, bu Ilnlte acec enac, acenetacin,
anoxi prin, Sualscpi oinprisiag agmiopazion e thb evhgact & Ehb@pelmcaiivf @fvadye apEupt dfaen,
cel ecoxi nesi ym |0 al , etodol ac,
etorlcoxggmgggpgﬁg%gﬁg' ? §u?%$&§%%noFF%ﬁh&l ?ﬁﬂa%’ 9 %myg&éb%profen
|ndonetacmnmﬁkéw0@nmﬁen akmﬂmrofauunmunﬂ¢xueamnmtGmmmwnﬂmNWamhmnn¢a&OX|b,
o 1 oyt ao8o oGl du S IR oBF b AR R S AR T L S e e
oxyphenbqmamqnmmemaﬂeGmmnhmﬁpmﬁmthmbﬁmﬁmenmmmmbmm@amhm&ﬂﬂbmmbns&klcylate,
sul i ndac, sulfi razone, suprofen, tenoxicam tiaprofenic acid, and
tolnetlnsu®56 W¥¥ “certai n enbodi ments, the compounds provided herein can
be conbi ned with one or nore antlplatelet agents known in the art,
i ncl udi ngoo1BAT not Inl yermarioger émbodabﬁit,)qu@iadb;d ich hmﬁlbdfcﬁltr,eatﬁigomieﬁhmgnglox
di pyri danpl clopidine, and ti 88] Th oun rovi ded
er o1 ' o Bimaheu Db o ypBF 4 PersRbi RO n setop SPAUSB e
conpoundsubjedicdodfrikigg ?](hmhlsmﬁhg ldhamubﬁdt hﬂ}era@ﬁdmﬁlbheéffdatlfd)d’h\/@ht oy enzymne

ECE) inhibitors c¢h as phosphor am, t hromboxane recept or antagoni sts,
guc h) as W‘é‘??‘ﬂ’ﬂé’ﬁow%&hﬁ@ﬁ Erén & AR BEEWEP?I ’cnﬁylglﬁ‘ﬁiaﬁe‘?aﬁ‘ﬂglﬁ?rt brs, such as
hi rudi n; gkeW & chatibomersi DRRIE OF Svo FWuidle &SstOB6lkrataangondr, RRGTxaet bV ty;
platelet activating factor éPAF ant agoni st s; antl- | at el et a?ents such as
GPI | b/ | | 14O BT Befedfiones iereo BEF‘R?WBC“%??@IWF?‘BB@PI%M arluateivdricpahn) | P2Y( AQ)
antagon'%k%m&ﬁhQEM?Qh@ﬂigﬁ@ﬂﬁﬁmnkhﬁﬁBEMQéBﬁmﬁﬁﬁlQ§azAﬂ%mmﬁB@nﬁﬁpﬂk|n
antlcoagulants such as warfarin; |ow nol ecular wei ght heparins, such as
enoxaparﬁHJ&Faﬁt@MnWﬁl a Inhibitors and Factor Xa Inhibitors; renin

i nhibitors; neutral endopeptidase (NEP) inhibitors; vasopeptldase
|nh|b|toq@n@dpal NER@AQE&&PQth&ﬁ&ﬁhxoﬁ&ﬁhsQﬁw@ﬁ&ﬂﬁ%kmhéim@ﬂ%uﬁ@QPpatfl|at
HMG CoA reductase inhibitors, such as pravastatin, |ovastatin,
at or vast f1CHOTA4RERASOF BIOTrsyIIRIODD ! @ anagt cell-plaigd disprder fiseass. v sendaionsn a or

ni sbast atfet, &aﬁﬁﬁnéﬁ)g 4RRRiskeRhS B M@%@t ﬁﬁe&ﬁbﬁﬂé’ﬁl’%«te%&tﬂze aflogy@shatin, or
vi sastatin); ual ene synthetase inhibitors; fibrates; bile acid
sequest r ammﬁoung@éwué@é hgiges e.ga A compadi of Feypia lainpledios ep epaptipperag e nt s s uch
as ACAT WRLR diohsnioER | AL LORS oGk Cli-ENAR0S) taLPJ)ﬂ&k SmixfHEB
am odi pi ne besyl at e; pota55|un1c annel "activators aadrenergic agents
bet a- adrewepgmcmag@mn@sﬂ@m@ﬁOaspmamweﬁhuﬁwaamdmhﬁsdpﬁdwmtln@mmnawrhythn1c
agents; t chl i a7];:
FPonet hi 3OS bESef. 3 PR Bl WBRLE pEN R G RL UtEb iR, e
nethylchbo@emhﬂzmumma trichl oronet hi azi de, pol ythi azi de, benzot hi azi de,
ethacrynic acid, ticrynafen, chlorthalidone, furosenide, muzolim ne,

bunet ani i ant yiic

agont o, SO BORDRonBEla L, PlaaRL L AR BBl DL AIRRE o
streptokmnaheauMgkamaw&nwpmammakmmaébmnmndyamus@yﬂ@m@mdphumnmm@gen
strept oki nase activator conplex (APSAC); anti-diabetic agents, such as

bi guani des (e.g., netformn), glucosidase inhibitors (e.g., acarbose),
insulins, neglitinides (e.g., repagli ide) sul fonylureas (e.g.,
gllneplrlde gl yburide, and gI|p|2|de? t hi ozol i di nedi ones (e.qg.,
troglitazone, rosiglitazone, and pioglitazone), and PPARgamma agoni sts;

m ner al ocorticoid receptor antagonists, such as spironol actone and

epl erenone; growt h hornone secretagogues; aP2 inhibitors; phosphodi esterase
|nh|b|tors such as PDE |11 |nh|b|tors (e g., C|Iostazol) and PDE V

e o - . o o M o N o, . e



commonly used therefor, sinmultaneously or sequentially with the conpounds
provi ded herein, e.g., a conpound of Fornmula I, including a single

enant i omewQ 2a10mi23¢5ar e of enanti oners, or a m xture of diPaTIUSL@EONBISIS
thereof; or a pharmaceutically acceptable salt, solvate, or prodrug

t hereof . When a conpound provided herein is used contenporaneously with one
or nore other drugs, a pharmaceutical conposition containing such other
drugs in .agieidid b Betkhi§ed QmmeipRetiRnPVirdac: N6k B £&MPBEndirblib&ed, but is
not required. Accordingly, the pharnaceutical conpositions provided herein
i ncl ude thﬁ@geeghamap%d@éﬁ@raw%ﬂ loelugding gp erangpnes a Gethigel prghedsem s or

t her apeuticy AGAMS or hbre Mo Rt PudioFRARPUAMBIQY PG GE Shbmd-00190] The
wei ght ratio of a conpound provided herein to the second active I ngredient
can be vahdred; orarmilamiiacéutidelpeaseeniphbrsattrelvefef ity er dodmg dlierechc n dndgr edi ent .
Gener al | o e - xanpl e, when
a corrpou)r%gl bggigl\%}?%glggkﬁlg%?sn ﬁ%&%%lnb%lﬁ: %éo A Egdlllﬂ%gd?lﬁz&ﬁtelsv%qlg t ratio of

t he conpound to the NSAID can range from about 1,000: 1 to about 1:1,000, or
about 200Y0172b abolite disopdms. deeas: ﬁh‘tqnélrﬁlﬁn%tfea&b@dwﬁmmmﬂmwféﬁde%er ein and
ot her actj, L, nti oned
range, butl\élﬁln gagﬁ%g&ﬁla O%(Injg} ?] ecﬁ%@g Sglgﬁagl 19&e%h{z}éﬁe§2§?aﬁé%§?§m shoul d
be used. n[ll@@l@@]ﬂt\'v’her worpoyivdomersoy fadedicher eimxterwf vesor thee pugwieded as an

artlcle n S| [ eri I t. ose of
ki 11 1 n et el R PRRRREAR QRS oGl IR B 20

5, 033, ZSbutExampimSadmcﬁ (p)hajflmn&mtyioma]lergadisa:gbsqglcmltrgrsb/ad:micianmhuldei,s but are
not limte a bags,

vial s, co st 8RBaE Sund SRR MR el RGP Or

sel ect ed afleotes| fadd ﬂmrmdlmmlﬂagdeﬁhcmtsd&e@ﬁd el mik )l stdrrazismmtoamdzl reat ment .

[ 00192] Pr.oyi ded h rein. al so . are %n{: V\,pen usboﬁi Y, the di cal
practiti OHNMAYH QWFT]'pﬂlﬁef‘%‘?S ipudy WP’%W’&‘?BIS% KlcsFatiNg, lf)‘brqeﬁ’tsea mount s of
active i I’é@treﬁds entvasdulitiq asdiBéiRets.syhdro®er(t ppsoriendad iitRiinsatorl erntatdsespr ovi ded
herein includes a container and a dosage form of a conpound provi ded

herein, iHAYARE drgmafitisi srgeea. é?‘?ﬁﬁtdieHWé‘r“Sﬁl erélcrﬁOREaEfrd@“B%“t‘& urdgagipedidhr

ther eof ; cQfandbup ?ﬁﬁcﬂ@é&é&h&lﬁﬁhé MoRCEBRE AR heRh papBRIndlres, HOV oPROYT UQ

thereof. [00193]1n certain enbodinents, the kit includes a cont ai ner

conpr i si ngfedioadaigaal Bran.gnd pher RAEIHY GREND D BRlpE e AR} GYANPOIS IMRWF ng &

si ngl e enantd.PRRGs; ?%) a@thﬁ?a)ﬁhﬁlf 1Paft0r§l 'aﬁégl% lAROAVES, &cidaﬁfgea%pglc%th%a

pharmaceutical |y acceptabl e salt, Solvate, or prodrug thereof, in a

cont ai nereX@relm)mrlsqeﬁgstgmé aﬂﬁrgmh@lt@t Ofiis npedese alfsagie P@J%Eﬁtlﬁ s) descri bed

nor et 1 LORAAALISL. L UL ARI BRAEIE HIGYE hlIEn0BL e ERKIGERLD are

used to ni ster t active ingredients. 0 suc eV|ces

i ncl ude, dpgtseanwluviptg drihniis @ocledmng byumatgidgnd pﬁ@edtllcel,-dyetsmlqlnplect ors drip bags,

pat ches, i qcondons

For “aam 5 g fRE, Shp 1 oRBAE bR AAE SRR B0 Py W e Rer i n

can furt tgdmnarlniomapﬂnthghbrgmit;tejﬁt:mcma(mcyldmgaﬁpgraﬂut@ecmellnaltd gsft th‘st disamsepe used

to admnlste gt tm)relad ve | pg% g " [T% tand e active

i ngredi erftéi® T A Or%ﬂn B FTAP Onetm%%‘”?é SRS rf'luf e’ for

par ent er &) fadm @) &irdha'tasﬂﬂar dﬁdoﬁleksl, tncl@&ﬁg@an@heaﬂéalmr&elap@dlsmnt ai ner of a

suitabl e vehicle in. t he act 13;( redlg be di sso{lved to forma

par ti cul AVBSTPUEN 8pEipY H’eét°§‘81 HYeai! Hlé%rc R IP‘&PS‘PP@ VotonpaEnt értal

gdm ni st I’fﬁldrtiQﬁthe@ﬁcgémh@%otbha@hﬁéﬂ‘yf&iﬁs@aﬁu I@ﬁbﬂo}!lsla?ﬁlge’@icant SenteRij (qlb)es [ ng | ude,
ut are not limted to:; aqueous vehicles, .includin ut not limted to,

Wat er forcerleH‘jOéS?:SPFl%dl%éf’rS E?dﬂ‘}% MR 'Eféml”hlj‘”@’cftf%ﬁ lscliiFlﬁ‘&eereéqulﬁPectl on,

Dext r ose ihjniyaall hfftrysREXLT) 05RedBeihSBla UMKt bRkialecdrlk afdrbBvargnekidsact at ed

Ri nger's Iéﬂﬁljéectl on; water-m scible vehi cl es, i ncl udi n? but not linited to,

ethyl al ddHder lupyliyet, Hyyreneraayitnicolop aer IrgiBtes v sk (et yesehagsnd

non- aque%H}'ﬁlaM@ hHafdr&8), bhE kﬁi%l@g)looguﬁndn%pﬂdu%%% t(92) PRSI, QnheciGO! t ONseed

oi |, peanut oi T, sesame oil hyl ol eate, isopropyl nyri state, and benzyl

benzoat e Lis§ug@Is9EE T sceidosss (ﬂr3égwulal anﬁéeﬁfQﬁWh@rCO@ﬁl@ém%tnéb@mBWeFWé fol | ow ng

non-1im tdlyg}gnctlon, (14) gastrointestinal disorders, including gastritis, ulcers, nausea, pancreatitis,
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exanpl es. EXAMPLES [00197] As used herein, the synbols and conventions used
in these processes, schenes and exanpl es, regardl ess of whether a

parti cul avoabtwesisati on i s specifically defined, are comeratsenb/osise$h t hose
used in the contenporary scientific literature, for exanple, the Journal of
t he American Chem cal Society or the Journal of Biological Chem stry.
Specifically, but without limtation, the follow ng abbreviations nay be

used in tah@v&mﬂgl (@@ I@ﬂfé)légm(ﬁw&@yinctdaﬁlgs/n%nm&@we%@ (1l) &&:@@%}ders
(mlligrams); nL - (mlliliters); IL(mcrollters mM (m imolar); 11.M

(micr ormll%ﬁll}dmge‘qsm(% argaleRst leepppnqasERdrome, apipic Méﬁ@qlrplzly (I'PorRsin;
(mlli m)l(%)renamhs&ﬁerpr(@)(&gfdf &lordéﬁnli(crﬂcfﬁg ﬁ)com%nﬁ'@%ﬁ?nfé&ﬁﬁg ﬁl%r y); ESI

(el ectrospray ionization); hin | ayer chrorrat ography); Rt (retention
time); Sigdudieg HiVca); THF (tet rahydr of uran); DCM (di chl or onet hane); DMSO
(di net hyl sul f oxi de); DMbO-d6 (deuterated di methylsul foxide); EtOAc (ethyl

E;et ate) [0(ﬁt791_| (et iﬂ%@ﬁ'!u)l emg&g&entg %@&1&%&1&'[([?&596 oﬂ@ﬁdlﬁbﬂl Qrsgggla@frbrﬁ tﬁ%c' d);

(pot assi um car bonate); NaOH, (sodi um hydroxi de); Na2504 (sodium
sul f at e) ;2rNRCeDsi{ias @f @ﬁm%pléqrglaégthmwscym rndgfwéﬁthmﬂsalimfgwtréymtISNaH (sodi um

hydri de) ; A ; sodi um
nlyt rit eg P %ﬁ%%;ﬁel%i%ﬂlnggﬁ @5%%@%)“ ot Sg%ﬁétfé‘ﬁf P%Ar %gatom de) Me (gret hyl ) ;
Et (et hyIh)’perEEBﬁltl(’It)eICQHtMﬂWrbatltISithJ‘B@GVI(ﬂS @ﬂlt%rgmnoowwtozarsbcmyl)bphl[lo0198] For all

of the fgq), {n%ﬁig,goc?&‘ﬁ{%&seosﬁl%g{‘ﬁ'(g%a% %i%ig,pnﬁ‘%%ﬁw' thly ﬁhéeﬁ& Hi%é hrﬁ’\%s Known

to those s art ¢ erW| séi1n |cated
al | tenp@DMSJCemnarlee:expnzsmgdsw rhyﬁkr(lgﬁgpnﬂesnec‘@rsteng:rkmd@)erythérhatmsact| ons are
conducted at roo mte;{%@ erws

u
met hodol &§T'E8"™ 1 M'ust “ﬁ"srls alno Siﬁeieﬁ‘tl n&Fé’&re‘é%%on R ﬁbarfjmct"hm B¥i i cabl e
chem st r ypulnhunanghisehdeeChige-Sohus pﬁmr(ime; sRMANY bmplahdleake&mm,o:lhrdnrwhrﬁ@frmve of

the scope of th i scl osure. . Pre tion of 4-(2,5.
-di fl uor g’ﬁﬁ)@ﬁ‘@)‘ﬁ%‘l %cytostsﬂfpsogmlsr,r.g(ﬁzﬁglg,aﬁ@ﬁa (8%% 1r}1|ct1w:—;‘L pulmoglary disorder),

yl sul f onykhiey) ARGinkioid £thriBS phdAEO A ecnRPOdREeSDhyias synt hesi zed as shown in
Schene 3.

[00174] In certain embodiments, the disorder, disease, or condition is asthma, exercise
induced asthma, allergic rhinitis, atopic dermatitis, chronic obstructive plumonary disease, or

allergic conjunctivitis.

[00175] Depending on the disorder, disease, or condition to be treated, and the
subject’s condition, the compounds or pharmaceutical compositions provided herein can be
administered by oral, parenteral (e.g., intramuscular, intraperitoneal, intravenous, ICV,
intracistemal injection or infusion, subcutaneous injection, or implant), inhalation, nasal,
vaginal, rectal, sublingual, or topical (e.g., transdermal or local) routes of administration and
can be formulated, alone or together, in suitable dosage unit with pharmaceutically acceptable
excipients, carriers, adjuvants, and vehicles appropriate for each route of administration.

Also provided is administration of the compounds or pharmaceutical compositions provided
herein in a depot formulation, in which the active ingredient is released over a predefined

time period.

[00176] In the treatment, prevention, or amelioration of one or more symptoms of
asthma, allergic rhinitis, eczema, psoriasis, atopic dermatitis, fever, sepsis, systemic lupus
erythematosus, diabetes, rheumatoid arthritis, multiple sclerosis, atherosclerosis, transplant

rejection, inflammatory bowel disease, cancer, or other conditions, disorders or diseases
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2122 2359 [00200] 4- (2, 5-Di fl uorophenoxy) - 3-ni trobenzonitrile 21. A
solution of 4-chloro-3- nitrobenzonitrile (5 g) in THF (200 nL) at room
t enper at LWwe 20s8128956at ed with K2CO3 (19 g), followed by PcHAseélwsrsephenol
(3.7 g). After stirring at roomtenperature for 18 hrs, the solid was
filtered off and rinsed with copious amounts of EtOAc. The filtrate was
washed sequentially with saturated aqueous NaHCC3 sol ution, water, and

sat ur at edsa@ea %thmﬁﬁtéﬁdr% apgfolpﬁ&te ays%ge @otng@ﬁ&my lt\la%% 8 frofil atbt)ar ed, and
concentrated in vacuo. The residual was triturated w th hexanes and

col | ect ed Y ‘s ngpcrtkg sphipibedy veiehiesdaydmefhesduda).Ipm dierchOlvgs used
directly bR, bB&, r é%ﬁﬁotﬁ' AW HUBSISH AL fet &é%l trefﬂ about 0.5 to about

[ 00201] 3- Am no- 4~ | uor ophenoxy) benzonitri | m xture of Tin
(1) chl @l%kgjmemylw at @01@118012380 gbOUBQLO 09/keney dayi \Mhlatcﬁﬂt(eagmomstmq ingnd HC1

12 M 1
(CorrpoundQE%9:(%111)(3&)8%1&do}%g Z\gﬁ ﬁf A Qfg%tiggtg]%?%s&\}%& ﬁgm%&?@ogoﬂeﬁtl on was
kept sl i ghouty.05efroraxbowy 048G tae art@uem&lftqrroaboufr(hétq zévautti @rdrowasbopphiotabeped wi t h
TCL (25%1|§t1[T)Ac iaon s conplete after

ne he
refl uxi ng for t‘g%‘tﬂ?o ‘%Oﬁ?q H%Iﬁ%natab%l§)l 7 En m% 280 ncemfllartl ng materi al
(TLO) . Watdodi(Botsthg dawwage ladﬂesda@mg ﬂtdste albcﬁm()l()t)l rogpbsal 100 mgv'kg\msdat llowed to
cool to roomte rature The . desi red. produ r |tated oyt as a
Wi te Sol P TIEmELb I i h 2R e BB oBE Pt raa t or
30 mMm at Id Berfin it dirsi, the lAgsaE REEIRS fadkin® rom@®o@ @), 1 te&bad 50inay/ig get r at i on
under vacuu washed wi.th ter, and dried. under vac mto el d conmpound
22 as a \iJﬁYmélC%thBmPéﬂl %‘tﬁ%‘fq 4 ﬁtﬂgm%}m%%u It‘blﬁbou‘ﬁﬁ RYVKE (500 Mz,
DVSO- d6) peﬁdazf 4eftcdrttin ehiodinfen@9thé Bdsagddevel Ts ﬂﬂglﬁgrfroﬂahﬁ)out@ t9bcdufle) mgke= 2 Hz,
12 = 8 Hz, 1H), 6.78 (d, J= 8 Hz, 1H), 5.65 (s, 2H).
[00202]5P€’S/%?ﬁ(o 2-(2,5-difl uorophenoxy) benzene- 1-sul fonyl chloride 23. To a

sol ution of conpound 22 (4.20 g, 14.86 mml) in acetic acid (50.00 nL) was

added HCI0@Q1¥21 M 4RorQ@al AdihinistAgonS Qtelphmﬁmcmsmszbtnpésamnk prodfdedl B&elB@bh. A
solution of NaNO2 (1.230g,. 17.83 muol) .in wat (5, n) was added dropw se
to the c&ﬁﬁ‘gﬂw&mﬁzn%ﬁ?% ?ﬁtﬁ@etéﬁ?lﬁtlp%%ﬁmail?o‘éttllthlaHﬂ“ 1'99@%6‘%‘? BRVm xt ure

was stirrigdediéheaR oh€&mAtfent, AbodddidouPNabod 105 Boutl 18, MosERRERIE2S, | ask, SO2
was bubbl ed through acetic acid (100 n) for 45 nmto forma SO saturated

sol ut i on.abgiER2abpyL MIgapoyt 109, abmuinin gboa<I0; tRent Bfldehput Y0 tReust. &wbr at ed

sol uti on sandivsbddob ea@o&t%o aBoR&AD LibeRako Ja%dﬁﬂaum%o@lﬁg%?t&%ﬁkte'l N8R then
cooled with an ice bath and stirred for mm The sol ution contai ni ng

conpound forthguapaniierasiic adgetenedl o phd &eagerne @emh@numzre@@ﬂ uihepharmagepefcat he
addi tion,, pssmt Ui Qg trtﬁlgstgfta b ggergtrﬁé dgq%w @tt@herﬂaé NRuddodpen poured

onto ice wa and stir resu ange pr eci pitate was
col | ect edwichrtbigg himes, lang Bui omes pfRindasol id (3.5 g) was dissolved in mninal
anount of DCM and purified with chromat ography eluted with DCM Pure

fracti O“S[O(Yﬁéfhconf?kxﬂ?ge @rﬂlgrsﬁ%a%%(lédthhﬂhé/%%éiﬁc dJéaqueﬁata' r%ﬂ&c? gtid was

triturated w DCM and hexanes’ [ter to obtain compound 23 as a
yel | ow whiotage Saland p{racBoPagent 980kcHRIE pdrwitlylepend upos «"yvaélleti')of fatagecond

triturati c“ucg{ &1{9 vl %E @E Spe¥ 'Qﬁ g% 8 b Y ESRSRBYES ang length

[ 00203] 4- ‘? DY ruor {1 3??‘ Ui ggﬁt’ ‘am no%pllperl ?jw -nf-eng
of action of that compound the age, body weight, general health, sex, diet, mode and time of
administration, rate of excretion, drug combination, the severity of the particular condition,

and the host undergoing therapy.

[00179] Also provided herein are methods of modulating CCR3 activity, comprising
contacting a CCR3 receptor with a compound provided herein, e.g., a compound of Formula
I, including an enantiomer, a mixture of enantiomers, a mixture of two or more

diastereomers, a tautomer, or a mixture of two or more tautomers thereof; or a
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yl sul fonyl ) benzonitrile 59. To a solution of conpound 23 (0.080 g, 0.24
nmmol) in DCM (10.00 nL) was added 4-di net hyl am nopi peridine (0.040 g, 0.31
nmol ) andaw0BMNo3343 g, 0.31 mml ). The reacti on was noRrCrasedonstshs TLC
(25% Et OAc in hexanes, Rf = 0.0). The reaction was conplete after stirring
at roomtenperature for 30 mn, as indicated by the absence of the starting
material (TLC). Water was then added and extracted twice with DCM Conbi ned
or gani ¢ exhmacduSicB Lcopadiad ss%gu@nﬁyd@dté Yr woaﬁg\m&vf ﬁlrlgleb,ﬁl'bgﬁmegt“ ed over
MySO4, filtered, and evaporated in vacuo to forma yellow oil. The oil was
triturat b GERhrepanerdnexmivssesies celind filtered to yiel d compound 59 as a
white powder (0.85 g, 97.4% HPLC purity, 84%yield). 1H NVR (500 MHz,

DVSO- d6) (0@ 88} 27 (Tlhe cbmpdurtd ; roLl'(i)ed h&eBe. £ I8 cordpoutid 8f FEmuthd, mci8dib an 1H) ,

7.56 (m 1H) f Y% (m 1H), 7.19 (d, J= 9 Hz, 1H), 3.71 (d,
J= 13 Hz eng}t.}))meg a-)milxt(\l{e of gnanilgmp{zs a @ﬁ}ure Qf P ({rmorq_qlqystergorg_gs (a§autgp.9r or1. 76 (d,
J= 11 He, n%ligure Jr@9 of ﬁﬁbre%@t@m@@tl{efegjf 101 gbﬂarmﬁ&eﬁhc’all‘}f%& P%fe)salt @gllvﬁtlang poi nt:
154- 157 [0020(1 %@? | uor ophenoxy) - 3- hyl am no) pi peri di n- 1-
yl sul fon;hlyyhl@@nqrmw Tpg | e%yw%mﬂwm@@esgr uwélrwog@mﬂ%wﬂbpthwmal

conmpound I added 4 N HC1
in 1,4-di g%glﬁé qu’ e[ngll_ape%ngg hﬁlamé%lgé%ggt?lé% %mggo)lflrs \gﬁwas stirred for
10 min awnpame@emparaﬂun@uﬁmﬁmwwmdmmﬁngnﬁnmﬂsmﬁV@ﬁkmmgha@ﬂh@hl A mh|te

t ia filt i.
e Sl LRGP S S BB BRI SEIOASY
NVR (500 liviiz eryDiWbQtods) diabetdsQrhé@méteid atthiitis, BBl tlerchis, chd:ﬂzasclemd)s, 8. 10 (dd,

‘(Jld - J 2= apé)%aniﬁ?ecwéd,@#ﬂazgago&gd%%{ﬁani%m&n}% H%si:ases and tilggf — 12 LZZO
2H) , 2. 6atslogkhoteRabold (m 2H), 1.64 (m 2H); M5 (ESI, Er): mz = 422
(MTE); nelting point: 250 - 252 C. [00205] The follomﬁng conpounds wer e
made acc to rocedur es descriped | i S ex
[00206] 4102580 1 oFuBhRERUR ST B EREM AP Relre B PERAT 1 c.
di hydr ocWigrdnder mdre skdirbhi@al plurgs kyowrldQRé arl hcNNRg( BAGoMHzitedDVBO-gai@): 6 9. 41
Efn’ g::l)b : 1}?01!%@% %lldosﬁ_ro)ne g‘z%ne%t_gfon% betémé‘gasoi(ﬁ)deoxgc%r&c(tsFﬁron&ﬁfetat% 16 l(_Dm’ ZH)S 5
M5 (ESI, f]ﬁﬂbocoﬂ%@e%@&ﬁoft%ﬁﬁ&):omifﬂj bicOgisq@onenpreddidme - métﬂ)apledmsolone
[00207]4 g D'fluoro heno 2 3- (3, 5-di net hyl pi perazi n- 1-yl sul fonyl ) benzon
IHtZrl l]_le—{) 5318”5{?3( ;‘gl?r?‘] af&%‘% “1H NI\/R8( a(z)O 2/||:|)|Z ?IVEGO ((216) 1?{) 8. 373(5d,( leE{)

H H . H I = m H . m H
7.24 (m [Q(H)S,’Z] 3. 55In(ceitair blhbodim@ﬁs (tng cotpund? plokidetl ,heI:E:in cﬁnBQchnHLﬂedHZ 3H),

E)' iég( g v&}JltTl one or more@nhbactengfzagents Ent?wn int nhe art, 1nc? %m but not llmlrtTf;% to the%r(P oint:

[ 00208] 4-ifGudindAnhikatad, apBLIBWNY hmrc(IBn, arsghdiintig] Pitp@ndginDaAreylagil f onyl ) benzon
itrile, dihydrochloride 53, HPLC p ur'té' 1009? 1H NNRj;SOO MHz, DMB0O-d6): 6
9 50 (m a_zclﬂyllhng %rafﬁli’ caﬂ)_q)mcﬂgn ﬁfa(clépr cgfa dr@x]l'zce ainrqjldol gzqhaldcephﬁﬂemn 2 Hz, J2
8 Hz, Lkdinir/ cgf&t&rfﬁl ceﬂﬂme %e%nﬁr@eféb@azon% &BothMne ldélfomtlzl géip((cﬂmmle— 8 HZ
1H) 3.87 (m 2H) 2H) , d, J= 6 Hz, 6H); M
(ESI, Er)e rqzily %ftam@g@ ¢ en ceftlzomme ceftnaxone cefurox1me chloramphenicol,
[ 00209] 4+ c(lgsuﬁ c%rfoh&%fﬁp&%ﬁf&)&)ycé él‘hdhrﬁgé?ﬁ QR)\{;thillﬂﬁe&ﬁ%ﬂu{‘ d%f%bh%t&ﬁ fonyl ) benzoni
trile 54. Cpurity: 99% d, J= 2 Hz,
1H), 8. 0gley(ng@ocyghne—dlglop;gcﬂhg,zch&thg)m-]@m Q%ycychng@r)(th,rpmyﬁ)l enyofma@m 1H), 7.25
(() m921|(‘?j1 e?te@eﬁerﬁdetl,m}%ba)to?, i ox%(!r_]hm f‘glsf%ﬁy&m fsélighdgg ggufﬁd@amf]r @eldaganzll)gu{ m 4H),
[ 00210] 4-ge@aBici, h¢1hbm>@phém@%y?)m @ledd@pmxwﬂ pivpBeazinnlinezglis ul f onyl ) benzoni
trile, lomefloxacin, loracarbef, mafenide, moxifloxacin, meropenem, metronidazole, mezlocillin,
minocycline, mupirocin, nafcillin, neomycin, netilmicin, nitrofurantoin, norfloxacin,
ofloxacin, oxytetracycline, penicillin, piperacillin, platensimycin, polymyxin B, prontocil,
pyrazinamide, quinupristine, rifampin, roxithromycin, spectinomycin, streptomycin,

sulfacetamide, sulfamethizole, sulfamethoxazole, teicoplanin, telithromycin, tetracycline,
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hydrochl ori de 54. HPLC purity: 100% 1H NWMR (500 MHz, DVsSO-d6): 6 11.00 (s,
1H), 8.33 (d, J= 2 Hz, 1H), 8.12 (dd, Ji =2 Hz, J2 =8 Hz, 1H), 7.64 (m
1H), 7.5WO0rpiol9seé7.30 (m 1H), 7.20 (d, J= 8 Hz, 1H), PBTAB2¢wj03 Bk, 3. 48
(m 3H, 3.40 (m 2H), 3.08 (m 2H), 1.26 (d, J=7 Hz, 6H); M5 (ESI, FEr):
1/1/z = 422 (M#+). [00211] 442,5 -Difl uor ophenoxy) - 3-(4-(pentan-3 -

yl ) pi perazin-1 - ylsul fonyl)benzonitrile 55. HPLC purity: 97% 1H NMR (500

Mz, DVSQcg6iliin, @)bgan%)@ ré@hmejch nzn H@leaﬁdd)nycﬁ @&laﬁgﬁcmj hndrvagcdf%ycimjz = 8 Hz,
1. 7,56 (m Of 96 (M LH . 7. 21 (d e, 1H), 3.16
(m 4H), , 2.13 1 1.37 0.81 (t,

. : 2H) ,
Ji = J2 109718% 6#}1 C%PWH “BBIi‘tﬁt 1 Cf@l?ound(mg)vefiedﬂl@f@?ﬁ}l%ﬁ%fﬁbmed
“Di f 1 uor QRN o dofiflaPRRL @R Bhown)h IRIaREHAZdiAg, but not limited to the grou
yl sul fonyl ) benzonitrile, hydrochloride 55. HPLC PUI‘I ty: 100% % IID\II\/R (500
€

M-lz DVB B dingmqyolfipe, @giphatppjein B, gpdyigfungia: bfopgzolegpuyeriafine Buiogpnazdlg, = 2 Hz,

g g%as(p&fbném c1gzp1§(g<] cleDmazgle Qazm(arzrble %ﬂtw(oz:alz%gi_élmm ]fli%enarzﬁ)lgl (d, 1‘] 618( ;}'Z

2H) 0. 9480€t>nazglﬁ, lﬁacmamlwkwwn&q}e nwsﬁ(nga migopyzole, mftlﬁnttnatsl@yf(lw r) mel ting

poi nt : i 9vcGnazol 1 di e, sul 1
[ 00213] 3- ?“83 ?)(/)Cpeahzf) yl %‘lv%cé)ﬁl%zfllenpofacﬁn%ol? Siumo 33n4§?tff%l-aé??lsﬁg?%a6 énoxy) benzo

nitrile t@@lnamerq@uazuoteytwc@@%olel&nd\irvRCQ@@@eM—Iz, DVSO-d6): 6 8.26 (d, J= 2
Hz, 1H), 8.09 (dd, =2 Hz, J2 =8 Hz, 1H), 7.56 (m 1H), 7.43 (m 1H),

7 26 (m ééﬁ)S ] 7. ZOIn(cgrtan] embgdnlﬁ'énts Jtllfe':) COU‘%OQ(‘I%S (pmw&h')neregl AR bé H&mlﬁh@d’ 1.72 (m
(m 2H) Er): tritz = 448

( M r ) n-e’i'lth| ang opmpmanth_@gulantg_@@)v@ in the art, 1nclud1ng, but not hmlted to the group

i rile, PR Py ELRE AR S o i ﬁéﬁﬂ“’rzu o%épkﬁé"pgﬁgaxéé??”é"
11. 06 (s,ph&rhbdlor& R2rfqreh, anfixi@elagatrapH) , 8.13 (dd, .// = 8 Hz, 1H),
760(m2H) 7.30 (m 1H), 7.21 (d, J= 8 Hz, 1H) 387(m2H) 3.52 (m

IVB ( E SI %%61)@5] 2H), In%e&%ﬂg%ﬁtlﬁ)lnts Jth c7orr£pmmd% |]_3|}0V1ci]ed Ylgregnrgan %wom&ne%S (m 2H);

1/1/z =
[ 00215] 4 With, @e OF brechopthelyoxyRno@s (mthpeithydluding -bdi =t Epatnd ©-t¢ gnobf onyl ) benzon

e HGRIATOA R B 1088, AHIGLO0R M, PO 6

7.58 (m utdfinas@. 52 (m 1H), 7.30 (m 1H), 7.18 (d, J= 8 Hz, 1H), 3.88 (,
1H) 349359(m 4H), 3.36 (m 1H), 3.26 (m 1H), 318(m 1H), 2.79 (s,

2 t: 238 -
242 c g%@% 4H% 21%@@%%@%%@%@5 O‘(“ﬁfg?) #(\)46%8%% B‘Réy’g%ﬁ%%m trile 58.
HPLC pur vy on@ Q%nofel-ﬂoNNch@&ﬂ@anﬂammVS@ agnts kfo8n #8h¢ akt, idchuding-byt noH) , 8. 10
dd, 1
( 50 ( d hjm%g t(?_izalcec]h%ﬁnac élcegﬁét?cm awﬂiupn% 3%}%}‘1? alggpﬂ)_Bazone é%nonllal_e') brorntfenaiggl ) I]_.|)68
C.

carprofen, celecoxib, choline magnesium salicylate, diclofenac, diflunisal, etodolac,
etoricoxib, faislamine, fenbufen, fenoprofen, flurbiprofen, ibuprofen, indometacin,
ketoprofen, ketorolac, lornoxicam, loxoprofen, lumiracoxib, meclofenamic acid, mefenamic
acid, meloxicam, metamizole, methyl salicylate, magnesium salicylate, nabumetone,
naproxen, nimesulide, oxyphenbutazone, parecoxib, phenylbutazone, piroxicam, salicyl

salicylate, sulindac, sulfinpyrazone, suprofen, tenoxicam, tiaprofenic acid, and tolmetin.

