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PYRROLOPYRIMIDINE DERIVATIVES AS
NRIB NMDA RECEPTOR ANTAGONISTS

BACKGROUND

f001] Non-selective NMDA receptor antagonists, originally developed in stroke and head
trauma, have more recently shown clinieal efficacy m treating depression. The non-selective
NMIA receptor antagonist, ketamine, has been shown 10 have rapid onset and efficacy in
depression resistant to standard monoaming reuptake inhibitor therapy (Mathews and Zarate,
2013, J Clin Psyeliatry 74:516-158). However, non-selective NMDA receptor antagonists
such as ketamine bave a range of undesirable pharmacological activities which limit
application in humans, In particular dissociative or psychogenic side effects are particularly
pronunent for non-selective NMDA recepror antagonists. More recently, NR2B subtype
selective NMDA receptor antagonists have demonstrated potential in a wide range of clinical

indications. In particular, NR2B antagonists have also demonsirated antidepressant activity in

3

early stage chinical tals (Thvalum et al, 2012, J Ciine Psychapharmavel. 32, S51-357,
Preskorn et al., 2008, .1 Clin. Pyyehophurmaco]. 28, 631-637). Furthermore, selective NR2B
antagonists have advantages over unselective NMBDA receptor antagonists such as ketamine
due to greatly diminished dissociative side effects. However, NR2B antagonists described io

date have generally exhibited drawbacks with regard to other drug properties which have

limtied potential use in human drag therapy.

SUMMARY

f602] For broad scope of appheation and safe human use tn g range of chnical indications
including depression, mnproved NR2B subivpe selective antagonists are needed. The present
mvention, amoeng other things, addresses the need for NR2B receptor antagonists that are
improved in one or more aspects exemplified by phanmacokinetic performance, oral activity,

cardiovascular satety, and & viro and in vivo therapeutic safety index measures.

f003] In some embodiments, the present invention cacompasses the insight that chomical

entities of formula I
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wherein X, Y, Z, R, RS, RY, R and R® are defined herein, are NR2B subtype selective
receptor antagonists. Cheimical entities of formula I, and phanmaceutically accepiable
compositions thereof, are useful for teating a vanety of diseases and disorders associated

with NR2B receptor antagonism, Such diseases and disorders include those described herein.

BRIEF DESCRIFTION OF THE DRAWING

[004] FIG. 1 shows the results of compound C-178 i the forced swim test asx described m

Example 2.4.1.

[eos] FIG. 2 shows the vesulis of compound C-179 m the forced swim fest as desceribed in

Example 242

fooe]  FIG. 3 shows the resnlts of compound C-6 in the haloperidol-induced catalepsy model as

described n Example 2.5 1,

[007] FIG. 4 shows the results of compound C-12 i the haloperidobinduced catalepsy model
P P P33

as described w Example 2.52.

foog] FIG. 3 shows the resulis of compound C-3 in the haloperidolinduced catalepsy model as

described m Example 2.5.3.

[009] FIG. 6 shows the results of compound C-11 in the electroconvulsive threshold test as

described m Example 2.6.1.

[810] FIG. 7 shows the resalts of compound £-127 in the electroconvulsive threshold test as

described in Example 2.6.2.
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[011] FIG. 8 shows the results of compound C-179 in the electroconvulsive threshold test as

described in Example 2.6 3.

[012] FIG. 9 shows the results of compoonnd C-179 in the & Ha seizure test as described o

Example 2.7.1.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
General Description of Chemical Entities

[o13]  In some embodiments, the present invention provides chemical entities of formuda I

RG
, F. F 6/ Y ; i,
R Y\ N N N
1
X z R?

Y and Z are independently N or C{R™);

wharein:

X is -H{ halo) C-Ce alkyl optionally substituted with 1 to 6 fluore; C-Cy cyeloalkyl;
Ca-Cy alkoxy optionally substituted with 1 o 6 fluore; ~ON; -NQu; -NRHRY): -8R
-S(O%R"; or -C(OIOR";

RY is -H; hale; C-Cy alkyl optionally substituted with 1o 3 fluorve; Ca-Cy eveloatkyl;
Cy-Cy atkoxy optionally substituted with 1 to 3 fluoro; -ON; -NOs; -NRHRY;
SCEOWIRT; or AC{OMNRMRMY,

R” i -H: halo; C-Cy alky! optionally substitated with 1 to 3 fluoro; eyclopropyl or

Ci-Cy alkoxy optionally substiruted with 1 to 3 fluaro;

R'is -H, -F, -Cl, ~CHs, ~CFs or -QCHa:
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R is -H; -F: -Cl OO alky! optionally substituted with 1 to 3 fluoro; or cyclopropyl;
R’ is -H or -CHs;

R is -H, -F or -CHy;

each instance of R’ independently is C-C, alkyl;

each instance of R” independently is -H or C:-Cy alkyl: and

R is G- atkyl optionally substituted with 1 to 3 fluoto.

[014] Unless otherwise specified or clear from contexi, the term “chemical entity” vefers {0 a
compound having the indicated structure, whether in g “free”™ form {e.g.. “free compound”
or “free base” or “free acid” form, as apphicable), or in a sali form, particularly a
pharmaceutically scceptable salt form, and furthenmore whether in solid state form o
otherwise, Thus, in some embodiments the term “chemical entity” refers to a compound
having the indicated structure, or a pharmaceutically acceptable salt thereof. In some
embodiments, a solid state form 18 an amorphous (e, non-crystalline) form; in some
embodiments, a solid state form 13 a crystailine form. In some embodiments, 8 crystalline
form {2.g., a polymorph, pseudohydrate, or hydrate). Similarly, the term encompasses the
compound whether provided 1o sohid form or otherwise. Unless otherwize specified, all
staternents made herein regarding "compounds” apply 10 the associated chemical entities, as

defined.
Chesreal Entities and Defimitions

[015] Unless otherwise specified, the word "inclades” (or any variation thereon, e.g., "include”,
“including”, etc) 13 ntended to be open-ended. For example, "A includes 1, 2 and 3" means

that A inclades but s not imited to 1, 2 and 3.

fore]  Unless otherwise specified, the phrase "soch as” is intended to be opem-ended For
example, "A can be a halogen, such as chiorine or bromine” means that A can be, but is not

himited to, chlorine or brotmine.
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f817] Chemical entities of this mvention include those described generally above, and are
forther iHustrated by the classes, subclasses, and species disclosed herem. As used herein,
the following definiions shall apply unless otherwise indicated. For purposes of this
mvention, the chemical elements are identified m accordance with the Penodic Table of the
Elements, CAS version, Hamdbook of Chenstry and Physics, 5™ Bd. inside cover, and
specific functional groups are generally defined as described therein. Additionally, general
principles of organic chemistry, as well as specific functional moieties and reactivity, are
described in Thomas Sorrell, Organic Chemistry, Untversity Science Books, Sausalito, 1999;
Smith and March, March’s ddvanced Qrganic Chemistry, s™ Edition, Joha Wiley & Sons,
Inc., New York, 2001, Lavock, Comprehensive Organic Transiormations, VCH Publishers,
Inc., New York, 1989; and Carruthers, Some Modern Methads of Organic Nynthesis, ki

Edition, Cambridge University Press, Cambaidge, 1987

[o18] The term "alkyl", as by itself or as part of another substituent, means a substituted or
unsubstituted, linear or branched, untvalent hydrocarbon chain that is completely saturated or
that contams one of more units of unsaturation. Unless otherwise specified, alkyl groups
contain 1 to 7 carbon atonms (Ci-Cr altkyl™). 1n some embodiments, alkvl groups contain 1 to
& carbon atoms (“C-Cg alkyl™) In some embodiments, alkyl groups contain 1 to 3 carhon
atoms ("C-Cs alkvl™),  In some embodiments, alkyl gronps contain 1 1 4 carbon atoms
{"C-Cy alkyl™n In some embodiments, alkyl groups contain 3 to 7 carbon atomy ("U5-Co
atkvl”). Examples of saturated alkyl groups melade methyl, ethyl, n-propyl, t-propyl, n-
butyl, t-butyvl, -butyl, s-butyl, homologs and somers of, for example, n-pentyl, n-hexyl, n~
hepivl, n-octyl, and the like. An unsaturated alkyl group is one having one or more carbon-
carbon donble bonds or carbon-carbon triple bonds. Examples of unsaturated alkyl groups
inctude allyl, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-(butadienyl}), 2 4-pentadienyd, 3-(1.4-
pentadienyi), ethvayl, 1- and 3-propyuyl, 3-butvnyl, and the ke, The term “lower atkyl”
refers to alkyl groups baving 1 1o 4 (if satvrated) or 2 to 4 (0 upsaturated) carbon atoms.
Exemplary lower alkyl groups include methyl, ethyvl, n-propyl, i-propyl, s-butyl, s-butyl,
i-butyl, t-baivl and the bke. The term “alkenyl™ refers to alkyvi groups having at least two
carbon atoms and at least one carbon-carbon double bond. The term “alkyny!” refers to alkyl

groups having at least two carbon atoms and at least one carbon-carbon triple hond.



WO 2016/044323 PCT/US2015/050267

fo19] The term “cycloalkyl”, by uself or as part of another substituent, vefers {o a monocyelic
univalent hydrocarbon that is completely samrated or that contams one or more units of
unsaturation, it which s not aromatic, that has a single point of attachmrent to the rest of the
molecule. In some embodiments, cycloalkyl groups contain 3 to 8 ning carbon atoras ("Ci-Cy
cycloatkyl™),  Fxamples of cycloatkyl include cyclopropyl, cyclobutyl, cyclopentyl,

cvelohexyl, -ovelphexenyl, 3-cyclohexenyl, evcloheptyl, and the Like.

[020] The term “alkoxy™, by uself or as part of another substituent, refers to the group
~ealkyl

fo21} The term “halogen” or "halo”, by wself or as part of another substituent, refers to Hoonne,

chlorine, bromine or indine.

[o22]  As vsed herein, the term "pharmaceuntically acceptable salt" refers to those salts which
are, within the scope of sound medical judement, surtable for use mn contact with the tissues
of humans and lower animals without undue toxicity, irritation, allergic response and the like,
and are commensurate with a reasonable benefitirisk ratio. Pharmaceuncally acceptable salts
are well known in the art. For example, 8. M. Berge et al., describe pharmaceuntically
acceptable salts in detail in J Pharmacentical Sclences, 1977, 66:1-19, meorporated herein
by reference.  Pharmaceutically acceptable salts of the compounds of this mvention include
those derived from suttable wergamic and organic acids and bases. Examples of
pharmaceutically accepiable, nontoxic acid addition salts ave salts of an amino group formed
with inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric
acid and perchloric acid or with organic acids such as acetic acid, oxalic acid, maleic acid,
tartaric acid, oxric acid, succinic acid or malonic acid or by using other methods used in the
art such as ion exchange. Other pharmaceutically acceptable salts mclude adipate. alginate,
ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate,
camphorsulfonate,  citeate,  cyclopentanepropionate,  digluconate,  dodecyisulfate,
sthanesulfonate, formate, fumaraie, glucoheptonate,  glyveerophosphate,  gluconate,
henusulfate, heptanoate, hexanoate, hydroiodide, 2-hvdroxy-ethanesulfonate, lactoblonate,
lactate, lawate, laonryl  suliste,  malate,  maleate,  malonate, wmethanesulfounate,

J-naphthalenesulfonate, nicotinate, nifrate, oleate, oxalate, palmitate, pamoate, pectingle,



WO 2016/044323 PCT/US2015/050267

persulfate, 3-phenyipropionate, phosphate, pivalate, propionate, stearate, succinate, sulfate,

fartrate, thiccyanate, p-toluenesulfonate, undecanoate, valerate salts, and the ke

[023] Salts denved from appropriate bases dnclode alkall metal, alkaline earth metal
ammonium and N {Cy 4 alkyl)s salts.  Representative alkall or alkaline earth metal salis
mclude  sodinm,  lithium, potassiom, calowm, magnesium, and the hke. Further
pharmacentically acceptable salis nclede, when appropriate, nonioxic  amumonnan,
quaternary amumontuwmn, and anune catiens formed using counterions such as halide,

hydroxide, carboxylate, sulfate, phosphate, nifrate, lower alkyl sulfonate and aryl sulfonate.

fo2a] Unless otherwise stated, structures depicted heren are also meant to include all isomeric

{e.g., enantiomeric, diastereomeric, and geometric (or conformational)) forms of the
stracture, for example, the R and 5 configurations for each asymmetric center, Z and E
double bond isomers, and Z and E conformational isomers. Therefore, single stereochemical
tsomers as well as enantiomeric, diastercomeric, gnd geometric {or conformational) mixiures
of the present compounds are within the scope of the invention. Unless otherwise stated, all
tantomeric forms of the compounds of the invention are within the scope of the mvention.
Addiionally, unless otherwise stated, struciures depicted herem are also meant to inchude
compounds that differ onlv in the presence of one or more tsotopically enriched atoms. For
example, compounds bhaving the present structures including the replacement hydrogen,
carbon, nitrogen, oxveen, chiorine or fluorine with *H, *H, »C. ¢, ¢, PN, PN, o, Bo,
“Clor F, respectively, are within the scope of this invention. Such componnds are useful,
for example, as analytical teols, as probes wm biclogical assays, or as therapeutic agents
accordance with the present mvention. Additionally, incorporation of heavier isotopes such
as deaterium (*H) can afford cestain therapeutic advantages resulting from greater metabolic

stability, for example, increase in vivo half-life, or reduced dosage requirements.

Exempleay Emthadimenss of Chemical Entities

[o2s]  In some embodiments, the present invention provides chemical entities of formula I



WO 2016/044323 PCT/US2015/050267

R (D,

wheren
¥ and Z are mdependently N or ((R™);

X 15 -Hj halo; C-Cy alkyl optionally substituted with 1 io 6 Huoro; G-y oycloatkyl;
C-Cy atkoxy optionally substinuted with 1 to 6 fluere; -ON; -NQy; -N(RHRY); -8R
SS0)Rs or <CIOWIRT;

R s <1 halo: G0 alky! optionally substituted with 1 to 3 fluove; Ca-Cy evcloatkyl;
C-Cs alkoxy optionally substituted with | to 3 flupro; -ON; -NCO2: -N{RWRY):
COWR: or CHOWNRMRY,

R* is -H; halo; €;-Cy alkyl optionally substitated with 1 to 3 fluoro; cyclopropyl; or

Ci-Cs atkoxy optionally substituted with 1 to 3 fluory;
R s -H, -F, -CL ~CHa, ~CFs or -OCH::
R is -H: -F; -Cl; C-Cs alky! optionally substituted with 1 to 3 fluore; or eyclopropyl;
R is -H or -CHx.
R s -H, -F or -CHy,
each instance of R jndependently is C-Cy alkyl:
each instance of R® independently is -H or C-Cy alkyl and

R s €1y alky! optionally substituted with 1 to 3 fluoro,

[o26] In some such embodiments, at least one of Y and 2 s N.
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fe27]  In some embodimenis, ¥ and Z are independently N or {0 Rz};

X 18 -H; halo; €-Cy alkyl optionally substituted with 1 to 6 fluoro; cyclopropyl;
;-C; alkoxy optionally substituted with 1 to 3 flaoro; -ON; -NO,; »N(Rﬁ(ﬁi}; SR or
S{ORRY,

R is -H; halo; ©5-Cy alkyl optionally substitated with 1 to 3 fluore; cyclopropyl:
;- gtkoxy optionally substituted with 1 to 3 fluore; -ON; -NQy: NRYWRY:
SC{OYORT; or ~CLOMRTHRY;

-

R7 i -4 halo; O+ alkyl optionally substituted with 1 to 3 fluorg; cvclopropyl; or

C-Cs alkoxy optionally substituted with 1 to 3 fluoro,
R’ is -H, -F, -Cl, -CHa, -CF; or -OCHy;
RY is ~H; -F7 <Cl OO alkyl optionally substitused with 1 to 3 fluoro; or cyclopropyl;
R is -H or CH;;
R is -H, -F or ~CHy;
gach instance of B mdependently 15 (-0 alkyl;
gach instance of RY independently is -H or C-Cs alkyl; and
R is Cp-0s atkyl optionally substituted with 1 to 3 fluoro.
f028] In some such embodiments, at leasi one of ¥ and Z1a N.
[0261  Insome embodunents, Y and £ are independently N or (Zf{‘Rz};
{ \ :

X is -H, -F, -CY, -CHs, -CHCHy, ~CH{CH);, -CFa, ~CHFy, -CHF, -CFCFy,
_{:H:C‘F;CF;'} —€H((:F{}j, C‘\,’Ciﬂpﬁ)p\?i’ -DCH}, 'OCF}, 'OCHFZ, 'OCP‘HZ; -C‘N; _N027
“NH(CH ), -N{CH3), -N{CH; (CHCH), -SCH;, -SCH2CH, -SO,CH;, -SO,CH;CH; or
-$0:CFs;
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R'is -H, -F, -Cl, -CH;, -CH.CHs;, -CH(CHjs);, ~CF5, cyci.opmpyij SOCH, -OCEH;, ~OCHEF,,
OCFH,, -CN, -NOy, -CO:CHs, -CO:CH2CH;, -C{ON(CHy); , ~C(OINH(CHs) or

R¥ is -H, -F, -C1, -CHs, <CHyCHy, ~<CH(CHa ), -CFs, eyelopropyl, <OCH;, -OCF;, -OCHE; or
-OCFH::

R is -H, -F, -Cl, -CHs, -CF; or -OCH;:
RYis -H, -F, -Cl -CHs or evelopropyl;
RY is -H or -OHa; and
R%is -H, -F or -CHy.
[030]  In some such cmbpdiments, at leastone of Y and Z 13 N
[031] In some embodiments, Y and Z are independently N or C(R*),

Xas -H, -F, -CL Oy, -OHCHS, ~CHCH Y, ~CF;, CHEF,, <CHRF, <OFCFy,
~UHRCFCF s, ~CH{CE s, cyvclopropyl, -OCH;z, -OCF;, -OCHEF,, -OCFH,, -CN, -NO»,
SN(CHz), -SCH;, ~50:0H; or -SO.0F

RY i -H, -F, -Cl, -CHa, -CHLCHy, -CH(CH,),, -CFs, evelopropyl, -OCH;, -OCE;, -OCHF:,

-OUCFH,, <ON, -NOQ;, -COCH;, ~<COCHCHG, -CHOWN(CH: Y, or -CIOINH(CH;: ),

R?is -H, -F, -Cl, -CH;, -CH.CH;, -CH(CHx), -CFs, cyclopropyl, -QCH;, -OCFy, -OCHFzor
-QUCFH

R 3s oH, <, -CL ~CHa, ~OFs or ~OCH::
R*is -H, ~F, -CL ~CH; or cyclopropyl;
R” is -H or -CHy, and

R® i3 -H, -F or «CHa,

10
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[032]  In some such embodiments, at least ong of ¥ and Z 15 N.
[033] In some embodiments, Y and Z are independently N or CIR™;

Xis-H, ~F, Cl, ~CHs, ~-CH2CHa, <CH{CHa)s, -CFs, «CHF;, ~-CH:F, cyclopropyl, ~OCHs;,
~OCF;, -QCHF;, ~ON or -SCH;;

R is -H, -F, -Cl, -CH; or -CFy:
R is -H, -F, -Cl, -CH; or -CFy:;
& is -H, -F, -Cl, -CH; or -CFy:
®RYis -H, -Clor -CHyg
R is -H ar - Hy; and
R is -H, -F or -CH..
[034] In some such embodiments, at least ong of ¥ and Z 15 N

[035] Insome embodiments, X is -H; halo; C-C4 alkyl optionally substituted with 1 to0 6
fluore; eyclopropyl, Cr-U; alkoxy optionally substituted with 1 to 3 fluoro; -ON; -NQy
NERMRYNY SR or -%{U?« In some embodiments, X is -H, -F, -C1, -CHx, -CHCHs,
~CH{CH ), -CF, -CHF,, -CHRF, -CFCFy, ~CHCFCF,, -CHCF o), cyclopropyl, -OCH,,
~OCF3, -OCHF,, -OCFH,, -CN, -NO,, -NH(CH;), -N(CHj)z, -N(CH:(CH2CHj), -SCH,
-SCHZCH;, -SORCHa, -SO.CHCH; or -SO:CF:. In some embodiments, Xis -H, -F, -Cl,
LCHy, SUHRCH:, CCH{CH ), ~CF;, SCHE,, -CHGF, CCFCE, -CHCOFACF, CHCE 31,
eyclopropyl, -OCH,, -OCF;, -OCHF,, -OCFH,, -CN, -NOy, -N{CH 3}, ‘%(‘H -SO.CH; or
-SCLCF;. In some embodiments, X is <H, -F, ~CL ~CH;, ~-CHCH;, <CH(CH3 ), <CF5, ~CHF,
-CHoF, eyclopropyl, -OCH;, -OCF;, -OCHF,, -CN ar -STH;.

[036] In some embodiments, X is -H.

[0371  In some embodiments, X is halo. In some embodiments, X is -F or -(L

11
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f038] In some embodiments, X is (O alkyl optionally substituted with 1 to 6 fluoro. In some
embodiments, X is €;-Cy atkyl optionally substituted with 1 to 6 fluoro, 1 some
embodiments, X is -CH;, -CHUH:, -CH{CHR):, -CFs, -CHF,, CHLF -CFCF,
~CHLOF,CF; or -<CH{CF; ). In some embodiments, X is-CHy, <CHCH; ~-CH{TH; 1, -CFs,
<CHF, or ~CHoF.

fo39] In some embodiments, X 18 Uy oycloalkyl. In some embodiments X s ovelopropyl.

fo40]  In some embodiments, X is U-Cy alkoxy ophionally substitoted with 1 1o 6 fluoro. In
some embodiments, X is C-Cs alkoxy optionally substituted with 1 10 3 floore, T some
embodiments, X i3 <OUH,, ~QCF, ~OCHE; or <OCFH;. In some embodiments, X is “~OUH;,

DCF, or -OCHF,
[o41]  In some embodiments, X is -CN.
[o42] In some embodiments, Xig -N(O,.

[043] In some embodiments, X is vs"*«"'{R?&}{if{S}f In some embodiments, X is ~NHE{{Hy),
N(CH: ) or ~N{CHCHCHR). In some embodiments, X is -N{CH)

[044] In some embodiments, X is -SR’. In some embodiments, X is -SCHy or -SCH.CH;. In

some embodiments, X 8 -SOHs,

. . son ~ g B E . PR - Ay oy
[0a5] In some embodiments, X 18 -S{ORR. In some embodiments, X is -SO:CH;,

-SOLCHCH; or -SORCF;. In some embodiments, X 18 -SQuCH; or -80CF;,

[046] In some embodiments, R' is -H: halo; C-Cy alky! optionally substituted with 1 0 3
flaoro; cvclopropyl; C-Cy alkoxy optionally substituted with 1 to 3 fluoro; -CN; ~NOy;
NERWNRY -COIORT, or -CLOMNRHNRY, In some embodiments, R is -H, -F, -CL -CH;,
~CHaOH:, -CH{CH: ), -CF,, oyclopropyl, -OCH, ~OCF;, -OCHF,, -OCFH,, -ON, -NO,,
-COCHy, -COCHCH, ~CHOMN{CH ), -C{OINH{TH ) or ~-COMN{CHHCHCH:). In some
extbodiments, R s ~H, -F, -C, -CH;, ~CHCH;, ~CH{CH)z, <CFs, cyclopropyl, ~-OCH;,
HCF, SOCHF:, ~-OCFHz, <ON, -NQO», -CO:CH;, ~COCHCH, ~-CENNCH ) or
~SC{OWNH(CH;). In somie embodiments, R'is ~H, -F, -1, -CH; or -CFy.

12
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{047} In some embadiments, R' is -H.
[048] In some embodiments, R' is halo. In some embodiments, R' is -F or -Cl,

{049] In some embodiments, R is C1-Ca alky! optionally substituted with 1 to 3 fluoro. In some
embodiments, R s ~CHy, ~CHROH;, ~CH{CH: 3, or ~CFL In some emboduments, 2! -CHy

or ~CF;5.
[650] In some embodiments, R’ is Ci-Cy eyeloalkyl. In some embodiments, R s cyclopropyl.

[651] Tnsome emwbodiments, R is 01-Cy alkoxy optionally substituted with 1 to 3 fluoro. In
some enthodinents, R* is C4-C; alkoxy optionally substituted with 1 to 3 fluovo. In some
embodunents, ®lis QCH, ~OCF, -QCHE or ~QCEHHs.

[052] In zsome ambodiments, R'is -ON.
f053]  In some embodiments, R s -NO.
{054} In some embodiments, R' s -N(R R

[055] In some embodiments, R' is -C{OYOR”. In some embodiments, R is ~CO:CH, or

~COCHAH;.

[056] In some embodiments, R' is ~(‘_i{_Q}N{}f}{i{‘*}, 1n some embodiments, RY is
SCOMN(CH ), ~CONHCH ) or -C{ON(CH M CHCH3). In some embodiments, R is
SC{OMIN(CH): o SCOINH{CH:).

[657] In some embodiments, R® is -H: halo; C-Cy atkyl optionally substituted with 1 to 3
fluore; cyvelopropyl; or Ci-C: alkoxy optionally substitited with 1 to 3 fluoro. In some
embodiments, R is -H F, UL -CHe, -CHROH,, -CH(CH ), -CF;, evclopropyl, ~OCH:,
-OCF;, -OCHF, or -OCFH.. In some embodiments, R™ is -H, -F, -Cl, -CH; or -CFy,

[058] In some embodiments, R is -H,

[059] In some embodunents, R i3 halo. In some embodiments, R” i3 -F or -Cl.

13
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{060} In some embodiments, R is C1-Cy alky! optionally substituted with 1 to 3 fuoro. In some
embodiments, R® s -0 Hi, ~CHUH,, ~CH{CH; 3 or ~CF3, In some embodiments, RYis ~(CH;

or <CFs.
[061] In some embodiments, R” is cyelopropyl.

[062] In some embodiments, R is O-Cy alkoxy optionally substituted with 1 to 3 flnoro, In
some embodinments, R is C-Cy alkoxy optionally substituted with 1 o 3 fluoro. Insome
embodiments, RY is -OCH 3 ~OCFs, ~-QUHFEF; or ~OCFH-.

33

[063] In some embodiments, R s -H, <F, -CL -CH;, ~CFs or -OCH;. In some embodunents, R

15 -H, ~F, -Cl, -CH; or -CF;,
[064] Insome embodiments, R is -H.
[065] In some embodiments, R s -F or ~CL
[066] In some embodiments, R is ~CH; or -CFs.
[067] In some embodiments, R is ~OCH..

[068] In some embodiments, R? is - <F; -CL €05 atkyvl optionally substituted with 1 to 3
fluoro; or cyclopropyl, In some embodiments, RY is -H, -F, «Cl, -CH; or cyclopropyl. In some

embodiments, R is -H, ~Cl or -CHa.
[069] In some embodiments, RY is -4
[670] In some embodiments, R is -F or -CL

[671] T some embodiments, RY is C1-Ch alkyd optionally substituted with 1 to 3 fluoro. In some

embodiments, R is -CH,.
[072] In some embodiments, RY is cyclopropyl.
[073] In some embodiments, R is -H or ~CH;.

[074] In some embodiments, R is M.
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[075] In some embodiments, R” is -CHa.

[076] In some embodiments, R® is -H, -¥ or -CHa.
{0771  In some embodiments, R i -H.

[078] In some embodiments, R is -F.

[079] In some embodiments, R ‘38 -CHa.

[080] In some embodiments, a chemcal entity of formula (1) is a chemical entity of

formuda (Ja):

R4
RS o
|
N N-H
BN
| \N N N N
>
X R’ (la),

. . o g 5 . . . . .o .
wherein each of R', X, R and R’ is as described in embodiments of formula (1), supra, or

described in embodiments herein, both singly and in combination.
[o81] In some embodiments of formula (la):

Xis-H, -F, <O <O, -CHOH;, -CH(CH ), -CFs, -CHF,, -CHF, -CF,CF;,
~CHROFZCF, ~CH{CE 3,, oyclopropyl, -OCH;, -OCF;, -OCHF,, -OCFH,, -CN, -NO»,
~SN{CH;z ), -SCH, ~SOCH; or -5O.CFy;

R s -H, -F. -Cl, -CHa, -CH,CHs, -CH(CHs), ~CFs, eyclopropyl, -OCHz, ~OCF;, -QCHF:,
~OCFHy, -CN, -NO,, -CO;CHj, -CO,CH:CHs, -C{ON(CH )k or -CIOWH(CHL);

RYis-H, -F,-Cl, -CH; or cvelopropyl; and
R is -H or -CH.

[082] In some ambodiments of formuda (Jak

15
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Xas ~H, -F, ~Cl -CH;s, «CHCH, ~-CH{CH: ), <CF, -CHF, -CHF, evclopropyl, ~-OCH;,
~OCF;, -QCHF,, -ON or -SCHy;

R'is -H, -F, -Cl, -CH; or -CFy;
R*is -H, ~Clor «CHy; and
R is -H or -CH;,
fo83] In some embodiments of formula (Iak:
X 15 -Cl, -CH; or -CFy;
RYis -H or -F;
R s -Clor -OHy: and
R is -H.
fo84] In some embodiments of formula (lak
X 18 -CL -CHs or -CFx
R is -H;
RYis -H; and
R is -CHa.

fogs] In some embodiments, a chemncal entity of foromda (3 is a chemical entity of

formula (1)

R? (1ny,

16
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wherein each of R, R°, X and R’ is as deseribed in ewbodiments of formula (1), supra, or

described m embodiments berein, both singly and in combination.

[o86] In some embodiments of formuls (1)

X s -H, -F, -Cl, ~CH;, ~CHCH;, -CH{CH; )y, -CF5, -CHF,, -CH,F, -CF.CF;,

~CHAOFCF;, -CH{CE 23, cvelopropyl, -OCH;, -OCFE3, -OCHF;, -OCFH:, -CN, -NO3,
—\ﬂffqu}z »SCH -SQ;:CH;; Qr “:-SQ;;CF-_;;

RYis-H, -F, -C -CHs, -CH2CHs, -CH{CHa)s, -CFa, cyelopropyl, ~OCH:, -OCF;, -OCHF:,
-OCFHy, -CN, -NO,, -CO,CHs, -CO;CH:CHs, -CEOW(CH; b or ~CIOWHCH;

RYis -H, -F, -Cl, -CHy, -C HaOHs, SCH(CH ), -CF;, evelopropyl, ~OCH;, ~OCF;, ~OCHF, or
~OCFH,; and

R is ~H, <F, -CL -CH;, -CF; or -OCH;.
[087]  In some embodiments of formula (I

X s -H, -F, ~Cl, «CHs, ~-CH:CH;, -CH{CH 1), -CF3, ~CHF,, -CH:F| cyclopropyl, -OCH;,
~OUF;, -QCHE,, ~-ON or -SCHy

RYis <H, -F_-CL -CH; or -CFy;
R is -H, -F. -Cl, -CH3 or -CFa and
R is -H, -F, -Cl, -CH; or -CF;
fog8] In some embodiments of formula (11
Xis -F, -Cl -CHy or -CFy;
R s -H;

R is -H, -F. -Clor -CHy and
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0891 R'is -H. -F, -CL or -CHs. In some embodiments, a chemical entity of formula (1) is a

chemical entity of formvala {(Ha)

T P 3 oy
XN R {1a),

wherein each of R’ and X is as described in embodiments of formala (13, supra, or described

i embodiments heretn, both singlv and in combination.
[os0]  In some embodiments of formula (Ha):

X is -H, -F, -Cl, -CH, -CH:CHs, -CH(CHy)s, -CFs, -CHF», -CH,F, -CF:CF;,
CCH,CFRCFy, -CH(CE ), evelopropyl, ~OCH:, <OCFs, -OCHT,, -OCFH,, -CN, -NO,
N(CHaks, -SCHs, ~-80:0H; or ~-8O:0F:; and

R is -H, -F, <Cl, -CHy, ~CHOUHs, -CH(CHy )y, ~CFs, evclopropyl, -OCH;, <OCE;, ~QCHF,,
“OCFH;, ~ON, -NO:, ~CO:CHa, ~CO:CH:CHs, -C{ON(CH): or -C{ONH(CH:).

[091] In some embodiments of formuls (Ha):

X is -H, -F, -CL ~CH;, ~CHOH,, -CH{CH; 3y, ~CF;, -CHF,, ~CHGF, cyclopropyl, ~OCH;,

~QCF;, -QUHF,, ~ON or -SCH;; and
RYis oH, AP CL AOHy o -OFs.
[e92] In some emtbodiments of foemula (Ia):

X s -H, -F, Ol ~CHa, ~CHOH,, ~OF;, ~CHEF,, <CHRF, eyclopropyl, -OCH;, ~OCF;, ~OCHF;,
-UN or -SCHy; and

R'is-H, -F, -CL or -CHy.

[693] ln some ewbodiments, a chemical entity of formpla (1) 11 a chemical entity of

formuta (1)
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o™ o
3 %
RN S g NogeN
X x“"\\ \t,;:;;"“'\ Ri
R {1,

wherein gach of R, RY, X and R' is as described in embodiments of formala (1), sigwa, or

described m embodiments herein, both singly and in combination.
[084] In some embodiments of formula (1)

Xis -H, ~F, <Y, -CHs, «CHCH;, <CH{CHz);, -CF3, -CHF,, -CH2F, -CF,CF;,
‘*‘QHQCF:C-F% —(“‘Hf{:f‘\}; cyciopmpy’i, —OCH;;, -OCFg, -OCHFz, -OCFHz, -CN, -Noz,
N{CH: ), ~SCHa, -8G:CH; or <SO:CHy

RYis <H, ~F, <CL ~CHs, -CHRCH;, -CHECH s, -CFy, cvclopropyl, -OCH;, -OCF,, -OCHF,,
-OCFH 2, «(TN? -3\1"{)35 ~C03{:H3-? —QO_;CHQC Hﬁ., «({(J)I\(f\ﬁx}: of -(‘{(‘}}\QH({\H 1}\

R is <H, <F, -CL ~CHj, ~CHCH:, ~CHICH )., <CFy, velopropyl, ~-OCH;, AQCF;, -OCHF 1 or
~OCFH, and

RYis -H, -F, -ClL -CHy, -CFy or -OCH,;.
[os5]  In some embodiments of formugda (1)

Xis-H, -F, -Cl, -CHj3, -CH,CHj, -CH(CHaz),. ~CF3, -CHE,, ~CHLF, evcloprapyl, ~-OCH;,
~QCE;, COCHF, ~-UNor -8CH;;

R is ~H, -F O CH; or -CFy
R® s ~H, -F, -1, ~CHs o -CF5 and

10961 R’ s -FL-F, -CL ~CHs or ~OF L in some embodiments, a chemical eatity of formudp (Thisa

chemical entity of formula {'_iﬁ{.{a}:
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FooH =
N N-H
E E ’5/ \(g\
/[N\fQ/N N.___N
AN
X7 TR {iIa},

wherein each of B and X is as described 1 embodiments for formula (1), supra, or deseribed

in embodiments herewn, both singly and 1 combination.
[097]  In some entbodiments of formuls (ay

X is -H, -F, -Cl, -CHs, -CH,CH;, -CH(CHj),, -CFs, -CHF,, -CH,F, -CF,CFs,
-CHCFLCFy, <CHECF ), cyvelopropyl, -OCH,, -QCF;, -OCHF,, -OCFH,, -ON, -NO;,
~NECHz g, -SCH;, -SOCH; or -50,0F;; and

] i M, -F, <L ~CHy, <CHLCH:, -CHICH ), -CFy, evelopropyl, -OCH;, <OCE;, ~OCHE,,
~QCFHs, -ON| SNOy, ~COCH:, ~COCHCH, -CION(CH; b or SC{OINH{CH;).

foe8] In some embodiments of formuls (IHa):

X8 -H, -F, -Cl, -CHs, ~-CH-CHs, -CH{CTH ), -CFs, -CHF:, -CHRF, cyclopropyl, -OCH;,
~OCF;, SQUHF,, -CN or -SCHg and

foes] R'is-H, -F, -ClL -CH; or -CFoIn some embodiments of formula (1)
X is -F, -Cl, -CHy, -CHaCH;, -CF;, <CHF,, -CHRF, eyelopropyl, -OCF;, -OCHF;; and
R s -H or -F.

fo100] In some embodiments, g chemical eotity of formula (1) i3 a chemical entity of

formula (IHb):

X R’ (11Th),
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wherein each of R' and X is as described in enibodiments for formula (1), supra, or described

in embodiments herein, both singly and m combination.

[0101] In some embodimoents of formudy (1),

Xis -H, -F_-Cl ~CHy, ~-CHOH,, -CH{CH3 ), -CF5, -CHF,, -CHLF, -CF,CF;,
~CHAOFCF;, -CH{CE 23, cvelopropyl, -OCH;, -OCFE3, -OCHF;, -OCFH:, -CN, -NO3,
—\Jfqu}z »SCH -SQ;:CH;; Qv “:-SQ;;CF-_;; and

RYis -H, -F, -CL <CHy, -CHCH;, -CH(CH ), -CFy, eyelopropyl, ~OCHs, -OCF;, -OCHF:,
OCFHa, -CN, -NO», -CO2CHs, -CO,CH:CHs, ~C(ON(CHs b or ~COWH{CH).

[0102] In some embodiments of formuds (Hb):

Xis-H, -F, Cl, ~CH;, ~CHCHy, -CH{CH,);, ~CF« -CHP,, ~CHF, cyclopropyl, <OCH;,
~QCEF:, “OCHF,, -ON or -8CH5; and

RYis -H, -F, -C}, -CHs or -CFs,

[0103] In some embodiments of formula (Ib):
Xis «F, O -CH;, ~CHCH;, ~CF 3 ~CHF,, <CHGF, cvelopropyt, -QCF:, <OCHF: and
R is -H ar -F.

[0104] In some embodiments, a chemical eatity of fornmda {1} s a chemical entity of

formudg (VY

{1V
wherem each of R, R7, Xoand R 15 as described m embodiments of formuda (1), swpra, or

described m embodiments herein, both singly and in combination.
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[0105] In some embodiments of formula (IVY:

Xis -H, -F, -Cl, -CHs, ~-CH>CHa, -CH{TH:), -CF3, -CHF», -CH,F, -CF:CF;,
*CH;CF“CF,, “CHE'CE'Q: C}"Cii}plt'()'p}?i, “OCH3, -OCFg, -OCHFQ, ‘OCFH27 -CN,, -NOz,
-N{Q‘.H;g)g,, ~SCH;, -SOLCH 3 OF -S(};{F\

RYis -H, -F, -CL -CHy, ~-CHCHs, -CHECH ), ~CFy, evelopropyl, ~OCH, -OCFs, <OCHF:,
-OCFHa, -ON, -NOy, -CO:CH:, -COCHCH;, -COMN{CH); or -C(OINH{CH,);

RYis -H, -F, -Cl, -CHzy, -CHaCHa, ~CH(CH3 ), -CF s, eyelopropyl, -OCH:, -0OCF;, -OCHF: or
~QCFH,: and

R is ~H, -F, -Cl, -CHy, -CFq or -OCH,.
[0106] In some embodiments of formula (IVY:

Xis~-H, -F, -Cl, -CH;, ~CHCHg, <CH{CH), -CF;, -CHF, -CH:F, eyclopropyl, -OCH;:,
~OCE;, -QCHF,, -CN or -SCHy:

R s -H, -F, -Cl -CHs or -CFa:
R s -H, -F, Ol -CH3 or -CFy and
R is -H, -F, -l -CH; or -CF;.

[0107] In some embodiments, a chemical eatity of fornmda {1} s a chemical entity of

tormuda (IVax

“/N\\RQ/N NN

X - \\«(5:}/ \,,R«: {l\vﬁ}ﬂ

wheremn each of R and X 15 as described 1w embodiments for formula (1), supra, or descenbed

m ernbodiments herein, both singly and in combination,
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[0108] In some smbodiments of formula (IVa):

Xis -H, -F, -Cl, -CHs, ~-CH>CHa, -CH{TH:), -CF3, -CHF», -CH,F, -CF:CF;,
*CH;CF“CF,, “CHE'CE'Q: C}"Cii}plt'()'p}?i, “OCH3, -OCFg, -OCHFQ, ‘OCFH27 -CN,, -NOz,
-MN{CH g, -SCHa, -SOLCH; or -SO:CF;: and

RYis -HL +F, -CL ~CHy, -CHCH, <CHECH ), ~CFy, eyelopropyl, ~OCH;, ~OCFs, -OCHF:,

SQCFE, -ON, -NOy, -CO:CH:, -COCHCH:, ~CIOMN{CH: ) or -CIOINH(CH;).
[0109] In some embodiments of formula (IVa):

Xis-H, -F, -Cl -CH;, -CHCOH, -CH(CH: ), ~CFs, -CHE,, -CHRF, eyclopropyl, ~-OCH;,
~QCFy, -OCHP,, ~ON or -5CH;: and

R is -H, WF, Ol -CHy or <CFa.

[0110] In some embodiments of formula (IVa):
X is -F, -Cl, -CH;, -CH,CHj, -CF;, -CHEF;, -CH:F, cyclopropyl, -OCTF;, -OCHF; and
R'is-Hor-F.

fo111] In some embodiments, a chemical entity of formuda (3) i a chemmcal entity of

N. =N

tormula (IVh)

{IVh),
wherein each of R’ and X 15 as described in embodiments for formula {1}, supra, or deseribed

in embodiments herewn, both singly and 1 combination.

