AZETIDINE AND CYCLOBUTANE DERIVATIVES AS JAK INHIBITORS 5 FIELD OF THE
INVENTIOWJ bapresant invention relates to azetidine and cyclobutane dewvativamoasassll as their
compositions and methods of use and preparation, which are JAI( inhibitors useful in the 10 treatment
ofJAK-associated diseases including, for example, inflammatory and autoimmune disorders, as well as
cancer. BACKGROUND OF THE INVENTION Protein kinases (PKs) are a group of enzymes that
regulate diverse, important 15biological processes including cell growth, survival and differentiation,
organ formation and morphogenesis, neovascularization, tissue repair and regeneration, among
others. Protein kinases exert their physiological functions through catalyzing the phosphorylation of
proteins (or substrates) and thereby modulating the cellular activities of the substrates in various
biological contexts. In addition to the functions in normal tissues/organs, many protein 20kinases also
play more speciAfRPONE ANR LTI AN G DERBC T ki Ao HR N ALELBOBRf protein kinases
(also referred to as oncogenic protein kinases), when dysregulated, can cause tumor formation and
growth, and further contribute to tumor maintenance and progression. Thus far, oncogenic protein
kinases represent one of the largest and most attractive groups of protein targets for cancer
interventionf&RHRY R HATIRBERERM % The Janus Kinase (JAK) family plays a role in the
cytokine-dependerterggidatiancafifr alifecaton-anihiunation ehtallsdnvalied, in Mmunegnadesponse.
Currently, there are four known malian jJAK famil mbers,. JAKI.(also wn as Janus
inase, SRRSO hoovte; JAKL,
L-JAK 18nd FasimsKinaEeE3ysaavehtry discrass orkRhoWwe 58 protdis. ipfssime kit 256 2)oPHBUIAK proteins -
range 30 ingigeifron 120 19 kdQ-kDa and comprise seven conserved JAK homology (JH) domains;
one of these is a functional catalytic kinase domain, and another is a pseudokinase domain potentially
serving a regulatory function and/or serving as a docking site for STATSs. Blocking signal transduction
at the level BAREGRIUNH SHSTHIENIEMISEPSr developing treatments for inflammatory diseases,

autoimmune diseasgsinyeleProiisrativeriseasss, ARdhtAaMEANGEES, tagdame a few Inhibition of
the JAK kinases js also envisiogled to I‘Eve thera‘Pe_utic béecﬁ% Its ir?ﬁgatients syfferin frOén skin immune
disorders sQHBEHLBRAEE R URMOEE ST RS KL AR I B S ﬁgﬁ"ﬂ‘égkﬁ? ses or related
kinases aremvigibbesosigitteare sdarerl g biivstioprr redoreeffediive atmsgathofscdioppounds. For

example, certaln JAKIRRIPIrSoIBSiLEling RYHOIRBYEKIRG PAdAVEremHIRdIngHrafsdgported in U.S.
Ser. No. 11/637,545, filed December 12, 2006. Thus,.new or improved agents which inhibit
kinases suci'2ESHAGY RIHAREE X B AGHRIR I ﬁ%%‘l?é&“ﬂ)vr‘tbeé\?élﬁg‘ﬁi %‘&%Séﬁga%%% effective

pharmaceuticaigiteitceattan terdifiibo thehaisedses iMThensd nggoesmgaandrpnygegses described herein
are dir@&te%mm@%swgé? RERASANG AINRN&NAS nodd MMARY B A ERAINUISERSUrg provides, inter

alia, JAK inhibitors of Formulas 1, II, Ill, and 1111V . o
subset of protein kinases (also referred to as oncogenic protein kinases), when dysregulated,

" can cause tumor formation and growth, and further contribute to tumor maintenance and
progression. Thus far, oncogenic protein kinases represent one of the largest and most
attractive groups of protein targets for cancer intervention and drug development.

25 The Janus Kinase (JAK) family plays a role in the cytokine-dependent regulation of
proliferation and function of celis involved in immune response. Currently, there are four
known mammalian JAK family members: JAK1 (also known as Janus kinase-1), JAK2 (also
known as Janus kinase-2), JAK3 (also known as Janus kinase, leukocyte; JAKL; L-JAK and
Janus kinase-3) and TYK2 (also known as protein-tyrosine kinase 2). The JAK proteins range

30  insize from 120 to 146 kDa and comprise seven conserved JAK homology (JH) domains;
one of these is a functional catalytic kinase domain, and another is a pseudokinase domain
potentially serving a regulatory function and/or serving as a docking site for STATs.

Blocking signal transduction at the level of the JAK kinases holds promise for

developing treatments for inflammatory diseases, autoimmune diseases, myeloproliferative



or phaiuiaceutically acceptable salts thereof, wherein constituent members are defined below.

The present disclosure further provides phaimaceutical compositions comprising a compound of
Formula I, 11, lll, or IV, or a pharmaceutically acceptable salt thereof, and at least one pharmaceutically
acceptable canler. The present disclosure further provides methods of treating any of the various
JAKassdsatsErdiesduasanaenetsde rrrsmderhe fahibiyoadriibisiévin dinnsep itighne arthisrapeutically
effective AmRIhALAGTBAHIAAL FAKBHE du ettt Y Q52BN "Lﬁ@&%&%&!% cgptable salt of the
same. The present disclosure further provides compounds of Formulas I, 11, 1ll, and IV, or
pharmad@sitiasity sk dgttnasiined the rdseorgingls. imbiatarsyo e prksastsisoidstad Kimthar provides
use of thecCRmPRAAS AT ARITBIES bubiilhe R0 ot BREMACTIGlY aGRRIable Sals thereo, for the
production of a medicament for use in therapy. The present disclosure further provides methods
for the prapaRIGOTF BRI o inbeRiFTs SrdbedmeameTolenyriding avd pyrrcpfirensépescigrthere is provided
{1-(ethylgiferl) 344- @ -Ry ToIAi273s APyl igin4ayh)-141-Rigazol-1-yljazetidin-3-yllacetonitrile, or a
pharmaceutically acceptable salt thereof In a second aspect, there is provided
{1-(ethy|su|fon¢%)?-%Mwmlmm%ﬁqzm;&Vmrdinnhipﬁ)kil}asswzmaﬂﬁm@ekmw@-mcetonitrne
phospheigdsidisalfeeded A dBIGASRE NG dSRrQYidas 8 ﬁﬂmﬂgééﬂaﬁa%o{‘&@ﬁé%%&&ompo“”d as:

defined above, or a pharmaceutically acceptable salt thereof, and at least one pharmaceutically
acceptabid efhfefiscasey e GAmpripsisamaroresesiawaited hewisfaadicgelitivuisd ditsctive
amount gf-aconneHad-ag;defined above, or a pharmaceutically acceptable salt thereof in the
manufacture of a medicament for the treatment of an autoimmune disease. In a fifth aspect, there
is provided the use of a therapeutically effective amount of a compound as defined above, or a
pharmaggmtioaliregceptable salt thereof in the manufacture of a medicament for the treatment of an
inflammatory disease. In a sixth aspect, there is provided the use of a therapeutically effective
amount of a comSatRFUiRctprvRcaBBvElcss g /phalinababiishiyites ep e dak thdrdbf mdhe
manufagture of a medicament for the treatment of cancer. In a seventh aspect, there is provided
the use of a therapeutically effective amount of {1-(ethylsulfony1)-3-[4-(7H-pyrrolo[2,3-d]pyrimi
din-4-y1)-1H-pyrazol-l-yllaE%’tiﬂiin-S-'yIIacetonitriIe, or pharntfceutically acceptable salt thereof in the
manufacture of a medicament féNj the treatment of rheu id arthritis. In an eighth aspect, there
is provided the use of a therapeutically @fective amount o -(etkoW sulfony1)-3
44-(7H-pyrrolo[2,3-d]pyrimidin-4-yA)=¥H-pyrazol- 1-yl] azetidi Il acetonitrile phosphoric acid salt in
the manufacture of a medicalhreRt for the treatment of rieaMatoid arthritis. DETAILED DESCRIPTION
The present invention provi ynter alia, JAK inhibitorg of Boimula Ri,L or pharmaceutically
acceptable salts thereof, wher&in: L is SO2 or CO; RIS C1,6 alkyl, C3-7 cycloalkyl, phenyl, 5- or
6-membered heteroaryl, indolyl, NR2R3, or OR4, whereip.said alkyl, cycloalkyl, phenyl, or heteroaryl is
optionally substituted with N2, off3 sypstituents indep lected from F, CN, and C1_4 alkyl;
R2 and R3 are independentty s tﬁ from H, C14 allid nyl; and R4 is C1.6 alkyl, phenyl, or
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or pharmaceutically acceptable salts thereof, wherein constituent members are defined below.



In some embodiments, when L is SO2, then RI is other than ORA4. In some embodiments, when L
is SO2, then R1 is C1.6 alkyl, C3.7 cycloalkyl, phenyl, 5- or 6-membered heteroaryl, or NR2R3,
wherein said alkyl, cycloalkyl, phenyl, or heteroaryl is optionally substituted with 1, 2, or 3 substituents

independently selected fré)mlF angﬁctiﬂ 5a||§/I. har!lr]]asoq]e Fmbodirgents, when L is CO, then R1
isC3.7 cycloalkyl® BIREHIBS 6162 etrigerad V1 idofyl, RRZR3, ‘O 8124 Wherein said

eroaryl, in
cycloalkyinpphenyl o6 F betededrylLisibptidNaky syhstitttechtidtily a2ceptdbubstithertsindépendently

selecteq frc%m CNhand C1l4.alkyl. 10In s&me embodiments, L is SO2. In some embodiments, L is CO.
2asl Ong. 4. & FCE.

In some embodimen s,ci?{‘llls m i%%?%?hyi Cr%%r%rpyl, isopropyl, n-butyl, 1-butyl, 2- methy Iprop-1-yl,
1-methylprop- 1y, receeht dptibmaibfigthes tiratedt witkillods ofti@&Einnagpwidlembodisdéhts, Rl is C1.4 alkyl.

15In some embadiments. &b i &< §.s0mesrmReAmeRt; REHR G o Hhaxelealind antienally

substituted by C1_4 alkyl. In some embodiments, RI'is phenyl optionally substituted with F, methyl, or
CN. In sofaetiempodimerits, Rris@ufeiberatlhdidlollyPsélocted Hemmnprenitabyrassitapyrroly,
1,2,4-oxggliazolyl and isoxazolyl, each optionally substituted with C14 alkyl. 20In some embodiments,

Rl is pyridinyl. In some embodiments, Rl is NR2R3 or 0124. In some embodiments, L is SO2 and RI is

C1.6 alkyl. Thelprersessaisirskusrs furda Pprodidssesmpéipide sredrmbidiiarE NN 25 11 or

pharmagg%gé%ggggpt@gﬁ,%q@Stg]%rggfﬁe\m%eiﬁge in tR@pHRd R6 are independently selected from
H, F, CN, OH, C1.4 alkyl, benzyloxy, C2-8 dialkylamjnosulfonyl, and. 5-membered heteroaryl, wherein

said alkyl is opfiBhBIfyCLBsaleREs WP Pyt SIS RS PRy f 8 EH: €N, and C1.4 alkoxy,
and whegimsaid Shmemberediheteteprnblis aptahaly S ubstiutedduth il 4 atkydlicament for

use in therapy.

The present disclosure further provides methods for the preparation of the compounds
of Formulas I, II, 1L, and IV.

In a first aspect, there is provided {1-(ethylsulfonyl)-3-[4-(7TH-pyrrolo{2,3-
d]pyrimidin-4-yl)-1H-pyrazol-1-yl]azetidin-3-yl} acetonitrile, or a pharmaceutically
acceptable salt thereof.

In a second aspect, there is provided {1-(ethylsulfonyl)-3-[4-(7H-pyrrolo[2,3-
d]pyrimidin-4-y1)-1H-pyrazol-1-yljazetidin-3-yl} acetonitrile phosphoric acid salt.

In a third aspect, there is provided a composition comprising a compound as defined
above, or a pharmaceutically acceptable salt thereof, and at least one pharmaceutically
acceptable carrier.

In a fourth aspect, there is provided the use of a therapeutically effective amount of a
compound as defined above, or a pharmaceutically acceptable salt thereof in the manufacture
of a medicament for the treatment of an autoimmune disease.

In a fifth aspect, there is provided the use of a therapeutically effective amount of a
compound as defined above, or a pharmaceutically acceptable salt thereof in the manufacture
of a medicament for the treatment of an inflammatory disease.

In a sixth aspect, there is provided the use of a therapeutically effective amount of a
compound as defined above, or a pharmaceutically acceptable salt thereof in the manufacture

of a medicament for the treatment of cancer.



5In some embodiments, when one of R5 and R6 is OH, then the other of R5 and R6 is other than CN

or F. In some embodiments, one of R5 and R6 is H and the other is selected from H, F, CN, OH,

C14 alkyl, benzyloxy, C2.8 dialkylaminosulfonyl, and 5-membered heteroaryl, wherein said alkyl is

optionally substituted by 1, 2, or 3 substituents selected from F, OH, CN, and CI. 104 alkoxy, and

wherein said 5@ RfErEl RESFORISTEIS Rt sy bttt thempeaticrBikgfaptissramembotiments,

RS and RA@mmdmpeeni selogebipm ik it Andmplhyoin some ampodiments, 12.5
u

and R6 are independently selected from H an . The present invention further provides a

compould Bretwitiltaandrrparertical yasneptaie sal Jhareehde tiicaipabsapmpfa salt thereof,

whereinjleds-9@% fot e treaRielt GliRatkyhi€3rhsyeloalkyl, phenyl, 5- or 6-membered heteroaryl,
indolyl, NR2R3, or OR4, wherein said alkyl, cycloalkyl, phenyl, or heteroaryl is optionally substituted

with 1, 2, or 3 JnBEE b RIEh Shie Aty SIdescd 4R ¢ aoReraprR b lyARACPORIEHARE are
ndependetdy Sloglag oM ot 0 BB RSB G A pRA 05 enzyt wherer

when L is SO2, R1 is other than OR4. In some embodiments, L is 502. In Some embodiments, L is
CO. JhdsiaiinBRmmbeEe RYESHER e RSrenof Bprirnentdahe weriment of
methylpparindiclametimiprop-1-yl, each optionally substituted with 1, 2, or 3 F. In some embodiments,
Rl is Ci4 alkyl. 5In some embodiments, RI is ethyl. In some embodiments, Rl is C3.7 cycloalkyl
optionally substituted by C1.4 alkyl. In some embodiments, RI is phenyl optionally substituted with F,

methyl, pEGNIIE DE SMPReiments, Rl is 5-membered heteroaryl selected from thienyl, pyrazolyl,

The present invention provides, inter alia, JAK inhibitors of Formula I:

L
A
N
b
/N“—N
i
DS
L

or pharmaceutically acceptable salts thereof, wherein:

L1 S0, or CO;

R'is Cis alkyl, Cs.7 cycloalkyl, phenyl, 5- or 6-membered heteroaryl, indolyl, NRR?,
or OR*, wherein said alkyl, cycloalkyl, phenyl, or heteroaryl is optionally substituted with 1,
2, or 3 substituents independently selected from F, CN, and C;.s alkyl;

R? and R? are independently selected from H, C,4 alkyl, and phenyl; and

R¥is Cye alkyl, phenyl, or benzyl.

3a



pyrrolyl, 1,2,4-oxadiazolyl, and isoxazolyl, each optionally substituted with C14 alkyl. 10In some

- embodimegtg..Rlsig Ryfidinyl. In some embodiments, Rl is NR2R3 or OR4ptirs@inaempadiments, L is
SO2 and Rl is C1.6 alkyl. At various places in the present specification, substituents of compounds of
the 15invention are disclosed in groups or in ranges. It is specifically intended that the invention
include each and every individual subcombination of the members of such groups and ranges. For
example, the term "C1_6 alkyl" is specifically intended to individually djsclose methyl, ethyl, C5 alkyl,
C4 alkyl, C5 alkyl"aifdEHHRYIMANS fibatdr B 5Pteistdd thateettamYBatures of the invention, which
are, for clarity, 20desgrbadhisithere) gt Disepaaie RMOodimem s canadstiereayided in
combination in a single embodiment versely, various. featur f the invention which are, for
orevity, des e S b o any
suitable sulsEEABIYAGHITNEAKEY heérein thstiiens dIksrerdendasitersfemd anskiturated hydrocarbon
group 2bwhighyiis straight-chained or branched. Example alkyl groups include methyl (Me), ethyl (Et),
propyl (e.g., n-praopyl and isopropyl), butyl.(e.q.,.n-butyl, .isqbutyl, sec-putyl, t-butyl), pentyl (e.qg.,
n-pentyl, isopent;cilltr,)1 5%%?peén§?§é%%%ieﬁ%i“ésn%?htehﬂk}eé. An ﬁ?@ﬁ’é’%@éj %ﬁ%%#a%lhéfrom lto about 20,
from 2 to abeRmRGShstr A0k NRGR, trioRbuliesimeeid v thakdupieniion heraswlt 4, or from 1
to about 3 GahaaiRMbsAviickinaalkyl aroumisireinirediRRRherai.esd kv enend ¢, As used
herein, "cycl&akkyl" refers to non-aromatic cyclic hydrocarbons including cyclized alkyl, alkenyl, and
alkynyl groﬁ’pg. ‘Cycloalkyl groups can include mono- or polycyclic (e.g., having 2, 3 or 4 fused rings)
groupsnd spirodyclase Rirvgdorening-daféen atoms of a cycloalkyl group can be optionally substituted
by oxo or sulfido. ¥elealion.grauns alsadnclude cycloalkylidenes. Example cycloalkyl groups include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclopentenyl, cyclohexenyl,
cyclohexadienyl, &/&&He ﬁﬁié’ﬁﬁ,tsiﬂ3;%5)Pﬁi}hyrlic??&rltﬂf}?{%&ﬁﬁ%r%&ﬂﬁ’ﬁ%i AHE like. In some
embodimentstithiereydiodlkyngtiauprip-dydlepcbpyliokidy mubitidaedinithe ,defin®iBn of Scycloalkyl are

moieties that have,Qpe OLMGBERARMALIE Bnggfysed (i.e., having a bond in common with) to the
cycloalkyl ring, for example, benzo or, qh‘iengl derivatives of cyclopentane, cyclopentene, cyclohexane,

and th&like. A cy@ogﬁfﬁﬁle&%%%iﬁﬁt Yused aromatic ring can be attached through any
ring-forming atonﬁm:hmelmgbadimgﬂfarhiing?a’é@mio@m dpisachidy onbatiotemhioy (EOA.eSkQSed herein,
"heteroaryl" referg;fq an, @B%Hﬁﬂ%ﬁl&tﬁr%gﬁéﬁﬁ@f{{f&ga%'ﬁ?n%&i%&i beicroaiam rigg-member such as

sulfur, oxygen, or nitrogen, Heteroaryl groups include monocyclic and pol cyclic (e.g., having 2, 3 or 4
fused rings) systetEBSERRSRB S hdtetouryBPElHS HRERTEE SiattiRmIdH: BYHAN byrimidinyl,
pyrazinyl, pyyiaagzinyb, triazidigk ol tydnd ismabdiyvs esph pptidn Ahjesupktinnidiazoly; thikzolyl, indolyl, pyrryl,

oxazolyl, 15benquyA‘eb&ggggm§%l,ﬁaqpﬁlg@gﬁlyl, isoxazolyl, pyrazolyl, triazolyl, tetrazolyl, indazolyl,
1,2,4-thiadiazolyl, isothiazolyl, benzéth,ien |I&ﬁfrinyl, ¢arbazolyl, benzimidazolyl, indolinyl, and the like.

In some embodimErfensse Prtsreaty Risih VI #some embodiments, the heteroaryl is thienyl,
pyrazolyl, pyrrolyl]-ils2q-exaditzelyt, brisuxandly. Encsealesembodiments, the heteroaryl is indolyl. In
some embodiments, any ring-forming N in a

The present invention further provides compounds of Formula IT:

RS
@#CN
;\i—-N
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P
25 N

I

or pharmaceutically acceptable salts thereof, wherein:



20heteroaryl moiety can be substituted by oxo. In some embodiments, the heteroaryl group has from 1
to about 2Q,casba@iemms, and in further embodiments from about 3 to abig 2R sabpEaems. In
some embodiments, the heteroaryl group contains 3 to about 14, 4 to about 14,3 to about 7, or 5to 6
ring-forming atoms. In some embodiments, the heteroaryl group has 1 to about 4, I1to about 3, or Ito 2
heteroatoms. 25As used herein, "benzyloxy" refers to -0-benzyl. As used herein, "dialkylaminosulfony!”
refers to -S02-N(alkyl)2. . The compounds described herein can be asymmetric (e.g., having one or
more stereocentefs M AIRstardBieBrRere siprisd Bradtidinert Skl Giaglkrbommerioxir€intended unless
otherwise inititatedifcanipoures sitbapiesaakiomentiorRdrataontrinasynmeirically 30substituted
carbon atoris, Gandi(spialsein ARl aGlietdRcemiE s Methads. o i e prepare opticaly

active forms from optica éactlve starting materials are known in the art, such as by resolution of

racemic migRiftasEmMbgTe bR ERRhesTEs i iBdmetlie lsomers of olefins, C=N double
bonds, aind the lika sanealsbdaerpigsentsindheocaimparidsoieserhad bereiss ngali®syuch stable
isomers are0§§p{§m€l§t§rdl:in the present invention. Cis and trans geometric isomers of the
compounds of the present invention are described and may be isolated as a mixture of isomers or as
separated isomerle fernSmpHERESs COmpORinené Rpanitbant thesbisimadeidad BrmdbMeatic isomerism is
desig ga(;eﬂ @Hitlrls:lﬁmqthu ERO R EWithAKY 1ETRKR0EEN0, aw?MRﬁw@%wg ﬁﬁaﬁg;lJfrations, it iz
intended that. uch isomers are contemplate Resolution of racemic mixture compounds
can be carrl%ﬁgil% !}S/O r%) %mﬁrﬁéﬁgﬁ%gngg%odg%ﬁg\aﬁt?ﬁ %es ee%ﬁ%rﬁ%%i%é@r%ﬁ@d&hcludes
fractioh@l recieril|rpdivhasingpd ehirenpesgIbiiggcatitinmideniinnubpiioafyabtive; digit-forming organic
acid. Suitable resglvingeaaatsfend actionat Tec yRializatian mrtheds.a e Rraxamplg optically active
10acids, such 25 the D and L forms of tartaric acid, diacetyltartaric acid, dibenzoyltartaric acid,
mandelic aé?&f Malic acid, lactic acid or the various optically active camphorsulfonic acids such as
13-camphorsulforicsesiic@tpiimratoRirgdlentssisaienfor seketidrfairuifstalliZation methods include
stereoisomerically pure forms of a-methylbenzylamine (e.g., S and R forms, or diastereomerically pure
forms), 2-phenylglycinol, norephedrine, ephedrine, N- 15methylephedrine, c\;;clohexylethylamine,
1,2-diaminocyclo BREAGVERETBther PR ASRTOIPIE KMkt HESTRY also be carried out by
elution on a column packed witi'an optically active resoRiag agent (e.g., dinitrobenzoylphenylglycine).
Suitable elution solvent composition“l\pan be determined by ot&e skilled in the art. Compounds of the
invention also include tautomeric fofrmg. Tautomeric forms rgsult 20 from the swapping of a single
bond with an adjacent double bond t Fith the concomi fgration of a proton. Tautomeric
forms include prototropic tautom hich are isomeric pkptdhation states having the same empirical
formula and total charge. Examgle ppototropic tautomers ’lnc de ketone - enol pairs, amide - imidic
acid pairs, lactam - lactim pairs, arhide - imidic acid pairs, ghamine - imine pairs, and annular forms
where a proton can 250ccupy tw e positions of rocyclic system, for example, 1H- and
-triagole, 1H- and%- isoin

3H-imidazole, | H-, 2H- and 4H+1,2, le, and 1H- and 2H-pyrazole.
Tautomeric forms can be in equittygfrrar sterically locke 0oRe form by appropriate substitution.
Compounds of the invention further incllide hydrates and solvate@, as well as 30 anhydrous and
non-solvated forms. The term, "c8pound,” as used hereifYis meant to include all stereocisomers,

geomayic igsemgrsataltiemerscandislongs Qkthgstiyctures depicted. All compounds, and
pharmaceuticaly acceptable salts thereof, can be found together with other substances such as water

and solvents (e.g-Hdr&8&5%Ard solvates) or can be isolated.
R'is Cig alkyl, Cs.7 cycloalkyl, phenyl, 5- or 6-membered heteroaryl, indolyl, NR'R?,

or OR*, wherein said alkyl, cycloalkyl, phenyl, or heteroaryl is optionally substituted with 1,
2, or 3 substituents independently selected from F, CN, and _CM aikyl;
20 R? and R? are independently selected from H, Cy4 alkyl, and phenyl; and
R is Cys alkyl, phenyl, or benzyl;
wherein when L is SO., R’ is other than OR".

In some embodiments, L is SO,.



Compounds of the invention can also include all isotopes of atoms occurring in the 5intermediates or
final compunds,d5eiepes include those atoms having the same atomic nypbgfbilRiffgrgnt mass
numbers. For example, isotopes of hydrogen include tritium and deuterium. In some embodiments, the
compounds of the invention, and salts thereof; are substantially isolated. By "substantially isolated" is
meant that the compound is at least 10partially or substantially separated from the environment in
which it was formed or detected. Partial separation can include, for example, a composition enriched in
the compound of ﬂ?? [ é’%&%%@i‘m% s£agt@é_separation can include compositions containing at least

O y
about 50%, at least ak?out 60%, at least about 70%, at least about 80%, at least about 90%, at least

about 95%, at leakt %Wﬁ%tﬁié%@ﬁ%h?%%‘ﬂ?%d?ﬂ%ﬂﬁeTbéhﬁﬂoh?iﬁyéfzthe invention,
150r salt therenfipMethats feeisalatipg corenawpdsnamdstveirsalis-ang rousinesn the art.  The
phrase "pharmacgugiocaé% r%gﬁgr%teanpsl y isls%npgﬂyqd herein to refer to those compounds, materials,
compositions, an Jor gosage orms whichare, Within the scope of sound medical judgment, suitable
for usedn contact Wibrihenissiaenss RuinaHPeings and animals without excessive toxicity, irritation,

allergic response [95tBemprabiensOr 20enmplaalieon SasHNENsuEate ity a reagpnable benefit/risk

ratio. The expyessions, "ambient tamperatyre”.and "room temperature,”.as used herein, are
understood in thefgft?%%m% é?mgeg{r%églﬁ/ %egylt{eor%tboé’]rai%?‘é?f%%’%g Fveltaﬁé i’olﬁé%h)oéﬁa%ke, that is about
the temperature dntianpouRhafimemehRh fanenbrrd keiersaybirertrdiamipiend. emperature from about

20 C to aboyt:3/(1 2EIhaduesentivention lsadnshidea phasmaseitically, asggptable salts of the

compolc:dnds descrfrpseigmg%reéga%% us pereiré;{j@harmaceutically acceptable salts" refers to derivatives
of the Qisclosed compounds wherein t e“r’Bﬁfr’el compound is modified by converting an existing acid

or base moiety toltsattfohediBsetmpleis SRANGeniR eutically acceptable salts include, but are not

limited to, minerakpt QrganiK.asidralisiokbasic residaesgPsuch as amines; alkali or organic salts of
acidic residues such as carboxylic acids; and the like. The pharmaceutically acceptable salts of the

present invention include the conventional non-toxic salts of the parent compound formed, for
example, from nosdtexicunplganic be prgznicxcifisatthespinitreasaliticalbpacteptable salts of the

presentinveniion.san ie SYRDESEEh IO hHRRarR N SOMRAHPG WhiEh Saniains ahasic or acidic

moiety by conventional chemical methods. Generally Fsﬁuégth salts can be prepared by reacting the free

acid or bas&FOIRSGE ey %Pﬁﬂ%ﬂ‘f&é%ﬁ?‘ﬁ%’%ﬂﬁ’ﬁfﬁ BB O RSB IED B base or acid in
water or in &or exgeupic, dulvent,“Oi_irlayiiidapecdidhly iwedgd tenadlyjdeeadiudostsnmbdlia like ether, ethyl

acetate, et | dsoRIORaNAL, oragaionirie-(Aky) are preferred. Lists 5of suitable salts are found in

Remington's Pharmaceutical Sciences, 17th ed,, Mack Publishing Company, Easton, Pa., 1985, p.

1418 and Journal'bl PHERFhaRRSERIRAH Staksfel 625 {07 75 SR BPwWHiH & in 5 tEted herein by
referen@e inlstsrintiratiheSynthe siksdComphuitsot the kivebtionyidaludingndaltsidshéreof; can be

prepared using KOQNRIGRUISRUUNGSIRASEDRIANRS A SN RGSWIIR SIRSRAREAIFING to any of

numerous possible synthetic routes.”’  The reactions for preparing compounds of the invention can
be carried Sl§ETHEHitABIE SHRTENRE ATHIZIT ERR WP TAAR) LERLeSEPHFSIHERIFERM 9 T&art of organic

synthesis. Suitstdeibsaivaniscan be substantially non-reactive with the starting materials (reactants),

the As used herein, the term “alkyl” is meant to refer to a saturated hydrocarbon group

25 which is straight-chained or branched. Example alkyl groups inciude methyl (Me), ethyl (Et),
propyl (e.g., n-propyl and isopropyl), butyl (e.g., n-butyl, isobutyl, sec-butyl, t-butyl}, pentyl
{e.g., n-pentyl, isopentyl, sec-pentyl, neopentyl), and the like. An alkyl group can contain
from 1 to about 20, from 2 1o about 20, from 1 to about 190, from 1 to about 8, from I to about
6, from 1 to about 4, or from 1 to about 3 carbon atoms. A linking alky! group is referred to

30 herein as “alkylene.”

As used herein, “cycloalkyl” refers to non-aromatic cyclic hydrocarbens including
cyclized alky!, alkenyl, and alkyny! groups. Cycloalky] groups can include mono- or
polycyclic (e.g., having 2, 3 or 4 fused rings) groups and spirocycles. Ring-forming carbon
atoms of a cycloalkyl group can be optionally substituted by oxo or sulfido. Cycloalkyl



intermediates, or-products at the temperatures at which the reactions are carried out, e.g.,

temperaturﬁ,%\ng}iﬁgﬁ range from the solvent's freezing temperature to theselvpphsReiing

temperature. A given reaction can be carried out in one solvent or a mixture of more than one solvent.
Depending on the particular reaction step, suitable solvents for a particular reaction 20step can be
selected by the skilled artisan. Preparation of compounds of the invention can involve the
protection and deprotection of various chemical groups. The need for protection and deprotection, and

the selectlo?,&jrgmggg@. @g@%@g{g%&@g Bgi @@t'b@%@‘fﬁ&lﬁﬁ‘&?é’l&ﬂ%ﬂ"”ed in the art. The

chemistryo}protectlng roups, can be found, for exam inT. W. Greené and P. G. M. 25Wuts,

Protective GYSUBSH & %EW%%@’IS?HCE’BGPWHW@%%W@1!r?&"i?{f%’\‘ﬁ“%rk (1999), which is
incorporatedyhblemdiymeéfeyelvbepintitarghtivebyriR b actiong, cancheyieditonas! accliditigeto any suitable

method kn%N@omeﬂar%@gau&é?ﬁseﬁém@amg%fgrwa%% N RRIVPUIRIEH By SREGHGSGOPIc means,

such as_nuclear magnetlc resonance spectroscopy ﬁ}ﬁor 13C), infrared spectroscopy,

spectrophofofHety 3aEmyieting Hrlibags W?a@%%&f?%&tf?’%ﬁ#ﬁ?‘hﬂ&rﬁé%@rﬁﬁ% Methods such as
high performancedigiid chitenatogliap hyd He &nari¢hbariayer whrghitography(TLC). The present
invention pigy wﬂsén@agg%wg té%nwz%ﬁes&mpa%qﬁeg EATHRIAS O ot é?wn'g“a gagmes |, 2, and

3. Accordingly, in step (i cheme 1, the compound of Formula 'is | prepare 2 met

comprising ﬁ@?ﬁﬂ@rﬁléﬁﬁ‘i%&ﬁﬁcﬁqﬁmﬂéﬁ’aﬂé{ ““t%) %ﬁ&%@tﬂ%lﬁ?’ﬁ%@ty‘l&vﬁ&@ﬂ% qtomg SOZ or CO;
5RI is C1_6&oatky 3. rayelivalkyl, phenyl, 5- or 6-membered heteroaryl, indolyl, NR2R3, or OR4,

whereip, the alkyl, h 1 tional ersub i E;[\%ngtel 2. ar 3 substituents
mdepel'lrrel)dently selégéﬁeg%%@ %l%%dh E%qucy%A 59 %%aor%yﬁw epe o%gt?y seFected from H, Ci.4

alkyl, and phEFRIRA TS CRGHIRAH RS TYI BT ‘B@’ﬁﬁwoéﬁ‘éf%Rﬁ@%%ﬁdt@“@ﬁﬁ@lm@% wherein when L

is 502, RI |smﬁ|ste|ytlnaran@aﬂycycm°qa@rpmatg R3 w@tﬁ%mﬁ@m&ﬂ%mﬁﬁmﬂb& &re not limited to the
protecting qgoup ar amines d |ne uts an C@;reene rotective rou |n Organic Synthesis,

4th ed., John Wﬂa? é‘%@ﬁsm‘i\i’ er‘%‘éf‘ﬁhﬂé’é‘ IR 2 pB’F{Fc""ﬂ ges §72-887) (2007).
15which is fneeidrfted Aarsinlbyoerapircdipis Eéﬁ@#@tvw@éwsl ér%muwwksow@motecting group
for thelR7 grenspfisansNvhisiris: %atﬂ@l&&ﬂn%mgiwpgem&yin&m&ﬁ%&ﬁ@&%qtinﬁs&maup in step (vi) of
Scheme 2 seme £ d ts th ot ctin rou for the rou w stable to
conditions forrbfgr{:owngqt)?ll 16%8 ng g(?ricl)efi1 %rtlélg (|\E/’fboafZ g@henﬁ%lﬁ d?lzol?g? mg‘ﬁ rlﬁddlments R7 is
a group whigid F@?%Pst‘éﬁ?t@er@@?ﬂdﬂélﬁﬁérﬁ*ﬁﬁ?@@@ﬁééléléycﬁﬁﬁmdm§9mwmh@démmhﬂents the R7 is a

group whichdeRaknamenad inylate15 Nnwlipchioric.agishal roemdemperaiitemat a temperature from
about 10 C to about 40 @é tate pera&ui'e] flrom aboug c:)L C to about 4Q C, or t&tg éemperature from

about 15 C %' acb u?r% ntg%)m Smbodimen S, enezr‘§ ch iP5 HW’(@ ,
2,2, 2-Rithidroettrxyearipegh @ﬁr@@)ﬁt@l‘(@ﬁ ﬁ)emhylényp@ﬁmmmwmﬁ boePy(4roup has
25trifluoromeshylnbesylzytiempiatiieny Ca oni-iks e idaiexkaRshomyliB QGbods 20
carbon atoms. In some embodiments, the heteroaryl group containg 3 to about 14, 4 to about
14, 3 to about 7, or 5 to 6 ring-forming atoms. In some embodiments, the heteroaryl group
has 1 to about 4, 1 10 about 3, or 1 to 2 heteroatoms.
25 As used herein, “benzyloxy” refers to ~O-benzyl.

As used herein, “dialkylaminosulfonyl” refers to —SO»-N(alkyl),.

The compounds described herein can be asymmetric (e.g., having one or more
stereocenters). All stereoisomers, such as enantiomers and diastereomers, are intended unless
otherwise indicated. Compounds of the present invention that contain asymmetrically

30 substituted carbon atoms can be isolated in optically active or racemic forms, Methods on
how to prepare optically active forms from optically active starting materials are known in
the art, such as by resolution of racemic mixtures or by stereoselective synthesis. Many
geometric isomers of olefins, C=N double bonds, and the like can also be present in the

compounds described herein, and all such stable isomers are contemplated in the present



adamantyloxycarbonyl (Adoc), 2-adamantylcarbonyl (2-Adoc), 2,4-dimethylpent-3- yloxycarbonyl

(Doc), cyclphexyioxysarponyl (Hoc), 1,1-dimethyl1-2,2,2- trichloroethoxycgibpayheheBREds vinyl,
2-chloroethyl, 2-phenylsulfonylethyl, allyl, benzyl, 2-nitrobenzyl, 4-nitrobenzyl,

dipheny1-4-pyridylmethyl, N',N'-dimethylhydrazinyl, methoxymethyl, t-butoxymethyl (Bum),
benzyloxymethyl (BOM), or 2-tetrahydropyranyl (THP). In some embodiments, R7 is
2-(trimethylsilypethoxymethyl (SEM). In some 5embodiments, 12.7 is N-pivaloyloxymethyl (POM).

Treatment gfJligiGRY Ak eshuda i%?@ef@&@i\{@cﬂ?ﬁp&%&i @ﬂﬂ%@ﬁf@sm arearaRlished by methods
known in thg artlggdr théa I%rleérnh())eval ]%IEQ%ticular r'o%ectingr agrou s for agmines, such as &%gse in Wuts and

Greene, Protective Groups i Srganic éf/nﬁ)t(ﬁue&%, AR Ed. R |f8y1§?§%rﬁ°s:(1{f8§/v <y, pages
696-887 (andoinppet catablpeigtscatongeFn QOGP nisoheitsimsoitsgatisd hdteirspreference in its

entirety. FOog6%a0RIfnd0: $ORIeHEMbQAIMRITS H1ei R o QuprisFefAYed Dy LierbRgMiih fluoride ion
(e.g., tr ating I\4vjth tetrabut\élan%%lor%i%tjm fluoride), hydrochloric acid, pyridinium p-toluenesulfonic acid
(PPTS), orsa(f_e\iﬁglg&i%fe(é.é'.t? fl ' tetrafluoroborate)). In some embodiments, the treating comprises
treating with lithiukesatrafluof olberateniciiowetichypraatnenithcamed opitmabblydroddes(e.g., when R7

is 2-(trimetiydgibdigtiexy MetBYR: An SOmB e MOALIMRNIS. LS AN SIMALEES JRAUNg with base

(e.g., R7 is N-pivaloyloxymethyl). In some embodiments, the base is an alkali metal' hydroxide. In
some embSAIFALHIEMRE HALY Cgésd‘?ﬂr?iaﬂ%]lyoﬁ?aé?’I??lé"é?ﬁ’@‘%%%ﬁﬁ%%@s,s’tﬁ@%aﬂng comprises
treating witresodiugrdeydy for fleco praamgnialfizai soiveht duch, &s exetipas opdraiatetivB0ln some

embogjmentsqto,dgpIoteehte: SEMRIGEFIAR SAUR. A MG MO SRR AAEokLIS sEployed. The

SEM-protected substrate of Formula la is treated with lithium tetrafluoroborate (LiBF4) or
trifluoroborFEEEHE Asie: MG REueSESRR RilReatHASiRRTcai e AU Bt camB PSRRI tifS some
embodimenighat gbauipBor)ferdesdathiventsdausaetie fasibiite casespDae g RyesaXymethyl
intermediate ig then suhsequently treated with 25 aqueou monium hydroxid RIOH) at room
tomperaturE o T & LB R f B o R RS B oA ™
POM-deprotedidsgnicanaiebpasrsfdiom hpiroxideoNaoeporetitiiaraphgdiroxitie (LiOH) solution is used.

Thus, gssuspeRsigeiie HaMpraigsiecherMPOUAM AbERIMEIAIA HI% Hiralgd with a 1 N aqueous

sodium hydroxide_solution 30 at room temperature for two(icj) th%;‘(/e hours. The desired product of
Formula | can be OBYANTEE SHEFIRE AT aa I FEPRAP™ WEHobeMA 18D 2009/036635

Scheme 1 wBhNrNbptically active resolving agent (e.g., dinitrobenzoylphenylglycine). Suitable elution
solvent composition can be determined by one skilled in the art.
Compounds of the invention also include tautomeric forms. Tautomeric forms result
20 from the swapping of a single bond with an adjacent double bond together with the
concomitant migration of a proton. Tauvtomeric forms include prototropic tantomers which
are isomeric protonation states having the same empirical formula and total charge. Example
prototropic tautomers include ketone — enol pairs, amide - imidic acid pairs, Jactam — lactim
pairs, amide - imidic acid pairs, enamine — imine pairs, and annular forms where a proton can
25 occupy two or more positions of a heterocyclic system, for example, 1H- and 3H-imidazole,
1H-, 2H- and 4H- 1,2 4-triazole, 1H- and 2H- isoindole, and 1H- and 2H-pyrazole.
Tautomeric forms can be in equilibrium or sterically locked into one form by appropriate
substitution.
Compounds of the invention further include hydrates and solvates, as well as
30 anhydrous and non-solvated forms.
The term, “compound,” as used herein is meant to include all stereoisomers,

geometric iosomers, tautomers, and isotopes of the structures depicted.



Scheme 2 1,21 N-N/ Ra0 Rb0/6'\ Pd(0) catalyst (vii) Il Ib Deprotect
WO 2009/114512 PCT/US2009/036635

All compounds, and pharmaceuticaly acceptable salts thereof, can be found together
with other substances such as water and solvents (e. g. hydrates and solvates) or can be
isolated.

Compounds of the invention can also include all isotopes of atoms occurring in the

5  intermediates or final compounds. Isotopes include those atoms having the same atomic
number but different mass numbers. For example, isotopes of hydrogen include tritium and
dewterium.

In some embodiments, the compounds of the invention, and salts thereof, are
substantially isolated. By “substantially isolated” is meant that the compound is at least

10 partially or substantially separated from the environment in which it was formed or detected.
Partial separation can include, for example, a composition enriched in the compound of the
invention. Substantial separation can include compositions containing at least about 50%, at
least about 60%, at least about 70%, at least about 80%, at least about 90%, at least about
95%, at least about 97%, or at least about 99% by weight of the compound of the invention,

15 or salt thereof. Methods for isolating compounds and their salts are routine in the art.

The phrase "pharmaceutically acceptable” is emploved herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human beings and
animals without excessive toxicity, irritation, allergic response, or other preblem or

20 complication, commensurate with a reasonable benefit/risk ratio.

The expressions, “ambient temperature” and “room temperature,” as used herein, are
understood in the art, and refer generally to a temperature, e.g. a reaction temperature, that is
about the temperature of the room in which the reaction is carried out, for example, a
temnperature from about 20 °C to about 30 °C.

25 The present invention also includes pharmaceutically acceptable salts of the
compounds described herein. As used herein, "pharmaceutically acceptable salts” refers to
derivatives of the disclosed compounds wherein the parent compound is modified by
converting an existing acid or base moiety to its salt form. Examples of pharmaceutically
acceptable salts include, but are not limited to, mineral or organic acid salts of basic residues

30 such as amines; alkali or organic salts of acidic residues such as carboxylic acids; and the
like. The pharmaceutically acceptable salts of the present invention include the conventional
non-toxic sait_s of the parent compound formed, for example, from non-toxic inorganic or
organic acids. The pharmaceutically acceptable salts of the present invention can be

synthesized from the parent compound which contains a basic or acidic moiety by



R10 (vi Protect(viii) X N
WO 2009/114512 PCT/US2009/636635

conventional chemical methods. Generally, such salts can be prepared by reacting the free
acid or base forms of these compounds with a stoichiometric amount of the appropriate base
or acid in water or in an organic solvent, or in a mixture of the two; generally, nonaqueous
media like ether, ethy! acetate, ethanol, isopropanol, or acetonitrile (ACN) are preferred. Lists
5  ofsuitable salts are found in Remington's Pharmaceutical Sciences, 17th ed., Mack
Publishing Company, Easton, Pa., 1985, p. 1418 and Jourrnal of Pharmaceutical Science, 66,

2 (1977), each of which is incorporated herein by reference in its entirety.

Synthesis _

10 Compounds of the invention, including salts thereof, can be prepared using known
organic synthesis techniques and can be synthesized according to any of numero{is possible
synthetic routes.

The reactions for preparing compounds of the invention can be carried out in suitable
solvents which can be readily selected by one of skill in the art of organic synthesis. Suitable

15 solvents can be substantially non-reactive with the starting materials (reactants), the
intermediates, or products at the temperatures at which the reactions are carried out, e.g.,
temperatures which can range from the solvent's freezing temperature to the solvent's boiling
temperature. A given reaction can be carried out in one solvent or a mixture of more than one
solvent. Depending on the particular reaction step, suitable solvents for a particular reaction

20 step can be selected by the skilled artisan.

Preparation of compounds of the invention can involve the protection and
deprotection of varicus chemical groups. The need for protection and deprotection, and the
selection of appropriate protecting groups, can be readily determined by one skifled in the art.
The chemistry of protecting groups can be found, for example, in T. W. Greene and P. G. M.

25 Wuts, Protective Groups in Organic Synthesis, 3™ Bd., Wiley & Sons, Inc., New York
(1999), which is incorporated herein by reference in its entirety.

Reactions can be monitored according to any suitable method known in the art. For
example, product formation can be monitored by spectroscopic means, such as nuclear
magnetic resonance spectroscopy (e.g., 'H or °C), infrared spectroscopy, spectrophatometry

36 ({e.g., UV-visible), mass spectrometry, or by chromatographic methods such as high
performance liguid chromatography (HPLC) or thin layer chromatography (TLC).

The present invention provides a method of forming a compound of Formula I as
shown below in Schemes 1, 2, and 3. Accordingly, in step (i) of Scheme 1, the compound of

Formula I is prepared by a method comprising treating a compound of Formula Ia:

10



kI N It 10In step (ii), the compound of Formula la is formed by a method comprising reacting a
compound,pf,F la]b: N-NH with a compound of Formula Ic:  to for LOf Formula
la. Ste‘g%sgg%ic%hé?ne | is a Michael addition reaction between the c%%%%ﬁ? Iggl?qrﬁula Ib and
the compound of Formula Ic. The Michael addition may be promoted by a Michael addition catalyst,
such as base. In some embodiments, the Michael addition catalyst 10is a tetraalkylammonium halide,
tetraalkylammonium hydroxide, guanidine, amidine, hydroxide, alkoxide, silicate, alkali metal
phosphate, oxide, tertiary amine, alkali metalgarbonate, alkali metal bicarbonate, alkali metal
hydrogen phosphate, phosphine, or alkali metaf‘§alt of a carboxylic acid. In some embodiments, the
Michael addition catalyst is tetramethyl guaniding, 1,8c8liazabicyclo(5.4.0)undec-7-ene,
1,5-diazabicyclo(4.3.0)non-5-ene, 151,4-diaqu_i clo(2.2.2)octane, tert-butyl ammonium hydroxide,
sodium hydroxide, potassium hydroxide, sodigm inethoxide, sodium ethoxide, tripotassium phosphate,
sodium silicate, calcium oxide, triethylamine, sgdium carbonate, potassium carbonate, sodium
bicarbonate, potassium bicarbonate, potassi ogen phosphate, triphenyl phosphine, triethyl
phosphine, potassium acetate, or potassium #cr . In some embodiments, the Michael 20addition
catalyst is 1,8-diazabicyclo(5.4.0)undec-7-ene {‘DB .In some embodiments, a stoichiometric or a
catalytical amount of base is used to facilitate the Michael addition reaction. In some
embodiments, the reaction is conducted in an orgnic solvent, such as acetonitrile or
dimethylacetamide. al-rROnLiamRaiatute for two to six hours. Under the 250ptimized reaction
conditions, the defire Mict&ebel adduct, the compound of Formula la, may be obtained in high yield
and purity. is 50z or CO;

5 R'is Cigalkyl, Cas cycloalkyl, phenyl, 5- or 6-membered heteroaryl, indolyl, NR*R?,

or OR*, wherein the alkyl, cycloaikyl, phenyl, or heteroaryl is optionally substituted with 1, 2,
or 3 substituents independently selected from F, CN, and C,.4 alkyl;
R? and R? are independently selected from H, Cy.4 alkyl, and phenyl;
R* is Cy.¢ alkyl, phenyl, or benzyl; and
10 R’ is a protecting group;
wherein when L is SO,, R! is other than OR".
Appropriate R7 protecting groups include, but are not limited to the protecting groups
for amines delineated in Wuts and Greene, Protective Groups in Organic Synthesis, 4th ed.,
John Wiley & Sons: New Jersey, pages 696-887 (and, in particular, pages 872-887) (2007),
15 which is incorporated herein by reference in its entirety. In some embodiments, the
protecting group for the R7 group is one which is stable to conditions for removing the R'°
protecting group in step (vi) of Scheme 2. In some embodiments, the protecting group for the
R7 group is one which is stable to conditions for removing the R’ protecting group in step {iv)
of Scheme 1. In some embodiments, R’ is a group which is resistant to room temperature
20 acidic conditions. In some embodiments, the R’ is a group which is not removed in 1 to 5 N
hydrochioric acid at room temperature, at a temperature from about 10 °C to about 40 °C, at a
temperature from about 15 °C to about 40 °C, or at a temperature from about 15 °C to about
30°C. In éome embodiments, R7 is benzyloxycarbonyl (Cbz), 2,2,2-trichioroethoxycarbonyl
{Troc), 2-(trimethylsilyl)ethoxycarbonyl (Teoc), 2-(4- |
25  trifluoromethylphenylisulfonyl)ethoxycarbonyl (Tsc), t-butoxycarbonyl (BOC), 1-
adamantyloxycarbonyl (Adoc), 2-adamantylcarbonyl (2-Adoc), 2,4-dimethylpent-3-
yloxycarbonyl {Doc), cyclohexyloxycarbonyi (Hoc), 1,1-dimethyl-2,2,2-

11



Alternatively, the compound of Formula la can be formed by the process shown in step (iii) of Scheme
l. Accordi #&% ound of Formula la is formed by a method comprigj ' mpound of
Formula Igg% - ﬁ)\hlt a compound of formula R8-L-12.1 to form the coﬁr;?gé%%]%}g?‘%g}%oula la;
wherein R8 is a leaving group, 5In some embodiments, R8 is any good leaving group known in the art.
In some embodiments, R8 is halogen or C1 alkoxy. In some embodiments, R8 is chloro. In some
embodiments, the reacting of the compound of Formula Id with the compound of formula R8-L-R1 is
performed in;the prasence.of ome-£mpod s.the base is a tertiary amine, such as
triethylaminei, diisopro %%%&%ﬁ?alr?{aﬁsg?@’%On%éﬁﬁﬁgsﬁz’%g%nﬁgﬁ @?S‘H’E%% 2 %ﬁzyn‘igee rEiodiments, the
base is diisOpYEphramyIaribenzyly qishspy tiror Sdmstid. N the- datripolgr i Bdrmula Id is formed by
a method cempsisingtieatingoa eyl EhgfHearmadenRIBON NN -RBird dbig iemove the R9 group
thereby forming.the compound.of Forgwla Id: wherein IS_a protecti roup. Appropriate R9
protecting g}(l)%g’s fﬁgﬁj ege%%%%érpee rﬁ%t irﬁsﬁzeg iL'[I(r)n %ﬁg?f)lrl %%%?ﬁ&rg?{g@g%gﬂgr%n%gaelineated in Wuts
and GréenelPbpgiettive RS 1o D Al e ogiliteddls, 4th ed., John Wiley & Sons: New Jersey, pages
696-887 (and, in paskicsdar o PAGCeHHArASE F62R01)140 Mhish indnéerpasatedherein by reference in its
entirety. R9 is a protecting group which.can be selectively removed under conditions which do not
displace theaclﬁfyrpriésﬁggt?ﬁgn g‘r&é%dg. no‘ggrﬁ]:tﬂgm ot i%ﬁéﬁe@%ﬁ?egé& %ng;a)rrg 8%5%’?&8‘6% which can be
removed urfdERECRIID asohritionY e rodiraenspBiaitgree SreutsrersmireSiahesthdttes C to about

40C, or at gdemMPRERefOMADAKLO6:10 ABEIG i seme hediments) R84 C16

alkoxycarbonyl. In some embodiments, R9 is tert-butoxycatrbonyl. As used herejn, "alkoxycarbony!"
refers 19 a &%ﬁ% :(s)f%?%?j'%e_ Eéﬁyog%lfﬁg.rence It entn‘e%/ or e)}gmé\e, 1in some embodiments,

the R’ group is removed by treating with fluoride ion (e.g., treating with

tetrabutylammonium fluoride), hydrochloric acid, pyridinium p-toluenesulfonic acid (PPTS),
or a Lewis acid (e.g., lithium tetrafluoroborate)). In some embodiments, the treating
comprises treating with lithium tetrafluoroborate, followed by treating with ammonium

15 hydroxide (e.g., when R is 2-(trimethylsilyDethoxymethyl). In some embodiments, the
treating comprises treating with base (e.g., R7is N-pivaloyloxymethyl). In some
embodiments, the base is an alkali metal hydroxide. In some embodiments, the base is
sodium hydroxide. In some embodiments, the treating comprises treating with sodium
hydroxide or ammonia in a solvent such as methanol or water.

20 In some embodiments, to deprotect the SEM-protection group, a mild, two stage
protocol is employed. The SEM-protected substrate of Formutla 1a is treated with lithium
tetrafluoroborate (LiBF,) or trifluoroborate etherate in aqueous acetonitrile at ambient or
elevated temperature (in some embodiments, at about 80 °C) for ten to twenty hours. The
resulting corresponding hydroxymethyl intermediate is then subsequently treated with

25  agueous ammonium hydroxide (NH4OH) at rcom temperature to provide the compound of
Formula L.

In some embodiments, for the POM-deprotection, an aqueous sodium hydroxide
(NaOH) or lithium hydroxide (LiOH) solution is used. Thus, a suspension of the POM-
protected compound of Formula Ia, is treated with a 1 N aqueous sodium hydroxide solution

30 at room temperature for two to three hours. The desired product of Formula I can be obtained

afier the typical acid-base work-up.

12



5Treatment of the compound of Formula le to remove the R9 group can be accomplished by methods
known in t%ﬁﬁ&gﬁmgﬁemoval of particular protecting groups for amines,mgﬁﬁotg&%%gy Wuts and
Greene, Protective Groups in Organic Synthesis, 4th ed., John Wiley & Sons: New Jersey, pages
696-887 (and, in particular, pages 872-887) (2007), which is incorporated herein by reference in its
entirety. Appropriate treatment conditions do 10not displace the R7 protecting group. In some
embodiments, the treating comprises subjecting the compound of Formula le to acidic conditions at
room temperature, at a temperature from abOLg 5 C to about 40 C, or at a temperature from about 15
C to about 30 C. In some embodiments, the tr&5 |?1'an the compound of Formula le comprises treating
with hydrochloric acid in 1,4-dioxane. 15In step (v) of Scheme 1, the comprund of Formula la ie is
formed by a method comprising reacting a compound of Formula Ib: N-N ith a compound of
Formula If: 20R9-N\ON If to form the compound of Formula le. Step (V) of Scheme 1 is a Michael

addition reaction between the compound of Formula Ib and the compoUﬁ rmula If. The Michael
addition may be, promoted by a 25Mighael addition catalfst h as ba some embodiments, the
Michael additi&n‘éatalyst is a tetraalkylarhmonium Hellide, tetra ammonium iydroxide, guanidine,
amidine, hydroxidg'-alkexjde, silicate, al%a}@%l p _oxide, tertiary amine, alkali metal

carbonate, alkali m icarbonate, alkal metal hydrogéW phosphate, phospking; oL alkali metal salt of
a carboxylic acigf Th some er@%@tﬁﬁe he Michael addition catalyst is¥k¢tramgthyl gianidine,
1,8-diazabicyclo .4.0)undec-7mene, 1,5-diazabicyclo(4.3.0)non-5-ene, 1,4-diazabicyclo(2.2.2)octane,
tert-butyl ammopi droxide, sodi xide, potasg%m hydroxide, Bpdium methoxide, sodium
ethoxide, tripot@ssi m phosphate, so iljCate, calcium /oxjdegtriethylam , $Qdium carbonate,
potassium carbomate,ﬁsodium bicarbon e, 5g9tassium t}\ilc_ onate, potassi ydrogen phosphate,
triphenyl phosphine, triethyl phosphine, potassiun~acetage, pisftinNatylate. In some
embodiments, the Michael addition catalyst is Js8-ghazabi
embodiments, a stoichiometric or a catalytical ggnount of aC
reaction. 10In some embodiments, the reaction is condugt 'rgl n orgatjic spivent, such as acetonitrile
or dimethylacetamide, at room temperature for two to six Nours: Under t Bptinized reaction
conditions, the desired Michael adduct, the compound of Rermdia la, may be oBtained in high yield

and purity. In step (vi) of Scheme 2, the compound of Formula Ig is formed by a method
5
Scheme 2
R‘lG
N—NH / R%0 - .
- SIS N
e N
ib Deprotect i ‘RbO R Nl R
N o A 1
im (vi ’\I’f\/\r\} PG(0) catalyst LN” N
N Ni':{? ) NT N , {vii) h =
ig R
Protec’tﬂ {viif)
X
N7
o
N
it
10 In step (ii), the compound of Formuia Ia is formed by a method comprising reacting a

compound of Formula Ib:
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15comprising treating a compound of Formula 1g: N-N cd, N N7 Ig to remove the RI group thereby
forming thg,eoppaynd @f Formula Ib; wherein Rl is a protecting group. 20ppRieRsiRtsRIspsotecting
groups include, but are not limited to the protecting groups for amines delineated in Wuts and Greene,
Protective Groups in Organic Synthesis, 4th ed., John Wiley & Sons: New Jersey, pages 696-887
(and, in particular, pages 872-887) (2007), which is incorporated herein by reference in its entirety. RI
is a protecting group which can be selectively removed under conditions which do not displace the R7
protecting group. In 25 some embodiments, th&-R{Hs a protecting group which can be removed under
acidic conditions at room temperature, at a te ature from about 15 C to about 40 C, or at a
temperature from about 15 C to about 30C. In spme embodiments, Rl is a group which is deprotected
under room temperature acidic conditions. In 1(3 ewmbodiments, Rl is 1- (ethoxy)ethyl,
tri(C1.6alkyl)silyl (e.g., t-butyldimethylsilyl or tejgopropylsilyl), p- methoxybenzyl (PMB),
triphenylmethyl (Tr), diphenylmethyl, hydroxymethyl, rRiethoxymethyl (MOM), diethoxymethyl, or
t-butyldimethylsilylmethyl. In some embodiments, 421 is 1-(ethoxy)ethyl. Treatment of the compound
of Formula | ‘ho remove the RI group can be 5accomplished by methods known in the art for the
removal of b% i&ﬁPﬁ%@Eﬁﬁ&%P&%’s for amines, such as those in Wuts and Greene, Protective
Groups in Organic Synthesis, 4th ed., John Wil Sons: New Jersey, pages 696-887 (and, in
particular, pages 872-887) (2007), which is&q{corp ratedpperein by reference in its entirety. In some
embodiments, the treating comprises treating the compound of Formula Ig under acidic conditions
(e.g., h)?drochloric 10acid or trifluoroacetic acid) atroom temperature, at a temperature from about 15
C to about 40fGipohatenipropesatwientiam.about 15 C to about 30 C. In some embodiments, the
treating compriseg {feat %‘}é*éﬁ*‘e%%’?%oa“mcﬁ’afe@ﬁf%‘s‘é% rlg% i%qggwae%‘%%%“c%%’%ﬁ%ﬁ from about I N to

about 5 N hydrochloric acid at a temperature of from about to about n step (vii) of
Scheme 2, ripshf ot rerpsnfelg Brotalsd By iskapicd Lbenpite pemeiady @ompound of
Formula Ih:MicMeéhaddeash pemdiye:aliEioiaka. 1ind@me embodiments, the Michael addition catalyst

10 is atetraalkylammonium halide, tetraalkylammonium hydroxide, guanidine, amidine,

hydroxide, alkoxide, silicate, alkali metal phosphate, ¢oxide, tertiary amine, alkali metal
carbonate, alkali metal bicarbonate, alkali metal hydrogen phosphate, phosphine, or alkali
metal salt of a carboxylic acid. In some embodiments, the Michael addition catalyst is
tetramethyl guanidine, 1,8-diazabicycio({5.4.0)undec-7-ene, 1,5-diazabicyclo(4.3.0)non-5-ene,
15 1.4-diazabicyclo(2.2.2)octane, tert-butyl ammonium hydroxide, sodium hydroxide, potassium
hydroxide, sodium methoxide, sodium ethoxide, tripotassium phosphate, sodium silicate,
calcium oxide, triethylamine, sodium carbonate, potassium carbonate, sodium bicarbonate,
potassium bicarbonate, potassium hydrogen phosphate, triphenyl phosphine, triethyl
phosphine, potassium acetate, or potassium acryiate. In some embodiments, the Michael
20 addition catalyst is 1,8-diazabicyclo(5.4.0)undec-7-ene (DB, In some embodiments, a
stoichiometric or a catalytical amount of base is used to facilitate the Michael addition
reaction.
- In some embodiments, the reaction is conducted in an organic solvent, such as
acetonitrile or dimethylacetamide, at room temperature for two to six hours. Under the
25  optimized reaction conditions, the desired Michael adduct, the compound of Formula Ia, may
be obtained in high yield and purity.
Alternatively, the compound of Formula Ia can be formed by the process shown in
step (iii) of Scheme 1. Accordingly, the compound of Formula Ia is formed by a method

comprising reacting a compound of Formula Id:

14



R10 Ilin the presence of a palladium catalyst and a base to form the compound of Formula Ig;
wherein: X ){ﬁgqlgroup a triflate group, iodo, chloro, or bromo; andZ5R, &g b,a4e each
independently H or C1.6 alkyl; or Ra and Rb, together with the oxygen atoms to which they are
attached and the boron atom, form a 5- to 6-membered heterocyclic ring, which is optionally
substituted with 1, 2, 3, or 4 C1-4 alkyl groups. Step (vii) is a Suzuki coupling reaction, which
can be initiated using a number of 30palladium(0) and palladium(ll) catalysts and performed under
conditions known in the art (see, e.g., Miyaur d Suzuki, Chem. Rev, 1995, 95, 2457-2483, which is
hereby incorporated in its entirety). In some embadim€hts, the palladium catalyst is Pd(PPh3)4 and
Pd(dpP0O2C12. In some embodiments, the palladium catalyst is
tetrakis(triphenylphosphine)palladium(0) or t is(tri(o-tolyl)phosphine)palladium(0). In 5some
embodiments, the palladium catalyst is tetrakis(triphenylphosphine)palladium(0). In some
embodiments, the palladium catalyst loadingNS bout 1 x 10 -4 to about 0.1 equivalents. In some
embodiments, the palladium catalyst loading about 0.0010 to about 0.0015 equivalents. In
some embodiments, the stoichiometric ratio of the cqtrﬂpound of Formula Th to the compound of
Formula Il is from about 1 to about 1.05, or from a?out to 1 10to about 1.35. In some embodiments,
the solvent for step (vii) comprises water and an J ganic solvent. In some embodiments, the organic
solvent is 1\64&;1mmmunmmliﬁﬁwﬁ‘}e&i"mweﬁaanm@w@f PopropdaokitotieR&ior ethanol, or a
combinatio.ihgregtyln some embodiments, the organic solvent comprises a combination of 1-butanol
and DME. In some embodiments, the pase is an inorganic base. In some embodiments, the base 15is
an orgahic base. A %?ﬁ@‘@mﬂ’ﬁ?ﬁ?ﬁeﬁts‘sﬁ% BoRebIsavinE STRUR R Bdh5SHat® 8% alkali metal
hydrogen carb:enmﬁemmE%mbabgwb&d@enlﬁsmhelba@edexﬁmamﬁum RAtbonate (K2CO3). In some
embodiments, twotg, five. cauiyaAleIs OfbasE ( %fqhe%&%@&aas%%&gm'm%ﬁmegmbod'ments two to

five equivalents of base (e.g., NaH CO3 ) are us n some embodiments, the Suzuki coupling
reaction is GBWBEft‘fféafaff’ﬁ“féﬁ\%ehﬁlﬁé rouab BoRGSPEREIRE. I %’B?ﬁéné?%ﬁﬁﬁﬁents the
reaction is dartied Gul itondwarnonbyelve ety lamite, shiseereppkadimeints NRa and Rb, together with the
OXyge@Oatomg‘d‘gzl i}'ﬁr%ﬂggyagcﬁh@tiﬁgh d'g Sglgg etrrrlxgokﬁ?m%ntsaE%mdafs%r{sndus%propiﬁe%y]%rSnI gesome

embodiments ro, bromo, or iodo. In some embodiments, X
In step (w) of Scheme 1, the compound of Formula Id is formed by a method

comprising treating a compound of Formula Ie:

Ie
15 to remove the RY group thereby forming the compound of Formula Id; wherein R® is a
protecting group.
Aporopriate R® protecting groups include, but are not Hmited to the protecting groups
for amines delineated in Wuts and Greene, Protective Groups in Organic Synthesis, 4th ed.,
John Wiley & Sons: New Jersey, pages 696-887 (and, in particular, pages 872-887) (2007),
20 which is incorporated herein by reference in its entirety. R’isa protecting group which can
be selectively removed under conditions which do not displace the R protecting group. In

some embodiments, the R’ is a protecting group which can be removed under acidic

15



chloro. In step (viii) of Scheme 2, the compound of Formula Ib is formed by protecting a compound

of Formulaygty J5,¥ith8|R7 group.  The R7 group is chosen as describgg-aghaue,dp sQme

embodiments, R7 is 2- (trimethylsilyl)ethoxymethyl. In some embodiments, R7 is N-pivaloyloxymethyl.
Addition of the R7 protecting groups can be added by methods known in the art for attachment of
protecing groups for amines (see e.g., Wuts and Green referred to above). For Sexample, the indole
nitrogen can be deprotonated with a base (e.g., with sodium hydride (NaH)) in an organic solvent (e.g.,
THF, 1,4-diexasmenk 2t didie thexyethana: (Dt aibliNdineihylacetamide: ORAL)Yat low temperature
(e.g., from about O to about 5 dp re being treated with an ectropgu'le, uch as
trimethylsil?ﬁer?ﬁ%r%!rrnee{ﬁﬁ E({Eh %(f-r:i} eqéggﬁ?atﬁoﬁ%laﬁ%w&?mogfjﬁly Shiori &S (POM-C1). The SEM- or
POM-proteéléerxcahiroid. AR soropyrensizeata Ry isrsidingcarehen sdatsaiderisitu generated as the

starting matenals femnsuiaseauant 2uzsily seastion vitkoyouthaut further purification. The compound of
Formulg Ic can beﬁtg&{trrnng% (l:))%/ Q%Omeghg S ﬁ%%Qggpe%mg%]b oW, c@cggrdingly, in step (ix) of
Scheme 3, the compound 0 AL 1Cs o?me by a metho i C(%an?isﬁg reacting the compound of
Formula Ik:3RNENsIROsaRthdrdopwiiih eeohipgobntbop falniutarikelar atdcimglaseoppe sence of a base

to form the gamprouRA affaimuiale whereinR8 deailRavipeh oI iR 2QTHeR3igrayrLcan be any
appropriate leaving gr. kngwn in the art fo ' sulfonyl or carbonyl ¢ ining moiety. In some
embodimer{éfné}él%g ﬁgg%%léhn%rw fsl%l%s(@f}.gﬁ? %gzé%ml%aﬁ%?ﬁfs?%si ghﬁ%%a(?{)blb:)%ﬁo or iodo. In
some embodknetEIcRBAsH bersin by [pfgoneiviiradirentpie s tdgmerstiaditianide, such as
triethylaming,: diigpRECRY IRThylRming Mrpativimorpholincntndihe like: oseme &mbqgiments, the
base is 25d§§oprofpyéleéh¥lemm . Iln some. embdodlments, the salt of the compound o} Formula Ik is the
hy drochlori gg}ﬁ dund of Formuia le to aciaic conditions at room temperature, at a temperature from

about 15 °C to about 40 °C, or at a temperature from about 15 °C to about 30 °C. In some

embodiments, the treating of the compound of Formula Ie comprises treating with

hydrochloric acid in 1,4-dioxane,

15 In step (v) of Scheme 1, the compound of Formuia Ia ie is formed by a method

comprising reacting a compound of Formula Ib:

N=NH
/

N™ Ry
lk/N

N .
R7
with a compound of Formula If:
20 CN

to form the compound of Formula le.
Step (v) of Scheme 1 is a Michael addition reaction between the compound of
Formula Ib and the compound of Formula If. The Michael addition may be promoted by a
25  Michael addition catalyst, such as base. In some embodiments, the Michael addition catalyst
is a tetraalkylammonium halide, tetraalkylammonium hydroxide, guanidine, amidine,
hydroxide, aikoxide, silicate, alkali metal phosphate, oxide, tertiary amine, alkali metal
carbonate, alkali metal bicarbonate, alkali metal hydrogen phosphate, phosphine, or alkali

metal salt of a carboxylic acid. In some embodiments, the Michael addition catalyst is

16



A compound of Formula If can be formed by protecting the amino group of a compound of Formula Ik

with an appraprigse 39, 9roup by methods known in the art (see e.g., Wutsidh i ak9ve)-

Alternatively, a compound of Formula Im may be used in place of 30 the compound of Formula If.
In step (x) of Scheme 3, the compound of Formula Ik is formed by a method comprising treating a
compound of Formula Im: R11 o' CN Im to remove the -C(=0)OR11 moiety thereby forming the
compound of Formula Ik; wherein is is C1_6 alkoxycarbonyl. 5In some embodiments, R11 is

tert- bUtOXyC@{Q%bﬂﬁﬁ%Qa%hJH% SOMESAPROAITENES e tfee%ng 98&@@3\9&%@ hRorula Im

method known in the art for removing an alkoxycarbon group from an amine (e.g., a

comprises

BOC group)l'(igé"‘?élbgj‘:y W&&é&ﬁ%‘@}%@%%&f&ﬂ%@%&ﬁ%@%ﬂ% RYJHANGE SOWESIHE., John Wiley
& Sons: New dersédy spdgese86:884 {adidnintipaiticulirtpages B102pB87,) 60T }ilwich is incorporated
nerein by 10igieieBGaINASBMUNER) i saTecMRoMMRALE Rdieal g ol t%%§9§ﬂs pigund of Formula

Im comprises treatln}%wnh aqueous hydrochloric acid. Scheme 3 In"step (Xi cheme 3, the

compound BPESTHTY ﬁ‘i?%%rﬁ%ﬁ%%%ﬂg%p@@?ﬁlﬁ?ﬁ%lH&F@%R@S&féﬁnﬁ’@ﬁﬁb of Formula In; R" 15

In with a Wittigphipe seageinth coataining@syamnariekiy! mmaﬁwﬂimley{wmgmwpaw form the

compound QPRI ) s ARMASHIETEN, BRJer Wil e a0l selrs 0 reagents used i
dlswoﬁi#lEmmons r%

the Wittig reaction, the"Wa action, an orner- ttlg reaction as described in 5
the art (sees@‘ﬁh“@?ﬁ’é‘ﬁ i ot b P e ahiass ‘Gfﬁﬁﬁ%f@ﬁéﬁﬂéh%/hfim@ﬂe@dﬁéa’&tlons and
Synthesis, 4thceich, Kluwer Academic/Plenum Publishers:New York, pages 111-119(2001); and March,

Advanged Organi [ r echanls nd Structure, 3rd ed. ohn Wiley &
Sons:New York, ?a(g;é}g%d%% dlm%rl?t g‘f rg?all\% Y of which c%esglhréeé?ﬁé a Eedg ??ere?n lﬂ)ﬁ references in its

entirety). Eﬁéﬁﬂﬂ&rﬁwl\mw@hw@%@séﬁ@%ﬁﬁéﬁﬁ@t&r%%mmaﬁw ko dyedtsihethyl ylide group
include, butcptiennet lisatias tneRMROtRdEaEgeNera iRl aHR ORRB(HOAFRAR BPA-(-)-R1,

R"2P(=0)-LRl;2n0L R, 2hP}(1el-d Nk pz:!'r2 t]y wherein
In step (vi) of Scheme 2, the compound of Formula Ig is formed by a method

15 comprising treating a compound of Formula Ig:

to remove the R'® group thereby forming the compound of Formula Ib; wherein R is a
protecting group.