[00187] In certain embodiments, the compounds provided herein can be combined
with one or more antiplatelet agents known in the art, including, but not limited to,

abciximab, cilostazol, clopidogrel, dipyridamole, ticlopidine, and tirofibin.

[00188] The compounds provided herein can also be administered in combination with

other classes of compounds, including, but not limited to, endothelin converting enzyme
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[00217] 4- (2, 5- Di fl uor ophenoxy) - 3-(4-(pyrrolidin-1-yl)piperidin-1-

yl sul fonyl )benzonitrile 60. HPLC purity: 99% 1H NVR (500 MHz, DMSO-d6): 6
8.27 (d, wo=0fy/i229561H), 8.08 (dd, .// = 2 Hz, J2 = 8 HzPCTIHS2018/05B26§ m 1H),
7.38 (m 1H), 7.25 (m 1H), 7.20 (dd, ,/1 =2 Hz, J2 = 8 Hz, 1H), 3.60 (m
2H), 2.87 (m 2H), 2.44 (m 4H), 2.10 (s, 1H), 1.85 (m 2H), 1.64 (m 4H),
1.40 (m 2H); Ms (ESI, Er): tritz = 448 (Mr); nelting point: 189 - 192 C
[00218] 4-<E@Eﬁni;}b{tbﬂ§%@fpmﬁn@ ra;%m(dh RMBR A Rpdbr ¥l RInRES bdhAg 1-

yl sul fonyl ) benzonitril rochl oride 60. HPLC purity: 100% 1H NMR (500
MHz, DNVB@§Bybangpotgsigm C(hmm ppeners; tBymbgn inhyibitory, spph astiqpdinggrogthyfgeior  // = 2
;EQGJ(Zm_ 1%11%3 1‘@1 as Eloﬂglﬁt)%rsaﬁ POAF a%wutyH%la?e?et(amva&@ faﬁ)zr %F{}%ﬂtagoms% Hz, 21H)
12 Hz, H)ltl pkltejﬁé agemts g}q)l as @ng/l(lmloghq}s (e.z., 85011(1mab 23|p|91f1ba11d€7@n@ tqoﬁ@peg)? VB

(ng:)/ 123 M} %\éaf&ﬂl'gt? 6%%‘8§épld(§g?élt tllcn(%lcﬂgé éﬂltd C52§p7 ), ang @s?]m& antYQagulants

[ 00219] 5-s@jreasovaNai2-1¢dineddvylanweighlepdryis) sugh {sknbxapafih;drtopHBamyitoenzene-

sul f onami d ride .62, HPLC t 200 Mz,
e e B b L T P
1H), 8. 0&afopdptiddse m:hlﬁltdrli (dudINEP-8(Hzinhibitdrs), sch s ¢umypafrht,and g&ﬁ)op(amlatll-b 7 3

55" 1 ol oo gn 3 BRubBlp ettt pufbmetndBott 135 &

[ 00220] 5-10y adli0a. 2ta atabin Chi fvlastaxir) pihe staxdin) Nen(d2418-py22r (@lsd dncrmﬂasybs)ueﬁslwﬂn) benzene-
sul fonami de 63. HPLC purit 100% DVEO- d6 6 (d, J
= 2 Hz, f%vastegmo%r V(lsalatatu}])r %alﬁnw ohﬁt?smmgwﬁﬁs f%gﬂtes 1711659@1(1( Sﬁﬂuezﬂ_ﬁnts §u 6 (m
1H), 7. 2% (lﬁﬂstrad"‘llnam?l Ehfi-dBbrosdlerot ak@nts ,as ACOA inhibitdrs; MTP Zntbitordiz, 2H) ,
242(t,J| =J2 =7 Hz, 2 2.29 (s, 4H), 1.56 (s, 4H) MS (ESI, Er): mz
= 408 (Mfalﬂum ¢hangel h]@clﬁt{ﬁ oy aiglglodlpl@g)egylate potassium channel activators; alpha-

[ 00221] 5-,G)a8RrcApérds; %etdlahﬂeuggi@@ QIR0 X0ch ablm(rzecﬁuawﬂd%é@r&mlm ahﬁ {ylid benzene-
sul fonam de, Rydrochl oride 6 PLC CEUI‘I ty: 100% 1H NWR (50

DVBO- d6) :ag@nts gruagics.suchashlogtgridarhydrpghlorgthpgide ffuntpthiazidery | lH) 8.08 (dd,
\(]Id _JE ;%ﬁczlrg)ﬁumetﬁlali%e b%ﬁ&roﬂt?méﬁaﬁlﬁ@ rri'e'f[DylchYorg?cgla&Hé tﬁéﬂlororﬁﬁ?ﬁmﬁgngégﬂ(_bm ZH)lZ
1.86 (m p@bl)hlazn@ b@s@thlaaﬂy clnis amoalqrmaﬂe)n; Chi@rﬂtdllﬁglepfameﬁldez29 _232 C
[00222] 5

D as e D A Sdefrtice Ml ML GPOARIAV el fifenb BLBEL nftb oy aoems, 1

DVBO- d6) sucﬁl B .ti38e (pthsmihogerPackiygtorl(H)4), 8c@Bbifiahd {PAY istrept@kindse, ujckimas@ Hz, :

1
TS A A oy Tl bl Rt 30,

Ji = .12 dmb@tld-@ﬁ:n@ Hhch &. b2§ua(11ﬁes (@Id), melfoRdinfl gBBodidase mhibjtoviEe. . Elarboke)) : m z =
422 ( M T)

{00203] 5 itsyi s BSREN . S BepE SR PR RIS EM 1 ) benzene-
sul f Onamgdplzldbydﬁ@&hﬂlﬁédld&:s 6&4g tH%IhGLZQmH tdst;ghtai&@o/andjﬁrbgﬂhﬂoﬁ@%d WVHAR-

DVBO- db) : 10. 10 ‘H;) QKFE I—? 26 (d, J= 2 Hz,
1H), 8. 0§a‘(18’& ag‘JIFSt nﬁn ocoyhcaid g ?—Rﬁor aﬂﬁﬁomsfs ?)??Y%Spliw aCt?nfS’Gld( m 1H), 7.30
(m 1H), eﬁlerelagn& growlh Horﬁlohgsecﬂebi)gog@s 412‘2 ﬁﬂﬁbl@)w pho% 1&2116(3@as@1‘ﬂ}11b1t3rsl4 (m 2H),

2.89 (m 2H) 8 (m I-{) ﬁJmE . V5 Er); = 422
(MT); m§P°E11 aﬁéjDF]foyHr}phlbﬂ@ (e 8- gst@zol) and V inhibitors (e g sildenafil, tadalaﬁl

and vardenatfil); protein tyrosine kinase inhibitors; antiinflammatories; antiproliferatives, such

o

as methotrexate, FK506 (tacrolimus), mycophenolate mofetil; chemotherapeutic agents;
immunosuppressants; anticancer agents and cytotoxic agents (e.g., alkylating agents, such as
nitrogen mustards, alkyl sulfonates, nitrosoureas, ethylenimines, and triazenes);
antimetabolites, such as folate antagonists, purine analogues, and pyrimidine analogues;
antibiotics, such as anthracyclines, bleomycins, mitomycin, dactinomycin, and plicamycin;
enzymes, such as [.-asparaginase; farnesyl-protein transferase inhibitors; hormonal agents,

such as glucocorticoids (e.g., cortisone), estrogens/antiestrogens, androgens/antiandrogens,
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Example 2 Preparation of 3 - (4- (dinethylamno)piperidin-1 - vyl
sul fonyl)-4-(2,5 - dinethyl phenyl thio)benzonitrile 72 [00224] Conpound
was synt hweizamdi2azsseshown in Schenme 4. Schene 4 2425 PCTABIM0/031828

progestins, and luteinizing hormone-releasing hormone antagonists, and octreotide acetate;
microtubule-disruptor agents, such as ecteinascidins; microtubule-stabilizing agents, such as
pacitaxel, docetaxel, and epothilones A-F; plant-derived products, such as vinca alkaloids,
epipodophyllotoxins, and taxanes; and topoisomerase inhibitors; prenyl-protein transferase
inhibitors; and cyclosporins; steroids, such as prednisone and dexamethasone; cytotoxic
drugs, such as azathioprine and cyclophosphamide; TNIF-alpha inhibitors, such as tenidap;
anti-TNF antibodies or soluble TNF receptor, such as etanercept, rapamycin, and leflunimide;
and cyclooxygenase-2 (COX-2) inhibitors, such as celecoxib and rofecoxib; and
miscellaneous agents such as, hydroxyurea, procarbazine, mitotane, hexamethylmelamine,
gold compounds, platinum coordination complexes, such as cisplatin, satraplatin, and

carboplatin.

[00189] Such other agents, or drugs, can be administered, by a route and in an amount
commonly used therefor, simultaneously or sequentially with the compounds provided
herein, e.g., a compound of Formula I, including a single enantiomer, a mixture of
enantiomers, or a mixture of diastereomers thereof; or a pharmaceutically acceptable salt,
solvate, or prodrug thereof. When a compound provided herein is used contemporaneously
with one or more other drugs, a pharmaceutical composition containing such other drugs in
addition to the compound provided herein can be utilized, but is not required. Accordingly,
the pharmaceutical compositions provided herein include those that also contain one or more

other active ingredients or therapeutic agents, in addition to a compound provided herein.

[00190] The weight ratio of a compound provided herein to the second active
ingredient can be varied, and will depend upon the effective dose of each ingredient.
Generally, an effective dose of each will be used. Thus, for example, when a compound
provided herein is combined with a NSAID, the weight ratio of the compound to the NSAID
can range from about 1,000:1 to about 1:1,000, or about 200:1 to about 1:200. Combinations
of a compound provided herein and other active ingredients will generally also be within the
aforementioned range, but in each case, an effective dose of each active ingredient should be

used.

[00191] The compounds provided herein can also be provided as an article of
manufacture using packaging materials well known to those of skill in the art. See, e.g., U.S.
Pat. Nos. 5,323,907; 5,052,558; and 5,033,252, Examples of pharmaceutical packaging

materials include, but are not limited to, blister packs, bottles, tubes, inhalers, pumps, bags,
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[ 00225] 4- (2, 5- Di net hyl phenyl thi 0) -3-nitrobenzonitrile 24. To a sol ution of
4-chl oro- 3-nitrobenzonitrile (5.4 g, 29.67 mmol) in THF (100 nL) was added
2, 5- di metwol2zbtwapdsenol (4.921 g, 35.60 mmol) and K2CO3 @RO/142019/031848. O

mol ). The reaction was nonitored with TLC (25% Et 0Ac i n hexanes). After
refluxing for 16 hrs, the reaction was conplete. The solid was filtered and
washed with copious anobunts of EtOAc. The filtrate was washed sequentially
W th sat yiad eshMRdORringdtaRd anﬁ@%wgﬁigqﬂatwa%ﬁ@w&ﬂ a%lect@ﬁ FRAURMES arl) SO4,
filtered, and evaporated in vacuo. The resulting solid was then sonicated

i n hexanduiended node plegdagnisigatipn andireasreibund 24 as a yel | ow/ white solid (8.00
g, 97.8% HPLC purity, 95%vyield). 1H NVR (500 MHz, DMSO-d6): 6 8.77 (d, J =
2 Hz, 1"')[001@2P4 (dﬂovréléd:he@elﬁmso arlazqts*wﬁlchlzwhela%edly tﬂ@m@&cal%@cutﬂneﬂl (d, J =
8 Mz, 1H). 7.36 (d, 1H), 6.76 (d. J = 8§ He 2.32 (s, 3H),
2.23 (s, CSHImPE@GQ%}anAWWB of agppomsiage ARG IOﬁPféer§‘/ FftgFﬁdt?)“ﬁéﬁéé‘l‘hl‘ECh e 25. A
m XCur e Qnafh Opbbdh RO ARaAIMAIA AR A fuhor i Bfiumloh i BLOH (85,0
m.) and conc. HCl (12 was stirred at 70 C until a clear

sol ution Cmﬁowr@rpﬁ@fdded@émmhldm a(sglg@ qgantpg@ies 4r qippiyre ghdiagidieqingggided over 10

nm The s Q I g tion. The reaction
was noni ?%’lrll%d o a@%ﬁ%&%@% %%%lgsﬁfth%xwgﬁegﬂﬂwth%%g% The reaction was
conplete after refluxing for 1.5 hrs as indicated by the absence of the
starting [AHO8F i al nTeE)in ephpdimentgghaiiy inglades Aggri@ingii@mprang a dodage M§msol ut i on
vas al | oupthelBrBaRld phidANR IR ol e IcRlc B Al gpr T ed during
cooling. The m turé3 further codled and stirred for 30 mnmmat 15 C. The
preci pi t gissteygemefsi thftreqfefar a phasresebtigiihaogertiable safingglvdrel exprodrdg thexeat ium t o

tam (500 HRET e gar o ARy by i ey Y 22ty
7.04 (d, J = 8 Hz, 1H), 7.00 (d, J= 8 H, 6.90 (dd, J1 = 2 Hz, .12 = 8
Hz, 1H), [8018d] (s, ng) progdqtghe(fgn canHfprthey ugv@;ud@glewgs[)that grelgec{tg ad@H}ster the

[ 00227] 5- f e 26. To
a sol uti 3%%%%%%%%&& g@%%gY%%ﬂﬁMé%%g)@%?ﬁﬁlﬁ}%@g%tg %Jg ’(% éllgln_) was
added hydeseaidcons dripledgd, paches, Md i8ial@s.ne kifFpeovided henem qmslscstricmrled in an ice
bath. A's rrm)l) in water (7 nL) was added
dropw se ?h&%%‘r ﬁmlmu%ﬁ&%hgzaﬁ'e mr‘ﬁ%endggléol ution stirred in an ice bath.
After addition, the resulting solution was stirred in an ice bath for 1 hr.
I n a sepab@iel f askits mdwh@rfbmm fodhar mrabylg Iphgoetduscalyiadcapi@lermiehickor 45 mm

room t r chlori de
d| hydr at g@?&r‘% UH&F@ ggﬁn%ép %rgtﬁ\%ag%%aﬁ UI%%%Q@@%E{; uarca{' ed solution
and st i r negedion 1sam0\admil| i noolal foﬂrﬁ thmtmﬁlfsh@e s&a:bnﬁtlatt@bfospmers@hkﬁdnmnstwasnt hen

cool ed Wlt n _ice bath 10 m.n. npound_25- cont ai ni ng
col ut on e TR aRaat-AR Tkt Py oftne vl Wi EPERALAFRIGTEE o) "ne
addi t i on,betdiseolewl toforom pvmusalta freceterflosolaibd ithat (sn;aitakaSfol’rmra'ﬂlerar eaction

m xture S.then red on i ce water and hr. The resulting
el o ¢ ARt TR Bl P R s VG b i e e (500 g
65% HPLC lipufet iy aquiole Whﬁﬂldé)mclu&'i@ Q1Y 1id396 ﬁPWdﬂ%Qﬂﬁétﬁﬁm Sodium

[ 00228] 3- (4- (D et hyl am np) eridin-1- Isulfonl 5- di ret hyl phenyl t hi
0) - benz ‘W‘Flhgecflfn Kigex S%BF&N“OIRGWS?: Bﬂh@e%gsfénéwlﬂncb% erml) in
DCM was  agid@bn T4a0 1(266R8 Ritber’ Ot 0M ateraiictivie dHiBEN RN Ofic R&Tindlicae (0. 114
g, 0.89 mml). The reaction was nonitored by HPLC. The reaction was

conpl ete t%tfeﬂ@f% algqho} pplygthylens gyeal taafpelyaronylets gycok gnd pen-aqemswalickcenoved in
vacuo, anghiidie;, besisl fimie t%Oéoan'oﬂ"%@tt&ise"e%l%lVﬁéinbtrbﬂasé%ﬂ?é &ﬁ'eth?/eﬂ&b'dﬂé of DCM and
purified with chromatograp y with a gr adi ent 10 to 30% MeOH in DCM Pure
fract i ondsoaReaPE! Byt H apd bewdyldwapsicat ed in vacuo to yield an oil, which was
triturated with DCM and hexanes, and then filtered to yield corrpound 72 as
a peach %@(bl@@] (0. 1Pk cgscl&lgrmn%!: ﬂ)rthehf’ddé}s&uﬂ bwmf&ﬁmﬁlla_(%nohtiuhm&?%(500 Mz,
DMSO-d6): 6 22 (d, J= 1H), 7.84 (dd, . , 1H),
7.41 (d, e?}amlﬂeﬁHz 1H), 739(s 1H), 7.34 (d, J= 8 Hz, 1H), 6.70 (d, J= 8
Hz, 1H), 3.8 (d, J= 13 Hz, 2H), 2.84 (t, J= 12 Hz, 2H), 2.31 (s, 3H), 2.26
(m 1H, 2.25 (s, 3H), 2.15 (s, 6H, 1.79 (d, J= 12 Hz, 2H), 1.43 (m 2H);
M5 (ESI, Er): mz = 430 (Mr); nelting point: 136 - 139 C.

[ 00229] 3- (4- (D net hyl am no) pi peri di n-1-yl sul fonyl)-4- (2, 5-di net hyl phenyl t hi
0)- benzonitrile, hydrochloride 72. nga solution of neutral compound 72
(30.0 ng, 0.07 mmol) in 1,4-dioxane (270 nL) and added 4 N HC1 in

1, 4-di oxane (60.0 [EL, 0.24 mmol). The reaction m xture was stirred for 10
nm at roomtenperature before adding 2 nL of diethyl ether. A white
precipitate was formed and collected via filtration to obtain conpound 72
hydr ochl or| de as a V\:hl te solid (32 0 ~ny, 97.6% HPLC purity, 100%yield). 1H
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described in this exanple. [00231]4- (2,5-D methyl phenylthio)-3 -

(pi perazin-1 - ylsulfonyl)benzonitrile 65. HPLC purity: 98.7% 1H NVR (500
MHz, DVS@WOep10/@3Bs19 (s, 1H), 7.85 (dd, Jil 2 Hz, J2 2C3/Ud20100B9828 7. 42
(d, J= 8 Hz, 1H), 7.39 (s, 1H), 7.34 (d, J1 8 Hz, 1H), 6.70 (d, J= 8 Hz,
1H, 3.15 (m 4H, 2.75 (m 4H), 2.32 (s, 3H, 2.23 (s, 3H; M (ESI, FEr):
mz =388 (Mr); nelting point: 192 - 195 C. [00232] Tert-butyl

4- (5-cyano- 2- (2, 5-di et hyl phenyl t hi o) phenyl sul f onyl ) pi per azi ne- 1-

carboxyl ate. HPLC purity: 100% 1H:XWRP(HQ0 MHz, DMSO-d6): 6 8.20 (d, J= 2

HZ, 785(dd Al =2 Hz, J2—8HZ,1H) 745(8 1H, 7.39 (d, J =8

, (d, J= 8 3. 26
(m 4H) [éoé?] (s, éwsegﬁerf‘é‘ %‘5 Syf%‘?%ls a“f Cﬁgveélgonsé’ﬁﬁd 1“@%%Fesseér§}lef?ﬁsz = 430
(Mr). and examples, regardless of whether a particular abbrev1at10n is specifically defined, are

00233]14-(2,5-Di thI | thio)-3-(3,5-d | sul f 1
Lenzon} t rcgj’ilsés“@é Eﬁﬁgﬂ'{@e C‘Il BOT%MSW@EE o Nﬁ%z#?’?g%g%é?yo‘%%@ g(r)ly()s
1H), 7.84%f (Hi Arﬂencgn Bﬁemllﬂ)&om&y‘w tHeGourda &B'iﬂﬂ@gl@dﬁbherﬁlsﬁﬂ g&mfr&ﬁlﬁbﬁﬂz 1H)
6.69 (d, J= 8 1H), 3.66 (d, J= 12 Hz, 2H), 2.73 (m, 2H), 2.32 (s,
2.21 (s, vg]]q))ut lgmg_agoy(l §he fi)].l‘?wmg a&b,rey(lgtlong ';rbay bgusyg iy @e ega.mléesl_qzld tlgp.])ghows ( ESI
Er): mz the s%ééﬁéa&ﬁ)ﬁ) (Ing%{ss (ﬁlﬂﬁf &Irns Jn@ﬂ-(mlllglﬁé}s)CuL (microliters); mM
[00234] 4- (2, 5- D et hy phenylt hi o) - 3- 84 i sopropyl pi perazi n-1-yl sul fonyl ) benz
onit r| | e (ﬁﬂhmbﬁt)QLML(mldIymoliﬂO&% (e vINMR) ; (FBO0TeNEz MIDMB R atB)tz); 6m120 (d, J= 2
Hz, d 2 Hz, J2 = 8§ vl .40 (1 1
6. 70 ( d 3111? l(eazhr %ﬁfs (hgl}ri)élmclg(,]mlaﬁ?sg, g'gé]glas(lgi)ﬁ{)ec%%n,etr)é?gglz(g%btr(}ﬂgﬁay (m23 l(_DS
3H)8 9401(1£|a,tloﬂ)—TEC|'C|Zun 1aydy chivlao@bhy) ER ) (retéition #md B Gi(Q\bilid4); Tkt i ng poi nt:

14

[00235] 4](i€§a1€¥dtﬂf%?)h§?%%%ﬁ%rﬁ‘iﬂﬁt¥an§l MPQ S PsEyYIspH Bt P MSP=451 sul f onyl ) benz

onitrile (ddﬁYdﬂit&D&lh@ﬂl ﬁelf&ade) I-Eeb@cm@tﬁyltayetat&pg%H Addld}JM% Eti@leMﬂ;Lem@NBO de): 6

10.92 (s, I-?l , AH), 7.90 (dd Hz, 1H),

7.47 (s, d?OC@Pﬂ(C&Cldb KﬁCQ3 F@tas!i‘&wjﬂ carpongie)( a0, @O%uwydfﬁwe) @aﬁ@t( d, J =

8 HZ 1|-|)(sod§m9§ilnmy 1\29@1 (s&}uﬁﬁ)cﬁlmldez hl)%s@f( Néﬁéﬂun%lﬂlfate 1\ﬂa1=1 cHiugH) , 2. 32 (S
2. 25& d, ESI, Er mz = 430 (Mr).

[ 00236] 4y grids); [SF %%ﬁ%@ﬁpw@ww@BTI@/aﬁps@ma@ﬁ%Nﬁl\ﬁcb» (SediaRinirit);

| sul fon e ifil chiBy P ke u Od6 6
Bé Zg 2 ﬁu)lgi (&9%& 611(’)' h® @éﬁ sdlf_i'zks%f% bi; Xﬁ N{Q@n{@thﬁg"ﬂ}'%@l ?1))5?%1 M‘#b t?!YS )
6.71 (d ape: ch-lﬁrfbﬁtplﬂlc%b%)(m 4H) 2.54 (m 3H), 2.46 (m 2H) 2 31 (S
3H), 2.23 (s, 3H, 1.40 (m 1H), 1.26 (m 2H), 1.22 (m 1H), 0.86 (m 6H);
MS (ESI, (&g N z Fbr‘llﬁ%f ﬁf(\ﬂf(ﬁﬁowﬁ%?éxtahx?gzs PRinBrd wik- u 9&1 farification methods
[00237]4(25D|rreth henyl t hi o 4g§1ntan3 | per azi n-1-
yl sul fon)lqn?‘ﬁ@FPztb?ﬁetSkllegm the/ &t erarheaitiliepd lesmb@wwrm edmbwpfmaruw (500
MHz, DMS 8 7. 47
(s, 1H), %@xgre?sg&@n ‘H%lg%%esjé%lgéde% Aﬁl eéacabﬁs ard co%guc(t%&at‘goon?tew% dratja L' 8 .
1H), 4. ()@m(e[sq otlzq-ﬂywse Bogd, SmthegH)netl@dq_lggl(amlugfq}ed h@regg_arg glteI@H) to egergghfys 3|—|) ,

0 AP sb B 0oy s i Py 92 =

scope of the disclosure.
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[ 00238] 3- (4- Cycl opent yl pi perazi n- 1-yl sul fonyl) -4-(2, 5-di net hyl phenyl t hi 0) -
benzoni t rwbeoB@123¢PLC purity: 99% 1H NVR (500 MHz, DVS®CtA)S2016/081829 (d, J=
2 Hz, 1H), 7.85 (dd, Ji =2 Hz, J2 =8 Hz, 1H), 7.43 (s, 1H), 7.39 (d, J =
8 Hz, 1H), 7.33 (d, J = 8 Hz, 1H), 6.70 (d, J= 8 Hz, 1H), 3.25 (s, 4H),
2.48 (s, 4H, 2.31 (s, 3H, 2.23 (s, 3H, 1.73 (m 2H), 1.56 (m 2H), 1.48
(m 2H), 1.29 (2H); M5 (ESI, Er): mxanple4d6 (Mr); melting point: 168 - 170

[ 00239] 3- ( 4- Cy clrepsiioplop i pépaliiuerophgnozyl-$-ghidimethylaminglpipasiginhly phenyl t hi o) -
benzonitrile, hydrochlori de 69. lbﬂlogflwéﬁi&nﬁnlegg@ 1H NWVR (500 MHz,

DMVb0-d6): 6 11.25 (s, 1H), 7y(d J= 1H), 7.90 (dd, Ji =2 Hz, J2 =
8 Hz, 1H), 7.48 (s, 1H), 7.41(d J—8Hz 11:-1) 7.35 (d, J=8 Hz, 1H), 6.74
(d, J= 8 Hz, 1H, 3.97 (m 2H), 3.53 (m 3H) 3.37 (m 2H), 3.11(m 2H) ,

2.32 (s, 3H), 2.24 (s, 3H, 1.99 (m 2H, (m 4H), 1.54 (m 2H); M
(ESI, Er): mz = 456 (Mr).

[ 00240] 4- (2, 5- Di net hyl phenyl t hi o) - 3- ? hy -1, 4- di azepan- 1-

yl sul fonyl ) benzonitrile 70. HPLC purNty: 0% 1H NVR (500 MHz, DMSO-d6): 6
8.23 (s, 1H), 7.82 (d, J= 7 Hza. 7. s, 1H), 7.39 (d, J= 8 Hz, 1H),

7.33 (d, J=8 Hz, 1H), 672(dTJ-9Hz H, 3.53 (m 2H), 3.48 (t, Ji =
J2 = 6 Hz, 2H), 2.58(m 4H), 2.32 (s, BI—W‘,J 2.28 (s, 3H, 2.21 (s, 3H),
1.84 (m 2H); M5 (ESI, Er): mz = 41659Mr).

[ 00241] 4- ( 2, 5- Di net hyl phenyl t hi 0) - 3- (mor phol i nosulfonyl)benzonitri le 71.

HPLC 00% 1H NVR.{ 500 1H), 7.86 (d, J =
9 Hz, pu“[Béﬁ?%}t QCOIE%“nd?éﬁ’és iy&‘theﬁlz‘%sﬁé %%S%h 23 JE) 8 He, 1I(—|), 6.71

(d, J= 8 Hz, 1H), 3 66 (m 4H), 3.25 (m 4H), 2. 32 (s, 3H, 2.24 (s, 3H;
Ms (ESI, Er): mz 343 (Mr); neltSagmp8int: 206 - 209 C.

[00242]5 Cyano- N-(2 (di et hyl am no) et hyl ) z2- (2, 5- di et hyl phenyl t hi o) -
benzenesul f onam de, hydrochl oride 73. HP C purlty 97. 3% H NVR (500 MHz

DVSQd6) : 6 10.29 (s, 1H), 855(t Ji 6 Hz, 1H), b (d, J = 2 Hz,
1H), 7.86 (dd, Ji = 3 Hz, J2 = 8 Hz, 7. 47 (s, 1H), (d, J = 8 Hz,
1H), 7.33 (d, J&N 1), 6. 78 d93 F 8 Hz, 1H), 3. 2H), 3.16 (m
6H, 2.33 (s, 3H), (3—3H),° tF Ji—=32 By 6H); M5 (ESI,
Er): mz 418 (Mr);l melting poi nt 1 - 184 C [00 442, 5

- D et hyl phenylthlo)-Cy (4-(pyrrolidiih-1 -yl)piperidinY -ylsulfonyl)-

benzonitrile 74. HPLC purity: 98.4% @H NVR (500 MHz,
J=2Hz, 1H), 7.84 (dd, Ji =2 Hz, 32 = 8 Hz, 1H), 7.42 (s, 1H), 7.40 (d,
J =8 H, 1H), 7.33 (d, J =8 Hz, 1H), 6.71 (d, J= 8 , 1H), 3.68 (m
2H), 2.95 (m 2H), 2.45 (s, 4Hf 2.31 (s, 3H), 2.21 (s, 3H, 2.15 (m 1H),
1.88 (m 2H), 1.65 (s, 4H), 1 (m 2H); M (ESI, EE): £/1/z = 457 (VE) ;
melting point: 179 - 181 C

DVBO- d6) 1 6 8.21 (d,

— 0.0 9
ar® F O:S' F
CN N
| CN
59

23

[00200] 4-(2,5-Difluorophenoxy)-3-nitrobenzonitrile 21. A solution of 4-chloro-3-
nitrobenzonitrile (5 g) in THF (200 mL) at room temperature was treated with K,CO; (19 g),
followed by 2,5-difluorophenol (3.7 g). After stirring at room temperature for 18 hrs, the
solid was filtered off and rinsed with copious amounts of EtOAc. The filtrate was washed
sequentially with saturated aqueous NaHCOj3 solution, water, and saturated aqueous NaCl

solution, dried over anhydrous Na;SQy, filtered, and concentrated in vacuo. The residual was
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[ 00244] 4- (2, 5- Di net hyl phenyl thi 0)-3-(4-(pyrrolidin-1-yl)piperidin-1-ylsulfo
nyl)- benzonitrile, hydrochloride 74. HPLC purity: 98.1% 1H NMR (500 MHz,
DVB0O- d6) :whQoBBi26%ss 1H), 8.24 (d, J = 2 Hz, 1H), 7.86 (@dy/uspors/o2isb, J2 =
8 Hz, 1H), 7.49 (s, 1H), 7.40 (d, J= 8 Hz, 1H), 7.34 (d, J= 8 Hz, 1H), 6.71
(d, J= 8 Hz, 1H), 3.94 (m 2H), 3.47 (m 2H), 3.24 (m 1H), 3.00 (m 2H),
2.83 (t, Jj J2 = 12 Hz, 2H), 2.32 (s, 3H), 2.23 (s, 3H), 2.15 (m 2H),
1.96 (m tgtld}a,tedjwﬁﬁle&ﬂﬂes 31'1'(9 colidetdPb fﬁibtl(%“l)’fuﬂ}@h (@%emreﬁ%}oduu M %hich4ab (VE) .

[ 00245] 4- (2, 5- Di net hyl phenyl t hi 0)- 3- (t hi onor phol i nosul f onyl ybenzonitrile
85. HPLC usiskdiregtly mobogext seimpitqus bobwHeriipNse- d6) . 8. 24 (d, J= 1 Hz, 1H),
7.85 (dd, JJ:7HZ J2 =1 Hz, 1H), 7.44 (s, 1H), 7.40 (d, J = 8Hz 1H),
7.34 (d, dOQElﬁ , 3-Aiino- 5{27 g—d(fﬂl,or heno§ jﬁénzoﬂﬁ'ﬁle 23. Elgmgﬂﬂe Sin (18- 70 (m 4H) ,
2.32 (s, 3H, 22 (s E tritz = NMRmaltlng poi nt :
196 - 19ghicridg @bﬂ@f&ﬁ%@&l @%mflﬁbu@E (@300 rol7) %%Hcﬂrql 1980 olivHz

DVBO- d6) was§u§éd a(t% éunéi tllfézsoh&l'al)l bec%né(%leﬁﬂ%onédOﬁgd le E)ZGOgléo 58 hofdhwdH) . 745

1H), d, J= 8 Hz,
(1i|) gl) 83he(nrﬁdd<zm)ver B 1311 (Iﬂirp swlm}on vzas?,@pt(s@ghtwﬂu@nmr@g ad@l-kpn (T\]?S (ESI, EE):
tz =5 1 i
012, 5. Se0ef SRR s A0 it FRATRLE i RegRAl o on ©

yl sul f onybpeRrzéni teflitiag O 1.588s, p@@gnm]:@bm @h@n%fv&}@sstas’ym ngsiided as shown
In Sc hem‘?TE’C). Water (80 mlL.) was added and the resulting solution was allowed to cool to room

temperature. The desired product was precipitated out as a white solid during cooling. The
mixture was further cooled and stirred for 30 min at 15 °C. The resulting precipitation was
collected vig filtration under vacuum, washed with water, and dried under vacuum to yield
compound 22 as a white solid (3.60g, 99.0% HPLC purity, 63% yield). 'H NMR (500 MHz,
DMSO-dy): 6 7.44 (m, 1H), 7.09 (m, 2H), 7.04 (m, 1H), 6.92 (dd, J; =2 Hz, J, = 8§ Hz, 1H),
6.78 (d, J = 8 Hz, 1H), 5.65 (s, 2H).