[0112] In some entbodiments of formuls (Vb)Y
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X is -H, -F, -Cl, -CHs, -CH,CH;, -CH(CHs)s, -CF3, -CHF», -CH-F, -CF,CF3,
~CHyCF,CFs, -CH(CFy):, evelopropyl, -QCH;, -OCFy, ~OCHF;, ~OCFH,, -CN, -NQ;,
«\Qi\ﬁf‘{q}: —SCH?; ~\{J:CH~, Qr ‘}3(.):(,}:\ and

3
-

R'is -H, -F, -Cl, -CH;, -CH,CHs, -CH(CH;)s, -CFy, cyelopropyl, ~OCH;, -OCF;, -OCHFE,,
-OCFH:, -CN, -NO:, -CO:CH3, -C02CH2CHS5 "Cﬂ)};\{fjﬁq}: oF "({O\)\JH{CH,}

[0113] In some embodimentds of formula (Vb

Xias-H, -F, 1, -CHs, -CH:CH;, -CH(CH: ), ~CF5, -CHF,, -CHRF, evclopropyl, -OCH,;,
SOCF;, SOCHF ., ~OUN or ~-SCH;; and

R is -H, -F, Ol -CHy or -CFa

[8114] In some embodiments of formuda (IVbY:
Xis -F, SO -CHs, -CHCH, -CF;, -CHF;, -CHAF, eyclopropyl, ~-OCTF;, -OCHF; and
R'is-Hor-F.

[o115] In some embodiments, a chemical entity of formula (1) s a chemical entily of

R4
H =
N N-H
. RF F (\[/ O
Rfij/N\/" No N
= 1

X N R

formula (V)

(V)
- W i 3 oy 3k g 3. S5 . . = Y oy
wherein each of R\, R®, X, R and R" is as described in embodiments of formula (1), supra, ar

described m embodiments herein, both singly and in combination.

[0116] In some embodiments of formula (V)
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X is -H, -F, -Cl, -CHs, -CH>CHas, -CH(CH3),, -CFs, -CHF, -CH.F, -CF,CFs,
“CH:CFCFs, ~CH(CF4)s, cyclopropyl, -OCHs, -OCF;, -OCHF,, -OCFH,, -CN, -NO;,
«"’*«f!\ﬁﬁq}: —SCH& ~S{33CH3 Qr “S{)g(j}:};

R!is -H, -F, -C1, -CH;, -CH,CH;, -CH(CH;),, ~CF3, cvclopropyl, ~-OCH;, ~OCF;, -OCHF;,
-OCFH:, -CN, -NO:, -CO:CH3, -C02CHZCH§5 «C{QL\{CHJ: QF "({O\)\JH{CH,}

R¥is -H, -F, -Cl, -CHs, ~CHCHs -CH{CH: ), -CF5, cyelopropyl, <OCH;, -OCF;, -OCHF; or
-OCFH;
RY is -H, -F, -C1, -CH, -CF or -OCH;; and

{0117] RYis -H, -F, -1, -CH; or evelopropylin some embodiments of formula (V)

Xis-H, -F, Cl, ~-CH;, ~CHCHy, -CH{CH,);, ~CF« -CHP,, ~CHF, cyclopropyl, <OCH;,
~QCEF:, SOCHF,, -UN or -SCHy;

R is -H, -F, -Cl -CH; or -CFy;
R” is -H, -F, -Cl, -CHz or -CFy;
R is -H, -F, -Cl, -CH; or «CF3; and
RYis -H, -Clor -CHs.
[0118] In some emboduments of formuda (V)
X is ~H, ~CHs or -CFy;
RYis -H, -F or -CFa
R i -H;
R is ~H or ~OF;; and

R s <Ol or -CHa.
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[0119] In some embodiments, a chemical entity of foromda (1) 15 a chemical entity of

formuda (Va):

N
RPE F i/\j/ ;S
H\/PQ/N N. N
. ,;f

|
X7 N {Va),

. o D o . .- . . ~ ) .
wherem each of R” and X 15 as described m embodiments of formula (1), supra, or desenbed

i embodiments heretn, both singlv and in combination.
fo120] In some embodiments of formula {(Va)

[0121] X is -H, -F. -CL -CHy. -CH:CHs, -CH{CHa)s, -CF3, -CHF;, -CH:F, -CF,CF;,
CHAOF,CFy, ~CHICF 1), eyelopropyl, ~OCHs, ~OCE;, <OCHE,, ~OCFH,, -ON, SNy,
N{CHz)z, -SCHz, -SO2CH; or -SO:CFs; and

R?' is ~H, <F . *F} *Cﬁ}’és *CH:L'\HL A0 H{{H\}g ~{:\§“4 C‘};’Cﬁ}pi‘@pyi? *{}CH:}, “{){:};‘35 ~{}CH§:: oF
-OUCFH,,

[0122] i some embodiments of formuols (Vi

X is -H, -F, -CL ~CH;, ~CHOH,, -CH{CH; 3y, ~CF;, -CHF,, ~CHGF, cyclopropyl, ~OCH;,

~OCF;, ~OUHF,, -ON or -SCH:; and
R s -H, -F, ~CL -CHs or -CFs,
[0123] In some embodiments of foomula (Vay:
X s -H, -F, Ol ~CHg, ~CHROH;, ~CFy, eyelopropyl, -OCH; -QCF; or <SCH;; and
R s -, -F or -CF,,

[0124] In some smbodiments, a chemical entity of formula (1} 8 a chemical entity of

formula (VI
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(V1
wherein each of R, RY, X and R is as described in embodiments of formula (1), supra, or

described in embodiments herein, both singly and in combination.
[e125] In some emtbodiments of formuls (VI

X is -H, -F, -Cl, -CHs, -CH,CH;, -CH(CHj),, -CFs, -CHF,, -CH,F, -CF,CF;,
“CfH;{CF_ngFSG ‘CH{CF}: C}*’ti@pf@}}}d, *‘OCHg, -OCF;;, -OCHF:, -OCFH:, -CN, -NOz,
NECHy)y, -SCH, ~SO:CH; or ~SO.0F

] i M, -F, <L ~CHy, <CHLCH:, -CHICH ), -CFy, evelopropyl, -OCH;, <OCE;, ~OCHE,,
~QCFHs, -ON, NGy, ~COCH:, ~CORCHRCHA, -CLOWN(CH 3 3 or SC{OINH{CH: )

7 is -H, -F, ~Cl, «CHg, ~CH:OHs, ~CH(CHy )z, ~CFs, eyelopropyl, ~OCH:, ~OCFs, -OCHF; or
~OUFH;, and
R is -H, -F, -Cl, -CHs, -CFs or -OCH;.
[0126] In some embodiments of formulg (VI
X is -H, -F, -Cl, -CH;, -CHCH;, -CHICH:),, -CF;, -CHYE;, -CHF, cyelopropyl, -OCH;,
~OCFs, ~QUHF,, -ON or -SCHz;

RYis <H, ~F, <CL ~CH; or ACFy;
R s -H, -F,-CL ~CH3 or ~CF 3 and
R s M, -FCL-CH; or ~CF;,

[0127] In some embodiments, a chemical entity of formula (1} 8 a chemical entity of

formula (Viak:
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FooH =
N N-H
R2 E E \(Q

X N N\¢N

r / Y
XN {VIa},
. . . . ey ¢ . . . ~ - - N ,
wherein each of R and X is as described i embodiments for formula (1), supra, or deseribed

in embodiments herewn, both singly and 1 combination.
[0128] In some entbodiments of formula (Via):

X is -H, -F, -Cl, -CHs, -CH,CH;, -CH(CHj),, -CFs, -CHF,, -CH,F, -CF,CFs,
-CHCFLCFy, <CHECF ), cyvelopropyl, -OCH,, -QCF;, -OCHF,, -OCFH,, -ON, -NO;,
~NECHz g, -SCH;, -SOCH; or -50,0F;; and

-

R7is AH, WF-Cl -CHg, <CHOH:, (CH{CH: ), -CF, evelopropyt, ~OCH;, <OCF;, ~OCHF, or
~QCFH,.

fo129] In some embodiments of formulas (Via)

X8 -H, -F, -Cl, -CHs, ~-CH-CHs, -CH{CTH ), -CFs, -CHF:, -CHRF, cyclopropyl, -OCH;,
~OCF;, SQUHF,, -CN or -SCHg and

RY s -H, -F, -CL -CH; or CF.
[0130] In some embodiments of formula (Via):
X is -CHs, -CHCH;, ~CFy, evclopropyl, -OCH;, ~-OCF; or -SCHjy; and

[0131] R is -H.In some embodiments, a chemical entity of formula (I} is a chemical entitv of

~ N N-H
2 X
R* F FO/ l

N._ =N

formula (Vib)

X N {VIb),
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wherein each of R” and X is as described m smbodiments for formula (13, supra, or desesibed

in embodiments herein, both singly and m combination.

[0132] In some embodiments of formuls (Viby

Xis -H, -F_-Cl ~CHy, ~-CHOH,, -CH{CH3 ), -CF5, -CHF,, -CHLF, -CF,CF;,
~CHAOFCF;, -CH{CE 23, cvelopropyl, -OCH;, -OCFE3, -OCHF;, -OCFH:, -CN, -NO3,
—\Jfqu}z “SCH —SQ;CH;; Qv “S‘:};CF and

R* is -H, -F, -CL <CHs, -CHCH;. -CH(CH s, -CFy, cyelopropyl, ~OCH:, -OCF;, -OCHF or
COCFH,.

[9133] In some embodiments of formuda (Vib):

Xis-H, -F, Cl, ~CH;, ~CHCHy, -CH{CH,);, ~CF« -CHP,, ~CHF, cyclopropyl, <OCH;,
~QCEF:, “OCHF,, -ON or -8CH5; and

R*is -H, -F, -Cl, -CHz or -CFs.

{0134} In some embodiments of formuda (Vibh:
Xis ~CHa, ~CHzOH,, ~CFy, oyelopropyl, -OCH;, -OCF; o1 -SCH;; and
R™is -H.

[0135] In some embodiments, a chemical eatity of fornmda {1} s a chemical entity of

formudg (VL

(VID,
wherew each of R‘l, RS, X and R is as described in embodiments of fornuda (1), supra, or

described in embodiments herein, both singly and in combination.
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f0136] In some smbodiments of formula (Vi)

Xis -H, -F, -Cl, -CHs, ~-CH>CHa, -CH{TH:), -CF3, -CHF», -CH,F, -CF:CF;,
*CH;CF“CF,, “CHE'CE'Q: C}"Cii}plt'()'p}?i, “OCH3, -OCFg, -OCHFQ, ‘OCFH27 -CN,, -NOz,
-N{Q‘.H;g)g,, ~SCH;, -SOLCH 3 OF -S(};{F\

RYis -H, -F, -CL -CHy, ~-CHCHs, -CHECH ), ~CFy, evelopropyl, ~OCH, -OCFs, <OCHF:,
-OCFHa, -ON, -NOy, -CO:CH:, -COCHCH;, -COMN{CH); or -C(OINH{CH,);

RYis -H, -F, -Cl, -CHzy, -CHaCHa, ~CH(CH3 ), -CF s, eyelopropyl, -OCH:, -0OCF;, -OCHF: or
~QCFH,: and

R is ~H, -F, -Cl, -CHy, -CFq or -OCH,.
[0137] In some embodiments of formula (V1T

Xis-H, -F, -Cl, -CH;, -CHCH, -CH(CH ), ~CF5, -CHF,, -CHRF, eyclopropyl, -OCH;,
~OCE;, -QCHF,, -CN or -SCHy:

R s -H, -F, -Cl -CHs or -CFa:
R s -H, -F, Ol -CH3 or -CFy and
R is -H, -F, -l -CH; or -CF;.

[0138] In some embodiments, a chemical eatity of fornmla {1} s a chemical entity of

tormuda (VHaj:

X°ON {V1ia),
wheremn each of R and X 15 as described m embodiments for formula (1), supra, or desenbed

m ernbodiments herein, both singly and in combination,
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[0139] In some embodiments of formula (Vila):

Xis -H, -F, -Cl, -CHs, ~-CH>CHa, -CH{TH:), -CF3, -CHF», -CH,F, -CF:CF;,
*CH;CF“CF,, “CHE'CE'Q: C}"Cii}plt'()'p}?i, “OCH3, -OCFg, -OCHFQ, ‘OCFH27 -CN,, -NOz,
SMN{CH g, -SCHa, -SOLCH; or -SO:CF;: and

R s -HL +F, -CL ~CHy, -CHCH;, ~CHICHz ), ~CFy, eyelopropyl, ~OCH;, ~OCFs, -OCHF; or
-OCFH.

[0140] In some embodiments of formula {(Vllax:

Xis-H, -F, -Cl -CH;, -CHCOH, -CH(CH: ), ~CFs, -CHE,, -CHRF, eyclopropyl, ~-OCH;,
~QCFy, -OCHP,, ~ON or -5CH;: and

R is -H, -F, -Cl, ~CHy o8 <CFy.
fo141] In some embodiments of formula (Vila)y
Xois ~CHi, ~-CHCH;, -CFy, eyelopropyl, -OCH;, -OCFy or -SCH;; and

RY s -H.

fo142] In some embodiments, a chemical entiy of formuda (3) i a chermcal entity of

e
~ N N-H
2 ~

NN

formula (Vb

X7 N {(VIb),
wherein each of R” and X is as described in embodiments for formula (1), supre, or described

in embodiments heremn, both singly and 1 combination.

[e143] In some embodiments of formuols (VD)
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X is -H, -F, -Cl, -CHs, -CH,CH;, -CH(CHs)s, -CF3, -CHF», -CH-F, -CF,CF3,
CHyCF2CFs, -CH(CF ), eyelopropyl, -OCH,, -OCTy, ~OCHF:, ~OCFH,, -CN, -NQ;,
«\Q{QH;}: —SCH?; ~\{J:CH~, Qr ‘}3(.):(,}:\ and

3
ey

R¥is -H, -F,-CL ~CHs, ~CHyCHa, ~CHCHz), ~CFs, cyclopropyl, -OCH,, -OCF;, -OCHF; or
-QCFH:.

[0144] In some embodiments of fornuda {(VYliby:

X IS *H, -F » -CL —(\Hh —CH;{‘H\ ’-CH{CH;;};, ffﬁ‘:Fg, —CH?:‘ —CH:?‘ N cyciopmpy i, —QCH},
SOCF;, SOCHF ., ~OUN or ~-SCH;; and

R®is -H, -F, <Ol -CH. or -CFa

[0145] In some embodiments of formuda (Vb
Xis ~CHx, ~-CHCH;, -CFy, eyclopropyl, ~OCH;, -OCF; or -SCH;; and
RY s -H.

[o146] In some embodiments, a chemical entity of formula (I} is a chemical entity of

formula (VI

R? (VIID),
wherein each of R'. R®, X and R is as described in embediments of formula (1), sigwa, o

described i embodiments herein, both singly and in combination.

v

{01477 In some embodiments of formuda (VI
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X is -H, -F, -Cl, -CHs, -CH>CHas, -CH(CH3),, -CFs, -CHF, -CH.F, -CF,CFs,
“CH:CFCFs, ~CH(CF4)s, cyclopropyl, -OCHs, -OCF;, -OCHF,, -OCFH,, -CN, -NO;,
«"’*«f!\ﬁﬁq}: —SCH& ~S{33CH3 Qr “S{)g(j}:};

R!is -H, -F, -C1, -CH;, -CH,CH;, -CH(CH;),, ~CF3, cvclopropyl, ~-OCH;, ~OCF;, -OCHF;,
-OCFH:, -CN, -NO:, -CO:CH3, -C02CHZCH§5 «C{QL\{CHJ: QF "({O\)\JH{CH,}

R¥ i -H, -F, -Cl ~CHs, ~CHCHs, <CH{TUH; b, -CF, cyelopropyl, ~OCH;, -QCF;, -OCHF, or
~CHCFH; and

R s H, <F, <O -CHa. <CF; or <OCH:.
{0148 In some embodiments of formuda (VI

Xis-H, -F, Cl, ~-CH;, ~CHCHy, -CH{CH,);, ~CF« -CHP,, ~CHF, cyclopropyl, <OCH;,
~QCEF:, SOCHF,, -UN or -SCHy;

R is -H, -F, -Cl -CH; or -CFy;
R™ is -H, -F, -Cl, -CHz or -CFy; and
R”is -H, -F, -Cl, -CH; or <CFx.
[0149] In some embodiments of formula (Vi)
Xis -F. L ~CHa or -OFy;
R’ s
R* is -H, -F, -C} or -CHs; and
R i -H, -F, <Clor -CHa.

[0150] In some embodiments, a chemical entity of formmda (1) is a chemical entity of

formula (VIiHa)
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{Viiia),
wherein each of R' and X is as described in embodiments of formula (1), supra, or described

in embodiments herewn, both singly and 1 combination.
fo151] In some embodiments of foomula (Villa):

X is -H, -F, -Cl, -CHs, -CH,CH;, -CH(CHj),, -CFs, -CHF,, -CH,F, -CF,CFs,
-CHCFLCFy, <CHECF ), cyvelopropyl, -OCH,, -QCF;, -OCHF,, -OCFH,, -ON, -NO;,
~NECHz ), -SCH;, ~SO:0H; or ~SO.0Fy; and

] i M, -F, <L ~CHy, <CHLCH:, -CHICH ), -CFy, evelopropyl, -OCH;, <OCE;, ~OCHE,,
~QCFHs, -ON| SNOy, ~COCH:, ~COCHCH, -CION(CH; b or SC{OINH{CH;).

f0152] In some embodiments of formuls (Viilay:

X8 -H, -F, -Cl, -CHs, ~-CH-CHs, -CH{CTH ), -CFs, -CHF:, -CHRF, cyclopropyl, -OCH;,
~OCF;, SQUHF,, -CN or -SCHg and

R'is <H, -F, -CL -CH; or ~CFy.
[0153] In some embodiments of formula (Vs

X s -H, ~F, -Cl, ~CH;, -CHCH;, -CF5, ~CHE,, -CHLF, eyclopropyl, ~-OCH;, -OCF;, ~OCHF,,
N or SSCH;; and

RY'is -HWF, -Clor -OHa,

[o154] In some ewmbodiments, a chemical entity of formula (I) 15 a chemical entity of

formuia {(IX):
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R4

EQ@C( 'vj |

wherein each of X and B is as described in ewbodiments of formulda (D), supra, or described

in embodiments herein, both singly and i combination.
[0155] In some embodiments of formuda (IX)

X is -H, -F, <CL -CH;, ~CHyCHz. -CH{CHs)s, -CF3, -CHF:, -CH,F, -CF,CFs,
CHyCF:CFs, -CH(CFy):, cvelopropyl, -OCHa, -OCFs, -OCHF,, -OCFH,, -CN, -NO;,
N{CHs ), -SCHa, -SO2CH;: of ~SOLCFy; and

RY s -H, -F, -CL ~CH; or eyclopropyl.
[o156] In some embodiments of formula (IX):

XisH, -F, <Ol ~CH;g, ~CHAOH;, ~CH{CH ), -CF5, -CHE,, -CHLF, cyelopropyl, ~QCH;,
-QCF;, ~OCHF,, -CN or -5CH;; and

R*is -H, -Clor -CHa.

[0157] In some embodiments of formula {(IX):
Xis -F, -G, -CHa, -CH2CHy, -CH{CHR)y, -CFy, -CHFs, cyclopropyl, ~QCF: or -<OCHF:; and
R* is -H or -CHs.

[0158] Exemplary chemical entities of formula T are shown in Tables 1.0 to 11.0, balew.
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Fharmacology

foise] Glutamate (GLLUY) 13 a fundamental excitatory neurotransmiiter in the mammalian brain
and central nervous system {UNS). The effects of this endogenous newrotransmitter are
mediated through binding to and activation of GLU to glutamate recepiors {GLURS), which
are broadly classified into metabotrapic G-protein coupled (mGhRs) and ligand gated ton
channels or tonotropic (luRs. The ionotropic GLUIRS are phammacologically classified into
three main types based on the actions of selective receptor agonists: NMDA (N-methyl D-
aspartate selective), KA (kainic aud selective} and AMPA {o-amino-3-hydroxy-S-mathyi-4-
isoxazolepropionic acid) receptors whose structure and pharmacological function has been
recently reviewed m detatl (5. F. Travnelis et al. Pharmacology Reviews, 2010, 62, 405-496).
Electrophysiology stadies have demonstrated NMIDARS to be cation ion channels thai are
subject to voltage-dependent channel block by endogenous Mg™ . Activation of NMDARs by
glutamate in the presence of glveing as a co-agomist resalis in opening of the recepior ion
channel. This in turn allows for the flow of Na' and Ca®' into the cell generating excitatory
posisynaptic potentials (EPSPs) and Ca™ activated second messenger signaling pathways in
asurons. By virtue of their permeability to Ca™’, activation of NMDA receptors regulates
fong~-term changes 1 neuronal communication such as learnimg and memory and synaptic

plasticity.

[o160] Since the origmal pharmacological characterization with selective ligands, melecular
biology and cloning studies have enabled detailed characterization of NMDARs at the
molecular fevel (Paolettt et all, 2013, Nat. Kev, Newrosci, 14:383-400). Thus, NMDARS are
heterotetramers comprised of two NRI subunits and two NR2 subunits, NR1 subunits
contain the binding site for the glyeme co-agomst while NR2 subunits contain the binding
site for glutamate. The existence of multiple splice variamts for NRI and four soforms of
NRZ (NRZA, KR2B, NR2C and NR2D) from different genes vesulis m a diverse molecular
array amd of NMDARs., The pharmacological and electrophysiclogical properties of
NMDARs vary depending on the particular NRI isoform and NR2 subtype conposifion,

Furtherawwre, the NR2Z subtype soforms are differentially expressed across cell types and
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brain regions. Thus, compounds that mteract selectivity with NR2 subunits can exert specific
pharmacological effects n particular brain regions and have potential to treat CNS diseases
with a high degree of specificity and selectivity {e.g. vz side effects). For example the low
expression of the NR2B subtype in the cerchellum relative to other brain structures {Cull-

Candy et al., 1998, Nawrapharmacol. 37:1369-1380) indicated lower motor side effects for

this subtype.

[6161] NMDA receptor artagowism has been extensively investipated for its potential to treat a
variety of UNS diseases including stroke, epilepsy, pain, depression Parkinson’s Disease and
Alzheimer’s disease {(Paoletti et al., Nat. Rev, Neuwrosct 14:383-400; Sancora, 2008, Nature
Rev. g Dise., 7, 426-437), The NMDA receptor offers a number of pharmacological eniry
points for developing receptor mlubitors. Direct blockers of the NMDAR ion channel pore
represent one family of antagonist compounds for which efficacy could be demonstrated in
diverse in wvitre and & wvo CONS disease models including, eptepsy, pain and
newrodegenerationdstroke,  However, compoonds  from  this class, as exemplified by
phencveliding (PCP), ME-R01, and ketanving, are generally categorized as unseleciive across

the diversity of NMDA receptor subtypes.

i Oe

MK801 (dizocilpine) Ketamine Phencyclidine (PCP)

[o162] In humans unselective, high-affinity NMDAR antagonists have generally been associated
with sertous clinical side effects including hallucinations, dysphoria and lack of coordination.
Nevertheless, ketamine, an inttavenous drug originally approved for use in anesthesia (Haas
et al, 1992, dnesthesia Prog., 3%, 61-68) has more recently demonstrated climical efficacy as
an antidepressant therapy (Katalinic et al. 2013, Awye N 2L Poveldarsy, 47, 7102727} The
antidepressant action of acute ketamine therapy has an essentially immediate onset compared
to approxumately six weeks required for standard serotonin reupiake inhibitor {SSRI} drug

therapy. Thus, mtravenous admuustration of the drug has shown rapid onset and prolonged
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efficacy that can be maintamed with continued intermittent admunistrations {Zarate et al.,
2006, drch. Gen. Psvekiarry 63, 856-864). Finally, ketamine has been shown 1o be effective
i cases of depression resistant o standard drug therapies (Murrough et al, 2013, dmerican
Ao Pyychiatry, 170, 1134-1142) including bipolar depression {(Zarate et all 2012, Biol
Prpchictry, T1, 939-946). However, as an infravenous drug with serions side effects (Gianni
et, al 1985, Pyveldarric Medicine, 3, 197-217; Curran et al 2000, dddicrion, 95, 575-590) and
potential chronic toxicity (Hardy et al., 2002, J Clin. Oneol. 3(:3611-3617; Noppers et al,
2011, Pain 152:2173-2178) ketammme therapy s of limited wibity and restricted to acute or
mtermittent administration. To have broader scope of apphication and utility as a therapy for
depression and other CNS dissases, orally active selective NMDA antagonists with reduced

side effects are needed that can be adnunmistered chronically.

[0163] Henprodi, a vasodilator ap-adrenergic antagomist drug, was determined to have a novel
allosteric modulator mechanisnt of action at the NR2B NMDA receptor subtype {Reynolds of
al. 1989, Mol FPharmacel, 36, 758-763}), This new mechanism beld promise for a new class
of NMDA antagomist drogs having therapeutic efficacy without the limiting side effects of
subtype unselective ion channel blockers. Following this discovery, NR2B selective
antagonist anglogs of fenprodil (Borza et o, 2006, Carrenr Topicy in Medicinal Chesustry,
6, 687-695; Lavton et al. Cwerent Tapicy in Medicingl Chemisiry, 6, 697-709) optimized
against the undesirable w-adrenergic gctivity included Ro-25,6981 (Fischer et al. 1997, J
Pharmacol. Exp. They., 283, 1285-1292) and CP-101,606 otherwise konown as traxoprodi
{Chenard et al. 1995, Jowrnal of Medicinal Chemistry, 38, 3138-3145; Menniti et al. 1998,
CNS Drug Reviews., 4, 307-322) In a clinical study, CP-101.606 evidenced antidepressant
activity in hamans after imtravenous administration with a favorable dissociative side effect
profile relstive 10 unselective NMDA antagonists (Preskorn et al. 2008, Jowrnad of Clindcal
Pyvchopharmacology, 28, 6316373, However, CP-101.606 has suboptimal pharmacekinetic
properties and requires limiting intravenouws administraion. For CUP-101.006 a slow
intravenous infusion protocol was required for optimal resulis in the aforementioned
antidepressant clinical study (Preskomn et al. 2008, Jowrnal of Cliniead Psvchopharmacology,
28, 631-637).

52



WO 2016/044323 PCT/US2015/050267

HO
. ?I'i o | B ?;3 -
HQQ\:@""I\’&‘ E% HC))' »f,NM&
N <
25, ﬂ« L\?*'\.\f”
Y T
OH GH
ifenprodil Ro-25,6981 CP-101,606

[o164] Other NR2B antagomsts which have been described as veviewed by B. Ruppa et al. (K.B.
Ruppa e af,, Apmt! Reports in Medicinal Chemisiry 2012, 47:89-103) include MK0057
{LA, McCauley er o/, 3% Anglo-Nwedish Medicinal Chemistry Symposion, Arve, Sweden,
Mar. 11-14, 2007; L. Mony ef af., British J. of Phoermuecology 2009, 157:1301-1317; see also
Intl. Appl Publ No. WO 2004/108705; U.S. Patent No. 7,592 360} and compounds of
formuia LX (Intl. Appl. Publ. No. WO 2006/113471), below, including the specific analog

LX-1 depicted below.
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f0165] The difficalties presented by NR2B antagonists having asic amine moieties with regard
1o overconung hERG and CYP2D$6 safety liabilities while mamtaining NR2B in wiro and in
vive potency are well established as noted by Kawat e o, (M. Kawat ef ¢l Ricorganic and
Medicinal Chem. Lett. 2007, v17.5533-58536) and Browa ef of (Browa et of., Bioarganic and
Medicined Chem. Leit. 2011, v21:3399.3403). Compound mhibition of hERG channels and
associated QT prolongation in the electrocardingraph (ECG) represents a well recognized
serious human cardiovascalar safety visk (Hancox ef of., Modecwlar Pharmacelogy 2008,
73:1592-1595) QT prolongation can lead o torsades de pomtes {TdP) cardiac arthythmia

which can degenerate into ventricnlar tachyeardia and sudden death.

fo166] Compownd mhibition of haman metabolic cytochrome P-430 ensymes including
CYP2D6 represents a risk with regard to human drug safety due to drug-drug interactions
{Drug Metabolism Huwdbaok: Concepts and Applications, ed. Ala F. Nassar copyright 2000
Wiley & Sony , Hobaken, NJy . Thus, the clearance of drags that are substrates of CYP2D6
can be reduced by compounds that inhibit CYP2D6. The resalt can be toxic or side effect
overload dae 1o accumudation of the given CYP2D6 drug substrate. ONS drugs including
antidepressant drugs feature prominently among the established CTYP2ZDG substrates.
Therefore, CYP2DS inhibition 13 highly ondesirable for an NR2ZB antagonist drug especially
given the common application of comedicarions or polypharmacy in NS indications
including depression. Examples of CY2D6 substrates include antidepressants from the SSRI
class such as fluoxeting, paroxeting, and flovoxaming, duloxetine, an antidepressants from
the SSNT class, numerous autipsvehotics including haloperidol, risperidone and aripiperazole,
numerous beta-blocker antihypertensives including metaprolol, propranclol, timelel and
alprenolol and the Alzheimer’s disease anticholinesterase mbibitor drog donepezil (Flockbart
DA 2007y "Drug Interactions: Cytochrome P450 Drug Ioteraction Table", Indiana

Uhuversity School of Medicine, accessed st << http:/imedicine upoi. edw/clinpharm/ddis™>>

on May 28, 2014}

[o167] MKOD637 and closely related analogs (Liverton ef e, ./ Med, Chem, 2007, v30:807-819)
represent an mmproved generation of NR2B antagonists with respect te human oral
bivavailabitity. However, drug-related systolic as well as diastolic blood pressure elevation

cardiovascular side effect for MKO6S7 after oral dosing have been described in a published
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chnical efficacy trial study in patients with Parkinson’s Disease (Addy er of., & Clin. Pharm,
2009, v49:836-864). Similar blood pressore effects were reported to have also been observed
after single doses of MKQ637 in safety studies with healthy elderly subjects. Compound
LX-1 demonstrates oral biogvailability in animals and lacks @ phenolic group which can
compronsise oral bioavailability m homans. However, as noted herein, compound LX-1,
which has a basic piperidine nitrogen atom, exhibits human hERG chanpel inhibition with an
s < 10 M (4.5 M}, and exhibits homan CYP2I36 metabolic enzyme inhibttion activity

(':.E,Cﬁg; ~1 .0 ;ﬁ\«’i}.

fo188] For broad scope of application and safe human use, tmproved NR2B selective antagonists
are needed, as noted n a recent review (K.B. Ruppa ef of., dnnual Reports in Medicinal
Chenustry 2012, 47:89-103). There is a need for NR2B antagonist compounds which are
improved in one or more aspects exemplified by pharmacokinetic, absorption, metabolism,
excretion {ADME, e.g., oral activity), improved efficacy, off-target activity, improved

therapeutic safety index relative and compatibility with chromic oral therapy.

[o168] Provided chemical entities sre autagonists of the NR2B receptor and have technical
advantages with vegard to one or more pharmacentical drug properties, such as oral
bioavatlability, pharmacokinetic parameters, ADME properties (e.g., CYP inhibition),
cardiac 1on channel {e.g., BERG) activity and other non-NMDA off-target side effect
mediating receptors. In some embodiments, the present wvention encompasses the discovery
that a provided chenical entity can exhibit low huwman CYP2DS inhibition andfor low hERG
inhibition while exlubiting potent human NR2B receptor inhibition antagonism, and as such

is favorable for apphcation in humans,

[0170] In some embodiments, a provided chemical entity has NR2B functional NMDA receptor
sefectivity versus NR2A ("NRZB selectivity”, determined as the ratio NRZA ICw/ NR2B

)2

ICsp, 1 which the 1Cs values are measured according to the procedure of Example 2.1
300. In some smbodiments, a provided chemical entity bas NR2B selectivity > 250, In some
emabodinents, a provided chemvical entity has NR2B selectivity > 200, In some embodiments,

a provided chemical entity hag NR2B selectivity > 150, In some embodunents, a provided
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entity has NR2B selectivity 2 50

[o171] In some embodiments, a provided chemical entity has hERG activity {deternuned as
RERG 10y measwred according to the procedwre of Example 2.2) » 5 uM. In some
embodiments, a provided chemical entity has hERG ICs, > 10 uM. In some embodiments, a
provided chemical entity has hERG ICs = 13 pM. In some embodiments, a provided
chenucal entity has hERG 1Cs > 20 udl In some embodiments, a provided chemical entity

has hERG s > 25 M.

[0172] In some smbodiments, a provided chemical entity has NRZB functional antagomst
activity {determined as NR2B 1Csy measured according to the procedure of Example 2.1)
< 100 nM and hERG activity {defenmined as HERG 1Cse measured according o the procedure
of Exanple 2.2} = 3 uM. In scme embodiments, a provided chemical entity has NR2B 1Csy
< 100 oM and BERG ICsy 2 10 M. In some embodiments, a provided chermcal entity hag
NR2B ICsq < 100 nM and BERG {Cso = 15 M. In some embodiments, 8 provided chemical
gntity has NR2B s < 100 nM and hERG 1, 2 20 gL Tn some embodiments, a provided
chemical entity has NR2B 1Cq < 100 nM and BERG 1Cs, 2 25 gM. In some embodiments, a
provided chemical entity has NR2B Hlse £ 50 oM and hERG s > 5 pM. In some

embodiments, a provided chemical entity has NR2B 1Csp < 50 oM and hERG 150 2> 10 pM.

[0173] In some smbodiments, a provided chemical eniity has NRZB functional antagomst
activity (determined as NR2ZB 1Cs measured according © the procedure of Example 2.1)
<100 oM and CYP2D6 inhibition (measwed as CYPDS (s determined according to the
procedure of Example 2.3} > 2 udl In some embodiments, a provided chemical entity has
NRIB [Cso £ 100 uM and CYP2D6 ICsx = 3 pdL In some embodinents, a provided chemical
entity has NRIB ICs < 100 oM and CYPRD6 ICso = 4 M. In some embodiments, a
provided chenucal entity has NR2B 1T £ 100 oM and CYP2IDO6 s = 5 M. In some
embadiments, a provided chemical entity has NR2B [Cse < 100 nM and CYP2D6 ICs of
aboat S-10 ¢ In some embodinents, a provided chemical entity has NR2B I £ 100 oM
and CYP2DE 1Cs » 10 pML 1o some embodiments, a provided chemical enlity has NR2R

Hls0 < 50 oM gnd CYP2D6 1Cs = 2 pM. In some embodiments, a provided chenvical entity
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has NR2ZB ICq < 50 oM and CYP2D6 s = 3 pM. In some embodiments, a provided
chemical entity has NR2B [Cs < 30 nM and CYP2D6 1Csq 2> 4 oM. In some embodiments, a
provided chemical entity has NR2ZB ICs £ 50 oM and CYPZD6 [Cs > 5 M. In some
embodiments, a provided chemical entity has NR2B 1Cs < 30 oM and CYP2De ICy of
about 3-10 gM. In some embodiments, a provided chemical entity has NR2B s < 56 oM

and CYP2DO6 s> 10 ML
{ises, Formudation and Adwiinistration, and Pharmaceutically Accepiable Campositions

fo174] In some embodiments, the invention provides a composition comprising a chemical entity
of the mvention or a pharmaceutically acceptable denivative thereof and a pharmsceutically
acceptable carnter, adjuvant, or velucle, The amount of chenucal entity in compositions of
this invention is such that is effective to measurably inhubit NR2B, in a biological sample or
in a patient. In some gmbodiments, the amount of chemical entity in compositions of this
invention 1s such that is effective to measurably mbubit NR2B, in g biclogical sample or ina
patient. In some embodmments, a composition of this invention s formulated for
administration to a patient i need of such composition. Ia some embodiments, a compaosition

of this invention iy formulated for oral administration to a patient.

[0175] The term “patient,” as used herein, means an amymal, preferably a mammal, and most

preferably a human.

fo176] The term “pharmacentically acceptable carrier, adiuvant, or vehicle” refers to a non-toxic
carrier, adjuvant, or vehicle that does not destroy the phammacological activity of the
chemical entity with which #t 1 fermulated. Pharmaceutically acceptable carriers, adjuvants
or vehicles that may be used in the compositions of this mvention include ion exchangers,
aluming, aluminum stearate, lecithin, serwm protemns, such as human serum albumin, buffer
substances such as phosphates, glvene, sortbic acid, potassiura sorbate, partial glycende
mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such as protamine
sulfate, disodium hydrogen phosphate, potassium hvdrogen phosphate, sodium chloride, zing
salts, collowdal silica, magnesium  trisilicate, polyvinyl pyrolidone, cellulose-based
substances, polvethylene glveol, sodium carboxymethyleellulose, polyacryvlates, waxes,

polyethylene-polvoxvpropylene-block polvmers, polyethylene glycol and wool fat.
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f0177] A “pharmaceutically acceptable derivative” means any non-toxic ester, salt of an ester or
other dertvative of a chemical entity of this mvention (e.g. a prodrug) that, upon

administration {0 a recipient, is capable of providing, either divrectly or indirectly, a chemical

entity of this wvention or an inhibitorily active metabohite or residue thercof,

[0178] As used herein, the term "inhibitortly active metsbolite or residue thereof” means that a

metabolite or residue thereof is also an inhibitor of NR2B.

fo17e} Compositions of the present wvention way be adnumistered orally, parenterally, by
inthalation spray, topically, rectally, nasally, buccally, vagmally or via an implanted reservoir.
The fermy “parenteral” as wsed hevein mcludes subcuianeous, ntravenous, intramusecular,
mtra-articular, sra-synovial, imirasternal, intrathecal, ntrahepatic, mtralesional and
intracranial injection or miusion techmiques. Preferably, the compositions are administered
orally, intraperitonsally or intravenously. Sterile injectable forms of the compositions of this
invention may be aquenus or oleaginous suspension,  These suspensions may be formulated
according to techniques known in the art using suitable dispersing or wetting agents and
suspending agents. The stenile injectable preparation may also be a sterile injectable solution
or saspension in a8 non-toxic parenterally acceptable diluent or solvent, for example as a
solution i 1. 3-butanedicl,  Ameng the acceptable vehicles and solvents that may be
employed are water, Ringer's solution and isotonic sodivm chloride sohution.  In addition,

sterile, fixed oils are conventionally evaployed as a solvent or suspending mediun.

o180} For this purpose, auy bland fixed ol may be employed wncluding synthetic mone- ar di-

glyeerides, Fatty acids, soch as oleic acid and iz glyceride derivatives are useful in the
preparation of injectables, as are natural pharmacentically-ascceptatide nils, such as olive oil or
castor oil, especially in their polvoxyethylated versions. These oil solutions or suspensions
may also contain a long-cham alooho! diluent or dispersant, such as carboxymethy! celtulose
or similar dispersing agents that are commonly used in the formulation of pharmaceutically
acceptable dosage forms meluding emulsions and suspensions.  Other commonly used
surfactants, such as Tweens, Spans and other emalsifving agents or bioavailability enhancers
which are commonly used in the manutacture of pharmaceutically acceptable solid, ligaid, or

other dosage forms may also be used for the purposes of formulation.
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f0181] Pharmaceutically acceptable compositions of this mvention may be orally administered in
any orally acceptable dosage form including capsules, tablets, aqueous suspensions or
solutions. In the case of taldets for oral use, carriers conumonly vsed inchude lactose and corn
starch. Lubncahng agents, such g8 magnesiam stearate, are also typically added. For oral
administration in a capsule form, useful diluents melude lactose and dried comstarch. When
agquecus suspensions are required for oral use, the active ingredient is combined with
emulsifving and suspending agents. I desired, certain sweetening, flavoring or colonng

agents may also be added.

[0182] Alternatively, pharmaceutically acceptable composttions of this mvention may be

admnistered in the forny of suppositories for rectal administration. These can be prepared by
niixing the agent with a suitable non-irritating excipient that is solid at room temperature but
Hauid at rectal temperature and therefore will melt in the rectum to release the drag. Swch

materials include cocoa butter, beeswax and polvethylene glycols.

[0183] Pharmaceutically acceptable compositions of this invention may also be administered
toprcatly, especially when the farget of teatment micludes areas or organs readily accessible
by topical application, mcluding diseases of the eye, the skin, or the lower intestinal iract.

Suitable topical formulations are readily prepared for each of these areas or organs.

[0184] Topical application for the lower intestinal tract can be effected in a rectal suppository
formulation (see above} or in a saitable enema formulation. Topically-transdermal patches

may alsa be used

[0185] For topical spplications, provided phanmaceutically acceptable compositions may be
formulated in 2 switgble ointment containing the active component suspended or dissolved in
one or more carriers. Carrters for topical administration of compounds of this invention
mnclude mineral oil, tiquid petrolatom, while petrolatura, propylene glyeol, polyoxyethylene,
polyoxypropylene compound, emulsifymg wax and water,  Alternatively, provided
pharmaceutically acceptable compositions can be formulated in a switable lotion or cream
contaming the active components suspended or dissolved in one or more pharmaceutically
acceptable carriers. Suitable carriers include mineral oif, sorbitan monostearate, polysarbate

60, cetyl esters wax, cetearvl alcobol, 2-octyldodecanol, benzvl alcohol and water.
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f0186] For ophthalmic wuse, provided pharmaceutically acceptable compositions may be
formulated as micronized suspensions in isotonic, pH adjusted sterile saline, or, preferably,
as solutions in isotonic, pH adjusted sterile saline, either with or without a preservative such
as bengylalkomum chloride.  Alternatively, for ophthalmic uses, the pharmacentically

acceptable compositions may be formulated 1 an ointment such as petrolatum.