20 Appropriate R' protecting groups include, but are not limited to the protecting groups
for amines delineated in Wuts and Greene, Protective Groups in Organic Synthesis, 4th ed.,
John Wiley & Sons: New Jersey, pages 696-887 (and, in particular, pages 872-887) (2007),
which is incorporated herein by reference in its entirety. R'%is a protecting group which can
be selectively removed under conditions which do not displace the R’ protecting group. In

25  some embodiments, the R'%is a protecting group which can be removed under acidic
conditions at room temperature, at a temperature from about 15 °C to about 40 °C, or at a
temperature from about 15 °C to about 30 °C. In some embodiments, R'® is a group which is
deprotected under room temperature acidic conditions. In some embodiments, R' is 1-

(ethoxy)ethyl, tri(Ci. alkyDsilyl (e.g., t-butyldimethylsiiyl or triisopropylsilyl), p-
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R'is C1.6 alkoxy or optionally substituted phenyl; R" is optionally substituted phenyl; L is - CH2- or-
-CH-; and R}is,6y30214h some embodiments, the Wittig-type reagent is digthyl exangsagiby!
phosphate In some embodiments, the reacting of the compound of Formula In 15with the Wittig-type
reagent in the presence of a base. In some embodiments, the base is a strong base. In some
embodiments, the base is potassium t-butoxide, sodium t-butoxide, sodium hydride, sodium ethoxide,
sodium hydroxide, potassium carbonate, or sodium carbonate. In some embodiments, the base is an

- alkali metal alisoxide., 10 1Sspme \embodiments: ¢ Qﬁﬁ%ﬁ?i%@t&#@l&@%‘:@%ox'de In some

embodiments, the base is 20 otaSS|um t- butOX|d n some embodiments, the olefination of the

azetidine kSIGHEBFIEHh nfiRReEY b Qo SRYEEB st My HH ot@é?fﬂf’ solvent, such as THY,
under the infitiercecatlasé issuchhasypatassium tert-butoxide, at a temperature from about 0 to about 5

C. The azetldmone&gtnmrg@%gémgrgeopggp%ﬁq %?em&%'fd%dt{m% W, igported by 25Gaertner
(J, Org, Chem., 1967, 32, 2972) (see e.g., steps (xii) to (xiv)). In one embodiment, the "one-part”

formation oPtﬁ%ﬁ&%ﬁ&tﬁ@%ﬂ%ﬁtﬁa@%%feféaea%ﬂ BiPBHRURRRIRESIE SR dEompounds of
Formula Ip entes thetcatatymﬂnydmgﬁa@mpm@mmmmﬂpe;pl(e@enﬁes@memumLe such as
di-tert-butyl dica. eqsSimplifie R t re the I tected i pared to other
odiied o o B e R e on of e
protected azétﬁtm%cetmetﬁth%t% % er@vﬁ@spbﬁatwkétdﬁé@ ePPRsHmemEs 1 Hip Fsoités almost
quantutatlvecwﬁiﬂgm@temm@tmllﬁxfe;a@ﬂ@afeoﬁdmt@umrtmdﬂmtuﬁmaa@@eg GOROIMES, N- protected‘

azetldl{bones of Forrﬁtula Jo are v, usef Is nt etlc ptermedl for the tloDn f complex
1 Do 1;15“’?
organic molaecufesrI CrRECoram Iy,ﬂ%ontep xu 0 Scheméj%r ecgnrhaoun I%rmu(%aln is formed

by a method&Smprisintgmesating A evrsuht 6fiEaba R J6: mspmrobyéleqmtht%m oxidizing agent
com ponenttt@atmgrtdh@mmmauﬂgt@é ERRPYUIR 18f FornAR USRS Qethe ﬁmm&&mg agent

component” refe sNIooone oL tip%a/%é %%ollzm %Aggtt%nlgno%gtréno e argggét (;J(g Bondary alcohol

to a ketone (see€, e.g., arey an erg, Vance rgamc emls actlons and
Synthesis, 4¢h ed., Kluwer Academic/Plenum Publishers:New York, pages 747- 757) which is
incorppsated herem Q&b%@i“?fﬁ@m@ﬁ}% ) tittz% &ﬁﬁ&ﬁ@&&t}t dnrpma.cphodiments. JagQxidizing agent
component com g{ges aactlrrensg(l)%t m é] |da t, including, but not limited to, a chromium (V1) reagent
(e.g.,a Colliis' eagénff pyﬁoanlurﬁ WehPomate" C), or pyridinium chlorochromate (PCC)), potassium
permanganate, manganese(lV) dioxide, a ruthe |um (I1) reagent (e.g., RuCI2(Pcymene)2), ruthenium
tetraoxide, or a combination of a manganese(; ide, a ruthenium 15 (Il) reagent and
benzoquinone; DMSO and an electrophilic redge h as a carbodiimide reagent (e.g.,
dicyclohexylcarbodiimide), acetic anhydride, triflioroggetic anhydride, oxalyl chloride, or sulfur trioxide;
dimethyl sulfide and N-chlorosuccinimide; DMSO and chlorine; or a Dess-Martin reagent. In some
embodiments, the oxidizing agent component comprises 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO)
and a stoichiénetigpxidant Fergwieddium 20hypochlorite or N-chlorosuccinimide (NCS)). In some
embodiments, the oxidizing agent compong#ss com \iﬁes TEMPO and sodium hypochlorite.
B N |
20 R’ g
1l
in the presence of a palladium catalyst and a base to form the compound of Formula Ig;
wherein:
X is atosylate group, a triflate group, iodoe, chioro, or bromo; and
25 R® and R are each independently H or C, alkyl; or
R* and R, together with the oxygen atoms to which they are attached and the boron
atom, form a 5- to 6-membered heterocyclic ring, which is optionally substituted with 1, 2, 3,
or 4 Cy.4 alkyl groups.
Step (vii) is a Suzuki coupling reaction, which can be initiated using a number of

30 palladium{0) and palladium(II} catalysts and performed under conditions known in the art
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In step (xiii) of Scheme 3, the compound of Formula Jo is formed by a method comprising reacting a

compound\ohEapHasie:  251p with a compound of Formula lg: - under cgiajytis,bygsoggnation

conditions to form the compound of Formula Jo. In some embodiments, the catalytic hydrogenation
conditions comprises hydrogen gas and a palladium on carbon catalyst. In step (xiv) of Scheme
3, the compound of Formula Ip is prepared by a method 5comprising the steps of: (a)reacting a
compound of Formula Jr:  Ir with a compound of Formula Is: xi 10 Is to form the halide salt of the

compound ?sfe'e:oJ%%JQ&?Q%@Q%%@%th?esalgf,%fst@% Qgg%pﬁ)&ggd q}‘ul::holrS ere }p with a base to form
the compound of Formula Ip; 15whefein Xi is halogen
incorporated in its cnt;re‘sy) In some embod;ments the palladium catalyst is Pd(PPhs)s and

Pd(dppf)Cly. In some embodiments, the palladium catalyst is
tetrakis(triphenylphosphine)palladium(0) or tetrakis(tri{o-toly)phosphine)paliadium(0), In
5 some embodiments, the palladium catalyst is tetrakis(triphenylphosphine)palladium(0).
In some embodiments, the palladium catalyst loading is from about 1 x 10 ™ to about
0.1 equivalents. In some embodiments, the palladium catalyst loading is from about 0.0010 to
about 0.0015 equivalents. In some embodiments, the stoichiometric ratio of the compound of
Formula Ih to the compound of Formula 1i is from about 1 to about 1.05, or from about to 1
10 toabout 1.35. In some embodiments, the solvent for step (vii) comprises water and an
organic solvent. In some embodiments, the organic solvent is 1,4-dioxane, 1-butanol, 1,2-
dimethoxyethane (DME), 2-propanol, toluene or ethanol, or a combination thereof. In some
embodiments, the organic sclvent comprises a combination of 1-butanel and DME.
In some embodiments, the base is an inorganic base. In some embodiments, the base
I5  is an organic base. In some embodiments, the base is an alkali metal carbonate or an alkali
metal hydrogen carbonate. in some embodiments, the base is potassium carbonate (K,COs).
In some embodiments, two to five equivalents of base (e.g., KoCOs) are used. In some
embodiments, two to five equivalents of base (e.g., NaHCOs) are used,
In some emboediments, the Suzuki coupling reaction is conducted at a temperature of
20  about 80 to about 100 °C. In some embodiments, the reaction is carried out for two to twelve
hours,
In some embodiments, R* and R®, together with the oxygen atoms to which they are

attached and the boron atomn, form the moiety:

N
o’Bm;_

25 In some embodiments, X is chloro, bromo, or iode. In some embodiments, X is
chioro,
In step (viii) of Scheme 2, the compound of Formula Ih is formed by protecting a

compound of Formula It:

19



In some embodiments, X1 is chloro. The present invention further provides a method of forming a

compoundohf gwyﬁlﬁifompnsmg (a)reacting a compound of Formula IhyXg i Seserpound of
formula: ? RI In the presence of tetrakls(trlphenylphosphme)palladlum(O) and an alkali metal

carbonate or 25alkali metal hydrogen carbonate base to form a compound of Formula Ig: /F21 N-N
(b) treating the compound of Formula Ig to remove the RI group to form a 5compound of Formula 1b:
Ib (c) reacting the compound of Formula Ib with a compound of Formula Ic: L-N 10R1CN Ic in the
presence of gcaty gu(ar stoichiometric amount of 1,8-diazabicyclo(5.4.0)undec-7-ene to form the

compound of Formu - R1-L
The R group is chosen as described above. In some embodiments, R’ js 2-

(trimethylsilylethoxymethyl. In some embodiments, R” is N-pivaloyloxymethyl.
Addition of the R’ protecting groups can be added by methods known in the art for
attachment of protecing groups for amines (see e.g., Wuts and Green referred to above). For
5  example, the indole nitrogen can be deprotonated with a base (e.g., with sodium hydride
(NaH)) in an organic solvent (e.g., THF, 1,4-dioxane, 1,2-dimethoxyethane (DME), or N,N-
dimethylacetamide (DMAC)) at low temperature (e.g., from about 0 to about 5 °C) before
being treated with an electrophile, such as trimethylsilylethoxymethy! chioride (SEM-C1) or
pivaloyloxymethyl chloride (POM-CI). The SEM- or POM-protected 4-chloro-7H-
10 pyrrolo[2,3-dJpyrimidine can then isolated or in-situ generated as the starting materials for
subsequent Suzuki reaction with or without further purification.
The compound of Formula Ic can be formed by the methods shown in Scheme 3
below.
Accordingly, in step (ix) of Scheme 3, the compound of Formula Ic is formed by a method
15 comprising reacting the compound of Formula Ik:

HN%

CN
Ik

or salt thereof, with 2 compound of formula R®-L-R' in the presence of a base to form the
compound of Formula Ic; wherein R® is a leaving group.
20 The R® group can be any appropriate leaving group known in the art for adding a
sulfony! or carbonyl! containing moiety. In some embodiments, R® is halogen or C;.4 alkoxy.
In some embodiments, R® is chloro, bromo, or iodo. In some embodiments, R? is chloro.
In some embodiments, the base is a tertiary amine, such as triethylamine,
diisopropylethylamine, N-methyImorpholine, and the like. In some embodiments, the base is
25  diisopropylethylamine. In some embodiments, the salt of the compound of Formula Ik is the
hydrochloride salt.
A compound of Formula If can be formed by protecting the amino group of a
compound of Formula Ik with an appropriate R® group by methods known in the art (see e.g.,
Wuts and Green above). Alternatively, a compound of Formula Im may be used in place of
3¢ the compound of Formula If.
In step (x) of Scheme 3, the compound of Formula Ik is formed by a method

comprising treating a compound of Formula Im:
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1\1 CN NN (d)treating the compound of Formula la to remove the R7 moiety to form a compound of
Formula I: ({\sNoi¥hkels: L is SO2; SRl is Ci_6 alkyl; R7 is 2-(trimethylsiIy%@@@g%%&g&s
2-pivaloyloxymethyl; Rl is 1-(ethoxy)ethyl; and X is chloro. The present invention further
provides a method of forming a compound of Formula | 10comprising: (a)reacting a compound of
Formula Ih: |h with a compound of formula. 'Rl 15 in the presence of
tetrakis(triphenylphosphine)palladium(0) and an alkali metal carbonate base to form a compound of

Formula Ig: R
o
)‘“N%
o CN

Im
to remove the -C(=0)OR'' moiety thereby forming the compound of Formula Ik: wherein R'!
is is Cis alkoxycarbonyl.

5. In some embodiments, R is tert-butoxycarbonyl (BOC). In some embodiments, the
treating of the compound of Formula Im comprises any method known in the art for
removing an alkoxycarbonyl group from an amine (e.g., a BOC group) (see e.g., Wuts and
Greene, Protective Groups in Organic Synthesis, 4th ed., John Wiley & Sons: New Jersey,
pages 696-887 (and, in particular, pages 872-887) (2007), which is incorporated herein by

10 reference in its entirety). Insome embodiments, the treating of the compound of Formula Im

comprises treating with aqueous hydrochloric acid.

Scheme 3
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In step (x1) of Scheme 3, the compound of Formula Im is formed by a method

comprising reacting a compound of Formula In:

R1 i
s
O}~N<>=o
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N-N WO 2009/114512PCT/US2009/036635 (b) treating the compound of Formula Ig to remove
the RI groypdodesny g epmpound of Formula lb: 5lb (c) reacting a compoyserqfdgamuiab: N-NH
aN7), NN R7 Ib 10with a compound of Formula If: R9-N CN If in the presence of a catalytic or
stoichiometric amount of 1,8-diazabicyclo(5.4.0)undec-7-ene to form a compound of Formula le: R9
N-N cci) CN 15R’

16

i5

20

25

30

with a Wittig-type reagent containing a cyanomethyl or cyanomethyl ylide group to form the
compound of Formula Im.

As used herein, the term “Wittig-type reagent” refers to reagents used in the Wittig
reaction, the Wadsworth-Emmons reaction, and the Homer-Wittig reaction as described in
the art {see e.g., Carey and Sundberg, Advanced Organic Chemistry, Part B: Reactions and
Synthesis, 4th ed., Kluwer Academic/Plenum Publishers:New York, pages 111-119 (2001);
and March, Advanced Organic Chemistry: Reactions, Mechanisms, and Structure, 3rd ed.,
John Wiley & Sons:New York, pages 845-855 (1985), each of which is incorporated herein
by references in its entirety). Exemplative Wittig-type reagents containing a cyanomethyi or
cyanomethyl ylide group include, but are not Iimited to, compounds of general formula
(R’0),P(=0)-L-R’, R” 3P(+)-L(-)-R!, R",P(=0}-L-R’, and (R’N) ,P(=0)-L-R!, wherein
R’ is Cy.s alkoxy or optionally substituted phenyl; R” is optionally substituted phenyl; L is -
CHa- or -CH-; and R' is cyano, In some embodiments, the Wittig-type reagent is diethyl
cyanomethyl phosphate. In some embodiments, the reacting of the compound of Formula In
with the Wittig-type reagent in the presence of a base. In some embodiments, the base is a
strong base. In some embodiments, the base is potassium t-butoxide, sodium t-butoxide,
sodium hydride, sodium ethoxide, sodium hydroxide, potassium carbonate, or sodium
carbonate. In some embodiments, the base is an alkali metal alkoxide. In some
embodiments, the base is an alkali metal t-butoxide. In some embodiments, the base is
potassium t-buioxide. In some embodiments, the olefination of the azetidine ketone of
Formula In with 2 Wittig reagent is conducted in an organic solvent, such as THF, under the
influence a base, such as potassium zerr-butoxide, at a temperature from about 0 to about 5
°C.

The azetidinones of Formula In can be prepared by a modified procedure reported by
Gaertner (/. Org. Chem., 1967, 32, 2972) (see e.g., steps (xii} to (xiv}). In one embodiment,
the “one-part” formation of the corresponding carbamate protecied azetidinols of Formula lo
from the compounds of Formula Ip under the catalytic hydrogenolysis conditions in the
presence an electrophile, such as di-ters-butyl dicarbonate, simplifies the process to prepare
the protected azetidinols compared 1o other modified procedures (Zhengming, Chen et al,
WO 00/63168), TEMPO-catalyzed oxidation of the protected azetidinols of Formula Io to
the corresponding ketones of Formula In provides almost quantitative yield under the mild
reaction conditions. As the di-funtionalized compounds, N-protected azetidinones of Formula

Io are very useful synthetic intermediates for the preparation of complex organic molecules.
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le (d) treating the compound of Formula le to remove the R9 group thereby forming a compound

of Formulayg »disN; 4d¢h(e)reacting the compound of Formula Id with a cogpgyshed fegmyla R8-L-RI
to 5 form a compound of Formula la: la treating the compound of Formula la to remove the

R7 moiety to form a 10compound of Formula 1: wherein: L is SO2; 15Rl is Ci.6 alkyl; R7 is
2-(trimethylsilyl)ethoxyethyl or 2-pivaloyloxymethyl; R8 is chloro; R9 is tert-butoxycarbonyl; Rl is
1-(ethoxy)ethyl; and X is chloro.

Accordingly, in step (xii) of Scheme 3, the compound of Formula In is formed by a

method comprising treating a compound of Formula Jo:

R‘ﬂ
g
NQ—OH
O)—-

Io
5 with an oxidizing agent component to form the compound of Formula In.

As used herein, the term “oxidizing agent component” refers to one or more oxidizing
agents known in the art for oxidizing a secondary alcohol to a ketone (see, e.g., Carey and
Sundberg, Advanced Organic Chemistry, Part B: Reactions and Synthesis, 4th ed., Kluwer
Academic/Plenum Publishers:New York, pages 747-757), which is incorporated herein by

10 references in its entirety). In some embodiments, the oxidizing agent component comprises a
transition-metal oxidant, including, but not limited to, a chromium (VI) reagent (e.g., a
Collins reagent, pyridinium dichromate (PDC), or pyridinium chlorochromate (PCC)),
potassium permanganate, manganese(IV) dioxide, a ruthenium (II} reagent (e.g., RuChy{(p-
cymene)»), ruthenium tetraoxide, or a combination of a manganese(IV) dioxide, a ruthenium

15 (1I) reagent and benzoquinone; DMSO and an electrophilic reagent such as a carbodiimide
reagent (e.g., dicyclohexylcarbodiimide), acetic anhydride, trifluoroacetic anhydride, oxalyl
chioride, or sulfur trioxide; dimethy! sulfide and N-chlorosuccinimide; DMSO and chlorine;
or a Dess-Martin reagent. In some embodiments, the oxidizing agent component comprises
2;2,6,6-tetramethylpiperidine-I»oxyi {TEMPOj} and a stoichiometric oxidant (e.g., sodium

20 hypochlorite or N-chlorosuccinimide (NCS)). In some embodiments, the oxidizing agent
component comprises TEMPO and sodium hypochlorite.

In step (xiil) of Scheme 3, the compound of Formula Io is formed by a method

comprising reacting a compound of Formula Ip:

W
N&—OH
)

25 Ip

with a compound of Formula 1g:
9]

0
Rﬁ"U\O)LRﬂ
Iq
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The methods may be used to produce any of the compounds described in the 5embodiments herein,
or combingfienshgieef, or any of the compounds of the examples. The prgsepiciisigProvides
any combination of the individual methods for forming compounds of Formula |, compounds of
Formula Ia, etc. The present invention further provides any of the intermediates above, or salts
thereof. In some embodiments, the compound of Formula | produced by the methods, or
10combination thereof, is (1-(Ethylsulfony1)-3-[4-(7H-pyrrolo[2,3-d]pyrimidin-4-y1)-1H-

pyrazol-1-ylazetidingvings HMHE-J&E&F@%@M&?Y@J@%@M@%&EP&H}{{ﬁ@ﬁ;?“h of the corresponding
intermediates of Formula la, Ib, Ic, etc., for [l)iroducing {1-(Ethylsulfony1)-344- (7H-py rrolo[2,3-d]

. ( .
pyrimidin-4-y1)-1HR SO PSR Tt de 500 8 De s ReArE O TheeB I RSB Bl ARr pge #sthodss further
comprise reactingpihhdisommpoueh oftibFormula | with phosphoric acid to form the phosphate salt. The
phosphoric acid S@Hfs@g%yemﬂémgf%%wmJ@ﬁyolamqg%C@fégaye&rsgmﬁoﬁo'uﬂon ofthe
corresponding free base in'an organic solvent, such as ethanol (EtOH), with a solution of phosphoric
acid in an of§aRIEE8IHENteRLh as ethanol, at room temperature or at an elevated temperature (e.g.,
from about 60 to d@ijout 7éxdG)g BheppoduteiForuge phosphate salt may then be further 20purified by
recrystallization or re-slurry in an organic solveator a mixed organic solvent system. In some
embodiments, the compound produced by th& mgthod is {1-(ethylsulfony1)-3-
[4-(711-pyrrolo[2,3-d]pyrimidin-4-y1)-1H-pyrazol-1- Wetidin-3-y|}acetonitrile phosphoric acid salt.
25In some embodiments, the compounds of Farrdulasi, 1I, HI, and IV can be prepared according to
the synthetic procedures described below in e Example section. Methods Compounds of the
invention can modulate activity of one or more*3dnus kinases 30(JAKs). The term "modulate” is meant
to refer to an ability to increase or decrease the adtivity of one or more members of the JAK family of
kinases. Acgardingly, SoperpdsQfithe invention can be used in methods of modulating a JAK by
contacting the JAK with any one or more of the_.compounds or compositions described herein. In some
embodjignents, compounds of the present invention n act as inhibitors of one or more JAKS. In
further embodiments, the compounds of the inve?gion can be used to modulate activity of a JAK in an
individual in need of modulation of the receptor by ‘administering a modulating amount of a compound
of Formula 19 fierm terhalidg sadiofahwbivhpthhadrréEermutoippadnds bind and/or modulate include any
member of 5 the JAK familyinhisoie #Mbesipanis o8 is JAKL odAK21MG3 or TYK2. In some

embodiments, the JAK is JAK1 or JAK2. In some embodiments, the JAK is JAK2. In some
embodiment& e A K EIRKE,

15  wherein X' is halogen.

In some embodiments, X! is chloro.
The present invention further provides a method of forming a compound of Formula [
comprising:
(8) reacting a compound of Formuia Ih:
X

R
|\N/ N‘
20 R’

Ih

with a compound of formula:

O ey
i =)
-0 N\R

in the presence of tetrakis(triphenylphosphine)paliadium{0) and an alkali metal carbonate or

10

25  alkali metal hydrogen carbonate base to form a compound of Formula Ig:
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Another aspect of the present invention pertains to methods of treating a JAKassociated disease or
disorder inyap ndividyah(e.g., patient) by administering to the 10individual jg-peRd 0 asihdreatment a
therapeutically effective amount or dose of a compound of the present invention or a pharmaceutical
composition thereof. A JAKassociated disease can include any disease, disorder or condition that is
directly or indirectly linked to expression or activity of the JAK, including overexpression and/or
abnormal activity levels. A JAK-associated disease can also include any disease, disorder or condition
15that can be prevented, ameliorated, or cured by giedulating JAK activity. Examples
ofJAK-associated diseases include diseases inyalving the immune system including, for example,
organ transplant rejection (e.g., allograft rejectiQpand graft versus host disease). Further examples
ofJAK-associated diseases include autoimmune|diseases such as 20multiple sclerosis, rheumatoid
arthritis, juvenile arthritis, psoriatic arthritis, type Traketes, lupus, psoriasis, inflammatory bowel
disease, ulcerative colitis, Crohn's disease, m pfa gravis, immunoglobulin nephropathies,
autoimmune thyroid disorders, and the like. In some gmbodiments, the autoimmune disease is an
autoimmune bullous skin disorder such as pemphigus vulgaris (PV) or bullous pemphigoid (BP).
25Further examples of JAK-associated diseases intlude allergic conditions such as asthma, food
allergies, atopic dermatitis and rhinitis. Further examples of JAK-associated diseases include viral
diseases such as @psteircBiag MirasnoBl) ot fepaltitis BoepatitisR 'HiMuplblavrh, aVaricella-Zoster
Virus (VSZV)and QH{%@ '?%Bf'li‘bma Virus (HPV). Further examples of JAK-associated diseases or
conditions include skin disorders 30such as psoriasis (for example, psoriasis vulgaris), atopic
dermatitis, skin rash, skin irritation, skin sensiti
dermatitis). For example, certain substances intfiding some pharmaceuticals when topically applied
can cause skin sensitization. In some embodi ts,.co-administration or sequential administration of
at least one JAK inhibitor of the invention togegher with the agent causing unwanted sensitization can
be helpful in treating such unwanted sensitization” or'lermatitis. In some embodiments, the skin
disorder is treated by topical administration of at leastone JAK inhibitor of the invention. In further
embodiments, the JAK-associated disease is candér including those 5characterized by solid tumors
(e.g., prostate cancer, renal cancer, hepatic cancer, pancreatic cancer, gastric cancer, breast cancer,
lung cancer, cancers of the head and neck, thyroid cancer, glioblastoma, Kaposi's sarcoma,
Castleman's dise&Sk, m%ﬂBﬁaemm%gﬂfﬁiﬁlﬁl IB&YHE%%‘(@@?’TQWWI‘Q? fSukemia such as
- acute lymphoblastic leukemia, acute myelogepg@g(emia (AML) or multiple myeloma), and skin
cancer§uch as cutaneous T-cell IymphomaR:rO (CYCL)@ad cutaneous B-cell ymphoma. Example
cutaneous T-cell lymphomas include Sezary syndrome and mycosis fungoides. JAK-associated
diseases can further include those characterized B expression of a mutant JAK2 such as those
having at leashepesmaasioncitathe: psewdnikinase Sosumiof (B 0diaAKANBIT EpyditA-associated
dlseases can fgrrglh%re |§0%ug§ m %ollf%gtlye dl_sorders (_MPDS) such as polycythemlg vera (PV),
essential thrombocythemia (ET), myelfo ibrosis with myeloid metaplasia (MMM), chronic myelogenous
leukemia (CML), chronic myelomonocytic Ieuﬁeemia (CMML), hypereosinophilic syndrome (HES),

systemic mast cell &/CN

(e.g., contact dermatitis or allergic contact
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o
T
’\N/ N
k7

15 [a;

(d) treating the compound of Formula Ia to remove the R” moiety to form a

compound of Formula I:

25



disease (SMCD), and the like. In some embodiments, the myeloproliferative disorder is 20primary
myelofibrogig, (R & post polycythemia vera/essential thrombocythemiagpygigbirngigg2ost-PV/IET
MF). Further JAK-associated diseases include inflammation and inflammatory diseases. Example
inflammatory diseases include inflammatory diseases of the eye (e.qg., iritis, uveitis, scleritis,
conjunctivitis, or related disease), inflammatory diseases of the respiratory tract 25(e.g., the upper
respiratory tract including the nose and sinuses such as rhinitis or sinusitis or the lower respiratory
tract including bronchitis, chronic obstructiveggujmonary disease, and the like), inflammatory myopathy
such as myocarditis, and other inflammatory disgases. The JAK inhibitors described herein can
further be used to treat ischemia reperfusion injutig's g™ disease or condition related to an
inflammatory ischemic event such as stroke og3Qcardiac arrest. The JAK inhibitors described herein
can further be used to treat anorexia, cachexi fatigue such as that resulting from or associated
with cancer. The JAK inhibitors described herein can further be used to treat restenosis,
sclerodermitis, or fibrosis. The JAK inhibitors gieSgritded herein can further be used to treat conditions
associated with hypoxia or astrogliosis such a&N fpxample, diabetic retinopathy, cancer, or
neurodegeneration. See, e.g., Dudley, A.C. et al. Blbchem. J 2005, 390(Pt 2):427-36 and Sriram, K. et
al. J. Biol. Chem. 2004, 279(19):19936-47. Epub 2004 Mar 2. The JAK inhibitors described herein can
be used to tgat Alzheimer's disease. The JAK inhibitors described herein can further be used to treat
other inflammatory 5diseases such as systemic inflammatory response syndrome (SIRS) and septic
shock. The JAKiSAHPitors described herein can further be used to treat gout and increased
prostate size due 10,i€. beyugn prostatic hypertophy or benign prostatic hyperplasia. The JAK
inhibitors descrlbefg: heé n.a I s othe JAK hf\pé orﬁ)calpla}gg of influencing IL-6/STAT3
signalling, can further € use ?/ atlo ~associated proliferative diseases. Inflammation
has been shown t8 b# ﬁrﬂ%@tﬂ”tb)?ﬁéld@iiblopment of certain types of cancers. For example, patients
suffering from inflapanatery bowel disease such as ulcerative colitis have been shown to have a much
higher risk of dev in lorec aI cancer. Th f inflammation-linke cers have been
termed colitis- assecl)lglé;?e 8%}1“3’5? @3& {/‘grla s |2§0Ea\€g PShowh THar THe dd?_?g 5\'@ signaling is
15involfed hepposieging CAC. For example, mice deficient in STAT3 intestinal epithelial cells had
decreased tumor gize anghinsidepssan.anrtnalimpdel of CAC. Bromberg, et al., "Inflammation and
cancer: IL-6 and STAT3 complete the link", Canger Cell, 15:79-80 (2009). Similar results were
obtained with IL-6 deficient mice, which developEd fewer and smaller adenomas than wild-type mice.

Grivennikov, et al., "IL-6 and STAT3 are requi survival of intestinal epithelial cells and the
development of colitis-associated cancer”, Ca ell, 15:103-111(2009). See also, Bollrath, et al.,
"gp130-Mediated STATS3 activation in enterocytes regl]latres cell survival and cell-cycle progression
during colitis-associated tumorlgene5|s" Cancer Gell, 15:91-102 (2009); and Kortylewski, et al.,
"Regulatlon Qf the IL-23 agw 1giab_alance by Stat3 signaling in the tumor
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in the presence of tetrakis(triphenylphosphine)palladium(0) and an alkali metal carbonate
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base to forn a compound of Formula Ig:
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- 25microenvironment”, Cancer Cell, 15:114-123 (2009). Accordingly, in some embodiments, JAK
inhibitors af{hsventien and those which influence 1L-6/STAT3 signalinge £7,08 4568 L5 treat
inflammation-associated cancers. In some embodiments, the cancer is associated with inflammatory
bowel disease. In some embodiments, the inflammatory bowel disease is ulcerative colitis. In some
embodiments, 30 the inflammatory bowel disease is Crohn's disease. In some embodiments, the
inflammation-associated cancer is colitis-associated cancer. In some embodiments, the
inflammation-associated cancer is colon cancer or colorectal cancer. In some embodiments, the
cancer is gastric cancer, gastrojntestinal carcinoid tumor, gastrointesginal stromal tumor (GIST),
adenocarcinoma, rs;all I ec%?ﬁ@’é’ﬁngrofelzcoﬁé{?‘é]ﬁﬁ%&.r MR tSHE KoiEbtinds provided
herein, examypiecinkoinfbitolslthat can be used in the treatment of inflammation- associated cancers
include those described in US 2006/0106020; W$y006/0183906; US 2007/0149506; US
2007/0135461; US 2008/0188500; US 2008/0812258; US 2008/0312259; and U.S. Ser. No.
12/270,135. 5fAK inhibitors can be tested in animal models for potential efficacy in treating
inflammation-associated cancers. For examplg N¢an be induced in treated (e.g., with JAK
inhibitors) or untreated mice by the method su iged in Grivennikov, et al., "IL-6 and STAT3 are
required for survival of intestinal epithelial cells and th¢ development of colitis-associated cancer",
Cancer Lell, 15:103-111(2009). Progression of thg disease can be 10followed by measuring body
weight and monitoring for signs of rectal bleeding and diarrhea. After sacrifice of the animals, portions
of the distal colon are removed for analysis. In some embodiments, the JAK inhibitors described
herein can further(be useddmireatadneyerdisandas; As used herein, "dry eye disorder" is intended to
encompass the disease states summarized in g rggent official report of the Dry Eye Workshop
(DEWS), which 15defined dry eye as "a multifgctgyial disease of the tears and ocular surface that
results in symptoms of discomfort, visual disturbance, and tear film instability with potential damage to
the ocular surface. It is accompanied by increg olarity of the tear film and inflammation of the
ocular surface." Lemp, "The Definition and Cldssifi n of Dry Eye Disease: Report of the Definition
and Classification Subcommittee of the Internatfdnal y 20Eye WorkShop", The Ocular Surface, 5(2),
75-92 April 2007, which is incorporated herein by reference in its entirety. Dry eye is also sometimes
referred to as keratoconjunctivitis sicca. In some embodiments, the treatment of the dry eye disorder
involvé$ amelio ratimg evpartididamsgybiptom of dry eye disorder, such as eye discomfort, visual
disturbance, tear film instability, tear hyperosmolaxity, and inflammation of the ocular surface. 25As
summarized in the DEWS report, dry eye c%ﬁﬁf@gwd into two different classes: aqueous
tear-deficient dry eye and evaporative dry eye, which in turn encompass various subclasses.
Accordingly, in some embodiments, the dry eye diorder is agueous tear-deficient dry eye (ADDE). In
further embpdimententae ti¢ayeidisordaniseyaparaive ATy, LyrzAb fusihesarnbediments, the dry eye
disorder is selec egcf(g%moaﬂyogf@% lﬁglf&lasses of 30 ADDE or evaporative dry eye disorder, or
appropriate combinations thereof. As noted by the author of the DEWS report, however, the various
classes and subclasses are not mutually exclu§ﬂ/e. Hence, dry eye can occur via different mechanism
in different subclasses or a dry eye disease stat¢'erigigating in one subclass can lead to events that
cause dry eye by a mechanism in another subc . The first class of dry eye, aqueous
tear-deficient dry eye (ADDE), is also known ar deficient dry eye and lacrimal tear deficiency. In
ADDE, dry eye is believed to be due to a failureof lacrimal tear secretion. While not wishing to be
bound by any theory, it is believed that drynessiyesults from reduced lacrimal tear secretion and
volume, causing tear 5hyperosmolarity. Tear"filrﬁ ypPerosmolarity can cause hyperosmolarity of the
ocular surface epithelial cells, stimulating infla ha ry events involving various kinases and signaling
pathways. R?

le ;

() treating the compound of Formula Ie to remove the R® group thereby forming

a compound of Formula Id:
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Two subclasses of ADDE are Sjogren syndrome dry eye (SSDE), where the lacrimal glands are
targeted by, aidiqynune process, and non-Sjogren syndrome dry eye (NGgREhdBsdgsordingly, in
some embodiments, the eye disorder is SSDE. In other embodiments, dry eye disorder is non-Sjogren
syndrome dry eye. In SSDE, it is believed that activated T-cells can infiltrate the lacrimal glands,
causing cell death of acinar and ductular cells and hyposecretion of tears. The effects of locally
released cytokines or circulating antibodies can amplify the effects of hyposecretion. The two major
forms of SSDE are primary and 15secondary fegrms. Primary SS can occur in combination with dry
mouth (xerostomia). Secondary SSDE occurs witly t '\éymptoms of primary SSDE together with an
autoimmune connective disease such as rhewmnatoid arthritis (RA), systemic lupus erythematosis,
polyarteritis nodosa, Wegener's granulomatoSis#systemic sclerosis, primary bilary sclerosis, or mixed
connective tissue disease. Diagnostic criteria fgr each of these connective diseases 20is known in the
art. Further, primary SSDE may be associat i stemic manifestations of disease which may
involve the lungs, kdneys, liver, blood vesselgﬁ Ints. In NSSDE, the systemic autoimmune
characteristics of Sjogren syndrome dry eye are exc}pded. Forms of NSSDE include primary lacrimal
gland deficiencies (including age-related dry eye, congenital alacrima, and familial dysautonomia),
secondary lacrimal 25deficiencies (including inflammatory infiltration of the lacrimal gland by sarcoid
granulomata, lymphomatous cells, and AIDS related T-cells; that associated with graft vs. host
disease; and thatggsulting-framnacsimebiand ahiation wilacrimal glanddenameation) gbstruction of
the lacrimal gland ducts %n?f:# din g:;ha_t caused by cicatrizing conjunctivitis including trachoma,
cicatric#al WP AIGEIEAR ES%% Embrane pemphigoid, erythema 30multiforme, and chemical or
thermal bums), and reflex hyposecretion (indtiiging reflex sensory block, such as that associated with
contact lens wear, diabetes mellitus, and neurow keratitis, and reflex motor block, including that

. . . . . [s ] . .
associated with VIl cranial nerve damage, multi dromatosis, and exposure to systemic drugs
such as antihistamines, beta blockers, antispasmodics, diuretics, tricyclic antidepressants, selective
serotonin reuptake inhibitors, and other psyc ¢ pic drugs). The second major class of dry eye
disorder is evaporative dry eye, which is caused by excessive water loss from the exposed ocular
surface in the presence of normal lacrimal 53gcréfory function. Intrinsic causes of evaporative dry eye
include Meibomian gland dysfunction (MOD) i ing that caused by a reduced number of glands
due to congenital deficiency acquired-MOD; MOD as}sociated with dystichiasis, dystichiasis
lymphedema syndrome, and metaplasia; hyperlaecretory MOD associated with Meibomian seborrhea,
hypersecretory MOD associated with retinoid therapy, primary and secdndary obstructive 10MOD,
focal or diffuse obstructive MOD, simple or cicatricial obstructive MOD, atrophic or inflammatory
obstructive MOD;§imple:MERRIiRaF:04 SEcontandtastarienkiedhalitis (aens Hpsacea, seborrhoeic
derma,{iéis, %ctroda%tx%syndlrolme, Turner syndrome, systemic toxicity from 13-cis retinoic acid,
polych orinaf)ef'ﬂczf’%‘fﬁ)1 eny%,ma";n% epinephrine; and cicatricial MOD primary or secondary to chemical
burns, pemphigoid, acne rosacea, erythemaSiultiforms, VKC and AKC), disorders of the lid
aperture and lid/globe congruity or dynamic (suck-as t&@t occurring with craniostenosis, endocrine and
other forms of proptosis, myopia, and after plasti gery on the lids), and low blink rate (including
that caused by an extrapyramidal disorder su s Parkinson's disease). Extrinsic causes of
evaporative dry eye include ocular surface disegders (including xerophthalmia caused by vitamin A
20deficiency; and that associated with topicalN fygs \and preservatives such as topical anesthesia

N
1
wherein:
L 15 5Oy;
15 R!is Cy.g alkyl;

R’ is 2-(trimethylsity]ethoxyethyl or 2-pivaloyloxymethyl:

R¥is chloro;
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and benzalkonium chloride), contact lens wear, ocular surface disease (including allergic eye disease),
allergic corjungiivitis,dpeluding aseasonal allergic conjunctivitis, vernal kerglocanjyncsivitis, and atopic
keratoconjunctivitis), and the use of anti-histamines. Patients in need of treatment of a dry eye disorder
can be identified by a variety of 25diagnostic methods known in the art, including the diagnostic
methods summarized in Brom et al., "Methodologies to Diagnose and Monitor Dry Eye Disease:
Report of the Diagnostic Methodology Subcommittee of the International Dry Eye Workshop (2007)",
Thg Ocular Surfaqg,é@lb%%%ﬂcg%g@ !il 200.7), which is hereby i_ncorp_orated herein by reference"in its
entirety. These inclyde, but aré not limited to: (1) symptom questionnaires (e.g., Begley, et 30al., "Use
of the dry eye que%tiéﬁﬁé‘“ﬁ%ofﬁ’ Fidsane symptoms of ocular irritation in patients with aqueous tear
deficient dry eye" XGeothray.2002:21:664-70); (2) staining of the ocular surface to check for surface
damage (e.g., Rose B ‘% a& ar. E{Iuggggé:ﬂg\_ %%i&in or, F&%egosntlaionuincgs Héeépl gldsu réas those techniques
summarized in Barr et al., " orﬁVeaI scarrlr?g in the Co laborative ong&u nal Evaluation of
Keratochnu& e EK IS s seiingtievatbeieel, antnrepdraapimingsidd efdetiommptes bl 1999;
18(1):34-46pkasmpavirapod-ofithe Natensinmye: bistitutaiingustneaskshapmongclinical trials in dry
eyes", CLAQ J 1995:2 %4;:2@1- 1; Nicho{%s, al., "The repeatability of clinjcal measurements of dry
eye", Cornecam%%%;%f%oé - ;écr:grﬁl}) 3“[’%3.,(4%?)5@%9%%%&%&13 5?%“ génrﬁ%nﬁlg |vfg1 s?éining in the context
of other dryRsyedstestsof the iaEaroaeee 27y6 20:86)the8omeasurement of tear film break-up time to test
for tear fi Irg Ztabilizy {3 Tﬁg@m@&@l Gdﬂ@é@ﬁyﬂ%@md@g@%wgwﬁmsQgeak-up ti melz in
normal and dry.eye populations’, Adv Exp, M i 02;5 rB:1121-1125; Bron AJ, et al.,
"GradiL(g ofc&l)}g?fe&/%% %n eé%onjd?ﬂé{@hgt%ﬁ%%%’?}iﬁg ontex %ﬁgfﬁ b TAVRE lg'fléé?él‘,atomea 2003;
22:640-50; Dhieret k! Retidows of taestedirire Bkeppetinidraputiarcfodbyripokidgsteas Ofdwr break-up time

bl ol S e o e 1 b0 74
stability following expression of the mejbomian glands, Ophthalmic Physiql Op , :569-74;
Eliason, et z%‘% 5%’<ln°|£1§g§ E)‘ﬁfﬁ/ @Qﬂ?ﬂn’&%ﬁ%ﬁy& 81}%%%@% AP HIFE Y S S phthalmol 1990:
74:519-22; Farrelletans talmldssificatiomfghdlyfeyks foligwisegesaimpérisompdtedoithinning time with
Schirmer tepgtesh 1 Agiaho@RiMbalmAl (GoreRbh A% L(3%B0 Fre%nIAPRSAR &l@lne The effect of

instilled fluorescein solytion yolume on the values and repeatability of TBUT measurements”, Cornea

2005:24:81 TOFPP W 8T Stoa U4 e B REBEstiDn oA LS SRBAAR AT SRSTGFREMIARH® phthalmol 1970;
284:258-26bask émp SReporoblehatiehals Eferin<Eid) ndistsoMarkshopghalmical itrials in dry eyes”,

CLAO J 199n:2%: 28 A28 4uMaddnrel 3l GOmPARRINE SHdY Of LA RkRyasve tear film stability
techniques. Curr Eye Res 1994: 384 :263-9: Marquardt etal., "Modification of tear film break-up time
e

test for incréSEEPPEIEB IR %]TE/ erRdprb s PSRN ER SRR BSEUIE and Contact Lens
Wear. lubboek;ctidxascipayixeidn stitutelul9 86 b 0@ 8 iMehghesret mlxciNoruiivvasive tear film break-up
time: sensitiyity and specificity”, Acta Ophthalmol (Copenh) 1986; 64(4):441-4; Nichols et al., "The
repeatability 250f clinical measurements of dry eye" Cornea 2004;23:272-85; Pqugfelder et al.

"Evaluation of suB&ﬁW@%@ﬁ%@%WBW@%MW%%QWE@@?@r{él‘lﬁé}ﬁé’%i Ydai-film disorders
known to cqusetbeutadf Piiatitnyricodhed iR 98; il r{A)-38 G \italB et plccibhieiEytapganiCommunity
Study Group.an diagnostic criteria for Sjogren's syndrome. Sensitivity and specificity of tests for ocular
and oral involvement in Sjogren's syndrome." 1992; Ann 30Rheum Dis 53(10):637-47; Welch et al.,
"An approach to ahigms §f%gﬂﬂié?tﬁ¥é~d%é‘fﬁ@ﬁ%ﬁ%@%’f&ﬁﬂ%ﬁééﬁﬁ%aBPeIékabeﬁrﬁéPﬁWest Ophthalmol
Vis Sci 2003¢c2480¢B324 3y(hrthebchitmeddasib@nastimatiotaftorr sBawstimulated reflexly by
insertion of a filter paper into the conjunctival sac) (e.g., van Bijsterveld, "Diagnostic tests in the sicca

syndrome" Arch Ophthalmol 1969;82:10-14; Holly et al., "Lacrimation kinetics as determined by a
novel Methads

Compounds of the invention can modulate activity of one or more Janus kinases
30 (JAKs). The term “modulate” is meant to refer to an ability to increase or decrease the
activity of one or more members of the JAK family of kinases. Accordingly, compounds of
the invention can be used in methods of modulating 2 JAK by contacting the JAK with any
one or more of the compounds or compositions described herein. In some embodiments,

compounds of the present invention can act as inhibitors of one or more JAKs. In further
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technique”, in Holly FJ (ed). The preocular tear film. Lubbock TX, Lubbock Dry Eye Institute, 1986, pp
76-88); (Shmsasirenent of tear osmolarity (e.g., Farris, "Tear osmolarity- pp-fiewsgRld:gkandard?" Adv
Exp Med Biol 350:495-503, 1994; Nelson et al., "Tear film osmolality determination: an evaluation of-
potential errors in measurement” Curr Eye Res 5Sep;5(9):677-81, 1986; Sullivan et al., "4th
International Conference on the Lacrimal Gland, Tear Film & Ocular Surface and Dry Eye Syndromes,
11/20/04"; White et al., "Human basic tear fluid osmolality. I. Importance of sample collection strategy",

Acta OphthalmokifaRemBLAHS (Idfd RS iRk a83 A0 MeaBIY RINENLOLIGRLMERIRCKSTadius, height

and cross sectional area to diagnose aquegus tear deficiency (e.g., Cermak et al, "Is complete
androgen 1HiAEEXERi) S5 e pAHa AR ARRE R Aa B AT AP aNd ocular
surface”, Corvegp20U312h618:521; Famellet al., "A clinical procedure to predict the value of temporary

occlusion therapy, B SEAI9RINGANIYS S, QPINALEIYSIRLORL 2002315 flasson et l,

"Differences in clinical parameters and tear film of tolerant and intolerant contact lens wearers", Invest
Ophthafmol&AdAdt{ - Bns8RE GERPeSI AL REdA &t KT 3 Imeh Ricdd Frre d8if&ifient in the
diagnosis otdbydyelsCiliel EeRas 1 9964 K5 Gb3m6 tmhidhotatettad. JARNe TeReatabiine of clinical
measuremeerg[ggoggrgg;{tgyﬁ;g SetneR2004a; 23:272-285; Nichols et al., “The lack of association
between signs and symptoms in patients with dry eye disease”, Cornea 2004b; 23:762-770; Oguz et
al., "The height artPPHKTASRSFTRE RS A 35Hah IBKERY G BEFHEth RGP S eliRiiRg thbSE-parameters”,
Cornea 2000528487608 : Yokebetalin B ot d0iaMasiyesmeth odadhiassessingttae tear film", Exp Eye
Res 2004;78:399-40.7); (7) tear film lipi L int fo. diagnose epus tear deficient dry
e (A R e et i in
patients witFPSRRFENPE ByRESHdTY AR OphthaiierSicari@rousiva Bereat: Hdake, "An instrument for
in vivo tear fisociatertasemeliy nEpio anVisSek, L0 0r ShdiBoGRioielindqtiCompiseny 25synthesis of

an interfere lor chart of human tear lipid.layer by a colorimetric approach”,Inyest Ophthalmol Vis
a1 20034 T e analyeis of
tear interferefitdvinsagles? Krkreopmtsl disoem: 1ba inddgenchwrs, dsaiderrirenditiimalysis of tear
interfergnca{mages in-sguesustart Aeficiensyddry mya heferesdng@ftgr punctal occlusion. Invest
Ophthalmol Vis Sci 302003:44:1897-905; Goto et.al., “Color mapping of tear lipid layer thickness
Getibution from teE TR Ly B ToR L e TS R TS AL AR U bt
ARVO 2004nauditenforpsapiitnoprotgiapen ikt teoriest idasrefemiccio pdanticteraps Assoc 1982;
5:84-7; Kingraigitaetal., "Three interferometric methods for measuring the thickness of layers of the

tear film", Optom Vis Sci 1999:76:19-32: Korb, et al., "Increase in tear film, lipid layer thickness
folowing treatment SPHLSTEBRIAR AR S SRR Lep MR BP9 8. Korb etal.,
"The e¥fect oluitumeriolretsiabhicanaieikadhoibs, dwveads fnilipidselyaictibkivesyin Istibieless with dry eye
symptoms" | (ARIOFBMiSi S 6lREARER: RIdiGtaMatRersial allidPesgssmentef the.deapfilm with
tandem scanning ,confocaxl Eicroscglpoy",i?Comea 1997;t 6:1 2d-,8; artg%]rﬁ_s et a(L)l(., "Effect of
environmeni&l o aMEHE SR LAY RIS 13 LR B R oINS REara €9 H L oAt Simol Vis Sci
2004;45(8):25831B i dmysRefrawtivéiserdess oft metbomisnbahdue tiar dipidés; TN T Eye Res 1986;
5:887-9; Tif - iﬁﬁ@m ' : pe-plus (ARVO abstract). Invest Ophthalmol
Vis Scj 200%%%%@'@% et al”?}{g@ﬁiﬁ%%ﬁ%%%@fm er.interference patterns with 10the

tear lipid la ]
diagndsis and se\}:é'ﬁ%‘/eb?’@r‘i}péﬁ?e“f; Ki-5e951h8R ﬁﬁﬁﬁ%’é&'i%?’é?@‘%%?“%‘l?lﬁ‘? &35 Assessment of
meibomian giénd, fisedtidiargted ataye desing meilohietisy FAutber ©phtplatmbl AR9958d#:423-9); (8) Tear

Stability Anglyses: Sam 41RASSK magmﬁgﬁgmﬁﬂﬁ%w%m-H%qma?h?ﬁegmrdfi'm Stability

Analysis System:_Introducing a new application for video erato%ra ", Cornea 2004a; Nov;
1110

phy",
23(8):S65-SH) Ete’ b A e ARSI Pt feqand Human Papilloma Vitus GV,

Further examples of JAK-associated diseases or conditions include skin disorders
30 such as psoriasis {for example, psoriasis vulgaris), atopic dermatitis, skin rash, skin irritation,
skin sensitization (e.g., contact dermatitis or allergic contact dermatitis). For example,
certain substances including some pharmaceuticals when topically applied can cause skin
sensitization. In some embodiments, co-administration or seguential administration of at

least one JAK inhibitor of the invention together with the agent causing unwanted
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15film stability after laser in situ keratomileusis using the tear film stability analysis system", Am J
Ophthalmqf2004b,Ja8;137(1):116-20; Kojima et al., "A new noninvasive teaistalilily,apalysis system
for the assessment of dry eyes" Invest Ophthalmol Vis Sci 2004;May;45(5):1369-74); (9) meibometry
to assess Meibomian gland dysfunction (e.g., Chew et al., "An instrument for quantifying meibomian
lipid on the lid margin: the 20Meibometer"”, Curr Eye Res 1993a;12:247-254; Chew et al., "The casual
level of meibomian lipids in humans", Current Eye Research 1993b;12:255-259; Komuro et al.,

"Assessmeqt.afmeihomian. dland, fyRCligR DENAPKRIREHJR S BIRGIRAT Gon @ dY EXP Med Bio

2002;506:517-520; Yokai et al., "Assessment of meibomian gland funct|on in dry eye using
melbometrf“ﬂ&‘?ﬂﬁ’@fﬁtﬁtﬂ‘étﬁ]fﬁl i@@é@tﬁf?ﬁ@ﬁ@?@%ﬁﬂ%ﬁ%@%&arﬁ@ y to 25measure
Meibomian glabibelysthnciventite.g., Kaercher, "Ocular symptoms and S|gns in patients with ectodermal

ysplasia symdromas:, GalES ANEH.CIR P QEAIMALIA0 495 008 esigrel l. ‘i vive

biomcroscopy and photography of mei dsinara Bit mod omlan gland
dysfunc‘tuon@htﬁ%féetfobmﬁammﬂa S 1083 PO BRI NPARTBFE SRORRLICIRIEE. iPABYRYY Of the

meibomian glase gaftmhdapathamota&%tﬁ&@céﬁ&xecaﬁaﬂ@gtﬁtdeadahalmcE\mWauon of subjective

assessmenE%n%ng %% ve dl% ostlctests qu a osl tear f|Im dlsor eé skno to cause ocular
irritation”, Cornea 1 7?]]3 %D%é Robin’ %tas ?ﬁa\?l\slo frangillu mlna fon io%?é%@gop@ and

photograph%f%éﬁo@nh’ﬁﬁ@%d%f@ﬁéﬂé‘ha@ﬁmmﬁ%%@tl@%@f%liﬂs%msﬁmm etal.,
"M elbomlan@imdmbﬂﬂﬂmatmmﬂmaﬁ@ewtmgﬂfﬁt%@waﬁm ou@ﬁdmt@ahqgtﬁ%

105(8) 48 k0| et al. develo e V|de melbo tem featuring a newly
de5|gn(§d pi(%‘(i\]%nr? jugn%(tﬂs W % f)uﬁ?ﬁg yto ﬁnemﬁ‘mqjeg%e g., Fukagawa
etal., Hlst(ﬁe@walyet}wnﬂat@eﬁ @Ymﬁ!@gqolﬁgy of rabblt conjunctiva", Nippon Ganka Gakkai Zasshi

1993;97:1173- 8 Euittlafa)at@t d&yawattangtemma&wyaéﬂeﬁwa@éam segmbination of
brush cytol }% cyto etr oach to the quantitative chn D|a n Cytopathol 1997;
17:456-60; yos veral, Inster?e a“@ggoneé’létn FSBRa R B A RET a’l}éiﬁ Brtigh cytology
samples coffdfateadith-neutrophil, eosinophil infiltration, and corneal damage Cornea 2001;20:743-7;
Takangset at., |nfﬂﬁ@f@@&ﬁ[t&?&ﬁeﬂéé@%&%&%@t‘%ﬁ@%?&%%@é@éﬁ% W%HQ@ agpstiy of corneal
lesions in atonhc 10 ker oco unc{}l’\(t Is", BrJO ht alm I200 8:1504-5; Tsubota et al., "Brush

cytology for'H§e BvARMSHER B Rff)ﬁg?t a SHPERSO4%9%.4_30; Tsubota et al.,
"ConjunctivaiyigheighneirplhsgyYIAGE, @mrqgﬁﬁltg%@@@uﬁeﬁwﬁma)eﬂubn@etectlon by brush cytology

of mast cellaﬁastmaug@@hzlfkéthalterototep@tyﬁ%te@éiﬁgmttegymem&ﬁm%%éﬁé?&tﬁ1) (12) Flow

cytometry in iImpression cytologé// fo detect conj ctivial 15inflammation Baudouin et al., "Flow

cytometry il HBFESSSHPa AN Ko AR R 3Wfﬂgtﬁ%?jlto?lg?fﬁttfﬁﬁgﬁedt‘%ﬂ‘fﬂﬁctlval
Inflam&fatiopylnay est <@yfiltthbnioVV 91Seisl 89y ey, 38nii4 58~ dGdnt Bothrcigael tikiExpression of CD40
and CDA40 lig I?ggﬂgngpg (PdmaR ganignctival epithelium®, Invest Ophthalmol Vis Sci 2000;41:120-126;
Brignole et a ressmn of Fas antigen (CD95) in the human conjunctival epithelium. Positive

correlation 20 with BEE 1 K2R s b essionIhIRAARRIER ashiuneaey JiEeRes 1998:67:687-
697; Brignolxatgik, mFEhnwzempmymuetmsama]yms:dTamﬂammatmasdnafrﬁereym(e:gnmmstw&km)|theI|aI cells of

patients Wb i YeRi NSRRI AR PRIRA0N: Y 4380:1 368, Bghals,afal Flow cytometric

analysis of inflammatory markers in KCS: 6-month treatment with topical cyclosporin A", Invest

OphthAlmol(§/és B e SRe s gRRNg b arse 4K NSRS sHERrS FBBIS Bheavsf Apression
cytology a trevibtoolrtepiexplpring metmlangbf&@&;q@ﬂh@dﬁg@&aﬁﬁp@)ﬂﬁﬁﬁ&ﬂ&l@é&%&ﬂ& 3-481; Fujihara

et al., "Evalyat o L.epithe : 13t f gy and flow
cytometry alilr% A%%roamﬁ%%@g{% %g%v%%e%h%%%gy%a%g gﬂ%p@%&ﬁ{ 1% g%% 460; Pisella et

al., "Flow cytometfibeddiyaidtbirsoissnend areirailimis boues %@%éﬁi}éﬁﬁawpﬁf@@&ﬂunctlvms
30sicca. Ophihadnele gl 20006; 0o 1.4 Risellametalry ioapp etivial speainflarmraatory

36 cardiac arrest. The JAK inhibitors described herein can further be used to treat anorexia,
cachexia, or fatigue such as that resuiting from or associated with cancer. The JAK inhibitors
described herein can further be used to treat restenosis, sclerodermitis, or fibrosis; The JAK
inhibitors described herein can further be used to treat conditions associated with hypoxia or

astrogliosis such as, for example, diabetic retinopathy, cancer, or neurodegeneration. See,
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and proapoptotic effects of latanoprost, preserved timolol and unpreserved timolol: an ex vivo and in
vitro study ylavest Qpfathalmol Vis Sci 2004;45:1360-1368); (13) the Ferning-tegtigdigangse the
quality of tears (electrolyte concentration), KCS, and hyperosmolarity (e.g., Albach et al., "Diagnosis of
keratoconjunctivitis sicca in rheumatoid arthritis. The value of various tests"”, Ophthalmologe 1994 Apr;
91(2):229-34; Golding et al., "X-ray and scanning electron microscopic analysis of the structural
composition of tear ferns”, Cornea 1994 Jan;13(1):58-66; Nom, "Quantitative tear feming. Clinical

mvestlgatlogg M@Qﬁf&h@m%&%we@%ﬁm TRUP):369:d 2 Raniee.elal, sppatial location

studies on the chemical_5 cor{r?)osmon of human tear ferns" Ophthalmlc Phg/SIO| Opt 2000;Jul,

20(4):306-19"BeAllfet Ak Ve 1eAERBINA) YR A B GFAG O BEEHI T8 Sci 1998 Aug;

75(8):600- @ﬂo&dndoe&ﬂ?eahmmfmng test in normal and keratoconjunctivitis sicca eyes. Chibret
Int Ophtha'mo' 1984 26 Rt RYanilessicflin IR ALMU SRS IElingdeshin KarAaG RJP#J”C“W“S
alt

sicca",in: Holly FJ, Lamberts DW, MacKeen DL (eds.): The preocular tear film in he 10disease,

and corftactdfé??é‘iﬁlé‘ﬁlk’ ai§¥%ﬁf@ﬁfﬁﬁéﬁmﬁ?ﬁ’§ﬁﬁ?ﬁ%ﬁ¥ﬁgmfﬂ5%§ﬁ ALEPlicshBry Eye Institute,
1986, 203-210; RatanchXehsibjtiThieeffeat ofrbypendenteldrityed teacampsatisiteinirgsed-ortschr

Ophthalmol 1 386.88,544-46; gggﬁ%ﬁl‘%ﬁsé&c 1Y %d@%&%‘%ﬁ&%‘x‘&%‘ﬁ@@g@g ligten with cystic

fibrosis", Ophthalmolc()ag}lca 1988:19 202-6);(14) Ocular Protection In OPI) to assess ocular
surface protection'd ER“B?WEE?I&?%HP%E@W@@B oG Imhiitars «4eakioré that influence the
inter-blink miaﬁmb(ﬂgMﬁﬂ%uf@dﬁhy@;h@mﬁnﬂmrrbmimdmnrﬂadﬁk(@fﬁéi}on(d@mtetre@resentatlon)

ARVO 8003, Nall kol eI issemiersend tean im eptcun Sine 1 dy g patents: A

correlatlon Invest Ophtha Vis Sci 2000;41:4:1436; Abelson et a ate reference values for
tear film bré’&ﬁ%W?ﬁ%%CWalpéﬂﬁﬂxaﬂpgyéaﬁé‘Hﬁ%@F@g frore ipAamEs e brask disaseand Dry Eye

ZOSyndrome,&BaEardeBmvedtdlﬁxnaMﬂﬁeBImcﬂﬁO@ Ha06 alikdckr hibBbr p&&heism&b;ﬁhg 'Dry eye syndrome:
diagnosis, cllriucq!,{%gelt% earn %mace t| al treatme Ng“én%rgvm cli |caI trials’ I?al crimal Gland, Tear
Film, and Dryg yn romes dm%( M 586 _@L?)%Hg ); g) fluorophotometry
(ﬂuorumetryﬁ%ﬁ@@é@f#f@ﬂﬁf@(&s%@sssévﬁﬁgw?ﬁ&%{P ﬂWﬂf@éd@dW@ﬁﬁ@éﬁkﬁéﬁw fATD) (e.g.,
Gobbeis et alvolkaas §ﬂﬁﬁaﬁ@g\morwey@&xaﬁasr@@s@aaeﬁnl@)fncmjﬁqti\éatéhﬂﬁwemt&metws GerJ
Ophthalmol, 1 2 1:3 O 353 Ku t al.. "Basal tear tyrno cal tlm lol in glaucoma
patients anél easeonlf OIS sbze Eﬁjd?é*p%o o}ﬂg ra lTnvénsotHélp%/t(?uA?m% \}IR e 35 2; 33:3442-3448;
Mishima, ' Séﬁ’fﬁé’@ﬁ%ﬁ’@lé@i@ép%p&t@ %ﬁtﬁ@ﬁé@@ﬁi@%ﬁt@ﬁﬂwﬁ Carredt GphiRalh®l 1965;73:233-241;

Mishima S, (i@@@?rmiﬂﬂﬁmsafﬁ%ré/@ﬂkﬁﬁﬁdaﬂﬂﬁﬂaﬁ Honcichnuast Qﬁi&ﬁ@{?@%@@&@uéﬁ@@ 30275;
Mathers et al. film and evaparation in tlent with and“ ithou hth Imology 1996;
103:664- 66§m Mﬁ?ﬁe?goe aéFj“ e?t% ﬁ’f&e chan Qgswgggouate& E\/\/lt r?orréz%%g%g rnega 1996;
15:223B34fwiatherd, oBvieporitioribehciiie mﬂ@%@aé@%n@(&ﬂyé P@é@@@@&;&fi@ﬁ% 394; Van Best

et al., "Meaguemeniof basalmanbytnoves using Astandardizedpretegaled @ragfe's Arch Clin Exp
Ophthalmol 1995 233:1- 7, McNamzra et qrom ef]iy in contact Iens research: The next step”,

Optom Vis 421 88 /BN I BitTe"s °allkr%“”"“’ tSE TS S PRSI BT S tear turnover
assessmentss@plodtwioren2001 C78:80-86) | At HehikibAtions ofthisseldiatostic tests, the

disclosures: q{&@%&@{g@@@g g@dgcg%g%geWg{&pMéﬁg%gr}cgjér},_{‘lgg;r entireties. These methods
can alsq be 5Sused to assess the cI| I efflc%}é E?tg compounds described herein in treating dry eye

disordérs. TS RATHEPERPE ot ﬁ‘i’éeﬁ dedriny vides a method of treating conjunctivitis, uveitis
(including chronic Anmitis) £ohorrodit sprietimtis)ic yelkisnistlieritis, thpisthetitis aut fnitss; whedting

inflammatiop, gr Rainrejaied 19 sarneal tanspiant «-ASiK-daserassinerdinsity10kergtomileusis),

photorefractive keratectomy, or LASEK (laser assisted sub-epithelial keratomlleu5|s) inhibiting loss of
visual acu|t§°r’@f‘a"t@3°t%’I@S’Pﬁeﬁﬁ?&?@bf&ﬁfsq_{c&é&fw prafkrms fX/B"IY@lI AP WMASEK: or inhibiting

transplant rejelctiiménts patieftamaesdbowel disease is ulcerative colitis. In some embodiments,

30 the inflammatory bowel disease is Crohn’s disease. In some embodiments, the inflammation-
associated cancer is colitis-associated cancer. In some embodiments, the inflammation-
associated cancer is colon cancer or colorectal cancer. In some embodiments, the cancer is
gastric cancer, gastrointestinal carcinoid tumor, gastrointestinal stromal tumor (GIST),

adenocarcinoma, small intestine cancer, or rectal cancer. In addition to the compounds
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thereof, comprising administering to the patient a therapeutically effective amount of a compound of
Formula 106 R grmggﬁutlcally acceptable salt or N-oxide thereof. In som él.p ents, the
compound, or p armaceutlcally acceptable salt or N-oxide thereof, is admlnlstere preoperatlvely toa
patient about to undergo a procedure selected from corneal transplant, LASIK, photorefractive
keratectomy, and LASEK. In some embodiments, the compound, or pharmaceutically acceptable salt
or N-oxide thereof, suppresses or lessens inflammation or pain during and after the procedure. In

some embagingnis.thg & U!‘r‘ﬂx@ﬁ%&!ﬁ@fﬁﬁ?&&%@%ﬁu RoseRBheSF ArNAgxigs, thereof, is

administered about 1 da qut 2 days prior.to the procedure. In some embodiments, the
compound, BFSHAH AR %l&fﬂr&’/ja&%ﬁ&ﬂaféﬂ%f‘bPﬁrz@?&%l%8?80?%&%%&%%?8%& ?)ostoperatlvely to a
patient whoZhéEABENgAR® 20 Prddetiiie S&leeted FE8AYEArRcabtansIahUEASIKDpatisefractive
keratectomyy, a0t LASHS. 18/54Mgembodiments, inhibiting loss of visual acuity means 25lessening
the loss of visual acuity. In some embodiments, the postoperative or preoperative treatment lessens
the amdunt of scaFr)rrlﬁdnaW&‘?fB%ﬂé?ﬂ@%‘éﬂé%ﬂ&&\ﬁ?f&?ﬁ@ﬁ%&r&lﬁéf eSS Mo diments, inhibiting
loss of visualfmouitytimeasscinat thecpatidiot eetaipk, \isuatachitindirgbimesamb@dimeits, inhibiting
transplant 1EiGcHiaR. eaRs HALINS samBoURt A AMAceH Rl aareRiale,palolN-oxide thereof

is immunosuppressive, thereby 30preventing total rejection of the corneal transplant. As used
herein, the 8 ‘égﬁt%t’fﬁ%"’“r‘?ﬁé%%‘iﬁé] BFG T tbERItREIbFsHYRd e FRYREE AN in vitro system
oranin vivo@gstm%demmﬂe@mmtﬁﬁﬂﬂg‘ 1@3AK Riboa. danppasing aftlaeiryentiorbéncludes the

adminigraten ol 2 spmasynR AL AIaRen: Beatian AN Inddel SLARENL s go a human

having a JAK, as wéll as, for xam| mtroducrn& e invention into a sample
containing égalﬁﬂﬁrf&ﬁﬁﬁ?m%bﬁié‘ﬁeé% TFR}]‘%PI‘@“ prRremovedforagligtein, the term
"individual" or parmnewmmn@rzgeabmhreferﬁdecamycﬂmmalcm@ﬂﬂ@lmmamma}satpreferably

mice, rats, other ro%en raRbl &j S cas swine, Scattle § ee horses, or pri ates and most
R ﬁ/ e disgrader 1s ihfended to com ass the ?
preferably hur%yarYs s used ereln ‘the phrase “therapeutically e effective amount” refers to the

amount of é&i@@%’@ﬁﬁﬁ&?ﬁd@@%rﬁ%&fm@&%@ BritercieodaamdRigica shitfedicinal response

that is laeing<IpLEhLIRR lisSuaSyeiesaPnigasd, dﬂﬁ@%@&@hﬂi Mﬁﬁl@éfc@m@ﬁﬁ@ﬁﬁ@ﬁ{, veterinarian,

medical doctor roth rcl|n|c n. 10A§ % ghereln rm tr gJ gr "treatm cent refers to one or
g néo/o a%ﬁ.coau ort, visual disturbance and ear mst it t:ai &%
more of (1) ﬁr en |ng sedse; for exampe preven ng a se cBRGRIGN G @forder in an

individual whdasiag @erfprecﬁer@@wmwe bﬁsé%e%édﬁmﬁéﬁtbpfj‘i‘%‘i@eﬁbw@bes not yet experience or
display the patheleayPsSyERamaieiagy Obie diseareni@nnhibiing theidiseass; f9e example,

inhibiting aglseas condlg%n {dlsorderdrb%gsgﬁdrwdug\l who |s 15e (llg} crng or ?éﬂplaying the

?‘H nifign an %?
pathology or symp atolo Isease, condition or iSO1¢ er an A |ora g the disease;

for exathpleExamiétibragng ?ﬁf@léeweﬁeﬁmﬁtﬁﬁ)o?%@er AN vihidivid irtomhtieddrpétiencing or

displaying tbﬁ@ﬁ;@ﬁﬂ@gmreﬁwe@tom?@e)%e& Hae&k%easeege@dﬁ&@@e@rt@liesameﬁﬂte reversing the
pathology and/or sym tom T‘Ch as decreasin the ‘i?‘f/ ?lsease 20 .Combination
t ISOI‘ ggo

t
Therapies *“On& SFHSHE %d@ harpRE el ftaray 457 ARSHpRlne &
chemotherapemr@s',samimﬂaﬁﬁwmyiiagémepsh@mds,drmmﬁnosupmewmcasweﬂias Bcr-

_ instability, tear hyperosmolarity, and inflammation of the ocular surface,

25 As summarized in the DEWS report, dry eye ¢an be classified into two different
classes: aqueous tear-deficient dry eye and evaporative dry eye, which In turn encompass
various subclasses. Accordingly, in some embodiments, the dry eye disorder is aqueous tear-
deficient dry eye (ADDE). In further embodiments, the dry eye disorder is evaporative dry
eye. In further embodiments, the dry eve disorder is selected from any of the subclasses of

30  ADDE or evaporative dry eye disorder, or appropriate combinations thereof. As noted by the
author of the DEWS report, however, the various classes and subclasses are not mutually
exclusive. Hence, dry eye can occur via different mechanism in different subclasses or a dry
eye disease state originating in one subclass can lead to events that cause dry eye by a

mechanism in another subclass.
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Abl, Flt-3, RAF and FAK kinase inhibitors such as, for example, those described in WO
252006/058395h09); Pibgr agents can be used in combination with the compe%&@;@&&rsesent
Y he

invention for treatment of JAK-associated diseases, disorders or conditions. one or more
additional pharmaceutical agents can be administered to a patient simultaneously or sequentially.
Example chemotherapeutic include proteosome inhibitors (e.g., bortezomib), 30 thalidomide, revlimid,
and DNA-damaging agents such as melphalan, doxorubicin, cyclophosphamide, vincristine, etoposide,

carmustine, and the i steraids, i ecarjtico ' a amethasone or
prednisone. @aﬁgtlgl %I;%:?PA% é%rlb% oré%%%l%gggélé%ﬁégﬁdﬁ%%ﬁ§1?s§r)%naceut?cally acceptable

salts thered€ftHEIGE B &YSaLPedRY Brdeidenm U PRE Ny, sysh Peiigued frddoiyots281, and
U.S. Ser. Ne {6/ 68id9indt xampleesuitablaifelka wikhbitoxsbashise sompadods iand their

pharmaceufically saceaRiahlc. salte«a5 disglosed in WQ.0037347, WG, 03/0997 1, and WO

04/046120. Example su al% & RAF inhibitors include compounds, and‘i%gwep arm ceéﬁtically

acceptable SHEEOHCHER od& MO TR VoS IBPSampaEk sl siataBriEamAK inhibitors

include compakiidscardsthritphainTReetdicallyensascapiablesalisiasdisciasatiingVO 04/080980,
WO 04/056786, WO 03/024967, WO 1001/064655, WO 00/053595, and WO 01/014402. In some

embodimerﬁ%, one or more of the compounds of the invention can be used in combination with one or

more other kinasel hiyitersserchlidiRg haetihinerpostidiary dor are &FgDarkaeshekbgian to imatinib or
other kinase|iaiiteisrHleaMN MR Hf-0RCAR RIALS; JAK: Inhiniaksef the dneentign can be used

in 15combination with, a chemotherapeutic in the treatment ncer, such as multiple myeloma, and
i Sy i oRg oo r[%r T Q%%%S P S BRAIETREr SPeutic agent

. ,_Accordl odiments, the e &h iy
may improve'the treatnient Fesponse s comparsd 16 the Tes
alone, withatit éikacisrbationvpirsnoxicieffecty. @xamBietbiitidditioned planzciagedflecdlbgents used in

the treatmegd:QhAMAIDIR: RYRIM AR @%AMB IS CaR INGIER Mt QUL RIatiRRnMelphalan, melphalan
plus prednigoneﬁ%MFt’i]d dogorubi%rgnfﬁpdex met ascg]ne,aand elcadeébqrtezomﬁ). Further additional
agents used iR thE HEAMERT o M pelcetsr%@gﬁ? A RIS BB E S R AR ERE Rinase
inhibitors. Auefitibetlor sfsver glstiveffectyard tesirabigooitoaned §P Eernbifing adAK inhibitor of the

preserltsinvemégaawi@arﬁ@.aﬂ%@p@h@ﬁ_e&@ﬁtb&mgggeﬁ%ﬁtagcmmk@m@rﬁfﬁ?eIoma cells to agents
such as deﬁmeéhasgge may be reversible uponﬁtreatment with a JAK inhibitor of the 25present

invention. THERGEHE Y4 BEUEOMHBINEH WRRIRE PrusBiy SRR RSP B inuous dosage
form, or thecagents cdinche advinisistevedtsidruitaitie RiSly wriseduibntiaty hensepdrate dosage forms.

