WO 2010/011570 PCT/US2009/050934 ADA:MP:TYE DUMP E DER "ATIV FIELD OF THE
INVENTION The present invention provides adamantyl diamide derivativeswell as pharmaceutical
compositiongyangdgxiizess of treatment using same. BACKGROUND OFpdhesHy)dmAIiON This
invention concerns adamantyl diamide derivatives, s alto.teric miodulators of the metabotropic
glutamate receptor 5 tinGlu5 receptors or mGIluR.5i, as well as pharmaceutical compositions and
methods of treatment utilizing these compounds. Glutamate is the major excitatory neurotranstnider in
the mammalians system. One means of modulating glutamate neurotransmission is through
metabolropic glutamale,eeeplors (IR ANSHIEHRENTREINANGUOBYE taggpiors. Presently
eight inciluRs have béen cloned and classified into three groups based on sequence homology,
preferred signal transduction pathway and pharmacology. Group of mGiuRs includes m.GitiR1. and
15mCituR5, while Group comprises niGluR2 and inCiluR3 and Group EH comprises 6, 7 and 8
receptors. inge yeceptars Iswearnressentialin normal brain functions, as wellogi psychiatric, and
neuromuscular disorders. InGiu5 receptors are located, primarily postsynaptically and highly
expressed ifhihertinshiebeathrregiendsm@GiubiREGmide dertvatives, as well as pharmaceutical

L

compositions and methods of weatment using same.
BACKGROUND OF THE INVENTION

This inveation comcerns adamantyl diaraide derivatives, which act as allosteric moddators of
the metabotropic glutamate recepror 5 {mGlus receptors or mGIURS, as well as

pharmacentical compositions and methods of treatment utilizing these compounds.

10 Glutamate is the major exaitalory neurotransmitter in the mammalian central nervous system.
One means of modulating glutamate neurotransaission 1s through metabotropic glutamate
receptors {mHuRs), anofher means being lonotropic receptors, Presently, eight mGluRs
have been cloned and classified into three groups based on sequence homology, preferred
signal transduction pathway and pharmacology. Graup 1 of mGluRs includes mGluR 1 and

15 mGHuRS, while Group 11 coraprises mGluR2 and mGHuR3 and Group I comprises mGlud,

&, 7 and 8 receptors.

m{Hu receptors have an essential role i normal beain functions, as well as in nearelogical,

nsvehiatric, and neuromuscular disorders. mGluS receptors ars located primarily

postsynapticatly and highly expressed in the limbic brain régicms. mGhuS recepiors also are
20 expressed in the thalamus, spinal cord, and vagal perve systems, as well as peripherally in the

skin on nerve endings and C {ibers.

Ligands to the mGhiS receptors have been shown to have promise for peripheral and ceniral
nervous system disorders. See eg. G, Jaeschke of ol “mGlud receptor antagonists and their

therapeutic potential,” Fxpert Opin, Ther, Potents, 2008, 18 20 123342 Yet some proffer
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that glutamate analogs targeting the orthosteric binding site may be limited by low brain
penetration and insufficient selectivity with respect 1o the different mGluRs subtypes,
Synthetic agonists may lead 1o continnous stitulation of the receptor since they are often

designed to be metabolically stable, This continoous stimulation 1s not nocessarily destrable,




20expressed in the thalamus, spinal cord, and vagal nerve systems as well as peripherally in the skin
on nerve endings and (: fibers. Ligands to the inGIu5 receptors haveshown to have promise for

peripheral ang£eiiial ngyvous system disorders. See e.g.. G. Jaeschke gfa@fadyaseceptor
antagonists and their therapeutic potential,” 123-142. Yet some proffer that glutamate analogs

targeting the orthosteric binding site. may be limited by low brain penetration and insuffi dent,
selectivity with respect to the different mGIluRs subtypes. Synthetic a.gonists may lead to continuous
stimulation of the receptor since they are often designed to be metabolically stable, This continuous

stimulation igaqt, a&&@f@@@r&eﬂ@ﬁ&r@l@@ﬁ%@o@%%l1653@R@Ié%%%pgﬁ/&@g&%@!ga%potemial

receptor desensitization issues. Also, withpecreceptor occupancy, synthetic an%a onists may lead to
prolonged bTBEKEHIE BF FECRFoF ANEHDH W EHWa%/W%e‘Ed%b%%@WﬂH‘}h‘é Ririetizs Bf'the

pathology otangestial nerveugisystent diserdesior: oz acmelerieciive ansicéintidied "fin.e-tuning”
action on the mGIlu5+ receptor is Feasible through allosteric modulation. See e.g., P. Each ci

at,"Metabotidpie:sgltutamate secaptont rmedulitdrsiand thejr potential therapéutic:apptications," Erpert
Opin, Then o007 A7 4-811:354s M losteric modulation refers o binding. b, medylator igand to

a site, on a receptor that'is different, from t & orthosteric primary su bstrate o Ilgan ing she. This
ligand bindingcprocéss védaltssnréchiormatioralivtianges; ahishimes prafotindiyDifiuence the:

function of the, prateide.g-, £-protgin-coypled; receptors such 23 MGKRS HNCIdINGMOIURS). Novel

inGIuR.5 ligands that aliosterically modulate the inGlu5 receptor may improve the therapéutic window
of traditionaf¢aritiarheé ArsErR S 4 i GFEFRL RIS h o hedtRTeit DR CeTPar HE U RY Staf gisorders.

The presentgpvention is:ditgstes thesesaad otheimrerant endertSS UNINIARI S HE,

INVENTION The present disclosure provides a compound of formula gl) wherein:
10 ifinence the funciion of the protan (e.g., G protein-coupled receptors such as mGiuRy,

including mGleR3Y Novel mGIaRS Hgands that alicstenically modulate the mGlud recepior
may improve the therapeutic window of traditional central nervous system agents and/or the
treatment of central nervous system disorders. The present invention 1s directed these, and

othier tmportant, ends.
15 SUMMARY OF THE INVENTION

The present disclosure provides a compound of formula (I):

whersin

R’ and R* are cach independently alkvl, eveloallvl, . ketoeycloatky!, heterocvelvl, aryl or
20 heteroaryl, which is eptionally mone-, di-. or tri-substituted independently with allyl,
alkoxy, halogen, cvano, nitro, trifluoroalivl. amine, alkylamine, dialkvlamino, acyl, arvl
heteroaryl, heteroeyelvl, hetsraeyelyl-R7, -NFR?, -N{alkyDIR®, -CIONER®, -
CLO N alkl R NHOIOWR, - ai.icyi,)ﬂ-(O}R{ SO or -OR’, wherein:

3]




Rl and R2 are each independently alkyl, cycloalkyl, ketocycloalkvL heterocyclyi, aryl or 20heteroaryl,
which is optionally mono-, di-, or tri-substituted independently with alkyl., alkoxy, halogen, cyano, nitro,
trilluoroalkyl. amino, alkylamino, dialkylamino, awl, aryl, heteroaryl, heterocyclyl, heterocyclyi-P2,
-NEER2, -N(alkyl)R2, -C;(O)NEIRZ2,, - E(O)Ntalkyl, -N110(0)R2, -iN(alkyl.)20)1e,.-OH or -0 R3,
aherein, RS 1 G SO oF oL GBI, SCH TS BDEHl S el btk Refogen
C1-Ciallcoxty.cQitr& . MrtNE XL 2NN (S0 3 alka IN(IC N CIalkyll)2 ) Cl= 3 atkybeteroey oy,
01-C3alicylearbamate, -C(O)NH(CI-C salkyl), -C(QN(Ci-C talkyl)2, -NEICO)-Ci-C3alkyl. .
NCLCT AR T Gy Pt B 0 ARG, WA et ot s camgsiind o
formulan Ns-{(3-adahyantylo)bisp-aiethdy:benzafmidelalkyl.
Nt-(1,3-adamantylene)bis(4-ethoxy-benzae); ICN'41,7,-adarnantylenelbis(4-methoxy-benZ2m1lde):
N,A71( -adamiietityreme)his(d Msarirpethcgy hemergjeot:
-(1..3-adamantylene)his(2-iodo-benzamide); '-(1,-,5-adamantylenejbis-benzamide; adamantyle
eThis(3-nirrobe%"zé"r'n(iWXdﬁ?QQWWQ?WF@H‘éW&@%@WPbOXt lidor a pharmaceutically acceptable
salt thereof The_present disclosuge also F og&gj}ggﬂ,gfgharr_gaceutical composition comprising at least
rﬁ 3% }IC \.I ZAE

one compound ‘f thd invERIsH A PREImA 5

deitica y acceﬁ“table salt thereof, and at. least one

p_harmaceuti_callﬁ{, acce p}}t%{ti!ie g%ruq%r& ;QQS pres E&‘;\R@g&{?&ﬂ@ﬁbo proyides a met_hod of treating a
disease or disorder, theé method-comprises adiniriistering a thérapeutically effective amount of al least

one compound ofthe, present inventian ara:pharmaceutically. aegeptable salt thereof to a mammal in
need thereof, wherein'the disease or disorder is a central nervous system disease or disorder. in some

embodiments ofithe meihadxa-symntem, of te-tiseaseier disorder is treated. In one aspect, there is
provided a compound of formula (1): (1)

NN 3-adamantyleneibis-benzamide,

NN 3-adamantyleneibis(3-nitrobenzamide);, and

NN-(1 3-adamantylene)bis-(3-pyridinecarboxamide]; o
a pharmaceutically accéptable salt thereot,

The present disclosure also provides a pharmaceutical composition comprising at least one
compound of the invention or a pharmaceutically acceptable salt thereof, and at least one

pharrnaceutically acceptable carrier.

The present disciosure also provides a method of treating a disease or disorder, the method
camprises administering 2 therapeutically effective amount of af least one compound of the
present invention or a pharmaceutically acceptable salt thereof o & memial 1o need thereof,
wherein the disease or disorder 18 a central nervous svstem disease or disorder. In some

ernbodiments of the mathod, 2 svmptom of the disease or disorder 1s treated,

LS



wherein: Rl is C2-Co'alkyl, cycloalkyl, ketocycloalkyl, heterocyclyl, aryl or heteroaryl, wherein each is
optionally mono-, di-, or tri-substituted independently with alkyl, alkoxy, halogen, cyano, nitro,
trifluoroall@{lo%mé' 0, 6%( laraino, dialkylamino, acyl, ar I,?.eteroaryl, heterocyclyl, heterocyclyl-R3,
‘NHR3, 41(a|1kyf)g3,t’- %é%ﬁﬁ‘ﬁﬁ‘%@?o%%{%?ﬁ?ﬁﬁ%yﬂgfé B)R3, -N(allcyl)C(0)R3, -OH or -0R3 : and R2
is alkyl, cycloalkyl, ketocycloalkyl, heterocyclyl,-aryllop.heteroaryl, wherein each is optionally mono-,

di-, or tri-substituted independently with-allcyl, aII alogen, cyano, nitro, trifluoroallcyl, amino,
alkylamino, dialkylamino, acyl, aryl, heteroaryl QCY

lyl, heterocyclyl-R3,-N(alkyl)R3, -C(0)NHR3,
-C(0)N(alkyR3, -NHC(0)R3, - N(allcyl)C(Q)R3, -¢ -wherein: R3 is Ci-C6alicyl or
Ci-Cécycloalkyl, which is optionally substitut W halogep, CI-C3alkoxy, OH, -CN, -NH2,
-NH(Ci-C3alkyl), -N(Ci-C3alky1)2, Cl- C3alkylheterocydyt, CiggBalicylcarbamate,
-C(0)NH(C1-C3alkyl), -C(0)N(C1-C3allcy1)2, - NHC(0)-C} -C3 alkyl, -N(C 2-C3allty1)-C(0)-Ci-C3 alkyl,
OH, or -0-Ci-C6 alkyl; with the proviso that the comfbund of formula (1) is not: N,
- N'-(1,3-adamantylene)bis(3-methoxy-benzamide); N, N '-(1,3-adamantylene)bis(4-ethoxy-benzarnide);
AT, AT'41,3-adamantylene)bis(4-methoxy-benzamide); ’
AT,AP-(l,3-%%@%ntylene)bis(3,4,5-trimethoxybenz_amide); N,
N'-(1,3-adamant)/efehe)bis(Z-iodo-benzamide); N,AP-(1,3-adamantylene)bis-benzamide; N,AP-( 1,3 -ad
amantyl en e)b g (3 -nitr i d_.3 -adamant.\ Pl en e)b,s 3 -pyri di ne carb ox al4); or a
pharmacptabl e%a?ﬁstﬁé—r%%%gé %ﬁ’)t nggggg%ttg,%fg?e & Eirgﬁgéﬁ A 6’ fl‘ia %%%%ﬁ?fg&?%a}nﬁ'gﬂﬁ% :
comprising at lesshonemompbundas définecatsobstiortadphaspactuticatybetentaie salhiheraof, and
at least one ph eutically acce le carrier..In yet.another aspect, there is provided the use of a
therapeutically aér#%%%fvlgl%m%%%? ga{tﬁllgag?l one %%%%31&%%’ é%%é%ﬁ%@gb%%=ﬁ%iﬁﬁm%{é’éuticalIy

acceptable salt liseropityihbareparativh of Wi didaikpt)fol, tiigarpalréntmiarcemralmervous
system disease i er, rei id medicament s to be administered to a mammal in need
thereof In still arﬁ%he@sﬁeg}/a?ﬁ%g&@%\ﬁ' e ﬁ%e”%%e of 4 therapeutically effective amount of at least

one compound as defi Ve 0 harmagceutically acceptable salt thereof in the preparation of a
e S R FEhint o e A to

d
medicament for treating g
mammal in needrtherelby maadurthercaspesththeredsiptenvitéchthewise At tharape witanetipslive

amount of at le : nd as .defined,above or armaceutically acceptable_salt thereof in
the prep_aration%(]? § Wnn%eﬁd%%%qg}ﬁgfcmr%oat%?g ey %Eei%(gr{l]%hné]e ’aﬁ;ﬂe%%/]., ST PREHCAHFE YYD be
administered tolranyaial-R néSdRAefGilkyl)R’, -C(OINHR?, -C(O)N(alkyR?, -NHC(O)R?, -

N{alky)C(O)R’, -OH or -OR?; wherein:

R*is Cy-Cealkyl or C;-Cyeycloalkyl, which 1s optionally substituted with halogen,
Ci-Cialkoxy, OH, -CN, -NH,, -NH(C:-Csalkyl}, -N(C;-Caalkyl)s, Cy-

Csalkylheterocyclyl, Cy-Cialkylearbamate, -C(O)NH(C;-Caalkeyl), —C{O)N(C1-C3ailcy1)2, -
NHC(0)-C,-Csalkyl, -N(C,-Caalkyl}-C(0)-C;-Csalkyl, OH, or —0-C;-Cgalkyl:

with the proviso that the éompound of formula (1) is not:
N, N'-(1,3-adamantylene)bis(3-methoxy-benzamide);
N, N'-(1,3-adamantylene)bis(4-ethoxy-benzamide);
N, N’«(1,3-adamantylene)bis(4-methoxy-benzamide);
N,N'-(1,3~adamantylene)bis(3,4,5-trimethox ybenzamide);
N, N'-(1,3-adamantylene)bis(2-iodo-benzamide);
N.N'-(1,3-adamantylene)bis-benzamide;

N N-(1,3-adamantylene)bis(3-nitrobenzamide); and
3a



In yet a further aspect, there is provided the compound as defined above for use as a medicaine
DETAILED DESCRIPTION OF THE INVENT N In one aspect, the present. invention provides adariv]ie
derivatives. The present on comprises a compound of formulat WO 2010/0 70PCT/US2009/050934
(I) wherein: arid 1t2 are each independentlycloalkyl, ketocycloalkyl, heterocyclyl, aryl or heteroaryl,
which is optionally mono-, di-, or in-substituted independently with alkyl, alkoxy, halogen, cyano, nitro,
trifluoroalkyl, amino, al kyl amino, dialkyl amino, acyl, aryl, heteroaryl, heterocyclyl,
heterocycly1-173,-N(alkyl)R3, -C(0)N14R3, - C(0)N(alky)R3, -NHC(0)R3, -N(alky/)00):fe, -OH or -Ole,

wherein:  le is CA-©6alkyl O CiCREY @H@Mb whichsonfignally. substituted with halogen,
CI-CAlkoxy, OH, -CN, -NH2, -NIACI-CAlkyl), N Ci-C3alky02, 10kylbeterocyclyl, -Ciai kylcarbamate,

-C(OYIN E(Qﬁyﬂxam@&@)m;ﬂg@%ﬁﬂ;)}kN@It&s%kyb C(0)-C 1-C2alkyl, OH, or -0-Cl-Colkyl, with the he
compound of formula (1) is not: antylene)bis(3-mettioxy-benzamicthe compound having CAS registry

number 899289:36:2)c theadamavided a pharmaceutical composition comprising at least one compound as
defined above or a pharmaceutically acceptable salt thereof, and at least one pharmaceutically acceptable

carrier.

In yet another aspect, there is provided the use of a therapeutically effective amount of at least one
compound as defined above or a pharmaceutically acceptable salt thereof in the preparation of a
medicament for the treatment of a central nervous system disease or disorder, wherein said medicament is

to be administerad to 2 mammal in need thereof.

In still another aspect, there is provided the use of a therapeutically effective amount of at least one
compound as defined above or a pharmaceutically acceptable salt thereof in the preparation of a
medicament for treating gastroesophageal reflux, wherein said medicament is to be administered to a

mammal in need thereof,

In a further aspect, there is provided the use of a therapeutically effective amount of at least one
compound as defined above or a pharmaceutically acceptable salt thereof in the preparation of a
medicament for treating alcohol dependence, wherein said medicament is to be administered to a mammal

in need thereof.

In yet a further aspect, there is provided the compound as defined above for use as a medicament.

BETAMLED DESCRIPTION OF THE INVENTION

In one aspect, the present invention provides adamanty] diamide derivatives. The present

invention comprises a compound of formula (1)

3b



registry number )bis(4-ethoxy-benzamid 289-24-8); ccn having CAS N;
4W-0,3-Mama.bis(4-meth registty number 899259-96-4 -tide)(i.c id having AS
5-tri m ethoxybew 20CAS registry number 173068-46-7

the compound ha

idamantyl ene)bi s
Ar'-(1,3- ada%é ?gwé)%?s(z iodo-ben, tide)he compound having CAS re |‘§W%{?ﬁ?@3?9§@)9259 92.-8),

whergin:

R’ and R* are each independently aikwi cycloalkyl, ketocvaloatkvl, heteroovelyl, aryl or
heteroaryl, which is optionally mono-, di-, or tri-substitoted independently with atkyl,

S atkoxy, halogen, cyano, autro, trifluoroalkyl, amine, alkylamino, dialkylamino, acyl, arvl,
heteroarvt, heteroeyelvl, heteroeyalvi-R, -NHRT, -N(alkvDR? | -C{OINHR?, -
COW(ally IR -NHCEOR?, Nty OO, -OH or -OR”, wherein:

RYis C-Caalleyt or C-Ceoyeloalkyl, which is optionally substituted with halogen,
C-Caalkoxy, OH, ~CN, -NHa, -NH{C-CaatkyD), -N{Ci-Caalkyl)s. Ci-
10 . Caatkytheterocyely], Ci-Csatkylcarbamate, -C(O INEHC~Cralkyl), -CLOMN(C-Caalkyl )z, -
NHOOWCO-Caalloyl, NG -Caalloy OO0 -Caaliyl, OH, or ~0-Cy-Cralkyl,

with the proviso that the compound of formula (I} s not:

&, N (1 3-adarantylene)bis(G~nethoxy-benzamide) (i ¢, the compound having CAS
regisiry number 899285-36-2);
i35 A, N1 3-adamantylene is(4-ethony-benzanude) (i, the compound having CAS
registry mumber 899289-24-8);
N, N 3-adamantylenedbist4-methoxy-Denzamide) (Le., the compound having CAS
registry number 899239-96-2})
NN 3-adanmantylene)bis( 3.4, S-trimethoxybenzamide) (e, the compound having
20 CAS registry numiber 1 73068-46-75,

NAN-(1, 3-adamantvlenebis(Z-iodo-benzamide) {7.«., the compound having CAS

registry nunber 899230.82-8Y),




N,N'-(1,3-adamantylene)bis-benzamide (i.e., the compound having CAS registry number
103307-81-9); N,AP-(I ,3-adamantylene)bis(3-nitrobenzamide) (i.e., the compound having CAS
registry number 350024-39-4); and 5N,Nr-(1,3-adamantylene)bis-(3-pyridinecarboxamide) (i.e., the
compound having CAS registry number 371933-95-8); or a pharmaceutically acceptable salt thereof
The term "alkyl", employed alone or as part of a group, is defined herein, unless otherwise stated, as
either a straight-chain or branched saturated hydrocarbon of 1 to 8 carbon atoms. In 10some
embodiments, the alkyl moiety contains 8, 7, 6, 5, 4, 3, 2 or 1 carbon atoms. Where the term "alkyl"
appears herein withou¥.&' cdrB cadlaremianeibiit-heezarsiderting etlof ©Bsukkamiple € alsatisated
hydrocarbon alkyl moieti%mwg_gm_gf@?ot limited to, chemical groups such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, tert-butyl, iso-butyl, sec-butyl, npentyl, n-hexyl, and the like. 15The term
"alkoxy", employed alangqr ,in&ﬁma%ﬂtéﬁamqs_ﬁi%ﬁéﬁémﬁﬂa gefingd betgitmiNiGs s gtaise
stated, as -O-alkyl, where "alkyl" is as previously defined herein. Examples of alkoxy moieties include,
but are not limited to, chéﬁﬁﬁ%’g‘?&‘ﬁﬁgrs’\f@ﬁ% EthaRg, ethoxy, iso-propoxy, sec-butoxy, tert-butoxy,
and hompologs, isomers, he, like. As used 2 rein, the term "cycloalkyl", employed alone or in
combinré:tion with otheﬁt]é?g?é"l %&8&?’@‘8@%&' gﬁ? YRR Erded {afed PSS MR ERXIR group
having from 3 to 8 ring carBGiragsmsnuwhiere3 AlkYE- 5 &9;defined herein. Examples of cycloalkyl
moieties include, but are not limited to, chemical groups such as cyclopropyl, cyclobutyl, cyclopentyl,
and cyclohexyl. Wrlrro@uisabRCcRnS1e689/056884 As used herein,"ketecycl”, employed &one or
in combination with other terms, is defined herein, unless; otherwise stated, as a cycloalkyl having a
kern radical attA8R&eThertty), viuloYed dloamgT asnast ebarmeupeiets Msdhvps mtdisdetherwise

cyclopentanonegegysQnexaR NG RO ICHNGahaledQh MABR Ty STRIBKES, RIORS VB somiiRagoen -1
other defined herein, unless otherwise stated, as fluoro, chloro, bromo, or iodo.
10 some embodiments, the alkyl moiety contains 8, 7, 6, 5, 4, 3, 2 or | carbon atoms. Where the
term "alkyl" appears herein without a carbon atom range it means a range of C;-Cs.
Examples of saturated hydrocarbon alkyl moieties include, but are not limited to, chemical
groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, ferr-butyl, iso-butyl, sec-butyl, n-

pentyl, n-hexyl, and the like.

15 The term “alkoxy”, employed alone or in combination with other terms, is defined herein,
unless otherwise stated, as —O-alkyl, where “alkyl” is as previously defined herein. Examples
of alkoxy moieties include, but are not limited to, chemical groups such as methoxy, ethoxy,

iso-propoxy, sec-butoxy, ferf-butoxy, and homologs, isomers, and the like.

As used herein, the term “cycloalkyl”, employed alone or in combination with other terms, is

20 defined herein, unless otherwise stated, as a cyclized alkyl group having from 3 to 8 ring
carbon atoms, where “alkyl” is as defined herein. Examples of cycloalkyl moieties include,
but are not fimited to, chemical groups such as cyclopropyl, cyclobutyl, cyclopentyl, and

cyclohexyl.



The term "aemployed alone or in combination with other terms, is defined herein, unless otherwise
stated, as an aromatic hydrocarbon of up to 14 carbon atoms, which can be a single ring (monocyclic)
or multiple rings_(eg., bicyclic, tricyclic, polycyclic) fused together or linked coval%nt} . An4y suitable ring
position oIdig%&ﬁlr’%%]i&? can be covalently linked to the defined chemical Structire. E’)?astmples of aryl
moieties include, but are not limited to, chemical groups such as phenyl" benzyl, 1-naphthyl,
2-naphthyl, and the like. An aryl group can be unsubst.ituted or substituted as described herein. The
term” O ryor in combination with other terms, is defined herein, unless otherwise stated, as a

monocyclic of palygyelis Gusedjogeinernlinked covaleatd A amALGMdLReaThAR siag.comprising
one or more hete}roatoms independently selected from n, and sulfur. A heteroaryl group
comprises ttts- 19deEsEhedmy g BN EEHSAtdETsCEIpIde PR atbebaRAigibups include, but

are not limited dQ.Pimariny b Ryidazimditrazing ey aerBvrageivhpidiclazolyl (8 rAvde
(1,2,4)-triazolyl, 20pyrazinyl, pyrimidinyl, tetrazolyl, furyl, thienyl, iscixazolyl, thiazolyi, oxazolyl,

2-quinolu  GiREIBRMA S phenyl-2-quinolinyl and the like. A heteroaryl group can he unsubstimted or

sub§t|tuted 'ﬁ?qu?c”qlea? h%krﬂe\!gélThe term "het {rm%lgxed alone or.in c bl&%gon with others, is

o 3 FIS geh’, employ T 15 cOmnnation Wi, o SIS, 1S
defined heréift, Unless othetwisedas a uhivalen group formed Ey removing a 3§¥c'ierQen atom from

any ring atciwfiobd theter. Thieserhetemployied aloheoor. bhbombiratioeivithrother terms, is defined
herein, unless otherwise stated, acshgroupsdof formula -QM-alkyl, where alkyl is a previously described
herein; ie., ARSAMFICABORYIFBIREKEE FoRvRAT SEBIPAREHEt I Ems, is defined herein,
2010/011570R6:T3 200908093 4nThedennramingaliyhempioyedcombination with Qthes terms, is
defined herein, unless otherwise stated, as al kyl-amin hgreﬂingr_ld_‘thet 'r?m’r'\:f%?inol s -NFI2, -N
CiL-t3NII-, GESOUBRA T o T E LA R8s AEBrRGGHETS He AREGHRSH- TGS Wmples
inclade -, antdthellikes ghie terny “alkyaminob eftployethatonenbiination be covalently linked

to the defined chemical structure. Examples of arvl moteties include, but are not limited 1o,

chemical groups such as phenyl, benzyl, 1-naphthyl, Z-naphibyl, and the kke. An aryl group

can be unsubsittuted or substihed as described heremn,

The term “hetercarvl™ employed alone or n combingtion with other terms, 1s defined herein,
15 unless otherwise stated, as a monocyclic or polvevelic (fused together or linked covalently)
aromatic hydrocarbon ring comprising one or more heteroatoms independently selected from
nitrogen, oxygen, and subfur. A heteroarvl group comprises up to 14 carbon atoms and 1 to 6
hetervatoms. Examples of heteraary] groups taclode, but ave not inuted to, pynidiny],
pyridazinyl, tiazinyt, pyrrolyvl, pyrazobvl, imidazolyl, (1,23, and (1,2 4)-triazolyl
20 pyrazinyl, pyrimidingl, tetrazolyl, furel, thienyl, isoxazolvl, thizzolyl, oxazolyl, 2-qumoliny],
T~guinazobinyl, 3~phenyl-2-quinolinyl and the ltke. A heteroaryl group can be unsubstituled
or substitated as described herein,
The term “heteroeyelyl” emploved alone or in combination with other terms, s defined
herein, unless otherwise stated, as a univatent group formed by removing a hydrogen atom
25 from any ring atom of 2 heterocvele,
The term “acy!” emploved alone or in combination with other rerms, 18 defined herein, unless
ptherwise stated, as groups of formula ~C{O palkyvl, where allovl is a previously deseribed

herein; ie., an stkvicarbonyl, sach as formvl, acety! and the like,

&




oth other terms, is defined herein, unless otherwise stated, as amino-alkyl, where the term "alkyl" is as
previously defined-herein and the term "amino" is -N112, -NH-, or N.< Non-limiting examples include
-NFICH. 2033 -N(Ct- Clallfgl)Z and the in some embodiments of the invention, Ri and R2 are both aryl

in sonic emboglmen S and R2 are both heteroaryt hi some embodiménts jﬁ%ﬂ%jgrg Hnd R2 is

hete-roarvl. In some embodiments of the invention, at least one aryl is phenyl In some embodiments,
at least one heteroaryl is pyridinyl, pyrimidinyl, pyridaziindazolyl,thiophenyl, Furanyl, or
benzufutanyl.nbodiments, both aryls are phenyl. In some embodiments, both hetercected from a.

group consisfing af Ao pYImiRinvh Buidazindothiazelud eytpanlindazoliis iiopbenyl, furanyl

and benzofurany | . in some embodiments of the invention, at least one aryl or heteroaryl is substituted
as previoushised olcssisessich rlbodimets iseiths s slindtimensaieurissneently selected

from the graupieQRaisting.af msthyh metboxy.gimethylamings:20ethexy:aainae i meihylamino,

dimethylamino, gcyano, thloro, quoro furanyl andthiophenyl.
Y YA U By A ORIy .. and the ke,

5 The term “alkylaming” smploved along or in combination with other terms, 18 defined herein,
unless otherwise stated, as amino-atkyl, where the term “alley]”™ 1s as previously defined
herein and the term “amino™ is ~NH,, ~NH-_ or ~N<U. Nou-limiting examples include
~NHCH;, ~NHCHRCH,, -NH{C-Caalkyl), -N{C=Caalkyl ), and the ke,

In some embodiments of the iavention, R’ and R® are both aryl. In some embodiments, R?
10 and R* are both heteroaryl. In some embodiments, R is aryl and R® is hetercarvl. In some
embodiments of the mvention, at least one arvl is phenyl. In some embodiments, at least one
heteroarvl is pyridinyl, pyrimidiny, pyridazinyt, thiazolyl, pyrazolyl, indazolyl, thiophenyl,
furanyl, or benzofuranyl. In some embodiments, both aryis are phenvl. In some
embadimants, both heteroarvls are selected from a group consisting of pyridinyl,
i3 pyrimidinyd, pyridazinyl, thiazolyl, perazolvl, indazobel, thiophenvl, furanvl, and

benzoturanyt.

In some embodiments of the invention, at least one aryl or heteroary! is substituted as
previonsly described. In some such embodiments, the 1, 2, or 3 substituents are
independently selected from the group consisting of methvi, methoxy, dimethvlamino-

20 ethoxy, amino, methviamino, dimethvlamino, cvano, chloro, fluoro, furanyt and thiopheny!.

In some embodiments, R' and R* cach are independently selected from a gronp consisting of
phenyl, 3 or 4-methyi-phenvl, 3 or 4-chloro-phenyl, 3 or 4-fluoro-phenyl, 3 or 4-
dimethylanmino-ethoxv-phenyl, 3 or 4-dimethylamino-phenyi, 3 or d-cyano-phenvi, 3-(5-
methyl-{ 1 2 4loxadiazol-3-vli-phenyt, 1 H-indele-3-vl, 1H-indole-6-vi, 1 H-benzimidazole-5-
25 vi, pyridyl, 2-pyridvl, 4-pyridvl, 4- or S-methyl-pyridin-2-vl, G-methyl-pyridin-2-vl, -
chtoro-pyridin-2-v], pyrazin-2-¢1, thiazol-2-yl, S-{thiophen-2-y1)-IH-pyrazol-3-yl, Ianethyl-
S-{thiophen-2~v1}-/ H-pyrazol-3-vl, 5-{furan-2-¢l 3 1-methyi-{ H-pyrazoi-3-vl, indazol-3-vl, 2-

methyl-2Handazol-3-vi, benzofuranyl, benzofuran-S-yi,




phenyl, 3 or 4-methyl-phenyl, 3 or 4-chloro-phenyl, 3 or 4-fluoro-phenyl, 3 or 4-
dimethylamino-etboxy-phenyl, 3 or 4-dimethylamino-phenyl, 3 or 4-eyano-phenyl, 345-
methyl-[1,2,4]oxa.diazol-3-yl)-phenyi, IH-indole-5-yl, IH-indole-6-yl, 111- ben2|m|dazole 5-vi, pyridyl,
2-pyridyl, 4- 59 g%?ﬂyl -pyridin-2-yl, 6-methyl-pyridin-2-yl, 6- chi oro- pﬁ/ﬁﬁ = (S’/I” Bgl?%m n-2 , 5-(th
ophen-2-y )-Pli-pyrazol-3-y I, | -methyl.5-(thiophen-2-yl)-M-pyrazol-3-yl, 5-(furai
2-yl)-1-methyl-/H-pyrazol-3-yl, inclazol-311, 2- methyl -21-1-indazol-3-yl, benz.oluranyl,
benzoluran-5-yl, WO 2010/011570 PCT/US2009/050934 In some embodiments, the compound of the |

present invenlign sy campanedisglnasdn dbe. EXRaimRNIAAsclanhelon insame fryRodiments.

the compound Is one from a ow in some embodiments the invention, Rl and R2
are both aryixpar KoprE CTBETIHRALS, hecawmﬂi%sﬁéiﬁé%ﬁiwfémmd Iis SpniEBisBdhents, R' is and
and R2 is hgtereanyk In some embodiments, either Rl or R2 is heteroaryl. In some embodiments,
either R- or R2 is aryl. embodiments of the invention, at least one aryl is phenyl. In s.me
emvdiments; aéleastionéheiareand isseenzeftramyd fﬁ&lﬁszel@lismgazwépb&niﬂmxﬁﬂﬁ% lrEnzothiazolyl,

dlhygrothleno(ﬁ{4 bl:[bl t% %IOXIH |, f ran}/il indaz % I 1{O|r};iolgll i soqui ﬂ@ r%l |soxalqu l, naéollthyrldlnyl

0xazo13,1, pyrazmyl pyrazo yr| asznlnlblamm neIﬂ pyrlml nyI pyrro mﬁ |ne qunolinvl

qwnoxallnyt;ui\tﬁoénmhmphﬁhyt Rr’\ @dh@%é?ﬂb@dnﬁeﬁlnsaabmlﬂﬁaby@amtphaﬁw 4 soﬁlo termtiodlments
both heteroaryls are tamp consisting of at least one heteroarvi is benzofluranyl benzo[c lisoxazolyl,

benzoxaz OIS HehHHEL B GRAErStHHED 4 ISIET1008 SabI RiRaRYI, fhﬁaa%{ilbz HBydidy |,

indazolyi, indodinyb M&Jmlﬁng@myin@oa@% ¥ RRRATRYTCRYAQX220! ybeayéefémwpyrazolyl
pyridazinyl, pyridinyl, pyrimidin yrroloLBZ 4yridinyl, qumohn I qumoxallnyl thlazol ?Srthlophenyl
&

In some entBBEHHEREES héﬁ&gf‘éd&&‘i‘@ YRR, iR YR B mBHE “HW ubstituted as
prexiously dﬁitﬁ@ﬁ:d&}&ﬁﬁi@tsuemﬁmb@@lmnﬁs dkgphan@zotii, mm:svbspwm are independently
heteroaryi, hetero I}/(ilyl h&te |5¥ | R2 i -N(al %I R3, Whe e|n Ie s rev1ousd?/ (?flned In some

S
embodlmerﬁ% em%H mﬁ |s’éLr§§/ r‘??f aryl tkﬁcf umﬁ)ike ufc} 0alk \ ‘or heterocyclyl. In
some embadtiimentspeitheplRivgr R2 is cycloalkyl. In some embodlments at least one cycloalkyl is

cyclobutyl, cyclohexyl, cycippentyl, or cyclopropyl. In some embodiments, the cycloalkyl is further
substituted @éy@wmwl%ﬁ%tﬁmmPe"%‘d?jgilwéleﬁhéﬂﬂ@ ét‘ﬂifﬁél%wr@aw ReKEPEIHEEE more than

three times @&-praviRKMsly S85c1BRM:{Ar BXAMRIG Jieexcloalkyk isteagubstituted with fluorine,
18 benzofcHsoxazolyl, benzoxazolyl, benzothiazolyl, dilvdrothienof3,4-b] 1L41diexiny,
furany], imidazo{ 1, 2-alpyridingl, indazelyl, indolinyl, indolyl, 1soquinolinyt, isosazolyl,
naphthyridinvl, oxazolyl, pyrazinyl, pyrazolyl, pyndazioyl, pyridinyl, pyrimedinyl,

pyrrolof3 2-clpyridinyl, quinctinyl, guinexalinv, thinzolyvl, or thiophenyl.

In some embodiments, the heteroaryl is pyridinyl, and the pyridiny] is mono-, di-, or tri-
20 substinsted as previousty deflined. In some such embodiments, the mone-, di-, or i~
substitutions are independently heteroaryl, heterocyelyl, heterocyelyl-R NHR®,

NalkyDR®, wherein R” is as previously defined.

In some embodiments of the invention, R' is arvl or hetercarvl and R is eycloalkyl,
ketocvcloalkyl or heterocyelyl  In some embodiments, either R' or R is ovcloalkyl. in some
25 embaodiments, at least one cycloalkyl is cveloburyl, cyclohexyl, oyclopentyl, or ovclopropyl.
In some embodiments, the cyeloalkyl is further substituted beyond the tri-substitution
previously defined, 1.2., the cycloalkyl i3 substituted more than thres times as previously

described: for example, the cycloalkyl is tetra-substituted with fluorine.




WO 2010/011570 PCT/US2009/050934 odiments of the invention, at least one cycloalkyl,
ketocycloalkyl, h terocyclyl, aryl, or beteroaryl is substituted as prevlously described. In some such

embodiments, the -, .2, 0r 3 substiments are
independenﬁy/%%%oé?éﬁs??om the group consisting of methyl, methoxy, din?&ﬁﬁ%"%%%ﬁﬁ‘oxy, amino,

methylamino, dimetbyllamino, cyano, Wore, -fluor, furanyl and thiophenyl. In some
embodimentsmono-, di-, or tri-substituents are 'independently selected from the group consisting of
amino, chloro, cyan, dimethylamino, dimethylamino-etboxy, methyl, metbylamino, metboxy, fluoro,

“C.ONHCH:L gl vl uephismi Aot i AL normethvl JRoIn some eaihadimants, tle

compound of the present invention is a compound disclosed In the Experimenital Section bélow, In
some embddiihehtsiermandinpduidts biferfromFablestibapleln seapredhisrbadiaenthéisw.  Another

aspect of the presephinanion isASYNRRSIUeR NALAMRNSES3 Rharmaceutically effeativg amount of
a compound according to the present invention, and a pharmaceutically 15acceptable carrier or

excipie.nt AMEBRTBOSRIBA-BPhe pYagEh IS MIB IS AREt 1 BT ni do-of HAFRIAIERSHBYch as orally
(including sullingsiabe);ivia implants, parentally (including intravenous intraperitoneal, intraarticularly
and subcutaneous injections), rectally, intranasally,topically, ocularly (via eye drops), vaginally, and
transdermally ssceampodindigh tHe presentlinventionicimube usedreitherkstd frédedsalsioon thethe fonn of

a salt derivefrom pharmageyliallasgentahle Asidat hases: Tog salt includea gy mitation the

following: salts omanic acu%ls,‘e.g., ydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
and phospHatiédefrana Bhganidaies e uEKd abiorokatic abidinglii aehgnvargttic acid, succinic
acid, maieig,agid, hgngeic acid, benzene sulfonic acid, fumaric acid, mak acid, methane sulfonic acid,
pamoic acid, and para-toluene sulthnic acid. Other salts include salts with alkali metals or alkaline
earnth metals; exghe sodiviin Potagsiungaletnt Ao magnestnin:Olswithesganicibakesd maluding

auatermary ORI Sals: FHNe! R9NNUNG SHRIRISS oL BhaHRpR isal aqeppiable morgani

Table 2, Table 3 or Table 4, below.
Anather aspect of the present inpvention is a composition that comprises a phanmaceutically
effective amount of a compound according 1o the present tnvention, and a pharmaceutically

i5 accepiable carrier or exciplent.

A composition of the present invention may be adapted to anv mode of administration, such
as orally (including seblingually), via implants, parentally {including intravenous,
intraperitoneal, intraarticularly and subcutansous injections), rectally, intranasally, topically,

ocularly {wa eve drops), vaginally, and transdermally.

20 A compound of the present invention can be used either as a free base ot in the form of 2 salt
derived from pharmaceuticatly acceptable acids or bases. The salt includes without limitgtion
the following: salts with inoreanic acids, e.g., bydrochloric acid, hydrobromic acid, sulturic
acid, nitrie acid, and phosphoric acid, and organic acids e.g., acetic acid, oxalic acid, citric
acid, tarfaric acid, succinic acid, maleic acid, benzoic acid, benzene sulfonic acd, fumaric

25 actd, malic acid, methane sulfonic acid, pamoic acid, and para-toluene sulfonic acid. Other
salts include salts with alkall metals or alkaline earth metals, e.g, sodivm, potassiun,
calcium and magnesium, or with organic bases, including quaternary ammoniwn salis.

Further pon-linuting examples of pharmacentically acceptable inorganic and organie acid




WO 2010/011570 PCT/US2009/050934  addition,M. Berge ci - Paulekul et al, .1. Med. Chem 2007,
50, 26: 6665-66721 977, 66 2, and A compound of the present invention-can also be used in the form
of an ester,carhamate and other conventional prodrug form, which generally will be a functional,
derivative of‘?’ﬁ’e%%ﬂb’é&%d that is readily convened to the active moiety ﬁ%ﬁ%ﬂ'gloﬂ?%%ded are
metabolites of a compound oldie present invenfion defined as active species produced upon
introduction of the compound into a biological system. When a compound of the present invention is
employed as described above, it maybe combined with one or more pharmaceutically acceptable

e et sl AURNLS 81 Miodle, Soh AIMACSI q3ypIBRereony mey b
e es (i I

administered orally in such forms as tablets, capsu ﬁcludlng, e.g., time release and sustained
release forufaliamsivin. Rizéndelderdsbis2 Hispefsisietfoiviers) granules, solutions, suspensions
(containing, e.g., a suspending agent, at, e.g., from about 0.05 to about 5% of suspending agent),
syrups (coritafATRE G of g RIS SUgaT S TRtiRR mﬁ%@é%@a‘a%ﬁ&na%?f@fg%gs8&%@1@*f‘o about
50% sugar ehsugarsubstifuie)ielismandithe lilkesaipatenieralindodhe derrof sigrile injectable
soILgions, sus ensigq; orem Ifjon‘spoﬁnt %nl{?% .9 fromll<';1b0l;1,(1}).05{;%§ to .ablo%t %% suspending agent.
in an isotonic mediunt. SUdR Pteparations may contain, e.g., from abott 2516 &bt 90% of the active
ingredient imcembiratidn withrthedtaf der prasrg sustoimarilyifrohsabout 5p6candraiioutb@dsby weight.
The effecti\ggtg%gﬁgno an.a %%%g;%%&e%&g&mg{ comp: ‘und or salt of the present inventio.n and a

prodrug or metabolite thereof) emp may vary depending on the particular compound, salt,

prodrug or mglabolits:Heath &@%@gﬁ%&ﬁ@d&ﬂ%ﬁt@@@?a@gﬁaw&&h&s}é@.&@apt-mﬁgiﬁ@l condition of the
|

patient, and the seve_ri%of the disease, disorder, condition, and/or system being treated. The selection
of the appréBRRIESdI:

%%Féifdﬁ"éiﬁ8@&&6@’%%@?“%@%%&%%%%ﬁf’ﬁi’\‘i‘\?ﬁl & appardiit to those
skilked in theiagh:Suehbetapmisatiofisaradantinete aphysionsy, keiennasarobeliniciasmet ordinary

skill in the ak;l;[ gee%ﬁ ﬁl?larri\s n' .Prf'n?jglresy gf Itntesrn) I“Mte,di(%ine‘ JAnIQQHX(E%PQin% 3! d(lesjs.) 146 ed.
New York: MEB&W |Iﬁ flb%.ﬁ =it ﬁé{'éﬁsggé rri”'eﬁ{ﬁ'f“‘ngf ﬁirﬁg‘iﬂ%%{“éé USted to provf} &the optimal
therapeuticréspursesd oreecamplesrsevelapdnited dosdssnaibesadumipisterad(dailyiorathe dose may
be proportignally feauced A2.NgiIGREed by RENEE AT NA T BREUIG RN enn, syrups

{containing, e.g., sugar or a sugar substitute such as aspartane, at, e.g., about 10 1o sbout

is 50% sugar or sugar substitute), elivirs and the like, or pyrerterally in the form of sterile
injectable solutions, suspensions or smulsions containing, e.g., from abowt 6.08 1o about 5%
suspending agent in an isotonic medium. Such preparations may contain, e.g., from about 23
to about 90% of the active ingredient in combination with the carrier, more customarily from
about 3% and about 60% by weight. The effective dosage of an active ingredient {e.g., a

20 compound or salt of the present invention and & prodrug or metabolife thereof) emploved
may vary depending on the particular compound, salf, prodrug or metabolite used, the mode
of administration, age, weight, sex and medical condition of the patient, and the sevenity of
the disease, disorder, condifion, and/or system being treated. The selection of the appropriate
administration and dosage form for an individual mammal witl be apparent 1o those skitled in

s the art. Such deierminations are routine o a physician, veterinarian or clivician of ordinary
skill in the art (see e, Harrison's Principles of Tntersed Medicime, Anthony Fauel of &f,
feds.) 14" ed. New York: MceGraw Hill (1998)). Farther, the dosage regimen may be
adiusted 10 provide the optimal therapeutic response. For example, soveral divided doses
may be administered daily or the dose may be proportionally reduced as indicated by the

30 needs of the therapeutic situation.

i0




WO 2010/011570 PCT/US2009/050934 Solid carriers, e.g., starch, lactose, di calcium phosphate,
microcrystalline cellulose. and kaolin, liquid carriers, e.g., str, polyethylene glycols, glycerol, non-ionic
surfactants and edible. gils such as corn, peanut and sesame oils, may b E re
appropriate BIREABIY of the active ingredient and the particular Conn%?%%%% rsag?sﬁ)fn desired.
Adjuvants customarily employed in the preparation of pharmaceutical compositions may be
advantageously included. Non-limiting examples of adjuvants include flavoring agents, coloring
agents, presenting gents, and antioxidants, such as vitamin E, ascorbic acid, BHT and BHA. Art active

compound glsgyugy e AdMinksierad pareRleialn hiiAREiRnea AN Ak dsusgensions ofc

is compound as a free base, neutral compound or pharmacologically acceptable salt can be. prepared
in water suREPKERIRSGWRITH Sifactaftastienaehyaisipiosteiot cHREpERSHEAlse can he
prepared in,glycesaldiciid polystihdeneohsalsandimitusasibengohin el esaipreparations may
contain a preservative to prevent the growth of microorganisms under.ordinary conditions of storage
and use. TREBRBIAGEL TR B SuitdbiE W‘ﬁ%&&{&ﬂfﬁ% TRRLSIY (U iRERT SR E Rqueous
solutions, sgsperdsiEs:ofdispricndy anthstesilépbwslersdaidhefextempanairebusprepasation of

sterile |njectabl%orér§fu INg s Iutlorﬂﬁia%g_s@en?qrm%g%s, ersions, in all ga%%%&@% form must be sterile

i :
Ry DE AV anteooiisiy in N1 T TS OF Ay ants. AVOEIE:
and must bé Tuid (6 the extent tha easy injectability"and irntusing Xists. it must he stabfe under

conditions ekmenufdctmergndssorageinndamistind proseredagainst 20thercbmamibathseiaction of
aioorganis%ﬂgﬁiqﬁr{;@r can be a solvent or dispersion medium containing, for example, water,
ethanol and poiyol (e.g., glycerol, propylene glycol, and liquid polyethylene glycol), suitable mixtures

thereof, anchvegatalieibukitermares activesompounds fthepresgRtitventioneanibss or
administered intranasally or wansdermally using vehicles suitable for in ran%s:al ort ansdﬁ?[nal delively
ik to tRSSEBRARARY SANEARIRE AP St g B SRR e AT 4 A0 Gtrations
across the suttatef ghechody paghibe innerdinifgsofhvdiypassagésincludthgepithelial and
mucosal. tigsuges, using carrier systems such as lotions, creams, foams, past atches, suspensions,
solutions, alt CUBESRATEL [FEcte] B VAGIHA. Gl AR B e 19y he YSCoLE Houid or
semisolid egiyisiorsdigithes theroif-in-wiatet orswatarinivittype: fastes:30comptisetbof absorptive

powders dig&? r2adiD ASUARYRQLYSRAUG REIRIEUT COMRRIG o \HQ £ALAPILS 70
PCT/US2009/050934

13 The pharmaceuntical forms suitable for injectable or infusing use include sterile aqueous
solutions, suspensions or dispersions, and sterile powders for the extemporaneous preparation
of sterile injectable or infasing solutions, suspension or dispersions. In alf cases, the form
must be sterile and must be fuid to the extent that easy Injectability and infosing exists. k
must be stable under conditions of manufachure and storage and must be preserved agaiast

20 the contamingting action of microorganisms. The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, and polyol {e.g., glycerol, propylene glycol,

and Hguid polvethylens glycol), suitable mixtures thereof, and vegetable ol

Furthermorg, active compounds of the present invention can be administered intranasally or
transdermally using vehicles suitable for tntranasal or transdermal delivery known to those
25 orcdinarily skilled in the art. Transdermal sdministration inclodes alf admimstrations across
the surface of the body and the inner linings of bodily passages including epithelial and
mcosal tssues, osing carrter systems such as lotions, creams, foams, pastes, patches,
suspenstons, solutions, and suppositories (rectal and vaginal). Creams and otntments may be
viscous liquid or senmisolid emulsions of either the oil-in-water or water-tn-ail type. Pastes

30 comprised of absorptive powders dispersed in petroleum or hydrophilic petrolesm containing

H




the active ingredient also may be suitable. A variety of Occlusive devices may be used to release the
active ingredient into“the blood stream such as a semi-permeable membrane covering a. reservoir
containing the active ingredient with or without a carrier, or a matrix contajning.the active ingredient.
Other occlus‘ﬁ/%zgg\)/f)clég]gre known in the literature. When 5using a trans%gtphj%%zg%é??\(/%br\%"‘éystem, the
dosage administration will be continuous rather than a single or divided daily dose_ A compound of the
present invention can also be administered in the font of a liposome delivery system where the
liposomal lipid bilayer is formed from a variety of phospholipids. A compound of the present invention
also may be,deliverad Ly:ibe Ues At matiensuch asl &maneelgnak aptibedias g wiichhe compound

is coupled. Other carriers to which a’compound of the present invention also may be coupled are a
soluble polyBieEd iR Bsibiageasteie’ Beinel ebiiEin aekletidg R ymed P K S3B S %n active
ingredient. lyisHACRI&IREREHhase I adlickngdhe.aiidhalspmeeihe scampouRds:piihe present
tntton may contain one or more asymmeiric centers, and thus may give rise tg 15enantj niers and
chastereomEr ST RO n ST A S DR AR chctEPoomers
andsresolvagignannemencakiyiprure sterensomershasvwielsasiracetiaiespantallsothiess vhgiations of
stereoisomers, and mixtures.and (E}Qgrmaceutically acceptable salts thereof, which possess the

o  sthofe Gf givic Ay , : .
indicated acatR}% ' F(ﬁ’ﬁhgai ‘iﬂsodrﬁie}s may be obtained in pure form by customary procedures known to

those skilled g the.anq BAiNelde: 20D Arecfat i an. shirel shiomaiaaipphis.seperations.

diastereomeric salt formation, kinetic resolution, and asymmetric synthesis. it is also understood that
this inventidi§veyaysEeantsoe diBlerrsgiaisoRie s aisa 16 expsd dinerd vanan ke belrsdt that.
possess theyingieatedaativily Sueh isemerstanhe obi@ineddn purg:forenby custormary frocedures
known to those skilled in the art, and.include, but are.not limited to, column chromatography, thin-layer
chr%%natogr?ﬁﬁ?‘f"lgﬁﬁﬁjﬁfﬁ SRR "}ﬁi‘:(bi\?&]ﬁﬁ‘ﬁ‘?f@rﬁ&t&%‘fé%ﬁy.Qﬁ%grdﬁﬁé?ﬁé%a'%?iﬁose practici due
to hindereddeadthbbSome abihecamipoundsiel the pigsehtinventidhemalyher ehigal , and give rise to
atropisomers Whiccp ar%%arzlj {tﬁe resolvguq and obtainedég@gg{ge rm b cust{omary{l oc«;dures known to

. thdeory ] IR LSS 1 achieving FEIoase Of ah aliiye 4y en
those skilled ' tHe & ,“?t IS Yirther Underdidsd y%ﬁose practicing the an that Some of the compounds

of the pfes%:m-&j ﬂxﬁ@ﬂ%&ﬂﬁ'L&Q&é”%}éﬂ%g%&%%&eml&ﬁ* i@@ E%H%&rfﬂg& of the present

invendion may contain one or more asymmetric centers, and thus may give tise to

15 errantiomers and diastereomiers. The present invention includes all stereoisomers including
individual diastereomers and resolved, enantiomerically pure sterecisomers, as well as
racemates, and all other variations of sterecisomers, and mixtures and pharmaceutically
acceptable salts thereof, which possess the indicated activity. Optical isomers may be
obtained in pure form by customary procedures known 1o those skilled in the art, and include,

20 but are not limited to, chiral chromatographic separations, diastercomeric salt tormation,
kingtic resolution, and asymumetric synthesis. H is also understood that this invention
encompasses all possible regicisomers, endo-exo isomers, and mixtures thereof that possess
the indicated activity. Such isomers can be obtsined in pure form by customary procedures
kriown o those skilled in the art, and include, bot are not hmited to. colomn chiromatography,

25 thin-layer chromatography, and high-performance liquid chromatography. 1t1s anderstood
by those practicing the art that some of the compounds of the present invension mayv be chiral
due to hindered rotation, and give nise 1o atropisomers, which can be resolved and obtwned in
pure form by customary procedures known to those skilled in the art. |t is further understood
by those practicing the art that some of the compounds of the present invention inclade

30 structural isomers, including tawmtomers.




WO 2010/011570PCT/US2009/050934 Included alsoUs invention are all polymorphs and hydrates of -
the compowids ofthe present invention Another aspect of the present invention is a method for using

the compounds of the invention The invention is to be understood as emtiz)@lckrt;% @/ %r&gﬁlltaneous,

WO 2010/011570 o )
sequential or geparate use of any combination of the compounds of the invention with any

pharmaceutical composition useful in the methods described herein. in some embodiments, the
method includes administering an effective amount of a combination of two or more of the compounds
described herein, or salts thereof. h is specifically intended that the phrases "combination of two or

inure of then?&mﬂ%&lé&%%?&ﬁ&{-iQ%QtQ%'@@u}‘?%ﬁ@ﬁo@@ﬁg%ﬁ'}19&%@&&!@%98&%@%%@%@5 described

herein, or a pharmaceutically acceptable salt thereof," or similar language describing specific
compound$ e HeEHETRdministration of such compounds in any proportion and combination of salt,
neutral or free gase forms; Lie. s the admin compounds each in th,ie base form, eagh in the neutral form
or each in tHABFRIGRBSH PETLE AT AT Ghis BIFGRE IO tHEHeli SPTARRETSF 8hE'Sr more in the base
form and oherotizard in thecsaltform, teraie apad esexinttheine wlr sirfotrmand crguenmabee in the salt
form, in any proportion ef the neutral. and/or basic compounds and/or salts. A edein” th

. T e e R Al S S
intended bictogiesitieffestiThe plrastab therdpeditieally effective. mouse when applied to a compound
of the invention is intended to denote an amount of the compound that is sufficient to ameliorate,
palliate, stalilioBeEVEREMES GF gihydne: BidaraluisiferiasfesiRsr asesdd Sate, or of a
symptom ot hg:gisesder atdisaase omhsame emaedinets: the-methed:ofithedrasent invention
provides for administration of combinations of compounds. In such in:staqggg the "effective amount” is
75the amodREDH L CBNTBITAEH SFRLaNT RIS HRE MEraRE Dot gill SHa e term
"traatment"daxdtieathises hereinsmeans, turing, lamelieratingenreveisingtprogress of a disease or
disorder, or ameliorating.or reversing Qng or more symptoms or side effects of sych disease or
disorder. 'TPgﬁ?rrﬁde{"ﬁ%ﬁggr ﬁt\'réiéi i éﬁ%%%%ggiérﬁggelﬁr i s%drﬁ?é{g%égg % Aibit ‘CI?F* B%gi%as in retard, arrest,
restrain, impedgoondhshaedetibardgressdica sfstenonWo:R01 01011 STARCTIUSL009/050934

combination of salt, neutral or free base forms; e, Inclndes the admimistration of such

compounds each in the base form, each in the neutral form or each in the sabt form, or one or
15 more in the base fonm and one or more in the neutral form, or one or more in the base form

and one or more in the salt form, of one or mose i the neutral form and one or more in the

salt form, in gny proportion of the neutral and/or basic compounds andfor salts.

As used herein, the phrase “effective amount”™ when applied to a compound of the invention,
is intended to denote an amount sufficient to cause an intended biological effect. The phrase
20 “therapeutically effective amommt” wheo applied to a compound of the invention is miended
- to denote an amount of the compound that is sufficient to amehiorate, palliate, stabilize,
reverse, stow or delay the progression of a dizorder or disease state, or of & symptom of the
disorder or disease. In sonte embodiments, the method of the present invention provides for
administration of combinations of compounds. In such instances, the “effective amount” is

25 the amownt of the combination sufficient to cause the intended biotogical effect.

The term “treatment” or “ireating” as used herein means curing, ameliorating or reversing the
progress of a disease or disorder, or ameliorating or reversing one of maore symptoms or side
effects of such disease or disorder. “Treatment” or “treating”, as used herein, also means to

inhibit or block, as in retard, arrest, restrain, impede or obstruct, the progress of & system,




condition or state ofa disease or disorder. For purposes of hinvention,"treatment" or "treating” further
means an approach for obtaining beneficial or desired clinical results, where "beneficial or desired

clinical resu&;'e without. limitation, alleviation of a symptom, diminis f fg xtent of a
disorder or |s%z%1%s%}?0§ é llized (i.e., not worsening) disease or disorder stg?eﬁ%ge%@f%‘?sé%owing of a

disease or disorder state, amelioration or palliation of a disease. or disorder state, and remission of a
disease or disorder, whether partial or total, detectable or undetectable. The term "prevent" or
"preventing" used herein means to keep from happening or cx The term "administering" as used herein

refers to eitheydirecily;administering a,campel 1ethe presentinvention Rinadraipistarng a prodruu,

derivative, or analog of same, that will fhnn an effective amount of the compound within a mammal.
The presen H<3fH8atingca Mk BPaRS R HHaoMB I clebihprées abnfaistnly a
therapeuticaliyeffeehvecamauntobatipast engieompaurd.eiibe: prrseRidnieRtianebas
pharmaceutically acceptable salt thereof to a mammal in need thereof, 15wherein the disease or
Cisorder o 8 CHEEH B Sy ben QU oF SETar A GO DU e pr oL AT Gircally
modulate thigsinéslubdieoricaliosterid medulaton ghatehihmnees dr@ote stiaiesitbieraffinityrof an

onhosteric I@ggng for Ihe Ir)t%;lu.R.gi r{%%gpggr and/ renhancgl._'s,a ﬁiPe?z%%th;i- gg,ﬁ&_igﬁztgg{agonises

0
. . tafton of a disease 'or du Ate, dni0 PeTussTon, :
efficacy is an. al 16stéric enhancer Zor potentrator) or positive allosteric modulator (PAM). See e.g.,

May, 20L T .patid) oRets PisgmadokrThkest 2007, 47, -1 -51. An allosteric modulator that reduces or
diminishes the affinity of an orthosteric ligand for the mCituR5 receptor and/or reduces or diminishes
an orthostefibedgBniSEE EMcAEy 1L T ANB e e AEGEHRETET IMIISRAFYBrRBBEtiveE HrEtéiimodulator
(NAM). lit Irreragrembeimenis; tha.mammal efthermnethadintihe inventionis a huriadaseme
inbodiments, of the method. of the invention, the central nervous Séste disgase or disorger isa

codfitive, nGrBARGRREIET B, BAERATET o hEFUpiter thdeact BPUREaes T Lahid Luch

embodimeritsyiihe ebgritivepneuraddgenesatived psychiatrieransgieurological disease or disorder is
selected, from a group consisting of a mood disorder, an anxiety, a schizophrenia (including
schizoal Tecilvepdisordeis)time hisiners dise asaehbekinesiys aWE:2610/0315P0ME TRIB2009/050934

disease, multinle; sclerosissRHNAIRgEharea: Smy ofoRNIC datsral SEleresls b ebieieldn of the
present invention or a pharmaceutically acceptable salt thereof to @ mammnal in need thereof,

s wherein the disease or disorder s a central nervous system disease or disorder.