[00202] 5-Cyano-2-(2,5-difluorophenoxy)benzene-1-sulfonyl chloride 23. To a
solution of compound 22 (4.20 g, 14.86 mmol) in acetic acid (50.00 ml.) was added HCI (12
M, 40.00 mL). The solution was stirred in an ice bath. A solution of NaNO, (1.230g, 17.83
mmol) in water (5 ml.) was added dropwise to the compound 22 containing solution with
stirring. The reaction mixture was stirred in an ice bath for additional 2 hrs. In a separate
flask, SO, was bubbled through acetic acid (100 mL) for 45 min to form a SO, saturated
solution, CuCl, (1.267 g, 7.43 mmol) was then added to the SO, saturated solution and
stirred for an additional 15 min. The CuCl, solution was then cooled with an ice bath and
stirred for 10 min. The solution containing compound 22 was then added dropwise into the
CuCl, solution. After the addition, the solution was stirred for additional 45 min, and then
poured onto ice water and stirred for 1 hr. The resulting orange precipitate was collected
through filtration. The solid (3.5 g) was dissolved in minimal amount of DCM and purified
with chromatography eluted with DCM. Pure fractions were combined and evaporated in
vacuo. The resulting solid was triturated with DCM and hexanes, and filtered to obtain
compound 23 as a yellow/white solid (0.600 g, 95% HPLC purity, 12.2% yield). A second

trituration of the filtrate yielded 150 mg of impure product.

[00203] 4-(2,5-Difluorophenoxy)-3-(4-(dimethylamino)piperidin-1-
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[ 00248] 4- (2, 5- Di chl or ophenyl t hi 0)-3-nitrobenzonitrile 27. To a sol ution of
4- chl or o-wB-2nioirnsdsenzonitrile (10.0 g, 54.77 mol) in TRET(32@00B8)8$28vas
added 2, 5- dichl orobenzenethiol (19.6 g, 12.108 mml) and K2CO3 (37.8 g,
273.85 mol ). The reaction m xture was refluxed for 48 hrs. The solid was
filtered and washed with copi ous anmounts of EtOAc. The filtrate was washed

sequent i smfomﬁo@nz%ﬁlwégbe@lo ,oflet%gpo@a@sm@w@md oNaéH inged Mt | on, dri ed

over M504, | tered, and evaporated in vacuo. The resulting solid was then

triturat . QQltﬂh) pendedi-Hixeshdyningieridinet @PHYe. 0031;1111@1)]@! RbMO2Z as a

)[/)ﬁ/lleO\(;vGS @I 31%&1&1% @l?esre&tlog %vagrﬁblﬂ%rga ‘QHIE 'FL? (2% Ef](%%é/ anJeanes :H'f{ % (Iﬁg 0 H)NHZ

7.75 ( dd Jreacfipn wasyop{galete a_l]_fQ:r sﬂrgng-@t roq_m.{)emp@ragne (Qj 30 \ljnm-, ag u}qzcategﬂqy the

00249] 3- t f
conpound ST Pt Ertigh Gt A PPOL ULEL QB M Bt e 5 °
sol uti on I¥{Ms 6dinbmethygros exifictsevef Swahed gfquamallﬂWBh mael dnd rinpadred of&0 nl) .
The conbi II\VIl %Cb fter% (a)lr?d é:’\\l/%éor%tﬁclég ! 1%1% X:/ {gqfo ~ u ?felf()woo\ﬂ3 rﬂlle %l] as E{lturateg w1t£

reaction hexanes), npl ete
after 16 D(EM and h¢mdascmdefdtetbyl tammrmmpoﬁndtﬂﬂas atvaiite pagdm’m 8F g,al7.49d0 he reaction

to i ot 0 g P85 a0 g PN i e M PR ' 2

vacuum oveéd Jox ey, ght 8 Hi 01 1Y) BE6l (me,0np o (n2 8 H) 97. 0/ (hg 1 HS, 7AMHBLG=pz ty, 84. 6%

o by, Wb )= 1P HEg g (k=135 30, iy naipe2 €81 3 3y G0

(dd, // 1F 1, b1a), 1.38 (m, BOHRIS @E9)L.E16: A2 £ 22 AATS; hiingpdine: 654041875, 2H) .

[00204] 4-(2,5-Difluorophenoxy)-3-(4-(dimethylamino)piperidin-1-
ylsulfonyl)benzonitrile, hydrochloride 59. To a solution of neutral compound 59 (25.0 mg,
0.06 mmol) in 1,4-dioxane (2.0 mL) was added 4 N HCl in 1,4-dioxane (60.0 pl., 0.24
mmol). The reaction mixture was stirred for 10 min at room temperature before adding 2 mL
of diethyl ether. A white precipitate formed and collected via filtration to obtain compound
59 hydrochloride as a white solid (25.0 mg, 100% HPLC purity, 91% yield). "H NMR (500
MHz, DMSO-ds): 0 10.78 (s, 1H), 8.30 (d, J = 2 Hz, 1H), 8.10 (dd, J; = 2 Hz, J, = 8§ Hz, 1H),
7.55 (m, 1H), 7.47 (m, 1H), 7.28 (m, 1H), 7.20 (d, J = § Hz, 1H), 3.89 (m, 2H), 3.25 (m, 1H),
2.78 (t, J; = J, =12 Hz, 2H), 2.68 (s, 6H), 2. 11 (m, 2H), 1.64 (m, 2H); MS (ESL, EI'): m/z =
422 (MH"); melting point: 250 — 252 °C.

[00205] The following compounds were made according to the procedures as

described in this example.

[00206] 4-(2,5-Difluorophenoxy)-3-(piperazin- 1-ylsulfonyl)benzonitrile,
dihydrochloride 52. HPLC purity: 100%; '"H NMR (500 MHz, DMSO-ds): 6 9.41 (s, 2H),
8.31(d, J=2Hz, 1H), 8.13 (dd, J; =2 Hz, J, =8 Hz, 1H), 7.55 (m, 2H), 7.29 (m, 1H), 7.21
(d, J =8 Hz, 1H), 3.50 (m, 4H), 3.16 (m, 4H); MS (ESI, EI): m/z = 380 (MH"); melting
point: 125 — 143 °C.

[00207] 4-(2,5-Difluorophenoxy)-3-(3,5-dimethylpiperazin- 1-ylsulfonyl)benzonitrile
53. HPLC purity: 100%; 'H NMR (500 MHz, DMSO-ds): § 8.27 (d, J = 2 Hz, 1H), 8.09 (dd,
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[ 00250] 5- Cyano- 2- (2, 5-di chl or ophenyl t hi 0) benzene- 1-sul fonyl chloride 29. A
sol ution of conpound 28 (6.00 g, 20.34 mvpl) in acetic acid (100 nL) was
added HCiwOQD2B10:23956. 00 nl). The solution was stirred at P8%/US2010/03328 mm The
solution was then cooled to roomtenperature. A solution of NaNO2 (2.807 g,
40.68 mmol) in water (5 nmL) was added dropw se to the conpound 28
containing solution stirred in an ice bath. After addition, the solution

was stirredoigy, an- ke, Bt 0shan, aAdy 55 apalt)27 M &n, oH), Bss@patgteed hask, SO2
was bubbljgd thrg{]—h acte}?)i C agliﬁdgggg %?21 f)or 4%11 m%lﬂat r%gmﬁ?errpe(r ature to
> 1 .

forma S@I)s?ayuﬁﬁaft? ed2 sl bz g, 0 pdFY; MEGES Emiron’y =wiR8 (Mieh sadded to
the SO2 sahialaf 59l ulshep and stirred for additional 15 mmto forma CuCl2
solution. The CuCl2 solution was then cooled with an ice bath and stirred
for 10 mm The conpound 28 contai ni n% sol ution was then added dropw se into
the CuC120&EBLt i ont-CadPéifuorepbenpryi-#i(derdingleylRiperatind vlsndemd iensogrileor

addi ti onagy AR A8 A f)lnﬁyltl@@%cq@m esomﬂzﬂ,@mo%da@.tsbg&ggﬁtor 1 hr.

The resulti'ng precipitate was"then filtered to yield conpoun as an

orange saM36dny 1H3 8gpl (8005 HHEA Hhud il (dd, 4798 Yr.eh )8 Hz, 1H), 7.58 (m, 1H), 7.51

[ 00251] 4-( 25 B 0 t;hi Opr5 ' ' i ki fApl-

yl sul fom}fﬂj %)Ig)ﬁ?gg?l'ltn’r |ﬁ?)gl?g§¥&‘(o @é’gﬁiﬁ'%ﬁéﬂg?hg’?%%L%p?%l.ﬂ%)%{)g, 0. 26
mol ) i n IDONH(B= 00Izndl)); Webs(ESH d#d: 44 di 448t(MH ani nopi peri dine (0.044 g, 0.34
mrol ) and TEA (0.034 g, 0.34 mml). The reaction was nonitored with TLC
(25% Et 0%0206{ hexaﬂ?ﬁs-Dﬁﬁuo%?ﬁle g)-@s(A-%B%It%{é%lfa%sﬂaanﬁty1£u‘i’1%ﬁ}15b%ﬁﬂﬁﬁﬁfeur e for 2

hrs, the reaction was colrrpl e as 1ndic t he 'absence of the starting
mat er i al SETHE)-C ppaitye PO had] ANFeG08 NeHahEBUds)| a§.80 (dds 2ebiz, riiet& di ce with
DCM Conbi n tr S shed enti i e {ne, dried
over MyS ,_%ﬁﬁ??ze_r gﬁﬁ %%5-§§,nglr té%ﬁ?ﬁ’ 1\%{’0?%5 %%%’pmy\%tdtféggﬁb?w’ The oil
was di ssolhddh, #H), DOV (antHp Ao fine4H)nwD OB (& Hr=ohilt,&db apélyingpdint: &7% 888 ent from
0 to 30%.,Me0H in DCM Pure fractions were conbi ned, evaporated in vacuo,
triturated"with DCM and hexanes, and then filtered to yield conpound 83 as
a white powder (0.068 g, 100% HPLC purity, 56%yield). 1H NVR (500 MHz,
DVBO- d6) :[0@18] 26 (42, 3-Piflucktpherdddy)-3-74-89propylpipefpzina - yigilfodyD@nza@itile, 1H) ,

1 b, oy cloBat o ipLe ey o g My P g L gy B0 T®, 0% 0 =

2H), 1. 4633, 2Hp HZMVBIY ESR (ddEy)= 2 b2/, =8 U7,Q H)NE.64) (m, el 7. Fg np ol Int7:30140 - 143

C. [00252] 4- -Di chl or.ophen i 0)=3; (4-(di anj i peridin-1-

Ji sul fony™) BehZoRRrT oMYA Bk ort e 50w Rl B B BRalta
conmpound (83 £ 1Bz0HgMSQESB Bifoh/) = 4221XMvAF tli oxane (2.0 nlL) was added 4 N HCl
in 1,4-dioxane (30.0 [EL, 0.12 mmol). The reaction m xture was stirred for
10 mn at te e hefore ing, 2 of diethyl ether. A white
preci pi t&?@ﬂ\?\g]s fng' ﬁ%%bgfﬁlud)r(%?gflfoég)t'g'gﬂi(})legta?'ﬁI[?ET)rpl elraglr?'i'o obt ai n conpound 83
hydr ochl gisutfenydbemontnilt 65.sHPLA pastyp? U et NYRY 500 Mz, OG- HPLIR. pudd Ty, 99%

ield). HP ity: 100%. 1H NVR (5 , O- . 1 1H), 8.29
(oc' 9 = Ry S dagah e 1503 Ral M oML g i, frnl 0380 iy, D g
Al o L i L e o K T S Vi e AR FRE

= , . = Hz, | .29 (m , 2. t, . = =

Hz, 2H), Oz‘%lééf(a,fﬁ&f%"éﬂ),;n}éﬁbﬂfépél.niébld,lo%_é-lz Hz, 2H), 1.69 (m 2H); MS
(ESI, Er): mz = 470 (Mr); nelting point: 267 - 269 C. [00253] The
f ol | ow ngo@anpounds (e Defluvacie@x§PB-dd-Ngniad-3tyipiferoiedur es as described in
t hi s exanpl e. o . . 1
[ 00254] 4P ltenPenopi T EEATd) 35 B GRILE 190E: Y1 AR GHYMBemMER i 1 e
76. HPLC pubildy2 (s10A98.32k,MR (12001)Miz3 (ddVBQ- Zf). J/, & 8124 H(.d.674m, 20z, 1H),
7.89 (m 2H), 7.79 (d, J=8 Hz, 1 7.72 (dd, .// =2 Hz, J2 = 8 Hz, 1H),
6 o1 (a TG (B Tabyin. Uiy 3o0a. ] e S b 2013 ety B, Sy 1T iRy = o
(Mr); n%hg,i NgB @Y, 1.61%h, 21394, J; = J, = 7 Hz, 6H); MS ﬁESI, EIY): m/z =450
[ 00255] 4- (2, 5- Di chl or ophenyl t hi 0) - 3- (pi perazi n-1-yl sul fonyl ) benzonitrile,
di hydr oc kMa} isdeeltg, Poppt VO A0P£G: ~ 100% 1H NVR (500 MHz, DMVBSO-d6): 6 9.30
(s, 2H), 8.32 (d, J= 2 Hz, 1H), 7.95 (m 2H), 7.80 (d, J= 8 Hz, 1H), 7.73

dd! // a ’ ‘]:2 = 1 Z@l-?— ﬁ =- ,ﬂi! u 0 8X 6’6 Mitri ’ 3.19
gm 4H) ; [GI\/OBQ (3 Eél , Eﬁf?&%b%ng%eéa(l\ﬁ?yﬁs;ﬁ (?rrgiﬂ)ﬁ ﬁzg pgi %@)hef%ﬁ- I{fGng:@
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[ 00256] 4- (2, 5- Di chl or ophenyl t hi 0) - 3- (4-i sopr opyl pi perazi n- 1-yl sul f onyl ) benz
onitrile 77. HPLC purity: 100% 1H NWR (500 MHz, DVMsO-d6): 6 8.25 (d, J= 2
Hz, 1H), wo2hiodsyse = 2 Hz, J2 = 8 Hz, 2H), 7.78 (d, J2CEU2010089828 7. 71
(dd, ,// =2 Hz, J2 =8 Hz, 1H), 6.94 (d, J = 8 Hz, 1H), 3.24 (m 4H), 2.67
(m 1H), 2.48 (m 4H), 0.92 (d, J = 7 Hz, 6H); Ms (ESI, Er): mz = 472
(MTE); nelting point: 163 - 166 C.

[00257]4562@@1&1?1{}09@4%%{1341\@{5@@1\@12(%@ 80&%@(@@@2@1 W.eMdfionyl ) benz
onitrile, hydrochlorid PLC purit MR (500 O-d6): 6
10. 77 (/1 TRHZ Jg= BHz(HD, 356 gy D), ?Lﬁﬁ <m71HJ)57 %%m AH)., 720 @0/ ¢4 H B8 1z, 1H),
7.73 (dd, o 2 m, d i (d, J= 12

AT 33@'&9 41%)@246(1«]1 5H)$7b'% é*lh_‘%lsé(rﬁﬁz}i) 14# Szptljﬁzl 2@-5’%,2@ @88 o

M5 (ESI, (EP) EI+|) rw/z 44&?MH(Nmre}tmgrpeimulﬁ§ -pév it - 259 - 285 C.

[00258]4 (2, 5-Di chl orophenyl t hi 0) - 3- (4- (pent an- 3-yl ) pi perazi n- 1-yl sul f ony1)

- b 78. 8.26 (d,
] :e 2 z ag ! [6(52&{')4},3 2 9% UP‘E%]MHyﬁﬁfpzera]zgp ?%ds&ffbr@‘m (25§) @ﬂ%ph@%ﬁb&@%nm@e 1|(_|)

7.79 (d, hydlﬁdg()ll“ﬂ?“l PLC?PUYID’ (aefe; J{NMRZ(SQQMH]ZZDMS;)#@ 51LH?6 (spllds (d, )= 8
Hz, 1 2. , 21

ors o g AR 1B, 813 N e S 2 ot O 0 o S5 00 887 24 22 (M
[00259] 44255 D-cHiliol 8precy i hi by 31 4. i 3?10(%@ @?ﬁéﬁﬁ/én??gé Jirsul fony1)
- benzonitr r 0 ,

DVEO- d6) (g MyB 1 53 ¥%s%1w@§?§§% %ﬁ &W’Jﬁ%y .95 (m 2H). 7.80 (d, 3

8 Hz, 1H), 7.73 (dd, J1 = H), '7.96 (d, J= 8 Hz, 1H),
3.95 (d, 102158 Hz, 3 m D@mhemxynw elorLY: dmemaml ﬂmlfonil)l&nzqmﬁilezm, 1.60

(m 2H),

[ 00260] 4- ?gr%glglch or op W@?@Q. met p| pe a2| n- 1(%318“ ul fonyl ) ben
zoni tri | &.309d, HPLOzplt), 8.99 (@17]12%2 HxH> NNR1Z,300, M&(,m DNBG-6)1, 18).8.385 (d, J=
2 Hz, 1H) 9 ) & : arr{ 8 J = : 9 , J =8
e, 1y 87 0ghfe gr £05 s R a3 Qg g s o i 66T S G
(m 2H) 32187, (), 22MiXs, 3P1),201 (i, 200); MS JESIFEILL sz 488N HNehieiting ppioi:nt : 176 -
180 C % é]ﬁ 2, 5-Di chl orophenyl t hi 0) - 3- (3, 5-di net hyl pi perazi n- 1-

yl sul fon benzoni tril e, di hydrochloride 79. HPLC purity: 100% 1H NMR (500
MHz, DMBO-d6): 9.48 (s, 1H), 9.10 (s, 1H), 8.32 (d, J= 2 Hz, 1H), 7.96 (d,
J= 2 He, [A03)16] 7. 934-(UsHPifhioreph2nddy)-3-diBorphBlindzylfobf)henZoB@ild 3, HPIE€ 8 Hz, 1H),

7.74 dd J 6 J= 13
L7 P 2, Wi o 4,9 3 68 7184y Mo 239149y, 97,
(ESI Er):SHzmHa E5AG6 1M T.7 (nive HY,i 7y (poilHs,:7.2080, F= 490, 1TI), 3.62 (m, 4H),

[00262] 3_3(2%_(92119%?erllttu}gﬂ%iufgelréz—i1%%J’Cy| sul fonyl)-4- (2, 5-di chl orophenyl t hi 0) -

[00217] 4-(2,5-Difluorophenoxy)-3-(4-(pyrrolidin-1-yl)piperidin-1-
ylsulfonyl)benzonitrile 60. HPLC purity: 99%; 'H NMR (500 MHz, DMSO-dy): 6 8.27 (d, J
=2 Hz, 1H), 8.08 (dd, J; =2 Hz, J, = 8§ Hz, 1H), 7.55 (m, 1H), 7.38 (m, 1H), 7.25 (m, 1H),
7.20 (dd, J; =2 Hz, J, = 8 Hz, 1H), 3.60 (m, 2H), 2.87 (m, 2H), 2.44 (m, 4H), 2.10 (s, 1H),
1.85 (m, 2H), 1.64 (m, 4H), 1.40 (m, 2H); MS (ESL, EI'): m/z = 448 (MH"); melting point:
189 — 192 °C.

[00218] 4-(2,5-Difluorophenoxy)-3-(4-(pyrrolidin-1-yl)piperidin-1-
ylsulfonyl)benzonitrile, hydrochloride 60. HPLC purity: 100%; 'H NMR (500 MHz, DMSO-
ds): 0 10.92 (m, 1H), 8.30 (d, /=2 Hz, 1H), 8.09 (dd, J; =2 Hz, J, = § Hz, 1H), 7.49-7.58
(m, 2H), 7.29 (m, 1H), 7.20 (d, J = 8 Hz, 1H), 3.86 (m, 2H), 3.44 (m, 2H), 3.20 (m, 1H), 3.00
(m, 2H), 2.78 (t, J; = J, = 12 Hz, 2H), 2.12 (m, 2H), 1.92 (m, 2H), 1.85 (m, 2H), 1.70 (m,
2H); MS (ESL, EI'): m/z = 448 (MH"); melting point: 260 — 263 °C.
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benzonitrile 80. HPLC purity: 99.6% 1H NWVR (500 MHz, DVMSO-d6): 6 8.24 (d,
J=2Hz, 1H, 7.90 (m 2H), 7.78 (d, J =8 Hz, 1H), 7.70 (dd, Ji = 2 Hz,
J2 = 8 HzawoDbho/1280582 (d, J = 8 Hz, 1H), 3.25 (m 4H), 2PET/US2104B9828 1. 72
(m 2H), 1.56 (m 2H), 1.47 (m 2H), 1.27 (m 2H); M (ESI, Er): tritz =
496 (W; melting point: 198 - 200 C. WD 2010/ 123956PCT/ US2010/ 031828

[ 00263] 3- (4- Cycl opent yl pi perazi n-1-yl sul fonyl) - 442, 5-di chl or ophenyl t hi o) -
benzoni t r[b(bzqg] hydr?@%&%ﬁ@gﬁ&hﬂkﬂn@)eﬂ{& 2@@25 -4i00% ﬂeido n(zé{ao Mz,

DVBO- d6) : (s - i I= 2 Hz, 1H),

7. 95 (dd sulfvryamrdezhwochbvzld@rﬁé HPLC pppity: #0079 I(WM <3008\4Hz DM§|P d6>7 973" (dd, J1
= 5 Jd: 2H) ,

3 57 o %47(@1&1%8%'11 6.9 6(}6 1}1)823(&"% 211{'} 1}6 3968|_$dQJ -QIJIE”JHZSH)

1. 69- 1. 7817 MD.419p (m1115137(561(m2]4i) 7&@(1(1E1$1);7EE§61 JFngzHZ: 11963 30V, 2)), 3l t i ng

poi nt : _ _

[ 00264] 3§%46’é§cl ogfenlt y{pl 7pIe{rZa6z}|I)th-(3I;:§ Ff)onrql/f/l)“&%}%) di thqgc?%npt)hlegr(%yl t hi o) -
benzoni t rlBREC. sul furic acid 80. HPLC purity: 99% 1H NVR (500 MHz,
DI\/BOd6)6948(s 1H), 8.34 (d, J= 2 Hz, 7.95 (m 2H), 781(d J=

2 g(z) = [3%50]7 g (589 g%al{d ;>H§2 g%'ﬁ?gro#@emﬁ%l\'f@ (pé/g)) idif- 1%&6&1‘}2&&%&% e, (m 5

mel ti ng poiferamid233. HP240pugty: 100%; "H NMR (500 MHz, DMSO ds): 0 8.26 (d, J =2 Hz,

benzont 114 c i RaR B aR & LT gt Wl & fib iy 366 F BORREF R0 i

DVSO- d6) = $H2,.16B, f((%(tl)lrl)=J287$Hz eH), 22 (R JHz /> 4I7-|Hz 27[{)952@(]3, 4H); 186K, , 2H)

o ety Ao (e SR A= s [ spetons ofline 065 o G0 (ab Ui 0 1278

Hz, 3H) 1.99 (m 2H), 1.67 (m 3H), 1.54 (m 2H), 1.04 (t, fi = .12= 7 Hz,
3H); nel tiPeg1poi nt 3- C@&O-Q 655- diﬂuorophenoxy) N-(2- (pyrrohdln 1- yl)ethyl)benzene

00200] ¢ L BRI PRS A o e e Gpgelep 1 0

DVBO- d6) 1086 9s, 48),(838 (M) 1), 8. B4d(ﬂ=21ﬂz DOHR.O8 Udd) /, 72 85, o8 RENH). 7.1 (d, J=

703 (7l 79068 1 732 63 h a1 558 08 B B 003 by (m

2H) , 1. 54m]2189 108 m/HY), 188k 210); M3 RS, EIF0nA =148 (BH ;002608 @dint{(2p0C

ycIopentyI$ erazin-1 -ylsul fonyl)-442,5 -dichl orophenylthio)-

benzoni t e; - oxalic acid 80. HPLC purity: 98% 1H NVR (500 MHz, DMSO- d6):

6 8. 29 (s, 1H, 7.93 (m 2H, 7.79 (d, J =8 Hz, 1H), 7.72 (dd, .// = 2 Hz,
= 8 Hi0022B), 6. 9€y{idh-2-®,5diBlubtophchbly)-N8(2ADifesidindHyl)etByldendens- 1H), 2. 91

E00268]4s’1§o kg Sl Olay- ANV PR DS Gicas 452547 2 ony1) -

begzonl t riiH) e8. (831(ddHP|=Q P17, £ HZ1 00947 81HD Nwacﬁ&%alk\ﬂ-ﬂﬂ) M@fdﬁ) 717(81 28 (d, 2J
Hz 1 J

m
5 1o, 078 65 147 5L 4 ks - STt 030 1 g bEi200T0h
), 2. 5& J(Zrm @511 2 B (41, 2hD-1.38 (R 661)S MSHESL, E¥) 8z = 422 (MH™); melting

point: 70 — 80 °C.

Hz

[00223] 5-Cyano-2-(2,5-difluorophenoxy)-N-(2-(piperidin-1-yl)ethyl)benzene-
sulfonamide, hydrochloride 64. HPLC purity: 100%; 'H NMR (500 MHz, DMSO-dy): J
10.10 (s, 1H), 8.38 (t, J; = J, = 6 Hz, 1H), 8.26 (d, /=2 Hz, 1H), 8.08 (dd, J; =2 Hz, J, =8
Hz, 1H), 7.55 (m, 1H), 7.50 (m, 1H), 7.30 (m, 1H), 7. 12 (d, J/ =7 Hz, 1H), 3.42 (m, 2H),
3.32 (m, 2H), 3.14 (m, 2H), 2.89 (m, 2H), 1.66-1.78 (m, 5H), 1.36 (m, 1H);MS (ESI, EI'):
m/z = 422 (MH"); melting point: 210 — 213 °C.
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(m 2H); Ms (ESI, Er): mlz = 456 (MT); nelting point: 101 - 104 C

[ 00269] 4- (2,5 -Dichl orophenylthio)-3 -(4-nethyl-1, 4-di azep an-1-

yl sul f onyp-20tmenawei tril e, hydrochloride 81. HPLC purit pCTAGRMD/03t28NVR ( 500
MHz, DwbO-d6): 6 10.68 (s, 1H), 8.31 (d, J= 2 Hz, 1H), 7.92 (m 2H), 7.78
(d, J= 8 Hz, 1H), 7.71 (dd, ,// =2 Hz, J2 = 8 Hz, 1H), 6.97 (d, J = 8 Hz,
1H, 4.01 (m 1H, 3.67 (m 1H), 3.48-3.59 (m 4H), 3.23 (m 2H), 2.81 (s,
3H), 2.16 (m 2H); Ms (ESI, Er): mz = 456 (MTE); nelting point: 241 -255
C. [00270]442,5 -Dichl orophenyl t hi q;)xaalp(ermrpholinosulfonyl)benzonitrile 82.
HPLC purity: 96% 1H NVR (500 NHz db) ; 2 Hz, 1H), 7.96
(d, J = 2 Hz, 1H)Prepargipnofq (4 jfilmhzlali&no)%eﬂdﬂs11¥|£§u1f<1fléﬂ) 4 ?2579 (d, J = 8 He,
1H, 7.72 (dd, J1 = 2 H, JZdlme&yiﬁze IihlbybeRzcBirikd, J= 8 Hz, 1H), 3. 65 (m
4H), 3.26 (m 4H); rreltlng poi nt : g 219 C

[00271] 4- (2, 5- D chl or ophenyl t hi 0) - 3 (4-(pyrrolidin-1-yl)piperidin-1-

yl sul fonyl )benzonitrile 84. HPLC purity: 100% 1H NVR (500 MHz, DWVSO-d6): 6
8.26 (d, J =2 Hz, 1H), 7.89 (m 2H), 7.79 J =8 Hz, 1H), 7.70 (dd, J1
=2 Hz, J2 = 8 Hz, 1H), 6.92 (d, J=% Iy 3.67 (m 2H), 2.96 (m 2H),

2.43 (m 4H), 2.12 (m 1H), 1.85 ( %Ef .64 (m 4H), 1.47 (m 2H); M
(ESI, Er): mz = 496 (Mr); melti),@oi 177 - 180 C.

[ 00272] 4- (2, 5- Di chl or ophenyl t hi 4- pyFrol i din-1-yl) pi peridin-1-

yl sul fonyl ) benzonitrile, hydrocﬁl ori de 84CNHPLC purity: 100% 1H NWR (500
MHz, DMBQd6): 6 10.88 (s, 1H), 8. 29 (d, J='2 Hz, 1H), 7.97 (d, J= 2 Hz,
1H), 791(dd //:2Hz J2 = 8 Hz, 71H), 779(d J= 8 Hz, 1H), 7.71 (dd,
Al =2 Hz, 2-8Hz 693dJ-8 3.94 (d, J= 13 Hz, 2H),

3.45 (m 3.23 = J2 = 12 Hz, 2H),
2 14 (d, [ﬁdd)zi‘]z C‘%‘E@"“w)’w% r%%tk%ﬁ?edzgfb S%%W?%%C%%’e“l 74 (m 2H): M5 (ESI,
Er): mz = 496 (MT) nmelting point: 285 - 300 C. [00273] Met hyl
4-(5-cyano- 2- (2, 5-di chl or ophenyl t hi ®hpimeryl sul f onyl ) pi per azi ne- 2-
carboxylate 138. HPLC purity: 99.3% 1H NWR (500 MHz, CDC13) 6 8.23 (d, J=
2 Hz, 1H), 7.70 (d, J= 2 Hz, 1H), 7.55 (Md, .// = 8 Hz, J2J= 2 Hz, 1H),

7.54 (d, J=9 Hz, 1"')01 7.47 (dd, =9 J2 = 2 Hz, 1H) 83 (d, J=8
Hz, 1H), 4.04 (m N 3.73 (m 1H), & (m 3H), 3.18 H, 1.13 (d,
J=6 Hz, 3H); M Er): QIZ52N486( TE) ; nelthqulnt: 124 - 136 C
Exanpl e 4 Preparati f
4- (2, 5-di net hyl pheno - 3- (pi perazi yl sul fonyl ) ben rile
CN CN
24 25
S
— — 0.0
Cl N'S
N
CN | CN
26 72
[00225] 4-(2,5-Dimethylphenylthio)-3-nitrobenzonitrile 24. To a solution of 4-chloro-

3-nitrobenzonitrile (5.4 g, 29.67 mmol) in THE (100 mL.) was added 2,5-dimethylthiophenol
(4.921 g, 35.60 mmol) and K,CO5 (20.45 g, 148.0 mmol). The reaction was monitored with
TLC (25% EtOAc in hexanes). After refluxing for 16 hrs, the reaction was complete. The

solid was filtered and washed with copious amounts of EtOAc. The filtrate was washed
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CN 51 [00274] Conpound 51 was synthesized as shown in Schene 6.

[ 00275] 4- ( 2, 5- Di net hyl phenoxy) - 3-ni trobenzonitrile 30. 2,5-D nethyl phenol
(6.99 g, w0.220/18956) and 4-chl oro-3-nitrobenzonitrile (@COWSEN10431896 nmol )
were conbined with K2C03 (30.40 g, 220.00 mml) in THF (100 nL). The
reaction m xture was heated to reflux for 48 hrs and then the solid was
filtered through a bed of Celite. After rinsing the residue with copious

anount s qéqlﬁﬁ@ﬁ@Wlamtuidtédtmﬁi@mﬁtw@%ﬁ@dm@m@diﬁﬁafﬁl h¥edWivtVIDBHICTS, wat er,
and brine, dried over anhydrous MySH, and filtrated. The fiftrate was

concent r dtliged wd@éﬁ:\@@t@dﬂw@auaée EowHIBLINd 30 den sonigritaden BewEesrand 10. oo g,

?E{) 0%8y' %in(gred?&yllfé)cehﬁgsand 24k, %'Vﬁl&»‘?@ﬁué\éd%d (%g}ﬁ@% 81503 pﬁéty(@k% H)= . 09

(d, J = gide), 'HMMR6309MLls, Dmsp d6135§177((dJJ2H291PHZ794_H)€1,J:2=12812(13 BH), 2.07
3 0 2;5 I | e | ed

(5, 21 PORTSL O 2 5ol reARLBhe e NpoRami g L2 3k, e couel e

(30.47 g,2.3245.30D, Zh%ﬁ)(lS)ﬂil)n a mxture of THF (75 nL), water (100 ni), and

di oxane (45 nL). After the reaction is conplete, volatile organic solvents

were r eggy@g 6] N Vagu f}FQ & 59 RERALRL LT % (?béd}oﬁlﬂﬁe kAR Al Eias

col | ect VI & vacuum tration to a oun as a white'solid
(9 50 g, cBBrigeslipydhtd (29018594 B0 m)nol)ﬂmENMR(@EIDmLMMl CO[IJNS@I(QB%M 5.9 (d, J- 8

: 12 T IZ)Qﬁ‘z (Spfi?%]at 7§ %ntélja%efh?olg@n(\ga (fe} e§ H%@p?}‘szl;pdﬂﬂ?& 8¢ ﬁggzl (s A 2;)

2. 23 (s, n3hl) was @8n {Eled By .10 nfoc hEesobition wa2BPt s1ghtl H fefluxing during addition.
The reaction was monitored with TLC (25% EtOAc in hexanes, R¢= 0.65). The reaction was
complete after refluxing for 1.5 hrs as indicated by the absence of the starting material (TLC).
Water (35 ml.) was added and the resulting solution was allowed to cool to room
temperature. Precipitation occurred during cooling. The mixture was further cooled and
stirred for 30 min at 15 °C. The precipitate was filtered, washed with water, and dried under
vacuum to yield compound 25 as a white solid (5.30 g, 95% HPLC purity, 65% yield). '
NMR (500 MHz, DMSO-ds): 6 7.20 (d, J = 8 Hz, 1H), 7.07 (d, /=2 Hz, 1H), 7.04 (d, J = 8
Hz, 1H), 7.00 (d, /= 8 Hz, 1H), 6.90 (dd, J; = 2 Hz, J, = 8 Hz, 1H), 6.85 (s, 1H), 5.72 (s,
2H), 2.26 (s, 3H), 2.18 (s, 3H).