[0187] Pharmaceutically acceptable cotnposittons of this mvention may also be admunistered by
nasal aerosol or inhalation. Such compositions are prepared according o technigues well-
known in the art of pharmacestical formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other suitable preservatives, absorption promoters to enhance

bivavailability, fluorocarbons, andfor other conventional solubilizing or dispersing agents.

f0188] Most preferably, phammsaceutically acceptable compositions of this invention are
tormudated for oral administration.  Such formulations may be administered with or without
food. In some embodiments, phannaceutically acceptable compositions of this invention are
administered  withowt  food. In other embodiments, phammaceutically accepiable

compositions of this fuvention are adnunistered with food.

[0188] The anmount of compounds of the present wmvention that may be combined with the carrier
materials o produce a composition n a single dosage form will vary depending vpon a
variety of factors, mcluding the host tresied and the particular mode of administration.
Preferably, provided compositions should be formulated so that a dosage of between .01 -

sike body weipht/day of the wninbitor can be administered to a patient recciving these

s
Som
R
Ry
—
=
-,
4=

COMPOBIIONS.

fo1s0] It should also be understood that g specific dosage and treapment regimen for any
particular patient will depend upon a vartety of factors, inchuding the activity of the specific
compound emploved, the age, body weight, general bealth, sex, diet, time of administraion,
rate of excretion, drug combination, and the judgment of the freating physician and the
severity of the particodar disease being treated. The amount of a compound of the present
invention i the composition will also depend upon the particular compound in the

SOMPOSIion,
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Lises of Chemical Entities and Pharmaceutically Acceptable Compositions

[0191] Hunan therapeutic applications of NR2B receptor antagonists have been summarized in
reviews by Travaehs ¢f ol (S.F. Traynelis e &l Pharmacology Reviews, 2010, 62:405-4963,
Beinat e af {C. Bemat e of., Current Medicing! Chemistry, 2010, 17:4166-4190) and Mony
et af. (L. Mony ef af., British J of Pharmacology, 2009, 157:1301-1317).  Antagonism of
NR2B can be usefud wt the treatment of diseases and disorders including depression, paiy,
Parkinson's disease, Huntington's disease, Alzheimer's disease, cerchral ischaenia, trawmatic

brain injury, seizore disorders (e.g., epilepsy) and migraine. {S. B. Bausch ¢f of, Epilepyio,

s

a~d

2010, 51:102-1085; P. Mares, Noumm-Schmivdeberg’s Arch Pharmacod, 2014, 387753761,

E. Szexwrowska ef o, Brain Reseaveh Bulletin, 2005, 1111-8).

[0192] The activity of a chemical entity utihzed in this invention as gn antagonist of NR2ZB or a
treatiment for a disease or disorder of the ceniral nervous svstem (NS} may be assaved i
vitro of in vive, An i vivo assessment of the efficgey of the compounds of the invention
may be made using an animal model of a disease or disorder of the ONS, e.g., a rodent or
primate model, Cell-based assays may be performed using, eg., g cell Hae solated from a
tissue that expresses NR2B, or a cell hine that recombinantly expresses NR2B. Additionally,
biochenucal or mechanisnr-based assavs, e.g., measuring cAMP or ¢GMP levels, Northern
blot, RT-PCR, etc., may be performed. fn wiro assays include assays that determine cell
morphology, protein expression, and/or the cytotoxicity, enzyme inhibitory activity, andier
the subsequent functional consequences of ireatment of cells with chemical entities of the
invention. Alternate v vitro assays quantify the ability of the mhibitor to bind to protein or
nucleic goid molecules within the cell. Inhibitor binding may be measured by radiolabelling
the inhibitor prior to binding, isolating the inhibitor/target molecule complex and determining
the amount of radiolabel bound.  Alternatively, imhibitor binding may be determined by
runping a competition expertment where new mhibitors are incubated with purified proteins
or aucleic acids bound to known radioligands. Detailed conditions for assaying a compound
utilized in this invention as an antagonist of NR2B are set forth in the Examples below. The
aforementioned assavs are exemplary and not intended to Timit the scope of the vention. A
person skilled in the art can appreciate that modifications can be made to conventional assays

ta develop equivalent assavs that obtam the same result.
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[0193] As used herem, the terms “weatment,” “treat)” and “weating” refer to reversing,
allevigting, delaying the onset of, or inhibiting the progress of a disease or disorder, or one or
more symptoms thereof, as described berein.  In some embodiments, treatment may be
administered after one or more svmptons have developed. n other embodiments, treatment
may be administered in the absence of sympioms, For example, treatment may be
adnunistered to a susceptible individual prior o the onset of symptoms {e.g., in light of a
history of symptoms and/or in Bght of genetic ur other susceptibility factors). Treatment may
alse be continued alter symptoms have resolved, for example o prevent or delay their

recurrence.

f0194] The chemical entities and compositions, according to the method of the present invention,
may be administered using any amount and any route of administration effective for treating

or lessening the severity of ¢ UNS disease or disorder,

[6135] In some embodiments, the chenncal entities and compositions, accordmg to the method
of the present invention, may be administered using any amount and any route of
administration effective for treating or lessening the seventy of a disease or disorder

associated with NR2B.

f0196] In some embodiments, the chemical entities and composiiions, according to the method
of the present imvertion, may be administered vsing any amount and any route of

administration effective for {reating or lessening the severity of & UNX disease or disorder.

—

[6197] In some ambodiments, the disease or disorder is depression with or without concomitant
anxiety disorder, £.g., single episode and recurrent depressive disorder, dysthymic disorder,
major  depressive  disorder, psychotic  depression, premenstrual  dvsphonie  disorder,
postpartim depression, seasonal affective dizorder (SAD), mood disorder, treatment-resistant
depression {TRD, e, major depressive disorder that bas not responded to other drug
therapies}, depression caused by a chronic medical condiion such as cancer or chronic pam,

chemotherapre, chronic stress, and post fraumatic stress disorders.

[2198] In some embodiments, the disease or disorder 18 an acute affective disorder, e.g., selected

from bipotar disorders including bipolar 1 and bipolar I manic disorders.
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f0199] In some embodiments, the present mvention provides a method of treating substance
abuse disorders, wherein treatment resolis in decreased tolerance andfor dependence to
optotd weatment of pain, and/or by reating withdrawal syndrome of e, alcchol, opicids,
hevoin, and cocaine. As used herein, the term “substance abuse disorders” includes sabstance
dependence or abuse with or withowt physiological dependence. The substances associated
with these disorders mchude: alcohol, amphetamines {or amphetamine-like substances),
caffeine, canpabls, cocaine, hallucinogens, inhalants, marijuana, nicotine, opioids,
phencyclidine {or phencyehdine-like compounds), sedative-hypnotics or benzodiazepines,

and other {or unknown) substances and combinations of all of the above,

[0200] In some embodiments, a substance abuse disorder includes drug withdrawal disorders
such as aleohol withdrawal with or without perceptual disturbances; aleohol withdrawal
delirnum; amphetamme  withdeawal, cocaine withdrawal; nicotine wathdrawal, opioid
withdrawal: sedative, hypnotic or amaolytic withdrawal with or without perceptual
disturhances; sedative, hypnotic or anxiolytic withdrawal delimnum; and  withdrawal
sympioms due to other substances. It will be appreciated that reference to ireatment of
nicotine withdrawal includes the treatment of symptoms associated with smoking cessation.
Other substance abuse disorders include substance<induced andiety disorder with onset
during withdrawal;, substance-induced mpod disorder with onset during withdrawal, and

substance-induced sleep disorder with onset dunog withdrawal,

[0201] In some embodiments, the disease or disorder is pain, e.g., selected from pain states
arising from a variety of sources including newropathic paw (such as post herpetic neuralgia,
nerve injury/damage, the “dynias”, e.g., vulvodynia, phantom Himb pain, root avulsions,
painful daabetic newropathy, compressive mononeuropathy, ischemic newropathy, painful
traumatic mononeurcpathy, or panful polyneuropathy), central pain syndromes {potentially
caused by virmally any lesion at any level of the nervous system), and postsurgical pain
syndromes (e.g., postmastectonmy syndrome, postthoracotomy syndrome, stump pain), bone
and joint pain {osteoarthritis, rheumatoid arthritis, ankylosing spondylitis), repetitive motion
pain, carpal tunnel syndrome, dental pain, cancer pain, myofascial pain {muscular injury,
fibromyalgia), perioperative pain  {general swrgery, gvnecological), clronic  pain,

dysmenorrhea, as well as pain associted with angina, and nflammatery pamm of varied
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origins {e.g. ostecarthritis, rhewmatoid arthritis, rhewmatic disease, teno-synovitis and gout),
headache. migraime and cluster headache. In some embodiments, the disease or disorder is

associated with intractable pain, such as migrame, fibromyalaia, and trigeminal neuralgia.

[o202] In some embodiments, the discase or disorder is selected from sleep disorders and their

sequelae inchnding msomnia, narcolepsy and idiapathic hvpersomnia,

[o203] In some cmbodiments, the discase or disorder s selected from (NS disorders
charactetized by neuronal hvperexcitabhity, such as epilepsy, convulsions, setzures, partial
seizure disprders, peneralized seizure disorders such as absence seizures, atonic, myocionic,
onic, tonic-clonic or “grand-mal” setzwres, statug epilepticus, cortical spreading depression,
migraine headaches, cerebral palsy, Oltahara Svndrome, Fragile X Syudrome, pedmric or
genetic  seizures such as West syndrome, Lennox-Gastaat syndrome and Angleman

syndrome, tuberosclerosis, infracranial hypertension, central nervous system edema, nevronal

toxicity, such as toxicy induced by alcobel exposure, pathophysinlogical effects of head
trawma, stroke, ischemia, hypoxia and other conditions resulting from or producing ionic
unbalances in the central nervous system, or svachronized discharges of neuronal

populations.

[e204] In some embodiments, the disease or disorder 1 charactenized by the occumrence of a
setzure. Selzures sre a result of pncontrolled discharges of electrical activity in the brain, A
setzure typically manifests as sadden, invohmtary, disruptive, and often destructive sensory,
motor, and cognitive phenomeny. Seizures are frequently associated with physical hamy 1o
the body (e.g., tongee biting, lmb breakage, and barns), & complele loss of conscionsness,
srd incontmence. & typical seizurs, for example, might begin as spontaneous shaking of an
armoor leg and progress over secouds o minates o thythmio woevement of the entire body,
loss of consciousness, and voiding of uoine or stooh, There are both convalsive and non-
convulsive seizures. Convalstve selzures can be generalized setzures or partial seizures.
There are six main types of generalized setaures; tonic~-clonic, tonie, clonic, myocionic,
absence, and atonic selzures. A non-convulsive seizure, for example an absence seizure,

presents as a decreased level of conscionsuess and usually lasts aboot 10 seconds.
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{0208] In some embodiments, the disease or disorder is epilepsy. Epilepsy is a disorder of the
brain chargcterized by an enduring predisposition {o generate epileptic seizores and by the
neurchiologic, cognitive, psychological, and social vonseguences of this condition. (R. 8
Fisher et al,, Apifepsia, 2005, 46{4y.470-472). Epiepsy can be the nccyrrence of at least one
epileptic seimure. An epileptic seizore is a {ransient ocearrence of signs andfor sympioms due
to abnormal excessive or synchronous neurcaal activity in the brain, Epulepsy affocts people
of all ages; however, eptlapay most often coours in childbood and older adulthood (nstihng
of Medicing 2012} The exact canse of epilepsy 15 uncertain. Some known causes of epilepsy

mclode head trawmg, stroke, tnors, infection, or abnormalities of the bram

[0206] Epilepsy is categorized as idiopathic (genetic cause) or symptomatic (cause anknown),
and 1s further grouped mto erther generalized, affecting both hemispheres of the brain, or
pariial epilepsy, which affects one hemisphere of the bmin, Examples of diopathic
generalized eptepsy include childhood absence epilepsy, juvenile myoclonic epilepsy and
epilepsy with grand mal seizures, Examples of idiopathic partial epilepsy mclode benign
focal epilepsy of childhood, Symptomatic generalized epilepsy includes West syndrome,
Lennox-Gastaut syndrome and others. Symptomatic partial epilepsy includes temporal lobe

epilepsy, frontal lobe epilepsy and others.

[0207] In some embodiments, the seizare disorder is a pediatric setaure disorder. The ability to
categorize a case of a seizure disorder, e.g. cptlepsy, Into a specific syndrome cecurs more
often with children since the onset of seizures is conumonly early. Less serious examples are
benign rolandic epilepsy, childhood absence epilepsy and juvenile mf,-'roclunic epilepsy {A.
Neligan et al, Hondbook of clinical sesrofogy 2012, 107:113-33) Other examples of

pediatric seizares include febnle setruves, mfantile spasiis and neonatal setvres.

[o208] [n some embodiments, the seizure disorder is frontal lobe epilepsy, juvenile myocionic
epilepsy, mvoctomic epilepsy, absence epilepsy, Lemnox-Gastaut svadrome, Landa-Kleffner

syrdronse, Dravet syndrome, progressive mvoclonus epilepsies, veflex epilepsy, Rasnuussen's

g

3.

sytdrome, temporal lobe epilepsy, hmbio epilepsy, status epilepticus, abdominal epilepsy,
massive bilateral myoclonus, catamenial epdepsy, Jacksoman setzare disorder, Lalora

disease or photosensitive epilopsy, or 2 combinaticnt of one of mwore of these.
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f0209] For most cases of epilepay, the disease 18 chronic and reguires chronie medications for
freatment. Antiepileptic drogs (AEDs) generslly suppress newral activity by a variety of
mechanisms, including altering the activity of cell membrane on channels and the propensity
of action potentials or barsts of action potentials 1o be penerated. These desired thevapeutic
sffects are offen accompanied by the undesired side effect of sedation. (ther medications
have sigmflcant non-nenrological side effents, such as gngival hyperplasta, a cosmetically

undesirable overgrowth of the pums, andior a thickening of the shdl ay vcows with

phenyvtom. Whil ORI s has proven i rvg for a majonity of patients
tenyvtom. While chromic usage of AEDs has proven to be effective for a majonty of patients
suffering from eptlepsy, the persistent side etfects can cause & significant ympatrment 1o a

patient’s quality of life. Furthernmaore, in spite of the currently availatde arsenal of old and new
AEDs, almost one~thud of epileptic patients are non-responsive {e.g. vefractory) o all
pharmacological regimens. (MM, Castel-Branco et al, Merbods Find Exp Clin Pharmaesd,
009, 32101106} Sobsequently, there 1s g substantial need {o develop new and more

sffective AEDs

[0210] In some embodiments, the seizure disorder is refractory 1o weatmernt. Severe syndromes
with diffuse bram dysfunction, also referred to as epileptic encephalopathies, are refractory to
current treatment. Fpileptic encephalopathies constitute a group of disorders in which the
epileptic activity itself is considered to contribute 1o severe cognitive impairment or decling
above and beyond what might be expecied from the underlying pathology alone. In fariher
embodiments, the refractory soizure disorder is a disorder associated with neurenal
mugration, such as human microgyvia. (S, Bandyopadhyay ot al, Epilepsy Research, 2006,
72:127-139). Another important distwrbance in a subgroup of patients surgically treated for
infractable seizures is focal dysplasia of the cerebral cortex. Anticonvulsant drug therapy s
often meffective in patients with such cortical maltformations. In some embodiments, the
seizure  disorder involves  cortical  hyperexcitability in foecal cortical  dysplasia

{malformations). (& Bandvopadhyay et al,, Epdepsy Research, 2006, 72:127-1395,

fo211] In some embodiments, the seizwre or epilepsy disorder iy caused by a genetic
abnormality. Genetics 1S believed to plav an important role in epilepsies by a number of
mechanisms. Simple and complex modes of inheritance have been identified for some of

them. Recent exone and genome sequencing studies have begun fo reveal a number of de
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novoe gene mutations that are responsible for some epileptic encephalopathies, mcluding
CHD2 and SYNGAP!T and DMNI1, GABBR2, FASN and RYR3. Patients with the epileptic
encephalopatiie, West syndrome, present distinet clinical electropbysiological features
usuatly manifesting between 3 and 12 months as clusters of infantile spastos (IS) and a
characteristic electrogncephalogram {EEG) pattern called hypsarthythmia. West syndrome
has been associated with mutations m ARX, CDKLS, STXBP!, and STIGALR as well as
varions copy mumber variations {ONVs). (3. R. Lemke et al., don Nagol, 2014, 731174~

1573 Mutations m GRINZA and GRINZB encoding the NRZA and MNRIB of the NMDA

’.Jz

recepior are associtated with severad nenrodevelopmental disorders. Mutapons 10 GRIN2A

have recently been detectad in idinpathic focal epilepsy with rolandic spikes and related
gpileptic encephalopaihies, that i, in Landsu-Kleffber syndrome, epilepsy with continuous
spike-and-waves during slow sleep syadrome, and nonsyadromie epilepsy associated with
wtellectual disgbility. By contrast, GRIN2B has not been described as an epilepsy gene o
date but has repeate{iiy been considered as a putative candidate gene for sewzures, and
mutations were detected v patients with 1D and seluzoplwenia. {1 R Lemke et gl dww

Nenwrol, 2014, 750174157,

[0212] In sowe embodiments, the disease or disorder is a movement disorder. Movement
disorders mnclude Parkinson’s disease, dyskinesias (including the side effects accompanving
normal doses of L~ Dopa), tardive dyskinesia, drug-indaced parkimgomism, postencephalitic
parkinsonism, progressive supranuclesr palsy, multiple svstemy atrophy, corticobasal
degeneration, parkinsonian-ALS dementia complex, basal ganglia calcification, akinesia,
akinetic-rigid syndrome, bradykinesia, dystonia, medication-induced parkinsonian, Gilles de
fa Touwrette syndrome, Huntingow's disease, tremor, chorea, myeclonus, tick disorder and

dystonia,

[0213] In some embodiments, the movament disorder is one or move of akinesias and akinegtic-
rigid syadromes, dyskinesias and medication-indoced parkinsomism {such as newroleptic~
induced parkinsonism, neurcleptic malignant svadrame, neuroleptic-induced acute dystonta,
neuroleptic-induced acute akathisia, neurleptic-induced tardive dyskinesia and medication-
induced postural remor). Examples of “akineticrigid syndromes” inchude Parkinson's

disease, drug-mduced parkinsonisi, postencephalitic parkinsenism, progressive suprannclear
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palsy, multiple systesn atrophy, corticobasal degeneration, parkinsonism-ALS dementia
complex and basal gangha calctfication. Examples of dyskinesias melade tremor (imcluding
rest tremor, postural tremor and ntention tremor), chorea (such as Sydesham's chorea,
Huontington's disease, bemign bereditary chorea, newrcacanthooviosts, symptomatic chorea,
drug~-induced chorea and hemiballism), myoclongs {including generalized myoclonus and
focal mwvoclonus), tics (ncluding simple tics, complex ties and symptomatic tics), and
dystonia (including generalised dystonia such ag jodiopathic dystonia, drag-induced dystonia,
svmptomatic dystonia and paroxymal dystonia, and focal dystomia such as blepharospasm,
oromandibular dystonia, spasmodic dysphonia, spasmodic torticollis, axial dystonia, dystonic

writer's cramp and hemiplegic dystonia).
[0214] In some embodiments, the disease or disorder iz Huntington’s disease.

fo215] In sonre embodiments, the disease or disorder is cognitive dysfunction associated with
disorders tncluding schizophrenia, Alzhetmer’s disease, fronto-temporal dementia, Pick’s

disease, Lewy body disease, and other senile dementias (e.g., vascnlar dementia).

[o216] In some embodiments, the present invention provides a method of treating a disorder
described herein, comprising administering a chemical entity of the invention i conjunction
with one or more pharmaceutical agents. Switable pharmaceutical agents that may be used in
combination with the chemical entities of the present inventien include selective serotonin
reapiake miubitors (SSRIs), e.g, i the treatment of depression; dopamine replacement
therapy regimens and dopantine agonists, e, in the treatment of Parkinson’s disease; typical
antipsychotics, atypical antipsychotics: anticonvulsants; stmulants; Aldhetmer’s disease

therapies; anti-migraine agents; and anxiclytic agenis.

f0217] Suitable SSRis include citalopram, dapoxeting, escitalopram, fluoxeting, Huvoxaming,

indalpine. paroxetine, sertraline, vilazodone and zimelidine,

[o218] Suitable dopanune replacement therapy regimens include replacement of L-DOPA with a

DOPA decarboxylase inhibitor such as carbidopa.
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f0219] Suitable dopamine receptor agonixts include aplindore, apomorphine, bromocsiptine,
cabergohne, ciladopa, dibyvdroergocrypiing, liswride, pardoprunox, pergolide, pivibedii,

pramipexole, ropinirole and rotigotine.

[o220] Suitable typical antipsychotics include chlorpromazine, thioridazine, mesoridazine,
levomepromazine, loxapine, molindone, perphenazing, thicthixene, trifluoperazine,

haloperidol, Buphenazing, droperidol, wuclopenthixol, Hupentixol and prochlorperazine,

f0221] Suitable atypical antipsychotics inclode amvisulpride, aripiprazole, asenapine, blonanserin,
clotiapine, clozapine, Hoperidone, Hurasidone, mosapramive, eolanzapive, paliperidone,
perospirone, quetiapine, remoxipride, visperidone, sertindole, sulpiride, miprasidone, zotepine,

bifeprunoex, pimavanserin and vabicaser,

[o222] Suitable anticonvulsants include phenvioin, carbamazepine, barbiturates, phenobarbital,
phencbarbital, mephobarbttal, trimethadione, mephenytom, paramethadione, phenthenylate,
phenacemide, metharbital, benzehlompropamide, phensuximude, privaidone, methsuximide,
ethotomn,  ammoglutethinide,  diazepam,  clonazepam,  clorszepate,  fosphenyioin,
ethosuxinude, valproate, felbamate, gabapentin, lmmotrigine, topramate, vigrabatrin,
tiagabine, zramide, clobazam, thiopental, midazolam, propotol, levetiracetam, oxcarbazepune,

CCPene, and GYKI 52466,

[0223] Suitable stimulanis mclude Adderall (amphetamine, dexiroamphetaming nmixed salis),

methylphenidate, dextroamphetanuine, dexmethyiphenidate and lisdexamfelamine.

[0224] Suitable Alzheimer’s disease therapies include acetylcholinesterase mhibitors such as

rivastigmine, donepezil, galanthamine and huperazine; alpha-7 nicotinic agouists such as
encewichine; and drugs that reduce AB42 such as BACE nlubdors, gannna secretase

modulators and bets amvioid peptide ansibodies.

[0225] Suitable anti-migrame drogs mchude ergotamine and S-HT1D agonist triptans such as

sumiiripian.

[o226] Suitable anxiolytic drogs inchde benzodiazepine receptor modulators such as dizzepam,

alprazolam, lorazepam and clonazepam.
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f0227] Other suitable agents for use in conjunction witlh a8 chemical entity of the mvention

inchude memantine and modafing,

[0228] The exact amount required will vary from subject to subject, depending on the species,
age, and general condition of the subject, the severity of the infection, the particular agent, its
mode of adminsstration, and the like. The chemical entities of the mvention are preferably
formulated in dosage anit form for ease of adminisiration and uniformity of dosage. The
expression “dosage unit fonm™ as used herein refers 10 a physically discrete unit of agent
appropriate for the patient to be treated, It will be undesstood, bowever, that the total daily
usage of the chemical entities and compositions of the present invention will be decided by
the aftending physician within the scope of sound medical judgment. The specific effective
dose level for any particular patient or organism will depend upon a variety of factors
including the disorder being treated and the severity of the disorder; the activity of the
specific chemical entity emploved; the specific composition employed; the age, body weight,
general health, sex and diet of the patient; the time of administration, route of adminisiration,

and rate of excretion of the specific chemical entity emploved: the duration of the treatment;

drugs used in combination or comncidental with the specific chemical entity employed, and
like factors well known in the medical arts. The term “patient”, as used herein, means an

antmal, preferably & mammal, and most preferably a human,

f0229] The pharmaceutically acceptable compositions of this invention can be administered o
humans and other animals orally, rectally, paresterally, mbracisternally, mtravaginally,
intraperitoneatly, topically {as by powders, ointments, or drops}, bucally, as an oral or nasal
spray, or the hke, depending on the severity of the infection being treated. In centan
embodiments, the chemical entities of the mvention may be administered orally or
parenterally at dosage levels of about 0.01 mg'kg to about 30 mgkg and preferably from
about 1 mg'kg to about 25 masky, of subiect body weight per day, one or more times a day,

to obtatn the desired therapeutic effect,

f0230] Liguid dosage forms for oral adminsiration inclode pharmacentically  acceptable
emulsions, microemalsions, solunous, suspensions, syrups and elxars. In addition fo the

active compounds, the Hiquid dosage forms may contain wert diluents commonly wsed m the
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art such as water of other solvents, solubilizing agents and enmulsifiers such as ethyl alcohol,
isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene
glyeol, 1,3-butvlene plycol, dimethvlformamide, oils (In particular, cottonseed, groundnut,
corn, germ, olive, castor, and sesame oils), ghyeerol, teteahydrofurfuryt alcobol, polvethylene
glveols and faity acid esters of sorbitan, and mixtures thereof. Besides inert diluents, the oral

compositions can alse mchude adjuvants such as wenting agents, emulsifying and suspending

agents, sweetening, Hlavoring, and perfuming agents.

[6231] Injectable preparations, for example, stenle injectable agueous or oleaginous snspensions
may be formulated according to the known art using suitable dispersing or wetting apents and
suspending agents. The sterile injectable preparation may also be a sterile wjectable solution,
suspension or emulsion m a nontoxic payenterally acceptable diluent or solvent, for example,
as g solution i 1 3-butanediol. Among the acceptable vehicles and solvents that may be
employed are water, Ringer's solution, 11.8.P. and isotonic sodimum chloride solution. In
addition, stenile, fixed oils are conventionally employed as a solvent or suspending medium.
For this pwrpose any bland fixed oil can be emploved mcluding synthetic mono- or
diglveenides. In addition, faty acids such as oleic acid are used in the preparation of

injectables.

[0232] The iyjectable formulations can be sterilized, for example, by Ihation through a
bacterial-retaining filter, or by incorporating sterilizing agents w the form of sterile solid
compositions which can be dissolved or dispersed in sterile water or other sterile injectable

medivm prior 1o use,

[0233] In order to prolong the affect of a chemical entity of the present invention, it is often
desirable to slow the absorption of the chemucal entity from subcutaneons or intramuscular
mjection, This may be accomplished by the use of a liqud suspension of crystalling or
amorphous matertal with poor water solubihitv. The rate of absormption of the chenucal entity
then depends upon is rate of dissolution that, in tum, may depend upon crystal size and
erystalhne form. Alterbatively, delayved absorption of a parenterally adminisiered chemical
entity form 1 accomplished by dissolving or suspending the chemical entty w an ol vehicle

Injectable depot forms are made by forming nucroencapsule mattices of the chenncal entity
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in biodegradable polymers such as polylactide-polvglyeolide. Depending wpon the ratio of
chentical entity to polymer and the natwre of the particular polymer employed, the rate of
chemical entity release can be controlled. Examples of other biodegradable polvmers include
poby(orthoesters) and polv{anhydndes). Depot injectable formulations are also prepared by
entrapping the chemical entity in hposomes or microemulsions that are compatible with body

1ISSHEeS.

[6234] Compositions for rectal or vaginal administration are preferably suppositories which can
be prepared by muxing the chemical entities of this invention with suitable nop-irritating
excipients or carriers such as cocoa butter, polvethylene glveol or a suppository wax which
are solid at ambient temperature but Hauid ai body temperatwre and therefore melt in the

rectumn or vagmal cavity and release the active chemical entity.

[0235] Solid dosage forms for oral administration mchude capsules, tablets, pills, powders, and
granules, In such sohd dosage forms, the active chemical entity is mixed with at least one
mert, pharmaceutically acceptable carrier such as sodium citrate or dicalciwm phosphate
andfor a) fillers or extenders such as starches, lactose, sucrose, glucose, mannitol, and silicic
acid, h) binders such as carboxymethyleellulose, alginates, gelatin, polyvinylpyrrolidinone,
sucrose, and acacia, ©) humectants such as glveerol, d) disintegrating agents such as agar-
agar, calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodhwm
carbonate, ¢} selution retarding sgents such as paraffin, ) absorption accelerators such as

g agents such as cetyl alcohol and glycerol

foyy Lt

guaternary ammioniem compounds, g) wetim
monostearate, b} absorbents such as kaoln and bentonite clay, and 1) lubricants such as tale,
calcinm stearate, magnesium stearate, solid polyethyvlene glycols, sodiwm faaryl sulfate, and
mixtures thereof In the case of capsules, tablets and pills, the dosage form may also

comprise butlering agents.

fo236] Solid compositions of a simitar type may alse be emploved as fillers 1w soft and hard-

filled gelatin capsules using such excipients as lactose or milk sugar as well as high
molecular weight polyethylene glveols and the like, The solid dosage forms of tablets,
dragees, capsules, pills, and gravules can be prepared with coatings and shells such as enterie

coatings and other coatings well known in the pharmaceutical formulsting art. They may
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optionally contatn opacifying agents and can also be of a composition that they release the
active ingredient(s) only, or preferentially, in a certain part of the indestinal wact, optionally,
m a delaved manner. Examples of embeddmg compositions that can be used include
polymernic substances and waxes, Solid compositions of a similar type way slse be enploved
as fillers i soft and hard-filled gelatin capsules using such excipients as laciose or milk sugar

as well as high molecular weight polethvlene glycols and the hke.

[0237] The active chemical entities can also be in micre-encapsulated form with one or more
excipients as noted above. The solid dosage forms of tablels, dragees, capsules, pills, and
grantules can be prepared with coatings and shells such as enteric coatings, release controlling
coatings and other coatings well known in the pharmaceutical formulating art. In such solid
dosage forms the active chemucal entity may be admixed with at least one inert diluent such
as sacrose, lactose or starch. Such dosage forms may also comprise, as 1s normal practice,
additional substances other than inert dituents, e g, tableting lubricants and other tableting
aids such 8 magnesham stearate and microorystalhine celhdose. In the case of capsules, tablets
and pills, the dosage forms may also comprise buffering agents. They may optionally contain
opacifving agents and can also be of 8 composition that they release the active ingredient(s)
only, or preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner.
Examples of embedding compositions that can be used mclnde polvmenc substances and

WARKeS,

f0238] Dosage forms for topical or transdermal adminmistration of a chemical entity of the
mvention mclade oindments, pastes, creams, lotions, gels, powders, solutions, sprays,
inhalants or patches, The active chemical entity is admixed under sterile conditions with a
pharmaceutically acceptable carrier and any needed preservatives or buffers as may be
required, Ophthalmic formulation, ear drops, and eve drops are also contemplated as being
within the scope of the invention. Additionally, the present invention contemplates the use of
transdermal patches, which have the added advaotage of providing controlled delivery of a
chemical entity to the body. Such dosage forms can be made by dissolving or dispensing the
chemical entity i the proper medium, Absorption enhancers can also be used 9 increase the
thix of the chemical entity across the skin. The rate can be controlled by either providing a

rate controlling membrane or by dispersing the chemcal entity in a polvmer matnix or gel.
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[0238] As used herein, the term “combmation,” “combined,™ and related terms refers to the
simpltaneous or sequential administration of therapeutic agents i accordance with this
mvention. For example, a chemical entity of the present mvention may be administered with
another therapeutic agent stmultancously or sequentially w separate unmit dosage forms or
together i a single unit dosage form. Accordingly, the present invention provides a single
unit dosage form comprising a chemical entity of formula I, an additional therapeutic agent,

and a pharmaceutically acceptable carrier, adjuvant, or vehicle.

[o240] The amount of both, a provided chemical entity and additional therapeunc dgent (in those
compositions which comprise an additional therapeutic agent as described above), that may
be combined with the carsier materials to produce 2 single dosage form will vary depending
upon the host treated and the particular mode of administration.  Preferably, compositions of
this ivention should be formulated so that a dosage of between 0,01 - 100 mg'kg body

weight/day of a provided chemical entity can be administered.

fo241] In those compositions which comprise an additional therapeutic agent, that additional
therapeutic agent and the chemical entity of this invention may act symergistically.
Theretore, the amount of additional therapeutic agent in such compositions will be less than
that required in a monotherapy wtilizing only that therapeutic sgent. In such compositions a
dosage of betweent 0.01 - 100 pa'ke body weight/day of the additional therapeutic agent can

be administerad,

[0242] The amount of additional therapeutic agent present in the compositions of this invention
will be no more than the amount that would normally be administered in a composition
comprising that therapeutic agent as the only active agent. Preferably the amouni of
additional therapeutic agent in the presently disclosed compositions will range from abouwt
0% 1o 100% of the amount normally present in @ composition comprising that agent as the

only therapeutically active agent.

[0243] In some embodiments, the present invention provides 8 medicament comprising at least
one chemmcal entity of formola T and & pharmaceatically acceptable carvier, adjuvant ot

vehicle.
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[0244] In some embodiments, the present invention provides the use of a chenucal entity of

formuda 1 in the manufscture of a medicament for the treatment of a UNS disease or disarder,
Greneral synthedc methods

[o245] Chemical entities of formula T can be synthesized according to Scheme | or Scheme 2

and/or using methods known in the art.

Scheme §
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a base {og discpropylethylamine), organic solvent (o.g dichloromethane), heat b, optional
functional group covversiont(s) ¢ ramirval of J when 1t s @ protecting group {e.g. 50% NaOH/TRHY

heat for I = tosyl)

fo246] In the method depicted in Scheme 1, ina first step, compounds of formula XM may be
prepared by piperidine nitrogen alkylstion of intermediates of general formala X, wherein J

is hydrogen or & suitable protecting group (e.g. tosyl = Ts) and R, R” and R® are as defined

above, with intermediates of general formula XT wherein X', RY, R® and R are as defined
above for X, R', R and R, or are independently snitably masked equivalents thereof. The
leaving group (LG) in alkylating imtermediates of gensral formula XT represents an anionic
Jeaving group such as halogen {chlorine, broming or joding) or a sulfonale group such as

5
el

mesylate, tosylate, inflate (OS0,CFy) or nonaflate (OSOCF.CFCFCFL). The alkylation
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reaction can be conducted in surtable protic {e.g. isopropanol, n-tatanol) or aprotic {e.g.
CHCly, DMF, DMSO, THRON) solvents at temperatures from ambient to 160 *C, preferably
between 50 °C and 130 °C in the presence of a suuable base (eg  trethylammne,
ditsopropylethylamine). In the case where insermediates of formula X have J = Hand X, R',
B and RY in the intermediates of formula X¥ are as defined above for X, RY, R? and R, the
atkviation products of formula XH are compounds of formula I Alternatively in an optional
step or steps, compounds of formula XIT containing one or more X RY, R or RY
substituents as suitably masked groups can be converted using methods kaown m the art {o
vield compounds of formula NHI whesein X, R', R and R are as defined above {e.g fora
compound of formuads XH in which X7 = NOQs, a hydrogenation step viekds g compound of
formula X in winch X = NH;j. Iintermediates of forowala XIH o wiich J is a protecting
group can be converted to compounds of formula 1 using methods known in the art {e.g. 50%

NgQH/THF heat for I = tosyl).

[22471 An alternate method to synthesizing compounds of formula T is depicted o Scheme 2.
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Scheme 2
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a. base or Buchwald resction medisted amine coupling reaction conditioms b, optional steps o.g.
functional group conversions sd removal of T protecting group ¢, base, R'LG & removal of 1

profecting group

[0248] In a first step, base or Buchwsald reaction mediated coupling of intermiedintes of
formula XX, wherein X*, RY, R* and R" in the intermediates of formula X1 gre as defined
above for X, R', R? and R, or are independently suitably masked equivalents thereof, with
pyrazolopyrinidine  mtermediates of formula XXI wherein T35 hydrogen or g switable
protecting group, R is as defined above and LG is suitable leaving group, vields compounds
of formula XXIL In certain eases base mediated coupling is suitable and can be conducted in
an orgamic solvent {e.g. NMP, DMF, DMSQ, CH;ON) at temperatures from: 50 °C to 180 °C|
preferably between 70 °C and 120 °C in the presence of a suitable tertiary amine base {e.g
iriethylamine, ditsopropylethvlamme} In certain cases Buochwald conditions using a
palladium catalvst can be used for the coupling reaction. To prepare mntermediates of
formula X1 in which R” is methyl, compounds of formula XXI can be weated with a
suitable base {e.g. NaH) m a suitable aprotic organic solvent {e.p. DMF) followed by the
addition of a methylating reagent (e.g. methyhodide or dimethvisulfate) st a suitable

tenmperature. Intermediates of formula XHI in which 1 is a protecting group can be converted
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to compounds of formula ¥ usmg methods known in the art {e.g. S0% NaOH/THF heat for

=

F= tosyl).

[0249] Intermediates of general formulda XT wherein X0, RY, RY and RY gre as defined above for
X, RY R and R, or are independently suitably masked equivalents thereof, can be

svnthesized according o Scheme 3 and/or using methods known in the art.

Scheme 3
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a. Cu, DMSO RO CC b NaBH,, BiOH 0 *C ¢ TRO, Eb,O, DIPEA 0°C

[0250] Starting material compounds of formula XXXI can be purchased, or synthesized using
methods known m the art ey by Sandmever reaction. Copper mediated coupling of
compounds of formula XXXT with ethyl 2 2-difluoro-2-todoacetate at elevated temperature
n dry DMSO yields intermediates of general formula XXX Subsequent ester group
reduction under appropriste conditions e nsing sodivm borohydnde in ethanol vields

corresponding alcobols of general formala XXX, The alcobol group in compounds of
general formuals XXXHE can be converted to a suitable leaving group eg. iodide or
irifluoromethanesutfonate using methods known in the art. For example treatment with triflic

anhydride in ether sobvent with N, N-ditsopropylethyl amine at  °C can be used to prepare
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trifluoromethanesulfonates of formula X¥ (Y = OSOCUF;: Alkylation of 4-Boc amino
piperidines of formula XXXIV with intermediates of formula X1 vields compounds of
fornuta XX, The alkylation reaction can be conducted in suitable aprotic {e.g. CHCl,
DMF, DMB0, CHLON) sotvenis at tewperatures from -10 °C to 100 °C {preferably from 0°C

to 80 °C} in the presence of a suttable base (e.g. triethylaming, ditsopropylethylamine).

[0251] Intermediates of genesal fornmia X can be synthesized according to Scheme 4 andior

using methods known in the art.

Scheme 4
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[0252] In a first step, starting 4-amino-N-t-butoxyearbonyl protected piperigdines of formula L
can be coupled with intermediates of formula XXI under base or Buchwald reaction
conditions to give intenmediates of general formula LI In an optional second step when J s
a protecting group (e.z. Ts), an R group can be introdusced by alkylation reaction to give

intermediates of general formula LI in which R” is methyvl In the final step the Boc
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protecting group can be removed by under standard acidic conditions or alternative methods

known m the art to give imtermediates of general formula XU

[0253] Intermediates of general formula XX can be syathesized according to Scheme 5 and/or

using methods known in the art.

Scheme §

H _ Hai _ -

N- a.b. Cl N~ -
Cl N H X c.d. ol N
| — i — S
N =N ~~ NI N
~~
LIV

Hal = CI, Br, | XXI

J = H or protecting group eg trityl

a. NUS, NBS or NiS, other b, optional protection g with base/rityl chiornde o optional Buli

exchange and atkylation reaction or Sweuki coupling reaction d. optional function group conversion
of R or | group deprotection

[o254] In a fust step d-chloro-7H-pyrrolo[2 3-djpynimidine can be halogenated nsing an
N-halosuccinimide to give corresponding intermediates with R as chiloro, broma or fodo.
These intermediates may be then protected e.g. with J = wityl. To prepare analogs where R
can be introduced by nucleophilic displacement (eg when R is methyl), bromo
interediates can be metallated with Buli followed by treatment with a suitable alkylating
agent, e.g. methyliodide or fluorinating ageny, e g, Selectiluor® (I-chloromethyl-4-flaoro-1,4-
diazoniabieyelo[2.2.2]octane bis(tetrafluoroborate)). To prepare analogs where RY can be
introdoced by palladium mediated conpling reactions e.g. Suzuki reaction (e.g. when RY is
eyclopropyl), bromo or iodo mtermediates can be subject to coupling with a suitable
intermediate, e.g. an alkylboronic acid. For example, intermediates of formula XX1 wherein
R* is cyclopropy! and J is a tity! protecting group can be prepared according to Intl. Patent
Appl. Pobl. No. WO 2010/015637.
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EXAMPLES

[0255] As depicted in the Examples below, in certain exemplary embodiments, chernical entities
are preparved according to the following proceduores. It will be appreciated that, although the
general methods depict the synthesis of certain chemical entities of the present invention, the
following methods, and other methods known to persons skilled in the art, can be applied to

all chenmucal enfities and subclasses and species of each of these chemical entities, as

described herein.

[0256] Temperatures are given in degrees centigrade. I not mentioned otherwise, all
evaporations are performed under reduced pressure, preferably between 15 mm Hg and

100 min Hy. The structures of intermediates and final products are confirmed by standard

PCT/US2015/050267

analytical methods, for example, mass spectrometry and NMR spectroscopy.

[02577 Abbreviations;

aq

Boe
bz
DAST
DOM
DCE
DIPEA
DMF
DPMSG

HPLC
LC
Me

RUCOUS

t-btoxyearbonyl
benzyvloxycarbonyl
diethylamino salfur wiftooride
dichloromethane
I.2-dichloroethane

N N-diisopropylethylamine
N N-dimethylformanide
dimethyl sulfoxide

diethyl ether (Cether™)
ethyl acetate

ethanol

equivalents

hours

high performance liquid clwonwtography

liquid chromatography

methyi
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MS mass spectrometyy

MS {(EShH mass spectrometry electrospray ionization
MNMP N-methyl-2-pyrrolidons
NMR auclear magnetic resonance
PEG polyethylene glyeol

1t room temperature

Tt triflate

THO tritlic anhydnide

TFAA trifluoroacetic anhydnde
THF tetrahydrofuran

TLC thin laver chromatography
Ts p-toluenesulfonyl

Example 1. Chemical Entities.
Example LA, Intermediates.