In some embadimanlsAGAIFARIRIOId SHER AsdRmeaseRR & amiRiskaredde.A qatient in
combination with at least one JAK inhibitor where the dexamethasone is )
or mixed connective tissue disease. Diagnostic criferia for each of these connective diseases
20 is known in the art, Further, primary SSDE may be associated with systemic manifestations
of disease which may involve the tungs, kdneyé, liver, blood vessels and joints.

In NSSDE, the systemic autoimmune characteristics of Sjogren syndrome dry eye are
excluded. Forms of NSSDE include primary lacrimal gland deficiencies (including age-
related dry eye, congenital alacrima, and familial dysautonomia), secondary lacrimal

25  deficiencies (including inflammatory infiltration of the lacrimal gland by sarcoid
granulomata, lymphomatous cells, and AIDS related T-cells; that associated with graft vs.
host disease; and that resulting from lacrimal gland ablation or lacrimal gland denervation),
obstruction of the lacrimal giand ducts (including that caused by cicatrizing conjunctivitis
including trachoma, cicatricial pemphigoid and mucous membrane pemphigoid, erythema

30 muliforme, and chemical or thermal burns), and reflex hyposecretion (including reflex
sensory block, such as that associated with contact lens wear, diabetes mellitus, and
neurctrophic keratitis, and reflex motor block, including that associated with VI cranial

nerve damage, multiple neuromatosis, and exposure to systemic drugs such as antihistamines,
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30administered intermittently as opposed to continuously.- In some further embodiments,
combinati Qf QR Ly ore JAK inhibitors of the invention with other thergperic aggats;can be
administered to a patient prior to, during, and/or after a bone marrow transplant or stem cell transplant.
In some embodiments, at least one additional therapeutic agent can be used in connection with
treatment of dry eye disorders and other disorders of the eye. In some embodiments, the additional
therapeutic agent is fluocinolone acetonide (Retisert6), or rimexolone (AL-2178, Vexol, Alcon). In

some embogieiis. s AddIUARANGIARGUlE: S AIHIE FYIaSPaIG (Resigsisd). In some

embodiments, the additional therapeutic agent IS a corticosteroid. In some em 0 iments, the
corticosterofe R RHIEREHSNe @XshRSHTALHIRIC fiti§Einolone, cortisone, prednisolone, or flumetholone.
In some embodimBtssdhel adgitionsd therapaudicoaienidsapelesteddron, Bahydsexidl @jolies Labs),
Civamide ( ) um hyaluonate (Vismed, LantibioT TRB Chemedia), 10¢cyclosporine (ST-603,
Sirion Thergg{gg%}z%%ﬁég?@i%% %t Fe%s)f%)%si%@g??g?%%%ﬁ%]s L%(Eﬁ?[%ﬁ?%ﬁfrzgg%ﬁls ,agcabet sodium
(Senju-fsta)ssgetamteciSantefsIG @ e R ErERyBic st thad ATIaMaibemig) #B4 E), cevilemine,
doxycline (AlI¥-aRAINMAIBGERuMHROEYCHE:d Destraddyl (NRBOGkiMaseent-Rbasmageuticals),
cyclosporin Naova22007,.Novagal), oxytetracycline (Duramycin, MOLI1901, | antibio), CF101
e e R S s B B s e
ethyl-oxolarfengreaebifyicCRlnsEitey BrspHalena) B dsepeied Hitkdyzigpmier seboriligaBiosciences),
ARG|103 (Agﬁém&%mg?aéwc?}hﬂtlﬁﬁefﬁkvm anaeg, JReseMRY s%a(d}i;@ wsmemb)s Therapeutics),
rivoglitagzon 11, Daiichi Sanko), T egeneRx), OPH-01 (Ophtalmis Monaco), PCS101
(Penody S L e S e e e B e e o RIB Hy, OT-551
(Othera), PAfafumiverehsroftive MisilySimalaNEG Pamipreyoniesesitply piletaroiriderbasidtimus,
Iloimecr;nli Lﬂ@%&%@%%@@&l@{@ﬂf@%@@%@tﬂ9@ﬁ&ar&&ﬁeﬁrmbp @%@ﬁ%?%ééwf@lpdiumb(l NS365,
nspire), - Issei.Pharmaceuticals), de epiandrosterone, anakinra, efalizymab,
mycophentE SoMi S IR N 0T RGO R Er S RN S &7 (A Fines
Therapeutidgfi Bmthadivomiden2sints cheateshbodinents) fosl additionalshergheuntic agent is an
anti-angiog%mﬁgﬁgﬁatvfd@mm@mﬁw BiLifeoapiar ;adaier. 3¢RlGW,chaRRg! blocker, a

mucin secretagogue, MUC1 stimulant, a calcineurin inhi%i\tfgr, a corticosteroid, a P2Y2 receptor
i

agonist, a MUSCATNIE RSSUBHS HEBATELISHERE: FRRSTHIBHOPISEIORBE RIPALRISHMiBSPI&It-3 kinase
inhibitor, RARdkifiergeaiticibiteeramdtkAKRinas & nhibitorts (ekladinfotha@mpld;ythmse 30described in
WO 2006/026399:-10: $9me.SIRQdime pisi Re-Addiignsal Mieranevicaaant isadeitagycline derivative

(e.g., minocycline or doxycline). _ In some embodiments, the additional therapeutic agent(s) are
demulcent &/&78Fbig8 ‘(8&‘%/’6 RGOt fieP i eyoRbiatriacrie ButEiRdt limited to,
compaxitionsBoataining holywsinyiakchioh thyﬂap;hy;gmﬁlmeﬁhwl&e&hﬁm@msgqm@i angdiythylene glycol
(e.9. PEGAQD) o carnn Rt selbipserAv ilcial iears e R0 HiRiTSaImeaLay eye by

compensating for reduced moistening and lubricating capacity of the téar film. In some embodiments,
the addition&P tFSaftific SRTEHRTSY K iREGIFHRG aieigo st eheas b asiEyst&fR2 which can interact with
the mupopr@éﬁnscmﬁdxggheuie,fame,ato;adﬁgma&exﬁlgmms&o)sﬁgﬁaﬁé@dqﬂaﬁfi}@aminedn some _
embodiments, the,gddiiqpakieraratic, agentndledes.an anfbiolc, AiAlvantijungal. anesthetic,

anti-inflammatory agents including steroidal and non-steroidal anti-inflammatories, ‘and anti-allergic

agent Exdiignesisresihedy &psnisdhierdirudirbadiagysiosrbeds sSenBa g ikRii-gentamycin,

tobramycin,estigptastyeinioRe eliiDiygisseand anamPeiE fLDragsin®enesos e Das:ehenefloxacin,

norfloxacin, gflexacin, trovailoxacin, lemefloxacin, lepofl in..and e ¢iny, naphthyridine;

sulfonamides;e g%m igr?;}55%%%6&r{ﬁgoﬁer%%ﬁvc%yp%gﬁ%@%gﬁﬁdis%?n%&ﬁ}gxt)é; bacitracin;
Surtace, 5(2), 108-152 (April 2007}, which is hereby incorporated herein by reference in its

entirety. These include, but are not limited to: (1) symptom questionnaires (e.g., Begley, et
30 al, “Use of the dry eye questionnaire to measure symptoms of ocular irritation in patients
with aqueous tear deficient dry eye”, Cornea, 2002:21:664-70); (2) staining of the ocular
surface to check for surface damage (e.g., Rose Bengal or fluorescein staining or other
staining method such as those techniques summarized in Barr et al., “Corneal scarring in the

Collaborative Longitudinal Evaluation of Keratoconus (CLEK) Study: baseline prevalence
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vancomyecin; tetracyclines; rifampin and its derivatives ("rifampins”); cycloserine; betalactams;

cephalospeyigss@nphgtericins; fluconazole; flucytosine; natamycin; miconggelgsimkateganazole;
corticosteroids; diclofenac; flurbiprofen; ketorolac; suprofen; comolyn; lodoxamide; levocabastin;

naphazoling; antazoline; pheniramimane; or azalide antibiotic. Pharmaceutical Formulations and
Dosage Forms When employed as pharmaceuticals, the compounds of the invention can be
20administered in the form of pharmaceutical compositions. These compositions can be prepared in a

manner welluain e aheupaseuticalansandsanhaadmipisieid Ly avRstaaLes

depending upon whether local or systemic treatment is desired and Uﬁont e area to bé treated.

Admlnlstratllﬂﬁnﬂw‘ﬁ{}@é‘%b‘gﬁflﬁﬂ‘&mﬁB’YF&hgéfégriﬁgfyé’ﬁfﬁ rifat O ARG A tmucous
membranesNnbhidiegintfEraspdambijinyalfatidicelotakeelimeny o2 Bpudmebneenée oda3siaralation or

insufflation of pawders oLaerasolss a&%@m % %@M%Emm}[g‘mﬁ@@&lx%&'@%@ﬁ‘é%?ﬁs pral or

parenteral. Parenteral administration includes intravenous, intraarterial, subcutan mtraperltoneal

intramuScul &P Sr Mot O SR TPir G HeeamEmeny of ieratieCar b WHERFIASELIT, administration.
Parenteral aéhﬁm’hiﬁﬁtalbhﬁ@ ca. bebmsﬁmeefmm“@;ntarsﬂmlef@aiusm forteaastibeyrtak-axample, by a

continuous Refysian SORIP PURIACCYIEA ComPPBIons AR aImHAONS fo tgpiee

administration maglnc ermal patches, ointments, lotions, creams, gels; drops

suppositories’: §pf ysG‘ﬁ’&EH%féﬁH‘%\ﬂm’e‘@‘J%ﬁv@rﬁ%ﬁaﬁ ﬁhﬁﬁﬁﬁ%‘éﬁ?ﬁféﬂéﬁrﬁ@@%‘ﬁ%@us powder or
oily bases, thiekerners apg4bsdikenmayberrerossaty aadasiablentoated a@sxwwasxsatg}@ves and the

like may also b eful,. iS | ent n alsg clud %1 C OSI ions which contain,
H f %}S Igb’%
as the actlve mé?%a mﬁt%‘fw% orongor e %ng bor%sls g |n\f§é{5§r? bve cglmblnatlon with one

or more phaf’fﬁﬂdmﬁl@aﬁy%@m&ﬁf@@érﬁ@@t@%ﬂ&em@.slﬁﬂméﬂbm@qmr@@mﬁé@ﬁons of the invention,
the active inggeeigntdpiynigadit mixsd wmamm(@pé@m @Iihﬂte@tl@mg exainisRLparersdosed within

such a carrier in tqwap(gera? f,p %ge% cia[%bn%? ﬁft}“ qu| tqr Q‘Qe{aco étalner When the

excipient servas as A |t ca a-sohd, sermi-goli o nicterial, nontt:s as a vehicle,
carrier or mé@hQmsffsﬁlm’émﬁi@nﬁgﬂécﬁ%mrﬁhm@vmén@omb@@mm@‘&@ntb@”m‘%mas form of tablets, pills,

powders, |0%9@1@%@4@68@%?%%@}@%6§UJ%IBﬁ£b$iQD§,,@ﬁ‘}wéi@éﬁoﬁmﬁﬂo&ﬁ&hﬁ%w@ﬁ) aerosols (as
a solid or in alllqwd edium), 10 mtmt—;ints coggfiunlng g{hexan; le, u}{) to&O/o by weight of the active

101 VOIUME On wvalues and repeat rethenis,
compound, Lottahd 8 aetln capsu espsuppo itories, sterie Injectable Lfiitions, and sterile

packaged p&ﬁ@éﬁsﬂhbrbmm@aa féromslaititspicehdon ckiveite ompeliiser cahvbe” mdilied to provide the
approprlatecp@fr&nglmamrﬁ@m@@mbtﬂéaq) wﬁ%&%@ﬁﬁ&ﬁ@ﬁﬁ@@%@%@ﬁlwmpound 15is

substantially in olu le, tcan be mjlled to e 5i7€ han 200 mesh. If the actve compound
s substanti U LU b o ot 1 S sSAtr sy iy TG S Gbstantiay
unlforrii\Od|smbmwﬂlmﬁaﬁmeﬁ©mfumu@hﬂéygedbw@ﬂ@me§w Res ThgtcottpBands Mitheridivention may be

milled using.knowip iling RrocRAUARS SHah s et ialnchIooRIPIBIBHRTHGICIRIAG aPRIRPriate for

tablet formation and for other,
Preocular Tear FIEm mHeaith, Disease and Contact Lens Wear. Lubbock, Texas: Dry Eye

Institute, 1986:57-63; Mengher et al., “Non-invasive tear film break-up time: sensitivity and
specificity”, Acta Ophthalmol (Copenh) 1986; 64(4):441-4; Nichols et al., “The repeatability

25  of clinical measurements of dry eye” Cornea 2004;23:272-85; Pflugfelder et al. “Evaluation
of subjective assessments and objective diagnostic tests for diagnosing tear-fiim disorders
known to cause ocular irritation. Cornea 1998; 17(1):38-56; Vitali et al. “The European
Community Study Group on diagnostic criteria for Siogren’s syndrome. Sensitivity and
specificity of tests for ocular and oral involvement in Sjogren’s syndrome.” 1992; Ann

30 Rheum Dis 53(10)%:637-47; Welch et al., “An approach to a more standardized method of
evaluating tear film break-up time™ Invest Ophthalmol Vis Sci 2003; 2485/B324.); (4) the
Schirmer test (an estimation of tear flow stimulated reflexly by insertion of a filter paper into
the conjunctival sac) (e.g., van Bijsterveld, “Diagnostic tests in the sicca syndrome” Arch

Ophthalmol 1969;82:10-14; Holly et al., “Lacrimation kinetics as determined by a novel
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20formulation types. Finely divided (nanoparticulate) preparations of the compounds of the invention

can be prepayeg by Qragesses known in the art, for example see Internatiqnal,paigptApplcation No.

WO 2002/000196. Some examples of suitable excipients include lactose, dextrose, sucrose,
sorbitol, mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium
25silicate, microcrystalline cellulose, polyvinylpyrrolidone, cellulose, water, syrup, and methyl
cellulose. The formulations can additionally include: lubricating agents such as talc, magnesium

stearate, SngkRE(a Ao ¥nAASAINS mls e AT SHSERSING AGePS; Prcserving agents such

as methyl- and propy %g/drox -benzoates; sweetening agents, avorlne?@a Ats. The compositions
of the inventiBieant BEOfERB188ed Banaas teepravifd GURSRICFIEY SedindarGh dErayednadigiase of the active
ingredient aferagmihistratidrtadhepatieatidy esoplosiig, proreduies kogwrigtmeart.  The
compositio n rmulated in a unit dosage form, each.dosage containing.from about 5 to about
1000 m (1%3 ,grﬁg?)gcﬁeua@ag qolﬁ? fg%l]%t%gg §§F %{6181?%8:%% tﬁemggétl@aen}%éredlfgltyﬁ' & term "unit
dosage>formeP: Pe16pd 16 bHySfsali drceetd. s afrabrad Sanieemecdudag bacrpt e subjects and
other mammalsRach OBl LRIRINGFIRICEeisHminestguaniiiyof astiveraaterahealsatated to produce
the desired the utic effect, in_association with a suitable pharmaceutical excipient. The active
compound Can Ba e SRR e e SR A R
pharmaceuffegtiiiereavé(Anastnit. ] A% Danaraerseabel e epécuhatitie eigbiamd sfatfe compound

actually admipisterectyvidl dissally hpdetesninestiyce Ry stamiaseoredingipihe falpmnt

circu ances, including the condition (o he tlreated, tht%hchosgn route ofdadmini%tration, the actual
ugcnsmw S@ ome assoclaied with aljerations in the T omdumcﬁljaax} and QCcu ?ﬁ .
compound administeréd, the age, weight, and response of the indivi patient, the severity of the

patient's sympisaisCamgaReofias: AIGFEr pFepeliinpbolitl dompositiefis sisapredtetdiverdugioé principal
oG oG o thest
ool R e B S R A T R rced ey
throughout tieetzy mapositiorsSolthedt (Pehtaimpd diticivicdt et reHdHy dbidnideaidrntall Séqually effective
unit dosage forms.shehas iR aisnPilAnd:caReyIss» This solikAretopmuiatends thensubdivided into

unit dosage forms of the ?%pe,descri,be above containing from, for examfsjle‘, at_)out 0.1to about 1000
mg of the atlitle iIHGFSGRERE G &1 ST BN FRTERTBA T HE BabYSts GPBiTRs“OP e preetitinvention can be
coated or otfiehwise eorfiPounded tos2dptiovitaveedos agedd synaffondimgptkiensdveintageyef prolonged

action. For gxamplesshedabiaborpik£ancempriasgiarinney desags.and Aneulsr Aasage component,

the latter being in the form of an envelope over the former, The two components can be separated by

an enteric 18)EPPARYS QEReiBne SEtoReAtgraionom et e 2Ny pefritt®e iNBr component to
pass idtact intestherdubanifimysessiogibededayibd it rplEnsBeP2004i28569-Aiale (Bleadiibe used for

25such entefic laVers,ALERRIRGS, SHEMALGHAIS: Rsluding A HMber Af Bt agids and

lipid tear deficiency (Danjo et al., “Observation of precorneal tear film in patients with
Siogren’s syndrome”, Acta Ophthalmol Scand 1995;73:501-5; Doane, “An instrument for in
vivo tear film interferometry”, Optom Vis Sci 1989; 66: 383-8; Goto et al., “Computer-

25  synthesis of an interference color chart of human tear lipid layer by a colorimetric
approach”, Invest Ophthalmol Vis Sci 2003;44:4693-7; Goto et al,, “Differentiation of lipid
tear deficiency dry eye by kinetic analysis of tear interference images”, Arch Ophthalmol
2003;121:173-80; Goto E, et al.,, “Kinetic analysis of tear interference images in aqueous tear
deficiency dry eye before and after punctal occlusion. Invest Ophthalmol Vis Sci

30 2003;44:1897-905; Goto et al,, “Color mapping of tear lipid layer thickness distribution from
the image analysis in DR-1 tear lipid layer interference images (ARVO abstract). ARVO
2004; Guillen, “Tear film photography and contact lens wear”, J Br Contact Lens Assoc
1982;5:84-7; King-Smith et al., “Three interferometric methods for measuring the thickness
of layers of the tear film”, Optom Vis Sci 1999,76:19-32; Korb, et al., “Increase in tear film
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mixtures of polymeric acids with such materials as shellac, cetyl alcohol, and cellulose acetate. The
liquid formg,in yyich Jbg compounds and compositions of the present inveplieR capdg;iserporated for
administration orally or by injection include agueous solutions, 30suitably flavored syrups, agqueous or
oil suspensions, and flavored emulsions with edible oils such as cottonseed oil, sesame oil, coconut
oil, or peanut oil, as well as elixirs and similar pharmaceutical vehicles. Compositions for inhalation
or insufflation include solutions and suspensions in pharmaceutically acceptable, aqueous or organic

are administerbiPBy: i W atokeksi ke Shhaebissrotiecfopedaborasy siediere ffe éta@dampositions in can

ge nebulizeﬁbmgﬁ@fc‘m@éfs m&ia&m{ia%%w%@mmﬁsﬁb&a@mm@?ﬁw@mt,he nebulizing
evice or the Snebulizing device can.he attached to a face masks tent, or. intermittent positive pressure
e S et Wb e

breathing machine. Solutioh: sUsPet BRSSP SEIRRE CARHY URHSREred orally or

nasally Fron§ cieicEX Whictd 48livenmtherfornalldifdfeincdprappropriateanditiosr on teaThe amount of

compound gcoMRISERn.adminisereein-a RIS L YATY ¢eRENHRg 4P Y¥AaL is being
administere ,,ghe Q‘ur(%ose_ of the administration, such as, 1Qprophylaxis or thera% , the state of the
patient, the Hi5HMer of BAHYhRCRA R P APRIVAR A TR pe e %ﬁp%sa{?cﬁ‘?ss ‘Efipositions can be
administeretifiora patiefivValsadycsyffemggf dirracdised se (ki armoant Soffisidhtitbatmré or at least

partially arrest faesympioms eiihe disgeassangils &fq@apligﬁﬁ@pér ifiesive-dosasyilgepend on the

disease condition being treated as well as b theéud ment of the attendinqéc inician depending upon
factors SuchP5 S HERANSEISAYT BY e Hiseasd THEO R elghPar datiierd ¢oklificthof the patient, and
the like. “Fhesompositoivsradmghisidiadiimanphtient eangbesibotherfornroh pipatimacautical

compositionsgieseribed ahaye.Ihess comnasiliona can he.sedliasd AL capyenliang! steriization

techniques, or may be sterilé filtered. Aqueous solutions can be packaged for use as is, or lyophilized,
the lyophiliZ&&-pHfsarafion by EoRsiiBuARH S StETe dgtedirdre s 2episeiad Beministration. The
pH of the cetpountopreparations4yoieal yuilb e etsvern Gane i1l ‘Melleprafefdly:fitom 5 to 9 and

most preferpbb,fIgn 7. BlLl e wndrsiond iatise eLcatan gl e Rregaing, sxcivients.

carriers, or stabilizers will result in the formation of pharmaceutical saltS. T erapeutic dosage of the

compounds’6t fHePhredmit 7308htah1eaH vhl A8dortmycosto, AotdiepnBes e SarRRNSY use for which
the treatmemiads sRadecihemniannesofiadofitigteatioritihoptampalnt she health and condition of the

 Uealmentay madasii sonastepsinothegsampay d con |
O th e s e T B Ry o racore

narmaceutical composition can vary de n%du ,
including dé<igestcthe mii aRraT e tEY Sheatifsing Myars Mo Y, BhdtRe Edtitdof administration. For
30exapuple Map aaspoungsmkthesinmesation can e Crevided, inTan agueansphysibagisal buffer
solution containing,about,0.1 to ut..10% w/ he, compound for parentgral administration. Some
pical dosd P B R B s ol T oAy T e
embodimenits i tREigo sand Aystieriom aydudoveried e tebuneiagoAdy Exp Med Biol

2002;506:517-320; Yokoi et al., “Assessment of meibomian gland function in dry eye using
meibometry” Arch Ophthalmol 1999;117:723-729); (10) meibography or meiboscopy to

25  measure Meibomian gland dysfunction (e.g., Kaercher, “Ocular symptoms and signs in
patients with ectodermal dysplasia symdromes™, Grafes Arch Clin Exp Ophthalmol
2004;495-500; Jester et al., “In vivo biomcroscopy and photography of meibomian glands in
a rabbit model of meibomian gland dysfunction”, Invest Ophthalmol Vis Sci 1982;22:660-7;
Mathers et al., “Video imaging of the meibomian gland”, Arch Ophthalmol 1994;112:448-9,

30 Pflugfelder, et al., “Evaluation of subjective assessments and objective diagnostic tests for
diagnosing tear-film disorders known to cause ocular irritation”, Cornea 1998;17(1):38-56;
Robin et al., “In vivo transillumination biomicroscopy and photography of meibomian gland
dysfunction. Ophthalmotogy 1985;92:1423-6; Shimazaki et al., “Meibomian giand
dysfunction in patients with Sjogren syndrome”, Ophthalmology 1998;105(8):1485-8; Yokoi

38



mg/kg of body weight per day. The dosage is likely to depend on such variables as the type and extent
of progressionhshg.disease or disorder, the overall health status of the pagtiglas; patigabsthe relative
biological efficacy of the compound selected, formulation of the excipient, and its route of
administration. Effective doses can be extrapolated from dose- 5response curves derived from in vitro
or animal model test systems. In some embodiments, the compound of the invention, or
pharmaceutically acceptable salt thereof, is administered as an ophthalmic composition. Accordingly,

in some empagimenis, 6. NG COMBHSE AT ISNAYEM AL oI RRHIgf fharmaceuicall

acceptable salt thereof,"and an ophtha mlc%aQIS% acceptable carrier. In some embodiments, the
100ophthalmie“coiibsien W liglidDnpbditisi SERlrsoia-EsitsdsifoR FASBIE $ih: microparticles or
nanoopatticteBstologital somewmbostime i) the dphtbalpitueomposiigniscaniquidikamposition. In
some embogliments, {he.ophthalmic ¢ sition is.a i-solid composition., In. some embodiments,
the ophthalmgf’(sz Q!ortﬁ%o%?tig%@gﬁ&%@gl Egm%%%h’%ﬁ’? ?ﬁéﬁ%ﬁ?c%}ﬁ‘?gg‘rfﬁ% _sifliﬁ?)lnuslﬁn%lade, but are not
limited t liis arii et AlibseitFr GBS HiieBA ambdRdtstheeupktigimic composition is a
topical compeBiHiQR”’| DaRmeespaaslinienis; fie-tpidalcampasitiphgomprBamaauesss solution, an
agueous suspension, an ointment. or |, In some embodiments, the ophthalmic composition is
ropically api o e e A T R P Tt ahe
cul-de-sac. i et selirdrfunagth € aptrRalhrO ddmposHianig sterlnflasnmaiersestitization can be
accomplisheghbhys keavipdechnitiestikestatlizioglilnation eftheisaddtian.aply heating of the solution
in the ampaoule ready for use, Th thalmic compositigns.of the inventjon.can further contain
pharng:]elﬂ%% %)?(r:lfpf’é:ﬁgtéssuit%’bfé? fg{&f%%l%irg%%g%?gﬁd ggggﬂﬁfﬁgﬁ?ﬁ%ﬁbr%mgﬁ@ﬁéoé&g%ples of such
excipients dhe preseiving dgesits, Blisferirdepkchitsk ahédsslin §a0e it 2ahioxidebnt28adents and salts

for regulating-BaR RSFAGRIESINERY ", AcATHSEbEERI; e Jermpapbihalrmeally ptable carrier”
refers to any material that can coBtain and release %ﬂee compound, or lgharmaceu ically acceptable salt

or N-oxide therest Ié)noﬂhoéftn?gség)?nfﬁ?%?gs\lﬁffﬂ 1e'e e.r%iff %‘ée@ﬁ'l]f)% %célr‘ﬁg?’th 05?) halmically
acceptable t2ftidpisiwvdier Gk a@gusonsisoluticprassisuspiensinm dircalsaiintivides oils such as

30thosg; usechi:Maks AiMenisaRL P YR PALISS, %%ﬁéﬁ&?@l@l%ﬁé&%@t% In some
embodiments, the co&;ﬁosition may be an a ueoiis susgensmn comprising the compound, or

pharmaceufiRaI) AR YD R A b OB YA TEHURE o PR AR RER R ftiShs, including both
ointments alfy BuspéhSlosinkophavetalyideysitysitrat i€ Bditedd6HHE getddtedic toutanof

administratigg {pcomernrGHITARLS dfRRIAIScomBaskion has@ssosiutin the range of from

about 1,000_to about 30,000 centipgise, . In some embodiments, the liquid com’position further
comprises a P ?ﬂ%@@‘ﬁtﬁ%g@mé@%ﬁﬁg@& £SO S gy Bnsibtfy orsieiWiscosity, or
reduce€trainatyefrori bihe BRefpreasimuidifdamulationcdmgammd, émbByiRent39816 :poymers include,

but are not igiieghieibass dessriberdnaghy et ok Polimers Hand peuiandnsage form and drug

delivery systems", Asian J Pharm., pages 12-17 (Jan. 2008), which is incorporated herein by reference
in its entiretfﬂ?‘megélr'ﬁ%”éﬁfﬁ’@ﬂﬁ‘?fé?ﬁsﬁ? &ty HEr IS ISR HY AT ErR98;, thiiake & cyclodextrin
(e.g.., hydroﬁymmmybﬂa?a,-,cgmhydwwﬂ:&;ip@be@a?ﬁammmgmﬂiﬁymdtﬁgmmﬁcaﬁﬁm@man gum, gellan gum,
a thiomer, an@&mgg{t&mh%mé(&amsme&ﬁrfp@eqt'aﬁmm&' A ngﬁ@%gy%ﬁ@}ﬁgﬁég@-73 (2001),

which is incorporated herein by reference in its entirety), or a tamarind seed polysaccharide (e.g., as

descriBed irfle HaRdY BRIy AhtRRICI AhGERtsS R BR 248 3 S9biaARIeDDB A Mhich is
incorporatedufface ipaidy tetesBog iy Ret0@ty8:473-481; Fujihara et al., “Evaluation of human

conjunctival epithelium by a combination of brush cytology and flow cytometry: an approach
to the guantitative technique” Diagn Cytopathol 1997;17:456-460; Pisella et al., “Flow
cytometric analysis of conjunctival epithelium in ocular rosacea and keratoconjunctivitis

30 sicca. Ophthalmology 2000;107:1841-1849; Pisella, et al., “Conjunctival proinflammatory
and proapoptotic effects of latanoprost, preserved timolol and unpreserved timolol: an ex
vivo and in vitro study. Invest Ophthalmol Vis Sci 2004;45:1360-1368); (13) the Ferning test
to diagnose the quality of tears (electrolyte concentration), KCS, and hyperosmolarity (z.g.,

Albach et al., *Diagnosis of keratoconjunctivitis sicca in rheumatoid arthritis. The value of
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In some embodiments, the ophthalmic compositions may further comprise one or 15more of
surfactants, gdjsnanits, puffers, antioxidants, tonicity adjusters, preservativgé%%059;£3§AK
(benzalkonium chloride), sodium chlorite, sodium perborate, polyquaterium-1), thickeners or viscosity
modifiers (e.g., carboxymethyl cellulose, hydroxymethyl cellulose, polyvinyl alcohol, polyethylene
glycol, glycol 400, propylene glycol hydroxymethyl cellulose, hydroxpropyl-guar, hyaluronic acid, and
hydroxypropyl cellulose) and the like. 20Additives in the formulation may include, but are not limited to,

sodium chiaride, Sadlum bicaifenale 1991006361281y B3IARE: HORVIRAIAPEY, SRl exidine,

castor oil, and sodium perborate, = Aqueous ophthalmic compositions utions IE')lf'l%uspensions)
generally d61Ff6’f°€dﬁ}t%{ﬁ‘?ﬁ?ﬁﬁﬁ%@eﬂfj@ﬁ%ﬁf&?ﬁf&ﬁ?@t%ﬁ#ﬂﬁF’b@ﬁﬁittéé\‘ﬂ%‘i‘ I%me embodiments,
purified or 2ZalEanizedaymiens Qs intheadepiagi@mickheplstigayie adiystedhbymadding any
physiologic Imically ac I justing acids, es or.buffers to within the range
of about 5.(?#3)4%%% g%%{tlﬁ%%@%%%@%%%ﬁ%%aﬁpﬁgtéﬁoiogeé? S fﬁ%%@lgnatggtclc%g??c, citric, lactic,
phosphoric “RYaPSEIRbACI ARy f§ar k@S akipihelmis Beysoh st 30pRubid0sbi Oen! Pylrmsxics, sodium
phosphate, godita-basaieispdiusarcitiaie fsadifacgtatsysetiuns30lentaies trag)eiiiamine,
tishydroxyrpetinaming-methane, ane e lke, Salts and butfers indude airaieltexiface sodium
bicarbonate, ammoénium Chioride and mixtures of the aforementioned acids and bases. In some

embodimen®¥htheraambti Hfedsutt Bpimdoptahiltak vommpdsition ingbip bedemmiabsitito milliosmolar
(MOsM) to gbeaut: 43S mMASM. a0 A e rEAU BAAIMAMp b sareambedimants, the osmotit

pressure can be adjusted by using appropriate_ amounts of physiologically. and thalmically
accethlg le é}asftzés of @x&?ﬂ%@%ﬁlﬁnfn uarr‘fhlzsrt g% rrbeg?ﬁ%ﬂe?rlt@,%énép |ﬁ%nch?f%r$§é@§§sb?%a§% approximate
physiologic Bifdnimiseh & &nidd diite R anhe et oln Dsitidisc offiprisassolditimeaieridecranging from
about 0.01%#0:abordr& %y waighbl 904688, 0560 1092440 2 RO U4 R Y Weigiahased on the total

weight of the composition. Equiyalent ts of one gr more salts made up of cations such as
potassium, ’é]rﬁt?hqg%fh‘r*ﬁ%ﬁ(\ﬂsﬂeﬁ Oemglngggl%%lr@og%ﬁaa{ggc%ﬁgﬁ%j‘,%gﬁfgi’e(}é)sg%?baéte, borate, phosphate,
bicarbonatel e BstitfaladahidElfates tsisuitate, ssodiaprdsistitfatdarsind niwhr sulfatedand:¢he like can also
be used in adglitiontg arinsteadhaf dadime.shiaridete acieve-csmaRliies witkinthgabove stated
range. Similarly, a sugar such as mannitol, dextrose, sorhitol %I&ucose and the like can also be used to

adjust osmgféi%.prﬁi%%‘ ‘?ﬁ’bf}%ﬁ%ﬁ@ﬁﬂ@ﬁfgﬁ%ﬁg)i%Yﬁ iy S EslppliiGta depot of the
15therapeuticagdet im¢ontdbnwitether ¢ixte indhseréqedaiths eyelaidepbivesfOrsitmbrsburce of

therapeutic agepf 3066;i5 noLrapidbLremave R dRars RFANG RYE CleAaPaaRckaRpisms. This allows
for continued, sustained high concentrations of therageutlc 2[gent be present in the fluid on the external

surface of tHE&{E"BTR’ SHY B APSIROBHGHOWithatRMASHIAY td B Bt dyEr theory, it is believed
that alSorptiprdamap2 Retr Bion dn &y el didpehziédt 6dvdotH the s2Adissoked, diig ge@ncentration and

the contact duration af.the. ,faﬁt}s@éltlﬁﬁu?a\&é%ma@éuscspe?éaémagﬂqmp@aﬁgsﬂw_iS removed by

clearance of the ocular fluid and/or absorption into the eye tissue, more drug'is provided, e.g

: . 0 ided, e.g.
dissolved, iffiB'th&4&mahiSkeg: JeaTdimitrfrom the SEstmas ddrantyiyA s ded Bitlepot may more
easily facilitztezlosdingrefdbe (Osufantigsuefetmileinsakyble therBpewissagetismda gsome

embodiments, 15, d7a91A0 £ IBMARLUDILIIUABHES: L MarE: isameglbediments, the

ophthalmic depot forms includes, but is hot limited to, aqueou?fggi/merlc suspensions, ointments, and
[ b

solid ifSert<s FREStHERE AR BT e Ry e d MBS deid¥orhidfaaesivftich increases in

viscosity upgn ‘@ppication:ie theaey epistiaiholbetaglsecoha pobmenihtaghiquidiermulation. This

viscosity ing#, ARSHDA ptgytrigg/%gggﬁx ) Qfa{}g%j:@ 1%9%%%%@31%!‘ le's%?r%e%rm te concentration. In
cﬁ ﬁ mer in ugeﬁ) hite ed d)%g

some embodiments, the poly ut are not lirmited to, those described for semi-solid dosage
forms in Watjsiatogical peprisers hisuacnimselingr Hbgadedsrhabrinruly ¢eTiveérd-2fstems”, Asian J.
Pharm., pagesnldal (Derqa0@8)-whieh isincomoraietdheraiviy opfeianes indts spgirety. In some
embodients. e Rolymer el ipeerrsiaRhiiali, ReesAS A ag!an gum. hyaluronase,
chitosan, salts of alginic

Ophthalmology 1996; 103:664-669; Mathers ¢t al., “Tear film changes associated with

normal aging”, Comea 1996; 15:229-334; Mathers, “Evaporation from the ocular surface”,

Exp Eye Res 2004; 78:389-394; Van Best et al., “Measurement of basal tear turnover using a

standardized protocol”, Graefe’s Arch Clin Exp Ophthalmol 1993; 233:1-7; McNamara et al.,
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acid (e.g., sodium alginate), or a block copolymer of ethylene oxide and propylene oxide (e.qg.,
Pluronic(nwRBAasA9i9xamer). In some embodiment, the polyacrylic acid iscgresslinkgstagrylic acid
(e.g., Carbopol0). In some embodiments, the semi-solid composition comprises a mixture of carbopol
and a block copolymer of ethylene oxide and 5propylene oxide; a mixture of methyl cellulose and
hydroxyethyl cellulose; or a mixture of polyethylene glycol and a block copolymer of ethylene oxide
and propylene oxide. In some embodiments, the ophthalmic composition is an ointment or gel. In
some embodif¥fEpReibpptiFalshs conipdstionisasiceil-Oatue e IR iy YeHithk 6iA282ome embodiments,
the CﬁmpoﬁmﬁiwmmMH?%d%ﬂngQ i@mmﬁs@éss Qéq@L@ﬁlléme, é&@@tg@ ingredie?t,_I
usually as /0,06 cipients, Commop bases may.inclu t are not imited to, mineral oil,
petrolatumogﬁc%%(gmoﬂgl?g%gﬁsaﬁ%‘ecr%%? %‘%%Srﬁ’g%?%%%é en ge ?ﬁé%fn ient f{ésé)p[%?lcéld as a ribbon onto
the lower eyelfithnis axsrinscepnistudifrenin thecopenprimiheiconipositiod issamophts ahmidsinsert. In some
embodignenisthe.ophthalongiiasardspiglagicaliydnst caftiRitneradinigeMiscaglastic, 15stable to
sterilization Cfalsf;[)%ﬁ(ras')(posure to therapeutic agents, resistant to infections from air borne bacteria, bio-
erodible, biocompatible, and/or viscoelastic. In some embodiments, the insert comprises an
ophthalmically actepfaiherratik, thegresepctyrerdioneides henatbed e 4 tppigalbpiantijtiaer and the
therapeutic agentis.arngraidispriaed thsisinior-ended taithe nlymesatixs g;some
embodiments, the therapeutic agent ma slovxgé?releast rom the 20matrix through_ dissolution or
nydrolysis oF e EAVAIRLBRRE TR LHHE BABAIMFRAE THEBBAmc B GAE 2o ) and the
dissolufion katetehdrseit cahotonirolithekreitaseate bAlKHesapesitichygdripiispiersed therein. In
another for%r&kt@nﬂ%f%%?fnﬂ?@ﬁﬁé 53 Hiodearadablepelymeninal hiegksdewruch as by hydrolysis

to thereby release the eri%geutlc agent bonded thereto or dispersed therein. In further embodiments,

the matrix aH9 SFRSHYS&GHaGEN: eah b onNaL RS T SHrLdaIE R P AIRFHENdSSfing to further
control rele&sexdi) comsmgiboiimsntsg thehinseitne anhpripestiaaijod@gradableupodymer such as

polycapro'agésag@uﬂ'a’Q#ﬂo@m*ﬂy&aﬁ&mm&%w@igg%%g&% ¥Rk Ralyaliey! eyanacrylate,

polyurethane, a nylon, or poly (dl-lactide-co-glycolide ), or a cgpgi:%/mer of any of these. In some
emboditmerft8 *HHENHE PR BRRRAYEH 95 RIS PErSETc AHEPd st Mt r s fersed amongst the
monomer cedniosition prsgataivagke thetaatsbounateriddrpsieptocphlyyrelkzati dom noseale embodiments,

the amount,nf theranelis agent isIAMARAL Q. 0ARPULERY 01 fIam AhaHt 2 0 gbout 20%. In

further embodiments, the biodegradable or bioerodible polymer matrix is used so that the spent insert
does not haRPE RS pb PERRBVEMF At desaigiasribre Mrbideisdislesponries & Gegraded or dissolved,

the therapeliieragetdisrekasethg and afferrtheprerahaclimenise thebophibalnie niserseamprises a
polymey, nclging, i ats,noL URiSe. 5 hoss. deserlond i agh. Sl ke, RolpET sed n ocular
dosage formlrlﬁﬂ%%ru iée ivgfyﬂgystesmsé, As%h J. I§har’nl1., prgges 124 k‘ an. g]bo (: W%hich is
incorporate82erERT B\ repEresiEcin RS UrRiFEBL ISt & e BB HPRE RTeE ¥ mprises a polymer
selected frosegaiyvanylpyroliclaraendPdéP )s ampsiytaie psmeihacsylate paiymemeneopolymer (e.g.,
Eudragite famjly of polymets from Rahm or De y§sag%§h%d ethyl cellulose, polyacrylic acid,
ol (a0 L R
10poly(lactibEasigiioshddyA BB 2ripae pbadiraaih Hibiang) lopbRf(Vingl ateBhslyasr poly(propylene
fumarate). Insseme eelbediments, dhggnIed.aarspisaméelfarpeBydrsaacpmhedinents, the insert
is a polyacrylic acid,of 450,kDa-cysteine conju e. In some embaodiments, the ophthalmic
composion B A a A Doy B var S R RL TAAE T Or Wt hmited o, those
described inopfagnbediaents, inhibiting loss of visual acuity means that the patient retains visual

acuity. In some embodiments, inhibiting transplant rejection means that the compound, or

pharmaceutically acceptable salt or N-oxide thereof, is immunosuppressive, thereby

30 preventing total rejection of the corneal fransplant.
As used herein, the term “contacting” refers to the bringing together of indicated
moieties in an in vitro system or an in vivo system. For example, “contacting” a JAK with a

compound of the invention includes the administration of a compound of the present

invention to an individual or patient, such as a human, having a JAK, as well as, for example,
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15"Polymers used in ocular dosage form and drug delivery system", Asian | Pharm., pages 12-17
(Jan. 2008y, In,sunggeppbodiments, the film is a soft-contract lense, such 33-PRRS INAFEHEM
copolymers of N,N-diethylacrylamide and methacrylic acid crosslinked with ethyleneglycol
dimethacrylate. In some embodiments, the insert comprises a core comprising the therapeutic agent
20and an outer tube (see e.g., U.S. Patent Pub. No. 20040009222, which is incorporated herein by
reference in its entirety). In some embodiments, the outer tube may be permeable, semipermeable, or
impermeabledadhe:diIP-sRis SNROEHRENR. the dpa.cRtenhaY iglindea.pefwmner matrix which
does not significantly affect the release rate of the drug. In some embodiments, the outer tube, the
polymer ma Fﬁ??}rﬁﬁ% WY EB#oHYoth may be 25bioerodible. In some embodiments, the co-extruded
product can be se§meseiddramotior tignd ElnderidedVimdpatnrsmedmbolmmzatdy thédaeviges may be left
uncoated sq{hah HRIkAGIPELME BNISAR ORER. AhthEleYieRNaYE Goatedwith,for example, a

layer that is permeable to the therapeutic agent, semi-permeable to the therapeutic agent, or

bioerodible - EeTtaR SRBS S HRL She  B1ah BT LG MRHE- at least one polymer are admixed in 30
powde_r form. In s@m&a&ﬁb@dil‘ﬂﬁ}thr%é‘umewewdaim&fédﬁyéemmﬁr_rgfam!ymadmmafer?al to a first
extrusion device, fanpanding AR herapestic agant E‘B@t%@%ﬁ‘&i%ﬁ@&%ﬁ@ﬂﬁ%&%ﬁé%g'”9 a mass

including the polymeric material and the therapeutic agent, and forming the mass into at least one
co-extruded thtieoheRy TRk TN SRR s B At e Tumanty thetarape Rie A and an outer
layer includmg.dtbté mymMmaI@ﬁtmnln qertain embodiments, the therapeutic age_nt forwarded to the
secondexirusion AEYISR iR Uil o1 JeasLoRe,PoIC, ML ESTARAPRRdiments, the

therapeutic agent and at least one polymer are admixed in powder form. In certain embodiments, this
act includePTEYERG A AisAEtancSHEPSR U RS THBss s Iace SANYEIoR Yeliferlerin#Ttain embodiments,
the polymerngdbitaterial isapihe ot dspsemeahlodisame]-pebmeabledianpe tiaakliontd the therapeutic
agent. The polym ;‘,c I r;Ji It}gn g)q i0 rgdiblgﬁa} or ragliation curahle. .In latter instances, the
insert may b@llirra%at%%ail g ﬁn g_g%{fa?n%ﬁ]%oéﬁeonégtﬁgiﬁgﬁ? |§Sier?3 g’ﬁébﬁ%{‘%?%?eand may be
segmented TS SR IMY RO SPE PR Astisress. tRcEieainr disprdelimentadinduasekefsrther comprises a
coating of 18theipluality afshanempresustsnitonadeaipRE ieyecsinciidingamideast one of a layer
that is permegable to the.therapeutic agent, a layer that is semi-permeable to the therapeutic agent, and
Ty that S T R e P T A G EA P B ol iher, such as
polycaprolagtsyes{Pan ynaividvl e smprassiatot Ssppmerie R ipenaIRyPelpareResylate,

polyurethangs;, fRcniyien s Alonalyob asticRqe-glyselids) (Ri@Ader asepamrenabany of these.

In some emboglimgnts the I sert comgfri es a therapeutically effective amount of at least one

. 8L ai ecrffh%nﬁ © BCNCIT sgase. . . . .
therapeutic agent coated By or dispersed 1n a polymer matrix, wherein the therapeutic agent is in
granuld? or particulate form. In some embodiments, the therapeutic agent is released from the
formulation @sghmgfremthg gkanules dissolves into or within the 20 matrix, diffuses through the
matrix, and is releagggrintg etg surrou d%\l% ¢%h ;sg?laogi%asl ufI igs. Iorseo?rg embodiments, the rate of
release is limited prlmarﬂly ’by & Pafe of dISSONIGO BT the erapeuﬁc aDgént from the

granules/pastighsshgtepariecsraniin lawsapy edaifudiondshroughahwpressttaaevdidpeRsion into the
SUfrObl{ndingx}IBII,i@h@B?IQ&ME'MI@Q%@&?@ﬁ%B@&&'Hﬁ;ig@g-fw @d%;f@ie, %Q?’M&Siﬁwogglﬁer mlatrix is
non-nigero , In other embodiments It IS loerodal ..EXemplary non-plioerodible polymer
s oa A O B S H TR RO CHEREU i ) BB (v
polyvinyl alcortiaridrdedvatived Biig-copohedeliscthesdobrExe mplaniltiosrdtiixdecpolynrer matrices
can be formggifram privanvdrde.aabdactc asish:ralvelyadlis asidrpalwaihgester,

polyalkylcyanoacrylate, and derivatives and copolymers thereof. 30In some embodiments, the insert
comprises & tofidgerous material. In some embodiments, the insert may be a soluble ophthalmic drug
insert (SODI, e.g. Fagooiiemesicotheabidng ¢ et cdeplateintroe indéd tinstigguppeezoonijictival sac for drug

delivery; antﬁ:!llliﬁgﬁﬁ'ée, revlimid, and DNA-damaging agents such as melphalan, doxorubicin,
cyciophosphamide, vincristine, etoposide, carmustine, and the like.

Exampie steroids include coriticosteroids such as dexamethasone or prednisone.
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insert such as OCUSERT(r) (Pilocarpine ocular therapeutic system, developed by Alza Corporation)
which is m@ﬁkﬁﬁxﬁge vinyl acetate; OCUFIT(r) (developed by ESC&|0'}CQR}}§}QBR,%%JQC-,
Skillman, , which is a rod shaped silicone elastomer; Lacrisertg, a rod shaped insert made of
cellulose; New Ophthalmic Drug Delivery Systems (NODS), made of poly (vinyl alcohol); and the
inserts described in Fabrizio, Advanced Drug Delivery Reviews 16: 95 -106, 1998, which is
incorporated herein by reference in its entirety. In further 5embodiments, the insert can be placed,

depending on the jacationsand themechanizm e da e dhednar i Arsiign.Byeither the patient

or the doctor. Ir::%g:rth r embodiments, the insert comprises collagen, gelatin, or a polymer, wherein the
polymer is SBISCHEEFR on‘BB%&6?&&&%&%5‘6&3?6&%%@%%915&3&%‘%&8&6&9@?kEVA), polyalkyl
cyanoacralats] galybeetarte/dHhifon, poly(dl-lactide-co-glycolide) (PLGA), or a copolymer 100f any of
the aforementionegl, | H0me. 6P MEBIR R INFEL IS mplaniednndariis uppsr gvelid. In some

embodiments, the insert is implanted in the posterior segment’ of the %%e, in the chroidal space, or in

he p
the scleta. IFSBMB EiABofiMienesetHR OB TRial R QO el V8P SdM4E R aIly. In some
embodiments, theHrseptcsunjeletdd Bulhitetinalhehidethogdsuatigdmi st atiomandtteginiques for their
preparation e s, B BRANAIANG dobhannAge WeRl AFigRges, which Is incorporated herein by

reference in it entirety. n other embodiments, the insert provides a sustained release of the

therapeutic agent F5¥RBG Ml TsHnB bt randudscrapaindssgddhst P haimastisalians that the
compositiortelpaskesihe iherapeedinhageri4msnss) exianmesd Bl iaha3inesr,arcontrolled fashion. In

some emboglimentss t%i[}%gtsgggegﬁgwa%mﬁ@ﬁgutic agent at a rate such that the aqueous
, ; / 102

20therapeutic agent concentration remains less than the vitreous therapeutic agent concentration
during the release™IFPEG TR AR ImTERLS! Brac]iiowsrarerdpalithe Hyspiuvreditissibi is from about
0.002 pg/mLdiatadaiah GH pg/noes Soasnkabeiddibitops glenldig anedio,. phrfalaly, foF less than about
0.05 pg/mL. | $0 .gm;bg ' nts; the therapeutic agent.is.released at a rate of about 1 jig/day to
about 50 pd%[%’;lt ,gcr?rgﬁom légic%%gﬁ t1 %igvléa&gltoorag%ﬁiﬁi]aa%?%l/glgw In some embodiments, the insert
further comprises @i GRptIONEItaeEapet ficzrie it kg ibataneef Sisovecdion cHnbeivistbite acetonide

(such as thabisuingdibn the apRthalmigiReert ReUsRHEent of HarseR@Rbadiments, daggphthalmic

compositon com rises mic, osiph?res or nanoparticles. Hﬁ some embodiment, the microspheres
Tt Tove 1 % eatmEent. response as compared ip the response.to the

comprise geapatln.)(r{n% me embodim Hts, the mlgrospﬁeres_%ﬁe injected to the posterior segment of
the eye, in tHEEATSIHAP SRz alene Salbpa! fracvbaEe vt 8p sulc rétheslxmmsme embodiments, the
micospheresderibaeRatteles CANMRISES: ai PR limekinehidingu biginal deitg dda,these dascribed in
Wagh, et al., "Polymers used in ocular dosage form and drug delivery systems", .Asian J Pharm.,
pages 12-19?%8% 5&%9%9}%&0 V18 e l’r%grrta?[é%] e qﬁsypfg erenc mﬁ[s‘%’ﬁ%ﬁ%{c "In some
embodifherdexamethomeanis\etedsdbortepunjeniokylieddiidnslisters wellmohgliccacidntadbumin

particles, hyaluigris agidhesiersianlyiiagonicagidr RalyRutyheyansastyiates palysagrolactone,
%Iactic acid). In some

poly(isobutyl)caprolactone, poly(lactic acid-co- Ié/c}%‘lic aci %fr (%(I%/
embodiments, t }Stfﬁiér%%%ﬁ%rg%g%%%%%ﬁ%ﬁ?&ég 3 Bﬁ%@i |dr|1% SR some
embodimenis;ethivophithaluvididoripasitioruobenpose s asizims-eohbiptermedimdndbioe embodiments,
the ion-exchange e ikannRiaRRImZeolite QBB heliGagARIGHesiT AR SemasRediments, the
ion-exchange resin includes, but is not limited to, those . )
) T b
%resent invention. The agents can be combined with the present compounds in a single or
continuous dosage form, or the agents can be administered simultaneously or sequentially as
separate dosage forms.
In some embodiments, a corticosteroid such as dexamethasone is administered to a
patient in combination with at least one JAK inhibitor where the dexamethasone is
30 administered intermittently as opposed to continuously.
In some further embodiments, combinations of one or more JAK inhibitors of the
invention with other therapeutic agents can be administered to a patient prior to, during,

and/or after 2 bone marrow transplant or stem cell transplarnt,
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10described in Wagh, et al., "Polymers used in ocular dosage form and drug delivery systems"”, Asian

J Pharm., W@%ﬁ@ﬂﬁﬁ@an 2008), which is incorporated herein by referepe%/%g&,g)agg%y In some
embodlments the ion-exhange resin is a partially neutralized polyacrylic acid. In'some embodiments,

the ophthalmic composition is an aqueous polymeric 15suspension. In some embodiments, the
therapeutic agent or a polymeric suspending agent is suspended in an aqueous medium (e.g., having
the properties as described above). In some embodiment, the therapeutic agent is suspended. In

some embadiments. i, LiRaREMAIE adenk i selhtiannduiies smharitoeit,the suspending agent

serves to provide stability to the suspension, to increase the residence time of the dosage form on the
eye, or to effHITERThE BTt RRGHA ?@é&%g‘ﬁﬂf?ﬁﬁ ARt g EisnEgr Bot Bi5geP FalBGse times and a
more uniforemrelbasetsuvedfixamiplesapfpilypeeric Suspernidingageants (ialsgedhut are not limited to,

dextrans, pepretaane.gyale abivinvpyralidans aRksaceRaide gl G aldigitigellulosic polymers

like hydroxypropyl methylcellulose, and carboxy- containing pofymers such as p lymers or copolymers
of acrylit a&ﬁerﬁég\ﬁﬁéiloégoﬁﬂ?éﬁﬁ%ﬂ?ﬁ@léﬂ%ﬁI@@h?élqﬁr%ﬁli’é HISHIR NIRRSIE IR PIRy meric
suspendingaageitoisceoidatiersswe ableimater thisoltiis poldmearaspaciallyox sresskinked

carboxy- co%gmgoplgl)%n;ﬁgb g gprglngs Qogrlrftpgnq%jstpg polymerlc suspending agent comprises from

at least about 90% to about %, or from about 95% to about 99.9%, F:_/welght based on the total

weight of monomé@%&?‘r‘ﬁ“ﬁﬁéﬁé Wﬁ@@%&t@ﬁ%@&ﬁéﬁﬁ@ﬁﬂﬂ%@t gremiearsra¥aturated
monomers. (Hosiesne:sy Dodimentopis, Seampaneantaiingenoanesitytienicalbmsargturated monomer

mcludefg acr A?ogmg%r?a yg% Lﬂwrtha it &91 rn% deg yllc?%c;jc%%cro nic acid), cis-

a-methylcrotonic aci elic aC| , trans- croton cacl butylcrotonlc acid,

aphenyIacr)ﬂf@%B?éiz@JHéﬁ&%ﬂ&@rWébab?ﬁ?*ﬁ%&%‘f@h@@%ééﬁfﬁﬁlﬁé|éﬁapﬁéh)ll%téﬁrl|c acid (cinnamic acid),
coumaric a@ﬁh{@xh&d@@é@b‘@&éﬁ@%@icﬁ@ﬁ%ﬂﬂgm Q@Jﬁﬁrﬁﬁ‘ai@l mwar@@mnm@m agigbrifyy,some
embodlments the p gg&imgﬁ\l&%@ﬁe nke dPXar ]p 1ca &h ?%éc%)nsuslgnkl a{gggé%e .g.,a

difunctional CrOSanEII’]g agent) T embodimen S, cross Ing-shauld be
sufficient to}f@mﬂhkdﬁﬂﬁt@mﬁ}m@%&melw@mh?ﬁbé@h@ﬁ@)aﬁé%N@I&ﬁ&ﬁ?@ﬁ@é fvith sustained

releasgsof thmteﬁr@p%@(mﬁ&mmmm&mteﬂﬂtaiﬂwqtvm@t&)ﬁeﬁawwm%prosslinked In

some embaodiment cro slln on amount ut 0.01% to about
5%, or fromélaf:])oiautte I%gg/r ggﬂé(rgln‘%‘ (érbitf}{ﬁ)g’zlg/u “t6'about 1 /oAbase(%é) rlgst)('Jtal weight of
monomers Bﬁésl@ﬂfﬁImsﬁlﬂnécéﬁﬁ@tjmmém,&b@ldwislﬁmrhé @hyenmssarbetd@rwisplyalkenyl polyether
difunctional 6rasslininarnONO DAl SYSk &S Ttk eHYaRk) 2P Hdi mmwﬂ@ jene,
2,5- dlmethyrE;L f@ xagilje};l e, divin ?s N rOI\IM géall Iazc Iamlde N Né%lal tgr}zacrylamlde
polyalkenyl poty th@re 05 Fﬁ]%fﬁkj }e%gr{: i ﬁﬁ?&?ﬁ?r@g ltgt o8 a]iw g%é‘l’%%pmgs per molecule,
e.g., alikenyNettadisyrolipinb s thertai Ritvg2t Erimiiread it 2CEDraytoaps aipt @papde Wy ethigr)fying a polyhydric
ﬁlclodhol cogwm%@atd%ttp ﬁ%@gﬁ@t@ﬁtﬁi@ﬁg @tok%%)t%%ﬁirbaﬁ@%ig@y?ﬁu\tyhlttt@r;ha"jeknyl

alide such as romi e alya ose, polyallyl pentaerythritol, or the like;
diolefinic no‘ttgtt?/f&y 8&?%3 étﬁg? ésc%sgétﬁfmﬁgs ggf é(ﬁé?}l WF@&EF&F’%elghts of from about 400
to about 8 O@@y@@@ﬂﬂ@ﬂ@ﬁ@h}bl@@herylafmwpmwmwamﬁumetltmergﬁates of diols and polyols,
d"socvanat@amm 3/@4,@%@95%&%35@@%@%%@% '&Wﬂé&%%%s?fo?%ﬁ&é@{&%te terminated

prepolymers derived from polyester diols, po yet er diols or polysiloxane diols with
hydroxyalkylmeth %W@?@%&Wh@ additional therapeutic agent is an anti-angiogenic agent,
cholinergic agonist, TRP-1 receptor modulator, & calcium channel blocker, a mucin

secretagogue, MUCT stimulant, a calcineurin inhibitor, a corticosteroid, a P2Y?2 receptor
agonist, a muscarinic receptor agonist, another JAK inhibitor, Ber-Abl kinase inhibitor, FIi-3
kinase inhibitor, RAF kinase inhibitor, and FAX kinase inhibitor such as, for example, those
30 described in WO 2006/056399. In some embodiments, the additional therapeutic agentis a
tetracycline derivative (e.g., minocycline or doxycline).
In some embodiments, the additional therapeutic agent(s) are demulcent eye drops
{(also known as “artificial tears™), which include, but are not limited to, compositions

containing polyvinylalcohol, hydroxypropyl methyleeliulose, glycerin, polyethylene glycol
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In some embodiments, the crosslinked polymers may be made from a carboxycontaining
monoethyl%%%}fﬂéq%rated monomer or monomers as the sole monoe 'E%ydé@é%turated
monomer present, together with a crosslinking agent or 25agents. In some embodiments, the
polymers are ones in which up to about 40%, and preferably from about 0% to about 20% by weight,
of the carboxy-containing monoethylenically unsaturated monomer or monomers has been replaced
by one or more non-carboxyl-containing monoethylenically unsaturated monomer or monomers

containing QoY pE¥SIPdicalivRpd aphihalRcelinnosaKe aHRIle e nalding, agivlic and
30methacrylic acid estérs such as methyl methacrylate, ethyl acrylate, Butyci acrylate, 3
ethylhexylaBHIaRPEeH MR 8EIsTA B OB ITNRE SR Sthl i skt Tabafper By piBsoRErylate, and the
like, vinyl acetadeinMainyipydilicienecapeithadie seenddogtieriaiabubh & RateNpc415148,990, the
entire contapi.ALIED:ATc REAIPAIRIS NI PEIRIENGE, or.Amare exlgnsive Jiting of such
additional monoethy enlcahy unsaturat d monorﬁersr). n'some em%ocﬁments, the poﬁlmers include
poncarBopﬁ'ﬂf’(‘Noveon AA-1), Carbopol(r), and DuraSite(r). In some embodiments, the crosslinked
polymers are prefiarechbyrshisPRBRIO hOLRMUISIRRYMME HZING bR RonemEesHysing conventional
free radical polymerizatisn.caiplysts. o, dyparliels size,of notmers. (han abeut, 50 pm in equivalent
5spherical lameter. 1h some em ooﬁ’menfs, e average d';ry particte Size 1s™rofM about 1 to about 30
pm, or fromSERRIER!31t- Whemmpiop e Indagiivitesie sptniyi Eapainlniekuibsonsdieambudiments, the
polymer partickes ana-RRiaadddyuneshameally saling taosrReNEREERAMEIRS N further
emboqi5nents such p%lt%(?a%rs will _hgvoe a mo gcular \%%isght f;ﬁm about 250,000 to about 4,000,000,
and from 3,6%%?365?0 0 2,‘868?0 B,ﬁ%.’qn other 1b&h odiments, T Oﬁ‘ﬁ?f%lgs{% Bfosslinked
polymer aréraveheispeksacinsiintg witasay mal\enexpaintickrizsidistrivlitormideh that at least about
80%, about; 3Rk ek RRRKEIRMerRidhspaiglesfathwithin ey Rand almaierRgsicle size distribution.
In further embodiments, the rﬁlonodifs ersengartigle. size means thal;,theriﬁis no more than about 20%,
about 10%, 8P SBHH B BEHCISE BIArEDESRA T BHYHY SERATD BFnb SUREHRS: ff&*aqueous polymeric
suspensionldGuoinpribelsfporinalboghoBite; dlvovnatols; ffoemtapoumndtdmeiaboitodas0is; or from about

0.1 to pbout Q¥ Lfithethesapsutic agerhANd from Ao uLQ.L iR, abaukh0%mbigm about 0.5 to about
6.5%, from ahout Q.5 to about 2.0%, from about 0.5% tq about 1.2%, from about 0.6 to about 0.9%, or

from about & IEABGUE Y SIS a BBIIMENE: SURRURIRG BB RRF St G FAFERFECin the singular, it

should be understood that one or more species of polymeric 20suspending agent can be used with the

total amoungfalling WhinAhe, s1aiesk 1aRges .0 pHg.embodiment, the amount of insoluble lightly
crosslinked polymer particles, the pH, and the osmotic pressure can be correlated with each other and

with the degree of CrOSETIRkING B GRAETACSHBEsHIB ORI Sl dEsusPiTtsa  Bhge of from about 500
to abot 1068{60d sterdipoisefeamch Ppedenatiytirdroalposititn@Olhtscabopt 80c00:obabout 1,000 to about

10,000 centipgige: spARMMRISMIF L RAWPATISMASLAIIIR (AhOUL 23 (ol UG &RipRKfield Digital LVT

Viscometer equipped with a number 25 s%n le and a I3R small sample adapter at’12 rpm. In some
embodimentd TRe”VTSBISit)REEME WS FE TS 'SH0 GF ACE BN BFSR it 199 Bhout 200
centipoisesatafrobe abaed. 18 doiaboui@ee ntporsal (incodheembochmérisdtheaqueous polymeric

suspensionsamAYfE IEMHIRled. ot AN Ry el fe.same alpubrlanlially g pame viscosity In

the eye that they had prior to administration to the eye. In some embodiments, they may be formulated

so thattherBYE B A68d Yelatrb o Sy Iz AtR I8 4F N FoRESP fhieshdEa bk &rbH mulation
containing DuraSited) oriokhesssiniar polyastyit Baichiype:palymerimacinitisterecioie eye at a pH

intraarterial, subcutaneous, intraperitoneal intramuscular or injection or infusion; or
intracranial, e.g., intrathecal or intraventricular, administration. Parenteral administration can
be in the form of a single bolus dose, or may be, for example, by a continuous perfusion

30 pump. Pharmaceutical compositions and formulations for topical administration may include
transdermal patches, ointments, lotions, creams, gels, drops, suppesitories, sprays, liquids and
powders. Conventionai pharmaceutical carriers, aqueous, powder or oily bases, thickeners
and the like may be necessary or desirable. Coated condoms, gloves and the like may also be

useful.
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of less than about 6.7, the polymer may swell upon contact with tear fluid since it has a higher pH

(around 7)wIhig@elatiqn or increase in gelation may lead to entrapment ofthe suspopsigssparticles,
thereby extending the residence time of the composition in the eye. In some embodiments, the

therapeutic agent is released slowly as the suspended particles 5 dissolve over time. In some
embodiments, this delivery route increases patient comfort and increased therapeutic agent contact
time with the eye tissues, thereby increasing the extent of drug absorption and duration of action of the

formulation in the'myeinlbgithelapeldticiagppts.cRuiRIeshipdhese dehdehiay.sysiemssnay be
released fram the gels at rates t alﬁd%%eﬁnd n sfj.%ﬁh.factors the dru{g itself and its ph¥sical form, the
0

ngrediett, one on, more af i U e invention above in combination with one.o
extent of dru& [6a Ing and the pOH e system, as well'as on"any drug deﬁ’lvery agjuvants, such as

ion exchandeoresinanesenpetblacsiniathecetisn s whithlinayhelsorirespreserfithe  The

compositionsehtbe thveatiencamiitnarneludrieae.Anmowr dddiionmatdharmageytical agents such
asa chgmother%ge tic,tgteroi , anti:inf.lam atorﬁ/ %omgpoun ,orim unoiluPpressant, examples of
which ate liSISIHEFSIHABBVE A & FHETHIRE S AR O SEURR IS P Y& e PaRyPIvay of specific

ereina
examples. THefotseineg Blemiprestagcoffered foritlinstrativeap irposds, samd-sokidnot igtéhded to limit

the inventionin anyWRaRAGE--f Heseiaf, ilkin dha artwithreadibilecagriza.ampusay of noncritical
parameters which ¢can be halgl ed, or modified tg yield essentially the same results, 20 EXAMPLES

Example 1. CIREHNAGE F5hGA 240 A0 P15 HEiRo B R PFRHPESTSPE) SEEPSSS sty <lixirs,
yllazetidin-3xsavetonitrieltiifiscrositetic saoips sadtosbEAa2 b sSie priintefidoidyhedium),

3-(cyangmesiviene)azsliding-A-caripuaifi, 1090Q PSRRI OfSQHYB Y drifi,§60% dispersion in

mineral oil, 0.257 g, 642 mmol) in tetrahydrofuran (32 mL) at O C under a nitrogen atmosphere was
added diett} SFEHRGHREHH SIS 'TT e 806 s tetHinpstirchisieaarki#eAldrich). The reaction

was then stiwedeor 45 minutes at room temperature. A solution of tert-butyl

3-oxoazetidine-1cgar&g§¥gﬁ§a(§c%ﬁti§n§ﬁ1m@igp chased, %9%1‘%'@%?&@& _igﬂgtetrahydrofuran (8.8

mL) was introduced dropwise and the mixture was stirred for 16 hours. Brine and ethyl acetate were
added and fRE'PREIS REEAT STETPT I LG TR #E s adhexirgradianiich thi et poraBRE W 10ethyl
acetates Thie egmbireidy extohdie, Were Heiedlover spdiie sulfatesstiieredoanstgontantiated to afford

duct, ] ification;| . 999 , CDCI3): 65.38 (p,
product US@M&@%‘}&E %w%fg}%tﬁ%}%ﬁy?ﬁé?ég éa’(iléﬁ%.s%ze X0 ad%%%ézi%%%?& DCI3): 65.38 (p

1H), 4.73-4.68 (m, 2H), 4.6 5Step 2.