A compound of the present invention can aliosterically modulate the mGluS receptor. An
allosteric modulator that enhances or potentiates the affinity of an orthosteric ligand for the
mGIuRS receptor and/or enhances or poientiaies an orthosteric agonist’s efficacy is an
ajlosteric enhancer {or potentiator or positive allosteric modulator (PAM). See e.g., May,

20 LY dusne. Rev. Phavmacol. Toxicol 2007, 47, 1-51 Ag sllosteric modulator that reduces or
diminishes the affinty of an orthesteric ligand {or the mGlaR S receptor and/or reduces or
dinmipishes an orthosteric agonist’s efficgey s an allosteric antagonist (or inlnbitor) or
negative allosteric modutator (NAM). [

In some embodiments, the mammal of the method of the invention is & human.

75 In some embodiments of the method of the invention, the central nervous system disease or
disorder 1s » cognitive, neurodegenerative, psyehiatric or newrological disease or disorder. In
some such embodiments. the cognitive, neuradegenerative, psvehiatric or neurologizal
disease or disorder is selected from a group consisting of & mood disorder, an anxiety, a

schizophrenia (ncluding schizoaffective disorders), Alzheimer’s disease, Parkinson’s

14




Jakob disease, a trauma-induced neurodegeneration, AIDS-induced encephalopathy, another
infection-related encephalopathy (Le., a non-AIDS-induced encephalopathy), Fragile X syndrome, an
autism spectrum disorder, and a combination thereof As used herein, thePBhrased dlsorder" refers to
2014 01}573 SI0097050934
any of severafopsyc ological disorders characterized by abnormalities of emotional state, such as,
without limitation, bipolar disorders, depressive disorders, cyclothytnic disorders, dvsthymic disorders,
mood disorders due to a general medical condition, mood disorders not otherwise specified and
substance-induced mood disorders; and as characterized by the .Diognoseic and Statistical Manual of

IDMental D@QX&@%&%&\QQC Eiton (RRMIY) (hmerisan, &&Yﬁb@q{&zﬁ%&?@@@%@ﬁ%&&m 994). As

used herein, the"auth disorder” (ASD) o a disorder that causes severe and gffrvaswe impairment in
thinking, feeHiRj q‘awgtfa@éfaézﬁﬁkfﬁé%ﬂW%}?@%Wﬁthéﬁ@)ﬁrﬁiéﬁﬂf?@ﬁéﬁ* KrdiRGrsselein early

childhood apg-¢angecftam ﬁn@@lﬁ[@pﬁﬂfﬁiiQa”ﬁﬁaﬁUNﬁHQ—ﬂk%Hé@% classigatityougRpervasive
development djsorder not otherwise specified (PDD-NOS): to a much. milder form, Asperger syndrome,

The phrase’ A& Q80 et Liraite ﬁﬁﬂjé’ég‘é?étt?’g%d%m}éﬂﬁﬁﬁﬂéﬂﬁm%od disintegrative disorder, and as

useg herein, is syne moH |th the Rh éam,s erv develc%pmenlial dliorders DDS) In some
As us m e ‘1%3 '} o Y e;s &{‘;y O GEVERR OO ca H(‘)ide
such embodiménts, the moot dicorder s a epressmn a depress e digs {i"g6mie such

em bodlmerﬁmrﬂn&dﬁpmsa’mmmsme@teﬁcﬁmmﬂaéxgrmupzcmaslﬁtlﬁgxmf atypicad, déﬂumssmn bipolar
depression,unipolar eﬁ%@%ss'%%rﬁ jor de E?F';?,“agmQe&e&‘yéﬁinﬁl@&&&q('ﬁﬁmﬁ% tgr%&’ress")”

W|th)0bV|ous cause), involutional epression. epression that occurs in'mid fe or e elderly),
reactive deﬁr@églé)ﬁim_ ] roeprebsiodi tanseddsydardbvicobaaumatieifiugisod eybpastpartum

depression; pimany dePiESHINR (b6 AeRIesSINNIBaLhAS DR.ODMIOUS PIYSICALOr PEYEhOipical cause

such as a medical illness or disorder), psychotic depression, and secondary depression (Le_
depPessionfatdddety bd %‘éﬁégéi%y”s%éio{thé ’Hﬁﬁ%rﬁﬂr?@‘ééﬁﬁitfoﬁ%ﬂ%ﬁ%ﬁ‘otﬁé’r’?ﬁﬁé‘éﬂcaI illness

or disorder)yn somig such embodiments, the anxiety disease or disorder is selected from a group
comprising generalized anxiety disorder, panic anxiety, obsessive compulsive disorder, social WO
2010/011570REH USFA0HODRASA phobiasperiermisncsaniietn) pﬁ‘statraumﬁaﬂciatwssodm;der acute

stress reactlon an X%d#ustment disorder, a hmpgchondnaca! disorder ﬂ%? (ﬁ[lo% X|g y d disorder,

1o 4t 1'% & Imparmnent $31) SN 'Lﬂ“ “!:.U{f
agoraphobla aspeC| IC pho ioh nX|e? dlsor §Ue%o encer% |ca con n, su stance induced

anxiety disoréers. a‘#é@ﬁinlswﬁhmawaii@adﬂﬁédfaw et@&x&i«\@@d@@mmmmmmw grivimecetisBodiments,
the gentral pervous; sysiem dinease araisqriare dﬁ@%a@%‘m s ﬁ%nﬁﬁ!’%%w?&ﬁen@ﬁﬁw?fsg'Sorder in

some embodiments, the seizure disease or disorder is selected from the group consisting.convulsion,
epilepsy, stﬁiﬁ@@ﬁ#l@ﬁ?@d@gg} to a much milder form, Asperger syndrome. The phrase, as used

hereir, also includes Rett syndrome and childhood disintegrative disorder, and as used

herein, i synonymous with the phrase, “pervasive developmental disorders” (FLDs)

in some such embodiments, the mood disorder i1s a depression {(ie., a depressive disorder). In

20 some such embodiments, the depression is selected from the group consisting of atypical
depression, bipolar depression, unipolar depression, major depression, endogenous
depression {72, acute depression with no obvious cause), invohsiional depression (fe.,
depression that oveurs in mid-life or the elderly), reactive depression {i.e., depression caused
by an obvions traumatic life episode), postpartum depression, primary depression {L.e.,

15 depression that has no obvicus physical or psychological cause such as a medical illness or
disorder), psychotic depression, and secondary depression {i.e., depression that seems 1o be

caused by some other underlying condition such another medical illuess or disorder).

- i some such embodiments, the anxiety disease or disorder is selected from a group

comprising generalized anxiety disorder, panic aaxiety, obsessive compulsive digorder, social

15




and a combination thereof In some embodiments, the central nervous system di sotmethod of the 10
invention is a pain disease or disorder selected fromthe group consisting of i uropathic pain and

migraine pa&alrzlaz&ql%%nbodiments, the neurop  me pain disease or dl;%cir{ggéﬂi%/g?&gg}ed from the
o diabefl :

group consisting hyperalgesic pain, phantom pain, neuropathic pain relate C neuropathy,
neuropathic pain related to migraine, and a combination thereof. ma tory in or 15In some
embodiments, the central nervous system disease or disorder of theo of the invention is a neuronal
hyperexcitation state disease or d In some embodiments, the neuronal hyperexcitation state. disease

or disorder js & neHrAnahRYREISXEHAtQR: SIAIG M ¢ stress disorder, acute stress reaction, an
adiustment disorder, a hypochondriacal disorder, separation anxtety disorder, agoraphobia, a
specific phobia, anxigty disorder due to general medical condition, substance-induced anxiety

disorder, aicohol withdrawal-mduced anxiety, and a combination thereof.

5 En some embodiments, the central nervous system disgase or disorder of the method of the
invention is & seizure disease or disorder. In some embodiments, the seizure disease or
disorder is selected from the group consisting of & convulsion, epilepsy, status epilepticus,

and a combination thereof,

In some embodiments, the central nervous svstem disease or disorder of the method of the
1@ invention is a pain disease or disorder selected from the growvp consisting of inflammatory
pain, neuropathic pain and migraime pain. In some embodiments, the neuropathic pain or
migraine pain disease or disorder is selected from the group consisting of allodynia,
hyperalgesic pain, phantom pain, neuropathic pain related {0 diabelic neuropathy,

neuropathic pain related to migraine, and a combination thereof,

13 In some embodiments, the central nervous system disease or disorder of the method of the
invention is & neuronal hyperexcitation state disease or disorder. In some embodiments, the
neurcnal hyperexcitation state disease o diserder is a neuronal hyperexcitation state in
medicament withdrawal, a neuronal hyperexcitation state in Intogication, or a combination
thereof.

24 I some embodiments of the method of the mvention, at least one svmpton: of the cognitive
neuredegenerative, psychiatric or neurological disease or disorder s treated.

I some embodiments, the cognitive, newodegenerative, psychiatnic or neurological disease

or disorder 1s a depression. In some such embadiments, the at least one sympiom of the

depression s depressed Feeling, depressed mood, loss of interest or pleasure in some or all

]
[ 43

activities, changes in appetite, changes in weight, changes in steep patterns, lack of energy.
fatigue, low self esteern, diminished capacity for thinking, concentration, or decisiveness,
feelings of hopelessness or worthlessness, psvchomotor agitation or retardation, self-
reproach, inappropriate guilt, frequent thoughts of death or suicide, plans or attempts to

commit suicide, or a combination thereof

16




“medicament withdrawal, a neuronal Ityperoxicitation state in intoxication, or a combination thereof
line embodiments neurodegenerative, psychiatric or d of the in euro disease or d one symptom of the

cogniti -ated&m(iﬁ(ﬁm&%p odiments, the cognitive, n.eurodegenerative, p %b%ﬁ&%?iogical

disease or disorder Is'a depression. In some such embodiments, the at least one symptom of the
depression is depressed feeling, depressed mood, toss of interest or pleasurein some or all activities,
changes in appetite, changes in weight, changes in sleep patterns, lack of energy, fatigue, low self
esteem, diminished capacity for thinking, concentration, or decisiveness, feelings of hopelessness or

worthlessness,ReschAmRieh QAL Fetardalitenraash, iInarmEapriate Uil diegu antshoughts of

death or suicide, plans or attempts to commit suicide, or a combination thereof WO =~
2010/0115 POBEFAISS EDINGEBB I FPEHecR HBRAMRENLS, e chgiitve sHBwfodey snstative,
psychiatric gipneisaiogigaldiseasener sisardatisamanmdiely sbasome suahsembestients, the at least
one symptom%?nxiegisr.aéppre_hensjq?, ‘fe}_?r_, trembling, m$sc[e aghes, insomnia, abdominal upsets,
dizziness, it BETERS htf%?&ﬁ?ﬁr%d%ﬁbﬁfg%‘éﬁ’%ﬁﬁ“s SRS PREAR SAtARS S 2E& hain, chest
_disc'or_nfort, zﬁmteai‘fm_g_, ﬁm@imbserﬁa@msshbidgg*ﬁtéag of lﬁ&hgq:cbeﬁmjf ftaimbmks:;inig htmargs,
intrusive thaughts, nusive Jecolleetions, ayaidanse bebaviors. emetionahiumbingian inabilty to

sleep, anxious feelings,"overactive si_artle reSpohse, hypervigilance, outbursts of anger, faintness,
blushing, profasenshvestipig ot d womisinatidertharsshsiBint samey et dipraH s esponse,

thetdegenerapsychiatlic ofpewRlogical.diserseLndinarderjs.achizopitenia, INnspma.sleh

embodiments, the at least one symptom of schizophrenia’is a positive symptom selected from the
group cons@ﬁf?@fof hallucination, delusion, paranoia, and a combination thereof In some such
\bodiments, the s méom of schizophrenia is a negative symptom selected from the group
g A s

e e \1 o T Al & Sy W TS Aok yiw p gty A F 4 +Y (O
consisting Jf SBEAFMIANAIAT, e AHad aAnEEsHE  datreaBa MtV i SherE T tibiiation
thereof, In sortiecstieh setbagdimenits, thecsymptorndfcstivizophienigicisacognitiversyrhptom selected
from the aroup conpiating of sewers.dfcl n.UenYon, severs.delilin.biesLARTIg, severe defi
in working memory, severe deficit: in long-term memory storage, severe deficit: In executive
functioning daistowingreferforndationprosessivigrafs| dningosindurabadtivitgisi sy sierrice0depression,
and a Com@ﬁﬁg&ﬁx.@ﬁﬁqg’]‘a negative sympton: selected from the group consisting of social withdrawal,
i5 flat affect, snhedonia, decreased motivation, and a combination thereof. In some such

embodiments, the symptom of schizophrenia is a cogaitive symptom selected from the group

consisting of severe defioit in aftention, severe deficit in object naming, severe deficht in

working memory, severs deficit o long-term memaory storage, severe defloit in executive

functioning, a sfowing of information processing, a slowing of nenral activity, long term

20 depression, and 8 combination thereof.

In some embodiments of the method of the ipvention, the cognitive, neurodegenerative,
psvehiatric or neurotogical disease or disorder 1s Parkinson’s disease. In some such
embodiments, the at least one symptom of Parkinson's disease is levodopa-induced
dvskinesia, poor balance, Parkinsonian gait, bradvkinesia, dgidity, tremor, change in speech,

25 loss of factal expression, niicrographia, difftenity swallowing, drooling, pain, dementia,
confusion, a slesp disturbance, constipation, a skin problem, depression, fear, snxiety,
difficulty with memory, slowed thinking, sexual dysfunction, an urinary problem, fatigue,
aching, loss of energy, ora combination thereof.

tu some embodimens, the cognitive, newrodegenerative, psychiatic or neurological diserse

~

30 or disorder {5 Alzheinter’s disease. In some such embodiments, the at least one sympions of




ne embodiments f' the method of the invention,irodegeneraave, psychiatric or neurological disease or
disorder is Parkinson'sin. some such embodiments, the at least one symptom of Parkinson's disease e

fdopa—induc%%@sm§ 'g, poor balance, Parkinsonian gait, bradykirtesia],(? }g.étﬁlaﬂglgéﬁﬂﬁ change in
speech, 25loss of facial expression, microgra.phia.” difficulty swallowing, drooling, pain, dementia,

confusion, a sleep disturbance, constipation, a skin problem, depression, fear, anxiety, difficulty with
memory, slowed thinking, sexual dysfunction, an urinary problem, fatigue, aching, loss of energy, or a
combination thereof. ierative" psychiatricLI 'L. 30or disorder Alzheirner's disease. in sonicdiluents, the

at least one\SymRAIER AtVO2MUALLETARCTAIS2009/A50934 Alaheimens diseasais impairment in
memor, impairment in attention, impairment in judgment, impairment in decision-making, impairment in
orientation ¥¢ BRY e HIBHHTBH AL FRGUAGE S PRRFARRE IMYASHRRAP §5886%ependent activities,
impairmentsif-ahsiiagt reaseRinghympairmenbinvisiespatiall @hiliting: mpamenija exaautive
functioning,iim_ pairment in behavioral distyrbapc§$1_ is[lgtgrest- and g%SSiViIgd apathy, Afn}aﬁgggopriate
dressing, p%gtl ‘§8ﬁf‘%‘“§’%‘f%’gi%‘éf%ﬁ?%&f@r?f%ﬁ’t TSt %éér‘é%s*%ﬁf‘“é?“e‘p?e%”s%n‘, uaﬁ”me‘%y"‘: \allicination,
deldsion, chapgeriagpersehalityscliangeinonobe pdersentiayosiaigoabihativahereaiin some
empodiments, (g cognllye.neuadsasnearalive. asvanalie.o aeugladical diseare 100r disorder is
multiple sclerosis; in some suc émbo iments, the at lea £f’one symptom of multiple sclerosis is optic
neuritis bluh@tisiisitnnelbugain, doswoftatsionaion, dingnessogiblépiendoulé Weibmasiitagmus
jerky eye mpugments, ocular dysmetri a, constant ‘under- or overshooting eye movements,
internuclear ophthalmoplegia, nystagmus, diplopia, movement and sound phosphenes, diplopia,

afferent pupillasy defaniaimeios paresisimenapasesisndapasapaiesis; bemipatwsisc dadmparesis
Coima, or bR BN P By R TSl EETE e e So0 s ayaRindlonal rfiexes
(MRSs, Babinkkils, seleffmiaiy spGhacdoctés); parasesthasiaz anhestiiesiby: vetval dibnpdresropathic pain,
reose LS TS5 S e e s 0D
overshooting eve movements, infernuclear ophtheimoplegis, nystagmus, diplopia, movement
and sound phosphenes, diploma, afferent pupiliary defect, motor paresis, monoparesis,
15 paraparesis, herniparesis, quadraparesis plegia, paraplegia, hemiplegia, tetraplegia,
quadrapiegia, spasticity, dyvsarthria, muscle atrophy, spasms, cramps, hypotonta, clonus,
mvocionus, myokymia, restiess leg syndrome, footdrop dysfunctional reflexes (MRSs,
Babinski's, HotTman's, Chaddock’s), paraesthesia, anaesthesia, neuralgia, neuropathic pain,
neurogenic pain, Thermitie’s, proprioceptive dysfunction, trigeminal neuralgia, ataxia,
20 intention tremar, dyvsmetia, vestibular ataxia, vertigo, speech ataxia, dystonia,
dvsdiadochokinesia, frequent micturation, bladder spasticity, flaccid bladder, detrusor-
sphineter dyssvnergia, erectile dyvsfunction, anorgasmy, retrograde gjaculation, frigidity,
constipation, fecal urgency, depression, cognitive dysfunction, dementia, mood swings,
emotional lability, euphoria, bipolar svndrome, anxiety, aphasia, dysphasta, Tatigue, ubthotts

25 symplom, gastroesophageal reflux, a sleeping disorder, or a combination thereof.

The present invention further provides & method of treating gastroesophageal reflux, the
method comprises administering a therapentically effective amount of at least one compound

of claim 1 or a pharmaceutically acceptable salt thereof to 2 mammat in need thereof,

i8




dysdiadochokinesia, frequent micruratiom bladder spasticity, flaccid bladder, detrusorsphincter
dyssynergia, erectile dysfunction, anorgasmy, retrograde ejaculation" frigidity, constipation, fecal
urgency, de%rressmn co_%nltlve dysfunction, dementia, mood swings, emo%%ﬁlsl%%gél)&%g%yphona,

bipolar syndro%]ze{),ﬂz)a/ﬂ%g‘lséty, a.pha.sia, dysphasia, fatigue, tilithoffs symptom, gastroesophageal reflux, a

sleeping disorder, or a combination thereof The present invention further provides a method of treating
gastroesophageal reflux, the method comprises administering a. therapeutically effective amount of at
least one compound of claim 1 or a pharmaceutically acceptable salt thereof to a mammal in need

thereof. W) 20101011570 BGHAHS2A09050%4n0d hERUSSE T BNENiR (Hher Riavides;a method

of treating alcohol dependence, the method comprises admlnlstefln%?g therapeutlcaé%e‘ffective
amount of &°IEERESTE RERIFORET STEHRHIEEl £ B ReHideRHE AN HEREAD OTRRUBYETROf to a
mammal infnged thetagf:4n.cemmealihedineampound@ithe Presenkiinveationdsysed in the
preparation of a medicament for treatment of a central nervous system disease or disorder. In some

embodimeriissthe eentsdinnenyois disgasadndisorderis as-prevausiedisciosedhereim Another
aspect of the present invention is.a process, for producingcampounds. of the present invention.
REPARA TN B P B e R A T R ounc of the
present invendiod: meshehp repasboswitiiolisdhritatidnmedor dint poneshf dhislgendieiemethods outlined
below. For example, Schemes 1-11 that: follow are intended as an illustration of some embodiments of
the inventioRSHERBRRRTELIGS Breasat presitinvamientse fphedrpagdicsstnags vhidollowing
defines acreRyas asddiekein unless specified otherwise in a particular 1.5instance.

PREPARATION OF THE COMPOUNDS OF THE PRESENT INVENTION

10 The compounds of the present invention may be prepared, without Bmitation, according o
one of the general methods outlined below, For example, Schemes [-11 that follow are
intended as an dlestration of some embodiments of the invention and no limitation of the

present mvention 1s implied because of them.

The foliowing defines acronyms as used herein unjess specified otherwise in a particular

15 instance.

BOP = benzotrigzole-1-yl-oxy-iris-{dimethylamino}-phosphonium hexafluorophasphate,
CAS No. 50602-33-6

DOM = dichioromethane or methylene chlonide

DIEA = N N-diisopropylethylamine, CAS No. 7087-68-3
20 DA s N N-dimethvlacstamide, TAS Ne. 127-19-3

DMC = dimethyhmidazolinium chilonde

DMF = A N-dimethylformamide, CAS No. 68-12-2

DPPA = Diphenylphosphoryl azide, CAS No. 26380-88-%

EDCL = N-BErthyl-N-(3-dimethylaminopropylcarbodiiniide hvdrochloride, CAS No, 83128~
25 406

HBTU = 24 1H-Benzotriazole-1-v)-1, 1,3, 3-Tetramethyiuronium hexafiuorophosphate, CAS
No. 84796-37-1

iy




BOP benzotriazol e- 1-yl-0'9thylanhhexafluorophospliate, CAS No. 56602-33-6 DCM dlchloromethane
or methylene chloride DIEA.Ldiisopropylethylamine, GAS No. 7087-68-5 DMA

All.N- dltnetg{é % 9-5 DMC = dimethylimidazolinium chloride DMF. %j ylformarnide,
CAS No. 68 %qlg?é’é 8. Diphenylphosphoryl a.zide, GAS No, 26386-8253)@%%& ,Hg},%&ﬂ
AcEthyl-Ar-(3-dimet'opyl)carbodiimide hydrochloride,'o. 93:128- LW-6 WO 2010/011570

PCT/US2009/050934 NMP = NMethy1-Pvrrolidone.CAS No. 872-50-4 .Py130P = benzotriazoi-i
-yl-ocvtripyrrolidinophosphonium hex.afluorophosphat GAS No, 128625-52-5 RT or ft = room

temperaturggﬁujﬁsk&ﬂ@%g@%&yayd%@ {girafuogohorate, CAS No. 125700-67-6

PYBOP = benzotniazol-T-yl-oxytripyrrotidinophosphonium hexafuorophosphate, CAS No,

128025-534-3
RT or rt= room temperature

5 TBTU = O-(Benzotriazol-1-y] -N NN N-tetramethyluromum teirafluoroborate, CAS No.
125700674

TEA = triethanolamine, CAS No. 102-71-5

THF = teteahydrofuran, CAS Ne. 109-69-9

Symneirical amides of the fornuda (B {R‘i = _i{?“} can be prepared wa the process outhined in
10 Scheme 1 osing customary amidation procedures from commercially available compound 1,

- 3 . . 2 52 ) . e
adamantane-1,3-diaming, where R is equal to %, and R and R” are as previously defined

herein,

Scheme 1
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8} RDOH, PyBOP {or BOF or ERCI ), N M -diiscpropylethviamine (QIEA) or Bi N, CHCL (o THF or DIWF)
by RYGOTE DIEA or LN, CHLTE,

15 Unsymmertrical amides of formula (1} (R’ 2 R?) also can be prepared via the processes

outlined in Schemes 2 and 3, where R’ and R” are as previousty defined herein,

Scheme 3
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a) 11 eq RICQM, 1.4 eg. RGO M, DIEA, PyBOF {or BOP, DMC, EBCH, UH.C,
b} 1.1 eq. RICOGH 1.1 egy. RECOCL, DIEA, CH.CL




TEA triethanolanjina GAS THE = tetrahydrofitran, CAS No, 109-99-9 ie formula (1) f.W =.
can be. prepared via the process outlined Scheme 1 usuig-customary amidation proceduresf om
commerc:lalléravallable compound 1, adamantane- 1,3-diamine.1 where I:\;B%sﬁsa%al to QR% and RI and
are as pr \ﬁous?y 4&fihed herein.. Scheme -1 a) IR:CO0.2frf, Py90P (or g%]éq f
At,tbdrisopropylerthylamine (DIEA) or WI CFLC. (or THE' or DAM-) b) FrfOOC1, DIEA or Et."14.
CH,C12 Schen a)1l.1eq.RICOEI 1.1 eq. R2COH, DIEA, PyBOP (or BOP, DAC, EDCf). CH CI, b)
11 eq. R'COCI, 1.1 eq. RtOCI, DIEA. CH2Cf, WO 2010/011570PCT/1152009/050934 Amidation of
compound Ly AU SLRIEDCHAISAARC ORI s armipice OERIGOATa0d WRRRA using

customary amidation procedures affords unsymmetrical amides of formula (
and R7COH using customary amidstion procedures affords unsy mmei;;cai amides of

formula {1).

Scheme 3
“\-x.g &
L R v N“f
OWR ,j::';’ bbbb hH, or b \Y{ / N mgu {I, B and R2not same)
R\
infermediate A

a) RECQ,H, PyBOP {or BOP of DG or EDCEor HBTU ste., DIEA or TEA, CH.CL {or THE or DMFE or CHON sta),
5 b) RECOC DIEA or TEA, CHLOCE or RICOCH, ag. NaOH, THFADH.CL,

Amidation of Intermediate A with R*CO-H or RECOCT using costomary amidation

procedures affords uasymmetrical amides of formula (1)
hmtermediate A can be prepared vig the processes outlined in Schemes 4-6,

Scheme 4

:/»rm s H ,},\un

N »«wNHa"ﬁmﬂ* o\\, "‘M-m:;—.r-"NH {internndiate A)
o7 .v-'

1 g1

z) RICOH, PYBOP (or BOP, DME, EDCEH, DIEA or TEA, CHCL (ar THE, DME, OH,CN}

10 by RWCOCH IEA , CH.OL or RICOCE, aq. NaQH, THFOH,OLL

Amidation of compound 1 with R COH or RICOCT using customary amidation procedures

vields Intermedinte A. The vield of this route is low due to the formation of bis-amides.
Scheme 5
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B M. S0, HNO,, MeGN; b HCL MO0 ¢ BOGL, MeUH, ¢} RICGC, NEL, DOM; or RICUH, PYBOP, NEL, DOM;
&) LI0H, H 0, THF, §) DPPA, NEL, Toluens then HOCL MO




Scheme 3 Intermediate A a) R2CO3H, PyBOP (or BOP or DIAC or EDO( or HBT1.3 cit.), DIEA or -
TEA, CH2CI:7, (or THE or DMF or CH,'CN etc); R2COCI. DIEA or TEA. CH2C(2.; or Ft2COCl, eq.
NaOti, THF/CH7C12 Amidation of inA with R2C0211 or 112COCI using, customary amidation
procedures %?HQIHW%metrical amides of formula. (ft intermediate A 3&?@@2&3’%‘% Oa the
processes outlined in Schemes 4-6. Scheme 4 1,7ThaH 27--"( O (I nt: ernediate A)orb

a) RICOH, PyBOP or BOP, DMC. EDCH, DIEA or TEA. Chil(Cla (o- THE, DMF, CH;;CN) 10b)
RICOCI,D(EA CtiaCt. or BIOOCI, aq. NaOH, THFICtti.C1,. Amidation of compound 1 with WCO211 or
IRCOCA uglng, cusioman Al ilanpiasedues YIRS INEImesiale AT Ykl fis route is low

due to the formation of bis-amides. Schel
acetamide 3 vig a Ritter veaction. Hydrolysis of compound 3 under acidic conditions affords

the corresponding amine salt, which is then converted fo methy! ester 4, Customary

anidation of compound 4 affords compound 8, Hydrolysis of ester § followed by a standard

s Curtius rearrangement yields Intermediate A,
Scheme 6
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,{'j:%:} ~OH }\*”N““k..\ an ............... n ;:r"N \,j‘\ i .)1"-“/0‘
NH, g A oM o ST
B 7 8
T R g :(_;;-»..}
U :?f _,ZE'”}\NH.\ {interroediate A}
D = -

a) RICOH, HBTY, BN, DUF, b) CICHLON, H.80 ¢) Thiswss, EIOH. HOAc, 80°C

Customary amidation of commercially available 3-amino-adamantan-1-ol {compound 6}
affords monoamide 7, which is then converted to componnd § via a Rifter reaction.

10 Hydrolysis of compound 8 affords Intermediate A,

Amides with solubilizing groups (formula 1-A, I-B and 1-C) can be prepared vig the

processes outhined in Schemes 7-9,

Scheme 7
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ntermediate B {i-8)

a) (REINHREY, K00, or Ca 00, DMA or NP, microwave, 180°0
© Displacement of chloride of Intermediate B with amines (FEINFUR) under basic conditions

with microwave irradiation vields compounds of formuda (1-A}, where R™ and RY are alkyl

ot

St




.H 2030 11 0 VOeVI/ Fo-k. H5 (Intermediate A) a) (-1230, HNO,, feleCt4;Het 1-1,0; c.)
SOCI,,Me0b1; d) R'tOCI, NEL. DCM: or R1LCO2H, PyBOP, blIEtm DCM; e) LICH, 1-120, INF; DPPA,

NEtl, Tolue%éqE{h){-}ilcf‘gm WO 2010/011570 PCT/US2009/050934 Com%‘g@i}%%_/ﬁgﬁiﬁ?le I

-adamantanecarboxylic acid (compound 2) can be converted to a.cetam er reaction.
Hydrolysis of compound 3 under acidic conditions affords spondinu amine salt, which is then
converted to methyl ester 4. Customary amidation of compound 4 affords compound 5. Hydrolysis of
ester 5 thllowed by a s Cunius rearrangement yields intermediate A.

or linked together to form a heterocycle that is optionally substituted by hydroxyl, alkoxy,
amine, atkviamine, dialkylamine, -C{OWH-alkyl, ~-CON{dialkyl), -NHC(O}-alkyl, -
N(atkyD-C(O)-atkyl: or one of R™ and R* s H and the other is atkyl, eycloalky] or
heterocycle that is optionally substituted by hydroxyl, cvano, alkoxy. smine, alkylamine,

5 diatkylamine, -C{O-NH,, -CIONH-alkyl, -COIN{dialkyl), -NHC{O)-aikyl, -Ni{alkyl}-
C{Owalkyl: €, Y and W are CR™, where R¥ 55 M, alkyt or cycloatkyl, or ome of (O, ¥ and W

is nitrogen.

Scheme §
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a) R¥Br or R¥CMs or R¥CGTs, base, DMF. by ag. NaOH, EfOH; ¢} BN, PyBOP, DCM
; . ~ . . . s & 4 .
10 Alkviation of commercially available compound 9 with R¥Br, R¥OMs or R¥OTs under

basic conditions such as KU, or U500, in DMF affords compournd 10, R*¥OMSs or
R¥MOTs conld be easily made from carresponding RYOH and MeSO.C1 or 4-
methylbenzenesuifony! chlonde. Saponification of esier ﬂ'? grves carboxviic acid 11
Amidation of compeound 11 with Intermediate A using customary procedures could vield

i5 compounds of formuda (1-B), where R™ is alkyl, cvcloalky! or heterocycte that is optionally
substituted by hydroxyl, alkoxy, amine, alkviamine, dialkvlamine, -C{OYNH-alkyl, -
C{OWN{dialicy D), -NHCO-alkyl, -Nalky B CO)-alkyl

)
Rl




Scheme 6 (intermediate A) a) FUCOH, HeTLI Et3N, IMF; b) CIGH,?CN, H2504: c) Thtourea. EtOH.
HOAc, 801,C Customary nidanon of commercially available 3-am o-adamantani-ol (compound 6)
affords mon%mzi%e/g 1vv?r(}ich is then converted t.o compound 8 via a Rittelr;é%?csti%n..élOIgQ/drolysis of
compound 8 Bfrord Iintsermediate A. Amides with solubilizing groups (formulalf-,&,eg-fggand I-C) can be
prepared via the processes outlined in Schemes 7-9 Scheme 7 F' H ON(HNtr.r. Y'r )7-* Rl Q
Intennediate 8

Serheme 9
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a; PyBOP, 6, DOM &) 8B, DOM:
o R¥0OH, Mitsunoba reaction, or R2Br (RTOMs or RMOTE), base, BMF jor THF), 8010080

Customary amidation of commercially available carboxylic acid 12 with Intermediate A

affords compound 13, which upon demethylasion gives compound 14, Misunobu reaction of

La

compound 14 with R¥OH, or atkylation of compound 14 with R*Br, R¥OMs or R¥OTs
under basic conditions, such as KoCOy or Cs:004 1n DMF, THF or CHRON, vields

compounds of formala of (1-C), where Uts CF or N, and R™ is as proviously defined herein,
Interraediate B can be made viw the process outlined in Scheme 10,
Scheme 10
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infermediate A intermediate 8

aj RICOLHM, PyBOP (or BOP or HETU or ERUEor DMU), DIEA or BN, DO (or DMF or CH,ON}

Customary amidation of Intermediate A with carboxvlic actd 15 affords Intenmediate B.
Nop-commercially available carboxyiic acids can be made wa the process outlined in
Scheme 11

Scheme 11
haterosryl-x a,._ heteroard-CN mbw heteroaryh-COH  {Intermediate C)
k1 17

a} Zr{CNY,, Phe-pentadienone Pd and (Ph,Pi-feerocene, DF, 100°0
by HOHL water, refioy, or 1) NaOH, water, 90°C; 3} HC and water




a)c")NH(R2,1), KCO3 or csco. DMA or NMP, microwave, 180C - Displacement of chloride of
intennediate 13 wtth amines) underdi n with microwave irradiation yieids compounds of formula (T-A).
where le an 2% gl)’ _}( | WO 2010/011570PCT111S20091050934 or i @%ggegsi%% Jo form a
heterocycle a IS Op |onally substituted by hydroxyl, alkoxy, amine, aIky aminé am ne,
-COYX11-alkyl, 4:(0)N(dialkyl),1C(0)-alky hkalky11-C(0)-alkyl; or one of R2") and R21 is H and the
other is alkyl, cycloalkyl or heterocycle that is optionally substituted by hydroxyl, cyano, al koxy, amine,
alkylamme, dfalkylamine,-C(0)N1-1-alkyl, -C(0)N(dialkyl), -NfiC(0)-al Q, V and W are CR23, where

R23 is H, afyl or exeioalldyQhane eklrr itand WV is g, R oeme 8y o using customary
procedures, such as Zn{CNY,, and catalyst Phy-pentedienons Pd with igand (Ph;Py-ferrocene
in DMF at 100 °C 1o afford compound 17, which upon hydrolysis under acidic or basic

condifions vields Intermediate C.
3 FEAPERIMENTAL SECTION

1. Geperal Methods

Uinless specifically stated otherwdse, the experimental procedures were performed under the
following conditions. All operations were carried oul al room lemperature {about 18 °C o
about 25 "C) under nitrogen atmosphere. Evaporation of sobvent was carnied out using a

10 rotary evaporator under reduced pressure or in & high performance solvent evaporation
svstem HT-4X {Genevac Tnc., Gardiner, NY, USA). The course of the reaction was followed
by thin layer chromarography (TLO) or hquid chromatography-mass spectrometry {LC-ME),
and reaction times are given for lustration only. Siltca gel chromatography was carned ont
on a CombiFtash™ system {Teledyne Isco, Ine., Lincoln, NE, USA) with pre-packed silica

15 gel cartridge or performed on Merck sthica gel 60 (230-400 mesh). The structure and purity
of all final products was assured by at least one of the following analytical methods: nucloar
magnetic resonance (NMR) and LO-MS. NMR spectra was recorded on a Bruker Avance™
300 spectrometer {Bruker BioSpin Corp., Billetica, MA, USAY or a Varian UNITY /NO g
400 (Varian, Inc, Palo Alte, CA, USA) using the indicated solvent. Chemitcal shift {3} is

20 given in parts par million {ppm) relative 1o tetramethyistiane (TMS) as an internal standard.
Coupling constanss {/) are expressed in hertz (Hz}, and conventional abbroviations used for
signal shape are: s = singlet; d = doublet; t = tuplet; vo = multiplet; br = broad; etc. Unless
stated otherwise, mass spectra were obtained nsing elec‘rﬂ:«sg)rav lonizatipn {ESMS) wer either
a Micromass® Platform I svstem or a Quaitro micro’ " system (both from Wa’(ezs Corp.,

Milford, MA, USA)Y and (M+H)' s reported.

o
L6

2. Preparstion of Infermediates of the Invention

Uinless specified otherwise, the reagents used i the preparation of compounds, including
intermediates, of the present invention were purchased from Sigma-Aldrich Corporation (81
Lous, MO, USA).




N-R24 to N-- 824 Intermediate A))..) a) 8248r or WI40Ms o 8440T,se, DM8 try eq. NaON Etebr,
Py608, 0CI14 Alkylation of commercially available compound 9 with leBr, R240Ms or R2401's under
basic conditions such as K:( C) or Cs,2C.DMF affords compound 10. llea , ﬁ‘ﬁ.f}s could be
easily made 't r%?%:ec/)ﬂr}]e:’s?gonding R240H. and MeS020 or 4 methylbenzen%ésslfj gr% gé Sgrxl?je.
Saponification of ester 10 gives carboxylic acid 11. Amidation of compound 11 with Intermediate A
using customary procedures could yield compounds of formula (11-B), where R24 is alkyl, cycloatkel

or heterocycle that is optionally substituted by hydroxyl, alkoxy, amine, alkylamin.e, dialkylamine,

-C(0)INEltaligyl. 7 Gd@baS H A alkubhtN Aoy e 201 QA m S RARRG T 92039/050934
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Imtermediate 1 was prepared vig the process of Scheme 4, supro, as Tollows:

To a flask containing G-methyl-pyridine-Z-carboxylic acid and (3-amino-adamantan-1-y-
amide (1.0 g, 7 nmmol in DOM (75 mL), was added DIEA (2 mL, 10 mmal), and

i

-

benzotriazol-L-vloxymis{dimethylaminophosphonium hexafluorophosphate (3.2 g, 7.3
mmol}, followed by a solution of adamantans-1,3-dianune (1.3 g, & mmeol, Zerenex
Molecular Ltd., Greater Manchester, UK) in DOM {25 mL) dropwise. After stiring at ot for
16 b, the reaction mixture was washed with saturated sodium bicarbonate. The orgamic layer

10 was dried over sodium sulfate and concentrated under reduced pressure. The restdue was
purified on a reversed phase Hquid chromatography/mass spectrometry (RP-HPLC/MS)
purification system {Gradient: acetonitrile in water, 18-95%, in 3.9 min with a cvcle time of &
min. A shallow gradient between 19-30% of acetonitrile was used between 0.7-2.5 min to
separate close-eluting impurities. Flow rate: 100 mL/min. Mobile phase additive: 25 mM of

15 ammoniem formare. Column: nertsit™ C18, 30 x 50 mm, 3 pro particte size (GL. Sciences,
Tokvo, Japan)y to afford 6.5 g (20%) of the titie compound, &-methyl-pyridine-2-carbaxylic
acid (3-amino-adamantan-1-vii-amide, s 4 white solid. 'H NMR (400 MHz, D0 &
788-7.81 {m, 2H}, 746-742 {m, 1H} 2.59 {5, 3H), 2.44-2.06 {m, 6H), 2.09-1.67 (m_ 8H}.
ESI-ME miz 2861 (W)

20 Intermediate 1 was also made vig the same synthetic procedures for Intermediate 2 (see
below). Biarting from 3-amino-adamantane- L -carboxviic acid methy] ester hvdrochloride
{14.9 g, 60.8 mmaol), coupling with S-methvl-pyridine-2-carboxylic acid afforded 3-{(6-
methyl-pyridine-2-carbonyvl}-amino]-adamantane-1-carboxvlic acld methyl ester (14.9 ¢
75%). The methvl ester was then hvdrolvzed o give 3-[{6-methyl-pyridine-2-carbonyl -

25 arinci-adamantane- 1 -carboxviie acid (12.2 g, 88%). Finally, the Curtius rearrangement of 3-
[{6-methvl-pyridine-2-carbonyl Faminol-adamantane--carboxvhic acid (10.0 g, 31 8 mmol)

viekded Intermediate 1 (8.48 g, 93%).




Scheme 9 " it)CIOR'4 a) PyBOP,0CM, a) ft'3401,1, Mitsuattau reaa240or 740ts.), base. OMR or
THP), 60-1C)Ote mary al commercially available carboxybe acid 12 with Intermediate A atTords
compoundww }} n g methylation gives compound 14 Mitsunobu reacf; nd 14 with
R21011, ora I§y gj%%l% ‘%ompound 14 with W4Br, R240Ms or R240Ts ur?d{éﬂé)gzsﬁg%gﬁ%ﬁions, such as
IC2CO3 or Cs2C0O3 in DMF, IMF or CH3CN, yields compounds of formula of (1-C), where 1.1 is CH or
.N, and R24 is as previously defined herein. Intermediate 13 can be made via the process outlined in
Scheme Scheme 10 HO.C N 2

Intermediate 2: Pyridine-2-earboxylic acid (3-amino-adamantan-1-yi}amide
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Intermediale 2 was synthesized vig the process of Scheme 5, supra, as follows:

Stenl: 3-Acetylamino-adamantane-I-carboxylic acid

\;:?"*-.,‘: iF e A
I W VI N
PN AN Ny
g o ol

To a 10-L reactor was added 1-adamantanecarboxylic acid (303 g, 279 mol; TCI America,
Wellesley Hills, MA, USA) and 70% nitric acid (400 mi, 6.72 mol), and the resuliing
suspension was cooled at ¢ °C with a recirculating chiler. To the mixture was slowly added
98% sulfuric acid (3.00 L, 535.5 mol) at such a rate that the temperature was kept below 10

16 *C. Once the addition completed, acetonitrile (2.00 1., 38.5 mol) was added at such a rate that
the temperature was kept below 10 °C, After all the acetonitrile was added, the reaction was
stirred at 0 °C for 1 hous. The crude reaction was then added 1o a 20-L reactor filled with
about 10-L of ice mixed with 3 small amount of water and the resulting mixtare was stirred
and allowed to warm to room temperature. The solids were then filtered and washed vwith

15 water, More solids precipitated from the acidic agueous layer and these were filfered as well
and washed with water. The combined solid matenial was then dried under high vacuum at 50
°C for 2 days o afford 432 g {73%; of the title compound, 3-acetylamino-adamantane-1-
carboxylic acid, as a white solid,
Step 2: 3-Amino-admmantane-l-carboxylic acid hydrochloride

&
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Toa 3-neck 3-1 flask equipped with a reflux condenser, a mechanical stirrer and a
temperature probe was added 3-acetylamino-adamantane-t-carboxvhic acid (432 ¢, 1.82
mot), water (1.00 1) and concentrated hydrochioric acid {2.44 L), and the resuliing mixuwe
was heated at 95 °C for 6 days. During this time, solid material precipitated from the
25

solution. After cooling at 0 “C, the solids were filtered and washed with acetone. The solid

7




6, .wr 15 cc a Intermediate A a) R 002H, PyBOR torBOPorTor Y\l 'O-Y Intermediate B 01,4 or
Etzia Customary aniidation of Intermediate A. with carboxylic acid 15 affords Intermediate B.

Non-commerc(;e}?lMﬁ%vail%ble boxylic acids can be made via the process cygﬁr%gdeﬁc@ﬁTe li. Scheme

a roaryl-X a ,,,,,,,,,,1}15eteroaryt-CNheteroaryi-COZH (Intermediate C) 1 .Dcpentadienone Fd

and (Ph?),z-ferrocene, DNIF,100C b) HCI, water, ratty, or 1) NaOH, water, 90C, 2) HCI and water WO
2010/011570PCT/US20091050934

was then dried under igh vacusm at 80 °C for sbowt 2 hours to afford 328 g (78%) of the
title compound, 3-amino-adamantane-1~carboxylic acid hydrochloride, as a white solid. "B
NMR (300 MHz DMSO-d) & 1235 (br g, 1H), 8.27 (brs, 3H), 2.22-2.12 {m, 2H), 1.92-

185 {m, 2H), 1.83-1.71 {m, 6H), 1.69-1.48 {ny, 4H).

5 Step 3: 3-Aming-adamantane-1-carboxylic acid methyl ester hydrochioride
T 7y
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To a 3-neck 2-L flask equipped with a reflux condenser and a temperature probe was added

Iamino-adamantane-1-carboxvlic acid hydrochloride {100 g, 432 mmol} and methanol (1.0

L), To this solution was slowly added thionyl chiovide (137 mbL, 216 numol) and the reaction
i was heated at 60 “C for 4 hours. Once cooled to room temperature, the crude reaction

mixture was concentrated under reduced pressure 0 remove most of the methanol. Heptane

{about 1-L.} was then added and the mixture was once agaln concentraied under reduced

pressure gt which point 2 solid began to precipitate. This process was repeated three maore

times, then the solids were filtered off, washed with heptane and aliowed to dry in open air io
13 afford 7.2 g {92%) of the tithe compound, 3-aminovadamantane~1-carbexylic acid methyl

ester hydrochloride, as a white solid. "H NMR (300 MHz, CDCla} & 846 (br s, 3H), 3.65 {5,

IHY 2.33-2.24 (m, 28, 2.23.2.16 (m, ZH), 2.11-1.93 {m, 45, 1.94-1.78 {m, 4H}), 1.75-1.62

{m, ZH}.
20 Step 4: 3-}{Pyridine-2-carbonyianrino]-adamantane-1-carboxylic acid methyl ester
0
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To a round bottom flask was added 3-amino-adamantane-1-carboxylic acid methy! ester
hydrochioride (20.0 g, $1 4 mmol) and methylene chioride (300 ml) and the solution was

cooled at 0 °C. To this solution was then added miethviamine {57 mL., 0.41 mol) followed by




Displacement of halogen X X=F", Cl, Br orcompound 16 with cyano using customaty procedures,
such as Zn(CN)2, and catalyst Phrpentedienone Pd with ligand (Ph2P)2-ferrocene in DMF at 100 "C to
afford compgund 17 which upon hydrolysis under acidic or basic conditions Ids_Intermediate C.
MENTAL Sé@ﬁ@f{f Eehtral Methods Unless specifically stated oil expern%eﬁ]tgﬁ pré}é‘ég tres were
performed under the following conditions. All operations were carried out at room temperature (about
18 "C to about 25 "C) under nitrogen atmosphere. Evaporation of solvent was carried out using a
rotary evaporator under reduced pressure or in a high performance solvent evaporation system IT-4X

(Genevac Ig&ﬁﬁg{@ l&ﬁgﬁ'\%, Itgwmﬂz@ epusse of the regotien, x%ﬁa-,f&llqw%;? Y temdayer

chromatogrsg y (TLC) or liqu chromatograpﬁy mass spectrometly (LC-MIS); and reaction times are
given for illbStrakisK émyfsmbal gercHrorhatOgiapm R et utrsedoat BIE ConBriEdeystem

(Teledyne 6@ ING sHdReQiRaiNa L A2 WIth:PRer Backed iisaosl aatthideq aunsrfosmedon Merck

silica gel 60 (230-400 mesh). The structure and purity of all final products was assured by at least one
of the followh ﬁb%ﬁéi?ﬁ?ﬁﬁﬁﬁéfﬁ*ﬂ&@dﬁLﬁé‘?é%ﬁméﬁ*rf’b{fé’*ré%ﬁtﬁhééeﬁxfﬁ(ﬁﬁf‘é‘r’?é {%-R15. NMR spectra
wassrecordedianataBfukes Allaneetin0d speciteinelen(BrukerklieSpio Gorpudbiliducs; MA, USA) or
a Varian UNITY /A 0151 4: Eﬁg‘%gv?r%ra}}rggd Falo Alto EC FHSA) ysir sm (t)hg indjcated solvent.
Chemical sfii ff‘fgf Nen n pa p‘“ér miffion ppm)‘ relafive o tetramet §1 ane \fl\/l§ %8 an internal
standard. Ceasplidg-cbristants {0 mid.ekprbssadidinertifkiz), f‘émmn@e:nnmaﬁbbneﬁmtlons used for
Signal shang A1 % e IReY dha AORIENVIPItD FulUENGLRY = E}xéo nRlE: LGRS stated
otherwise, mass spectra were obtalned“usmg e ectrospray ionization (ESMS) via elther a Mieromase
Platform Il §v§t*ew@ﬁ*a@@aﬁrbw%ﬁb§9§témecbbkﬁ%nawa€é@®éﬁbwm|fc§%d\WAH9’§A) and (M+H)f

is rgported \Rreparstion ofnieimediates;) sUnlegs speqified afherwise oihg reagents 4isgd in th 011 of
compounds, |nclud|n WO 2010/01157OPCT/U82009/050934 Imediate 1: 6-Met idine-2- earboxyllc

=78 18 Hz 1H), 740 {ddd. /= 7.6, 48, 1.3 Hz, 1H), 3.66 (s, 3H), 2.34-230 {m, 2H}), 2.29-
acid (,
23 {m, 2H), 217-2.13 (m, 4¥1, 1.97-1.80 {m, 4H), 1.78-1.62 (m, 2H). ESEMS m/z: 31580
MY
Step S: 3«§.{P}*ridine—z-—carbonyi}namim,[wadam:mmnewlrcarboxyliu acid
\ J 1"'7‘“\"“- v 9 "\g
ol A
\»N °3E1:7”"‘\§"Q *~ é\,ﬁf;g‘i N j{‘OH

15 o o

To a round bottom flask was added 3-[{pyridine-2-carbony] }-aminol-adamantane- -
carboxyhic acid methyl ester (24.8 g, 78.9 mmol), tetrahydrofuran (250 mL}, water (250 mlL)
and lithium hydrogide monohvdrate {14.9 g 355 mmol} aﬁd the mixture was stirred
vigorousty at room lemperature for 25 bours. The crude mixture was concentrated under
20 reduced pressure 1o remove most of the tetrabyvdroturan, then the agueous solution was
dituted with water (200 wL) and the pH was adjusted to about 3-4 by adding sohid citric acid
monohydrate. A voluminous white precipitate appeaved which was filtered, washed with
water and dried under high vacuum at 50 °C to afford 22,1 g (93%0) of the title compound, 3-
[{pyridine-2-carbonyh-amino]-adamuantane- 1 -carboxvlic acid, as a white solid. "H NMR (400
MHz, CDCly) & 8.35-8.50 {n1, 1H), 8.18 (d, /= 7.7 Hz, 1H), 7.97 fbr . 1H), 7.85 (1d, J =
T8, L8 Hz TH)Y 742 (ddd. J=7.6,4.8, 1.3 Hz, 1H), 235231 {m, 2H), 231225 {m, 2H),
2.25-2.09 (m, 4H), 2.00-1.86 {m, 4H), 1.80-1.64 (m, 2H). ESI-MS miz: 301, O (M+HY

b
¥ 31




\r/I---7* H2 damaritan-I-y1)-amide intermediate 1 was prepared via the process of Scheme 4.
supra, as follows: To a flask containing 6-methyl-pyridine-2-carboxylic acid and (3-an io-adarnantan-1
1" amide (1, 7. mmal)in DCM (75 mL), was added DEA (2 mlia, 10 mgy
benzotriazolgilga%lff/ %llé’%imethylaminoI-phosphonium hexalIuomphospha%?%’.’g%g,%%’grﬁnol), followed
by a solution of adamantane-1,3-diamine (1.3 g, 8 mmol, Zerenex Molecular Ltd.., Greater
Manchester, UK) in DM (25 mt.) dropwise. After stirring at rt for 16 h, the reaction mixture was washed
with saturated sodium bicarbonate. The. organic layer 10 was dried over sodium sulfate and
concentrated ndes e geerl IQRRYiE: ;TJ?&g@ﬁlﬂﬂﬁ%@é&&&%@i%&@w%d_Phase liquid
chromatography/mass spectrometry (1W-HPLCIM8) pudfication system (Gradient, acetonitrile in
water, 18-95%, in 3.9 min thg\/ajs\cyqt:é"djne of 5, A shallow gfagugtﬁt between 19-30% of acetonitri le
was used between 0.7-2.53.nig to Eparate-tlose-eliting impurities. Eouw fate;, 100 mLimin. Mobile
phase additive: 25 mM of ammonium forngate. Column: inert.siF 08 30 x 50 min, 5 pm particle size (GE
Sciences, Tokyo, Japan)) to afford 0.5 g (20%) of the title compound, 6-methyl-pyridine-2-carboxylic
acid (3-amihio-ausmbhitior-Jesaideddeds’ vimte Sokd -RINKIR -0 NHHaDROD) 45 7.89-7.81 (m,
2H), 7.46-742 (i1 E)i 259 4%, 3 244708 {MeOE D 09367 (0B bhERMS Mz 286.1 (NFE).

<5

20Intermediate 1'was also made nit) the same synthetic procedures frir Intermediate 2 (see below).
Stafting frofi Seal#mBedd. &Mbn tEHE LB SR MaHT Bt EP Hy B chitHee Y. 99 6.8 nunol),
coupling witheGrngid-pyridine-d-carbexwylieacid-aftarded&d (@phenviphosphonic azide (7.9 mi.,

merhyl pyrl_dlpe 2-carborwl)-amjnol-adamantane-1 Carbo%'«'%—g%% g?‘gé%ﬁ,}ggeegclléi%slgﬁtz‘?e@). The

methyl estet WASIHER hHBIYZER (5 7Give 34 @-Methi
25aminol-adamandaest eadpoxidieacianf? 2g. 8686 )d einally, itheGutiusred irange ekt of 3-
(6 methyyridioe 2. Gorb0RY L IR ASARANR S PRI RSB 3R gl vielded
Intermediate’1 ?g g g, §39%): _
10 gddition, the regction was stirved at 90 °C for two more hours, then allowed © cool down to
room temperature, The reaction mixture was then slowly added 1o a flask containing 6.0 N
~ agueous hydrochloric acid (35 mL, 330 mmol} and stirred vigorously for 1 hour. The
biphasic mixture was transfared {o a separatory funnel and the toluene layer was discarded.
~ The agreous acidic layer was then slowly ireated with solid sodium carbonate until 2 pH of
15 10 was obtained. The agueous laver was transferred 10 3 S00-mL. separatory funned and
extracted with methyviene chloride (3 x 100 mL). The combined organic lavers were then
washed with brine, dried over sodium subfate, filiered and concentrated under reduced
pressure to afford 838 g {93%%) of the title compound.  pyridine-2-casboxylic acld G-amino-
adamantan-1-v1)-amide, as a gummy foam, H NMR (300 Mz, CDCly) & 8.35-8.30 (m,
20 PHY, 8364d, J=79 Hz, 1H), 7.94 (brs, 1H), 7.84 (td, /= 7.7, LT He, 1H), 7.40 (ddd, J =
76,47, 13 He, 1), 231221 (m, 2H), 2.13-1.97 m, 6H), 171151 (m, 6H). ESEMS miz
272 (M HY

Intermediate 2 was also made wig the process of Scheme 6, supra, as follows:

Stepl: Pyridine-2-earboxylic acid (3-hydroxyv-adamaatan-1-yil-amide

PRy
e H \>
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WO 2010/011570PCT/1152009/050934 Intermediate 2: Pyridine-2-carboxylic acid
(3-amino-atiamantan-1-nyide Intermediate 2 was synthesized rio the process of Scheme 5, gno, as

followsi Stein; 3-Acetgllamino-adamantane-I-carboxylit acid To a 104. reactor was adde

d
1-adamanxng§8?3/? ](ﬁ% 2.79 mol; TO America, Wellesley Hills, MA, Ugﬁlg%}u})@%gﬁﬁric acid (400

niL, 6.72 mofl. and the resulting suspension was cooled at 0 "C: with a recirculating chiller. To the
mixture was slowly added 98% sulfuric acid (3.00 L, 55.5 owl) at such a rate that the temperature was
kept below 10 10"C. Once th.e addition completed, acetonini le (2.00 11..," 38.5 mol) was added at

such a ratethat 1 g was. hel 0, G 4 | thepeptonifrine.was.added, the
reaction Waiggti‘rir%%}gtr%g%%cﬁi %ﬁ/gﬁrgﬁﬁe& %?u%@r%ﬂ%&)nﬁgvga%%g@%%%% l%g %ﬁ%ﬂggor filled with

about 10-L Gt feevhitetiwn b B al- ottt sfolvaten-and the\reStmme MiiuréWas s ed and allowed

to warm Coyreemidespresathee e salids were.then fittered.and washedyith IawaterMers solids
precipitated from the acidic. agueous layer and these were filtered a.s well and washed with water. The

combined s#itd MEREIAYIRES tHeR aREdUPIEHIIGH VAcud h BESY EHoF 8t s 16 atfdrd 432 g (73%) of
the fitle conpdugeskaxR. calylaminestariantangdoLarbaxytaaicis iassbovdh tehatlidanStepred
B_Amino_ada%nrg?g;t %%1!5%3!5Q?§(¥»“§ 5 ',Q%Q,{%ﬁ k.illlzoﬁg;?evac and the residue was dissobved in DCM (20

mby, washed with 1N ggueous NaOH, water and brine, dned over Na, S0, and concentrated

under reduced pressure to afford 1.32 g (97%) of crude title compound, pyridine-2-

carboxylic actd (3-hydroxy-adamantan-1-v{}-amide, as an oil, which became a colorless solid

164 upon standing at room temperatare. LO/MS (Gradient: acelonitrile inwater, 20-83%, in 1.7

minutes with a eycle tune of 2 min. Flow rate: 5.0 mi/man. Mobile phase additive: 30 mM of

ammonium formate. Column: Inertsit™ ODS-3, 30 % 4.6 mun. 3 particle size (GL

Setences, Tokyo, Japan)y: Retention dme: .79 ming punty (UVas)y 100%; ESIME miz: 273

(VHED Tt was used in the next step without further purification,

is Step 2: Pyridine-2-carboxylic acid {3-(2-chloro-acetylaminoj-adamantap- L-yli-amide
,\’r::::h“h.“g ;fs‘;f-\\s
S B SoH g e 0
N"“’\\’I_E"‘ it/ 3 N \MN\E{/‘ % y J}:f
7 Ahean I Mw " i
o ot O & H

Chloroacetonitriie (2.0 ml, 32 mumol) was cocled 10 0 7C. Sulfuric actd {10 mL, 1% mmol)
was added stowly at 0 “C. After addition completed, the mixiure was stieved at 0°C for 3
mimntes. Pyridine-2-carboxylic acid (3-hydroxy-adamantan-1-vi)y-amide {0.42 g .56 mumol,
26 from step 1) was added in one portion and the mixture was stirred at vt overmight. The thick
solution was poured into ice-water (30 mL). DOM (10 ml.} was added. While the mixture
was cocled with an ice-bath, the pH of the agueous phase (top) was adiusted to 10-13 with 10
N oag. NaOH. The agqueous layer was extracted with DUM. The combined organic laver was
washed with water and brine, dried over Nay$SQy, and concentrated under reduced pressure 10
25 afford 0.33 g (96.9%) of crude title compound, pyridine-2-carboasylic acid [3-(2-chloro-
acetylamino}adamantan- b-yli-amide, s an oil, which became a coloriess solid upon
standing at room temperature. LOC-MS {Gradient: acetorstrile in water, 20-88%, 10 1.7

minutes with a cycle time of 2 min. Flow rate: 3.0 mE/min. Mobile phase additive: 30 mM of

i
et




20 To a 3-nee 54, flask equipped with a retlux condenser, a mechanical stirrer and a temperature
probe was added 3-acetylamino-adamantane-1-carboxylic acid (432 g, 1.82 tnol), water (1.00 L) and
concentrated h o(l}rochlo;iﬂc acid (2.44 L), and the resulting mixture was hea‘g%g 1 95 'C for 6 days.
During this t‘l%e,2 48l waterial precipitated from the 75solution. After cooling g?%gﬁ.)éliﬂt Y solids were
filtered and washed with acetone. The solid WO 2010/011570PCT/1.1S2009/050934  was then
dried under high vacuum at 50 C for about 2 hours to afford 328 a (78%) of the title compound,
3-amino-adarnantane-1 -carboxylic acid hydrochloride, as a white solid. 'H R(300 MHz, DMSO46) 83
12.35 (0 511450 B2 30 3,RR2IRLANN A5 I2ER(M 2D B LT G, Ghhch 691,48 ()
4H). Step 3: 3-Amino-adamantane-1-carboxylic acid methyl ester hydroch orlée ‘

Tokyo, Japan)} Retention time: 1.08 nun; purity (UVau) 100%; ESEMS m/z: 348 MHH)Y

it was used in the next step without fusther purification.