Example LAL Intermediate 1 N{piperidin-d-yi)-Tutosyl-TH-pyrrolo[ 2 3-d}-pyrinudin-4-

%ﬁ =
N-
Nwi/g Ts
HN N\¢N

d

Step 1. 4-chloro-7-tosyl-7H-pyrrolof2 3-dlpyrimidine

arye

“

[0258] A muxture of d-chloro-7TH-pyrrolo{2 3-d{pyrinuidine (10.0 g, 653 mmol), TsCH{13.7 ¢, 72
mmol} and NaOH (40 ml, 2N} in acetone (100 ml) was stired at room temperature
overnight. The resulting solid was collected by filtration and washed with acetone and then

with water to give the title compound as a white solid {16 g, 80%). "H ONMR (400 MHz,
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CDCLY 8 8.77 (s, 1H), 8.09 (d, 1=8.0 Hz, 2H), 7.77 (d, J=4.0 Hz, 1H), 7.33 (d, }=8.0Hz, 2H),
6.70 {d, 1=4.0 Hz, 2H), 2.40 (s, 3H).

Step 2. tert-butvl 4-(T-tosvl-TH-pyrrolo] 2, 3-dipyrimidin-4-vlamino)piperidine- 1 -

carbioxylate

N-
O/ 1 X Ts
BOC/N N\¢N

[62591 A mixture of 4-chlore-7-tosyi-7TH-pyrrolof2 3-djpyrinudine (10.0 g, 32 mmol}, tert-butyl
d-gminopiperidine-L-carboxylate (6.4 g, 32 mumol} and DIPEA (10 wl) wn NMP {100 mL)
was heated snder reflux overnight. The mixture was filtered. The solid was then washed with
ethyl acetate and dried under vacumn to sfford the title product as a white solid {10 g, 67%3).
HONMR {400 MHz, DMSO-d6) 8 8.23 {5, 1H), 7.95 (4, }=8.0 Hz, 2H), 7.65 (d, J=8.0 Hz,
FHY, 7.54 (4, J=4.0 Hz, 1H), 742 {d, =80 Hz, 2H), 6.88 (d, J=4.0 Hz, 1H), 4.16-4.23 (i,
TH), 3.92-3.95 (m, 2H), 2.70-2.82 {(m, ZH), 235 {5, 3H), 1.84-1 .88 (m, 2H), 1.49 {5, OH),
1.32-1.36 {m, 2H}.

Step 3. N-{pipendin-d-y1}-7T-tosyl- TH-pyrrolof2 3-dlpyrimidin-d-amine

IIl —=
N-
O/N\(\Q Ts
_N
H

N\¢N

[0260] To a mixture of tert-butyl 4-{7-tosyl-7TH-pyrrolol2. 3-dlpyrimidin-d-ylamine}-piperidine-
T-carhoxylate {10.0 g, 21 mmol) in MeOH (1008 mL} was added HCUMeOH (50 mlL., 2N, 160
mmol}. The resulting solution was stirred at room temperature overnight and then evaporated
to dryness. The residue was then dissolved in DOM and washed with sat, NaHCQ;, water,
bring, dried and filtered. The filtrate was concentrated to afford the title product as a white
solid (7.4 g, 93%). MS (ESI) caled for CueHaiNa0-8: 3711 found: 372.3 IM+H] THNMR
{400 MHz, CDCL) 8 848 (s, 1H), 8.08 (4, J=8.0 Hz, 2H), 748 (d, J=4.0 Hz, 1H), 731 ¢4
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F=8.0 He, 2H), 643 {d, I=4.0 Hz, 1H), 487-4.92 {m, 1H), 4.16-4.23 {m, 1H), 3.12-3.15 (m,
2H), 2.76-2.82 (m, ZH), 2.40 (s, 3H), 2.07-2.12 {m, 2H), 1 40-1 44 (m, ZH).

Example 1.1 N-(1-22-difluore-2-{pyridin-2-yhethylipiperidin-d-vI)}-7Hpyrrolof2 3-d}-

pyrimidin-d-anune (C-1).

H -
N N-H
FoF C( o
N, N NN
_

Step 1, Ethyl 2.2-diftuore-2-{pyridin-2-ylacetate

F.F
N

| X CO,Et
L

f0261] To a stured solution of 2-bromopyridine {1.0 ¢, 6.3 mmol) and ethyl 2-bromo-2 2~

difluoroacetate (1.2 ml, 1.5 nunol} in DMSQ (10 mL) was added copper powder (800 mg,
13 mmol). The mixmre was heated to 90 °C, and stirred overnight. The mixture was poured
wto water, and stivved for additional 1h at room temperature, The fioal suspension was
fitterad through a pad of celite, and the filter mass was washed with EtQAc. The combined
organic phases were washed with water and brine, dried over Nax30, and concentrated in
vacuo to afford the crude product as a vellow oil (1.1 g, 86%) which way directly used for

reduction i the next step.
Step 2. 1,2-ditlnoro-2-{pyridin-2-vhethanol

F. F

ﬁN\\RQ/OH

e
[0262] To a stitred solution of ethyl 22-difluoro-2-{pyridin~2-vhacetate (1.1 g, 59 nunol) in

gthanel (25 mb) was added the NaBHs (330 mg, 8.7 mmol} at room temperature. Afler
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stivring for 30 min, the mixture was quenched with aqueons 1M HCT under ice~water bath
cooling. The nuixture was basified with aquecus 1M NaOH, and extracted with EtOAc. The
combined EiOAc phases were washed with brine, dried over Na:SO4 and concentrated in
vacuo, The crude prodoct was punfied by column chromatography over silica gel
{hexaneF1OAc=2/1) to afford the title compowsd as a white solid {520 myg, 609). "HONMR
{400 MHz, CDCL) 8 8.61 (4. J=4.7 Hz, 1H), 788 (1d, J= 7.8, 1.7 Hz, 1H)L, 7.73 (4, J = 7.8
Hz, 1H), 743 (dd, /= 7.2 and 4.7 Hz, 1H), 426 (dt, J=7 0 and 12.4 Hz, 2H)}, 3.50 (1,./ = 7.0
Hz, 1H).

Step 3, 2,2-ditluoro-2-{pyridin-2-yvlethyintfluoromethanesulfonate

F.F
N \\></OSOZCF3

"

fo63] To a stired soluton of 2,2-diffuoro-2-(pyridin-2-vhjethanol {220 mg, 1.25 mmeol) dnd
DIPEA (0.35 ml, 188 mmol) i ether (10 wl) was added THO (0.25 mlb, 1.50 mmol}
dropwise at 0 "C under Ny atmosphere, The pink suspension thus obtained was stirred for 2
hours at room temperature, The suspension was filtered through a pad of celite. The filtrate
was concentrated in vacuo, and porified by column clvomatography over silica gel
{hexane/EtOAc=10/1) o afford the title compound as a colorless oif (320 mg, 87%%). *H
NMR {300 MHz, CDCI) 0 8.67 {(d, J = 4.3 Hz, 1H), 7.89 {4d, J= 7.8 and 1.6 Hz, IH), 7.75
{d,. /=78 Hz, 1H), 747 {dd, J= 7 Band 4.3 He, 1H}, 812 {, /= 12.0 Hz, 2H}

Step 4. tert-buty! 1-{2,2-difluore~-2-{pyridin-2-yliethyDpiperidin-4~ylcarbamate

H
\
E F O/ “Boc
(N\\[></N
gi\ﬁ-"f"

foze4] A mixtare of 2 2-diftuoro-2-{pyridin-2-yljethyl riflnoromethanesulfonae {365 mp, 1.25

mmol) and tert-butyl piperidin-d-vimethylcarbamate {274 myg, 1.37 mmeol) and DIPEA (0.6
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mi, 3.8 mmol) in DOM {5 mL} was heated to 40 °C . After stirring overnight at 40 °C, the
mixture was concentrated o dryness. The concemirate was purified by column
chromatography over silica gel thexane/ ethy! acetate =10/1) to afford the utle compound as

a white solid {340 mg, 80%;). MS (ES) caled for CrHasFaN;Oqr 3412, found: 342 2{M+H].

Step 5, 1-(2 2-difluorc-2-(pyridin-2-yhethyvl)piperidin-4-amime

[0265] To the sclution of tert-butyl 1-(2 2-difluore-2-{pyndin-2-yhHethylpiperidin-4-vicarbamate
(340 mg, 0.99 mmol) m DUM {4 mL} was added TFA (3 ml) wnder we-water bath cooling.
After stirving for 30 min at ri, the starting material was consumed, snd the mixture was
concentrated. The concentrate was bastiied with 1 N NaQOH, and extracted with ethyl acetate.
The organic phase was washed with bring, dited NaxSQy, and concentrated to afford the title
compound as an off-white powder (230 mg, 100%) which was used i the next step without

further purification. MS (ESI) caled for CaHyaFeNy 3091, found: 310 3[M+H]

Step 6. N-(1-(2,2-difluoro-2-{pyridin-2-yhethyDpipendin-4-y1)-TH-pyrrolo{ 2, 3-d}-

pyrimidin-4-amine

H =
N N-H

F.F O/ B

Ny, N NN

[0266] A mixture of 1-(2.2-diftuoro-2-{pyridin-2-yvijethvDpipendm-4-amine {230 mg, 093
mmoly, d-chioro-TH-pyrrolo {2, 3-d]pyrivmdine (160 myg, 1.05 mmol) and DIPEA (033 ml,
1.91 mmol} in butyl aleohol {4 mL) was heated to 130 "C. After stirring overnight at 130 °C,
the orange solution was concentrated. The concentrate was purified by columm
chromatography over silica gel thexang/ ethy! acetate =1:1} to afford the title compound as a

gray powder {140 mg, 419%). MS (ES1) caled for CipHagFaNg358.2; found 3592 M+H1L "
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MR (400 MHz, CD:0D) 3 865 (d, J=4.4 Hz, TH), 8.07 {3, 1H), 798 {dt,./= 80 and 1.6
Hz, 1TH), 7.76 {d, J = 80 Hz, 1H), 7.52-7535 (m, 1H), 7.05{d, J =

3.6 Hz, 1H), 658 (d, /=
3.6 Hz, TH), 4.05 395 (m, 1H), 326 (¢ J

= 14.4 Hz, 2H), 2.94 (d, J = 12.0 Hz, 2H), 245-
252 {my, 2H), 196 - 187 {m, 2H), 1.50-1.60 {m, 2H).

Example 1.1a (HCI saly), N-{1-(2 2-difluors-2-(pyridin-2-vhethyDpiperidin-4-y1)-7TH-pyrrolo-

{2 3~dlpyromidin-4-amine hydrochlonde (C-1-HCL).

H P

/“
F. F \j/ |\
N\ N\/
A
HCI

fo2e7] To a solution of N-(1-(2 2-difluore-2~{pyridin-2-yDothyipiperidined-v - TH-pyrrolof 2 3-
dipyrinndin-d-amine (96 mg, 0.27 mmol) in MeOH (3.0 mil) was added HOUYMeQH (2.0M,
014 ml) at i After stirting for 15 min, the wixture was concentrated to affmd the tile
compound as an offowhite powder (96 mg, 28%). MS {(ESI caled for CiHy CIFNg 35825
found:359 3{M+HL 'H NMR {400 MHz, CDiOD) 8§ 8.73 (d, J = 44Hz, 1H), 8.32 (s, 1H),
B.07(de, J=80and 1.6 Hz, 1H), 786 (d, J= 80 Hg, 1H), 765-735

36 H

Tim, IH), 736 (d. J=
z, 1H}, 6.96 (d, /= 3.6 Hz, 1H), 428 {brs, 1H}, 4.01-4.10 {m, ZH), 3.60-3.70 {m, 2H),
3.32-320 (e, 3R, 2.26-2.32 (my, 2H), 217198 {m, 2H)

Example 1.2, A-{1-(2,2-difluoro-2-(5-flunropynidin-2-yhethyDpiperidin-4-y1)- 7 H-pyrrolof2 3-
dl-pyrimidin-d-amine (C-2).

Step 1. Z-bromo-S-flaoropyridine
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(T
FrN

fozes] To a 3-neck fHask equipped with a dropping funnel and thermometer, 48% HBr (26.7 mL)
was added, S-Floovopyridin-2-andne (6.0 g 0.05 mol) was added dropwise at 8°C. Br; (8.0
mb, .16 mol} was then added at 0 °C dropwise over 20 min. The reaction mixture was
cooled to -10 °C and a solution of NaNO: (9.3 g, 0.14 mol) in water (30 mL) was added over
1.5 houss. The resultng mixture was stirred for an additional 30 minutes. A solution of
NgQH {20 g, 0.50 mol) n water (30 mL) was added over 30 minntes. The reagction mixture
was warmed to 5 °C and then extracted with ether (3« 100 mL). The combined organic phases
were washed with brine, dried over sodium sulfite, filtered, and concentrated. The
concentrate was purified by column chromatography over sthea gel (hexang/EtOAe=100:1)
to afford the title compound as a colorless Hauid (337 g, 36%). "H NMR {400 MHz, CDCL)
SR27¢d, J=30Hz, 1H), 748 (dd, /=87, 40 Hz, 1H), 735 - 7.28 {m, 1H).

Step 2, ethyl 2 2-difluoro-2-{3-Huoropyridin-2-vljacetate

~p
’)

fazes] To the solution of 2-bromo-5-flucropyridine (3.0 ¢, 17 mmol} and ethyl 2-brome-2.2-

diftuoroacetate (3.46 g, 17 nunol) i DMSO (45 ml) was added Cu powder (217 g, 34
nwmcl). The mixture was heated © 50 °C ovemnnight, After stuving overnight, the reaction
nuxture was poured mto a solution of dibasic potassium bydrogen phosphate, tribydrate {38
g, 170 mmol) i water {380 mL) with vigorous stirring. The suspension was filtered and the
solid was rinsed with EtOAc, The filtrate was added to brine and extracted with EtQAc (50
mb=2). The combined organic phases were washed with brine, dried over sedium sulfate,
filtered, and concentrated. The concentrate was purified by column chromatography over
silica pel (hexane/EtOAc=5(11) to afford the title compound as a colorless liquid {2.83 g,
76%). "H NMR (400 MHz, CDCL) § 8.50 (4, J= 2.7 Hz, 1H), 7.78 (dd, /=87, 4.2 Hz, I1H),
TA7{id, J=83, 2.8 Hz, 1H), 441 - 435 (q, 2H), 1,34 {m, 3H).
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Step 3. 2 2-difluoro-2-(S-fluoropyridin-2-yliethanol

F. F
N OH

E\
=

PN

[0270] To a solution of ethyl 2 2-difluore-2-{S~-fluoropyridin-2-vijacetate (1.0 g, 4.6 mmol} in
ethanol (23 ml) was added NaBH, (2530 mg, 6.6 mmol} slowly at r.t. The mixture was stirred
for 30 nun at r.t. After 30 mmn, the reaction nuxture was quenched with IN HCH under ice-
water bath cooling. The mixture was concentrated and extracted with EtOAc. The organic
tayer was washed with water and brine, dried and concentrated to afford the title compound
as a white solid (805 mg, 99%). 'H NMR (400 MHz, CDClh) & 8.48 (s, 1H), 7.77 (dd, J =
8.6, 4.2 Hz, 1H), 7.58 (m, 1H}, 4.24 (ro, 2H), 3.00 (d, J = 6.5 Hz, 1H),

Step 4. 2 2-difluoro-2-{5-flucropyridin-2-yDethy triflooromethanesulfouate

F.F
JIN %OSOZCFS
A

F v

f0271] To a stwred solution of 2.2-difluore-2-(S-flupropyridin-2-vlethanel (805 myg, 4.54 mmaol)
and DIPEA (238 ml., 13.6 mmol) m dried ether {45 mbl) wag added THO (152 mL, 9.08
mmol} slowly &t 0 °C. The reaction mixture was warmed to tt. After stromg for that rt the
orange suspension was filtered through celite, and the solid was washed with other. The

.

fittrate was concentrated to afford the title compound as a pale yellow oil (1.2 g, 85%} which

was used in the next step withouot further punifivation.
Step S, deri-butyl 1-02,2-diftooro-2-{5-fluyoropyridin-2-vhethyhpperidin-4-vicarbamate

H
i

N\
= F Boc
N N
~N

-
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[0272] A mixtwe of 2,2-difluore-2-{S-fluoropysidmn-2-vhethyltriflupromethanesalfonate (1.2 g,
3.9 mmol}, fere-butyl piperidin-d-vicarbamate (1.56 g, 7.8 mmeol) and DIPEA (2.1 ml, 12
mmol} in DM (20 mL) was heated to 40°C. After stirring overmight at 40°C, the mixture
was concentrated and extracted with EtOAc, The organic laver was washed with water and
bring, dried and concentrated. The concentrate was purified by colunm chromatography over
silica gel (hexane/EtOAc=10:1) to afford the title compound as a white solid (844 myg, 61%:).
MS (ESH caled for CHaFNa0y 359.2; found: 360 30M+HL "H NMR (400 MHz, CDCL)
8849 (d, J=27 Hz, 1H), 767 {dd, /=87, 43 Hz, 1H), 7.49(dt, /=84, 28§ Hz, 1H), 435
(s, 1H), 3.39 (s, 1H), 3.19 (1, J=14 Hz, 2H), 2.75-2.82 (m, 2H), 2.32-2.41 (m, 2H), 1.75-1.85
{m, 2H), 143 (5, 9H), 1.24-1.32 (m, 2H).

Step 6. 1-(2,2-difluoro-2-(S-fluoropyridin-2~yhethyl piperidin-4-amine

NH,
F F

N N

X

=

[0273] To the solution of fere-butvl 14{22-diflaoro-2+(S-fluorepyridin-2-yhethypiperidin-4-
vicarbamate (844 mg, 2.35 mumol) in DCM (12 mb) was added TFA {6 mL) under ice~-water
bath cooling. After stirring for 30 min af 1, the mixture was concentrated. The concentrate
was basified with 1N NaOQH, and extracted with EtOAc. The organic phase was washad with
brine, dried NaxS0,, and concendrated to afford the title compound as a vellow solid (634
mg, 100%). MS (ESD caled for CaHigFaNy: 259,17 fonnd: 26030 M+H]. TH NMR (400 MHz,
::fm:‘i-_;} § 849 (d, J=2.7 Hz, 1H), 767 (dd, J = 8.7, 4.3 Hz, 1H), 7.4 (‘it, J=§4 28 Hz

Hy, 308 (1, F=14 he, 2H), 2.85 - 2,77 (m, 2H), 2.67 — 2.57 (m, 1H), 2{m, 2H), 1.74
— 1,64 {m, 2H), 1.20-1.30 (m, 2H}.

Step 7. N-(1+2,2-difluoro-2-(5-fluoropyndin-2-yhethylpiperidin-4-yH-7H-pyrrolo[2,3-

d}-pyrimidin~4-amine
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A Sl
N b — ,"’ﬂ\“?\‘ _..-‘N H
RF Pl
1 "“"‘T (NS NN

fo274] A mixiure of 1-2.2-difluoro-2-{S-fBuoropyridin-2-yhethylipiperidin-d-amine {609 mg,

235 pwod), d-chioro-TH-pyrrolo[2, 3-dlpyrimiding (301 mg, 1.96 mmol) and DIPEA (1.7
ml, 3.92 mmol} i a-butyl alcohol (12 ml) was heated to 130 °C. After sturing overniglt at
130 °C, the reaction splution was concentrated and exiracted with Et(3Ac. The organic lavers
were washed with water and brine, dried and concentrated. The concentrate was purified by
column chromatography over silica gel (hexane/FtOAe= 13} to afford the title compound as
a white solid (282 mg, 38%%). MS (ESH caled for CioHuFiNg: 376.2; found: 377 3[M+HL 'H
NMR (400 MHz, CD;OD) 0 857 (d, J= 2.7 Ha, 1H), 807 (3, 1H), 782 (dd, /= 87, 4.4 He,
1H), 7.76 (di, J = 8.5, 2.7 Hz, 1H), 7.05 (d, J= 3.5 Hz, IH), 6.58(d. 7 = 3.5 Hz, 1H), 4.06 ~
3.95 {m, 1H), 3.27 @, J=14 He, 2H), 2.92-2.96 (m, 2H), 2.45-2,52 (m, 2H), LE8-1.94 {m,
2H), 1.530-1.60 {m, 2H)

Example 1.2a (HCU salt). N-(1-{2.2-diflvore-2-(5-fluoropyridin-2-yvhethyDpiperidin-d-y1 -7 H-

pyrrolo-{2, 3-dfpyrimidin-4-amine hydrochloride (C-2-HCL

III —=

N N-H
FoF O/ B
N N NN

HCI

{02751 To the solution of N-(1-(22-difluorn-2-(5-fluoropyridin-2-ylethylipipendin-d-y1}-7H-

pyrrolol2 3-dipyrmidin-d-amine (120 mg, 0.32 mmol) w MeOH 2 ml) was added
HCYMeOH (2M, 0.16 mL, 032 mmol) at 1. After stiving for 10 nun, the mixture was
concentrated to afford the title compound as a pa_ie yellow soblid (129 mg, 98%). ME (ESD
caled for CigiFaNg 376 2 found: 377 3]M+H] 'H NMR \40{} MHz, CD-OD)Y 6 8.61 {4,/
He, 1H), 827 {5, 1H), 7890 (dd, J = 8.7 and 4.4 He, 1H), 783 {dt, /= 8.5 and 2.7 Hz,
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TH), 7.34 (d, J = 3.5 He, 1H), 691 {d, J= 3.5 Hz, 1H}, 410 (s, TH), 3.76 (brs, 2H),
{m, 2H}, 2.98 (brs, 2H), 2.18 {m, 2H), 1.90 {m, 2H}

JJ

Example 1.3, N(1-{2-(5-chloropyridin-2-v1)-2 2-difluoroethyhpiperidin-4-y - TH-pyrrolo-{2,3-

dipyrimidin-d-amine (-3}
H =
N-
N 1 S H
N N ~ N

Step 1, ethyl 2-(S-chloropyridin-2-y1}-2,2-difluoroacetate

Cl

CO,Et

o

fo276] To a solution of S-chlore-Z-iodopyridine {(2.56 g 104 mmol) and ethyl 2-bromoe-2 2~
difluorcacetate {2.11 g, 104 mmol) in DMSO {26 mL) was added Cu powder {133 g, 208
msol). The mixture was heated to 30 °C overnight. The reaction mixture was poured bto a
solution of dibasic potassiwm hydrogen phosphate, trilivdrate (24 g, 104 mmol} i water (240
mL} with vigorous stirring. The suspension was filtered and the solid was rinsed with EtQAc,
The filtrate was diluted with brne and extracted with EOQAc (20 mbLx2). The combined
organic phases were washed with brine, dvied over sodium sulfate, filiered, and concenirated.
The concentrate was  purified by column  cluematography  over  silica  gel
{hexane/EtdAC=100:1} 10 afford the title compound as a colorless oil (885 myg, 36%). MS
(ESI) caled for CoHRCIFaNO,: 235.0; found 236 2[M+HL "H NMR {400 MHz, CDCLy) &
B61{d, J= 2.0 He, 1H), 785 {dd, /= &4 and 2.0 Hz, 1), 771 (d, =B 4He, 1H), 4.37 {q.
F=72 Hz, 2H), 134 (¢, }=7.2 Hz, 3H).

Step 2. 2-(S-chloropyndm-2-y13-2 2-diflucroethanol
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F. F
N OH
l ~
oI N

[0277] To s solation of ethyl 2-(S-chloropyridin-2-yh-2 2-difluoroacetate (780 myg, 3.3 mmol) in
gthanol {16.5 mbl) was added NaBH, (180 myg, 4.76 mmol) slowly af r.t The mixture was
stirred for 30min at v The reaction wixture was guenched with IN HCU under we-water
bath cooling. The mixfure was conventrated and extracted with EtOAc. The organic layver
was washed with water and brine, dried and concentrated to atford the title compound as a
white solid (338 mg, 84%). 'H NMR (400 MHz, CDCL) § .58 (s, 1H), 785 (d, J=84 Hz,

TH), 7.69 (d,J= 8.4 Hz, 1H), 423 (1. J = 124 Hz, 2H),

Siep 3. 2-(3-chloropyridn-2-v1)-2 2-diflucroethy! trifluoromethanesulfonate

F. F
N2 _0SO,CF,

A

fo278] To the sohstion of 2-{5-chloropyrnidin-2-y1)-2,2-difluoroethano! (538 myg, 2.78 nunol) and
DIPEA (1.5 mL., 5.56 mmol} w ether (28 mL) was added THO (0,94 mL, 5536 mmol) slowly
at 0 "C. After stireing for 1 b at rf, the reaction mixture was filtered through celite, and the
filter mass was washed with ether. The combined organic phases were concentrated to afford

the crude title compound as a pale vellow solid (905 myg, 100%).
Step 4. feri-butyl 1-2-(5-chloropyridin-2-v1}-2, 2-difluoroethyhipipenidm-4~ylcarbamate

H

i
N\Boc
F. F
N N
3

[0279] The mixture of 2-(5-chloropyridin-2-v1)-2 2-difluoroethy! trifluoromethanesulfonate (905

mg, 2.77 mmol}, ferebutyl pipendin-devicarbamate (111 g 5.56 mmol} and DIPEA (1 .46
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mixture was concentrated and extracted with EtQAe. The organic phases were washed with
water and brine, dried and concenwrated. The concentrate was puorified by column
chromatography over silica gel (hexane/EtOAc=10:1) 1o afford the title compound as a white
solid (922 mg, 89%). MS (ESD caled for CoHaCIFaNLOy: 375.2; bound: 376 2{MHL 'H
NMR (400 MMz, CDCLy 6 859 {d, /= 2.4 He, 1HD), 7.77 (dd, J= 8.4 and 2.4 Hz, TH), 7.60
{d, J=8.4 Hz, 1H), 4.35 (s, TH), 3.38 (s, IH), 3.48 (6. /= 14.3 Hz, 2H), 2.84 - 2.76 (m. 2H),
2.37 (v, 2HD), L8O {my, 2H), 143 (s, OH), 1.27 {m_‘? 3H).

Step 8. 1-(2-(S~chloropyridin-2-y1)-2 2-difluorcethyhpipenidin-4-amine

NH,
F. F
N\’>§/N
~N

o o

fora0] To the solution of ferf-butyl 1-2-(S-chloropyndin-2-yh-2 2-diftuoroethylipiperidin-4-
vicarbamate (919 mg, 2.45 mumol} in DOM (14 mlL) was added TFA {7 mL} under ice-water
bath cooling. After sturing for 30 min at r.t, the mixtore was concentrated. The coucentrate
was basified with 1N NaDOH, and extracted with EtOAc. The organic phase was washed with
brine, dried over NaaSOh,, and concentrated to aftord the title compound as a white sohid (674
my, 100%). MY (ESD caled for CutClFNy 275.1; found; 276.20M+HL "H NMR (400
MHz, CDClL) 0 859 (d, ./ =24 Hz, 1H), 7.77{dd, /=84 and 2.4 Hz, 1H), 759 {d. /=
Haz, 1H), 3.80 {s, 4H), 318 (v, J = 141 He,, 2H), 2.83 {m, 2H}, 281 - 2.74 {m, 1H), 233 {(m,
2H), 1.75 (m, 2H), 1.37 (m, 2H).

Step 6. N-{1-(2-(5-chloropyridin-2-v1)-2 2-diflucroethyhpipenidin-d-y1)-7H-pyrrolo-{2 3-

III —
N N-H
N

N. N

dpyrimidin-4-amine

Cl
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fo281] A nuxture of 1-2-(S-chivropyndin-2-y1)-2 2-difluoroethyljpiperidin-d-amine (674 mg,
2.45 mmol), 4-chloro-TH-pyrrolef2 3-djpynmidine (314 mg, 2.04 mmol} and DIPEA (0.72
ml., 4.08 mmol) in n-butyl alcoho! (10 mL} was heated to 130 °C. After stirring overnight at
130 7C, the reaction solution was concentrated and extracted with FeQAe. The combined
organic layers were washed with waler and brine, dried and concentrated. The concentrate
was punified by colunm chromatography over silica gel thexane/EfOAc=1/3) to afford the
iitle compound a3 a white solid {306 myg, 38%). MN (ESD caled for CiHoCHFNg 392.1;
found: 393 2IM+H] "H NMR (400 MHz, CD:0D) § .06 (d, /= 2.4 Hz, 1H), 807 (s, 1H),
B0 {dd, /=84 and 2.4 He, 1H), 775 (d, /=84 He, 1H), 7.05{(d, /= 3.5 Hz, [H), 6.58 (d
=35 He, 1H), 405 - 395 {m, tH), 3.27 (1, J = 4.3 Hz, 2H), 2.95 {m, 2H), 2.49 {my, 2H
1.92 (m, 2H), 1.54 {m, 2H).

Example 1.3a (HCl salt), N(1-(2-(5-chloropyridin-2~y13-2 2-difluorcethyvlipipenidin-d-y 1 - TH-

pyirolof2 3~-dlpyrimidin-d-amine hydrochloride (C-3-HCH,

H ==
N N-H
FF Q/ ;S
Ny N N N

HC!

[6282] To the solation of A-(1-{2-(S-chloropyridin-2-y1}-2 2-difluoroethylipiperidin-d-y1)}-7H-
pyrrole] 2 3-d]-pyrimidin-4-amine {283 mg, 0.72 mmol} in MeOH (3.6 ml) was added
HCIMeOH (2M, 036 mb, 6.72 mmeol) at v, After stirring for 10 min, the mixture was
concentrated to afford the title compound as a white solid {305 mg, 98%). MS (EST) caled for
CieHsCIFNG: 392.1: found: 393 2[M+H] "H NMR (400 MHz, CD:OD) § 8.70 (d, J
Hz, 1H), 824 (5, 1H), 8.06 (dd, /=83, 2.4 Hz, IH), 7.80(d, /=85 Hz, 1H),732{d,J
Hz, TH}, 6.89(d, /= 3.5 Hz, TH), 4.01 (s, TH), 3.57 (m, 2H), 3.25 (m, 2H), 2.81 (s, 2H}, 2.08
{ra, 2H), 1.80 {m, 2H).

EE

2

i
d
; ¥4

Example 1.4, N-{1-{2 2-difluoro-2-(S-methyipyridin~2-vhethyDpiperidin-4-yi}- TH-pyrrolof 2,3~

dipyrinidin-4-amine {C-4).

95



WO 2016/044323 PCT/US2015/050267

N
|
H;gG'L(

Step 10 ethyl 2 2-diflnoro-2-(S-methvipyridin-2-vijacetate

H5C

[6283] To a solution of ethyl 2-bromo-S-methylpyridine (4.0 g 24 mmol) and ethyl 2-bromo-
3, 2-diftuorocacetate {4.8 g, 24 mumol) in DMSO (80mL) was added Cu powder (3.0 g, 47
mmot). The mixture was heated at 30 °C overnight. The reaction mixtare was filtered through
celite, The filtrate was extracted with ethyl acetate. The combined ethy! acetate layers were
dried over sodiwm sulfgte, filtered, and concentrated. The concentrate was puorified by
codumnt chromatography over sthica gel (hexane / ethyl acetate =100:1) to afford the title
compound as a colorless ol (3.7 g, 74%) 'H NMR (400 MHz, CDCL)Y 8 §.47 (s, 1H), 7.69 -

T57 (m, 2HY, 437 (g, J = 7.1 Hz, 2H), 2.40 (s, 3H), L33 (1, /=71 He, 3H),

Step 20 2, 2-diftuoro-2-{ S-methvipyridin-2-yDethanol

F. F
N\’>§/OH

( AN

FUR

Hyo

[o284] To a solation of ethyl 2, 2-difluoro-2-{ S-methylpyridin-2-y1) acetate (2.0 g, 9.3 mmol} in
ethanol (43mb) was added NaBH. (300 mg. 13.4 mumol) slowly. The mixture was stizred for
30mun at vt After 30min, the reaction nuxture was quenched with 1N HC under we-water
bath coeoling, conventrated and extracted with ethyl acetate. The ethyl acetate layer was
washed with water and brine, then doed and concerdrated o afford the tle compound as a
white solid (1.6 g, 100%). "H NMR (400 MHz, CDCL) 8 8.44 (3, 1H), 7.7) (d, = 8Hz, 1H),
7.64 {d, J= 80Hz, 1H), 4.22 (¢, J= 12.4Hz 2H), 3.03 (brs, 1H), 2.41 {5, 3H).
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Step 3: 2, 2-diftuoro-2-{S~methylpyridin-2-y1} ethyl tifluoromethanesulfonate

F. F
N OSO0,CF;

@

J/

Hao

fo285] To a solution of 2 2-diftuore-2-{S~methylpyridin-2-vliethanol {800 mg, 4.6 ool and
DIFEA (2.8 mi, 13.8 mmol} in anhydrous ether (40ml) was added THO (1.5 ml, 22 mmol) at
0 °C. Affer stirring for 1hy av rf, the white suspension was filtered through celite, and the
filtered mass was washed with ether. The combined filtrates were concentrated and purified
by columm chromatography over silica get(hexane} to afford the title compound as a colorless
oil (1.0 g 70%). "H NMR (400 MHz, CDCL) & 847 {s, 1H), 7.65 (m, 2H), 510 (t, /= 12.0
Hz, 2H), 242 (s, 3H).

Step 4 tert-buty 1 12 2-diftuore-2-S-methvlpyridin-2-viethyDpipendin-d-yl-
carbamate
H
!
N~ Boc
F. F
N % N
~
<
ooy

G

I
M0

[0286] A mixture of 2,2-diflnoro-2-{S-methylpyridin-2-vhethyl triffooromethanesulfonate (1.0 g,
3.3 mumol), tert-butyl piperidin-4-yvimethyvlcarbamate (1.3 g, 6.6 munol) and DIPEA (2.0 ml
2.9 mmol) in DOM (16 mi) was heated 10 40 °C with stivving. After stirring overnight at 40
°C, the mixture was concentrated to dryness. The concentrate was purified by column
chromatography over silica gel (hexane/ ethy! acetate =10/1} 1o afford the tithe compound as
a vellow solid {1.0 g, 3%} MY {ESI) caled for M FoNaDy: 353.2; found: 356 2{M+H].
YHONMR (400 MHz, CDCL 8§ 846 (s, 1H), 7.60 - 7.50 {m, 2H), 3.72 ~ 3.61 {m, 1H), 3.40
(brs, 1H), 319 {t, ./ = 147 Hz, 2H)}, 2.85.2.80 {m, 2H}, 2.38 (5, 3H), 2.32-3.40 (m, 2H), 1.82-
.78 {m, 2H), 143 {5, 9H), 1.25-1 30 (m2H)

Step S: 1(2 2-difluoro-2-(S«methyipyridin2-vlethyDpipendin-4-amine
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NH,
F. F
N N
~N

Hie” NF

[0287] To a solution of tert-butyl 1-(2, 2-difluore-2-(S-methylpyrdin-2-vl) ethvl) piperidin-4-
yvicarbamate (1.0 g, 2 &mmel) in DOM (15ml) was added TFA {125 m) at 0 °C. After
stiering for 30min at 11, the mixfure was concentrated. The concentrate was basified with 1 N
NaQH and extracted with ethyl acetate. The ovganic phase was washed with brine, dried over
NaaS04, and concentrated to afford the title compound as an off-white powder (400 mg,
60%). MS (ESTY caled for CoHpFaNy 25527 found:256.2 [M+HL "H NMR (400 MHz,
CDCL) 8 847 (s, TH), 7.59-7.52 (m, 2H), 3.18 (1. J = 14.6 Hz, 2H). 2.85-2.82 {m, 2H), 2.64-
2.54 {m, TH}, 2.38 (s, 3H), 2.35-2.28 (m, 3H), 1.69-1.66 {m, 2H), 1.32-1.26 tm, 2H).

Step 6: N-{1-(2 2-difluoro-2-(5-methyipyridin-2-yhethyhpiperidm-4-v1)-7H-pyrrola]2 3-

|?| e
N-
Nwl/\g\ H
N\%N

dipyrmdin~t-amine

Fo F
Nj></N
1
HaCT

{0288] A mixture of 1-(2, 2-diffnoro-2-(5-methylpyridin-2-yi) ethyl) piperidin-4-amine {400 mg,
1.60 mmol), 4-chloro-TH-pyrrolo {2, 3-d] pyrimidine (200 mg, 1.30 mmol) and DIPEA (0.5
mL, 2.6 mmol) in butyl alcohol {8 mL) was heated to 130 °C. After stivring overnight at 130
“C, the ovange solution was concentrated. The concentrate was purified by columm
chromatography over silica gel thexane/ ethyl acetate =1:3} to afford the ritle co‘mpound as a
white solid {130 mg, 24%). MS (ES]) caled for CpyHFoNg 372.2; found:373.3 [M+H] "
NMR (400 MHz, CDCHL) 0 1044 (5, TH), 848 (s, 1H), 8.31 {5, IH), 7.62-7.55 {m, ZH), 7.07
(d, J= 35 Hz, tH), 634 {d. J =35 Hz, 1H), 412 (m_ 1H), 3.26 (1, /= 146 Hz, 2H), 2.95-
292 {m, 2H}, 2.56-2.50 (m, 2H), 2.39 {5, 3H), 2.00-2.01 {m, 2H), 1.57-1.48 (m, ZH}.
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Example Tda (HCI salt), No(1-(2,2-difluoro-2-(S-methylpyridin-2-yhethyDpiperidin-d-yD-TH-

pyreolof 2, 3-dipyrimidin-d-anine hydrochloride {C-4-HCl

HCI

[0289] To a stirred solution of N-{1-(2,2-difluore-2-{ S-methylpyridin-2-yhethyDpiperidin-4-v1}-
TH-pyrrolo]2 3-dipyrimidin-4-amine {100 mg, (.26 mmol) in MeOH (1.3 mbL)} was added
HOVERO (M, 013 mb, 020 mumol) at rt. After stirning for 15mun, the mixture was
concentrated to atford the title compound as an off-white powder {109 mg, 98%).MS (ESI)
caled for CuHnFoNg 372.2; found:373.3 [M+HL "H NMR (400 MHz, CD:OD) § 8.52 (s,
THS, 822 (s, 1H), 7.84 (d, /= 80 He, 1), 7.68 (d, J= 8.0 He, 1H), 729 (d, /= 3.5 Hz, 1H),
0.85{d, /=35 Hz, 1H), 4.02 (s, 1H), 3.60-3.53 (m, 2H), 3.26 {ny, 2H), 2.43 (m, 2H}, 245 {5,
3H). 2.08-2.05 {m, 2H), 190~ 1.73 {m, 2H),

Example L5 N-(1-(2 2-difluoro-2-{3-{(ixifluoremethylpyndin-2-yhethylpiperidin-4-y13-7H-

pyrrolof 2, 3-dlpyrimidin-d-amine (C-5),
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f0290] To a solutton of ethyl 2 2-difluoro-2-iodoacetate (3.5 g, 22 mwmol} and Z-bromo-S-
riflucromethyb-pyridine (5.0 g, 22 mmol) in DMSO {110 mL) was added Cu powder (2.8 g,
44 mmol). The mixture was heated at €0 “C for 20 howrs. The reaction mixture was filtered
through celite and the sohd cake was extvacted with ethyl acetate. The combined filtrates
were extracted with ethyl acetate. The ethyl acetate layers were combined, dvied over sodium
sulfate, filtered, and concentrated. The concentrate was purified by column chromatography
over sihica get {hexane/ethyl acetate = 1{{ 1) to afford the title compound as a coloriess ol
(2.5 g, 42%) "H NMR (400 MHz, CDCL) § 893 (s, tH), $.13{d, J= 79 Hz, 1H), 790 (d.J
=81 Hz, 1H), 4.39(q, /=7.1 Hz, 2H), 1 34 {t, J=7.1 Hz, 3H).

Step 20 2, 2-diftuoro-2-(3-{tsifluoromethvlpyridin-2-ylethanol

Fo F
N OH

I ~

Foic” 7

o

[o291] To a solution of ethyl 2, 2-difluore-2~(S-(iniftuoromethyl) pyridin-2-y1} acetate (1.0 g, 3.7
mmol} in ethano! (19ml) was added NaBH, (200 mg, 5.3 mmol) stowly. The mixture was
stirved for 30 min at rt. The stirred reaction mixture was cooled, gnenched with IN HCY
concentrated and extracted with ethyl acetate. The ethyl acetate layer was washed with water
and brine, dried over sedium sulfate and concentrated to afford the title componnd as @ white
solid (850 mg) which was used in the next step withoui further purification. "H NMR (400
MHz, CDCL) 8 8.92 {s, 1H), 8.13 {d, J = 8.0 Hz, 1H), 7.88 (d, /= 8.0 Hz, 1H), 428 (t, J =
12 Hz, 2H), 242 (s, 1H).

Step 3: 2, 2-diflnoro-2-(S-(Influoromethyl pyridim-2-yhethvl tnfluoromethanesultonate

N 0SO,CF,

[0292] To a solution of 2, 2-difluoro-2-(5-(irifluoromethylpyridin-2-yhethanol {750 mg, 33

mmol} and DIPEA (2.0 mid, 9.9 mmel) in anhydrous ether {33 mL} was added THO (1.1 ml,
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6.6 mmol) at 0 °C. After stirring for Ihr at 11, the white suspension was filtered through
celite. The sohd mass was extracted with ether. The filirate was concentrated and purified by
column chromatography over silica gel (hexane} o afford the fitle compounnd as a colorless
tiquid (760 mg, 75%). 'H NMR (400 MHz, CDCl:) 8§ 8.95 (5, TH), 8.16 (d. J= 8.2, 1H), 7.91
(d, J=82 Hz, 1H), 514 (. J= 113 Hg, 2H).