3-(cyanomeWayfysapri B it HRYR I I RRHB [ATBEH I RREY Gl 8Pzt 40 mesh.
dipyrimidin-4-y1)-Tht-pygoohds yl drctidénget -aaybexylde u20F enasolititme@hocedures such

4'(1H'pyraza?I\'v%’a%ihizé%é(%@ﬁtg¥|3§'-{11¥F%es§99 ?A(Q{]lmgrﬁg%lfznéblet formation and for other
20 formulation types. Finely divided (nanoparticulate) preparations of the compounds of the
invention can be prepared by processes known in the art, for example see International Patent
Application No, W0 2002/000196,
Some examples of suitable excipients include lactose, dextrose, sucrose, sorbitol,
mannitol, starches, gum acacia, calcium phosphate, aiginates, tragacanth, gelatin, calcium
25 silicate, microcrystalline cellulose, polyvinylpyrrolidone, cellulose, water, syrup, and methyl
cellulose. The formulations can additionally include: lubricating agents such as tale,
magnesium stearate, and mineral oil; wetting agents; emulsifying and suspending agents;
preserving agents such as methyl- and propylhydroxy-benzoates; sweetening agents; and
flavoring agents. The compositions of the invention can be formulated so as o provide quick,
30 sustained or delayed release of the active ingredient after administration to the patient by
employing procedures known in the art.
The compositions can be formulated in a unit dosage form, each dosage containing
from about 5 to about 1000 mg (1 g), more usually about 100 to about 500 mg, of the active

ingredient. The term "unit dosage forms" refers to physically discrete units suitable as unitary
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pyrrolo[2,3-d]pyrimidine (4.61 g, 14.6 mmol) (prepared according to the method of WO 2007/070514

in Examplg,Qp,aatef &) and tert-butyl 3-(cyanomethylene)azetidine-1carboyylaie {4,84:8s:k4-6 mmol) in
acetonitrile (100 rgr?lﬂ was added 1,8- diazabicyclo[5.4.01undec-7-ene (2.19 mL, 14.6 mmol). The

reaction was stirred at room temperature for 16 hours. The acetonitrile was removed in vacuo and the
residue was 5dissolved in ethyl acetate. This solution was sequentially washed with IN HC1 and brine,
dried over sodium sulfate, filtered and concentrated. The residue was purified by flash column

chromatogragayssalstingwituge%e @mﬁtme@tatﬁﬂagxadaesﬁa affesshidgsipedineagiet (5. 36 g, 72)%) (
NMR (300 MHz,. CD, I 58,86 (s 4 (s H), 7.42 H), 6.80 (d, 101H), 5.68 (s,
). 454 (LI 26 0 SR s SHP e PR g R a5 i Hd e, 21, .06
(s, 9H); LCMBhMripe mnzicaéﬁtlsex01plent

3-14-(7-[2- (trimetmwl&mmﬁ?&m@t??eﬁe@awecﬂ@ézaancﬂwsmgdifawégséaadlkg»ﬁ@fngl 1- ylrllaze;idin r? Iyla
cetonitrle H a solution of ter, cyano 344-(742-(trimet thoxy|methyl-
7H- pyrrgolo[ﬂlé%l ﬁﬁfﬁml ihe -Vf?cfﬁ“f)%}t‘r%u%cfv%laze'fn&me ff car xyfa?eé( % t(ljxggnmol) in

l,4- dloxanef{@@@h@ﬁ)ﬁﬁ/mwMt@@fm@iﬂhly&imgéﬁ3blﬂﬁ@¢lb’ebmd1tmmm€bmea(ﬂ0@@amL 160 mmol)

and the mi@w@rdﬂfg&@tﬁéeae@aﬁpgmﬁmeé@tmutﬂﬁgl@mg@ﬁ&h% E@%%HE&H wasHeMed into saturated
sodium blcarbon e solutlon su&[}ment\?@o neutra ze. TheeEFr% ct was e r ted with three portions of

ethyl acetate, che%én HBTHEY B8 AL I SPE RS é"a%’t‘ﬁi EOHRRS R S i(fif SUftate, filtered and
concentratetfictondifford pedduic thwisiohripas! Mmmrqmdmh@hh@n (3.0 g, 69%). 25NMR (400

MHz, GPC13): 8 § B3 dPadhh s&id2dRpddillof A2 s Js!ﬂl)ati e AendFh), £ fithrddibh %68 (S, 2H), 4.30
(d, 2H), 3.88 (d, 3.51 (m, 2H), 3.42 9 (m, 2H), -0.06 (s, 9H); LCMS (M+H)+:
410.2. Step#d ‘Z’é@h@fgﬁ%ﬁ‘iﬁ)‘f?ﬁﬁ ?‘f‘f?%‘tfﬂ%‘?ﬁﬁﬂgﬁ B Wﬂ“ﬁ?étﬂi/l’@fﬂ’%?ﬂ?&l Epptaning
djpyrimidin-dkgldgerpyrandtitsyizratioinuddydi detorreiei) whBoiN-Wheh Tdearisglotibesof
314'(742'(tG%WQM%MH&Mﬁd%@%ﬂé&ﬁ%%‘acﬁve ingredient is typically dispersed
evenly throughout the composition so that the_ composition can be readily subdivided into
15 egually effective unit dosage forms such as tablets, pills and capsules. This solid
preformulation is then subdivided into unit dosage forms of the type described above
containing from, for example, about 0.1 to about 1000 mg of the active ingredient of the
present invention.
The tablets or pills of the present invention can be coated or otherwise compounded to
20 provide a dosage form affording the advantage of prolonged action. For exampie, the tablet or
pill can comprise an inner dosage and an outer dosage componert, the latter being in the form
of an envelope over the former. The two components can be separated by an enteric layer
which serves to resist disintegration in the stomach and permit the inner component to pass
intact into the deodenum or to be delayed in release. A variety of materials can be used for
25 such enteric fayers or coatings, such materials including a number of polymeric acids and
mixtures of polymeric acids with such materials as shellac, cetyl alcohol, and cellulose
acetate.
The liguid forms in which the compounds and compositions of the present invention
can be incorporated for administration orally or by injection include agueous solutions,
3¢ suitably flavored syrups, agueous or oil suspensions, and flavored emulsions with edible oils
such as cottonseed oil, sesame oil, coconut oil, or peanut oil, as well as elixirs and similar
pharmaceutical vehicles,
- Compositions for inhalation or insufflation include solutions and suspensions in

pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and powders.
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5d]pyrimidin-4-y1)-1H-pyrazol-1-yl]azetidin-3-ylacetonitrile (0.100 g, 0.244 mmol) in tetrahydrofuran (2
mL) contaigiag, NdN-désppropylethylamine (0.085 mL, 0.49 mmol) was addgdgtbansrulfonyl chloride

(0.023 mL, 0.24 mmol). After stirring for 1.5 hours, the reaction mixture was poured into dilute HCI and
extracted with three portions of ethyl acetate. The combined extracts were washed with brine, dried
over sodium sulfate, decanted 10and concentrated to afford product, used without further purification
in Step 5 (111 mg, 91%). 11-1 NMR (300 MHz, CDCI3): 8 8.86 (s, 1H), 8.63 (s, 1H), 8.35 (s, 1H),

7.45 (d, TH)p0 838 ot b Gf Q%&@MZ’H%E?%%%ED%&%%%}{Q %Helf?aa?ﬁ L %@tg%-&%i Sl ), 309 (@,
2H), 1.41 (t, 3H),10.92 (t, 2H), -0.06 (s, OLT); LCMS (M+E)+: D021 - 15 Stop
1-(ethylsulféRy§3E0A (7RG I RSI5E STEREPRIIIReANPOHE BYT 4XAd{sEEdH 182 YTalcBtonin-ile
trifluoroacetaiisatbitacaysoluticnt Richikedyyisuttormel)-8ddd9iRo(b imethylsilypsthaxylnethyl-7H-
of inert gases. Nebulized solutions may be breathed directly from the nebulizing device or the
5 nebulizing device can be attached to a face masks tent, or intermittent positive pressure
breathing machine. Solution, suspension, or powder compositions can be administered orally
or nasally from devices which deliver the formulation in an appropriate manner.
The amount of compound or composition administered to a ?atieni will vary
depending upon what is being administered, the purpose of the administration, such as
10 prophylaxis or therapy, the state of the patient, the manner of administration, and the like. In
therapeutic applications, compositions can be administered to a patient already suffering from
a disease in an amount sufficient to cure or at least partially arrest the symptoms of the
disease and its complications. Effective doses will depend on the disease condition being
treated as well as by the judgment of the attending clinician depending upon factors such as
15  the severity of the disease, the age, weight and general condition of the patient, and the like.
The compositions administered to a patient can be in the form of pharmaceutical
compositions described above. These compositions can be sterilized by conventional
sterilization techniques, or may be sterile filtered. Aqueous solutions can be packaged for use
as is, or lyophilized, the lyophilized preparation being combined with a sterile aqueous carrier
20  prior to administration. The pH of the compound preparations typically will be between 3 and
11, more preferably from 5 to 9 and most preferably from 7 to 8. It will be understood that
use of certain of the foregoing excipients, carriers, or stabilizers will result in the formation of
pharmaceutical salts.
The therapeutic dosage of the compounds of the present invention can vary according
25  to, for example, the particular use for which the treatment is made, the manner of '
administration of the compound, the health and condition of the patient, and the judgment of
the prescribing physician. The proportion or concentration of a compound of the invention in
a pharmaceutical composition can vary depending upon a number of factors including
dosage, chemical characteristics (e.g., hydrophobicity), and the route of administration. For
30 example, the compounds of the invention can be provided in an aqueous physiological buffer
solution containing about 0.1 to about 10% w/v of the compound for parenteral
administration. Some typical dose ranges are from about 1 pg/kg to about 1 g/kg of body

weight per day. In some embodiments, the dose range is from about 0.01 mg/kg to about 100
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pyrrolo[2,3-d]pyrimidin-4-y1)-1H-pyrazol-1-yl]azetidin-3-ylacetonitrile (0.111 g, 0.22 mmol) 20in

methylenechlgrige; (3s7L) was added trifluoroacetic acid (2 mL) and the sgistigRwas.shgsed for 1.5
hours. The solvents were removed in vacuo and the residue was dissolved in methanol (3 mL) and

ethylenediamine (0.1 mL) was added. After stirring for 3 hours, the volume was reduced in vacuo and
the product was purified by preparative-HPLC/MS, (SunFire C18 column, eluting with a gradient of
MeCN/H20 containing 0.1% TFA) to afford the product as the trifluoroacetic acid salt (50 mg, 47%).

51H NMR H), 7.79-7.75
(m, 1H), 7(2%%%%/% m 1#%4 9'6 %ﬁ%@z%éygh%%% éH g%@g%%ﬁl%ﬁﬁ%% ;3& LCMS

(M+H)+: 37274 exten Ofmr@ﬁa%%fgf t%ﬁé!la%?c?fe%ﬁefﬁe&ﬁhewﬁawaﬁw@@bgféewsau rformed in the
10reverse grdentasdneBrantpdéo Zick xéipde & the compound selected, formulation of the

1-(cyclopropylgulianyl) %%ét@ WEXH&E‘B&%&' RN e s b RYAEOEMAgRAIN:S-ylacetonitrile

trifluoroacetic acid salt N-N 1i 1 tep |
3-0-(7TH pyrieiets SUH“FPI)‘}H?WR%HY-QIWO TWW@%@F&%&@&WWS’%%HW ile trifluoroacetic acid salt

HN N Nice), 20k s@hﬂ@ﬂib&i;tﬁmblﬁml aur(@ynanﬁ)meﬁby&h)ﬁﬁ%i?&&(iﬂmeéhy&sllymeibmxpﬂknethyl -7TH-
pyrrolo[2,3- rimidin-4- Dyrazol-1-yllazetidine-1.carboxylate, as. ared in Example 1, Step
2(0.60 g, 1ggﬁn¥rl}lo mlstr‘?fﬁén oroacetl%S g%loj? mif “an Or%té? I‘Qr%% !Fldle ? mL) was stirred for 5
hours. The %@M%%&q%%d?ﬁ%aﬁ@mstﬁé%gfd%w&@ﬁa o BbAtmeRtBAtEthanol (40 mL)

and 14.50 Mceé;ﬂmmmuméwdxwﬁ&mmﬁabm@ambatwem&@m The:selvebbauas-eyarorated, the
reS|du? recon§tmlffted in_methanol an p&l{g‘}g}gﬂogyd@l gmratlvg HPLC/MS SuanJ e C18 column, eluting

1011 15 a 1-5011d com ositicn, § Sert,
with a gradlent 0 [ﬁ}fe&ﬂ}?—?ﬁg P
microparticles or nanooparticles.

In some embodiments, the ophthalmic composition is a liquid composition. In some
embodiments, the ophthalmic composition is a semi-solid composition. In some
embodiments, the ophthalmic composition is an topical composition. The topical

15  compositions include, but are not limited to liquid and semi-solid compositions. In some
embodiments, the ophthalmic composition is a topical composition. In some embodiments,
the topical composition comprises aqueous solution, an aqueous suspension, an ointment or &
gel. In some embodiments, the ophthalmic composition is topically applied to the front of the
eye, under the upper eyelid, on the lower eyelid and in the cul-de-sac. In some embodiments,

20  the ophthalmic composition is sterilized. The sterilization can be accomplished by known
techniques like sterilizing filtration of the solution or by heating of the solution in the
ampoule ready for use. The ophthalmic compositions of the invention can further contain
pharmaceutical excipients suitable for the preparation of ophthalmic formulations. Examples

- of such excipients are preserving agents, buffering agents, chelating agents, antioxidant

25  agents and salts for regulating the osmotic pressure.

As used herein, the term “ophthalmically acceptable carrier” refers to any material
that can contain and release the compound, or pharmaceutically acceptable salt or N-oxide
thereof, and that is compatible with the eve. In some embodiments, the ophthalmically
acceptable carrier is water or an aqueous solution or suspension, but also includes oils such as

30 those used to make ointments and polymer matrices such as used in ocular inserts. In some
embodiments, the composition may be an aqueous suspension comprising the compound, or
pharmaceutically acceptable salt or N-oxide thereof. Liquid ophthalmic compositions,

“including both ointments and suspensions, may have a viscosity that is suited for the selected
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5containing 0.1% TFA) to afford the product as the trifluoroacetic acid salt (526 mg, 88%). 11-1. NMR

(400 MHz,‘ggm%g}z.% (brs, 1H), 9.37 (br s, 1H), 9.15 (br s, 1H), 9.9?%5 b—&” dess, 1H), 8.56

(s, 1H), 7.71 ( , 7.14 (dd, | H), 4.75-4.65 (m, 2H), 4.48-4.39 (m, 2H), 3.74 (s, 2H); LCMS
(M+H)+: 280.1. 10 Step 2.
1-(cyclopropylsulfony1)-3-14-(7H-pyrrolo[2,3-d]pyrimidin-4-y1)-1H-pyrazol-1- yllazetidin-3-ylacetonitrile
trifluoroacetate salt To 344-(7H-pyrrolo[2,3-dIpyrimidin-4-y1)-1H-pyrazol-1-yllazetidin-3-ylacetonitrile

Dis(UfuOrORSRIAIELAR AR TRE NG nisanyafuian A% b AN S A 0.55 mL, 3.9

mmol) was added cyclopropanesulfonyl chloride (0.084 mL, 0.83 mmol). The 15reaction was stirred at

“room tempéPatarEESF FomarBuFOWith PeruiCAbeRIBRPEE cyclopropanesulfonyl chloride until the
starting amine wab: comsembdias iy derizad kyhiMGnFortiesalverinsol gblesemeathanol (0.16 mL) was

added. Theolpif s emoueskiacta AMMeRIRS HaediRdaroBrHlile. e sampigfor puriication

by preparative- HPLC/M iEI(gounFlre_ C18 column, eluting with a gradient of Me 20 containing 0.1%
20TFAYto &Rofictfi dHsicorE B iR EERRI Rt &% RRY MY RC I ENIMRIEIO MHZ, d6-dmso):
5. 12.53 (briisyifekd }o AHYse(destihe BB (8h,14t1)]. 8B Meldthed in@ddla: ddMye/t&in(@d, dHrb), 4.65 (d, 2H),

4.31 (d, 2H),.3.7 H),»2,90-2,89, (m. 1H). 1.07:0.97.( - LCMS (M+H): 384.1. 25Example 3.
11(0 ety BT S Bt S A g Y Mpsed ey
1H-pyrazolTEL§iras eI -SWAsr e ot SRS PRt fiec RSty aanisoding hy alpgrassothifoyiof

1-methylcyglepmppanasaRoiBReHHKAIS BEIO43H Ml Aad MM disoRianigtRylamine (0.018 g,
0.14 nllrgpol) in N,N-dimetq

If ide (1.5 dd . A
N N B S b T S TR i T OLBR AR g 0,043 mmol)

(purchasedZroen Addvickey. Thd SEaclioh wabishirsaucfopt Sath rnteshfoltduvedssbyisetadgdition of
344-(7H-pygrolQ et MR¥EIMisinAck ik e Ry rRzflsdyllazedding, Wagetomtile isirfiiyoroacetate) salt
from Example 2, Step 1(0.014’@%0.029 mmoal). The reaction was stirred for 16 hours. The product was
purified by prEEPaEvEEre/iie FElRATEE TR A RIAY With s gistdiel BYRAREN/H20
containing 0.1% TEA)te affordithetprbduptthstiie drifiparitacetate fSaltfGmgyidbs6y.ctONMR (300 MHz,

d6-dmsp): G, B2 Fartt b RroebSpdeidds 8rtbdRiabid)rflio® @itk B0 adibhl é%: 1(s, 1H),
8 (s, 2H), 0.54 ); LCMS(M-

5.07-4.07 (br, 4H), 3.72 (s, 2H), 1.28 (s, 3H), 0.98 (s, 54 (s, 2H); LCM +:362.2. In

1 3H), 0. H), .
some case& ﬁ»fo‘?aﬁ}%é%ﬁ%@éwﬁﬁia@%&%%&mﬁ{&?ﬁ%ma@%raﬁsﬁahxeaﬁfwwﬁs as the
solvent. In Tatientrsthisyismdycatddiby maddchtiomAthibeddormgp ke droxymethyl cellulose,

1'[(1'methy15@69!98'f%9&§91§ﬂ'f)%llbé'f-'ﬁ?rén%'éﬁ{'cf%f%@%‘? Lo PO A broxymethy]
1H-pyrazol-1-yliazetidin-3-ylacetonitrile trifluoroacetic acid salt )
celiulose, hydroxpropyl-guar, hyaluronic acid, and hydroxypropy! cellulose) and the like.

20 Additives in the formulation may include, but are not limited to, sodium chloride, sodium
bicarbonate, sorbic acid, methyl paraben, propy! paraben, chlorhexidine, castor oii, and
sodium perborate. _

Aqueous ophthalmic compositions (solutions or suspensions) generally do not contain
physiologically or ophthalmically harmful constituents. In some embodiments, purified or

25 deionized water is used in the composition. The pH may be adjusted by adding any

~ physiologically and ophthalmically acceptable pH adjusting acids, bases or buffers to within
the range of about 5.0 to 8.5, Ophthalmically acceptable examples of acids include ‘acetic,
boric, citric, lactic, phosphorie, hydrochloric, and the like, and examples of bases include
sodium hydroxide, sodium phosphate, sodium borate, sodium citrate, sodium acetate, sodium

30 lactate, tromethamine, trishydroxymethylamino-methane, and the like. Salts and buffers
include citrate/dextrose, sodium bicarbonate, ammonium chloride and mixtures of the

aforementioned acids and bases,
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Step I. 1-(cyclopropylsulfonyl)azetidin-3-ol To a solution of azetidin-3-ol hydrochloride (1.00 g, 9.13

mmol) (pukelpsfg fiem, Matrix) and N,N-diisopropylethylamine (4.77 mL, 2&4086dhi63s
tetrahydrofuran (100 mL) at OC was added cyclopropanesulfonyl chloride (0.930 mL, 9.13 mmol) and

the reaction was stirred for 16 hours. Water was added and the product was extracted with ethyl
acetate. The combined extracts were washed with IN HCI, saturated sodium bicarbonate, and brine,
5dried over sodium sulfate, decanted and concentrated to afford a yellow oil used without further

E’U“g%a)tgn (91 %4 ¢h Mr@);niﬁ?d}ﬁéﬁ%s(%@%%dﬁcl &B%Qxl@bf%eﬁo%}{&mldﬂao & %Afﬁrﬂ?iaénﬂéet%)z 3.93-3.86

m rs, ep

1- (cyclopro%y 113’1 fﬁ&?iﬂs&@%&i af’é’ﬁa‘??é %’r% g&!—'ir om %%tgg%’llf}t%?lq

1- (cycloproﬁlybsmﬁm}kb)talmﬂchmﬁe@ism@mge@@ﬁcmgB@n@dri@thytmnm@@ﬁﬁ&&mﬂm@@@ mmol) in

tetrahydrofuya; (aQiak) \gfﬁﬁoamg%a#p&%&gw MO OPKINGL OO BN Qer At BT followed by
0om

chlorotrlethglsnane 1.00 M in THF, 8.0 mL mol). The reaction was stirred at room temperature

for 16 hours* T 8RR Pé&&ﬁ%?‘}/\R&?ﬁ%ﬁ@@@&ﬂ?ﬁf@ﬂ@é‘d’ﬂﬁﬁ’?ﬁ]ﬁﬁ'b{ﬁ‘n‘ﬁ?ﬁ?giﬂ?%ﬁ‘%mﬁ e product was
extracted witimackiloméropettss citetateloriiexamnesatfiree dhne.0Mketcombinédbgrgaigle, extracts were

washed witt 4t HE:3:206 B0R ofhoR sigd gxctsosm SWIals.eeariRd andhcapgentrated. Flash

20 column chromatography, eluting with a %adlent of 0-50% e‘tﬂgll acetate in hexanes afforded desired
product (1.GY 5898) 2T¢4 m’ﬁ‘@?%@tmm eI SIABE T SIS RV G FRILIYT3.90-3.83 (m,
2H), 2.41-2:32 fra]ik¢Pnd aRDik. AR K s, Bhe)idk, @869 6sCorh 2k D83 g(mpsjﬂa;eommnﬁﬂd,) 258tep 3.

1-111- met*MRXﬁ'QH{&BMQéUHQG%% §o£ H&%ﬂﬁﬁ%oﬁméﬁﬁﬂgéﬂﬁate and the fiRe3SMHIAR %5
1-(cyclopropylsulfony1)-3-[{triethylsilypoxy]azetidine (1.0 g, 3.4 mmol) in tetrahydrofuran (20 mL) at

-78C was adffeds ‘ﬂa%é? Hrmfffmﬁﬂ GRHE e (2 %Q’f“ﬁ\’E Wmﬁ?dw%m%@vmer stirring at

this temperatuee foid. Bonilanyethykiodigh as mannitol, dextrose, sorbitol, glucose and the like can.
also be used to adjust osmolality.
In some embodiments, the methods involve forming or supplying a depot of the

15 therapeutic agent in contact with the external surface of the eye. A depot refers to a source of
therapeutic agent that is not rapidly removed by tears or other eye clearance mechanisms.
This allows for continued, sustained high concentrations of therapeutic agent be present in the
fluid on the external surface of the eye by a single applicétion. Without wishing to be bound
by any theory, it is believed that absorption and penetration may be dependent on both the

20 dissolved drug concentration and the contact duration of the external tissue with the drug
containing fluid. As the drug is removed by clearance of the ocular fluid and/or absorption
into the eye tissue, more drug is provided, e.g. dissolved, into the replenished ocular fluid
from the depot. Accordingly, the use of a depot may more easily facilitate loading of the
ocular tissue for more inscluble therapeutic agents. In some embodiments, the depot can

25  remain for up to eight hours or more. In some embodiments, the ophthalmic depot forms
includes, but is not limited to, aqueous polymeric suspensions, ointments, and solid inserts.

In some embodiments, a semi-solid composition is a liquid formulation which

increases in viscosity upon application to the eye, usually because of a polymer in the liquid
formulation. This viscosity increase may be triggered by a change in temperature, pH, or

30  electroiyte concentration. In some embodiments, the polymer include, but are not limited to,
those described for semi-solid dosage forms in Wagh, et al., “Polymers used in ocular dosage
form and drug delivery systems”, Asian J. Pharm., pages 12-17 (Jan. 2008), which is
incorporated herein by reference in its entirety, In some embodiments, the polymer is

celluloseacetophthalate, polyacrylic acid, gelian gum, hyaluronase, chitosan, salts of alginic
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5(0,224 mL, 3.60 mmol) was added. After 30 minutes, the reaction temperature was raised to 0 C and

stirred for {thmiRLigSsEhe reaction was quenched by the addition of saturgtqth QgL Risarbonate,
followed by brine and the product was extracted with ethyl acetate. The extracts were dried over

sodium sulfate, decanted and concentrated. Flash column chromatography eluting with a gradient of
0-30% ethyl acetate in hexanes afforded product (890 mg, 85%). 101H NMR (300 MHz, CDC13): 8
4.57 (p, 1H), 4.00-3.94 (m, 2H), 3.92-3.86 (m, 2H), 1.49 (s, 3H), 1.35-1.29 (m, 2H), 0.93 (t, 9H), 0.73
(dt, 2H), 0.5¢i{qe. @Hé@ﬁﬁﬁ%l%:rﬂal%hﬁh&%ﬂ@&@é@@ﬁﬁ&%@%ﬁ@%iaﬁﬁg@ﬂrﬁl préfyldklekide A solution of

1-[(1-methylcyclgpropylsul |eh |SI| tidine,(0.125 g,.0.41 moI) in tetrahydrofuran
(Ie ppmﬁ%g ﬁffék (#(T f?rér]oczi!e ent th% erﬁpe vlIC adi

(3 mL), water<{(1 mL) and ace i Aci L)was s robm atufe $8% four hours. The
mixture wasTAgslitsizedyby potiting. itebarsdRltidnserssaibedibierbBaate i Fhé product was extracted

with ethyl a%ﬁ%@t%#mﬁc@ﬁﬁgiﬁ& Wﬁfﬁﬂﬂ@&*@%@&ﬁiﬁa Q@&kdfé@&ﬁﬁ@*&@&ﬂ@hﬁb&i@&n@ecimed and
concentrated to afford.product, use ut further catio 2%). 11-1 NMR (300 MHz,
o Ds0D) & OB A P TR e SR e ey s es b o it | &0 1O
0.84-0.77 (nelpuHy o8 gbéﬁlanial‘qmeﬂnylw@mﬁmhyeswﬁﬁylmm@nen@de To a solution of

oxalyl chloride (59@'@19@@%%@94&&@ @E@%ﬁﬁ@ﬁﬁdﬂ@ﬁi@@s{é@ﬁ kh }hmfBife a8 agidgghdimethyl sulfoxide
(0.20 mL, 1.5 mmo %w ﬁﬂ W|se The, reactlon ﬁl ed for 1?) minytes following complete
addition. A soPl?tl Bk 1 T({p al%‘g} c'fg’ﬁfgb%'f 8§su é{ éY%‘Pﬁ" (‘ﬁ fBE Fﬁ&“"o 33 mmol) in

methylene emmmfmsoﬂm IQ)}W?ISiadmedT@rcspV\nsstm*@imerﬂea@tmbﬁm etunisclesidditabefor 45 mm at
-60 C.jpriethylamine48 8¢ 4 WB%V%&Q@@MIEO@WO%QS@%5@%19&V%@@a%&lrred for 15

minutes and the bath was removed and the solution allowed to warm to ambient temperature. The

solvent wad e8I AR 04N R BB R Fe TR Ao B e Loitme SIAS Ttk sequentially
with saturataduh@sos ippiibicarbobiate sotutiolyweateelahd brine, dried over sodium sulfate, decanted

and concentrated Téaﬁagé%%d%%v%%{;Mﬁ%ﬁ%%%&&ﬁ%%ﬁﬁ%%A9e§t%9 Bme NMR (300 MHz,
CDC13): 5, 4.07 (d 2H), 3.93 (d 8 (s, 3H), 1 2H), 0.87 (dt, 2H). 15Step 6.

1-1(1- methfzfewgﬁ?afﬁyi&gmaﬁvi%ﬁ%ﬁ?ﬁgsM@ﬁéﬂtyemtﬁ@ob@ <ref{Pi% YSPRBRSHE of sodium hydride

(60% dispessitia it smttizraboibiity angsed@d tmpbutiv agents, resistant to infections from air
borne bacteria, bio- erodible, biocompatible, and/or viscoelastic. In some embodiments, the
insert comprises an ophthalmically acceptabie matrix, e.g., a polymer matrix. The matrix is
typically a polymer and the therapeutic agent is generally dispersed therein or bonded to the
palymer maitrix. In some embodiments, the therapeutic agent may slowly released from the

20 matrix through dissolution or hydrolysis of the covalent bond. In some embodiments, the
polymer is bioerodible (soluble) and the dissolution rate thereof can control the release rate of
the therapeutic agent dispersed therein. In another form, the polymer matrix is a
biodegradable polymer that breaks down such as by hydrolysis to thereby release the
therapeutic agent bonded thereto or dispersed therein, In further embodiments, the matrix and

25  therapeutic agent can be surrounded with an additional polymeric coating to further control
release. In some embodiments, the insert comprises a biodegradable polymer such as
polycaprolactone (PCL), an ethylene/viny! acetate copolymer (EVA), polyalkyl
cyanoacrylate, polyurethane, a nylon, or poly (dl-lactide-co-glycolide)} (PL.GA), ora
copolymer of any of these. In some embodiments, the therapeutic agent is dispersed into the

30  matrix material or dispersed amongst the monomer ;:omposition used to make the matrix
material prior to polymerization. In some embodiments, the amount of therapeutic agent is
from about 0.1 to about 50%, or from about 2 to about 20%. In further embodiments, the

biodegradable or bioerodible polymer matrix is used so that the spent insert does not have to
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tetrahydrofuran (2 mL) at OC was added diethyl cyanomethylphosphonate (70 uL, 0.43 mmol)

dropwise. {heipistyi&was then allowed to reach room temperature and Sﬂﬁ%é’z&@fr%%% 45
minutes. A solution of 1-[(1-methylcyclopropyl)sulfonyl]azetidin-3-one (prepared in Step 5) in

tetrahydrofuran (1.0 mL) was added and the mixture was allowed to stir at ambient temperature for 16
hours. Into the reaction was added water and solid NaCl, and the product was extracted with three
portions of ethyl acetate. The combined extracts were dried over sodium sulfate, decanted and

concentrated {0 afford or %%%éZéra@a‘iﬂelé%oo@r&é%ﬁQ %?M@?EB%%&Q@J &%‘J&Sﬂ%&?%” Step 7. 11-1 NMR
(300 MHz, CDC13): 5. 5.44-5, 1.49 (s, 3H), 1.36-1.30

(m, 2H), 0. ebe(eﬂetéﬂﬁg@efébrﬁeased

1-111- methylcycl@pfeprﬂ)t‘dpﬂmﬂ)&an@ %ﬁf{ﬁa(miﬁwﬂaylsﬂwwﬁwxmeﬁawh?dﬂﬂwgpiﬂi%:&dipyrimidin-4
-y1)-1H-pyr I-1-vhiaz idin- lacetonir )« omarso u

4-(1H- pyrazgozltq4 ytl dl?é% tsr?r%%est ﬁf ﬁ eth mlethP?T Hepflﬁs fﬂ %“‘H]"E)ﬁﬁ?%?& m{&%% g, 0.344 mmol)
and 1-[L- nﬁ‘étﬁ?FéVélUﬁb’éWfsuﬁﬁﬁ?ﬂ&%ﬂdinJ@%ﬂ?d@n}é?a{éeto?ﬁﬁﬂb YrIchig G @Boraigtol) in acetonitrile

10(3 mL) waeaﬁidﬁekﬂe@ndéaﬁaﬁlemeﬂeﬁb %@Mmadm@%@hs&%w apliererreaction time of
1.5 hours, th aﬁ%%omtnl was remq r;P ua and the residue \Ea]rtltloned be eween ethyl

acetate ands Ef e gvm}%,p ere éne16 yrandt éeé’rr JARIC f%/%tre Washét Wt‘ﬁ%rme dried

over sodlurﬁeﬁjlﬁtéﬁaﬁl@r@méhafmeﬁﬁém@ Rpmrshr&ﬁgﬂmbhwmwwr@ﬂmwmnng with a gradient
of 0-80% ethyl acetate-i pexansaaifordpdnroduct Jailindng: fideha HHMREBROMiz, CDCI3): 6

o S 1H)ﬁ§?ﬁ“@ﬁ1§t’l)§1&§° U g R Sl M BRI 2k, 0185 (at, 20,

-0.06 (s, 9H)oly OMISY [aveHinBRe).1 [P BtamBdiments, the insert comprises Gelfoam® R. In
L-1(1-methyloyslopRRISATOR A Ox Ryt Sy kst uazol-Ly lazetidin 3-yiac

etonitrile trifluoroacetic aci A solutio 1 meth ley.elo Ifo -3444742-
(trimethyls |Iypetk?15‘xﬂrr"neffﬁlyf 'E)t)S/’r % 0(1%1%‘ (gﬁ" yn?ﬁna? 210 ?}/ﬁ 31?5}5%%};?& %‘Jem%ffn 3-y
lacetonitriles(d4bin gorG@83immioblidexiatartare bhitﬂdd'e Ql@mdt;cahcﬁmmﬁ’@eba@@ﬂlc acid (5 mL) was

stirred for 2. %gﬁcrlh&éﬁl\éﬁﬁié\‘yc%ﬁ;f%ﬂ%ﬁ@d& l}%té%%"d%z}é\lﬂﬁ BHrFsA Yk 14.50 M of
ammonium roxide SOIUtI%{ﬁ(s mL r 16 hours. Solvents were removed in

in methanol
vacuo and t ?egfdh% \Whs KA %Q%C@Hﬁﬂ-‘é‘%ﬁ%‘%b%mﬁ? Bifing with a
gradient of H20 anpdiietNOsMalitihg em%ﬂmpmaﬁgndlpmmmm triflloroacetate salt (0.02 g,

50%). 1H %lé%%%m@@'&@ﬁ@ 8.12.56 (br s, 111), 9.03 (s, 1H), 8.83 (s, 1H), 8.55 (s, 1H),
In some embodiments, the insert comprises a core comprising the therapeutic agent

23  and an outer tube (see e.g., U8, Patent Pub. No, 20040009222, which is incorporated herein
by reference in its entirety). In some embodiments, the outer tube may be permeable, semi-
permeable, or impermeabie to the drug. In some embodiments, the drug core may include a
polymer matrix which does not significantly affect the release rate of the drug. In some
embodiments, the outer tube, the polymer matrix of the drug core, or both may be

25  bioerodible. In some embodiments, the co-extruded product can be segmented into drug
delivery devices. In some embodiments, the devices may be left uncoated so that their
respective ends are open, or the devices may be coated with, for example, a layer that is
permeable to the therapeutic agent, semi-permeable to the therapeutic agent, or biocerodible.
In certain embodiments, the therapeutic agent and at least one polymer are admixed in

30  powder form. In some embodiments, the insert is formed by forwarding a polymeric material
to a first extrusion device, forwarding an therapeutic agent 1o a second exfrusion device, co-
extruding a mass including the polymeric material and the therapeutic agent, and forming the
mass into at least one co-extruded drug delivery device which comprises a core including the

therapeutic agent and an outer layer including the polymeric material. In certain
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7.77 (dd, 1H), 7.21 (dd, IH), 4.58 (d, 2H), 4.23 (d, 2H), 3.71 (s, 2H), 1.46 (s, 3H), 1.22-1.16 (m, 2H),
0.93-0.87 (g 2hhb 4GS (M+H)+: 398.1. 10Acid chlorides, isocyanates opghipreigisnatesswere used

in place of sulfonyl chlorides in either the method of Example 1 or Example 2 to afford amides (EXx.
Nos. 22, 24, 26-30 & 33 of Table 1), ureas (Ex. No. 38 of Table 1) or carbamates (Ex. Nos. 35-37 of
Table 1), respectively, as products. Additionally, triethylamine and diisopropylethylamine were used
interchangeably. Some amides in Table 1 were prepared by an alternative method illustrated 15in

Example 3, &%9@%&9&%@%&%9& ArORIS rde SARLWHHCARRIN G 3RIIR 1] aRlEdurd-—-N EX. No.

-R Name MS (M+1.1)+ 1-H N ethod of Preparation { 1-( methtylsulfonyl) 3[4- (400 MHz,
d6-dmso): with at least one polymer. In certam embodiments, the therapeutlc agen

and at least one
polymer are admixed in powder form. In certain embodiments, this act inciudes forwarding
more than one drug to the second extrusion device. In certain embodiments, the polymeric

5 material is one of impermeable, semi-permeable, or permeabie to the therapeutic agent. The
polymeric material may be bioerodible and/or radiation curable. In latter instances, the insert
may be irradiated.

In certain embodiments, the insert is in a tubular form, and may be segmented into a
plurality of shorter products. In certain embodiments, the insert further comprises a coating of

10 the plurality of shorter products with one or more layers inciuding at least one of a layer that
is permeable to the therapeutic agent, a layer that is semi-permeable to the therapeutic agent,
and a layer that is bioerodible. The polymeric material may include any biocompatible
polymer, such as polycaprolactone (PCL), an ethylene/vinyl acetate copolymer (EVA),
polyalky! cyancacrylate, polyurethane, a nylon, or poly (dl-lactide-co-glycolide) (PLGA}, or

15 a copolymer of any of these.

In some embodiments, the insert comprises a therapeutically effective amount of at
least one therapeutic agent coated by or dispersed in a polymer matrix, wherein the
therapeutic agent is in granular or particulate form. In some embodiments, the therapeutic
agent is released from the formulation as drug from the granules dissolves into or within the

20  matrix, diffuses through the matrix, and is released into the surrounding physiological fluid.
In some embodiments, the rate of release is limited primarily by the rate of dissolution of the
therapeutic agent from the granules/particles into the matrix; the steps of diffusion through
the matrix and dispersion into the surrounding fluid are primarily not release-rate-limiting. In
certain embodiments, the polymer matrix is non-bioerodible, while in other embodiments it is

25  bicerodible, Exemplary non-bioerodible polymer matrices can be formed from polyurethane,
polysilicone, poly(ethylene-co-vinyl acetate) (EVA), polyvinyl alcohol, and derivatives and
copolymers thereof. Exemplary bioerodible polymer matrices can be formed from
polyanhydride, polyiactic acid, polyglycolic acid, polyorthoester, polyalkylcyanoacrylate, and
derivatives and copolymers thereof.

30 In some embodiments, the insert comprises a collagenous material. In some
embodiments, the insert may be a soluble ophthalmic drug insert (SODI, e.g., a polymeric
oval film that can be introduced in the upper conjuctival sac for drug delivery; an elliptical
insert such as OCUSERT® (Pilocarpine ocular therapeutic system, developed by Alza
Corporation) which is made of ethylene vinyl acetate; OCUFIT® (developed by Escalon
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(7H-pyrrolo[2,3- 12.35 (by s, IH), 8.99 (s, d]pyrimidin-4-y1)-1H- 1H), 8.77 (s, IN), 8.52 (s, 5-S02Me
pyrazol-1-yllazsahidingps398.1 [H), 7.70 (t, IH), 7.16 Ex. #1 yl}acetonitrile 4glg,kblyod/8z%dsh 2H),
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Ophthalmics Inc., Skillman, NS), which is a rod shaped silicone elastomer; Lacrisert®, a rod
shaped insert made of cellulose; New Ophthaimic Drug Delivery Systems (NODS), made of
poly (viny! alcohol); and the inserts described in Fabrizio, Advanced Drug Delivery Reviews
16: 95 -106, 1998, which is incorporated herein by reference in its entirety. In further
embodiments, the insert can be placed, depending on the location and the mechanism used to
hold the insert in position, by either the patient or the doctor. In further embodiments, the
insert comprises collagen, gelatin, or a polymer, wherein the polymer is selected from
pelycaprolactone (PCL), an ethylene/vinyl acetate copolymer (EVA), polyalkyl
cyanoacralate, polyurethane, a nylon, poly(dl-lactide-co-glycolide) (PLGA), or a copolymer
of any of the aforementioned. In some embodiments, the insert is implanted under the upper
eyelid. In some embodiments, the insert is implanted in the posterior segment of the eye, in
the chroidal space, or in the sclera. In some embodiments, the insert is implanted
intravitreally or sub-retinally. In some embodiments, the insert is injected sub-retinally.
Methods of administration and techniques for their preparation are set forth in Remington’s
Pharmaceutical Sciences, which is incorporated herein by reference in it entirety.

In other embodiments, the insert provides a sustained release of the therapeutic agent
to the vitreous of the eye. As used herein, “sustained release” means that the composition
releases the therapeutic agent over an extended period of time in a controlled fashion. In
sbme embodiments, the insert releases the therapeutic agent at a rate such that the aqueous
therapeutic agent concentration remains less than the vitreous therapeutic agent concentration
during the release. In some embodiments, the aqueous therapeutic agent concentration is
from about 0.002 pg/mL to about 0.01 pg/mkL, or from about 0.01 ug/mL to about 0.05
ig/mkL, or less than about 0,05 pg/mL. In some embodiments, the therapeutic agent is
released at a rate of about 1 pg/day to about 50 pg/day, or from about 1 pg/day to about 10
pg/day. Insome embodiments, the insert further comprises an additional therapeutic agent,
as detailed above, e.g., fluocinclone acetonide (such as that found in the ophthalmic insert
Retisert®),

In some embodiments, the ophthalmic compositon comprises microspheres or
nanoparticies. In some embodiment, the microspheres comprise gelatin. In some
embodiments, the microspheres are injected to the posterior segment of the eye, in the
chroidal space, in the sclera, intravitreally or sub-retinally. In some embodiments, the
micospheres or nanoparticies comprises a polymer including, but not limited 1o, those

described in Wagh, et al., “Polymers used in ocular dosage form and drug delivery systems”,
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trifluoroacetic acid salt 4.28 (d, 211), 3.70 (s, © 2H), 3.02 (br s, 311). {1-(phenylsulfony1)-344-
(400 MHz,‘g@-mﬁﬂﬁ?H-pyrrolo[z,3- 12.55 (br s, 111), 8.80 (s, dipyr&g@g}ﬂs%}j;/)g-s’lélgks
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Asian J. Pharm., pages 12-17 (Jan, 2008), which is incorporated herein by reference in its
entirety. In some embodiments, the polymer is chitosan, a polycarboxylic acid such as
polyacrylic acid, albumin particles, hyaluronic acid esters, polyitaconic acid,
poly{butyl)cyanoacrylate, polycaprolactone, poly{isobutyl)caprolactone, poly(lactic acid-co-
glycolic acid), or poly(lactic acid). In some embodimenis, the microspheres or nanoparticles
comprise solid lipid particles.

In some embodiments, the ophthalmic composition comprises an ion-exchange resin.
In some embodiments, the ion-exchange resin is an inorganic zeolite or synthetic organic
resin. In some embodiments, the ion-exchange resin includes, but is not limited to, those
described in Wagh, et al., “Polymers used in ocular dosage form and drug delivery systems”,
Asian J. Pharm., pages 12-17 (Jan. 2008), which is incorporated herein by reference in its
entirety. In some embodiments, the ion-exhange resin is a partially neutralized polyacrylic
acid.

In some embodiments, the ophthalmic composition is an aqueous polymeric
suspension. In some embodiments, the therapeutic agent or a polymeric suspending agent is
suspended in an aqueous medium (e.g., having the properties as described above). In some
embodiment, the therapeutic agent is suspended. In some embodiments, the therapeutic agent
is in solution. In further embodiments, the suspending agent serves to provide stability to the
suspension, to increase the residence time of the dosage form on the eye, or to enhance the
sustained release of the drug in terms of both longer release times and a more uniform reiease
curve, Examples of polymeric suspending agents include, but are not limited to, dextrans,
polyethylene glycols, polyvinylpyrolidone, polysaccharide gels, Gelrite®, cellulosic
polymers like hydroxypropyl methylcellulose, and carboxy-containing polymers such as
polymers or copolymers of acrylic acid, as well as other polymeric demulcents. In some
embodiments, the polymeric suspending agent is a water swellable, water insoluble polymer,
especially a crosslinked carboxy-containing poelymer. In some embodiments, the polymeric
suspending agent comprises from at least about 90% to about 99.9%, or from about 95% to
about 99.9%, by weight based on the total weight of monomers present, of one or more
carboxy-containing monocethylenically unsaturated monomers. In some embodiments, the
carboxy-containing monoethylenically unsaturated monomer inchudes acrylic acid,
methacrylic acid, ethacrylic acid, methylacrylic acid (crotonic acid), cis- ~-methylerotonic
acid (angelic acid), trans-a~methylcrotonic acid (tiglic acid), a-butylcrotonic acid, a-

phenylacrylic acid, a-benzylacrylic acid, a-cyciohexylacryiic acid, phenylacrylic acid
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Hi), 8.78 (s, 1H), 8.34 (s, 6 -SO2Ph pyrazol-1-ylJa7rtidin-3- 420.1 1H), 7.88-7.83 (m, 2H), Ex. # 2
yllacetonitiilg, 7,48 {£4(m, 111), 7.66- trifluoroacetic acid salt 7.56 (M3 -Erdgsfsklss

(cinnamic acid), coumaric acid (o-hydroxycinnamic acid), and umbellic acid (p-
hydroxycoumaric acid). In some embodiments, the polymers may be crosslinked by a
polyfunctional crosslinking agent (e.g., a difunctional crosslinking agent). In further
embodiments, the amount of crossiinking should be sufficient to form insoluble polymer
5  particles, but not so great as to unduly interfere with sustained release of the therapeutic

agent. In some embodiment, the polymers are only lightly crosslinked. In some
embodiments, the crosslinking agent is contained in an amount of from about (.01% to about
5%, or from about 0.1% to about 5.0%, or from about 0.2% to about 1%, based on the total
welght of monomers present. In some embodiments, the crosslinking agents are

10 nonpolyalkenyl polyether difunctional crosslinking monomers such as divinyl glycol, 2,3-
dihydroxyhexa-1,5-diene, 2,5-dimethyi-1,5-hexadiene, divinylbenzene, N,N-
diallylacrylamide, N,N-diallymethacrylamide; polyalkenyl polyether crosslinking agents
containing two or more alkeny! ether groupings per moiecule, e.g., alkenyl ether groupings
containing terminal H,C=C<groups, prepared by etherifying a polyhydric alcohol containing

15 at least four carbon atoms and at least three hydroxy! groups with an alkenyl halide such as
allyl bromide or the like, e.g., polyallyl sucrose, polyallyl pentaerythritol, or the like;
diolefinic non-hydrophilic macromeric crossiinking agents having molecular weights of from
about 400 to about 8,000, such as insoluble diacrylates and polyacrylates and methacrylates
of diols and polyols, diisocyanate hydroxyalkyl acrylate or methacrylate reaction products of

20 isocyanate terminated prepolymers derived from polyester diols, polyether diols or
polysiloxane diols with hydroxyalkylmethacrylates, and the like,

In some embodiments, the crosslinked polymers may be made from a carboxy-
containing monoethylenically unsaturated monomer or monomers as the sole
monoethyienically unsaturated monomer present, together with a crosslinking agent or

25  agents. In some embodiments, the polymers are ones in which up.to about 40%, and
preferably from about 0% to about 20% by weight, of the carboxy-containing
monoethylenically unsaturated monomer or monomers has been replaced by one or more
non-carboxyl-containing monoethylenically unsaturated monomer or monemers containing
only physiologically and ophthalmically innocuous substituents, inciuding acrylic and

30 methacrylic acid esters such as methyl methacrylate, ethy! acrylate, butyl acrylate, 2-
ethythexyiacrylate, octyl methacrylate, 2-hydroxyethylmethacrylate, 3-
hydroxypropylacrylate, and the like, vinyl acetate, N-vinylpyrrolidone, and the like (see
Muelier et al. U.S, Pat. No. 4,548,990, the entire contents of which are incorporated herein by

reference, for a more extensive listing of such additional monoethylenically unsaturated
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(m, 1H), 4.40 (d, 2H), WO 2009/114512PCT/US2009/036635 4.23 (d, 2H), 3.55 (s, 211).

{1-(isopro 8‘%95}?(9{%2 (300 MHz, d6-dmso): [4-(7H-pyrrolo[2,3-d]pyr %%’.37@5(9[05}0%7‘»}58-93 (s,
imidin-4-y1)-1H-pyrazol-

monomers). in some embodiments, the polymers include polycarbophil (Noveon AA-1),
Carbopol®, and DuraSite®. In some embodiments, the crosslinked polymers are prepared by
suspension or emulsion polymerizing the monomers, using conventional free radical
polymerization catalysts, to a dry particle size of not more than about 50 um in equivalent
5 spherical diameter. In some embodiments, the average dry particle size is from about 1 to

about 30 pum, or from about 3 to about 20 pm in equivalent spherical diameter. In some
embodiments, the polymer particles are obtained by mechanically milling larger polymer
particles. In further embodiments, such polymers will have a molecular weight from about
250,000 to about 4,000,000, and from 3,000,000,000 to 4,000,000,000. In other

10 embodiments, the particles of crosslinked polymer are monodisperse, meaning that they have
a particle size distribution such that at least about 80%, about 90% or about 5%, of the
particles fall within a um band of major particle size distribution. In further embodiments, the
monodisperse particle size means that there is no more than about 20%, about 10%, or about
5% particles of a size below 1 um, In some embodiments, the aqueous polymeric suspension

15  comprises from about 0.05 to about 1%, from about 0.1 to about 0.5%, or from about 0.1 to
about (.5%, of the therapeutic agent and from about 0.1 to about 10%, from about 0.5 to
about €.5%, from about 0.5 to about 2.0%, from about 0.5% to about 1.2%, from about 0.6 to
about 0.9%, or from about 0.6 to about 0.8% of a polymeric suspending agent. Although
referred to in the singular, it should be understood that one or more species of polymeric

20 suspending agent can be used with the total amount falling within the stated ranges. In one
embodiment, the amount of insoluble lightly crosslinked polymer particles, the pH, and the
osmotic pressure can be correlated with each other and with the degree of crosslinking to give
a composition having a viscosity in the range of from about 500 to about 100,000 centipoise,
and preferably from about 1,000 to about 30,000 or about 1,000 to about 10,000 centipoise,

25  as measured at room temperature (about 25° C.) using a Brookfield Digital LVT Viscometer
equipped with a number 25 spindle and a 13R small sample adapter at 12 rpm. In some
embodiments, the viscosity is from about 10 to about 400 centipoise, from about 10 to about
200 centipoises or from about 10 fo about 25 centipoise.

Ir some embodiments, the aqueous polymeric suspensions may be formulated so that

30°  they retain the same or substantiaily the same viscosity in the eye that they had prior to
administration to the eye. In some embodiments, they may be formulated so that there is
increased gelation upon contact with tear fluid. For instance, when a formulation containing

DuraSite® or other similar polyacrylic acid-type polymer is administered to the eye at a pH
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114), 8.71 (s, 1H), 8.48 (s, 7 -502IPr 1-yllazetidin-3-yl}aceto nitrile 386.1 1H), 7.63 (t, 111), 7.09 (d,
111), 4.59 (g 20 fedy  (d,21),3.71 (s, 2H),  3.41-3.29 (M, 110, 1.281/us2009/036635

of less than about 6.7, the polymer may swell upon contact with iear fluid since it has a
higher pH (around 7). This gelation or increase in gelation may lead to entrapment of the
suspended particles, thereby extending the residence time of the composition in the eye. In
some embodiments, the therapeutic agent is released slowly as tfle suspended particles

5  dissolve over time. In some embodiments, this delivery route increases patient comfort and
increased therapentic agent contact fime with the eye tissues, thereby increasing the extent of
drug absorption and duration of action of the formulation in the eye. The therapeutic agents
contained in these drug delivery systems may be released from the gels at rates that depend
on such factors as the drug itself and its physical form, the extent of drug loading and the pH

10 ofthe system, as well as on any drug delivery adjuvants, such as ion exchange resins

compatible with the ocular surface, which may also be present,

The compositions of the invention can further include one or more additional
pharmaceutical agents such as a chemotherapeutic, steroid, anti-inflammatory compound, or
immunosuppressant, examples of which are listed hereinabove.

i5 The invention will be described in greater detail by way of specific examples. The
following examples are offered for illustrative purposes, and are not intended to limit the
invention in any manner. Those of skill in the art will readily recognize a variety of

noncritical parameters which can be changed or modified to yield essentially the same results.

20 EXAMPLES
Example 1. {I-(ethylsulfonyi)-3-[4-(7H-pyrrole{2,3-d]pyrimidin-4-yI)-1H-pyrazol-1-

yljazetidin-3-yl}acetonitrile trifluoreacetic acid salt

* TFA

25
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(d, 6H).
8.94 (s,
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{1-(propylsulfony1)-3[4- (300 MHz, d6-dmso):
dins4oeh)iLdipyrazol-1-y 111),8.71 (s, 111), 8.48 (s,

Hazetidipes Aa6RR5ss

Step 1. tert-butyl 3-(cvanomethylene)azetidine-I-carboxylate

y
%K

[N ©
5

\
¥

To a suspension of sodium hydride (60% dispersion in mineral oil, 0.257 g, 6.42
mmol) in tetrahydrofuran (32 mL) at 0 °C under a nitrogen atmosphere was added diethy]
cyanomethylphosphonate (1.1% g, 6.72 mmol) (purchased from Aldrich). The reaction was
then stirred for 45 minutes at room temperature. A solution of tert-buty] 3-oxoazetidine-1-
carboxylate (1.00 g, 5.84 mmol) (purchased from Alfa Aesar) in tetrahydrofuran (8.8 mL)
was introduced dropwise and the mixture was stirred for 16 hours. Brine and ethy! acetate
were added and the layers separated. The aqueous layer was extracted with three portions of
ethyl acetate, The combined extracts were dried over sodium sulfate, filtered and
concentrated to afford product, used without further purification in Step 2 (1.12 g, 99%).
"H NMR (300 MHz, CDCl;): 8 5.38 (p, 1H), 4.73-4.68 (m, 2H), 4.64-4.59 (m, 2H), 1.46 (s,
9H).

Step 2. tert-butyl 3-(cyanomethyl}-3-[4-(7-[2-(trimethyisilyl)ethoxy ]methyl-7H-pyrrolof2, 3-
djpyrimidin-4-yl)-1 H-pyrazol-1-yl]azetidine-1-carboxylate

2

i
o
1y

Q?ZN/?,.

To a solution of 4-(1H-pyrazol-4-y1)-7-{2-(trimethylsilyl)ethoxymethyl-7H-
pyrrolof2,3-dlpyrimidine (4.61 g, 14.6 mmol) (prepared according to the method of WO

60

(7H-pyrrolo[2,3-dIpyrimi 12.17 (br s, IH),



1H), 7.63 (dd, IH), 7.09 8 -502nPr rile 386.1 (dd, 111), 4.60 (d, 211), Ex. #2  4.24(d, 211), 3.69 (s,
2H), 3.26-3A8- 04k,  1.79-1.65(m, 211), 0.99 PCT/US2009/036635
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2007/070514 in Example 65, Step 2) and tert-butyl 3-(cyanomethylene)azetidine-1-
carboxylate (2.84 g, 14.6 mmol)} in acetonitrile (100 ml.) was added 1,8-
diazabicyclo[5.4.0Tundec-7-ene (2.19 mL, 14.6 mmol). The reaction was stirred at room
temperature for 16 hours. The acetonitrile was removed in vacuo and the residue was
dissolved in ethyl acetate. This solution was sequentially washed with IN HCl and brine,
dried over sodium sulfate, filtered and concentrated. The residue was purified by flash
column chromatography, eluting with 80% ethy! acetate/hexanes to afford desired product
(5.36 g, 72%).

'H NMR (300 MHz, CDCls): & 8.86 (s, 1H), 8.44 (s, 1H), 8.34 (s, 1H), 7.42 (d, 1H), 6.80 (d,
1H), 5.68 (s, 2H), 4.54 (d, 2H), 4.29 (d, 2H), 3.59-3.51 (m, 2H), 3.33 (s, 2H), 1.47 (s, 9H),
0.96-0.89 (m, 2H), -0.06 (s, 9H); LCMS (M+H)": 510.2.

Step 3. 3-[4-(7-[2-(trimethyisilyljethoxy]methyl-TH-pyrrolo[2,3-d] pyrimidin-4-yi)-1 H-
pyrazol-I1-yljazetidin-3-viacetonitrile

HI
Ly ot

N

(L~

NSy f’-"
Lok ¢
1""O

To & solution of tert-butyl 3-(cyanomethy!)-3-[4-(7-[2-(trimethylsilylethoxy Jmethyl-
TH-pyrrolof2,3-d]pyrimidin-4-y})-1H-pyrazol-1-yl}azetidine- 1 -carboxylate (5.36 g, 10.5
mmol} in 1,4-dioxane (100 mL) was added 4.00 M of hydrogen chloride in 1,4-dioxane (40
ml., 160 mmol) and the mixture was stirred at room temperatare for 16 hours. The reaction
was poured into saturated sodivm bicarbonate solution sufficient to neutralize. The product
was extracted with three portions of ethyl acetate. The combined extracts were washed with
brine, dried over sodium sulfate, filtered and concentrated to afford product which was used
without further purification (3.0 g, 69%),

'H NMR (400 MHz, CDCl3): 8 8.85 (s, 1H), 8.42 (s, 1H), 8.32 (s, 1H), 7.41 (d, 1H), 6.80 (d,
1H), 5.68 (s, 2H), 4.30 (d, 2H), 3.88 (d, 2H), 3.58-3.51 (m, 2H), 3.42 (s, 2H), 0.96-0.89 (m,
2H), -0.06 (s, 9H); LCMS (M+H)": 410.2.
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(t, 3H). (1-(butylsulfonyl)-3-[4-( (300 MHz, d6-dmso): 7H-pyrrolo[2,3-d]pyrimid 12.17 (br s, 111),
8.94 (s, iwé-‘y{;ﬂ);&ﬂgﬂrazol-l-yl 1H), 8.71(s, 111), 8.48 (s, POTIUS2009/036635

Step 4. 1-(ethylsulfonyl)-3-[4-(7-[2-(trimethylsilyljethoxy Jmethyl-7TH-pyrrolof2, 3-
d]pyrimidin-4-yl)- 1 H-pyrazol-1-yljazetidin-3-ylacetonitrile

Si—

To a solution of 3-[4-(7-[2-(trimethylsilyDethoxymethyl-7H-pyrrolo]2,3-

5 dipyrimidin-4-yl)-1H-pyrazol-1-yllazetidin-3-ylacetonitrile (0.100 g, 0.244 mmol) in
tetrahydrofuran (2 mlL.) containing N,N-diisopropylethylamine (0.085 mL, 0.49 mmol) was
added ethanesulfonyl chloride (0.023 mL, 0.24 mmol). After stirring for 1.5 hours, the
reaction mixture was poured into dilute HCI and extracted with three portions of ethyl
acetate. The combined extracts were washed with brine, dried over sodiwm sulfate, decanted

10 and concentrated to afford product, used without further purification in Step 5 (111 mg,
91%).
'"H NMR (300 MHz, CDCls): & 8.86 (s, 1H), 8.63 (s, 1H), 8.35 (s, 1H), 7.45 (4, 1H), 6.83 (d,
1H), 5.68 (s, 2H), 4.63 (d, 2H), 4.26 (d, 2H), 3.54 (1, 2H), 3.42 (5, 2H), 3.09 (g, 2H), 1.41 (4,
3H), 0.92 (t, 2H), -0.06 (s, 9H); LCMS (M+H)": 502.1.
15
Step 5. 1-(ethylsulfonyl)-3-[4-(7H-pyrrolof2, 3-d]pyrimidin-4-yi)- I H-pyrazol-1-yl]azetidin-3-
yiacetonitrile riffuoroacetate salt
| To a solution of 1-(ethylsulfonyl)-3-[4-(7-[2-(trimethylsily])ethoxy]methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yI}- 1H-pyrazol-1-ylazetidin-3-ylacetonitrile (0.111 g, 0.22 mmol)
20 in methylene chioride (3 mL) was added trifluoroacetic acid (2 mL) and the solution was

stirred for 1.5 hours, The solvents were removed in vacuo and the residue was dissolved in
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lazetidin-3-yl)acetonitrile 110, 7.63 (dd, 1H), 7.09 9 -S02nBu 400.1 (dd, 1H), 4.60 (d, 2H), Ex

214), 3.28340(RBh fkd):  1.73-1.61 (m, 21), 1,47~ PCT/US2009/036635

methanol (3 mL) and ethylenediamine (0.1 mL) was added. After stirring for 3 hours, the
volume was reduced in vacuo and the product was purified by preparative-HPLC/MS,
(SunFire C18 column, eluting with a gradient of MeCN/H-0 containing 0.1% TFA) to afford
the product as the trifluoroacetic acid salt (50 mg, 47%).

5 'HNMR (400 MHz, de-dmso): & 12.55 (br d, 1H), 9.03 (s, 1H), 8.83 (s, 1H), 8.56 (s, 1H),
7.79-7.775 {(m, 1H), 7.24-7.19 (m, 1H), 4.59 (d, 2H), 4.26 (d, 2H), 3.71 (5, 2H), 3.25 (g, 2H),
1.24 (t, 3H); LCMS (M+H)": 372.1.

Alternatively, the deprotection and sulfonylation steps could be performed in the

10 reverse order, as in Example 2.

Example 2, 1-{cyclopropylsulfonyl}-3-[4-(7TH-pyrrole{2,3-d}pyrimidin-4-yl)-1H-pyrazol-

I-yljazetidin-3-yiacefonitrile trifinoroacetic acid salt
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Step 1. 3-[4-(7H-pyrrole[2,3-d]pyrimidin-4-ylj- 1 H-pyrazol-1-ylJazetidin-3-ylacetonitrile

trifluoroacetic acid soit

Hr
2N

A
MM
Lz

SR .
I& , A 2TFA
N NH

20 A solution of tert-butyl 3-{cyanomethy[}-3-[4-(7-[2-(trimethylsily]}ethoxyJmethyl-7H-
pyrrolo[2,3-d]pyrimidin-4-y1}-1H-pyrazol-1-ylJazetidine- 1-carboxylate, as prepared in
Exampie 1, Step 2 (0.60 g, 1.2 mmol} in trifluoroacetic acid (10 mL) and methylene chloride
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1.33 (m, 21), 0.89 (t, 3H). {1-(tert-butylsulfonyl)-3- (400 MHz, d6-dmso): [4-(7H-pyrrolo[2,3-
12.48 (br sphlehho PR (5 PCT/US2009/036635

(40 mL) was stirrad for 5 hours. The solvents were removed in vacue and the residue stirred
in a solution of methanol (40 mL) and 14.50 M of ammonium hydroxide in water (10 mL)
overnight. The solvent was evaporated, the residue reconstituted in methanol and purified by
preparative-HPLC/MS (SunFire C18 column, eluting with a gradient of MeCN/H,0

5  containing 0.1% TFA) to afford the product as the trifluoroacetic acid salt (526 mg, 88%).
'"H NMR (400 MHz, ds-dmso): 8 12.36 (br s, 1H), 9.37 (br s, 1H), 9.15 (br s, 1H), 9.05 (s,
1H), 8.77 (s, 1H), 8.56 (s, 1H), 7.71 (dd, 1H), 7.14 (dd, 1H), 4.75-4.65 {m, 2H), 4.48-4.39 (m,
2H), 3.74 (s, 2H); LCMS (M+H)": 280.1.

10 Step 2. I-feyclopropylsulfonyi}-3-[4-(7H-pyrrolof2, 3-d]pyrimidin-4-yl)- 1 H-pyrazol-I-

yvijazetidin-3-ylacetonitrile trifluoroacetate salt
To 3-[4-(7H-pyrrolo[2,3-d]pyrimidin-4-yD)-1H-pyrazol-1-yl]azetidin-3-ylacetonitrile

bis(trifluoroacetate) {0.400 g, 0.788 mmot} in tetrahydrofuran {38 mL) and triethylamine
(0.55 mL, 3.9 mmol) was added cyclopropanesulfonyl chloride (0.084 mL, 0.83 mmol). The

15  reaction was stirred at room temperature for a few hours with periodic addition of
cyclopropanesulfonyl chioride until the starting amine was consumed as evidenced by
LCMS. To dissolve insolubles, methanol {0.16 mL.) was added. The THF was removed in
vacuo and MeOH was used to reconstitute the sample for purification by preparative-
HPLC/MS (SunFire C18 column, eluting with a gradient of MeCN/H,0 containing 0.1%

20 TFA) to afford the product as the trifluoroacetate salt (193 mg, 49%).
"H NMR (300 MHz, dg-dmso): § 12.53 (br s, 1H), 9.05 (s, 1H), 8.82 (s, 1H), 8.55 (5, 1H),
7.76 (dd, 1H), 7.21 (dd, 1H), 4.65 (d, 2H), 4.31 (d, 2H), 3.70 (s, 2H), 2.90-2.80 (m, 1H),
1.07-0.97 (m, 4H); LCMS (M+H)": 384.1.

25  Example 3. I-[(1-methylcyclopropylcarbonyl-3-[4-(TH-pyrrolo[2,3-¢] pyrimidin-d-y}-

1H-pyrazol-1-yllazetidin-3-ylacetoritrile trifiucroacetic acid salt

%\(o _
WN

* TFA



d]pyrimidin-4-y1)-1H- IH), 8.80 (s, 111), 8.54 (s, 10 -S021)3u pyrazdl-l-yllazetidin-B- 400.1 TM), 7.74

(s, 111), 7.¢% fo #1451y acetonitrile 7.16 (m, TM), 4.61 (d, trifluoroacefig-agichsally sl 4-20 (d,
2H), 3.73 ‘

To a solution of 1-methylcyciopropanecarboxylic acid (4.3 mg, 0.043 mmol) and
N,N-diisopropylethylamine (0.018 g, 0.14 mmol) in N,N-dimethylformamide (1.5 mL) was
added N,N,N',N'-tetramethyl-O-(7-azabenzotriazol-1-yluronium hexafluorophosphate (0.016
g, 0.043 mmol} (purchased from Aldrich). The reaction was stirred for 15 minutes followed

5 by the addition of 3-[4-(TH-pyrrolo[2,3-d]pyrimidin-4-y1)- 1 H-pyrazol-1-ylazetidin-3-
ylacetonitrile bis(trifiluoroacetate) salt from Example 2, Step 1 (0.014 g, 0.029 mmol). The
reaction was stirred for 16 hours. The product was purified by preparative-HPLC/MS,
(SunFire C18 column, etuting with a gradient of MeCN/H,O containing 0.1% TFA) to afford
the product as the trifluoroacetate salt (6 mg, 45%).

10 'H NMR (300 MHz, dg-dmso): § 12.82 (br's, 1H), 9.10 (s, 1H), 8.91 (s, 1H), 8.59 (s, 1H),
7.86 (s, 1H), 7.31 (s, 1H), 5.07-4.07 {(br, 4H), 3.72 (s, 2H)}, 1.28 (5, 3H), 0.98 (s, 2H), 0.54 (s,
2H); LCMS(M+H)™: 362.2.

In some cases, a modification to Example 3 was used where THF was substituted for

DMEF as the solvent. In Table 1, this is indicated by modification A.
15
Example 4. 1-{(1-methylcyclopropyl)sulfonyl}-3-{4-(7H-pyrrolo[2,3-d]pyrimidin-4-yi)-

1H-pyrazol-1-yilazetidin-3-ylacetonitrile trifluoroacetic acid salt

20
Step 1. I-(cyclopropylsulfonyliazetidin-3-o!

N ~

S
o
HOC
To a solution of azetidin-3-o! hydrochloride (1.00 g, 9.13 mmol) (purchased from

05



(s, 2H), 1.32 (s, 91). 3-(cyanomethyl)-N,N- (400 MHz, d6-dmso): dimethy1-3-[4-(7H- 12.59 (br s,
TM), 9.03 (§¢ 241 12,3 -d]pyrimidin- 1H), 8.84 (s, 11), 8.56 (s, 11 -SQZNNendyldsdH-pyrazol-1-

387,1

10

i5

20

25

Matrix} and N . N-diisopropylethylamine (4.77 mL, 27.4 mmol)} in tetrahydrofuran (100 mL)
at 0 °C was added cyclopropanesulfonyl chloride (0.930 mL, 9.13 mmol) and the reaction
was stirred for 16 hours. Water was added and the product was extracted with ethyl acetate,
The combined extracts were washed with 1IN HC, saturated sodium bicarbonate, and brine,
dried over sodium sulfate, decanted and concentrated to afford a vellow oil used without
further purification (1.04 g, 64%).

"H NMR (300 MHz, CDCl:): § 4.61 (p, 1H), 4.14-4.07 (m, 2H), 3.93-3.86 (m, 2H), 2.69 (br
s, 1H), 2.42-2.32 (m, 1H), 1.20-1.11 (m, 2H), 1.06-0.98 (m, 2H).

Step 2. 1-(cyclopropyisuifonyl)-3-[ (triethyisilyloxy]azetidine

N

Y
b
i

3
\\/S
N

To a solution of 1-(cyclopropylsulfonylazetidin-3-ol {(1.04 g, 5.87 mmol} and
triethylamine (3.11 mL, 22.3 mmol) in tetrahydrofuran (20 mL)} was added 4-
dimethylaminopyridine (0.090 g, 0.73 mmol} followed by chlorotriethylsilane (1.00 M in
THF, 8.0 mL, 8.0 mmol). The reaction was stirred at room temperature for 16 hours, To the
reaction was added saturated sodium bicarbonate solution and the product was extracted with
a 1:1 mix of ethyl acetate : hexanes three times, The combined organic extracts were washed
with dilute HCI and brine, then dried over sodium sulfate, decanted and concenirated. Flash
column chromatography, eluting with a gradient of 0-50% ethyl acetate in hexanes afforded
desired product (1.0 g, 58%).

"H NMR (300 MHz, CDCl): § 4.56 (p, 1H), 4.05-3.98 (m, 2H), 3.90-3.83 (m, 2H), 2.41-2.32
{m, 1H), 1.20-1.12 (m, 2H), 1.05-0.96 (m, 2H), 0.93 {t, 9H), 0.57 (g, 6H).

Step 3. 1-f(1-methylcyclopropyl)sulfornyl]-3-[(triethylsilyl)oxyjazetidine
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111), 7.80-7.76 (m, Hi), Ex. #2 yljazetidine-1- 7.24-7.20 (m, TM), 4.53 sulfonamide (d, 211), 4.20
(d, 2H), tww%%?ﬁngacid salt 3.70 (s, 211), 2.79 (s, 611). {1-[(1-met%—1%-52%98%52, d6-dmso):

Ny
/S
K
9

N

To a solution of 1-(cyclopropylsutfony)-3-[(triethylsilyl)oxylazetidine (1.0 g, 3.4
mmol) in tetrahydrofuran (20 mL) at -78 °C was added 2.50 M of n-butyllithium in hexane
(1.37 mL, 3.43 mmol) dropwise. After stirring at this temperature for 1 hour, methyl iodide
5 {0.224 mL, 3.60 mmol} was added. After 30 minutes, the reaction temperature was raised to 0

°C and stirred for 50 minutes, The reaction was guenched by the addition of saturated sodium
bicarbonate, followed by brine and the product was extracted with ethyl acetate. The extracts
were dried over sodium sulfate, decanted and concentrated. Flash column chromatography
eluting with a gradient of 0-30% ethyl acetate in hexanes afforded product (890 mg, 85%).

10 'H NMR (300 MHz, CDCly): & 4.57 (p, 1H), 4.00-3.94 (m, 2H), 3.92-3.86 (m, 2H), 1.49 (s,
3H), 1.35-1.29 (m, 2H), 0.93 {t, 9H), 0.73 (dt, 2H), 0.57 (q, 6H).

Step 4. 1-[(I-methylcyclopropyl)sulforyl]azetidin-3-ol

Oy 4
s
o
HO

A solution of 1-[(1-methylcyclopropylsulfonyl]-3-[(triethylsilyDoxyJazetidine (0.125

IS

g, 0.41 mmol) in tetrahydrofuran (3 mL), water (I mL) and acetic acid {1 mL) was stirred at

room temperature for four hours. The mixture was neuatralized by pouring into a solution of

sodium bicarbonate. The product was extracted with ethyl acetate, the extracts were washed
20 with brine, dried over sodium sulfate, decanted and concentrated to afford product, used

without further purification (64 mg, §2%).

'H NMR (300 MHz, CD;0D): § 4.56-4.47 (m, 1H), 4.02-3.95 (m, 2H), 3.83-3.75 (m, 2H),

1.47 (s, 3H), 1.26-1.15 (m, 2H), 0.84-0.77 (m, 2H).

25 Step 5. I-[(I-methyicyclopropylisulfonyl]azetidin-3-one
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pyrazol-3-yesulfony11-3- 12.56 (br s, 1H), 8.83 (s, [4-(7H- pyrrolo[2,3- 111), 8.82 (s, 1111), 8.44

(s, 12 -s02;Q,WsNm Qigyrimidin-4-y1)-1H- pyrazol-1-yllaz etidin-3- 424 1 . 3 A8} AR848s654 1), 7.77 (4,
111), 7.19-7.15 (m, 111), Ex. # 2 yl}acetonitrile

oN P
S 7,<,
)/1 ]
0

To a selution of oxalyl chloride (59 pL, 0.69 mmol) in methylene chioride (1.5 mL) at
-78 °C was added dimethy! sulfoxide (0.10 mL, 1.5 mmot) slowly dropwise. The reaction was
stirred for 15 minutes following complete addition. A solution of 1-[(I-methylcyclopropyl)-
5 sulfonyl]azetidin-3-ol (64 mg, 0.33 mmol) in methylene chloride (1.0 mL) was added
dropwise and the reaction mixture was stirred for 45 min at -60 °C. Triethylamine (0.28 mL,
2.0 mmol) was added dropwise and the reaction was stirred for 15 minutes and the bath was
removed and the solution allowed to warm to ambient temperature. The selvent was removed
in vacuo and ethyl acetate was added. The solution was washed sequentially with saturated
10 sodium bicarbonate solution, water and brine, dried oﬂfer sodium sulfate, decanted and
concentrated. The crude product was used without further purification in Step 6.
'H NMR (300 MHz, CDCLs): & 4.07 (d, 2H), 3.93 (d, 2H), 1.58 (s, 3H), 1.44-1.38 (m, 2H),
0.87 (dt, 2H).

15 Step 6. 1-f{1-methylcyclopropyiisulforyl]azetidin-3-vlideneacetonitrile
o. 0
N
K
N
Z

CN
To a mixture of sodium hydride (60% dispersion in mineral oil, 17 mg, 0.42 mmol) in

tetrahydrofuran (2 mL) at 0 °C was added diethyl cyanomethyiphosphonate (70 pL, 0.43
mmol) dropwise. The mixture was then allowed to reach room temperature and stir for a

20 further 45 minutes. A solution of 1-[(I1-methylcyclopropyl)sulfonyljazetidin-3-one (prepared
in Step 5) in tetrahydrofuran (1.0 ml) was added and the mixture was allowed to stir at
ambient temperature for 16 hours. Into the reaction was added water and solid NaCl, and the
product was extracted with three portions of ethyl acetate. The combined extracts were dried
over sodium sulfate, decanted and concentrated to afford product (71 mg, 100%), used

25  without further purification in Step 7.
'H NMR (300 MHz, CDCls): 8 5.44-5.39 (m, 1H), 4.76-4.71 (m, 2H), 4.69-4.64 (m, 2H),
1.49 (s, 3H3, 1.36-1.30 (m, 2H), 0.80 (dt, 2H).
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6.79 (d, 111), 4.53 (d, trifluoroacetic acid salt 211), 4.28 (d, 210, 3.77 (s, 3H), 3.52 (s, 211).
{344-(7H-W60J94%ﬁﬂ18 (300 MHz, d6-dmso): yrimidin-4-y1)-|H-pyrazoPCT/USZOOQ/%“%

Step 7. 1-[(1 -mez‘hyicyclopropyl)subfonyl]-3-[4-(7—[2—ftrimefhylsz‘ly!)ethoxy]mefhyl-7H~
pyrrolof2,3-d]pyrimidin-4-yl)- 1 H-pyrazol- 1-yl] azetidin-3-vlacetonitrile

<

)
=

O
O

To a solution of 4-(1H-pyrazol-4-y1)-7-[2-(trimethylsilyethoxy methyl-7H-
pyrrolo[2,3-d]pyrimidine (0.108 g, 0.344 mmol) and 1-[(1-
methyicyclopropyl)sulfonyljazetidin-3-ylideneacetonitrile (71 mg, 0.33 mmol) in acetonitrile

10 (3 mL) was added 1,8-diazabicyclo]5.4.0Jundec-7-ene (51 uL, 0.34 mmol). After a reaction
time of 1.5 hours, the acetonitrile was removed iz vacuo and the residue was partitioned
between ethyl acetate and 1N HCI. The layers were separated and the organic layer was
washed with brine, dried over sodium sulfate, filtered and concentrated. Flash column
chromatography, eluting with a gradient of 0-80% ethyl acetate in hexanes afforded product

15 {135 mg, 77%).