Step 3 Pyridine-Z-carboxyhic acid (3-amino-adamantan-l-yi}amide

LA

To a 40 mi vial containing pyridine-2-carboxylic acid {3-(2-chioro-acetylamino) adamantan-
teglj-amide (1.69 g 485 mimal, from step 2) and thioures (0.56g, 7.4 mmal}, was added
gthanol {20.0 mL), and acetic acid (4.0 mL). The mixture was stirred at 78 °C overnight. The
reaction solufion was cooled to 11, poured into water (100 mb), and the pH of the solution
i was adjusted fo 10-13 using 10N aq. NaOHL The mixture was ransterved into a separation
funnel, extracted with DCM (3 x 150 mb). Combined orgamo layer was washed with water
ard brine, dried over Nas50,, and concentrated under reduced pressure to afford 135 ¢
{95 43¢} of crude title compound, pyridine-2-carboxvlic acid (G-amine-adamantan-1-yi)-
amide, as en 0il, which became a coloriess solid upon standing at room temperatare, LO-MS
is {Gradient: acetonitrile in water, 10-85%, in 1.7 minutes with a cvele time of 2 min. Flow
rate; 5.0 mL/min. Mobile phase additive: 30 mM of ammonium formate. Colunm: Inertsil™
(8, 30 x 4.6 mun, 3 um particle size (GL. Sciences, Tokvo, Japan)) Retention time; .63 min;
purity {(UVas ¥ 93%; BESEME miz ;},'??, (M+H)" 1t was used in the next step, amidation,

without further purification.

30 Intermediate 3: No-{3-Amino-adamantan-1-yi}-3-fluoro-benzamide
7

Fo ﬁ\ ol |

.

Using the same procedures as in the synthesis of lnfenmediate 2, Intermediate 3 was made at
433 mmol reaction scale, and 126 g (95.6%) of crude product was obtained. LO-MS
{Gradient: acetonitrile in water, 10-85%, 10 1.7 minutes with a cyvele time of 2 min. Flow
25 rate; 5.0 mL/min. Mobile phase additive: 30 mM of ammonium formate. Column: tnernsil™

C8, 30 x 4.6 mm, 3 um particle size (Gl Sciences, Tokyo, Japan}): Retention time: 870 min;




To a 3-neck 2-L flask equipped with a reflux condenser and a temperature probe was added
mino-adarnantane-1-carboxyhydrochloride (100 g, 432 minormethanol L). To this solution was slowly
added thion)élvchloride g15.7 niL. 216 mmol) and the reaction 10was heated at 60 'C for 4 hours. Once
cooled to rooh? %é%%“é%a%ﬂre, the crude reaction mixture was concentrated tinder reduced pressure to
remove most of the methanol. Heptane (about 1W) was then added and the mixture was once again
concentrated under reduced pressure at which point a solid began to precipitate. This process was
repeated three more times, then the solids were filtered off, washed with heptane and allowed to dry in
open ai o Jaaffqidh72 6s(3240) ah e Mllecompaund, SamigeradamaBiane-athariacid methyl
ester hydrochloride, as a white solid. 11-INIMR (300 MHz, CDC.1.) 5 8,46 (hr 5, 3R), 3.65 (s.
3H),4211), P& (in, 213), 2.11-1.95 (m, 411), 1 94-1.78 (m, 414), 1.75-1.62 2H). Step
4:Pyridine-2-,carbon._inol-adag* ?ntanq-l_-carboacid methyl e  To a round bottom flask was added
3-0-ada antA AR BB & 'rgf ARGERY it “%ﬁﬂ?&?&?&jﬁd’&‘giéffé‘@?’ﬁ‘i‘.‘&?f%ﬁ}i?%‘d}rﬁg’tﬁmkne
chloride (500 mL) and the solution was cSSEE* ¥ Md%oiution was then added niethylamine
(57 mL, 0.41 mol) followed by WO 2 lO/Qﬁ“lgS?QP@T{UQZOQQ/@BOQM picolinovi chloride hydroe ori de
(15.2 2, 85.4 mmol; TOT America, Weileéieyﬁﬂiﬁﬁ:M%POS(A)iﬁnd the reaction was stirred at 0 "C for
GOminutes, then at room temperature for 6 hdurs. To the réaction was added saturated agueous
sodium bic rkgonatf..S%O ML) .anq\}([iwge mi ‘tL%re Was {sti;rgdf igorously fgpg;@evg inytges, then
transferred 10 8254 % Separafory, TTARST "MIEHIRHITE wa¥ extrittea; the' 1AVErS Sepafated’and the
aqueous layeiwas

To a 40 nd vial was added d~chloropyridine-Z-carboxyiic acid (0,79 g, 5.0 mmol), DMF (15

mi}, methylamine (0.90 mi, 6.4 mmol), and Obenzotriazol-1-y1-N N NN -

10 terramethyvluronium hexafluorophosphate (2.3 ¢, .0 mmol}. The mixture was stirved at room
temperature for § minutes to get a clear solution. Pyridine-2-carboxylic acud G-amino-
adamantan-1-yi-amide {Intermediate 2, 1.38 ¢, 4.73 mnmol) was added to the solution, and
the reaciion mixtore was stirred at room temperature for 2 howrs, DMF was removed i
Genevae. The residoe was dissolved in DCM (20 mL), washed with ag. T N NaOH {15 mL),

15 water (15 mL) and brine (15 mi.), and dned over NasSO,. Solvent was removed nnder
reduced pressure to afford 1.85 g (95.2%) of crude title compound, 6-chlore-pyridine-2-
carboxylic acid {3-{(pyridine-2-carbonylaminol-adamantan- -yl f-amide. LC-MS
Cradient: acetonitrile in water, 30-90%, in 1.7 minutes with & cvele time of 2 min. Flow
rate: 5.0 mL/min, Mobile phase additive: 30 mM of ammosniam formate, Column: Inertsit™

20 C8, 50 x 4.6 mm, 3 wm particle size (GL Sciences, Tokye, Japan)y Retention time: 1.17 min;
purity (Vo) 100%. ESI-MS mv/z: 411 M+H) . 1t was used in the next step without further
purification,

tatermediate 50 6-Chloro-pyridine-2-carboxylic acid {3-[{6&-methvipyridine-Z-carbonyl)-
aminel-gdamantan-1-vi-amide
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In a similar manner to Infermediate 4, Intermediale 5 was prepared from Intermediate 1 {2.00

¢, 701 mmol). After purification by silica gel chromatography, Intermediate 5 (1.94 ¢, 63%)

fad
2



extracted again with methylene chloride (2 x 200 m11,), The combined organic layers were washed =
with brine (300 mL), dried over sodium sulfate, filtered and concentrated under rd pressure to afford
24,8 g (97%) of the title compound, 3-1 (pyridine-2-carbony1)- 1-adamantane-l-carboxylic acid methyl
ester, as a pag BPSRHE8id. if NMR (400 CDC13) 8 8.54-8.49 (m, 111), & T& W88 142, 111),
7.96 (br 114),td,./=7.8, 1,8 Hz, 1111), 7.40 (ddd"./ = 7,6, 4.8, 1.3 Hz, 111), 3.66 (s, 3H), 2.34-2.30
(m, 2H), 2.29- 2.23 on, 2H11, 2.17-2.13 (m, 4H), 1.97-1,80 (m, 414), 1.78-1.62 (in, 2H). ESI-MS whiz:
315.0 (N11-111" To around bottom flask was ari ine-2-carbonylyaminol-adamantane-1 carboxylic
acid methy| eSter (4.8 8, A (SRRl 250 ML ); water an iy fygroxide
monohydrate ?1 90, mmol) and the mixture was stirred vigorously at rooin temperature for 25
hours. The BrudEmiiiret was tohbeitfaté d4idey 20r8duced tredsure’ thxehiDveé #naddt Bfithe
tetrahydrofurgn. then the,agueus solytion was, diliteqwithwater, (200 fit-and e i was adjusted to
about 3-4 by adding solid citric. acid monohydrate. A vohuninous white precipitate appeared which
was filtered!Washddiith water and dried under high vacuum at 50 C. to afford 22.1 g (93%) of the title
compound, 3- iridine-2-carbrilin -aminol-adamantane-I-carboxylic aci%i as a white solid. 'HI NMR (400
25MHz. CDC1EJ8 B EHE tnf-MP 4w i Pre A Py iy -6 Hjor ey * ¥R, 1E1), 742
(dild".1- 7.6, 4.8, 1.3 Hz, 111), 2.35-2.31 (if*FF§2% 5¥bHRHE 2 252,09 (m, 4H). 2.00-1.86 (in, 411),
1.80-1,64 (rn, 211). ESE-MS iniz; 301.0 (M+1-1)" WO 2010/011570PCT/US2009/050934 Step 6: P

.

dinc-2-carboid (3-am azttin -y1)-amide 0 }1\{;@ 7 fgiwmk A _

o Y d y
i e i ¥
O 0 R{,\ V_/)‘"/'

bir & similar manner 1o Intermediate 4, Imermediate & was prepared from Iiermediate 3 ata
4.6 mmol reaction scale. Crude product (1.99 g, 97%) was obtatned. LC-MSE (Gradient:

10 acetonitrile in water, 30-90%, in 1.7 minutes with a cyele tume of 2 mun. Flow rate: 5.0
mL/min. Mobile phase additive: 30 mM of ammonium formate. Column: Inerssil™ €8, 50 x
4.6 mm, 3 win particle size (GL Sciences, Tokyoe, Japan)): Retention time: 1.21 min; purity

(UVass 1 100%, ESL-MS m/z: 428 (M+HY . It was used in the next step without forther

purification.
5 Tatermediate 71 Pyrazine-2-carboxyiic acid (3-amino-adamantao-1-yh-amide
- O -
;\t R A
QT AR G S
= I i v Al

Intermediate 7 was synthesized vie the process of Scheme 5 from compound 4, supra, as

follows:

Step B 3-4{(Pyrazine-2Z-carbonyl-aminol-adamantane-1-carboxyhic acid

G

i R

e d E i i :
CiH M*"r’s\‘-{n--'i D ——— ﬂé ’\\\?‘MA\N’F: ~--«s§“\. AH
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To around bottom flask was added 3-aminp-adamantane-t-carboyylic acid methyl ester
hyvdrochioride (7.00 g, 28.5 mmol), 2-pyrazinecarboxvhic acid (3.71 g, 29.9 mmol} and
methvlene chioride (200 mL). The mixture was stirred vigorously and treated with PyBOPY

(15.6 g 299 mmol} followed by wiethyvlamine (2.9 mb, 71 mwmol), and then stirred at room




To a round bottom flask was added 3-[(Pyridine-2-carbonyl)-amino]-adama carboxylic acid (100g.
33.3 mind) and toluene (100 ml.,). To the suspension was added triethylamine (5.6 lit, 40 mmol) and *-
the mixture wa.s stirred for a few minutes until most of the solids were dissolved. To the mixture was
then added W&fé)ﬁg/llgﬂ%@ptionic azide (7.9 int:;, 37 mind) and the reaction Was Sfifred at foom
temperature for 1 hour. The reaction mixture was transferred to an addition funnel and added dropwisti
to a 3-neck round bottom flask equipped with a reflux condenser containing toluene (70 mt.) heated at
90 'C. After the 10addition, the reaction was stirred at 90 'V for two more hours: then allowed to cool

down to ro%Mgh'x‘}ﬁﬁ%%fgﬁ(E&\%ﬁ&ﬂ%&&&%%&%é@@eé!f?é{i!é\ﬁ ggsyie%qst@o@iﬂ%g&emm 6.0 N

aqueous hydrochloric acid (55 ml..., 330 mmol) and stirred vigoro or 1 hour. The biphasic mixture
was transfef#86 18-a 286 Py BrstanHehan s th s o Rierie s fastdise arsadesT Rem et esedcidic layer
was then signfy Jreaistiaih ol seslmaboRiS e R SIS 1 was obiainedyTagagueous

It

layer was transferred to a 500-mf. separatory funnel and extracted with methylene chloride (3 x 100

m.L..). The @SMBIARE RS C4API WBRIBHEIFRASHER \ith Biine! RFEGUSE SBBIH Giffate, littered

and:concengrated-asngendadhicd piessute Jodafforadi®.a8 U €9sdeh ot theditiaeampan peliuced

Vits, COCH B oLt M SR DTN A8 A s R G ) T8, S el .7, .7 bz,

1EH. 7.40 (drditided. 6 ot Bz, ibih)r2v3E-2i2dd(inki2H) h 218U OT (imhe M id (7 BS 18 m, 6H).

ESI-MS (Wﬁ)ﬁal}, and the resuttant mixture shred vigorousty at room tesperature for 22 hours, Most
of the volatiles were remioved under reduced pressure and the resulting agueous solution was

10 transferred 10 a 300-mL. separatory funnel and washed with methylene chlonde (3 x 1530 mbL},
The aqueous faver was diluted with water (200 mL} and the pH was adjusted to abowt 3-4 by
adding solid ¢itric scid monchydrate. A volununous white precipitate appeared that was
filtered, washed with water and dried under high vacusm at 30 °C to afford B.11 g (95%) of
the title compound, 3-[{pyrazine-2-carbonyl }-aminol-adamantane- | -carboxylic acid, as s

15 white sobid. 'H NMR (3060 MHz, CDCE) & 1141007 (ors, 1D, 938 (d, J= 1.8 Hz, 1H),
74 (d, /= 25 He, 1H), 8.50(dd, 7= 2.4, 1.5 Mz, TH), 7.68 (brs, TH), 2.35-2.25 {m, 4H},

2.23-2.08 {m, 4H), 2.00-1 86 {m, 4H), 1.81-1.64 {m, 2H). ESI-MS w/z; 301.9 (M+H)

Step 2: Pyrazine-2-carboxyhic acid (3-amino-adamantan-1-yl)amide
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20 Uising the same procedure s that used to prepare Intermediate 2 in step 6, from 3-{{pyrazine-

I~carbonyl aminofadamaniane- L-catboxylhic acid (4.00 g, 13.3 mmol), the Cortius
rearrangement afforded 3.56 ¢ (99%) of the title compound, pyrazine-2-carboxylic acid (3-
amino-adamantan-1-vi-amide, as an offvwhite solid, HEONMR (300 MHz, CDCL) 8 937 4d,
Je 14 He, TEL B3 (d, J# 2.5 Ha, YED, 849 (dd, 7= 2.4, 1.5 Hz, 1F), 7.64 (br s, 1H),
2.31-2.21 (m, ZH), 2.14-1.95 (m, 6H), 1.71-1.31 {m, 6H) (Note: the -NH; is hidden between
2.32-1.78 ppro}. BESEMS m/z: 273.0 (M)
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‘Intermediate 2 was also made sqa the process of Scheme 6, supra, as follows: WO 2010/011570
PCT/US20091050934 To a 40 ml vial was added picolinic acid (0.68 a, 5,5.15 nri hylamine (0.90 inL,
6.4 mmol), and OééﬂBenz”otriaZ.ol-l-yl)-N,N,CAr_ttetran hexafluorophosphate ngTU 2.3 g, 6,0 mmol).
The mixture WASEHREEH ii for 5 minutes to get a clear solution. 3-Aminotad: Ifﬁ%ﬁ%’?é%&iﬁ‘g.m g, 5.0
mmol, AK Scientific, 897-4G 5Independence Ave., Mountain View, CA 94043) was added to the above
solution and stirred at rt. for 2 hours. DMF was removed in Geneva,c and the residue was dissolved in
DCM (20 niL), washed with IN aqueous NaOH, water and bline, dried over Na2S0O4, and concentrated
under redu ressur. if 32.a.(97%) of crude title con C idine-2- car ic acid (3
ydrony-ad e T R S, Foom
temperature. LC/MS (Gradient: acetonitrile gﬁ'\%@tg{?; 20:85%, in 1.7 minutes with a cycle time of 2 min.
Flow rate: 3.0Mobile phase additive,: 30 InMF@ﬁammﬁﬁja‘meérmate. Column; Inertsitt ODS-3, 50 x 4.6
min, 3 tun particle size (GL Sciences, Tokya, Japan)); Retention time: 0.79 min; purity (11V234):
100%; .ES1-MS ink: 273 as used in the next step without further purification. 15Step 2: Pyridin

e- 2-Carboxﬁﬁé‘3‘3’@?§*Wﬁ-@ﬁfﬁ?ﬁlﬁ@éﬁﬁémﬁﬁﬁﬁﬁﬂ%ﬁﬁﬁaﬂ?@m‘? 5 from compound 4, sigwa, 88

follows:
5 Step ¥ 3-{{6-Methyvl-pyrazgine-Z-carbonyi-aminol-adamantane-1-carboxylic acid
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Using the samte procedure as that used 1o prepare Infermediate 7 in step 1, from 3-amine-

adamantane-1~carboxvlic scid methvl ester hydrochloride (7.00 g, 28.5 mmol} and 6~

methvipyvrazine-2-carboxvlic acid (4.13 g, 299 mmal, RikaChem, Kostalov Crech
i Republic), the coupling reaction with PyBOP®, followed by baste hydrolvsis of the methyl
ester group, afforded 8.01 g (8990} of the title compound, 3-[{6-methyl-pyrazine-2-carbonyl)~
aming -adamantane--carboxylic acid, as a white solid. ' NMR (400 Mz, CRCIy) &8
12.03-1032 (brg, THY, 917 (s, 1H), 8.60 (s, TH), 7.72 (brs, 1H), 2.60 (s, 3H). 2.35-2.26 (m,
4HY, 2.26-2.18 (m, 2H), 216207 {m, 2H), 2.60-1.86 (m, 45, 180-1.65 {m, ZH) ESL-MS
miz 316.0 (MHHY

£

Step 2: 6-Methyl-pyrazine-2-carboxylic acid 3-amino-adamantan-1-yh amide
7o ~
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Using the same procedure as that used to prepare Intermediate 2 in step 6, from 3-[{6-methvl-
pyrazine-2-carbonyl)-amino]-adamantane- 1 -carboxylic acid £3.00 g, 9.51 mumol), the Carbiug

20 - rearrangement gfforded 2.65 g (97%0) of the fitle compound, é-methyl-pyrazine-Z-carboxylic
acid {3-amino-adamantan-~1-yD) amide, as an off-while sold. "H NMR (400 MHz, CDCL3) 6
Q.17 (s, TH), 8.39 (5, 1H), 7.69 (brs, TH), 2.60 {5, 38, 2.32.2.21 Gm, ZH), 2.13-1 .87 {m, 6H),
170-1.52 {m, 6F (Note: the -NH; is bidden between 2.41-1.29 ppm} BESI-MS miz: 287.0
(VEHHTY




'OH 20 Chloroaceto(2.0 mL, 32 mrnol) was cool . was added slowly at 0 C. After addition completed,
the nu minutes. Pyridine-2-cafboxylic acid (3-hydroxy-adamantanfrom step 1) was added in one portion

and. the m% SWAs:S LA cid (I stirred at0tfor5 ide (0.42 g, 1.56 mmdﬂ%‘%ﬁé&y gﬂbght The thi

solution was poured |nto ice-water (10 mt,), DCM (10 mi..) was added he mixture was cooled
with an ice-bath, the pH of the aqueous ph. aSC (top) was adjusted to 10-13 with 10 N aq. NaOH. The
aqueous layer was extracted with DCM. The combined organic layer was washed with water and
brine, dried over Na2S04, and concentrated under reduced pressure to afford 0.53 g (96.9%) of crude

title compound ypprigingrercarsoxlitReidiRLdbshiaroaseaminn)-atamaniar-1blisamide, as an oil,

which became a colorless solid upon standing at room temperature. LC-MS (Gradient: acetonitrile in
water, 20-85%, in 1.7 minutes with a cycle time §f 2 min, Flow rate: 5.0 m.Urnin. Mobile phase
additive: 30 m 1. of WO 2010/011570PCT/US2 934 am.monium oe. Column:ODs, 50 x 4.6
rum pin particle size (GL Sciences, Tokyo;anpgan)W ntf\ﬁﬁ time: 1.08 min; purity (111/254): 100%;
ESI-MS ratz: 348 (M+H)t It was used in the next step without further purification. Step 3:

Pyridine-2- E%ﬁ?g %Ié 5 Al p@c%@i%g a%%‘?ﬂ%‘%%tké@- L)?)thgmeémw 7, Intermediate 9 was made at
16.8 mmol reaction scale from 3-aminc-adamaniane- 1 ~carboxyhc sctd methy! ester
5 hydrochlonide snd pyamidine-d-carboxylic acid (Ark Pharm Inc., Libertyville, 1., USAY, and
4.00 g (88%} of crude product was obtained. LC-MS {Gradient: acetonitrile in water, 20~
85%, iy 1.7 minutes with a cvcle time of 2 min, Flow rate; 5.0 mL/mun. Mobile phase
additive: 30 mM of ammonium formate. Column, Inersil™ ODS, 50 % 4.6 mm, 3 um particle
size (GL Sciences)): Refention time: 0.24 min; purity (UVasg): 95%. BSI-MS mfz: 273

10 (M=H)Y . Tt was used in the next step without further purification.

Intermediate 10 2-Methyl-pyrimidine-d-carboxylic acid (3-amino-adamantan-1-yl)}-

amide
~A)
T AT TN,

Using the same procedures as in the synthesis of Intermediate 7, Intermediate 10 was made at
i5 15.8 mmol reaction scale from 3-amino-adamantane- L-carboxylic acid methyl ester
hvdrochloride and 2-methyl-pyrimidine~-d-carboxylic actd {Ask Pharm Inc.), and 46 g
{100%;) of crode product was obtained. LO-MS (Gradieni: acetoniinle m water, 20-85% in
1.7 minutes with a cycle time of 2 min. Flow rate: 5.0 mL/min. Mobile phase additive: 30
md of ammomum formate. Colum: Inertsil™ ODS, 50 x 4.6 vam, 3 um particle size (GL
20 Sciences)): Retention time: 0.30 min; purity (UVase): 82% ESI-MS miz: 287 (M+HY . It

was used 1 the next step without further punfication.

Intermediate 11 4-Trifluoromethyi-pyrimidine-2-carboxvhic acid
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To a 40 ml vial containing pyr el 2-carboxylic acid [3-(2-chloro-acetylain 0) adamaraan- 1-yli-amide
(1.69g, 4.85 mmol from step 2) and thiourea (0.56g, 7.4 trunol), was added ethanol (20.0and acetic

into water (1 Qe?ﬁb"ﬁfésﬁﬁ of the solution was adjusted to 10-13 using 1OWQHSW&??We mixture was
transferred into a separation funnel, extracted with DCM (3 x 150 rilL). Combined organic layer was
washed with water and brine, dried over Na2S0O4, and concentrated under reduced pressure to afford
1.35 g (95,4%) of crude tide compound, pyridine-2-carboxylic acid (3-amino-adamantan-I-y1)- amide,
as an oil, whi ecame, a colorless, solid upon. s i oQm ten ture.. LC-MS (Gradient:
acetoni.trileﬂlalr%%\%gi%ﬁf? fg)qé%‘)%%ai%f"?%? ﬁ%és\?véﬁgﬁ:%%é%mge&% ’2%{? ?#Sw rate: 5.0 ml/min. Mobile
phase additiyg; 304n%halAMRANUYN Rl CollpR.pertsil, 08, 50 x 4,6 nun, 3 itm particle size
(CM Sciences, Tokyo, Japan)); Retention time: 0.63 min; purity (111V2.54 ): 93%; ESI-MS rnlz.: 272
(M-I-IFV. It was used in the next stegFamidation, withoutfuther ptiification. 20 intermediate 3:
N-(3-Aminoadamantaa-1-0)-3-fluoro-benizamide 0 Fr/Th usi%\%ﬁhe me procedures as in
thelntermediate 2, Intermediate 3 was made at 433 mmol reaction scale, and 1.26 ci (95.6%) of crude

produt wag obaIA: L& MR (CAAE0L AssiaIR I NRER OB Wl Ayl tme of 2

min. Flow rate: 5.0 mUmin. Mobi ase a of ammonitun formate. Column: Inertsil CS, 50 x

4.6 ¥nm, 3 GRHPARCR side (@ SertheesTokye fapauth) 2 Rétemipnl tuRee t GR7@ MRS stirred

at room temperature for 30 minutes and poured into cold seturated aqueons NalHCO;

solution. The mixture was transferred to & 100 b separatory funnel and extracted with ethy]
ether (3 x 30 mlL). The combined organic layers were washed with brine (50 mL), dried over
socdium sulbfate, filtered, and concentrated under reduced pressure o afford the fitle

10 compound, d-trifluoromethyi-pynmidine-2Z-carboniirtle, as a brown ail, which was used in
the next step without further purification, "H NMR (400 MHz, CDCly 6916 {4, /=31 Hz,
1H), 788 (d, =51 Ha, 1H).

Step 2: 4-Trifluoromethyi-pyrimidine-2-carboxylic acid

CF N, N _ CF o N _COH
1 I
‘Q:\,;_N el
ia The crude 4-trifluoromethylb-pyrimidine-2-carbonitriie from Step | was dissolved ina

solution of hydrogen chlortde in water {6 M, 20.0 mL) and heated at reflux temperature
overnight. The reaction mixture was cooled 10 room temperature, and concentrated under
reduced pressure, Toluene (20 mL) was then added and the mixture was concentrated under
reduced pressure. Thig process was repeated with 1 4-dioxane and ethy] ether, then the solids

20 were filtered off. The filtrate was concentrated under reduced pressure 1 afford 480 ¢
{82.1%) of the title compound, 4-triffuoromethyl-pyridine-2-carboxylic acid, as brown solid,
which was used in the next step without further purification. 'H NMR (400 MHz, DMS0-d6)

| G935 {d, =30 He, 1M}, 823 (d, I=5.1 He, 1H).

Intermediate 12: 4-Methyl-pyrimidine-Z-carboxyhic acid

N COH
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acid (4.0 tiff% The mixture was stirred at 78C overnight. The reaction solution was cooled to rt, poured |




WO 2010/011570PCT/US2009/050934 purity (15%. E4 mi 289 (INI+H)'was used in the nextli
“ purification. Intermediate 4: 6-Chtoro-pyridine-2-earboacid adamantan-I-yll-amide
idine-2-carbgn Iz)-aminol- Intennedi 4 was prepared from Intermediate 2 'ia the processmelt), supra”
as follows: 13)83; AYHITE was added 6-chloropyridine-2-carboxylic acid (&?@&“&6’%‘?1“11100, DN.,
(15 nil), Methyl amine (0.90 mt.:, 6.4 mmol), and 0-(benzotfiazol-1 TOtetramethyluronium
hexafluorophosphate (2,3 g, 6,0 mmel). The mixture was stir temperature for 5 ad mites to get a clear
solution. Pyridine-2-carboxylic acid (3-ami )- n-111)-amide (intermediate 2, 1,38 g" 4,73 mmol)
was added to the solution, and the reaction mixture was stirred at room temperature for 2 hours. DMI7
was removed in Genevac. The residue was dissolved in DCM (20 mL), washed with a.gq. | N NaOH (15

mL), water o9 aekbrine (it andidigdinver Na2SO4. Solvent was removed under reduced

pressure to afford .95 g (95.2%) of crude title compound, 6-chloro-pyridine-2- carboxylic acid
I3-11pylicline-2-carbonyl)-amindl-adamamtar=1-y11-amide; XM S*Gradient: acetonitrile in water,

.............. A '

30-90%, in 1.7 minutes with a cycle timéxﬂgﬁﬁ min. Flow rate g,fﬁ) mUmin, Mobile phase additive: 30
mM of ammonium formate. Column: Inertsil C8, 50 x 4.6 mm, $ tun particle size (Gl, Sciences, "Fokyo,

Japan)): Refention, Hmeb L {00 RHEY (HVESHL0980 ESHMS Miz: 44 bMH) it yas used in the
next step without further p_urlflcatlon. -Chlor pylic acid (3-Rti-methylpyr d .-2-carbo to davikamide
5 bternational, China) in ethyl ether {24 mL) was added a solotion of sodivm cvanide (2.86 g,

385 mamol} In wrimethylamine soluvon (1.3, trhmethylanmne water, 24.0 mL). The reaction
auxture was stirred at room temperature overnight. The agueous laver was extracied with
ethyl ether (3 % 20 mbL). The combined organic layers were dried over MgSQO,, filtered, and
concentrated under reduced pressure to yield the sitie compound. 4-methvi-pyrimidine-2-

i9 carbonitrile {1 80 g, 64 854), which was used in the next step without further purification. 'H

NMR (400 Mz, D:0) 5864 (4, /=34 He, 1H), 7.59 8, /5.5 Mz, 1H)

Step 2: 4-Methyl-pyrimidine-2-carboyylic acid

NG SN “«m.»N%}.f-CQ?H
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The solution of 4-methyl-pyamidine-2-carbonitrile (500 mg, 420 mmaol) and sodium

15 hydreside (304 mg, 12.6 mmol) i water {12.3 mL) was stirred at 60 °C tor 1 hour.
The reaction mixure was cooled to room temperature, acidified to pl ~2 with citric acid and
extracted with CHClp~PrOH (301, 2 x 20 mL). The combined arganic lavers were dried over
MgSOy and concentrated under reduced pressure to afford 0.294 g of the title compound, 4«
methyl-2-pynmidinecarboxyhic acid (51%), which was used in the next step without further

20 purification. "H NMR (300 MHz, D;0) 88.50 (d, =52 Hz, 1H), 731 (d, /5.3 Hz, TH).

=

3. Preparation of Compounds of the Invention

Unless specified otherwise, the reagents used in the preparation of compounds, including
imermediates, of the presem invention were purchased from Sigma-Aldrich Corporation (St
Louis, MO, USA)
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WO 2010/011570PCT/US2009/050934 was obtained as a white solid. H NNW (300 MHz, (DO) 8.13
(brs, 1Ll),8.09Hz, 111), 7.98 (d"/ 7.7 Hz,7.84-7,69 (m, 3H), 7.44 (d,1 = 7.7 Hz, 1H), 7.26 (d,11-1),
2.60-2.55 (m, 5H3, 2.40-2.32 (in, 2H), 2.31-2.12 (to, 8H), 1.76-1.70 (m, 2H1). $1-MS rolzi 425.0 (MH)".
Intermediatev%‘.) -E’mﬂlsg%yridine-2-carboxy|te acid 13-(3- oro-honoylamiﬁ&%‘zfﬁ%@ﬂ%@mﬁ%ﬁl-A-amide In
a similar manner to intermediate 4, Intermediate 6 was prepared from Intennedlate 3 at a 4.6 mmol
reaction scale. Crude product (1.99 g, 97%) was obtained. LC-MS (Gradient acetonitdle in water,
30-90%, in 1.7 minutes with a cycle time of 2 min. Flow rate: 5.0 Mobile phase additive: 30 mM, of
ammonium formate. Coiumn, Inertse C8, 50 x 3 un particle size (GL Sciences, Tokyo, Japan)).
Retention time. 1.21 min; purity (15\1254 ):100%, ESI-MS m/z: 428 (M+H)*. It was used in the next
step without furthex purficalianv:.(Iniesmeriale davpdssyaResizgd Miaibe rigsrssalfsheme 5 from
compound 4"cupra, as follows; Step 3-OPyrazine-2-carbonyl)-arninol-sidamantane4-earhoxylie id 0
CH 0 To a round bottom flask was addeg 3-amino-adamant-carboxylic acid methyl ester

.
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Exampde | was prepared vics the process of Scheme 1. supra, as follows:

3 To a vial containing G-methy! pieolinic acid (40 mg, 0.3 mmol}), methylene chlonide (10 mL)
and N N-disopropylethvlamine (60 myg. 0.5 mmol), was added A-(3-dimethylaminopropyi)-
N-gthvlcarbodiimide hydrochloride (60 mg, 0.3 mawol). The mixture was stirved for §
minutes, Adamantang-i,3-diamine hydrochloride sali (20 mg, ¢.1 mmol; Zerenex ™
Molecwlar Lad., Greater Manchester, UK) was added and the reaction was allowed 10 procesd
Hy: for 16 h, The reaction mixture was washed with saturated sodiam bicarbonate, dried over
sodiun sutfate and concemtrated under reduced pressure. The residue was purified ona
reversed phase liquid chromatography/mass spectrometry (RE-HPLOMS) punfication
svstem (Gradient: acetonitrile 1n water, 25-85%, m 3.9 min with a cycle time of S min. A
shallow gradient berween 28-58%0 of acetonitrile was used between 0.75-3.5 min to separate
15 close~ehuting Tmpurities. Flow rate; 160 mb/min. Mobite phase additive: 25 mM of
908, 30 x 50 mm, 5 wn particle size) 1 afford the rtle
compound (33 mg, 80%;) as an off white oil. "H NMR {400 Mz, CDC 3 & 809 (s.br, 2ZH),
7964, =776 Fz, 2H), T.70 (L J=T7 70 He, ZH), 7.27-722 {m, 2H), 2.58-2.55 (m, 2H),

2.38-2.03 (o, 10K L75-1.71 (m, 2H) . ESEMS vz 405.0 (M+HY

armmonium acetate. Columpn: nertst

20 Example 2: NN, 3-adamantylenejbis(2-pyridinecarbexamide)
E«‘{;}-“\-\. . 5\?: ta ﬁ
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Example 2 was prepared viz the process of Scheme 1, sipra, as fellows:
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hydrochloride (7,00 2, 28.5 mmol), 2-pyrazinecarboxylic acid (3.71 g, 29.9 mato and methylene
chloride (200 mL) The mixture was stirred vieorously and treated with PyBO.P" (15.6 ill, 29.9 MF1101)
followed by triethylamiinal, 71 mined), and then stirred at F00111 WO 2010/011570

PCT/U52008/8! %%ﬁmtemperature for 16 hours. To the'on was added Egﬂp&?gﬁ(’éﬂ’a 2bus sodium
bicarbonate (200 miL) and the biphasic mixture-was stirred vigorously for a few minutes, then
transferred In a 14, separator), funnel. The mixture was extracted, the layers separated and the
aqueous layer was extracted again with methylene chloride (200 m1). The combined organic layers

ashed with ping.Aieg %.xgﬁma%girygﬁiy ifates tigiegkasd ansenaiac desredygrdiressure. The

residue was then dissolved ir te olufan (200 nit11) and water (200 ird.) was added. To the
biphasic miktgreeihds sddeer it yardnitanblisipdidimisasd. C28mié AAd the resultant
mixture :stigred vigerauslyalfeemdernperatise fondierrsaiastel the volatilesywene.removed under

reduced pressure and the resulting agueous solution was transferred to a. 500-m1..__s‘e{})?arateiy funnel
and washetFRtHIEtGHGE BAIGHSXODHO FitFPy oAl RgulsusTef Wadititad Witk Witer (200
ml"sand thephd, was adjustediter abalt3-dbynadding saliesitric acitmatithyshiater-Awwoluminous white

precipitate ap%e%red ‘{ah\at_ was dfijtelred,lwa}s ed with w tqrﬂan_%%g}eqﬂﬁg% higargu\:/eaﬂ?wgg at 0 "iril to
afford 8.11 105965 0F AR &’ OB S UG 3A Bt aZIRE D Earbony 1) ammno - adamantane 1-carboxylic
acid, as a white:SofictsskiN MR« 8001 Mz s GRTIdd pib alitvbasdOrBFs(0rp:id ti)9:88: (aitybikzs HI)" 8.74
(d, J=2.5Hz, %ﬁﬁ (fchy £ A 12 HZ D 6,08 @f St L 2RS40 Tt 1) 0223-2,08 (M,
4H), 2..00-]%58%%, | )6%‘?81-1.64 (Tr‘ﬁ3 ?1“)“ SSRGS |§3821.'9' M-i—iff, Stép 2 ‘(If’ilfa}zi e-2-carboxcid
(3-ami gdarhé&ntanride 2 aile time of 5 min. Flow rate: 100 mL/min. Mobile phase additive. 25 mM
16 of amuronium formate. Column: Tnertstl™ €830 % 50 mm, 5 um particle size} (o obtain the

title compound as a brownish oil. (58 mg, 50%). 'H NMR (300 MMz, CDCL) §8.51 (d,

J=4 86 Hz, 2H), 8 15 (d 3=7.85 Hz, ZH), 8.03 (s, br ZH), 7.83 (d, J=7.70 Hz, 28, 743737

(o, 2HD, 258 (s, br, 2H), 2 38-2.31 (m, ZH). 2.20-2.13 (m, 8H), 176-1.7] {m. 2H).  ESI-

MS miz: 377.0 (MHH)

ot
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In an analogous manner to Example 2, Examples 3.3 of Table 1 {below) were made from
comnarcially available aryl or hetercaryl carbony! chloride on 0.1 to 0.3 mmol reaction

scales.

Example 6: Pyridine-2-carboxylic acid [3-(3-chloro-henzoylamino-adamantan--vl~

amide
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Examplie 6 was prepared via the process of Schemes 4 and 3, supra, as follows:
To a vial containing adamamtane-1 3-diamine (50 myg, 0.3 mmol) and tetrahydrofuran (5 mL;
was added dropwise, 3M aq NaOH (0.6 ml, 3 mmol). 'With vigorous stirring, picolinoyl

chioride hydrochloride (50 mg, 0.3 mmol) was added m portions. Afler stirring gt room

[
o

temperature for 16 b, the reaction mixture was partitioned info dichloromethane and saturated
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20Using the same procedure as that used to prepare Intermediate2 in step 6, from 3-1(pl, zine-
2-carbonyl )-aminoi-adarnamane-1-earboxylm acid (4 00-g, 13.3 mmoU, the Curtius rearrangement
afforded 3.56 99% of the title compound, pyrazme-2-carboxylie acid (3-

amine-adam\g émlde as an off-white solid, 11 NAAR (300 MHZPEB%?Q@@%‘? (d, di- 1.4
Hz, 111), $.732. 5 Hz 1H) 8.49 (cid, | = 2.4, 1.5 1-tz, 1H), 7.64 (hr s,11-1), 2.31-2.21 (in, 2:11),
2.14-1.95 (m, 611), 1.71-1.51 (m, 611.) (Note: the -NE-his hidden between 2.52-1.78 ppm). liIShMS
MIZ: 273.0 (M+HY. WO 2010/011570PCT/US20091050934 Intennediat 5 synthesizedthe process of

Scheme 5 fé&&zﬁ?ﬁ“&%&gé Sﬂgr %rg,%ﬁl (§I§9r was dmé over sedﬂ[gm sulfate and eoncentrated under

3-(6-Methvl-pyrazine-2-car aniino-adainautane-|-carboxylic acid same procedure as that
used to preb?éi: frtererearate IE issidep Tafrsmkstdmhdadamatitih & e arpsiatid digthyl ester

hydrochlorlq,gs&,-ggjgﬂ%g zﬁ%&ﬁ‘iﬁ@ﬁ @‘dﬂ@iﬁbﬁilﬂyf&g{@%’h@ﬁ@?{b@%)&k? aciGid ot ?3 g429.9 mmol”
RibaCibein, KostaioY Czech 10Repu é the coupling reaction with PyBOPt, followc,,d by basic

hydrolysis ééifgffb}»‘gﬂﬁ“«éﬁgm&}éé? iﬁéf é%’j‘g’fc’éﬁe }[ﬁﬁermgb%\&ure was stirred at room
3-[(6-methylepyr@zing: 2oeapiQRyklred with saaned|seaiboiybiehassee vinite sobidsctilinNMR(400 MHz,

CDC13) and concentrated under reduced pregsure, The residue was purified on a reversed phase
Hquid chromatography/mass spectrometry (RP-HPLC/MS) purification system {Gradient:
acetontriie m water, 25-95%, in 3.9 min with a cvele time of 5 mn. A shallow gradient
between 35-05% of acetonitriie was used between 0.75-3.5 min to separate close-eluting

t impurities. Flow rate: 100 mE/min. Mobile phase additive: 25 mM of ammonium acetate.
Column: Inertsit™ C8, 30 x 30 mm, 5 um particle size) to afford the title compound (28 mg,
22%} as an off white oll.  "H NMR (400 MHz, CDCly) §8.51 (d, J=4.75 Hz, [H), 8.15 (d,
T=7 84 Mz, TH), 8.03 (s, by 1HY, 783 (0 J=7 72 He, 1H), 769 (L J=1 82 Ha, 1H), 757 (d.
760 He, 1H), 7.46-731 (o, 3H), 587 (s.br 1H), B.S»{j:(a br, 2H), 238-2.31 {m, 2H}) 2.24-
212 (m, 8H), 1.76-1 69 {m, 2H).  ESL-MS m/fz: 410.0 (M+H)

P
L

In an analogous manner to Example 6, Examples 7-10 in Table | (below) were made from

commercially available arvl or heteroarvl carhonyl chlonide on & 0.3 mmol reaction scale.

Example 11 NS,V L3-Adamantylenebis{d-methyl-pyridine-2-carboxamide)

Uy

N
(}3\\ ‘i\r

n‘i\/"

20 Example 11 was synthesized wo the process of Scheme 1, sigra, as Tollows:

To avigl containing  4-methyi-pyridine-2-carboxylic acid (30 mg, 0.22 mmol}in DMF {1
mk}, was added benzotrigzole-T-vi-oxy-ris-(dimethylamina-phosphonium
hexaftuorophosphate (97 mg, 0.22 mmol), DIBA (40 mg, 0.3 mmol; Alfa Aesar, Ward Hill,
MA, USA), followed by gdamantane-1.3-dlamine (20 mg, 0.1 mntol in | mbL of THE;

25 Zerenes Molecular Ltd., Greater Manchesier, UK. After stirming for 16 b at 1, the reaction

mixture was partitioned into dichloromethane and saturated sodium bicarbonate. The organic




12.03-10.32 (br s, 1H), 9.17 (s, 1 ff), 8.60 (s, IH), 7.72 (hr 5, 11-1), 2.60 (s, 3H), 2,35-2.26 (m, 4H),.
2.22,16-2,07 (m, 211), 2.00-1.86 (in, 41111, 1.80-1.65 Om 211) ES1-MS 15miz, 316.0 Step 2:

- 6-Methyl-pyre-o lie acid-adatnantan-l-yl) arnide the same procedure as that used to_prepare
Intel-media 5‘;@%% %f pyrazine-2-carbonyl -aininol-adarnathane-1-cartS’g(r)/lﬂézg?:gl5D 7%% g, 9.51
minol), the Curtius roan-anger/lent afforded 2.65 g (97%) of the title compound,
6-methyl-pyrazine-2-carboxylic acid (3-amino-adamantan-1-y0 amide, as an off-white solid. NMR (400
MHz, CDCI3) 9.17 (s, 11), 8.39 (s, 111), 7,69 (br s, 111), 2.60 (s, 3E1 1, 1.70-1 52 (ni, 6H) (Note: the
NH2 is bidien beueen 841 LA 2 (10 AdhRATHRE bt SR EIUERR feWO
2010/011570 PCT/US2009/050934

residue was purified on a reversed phase liquid chromatograpby/mass spectrometry (RP-

HPLC/MS) purification sysiem (Gradient: acetonitrile in water, 30-85%, in 5.7 minutes with
a-cycle me of 3 min. Flow rate: 160 mL/min. Mobile phase additive: 23 mM of ammonium

¥ €8, 30 x 30 mm, $ pm particle size (GL Sciences, Tokye, lapand)

i

formate. Columu: Inevss
to afford 18 mg (40%) of the title compound, N A1 3-adamantviene)bis(4-methyl-pyridine-
2-carboxamide, as an off-white oi. 'H NMR (400 MHz, CDCly) & $.35 (d, J = 4.9 Hz, IH),
802 (s, br, 2H), 7.98-7.96 (m, 28}, 7.21-7.19 {m, 2H). 2.57-2.55 {m, 2H), 241 (s, 6H),
236-231 {m, 2H), 2.25-2.13 {m, 8H), 1.74-1.70 (m, 2H).  ESI-MS mz: 405.0 (M+HY

10 In an analogous manner to Example {1, Exgmples 12216 in Table | (below} were made from
commercially available arvl or heteroary! carboxylic acids on 0.1 to 0.3 mool reaction

scales.
Example 17: NN'Y 13- Adamantylenebis{-methyl-1H-pyrazole-3-carboxamide)

3
g N T
NS

\md oM ;;é:;j;:i\N»H
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i35 Example 17 was synthesized from heteroary] carbonyl chioride via the process of Scheme 1,

supra, as follows:

To a solution of adamantane-13-diamine {20 mg, 0.1 mmol, Zerenex Molecular Lid.,
(reater Manchester, UK) in THF {4 mL.), was added l-methyl-1#-pyrazole-3-carbonyl
chioride (40 mg, 0.3 mmol) and DIEA {40 mg, 0.3 ounol). After stirring for 16 h at o, the
20 reaction mixture was partitionad into dichloromethane and saturated sodium bicarbonate. The
organic layer was dried over sodium sulfate, filtered and concentrated under reduced
pressure. The residue was purified on & RP-HPLC/MS purification system {Gradient:
acetonitrile in water, 18-95%, in 3.9 minutes with a ovele tume of 5 avrn. Flow rate: 100
mbAmin. Mobile phase addiive: 25 mM of ammonimm acetate. Column: Inerisil™ C8, 30 x 50
25 mim, 5 pm particle size (GL Sciences, Tokyo, Japani) to afford 19 myg (30%) of the title
compound, XN -(1,3-adamantyleneYbis( 1 -methyl-{ H-pyrazole-3-carboxamide, as a colorless

o, TH NMR (400 Mz, CDCEY § 732 (4, 7= 2.3 Ha, ZH, 6.74-6.71 {m, 4H1), 3.89 (s, 6H),




Using the &tme procedures as in action scale from 3- n hesis of Intermediate 7, Intermediate 9 %
0-adamantane-1-carboxylic acid methyl ester lade t hydrochloride and pyrimidine-4-carboxylic acid
(Ark Pharm Inc., Libertyville, IL, US 4.00 g (88%) of crude product was obtained. [IC-MS (Gradient:
acetonitrile iW@/é?é‘f’,ﬂ t%/_7%5%’ in :1.7 minutes with a cycle time of2 mm, ﬁWP&?@,%@@OPﬁﬁJnain. Mobile
phase additive: 30 mM of ammontuin formate. Column: InertsiO ODS, 50 x 4.6 num 3 um patrticle size
((IE, Sciences)); Retention time; 0.24 min:, purity (UV:254): 95%. ESI-MS nth: 273 10(M+H). :It was
used in the next step without further purification. 1, pyrimidi xylic acid (3-amino amide same
procedures.ag;ip, the symthesis. HI# »IRLER jat % was made,at d? dpmel reaction scale
from 3-amiﬁ?égér%%n“ﬁefliéa%ggy |ac£§1 id rﬁ%?h?/ﬁgﬁe%r S;)\/c}/\f/ﬁ%sh%%%%’ané BTN 492
2-methyl-pyrridiféticarboxylic acid (Ark Pharm Inc.), and 4.6 g (100%) of crude product was
obtained. LC-MS (Gradient: acetoninile in water, 20-85%, in 1.7 minutes with a cycle time of 2 min.
‘How rate: 5.0 AdifitRiMEbie bHisbmaative- Lo RS acith ettt it esiMe hertswk oDS,
50 x 4.6 mm; 3 pm particle size (T HIEERBLIR SRRt e84 min; purity (UV254.): 82%.
ESI-MS intz: 287 (M.+El):::. It was used in thefhext-step: Wirt,ti@_\g;further purification. Intermediate 11.:
4-Trifittnromethyl-pyr tidine-2-carboxylic Nggp”jb@gu}*%&“,__sf

s O

H‘ ‘.’/‘,»-w.

Lo

Example 18 was synthesized vie the process of Scheme 2 using commercially available

carboxviic acids, swpra, as tollows:

To a soiution of adamantane-1,3-diamine {20 mg, 0.1 mmol;, Zerenex Molecular Ltd.,
Greater Manchester, UK) in DOM (2 mil) was added DIEA (26 myg, .15 mumol). |-methyl-
10 VH-pyrazole-3-carhoxylic acid (14 mg, 0,11 mool), S-methyl-pyrazine-2-carboxylic geid (15
mg, 0.11 mmoly and benzotriazol- 1 -yi-oxvtripyirelidinophosphonium hexaftuorophosphate
(110 mg, 020 mmol). After stirring for 3 hours at rt, the reaction mixture was partitioned into
dichioromethane and saturated sodium bicarbonate. The organic laver was dried over sodium
sulfare, filtered and concentrated under reduced pressure. The residue was purified on a RP-
i5 HPLOMS purification systers {Gradient: acetonitriie in water, 25-958%, In 3 4 mimates with a
cycle time of 5 min. A shallow gradient berween 23-30% of acetonitrile was used between
.75.3.3 min to separate close-cluting impuriiies. Flow rate: 100 mb/min. Mobile phase
additive: 25 mM of ammonium formate. Colomn: Tnertsit™ C8, 30 € 50 mm, 5 pun particle
size (GL Sciences, Tokvo, Japan))to afford 15 myg (37%%) of the title compound, 3-methyi-
20 pvrazine-2-carboxylic acid {3-f(1-methyl-1H-pyrazole-3-carbonyl-aminol-adamantan- 1 -yl -
amide, a8 & colorless oif. 'H NMR (400 MHz, CDCL) §9.22 (s, TH), 8.34-8.33 (m, 1H), 7.67
{s, br, IH}, 7.33{d, /=23 Hz, 1H), 6.76-0.72 {m, 2H)}, 339 (s, 31}, 2.64 (5, 3H), 2.54 {5, br,
TED, 2372209 (m, 10y, 1.73-1.68 (n, 2H). BESIMS miz: 395.0 (M=)
Example 19: Thiazole-2-carboxvlic acid {3-{{1-methyl-1H-pyrazole-3-carbonyl)-amino]-
25 adamantun-1-yi}-amide
& ~
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WO 2010/011570 PCT/US2009/050934 Intermediate 11 was made iva the process of Scheme 11
Step 1: 4-Trifiluoromethyl-pyrimidine-2-carbenitrile ia a N"'CN  To a solution

2-chloro-4- (uﬂluoromet Npynine (5.00.4in dimethyl sulfoxide (25 mL) was added sodlum cyanide

(1.68 g, 34. rﬁrﬁ& g “reaction was stirred at room temperature for BOWWH%Q(’&%OB ured into cold
saturated aqueous Nal4CO3 solution. The mixture was transferred to a 100 nat. separatory funnel and
extracted with ethyl ether (3 x 50The combined organic layers were washed with brine (50 ml.), dried
over sodium sulfate filtered, and concentrated under reduced pressure to afford the title compound,

4-trifl | 1 ithout
frther purtEaton, M (100 Wil COELS0 Boos ey L Ao R (1) sten

2: 41- Truflu@ﬁﬁ*@tﬁ}yﬁ@wmﬁi@izﬁ@amcm follows:

To asolution of adamantane-1,3-diamine (17 mg, 0.1 mmol, Zerenex Molecular Ltd., Greater
Manchester, UK} in DOM {2 mL) was added DIEA (20 mz. 0,15 mmol}, L-methyl-14-
5 pyvrazole-3-carbony! chloride {16 mg, (.11 mmol;, Maybridge Chemical Co., Corpwall, UK)

and thiazole-2-carbonyl chionde (16 mg, 0.11 mmol;, Maybndge Chemical Co., Cornwall,
UK. After stirring af room temperature for 3 b, the reaction mixture was partitioned into
dichloromethane and safurated sodium bicarbonate. The organic layer was doted over sodium
sulfate and concentrated under reduced pressure. The residue was purified on a RP-

10 HPLOMS purification system {Gradient acetonitnile in water, 25-95%, in 3.9 minates with a

cycle time of § min. A shallow gradient between 27-33% of acelonitrite was used between

<o

75-3.3 min to separate close-eluting impurtties. Flow rate; 100 mL/min. Mobile phase
additive: 25 mM of ammonium formate. Cotums: Inevtsit™ €8, 30 x 50 mm, § pm paﬂi.c}e
stze (G Sciences, Tokvo, Japan)) to afford 15 mg (38%%) of the title compound, thiazole-

is carboxyvilic acid {3-I(1~methvl-1H-pyrazole-3-carbonyl-aminol-adamaman- 1-vi}-amide, as a
colorfess ofl. H NMR (400 MHz, CDCL) §7.81 {d, /=32 Hz, 1H), 7.53 ¢d, /= 3.2 Hz,
TH)Y 733(d, /=235 }-{}, 7144d, J=23 Hz TH), 6.74-6.71 (m, 2H), 3.89 (s, 34,
285251 Om, 2H), 235229 (m, 2H), 2.19-2.11 (m, 8H), 1.71-1.67 (m, 2H), ESEMS m/iz
386.0 (MHHD

20 Example 20: 6-Methyl-pyridine-2-carboxylic acid {3-{(I-methyl-1H-pyrarole-3-
carbonyvll-aminel-adamantan-1-yl-anide

' o

N N =

VARY ,ZQ;, M K-

G

Example 20 was synthesized from Insermediate 1 vig the process of Scheme 3, supre, as
follows:

25 Ta a solution of G-methyl-pyridine-2-carboxyic acid (G-amino-adamantan-1-y1}-amide
{Intermediate |, 20 mg, 0.07 mmol} in DOM (5 mL) was added DIEA (30 mg, 0.2 mmol) and
1-methyl-1/-pyrazole-3-carbonyl chloride (20 mg, 0.1 mmol, Mavbridge Chemical Co.,

Cornwall, UK). After stirving at room temperature for 16 b, the reaction mixture was
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F *r- The crudeothyl-pyrimidine-nitrile from Step | was dissolved in ci solution of hydrogen chloride in
water (6 M, 20.0 mil.,) and heated at reflux temperature overnight. The reaction mixture-was cooled to
room temperature, and concentrated under reduced pressure. Toluene (20 trill,) was then added and
the mixture Was2BHEERPated under reduced pressure. This process WaSPI%%g ey /\%ﬁ?ﬂ3i,4-dioxane
and ethyl ether, then the solids were filtered off The filtrate was concentrated under reduced pressure
to afford 4.80 g (82.1%) of the title compound, 4-trilluoromethyl-pyridine-2-carboxylic acid, as brown
solid, which was used in the next step without further purification. 11-1 NMR (400 MHz, DMSO-d6)

59,350,1=50 Hz . : NECHN): Infarmediate. 12,: 4-Methyl-pyrimiditte-2-carhoxyli cid
WO 2010/0%%@%%%%§%%’é%%%%& a%t%%yﬁﬁ‘%%pé? %%ggh%%oﬁﬂrl% g%mfﬁ%%%g %ggﬁugérao |
methylpyriniltid ey O0igraaidarumsBoptatmeHewrsittersdtoran e Hikaydndsthyremisrigl mL) was

added a solifioR 0E B ANLG{4n 80 G Bt MEe hiR AR yamine sobsianL1 3,

trimethylamine: water, 24.0 m.11.). The reaction mixture was stirred at room temperature gvernight.
The aqueoti¥ HHiférias SXIACHBY With Bty 8thErE3 XD B Y rTHO b SREd PRI CTa)8Fs were dried
over MgSO4; filterasnand-cencaniraiad wrdenteduced presskre feyald deaililecompannd,

4-_methy|-_pyrirr_1irdine72- 10carho.n.itrile 1.809; _64.8_%), which vv_asi_used!itl tpe nezg}tﬁs,telg) e

withouturificatigh: fapan)) to afford 10 mg {30%) of the title compound, t-methyl-pyridine-Z-carboxylic
acid {3-{(1-methyl-1 H-pyrazole-d-carbonyl -aminof-adamantan-1-vl -amide, as a white
solid, "H NMR {400 MHz, CDCly) §8.07 (s, br, 1H), 795 (d, J=77 Hz, 1H). 760 {1, /=78
Hz, 1H), 7.33¢d, J=2.3 Hz, 1H), 7.26-7.21 (m, 1H), 6.76-6.72 (m, ZH), 3.89 (s, 3H), 2.55

10 {5, 3H), 2.54-2.52 (m, 2H), 2.35-2.08 (m, 10H ), 1.72-1.69 (m., 2H). ESIMS m/fz 3941

M+HY
I an analogous manner to Example 20, Examples 21-37 in Table | {below) were made from
commercially available aryl, heteroary! or aliphatic carboxylic acids, or arvl, heteroaryl or

aliphatic carbonyl chiorides on 0.05-7 0 mmol reaction scales.

:;‘-rrl

In an analogous manner to Bxample 20, Examples 1144130, 132-139 and 142 in Table 1
fbelow) were made from commercially available aryl, heteroaryl or aliphatic carboxylic

acids, or aryl, heteroarvt or aliphatic carbony! chlorides.

Io an analogous manner to Example 20, Examples 131 and 141 in Table 1 (below) were
made from d-wifluoromethyvi-pynimidine-2-carboxylic acid (Intermediate 11) and 4-methyl-
20 pyrimidine-2-carboxylic acid (Intermediate 12}
Exnmple 58: 6-Methybpyrazine-2-carboxylic acid {3-[{pyridine-2-carbonylj-amingi-
adamnantan-1-yl}-amide
2
?;’w”\\\v"‘j{ . ;ﬁ";\\ H
St MERT
o7y N

N

Example 58 was synthesized from Intermediate 2 vie the provess of Scheme 3, supra, as

A follows:
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NMR. (400 MHz, 020) 08.64 (d"I-5.4 HZ, 11-1), 7.59 (d,../-5.5 Hz, Step 2:
4Methyl-pyrimiditie-2-carboxylic acid The soluti on of 4-ni hyl15hydroxide (504 Mg, darbonitrile

(500 mg, 4.2‘?90mnge6%2lg%d sodium er (12.5 rtiL) was stirred at 60 C for | hour. ction/(r)niét%re was ooled
to room temperé?ure, acidified to pHwith citric acid and extracted with cHEIBYRTSH fgi 2 x20inL).

The combined organicdried over id concentrated under reduced pressure to afford 0.294 g of the
title compound, 4- carboxylic acid (51%), which was used in the next step without further 20punhLatlon
H NMR (300 MHz, D20) 88.50 (d"./:::,5.2 Hz, lll) 7.31 (d"Pi-5 .3 Hz, 1E1), 3 Preparation pecified

otherwise, %J?&%@&%ﬁ?ﬁA&@%%@Q@?M@QM&%@Q&@ szmi_a&eédmmp@e?@nt invention
were purchased from Sigma-Aldrich Corporation (St. Louis, MO, USA). WO 2010/011570
PCT/U52009/850934 ¢. 11.0 mmol, Intermediate 2), G-methylpyrazine-2-carboxylic acid {1 83 g, 133

rmmol; RikaChem, Kostalov, Czech Republic) and methviene chioride {120 ml). To the

sofution was then added PYBOP™ (6.90 g, 13.3 mmol) followed by triethylamine {3.85 mk,

5 27.6 mmoly and the reaction was stirred for two hours at room temperature. The reaction was
transterred to a 500-ml. separatory funnel with methyiene chionde {50 ml) and saturated
aqueons sodium bicarbonate (1530 mL), and extracted with methylene chlonde. The organic
laver was separvated and the aqueous laver was extracted agamn with methylene chloride (2 x
75 mi} The combined organic layers were washed with brine (150 mL}, dried over sodium

0 sulfate, filtered and concentrated under reduced pressure. The residue was purified on a RP-~
HPLOC/MS purification system (Gradient acetonitrile in water, 27-95%, in 3.5 minwitha
shallow gradient from 30-60% between 0.75-3.4 mun and a cyele time of 5 man. Flow rate:
100 ml/min. Mobile phase additive: 38 mM of ammonium acetate. Column: Inectsit™ €8, 30

® 50 mm, 5 um particle size (GL Sciences, Tokyo, Japan), Mobile phase and column

o
Lot

temperature: 30 *(). Fractions were then concentrated under reduced pressure to remove
most of the acetonitrile, the resulting aqueous layer was made basic with solid sodinm
carbonate (pH > 10) and the aqueous laver was extracted with ethyl scetate (3 x 200 mbi).
The combined organic layers were washed with bring, dried over sodiom sulfate, fltered and
concentrated under reduced pressure to afford 3.21 ¢ (74%) of the il compound, 6-methyl-
20 pyrazine-I-carboxyiic acid {3-[{pyridine-2-carbonvl j-anuno]-adamantan- 1yl -amide, as a
white solid. "H NMR (400 MHz, CDCHY § 9.17 (s, 1H), 8.58 (s, 1H), 8.54-8.50 (m, 1H),
817(dt, /=78 1.0Hz, 1H), 806 (brs, IH), 7.850td, /=77, 1.7 He, 1), 7.77 (br s, 1H),
742 (ddd, J=T76 48 1.3 Hz 1H), 2.61.2 57 (i, SH), 2.40-2 28 {m, 4H), 2.27-2.1% (m,
ZH), 2.18-2.08 {my, 4H). 1.78-1.68 (m, 2H). EST-MS m/z 3926 (M+H)™

25 Iy an analogous manner to Example 38, Exampies 59-92 1y Table | (below) were made from
commercially available aryl, heteroaryl or aliphatic carboxylic acids, or arvl, heteroaryl or
aliphatic carbonyl chlondes on 0.05-0.5 mmol reaction scales.