Step 4 fert-batyl- 12, 2-difluoroe-2-(S-(rifluoromethyl)pyridin-2-yDethylpiperidin-4-

vicarbamate

{
N\Boc
F. F
N N
N
/[ /J></

. -
F :3(: o~

f0293] A mixture of 2.2-dfluore-2-{S-(trifluoromethylpyridin-2-vhethyl  trifluoromethane-
sulfonate (1.04 g 2.9 mmel), feri-butyl piperidin-d-vicarbamate (1.16 g, 5.8 mmol) and
DIPEA (1.5 mi, 8.7 mmol) in DOM (20 mL) was heated to 40 "C. After stirring overnight at
48 °C, the mixture was concentrated and extracted with EtOAc. The organic layer was
washed with water and brine, dvied and concentrated. The concentrate was purified by
colummn chromatography over silica gel (hexane/EtOAc=5:1} to afford the title compound as
a white solid {1.05 g, 929} MY {ESI) caled for Cigthd NGOy 4092 found: 4102 [M+H]
'H NMR (400 MHz, CDCL) § 881 (s, 1H). 805 (d. J= 8.2 Hz, | H), 778 {d, /= 8.2 Hg,
T, 434 (s, THD, 339 (my, TH), 322 (8, 7= 142 Hz, 2H), 2.83-2.78 {m, 2H), 2.41-2.35 {m,
2H), LE1-1.77 {m, 2H), 1.42 (s, OH), 1.20-1.30 {m, 2H),

Step 5 142 2-diflworo-2-(S-{trifluoromethy Dpyridin-2-vlethyDpiperidin-4-amine
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f0293] To a solution of tert-butyl 1-(2,2-difluoro-2-{S-(rifluoromethyDpyrdim-Z-yhethyl}-
piperidin-4-yicarbamate (300 mg, .73 mmol) in DCM (8 mb) was added TFA (44 mL} at
ice-water bath temperature. After stirring for IS mun af .1, the mixture was concentrated.
The concentrate was basified with IN NaOH, and extracted with Et0Ac, The organic phase
was washed with bring, dried over NaaSQ4, and concentrated 1o afford the title compound as
a pale vellow oil (226 mg) which was used directly in the next step. MS (ESI) caled for
CyaHF N 309.1; found: 310.3[M=H] "H NMR (400 MBz, CDCE)Y 8 8.92 {5, 1H), 804 (d,
J=82Hz, 1H), 7.79{d, /= 8.2 Hz, 1H}, 3.22 {t, /= 14.1 Hz, 2H), 2.82-2.79 (m, ZH}, 2.64 -
2.54 {m, 1H}, 2.35-2.29 (im, 2H), 1.68-1.65 (m, 2H), 1.29 - 1.23 (m, 2H), 1.21-1.18 (m, 2H).

Step 6: N-{1-{2, 2-diflyoro-2-{ S-(trifleorcmethyDpyridin-2-yDethylipiperidin-d-yi 1 7TH-

pyrrolof 2, 3-dlpyrimidin-d-anune

H =

N N-H
FF O/ S
Ny N N N

FsC

[6295] A mixtare of 12, 2-difluore-2-(3-(wriftuoromethyl) pyridin-2-v1} ethyl} piperidin-4-
amine (600 mg, 1.9 mmel}, 4-chioro-TH-pyrrolo {2, 3-djpyrimidine (245 mg, 1.6 mmol} and
DIPEA (0.6 ml, 3.2 mmeol) i buty! alcohol (10 mL) was heated to 130 "C. After stimring
overnight at 130 °C, the orange solution was concentrated. The concentrate was purified by
colummn chromatography over silica gel (hexane/ ethyl acetate =13} to afford the title
compound a8 8 gray powder (270 mg, 34%). MS {ESI) caled for CiHoFiNg 426.2;
found:427 2[M+H]. TH NMR {400 MHz, CDCL)Y 6 10.24 {5, 1H), 8.93 (5, 1H), 832 {5, I1H),
B.O7{dd, /=82 and 1.9 He, 1H), 782 (d, /=82 He, 1H), 706 (4, /= 3.5 Hz, TH), 6.32 {d,
J =35 Hz, 1H), 492 (brs, 1H), 418 ~4.03 {m, 1H), 329 ((, J= 14.2 Hez, 2H), 2.93-2.90 (m,
2H}, 2.36-2.50 (m, 2H), 208 — 1.96 (m, 2H), 1.50-1.40 {m, 2H}.

Example 1.5a (HCI salt), N-(1-(2 2-diftoore-2-(5-(trifluoromethyhpyridin-2-vhethvDpiperidin

4y TH-pyrrolof 2 3-dlpyrimidin-d-amine hydrochlornide (C-5HCH,
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Ho =
N N-H
Fo F O/ ;S
Ji/N\j>§/N NN
FaC HCl

[6296] To the sclution of N-{1-(22-diflucro-2-(5-(trifluoromethylipyridin-2-yhethyDpiperidin-
4oy 1-TH-pyrrolof2 3-d|pyrimidin-d-amme (237 mg, 4.56 mmol) in Me(OH (3.0 mL} was
added HCUVEGO (2M, 0.28 mi, 056 mmol) at rt. Afier stirring for 15min, the mixtore was
concentrated to afford the title compound as an off-white powder (260 mg, 98%). MS (ESI)
caled for CHpFsNae 42627 found 427 2IM+H] 'H NMR (400 MHz, CD;OD) § 9.03 (s,
FHS, R.35 (dd, /= 8.2, 1.9 Hz, THY, 822 (s, THy, 7.99 (d, /= 8.3 Hz, 1H), 7.32(d,J= 3.5 Ha,
VHY, 687 {d, ./ = 3.5 Ha, 1HY, 3.94 {m, IH), 345 (o, 2H), 3.10 (m, ZH}, 2.69 (m, 2H), 1.95
{m, TH), 1.65 {m, 2H), 1.30 (m, 2H).

Example 1.6, N-{1-2-(3-(dtfheoromethyDpyridin-2-v13-2 2-difluorcethyDpiperidin-d-yD-7H-

pyrrolof 2, 3-dlpyrimidin-d-amine (C-8),

HF,C

Step 1. 2-bromo-S-{difluoromethyDpvridine

N B
N
l P

HF,C

[0287] To a stirred solution of 6-bromonicotinaldehvde (10 ¢, 3 mmol) i DCM (300 mL) was
added DAST (11 mi., 164 mumol) dropwise under ice bath cooling, The mixture was stirred at
room temperature for 13 hours, guenched with ce-water ander we-water hath cooling, and

neniralized with aqueous NaHUO, The agueous phase was extracted with DOM. The
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combined organic phases were washed with brine, dried over aphyvdrous Na:SOy and
concentrated. The residue was punfied by column chromatography over silica gel (EiQAc/
Hex = 1/10) to afford the title compound as s colorless oil (8.1 g, 72%). "H NMR (4006 MHa,

Pethl

CDCLY 8 8.52 (s, 1H), 7.72-7.65 (m, 1H), 7.61 (4, /= 8.4 Hz, 1H), 6.70 (t. J= 55.6 Hz, 1H).

Step 2. ethyl 2-{5-{difluoromethyvDpvridin-2-vi}-2, 2-difluoroacetate

NB«L’

J: \v’ COLEL
HF L

[o298] To a solution of ethy! 2-bromo-2,2-diftuorpacetate {800 mg, 3.94 mmeol} and 2-bromo-3-
{diflucromethylipyndine (823 mg, 3.94 mmol) 1 DMSO (16 mL) was added Cu powder

0N

(300 mg, 7.8% mmol} The mixture was heated to 80 "C under N; with stitring for 20 hours.
The mixture was cooled to room temperature and water was added. The misture was stirred
at ambient femperature for additional 30 min. The resulting suspension way filtered through a
pad of celite and washed with ethyl acetate. The Niltrate was extracted with ethyl acetate. The
combined organic phases were washed with water, brine, drred pver sodium sulfiate, and
concentrated. The concentrate was purified by column chromatography over silica ged
(hexane / ethyl acetate =100:1) to afford the ttde compound as a colorless figuid (397 myg,
50%). 'H NMR (400 MHz, CDCLY 8 8.79 (s, 1H), 803 (d, /=84 Hz, 1H), 786 (d, /= 8.4
Hz, 1H), 8,77 {t, J = 55.6 Hz, 1H), 4.41-4.36 {m, 2H}, 1.34 (¢, J= 7.2 Hz, 3H).

Step 3, 2-(S-{difluoromethyhpyridin-2-y1}-2 2-difluoroethanol

OH

f

WG

[0299] Tu a stimed sohution of sthyl 2-(5-{difluoromethyDpyridin -‘2-}-‘i‘)-2,2-&iﬁuan‘;aueiate {597
mg, 2.37 nuvol) m ethanol {15 mb) was added NaBH; (135 mg, 3.57 mmol) portionwise
slowly under ice bath cooling. The mixture was stirred for 30 min at 8 °C. Afer the ester was

gonsumed, the reaction mixture was quenched with IN HCL The mixture was concentrated
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and extracted with ethyi acetate. The ethyl acetate laver was washed with water, brine, dried
and concentrated to afford the title compound as a white sobd (4535 mg, 92%). MS (ESH
caled for CyHFNO: 200,17 found: 210 2]M+H] 'H NMR (400 MHz, CDCLYS €77 (s, 1H),

8.03 (d, /= 8.0 Hz. 1H), 7.84 (d, J = 8.0 Hz, 1H). 6.77 (t../ = 55.6 Hz, 1H), 430 - 422 m,
251, 3.08 (1, J= 6.8 Hz, 1H).

Step 4. 2-(S-(difluoromethyDpyridin-2-vD-2 2-difluoroethyl trifluoromethanesulionate

F.F
N O O80,0F,

I

fo300] To a stured solution of 2-(S-{diflucromethyDpyridin-2-v13-2 2-diflucrosthanol (455 mg,

HF,0

2.77 mmol) and DIPEA (0.76 mi, 4,34 mmol) in avhydrous ether (10 ml) was added THO
{0.4 mL, 2.83 mmol) at 0 °C. After stirring for 1h, the white suspension was filtered through
celite, and the filter mass was extracted with ether. The combined organic phases were
concentrated and purified by colunm chromstography over silica el (hexane) to afford the
title compound as 4 colorless hiquad (550 mg, 74%). 'HONMR (400 Mz, CDC I} 6 8.81 (s,
TH), 806 {d,./= 80 Hz, 1H), 787{d, /=80 Hz, 1H), 679, /=556 Hz, 1H}, 513 {1, 4=
11.6 Hz, 2H).

Step 8: N-{1-(2-(3-{difluoromethyDpyridin-2-y1)-2 2-difluoroethylpiperidin-d-yi-7-

tosyl-7H-pyrrolof 2 3-djpyrimidin-4-aming

HF,C™ N
fozoi} A stirred XS of  2-{S«{diftvoromethylpyndin-2-y1)-2 2-difluoroethyl

trifluoromethanesuifonate { 1.1 g, 3.3 mmol), Ne{pipertidin-d-yD)~7-tosyl-TH-pyrrolof2,3-d}-
pynmidin-d-gnune {Intermediate 1, 1.2 ¢ 3.3 mmol) and DIPEA (1.2 mil, 6.6 mmel) n

DOMDME solvent mixture (10 mL/6 mbl) was heated to 40 "C. Afier stirving overnight at
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40 °C, the mixture was concentrated to dryness. The concentrate was pwrified by colomn
chromatography over sibca gel (hexane/EtQAe = 1/1) to afford the title compound as a white
powder (720 mg, 70%). H NMR (400 MHz, CDCL)Y & £.79 (s, 1H), 840 (s, 1H), 3.05(d, J =
€4 Hz, 2H), 7.96 (d, J = 8.0 Hz, 1H), 7.76 {d,.J = &0 Hz, 1H), 744 (d, /= 4.0 Hz, 1H), 7.28
(d, J= R4 Hz, 2H), 6.77 1, /= 356 Hz, 1H), 637 (d, /= 4.0 Hz, 1H), 478 - 4.76 (m, 1},
407396 {m, 1H), 326 (¢, /= 144 Hz, 2H), 2.90 - 2 87 {m, 2H), 2.52 ~ 2 46 (m, 2H), 2.38
{3, 3H), 185~ 1.93 (m, 2H}, 144 - 135 {m, 2H).

Step &0 N-(1-2-(5-{difluoromethyDpyridin-2-¢1)-2, 2-diflucrcethyDpiperidin-4-y1}-7H-

pvrrolo]2 3~djpyrimidin-4-amine

HF,C

[o302] To a stimed scolution of N-(1-(2-(3-(diftuoromethylipyridin-2-y1)}-2 2-difluoroethyl}-
pipenidin-d-yH-7-tosyl-TH-pyrrolo] 2 3-djpyrimidin-d~-amme (720 mg, 1.28 mmol) w THEF (6
mb) was added 50% NaOQH (6 ml) at room temperature. The mixture was stirred for 4 hours
at 60 °C and then partitioned into DUM and water. The crganic phase was washed with water
and brine, dried over Nag80, and concentrated. The concentrate was purified by column
chromatography over silica gel (DOM/Me(OH = 40:1) to afford the title compound as a white
powder {360 mg, 69%). MS (ES1) caled for CaHaFaNg 408.2; found: 4092{M+HL 'H
NMR {400 MHz, CD:0D) 6 884 (s, 1H), 816 (d, /= 8.0 Hz, 1H), 807 (s, I1H), 789 {d, /=
8.0 Hz, 1H), 7.05{d, /= 3.6 Hz, 1H), 700 (t, J = 552 Hz, 1H), 6.58 {d, J= 3.6 H, 1H},
4.04 ~ 390 (m, 1H), 3.32 - 327 (m, 2H), 297 — 294 {m, 2H), 2.52 — 2.46 {m, 2H), 193 -
190 {m, 2H}, 158~ 1,48 (m, 2H).

Example 1,6a (HCI salt). N-{1-(2-(5-(difluoromethyl} pyridin-2-v1}-2,2-difluoroethyl jpipendin-
Joyi - TH-pyrrolof 2, 3-djpyrinidin-d-amine hydrochloride {C-6-HCH,
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H ——
N N-H
EoF ’/\j/ \(\g\
/ﬂ:Nij;><;“/N N.__N
s
HCl

[0303] To a stured solation of No{1-(2-(3-(difluoromethyDpyridin-2-v1}-2 2-difluoroethyl)-
piperidin-4-y}-TH-pyrrolof 2 3-d]pyrimidin-d-amine (345 mg, 0.84 numel) in MeQH {4 mb)
was added 2M MeQH/HCT (042 mi, 0.84 mmeol), The mixinre was stivved for 30 muin. The
solution was concentrated to afford the title compound #s an off-white powder (370 mg,
39%). MS (ESI) caled for CoHaoFaNg 408.2: found: 409 2[M+H] 'H NMR (400 MHz,
CD00) 6 887 (s, TH), 824 {5, 1H), 8206 {d, J= 80 Hz, 1H), 793 {d, .J= 8.0 Hz, 1H), 7.32
(d, J=32Hz 1H), 7.02 {1, J=353.2 Hz 1H), 688{d, /=32 Hz, 1H), 4.02 - 397 (m, 1H),
3.63 - 3.56 (ny, 2H), 3235 - 322 (m, ZH), 2.81 - 2.76 (m, 2H), 2.08 - 2.05 (m, 2H), 1.82 -

73 (m, 2H).

Example 1.7, N-(1-(2 2-difluore-2-(5-(fluoromethypyndin-2-yhHethylipiperidin-4-vl3-7TH-

pyrrolo]2 3-dipyrimidin-d-amune (C-7)

FH,C

Step 1, Ethyl 2 2-diftuore-2-(5-(hydroxymethyhpyridin-2-vljacetate

HOH,C

f9304] A mixture of {&-romopyrdin-3-yhimethanol (15.0 g, 79.8 mmol), ethyl 2-bromo-2 2~
difluoroscetate {194 g, 95.7 mmol) and copper powder (10.2 g, 160 mmol} m DMSO (100

mL} was stirred at 80 °C overnight. After the mixture was cooled 1o 1, it was poured imo
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water {300 ml). After stiving for 30 mimutes, the solid was removed by filtzation. The filter
cake was extracted with ethyl acetate. The combined organic phases were washed with
water, brine, dried over NaSQy¢ and voncventrated. The residue was purified by colump
chromatography over silica gel (eluent: Hexane: EtOAc = 4:1) to afford the title compound as
a yellow 0il {3.66 g, 20%). "H NMR (400 MHz, CDCL) § 8.62 (5, 1H), 7.89 (dd, ./ = 2.0 and
ROHz IHY, 7.73(d, /=80 Hz, 1H), 481 {5, 2H)}, 437 {q. /=72 He, ZH}, 132 (£, /=72

E [y TCO,HEL
fE‘E.‘ Wty

FHCT ™7

[0305] To a stirred solution of ethyl 2 2-difluoro-2-(5-{flucromethyDpyridin-2-yhacetate {3.66 g,
15.8 mumol} in DOM (50 mil) was slowly added DAST at 0 °C. The resalting mixture was
warmed {o ri. and stured overnight. The reaction mixture was gquenched by water under ice-
water bath cooling, followed by addition of satwrated agueous NaC(Ohy to adjust to pH=8.9,
The aqueous layer was extracted with DOM, The combined organic lavers were dried over
Nap SOy and concentrated under reduced pressure. The crude product was puortfied by colomn
chromatography over silica gel {eluent: Hexane EtOAc = 10:1} to afford the title compound
as a vellow ofl (151 g, 41%). "H NMR {400 MHz, CDCl) 3 8.64 (s, 1H), 780 {d, /= 8.4
Hz, 1H), 7.78 (4, J = 8.4 Hz, 1H),5.48 (d, J = 47.2 Hz, 2H),4.37 (q, /= 7.2 Hz, 2H), 1.32 (1, J
=72 He, 3H).

Step 3. 2.2-diflporo-2-{5-{flnoromethyhpyridin-2-yhethanol

~

[0306] To g stirred solation of ethyd 2 2-diftoore-2-(5-(Huoromethyvlipyridin-2-yhacetate {1 .51 g,
, ¥ _ VLR ¥ { §

6.48 motol)) in ethanol was slowly added NaBH, (370 my, 9.72 nunol) at 0 °C. The resulting
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suspension was stirved for 1 howr. The reaction mixture was quenched by addition of 1M HCI
ander ice-water bath cooling. The mixture was concentrated and the residue was adjusted to
pH=10. The squecus phase was extracted with EtQAc. The organic layers were combined
and dried over NaxSO,. The solvent was removed, and the crude product was purified by
column chromatography over silica gel (eluent: Hexane EtOAc = 31-15:1) {0 afford the
title compound as a vellow oil (1.1 g, 96%). "H NMR (400 MHz, CDCh) 8 8.62 (s, 1H), 7.89
{d, /=80 Hz, IH), 7.77{d, J= 8.0 He, 1H), S48 {d, ./ =472 Hz, 2H), 4.28-4.22 (m, 2H},
328328 (m, 1H)

Step 4, 2.2-difluoro-2-{S-{fluoromethy]pyrithin-2-yDethyl trifluoromethanesulfonate

F F

N \j/\<\/f3302‘3%

03071 To a stirred solntion of 2,2-difluoyo-2-(5-(fluoromethyDpyridin-2-yhethanel (800 mg,
418 vamol) in anhydrous dicthyl cther {10 mL) was slowly added DIPEA and THO
successively under No atmosphere at 0 "C. After stirsing at @ °C for 10 min, the resulting
suspension was warmed to 1. and stirred for additional 1 hour. The suspension was filtered
through a pad of celtte and the hlter cake was extracted with ether. The combimed filtrates
were concentrated under reduced presswre. The residue was purified by columm
chromatography over silica gel (eluent: HexaneEtQAc = 50:1} to afford the title compound
as a colorless oif {730 mg, 36%). 'H NMR (400 MHz, CDCL) 8 8.66 {5, 1H), 7.91 (d, J=8.0
Haz, TH), 7.79(d, = QO He, THY, S30{d, J=472 Hz, 2H), S 12 {t, /= 120 Hz , 2H}

Step 8. N-{1-(2 2-diftooro-2-{ S-{ Huoromethylipyridin-2~yDethypiperidin-d-vl - T-tosyl-

TH-pyrrodef2 3-dipyrimidin-4-amine

I;l —

N N-Ts
F. F O/ S
Ny N NN
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f0308] A wmixtwe of 22-difluore-2-{S-{flworomethyijpyridin-2-ylethyl trifluoromethane-
sulfonate (300 mg, 0.93 mmol}, N-{(piperidin-d-vi}-7-tosyl-TH-pyrrolof2 3-d]pyrimidin-4-
aming {380 mg, 1.02 mumol) and DIPEA (0.24 sl 1.39 mmel) in DOM/DME (V:V=3 mL:1
wh) was warmed to 60 "C and stirred overnight. The mixture was concenirated  and the
vesidue t was purified by column chromatography over silica gel (eluent: Hexane EtOA¢ =
1:1) to afford the title compound as a white powder (370 mg, 73%). 'H NMR (400 MHz,
CICl) 6 8.65 (s, 1HY, 8.40(s, TH), 8.05(d, /=84 Hz, 2H), 783 {d, /= 8.0 Hz, 1H), 7.69 {4,
J=$.0 He, 1H), 7.45 (d,./ = 4.0 Hz, 1H), 7.28 {d. J = 8.0 Hz, 2H). 6.36 (3, J = 4.0 Hz, 1H),
SA47d, . F =472 Hz, 2H), 4.78-4.68 {m, 1H), 4.08 - 398 (m, [H) 3.25(4,.f = 14.4 Hz, 2H),
2,90~ 2 87 (m, 2H), 2.52- 245 (m, 2H), 2.38 {5, 3H), 1.99-1.89 {m, 2H}, 1 46~ 1.36 (m, 2H),

Step 6. No{1-(2,2-difteoro-2-(5-{ fluoronsethylipyridn-2-yDethylipiperidin-d-y - TH-

|-|| —
N N-H

ot

FH,C7 ™~

pyrrolof2 3-dlpyrimidin-4-amine

X

[o309] A mixtuge of N-(1-{2,2-difluore-2~{S-(fluoromethy Hpyridin-2-vlethyDpipendin-d~yi)-7-
tosvi-TH-pyrrolof2 3-djpyrimidin-d-anmine (360 mg, (.66 mmol) and NaOH {50%, 3 mL) in
THF was stirred at 60°C for 1.5 hours. The green suspension was concentrated. The residue
was adjusted to pH=10 with dilute agueous HCY under ice-water bath cooling. The aqueous
layer was extracted with DUM. The organic layers were combined, dried over NaS(h, and
concentrated. The crade product was purified by colunm chromatography over silica gel
(eluent: DOCM:MeOH = 30:1) to afford the title compound as a yellow powder {207 mg,
80%). MS (ESI caled for CuHaFaNg: 390.2; found: 3913 [M+H] "HONMR {400 MHz,
CDCHY 6 1047 {5, 1TH), 8.67 {5, 1H), 832 (s, 1H), 784 {d, J = 8O He, 1H), 772 (d, /= 8.0
Hz, 1H), 7.07-7.058 (m, 1H), 634-6.30 (m, 1H}, S48 {d, J = 47.2 Hz, IH), 486~ 4.85 (m,
PHY, 4.17-4.04 (o, TH), 3.27(d, J = 14.4 Hz, 2H), 2.96-2.87 (m, 2H), 2.55- 250 {(m, 2H).
2.03-2.00 {m, ZH}, 1.52-1.42 (m, 2H).
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Example 1.7a (HCI salt). No(1-4{2.2-diflwore-2-(3-{fluoromethyhipyridin-2-ylethyDpipenidin~4-

yh-TH-pyrrede] 2 3-dipyrimidin-d-amine hydrochlnride (C-7-HCH.

{0310] To a solution of N-{1-(2 2-difluoro-2-(5-{ fluoromethy Dpyridin-2-yhethyDpperidin-4-y1)-
TH-pyrrolo{2, 3-djpyrimidin-4-amine (207 mg, 0.53 mmol) in MeOH (3 mL} was added HCI
solution in MeOH (0.27 ml., 2M, 0.53 mumol). The mixture was stirred af rt. for 30 min. The
solution was concentrated to afford the title compound as & white powder (226 mg, 100%).
MS (EST} caled for U1oH NGFr 390.2; found: 3913 [M+HL YH NMR (400 MHz, CD:0DY 8
8.72 (s, YH), 8.25 (s, 1H), 8.06 (4, J = 8.4 Hz, 1H), 7.85(d, /= 8.4Hz, 1H), 7.32(d. J = 3.6
Hez, 1H), 689 (d, /= 3.6 Hz, TH), S85{d, J =472 He, 2H), 411407 (m, 1H}, 378376
{m, IH), 3.43-3.90 (ny, 2H), 3.00-2.98 (m, 2H), 2.17-2.13 (m, 2H), 1.95-1 .86 (m, 2H}

Example 111 N-{1-(2,2-diftuoro-2-(5-{irifluaromethoxy ipyridin-2-yDethypipendin-4-y1)-7TH-

pyrrolof 2, 3-djpyrinudin-d-amine (C-11)

Step 1t ethyl 2 2-difluoro-2-(5-(triflooromethoxy pyridin-2-vhacetate

FF
N L
b i COZ Et

1L
F2C07

[o311] To a stirved solution of 2-bromo-S-{trifluoromethoxylpyridme (2.0 g, 3 mmol} and

ethyl 2-bromo-2 2-difluoroacetate (1.1 k., 8.7 mmol) i DMSO {4 ml} was added copper
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powder (1.1 g, 17 mmel). The mixture was heated to 88 °C overnight, cooled to 1t and poured
imto water. The sospension was filiered through a pad of cebite and the filter mass was
extracted with EtQAc. The combined organic phases were washed with water, brne, dried
over NapSO, and concentrated under vacuwn. The residoe was purified by colunm
chromatography over silica gel to atford the title compound as a colorless oil (1 .48 g, 62%),
"H NMR (400 MHz, CDCI) 8 8.57 (d, /= 2.0 Hz, 1H), 783 (d, /= 8.8 Hz, 1H), 7.72 (dd, J
= 88 and 2,0 He, 1HD, 4.39 (q, J== 7.2 He, 2H), L34 {4y /=72 Hz, 3H).

Step 2: 2 2-difluore-2-(S-{trifluoromethoxy)pyridin-2-yethanol

R F

N OH
R

=

F4CO

[0312] To a stirred sohstion of ethyl 2.2-diftuoro-2-(S-(influoromethoxy ipyridin-2-ylacetate
{147 g, 5.18 mmol} 1w ethanol (25 ml) was added NaBHy (290 mg, 7.77 mmol) at room
temperature. The reaction was exothemauc, and gradually a clear solution was obtamed, After
stirring for 30 min, the ester was consumed. The reaction was quenched with ice water at 0
°C, followed by concentration. The residue was extracted with EfOAc. The combined organic
phases were washed with bnne, dried over Na;S0s and concentrated. The residue was
purified by column chromatography over silica gel (hexane/EtQAc = 10/1} 1o give the title
compound as & colorless oil (820 mg, 65%). "H NMR (400 MHz, CDChL) § .56 {d, J=2.0
Hz, 1H), 7.81 (d, J = 88 Hz, 1H), 7.73 {dd, /= 8.8 and 2.0 Hz, 1H), 431 — 4.20 {m, 2H),
284 (¢, J=72 Hz 1H)L

Step 3: 2.2-difluoro-2-{ 3-(gifluoromethoxy ipyridin-2-yDethyluifluoromethanesulfonate

F.F
FN\ 0SO,CF;
007

[0313] THO(0.75 mi, 438 mmol) was added dropwise to a stirred solution of 2. 2-difleoro-2-(5-

{rrifluoromethoxy jpyridin-2-vljethanol (820 mg, 3.37 mmol) and DIPEA (1.7 mL, 10 mmol}
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e dry ether (15 mb) at 0 °0 ounder Ny atmosphere. The mixhwre was sbirred for 1h at room
temmperature, filtered through a pad of celite, and the filter mass was extractedwith sther. The
combined orgamic phases were concemtrated and the residue was purnified by column
chromatography over sdica gel (hexane/EtAc = 40/1) to vield the title compound as a
colorless off (1.17 g, 92%). "H NMR (400 MHz, CDCL) 8859 (d, J= 1.9 Hz, 1H), 784 (d. J
=8 6 Hz, 1H), 7.76 (dd, /= 8.6 and 1.9 Hz, 1H), 5.1} (1,./= 12.0 Hz, 2H}.

Step 4: N-{1-(2,2-diflnoro-2-{ S-(rifluoromethoxypyridin-2-yhethyDpiperidin-d-y 1) 7~

tosvl-TH-pyvrrolof 2 3-dipynmidin-4-amine

FsCO

[0314] A mixtwre of 2 2-difluoro-2-{S-(iritluoremethoxy pyridin-2-yvhethyioifluoromethane-
subfonate (620 mg, 1.65 mmol), N-{piperidin-d-vi}-7-4osyl-TH-pyrrolof2 3-d]pyrimidm-4-
aming {Imermediate 1, 740 mg, 198 mmol} and DIPEA (04 ml, 2.47 mmol) in mixed
DMF/DCM solvent {v'v = Smlk / 10mL) was warmed 1o 60 °C. Afler stirring overnight, the
solution was cooled down to 1t and concentrated.. The restdue was purified by column
chromatography over silica gel (hexane/E10Ac = 2/1} o afford the title componnd as a white
powder (750 my, 76%). MS (ESI) caled for CasHasFaNs0sS: 596.2; found: 397.2 [M+H] 'H
NMR {400 MHz, CDCl3) & . 87 (d, J= 2.0 Hz, 1H), 840 {s, 1H), 806 {d, =84 Hz, ZH),
T.72{d, J = 8.0 Hz, 1H), 7.67-7.65 {m, 1H}, 744 {d. J= 4.0 Hz, IH), 728 (d, ./ = 84 Hz,
2HYL 637 {d. /=40 Hz, 1H), 485476 (m, 1H), 408 - 397 (m, 1H}, 324 (1,./= 144 Hz,
2HY, 292289 (o, 2H), 253 - 244 (my, 2H), 238 {5, 3H), 1974194 {m, 2H), 1,40~ 1.34 {m,
IH}.

Step 31 N-(1-(2 2-difluero-2-(5-(tnifluoromethoxy )pyridin-2-yhethyDpiperidin-4-yi}- 7TH-

pyrrolof 2, 3-djpyrinidin-d-amine
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H —
N N-H

fF C( Y’Q
J£N\:{></N NN
F007 N

[0318] N-(1-(2,2-difluoro-2-{S-{uriflaoromethoxy)pyridin-2-vliethvDpipecidin-4-v1}-7-tosyl-TH~
pyrrolof2 3-d]pyrimudin-d-amine (750 mg, 125 mmol) was dissolved w THF {6 mbLj,
followed by addition of 50% agueous NaOH (3 mi). The muxture thus oblained was heated
to 60 °C. After stirring for 3 hours, the mixture was allowed to cool to room temperatare and
was concentrated. The residual agqueous phase was acidified to pH=10, and extracted with
E1QOAc., The combmed organic phases were washed with brme, dried over Na S0y and
concentrated. The residue was punified by colomn clvomatography over silica gel
{DCM/MeOH = 30/1) to vield the title compound as an off-white powdder (460 mg, 82%)
MS (EST caled for CroHeFsNaD: 442 2; found: 443.2 [M+H] TH NMR (400 MHz, CD;0D}
6864 (d, /=20 Hz, 1H), 8058 (s, 1H), 7.93 (dd, /= 8.0, 2.0 Hz, 1H), 786 (d, /= 80 Hz,
TH, 7.02(d, J=40Hz, 1H), 656 {(d, /= 4.0 Hg, 1H), 403 -393 {m, 1H}, 335{t, 7= 143
Hz, 2H), 2.99 - 2.90 (m, 2H}, 2.52 - 2,41 (m, 2H), 193 - 186 (m, 2H), 1.58 - 143 {m, 2H}.

Example 1.11a (HCE salt), N-{1+(2,2-difluoro-2-{S-{tnifluoromethoxy pyridin-2-

yhethvlipipenidin-4-y1-7H-pyrrolo] 2,3-djpyrinnidim-4-amine hydrochloride (C-11HCH.

F,CO
HCI
f0316] To a solution of N-{1-(2,2-difluoro-2-{3-{wifluoromethoxy)pyridin-2-vijethyDpipendin-
4-yTH-pyrrolof2 3-d]pyrimidin-4-amine (450 mg, 1.0 mmol} in methanol (5§ mL) was
added methanolic HCL{2.0 M, .51 mi, 1.0 mmol} at room temperature. After stirring for
30 mun, the sohstion was concentrated to afford the titde compounid as an offowhite powder

{460 nug, 94%). MS (ES1) caled for CuHsFaNgO: 442.2; found: 4433 [M+H] TH NMR {400
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MHz, CDODYOBo8{d, /=20 He, 1H), 823 (s, 1H}, 798 (d, /= 88 and 2.0 Hz, 1H}, 7.91
{d, /= 8.7 Hz, 1H), 7.30 (d, J = 3.6 Hz, 1H), 6.88 {d. J = 3.6 Hz, 1H), 4.07 ~ 3.93 (m, 1H),
3.60 {t,.f= 14.0 Hz, 2H), 3.29 - 319 (m, 2H), 2.88 - 2.74 (m, 2H), 2,11 - 2.03 (ny, 2H), 1 .85
- 1,71 {m, 2H)

Example 112, N-{1-(2-(5-{diflucromethoxy ) pyridin-2-y1)-2 2-diflucroethyDpiperidin-d-y1)-7H-

pyrrolof 2, 3-djpyrimidin-d-amine (C-12),

HF,CO
Step 1. Ethyl-2-(5<{difluorcmethoxy)pyridin-2-vi)-2, 2-difluoroacetate

F. F
N
I N CO,Et
HF,CO™ N
[0317] To a stired solution of 2-bromo-3-{difluoromethoxypyridine (12.0 g, S4 nunol) and
ethyl 2-bromo-2 2-difluoroacetate (7.6 mb, 59 mmol) in DMSO (130 mb) was added copper
powder (0.90 g, 107 mmol). The resulting mixture was stirved at 3 °C overnight. The
mixtore was then poured into water, and stirved for 30 mun. The suspension was filtered
through a pad of celite, and the filter mass was extracted with ethyl acetate. The combined
organic phases were washed with brine, drred over NaxSO4 and concentrated in vacuo. The
restdue was purified by colums chromatography over silica gel 1o aftord the ttle compound

as a colorless o1 {12.0 g, 84%),

Step 2, 2-(5-{diftuoromethoxyipyndin-2-yi)-2,2-difluorcsthanol

HF,CO
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f0318] To a stirred solution of ethyl 2-{5-{difluoromethoxy jpyridin-2-y1)-2 2-diftuoroacetate {1 4

&, 5.7 numol) w ethanol (20 mL} was added NaBHy (300 mg, 7.9 numeol} slowly under ice-

water bath cooling. The mixture was stirred for 30 min and quenched with 1N HCY under ice-
water bath cooling. The nuxture was concentrated and extracted with ethyl acetate. The ethyl
acetate layer was washed with water, brine, dried over Na:SOy and concentrated to afford the
title compound gs a white solid {1.06 ¢, 919). "H NMR (400 MHz, CDCLY 3 848(d, I=2.8
Hz, IH)Y 776 {d, J=84 Hz, 1H), 7.65(dd, /= 8.4, 2.8 Hz, 1H}, 6.61 {1, /=720 Hz, 1H)
4.28-4.20 (my, 2H), 3.02 {1, /= 7.2 Hz, 1H).

Step 3. 2-(5-{difluoromethoxy pyridin-2-y1}-2 2-difluorcethylifooromethanesalfonate

l '
HFZCOL)

{0319] To a stirred solution of 2-(5-(diflucromethoxy)pyridin-2-v1}-2 2-difluorethanol (1.0 g,
4.4 mmol) and DIPEA (1.2 mb, 6.7 vomol) in dry ether {20 mb) was added THO (0.9 mL,
5.3 mmol) at 0 “C. After stivving for 1h, the white suspension was filtered throagh a pad of
celite, and the filter mass was extracted with ether. The combined organic phaseswers
concentrated and the residue was purified by column chronmtography over silica gel {hexane)
1o afford the title compound as a colorless oif (1,35 g, 84%). "H NMR (4060 MHz, CDCl) §
RSV (d, /=24 Hx, 1H), 7.7%(d, J= 84 Hz, IH), 7.66 (dd, /= 8.4, 2.4 Hz, 1H), 6.6] {t, J=
72.0 Hz, 1H), 5,10 (1, J = 12.0 Hz, 2H).

Step 4. N-{1-{2-(5-{difluoromethoxy)pyridin-2-y1)-2 2-diflucrcethyDpiperidin-d-y1}-7-

tosyl-TH-pyrrolof 2, 3-dpyrinndin-d-amine

N N-Ts
F. F O/ P
Ny, N NN

HF,CO™
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f0320] A wmixtwe of 2-(S(difluoromethoxyipyndin-2-vi)-2 2-difluorcethyltrifluoromethane-
sulfonate { S00 mg, 1.4 mmol), N-{piperidin-d-y1}-7-tosyl-TH-pyrrolof2 3-d}pyrimidin-4-
aming (Latermediate 1, 623 myg, 168 mmol) and DIPEA (036 mi, 2.1 wmmwol) in a
DOM/DMPE solvent mixture (6 mL/3 mb) was heated to 60 °C | After stirring overnight at 60
°C, the mixtare was concentrated.. The concentrate was purified by cotumn chromatography
over silica gel 1o afford the title compound as a white powder {580 mg, 76%). 'H NMR {400
MHz, CRCEY 8 8,50 {d, /= 2.4 He, TH), 840 (s, 1H), 8.05(d, =84 Hz, 2H), 768 (d, /= 8.8
Hz, 1H), 757 (dd, /=88 and 2.4 Hz, 1H), 7.45(d, ./ = 4.0Hz, 2H}, 728 (d,./ = 84 Hz, IH},
6560 {1, J= 720 Hz, 1H), 637 (d, J = 4.0 He, 1H), 4.79-4.72 (m, 1H), 4.08-3.99 (m, 1),
323 (/= 148 He, 2H), 2.93-2.85 {m, 2H}, 2.53-2.46 (m, 2H), 2.38 {5, 3H), 1.99-1.93 (m,
2HY, 147-1.37 (m, 2H)

Step 3, N-(1-(2-(5-(difteoromethoxy) pyrulin-2-y1}-2 2-diftuoroethylpiperidin-4-vi)-TH-

pyrrolof2 3~-dlpyrinudin-4-amine

HF,CO

fo321] To a stirred solution of N-(1-{2-(S-(difluoromethoxyipyridin-2~-y)-2 2-difluoroethvl}-
pipetidin-d-y)-7-tosyl-TH-pyrrolof 2, 3-djpyrinudin-d-amine {380 my, 1.03 mmol) in THE (S
mb} was added the 30% NaOH (5 mL) at room temperature, The mixtare was stirred ai 60 °C
for 4 howrs, cooled w ropm temperature and then partitioned mto DOM and water. The
organic phase was washed with water, brine, dnied over Na:5Q0s and concentrated. The
concentrate was purified by column chromatography over silica gel (DOM/MeQH=80:1) 1o
afford the utle compound as 8 white powder (300 myg 78%) MS (ESI) cald for
CroHlaal Nely: 424,20 found: 425 2{M+H] 'H NMR (400 MHz, CD:0OD) 8 852 (d, J= 2.4
Hz, 1H), £.07 (s, 1H), 7.85-7.75 {m. TH), 7.06 (¢, }=70 Hz, 1H), 7.05 (s, 1H), 6.58 (d, I=3.6
Hz, 1H), 4.05-3.95 (m, 2H), 3.30 (1, ./ = 14.4 Hz, 2H), 2.98-2.92 (m, 2H), 2.52-2.46 (m. 2H),
1.94-1.90 {m, 2H), 1.60-1.50 {m, 2HL
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Example 1.12a (HCH salt). N-(1-{2-{3(diflvoromethoxy} pyridin-2-yi}-2 2«

difluorcethy Dpiperidin-4~y-7H-pyrrolo] 2 3-djpyrimidin-4-amine hydrochloride (C-12-HCI).

Y\’KH
mrf“g” -

f0322] To a stirred solution of N-{1-{2-{5-{difluoromethoxyipyridin-2-v1}-2 2-difluoroethyl)-
pipenidin~4-yi}-TH-pyrrolof 2, 3-dlpyrimidin-d-amine (360 mg, 0.84 mmeol} in MeOH (§ ml;
was added 2M HCL (0,42 ml., (.84 myool). The mixture was stirred for 30 min. The solution
was concentrated o afford the title compound gs an offewhite powder (345 my, 96%). MS
{ESL) caled for ‘CmHganNﬁO: 424.2; found: 4252[M+H]. 'H NMR (400 MHz, CD:OD) §
855 (s, TH), 822 (5, 1H), 7.86-7.79 {m, 2H}, 730 (d, J = 3.6 Hz,1H), 7.06 (1, J = 72.0 Hz,

TR, 730 (d, J = 3.6 He, 1H), 405397 (m, 2H), 3.60-3.50 (m, 2H). 3 3.18 {m, 2H}, 2.85-
271 (m, IH), 2.08-2.05 {m, 2H), 1 73 {m, 2H)

Example 1.16. N-{1-(2-{53-chlpro-3-fluoropyridin-2-v1}-2, 2-diftuoroethylpiperidin-d-yH)-7H-

pyrrolo] 2 3-dlpyrimidim-d-amune (C~16).