[00227] 5-Cyano-2-(2,5-dimethylphenylthio)benzene- 1-sulfonyl chloride 26. To a
solution of compound 25 (5.00 g, 17.19 mmol) in acetic acid (80 ml.) was added
hydrochloric acid ((12 M, 50.0 mL). The mixture was stirred in an ice bath. A solution of
NaNQO; (2.97 g, 43.00 mmol) in water (7 ml.) was added dropwise to the compound 25-
containing solution stirred in an ice bath. After addition, the resulting solution was stirred in
an ice bath for 1 hr. In a separate flask, SO, was bubbled through acetic acid (40 mL) for 45
min at room temperature to form a saturated SO, solution. Copper II chloride dihydrate (1.47
g, 8.60 mmol) was then added to the SO, saturated solution and stirred for an additional 15
min. The saturated SO, solution was then cooled with an ice bath and stirred for 10 min.
The compound 25-containing solution was then added dropwise into the SO, saturated
solution. After the addition, the solution was stirred for additional 45 min. The reaction
mixture was then poured onto ice water and stirred for 1 hr. The resulting precipitate was

filtered to yield compound 26 as an orange solid (2.00 g, 65% HPLC purity, 35% yield).
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[00277]5 -Cyano-2- (2,5 -dinethyl phenoxy)benzene- 1- sulfonyl chloride 32.
For conversion fromaniline 31 to sulfonyl chloride 32, the Sandneyer

reacti on we 20to/i289sed. Aniline 31 (9.00 g) was di ssol vedprcm/ise@biosisaci d ( 100
m). HC1L (80 nL) (12 M was added. Separately, sodiumnitrite (5.33 g,
77.20 mol ) was dissolved in mnimal water and slowy infused into the HCl
salt solution. The resulting reaction mxture was stirred for 2 hrs in an
ice bath,g dz@@ﬁm] Iﬁ(@(mhlla@lma \?d?]% ?&mlﬁ/?%/?sﬁ f@nyl)oﬂgﬁ-dfﬂ{e&g/%teh}qthﬁﬁl dis
sat ur ate % | orid ? was
added. Afeonittile 73q aaé@ip@ﬁn th‘awg@gldﬂé (BRI OgSPé@ﬁol tHeCues2ddest ut i on was
cool ed Wity @ohGeo BethdNEa UnemSAALMMoPbt idihE 0314 YL b @PmWRH 18k oW y added
to the QJClZél)soI%(l)on A)?ter stlrrlgn fgllrP aﬁo@(h %5 m N, t%he m xture was
pour ed i neagtiprowasypemsioregriy HRLC. r'E rmnomwmcorﬁpﬂﬁée %f@satltmngngt Ipeaci pitate was
col l ecte t 9.50 g,
76. 0% yi g?%]%e?at‘{l% 6@7@]%!’ té% v?afs r&fuqleﬁ %TPa%HQQnC’l)’ aleq'ésuﬂllﬂg Q51RO d%s(g!)llvgd 141

4-(5- cyamomzméazﬁlﬁomtnéDﬁM ipidemuﬁyc) phenybsatogmeplyyl With perdzntré-10 0 ¥ boxyl at e
33. A soly 0 chlorid rt-butyl

pi per azi ne- -carg%s(;ﬂlué MC 18n ‘ﬁ?ecom n%lsa(n Eil%omgédlﬁwﬁl—_‘ﬂt???e]@ég g 0. 65 mmol )

in DCM ( Svhidh) wa/saﬁtusaltedrwlﬂdDGNmnﬂlhgmnearand omnfiteaperyadld c@npolihé 72 e&aa:tl on was

concent r ate T Uzte ke MBURER Ther QLI YA PO hP e

anount ofg, DQMJ&EM mhrmmt;@gddammgiH@mzammhmhn&qawJ:mﬁ 119), pr3odyce

(300, M TEwees e = saTafdh o 0 S Spgn (4 o a5 97 e 15 =

Hz, 1H), 22931(@,3H), EQ@(dﬂZLH)lms (s731®)92(1§|(s 6H¥ 1879Fda Jinz@Pﬂgl.4§(m 1H), 6.78
(d, J = 8 Hz, '(gg % H%[" H% 29 (s, 3H), 2.07 (s, 3H),
1.37 (s, 2WMSESK EE) WEr)430ﬁM )znz?lf@g(PWF)l %%

[ 00280] 4- ( 2, 5- Di et hyl phenoxy) - 3- ( pi perazi n-1-yl sul fonyl ) benzonitrile 51. A
sol uti on [gd229p] f on3l4-@biheihiyBeni@3pipdridh-0.ylsdlfdnymrD D), 5-timedd 1pRen@ihed)! or onet hane
was infused into a stirring solution of piperazine %a@g g, 622 mol) in 20
nL of di CRMOPEIELHAFShIQHIGTS ahar sofutign of Ryl Gonprnd: PP RO o) was

stirred fipn 4kfoAhs.0THE) SRNMRE&L4 RMI@fin | BRISGACIED O WBS4 6. ried by TLC
(25% Et OAc i n hexanes). Water was then added and the aqueous |a er was
ext r act edeacHPEBINAFIE Fadistited SorohPetin ahwonrtpepegisiDe e $idisr mLrAgiehy! ver e

washed segdent ivald ¥roWplthte W% FIrmBNEhdRGI1R ed 19(5 hﬁqu&}/t% fobAH BB 7499504,
filtered, and concentrated in vacuo to’Ero uce a brown s I|d The product

was chr owhﬁflf@gblalpﬂ?eﬂd agvhita 6932 pigs 87 .81 HIJAL" pagithg OB % g di gHtNMR (020259% MeOH
in dichl ! ) I d, a Ie rated to
produce %ﬁpﬁhﬂg@?f) Egélgﬁgfﬁniﬁ) F!Il gn?o\.,%ﬁzg,ﬁq’j?,%c(m%g’lj . %{% pgtﬁzf y: 99% 1H
NVR (500 1biz7 4DNVSDDdB}0 (B J &. 8027, (1H), 7334 @, Hz 8 HzH) LD, B.799d, (Jadl Hz,/1H)=3.26 Hz .12

= 8 Hz, NN d > 1 7.0 =

6.78 (d, Jc!jl),zzlé),?_é? (‘ﬁfHﬁ},U’] 5‘.8%53&?%{)’ g%) (d.4= %olf‘%%%h)%ﬂ)ﬂf?g? )%%(“(‘2 08 (s,
3H); M5 (CES L.6E(@,2H)1MS:(:ES1YBI+I:M/I%;43®rﬁ‘4/IH|+)mglepm'gmbint:8@2—QZFQ"(C o

[ 00281] 4- (2, 5- Di net hyl phenoxy) - 3- (pi perazi n-1-vyl suI fonyl ) benzonitrile,
iy ochhobie Sl Moy, A0L4bh 8.0 DR ALoSIPOMG Rhafl s 9 O, 27 Trol)
react i on daicxibert i thiasxamiple.r ed at roomterrperatu,re over ni ght and di et hyl
ether (3 nmL) was added and stirred for 30 min Another 2 nlL of diethyl ether
was adde oi | acuum
Fexanes (A0 “wer 6 aduun p oBt A R e £ NGl R IR e B L

soni cat ed)urlﬁt ﬂ&V%ad{aNM&*(SOQlVH{ZiD@@%Q dmaéS é@léﬁed:lH)aﬁd%Sdebdr pittht & b&Han to

formin t e [ o ol,lec 34Q yield
conpound E@ dl%gc/ld?(_)c o?ﬁdté 3@?;&3\1]\%1) url %ﬁgwﬁﬁ%&é&ﬂﬁg '%I\/BO de) :
9.23 (s, (RHE),8.738m(4H), 233(523}1112 2:Br® 318, M& (CSIAET): Ini/z = 388 HAH™); hRltmg8 Hz,
1H), 7.31 19% §5 : 7.11 (d, J=8 Hz, 1H), 7.06 (s, 1H), 6.78 (d,
J—8 Hz, PP § 3.18 ( m 4H), 2.31 (s, 3H), 2.08 (s, 3H); M
(ESI, Er) M z 372 (M r) melting point: 120 - 195 C. Example 5

Pr epar at i[00232F Tert-butyl 4-(5-cyano-2-(2,5-dimethylphenylthio)phenylsulfonyl)piperazine-1-
4-(2,5-di chl orophenoxy) - 3- (4- net hyl pi peri di n-1-yl sul fonyl ) benzonitrile
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C  CN 87 [00282] Conmpound 87 was synt hesized as shown in Schene 7. Schene 7
3435 CICI CNCN 3687 WD 2010/ 123956PCT/ US2010/ 031828
WO 2010/123956 PCT/US2010/031828

carboxylate, HPLC purity: 100%; '"H NMR (500 MHz, DMSO-ds): 6 8.20 (d, /=2 Hz, 1H),
7.85(dd, J; =2 Hz, J, =8 Hz, 1H), 7.45 (s, 1H), 7.39 (d, J = 8§ Hz, 1H), 7.33 (d, J = 8 Hz,
1H), 6.70 (d, J = 8 Hz, 1H), 3.42 (m, 4H), 3.26 (m, 4H), 2.31 (s, 3H), 2.22 (s, 3H), 1.38 (s,
9H); MS (ESL EI"): m/z = 430 (MH").

[00233] 4-(2,5-Dimethylphenylthio)-3-(3,5-dimethylpiperazin- 1-ylsulfonyl)-
benzonitrile 66. HPL.C purity: 100%; "H NMR (500 MHz, DMSO-dy): 6 8.20 (s, 1H), 7.84
(d, J=8 Hz, 1H), 7.40 (d, J =9 Hz, 2H), 7.34 (d, /= 8 Hz, 1H), 6.69 (d, J = 8 Hz, 1H), 3.66
(d, J=12 Hz, 2H), 2.73 (m, 2H), 2.32 (s, 3H), 2.21 (s, 3H), 2.19 (s, 1H), 2.17 (s, 2H), 0.95
(d, J = 6 Hz, 6H); MS (ESL EI'"): m/z; = 416 (MH"); melting point: 161 — 164 °C.

[00234] 4-(2,5-Dimethylphenylthio)-3-(4-isopropylpiperazin- 1-ylsulfonyl)benzonitrile
67. HPLC purity: 100%; "H NMR (500 MHz, DMSO-dy): 6 8.20 (d, J = 2 Hz, 111), 7.85 (dd,
J1=2Hz, J,=8 Hz, 1H), 7.40 (m, 2H), 7.33 (m, 1H), 6.70 (d, J = 8 Hz. 1H), 3.24 (s, 4H),
2.68 (m, 1H), 2.31 (s, 3H), 2.23 (s, 3H), 0.94 (d, J = 7 Hz, 6H); MS (ESIL, EI'): m/z = 430
(MH"); melting point: 148 — 151 °C.

[00235] 4-(2,5-Dimethylphenylthio)-3-(4-isopropylpiperazin- 1-ylsulfonyl)benzonitrile,
hydrochloride 67. HPL.C purity: 100%; '"H NMR (500 MHz, DMSO-de): 6 10.92 (s, 1H),
828 (d, /=2 Hz, 1H), 7.90 (dd, J; =2 Hz, J, = 8 Hz, 1H), 7.47 (s, 1H), 7.41 (d, J = 8 Hz,
1H), 7.34 (d, J =8 Hz, 1H), 6.74 (d, J = 8 Hz, 1H), 3.99 (m, 2H), 3.50 (m, 2H), 3.38 (m, 2H),
3.11 (m, 2H), 2.32 (s, 3H), 2.25 (s, 3H), 1.27 (d, J = 7 Hz, 6H); MS (ESI, EI"): m/z = 430
(MH").

[00236] 4-(2,5-Dimethylphenylthio)-3-(4-(pentan-3-yl)piperazin-1-
ylsulfonyl)benzonitrile 68. HPLC purity: 100%; '"H NMR (500 MHz, DMSO-ds): 6 8.20 (s,
1H), 7.85 (d, J = 8 Hz, 1H), 7.40 (m, 2H), 7.33 (d, /=7 Hz, 1H), 6.71 (d, J = 9 Hz, 1H), 3.23
(m, 4H), 2.54 (m, 3H), 2.46 (m, 2H), 2.31 (s, 3H), 2.23 (s, 3H), 1.40 (m, 1H), 1.26 (m, 2H),
1.22 (m, 1H), 0.86 (m, 6H); MS (ESI, EI): m/z = 458 (MH"); melting point: 94 — 99 °C.

[00237] 4-(2,5-Dimethylphenylthio)-3-(4-(pentan-3-yl)piperazin-1-
ylsulfonyl)benzonitrile, hydrochloride 68. HPLC purity: 100%; 'H NMR (500 MHz, DMSO-
ds): 0 10.77 (s, 1H), 8.28 (s, 1H), 7.90 (d, J = 8 Hz, 1H), 7.47 (s, 1H), 7.41 (d, J = § Hz, 1H),
7.35(d, J=8 Hz, 1H), 6.75 (d, J = 8 Hz, 1H), 4.00 (m, 2H), 3.45 (m, SH), 3.15 (m, 2H), 2.31
(s, 3H), 2.25 (s, 3H), 1.80 (m, 1H), 1.38 (m, 2H), 1.24 (d, / =8 Hz, 4H), 0.90 (t, J; = J>, =8
Hz, 3H); MS (ESL EI): m/z = 458 (MH"); melting point: 200 — 202 °C.

-90 -



[ 00283] 4- (2, 5- Di chl or ophenoxy) - 3-ni trobenzonitrile 34. 2,5-D chl orophenol
(17.86 g, 109.54 mmol) and 4-chl oro-3-nitrobenzonitrile (10.00 g, 54.77
nmol ) werwocombizeesd wi t h K2CO3 (37.85 g, 273.85 nmol ) i RCTHR2@1800818p8). The
reaction m xture was refluxed for 48 hrs and then the solid was filtered
over a bed of Celite. After rinsing the residue with copi ous anobunts of
DCM the filtrate was concentrated to produce a yellow solid. The solid was
triturat egogth m fidrelc mmh GLRsh L@Z\/ﬁ&‘rﬂémihlaﬁ i@tdon to yield
conpound 34 (13, 84 él ) el d 150 O%YY)ur(e s 1igfsoo)lsz DVBO- d6) :
6 8.73 (éoenzppatrﬂegs'l PLEurigt Y9% HMRZOGMSI ZHP sg%) Fi) (dd=201% 9 He,

}"% HZ Gillgbl(),%.?%dg, Mgy, I 8 1y ‘ilﬁ)séd@ (s, flﬁ)ﬁﬁ)(h'zj 421,7119), as (-« - 21 (d J

3-Am no-4- (2 di chl or'ophenoxy) benzonitril'e 35.
coupl ed proddso. 79461%8 Héle:)e%ﬂMSt ﬁ{)séérBWﬂy@r&iwlﬁi)t%ﬂ?(QSAZQ{)767@§IH268 56

mml) in f o t eaction
was corrpl%I ?W%}Z 14@3@0\%@2%%@%2% %%Ip) ocfuc%évéiMﬁ‘gf@%llu}ﬁ??é%ted out
from the I68rdi’iitig reaction m xture, and was collected via vacuum
filtration to y| el d compound 35 (12.961 g, 103.7%yield, 97. 3%pure). 1H

R (500 ity ALt feady G foniL e Tyl ntby 2 12 )2 2

He . J2 = bznzqmtrﬂmydro@hmde(@p HPEC uriy: 991744)H NMB 35Q0SVIH2, HDMSPOOIZ@H]IQS

cgsgf;én(@ 72(:(11 :%ﬁg}gﬁ?g%z‘#ﬂh‘ ch orlﬁgf@@yhgﬁgl g@hgr%égcgrj Ir:g;;ctl on

was uti | iHzed), ArsSi(d,ne- 88z(B1H0Q74(d, I#. 891z ﬂHﬂ;I3)97v(/as 2HysS@E8rioedH), 3.38 (m xt ur e of

water (2 and C,~ HCL ( ) d Cin an
i ce bat hggqjc_i?'gn%&&g’o%gsz %’%ﬂt%g%@H)sﬁ? inﬁ)t 4#5815151? Z%Bﬁsmml) was
sl oW y adasdEI):.estkEt45agMit).an or ange-white suspen5| on. After addition of
sodiumnitrite, the mxture was stirred at 0 Cfor 1 hr. Separately, 100 nL

of aceti nut es of bubbling,
copper (ﬁ?@?ﬂl ori dgﬁd% ﬁ?hen(ﬁh@sc?&g thésga%l pa\rfl\g]s added, and the
acetic aqnlsdlfemlllbbmzmmtmlago sHPLﬁ@dnuynlOOI% tH@IMRI(@MMHQUBM@O&QIﬂ 023t (ke copper

0"C. “and HRenT e’ Salulithi Ea Rt AL ot Dt ot il BfGRey Eerehfdtfie fna 1ert

to stir f(@rJ:a@thhH{) hosirm, 2N, Eud enneyee dagk) iass (i, I4H¢ci 3Bict,3Hgrushed ice
and enou ter to ov rt i C s agitated.on a shaker and the
conbi ned%é?ﬁt% $ ‘Eg’?gﬁu Mg@éfdéw? 451&@/@1 broduct was preci pitat ed
out into the ice vvater and t he suspension vvas agitated until the ice

mel ted. To@4pr oducd-(B6 DasetAylpheghlihip)- ﬁhn@@hﬁiﬁbsdl\ﬁﬁylmhi@ahad 1viHPLCacuum

Lot 392 iR L g Ly YRR 0N 9 1 -

7 30 (dd,1Hj7.40 @, Hz 8 H21H),2.342d, JHB Hz611996.¢T(d, J =3 122, Iﬂz[) 316’6)(m BHYS. 2(5d J‘ 8

Hz, 1H). + . .

[ 00282? 4-(248). Bi3R - SHY Prrdr{ &)= MS (BSWEL by prpéd? iih) melfingweins 200 ybenzoni tri
le 87. Suhhoeny! chloride 36 (0.20 g, 0.55 nmol) was conbined with

4- et hyl pi peridine (0.16 g, 1.65 mmuol) and TEA(O 17 g, 1.65 nmol) in DCM

(5 nm.). The solution was stirred overnl roomte ure. Upon
Consumpt IBRASF ot ot Lrig Maul il ae etudor i Haa M PR (oTs36 £ 0L | n

hexanes) beﬁiaﬁesnﬁ&ﬁmlwhmr&hqtﬁﬂe%sHpgctphhtyomgl%bm MEAOOEM BN Mmgyer . Af ter
3 extractions, the conblned organic extracts were washed sequentl aI ly with

sat ur at ed?add@3ds NAHEES (& it &r= 0 Bal1br $-RE (d. e 144 Ul ptoddticy =vidd

h t 1A,

chr ort ogs awed 101 arRinphene, PLEGR G IYekd e dl@ﬁ'm%‘p““m 28 (d,
J= 2 Hz, 1iby3.313mp2H).dell6 @1, 6H)@3|3|z<s 350, Z22(s184 D), 1Li2|}<t jZ‘?Q—(7dHZJ3H)8M§|z 1H),
7.46 (dd 5”)5|z 4 J= 2 Hz, 1 7.10 (d, J= 9
He, I(-l) (Egj Ef d 41§%Mﬁrénléﬁh)g]p@?71§1(§§ddc = J2 = 1|2_|)Hz J3 { 2 He,
2H),165(dd J|—13 , ,144(1 . 1.09 (ddd, Ji = 28
hz, J2 = = [Q@4pE, g3+ Qitmﬂethﬁpbenyme)ﬂ (Ad(pyzrehd;nﬂzy )psqq;ldmwlﬁlﬁspyl) Er): tritz
= 425. 11 y(Mchdiile 78! HPRG JRALAYS 48 2% NARO(SGo VRO RRIITNG: § 8bl aving ﬁ@rrpounds

were made according to the procedures as described in this exanple

[ 00288] 4-1{0, B84Didd GerﬂhénB%ﬁL 8HY, 44245 dHopAt0ddplr 8Hzn1H) Y138 (4, ffo#i/l ) benzoni
trile 88. HPLC purity: 100% 1H NWR (500 MHz, DMSO-d6): 6 8.28 (d, J= 2 Hz,
1H), 8.09 (dd, Ji =9 Hz, J2 =2 Hz %l—l) 7.72 (d, J=9 Hz, 1H), 7.48 (d,
J= 2 Hz, 1H), 7.45 (dd, Ji = 7 Hz, 2 Hz, 1H), 7.13 (d, J= 9 Hz, 1H),
3.02 (m 4H), 2.66 (quintuplet, J— 7 Hz, 1H), 2.45 (m 4H), 0.92 (d, J=7
Hz, 6H); Ms (ESI, Er): intz = 454.14 (l\/fr); melting point: 186- 192 C.

[ 00289] 4- (2, 5- Di chl or ophenoxy) - 3- (4- (pent an- 3-yl ) pi perazi n- 1-yl sul fonyl) -



N

onitrile 89. HPLC purity: 98.4% 1H NWVR (500 MHz, DM5O-d6): 6 8.28 (d,
2Hz,1H) 8.09 (dd, Ji =9 Hz, J2 =2 Hz, 1H), 7.73 (dd, Ji =5 Hz, J2
Hz, IWi,20i0/2%56m 2H), 7.14 (d, J= 9 Hz, 1H), 3.18 fom/usk)1o/02184F (m

, 2.15 (quintuplet, J=7 Hz, 1H, 1.36 (m 2H), 1.21 (m 2H), 0.81 (t,
M5 (ESI, Er): tritz = 482.12 (Mr); nelting point: 138 - 141 C

0] 4- (2, 5- D chl or ophenoxy) - 3- (4- (pent an- 2-yl ) pi perazi n-1-yl sul f ony1) -

29
<2)nl t i, @H %71'(5"40(*)}[&'1% 38@&&%{)1fb%2¢§0?4§\q§‘024m%%?@1) 2@18 28 (d,

. 7 465, (3Hd| 2.15(m, 2Hy, 11$8 (g 2Hy: 16514 447 (m. 2HD;(MS (8, B gz ?LIQW 7 14 (d,
J=9 (W%n?élt%%ffomt 147b|) 184 -3 (m 1H), 2.40 (m 2H), 1.38 (m 1H), 1.24
(m2H) 5(d J= 6 Hz, 3H), 0.82 (d, J= 7 Hz, 3H): MB
(ESI, Er): mz = Mr); rreltln oi nt: 140- 145 [002913 (4-C

ycl ohept ﬁ)%“ﬂ)br azi 4T(215 W‘P%th}’lf’]éﬁwlﬂ)loh ‘E(PEXHQH‘P&NY&PH’@H@HGXXH‘B@HZ nitrile 91.
'("(Fj’lac pur 'bTeh{zomJaQIQ /ﬁydﬂd&'hl% fﬁ%ﬂ@%unt%@%‘ei{ NIQRQS(%YM@H D}J/ISOng 1 21:::)2 §H§39
L0 (a0 1098 s, 21 8 (o 21 1), 86000, 7 aaH(ZdIZ’ S T T 4 18, 180 (i 4ty
Sof‘zt (m 5@'1)48%%4%1)(%4 &BiLs VB 165971 &)= sT.21m, 398 (h21)Ms 1) (m ML T NY

[ 00292] 4322, (5% DI RI0OH wpBIBh 389 Y& & d-rkt Hy. RH, 232is 348pad3 & §Hsal1Fémyl ) benzon

e 1y, o0 (e Rl 1 MR RN G 1 7 S

(d, J= 2 Hz, 1H), 7.45 (dd, ,// =9 Hz, .12 = 2 Hz, H),712(d J—9Hz,
iH), 3. 230Q2ms] 5H) 42, 8®1r(1¢ﬁ1y151n¢}1y1t120)i%(t(n@momh)vhncr@ff(rﬁsbenzmiyﬁ.le 8.2 = 426. 15

Mr); i i ) _ _
[ 002ba7 3 {4 DA, SERME SOG M DMSO-40: 2824 (4 7 I LT 4 e pe

ridin- 1-Allsdlfohlzl)HY742 ($1H),0H0dd ofh& hlexifpb@aZ Ghi/trd He 193.6. HRUC puri ty:

L

(dd //(MPH)HZe,lthga)omt219l6|z—l99H)? 7.09 (d, J = 4.43 (s, 2H) 3.91
(m 1H), 3.84 (d, J= 12 Hz, 2H), 2.95 (dd, :12I—|z J2—11Hz

2H),
e VT

7 Hz, 2H)(d JO=BFIz(1tH) .88 WdHz;,= "BHI)L J.NB I(IEEBH) TES) (5, 1) 27.40 @RA= (8812( MHy,) ; el ti ng
poi nt 218 B

[ 00294] RS %%ﬁ%@pﬁ%&yf)—-gs‘i%’&%%ér%32%-‘“11)%-331&%’ SRy BdhZbHi 11 1 e,

di hydr ochl& GH)(MSQESI EF): NMR_(SBOQ\/INI*-}Zme]HH@@)ﬁB)169619339. (s, 2H), 8.61 (d, J =
2 Hz, 1H), 8.45 (dd, .// = 3 Hz, J2 = 9 Hz, 7.78 (d, J =9 Hz, 1H),
7.73(d,J:2Hz,1H) 753(dd —ZEI%,JZ—SHZ 1H), 7.12 (d, J= 8
Hz, 1H), 3.57 (m 4H), 3.16 4H) 95]5 -Cyano-2-(2,5

- di chl or ophenoReparblidnof WHQ}5hhd:hl(liroﬁtehylth)ld))ehGle(ﬂﬁwh}flmmaﬁ)pdﬁrldm 1-

Hc_-g';cn-hll hg
;;IID Oggé;hllj

ylsulfonyl)benzonitrile

[00247] Compound 83 was synthesized as shown in Scheme 5.

-90 .



95. HPLC purity: 98.3% 1H NWMR (500 MHz, DMSO-d6): 6 8.26 (d, J= 2 Hz, 1H),
8.02 (dd, =9 Hz, J2 =2 Hz, 1H), 7.87 (t, J=6 Hz, 1H), 7.74 (d, J= 8 Hz,
1H), 7.49W0add10/128956= 12 Hz, .12 = 2 Hz, 1H), 7.47 (s, 1lPCTB2@0/08828) = 9

Hz, 1H), 3.46 (t, J = 4 Hz, 4H), 3.09 (quadruplet, J =6 Hz, 2H), 2.36 (t,
J=6 Hz, 2H), 2.28 (s, 4H); M5 (ESI, Er): mz = 456 (Mr); nelting point:
164 - 167 C.

[ 00296] 4- (2, 5- Di chl or ophenoxy) - 3- (4- et hyl pi perazi n- 1-yl sul fonyl ) benzonitri
le 96. HPLC purity: 99.8% 1H NWR (%@mMsiz DMSO-d6): 6 8 28 (d J= 2 Hz,

1H),8.09(dd,Ji:9Hz,J2:2Hz C772(d J = 750(d
J =2 He, 1H), 7.45 (dd, Ji = 9 Hz, b 712( J—9Hz 1H),
3.23 (m 4H), 2.34 (m 4H) 2.16 (s, 3 I\/B(ESI Er): = 467 (M TE):
mel ting point: 168 - 17

[ 00297] 4- (2, 5- DNk henoxy) 3- (4- (% hydr oxypr opan- 2- peridin-1-

yl sul f onyl ) benzoni t ¢ 97— HPLOP : Clgg, 4%—>1HH 1MHz, DWMbO-d6):

6 8.28 (d, J = 2 Hz,YIH), 8.07 (dd, = 9 He, 2 H) 7.72 (d, J =
9 Hz, 1H), 7.47 (d, IN= 2 Hz, 1H), 7°#5 (dd, J| = = 2 Hz, 1H)

2
7.11 (d, J= 9 Hz, 1H), 4.17 (s, 1H), &80 (d, J= 12Hz 2.68 t J= 12
Hz, 2H), 1.75 (d, J= 12 Hz, 2H), 1.25,(m 1H), 118(m 2H) 0.99 (s, 6H);
Ms (ESI, Er): mz = 451 (MTE); rreltlng point: 95 - 10(*8C
[ 00298] 4- (2, 5- Di chl or ophenoxy) - 3- (4-i sopropyl-1, 4-di azepan- 1-
yl sul fonyl )benzonitrile, hydrochloride 98. HPLC purity: 99.6% 1H NVR (500
MHz, DMSO-d6): 6 8.29 (d, J= , 1H), 7.74 (dd, J1= 9 J2 = 2 Hz, 1H),
7.47 (d, J=9 Hz, 1H), 7.30 J1 = 9 Hz, J2 = 2 Hz, 7.25 (d, J =2
Hz, 1H), 6.74 (d_l1,= QOHQ H] 402 (m 2H) 3.5/ ( , 3.55 (m 1H),
3.45 (m 1H), 3.38 (m¢ 3y 16! (m 2H), 2.95 \‘”1 121 (m 1H), 1.44
(dd, Ji = 22 Hz, J2:7Hz, ; M5 (ESI, Er)/((ﬁ\I o9 (Mr); nelting
point: 221 - 225 C. Exanple 6 Preparation ofy
1- (2- (2, 5-di chl orophenoxy) - 8-ti t r ophenyl sul flonyl ) pi pefgzine A N2 147

29 83

[00248] 4-(2,5-Dichlorophenylthio)-3-nitrobenzonitrile 27. To a solution of 4-chloro-
3-nitrobenzonitrile (10.0 g, 54.77 mmol) in THF (300 mL) was added 2,5-
dichlorobenzenethiol (19.6 g, 12.108 mmol) and K,CO3 (37.8 g, 273.85 mmol). The reaction
mixture was refluxed for 48 hrs. The solid was filtered and washed with copious amounts of
EtOAc. The filtrate was washed sequentially with saturated NaHCO3, H,0, and saturated
NaCl solution, dried over MgSQ,, filtered, and evaporated in vacuo. The resulting solid was
then triturated with DCM and hexanes, and filtered to yield compound 27 as a yellow solid
(11.823 g, 91.0% HPLC purity, 66.4% yield). ' NMR (500 MHz, DMSO-de): § 8.82 (d, J =
2 Hz, 1H), 8.00 (m, 3H), 7.80 (d, /=9 Hz, 1H), 7.75 (dd, J; = 3 Hz, J, = 9 Hz, 1H), 6.97 (d,
J =9 Hz, 2H).

[00249] 3-Amino-4-(2,5-dichlorophenylthio)benzonitrile 28. A solution of compound
27 (11.8 g, 36.36 mmol) in THF (200 ml.) was combined with a solution of sodium
hydrosulfite (37.98 g, 218.1 6 mmol) in water (50 mL). The combined solution was stirred
vigorously overnight at 45 °C. The reaction was monitored by TLC (25% EtOAc in
hexanes), and was complete after 16 hrs as indicated by absence of the starting material. The
reaction was removed from heat and THIF was evaporated. Aqueous solution was filtered to

yield a white solid. The solid was washed with water and dried in a vacuum oven overnight

-03 .



[ 00299] Conpound 147 was synt hesi zed as shown in Schene 8.

[ 00300] 2- Chl or0-5-nitrobenzene-1-sul fonyl chloride 37. To an ice-bath
chilled wolatoassef conc. HCL (100 nlL) was added 2-chl ecoAB20monssani | i ne
(10 g) portion-w se. Wen conpl ete dissolution was achi eved, an aqueous
solution of sodiumnitrite (6.0 g in 50 nL water) was added dropw se and
the resulting reaction mxture was stirred at 0 C for 1 hr. The above

obt ai ned tgyem%waaﬂd% @@w%p@% wag dﬂ@ 8%&/@%%1 Y HRddRd s6@van, | ce- bath
chilled m Xture cupric lorid rate Z%) in acetic acid (500 ni)

pr e- sat uldYled-dak: ﬁﬁ 5§l§11 flar 8 H?obﬁ)de4@éjsf /ﬁf}tlfeﬂH%’ﬂl r(lthg: eR1% dstl Hzng
react | on i xt W@, AL 201,C1 0l ALy, Lb bR, Lorsl bl ¥ @dded ey g se to an

ice-water slurry wt V|gorous stirring.” The separated solids were
col | ect eds:B¥Dsuction, rinsed with water, and dried under vacuumto furnish
the desired product 37 as a cream col ored powder (8.2 g, 559%. 1H NMVR (500

8. \su . = 3 Hz
gb(?ng] I ﬁeyé& 2. éz—s élch%ropﬂé‘&ylthl%)b%ﬁze(lgq }f&ﬁ/l chl%odgézfgl 12 =3 y

4 ( 2-¢ hI GPHLIG i qonmplﬁélrﬂﬁl 640 go?%/%)rpmgeprafzqeﬁeaqd dap b&amaa@@ee ClAl%s0l uti on

R Ut S sy U

mmlo) P Thieom mqamaong wasolgoori Qfd‘faét!)z\,(il 8O/ § H@6(8215%1Etn0mer|(51 nfi@an edledRf =

0.53). Ql?(gw}?saect th%%%é%n‘érzt% ORI n?n%%u?&fstq{eh%{ i 1tc bdth, ”Hft?rtadﬁﬁ’ﬁﬁnt ”per ature
ed by | ng

for 1 hr S 1 ndi cat he a nce Wat er
was addedolanoch aepueioud inl aier batafor edditicoal Zlkst aczepamatt tﬁlaﬂCS‘Dz @rasrlmbtbkad ext racts

and evapdravairertc SRETE pl LY SRk GO0 ST & e SUEUMRS 1 tur ot et
wi t h DCMsahdohex@tied,00agd Ot1nemmbl) bvtaseuhexdadded Wi tad ﬂo;mmundylﬁ&naﬁd a yell ow
solid (0. st71r8red t%r ac?'dcl)t?(;)ﬁaf_@_ min to form a CuCl; solution. The CuCl, solution was then cooled

with an ice bath and stirred for 10 min. The compound 28 containing solution was then

added dropwise into the CuCl, solution. After the addition, the solution was stirred for

additional 45 min, and was then poured onto ice water and stirred for 1 hr. The resulting

precipitate was then filtered to yield compound 29 as an orange solid (1.3 g, 80% HPLC
purity, 17% yield).