In an anatogous manner (o Example 58, Examples 105-111 in Table I (below} were made
from commercially available arvl, hetercaryl or aliphatic carboxylic acids, or arvl, heteroaryl

30 or aliphatic carbony! chiorides.




Example N,A"-(1,3-adammutObis 2-earboxamide) as prepared via the process of Scheme I, xiwW To a |
vial containing 6-methyl nicotinic acid (40 n nnol), methvlene chloride (10 MT) and
ill,Actittsopropylethylamine (60 mg, 0.5 minor), was added

AI-(3-dirherh§J¥a%’?ﬁf¥8 ?)yl)Nr-ethyIcarbodii.mide hydrochloride (60 mg, 8 {Hrsﬁ?g(.) sgg?ﬁlixture was
stirred for 5 minutes, Ada.mantane-13-diamine hydrochloride salt (20 mg, 0.1 minol, Zerenexm
Molecular Ltd., Greater Manchester, UK) was added and the reaction was allowed to proceed for 16 h.
The reaction mixture was washed with saturated sodium bicarbonate, dried over sodium sulfate and

concentratgg %ﬂgk%ﬁ&g&lﬁq%ﬁé?&?ﬁ&%@ﬁf&f%% ia5;RULAeH N Aeveised phase: iguid

e

chromatography/mass spectrometry (RP-HP:LC/MS) purification system (Gradient, aceionitrile in
water, 25-9B%uas g huirryvith &y e time b sadsHalrswegiagibht between 28-58% of acetonitrile was
used between 0,75-3.5 min to separate_1.5close-eluting impuri ies.,gl w rate; 1OOC{n{LJmin. Mobile
phase additfv@ o8 RABFRHAEHINS 3%9‘%%7‘%%Hfﬁ4§:4|ﬁ}e¥?§1 B MBI S U particle size)
to afford theitkeneempound (33:ng,80nas anyoffwhiteotledddNIMR: (40 Miza@BRC13) 8,09 (s,hr,

21{), 7.96 (d,"l- 716 Hz, 2H), 7=7.70.Hz, 2 H). 7.27-722 (rn, 211), 2,58:2.55 (m, 2H), 238-2.13 (m,
10H). 1.75-?[%3‘\(‘}%[? Eﬁérﬂﬁ}l\ﬁgﬁ’ %%to‘?%ﬁ‘()4‘?ﬁ‘}2§%§‘é‘“ﬁ%bﬁ%“ oA S-ad am)bis(2-pyridinecarboxa

tide) Examﬂé% g\l‘f)\ﬁ% 8{&%%§§0%*§ﬁ@?%| @%&rﬁﬁ?% 82 and 184 were made from Intermediate 3,
Ne{ 3-amino-adamantan~1-vi }-3-fluoro-benzamide, and 4-methyl-pyrimidine-2-carboxylic
acid (Intermediate 12} and 4-trifluoromethyl-pyrimidine-2~carboxylic acid (Intermediate

1), respectively.

0 In a similar manner to Bxample 38, Example 183 in Table 1 (below} was made from
Intermediate 3, N-{3-amino-adamantan-1-vh)-3-fluoro-benzamide, and a commerciaily
avatiable heteroaryl carboxylic acid.
in a similar manner to BExample 58, Examples 145-179 in Table 1 {below) were made from
Intermediate 8, S-methyl-pyrazine-Z-carboxviic acid (3-aminc-adamantan-1-vij-amide, and

15 commercially available aryl or heteroarvl carboxylic acids, while Example 181 in Table |
(below) was made from Imtermediate 8 and 4-grifluoromethyvl-pyrimidine-2-carboxylic acid

{Intermediate 11).

It a similar manner to Example 58, Examples 185-188 in Table 1 (below} was made from
Intermediate 7, pyrazing-2-carboxylic acid (3-ammno-adamantan-1-yi)-amide, and

20 conmmercially available hetercaryl carbosylic acids;, Example 189 and was made from the
Itermediate 7 and 4-methyi-pyrimidine-2-carboxylic acid (Imermediate 12},
I 2 similar manner to Example 58, Examples 191-193 in Table 1 {below) were made from
Intermediate 10, 2-methyl-pyrimidine-4-carboxylic acid (3-amino-adamantan-1-yipamide,

and commercially available S-fluoro-pyridine-2-carboxylic reid (Beta Pharm, Inc., New

-2
LA

Haven, CT, USA)Y, d-miflucromethvi-pyrimidine-2-carboxylic acid {Itermediate 11} or 4-
methvi-pyrimidine-2-carboxyiic acid {intermediate 12).

In a similar manner io Example 58, Examples 194-196 in Table 1 {(below) were made from
Intermediate 9, pysimidine-decarboxytic acid (3-amino-adamantan-I-yi}-amide, and 4-

methyl-pyrimidine-Z-carboxylic acid (Intermediate 12), commercially available S-fluore-
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WO 2010/011570 Into a vial containing adamantane-1 PCTTUS2009/050934 O mg, 0.3. mm Zerenex ™
Molecular kLtd.; Greater Manchester, UK) and methylene chloride (at 0 "C was added N,N-
diisopropylethylamine (200 mg, 2 mmol; Alfa Aesar't Ward Hill, MA, USA# ' r jon was added
pyridine-Z-CXF ozr‘%W?:H%)’?r{fde (60 nig, 0.4 mmol; TO America, Wellesley Hi Iéqkﬁigb%?égﬁﬁ%ifter stirring at
room temperature for Id h, the reaction mixture was  d with saturated sodium bicarbonate, dried
over sodium sulfate and concentrated under reduced pressure. The residue was purified on a reversed
phase. liquid chromatography/mass spectrometty (RP-HPECIMS) purification system (Gradient:
acetonir 1o, \(HWAer, A6 320, 13 BRIl LR ik Flawates L0 Nblmina Mahilerplase
additive: 25 inN4 10of ammonium formate. Column: thertsif" C.8, 30 x 50 mm, 5 um particle size) to
obtain Me ititle compound as a brownish oil. (58 mg, R (300 MHz, CDC13) O ,b--4..86flz, 214), 8.15
(d, 3=7.85 Hi, 211), 8.03 (s, hr, 7.83 (d,.3-7.70 Hz, 2E1) 7.43-7,37 7H), 2.58 2‘12%2) 2.38-2.31

(1.2 20-2, 15 YORRE 4% (RN BE b o AR A A5 o SR e,
Examples 5 of Table 1 (below) wenemeatiestidm: catumarcialh avatatite:aryl or heteroaryl carbon, in

0,1 to 0.3 mmol reaction scales. Example 6: Pyridiae-2_-carboxyb[3-(3-chI o-benzoylaladamantaa- | y

o H
N B A
z“f#\"\f)\mm{if?* N A “;)
.\'\.(...- N H‘l j _/3-:....1‘: {!}i N»’\‘.»*'

H
H !

o ! HO

Fxample 143 ia Table | (below) was made from Example 142 wer NaBH, reduction, supre,

as foliows:

Into a vial containing 6-methyi-pyridine-2-carboxvlic actd {3-{{6-acetyl-pyridine-2-
carbonvl-amino-adaniantan-1-y] bamide (30 mg. 0.1 mmol, Example 142) in MeOH (2
He mL) was added sodium borehvdride (6 mg, 0.17 mmol} at 0°C. After siirring for 2 b, the
reaction mixture was concentrated and partitioned into dichloromethane and satented
“sodium bicarbonate. The praanic laver was dried over sodium sulfate and concentrated unler
reduced pressure. The residue was purified on g RP-HPLC/MS purification system {Gradient:

acetonitrile in water, 23-95%, in 3.6 min with a shallow gradient from 33-63% of acetonitrile

LA

between 0.75-3.3 min and a oyele time of 3 min. Flow rate: 100 mL/min. Mobile phase
additive: 48 mM of ammonium formate. Columm: Inertsil™ C18, 30 % 30 mm, 5 um particle
size) to afford 45 me (90%%) of the tile compoand, 6-methyl-pyridine-2-carboxylic acid {3-
[{6-(1-hydroxy-ethy] J-pyridine-2-carbonyl}-amino-adamantan-1-vl {-amide. "HONMR (400
Mz, CDCL)Y & 8.07-8.00 {m, 2H}, 7.904{d, =79z, 1M} 778 (/=79 Hz 1H}, 774
20 {5, b, TH)L 764 {1, /=78 Hz, 1H), 741 (d, =78, Hz 1H), 720-706 {m, 1H}, 491-4.85
fm, PR 250 (5, b, 5HD, 231-2.26 {m, 2H), 2.21-2.06 (m, 8H), 1.69-1.64 {m, 2H), 148 (s
3Hy BSIMS miz 4350 (M+HY

Example 144: 6-Methyl-pyridine-2-carboxylic acid (3-}6-{1-hydroxy-1-methyi-ethyi}

pyridine-2-carbouyl-amino}-adamantan-t-yipamide

~ ; ;\N ":?f oS 1 ;ﬁ‘;\?
b g
AT S Y -
e HO
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amide Example 6 was prepared via the proces of Schemes 4 and 3, 'rpm, as follows: To avial
containing adamantane-E3-diamine (50 mg, 0.3 mmol) and tetrahydrofuran (5 iL) was added dropwise,

5M aq NaO (éO.G iL, 31101). With vigorous stirring, picolinoyl chloride ride (50 mg, 0.3
mm.01) Wask;%l 3%%%11 ip%?tions. After stirring at room temperature for 16 h?%ﬁéﬂ%%@ﬁlgﬁgr%xture was

partitioned into dichloromethane and saturated WO 2010/011570PCT/US2009/050934 sodium
bicarbonate. The organic layer was dried over sodium sulfate and concentrated under reduced
pressure. The residue was retaken into 5 mt. of 'DCM (dichlommethane). To the suspension was

added DIEA(AGAT-diisapianyd-ethyianing) (A0 man k2.mpoband dxshiara-kenzaylehlaride (79 mg,

0.45 mind). The reaction mixture was stirred at room temperature for 16 1i, washed with saturated
sodium bicafIBHaLS: dried over sodium sulfate and concentrated under reduced pressure. The residue

was purified on a reversed phase liqujd chromatography/mass spegtrometry (RP-HPLC/MS)
purification 'y f?e'};ﬁaté?ﬁﬁfgﬁ@ 3(’:’3F(S%ﬁiﬁ’?@lﬁﬁg\ﬁ%@%%&gﬁ/g?ﬁ’i'é;?;{ﬁﬁﬁ%%{ﬂy%% “&?égime of 5 mitt. A
shallow gradigntbbtweer 3ni6biaf-acdicmitiie Was g Sedibetnd dix O B3 52min ToiEdparate
closg-eluting Qimpurities. Flow rate: 100 mbinin, Mabile phase. additiye,, 25 mM of ammonium acetate.
Coﬁu@mn: Iné%%é"i?f%%f Lg%?ingtgﬁrgn%{gxﬁrggpgﬁaé is',\i/'li%)&éf%? tﬁﬁﬁ%%égggﬁm%pgﬁ%%@ggﬁsyﬁ off white
oil. H NMR 48 @ik COHOIBIK (@84 @5 dniraied el oo (doyed o8 (dichlvpaglreisb (t, J-1.82 Hz,
FM), 7.57 (daode 805 u Do AT Bk e338d doks i (0L ANE i & 3832, 3L (0P £ RRy 2.24- 2.1281H),

1.76-1.69 (m,ESI-MS m/z:H, In an analogous manner to Example 6, Examples 7-10 in Table | (below)
were made TPERETEEHTMERERITy AT REe A%y DRt caiBERy M aE a8 mmol reaction
scale. plc 1adidireh 3-Acamanlyiene)istdimdwlpyes, ingesRee hoxaidin with a shaliow
10 gradient from 33-60% of acetonitrile between 0.75-3 4 min and a cycle time of § min. Flow
rate: 100 mLfmoim. Mobile phase additive: 48 mM of ammomium formate, Column: Inerisil™
C8, 30 x 50 mm, 5 um particle size) to afford 23 myg {69%%) of the title compound, H-methyi-
pyridine-2-carboxylic acid (3-{{6+( 1-hydroxy-1-methyl-ethyl}pyridine-2-carbonyll-amino -
adamantan- -yl }-amide. HUONMR (400 MHz, CDCIZY S 810-8.06 (m, 3HYL 795 (4. 1=786
i5 Pz, 1H), 786 (L,0=78Hz TH)Y, 775 (5, IHL 770 (L, V=78 He, 1H). 739 (d J=79Hz
PHY, 7.26-7.22 {m, 1H), 2.38-2.355 (m, SH), 239213 {m, 10H), 1.76-1.71 {m, 2H}, 1 .59
(s, 6H1. ESEMS m/z: 449.0 (MHH,

Example 180: 2-Trifluoromethyl-pyrimidine-d-carboxylic acid {3-H{6-methyl-pyrazine-

Z-carbonyiyaminol-adamantan-~-yi-amide

by .. H .
N S i 1 .
N o N
,‘?#N WA a M NCF:A

Fixample 180 in Table | (below} was made wa the process of Scheme 3 from Infermediate §
and 2-trifluoromethvl-pyrimidine-4-carboxylic acid, which was prepared from the

corresponding ester, supra, as follows:

o
n -y
N A 7 o
St N7T
) H A T Sty . ? U LN
FECEAN {5 ;,f;:“-i"\N { ; ;»»-*'E\N “\,{ ‘j‘).uv-?\i‘ *'é;\ ,‘S‘[
TNy "’J\\N,ﬁ'\ R o il (,; N
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NH 20Example H was synthesized Via the process of Scheme 1, supra, To To a vial contalnlng
4-methyl-pyridine-2-carboxylic acid (30 mg, 0.22 na 1 mL), was added
benzotriazole-1-yl-oxy-tris-(dimethylainino)-phosphonium bexafluomphos hate 7 mu 0 22 mmol)
DIEA (40 ru ‘65’};’ ﬁ SKita Aesar, Ward MA, USA), followed by adaman |ne (20 mu, 0.1
mmol in 1 mL of THE; Zerenex Molecular Ltd." Cheater Manchester, UK). Mler stlrrlng ibr 16 h at rt.,

the reaction mixture. was partitioned into dichloromethane and saturated sodium bicarbonate. The
organic WO 2010/011570 layer was dried over sodium sul PCT/US2009/050934 ed and concentrated

wider reduoﬁ@ﬂ%&%@{sgé% fesigueyasaydisd.an aisyasrd ohase Hid crpmalagiaphyimass

spectrometry HPLCIMS purlflcatlon system (Gradierit: acetonitrile in watér, 30-95%, in 3.7 minutes

with a cycle tithenst 8 FRimrmby Hiter EOOMUTHENDBile pradetioritves x5 B ({F stamonium

formate, Colypam; iinenisin GBratx PRMR W PaLiicleisizeHeaaiences sJ:okyen lapan )y to afford 18
me (40%) of the title compound, N,A19-(1,3- adamantylene)hls (4-methyl-pyridine- mide, as an

off-white oft "L ERIRPABFILED ‘&‘ﬁ’éﬁ%ﬁ”&‘%‘é‘% vaeA BB 1§ Bosdunr Bty ef 98.7.96 (in, 211),
7.2%7.19 (m&ﬂéﬂ&@ﬁ%%&m%ﬁ:&l&sﬁ%@ ;Zﬁfﬁiaﬁinﬁm&%ﬂ@&ﬁ%ﬂw%@ﬂﬁ@uﬂﬁ{ilﬂ@ miz: 405.0

(NH-H), 10In a nalo %uilsgp??m )laxgng%lenéal% )é?@ %& rg.%ulh[ 43b!g,l)(9,glow2}were made
rbo on 0.1

i E
from comme r%l IIy a0 etéroary Xylic ad mmo reac’uon scales.
AKSCL CA)Y. After stirring at vt for 16 h, the reaction mixture wis cc:numratud and

partitioned into DCM and saturated sodivm bicerhonate. The orgamic layer was separated,
dried over sodium sulfate, filtered and concentrated to dryness under reduced pressure. The
10 crude product was purtfied on a RP-HPLOAS system (Gradient; acetomitrile in water, 30«
G3%%, in 3.6 man with a oycle fime of § min. with a shallow gradient from 40-68% of
acetonitrile between 0.75-3 4 min. Flow rate: H00 mL/min, Mobile phase additive: 48 mM of
ammonium formate . Colump: Inertsit™ C8, 30 x 50 mm, S um particle size) to give 60 mg
- {40%) of the title compound, 2-riftuoromethyvl-pyrimidine-d-carboxylic acid {3-{{6-methyl-
18 pyrazine-2-carbonyl)-aminoladamantan-1-yl l-amide 'F NMR (300 MHz, CDCl) 6 9.16
(s, THEY, 9.12 (d,.7 =5.0, LH), &6 (s, 1H), R.28 (d. J=5.0, TH), 7.80-7.75 (m, 2H}, 2.6 {s, b,
SHY, 24222 36 {my, 2H), 2.23-2.17 {m, SHY, 1.77-1.73¢m, 2H). BSI-MS m/z 4609 (MHY
In a similar manner to Bxample 180, Examples 112, 140 and 190 in Table 1 (below) were
made from Intermediate 2, pyridine-2-carboxylic acid (3-aminc-adamantan-1-vl}-amide,

20 Intermediate 1, 6-methyl- pyridine-2-carboxylic acid G-amino-adamantan-1-vi-amide, and

Intermediate 7, pyrazine-2-carboxylic acid G-amino-adamantan-1-yl-amide, respectively.

Tabiel

EXAMPLE BTRUCTURE CHERHCAL NAME

; :“iﬂ;’*f’—{'? 52'
adamamyvieneibis{o-methyi- |
pyridine-2-carboxamide)

31




15Example 17 was synthesized from heteroaryl carbonyl chloride via the process of Scheme 1, stqra,
as follows: To a solution of adamantane-1 diatnig, 0.1. in 101; Zerenex Molecular Ltd., Greater
Manchester (4 mL), was added |-methyl-1H-pyrazole-3-car 0 mg, 0.3
mind) and D 6&(@/&9, .3 mind.). After stirring for 16 h at it, the reactlo%u@yw%?%artltloned into
dichloromethatio and saturated sodium bicarbonate. The organic layer was dried over sodium sulfate,
filtered and concentrated under reduced pressure, The residue was purified on a RP-EIPLCIMS
purification system (Gradient; acetoniftile in water, 18-95%, in 3.9 minutes with a cycle time of 5 min.
Flow rale: 100 trillniiiv. Mobilephase additive™ 25 RtV of amimonium acetate. Column: Inensift C8, 30
x 50 mm, S inn partiEEA8IFER(IL SciehtBYCTéREo0, Japan)) t@ﬁﬁ&‘i"@ﬁ@‘?ﬁ@%O%) of the title
compound., NV'-(l;S-adaman ytene)bis(i-methyt=f13-pyrazofe-3-carboxamide; as a colorless oil. 'll
-NMR (400 MHz, C(X13) (5'732 (d"/ 2.3 Etz" 211), 6.74-6. 71 m, 4EQ, 3.89 (s, 6E1), WO
2010/011570 2.49 {s. br, 2H),1233-2.26 Qn 2H), 2.2, SH 3 J1 64 'n 383 1 (M)14)}.
PCT/US2009/050934 Mk: Example 18:5- Mettyl- yramﬁ&i\a ‘“65?5??;1% acid-methyl- carbony1)-amino
-adamantan-1- amide Example 18 wa¥ synthesized via tHE BrotE: gﬁﬁflg{ﬂeme 2 using commercially
available carboxyli¢ acids, supra, as follows: To a solution of adarnantane-1,3-diamine 0 mg, 0.1
mmol:, Zerenex Molecular Ltd., Greater Manchester,DCM (2added DIEA (26 mg, 0,15 mmol),
1-methyl- 101 ll-pyrazole-3-carboxylic add (,14 mg, 0.methylipyrazine-2-carboxylic acid (15 mg, 0.11
mmol) and helyaziy i-oxyjripyrrolldmosfsh“bmtrm texalluogaphesphal€bis(3-chlioro-
henzamide)

NN(13-
adamantylene)bisf4-
pyridinecarboxamide}

NA(1,3-
adamantylene his(3-cvano-
benzamide)

Pyridine-2-carboxyiic
acid3-{3-chloro-

benzoylamino)-adamantan-
f-yll-amide ‘

&

' Pyridine-2-carboxylic
7 =N o i . acidi3-(3-cyano-

; oy he Aams 4 ’
el O Yy renzovlamino}-adamantan-~
N S I-yi}-amid

Pyridine-2-carboxvlic actd
-5 o {3-{0 -methyi-S-thiophen-
8 L *\A‘“‘)T:’ ”; g }‘\(‘H 2-yl-1H-pyrazole-3-
BN carbonyl Famine}-
adamantan- -yl f-amide




(120 mg, 0.20 mmol). After stirring for 3 hours at rr, the reaction mixture was partitioned into
dichloromethane and saturated sodium bicarbonate. The organic layer was dried over sodium sulfate,

filtered and goncentrated under reduced pressure. The residue was purifie 1—4
purification é@f/gté%ﬂlf&}rsaﬁient: acetonitrile in water, 25-95'14, in 3.4 minutke)gdrvgll5’[%12%a€§c}§/?:gs

CINIS
ime of 5 min.

A shallow gradient between 25-50% of acetonitrile was used between 0.75-3.3 min to separate
close-eluting impurities. How rate: 100 mUmin. Mobile phase additive: 25 mM of ammonium formate.
Column: Inertse CS, 30 x 50 min, 5 tun patrticle size (Gt. Sciences, Tokyo, japan)) to afford 15 mg

(37%) of the title ca

e-3-carb ony )-ami nEf-&BYE &
89,22 (S, 1H), 8.3448:33

Q 120

antan-|-yLEMiRRe, as a

11-4 H-pymzol

color|EEEBIGHE RERETR (400 MHz, CDC13)

IN), 2.64 (s, 3-H), 2
Example 19: Thiaz

carboxylic. acid chl
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VAZ W
(Fy—xt

.54 (s, hr.

vle-2-carbg
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15carboxylic acid 13-[(1-methyl-1H-pyrazole-3-carbanyl)-aminol-adarnantaml-lide, as a colorless
oil. '14 NMR (400 MHz, CDC13) 87.81 (d, J 3.2 Hz, 111), 7.53 (d, J' | H), 7.33 (d;= 2.3 Hz, 111), 7.14
(th .5/ 2.3 Hz, 1H), 6.74-6.71 (rn, 213.89 (s,), 2,55-2.51 (n, 211),2.29 (m, 2H), 24 9-2, 11 (m, 81-1),67
(in,), ESI-MSMBE YA Example 20: 6-Methyl-pyridine-2-carboxylic acdi§ BUEE#E D, zole-3-
carbonyl)-aminol-adarnanta0-1-yll-amid \ rN Example was synthesized froms of Scheme 3, supra. as
follows 25To a solution of 6-methyl-pyridine-2-carbr(3-amina-ada.mantan-1-y1), iediate 1,20 mg, 0.07
mmoi) in DCM (5 mt.) was added DIE (30 ing, 0.2. mmol) and 1- methyl lll-pyrazole-3-carbonyl chloride

(20 mg, 0.1 mmol, Maybtidge-£hemicat-Co-Cornwalt
the reaction mixture M@ 2010/0$TEBORPEEUS20(

saturated sodium bjcarbonate
under reduced pressure The r
acetonitrile in water, 25-95%,

phase additive: 25 niM dfamn
(GE Sciences, Tokyo, Japan)
6-methyl-pyridine-2-carboxylic

esidue was purified on a
n 39 Mintites with a cyc
nohar fé‘rmgfe Column; lig
to afford I(J mi :(30%) 0
acid ( 3-j(I-in ethyl 1/1

)

f
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RP-HPLC/MS purification

T LM Pt
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-|z CDC13) 88.07 (s, hr. IF

.temperature for 16 h,
‘dichloromethane and

~Fhe-organic-layer-was-dried-over-sodium-sulfate.and concentrated
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5 um particle size
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In an analogous manner to Example 20, Examplesable | be commercially available aryl, heteroaryl or
aliphalic carboxylic acids, or aryl, he aliphatic carbonyl chlorides on 0.05-7.0 mmd reaction scales.
1$In an analo%ous manper to Example 20, Examples 114-130, 132439 and 142 in Ta bIe 1 (below)

010/81157

were made ffom commarcia
or aliphatic carbonyl chlorides. In an analogous manner to Example 20, Examples 131 and 141 in

Table

lly available aryl, heteroaryl or aliphatic carbo&%c[}g%(f%o o4 aryl, heteroazyl

made from 4-trifluoromethyl-pyrimidine-2-carboxylic acid (intermediate 11) and

4-methyl20pyrimidi [1e-2-carboxylic acid (Intermediate 12) Example 8; 6- Methyl py
zine-2-earboxyliadd (3=t(pyridine=2=tarbony)=aminot:
2010/011570PCT/USZ8EEIT5 93 4 T RTMRBottom flask waSHddddgydidine-2-carboxylic acid
(3-amino-adamantan-1-yt)-

6-methylpyrazine-2
methylene chloride
by triethylamine (3.
The reaction was tr
saturated aqueous

-carboxylic
(220 rtiL).
B5 it 27.

-(310-g;-11.0-mmot, L-ntermediate 2.); -
Chem Kostalov Czech Republic) and
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28 &;}*QN ‘i PECIE carbonyi-aminoladamanian-
ol A eyibamige
o S-Methyi-pyridine-2-carboxylic
29 acid {3-{{2-methyboxazoie-d-

cartonyl-aminokadamantan-
1-yll-armide
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white solid. A. NMR (400 MHz, CDCIil 0 9.17 (s, 1H), 8.58 (s, Ili), 8.54-8.50 (m, 8.17 (dt, 7-- 7.8, 1,0

Hz, 1H), 8.06 (br 5, 1H), 7,85 (Wt../ = 7,7, 1,7 Hz, 11-1), 7.77 (brH), 7.42 (Uri, J=r 7.6, 4.8, 1.3 Hz,
5H), 2.40-2.28 (in, 4E1), 2.27-2.19 214), 2,18-2.08 (M, 4H.), 1.78-1.68 (m, H).

111), 2,61-2.57
ESI-MS mizi¥58

S

aliphatic carboxylic

ARy

2010/011570PCT/1M[§‘
(below) was made from-trilluog
to Example 58, Example 93-1{
-y1)-3-fluoro- benzamldc and ¢

reaction scales. In a simifar m
Intermediate 3, N-(3-am ino-as
acid (Intermediate 12) and 44t
respectively. In a similar manr
Intermediate 3, N-(3 -am i no-a

carboxylic acid. in & S|mgar man

ner to Example 58, Examples 59-92 in ¥abiES1(8&f%# were made
from :variable aryl, heteroaryi or aliphatic carboxylic acids, or aryl, heteroaryl or
carbonylaliphatic.hlorides on 0,05-0,5 minol reaction scales. in an analogous manner to Example SS,
Examples 105-111 in Table 1 (below) were made from commercially avallable aryl heteroaryl or

emethy,l»pyx midine-.
D4 in Table 1lade from In
??mefmaﬂy available b

AnRet tg'ERample 58, Ex
i amantan- )@g\rlu%r@-be

ifluoromethyl-pyrifhidine:

, Lb@xyugacldmrmedlate 1 in a similar manner

termediate 3, N-(3-amino- adarnantan 1

e‘f‘é]ﬁ?é% 8?6‘83?9%%@% on 0.05-0.5 mmol

rgj;g,%%gggge made from
1yzpsrm»:tée and 4-methyl-Tyr; din e-2-earboxyli ¢

-2-carboxylic acid (Intermediate 1.1),

from intermediate tit yrazine-2;

available aryl or beteroaryl catboxylic acids, while Exa
Intermediate 8 and é-triltuoromethy-pyrii-2-carboxy-te-
Example 58, Examples 185- 1$8 in _(below) was made
(3-amino- adamantan -i-yi)- amlgle
and was made from the3hterme

iy
i -met
a similar manner to Example 58, Example$’ 93 in

10, 2-methyl- pyrlmldme -4-carboxylic acid (3-amino-adzg

5-fluoro-pyridine-2-
4-trifluoromethyl-py
(Intermediate 12). |

intermediate 9, pyrii

er to Example 58 Examg
§§antasn- -ybenzamide

w\,zE*xample 58, Exa
-carboxylictatids(3-ant noA

ei_ricially av
P

sie 837in Table 17(belo',) Wwas made from
=ﬁm§@mﬁ@e§@@ﬁy@@ilame heteroaryl
m@ﬁ@{m@@mﬁr Table | (below) were made
FekyieaiIge; and commercially
nr}}(' ig in Table 1 (below) was made from

ieidwémwfmedwe%a—slmllar manner to

from Intermedlate 7 razine-2-carbovlic acid
aﬁé‘ﬁ‘?g' Qﬁr G@é §/I|c acids; Example 189
VHERIG y’&@n acid (intermediate 12). In
Fabtedebelow) were made from intermediate
amantan-l-yl)-amide, and commercially available

carboxylic
rimidine-2-
h a similar
nidine-4-c

Arboxylic am@f‘(‘gﬁfgmmo
' e

acid (Beta Pharm, inc., N

carhoxyligacid (mterme(
maan eﬂ%ﬁample 58,

i/

lew Haven, CT, USA), ]

liatact)yorddieeatytpyyimidine-2-carboxylic acid |

_%ﬁr{ EENBAVEDE in Table 1 (heiow
CREHARE L. and a-

Quiinoxaline-2-carboxylic acid

o ard ,\ 13-{(6-methyl-pyridine-2-
M A A N, carbonyi-aminoj-adamantan
b ;’V,J 1-yllamide
N
e P e | Pyrimidine-4-carboxyiic acid
- t k\f‘\wg,,y " fé{3-§(@-memyijpyricim@z— 5
R 3 carbonyii-aminol-adamantan-
‘ ¥y 1ljamide
NN
. : o | Benzoihigzole-2-carboxylic
_ e S acid {S-{B-methylmyridine2- |
356 PN H . H
i PN sarbonyl-aminehadamantan-
5}4}"\}; 1-yli-amide ‘
-
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methyl-pyrimidine-2-carboxylic acid (Intermediatecommercially available 5-fluoro- WO
2010/011570PCT/US2009/050934 pyridine-2-carboxylicyrimidine-2-carb iliid (intermediate Example
143: 6-Methyl-pyridine-2-carboxylic acid -ydroxy-ethyl)-pyridine-2-
carbonyl)-torttbtatAHAtan-1-ynude HO Example 143 in Table | (belowWHAS3H48EHm Example
142 VICr NaBH4reduction, as follows: Into a vial containing 6-methyl-pyridine-2-carboxyacid
1,3-1(6-ayridine-2- carbomil)-amini-1-yl -amide (50 mg, 0.1 mniol, Example 142) in MeO 10ME) was
added sodium borohydride (6 7 inmol) at O It After stirring for 2 h, the reaction mixture was

concentrated and p&%ﬁﬁedwﬁdﬁhkef@me&hﬁﬁe—aﬁdfaﬂﬁafeésedmﬁkbmarbeﬂate The organic
laver was dried over seditrnesulfate asmkoonoesrated under ceigumest assure. The residue was
purified on a RP-1121,C/MS-purification.-system.(Gradient.-acetonitrile-in.water,.25-95%, in 3.6 min
with a shallow gradient from 33-63% of acetonitrile iSbetween 0. 75 3.3 min and a cycle time of 5. min.
Flow rate: 100 MUmin. Mobile| pk '%e\afldl. ve: 48 niM fﬁéﬁﬁmc ao:ﬁ @ ?h ?olumn inert. e C18, 30
x 50 mm, 5 um particle Size) to afford’45 mg\(QO%) of éh@};g damm
6-methyl-pyridine-2+carboxylic acid 13- /*m( aﬁamamaw? -yll-amide |
[(6-(1.-hydroxy-ethyl)-pyridine{2-carbony1)-amminokadamantan-1-y1}-amide. 1.FI NM (400 CDCE) 5

8.074.00 0, 7.904d,7.9 liz, 111),, 111) 7 74 ,;
_A\ J\ G-Methybpyriding-2-carboxylic |
TN atid {3-4(2 3-dihydro- ?
r“N H ’f:‘z” s thienol3 4-b)[1 4 dioxing-5-
j 4 carbony-aminol-adamantan-
OLJQ 1-y-amide

38

. &-Methyl-pyridine-2-carboxylic |
7 \f wﬂ» % " acid {3-{{S~methyi-isoxazole-3-
carbonyi-aminol-adamantan-
o v% - T-ylhamide

O . &-Mathyb-pyridine-2~carhoxylic
A N?’l:':r‘\mﬁ acid [3-{ihiaroie-2-carbotyd-
S 5 amingladamantan-i-yi-
07Ny amide

I3
48 <,

Pyrazine-2-carboxyfic scid {3-
{&-methyl-pyridine-2-
carbonyl-aminol-adamanian-
1-yik-anide

41

o B-Mathyl-pyridine-2-carboxylic

42 4 P acid {3-{(1-athyl-1H-pyrazole-
; Q"L .N*@ N, e 3-carbonyl-amino}-

adamarsan-1-yi}-amide

D e S-8athybpyridine-2-carboxylic

4 iy *\{#m Lt ! acit [3-(3-methoxy-
?“”“ -** q\\/«.w | benzoylamino}-adamantan-1-
A . yil-amide




20ls, h, 114), 7.64 (it,7.8 Hz, 17.41 (d,../- 7.8, Hz 1H.), 7.20-7.06 (m,4.91-4.85
7H), 2.21-2.06 (m, 811), 1.69-1.64 On" 1.48 (s, 311). 81-MS mizi: 435.0 (M4+0%, Example 144:
6-Methyl-pyridine-2-carboxylic acid (3-{[6-(oxy-1-methyl-cthyl)-
pyridinel- carg]o(ﬁf/?ﬂ%(ﬂm‘%? adamarttan-lI-yl)ide O 7r-t \H" WO 2010/01 1575 P N§82db9/050934
Example 144 in Table 1 (below) was made from as follows: ple 142 via Grignard reaction, sum
ridine-2-carboxylicacid [3-[ -acetyl-pyridine-2- carbonyl)-aminol-adamantan-I-yll-amide (35 mg, 0.08
initial, Example 142) in THF (2 ml.,) was added 1M methyl lithium (0.4 mL) at -40C. After stirring for 2

li, the reaction mixture-wasqu
dichloromethane andcgatrae
and concentrated upder-redue

! ! o) Ll
MeIrmreU- Wit ot VVd.tUI,

d sodiusniiicaisanate Th

d-pressire--he-residil
CTTooTatT

system (Gradient: acetonitrile
acctonitri le between 0.75-3.4
mkt of ammonium formafé. Calumny m?yshﬁ;,c
(69%) of the title compound, 6+
hyl-ethy1)-pyri di i e-2-carb on ylpam i no adamantan-k

u IJI\(QQUI\.,. LI}

n water, 28-95%, in 3.6

min ang agydie,tt eof%
£30 x &

methylpyrldlne charbm

T VA

H), 2.31-2.in,

concentrated-and-partitioned into
e orgameNayer wasigried over sodium sulfate,
Was-put rified-on-a-RP I—IDI

LUMS purification

m|n W|th a shallow 10 radient from 33-60% of

>Qzéﬂ£8y bRk

8.10-8.06 (In, 2H), 7.95 (d, 1=

43

}-.;g\\

§§ R

O

@E ) ’

M h
Gk,

atid [3-{3-chloromethyl-
benzoylaming)-adamantarn-1-
yij-amide

s-Methylpyriding-2-catboxylic |

45

&-Mathvl-pynidine-2-carboxylic
aoid [3-{oyciebutanecarbonyi-
amina-adamantan-i-yij-
amide

47

&-Methybpyridine-2-carboxylic
acid {313, 3-gifluoro-
oytlobitanscarbonvl-aminoi-
adamanian-1-yiramide

48

S-Methybpyridine-2-carboxylic
acid {3-{(3-meathyl
cycloprapanecarbomyli~
aminoj-adamantan-t-yi
anige

43

2-Methvl-2M-indazole-3-
carboxytic acid {3-[B-mathy-
pyridine-2-carbonyl-amingl-
adamantan-t-yi-amide

50

&-Chioro-imidazoft 2-
{&-methyl-pyriding-2-

1yil-amide

ajpyridine-Z-carboxyiic acid {3-

carbonyir-amingi-adamantan-

58

0 ‘%h S'E)lle phase additive: 48
la.size) to afford 25 nig

yipaaeiel (3- [ [6-(1-hyd roxy-l-met
-y1)-amide. 31H NIMR (400 MHz, CDC13) 5




15Hz, 1H), 7.86 (1,4 - 7.8 HZ,TR), 7.75(5, 111), 7.70(t, J - 7.8 Hz;ITH) 7-
7.26-7,22 (in, 111), 2.58-2.55 Om 541), 2.39-2.13 (m. 1011), 1.761.71 On1.59 449 0 (M+1 1) Example
180: 2-Trilluorentethyl-pyrintidine-4-carboxylic acid 1.3-1 6"xte- 2-carbomi dkadaniantaml-yikarnide
OF. 7.0 Tabl&{B&1$ W) §78s made via the process of Scheme.Intermediatec8/anshos/ 050934
2-tr.tethyl-pyrimidine-4-carboxylic acid, which was prepared from the corresponding ester, supra, as
follows: WO 2010/011570PCT/US2009/050934 To a microwave vial was added
2-tioromethyl-pyrimidine-4-carboxylic acid me 010 mg, 0.52 mmol, CNII Tech, MA) THE (2 MI), and
lithium hydroxide (18-mg_»g.¥5?mmgl)4n2w1¢.gf_water The mixture was. heated in a microwave

oven for 5 min at 100€kaimet then congeatrgieskio dryn@ss ur@@gmgg,@éessure To the residue was |
added Intermediate S.-.6-methyl-pyrazine-2:carboxylic acid (3-amino-adamantan-f-y1)-amide (100 mg, |

0.4 mmol), Dill (5IAE§A (90 mg,;0.7 mmol) and 71713T%J (140 mg, 0.42 mmol, AKSO, CA). After

stirring at ft for 16 h, the reaction mlxtlgre was concentrat@tﬁ@qﬂ Mr@n"@d’mto DCM and saturated

sodium bicarbonate Theﬁbrganlc? c@g ’E‘?Y% e, filtered and
SN0~

concentrated to dryness underjre ucedﬁs‘sur Mg@g@m Ul’lflged on a

RP-1-11PLC/MS system (Gradient: a.cetonitrile in water 30- 3

irdazol1, 2-aipyridine-2-
52 \{ W,\ . carboxylic acid {3-]{6-methyl-
&a; 7(“'7“3 »w\\ %,.»\ pyridine-2-carbonyi-amingl
Nl | adamantan-tyllamide

. imidazol1,2-alpyridine-6-
53 n f 5 carboxylic acid {3-[{(E-methyl-
)';?’492@95 ).L_@:‘\:} pyridine-2-carbonyB-amino}-

g adamantan-i-yllamide
] ~ ]

&-Methyl-imidazrol,2-

i F o alpyridine-2-carboxylic acid {3-
54 For g;{“ g [(B-methyl-pyridine-2-
Ned 2 i ”} carbony)-aminoladamantan-
1 fey-amide

S-Mathyl-imidazoft 2-
o ] Ly . .
N o | &lpyridine-2-carboxylic acid £3-
55 @/K’ZQ- Sy, | [E-methykpyricine-2-
" rs}} carbony-aminol-adamantan-
1-yi-amide

T-Methyl-imidazoft,2-
o o g ajpyridine-2-carboxylic acid 3~
58 r j'j\“"-}:f; i SN [{6 methyl-pyridine-2-
L7 “’“5‘\,«3’# carbanyﬂ -aminol-adamantan-
Tyllamide

Q\’ ’"‘w'*/: ; y 6-Chioro-pyridine-2-carbaxylic
57 bt WS acid {3-f{B-methy-pyritine-2-
: ::"’”*{%g carbonyi-aminol-adamantan-
el 1-yil-amide

39




95%, in 3a cycle time of 5 min. with a shailow gradient from 40-68% of acetonitdle between ,75-3.4
min, Flow rate: 100 mUmin, Mobile phase additive: 48 mM,of ammonium formate Column:

triertsil411CS., 30 x 50mm, 5 urn particle size) to give 60 mg (40%) of the title com
2-triIIuoromé)f(ﬁ%ﬁ-%%ilﬁisa?neA-carboxylic acid 134(6-methyl-

ound

PCT/USM%/%O%:: '

pyrazine-2-carbon3linokadamarnan-1-y1,1-amide, 111 NMI?, (400 MHz, CD(.113) a 9,16 (s, 111). 9.12
(d, =5.0, 11-1), 8,6 (s, lit), 8.28 (d"./Ill), 7.80-7.75 (in, 2ft), 2.6 (s, 5H), 2,42-2,36 (m, 2H.), 2.23-2.17 (m,
81-1), 1.774,73(m, 211). ESI-M8 mlz: 460.9 (MH.)1, In a similar manner to Example 180, Examples

112, 140 and 190 imrTablte-t-@miow made-from-intermediate 2; pyftdine=2-carboxylic acid
(3-amino-adamanta&dAMER-Emid InteBMBHIAERE, 6-methyl- pOHENIEA.- 8B Xylic acid
(3-amino-adamantan--yh)-amide;-and-tntermediate-7-pyrazine-2-earboxylic-acid--
(3-ammo-adamantan-111)-amide, regpectively. Table
R | ‘3} B-Methybpyrazine-Z-carboxylic
2010/011570 PCT/ uszgg of O"O@E R ' acid {3-{{pyricine-2-carbonyl)-
| Py araincl-adamartan-1-yii
z‘&\.,,m‘ amide
§ \ *!{;;w@\, H Pyriding-2-carboxylic acid [3-
58 R (3-Ruoro-benzoylaming)-
S agamantan-1-yll-amide
\.\‘,(9?’
F
L | Pyrimidine-4-carboxylic acid
3 :,7\'3 y . Y i
60 (:\;"‘"Nm\ o {3-{pyriine-2-carbonyl)-
=N I aminoladamantan-1-yil-
S arnide
N N
o B-Pyrrolidin:. f-yi-pyriding-2-
f"*\}»{?@\ . carboxylic acid {3-[{pyriding-2- |
61 Q‘N‘ BT i !F} carbonyh-aminoladamantan- |
S t-yikamide
o Benzofclismazole-3-
a2 N Nz@\ p carboxylic acid {3-{(pyridine-2-
i H M carbonyip-aminoladamantan-
o | 1-yihamide
-5
& S-Methyl-oyrazine-2-carboxylic
63 e S acid {3-{(pyridine-2-carbonyl)-
=h g aminol-adamantan-1-yi-
o T arpide
A ‘
My : FLS Pyriting.2 S-dicarboxylic acid
o A ZE:*:’/;”‘) 2methylamide 6-(3-
&4 w {(pyridine-2-carbonylp-amino}-
e, adamantan-1-yil-amide)

&0

WO 2010/011570 PCT/US2009/050934 WO




WO 2010/011570PCT/US2009/050934 EXAMPLE STRUCTURE CHEMICAL NAME -Meth
yl-pyridi ne-2-carboxylic acid {3-/(5-cyclopropyliSoxazole-3-carbonO)-aminol- adamantan-1-yl)-amide
[1,8]Naphth¥{’idine-2- carboxylic acid (3-[(6-methyipyriciine-2-carbon0-am1Lh(%]/h aija%a%(r}lgtgp- 1 -ylyamide
4-Methyl-py |0[?nzé)-1£/-ﬂclé%%xylic acid {3-[(6-methyl-pyridine-2- carldonyl)-arﬁinof-agi%mantan1-y||-amide
ethyl-pyridine-2-carboxylic acid {3-[(2-methyl-oxazole-4- ca rbon yl)-aminol-ada manlanl -ylyamide

EXAMPLE BTRUCTURE | CHEMICAL NAME
i o ) h k
2 <§:5‘%~§‘x 2-Methyl-henzoxazole-B- 5
85 (J:.w-*~$* o \‘*&g}h\» carboxylic acid {3-[(pyridine-2- |
Y N a,ﬁim carbonyi-amingl-adamantan- |

1-yl}amide

o § g g 14-Pyrolol3 2-blpyriding-§- |
o Cr oy | carboxylic acio &-(pyridine-2-

) carbonyik-aminol-adamanian-
1-yl}-amide

e 2 3-Drhydro-1H-indole-5-

a7 D }\“< %}kw,w carboxylic acid {3-(pyridine-2-
Sew ST RN carbonyl-aminekadamantan-
1-yi}-amide
f\,,\“_ixa 2 B-Methoxy-pyridine-2-
&8 aL WA ey sarkoxyic aca_d {3-[{pyridine-2-
A ¥V ™o carbonyh-aminoj-adamantan-
LW\?‘ ¥ a2y, | T-yilamide

L)

N s

g Q 5 | 1-Methyl-1 H-indaole-5-
Ay S R ¢ \\ i £ ~ e o

56 f:{f Wy ‘%;}\q carboxylic acid {3-{{pyridine-2
N

L carbony-aminoladamantan.
HE 1-yi}-amide

B-{3-[(Pyridine-2-catbonhyl)-
aminol-adamantan- -yl
carbamoyi-3 A-dibydro-T1H-
isogquinaline-2-carboxylic acid
teri-butyt ester

70

T ‘”;\ i | Pyriding-2-carboxylic acid (3-
S benzoylamine-adamantan-1-
R yh-amide

B

71

61




WO 2010/011570 PCT/US2009/050934 CHEMICAL NAME 6-Methyl-pyridine-2-carboxylic acid
[313-fluorobenzoylamino)-adarnantan-1- *amide 6-Methyl-pyridine-2-carboxylic add (3-Risoxazole-5-

carbonyl)-aw' oW ?[yﬂntaiil-ylyarnide -Methyl-pyridine-2-carboxylic a
[3-(3-cyanobe§]zoy gmlno)-adarnaMan-l- yll-amide 6 -Methyl-py rid inefgg-’t:réltl;I zc;}%}/f Fé’?gid

(34(benzofuran-5- carbon yl)-aminoj-adamaiitanl-yl)-amide Quinoxaline-2-carboxylic acid
13-[(6-methyl-pyridine-2- carbonyt)-aminol-adamantanl-yl)-amide Pyrimidine-4-carboxylic acid
{3-[(6-methyl-pyridine-2- carbonyl)-amino)-adamaManl-yl}-amide 36 -2-carboxylic old

{3-f(6-rnethyl-pyridifé-2carbonyl)-arnino]-adarnantan J-yIT-amide WO 20T0/0T1570PCT/U
S2009/050934 | EXAMPLE STRUCTURE CHEMICAL NAME
a,"‘\vﬁ? ?:1 S-pMethybpyridine-2-carboxylic
79 IR v acid {3-{pyriding-2-carbonyl}-
o'f*\; %y, aminol-adamantan-1-vik
R amide
P e Pyridine-2-carboxylic acid {3-
72 NI i S [{5-methykisoxazole-3-
H A N carbonyi-aminobadamanian-
¥ e 1-yih-gmige
e .
[ N,,? 7 M Pyridine-2.carboxylic acid {3-
74 Nk Hryj&;’\wuﬁ [(thiszote-2-carbonyl-aming)-
gié\,v 5 adarmnantait-1-yl}-amide
Y
Qe Fyridine-2-carboxylic acid {3-
75 A | [{thiophene-2-narbonyl-
Nz HTE E”H amingl-adamantan-1-wk
a8, amide
i 4
N & 7y Pyridine-2-carboxylic acid {3-
78 ¢ ’/KN/%;:;»\ W [{1-methyl-14-nyrazole-3-
N H . sarbonyl-aminoladamantan-
S 1-ylamide
I’émp,é
e P, Pyridine-2-carboxylic acid {3-
- S O G S [(isoxazole-S~carbonyl-
7 NN H‘Nﬁ%/\ B amincladamanian-1-yvi}
o7 e amide
Ly
o Pyridine-2-carboxylic acid {3-
P NZ@‘ # [(3-methylisoxazole-5-
& Q"“ W o carbonyl-aminokadamantan-
o T3 1-yi}-amide
—-.-P‘




WO 2010/011570PCT1US20091050934 EXAMPLE 44
[3-(3-pyrimidin-211- benzoyiamino)-adamantan-1- ylkamide

thyl-pyridine-2-carboxylic acid

WO 2010/011570 PCT/US2009/050934
EXAMPLE STRUCTURE CHEMICAL NAME
Jg} R
@}'“’S;ﬁw,«“ﬁ Z-fdethyb2H-indazole-3-
76 H At carboxylic acid {3-[{pyridine-2-
YoM carbonyh-aminoladamantan-
{" ‘; 1-ylr-armide
P Pyriding-2-carboxylic acid [3-
a,? oA
&0 Lt v NZ«\?"N (3methoxy-benzoyiaming)-
o (wﬂ\, adamantan-1-yil-amide
s
ff’% ,f 7y Pyritine-Z-carboxylic acid {3-
81 R i o {4-methoxy-henzoviamino-
c,"%/‘\ adamanian-{-yij-armide
\,/‘\ f
_ N ¥ _ Pyridine-2-carboxylic acid [3-
82 / IR N-“ {cyclobutanecarbonyk-amino)-
M J\C\ adamantan-t-yll-amide
o
i Pyridine-2-carboxylic acid {3
A u;{“‘\f n [(2, 2-cifluorn-
83 S SR | cyclopropanecarbanyl)-
Qr amino}-adamantan-1-yi
¥ amide
D . : y g X N .
N Pyridine-2-carboxylic acid [3-
84 "\:ﬁé P N e {cyciohexanscarbonyl-amino)-
o A \(\_\ adamantan-1.yil-amide
= ?“3;?_ ¢ "“lyﬁf o | Pyridine-2~carboxylic acid [3-
85 NS~ B {foyoiopentanecarbonyl
> amino)-adamantan-1-yli-
arnide




6-Methyl-pyridine-2-carboxylic acid [3-(6-chloromethyl-enzoylamino)-adamantan-I- ide -
6-Methyl-pyridine-2-carboxylic acid I3-(cyclobutanecarbonyla mi no)-ad arna ma n- 1-y11- a mide

WO 2010/011570

PCT/US2009/050934

 EXAMPLE

STRUCTURE

CHEMICAL NAME

86

8-Chioro-imidazol1,2-
alpyridine-2-carboxylic acid {3-
[pyridine-Z-carbonyly-aminok
adamanian-1-yll-amides

&7

I i-yil-amide

Imidazoll, Z-alpyridine-7- i
carboxylic acid {3-{ipyridine-2-
carbonyi-aminol-adamantan. |

B8

treidazol1,2-alpyridine-2-
carhoxviic acid &-[{pyridine-2-
carbonyl-aminol-adamantan-
Tyl-amide

8%

imidazof1.2-alpyriding-6-
carboxykc acid {3-{{pyriding-2- ¢
carbonyi-aminoladamanian-
1-yl}-amide '

aG

B-Meathykimidazoit 2-
alpyriding-2-carboxylic acid {3-
[{pyridine-Z-~carbomyl-amingl
adarmantan-1-yil-amide

o1

7-Methyb-imidazoft.2-
ajpyridine-2-carboxylic ackd {3-
[(pyridine-2-carbonyl-aming-
adamantan-T-yl-amide

92

S-Methylimidazoft 2-
ajpyridine-2-carboxyiic acid {3- |
[{pyridine-2-carbonyl-aminol |
adamantan-1-yi-amide

64




46 ...

O 2010/0%

6-Meth ykpyridine-2-carboxylic acid {3-[(3,3-difluorocyclObutanecarbonyl)-amino)-
adarnantan-1-yl)-amide 6-Methyl-pyridine-2-carboxylic acid 13-R2-met 41- cyclopropa necarbonyl)-
aminol-adama ntan-1 amide 2-Methy1-27-1-indazole-3- carboxylic acid

(31(6-methyTYpyr| |ne-]578arbonyl)-aminaj-adamantan-l-yl}-amide 6-Chhoro-imi

a)pyridine-2-carboxyltc add {3- [(6-methyl-pysidine-2- ca rbonyl)-aminoj-ada mantanl-yl}-a mide WO

2010/011570PCT/US2009/050034 WO 2010/011570PCT/US2009/050934

EXAMPLE STRUCTURE CHEMICAL NAME
ﬁr,%ﬂf 7 Pyrimidine-d-carboxylic agid
a3 LU Ve [3-(3-Ruoro-benzoylaming)-
d 04?\\?{,% adamantan-1-yll-amide
Nt
3 S-dfethvi-pyrazine-2-carboxyhic
o A E\ " acid [3-(3-fuoro-
g N benzoylamino-adamantan-i.
F Ty yij-amide
M
o o
N T Y Pyrazine-2-carboxylic acid 13-
85 (oot MR | (3-fucro-benzoylamina)-
¢ O%\{g’ﬂt‘*'}‘ i adamantan-1-yll-amide
;x? 7 &-Methybpyrazine-2-carboxylic
03 NI re s acid [3-{3-fuoro~
F o benzoviamino-adamantan-1-
N yil-amide
fmﬁfﬁf 7™ 1-Methyl H-pyrazole-3-
97 - N e carbexylic acid [3-{3-fuoro-
t Gci\/\ benzoylamino}-adamantan-1-
Mg yil-amide
o B-Chioro-imidazoft.2-
L 7™ § o« glpyriding-2-carboxylic acid {3-
% P T P N&“\(i‘:’”\\ (3-fuore-henzoyiaming)-
L =L | adamantan-1-yll-amide
imnidazoll. 2-alpyndine-7-
F 7 . , carboxylic acid {3-{3-fluors-
i & j&@i{”&f} benizoylamino}-adamantan-1-
T e yil-amide

65

S e




6Pyrrolidin-1 -y-pyridine-2 carboxylic acid {3-1(pyridine-2- ca rbonyk)-aminokada thantanl/I}-amide
BenzoMisoxazole-3- carboxylic acid (3-[(pyridine-2- ca rbony0-aminokada mantanl-yli-amide
Methyi-py zirboxylic acid (3-[(pyridine-2 aminoFadarnanta n- amide Pyridine-2,6-dicarboxylic acid
2-methylamiei B ridine-2-carbony1)-aminoladarnantan-1-yll-ami@€y/§mes/ 050934
2010/011570PCT/US2009/050934 EXAMPLESTRUCTURE 0 72" H

EXAMPLE STRUCTURE CHEMICAL NAME

tmidazoli 2-alpyridine-2-

100 iz“\\’h =y carboxylic acid {3-(3-fluoro-
Do gy, | benzoylamino)-adamantan-1-
; sty Y5 H H
: R yil-ambde

. ) troidazoe]t . 2-alpyridine-6-
’ ¥ carboxylic aoid {3-(3-4uoro-
10 WN@N ?L{\’f’:? benzoyiamino-adamantan-i-

yil-amide

S-Methylimidazofl 2-

E < P . .
e . aloyridine-2-carboxylic soid 13-
102 wxﬁmj‘ﬁ*ﬁ% {3-fluoro-benzovigminagl~
el | adamantan-1-yibamide |

_ A 5-Methylimidarofi .2~
A g | alpyridine-2-catboxylic acid [3-
i3 U 'Z@wﬁ“ﬂ(\:{ N {3-fuoro-benzoylaming-
= | adamantan-1-yi-amide

F-Methylimidazoft 2-
104 RN ST ajpyridine- 2-carboxylic acid [3- |
S et y*}‘, {3-flunro-benzoylaming)- |

B adamantan-1-y)-amide

o ATTY Pyrazxine-2-carboxylic acid {3-
105 % %\‘Q‘ 7 {pyridine-2-carbonyli-amingl
3 W e adamanan-Tyil-amide
‘\;&f}“l =
5o |
| o P | 26-Dimethyl-pyrimidine-4-
106 i . A ;;“123 carboxytic acid {3{{pyridine-2-
e N }mM}mmﬁj carbonyt)-aminol-adarnantan. -
»\;W‘N HC yh-amide

66




CHEMICAL NAME. Methyl-pyridine-2-carboxylic acid {3-[(pyridine-2-carbo ny1}- _
arnino[-adamantah-1-y1}- amide Pyridine-2-carboxylic add {3- [(5-methy I-isoxazole-3- ca rbonyl)-

aminol-adam]aonggngl- 11 -amide  Pyridine-2-carboxylic acid {3- Risoxazc]))le,!E},S[%:?‘a0 Orgi),o%r%lj)i - ami
nol-adamantah? i&l -“"Namide Pyridine-2-carboxylic acid {3- [(3-methyF-|soxazo 12"5%ca rbon

yi)-aminol-ada mantanl-yl}-amide 78

EXAMPLE STRUCTURE CHEMICAL NAME
o (,W(GHA
| I 5 A M}h{\‘”;\: 2-Methyi-pyrimidine-d-carbonylic
107 ?\ T o™ L. soid L8-Epyridine-2-carbonyl
N e amingj-adamantan-1-yih-amide

R i . .
L «»‘\{,N F-Fluore-pyridine-2-carboxylic
168 e Z«M E i b ackl3Hpyiidine-2-carbonyil-

i
\f’, amincl-adamantan-1-yi-amide
g

[ i\- S, Pyridine-2-carboxylio acd {3
109 ""“}Jiaj ff Ll Gl @ i1 Sedimethyi-TH-pyrazole-3-
Nty ﬁ;{‘“ﬁf 3 o, | carbonyibaminel-adamantan-f-

yil-amide

o RN e . o
s T ik Pyridine-Z-carboxylic acid {343
110 Sl PRy TE methyh-iiazole-d-carbony -
A S

aminol-ademantan-1-yll-amide

2@ "R\Cj S-Figoro-pyridine-2-carnoxylic
111 - acid {3 pytidine-2-carbonyl)-
e aminebadamantan-eyi-amide

e '_;.; N 2-Triflucromethyl-pyrimiding-4- ’
112 . ;é@’ “\U»—C\? -1 carboxylic acid {3-{pyridine2-

= o J}f carbonyl-amincladamantan-1
F yi-amide

P9
4 ‘“‘7‘!@“ N L 4-Trfluoromethyb pynimidine-2-
143 MY o ?”*‘f carboxylic acid {3-{pyridine-2-
.,Av‘\‘o i carbanyl-amingladamantan-t-
. %\ Ny yih-amide




WO 2010/011570 PCT/US2009/050934 EXAMPLESTRUCTURECHEMICAL NAME
6-Methyl-imiciazo[1,2- a]pyridine-2-carboxylic acid {3- [(pyridine-2-cartronyl)-a minolaciama

0-1-yll-amide 7-Methy midazo[1.2- a]pyridine-2-carboxylic acid {3- prridine-z-carbpné/l)-a mind -
201004570 ~ PCTTUS2609/050934
adamantan-Pyl2Hhite

EXAMPLE STRUCTURE CHEMICAL NAME
. o .
r,;ﬂ\w,é-' P \’N}“ﬁf‘/} B»i}.ﬁemy%ng};{n{:me-z-ce}rbozfyim
114 NN o 2 TR acid [3-{3-dimethylamino-
d TOoH s benzoyiarinoy-adamantan-1-
' vij-amide
g
AR e B-Methyvbpyridine-2-carboxylic
115 IR acid {3-{(pyridine-3-carbonyl)-
ot amincl-adamantan-1-y{}-
- amide
W
PEnvi B-Methyl-pyridine-2-carboxylic |
146 W;&\ TR acid 3-Kpywidine-4-carbonyi-
et aminol-adamantan-1-y
bg® amide
G,
7 e
wﬁéf ‘sg”“\;;“ww §-Methykpyridine-2-carboxylic
17 e o aoid {3-{{6-aminopyridine-2-
\\\”“\N carbonyi-aminel-adamantan-
-1 1-yil-amide
.
R . \-%{; 2 B-Dimnethy-pyrimidine4-
118 e X | carboxyfic ackd (3-(8-methyi-
‘:r ALY Za b, pyridine-2-carbonyi-aminol-
b adamantan- {-yl}-amide
o F )L{: 2-Wsthyl-pyrimidine-4-
148 QJSN:Z@;)"*% V% | carboxylic acie £-[@-methyk
DA pyridine-2-carbonyh-amino-
o adamantan-1-yll-amide
o 8w 1
P B At Ty B-Methyb-pyridine-2-cartbowylic |
120 g:}“ &N#\,"wf? AR s | acid {3-{ghiazole-d-carbonyl- |
_ FN L aminol-adamantan-1-viy
O amide

68




5-Methykimidazor .2- alpyridine-2-carboxyfic acid {3- Rpyridine-2-carbonyl)-a min*
adamantan-l-yl}-amide WO 20101011570 PCT/US2009/050934  6-Methyl-pyrazine-2-carboxylic

acid [3-(341gQ59p hargeylamino)-adamantan-1- i yl]-amide  6-Chloro-gidazaieirsoos4
aippricline-2-carboxylic acid [3- (3-fluoro-be nzoylamino)- acta ma ntan-1-yl]-amide 2-ajpyndine-7-