"H NMR (300 MHz, CDCls): § 8.86 (s, 1H), 8.46 (s, 1H), 8.35 (s, 1H), 7.42 (d, 1H), 6.80 (d,
1H), 5.68 (s, 2H), 4.62 (d, 2H), 422 (d, 2H), 3.59-3.50 (m, 2H), 3.42 (s, 2H), 1.55 (s, 3H),
1.42-1.36 (m, 2H), 0.96-0.89 (m, ZH), 0.85 (dt, 2H), -0.06 (s, 9H); LCMS (M+H)": 528.1.

20 Srep 8 1 —[(J-met‘hylcyclopropyi)sulﬁanﬂ]—é’-[4-(7H~pyrro[o[2,3-d]pyrimidin-4-yD—JH-
pyrazol-1-yl]azeridin-3-viacetonitrile wifluoroacetic acid salt
A solution of 1-{(1-methylcyclopropylsulfonyll-3-[4-(7-[2-
(rimethylsilylethoxymethyl-TH-pyrrolof2,3-dlpyrimidin-4-y1)-1H-pyrazol-1-yl]azetidin-3-
ylacetonitrile (44 mg, 0.083 mmol) in methylene chloride (10 mL) and trifiuoroacetic acid (5
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12.17 (br s, 11), 8.94 (s, 13

8.71 (s, TM) B9

4.31 (d, 211), 3.72

/Q?Sn

r-cF3 -so02.-/ 1-1-y11-1-[(3,3,3-triflti oropropyl)sulfonyl)azeti 440.1 TM),

411), 7.63 (dd, 111), 7.09 Ex. #2 di_n-3-y|Iacetonitrilgcgqgs%woéggg (d. 211),
WO 2009/114512PCT/US2009/036635

ml.) was stirred for 2 hours. The solvents were removed in vacuo. The residue was stirred

with 14.50 M of ammonium hydroxide solution (3 mL} in methanol (10 mL) for 16 hours.

Solvents were removed in vacue and the residue was purified by preparative HPLC-MS

{(SunFire C18 column, eluting with a gradient of H2O and MeCN containing 0.1% TFA) to
5 afford product as the trifluoroacetate salt (0.02 g, 50%).
"H NMR (300 MHz, ds-dmso): & 12.56 (br s, 1H), 9.03 (s, 1H), 8.83 (s, 1H), 8.55 (s, 1H),
777 (ad, 1H), 7.21 (dd, 1H), 4.58 (d, 2H), 4.23 {d, 2H), 3.71 (s, 2H), 1.46 (s, 3H), 1.22-1.16
(m, 2H), 0.93-0.87 (m, 2H); LCMS (M+H)": 398.1. '

10 Acid chlorides, isocyanates or chloroformates were used in place of sulfonyl chlorides
in either the method of Example 1 or Example 2 to afford amides (Ex. Nos. 22, 24, 26-30 &
33 of Table 1), ureas (Ex. No. 38 of Table 1) or carbamates (Ex. Nos. 35-37 of Table 1),

respectively, as products, Additionally, triethylamine and diisopropylethylamine were used

interchangeably. Some amides in Table 1 were prepared by an alternative method illustrated

15 in Example 3, by coupling the amine of Example 2, Step 1 with carboxylic acids.

Table 1

R
A

?I_N
o
0
/
N
NCOH
MS 1 Method of
Ex. No. -R Name (M+H)* H NMR (8) Preparation
{1-(methyisulfonyl)-3-[4- {400 MKz, ds-dmso):
(7H-pyrroio[2,3- 12.35 (brs, 1H), 8.99 (s,
dlpyrimidin-4-yI)-1H- 1H), 8.77 (s, 1H), 8.52 (s,
5 -S5O Me pyrazol-1-yHazelidin-3- 358.1 1H), 7.70 (1, 11}, 7.16 Ex. #1
ylacetonitrile {dd, 1H), 4.62 {4, ZH),
trifluorcacetic acid salt 428(d, 2H), 3.70 (s,
2H), 3.02 (br s, 3H).
{ 1«(phenylsulfonyl}-3-{4- {400 MHz, dg-dmso):
(7H-pyrrolo[2,3- 12.55 {brs, 1H), 8.80 (s,
d]pyrimidin-4-y1)-1H- 1H), 8.78 (s, 1H), 8.34 (s,
6 -SO,Ph pyrazol-1-vl]azetidin-3- 420.1 1H), 7.88-7.83 {m, 2H}, Bx. #2
yliacetoniirile 7.79-7.74 {m, 1H}, 7.66-
trifluoroacetic acid salt 7.56 (m, 3H), 7.15-7.11
{m, 1), 440 (d, ZH),
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2H), 3.63-3.55 (in, 2H), 2.85-2.67 (m, 2H).

4-(TH-pyrrli3;adipgi, 12.17 (br s, 1H), 8.94 (s,
(s, 14" -Yllazetidin-3-y1l}aceton Mile

{1-(isobutylsulfony1)-34 (300 MHz, d6-dmso):
midin-4-y1)-1H-pyrazofdeAfdheddd3eéss IH), 8.48

4.23 (d, 2H), 3.55 (s,
2H).
{1-(isopropylsulfony)-3- (300 MHz, de~dmso):
{4-(TH-pyrrolo[2,3-d]pyr 12,16 (brs, 1H), 8.93 (s,
imidin-4-yl}-1H-pyrazol- 1H), 8.71 (s, 1H), 8.48 (5,
i l-ylJazetidin-3-y1}aceto 1H), 7.63 {t, 1H}, 7.09 {d,
7 SOPr | e 386.1 | 1, 459 (4, 20, 4.21 Ex.#2
(d, 2H), 3.71 (s, 2ZH),
3.41-3.29 (m, 1H), 1.26
(d, 6H).
{1-{propylsulfony)-3-{4- (300 MHz, ds-dmso):
(TH-pyrroiof2,3-d]pyrimi 12,17 (brs, 1H), 8.94 (s,
din-4-y1)-1H-pyrazol-1-y 1M}, 8.71 (s, 1H), 8.48 (s,
lJazetidin-3-yi}acetonit 1H}, 7.63 (dd, 1H), 7.09
8 -S0,"Pr rile 386.1 | (dd, 1H), 4.60 (d, 2H), Ex. #2
4.24 {d, 2H), 3.69 (s,
2H), 3.26-3.18 (m, 2H),
1.79-1.65 {m, 2H), 0.99
{t, 3H).
{1-(butylsulfonyl)-3-[4-( {300 MHz, ds-dmso):
TH-pymrolo[2,3-d]pyrimid 12.17 {brs, 1H), 8.94 (3,
in-4~y)-1H-pyrazol-1-yl iH), 8.71 (s, 1H), 8.48 (s,
Jazetidin-3-yi}acetonitrile 1H), 7.63 (dd, 14}, 7.09
n (dd, TH), 4.60 (d, 21),
9 -30,;"Bu 400.1 424 (d, 2H), 3,60 (s, Ex. #2
2H), 3.28-3.20 {m, ZH),
1,73-1.61 {m, 2H), 1.47-
1.33 {m, 2H), 0.89 (3,
3H).
{ t-(tert-butylsulfonyl)-3- (400 MHz, dg~-dmso):
[4-(7TH-pyrroto[2,3- 12.48 {brs, 1H), 8.99 (s,
djpyrimidin-4-y1)-1H- IH), 8.80 (s, 1H), 8.54 {5,
10 -SO4Bu | pyrazol-1-ylazetidin-3- | 400.1 | 1K), 7.74 (s, 1H), 7.21- Ex. #4
yl}acetonitrile 7.16 (m, 1H), 4.61 {d,
trifluoroacetic acid salt 2H), 4.20(d, 2H), 3.73
(s, 2H), 1.32 (s, 9H).
3-(cyanomethyl)«N,N« (400 MHz, dg-dmso):
dimethyl-3-[4-(7TH- 12.59 (brs, 1H), 9.03 (s,
pyrrolo[2,3 -dlpyrimidin- 1H), 8.84 (s, 1H), 8.56 (s,
11 -SO;NMes | 4-yD)-1H-pyrazol-1- 3871 1H), 7.80-7.76 (m, 1H), Ex.#2
yilazetidine-1- 7.24-7.20 {m, 1H), 4.53
sulforamide (d, 2H), 4.20 (d, 2H),
trifluoroacetic acid salt 3.70 (s, 21, 2.79 (s, 6H).
{1-[(1-methyl-1H- | (400 MHz, dg-dmso):
pyrazol-3-yl)sulfony{]-3- 12.56 (brs, 1H), 8.83 {5,
~ [4-(TH-~ pyrrolo[2,3- 1H), 8.82 (s, 1H), 8.44 (s,
_— d)pyrimidin-4-yI)-1H- TH}, 7.88 (d, 1H), 7.77 (1,
12 302@ « | pyrazel-lyllaz etidin-3- 424.1 ), 7.19-7.15 (m, 18), Ex. #2
yl}acetonitrile 6.79 (4, 11, 4.53 {4,
trifluoroacetic acid sait 28, 4.28 (d, 2H), 3.77
(s, 3H), 3.52 (s, 2H).
{3-[4-(TH-pyrrolof2,3-d}p (300 MHz, dg-dmse);
yrimidin-4-y1)-1H-pyrazo 12.17 {brs, 1H), 8.94 (s,
CFy | I-i-y1}-1-§(3,3,3-trifTu 1H), 8.71 (5, 1H), 8.49 (s,
13 0 g, oropropyDsulforyijazeti | 4401 | 11, 763 (dd, 170, 7.09 Ex. #2
din-3-yi}acetonitrile (dd, 1H), 4.68 {d, 2H),
4.31(d, 2H), 3.72 (s,
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- 400.1 IH), 7.63 (dd, 1H), 7.09 (dd, 1H), 4.60 (d, 2H), Ex. #2 -S02-7 4.24 (d, 2H), 3.68 (s,
3.16 (d, 21y 3R&7 145306 (M, Hi), 1.05 (d,

PCE/US2009/036635

2H), 3.63-3.55 (m, 2H),
2.85-2.67 (m; 2H).

14

'“"S(}z

{ I-{isobutyisulfonyl)-3-{
4-(TH-pyrrolof2,3-d]pyri
midin-4-y1}-1H-pyrazol-1
-y1]azetidin-3-y1}aceton
itrile

400.1

(300 MHz, de-dmso):
12.17 {(brs, 1H), 8.94 (s,
1H), 8.71 {s, 1H), 8.48 (s,
1H), 7.63 (dd, 1H), 7.09
(dd, 1H), 4.60 (4, 2H),
4.24 (d, 2H), 3.68 (s,
2H), 3.16 (d, 21}, 2.22-
2.06 (m, 1H), 1.05(d,
6H).

Ex. #2

15

—80G, é

{ 1-(sec-butylsulfonyl)-3-
[4-(TH-pyrroloi2,3-d]pyr
imidin-4-y1)-TH-pyrazol-
1-yHazetidin-3-yi}aceto
nitrile

400.1

(300 MHz, d;-dmso):
12.16 (br s, 1H), 8.93 {5,
TH), 8.71 (s, IH), 8.48 (s,
1H), 7.63 {dd, 1H), 7.08
(dd, 1H), 4.58 (d, 2H),
4.20(d, 2H), 3.70 (s,
2H), 3.21-3.08 (m, 1H),
1.98-1.82 (m, 1H), 1.55-
1.37 (m, 1H}, 1.26 (d,
3H), 0.95 (t, 3H).

Ex. #2

16

{I-}(5-methy}-2-thienyl)s
ulfonyl}-3-{4-(7H-pyirol
o[2,3-d}pyrimidin-4-yl)-
TH-pyrazol-1-yljazetidin-
3-yl}acetonitrile
trifluoroacetic acid saft

440.1

(400 MHz, dg-dmso):
12.59 (brs, 1H), 8.82 {s,
2H), 8.41 {s, IHD), 7.78 (¢,
1H), 7.59(d, 1H), 7.17
(dd, 1H), 6.89 (dd, 1H),
4.45 {d, 2H), 4.30 (d,
2H), 3.56 {5, 2H), 2.30 (s,
3H).

Ex. #2

17

ol

{ 1-[{4-fluorophenyl)suifo
nyl}-3-[4-(7H-pyrrolo]2,
3-dlpyrimidin-4-y1}-1H-p
yrazol-1-yljazetidin-3-y
1}acetonitrile
trifluoroacetic acid salt

438.1

(400 MHz, ds~-dmso):
12.60 (brs, 1H), 8.83 (5,
1H), 8.78 (s, 1H), 8.38& (s,
1H), 7.97-7.91 (m, 2H),
7.80-7.77 (m, 13}, 7.44-
7.38 (m, 2H), 7.18-7.14
{m, 1H), 4.42 (d, 2H},
4.25 (d, 2H), 3.57 (s,
2H).

Ex. #2

18

{1-[(3-fluorophenyi}sulfo
nyl]-3-{4-(7H-pyrrolo{2,
3-dlpyrimidin-4-y[}-1H-p
yrazol-1-y[jazetidin-3-y
1} acetonitrile
trifluoroacetic acid salt

438.1

{400 MHz, ds-dmso):
12.50 {(brs, 1H), 8.79 (s,
1), 8.78 (s, 1H), 8.34 (s,
1H), 7.78-7.68 (m, 3H),
7.64 (dt, 1H), 7.53-7.46
(m, TH), 7.14-7.11 (m,
1H), 4.48 (d, 2H}, 4.28
(d, 2H), 3.58 (5, 2H).

Ex. #2

19

{1-[(2-fraorophenyl)sulfo
nyl}-3-[4-(7TH-pymrolo[2,
3-dlpyrimidin-4-yI)-1H-p
yrazol-1-yljazetidin-3-y
Iy acetonitrile
trifluoroacetic acid salt

438.1

{400 MHz, ds-dmso}:
12,63 (brs, 1H), 8.94 (s,
1H), 8.84 (s, 1H), 8.41 (s,
1H), 7.86 (dt, 1H), 7.80
{dd, 1H), 7.75-7.68 {m,
1HD, 7.46 (dd, 1H), 7.43
(dd, 1H), 7.20-7.17 (m,
1H), 4.56 (d, 2H), 4.35
(d, 2H), 3.64 (s, 2H).

Ex.#2
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6H). - (1-(sec-butylsulfony1)-3- (300 MHz, d6-dmso):
imidir\wzlt-}yijo},-migé/{?zol- 1H), 8.71 (s, IH), 8.48 (s,

(s,
7.08

[4-(7H-pyrrolo[2,3-d]pyr 12.16 (br s, 1H), 8.93

1-y|]azetidin-3-ylpcc{a’,%2|éﬂgm§6§§s(cid, 1H),

{ 1-(pyridin-3-ylsulfonyl)- {400 MHz, de-
3-[4-(TH-pyrrolo]2,3-d] dmso):12,75 (br s, 1H),
pyrimidin-4-y1}-1H-pyraz 9.01 {d, 1H), 8.86 (s,
G ol-I-yllazetidin-3-yl}ac 2H), 8.80 {dd, 1H), 8.35
20 —8020 etonitrile trifluoroacetic 421.1 (s, 1H), 8.29 (dq, 1H}, Ex. #2
N | acid salt 7.83 {dd, 1H), 7.63 (ddd,
1H), 7.19 (dd, 1H), 4.49
(d, 2H), 4.32 (d, 21%),
3.62 (s, 2H).
{ i-(pyridin-2-ylsulfony!)- (400 MHz, dg-dmso):
3-{4<(TH-pyrrolof2,3-d) 12.66 (br s, 1H), 9.02 (d,
pyrimidin-4-y[}-1H-pyraz 13}, 8.85 (s, 1H), 8.84 (s,
= ol-I-yljazetidin-3-yI}ac 1H), 8.81 (dd, 1H), 8.34
21 '“302‘@ etonitrile triffuoroacetic 421.1 (s, 1FD), 8.29 (d¢, 1H), Ex. #2
N acid salt 7.82-7.78 {m, 1H), 7.63
{dd, 1H), 7.19-7.15 (m,
IH), 4.49 (d, 2H), 4.3]
(d, 2H}, 3.62 (s, 2H).
{1-(cyclopropylcarbonyl} {400 MHz, dg-dmso):
-3-[4-(7H-pyrrolo}2,3- 12.539 (brs, 1H), 9.05 (s,
dlpyrimidin-4-yl)-1H- 1H), 8.83 (s, 1H), 8.56 (s,
G pyrazol-1-yl]azetidin-3- 1H), 7.79-7.73 (m, 1H),
yliacetonitrile 7.25-7.22 (m, TH), 4.92
22 “L?)w frifluorcacetic acid salt 348.1 (d, 1H), 4.65 (¢, 1H), Ex #2
4.50 (d, 1H), 4.25 {d,
1H), 3.75 (s, 2H), 1.67-
1.60 {m, 1H), 0.83-0.71
(m, 4H),
1-[{1- (300 MHz, ds~dmso):
methyleyclopropyllcarbon 12.82 (brs, 1H), 9.10 (s,
y1-3-[4-(7TH-pyrrolo{2,3- 1H), 8.91 (s, 1H), 8.59 (s,
23 x?? dlpyrimidin-4-y[)-1H- 362.2 1H), 7.86 (s, 1H), 7.31 (5, Ex. #3
pyrazol-1-yllazetidin-3- 1H), 5.07-4.07 (br, 4H),
ylacetonitrile 3.72 (s, 2H), 1.28 (5, 3H),
frifluorpacetic acid salt 0.98 (s, 2H), 0.54 (5, 2H).
{1-benzoyl-3-[4-(7H- (400 MHz, ds-dmso):
pyrrolo]2,3-d]pyrimidin- 12.59(brs, 1H}, 9.07 {s,
4-y1)-1H-pyrazol-1- 1H), 8.84 (s, 1H), 8.55 (s,
yljazetidin-3- IH), 7.78 (1, 1H), 7.74-
24 > yl}acetonitrile 384.1 7.69 (m, 2H), 7.60-7.47 Ex. #2
trifluoroacetic acid salt {m, 3H), 7.26-7.22 {m,
1H), 5.05 (d, 1H), 4.68
(d, 2H), 4.46 {d, 1H),
3.74 (s, 2H).
{1-f(6-methylipyridin-2-yl {300 MHz, ds-dmso):
Jearbonyl}-3-14-{7H-pyrr 12.23 {brs, 1H), 9.00 (s,
olo[2,3-dIpyrimidin-4-yD)- TH), 8.73 {5, 1H), 8.49 {5,
{H-pyrazol-1-yljazetidin- 1H), 7.91-7.79 {(m, 2H),
N 3-y1}acetonitrile 7.65 (¢d, 1H), 7.44 (dd,
25 Y | = 399.2 1H), 7.13 {dd, 1H), 5.25 Ex. #3
P {d, 1H), 5.02 (d, 1),
4,76 (d, 1H), 4.46 (d,
TH), 3.78 (s, 2H), 2.55 (s,
3H).
o {1-{pyridin-3-ylcarbonyl) (3060 MHz, de-dmso):
-3-[4-(7TH-pyrrolo]2,3-d] 12.16 (brs, 1H), 8.98 (s,
pyrimidin-4-yl}-1H-pyraz 1H), 8.90 (s, 1H), 8.74
26 u | oS ol-1-yljazetidin-3-yl}ac 385.1 (d, 1H), 8.70 (s, 1H), Ex.%2
N/ etonitrile 8.48 (s, 1M}, 8.11(d,
TH), 7.65-7.60 (m, 1H),
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1.55-

15 -s0,< nitrile 400.1 (dd, 1H), 4.58 (d, 2H), Ex. #2  2H), 3.21-3.08 (m, Ill), ~ 1.98-1.82 (m, Ili),
136 UPudhhssh 26 (. PCT/US2009/036635
7.57-7.50 (m, 1H), 7.12-
7.07 (m, 1H), 5.13 (d,
1H), 4.76-4.72 (m, 2H),
4.46 (d, 1H), 3.73 (s,
2H).
{ 1-(3~-methyibenzoyl)-3- (400 MHz, dg-dmso):
[4-(7TH-pytroiof2,3- 12.67 {br s, 1H), 9.09 (s,
dipyrim idin-4-yl)-1H~- 1H), 8.86 (s, 1H), 8.57 (s,
pyrazol-1-ylJazetidin-3- 1H), 7.80 (t, 1H), 7.54-
27 “y yl}acetonitrile 30982 | 7.48 (m, 2H), 7.39-7.35 Ex.#2
trifluoroacetic acid salt (m, 2H}, 7.26 (dd, 1H),
5.03 (d, 1H), 4.68 (d,
2H), 4.45 (d, 1H), 3.74
(s, 210, 2.37 (s, 3H).
{1-(4-methylbenzoyi)-3- (400 MHz, dg-dmso):
[4-(TH-pyrrolof2,3- 12.62 (brs, 1H), 9.08 (s,
o d}pyrim idin-4-y1)-1H- 1H), 8.85 (s, 1H), 8.56 (s,
pyrazol-1-yilazetidin-3- 1H), 7.79 (1, TH), 7.62 (4,
28 n,)‘\O\ yi}acetonitrile 398.2 | 2H), 7.30(d, 2H), 7.24 Ex. #2
trifivoroacetic acid salt (dd, 1H), 5.04 {d, 1H),
4.73-4.63 (m, 2H), 4,44
(d, 1H), 3.74 (s, 2H),
2.37 (s, 3H).
3-({3-{cyanomethyl)-3- (400 MHz, ds~dmso):
[4-(TH-pyrrolof2,3- 12.52 (brs, 1H), 9.06 (s,
o d)pyrimi din-4-y})-1H- 1H), 8.82 (s, 1H), 8.54 (s,
» on| PYrazol-1-yljazetidin-1- 1H), 8.16 (4, 1H), 8.06-
yi}carbonyDbenzonitrile 8.01 (m, 2H), 7.77-7.74
29 trifluoroacetic acid salt 409.2 {m, 1), 7.72 (1, 1H), Ex.#2
7.24-7.19 {m, 1H), 5.11
(d, 1H), 4.72 (d, 1H),
471 (d, 1H, 4.47 (d,
1H), 3.74 (s, 2H).
[3-{4-(7H-pyrroloi2,3-d]p {460 MHz, ds-dmso):
yrimidin-4-y1)-1H-pyrazo 12.64 (brs, 1H), 9.11 (s,
|- 1-yi]-1-(2-thienyicarb 1H), 8.85 (s, 1H), 8.58 (s,
onylazetidin-3-yllaceto 1H), 7.89 {dd, minor
nitrile trifiuoroacetic acid rotamer 1H), 7.88 (dd,
salt major rotamer, 1H), 7.81-
© 7.77 (m, 1H), 7.73 {dd,
minor rotamer, 1H), 7.62
30 2 \ s 390.1 | (44, major rotamer, 111), Ex.#12
J 7.27-7.25 (m, 1H), 7.22
(dd, major rotamer, 1H),
7.18 {dd, minor rotamer,
1H), 5.23-5.14 (br d,
1H), 4.87 (br d, 1H), 4.69
{br d, 1), 4.46 (br d,
1H), 3.79 (s, 2H).
[3-[4-(7TH-pyrrolo[2,3-d]p {400 MHz, de-dmso):
yrimidin-4-y1}-1H-pyrazo 13.07 (brs, 1H), 11.69
o 1-1-y1}- 1< 1 H-pyrrol-2-y (brs, 1H), 9.21 (s, 1H), '
H | lcarbonyhazetidin-3-yl] 8.99 (s, 1H), 8.66 (s, 1H), Bx. #3
31 2 N acetonitrile trifluoroacetic 373.2  §7.96(s 1H), 7.41 (s, 1H), | Modification
| ) |ecidsal _ 6.96 (s, 1H), 6.59 (s, 1H), A
6.20-6.17 (m, 1H), 5.15-
4,35 (br, 4H), 3.78 {s,
2H).
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3H), 0.95 (t, 3H).

{1-[(5-methyl-2-thienyOs (400 MHz, d6-dmso):

ulfony11-344-(7H-pyrrol 12.59

(brs, 1H), &83dsv118f3-cilpyrimidin-4-y1)- 2H), 8.41 (s, IH), 7.78 (t, 16pcpys2000/036635

{1-{1H-indol-2- (400 MHz, ds-dmso):
vlcarbonyt)-3-[4-{7H- 12.91 {brs, 1H), 11.75
pyrrolof2,3-d Ipyrimidin- (d, 1H), $.20 (s, 1H},
4-yby 1H-pyrazol-1- 8.94 (s, 1H), 8.64 (s, 11},
. yljazetidin-3-yl}a 7.92-7.87 (m, 1H), 7.65
N cetonitrile triflucroacetic (d, 1H), 7.46 (d, 1H),
32 R acid salt 4231 | 738734 m, 1H), 7.25- Ex. #3
7.20 (m, 1H), 7.10-7.05
{m, 1H), 6.98 (d, 11,
5.26 (d, 1H), 4.96 (d,
1H), 4.73 (4, 1H), 4.53
{d, 1), 3.82 {5, 2H).
{1-{isoxazol-3- (400 MHz, ds-dmso):
ylcarbonyl)-3-14-{TH- 12.50 (br s, 1H), 9.09 (s,
pyrrolof2,3-d]pyrimidin- 1H), 8.83 (d, major
4-yD)-1H-pyrazol-1- rotamer 1H), 8.80 (d,
o vijazetidin-3- minor rotamer, 1H), 8.81
vl}acetonitrile (s, 113, 8.35 (s, 1H),
33 2 O, | trifluoroacetic acid salt 375.0 | 7.76-7.73 (m, 1H), 7.24- Fx, #2
' \ N 7.20 (m, 1H), 7.19 (4,
minor rotamer, 1H), 7.15
{d, major rotamer, 1H),
5.22 (¢, 1H),4.91 (d,
1H), 4.73 (¢, 1H), 4.48
' {d, IH), 3.79 (s, 2H).
{-{1H-pyrazol-3- (400 MHz, ds-dmso):
ylcarbonyl}-3-{4-(7H- 12.77 (brs, 1H), 9.14 (s,
pyrroio[2,3 ~dfpyrimidin- TH), 8.89 (s, 1H), 8.39 (s,
g 4-yl)-1H-pyrazol-1- IH), 7.87-7.82 (m, 2H), Ex. #3
34 2% =N yllazetidin-3-y! 3742 | 7.33-7.29 (m, 1H), 6.71 Modification
— MH }acetonitrile {d, IF), 5.11 (d, 1H), A
trifluoroacetic acid sakt 4.91 (d, 1H), 4.68 (d,
1), 4.44 (d, 1H), 3.78
(s, 2H)
isobuty! 3-(cyanomethylt) (400 MHz, dg-dmso}:
-3-[4-(7H-pyrrolo[2,3- 12.53 (brs, 1H), 9.02 (s,
dipyrimidin-4-y1)-1#- 1H), 8.82 (s, 1H), 8.53 (s,
j\ pyrazol-1-yl]azetidine-1- 1H), 7.78-7.74 (m, 1H),
35 Y g carboxylate trifluoroacetic 380.1 7.23-7.20 (m, 1H), 4.57 Ex.#2
/\r acid salt {brs, 2H}, 4.30 (br s,
2H), 3.80 (d, 2H), 3.71
(s, 2H)}, 1.87 (sept, 1H)
. 0.89 (d, 6H). _
phenyl 3-(cyanomethyl) (400 MHz, dg-dmso):
<3-[4-(7H-pyrroiof2,3- 12.52 (brs, 1H), 9.08 (s,
dlpyrimidin-4-y1)-1H- IH), 8.83 (s, 1H), 8.57 (5,
0 pyrazol-1-yljazetidine-1- 1H), 7.79-7.75 {(m, 1H),
carboxylate trifluoroacetic 7.44-7.37 {m, 2H), 7.28-
36 "L.? oPh acid salt 400.1 7.22 (m, 2H), 7.20-7.12 Ex, #2
{m, 2H), 4.85 (br m, 1H),
4.66 (br m, 1H), 4.56 (br
m, 1H}), 4.39 (br m, 1H),
3.79 {s, 2H).
benzyl 3-(cyanomethyl)- (400 MHz, dg-dmso):
3-[4~(7TH-pyrrole{2,3- 12.56 {brs, 1H), 9.03 (s,
o d]pyrimidin-4-y1)-1H- 1), 8.83 (s, 1H), 8.54 (s,
37 /U\ pyrazol-1-yllazetidine-1- 414.2 1), 7.79-7.75 (br m, Ex. #2
'77 ORn | carboxylate trifluoroacetic 1H), 7.40-7.30 (m, 5H),
acid salt 7.24-7.21 (brm, 1H},
5.10 (s, 2H), 4.60 {br,
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- 0,1 I H-pyrazol-l-yllazetidin- 3-yl}acetonitrile 4.40.1 1H), 7.59 (d, 1H), 7.17 (dd, 1H), 6.89 (dd, 111),
Ex. 42 tri&;@gg@gﬁtj‘gﬁcid salt 4.45 (d, 2H), 4.30 (d, 2H), 3.56 (s, ZFQC%F%QZ()%%%%—%).

2H), 4.34 (br, 2H), 3.72
(s, 2H).
3-(cyanomethyl)-N- {400 MHz, dg-dmso):
phenyi-3-[4-(7H- 12.61 (br s, 1H), 9.06 (s,
pyrrolo[2,3-d]pyrimidin- 1H), 8.85 (s, 1H), 8.75 (s,
0 4yD)-1H-pyrazol-1- 1H), 8.57 (s, 1), 7.79
38 Py yllazetidine-1- 399.2 | (ort, 1H), 7.53-7.48 (m, Ex. #2
" NMPh | carboxamide 2H), 7.29-7.22 (m, 3H),
trifluoroacetic acid salt 6.95 (1, 1H), 4.61 (d, 2H),
4.36 (d, 2H), 3.75 (s,
2H).

Where products in Table 1 are referred to as the free base, they were purified using
preparative-HPLC/MS (XBridge C18 column, eluting with a gradient of MeCN/H,O
containing 0.15% NH4OH rather than containing 0.1% TFA).

5
Example 39. cis-3-(cyanomethyl)-N,N-dimethyl-3-{4-(7H-pyrrolo[2,3-dlpyrimidin-4-y1)-
1H-pyrazol-1-yl]eyclobutanesulfonamide
and trans-3-(cyanomethyl)-N,N-dimethyl-3-{4-(7H-pyrrolo[2,3-d]pyrimidin-4-yI)-1 H-
pyrazoi-l-yljcyclobutanesulfonamide
10
\ ——
O.‘.\SfN O.:- N
o” %,
ilﬂ/ Qlﬂ/
f}l‘“‘N
# and /
P .
N
N R NT R
Step 1. cis- and trans-3-(benzyloxy)-N, N-dimeihylcyclobutanesulfonamide
\ |
Yo
o=g"N~
OBn
15 To a solution of methanesutfonamide, N,N-dimethyl- (7.45 g, 60.5 mmol) in

tetrahydrofuran (190 mL) at -78 °C was added a solution of 2.50 M of ﬁ—butyl]ithium in
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{1 -[(4-fluorophenyl)sulfo (400 MHz, d6-dmso): ny1]-3-14-(7H-pyrrolo[2, 12.60 (br s, 1H), 8.83 (s,

3-d]pyrimi%ﬂz-a@)imig 1H), 8.78 (s, 1H), 8.38 (s,  yrazol-1-yllazetidin-3y; AR)nde94: 2,91 (M, 2H),
17 ItF | lacetonitrile ™ ‘

hexane (31 mL, 77.5 mmol) . The reaction was stirred at -78 °C for 45 minutes, was then
warmed to 0 °C and stirred for 15 minutes, then was re-cooled to -78 °C. A solution of 2-
(benzyloxy)-propane-1,3-diy] bis(4-methylbenzenesulfonate) (prepared as described in
Chemical Communications v. 30, pp. 3190-3192 (2006); 29.1 g, 59.3 mmol) in
5 tetrahydrofuran (120 mL) was added dropwise, rapidly. The reaction was stirred at -78 °C for

15 minutes following complete addition, then the bath was removed and the reaction allowed
to warm to ambient temperature over 1.5 hours. The solution was re-cooled to -78 °C and
2.50 M of n-butyilithium in hexane (31 mL, 77.5 mmol) was added. After 15 min, the bath
was removed and the reaction again allowed to reach ambient temperature and stir for 16

10 hours. As the reaction was judged incomplete by TLC, it was cooled againto -78 °C and a
turther portion of 2.50 M of n-butyliithium in hexane (10 mL, 25 mmol) was added. Upon
warming fo room temperature, the reaction was quehched by the addition of water and the
mixture was extracted with three portions of ethyl acetate. The combined organic extracts
were washed with saturated sodium bicarbonate solution followed by brine, dried over

15 sodium suifate, filtered and concentrated. Flash chromatography, eluting with a gradient of
20-30% ethy! acetate in hexanes afforded desired product. The isomers were characterized
separately but were recombined for the subsequent transformation as a mixture of cis and
trans isomers (7.06 g, 44%).
Isomer I: "H NMR (400 MHz, CDCl3): 8 7.38-7.27 (m, 5H), 4.42 (s, 2H), 4.41-4.33 (m, 1H),

20 3.83-3.74 (m, 1H), 2.87 (s, 6H), 2.79-2.71 (m, 2H), 2.47-2.38 (m, 2H).
Isomer 2: '"H NMR (400 MHz, CDCl3): § 7.37-7.26 (m, 5H), 4.44 (s, 2H), 4.02-3.93 (m, 1H),
3.34-3.24 (m, 1H), 2.85 (s, 6H), 2.61-2.46 (m, 4H).

Step 2. cis- and trans-3-hydroxy-N,N-dimethylcyclobutanesulfonamide

25 OH
To a mixture of cis- and trans-3-(benzyloxy)-N,N-dimethylcyclobutanesulfonamide

(7.06 g, 26.2 mmol) in ethanol (100 mL) was added palladium (2.8 g, 2.6 mmol) (10% on C,
wet Degussa type). The mixture was degassed and shaken under 50 psi of hydrogen for 16
hours. The reaction mixture was filtered, and the palladium on carbon was rinsed with

30  ethanol. The filtrate was concentrated to afford a white solid, used without further
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438.1 7.80-7.77(m, 1H), 7.44- Ex. #2 trifluoroacetic acid salt 7.38 (m, 2H), 7.18-7.14  (m, IN), 4,42
(d 2H),  GetmhIntid)23-57 (5, PCT/US2009/036635

purification (4.60 g, 98%).

'H NMR (400 MHz, CDCl3): § 4.71-4.63 (m, 1H, minor isomer), 4.22 -(p, 1H, major isomer),
3.83-3.74 (m, 1H, minor isomer), 3.37-3.27 (m, 1H, major isomer), 2.87 (s, 6H, minor
isomer), 2.86 (s, 6H, major isomer), 2.85-2.77 (m, 2H, minor isomer), 2.76-2.68 (m, 2H,

5 major isomer), 2.48-2.40 (m, 2H, major isomer), 2.40-2.32 (m, 2H, minor isomer).

Step 3. N N-dimethyl-3-oxocyclobutanesulfonamide

o%,,O y

S ~N
\
)
To a solution of Dess-Martin periodinane (14.3 g, 33.7 mmol) in methylene chloride

10 (200 mL) was added cis- and trans-3-hydroxy-N,N-dimethylcyclobutanesulfonamide (5.75 g,
32.1 mol) in methylene chloride (200 mL). The reaction was stirred at ambient temperature
for 16 hours. The volume of DCM was reduced to 100 mL in vacuo. This solution was
filtered through a plug of basic alumina, rinsing with further DCM. The filtrate was
evaporated. The resulting yellow sticky solid was extracted by stirring vigorously with

15 several portions of diethyl ether in succession. The extracts were filtered through a plug of
solid sodium carbonate and again filtered through another plug of basic alumina, rinsing
finally with an additional small portion of ethyl acetate to afford clean product (4 g, 70%).

‘H NMR (400 MHz, CDClL): & 3.89-3.80 (m, 1H), 3.68-3.59 (m, 2H), 3.44-3.34 (m, 2H),
2.93 (s, 6H).

20
Step 4. cis-3-(cyanomethyl)-N, N-dimethyl-3-[4-(7H-pyrrolo[2, 3-d [pyrimidin-4-y1)-1 H-
pyrazol-1-yljcyclobutanesuifonamide and trans-3-(cyanomethyl}-N,N-dimethyl-3-[4-(7H-
pyrrolof 2, 3-dipyrimidin-4-yi)-1 H-pyrazol-1-yljeyelobutanesulfonamide

A mixture of N,N-dimethyl-3-oxocyclobutanesulfonamide (4.0 g, 22 mmol) and

25 (triphenylphosphoranylidene)acetonitrile (6.80 g, 22.6 mmol) in toluene (150 mL) was heated
to reflux for 1 hour. The reaction solution was decanted away from insolubles and the solvent
removed in vacuo to afford crude product, used without further purification in conjugate
addition,

'H NMR (300 MHz, CDCIla): 8 5.31-5.25 (m, 1H), 3.91-3.78 (m, 1H), 3.50-3.10 (m, 4H),

30 2.89 (s, 6H).

To a solution of 4-(1H-pyrazol-4-y1)-7-[2-(trimethylsilyDethoxy}methyl-7H-

18



2H). (1-[(3-fluorophenyl)sulfo (400 MHz, d6-dmso): ny1]-3-[4-(7H-pyrrolo[2, 12.50 (br s, 1H), 8.79

(s, 18 SO 1fefipyrimidin-4-y1)-114-p yrazol-1-yliazetidin-3-y I} aﬁ%‘i‘%‘ﬂ&b&/ﬁ?ﬁ&}m’ 8.78 (s,
Hi), 8.34 (s, IH), 7.78-7.68 (m, 3H), 7.64 (dt, 1H), 7.53-7.46 Ex. #2

pyrrolo[2,3-d]pyrimidine (7.09 g, 22.5 mmol) and crude 3-(cyanomethylene)-N,N-
dimethylcyclobutanesulfonamide (prepared above) in acetonitrile (200 mL) was added 1,8-
diazabicyclo[5.4.0Jundec-7-ene (3.36 mL, 22.5 mmol). The reaction was stirred for 16 hours.
The crude product was purified by flash column chromatography, eluting with a gradient of
5 0-10% MeOH in DCM (dichloromethane). The product collected from this pre-purification

was further purified using preparative-HPLC/MS (XBridge C18 column, eluting with a
gradient of MeCN/H,O containing 0.15% NH,OH) to afford a mixture of isomers. The cis-
and trans- isomers were separated using a portion of this mixture by the following method:
Chiral Technologies Chiralcel OJ column, 30 x 250 mm, 5p packing material, eluting with

10 60% ethanol in hexanes at a flow rate of 14.5 ml/min and column loading of 65
mg/%njebtion. Peak 1 so obtained was deprotected by stirring with 20% TFA/DCM for 2
hours, followed by evaporation and dissolving the residue in 4 mL MeOH to which 0.25 mL
of ethylenediamine was then added. After stirring for 1 hour, the solvents were removed i
vacuo, the crude product reconstituted and purified by preparative-HPLC/MS (XBridge C18

15 column, eluting with a gradient of MeCN/H>O containing 0.15% NHsOH) to afford cis-3-
(cyanomethyl)-N,N-dimethyl-3-[4-(7H-pyrrolo{2,3-d]pyrimidin-4-y1)- 1 H-pyrazol-1-
yl]cyclobutanesulfonamide.
'H NMR (500 MHz, ds-dmso): 8 12.10 (br s, 1H), 8.78 (s, 1H), 8.69 (s, 1H), 8.42 (s, 1H),
7.60 (d, 1H), 7.06 (d, 1H), 4.25 (p, 1H), 3.59 (s, 2H), 3.14-3.07 (m, 2H), 2.85-2.79 (m, 2H),

20 3.80 (s, 6H); LCMS: 386.1.
Peak 2 obtained from the separation of isomers was deprotected and purified by the same
method as for Peak 1 to afford trans-3-(cyanomethyl)-N,N-dimethyl-3-[4-(7H-pyrrolo[2,3-
d]pyrimidin-4-y1)-1H-pyrazol-1-yi]eyclobutanesulfonamide.
'H NMR (500 MHz, ds-dmso): 3§ 12.10 (br s, 1H), 8.90 (s, 1H), 8.70 (s, 1H), 8.45 (s, 1H),

25 77.60 (d, 1H), 7.09 (d, 1H), 4.18 (p, 1H), 3.46 (s, 2H), 3.35-3.28 (m, 2H), 2.89-2.82 (m, 2H),
2.79 (s, 6H); LCMS: 386.0.

Example 40, cis-3-isoxazol-3-yl-1-[4-(TH-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-
vileyclobutylacetonitrile

30 and trans -3-isoxazol-3-yl-1-[4-(TH-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-
yi]eyclobutylacetonitrile
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trifluoroacetic acid salt (in, IH), 7.14-7.11 (m, IH), 4.48 (d, 2H), 4.28  (d, 2H), 3.58 (s, 2H).

{1'[(2""“0@&??@69%9;3 (400 MHz, d6-dmso): PCT/US2009/036635
0, 0,
LN [N
N 7 N
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Step 1. diethyl 3-(benzyloxyjcyclobutane-1, 1-dicarboxylate

0
0 N
000G

To a suspension of sodium hydride (60% dispersion in mineral oil, 4.67 g, 0.117 mol}
in 1,4-dioxane (69 mL) was added diethy! malonate (17.7 mL, 0.117 mol) dropwise. The
mixture was stirred for 1.5 hours at ambient terﬁperature afier complete addition. To this
mixture was added [2-bromo-1-(chloromethy!)ethoxy]methylbenzene (prepared according to
the procedure found in Organic Letters (2004), 6(11), pp.1853-1856; 32.0 g, 0.121 mol)
dropwise and the resulting mixture was stirred for 1 hour at ambient temperature, then heated
at reflux for 16 hours. The mixture was cooled briefly in an ice bath and sodium hydride
(60% dispersion in mineral oil, 4.67 g, 0.117 mol) was added portionwise. The mixture was
heated to reflux for a further 24 hours. Upon cooling to room temperature, the mixture was
poured into pH 7 buffer and brine, and the product was extracted with three portions of ethyl
acetate. The combined extracts were washed with brine, dried over sodium sulfate, decanted
and concentrated. Flash column chromatography, eluting with a gradient of 5-60% ethyl
acetate in hexanes afforded product (26.9 g, 75%).

'H NMR (400 MHz, CDCh): § 7.37-7.25 (m, 5H), 4.42 (s, 2H), 4.24-4.10 (m, 5H), 2.83-2.75
(m, 2H), 2.58-2.50 (m, 2H), 1.31-1.24 (m, 6H).
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ny11-344-(7H-pyrrolo[2, 12.65 (bra, 1H), 8.94 (s, 3-cljpyrimidin-4-y1)-111-p 1H), 8.84 (s, 1H), 8.41
(s, -0 wagiirydigzetidin-3-y 1H), 7.86 (dt, 1H), 7.80 PCT/US2009/036635

Step 2. cis- and trans-3-(benzyloxy)cyclobutanecarboxylic acid

OBn

CO,H
A solution of diethy! 3-(benzyloxy)cyclobutane-1,1-dicarboxylate (20.0 g, 0.0653
5 mol) and potassium hydroxide (18 g, 0.32 mol) in ethano! (110 mL) and water (10 mL) was
heated to reflux for 2 hours. The basic mixture was washed once with diethy! ether. The ether
wash was back extracted with two portions of IN NaOH. The combined aqueous layers were
acidified by the addition of ¢.HCI and were then extracted with ethyl ether three times. The
combined extracts were washed with brine, dried over sodium sulfate, decanted and
10 concentrated to afford the intermediate diacid as a sticky yellow solid which was
subsequently azeotroped with toluene. The diacid was heated neat under hyvac (<5 mm Hg)
at 190 °C for 1.5 hours to effect decarboxyation to a mixture of cis- and trans- monoacids,
used without further purification (13.5 g, 92%).
'"H NMR (400 MHz, CDCly): § 7.38-7.26 (m, 10H), 4.44 (s, 2H), 4.43 (s, 2H), 431 (p, 1H),
15 4.02-3.93 (m, IH), 3.12-3.04 (m, 1H), 2.72-2.62 {(m, 1H), 2.59-2.48 (m, 4H), 2.38-2.24 (m,
4H).

Step 3. cis- and trans-3-(benzyloxy)-N-methoxy-N-methyicyclobutanecarboxamide

Bn
0 '\;J/
O
20 A mixfure of 3-(benzyloxy)cyclobutanecarboxylic acid (2.50 g, 12.1 mmol), N,O-

dimethylhydroxylamine hydrochloride (1.18 g, 12.1 mmol), benzotriazol-1-
yloxytris(dimethylamino)phosphenium hexafluorophosphate (5.9 g, 13 mmol) (Advanced
ChemTech) and triethylamine (3.7 mL, 27 mmol) in methylene chioride (80 mL) was stirred
at room temperature for 16 hours, The solution was then washed with twice with water, once

25  with brine, dried over sodium sulfate, decanted and concentrated. Flash column
chromatography, eluting with a gradient of 20-50% ethyl acetate in hexanes afforded product
as a mixture of cis- and trans- isomers (1.7 g, 56%).

'H NMR (400 MHz, CDCla): § 7.35-7.24 (m, 10H), 4.43 (s, 2H), 4.42 (5, 2H), 4.31-4.24 (m,

81



19 2 1} acetonitrile 438.1 (dd, 1H), 7.75-7.68 (m, Ex. #2 trifluoroacetic acid salt 1H), 7.46 (dd, IH),
743 (dQydHhdAQsf,17 (M, 1H), 4.56 (d, 211), 4.35 PCT/US2009/036635

1H), 4.03-3.95 (m, 1H), 3.64 (s, 3H), 3.63 (s, 3H), 3.47 (br s, 1H), 3.19 (s, 350, 3.18 (s, 3H),
2.95 (brs, 1H), 2.57-2.48 (m, 2H), 2.47-2.38 (m, 2H), 2.34-2.23 (m, 4H),

Step 4. cis- and trans-1-{3-(benzyloxy)cyclobutylfprop-2-yn-1-one

0OBn

Y4

To a solution of 3-(benzyloxy)-N-methoxy-N-methyleyclobutanecarboxamide (1.7 g,

6.8 mmol) in tetrahydrofuran (40 mL) at -78 °C was added 0.5 M of ethynyimagnesium

16 bromide in tetrahydrofuran (14.3 mL, 7.15 mmol) and the reaction was allowed to warm to
ambient temperature over a period of 1 hour. The reaction was quenched by the addition of
satd. NH4Cl solution and the product was extracted with ethyl acetate. The extracts were
dried over sodium sulfate, decanted and concentrated to afford product used without further
purification in Step 3.

15 'HNMR (400 MHz, CDCls): § 7.39-7.21 (i, 10H), 4.43 (s, 2H), 4.41 (s, 2H), 4.19-4.09 (m,
1H), 4.06-3.95 (m, 1H), 3.36-3.24 (m, 1H), 3.29 (s, 1H), 3.26 (s, 1H), 2.90-2.79 (m, 1H),
2.67-2.59 (m, 2H), 2.56-2.47 (m, 2H}, 2.36-2.26 (m, 4H).

Step 5. cis-3-[3-(benzyioxy)cycloburyl] isoxazole and trans-3-{3-
20 (benzyloxy)cyeloburyl]isoxazole

To a solution of 1-[3-(benzyloxy)cyclobutyljprop-2-yn-1-one (prepared in Step 4) in
ethanol (40 mL) was added hydroxylamine hydrochloride (0.54 g, 7.7 mmol) followed by

25  sodium carbonate (1.48 g, 14.0 mmol). The reaction was stirred for 16 hours. The reaction
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(d, 2H), 3.64 (s, 2H), WO 2009/114512PCT/US2009/036635 20 (1-(pyridin-3-ylsulfony1)-

344-(7TH-pyy I@%, =d).pyrimidin-4-y1)-1H-pyraz ol-1-yflazetidin-3-yllac etag) ;Iﬁsgj;é%gg%etic acid salt
421.1 (4003%? z, Jz{g(%llr%so):lz.ﬁ (br s, IH), 9.01 (d, IN), 8.86 (s, 2H), 8.80 sgd 1H), 8.35 (s, 1H), 8.29

(dq, 1H), 7.83 (dd, 1H), 7.63 (ddd, 1H), 7.19 (dd, 1H), 4.49 (d, 2H), 4.32 (d, 2H), 3.62 (s, 2H), Ex. #2
-s02-() N 21 -s02-c/ 9 N {1-(pyridin-2-ylsulfonyl)- 3-[4-(71-1-pyrrolo[2,3-d] pyrimidin-4-y1)-IH-pyraz
ol-1-yllazetidin-3-yllac etonitrile trifluoroacetic acid salt

was then heated to reflux for 4 hours and cooled. Into the reaction mixture was added water
and ethyl acetate. The layers were separated, and the aqueous layer was extracted with two
further portions of ethyl acetate. The combined extracts were washed with brine, dried over
sodium sulfate, decanted and concentrated. Flash column chromatography, eluting with a

5 gradient of 15-50% ethyl acetate in hexanes afforded the product as a mixture of cis- and
trans- isomers (520 mg, 33% over the two steps).
‘H NMR (400 MHz, CDCls): 8 8.32 (dd, 1H), 8.31 (dd, 1H), 7.36-7.26 (m, 10H), 6.30 (d,
IH), 6.21 (d, 1H), 4.47 (s, 2H), 4.45 (s, 2H), 4.38-4.30 (m, 1H), 4.12-4.04 (m, 1H), 3.62-3.53
(m, 1H), 3.23-3.13 (m, 1H), 2.75-2.14 (m, 8H).

10

Step 8. cis- and trans-3-isoxazol-3-ylcyclobutanol

OH

N
-

A mixture of cis- and trans-3-[3-(benzyloxy)cyclobutyllisoxazole (0.520 g, 2.27
15 mmol) and 20% palladium hydroxide on carbon {0.14 g, 0.20 mmol) in tetrahvdrofuran (30
ml) and acetic acid (8 ml) was degassed and stirred under an atmosphere of hydrogen
{provided by a balioon) for 3 hours. The mixture was filtered, neutralized by the addition of
NaOH and extracted with three portions of ethyl acetate. The combined exiracts were washed
with brine, dried over sodium sulfate, decanted and concentrated to afford product as a
20  mixture of cis- and trans- isomers (320 mg, 100%).
‘H NMR (400 MHz, CD;OD): § 8.55 (dd, 1H), 8.54 (dd, 1H), 6.44 (d, 1H), 6.42 {d, 1H),
4.50-4.41 (m; 1H), 4.26-4.17 (m, 1H), 3.55-3.46 (m, 1H), 3.14-3.03 {m, 1H), 2.73-2.64 (m,
28D, 2.54-2.46 (m, 2H), 2.44-2.35 (m, 2H), 2.13-2.03 (m, 2H).

25 Step 7. 3-isoxazol-3-ylcyclobutanone

3-Isoxazol-3-yicyclobutanol (0.316 g, 2.27 mmol), as a mixture of cis- and trans-
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421.1 (400 MHz, d6-dmso): 12.66 (br s, 1H), 9.02 (d, IN), 8.85 (s, 1H), 8.84 (s, IN), 8.81 (dd, 1H), 8.34

(s, 1H), 8. dE%egmméaz -7.78 (m, IN), 7.63 (dd, 1H), 7.19-7.15 (m, IN), 4, é%{ﬁﬂzw o431 (d, 2H),

3.62 (s, 2H). Ex. # 2 22 0 (ii"kv (1-(cyclopropylcarbonyl) -3-[4-(7H-pyrrolo[2 yrimidin-4-y1)-1H-

pyrazol- | -y1) azetidin-3- yl}acetonitrile trifluoroacetic acid salt 348 1 . (400 MHz, d6-dmso): 12.59 (br
s, | H), 9.05 (s, 1H), 8.83 (s, IN), 8.56 (s, IN), 7.79-7.75 (m, 1H), 7.25-7.22 (m, 114), 4.92 (d, IH), 4.65
(d, IN), 4.50 (d, IN), 4.25 (d, 1H), 315 (s, 2H), 1.67- 1.60 (m, IF!), 0.83-0.71 (m, 4H) Ex #2 23 LarL2C

1-{(1- methylgyelaproRMcaRRaMYhediifkild HBYHOIRI43) dRIRIn-AiL{FiRA7@lok yllazetidin-3-
ylacetonitrile trifluoroacetic acid salt 362.2 (300 MHz, (16-dmso): 12.82 (br s, 1H 9 1 (s, IN), 8.91 (s,

1H), 8.59 (-1 AyPogksaddey; 411 1Lripg fi’j 25“8*?3456‘? (13?%%3 53’1?‘20&&%*‘? ?Sf%s 3H), 0.98 (s,
2H), 0.54 (s3d2k{). dast tHE32xduld vioe nzoydie8 A4 Ahteqyorddof 2 Be i wiericiriFhé-ydnblkddpyrazol-1-

yllazetidin-3 yHacetonilg HiuQrpacelipacidsaltei8ado(A00MIa. Mesimaa),12.59 (br s, II-), 9.07
(s, 1H), 884(8 1H), 8.55 (s, IN), 7.78 (t, IH) 7.74-7.69 (in, 2H), 7.60-7.47 (m, 3H), 7.26-7.22 (m,
chromatography, eiutmg with a gradient of 20-50% ethyl acetate in hexanes, afforded product

(258 mg, 83%).
'H NMR (400 MHz, CDCls): § 8.40 (dd, 1H), 6.31 (d, 1H), 3.81-3.72 (m, 1H), 3.59-3.48 (m,
28), 3.46-3.37 (m, 2H).

10 Step 8. (3-isoxazol-3-ylcyclobutylidene)acetoniirile

Sodium hydride (60% dispersion in mineral oil, 75 mg, 1.88 mmol) was added at once
to a solution of diethyl cyanomethylphosphonate (0.33 mL, 2.1 mmol) in tetrahydrofuran (8
15 mL). After stirring for 5 minutes, a solution of 3-isoxazol-3-ylcyclobutanone (258 mg, 1.88
mmol) in tetrahydrofuran (20 mL) was added. After 2 hours reaction time, the reaction
mixture was partitioned bhetween ethyl acetate and brine and the layers séparated. The
aqueous layer was extracted with two further portions of ethyl acetate and the combined
extracts were dried over sodium sulfate, decanted and concentrated. The residue was then
26 azeotroped with toluene and the product was used without further purification in Step 9.
'H NMR (400 MHz, CDCl3): 8 8.38 (dd, 1H), 6.28 {d, 1H), 5.27 (p, 1H), 3.81-3.72 (m, 1H),
3.50-3.15 (m, 4H).

Step 9. cis-3-isoxazol-3-yI-1-{4-(7H-pyrrolo[2, 3-d]pyrimidin-4-ylj-1 H-pyrazol-1-
25 yljeyclobutylacetonitrile and trans-3-isoxazol-3-yi-1-{4-(7H-pyrrolo{2, 3-d]pyrimidin-4-yl)-
IH-pyrazol-1-yl]cvelobutylacetonitrile
To a solution of (3-isoxazol-3-yleyclobutylidene)acetonitrile (prepared in Step 8) in
acetonitrile (8 mL) was added 4-(1H-pyrazol-4-y1)-7-[2-(trimethylsilylethoxy Jmethyl-7H-
pyrrolo{2,3-d]pyrimidine (0.59 g, 1.9 mmol) foliowed by 1,8-diazabicyclof5.4.0]undec-7-ene

30 (280 uL, 1.9 mmol). The reaction was stirred for 72 hours. The acetonitrile was removed in
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1H), 5.05 (d, 114), 4.68 (d, 214), 4.46 (d, IN), 3.74 (s, 2H). Ex. #2 25 b cp=\ _sr

(1-[(6-met ifin-22¢1 )carbonyl)-3-[4-(7H-pyrr olo[2,3-d]pyrimidin-4-y1)-,1H- -1-yllazetidin-
3-y|}aceto%ﬁéﬂgg%%§g%00 MHz, d6-dmso): 12.23 (br s, 11-1), 9.00 (s, 1Hﬁ%¥%§€% ,%é.g49 (s, IH),

7.91-7.79 (n, 2H), 7.65 (dd, IF!), 7.44 (dd, IH), 7.13 (dd, 1H), 5.25 (d, 1H), 5.02 (d, IN), 4.76 (d, IN),
4.46 (d, 1H), 3.78 (s, 2H), 2.55 (s, 3H). Ex. # 3 26 oK {1-(pyridin-3-ylcarbonyl) -344-(7H-pyrrolo[2,3-d]
pyrimidin-4-y1)-11-1-pyraz ol-1-yljazetidin-3-y1)ac etonitrile 385.1 (300 MHz, c16-dmso): 12.16 (br s,

1H), 8.98 (s,4N), 8128 é%iu]ﬂﬂ)erﬁo%&%r%%)' SR LS e 3 88:(Se %)u%%%&gﬂ Sk 1£65-7.60 (n, 1H),
Ex. #2 WO 2009/114512PCT/US2009/036635 - 7.57-7.50 (m. TH), 7.12- 7.07 (m. 1H), 5.13 (d, 1H),

4.76-4.72 (I%?Xﬁpﬁsl, gfﬁéd(zg’aquj{’tlgaﬂf @: Qil_i})?ran& isomers. The mixture was stirred with 20%

TFA/DCM (8 mL/32 mL) for 3 hours, and the excess solvents were removed in vacuo. The
residue was stirred with ethylenediamine (2 mL) in MeOH (40 mL) for 16 hours, Solvents

5 were again removed in vacuo. The mixture was purified by preparative-HPLC/MS (XBridge
C18 column, mobile phases 20.5-25.5 % of MeCN/H,0 containing 0.1% NHsOH), Peak 1,
¢cis-3-isoxazol-3-yl-1-[4-(TH-pyrrolo[2,3-d]pyrimidin-4-y1)-1H-pyrazol-1-
yllcyclobutylacetonitrile (185 mg, 28%), Peak 2, trans-3-isoxazol-3-yl-1-[4-(7H-pyrrolof2,3-
d]pyrimidin-4-y1)-1H-pyrazol-1-yl]cyclobutylacetonitrile (85 mg, 13%).

10 Peak I, (cis-): "H NMR (400 MHz, dg-dmso): § 12.13 (br s, 1H), 8.85 (d, 1H), 8.76 (s, 1H),
8.69 (s, 1H), 8.42 (s, 1H), 7.60 (d, 1H), 7.07 (d, 1H), 6.67 (d, 1H), 3.85 (p, 1H), 3.67 (s, 2H),
3.04-2.95 (m, 2H), 2.89-2.81 (m, 2H); LCMS (M+H)": 346.1.

Peak 2, (trans-): '"H NMR (400 MHz, d¢-dmso): & 12.14 (br s, 1H), 8.94 (s, 1H), 8.89 (d, 1H),
8.71 (s, 1H), 8.47 (s, 1H), 7.62 {dd, 1H}, 7.11 (dd, 1H), 6.73 (d, 1H), 3.71 {p, 1H), 3.46 (s,
15 2H), 3.34-3.27 (m, 2H), 2.80-2.71 (m, 2H); LCMS (M+H)": 346.1.

Example 41. {cis-3-(3-methyl—1,2,4—0xadiazol-5-yl)-1-E4-(7H-—pyrrelo[Z,S-d} pyrimidin-4-
yh)-1H-pyrazol-1-yl]eyclobutyl} acetonitrile trifluoroacetate salt and
{trans-3-(3-methyl-1,2,4-0xadiazol-5-yD)-1-[4-(7TH-pyrrolo[2,3-d]pyrimidin-4-yi)-1H-

20 pyrazol-1-yHeyclobatyl}acetonitrile triflnoroacetic acid salt

\(,N‘ _N,
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Step 1. cis- and trans-ethyl 3-(benzyloxy)cyelobutanecarboxylate
25
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(2-(3-methylbenzoy1)-3- (400 MHz, dc.dmso): [4-(71-1-pyrrolo[2,3- d]pyrim idin-4-y1)-1H-

pyrazol-1- W@Zﬁ}é@;ﬁ%ulz 67 (hrs, 1H), 9.09 (s, 1H), 8.86 (s, 1H), 8.57 (Spddhich S dbsddd), 7.54- 27
yl } acetonitri le trifluoroacetic acid salt 398.2 7.48 (m, 2H), 7.39-7.35 (m, 2H), 7.26 (dd 1H), 5.03 (d,

1H), 4.68 (d, 2H), 4.45 (d, 1H), 3.74 Ex. #2 (s, 2H), 2.37 (s, 3H).

O/O
/\O/\O
To a solution of 3-(benzyloxy)cyclobutanecarboxylic acid (5.00 g, 24.2 mmol)
{prepared as in Example 6, Step 2) in ethano! (60 mL) was added 0.08 mL ¢.H,S04. The
mixture was heated at gentle reflux for 48 hours. After cooling to room temperature, the
5 solvent was evaporated in vacuo. Flash column chromatography, eluting with a gradient of -

- 20% ethyl acetate in hexanes afforded desired product as a mixture of ¢is- and trans- isomers
 (3.91 g, 69%).

‘H NMR (400 MHz, CDCl3): § 7.37-7.26 (m, 10H), 4.43 (s, 2H), 4.41 (s, 2H), 4.29 (p, 1H),

4.14 (q, 2H), 4.13 (q, 2H), 3.99-3.91 (m, 1H), 3.07-2.98 (m, 1H), 2.66-2.55 (m, 1H), 2.54-
10 2.44 (m, 4H), 2.34-2.20 (m, 4H), 1.26 (t, 3H), 1.25 (¢, 3H).

Step 2. cis- and trans-ethyl 3-hydroxycyclobutanecarboxylare
OH

o
To & solution of cis- and trans-ethyl 3-(benzyloxy)cyclobutanecarboxylate (3.91 g,

13 16.7 mmol) in ethanol (40 ml.} was added palladium (10% on carbon, wet Degussa type)
(270 mg, 0.25 mmol). The mixture was degassed and shaken under 50 psi of hydrogen for 16
hours. The reaction mixture was filtered and the solvent removed in vacuo to afford product
as a mixture of cis- and trans- isomers used without further purification (2.40 g, 99%).

"H NMR (400 MHz, CDCls): & 4.60-4.52 (m, 1H), 4.22-4.12 (m, 1H), 4.14 (g, 2H), 4.13 (q,

20 2H), 3.04-2.96 (m, 1H), 2.64-2.51 (m, 5H), 2.25-2.11 (m, 4H), 2.02 (br s, 2H), 1.25 (t, 3H)
1.25 (t, 3H).

Step 3. ethyl 3-oxocyclobutanecarboxylate
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{1-(4-methylbenzoy1)-3- (400 MHz, dcdmso): 28 ft [4-(7H-pyrrolo[2,3- d]pyrim idin-4-y1)-114-
pyrazol-1-yllazgetishin:d+yOacetonitrile trifluoroacetic acid salt 398.2 12.62 g5, Ndes)e38:68, 114), 8.85
(s, 1H), 8.56 (s, IN), 7.79 (t, IN), 7.62 (d, 2H), 7.30 (d, 214), 7.24 (dd, IN), 5.04 (d, 114), 4.73-4.63 (m,
2H), 4.44 Ex. #2  (d, 114), 3.74 (s, 21-1), 2.37 (s, 3H). 3-({3-(cyanomethyl)-3-

To methylene chloride (100 ml.) at -78 °C was added oxalyl chloride (1.79 mL, 21.2
mmol), followed by dimethyl sulfoxide (2.51 mL, 35.3 mmol). After 30 minutes, cis- and
trans-ethy! 3-hydroxycyclobutanecarboxylate (2.68 g, 17.6 mol) in methylene chloride (46

5 mL) was added. The mixture was stirred for 30 minutes at -78 °C. Tricthylamine (9.84 mL,
70.6 mmol) was added. The mixture was then allowed to warm to room temperature over 2
hours. Water was added to the reaction mixture, and the layers separated. The organic phase
was washed sequentially with 1N HCl, water, saturated sodium bicarbonate solution, brine,
dried over sodium sulfate, decanted and concentrated. The product (2.36 g, 94%) was used

10 without further purification.
‘H NMR (400 MHz, CDCl;): § 4.21 (q, 2H), 3.45-3.37 (m, 2H), 3.33-3.17 (m, 3H), 1.29 (4,
3H).

Step 4. ethyl 3-(cvanomethylene)cyclobutanecarboxylate
15

M

<070

To a suspension of sodium hydride (60% dispersion in mineral oil, 0.730 g, 18.3

mmol} in tetrahydrofuran {100 mL) at 0 °C was added diethyl cyanomethylphosphonate (3.22
ml, 19.9 mmol), dropwise. The cooling bath was removed and the reaction was allowed to

20 reach room temperature and was stirred at this temperature for 45 minutes. The solution was
re-cooled to 0 °C and a solution of ethyi 3-oxocyclobutanecarboxylate (2.36 g, 16.6 mmol) in
tetralrydrofuran {50 mL) was introduced dropwise. After stirring for 2 hours, water and ethyl
ether were added into the reaction. The lavers were separated and the aqueous portion
extracted with two further portions of ether. The combined extracts were washed with brine,

25  dried over sodium sulfate, decanted and concentrated. The residue was azeotroped once with
toluene to afford product, used without further purification in Step 3.

'H NMR (400 MHz, CDCl): § 5.23-5.20 (m, 1H), 4.18 (g, 2H), 3.25-3.02 (m, SH), 1.28 (1,
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(400 MHz, de-dmso): 29 0z Sr [4-(71-1-pyrrolo[2,3- d]pyrimi din-4-y1)-114- pyrazol-1-yljazetidin-1-

ylycarbonyghengpnitrilgtrifluoroacetic acid salt 409'2 12.52 (hr s, 1H), 9.06 (51N} 826t351H), 8.54
(s, IN), 8.16 (t, IN), 8.06- 8.01 (m, 2H), 7.77-7.74 (m, 1H), 7.72 (t, 1H), Ex. # 2 7.24-7.19 (m, 1H),

511 (d, 114),4.72 (d, 1H), 4,71 (d, 1H), 4.47 (d, 11-1), 3.74 (s, 2H). [314-(71-1-pyrrolo[2,3-d]p
(400 MHz, de-dmso):

3H).

Step 5. ethyl 3-(cyanomethyl)-3-[4-(7-{2-(trimethylsilyl)ethoxy]methyl-7 H-pyrrolof2,3-
dipyrimidin-4-yl)-1H-pyrazol-1-vl]cyclobutanecarboxylate

5
""'\\
5.0
&/’y
NN
{7
;
3 e
[‘if Ny si
NN

To a solution of 4-(1H-pyrazol-4-yl)-7-[2-{trimethysilyDethoxy Imethyl-7H-
pyrrole[2,3-d]pyrimidine (5.23 g, 16.6 mmol) and ethyl 3- .

10 (cyanomethylene)cyclobutanecarboxylate (prepared in Step 4) in acetonitrile (40 mL) was
added 1,8-diazabicyclo{5.4.0Jundec-7-ene (2.48 mL, 16.6 mmol). The mixture was stirred for
136 hours at room temperature. The solvent was removed in vacuo. Flash column
chromatography, eluting with a gradient of 50-90% ethy! acetate in hexanes afforded product
as a mixture of cis- and trans- isomers (4.53 g, 52% over the two steps).

15 'H NMR (400 MHz, CDCl3): § 8.85 (s, 1H), 8.84 (s, 1H), 8.45 (s, 1H), 8.41 (s, 1H), 8.33 (s,
1H), 8.31 (s, 1H), 7.41 (d, 1H), 7.40 (d, 1H), 6.81 (d, 1H), 6.80 (d, 1H), 5.68 (s, 4H), 4.17 (g,
2H), 4.12 (q, 2H), 3.54 (1, 4H), 3.27 (s, 2H), 3.28-2.80 (m, 10H), 3.19 (s, 2H), 1.26 (3, 3H),
1.25 (t, 3H), 0.92 (1, 4H), -0.06 (s, 18H); LCMS (M+H)": 481.1.

20 Step 6. {cis-3-(3-methyi-1,2, 4-oxadiazol-5-yi)-1-[4-(7TH-pyrrolo[2, 3-d]pyrimidn-4-yl)-1 H-
pyrazol-1-yljevelobutyl}acetonitrile rifluoroacetate salt and {trans-3-(3-methyl-1,2,4-
oxadiazol-5-yl)-1-[4-(7H-pyrrolof2,3-d]pyrimidn-4-yl}-1 H-pyrazol-1-
vijeyelobutvllacetonitrile wrifluoroacetate sait

To a solution of cis- and trans-ethy! 3-(cyanomethy1)-3-[4-(7-[2-

25  (trimethylsilylethoxyimethyl-7H-pyrrolo[2,3-d]pyrimidin-4-y1)-1H-pyrazol-1-

yljeyclobutanecarboxylate (2.25 g, 3.98 mmol) in tétrahydrofuran {55 mL) and water {18

mL) was added a solution of lithium hydroxide (0.48 g, 20 mmol) in a small amount of water.
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yrimidin-4-y1)-114-pyrazo 1-1-y1]-1-(2-thienylcarb onyl)azetidin-3-yl]aceto nitrile trifluoroacetic acid

salt 12.64 411 (s, IN), 8.85 (s, 1H), 8.58 (s, IN), 7.89 (dd, min 88 (dd,
major rotan%??%ﬁ%%gll% 300 390'17.77 (m, 1H), 7.73 (dd, minor rotam?ré?@)g}%@gjggg,s major

rotamer, 1H), E# 2 x. 7.27-7.25 (m, 1H), 7.22  (dd, major rotamer, 1H), 7.18 (dd, minor rotamer,
114), 5.23-5.14 (br d,

The reaction was stirred at room temperature for 4 hours. The reaction mixture was cooled in
an ice bath and ¢.HCI was added to achieve a pH of 5. The product was extracted with three
portions of ethyl acetate. The extracts were dried over sodium sulfate, decanted and
concentrated to afford the product as a mixture of cis- and trans- isomers, which was used
5 without further purification. LCMS (M+H)": 453.1.
To a mixture of 3-(cyanomethyl)-3-[4-(7-[2-(trimethylsilyDethoxy]methyl-7H-

pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl]eyclobutanecarboxylic acid prepared above
(50.0 mg, 0.11 mmol), I-Hydroxybenzotriazole (3.0 mg, 0.022 mmol), and N-
hydroxyethanimidamide (prepared according to the procedure found in J. Org. Chem., 2003,

10 68(19), pp. 7316-7321) (8.2 mg, 0.11 mmol) in N,N-dimethylformamide (0.5 mL) and N,N-
diisopropylethylamine (96 uL, 0.55 mmol) was added O-(Benzotriazol-1-y1)-N,N,N'N'-
tetramethy luronium heﬁaﬂuorophosphate (42 mg, 0.110 mmol) (Advanced ChemTech) and
the mixture was stirred at room temperature for 16 hours. Additional sub-steichiometric
quantities of O-(benzotriazol-1-y1)-N,N,N',N'-tetramethyluronium hexafluorophosphate and

15 N-hydroxyethanimidamide were added and the reaction was continued for a further 24 hours.
The reaction was then heated to 110 °C for 1 hour o complete ¢yclization. Into the reaction
was added saturated sodium bicarbonate solution and the product was extracted with four
portions of ethyl acetate. The extracts were dried over sodium sulfate, decanted and
concentrated. The crude product mixture was stirred in DCM containing 20% TFA for 2

20 hours, and the solvents were removed in vacuo. The residue was dissolved in 1.5 mL of
methanol and 0.3 mL ethylenediamine and was stirred for 2 hours, The reaction mixture was
purified by preparative-HPLC/MS (SunFire C18 column, eluting with a gradient of
H20/MeCN containing 0.1% TFA), which resolved the cis- (6 mg, 10%) and trans- (5 mg,
8%) isomers and afforded each product as the trifluoroacetic acid salt.

25  Cis- isomer: '"H NMR (300 MHz, dg-dmso): § 12.39 (br s, 1H), 8.86 (s, 1H), 8.77 (s, 1H),
8.48 (s, 1H), 7.86 {br s, 1H), 7.73-7.68 (m, 1H), 7.19-7.14 (m, 1H), 4.12-3.96 {m, 1H), 3.70
(s, 2H), 3.22-3.08 (m, 2H), 2.99-2.85 (m, 2H), 2.31 (s, 3H); LCMS (M-+H)*: 361.1.
Trans- isomer: 'H NMR (300 MHz, dg-dmso): § 12.36 (br s, 1H), 8.99 (s, 1H), 8.77 (s, 1H),
8.52 (s, 1H), 7.90 (br s, 1H), 7.72-7.67 (m, 1H), 7.21-7.17 (m, 1H), 4.03-3.88 (m, 1H), 3.52

30 (s, 2H), 3.47-3.31 (m, 2H), 2.93-2.84 (m, 2H), 2.36 (s, 3H); LCMS (M+H)*: 361.0.