[00251] 4-(2,5-Dichlorophenylthio)-3-(4-(dimethylamino)piperidin-1-
ylsulfonyl)benzonitrile 83. To a solution of compound 29 (0.100 g, 0.26 mmol) in DCM
(8.00 mL) was added 4-dimethylaminopiperidine (0.044 g, 0.34 mmol) and TEA (0.034 g,
0.34 mmol). The reaction was monitored with TLC (25% EtOAc in hexanes, Ry=0.0). After
stirring at room temperature for 2 hrs, the reaction was complete as indicated by the absence
of the starting material (TL.C). Water was added and aqueous layer was extracted twice with
DCM. Combined extracts were washed sequentially with water and brine, dried over
MgSOQy, filtered, and evaporated in vacuo to form a clear oil. The oil was dissolved in DCM
and purified with chromatography with a gradient from 0 to 30% MeOH in DCM. Pure
fractions were combined, evaporated in vacuo, triturated with DCM and hexanes, and then
filtered to yield compound 83 as a white powder (0.068 g, 100% HPLC purity, 56% yield).
"H NMR (500 MHz, DMSO-dy): 6 8.26 (d, J = 2 Hz, 1H), 7.89 (m, 2H), 7.78 (d, J = 9 Hz,
1H), 7.71 (dd, J; =3 Hz, J, =9 Hz, 1H), 6.93 (d, / = 8 Hz, 1H), 3.79 (d, / = 12 Hz, 2H), 2.85
(t, J =13 Hz, 2H), 2.22 (m, 1H), 2.12 (s, 6H), 1.79 (m, 2H), 1.40 (m, 2H); MS (ESL, EI"): m/z
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purity, 83%yield). 1H NWR (500 MHz, DVsO-d6): 6 8.60 (d, J= 3 Hz, 1H),
8.47 (dd, .// =3 Hz, J2 =8 Hz, 1H), 8.01 (d, J= 8 Hz, 1H), 3.37 (m 4H),
3.23 (m wbi2o1011239%86(s, 9H). [00302] Tert - butyl PCT/US2010/031828

4- (2-(2,5-di chl orophenoxy) - 5-ni trophenyl sul f onyl ) pi perazi ne-1- carboxyl ate
39. To a solution of 2,5-dichlorophenol (0.414 g, 2.54 mmol) in THF (20.00
m) stirred in an ice bath was added NaH (0.101 g, 2.54 mmol) slowy. After
addi ti on,= §foeMIr st HE8ndGsineS 1ot @ otor 5 m n Conpound 38 (0.790 g, 1.95
mmol ) was then added and the resultrng reactron m xture was heated to 75 C
over ni ght The reaction was t ored However, the reaction was

not conpl 109282k t erd-4%>- H“%ll({r?fllhﬁ@jlth@é (fﬁﬁlf%é@’laé‘i‘/‘a‘ﬁ&?ﬁt“@& and 18-crown-6
(1. 057 g,y101£081 B8R ohitrilMy dfobBlofilid 83. ath SREOB of BB ofhpotnd¥3 (19O g, Wer e

added. The reaction m xture was heated to 100 C for anot her 16 hrs at

whi ch ti f3PRe) imbit-gigrans @RaRLITS addedcd N ST Wb 4 despredp@ Oy GbZence of

starting rﬁ&ﬁ&l@rhﬁ:' reacTB@nﬁﬁt%t\x}aQ i LT EmMES rdoRPlBPeh@rd IRAR & fgure, and
wat er (0.250 nL) was added. The reaction m xture was extracted hrice with

Et 0Ac. CohBicHwhetestt Aahity WletaWaﬁ%é@Ff@équ‘e?ﬂlleathl yiawleasion i @M, wat er, and
brine, drj Si duaI
cb g dﬂlr %h%@ﬂomf a'sta%\?h‘r’tgsolf&f%gﬁ’ ﬁé‘g‘?r%fl e ﬁ@ﬂ puﬁBro n%?ogr aphy

was di ssolv n-a’ mninma
usi ng a gicddi EWLCafuriy: 16080 EMBRAS0D MHzelba/fﬁélsda)Pm%“f(rsa]d{)r OA% (dnére conbi ned

and evapqra Lt n I t ed t h,,DCM and
hexanes, CH %ﬁ?h ?Ictj%r{édﬁﬁb fwor%:g%ﬁ%’ojﬁﬁé\,@% 1512’ 7tfjév@ijtee \;f/lfel o)w powder
(0.120 g77BQ@@/,07|z'Pl2(Hzpllij’=F 8 ¥lz, D), 696 W, dl=d) Hz,1H)NMR (506 13Hz, 2IDVBEY @6,) : 6 8. 59

d J = 4 d = J2.5 7 J = 8 Hz,
“oa Pt 3 g 12y s Teda fe o fo s . Jp g 7 105

J— 8 Hz 2Hj{)MS3ESIIOEfmm/élH)4703\/IE[5) (nmm@lﬁpmujzssz 26%°C9H) .

[ 00303] 1- (2-(2,5-Di chl orophenoxy) - n| trophenyl sul f onyl )p| per azine 147. To

a sol uti co u 0. 100 rrL) was added
ACRE e IR TR %nrrtr@ﬁ s PR SRRl PR R reC (2506

Et OAc i n dagxiberbin, thiRExample.0) . The reacti on was corrpl ete after stirring at
roomtenperature for 16 hrs, as indicated by the absence of the starting

e en LS | SoE SRR R AR RS gl o

m xture wastys100%; éH NiIVIRi (FO(ovigle| PMISEx .ﬁ) fook. v, (2.0 Hi, fiD), maemszfﬂ) d.7%@as

20006 rpr i 1o IBsea 0 di s P4t REREEE Y ERmstlie)® 335 80, 200
8.61 (d, 2J73=(n124l=ﬂx MIHSL, Iﬁ+)451/z(:ddz9 MI)=mBliihig poidi2 190 9194°C. 1H) , 7. 78 (d, J= 9
Hz, 1H), 7.73 (d, J= 2 Hz, 7.53 (dd, .// = 2 Hz, J2 = 8 Hz, 1H), 7.12

(2810/J 12355@%25@%/ Usz‘g 3%97 8@%%?@““3“‘%% erstd 1-y1stfnybenzonitie,

[ 00304] 1dt®d(ozh15ﬂ®17®rrmir(emy)1{)5%nm No/fih €109 NSl DNy Xl pe13azs, oH),

hydrochl r C r|t 1 o d 6 8.95 (s,
%g@gg Z?Z% %J 6 ?@é? JJll_é &%570%5%18% J?m%“ﬁ 78 (d, J
8 H%d i), 6@4 @ZJ*’T—G Hz) 15), ZS?t(m 41115%3 12(%%4}%)6!&13 (I—El)ISI E—F)Zm)ﬂ&l 4232 V'S, gzz 1|—|)2,2
714 J=.8 m 4H), 3. m 4H); nelting point: 4 - 7
C. [00305Teit”tg230(ni ]§6Chll6§ gphenoxy) -5-ni trophenyl sul f onyl ) pi per azi ne,
di hydrochl oride 147. HPLC purity: 100% 1H NVR (500 MHz, DVSO-d6): 6 9. 39
(s, 2H) [80206%] (d, 4,2Dihjordftenylthi®3-@dshpropylpiperadinHe-ylsdl2onyl)BenAgnitrild]) , 7. 78

U 7T g b ola 0t vamgs i, Blsosia g A s P oaolondd T 0

fﬁ! | OWI ng, eqrmpu;tds IMETIP), MR el, decondilmg, 1.0 dher, proogedus g3iasHdesard bed in
thi s exa

[ 00307] _tr;ID 8 {1, BD3 A eyt Bl (ot H ) 248 (- ¢ F B T F 6Dy MEESYr r ol i di n- 1

- yl)pi DQJIT)dﬂnQE‘: 1B (Wﬂ%&dﬁgﬁo\{m ﬂ&M66JPU NVR (500 Mz, CDCL3) 6 8.77 (d, J
=3" Hz, 8.02 (dd, //_ 3Hz 1H) 739(s 1H) 7.30 (d, J

-8Hz I—& 7274{@ d J- gﬂ 3,00 (m
2. 580(571 4y, +E-BBIGhY rorzi,ﬁlylt 2)>239<4(1§0Pr<§1>43131p@2a%1 H’;ﬂ qrprpbenfowﬂr( 'm 2H),

1 78t ( rn1 Srl?ihtbcmén&%( Mp12HuritfVB0GESIH NFIR (500 MifZ DM G, (MTE) ¢s, 1B ti ng
poi n
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[00308]1 -(2-(2,5

- Di chl or ophenoxy) - 5- ni t rophenyl sul f onyl) - 4- et hyl pi perazi ne 100. HPLC
purity: MOZproliBNVR (500 MHz, DMSO-d6): 6 8.58 (d, J= PClHAIS2d16)031838 43 (dd,
Al =2 Hz, J2 =8 Hz, 1H), 7.75 (d, J =8 Hz, 1H), 7.59 (d, J = 2 Hz, 1H),
7.49 (dd, J1 = 2 Hz, J2 = 8 Hz, 1H), 7.14 (d, J =8 Hz, 1H), 3.26 (m 4H),
2.40 (m 4H), 2.33 (m 2H), 0.95 (t, Ji =J2 =7 Hz, 3H); rreltingpoint'

152 - 15%3@(dlj30§@1% 5;(735(&% A1), 7.80 (d, J 8Hz 1H) 773 dd, J;=2Hz,J,=8
- Di et hyI hen ni tr ophenyl sul f 62 Uél pi perazi ne 101 HPLC

purity: oA 6104 ml&lizs@)ﬁ) W2 (d, H€)2 3.3 2Hy, 3. 11w, 8. 25 (dd,

J/_ / 8-H§ %ﬁbp% @, p ?41 éHQ M§ (E‘S@ érs)r m}z@ 47(7(1\41%2 &leluﬂg p(ﬁntH%S,9 1{%5 C; gg E(rjn

2.32 [ ti
p0| N SRR wﬁwqph@pyzmgoz 35(4(@%@1)@%%&9)ylsyifonyk? e

-nit rODh%@ﬂoﬁfHﬂfe%y ﬂﬂ)Lé gﬁhgﬂ(mqpeﬁ%ﬂdﬁ%é@@{ﬂz'ﬂ%@&yj '&9’26 %IOP—/@ H"zH NMR (500
MHz, 1H) 8 Hz,

1H), 7. 311H()d; 90J(:€1d871F|22 Ay = 8H1 11| §,893& Jg= Hz. 1T_D|)7 T97(doé = (8st H) 776 85 (d,

J= 8 Hz A 3H), 2.09
s (%(il‘g% $121, 4§Hz41'gii) 6%5 @J(:§ , Hir%l3t22|3ﬁtﬁl QO M, oA (ﬁnoéngg 1ﬁm

[ 00311] 1 1) 2L i@(,ns 2HD)| 1cH| (or. SPhéXBAI (t. Hi B)’2:57 Hai W)ophémglpsmt flahy130 3., 5

-di net hyl pi perazine 103. HPLC purity: 95% 1H NWMR (500 MHz, DI\/SO d6): 6

ﬁz 49 (d, [(%0255%] '("é %@58 Dgcél?ogo](hggylthlo%? @- d(‘ggntan]? yUplger'aTZﬂ 1%“01%‘/1{?3 (a J_7200

(d. J = g»emnumﬂ)hyde)ca@nq@ﬂs zHLBLc purity: 1(0ﬁ% MMIQ (96 MKz, DVI$O=s3p = 7 Hz,

3H), O. 9 1 (2 (2 5
-Di chl or ophergoxw 8? trop enyI éul ?gmp%) ggoé{p?dlgrr%%ﬁnﬁpz {;)32@?2]?%;2

HPLC pur iHzy 7> 49084 1TDH7.N/RL, ( SCOHAMHED, I3NBO-86) 3 He, BD5848 tn, 41)=3.07-B4 8 1H)
8,44 (dd, 6 = 8.Hz, .1} 8 (m 2H),
718 (d, 9 éﬁélﬁi(mlﬂ’)‘) F40g3 #@1 %ﬂ;t 1% b 7(19z %?359%%01%2393%@ 0.92 (d,
J =8 Hz°C6H); nelting point: 161 - 163 C. [00313]1 -(2-(2,5

- D et hyl phenyl t hi 0) - 5- ni trophenyl sul fonyl)-3 ,5 -di net hyl pi perazi ne

[00260] 4-(2,5-Dichlorophenylthio)-3-(3,5-dimethylpiperazin-1-ylsulfonyl)benzonitrile
79. HPLC purity: 97.2%; 'H NMR (500 MHz, DMSO-dy): 6 8.25 (d, J = 2 Hz, 1H), 7.90 (d,
J=2Hz, 1H),7.89(d, /=2 Hz, 1H), 7.79 (d, / = 8 Hz, 1H), 7.72 (dd, J; =2 Hz, J, = 8§ Hz,
1H), 6.90 (d, J =7 Hz, 1H), 3.65 (m, 2H), 2.72 (m, 2H), 2.20 (t, J; = J> = 11 Hz, 3H); melting
point: 176 — 180 °C.

[00261] 4-(2,5-Dichlorophenylthio)-3-(3,5-dimethylpiperazin-1-
ylsulfonyl)benzonitrile, dihydrochloride 79. HPLC purity: 100%:; "H NMR (500 MHz,
DMSO-de): 6 9.48 (s, 1H), 9.10 (s, 1H), 8.32 (d, J =2 Hz, 1H), 7.96 (d, J =2 Hz, 1H), 7.93
(dd,J; =2 Hz, J, =8 Hz, 1H), 7.80 (d, /= 8 Hz, 1H), 7.74 (dd, J; =2 Hz, J, = 8 Hz, 1H),
6.93 (d, /=8 Hz, 1H), 3.99 (d, J = 13 Hz, 2H), 3.37 (m, 2H), 2.89 (t, / = 12 Hz, 2H), 1.25 (d,
J =7 Hz, 6H); MS (ESI, EI'): m/z = 456 (MH"); melting point: 160 — 190 °C.

[00262] 3-(4-Cyclopentylpiperazin- 1-ylsulfonyl)-4-(2,5-dichlorophenylthio)-
benzonitrile 80. HPLC purity: 99.6%; '"H NMR (500 MHz, DMSO-dg): 6 8.24 (d, J=2 Hz,
1H), 7.90 (m, 2H), 7.78 (d, J = 8 Hz, 1H), 7.70 (dd, J; =2 Hz, J, =8 Hz, 1H), 6.92 (d, /=8
Hz, 1H), 3.25 (m, 4H), 2.47 (m, 4H), 1.72 (m, 2H), 1.56 (m, 2H), 1.47 (m, 2H), 1.27 (m, 2H);
MS (ESL, EI'): m/z = 496 (MH"); melting point: 198 — 200 °C.
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105. HPLC purity: 99.7% 1H NWR (500 MHz, DMSO-d6): 6 8.49 (d, J = 2 Hz,
1H), 8.24 (dd, ,// =2 Hz, J2 =8 Hz, 1H), 7.42 (m 2H), 7.35 (d, J= 8 Hz,
1H), 6.8wodpiue3seHz, 1H), 3.63 (m 2H), 2.75 (m 2H), PRTAR2¢19/033RY , 2. 27
(m 2H), 2.23 (s, 3H), 0.95 (d, J= 8 Hz, 6H); nelting point: 156 - 159 C.

[ 00314] 1- (2- (2, 5- D et hyl phenoxy) - 5- ni t r ophenyl sul f ony1) - 3, 5- di net hyl pi pera
zine 106. HPLC purity: 100% 1H NWR (500 MHz, DVsO-d6): 6 8.57 (d, J = 2

l(_lé’ %H), [&)2%@] (dd, 3 (4 Cy&ol?en?%:e}a?zm‘l%shﬁ@njfl)w (2 A dl%ﬂaoﬁoghen}ﬁhlﬁ) ,ZiDH) 27-7%0
(m 2H), b2n23>@1t1(1 hwmhlogdez@( LG pyrity: 210906 (14 NWSOO(MI@Q RMSOJIQ é Hz, 6H):
mel ti ng pei 5 . (2 ,=2Hz,J,=8

- Di chl orgqﬁgtr(lsog}?%%n(?l hgﬁe%%ﬁgﬁ@?(ﬁgl)zggl@) 7p95 (831 Jp pzelr{azjl ne 107 HPLC
pur i ty gsnsw AH NBRIZ 530 7VBidd, BVBOTH6]2= $H8. BB, 6.0 ({3 = &FaH), 131—%7 .43

o b Rl e Hop F R pip s iy Ty s b 50 gttty IR f 4. 07 2

J- 4 Hz 1439y 1.78@(n6 AH) nh. 53108, 2H2. MY (S1, D)= n: #HA96 AWRIL)); OieBidg paint: 360 728, 6H) ;

(%) (ESI, Br): nilz = 474 (Mr); nelting point: 160- 166 C.

[ 00316] 1- (2- (2, 5- Di chl or ophenyl t hi 0) - 5- ni t rophenyl sul fony1) - 4-i sopr opyl pi pe
razine 108. HPLC purity: 99.3% 1H NWR (500 MHz, DWMb0O-d6): 6 8.75 (d J= 2
Hz, 1H), [80203] ( dd3-(4-Chclepetyhpperdin-EyBubnyl)34H)2,5- dlCHler@Uenlehlﬂ) 2 Hz,

LZ,SS (d, b%nzggl% le s’ulﬂ.l{g acic?%(galzﬂgf@gﬁty 959%65 mﬂi?_go ﬁ%@%?dgb%&@ d, ‘]_ 9
\V/S (ESI 1|El’))8 34ﬂdZJ 249201H]vf7r9ﬁ (mnﬁH)ﬁ, 7184 (Odi=nd Hz, 12D, 274684, =T 00I1Z#B1

62 (2.0 DL TP BRI B 1 L QOREIY Lo SV o %ﬁg%@"@ EH?yperaz' .
1H), 8.23. 5(3dﬂ72(rvi/6H=)= 1Beltizg paldd: 2303- H0,°C1H), 7.21 (d, J = 7. 05 (d,
J‘?HZ 685(S 1H), 6.72 (d, J =9 Hz, 1H), 341(tJ—5HZ

2 T 1 B e b B W, 12 0

[ 00318] 4-b(aﬁ’zo@21;115 dihanbdudfonip hed B0t HPDY pbrityt mprHng/MRus@(nwyﬂz)mmsmmb ione 110.

L P i 880 YR BRIy B L Pyl 5 2

1H), 7 747, ecid{z JZLSEIZHZH) 425w, 8 27z, 1H),, 4.00 @R 260l,3.57 (@, 8HKB,14%hl) 4HB. 67 (m

BRI Ui A ST o P PR T G Bt b ﬁ{)ﬁ?’%ﬁ]ﬁﬁ‘i&f@% Flty: 100%

1H NVR (5003l 6B 6 ©.59 (d, J= 2 Hz, 1H), 8.44 (dd, .// = 2 Hz,
J2 =8 Hz, 1H), 7.76 (d, J = 2 Hz, 1H), 7.65 (d, J = 8 Hz, 1H), 7.50 (dd,

;1{_6 ; :mf,l i Qﬁ?%f) Oi:n,?3'-l(_%g§cill%@ﬁi§e%azgrg1-yl]sﬁlfgnyll_)a-(Q?Qibhlgfo%lzggrﬂﬁio)l}H) , 3.26 (m
[ 00320] 4teRroasil; Miratigop Meny! fulityo)7.8%nH Noph esoy veiwd, oonsdh ypos phokd, ne 112.
HPLC 1H), 8.34 (d, J =2 Hz, 1H), 7.95 (m, 2H), 7.81 (d, J = 8 Hz, 1H), 7.74 (dd, J; =2 Hz, J, = 8

Hz, 1H), 6.97 (d, J = 8 Hz, 1H), 4.01 (d, J = 10 Hz, 2H), 3.60 (d, J = 10 Hz, 2H), 3.05-3.17

(m, 4H), 2.00 (m, 2H), 1.54-1.69 (m, 7H); melting point: 170 — 190 °C.

[00267] 3-(4-Cyclopentylpiperazin- 1-ylsulfonyl)-4-(2,5-dichlorophenylthio)-

benzonitrile, oxalic acid 80. HPLC purity: 98%; '"H NMR (500 MHz, DMSO-ds): 6 8.29 (s,
1H), 7.93 (m, 2H), 7.79 (d, /= 8 Hz, 1H), 7.72 (dd, J; =2 Hz, J, =8 Hz, 1H), 6.94 (d, /=8
Hz, 1H), 3.42 (s, 4H), 3.01 (m, 1H), 2.91 (s, 4H), 1.85 (m, 2H), 1.62 (m, 2H), 1.50 (m, 4H).

[00268] 4-(2,5-Dichlorophenylthio)-3-(4-methyl-1,4-diazepan-1-ylsulfonyl)-
benzonitrile 81. HPLC purity: 100%; '"H NMR (500 MHz, DMSO-ds): 6 8.28 (d, J =2 Hz,
1H), 7.88 (m, 2H), 7.76 (d, J = 8 Hz, 1H), 7.70 (dd, J; =2 Hz, J, =8 Hz, 1H), 6.95 (d, /=8
Hz, 1H), 3.54 (m, 2H), 3.48 (t, J; = J, = 6 Hz), 2.58 (m, 2H), 2.54 (m, 2H), 2.26 (s, 3H), 1.81
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purity: 100% 1H NMR (500 MHz, DVMSO-d6): 6 8.50 (d, J= 2 Hz, 1H), 8.27 (dd,
Al =2 Hz, J2 =8 Hz, 1H), 7.48 (s, 1H), 7.42 (d, J= 8 Hz, 1H), 7.36 (d,
J= 7 Hz, wb2p106128%6(d, J= 8 Hz, 1H), 3.67 (m 4H), 3.28pPCmusdédp/o3d283 (s,
3H), 2.25 (s, 3H); nelting point: 141 - 143 C. [00321]44242,5

- Di et hyl phenoxy) - 5- ni t r ophenyl sul f onyl ) nor phol i ne 113. HPLC purity: 100%
1HNI\/R(500M—|z DVSO-d6): 6 8.59 (d, J= 2 Hz, 1H), 8.41 (dd, .// = 2 Hz,

8 eltife ddknil f01 JFaPcHz, 1 7.05 (s, 1H),
6 o (dH4J_iIl19 MS7(E331 E(I€5 m}z— ﬁsd'dMHl)H)l ltz%ﬂclt(fbl @42 e (sH)BH) > (18 (SH)

3H); meltin 0|nt 124-
[ 00322] 4[@%%? 5- OFEh! Bl%ﬁ%ﬁmxlm%ﬁ G-t Y dghdasaral pERYPPRI onor phol i ne

élg I(_EL(EG%MﬁM hy%ﬁ)%ﬂoﬂlhi: NWH@E@%uMS‘Zw(@LVBQNiﬁ){ (5@0 I&H’é5D1(/1f$O d'%) D g |('|é %H)_,
8 Hz, 1H)10 6?? (%HQ d5d31 (Sllf—%Hrzile)ﬁ%(IB W), 71%4 T7. 8013‘2 (4 73712)% JH22 1H), 3.59

(m 4|'|) tri t
2010/ 123956|50T/ usz%%? (9)ﬂgdej =GR 01IER 110, 5y n. 111848350 (m, 41,

[ 00323] 43(23-(pp2H). Bi&d ¥ SHoph B3 DB H (ESloBhi riit 5466 OWMYD) meltisgpeiptiol i ne 115.
HPLC pur|2t4¥ 2&398/0 1H NWR (500 MHz, DMSO-d6): 6 8.60 (d, J= 2 Hz, 1H), 8.42
(dd, .7/ 2 J2 =8 Hz, 1H, 777(d J=8 Hz, 1H), 7.66 (d, J= 2 Hz,
1H), 751(dd //=2HZ,J2—8 1H),709(dJ 8 Hz, I-%354(m
4H), 2. 610Q2ﬁp] 4H) 4- {ﬁ#ﬂqbé)r%jemlthlojgﬁj_(morgl’@l;n@ulfonyl)benzomtnle 82. HPL

00324] 4- 1 5 ph f hi hol
116, HPLE R P15 P ORI RMA o B¢ [RBORIHG THy M e P B

Th B 4GTOAN Uit Kt - $AT 1), O (e SHz,slzn(anmﬂ o Rl 5. 15 (d.
J— 7 HZ iH‘ﬁH)§9@f&d,( .—O%%IFZ{H)Bﬁég’(rﬁchH)% T rglé_%%ggbu?t?)%km o 2.67 (m

mel Uing poi
[00325] 4- é gz 5- Di et hyl phenoxy) - 5-ni t rophenyl sul fonyl )t hi onor pholine 117.
HPLC pur|[ 92711 009% 4-13:H-NRIqrardhen Wik - BB oy didin- 5 yBpisgidigt - J= 2 Hz, 1H), 8.25

(o, o= 7 BTV B o M S o Sl P ey 2
(s, J2= DUz(13]), BBY (28D 1. TR dpbi Btz 1H)47701d|d7 J0= 2 17, 15~ 8 Fiz, 11D, 692
Sosal -y el oy sl UG TB  i I

2 Hz, 1Hym, &IRT. 4(7@«1 21:])1MS @SHAT /= @G-GMH “LHeltink [©Bnt( 77 -J186 °2. Hz, ,
780(dJ 8 7.72 (dd, J1:2Hz J2 = 8 Hz, 1H), 702(d J= 8

Hz

v Y ghE e 4 ? R ol B BRndiBe Hhgdaigy(m. 49 193 (m
[ 00327] 1- y@;a&bmh)@anmle Dy cBotic. dﬂdpﬁhpmmxylp()%- Hi NMR)fﬁ@ﬁMEu IDNGS$S4 ) pi per a
zi ne d): 6 10.88 (s, 1H), 8.29 (d, J = 2 Hz, 1H), 7.97 (d, J = 2 Hz, 1H), 7.91 (dd, J; =2 Hz, J, = 8

Hz, 1H), 7.79 (d, J = 8 Hz, 1H), 7.71 (dd, J; = 2 Hz, J, = 8 Hz, 1H), 6.93 (d, J = § Hz, 1H),

3.94 (d, J = 13 Hz, 2H), 3.45 (m, 2H), 3.23 (m, 1H), 3.00 (m, 2H), 2.82 (1, J; = J> = 12 Hz,

2H), 2.14 (d, J = 12 Hz, 2H), 1.93 (m, 2H), 1.85 (m, 2H), 1.74 (m, 2H): MS (ESL, EI*): m/z =

496 (MH"); melting point: 285 — 300 °C.

[00273] Methyl 4-(5-cyano-2-(2,5-dichlorophenylthio)phenylsulfonyl)piperazine-2-
carboxylate 138. HPLC purity: 99.3%; '"H NMR (500 MHz, CDCl3) 6 8.23 (d, J =2 Hz, 1H),
7.70 (d, J =2 Hz, 1H), 7.55 (dd, J; = 8 Hz, J, =2 Hz, 1H), 7.54 (d, /= 9 Hz, 1H), 7.47 (dd,
J;=9Hz,J,=2Hz, 1H), 6.83 (d, /= 8 Hz, 1H), 4.04 (m, 2H), 3.73 (m, 1H), 3.61 (m, 3H),
3.18 (m, 1H), 1.13 (d, J = 6 Hz, 3H); MS (ESI, EI): m/z = 486 (MH"); melting point: 124 —
136 °C.
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119. HPLC purity: 100% 1H NWR (500 MHz, DVsO-d6): 6 8.49 (d, J = 2 Hz,

1H, 8.25 (dd, ,// =2 Hz, J2 =8 Hz, 1H), 7.45 (s, 1H), 7.41 (d, J= 7 Hz,
1H), 7.35w0ap10de3%e6Hz, 1H), 6.81 (d, J= 8 Hz, 1H), 3.25PCmUSAHp/03B2H7 (m
4H), 2.32 (s, 3H), 2.26 (m 1H), 2.25 (s, 3H), 1.69 (m 4H), 1.54 (m 1H),
1.16 (m 4H), 1.05 (m 1H); nelting point: 170 - 172 C.

[ 00328] 1- Cycl ohexyl-4-(2-(2,5-di met hyl phenyl t hi 0) - 5-ni trophenyl sul fonyl) pi p
erazine 120. HPLC purity: 100% 1H NMR (500 MHz, DWVMSO d6): 6 8.57 (d, J =
2 Hz, 1H), 843(dd //=2Hz JZEXam@leHZ 1H) 775(d J = 8 Hz, 1H),
756(d J = ,715(d J=8
Hz, 1H). 3. zzpfwfaﬁ% of 42(2552d1fnﬁthy@pﬁnox2) %@12%21qmlsulforg@bewmg}lﬁ 1.54 (m
1H), 1.14 (m 4H), 1.04 (m 1H); nelting pojint: 161 - 163 C

[ 00329] 1- Cycl ohexy1l-4-(2-(2, 5-di net hyl phenoxy) - 5- ni t r ophenyl sul f onyl ) pi pera

zine 121. HPLC purity: 100% 1H NIVR (500 , DvM8O-d6): 6 8.57 (d, J = 2
Hz, 1H), 8.40 (dd, ,// =2 Hz, J2 8Hz , 7.31 (d, J= 8 Hz, 1H), 7.10
(d, J= 8 Hz, 1H), 6.99 (s, 1H), 685@1 J—8Hz 1H), 3.23 (m 4H), 2.52
(m 4H), 2.30 (s, 3H), 2.26 (m (§H33H) 1.68 (m 4H), 1.54 (m
1H), 1.13 (m 4H), 1.03 (m lH%)HN\m) poi nt: 140 - 142 C. [00330]1
-(2-(2,5 -D net hyl phenylth| 0) rophe yIsquonyI)pl perazine 122. HPLC
purity: 100% 1H NWVR (500 MHz, DI\/BOdG) 8.49 (d, J= 2 Hz, 1H), 8.25 (dd,
Al =2 Hz, J2 =8 Hz, 1H), 745(s 742(d J=8 Hz, 1H), 7.35 (d,
J= 8 Hz, 1H), 6.81 (d, J= 8 Hz, 18 (m 4H), 2.76 (m 4H), 2.33 (s,

3H), 2.24 (s, 3H); nelting poi nt 142 - 145 C. [00331]1 -(2-(2,5
- Di chl or apiEAY | t hi GympBound 51 mepwathebiged fschgw) piSgberazd.ne 123. HPLC purity:
100% 1H NVR (500 MHz, DVBO-d6): 6 8.49 (d, J= 2 Hz, 1H), 8.27 (dd, ,// = 2

H/Z} i 22—|£|§()2|7|§5 1H) 4 (27 5- %nétgylgﬂenogy)Eznltrgﬂ&lzonztnﬁzjs()( @,5 %ln:ll-egh ( en(gli:zb% 99% 74 ( (:]d

4H) ; el 573§ npmlh@nd 41@@0r0 :ngtr@enzonltnle (8.00 g, 43.96 mmol) were combined with

2a.  rhL 260 A5G S ARRTY YL AR R AR RREEARL L = 0T
g 5232 E gd fgr 4(8/hrs:a121 thtn, the] olid va&us Hitered H@rg)u% aled pBCelikdd) Aftat.ri8ing the rdsmdu2 I(;|z S EI—%,

1 7. =

o by Tl rbpins o AL I e Sy upptn g el B! 55,77 D6
C. and brine, dried over anhydrous MgSQy, and filtrated. The filtrate was concentrated in vacuo
[ 00333] 4 2, 5- D net henlth| itr e €] Z|n20ne
195 hpL & Biap ey o sk Rty B uiD) s ESHGTl by et PR
33. 2; |(éld (5100’MH; IZMHZ)5 dd@}% 8?658(dl-12-r%lhl)1}é)88,23 (%cs./, A bz, 173'.2—425H£ s1H),1H)980(d(7 422(H)d

= : : = ,, 6. = S :
3,50 (m /20y HedtBar i Srpig 0y ok o i o8 w7 e 3 1B, 0Bl oy S it - * 16
- 202 C .
[00334] 4 (%23H()2 5 Di chl or ophenoxy) - 5- ni t r ophenyl sul f onyl ) pi per azi n- 2- one

126. HPL %} 1H FéSO)g MHz, DIVBO.d.%' 8.63 (d, 2@2 Hz, 1H)
.43 (ad 0itpl =2 iy gaedohSiy ARG T enifrodel 3 o 1jy)
7.68 (d, (I=0®g, Hz.73 llhb)lol) %aﬁzdt(céai W1th/s¢5d1um21ydlﬂbsulfi|t3 (30.487 gms ddhomor).iR8 (d, J= 8
Hz, 1H), 3.84 ( H% nb H} n}l Hg |ting point: 249 - 251
C. mixture of THF (7 mL) water (100 mL and dloxane 5 mL After the reaction is

complete, volatile organic solvents were removed in vacuo and the precipitate in the

remaining water was collected via vacuum filtration to afford compound 31 as a white solid

(9.50 g, 89.0% yield, 99.5% pure). 'H NMR (500 MHz, DMSO-dy): 6 7.19 (d, J = 8 Hz, 1H),

7.07(d, J=2Hz, 1H), 6.94 (d, J= 8 Hz, 1H), 6.86 (dd, J; = 8§ Hz, J, =2 Hz, 1H), 6.74 (s,

1H), 6.45 (d, J =8 Hz, 1H), 5.52 (s, 2H), 2.23 (s, 3H), 2.08 (s, 3H).
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[00335]1 -(2-(2,5 -Dichlorophenylthio)-5 -nitrophenyl sul fonyl)-1, 4-di azep
ane 127. HPLC purity: 99.5% 1H NWR (500 MHz, DMSO-d6): 6 8.56 (d, J= 2 Hz,
1H), 8.24w0add10/128956= 2 Hz, J2 = 8 Hz, 1H), 7.92 (d, J= 2cCHaS2d1b31878 78 (d,
J= 8 Hz, 1H), 7.71 (dd, ,// =2 Hz, J2 =8 Hz, 1H), 7.03 (d, J= 8 Hz, 1H),
3.50 (m 2H), 3.43 (m 2H), 2.81 (m 5H), 1.73 (m 2H); nelting point: 190
- 193 C [00336]1 -(2-(2,5

- D net hyl phenyl t hi 0) - 5- ni t rophenyl sul fonyl) -1, 4-di azepane 128. HPLC purity:
100% 1H NMR (500 MHz, DMSO-d6): 6 $homebd, J= 2 Hz, 1H), 8.22 (dd, Ji = 2
Hz, J2 = 8 Hz, 1H), 7.45 (s, 1H), 7.39 (d, J= 8 Hz, 1H), 7.34 (d, J= 8 Hz,
1H), 681(d J=8 Hz, 1H, 3.50 (m 2H), 3.48 (m 2H), 2.83 (m 4H), 2.32

(s, : 221(s 1.75 (s, 2H); neltingp@int: 80 - 90 C

[00337]1 (2- 1 chI or ophenyl t hi 0) - 5- ni t pepbenyl sul fony1l) - 4- rolidin-1
- yl)pi perl 9. HPL rity: 1000/% 1H NWVR (500 MHz, 43) 76 8.78 (d,
J= 3 Hz, (dd, gFz” JP 1HT—T72HM Hz, 1H),
7.54 (d, J—9Hz 1H)H074 (dd Ji =9 J2—2Hz 1H), 86 (d, J =

Hz, 1H) 3. 86 (rﬁNZH) 3.00 (m 2H) 2.54
2H), 1.78 (s, 4H), 1.68 (m 2H); M (ESI,
poi nt 184 - 188 C.