EXAMPLE STRUCTURE CHEMICAL NAME
f*'%"i’f o Pyrimidine-2-carboxylic acid
121 e ":i o [3-1(6-methyl-pyridine-2-
- e S carbonyh-aminal-adamantan-
PN 1-yiarmide
3 %o
Mo
H;;Z..j
f}“gg o Benzoxazole-5-tarboxylic acid
152 =y H“r" o {3-{{§-methyi-pyridine-2-
il ‘“;&j»\m‘; . carbony)-aminol-adarantan-
AUy 1eythamide
h %‘slh f{)
i\‘f o I'1.8]Naphihyriding-2-
123 W carboxylic acid {3-[{E-methyl-
< AR sy | pyridine-2-carbonyl-aminol-
#7% ws | adamantan-1-yll-amide
S
(ﬁ &-Methyi-pyridine-2-carboxylic
‘ ; }M <5 ackd {3-{{2,3-dibydro-
124 e benzo[t Aldiaxine-6-carbonyl)- |
LT o aminol-adamantan-1-yik
S ) amide
f}wih?ml ) _j,? " &-Mathybpyridine-Z-carboxylic
155 e acid {3-}{4-Fuoropyridine-2.
N N carbonyl-aminol-adamantan.
NAL £ 1-yl}-amide

i L | 4.8-Dimethvi-pyridine-2-
e e e carboxylic acid {3-[{B-methyt-
128 -t .‘4“..,.% ‘m{‘\ pyridine-Z-catbonyl-aming}-

ot oH, | adamantan-1-yi-amide

&-Methyi-pyridine-2-carboxylic
acid £3-{{1 S-dimethyi-1H-
pyrazale-3-carbonyh-amino}-
adamartan-1-ylamide

187

6%




| carboxylic acid [3-(3-fluorobenzoylamino)-actamantan-1- yl]-amide WO

2010/011570PCT/US2009/050934 WO 2010/011570PCT1U82009105093;1 EXAMPLE

STRUCTURECHEMICAL NAME Methyi-pyrimidine-4-carboxylic acigc(gfﬁgy&gj&%é%&carbonyl)-

aminol-adamantan-1- b':}m

-amide

EXAMPLE

STRUCTURE

CHEMICAL NAME

128

P
fw-\ _,{ g 3 _-" 3

\\\ 43 r?i— ’r H NH{/

i
pa A
H:,w

ﬁo

B-Methylpyridine-2-carboxylic |
acid {3-H4-methoxypytidine-2- |
carbonyi-amino-adamantan-
1-yit-amide

128

&-fdathyvi-pyridine-2-carboxylic
auid 3-i3-Huorcnyridine-2-
carbonvij-aminokadamanian-
1-yi-amide

B-Methyl-pyiidine-2-carbuxylic
acid {3-H{E~-methylpyridine-2-
carponyh-aminel-adamantan-
1-yi}-amide

131

4-Triffuororethyb-pydmiding-2- |
carboxyiic acid {3-[B-methyl
pyridine-2-oarbonyl-amine}-
adamantan-1-yll-amide

132

&-Methyl-pyridine-2-carboxylic
acid I3-[id-hydroxypyrdine-2- |
carbonyli-aminoladamantan-
1-y¥l}amide

133

Pyriding-2 8-dicarboxylic acid
Z-amide 8-({3-{(B-mathyl-
pyridine-2~carbonyl-amingl
adamantan-t-yll-amide)

&-Mathyl-pyridine-2-carboxyhic
acid {3-{(6-
hydroxymethyipyridine-2-
carbony-aminel-adamanian-
toylamide




4-Fluoro-pyridine-2-,carboxylic acid(3-[(pyridme-2-carbonyl)- aminol-adamantan-1-0}-amide

Pyridine-2-carboxylic acid f3- 1(1,5-di methyl-1i-N razole-3- ca rbonyl)-am ino]-adaraantan-1- yII'-ami

de Pyridine-2- all
5-Fluoro-pyritthé-

g%}q%;} 0acid {31(2- methyl-thiazole-4-carbonyl)- ami noe,%(}%gz

-carboxylic acid {3-E(pyridina-2..carbonypaminal-adomanran-

2-Trinuoromethyl-pyrimicfine-4- carboxylic ac-id (3-Dpyridine-2-

 EXAMPLE STRUCTURE CHEMICAL NAME
f\g\ N §-Methyt-pyridine-2-carboxylic
135 Y 2 acid {3-1(8-fluorepyridine-2-
i carhonyh-aminol-adamantan-
1ylr-amide
o S-Methybpyriding-2-carboxylic |
o s N,y 3 O §T 3
o P SNt acid {S-f(E-methyithiazote-4-
136 Q“\;’A\g?ph x? carbonyij-aminol-adarmantan-
LR 1-yil-amide
7 .
g a8 §-Fluoro-pyridine-2-carboxylic
197 - A N acid {3-[{6-methyl-pyridine-2-
= A carbonyh-aminoladamantan-
{g )}4 Tuylbamide
5
o 3 B-Methyl-pyridine-2-carboxylic |
138 b (f,mj“ e acid {3-[4-bromopyriding.2-
&,‘; M sf‘\f;“‘wyfms earbonyl-amincl-adamanian-
Ly Lo 1-yl-amide
i
- 7 TR Suf3-[{B-Methyl-pyridine-2-
130 b F wedh” ,w\,A\TO sarbonyf-aminol-adamantan-
wd T2 Mo | eylcarbamoylh-pyridine-2-
carboxyiic acid methyl ester
RO B | 2 Tiifluoromethyl-pyrimidine-4-
140 ,;“"“}/,{ pLt 5oLt carboxylic acid {3-{{G-methyt-
m}“f‘*‘ t i > pyridine-2-carbonyh-amingi-
adamantan-1-yi}-amide
O A-Methyl-pyrimidine-2-
»:’f'?:?\w-&.\ YRy
141 IR carboxylic acid {3—[(6—m§my§—
g e pyriing-2-carbonyl-anino}-
Lt adamantan-1-yl-amide

0@3% -yl}-arni de




rbonyl:fram inol-ada manta n-1- yl}-amide 4-Tril commanyrimidne-2- carboxylic ac ea thonyn am

yl)-ami de WO 2010/011570PCT/US2009/050934 WO 2010/011570
WO 2010/011576
EXAMPLE STRUGCTURE CHEMICAL NAME
2 : &-Methyl-pyriding-2-carboxylic
142 ﬁ}—{a‘z@*ﬁ\g i acid {3-HG-acetyipyridine-2- ‘
“ 1 ¢ carbonyh-aminol-adamantan-
1-yilamide
&-Methyt-pyridine-2-carboxylic |
143 agid {3-48-{1-hytdroxy-ethyl-

PLT/US2009/050934

pyridine-Z-carbonyi-aminol
adamanian-t-yl}-amide

S-ethyi-nyridine- 2-carhomlic
aciit {3-{@-(1-hydroxy-1-

51 methyb-ethyi)-pyridine-2-

benzovlaminokadarnantan-1-
yil-amide

144
HE carponyh-aminoladamanian-
Teyll-amide
{5 e s ,
P e g AAS(1, 3-adamaniylenaibis(B-
i TR VTS TG -
145 kg § methyi-pyrazine-2
{“‘1 carboxamide}
L
b,
\ i o S-Mathylpyrazine-2-carboxylic
re”ST o 8 ol | oacid [B-(3-methoxye
148 R L Vaat ,
A i I henzoylamino}-adamantan-i-
- yil-amide
;’: 1 B-Methyt-pyrazine-2-carboxylic
a7 TS R o™ | atid [3-(-ethoxy-
! Pancat i i benzeviamino}-adamantan-1-
yij-amide
ﬁw\&\&(\ S-Methybpyrazine-2-carboxylic
148 we N : acid [3-(2 5-difluoro-




PCT/US20091050934 WO 2010/011570PCT/1152009/050934 CHEMICAL NAME
6-Methyl-pyridine-2-carboxylic acid (34(6-acetylpyridine-2- carbonyt)-aminoj-adamantani-yl)-amide
ethyl-pyridine-2-carboxylic acid

WO 2010/011570

(3-[(67(1-hydroxy-ethyOpyridine-2-carbon¥lg

EXANPLE BTRUCTURE CHEMICAL NAME
T \‘;\ g S-Methyl-pyrazine-2-carboxylic
148 MM L Ny }i WG 1 aeid [3-(3-chloro-d-Thioro-
2wt S | benzoylamino)-adamantan-1-
CORTTR L yiamide
i:“f& o L= | 6-Methylpyrazine-2-carboxylic
w0 B LT acid [3-(2-fluovo-3
150 & whedr 0 W A AE o
&7:\7*»/‘ T rifluoromethyi-benzoylamino)-
s adamanian-1-yil-amide
,5—’\:'“-
\ ‘3*‘\1}1‘\*?0 g &-Mathyl-pyrazing-2-carboxylic
151 BT g ] )’““EM | acid {3-{(6-methoxy-pyridine-
“TTH RS | 2-carbony-aminol-
. 5 adamantan-1-yllamide
e
5
T \’:\:}L%t_“\ i &-Methyi-pyrazine-2-carboxylic |
152 ne” N LT “ﬁ 1.0 | ackd [3(G-chloro-2-luaio-
J{Q:}w { /\ benzoviaminoi-adamarntan-i-
T yil-amide
f“jg o 6~Methy‘i—rjyrazEne—Encartzcxylic5
153 wo oy NG acid {3-H{4-mathoxy-pyrdine-
SRR Z-carbomyi-amingl
’ adamanian-1-y}-amide
‘f}ﬂ\i o S-Methyl-pyrazine-2-carboxyic
154 B’ H a:i TR e, | 80 {3-fR-methoxy-pyridine-
Pavi ;‘\: i A-carhonyl-arminol-
” adamantan-t-yllamide
s S-Methyboyrazine-2-carboxylic
155 L iN £ | acid {3-{(2-sthoxy-pyridine-4-
LR § \j:“* E{\Y ,@‘,\_‘ﬁw'”‘*"* garbony-aminoladamanian-
LT K 1-yil-amide

LV

-arninoJ- adarnantan-1 143
T/US2009/0

50934




.1-pyridine-2-carbo lic acid (3-1(6-(1-hydroxy-1- methyl-ethyb-pyridine-2-
carbonyb-arnindkadamantanl-yll-amide~ MN'(1,3-adamantylene)bis(6- methyl-pyrazine-2-
carboxar'nid%),@-2 ggp{g-ﬂyrazine-z-carboxylic acid [3-(3-methoxy- POT/IS2609/050934
benzoylamino)-adamantan-I-yO-arriide 6-Methyl-pyrazine-2-carboxylic acid (31(2-fluoro-pyridine-4-
carbony)-arninol-adamantanl-yl)-amide

EXAMPLE STRUCTURE CHEMICAL NAME
N B-Methyi-pyrazine-2-carboylic '
156 { Y. i acid 3-4{2-methyk-pyridine-d-
R i\ S | carbonyh-aminc}adamantan-
P | viramide
i N
f:’\*gt o B-Methybpyrazine-2-carboonlic
157 N acid (3-4(2-methybthiazole-d-
;@~\ T | carbonyi-aminoladamantan-
® 1-4iamide

,‘i:s»\{,»“ N H-Mathyi-pyrazine-2-carboxylic
qps s H;J\%C L~y | 3O [3-(3-fuoro-5-methyl
158 o “"Lg 1 ‘f‘/ benzoytanino-adamantan-1-
Y o Yilamide
jf 3 e B-Methyi-pyrazing-2-carboxylic
159 Heo HZE; R, | ACH [3-4fluoro-3-methtny-
S S G . benzoviamino-adamantan-1-
yil-amide

&-Methyi-nyrazive-2-carboxyiic
adid 3-{{2-Ruoro-pyridine-4-
carhonyi-aminoladamantan-
1yll-amide

] f*N“T,\ _ s-Methyi-pyrazine-2-carboxylic
TR A B acid [3-{5-chioro-2-fluoro-
161 : S )\\{Aﬁ I'h b d taned
Sy enzoylamino}-adarsantan--
yij-amide

fo, S-Methylpyrazine-2-carboxylic |
o acid [3-(3-difluoromethoxy-
162 se Z‘/A@“\E wc‘w’p benzoviamingi-adamantan-1-

yil-amide




6-Methyl-pyrazine-2-carboxylic acid [3-(5-chloro-2-fluorobenzoylamino)-adamantad-1- yJamide
6-Methyl-pyrazine-2-carboxylic acid [3-(3-dilluorornethoxybenzoyiamino)-adarnantan-1- A-amide WO
2010/011570PCT/11S2009/050934 WO 2010/011570 PCT/US2009/050934 WO 2010/011570

PCT/US2008/0806844580 P -k PCTIUS2069/050934
EXAMPLE STRUCTURE CHEMICAL NAME
] f’N“gﬁ, o &-Methyb-pyrazine-Z-carboxylic
183 e Al o | acid [3-(3-chloro-5-fuor-
‘ T A0 | benzoylamino)-adarmantan-1-

i 3
° *’Ek{’ yil-amide

AR S-pathvbpyrazine-2-carboxylic
el gt SopE \? a. AF acid {3-{{6-fuoro-pyridine-2-
164 & ngm_}i}\ﬁw(“*( carbonyi-amingkadamanian-
MR g 1~yil-amide

A &-Methyl-pyrazine-2-carboxylic
185 si:;tﬂ"-“fff A SHy acid {&§{5nm§thy§wpyfléine~3—

WL L Sy garbonyh-aminol-adamantan-
S p 1~yll-amide

N S-Methyl-pyrazine-2-carboxyhe
188 } CN}?,HB»\E«/{ ~ G . | acid [3-{4-Buoro-3-methyl- ’
e Pﬁw Ew\;ﬁ\ﬁf’«:‘{‘””’ benzaylamino)-adamantan-1-
R gy | ylleamide
. G-Methybpyrazine-2-carboxylic
187 . }QN,‘;‘R\{,ﬁ"&\ o ¢ i acd@{2fuoro-3-methoxy-
! sl b S Awe O | henzoylemino)-adamantan-i-
S | yij-amide
f’khﬁi N 6~Mﬁthy§~pyr&zine«»2~carb&xy!écg
185 N T P”L acid {3-{(3-methybpyridine-2- |
’ Ml A, AT | carbonyll-aminol-adamantan-
TH S | teylamide
: ;:ﬁ\\va - S-pathybpyrazine-2-carboalic
165 wa” R Y \z % . acid [3-{2-fluorp-5
STTE LS triftuoromethyk-benzoylaming)- |
s, | adamantan-1-yllamide '

75

E

i
1




-Tdfluommethyl-pyii dine-4- carboxylic acid -
(34(6-melhyl-pyrazine-2-carbcnyl)-amincji-adamantan-1- O) -amide  4-Trifluorometh carboxylic acid
3-[(6-methyl zine-2-carbony9-aminol-adama ntan-1-y1}- amide 4-Methyli-pyrimidine-2- carboxylic
acid [3-(3- flt}g%{%?f%vzfmmo) adania =0-1-y11-amide 2-Methyl-pyrimid r‘?{gﬂf%%%%‘s? ¢ acid
[3-(3-fluorobenzoylarnino)-ad ama nta n-1- yipamide WO 2010/011570PCT/US2009/050934 WO
2010/011570PCT/US2009/050934 Example 197 in Table 2 (below) was synthesized from Intermediate
4 via the process of Scheme 7, supra, as follows: To a microwave vial was added a stir bar,

6-chloro-pyrid e-2-carboxytic-acic-{3=ridine=-2-earbonyt)-amiabt-adarnantan=t=yl1l-amide
(Intermediate 4, 20; Ega@fA% mmol), DMA(HRE CHEMICAL NAME
f 3\ o S-Methyl-pyrazine-2-carboylic
175 e In ¢ o | oacid {3-§(5-chiofo-pyrdine-3-
) ““Z@“)‘ d sarbonyl-aminoj-adamantan-
i B 1oylbamide
o " ™ s E-Methyi-pyrazine-2-sarboxylic
171 \\mﬁw?wg’\f&} acid {3-{¢-fuoro-pyrigine-2-
;—ﬁiN ™ ’\fssf carbonylj-aminol-adamantan-
AN ‘ & 1-yl}-amide
o,
o,
2 Fysimidine-2-carboxylic acid
172 [y o~ {3-H{B-methyl-pyrazine-2-
' ‘”jv P carbonvi-aminolagamantan-
A {‘*}) J-yi}-amide
ﬁ\ N ‘E\, | 2-Methyl-pyrimidine-4-
473 NI ,}r”\\r-:::m carboxyiic acid {3-[6-methyl-
T s pyrazine-2-carbonyh-amingl-
\,, ' adarnantan-1-yi-amide
O .
ey
& }} o [1.BINaphthyridine-2-
74 it 7 carboxylic acid {3-JB-methyl
i T e s, | Pyrazine-2-carbonyl-aminoj-
A~ k| adamantan-1-yll-amide
E
A i
7 o Benzoxazole-5-carboxylic acid |
175 Na M e {3-{6-methyl-pyrazine-2- :
h}‘@“ W carbonyf)-aminol-adamanian-
AUy 1-yil-amide
3 11_“ \{f)mu
S
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S 1-yi-amide
&,

70




mL), morpholine (0,05 InL) and cesium carbonate (60 mg, 0,15 nimol), The mixture was heated at 180
C. under microwave irradiation for 15 minutes. The reaction mixture was cooled to room temperature.

Solvent Wa%g@(ﬁ]\éﬁ%

Sssolve

residue was di

;anld)erformance solvent evaporation system HT-4X
iIn DCM (2 aiL), washed with ag. 1 N NaOH (2 rriL) an Water (2 X 2 rnLj. After

;9 "gyffra) The

10removing the solvent, the residue was purified on a RP-1-1PLC/MS purification system (Gradient:
acetonitrile in water with a cycle time of 5 min. Flow rate: 100 mUmirt. Mobile phase additive: 25 rriM
of ammonium acetate. Column: Inertsif" CS. 30 x 50 mrn, 5 um particle size (CiL Sciences, Tokyo.

japan)) to afford 13rmgofthe

fide compound, 6- Morpholin-4-cl-pyii.ding-2-c¢arbokylic acid

13-Rpyridine-2- carb(ﬁ’?ﬁﬂf!@fﬁl nokadafi&daRRE 15}-amide. FhEPiotuBfWEs quality checked (QC) by

LC-MS (Gradient acetonitri-te

III VVdLUI JU UU‘VO Ill 17

5,0Mobile phase additive: 30 niBf,ammonium forma

particle size (G11, Sciences, Tok\)?d\apam-) Retentior
nth: 462.1 (M+H)'. 20In'ah
synthesized from Intermediate
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available amines ot
from intermediate 6
6-(3-Methoxy-propy
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Table 2 (below) wa

in Table 2
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Q“F t@jwam
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212-2.19 in Table 2 (below) were synthesized

sl a Q.08 TRinsol-selileyExample 220:
@%O—pyridinemdm i

ot ,
Liﬁgﬁ¥ @rﬂj@%‘aﬁ?ﬁ%&g;@ Example 220 in

process of Scheme 7, supra as follows: To a.

microwave vial wa
13-[(pyridine2-carb
(1) oxide (20 mg, O

(.120 mg, 0.3 turno
was removed in Ge

nit), and water (2 x
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(GE Sciences, Toky
6-(3-metboxy-propy

addedas
onyl)-amir;
2 mmole),
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nevac. The
2 int), Afte

tirbar,6-chtoro=pyridime-
10]- adaryégtaﬁjlh\ylph} ami
DMA (I{p )i 3impethoxy-

b reS|d>dé was dissolved
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[ removmq the solvent, th

27 CafDOX)/IIC acid

d&@gﬁ r %glfi’é%% 40.4mng 0.05 mmol), copper
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eadenyitorowpadmratiation for 30 min. Solvent
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rboxylic acid I3-[(pyridine-2-carbonyli-aminoJadamantan-I-yil -amide. The product as quality checked
(Q() by LC-MS ((iritdient: acetonrtrfle in water, 30-90%, in 1.7 minutes with-a c e of 2 min. Flow rate:

5.0 mUmin. Mobile
3 p.m particl‘é’gi%i

(v

hase additive: $0 iniM of ammonium formate. Column; Inense CS, 50 x 4.6 nun,
5§Q:|ences Tokyo, Japan)), Retention time: 1,29 ru?r‘ﬁ%ﬂ%ﬁ@?@%?%‘ 1): 94%;

ESI-MS mu: 464.6 (MAQO'. In an analogous manner to Example 220, Examples 219-230 in Table 2
(below) were 20synthesized from Intermediate 4 and commercially available amines on 0.05-0.3 motel
scales, Examples 231-240 in Table 2 (below) were synthesized from Intermediate 5 and commercially

vailable amines on
from Intermediate 6

ol-scate;and-Examptes-241=252-in-Fabte-2-(betow);were synthesized

6-finidazoidine-2-c
Example 253 in Tal

$2009/050934
ia the process of

a0:05nun
gndicerBmerciallgavediabkEamines on aliESinRholadale. 25Example 253:
rhn\(\l!'d dclmaman 1 y” am{ﬂb 3u \I\In ')n1 ﬂln1 1 l:7ﬂDf‘T/l ]
sle 2 (bwas synthesjyScheme 7 _supra, as follows: mediate 4 v
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Pyrazine-2-carboxylic acid [3-
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Ly 1-yiramide
o B TNy Pyrazine-2-carboxylic acid {3~ |
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Y o
b, K 4-Methyi-pyrimidine-2-
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To a microwave vial was added a stir bar, 6-chloro-pyridine-2-carboxylic acid ,13-4(pyt.idine
2-carbony1)-amitmEadamantan 11-yll-amide (Intermediate 4, 20 mg, 0.05 mum, copper (ll)

acetoacetonate

mmoD, The%?ﬁu}(g

i

DMA (limidazole (50 mg, 0.73 mmol) and cesium carbona
*heated at 180 QC under microwave irradiation for 15

52009/
minutes.

tgog9o mg, 6,15
éolvent was

removed in a high performance solvent evaporation system F.IT-4X (Genevac, Inc., supra). The
residue was dissolved in DCM (2 inL), washed with ag. 1 N NaOH (2 mL), and water (2 x 2 mL). After
removing the solvent, the residue was purified on a RP-IIPLOMS system (Gradient: acetonitrile in

water with a cycle t
acetate. Column: In

compound 6-rmidaz

443.5 (WH)". In an
synthesized on a 0

2010/011570PCT/US208Y/05

ine-2- carboxylic acid {3-1(6-n
5-(2-Hydroxy-ethyiamino)- pyr

adamantan-1-y1]-amide 8-[(2-

p-(3-fluorobenzoylaimino) ada

(3-tluoro-benzoylar
[3-(3-fluorobenzoylz

acid (3- (3-fluoro-benzoylarnin

meof-5-minFlow tate 100 -mtimin:-Mobite-phase-additive:25 rith4 of ammonium
dr¥iMPE8, 30 , CRFRiaBR size (G, Sm§ﬁtmﬁhpan) to afford 4,5 mo
7ot yl p‘ylid;nc 2-cat bUI\yI;L’ acic-1 _prllunlc 2=Cat uuny adamantamESI-MS miz:
analogous manner”t Egample 253 E Iesn%iSé'l 235 in Table 2 (below
05 mmol reacti aje oml mterrr 53: g[g%&gctlvély WO
393{)«4\&0 201 f(ﬂlS?OF A34016-Morphofin-411-pyrid
1etﬁylﬁpyrld|ne 2-ca rbo nyayimm@mﬁamn%an -l-y!)-a mide
idine-2- -carboxylic acid [3- (3-fluoro-benzoylamino)-:
friydr hyl)-inethylamtnol-pyridine-2-carboxylic acid
mantanﬁ& Hy rpxy-pdramjl{&mnm?)yipymmﬁeﬁcarboxyhc acid [3-
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Example 197: 6-Morpholin-d-vi-pyridine-2-carboxyvlic acid {3-l{pyridine-2-carbonyi)-
amingladamantan-1-yH-amide
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ad amanta n-1-yij-amide 6-(3-Dimethylarnino-pyrrolidin1-0-pyridine-2-carboxylic acid [3- (3-fluo
ro-benzoyiamino)- ad arnanta n-1-yl]-amide 4-H ydroxy-3,4.5,6-tetrahydro21-141,21bipyndinyi-61-
carboxylic acid f3- %3 fluorobenzoylamlno) -adamantan-1- 311-amide 6- (3 -f-] etgg{%% E)%g‘:%hdln -1-yi)-
pyridine-2- CXVBoxy s p(3-fluoro-benzoylatnino)- adamantan-I-yil- _arnide v /
-(3-Methoxy-propylamino)- pyridine-2-carboxylic acid {3- [(pyrictine-2-carbon yi)-atnind].
adainantan-1-y1}-amide 6-[(3-Ditnethyiamino-propy9- methyi-aminoj-pyridine-2- carboxylic acid
{3-Rpyridine-2- carbonyl)-amincii-adamantanirly-amide WO 2010/011570PCT/US2009/050934

o2 Dimethyapieasiiyiamino) murdne: & cathenlie ASK) Gdiauidion 7 sarhpni minolada ma

nta nl-yl)-ainide 6-(2-Acetylamino-ethylamino)- pyddine-2-carboxyfic acid
[(pyricline-BeBeBsny yuatiis| EIEmantan-1-yi)-a mide 6 - (2-Methoxy-eth ylarni no)- pyrid ine-2-ca

rboxylic acid {3- i(pyridine-2-carbo ami 0|adarnantan 1- de

O o Mooy T A S G A S S e E s Rl drgmyidine

aminoj-adamantanyliyBrdnited fxﬁ&ﬁm}memwamﬁmﬁﬁ@yiamnﬂ) AN ©-25 sasboxyid agido

{3-((pyridine-2- carb ny. inol: antanll -amid |gnet no-e

ety -am ey PR oo te M (L e CEt o Ao B
heated at 180 °C ander microwave irradiation for 15 minutes,

The reaction mixture was cooled o room lemperature, Solvent was removed in a ligh
performance solvent evaporation systemy HT-4X (Genevac Inc., supra). The residue was
dissolved in DOM (2 mL}, washed with ag. 1 N NaOH (2 mb.) and water (2 x 2 mbL) After

10 removing the solvent, the residue was purified on a RP-HPLO/MS purification system
(Gradient: acetonitrle b water with & oyele time of 5 min. Flow rate: 100 mL/min. Mebile
phase additive: 25 mM of ammonium acetate. Colums: Inertsit® €8, 30 x 30 mm, 5 Lim
particle size ((GL Sciences, Tokyo, Japan)} to afford 1.3 mg of the title compound, 6-
morpholin-d-yh-pyridine-2-carboxylic acid {3-{{pyridine-2-carhonyl}-aminol-adamantan-1-

15 vit-amide The product was quality checked {QC) by LO-MS (Gradient: scetouitrile in water,
30-90%, in 1.7 minutes with a cvele ime of 2 min, Flow rate 5.0 mL/min. Mobile phase
additive: 30 mM of ammonium formate. Colamn: Inertsit™ €8, 50 x 4.6 mm, 3 yum particie
size (L Seiences, Tokyo, Japan)y Retention time: 1.26 min; purity (U/Vased 95%: ESEMSE
iz 4621 (M+H) .

20 In an analogous manner to Example 197, Examples 198-203 m Table 2 {(below) were
synthesized from Intermediate 4 and commercially available amines on 0.05-0.3 mmol
scales, Examples 204-211 in Table 2 (below) were synthesized from Intermediate 5 and
commercially available amines on a 0.05 mmol scate; and Examples 212-219 in Table 2
{below) were synthesized from Intermediate 6 and commercially available amines on 2 0.05

Z5 mmol scale,

Example 220: 6-(3-Methoxy-propylamine}-pyridine-2-carboxylic acid {3-Kpyridine-2-
carbonyl-aminol-adamantan-i~yi-amide

/:f"“”
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_,1 11)-arnide 6-((S)-2-Hydroxymethyt. pyrrolidin-1-y1)-pyridline-2- carboxylic acid (3-Rpyridine-2-
- carbonyl)-amin okaciama ntanl-yl)- a mide 6-(R)-2-Hydroxyrnethyl- pyrrolidin-1-y1)-pyridine-2-
carboxylic agid {3- idine-2- carbony0-aminoj-ada ma nta n- 1-y)-amid ;
6-US)-2-C§;%§%%)E/'§ -}g)é/?éolidin1-A-pyridine-2-carboxy|ic acid (3-[(pyridine§ Egr 2%%9063-0 3
adamantan-1-yl}-amide hoxy-propylamin pyridine-2-carboxylic acid {3- [(6-methyl-pyridine-2-
carbonyi)-amino]-adamantanl-yl)-amide  6-(2-Dimethylaminoethylamino)-pyridine-2- carboxyfic acid
{3-((6-methylpyridine-2.-Cathonyl)-amino]- adamantan-1:K-amide 643-Dimethylami no-propyO-
methyl-aminoj-pyddine-2- carboxylic acid
{3-[(6-methyl-pyridine-2-carbonyl)-aminol-adamantan-1-y0-amide 6-(2-Acetylamino-ethylamino)-
pyridine-2-cashexyl tracid a1 {(Bimeth yi-py deirhesi2 e banya slin ok adatmmantads ba id

6-(2-Methoyy;ethy l‘?”i‘é?»? . as follows:

To a microwave vial was added a stir bar, &-chioro-pyridine-Z-carboxvlic acid {3-{(pyndine-
3 Z-carbonyl-aminei-adamantan- -yl }~amde (Intermediate 4, 20 mg, 0.05 mmol), copper (1)
oxide (20 mg, 0.2 mmole), DMA (1 mL), 3-methoxy-propvlamine {0.05 mL) and cesium
carbounate {120 mg, (.3 mmaol). The mbdire was beated al 230 °C under microwave
irradiation for 3¢ min. Scolvent was removed in Genevac. The residue was dissolved in DOM
(2 mL}, washed with ag. 1 N NaOH (2 mL), and water {2 x 2 mL), After removing the
1 solvent, the crude produst was purified on a RP-HPLO/MS system (Gradient: aceronitiile in
water with a cyele time of 5 min. Flow rater 100 mb/min. Mobile phase addinve: 25 mM of

¥ C8, 30 % 50 mum, § wm particle size (GL Sciences,

ammonium acetate. Column: Inestsi
Tokye, Japan)} io afford 3.9 my of the titte compound, 6-(3-methoxy-propylaminol-pyridine-
2-carboxylic acid {3-[(pyridine-2-carbonyl-amino]-adamantan-1-yl {-amide. The product

15 was quality checked (QC) by LO-MS {Gradient: acetonitrile in water, 30-90%, in 1.7 minutes
with a cyele time of 2 min. Flow rate: 5.0 mal/min. Mobile phase additive: 30 mM of
ammonicm formate. Column: Inersit™ €8, 50 x 4.6 mm, 3 um particle size (GL Sciences,

Tokvo, Japan)y. Retention time: 1.29 min; purity (UVzsa): 94%; ESI-MS mv/z: 464.6 (NHHY

En ar anatogous manner fo Example 22¢, Examples 219-230 in Table 2 (below} were

20 synthesized from Intermediate 4 and commercially available amines on Q.05-0.3 mmol
seales; Examples 231-240 in Table 2 (below) were synthesized from Intermediate § and
commercially available amines on a 0.05 mmol scale; and Examples 241252 1n Table 2
(below) were synthesized from Intermediate 6 and comamercially available amines on 2 0.05
mmeod scale.

25 Example 253: 6-Imidazol-1-yl-pyridine-2-carboxylic acid {3-{{pyridine-Z-carboayl}-
amincl-adamanian-i-yi}-amide

e
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pyridine-2-ca rboxylic acid {3- [(6-methyl-pyridin e-2- carbony0-amin oj-ada manta n 1-y0-amide
6-(3-Dimethylaminopropylamino)-pyridine-2- carboxylic acid
(34(6-methy§P§/ridine-2-carbony1)-aminoI-adamantan-lAft-amide 6-((S)‘-2-H¥Egroxgymethyl- nycrol
carboxylic a 1f’(@”ﬁ?@‘%hyl-pyndine-2-carbony0-aminoI-adamantan-llo‘:)gl;{ B009/050934
6-((R)-2-Hydroxymetnytpyrrolidin-1-y1)-pyridine-2- carboxylic acid
(3-[(6-rnethyl-pyricline-2-carbonyl)-aminol-adamantan-1-y1}-amide
6-((S)-2-Carbamoyi-pyrrolidin1-y0-pyridine-2-carboxylic acid {3-[(6-methyl-pyridine-2-
carbonyl)-amino]-adamantanl-y1l)-amide 6-(2-Carbamoyi-ethyiamino)- pyridine-2-carboxylic acid {3-
[(6-methyl-pyridine-2- carbonyl)-arninol-adainantanl-y0O-arnicte 6-(3-Methoxy-propyiamino)-
nyridine-2-&stspRylieSa cidjE ¢3- (oo -Bansoylwnnes yrandrpted e g it g erocess of
6-(2-Dimethylamipeetnyaming)igyidine-2- carboxylic acid
[3-(3-fluoro-benzoylamino)-adainantan-I-yli-amide 6-[(3-Dimethylamino-propyO-
methyl-aminelspytidine-2- sarbexyiriacios{3{3:ftorshepzoylamind)adaanian-d-{yibadide WO
2010/011570PCT/US2009/050934 | 8:(2-Acetylarnino-ethylaming)- pyxidine-2-carboxylic.acid [3-

(@ ioro eSSy b L o DTSy ey o3 Bt et lonytc acid
13- (3-fluoresbenzaylami(is) ragdmdatal mlylsadabde (S0 my, 0.73 mmol) and cesium carbonate

oL2-Methay sl siva ol pYirlae:reahoxvin aed Lk Shilipiopenzanamingl- agamanta

yj-amide 6-(3-Dimethylaminopropylarnino)-pyridine-2- carboxylic aci

[3-(3-fluoroHeH Sy fatyieis idd ApAEveshil y IuamidE OB IHRCD ety iHiRBuEthygatem HT-4X
methyl-amipglRyriding: 2: sahoxylic acidd 3{3diverchenzoyismingk-adamantanslylramide

84(S)-2-Hydroxymethyipyrrolidin-1-yO-pyridine-2- carboxylic aci
[3-§§?qu 0rg%ﬁ%%ﬁ%ﬁ%ggdwéﬁ%hg%}jh%fdgmwmg the sc«ﬂ-*em, the residue was pusified on

a RP-HPLCO/MSE system {Gradient: acetonitrile in water with a cvele time of 5 min, Flow rater

F

106 mE/min, Mobite phase additive: 25 mM of ammonium acetate, Column: Inertsil” C8, 30

x 50 mm, § pem particle size (GL Sciences, Tokva, Japan} to afford 4.5 myg of the tide

compound, 6-rmidazol-i-yl-pyridine-2-carboxylic acid {3-I(pyridine-2-carbonyl}-amino}-
i5 adamantan-1-vib-amide. ESI-MS m/z: 4435 (M=H)"

In an gnalogous manner 10 Example 253, Examples 254-255 in Table 2 {below) were

synthesized on a 0.05 mmol reaction scale from Imermediates $ and 6, respectively.

Table 2
| EXAMPLE STRUCTURE CHEMICAL NAME
e &Merpﬁp%&nﬁ-yi»wridir_‘se_--»’,z— :
597 S g o e | Carboxylic acld [3-Hpynidine-2-
- ol LA xd | carbonyl-aminoladamantan- |
‘ L | 1-yiramide f
ayy &-(4-Methybpiperazin-t-yh-
RN o | pyridine-2-carboxylic acid {3-

198 ***‘;&«@Wﬂws* to | Hpyridine-2-carbonyl)-amin)-

- adamantan-1-yl}-anide

N | 6-(3-Dimethylamino-pymohdin. |

199 "*:}*fc(w | teyl-pyriding-2-carboxylic acid

S g’) 3 7 B P H - 1 i
;uw,;L\S At {3-{{pyridine-2-carbonyl-
o fb i arminol-adamantan-t-yll-amide |




8-((R)-2-Hydroxymethyl- pyrrolid in-1-yl)-pyridine-2- carboxylic acid
[3-(3-fiuorobenzoylamino)-adamantan-1- yll-amide 6-((S)-2-Carbamoyi-pyrrolie
in1-0-pyridine-2-carboxylic acid [3- (3-fluoro-benzoyiarnino)- adamanta n-1-yl]-amide _
6-(2-Carbarfoyi2@# Rk xatino), pyridine-2-carboxylic acid [3- (3--flooro-beRE3ViaAIABT % Haman
lan-1-y]-amide ridine-2- carboxylic acid (3-kpyridine-2- carbonyl)-amin c+ada manta nl -y)-amide
carboxylic acid (3-[(6-methylpyr3dine-2-carbonyl)-a adamantan-1-yl)-a mide WO
2010/011570PCT/US2009/050934 255 6-Irnidazol-1-yi-pyridine-2- carboxylic acid

[3-(3-fluoro- bennylamlno) adatnantan 1-yli-amide | 4-Hydroxy-3,4.5 B-tetrahydso-

| 2T 2 Thipyriding-B

(}H H

200 Z,Q\1 v 5 1 carboxylic acid {3-{pyriding-2-
’L\];) ~ | carbonyl-aminol-adamantan- |
| {-yiamide

o L | B-(3-Hydroxy-pyrrolidin-1-yi)-
001 “"‘“):E'q . .iL, N pyrécﬁ_in_ewz»carbcxyim E!_Eitiu {3~
: Pasvarl ;r“%r“ T Epyridine-2-carbonyl-aminal-

- | adamantan-tyi}-amide

e | 6-[¢2-Hydroxy-ethyl)-methyk

LY > | amingl-pyridine-2-carboxylic
202 2@‘@@“’“: | acid {a-{(pyridine-2-carbonyl)- |

' gamma}a@ameaﬁaw -yl-amide |

| 6-(3-Hydroxy-prapylamino)-
| pyridine~-2-carboxylic acid [3-
| Hpyridine-2-carbonyi-amino}-
| adamantan-1-yil-amide

{ B-{(2-Dimethyaminc-athyl-
| methybaminol-pytidine-2-
i narboxylic aci{3-{(G-methyl-
: pyridine-2-carbonyl-amino}-
| adamantan-1-yii-amide
S ! B-(3-Hydroxy-pyrrolidin. -yl
P R »f\ ‘ o | pyriding-2-carboaolic acidis-
205 Sl T 0 [ametyhpyriding-2-
: < carbonyl-aminol-adamantan-
S { tyBeamide
| 4-Hydroxy-3.4,5 B4strahydro-
| 2H-1. 2 Thipyriding-6'-
i carboxyiic acid{3-{E-methyt
pyridine-2-carbonyli-aminel-
adamantan-1-yvikamide
| B-[(2-Methoxy-athyl-methyl-
| aminobpyridine-2-cathoxylic
aciil 3 f{B8-methyl-pyridine-2-
| catbonyl-aminol-adamantan-
P feyil-amide
: U B{2-Hyriroxy-athylaming)-
PN . pyridine-2-carboxylic acid {3~
208 77 ﬂzg L4 {B-methybpyridine-2-
SN j’ ~ed | carbonyl-aminel-adamantan-
: # { 1-yB-amide
| B-H(2-Hydrory-ethyl-methvl-
X :‘\\f"’ i amingl-pywidine-2-carboxylic
28 7 EFZIQ\ i) | acid [3-[(B-methyl-pyridine-2-
i)\[“"’ ~Te | garbonyl-amine)-adamantan-
= ~ | 1-yf-amide
L | 6-{3-Hydroxy-propylaminoy.
/x\ Lo | pyriding-2-carboxylic acid {3-
216 7 E™y ¢ s He-methylpyridine-2-
2‘9“ i‘fi-' T carbonyl-aminoladamantan-
{ t-yly-amide

203

204

208

207
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‘Examples 256 and 257 in Table (below) were made via Scheme 3 from Intermediate Sand
commercially available 6-(4-fluoro-pheny1)-pyrimidine-4-carboxylic acid and
6-phenylpyrimidine-4-carboxylic acid, respectively, on a 0.05 mmol scale. Table 3 4. :Hypothetical
Compounds ¥PHE W ERoN in a similar manner to Example 58, Example¥Z88 39155 ble 4 (below)
n be made from aryl or heteroaryl carboxylic acids via the process of Schemes a and 5.
Non-commercially available carboxylc acids, such as 4-methyl-pyrimidine-2-carboxylic acid,
2-methylpyrimidine-4-carboxylic acid, 4-trifluoromethyl- pyrimidine -2-carboxylic acid, 2-
10trifluoromethyl- pyrimidine 4-carboxyl Ic acid, 6- trillurometh yrazme -2-carboxylic acid, and
5-triflooromethyl- pyrazmc -2- carboxylicamd can be, ree@&” rcially available
heteroaryl-chlorides: suéhlas 2- chlorom.me;hyl«pwimi g{ﬂﬁ ipyrimidine

2-chloro-4- trilluoromethyl pyrimidine 4 chiofo 2-trilluormeibwapwm}i@rm 2-
chloro-6-tri. fluromet\ [ ) YiE
in a similar manner to the synthejJ f mtermediate 1 1 _ szgi/{ imidine-2-carboxylic acid,
and of intermediate ; 12, %ﬁ?’nethyl -p %S@nboxyli@»a@dﬂ} M@}Q 12/911570PCT/US2009/050934
Example 280: 6- Methyl pyrazine-2-car oxy ‘acid 1343—@?%&%!6%»’@@%@@) berizoyl am inopa.da to

anta n-1 -yl.1-am |de tI nttrer- @r&:\ " 5 0OH ' 8- (2-Hydroxy-ethyl-methyl-
| amino}-pyridine-2-carboxylic

213 7 W § A | acid [3-(3-fluoro-
;}g\ ")’Wij/ Y7 | penzoylaming)-adamanian-1-
; | ylj-amide

[f\ | B-(3-Hydroxy-prapyl amﬁm}*
i | pyridine-Z-carboxylic acid 13-
! {3-fuore-benzoylaming)-
adamantan-i-yil-amide

e brocess of Scheme ii.

214

i G-Morphotin-4-yb-pyridine-2-
o~ | carboxylic acid [3-(3-flucro-

| benzoylamino)-adamantan-1-
. yli-amide

215

¢ B-(4-Methyl-piperazin-{-yi

! pyridine-2-carboxylic acid [3-
L {(S-fluoro-benzoyiamine)-

i adamantan-1-yll-amide

216

| 8-(3-Dimethylamino-pyrrolidin. |
e o b eylpyridine-2-catbowylic acid

UL pa-(3-flucro-benzovlaming) |
i adamantan-1-yil-amide

{deMydroxy-3 4.5 &-tetrahydro-
L -1, 2 bipyridingd-6-
218 1o M}g N | carboxylic acid [3-(3-fluore-
S i B | henzoylamino)-adamantan-1-
¢ wil-amide

Ly U B3 Mydraxy-pyrrofidine f-yl)-
o1 e o | pyridine-2-carboxylic acid 13-
: B y 8, .00 (3-fluoro-benzoylaminoy-
Lo | adamanian-1-yll-amide

217

| B-{3-Methoxy-propylamine-

| pyridine-2-carboxyiic acid {3-
b Hpyridine-2-carbonyl-aming)-
i adamamian-1-yi-amide

£ | 8-{{3-Dimathytaminc-propyl-
s ~". “ . , - methyl-aminol-pyriding-2-
a2 poow ‘w 5 At L carboxylic atid {3-Hpyridine-2- |
L ! carhonyl-aminol-adamantan- |
! feylbamide

220
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Example 280 can be made via the process of Scheme 9, supra, as follows: Step 1:
6-Methyl-pyraziae2-carbaxylic acid 343-methoxy-beinzoylamino)- adamaritan-1-yll-amide 6-Methy
-pyrazine-2-carboxylic acid [343-methoxy-benztaylamino)-adamantan-4-yl1-amide can be made from
customary arfi@2HB1T8mmercially available 3-methoxyhenzoic acid and$AtERAIEYPHES,
6-methyl-pyrazine-2-carboxylic acid (3-amino-ada.mantan- | -yl)-amide. 15Step 2:
6-Methyl-pyrazine-2-carboxylic acid (3-(3-hydroxy-benzoylaniino)- adamantan-I-yll-amide H 0Octi,N
itC:f INC\ N N rrp rt\\..rott 206-Methyl -pyrazine-2- carboxylic acid |

[3-(3-hydroxy- benzoylamlno) -adamaman-1-yikamide ca
6-methyl-pyrazine-2-carboxylie; @@J@ (3- methoxybertz

e by treatment of
@Ian- -y|] :amide with 1i8r3 in

DC:M. Step 3: 6- Methyl pyzazme 2@@xﬁpﬁf@¢t3 laeéa}dsrwmxyd-a*ﬁoxy)wia%t a itmladam

311tan-1.-ylkamide ! | carbonyl)-arnmol-adamantan-

T-ylb-amide

2283

§ |«. 3'\.,0/

&-{2-Acetytamino-athylamino)-
L £ 5 ,L\ | pyridine-2-carboxylic acid {3«
B8 i

: Hpyridine-2-carbonyl-aminal-
' adamantan-1-yi}-amide

"

)
g
;&: E, \@x\mfﬂs,\.}f

| 8-(2-Methoxy-ethylamino)-

| pyridine-2-carboxylic acid {3-
| {{pyridine-2-carbonyi-aminc)-
| adamantan-1-yi}-amide

225

| B-[{2-Mathoxy-ethyl-mathyl-

i aminol-pyridine-2-carboxylic
- | acid {3-{{pyridine-2-carbonyl- |

| arino}-adamantan-1-yl}-amide |

226

i 8-(3-Dimethylamino-

i prapylaminc)-pyriding-2-
| warboxylic acid {3-{(pyridine-2- |
| carbonyl-aminol-adamantan-
L tyikamide

{B-[2-Dimethylamino-ethyh-
| methylaminol-pwidineg-2-
| carboxylic acid {3-{pyrdine-2- |
{ carbonyl-aminol-adamantan- |

1-pil-amide

228

| B-{{@)2-Hydroxymethyh

! pyrrolidin. -y -pyriding-2- :
{ carboxylic acid {3-{(pyriding~2~ |
| carbonyl-amincl-adamantan- |

1-yi-amide

228

L S-{{Ry-2-Hydroxymethyl-
| pyrolidin.t-yl-pyriding-2-
\ carboxylic acid {3-{{pyridine-2-

carbonyi-aminol-adamantan-
1-yikamide

230

| 6-(S)-2-Carbamoykpyrrofidin- |

1-yh)-pyridine-2-carboxylic acid |

| e3f(pyridine-2-carbonyl-
| aminoladamantan-t-yil-amide |

31

i S-(3-Methoxy-propylaming)-

i pyridine-2Z-carboxylic acid {3-
s HB-methylbpyridine-2-
¢ carbonylp-anino}adamantan-

1-yib-arnide

252

| 8-{2-Dimethylamino-

| athylaminop-pyriding-2-

¢ carboowlic acid {3-{B-methyl-
| pyridine-2-carbonyly-aminol-
i adamantan-1-vi}-amide
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25 '?1,14>kr OH, Cr-N ,N., .N\HHH N H WO 2010/011570PCT/U52009/050934 Customary
Mitsunobu reaction ofiyl-pyrazi) di ¢ acid [343-hydroxy- benzoy amino)-adamantan- -ylJ-ad
2-(tbutyldimeth)-ethanol, followed by deprotection of the /-butyldirnethylsiloxy grou b}’( treatment with t -
trabutylamm‘gﬂia%"f?ﬁbsrme (TBAF) could afford the title compound, 6-meﬁﬁifb%?g&%8-?%arboxy lie

acid [3- (2-hy d roxy-ethoxy)-benzoyl ami nokadamantan- | -vi) -amide: Example 281 in Table 4

(below) can be made in a similar wanner to Example 280. Example 282:

6-Methyl-pyratine-2-carboxylic ac

o -6—{{3—D§mefehy§_am§l}@pmpyi)-
L e . ) ; methybaminokpyriding-2-
235 A sesoas | carboxylic acid (3-4(6-methyl
Lo | pyridine-2-carbonyl-aminol
{ adamantan-1-yik-amide §
i | B-(2-Acetyiaming-ethviaminoy- |
P i i\ pyriding-2-varboxylic acid {3+ |

234 s )\]\Q {6-methyl-pyridine-2-
{ carbony-aminol-adamardan-
L t-vitanide
A | &-(2-Methoxy-ethylaming)-
P | pyridine-2-carboxylic acid 13-
235 N'\:}."f\;?g“‘;fa\ﬁf"%{r‘:\/‘f}” | {B-methyl-pyridine-2-
TS ! carhonyl-amingl-adamanian-
| jeyibamide
! B-(3-Dimethylamino-
Y 3\{; | propylamine)-pyridine-2-
P m%’t‘: Lol L1 carboxylic acid {3-{(B-msthyl-
§F | pyridine-2-carbonyl)-aming]-
| adamantan-1-yi}-amide
. | B{((8)-2-Hydroxymethyi-
| {71 pyrrolidin-t-yD-pyridiog.2
237 W BT § L Ty | carboxylic acid {3-[(B-methyl-
! ' i pyridine-2-carbonyl-amine]-
! adamantan-1-yi-amide
if\} { B-((F)-2-Hydroxymethyi-
A { pyrrofidin.]-yl-pyridine.2-
23 7 3‘5"} i . k*\) §§Emexyiic acid {3-{(6-meihyi-
LT | pyriding-2-carbonylk-aming)-
. adamantan-1-yil-amide ;
! 6-((S)-2-Carbamoyk-pyrrolidin: |
U t-vhepyridine-2-carboxylic acid |
| {3-{®-methyl-pyridine-2-
| carbony)-aminol-adamantan-
i teyi-amide
i i B-{2-Carbamoyi-ethylaming)-
N | pytidine-2-carboxylic agid {3-
240 r{?&vg Heow, | HB-methyl-pyridine-2-
R \éj 5 | cathonyl-aminol-adamantan-
| foyfamide

| 6-[3-Methoxy-propylamino)-
| pyridine-2-carboxylic acid 13-
i {(3-fluoro-enzoviaming}-

{ adamantan-1-yikamide

¢ 6-(2-Dimethylarmino.
Q‘f'r’»\ . ethylamino)-pynidine-2-
242 1Y 7 W7 ¥ g catboxylic acid [3-(3-fluoro-
ﬂ(:f‘?iﬂl\gjk' ¥ penzoylamino)-adamantan-t-

236

241

| yii-amide
- 8—{{3—¥}§me§ny£amiptf-pmpyl)—
b | methyk-amino}-pyridine-2-
243 W T b | carboxylic acid [3-(3-fluoro-
L | benzoylamino)-adamantan-1-
| yll-amide
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-hydroxy-2-ine y prepoxy)-benzoylantinol-adarnantaLarnide 10 Example 282 can be made
fromTyrazinc-2-carboxylic acid [3-(3-1 idroxy- benzoylamino)-adamantan-I-ylki(step 2, Example 280);
Step 1: 6-Methyl-pyrazine-2-carboxylic acid ;3-13-(2-oxo-propoxy)- nzoylaini adairta titan- | -v a ntide
Al kylati on of éﬁé’ﬂﬂf’ﬁgﬁaﬂne-2-carboxylic acid [3-(3 hydroxy-benzoylatprﬁi%/&I 2009/050934
20adamantan-I-yl]-amide (step 2, Example 280) with I-bromo-propan-2-one in DIME under basic
conditions, such as Cs2C)03 at 60 17., could afford the title compound” 6-methyl-
pymzine-2-carboxylic acid [3-13-(2-0x0-propoxy)-benzoyl-amino)-adamantan-1de. Step 2:
6-Methyl-pyrazine-2-carboxylic a_gj_d 13-13-(2-hydroxy-§2-inethglpro ({)}iyggi ?B%nrgggylg m in okadain an
tan-1 -yll-ain ide WO 2010/011570PCTIUS2009/05Q 4 Red( icic_m izf'
6-methyl-pyrazine-2-carbdxylicacid*{843:(2-0x0-prop Y)rhenzeyeamyadagantan-l-yit-amide with
MekIpfir in 'INF or ether at 0 C:could yield the title compaandsi&+ethyhiyrazine-2-carboxylic acid

i13-p-(2-hydroxy-2-r§nethylprop§o>%- benzilain ino)-a dary anian-l-yl Example 283 m Table 4 (below)
can be made in a similar mandg&g#@wp‘le 282 Tabl@@éﬁy@%@%&g@unﬁs

L 245 T 3”’“{‘\‘”**’“” | (3-fluoro-benzoyiamino)-
i i | adamantan-1-yll-amide

| B-[(2-Mathoxy-sihyli-methyl
. ) ‘ | aminofpyridine-2-carhoxylic
248 1 ° ’“2@~ f by | acid [3-(3-fls0ro-
TR0 T Y | penzoylamino)-adamantan-1-
| yl-amide
., | B-(3-Dimethylaming-
f:‘}\w‘ N . .| propylamino}-pyridine-2-
247 ”‘“ﬁ{:ﬂ}m F%ﬁwﬁ\ | carboxyhic acid [3-(3-fiuoro-
TS | benzoylaminc)-adamantan-1-
! yll-amide
{ 8-[{2-Dimethiamino-ethyli-
| methyl-aminol-pyridine-2-
| carboxylic ackd [3-(3-flucro-
| benzoviamboadamantan-1-
| yli-amide
L B-((Si-2-Hydroxymethyk
| pyrrolidin- -y -pyriding-2-
| cathoxylic acid [3-(3-fluore-
| bergoylaminoy-adamantan-i-
L yll-amide
i i { B-{(R)-2-Hydroxymethyi-
}%3 %‘, | pyrrolidinet yl)-pyriding-2-
R we Y8 N\> i carboxylic acid [3-(3-fluoro-
i benzoylamine-adamantan-t-
| yil-amide

| 8-((S)-2-Carbamoyi-pyrolidin.
{ 1-yi-pyridine-2-carboxyfic acid |
<1 B-(3-fluoro-benzoyiaming)- H
i adamantan-1-yil-amide

248

249

250

281

H.(Z-Carbamoyi-athyiamino)-

AT R . pyridine-2-carboxylic acid {3-
252 I ~‘Tm:;?:“§.;fr\:r:\j,ﬁmrxg:qh; H 2y y {

{ (3-flunro-benzoyiaming-
| adamantan-1-yll-amide

L Bimidazoliybpyridine2-
¢ carboxylic aoid {3-{(pyridine-2- |

253 ! carbonyh-aminol-adamantan-
| yil-amide
P . S-imidazol-1-ylpyriding-2-
PN ) o e 1 carboxylic acid {3-{(B-methyl-

254 - *‘;,s’ﬁ\@/’*‘wm | pyridine-2-carbonyly-aminc]-

adamantan-1-yll-amide
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WO 2010/011570PCT/US2009/050934 WO 2010/011570PCT/US2009/050934 4-Tnfluoromethyd-
pyrimidine-2-carboxylic acid {3-[(5-fluoro- pyridine-2-carbony1)- aminoj-adamantan-t-yl}- amide
2-Trifluoromethyl- pymnidine-4-carboxylic acid {31(5-fluoto- pyridine-2-c g Wwa)-
amino}-adar“’r‘{gré%L]rg')-%g}yli’i9 amide Pyrimidine-2-carboxylic acid f3-(3-fiuoroa-£ gfnz%zé?g%%ggf-
aciamantan-I-yl]-arnide 2-Trifluoromethyl- pyrimidine-4-carboxylic acid 13-(3-fluoro- benzoylamino)-
adamantan-1-A-amide 6-Trifluoromethyl- pyrazine-2-carboxylic acid [3-(3-fluoro-

e | S-imidazok1-yi-pyridine-2-
555 f‘%fj: R e | carboxylic acid [3-(3-flucro-
- ﬁ:ﬁ%ﬁf"\ﬁyﬁ-@ : benzoylamino)-adamantan-1-
o | yli-amide

Examples 256 and 257 in Table 3 (below) were made via Scheme 3 from Intermaediate § and
commercially available 6-(4-fluoro-pheny-pyrimidine-4-carboxylic acid and 6-phenyl-

pyrimidine-4-carboxylc acid, respectively, on a (.05 mmol seale.

Table 3

Example STRUCTURE CHEMICAL NAME

&-(4-Fluoro-pheryl}-

¢ pyrimidine-d-carboxylic
ackd {3-16-meathyi-

| pyrazing-2-carbonyl)-

| arpincl-adamantan- -yl
amide

258

| B-Phanyk-pyrimidine-4-
carboxylic acid {3-[{B-
mathyl-pyrazine-2-
garbony-emingd
adamanian-t-yii-amide

287

) 4. Hyoothetical Compounds of the Invention

I a similar manner 10 Example 38, Examples 258-279 in Table 4 (below) can be made from
aryl or hetercary! carbosylic acids via the process of Schemes 3 and 8. Non-commaercially
available carboxylic acids, such as 4-methyl-pyrimidine-2-carboxylic acid, Z-methyl-
pyrimidine-4-carboxylic acid, 4-wifluoromethyl-pyrimidine-2-carbenviic acid, 2-

{0 triffuoromethyl-pyrimidine-d-carboxylic acid, d-trifturomethyb-pyrazine-2-carboxylic acid,
and S-wifluoromethyl-pyrazine-2-carboxylic acid, can be readily made from commercially
avagtlable hetercarvi-chlorides, such as 2-chloro-4-methyl-pyrimidine, 4-chloro-2-methyi-
pyrimidine, 2-chloro-d-trifluoromethyl-pynimidine, 4-chloro-2-triflucrometbyl-pyrimidine, 2-
chioro-6-tnfluromethyl-pyrazine, and 2-chloro-S-trifluoromethyl-pyrazine, vig the process of

15 Scheme 11, in a similar manoer 1o the synthesis of Intermediate 11, 4-uifluoromethyl-
pyrimidine-2-carboxylic actd, and of Kntermatﬁatt} 12, d-methyl-pyrimidine-2-carboxylic

acid.
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benzoylamino)- adamantan-1-yiJ-amide 5-Trifluoromethyl- pyrazine-2-carboxylic acid [3-(3-fluoro-
benzoyiamino)- adamantan-1-yi]-amide 6-Methyl-pyrazine-2- carboxylic acid (3-P-(2- hydroxy-ethoxy)-
benzoylaminol- adamantan-I-yt}-amide 6-Methyl-pyrazine-2- carboxylic acid (3:(]4-(2-

hyWoxy-eth‘())v% ¢ %’3’}% ‘Fﬁ?a-Z-cadaoriylb a rnino}-ada maritan-1 -yl)- arnidgg?ﬂ%%ﬁ% i£|’o%;(/’r9:§$ine-2-
carboxylic acid {3-(3-(2- hydroxy-2-methyl-propoiry)-benzoylaminol-adamantan-tyl}-amide WO
2010/011570PCT/US2009/050934 CHEMICAL NAME 6-Methyl-pyrazine-2- carboxylic acid (3-{[4-(2-
hydroxy-2-mefl'iyl-

Example 280: 6-Methvlpyrazine-2-carboxvlic acid {3-{3-(2-hvdroxy-ethoxy}
benzoviaminel-adamanian-T-yi}-amide

Ty o

oy [
D LM i 5
Sl Wl H L
x.»s.«-f 7 “"’f"z\"'\
i e, S e T -~
2, " 7 N O
= R
5 g, # st [o3
; \\,,,4\

Example 280 can be made v the process of Scheme 9, supra, as follows:

Step 1t 6-Methyl-pyrazine-2-carboxylic acid {3-{3-methoxy-benzaylamino}-

adamantan-1-yij-amide

6-Methyl-pyrazine-2-carboxylic acid [3-3-methoxy-benzoylamine}-adamantan- -yl |-amide
can be made from customary amidation of commercially available J-methoxyvbenzoic acid

and Intermediate 8, 6-methyl-pyrazine-Z-carbosylic acid (3~ammo-adamantan-1-yh-anude.

i5 Step 2: 6-Methyl-pyrazing-Z-carboyylic acid {3-(3-hydroxy-benzoylaming)-

adamantan-1-vl}-amide

s BF7T @ e B¥FY ¢®
S e el T P
RS 2T H H\f\w‘“ N 257 I W
&y S SN e
N \;\“.f{\ [\"JJ M S _f{\ (\:«-"
20 6-Methvl-pyrazine-2-carboxylic acid [3-(3-hydroxy-benzovliamino)-adamanian-1-vil-amide

can be readily made by treatment of é-methvi-pyrazine-2-carboxylic acid [3-(3-methoxy-

benzovlaminoy-adamantan-1-vij-amide with BBr; in DOM.