Additional oxadiazoles were prepared according to Example 41, using different

amidoximes (prepared according to the procedure found in J. Org. Chem, 2003, 68(19), pp.
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1H), 4.87 (br d, 114),4.69 (hrd, IN), 4.46 (hrd, IN), 3.79 (s, 2H). 0 1Z [344-(71-1-pyrrolo[2,3-d]p
(400 MHz, g6:95959) 451 ¥rimidin-4-y1)-114-pyrazo 13.07 (hr s, 1H), 11.69 p3dr52009/036635
1-1-y1]-1-(11-1-pyrrol-2-y Icarbonyflazetidin-3-yl] acetonitrile trifluoroacetic acid salt 373.2 (hr s, 1H),
9.21 (s, IN), 8.99 (s, 1H), 8.66 (s, IN), 7.96 (s, 1H), 7.41 (s, IN), 6.96 (s, 1H), 6.59 (s, IN), 6.20-6.17(m,
1H), 5.15-

7316-7321) in Step 6, and are found in Table 2.

Table 2
R
4{ N
?!""N
F
e
-
N
NCOj
1 Method of
Ex. No. R Name (VE+ED)* H NMR (8) Preparation
{cis-3-(3-teri-butyi-1,2,4- (300 MHz, de-dmso):
oxadiazol-5-yl)-1-[4-{7TH- 12.61 (brs, iH), 8.92 (s,
(cis-) pyrrolo[2,3-d]pyrimidin- 1H), 8.83 (s, TH), .53 (5,
N 4-y])-1H-pyrazol-1- 1H), 7.80-7.74 (m, 1H),
42a /z N\ ylleyclobutylyacetonitrile 7.25-7.20 (m, 1H), 4.06 Ex. # 41
"Z? =y trifluoroacetate salt {p, 1H), 3.68 (s, 2H),
3.19-3.09 {m, 2H), 3.01-
2.90 {m, 2H), 1.27 (s,
SH}.
{trans-3-{3-teri-butyl- (300 MHz, ds-dmso):
1,2,4-oxadiazol-5-yb-1- 12.54 (brs, 1H}, 9.03 (s,
(trans-) [4-(7H-pyrrolo[2,3- 1H), 8.83 (s, TH), 8.55 (s,
N dlpyrimidin-4-y1)- 1H- 1H), 7.79-7.73 (m, 1H),
425 /‘f\ N\ pyrazol-1- 7.27-7.22 (m, 1H), 3.96 Ex. # 41
‘% =y yHeyclobutyl}acetonitrile (p, TH}, 3.51 (s, 2H),
trifluorcacetate salt 3.45-3.33 {(m, 2H), 2.98-
2.87 (m, 2H), 1.33 (s,
9H).
5
Example 43. 1-[4-{TH-pyrrolo|2,3-d]pyrimidin-4-yI)-1 H-pyrazcl-1-
vileyclobutylacetonitrile trifiuoroacetic acid salt
=N
NN
NS TFA
P
N
N
Step 1. eyclobutylideneacetonitrile,
10 To a solution of 1.0000 M of potassium tert-butoxide in tetrahydrofuran (19.2 mL) at

0 °C was added dropwise a solution of diethyl cyanomethylphosphonate (3.26 mL, 0.0202
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Ex. # 3 Modification A 4.35 (br, 414), 3.78 (s, 2H). WO 2009/114512PCT/US2009/036635 32 .

411i, (1-O0RzipdRdsd yigarbony1)-344-(7H- pyrrolo[2,3-d Jpyrimidin- 4-y0-1L-maz0idess
yllazetidin-3-ylla cetonitrile trifluoroacetic acid salt 423.1 (400 MHz, dcdmso): 1291 (hr s, 1H) 11.75 (d,

1H), 9.20 (s, IN), 8.94 (s, 1H), 8.64 (s, 1H), 7.92-7.87 (m, 1H), 7.65 (d, 1H), 7.46 (d, 1H), 7.38-7.34 (m,
1H), 7.25- 7.20 (m, 111), 7.10-7.05 (m, IN), 6.98 (d, IN), 5.26 (d, 1H), 4.96 (d, IN), 4.73 (d, 1H), 4.53
(d, 1H), 3.82 (s, 2H). Ex. #3 33 0 SS- (1-0Osoxazol-5- ylcarbony0-3-14-(71-1- pyrrolo[2,3-d]pyrimidin-

4-y1)-11-1-pyepzRldraiilaefigingd-sshaceiondsis S ior oacals 89 58lkd to rt and then
cooled to O °C again. To the reaction mixture was added a solution of cyclobutanone (1.37
mL, 0.0183 mol} in tetrahydrofuran (4.90 mL, 0.0605 mol). The reaction was allowed to
warm up to rt and stirred at rt overnight. After quenching with water, the mixture was
5 extracted with EtOAc. The combined organic layers were washed with brine, dried and

evaporated 1o dryness. The crude mixture was used directly in next step (1.30 g, 76.25%).

Step 2. 1-[4-(7H-pyrrolo[2, 3-d]pyrimidin-4-yl)-1 H-pyrazol-1-yl]eyclobutylacetonitrile.
To a solution of 4-(1H-pyrazol-4-y1)-7-[2-(trimethylsilyethoxy Imethyl-7H-

10 pyrrolof2,3-d]pyrimidine (0.030 g, 0.000095 mol) in acetonitrile (0.60 mL, 0.011 mol) was
added cyclobutylideneacetonitrile (0.0177 g, 0.000190 mol), followed by 1,8- '
diazabicyclo[5.4.0Jundec-7-ene (0.0142 mL, 0.0000951 mol). The resulting mixture was
stirred at rt overnight. Afier evaporation to dryness, the residue was purified on silica gel to
give the desired Micheal addition product. LCMS (M+H) 409.1.

15 The crude residue made above was dissolved in 0.2 mL of dichloromethane and
treated with 0.4 mL of TFA at rt for 30 min. After evaporation to dryness, the residue was
treated with 50 pL of ethylenediamine in 1 mL of methanol at rt for 30 min. The resulting
mixture was purified on RP-HPLC (XBridge C18 column, eluting with a gradient of
acetonitrile/water containing 0.1% TFA) to give the tilted product as TFA salt, LCMS

20 calculated for CisHsNg(M+H)Y": 279.1; Found: 279.0. "H NMR {400 MHz, DMSO-dg): 8
12.68(1H, br s}, 8.88 (1H, s), 8.84 (1H, ), 8.51 (1H, s), 7.78 (1H, m), 7.25 (1H, m), 3.49 (2H,
s), 2.78 (2H, m), 2.39 (2H, m), 2.06 (1H, m}, 1.93 (1H, m) ppm.

Example 44. cis- and trans-3-(hydroxymethyl)-1-{4-(7TH-pyrrolo[2,3-d]pyrimidin-4-yl)-
25 1H-pyrazol-1-yljcyclobutylacetonitrile,

==N
—N
\

N

P

N =r
b
NTN

Step 1. diisopropyl 3,3-dimethoxycyclobutane-1, 1-dicarboxylate.
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375.0 (400 MHz, d5-dmso): 12.50 (br s, IN), 9.09 (s, 1H), 8.83 (d, major rotamer 11-1), 8.80 (d, minor

rotamer, | ), 8.55 (s, IN), 7.76-7.73 (m, 1H), 7.24- 7.20 (m, 1 r rotamer,
IN), 7.15 (?(rﬁé%?"%g%er 1H), 5.22 (d, 1H), 4.91 (d, IN), 4.73 (d, Hi), 44%%&%?%—?)%%% 2H). Ex. #

2 0 NH (1-(1H-pyrazol-3- ylcarbonyl)-3-[4-(7H- pyrrolo[2,3 -d]pyrimidin- 4-y1)-1H-pyrazo | -1-
yllazetidin-3-y1 } acetonitrile trifluoroacetic acid salt 374.2 (400 MHz, (15-dmso): 12.77 (hr s, IN), 9.14
(s, IN), 8.89 (s, IN), 8.59 (s, 114), 7.87-7.82 (in, 2H), 7.33-7.29 (m, 1H), 6.71 (d, IN), 5.11 (d, IN), 4.91
(d, 1H), 4.68 (d, 1bi)ls¢hiyndibhard (78 £50. 26 h BiXwAshMedifisalias, enaé Binrgen-t1dsobuty!

rioroacobt T S ABECT RO WS B ey T M A S 00 O e o 1.0 8,53 (s
1H), 7.78-7774: (i, med) ?mzwwmt ﬂm)wmma(brﬁsv@ Hyazmesmeémebw@m"@ 80 ¢assatin 871 (s, 2H),
1.87 (sept, Heldr&:80:(d 1.5k, E%—dﬁgoaﬁg,‘@aﬁlethoxypropane (50 g, 0.2 mof) was added in one
5 portion and the mixture heated at 140 °C for 48 h. The cooled mixture was poured into sat.
solution of ammonium chloride (300 mL), extracted with hexane. The organic layer was
washed with sat. sodium bicarbonate, brine, dried over sodium sulfate, and evaporated to
dryness. The residue was distilled under vacuum (oil pump) to afford the desired cyclobutane
compound (31 g, 56.32%). bp 92-94°C/0.01mm). "H NMR (400 MHz, CDCls): § 5.02 (2H,
10 sept., J=6.4 Hz), 3.12 (6H, 5), 2.66 (4H, 5), 1.1} (12H, d, J = 6.4 Hz) ppm.

Step 2. 3-oxocyclobutanecarboxylic acid,
Diisopropyl 3,3-dimethoxycyclobutane-1,1-dicarboxylate (31 g, 0.11 mol) was heated
with 78 mL of 20% HCI at reflux for 60 h. After cooling, the solution was continuously
15 extracted with ether for 18 h. The ether was removed at a reduced pressure, leaving a yellow

oil, which crystallized on standing to give the titled acid (10.4 g, 84.78%),

Step 3. methyl 3-oxocyclobutanecarboxylate.
A solution of N N'-dicyclohexylcarbodiimide (7.17 g, 0.0347 mol) in methylene

20 chloride (8 mL, 0.1 mol) was added dropwise to a stirred mixture of 3-
oxocyclobutanecarboxylic acid (3.6 g, 0.032 mol), methanol (2.6 mL, 0.063 mol) and 4-
dimethylaminopyridine (3.08 g, 0.0252 mol) in methylene chloride (20 mL, 0.2 mol). The
mixture was stirred at rt for 24 h, then filtered through Celite. The filtrate was washed with
0.5 M HCI and sat. sodium bicarbonate, dried and concentrated to dry. The residue was

25  purified on silica gel, eluting with 0 to 40% EtOAc in hexane, to give the desired ester (3.26
g, 80.64%). "H NMR (CDCls, 400 MHz): § 3.78 (s, 3H), 3.43~3.20 (5H, m) ppm.

Step 4. methyl 3-(cyanomethylene)cyclobutanecarboxylate.
To a solution of 10000 M of potassium tert-butoxide in tetrahydrofuran (26.7 mL) at
30 0 °C was added dropwise a solution of diethy! cyanomethylphosphonate (4.53 mL, 0.0280
mol) in tetrahydrofuran (50 mL, 0.6 mol). The reaction was warmed to rt and then cooled at 0
°C again. To the reaction mixture was a solution of methyl 3-oxocyclobutanecarboxylate

(3.26 g, 0.0254 mol} in tetrahydrofuran (20 mL, 0.3 mol). The reaction was allowed to warm
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phenyl 3-(cyanomethyl) -3-[4-(7H-pyrrolo[2,3- d]pyrimidin-4-y1)-1H- pyrazol-1-yhazetidine-I-

carboxylatg ki c acid salt 400.1 (400 MHz, d6-dmso): 12.52 (br ), 8.83 (s,
1H), 8.57 (i"%) /?%?%I 75 (m, IN), 7,44-7.37 (m, 2H), 7.28- 7.22 (m, 211 ?dy@oéﬁ?/z@(?n&%m 4.85 (hr

m, IN), 4.66 (hr m, 1li), 4.56 (br m, IN), 4.39 (hr m, 1H), 3.79 (s, 2H). Ex. # 2 37 0 '70OBn benzyl
3-(cyanomethyl)- 3-[4-(7H-pyrrolo[2,3- d]pyrimidin-4-y1)-11-1- pyrazol-1-yllazetidine- 1 - carboxylate
trifluoroacetic acid salt 414.2 (400 MHz, c15-dmso): 12.56 (hr s, IH), 9.03 (s, 1H), 8.83 (s, 1H), 8.54 (s,

140, 7-7O-TuE A b 40T AT S o2 200, W0 (5.2 o B #2 WO

/036635 211), 4.34 (br, 2H), 3.72
2009/11451\%?%t /eLrJSi“ gcr.):gmbmed organic 1a}2€rs were(washed)With water, brine, dried and

evaporated to dryness. The crude mixture was purified on silica gel, eluting with 0 to 40%
EtOAc in hexane, to give the desired product (3,12 g, 81.12%). LCMS calculated for
5  CsHioNO(M+H)": 152.1; Found: 152.3.

Step 5. methyl 3-(cyanomethyl)-3-[4-(7-[2-(trimethylsilyl) ethoxy]methyl-7H-pyrrolof2, 3-
djpyrimidin-4-yl)-1H-pyrazol-1-yljeyclobutanecarboxylate.
To a solution of 4-(1H-pyrazol-4-yI)-7-12-(trimethyIsilyl)ethoxy]methyl-7H-

10 pyrrolo[2,3-d]pyrimidine (2.01 g, 0.00637 mol) in acetonitrile (4.0E1 mL, 0.77 mol) was
added methy! 3-(cyanomethylene)cyclobutanecarboxylate (1.93 g, 0.0127 mol), followed by
1,8-diazabicyclo[$.4.0Jundec-7-ene (0.953 mL, 0.00637 mol). The resulting mixture was
stirred at 50 °C overnight. After evaporation to dryness, the residue was purified on silica gel,
eluting with 0 to 100% EtOAc in hexane, to give the desired Micheal addition product as a

15 mixture of cis- and trans- isomers (2.12 g, 71.3%). LCMS calculated for
CasH31NgO3Si(M+H)": 467.2; Found: 467 4.

Step 6. 3-(hydroxymethylj-1-[4-(7-[2-(trimethylsilylethoxy ]methyl-7H-pyrrolo/2,3-
dipyrimidin-4-yl}- 1 H-pyrazol- 1-yljeyclobutylacetonitrile.

20 To a mixture of methyl 3-(cyanomethyl)-3-[4-(7-[2-(trimethylsilyl}ethoxyJmethy]-
TH-pyrrolo[2,3-d]pyrimidin-4-yl)- 1H-pyrazol-1-yljcyclobutanecarboxylate (7.0 g, 0.015 mol)
in tetrahydrofuran (1'00 mL, 1 mol) was added lithium tetrahydroborate (0.327 g, 0.0150 mol)
at 0 °C. The reaction was then heated at 50 °C for 3 h., To the reaction was added 60 mL of
methanol. The resulting mixture was heated at 50 °C for another 15 min, then evaporated to

25  dryness. The residue was treated with I N HC, then neutralized with solid sodium
bicarbonate, extracted with EtOAc. The combined organic layers were washed with brine,
dried over sodium sulfate and evaporated to dryness. The residue was purified on silica gel,
eluting with 0 to 100% EtOAc, to give the desired product as cis- and trans- mixture (5.85 g,
88.91%). LCMS calculated for CpnHs 1 NQ2Si{M+H)": 439.2; Found: 439.4.

30
Step 7. 3-(hydroxymethyl)-1-[4-(TH-pyrrolof2, 3-d]pyrimidin-4-yl)-1 H-pyrazol-1-
yijevelobutyviacetonitrile.

To 3-(hydroxymethyl)-1-{4-(7-[2-(trimethylsily Dethoxy Jmethy - 7H-pyrrolo[2,3-
d]pyrimidin-4-y1)-1H-pyrazel-1-yl]cyclobutylacetonitrile (0.030 g, 0.000068 mol) was added
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3-(cyanomethyl)-N- (400 MHz, d6-dmso): phenyl-3-[4-(7H- 12.61 (br s, 111), 9.06 (s,
pyrrolo[2, 3ygipyrimiding, 1H), 8.85 (s, 1H), 8.75 (s,  4-y1)-1H-pyrazol-1- JEJEL)WQQZOQ%J&Q;&S?'?Q

1.5 mL of TFA. The reaction was stirred at rt for 30 min, then evaporated to dryness. The
crude mixture was dissolved in I mL of methanol and treated with 60 pL of ethylenediamine
at 1t for 5 h. The resulting mixture was purified on RP-HPLC (XBridge C18 column, eluting
with a gradient of acetonitrile/water containing 0.15% NH;OH) to give the desired products
5 as free bases, First peak retention time 0.766 min, LCMS calculated for Ci¢H17NsO(M-+H)":

309.1; Found: 309.3. '"H NMR (400 MHz, DMSO-dg): 5 12.1 I{1H, br 5), 8.67 (1H, 5), 8.65
(1H,s), 8.37 (1H, s), 7.58 (1H, d, I = 3.6), 7.02 (1H, d, ] = 3.6 Hz), 4.69 (1H, brs), 3.47 (2H,
s), 3.41 (2H, br s}, 2.53 (2H, m), 2.37 (ZH, m) ppm. Second peak retention time 0.805 min,
LCMS calculated for Cy6H2NgO(M+H)": 309.1; Found: 309.3. '"H NMR (400 MHz, DMSO-

10 de): 8 12.11(1H, br s), 8.80 (1H, s), 8.68 (1H, ), 8.40 (1H, s), 7.58 (1H, d, ] = 3.6 Hz), 7.07
(1H, d, J = 3.6 Hz), 4.78 (1H, brt, ] = 5.2 Hz), 3.47 (2H, br t, J = 5.2 Hz), 3.36 (2H, 5), 2.85
(2H, m), 2.29 (2H, m) ppm.

Example 45. cis- and trans-S-(ﬂuoromethyl)-i~{4-(7}i-pyrrolo[2,3—d}pyrimidin-ff-yl)-lH*
15 pyrazol-1-ylcyclobutyiacetonitrile.
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To a mixture of 3-(hydroxymethy[)-1-[4-(7-[2-(trimethylsilyl)ethoxy]methyl-7H-

20 pyrrolo[2,3-d]pyrimidin-4-y1)-1H-pyrazol-1-yljcyclobutylacetonitrile (0.050 g, 0.00011 mol)
in methylene chloride (3.10 mL, 0.0483 mol) in a plastic bottle was added 2-methoxy-N-(2-
methoxyethy!)-N-(trifluoro-A(4)-sulfanyl)ethanamine (63.0 uL, 0.000342 mo!) followed by
ethanol (1 pL, 0.00002 mol}. The reaction was stirred at rt overnight, then evaporated to
drynes to yield the fluorinated product. LCMS (M+H) 441.1.

25 To the residue from above was added 3 mL of TFA. The reaction was stirred at rt for
30 min, then evaporated to dryness. The crude mixture was dissolved in } mL of methanol
and treated with 60 pL of ethylenediamine at 1t for 5 h. The resulting mixture was purified on

RP-HPLC (XBridge C18 column, eluting with a gradient of acetonitrile/water containing
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38 lyllazetidine-1- 399.2 (br t, Ill), 7.53-7.48 (m, Ex. #2 NHPh carboxamide 211), 7.29-7.22 (m, 311),
trifluoroacglig agid, salt; £-95 (1, 114), 4,61 (d, 211),  4.36 (d, 2H), 3.75 (Sc1/U52009/036635

0.15% NH;OH) to give the desired products as free bases. First peak retention time 0.973 min
on analytic LCMS [Waters SunFire HPLC column (C18, 2.1x30 mm, 5 uM), injection
volumn 2 pL, flow rate 3 mL/min, gradient from 2 1o 80% B in 3 minutes (A = water with
0.025% TFA,; B = acetonitrile}], LCMS calculated for CysH;sFNg(M-+H)": 311.1; Found:
5 311.3. Second peak retention time 1.006 min on analytic I.CMS, LCMS calculated for

C16H sFNg(M+H)": 311.1; Found: 311.3. "H NMR (500 MHz, DMSO-de): § 12.09(1H, br s),
8.84 (1H, s), 8.70 (1H, 5), 8.43 (1H, 5), 7.59 (1H, d, ] = 4.0 Hz), 7.08 (1H, d, ] = 4.0 Hz), 4.53
(2H, dd, J = 5.5 and 47.5 Hz), 3.38 (2H, s), 2.97 (2H, m}, 2.68 (1H, m), 2.39 (2H, m) ppm.
“F NMR (500 MHz, DMSO-dg) 8 -221.84 (td, ] = 47.5 and 21.0 Hz) ppm.

10
Example 46. cis- and trans-3-(difluoromethyl)-1-{4-(7H-pyrrole[2,3-d]pyrimidin-4-y1)-
1H-pyrazol-1-yljcyclobutylacetonitrile,

==N
E
=
=

N
N
NTOR
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Step 1. 3-formyl-1-[4-(7-[2-(trimethylsilyl)ethoxy]methyl-7TH-pyrrolo[2, 3-d]pyrimidin-4-yl)-
15 IH-pyrozol-1-vl]cyclobutylacetonitrile.
Dimethyl sulfoxide (0.194 mL, 0.00274 mol) was added to a solution of oxalyl
chioride (0.145 mL, 6.00171 mol) in methylene chloride (6.384 mL, 0.0995% mol) at -78 °C.
After 10 min, 3-(hydroxymethyl)-1-[4-(7-[2-(trimethylsily l)ethoxy Jmethyl-7H-pyrrolo[2,3-
d]pyrimidin-4-y1)-1H-pyrazol-1-yl]eyclobutylacetonitrile (0.500 g, 0.00114 mol) in
20 methylene chloride (12.77 mL, 0.1992 mol) was added and the resultant mixture was stirred
at -78 °C for 30 min. Triethylamine (0.794 mL, 0.00570 mol) was then added and the mixture
was stirred for 5 h with the temperature allowed to gradually warm up to rt. After quenching
with water, the mixture was extracted with methylene chloride. The organic layers were
com5i11ed, washed with brine, dried and evaporated to dry. The residue was purified on silica
25  gel, eluting with 0 to 100% EtOAc in hexane, to give the desired aldehyde (430 mg, 86%).
LCMS calculated for CoHasNgO,Si(M+H)": 437.2; Found: 437 4.

Step 2. 3-(diftuoromethyl)-1-{4-(7H-pyrrolo[2, 3-d[pyrimidin-4-yl)-1 H-pyrazol-1-
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211).  Where products in Table | are referred to as the free base, they were purified using

preparativeglRife/Max {zXBridge C18 column, eluting with a gradient of MegdN/id2eneiaisng 0.15%
N1-140H rather than containing 0.1% TFA). Example 39.

cis-3-(cyanomethyl)-N,N-dimethy1-344-(7H-pyrrolo[2,3-dIpyrimidin-4-y1)- 1H-pyra zol-1-yl] cyclo b uta
nesulfona m ide and tra ns-3-(cya nom ethyl)-N,N-d im ethy1-3-14-(7H-py r rolo [2,3-d]
pyrimidin-4-y1)-1Hpyrazol-1-yficyclobutanesulfonamide Step I. cis- and
trans-3-(bepZyiokyp)Hiddedimirethylcyclobutanesulfonamide 0 \' 0=S OBnN 15To a solution of

methanesulfonamjde, N,N-ditpethyl ({147 %_@(%mm@%%?%ggwg{aﬂ%%(ﬁ%m[libat -78 C was

added a solution of 2.50 M of n-blZ,l\;%)/ ithium in" hexane e reaction was stirred

).
at -78 C ford® Fimitinsd WA heaslamida i orelastretite 015 ?Trﬂpﬁr‘:z]ﬁoéﬂﬂéﬁ‘\/vas re-cooled to -78
C. A solutiofety2enbeayde Xg xr,dpzEneael) 3:diybbhis bbitizethy Hidni ensshitonate)-(prepared as
described i';hQﬁo%lg‘égghWE&%&JH@S%%%&%&R&%%%%01.2@1 (@29 50281 191383 gl In

Stetrahydrofuran (120 mL) was ad opwise, rapidly. The reaction was stirred at -78 C for 15
minutes folshr CorkpfetelddentioRhererring BaIRaS Fehasatchnhthe yerastish Wllowed to warm to
ambient terpparaiurenwand-mhagrs. The solution was re-cooled to -78 C and 2.50 M of n-butyllithium

in hexane (31 mL, 77.5 mmol) was added. After ﬁ?n he bath was remaqv nd the reaction again
allowed to r%%t([:k‘% Iz:lersﬁ ien at@rﬁ%%?aﬁﬁeada%neg %tﬁﬁfoor i é’QTf&%ﬁeras%!ﬂ%‘ﬁ% Srueréectifgr% v%gg (J}u%la’ed incomplete
by TLC, it vibe coetettiagtintoess heamuda fiitver portiorrbrg 86 MLotiistigiitsnskrdgisdsexane (10 mL,

25 mmgl) WasradeeRnidpennverming (o memtemReiatte, the: leagtinp requRRGRAERY the addition
exiracts wetB HEBHe o G e A et DA L g ST B3 e o over 15
sodium sulfée Yiteidaiane gionibe dasitedipfthsts ehfombawgr pbhyrcelutirgtivnhimegtadent of 20-50%
ethyl acetatg;in hexagesaiirded eesirasnidugyr Bhe ispmars were eharartertoadiseparately but
were recombined for the subsequent transformation as a mixture of cis and trans isomers (7.06 g,
44%). DMSO-dg): & 12.10(1H, br s), 8.74 (1H, s), 8.69 (1H, s), 8.40 (1H, s), 7.59 (1H, d, T =3.5
15 Hz), 7.06 (1M, d, ] =3.5 Hz), 6.20 (1H, td, J = 57.0 and 4.0 Hz), 3.57 (2H, s), 2.98 (1H, m),
2.81 (2H, m), 2.52 (2H, m) ppm. Second peak retention time 0.974 min, LCMS calculated for
CsHysFNgM+H): 329.1; Found: 329.1. "H NMR (500 MHz, DMSO-dg): 8 12.10(1H, br s),
8.78 (1H, 5), 8.70 (1H, s), 8.44 (1H, 5), 7.60 (1H, d, J = 3.5 Hz), 7.09 (1H, d, J = 3.5 Hz), 6.25
(1H, td, ] = 57.0 and 4.5 Hz), 3.41 (2H, 5), 3.01 (2H, m), 2.90 (1H, m), 2.56 (2H, m) ppm.
20
Example 47. cis- and trans-2,2'-{1-[4-(7H-pyrroio[2,3-d]pyrimidin-4-yI)-1 H-pyrazoi-1-
yljcyclobutane-1,3-diyl]diacetonitrile.
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Step 1. 3-(cyanomethyl)-3-[4-(7-[2-(trimethylsilyl)ethoxy]methyl-7H-pyrrolo/2, 3-
25  dlpyrimidin-4-yl)-1H-pyrazol-I-yljcyclobutyimethyl methanesulfonate.
To a mixture of 3-(hydroxymethyD)-1-[4-(7-[2-{trimethylsily])ethoxy Jmethyl-7H-
pyrrolo[2,3-dJpyrimidin-4-y1)-1H-pyrazol-1-yljeyclobutylacetonitrile (0.122 g, 0.000278
mol) in methylene chloride (2 mL, 0.04 mol) was added triethylamine (0.0775 mL, 0.000556
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Isomer I: 'H NMR (400 MHz, CDC13): 67.38-7.27 (m, 5H), 4.42 (s, 2H), 4.41-4.33 (m, IH), 203.83-3.74

(M, 1H), 2868 )47 9-2.71 (m, 2H), 2.47-2.38 (M, 2H). Isomer 2: 'H Np IR, {490,033 DC13): 3
7.37-7.26 (m, 5H), 4.44 (s, 2H), 4.02-3.93 (m, 1H), 3.34-3.24 (m, 1H), 2.85 (s, 6H), 2.61-2.46 (m, 4H).

Step 2. cis- and trans-3-hydroxy-N,N-dimethylcyclobutanesulfonamide Ol N 250H To a mixture of
cis- and trans-3-(benzyloxy)-N,N-dimethylcyclobutanesulfonamide (7.06 g, 26.2 mmol) in ethanol (100
mL) was added palladium (2.8 g, 2.6 mmol) (10% on C, wet Degussa type). The mixture was

degassed apdishakendpdseBapsiRhiydieaan(0odR Raussodhelaastionmixtiie was filtered, and
the palladium on carbon was rinsed wi %%Oe hanol. The filtrate Wa? Iccr)ncentrated to affaord a white

solid, used WithSUFFuRHer V BIHCASASABY'Y, 86 X EPRdR H EBE13°ETE9 4 63 (m, 1H,
minor isoméwy e, 22repyashedmaifobivenddey] 8@3v8gds{nm dtfamithen iseneerd3BIRAAT. (M, IH, major
isomer), 2.87(Sor G IRRE ISQMBEL BrBfi{Sn Gkl MAIQN I89RBEH) RS B Ty dpiger isomer),
2.76-2.%\'8 (r‘EL, ﬂ—(%@gé@r 3 2.4%-2.4(_)3(|n, 2H, major isomer), 2.40-2.32 (m, 2H, minor isomer).
Step 3, N,N-dim& =3 ooélg)jg é)htza 8uiftisiartiide 0 0/ 0 To a solution of Dess-Martin periodinane
(14.3 g, 33.7 mmol) in methylene chloride 10(200 mL) was added cis- and

traﬂ5-3-hyd[s%yz'.\'z,'ﬂ*—%@?WM%%%WMW%@WJ9'3?5%%;%?&}»)'FI%%M&.DP.%}M?Pe chloride (200
or

mL). The reaction was stirred at ambient temperature hours. Thé volume of DCM was reduced
to 100 mL ifVAE{T5e¥i#E %olution was filtered through a plug of basic alumina, rinsing with further
DCM. The filtrate wasavapdrafethndinetigbiit[Ag AEdlomnstiokizisolchwadnextsactdd by stirring vigorously

with 13geveral: pRrians af syl stherin,suesessinn . Bhe,srlagtsRiRlliated raygh a plug of

0.000267 mol) and potassium cyanide (0.0870 g, 0.00134 mol) in N,N-dimethylformamide
(1.0 mL, 0.013 mol) was heated at 65 °C overnight. After cooled to rt, the mixture was
extracted with EtOAc. The combined organic layers were washed with water, brine, dried
over magnesium sulfate, then evaporated to dryness. LCMS (M+H) 448.4.

15 The crude product made above was treated with 1 mL of TFA at rt for 30 min, then
evaporated to dryness. The resulting residue was treated with 0.1 mL of ethylenediamine in 1
mL of MeOH at rt overnight. The mixture was applied on RP-HPLC (XBridge C18 column,
eluting with a gradient of acetonitrile/water containing 0.15% NH;4OH) to give two isomers at
a ratio of 3:2. First peak retention time 0.86% min, LCMS calculated for C7HgNo(M-+H)™:

20 318.1; Found 318.3. "H NMR (500 MHz, DMSO-ds): 8 12.09(1H, brs), 8.72 (1H, s), 8.69
(1H, s), 8.39 (1H, 5), 7.60 (1H, d, J = 3.5 Hz), 7.05 (1H, d, J = 3.5 Hz), 3.52 (2H, s), 2.79
(2H, brs), 2.68 (1H, m), 2.61 (2H, br s), 2.60 (2H, br s) ppm. Second peak retention time
0.919 min, LCMS calculated for Ci7H1eN+(M+H)": 318.1; Found 318.3. 'H NMR {500 MHz,
DMSO-dg): 6 12.09(1H, br 5), 8.85 (1H, s), 8.70 (1H, 5), 8.43 (1H, s), 7.59 (1H, 4, T = 3.5

25 Hz), 7.08 (1H, d, J = 3.5 Hz), 3.40 (2H, s), 3.07 (2H, m), 2.80 (2H, d, J = 7.0 Hz), 2.70 (1H,
m}, 2.34 (2H, m) ppm.

Example 48. cis- and trans-3-(cyanomethyl)-1-methyl-3-{4-(7H-pyrrole{2,3-d}pyrimidin-

4-yD-1H-pyrazol-1-yljcyclobutanecarbonitrile.
30
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solid sodium carbonate and again filtered through another plug of basic alumina, rinsing finally with an
additional gpepdlpnitign of ethyl acetate to afford clean product (4 g, 70%).pENMRJISRNMHZ,
CDC13): 5 3.89-3.80 (m, 1H), 3.68-3.59 (m, 2H), 3.44-3.34 (m, 2H), 2.93 (s, 6H). 20 Step 4.
cis-3-(cyanomethyl)-N,N-dimethy1-344-(7H-pyrrolo[2,3-d]pyrimidin-4-A-1Hpyrazol-.1-ylicyclobutanesulf
onamide and '
trans-3-(cyanomethyl)-N,N-dimethy1-3-[4-(7Hpyrrolo[2,3-d]pyrimidin-4-y1)-1H-pyrazol-.1-ylicyclobutan
esulfonamide A mixture of N,N-dimethy1-3-oxocyclobitanesulfonamide (4.0 g, 22 mmol) and
25(triphenylphosphoranylidene)acetonitrile MG mmol) in toluene (150 mL) was heated to
reflux for 1 hour. The reaction solution waggleténigchaway from insolubles and the solvent removed in

vacuo to afford crude product, used without furthelpification in conjugate addition.  'H NMR (300

of 4-(1H-pyrazol-4-y1)-712-(trimethylsilypethoxyj
mmol) and crude 3-(cyanomethylene)-N,Ndimethycyetol
acetonitrile (200 mL) was added 1,8- diazabicyclo[5.4.0jtindec-7-ene (3.36 mL, 22.5 mmol). The

reaction was stirred for 16 hours. The crude product was purified by flash column chromatography,

eluting y\{ithﬁeﬁrﬁqi_ ?Eh?ﬁ-?gﬁ%%‘y e}l}ggygﬁg%g?gcmgg&p}gromethane). T_he product collected f_rom t_his
pre-purification was further purlﬁed using preparative-HPLC/MS (XBridge C18 column, eluting with a

gradient of MeCNf20rEshRa i fgretudone sy Erapieneesrhemitdl e (Pltar8 OFiE s fEoThe cis-and trans-
isomers wep sepanaedousiapiapemianoaithisonixiure hithefollasdrngotetbosinfahiral Technologies
Chiralcel OJ.column, 30 x 250 mm, 51 packi terigl .elufi ith 106Q0%.ethanal in hexanes at a
fow rate of L RS o R TR g ST e i UL S ot Wi deprotected

by stirring iRehzDR6ITE A DEORE-1F02 Houes, et edded BheavagératienstreddisISIvinEthe residue in 4 mL

MeOH to whigh amwef sthvlangdiaminemasithen agddediuAftalosiiing fekdabeuky e solvents were
removed in vacuq, the crude product reconstituted and, purified by preparative-HPLC/MS (XBridge C18
oo, Sy B BRI LS A 5 BN R ST o 5.
(cyandfhetriyhopsNTdimeaiie/ eddue-¢reiupsd ditefdy3rdlpyiritaidin-4-y1)-1H-pyrawl-1-
yllcyclobutanesulfonamide. 'H NMR (500 MHz, do-dmso). 8. 12.10 (br s, IH), 8.78 (s, 1H), 8.69 (s,

1H), 8.42 ((s},t(elr%ﬁgmaﬁ%&%lH), 7@%‘(1’ IH %%.%ZISI_ng, 1H), 3.59 (s, 2H), 3.14-3.07 (M, 2H), 2.85-2.79 (m,

2H), 203.8 3 OBEB 1 BEAK Ained from the separation of isomers was deprotected

and purified by thé sxxterneEthier 80 ok Peak!lang affodtdxane (200 mL, 2 mol), 1-methyl-3-
trans-3-(cyanemety)-NiNcdisag 3¢ & 68H: Y510l B and 0.2 M of osmium tetraoxide in

dpripsn by Lovess e ionnde. MR U Soeo o 1210
2H), 3.35-31@8pfra) 2 k1Y a2 BOHRBR {1, 10M) PO RIS ) L@ONSi0886 (34.1 g, 0.113 mol) was

added in portions over a period of 30 min, The mixture was stirred overnight. The mixture

was extracted with dichloromethane and combined organic layers were dried over MgSQOa.

After removal of the solvents, the crude product was used directly in next step (5.50 g,

20 93.92%). '"H NMR (CDCls, 400 MHz): § 3.74 (2H, m), 3.16 (2H, m), 1.75 (3H, s) ppm.

Step 3. 3-(cvanomethylene)- 1-methylcyelobutanecarbonitrile.
To a solution of 1.0 M of potassium tert-butoxide in tetrahydrofuran (52.9 mL) at
°C was added dropwise a solution of diethy! cyanomethylphosphonate (8.98 ml, 0.0555 mol)
25  intetrahydrofuran (90 mL, 1 mol). The reaction was warmed o rt and then cooled at 0 °C
again. To the reaction mixture was added a solution of 1-methy[-3-
oxgcyclobutanecarbonitrile (5.50 g, 0.0504 mol) in tetrahydrofuran (40 mL, 0.6 mol). The
reaction was allowed to warm up to rt and stirred at rt overnight. After quenching with water,

the mixture was extracted with ether. The combined organic layers were washed with water,
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Example 40. cis-3-isoxazol-3-y1-1-14-(7H-pyrrolo[2,3-dipyrimidiu-4-y1)-111-pyrazol-1-

ylicyclobutygeaigiyig 30and trans o  PCT/US2005/036635
-3-isoxazol-3-y1-1-[4-(7H-pyrrolo[2,3-d]pyrimidin-4-y1)-1H-pyrazol-1- ylicyclobutylacetonitrile Step].
diethyl 3-(benzyloxy)cyclobutane-1,1-dicarboxylate 00 5 To a suspension of sodium hydride (60%
dispersion in mineral oil, 4.67 g, 0.117 mol) in 1,4-dioxane (69 mL) was added diethyl malonate (17.7
mL, 0.117 mol) dropwise. The mixture was stirred for 1.5 hours at ambient temperature after complete

addition. Taihis shkdure wasaddes Eyatemant-(alorameathvieibarylnettdbenzengnprepared
according tg 10the re found in Organic Letters (2004) 1) 1853-1856; 32.0 g, 0.121 mol)
dropwise ar?d%fh%?eggi%f%%ﬁrﬁiﬂuﬁeex @%gos%??’ré%]‘?lgfa Sir%(f) ('ro g ‘%ﬁ%&%ﬁt étié)'rgﬁbér'aﬁg]rﬁe%?then heated at reflux
for 16 hoursaitHetedilai frellvdg Mobled bribfkenadid 3¢ bath and sodium hydride (60% dispersion in
mineral oil, 4.67 g, 0.117 mol) was added portionwise. The mixture was heated to reflux for a further

24 hours. Upon cqoling to rgom femperature, the mixt s 15poured.i H 7 buffer and brine,
and thessprO(f fl%t"'\cf\f/géécyex rigéfég \_/\jlli_fﬁe%é%“%fé% o’ﬁ’gr(r)?)l(gz%%F%&é’?&%’@%bﬂ%ﬁ%@g tracts were
washed with Isrislebdereedasberigdeium sulfate, decanted and concentrated. Flash column

VR D e 4 10 (. 51.1). 2.63.3.75
%). ' 1z, m, 51-1), 2.83-2.
20(m, 2H), 5¥§§@55%’%ﬂ¥%fﬂ“1‘?§@8%% gn%%%%%fmé@ﬁ %?B)E‘?El ?‘?é‘%s k., 0.01 mol) was |
trans-3-(bengyid Ryopooheitateeaiburiiidcacich OBnc2rloGORHOA 5 gt 00608 thl),
3-(bengyloxyleyelaBytaRenldsAicarpoxiRiRd29.0h0 (R85 3 Eradd @R9 nRtas s R lydrexide (18 g,

0.32 mol) in ethanol (110 mL) and water (10 mL) was heated to reflux for 2 hours. The basic mixture

was washel BHE S HTeeR e e SherRAIERWREHASR SR a0 portions of IN
NaOH. The combifredradeiedusriayey sweresaitidifirddob FRA @ididitrorcefccabi@ loandowkhe then extracted

with ethyl efher ihree dmnesieCombiRad.axiasisweis wash el WhRiEdrigd qver sodium sulfate,

decanted and 1Qconcentrated to afford the intermediate diacid as a stic ﬁ/ P¥ellow solid which was
mL of methanol at rt overnight. The reaction mixture was applied on RP- C (XBridge

15 C18 column, eluting with a gradient of acetonitrile/water containing 0.15% NH,OH) to give
the desired products as free bases. First peak retention time 0.916 min, LCMS calculated for
Ci7HsNo(M+H)": 318.1; Found 318.4."H NMR (500 MHz, DMSO-dg): § 12.10(1H, br s),
8.93 (1H, s), 8.71 (1H, s}, 8.46 {1H, 5}, 7.6]1 (1H. d, I =3.5 Hz), 7.08 (1H, d, J = 3.5 Hz), 3.48

(2H, dd, J=2.0 and 12.5 Hz), 3.45 (2H, 5), 2.74 (2H, dd, } = 2.0 and 12.5 Hz), 1.62 (3H, 5)

20 ppm. Second peak retention time 0,988 min, LCMS calculated for C;7H15N7(M+H)+: 318.1;
Found 318.4. 'H NMR (500 MHz, DMSO-de): § 12.10{1H, br s), 8.84 (1H, s), 8.70 (1H, s),
8.43 (1H, s), 7.61 (1H, d, T = 3.5 Hz), 7.06 (1H, d, T = 3.5 Hz), 3.52 (2H, s), 3.12 (4H, m),
1.45 (3H, s) ppm. '

25  Example 49, cis- and trans-3-(cyanomethyl}-1-(methoxymethyl)-3-[4-(7H-pyrrolo[2,3-
dipyrimidin-4-yh-1H-pyrazol-1-yljcyclobutanecarbonitrile.
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subsequently azeotroped with toluene. The diacid was heated neat under hyvac (<5 mm Hg) at 190C
for 1.5 hougsdagifgeifecarboxyation to a mixture of cis- and trans- monoggigs;4sefpdthout further
purification (13.5 g, 92%). '14 NMR (400 MHz, CDC13): 5 7.38-7.26 (m, 10H), 4.44 (s, 2H), 4.43 (s,
214), 4.31 (p, 1H), 154.02-3.93 (m, IH), 3.12-3.04 (m, 1H), 2.72-2.62 (m, 1H), 2.59-2.48 (m, 4H),
2.38-2.24 (m, 4H). Step 3. cis- and trans-3-(benzyloxy)-N-methoxy-N-methylcyclobutanecarboxamide
Bn 20A mixture of 3-(benzyloxy)cyclobutanecarboxylic acid (2.50g. 12.1 mmol), N,0-
dimethylhydroxylamine hydrochloride (1.18 g, 12.1 mmol), benzotriazol-1-

vioxyuis(dimeghylaminaiphosphpriymihasalarsahasehals 5,9 o, 13 mmo) (Advanced Chemech)

and triethylamine fv .7 mL; 27 mmol) in met lene chlori & mL) was stirred at room temperature for

16 hours. The sol ﬁd’ﬁ"\}\’fé%“tﬁéﬁ it H@B‘W Rrnssarbitaied] Mce 280itrmehike, dried over sodium
sulfate, decamacmmﬁdrem(mamtramédnﬁilyfml&s@dﬂaﬁmmmdsﬂamgﬂfaﬁhyg;ﬁhw:@wahaa gradient of 20-50%

ethyl aceta xanhes affor redu G tran ome 1 7 g, 56%). 'H NMR
(400 Mclfz tc%g h?sg) 5 7.35- 4 gﬁ? & %H? ﬁ% %Eg%%? ?1%42l§ (fs‘”%)m‘ﬂ %‘i% '?I? ®1H), 4.03-3.95 (m,

1H), 3.64 (é"%‘ﬂ‘)“e?%ﬁﬁée‘éﬂl)‘%w%@e@ﬂ)ﬂ@e&@ 2 BH)0 8154 rolB[Te Jeagiphpags | H), 2.57-2.48 (m.
2H), 2.47-2s88diry 2K Q23430 Bt (ﬂilerﬂd‘ﬂ)wﬁtﬂb 4aﬂ§up&6dt quenched with ammonium

trans-143- (%%H"?WQEXQ%%E}’U@ e 5 Pl QRSP 51 anic el%l&?ag%ugo N ith water

3-(benzyloxy)-N-methoxy-N-met obutanecarbox mmol) In tetrahydrofuran (40
mL) at -78CCWEs AT O WPGFEHHy fyRAtgResHiMe rondaeide wetbdireaty iphednt¢r4.3 mL, 7.15
mmol) @nd the reaction Was aIIowed to warm to ambient temperature over a period of 1 hour. The
reaction wasg, Qus r}c};ne%b _ tlon oglogt% ecar%CI lfgqlutlon and the product was extracted with
ethyl acetate. The extract we Ver Sodiumm suttats, decanted and concentrated to afford
product used Wlthédi]ﬁlfﬁ\ﬂtﬁ@f“ﬁﬁ?ff@dﬁbnoih Rl 1,47 igxapR 4008 )CBC13): S. 7.39-7.21 (m,

10H), 4.43 (seBtdXymethyl)-3-methylenecyclobutanecarbonitrile (0.294 g, 0.00214 mol), and 0.2 M of
osmium tetraoxide in water (0.04 mL) was stirred for 5 min, during which time the mixture
15 became brown. While the temperature was maintained at room temperature, sodium periodate
(0.963 g, 0.00450 mol) was added in portions over a period of 30 min. The mixture was
stirred overnight. The mixture was extracted with EtOAc and the combined organic layers
were dried over MgSOy. Afier removal of the soivents, the crude prodﬁct was used directly in
next step (298 mg, 99.92%). 'H NMR (400 MHz, CDCl3): § 3.70 (2H, s), 5.68 (3H, 5), 3.58
20 (2H, m), 3.38 (2H, m) ppm.

Step 3. 3-(cyanomethylene)-1-(methoxymethyljcyclobutanecarbonitrile
To a solution of 1.0000 M of potassium tert-butoxide in tetrahydrofuran (2.25 mL) at
0 °C was added dropwise a solution of diethy! cyanomethylphosphonate (0.381 mL, 0.00236
25 mol) in tetrahydrofuran (4 mL, 0.05 mot). The reaction was warmed to rt and then cooled to 0
°C again. To the reaction mixture was added a solution of 1-(methoxymethyl)-3-
oxocyclobutanecarbonitrile (0.298 g, 0.00214 mol) in tetrahydrofuran (2 mL, 0.02 mol). The
reaction was allowed to warm up to rt and stirred at rt overnight. After guenching with water,
the mixture was extracted with ether. The combined organic layers were washed with water,
30 brine, dried and evaporated to dryness. The crude mixture was used directly in next step.
LCMS calculated for CoHyN,O(M+H):163.1; Found: 163.1.
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4.41 (s, 2H), 4.19-4.09 (m, 1H), 4.06-3.95 (m, 1H), 3.36-3.24 (m, 1H), 3.29 (s, 1H), 3.26 (s, IH),

2.90-2.79 W My ALk (:2.59 (m, 2H), 2.56-2.47 (m, 2H), 2.36-2.26 (M, 4Hp B8RP /M36635
cis-3[3-(benzyloxy)cyclobutyllisoxazole and trans-3-P- 20 (benzyloxy)cyclobutylfisoxazole 0 To

a solution of 1[3-(benzyloxy)cyclobutyl]prop-2-yn-1-one (prepared in Step 4) in ethanol (40 mL) was
added hydroxylamine hydrochloride (0.54 g, 7.7 mmol) followed by 25sodium carbonate (1.48 g, 14.0
mmol). The reaction was stirred for 16 hours. The reaction - was then heated to reflux for 4 hours and

cooled. IntoSthe4 caelianmixikre wasaaoediwaey aritiethybace iy p e dayers)were separated, and

the aqueous |ayer v égagteg gvbt(p o further portions of ethyl acetate. The combined extracts
were Washe%; Witlg;)gr?{?cg ried over sodium sulfate, decanted and concentrated. Flash column

chromatography, ERitR§ihoA BHrddierEdfrsIs0t- eimatacetaieihereleaiad-afforded the product as a
mixture of gigrranh Fa)syrisaones s0(220:N1083% evEnthestaiastepsml HONIMR) @¢aQddidz, CDC13): 5.

364 30 (10 AT e A R R e s e T o0 e
6. cis- and frBfiged isdxagBraighajelot Rhner ke A hikitke ©PRIS2 aird)- The resulting
trans-3[3-(banayowyicyeiabutitisexazaledd 2fb8ied &/dryness. LCMS (M+H) 478.4,
The crude mixture from above was treated with 1 mL of TFA atrt for 1 h, then
evaporated to dryness. The residue was stirred with 0.050 mL of ethylenediamine in I mL of
10 methanoi at rt overnight. The reaction mixture was applied on RP-HPLC (XBridge C18
coiumn, eluting with a gradient of acetonitrile/water containing 0.15% NH4OH) to give the
desired products as free bases. First peak retention time 0.969 min, LCMS calcuiated for
CysHisNsOM+HY": m/z = 348.2; Found: 348.4. Second peak retention time 0.986 min,
LCMS caleulated for CigHsN-O(M+H)": 348.2; Found: 348.4.
15
Example 50. cis- and traps-3-(cyanomethyi)-1-(fluoromethyl)-3-[4-(7TH-pyrrolo|2,3-
d]pyrimidin-4-yI}-1H-pyrazel-1-yljcyclobutanecarbonitrile '

\\

~x
=
N

/&Z

= 2

20
Step 1. I-(hydroxymethyl)-3-methylenecyclobutanecarbonitrile.
To a mixture of 1-(methoxymethy!)-3-methylenecyclobutanecarbonitrile (1.40 g,
0.0102 mol) in methylene chloride {30 mL, 0.4 mol} was added 1.0 M of boron tribromide in
methylene chloride (12.8 mL) at -78 °C. The reaction was stirred at rt for 2 h, quenched with
25  aq. sodium bicarbonate, and extracted with dichloromethane. The combined organic layers
were dried over magnesium sulfate and evaporated to dryness to give the desired product
(1.26 g, 100%). "H NMR (400 MHz, CDCls): § 4.81 (2H, m), 3.66 (2H, s), 3.10 (2H, m), 2.59
(2H, m) ppm.

101



15 mmol) and 20% palladium hydroxide on carbon (0.14 g, 0.20 mmol) in tetrahydrofuran (30 mL) and

acetic acidy@, mlsh Masdegassed and stirred under an atmosphere of hydrpgeR; (arevisigssby a balloon)
for 3 hours. The mixture was filtered, neutralized by the addition of NaOH and extracted with three

portions of ethyl acetate. The combined extracts were washed with brine, dried over sodium sulfate,
decanted and concentrated to afford product as a 20mixture of cis- and trans- isomers (320 mg,
100%). 'H NMR (400 MHz, CD30D): 6. 8.55 (dd, 1H), 8.54 (dd, IH), 6.44 (d, 1H), 6.42 (d, 1H),

4.50-4.41 (preA H) 1 47267 ik dnfiD 3 Moy Benas3id B ke ddom - 3.03 (M, 1H), 2.73-2.64 (m, 2H),
2.54-2.46 (m, 2H),.2.44-2.35 ({2 H), 2.13-}§. 3.(m, EI—I%ZSSt%g 7. 3-isoxazol-3-ylcyclobutanone 0
3-Isoxazol-3-y|cycT8bau’Pé)ﬁtBTe(8. 1Y G TS S TR R B RS A RAR F L %83 Ssomers, was
dissolved indi&ihyleple ehioritde(kCvir)dail Das$-Matinmpeedindnel¢O@6adi@ 3-mmol) was added.

After Sti”inan&ﬁ&ﬁ@u(mgxﬁﬁbﬁ?@%ﬁﬁﬂéﬁ&ﬂ(?lQ:i?&i{}‘?)é&éﬁ%ﬁﬁg%ﬂq@Hﬁ}'@%@ bdyigwas extracted

with three portions of ethyl acetate. The combined extracts were dried over sodium sulfate, decanted

and concentP AR IPRERBSI A Bkt a5y caatithB R A S G LEIRYH HED Y, ethyl acetate in
hexanes, affordeddratiuet (BE8nigeBB3Mmielbhd\IMR G400 MHZhGERG3B N8, BidOx(ddis1H), 6.31 (d, 1H),

3.81-3.72 ('Qmjewrrl%iﬁgd%n%%eglﬁ'r)th%v%@éﬁb%izxémném f

) i |
(3-isoxazol-3-ylcyclobuzylidene)acetonitrile NC odﬁu%%ﬁ%‘gsﬁﬁﬁ ?g%gpgion in mineral oil, 75
mg, 1.88 mAYBPPIGLE Soluess Shcetdus 26TRsH Sty neyaidmethylphosphonate (0.33 mL, 2.1

mmol) in tetrahydrofuran (8 15mL). After stirring for 5 minutes, a solution of

3-isoxggol- -%Lc clobutanone (258 ma, 1.88 mmol) in tetrahydrofuran (20 mL) was added. After 2
hours react:f)%t tlé;ne%e ?ggct]f(fn H%Jf%%?eo%zasn%%ﬁ%glnﬁég between ethyl acetate and brine and the

layers separated. FREAgaebNa e v b el ithonseefrirer (et tishl bf ethyl acetate and the
combined epfitaeisaang drirthaesscsodiimsoliateHecamssl A0dCoaceniatac I hesresidue was then

20azeotroped with toluene and the praduct was used.without further purification in. Step 9. NMR (400
MHz, CDCI3) 88" ?éaféﬁiﬁﬁa%rg%%,“ﬁ)‘f’?59”{%“?%%,@%%—] e rﬁ(‘jﬁill{m? LR, (m, 411). Step
9. cis-3-isoXasnabyawn. GVivla thy teaipfaEa Fhay Minidined gl oo p toprereind. sodyiiapsiebirylacetonitrile
and trar?S-Bctg@]g«ﬁg,QiﬁMoJréocﬁyl(%lﬁ-lméré@li:a[gﬁaiaiﬁmmBﬂﬂalr%/aléadHgﬂmlxlubélﬁmlobutylicegonitr il)e
To a solution. of (3-isox -3-ylcyclobutylidene)acetonitrile (prepared in Ste in acetonitrile (8 mL
was added ? llirfélf)gf/%%ﬁ?i?ﬁ : Zl-lﬁe-(\fvﬁ%eeq ai/tsel)ﬁf’jl/ ]égf?]%éy ?nﬁggt#]%/ﬁ)ﬁgf—ﬁlﬁiﬁ?%fgfggmﬁsy‘ﬁ%dine (0.59 g,
1.9 mmol) fetehvesyigs8:disiabieieio]SiAhoaitiaes the sa SOPEBOM M aY 1Gadh AsHUT heneslaction was
stirred for 7g&dpours. The acetonitrile was removed in

20 Step 4. 3-(cyanomethylene)-1-(fluoromethyljcyclobutanecarbonitrile
To a solution of 1.0 M of potassium tert-butoxide in tetrahydrofuran (2.15 mL) at §
°C was added dropwise a solution of diethyl cyanomethy!phosphonate (0.364 mL., 0.00225
mol) in tetrahydrofuran (4 mL, 0.04 mol). The reaction was warmed to rt and then cooled to 0
°C again. To the reaction mixture was added a solution of 1-(fluoromethy[)-3-

25  oxocyclobutanecarbonitrile (0.260 g, 0.00204 mol)} in tetrahydrofuran (2 mL, 0.02 mol). The
reaction was allowed to warm up to rt and stirred at rt overnight. After quenching with water,
the mixture was extracted with ether. The combined organic layers were washed with water
then brine, dried, and evaporated to dryness. The crude mixture was used directly in next
step.

30
Step 5. 3-(cyanomethyl)-1-(fluoromethyl)-3-[4-(7H-pyrrolof2,3-d]pyrimidin-4-yl}-1H-
pyrazol-1-ylleyelobutanecarbonitrile

To a solution of 4-(1H-pyrazol-4-y1}-7-[2-(trimethyisilyDethoxymethyl-7H-
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vacua. Flash column chromatography, eluting with a gradient of 50-100% ethyl acetate in hexanes,

afforded a gxu4rs, pfGisr and trans- isomers. The mixture was stirred with £0¢4:{f¢k5M{8 mL/32
mL) for 3 hours, and the excess solvents were removed in vacua. The residue was stirred with

ethylenediamine (2 mL) in MeOH (40 mL) for 16 hours. Solvents 5 were again removed in vacua. The
mixture was purified by preparative-HPLC/MS (XBridge C18 column, mobile phases 20.5-25.5% of
MeCN/H20 containing 0.1% NI-140H). Peak 1,

cis-3- isoxaz@ln??y{lz-14Hﬁ}p§/?hinﬁyfé@dllli£’6?g-d)]pwmmlibﬂm:h):elﬁnﬁﬁ%%ﬂ'Wﬂﬁi&%ty&ﬁggtonitriIe (185
ngﬁmni 3% i Hﬁé‘%j ?)i?lz%i?ég?ob 7? % [3”’“]‘3 §-332% PPE% ! is-):NMR (400 MHz,
d6-dmso): 19! w%b& 11&43*@@5}’@0[%}3}@1‘#@& I}_H)Q 85691(5 0104308 mol ST Herysutiee (d, 1H), 7.07 (d,
45,1, Bealk 2. (rane- s 1 N (400 MEtz, Beccmea) o 14 (hr &, 108,04 (2. 11, 8.89 (d. 11),

ea r Z rs S,
8.71 (5| H), 847%6 %ﬁﬁj ?’Bﬁ“(é&’ aihﬁat?dl‘?ft(‘ddns'ﬁ%‘]%?ig R bt e(ﬁ“piﬁé‘)edé%a (s, 152H),
3.34-127 (nirgKys Borsine (vis e d S QRPnE)-of 8iG1dnciseringlia 4 1L of methanol at 1t

{cis-3-(3-methyhilg, %@ﬁ&@k@zﬂ@ek&égﬁﬂé& BMW@@L@?QW i geolumn, eluting
y1)-111- pyraz |- >J}.ﬁ}ya](!c clobut Ilac?;1 E‘antrlle trifluoro

ftrans-3-(3-Metrt RES f’é‘i& AT TR i?ﬁ/a %ef%@‘t‘&b% 4R dpsirps afgducts

20pyrazol-1ay/fley bwbu il cetbritdte orifinor 6 438 tivim did &l c Stejatdd Gis Calllstndiethyl

3- (benicyloxwéxcmm%%rbHWI%z& MHZTEI\‘?}S%?WZW}@O%(@?@%H joxpeglobutapecarboxylic acid
(5.00 g, 24.2 mmol) (Prepared as in mL) was ‘added 0.08 mL

xample 6, Ste in ethanoég
c.H2504. ThE ket (s Hehfed it Jehtle: fselﬂﬁl(?d%zi thauls Ak b&cﬁh@%%bm“?e?nperature the
5 solvent wig)eyaparated, mmauanﬁlasslo czﬂumm@hfcmamgpaﬂhyt@ﬁmmmmmgﬁadlent of 0- 20%

ethyl acetatﬁdmg%éﬁua%eéﬁf&fe @ii. 6l R MPdkEe oL RNYIARS; | s(391g,
69%). 'H NMR'(400 MHz, 7-7726 (m. "1OH), 44375, 2H), 4.41 (s, 2H), 429 (p, IH), 4.14

(q, 2H), 4.19scf ??—93@@9‘188915 %@Hﬂ} §é$’(2f€)8)(r$r4iﬂﬁa2566’ 51 S5¥rd, I, DEBATRG. 44 (m, 4H),
2.34-2120 (MAk); .26 {23k 5s%2D {t13H). H5Lep, 2.581821an6 vansethyl, 3.09 (2H, m) ppm.

3-hydroxycyclobutanecarboxylate OH To a solution of cis- and trans-ethyl
3-(benzyloxy)cyclobutanecarboxylate (3.91 g, 1516.7 mmol) in ethanol (40 mL) was added palladium
(10% on cabrempkctiDeiguavhttppel S (avan onmshylimb - e prixelel2 drdipoidgddied-and shaken

under 50 psiipi hygyegenfoniicRauisn e iadeiion mixture was filtered and the solvent removed in
vacua to afford product as a mixture of cis- and trans- isomers used without further purification (2.40 g,

99%). 'H NMR (400 MHz, CDCI3): 84.60-4.52 (m, 1H), 4.22-4.12 (m, 1H), 4.14 (q, 2H), 4.13 (q, 202H),

3.04-2.96 (m, 1H), 2.64-2.51 (m, 5H), 2.25-W, 2.02 (br's, 2H), 1.25 (t, 3H)
N._.

NG

20

Step 1. (I-cyano-3-methylenecyclobutylimethyl methanesulfonate.
To a mixture of 1-(hydroxymethy!)-3-methylenecyclobutanecarbonitrile (0.756 g,
0.00614 mol} in methylene chloride (20 mL, 0.3 mol) was added triethylamine (1.28 mL,
25 0.00921 mol) followed by methanesulfonyl chioride (0.594 mL, 0.00767 motl) at 0 °C. The
reaction was stirred at 1t for 1 h, quenched with water, and extracted with dichloromethane.
The combined organic layers were washed with water, brine, and then dried over magnesium

sulfate and evaporated to dryness. The residue was used directly in next step.
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1.25 (t, 3H). Step 3. ethyl 3-oxocyclobutanecarbarylate o To methylene chloride (100 mL) at -78
C was addgd,axady] ghlgride (1.79 mL, 21.2 mmol), followed by dimethyl sulfexided.ads684» 35.3
mmol). After 30 minutes, cis- and trans-ethyl 3-hydroxycyclobutanecarboxylate (2.68 g, 17.6 mol) in
methylene chloride (46 5 mL) was added. The mixture was stirred for 30 minutes at -78 C.
Triethylamine (9.84 nth, 70.6 mmol) was added. The mixture was then allowed to warm to room
temperature over 2 hours. Water was added to the reaction mixture, and the layers separated. The
organic phase was washed sequentially with IN HC1, water, saturated sodium bicarbonate solution,

brine, drledécl)vef ?F'UWO,%% ted R/I(i(i%concenigrat%d The product (2.36 g, 94%) was used
10without fUrthér pur catlon (‘iﬁfﬁ?’ "EEEPSBYD1 (g, 2H), 3.45-3.37 (m, 2H), 3.33-3.17

(m, 3H), 1.29 (t, 3fMisiap of (étwgar@ éc%%}ﬁmﬂeh@yéywwﬁ%m@fﬁymé% g& Toa
SuspenSIonoafoaodmmday%ciaes(&ﬁ%gaiﬁ@@%@@ i, cmmz@l Qi N 1BQeehy 1B dspel)simietrahydrofuran

(100 ml) 2t was acded dietnd ey anometyhosphonate, (3,22 ml, 19,8 mmol), dropwise. The
cooling bath ' was remove e Feaction was allo [Each Foom T pera{ure and was stirred

at this temp&tetied YGFW%P\UT@SP%@Y%IGWWWQB@FEWQM@h@o@hw@ta,émimlmw axhyl

3-oxocyclohyighaecarkoxylatee (23 gwabubeaunebintetsahygdyofuran (50 mL) was introduced dropwise.
After stirring for 2 hours, water and ethyl ether were added into the reaction. The layers were

separated and the aqueous portion extracted with two further portions of ether. The combined extracts
were washegavith iieieonsdred-over sobitmesatbatérrdecanted and concentrated. The residue was

azeotrgped once With,tRhdeire seAfard, iroduas.-Hgad withasd [UFHI%I@EEMW!QH in Step 5.'H NMR
(400 MHz, gDClgz‘éh ? 3-5 %i)gi ]I , 4.18 2H) %ﬁfOB .02 m45H j1 2d80 f) Step 5. ethyl
3-(cyanom B L R BRSSO (P T QS meD, and 020 o
d]pynm|d|n%%ﬂ%m@lﬂwﬂ@@dﬁm&ﬁmrﬁm@mefﬁnm Muging which time the mixture

became brown. While the temperature was maintained at room temperature, sodium periodate

{0.919 g, 0.00430 mol) was added in portions over a period of 30 min. The mixture was

15  stirred overnight. The mixture was extracted with EtOAc and the combined organic Jayers
were dried over MgSOy. After removal of the solvents, the crude product was used directly in

next step.

Stepd. I-(cyanomethyl)-3-(cyanomethylene)cyclobutanecarbonitrile.

20 To a solution of 1.0 M of potassium tert-butoxide in tetrahydrofuran (2.15 mL) at 0
°C was added dropwise a solution of diethyl cyanomethylphosphonate (0.364 mL, 0.00225
moi) in tetrahydrofuran (4 mL, 0.04 mol). The reaction was warmed to rt and then cooled to 0
°C again. To the reaction mixture was added a solution of 1-(cyanomethyl)-3-
oxocyciobutanecarbonitrile (0.274 g, 0.00204 mol) in tetrahydrofuran (2 mL, 0.02 mo!), The

25  reaction was allowed to warm up to rt and stirred at rt overnight. After quenching with water,
the mixture was extracted with ether. The combined organic layers were washed with water
and brine, then dried and evaporated to dryness. The crude mixture was used directly in next

step.

30 Step 5. 1,3-bis{cyanomethyl)-3-[4-(7TH-pyrrolo[2,3-d]pyrimidin-4-yl)-1 H-pyrazol-1-
yljeyclobutanecarbonitrile
To a solution of 4-(1H-pyrazol-4-y1)-7-{2-(trimethylsilyl)ethoxy methyl-7H-
pyrrolo[2,3-d]pyrimidine (0.256 g, 0.000812 mol) in acetonitrile (5 mL, 0.1 mol) was added
1-(cyanomethyl)-3-(cyanomethylene)cy clobutanecarbonitrile (0.161 g, 0.00102 mol),
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To a solution of 4-(1H-pyrazol-4-y1)-742-(trimethylsilypethoxy]methy1-7Hpyrrolo[2,3-d]pyrimidine (5.23
g, 16.6 mmypk) ARk gty 3- 10(cyanomethylene)cyclobutanecarboxylate (ppeRarQshif eigR4) in
acetonitrile (40 mL) was added 1,8-diazabicyclo[5.4.0Jundec-7-ene (2.48 mL, 16.6 mmol). The mixture
was stirred for 136 hours at room temperature. The solvent was removed in vacuo. Flash column
chromatography, eluting with a gradient of 50-90% ethyl acetate in hexanes afforded product as a
mixture of cis- and trans- isomers (4.53 g, 52% over the two steps). 15 1.25 (t, 3H), 0.92 (t, 4H), -0.06
ES 18"(') L@dﬂg&@MB}HI)S@QZQM%QISﬂE@  Bundec-7-ene (0. 153 mL, 0.00102 mol) The) resulting
cis-3-(3-methyl-1,2 4 z0l-5- --147 -4-y1)-1H-

pyrazol-1- y?]cy obu%y ace%g%n r?rgtrl Ceta %F%/a é’% @XL - mﬂethyl 1,2,4-

oxadiazol-5-y1)- 1%%@“9%???61@?2}@%@&%ma%@ﬁf'i?ﬁp?r@ﬁ@llh Wymm%dé@tonitrile
trifluoroace&astﬁewtﬂ&@lamgmfrgs»;amiots@m eiwhdstmanemathy iiB4fAndflato! at rt

25(trimethylsil 1- 7H rrolo 4 az I-1-
yl]cyclo utaneyépa%‘ oxy arteeac(rfy IXt it 1f)e %ﬁ%‘% F&%ﬁ‘%s@ nch)0 g v\?a‘fé?g(w mL) was
added a somﬂtm&D#dlmtmﬁahsfdwﬂﬁdév@ﬂ@ga@@nﬂﬁé% NS ORhEH aivrobie tefipdperdudiae reaction was

stirred at r%@é@ﬁﬁ&'s’f@%&%% flzt@:@c&&%?ﬁ@@ E%@%&Q%@M%Qléﬂ%e@@&lé%m &) }\qq‘a;%alh and c.HCI was
added to achieve apH of 5. T Sé% uct was extracted with three portions of et é3/I acetate. The

extracts We}%’dﬂgauBQfe}‘iszo‘H 4180 Y8 NP Qe B éertrdtelf & AM8d Ehedtdluct as a mixture
of cis- and ti&h)s3, iBeBneEs, swhiéh WHsd)sed Bwithaurf(rier, perificatiors. I6GME (NI+H3t2%453.1. To a

mixturg,of
346 A2 ), 2.92 2H, ,d=13.2 ) k retenti 0.897
3- (cyanomethy ZB 8742(%tr|mei EIzlhpy?rc(())lré)d[geg Jeper}ll%r} 1|rr]?e4 -y1)-1H-pyrazol-1-yl

hyIS| pethoxy]met yI
|cyclobutan’§éh|1b%%$l|%a§§€‘?at‘fjjr§?fé?é§’aﬁé%+{g0 6hhé, TP mifiet), TS 63b¥RZetriazole (3.0 mg,
0.022 mmODNmmdébhydmemaﬂlmleawm Qrepared agmadingiiae)tes proaesure doyrd in J. Org.