[ 00338] 1- (2- (2, 5- Di met hyl phenoxy) -5-ni t rophenyl sul fonyl) - 4- (3pyrrol i di n-1-

yl ) pi peridine 130. HPLC purity: 100% 1H NMR (500 MHz, CDC13) 6 8.87 (d, J=

C&* 2.18 (m , 1.96 (m
): n12 516(M¢1§I mel ting

3 Hz, 1H), 8.22 (dd, Ji = J2 = 3 Hz, 1H), 7.21 (d, J Hz, 1H),
7.05 (d, J =7 Hz, 1H), 6. , 1H), 6.70 (d, J= 10 Hz, 1 3.87 (m 2H),
2.99 (m 2H), 2.53 (m 4H 34 (s, 3H), 2.15 (s, 3H), 1. m 2H), 1.77
(m 4H), 1.65_(m, 3Hp OMP(EPl, Er): mz = 460 (W; (m;(l)tpng point: 95 - 102
C. [00339]1 -(2-(2, g,' ret hyl phenyl t hi o) - 5 nitr f ¢ily1) - 4-1 soprop
yl pi perazine 131. H LC ty 99.6% 1H NI\/R §p\§§; 3) 6 8.73 (d, J=
2 Hz, 1H), 8.02 (dd, Ji O Hz, J2=2HZtBi11 , 7.30 (d, J =

8 Hz, 1H), 7.27 (d, J = 6c1Hz 1H) 6.76 (d, J@9Hz 1H):N .40 (t, J = 4
Hz, 4H), 2.74 (quintupl et‘_;2 7 Hz, 1H), 2.64 (t, J=5, 4H), 2.35 (s, 3H),
2.30 (s, 3H), 1.04 (d, J= 7Hz 6H); M5 (ESI, Er): /31/2-450(|\/fr);
melting point: 120 - 124|C. [00340]1 (2-(2, 5

- Di et hyl phenyl t hi 0) - 5- nLt rophenyl sul f ony1) - 4- net hyl pi perazi ne 132. HPLC
purity: 100% 1H NMR (500 MHz¢cHCDC13) 6 8.75 (d, J = 2 Hz, 1H), 8.03 (dd,
Ji =9 Hz, J2 = 2 Hz, 1H), 7.8 (s, 1H), 7.30 (d, J = 8 Hz, 1H), 7.27 (d, J

=1 Hz, 1H), 6.77 (d, J =9 1H), 3.43 (t, J =4 Hz, 4H), 2.53 (t, J =5
Hz, 4H), 2.36 (s, 3H) 7~ 3H), 2.29 (s, 3H); M5 (ESI, Er): mlz = 422
(W: nelting point: ? " 44,
HN\)
CN
51
[00277] 5-Cyano-2-(2,5-dimethylphenoxy)benzene-1-sulfonyl chloride 32. For

conversion from aniline 31 to sulfonyl chloride 32, the Sandmeyer reaction is utilized.

Aniline 31 (9.00 g) was dissolved in acetic acid (100 mL). HCI (80 mL) (12 M) was added.
Separately, sodium nitrite (5.33 g, 77.20 mmol) was dissolved in minimal water and slowly
infused into the HCI salt solution. The resulting reaction mixture was stirred for 2 hrs in an

ice bath.

[00278] In another reaction vessel, 100 mL of acetic acid is saturated with SO, gas.
Copper (II) chloride (1.91 g, 19.30 mmol) was added. After the aqua color changes to olive

green, the CuCl, solution was cooled with an ice bath and the sodium nitrite solution was
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[ 00341] 1-(2-(2,5-Di chl orophenyl t hi 0) -5-ni trophenyl sul fonyl) - 4-net hyl pi peraz
i ne 133. wBk@opu2sdsby: 100% 1H NVR (500 MHz, CDC13) 6 8PT®/USA)1031828 Hz,
1H), 8.11 (dd, Ji =9 Hz, J2 =2 Hz, 1H), 7.71 (d, J= 2 Hz, 1H), 7.55 (d,
J=9 Hz, 1H), 7.48 (dd, Ji =9 Hz, J2 = 2 Hz, 1H), 6.86 (d, J= 9 Hz, 1H),
3.42 (m 4H), 2.51 (m 4H), 2.31 (s, 3H; M5 (ESI, Er): mz = 461 (MT);
mel ting REJwWH add%@ﬁ) the é&éh%lu{l&p%% dirriog tdr AnGiherDsGinh QRORNGRY Wb p Qe

-ni trophenyl sul fonyl)-4-nethyl -1, 4-di azep ane 134. HPLC purity: 100% 1H
NVR (500 inpice vaepag stgreg fgol firg| Thg resgltipgy preqipjfate Basmlle%t@rl vig filteation jgz 32 = 2

‘|J‘|§, :1H) ] a¥f017cljcogr$0un]d'322aslﬁ|ﬁ oragigg solid (‘5’% é’d7,6.037—y1g1d5_.|z 3 274(7t ( dgl_ él H;, 92::')'2:

2.72 4 239 tuplet, J= MB (ESI, Er):
AR 60QPY ) rrEqrfs bﬁ&%@%ﬂo 11485 QP@%@I@GH‘?WMB}I1u1foeggmwr5zlée )

-Di chlor QQJE%J?;QQ&X)&?, 5A@blh{1&%}esﬁbf&§D'}1\l/5ﬁl&ndé@2 (6'18@%@5(9&11%5 agi '%thﬂ35 HPLC
purlty 100% VR (50 1H), 8.43 (dd,
Ji =9 Hzmpeyazme 13cap@xy1mq)<0 171 3.6). qsdnmga-, apd (A QiP5 870. @mwl) nBCM (%, 1H),

|7_|'2504|(_|de rréh])?’ S (stgrré%ozve %a&gﬁ%’teﬁa ur% %ﬂ’e ﬁgctloﬁg/? rtor%(lfl)mth %L%QQ&%’ J=5
(m {30 L@t@mgl fpoiims). The 2eactidi@ixGire W@@@mlf}nlrate(lzn(@V‘Sandjhmﬁyéﬂp\rﬂ@ngpé) 5
o oo s e S8 R R e

1H), 8 2@r¢dudg campoan®3Hss, a wWiltepoddetz ).09MHy,, 420% gieldd ] 00J0% @uﬂe% "HIMYIR 7. 09 (d
J= 8 Hz, 7

115 (o g dsbg 5o ik 1 fR0 b B Rl B B 4

3H), 3. 52 {8r21H). 7.0) @6) €3, 1131, (840 1202478 U0y =), 1), 359(s., 48122V (ESI ,
Br): mz 2 40,600 ki I L N9 PRI o 2R1s ®EP E: vz = 372 (v,

[00280] 4-(2,5-Dimethylphenoxy)-3-(piperazin-1-ylsulfonyl)benzonitrile 51. A
solution of sulfonyl chloride 32 (1.0 g, 3.1 mmol) in 20 mL dichloromethane was infused into
a stirring solution of piperazine (5.9 g, 62.2 mmol) in 20 mL of dichloromethane at a rate of
0.2 mI/min. The reaction mixture was stirred for 16 hrs. The completion of the reaction was
confirmed by TLC (25% EtOAc in hexanes). Water was then added and the aqueous layer
was extracted twice with dichloromethane. The combined organic layers were washed
sequentially with water and brine, dried over anhydrous MgSQy, filtered, and concentrated in
vacuo to produce a brown solid. The product was chromatographed on normal-phase silica
using a gradient of 0-25% MeOH in dichloromethane. Desired fractions were collected and
concentrated to produce compound 51 as a pink solid (0.5 g, 1.3 mmol). HPLC purity: 99%;
"H NMR (500 MHz, DMSO-dy): 6 8.22 (d, J = 2 Hz, 1H), 7.99 (dd, J; = 2 Hz, J, = 8 Hz, 1H),
7.29 (d, J=8 Hz, 1H), 7.09 (d, J = 8 Hz, 1H), 6.94 (s, 1H), 6.78 (d, J = 8 Hz, 1H), 3.13 (m,
4H), 2.70 (m, 4H), 2.30 (s, 3H), 2.08 (s, 3H); MS (ESL, EI'): m/z = 372 (MH"); melting
point: 60 — 72 °C.

[00281] 4-(2,5-Dimethylphenoxy)-3-(piperazin-1-ylsulfonyl)benzonitrile,
dihydrochloride 51. To a solution of neutral compound 51 (0.1 g 0.27 mmol) in 3 mL Of 1,4-
dioxane was added 4 N HCl in 1,4-dioxane (0.270 mL). The reaction mixture was stirred at
room temperature overnight and diethyl ether (3 ml.) was added and stirred for 30 min.

Another 2 ml of diethyl ether was added. An oil began to form. The solvents were removed
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[00345]1 -(2-(2,5 -Di net hyl phenyl t hi 0) -5-ni trophenyl sul fonyl) - 4-net hyl -1, 4-
di azepane, hydrochloride 137. HPLC purity: 95.5% 1H NVR (500 IHz,

DVSO- d6) :w6 20f/138956s, 1H), 8.80 (d, J= 2 Hz, 1H), 8.07 Pdwusleloms®2¢z, J2 =
2 Hz, 1H), 7.36 (s, 1H), 7.29 (m 2H), 6.81 (d, J= 9 Hz, 1H), 4.27 (d, J=
17 Hz, 1H), 3.98 (dd, Ji = 16 Hz, J2 = 11 Hz, 1H), 3.81 (m 1H), 3.60 (d,
J= 13 Hz, 1H), 3.48 (m 1H), 3.43 (m 1H), 3.37 (m 1H), 3.22 (m 1H), 2.93
(m 1H), Ba@Vadfbm. JH'exgné"Q m:ﬁ ere/adddd th $he Igslfﬁtmgges%ﬁle(aﬁd th%'fﬁlxtu%vgﬁa (m 1H);
M5 (ESI, Er): mz—46£ melting point: 247 - 261 C. 00346LI\/EthyI

4- (2- (2, 5ORiFae) SHePHEnye £ Wpe-wseﬂ weﬁmeglmwtehgeawﬂ fo8n dythpeilpThe

<23 ar ?%W q%g%ltﬂé%hubpa%vpyéw&e}’ wasggouéc/&d éla &@’E&ﬁ&%d g’ﬁélély&%ﬁé’fj )deb H%LZ?9 (g 5% =
(d, = 9 phgity: m% LHNMR@QOMHZ Dl\gswa @92&(52214&82% J =62 88, 1(}&;8@4: é Hz,

1H) - J 3.17
(m oty g6 b B Ernpegp Ty P i, 728 47 syt FoBb A, BD 5 -
159 C 6.78 (d, /= 8 Hz, 1H) 3.52 (m, 4H), 3.18 ( m, 4H), 2.31 (s, 3H), 2.08 (s, 3H); MS (ESL EI'):

[ 00347] 1- ( I phe ) t rophenyl sul f ony1) - 4- et hyl pi per azi ne
. hydr och S O T pﬁﬂru?bf gﬁgkg% 1H NMR (500 Mz, CDCL3) 6 13.50
(s, 1H), 884(d J= 3 He, 8.28 (dd, Ji 9Hz J2 =3 H, 1H), 7.21
(d. 1= 8 Hz, 7.10 (s, 1H) 7. Oxapgle U= 8 Hz, 6.74 (d. J—9Hz

%H)l 3 ?S ,06 %H:pa%?gl)o{l E_§4 %?lﬁz_glrghlo%éf%eno%i)og (Lﬁeqﬂyﬁpeni%flq?’ 1 ﬁfmﬁl[)_gehé%%t%ﬁ: 30 5 C

[ 00348] 1- (2- (2, 5- Di net hyl phenoxy) 5-ni trophepyl sulfonyl)pl perazi ne,

hydrochl ori de 148. HPLC purity: 100% 1H NMR (500 MHz, DMSO-d6): 6 9.01 (s,
1H), 8.60 (d, J= 2 Hz, 1H), 8.43 (dd, Ji , J2 = 8 Hz, 1H), 7.33 (d,
J=8 Hz, 1H), 7.14 (d, J= 8 Hz, 1H), 7.0 1H), 6.85 (d, J= 8 Hz, 1H),

3.52 (m 4H), 3.20 (m 4H), 2.31 (sO; 2.C9(s, 3H); nmelting point: 80 -
84 C. [00349]1-(2-(2,5-D nethyl ppéns ni't r ophenyl sul f onyl ) pi per azi ne,
di hydrochl oride 148. HPLC purit 98. 49 H NVMR (500 M—Iz, DMSO-d6): 6 9.45

(s, 2H), 8.60 (d, J= 2 Hz, 1H), 843(dd Ji =2 Hz, J2 =8 Hz, 1H), 7.33
(d, J=8 Hz, 1H), 7.13 (d, J= 9 Hz, 2H),®.84 (d, J-8Hz 1H), 3.58 (m
4H), 3.18 (m 4H), 2.32 (s, 3H), 2.09845 3H); M5 (ESI, Er): mz = 392
(Mr); nelting point: 165 C. Exanple 7 CCR3 Receptor Bi ndi ng Assay

[ 00350] Cel | s were washe nce with PBS and resuspended in a binding buffer
(25 M HERESZ) Om@“ﬁﬂ/gf(/&ei%ynthfmm\% B 1“0905%037% 0. 1% NaN3) . 100 nL
of cell suspen5|on (2 x 105 cells/well) and 0.1 nM[125I 1-1abel ed hunan
eot axi n/ CCL11 (2000C / mmol specificSaemkvity) were m xed in a 96-wel |

U- bot t om pol ypropyl ene plate, and incubated f 60 mn at roomtenperature
for the binding reaction. The cell suspension Was t hen transfer?bd to a
filtration plate (#VAFB, M Ilipore), and was#ie 3 tines with t

buf fer containirfg 0.5 M Ndg1, scintillant , and the radiag

kgrd). For the detefm nation of now

counted on @& unt (Pa
bi ndi ng, the ¢ suspeng amd—1 250N |€d huram emtnaxjR{ CCL11 were
i ncubated in th pres 500 nM of
Cl
CN CN
34 35
Cl Cl
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unl abel ed human eot axi n/ CCL11. See, lino et al., "Ml ecular cloning and
functional characterization of cynonol gus nonkey (Macaca fascicularis) CC
chenoki newpeompizesss CCR3, " Cyt oki ne 2002, 19, 276-286. [P00352)10/081828

bi ol ogical results are summarized in Tables 1 and 2, wherein A represents a
value no greater than 10 nM B represents a value greater than 10 nM but no
greater than 25 nM C represents a value greater than 25 nM but no greater

than 100 m\éssEP I epy esen;ihiRoptRhdsE)- 9 mfaiehzoh AR 3300, 5@(&@9&131&&09@@@6@ t han
500 nM and represents a value 'greater than 5 nM TABLE 1 Ki Cnpd

# Ki  Fr d89ftnmnolDmnd &-ghitrer 3gytrobenzonitrile (10.00 g, 54.77 mmol) were combine w1th
K»COs (37.85 g, 273.85 mmol) in THF (300 mL). The reaction mixture was refluxed for 48

hrs and then the solid was filtered over a bed of Celite. After rinsing the residue with copious
amounts of DCM, the filtrate was concentrated to produce a yellow solid. The solid was
triturated with minimal DCM and collected via vacuum filtration to yield compound 34
(13.84 g, 81.7% yield, 100.0% pure). 'H NMR (500 MHz, DMSO-dy): 6 8.73 (s, 1H), 8.12
(dd,J; =9Hz, J,=2Hz, 1H), 7.73 (d, /=9 Hz, 1H), 7.65 (d, J=2 Hz, 1H), 7.48 (dd, J; =9
Hz, J, =2 Hz, 1H), 7.21 (d, / = 9 Hz, 1H).

[00284] 3-Amino-4-(2,5-dichlorophenoxy)benzonitrile 35. The coupled product 34
was reduced with sodium hydrosulfite ((49.76 g, 268.56 mmol) in a mixture of THF (200
mL) and water (100 mL). After the reaction was complete, THF was removed in vacuo. The
product was precipitated out from the remaining reaction mixture, and was collected via
vacuum filtration to yield compound 35 (12.961 g, 103.7% yield, 97.3% pure). 'H NMR
(500 MHz, DMSO-dy): 6 7.64 (d, J=9 Hz, 1H), 7.31 (dd, J; =9 Hz, J, =2 Hz, 1H), 7.13 (d,
J=2Hz, 1H), 7.08 (d, J =2 Hz, 1H), 6.93 (dd, J; =8 Hz, J, =2 Hz, 1H), 6.74 (d, J = § Hz,
1H), 5.63 (s, 2H).

[00285] 5-Cyano-2-(2,5-dichlorophenoxy)benzene-1-sulfonyl chloride 36. For
conversion from aniline 35 to sulfonyl chloride 36, the Sandmeyer reaction was utilized.
Aniline 35 (5.00 g, 17.91 mmol) was suspended in a mixture of water (20 ml.) and conc. HCI
(20 mL). The mixture was chilled to 0 °C in an ice bath and an aqueous solution of sodium
nitrite (1.85 g, 26.87 mmol) was slowly added, resulting in an orange-white suspension.
After addition of sodium nitrite, the mixture was stirred at 0 °C for 1 hr. Separately, 100 mL
of acetic acid was saturated with SO, gas. After 45 minutes of bubbling, copper (II) chloride
dihydrate (1.53 g, 8.96 mmol) was added, and the acetic acid solution was stirred until the
bright aqua green of the copper turned into a brownish olive green color. The CuCl, solution
was chilled to 0 °C, and then the sodium nitrite solution was slowly added to it and left to stir
for another hour. An Erlenmeyer flask was filled with crushed ice and enough water to cover
the ice. It was agitated on a shaker and the combined solutions were carefully added. The
solid product was precipitated out into the ice water and the suspension was agitated until the
ice melted. The product 36 as a light pink powder was collected via vacuum filtration (2.363
g, 36.4% yield). "H NMR (500 MHz, DMSO-dy): 6 8.11 (d, J =2 Hz, 1H), 7.80 (dd, J; = 8
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Hz, J, =2 Hz, 1H), 7.64 (d, J =9 Hz, 1H), 7.30 (dd, J; =9 Hz, J,=2 Hz, 1H), 6.99 (d, J =2
Hz, 1H), 6.95 (d, /= 8 Hz, 1H).

[00286] 4-(2,5-Dichlorophenoxy)-3-(4-methylpiperidin-1-ylsulfonyl)benzonitrile 87.
Sulfonyl chloride 36 (0.20 g, 0.55 mmol) was combined with 4-methylpiperidine (0.16 g,
1.65 mmol) and TEA (0.17 g, 1.65 mmol) in DCM (5 mL). The solution was stirred
overnight at room temperature. Upon consumption of starting material, as determined via
TLC (75% EtOAc in hexanes), the reaction mixture was partitioned between DCM and
water. After 3 extractions, the combined organic extracts were washed sequentially with
saturated aqueous NaHCQO3, water, and brine. The crude product was chromatographed on
normal-phase silica to yield the desired product 87 (0.167 g, 71.4% yield, 97.1% pure). 'H
NMR (500 MHz, DMSO-ds): 6 8.28 (d, J =2 Hz, 1H), 8.07 (dd, J; =9 Hz, J, = 2 Hz, 1H),
7.72(d, J=8Hz, 1H), 7.46 (dd, J; =5 Hz, J, =2 Hz, 1H), 7.44 (d, /=2 Hz, 1H), 7.10 (d, J =
9 Hz, 1H), 3.70 (d, J = 12 Hz, 2H), 2.74 (ddd, J, = J, = 12 Hz, J3 = 2 Hz, 2H), 1.65 (dd, J, =
13 Hz, J, =2 Hz, 2H), 1.44 (m, 1H), 1.09 (ddd, J; = 28 Hz, J, = 13 Hz, J; =4 Hz, 2H), 0.87
(d, J =7 Hz, 3H); MS (ESL EI'): m/z = 425.11 (MH"); melting point: 127 — 130 °C.,

[00287] The following compounds were made according to the procedures as

described in this example.

[00288] 4-(2,5-Dichlorophenoxy)-3-(4-isopropylpiperazin-1-ylsulfonyl)benzonitrile
88. HPLC purity: 100%; 'H NMR (500 MHz, DMSO-dj): § 8.28 (d, J = 2 Hz, 1H), 8.09 (dd,
Ji=9Hz,J,=2Hz,1H),7.72(d, J=9 Hz, 1H), 7.48 (d, /=2 Hz, 1H), 7.45 (dd, J, =7 Hz,
J2=2Hz, 1H), 7.13 (d, J =9 Hz, 1H), 3.02 (m, 4H), 2.66 (quintuplet, J =7 Hz, 1H), 2.45 (m,
4H), 0.92 (d, J = 7 Hz, 6H); MS (ESL, EI"): m/z = 454.14 (MH"); melting point: 186 — 192
°C.

[00289] 4-(2,5-Dichlorophenoxy)-3-(4-(pentan-3-yl)piperazin- 1-ylsulfonyl)-
benzonitrile 89. HPLC purity: 98.4%; '"H NMR (500 MHz, DMSO-dg): 6 8.28 (d, J =2 Hz,
1H), 8.09 (dd, J; =9 Hz, J, =2 Hz, 1H), 7.73 (dd, J; = 5 Hz, J, = 4 Hz, 1H), 7.45 (m, 2H),
7.14 (d, J=9 Hz, 1H), 3.18 (m, 4H), 2.47 (m, 4H), 2.15 (quintuplet, J = 7 Hz, 1H), 1.36 (m,
2H), 1.21 (m, 2H), 0.81 (t, 6H); MS (ESL, EI"): m/7 = 482.12 (MH"); melting point: 138 —
141 °C.

[00290] 4-(2,5-Dichlorophenoxy)-3-(4-(pentan-2-yl)piperazin- 1-ylsulfonyl)-
benzonitrile 90. HPLC purity: 98.5%; '"H NMR (500 MHz, DMSO-dg): 6 8.28 (d, J =2 Hz,
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1H), 8.09 (dd, J; =9 Hz, J, =2 Hz, 1H), 7.73 (d, / = 8 Hz, 1H), 7.46 (dd, J; =4 Hz, J, =2
Hz, 1H), 7.44 (d, /=2 Hz, 1H), 7.14 (d, /=9 Hz, 1H), 3.19 (m, 4H), 2.53 (m, 1H), 2.40 (m,
2H), 1.38 (m, 1H), 1.24 (m, 2H), 1.16 (m, 1H), 0.85 (d, J = 6 Hz, 3H), 0.82 (d, J =7 Hz, 3H);
MS (ESL EI): m/z = 482.1 (MH"); melting point: 140 — 145 °C.,

[00291] 3-(4-Cycloheptylpiperazin- 1-ylsulfonyl)-4-(2,5-dichlorophenoxy)benzonitrile
91. HPLC purity: 100%; "H NMR (500 MHz, DMSO-dy): 6 8.27 (d, J = 2 Hz, 11), 8.09 (dd,
Ji=9Hz,J,=2Hz,1H),7.72(d, J=9 Hz, 1H), 7.47 (d, /=2 Hz, 1H), 7.44 (dd, J, = 9 Hz,

J2=2Hz, 1H), 7.14 (d, /=9 Hz, 1H), 3.18 (m, 4H), 2.47 (m, 4H), 1.42 (m, 13H); MS (ESI,

EI"): m/z = 508.15 (MH"); melting point: 179 — 183 °C.

[00292] 4-(2,5-Dichlorophenoxy)-3-(4-methyl-1,4-diazepan-1-ylsulfonyl)benzonitrile
92. HPLC purity: 100%; "H NMR (500 MHz, DMSO-dy): 6 8.28 (d, J = 2 Hz, 11), 8.09 (dd,
J1=9Hz,J,=2Hz,1H),7.72 (d, J=9 Hz, 1H), 7.50 (d, /=2 Hz, 1H), 7.45 (dd, J; = 9 Hz,
J2=2Hz, 1H),7.12 (d, J =9 Hz, 1H), 3.23 (m, SH), 2.33 (m, SH), 2.16 (s, 3H); MS (ESI,
EIY): m/z = 426.15 (MH"); melting point: 169 — 173 °C.

[00293] 3-(4-(5-Butyl-7-chloro-3-oxo0-1H-imidazo[1,5-c]imidazol-2(3 H)-yl)piperidin-
1-ylsulfonyl)-4-(2,5-dichlorophenoxy)benzonitrile 93. HPLC purity: 99.8%; "H NMR (500
MHz, DMSO-ds): 0 8.30 (d, J =2 Hz, 1H), 8.08 (dd, J; =9 Hz, J, =2 Hz, 1H), 7.74 (d, /=9
Hz, 1H), 7.61 (d, /=2 Hz, 1H), 7.47 (dd, J; =9 Hz, J, = 2 Hz, 1H), 7.09 (d, J = 9 Hz, 1H),
4.43 (s, 2H), 3.91 (m, 1H), 3.84 (d, J = 12 Hz, 2H), 2.95 (dd, J; = 12 Hz, J, = 11 Hz, 2H),
2.81(t,J =8 Hz, 2H), 1.85 (d, J/ = 10 Hz, 2H), 1.78 (ddd, J; = 25 Hz, J, = 12 Hz, J; = 4 Hz,
2H), 1.62 (quintuplet, J = 7 Hz, 2H), 1.31 (quintuplet, J = 7 Hz, 2H), 0.87 (t, J = 7 Hz, 3H);
MS (ESL EI): m/z = 624.08 (MH"); melting point: 213 — 218 °C.,

[00294] 4-(2,5-Dichlorophenoxy)-3-(piperazin-1-ylsulfonyl)benzonitrile,
dihydrochloride 94. "H NMR (500 MHz, DMSO-dy): 6 9.39 (s, 2H), 8.61 (d, J = 2 Hz, 1H),
8.45(dd, J; =3 Hz,J, =9 Hz, 1H), 7.78 (d, /=9 Hz, 1H), 7.73 (d, /= 2 Hz, 1H), 7.53 (dd,
Jr=2Hz,J,=8Hz, 1H), 7.12 (d, /= 8 Hz, 1H), 3.57 (m, 4H), 3.16 (m, 4H).

[00295] 5-Cyano-2-(2,5-dichlorophenoxy)-N-(2-morpholinoethyl)benzenesulfonamide
95. HPLC purity: 98.3%; 'H NMR (500 MHz, DMSO-dy): J 8.26 (d, J = 2 Hz, 1H), 8.02 (dd,
Ji1=9Hz,J,=2Hz,1H),7.87 (t, /=6 Hz, 1H), 7.74 (d, J/ = 8 Hz, 1H), 7.49 (dd, J; = 12 Hz,

J2=2Hz, 1H), 7.47 (s, 1H), 6.99 (d, J =9 Hz, 1H), 3.46 (t, J = 4 Hz, 4H), 3.09 (quadruplet, J
=6 Hz, 2H), 2.36 (t, J = 6 Hz, 2H), 2.28 (s, 4H); MS (ESIL, EI'): m/z = 456 (MH"); melting
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point: 164 — 167 °C.

[00296] 4-(2,5-Dichlorophenoxy)-3-(4-methylpiperazin-1-ylsulfonyl)benzonitrile 96.

HPLC purity: 99.8%; '"H NMR (500 MHz, DMSO-dy): 6 8.28 (d, J = 2 Hz, 1H), 8.09 (dd, J;

=9Hz,J,=2Hz, 1H),7.72 (d, /=9 Hz, 1H), 7.50 (d, / =2 Hz, 1H), 7.45 (dd, J; =9 Hz, J,
=2 Hz, 1H), 7.12 (d, J = 9 Hz, 1H), 3.23 (m, 4H), 2.34 (m, 4H), 2.16 (s, 3H); MS (ESI, EI"):
m/z = 467 (MH™); melting point: 168 — 172 °C.

[00297] 4-(2,5-Dichlorophenoxy)-3-(4-(2-hydroxypropan-2-yl)piperidin- 1-
ylsulfonyl)benzonitrile 97. HPLC purity: 99.4%; '"H NMR (500 MHz, DMSO-ds): 6 8.28 (d,
J=2Hz, 1H), 8.07 (dd, J; =9 Hz, J, =2 Hz, 1H), 7.72 (d, J = 9 Hz, 1H), 7.47 (d, / =2 Hz,
1H), 7.45 (dd, J; =8 Hz, J, =2 Hz, 1H), 7.11 (d, J = 9 Hz, 1H), 4.17 (s, 1H), 3.80 (d, J = 12
Hz, 2H), 2.68 (t, J = 12 Hz, 2H), 1.75 (d, J = 12 Hz, 2H), 1.25 (m, 1H), 1.18 (m, 2H), 0.99 (s,
6H); MS (ESL, EI"): m/z = 451 (MH™); melting point: 95 — 100 °C.

[00298] 4-(2,5-Dichlorophenoxy)-3-(4-isopropyl-1,4-diazepan-1-
ylsulfonyl)benzonitrile, hydrochloride 98. HPLC purity: 99.6%; "H NMR (500 MHz,
DMSO-de): 6 8.29 (d, J=2 Hz, 1H), 7.74 (dd, J; =9 Hz, J, = 2 Hz, 1H), 7.47 (d, J = 9 Hz,
1H), 7.30 (dd, J1 =9 Hz, J2 =2 Hz, 1H), 7.25 (d, /=2 Hz, 1H), 6.74 (d, J =9 Hz, 1H), 4.02
(m, 2H), 3.77 (m, 1H), 3.55 (m, 1H), 3.45 (m, 1H), 3.38 (m, 2H), 3.16 (m, 2H), 2.95 (m, 1H),
2.21 (m, 1H), 1.44 (dd, J; = 22 Hz, J, = 7 Hz, 6H); MS (ESIL, EI'): m/z = 469 (MH"); melting
point: 221 — 225 °C.

Example 6
Preparation of 1-(2-(2,5-dichlorophenoxy)-5-nitrophenylsulfonyl)piperazine

Cl
0,0 @
(\Na Cl
N
NO,
147
[00299] Compound 147 was synthesized as shown in Scheme 8.
[00300] 2-Chloro-5-nitrobenzene-1-sulfonyl chloride 37. To an ice-bath chilled
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solution of conc. HCI (100 mL) was added 2-chloro-5-nitroaniline (10 g) portion-wise.
When complete dissolution was achieved, an aqueous solution of sodium nitrite (6.0 g in 50
ml. water) was added dropwise and the resulting reaction mixture was stirred at 0 °C for 1 hr.
The above obtained diazonium ion solution was then carefully added to an ice-bath chilled
mixture of cupric chloride dihydrate (5 g) in acetic acid (500 mL.) pre-saturated with sulfur
dioxide gas. After stirring the resulting reaction mixture at 0 °C for 1 hr, it was carefully
added portion-wise to an ice-water slurry with vigorous stirring. The separated solids were
collected by suction, rinsed with water, and dried under vacuum to furnish the desired
product 37 as a cream colored powder (8.2 g, 55%). "H NMR (500 MHz, DMSO-dy): J 8.61
(d, J=3 Hz, 1H), 8.16 (dd, J; =9 Hz, J,=3 Hz 1H), 7.70 (d, / = 9 Hz, 1H).

Scheme 8
{ 0 ¢ o ¢
H,N °S -
O O — 0O
Bu” \n/
NO, NO, O NO,
37 38
Cl Cl
O\/
e G L 0 U T
o \ (\N,
Bu” \n/ HN\)
O NO, NO,
39 147
[00301] Tert-butyl 4-(2-chloro-5-nitrophenylsulfonyl)piperazine- 1-carboxylate 38. A

solution of compound 37 (0.600 g, 2.34 mmol) in DCM (20.00 mI.) was added fert-butyl 1-
piperazinecarboxylate (0.566 g, 3.04 mmol) and TEA (0.422 mL,, 3.04 mmol). The reaction
was monitored with TLC (25% EtOAc in hexanes, Ry = 0.53). The reaction mixture was
complete after stirring at room temperature for 1 hr, as indicated by the absence of the
starting material (TL.C). Water was added and aqueous layer was extracted twice with DCM.
Combined extracts were sequentially washed with water and brine, dried over MgSQy,
filtered, and evaporated in vacuo to afford a yellow solid. The solid was triturated with DCM

and hexanes, and then filtered to yield compound 38 as a yellow solid (0.789 g, 100% HPLC
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purity, 83% yield). "H NMR (500 Mz, DMSO-ds): 6 8.60 (d, J = 3 Hz, 11), 8.47 (dd, J; =
3z, J, =8 Hz, 1), 8.01 (d, J = 8 Hz, 1H), 3.37 (m, 4H), 3.23 (m, 4H), 1.37 (s, 9H).

[00302] Tert-butyl 4-(2-(2,5-dichlorophenoxy)-5-nitrophenylsulfonyl)piperazine-1-
carboxylate 39. To a solution of 2,5-dichlorophenol (0.414 g, 2.54 mmol) in THF (20.00
mL) stirred in an ice bath was added NaH (0.101 g, 2.54 mmol) slowly. After addition, the
mixture was stirred for 5 min. Compound 38 (0.790 g, 1.95 mmol) was then added and the
resulting reaction mixture was heated to 75 °C overnight. The reaction was monitored by
HPLC. However, the reaction was not complete after 16 hrs (HPL.C), so THF was
evaporated and 18-crown-6 (1.057 g, 4.00 mmol), DMF (15 mL), and K,CO3 (0.553 g, 4.00
mmol) were added. The reaction mixture was heated to 100 °C for another 16 hrs, at which
time HPL.C indicated that the reaction was complete by absence of starting material. The
reaction mixture was cooled to room temperature, and water (0.250 ml.) was added. The
reaction mixture was extracted thrice with EtOAc. Combined extracts were washed
sequentially with 1N NaOH, water, and brine, dried over MgSQ,, filtered, and evaporated in
vacuo. The residual was dissolved in a minimal amount of DCM and purified with
chromatography using a gradient of 5 to 30% EtOAc in hexanes. Pure fractions were
combined and evaporated in vacuo. The resulting solid was triturated with DCM and
hexanes, and then filtered to afford compound 39 as a white/yellow powder (0.120 g, 100%
HPLC purity, 10.0% yield). 'H NMR (500 MHz, DMSO-dy): 6 8.59 (d, J = 2 Hz, 111), 8.42
(dd,J; =2 Hz, /=8 Hz, 1H), 7.76 (d, J = 8 Hz, 1H), 7.66 (d, J =3 Hz, 1H), 7.50 (dd, J; =2
Hz, J, =8 Hz, 1H), 7.10 (d, J = 8 Hz, 1H), 3.40 (m, 4H), 3.25 (m, 4H), 1.37 (s, 9H).