Step 3: 6-Methyl-pyrazine-2-carboxyile acid {3-{3-(2-hydroxy-ethoxypbenzoyiamine]-
adamantan-1-yh-antide

25
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propoxy)-pyridine-2- carbonyl]-amino}- adamantan-1-yl)-amide Pharmacological Evaivati of
CAtivogn cl,,Lof.tticillwspliou Compounds of the present invention have been tested in vitro and in
vivo, and can b%Otle(]§t1eI(JSI 7\{/)ltro and in vivo, in the assays as described belo F{Eﬁ'&g {%ﬁgys were
performed as Sdésthibed in [.at. Ado/ Phannacot, 2003 4, 731-7401 Wlth ations. Briefly,
after thawing, the membrane homogenates were resuspended in 50 niM Tr|s H.C1, 0.9% Na.C1
binding buffer at pH 7.4 to a. final assay concentration of 40 g protein/well for [3E]
methoxy-5-(2-pyridinylethynyl)pyridine ([3H1 MPEP) (American Radiolabeled Chemicals, Inc., St.
Louis, MO)M@H%%{M@%&%%W 6-\ngluded S ML bIIQr%E\EE:’a@:?@b@@?& ahyl either buffer or

varylng concentrations of compoun Sam les were incubated for 60 min at room temperature with

shaking. NSSIEEEEHE BNt aRaE éléfflr}réﬁl‘Rﬁﬁtﬁ“ﬂ@Tﬂ:&ﬂ‘Mﬁ*E"Iﬁ‘“‘AﬁéPT‘héﬁﬁh‘ﬁ@h Teligmd 8vere filtered
oveHr a GF|Q%@&&ﬁ@ﬁﬁ%!ﬁ@dﬂﬁt@i@%?&%ﬁ@&@@%ﬁﬂﬁ!Wﬂﬁsﬁ'ﬁﬁﬂi ﬁﬂg é&eﬁbmaﬂgfgﬁé%meﬁa usmgHa Iolzn
te Harvester 9e Mac ce ointec, Hamden it iris-Ha (p

7 4). 1030 BANIALE VLS B, HOT e TIRITORECEivE AW VR coeh& S g acaraing the

d Prusoff eguiationof Kik850héh{l3Ka) | delaariped-in-{V.-Ghelag and W.H. Prusoff nacol 1973,
22,3099-31.05) where [LI is the concentration of radioli wand and Ka (instant at the receptor, derived

from the satinatipi BotherhEre(ksloalueidreEsainplerdrab:nivanespe dikreip! E3&mples 19, 42, 44,

58, 65, 67, 69, 72, 74, 79, 93, 94, 95, 96, 105, 107, 1.19 and 120, have Kt values ranging from 6 to
700 tiM. ﬁampk* 282: 6-‘\r{teihx§wmmzm¢»2——ambowht acid {3-]3-(2-hydroxy-2-methyl-

propoxy-bepzoviaminel-adamantan-1-yl-amide

i
0 ,Jl “bo\,ﬁ
N4 = Fom
a A

Example 282 can be made from $-methvl-pyrazine-2-carboxviic acid [3-(3-hydroxy-
! (A :

benzroviamino-adamantan-1-vli-amide (step 2, Exampte 280);

Step T: 6-Methyl-pycazine-2-carboxylic acid {3-]3-(Z-oxe-propoxvi-benzoyimniiod-
15 adamantan-{-yvit-amids

5 b AT
Vg i L o mr IR I i
i W?'v\. e e B '3*" e g
e T M e I AN \{,_. -
.»::1:& LA )x":‘c‘“‘:)}' Mt e I e o
{ N I § § £ ! i &
N, 4 =/ N4 N A

Alkylation of 6-methyl-pyrazine-2-carboxylic acid [3 (3-hydroxy-benzoylamino)-

20 adamantan-l-vij-amide {(step 2, Example 280) with {-bromo-propan-Z-one in DME under
basic conditions, such as Cs:C0; at 60 °C, could afford the title compound, 6-methyl-
pyrazine-2-carboxylic acid {3-[3-(2-oxo-propoxy-benzovi-aminol-adamantan-i-vi j-amide.

Siep Z: 6-Methyl-pyrazine-2-carboxvlic acid {3-{3-2-hydroxy-2-methylpropoxy}
benzoylaminoj-adamantan-1-yl}-amide
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WO 2010/011570PCT/US2009/050934 Calcium mobilization assay to for negative or pasftive allover
The cDNA for rat metabotropic glutamate receptor 5 (IluR5) was a generous gift from S. Nakanishi
(Kyoto Univ%gali\%/te,ilg 1(ito7 Japan). The rineluR5 was stably expressed in a qu,EK %E%%/&elé’glj&ne and grown
in Dulbeccods Moditied Igagle Medium (DMEM) (Invitrogen, Carlsbad, CE?\/&% supplements (10%
bovine calf serum, 4 nitM glutamine, 100 unipenicillin; 100 LigimL streptomycin and 0.75mM 01418) at
37'it, 5% CO, Twenty-four hours prior to assay, cells were seeded into 384-well black wall micratiter
plates coated with poiy-D-lysine. Just prior to assay, media was aspirated and cells dye-loaded (.25
Liwel) witlid M4 0,81 uplrauic. acitb g asaay bufier (anks Ralanced saliag luton
(HBSS)); 150 mhit NaCE, 5'inNIKCI, 1 10mM CaCl2, 1 nth4 MgC12, P'US 20 inM
N-2-Hydroxdf&thisipdrakinaorfe vigindpdsBidnitBtior gierad), brreid yeiiohsbie serum albumin
(13SAL and@npdih RIRERICIEN 05 de NoaL -G 2a @l 37-C-Afigtirxcessiilye waseisgarded, cells were
washed in assa E{;Jffer and layered with a final volume equal to 30 LiLltvell. Basal fluorescence is
monitored i%eﬂ?f%:‘] BRI pTAtE e er (ELIPR) (Molecular Devices, Sunnyvale, CA) with an
exciation lawayelenath of 485/an.and an smissien, ange of p00.1g 200 Jeaser excitation energy
was adjusted so‘that basal fluorescence readings were approximately ,%?) relative fluorescent

units.. Cells were stimulated with a”’ﬁ;%:%%?f{@ﬁ:;%%kﬁ?@ﬁﬁ Uration of glutamate in the presence of a
compound to be tested, both diluted in assay buffer, and relative fluorescent. units were measured at
defined intervals (exposure 0.6 se¢) over a 3 min period at room temperature. 70Basal readings
derived from negative dobt¥afs-fuere subBABEEHBH all sampREMIEBENEMEChange in fluorescence
was calculated for ee}eh--WeIl;--Geneent¥ati9n—r§§ponse—ea@e—s-de—r-ived--fmm---the--rf\aximum change in
fluorescence were analyzed by nohlinear regiession (Hill @eqm@mt)yzﬁime@ativeémodulator can be
identified from these concepgation-resporise cuiVes ifa corfiBUilr Rétidces a concentration.
dependent inhibition of the Eesti glutamafe;responge. ZSE%ﬁgﬁﬁaw&nds Examples 1-10 were
tested in the above assay.far.negative allosteric ‘
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modulation, FL-1PR maximum inhibition ranged 90% to 99% while ELIPR '1C:0 ranged from 0.9 nM to
1300 n.M. Examples 1.1-163 also were tested in the above assay. For Examples 11-104, ELIPR
maximum inhibition ranged from 63% to 99!i4), while ELIPRICS5,, ranged from 0.7 nM to 600 nM; and
for Examplé¥Q Y4B |PR maximum inhibition ranged from 70% to 999 SeWHIE ¢ 1PR IC 50
ranged from 0.7 nNit to 1800 ntM.. Examples 164-178, 181-182, 1.84-187, 189- WO
2010/011570PCT/US2009/050934 194,197-255 were tested in the above assay for negative allosteric
modulation: FLIER maximum inhibition ranged 63% to 99% while FIAPRIC50 ranged from 0.4 nM to
1300 nM. A positive imodtitator-cambe-identified-from-theseconcentration=response curves if a
compound producesi: a goaaentration deg\mdemkmrease in theeB €20 ghmamate response. Examples
256-257 exhibited positive modulation, having FL1PR IELIse.0f 300.TiMl.and.830 MA-, and maximum
modulation of 170 clzi and 120%, respectlvely Examples Q"TEﬂaﬁ*é’B%"\X}ere evaluated in vivo for
anxiolytic. effects us;ng (]Q Inouse masb’ (mi\/ll3) met mu%é? Kose descrlbed in [.K. Njun
10mycology, Blocheinlmry and Behaaﬁbr 8*63 67 La@gm;ed Cleller Seifter conflict test
described in [N.A. Moore et al. Behavidural Pharrﬁacologvad}s%m;a@? $96r202]..More specifically for the
mMI| testing, adult, male CD1 mice (Charl River Laboraﬁe‘hés%mﬁg‘sﬂon NY)) weighing 25 to 30g.

were used All anlmais were roup-hot .%g,ndard c6 ‘%\ 12:12 light/dark cycle
(lights on atfor at qust onéWweek prigrio 15test Food %}ﬂyg% & provided ad libitum. Animals
were weighed, tail marked, and rand Iy aSS|gned t treammngr@upgmmre testing. For each test,

sixty minutes after the Injection of vehlcle or test compounﬁtmﬂ@@wmﬂg&fter |nject|on of the positive
control, buspirone, mice were individ 1@\ d into test @a‘" e@ﬁt%ﬁi*é?ﬁmﬁl 5iin of Aspen bedding
(PWI brand) and twa rowsesf 10 magble % per I nﬁ lter tOps were used to cover
each test cage. Thlrty minutes Iater (ce were f&moved frmgegg&agg&@n@retumed to their home
cages. The number of fully visib (Iess than 2/3 covered mthntaﬁdqu) were couhted and subtracted
from 20 to arrive at the number of maer Z@grled Twelve ?’n‘fﬁ%“?\/@?@*@sted per group.
| pyraxne-2-Carboxy
: J%fx { acid {3(B-mathyi-
! pyridine-2-carbonyl-

| aminol-adamantar- "i»yf}

L amide
o i A | B-Methyl-pyrazing-2-
?;J%,N | carbowylic acid [3-(&-
289 Gy col % | fluoro-pyridine-2-
% S N

{ carbonyl-aninol
| adamanian-1-y§-amide
{ §-Trifluoromethyl

o 9;2@\ 4 | pyrazine-2-carboxylic
é :([\ oF, | atid {34(5-fuorn-

e
% #

270 N i pyridine-2-carbonyl-

| aminoladamantan-l-yl}- |
{ amide ‘ :
i 5-Triffluoromethyl-

o b o ! pyrazine-2-carboxylc

LY .t-H%N | acit {3-{(5-fluoro-
2 (ﬁL S T ,;Z . pyridine-2-carbonyl)- ;
‘?"" " er, §am@no}—adamamaﬁ-‘i—y!}~
" { amide {

N | Pyrimidine-Z-carboxyiic
g ;\“2@\ JS» L acid {3-{{5-fluorn-
272 CE HOT " \ pysding-2-carbornyl- :
b : ! aminol-adamantan-t-yl- |
: | amide ;

e H o | §-Methyh-pyriraidine-2-
b ,@ N 8 : cathoxylic acid {3-[(&

273 = Ay fuoro-pysidine-2-
i carbonyl}-amingl
4 ¢ adamantan-i-yi-amide




Testing included multiple tests with each test performed to evaluate buspirone hydrochloride (BUS;
Sigma Aldrich) (positive control) and/or a compound of the present. invention. Each compound was

dissolved immediatel

distilled Water?ﬁﬂ}g/)D

rior to testing in 20% beta-cyclodextrin (compound QIJ; {Ehe resent invention) or
& administered at one or more doses (such as 3, KS Analerss

9r:*r‘%g/kg) via

subcutaneous (SC) or intraperitoneal (W) injection at the indicated pretreatment times30, 60, or 120
min pretreatment). Doses were measured in mg drug (salt WO 2010/011570 PCT/U52009/050934
form) per kg body weight. Data was analyzed using one-way ANOVA with 0 -h Dunn test. More

specificallyer Conflicttestirng; roder
and sound-attenuating exambegs (

Inc. (Georgia, VT))
ENV-GhwAD; ed Assomateaﬁwm:)mmmed Each chamber was

equipped with a house.light,.cue. lights,.grid floor.to. deliver foat.shocks.via.a. programmable shocker,

(ENV-414, Med Assaciates, Inc.) and fo%per Two Iev"é?é"
hopper. Rats were, trained to only

Precision Pellets, 45 mg,
rim 10experimental sessions and coll
ratio schedules (ER I-2;-5;-and-10}:
days, animals began’training ona hree\%
fellows: (1) an unpunlshed . riable ’l‘gér

lever pressing on a varlable Ime s

and was signaled by :lllumlnatlon of t

time out period (TO) |

%@fégﬁﬁ'é%ted on gither side of the food
resp M§Jeﬂ Jeve agr%C?QrC ment was used (Dustless
Fr§phtown Jﬁ' MEDpR@N«SQﬁW&E@;(Med Associates)used to
data. Prior to beglﬁﬁkih@ tergoflidtyPracedure, press on fixed
sehedule for consecutive
ree components were as
130): SCh@dﬂﬂt&@Eﬁ fmmde 15re|nf0rcement to reinforce
chgdile that a «gged Sovadisis-patiorhad a. duration. of 9 minutes

e rear house light onI mm rﬁ%ﬁ'ﬁ?@? ?dﬂéwmg was a 3 minute
led but was neither

rewarded nor punished; (3) a punished, fixgtfafio (EREL %$61’@6Pf@iﬁforcement that
simultaneously presented £36d and foot shofk 3 5@@ ry tenth lever press during a 3

by |IIum|

minute period; this component was sign
above each lever. These-three-con
30 minute session. Testing began M
ends up or down). Animaiswere te
15Animals served asitheir Mil cont

|ona@£mtarrealg; nawee Ilght and cue lights
rder during the daily

ngth’ ctays (no significant

AL OE
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performance, animals were also trained the remaining three weekdays. Testing was performed using
12 adult, male Sprague-Dawley rats, weighing 426-567 g (Charles River Laboratories (Kingston, .1Y)).
Animals wer ir- in colony rooms maintained at controlled temp %%} and al 2-h
light/dark cy§é8 %uéﬁ@ﬁgﬁ%em Animals were WO 2010/011570PCT/US§$%§3%% 2 g!e!";‘glccess to
water., while food wasof Bacon Lover's Treats (BioS after training/testing Monday through Thursday.
Friday throurh Sunday, animals had free access to Lab Diet 5012 Rat Diet (P.M1 Nutrition
International LLC, Brentwood, MO) until cages were changed and food removed on Sunday. Testing
included multiple testswhere gach testwas performed 1o gvatuate gitiieraréféfience compound. or a
compound of the presestimmention. Refesarte sktolytics incltitiddThiovdimeepaxide, diazepam and
buspirone, which wete.dissolved.in.saline.or.water.and.administered.via.SC IP and/or PO. Test
compounds were dissolved in 20% beta-gyclodextrin, and HE Bl iHEEA Lf&t?? to 7 with Nal1CO3. For
each test, the compo%und to be evaluategt g«igtested atiq\@-grgémg{@ oses (such as 10, 20, 30
and/or 50 trig/kg) viaip.a. ddthinistraion 60 & Betorethetestysimgian-tjection volume of 2 milkg in
comparison with a vehicle control group. Doses were meais‘@‘f%‘éj‘i‘ﬁ'gg] ;éﬁ’uzésalﬁ form) per kg body
weight. Data. was ust : VAR FBehAERS-test Compounds of the
invention have~"§igﬁﬂﬁﬁ%@épﬁ%@}%ﬁéﬁ}%ﬁ%ﬁX%.{ng%%rﬁié%g@lgf@éqm@ﬁian showed significant activity in

both assays (M1MB Enna'ti ;, Geller-Seifter EDmIA 10 ri/kg),. Example 2 also showed

significant,agtivitde fath aasaysiMMH ERAINLI: ko GaletRcilenE R0 Maklkd) FExample 58
showed significant activity in both assays (Mr\ B EDinin-10 nag/kg, SC; Geller-Seifter EDmin 10 n.P0);

and as SHOWAH hE RIS G ER SBFAME Balstically Significant Active Dose{sRepresentative.

Cornpm};;zd‘%% t e é}%xample Active Dose mg/kg (SC injection) Statistical significance

5 Radiolivgnd Minding qssays

Binding assavs were performed as described in {3, A O Brien of of. Mol Phormacal., 2003, 64,
731-7401 with slight modifications. Briefly, after thawing, the membrane homogenates were
resuspended in 30 mM Tris-HEL, 0.9% NaCl binding butfer at pH 7.4 to 2 final assay
concentration of 40 ug protein/well for PH] methoxe-3-(2-pyridinylethynyDpyridine (CH]

10 MPEP) (American Radiolabeled Chemicals, Inc., 86 Lowis, MO} filtration binding. Incubabions
included § oM PHY MPEP, membranes and either buffer or varying concentrations of compound.
Samples were incubated for 60 min at room temperature with shaking. Non-specific binding was
defined with 10 uM MPEP. After incubation, samples wers filtered over a GF/AC filter
(presoaked in 0.25% polvethyleneimine (PED)) and then washed 4 times using s Tomtec”

15 Harvester 96° Mach TH cell harvester (Tomtes, Hamden, CT) with 0.5 mL ice-cold 50 mM Tris-
HCl {pH 7.4).

ICs values were detived from the inhibition corve and K values were caleulated acoording to the
Cheng and Prusofl equation of K = ICso! {1+ [LYA ) deseribed in £Y. Cheng and W H. Prusoff
Biochem. Pharmacol, 1973, 22 3090-3108] where [L] is the concentration of radioligand and K,
200 isits dissoctation constant at the receptor, derived from the satoration isotherm. The £ value for
Examples 1 and 2 were 6.7 and 40 oM, respectivelv, Examples 19, 42, 44, 58, 65, 67, 69, 72, 74,

79,83, 04, 95, 96, 105, 107, 119 and 120, have Ki values ranging from & 1o 700 ab.

04




1 3. 10,30 tF(4,55)=19.6, 0<0.01 2 30 F(4.55)=7.2, p<0.01 41 10,30 1F(4,55)=17, p<0.01 58 10,30
F(4.55)=19, p<0.01

WO 2610/011570 PCTRIS2009/050934

Cedeiam mobilisarion gssay 1o fes1 for negative or positive allosteric aotivity

The cDNA for rat metabotropic ghutamae veceptor S (rmGhoR Sy was a generous gift from &
Nekanishi (Kyoto University, Kyoto, Japan). The rmaC#uRS was stably expressedin a HEK 293
cell line and grown in Dulbecce’s Modified Eagle Medium (DMEM) (invitrogen, Carlsbad, CA)
S with suppiements (10% bovine calf serum, 4 mM glutamine, 100 units/mlL penicitlin, 100 na/ml.
streptomyein and 0.7%mM G1418) at 37 °C, 5% CO.. Twenty-four hours prior to assay, cells
were seeded into 384-well black wall microtiter plates coated with poly-D-bysine. Just prior to
assay, media was aspirated and cells dve-loadsd (25 ulAwell) with 3 pM Fluo-d/ 0.01% plurenic
acid In assay buffer (Hank's Balanced Saline Solution (HBSSH: 150 mM NaCl, 5 mM KCl, 1

10 mM CaCls, 1 mM MaCl, plos 20 mM N-2-Hydroxvethylpiperazine-N'-2-ethanesulfonic acid
(HEPESY, pH 7.4, 0.1% bovine serum albumin (BSAYand 2.5 mM probenicid} for T hour o 5%
CGr at 37°C. After excess dve was discarded, cells were washed in assay buffer and lavered
with a final volume equal to 30 pl/well, Basal fluorescence 13 monttored in a Huorometric
imaging plate reader {FLIFR) (Molecutar Devices, Sunnyvale, CA) with an excitation

15 wavelength of 438 nm and an emission range of 500 to 360 nm. Laser excitation energy was
adiusted so that basal fluorescence readings were approximately 10,000 relative flucorescent
units. Celly were stimulated with an BECyy or an ECy concentration of glutamate in the presence
of a compound 1o be tested, both diluted in assay buffer, and relative fuorescent units were
measuresd at defined intervals {exposure = 0.6 sec) over a 3 min period at room temperature.

20 Basal readings detived from negative controls were subtracted from all samples. Maxinmuom
change in fluorescence was caloulated for each well, Concentration-response curves degived
from the maxinum change w fuorescence were analyzed by nonhinear regression (Bl
equation). A negative modulator can be idemtified from these concentration-response curves if a
compound produces a concentration dependent inhibition of the ECy ghutamate response

25 Exemplified compounds Examples 1-10 were tested in the above assay for negative allosteric
modulation: FLIPR maxtmum inhibition ranged 90% to 99% while FLIPR 1Cs ranged from 0.9
n 1o 1300 oM. Examples 11163 also were tested int the above assay. For Pxamples 11-104,
FLIPR maximum inhibition ranged from 83% to 99%, while FLIPR Cy ranged from 0.7 nM to
SO0 nM; and for Examples 103-163, FLIPR maximum inhibinon ranged from 70% 1o 99%,

30 while FLIPR ICs rangad from 0.7 M to 1800 nM. Examples 164-178, 181-182, 184-187, 189

@5




63 30 F(4,55)=5.7, p<0,05 93 30 F(4,54)=6,6, 0<0.01 94 3, 10,30 F(4,55)=46, p<0.01 95 10,30
F(4,55)=18,.:0.01 10,30 IF(4,55)=30, p<0.01

WO 2010/011570 PCE/US2009/050934

194, 196, 197-255 were tested in the sbove assay for negative allosteric modulation: FLIPR

maximum inhibition ranged 63% 1o 99% while FLIPR 1Cs ranged from ¢ 4 aM o 1300 nM.

A posttive modulator can be identified from these concentration-response curves if a compound
produces a concentration dependent ingrease in the ECys glutamate response. Examples 256-257
5 exhibited positive modulation, having FLIPR ECs of 360 nM and 830 nM, and maximum '

modulation of 170 % and 120%, respectively.
Fir viver Assays

Examples 1, 2 and 58 were evaluated i vivo for anxiolytic effects using (1) mouse marble
burving (mMB) methods stmilar to those described in K. Njung'e, K. and 8L Handley,
10 Pharmacology, Binchemisiry and Bebavier, 19%1, 38, 63— 8T} and ) a modified Gelter-Seifter

conflict test described in [N A Moore of ol Bebavioural Pharmacology, 1994, 3 196-202].

More specificalty for the mMB testing, adult, male CD 1 mice (Chatles River Laboratonies

{Kingston, NY)), weighing 25 to 30 g, were used. All animals were group-boused in a standard

colony room with a 12:12 light/dark cyele (ights on at &:00 am) for at least one week prior to
15 testing. Food and water were provided ad fibinem. Animals were weighed, tail marked, and

randomly assigned to treatment groups before testing.

For each test, sixty minutes after the injection of vehicle or test compound, or 30 min after
injection of the positive control, buspirone, mice were individually placed tnto test cages
containing 1.5 in of Aspen bedding (PWT brand) and two rows of 10 marbles {20 marbles per test

20 cage total). Filter tops were used to cover cach test cage. Thirly minwtes later, mice were
removed from test cages and returned 1o their home cages. The number of fully visible marbles
{Tess than 2/3 covered with bedding) wete counted and subtracted from 20 to arrive at the

number of marbles buried. Twelve mice were tested per group.

Testing included multiple tests with each test performed to evaluate buspirone hydrochioride

g
A

(BUS; Sigma Aldrich} (positive control} and/or & compound of the present invention. Hach
compound was dissobved immediately prior to testing in 20% bera-cyclodexirin {compound of
the present invention} or distied water (BUS) and administered at one or more doses {such as 3,
10, and/or 30 me/ke) via subcutaneous (SC) or intraperitoneal (1P} injection at the indicated

pretreatment times (i.e., 30, 60, or 120 min pretreatment). Doses were measured in my drog (salt

96




105 30;F(4,55)=11, p<0,01 Table 6: Statistical "cantActive Dose(s) of Representative
Compounds of tl sent Invention in Geller-Seifter Assay Statistical significance was determined using
one-way ANC/VA with ﬁost-hoe Dunnetes test or paired students t-test C‘ipérm% g@%?&t_&ue' present

e

) ) WO 2010/01; o . . : )
invention were eva{ua 3 in vivo for antidepressive effects. An 10assessment ofdepression-like actions

was measured using a forced swim test similar to that described in P.F. Cryan, et al, Neuroscience
and Biobehavioral Reviews 2005, 29, 547-5691 Animals used for testing were adult, male N1H Swiss
Webster mice (Harlan Laboratories (Frederick, MD)), weighing 22 to 24 g, which were acclimatized

and h%ﬁ%%&fg\{;&&swe@@ﬁc@.ﬁg with themicemserldnthe MR testsy, Fakihs. maussForced Swim

Test (MEST), miceé:individually placed into clear Pyrex' cylinders (11 cm diameter, 16.5 cm height)
containit¥§-11 cm deep tap water (23-25 te) sixty min after the injection of vehicle or test compound, or

30 min after injection, of the, positive control, imjpramine hydrochloride (DA Sigma, Aldrich,. St. Louis,
VIO). ISP WL B RN B i AT RSt B HRBLAC I s arol e escribec
previousedwithouiMB testéGRoges VSpdudere:as-desaribed grenviousiEWRhBAB eds! The

percentage of time spent floating, swimming, and struggling.("climbing”) was measured during a 6 min
sl MR RSk R b R e
Automatedeive- 281610115 TORORUS200DI0 50984 EEIF Bpiidradsd dnebsctandre (Bishsmde GmbH,
Bonn, GeAmany)l, GRMR %;%?eﬁ%[)e&s&i dromywelie e dRieen.mise. Roseswersimaasyurgd in mg drug

(salt lomi) per kg bodéwelght. Data was analyzed using one-way ANOVA with post-hoc Dunnett's test,
Compodifithe st tahsrsSelst memibi REd Sma catrartideprissivassistd W dHe TAEST at 3 mg/kg, 10

mwkg, 3 analk.grenarambitalionithereot (Hatislical significantes(rA2kwas deiermined using
onesway ANV Juith posthac ﬁ unnett's test.) An in nyceffect of a compound of thesent liwentiori
el alsE B BBy G U e

Prior to beginming the Cenflict procedure, animals were tnittally trained to lever press on fixed
ratio schedules (FR 1, 2, 5, and 10). Once animals obtained 25 rewards on a FR 10 schedute for 2
consecutive days, animals began wraining on a three component Conflict schedule. The thyee
components were as follows: { 1} an unpuiished, variable interval 30 s {VI30) schedule of food

15 reinforcement to reinforce lever pressing on a variable fime schedule that averaged 30 5 this
period had a duration of & minates and was signaled by illumination of the rear house Hght only,
{2} immediately following was 2 3 minute time out peried (TO) that was signaled by total
darkness; responding was recovded but was neither rewarded nor punished; {3) a punished, frzed
ratio 10 (FR10) schedufe of reinforcement that simultansously presented food and foot shogk

20 (0.3 mA, 300 ms) on every teath lever press during a 3 minute pertod,; this component was
signaled by tllumination of the vear house light and cue lights above each tever. These three
components were repeated twice in the same order during the daily 30 minute session.
Testing began when stable rates of responding were observed for § days (no stgnificant trends up
or down} Animals were tested using & Latin-squares design, on Wednesdays and Fridays.

215 Animals served as thetr own controls and received all treatments. To maintain baseline

performance, animals were also trained the rematning three weekdays.

Testing was performed using 12 adult, male Sprague-Diawley rats, wetghing 426-367 g (Charles
River Labosatories (Kingswon, NY1 Animals were patr-housed in colony rooms maimawed at

controlled temperature (08-72°F) and a 12-h ight/dark eycle (lights on 06:00). Animals were
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following, non-limiting, examples of in viva behavioral animal models. The following behavioral models
are not intended, as the only models useful for determining the efficacy of a IDcompound of the"
present invention to treat the corresponding disorder or disease. Compound gf the inyention also can
be evaluated (hAIVA o anxiolvtic effects using a ligh enhanced startle (L ;‘?e% &% method as that
described in. [Walker and Davis. 11'y, 1997, 42, 46:1-471]. The startle response is a coordinated
contraction of skeletal muscle groups in response to a high intensity unexpected stimulus. Most
sensory modalities can be used, but 15sound is most frequently employed because it is easily

controlled, Tuis, whena short Quest Rlsufficientiniensity opaus fe g oriBaniinaluntary startie

response occurs. High light levels increase the startle reSponse in nocturnal species such as the rat
and thissEffestigBedsinectunearty pretcbiiomily dan dotsdsiuadesguntsinbsd fevee sitxiety -
decreasg lightgahanced:stadiepSahanitel ER4esioan ARRABISRADSISHOY &lA cages were
commerciallyavailable soundproofed startle chamber (e.g., SRLA.BTM Startle Response System, San
Diego IHSHHHEMS, QAN BEYE™ ERT'E4iFbe used. All experimental events and data recording can be
controlled by co ter program (e.g., SR BIM control unit). Rats are placed within the startle
chambel T S e e e R B R R e e
containisgrastrairegavgerverdichtimoverne nroithe rdt dachaswsslys @univigdestartle response results
in deforemaiienakihedaase Rlale MBI ARIRIAIAR.A CUILERLL the SRR GRudg ks proportional to

the size of the movement, i.e., the size of the startle response. A loudspeaker is placed directly above
the rat tédprovtEB atkgfodRdee8 (i d and et aNghtsstfts ¢ sbo L3806 iy IRISdEled in each
startle chanbesr WQ 2010/01d 570RCISE009/06093¢:T he ki iesiicensistanhina@9-minute
sessions (first with lights off and then with lights on), of which the .first 5 minutes are for habituation,
dufthg v(‘ﬂﬁffff BRI I AGRSS 6150 UB Intinshy K BFoVidat \BikRkiA Rrie %ﬁ}é‘ﬁﬁbté’??’%& the end of each
habituatien:perad::Arstinulatiansahikdhe Bobre oo Senteldt i habituatedheadinimaisicl hereafter,
thrhee tial ypes are presented I.pscuds random orsr, 8. imes eachy, Tiiak e separated by 15-25
seconds The tral }t)ype“s gre 160! 6F T10%E Garfie diring Which e 40 118 BUrst f white noise at
100, 105elte0 dBgRepesadtdéaresulthighy 4 startlmsebpoiseniipeded of 5 minutes without light or
noise separates the two /An appropriate rat species that can be use includes male Rj: Wister
(Hans) fa$s*preacogoly ierycathstrt GPiReats a5ty With aciEXinfiie gt faageiper test of 50 g)
(Elev4? g diinissA-eronnesl Saidsiadanesud keyals should he.alloweddoranalimatize to

laboratory conditions at least 5 days before testing with frga? access to food and water, Acclimatization
conditio¥/SHéuld BBRO MY ABFE T tHERE S RBEE iH (i SEIERtHT TN ettt ¥ Brid/BiEkrown to those
skilled in:¢hteadeifteb Dot frgridhesstanple platformtesontibafosdAling stantinkstrantdhetan set of
the s 15sfimul Tbr_ega yarigbles are recgrded far each trial: the average respaonse gver the whole
recordin%%‘éwo i jff”fékﬁ‘eg ""rgéeé)%%gtéigﬁﬁg} tllr’r'gg 1&'§é§%§e"s§§n§%§?§é§ é’fa%fg'?ﬁf}éﬁgﬁy is calculated
for eacheableby averaging type under dark or light conditions and

20 Table 5: Statistically Significant Active Dose(s} of Representative Compounds of the
... Fresent lovention fn Mouse Marble Burying Assay
3 Active Dose Biatistical
Example mykg (ST injection} significance”
t 2.10,30 Fid 55y=19.6, p<b.in
2 30 B4 55)=7.2, p<0.01
41 10,30 F{4 5517, p<0. 01
58 10, 30 Fi4.,55=18, p<0.01
83 30 i F455=57, o<015
g3 30 F{4 54268, p<f.01
94 3 10,30 Fi4 58y=46, p<0.01
95 10, 30 F(4 55)=18, p<D.01
96 16, 30 4 55530, p<0.01
BECCI R 0| FESy «




calculating the percentage increase in startle amplitude (average and peak values) caused by light
(LES). The time to peak response is a measure of reaction time. 70The test is peilormed un-blinded
using, e.g., L‘IQ 'g(esﬁtlnq includes mu where each test is performed to evaluate a reference compound
(e.g., chiordiazt epo ? comparative compound (e.g., pregabalin) and/orrg%’gﬁ%%gu%g ot the present
invention, For Ic, in test I, a known anxialytic, such as chlordiazepoxide and pregabalin” is used,
followed, by test 2 using the mGliiR.5 antagonist 2-methy1-6-(phenylethynyl)-pyridine (MPEP), and
then test 3 is performed using a compound of the present invention. Alternatively, each test can be
performed concurrently, oygpsgme combinggion of sequentialjy-and cpgeyrrently. For each test, the
compound to be evaluategisis Te5tET at ore gf more doses (Siiehas 1,3, gk0; 30 and/or 100 mg/kg) via
p.o. administration 60 Minues Hefore the tegf in comparlsory:ywm)amep.@@jcontrol group. Prior to
testing,compounds can be#ested tor solubilty by cold 30Stiffiki2:pdhe-ftghest intended dose for 10
min in distilled water. If soigble, distilled water can WO 2010/@3:457 @RECH/US2009/050934 serve as
the vehicle. If insoluble, th€desticompoundsitan be suspendedsif=ashydroxypropylmethylcellulose
(HMIC) in distilled water, Mses can be préhated as weidht fisvimtie (¥WAY). stock solutions and then

serially diluted (VIM) for combtivids fixstlutionedsepardtelpweighictNOVAMEmesmpounds in
suspension. For each test, éf&‘ié}‘l@”&‘ﬁ‘eﬁfifk@d’ E)?%"Bﬁ?ﬁ‘éﬁh@f treated groups with the vehicle control using

unpaired St lesls L S in e B ed by com Wlthl gtreated group
the intensity 6'? s‘far’tre %1(’:% l%mm %{htﬁlv ﬁg%?w %ﬁ?“ @g re ﬂfcﬁ‘é’rrﬂlt" (%{ §ts. Thel
Con!‘}rl] X3V arrnaco o,,s 871 .21, 1-7) 10can be, used to

ict Tesr as described by. Voge‘glH aﬂf—z’l syc
detect anxiolytic activity of a compoun nX|oIvt|cs inc nished drinking, In the test,
rats are deprived of waﬁ%?ﬁpproyﬁggei@% &a; ,@and are gt;gé{%?@ 2 d individually into a
transparent Plexiglas't : ‘ ‘ A ainless steel bars (0.4
cm) spaced 1 cm apart..The. back wall of. the enclosure is. made of opaque.Plexigla.sl'i thereby
concealing the observer.frgm-the. expenmeﬁ%tammal iR theii?éTﬁl%d?%]%%pposne wall, 5 cm above
the floor, a metal water-sp pretrudes mtog e-cage-and- |5§§¢:?ét§ 1 50ﬁe pole of a shock
generator (Apelex: Typeﬂ :346):-The oth, %gie of- the sho' I %_ﬂ ﬁ s-corinected to the metal grid
floor The rat i.s left to emiore untll |t flncszg ’ ' yme it. drinks, it receives
econds; yier of punlshed 20drinks is

hoc Dunﬁcﬁ s m: or p%m,d msda.mc: z:-ze‘:t

Compounds of the present invention were evaluated in vivo for antidepressive effects. An

10 assessment of depression-like actions was weasured using a forced swim test similar to that
described in [IF. Cryan, ¢f ¢f. Neuroscience and Biobehavioral Reviews 2008, 29, 547-569.]
Animals used for testing were adult, male NIH Swiss Webster mice (Harlan Laboratories
(Frederick, MD})., weighing 22 to 24 g, which were acclimatized and housed as previously

described with the mice used in the mMBEB fests,

1S For the mouse Forced Swim Test (mFSTY, mice were individually placed into clear Pyrex®
cylinders {11 em diameter, 16.5 om heighty containing 11 om deep tap water {23-25 *C) sixty
min after the injection of wehicle or test compound, or 30 min after injection of the positive
control, wmipramine hydrachloride {IMI; Stgme Aldrich, St Louls, MO). Imipramine was
prepared with isotonic saline and test compounds were prepared as described previously with

20 mMB tests. Doses used were as described previously with mMB tests. The percentage of time
spent floating, swimming, and strugghing (“ciimbing™) was measured during a 6 min session.

Swim sessions were video montored and anslyzed in real-time using the Biobserve Antomated

o9




The test is performed blind with.. e.g., 10 rats per group, 'Testing includes multiple tests usin reference
compounds and cot ounds of the present invention that are prepared and administered as previously
described LES test. A%[%roprlate animalswith acclimatization conditions aB%Tf/%rs?@f) g%?eg%tthe male R;j:

Wistar (Hans (?gf}swé%lpré}viously described for t test. Data is analyzed by comparin ed groups

with appropriate controls using unpaired Student's t tests. Antidepressive effect can be evaluated
using the Hinders Sensitive Line (ESL) rat the FST and social interaction test as described in [DAT.
Overstreet and. G. Griebet Pharmacol 131ochern 8ehrn 2Q05 &2 1 223-227]. More specifically,

compoungs of e VERtanAre iesiedale @%%Q%QAQ}-:%EK%Eﬁﬁ%&%@%@é&%&%&wNRJ@@OSGS

(e.g., 10 mlg;/kg, 30 mg/kg, etc.) by preparing in 20% HP-beta-cyclodextrin and iinst vehicle control. In
addition‘to HHPS PG HRAEESRtFOPGREUES PRRUEILRESISERTL R Fatkofly YoRE8I v Stested. Test
compousds.akg adnunistered darby Jtinissiond Dnalky injeetion vOlume) for 14 days. Animals are
tested in the social interaction and forced swim tests on Day 15, 22-24 hours atter the injection on Day
14, as d€ssribeddnOuerstceat andGriebel 20053 Six wieight:animalfpeigbumitd tested. Anxiolytic
and.antidepress. e effect can also be evaluated using a paradigm fix decreased axis feedback (David
et a‘?., 26]67‘%8 N-ﬁ}h‘gé"‘tihgfﬁ'r“ an’ ‘]ie“"‘g“éa\.“i‘ﬁt‘u% n;%éggcﬁ% o%‘%?ggé E%(%?\%:‘”Hﬁﬁ%&%& C%?tﬁgs%érone in the
drinkingdetierscd s ansiety- AN Hépradsivrtike bataoioréei.10mice, The model consists of a

sustained administration of a high dose (35ttgimL), but not a low )
Anin viva effect of 3 compaund of the present invention may also be evaluated by usting the

following, non-limiting, examples of s wvo behavioral animal models. The foltowing
behavioral models are not intended as the only models useful for determining the efficacy of 2

1¢ compound of the present invention to treat the corresponding disorder or disease.

Compounds of the invention also can be evaluated in vive for anxiolyiic effects using & bhgly-
enhanced startie (LES) reflex method as that described in [Walker and Davis, Biod Psvehiomry,
1997, 42, 461-471]. The startle response is a coordinated contraction of skeletal muscle groups
in response to & high infensity snexpected stimulus. Most sensory modalities can be used, but

15 sound is most frequently emploved because it is easily controlled. Thus, when a short burst of
sufficient infensity occurs {e.g., 115 dB) an involumtary startle response occurs. High light levels
increase the startle response in nocturnal species such as the rat and this effect does not require
anv pre~condiioning. Amaolytics - ap agent that religves anxiety - decrease Hghi-enhanced

slariie,

20 Forthe LES test, an apparatus consisting of a commercially available soundproofed startle
chamber {e.g., SR-LAB™ Startle Response System, San Diego Instruments, San Diego, CA} can
be used. All experimental events and data recording can be controlled by computer program
(e, SR-LAR™ control unit). Rats are placed within the startfe chamber in a small Perspes™
cviinder, slightly larger than the rat, which is attached 1o a base plate containing a strain gauge.

28 Vertical movement of the rat such g8 occurs during a startle response results in deformation of
the base plate, which generates a current in the strain gauge that is proportional 1o the size of the
movement, i.e., the size of the startle response. A londspeaker is placed directly above the rat to
provide background sound and stimuli. A Hght source (2500 - 3560 Lux} is located in each

startle chamber.
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dose (7ilgimt4, of corticosterone for four or seven weeks. Such a treatment induced anxiety- and
depression-like behaviour in C571316/NTac mouse strain as indicated by a decreased time spent and

number of ent{)iezgliontolcs:%—:'onter of the arena during the 30 minutes open fiellg t,i(;:-%,ts %g(ilg.fggm\'/vyerea_s total
ambulation Was UnAltered. Also, the latency to feed was increased in 15cortiCosterone-treated mice

submitted to the novelty suppressed feeding (NSF) paradigm. As the corticosterone treatment did not
alter food-intake in the home cage (familiar environment), changes in feeding latency were not due to
changes in appetite or an underlying metabolic abnormality. Importantly, the adrenocorticotropic

hormongy(AGT ). and coUicamEerane {LQRILIGIRINE A @k Acuiasiiessan @Mifidced swim test

(FST)), measured as plasma- 20concentrations, was blunted’in C57131.,/6NTac mice. Theses results
were coRRRREHYA I Btraiss PRed R WeRE Hramtvens Wis tnieelngant sossrifidtl SR svisesiao

mg/kg/dayiay)iang fusxanp ekl eoMdidandpieveised theamxiehtand depiassiniolike effects
caused by a seven weeks corticosterone treatmentOF, NSF and FST. In suchadult male mice of

C57BI/6RRAESHAR (T JeBHR e A (Bl Ant ARKSH ST i ke DR HTER Sre MOWE H S eclimate to the
facility fesraicieastidr viaakpratioTesting:(e:garBeféncagriunderi Mib 06 1901 8:00)dightsdark cycle
at 22 C) with fand and water freely available. compound of the invention (30 Qf. 60 m /kg, perchow),
Tuowotit | BB Bop VA O WIS 7 VEN 0% 1 B na: TESCBh crnking
water) arsdtinnistetedi¢ocspormicé raatddBidrinking wighentlithtaithexseehislieies dorticosterorte ($5
jtg/mL). pler 4 Wee ‘a‘@@%}ﬁé{@ %HEIS&%{%S&%?L%%Q (Relow, mice atedesieddn iag foliowingebehavioral
tests: OF, NSF, EST 2010/011570PCT/US2009/050934 and sucrose splash grooming test.
Treatmeht'ig StaidBrhitTieiHbe PEDDIEAMESSEBS M EBRrIgREH (8 e YRy Water for 3 weeks
(=200 migeiper grqumk:-Khereaftenagminisiiation with Lep.o6eeicosiarene wilh eantipye, and mice
are divided into 8 groups 30 mjce as indicated below for 4 additional weeks. k 1-8 Wegek 3-7 vehicle
(PCD)VéWf&lg’ ons #t Jeast § days before testing with free access to food and water. Acclimatization

conditions should be comparable to those described in the scientific Hieratore and/or known to

thoxe skilied in the art

The output from the startde platform is recorded for 40 ms starting from the onset of the startle

15 stimulus, Three variables ave recorded for each trial, the average rf:spénse over the whole
recording period, the peak response and the time to peak respouse. The startle intensity is
calowdated for each rat by averaging the 8 trials of each tvpe under dark or hight conditions and
calculating the percentage increase in startle amplitude (average and peak values) caused by light

{LES). The time to peak response s a measure of reaction tme.

20 The test 1s performed on-Blinded using, e.g.. 12 rals per group. Testing inchudes multiple tesis
where each test is performed to evaluate a reference compound (g.g., chiordiazepoxide},
comparative compound {e.g., pregabalin} and/or a compound of the present nvention, For
example, in test T, a knows anxiolvtic, such as chiordiazepoxide and pregabalin, 1s used,
followed by test 2 using the mGloRS antagonist 2-methvl-6-(phenyiethvnyi}-pyridine (MPEP),

25 and thep test 3 is performed using a compound of the present invention. Alternatively, each test
can be performed concurrently, or in sore combination of sequentially and concurrently. For
each test, the compound to be evaluated 18 tested at one or more doses {(such as 1, 3, 10, 30
andfor 100 mgkg) via p.o. administration 60 minutes before the test in comparison with g

vehicle cantrol group. Prior 1o testing, test compounds can be tested for solubility by cold

Tt
L]

sturing of the highest intended dose for 10 min 1o distilled water. If solulile, distiled water can

1G]




vehicle (pm)fluoxen vehicle (pcD)test. compound, 30 mg/kg pa))test. compound. 60 nag/kg iclav
corticosterone vehicle fday corticosterane fluoxetine, 18mclk 354g/11th/day co.rticosterone test

compound, 30.m g/mLiday conicosterone test compound, 60 mg/ Mic tested. in the
behavioral p%g%a%én%%@his order: 0 15the mouse FST (15 animals/grougi. | ﬁséz’}é%%ﬁg f‘eld test Motor

activi is qua tif e las(r) open field boxes 43 x 43 cm (MED ass Georgia, VT) over a 10mm SCSSJO1L
Two sets ofse-modulated infrared it to beams are placed on opposite walls 2.5 cm apart to record x-y
ambulatory movements. A 40-W white bulb 20placed in the middle of the room provided around

200-1x YluninationekfiporievelAelivity caanmbers ake campuissdnieifacedsfor data. sampling at 100

ins resolution. The computer defl_nedérldﬂlln_es‘th_at divided each open field into center and surrounds
regions, WitPExer Bt Ticewhein § T Y et et i 4. 'Preperiidhf PHIBHSH RS HHERbIAI time
spent.'espumikerny af prtbe sdnig:ihecenier andidistanee taveled inthecanrtar dividesd &y total distance

tra rall motor activity i tified as the total distance traveled (cm).
separatedy wi 1.3.}2{3(&1 ?‘Q@??@i cmm.;aoun%s %‘} suspenssmz_. (cm)

5 Foreach test, data is analvzed by comparing treated groups with the vehicle control] using
unpaired Student’s ¢ tests. LES in each group will be analvzed by comparing within each treated
group the intensity of startle reaction under dark and Hght condittons using paired Student's

tesis.

The “Vogel Conflict Test™ as described by Vogel et al (Psychopharmacologie, 1974, 27, 1.7}

10 can be used to deteet anxiolytic activity of a compound because anxiolytics increase punished
drinking, In the tesi vats are deprived of water for approximuately 48 hours and are then placed
individually info a transparent Plexiglas™ enclosure {15 x 32 x 34 em) with & floor consisting of
staintess steel bars (0.4 cm) spaced 1 om apart. The back wall of the enclosure 1s made of opague
Plexiglas™ thereby concealing the observer from the experimental animal. In the centre of the

15 opposite wall, 5 om above the floor, a metal water spout protrudes into the cage and 1s connected
to cne pole of & shock generator (Apelex: Type 011346}, The other pole of the shock generator i

connected to the metal grid floor,

The rat is left 1o explore until it finds the water spout. Then, every time it drinks, Ut receives &
shght electric shock (1.7 mA, 1 8) 2 seconds afier it staris lapping. The number of punished

20 drinks is counted duning a 3 minute test.

The test is performed blind with, e.g., 10 rats per group. Testing includes multiple tests using

reference compounds and compounds of the present invention that are prepsred and administered

as previousty deseribed LES test, Appropriste antmals for testing with acclimatization

conditions are, for example, the male Ri: Wistar (Hans) rats as previously described for the LER
35 test. Data s analyvzed by companng freated groups with appropriate controls using unpatrad

Student's { tests,

Antidepressive effect can be evaluated using the Flinders Sensitive Ling (FSL) rat in the FST and
sovial interaction test as described in [D.H. Qverstrest and G, Griebel Pharmacol Biochem

Behav, 2008, 82, 102232271 More specifically, compounds of the mvention are tested at
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WO 2010/011570PCT/U52009/050934 Suppressed Feeding The novelty suppressed feeding (NSF)
is a conflict test that elicits competing motivations: the drive to eat and the fear of venturing into the ~

center of bri%lx % %%]r% Latency to begin eating is used as an index o{)e@élﬁ%olrﬁ%ﬁg avior

because classical anxiolytic drugs decrease it. The 5NSF is carried out during a period as
previously described (Santarelli et al., 2003). Briefly, the testing apparatus consisted of a. plastic box
50x50x20 cm. The Boor is covered, with approximately 2 cm of wooden bedding. Twenty-four hours
prior to behavioral testing, all food is removed from the home cage. At the time of testing, a single

pellet of faad(regularchow) iz placed Qo/Rhite RApRLPALQIMPQsHoRgd.in hasentenef the box. An

animal is placed in a 10corner of the maze and a stopwatch is immediately started, The measure of
interest tERBHIRE) FCSEBIET WhEREHE MG A6 & N Siftiig COPHE HHORRHAE A DRt th&tise of
forepawseHmmesiaigly-afierthinde st Mice:arsuiiansierne o thelr homscage;jensthihe apaunt of food
consumed in, 5 min is measured (home cage food consumptign). Mice are tested during the light
period. BSEHII0E B e SHIIY ol KRB o Hi VR GLE SALEIE S LG U Betity v 15is
assesses: hyaretdraihgammalsii theinjeoine cade(famiiadenvirghment immiedidtéheatier the test,

‘then, thg amount, of.food consumed over a 5 min-period is measured. Splash test The grooming

latency IS assessedtheregimen Fenﬁ oP5&Venth week) in the presence or absence of 3-weeks of

lluoxeting freatment ; L IRaLCRRBISIRRBAMIING 290 02012, A% SHEEOS R, PMUIONAN{hE mouse's

snout. The grooming frequenc is then recorded The mouse Forced Swim ‘Fes! A modified forced
swim tedtpreetivitre e desichibedn Bl B, P004i29) 13Prss0baIehe dbaphronic
Neuropsithephar ieebe2008: 33he ddQBnhlthis: usedeMica are plaaestindividualetata glass cylinders
(height: 25 gm diamge er:_lo%m fco‘ntvafinig% 118 cm water t atBi%rg%in}?_lqegr,,a 2352?-0_ gnde
videotagEP i bE e ATHTA T THTBESDBURIBHTHIRR A pOSHioHEy dirbe i on tid' SdeBY the
cylinderdAsz ifforeade, af swimminganthclimbingdhas bee litkddatommact vatierdfseegiomirergi.c and
noradrenergic. s Siem in ratstee Enlihr F ancg cki Phq icri EX ran:,2000,.295, 3,

SRR Deh S u%?x NS By %.~ SeARine <pen
1120-11°98 gﬁg}ln! rﬁlcgis&é%,ré}?g., B%iéwa%?%w J?(_) 46” If(%l{licé’%at%i%}( 0 5 : r((a?slfc%fectlS ‘Ti/t Therefore,
the predomimanbdeiamiomrs iito center of the srena during the 30 nunutes open field test {OF),

whereas total ambulation was unaltered. Also, the latency o feed was increased in

15 corticosterone-treated mice submitied o the novelty suppressed feeding (NSF) paradigm. As the
corticosterons treatment did not alter food-intake in the home cage (familiar environment},
changes in feeding latency were not due to changes v appetite or an underlving metabolic
abnormality. Importantly, the adrenocorticotropic hormone (ACTH) and corticosterone ({CORT)
response to an acute stressor (6 min forced swim test (FST)), measured as plasma-

20 concentrations, was blunted in CS7TBL/GNTac mice. Theses results were confirmed in CD1 strain
mice. Three weeks treatment with the antidepressant imipramine (40 ma/ke/day ip) and
flucxetine (18 myfky/day ip) reversed the anciety- and depression-ike effects caused by a seven

weeks corticosterone treatment in the OF, NSF and FST.

In such test, 240 adult male mice of C57BYENme strain {Taconic Farms (Denmark)), §-10 weeks
25 old, which are allowed to acclimate to the facility for af least 1 week priorto testing {e.g., 5 per

cage under a 12 b (06:00-18:00) light-dark cycle at 22 °C) with food and water freely available.

A compound of the inventgon (30 or 60 m/kg, per day in chow}, fluoxetine {18 mekg per day in
drinking water) or vehicle (0.45% B-cyclodextrine, BCD in drinking water) are administered to
mice treated via drinking water with either velucle or corticosterone 33 ug/mbL)y. After 7 weeks

30 of treatment as indicated below, mice are tested in the following behavioral tests: OF, N8F, FST
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WO 2010/011570PCT/US2009/050934 (swimmin, imn obility or climbing) is ored here during the last
4 min of the 6 mm testing period. Anisiolytie-like properties also can be evaluated described in [S.F.
File and P. PF n Joi these additional tests: () social interactio 463,
35-53]and (%?(é g\%‘{e?ég Eﬁjs-maze described in [SM. Korte and S.F. De B%{ér u%gﬁgégg%gumal of
Pharmacology, 2003, 463, 163- 175]. Parkinson's disease (PD) can be assessed by oxicrtvFP in rats
as described in [E. H. Lee ei at Chia Phvsiot, 1992, 35, 4: 317-36]. Also experimentally induced.
striatal DA depletion in animals is a valid model of Parkinsonism, as described in [W. )0Schultz Frog.
Neurobigly 4282 181£213:rhe 488 Tedne caRAsly; Al AN UREIANEES P Larpage - salesholaminergic
neurons has been used extensively to produce DA deficiency in animals, as described in [L. E. Annett
et at Expeiidursly209a, thealipkpecamety pevagdselsad b messarhg N satistoxicity induced by
6-hydroxydepamms (GriHRH) asdascHberldn Brayese ANeWEQsYL G023 13:pReY-5678; D.
Rylander el al. | Phan/Kira Exp. Mgr, 2009, 330, 1: 227-235; and L. Chen et al Brain Res,, In Press,
Uncorretted B 8d I a Sad BrROShifNe 813¢Re 8% Hoi IDIb bramies.2009 06 040]. Fragile X Syndrome

© 5 Weeki$ Week 3-7
veshicle (BCD) vehicle
vehicke (PCID) fluoxeting, 18 myke
vehicle (BCDY) test compound, 30 metke
vehicle (BCD) test compound, 60 me'ky

10 35pg/mLiday corticosterone velicle

o

33ugmlfday corticosterone  fluoxetine, 18mykg

£

ISupimlb/day corticosterone  test compound, 30 mg/kg

35ugmliday corticosterone  test compound, 80 mg'kg

-

Mice are tested in the behavioral paradigms in this order; OF, NSF, sucrose splash test and then

i3 themouse FST {15 anumals/group).
The Open-field test

Motor activity is quantified in Plexiglas® open field boxes 43 ¥ 43 em” (MED associates,
Cieorgia, VT over a 10 min session. Two sets of 16 pulse-modulated infrared photo beams are
placed on opposite walls 2.5 cm apart 1o record w-v ambulatory moevements. A 40-W white bulb
20 placed in the middie of the room provided around 200-Ix illamination at floor level. Activity
chambers are computer interfaced for data sampling at 100 ms resolution, The computer defined
arid [ines that divided each open field into center and surrounds regions, with each of four lines
being 11 cm from each wall. Dependant measures are total time spent in the center, the numbers

of entries into the center and distance traveled in the center divided by total distance traveled,

B-J
[¥ 4]

Orverall motor activity is quantified as the total distance raveled (cm).
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be. assessed using. the. - imfgy mouse model as described in [Q. el al. Neuropharmacol., 2005, 49, |
053-1066] as well as the Fair 1 knockout mice with a selective reduction in inGIuR5 expression as

described va% B{%}&%%t Neuron, 2007, 56, 955-9621. Precl nically, anirp%@;&}ﬁ%ﬁg evaluated for |
|

blockade/attenuation 0f symptoms associated with schizophrenia, Positive symptoms in animal models
of schizophrenia can be evaluated by measuring changes in the overall level of activity of dopamine
(DA) activity with concomitant parallel changes in locomotor activity as described in [R. ,Depoortere et
at Neuromiehophartnacol2003, 28, Sl, 1889-902], D-amphetamine (AM,P11) and phencyclidine (PCP)

via indu(?;{,Q@V;gj,ép‘ggg%g%@pﬁj%@mjocomotor hyperactivity as described in RV. |, Freed et at
Neumphartnacology 1984, 23, 2A: ;[75-81; F. Sams-Dodd .Neuripsychopharrniwology, 1.998 19,1,

18-25]. Fae axanplasPripeoietnci @Isi3008 chave deseribad tasisfapavaluatingiitogometor activity,
catalepsrﬁ{, g:l_imbing acl?n% stereo%%, which WO 2010/ tlgég JF;CT[US 009/050934 . relatte to positlve
symptooI&dy ERE ¥ decdrEcY prBtie e ?n‘ﬁi%%wspl S i And S DiCAr &mipay chotie
efficacyiAttetuatiomirapbmerghifiecihcuced bhvmistetectyplandisatalepsydAl@icaribe evaluated
as desciihed in [Y. K. Fung.et al. Phar Blocher' .Balav., , 204,00 139-41 and.Y. K lung etal.
Srororia. Toar A0 I R e e b aetl ety
measurify st intsrasticnideticostiNNeD A aMagonists Budlvds Pem gt widscribed in F.
Sams- Dadd,. 1998 SUREAEOHNEY S SHRRIARS Al MEMRNY I Psldinghose dramifizheirper's disease,

can be evaluated by such models as the Fear Conditioning Paradigm described in [T. J. Gould el al.
Behav, 1D1RANHAESE Spbomesage oiigAianaTAY oA el Brain 28496 2. 1967-75] and
the Radighfwn T esideseribeg il PsAgalRtonsiakddus; JRraim Rasanlff6: 19:2:(83-46],
1 comer of the maze and o stopwaich 18 immediately started. The measure of interest {chewing) is
scoved when the mouse is sitting on its haunches and biting with the use of forepaws.
Immediately after this test, mice are wansferred to their home cage and the amount of food
consuned in 3 min is measured (home cage food consumption). Mice are tested doring the hght
period. Because antidepressants are known to have varous effects on appetite, the feeding drive
15 i assessed by returning snimals in their home cage (Familiar environment) immedvately afier the

test, Then, the amount of food consumed over a 5 min-period is measured.
Spleesh test

The grooming latency is ussessed at the end of the corticosterone regimen (end of seventh week)
in the presence or absence of 3-weeks of fluoxetive treatment. This fest consists in squirting 200

20wl of 2 10% spcrose solution on the mouse™s snout. The grooming frequency is then recorded
The mowse Forced Swim Test

A modified forced swim test procedure as desortbed in [Dulawa et gl Neuropsychopharmeol.,
2004, 29, 1321~1330; Holick et al,, Neuropsychopharmeol.. 2008, 33, 2, 406-417] is used. Mice
are placed individually into glass oylinders (height: 25 om, diameter: 10¢in) containing 18 am
28 water that is maintained at 23-25 °C and videotaping will be for 6 min vig a fripod-mounted
cantera positioned directly on the side of the cvlinder. An increase of swimming and climbing
has been Haked to an activation of serotoninergic and noradrenergic sysiem in rats {see, e.g.,
Cryan and Lucki, Pharmeol & Exp. Therap., 2000, 295, 3, 1120-1126] and 1w mice {see, eg,

Dulawa ey al, {2004), Holick ot al,, (2008)]. respectively. Therefore, the predominant behavior
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while spatial r nee memory and learning can be evaluated in the Morris watermaze test as described
in [Morris. Learn. Molly.,.1981, 12, 239-260; B. Bontempi ei at, Eur. Neumsti. 1996, 8, 11: 2348-60],
More specificall is watermaze test" a circular water tank et % N ight) is filled
With about Cﬁi%ﬁ%ﬁ and maintained at 26-28 0C with an escape plat?érm 1%%3%3 iameter) 18.CM
from the perimeter and always in the same position 1.5 cm beneath the surface of the water. The
water is made opaque by addition of a non-:rade coloring agent (e.g.:milk powder) rendering the
platform invisible. Animals are given a single training session over a single day. The training, session
consists of i cRRSEEHING TR I 4Bihe Walermars. 28Rl Seraratadby S0irecandse.diag each trial, the
animal is placed in the watermaze at one of two starting points equidistant from the escape platform
and allod&@4o find the escape platform. The animal is left on the escape platform for 60 seconds
before starting a. new trial, if the animal does not.find the platform within 120 seconds, the animal is
rormoved HOR e B DR S DR o 6 & AR oA theos A Aimals
start thedesatéred az E5tiide dfromt RabhlstErtineypoiftima rdhBormyaéternitti e peilamimal.
Appropriate, n for testing %evit 8 gli\r}flaig Q%{i gd'g,jg%%g,rg [fg, %a}%ig}e male Rj: Wistar
(Hans) r{ag?tse% Jé?é@ %&%%e@%‘fh%é@bﬁhé LEéRfest. The trials are \{/liéi o-recorded and the behavior of
animalsibaamahpresy udifg d4fadking! 73 lsystem (SMART, Paidab, S.L., Cornelia (Barcelona), Spain).
The principal measure taken in 30each trial is the distance traveled. to find‘theEllatf(‘)r_r‘n._lSecondary
measureEaREM AFBsTHEE IVt CHY O S0N0769 15 TOBETRISDBA8/IEYSH Pl Ahddet4be latency. The
test is paeiRimediblindiusiag.for example:asats pey, testigrupidiesting dnshudesimailtiple tests using
reference com p_undls agg com ounds, of th% PQ??%”}J ‘éFQ-iB”f __hl}astu%r%ipr%%%r%g ahgc‘lt_;ﬁministered as
previoud R HESHIERA PESRE o SRRYE S i S gel L e by mBaihg e aied Groups with
vehicle dehtiols’usinganebivay 1ARIOYA Tolloweddy Dunretisty eSteridio mbssasesdonparability with.
the alormENIgTHa 0sLIRRTIELIFSLI0. 80 tenlnu @ls A SuRERRA P waIer depivalion o

apprOX|m¢§%§E/ _ fore the test ay 1); however, testing is performed in non water-deprived rats
(Day AddisoratlindithtreSpest €6 Goghitidmarie hifBdcampal FipdtluRetisnint ¢ in Beeassessed by

measuripg the;restoration.otisxnapiicplasticity inavatiestomized VX temalenats, 19as described in
[M. Day and M. Good Nowa,earn, Mein., 200

| N , 2005, 83, I: 13-211. Further changes in attention function
becausdPBthiZ sPhteiia eai b 8kammingdd 1P theP Eve (B ERefEE 4ttibr st BCSRT)
deseribegin [Iabs Matir et &ty Nyehapharmaeolegy Ber)rd8, 1n 82-92andReblimswet,cd. Ana N. Y.