NN- tisonPibg ey A G o S VAL SRR PBnotiazol Ly ) NN

tetramethyluronium hexafluorophosphate (42 mg, 0.110 mmol) (Advanced ChemTech) and the mixture
was stigred ﬁffﬂgméﬁr&@%Eﬁtwe@ﬁ&%&@@@ﬁm@%@ﬂmﬁwﬁﬁm@wﬁm

0- (benzotrlazol 1- yn“} N-tetra eth luronlum hexafluorophosphate and

15N- hydro>?3?'ér anl h é’ml éltvz\'/'é?(éa’éood’e 'and the reaction was continued for a further 24 hours. The
reaction was then heated to 110C for 1 hour to complete cyclization. Into the reaction was added
saturated sodium bicarbonate solution and the prod as extracted with four portions of ethyl
acetate. The extracts were dried over sodiur%ﬁgcamed and concentrated. The crude product
mixture was stirred in DCM containing 2008 fa§-2:20hours, and the solvents were removed in
vacua. The residue was dissolved in 1.5 mL of m ol and 0.3 mL ethylenediamine and was stirred
for 2 hours. The reaction mixture was purified by pr paratlve HPLC/MS (SunFire C18 column, eluting
with a gradient of H20/MeCN containing 0.1% TFX resolved the cis- (6 mg, 10%) and trans- (5
mg, 8%) isomers and afforded each product as thé. oacetic acid salt. 25Cis- isomer: '1-1 NMR
(300 MHz, d6-dmso): 8, 12.39 (br s, 1H), 8.86 (s, 1H), 8¥7 (s, 1H), 8.48 (s, 1H), 7.86 (br s, 1H),
7.73-7.68 (m, 1H), 7.19-7.14 (m, 1H), 4.12-3.96 (m, 1H), 3.70 (s, 2H), 3.22-3.08 (m, 2H), 2.99-2.85 (m,

2H), 22%1 (SStepl_p 3J' %M)S:cg\gumr)ecar?om}nle

A mixture of water (40 mL., 2 mol) and 1,4-dioxane (100 mL, 1 mol), 3-

methylenecyclobutanecarbonitrile (3.30 g, 0.0354 mol) {(commercially available from
Bepharma Ltd., China)}, and 0.2 M of asmium tetraoxide in water (0.7 mL) was stirred for 5
min, during which time the mixture became brown. While the temperature was maintained at
25 . room temperature, sodium periodate (15.9 g, 0.0744 mol) was added in portions over a period
of 30 min. The mixture was stirred for an additional 1.5 h, then extracted with
dichloromethane. The combined organic layers were dried over magnesium sulfate and

concentrated to give a solid (2.04 g, 60.54%). 'H NMR (300 MHz, CDChL): § 3.58 (4H, m),
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Trans- isomer: 'H NMR (300 MHz, d6-dmso): 8 12.36 (br s, IH), 8.99 (s, 1H), 8.77 (s, 1H), 8.52 (s, 1H),

7.90 (br s, 9)2 Gof2L87 (M, 1H), 7.21-7.17 (m, IH), 4.03-3.88 (M, 1H), 352345 Rhiskks3-47-3-31 (M,
2H), 2.93-2.84 ?m, 2H), 2.36 (s, 3H); LCMS (M+H)*: 361.0.  Additional oxadiazoles were prepared

according to Example 41, using different amidoximes (prepared according to the procedure found in J.
Org. Chem. 2003, 68(19), pp. WO 2009/114512PCT/US2009/036635 7316-7321) in Step 6, and are
found in Table 2. Table 2 N-N Ex. No. -R Name MS (M+H)+ 111 NMR () Method of Preparation 42a
(cis-) -N\ .)3.25 203N f{gigpar(3-ten-butyl-1,2,4- oxadiazol-5-y1)-144-(7H- pyrrolo[2,3-cflpyrimidin-

4-y1)-1H-pyrazol-1- ylicyclobutyl}acetonitrile tnfluoroacetate salt 403.1 (300 MHz, d6-dmso): 12.61 (br

s, 1H), 8.92 (s, IN). 8.83 (s, 1H), 8.53 (s, 111), 7.80-7.74 (m, IN), 7.25-7.20 (m, IN), 4.06 (p, 1H), 3.68
(s, 2H), Step 2. 3-(cyanomethylenejcyclobutanecarbonitrile

To a solution of 1 M of potassium tert-butoxide in THF (67.4 mL) at 0 °C was added
5  dropwise a solution of diethyl cyanomethylphosphonate (11.4 mL, 0,0706 mol) in
tetrahydrofuran (100 mL, 1 mol). The reaction mixture was warmed up to room temperature
and cooled to 0 °C again. To the resulting mixture, a solution of 3-oxocyclobutanecarbonitrile
' (6.10 g, 0.0641 mol) in tetrahydrofuran (20 mL, 0.2 mol) was added. The reaction mixture
was allowed to warm up to room temperature and stirred for 2 hours. After quenching with
10 water, the mixture was extracted with EtOAc. The combined organic layers were dried and
- concentrated. The residue was purified by flash silica gel column, eluting with 0-10%
MeOH/dichloromethane to give the titled product (5.40 g, 71.26%). LCMS (M+Na) 141.3.
'H NMR (400 MHz, CDCls): 8 5.30 (1H, m), 3.40 (2H, m), 3.14 (3H, m) ppm. |

15 Step 3. 3-(cyanomethyl}-3-[4-(7-[2-(trimethylsilyl)ethoxy Jmethyl-7H-pyrrolo[2, 3-

dipyrimidin-d-yl)-1 H-pyrazol-1-ylJcyclobutanecarbonitrile
3-(Cyanomethylene)cyclobutanecarbonitrile {120 mg, 0.0010 mol) was combined

with 4-(1H-pyrazol-4-y[)-7-[2-(trimethylsilyDethoxy Jmethyl-7H-pyrrolo[2,3-dpyrimidine
(0.1 g, 0.0003 mol) in acetonitrile (2 ml,, 0.04 mol) and 1,8-diazabicyclof5.4.0lundec-7-ene

20 (6 uk, 0.00004 mol) under nitrogen. The mixture was stirred at room temperature over the
weekend. After evaporation to dryness, the crude mixture was purified by flash column,
eluting with 0 to 10% MeOH in dichloromethane, to give the desired product. LCMS (M+H)
434.4,

25 Step 4. 3-(cyanomethyl)-3-{4-(7TH-pyrrolo[2, 3-d]pyrimidin-4-yi}- 1 H-pyrazol-1-
Wevelobutanecarbonitrile.
A 500 mL round bottom flask fitted with stir bar, condenser, and nitrogen inlet, was
charged with acetonitrile (16.3 mL, 0.311 mol), water (1.4 mL, 0.078 mol) and 3-
(cyanomethyl}-3-T4-(7-[2-(trimethylsilyl)ethoxy]methyl-7TH-pyrrolo[2,3-d]pyrimidin-4-y1)-
30 1H-pyrazol-I-yl]cyclobutanecarbonitrile (1.00 g, 0.00231 mol). The solution was
homogeneous. After adding lithium tetrafiuoroborate (2.21 g, 0.0231 mol), the resulting
mixture was heated to reflux overnight, then charged with 7.2 M of ammonium hydroxide in

water (1.2 mL) in portions over a period of 5 minutes at room temperature to adjust pH to 9-
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3.19-3.09 (m, 2H), 3.01- 2.90 (m, 2H), 1.27 (s, 9H). Ex. #41 42b (trans-) -N {trans-3-(3-tert-butyl-

1,2,4-oxa [4-(7H-pyrro|o[2,3- cflpyrimidin-4-y1)-1H- pyrazol-J-y, yg f}gcetomtr le
trlfluoroacdétgat(egsga%ué 1 (300 MHz, d6-dmso): 12.54 (br s, 1H), 9.03 (s, H ‘1§ éﬁ% 1H), 8.55 (s, IN),

7.79-7.73 (m, 1H), 7.27-7.22 (m, 1H), 3.96 (p. IN), 151 (s, 2H), 3.45-3.33 (m, 2H), 2.98- 2.87 (m, 2H),
1.33 (s, 9H). Ex. #41 5 Step I. cyclobutylideneacetonitrile. 10To a solution of 1.0000 M of potassium
tert-butoxide in tetrahydrofuran (19.2 mL) at 0 C was added dropwise a solution of diethyl
cyanomethyliphfisplenaiew s 26l {od D2 62romo i éetnabyssbiuran: (246 ByL;I0a8023nmol). The

reaction waaJAMEY 10 4 ABIEREONEHIC &tr 998IN. R R RASHER I Was added a solutor

of cyclobutanone (1.37 mL, 0.0183 mol) in tetrahydrofuran (4.90 mL, 0.0605 mol) The reaction was

allowed to WerRFHP Aan A BrtasdRLA svumigh SAHST BREMeHing Vit iestiene histire was
Sextracted with, EtOfnt/Hhe:cambinaevorgaBiclayers, wersaashedawith irinengkied @nd evaporated to

drynes§. Thv?a e';'u\aqi Ifgwglfél%ﬁ-]uﬁe-g a(cj:!artgglltly ll:nwri]t%)& IS} %%4%9[9 to7 gﬁ?eStée) desired products

as free bases. First peak retention time 0.826 min at Waters SunFire HPLC column (C18,
2150 mm, 5 uM) with injection volumn 2 pL and flow rate 3 mL/min, at gradient from 2 to
80% B in 3 minutes (A = water with 0.025% TFA; B = acetonitrile), LCMS calculated for
CieH1sNo(M-+H)™: 304.1; Found 304.3. "H NMR (500 MHz, DMSO-dg): 6 12.10(1H, br s),

10 8.82 (1H, s), 8.70 (1H, s), 8.44 (1H, 5), 7.6]1 (1H, 4, I =4.0 Hz), 7.08 (1H, d, ] = 4.0 Hz), 3.59
(1H, m), 3.57 (2H, s), 3.19 (2H, m), 2.86 (2H, m) ppm. Second peak retention time 0.864 min
at the same SunFire column HPLC condition, LCMS calculated for CisH«N-(M+H)": 304.1;
Found 304.3. "H NMR (400 MHz, CDs0D): & 8.67 (1H, s), 8.66 (1H, s), 8.40 (1H, s), 7.51
(1H, d, } = 3.6 Hz), 6.9% (1H, 4, J = 3.6 Hz), 3.50 (1H. m), 3.42 (2H, s), 3.24 (2H, m}, 3.00

15 (2H, m) ppm.

Example 33. 3,3-bis(hydroxymethyl)-1-[4-(7il-pyrrelof2,3-d{pyrimidin-4-y1)-1H-
pyrazol-1-yljeyclobutylacetonitrile

e
N/
IZ -

20

Step 1. diisopropyl 3-oxocyclobutane-1, I-dicarboxyiate.
A mixture of diisopropyl 3,3-dimethoxycyclobutane-1,1-dicarboxylate (3 g, 0.01 mol)
in 20 mkL of trifluorcacetic acid-water (95:5) was stirred at 0 °C for 4 h. The reaction was
25  diluted with EtQAc, washed with water, saturated NalHCO; solution, and brine, dried over
MgSO; and evaporated to give crude product (2.4 g) as yellow oil, which was used directly in
the next step. H NMR (CDCls, 400 MHz) § 5.07 (2H, h, ] = 6.8 Hz), 3.54 (4H, s), 1.23 (12H,
d, J= 6.8 Hz) ppm.
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Step 2. 1-0-(7H- pyrrolo[2,3-c|ipyrimidin-4-y1)-1H-pyrazol-l-ylicyclobutylacetonitrile To a solution of

44jH- pyraz‘glozlzy )144<Atrimethylsilypethoxy]methyl-7H- 10pyrrolo[2,3- d]p D6 sR139:9, 0.000095
mol) in acetonitrile ](O 60 mL, 0.011 mol) was added cyclobutylldeneaceton|tr| O 0177 g, 0.000190

mol), followed by 1,8- diazabicyclo[5.4.0]Jundec-7-ene (0.0142 mL, 0.0000951 mol). The resulting
mixture was stirred at rt overnight. After evaporation to dryness, the residue was purified on silica gel
to give the desired Micheal addition product. LCMS (M+H) 409.1. 15The crude residue made above
was dissolved in 0.2 mL of dichloromethane and treated with 0.4 mL of TFA at rt for 30 mm. After
evaporation to dryness, the residue was treated with 50 u.L of ethylenediamine in | mL of methanol at

rt for 30 mﬁ?te?t?e%%’rtﬂﬁ@jl mfYare 4 Beraesdr s e Hplier eriifige CI8 column, eluting with a
gradient of acetoniwitehirabes mnmammgc@ fbsTibA kda-bivex iheitikedpodieiag Thh) salt, LCMS 20

colcuated o1 AL ATO e 278 0 AIVRLAONL e, PUSDP) 126801, o

s), 8.88 (1H, s 1H 8.51 349( 78 (2H, m), 2.39
(2H, m)S 2. (jBoé_ﬁh?ﬁ)?aﬁ_ﬁg@V(iW?ﬁy%'t andéﬂdﬁqblétq@o%ﬁ Tgrgf again. To the reaction

trans-3- (hy@hﬂbmysm@ﬁ%}dde&d{éf@h{r@yﬁmiﬁﬂapﬁoﬂjrﬂ)yrmdm%\yﬁnazﬁlldnwﬂaiﬂla‘ﬁb wlv:gplobutylacetonitrile
s o s R melisenany s oo ROnNG IROHIBNEr b LB RN Sy RUSERIGRY e one

(72 g,0.38 moI wa se, under nitrogen, to a stired susp &nsion b m hydride (17 g,

0.42 mol) irtdiyi e NachRremgifehmandra oyt sy aﬂ%%@‘%@@n"fﬁﬁvﬁﬁé}t’éﬂﬁp@i‘ature was

maintained jaelowd. mnﬁmw@sasﬁma&mmogmemwmmbh&fd@ﬁamm%@-ﬂaﬁa&mwprOIOane (50 g,
0.2 mg Was %qjde% in one 5PBf ac%g] ther '?1‘ ur umf % atk%40§ at%hﬁﬂ T /ed mixture was
poured Into sat ljtlon of am onl orl 1§ rac e exa e organic layer

was washe&t@f%ﬁ@aﬁ)§®aimﬁhb|@§mér¥a‘?éu%tﬁ%é5 ariedligleradionigih sulfate, and evaporated to

dryness. The residue was distilled under vacuum (oil pump) to afford the desired cyclobutane

comouns G, S SRS I NI ASCE Mt RSP B GR Btent 0
acid. Diisopdﬁpyl@@nd#m@ih@xycwpbmiame@ﬂmmmdwy@wxgleg, 0.11 moI) was heated with 78 mL
of 20%HC1 at reflbméarosﬁ a(aﬁaaﬁagﬁmge)@eiaal%@n wa&aea&%wa%@ewm%with ether for

18 h. The ether was, regtégg g,/e Egre Ie}a eII<>)1W 0 v\ggj ch cry [%élzed on
standing to g|ve(fﬁle P ﬁ H acid (T FAea Y ; &P yn% 81&}8[6 BNELaHdxylate.
d]pyrimidine (1 g, 0.003 mol) in acetonitrile (10 mL) and 1,8-diazabicyclo[5.4.0Jundec-7-
ene (0.5 mL, 0.003 mol) was added under N,. The mixture was heated at 50 °C overnight.
The reaction was concentrated and purified with Combiflash (silica gel, 0-50% EtOAc/Hex)
20 to give the desired product (0.3 g) as colorless oil. LCMS calculated for
029H41N5058i(M+H_)+: 581.3; Found: 581.4.

Step 4. 3,3-bisthydroxymethyl)-1-[4-(7-[2-(trimethylsilyl)ethoxy [methyl-7H-pyrrolo[2, 3-
dlpyrimidin-4-yl)-1H-pyrazol-1-yljcyclobutylacetonitrile
25 Diisopropy! 3-(cyanomethyl)-3-[4-(7-[2~(trimethylsilyl)ethoxy Jmethyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yi]cyclobutane-1,1-dicarboxylate (0.3 g, 0.5
. mimol)} was dissolved in tetrahydrofuran (15 mL, 180 mmol) and lithium tetrahydroborate
(0.017 g, 0.77 mmol) was added at 0 °C. The reaction was then heated to 50 °C for 30 min.
To the reaction was added MeOH (10 mL). The reaction was held at 50 °C for 15 min, then
30 stripped to near dryness, The residue was treated with 1N HCI, then neutralized with solid
NaHCO:. The mixture was partitioned between water and EtOAc. The phases were
separated and the aq. phase was washed with EtQAc. The combined organic phases were
washed witﬁ water, then brine, dried over MgS0,, concentrated and purified with Combiflash

(silica gel, 0-100% EtOAc/Hex) to give the desired product (0.145 g, 60%%) as colorless oil.
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A solution of N,N'-dicyclohexylcarbodiimide (7.17 g, 0.0347 mol) in methylene ZOchIoride (8 mL, 0.1
mol) was e to a stirred mixture of 3- oxocyclobutanecarbox .032 mol),
methanol 6}?%%@ %P?\;Qgg mol) and 4- dimethylaminopyridine (3.08 g, 0. 02&'33EJ moi§ in meth ene chloride
(20 mL, 0.2 mol). The mixture was stirred at rt for 24 h, then filtered through Celite. The flltrate was
washed with 0.5 M HC1 and sat. sodium bicarbonate, dried and concentrated to dry. The residue was
25purified on silica gel, eluting with 0 to 40% EtOAc in hexane, to give the desired ester (3.26 g,
80.64%). 1HAMRAGREBAE0 ML, S BVIBHS: 39)2 Fd3.28(5H, m) ppm. Step 4. methy|
3-(cyanomethylene)cyclobutanecarboxylate. To a solution of 1.0000 M of potassium tert-butoxide in
tetrahydrofuran (26.7 mL) at 300 C was added dropwise a solution of diethyl cyanomethylphosphonate
(4.53 mL, 056280 Triolysititétealwelioflfai{-(B6-mir @odlrpollpy T disattibn Hragwakrhed to rt and then
cooled at 0,308k, ggcglg@urtg,@éctlon mixture was a solutlon of methyl 3-oxocyclobutanecarboxylate
(3.26 g, 0.0254 mp rofuran mL, 0,3 The reaction was allowed to warm up to rt
and stirfed at rt overit :{ W&ﬁ(h St e y i R A S RS WA ether. The
combined o:iganm:myém]Wﬁﬁ@WashédyWMiaMMpﬂr(@w%g evaporated tedryness. The crude

mixture wagplrifiedion Silica.oek £ WD Qdss 401 EIPAC 19 Elﬁ?(a{lﬁev%&ia‘{@d%e desired product
(3.12 g, 81.12%). LCMS calculated for 5C8H10NO2(M+H)+: 152.1; Found: 152.3. Step 5. methyl

3-(cyanometRys- 1ha pyides WFMO@%HSQWW%WW ¢ E)W’ORJBO% Jmol) in MeOH {1
dipyrimidin-#iyOet K ipyitszehdiylieyslohutaneedrboxyldfedo aisol Uit SofX Bridge C18

+-(UH-pyrazat A el %HYBF&Q%XM@FMJHmﬁa@rm{ér@'ﬂ%’§r1£ﬂ8¥f migipey2-01 g, 0.00637

mol) in acetonitrile (4.0E1 mL, 0.77 mol) was added me

3-(cyanoméliyiehe’ W&F&é@%@é&rﬁ@y&é@%ﬂ@ﬁ &f&nﬂﬁr@&@flﬁﬁmﬁéawouﬂd 339.3.

1,8- diazabid:uolm[&@@hmﬂp@am)(@ 953@’1‘[11,.@,@@637}11‘91)8 Ihe resylting mixtare=ves stirred at 50 C
overnight. After a the, yr S luti ith 0 to 100%
EtOAc in he%ia?hgeé@%?l\fié’t%e désir (?SI\% ?ale;d% % p’r dugthea@ f'sﬁn%?a %ng%gqa%‘]’d trans-
isomers (2.12)g2-74.6%4) 4 EMiS THewated for C23H3jN603Si(MH)+: 467.2; Found: 467.4. Step 6
3-(hydr§>xymethyl) 1-0-(7-[2- (trimethylsilyl)ethoxylmethyl -7TH-pyrrolo[2,3-

dlpyrimidin V. I|c itrile. re.of
3- (cyanomeé éﬁa (‘/5%8( rﬁ“ fhiﬂ Fpﬂgg ?E]ﬁ hmfle hﬁsqyrﬂexﬁgxy jmet }%
7H- pyrrolo[Emrélfa[?vﬁwﬂmﬁmﬂyi)lMIMMMZ%M]MQH%WRW&% (7.0 g, 0.015 mol) in
tetrahydrofuran (100 mL, 1 mol) was added lithium tetrahydroborate (0.327 g, 0.0150 mol) at 0 C. The
reaction was then heated at 50 C for 3 h. To the reacth@ was added 60 mL of methanol. The resulting
mixture was heated at 50 C for another 1% hef evaporated to 25dryness. The residue was
treated with 1 N HC1, then neutralized Wit!;] S N@Hm

\

.
0
e
N
N

20
A solution of 3,3—bis(hydroxymethyl)—1-[4~(7n[2»-(trimethyisi]yl)ethoXy]methyl-?H—
pyrrolo[2,3-d]pyrimidin-4-y1)-1H-pyrazol-1-yl]cyclobutyiacetonitrile (0.03 g, 0.00006 mol)
in dichloromethane (3 mL}), contained in a Teflon bottle equipped with a nitrogen inlet tube
and stirring bar, was treated with 2-methoxy-N-(2-methoxyethyl}-N-(trifluoro-i(4)-

25  sulfanylethanamine (0.06 mL, 0.0004 mol) at rt. Ethanol (0.003 mL, 0.00006 mol) was
added, and the mixture was stirred at rt overnight. The resultant mixture was concentrated
and puified with prep LCMS (XBridge C18 column, eluting with a gradient of
acetonitrile/water containing 0.15% NF4OH) to give the corresponding flucrinated product,
which was treated with trifluoroacetic acid (0.5 mL, 0.006 mol) at rt for 30 min. After
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bicarbonate, extracted with EtOAc. The combined organic layers were washed with brine, dried over
sodium sulfate,and exaporated to dryness. The residue was purified on silicayael, &lsiting with 0 to
100% EtOAc, to give the desired product as cis- and trans- mixture (5.85 g, 88.91%). LCMS calculated
for C22H3IN602Si(M+H)+: 439.2; Found: 439.4. 30 Step 7.
3-(hydroxymethyl)-144-(7H-pyrrolo[2,3-djpyrimidin-4-y0-1H-pyrazol-1- yljeyelobutylacetonitrile. To
3-(hydroxymethyl)-144-(742-(trimethylsilypethoxy]methyl-7H-pyrrolo[2,3-
d]pyrimidin-4zpb)sbbt Y iRz HicYGIRhHIMaGaIoniia 8 030 &;qﬁeg‘@cﬁgﬁﬁa?@a Wesagged 1.5 mL of
y .

TFA. The reaction was stirred at rt for 30 min, then evaporated to dryness. The crude mixture was

P .
dissolved if*P'ME PRI {h &R0 Artredte NG TBRBE O ERNASHLaARE GE FERS % The resulting
mixture waspiirfiedtb mBRPIHPICIXBIGige:3d & edluired, petdiing IWitiSagrakiientaf acetonitrile/water
containing @.15% togive. ' f S, Fi tention time
066 i, LN B N ey B BT A o Wi,
DMS0-8616)5- 8015t $1a3 41 ) 53 87 11, &), BES IHHs P B 8VHIm). 57 68K i 43 3.6), 7.02 (1H, d,
J = 3.6 Hz) 146994 tiHne.8) =344 21 394 @1 1s(2Hhdinh), 153 (2kiHin) 228 281, m) ppgn. Second peak
retention tirg%o.SOS min, LCMS calculated for C161-137N60(M+H)+: 309.1; Found: 309.3. IFINMR
(400 MHz, k85 10 d6): 8 12.11(1H, hr s), 8.80 (1H, s), 8.68 (IH, s), 8.40 (1H, s), 7.58 (1H, d, J =
3.6 Hz), 7.07 (1H, d, J = 3.6 Hz), 4.78 (1H, hrt, J = 5.2 Hz), 3.47 (2H, hrt, J = 5.2 Hz), 3.36 (2H, s),
2.85 (2I-(|lél nﬂxﬂ]ﬁﬁe@ﬁﬂ2m)2[9F{m{é-(ﬁi?@?\%ﬂl&:fﬂ;_&-ﬂﬁéﬂﬁddinustuyl)dH»pyrazol-—ll—h vdloputy |
trans-3-(fluorpmethyl)-144-(711-pyrrolo[2,3-d]pyrimidin-4-y1)-1H- 15pyrazolThylicyclobutylacetonitrile.
N-N TG a EE%?%%%%’;%&%&?%W%-&'REE 42-(trimethylsilyflethoxy]methyl-7H-
20pyrrolo[2,3-d]pyrimidin-4-y1)-1H-pyrazol-1-yl]cyclobutylacetonitrile (0.050 g, 0.00011 mol) in
methylene chloride (3.10 mL, 0.0483 mol) in a plastic.kettle was added 2-methoxy-N-(2-
methoxyethyl)-N-(trifluoro-X(4)-sulfanypetffangmigé (63.0 1.11, 0.000342 mol) followed by ethanol (1
pL, 0.00002 mol). The reaction was stirreg.atit night, then evaporated to drynes to yield the
fluorinated product. LCMS (M+H) 441.1. 25To the fgsjglue from above was added 3 mL of TFA. The
reaction was stirred at rt for 30 mm, then evaporated;to dryness. The crude mixture was dissolved in 1
mL of methanol and treated with 60 p.L of ethylen&diamifg at rt for 5 h. The resulting mixture was
purified on RP-HPLC (XBridge C18 column, eIutingg\ #h-g gradient of acetonitrile/water containing
0.15% NR4OH) to give the desired products as free basés. First peak retention time 0.973 min on
analytic LCMS [Waters SunFire HPLC column (C18, 2.1x50 mm, 5 uM), injection volumn 2 uL, flow
rate 3 mL/min, gragi from 2 10,80% B in. 3, minutes (A = water with 0.025% TFA; B = acetonitrile)],
LCMS calgﬁfgﬁgd%gé%g% loégﬁ%lf%f‘éﬁ)ﬂ}éf?wig%ogﬂ%ﬁ%ogﬂl3 Second peak retention time 1.006
mm orZanalytic LEMS S ev s girupidl Ty 6P 1dpespwpbuane b 1 fsatexgee -9 NMR (500
MHz, DMSQ@418)1 hdRiRFHH20ma)) ¥ 84dddd 29) M of Qilitthn irdhdEdditmishei®9 (IH, d, J = 4.0 Hz),
7.08 (IH, d, ) =40 Hz 3.(2H, dd. J 5.5 and.47.5 Hz), 3.38 (2H .97.(2H. m), 2.68 (1H, m),
239 (or, e R SR S e R T B L S e

up to rt. At 0 °C, to the reaction was added dropwise water (1.2 mL), 15% NaOH solution

{1.2 mL) and water (3.6 mL) successively and the resultant mixture was stirred for 20 min at
20 rt. The mixture was filtered and the filtrate was concentration to give the desired product

(1.64 g, 89%) as colorless oil which was used directly in the next step without purification.

Step 2. (3,3-dimethoxycyclobutane-1,1-diyl)bis(methylene) dimethanesulfonate
To 2 mixture of (3,3-dimethoxycyclobutane-1,1-diyldimethanol (1.64 g, 0.00931
25  mol) and triethylamine (7.8 mL, 0.056 mol)} in dichloromethane (10 mL) was added
methanesulfonyl chioride (2.2 mL, 0.028 mol) dropwise at 0 °C. The resultant mixture was
stirred at rt for 1 h. The reaction was diluted with dichloromethane, washed with water and
brine, dried over MgSQy and concentrated to give crude mesylate product (2.95 g, 95.4%) as
brown oil. 'H NMR (400 MHz, CDCls): 8 4.38 (4H, s), 3.14 (6H, 5), 3.02 (6H, s), 2.10 (4H,
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10 Example 46. cis- and trans-3-(difluoromethyl)-1.-[4-(7H-pyrrolo[2,3-djpyrimidin-4-y1)-
1H-pyrazol; 1+ ylacetonitrile. NN Step I.

3-formyl-01{}}]101)%@01[i -?[?lztmethylsiIypethoxylmethyl-?H-pyrrolo[2,3-dipyrimidﬁ€£{$ 3889]036635
151H-pyrazol-1-ylicyclobutylacetonitrile. Dimethyl sulfoxide (0.194 mL, 0.00274 mol) was added to
a solution of oxaly1 chloride (0.145 mL, 0.00171 mol) in methylene chloride (6.384 mL, 0.09959 mol)
at -78 C. After 10 mm, 3-(hydroxymethyl)-1-[4-(742-(trimethylsilyBethoxy]methyl-7H-pyrrolo[2,3-
d]pyrimidin-§pk): 1H-pyrazol-1-ylicyclobutylacetonitrile (0.500 g, 0.00114 mol) in 20methylene chloride
(12.77 mL, 0.1992 mol) was added and the resultant mixture was stirred at -78 C for 30 min.
Triethylamine (0.794 mL, 0.00570 mol) was then added and the mixture was stirred for 5 h with the
temperaturétaildwad-16 Jranuaty warehumte! i-ddftelquenihiag with water, the mixture was extracted

with methylene cﬁtgri@g}u'{}ggg@@%ﬁ;@wg%ﬁg@@,@%mﬁﬁ%ﬁ]ﬁm brine, dried and evaporated
to dry. The resi purified on silica 25gel, eluting with 0 to 100% EtOAc in hexane, to give the

ue wa
dosived aQdTRE DG RG0S, LA OB o] CBo MG BN Aok Found: 437 4.
Step 2. 3-(cgfiiome]ayt-1404{0HHVrbtadR Bydipyrindiadmedq2 e 16-Bpy radplThe ghiction
CyClObUtyla%%m%He@ 60 °¢ Qw%sz!éﬂH r?hgfreaction was quenched with water, extracted with EtOAc.
3-formy1-144-(742-(trimethylsilyeethoxy]methy1-7H-pyrrolo[2,3-
d]pyrimidin-121119i?miﬁ?ra%ﬂf-w&%%%?ﬁai%‘fﬁﬂ‘iﬂ?ﬁ@%(ﬁ%@%ﬁ?@%%@ﬁ?ﬂf?ﬂ”ﬁﬁ%‘iﬁ?lene chloride
(6 mL, 0.09gwekrinepplastiqbgite uaeadider RvrethoxyiNz(ZDCls): § 3.14 (6H, 5), 2.78 (4H,
5methﬁ)&(yet??]y:ﬁ)-ll}l-gﬁflséoroﬁlX(@-suIfanyDethanamine (0.481 mL, 0.00261 mol) followed by ethanol (8
uL, 0.0001 rfiol). The'r 4ction was stirred at rt overnight, then evaporated to dryness. LCMS (M+H)
459.4. To the residue made above was added 3 mL of TFA. The reaction was stirred at rt for 30 mm,
then evaporagd. tg dryngssydbm.enide maistidecwas sigsolved in 3 mL of methanol and treated 10with

ethylenediamine (0.22 mL, O. I)at rt for 5 h. The resulting mixture w ified gn RP-HPLC
XBricge 18 colta T vt AR S e A LRSS 8 Bl WEr 10 give
the desirediprseigets agireedadéx! Findepeakivatemidnlitne ©O8B ke WS cedtsifatst for
?lﬁH 1)53;26%6%#&')w“é&@&hﬁ&lé&dioﬁ%%slnég&éi%%Ri(@Q@ M%%B%Mmd @él&%;loglg,zgf (S), 8-(7j4
1H, s), 8. 1H 8. H, 7.59.(1H Jd=3.515Hz), 7. ,d,J=35Hz), 6. 1H, td, J
=57.0 and Ef‘%"‘ﬁ%%%%o’éé"é@ éz‘?@%‘ éﬁj %%%?é??wefﬁ)‘,zfzﬁl (é?é‘%r%?epgﬂ?ﬁ§égond peak retention
time 0.974 MaYl:@M Sventetikiévigdior €oarepsrEaNesrem)+©iB29.1; Found: 329.1. 1H NMR (500 MHz,
DMSO-d6): 5 12.10(1H, hr s), 8.78 (1H, s), 8.70 (1H, s), 8.44 (1H, s), 7.60 (1H, d, J = 3.5 Hz), 7.09
(IH,d, J =35 Hz), 6,25 (1H, td, | =57.0 and 4.5 Hz), 3.41 (2H, s), 3.01 (2H, m), 2.90 (1H, m), 2.56
(2H, m) pprﬁ{eﬁg I%X?argnb C%?‘%‘i’?éﬁiﬁ@;&%@%igfﬁtﬁ Itrll-éyrrololz,3-d]pyrimidin-4-y1)-1H-pyrazoI-1-
ylleycldbutane-1,3@lisididicstohitdlel of poSteipm tert-butoxide in tetrahydrofuran (5.1 mL) was
3-(cyanomeiiwd)-34dwi{é - (rmethlslyRetRaxyimetidnild Wieg 03051 mol). The

25cilpyrimidin-4-y1)-1H-pyrazol-1-ylicyclobutylmethyl methanesulfonate.
Py reaction was weﬂ%ed to rt and 3y0 minllla}é:r cooie){i to g °C agaisn. To the reaction mixture was

added a solution of 2,2'-(3-oxocyclobutane-1,1-diylhdiacetonitrile (0.5 g, 0.003 mol) in THF
(5 mL). The reaction was allowed to warm up to rt gradually and stirred at rt for 2 h. The

25  reaction was quenched with saturated aq. NH4Cl, then extracted with EtOA¢. The combined
organic layers were washed with brine, dried over MgSGg and concentrated to give a brown

oily crude product, which was used directly in the next step.

Step 6. 2,24, 2% ]-[4-(7-[ 2-ffrimethylsilyl) ethoxy]methyl-7TH-pyrrolo[2, 3-djpyrimidin-4-yi)-
30 IH-pyrazol-1-vi]cyclobutane-1,3, 3-trivitriacetonitrile
The crude 2,2°,2"-cyclobutane-1,1-diyl-3-ylidenetriacetonitrile (1 g, 0.006 mol) was
combined with 4-(1H-pyrazol-4-y1)-7-[2-(trimethylsilyl)ethoxyImethyl-7H-pyrrolo[2,3-
dJpyrimidine {0.2 g, 0.0006 mol) in acetonitrile (10 mL} and 1,8-diazabicyclo[5.4.0Tundec-7-
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To a mixture of

3-(hydroxymgthyirdd4is 742-(trimethylsilyDethoxy]methyl-7Hpyrrolo[2,3-d]pyirpidifils¥desd H-pyrazol-1
-ylicyclobutylacetonitrile (0.122 g, 0.000278 mol) in methylene chloride (2 mL, 0.04 mol) was added

triethylamine (0.0775 mL, 0.000556 mol) followed by methanesulfonyl chloride (0.0478 g, 0.000417
mol) at O C. The reaction was stirred at n overnight, quenched with water, extracted with
dichloromethane. The organic layers were washed with brine, dried over magnesium sulfate, then

O e B R G AR RN MALSIER (23070 o9 02%0)- LOMS
calculated for 5C23H33N604S i((M+H)+: 517.2; Found: 517.4

2,21-17-0- (?ﬁhbﬁSFSﬁ‘@rﬂWﬁﬁ%‘iﬂ“&t‘iﬂﬁniﬂ%@]‘ﬁ’éi@ﬁ%ﬁ?@ﬁﬁfﬁéﬁé‘ §eB Ui Giacetonitrile. A
mixture of E(Cyaridmpthyly<344 dbd2d(privdetihas 15ihpedtvexjlinatiid-ditulated for

10pyrrolo[2@> gﬂpﬁr@él‘ Dz 5:pyrazel:1 yj,lcyclobutylmethyl methanesulfonate (0.138 g, 0.000267
mol) and potassmm c;?é?ugg 0.0870 g, 0.00134 mol) in N,N-dimethylformamide. (1.0 mL, 0.013 mol)

was hedted at 65 C overnight After cooled to rt, the mixture was extracted with EtOAc. The combined

organic |ayevaUWerewastyed(mtbyNate[2 Brinertient-ovyer IagRresiim, siifateythen/eyaporated to
dryness. L%M%rgg (} ,4. 15The crude product made above was treated with 1 mL of TFA at rt for

30 mm, then evaporated to dryness. The resulting residue was treated with 0.1 mL of ethylenediamine
in | mL of MeOl-1 &gt oi/é?rﬁﬁ‘rﬁ% (FresHixkibd pagalmsiod-oH-RecpipeS-Hosriaincgltolumn, eluting
with a gradmxp@f@sletoyaytrylebuammma@nmg@ei&%nwIcaé»@lgt)aomrfmm@rrﬁetsdaxuaaratlo of 3:2.

First peak tion time 0 for CIZHIBN7(M+H)+: 20318 1. Found 318.3. IH
AR (00 T R ebrai oS Bt e A ESY h rd E SER hE G0 o o 3 -
3.5Hz), 7. %S(iw,vwsweievm&yt@eeemlee (@27191(2}4)06@1)2@@6(@& (h’ﬂ)l L2 a1t (@H Hhr s), 2.60 (2H,
l;r s) gpsrrlw 83esmtm%ge@aaee&ime@&3&mi EiaelfgéM& calchiiatad mmgﬂ*ﬂ.gl;tﬁ(M+Hg+ :8 34138-(I1 H )
oun C +S S), ©. v S),s
7.59 (1H, daﬁﬁyg‘é&’s& ‘)9%4 "‘(Eﬁmﬂ” ig)“@gi i‘: %Eﬁ@r;: %}}[%@"% \st %QH d,J=7.0
Hz), 2.70 (Li4ped) 33734 @ MMR) (SRIMEXDMBIO48): 6is2 B, br s), 8.79 (1H, 5), 8.63 (1H, ),
trans-3cy ﬁﬁhyﬁ')ﬂfmﬂm 3 14 & Py ool @-AlpyEmigindmy L %@%ﬁlﬂs)}@%'ot’maﬂecafb

onitrile. 30 Step l. I-methyl-3-me ylenec clobutanecarbonitrile To a mixture of
3- methylené?(ﬁ;c‘ilobuth%% borfift (80 g(%g‘?ﬁ Mot [FFORPB-Bepharm Ltd., China) in

tetrahydrofuran (200 mL, 2 mol) was added 2.00 M of lithium diisopropylamide in tetrahydrofuran (32.2

L) 21 78 G Al SR fhr (4 08,30 IRV QA48 i UAOT 1 il wes addecl. The

reaction was stirred at -78C for 30 mm, then al wed 0 warm u;ﬁg rt, quenched with ammonium
chloride, th @A TSR RS S HE WD mbined organic layers were washed with water, brine, dried,
and evdporated to 10dryness. The crude residue was used directly in next step. Step 2.

[-methyl-3-oxoeyelobutanecarbonitrile. =N
oA
N_.

N

$

LS
-

N

NT g

Step 1. N-methoxy-N-methyl-3-oxocyclobutanecarboxamide
To a mixture of N,O-dimethylthydroxylamine hydrochloride (5.2 g, 0.054 mol), and 3-
25  oxocyclobutanecarboxylic acid (4.0 g, 0.035 mol) in dichloromethane (30 mL) was added N-
(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (10.0 g, 0.052 mol), 1-
hydroxybenzotriazole (7.1 g, 0.052 mol) followed by triethylamine (34 mL, 0.24 mol) a1 0
°C. The mixiure was stirred at rt over night, then quenched with water, The mixture was

extracted with EtOAc. The organic layers were dried over MgSQOy, concentrated and purified
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A mixture of water (60 mL, 3 mol) and 1,4-dioxane (200 mL, 2 mol), 1-methy1-3-
methylenew&lg lﬁpgg?rbonitrile (5.75 g, 0.0537 mol), and 0.2 M of os V\?mgﬂ% 9&&9 15 water (1
fo

mL) was stirred for 5 min, during which time the mixture became brown. While the temperature was
maintained at room temperature, sodium periodate (24.1 g, 0.113 mol) was added in portions over a
period of 30 min. The mixture was stirred overnight. The mixture was extracted with dichloromethane
and combined organic layers were dried over MgSO4. After removal of the solvents, the crude product

was used dmﬁttyombnﬁagh%ﬁ%gé%g#%%%%;(%%béewMF%%9%1@&%!\{'!5'@\&%4 (2H, m), 3.16

(2H, m), 1.75 (3H, s) ppm. Step 3. 3-(cyanomethylene)-1-methylcyclobutanéearbonitrile. To a solution

of 1.0 M of B’i‘ft‘é%%ﬂﬁ Y ougo e 1 etiarrarbRirdr (52 @ inar f@”@?ﬁfa@&d@%ﬁ}ﬂropwse a solution
of diethyl cyiadddnigitmydphishhonate (8.98 mL, 0.0555 mol) 25in tetrahydrofuran (90 mL, 1 mol). The
reaction was warmed to rt and then cooled at O C again. To the reaction mixture was added a solution
of 1-methy1-3- oxocyclobutanecarbonitril 12{5 .50 g, 0.0504 mol) in tetrahydrofuran (40 mL, 0.6 mol).
The reaction Was Aflsfres W werapad et Aslehviaer e PeeiBiffight. After quenching with water, the
mixture was extrastadeinitty ethesthihe- mqhm&m&@eewggm&ﬁ%@w&&e& brine, dried

and evaporﬁ,t%ge d‘y&eﬁ d g%clé ?§ / Elgyxﬁrwas u”& rscq foe&}g g@f |th 0 to 60% EtOAC in
t

hexane, to glve the desired produ ca cu H)+ 133.1;
Found: 1332@ gi§g¢brgacnon was stirred at 1t for 1h. To the reaction mixture was added IN aq. HCl to

3-(cyanomedtjyd)tie pretb 1734 4xlsttlpy i@l 2s rdikpyHenidifrd tyd Y kit ERyraz athd vombined
yllcyclcg utanecar onltrlle T%g g%ggg%gégm% pyraz fI: d4t E}/#_ {(?’é dgrilfrrn %{ rrlloHet h¥]methyl -7H-

pyrrolo[2 3- yrlmlc\ﬁln |n acetonitr m waadded

3- (cyanometﬁiﬂéfrfé§ E%ﬁ@‘@éﬂ%@f&ﬁé&dﬁﬁbﬁﬁﬁf@ (06965 guBl0BEHEH51 mol), 10followed by

1,8- dlazablcyclo[S 4. O]undec -7-ene (0.0142 mL 0.0000951 moI) The resulting mixture was stirred at rt
overnight, t crude mixture was treated with 1

R SRl dneen D M A0
mL of TFA trl‘ﬂuor Cetiés d[f atitfor 19 andeva oré’f %’%ecfﬁ@’f%'gi%e was stirred with
0.050 mL of ethyl&riedispime ot 1- hﬁﬂr@fﬁwﬁémﬁh@lsaNmW@rh@fanWWQQﬂ@n@n|66té@ was applied on

RP-HREC (XByidge: bOi8 Q@‘PHTJPw@i%@lﬁQd‘@é?hb%@féﬁﬂ%;ﬂfeﬁ%%ﬂgmwaWICr%‘i'}aining 0.15%
NH40H) to n/e ﬂi}—% i%lred ogté? qséieeb es. First eak ret qtlon time 0.916 mm, LCMS
calculatedtfg CI7RT6 %f éniff&llr—? ﬁﬁl FNHSEBME D W6): 5 12.10(1H, br
s), 8.93 (1He@9ti®ms(mt@; vati dighlorometiiaad Ay ashelw BHG44 AYalH ©8s( Meketiandl br36 Hz), 3.48 (2H,
LTS el S M AR T
econd peak im min alcyla or +H)+; oun
11-1NMR (580 W@‘Qq%%%?ﬁwﬁ% ﬂegnp%‘i ﬂ%ﬁf“s‘i“)ésfbs(fﬂf GGPPEH, s), 7.61 (IH, d,
J=3. BWZ)ﬂmqﬂHCMSJGaB@HQYO%%M@(Mﬁ@(4&9&13)”110@(39& k) ppm. 25Example 49. cis-

and trans-3-(cyanomethyl)- 1 (methoxymethyl) -3-14-(7H-pyrrolop,3-

dipyrimidin-4- I) 1H- a I|c clobutanecarhonitrile. Step I.
1-(methoxymiat ﬁylﬂ-a@w{’fé{ {]yéféiBEf{&H@’E’%SRﬁPi’Fé“ anone
A solution of 3- {tert—butyl(dlpheny Jsilyl]oxy-N-methoxy-N-

methylcyciobutanecarboxamide (0.7 g, 0.002 mol) in ether (10 mL) was added into 3.0 M of
25 methylmagnesium iodide in ether (3 mL) slowly under N,. The reaction was stirred and

heated to reflux for 2 h. The mixture was quenched with ice and the ether layer separated.

The aq. layer was acidified with 1N HCi and extracted several times with ether. The organic

layers were combined, dried over MgSOq, concentrated and purified with Combiflash (silica

gel, 0-30% EtOAc/Hex) 1o give the desired product (0.6 g) as colorless ofl. LCMS calculated
30 for CaHyeO:Si(M+H)": 353.2; Found: 353.3.

Step 5. 3-ftert-butyl{diphenyl)silvl]oxycyciobutyl acetate
To a stirred solution of 1-(3-[tert-butyi(diphenyl)silyl]oxycyclobuty])ethanone (0.65
g, 0.0018 mol) in dichloromethane (10 mL) at 0 °C was added sodium bicarhonate (0.39 g,
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To a mixture of 3-methylenecyclobutanecarbonitrile (1.00 g, 0.0107 mol) in tetrahydrofuran (40 mL, 0.5

mol) was 3&;?%{;@9}}94 Pf lithium diisopropylamide in 5tetrahydrofuran (6.%%%23 g jSG%SAfter stirred
at -78 C for 30 mm, togghe resulting mixture was added chloromethyl methyl ether (Q.O mL, 0.0134

mol). The reaction was stirred at -78 C for 30 min, then allowed to warm up to rt, quenched with
ammonium chloride, then extracted with ether. The combined organic layers were washed with water,
brine, dried, and evaporated to dryness. The crude residue was used directly in next step. 10 Step 2,

1-(methoxymeihy e cia HRORITEIG 0 o, (AT QRIS 2 FAL-rdchi gl and
1,4-dioxane (7 rHL 0.08 m’%ggi" mel%;f?xymethyl)-%-methyleneckglclobutanecarbon|tr|Ie (0.294 g,

0.00214 mol)& 46 % B HE%IASORRIFR ST B A Shrddfor B AR, during which
time the mixtalE 05 becaméeth rod/the Wit thestennpel fttrsothasdaaifiainediat rooputachperature,

sodium periggaieyd. 9689 & 00 Maeh WasAddeLIAAHIRRONALA REHIA.QEA%UR- The mixture

was stirred overni%ht. The mixture was extracted with EtOAc and the combined organic layers were

dried over MG &4 RIE AR VAF SPIRINSHI0RSITC IRSTErtitie BrobRcy b necligtdly in next step (298
Mg, 99.9296I<BENMRAMAGMitypGRE3): B2 4@ itk )CRBSIRH (s)c8¢58 062+, m), 3.38 (211, m)

e oA DB Y BRI P e Aol o of 2,000

M of potassium tert-butoxide in tetrahydrofuran (2.25 mL) at 0C was a ropwise a solution of
diethyl cyarfortRbiifbsBhortte (B8R4 A%P:%9.00236 25mol) in tetrahydrofuran (4 mL, 0.05 mot). The
reaction was warmed to rt and then cooled to 0 C again. To the reaction mixture was added a solution

of 1-(rqgtho§;ég1gt§1y )z;g_—bQég@ﬁ%)@%?g%%;g%%g}gn@.298 g, 0.00214 mol) in tetrahydrofuran (2 mL,

0.02 mol). The reaction was allowed t6 warm up to rt and stirred at rt overnight. After quenching with

water, the mixturelRaSEXiPAE IhbEtNEdiPTeRy Botnbmiety rgumicarsiies0ndre (B&HAd with water,
30brine, driggiandreragaripthibyRessniTheacuaded mixirer wasmIgddiaety Jamepostep. LCMS
calculated fQr, -1111\120(M+H)1:163.1; Found: 1.63.1. Step 4. .
3-(cyanonte%%ﬁﬁ?(%%#%ix‘yéﬁiﬁﬁ%—%{ggﬁIl—|?pé?}r%fg'fg%? %%%?gpﬁgfy}%wfﬁﬁf/?gzol-1-y|icyc|obutanec
arbonitrile. TEACEE WitEPAc( e seyrkinet argarycrapensiiere tijedinysetiaSirmrthyl-7H-
pyrrolaf,3-cypyehtrdetin e @v%laﬁga Q&Qg&ﬂ@dﬂwt}aim BeelNides G MG Mp@ibewg,smcl?cf -
3-(cyanomethylene)-1- xymethyl)cyclo necarbqnitri : Q. % , followed by
1,8-diazabi€§§3t%l?}7 &]ﬂhl%%efe{lggfi@uéﬁ?% %g\é r%%ﬁ%ﬁ%#?ﬁ% 5@%%5%%%%%%%%3 stirred at it
overnight, artidfdrated to dryness. LCMS (M-PH) 478.4. The crude mixture from above was
treated with 1 mL of TFA at rt for 1 h, then evaporated to dryness. The residue was stirred with 0.050

mL of ethylenediamine in | fl hanol at rt overnight. The reaction mixture was applied on
RP-HPLC (Sfé??ég%[ﬁg%gﬁ%g,eg@ﬁ?gv@ﬁﬁygl%%g%aﬁqte of acetonitrile/water containing 0.15% NHOH)
to givetbhe desired priidisetsiaxdideberiés(0FH i pe 4R retdhiod thiveo08BaaimLMBrcalculated for

C1811181\} UM thbisd w278 & BZndiapndirdd840 Seaondpealoraigniar iime,R:98@mm, LCMS

i +H)+: 2, ; 4.
calculated fgcgn%llgtlg Ia8 1Z1(c)> I,\/Ithelz_l eact?o%SW%é sFt%lflerclidforS?'g néa‘rin. A solution of crude 3-[tert-

butyl(diphenylsilyHoxycyclobutanol (0.2 g, 0.0006 mot) in dichloromethane (3 mL) was
added dropwise and the reaction mixture was stirred for 45 min at -78 °C. Triethylamine (0.5
25 ml, 0.004 mol) was added dropwise and the reaction was stirred for 15 minutes. The reaction
was then allowed to warm to rt, quenched with water and extracted with dichloromethane.
The organic layers were combined, washed with brine, dried over MgSOQq and evaporated to
give crude ketone (0.27 g) as yellow oil, which was directly used in the next step without
further purification. LCMS calculated for CaoHasOaSi(M+H)": 325.12; Found: 325.3.
30
Step 8. (3-[tert-butvl(diphenyl)silvl]oxycyclobutylidene)acetoniirile
To 1.0 M of potassium teri-butoxide in tetrahydrofuran (1.2 mL) was added dropwise,
at 0 °C, diethyl cyanomethylphosphonate (0.19 mL, 0.0012 mol). The reaction was warmed

to rt and 30 min later cooled to 0 °C again. To the reaction mixture was added a solution of
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15 Example 50. cis- and trans-3-(cyanomethyl)-1-(fluoromethyl)-344-(711-pyrrolo[2,3-

dipyrimidinﬁ(yﬁoﬁ%ﬂ-m@zol-1-y|icyclobutanecarbonitriIe 20 Step 1. CT/US2009/036635
1-(hydroxymethyl)-3-methylenecyclobutanecarbonitrile. To a mixture o?

1-(methoxymethyl)-3-methylenecyclobutanecarbonitrile (1.40 g, 0.0102 mol) in methylene chloride (30
mL, 0.4 mol) was added 1.0 M of boron tribromide in methylene chloride (12.8 mL) at -78 C. The
reaction was stirred at rt for 2 h, quenched with 25aq. sodium bicarbonate, and extracted with

dichloromethaag. T e @PRRIN icilavers et dies Q)er Magne s sWiaterand evaporated to
dryness to %jc\?{e@_the %I%g?ed g:)ggﬁ%(tgﬁ%%g 100%e§. 1HéNMR 4OO@1|\§|’HZ, CDEl3ﬁ§}*4.81 (2H, m), 3.66

(2H, s), 3.1F SRS 2BV ESHP BRI i@ﬁdﬁ‘fﬂﬂ@ﬁé}m@ Pifos 2ethireneditastatanecarbonhzrile
To a mixturewehdh¢thydrioxatmatiydy- M HELh glerreeyctotiLighe carboaitritént@. @a2ng; 8y86205 mol) in

methylene %Fg @%K@@&R&bﬂn%, 'E&‘?J)i E\f@l‘ Rfi §6§, QQ&H&M&%%S%R@I: residue was purified
methox%-N-(Z_-methogéith [)-N-(trifluoro-X(4)-sulfanypethanamine (1.13 mL, 0.00614 mol) 5followed

by ethanol (384576 icagrh Glehib g@{gﬁ}?&gig? hodeirgrretHeitughed with ag. sodium
bicarbonate;ciwmtbextiaties Svithcdichidio@oihaNOST e Bxtracts Wenedcomsbiined and washed with water,
brine, and dried over magnesium sulfate, and evaporated to dryness. The residue was used directly in

next step. 108t§p 3.1- fluorometh%/rlr)-S-oxocyclobut.ar]e.carbonitrile. A mixture of water (2 mL, 0.1
mol) and 1,3eRSx&fTEXE it~/ 0 08 sy rale (RdofGridtrigh-sretHyreiteelyéobutanecarbonitrile (0.256 g,
0.00204 magl)jcprids2 M-abesmum tetraoxide in water (0.04 mL) was stirred for 5 min, during which

time the mixture b j ure was maintai tr mperature, sodium
periodhla%%e 15(0.91§9§%%§§%@%§§%%@ Edtggc)ﬁﬁggélr{l%ﬁ?ao%gﬁng%%?%%%f é)g %ﬁ?ﬁf mixture was
stirred overiigtorrhiashixitire WaPEREddtad wilk-rosenly ishesitedlslyaievagets.fvere dried over
gflgSO4. Aftﬂpyieimm @;@f ztlag,smvﬁiaadil)agcgmlﬁﬂ@ﬁuéi(ls:.m_nlmﬁmus:?_ﬁdﬂdﬁ@ﬁﬂydmm?@}&meStep 4.

-(cyanom ene):1-(fluar clo ecarbonitrile 0 a solution of 1. otassium
ot botoxict THrs st o M SR AR T G SRR 5 oy
cyanometh it dsphdraheSeaee ihpsal. pEh 28 b H2hdcndipgi fuierilid mIctinegetly. The reaction
was wasmegltaekandsihantealrdriR £ aAgim. Todhareachioncondaremwasasdart dosolution of

1-(fluoromethyl)-3- 250x0c coé)w n 0 'tribe 0.2 ,0.00204 mol) i hydrafuran (2 mL, 0.02
mol). The ré;g}ét%égna%%/zg gl?o%\?!é 'tll(@/v@ﬁrglﬁ 56%% ggrydesﬁi%}r% BF 8\1}%r1f1tig %@4& eér%é;ﬁhg with water,
the mixture was extracted with ether. The combined organic layers were washed with water then brine,

dried, and eyapowated da.dryness hg G desmpduie was ypehdiseetly. in next step. 30 Step 5.
3-(cyanomet S‘}I)l fluoromethyl)-3-[4-(7H-pyrrolo[2,3-djpyrimidin-4-y1)-1Hpyrazol-.1-ylleyelobutanecar
bonitrile Toya}l) é/oﬁluoflzl%lrtﬁ"jj%‘l?%C-"(qf[tf-i?épyrazoI-4-y1)-—742-(trimethylsiIypethoxylmethyl-?H-

20 3-Hydroxy-1-[4-(7-{2-(trimethylsilyDethoxymethyl-7H-pyrrolo[2,3-d]pyrimidin-4-

y1}-1H-pyrazol-1-yljcyclobutylacetonitriie (0.020 g, 0.000046 mol) was treated with
trifluoroacetic acid (0.5 mL, 0.006 mol) at rt for 30 min and evaporated to dry. The resultant
residue was mixed with ethylenediamine (0.2 mL, 0.003 mol) in MeOH (1 mL) for 2 h. The
reaction was concentrated and purified on prep. LCMS (pH=10) to give 2 isomers of the

25 desired products. First peak retention time 0,714 min, LCMS calculated for
CysHisNsO(M-+H)": 295.1; Found: 295.3. Second peak retention time 0.750 min, LCMS
calculated for CysH sNO(M+H)": 295.1; Found: 295.3, "H NMR (400 MHz, CD;0D): § 8.67
(1H, s), 8.66 (1M, s), 8.38 (1H, s), 7.51 (1H, d, J = 3.6 Hz), 6.98 (1H, d, ] = 3.6 Hz), 4.37
(I1H, 5), 3.34 (2H, 5), 3.22 (2H, m), 2.48 (2H, m) ppm.

30
Example 57. 3-fluoro-1-[4-(7TH-pyrrole|2,3-d]pyrimidin-4-y1)-1H-pyrazol-1-
yijeyclobutylacetonitrile
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pyrrolo[2,3-d]pyrimidine (0.256 g, 0.000812 mol) in acetonitrile (5 mL, 0.1 mol) was added
3-(cyanomgth -ji-@uoromethyl)cyclobutanecarbon|tr|Ie (0.153 g, 0. Owb@gggj@g}%\s\éed by

1,8- dlazablcyc 0[5.4.0Jundec-7-ene (0.153 mL, 0.00102 mol). The resulting mixture was stirred at rt
overnight, evaporated to dry. LCMS (M+H) 465.4. 5The crude mixture was treated with 1 mL of TFA at
rt for 1 h, and evaporated to dryness. The residue was stirred with 0.050 mL of ethylenediamine in 1
mL of methanol at rt overnight. The reaction mixture was applied on RP-HPLC (XBridge C18 column,
eluting with a gradient of acetonitrile/water containing=0.15% NH4OH) to give the desired products as
free bases. First peak retention time 0.939 rn@g\l/%s calculated for C171-115FN7(M+H)+: 10 336.1;
Found: 336.3. IH NMR (400 MHz, DMSO- 56) 1R-G8(1H, br s), 8.97 (1H, s), 8.70 (1H, s), 8.49 (1H,
s), 7.61 (1H, d, J = 3.6 Hz), 7.09 (IH,d, J=3.6 H .81 (2H, d, J = 46.4 Hz), 3.48 (2H, s), 3.44 (2H,
m), 2.90 (2H, m) ppm. Second peak retention time 0.978 min, LCMS calculated for
C171-115FN7(M+H).: 336.1; Found: 336.3. IHNM MHz, DMSOd6): 8 12.08(1H, br s), 8.85 (1H,
s), 8.68 (IH, s), 8.43 (1H, s), 7.61 (1H,d,J=4.4 Illlq\}/ Q6 15(1H,d, J =4.4 Hz), 4.58 (2H,d, J = 46.4
Hz), 3.58 (2H, s), 3.26 (2H, m), 3.09 (2H, m) ppm. Exarfiple 51. cis- and
trans-1,3-his(cyanomethyl)-3-14-(711- pyrrolo[2 3- d]pyrimidin 4-

y1)-1H-pyrazol-1-yl ér it e% lenegyclobutyl)methyl
methanesulfonatex l"@{& (? é?nﬁg lj%g q P%/ mﬂ tgjéjg met Ie ecy%[ggutaﬁgcarbonltnle (0.756 g,

0.00614 mdﬂblqﬁcmeﬁeﬁg}féﬁ@f&m}s’r{a@kzoﬁrﬁﬁ 0@ Bl?ﬁde Wé@l&dﬁéﬂf’ﬁ?@mmrﬁﬂém 28 mL, 250.00921
mol) foliowed:ﬂnyremheﬂeeuﬁmyddﬁmﬁdem(zoﬁ%ﬂebm@ LRTEeNel) ahlrézed hecteastian was stirred at

rt for 1 h, qlgtergle}h%%rw‘ggsxﬁgé 1 \%‘ﬂgze ctegN/_v %hlo 5 e L;I;)p(e_ mbined organic layers
were washed water, brine, and then ver “ma te and‘evaporated to dryness.

The re5|dué‘%kfa@’l)§@élﬂ§ﬁe'&|§ﬂiﬂ3ﬁe&i%9@82 @céﬁtzi Ethaﬂol (0.002 mL 0.00003 mol) was

g— (cyanomethih); %nmmm%egwmmwwmw%g Theée{lﬂﬂ?@rW@Q{vaporated to day
1-cyano-3-m enecyclobut et S te 0 41 0.0020 mol . an potassium
cyanide (O. 8%%? 2?5; i ‘ﬁ%\? %fh?l%?r%%ﬁ?% ?@at ure tvv\vlgés Hted at 65 C
overnight. A@ﬁ%ﬂ@llﬁﬁbt@ﬂtf‘W@lEéTn4Ehb(?‘é§ﬁ]ﬂrﬁj’MIXEQF@dNa%7e3(traCted W|th EtOAc. The combined

organic layers were washed with water, brine, dried and evaporated to dry. The residue was used
directly in xt st tep 3,.1-(cy eth clob tanec ﬁgnltrlle OA mixture of water (2
mL, 0.1 mgﬁ ?ﬁdgﬁgﬁgkg 112 rWg](%r :; (?(8( 5h’%‘mefﬁﬂ %’fﬁy?glrl}ecyclobutanecarbon|tr|Ie
(0.270 g, o.ﬂmwwm)ammqvl of osmium tetraoxide in water (0.04 mL) was stirred for 5 mm,
during which time the mixture became brown. While the temperature was maintained at room
temperature, sodium periodate (0.919 g, 0.00430 mol) was added in portions over a period of 30 min.
The mixture was 15stirred overnight. The mixtE;rehrvvaﬁ extracted with EtOAc and the combined organic

layers were dried over MgSO4. After remo e solvents, the crude product was used directly in
next step. Step4. 1-(c_yanomethyl)-3-(cyanomethy\n )cyclobutanecarbonitrile. 20To a solution of 1.0

Step 1. 3-(bromomethyl)-1-{4-(7-[2-(trimethylsilyl)ethoxy]methyl-7TH-pyrrolo[2, 3-
dlpyrimidin-4-yi)- 1H-pyrazol-1-yiJcyclobutylacetonitrile
To an ice-cooled mixture of 3-(hydroxymethyl)-1-[4-(7-[2-
20 (trimethylsilyl)ethoxy]methyl-7H-pyrrolo[2,3-d]pyrimidin-4-y1)-1 H-pyrazol-1-
yl]cyclobutylacetonitrile (1.0 g, 0.0023 mol) and carbon tetrabromide (1.1 g, 0.0034 mol) in
DMF (7 mL) was added triphenylphosphine (0.90 g, 0.0034 mol) and the mixture was stirred
at this temp. for 30 min. To the resulting dark brown solution was added saturated aq.

NaHCO; (5 ml.) followed by water (5 mL) and the mixture was extracted with
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* C was added dropwise a solution of diethyl cyanomethylphosphonate (0.364 mL, 0.00225 mol) in

tetrahydrofganyid Mks4-04 mol). The reaction was warmed to rt and then gopled.ta.Q, £z again. To the
reaction mixture was added a solution of 1-(cyanomethyl)-3- oxocyclobutanecarbonitrile (0.274 g,

0.00204 mol) in tetrahydrofuran (2 mL, 0.02 mol). The 25 reaction was allowed to warm up to rt and
stirred at rt overnight. After quenching with water, the mixture was extracted with ether. The combined
organic layers were washed with water and brine, then dried and evaporated to dryness. The crude

mixture wasidbrebaiFeaHy. Thoexisie P36 FtePcbmbined, washed with water, dried over Nay SO,
1,3-bis(cyanomet I%_a'?;- 3(7. -pyrralol2 3-dipyrimidin-A-y1):1H-pyrazol-1- ylic Io%uta ecarbonitrile
To a solution of - Qé &p%/é; %%g%vf?hﬁﬁf%#me{ﬁy@@%gr%% rﬁ%%@lzgﬁlﬁ 1r\(’)elyc{{) 5. ;Séﬁérgiyrimidine
(0.256 g, 0.009B%L2IAGH N acstba el selid OLL MWD heleriated fu @ HsoBINsOSI(M+H)
1-(cyanomethyh)-8oigy@pomethylene)cyclobutanecarbonitrile (0.161 g, 0.00102 mol), followed by
1,8-diazF<IabicycIo[5.4.0]undec-7-ene (0.153 mL, 0.00102 mol). The resulting mixture was stirred at rt

overnight, evaporated to dry. LCMS (M+H) 473.4.  The crude mixture was treated with 1 mL of TFA
at rt for 1 h,¥Eed évagbrafed 10 deyicnsPid tedidud sy stitfastrwith D B8ymividhettwlenediamine in

1 mL of methapplasiy SeMermieli.dhs:paction mixture was applied on RP-HPLC (XBridge C18
column, eluting wi radient of acetonitrile/water. containing 0,15% NH40H) to give the desired
products as free bgg%gﬁﬁs%%&k?&@r%éﬁq et@%%ﬁ%ﬂqgﬁ%@ 7&%18‘(}%??8 for C181-115N8(M+H):
343.1; Fourldmaugdinid Y INNIR {230l /i 2y BASOra8nigi T U.0F 1-40.B0 I$) nB 1D S 4slidgcsdd 8.70 (IH, s),

8.48 (3, S)uithQI il irad AR R0 70d0 L dosls hai Ao (3 PRU2od, Mgatl%&eloa% (2H, s),
3.42 (2H, m), 2.92 £2H d,J=132Hz) cond peak retention time 0.897 mm, LCMS calculated

ppm. S ne U
for C181115 TREERES%: DI PRy i %‘&%‘?ﬁ‘?gﬁwt?ﬁ%‘ FHtiac eIl 8MBa8iH, br s), 8.85
(IH, s), 8.69TkEHr @i BldB (IwErs WRIGT ¢AtH watkr, hOTe(BHtdmyeBN8SQ@HN&osA7riRH tam), 3.14 (2H, m),

2.88 (2H, m)ippe A 88N Q R £ @I as cis- and trans-isomer mixtures, LCMS caleulated for o
trans-3-(cyanometh¥%Cﬁg%fll- rrolo[2,3-dIpyrimidin-4-y1)-111- pyrazol-1-ylJcyclobutanecarbonitrile

NC-OrN N-=5p y ERahditrile. A mixture of water (40 mL, 2 mol) and
1,4-did¥ane (100 mL, 1 mol), 3- methylenecyclobutanecarbonitrile (3.30 g, 0.0354 mol) (commercially

available fram, Bepharma Lid. Lhna), aat Y, Mol Hsmium éggﬁggggg in water (0.7 mL) was stirred

for 5 min, during whichtime the mixture becanie brown. While'the temperature was maintained at
25room temPEFERIPLY S6HRIT Periodate (15.9 g, 0.0744 mol) was added in portions over a period of 30
mm. The mixture Was stirred foBanedgditiphdl-L Sthirtheyisdxiattes witthdicHloremiethane. The

combined ogRRigiigars (ee s QualdRANEumL SRS A1 FBRCRBITRISAIB e 2 sold (204 0,

.54%). IHNMR (300 MHz, ClI3): 63.58 (4H, m), 3.25 (1H, m) ppm. Step 2.

-(oyarlbm iy B AR o & SOOI of SHFS DORSHRPRA B xice in THF

(67.4 mL) atl0@ wyas sdided bdrapwisdcn salutiamed diethyk ayamprietiadpliesplinnatd (121.4 mL, 0.0706

mol) in M of ammonium hydroxide in water (0.59 mL) in portions over a period of 5 minutes at rt

adjusting pH to 9-10. The reaction mixture was stirred for 2 h at rt. The reaction was filtered

and the filtrate was diluted with acetonitrile, water and MeOH and purified with prep. HPLC

25  {XDBridge C18 column, eluting with a gradient of acetonitrile/water containing 0.15%
NH:OH) to give the first isomer with retention time 1.057 min, LCMS calculated for
Ci6H17Ng(M+H)": 293.2; Found: 293.3. '"H NMR (500 MHz, CDCls): 8 10.07(1H, br s), 8.88
(1H, s), 845 (1H, 5), 8.34 (1H, 5), 7.43 (1H, d, = 3.5 Hz), 6.85 (1H, d, ] = 3.5 Hz), 3.16
(2H, s), 2.77 (2H, m), 2.55 (1H, m), 2.43 (2H, m), 1.24 (3H, d, J = 6.5 Hz) ppm; then the

30 second isomer with retention time 1,107 min; LCMS calculated for CsHiNg(M-+H)": 293.2;
Found: 293.3. 'TH NMR (500 MHz, CDCl5): & 10.21(1H, br s), 8.89 (1H, s), 8.61 (1H, s), 8.37
(1H,s), 7.44 (1H, d, F = 3.5 Hz), 6.86 (1H, d, I = 3.5 Hz), 3.07 (2H, s), 3.05 (2H, m), 2.61
{1H, m), 2.26 (2H, m), 1.25 (3H, d, J= 7.0 Hz) ppm.
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tetrahydrofuran (100 mL, 1 mol). The reaction mixture was warmed up to room temperature and
cooled to %Qg@ﬂgl;qzthe resulting mixture, a solution of 3-oxocyclobutage%g%gfélﬁ;(f%10 g,
0.0641 mol) in tetrahydrofuran (20 mL, 0.2 mol) was added. The reaction mixture was allowed to warm
up to room temperature and stirred for 2 hours. After quenching with 10 water, the mixture was
extracted with EtOAc. The combined organic layers were dried and concentrated. The residue was
purified by flash silica gel column, eluting with 0-10% MeOH/dichloromethane to give the titled product
(5.40g, 71.26%). LCMS (M+Na) 141.3. NMR (400 MHz, CDCI3): 8 5.30 (1H, m), 3.40 (2H, m), 3.14

(3H, m) ppm. 15 %38 . 3-$anometh§ﬁ314-g%2}§trimet‘hy_lsjtyPetho%ly]methYI-YH-pyrroI012,3-
d]pyrimidin-23Tp -p%r%i’? il ol Tma ettty rimidin-4-yl)-1H-pyrazol-1-
3-(Cyanomeglhydeisicyatetouitnilecarbonitrile (120 mg, 0.0010 mol) was combined with
4-(1H-pyrazol-4-y1)-742-(trimethylsilypethoxylmethyl-7H-pyrrolo[2,3-d]pyrimidine (0.1 g, 0.0003 mol) in
acetonitrile (2 mL, 0.04 mol) and 1,8-diazabicyclo[5.4.0]lundec-7-ene 20(6 uL, 0.00004 mol) under

. . . == N .
nitrogen. The mixture was stirred at room temperattte over the weekend. After evaporation to dryness,
the crude mixture was purified by flash colu luting with O to 10% MeOH in dichloromethane, to
give the desired product. LCMS (M+H) 434.4. 25 4.
3-(cyanomethyl)-344-(7H-pyrrolo[2,3-dipyrimidin-4%1)-1H-pyrazol-1- ylicyclobutanecarbonitrile. A
500 mL round bottom flask fitted with stir bar, co%’w r, and nitrogen inlet, was charged with

acetonitrile (16.3 mL, 0.311 mol), water (1.4 mL, [0.078 mol) and 3-
(cyanomethyl)-344-(712-(trimethylsilyflethoxy]met I-7IH-pyrroIo[2,3-c|]pyrimidin-4-y1)-
301H-pyrazol-1-ylicyclobutanecarbonitrile (1.00 g, 0.00231 mol). The solution was homogeneous.

After adding lithium tetrafluoroborate (2.21 g, 0.0231 mol), the resulting mixture was heated to reflux
overnight, thieh tHafgetowa¥i?. ZHN-oT-dinimbradimds Bytrosintérierwbitét-g-2mmi2)3n portions over a period

of 5 minutegaliaim:temperatyre 0. adinstRLIR.9:7, 10 TNSHeastion Wasstiadiiole h at room
temperature. Solig was.remov. d3 [ E}I}trgtlon a d§1 &Igﬁ was djluted with a etonlglle, water, and
eOH. The resultARETHILTER et B R Or TN KB LB R PR B0 i, 5 v,
with inj€ctiaryvolkithe Gnyiin(ide-frglid jéatiomphird frowlobuty Beetmifriin 0t gradient @6t28% B in 12

minutes (A znSwatenwithQol 5% N HRH 1B F-AS SRRt D5 NERRI), to give the desired
products as fr 826 mm _at Waters SunFire HPLC column (C18,

t%e ba\@Fs. r‘wzié‘it p%a&retenti%n ticr)ne 0]
2.1x50 mm ™S UM WIETIHFREHETT Cofint-2% 4 AP RS Pate RS FEMHRR. REGYEREACHERS to 80% B in 3
minutes (A = fivaie mvitA 1. 628961 TiA dBute d getiodithleorh @S, cadchdd tethfonte, 6dlEAN 7 (M+Hr: 304.1;

Found 304-cﬁﬁeh'?!JEJMEgééS{Q;Mté%trQMSﬁe%&idﬁé&%&)&ﬂih@&%o%%ﬁ% HileSgeBol b4, S), 8.44 (1H,
s), 7.61 (IH, d. J = 4.0 Hz), 7.08 (1H, d, J = 4.0 Hz), 3.59 (1H, m ,3.196(2H, m), 2.86 (2H,

(AH,d,J= ), 3. ‘m), 3.57 (2H, s
m) ppit. Sedont PERk A CHTESPIEUHIRY Rea bari e sitmelg Lo seiried ehdition, LCMS
calculated fOrBBRAMEI(M+H)+ 56302, Fp@olinzs304.3. 111 NMR (400 MHz, CD30D): 38.67 (1H, s),
8.66 (11, s), 8.40 (1H, s), 7.51 (1H, d, J = 3.6 Hz), 6.99 (1H, d, J = 3.6 Hz), 3.50 (1H, m), 3.42 (2H,

S), 3.24 (2H, m), 3.00 15(2H, m) ppm. Example 53. o
3,3-bis(hyd56%%éﬁiﬁlﬁ!if-’mi—(}rﬁ:ﬁ??{r%(8[’2*,%%fﬁ{}#ﬂﬁfmﬁ%?fﬂl%@fﬁf&[ﬁﬁéwmwr‘acetonitri|e 20
HO HO Step H-giisapkdpy] 3«dxocyetemitane-1,1-dicarboxylate.