[00303] 1-(2-(2,5-Dichlorophenoxy)-5-nitrophenylsulfonyl)piperazine 147. To a
solution of compound 39 (0.100 g, 0.19 mmol) in DCM (6.00 ml.) was added 1N HCl in 1,4-
dioxane (0.570 mL). The reaction was monitored with TLC (25% EtOAc in hexanes, Ry =
0.0). The reaction was complete after stirring at room temperature for 16 hrs, as indicated by
the absence of the starting material). The reaction mixture was concentrated and the residual
was redissolved in MeOH (2.00 mL). Et,O (4.00 mL) was then added and the mixture was
stirred until precipitate formed (10 min). The solid was collected by filtration to yield
compound 147 as a white solid (0.080 g, 100% HPLC purity, 83% yield). '"H NMR (500
MHz, DMSO-ds): 6 9.39 (s, 2H), 8.61 (d, J =2 Hz, 1H), 8.45 (dd, J; = 3 Hz, J, = 9 Hz, 1H),
7.78(d, J=9Hz, 1H), 7.73(d, J=2 Hz, 1H), 7.53 (dd, J; =2 Hz, J, =8 Hz, 1H), 7.12 (d, J =
8 Hz, 1H), 3.57 (m, 4H), 3.16 (m, 4H).
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[00304] 1-(2-(2,5-Chlorophenoxy)-5-nitrophenylsulfonyl)piperazine, hydrochloride
147. HPLC purity: 100%; 'H NMR (500 MHz, DMSO-ds): 6 8.95 (s, 1H), 8.61 (d, J = 2 Hz,
1H), 8.46 (dd, J; =2 Hz, J, =8 Hz, 1H), 7.78 (d, / = 8 Hz, 1H), 7.62 (d, J = 2 Hz, 1H), 7.53
(dd, J; =2 Hz, J, =8 Hz, 1H), 7.14 (d, J = 8§ Hz, 1H), 3.52 (m, 4H), 3.20 (m, 4H); melting
point: 224 — 227 °C.

[00305] 1-(2-(2,5-Chlorophenoxy)-5-nitrophenylsulfonyl)piperazine, dihydrochloride

147. HPLC purity: 100%; 'H NMR (500 MHz, DMSO-ds): § 9.39 (s, 2H), 8.61 (d, J = 2 Hz,
1H), 8.45 (dd, J; =3 Hz, J, =9 Hz, 1H), 7.78 (d, J = 9 Hz, 1H), 7.73 (d, J = 2 Hz, 1H), 7.53

(dd, J; =2 Hz, J, =8 Hz, 1H), 7.12 (d, J = 8 Hz, 1H), 3.57 (m, 4H), 3.16 (m, 4H).

[00306] The following compounds were made according to the procedures as

described in this example.

[00307] 1-(2-(2,5-Dimethylphenylthio)-5-nitrophenylsulfonyl)-4-(pyrrolidin-1-
yDpiperidine 75. HPLC purity: 100%; '"H NMR (500 MHz, CDCls) 6 8.77 (d, J =3 Hz, 1H),
8.02 (dd, J; =9 Hz, J, =3 Hz, 1H), 7.39 (s, 1H), 7.30 (d, J = 8 Hz, 1H), 7.27 (m, 1H), 6.78
(d, J=9 Hz, 1H), 3.87 (m, 2H), 3.00 (m, 2H), 2.55 (s, 4H), 2.36 (s, 3H), 2.29 (s, 3H), 2.16
(m, 1H), 1.97 (m, 2H), 1.78 (m, 4H), 1.68 (m, 2H); MS (ESI, EI): m/z = 476 (MH"); melting
point: 184 — 188 °C.

[00308] 1-(2-(2,5-Dichlorophenoxy)-5S-nitrophenylsulfonyl)-4-ethylpiperazine 100.
HPLC purity: 100%; 'H NMR (500 MHz, DMSO-d,): 6 8.58 (d, J = 2 Hz, 1H), 8.43 (dd, J; =
2 Hz, J,=8 Hz, 1H), 7.75 (d, J = 8 Hz, 1H), 7.59 (d, J = 2 Hz, 1H), 7.49 (dd, J; =2 Hz, J, =
8 Hz, 1H), 7.14 (d, J = 8 Hz, 1H), 3.26 (m, 4H), 2.40 (m, 4H), 2.33 (m, 2H), 0.95 (t, J; = J> =
7 Hz, 3H); melting point: 152 — 155 °C.

[00309] 1-(2-(2,5-Dimethylphenylthio)-5-nitrophenylsulfonyl)-4-ethylpiperazine 101.

HPLC purity: 100%; "H NMR (500 MHz, DMSO-ds):  8.50 (d, J = 2 Hz, 1H), 8.25 (dd, J; =
2 Hz, J, =8 Hz, 1H), 7.46 (s, 1H), 7.41 (d, J = 8 Hz, 1H), 7.35 (d, /=8 Hz, 1H), 6.81 (d, J =
8 Hz, 1H), 3.28 (s, 4H), 2.45 (s, 4H), 2.35 (m, 2H), 2.32 (s, 3H), 2.24 (s, 3H), 0.97 (t, J; = J>

=7 Hz, 3H); melting point: 120 — 123 °C.

[00310] 1-(2-(2,5-Dimethylphenoxy)-5-nitrophenylsulfonyl)-4-ethylpiperazine 102.
HPLC purity: 100%; "H NMR (500 MHz, DMSO-ds): J 8.58 (d, J = 2 Hz, 1H), 8.40 (dd, J; =
2 Hz,J,=8 Hz, 1H), 7.31 (d, J = 8 Hz, 1H), 7.11 (d, J = 8 Hz, 1H), 7.00 (s, 1H), 6.85 (d, J =
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8 Hz, 1H), 3.27 (s, 4H), 2.41 (s, 4H), 2.36 (m, 2H), 2.30 (s, 3H), 2.09 (s, 3H), 0.96 (t, J; = J>
=7 Hz, 3H); melting point: 105 - 111 °C.

[00311] 1-(2-(2,5-Dichlorophenylthio)-5-nitrophenylsulfonyl)-3,5-dimethylpiperazine
103. HPLC purity: 95%; 'H NMR (500 MHz, DMSO-ds): 6 8.49 (d, J = 2 Hz, 1H), 8.26 (dd,
Jir=2Hz,J,=8Hz,1H),7.94 (d, J=2 Hz, 1H), 7.80 (d, /= 8 Hz, 1H), 7.73 (dd, J; = 2 Hz,
J,=8Hz, 1H), 7.00 (d, J = 8 Hz, 1H), 3.63 (m, 2H), 2.74 (m, 2H), 2.25 (t, J; = J, =7 Hz,
3H), 0.94 (d, J = 8 Hz, 6H); melting point: 169 — 171 °C.

[00312] 1-(2-(2,5-Dichlorophenoxy)-5-nitrophenylsulfonyl)-3,5-dimethylpiperazine
104. HPLC purity: 100%; 'H NMR (500 MHz, DMSO-de): 6 8.58 (d, J = 2 Hz, 1H), 8,44

(dd, J; =2 Hz, J, =8 Hz, 1H), 7.76 (d, J = 8 Hz, 1H), 7.48 (m, 2H), 7.18 (d, J = 8 Hz, 1H),
3.57 (m, 2H), 2.70 (m, 2H), 2.25 (m, 3H), 0.92 (d, J = 8 Hz, 6H); melting point: 161 — 163
°C.

[00313] 1-(2-(2,5-Dimethylphenylthio)-5-nitrophenylsulfonyl)-3,5-dimethylpiperazine
105. HPLC purity: 99.7%; '"H NMR (500 MHz, DMSO-dy): 6 8.49 (d, J = 2 Hz, 1H), 8.24
(dd, J; =2 Hz, J, =8 Hz, 1H), 7.42 (m, 2H), 7.35 (d, J/ = 8 Hz, 1H), 6.80 (d, /= 8 Hz, 1H),
3.63 (m, 2H), 2.75 (m, 2H), 2.33 (s, 3H), 2.27 (m, 2H), 2.23 (s, 3H), 0.95 (d, J = 8 Hz, 6H);
melting point: 156 — 159 °C.

[00314] 1-(2-(2,5-Dimethylphenoxy)-5-nitrophenylsulfonyl)-3,5-dimethylpiperazine
106. HPLC purity: 100%; 'H NMR (500 MHz, DMSO-dy): 6 8.57 (d, J = 2 Hz, 1H), 8.40
(dd, J; =2 Hz, J, =8 Hz, 1H), 7.31 (d, J= 8 Hz, 1H), 7.10 (d, J = 8 Hz, 1H), 6.94 (s, 1H),
6.84 (d, J = 8 Hz, 1H), 3.58 (m, 2H), 2.72 (m, 2H), 2.30 (s, 3H), 2.26 (m, 2H), 2.10 (s, 3H),
0.92 (d, J = 8 Hz, 6H); melting point: 148 — 151 °C.

[00315] 1-(2-(2,5-Dichlorophenoxy)-5-nitrophenylsulfonyl)-4-isopropylpiperazine
107. HPLC purity: 98.8%; "H NMR (500 MHz, DMSO-ds): J 8.58 (d, J = 3 Hz, 1H), 8.43
(dd,J; =9 Hz, /=3 Hz, 1H), 7.76 (d, /=9 Hz, 1H), 7.57 (d, J=2 Hz, 1H), 7.49 (dd, J; =9
Hz, J, =2 Hz, 1H), 7.16 (d, J =9 Hz, 1H), 3.23 (t, /= 4 Hz, 4H), 2.67 (m, 1H), 2.47 (t,J =5
Hz, 4H), 0.92 (d, J = 7 Hz, 6H); MS (ESL EI'): m/z = 474 (MH"); melting point: 160 — 166
°C.

[00316] 1-(2-(2,5-Dichlorophenylthio)-5-nitrophenylsulfonyl)-4-isopropylpiperazine
108. HPLC purity: 99.3%; "H NMR (500 MHz, DMSO-ds): J 8.75 (d, J = 2 Hz, 1H), 8.11
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(dd, J; =9 Hz, J,=3Hz, 1H), 7.71 (d, J=2 Hz, 1H), 7.55 (d, /=9 Hz, 1H), 748 (dd, J; =9
Hz, J, =2 Hz, 1H), 6.85 (d, J =9 Hz, 1H), 3.39 (m, 4H), 2.73 (m, 1H), 2.63 (m, 4H), 1.03 (d,
J =7 Hz, 6H); MS (ESI, EI'): m/z = 490 (MH"); melting point: 129 — 134 °C.

[00317] 1-(2-(2,5-Dimethylphenoxy)-5-nitrophenylsulfonyl)-4-isopropylpiperazine
109. HPLC purity: 99.7%; "H NMR (500 MHz, DMSO-ds): J 8.86 (d, J = 3 Hz, 1H), 8.23
(dd, J; =9 Hz, J,=3 Hz, 1H), 7.21 (d, J= 8§ Hz, 1H), 7.05 (d, J =7 Hz, 1H), 6.85 (s, 1H),
6.72 (d, J =9 Hz, 1H), 3.41 (t, J = 5 Hz, 4H), 2.73 (m, 1H), 2.60 (t, / = 5 Hz, 4H), 2.34 (s,
3H), 2.15 (s, 3H), 1.03 (d, J = 7 Hz, 6H); MS (ESIL, EI'): m/z = 434 (MH"); melting point:
128 - 131 °C.

[00318] 4-(2-(2,5-Dichlorophenylthio)-5-nitrophenylsulfonyl)morpholine 110. HPL.C
purity: 99%; 'H NMR (500 MHz, DMSO-ds): J 8.51 (d, J =2 Hz, 1H), 8.29 (dd, J; = 2 Hz, J;
=8 Hz, 1H), 8.00 (d, /=2 Hz, 1H), 7.82 (d, J = 8 Hz, 1H), 7.74 (dd, J; = 2 Hz, J, = § Hz,
1H), 7.02 (d, J = 8 Hz, 1H), 3.67 (m, 4H), 3.28 (m, 4H); melting point: 182 — 186 °C.

[00319] 4-(2-(2,5-Dichlorophenoxy)-5S-nitrophenylsulfonyl)morpholine 111. HPLC
purity: 100%; "H NMR (500 MHz, DMSO-dy): d 8.59 (d, J = 2 Hz, 1H), 8.44 (dd, J, = 2 Hz,
J>=8Hz, 1H), 7.76 (d, J = 2 Hz, 1H), 7.65 (d, J = 8 Hz, 1H), 7.50 (dd, J; =2 Hz, J, = 8 Hz,
1H), 7.14 (d, J = 8 Hz, 1H), 3.673(m, 4H), 3.26 (m, 4H); melting point: 168 — 170 °C.

[00320] 4-(2-(2,5-Dimethylphenylthio)-5-nitrophenylsulfonyl)morpholine 112. HPLC
purity: 100%; "H NMR (500 MHz, DMSO-dy): 6 8.50 (d, J = 2 Hz, 11), 8.27 (dd, J; = 2 Hz,
J>=8Hz, 1H), 7.48 (s, 1H), 7.42 (d, J = 8 Hz, 1H), 7.36 (d, /=7 Hz, 1H), 6.82 (d, J = 8 Hz,
1H), 3.67 (m, 4H), 3.28 (m, 4H), 2.33 (s, 3H), 2.25 (s, 3H); melting point: 141 — 143 °C.

[00321] 4-(2-(2,5-Dimethylphenoxy)-5-nitrophenylsulfonyl)morpholine 113. HPLC
purity: 100%; "H NMR (500 MHz, DMSO-dy): J 8.59 (d, J = 2 Hz, 1H), 8.41 (dd, J, = 2 Hz,
J>=8Hz, 1H), 7.31 (d, J =8 Hz, 1H), 7.11 (d, J = 7 Hz, 1H), 7.05 (s, 1H), 6.85 (d, J = 8 Hz,
1H), 3.64 (m, 4H), 3.27 (m, 4H), 2.31 (s, 3H), 2.10 (s, 3H); melting point: 124 — 127 °C.

[00322] 4-(2-(2,5-Dichlorophenylthio)-5-nitrophenylsulfonyl)thiomorpholine 114.
HPLC purity: 99%; '"H NMR (500 MHz, DMSO-dy): 6 8.55 (d, J = 2 Hz, 1H), 8.27 (dd, J; =
2 Hz, J,=8 Hz, 1H), 7.98 (d, J =2 Hz, 1H), 7.80 (d, J/ = 8 Hz, 1H), 7.73 (dd, J; =2 Hz, J, =
8 Hz, 1H), 7.03 (d, J = 8 Hz, 1H), 3.59 (m, 4H), 2.70 (m, 4H); melting point: 189 — 191 °C.
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[00323] 4-(2-(2,5-Dichlorophenoxy)-5S-nitrophenylsulfonyl)thiomorpholine 1185.
HPLC purity: 100%; "H NMR (500 MHz, DMSO-ds):  8.60 (d, J = 2 Hz, 1H), 8.42 (dd, J; =
2 Hz,J,=8Hz, 1H), 7.77 (d, J = 8 Hz, 1H), 7.66 (d, /=2 Hz, 1H), 7.51 (dd, J; =2 Hz, J, =
8 Hz, 1H), 7.09 (d, J = 8 Hz, 1H), 3.54 (m, 4H), 2.67 (m, 4H); melting point: 191 — 194 °C.

[00324] 4-(2-(2,5-Dimethylphenylthio)-5-nitrophenylsulfonyl)thiomorpholine 116.
HPLC purity: 99.5%; '"H NMR (500 MHz, DMSO-dy): 6 8.59 (d, J = 2 Hz, 1H), 8.40 (dd, J;
=2 Hz,J, =8 Hz, 1H), 7.32 (d, /= 8 Hz, 1H), 7.12 (d, J/ =7 Hz, 1H), 7.04 (s, 1H), 6.83 (d, J
=8 Hz, 1H), 3.54 (m, 4H), 2.67 (m, 4H), 2.32 (s, 3H), 2.09 (s, 3H); melting point: 130 — 137
°C.

[00325] 4-(2-(2,5-Dimethylphenoxy)-5-nitrophenylsulfonyl)thiomorpholine 117.
HPLC purity: 100%; 'H NMR (500 MHz, DMSO-de): 6 8.53 (d, J = 2 Hz, 1H), 8.25 (dd, J; =
2 Hz,J,=8 Hz, 1H), 7.47 (s, 1H), 7.41 (d, /=7 Hz, 1H), 7.36 (d, /=7 Hz, 1H), 6.82 (d, J =
8 Hz, 1H), 3.59 (m, 4H), 2.71 (m, 4H), 2.33 (s, 3H), 2.24 (s, 3H); melting point: 144 — 147
°C.

[00326] 1-Cyclohexyl-4-(2-(2,5-dichlorophenylthio)-5-nitrophenylsulfonyl)piperazine
118. HPLC purity: 100%; 'H NMR (500 MHz, DMSO-dg): § 8.50 (d, J = 2 Hz, 1H), 8.27
(dd,J; =2Hz, J, =8 Hz, 1H), 7.93 (d, /=2 Hz, 1H), 7.80 (d, J=8 Hz, 1H), 7.72 (dd, J; =2
Hz, J, =8 Hz, 1H), 7.02 (d, J = 8 Hz, 1H), 3.26 (m, 4H), 2.56 (m, 4H), 2.25 (m, 1H), 1.68
(m, 4H), 1.53 (m, 1H), 1.13 (m, 4H), 1.02 (m, 1H); melting point; 153 — 155 °C.

[00327] 1-Cyclohexyl-4-(2-(2,5-dichlorophenoxy)-5-nitrophenylsulfonyl)piperazine
119. HPLC purity: 100%; 'H NMR (500 MHz, DMSO-dy): 6 8.49 (d, J = 2 Hz, 1H), 8.25
(dd, J; =2 Hz, J, =8 Hz, 1H), 7.45 (s, 1H), 7.41 (d, /=7 Hz, 1H), 7.35 (d, /=7 Hz, 1H),
6.81 (d, J = 8 Hz, 1H), 3.25 (m, 4H), 2.57 (m, 4H), 2.32 (s, 3H), 2.26 (m, 1H), 2.25 (s, 3H),
1.69 (m, 4H), 1.54 (m, 1H), 1.16 (m, 4H), 1.05 (m, 1H); melting point: 170 — 172 °C.

[00328] 1-Cyclohexyl-4-(2-(2,5-dimethylphenylthio)-5-nitrophenylsulfonyl)piperazine
120. HPLC purity: 100%; 'H NMR (500 MHz, DMSO-dy): 6 8.57 (d, J = 2 Hz, 1H), 8.43
(dd,J; =2 Hz, J,=8 Hz, 1H), 7.75 (d, /=8 Hz, 1H), 7.56 (d, /=2 Hz, 1H), 7.48 (dd, J; =2
Hz, J, =8 Hz, 1H), 7.15 (d, J = 8 Hz, 1H), 3.22 (m, 4H), 2.52 (m, 4H), 2.23 (m, 1H), 1.69
(m, 4H), 1.54 (m, 1H), 1.14 (m, 4H), 1.04 (m, 1H); melting point; 161 — 163 °C.

[00329] 1-Cyclohexyl-4-(2-(2,5-dimethylphenoxy)-5-nitrophenylsulfonyl)piperazine
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121. HPLC purity: 100%; "H NMR (500 MHz, DMSO-de): 6 8.57 (d, J = 2 Hz, 1H), 8.40
(dd, J; =2 Hz, J, = 8 Hz, 1H), 7.31 (d, J = 8 Hz, 1H), 7.10 (d, J = § Hz, 1H), 6.9 (s, 1),
6.85 (d, J = 8 Hz, 1H), 3.23 (m, 4H), 2.52 (m, 4H), 2.30 (s, 3H), 2.26 (m, 1H), 2.09 (s, 3H),
1.68 (m, 4H), 1.54 (m, 1H), 1.13 (m, 4H), 1.03 (m, 1H); melting point: 140 — 142 °C.

[00330] 1-(2-(2,5-Dimethylphenylthio)-5-nitrophenylsulfonyl)piperazine 122. HPLC
purity: 100%; "H NMR (500 MHz, DMSO-dy): 6 8.49 (d, J = 2 Hz, 11), 8.25 (dd, J; = 2 Hz,
J> =8 Hz, 1H), 7.45 (s, 1H), 7.42 (d, J = 8 Hz, 1H), 7.35 (d, /= 8 Hz, 1H), 6.81 (d, J = 8 Hz,
1H), 3.18 (m, 4H), 2.76 (m, 4H), 2.33 (s, 3H), 2.24 (s, 3H); melting point: 142 — 145 °C.

[00331] 1-(2-(2,5-Dichlorophenylthio)-5-nitrophenylsulfonyl)piperazine 123. HPLC
purity: 100%; "H NMR (500 MHz, DMSO-dy): J 8.49 (d, J = 2 Hz, 1H), 8.27 (dd, J, = 2 Hz,
J>=8Hz, 1H), 7.96 (d, J =2 Hz, 1H), 7.81 (d, J/ = 8 Hz, 1H), 7.74 (dd, J; =2 Hz, J, = 8 Hz,
1H), 7.01 (d, J = 8 Hz, 1H), 3.18 (m, 4H), 2.74 (m, 4H); melting point: 150 — 153 °C.

[00332] 4-(2-(2,5-Dichlorophenylthio)-5-nitrophenylsulfonyl)piperazin-2-one 124.
HPLC purity: 99%; '"H NMR (500 MHz, DMSO-dy): 6 8.57 (d, J = 2 Hz, 1H), 8.29 (dd, J; =
2 Hz, J, =8 Hz, 1H), 8.16 (s, 1H), 7.98 (d, J =2 Hz, 1H), 7.81 (d, /= 8 Hz, 1H), 7.73 (dd, J;
=2 Hz, J, =8 Hz, 1H), 7.03 (d, J = 8 Hz, 1H), 3.89 (s, 2H), 3.59 (m, 2H), 3.24 (m, 2H);
melting point: 252 — 255 °C.

[00333] 4-(2-(2,5-Dimethylphenylthio)-5-nitrophenylsulfonyl)piperazin-2-one 125.
HPLC purity: 99%; "H NMR (500 MHz, DMSO-dy): J 8.56 (d, J = 2 Hz, 1H), 8.27 (dd, J; =
2 Hz, J,=8 Hz, 1H), 8.17 (s, 1H), 7.45 (s, 1H), 7.42 (d, J = 8§ Hz, 1H), 7.35 (d, /= 8§ Hz,
1H), 6.82 (d, J = 8 Hz, 1H), 3.90 (s, 2H), 3.59 (m, 2H), 3.23 (m, 2H), 2.32 (s, 3H), 2.23 (s,
3H); melting point: 196 — 202 °C.

[00334] 4-(2-(2,5-Dichlorophenoxy)-S-nitrophenylsulfonyl)piperazin-2-one 126.
HPLC purity: 99%; "H NMR (500 MHz, DMSO-dy): 6 8.63 (d, J = 2 Hz, 1H), 8.43 (dd, J; =
2 Hz, J, =8 Hz, 1H), 8.15 (s, 1H), 7.77 (d, J = 8 Hz, 1H), 7.68 (d, /=2 Hz, 1H), 7.52 (dd, J;
=2 Hz, J, =8 Hz, 1H), 7.08 (d, J = 8 Hz, 1H), 3.84 (s, 2H), 3.56 (m, 2H), 3.19 (m, 2H);
melting point: 249 — 251 °C.

[00335] 1-(2-(2,5-Dichlorophenylthio)-5-nitrophenylsulfonyl)-1,4-diazepane 127.
HPLC purity: 99.5%; "H NMR (500 MHz, DMSO-dy): 6 8.56 (d, J = 2 Hz, 1H), 8.24 (dd, J;
=2 Hz,J, =8 Hz, 1H), 7.92 (d, /=2 Hz, 1H), 7.78 (d, /=8 Hz, 1H), 7.71 (dd, J; =2 Hz, J,
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=8 Hz, 1H), 7.03 (d, J = 8 Hz, 1H), 3.50 (m, 2H), 3.43 (m, 2H), 2.81 (m, SH), 1.73 (m, 2H);
melting point: 190 — 193 °C.

[00336] 1-(2-(2,5-Dimethylphenylthio)-5-nitrophenylsulfonyl)-1,4-diazepane 128.
HPLC purity: 100%; 'H NMR (500 MHz, DMSO-de): 6 8.55 (d, J = 2 Hz, 1H), 8.22 (dd, J; =
2 Hz, J, =8 Hz, 1H), 7.45 (s, 1H), 7.39 (d, J = 8 Hz, 1H), 7.34 (d, /=8 Hz, 1H), 6.81 (d, J =
8 Hz, 1H), 3.50 (m, 2H), 3.48 (m, 2H), 2.83 (m, 4H), 2.32 (s, 3H), 2.21 (s, 3H), 1.75 (s, 2H);
melting point: 80 — 90 °C.

[00337] 1-(2-(2,5-Dichlorophenylthio)-5-nitrophenylsulfonyl)-4-(pyrrolidin-1-
yDpiperidine 129. HPLC purity: 100%; "H NMR (500 MHz, CDCls) 6 8.78 (d, J = 3 Hz,
1H), 8.10 (dd, J; =9 Hz, J, =3 Hz, 1H), 7.72 (d, J = 3 Hz, 1H), 7.54 (d, J =9 Hz, 1H), 7.48
(dd, J; =9 Hz, J, =2 Hz, 1H), 6.86 (d, / =9 Hz, 1H), 3.86 (m, 2H), 3.00 (m, 2H), 2.54 (s,
4H), 2.18 (m, 1H), 1.96 (m, 2H), 1.78 (s, 4H), 1.68 (m, 2H); MS (ESI, EI"): m/z = 516
(MH"); melting point: 184 — 188 °C.

[00338] 1-(2-(2,5-Dimethylphenoxy)-5-nitrophenylsulfonyl)-4-(pyrrolidin-1-
yDpiperidine 130. HPLC purity: 100%; "H NMR (500 MHz, CDCls) ¢ 8.87 (d, J = 3 Hz,
1H), 8.22 (dd, J; =9 Hz, J, =3 Hz, 1H), 7.21 (d, J = 8 Hz, 1H), 7.05 (d, J = 7 Hz, 1H), 6.85
(s, 1H), 6.70 (d, J = 10 Hz, 1H), 3.87 (m, 2H), 2.99 (m, 2H), 2.53 (m, 4H), 2.34 (s, 3H), 2.15
(s, 3H), 1.93 (m, 2H), 1.77 (m, 4H), 1.65 (m, 3H); MS (ESI, EI'): m/z = 460 (MH"); melting
point: 95 — 102 °C.

[00339] 1-(2-(2,5-Dimethylphenylthio)-5-nitrophenylsulfonyl)-4-isopropylpiperazine
131. HPLC purity: 99.6%; '"H NMR (500 MHz, CDCls) 6 8.73 (d, J = 2 Hz, 1H), 8.02 (dd, J;
=9 Hz,J, =2 Hz, 1H), 7.37 (s, 1H), 7.30 (d, / = 8 Hz, 1H), 7.27 (d, /= 6 Hz, 1H), 6.76 (d, J
=9 Hz, 1H), 3.40 (t, J = 4 Hz, 4H), 2.74 (quintuplet, J = 7 Hz, 1H), 2.64 (t, J=5, 4H), 2.35 (s,
3H), 2.30 (s, 3H), 1.04 (d, J = 7 Hz, 6H); MS (ESIL, EI'): m/z = 450 (MH"); melting point:
120 - 124 °C.

[00340] 1-(2-(2,5-Dimethylphenylthio)-5-nitrophenylsulfonyl)-4-methylpiperazine
132. HPLC purity: 100%; 'H NMR (500 MHz, CDCl3) 6 8.75 (d, J = 2 Hz, 1H), 8.03 (dd, J;
=9 Hz,J, =2Hz, 1H), 7.37 (s, 1H), 7.30 (d, / = 8 Hz, 1H), 7.27 (d, J= 1 Hz, 1H), 6.77 (d, J
=9 Hz, 1H), 3.43 (t, /=4 Hz, 4H), 2.53 (t, / = 5 Hz, 4H), 2.36 (s, 3H), 2.33 (s, 3H), 2.29 (s,
3H); MS (ESL EI"): m/z = 422 (MH"); melting point: 136 — 144 °C,
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[00341] 1-(2-(2,5-Dichlorophenylthio)-5-nitrophenylsulfonyl)-4-methylpiperazine 133.
HPLC purity: 100%; "H NMR (500 MHz, CDCL3) 6 8.76 (d, J = 2 Hz, 1H), 8.11 (dd, J; =9
Hz, J, =2 Hz, 1H), 7.71 (d, J/ =2 Hz, 1H), 7.55 (d, / =9 Hz, 1H), 7.48 (dd, J; =9 Hz, J, =2
Hz, 1H), 6.86 (d, J =9 Hz, 1H), 3.42 (m, 4H), 2.51 (m, 4H), 2.31 (s, 3H); MS (ESI, EI'): m/z
=461 (MH"); melting point: 105 — 115 °C.,

[00342] 1-(2-(2,5-Dichlorophenylthio)-5-nitrophenylsulfonyl)-4-methyl-1,4-diazepane
134. HPLC purity: 100%; 'H NMR (500 MHz, CDCl3) & 8.82 (d, J = 3 Hz, 1H), 8.10 (dd, J;
=9Hz,J,=2Hz, 1H),7.71 (d, J=2 Hz, 1H), 7.53 (d, /=9 Hz, 1H), 7.47 (dd, J; =9 Hz, J,
=2 Hz, 1H), 6.88 (d, J = 9 Hz, 1H), 3.66 (m, 2H), 3.57 (t, J = 6 Hz, 2H), 2.72 (m, 4H), 2.39
(s, 3H), 1.96 (quintuplet, J = 6 Hz, 2H); MS (ESL, EI'): m/z = 476 (MH"); melting point: 116
-119 °C.

[00343] 1-(2-(2,5-Dichlorophenoxy)-5-nitrophenylsulfonyl)-4-methylpiperazine 135.
HPLC purity: 100%; "H NMR (500 MHz, DMSO-ds): J 8.59 (d, J = 3 Hz, 1H), 8.43 (dd, J; =
9Hz,J,=3Hz, 1H),7.76 (d, /=9 Hz, 1H), 7.59 (d, / =2 Hz, 1H), 7.50 (dd, J; =9 Hz, J, =
2 Hz, 1H), 7.14 (d, J =9 Hz, 1H), 3.26 (t, J = 5 Hz, 4H), 2.35 (t, / = 5 Hz, 4H), 2.16 (s, 3H);
MS (ESL, EI): m/z = 446 (MH"); melting point: 172 — 176 °C.

[00344] 1-(2-(2,5-Dimethylphenoxy)-5-nitrophenylsulfonyl)-4-methyl-1,4-diazepane,
hydrochloride 136. HPL.C purity: 96.4%; "H NMR (500 MHz, CDCls) 6 12.50 (s, 1H), 8.86
(d, J=3 Hz, 1H), 8.28 (dd, J; =9 Hz, J, = 3 Hz, 1H), 7.22 (d, J/ = 8§ Hz, 1H), 7.09 (d, J = 8
Hz, 1H), 6.86 (s, 1H), 6.73 (d, J/ = 9 Hz, 1H), 4.12 (m, 1H), 3.84 (m, 2H), 3.52 (m, 2H), 3.40
(m, 1H), 3.32 (m, 1H), 3.16 (m, 1H), 2.92 (m, 1H), 2.88 (d, J = 5 Hz, 3H), 2.36 (s, 3H), 2.24
(m, 1H), 2.11 (s, 3H); MS (ESL, EI"): m/z = 420 (MH"); melting point: 268 — 275 °C.,

[00345] 1-(2-(2,5-Dimethylphenylthio)-5-nitrophenylsulfonyl)-4-methyl-1,4-
diazepane, hydrochloride 137. HPLC purity: 95.5%; "H NMR (500 MHz, DMSO-d): &
12.50 (s, 1H), 8.80 (d, J = 2 Hz, 1H), 8.07 (dd, J; = 9 Hz, J, =2 Hz, 1H), 7.36 (s, 1H), 7.29
(m, 2H), 6.81 (d, J/ =9 Hz, 1H), 4.27 (d, J = 17 Hz, 1H), 3.98 (dd, J; = 16 Hz, J, = 11 Hz,
1H), 3.81 (m, 1H), 3.60 (d, J = 13 Hz, 1H), 3.48 (m, 1H), 3.43 (m, 1H), 3.37 (m, 1H), 3.22
(m, 1H), 2.93 (m, 1H), 2.91 (d, J =5 Hz, 3H), 2.37 (s, 3H), 2.27 (s, 3H), 2.24 (m, 1H); MS
(ESL EI"): m/z = 436 (MH"); melting point: 247 — 261 °C.

[00346] Methyl 4-(2-(2,5-dichlorophenylthio)-5-nitrophenylsulfonyl)piperazine-2-
carboxylate 139. HPLC purity: 97.5%; "H NMR (500 MHz, CDCl3) 6 8.79 (d, J = 2, 1H),
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8.13(dd, J; =9 Hz, J, =3 Hz, 1H), 7.72 (d, J =2 Hz, 1H), 7.55 (d, J = 9 Hz, 1H), 7.49 (dd,
J1=9Hz, J,=2Hz, 1H), 6.86 (d, J=9 Hz, 1H), 3.95 (dd, J; = 12 Hz, J, = 2 Hz, 1H), 3.72
(s, 3H), 3.64 (m, 2H), 3.17 (m, 3H), 2.95 (m, 1H); MS (ESI, EI'): m/z = 506 (MH"); melting
point: 157 — 159 °C.

[00347] 1-(2-(2,5-Dimethylphenoxy)-5-nitrophenylsulfonyl)-4-methylpiperazine,
hydrochloride 146. HP1L.C purity: 98.5%; "H NMR (500 MHz, CDCL) § 13.50 (s, 1H), 8.84
(d, J=3 Hz, 1H), 8.28 (dd, J; =9 Hz, J, = 3 Hz, 1H), 7.21 (d, / = 8 Hz, 1H), 7.10 (s, 1H),
7.07 (d, J=8 Hz, 1H), 6.74 (d, J =9 Hz, 1H), 4.06 (m, 2H), 3.86 (m, 2H), 3.48 (m, 2H), 2.83
(s, 3H), 2.38 (s, 3H), 2.13 (s, 3H); MS (ESI, EI'): m/7 = 406 (MH"); melting point: 296 — 305
°C.

[00348] 1-(2-(2,5-Dimethylphenoxy)-5-nitrophenylsulfonyl)piperazine, hydrochloride
148. HPLC purity: 100%; 'H NMR (500 MHz, DMSO-dy): d 9.01 (s, 1H), 8.60 (d, J = 2 Hz,
1H), 8.43 (dd, J; =2 Hz, J, =8 Hz, 1H), 7.33 (d, /= 8 Hz, 1H), 7.14 (d, / = 8 Hz, 1H), 7.02
(s, 1H), 6.85 (d, J = 8 Hz, 1H), 3.52 (m, 4H), 3.20 (m, 4H), 2.31 (s, 3H), 2.09 (s, 3H); melting
point: 80 — 84 °C.