Acad. Sci., 1998, 846, 222737%. Human patients can be evaluated. for cognitive diseases or disorders
oy any G H T2 Wk FE SUI SFempCo P e o Sy

Fragile X Syndrome can be assessed using the finr/

B i

" mouse model as described in [ Yan
or . Newropharmavol., 2005, 49, 1033-1066] as well as the Far{ knockout mice with a
selective reduction in mGiuR S expression as desoribed in [G. Ddlen ef ¢l Newron, 2007, 36,

20 9559621,

Preclinically, animals also can be evaluated for blockade/attennation of symptoms associated
with schizophrenia, Positive sympioms in animal models of schizophrenia can be evaluated by
measuring changes in the overall level of gotivity of dopamine (BA) activity with concomitant
paratiel changes in locomotor activity as described in [R. Depoortere ef af,

25 Newropsvchopharmacology, 2003, 28, 110 1889-902], D-amphetamine (AMPH} and
phencychiding (PCP) via induction of model psychosis or locomotor hyperactivity as described in
IW. I Freed ef af. Newropharmacology, 1984, 23, 2A0 175-81, F, Sams-Dodd
Newrapsvohopharmowology, 1998 19, 10 18-25], For example, Depoortere el al.. 2803, have

described tests for evaluating locometor activity, catalepsy, climbing and stereotypy, which
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Analgesic activity can be evaluated by neuropathic pain model (tdescribed in [Kim and Chung, Pain,

. 1992, 50, 355-363]. Tight ligature of spinal nerves in rats is associated with hyperalgesia, allodynia
and spontaqﬁc})% %1 in 7%nd therefore constitutes a model for peripheral WHJ@%@%@%@ in humans. -
Antihyperalgesics redluce these chronic signs of pain 20 hypersensitivity. Thus, in the. Chung model,
rats are anesthetized (sodium pentobarbital 50 intilkg i.p.) and an incision at the 1..4-S2 level is
performed to expose the eft.E.5 nerve after cleaning the flank with chlothexidine in spray. A cotton
thread (standard, non-surgery quality), ed with pure alcohol, is placed around the L5 nerve and a

simple ligatuke j»tigdktighthtareund the Yieetve: Phavospeisthensuured andisprayed with
CothNeeZ(%drocotyle 'spray) (Neogen"' Corp., Lexington, KY). The rats rec ?& g§ a.s.c. injection of

ClammyTPicey apiy i SPERNGIEG (T Tecsvet TRt R ¥ \%}%‘k‘%r%}ffg? THEEEHFERPifen the chronic
pain Staetﬁz@fwiv ztﬁat@l{@zépgat@\am suibpaittediaarsecitivabetdtdstig dnathenhdlistimutation of both
hindpa 0/0 O,PCT/ 2009/0%0 Fortactjle. stim I t | laced under
an mvevr}{fgfﬂ‘ LI 6533&%% (’1 )g % qx cgm§ 0%3;} lén ?IO{)S The ﬁ %nﬁéﬁé?c%romc Von Frey probe
(Mddel Mﬁﬁg@ﬁ@ﬁ&&@atﬂﬁrﬂt&stﬁ%adek%@ﬁamde)awtmrbapphhdtwith\rlmﬁmsm@ fowek first to the
non-lesialiee.a0¢.Ihen Hie srianed PodRs ANt R QIRS IRpLiEGURKRS AR wiidrawal s
automatlcaklﬁfa recorded. 5Tih|s procedure is carried out 3 times and the mean force per paw is
calculat@é@dﬂﬁéa‘t?%ﬂmuIatlon the apparatus (No. 7371, [Igo Basile, Corned VA, Italy) ¢ individual
acrylic plastic boxes (17 x 11 x 13 cm) placed upon an elevated glass floor. A rat is pla r%ln the box
and left FEETRABTRAR TS TERTRUIES IR BRsS ARET S04 ST t§§?ﬁ‘¥’é‘° (@é‘ﬁ? FHHERA g 2) is then
fOCUSGdsH&ﬁtW ihenpoB:lasindathangd thenithe tesioved hifidpawand she/ paskamithdrawal latency is
aut aII rec ord revent e dama ey, the SOLrCE, IS, fic turned off
aft% Fﬁﬁ PF%?%’[(? r“ecesjl‘\énﬂ}ncg{;g %gp%u?ﬁraeng Fﬁen Ga!ﬁim %Ba?egsu%m%ed ?g?tac%% stlmulatlon
of the hmmmamgméddmttéa‘tmigmupsmfm&hedmmtﬁ@*bag@%ﬁﬁhe paif-#ésponse of the
lestoned, pindpany Te5st mastiormad BindJ aing. WaRxamplend AaietArpad s er aroup.

Appropriate an s r testing are, r example, the male Rj: Wistar (Hans) rats as previously
describsisaib el Bmest. Festibyincl 4085 duRble 8B Banyrolereted orhpsurds/and

COMPOUpiE 0f the. RIasent 'W&%%@m@%%@'%@ﬂzé%ﬁﬁ;?ﬁ@%@@é& and Mﬁ%&m&m&g&sly described

for the LES fest, duloxetine can be used as a reference compound since it is an ntl %@grgesm with

redpect ‘tb‘aﬁéﬁ?@ﬁﬁﬁ%f&rﬁﬁFﬁ%ﬁﬁ&%ﬁmtﬁ%ﬁﬁﬁ%@gﬁmﬁﬁf&ﬁﬁéﬁ fﬁ’%@%ﬁ*ﬁ epared

and admjpisteredas pr&vm&lyﬂ@ﬁ@%m&d&&r@stfﬁ@sne@@aﬁaw ﬁ;&ffﬂmedauﬁmgﬂime same batch of
operated rats repeated h1 a mlmmur‘g yash-out of | week between. tregtt}mggt{zm \So, to increase
compardBifttFitn i éfg“l;g ERtBHAE %iﬁfl 8‘]"? &g’ Fate e dihyects

6 Water-deprivation
for appraximatédy]146d&eutrsebzefmékqa:emmmeﬁ@reg@h@hﬁh@m@deﬁt@s&mlmﬂmmanalyzed by

- comparing yealed grouos v APOTORKAIE CANElR HSIUGUBRRIRARIAPDLR LIRSS Addiionally.

analgesm: Anticinframm atory activity can u
26 the watermaze, each separated by 60 seconds. For each ma  the animal is placed in the

watermaze at one of two starting poinds equidisiant from the escape platform and altowed 1o find
the escape platform. The animal is left on the escape platform for 60 seconds befure starting 8
new trial. If the animal does not find the platform within 120 seconds, the antmat is removed
from the water and placed on the platform for 60 seconds. Daring the 4 trials, the animals start

the watermaze twice from each starting point it a randomly determined order per antnal.

2
1]

Appropriate animals for testing with acclimatization conditions are, for example, the male Rj:
Wistar {Havs) rats as previousty described for the LES test

The trials are video-recorded and the behavior of animals is analyzed using a video-tracking
system (SMART, Panlab, 8.1, Cornelta (Barcelona), Spain}. The principal measure taken in

30 each trial is the distance traveled 1o find the platform. Secondary measures taken are the swim
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Paw Test in the ;rouse such as that described by [Wheeler-Aceto et al, P.sychwharmacology, 1991,
104, 35-444 For the test, mice are given an intraplantar injection of 5% formalin (25 id) into the
posterior left paw. T@ii%?eatment induces paw licking in control animals. ! j WO
2010/011578P§(:2‘H% 89/050934 king is counted for 5 minutes beginni%gﬁglﬂggfg?/ﬁ%géﬁon of formaiin
(earl phase) and for 15 minutes starting 15 minutes after | j rim of formalin (late phase). The test is
performed blind using. e.g., 10 mice per group. Appropriate animals for testing for example, male .R;:
NMRI mice (Elevage Janvier), weighing 20 - 30 g (max. range per experiment 5 g) at the beginning

Oftestingpéiai mRisRmsasrimatizedas describaddanibe.animals usadin thek& Setast Jesting includes

multiple tests using reference compounds (e.g., morphine), comparative compounds (e.g., gabapendn
and did gt At CHM B HBNSIMAS BrESERT FRIBAHIBHE EhiBEIME BIhETRIEioN can be
evaluateghatiouliiRie:foses.asipRieviaushideseibeckindng [ Badest: Ak agimiristesesl ®s¢. 60 minutes
before Formana ip\_co. parison with a. v§hi_cle control group, while morphine (64 ingélﬁg%p.o.),
ga.bapetitih P HIGAYY S U AREAHEY tﬁﬁ%‘sﬁ‘d"fﬂ%ﬁ(@ S SO LRI 4R 760 hinutes before
formalinfoDatecisharialyned tyteom faring ¢reatecigrobpiswithlvékietercontrobgrod bpstisimglumpaired
Mann-Whitney Et tests, Multiple. sclerosis can.be evaluated by the experimental'mut ceph.alon(EAE)
odel QseA e L B e e P R TR e e i
recognizB#hdtvaristischetige ssasdiomubiifisations rday bednadéleyadpects or embodiments of this
invention and that such changes and/or modifications may be made without departing from the spirit:
of this inVeFioHEhhatRRIRSPICIS IHEIERN AT TRE AP dHRRRF AR S BSVE S H QUBA Edfiibalent,
variationgsasswithfahsithinde: Rithandscopamefiibisiinvantinn.2Rkachieference ciiediin e present.

application v - _._including literature referepces, hopks, pat:e.nts and patent

o catoHE R R, S RHSRHCL T L TR prbbent Sr MBI a LS,
Nonprovisiegas ﬁ&amm%ppilimaﬁmtammg‘ thieihenefitiof:ih 8e B-srmisi@haf ﬁqgm.igaﬂﬁ?)ﬁmﬁs. 61/083563
and 61'15608?@&?@091%%5{22.9%%@&%%&8993@ 299%. rERRESHYE M SASRA MAISH, IS herin

) Bl
incorporated by reference in its em.fit
1995 748, 1: 82-92 and Robbins et al. Asmn NV, Acad. Sei, 1998, 840, 222.37).

Fluman patients can be evaluated for cognitive diseases or disorders by any of the tests within the

15 skill of those in the art
Analgesic aciivi.ty cant be evalunted by newropathic pain model (the “Chung model™) as desenbed
in [Kim and Chung, Pain, 1992, 50, 335-3631. Tight igature of spinal nerves in rats is
associated with hyperalgesia, allodynia and spontaneons pain, and therefore constitutes a model
for peripheral neuropathic pain in humans. Antihvperalgesics reducs these chronie signs of pain

20 hypersensitivity. Thus, in the Chung model, rats are anesthetized (sodium pentobarbital 50
mg'ke 19 and an incision at the L4-82 level is performed to expose the left LS nerve after
cleaning the flank with chlorhexidine in spray. A cotton thread (standard, non-surgery guality),
disinfected with pure aleobol, is placed around the L5 nerve and a simple ligature is ted tightly
around the L3 nerve. The wound is then sutured and spraved with CothiVer™ (hvdrocotyvie

25 tinetwre spray) (Neogen™ Corp., Lexington, K¥). The rats receive a s.c. injection of Clamosyl
{0.67 mL/kg) and are allowed to recover. At least 2 weeks affer the surgery, when the chronic
pain state is fully installed, rats are submitted consecutively to tactile and thermal stimulation of

both lundpaws.
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What is claimed is: 1)A compound of formula (H: (0 wherein: Rl is C2-C6alkyl, cycloalkyl,
ketocycloalkyl, heterocyclyl, aryl or heteroaryl, wherein each is optionally mono-, di-, or tri-substituted
independeng%yevgggbf? glmalkoxy, halogen, cyano, nitro, trifluoroalkyl, aming.alkylamiag.dialkylamino,
acyl, aryl, heteroaryl, heterocyclyl, heterocyclyl-R3, -NHR3, -N(alkyl)R3, -C(0)NHR3, -C(0)N(alky)RS3, -
NHC(0)R3, -N(alkyl)C(0)R3, -OH or -0R3 ; and R2 is alkyl, cycloalkyl, ketocycloalkyl, heterocyclyl, aryl
or heteroaryl, wherein each is optionally mono-, di-, or tri-substituted independently with alkyl, alkoxy,
halogen, cyano, nitro, trifluoroalkyl, amino, alkylamino, dialkylamino, acyl, aryl, heteroaryl, heterocyclyl,
het%ggv@%{a@ﬁed}ihﬁ&mhl(%mﬁiﬁé zﬁ%&fﬂﬁ%@%}l)ﬁi@ﬂlﬁ/mﬁﬁwwmmf&% 14; N(adlyD €{0)R3, -OH
or - ; wherein: . R3is C1-Cgalky| or Ci-C6cycloalkyl, which is optio ; tituted with halogen,
- CaalkEy O LNOEN TS TP CEESETIN  R ERI 2 { ot ey
C1-C3alkydearlramaies-GQ)NK I dal kyhhasGEOiN(e firt Ja by ) -1 HEORC hea3hkky |,
-N(CI-C3alky1)-C(0Q)-C1-C3alkyl, OH, or -Q-C1-G6alkyl. with the proviso that the compound of foimula
(1) is no eﬁ'@/ﬁ% 81’%%_%? P Fqﬁlé?r%ﬁ(}al{ﬁé 5% 1_1reh eft% (1)n.x ﬁ%ee%xz&a?ﬁlz le(%f;ﬁ fi{xﬂ ammngﬂg&?} F PRI
N'-(3,3-ddanpanmtydenebis(decthaxyserzam ide kg Nbes Padamantyleredbis(4-methoxy-benzamide);
N,Nr-(1,3-adamantylene)bis(3,4,5-trimethoxybenzamide); N, e ) .
N'-(1,3-AeafrahtjHbying roumasais and &Y N, Kea Bt hantie ne)blébie Aosmuas!
%N'-((ll §f@édm- nivle y &?é&@é(émﬁa%tz@g%aamigehh@ﬁﬂp;w& %Q%QMW%QM&M, h@Oﬁ/&@@@M
"-(1,3-adamantylene)bis-(3-pyridinbid or a pharmaceutically acceptable salt thereof The compound
of claimAakheRalls IRSHH K5 dRe BOIRMIA ©OMRE ROMSEuNd sPEfi "i‘"‘?ﬁé?éiﬁ“hs%&fﬁ%ﬁzﬁe both
heteroatyt. 43T he:camnpennstedaldim dnydavhereimRlcdgaadnd R2ristheteraanybindpaw and the

10 paw-withdrawal latency is automatically recorded. In order to prevent ussue damage, the heat

source is automatically turned off atter 435 seconds.

Prior to recelving compound treatmernt all animals are submitted w tactile stimulation of the
hindpaws and assigned to treatment groups matched on the basis of the pain response of the
tesioned hindpaw. The test is performed blind using, for example, 10 water-deprived rats per

IS5 proup. Appropriate animals for testing are, for example, the male Rj: Wistar (Hans) rats as
previousty described for the LES test. Testing includes multiple tests using reference
compounds and compounds of the present invention. In addition to the pregabalin and MPEP as
previously deseribed for the LES test, duloxetine cen be used as a reference compoumd since it is
an antihyperaigesic with respect to neuropathic pain associated with diabetes and fibromyalgia.

20 Compounds are prepared and administered as previousty described LES test. Testing can be
performed using the same baich of operated rats repeatedly, with a minimum wash-ouf of 1 week
between treatments. Also, to increase comparability with the aforementioned Vogel conflict test,
in all tests, rats are subjected 1o water-deprivation for approximately 48 hours before each fest.
For each Chung maode! test, data will be analvzed by comparing freated groups with appropriate

23 controls using unpaired Student's 1 tests.

Additionatly, analgesic/anti-inflammatory activity can be evatuated /s wive using the Formalin
Paw Test in the mouse such as that described by [Wheeler-Aceto et al, Fsychapharmacelogy,
1991, 764, 35-44). For the test, mice are given an intraplantar injection of 5% formalin €25 ul)

into the posterior feft paw. This treatment induces paw licking in controf amimals, The time spent
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The compound of claim 1, wherein 1V is aryl or heteroativil and R2 i.s cycloalkyl, ketocycloalkyl or
heterocyclyl. 6)The, compound of claim. 1, wherein either Rl or R? is heteroaryl The compound of

claim 1, wh ﬁ)g %%%r Rl or R? is aryl 8)The compound of claim I, whergipejtbarHJ96R-2 is

cycloalkyl. 91The compound of claim 1, wherein at least: one aryl is phenyl. The compound of claim 1,
wherein at least one heteroaryl is pyridinyl, pyrimidinyl, pyridazinyl, thiazolyl" pyrazolyl., indazolyl,
thiophenyl, furanyl, benzothranyl, benzokijisoxazolyl, benzoxazolyl, benzothiazolyl,
dihydrothieno3,4-bill.,4idioxim furanyl, imidazo[1,2-a]pyridinyl, indazoiyl, indolinyl, indolyl,

isoquingiistyl s inoxazelvl corePRRYEdIRYli AR Z Ol e DYERZIM: @yéuw{ OYveRzinyk pyrisiad)
pyrroloP,2- C|pyr|d|nyl quinotinyl qumoxalerII thiazolyl, o thlo Egl 1}%% he compound. of claim 1,
eSS

whereirfe§dRsgiRyPi §ii§§7bft’)ﬁﬂf§# S EISHERAE IS RAN 5P & compound of claim 1,
wherein, tleast one%%1 Iﬁ/l aryl or het argl |s ubstitut ql§§ EQThe

Y f
compouh 6%Ialﬁ$q ererliral &% ffo110" ?—p%r‘t‘ri}%b ﬁljﬂegﬁsgrg}ﬁfgﬁgﬁlé%ﬁﬁy selected from
the groupr m&stmgmlfuﬁetmwfﬁﬁnethﬁo@t‘dﬂ!melhyia#ﬁmﬁ-aih@xy&rneﬂwﬁ?ﬁmedfdiﬁi@ﬂhylarn|no, cyano,

chigro, %Xséwngww aminosdimethylaningethax, methy b meihylaminetathey fworo,
-COMICH uranyl pyrrolidinyT, thio henyl and trlfluoromethyl WO

2010/0EE5TOPEFAIS JopbIEe934! eE R LB U E B ek ﬁif@'f%@?&%&ﬁ@ﬁé@?&é@r is pyridinyt,

and the pyridinyh is Girp QhiRsubsiituied @SLIOrﬁ\ﬁa@lyz}dﬁfm&doifelmmﬁlﬁmuﬂ@@f;ﬁiﬁmﬁr&é wherein the
mono-, di-, or tri- substltutlons are mde endently heteroasyl het roca/ﬁ%‘li’ h teroc%\;h I F§}3
N(alky BIRSTHIRGHSIFTR S R RS HARS Sty MEHEE 16} e BBRREURA OF IR B RErH

erelnﬁ%e cycloalkyl
is tetra- ﬂ@&éﬂﬁbﬂiﬁd with fis esinexl Aihe easpourid ofistaimbiianhiereinl the: compoimd isith a

TR G BRI . ol FOSLALFE 0
N,,V-(4"3acamerityfeng)his(4- p@mxﬁebﬁgmm@ép minutes before formalin, Data is avalyzed

by comparing treated groups with vehicle control groups using vapaired Mana-Whitney U tests.

Muliipie selevosis can be evalvated by the experimental astoimmune encephalomyelitis (EAE)
model described in [H. Y. Liveral. . Newrosed. Res. 2002, 70, 2. 235-48],

15 Those skilled in the art will recognize that various changes andfor modifications may be made to
aspects or embodiments of this invention and that such changes andfor modifications may be
made without departing from the spirit of this invention. Therefore, it is intended that the
appended claims cover all such equivalent variations as will fall within the spirit and scope of

this Invention.

30 Bach reference cited in the present application, including literature references, books, patents and

oatent gpplications, 1s incorporated herein by reference in s entirety.

The present application is a 115, Nonprovisional Patent Application claiming the benefit of US.
Provisional Applications Nos. 61/083563 and 61/160804 filed July 25, 2008 and March 17,

2009, respectively, each of which is herein incorporated by reference in is entirety.
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"41,3-adamantylene)bis(3-cyano-benzamide); Pyridine-2-carboxy4

acid[3-(3¢RfBr5-Hai26Y irnino)-adamanian-1 Rytidine-2-carboxylic
acid[3-(3-¢cyang-benzoylaming)-atiama n-I-yll-amide; Pyridine-2-carboxylic acid

43-[(1-méthy 15 SHBRASH 2L T3 Faz01e-3-carb aminokadam.antan-l-y1}-amide:
Pyridine-2-carboxylic acid1-1-methyl- -pyrazol e-3- adamantan- 1-y1 }-amide; 2-Meth y1-2H-i ndazol
e-3-carboxylic acid 3-[(pyn dine-2-carbony 0-ami bFadamantan- - yl4-amide;
6-Methyl-pyridine-2-carboxylic acid (3-benzoylaatlf~adamyl)-amide; Pyridine-2-carboxylic acid
P-(4-dimethylamino-benzoylamino)-adamantan-Iyliide; Pyfgine-2-carboxylic acid [3
-(4-methoxy-henzoy lam i no)-adamantan- INEmid.e; $ytethyl-pyridine-2-carboxylic acid
P-(3-fluoro-benzoylanxino)-adam.antan-1.-(j-a de, :Pygh ~2rcathoxyl ¢ acid
[3-(3-cyano-boylamino)-adamaritan-I-y1]-amide; WO 2010/011570PCT/US20091050934
Pyridine-2-carboxylic acidzofuratcarbonyldamantarfi}-y11 -amide; Pyridine-2-cxvlic acid
1.344-(2:dimethyla-ethoxy)-benzoylaminoradamantan-1- yl) -amide; 6-Methyl-pyri2 arboxylic acid (
[(pyridine-2-carbonyl)-amInol-adamanta amide; .NN '-(1,3-adam-amy ene)bi s(4-methy 1 -pyri di
ne-2-carbo ani)lideli' Nil'-0,3-adamantyleneibi s(quinoline-2-carboxamide); n-(1,3-adamanty

cne)biqqumgg(aef? -2-carboxamide ; N,AP-(1,3-adarnantylene)his(thiophene-rboxami de.); N,

An-(1. 8-y e O ke P Y e G T b2

each is optionally mono-, di-, or tri-substituted independently with alkyl, alkoxy, halogen,

Ccyano, nitro, trifluoroalkyl, amino, alkylamino, dialkylamino, acyl, aryl, heteroaryi,
heterocyclyl, heterocyelyl-R’, -NHR?, -N(alky)R?, -C(O)NHR?, -C(O)N(alkyl)R®, -
NHC(O)R?, N(alkyD)C(O)R’, -OH or -OR? ; and

R” is alkyl, cycloalkyl, ketocycloalkyl, heterocyclyl, aryl or heteroaryl, wherein cach is
optionally mono-, di-, or tri-substituted independently with alkyl, alkoxy, halogen, cyano,
nitro, trifluoroalkyl, amino, alkylamino, dialkylamino, acyl, aryl, heteroaryl, heterocyelyl,
heterocyclyl-R*, -NHR”, -N(alky))R®, -C(O)NHR?, -C(O)N(alkyl)R?, -NHC(O)R?, -
N(alky)C(O)R?, -OH or -OR?; wherein:

R%is C1-Cealkyl or Ci-Ceeycloalkyl, which is optionally substituted with halogen,
C1—C3a1koxy, OH, -CN, —NHZ, —NH(C}~C3alky1), —N(Cl-C3a1ky1)2, C1-

Csalkylheterocyclyl, C;-Csalkylcarbamate, -C(O)NH(C;-Csalkyl), -C(OIN(C 1-Caalkyl)s, -
NHC(0)-Cy-Csalkyl, -N(Cy-Calkyl)-C(0)-Cy-Calkyl, OH, or ~0-C,-Cgalkyl;

with the proviso that the compound of formuia (I) is not:
N, N’-(1,3-adamantylene)bis(3-methoxy-benzamide);
N, N'«(1,3-adamantylene)bis(4-ethoxy-benzamide);
N, N'~(1,3-adamantylene)bis(4-methoxy-benzamide);
N,N'-(1,3-adamantylene)bis(3,4,5-trimethoxybenzamide);
N, N'-(1,3-adamantylene)bis(2-iodo-benzamide);
N,N'-(1,3-adamantylene)bis-benzamide;

N,N'-(1,3-adamantylene)bis(3-nitrobenzamide); and
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NN'-(1,3 dtylene)bis(1-methy1-1H-pyrazole-3-carboxamide); 5-Methyl-pyr.-2-carboxylic acid
13-[(1-methyl Fi-pyrazole.-3-carhonvl)-arninoj- adamasnan--111( -arni de; Thiazole-2-carboxylic acid
(3-[(-pyrazoie-3-carbonyl)-amino]adamantai yl (-amide; 6-Methyl-pyridinc-2-carboxylicacid (3
(1.-Inct.1H-p ?}&g}]ﬁ%oﬁg-é in.ol- adamantan-I-ylt-amide; 641 ethyl-pyrazi RETVEAEF#acid -11(6-m
ethyl-py ri di2-ca onvl )-amin adam antan- 1-y1( -amide; prpholin-4-yl-pyridine-2-carboxylic acid-
(3-1larbonyl)-amino adamantan-I-ylkamide; 6-Trifluoromethyl-pyridine-2-carboxylicacid 13
[hyl-pyridine-2-carbonyl -a.clamantan-I-vmide; Pyridazine-3-carboxylic acid 3-1(6-n-pyri

dioilyinokad.amanym-~1, 13’/9” a:gm}ig&?} gné@é}r?gﬁt yil_£

- %}Q&ngg&%bﬁxymidf-
-rnethy-pyridine-2-carhonyi)-arniucj -a y%.. -amide; '-R/Iethyl-pyriciine-2-carboxylic acid 3

7pr pyl -isoKazoles3 . oMY M AdR R ARRR:E -1 1-amide;
2} The compound of claim 1, wherein R' and R” are both aryl,
3} The compound of claim 1, wherein R’ and R® are both hetercaryl.
4} The compound of claim 1, wherein R’ is aryi and R is heweroaryl.

5} The compounnd of claim 1, wherein R’ is aryl or heteroarvl and R is cycloalkyl

+

ketocycloatky! or heterocyclhvl,
6}  The compound of claim 1, wherein either R or R? is heteroarv!
7} The compound of claim }, wherein either R' or R® is anyl.
%) The compound of claim 1, wherein either R' or R? is eycloativl,
%y The compound of claim ¥, whersin at least one arvl is phenyl,

10} The compound of claim I, wherein at least one heteroary} is pyridinyd, pyrimidingd,
pyndazinyl, thiazolyl, pyrazolyl, indazolyl, thiophenyl, furanyl, benzofuranyl,
benzofclisoxazolyl, benzoxazolyl, benzothiazolyl, dibvdrothieno]3 4-b][ 1.4]di mxinylﬂ,.
furanyl, imidazof 1 2-ajpyridinyl, indazolyl, indolinyl, indolyi, isoquinolinyl, isoxazolvi,
naphthyridiayl, oxazolyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridinyl, pyrimidinv,

pyrolof 3, 2-cipyridinyl, quinolinyl, quinoxalinyl, thiazolyl, or thiophenyl,

11} The compound of claim 1, wherein eycloalkyl is cyclobutyl, evclohexyl, eyclopentyl, or

eyclopropvl.

12}  The compound of claim 1, wherein at least one cycloatkyl, aryl or heteroarvl is substituted

as previously defined.

13} The compound of claim 12, wherein the mono-, di-, or iri-substituents are independently
selected from the group consisting of methyl, methoxy, dimethylamino-ethoxy, amino,
methylamino, dimethylamino, cyano, chloro, evano, dimethylami no, dimethylamino-
ethoxy, methyvl, methyviamino, methoxy, fluoro, ~C{OINMHCH,, furanyl, pyrrolidinyt,

thigphenyl and trifluoromethyl,



[1 ,S]N aph tbyndine-2-carboxylic acid(6-methyl-pyi2-carboa’.nol- adam antan-1 -yl17ami de;
el-Methyl -pyridine-2-carboacid-methyl-pyri dine-2-carboayl )-o adamaatan-111 }-amide; 6-Methyl -pyri
di ne-2-carboxacid 13-[(2-m ethyl-ox ti2ole4-carbonyi)-aminol- adamantan-1 -y1 -amide;
6-Methy!7py il 28185y acid [3-(3 -ft uoro-benzoyl amidide; 6-Methyl-priditét8:eatbtixylic acid
13-[(i 'azole- 5-carbonyl-a.d amantan-1- ami de; 6-Methyl-py2-ca oxylic acid [3-(3-cyan
bino)-adamanta -1 -y1.] 6-Methy -py dy 1 ic acid 13-Kbenzofuran-5-carbony.1)-aminol-adamantan-1.-
yl I -amide; Qui noxaline-2-carboxyli c aédine-2-carbony -amino yl1.1-amide; ine-4-carboxylic acid

PHI(6-rneth;1-pyridine-2-carpbanyl )-am | nol—a%a antan-1 7 Benzothi.le-2-carbaxylic aci6-hyl -p,
b R R R
)-aininc adamdsitarisksuyibtivaeisd @r84ablistbydSpsdi din c-2-carboxylic acid(2,3 -di by dro7thi
crioP,4-b41ciine-5- carbonyl }am' nol-adam antan-1.-yl1l-ami de;

153} The compound of claim 14, wherein the mono-, di-, or tri-substitutions are independently

heteroaryl, helgrocyciyl, heterooyehyl-RY, -NHR?, -N(alkyDDR®. wherein R is as previously
defined.

16)  The compound of claim 8, wherein the evcloaltky? 1s tetra-substituted with fluorine.
17y The compound of claim I, wherein the compound is:
NN} 3-adamantyieneibis(b-methyl-pyndine-2~carboxamidey,
NA-(1 3-adamantvieng)bis(2-pyridinecarboxamide);
NN 3-adamantylene)is(3-chloro-benzamide};
NN-{13-adamantylenebis(d-pyridinecarboxamide);
NN 3~adamantyiene)bis(3-cyano-benzanude),
Pytidine-2~carboxylic acid{3+(3-chloro-henzovlamino)-adamanian- 1 -yl amide;
Pyridine-2-carboxylic acid{ 3-(3-cvano-benzoviamino}-adamantan-1-vil-amide;

Pyridine-2-carboxylic acid {3-{{1-methyi-S-thiophen-2-vi-1H-pyrazole-3-catbonyl -

amine [~adamantan-1-yi {-amide;

Pyridine-2-carboxylic acid {3-[{(5-furan-2-vl-l-methyi- 1H-pyrazole-3-carbonyi)-amino]-

adamantan-1-vl }-amide;

2-Methyl-2H-ndazole-3-carboxylic acid {3~[{pynidine-2-carbonyl}-amino}-adamantan- -

vlt-amide;

&-Methyl-pyridine-2-carboxylic acid {3-benzoviamino-adamantan-1-vi }-amide;
Pynidine-2-carboxylic acid [3-(4-dimethylamino-benzoyviaminoy-adamantan-1 -vl-amide;
Pyridine-2-catboxylic acid [3-(4-methoxy-benzoviamino)-adamanman-1-yl]-amide;
S-Methyl-pyridine-2Z-catboxylic acid [3-(3-flucro-benzovimmino}-adamantan-1-yi-amide;

Pyridine-Z-carboxylic acid {3-(3-cvano-benzovlamina-adamantan-1-vi]-antde;



WO 2010/011570PCT/US2009/050934 6-Methyl-pyridine-2-carboxylic acid s--1 x3-carb)-arni
adamant:m-1-y! -amide; 6-Methyl -pyridine 2-carboacid 1-ti nol-adaman tan-1 amide; e-2-carboxylic
acid6-niridine-2-carbii no] -a dam antan-1 amide, 6-Methyl -pyri dine-2-carboxyli ¢

acid(1-ethylo® 233 hrninol- adamantan-l-yll-ami de: 6-Methyl-pyridif& B2y 4cid
[3-(3-methoxy-benzOyla)-adamant -1-y1]- amide; 6-Methyl-pyridine-2-carbcid [3-(3-pyri t 1-benzoyl
anti no)adarn an tan- yl j-ami de; 6-Methyl -py d2-carboxylic acid [3-(3-Ohloromethyl-benzoylami
no)-adamantanThyl]- et hyl-py ri d a-carbacid [3-(cyclobutanecarbOilyi-amini4-adarn pyridine-2-c

adam antan7igyl, A A, 23 luot ey e ARUIang A ORI Ol S MBI HERHISIN G- Z-ggrpoyiic
acid[(2- thyl-cyclopropanecarbon : ‘

Pyridine-2-catboxviic acid {3-{4-(2-dimethylamino-ethoxy-benzovlamine-adamantan-1-

yli-amide:

s-Methybpyridime-2-carboxylic acid {3-[{pyridine-2-carbonyl}-aminol-adamantan- 1 -vi}-

amide;

N1 3-adamantyliene is(d-methyl-pyridine-2-carboxamide);
NANY 'i.,3-adarﬁaﬂtyi eneibis{quinoline-2-carboxamide);

ANN(1 3-adamantylens)bis(quinoxaline-2-carboxamidey,

NN Y1 3-adamantylencbis{thiophene-2-carboxamidey,

NN -1 3-adamantylenelbis(3-fluorobenzamide);

NANY{1 3-adamantvienelbis{3-methylbenzamide);

NN 3-adamantyiene)bis( I-methyl- | H-pyrazole-3-carboxamide):;

S-Methyl-pyrazine-2-carbexylic acid {3-{{ 1-methyl- 1 H-pyrazole-3-carbonyl yanine |-

adamantan- -yl f-amide;

Thiazole-2~carboxyhic acid {3-f(1-methyl-1H-pyrazote-3-carbonyl l-amino-adamantan-1 -

¥l bmade;

6-Methvi-pyridine-2-carboxylic acld [3-[(1-methvi-1H-pyrazole-3-carbonyl}-amino}

adamantan-1-v! }-amide;

o-Methyl-pyrazine-2-carboxylic actd {3-[{6~methyl-pyridine-2-carbony! }amino}-

adamanian-1-vlf-amide:

o-Morpholin-d-vi-pyridine-2-carhoxviic acid-{3-{{6-methyvi-pyridine-2-carbonvi}-amino]-

adamantan- 1yl b-amide;

é-Triflnoromethyl-pyridine-2-carbowyhic acid {3-{{6-methyl-pyridine-2-carbony)-amino}

-adamantan-{-vi -amide;

Pyridazine-3-carboxylic acid {3-[{6-methyi-pyridine-2-carbonyl }-amino}-adamantan- | -

vl pamide;
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adamantan-1-y1) -amide; 2-Methyl -2H-in dazol e-3-carboi, 1cid f 3-[(1-pyri di ne-2-carbon
adarnantaa-1-y1 -arn i de; 6-Chlorc midazo[1,2-alpyridine-2-carboxylic acid [3- 6-methyl-pyri
ne-2-carbon aminol-adamantan-1-y1 .1-amide; Imidazo[1,2 py ri di e-7-carboxyli ¢ acid 3-[(6-methyl-py
ri di De-2-caryP) HitaF @mantan-I-y1) -amide; Inn dazo[1,2-a]pyridinc-2RaFISPNYReRI4
13-letbyl-pyridine-2-carboaminol- a.d.amantan- 1 -y1 'l-amide; Imidazo[1,2-ajpyricline-6-carboxylic
acid (3-[(6-rnethy-pyridine-2-carbonyl}-arninoj adamantan-I -y1) -amide, 6-Methyl-inn
dazo[1,2-a]pyridine-2-carboxylic acid 1. 3 -[(6-in etbyl-pyridi ne-2-catbonyl)- al-adam antan-1 -y1 )-am

i d e) 5-M ethyl -imida zﬂ%}lr 2-alpy ri din e-2-oxylic.acid 1,34pyri di n.e-2-carbony %{ ami no)-adam
antan-1oy1) AP G0 8 o e 2 A A 508 b0 B i ok
d.arnantan-1d-gégidieso-pytidimed2:carboxylic acid )3yl-pyri di ne-2-carbon ad aman tan- 1 -yll-am
6-Metbyl-pyrazine-2-carboxylic acid )3 -[(pyri di ne-2-carbon amide;

&-Methyl-pyridine-2-carboxyvhic acid{3-[{3-cyclopropyl-isoxazole-3-carbonyl}-aminol-

adamantan-1-¢lt-amide;

[ 1,8 Naphthyridine-2-carbogylic acid | 3-[{6-methyvi-pyridine-2-carbonyl}-amino]-

adamantan-1-vl l-amide;

4-Methyl-pyridine-2-carboxylic acld {3-{{6-methyl-pyridine-2-carhonyl}-amino}-

adamantan-1-yi b-amide;

6-Meshyl-pyridine-2-carboxylic acid {3-1(2-methyi-oxazole-4-carbonyl }-aming]-

sdamantan-1-vi j~amide;
6-Mathyl-pynidine-2-carboxylic acid {3-03-fluoro-benzoviamino y-adamantan- -yl Jamide;

6-Methvl-pyridine-2-carboxylic acid {3-{{isoxazote-5-carbonyl}-amino]-adamantan-1-vi}-

amde;
e-Methyl-pyndme-2-carboxylic acid [3-(3-cvano-benzovliamino}-adamantan-1-vl }-amide;

a-Methyipyndine-2-carboxyitc acid {3-f(benzofuran-S-carbonyl}-aminol-sdamantan-1-

yli-amide;

Cuinoxaline-2-carbozylic acid {3-{(G6-methyl-pynidine-2-carbonyl-amino]-adamantan-1~

y] pramide;

Pyrimidine-4-carboxylic acid {3-[{6-methyl-pyriding-2-carbonyl}-amino}-adamantan- {-

ylj-amide;

Benzothiazole-Z-carboxylic acid { 3-{(6-methyvi-pyridine-2-carbony! }-amino}-adamantan-1-

vl -amide;

{-Methyl-1Hmdazole-3-carboxylic acid {3-{{6-methyl-pyrdine-Z-carbonyl}-ansinoe]-

adamantan-1-yl j-amide;

&-Methyi-pyndine-2-carboxvlic acid {3-{{2.3-dibvdroshiens{3 4-b1{ 1 4ldiokine-5-

carbonyl Famincladamantan- 1yl b -amide;
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Pyridine[3-(3-fluoro-b enzoylami no)-adarn tan-1. -y1]-am ide; :ryriniidarboxylic acid ) 3 -Rpyridi
ne-2-carbonyl )-ami nokadamantan- 1 -yl 1-amide; 6-Pyrrol i di n-'1 -yl-pyridi ne-2-carboxyl ic acid
(3-[(pyndine-2-carbonyi)-aminoj-a.damantan -y1 )-ami de; Benzo[c]i sox azo 7-carboxyl ic acidP
d.2-calda a A¥MdetoBNRgthyl-le-2-carboxylic acid 3 -[(pyri di ne-2-carbonyR§-Birfizigsasigmantan-1-y1 ;-
amide; Pyridine-2,6-rboxylic acidethyl ami de 6 3-[(pyridine-2-cart-ammo]- adamantan-1-amide);
2-Methyl-benzoxazole-6-carboxylpyridine-2-carbonyl)-ami noi-aci am antan- 1 - yl 1-amide. 1
li-Pyrrolo[3,2-blpyridine-5-carboxyli[3-ktoyridine-2-c bmin adamantan- 1 -yl 1 -am i de;
23-Dihydro-1.11-indole-5-carbOxylic acid 13;4( yridine-2-carbonyp-1-adamantan-1- y1.1-amid e;
6-Metboxy-pyAdtiebrta mbae £ GHARImbcadd bl Smsibahtanerler sreagponyiaming-
I-Methyl-W-indgi&-frearboxylic:aeid 13-[(pyri ibonyl)-aminol- adamantan-l-y1.1 -amide;

&-Methyl-pynding-2-carboxylic acid {3-[(thiazole-2-carbonyl}-aminol-adamantan-1-v1}-

amide;

Pyrazine-2-carbaxylic actd {3-[{6-methyl-pyridine-2-carbonyl}-amino}-adamandan-1 -yl -

amide;

&-Methyl-pyridine-2-carboxylic acid 13-{(1-ethyl-1H-pyrazole-3-carbonvl-gmine]-

sdamantan~ -y }-amide,

o-Methyl-pyriding-2-carbogylic acid {3-(3-methoxy-benzoviamino)-adamantan-1-yi]-

amide;

&-Methyl-pyridine-2-carboxylic acid [3-(3-pyrimidin-2-yl-benzoyiamine)-adamantan-1-

vil-amide;

6-Methyi-pyridine-2-carboxylic acid [3-(3-chloromethyl-benzoylamino)-adamantan-1-yi]-

siride:

o-Methyl-pyndine-2-carboxylic acid [3-{cvclobutanscarbonyl-amino)-adamantan-1 -+l }-

amide;

G-Methyl-pyridine-2-carboxylic acid {3-{(3 3-difluoro-cyclobutanecarbonyi }-aming]-

adamantan-1-yl }-amide;

&-Methyi-pyridine-2-carhoxvlic acid {3-(2-methyl-cyclopropanecarbonyl-amino}-

adamantan-~ -yl }-amide;

2-Methyl-2H-indazole-3-carboxyhic acid {3-[(@-methyl-pyridine-2-carbonyl -aming]-

adamantan-1yli-amide;

G-Chioro-imidazof 1, 2-a]pyridine-2-carboxylic acid {3-{(6-methvi-pyridine-2-carbonyi)-

amino]-adamantan- -yl }-anside;

Imidazo[1,2-ajpyridine-T-carboxvlic acid {3-{(S-methyl-pyridine-2-carbonylj-amino}-

adamantan~ -yl }-amide;
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6-{3-{(Pyridine-2-carbcalyl)-aminol-adam.a isoquinoline-2-carboxylic acid ten-butyl este
Pycidine-2-carboxylic acid (3-benzoylamino-adamantaa d 6-Methyl-pyridine-2-carboxylic acid
1-3-[(pyridine-2-carbony 1)-amino]-a.damantan-1 - amide: pyridinoxylic.5
lezolcarhony® Al &l mantan-1-y11- amide; Pyridine-2-acidlaza'carbdHfy i Sa¢aaMtan1-amide;
- Pynt e-2-carboxy3-Rthiophene-2-carbonyl)-aminol-adamantan-1-y1.1-amide; Pyridine-2-carboxylic
acid 1.34(.1-11-1-pyraaminoj-adamantan-1- yl 1-amide; Pyridine-2-carboxylic
acid-soxazole-5-carbonyl)--nide; Pyridine-2-carboxylic acid 1.3 -((3-methylxazol

e-5-carbonyl)-a i_not—1 a an(tﬁ]n-ﬁl -01- ar ide;.i—J\_{l thyl-%!z]&:inq ole-3-carboxylic.
ceia(ayrcine 1 ABOPT Y Na P ORE 2SO Al e 2 AiBoR ain]
[3(3-methoxy-bémzoykanibyb)-adaknantan-1-yl]-amide; Pyridine-2-carboxylic acid [3-0-meth
Xy-benzoylamadamantan-1-y1]-amide; WO 2010/011570PCT/US2009/050934 Pyridine-2-carboxylic
acid [3 Kcyclobutdrethroanyriaiw-6)caduriais and 1 3yl{¢-aetidepPytitine-ubarbxytiesd2, 2-difl
uoro-cycl opropapeaarkeny)-amise. okadamantan-1 -

6-Methyl-imidazof 1. 2-ajpyridine-2-carboxvlic actd {3-{(6-methyl-pyiidine-2-carbonyl )

‘antino]-adamantan-1-yl t-amide;

S-Methyi-imidazo[1,2-alpyridine-2-carboxylic acid {3-{{6~-methyl-pyridine-2-carhonyl)-

ansine|-adamantan- -y -amide;

7-Methyl-imidazof 1,2-alpyridine-2-carboxylic acid {3-[{6-methyl-pyridine-2-carbonyl -

amino]-adamantan-1-yi-amide;

6-Chioro-pyridine-2-carboxylic acid {3-f{6-methyl-pyridine-2-carbonyl-amino-

adamantan-1-yvl l-amide;

o-Methyl-pyrazine-2-carboxylic acid {3-[{pyridine-2-carbonyl}-amino]-adamantan-1-v]}-

anude;

Pyridine-2-carboxylic acid [3-(3-flusro-benzoviamine)-adamantan-1-vi]-amide;

Pyrimidine-4-carboxyiic acid {3-[(pyridine-2-carbonyi}-aminc]-adamantan- 1-vl b-amide;

&-Pyrrofidin-1wyl-pyridine-2-carboxylic acid {3-[(pyridine-2-carbonyl)-amino]-adamantan-

T-yvlj-amide;

Benzo{clisoxazole-3-carboxviic acid {3-{(pyridine-2-carbonyl}-aminol-adamantan- 1 -yl -

annde;

S-Methyl-pyrazine-2-carboxylic acid {3-[{pyridine-2-carbonyl)-amino}-adamantan-1-y1 }-

amide;

Pyridine-2,0-dicarboxylic acid 2-methviamide 6-({3-[{pyridine-Z-carbony!)-amino}-

adamantan-1-vl l-amide};

Z-Methyi-benzoxazole-t-carboxyite acid {3-{{pyridine-2-carbonyl}-anino]-adamantan-1-

vl b-anude;
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y11 -ann de; 2-carboxylic acid P-(Cyclob exanecarbonyl-aa a n-1 .-2-carboxylic acid
(3-ccyclopentanecarbonyl-a)-adamantan-I-ylkami de; 6-Cliloro-i dazo[1,2-all pyri din c-2 -arboxylic acid -
34Rpyri di adamantan-1 -yl | -amide; Imi dazo[ 1,2-a]pye-7-carboxylic acid[(pyri di n
2-carbonyp-air§}Eplasaty| 1-amide; Imidazopyri dine-2-carboxyi ic acid PCT/US2009/650934
3-[(pyridine-2-carbonyl)-ann no]-adam ant -1 - yl j -amide; Imi dazo[ 1,]pyridine-6-carbcacid
(3-[(pyridin 2 a tlricd al- yl 1-amide; 6-Methyl-inn zo 2-alpy di 2-carboxy2-carbonyl)-amino]-
adamantan- 1 -ylll-amide; 7-11),lethyl-irnidazo[1,2-abytidine-2-carboxylic acidp
ri-2-carbony1)-aminol- adamantan-11de; 5-Methyl-it& dazo[1,2-alpy dine-2-carboryl acid
[(pyridine-2-cHbByyERE Arblad gt et scidnRépydinedrerdondampiic acid P
-(3-fluore-benzingaagam.sanmdiayn-arni d 5-Methyl-pyrazine-2-carboxylic acid [343
-11noro-benzoylam ino)-adamantan-1 -yl]-an e Pyra7ine-2-carboxylic acid
[3413-fluoro-hizRZditednino)-adae antarbddecGdbiefylpyidizioe-2scamdyyhie agiddamantan-1-
[3-(1341uam-t3:§a‘nz%¥g.ea n).)-adarn antan- 1 -yll-amide; thyl- 1 /1-pyrazolc-3 -carboxyl i c acid [3

RoH

-(3-flu oro-benZéﬁ am in 0)-adarnantan-1 -y1]- amide;
6-Methoxy-pyridine-2-carboxyiic acld {3-H{pviidine-2-carbonyl-amino}-

adamantan- -yl l-amide;

-Methyi-1H-tndole-S-carboxylic acid {3-[(pyridine-2-carbonyl-aminol-

adamantan- -yl b-amide;

6-{3-{{Pyridine-2-carbonyl -amine}-adamantan-{ -vi-carbamoy! }~~3§§-C§ih}-‘d1‘0—? H-

isoguinoline-2-carboxvlic acid tert-butyl ester;
Pyridine-2-carboxylic acid (3-benzoylamino-adamantan-1-y{}amide;

6-Methyl-pyridine-2-carboxylic acid {3-{{pyridine-2-carbony!-amino}-adamantan- -y -

aside;

Pyridine-2-carboxylic acid {3-{(S-methyl-isoxazole-3-carbonyl}-amino]-adamantan- 1yl -

amide;
Pynding-2-carboxyhic acid {3-[{thiazole-2~carbonyl}-amino}-adamantan- -yl  -amide;
Pyridine-2-carboxylic acid {3-{{thiophene-2-carbonyi}-aminel-adamantan~1-yi }-amide;

Pyridine-2-carboxylic actd {3-J{1-methyl- {H-pyrazole-3-carbony! }-amino}-adamantan-1-

vl b-amids;
Pyridine-2~-carboxvlic acid {3-[{isoxazole-5-carbony]}-aminol-adamantan-1-vl b-amide;

Pyridine-2-carboxylic acid {3-{(3-methyi-isoxazole-S-carbonyl)-amino}-adamantan- 1 -vl1-

amide;

2-Methyl-2H-indazole-3-carboxviie acid {3-f{pyndine-2-carbonyi}-aminol-adamantan-1-

vl -amide;
Pyridine-2-carboxylic acid [3-(3-methoxy-benzoyvlamino)-adamantan- 1 -vl]-amide;

Pyridine-2-carboxyiic acid [3-(4-methoxy-benzoviamino}-adamantan-1-yl]-amide;
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6-(11iloro-imidazo[1,2-a] ividinc-2-carboxylic acid [34341 uoro-benz adamantan-1-ye; Ithidazo[ 1
,..2-a]pyri din.1) xy fie acid [3-(3-fluoro-benzoyiamad amide; Imidazo[1,2-alpyridine-2-carboxylici [3-
1lbenacc, Inn 0)- manta n-lI-y amide; Imidazo[1,2-a Tidine-6-carboxylic acid [3-(3- Li o-benzoyi ami
no)-adaman YA 1Hhi de; 6-Methyl-imidazo[1,2-alpd 13-(3-fluoro-beHzbiBitfiHe)e93+
adamantan-1-1:1]-amide: 5-Methyl nidazo[1"2-a]pyridine-2-carbox-11 uorci-Eo adarn-yl-j-amide;
7-Methyl-imidazo[ 1 ,2-a]pyridine-2 arboxylic acid [3-0- oro-benzoylaminciy adamantami-y I]-amid e;
6-Morpholin-4-y1 -pyridinearboxylic acid [3-[(pyridine-2-carbonyl)-a adarnantan-1-yO -ELM de;

C-(asdethytnigeta Ly Lpyidncabgl, g 4(0uldy e Zcmbonylam adamanian i -amide

6-(3-Dimethyl ami no-pyin-I-yI)-pyfri OXyIic C z-amide;
4-Hydroxy-3,4:5 64ctrahydra- k- [1;2 1@y [yl DV 8 IR0 mecarbony -aminol-adamantan-1-
o L L A B R wcobon L amipok ogmanag-1
nol-adamantakttaaHemi de; yridine-2-

Pyridine-2-carboxylic acid {3-(cyclohexanecarbonyl-amino)-adamantan-1-vi]-amide;

Pyridine-2-carboxylic acid {3-(cyclopentanecarbonyl-amino}-adamantan-1-yil-amide;

G-Chioro-imidazofl Z-alpyridine-2-carboxylic acid {3-{{pyridine-2-carbony] Famino]-

adamantan-1-v] l-amide;

Imidazo[1,2-alpyridine-7-carboxylic acid {3-{{pyridine-2-carbonyl-amino}-adamantan-1-

yli-amide,

Imidazo{1,2-ajpyridine-I-carboxylic acid {3-[{pyvridine-2-carbonyl}-amino]-adamantan-1-

yl}-amide;

Imidazo] 1. 2-alpyridine-6-carboxylic acid {3-{{pyridine-2-carbonyl-aminol-adamantan-1-

vl j-amide;

6-Methyl-imidazof 1, 2-alpyridine-2-carboxviic acid {3-[{pyridine-2-carbonyi}-aminol-

adamantan-1-vl }~amide;

T-Methyl-imidazo[1,2-alpynidine-2-carboxyiic acid {3-[{pyridine-2-carbonyl)-amino]-

adamantan-{-vl}-amide;

S-Methyl-imidazo 1, 2-ajpyridine-2-carboxyiic acid {3-[{pyridine-2~-carbonyi}-aminol-

adamantan-1-vl l-amide;

Pyrimadine-d-carboxylic acid [3-(3-fluoro-benzoylamino)-adamantan-1-vij-amide;
S-Methvl-pyrazine-Z-carhoxyhic acid [3-(3-fluoro-benzoylaminoj-adamantan-1-vi-amide;
Pyrazine-Z-carboxylic acid {3-(3-fluoro-benzovlaminoi-adamantan-1-vlj-amide;
&-Methyl-pyrazine-Z-carboxylic acid [3-(3-fluoro-benzoylamino-adamantan- vl ]-amide;

1-Methyl- 1 H-pyrazole-3-carboxviic acid [3-(3-fluoro-benzoylamino}-adamantan-1 ~yil-

amide;

119



tid (7 any dine-2- tri dine-2-ca ony1)- 6-[(2-Hydroxy-ethy1)-methyl-am:lic acid [ -[(pyrid- carbony1l)-atni
no-j-adam antan-1-y11-ami de( 6-(3-Hydroxy-prepylami nc)-pyri‘ie. acid f 34(pye-2banyl)-ami nol-
a.damaman- lide; 64( 2-Di methn no-ethy )-methyl-aini nol-py rid ine-2-car oxylic acid(3-Rethyl - pyri
“di ne-2-carbaff{i AP HIYad amanian- 1'-amide; 6-0-1-lypyrrol din-1 -y1. PoYHFHEE4thoxyli
acid[(6thyl yri carbonyl )-acif ad am antan-1-amide; 4-Hydroxy-3,4,Thydro-2/1-11,2Thi pyri dinyl
-6-carboxylic am >-[(6-methyl- pyridine-2-carbonami no]-adamantan-1. -y1.) -atni de;
64(2-Methoxy-ethyl)-metdine-2-carboxylic acid[(6-m yl-pyridine-2- carbonyl )-ami nokad.amantnide;

6-(24ly droxy ami.no rhoxyi ic.aci -met iyl-nyri ne- -carb mlno -adamantan-1 -yl
nide: 64(2- Hy§F§>}({é/ V) ﬁ%ﬂ dilg in nﬁ)ﬁiﬁ?ﬁeoﬁ’!ng%?y#ép gd%‘i “Hethy] HBW ine-2- carbon

yi)-ami nol-adaitarasnam-1-yykelej®43-Elydroxy-propylamino)- pylldlne -2-carboxylic acid Ili '6y. -pyri din
e-2- -
imidazo[1,2-ajpynidine-T-carboxylic acid [3-G-fluoro-benzoviamine-adamantan-1-yl}-

amide;

Imidazof 1. 2-ajpyridine-2~carboxylic acid [3-(3-fluore-benzovianinoy-adamantan-1-y]}-

amide;

Imidazof1,2-apyridine-6-carboxylic acid [3-(3-fluero-benzoyviamine-adamantan-1-v1}-
ande;

6-Methyi-imidazof | Z-a}pyridine-2-carboxylic acid [3-(3-flucro-benzoylamino)-
adamanian--yil-amide; | o

S-Methyl-imidazo] 1.2-alpyridine-2~carboxylic acid {3-(3-fluoro-benzoyiaming )
adamantan-1-yij-amide;

7-Methyl-imidazo] 1 2-ajpyridine-2-carboxylic acid [3-(3~-fluoro-benzoylanine)-
adamantan-1-yij-amide;

&-Morpholin-4-vi-pyridine-2-carboxylic acid {3-f(pyridine-2-carbonyl)-amino}-
adamantan-}-vl} —am;de

6-(4-Methyl-piperazia- Tyl pyridine-2-carboxylic acid {3-{{pyridine-2-carbonyl-amino}-
adamantan-1~vi }-amide;

&-(3-Dimethylamine-pyrrolidin-1-y1-pyridine-2-carboxylic acid {3-f(pyridine-2-
carbonyl}-aminoladamantan- -yl L-amide;

A-Hydroxy-3,4,5,6-tetrahydro-2H-{ 1, 2 hipyndinyi-6'-carboxyiic acid {3-{(pyridine-2-
carbonyl Faminol-adamantan- 1-vi }-amide;

G- 3-Hydroxy-pyrrolidin- -yl ppyridine-Z-carboxylic acid {3-{{pyridine-2-carbonyl)-
amine]-adamantan- -yl l-antide;
&-[{2-Hydroxy-ethy}-methyl-amine-pyridine-2-carbosylic acid {3-[{pyridine-2~

carbonyl-aminoi-adamantan- -yt ~amide;



carbonyl j-amineFad.amantan-1 -y }-amide; 6-Morpholin-411-pynxyli.c acid [3-[(6-m*d.
e.-2-carbony1)-amin,01- adaman tan- 1 -yl 1-ami de; 642-.Hydroxy -ethyl ami no)-rboxylic acid
[343-fluoro-benzoylamino)- adamantan- | -ylE-amide; 64(.2-Hydroxy-ethyl
)-methyl-amiMShpEBLEEPboxyliacid benzoyl amino)-adamantan- -ylkami d& 64344568 topylamim yri
dine-2-cad. xylic acid [343-fluom-be. Loyl 6-Mbiphotin-4-y 1-py ri dine- arboxylacid
[3-(n.0)-adamantan-1 - ylkami de; 6-(4-Methyl perazin-1-,1)- yrylic acid [3-(u o o-benzoyiamino)- ad
ainantan-l-y Ikam ide; 6-(3-Dimethy lami no-pyrrcil id’ benawlamino) adainanta n-- yri di

ne-2-carboxyl oro- 4- fI erxy -3,4,5,6-t tral -211-P. Thi y -6- arb |d [343
-quorobenzoyF3 %5‘%‘63% qoyﬁ* giﬁ%’ Sﬁ JERS- byﬂ‘g L % ry acid [3

-(3-fluoroMenzdytami:na)y! j-amide;

6-{(2-Dimethylamino-ethyl }-methyl-amino}-pyridine-2-carboxylic acid {3-{(6-methyl-

pyridite-2-carbanyi Faminoj-adamantan- i~y f-amide;

6= 3-Hydroxy-pyrrotidin-1-y} pyrdine-2-carboxviic acid { 3-{{6-methyl-pyridine-2-

carbonyl)-aminol-adamantan- -yl -amide;

4-Hydroxy-3,4,5 G-tetrahvdro-24- 1 2lbipyridiny] -6-carboxviie acid) 3-f{6~-methyl-

pyridine-2-carbonyt-aminoi-adamantan-1 -yt -amide;

5-[{ 2-Methoxy-ethyl-methyi-amino}-pyridipe-2-carboxviic acid {3-[(6-methyl-pyridine-2-

carbonyl l-aminol-adamantan- vl b-amide;

&-(2-Hydroxy-ethylaminoj-pyridine-2-carboxylic acid {3-{{6-methyl-pyridine-2-carbonyl)-

amino|-adamantan-1-yi }-anide,

6-[(2-Hydroxy-ethyl }-methyl-anunol-pyridine-2-carboxylic acid [ 3-{(6-methyi-pyridine-2-

carbonyl-aminoadamantan-1-vi}-amide;

-w Hydroxy-propylamino)-pyridine-2-carboxylicacid {3-{(6-methyi-pyridine-2~

carbony! l-aminol-adamantan-{-vi}-amide;

S-Morpholin-d-vi~pyridine-2-carboxylic acid [3-{{&-methvi-pyridine-2~carbonyll-amino}-

adamantan-1-yl -amide;