H ==
N N-H
F. F ;Y
J/N \\%/N N._N
Gi o \\::-‘;‘ﬁ- e F‘
Step 1: T-bromo-S-chloro-3-fluormpyridine
AN LB
-fi‘i\x ,f;p i\ s
G T F

[0323] S-chioro-3-flooropyridin-2-gmine (5.0 g, 34 mmoel) was slowly added w 48% HBr

solution (20 mi) with stivving at 0 °C. To the vesuliing mixture Bry (5.24 ml, 102.3 mmol}
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was then added over 20 minutes at 0 °C. The reaction mixture was cooled to -10 "C. A
sofution of NalNQ; (5.8 g, 85.3 munol) in water {20 mb) was added over 1.5 hours, and the
mixture stirred for addittional 3¢ minutes. A solution of NaOH (12 g, 306 mumad) in water (20
mb) was added over 30 minutesand the mixtare was allowed to warm to room temperatuve,
The mixivre was extracted with ether (3x100 mL). The combined organic phases were
washed with bring, dried over sodiun sulfare, filtered, and concentrated to afford the titde
compound as a pale yfeihmf solid (6.43 g, 90%). TH NMR (400 MHz, CDCl) 8 8.23 (d, J =
21 He, THL 748{dd, /= 7.1, 2.1 Hz, IH}

Step 21 pthyl 2-(S~chlore-3-fluoropyridin-2-y1)-2 2-difluorcacetate

F. F
( \%CozEt
o \,x’”

[0324] To the sohution of 2-bromo-S-chipro-3-fluoropyriding (2.0 g, 9.5 mmol) and sthyl 2-
bromo-~2 2-diffuoroacetate (1.93 g, 9.5 manol) in DMSQ {40 mL} was added Cu powder (1.21
g, 19 mmol). The mixture was heated to 80 "C for 20 hours and poured into a solution of
dibasic potasstum hydrogen phosphate tribydrate (21 g 95 munol} i water (200 mb) with
vigorous sturing. The reaction mixture was filtered through celite and the solid cake was
extracted with ethyl acetate. The filtrate was extracted with ethyl acetate. The ethyl scetate
layvers were combined, dried over sodium salfate, fillered, and concentrated. The concentrate
was purified by column chromatography over sifica pel (hexane/ethyl acetate = 301} 1o
atford the title compound as a colorless oil {2.08 g, &6%6). MS (ERD) caled for CuHCIFNO:
283.0; found: 254 2]M+H]. 'H NMR (400 MHz, CDCL)Y 8 842 (4, J = 1.8 Hz, 1H), 7.61 (dd,
J=9.4 1.8 Hz, 1H), 4.46 - 439 (g, J = 7.1 Hz, 2H), 1.37 (1. J= 7.1 Hz, 3H).

Step 3: 2-(S-chlove-3-Buoropyridin-2-viy2 2-difluorocthanol

Y,

Cl F
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0328} To a solution of ethyl 2-(S-chioro-3-fluoropyridin-2-v1}-2 2-difluoroacetate (2.1 g, 82
mmol} in ethanol (40 mL) was added NaBH, (341 mg, 8.02 mmol) slowly at 0 °C. The
mixture was stirred for 1 hour at room temperature. The stirred reaction mixture was cooled,
quenched with 1IN HCL, concentrated and extvacted with ethyvd acetate. The ethyl acetate laver
was washed with water and brine, dried over sodium sulfaile and concentraied to afford the
title compound as a white solid (1.72 g, 99%). M3 {(ESD caled for GHCIFNO: 211.0;
found: 2122{M+HL TH NMER (400 MHz, CDCHLY 8340 (d, J = 13 Hz, 1H), 7.63 {dd, J =
9.5, 1.3 He, tH), 4.26 (m, 2H).

Step 4 2-{5-chloro-3-fluorgpyridin-2-yi)-2 2-diffuoroethyl wifluoromethanesulfonate

F.F
LN%OSOZCFS
|
|
oI N F

f0326] To the solution of 2-{S-chloro-3-fuoropyridin-2-vir2 2-difluorocthanet (1.0 g, 47
mmiol) and DIPEA (2.5 mL., 14 mumol} in anhvdrous ether {45 ml) was added THO (1.6 mL,
9.5 mmol) slowly at 0 °C. The reaction mixtare was allowed to warn 1o rt and stirred for {h
The orange suspension was filtered through celite, and the solid was washed with ether. The

filirate was concentrated to afford the orude ttle compound as a pale vellow o (165

5

100%). The compound was used direcily in the next step without further purification,

Step S tert-buty? 1-(2<(S-chlore-3-Buoropyridin-2-v1)-2 2-difluorcethyhipiperidin-4-

vicarbamate

Cl F

[0327] A wmuxture  of  2-{3-chioro-3-flucropyridin-2-y1}-2,2-diffusroethyl  iiflnoromethane-

-
4

sulfonate {1.65 g, 4.7 mmol), fert-butyl pipetidin-d-vicarbamate {1.92 g, 9.6 mmol} and

DIPEA (2.5 mL., 14 mmol} in DOM {25 mL} was heated 10 40 °C. Afler stirring overnight at
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40 °C, the mixture was concentrated and extracted with EtOAc. The organic layer was
washed with water and bnne, dried snd concentrated. The concentrate was puntied by
column chiromatography over silica gel (hexane/EtOAc=1) 1) to atford the title compound as
a pale vellow sohd (1.64 g §7%). MS (ESI caled for CpHaCIFNGGs: 3931 found:
394 2IMHHT TH NMR (400 Mz, CDCL) 6 8.43 (s, 1H), 7.54 {dd, /= 9.8, 1.8 Hz, 1H), 4.34
{s, TH), 338 (s, 1H), 318 (1, 2H), 2.91 — 2.80 (my, 2H}, 2.42-2.35 (m, 3H), L85-1.75 {m, 2H),
131 - 1.22 (m, 2H).

Step & 1-(2-(S~chloro-3-fluoropyridin-2-¢1)-2, 2-diftuorocethyl)piperidin-4-amine

NH;
F. F
N N
~

o N F

f0328] To a solation of tert-butyl 124 5-chloro-3-fluoropyridin-2-y1)-2 2-difluorocthyl -
piperidin-4-yicarbamate (1.64 g, 410 mmwol} in DCM (20 mL) was added TFA (10 mL}at 0
°C. After stirting for 15 min at r1., the mixture was concentrated. The concentrate was
basified with 1N NaOH, and extracted with EtOAc The orpanic phase was washed with
brine, dried over NaxSQy, and concentrated 10 afford the crude title compound as a pale
vellow ofl (143 g, 100%) which was used directly in the next step without faurther
purification. MS (ESI) caled for OB sCF NG 2931 found: 294.2[M+H]L 'HONMR (400
MHz, CDCL) 8 843 (s, TH), 754 (dd, J= 98, 1.7 Hz, 1H}, 318 (1.]=14 41z, ZH), 2 88-2 84
{my, IH), 2.66 — 2 54 {m, 1H), 2.36-2.28 (m, 2H), 1.70-1.04 {m, 2H}, 1.29 - 115 {m, IH).

Step 7. N-(1-(2-{5-chlore-3-flnoropyridin-2-vi)-2 2-diftucroethyhpiperidin-4-y1}-7H-

pyrrole 2, 3-dlpyrinudin-4-amine
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{0329] The muxture of 1-(2-{S-chlore-3-fluoropyndin-2-y1)-2 2-difluoroethylpiperidin-4-amine

(200 myg, 0.68 mmol), 4-chloro-7TH-pyrrole[2 3-djpyrimidine {872 mg, 0.567 mmol) and
DIPEA (0.2 mi, 113 mmeol) in n-butyl alocoho! {3 mL) was heated to 130 °C. After stirring
overnight at 130 °C, the reaction solution was concentrated and exiracted with EiOA¢. The
organic layers were washed with waler and brine, dried and concentrated. The concentrate
was purified by colunm chromatography over silica gel thexane/EfOAc=1/3) to afford the
fitte compound as a white solid (3§ mg, 13%}) M8 (EST) caled for CuHUIFNg 41001
found: 411 2[M+H]. "H NMR (400 MHz, CDyOD) 8 8.52 {5, 1H), 8.08 (s, 1H), 7.99 - 7.93
(my, PH), 7.054d, F= 3.3 He, 1H), 6,58 (d, J= 3.5 Hz, 1H), 4.01 {(m, 1H), 3.27 (m, 2H), 3.01
{my, 2H), 2.50 {m, 2H), 1,93 {m, 2H), 1.53 (m, 2H).

Example L16a (HCHsalt), N-(1-(Z-(3-chloro-3-flucropyridin-2-vi}-2, 2-difluoroethyDpipendin-

4-yi}-TH-pyrrolof2 3-dlpyomidin-4-amine hydrochloride {C-16-HCH).

Y
N H
. . Q/ W
N\ N N ~ N

HCI

fo3z0] To @ stred solution of N-{(1-(2-(3-chioro-3-fluoropynidin-2-y1)-2,2-diflucroethyl)-

piperidin-d-yi}-7H-pyrrolo 2, 3-dlpyrimndin-d-amine {24.5 mg, 0.060 mmol} in MeOH (1
b} was added HUVMeOH (2M, 0.03 mi., 0.060 mmol) at 1t After stirning for 10 min, the
mixture was concentrated to afford the title compound as a pale yellow sohd (26 mg, 100%).
MS (EST) caled for CiHnClIFNg: 410.1: found: 411.2]M+H1L 'H NMR (400 MHz, CD;0D)
§8.43 (s, 1H). 8,13 {s. 1H), 791 {dd, J = 10.3, 1.7 Hz, 1H), 7.22 {d. J= 3.5 Hz. 1H). 6.78 {d.
J =38 Hz THY, 3289 (s, TH), 3.50 (s, 2H), 3,16 (8, 2H), 269 (s, 2D, 2,02 - 1.92 {m, 2H),
1.67 {m, 2H).

Example 1.17, N+{(1-(2 2-difluore-2-(3-fluore-5-methylpyridin-2-vljethyDpiperidin-4-y1}-TH-

pyrrolo] 2 3~-djpyrimidim-4-anune (-17}.
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It

v > F

\

Step 1: othyl 2,2-difleore-2-(3-flnoro-S-methylpyndin-2-yhacetate

HsC F

[0331] To a solution of 2-bromp-3-flworo-S-methylpyridine (1.8 g 9.5 mmol) and etlnd 2-
bromo-2 Z-diftuoroacetate (1.8 ml, 142 wool) in DMSO (30 ml) was added copper
powder (1.2 ¢, 19 muol). After stirring overnight at 30 °C, the mixture was diluted with
EtOAc. The mixtare was powred nto water, and stirred for 30min. The suspension was
filtered through a pad of celite. The organic phase was washed with water and brine, dried
over NaaSO; and concentrated. The concentrate was purified by column chromatography
over silica gel {hexane) to afford the tifle compound as a white solid (1.6 g, 70%). 'H NMR
{400 MHz, CDCL) 8 8.26 (s, TH), 736 (d, J= 10.6 Hz, 1H), 442 (g, /= 7.1 Hz, 2H}, 242 (5,
3HY, L36 (1, J =71 He, 3H)L

Step 2: 2. 2-difluoro-2-(3-Ruore-S-methylpyridin-Z-yDethanol

{0332] To a solution of ethyl 2 2-difluoro-2-(3-fluoro-Semethylpyridin-2-viacetate {1.68 g, 7.22
mmal) in ethanol (30 mL) was added the NaBH, (410 myg, 10.8 nymaol) at room temperature.,.
After stivring for 30min, the reaction mixture was quenched with aqueous 1N HCL at 0 °C.
The mixture was extracted with EtOAc. The combined organic phases were washed with

brine, dried over NSOy and concentrated to afford the product as g white powder (1.3 g,
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100%). "H NMR (400 MFz, CDUL) 8 8.22 (s, 1H), 730 {d, J = 10.8 Hz, 1H), 4.32 - 4.20
{m, 2H}, 345 ~ 335 (m, 1H), 243 {5, 3H).

Step 3: 3,2-difluore-2-(3-Hooro-S-methylpyndin-2-yDethyl trifluoromethanesulfonate

F.F

AN .
rN \j//\,v,asazcﬁ

N,

[0333] To a solution of 22-diftucro-2-(3-fluorc-3-methylpyridin-2-yljethanol (120 myp, 0.63
mmod) and DIPEA (015 ml, 0.95 mmol} m dry ether (5 mL) was added dropwise THD
(0.15 mL, 0.76 mmolj at 0 °C under N; stmosphere. After stirring for th, the suspension was
filtered, and the filirate was concentrated to afford the crude title compound {200 mg) which

was used directly withowt further purification in the next step.

Step 4. N-(1-(2,2-difluoro-2-( 3+ ~S-methylpyridin-2-yDethylipiperidin-d-yi)- Ltosvl- 1 H-

Iﬂ —
N N-Tg
N
=

HaC F

pyrazolof 3 4-dlpynmidin-4-amine

N
AN

fo334] A nixture of 2, 2-diftuoro-2-{3-fluoro-S-methyvlpyridin-2-yhethyl
iriflucromethanesulfonate (133 g, 3.9 mmol), N-{piperdin-4-vl)}-7T-tosyl-TH-pyrrolo[2,3-
dipyrinndm-d-amineg {1.16 myg, 3.14 nuwol) and DIPEA (L0 mL, 3.9 muool) in DOM {(63mb)
was heated to 50 °C. After styring overnight at 30 °C, the mixtwre was concentrated to
drvagss. The concentrate was purified by column chromatopraphy over silica gel (ethyd
acetate, 100%) to afford the title compound as a white powder (500 mg, 62%). MS (ESI)
caled for CagHarFaNe0,S: 544.2; found: 545 2[M+H].  'H NMR (400 MHz, CDCL) 8 8.41(s,
THS, 827 (s, 1H), BOS (d, J= 84Hz, 2H), 743 (d, /=40 Hz, 1H), 737-7.21 {m, 3H), 637
{d, /=40 Hz 1H), 4.76-474 {m, 1H), 407397 {m, 1H), 323 {1, /= 144 Hz, 2H}, 2.97-
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2.93 (m, 2H), 253247 {m, 2H), 241, 30, 238 (s, 3H), 1.97-1.94 {m, 2H), 1.48-1.38 (m,
2Hj.

Step §: N-{1-(2 2-diflporo-2-(3-fluoro-S-methylpynidin-2-yDethyhpiperidin-4-yH)-7H-

I;I —=
N N-H
N

N =N

pyirelof2 3-dlpyrimudin-4-amine

HaC F

[0335] Toe  a  stirred  solution  of  N-{1-{2.2-d#fluoro-2-(3-flucro-S-methyipyridin-2-
vljethypiperidin-d-y1}-T-tosyl-1H-pyrazolof3 4-dipyrimidin-4-amine (410 mg, 0.75 mmol)
in THF (4 mL) was added 50% NaOH (4 mL) at room temperatore, and the mixture was
warmed to 60 “C. After stirring for 4 hours at 60 °C, the mxture was partitioned between
DOCM and water. The organic phase was washed with water, brine, dvied over NaSOy and
concentrated. The concentrate was purified by column chromatography over silica gel
(DUMMeQH = 30:1} to afford the title compound as a white powder (246 myg, 34%). MS
{EST) caled for CpoHnFiNg 390.2; found: 3903[M+H]. 'H NMR (400 MHz, CD:0D) &
R.31 (s, 1H), 8.07 {5, 1H), 700 (d, /= H O Hz 1H,L 705(d, /=36 Hz, 1H), 658(d, /=36
Hz, 1H) 4.04-3.97 {m, 11}, 327 {t, J= 144 Hz, 2H), 3.02-2.99 {m, ZH)}, 2.52-2.48 (m, 2H),
245 {, 3H), 1.84-1.01 {m, 2H}, 1.60-1.50 (m, 2H),

Example 1.17a (HCl salt), N-(1-(2,2-difluoro-2-(3-fluoro-S-methylpyridin-2-yhethyhpiperidin-

G-y - 1 H-pyrazolo] 3 4-dipynmidm-4-amine hydrochloride (C-17-HCH.

ITI =
N N-H
N

N. 2N

/

HCI
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f0336] To a stuved solution of N-{1-{22-diftuoro-2-(3-fluore-S-methyipyndm-2-yhethyl}-
piperidin-4-y1-7TH-pyrrolol2 3-djpyrimidin-4-amine (246 mg, 0.63 mmol} in MeCUH (3 mL)
was added ZM methanssultonic acid in methanol {035 mi., 0.63 mumol). The mixture was
stirred for 30 man. The solution was concentrated to afford the product as an offtwhite
powder (265 mg, 98%). MS (ESI} caled for Ty FNa 3902 found: 391 3{M+H]L HONMR
{400 MHz, CDOD) § 834 (s, 1H), 821 (s, 1H), 7.64 (4, /= 11.6 Hz,1H). 7.29 (d, /= 3.6
Hez, 1H), 6.85{d, ./ = 3.6 Hz, 1H), 4.04-3.97 (m, TH), 363350 {m, 2H), 3.28 {m, 2H), 2.§1-
275 (o 2H), 246 (s, 3H), 2.07 (m, 2H), 1.82-1.73 {m, 2H).

Example 118, N-{1-(2,2-difluoro-2-(3-fluoro-3-{trifluoromethylipyridin-2-y1}-ethviipiperidin-4-

yh-TH-pyrroto2 3-d]pyrimidin-¢-amine {C-138).

III ==
N-
fF C(” ad
I N\ N N\&N
Fc” N F
Step 1t ethyl 22-diftuoro-2-(3-fluore-3-(irifluoromethvhpyridin-2-vlacetate
FF

[0337] To the solution of ethyl 2-brome-2 2-difluorcacetate (1.0 g, 4.8 wmol} and J-bromo-3-
{tnore-S-(wrifteoromethylpyridine (1.1 g, 4.4 mmol} in DMSO (20 mL) was added Cu
powder {568myg, 8.8 mmol). The mixture was heated at 80 "C for 20 hours. The reaction
mixtare was filtered through celite and the filter pad was extracted with ethyl acetate. The
combined organic phases were washed with brne, dried over sodium sulfate, filtered, and
concentrated, The concentrate was purified by coluwmn chromatography over silica gel
{hexane / ethyl acetate =100:1) to afford the title compound as a colorless oil (980mg, 83%).
"H NMR (400 MHz, CDCLY 3 8.73 (s, 1H), 7.81(d, J = 9.6 Hz, 1H}, 445 (g, J = 7.2Hz, 2H),
138 (v, J=7.2 Hz, 3H).
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Step 2: 2 2-difluovo-2-{ 3-fluoro-S-{trifluoromethy pyridin-2-+lethansl

-
e
FE{J

[0338] To the solotion of 2 2-difluore-2-{3-Huoro-S-{triffuoromethyhpyridin-2-vhacetate (980
mg, 341 mmoel) in ethane! (20 mbl) was added NaBH; (194 myg, 5.12 mwmol) slowly at e
bath temperature and the miixture stirred for 30min. The reaction mixtore was quenched with
IN HCL concentrated and extracted with ethyl acetate. The ethyl acetate laver was washed
with water and brine, then dried and concentrated to afford the title compound as a white
solid {780 mg, 93%). 'H NMR (400 MHz, CDCL) 8 8.72 (s, 1H), 7.84 (4, /= 9.2 Hz, 1H),
430 (1, F=12.4 Hz, 2H), 2.86 {brs, 1H).

Step 3: 2 2-difluoro-2-(3-fhyoro-3-(rifluoromethvhpyridin-2-yhethyl influoromethane-

suifonate
F.F
J[/\NIK/OSOZC%
FoC” N F
[0339] To the solution of 2. 2-difluore-2-{ 3-fluoro-3-{irifluoromethyl pyridin-2-yliethanol (780

mg, 318 mmol) and DIFEA (L6 mL, 9.6 nunol) m dry ether (15ml) was added THO (0.9
ml., 6.36 mmol) at § "U. After stirring for Hhr at rt, the white suspension was filtered through
pelite, and the filter mass was extacted with ether. The filtrate was concentrated and purified
by column chronnatography over silica gel (hexane) to afford the title compound as 4

colorless oil {870 my) which was used for the next step directly.

Step 4. N-{1-(2,2-difluoro-2-{ 3-fluoro-3-{trifluoromethy hpyridin-2-vhethyDpipendin-4-

yh-7-tosyl-TH-pyrrolo{ 2 3-dipyrimidin-4-amine
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Ho =
N N-Ts
FOF O/ ;S
/EN\j\)QN N._-N
P N OF

f0340] A mixtwe of 22-difluoro-2-G-flucro-3-{mrifluoromethylipyridin-2-yDethylrtfuoro-
methanesuifonate (760 my, 202 mmel), N-{piperidin-d-y1}-7-tosyl-7H-pyrrole[2,3-
dlpyrimidin-d-amine {Intermediate 1, 824 mg, 2.22 mumol) and DIPEA (0.53 mL, 3.02 mmaol}
in DME/DOM (VY = 1.3, 10 mL) was warmed to 40°C and stirred overnight. The mixture
was concentrated and the cride product was purified by column chromatography over siica
gel {etuent: Hexane FtOAc = 311) to afford the gile compound as a pale vellow powder (950
me, 79%). MS (ESD caled for CagHayFeNG0-8: 598.2; found: 599.2 [M+H]L 'H NMR (400
Mz, CDCLY S 873 {s, TH), 8.40 (s, 1H}), 806 ~ 8.01 (m, 3H3, 7.77.7.34 (m, 1H), 745(d, J
= 4.0 He, 1H), 7.28 {d, J = 8.4 Hz, 2H), 636 (d,./ = 4.0 Hz, 1H), 4.76 ~ 4.74(m, 1H), 4.10 -
3.97 (m, TH), 3236 (1, J = 14.0 Hz, 2H), 2.97-2.90 (m, 3H), 288 {3, 1H), 2 53~ 2.46 (m, 2H},

2,38 (s, 3H), 1.97- 1.94 {m, 2H), 1.42-1.35 (m, 2H).

Step 5, N-(1-(2,2-difluoro-2-( 3-fluoro-S-{trifluoromethy Hpyridin-2-vliethyDpipendin-4-

yi-TH-pyrrolo[2 3-djpyrimidin-d-amine

Ho =
N N-H
F.F O/ o
IN\ N NN
FoC” N7 F

fo341] A mixture  of  N-{1-22-diffuoro-2-(3-fluoro-S-{trifluoromethylpyridin-2-yliethyli-
piperidin-d-yH-T-tosvl-TH-pyrrolo] 2, 3-dJpyrimidin-d-amine (930 mg, 1.60 mmol) and S0%
agueous NaOH (5 mb) in THF was stirred at 60 "C for 1.5 hows. The mixture was
concentrated and the residue was adjusted to pH=10 with dilute aqueous HCL The aquecus
laver was extracted with DONM. The combined organic lavers were dried over Na:SOy and
concentrated. The crude product was purified by colunmm chromatography over sihica gel

{eluent: DOMIMeOH = 80:1~-20:1) to afford the title compound as a vellow powder (380 mg,
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54%). MS (ESD caled for OpH Ny 444.2; found: 4453 [M+H] 'H NMR {400 MHz,
CDCLY 8 8,57 (s, D, 875 (s, THD, 831 (s, 1H), 7.77 {(d, J = 10.0 Hz, 1H), 7.05-7.03(m,
1H), 6.32-6.31 m, 1H), 4.87-4.81 (m, 1H), 4.15-4.07 (m, 1H), 329 (. J = 14.4 Hz, IH),
2.98-2.95 {m, 2H), 2.57-2.51{m, 2H), 2.05-2.01{ny, 2H), 148-1.3%0m, 2H).

Example L18a (HUY salt), N-{1-(2.2-difluoro-2-(3-Huoro-S-{trifluoromethylipyridin-2-

yhethyvlipipendin-4-yD-TH-pyrrolo{ 2, 3-dipyrimidin-d-amine hydrochloride (C-18HCH,

A
- N { Ny
JORP
N N ~ N

FC” N F

HCH

[0342] To a stired solution of N-(1-(2 2-diftucro-2-(3-fluore-3-(rifluoromethypyridin-2-
vhethyh-prperidin-d-y13-THepyrrolo] 2 3-djpyrimidin-d-amine (380 myg. 086 mmol} in
MeOH (5 mL) was added the 2.0M hydrochloric acid (0.43 ml, 0.86 mmol). The resulting
solution was stirred at r.t, for 30 min. The solution was concentrated to afford the tifle
compound as a vellow powder (410 mg, 100%). MS (ES]) caled for CioHpCINGE o 444.2;
found: 4453 [M+H] "H NMR (400 MHz, CDCL)Y § 12.12-11.88 {m, 1H}, 9.09 {5, 1H), 8.74
s, THY, 843 (s, 1H), 7.79 (d, 7= 9.2 Hz, 1H}, 7.32¢s, 1H), 6.60 (5, 1H), 4.07-383m, 1H),
3.37-3.31 (m, 2HD), 3.09-3.070m, 2H), 2.63-2.61 {m, 2H), 2.10-2.030m, 2H), 1.80-1.73(m,
2H).

Example L47, N-(1-(2,2-difuoro-2-(S-methylpyndim-2-yDethylpiperidin-d-vl)-MN-methyvl-7TH-
pyrrolof 2, 3-dpyrimidin-d-amine (C-47),

CHy =

N N-H
FOF Q/ B
Ny N N__N
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Step 1: N-(1-(2,2-difluoro-2-{ S-methylpyridm-2-vDethylipiperidin-d-yl-7-tosyl- TH-

pyrrolof2 3-dlpyrimidin-4-amine

H =
!

N N-Ts
N
F.F |
fN\\ﬁ{/U NN
MO N

P

[0343] A mixtare of 2, 2-difluoro-2-{S-methyipyridin-2-v1) ethyl trifluoromethanesulfonate (1.33
g, 3.9 mmol), N<{piperidim-4-yi}-7-tosyl-7H-pyrrolof2 3-dipyrimidin-4-amine {1.16 g, 32
mmol} and DIPEA {1 mb, 6 mmol} in DOM {65ml} was heated 1o S0°C. After stirving
overnight at SO7C, the mixtare was concenirated to dryvness. The concentrate was purified by
cotumn chromatography over silica gel {ethyl acetate, 100%) to afford the title compound as
a white powder (300 myg, 62%) MS {E5D caled for CauHzFaNeh&o 544.2; found:
S4520M+HL TH NMR (400 MHz, CDCLY 8 841(s, 1HD, 827 (s, 1H), 805 {d, J = 8.4Haz,
IR, 745 (L S =40 He, IH), 737721 (m, 3H), 6.37 {d, /= 4.0 Hz, 1H}, 4.76-4.74 {m, 1H},
4.47-3.97 {m, 1H), 323 ({t, ./ = 144 Hg, 2H), 2.97-2.93 (m, 2H), 2.53-2.47 {m, 2H), 2.41{s,
3H), 238 (s, 3H), 1.97-1.94 (m, 2H}, L48-1.38 {m, 2H).

Step 2: N-(1-(2.2-difluoro-2-{ S-methylpyridm-2-yiethyDpiperidin-4-yi}-N-methyt-7-

tosyi-7H-pyrrolof 2 3-djpynmidin-4-amine

stirring for 15muin, Mel (24 pb, 0.38 numol) was added.. After the starting material was

consuned, the reaction was quenched with water at 0 "C. The mixture thus obtamned was
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partitioned into EtDAc and water. The organic phase was washed with twine, dried over
Naz804 and concentrated uwnder vacuam. The residue was purified by column
chromatography over silica gel (509 EtOAc in hexane} to afford the title compound as a pale
yeilow puudgr {30 mg, 30%). MS (E‘Si\ caled for CaHapFa NGRS 540.2; found: 5413

IMHHTL TH ONMR (400 MHBz, CDCL) 8 8.47 (s, 1H), 8.36 (3, 1H), 805803 (m, 2H), 7.62-
759 (m 1H), 755 (d. /= 8.0 Hz, 1H), 743 (4, J = 4.0 Hz, 1H), 7.27 (d, J = .0 Hz, 2H),
6,59 (d J= 4.0 Hy,) THL4.72-4.52 (m, THD, 324 (1, J= 148 Haz, 2H), 3,11 (5, 3H), 2.03.3.00
(m, ZH), 2.52-2.46 {my, 2H), 239 (s, 3HD, 2.37 (s, 3H), 1.82-1.72 (my, ZH), 161158 {m, 2H).

Step 31 N-{ 142 2-difluoro-2-(5~-methyipyridin-2-vliethyDpipenidin-4-y1}-N-methyl-TH

pyrrolof 2, 3-dipyrimidin-4-amine

[0345] To a stivred solution of N-(1-{2,2-diflnore-2-{S-methyvlpyridin-2-yhethylpiperidin-d-vl}-
Nemethyl-7-tosyl-TH-pyirolo] 2, 3-dpyrimidin-4-amine (30 mg, 0.06 mmol) in THF {1 mL)
was added 30% agqueous NaOH (1 mL). The mixtare was heated to 60 °C. After the starting
material was consumed | the mixture was cooled down o vt and concentrated. The residpe
was partitioned into EtOAc and water. The organic phase was washed with boine, dried over
NazSQs and concentrated. The restdue was purified by column chromatography over silica
gel (FIOAc/MeOH = 2071) to afford the title compound as a pale vellow powder (15 mg,
58%%). MS (EST) caled for CaHosFaNg: 386.2; found: 387.2 [M+H] 'H NMR (400 MHz,
CDLODY 8 848 {5, 1H), 8.08 (s, 1H), 7.81-7.79 {m_ 1H), 7.64 (d, J= 8.0 Hz, 1H), 7.08(d, J =
4.0 Hz, 1H), 6,61 {d, /= 4.0 He, 1H), $.73-4.67 {m, 1H), 3.25 (t. /= 14.4 Hz, 2H), 3.20 (s,
3HY, 3.02-2.99 (m, 2H), 2.53-2.47 {m, 2H}, 2.42 {5, 3H), 1.90-1 .80 (m, 2H), 1.65-1.62 {m,
IH}

Example L47a (HCI salt), N-(1-(2,2-difluoro-2-(S-methylpyadin-2-yDethylipiperidin-4-y1)-N-

methyl-TH-pyrrolo] 2, 3-dipyrinudin-d-amine hydrochloride (C-47-HCH.
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[0346] To a stired solution of N-(1-(2,2-difluore-2-{S-methylpyridin-2-yDethvhpipendin-d-yi)-
N-methyl-7TH-pyrrolo[2 3-dlpyrimidin-4-amine (23 mg, 0.06 mmol) i methanot (1 mL} was
added the methanolic solntion of HCY (2.0M, 30uL) at ambient temperatare. After stirring for
30 mm, the clear solution was concentrated to afford the title compound as a pale vellow
powder (25 mg, 100%). MS (ESD caled for CapHaaFaNg 386.2; found: 387.2 [M+H] 'H
NMR {400 MHz, CDODY O 856 (3, TH), 833 (s, 1H), 787 (4, /=80 Hx, 1H), 7.74 (d, /=
8.0 Hz, 1H), 736(d, /=40 Hz, 1H), 694 (d, ./ =4.0 Hz, 1H}, 3.08-494 {(m, 1H), 4.13-4.06
(my, 2H)Y, 3.76-3.73 (m, ZH), 3.43 {5, 3H), 3.42-3.32 (m, 2H), 345 {5, 3H), 2.39-2.30 (m, 2H),

2.09-2.06 {m, 2H}.

Example 1.127. N-{1-(2 2-difluoro-2-{6-{triflnoromethy Dpyridin-3-yhethyDpipendin-4-y}- 1 H-

pyrazolol 3 4-djpyrimidin-4-amine (C-127),

H —
N N-H
FoF O/ ;S
N N NN
l
=
FaC

Step 1@ S-todoe-2-(triflucromethyDpyridine

l
Fe” N

[0347] A solution of &(tirifluoromethy]pyridin-3-amine {8.96 g, 0.062 mol) in SN HOL{70 mL}
was cooled © -5°C and sodivn mirite {6.39 g, 0.093 moly in 30 mL of water was added
dropwise while mamtaning the internal temperature below 5°C. After 10 min, K1 (225 g

0.136 moly s 30 mb of water wax added dropwise at -5°C while maintaming the internal
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temnperature below 10 °C over the course of the addition. The reaction mixture was warmed
1ot and 230 mL of FtOAc was added. The pH of the agueous layer was adjusted 1o 11 by
the addition of 30 mi. of 6N NaOH The organic laver was separated and washed with 120
ml of 0.3M Na;8:0;. The EtQAc layver was concentrated and the concentrate was purihied
by column chromatography over silica gel (hexane’ EiOAc =25/1) to afford the iitle
compound as @ white solid (14.6 g, 87%). MS (ESI) caled for CeHiF:IN: 273,00 found: 274.0
[MH]L THNMR (400 MHz, CDCL) 8 8.96 (s, TH), 822 (4 J= 82 He, 1H), 747 (d, J =

Hz, 1H).

Step 2: ethyl 2 2-diflucro-2-(6-(riflnoromethylpyridin-3-ylacetate

F. F

N/\><002Et

A
|
H
RNy
FEC - N

[0348] Tu a solution of S-iodo-2-{triflucromethyllpyridine (145 ¢ 332 mmeol) and ethyl 2-
bromo-2 2-difluorcacetate (10.8 g, 532 mmol) in DMF (250mb) was added Cuo powder
(6.761, 106mmol). The mixture was heated at 80 °C for 20 hours and the reaction mixture
was poured into a solution of dibasic potassium hydrogen phosphate, tihydrate (121 g, 532
mmol} i water (1300 mb) with vigoroas stirving. The suspension was filtered and the solid
was extracted with ether. The hiltrate was added to brine and extracted with ether (2x). The
combined organic phases were washed with brine, dried over sodiom sulfate, filtered, and
concentrated. The concentrate was purified by column chromatography over siliea gel
{hexane/BtOAC=30:1) to afford the title compound as a colorless liguid {8.96 g, 63%). MS
{(ES1) caled for CiaHsFsNO: 269.2; found: 270.3 {M+H] H NMR (400 MHz, CDCH) 5 8.68
(5, TH), 8.1 {d, J=82 Hz, 1H), 781 {(d, /=82 Hxz, 1H), 435(q, /=7 He ZH), 134 (1. J
=7 1 Hz, 3H).

Step 3: 2. 2-difluoro-2-{6-(triflucromethyhpynidm-3-yDethanol

F_F

N
f’i}\\\\ N ,‘O H

)l
FsC =
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f6349] To the solution of ethyl 2 2-difluore-2-(6-{irifluoromethypyridin-3-vliacetate (8.86 g,
32.9 punol) in ethasol (165mL) was added NaBH; (1.79g, 47 4mmol) slowly at ot The
mixture was stirred for 30min at v, After 30 min, the reaction mixture was quenched with IN
HCT at ice-water bath temperature, The mixture was concentrated and extracted with BtOAc,
The FtOAc laver was washed with water and buine, then dried and concentrated to afford the
title compound as a white solid (6.13 g, 82%). MS (ESI) caled for CaHFsNO: 227.0; found:
2282 [M+H] TH NMR (400 Mz, CDCI) 8 8.91 (s, TH), 8.06 (d, = 82 He, 1H), 7.79(d, ./
=82 Hz, 1H), 406 {td,./=124and 7.0 Hz, 2H), 2.16{(t, /= 7.0 Hz, 1H).

Step 4: 2 2-diflugro-2-(6-(tniflnoromethyhipyridin-2-yhethyl erifluoromethanesutfenate

F.F
q /\RQOSOZC Fs

fo3s0] To the solution of 2.2-difluoro-2-{8-{wifluoremethvllpyridin-d-yhethano! (1.0 g, 44
mmol} and DIPEA (2.39 mL, 13.2 mmol) in dry ether {44 mL} was added THO (148 ml,

8.8 mmol) at 0°C. After stirring for 1 hr at 1t, the orange suspension was filtered through
celite, and the filter mass was extracted with ether, The combined organic phases were
concentrated, and purified by column chromatography to afford the title compound as a pale
vellow solid (1.47g, 93%). "H NMR (400 MHz, CDCl) 8 8.92 (s, 1H), 807 (d, J = 8.2 Hz,

b

1H). 7.86 (d, J= 8.2 Hz, TH), 478 (1,./= 11.2 Hz, 2H).

Step 5: teri-butyl 1402 2-difluoro-2-{6~{triflluoromethyl jpyridin-3-yDethypipendin-d~yl-

carbamate

H

{
N‘Boc
F. F
N7 N

l
=
FsC
fo3s1] A mixtwe of 2 2-difluoro-2-(&-{trifluoroemethvijpyridin-3-yliethyl  nifluoromethane-

sulfonate {1.46 g 4.07 mmol), tert-bund piperidin-4-yvicarbamate (1.63 g, 8.13 mumol) and

pay
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DIPEA (2.2 mi, 12.2 mumel) in DOM {20mi} was heated to 40 “C. After stirring overnight at
40°C, the mixture was concentrated to dryness. The concentrate was purified by column
chromatography over silica gel (hexane/EtOAc=10/1) to afford the title compound as a white
solid (1.37g, 83%). MS (ESI) caled for CsHaFaN:05 409 2; found: 4104 [M+H] 'H NMR
{400 MHz, CDClL) 0 8.89 {5, 1H}, R0V {d, /=82 He, 1H}, 775 (4, J = 82 Hz, 1H), 437
{brs, 1H), 3.40 (brs, 1H). 2.97 {t. /= 13.2 Hz, IH), 2.74-2.69 (m, 2H), 2.42-2.36 (m, 2H).
187-1.81 (m, 2HY, 143 {5, 9H), 136~ 1.23 {m, 2H).

Step 6: 1-(2 2-diftooro-2-{6-(irifluoromethypyridin-3-vhethvDipipecidin-d-amine

[0352] To a stirred solution of tert-butyl 1-(2 2-difluoro-2-{6-(rifluoremethylipyridin-3-v1)-
ethyl)piperidin-d-vicarbamate {1.36 g, 3.32 mmol) in DOM (16 mlL) was added TFA (8ml)
under ice-water bath cooling. After stirving for 30mins at 1, the starting matenial was
consimed, and the mxture was concentrated. The concentrate was basified with 1M NaOH,
and extracted with EtOAc. The orgamic phase was washed with brine, dned Na;SOy, and
concentrated to afford the title compound as a white solid (1.0 g, 100%). M3 (ESI) caled for
CrabieF N 3001, found: 3103 IMAH] 'H NMR {400 MHz, CD,0D) 5 892 (s, 1H), 824
(d, /=82 Hz, 1H), 7.95(d, J = 8.2 Hz, 1H), 3.16 (., J = 13.5 Hz, 2H), 3.06 - 2.94 (i, 1H),
2.91-2.84 {m, ZH}, 2.47-2.38 (m, 2H), 192-1.86 (m, 2H), 1.56-1.45 {m, ZH}, 1.36-1.30 {m,
2H).

Step 7. N-{1-(2 2-difluoro-2-(6-{mifluoromethylpyridin-3-ylethyvlpiperidin-4-y1-7H-

pyerolo] 2 3-dipyrimidin-4-anine

H —
N N-H
F. F ;O
NN N N N
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f0353] The muxture of 1-{22-diflwore-2-(6-(triflucromethyDpyridin-3-vhethyDpiperidin-4-
anune {625 mg, 2.02 mmol) and DIPEA {0.62 mL, 3.37 mmol} 1w n-boiyl alcobol (10 mlL)
was heated to 130 “C. After stirving overnight at 130 °C, the reaction mixture was
concentrated. The coucentrate was punifhied by column chromatograpby over silica gel
{hexaneFIOAc=1/1~1/3) to afford the product as a white sohd (230 myg, 27%). MS {ESI)
caled for CisHpFsNg 426.2; found: 427.4 [M+H] 'H NMR (400 MHz, CDCL) 8 8.94 (s,
1HY, 830 €5, 11}, 805 (d, /= 8.2 He, 1H), 7.77{d, /= 82 Hz, 1H), 708 (d,./= 3.5 Hz, 1H]},
037 (s, 1H), 418410 (m, 1H), 3.04 {1, ./ = 13.1 Hz, 2H), 2.86-2.80 {m, ZH}, 2.38-2.51 (m,

2H), 2.09 — 2.00 {m, 2H), 1.61 — 1.45 (m, 2F).

Example 11273 (HCH salt), N-{1-(2 2-difteoro-2-(0-{trifluoromethyDpyridin-3-

yhethelipiperidin-4-y-TH-pyrrolo{2 3-dipyeimidin-4-anine hydrochloride (C-127-HC).

fo354] To a stimed solution of N-{1-2.2-difluoro-2-(&-(trifluoromethylipyridin-dwyl}-
ethyhpipendin-d-y-7H-pyrrolo{2 3-dlpyrimidin-d-amine (181 mg, 0.424 wmol) i MeOH
{2 mL) was added HOVELQ (2M, 021 mL, 0.424 mmel) at rt. After stirring for 13min, the
mixtore was concendrated 1o afford the product as an off-white powder (197 mg, 100%). MS§
(ESI) caled for PNy 426.2; found: 427.5 [M+HL HONMR {400 MHz, CDCL)
11.90 (brs, 1H), 891 (s, TH), 8.43 (s, 1H), £.06 (4, J = 8.0 Hz, 1H), 7.79 (d, J= 8.1 Hz, 1H},
7.32 (s, TH), 6.60 (s, 1H), 4.07 (brs, 1H), 308 {, J= 13.1 Hz, 2H}, 2.96-2.88 (m, 2H), 2.59
{t, /=90 Hz JH), 2.09-2.02 {(m, 2H), 1.82-1.78 (i, 2H).