[00349] 1-(2-(2,5-Dimethylphenoxy)-5-nitrophenylsulfonyl)piperazine,
dihydrochloride 148. HPL.C purity: 98.4%; '"H NMR (500 MHz, DMSO-ds): 6 9.45 (s, 2H),
8.60 (d, /=2 Hz, 1H), 8.43 (dd, J; =2 Hz, J, = 8 Hz, 1H), 7.33 (d, /= 8 Hz, 1H), 7.13 (d, J =
9 Hz, 2H), 6.84 (d, J = 8 Hz, 1H), 3.58 (m, 4H), 3.18 (m, 4H), 2.32 (s, 3H), 2.09 (s, 3H); MS
(ESL, EI'): m/z = 392 (MH"); melting point: 165 °C.

Example 7
CCR3 Receptor Binding Assay

[00350] Cells were washed once with PBS and resuspended in a binding buffer (25
mM HEPES pH 7.6, 5 mM MgCl,, 1 mM CaCl,, 0.5% BSA, 0.1% NaNj3). 100 mL of cell
suspension (2 x 10° cells/well) and 0.1 nM ['%[]-labeled human eotaxin/CCL11
(2000Ci/mmol specific activity) were mixed in a 96-well U-bottom polypropylene plate, and
incubated for 60 min at room temperature for the binding reaction. The cell suspension was
then transferred to a filtration plate (#MAFB, Millipore), and washed 3 times with the
binding buffer containing 0.5 M NaCl, scintillant added, and the radioactivity was counted on
a TopCount (Packard). For the determination of non-specific binding, the cell suspension

and [1251]—1abeled human eotaxin/CCL11 were incubated in the presence of 500 nM of
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unlabeled human eotaxin/CCL11. See, lino ef al., “Molecular cloning and functional

characterization of cynomolgus monkey (Macaca fascicularis) CC chemokine receptor,

CCR3,” Cytokine 2002, 19, 276-286.

[00351] The biological results are summarized in Tables 1 and 2, wherein A represents

a value no greater than 10 nM; B represents a value greater than 10 nM but no greater than 25

nM; C represents a value greater than 25 nM but no greater than 100 nM; D represents a

value greater than 100 nM but no greater than 500 nM; and E represents a value greater than

5 nM.

TABLE 1
K; K;
Cmpd # Cmpd #
Free | HCI” Free | HCI®

51 D C 52

53 C 54 D C
55 E 56 C C
57 E 58 E

59 E E 60 E E
61 B 62 E
63 E E 64 E E
65 E 66 A

67 C D 68 C C
69 C D 70 D

71 E 72 E C
73 C 74 B A
75 A 76 A A
77 A A 78 C C
79 A A 80 A A
81 A B 82 D
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K; K;

83 C A 84 A
85 E 86 E
87 E 88 A
89 B 90 B
91 B 92 C
93 E 94

95 D 96 C
97 D 98

99 B 100 A
101 E 102 E
103 E 104 B
105 E 106 E
107 A 108 A
109 E 110 E
111 E 112 E
113 E 114 E
115 E 116 E
117 E 118 B
119 A 120 E
121 A 122 D
123 B 124 A
125 E 126 B
127 E 133 E
140 E 141 E
142 E 143 E
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K

K

147

E

C 148

E

a. HCl: A hydrochloric acid salt of the corresponding compound.

TABLE 2

K

Cmpd #
Free | HC1

H,SO4

MeSO3H

EtSO:H

HNO;

(CO-H),

80 A A

[00352] The examples set forth above are provided to give those of ordinary skill in the

EE S T S

art with a complete disclosure and description of how to make and use the claimed

embodiments, and are not intended to limit the scope of what is disclosed herein.

Modifications that are obvious to persons of skill in the art are intended to be within the
scope of the following claims. All publications, patents, and patent applications cited in this

specification are incorporated herein by reference as if each such publication, patent or patent

application were specifically and individually indicated to be incorporated herein by

reference.
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What is claimed is:

1. A compound of Formula I:
Rl
X
O\\ 7y R2
R
R3
ty

or an enantiomer, a mixture of enantiomers, a mixture of two or more diastereomers, a
tautomer, or a mixture of two or more tautomers thereof; or a pharmaceutically acceptable
salt, solvate, hydrate, or prodrug thereof;

wherein:

R' and R? are each independently (a) halo, cyano, nitro, hydroxyl, or
guanidine; (b) Cy_¢ alkyl, C;_¢ alkoxy, or C; alkylthio, wherein the alkyl, alkoxy, and
alkylthio are each independently and optionally substituted with one, two, or three halo; (c)
C,6 alkenyl, C, ¢ alkynyl, phenyl, benzyl, phenoxy, benzoxy, or heterocyclyl; or (d)
~C(O)R™, -C(0)OR™, ~C(O)NR'R'®, -C(NR'*)NR"’R'®, ~OC(O)R"*, ~OC(O)OR",
~OC(O)NR'*R'®, ~OC(=NR'")NR'*R'*, ~OS(O)R"*, ~OS(O),R"*, ~OS(O)NR"R',
~0S(0),NR'"R'®, -NR'*R*, -NR"C(O)R"?, -NR"*C(0)OR"?, -NR"*C(O)NR'*R",
~NR"C(=NR')NR'R", -NR"*S(O)R'?, -NR'*S(0),R, -NR'*S(O)NR"*R',
~NR™S(0),NR'"R'*, ~S(O)R™, —=S(0),R"*, ~S(O)NR "R, or —S(0),NR"°R';

R’ is (a) hydrogen, halo, cyano, nitro, or hydroxyl; (b) C,¢ alkyl, C,_¢ alkoxy,
or C;¢ alkylthio, wherein the alkyl, alkoxy, and alkylthio are each independently and
optionally substituted with one, two, or three halo; (¢) C,¢ alkenyl, C, ¢ alkynyl, or tetrazolyl;
or (d) -C(O)R™, ~C(0)OR™, ~C(O)NR"'R'®, -C(NR'*)NR'’R'®, ~OC(O)R"*, ~-OC(O)OR™,
~OC(O)NR'*R'®, ~OC(=NR'")NR'*R'*, ~OS(O)R"*, ~OS(O),R"*, ~OS(O)NR"R',
~0S(0),NR'"R'®, -NR'*R*, -NR"C(O)R"?, -NR"*C(0)OR"?, -NR"*C(O)NR'*R",
~NR"C(=NR')NR'’R, -NR"S(O)R'?, -NR"*S(0),R'’, -NR"S(O)R'?, -NR'*S(O),R"",
~S(O)R™, —S(0),R™*, ~S(O)NR"’R'®, or —S(0),NR"°R';

%,
-N 1b ,
(R5)p\§::) RN

R'is m  or

RIC RIa .
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MeSO3H Et SO3H 11NG3 (CO211)2 80 A A AAACC [00352] The exanpl es set
forth above are provided to give those of ordinary skill in the art with a
conpl et e WD=e0l0028956 and description of how to nmake and ee@/ush@oobmsesred
enbodi nents, and are not intended to limt the scope of what is disclosed
herein. Modifications that are obvious to persons of skill in the art are
I ntended to be within the scope of the followng clains. Al publications,

patents, and pateng’ @f@glhhp)aéyaﬁ@mfd hedolyn 5Xb|(§g§ﬂ§@1hé (G | QkyRICE
i ncorporated herein by reference as 1f each such publication, patent or

pat ent appioxyar Conaliwihéo. sistat ine alkyly allere. prrkilkyldiedre gach irflcpendentlytagd e
i ncor por %Eaﬁglahﬁ EI%S{IUJFM erﬁlfo%ﬁ,ec%,eor three halo; (c) C,6 alkenyl, C,¢ alkynyl, phenyl,

benzyl, phenoxy, benzoxy, or heterocyclyl; or (d) ~C(O)R™, —~C(O)OR", -C(O)NR'"R'®,
~C(NR™NR'"'R", ~OC(O)R"*, -OC(0)OR™*, ~-OC(O)NR'*R'*, ~OC(=NR'"")NR"’R",
~0S(O)R™, ~0S(0),R™*, ~OS(O)NR™R', ~OS(0),NR"R'*, -NR"*R'¢, -NR"“C(O)R",
~NR™C(0)OR'?, -NR'*C(O)NR'"R'®, -NR*C(=NR')NR'"R*, -NR"*S(O)R"*,
~NR™S(0),R', -NR™*S(O)R'’, -NR™*S(0),R', ~S(O)R'*, =S(0),R"*, ~S(O)NR'"R", or
~S(0),NR™R';

XisOQorS;

Y is —0—, —S—, —S(0)-, =S(0)—, -N(R'*)—, —C(R™*)(R'Y)-, or
_C(R'¥)(NR™R)-:

m is an integer from 0 to 3;

n is an integer from 1 to 3;

p is an integer from O to 4;

ris an integer from 1 to 6; and

each R'™ R'™ R, and R™ is independently (a) hydrogen, phenyl, or benzyl;
(b) Cs.7 cycloalkyl, heteroaryl, or heterocyclyl, each optionally substituted; or (c) C;_¢ alkyl,
optionally substituted with one, two, or three substituents, each independently selected from
halo, hydroxyl, carboxy, alkoxy, carbamoyl, Ce.14 aryl, C;_¢ alkylcarbamoyl, di(C; 6
alkyl)carbamoyl, Cs.; cycloalkylcarbamoyl, and Cs_7 heterocyclylcarbamoyl; or

each pair of R'® and R together with the N atom to which they are attached
independently form heteroaryl or heterocyclyl;

with the proviso that when X is O; Y is —N(Rla)—; m and n are 1; R' and R? are
each independently chloro, nitro, methyl, or isopropyl; R’ is nitro; and p is O0; then R is not

hydrogen.
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What is claimed is: 1.A conpound of Fornula I: R3 or an enantioner, a

m xture of enantioners, a mxture of two or nore diastereoners, a tautoner,
or a m xtwpeoof128986 or nore tautomers thereof; or a phaPoaaseeinoaisky
acceptabl e salt, solvate, hydrate, or prodrug thereof; wherein:

Rl and R2 are each independently (a) hal o, cyano, nitro, hydroxyl, or
guanidine; (b) C1L 6 alkyl, Cl1L 6 al koxy, or C1 6 al kylthio, wherein the

al kyl , al koxy, and aIkyIthlo are each independently and optionally
substituted wth ong col@unddt claith @ haValgQhe (attufelofGoahkeny! , C2_6 al kynyl,
phenyl, benzyl, phenoxy, benzoxy, or heterocyelyl; or (d) _C(O)Rh,
-C(0)0OR a, -C(0)NR11Rlc, _C(NRi a)NR bR c, %O)Ria, OC(0) ORi a,
OC(0) NRI bRl ¢, OC(=NRi a) NR1lbRi c, -0S(0)Rh, - N)2R ', -0S(0)NRI bRl c,
0S(0) 2NRi bRic, neRic, NRi ac(o)Rid, NRlaC(O) , -NRi aC(0) NR1lbRlc,

NRi aC(=NR1d) NRi bRi ¢, -NRi aS(0)Rid, -NRi@SKO)23Rid, -NRi aS(0)NRLbRilc,

NRi aS(0) 2NR1bR1lc, s(o0) R a, S(O)ZR' QAR BRI ¢, or -S(0)2NRi bRl c;

R3 is (a) hydrogen, halo, cyana

al koxy, or Cl1_6 al kylthio, wh él \EE@ |, al koxy, and al kylthio are
each independently and optional |y sUbstitgted w th one, two, or three hal o;
(© C2_6 al kenyl, C2 6 al kynyl, or tetrazolyl; or (d) _C(O)Rh, -C(0)OR a,
-C(0)NR bR c, _C(NR| a) NRi bRi ¢, -0C(0)@h, -OC(O)ORi a,

0C( 0) NRi bRi ¢, NRi a) NR1bRi c, -OS( O)Rh, -OS(0)2R ', -0Y( 0) NRl bRl c,

0S(0) 2NRi bRi c3 NeRyig, co a&(&)c&rﬁq MR @&%&Qﬁﬂﬂsd)xo é{% Q%Nﬁﬂawlc

NRi aC(=NR1d) NRi bRi ¢, - O)R NRi aS(0) 2Ri d,” -NRi aS(0) R d;

- NRi aS( 0)2trgted V\:«)(Iot)rﬁhtwo @(tbl)ezmla, 0r-€(@)@ﬂrif‘ bK slc, or -S(0)2NRi bR Ic;

hydroxyl; (b) Cl1L_6 alkyl, C1 6

4. The compound of claim 3, wherein R’ is oxo, methyl, or methoxycarbonyl.
5. The compound of any of claims 1 to 4, wherein pis 0, 1, or 2.

6. The compound of any of claims 1 to 5, wherein mis 1.

7. The compound of any of claims 1 to 6, whereinn is 1 or 2.

8. The compound of any of claims 1 to 7, wherein Y is —-O——S—, —=S(O)-, or
-S(0)>-.

9. The compound of any of claims 1 to 7, wherein Y is ~NR"™-.
10. The compound of any of claims 1 to 7, wherein Y is —C(Rla)(Rld)—.

11. The compound of claim 9 or 10, wherein R is hydrogen, C;¢ alkyl, C;7
cycloalkyl, heteroaryl, or heterocyclyl.

12. The compound of claim 11, wherein R™is hydrogen, methyl, ethyl, propyl,
pentyl, cyclopentyl, cyclohexyl, or 3-oxo-1H-imidazo[ 1,5-c]imidazol-2(3H)-yl.

13. The compound of any of claims 10 to 12, wherein R s hydrogen.
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(RB)p R4 is Nr Nlc; or R5 is (a) halo, cyano, nitro,
hydr oxyl, oxo, or guanidine; (b) G 6 alkyl, Cl-6 al koxy, or G _6

al kyl t hi ovowhaveseyset he al kyl, al koxy, and al kylt hi o ar epeaais2emdasendent | y
and optionally substituted with one, two, or three halo; (C) C2_6 al kenyl,
C2_6 al kynyl, phenyl, benzyl, phenoxy, benzoxy, or heterocyclyl; or (d)
_C(O0)Rh, -C(0)0Ri a, -C(O)NRi bRic, C(NR a)NRi bRic, -0C(0)Rh, -0C(0)ORi a,
-0C(0)NR11Ri ¢, -0C(=NRi a)NRi bRic, O0S(0)Rh, -0S(0)2Ri a, -0S(0)NR1bR c, _
OS(0) 2NRi bRi ¢ 14.- NRTMoﬁ}poqu@ﬁ(IQ)lRﬁﬁing INRiuaGLE) dRoehula NR aC( 0) NRi bR c,
-NRi aC(=NR1d) NRi bRi ¢, -NRiaS(0)Rid, NR aS(0)2Rid, -NR aS(0)Ri d,

-NRi aS(0)2Rid, S(O)Rh, -S(0)2Ria, -S(O)NRi bRic, or S(0)2NRi bRic; Xis 0 or
S;, Yis 0O 9S9 50)-9 -50)2-9 -N(R a)-9 ia)(Rid)-9 or
C(Ria)(NRibRic)-;

Qo X
R S R?
lilc lila
R3
(11D

15. The compound of claims 1 or 14, wherein R™ is hydrogen or C_¢ alkyl.

16. The compound of claim 1, 14, or 15, wherein R is hydrogen or C,_¢ alkyl.

17. The compound of claim 15, wherein R is ethyl.
18. The compound of any of claims 1 and 14 to 17, wherein R s hydrogen or
C1.6 alkyl.

19. The compound of claim 18, wherein R'® is ethyl.

20. The compound of claim 1, 14, or 15, wherein R'® and R'® together with the N

atom to which they are attached form heteroaryl or heterocyclyl.

21. The compound of claim 20, wherein R'® and R'® together with the N atom to

which they are attached form 5- to 7-membered heterocyclyl.

22. The compound of claim 21, wherein the heterocyclyl is pyrrolidinyl or

piperidinyl.
23. The compound of any of claims 1 to 22, wherein R! is halo or C16 alkyl.
24, The compound of claim 23, wherein R'is fluoro, chloro, or methyl.
25. The compound of any of claims 1 to 24, wherein R? is halo or C16 alkyl.
26. The compound of claim 25, wherein R®is fluoro, chloro, or methyl.

27. The compound of claim 26, wherein R' and R? are fluoro.
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mis an integer fromO to 3; nis an integer from1l to 3; p is an integer

fromO to 4; r is an integer from1l to 6; and each Rh, R b, Ric,

and Ri d iwointeipsesdent |y (a) hydrogen, phenyl, or benzylPCT(UsSp010®3i828

cycl oal kyl, heteroaryl, or heterocyclyl, each optionally substituted; or

(C© G _6 alkyl, optionally substituted with one, two, or three

substituents, each independently selected from hal o, hydroxyl, carboxy,

al koxy, car bamy!, T@D%oawdfua%z@ Hlekath R%ﬁq{?wé chlsth (G _6

aI kyl ) car banoyl , C3 7 cycl oal ky carbanmoyl , and C3_7 heterocyclyl car banmoyl :
each pair of Rb and Ri c together, W|th the N atom to which

they are attaéhed TWB@HH&WICV@%WW&%%OW 3 eBYler ocycl yi ;

with the proviso that when Xis 0; Yis NRh)_; mand n are 1; R and R2

are each i ndependenid aonpbhr @ ,annbt dlgims Med bY, lwhein RSiQpyMpYt pitl®3 is nitro;

and p is 0; then Rh is not hydrogen. WD 2010/ 123956PCT/ US2010/ 031828 2. The

conpound of clLaim . %avi n tfge sécr ulctsg e @fw F%rnn%ls [1: R 3.
The conpound &f cl ai‘ M LreY ki D GH “alkyl, optionally
substituted with one, two, or three hal 0; C(O)ORla
32. The compound of any of claims 1 to 30 whereln Xis S.
33. The compound of claim 1 selected from the group consisting of:
CH, F
O\\ ’/O Q O\\ /
N CH, N F
CN : CN :
51 52

53 54

/jN\) CN G(N\) CN

55 56
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4. The conpound
5. The conpound

conmpound of any
conmpound of any
9. The conpound
The conpound of

of claim3, wherein R5 is oxo, nethyl, or methoxycarbonyl.

of any of clains 1 to 4, wherein pis 0, 1, or 2.

The conpowodowii2aesy of clainms 1 to 5 wherein mis 1. PCT/US20M0/0313e8
of claims 1 to 6, wherein nis 1 or 2. 8. The
of claims 1 to 7, wherein Yis -0-,-S-, -S(0)-, or -S(0)2-.
of any of clains 1 to 7, wherein Yis -NR a-. 10.
any of clainms 1 tq 7, wherein Yis -C(R.a) (R d) 11
claim9 or 10, wherein Rh is hydrogen, € 6 al kyl, C3-7

The conpound of
cycl oal kyl ,

11, wherein Rh is hydrogen,

cycl ohexyl ,
conmpound of any

2010/ 123956PCT/ US30¢6N031828
structure of Fornmula I ’

het eroaryl, or heter Iyl . 12. T npound of cl aim
nmet ethyl, propyl, pe , cycl opentyl,
or 3-0xo0- 1H—|ﬂk¢h2511 5- cllnldazoI026B -yl 13. The
of cl NELS 19, wherein FrﬂNf rbégen. WO
The conpounqlgljcl 1, having the
R3 II)
b CN b
57 58
F F
O\\ '/O O\\ ’/O ?
! N (N
59 60
Cl F
o0 O 0,0 ¢
NS Cl NS F
) ol
<:J NO, CN ,
61 62
F F
SRS e
N\//\N) F N\//\N:S F
H H

63
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15. The compound of clainms 1 or 14, wherein Rh is hydrogen or G _6 al kyl.
16. The conpound of claim1, 14, or 15, wherein Rib is hydrogen or G _6
al kyl . 1AvoThw/eeespound of claim 15, wherein Ri b is ethplCT/US2010/031828. The
conpound of any of clains 1 and 14 to 17, wherein Ric is hydrogen or C _6
al kyl . 19. The conpound of claim 18, wherein Ric is ethyl.

20. The conpound of claim1, 14, or 15, wherein Rib and Ric together with
the N atomto which they are attached form heteroaryl oré{;eterocycl yl .

21. The conpound of cl aim 20, ein Rb and R c toget with the N atom
to which they are attached for to 7-nmenbered heter Iyl . 22.
The conpound of claim 21, wher the heterocyclyl is olidinyl or

8 1Jto 22, wherein Ri

@ R, wherein R is

ny of clainms 1 to

pi peri di nyl . 23. O'[ ongound of any of «@g®

is halo or C_6 aI ky &H3The conpo aFS<
fluoro, chloro, g{ s 25. The c 2%Jnd

24, wherein R2 |s h al kyl . TheYconmpound of cl ai m 25,
wherein R2 is fluoro, chI oroCNor nmet hyl . 27. TNe compound of claim
26, wherein R and R2 are g uoro. WO 2010/ 123956PCT/ US2010/ 031828 28. The
conpound of claim 26, wherein R and R2 are chl oro.

CH, CH,4
O\\ /p S O\\ ’p 3
NS CH; N °S CH;
YN\) N \)
CN , CN
67 68
CH, CH;
0.0 % 0.0 3
hN R CH, N °S CH,4
-N
i MR
CN 9 CN 9
69 70
CH, CH;
0.0 3% 0.0 3%
‘/\N, S CH3 N - S CH3
o ~x
CN : ‘ CN ,
71 72
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29. The conmpound of claim 26, wherein R and R2 are nethyl. 30. The
conpound of any of clains 1 to 29, wherein R3 is cyano or nitro. 31. The
conpound Wb 2arwi28456cl ains 1 to 30, wherein X is 0. 32. Pae/useomposrsds of any
of claimse 1 to 30, wherein X is S. 33. The conpound of claim1l sel ected
fromthe group consisting of: CNCN 5758 5960

CH, CH,

( O\\ /p 3 O\\ ’/O

S
N . H . H
H
N
CN C/ CN

73 74
CH, Cl
O“s”O | CH O“s”o i Cl
@ NS
NO, CN ,
75 76
Cl Cl
P Cl P 1
(\N'S (\N’ C
CN , /j CN
77 78
Cl Cl
O“s”o I Cl O I Cl
\(\N/ ‘/\N,
HNW) N
CN , G/ CN ,
79 80
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6162 6364 6566 6970 7172

WO 2010/123956 PCT/US2010/031828
Cl cl
O“s’p I 1 0P I 1
P C (\N,s C

2
2

Cl Cl

O,S Cl O,S Cl
| CN CN

83 84
CH; CH,
O\\ 7 S O\\ 7 S
s 0=(,S§J
CN , CN :
85 86
Cl Cl
O\\ //O ? O\\ ’/O ?
N S Cl (\N .S Cl
CN , CN ,
87 88
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7576 C Cl WO 2010/ 123956PCT/ US2010/ 031828 Cl C CN 8182 Cl C 8384
8586
WO 2010/123956 PCT/US2010/031828
Cl Cl
O\/p o O\/p Q
/j/ CN CN ,
89 90
Cl Cl
ONp 0.0 @Q
) Cl g
N meN_ )
<:::j/ CN CN ,
Cl Cl
00 @ 0,0 @
o O’S Cl N Cl
nBuv/N»\N HN\/J
T \%J CN CN
Cl ’ 94
93
Cl Cl
N~ Cl >S Cl
N
7~
CN , CN ,
95 96
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ad

8788 WO 2010/ 123956 Cl

WO 2010/123956

103

CN 89 PCT/US2010/031828 CI 0, NSC

PCT/US2010/031828

Cl Cl
0.0 ? i
Cl //A\N' Cl
>/NQ
9 CN 9
98
Cl Cl
Cl oF 1 1
NS C
a
\/N\)
NO,
100
S O\\ ,,() O
S

e

NO,

102

cl
S i 0’ i
5 Od’ Cl

oy

HN
NO,

104
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9192 G d Cl 94 93 A CNCN

WO 2010/123956 PCT/US2010/031828

00 /l:i:] Oéé) ?
S
HN

NO,

105 106
cl
DY /© O\‘s"o L Cl

O She

Y L7 o,

107 108

Cl
O
O\\S// O\\S’,() S

NO, NO,
109 110

Cl
o) 0 S i
0053 C%S’

.S Cl -
N N
Y o
111 112
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9596 9798 A dC 105106 A C 107108 109110

WO 2010/123956 PCT/US2010/031828
0,0 ¢ : S i
(\N,
O\V/J S
NO, ’ NO,
113
Cl
0.0 ¢ 0\\ PO
‘/\Nz Cl
S
115 116

00 9 : o O S
S N

S\V/J ‘N
NO; | O/ NO,

117 118

Cl
O\\ /,() O O\\ /p 7

N(\N,S Cl O
[::]/ - NO, [::]/ NGO,

119 120
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111112 121122 A A NO2NO2 123124 125126

WO 2010/123956 PCT/US2010/031828

0P ? Oy 7
N” N~
SRS
[::]/ NO,

NO,
121 122

Cl Cl

ﬁN,SO Cl OY\N,SO Cl

123 124

Cl
O\\ /,O S O, /,O O

OY\N'S OY\N:S Cl

HN HN
NO, ’ NO,
125 126
Cl
O\\ /,() S O\\S’/ ?
Q Q
127 128
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127128 129130 131132 dd o0,,95 0, p A 1\TS NOZNO2 133134

WO 2010/123956 PCT/US2010/031828
Cl
O\\ ’/() S O\\S’/() O
) 1 .
Cy &
129 130
o) S o) S

NO, NO,
131 132
Cl Cl
DY I Cl DY Cl
(\N/ //\N,
—N
/N\//I \§\/)
N02 N02
133 134
Cl
O\\ 7y O\\ v
(\N, Cl //\N’ S
—N
N g)
135 136

134 -



135136 CNandNO2 145146 and enantioners, m xtures of enantioners,

m xtures of two or nore diastereoners, tautoners, and m xtures of two or
nor e tautwoens/RBesseof ; and pharmaceutical |y accept abl e Psalusggioosiseat es,
hydr at es, and prodrugs thereof. 34. The conpound of any of clains 1
to 33, wherein the conpound is a hydrochloride salt. 35. A

phar maceuti cal conposition conprising a conpound of any of clains 1 to 34,
or a pharmaceutically acceptable salt, solvate, hydrate, sfereoisonmer, or

taut omer thereof; and one or norg¢ pharmaceutically accepta e carriers or

exci pi ents. 36. The phar tical conposition of ~Nm 35, further
conprising a second therapeut| nt . 37. The pha eut i cal
conposition of claim35 6% 36 erein the copposio{fn s fTormul ated for
si ngl e dose adni ni s’tlz}/ﬁ‘m . H,CO NS Cl
HN
N02 , CN ,
137 138
Cl
O 0.0 S 0L 7}
N >S
H3COJKK\N'S ¢! N
HN. 0=5. S
O
NO, CN ,
139 140

cl
0P 7 0P ¢
S S

141 142

00 9 : 0,0 ¢
S S

N02 N02

143 144
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38. The pharnaceutical conposition of claim37, wherein the conposition is

formul ated as oral, parenteral, or intravenous dosage form 39. The
phar macewocalo/esasposi ti on of claim 38, wherein the oralpciasage/odmsesn i s a
tabl et or capsule. 40. A nethod for the treatnent, prevention, or

anelioration of one or nore synptons of a CCR3-nedi ated di sorder, disease,
or condition in a subject, which conprises adm nistering to the subject a
therapeutically effective amount of the conpound of any of clains 1 to 34
or the pharmaceutical conposition of any of clainms 35 to 89. 41. A
met hod for the treatnent, prevent#on, or anelioration of e or nore
synptons of an eosino-hil-relate- sorder, disease, sgrdition in a

subj ect, which conpr{ ] téring to the su@iébt a therapeutically

ef fective anmount s POUAT o@lany of clqrﬁuw 4 or the

phar maceuti cal cor?posrlm @ of cl ains 351t 42. A net hod
for the treatnent, prevention, Yr amel i orati on of one r nmore synptons of a
basophi | - rel at ed di sorder, disease, or condition in aMN¥bject, which
conprises adm nistering to t he subject a therapeutically effective anount
of the compound of any of 18P aims 1 to 34 or the p gnaceutical conposition
Of any Ofan& L,I?a'n[mmg' ? I}llgt ?&% of en t10mer§ mfa‘uﬁl@sto@?\go I)I‘OIBOIIG %ﬁﬁ&%@%&%{pﬂ.ﬁtb TS

preventi on, ioration tons of a nast celt -t el at ed
di sor der an@nr@é%@ Oforwq:ehmqfr é«wtqmrfra tla,ﬂmﬂfeélt p Frubehyr dcssabiingligi st eri ng
to the subjvaes, hadhilagnappstiivgainkeiorf f ective amount of the conmpound of any of
clains 1 to 34 or the pharnmaceutical conposition of any of clainms 35 to 39.
44. A net hod Bér tThHe dongpatmisrftany pf @ientlit@B3, whkereantat can@ivndis 20f one or nore
synpt ons | of ! nmmat ory di sease in a subject, which conprises
adninistewwﬁgﬂPg%fﬁ' subj ect a therapeutically effective amount of the
conpound of any of clains 1 to 34 or the pharmaceutical conposition of any
of clains 35 88 39A pharmacewibal ca'ﬂnposrmmrwnhpﬁﬁngmyomﬁoundlaiizmsoﬂﬁ)laims 14té wher ei n
t he di sor, g» easg r con ﬁ i Sﬁ%ﬁcte fronithetggou frsting
of asthma.” %ilar PR R CoR esé‘ S ST a5 TR L OT B ﬁ‘ieﬂ tis,

per enni alan@bhesrgnd@e plrnideuscally @aspiasle cakibRlogeigidii tis, atopic dermatitis,
cont act hypersensitivity, contact dermatitis, conjunctivitis, allergic
conjunctiviti e p onc eosi nophilic
gastroenterrt?g Of# 9mnn mﬁw%ﬁ”w@P“%@%%ﬁ%%mqaﬁ%gﬁggPv%ﬁm%ﬁ|%&x’d Crohn' s
di sease, thmgtcodydgest S, hyper | gE syndrome, system c | upus erythenmatous,
psoriasis, acne, multiple sclerosis, allograft rejection reper f usi on

injury, chron o] I di I ndrone
sinusitis, baggphPfﬁ eJﬁgﬂB%’HRWS%%Q%mﬁf%iggP?g asolﬁgﬁggg euk ocytosrs
psoriasrSbnmﬁa@hmrmﬁgwwmkehmnmeU@bstructive pul monary disorder)

arthritis, rheumatoid arthritis, psoriatic arthritis, osteoarthritis, and
car di ovascul akdi s I .wherein the

di sorder, di séase ?%S%(%%T}iﬁe%ucal CO%@ ot (g}h%g?aglggz’r\glrges%}l ?{r? @gglt\é@tl ma,
allergic fOIiIIIUIIHt&tdS oratmpinerdsrnmstavencss degdagofore. obst ructi ve pl unonary

di sease, or aIIergic conjunctivitis. 47. The net hod of any of cl ai s

40 to 46, whe r , or

topi cal ly. 201 @5%%@@%%%@%0@§g?gﬁ%@%ﬁ%g&%g‘9&§ﬁgﬁmfﬁgd§%%§ﬁ> 0 any of
cl ai rs 40 tatdetd¥ capadler ei n t he conmpound is adm nistered in conbination with a
second therapeutic agent. 49. A nethod for nodulating CCR3 activity,
conprising CogﬂaCtA%d?ad e{r&%ah%e%&& Bi‘;ﬁn&#&?g?%ﬂﬁfioﬁmme of claims 1

to 34 or the arnmaceutical conposition of "any o T"ai me 35
symptoms of a CCR3-mediated disorder, disease, or condition in a subject, which compnses

administering to the subject a therapeutically effective amount of the compound of any of

claims 1 to 34 or the pharmaceutical composition of any of claims 35 to 39.

41. A method for the treatment, prevention, or amelioration of one or more

symptoms of an eosinophil-related disorder, disease, or condition in a subject, which
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comprises administering to the subject a therapeutically effective amount of the compound of

any of claims 1 to 34 or the pharmaceutical composition of any of claims 35 to 39.

42, A method for the treatment, prevention, or amelioration of one or more
symptoms of a basophil-related disorder, disease, or condition in a subject, which comprises
administering to the subject a therapeutically effective amount of the compound of any of

claims 1 to 34 or the pharmaceutical composition of any of claims 35 to 39.

43, A method for the treatment, prevention, or amelioration of one or more
symptoms of a mast cell-related disorder, disease, or condition in a subject, which comprises
administering to the subject a therapeutically effective amount of the compound of any of

claims 1 to 34 or the pharmaceutical composition of any of claims 35 to 39.

44, A method for the treatment, prevention, or amelioration of one or more
symptoms of an inflammatory disease in a subject, which comprises administering to the
subject a therapeutically effective amount of the compound of any of claims 1 to 34 or the

pharmaceutical composition of any of claims 35 to 39.

45, The method of any of claims 40 to 44, wherein the disorder, disease, or
condition is selected from the group consisting of asthma, allergic asthma, exercise induced
asthma, allergic rhinitis, perennial allergic rhinitis, seasonal allergic rhinitis, atopic
dermatitis, contact hypersensitivity, contact dermatitis, conjunctivitis, allergic conjunctivitis,
eosinophilic bronchitis, food allergies, eosinophilic gastroenteritis, inflammatory bowel
disease, ulcerative colitis, Crohn's disease, mastocytosis, hyper IgE syndrome, systemic lupus
erythematous, psoriasis, acne, multiple sclerosis, allograft rejection, reperfusion injury,
chronic obstructive pulmonary disease, Churg-Strauss syndrome, sinusitis, basophilic
leukemia, chronic urticaria, basophilic leukocytosis, psoriasis, eczema, COPD (chronic
obstructive pulmonary disorder), arthritis, rheumatoid arthritis, psoriatic arthritis,

osteoarthritis, and cardiovascular disorders.

46. The method of claim 45, wherein the disorder, disease, or condition is asthma,
exercise induced asthma, allergic rhinitis, atopic dermatitis, chronic obstructive plumonary

disease, or allergic conjunctivitis.

47. The method of any of claims 40 to 46, wherein the compound is administered

orally, parenterally, or topically.
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48. The method of any of claims 40 to 47, wherein the compound is administered

in combination with a second therapeutic agent.

49. A method for modulating CCR3 activity, comprising contacting a CCR3
receptor with the compound of any of claims 1 to 34 or the pharmaceutical composition of

any of claims 35 to 39.
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