6-(2-Hydrowy-ethylaminge)-pyridine-2~carboxylic aaid [3-(3-fluoro-henzoviamino)-

adamantan-1-yi}-amide;

&-[{ 2-Hydroxy-ethy] bmethyl-amino-pyridine-2-carboxylic acid [3-(3-fluoro-

benzoviamino-adamantan-1 -yl }-amide;

&-(3-Hydroxy-propylamino»pyridine-2-cathoxyhic acid [3-(3-Ruoro-benzoviamino}-

adamantan-1-vi]-amide;

&-Morpholin-4-yl-pyndine-2-carboxylic acid [3-(3-fluoro-benzoyiamino-adamantan-1-

ylbaamde,
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adamant.an-I-yide; 64.3-M ethoxy -propyl am o wridine-2-earboxylic acid :(3 -Rpyridme- -cube y1)-ami
adam antaml-y1 [ -amid 6-R3-Di rn ethylarn n 0-p)-methyl -am i no -p3"i"e dwri di ne-2-
carbonyl)-amino]-adamantan- | -yl ; -am i de: 6-(2-Dimethylami no-ethyl amino)-pyri din c-2-carboxylic
acid -[(pyri d¥RDIEAIBT ami nol-4dam an tan-1.-y1) -amide; 6-( A. nino) §SyFEREY e Hoxylic
acidpyridi erbonyl)- n-amide; ety-ethylamir )-pyridine-2-carboxacid {3-[(pyridine-2-carbony )-arninoll-
adam an tan- | -y11 -amide; 64(2-Meth oxy-ethyl)-tnethyl -amtnyri din -7 rboxylic acid f 3 -Rpy ri di
ne-2- carbonyl)-ami nokadam antan-1.-y [- amide 6-(3-Di inethylami no-p ropy | amitio)-pyri di n e-2-c

arb oxyli :cid (pyri q n.e-2- car on nta -1 vi.
6-[(2-Dimethyla ‘Ll% %Hlﬁ?%aé‘fﬂ %\}3’ d?l ﬂ8"‘2“%% Bﬁ( y{né“" %E‘@“Wfﬂ/%} e a@ﬁ%@)nyl )-ami
noJ- adamantwkiidmtﬁarésgigaﬁuydkpxym ettyyl-pyrr-1-y1 )-py ri din ei-2-carb yi Ic acid [34(pyridine-2-

carbonyl)-aminol-adamantan-1-yi [ -amide; WO 2010/011570PCT/US2009/050934
5-(3-Dimethylamine-pyrrohidin- -v-pyridine-2-carboxviic acid [3-(3-fluore-

benzoviaminoadamantan-l-viamide;
4-Hydroxy-3.4,5 6-tetrahydro-2H-11 2 bipyiidinel-Gcarboxylic acid {3-¢3-fhuoro-
benzovigmino)-adamantan-1-vij-amide;
6-{3-Hydroxy-pyrrotidin-1-yvl)-pyridine-2-carboxylic acid [3-3-fluoro-benzovlamino)-
adamantan-1-yil-amide;
6-{3-Methoxy-propylamino}-pyridine-2-carboxylic acid {3-[(pyridine-2-carbonyl }-amino]-
adamantan-1-vl }-amide;
&-[{3-Dimethvlamino-propyl-methyl-aminol-pyridine-2-carboxylic acid {3-{{pyridine-2-
carbony!}-amine}-adamantan-1-yi H-amide;
6-(2-Dimethyiamino-ethylamino}-pyridine-2-carboxylic aeid {3-[(pyridine-2-carbony!}-
amino]-adamantan-1~yi}-amide;
6-{2- Acetvlamino-ethylamino)-pyridine-2Z-carboxylic acid {3-{{pyridine-2Z-carbony}-
aminol-adamantan-1-vl}-amide;
6-{2-Methoxy ~ethylamine)-pyridine-Z-carboxylic acid {3-{{pyridine-2-carbony! }-amino}-
adamantan-1-v] }-amide; -
&-[(2-Methoxy-ethyibmethyl-amino]-pyridine-2-carboxylic acid {3-[(pyridine-2-
carbonyl}-amino}-adamantan-1-yt }-amide;
&-(3-Dimethyiamino-propylamino}-pyridine-2-carboxyiic acid {3-[{pyridine-2-carbonyl -
amino]-adamantan--vif-amide;
&-{(Z-Dimethylamino-ethyl}-methyl-aming}-pyndine-2-carhoxylic acid {3-{{pyridine-2-
carbony! aminol-adamantan- -yl }-amide;
6-{{Sy-2-Hydroxymethyl-pyrrolidin-L-yD-pyridine~-2-casboxylic acid {3-f{pyridine-2-

carbonyl amino}-adamaman-1-yi  -amide;



6-((1)-2-1-1ydroxymethyl-pyrrol i d in-l-y1)-pyri di ne-2-carboxtli c acidf.(p dine-2- carbonyl)-ami
nol-adam an tan-) -ami de; 6-a S)-2-Carbam oyi -pyrroli dill- 1 -yll-pyri dine-2- arboxylic
acid-1(pyridine-2-carbony )- amia 6_1-ad amantan- | -yde: 643 -Meth oxy-propyl ami
no)-pyridime Y XLAHBYE € acid 3-[(6-m ethyl-pyridia 7_ carbonyl )-amino]-Be&kSaMET4E;
6-(2-Dimethylami no-ethyl a))-pyri di ne-2-cait oxylic aci.6-pyridine- carbonyl)-amin6j-adam.an tan-
1-y11 -amide; 6-K3 -Dimethy laird no-propyl hmethyl-amitiol-pyridine-2-oxylic acid(6A. thyl- pyri di
ne-2-carbonyl)-aminoka.damantan- | -yl | -amide 6-(2- Acetylamlno ethylamino)-pyridine-2-carboxv ¢
acidlet d-pyriding=2- ¢ IFaminol-ad tan,

6-(2-Methoxy- gét yamln%cg%{/rl rpéﬂ car?cg}(arél ’i?%x‘i‘ ﬁt’hy‘l‘ap b '?‘Siﬁy‘i)’ [Pt ‘ﬁ’“fﬂ?aﬂarn ati tan-
1-y11-amide; Ga{ReDithethykédmianppropldvainismdppyri dm e-2-carboxylY carbonyl
j-aminoi-ad.amantan- 1 -yl -am i d e; 64(S)-24tydrpxymethyl-pyrrolidin- -y1)-pyridine-2- carboxyll c acid
(3-[(6-m ethyldy!he-2-caf Wl)ﬁawimpddﬂmam Higdecalpr)i pydioxymetiiplepiraasharyl)-

n-lne-2- carb%gggrwggghﬁgy{mﬁggn%£arbony1) ami noil-adamantan-1.-yl1-ami de; 6-(X
3)-2-Carbamayl-pyrrol i din- | -yll-pyridine,calbox.acid 3-[(6-m ethyl -pyri di ne-2- carb onyl)-amino]-ad

~amantan-1 -y k-@mitieoxy-propylamino)-pyiidine-2-carbosylic actd {3-[{6-methyl-pyridine-2-

carbonyl-aminol-adamantan- -yl l-amide;

6-(2-Dimethylanino-ethylaminoy-pyridine-2-carboxylic acid {3-[{(6-methyl-pyridine-2-

carbonylFaminol-adamantan- -yl -amide;

&»—[{.z—.{}tmeﬂwiammo-pmmi}-me:t}wi—ammo} -pyridine-2-carboxyHe acid {3-[{O-methyl-

pyridine-2-carbonvl-aminol-adamantan-! -yt b-amide;

6-{2~Acetylamino-ethylaminoj-pyridine-2-carboxylic acid {3-{{6-methvi-pyridine-2-

carbonyl}aminol-adamantan-1-y! t-amide;

6-{2-Methoxy-ethvlamino}-pyridine-2-catboxylic acid {3-[(6-methyl-pyridine-2-carbonyl)-

amine]-adamantan-i~yi}-amide;

&-(3-Dimethylamino-propylamino}-pyndine-2-carboxylic acid {3-{{6-methylpyidine-2~

carbony| j-amino adamantan- -y b-amide;

6-{{8}-2-Hydroxymethyl-pyrrolidin- -yl }-pyridine-2-carboxylic acid {3-f{6-methvi-

pyridine-2-carbonyl}amino}-adanantan-1-yi l-amide;

6-{(R}-2-Hydroxymethvl-pymrobhidin-L-vD-pyridine-Z-carboxylic acid {3-[{6-methyl-

pynidine~2-carbopylFamino}-adamantan~~yi }~amide;

6-{(S)-2-Carbamoyl-pyrrolidin- 1-yl }-pyridine-2-carboxylic acid {3-[(G-methyl-pyriding-2-

carbony! y-aminol-adamantan- vl -amide;

& 2-Carbamoyi-ethylamino)-pyadine-2-carboxyltic acd {3-f(S-methyl-pyridine-2-

carbopyl}-amine}-adamantan- 1-yi b-amide;

o-(3-Methoxy-propvlaminoypyedine-2-carboxylic acid [3-(3-fluoro-benzoylaminoi-

adamantan--yilamide;
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6-(2-Carbam oyl-ethylaminci)-pyri di ne-2-carboxyl ic acid(6-methyl-pyri carbonyl )-arai nol-adamaman-
| -ylJ-ami de; 6-(3-Methany-propylamino)-pyridine-2-carboxy1li ¢ cid [3-( uc b nzuyl amino)-
adamantan- 1 -y llkam id e; 642-Dimeiino-eidi e-2-carboxylcid P-(3-fluaro-benzoylamin adamantan-1
-y -amide; 6-POIMEBIFAMIno-priet benzoylamino)-aciainantan-1 -\1 a oBpHKAMEZLERRoxy! aC|d
[3--(3-fluoro- 6-(2-Acetylamino-ethylamino)-tiarboxylic acid 3-(3-fluoto-benzoylamino)-
adamantan-Il-ylkamide; 6-(2-Methoxy-ethylamino)-pyrid c-2-carboxylie-benzoyiami
adamantan-1111-amide; 6-1(2-Methoxy-ethyl)-metbyl-aminol-pyridine-2-ca od-

benzoyiamino)- adamantan 1- ylkamh?le amino- 3 -pyridi pe-2- carboxy ic acid

[3-(3-fluorobenz by IR BY A B AN AR TR S I B R DR R i “sth et AfiPRby ridine-2
arboxylic acid {3s3ftserohenanidamino)- adamantan [-yl]-amide

&-[(3-Dimethylamino-propy! bmethyl-aminol-pysidine-2-cathoxylic acid [3-{3-fluoro-

berroviamine -adamantan--vi-amide;

6-(2-Acetylamino-cthylamino lpyridine-2-carboyviic acid {3-(3~tiuoro-benzoviamino)-

adamantan-1-vl}-amide;

6-(2-Methoxy-cthylamino}-pyridine-2-carboxylic acid [3-(3-fluore-benzoylaming)-

adamantan-~}-y{}-amide;

6-[(2-Methoxy-ethyl}-methyl-amino-pyridine-2-carboxviic acid [3-(3-fluoro-

benzoviaminol-adamantan--vil-amide;

&-3-Dimethvlamino-propylaminok-pyridine-2-carboxyiie acid [3-3-Huore-

benzoviamino)-adamantan- -yl -amide;

&-{{ 2-Dimethylamino-ethy-methyl-amine -pyridine-2-carboxylic acid [3-(3-fluoro-

benzoyiamino}-adamantan-1 .~§,\'Ej~am§d§:-;

6-{(Sy-2-Hydroxymethyl-pyrrolidin. 1 -yl )-pyridine~2-carboxyiic acid {3-(3-fluoro~

benzoviamingadamantan--yil-amide:

6-{{(Ry-2-Hydroxymethyl-pyrrolidin. -yl lpyridine-Z-catboxylic acid {3-(3-fluoro~

benzoviamino}-adamantan-1-vij-amide;

6-{(83-2-Carbamoyi-pyrrolidin- | -y -pyridine-2-carboxylic acid {3-(3-flvoro-

benzoyviaminoadamantan-1-yvij-amide,

6-{ 2-Carbamoyi-ethylaminoppyridine-2-carboxylhic acid {3-(3-fluoro-benzoviamino)-

adamantan-1-vi}-anude;

G-Imidazol~-1-yl-pyridine-Z-carboxyhie acid {3-[{pyridine-2-carbonyl j-amino}-adamantan-

1-vl-amude;

o-bmdazol-bvl-pyridine-2-carboxylic acid | 3-{(G-methyvi-pyridine-2-carbonyl }-amino}-

adamantan-1-yl }-amide,
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ydroxymethyl-pyrrdidin-l-y1)-pyridine-2-carboxyliid10TO- beine)-adamantan-l-yikamide;
64(R)-2-Hydroxymetbyl-py rrol idin-1-ylt-pyri di ne-2-carboxy acid [34341
obenzoylamino)-adamantan-1-y1]-amide; 6-((S)-2-Carbamoyl-pyrrolidin-I-y1)-pyr di -2-carboxylic acid
-(3-linoroben¥By Hiftidladamantari-1-A-amide; 6-(2-Carbamoyl-etbylarfRb IRt carboxylic
acidluoro-benzoylamino)- adamantan-1-y1)-amide; idazol-1-yl-pyridin 2--c rlcid
(3-[(pyridine-2-carbony1)-arnitilt a 1-yl1l-amide; 6-1 mida-yl-pyridine-2-carb xylic acid 13-R6- in
ethyl-pyrid2-carbonyi -a nal- adamantan-1-y11 -amide; WO 20 0/01 570PCT/US2009/050934

6-1midazol-1- ridin,2 arboro e nzo aml n a tan- -y11- amjd
o O Lo oo R ST Skt S e BV emsh e g 1

ntil-adanitantagsiizyrhaini de; 6-Phenyl- pyrlmldlnc -4- carboxy1|c6 letbyl-pyrazine-2aminolj-
adarnantan-1-ami de; Pyrn idine-2-carboxylic acid -1( yridin'tiok d-yi }-amide: 4-Methyl-pyri mi
dine-2-carbo:deid-EByj(pyriaivherroarionytyamin ol s d AtHi- b2l ]-ramaities-2-catbony -

amino |-adamantan- vl f-amide;

&-Phenyl-pyrimidine-4-carboxylic acid {3-{{6-methyl-pyrazine-2-catbony!i-amino]-

adamantan-1-yl }-amide;
Pyrimidine-2-carboxvlic acd {3-[{pyndine-2-carbonyl-amino]-adamantan-1 -l -amide;

4-Methyl-pyrimidine-2-carboxylic acid {3-[(pyridine-2-carbonyl}-amino]-adamantas-1 -

yl}-amide;

4-Trifluromethyl-pyrimidine-Z-carboxytic acid { 3-{pyridine-2-carbonyi}-amine]-

adamantan-1-vl {-amide;

2-Methyl-pyrimidine-d-carboxylic acid {3-[(pyndine-2-carbonyD-aminol-adamantan- 1 -
vl-amide,
2-Trifluoromethyl-pyrimidine~-4-carboxylic acd {3-[{pyndine-2-carbonyl }aminol-

adamantan-1-yl }-amide,

o-Triflucromethyl-pyrazine-2-carboxylic acid {3-[(pyridine-2-carbonyl}-aminoi-
adamantan- vl }-amide;

S-Tritfluoromethyl-pyrazine-2-carboxylic acid {3-[{pyridine-2-carbonyl}-aminol-
adamantan- -yl L-amide;

Pyrimidine-2-carboxylic acid {3-[{6-methyi-pyridine-2-carbonyl pamino}-adamantan-1 -
vl }-amide;

4-Methvl-pyrinndine-2-carboxylic acid {3-[{6-methyl-pyndine-2-carbonvi}-amino]-
adamantan-1-vl b~amide;

4-Trifluoromethyl-pyrimidine-2-carboxylic acid {3-[{6-methyi-pyridine-2-carbonyi)-
anunoe-adamantan- -y j-amide;

2-Methyi-pyrimidine-d-carboxylic acid {3-[(S-methyl-pyridine-2-carbonytj-anuno]-

adamantan-~I-vl j-amide;



4-Tri urometbyl-pyrimi di ne-2-cart oxylic acid (3 -[(pyri dine-rbonyl )-am adam antan-1-am i de;
tyl-pyrimilline4-carboxyl acid -Rpyridine- carbonyl aminokadarnantart-1-
2-Trifluobyl-pyrimidine-41-carboxylic acid 13-[ pyarbo-aminoj- adamanta 1-y1 ;-amide; Moroni ethyl-py
ran ne-2-carbegyloi osacid¢(pyridine-2-carbonyl)-ami adamarnan-1 -yi }-amiada;=2eoaxizsesadic acid
{3-[(py d12-carbonyl)-aminoll- Pvrimidine-2-carboxvlic acid f3-[(6-m et hyl-pyri dille-2-carbonyl )-am
inol-adani a un-'1- yl ) -amide; 4-Methyl-pyrimi din e-2-carboxyl ic aci 3 -{(.6-rnridine-2-carbony1)-amin
adam an tan-1 -yl.1-arri i de; 41-1Fri ft uurometbyl-p midi ne-2-carboxylic acid (3-[(6-methyl-pyridi
ne-2-carbonyl)- ami nokadam an tan-1 -y1 }-amide; 2-Methyl -pyri mithne-4-carboxylic acid
(3-[(6-methyl-pyfieHresasamanianidyeansideox 2Tttt S riétisA hyiaredine drpokytiziacid f 3

-[(6-hGarb onyl)mamingladds/antanstamide; 6-Trifluoromethyl-pyrazincarbcixylic
acidiyl-pyridine-2-carbon.-arnino][- "

&-Trifluoromethyl-pyrazine-2-carboxylic acid {3-[{6-methyl-pyridine-2-carbonyll-amino]-
adamantan-1-vl -amide;

S-Triftuoromethyl-pyrazine-2-carboxylic acid {3-{{6-methvl-pyridine-2~-carbonyi }-amino]-
adamantan- -yl l-amide;

S-Fluaro-pyridine-Z-carboxvlic acid {3-[{pyridme-2-carbonyl}-aminoladamantan- [ -v1}-
amide;

S-Flaoro-pyridine-2-carboxylic acid {3-{{6-methyl-pyridine-2-carbonyi}-amino]-
adamantan-1-vl }-amide;

Pyrazine-2-carboxyvhic acid {3-{{5-flaoro-pyridine-2-carhonyl}-aminol-adamantan- f-vi}-
amide:

&-Methvl-pyrazine-2-carboxvlic acid {3-{(5-fluoro-pyridine-2-carbonyl)-amine]-
adamantan- -yl }-amide;

S-Methyl-pyrazine-Z-carboxylic acld {3-[{5-fluoro-pyridine-2-carbonyl}-amino}~
adamantan-1-vi j-amide;

6-Trifluoromethyl-pyrazine-2-carboxvlic acid {3-[(5-fluoro-pyridine-Z-carbonyl-amino]-
adamantan- -yl }-amide;

S-Trifluoromethyl-pyrazine-2-carboxylic actd {3-[{5-fuoro-pyridine-2-carbonyl-aminol-
adamantan~ -yl }-amide;

Pyrimidine-2-carboxylic acid {3-[(5-Nuoro-pyridine-2-carbonyly-amino}-adamantan-1-yl } -
amitle;

4-Methyi-pytimidine-2-cathoxylic acid {3-[(3-fluoro-pyndine-Z-carbony! }-aminal-
adamantan- -yl }-amide;

4-Trifluoromethyl-pynimidine-2-carboxylic acid {3-{{5-fluoro-pyridine-2-carbonyl)-

anpao-adamantan-1 -yl -amide;
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adornWanl-amide; 5-Tri uoromethyl-pyrazi ne-2-carboxy3-to-methyl-pyridine-2-carborty
adamantan-I-yll -amide; 5-Fluoro-pyridine-2-earbox..d 3 pyri dinbonyt) amide;
5-Fluoro-pyridine-2-carboxylic acid f 3-116-methyl- ridine-2-cayl adamantaa-1-yl11l-am i de; Pyrazine-
arboacid 1.) (84leeregpysddine-2-carrnd mantan- amide: 6-Methyl-pyraziner@1oasbmaysosagid
0-1(5-fluoro-pyridine-2-carbonyl)-aminoladamantan-1-y11-amide; 544ethyl-pyrazine-2-carboxylic acid
13-[(54l uoro-pyridine-2-carbonyl)-ami noJadamantan-I-y11-ami de; 6-Trifl or nethyl-pyrannecid
134(5-fluoro rridine-2-carbony -arninoj- adam an ran- | -y11 -ami de;
5-Trifluoroinethyl-pyrazine-2-carboxylic acid f 3-[(5-fluoro-pyri di ne-2-carbony -aniinejadamaatan-|-y11
-amide; PyrimigihBrResarmsiyle e dnsfosrbondisagdcarioniisaminsliadarmehtanlt-y1 4-Methyl-
imi di ne-2-carhaxyii siaciditQ-pyiidingaé-carbony | 1-amino.] - adarn an tari-1-yl1l-ami de;
4-Triiluoroinethyl-py rim iarboxylic acid f 3-[(5-fluoro-py d di ne-2-ca rbony1)- ami no]-adam organ- |
-yl}-orai de; 2-Methyl-pyrimidine-4-carboxylic acid {3-[(5-fluoro-pyridine-2-carbonyl)-amino}-

adamantan-1-¢l H-amide;

Pyrimidine-4-carbosylic acid {3-[(5-luoro-pyridine-2-carbony! }-amino]-adamantan-1-y] }-

amide;
Pyrimidine-2-carboxylic acid [3-(3-Buoro-benzoviamine -adamanian-1-vi]-amide;

4-Methyl-pyrimidine-2-carboxyle acid [3~(3-fluora-benzoyiamine -adamamian-1 -vi -

amide:;

4-Trifluoromethyl-pyrimidine-2-carboxytic acid {3-(3-fluore-benzoviamino)-adamantan-1 -

yl}-amide;

2-Methyl-pyrimidine-4-carboxylic acid [3-(3-fluoro-benzoylamino}-adamantan-1-vi]-

armde;

Z-Tnfluoromethyl-pynimidine-4-carhoxylic acd {3-(3-Fucre-benzoylamino-adamantan-1-

yi}-amide;

o-Triflsoromethyi-pyrazine-2-carbosylic acid [3-(3-flucro-benzoylamino-adamantan- | -

yll-amide;

S-Trfluoromethyl-pyrazine-2-carboxylic acid {3-{3-fluoro-benzovlamino}-adamantan-1-

vii-ammde;

&-Methvl-pyrazine-2-carboxylic acid {3-[3-{2-hydroxy-ethoxy-benzoviamine}-

adamantan-l-yl }-amide;

6-Methyl-pyrazine-2-carboxyiic acid (3-{{4-(2-hydroxy-ethoxy }-pyridine-2-carbonyvl}-

amino }-adamantan- -yl j-amide;

6-Methyl-pyrazine-2-carboxyhic acid {3-[3-(2-hydroxy-Z-methyl-propoxy)-

benzoviaminol-adamantan-1-yl j-amide;

S-Methyl-pyrazine-2-carboxylic acid (3-{[4-(2-hydroxy-2-methyl-propoxy-pyridine-2-

carbonyl}-amino f-adamantan-1-v-amide;
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2-Trifluoromethyl1-pyrimidine-4-carboxyli cid 13-[(5-fluoro-pyridine-2-carbonyl)-
aminol-adamantan-I-yl1-ami de; 2-Methyl-pyrimidine-4-carboxyliid 13-4(-pyridine-2-carbony1)-aminol-
adamantan-1-y1 )-ami de; Pyi. di4-c boxylic acid -{(5-fluoro-py d.2-carbonyliinokadamantan- -y11-
amide; Py2-ce®aHsitt [32¢3-fluoro-benzoylamino)-adarnanta -y kamid.e; 40&#RAcpeesoxylic. acid
p-(3-fluoro-benzoylam o)-adarnantan- -y11- amide; 4-Trifluoromethylimidine-2-carboxyh cid P-(3-0
uoro-benzoyl)-adamantam 1- yl1-amide; 2-114ethyl-pyrimidine-4-carboxylic acid
[3-(3-fluoro-benzdylamino)-adamantan-I-yi]- 2-Trifluoromethyl-pymnidine:4-carbox.ylic acid 13
-(3-ro-benzoylaminohadamantan-1- ylkaini de; 6-Trifluoromethyl-py ide; xylic acid 13-(30

_benzoylamind Y EHAREROEY - 45R 0 STE RIS E Py FI 2 DR ol esitis-b sl zsyifiadamarnam]
~yH 1-ami de; 6 MBLpYaEin 2o S Gy P O IZ O A Al el Tyl -am i d

1=yt -amide;

4-Flooro-pynidine-2-carboxylic acid {3-[{pvndine-2-carbonyt}-amino}-adamantan- | <vi}-

amide;

Pyndine-2-carboxylic acid {3-{{1.5-dimethyl-1H-pyrazole-3-carbonyl}-amine]-adamantan- .

1=yl }-amide;

Pyridine-2-carboxylic acid {3-{{(2-methyl-thiazdle-4-carbony-amino}-adamantan-1-vi }-

amider

&-Methyl-pyridine-2-carboxylic acid [3-(3-dimethvlamino-benzoyiaminai-adamantan-1-

yl}amide;

&-Meathyl-pyridine-2-carboxylic acid | 3-{{pyridine-3-carbonyl }-amino}-adamantan-1 -v1}-

amide,

o-Methyl-pyndines2-carboxylic acid {3-{{pyridine-4-carbonyl}-aminol-adamantan-1-y1j~
amide;

G-Methyl-pyndine-2-carboxylic acid {3-{{6-aminopyridine-2-carbonyl-aminok
adamanian-1-y] f~amide; '

2,6-Dimethyl-pyrimidine-4-carboxylic acid {3-[(6-methyl-pyridine-2-carbonyl}-amino}-

adamantan- -yl F-amide;

&-Methvl-pyridine-2-cathexylic acid {3-{(thiazole-4-carbonyl}-aminol-adamantan-1-y1}-
amide;
Benzoxazole-S-carboxylic acid {3-[{C-methyl-pyridine-2-carbonyl-aminol-adamantan-1-
v]}-amide;
{1,6]Nephthyadine-2-carboxylic acid {3-{(6-methyl-pyridine-2-carbonyl}-aminol-

. adamantan-1-v! }-amide;
o-Methyl-pyridine-2-carboxylic acid {3-[{2,3-dihydro-benzol | 4]dioxine-G-carbonyl)-.

amino |-adamantan-} -y} -amide;



6-Methyl-pyr-2-carboxylic acid (3-oxy)--p 'di 2- arbony1}- amino 1-adamantan - 1 -yl )-amide;
6-Methyl-pyrazine-2-carboxylic acid p-[ (2-hydroxy-2-n hy propoxy)- benzoylaminol-adamantan-1-de:
6-Methy1 -pyrazine-2-carboxylic acid (3-1[4-(2-hydroxy-2-rnropoxy)-pyridin. -2- carbonyl]-mi
nol-adamantsia-2biyt)iamni de; WO 2010/011570PCT/U52009/050934 1gtyrrazimed@eearboxyli cid
(3-[(pyri dine-2-carbonylyamiamantan- 1 -y11 -amide; 2,(i-Dim ethyl -pyrimi dine-4-carboxyl ic acid
13-[(pyri di ne-2 -carbony 1 )-amino]-a.damantan.- -oral de; 4-Fluoro-pyridine-2-carbo.xyiic ac
dRpyridine-2-carbonyl.)-aclarnarita 1-y11- m-tilde; Pyri di n e-2-carbox)acid 1 3-[(10
e-3-carbonyl)-ao]- a 1 -yl 1-amide; Pyrain e-2-carboxylic acid {3-[(2-m1-carbonyl)-amin6]-adatnan
amide; 6-MethyHprdcabexsaidacite B {dnhinthisoeicsgiarbagBniamtan- vl Fa/nide;
6-Methyl-pyri disasarbapasid®y d a -3-c b ny 1)- 'ned-ad arnide: yi-pyridinel12'carboxylic acid
k4-carbonymincii-ada.mantan-

4.6-Dimethyl-pyridine-2-carboxylic acid {3-{{6-methyl-pyridine-2-cartbonyl }-aminol-
adamantan-1-vl t-amide;

&-Methyl-pyridine-2-carboxylic acid {3-[{1.5-dimethvi-1H-pyrazole-3-carbonyl }-aminc}-
adamantan-1-v] -amide;

&-Methyl-pyridine-2-carboxylic acid {3-{(4-methoxypyridine-2-carbony!}-aminal-
adamantan- -yl bamide;

&-Methvi-pyridine-2-carboxyiic acid {3-{(3-fluoropyriding-2-carbonvt j-amino]-
adamantan-1-vl j-amide;

S-Methyl-pyridine-2-carboxylic acid {3-{{5-methylpyridine-2-carbonyl)-aminol-
adamantan- -y -amide;

&-Methyl-pyridine-2-carboxylic acid {3-[(4-hydroxypyridine-2-carbonyl-amino]-
adamantan- -y }-amide;

Pyridine-2,6-dicarboxylic acid Z-amide 6-{{3-[{(o~methyi-pyridine-2-carbonyl }-amino}-
adamantan-1-vlt-gmide);

&-Methylpyridine-2-carboxylic acid {3-{{6-hydroxymethyvipyridine-2-carbonyl}-amino]-
adamantan- -yl }-amide;

G-Methyl-pyridine-2-carboxylic acid {3-{{6-fluoropyndine-2-carbonyl}-amino]-
adamantan- -yl f-amide;

&-Methvl-pyridine-2-carboxyhic acid {3-[(2-methyi-thiazole-4-cathonyl }-amine}-
adamantan-1-yl f-amide;

a-Methyl-pyridine-2-carboxylic acd {3-{{4-bromopyridine-2-carbonyl}-amino]-
adamantan-1-yl{-amide;

64 3-[{6-Methyl-pyridine-2-carbonyl -amino-adamantan- L-yicarbamovl }pyridine-2-

carboxylic acid methy! ester;



amide 6-M ethyi-pyri dine-2-carboxyl i ¢ acid {3-[(G-azniuopyridine-2-carbonyi)-atni adam a ntan-1 -yll
-am i de: 2,6-Dimetlayl-pyrimidine-4-carbm ic acid [34hyl-pyridine-2-carbl a 'a ad amaatan- 1 -y1
-amide; 6-Methyl tyri di a.e.-2-carboxyli ¢ acid (34-carbon} ami noi-adam an cal amide;
Benzoxazoiessecansanyliv acid 3-[(6-1 hrbonyl)-am Eadamantai 1- yl [-amidenfd:6idapbihyridinebc
acid 3+6-methyl-I)) 'ne-2-carbonyi'nal- adamantan-1 -yl [-amid 6-Methyl -pyri di ne-2-carboxyii ¢
acid[(2,3-dilo-benzo 4 J dioxine-6-carbonyl)- c+adamantan- -yl.1-ami de; pyri din e-2-carbo ylic
acid )3-R4-fluor yridine-2-carbonyl)-arninoladamantan-1 -y1) -amide; 0-Dimethylarboxylt ¢ acid )3

4(6-niethyl - 'di2-carbonyl)-ami adamantan- | -yl ) -ami de; 6-Methyl- pyrldlne -2-carboxylic ac,5-di
met] L. Li-pyrazZoRdabskine finercadummainand {1 camapeilieeiapyeny - aminol-
dine-2-carbaXgsmethoxvpyridings¢-carbonyl)-am adamantan-I-yll -am i de;

&-Methyl-pyndine-2-carboxylic acid {3-H(0-(1-hvdroxy-ethvl}-pyridine-2-carbonyl}-
amino l-adamantan- -yl f-amide;

&-Methyl-pyridine-2-carboxylic acid {3-4{6-(1-hvdroxy-l-methyt ~eihv1}~pvucime~”

carbony!aminol-adamantan- -yl l-amide;
N N1, 3-adamantvliene)bis(6~methyl-pyrazine-2-carboxamide);

&-Methyl-pyrazine-2-carboxylic soid [3-(3-methoxy-benzoyiamino)-adamantan- {1}

'amidﬁ;

6-Methyl-pyrazine-2-carboxyviic acid [3-(3-ethoxy-benzoylamino)y-adamantan- 1 -vi]-amide;
6-Methyl-pyrazing-2-carboxyiic acld [3-(2.5-difluoro-benzoylamine adamantan-1-vl}-
amide;

&-Methyl-pyrazine-2-carboxyiic acid [3-3-chloro-4-fluoro-benzoviaming-adamantan- 1 -
yll-amide;

6-Methyl-pyrazine-2-carboxylic acid [3+(2-flucro-3-triflucromethyi-benzoylamine)-
adamantan-1-ylj-amide;

6-Methyl-pyrazine-Z-carboxylic acid {3-[(6-methoxy-pyridine-2~carbonyl}-amingl-
adamantan-1-yl }-amide;

6-Methyl-pyrazine-2-carboxyhic acid [3-(3-chloro-2-fluoro-benzovlamino -adamantan- 1 -
yli-amide;

6-Methyl-pyrazine-2-carboxylic acid {3-[(4-methoxy-pyridine-2-carbony! }-aming}-

adamantan-1-vl -amide;

6-Methyl-pyrazine-2-carboxylic acid {3-[{2-methoxy-pyridine-4-carbonyi}-amino}-
adamantan--vl b-amide,
6-Methyl-pyrazine-2-carboxylic acid {3-[(2-ethoxy-pyridine-4-carbonyly-amingl-

adamantan- {-vi }-amide;



6-Methyl-pyri di ne-2 -carboxyli ¢ acid 3-1:(3-fluoropyri din e-2 -carbonyl) nholadamantan-l-y1 ) -amide
6-Methyl-pyridine-2-carboxylic acid )345-m ethylpyridine-2-ca o )-aminoladam antan- | lll-amide;
6-Methyl-pyridine-2-carboxylic acid - (4-hydr xypvn e-2-carbonyl)-aminoladamantan-I-y1 ) -amide;
Pyridine:4,6-disaboxsdis@cid 2-amide(6-11 hy -pyridine-2-carbany0-amine@ciasamtasedsy -amide);
6-Methyl-pyri di ne-2-carb oxyl ¢ acid 3-R6-hy droxym et hylpyridi ne-2-carb a damantaa-1 -y1J-ami
de; 6-Methyl-pyridine-2 -carboxyl iacid )34(6-fluyridine-2-carbony1l)-a.minol- adamantati-l-y1) -amide;
6-M ethyl -pyri dine-2-carboxylic acid2-metby- e-4-carbon- adamantan-l-yl ) -am i de:
6-Methyl-pyridine-2-carboxylic acid 1.3-[(4-bromopyridinearbamino]. adam antan-1 -yl .1-amide;
6-)34(6-Meth Vi=pibalnisezinaeipranipefd B Syiesyidepydigind-cedumdiyiic sdid methyl ester;
WO 2010101 1510R6:14US2099/@80934 6-yridinc-2-carboxylic acid '3 adamantan-1-yl}-amide;
6-Metbyl-pyricline-2-carboxylic acid arninoll-adarnantan- | -y1}, -amide; 6-Methyl-pyridine-2-carbox
cetylpyridicarbomgésthyt-pyrazine-2-carboxylic acid {3-[(2-methyl-thiazole-4-carbonyl)-amino}-

adamantan-1-y!}-amide;

6-Methyl-pyrazine-2-carboxylic acid {3-(3-fleoro-S-methyl-benzoylamino l-adamantan- 1~
vli-annde;

o-Methyl-pyrazine-2-carboxylic acid [3-{(4-fluoro-3-methoxy-benzovlamine adamantan-
L-yi}-amide;

6-Methyi-pyrazine-2-carboxylic acid {3-[(2-fluoro-pyridine-4-carbonyl-amino)-
adarnantan-1-vl j-amide; '
&-Methyl-pyrazine-2-carboxyhic acid {3-{S-chloro-2-fluoro-benzaylaminel-adamantan-1 -
yil-amide;

&-Methyl-pyrazine-2-carboxylic acid [3-(3-diflucromethoxy -benzovlamino}-adamantan-1-
yli-amide,

&-Methyl-pyrazine-Z-carboxyiic acid {3-(3-chloro-5-flucro-benzoylamine)-adamantan-1 -
yil-amide;

O-Methyl-pyrazine-I-carboxylic acid {3-[{6-fluoro-pyridine-2-carbonyij-aming]-

adamantan-1 -yl l-amide;

&-Methyl-pyrazine-2-carboxylic acid {3-[(5-methyl-pyridine-3-carbonyl}-aminal-
adamantan~ -yl j-amide;

&-Methyl-pyrazive-Z-carboxylic acld {3-(4-fluoro-3-methyl-benzoviamino)-adamantan-1-
vij-amide;

6-Methyl-pyrazine-2-carboxylic acid [3-(2-fluoro-3-methoxy -benzoylamino}-adamantan-

1-yi]-amide;

¢-Methyl-pyrazine-2-carboxylic acid {3-[(3-methyl-pyridine-2-carbonyl}-amino}-

adamantan- -y }-amide;



64.1 -hydroxy-e 1 yridine-2-carbony1l)- -hydroxy-.1-methyl-ethyl)-pyricline-2- carbonyl
)-aminol-adamantan-1-yll-amide; NrN141 ,a-adamantylene)bis(6-methyl-pyrazine-2-carboxami
6-Methyl-pyrazine-2-curboxylic, acid P43-methoxy-b zoyl arninp)-adamarna 1-y amide;
6-Methyl-pyraginzs@/eaidioxylic acid [3(3-ethoxy-b zoylaminci)- dtan-1 -yll-Bemias2009/056934
6-Methyl-pyrazine-2-carboxylic acid [342.5-clilluoro-benzoy4amino)-adat amide; 6-Methyl-2-carboxylic
acid 343-chloro-4-henzoylarnino)-adamantan-1- yll-ami de; 6-Methyl-pyrazine-2-carboxylic acid [34
flu )-3-trilluoromethyl-benzoyl)- adamantan-I-y1l]-amide; 6-Methyl-pyrazine-2-carboxylic acid '3- (6-
thoxy-p)e- carbonyl)-arninol- adamantan-1-y1l -amide; 6-Methy1-pyrazine-2-carboxacid
[343-chloro-2-fitdRBepvssinarfirmskardin ack W arfkse 6L MSssepyrvirnezedsporglic acid
44-methoxy-pgdég{@@ag:p@[pmyg;amino)- adamantan -1-yll -am i de; 6-Methyl-pyrazine- iarboxylic
act-K2- 1.1dine-4-carbonyl)-at adamantan-1-y1 }-ami de; 6-Nletby1-pyrazine-2-carboxylic acid[(2-
th-4-carbonylmbMethyi-pyrazine-2-carboxylic acid {3-{{ S-ehloro-pyridine-3-carbony!)-amino}-

adamantan-1-vl-amide;

&-Methyl-pyrazine-2-carboxylic acid {3-[{4-fluoro-pyridine-2-carbonylj-amino]-

adamantan-1-yl}~amiide,

Pyrimidine-Z-carboxvlic acid {3-[{6~methyi-pyrazine-2-carbonyi-amino]-adamanian-1-

ylt-amide;

2-Methyl-pyrimidine-4-carboxylic actd {3~-[{6-methyl-pyrazine-2-carbonyl)-amino}-

adamantan-1-vl}-amide;

[1,6INaphthyridine-2-carboxylic actd {3-[f6-methyl-pyrazine-2-carbonyl -amino)-

sdamantan-1-vi l-amide;

Benzoxazole-S-carboxylic acid {3-[{6-methyl-pyrazine-2-carbonyl-amino]-adamantan- | -

vl}-amide;

é-Methyl-pyrazine-2-carboxylic acid {3-[(4-bromo-pyridine-2-carbonyl -amino}

adamantan-1-vl t-gmide;
&-Methyl-pyrazine-2-carboxylic acid [3-(4-fluoro-benzoylaminoj-adamantan- 1 -yl }-amide;

6-Methyl-pyrazine-2-carboxylic acid {3+[(Z-bromo-pyriding-d-carbonyl }-amino}-
adantantan~ [yl l-amide;

2-Triflvoromethyl-pynmidine~d-carboxytic acid {3-{{6-methyl-pyrazine-Z-carbonyl -
amino]-adamantan-1-vi} -amide;

4-Trifluoromethyl-pydmidine-2-carboxylic acid {3-[(G-methyl-perazine-2-carbonyl}-
amino]-adamantan- -yl -amide;

Pyrazine-2-carboxylic acid {3-[(2-bromo-pyridine-4-carbonyi }-amino]-adamantan-1-vl i~
amide;

Pyrazine-2-carboxyiic acid {3-{(2-methyl-thiazole-d-carbonyl}-amine-adamantan-1-yi -

amide;



aciamantan-1-vi}-amide; WO 2010/011570PCT/US2009/050934 6-Methyl-pyr-2-carboxylic acid
[342-methyl- ridine-4-carbo lline+ adarnantan--1 -yl. mide; 6-Methyl-pyrazine-2-carboxylic acid
13-[(2-methyl-thiazole-4-carbonno]- adamantan-i-yll-ami de; 6-Methyl-pyra-2-carboxyli(3-fluoro-5- id
lo)-adama n-1- yll-amide: 6-Methyl-pyrazine-2-carboxylic acid 3-(4-fluoro-3-methoxy-benzoyd na
1-ylkamide; 6- Methyl pyrazine -2 arboxylic acidor - pyridine4 ca adamantan-1 -y1 -amide; 6-Methyl-p

razine-2-car enzo 1 | azine;2-carboxylic acid
43- dlfluomm z°‘§/ ?n?'no 25t ai‘na[ﬁ% Ckiafn di\ﬂ ?éa%{yl puflz%g?ﬁiai oxy%’ ﬁacid
[34:3-chloro- ﬁi&hmm—b@mzayiainlno) -adamiunan- - .yl}-amide; 6-Methyl-pyrazin -2-carboxylic acid

1.3-R6-fluor pyridine-2-cbony1l)-anaincdadamantan-1 6-Methyl-pyrazine-2-carboxylit acid
(345-methy|-fyridimg-Bscanbibng Lyaninolac aprhhiaip rraging-2aeaibenyl)-amino|

-adamantan-i-yl}-amide;
2-Trifluoromethyl-pyrimidine-4-carboxylic acid {3-[(pyrazine-2-carbonyl)-amino]-

adamantan-1-yl}-amide;
4-Trifluoromethyl-pyrimidine-2-carboxylic acid {3-[(2-methyl-pyrimidine-4-carbonyl)-
amino}-adamantan-| -yl }-amide;
2-Methyl-pyrimidine-4-carboxylic acid {3-{(4-methyl-pyrimidine-2-carbonyl)-aminoj-
adamanian-1-yl}-amide;
4-Methyl-pyrimidine-2-carboxylic acid {3-[(pyrimidine-4-carbonyl)-amino}-adamantan-1-
yl}-amide;
4-Trifluoromethyl-pyrimidine-2-carboxyiic acid {3-[{pyrimidine-4-carbonyl}-amino}-
adamanian-1-ylt-amide; or
a pharmaceutically acceptable salt thereof.

18) A pharmaceutical composition comprising at least one compound of claim 1 or 2

pharmaceutically acceptabie salt thereof, and at least one pharmaceutically acceptable

carrier.

19)  Use of a therapeutically effective amount of at least one compound of ciaim 1 or a
pharmaceutically acceptable salt thereof in the preparation of a medicament for the
treatment of a central nervous system disease or disorder, wherein said medicament is to be

administered to a mammal in need thereof.
20) The use of claim 19, wherein the mammal is a human.

21)  The use of claim 19, wherein the central nervous system disease or disorder is a cognitive,

neurodegenerative, psychiatric or neurological disease or disorder.

22) The use of claim 21, wherein the cognitive or neurodegenerative disease or disorder is

selected from a group consisting of a mood disorder, an anxiety, a schizophrenia,



6-Methyl-pyrazine-2-carboxylic acid [34.4-flu ro-3 ethyl-hemo, a ino)-adamantan-1- yll-amide;
6-Methyl-pyi T1carbaacid 1:3-(2-fluoro-3-rnetboxy-benzbyl IMO-attain 1.-yl1-amide;
6-Methyl-pyrazine-2-carboxylic acid p-[(3-methyl-pyridine-2-carbon 1)- inoiadamantan- 1 -yl1.1.-amide;
6-Maly -pyrazine-2-carboxylic acid P-(2-fluom-5 tri oromet yl-benzoviamino)- adamaman-1111-amide;
Methyl- pyrazine -2-carboxylic acid (13 R5 chloro-pyridine-3-carbonyl)-aminoladamantan-1-yl.1-ami de;

6-Methyl- pyr% ne. :2- -carho dyillc% r% flu?L])r di -2-¢ t}ﬁe¥9 amln a%dam%\nt m-1 -y11-amidc;

CIET. 1SE Fscase, MU 1051 an’t S
Pyrimidine-2:carioxylic aci ffl -zin'yll-amide; yl-pyr m| Ine= carcboxy%tlc acid ;'6-m

adamantan-lsydybtarideafér8lNephihy Gdine2ledebok discasidd BpLmdandenstan-1-y11-ami de
Benzoxazole;-carboxyiic AIAkEsR SIaWERY MG -B5 MEUY R a4RR- g 6RResylg Reigldsprom

Fragile X syndrome, an autism spectrum disorder, and a combination thereof.
23y The use of claim 22, wherein the mood disorder is a depression.

24) The use of claim 23, wherein the depression is selected from the group consisting of atypical
depression, bipolar depression, unipolar depression, major depression, endogenous
depression, involutional depression, reactive depression, postpartum depression, primary

depression, psychotic depression, secondary depression, a combination thereof.

25) The use of claim 22, wherein the anxiety disease or disorder is selected from a group
comprising generalized anxiety disorder, panic anxiety, obsessive compulsive disorder, sociai
phobia, performance anxiety, post-traumatic stress disorder, acute stress reaction, an
adjustment disorder, a hypochondriacal disorder, separation anxiety disorder, agoraphobia, &
specific phobia, anxiety disorder due to general medical condition, substance-induced anxiety

disorder, alcohol withdrawal-induced anxiety, and a combination thereof.

26) The useof claim 19, wherein the central nervous system disease or disorder is a pain
disease or disorder selected from the group consisting of inflammatory pain, neuropathic

pain and migraine pain.

27)  The use of claim 26, wherein the neuropathic pain or migraine pain disease or disorder is
selected from the group consisting of allodynia, hyperalgesic pain, phantom pain,
neuropathic pain related to diabetic neuropathy, neuropathic pain related to migraine, and a

combination thereof.

28) The use of claim 19, wherein the centra! nervous system disease or disorder 18 a neuronal

hyperexcitation state disease or disorder.

29) The use of claim 28, wherein the neuronal hyperexcitation state disease or disorder is a
neuronal hyperexcitation state in medicament withdrawal, a neuronal hyperexcitation state

in intoxication, or a combination thereof.

30} The use of claim 21, wherein at least one symptom of the disease or disorder is treated.
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adamantan-1-y1.1-amide; 6-Methyl-py.razine-2-carboxyiic acid
P-(4-fluoro-benzoylarnino)-adamantan-1- J-amide; 6-Methyl-pyrazine-2-carboxylic acid
(3[(2-bromo-pyridine-4-carbonyl)-aminl ad amantan-1111 -amide;
2-Triflooromethyl-pyrimidine-4-carboxylic acid {3-[(6-methyi-pyrazine--2-cathonvi
aminoi-adamantan-I-v -amide; 4-Trifluoromethyl-pyrimidine-2-carboxylic acid 1 (6-p azine Garbo y1)-

aniinoj-agdamaplans, '()T"éléli%i%j Fiazing2araRoxy s ard-(R-L(d:promgspyridine-4-carbonyl)-anno a

llama Pyrazin -2-carboxylic acid3-[(-niethvl-thi.azoie-4-carbonvl)-arninof-adarnantaryll- amide;

Pyraz"‘?z?'cﬁm%'t?f@ﬁiﬁn 32, wherein the at least one symptom of the depression is depressed
-1(5-cyc|opr0£%/1-21-1-pyrazo|e-3-carborp(t)-aminoladaman‘tan-1-y1}-amide;_ ) _
4-Methyl-pyrisfitite ERIEFBRMPRO dciord STHGTETiNeDER IS SRV 324 71 36| AdHaHsartAr 85 Mami de;

2-Trifluoromegkndrpyrimidine 14-carbexylicaeid:{314epyaring; 2aeRieml) aminek, adamantan-I-yll
4-Trifluoromethyl-pyrimidine-2-carboxylic acid {3-[(2-methyl-pynmidine-4-carbonyl)-
amino]-adanfafitR: {1 aPRILEAPSNRRtRY EY A R R Sei YBAa- HRtRH-Bhrim d
ne-2-carbonysbhaidieks ad alnamiannkyd }raniseh v ethytipy omieingaZaaroxydis aeisl
13-[(pyrimidine-4-carbonyl)-aminoladamantan-1- y1}-amide; 4-Trifluoromethyl-pyrimidine-2-carboxylic
acid 15 oy AL Sy S BT B P 57 e Ry acoeptable
salt thereof 18)Adpharmaeebiticabaahepasdition comprising at least one compound of claim 1 or a

pharmaceutically acceptable salt thereof, and at least one pharmaceutically acceptable carrier.
33) The use of claim 30, wherein the disease or disorder is an anxiety,

34) The use of claim 33, wherein the at ieast one symptom of the anxiety is apprehension, fear,
trembling, muscle aches, insomnia, abdominal upsets, dizziness, irritability, persistent,
recurring thoughts, compulsions, heart palpitations, chest pain, chest discomfort, sweating,
tingling sensations, feeling of choking, fear of losing control, flashbacks, nightmares,
intrusive thoughts, intrusive recollections. avoidance behaviors, emotional numbing, an
inability to sleep, anxious feelings, overactive startle response, hypervigilance, outbursts of
anger, faintness, blushing, profuse sweating, gastroesophageal reflux or a2 combination

thereof.
35)  The use of claim 30, wherein the disease or disorder is schizophrenia.

36) The use of claim 35, wherein the at least one symptom of schizophrenia Is a positive
symptom selected from the group consisting of haliucination, delusion, paranoia, and a

combination thereof,

37) The use of claim 35, wherein the at least one symptom of schizophrenia is a negative
symptom selected from the group consisting of social withdrawal, flat affect, anhedonia,

decreased motivation, and a combination thereof.

38) The use of claim 35, wherein the at least one symptom of schizophrenia is a cognitive
symptom selected from the group consisting of severe deficit in attention, severe deficit in
object naming, severe deficit in working memory, severe deficit in long-term memory
storage, severe deficit in executive functioning, a slowing of information processing, a

slowing of neural activity, long term depression, and a combination thereof.



19) Use of a therapeutically effective amount of at least one compound of claim 1 or a
pharmaceutically acceptable salt thereof in the preparation of a medicament for the treatment of a
central nervous system disease or disorder, wherein said medicament is to be administered to a
mammal in need thereof 20) The use of claim 19, wherein the mammal is a human. 21) The use of
claim 19, wherein the central nervous system disease or disorder is a cognitive, neurodegenerative,

psychiatgie orpeyrolagical diseassondinoaien28) Jinguseob slaloals yrhgrein the cognitive or

neurodegenerative disease or disorder is selected from a group consisting of a mood disorder, an
anxiety4& schizoplrsnidiizheinesis diseasasParkinsonsliseastinutinipagleropisoddyntington’s
chorea, amyotrophic lateral sclerosis, Creutzfeld-Jakob disease, a trauma-induced neur eo%eneration,
AIDS-induceiﬂ“@ﬁ@éWéh%ﬁéfﬁy?ﬁ%@ﬁiﬁﬁsifﬁf&%%*@h%@ﬁh@ﬁ%ﬁﬂﬁ%rﬂé] % gﬁﬁﬁ’ﬁoﬁﬁ@an autism
spectrum disprdefenha 6o aLPRtricah R Fhatiasei tiwiaine 2 whegeidbienmead disorder-is a
depression. 24) The use of claim 23, wherein the depression is Is{eleqt%(]*] froT the sqrou%é:ronsisting of
atypical depreSBfianfoBiE ARt SSsR A SIS GePPILSR, hisiBraebratsish endogshous
depression, invakdtiofial depressionrmeactilevdentaskion, pestpdstfom dépressiomapyimabjetepression,
psychotic depression, sec ndar¥ d% ;esgli_ondoam om E(i)p}e%g(ciJ]rne(ggnereof 25) The use of claim 22, wherein
the anxiety d 48584 %Crht’j'%br%séralsege &tted from a group comprising generalized anxiety disorder, panic
anxiety ,Qbsesgive compulsive disardety sogial Bhohia, REHQMARER ARG ROSt-raumatic stress

disorder, acute stress reaction, an adjustment disorder, a hypochondriacal disorder, separation anxiety

disordeyagoraphobis & shesificiRhaRimaptiay disasgsdue tagansialmedicat eondtion,
substance-induced anxiety disorder, alcohol withdrawal-induced anxiety, and a combination thereof
26) The usecfHIAITNIY HHFHEFEIHY tHB R FTEN N8 YIS S iR HeEHE Bﬁ&@B?&émgaé{rB%% "Yisease or
disorder selegted o ihe grovniceraisting ef inflammatencpainnetapathisgpair and migraine pain.
27) The use of claim 26, wherein the neuropathic pain or,migr_aine,[pain disease or disorder is selected
from the grouB'BHRSRYEBFAISHY HiaPRYHEFRGEETR BAIN haltom PR 'RAIFSFaTE S elated to
diabetic neurgpaihhdaeu epathicpainyeiated tooanigraine, auadus cofulination thepeoti28) fihe use of
claim 19, wherein the central nervofkjs,s%stem d'sease.o;r dis%rder IS arg%ya[t%nﬁl Qgggrex&jtaegifon state
disease or diS5PALL T30 FHEUEE Hf BEIRTSE IS the hatronal Wy pRrexcitation State disease or
disorder is a pgurapahfyneiexeitaiicn state imamedicamentiwithdrawsl hal veuramal, ypsrexcitation
state in intoxication, or a combination thereof 30), The use of claim.21., in.at least one symptom
of the diseasghcﬁrl #isOr éﬁ?{?grqr%ét%dl.n%’?lb %O:éééeﬁ”gg%ﬁ}%?Svrﬁé?}e%trﬁl%qeﬁg ié%fgse or disorder is a
depressian. 37) The yea gholpim A2 yherein e eUeashons symptomiaLie depission is depressed
feeling, depressed mood, loss of interest or pleasure in some or all activities, changes in appetite,
changes in weightplehsalstsssin sleep patterns, lack of energy, fatigue, low self esteem, diminished
capacity for thinking, concentration, or decisiveness, feelings of hopelessness or worthlessness,
psychorfibtor Resitatior! slatexdfdatse sk &pksacsixpiopr @ Bl st thoBLhts of death or
suicide, plans,gkattempisdeisommit Saicide so6 Bcerimbiiationithineeof 8g)pheiuseiofietaim 30,
wherein the disease or disorder is an anxiety. 34) The use of claim 33, wherein the at least one
symptom of tRESHHeE/ FEa 5 FHaN ST e 87 PE ARSI fn CRRTE M NS 1 SRR A8 EBSial upsets,
dizziness, irritabilitycpersistent- reewsingatheyghts, eompusionsybeartpaipitationsd shest pain, chest
discomfort, sweatin%, tin lirﬁ senst?giqns, feq ing gffcgo%}ig%,rfegg c}ug '%%QQF%%%EEN ;Il_aasggsa}gks,
nightmares, iRt GR0E oGt it PR S SR RS PSR GiotioAal numbing, an
inability to slegpnaarousiedlingssovetegty pstattie scspoipsesi hypempigitanceadubegsts of anger,
faintness, bIushIng: RIS AYCA SRS SopRAacal IRl OF & o BIBRIOR NRIBAL,

myokymia, restless leg syndrome, footdrop dysfunctional reflexes (MRSs, Babinski’s,
Hoffman’s, Chaddock’s), paraesthesia, anaesthesia, neuralgia, neuropathic pain,
neurogenic pain, 'hermiite's, proprioceptive dysfunction, trigeminal neuralgia, ataxia,

intention tremor, dysmetria, vestibular ataxia, vertigo, speech ataxia, dystonia,
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35) The use of claim 30, wherein the disease or disorder is schizophrenia. 36) The use of claim 35,
wherein the at least one symptom of schizophrenia is a positive symptom selected from the group
consisting of hallucination, delusion, paranoia, and a combination thereof. 37) The use of claim 35,
wherein the at least one symptom of schizophrenia is a negative symptom selected from the group
consisting of social withdrawal, flat affect, anhedonia, decreased motivation, and a combination thereof
38) The use afsdiaitncBSkindsereindhenatisasttne Sjaddroapastisihiishiéhiaddes €8ighiave symptom
selected from (e QONRGRASIRINAOf peXRiGARNR R AUIRRHOR.So¥a(R dplitinpbiegimgming, severe
deficit in Worfgng menTory, severe deficit in long-term memory storage, severe deficit in executive
functioning, asigipmpofirtrnzticny. slrsesiitg coesiowarly SERE oI5y teti@Epression, and
a combination) thereaf 39T he el glaim: 30nubrreimihe disgane.on diserder saiRarkinson's

disease. 40) The use of claim 39, wherein the at least one symptom of Parkinson's disease.is
levodopaindubg iy skimeisia, peviosaaheesabikivs8ilaPPYHI BPAR KSR IR change in
speech, loss of facial expression, micrographia, dif iCL%'% swallowin%, déo iqg,lg)?inf dementia,
confusidh, a 'SRl ARSI GH SRR AL Brobre M deprBRLsHO & anxiely, difficulty with
memory, sloweghihinkinglisexdabdyrivaiction:ah wurihapy-probliemofatigudicackingptossiienergy, or a
combination thereof 41) The use of claim 30, wherein the disease or.disorder is Alzheimer's disease.
42) The use %ﬁsfﬂ%‘?ﬁ?%f,g%}]wé%ﬁﬁ’ﬁﬁg‘ %efgﬁgfdorﬁlg%églarﬁn&grhs g %zahg}mlesﬁ%%?s{%gs%ag%@p%ﬁrment in
memory, impakin@stast attention, impairment in judgment, impairment in decision-making, impairment
in orientation to physical surroundings, language impairment, impairment in speed-dependent

activitie$s impairviantier alestiedtyr efisoningrivipdisheneds visuespatar apiiges? inpairment in

executive fungloning, iIpRBERLINESheRMeral dIstbaRcar:sIbirRRlRIMBRSHMIaARAIY._

inappropriatéjdaressmg, poor self care, agitation, violent outburst, aggression, depression, anxiety,
hallucinationpigehesidmeshenmge Wipers cnalnedemys ihihmboalaBiERtAIOr BESMBiHANGH thereof 43)
The use of claim 39, wherein the cognitive or neurodegenerative disease or disorder is multiple
sclerosis. 44) The use of claim 43, wherein the at least one symptom of multiple sclerosis is optic
neuritis piurreg MisiaRe YL sOERAI Vision, iblindness ndiplepiridouble vision, nystagmus jerky
eye movements, ocular dysmetria, constant under- or over-shooting eye movements, internuclear
ophthalmopleaia, nystagmus, diplopia, movement and sound phosphenes, diplopia, afferent pupillary
defect, motor paresis, monoparesis, paraparesis, hemiparesis, quadraparesis plegia, paraplegia,
hemiplegia, tetraplegia, quadraplegia; spasticity, dysarthria, muscle atrophy, spasms, cramps,
hypotonia, clonus, myoclonus, myokymia, restless leg syndrome, footdrop dysfunctional reflexes
(MRSs. Babinskis, Hoffman's, Chaddock's), paraesthesia, anaesthesia, neuralgia, neuropathic pain,
neurogenic pain, Phermilte's, proprioceptive dysfunction, trigeminal neuralgia, ataxia, intention tremor,
dysmetria, vestibular ataxia, vertigo, speech ataxia, dystonia, dysdiadochokinesia, frequent
micturation, bladder spasticity, flaccid bladder, detrusorsphincter dyssynergia, erectile dysfunction,
anorgasmy, retrograde ejaculation, frigidity, constipation, fecal urgency, depression, cognitive
dysfunction, dementia, mood swings, emotional lability, euphoria, bipolar syndrome, anxiety, aphasia,
dysphasia, fatigue, uhthoffs symptom, gastroesophageal reflux, a sleeping disorder, or a combination
thereof 45) Use of a therapeutically effective amount of at least one compound of claim | or a
pharmaceutically acceptable salt thereof in the preparation of a medicament for treating
gastroesophacieal reflux, wherein said medicament is to be administered to a mammal in need thereof
46) Use of a therapeutically effective amount of at least one compound of claim or a pharmaceutically
acceptable salt thereof in the preparation of a medicament for treating alcohol dependence, wherein
said medicament is to be administered to a mammal in need thereof. 47) The compound of any one of
claims 1 to 17 for use as a medicament.