Example 1128, N-{1-(2,2-difluoro-2-(6-methylpyridin-3-vhethyDpmperidin-d-y1}-TH-pyrrolo-

[2 3-djpyrimudin-d-amine {{-128).
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N
F.F g ;o
N N NN
|
HSCJ\»/

Step 1. ethyl 2 2-difluoro-2-(6-methylpyndin-3-yhacetate

F. F
N’ X CO,Et

HoC™ NF

f0355] To a stirred solution of ethyl 2-bromo-2 2-diflucrcacetate {1.94 g, 9.56 mmwol) and 5-
indo-2-methylpyridine (2.00 g, 9.56 mmol} in DMSO (45 mb) was added Cu powder {1.20 g,
18.8 mmad). The reaction mixture was heated at 80 °C for 20 hours. The mixture was allowed
to cool to room temperature, filtered through celite and extracted with ethyl acetate. The
combined organic phases werewashed with brine, dried over sodiuny sulfate, filtered, and
concentrated. The concentrate was purtfied by cohunn chromatography over silica gel
{hexane / ethyl acefate =5:1} to afford the title compound as a colorless oil{1.16 g, 59%). H
NMR (400 MHz, CDCE) 0 8.75 {5, 1H), 7.81 {dd, =20 and 8.0 He, 1H), 7.26 (d, /= 8.0 Hz,
FH), 432 {q, I=72Hz, 2H), 2.62 (s, 3H), 1 .33 (1, /=72 Hz 3H)

Step 2. 2. 2-difluore-2+{S-methylpyndin-3-yhacetic acid hvdrochloride
F.F
N! Xy “COH
HyC™ N
HCI

[0356] To the solution of ethyl 2 2-difluoro-2-(S-methylpyridin-3-yDacetate (1.16 g, 5.39 mmol}
i methanol (3¢ ml) was added 30% aqueous KOH (30 mL) at room temperature. After 2
hours, the reaction mixtwre was acidified with 3N HCU 1o pH=2. The mixture was
concentrated, dissolved in ethyl acetate (30 ml.), stirred for 30 min, filtered, and concentrated
to pive the title compound {550 mg, 46%) MS (ESD caled for CHENOg 1870
found; 188 2{M+H ]
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Step 3. tert-butyl 1442 2-difluoro-2~{6-methylpyridin-3-yhacetyhpiperidin-d-yicarbamate

[0357] A mixtwe of 22-difluore-2«(6-methylpyridin-3-yllacetic acid hydrochlonde (400 myg,
2,14 mmol), oxalyl chloride (022 mb, 2.56 mmol) and a drop of DMF in DCM (8 mL) was
stirred at room tempesature for Thr, DIPEA (1.62 mi. 935 nmunol} was added followed by
tert-butyl piperidin-4-vicarbamate (480 mg, .22 nunol). After 14 hours the reaction mixture
was poured mto 1M airte acid and extracted with ethyvlacetate. The combined organic tayers
wers washed with saturated sodim bicarbonate, water, bring, dried over sodiwm sulfate and
concentrated. The coucentrate was punthed by column chromatography over silica gel
{hexane ¢ ethyl acetate =1:1} to afford the title compound as a white solid (320 mg, 68%). "H
NMR (400 MHz, CDCY 4 8.66{d, J= 1.2 He, 1H), 7.73 {dd, =12 and 8.0 He, 1H), 7.25 {d,
F= 8.0 He, TH), 452439 (m, 2H), 405400 (o1, 1H), 3.72 - 362 (m, 1H), 312 - 3.05 (m,
THY, 2.95-2 85 {m, 1H), 262 (5, 3H), 2.04 ~ 1,90 (m, 2HY, 145 {5, 9H), 1 38 - 1 .29 {m, 1H).

Step 4, H-{d4-ammopipendin- 1-y1)»-2,2-difluore-2-(6-methylpyridin-3-vljethanone

NH,
N7 N

‘ o
=
H3C HCI

hydrochloride

[0358] To a solution of tertbutyl 12 2-diftuoro-2-{G-methyvlpyridin-3-yDacetylpiperidin-4-
yvicarbamate (100mg, 0.27 ranol) in DOM (1 ml) was added triftuoroacetic acid (1 mb) and
the resulting solution was stirred at room temperature. After one howr, the reaction mixtuwre
was concentrated, treated with a saturated solution of HCU in ether and concentrated 1o afford
the title compound as a vellow solid {73mg, 88%%) which was used in the next siep without

forther purification.
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Step 8. 12, 2-difhuoro-2-{6-methyipynidm-3-yDethylpiperidin-4-amine

fo359] To a stired solotion of I-{d-amunopipenidin-1-y1}-2 2-difluoro-2-(6-methyipynudm-3-
vhethanone hydrochioride (306 mg, 1.14 mmol) in THF (45 mL) was added M borane in
THE {14 mb, 14 mmeol) ) under nitrogen at room temperature. The reachion mixture was
heated at 70 7C for 2 howrs. The reaction mixture was cooled to rocm temperature, quenched
with 6N HCI (43 ml) and heated to 70 “C. After 1 hour, the reaction mixiute was basified to
pH > 13 with SM NaOH and extracted with ethyl acetate. The ethyl acetate tayer was dried
over sodium sulfite, filtered, and concentrsted to give the title compound as an off-white
powder (100 nig, 39 %) MS (S caled for CpHFaNa 2551 found: 256.3 [M+H] 'H
NMR (400 MHz, CDCl) 6 8.64 (4, J= 1.6 He, 1H), 7.72 (dd, F=2.0 and 8.0 Hz, 1H), 7.20 (4,
J=80Hz, THY, 2.94 {1,/ = 13.6 Hz, 2H), 2.80 - 2.71 {m, ZH}, 2.69 - 2.61 {m, 1H), 2.60 {5,

HY, 236227 (m, 2H), 1.76 — 168 (my, 2H), 136~ 1.29 (m, 2H)

b

Step 6. N-{1-(2 2-difluore-2-{6-methylpyridin-3-vhethylipiperidin-4-y-TH-pyrrolo-

12, 3-djpyrimidin-4-amine

H —
N N-H
F FQ/ O
N N NN

[0360] A mixture of 1-{22-difluoro-2-(6~methylpyridin-3-yhethvhpipendin-4-amine {64 mg,
0.25 mmol), 4-chloro-TH-pyrrolof2, 3-dlpyrimudine (40 mg, 0.25 mmol} and DIPEA (0.09
mL, 0.5 nunol) in butyl alcohol (1.8 mL} was heated to 130 "C with stirring overnight. The
mixtare was allowed to cool to room temperature and the orange solution was concentrated.
The concentrate was purified by column clromatography over silica gel (hexane/ ethyl

geetate =3:1) to afford the sitte compound as a gray powder (20 mg, 28%). MS (ES]) caled
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for CrallaFaNe: 372.2: found:373.3 [MHHL *HONMR (400 MHz, CD:ODY 8 862 (d, 1H),
R.0R (s, 1H), 7.93 (d, J = 8.0 Hz, 1H), 743 {d, J= 8.0 Hz, 1H), 7.05 (d, /= 3.6 Hz, 1H), 6.61
{d..J= 3.6 Hz, 1H), 4.05 - 3.95 {m, 1H), 3.10 {1, /= 14.4 Hz, 2H), 2.94-2 86 (m, 2H), 2.60 (s,

3H), 2.55-2.45 {m, 2H), 1.96 - 1.87 (in, 2H), 1.62-1.55 (m, 2H).

Example L1758, N-(1-(2,2-diflnoro-2-{4-fHuorophenyhethyDpiperidin-4-y1}-TH-pyreolof2,3-d}-

pyrimidin-d-amine (C-173).

Step 1. ethyl 2 2-difluoro-2-(4-flucrophenyllacetate

F_OF
CO,Et

[9361] A mixture of I-fuoro-d-iodobenzene (150 », 67.6 mmol), ethyl Z-bromo-22-
difluoroacetate (14.5 g, 71 mmol) snd copper powder (10.8 g, 35.6 mmol) iy DMSO (50 mL)
was heated to 90 °C. After stirting overnight at 90 “C, the mixture was cooled down to 1t, and
diluted with EtQAc, A solution of KoHPQLIHO (10 ¢) in water (100 mL)Y was added into
the above mentioned mixture. The mixtare was stivved for 30 min and filtered through a pad
of celite. The filter mass was extracted with EtOAc. The combined organic phases were
washed with water and brine, dried over NapSO, and concenirated. The concentrate was
purified by column chromatography over silica gel {eluent 100% hexane) w afford the title
compound as a colorless oil (8.18g, 53%). MS (ESD caled for CwlhF0p 21820, found:
IMAFE] TH ONMR (400 MHz, CDCL) § 7.61 (dd, J = 84, 32 Hz, 2H), 7014 (1, J = 86 Hz
), 4.30 (q, = 7.6 Hz, 2H), 1.31 (. J = 7.6 Hz, 3H),

Step 2. 2 2-difluoro-2-(4-fluorophenyDethanol
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OH

f0362] To a stirred solution of ethyl 2, 2-difluoro-2-(4-fluorophenyliacetate (7.6 g, 35 mmol) in
gthanol (150 mbL) was slowly added NaBH, (198 g, 532.3 mmol) at room temperature. After
stirring for 30 min, the saspension was gradually transformed into the clear solution, and the
ester was consumed. The reaction mixture was quenched with aqueous 1.OM HCT under ice-
water bath cooling. The mixture was concentrated, and the coucentrate was extracted with
EiQAc, The combined organic phases were washed with brine, dried over NaxS{y and
concentrated to afford the title compound as a colorless ol {*‘»‘Rg 90%). MS (ESI) caled for
CeHoFRO: 176.20; found: [M+HL "H NMR (400 MHz, CDCl) 8 7.52 (dd, J = 8.4, 52 Hz,
IHY, 734, = 8.6 Hz, 2HD), 4.00 (1, J= 132 He, 2H).

Step 3, 2, 2-diflooro-2-{$-fluprophenyhethyl triflupromethanesnlfonate

[o363] To a stired solutton of 2 2-diftuoro-2-(4-flucrophenyiiethanel (2.0 g 11 mmol) and
DIPEA (3 mL, 17 mmol} int dry ether {100 mL) was added THO 2.5 mL, 13 mmal) at 0°C
under Ny atmosphere. After stirving for 1 h at 0 °C, the white suspension was stisred for
another th, The sospension was fillered. The filtrate was coucentrated and purified by
colummn chromatography over silica gel {eluent: hexane/EtOAe=100%; to 10%) to afford the
title compound as a colorless oil (1.77g, 77%). MS {ES]) caled for GHF0:S: 307.20;

found; [M+H],

Step 4. teri-botyl 142 2-diffyore-2-(4-fluorophenyijethylipiperidin-4-yicarbamate
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[o36a] A solution of 2 2-difluoro-2-{4-fluorophenyliethy]l trifluoromethanesulfonate (1.77 g,
574 mmol), tert-butyl piperidin-$-yicarbamate (2.3 g, 11 munel) and DIPEA (2.2 mi, 13
amnoed) i DOM (30 mL) was heated to 40 ", After stirring overnight at 40 °C, the reaction
mixture was concentrated, and punfied by column chromatography over silica gel {eluent:
hexane/EtOAC=10/1} to afford the fitle compound as a8 white powder (1.39 ¢, 70%) MS
(ESD) caled for CuaHasFiNaOy 358.20; found: 359.4 [M-+H] 'H NMR (400 Mz, CDCly) &
TAS{dd,.f = 8.6, 5.4 Hz, 2H), 708 {t, J= 8.6 He, 2H), 4.37 {s, 1H}, 3.40 (5, 1H}, 291 (1, ./ =
14.0 Hz, 2H), 2.76-2.72 (m, 2H), 2.37-231 (m, 2H), 182 {d, J=11.6 Hz, JH}, 1 .43 (s, OH;3,
1.38-1.29 {m, 2H).

Step 8. 102, 2-diflnoro-2-{4-fluorophenyDethylipiperidin-d-amine

NH,
s}
MN
,,’/.)"

-~ ‘\\:,J

[0365] To a stired solution of wert-butyl 1-4(2.2-diflucro-2-(4-flucrophenyhiethylipiperidin-4-
ylcarbamate (1.39g, 3.87 mmol} in DCM (20 mL} was added TFA {10 ml) under ice-water
bath cooling, After stirriug for 1h ar room texnperature, the starting material was consumed,
and the reaction mixiure was concentrated. The concentrate was basified with IN agueous
NaOH and mixture was extracted with DUM. The combined organic phases were washed
with bring, dnied over NagSQy and concentrated 1o atford the title compound as an oft~white
powder (1.0 g 100%). MS (ESD caled for CaHpFiNa 258.20; found: 250.3(M+H]. 'H
NMR (400 MHe, CDCI) 8 750 {dd, J= 8.6, 5.4 Hz 2H), 708 (¢, J=8.6 Hz, 2H), 2.91 {1,
= 13,8 Hz, 2H), 2.76-2.73 (o, 2H), 2.65-2 58 {m, 1H), 232-2.26 (m, 2H), L.71-1.68 (m, 2H),
1.35-1.28 {m, 2H).
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Step 6. N-{1-(2 2-difluoro-2-(4-fluorophenyhethyDpmperidin-d-y1}- 7H-pyrrolof 2, 3-d}~

pyrinudin-d-amine

I;I ——e
N N-H
N

N. 2N

fo3ee] A mixtwre of d-chloro-THepyrrolol2 3-djpyrinudine (200 mg, 1.30 mmol}, 1-(2,2-

diflvore-2-{4-flnorophenvhethylpiperidin-4-antine (440 mg, 1.69 mmol) and DIPEA (0.45
ml, 2,60 mmol) in n-BuH (8 mL) was heated to 130 °C In a sealed whe. After stirving
overnight, the brown solution was concemtrated. The concentrate was purified by column

P

chromatography over sihea gel {eluent: DUMMeOH = M¥1} to afford the title compound as
a powder (350 myg, 70%). MS (ES]) caled for CiHaoFsNg: 375.20; found: 376.4 [M+H]. 'H
NMR (400 Mz, CDCL) 6 1043 (o, 1H), 830 (s, 1H), 7.52 (dd, J= 8.6, 5.4 Hz, 2H), 7.10
{t,./ =806 Hz, ZH), 706 (d, /= 3.6 Hz, 1H), 634 (d, /=3 6 Hz, 1H), 498 (s, 1H), 4.15-4.07
{m, 1), 2.97 {1, /= 14.0 Hz, 2H), 2.86-2.3 (m, 2H}), 2.53-2.47 {m, 2H), 2.06-2.03 {m, 2H),

1.50-1.49 {m, 2H)

Example L1752 (HCE salt). N-(1-(2,2-difluoro-2-{$-fluorophenyhethy hpiperidn-4-1)-7H-

pyrrelof 2 3~-d}-pyrimidin-4-amine hydrochloride (C-175-HCH.

HCE

{0367] To a stizved solution of N-{1-{2,2-difluoro-2-{(4-fluorophenyljethyl)piperidin-4-y1}-TH-

pyrrolo-] 2 3-dlpyrimudin-d-amine (350 mg, 0.93 mmol) in MeOH {5 mL) was added 2M HCY
in methano! (047 mb, 0.93 mmol} at room temperature. After stirring for 30min, the clear
solution was concentrated to afford the title compound as an off-white powder (370 mg,

98%).MS (ESI} caled for CHapFaNg 375200 found: 376.4 [M+H] "H NMR (400 MHz,
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CDCH) 8 8.39 (s, TH), 7.52.7.49 {m, 28D, 728 (s, TH), 7.1 (8, J = €.6 Hz, 2H), 6.57 {(d.J =
3.2 Hz, 1H), 4.04 (s, 1H), 3.49 (s, 1H), 3.01 (. J = 13.6 Hz, 2H), 2.94-2.91 (m, 2H), 2.57 (1, J
= 9.6 Hz, 2H), 2.08-2.05 (m, 2H), 1.83-1.76 {m, 2H).

Example 1.176. N-(1-(2-{4-chlorophenyi}-2,2-diftuoroethyDpipenidin-d-y}-7H-pyrrolof2, 3~

dipyrimidin-d-amine {(C-176).

Cl

Cl

[0368] To a stirred solution of -chlore-4-todobenzene (15.0 g, 63 nimol) and ethyl 2-bramoe-
22-dittvoroacetate (12.8 g, 63 mmol) i DMSO (300 ml.) was added Cu powder (8.0 g, 126
mmod). The mixture was heated to 80 "C, and stirred for 20 hrs. The misture was cooled to 11,
and poured 1uto an aqueous solation of KoHPOL3HL0 (110 ) i water (1.5 L) under stiming.

After storing for 30 nuin at rt, the nuxture was filtered througl a pad of celite. The filter cake
was extracted with ether The combined organic phases were washed with water and brine,
dried over Na;S0y and concentrated. The concentrate was purified column chromatography
over silica gel (eluent: hexane) to afford the sitle compound as a colorless ol (6.8 g, 46%). 'H
NMR (400 MH», CDCIIS TS5 (d, /=84 Hz, 2H), 744 {d, /= 84 Hz, 2H), 430 (g, /= 7.1
Hz, 2H), 1.31 (¢, F= 7.1 Hz. 3H).

Step 2. I-{4-chlorophenyl)-2, 2-diflucrpethanol
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OH
Cl

[0368] To a sttrred solutivn of ethyvl 2-(4-chlorophenyi)-2. 2-difluoroacetaie (6.7 g, 29 mmol} in
E1OH (130 mb) was added NaBHg (1.56 g, 41 mmol) at room temperature. The suspension
was stowly transformed fo a clear solution. After stirring for 30min at rt, the ester was
consumed. The reaction mixtare was quenched with aquecus IN HCL under e-water bath
cooling, The muxtore was extracted with EtQAc. The organic phases were washed with brine,
dried over NaxSQy and concentrated to afford the title compownd as a colorless hiquid (5.39 g,
95%). 'H NMR {400 MHz, CDCL) & 746 (d,J = 8.8 Hz, 2H), 7.42 (d, /= 8.8 Hz, 2H), 3.95
{t,J = 13.1 Hz, 2H).

Step 3. 2-{4-chlorophenyl)-2, 2-diftuorpethyv triflucromethanesulfonate

OSO,CF;
cl

[0370] To a stirved solution of 2-{4-chlorophenyl)-2 2-difluoroethanol (1.3 g 7.8 muuol) and
DIFEA (4.2 mb, 23 mosol) m dry ether (78 mb} was added the THO (2.7 mb, 16 mumol) at O
°C. After stirring for 2 hrs at rt, the white suspension was filtered through celite, and the filter
nass was washed with ether. The filirate was concentrated and purified by column
chromatography over silica gel to afford the title compound as 4 colorless oif (1.28 g, 519%)

which was used in the next step without further purtfication,
Step 4. tert-buty - 1-(2-{d-chlorophenyl)-2 2-diffaoroethyDpipenidns-4-vl-carbamate

H
|

N
EF “Boc
N

Cl
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f9371] The nuxture of 2 2-difluore-Z-p-tolylethyl trifluoromethanesulfonate (1.28 g, 3.9 mmol),
tert-butyl piperidined-vicarbamate {1.20 g, 5.9 mmol) and DIPEA (2.1 mL, 12 mmel)
DCM {20 mL) was heated 10 40 °C. After stirting overnight at 40 “C, the mixture was
concentrated 1o dryness. The concentrate was purified by columm chromatography over sthica
gel (hexane/EtOAe=50/1) to afford the tile compound as a white solid (830 mg, 65%). MS
{ESI) caled for C1sHasFaNaQs: 374.1; found: 375.4 [M+H] 'H NMR (400 MHz, CDCL)
743 (d, J=8.6 He, 2H), 738 (d, /= 8.6 Hz, 2H), 4.40 (s, 1H), 340 (3, 1H}, 291 {1, /= 139
Hz, 2H}, 2.74 {m, 2H), 2.33 (m, 2H), 182 (m, 2H), 143 {5, 9H), 1.33 {m, 2H).

Step 3, 1-(2-{4-chlorophenyl}-2 2-diffuoroethylipiperidin-4-amine
NH,
F_ F
N

[9372) To a stirred solutton of tert-buty! 1-{2, 2-diflnore-2-p-tolylethyvly piperidin-4-vicarbamate

Cl

{830 mg, 2.27 moly in DOM (12 ml) was added TFA {11 mb) wnder we-waier bath
cooling. After stirring for 30min at rt, the stanting material was consumed, and the mixture
was concentrated. The concentrate was basified with aqueous 1M NaQOH, and extracted with
EtdAc. The organie phase was washed with brine, dived over Na:SO,, and concentrated 1o
afford the wtle compound as an off-white powder {620 my, 100%). MS (ESI) caled for
CraHCENG: 274.0; found: 275.40M+H] 'H NMR (400 MHz, CD:0OD) § 7.54 (4, J = 8.6
Hz, 3H), 748 {d, F= 8.6 Hz, 2H), 3.10 ~ 3.01 (m, 3H), 2.88-2.85 (M, ZH), 2.41-2.35 {m
2H), LE&-1.85 {m, 2H), 1L.58-1.48 (m, 2H),

Step 6, N-(1-(2-{4-chlorophenyD)-2 2-difluoroethylipipendin-d-yD)-7H-pyrrolof 2 3-d}-

R

pyrimidin-d-aming

Cl
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f0373] The nuxture of 1-(2-(4-chloropheny)-2. 2-difluoroethylipiperidin-d-amine (322 mg. 117

mmol}, 4-chloro-TH-pyrrolo {2, 3-d]pyrinundine (150 mg, 0.98 mmol) and DIPEA (0.4 mL,
1.95 mmol) in isopropanol (6 mil.) was heated to 85 °C. After stirring overnight at 857C, the
resulting orange solution was concentrated. The concentrate was purnified by colunm
chromatography over silica gel (DOMMeOH=50/1~30/1) to afford the tile compownd as a
pray powder (240 mg, 56%). MS (EST) caled for CroHaeFaNs: 3911 found: 392 4[M+HL 'H
NMR {400 MHz, CDCL) 8 1044 (3, 1H), 832 (s, 1H), 747 (4, /= 8.3 Hz, 2H), 740 (d, J =
8.5 Hz, 2H), 708 (d, /= 3.4 Hz, 1H}, 636 (d, ./ = 3.4 Hz, 1H), 4.11 (s, 1H}, 3.00-2.94 (m,
2H), 2.85-2.82 (m, 2H), 2.53-2.48 (m, 2H), 2.06-2.03 {dm, 3H), 1.61 — 1.48 (m, ZH).

Example 1.176x {HCH salt). N{1-(2-(d-chioropheny]}-2 2-difluoroethylpiperidin-d-y - 7TH-

pyrrolof2, 3-dipyrimidin-d-anune hvdrochloride (C-176-HCH.

I-I{ -
N N-H
E F w’/g\
N

\&N
Cl HCI

[0374] To a stirted solution of N-{1-(2,2-difluoro-2-p-tolviethylipipenidm~4-v3-TH-pyrrole[2 3~
d}-pyrinidin-d-amine (210 mg, 0.54 mmol) in MeOH (3.0 mbL) wag added HOVERO (2M,
0.30 mb, 0.60 nunol) at rt. After stivring for 13min, the mixture was concentrated to afford
the title compound as an offiwhite powder (210 mg. 92%). MS (ESI} caled for
CroHzCFNe 3911 found: 392 4[M+HL HONMBR (400 MHz CD:0ODY & 8.27 {s, 1H},
7.62-7.54 {m, 7.9 Bz, 4H)}, 735 (s, TH), 693 (s, 1H}, 4.08 {5, 1H), 3.50 {s, 2H}, 2.92 (5, IH},
204 (s, 2HDY, 193 {5, 2HD, 131 (s, THD).

Example 1377, N-{1-{2 2-difluoro-2-p-tolviethyDpiperidin-d-y1}-7H-pyrrolo] 2 3-d}-pyrimidin-

d-gimine {C-177).
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III =
N N-H
FF O/ F
l X N N\¢N
Step 1. ethyl 2 2-difluoro-2-(p-tolylacetate
F.F
CO,Et

HsC

03751 To a stirred solutinn of -indo-4-methylbenzens (20.0 g, 91.7 mmol} and ethyl 2-bromo-
2 2-difluoroacetate (197 g, 97.2 mmol) in DMSO (125 mby was added Co powder (134 g,

Om

211 mmol). The mixture was heated to 50 °C for 14 hours. Isopropyl acetate (100 md.) was
added 1o the mixture, and the reaction was guenched with an aqueous solutton of
KoHPOLAHO (23 ¢y o water {250 mbl). The mixiture was stirred for 30 min at 1t and
filtered. The filter cake was washed with tsopropyl acetate. The combined organic phases
were washed with water and brine, dried over NazS0; and concentrated. The concentrate was
purified by column chromatography over sthica gel (100% hexane) w0 afford the title
compeund as colorless oil (14.7 g, 77%). 'H NMR (400 MHz, CDCI3)S 749 (d, 1 = 8.0 He,
FH), 725{d, 1= 74 Hz, 2H), 429 (g, T== 7.1 Hx, 2H), 239 {5, 3H), 1301, 1= 7.1 Hz, 3H)

Step 2, 2,2-diffooro-2-{p-toleljethanol

{0376] To a stirred sclution of ethyl 2,2-diffupro-2-(pclyDacetate {14.5 g, 68 mmeol} in the
ethanol (120 mbL} was added NaBH; (3.7 g 98 nunol} at ambient temperatwe. The
suspension was stowly transformed mto ¢lear solution, and the reaction was exothermic,
After stirnng for 153min at room jemperature, the ester was consumed. The reaction was

carefully quenched with IN HCI under ice-water bath. The muixture was extracted with
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Et(3Ae. The combined organic phases were washed wiath sat. NaHCOy and brine, dned over
Na; 804 and concentrated to afford the title compound as a white solid (11.5 g, 99%). 'H
NMR {400 MHz, CDCl) § 7.40 (4, J = 8.0 Hz, 2H), 724 (d, J = 7.8 Hz, 2H), 3.97-3.89 (m,
IH). 238 (s, 3HL 2,13 (4L /= 6.1 Hz, 1H),

Step 3, 2,2-ditlporo-2-{p-tolviethyliriflucromethanesulfonate

OSO,CF;

[0377] To a strred solution of 2, 2-diflucro-2-{p-tolyllethano! {600 mg, 3.5 mmol) and DIPEA
(1.9 mL, 111 mmol) in dried ether (35 ml) was added the THO (1.2 mi, 7.0 mmol} at ¢ °C.
After stiring for 2 hus at rt, the white suspension was filtered through velite, and the filter
mass was washed with ether, The Hltrate was concendrated and purified by columa
chromatography over silica gel 1o afford the title compound as a colorless off (860 mg, 86%;}.
'H NMR (400 MHz, CDChL) & 740 (4. J = 7.8 Hz, 2H), 7.24 (d, J = 7.7 Hz, 2H), 4.67 {1,
F=12.0 He, 2H), 2.41 (3, 3H).

Step 4. tert-botyl 1402 2-difluoro-2-{p-tolyliethy)piperidin-d-ylcarbamate

N
FEF “Boc
N

[0378] A mixtare of 2 2-difluoro-2-p-tolylethyl wifluoromethanesulfonate (860 mg, 2.8 mmol),

.

HeG™

tert-butyl piperidin-4-vicarbamate (1. 12, 5.6 mumol) and DIPEA (1.5 mL, 8.4 mmal) m DCM
{14 mL} was heated to 40 °C. Affer stirring overnight at 40 °C, the mixture was concentrated
to dryness. The concentrate was purified by column chromatography over silica gel
{hexane/F1OAC=50/1) to afford the title compound as a white sohd (630 mg, 70%). MS (ESI)
caled for CigHzaFaN2O 354,21 found: 355.5]M+HL 'H NMR (400 MHz, CDCl) 8 7.37 (d,

Je 8.0 Ha, 2H), 7.20 (8, J = 8.0 Hz, 2H), 4.40 (brs, 1H), 3.40 {brs, 1H), 2.92 {t. J=14.4Hz,

149



WO 2016/044323 PCT/US2015/050267

28D, 2.80-2.77 (my, ZH), 2.38 {s, 3H), 2.34-2.31 (m, 2H), 1.84-1.81 (m, 2H), 1.58 (s, 2H),
1.43 {5, OH}, 141~ 1.34 (m, 2H).

Step 5. 1-(2.2-difluoro-2-p-tolylethvlipiperidin-4-awine

o ANH

Ll

fo378] To a stired solution of tert-butyl 1-(2 2-diflumo-2-p-tolylethyDpiperwdin-d-vicarbamate

{650 mg, 1.83 nmumol) wn DOM (9 ml) was added TFA (9 mL) under ice-water bath cooling.
After stivring for 30 min at rf, the starting matenial was consumed, and the mixture was
concentrated. The concentrate was basified wath ag. NaC(, and extracted with EtOAc. The
organic phase was washed with brine, dried over NaxS0s, and concentrated to afford the title
compound as an offewhite powder (460 mg, 100%). MS {ESI) caled for CiaHaFaNy 254,16,
found: 255.4{M+H]. 'H NMR (400 MHz, CDCL) 8 7.35(d, J= 8.0 Hz, 2H), 7.20 (d, J = 8.0
Hz, IH), 3.05-2.95 (m, 1H), 2.93 (1, I=14.0 Hz, 2H), 2.88-2.84 (m, 2H), 2.37 (5, 3H), 2.33 (s,
2H}, 1.89-1.86 (my, 2H), 1.66~1 56(m, ZH).

Step 6. N-(1-(2,2-difluoro-2-{p-tolylethylipiperidin-d-vi - TH-pyrrolo] 2, 3-d-pyrimidin-

deamine

III —
N N-H
FCF O/ ;S
I N N N\7N
HAC =
[0380] A mixtore of 1-{2, 2-diftuoro-2-p-tolylethyl) piperidin-d-amine {397 mg, 1.56 numol), 4-
chloro-TH-pyrrolo [2, 3-dlpyrimidine (200 mg, 1.30 numol) and DIPEA (045 mb, 2.60

mmol} in isopropanol (6 mL) was heated to 85 °C. After stirving overnight at &5°C, the
orange solution was concentrated. The concentrate was purified by colunn chromatography

over silica gel (DOMMeOH=50/1--30/1) 10 afford the title compound as a gray powder (270
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g, S6%). MS (ESD) caled for CopHlaaFaNg 371.19: found: 372.40M+H]. 'H NMR (400 MHz,
CDCH) 6 1038 (s, 1H), 832 (s, 1H), 7.40 (&, J = 8.0 Hz, 2H), 7.22 (d, J = §.0 Hz, 2H), 7.08
(d.F =33 Hz, 1H), 635 (d, J= 3.3 Hz, 1H), 4.11 (s, 1H), 2.97 (¢, I=14.4Hz, 2H), 2.92-2.85

{ry, TH), 2.53-2.48 {m, 2H), 239 (5, 3H), 2.06-2.04 (m, IH), 1.a2-1.53 {m, 2H).

Example 11772 (HCOY salt), N-(1-2,2-difluoro-2-{p-tolyDethyDpiperidin-4-vi}-TH-pvrrolof2,3-

dipyrimidin-4-amine hydrochlonde (C-177-HCH.

HaC HCI
f0381] To a stered  solupion  of  N-{1422-diftvore-2-{p-tolyllethyDpiperidin-d-y1}-7H-
pyrrolo] 2 3-djpvrimudin-d-amine (240 myp, 0.64 mmoel) in MeQH {35 mb) was added
HOVERO (IM, 033 ml, 0.70 mmeol) at st After stirring for 13mun, the mixtwe was
concentrated to afford the utle compound as an off-white powder {235 myg, 96%). MS (ESI
caled for O CIE NS 40717, found: 372 3[MHHT TH NMR (400 MHz, CD305) 6 819
{s, IH), 745(d, /=80 Hz, 2H), 730 (d, J=80Hz 2H}, 7.25{d, /=35 Hz, 1H), 6824, J
=35 He, TH), 4.0 (brs, 1H), 345335 {m, 1H), 325315 (m, 2H), 2.85.2.70 {(m, 2H}, 2.40

{s, 3H3, 2.09-2.06 (m, 2H), 1.88-1.79 {ny, 2H).

Example LI178, N-(1-(2 2-difluoro-2-(4-(riflucromethyhphenylethyvlpiperidin-4-yi3-7TH-

pyrrolo-{ 2,3 -dipyrimidin-d-amine (C-178).

o
w2
FaC

Step 1. ethyl 2. 2-difluore-2-($-(triflucromethylphenyacetate
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CO,Et

FsC

[0382] A mixtwre of 1-todo-d-{irifluoromethylbenzene {10g, 36 mmol), ethyl 2-lwome-2,2-
diftuorcacetate {7.5 g, 36 mmol) and copper powder {4.60 g, 72 mmel} m DMSO (120 mL)

was heated to 80°C. After stivring for 20hes at 0C, the mixture was cooled down to i and
diluted with EtOAc., The mixture thus obtained was poured into the water and stirred for
0.5h. The suspension was filtered through a pad of celite, and the filter mass was extracted
with EtQAc¢, The combined organic phases were washed with water and brine, dried over
NaxSOy mnd concentrated. The concentrate was pwified by colummn chromatography over
silica gel {100% hexane) to afford the title compound as a pale brown oil (6.35 g, 649%). 'H

NMR (400 MHz, CDCl;) § 7,78 ~ 7.70 {m, 4H), 4.31 (q. J= 7.1 Hz, 2H), 131 {4, J= 7.1 Hz,
3H).

Step 2. 2,2-ditluoro-2-(4-{uiflucromethyiiphenyllethano!

OH
FsC

[0383] To a suspension of LifH, {3253 g, 15 mmel) tn dry THF {35 mel.) was added a solution of
ethyl 2,2-difluoro-2-(3-(triflucromethyphenytacetate (2.0 g, 7.5 mmol} in THF, dropwise
at 0 °C_ The mixture thus obizined was stirred for 30 min at room temperaiure. After the ester
was consamed, the reaction was guenched with 1M agueous HCI at 0 °C, and the mixture
was extracted with E1OAc. The combined organic phases were washed with brine, dried over
Na:5Q; and concentrated to afford the title compound as s trown ligoud (1.68 g, 1009}, 'H
NMR (400 MHz, CDUIN 8 7.75 ~ 7.64 (m, 4H), 4.00 (1, /= 13.0 Hz, 2H)

Step 3. 2. 2-difluoro-2-(4-{tnflvoromethylphenyhethylriluoromethanesalfonate

152



WO 2016/044323 PCT/US2015/050267

OSO,CF;
FaC

[o384] To a stirred selation of 2,2-diflucre-2-(4-(trifluoromethyliphenyhethanol (140 myg, 0.67
mmol) and DIPEA (0.3 mL, 1.7 mmol} in drv ether (5 mL) was added THQ (03 mlb, 1.5
mmol) dropwise at 0°C under N atmosphere. After stivring for 30min at 0°C, the suspension
was stirred an additional 1 b at ambient temperature. Afier the alcobol was consumaed, the
suspension was filtered throongh a pad ofCcelite. The filtrate was concentrated and purified by
column chromatography over silica gel (100% hexane) to afford the title compound as a
colorless oif (220 my, 5296). "H NMR (400 MHz, CDCL) 8 778 (d, /= 8.2 Hz, 2H), 7.67 {d,
J=82Hz 2H), 4.72 {1, /= 11.6 Hz, 2H).

Step 4. tert-butyl 102, 2-diftuoro-2-{4-(triflnoromethyvliphenvliethylipipendin-4-

vicarbamate

H
t

N
E F O/ “Boc
X N

FiG |

[0385] A solution of 2.2-dufluore-2-{(4-{rrifluoromethyliphenyllethyl wifluoromethanesulfonate
{220 mg, 051 mmol), ter-butyl piperidin-d-ylcarbamate (360 myg, 1.82 mmol} and DIPEA
{0,153 ml, 0.91 momo!) i DCM (5 ml) was heated to 40 °C. After stving overnight at 40 °C,
the solution was concentrated and purified by column chromatography over sitica gel {eluent:
1% of EtQOAc in hexane} to afford the title compound as an off-white powder (200 my,
80°%). '"H NMR (400 MMz, CDCL) 8 7.67 (d. J = 84 Hz, 2H), 7.62 (4, J= 84 Hz, 2H), 4.43
~ 433 (m, TH), 347 - 331 (m, 1H), 294 (1, J= 13.8 He, 2H), 277 — 2.69 {m, 2H), 240 ~
231 (m, 2H), 1.87 - 178 {m, 2H), 1.59 (s, 1H), 1.43 (5, OH), 138~ 1.26 {m, ZH}.

Step 5. 1-(2.2-difluoro-2-{4-{trifluoromethylphenyhethyl)piperidin-4-amine
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NH,
F. F
N

[o3ae] To a stured solution of tert-butyl 1-(2,2-difluoro-2-{4-(irifluoromethyl jphenyliethyl)-

FiC

pipetidin-d-vicarbamate (200 mg, 0.49 mmol} in DOM (5 mL) was added TFA {5 mbL). After
stivring for 30min, the mixivre was concentrated, and the residue was dissolved in lce-water.
The agquenus sclution was basified with 1M agueons NaOH. The aguecus phase was
extracted with FiOAc. The combined organic phases were washed with brine, dried over
Na2SO; and concentrated 1o afford the title compound as an off-white powder {140 mg,
939%). MS (ESD caled for Ry 308.2; found: 3092 [M+H] TH NMR (400 MHz,
CDCH) 8 7.70 ~ 7.60 (m, 4H), 2.94 (¢, /= 13.8 Hz, 2H), 2.79 ~ 2.70 {m. 2H}, 2.66 ~ 2.57 {m,
THY, 235 224 (wm, 2H), 173~ 166 {m 2H), 162 (5, 2H), 135123 {m, 2H).

Step 6. N-(1-(2 2-difluoro-2-(4-(triflnoromethyliphenyetheDpipendin-d-yl)-TH-

pyrrolo-{23-d]pyrimidin-4-amine

F4C

[0387] A mixture of 142, 2-difluoro-2-{4-(triflucromethyliphenyDethyDpiperidin-d-amine (1.0 g,
6.5 mmol) and 4-chloro-7H-pyrrele{2 3-d]pvrnndine (6.0 g, 19.5 mumol) 1n n-BuOH {32 ml.}
was heated 1o 130 °C. After stirring overnight at 130°C, the reaction solution was
concentrated and extracted with EtDAc, The organic lavers were washed with waler and
brine, dried and concentrated. The concentrate was purified by column chromatography over
silica gel (hexane/EiOAc=1/3) to afford the title compound asy a white solid (1.62 g, S8%).
MS (ESH caled for CopHuFsNe 42527 found: 4264 [M+H] ‘H NMR {}%{)0‘ MHz, DMSO-
d6Y & TEAS (5, TH), Q.06 (3, TH), 7.88¢d, /=83 Hz, 2H), 780 {d, J=R.2 He, IH), 7.09 {d, .
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=78 Ha, TH), 7.06 - 7.00 {m, TH), 6.54 (m, TH}, 4.06 - 3.93 (m, TH), 3.14 (1, I=14Hz, 2H),
2.82-2.76 {m, 2H), 2.36 {1, J=11.6Hz, 2H), 1.82-1.76 {m, 2H), 1.48-1 38 {m, 2H).

Example 1.178a {mesylate salty, N-(1-(2 2-difluoro-2-(4-(tnfloorcmethyliphenyhethyi)-

piperidin-d-y1)-7TH-pyrrolo-[ 2,3 -d{pyrimidin-4-amine methanesulfonate {(C-178-CH, SO H)

ﬂ
.
Q
Z-~-X
é\r
§
Zi’
T

FaC CH3SO:H

[o3a8] To a solution of N-{1-(2,2-diffuoro-2-{4-(rriflucromethyDphenyDethylipiperidin-4-vl}-
TH-pyrrolol2 3-djpyrimidin-d-amine {800 myg, 1.8% mmol} in Me(H (9 mL) was added
methanesulfonic acid (0.18 g, 1.88 mmaol) at rt. Adter stirring for 10 min, the mixture was
concentrated to afford the tide compound as a white solid (843 mg, 96%). MS (ST caled for
ConHzoFsNsr 425.16; found: 426.4 [M+H] 'H NMR (400 MHz, CD:0D)} & 826 {5, 1H), 7.87
~F 79 (m, 4H), 735 (d, F= 3.3 He, TH), 691 (d, J= 3.5 He, TH), 4.02 (brs, 1H), 3.32-342
(o, 2H), 3.28-3.21 (m, 2H), 2.90-2.80 (m, 2H), 2.74 (s, 3H), 2.16-2.08 (m, 2H), 1.91-1.82
{m, 2H}

Example 1,179 N 1 -(2-{4-(difluoromethyDpheny}-2 2-diflnoroethylpiperidined-y-TH-

Sonst

pyrrolof2 3-djpyrinudin-4-aming {C-179).

HF,C

Step 1. I-(difluoromethyl}-4-iodobenzene

oy
HE,C™
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[0389] Diethylamine sulfur trifluoride (158 mil, 129 minel) was added slowly 10 a solution of 4-
indobenzaldehyde (10 g, 43 mmol) m DOM (215 mbl) a1 0 °C. The mixtore was stirred for 1
hour before allowing to warm to 1. The reaction mixture was carefully quenched with sat
NaHCO; (50 mby and extacted with DOM, The combined organic phases were dried and
concentrated. The concentrate was purified by column chromatography over silica gel
{hexane/FIOAC=100:1) to afford the title compound 3s a white solid (8.52 g, 78%)..'H NMR

{400 MHz, UDCl) § 7B {d, /= &2 Hz, 2H}, 7.23 (d, =82 Hz, 2H), 6.60 (1, J=36 He, 1H).

Step 2. ethyi 2-(3-{difluoromethyDphenyl)-2 2-difluoroacetate
F.F
CO,Et
HF,C

fe3s0] To a stored solubon of -{difluoromethviy-d-1odobenzene (8.52 g, 33 6 mmol) and ethyd
2-bromo-2 2-diffuoroacetate (6.8 g, 33,6 mmol) m DMSO (168 mL} was added Cu powder
{(£.27 ¢, 67.2 mmol). The mixtere was heated at 80 °C for 20 hours, After 20 hours, the
reaction mixture was poured inio a solution of dibasic potassium hvdrogen phosphate,
trihydrate {76.7 ¢, 336 mmol} in water (930 mL) with vigorous stirring. The suspension was
filtered and the sohd was rinsed with ether. The Sltrate wag added to brine and extracted with
gther (2x). The combined organic phases were washed with brine, dried over sodium sulfate,
filtered, and concentrated. The concentrate was purified by column chromatography over

silica gel {(hexane/EtOAe=70:1} to afford the title compound as a eolorless oif (6.78 g, 81%).

Step 3, 2-(4-{difluoromethvhphenyly-2 2-diftucroethanol

OH
HF,C

[0391] To a stured solution of ethyl 2Z-(4-(diftvoromethyliphenyiy-2 2-difluorvacetate {(6.78 ¢,
27.1 mmol} in cthanel (140 mL) was added NaBHy (148 g, 39,1 mmol) slowly at i1, The

mixture was stirred for 30 min at r1. After 30 min, the reaction mixture was quenched with

156



WO 2016/044323 PCT/US2015/050267

IN HCU under ice-water bath cooling.. The muxture was concentrated and extracted with
E1OAc. The EtOAc layer was washed with water and brine, then dried and concentrated fo
afford the title compound as a white solid {5.29 g, 94%). "H NMR (400 MHz, CDCL) § 7.58-
7.65 (m, 4H), 6.68 (t. F=56 Hz, 1H), 3.98 (1, 1=13.2 Hz, 2H), 2.06 (brs, 1H),

Step 4. 2-(4-{diftuoromethyliphenyl}-2 2-diftucroethyl trifluorcmethanesulionate

OSO,CF;
HF,C

[0392] To a stirred solution of 2-{4-(diffuoromethyhiphenyl)-2 2-difluoroethanel (2.0 g 9.6
mmol) and DIPEA (527 ml, 288 mmol} n dryether (96 ml) was added THD (3,23 ml,
19.2 mmol} at 0°C. After stirring for 1 by at 1, the orange suspension was filtered through
celte and the filer mass was extracted with ether. The combined organic phases
wereconcentiated,  and  purified by column  chromatography  over  silica gel
{herane/EtOAC=30:1) to afford the title compound as a pale yellow solid {2.86 g 88%). 'H
NMR (400 MHz, CDCl) 6 7.66 {d, J = 8.7 Hz, 2H), 7.63 (4, J= 8.7 He, 2H}, .70 (1, J=56
Hz, 1H), 4.71 (¢, J=14 Hz, 2H).

Step 3. tert-botyl 1-{2-{4-(diflnoromethyviiphenyli-2 2-difluoroethvlipipendin-i-

yicarbamate

Boc

HE,C

fo3es] A mixture of 2-{4-«(diflunoromethvhphenyi}-2,2-difluorvethyl triflucromethanesulfonate
(2.86 g, 841 nuwol), tert-butyl piperidin-d-vlearbamate {3.37 g, 168 mmol} and DIPEA
{441 mL, 25.2 mmol) i DOM {40 mL) was heated to 40 °C. After stirmg overnight at 40
°C, the mixture was concentrated 1o dryness. The concentrate was purified by column

chromatography over silica gel (hexang/EtOAc=8/1) to afford the title compound as a winte
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solid (2.67 g, B2%:). MS (E51) caled for CipnHaF N0 390.2; found: 391 2{M+HL HONMR
(400 MHz, CDCL) § 7.60 (d, J = 8.3 Hz, 2H), 7.55 (d, J = 8.3 Hz, 2H), 6.68 (1. J=56 Hz,
1H), 438 {brs, 1H), 3.39 ¢hrs, 1H), 2.94 (1, J=14 Hz, 2H), 2.72-2.76 {nv. 2H), 2.34-2.38 (m,
THY, L80-1.85 {my, 2H), 1.43 {5, OH), 1.30-1.40 (m, IH).

Step 6. 1-(2-{4-(difluoromethyvliphenyl)-2 2-diflucroethvlipiperidin-4-amine
NH,
F.F
N

f0334] To a stured solution of tert-butyl 1-(2-(4-{diflucromethyDphenvh)-2 2-difluorcethyl)-

HF,C

piperidin-d-vicarbamate {2,67 g, 6,84 munohy m DOM (25 ml) was added TFA {13 ml)
under dce-water bath cooling. After stiming for 30mun &t 1, the starting material was
cousumed, and the muxtore was concentraied. The concentrate was bastfied with 1M NaOH,
and extracted with EtOAc. The organic phase was washed with trine, dried NaxSOy, and
concentrated to afford the title compound as a white solid {1.79 g, 50%. MS {ESI) caied for
CrabegFaNa 2001, found: 291 4]MH]. 'H NMR (400 MHz, CDOL) & 7.61 (d, /= 8.2 Ha,
JHY, 785 (d, J= 8.2 He, 2H), 6.68 {1, J=56 Hz, 1H), 2.94 (¢, J=13.6 Hz, 2H}, 2.75 {m, IH),

268256 (m, 1H), 2.30 (m, 2H), 1.69 (m, 2H), 1.29 (m, 2H).

Step 7. N-{1-(2-(4-(difluoromethviphenyl}-2 2-difluoroethy hpipendin-4-yH)-TH-

pyrrolof2 3-dipyrimidin-4-anine

HF,C

[0395] A mixtwe of IS(2-{4-(difluoromethylphenyt)-2 2-difluoroethylipipenidin-d-amine {218
mg, 075 mmeol), 4-chioro-TH-pyrrolof2 3-dlpyrimudine (96 mg, .63 mmol) and DIFEA

(022 mi, 1.26 mmol} v o-butyl alcohol (3.5 mL) was heated o 130 °C. After stirring
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overnight at 130 °C, the reaction solution was coneentrated. The concentrate was purified by
colunmn chromatography over silica gel (100% ErQAc) to afford the title compound as a
white sodid (201 mg, 79%). MS (ESI) caled for CapHy FiNs: 407 .2; found: 408.5 [M+H]. "H
NMR (400 MHz, CDCl) § 10.42 (brs, 1H), 834 (s, 1H), 7.65 (d,./ = 8.2 Hz. 2H), 7.60 (d, J
= Q2 He, 2H), 710 (d, J = 3.4 Ha, THY, 6,71 {, J=536 e, 14}, 638 (d, J = 3.3 My, 1H), 5.08
{brs, 1Hj}, 4.13 {brs, 1H3, 3.03 (1, I=14 Hz, 2H), 2.80-2 90 {py, 2H), 2.46-2.533 {m, 2H}, 2.01-
2.10 (v, 2H), 130 160 {m, 2H)

Example 1179 (HCY salt). N-(1-(2-{4-(difluoromethylpbeny}-2 2-difluoroethvlipiperiding-

yirTH-pyrrolof2, 3-dipyrnimidin-d-amine hydrochloride (C-179-HCH,

R HOH

fo396] To the solution of N-(1-{Z-{4-{difluoromethyliphenyl)-2 2-diftuoroethypperidin-d-yi}-
TH-pyrrolo]2,3-djpyrimidin-4-amine {198 mg, 0.486 mmol} in MeOH (2.5 mL) was added
HCOKERO (2 M, (.24 ml, (049 mmol} at vt After stirring for 1§ min, the nuxture was
concentrated to afford the title compound as a pale yellow solid {214 myg, 99%). MS (EST)
caled for CoslaiFiNs: 407.2; found: 408,53 [MH] HONMR {400 Mz, CDCI) S 842 (5,
1H), 7.64 {d, J = 84 Hz, 2H), 7.60 (d, J = 8.4 Hz, 2H), 7.29 {brs, 1H}, 6.70 (¢, J=54 Hz, 1H),
6.55 (brs, 1H), 4.05 (brs, 1H). 3.05 (t, I=14 Hz, 2H), 2.85-2.93 (m, 2H), 2.50-2.60 (m, 2H),
202210 {m, 2H)y, 1.70-1.80 {mm, 2H).

Example 1,230, N-(1-(2 2-difluoro-2-(S-methylpyrazin-2-yDethyDpiperidin-4-y1)-TH-

pyrrolo] 2, 3-dlpyrimudin-4-amine (C-230),
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Step 1. ethyl 2, 2-diflaoro-2-{S-methvipyrazin-2-yijacetate

F. F
N
E X CO,Et
- “n ‘/
C7 N

[0397] To a stimed solution of ethyl 2-ndo-S-methylpyrazine (2.3 g 10 mmol) and 2-bromo-5-

{trifluoromethyhpyridine (2.1 g, 10 mmol} in DMSO (235 mL) was added Cu powder (1.3 g,
21 mmol). The mixture was heated at 80 °C for 20 hours. The reaction mixiure was allowed
te cool te room texnperature, filtered through celite and the filter pad was extracted with ethyl
acetaie. The combined ajz*ganic phases were washed with brine, dried over sodium sulfate,
filtered, and concentrated. The concentrate was punified by colummn chromatographyv over
sitica gel (hexane 7 ethyl acerate =10:1} 1o afford the title compound as a colorless oil (300

a1, 40%) which was used directly in the next step.

Step 2.2 2-diflucro-2-(S-methylpyrazin-2-yijsthanal

:
N
ﬂJ

[0398] To a stirred solution of ethyl 2, 2-difluero-2-(5-methyipyrazin-2-vl} acetate (600 mg, 2.78
munely in ethanol (14 wl) was added NaBHy (150 mg, 4.0 mmol) slowly under ice-water
bath cooling. The mixture was allowed 10 warm 10 room temperature and stirred for 30min.
The reaction mixture was then guenched with 1N HCY under ice-water bath cooling. The
nixtare was concentrated and extracted with ethyl acetate. The ethyl acetate layer was
washed with water and brine, then doed and concentrated to afford the ntle compound as a

white solid (480 mg, 1009} which was used in the next step without further purification,

Step 3. 2, 2-difluoro-2-{S-methylpyrazin-2-ylethvitrifluoromethanesulfonate
F. F
o o
N > _O80,CFs
2
N
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f0399] To a stred solution of 2 2-diftaoro-2-(S-methyipyrazimn-Z-vhethanol (480 myg, 2.7 nunol}
and DIPEA (1.8 mL, &1 mumol} in dry ether (30mL} was added the THO (0.9 mL, 2.7 mumol)
at O °C. After stirring for 1 b at rt, the white suspension was filtered through celite, and the
filter mass was washed with ether. The filtrate was concentrated o afford the title compound
as a colorless oil (8300 myg, 100%) which was wsed in the next siep without farther

purification.

Step 4. tert-butyl-1-(2 2-diftuore-2-{ Samethvipyrazin-2-yhHethyDpiperidin-4-yicarbamate

T
N
E FO/ Boc
N N
F\

HC™ N

f0a00] A mixtare of 2 2-diffuoro-2-(S-methylpyrazin-2-yHethvitiflooromethanesalfonate (800
mg, 1.6 mmal), tert-busyl prpenidin-d-yimethyvicarbamate (1.0 g, 5.2 mmol) and DIPEA (3.3
ml, 7.8 mmol} in DOM (13 mi) was heated to 40 °C. After stirring overnight at 40 °C, the
mixture was concentrmfed to  dryness. The concentrate was purified by columm
chromatography over silica gel thexane/ ethy! acetate =4/1} to afford the ntle compound as a

white solid {125 myg, 14 %) MS (EST) caled for CrHagFaNyOr 35620 found 357 3[MH].

HONMR (400 MEz, CDc:sg} 5 8.77 {5, 1H), 8.48 (s, TH), 4.30 (brs, 1H), 3.40 (brs, 1H), 3.16
(t,J = 14.1 Hz, 2H), 2.72-2.82 (m, ZH), 2.63 (s, 3H), 2.35-2.42 (m, 2H), 1.75-1.82 (m, 2H).

FA1-1.58 {m, 2H), 1,42 (8, SH).

Step 8. 12, 2-difluore-2-( S-methyipyrazin-2-yhethyDpiperidin-4-amine

NH
FoF
r N
E! et

P
H S N

fea01] To 8 stirred solution of teri-boivl 142, 2-diffporo-2-(S-methylpyrazin-2-yhethyl}-

piperidin-4-yicarbamate (125 mg, 0.35 mwmol) in DOM (2 ml) was added TFA {1 mi} nnder
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ice-water bath cooling. After stirring for 30nun at 1f, the starting material was consumed, and
the mixture was concemtrated, The concentrate was basified with 1 N NaOH, and extracted
with ethyl acetate. The orgamic phase was washed with brine, dried over NaSQ,, and
concentrated o afford the tide compound as an offvwhite powder (80 my, 100%) which was
used in the next step without further purification. MS {ESD caled for CoHFaNg256.2;
found257.3[M+H]. 'H NMR (400 MHz, CDCH) & §.79 (s, 1H), 850 (s, 1HL 319 (1. 7 =
14,0 He, 2H), 2.80-2.88 {m, 2H), 2.66 {5, 3H), 2.60-2.65 (m, 1H}, 2.30-2.38 (., 2H), 1.65-
172 (o 2H3, 1.20-1.29 (m, 2H).

Step 6, N-{1-(2,2-difluoro-2-( S-methylpyrazin-2-yhethyhpiperidin-4-v1)-7TH-pyrrolef2,3-

dipyrimdin~t-amine

-

N-
X H
N

)
N
FoF O/ !
N\ N N\&
I
H,C” N

foap2] A mixture of 1-(2.2-difluoro-2-{S-methylpyrazin-2~-vhethyhipiperidin-4-amine (90 mg,

0.35 mmol}, d-chlore-7TH-pyrrolo |2, 3-dlpynmidine {153 mg, 0.3 numol) and DIPEA (0.25
mL., 0.6 mmol) In butyl alcohol (2 mL) was heated to 130 °C. After stirring overnight at 130
°C, the orange solution was concentrated. The concentrate was porified by column
chromatography over silica gel (DUM/ MeOH=20:1} to afford the title compound as a gray
powder (58 mg, 41%). M8 (ESD caled for bl FaNy: 373.2; found 3743 [M+H] 'H NMR
{400 MHz, UD0D) 8 880 (4,./ = 1.2 Hz, 1H), 863 (s, 1), 807 (s, 1H}, 7.05 (d, /=3 5 Hz,
1H)Y, 6.58 (d,./= 33 Hz, IH}, 406 -3.95 {m, 1H), 3.27{, /=142 Hz, 2H), 294 (d, /= 12.0
Haz, 2H), 2.68 {5, 3H), 2.46-2.32 (m, 2H), 1.88-1.94 (m, 2H), 148156 {m, 2H}.

Example 1.230a (HCH salt). N-(1-(2 2-difleoro-2-{ S-methyipyrazin-2-yDethyDpiperidin-d-y1-

TH-pyrrele-{2 3-d]pyrimidin-4-amine hydrochloride (C-230-HCL)
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N-
S H
N

w
N
F. F ;
Be
HaC N HEl

[0403] To a stiveed solution of N-(1-(2 2-diffuoro-2-(S-methyipyrazin-2-yhethylpiperidin-4-vl}-
TH-pyrrolof 2 3-dipyrmnidin-d-amine (34 mg, 0.144 mmol} in MeOH (0.72 mL} was added

HCUMeOH (2M, 0.072 wl, 0. 144 monol) at room temperature. After stirring for [Smin, the

mixture was concentrated 1o afford the title compound as a vellow powder (38 mg, 99%). MS

(ESI) caled for CigHayFaNx 373.2; found: 374 30M+H]. 'H NMR (400 MHz, CD;0D) § 8.83
(d, J= 0.9 Hz, TH), 8.65 (s, 1H), 8.23 {s, 1H), 7.33 (d, J = 3.5 Ha, 1H}, 6.89 (d, /= 3.5 Hz,
1H), 3.96 (brs, 1H), 3.50 (brs. 2H). 3.10-3.20 (m, 2H), 2.68-2.73 (a1, 2H), 2.66 (s, 3H), 2.02-
2.10 (m, 2F), 1.70-1 80 {m, 25,

Example 2. Assays.

Example 2.1, NR2B Antagonist Activity.

[oa0a] HEK293 cell Hnes stably expressing cloned human NRIUNRIB and MNRINR2A,
respectively, were established according to standard previously described methods (Hansen
et al.,, Cemb, Chem High Throughpna Sceeen. 11304, 2008}, Activation of the NR2A or
NR2B subtype of NMDA receptor with ghuamate as an agonist and glycine co-agonist on
these cells results i calcnun influx, which can be momtored with fluorescent indicator
Fluo~4. A cell based assay has beenn ymplemented to evaluate the effect of a compound on
NR2A and NR2B receptors by measuring the fluorescent changes (Hansen et gl Comh,

Chem High Diroughput Screesn. 11:304, 2008),

[0405] HER293 cells stably expressing NRZA or NR2B receptors were cultwwed at 37°C in a
humidified CO; incubator m DMEM supplemented with 10% fetal bovine serum (FBS)
{Hyclone}, 10 aM MKRO1 (Sigma-Aldrichy and 530 M AP-3 (Tocoris), For experiments, the

cells were seeded onto poly-D-lysine-coated 96-well black plates with clear bottom
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{Corning) at a density of ~50,000 cellsiwell.  After overnight celturg, the growth medium
was removed from the wells and the cells were incubated at 37 "C for 60 min in Hanks buffer
containing 4 pM fluo-4-AM (lovitrogen) and 0.1% bovine serum albamin (BSA} After dye-
lfoading, the cells were washed three vmes with Hanks buffer and incubated for 10 min at
room iemperature with various concentrations of test compounds prepared in Hanks buffer
with .1% BSA. The cell plates were placed cme FDOSS pCell fluorescence reader
{Hamamatsu)., After 20 sec reading of background fluorescence, agonist ghutamate ai final
100 oM and co-agonst glvome at final 50 M were added to the cells to activate the
recepior, and the resulting Hoorescence changes were recorded and quantified. Based on the
changes v fluorescence intensity, the pharmacological effect of test compoumnds were
analyzed and the ICs wvalues derived from a non-linear least sguares fiing of the
concentration-dependent response to a standard logistic equation using Pnsm {Graphpad,
ey

Anmplitude = Max Amplitude/(-+ICS0antagonist])").

Results are shown i the table below.

Compound Free Base Stracture MRIB I s | NR2A s
-3 124 aM =10 pM
-3 22 oM >0 M
-4 38 ndd =>H M
(-3 30 nM =10 Ml
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Cowpound Free Base Structure MNR2IB ICs NR2A sy

{16 47 nM »10 uM

%4 nM >0 M

44 nM >10 aM

47 140 nM > uM

88 nM 10 uM

o3
e

159 nM >3 uM

{127

45 oM =10 M

89 aM =10 pM

31 oM >10 pM
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Compound

Free Base Stracture

MNRIB s

NRZA ICsy

P

O

14 oM

10 pM

011

43 nM

2 UM

24 aM

10 uM

LR v':
Faflm ™

&4 nh

=10 M

23 nMd

10 M

22 M

=10 M

=178

o “\““v’ S \):\{ Ny
= = N B
i \\(} { B
‘,/"w}{,\\.,(—’ e N N H N M
I
f*;\ .Jf}f‘;

25 oM

>HY M

=177

Ze T

27 nM

= pM

Example 3.2, hERG channel inhibition.
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{0406] The assay was performed on hERG channel stably expressed in HEK293 cells. The cells
were cultured at 37°C in a humidified €Oy incubator in the growth medinm consisting of
DIMEM, 10% fetal boving serum and antibiotics. Prior to the assay, the cells were seeded onto a
P PDL-coated glass coverstip and cultured 1 a 35mn Petrt dish, After 16 to 30 hr cultwre,
the cover ship was pransferred inte the chamber of OutaFlow perfusion system (ALA
Instrument) and under a constant flow of extracellular solution (140 mM NaCl, 4 mM K, |
mM MgCly, 2mM CaCly, 10mM HEPRES, 10mM Deglucose, pH 7.35, osmolariiy 290). Whole
cell pateh clamping was performed with g glass micropipette filled with miracellular solution
{120 mM KCL 1,75 mM MgCly, 34 oM CaCly, 10 M HEPES, 10 wmM EGTA, and 4 oM
ATP-Kz, PH 7.2, osmolarity 310}, Giga-seal was mamtained during the test, The voltage contrel
and current measurement were carried out psing Axon amplifier 7008, Digidata 1440A and
CLAMPEX10 software {Molecular Devices),  Whole~cell hERG currents were recorded
following the Petroski protocol: the cell was held at -80 mV, and the voltage step jumped
from -80 o 30 mV and stay for 2 sec with a 20 ms prepulse at -40 mV. After depolarization,
the volfage was decreased to -40 mV and stay for 2 sec, and retorned back to -80 V. Test
compound was apphied by quartz capillary tubes tip (200 pm inner diameter), and the flow rate
was controlied st 2-3 mL/min with OctaFlow perfusion system, Different concentrations of the
compound were applied to the cells for 3 mmn and the hERG current was measpred three times
before, during and after compound treasment.  The data were analvzed wsing Clampfit 10

software {Molecalar Devices) to generate 1Ty, values. Results are shown in the table below.

Compeound Structure RERG s BNRIB s
L3-1 N 4.5 uM 24 M

o w 5
~ P - A
ek E N N 7.0 uM 23 aM
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| Compound Structure hERG K HNR2B sy
C-d Pha uM 35 M
{5 Q5 uM M
£-230 138 M &8 nM
C-127 fruM 45 aM
128 28 uM 89 nM
A F75 4.5 uM 22 oM

Example 2.3, CYVP P450 enzyme 1nhibition,

[0407] Inlibsiory activities of test compounds on ¥ major isoforms of CYP P450 were evaluated
by using pooled human liver microsome {HLM, purchased from BD Gentest) and selective
substrates for thuse woforms. Those CYP woforms and their coresponding probe substrates
are as follows: CYPIAZ {phenacetin, 30uM), CYPIC9 (olutatnide, 100pM), CYPICLY (5-
mephenytoin, 40uM), CYP2D6 (dextromethorphan, SpMj and CYP3A4 (nudazolam, TuM)
All probe substrates ware used at concentrations near or below their K. For experiment, a
reaction mixture of test compound at 10 uM or 1w serial dilution, CYP probe substrate
described above and 0.2 mg/mL pooled HLM in phosphate buffer, pH 7.4 in a final volume

of 200 pl. was pre~-incubated at 37°C for 10 minutes in triphcate. The reaction was inttiated
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by addition of NADPH at final concentration of 1 mM. The veaction was terminated after 10
mingtes (CYPIAZ, CYP2D6 and CYPIA4) or 30 minutes (CYP20CY and CYP2CI9Y by
addition of 100 gl ice-cold acetonitrile with internal standard (IS). The samples were then
centrifaged at 13,000 mpm and the supematants were injected to LO-MS/MS {Agilent

Technologies) to quantify the conceniration of the specific metabolites of the probe

substrates formed by individual CYP430 1soforms. The inhibition ratio is calculated ax
{Me-Me ¥ Mg x100%

in which M, and My represent the concentrations of the specific probe substrate metabolite,
which was formed by individust CYP450 iscforny, at the beginning and end of the reaction in
the presence of test compound; while My, represents the concentration of the specific
metabolite at the end of the veaction in the absence of test compound.  Test compound
concentration-dependent response data experiments performed in tripheate, Mean CYP2D6
s values were derived from non-linear, least-squares fitting of dose-dependent response
data to g standard logistic equation (Prism, GraphPad Software, Inc) to generate the CYP2D6

1C 30 results shown in the table below.

Compeuynd Free Base Strocture CYP2D6 {Cy NR2B s
LN L0 uM 24 nM
C-3 o 12 uM 22 M
C_E/ ooy
-5 33 M 30 M
{127 1 uM 45 nM
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Compound Free Base Structwre CYPID6 1 TN
i Hs ™y
o f.-?’;\iv\ ‘,,.ff:\_ Mg
-1 78 N _\:‘“{\M PR NUI s 6.7 uM 64 1M
L

€179 49 uM 23 nM
Ca175 23 uM 22 nM

Example 2.4, Forced Swim Test.

[o408] The forced swim test was used to evaluate antidepressant activity (Porsolt ef af., 1977

Areh. fnt Pharmacodyn, 2290 327-336). Mice that are forced to swint i a situation from
which they cannot escape, rapidly become immobile. Dirugs with antidepressant activity,
such as inupramine, reduce the amount of $ime spent v the imumobile state. Therefore, the
amount of immobility time during a test conducted afier drug administration represents a
useful mdicator of antidepressant activity (Lucki ef of , 2001, Psychopharmacology 155315~

bl
322).

[0409] Male mice (strain NLMN) weighing 2535 g were used for testing. All animals were

housed it a teraperature (22-24 °C) and homidity (50-60%%) controlled environment with free
access to food and water on a 12-hour Hght-dark cycle. Test compounds were dissolved in
0.5% dimethyisolfoxride, 49 hydroxypropy-beyclodextrin water to generate the appropriate
dosig solution. Drags were administered by intraperitoneal injection at a dose volume of 10
mb/kg. Testing was mitiated 20-60 minutes after dosing. Testing for anfidepressant activity
was condocted as described by Darci ef al. (Darci ef ol 2004, Far. J. Phormacol, 499:135-

{46), Mice were placed in g white plastic cylinder 20 cm high with a diameter of 21 om
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containing 10 cm of water at 28 & 2 °C. The mice were videotaped for & minuntes, and the last
4 nunutes of video were analvzed by a blinded observer off-line. The observer judged the
amimal to be immobile when it ceased all activity (strugghing, swimming, fumping ete.} and
floated passively atop the water. The amount of time each anunal spent m the immobile state
was recorded and used for statistical analysis of compoond effect. Group differences were

evaluated by student’s t-test or one-wav ANDVA followed by post-hoe Drunnett’s test.

[o410] In both Examples 2.4.1 and 2.4.2, the positive control compound, imipramine {32 mp/ke,
IP} showed the expected antidepressant activity (see FIGs. 1 and 2). These results indicate
that provided compounds exhilnt antidepressant activity when tested in a standard model for

human depression.
Example 2.4.1, Compound C-178,

fo411] Results are shown m FIG. 1: Bars represent the mean + SEM immobility time for each
dose group {n = 10, *% different from vehicle group, p < 0.00170.01 respectively, One~
way ANOVA, Dunnett’s post-test). Doses are given as milligram per kilogram {mpk). The

dose of imipramine was 32 mpk.
Example 2,42, Compound C-179

[0412] Results are shown in FIG. 2: Bars represent the mean + SEM immobility time for each
study group (1 = 10, ¥ different from vehicle group, p < 0.001/0.01 respectively, One-
way ANOVA, Dunmnett’s post-test), Doses are given as nulligram per kilogram (mpk). The

dose of innpramine was 32 mpk.

Example 2.5, Haloperidol-induced Catalepsy (HIC) model,

[6413] The Halopenidolanduced Catalepsy (HIC) model detects antipsychotic getivity and the
action of NR2B selective antagonists (Steece-Collier et al. Exp. Newrol. 163; 239, 20003, The
test was based on methods desenibed by Chenmat and Simon (7. Pharnnacol., 6, 493-498,

19735 The capacity w induce catalepsy serves as an index of the liability of a test sabstavece
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to induce extrapyramidal side-effects, iv particelsr Parkingsonism.  Astagomism  of

antipsychotic-induced catalepsy can thus serve to defect anti-Parkinson potential.

f0a14] Rats were injected with haloperidol {1 wigikg 1p.) and were examined for catalepsy at 30
minute wntervals up 1o 360 munutes. Presence (+) or absence (-} of catalepsy was assessed by
three procedures: 1) imposed crossing of the psilateral fore~ and hind-limbs; 2} placing the
animal in the Buddba position; 3) the tilting board, an awtomane device that, S seconds after
positioning the rat, displaces the rat from a horizontal to verhical positien and back while it
chings o a wire gnid with #s front paws. Akinesia and catalepsy are assessed depending on
whether or not the animal moves before (akinesia) or during operation of the beard

(eatalepsy).

[0415] The 4 scores were cuwmulated over time to give & global catalepsy score per antmal. Six
rats were studied per group. The fest was performed blind {test substances versus vehicle).
Test substances were evaluated at 1 or more doses, administered poo. 135 nunutes before
haloperidol (t.e. 45 minutes before the first measurement), and compared with a vehicle
control group. Amphetanine (8 mg/kg p.o.), administered 60 minutes bebore the test {i.e. 99
minutes before the first measurement), was used as reference substance. The experiment
therefore mcluded 8 groups. Data with the test substances were analysed by comparing
treated groups {7 groups except for the reference substance) with vehicle control using
kruskal-Wallis Test followed by Mann-Whitney U tests at each time and for cumulated

score. Data with the reference substance were analysed nsing Mamn-Whitney U tests,

[0416] In examples 251, 2.32 and 2.5.3, the positive control compound amphetamine (8
mg'ky 1P} showed the expected robust anticatalepiic activity (FiGs. 3, 4 and 5). These results

e

indicate that provided compounds effectively block NR2B receptors tn this rat model.

Example 2.5.1, Compound C-6,

[6417] Results are shown in FIG. 30 Bars represent the mean & SEM global catalepsy score
measured over the entire course of the 4 hour fest period (n = 6, ¥ different frony vehicle
group, p < 0.01, one-way ANOVA, Dunnetts post test). Doses are given as nulligram per

kitogram {mpk). The dose of amphetamme was 8 mpk.
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Example 2.5.2, Compound C-12.

[0418] Resulis are shown in FIG. 4 Bars represent the mean = SEM global catalepsy score
measured over the entire conrse of the 4 hoor test pertod {u = 6, /%%, different from vehicle
group, p < 0.05/0.01 respectively ene-way ANOVA, Dunnetts post test). Doses are given as

mithigram per kilogram (mpk). The dose of amphetamine was & mpk.

@

Example 2,5.3. Compound C-5.

[0419] Results are shown in FIG. 50 Bars represent the mean & SEM catalepsy score measured
at the 3.5 hour test e pomnt {n = 6, ¥*% different from vehicle group, p < 0.05/0.01
respectively, Students t-lest). Doses are given as mlligram per kilogram (mpk). The dose of

anmiphetamine was 8 mpk.
Example 2.6, Electroconvalsive Threshold (ECT) Test

foa20] The ECT method, which detects proconvalsant or anticonvulsant activity, follows that
described by Swinvard et al (4 Pharmacol Exp. Ther, 106, 319330, 1952). The
electronconvulsive threshold (ECT) test is commmonly used in the screening of anit-epileptic
drugs in rodent models. Use of electrically-induced convulsions i3 recommended 1o assess
proconvulsant and anticonvulsam activity. The effect of NR2B antagonism on pro- and anti-
convulsant activity can, therefore, be measured with the ECT test, (N, O. Dalby et al,
Epilepsy Res, 280 63-72, 1997; E. Esneaunlt ot al, /. Pharm. Toxicol. Methods, 72 59-66,

2015).

f0421] Rais were adnunistered ECS (rectangular current: 0.6 ms pulse width, 1.5 s duration, 200
Hz} via earclip electrodes connected 10 a constant current shock generator (Ligo Basile: type
7801}, Treatment groups of 20 rats were exposed to ECS as follows: Animal #1 was exposed
to 30 mA of ECS. If animal #1 did not show convulsions {tonic convulsions) within 3
seconds maximum, animal 82 was exposed o 35 mA, ete. (increases of 5 mA) antil the frst
tondc convelsion was observed. Onee the first tonic convulsion was observed, the intensity of
ECS was decreased by 2 mA for the next suimal gnd then decreased or increased by 2 ma

from andmal to animal depending on whether the previous animal convulsed or not. I the
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firat animal did convulse {tonic convidsions} within 5 seconds, anmmal #2 was exposed to 28
mA, ete. (decreases of S mA) until the absence of tonic convulsions was observed. At this
point, the intensity of ECS was increased by 2 mA for the next aninwal and then decreased or
mcreased by 2 mA from antmal to animal depending on whether the previous animal
convulsed or not. The mintmum current inensity applied is § mA and the maximam 95 mA,
The first 3 animals serve to approach threshold current and were not included in the analysis.
The results are presented as the mean current intensity administered 1o the final 13 animals of
a group. The test was performed bhind 1o treatment. A pesitive percent change indicates an
anticonvalsant effect. A negative percent change mdicates a proconvulsant effect. The test
substance was evaluated at 3 doses, administered p.o. 60 minutes before ECS, and compared

with a vehicle control group. All statistical analvses were conducted psing Microsoft Excel.

[6422] Theophylline (128 mg'kg p.o) and diazepam (16 mg'ke p.o.), administered under the
same experimental conditions, were used as reference substances, Test compounds, 11,

127 and C-179 were administered orally 1 houwr before the beginning of the test.

[0423] In cach of Examples 2.6.1, 2,62 and 2.6.3 the positive control compounds, theophyliline
(128 wmg'kg, po) and diazepam {16 mgkg p.o) showed the expecied pro- and
anticonvulsant activities (see FIGs. 6, 7 & 8). These results mdicate that provided compounds

exhibit anticonvulsant activity when tested in a standard model for human convalsions.
Example 2.6.1, Compound C-11 in the ECT test

[0424] Resolts are shown in FIG. 6. Bars represent the mean 4 SEM electroconvulsive threshold
for each study group (n = 15, ¥/ different from vehicle group, p < 0.05/0.0170.001
respectively, One-way AMOVA, Duonett’s post-test). Doses are given as milligram per
kilogram (mpk). The dose of theophyiline was 128 mpk (p.0.} and the dose of diazepam was

16 mpk {p.o.y
Example 2.6.2. Compound C-127 in the ECT test

[0425] Results are shown wm FIG. 7. Bars represent the mean & SEM electroconvulsive

threshold i mA for each dose group (n = I8, **% different from vebicle gronp, p -+ Q.001,
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One-way ANOVA, Dunnett’s post-test). Doses are given as nulligram per kilogram {mpk).

The dose of theophylline was 128 mpk (p.o.) and the dose of diazepam was 16 mpk {p.o.).
Example 2.6.3, Compound C-179 in the ECT test

[0426] Results are shown in FIG. 8 Bars represent the mean + SEM electroconvulsive threshold
for each study group {n= 15, */F¥%%% different from vehicle group, p < 0.03/.01/0.001
respectively, Que~way ANOVA, Dunnett’s post-test), Doses are given as nulligram per
kifogram {mpk). The dose of theophyiline was 128 mpk (p.o.) and the dose of diazepan was

16 mpk {p.o.)
Example 2.7, 6 Hz Seizure Test

{0427] The ¢ Hz setzure test, which detects anticonvulsant activity of test compounds, was
conducted sccording to methods described by Brown et al. (f Pharmacol Exp. Ther 107,
273-283, 1953) and Barton et al. (Apifepsy Res. 47, 217-227, 2001, Mice, were administerad

2

a rectangular corrent (44 mA, rectangular pulser 0.2 ms pulse width, 3 s duration, 6 Hz) via

corneal electrodes connected to a constant curvent shock generator (Ugo Basile: type 7801).
The resulis for the number of setzures as reflected by forehinb clonus and Straub-tail were
recorded during the first minute following current administration, Forelimb clonus was
scored as absent {03, mild (1) and strong (2) whereas Swaub tadl was rated as gbsent (0) or
present {1). 15 mice were stadied per group. The test was performed partially blind (lest
substance vs vehicle). Test substance (Compound C-179) was evaluated at 3 doses,
administered p.o. 30 minutes before the test and compared with a vehicle control group.
DHazepany (8 myg'ke po.), administered 60 nunutes before the test, was used as reference
substance. Cuantitative data (scoves) with the test substance was analyzed by comparing
treated groups with vehicle control usmg Kruskall-Wallis test followed by Mann-Whitney U

tests.
Example 2.7.1 Compound C-139 in the 6 Hr Seizare Test

[0428] Resulis are shown w FIG. 9. Bars represent the mean & SEM forelimd clonus score

{arbitrary units} for each dose growp {n = 15, ¥/¥¥¥ different from vehicle group, p <
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0.050.001, One-way ANOVA, Dunpett’s posttest). Doses are given as milligram per

kilogram {(mpk). The dose of diazepam was § mpk {(p.o).

176



WO 2016/044323 PCT/US2015/050267

WHAT IS CLAIMED I$:

t. A chemical entity, which is a compound eof formula 1

or a pharmaceutically avceptable salt thereof wherein:
Y and Z are mdependently N ar (X Ry

X s -Hi halo; O-Cy atkyl optionally substituted with 1 to & fluoro; Co-Ce cyeloalkyl;
C-Cs atkoxy optionally substituted with 1 to & fluero; -ON; -NQy; -N(RTR); -8R,
SS{O):R: or -C(OWRT;

R' s -H; halo; Cy-Cy alkyl optionally substituted with 1 to 3 fluoro; UL, eveloaliovl;
C4-Cs alkoxy optionally subssituted with 1 1o 3 fluoro; -CN; -NG»: -N(RR™;
SCEOWIRT: or ACLOWNRNRM,

R” s -H: halo; Ci-Cy alkyl optionally substitated with 1 to 3 fluore; eyclopropyl; or

Ci-Cs atkoxy optionally substituted with 1 to 3 fluero;
R is -H, -F, -Cl, -CHs, ~CFy or -OCH;;
RY i -H: -F; -Cl; C-Cs alky! optionally substituted with § 9 3 flnore; or eyelopropyl;
R is -H or -CHx.
R®is -H, -F or -CHj;
sach instance of R mdependently is C-Cyg alkyl;

each instance of R” independently is -H or -y alkyl; and
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R i OOy atkyl optionally substituted with 1 to 3 fluoys.

2. The chemical entity of elaim 1, wherein:
X is-H, -F, -0, -CHs, -CH2CHs, -CH(CHa), -CFs, -CHF,, -CH,F, -CF,CFs,
~CHRCF O, ~CH{CE: )z, evelopropyl, ~-0OCH;, -OCF;, -OCHE,, -OCFH,, -CN, -NO,,
SNHCH), -N{CH ), -N{TH:){CHCHy), -SCHs, -SCH,CH3, -SO2CH;, -SO;CH,CH: or
S 61

R'is -H, -F, -Cl, -CHs, -CH2CH;, -CH(CHz)s, -CFs, cyclopropyl, -OCH;, ~OCF, -OCHF;,
-OCFH;, -CN, -NO;, -CO-CHj, -CO>CH,CH;3, -C{OIN{CHs)2 , -C{ONH(CH3) or
~CAON(CH M CHCH, ),

R” is -H, -F, -Cl -CHy, ~CHCH;, -CH{CH ), -CFs, evclopropyl, ~<OCH:, -QCF;, -OCHF or
~OCFH,;

R is -H, -F, ~Cl, ~CHa, ~CFz or <OCHy;
R* is -H, <F, -Cl, -CH; or cyclopropyl;
R is -H or -CHs; and

R® is -H, -F or -CHa.

~y

3. The chemical entity of claim I, wherem:
Xas-H, -F, -CL -CHs, SCHCH;, SCH(CH: ), -CFs, SCHE,, <CHRF, cyclopropyl, ~OCH;:,

-QCFs, -OCHF,, -CN or ~-8CH;:
RYis -H, -F, -CL -CHy o8 -CFy

R s -H, -F, Ol -CHy or -CFy;

R is -H, -F, -Cl, <CH; or -CFy
RYis-H, -Clor -CHy

R is -H or -CHy anad
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RS is -H, -F or «CH;.

4. The chemical entity of any of claims 1-3, which is a chemical entity of formwula (fa):

Ri‘e
N “H
| Ny N NN
- "
X R’ {Ia).

]

The chemical entity of any of claims [-3, which s a chemical entity of formula (i}

MNeH

S ;/ Sy
o N ml b
,\‘E’\( CQL-{"’" R W N
X o ~. f}"" . ~ R I
RE (10).

6. The chemical entity of any of claims 1-3, wlhich 13 a chensical entity of formula {1la}:

X R’ ({ia).

‘»-J

The chemical entity of any of claims 1-3, which is a chemical entity of formula (11TL
1S H ’f::i'«'\

{ |
N

{
e )\\ - N 'ﬁ\\f.’f?&\\i\{z

N-y

RN, < R A NN

R® (1),

8. The chemical entity of any of clanms 1-3, which is 2 chemucal entity of formuda (V)
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CH; H =y
- ,/KV\.‘,.«N»\“,"J\\{\\:&,XN‘H
, ELE L0
R\,\/_,N\ = x\vﬂN\ o RN pr
.
x ,.f"L‘\,\ P R '
R (v,

9. The chemical entity of any of clatms 1-3, which is a chemical entity of formula (V)

X" N7 TR (V1.

10, The chemical entity of any of claims 1-3, wiich 15 2 chemical entity of formula {Va):

H fioareosy
1 \N
“H
R F F S
M N N ~& N
x.ﬁ" \N‘/‘ {\.",a)r

11, The chenucal entity of any of claims 1-3, which is a chemical entity of formula (V1)

X
r F::“\

E ¥ Y
/,j\r.f’ /’E‘\\ N—‘H
F i
R i\
Iff“
X N R’

12, The chemical entity of any of claims 1-3, which is a chemical entity of formula (V1)

N H 3 ;"!'i f:”‘\‘

R \.f/\\.-" H

F ‘?

\'

(V1.

(ViI).
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13, The chemical entity of any of clatnis 143, which i3 a chenical entity of formula (VI

(VI

14, The chemical entity of any of claims 1-3, which is & chenucal entity of formula (Villa):

(Villa).

15, The chemical entity of any of claims 1-3, which is a chemical entity of formala (IX}):

XN (1X).

1o, A pharmaceutical composition comprising the chemical entity of any one of claims 1.1
and a pharmaceutically acceptable carrier.

17, The phanmaceutical composttion of clam 16, which is suitable for oral adminisiration.

18. A method of treating a disease or disorder responsive 1o NR2B antagonism in a subject in
need of such treatment, comprising admindstering an effective amount of the chemical
entity of any one of claims 1-15.

19, The method of clam 18, wheremn the disease or disorder 15 depression, a seizure disorder,
pamn, a movement disorder, Huntington's disease, cognitive dysfunction, cerebral

ischaemia, tranmatic brain injury, or a substance abuse disorder.
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20, The method of clains 19, wherein the disease or disorder iy depression.
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