20 3-(Cyanomethyl}-3-[4-(7-{2-(trimethylsilyDethoxy Imethyl-7H-pyrrolof2,3-
dlpyrimidin-4-y1)-1H-pyrazol-1-yljcyclobutane-1,1-divlbis(methylene) dimethanesulfonate
(6.06 g, 0.0001 mol} was reacted with sodium tetrahydroborate {0.02 g, 0.0004 mol) in DMF
(0.8 mL) (~0.5 M} at 65 °C urder nitrogen for 2h. The reaction was quenched with water, and
extracted with dichloromethane. The organic layers were washed with water, dried over

25 MgSO0s, concentrated. The residue was purified with Combiflash (silica gel, 0-60%
EtOAc/Hex) to give the desired prouct. LCMS calculated for Co3HasNgOSi(M+H)": 437.2;
Found: 437.4.
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A mixture of diisopropy! 3,3-dimethoxycyclobutane-1,1-dicarboxylate (3 g, 0.01 mol) in 20 mL of
trifluoroacegyig agidnyater (95:5) was stirred at OC for 4 h. The reaction was,250il6e WithsEtOAC,
washed with water, saturated NaHCOS3 solution, and brine, dried over MgSO4 and evaporated to give
crude product (2.4 g) as yellow oil, which was used directly in the next step. H NMR (CDC13, 400
MHz) 5 5.07 (2H, h, J = 6.8 Hz), 3.54 (4H, s), 1.23 (12H, d, J = 6.8 Hz) ppm. Step 2. diisopropyl
3-(cyanomethylene)cyclobutane-1,1-dicarboxylate To a mixture of 1.0000 M of potassium
tert-butoxiderip ey ahysteaturay £37ah)-ang T30 440tk was added.dropwise, at 0 C, diethyl
cyanometh&lgh%i%%a%tem%ﬁggnL, 0.017 5mol). The reaction was warmed to rt and 30 min later
cooled to O gjgaln. 0 the reaction mixture was added a solution of diisopropy! '
3-oxocyclobutane3$ RietiioxiAdie2(Figetnosily nediyinl metky (10T mizyolpfibSrd hotiowidivas allowed to
wa(;mhup to yng@q?aémmnm@sjeg@g@wré@mﬁe @t@d%@@ﬂ@@ow@%ay%‘aghg%wwﬁﬁaturatt)ed 3q- NRICI
and the organic solvent wgs e e mixtur s extracted with EtOAc. The combined organic
layers vseretévﬂzilscﬁ%aﬁefﬁv%@ (ér?n%?ﬁd(r)?g%g;r%rﬁ WISS%%?@EH@@ tt&heféavg‘??&a}?gﬁﬂ i V\ﬁﬁ Combiflash (silica
gel, 0-35% Erde/rMrshto Yaksdhdth etivéaqioninst (2 68.gP 493 igt)ye Me@Bil 1 St&pie: 2lisopropyl
3-(eyanomethy D=2 idn(k AL thimptiyisind e thaxy EH(?FQH%CPW@%Q 818 column, eluting

d]pyrimidin-4:y1 -1I—%g%ragol-hylic%{c)obutane-l,1- icarboxylate 15Diiso ‘r%pyl

3-(cyanomelhyI& LRI Sh ATaa M Y SR BN AR to 84 §! %@@W‘F&g e AR with
A-(1H-pyradPMS/glcudedtimethyisilyé thbicy RO yodid: pPitolOfR 8VE] piptrMdineM§00.003 mol) in
acetonyiile (H0gmbhane &-diaanniclla 4Qlundee do ae (0 sk §93mphuyardded under N2

di

The mixture was heated at 5%’ C overnight. The reaction was concentrate purified with
Combiflash(@%éajgze?,-@%%%t%ﬁ%i 2613 givetHbastéd GFbdutt(0Hd Hrhd €d1Hkss oil. LCMS
calculated fox CZOEHNGRDSI(M+H)+: 581.3; Found: 581.4. Step 4.
3,3-bis(hydroxymethyl)-.1-14-(7-[2-(trimethylsilyOethoxy]methyl-7H-pyrrolo12,3-
dipyrimidin-4-y1)-1H-!;Jyrazol-l-ylicyclobutylacetonitriIe 25Diisopropyl

3-(cyanométrgmads a0 ris2 audriattyis(BpeioR ety rolof2,3-d]pyrimidin-4-y))-1H-
pyrrola[2,3-gipyrimidim4-adnutiiapaaaatd.-yl cyclobutane-1,1-dicarboxylate (0.3 g, 0.5 mmol) was
dissolved in tetrahydrofuran (15 mL, 180 mmol) and lithium tetrahydroborate (0.017 g, 0.77 mmol) was
added at 0 C. The reaction was then heated to 50 C for 30 mm, To the reaction was added MeOH (10
mL). The reaction was held at 50C for m, then 30 "ﬁed to near dryness. The residue was
treated with IN HO, then neutralized w@ﬂa\@ 3. The mixture was partitioned between water
and EtOAc. The phases were separated and the ag. phade was washed with EtOAc. The combined
organic phases were washed with water, then brine, d over MgSO4, concentrated and purified with
Combiflash (silica. gel, 0-100% EtOAc/Hex) to give the \sired product (0.145 g, 60%) as colorless oil.
LCMS calculated for C23H3314603Si(M+H)+: 469.2; FFoumnd:469.4, Step 5. ‘
3,3-bis(hydroxymethyl)-1-14-(7H-pyrrolo[2,3-dipyrimidi /-y -1H-pyrazol-1- ylicyclobutylacetonitrile
53,3-Bis(hydroxymethyl)-144-(742-(trimethylsilypethoxy]methyl-7H-pyrrolo[2,3-

Step 1. [2-bromo-I-(bromomethyljethoxy]methylbenzene

20 I-Bromo-2,3-epoxypropane (28 mL, 0.33 mol) and benzy! bromide (39 mL, 0.33 mol)
was mixed with mercury(II) chloride (0.04 g, 0.0002 mol). The mixture was heated slowly to
155-160 °C and stirred over night. The reaction mixture was then cooled to room
temperature, purified with Combiflash (silica gel, 100% hexanes) to give the desired product
(63 g, 62%) as a clear oil. "H NMR (400 MHz, CDCls): & 7.40 (5H, m), 4.71 (2H, s), 3.82

25 (IH,t, J=4.8Hz), 3.60 (4H, d, J = 4.8 Hz) ppm.

Step 2. ([3-(methyisulfinyl)-3-(methylthio)cyclobutyljoxymethylibenzene.
2.5 M of n-butyllithium in hexane {19 mL) was added to a solution of
{methylsulfiny}(methylthio)methane (5.0 g, 0.040 mol} in THF (10 mL) dropwise at -10 °C
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d]pyrimidin-4-y1)-1H-pyrazol-1-ylicyclobutylacetonitrile (0.022 g, 0.000046 mol) was treated with
trifluoroacsgfie, agid 4Q42,9L, 0.006 mol) at rt for 30 min and evaporated to dsyh4sSedd)5:kesidue was
then mixed with ethylenediamine (0.2 mL, 0.003 mol) in MeOH (1 mL) for 2 h. The reaction was
concentrated and purified on prep. LCMS (XBridge 08 10 column, eluting with a gradient of
acetonitrile/water containing 0.15% NH4O0H) to give the desired product as free base. LCMS
calculated for CI7TH19N602(M+H)+: 339.2; Found: 339.3. 1H NMR (300 MHz, CD30D): 68.72 (IH, s),
8.67 (1H, s)k:B.88 iktus)wisSiirfddtpd3 8.7 3tBeta)ifa:f fo{ddmbndyal sdial Idﬁ)p\fa’iﬂz@l-damm% (2H, s),

3.36 (2H, s) Exa le 54
3,3- bls(fluoro?n%%ﬁf{ itg%%jé%??ﬁg!e%t Zlélly %ogﬁ\gée%h g_'i—?pyrro \6% lﬁlyrlmlép i ryl) 1H-pyrazol-
hyIIeyeIobufWééé |ﬁq|@zszgnperapg)§d‘jlmﬁoh gy then at rt over night. The reactmn was diluted with

3,3- bis(hydmwmeﬁhbj!ﬂaﬂdéd%ﬂa&éﬁlmeihw&ﬂypﬁah@&dm@H&y&?&ﬂ@yﬂi@}@c{%@vﬂﬂmyﬂm|d|n -4-y1)-1H-pyra
zol-L-ylcyclgbyiacelonivie.(0.05,0,0.000 mol) i dichiorameinane (3.mi), Sopigiged in a Teflon
bottle equpe Wlt anltrogenl et tibe an rrlng ar, Was treate

2-methoxy- W@ﬁ‘i@%@é}fbﬁh?ﬁ?ﬂ@ﬁhiﬁ@%fkﬁhﬁ@%ﬁﬁaﬁ?é@tﬁéﬁéﬁﬁﬁéxw@G/?ﬁll_f; @6894 mol) at rt.
Et_hanol (0. qggdmL(ﬁ%O@%)M}ms@%@mgnﬁé%@S Q?Etglrglwlfékggmgt(glygmight hThe regultant]c
mixture wa r column, eluting with a gradient o
aceton|trlle/S\7/\% %Z?%nﬁﬁa%?ﬁ(ﬁgi %%?I—&%I@’t 66&‘%‘8%81@%%5‘6«{8 nﬁ"fmm’]é)fe?d 6@&ct which was
treated withstrifaioroacetic acid (0.5 mL, 0.006 mol) at rt for 30 min. After evaporation to dryness, the
resultapt residue was mixed with ethylenediamine (0.2 mL, 0.003 mol) in MeOH (1 mL) at rt for 2 h.
The reaction was evapo 7ated to dry and the residue was purified with prep. LCMS (pH=10) to give the
desired pord{fé - QIR PTEAHSPEIFH17TF2N2 (M+H)+: 343.1; Found: 343.4. IFINMR (300 MHz,
CDC13): 89.55 (13-tmghy58! 3@()ks+(m¢;1&tdﬁootw@u@lﬁsxmmg)bmqm ), ®8B2nfdlH, m), 4.54

(2H,d, J= %Jdlézawé‘a%ﬁ kg0 (.?o :%rg%% %ﬁ%%éc%égk&ég 3 ;%@)(%'55 Mol %th@ngz 72(2H,d,J =
13.8 Hz) ppm. Example 55. 2

rrolo[2,3-cl]pyrimidin-4- é%‘lfH pyrazol-1-
10ylicyclob e Vs g L AYETRE Toéli‘@ﬁeﬁcé’%r‘aﬁw&“tﬁ@wé% f’aﬁ ‘P:@8fidimethanol 15At
0 C, ta a soMtibh.chdissopidpyd 3 31diTethoxiidychotidtandilictedigdrboxilates(8346 g, 0.010 mol) in THF
(20 mL) was.adipged Qb ol d0'Uh AP Rl m A I SHANYIIRIMAD QML slowly with Stiing,

The mixture was stirred for 2 h, allowing warm up tort. to the reaction was added dropwise
water (1.2 rﬂf_s)‘rei@%‘f%‘ﬁtéW&%I%ﬁf&ﬁWF%Wlﬂ aﬁ&\ﬂ%ﬁé@?@%@)@ﬁ@&%ﬂ? and’the resultant

mixture wastisdedfos.20 min at 20rt. The mixture was filtered and the filtrate was concentration to
give the desired product (1.64 g, 89%) as colorless oil which was used directly in the next step without

purlflcatlon Step 2. (3,3- dlmethox¥cyclobutane 1,1-diyObis(rnethylene) dimethanesulfonate
Step 4. [3- (benzyloxy)cyclo utylzdene]acezommle

To a mixtare of 1.0000 M of potassium tert-butoxide in tetrahydrofuran (0.68 mL)
and THF (5 mL) was added, at 0 °C, diethyl cyanomethylphosphonate (0.11 mL, 0.00068

mol) dropwise. The reaction was warmed to rt and 30 min later cooled to 0 °C again. To the

reaction mixture was added a solution of 3-(benzyloxy)cyclobutanone (0.1 g, 0.0006 mol} in
25  THF {5 mL). The reaction was stirred over night, allowing warmed up to rt. The reaction was

quenched with saturated aq. NH,CI solution, extracted with EtOAc. The combined organic

layers were washed with water and brine, dried over MgSQy and concentrated to dryness. The

crude product was used directly in next step without further purification.

30 Step 5. 3-(benzyloxy)-1-{4-(7-[2-(trimethylsilyljethoxy[methyl-7TH-pyrrolof2, 3-d] pyrimidin-4-
vi)-1H-pyrazol-1-yl]cyelobutylacetonitrile.
To a mixture of [3-(benzyloxy)cyclobutylidene]acetonitrile (O.I g, 0.0005 mol) and 4-
(1H-pyrazol-4-y1)-7-[2-(trimethylsilyDethoxymethyl-7H-pyrrolo[2,3-d}pyrimidine (0.1 g,
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To a mixture of (3,3-dimethoxycyclobutane-1,1-diyOdimethanol (1.64 g, 0.00931 25mol) and
triethylamiggd Z684Mss9-056 mol) in dichloromethane (10 mL) was added pethagasyligpyszchloride
(2.2 mL, 0.028 mol) dropwise at 0 C. The resultant mixture was stirred at rt for 1 h. The reaction was
diluted with dichloromethane, washed with water and brine, dried over MgSO4 and concentrated to
give crude mesylate product (2.95 g, 95.4%) as brown oil. Ili NMR (400 MHz, CDC13): 8 4.38 (4H, s),
3.14 (6H, s), 3.02 (6H, s), 2.10 (4H, s) PPm. Step 3.
2,2'-(3,3-dimetaryeyrisbeirng-ls 1sdiddliaseionly s -Taatsoldtign 06 jundec-7-ene (0.05 mL,
(3,3-dimeth cl tg tane-1.1-di is(methylen gi hanesulfonate (2.9 .0087 mol) in
DMSO (10 r8ﬁL 9%313’ L:ﬁ'g‘g%f pot %éxuuli)rﬁecﬂ(}%‘ﬁf é(”éf.ggé?e ?Tz?é r%i)V %“r’fghq’ felfech P
1,4,7,10,13 6Sh EsGi6 K BIFeRyE tRlfcesidie (829 R Biopw ithepynifiestelabivesahdsSstirred at 60 C over
night. The reachomvasoqienebacindtipwaies axiracietwitifiildcnithe combined:qeganic layers were
washed.with bri 2] r MgS04.anpd concengrated to give crude product (2 g) as brown oil. 1H
NMR (?1500 Efﬁ@%b%%}%@% (?I?is '%)?3‘.’?@'&%‘,‘{105), 2.11 (4H, s) ppm. Step 4.
2,2'-(3-oxoeyelobutane-1,1-diAdiacetonitnle To a mixture of
2,2'-(3,3-dinsethexyasighsianes L.ty dincetonitile 290,01 mehdnagetone (5 mL) was added
p-toluenesuli?ni&%%iglé% 9, 0.0106 mol). The mixture was stirred 15at rt over weekend. The reaction

[

was neutraizedw aq.esa’ffﬁé?ed NaHCO3 solution, extracted with EtOAc. The combined organic

layers were washédBerevbrine | dfdd Bvdimngs iy Bad ey iperaletitoygivie[3, rdiderimiiihict as brown
oil. Step 5. 2.24. ¥royelohuiamrylidstiidcdodiggnatiasetonitiie: g Ao asaldtien Rfil -0 M of potassium

tert-butoxide in tetrahydrofur .1 mL) was added dropwise at O C diethyl cyanomethylphosphonate
(0 82 L. 0TS FAS | LAeHrt QU AAB o7 Bt S PP CORe LGP M To e

reaction mixtardivsalyaddede®Bdlutidn ot 2t (8L eriticsbidtnstiiameide (0diyid) didiBtonifrder(0.5 g, 0.003

mol) in THR(B LRI Redeartioninasalonesifwal muR Iad e adually Aedatisiedatdt for 2 h. The
25 reaction Wmﬁ&l%%%%éwth s%turated ag. NH4C1, then extracted with EtOAc. The combined

organic layéfs$ gttt DS R B & R SEUPRY RS EAS GG ESDrown oily crude
produdt; whichh Wwas-ueét} aigetly irptiresnéxtesteqired piStieprd First peak retention time 1.406

2,2',2" 1-0-{efnl ARV lbABIRa 0 M £ P EQIOk e DRA I E R Hoo Mz,

301H-pyrazol-hylicyclobutane-1,3,3-triyltriacetonitrile The crude

2.2, 2" 0y cIUUBIEeE & Ky & SRR R LbrirAE (L15: B.ODB e s EsHbider it
_4-(1H-pyr_a;!ﬂ)iaéf?)&B){mzfx(}rimb_wﬁiiypetbmwﬂ;rteﬂwlaﬂ-l{pyw@m[%sﬂmiaaidiﬂg {@2 g, 0.0006 mol)
in acelonitrjg,(10 i) and 1B diazalioyelalo. 4 Qlyndet . 68, Rl Ty P,001 rpRlwas added under

nitrogen. The mikture was d at SQ ver night. The reaction was concentrate and purified with
Combitfash (@nttai g2 9 LdREHSIdS: dierdh 8§ Ssird MR At MElghMiewn:dil. LCMS
calculated fog GPAH3ANSQSIGVIEHYY, 048 121, k9w 487550 (11, d, T = 3.6 Hz), 7.34 (4H,

m), 7.29 (1H, m), 7.06 (1H, d, I = 3.6 Hz), 4.44 (2H, 5), 4.14 (1H, m), 3.44 (2H, ), 3.16 (2H,
m), 2.44 (ZH, m) ppm.

25  Example 61, Large scale preparation of {I-(ethylsulfonyl)-3-[4-(7H-pyrrolo[2,3-
dlpyrimidin-4-yl)-1H-pyrazol-1-yijazetidin-3-yl}acetoniirile phosphoric acid salt
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Step 7. 2,21,2"-1-0-(7H-pyrrolo[2,3-c]pyrimidin-4-y1)-1H-pyrazol-1-ylicyclobutane-1,3,3-
nlyltriacetoRiffileoe ;123922 -1-14-(742-(Trimethylsilypethoxy]methy1-7H- pyl‘@ﬂ@z%o%%@??'dm -4-y1)-
1H-pyrazol-1-yljcyclobutane-1,3,3-triyhriacetonitrile (0.03 g, 0.00006 mol) was treated wit
10trifluoroacetic acid (0.5 mL, 0.006 mol) at rt for 30 mm and then evaporated to dryness. The residue
was mixed with ethylenediamine (0.2 mL, 0.003 mol) in MeOH (I mL) at rt for 1 h. The reaction was
evaporated to dryness and the residue was purified with prep. LCMS (pH=10) to give the desired
product. LCMS calculated for ©&91117N8(M%H)+ 357.1; F d 35&4 NMR (400 MHz,
DMSO-d6): 832,066 Fobi,o) 8.79 (1H s)% (1%»1 158 %g& 5& (1H, d, J=3.6 Hz), 7.01
(IH,d,J=3.6 E)BTB‘(ZH s), 97 (2 2H s), 2.57 (2H, d, .1=
15.2 Hz) ppm. Example 56. cis- andacc

trans-3-hydroxy-1-0-(7H-pyrrolop,3- dlpynmldl*rhGﬂr yl) ﬂqlpyrazol -1- yI]cyc?oButylacé%onltrlIe 20 Stepl.
N-trzethoxy-N-méthyl-3-oxacyclolutanecarboxamide Tesa mixture of N,0-dimeghylhydroxylamine
hydrochloride (5.2 g, 0.054 mol), and 3- 250xocyclobutanecarboxylic acid (4.0 g, 0.035 mol) in
dichloromethane (30 mL) was added N- (3-dimethylaminopropy1)-N-ethylc&fBediimide hydrochloride
(20.0 g, 0.052 moal), 1- hydroxybenzotriazole (7.1 g, 0.052 mol) followed by tri lagaine (34 mL, 0.24
mol) at 0 C. The mixture was stirred gf rt over night,th A quenched with water. mixture was
extracted with EtOAg-—%he organic Ia(\<e:rs were dried and purified with

Combiflash (silica gel, 0t5% for 30 miTfollowed by % EtOAGfbdm@zto giverthe desired product (4.3
g, 78%) as light yellow oil. 'T_gd\‘@ calcuidt or C7|ﬁ12 O3(M+H)+: 158. 1 . 158.3. 5 Step 2.
3-hydroxy-N-methoxy-N- methylcyclobutanecarboxanﬂde N
N-Methoxy-N-methyl-3-oxocyclobutaneearboxamide (I g, otd6 mol) was dlséblvé‘bl |n methanol (8 mL,
0.2 mol). To the mixture, sodium borohydride (0.2 g, 006 mol) was added. The r8a¢tion was stirred
at it for | h. To the reaction mixture was added IN ag. HCI to adjust the pH to 2. The mixture was
concentrated, then extracted with EtOAc. The combined 10organic layers were dried over MgSO4 and
concentrated to give crude product (1.4 g) as light yellow oil. LCM&@alculated for

C71-114NO3(M+H)+: 160.0; Found: 166 Step 3. ,NPZ oN
3-ltert- bwl(dlphenyOsnyIloxy N-methoxy- N th s:yclobutanecarb;\(?ggN iele
(z
H POi
1. LIBF gMeCN ; ’*l': IR HaP0s
2. ag NH,OH . \N ﬁ

Step. 1 tert-Butyl 3-(cyanomethylene)azetidine-1-carboxylate (2),
Diethy! cyanomethyi phosphonate (745 g, 4.20 mol, 1.20 eqiv) and anhydrous THF (9
5 L) was added to a four-neck flask equipped with thermowell, addition funnel and nitrogen
protection tube. The solution was cooled with an ice~-methanol bathto-14°Canda 1.0 M
soiution of -BuOK in THF (3.85 L, 3.85 mol, 1.1 equiv) was added over 20 min keeping the
ternperature <-5 °C. The mixture was stirred for 3 hr at -10 °C and a solution of 1-tert-
butoxycarbonyl-3-azetidinone (1, 600 g, 3.50 mol) in THF (2 L) was added over 2 hr while
10 keeping the reaction temperature < -5 °C.  The reaction mixture was stirred at -5 to -10 °C
over | hr and then slowly warmed up to room temperature and stirred at room temperature for
overnight. The reaction mixture was then diluted with water (4.5 L) and saturated brine (4.5
L) and extracted with ethyl acetate (2 x 9 L). The combined organic layers were combined

and washed with brine (6 L}, dried over anhydrous Na,SO;. The organic solvent was
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Into a solution of 3-hydroxy-N-methoxy-N-methylcyclobutanecarboxamide (0.6 g, 150.004 mol in DMF
(10 mL) W%@_%@HItfsrltibutylchIorodiphenylsilane (3 mL, 0.01 mol), foIIowE@ﬁﬁﬂ}-{jmg%gle (1g,0.02
mol). The mixture was stirred at rt over night. The reaction was diluted with dichloromethane and
washed with sat. NaHCO3, water and brine. The organic layers were dried over MgSO4, concentrated
and purified with Combiflash (silica gel, 0-30% EtOAc/Hex) to give the desired product (0.7 g, 50%) as
cis- and trans-isomer 20 mixtures. LCMS calculated for C23H32NO3Si(M+H)+: 398.2; Found: 398.1.
Step 4. 1-(3ttestdduiydedipbecdQ@silyliaxyiyeld bitkyd)athesnsnnane (A Sahdti@Botfed onto silica
3-[tert-butyl(dj HyIJoxy-N- tm- leycl necarb ide (Q. 02 mol) in ether
L0 wat e LS B S . er 2. The
reaction wa&StiFrbeateheited Y5 theffik pEPPRNT SRR Gre S pmamenEulvditd 0¥ and the ether
layer separaieoiciltagtag, iayeoiras.acidifigskvitit)I b QR andexstraciadyseveral times with ether. The
organicJayers wer. mbined..dried over «¢ancentrated and .purified with. Combiflash (silica
gel, 0-3%% eé%i%‘ﬁ%ég e’flgj alz\?gd'f %%8%%8@%%%%2??0@’9%%’3 oqic?ﬂreesg%’llg.%%Wég)c%ﬁculated 30for
C22H2907 Silral4: BB 37 FRsMRI38 Y BlzSERCE) itk SN diphémy BBigIdreyiibbuty| acetate

To a stirredssplytipnpf 1-(3-[tert-butyl(diphenyOsilylJoxycyclobutypethanone (0.65 g, 0.0018 mol) in
dichloromethane (10 mL) at 0 C was added sodium bicarbonate (0.39 g, 0.0046 mol) and
m-chloroperbenzoic acid (1.0 g, 0.0046 mol) with stirring. The reaction was stirred at rt over night.
LCMS showéat ihcofhplételrefenionzcidotieridesaereaiin@PBA and NaHCO3 were added and the

reactiopy was stireg fer.aneten At HIe I8BLHARANAS BHEnshad Wik 209 agNa.25203 solution (50

mL) and stiqﬁd for a further 30 min at rt, then extracted 5with dlc’hlorometha_ne. The combined organic

layers were WHSh SIRATHBHRES Hrisretrmases Lok ddnyBrsreshiing magiPnm it gel with
Combiflashws#ligareeht 6036t AD B Ex )] tohgiVéthE e shrededrbd ustcfd:Bveps 468k ds colorless oll.

L'CMS Ca'%tﬂ»ﬁ%%@E}Q?&'&'&%%&Q}émﬁﬁc@%&&%ﬂgr é@@céﬁ ﬂr@éEFQ @hjg’r'esiduai solids ‘
flert-butyl(dlphenyOS|IyI|cr)‘r>c<?)%:yclobutano To a solution of 3-[tert-butyl(diphenyOsilylloxycyclobutyl

inol .
acetate (0.2, BBEEPSIRSIIACRIaR (B HA Idradvietied i it Riseraersthyl 6mirsflithium: hydroxide in
water (50 mils).oThe, eaptionwandstilyeddad b the duipetdienmixiviewas diteaahaatwith water and

extracted with E1QAC 15, cOMRINAH AIBANIGIBYRES Y¥8Ee died QveIMASHA:nd hpgencentrated to

give crude alcohol product (0.3 g) as colorless oil, which was directly used in"next step without further

purification {(2MI& daldiateb Y6RED 012 8N Qe KBYA keoring. theoisaiios AgnBeratyp 7. 3-
[tert-butyl(dipheny@sitylipigcythtbutamone vl sotution afroxalybohiorde@elamlsifadl mol) in

dich'oromeﬁfaeme@p@m%}g%&%? RN ol M RUIBNAEriG R0 4RD2 MO was

added dropwise. On complete addition, the reaction was stirred in. A solution df crude
3-[tertBltyl(GiPHBAYSSISHEXY BE RS EATSI 116 Bagtionouiabrnyrsiplisehior shrdgdiaene! (3 it ) was added
dropwise anrcbthengaetior. mixttine: wastskirsed dofrdbl tampiite /GG ekriethylamine0.5 25mL, 0.004 mol)

was added i ion.was. stir r i The reaction was_then allowed to
arm 1o 1. S R R MR e e

combined, WeisHbl SHARH UMb dibvet WisEhiantatusdidbaaw! givdedudd keone (0.27 g) as
yellow oil, vehighresasidéexatly)usedaquébes pexdestapeatiind Jurhammithieatian LOMealculated for
CZO]"%;SO%OS% MnEng}'_g:a%%‘Ei'a]ygfsEv%lxj‘en gnégdz 05v'§r' s%c(i)ium suiphate and absorbed onto silica gel (1 Kg)

under reduced pressure. The material was then loaded onto a silica gel column (2.5 Xg) and

eluted with 20 % ethyl acetate in heptane (40 L), 40 % ethy! acetate in heptane (80 L) and

finally 60 % ethy! acetate in heptane (40 L) to afford pure 2-(1-(ethylsulfonyDazetidin-3-

vlidene)acetonitrile (4, 567 g, 968.4 g theoretical, 58.6 % yield) as a off-white solid. For 4:

30 'HNMR (300 MHz, CDCls) §1.38 (t, 3H), 3.05 (g, 2H), 4.72 (m, 2H), 4.79 (m, 2H), 5.41

(m, 1H); MS: m/z calcd, 187.05; found: 187.1.
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Step 8. (3-fiert-butyl(diphenyOsilylkicycyclobutylidene)acetonitrile To 1.0 M of potassium

tert- butomq}gd%@;/rﬂl;*xpfofuran (1.2 mL) was added dropwise, at O C, dlet@t_l mg}hosphonate
-(0.19 mL, 0.0012 mol). The reaction was warmed to rt and 30 min later cooled to 0 C again. To the
reaction mixture was added a solution of 34tert-butyl(diphenyl)silylJoxycyclobutanone (0.25 g, 0.00077
mol) in THF (5 mL). The reaction was allowed to warm up to rt gradually and stirred at it for 2 h. The
reaction was quenched with saturated ag. NH4C1, extracted with EtOAc. The combined organic layers

were vygsh@eyﬁmmgﬁ@g%@wzmﬁag@ga@mm@gﬂ he eaultantyesidue was purifie.d 5with
Combifiash é}ﬁlé%a%g?eﬂl%%ég%m? ,Z(?"CC/%%)"#%: %ﬁf the desired product (0.2 g) as colorless oil. LCMS

calculated for d: 348.3. Step 9.

{3-Hydroxy-144-(Jerioiviml [ Betmpthvicinazeyiting f-paybaxrdht- (318 el A RyOAL etarvitike!

4110((13H[tert Bu;tyﬂﬂiir@i@ﬁ?rmeasHMH%%«Iségllgl@g%ﬂg@ae;)aﬁ@&%am(el ng%e %ﬁﬁpéél dmhzaémla Corglgggjgvith
pyrazol- tri silypethoxy]met rrolo pyrimidine g,

mol) in %/ce?dél ‘}/2(56 ﬁg( Zzga & g f?ﬁaﬁ%ﬂ?ﬁd’g ‘éh&f SepRe D 6%’66‘2@%0 was added

under nitrogef CTﬁ“élWUiIr@msthean@um 8sCloviermightd LioMS: stopeeduees padiktivwitham/z of 425.4,

indicating a.dersitvl sgaction coeHag dnsimedtape Qusbedheing.ths Michealaddition, the reaction was
concentrated andgf urified on_ compbiflash ( sﬂm(gfglel 0-100% EtOAc/Hex) to yield the desired produt.

LCMS (M+RIF 2 S8 ERISE YRS BIRGHFOMET TS ¢ 15 FrOYSis Wasiipgrih iy a2y asyysy iz ol-1-

ylicyclobutytacétivmitrile3 h before being treated with THF (900 mL) and diisopropylethylamine (183

203-Hygroxyr1-14s (A2 W imeihwsibimeiba Osa/m?éhr‘ﬂe Zééuewg%&@&l URYHmIcBrr 1o 0°c
y1)-1H-pyrazol-1- ylkyclobutylacetonltrlle ( o’i’%{%e 000046 mol) was treated with trifluoroacetic acid

(0.5 mL, 0.068 R8T g st rda dhttevhpornded 16 Ay, Tabadsaitdnleksrioe Bas mixed with

ethylenediarsicte(0c2: patati®e00 3" h oThiniddl ek wis menofed 2nd. tihesaantion wasConcemtrated and

purified on Rigp. LGB (P 10LIA give adsamers %Ux%@&e@ﬁ%gegg%y%&u GiTsliRgak retention time
0.714 min, LCMS calculated for C15F115N60(M-41)+: 295.1; Foun Second peak retention

time 0.750 H#H L‘éﬁ\%@8&?81&!5%@%}%&%@%weﬁmmyﬁa@%ei bEBRIHE-R IESHITRS (400 MHz,
CD30D: 88:67 (hak ) 166 (i ethy 8c3REYRx S0, (i dobinddotia)i@Q8r{irkrelddea 3.6 Hz), 4.37

(IH,s), 3. 36\)@%&?&111 ﬁ?ﬁ@%d&‘&&ﬁ%@d UH&PIQHI&CQ’CP 1 v C;ﬂng gsidue was dﬂut d with

3-fluoro-144- (7H pyrrolo[2,3-d)pyrimidi 0-1H- jf)yrazo uty acetonitrite A solution of
3-hydroxy- AAUeTRREAR 618 BRBARFA SR cwf gD Tuxfies srstsfiee Storatien (0.01 g,
0.00003 maljrtaangtapeyaf sy asagemeshinvsoiabierenethianeEnls: comgineddnn Teflon bottle
equipped wiifla ARIEN INIELIURE ANtk 10 AC in heptane (12 L), and finally with 40 % EtOAc in

20 heptane (12 L) to afford 2-(1-(ethylsulfonyl)azetidin-3-ylidene)acetonitrile (4) and 2-(3-
chloro-1-(ethylsulfonyl)azetidin-3-yl)acetonitrile (4B) as a off-white solid (58.1 g, 68%
yield), which was found to be an approximately one to one mixture of compound 4 and 4B.
For 4: "H NMR (300 MHz, CDCh) §1.38 (¢, 3H), 3.05 (g, 2H), 4.72 (m, 2H), 4.79 (m, 2H),
5.41 (m, 1H); MS: m/z caled. 187.05; found: 187.1. For 4B; 'H NMR {300 MHz, CDCl3) &

25 1.38(t, 3H), 3.05(q, 2H), 3.1 (5, 2H), 4.15 (d, 2H), 4.37 {4, 2H); MS: m/z caled. 222.9;
found: 222.9.

Step 4. 2-(1 —fEthylsulfonyD-3—(4—(7—((2~(t7'imethyisz‘ly!)ethoxy)mezhyl)-7Hupyrro!o[2,3‘
d]pyrimidin-4-yl)- 1 H-pyrazol-1-yl) azetidin-3-yi)acetonitrile (6),

30 To a solution of 2-(1-(ethylsulfonyl)azetidin-3-ylidene)acetonitrile (4) and 2-(3-
chioro-1-{ethylsulfonylazetidin-3-yl)acetonitrile (4B) obtained from the previous reaction as
an approximate one to one mixture (4 and 4B, 184 g, 919 mmol, 1.2 equiv) and 4-(1H-
pyrazol-4-y}-7-((2-(trimethylsilyDethoxy ymethyl)-7H-pyrrolo[2,3-d}pyrimidine (5, 241 g,
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stirring bar, was treated with 2-methoxy-N-(2-methoxyethyl)-N-(trifluoro-44)- sulfanypethanamine (0.03
mL, O. 000%‘;8%%? (i #ihanol (0.002 mL, 0.00003 mol) was added, and trkec?r\ Yhe ygg%glrred atrt

over weekend. The reaction was evaporated to dry and the residue was purifi Wlt prep. HPLC
(pH=10) to give a mixture of two isomers. 10LCMS calculated for C151114FN6(M+H)+: 297.1; Found:
297.3. Example 58. 3-methyl-144-(711-pyrrolo[2,3-cl]pyrimidin-4-y0-1H-pyrazol-1-

. ylicyclobutylacetonitrile N-N 15 Step I.

3- (bromoma@ﬂﬂéﬂdﬁ&%ﬁ%wwmmwww b2, B2 equiv) dropw1se

iy SRy ERsdaarsle i ReGIRU e TR ARG SRelRd e Al
20(tr|methy@%@fﬁb‘é{ﬂ%ﬂ%@#ﬁwﬁéﬂé[Q?B@Wfﬂrﬁwiﬁlﬁ-ﬁyﬂ)eEHVSWM@W%W%UtyIacetonitrile
(1.0g,0. 00?Bam})m&am@Ee§@tﬁﬂ§r@m%(lhgstﬂv&QQ@& BTRkh{N 48 GhaL) was added
trlphen)élphos hine. (0. 9%% and the m was, stlrr . for O min. To the

0 itFil e so % was wash c?( \%fli‘tre at t@ TTi te:r
resulting dar& rown Solutioh was & 3 satura ea aﬁéb@? ater (5 mL) and

the mixture Waghémd%(ﬁﬂwﬁlemﬁ@ﬁﬁé{hlaﬁéng@?@&mé @dy)er”élv\minm brgemic washed with
water, dfled@%@%@@%a%ﬂ@%ﬁﬁ%ﬁé @H%cpﬁh@fé@gémma%m@ﬂ&ﬁ&h&%ﬂ&%&% H:4Q% EtOAc/Hex) to

g;g;g%grﬁggg%ﬁd% %6% 4 {ﬁ:ségiag %\%\éesc?g“c%ul:_ glsvltlﬁaggrlxc\%lf!iasltgge];%d under
3-methyl-1- WWE@MW@WWW@&VJM@@WWM@EE@ME udipyrimigiinethey13nd the
1H-pyrazol-sdrivlicyelobubiagetomitrileon. The brown solid was dissol ved completely in ethyl acetate

3-(Bromom )-1-44 tr|m hyIsHyI)ethox Imethyl-7H-

d]pyrimidin- E%t.@ﬁj“fﬁ %y?&gza Bty TSestomit? .P&%O@%@X é}dﬁ‘ié‘ih‘i%ﬁemg Reddfed 10 with
sodium tetrmdmme(@’@%rg;d&wf@ feol) irbEIMHERL fitkded OB tM)adhrtalind &thaitrogen for 3h.
The reactiogowas Guenchrd uBNaIRK &&F@Eﬁ‘é%\é’l@%1@%“1%EQ¥H&%1@J‘%HE%‘%@%“E§ layers were

washed with water, brine, dried over MgSO4 and concentrated to glve a yellow oil, the desired product

as cis- and TRHOIEOIEF FoNacHdLY Biacnard et ar e SoPH G s OSRpbiih) Y4989 Found: 423.4.
15 Steld 3. 3ameltyly-distol(T M-ipyprope[DIILBY) iFEAyd)d Hd-pyraial sduybicy el ehadydagetonitrile
To a mixturg,ofe3 mmxﬂro%%éz@aqrmmm %W)ﬂ[@&t% Zo%swgwt%ﬁ%é Fgyrimidin-4-y1)- |

H-pyrazol- 1 licyclobutylacetonitrile (0.5 mol) in acetonitrile 20(8.07 mL, 0.154 mol) and
water (0.70 280388 Iy (HsoRerRagal l‘i? A AR Berated b Paoltad® AGYeThe solution was

warmed to reiltnight ©OHCro el Setaysu Chaheped-(72 W ofmethyiciilehbydraxide)inavater (0.59 mL) in
portions ovel 2dRaHad gl ndiinkien a1 LATSIAG pELIRR-3Qy LS (SARIGR i sgas stired for 2

at it The reaction Waqi@?ered and the filtrate was diluted with acetonitrile, water’and MeOH and purified
with p?é}p Himogetical, 85% yield) as an off-white solid. For 6: "H NMR (300 MHz, CDCI;,) 60.00 (s,

9H), 0.99 (m, 2H), 1.49 (t, 3H), 3.15 (g, 2H), 3.49 (s, 2H), 3.60 (m, 2H), 4.30 (d, 2H), 4.70

(d, 2H), 5.76 (s, 2 H), 6.83 (s, 1H), 7.50 (s, 1H), 8.40 (s, 1 H), 8.50 (s, 1H), 8.90 (s, 1H); MS:

m/z caled, 502.20; found: 502.3.

25 Step 3. 2-(3-(4-(7H-Pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yi)-1-
(ethylsulforvlazetidin-3-yl)acetonitrile (7).

To a solution of 2-(1-(ethylsulfonyl}-3-(4-(7-((2-(trimethy Isilyethoxy)methyD)-7H-
pyrrolof2,3-dipyrimidin-4-y1)-1 H-pyrazol-1-ylazetidin-3-yl)acetonitrile (6, 327 g, 655
mmol} in acetonitrile (3 L) and water (300 mL) was added LiBF, (614 g, 6.55 mol, 10.0

30  equiv). The resulting reaction mixture was stirred at 75°C for overnight. The reaction mixture
was cooled to 0°C before a solution of ammonium hydroxide (NHsOH, 570 mL) in water (2.2
L) was added slowly to keep the temperature below 10°C (pH 9-10). The mixture was stirred

at room temperature for overnight. When the reaction was deemed complete, water (10 L)
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25(XBridge CI 8 column, eluting with a gradient of acetonitrile/water containing 0.15% N1-140H) to
give the fir. g)sg( i‘ﬁmﬂ retention time 1.057 min, LCMS calculated for C fﬂs&%@%\é A§|§+ 293.2;
Found: 29 500 MHz, CDCI3): S 10.07(1H, br s), 8.88 (1H, s), 8.45 s), 8.34 (1H, s), 7.43
(IH, d, J =3.5Hz), 6.85 (1H, d, J = 3.5 Hz), 3.16 (2H, s), 2.77 (2H, m), 2.55 (1H, m), 2.43 (2H, m), 1.24
(3H, d, J -= 6.5 Hz) ppm; then the 30second isomer with retention time 1.107 min; LCMS calculated for
C161-117N6(M+H)+: 293.2; Found: 293.3. IFINMR (500 MHz, CDC13): 8 10.21(1H, br s), 8.89 (1H,

S), 8.61 (1Hws) a8a3d afkHhesheshiddk (hidiuek ¥ s &s@idas)ly&tﬁﬁ:«(ﬂfb‘r Edh &%&H@h&%f@lﬂh@) 3.05 (2H,
m), 2.61 (1H,m), 2.26 3HdJ 7.

3,3- dlmethyl 1 lﬂeﬁﬁgpﬁﬁg‘% E%ﬁp?/r}kr}ﬁls’ Fg T&Y%{)@yra %I)}% 86 It'))/iacetoﬁmilrlle 5 >or-N
N-N N n St@ﬁ&%wﬁ@h‘iétﬁ;nyﬂsilz&memﬁb%ﬁiylgﬂyql)émwm&mvm1932#}&40P 3-
dlpyrlmldlfn ﬁfe(gl)fmﬁrﬁaﬂétﬂaﬁdlwlgbmlwislp&nﬂ%d*Bbsém@ﬁhv&ﬂﬁﬁéﬂé@@éhﬁaﬁﬁtdﬁ?z@@&e Toa
mixture o 3 IS rox { ox

10pyrro?o[2 § g?lgﬁlgn T ylpl—(légreé)zlgﬂ EH Bsﬂ%/ acg on‘{m%%%@or%%%(f mol) and
trlethylam|n(e73(7(3P1/!F’lﬁrl_0 @)13@5@8?!?@@51 nn‘F-d!b:HI@Wﬂirérbé)(gﬁﬁb))iwﬁsra’dmwﬁneﬂﬁanesuIfonyl chloride
(0.03 mL, Oﬁﬁ@&dm@besd@wm a I@%@%@H@a}etﬁwtg@%m&ﬁyr&%%tfmg&%%lml%memeactlon was

diluted wit S with water and brine, dried over MgS0O4, concentrated. The
residue Waﬁp}%}ﬁ% ﬁ%ﬁ@ﬁiss (g h%:%(béle EX ) %ﬁtblécyﬁa%?tg é\g@ 1‘#@ de&iré product (60
mg, 75%) agHyhite0golitti), CHS chlbt)ated forC25-T871\18) RS2 %d( V)2 826s 21 HEpivid: 625.3. Step 2.

3,3-dimethy1-114-47:F2-(imethy'silyhethoxyImethyl-7H-pyrrolo[2,3-d]pyrimidin-4-
y1)-11-1-pyrazol-1-yUcyclobutylacetonitrile 203-(Cyanomethyl)-344-(742-(trimethy Isily Dethoxy |

methyl -7H-pyrrolo[2,3- d]pyrimidin-4-y1)-1H-pyrazol-1-ylicyclobutane-1,1-diylbis(methylene)
dimethanestiforate {006 40000 L hdipwas deacted Mith sodiumyfetrahydroborate (0,02 g, 0.0004

mol) in DMI% ngurz%)y ;QZQM g&@?&&gﬂ@gﬁ%@gg&@& 21,7 he reaction was quenched with water,

and extracted with’ dichloromethane. The organiC layers were washed with water, dried over

25MgS04, conceﬁﬁét%ﬂ”@ﬁé’%éﬁjﬁé(mf%)ﬁm}iﬁ@é\ﬂﬂﬂ eseifhBifradh! ekl olbbos Et0AC/Hex) to
give the desitegpiest)LGMS Talpiatettor €28 3AN6ASIAY HHce T2 (Foune:d37.4.

ethanol (1.6 L) was added a solution of phosphoric acid (67.4 g, 688 mmol, 1.25 equiv) in
 ethanol (800 mL) slowly over 30 min at 70°C. The résuiting reaction mixture was stirred at

70°C for 2 h before being gradually cooled to room temperature with stirring for overnight.
The solids were collected by filtration, washed with acetonitrile (160 mL) and dried in

20 vacuum oven at 45°C for 6 h to afford 2-(3-(4-(7H-pyrrolo[2,3-d]pyrimidin-d-y1}-1 H-
pyrazol-1-yl)-1-(ethylsulfonyl)azetidin-3-y1)acetonitriie phosphoric acid salt {240 g, 258.2 g
theoretical, 93% yield) as a white solid. For final product: 'H NMR (300 MHz, dg-DMSQ) &
1.25 {t, 3H), 3.25 (q, 2H), 3.75 (s, 2H), 4.20 {d, 2H), 4.61 (d, 2H), 7.10 (d, 1H), 7.60 (dd,
1H), 8.50 (s, 1H), 8.70 (s, 1), 8.95 (s, 1H), 12.2 (bs, 1H); MS: m/z caled. 372.12; found:

25 372.0.

Example 62. 4-Chloro-7-((2-(trimethylsiiyl)ethoxy)methyl)-7H-pyrrolo{2,3-
dipyrimidine (3).
To a flask equipped with a nitrogen inlet, an addition funnel, a thermowell, and the
30 mechanical stirrer was added 4-chloro-7H-pyrrolo[2,3-d]pyrimidine (1, 600 g, 3.91 mol) and
N, N-dimethylacetimide (DMAC, 9.6 L) at room temperature. The mixture was cooledto 0 - 5
°C in an ice/brine bath before solid sodium hydride (NaH, 60 wt%, 174 g, 4.35 mol, 1.1

equiv) was added in portions at 0 - 5 °C. The reaction mixture went to a dark solution during
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Step 3. 3,3-dimethy1-1-14-(7H-pyrrolo[2,3-cilpyrimidin-4-y1)-1H-pyrazol-1- ylkyelobutylacetonitrile.
3,3-Dimet 4 trimethylsilypethoxy]methy1-7H-pyrrolo[2,3- d]pyn

y1)-1H- pytrgézg%)%él%yf]zcy clobutylacetonitrile (0.020 g, 0.000046 mol) was treate% wit oog{ '?F%?oacetlc acid
(0.5 mL, 0.006 mol) at rt for 30 min and then evaporated to dry. The residue was then shaked with
ethylenediamine (0.2 mL, 0.003 mol) in MeOH (I mL) for 2 h. The reaction was concentrated and
purified on prep HPLC (XBridge C18 column, eluting with a gradient of acetonitrile/water containing
0.15% NH4GH)togiveriheidesisedhproaetty] LdElMﬁl@@Jcsmedlqumzwsl%b@(w&dhm%? 2, Found:

307.3. 1H N M80- 1 8.76 Hs 8.67 8.40 (1H, s),
7.58 (1H, d. '% h% 6%@%“’ Ri=R t‘%‘g %é’gj‘é&%ﬁﬂ‘j‘ %&ﬁac fog € ei—al‘“)rgz 33 (2H, d, J =
14.0 Hz), 1@@ r((g.nge)edpd@ ('glpq rggcﬁgmmxtugm@@q@grr@qlsat Qné °C for 30 minutes. When
trans-3-(benzylexyibd wd- ﬁé’ézhaywﬁh@[a&a}@wwdwﬁmnafﬁ?ﬂ.@p&f@%@aﬂeﬂhﬁm&wylacetonitrile-
Step I. [2-bromo:Kbrom ethylbenzene rom (28 mL, 0.33
mol) an% b qngrfl?lb cPIE% ge{%]éeélhfﬁr/ieltg 3@1 )]flr% Wvéa?' ?ﬁﬂ@dﬁ%ﬁ m‘é’?&eﬁl&%% Eﬁ 6 g, 0.0002 mol).
The mixturd Hpdy m s vstervRpacted 8nd B0 asaus tiryet visarARghed Wh@b@é&@l%hﬁ iXhgre was then

COOCIfd tc(J f%ﬂ%ﬁﬁéﬂﬁﬁgaﬁwiﬂwﬁﬁd r@@@wﬁﬁb@@mm@&nz(&i Liqa) gsl bR YR b?&ﬁﬂﬁ%@dt%}\(/e the)desired (
product (63 g,.62% il,1H NMR (400 MHZ 8 7.40 (bH 71 (2H, s), 3.82 25(l
HtJ=4, SS?_? g%ﬁl\'g Zs?g&]gl%sd\‘ ?nts eres{emoi er rgduced pressure. 'Eane residue

([3- (rnethylS‘(@Mﬁ%@%ﬁié‘tﬁWh@}@}ﬁcﬂbMtﬁll@%@iﬂy@béﬁz@ﬁéﬂwa 2! SSM):Qﬁrﬁ-[ﬁgbylllthlum in hexane
(19 miy Wa&ﬁﬂdﬁ&d&@ %WH%@@ (mqt@xm@mnmma@ thﬁ@@%%&ange%@ mol) in TI-IF (10

mL) dropwise at e resultant solution was added

dfor3h. T
dropwise [Za%%ﬁwé?i nﬁf@étﬁ r@%ﬁ%%@%ﬁ%ﬁ%%% ?j ¥ FaEH8ISCAIBIPRE Y5 C over 30 min.

The mixtu r@méemcﬂeﬁcaiumm%wrpﬁmuﬁmfme@dwm&dhsdeawdwépmghte ohewedction was diluted
with dichlorgpgibape. englmﬁ%mmm&%ﬁhg @9}1‘8’8{2539 1\84%6{3%@' gtq@o\ym

5dichloromethane. The cz{ganlc layers were combined, washed with brine, dried over MgSO

concentratéﬁe%\‘i‘?acﬁhﬁﬁeg Wf‘ﬁ%deﬁ‘?rﬁBﬁlf%l%ﬂ1‘(‘§YIfﬂé‘@f@?h@%%}lyéfﬁﬂ@%)%oﬁﬁé"h@%e5|red product
(2.4 9156 asibpanooi. S Fue): JANRIR IoIMBIRAAOE MiHz) S0 13)118) 7730 (6H, m), 4.45

(2H,s), 43?‘[4'!7'&@31—212356(%|_&dr'11ﬁ,3%5§ b A enzene (2.4

3-(benzyloxy)cyclobutanone (meth thid)cyclobutylioxynié

g, 0.0089 niot) Wis: dr§§éW8H)|ﬁpE126C(%@W%%O@é\%ﬁﬁbﬁdébﬁi (198 mMbY-wddlatided. The
resulting mmt@aewaas slivvesd at . overmighin:T o g rarcienmixtpse yyag adged:solid NaHCO3 and
15MgSat a i&i while. The insoluble solid was filtered off. The filtrate was conentrated and
purifide Wlt com ‘(%lllca gel, 100% dichloromethane) to give the desired product (0.7 g) as light
yellow oil. LCMS calculated for C111- 11392(M+Hr 177.1. Found: 177.3.

cl O/\,SI
CSH15CIOSE -

I Mol Vit 168,72 | Vot

QL ez,

e N N N S|~. N

N NaH/DMAC Lo
step 1 3
CsH4CINa CyzH1aCIN, O8I CmHzaBNan
Maoi, Wt 183,57 Maoi. Wi, 283.83 Mol W 266,14
>‘°\ N-NH
N/N i /
L
K,COa/PA(PPhgls aq. HCI
1-betanolH,0 N7 N/I ) \ s
~DaEng
o 2 ? ! b 9% !%N N si
step N foe
N LO/-—-./ \‘“O
[} 5
C1gHzoNs0251 C1sHzNs0Si

20 Mol, Wt.; 387.55 Mol. Wt.: 315.45
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20Step 4. [3-('benzyloxy)cyclobutylidene]acesonitrile. To a mixture of 1.0000 M of potassium
tert- butox@gdr%&%tfﬂwgofuran (0.68 mL) and THF (5 mL) was added, at Q. &y gieifivlosesss

cyanomethylphosphonate (0.11 mL, 0.00068 mol) dropwise. The reaction was warmed to rt and 30
mm later cooled to O C again. To the reaction mixture was added a solution of
3-(benzyloxy)cyclobutanone (0.1 g, 0.0006 mol) in 25THF (5 mL). The reaction was stirred over night,
allowing warmed up to rt. The reaction was quenched with saturated aq. NH4CI solution, extracted
with EtOAC. iiae pRrshinedierganiadpyans-waremashBa st niaia)a oy ing, siresdrsr MgSO4 and
concentrateaq dr}/ The crude product was used directly in next step without further purification.
30 Step 5. 3- Fﬁoenzy ;?f 1-0-(7[2-(trimethylstlyOethoxyjmethyl-7H-pyrrolog,3-dipyrimidin-4-
y1)-1H-pyrazol-1-YA@ysrskritsatreshititdhe overbead siinrire srBuiseriApRmp eyt eritylidenelacetonitrile
EO 1 g, 0.00R%dne! raacs charged water (H;0, 9.0 L), solid potassmlm carbonate (K2%03, 4461 g )
1H- pyr zol:4- 74 rimethylsi et met yITo 2 Imi 3 g 0.0003 mol) in
acetoni |Ie (?52%183 Wa%% ed 1 l?gla%z?b folfélﬁjal Jmt?(g] gér @&83 mol) under
nitrogen. Tiomiidies Whd Iatet? 47 5B bﬂhﬁﬁﬁ@ﬁreth%éh%éﬂa@éﬁtﬁaw@dl@}}‘mdeﬂéduced pressure. The

residue wasgipuiiesnithycorpbifiashitsiicss seh, @3@%@@/69/&%})@191\4%%&&%v@}# Rrodcuct as cis-
and trans-isomer mixture. LCMS ca Iculated 5for C28143 N60 ﬁh vp 856% , Found: 515.4. Step 6.

3-(benzyloxy§ 144" tlf)liler S[2 3" dTﬁ}fFFrﬁ? ThE S Yo py%szss B8 SHithile. 3- -(B
enzyloxy )-Bifgen qacittinmrebhiols trymmmsqmémtwmwwt@t{@mmmwhﬁmmm
104-y Iy 1Hepyiaan);: hﬁ'&cmb%ﬁéﬂ&?@é@@gﬁi 982 %&Q@%Q‘I{Q%dﬂﬁ? teaatsdl with trifluoroacetic

acid (0.5 mL, O 006 mol) at rt for 30 en ev. ted to dry. Th ue was dissolved in MeOH (I
mL) and treSHEH" ‘?ﬁséﬁﬁ"y éﬁ%&?&ﬁ% ﬁ%%. it 98%%6[)%]?%%95?}7 dSEHEN S nixture was
concentratettamedamup efeckithamasylindiFeLidbe parifiedrompeomsidRUGI XBrittgel@i8eolumn, eluting

with a gradigpt:at Agetanitrietatrieamainintodeh - &2k MAREILIR QNG 21SOMEE Qfighe desired
products. First peak retention time 1,406 min; LCMS calculated for C22H212460(M+H)+: 385.2;

Found: 385° Y PRI (G106 MiBSorsthe Ees: ¥ abipeirIbie 6™ tqTkined BB #eLH, s), 8.38 (1H,
S), 7.58(1Hacdwe:d S parited, 38d(thelaqndp . RO qlivhs i at06 itk ity DaceBi6 (42 ), )AH8 (2H, S), 4.23 (1H,

m), 3,43 (26brRirkd’S im)argvy4e(gdﬂcémé?&{ﬂn§e?Q%Qfageﬁéggﬁ%q%m&)pve {H4pun, LCMS 20
calculated for C22H2| I\/r+H +: 385.2; Found: 385.3 400 MHz DMSC) -d6): 8 12.10 (1H,

hr s), 8.79 (RECE5e4: é‘?%l?‘ih%y%héﬁ Lfpvaszei-gy b (G- (rimety sisDetheaomatvl)- 29 (1H, m), 7.06
(I'H, d, J = Bybrdiiad}, AAdy(Bhidi) dWlag Hitonty,Boaddedakla)y G261 v, :2rdly @bfurar) ppm.
25Example GlrLarge sgale. Bﬁ%&ﬁ@ﬂ?&ﬁ;&%r{ﬁ@y LIV Y e o s AR Y] %?tr?éro

d]pyrimidin- 4 -yl)-1H-pyrazol-1-yliazetidin-3-y1}acetonitrile phosphoric acid salt W
2009/7Y45P% 32009/036635 SEM 56

To a suspension of crude 4-(1-(1-ethoxyethyl)-1 H-pyrazol-4-y1)-7-((2-
(trimethylsilyl)ethoxy)methyl)-7H-pyrrelo[2,3-d]pyrimidine (6), made as described above, in
tetrahydrofuran (THF, 4.2 L) in the reactor was charged water (H;0, 20.8 L), and a 10%
aqueous HCI solution (16.2 L, 45.89 mol, 3.44 equiv) at room temperature. The resulting

25 reaction mixture was stirred at 16 — 30 °C for 2 — 5 h. When the reaction was deemed
complete by HPLC analysis, the reaction mixture was treated with a 30% aqueous sodium
hydroxide (NaOH) solution (4 L., 50.42 mol, 3.78 equiv) at room temperature. The resulting
reaction mixture was stirred at room temperature for 1 — 2 h. The solids were collected by
filtration and washed with water (2 x 5 L). The wet cake was charged back to the reactor with

30 acetonitrile (21.6 L), and resulting suspension was heated to gentle reflux for 1 — 2 h. The
clear solution was then gradually cooled down to room temperature with stirring, and solids
were precipitated out from the solution with cooling. The mixture was stirred at room
temperature for an additional 1 - 2 h. The sclids were collected by filtration, washed with

acetonitrile (2 x 3.5 L), and dried in oven under reduced pressure at 45 — 55 °C to constant
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Step. 1 tert-Butyl 3-(eyanomethylene)azetidine-1-carboxylate (2). Diethyl cyanomethyl phosphonate
(745 g, 4.2\(2, Iog%%%ﬁqiv) and anhydrous THF (9 5L) was added to a fog&%@gﬁﬁsg&gipped with
thermowell, addition funnel and nitrogen protection tube. The solution was cooled with an ice-methanol
bath to -14C and a 1.0 M solution of t-BuOK in THF (3.85 L, 3.85 mol, 1.1 equiv) was added over 20
min keeping the temperature <-5 C. The mixture was stirred for 3 hr at -10 C and a solution of
1-tenbutoxycarbonyl-3-azetidinone (1, 600 g, 3.50 mol) in TIE (2 L) was added over 2 hr while

10keeping the gaactitiortemperatuseok 4y G.7T IB(teastionimixétieyasEiined-ao18p2;40C over 1 hr and

then slowly . 0 te ture and stirred,at.room t erature for overnight. The
reaction mi%@ﬁvﬁggﬁé’nsmﬁ% %tgﬁ\%%%g?o ztgaﬁ’)ggﬁld/n géﬁ?%?eﬁ%%@f%@ﬁ Sgﬁgsé%r%acted with ethyl
acetate (2 ¥4%, bPHEPESMBMSH ‘B BT (RYSIS-dhet E00dmBiRda ah thwadhBISWitsbHAk (6 L), dried over
Gichioramethans (1 1) aod atebrbed At ion aal (L8 L i e e FLOEY flash co
ichlorgmethan agso, nto silica gel (1. . The product was purifie ash column
chromatograhy (02 B k0 & 05 bl SAL Bl BT DB Y 506
AcOEttheptatet DA LB 1BV AeOBiMEptate, 40 L of 25% AcOEtfheptane) to give the pure tert-butyl 3-
5(cyanomethylene)azetidine-I-carboxylate (2, 414.7 g, 679.8 g theoretical, 61% yield) as white solid.
For 2: IHNMR (300 MHz,.CDC13) 81.46 (s, 9H), 4.62 ém, 2H), 4.72 (m, 2H), 5.41 (m, 1H). Step 2. 2-0
ity Ul o TR e (i SORTER
3-(cyanomethylent jahkeiidintdipizanboriiate(e 1000 1,752 b hoelalsOdibated) withetioatdnitrile (7 L) and
3 N aceous il 671,'7%55*%}&{@?%@Q«(&ﬁ&%é%@t@%@i%ﬁl‘(ggh?ti Frarkal Jagm iappeiature for 18 h.

When TLC showed the reaction was deemed complete, the reaction mixturé was concentrated under

reduced préSai R aLaRM HEBRER Wear B tHEA En Pt additione dishietassit 1'&hd cooled to 5C.
Diisopropyetttdedniimer¢iliihg 3dimmGmizalrSueg sivicd/ais slovnacdedettrifelsudpansion while keeping

the temperqlife wahmtes I AenfiomParneRNs Aclulion Wis, Alauadiaaal ip paand lhanesulfony

chloride (730 nmiL, 7.73 mol, 1.5 equiv) was added over | h while keeping the reaction temperature <
15C. The réSERATLBRIEGN M deosliBvBE s SIGW R eR Pt I PatN P toRip &rapGTEBRANSHABY at room
tempetaturefor-6Vernighticd betadiitianak ame dollef«atbanesifanylichsrider(hQsmke2@1.05 mol, 0.2

equiv) was gptgegqvgﬁ%m 1285 iof i %rgegyl%g It('grc[gcq (fg 30,2 ifigen]a}{tr%th at room temperature. After

- e e sedsimp AL o
the reaction was deemed complete, the reaction mixture was cohcentrated under reduced pressure to

a volume of ST YL MRS EARGEO ATTTalE S HBh Praeedting seusplisky algisa i arctmated with
dichlorometjamsi{ 36k Janthyvashecarith Nathisaii ated hsinedddckdp hcanuraidsiRhase was
extracted with dichlgrome The 25comhined organic.layers were dri sodium sulphate
and absorbggcglﬁ%g%’%% éiﬁli%lé%‘l)héﬁgféﬁ; cr%é u%eé‘?l g‘fgys}gﬁ%ﬁ%ﬁe%ﬁgtg?fﬁmag éorll\eé)[é%’ed onto a

silica g8l colttir B Kecahdehietstinyes Byednybasutbeenhapedadquasdin 46 % ethyl acetate in
heptane (8QusianenhfinatiH0nainNlaceiginhepane4ina affiarbhirecs Miz), §

2-(1-(ethylsulfonyflazetidin-3- ylidene)acetonjtrile (4, 567 g, 968.4 g theoretical, 58.6% vield) as a
off-white sot#d% WA ék%h T\l‘zfxﬁé’%jgb}Nﬁ%‘f‘égéfa‘)ggﬁé@(tf‘%%%’g?eé ,“é‘ﬁS?]ﬁg(‘gn},IQZH), 4.79 (m,
2H), 5.41 {(m, 2H), 3.85 (m, 2H) ppm; C;sH1sCINO (free base of 23, Ci¢HisNO MW, 239.31), LCMS

(EI) m/e 240 (M" + H).

NH, O
oo T O

21 22 23
C13H13N CSHSC!O C}eHmC%NO
Mol, Wt 183.25 Mk, Wi §2.52 Mol. Wi 7577

o] : Q
H,/Pd-C N oM  TEMPO/Mdeach N 0
_rrvs | Yo meomsn 70

BOC,0 24 7
. CaH4sNO; CaldyaNO;
25 Moi, W 173.21 Mol Wt 171,18
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(m, 1H); MS: m/z calcd. 187.05; found: 187.1. Step 3.

2-(1-(Ethy f%w 7€ idin-3-ylidene)acetonitrile (4) and 2-(3-chloro-1- PCT/US2009/036635
(ethylsulfonyl)azetidin-3-yOacetonitrile (4B). tert-Butyl 3- (cyanomethylene)azet?d|[ne I-carboxylate
(2, 82 g, 0.42 mol) was added to THF (850 mL) and the resulting solution was cooled to 0C before a 4
M HC1 solution in 51,4-dioxane (850 mL, 3.38 mol, 8.0 equiv) was added over 1 h while keeping the
temperature < 5C. The resulting reaction mixture was slowly warmed to room temperature and stirred

at room tenmmp;mjorelﬁﬂmwmhdhﬁyg@@mw@amm @amplete, the reaction mixture was

concentrated und rreduced ur the lac n acyum for an additional
3 h before being trezi}téjan51 %ﬁ%’?@%ﬁ rgﬁ en |s°'.(f)% o‘b‘)ﬁﬂﬂﬁ“‘edﬁn?ng%é:?ggmﬁﬂi“é‘e mol, 2.5 equiv)
at room teniﬁeﬁaﬁﬂiwéorm%aﬁésgmrsgdgmmsbpm&ﬁmﬁ%élbha@ g&hderdrettvareilikéiylchloride (56 mL,

0.59 mol, 14 eguivlves addedwhile ke aning theile 3ion{SImREraliiays é&@b&éce bath was
removeéj and thet réaacg%h was stlr ed at room te \%}?% F%ur}ilfor 18 h n.TLC indjcated the reaction
2 t iﬁ

was complé@. the reactlona%“?&ure WAL B Y crgfg?g‘ﬁe Cd}h/%lghér With saturated
brine (1 L). Thebiagliemearicd Bxkagaty was diddacte dodithn ethiyicalétat@.)20d 508 mirdic¥ hedeombined

organic layesgwars-duge, %ﬁéﬁ%&%‘é&ﬂ@%&%%@%&ﬂﬁ@ﬁ%ﬁsw% iTepeesrgRsure. The
residue was dilufed with dlchloromet ane and absorbed onto silica gelg%éng)@;hls mixture was

purified by ESIERA RhIGIHRESST APV (6 KESAREP Ry RioRiRy! dithr pgt 10 BFR0AC in
heptane (4 ! 201%EtQ AwdidtHieptaid i(8LIP QA6 NG 16 Befitéhe ) Xty akddifinaiby/Paith 40 % EtOAC

in ZOhWa%Wﬂ%%@%&ﬂré‘%WWﬂQW{Mﬁéﬁ&%&é‘@ﬁ??%@%ﬁ%&@'l&[ﬁ%(&ﬁgd 2-(3-

chloro-1-(ethylsulfonyl)azetidin-3-yl)acetonitrile (4B) as a off-white solid (58.1 Y yield), which was
found to be3f r&%?ﬁr%éli’ﬁ&‘?éif/ OREt “@ﬁéemﬁzﬁiﬁéfaf%fﬁ?ﬁéﬁﬁ@l&%ﬁ&lﬁ@f@%fﬂ@t $98RMR (300 MHz,

CDC13) 61:88(teBbbraBudScf] 2t WieA 21 2hbwdd T(the 2daytidn Adad noyndiittle MGemyz calcd. 187.05;
found: 187 a5 AR RN CRIEAS) Z5 BBl BR D5 bt 15 (. 21

4.37 (d, 2H); MS: m/Z calcd foun
2-(1- (Ethyls%%wﬁ-\@éweﬁzpﬁ m%wyiélk)pah%iéwfﬁ%ff% oPRESSFASTbpRdsr reduced
dipyrinhédinreydecid +pyxazahd sybezeadithSrydaeotan Etrak&c(&)ataemoaagolwnammﬁn with a

2-(1- (ethy|5ﬁ{§(9a¥ll)%§&9{{‘o§&(Qﬂ%@%ﬁﬁ@?&ﬂ%ﬁé)ﬁm n was eluted with 20 — 50 % ethyl

chloro-1-(ethylsulfonyl)azetidin-3 %/I acetoni ) obtalne from the previous reaction as an
approximat&°BAé 1o GREh R the( aawasmi%mr@ e BHFR AfSiref Pradhsiipdhere collected

4- (1Hpyrazaﬂxdﬂeyﬂa)nﬁék(ZF(taslmm&ryksﬂymﬁmmwma&y&%bb@wé@dm[ata-ﬁ]@wraﬂtdiﬁ@l(}5 241 g, 766
mol i aseRRitin Eh) eR IS DR ek, ARG, s oRIR o 30 i

room temperatur The resu tlng eaction’ mixflire wa Stll’l’e overnlg at oom temperéture When the

reactidll wa¥ ideiolisilied ine santia s IRt (FRETaRTS e teander Feidtie dIPPMBSGRCIFhe resulting solid
was dissolvag m@-, ot edhacptatesand 24, ofshasetanitiilesas 406 @ the solution was washed with

a mixture of brine (3 L) and water (1 L). The aqueous layer was extracted with ethyl acetate (3 x 1.6 L).
The combined organic layers were washed with brine (1.6 L) and the solvent was removed under
reduced prdsaurpleBolusrel el Bvoagaaekitidetd-thebesidtse(Bnd the azeotropic distillation was repeated

under reduced prasgi@e:d Bﬁt@@ﬁlﬂ:%@ w&&}aﬁysﬁég@hﬂmhcw&%&% S'a thyé thylgther) and the
10soI| wer oIIecteﬁ &/a{g ation. Th bro olid was dissolve comp ete y.in ethyl acetate (3 L) at

50C b reet & &Rt &ﬁse%o%v ?:Iqa cdaf BHEPaAR IR g0 gT et b Salifting mixture
was stirred BEMBC(fot 4 hbesford ﬁéﬁgﬂﬁﬂﬂb@dd‘ﬁcﬁdhtmugﬁm&éﬂwmheosoﬂze(ﬁmés?rgmoved under

reduced presstigRNd s Lesi G'EE% waérgs Fatest with MTRE ki pe,solids were collected by

filtration and washed Bnth M he solids were then 15completel dlssolved |n |sopropanol
(8.8 L) at 7¢EPEHFtRafsthg s&tﬁ%ﬁ’ﬂ?&‘s" Gr&RLR Aqueous sodium bicarbonate (NaHC

450 mL) and an aqueous sodium hypochlorite solution (NaClOQ, 10 - 13 % available chlorme,
30 450 mL) were added. Once the solution of sodium hypochlorite was added, the color of the

reaction mixture was changed immediately. When additional amount of sodium hypochlorite

solution was added, the color of the reaction mixture was gradually faded. When TLC

showed that all of the starting material was consumed, the color of the reaction mixture was
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cooled down to room temperature with stirring for overnight. The solids were collected by filtration,

washed wi | (1.3 L) and heptane (2 x 490 mL), and dried in a [ ight to afford
2-(1-(ethy|§?1#2%§/%ﬁ33 4-(7-((2-(trimethylsiIyHethoxy)meth‘yI)-?Hpyrrolo[Zggﬁﬁ%%\(ﬂﬁ -fl)-lH-pyraz
ol-1-yDazetidin-3-ypacetonitrile (6, 327 g, 384.3 g 20theoretical, 85% yield) as an off-white solid. For 6:
lli NMR (300 MHz, CDCI3) 80.00 (s, 91-1), 0.99 (m, 2H), 1.49 (t, 3H), 3.15 (q, 2H), 3.49 (s, 21-1), 3.60
(m, 2H), 4.30 (d, 2H), 4.70 (d, 2H), 5.76 (s, 2 H), 6.83 (s, 1H), 7.50 (s, 1H), 8.40 (s, 1H), 8.50 (s, IH),
8.90 (s, | HpdiGigaihagiet] 150 2-2Qiclotd L0224 (RSH@Red with ethyl acetate (EtOAc, 500
2-(3-(4-(7H-Pyyral Ipyeimidin-4-y1)-1H- zol-.1-A-1- (ethylsulfonylazetidin-3-ylacetonitrile (7).
Toa solutiolnﬁ%j:‘a%ﬁ%gz%ﬁga%ﬁﬁﬁg?g%(#??%y&rl%%ﬂﬂsvﬁﬁie%%%g; %%%3?;? géjmlf? %3
pyrrolo[2,3- A5y ieifs-aayacns sedireacierdy selrtna R 8- ybherd rirfirey 6 B EWBE mmol) in
acetonitrile (Bd:3@ndiwvaier(300:8h}was added diBEh @l @825 gl bAd3eredity). The resulting
reaction mixgu tirred.at 75C for.overnight . The reaction mixture ywas cooled to 0C before a
solutior:5 of g%rr}[n%g ?:?mg %@%‘?S%%Eeq(ﬁﬁﬁ’f&ﬁ%% %%I_g) %@a egbe&%lia)gv%eé%}!ggggdws ShR%o keep the
temperaturdyBfoiR roeiisianty 1oye Fré ranusre dvad s tinrdd aibreaitnteragismarithofs finternight. When
the reactionpwascaleamesd Geapplets nvateidbeil)s wasiadded &nd the) resylting:midpre was vigorously
stirred for 3 h at room temperature. The solids were collected by filtration, washed with water (6.7 L)
and heptane (6.7 L), and dried in vacuum oven at 45C over the weekend. The dried solid was then
dissolved inEX@maIR/IE0 Heity BlicYi Srimrataei (kR e))zetivdoerhs pibofig oy olumn chromatography on
1.3 Kg;ef Ssilica gplluti ithe2086:MeQkkirg dighlor _ ' ord 24344-
(7H-Pyrrolo[2,3-d by, ir?ﬁig‘l’%ﬁ-ylﬁ?ylg%y{?%zoklt{el@%g-?%e?@ﬁ?&%%%%%ﬁ%h%%ﬁ{onitrile (7, 204 g,
243.3 g theSTERAT ?é%%l%)aég’aéﬁ%%%ﬁ WOTEGFc94PPRdNEN BB MIRTE B DMS0) 81.25 (¢,
3H), 3.25 (qpd2ipn3inse{sn@ iy, diRfgdul pRre)tidroba2btm TetP et i i 68uttiel, i4d), 8.50 (s, 1H), 8.70

(S, IH), 8.95,63;ekRitnl 2 20l Wit QY ZCalad. 13 %5 L8h IQUNGF 32 B Pioxide .
2-(3-61-(7H-P. rrolo[2,3-djpyr|m|d|n-4é%/01élH-%azol-.1-y1g§l- (ethillsuIfonyl)azetld|n-3-yOaceton|tr|1e

phosphoric 4G et ety Losdd B BofRR (A py Prote 253 AR firh RAH4-Y29 e 9Ye ol- 1-y1)-1-
15(ethiA suEomyih) azetdier@ng Yac etomittil efipe 204 ¢h D0 -ntaohhinrecedapiisieith. hikjand ethanol (1.6

o) was addedasalutiansaf ANAFROGHP AUAGT of L, HBRMINOlc LIHMN.SLRANRHE00 ML) slowly

over 30 mm at 70C. The resulting reaction mixture was stirre before being gradually

cooled to rooM BthpR AR s ds et e dT EfRighe Heddroytidrh bilekesringMtration, washed
with acetonitritenél Gthpatahaatetried tC20masutmaraviemet WwaGifeeddn-o@fiortt over 1 h

2'(3'(4'(7Hé?l)ir{l@x?%%}?l@w@&qj B¥d):1H- pyrazol- yé)s- -(ethylsulfon é}aze idin-3-ypacetonitrile
phosphoric acid‘salt_ﬁ(Z 0g, _258.§g {heoreticpeclg'i}f 93%I§/t|{eﬁ eﬁé%%ﬁ%né%% . of:oﬁnal product: 1H NMR
(300 MHiz, QBEBINIRS0) e ssqion prixwro sy e tepyylikytodswih mater 44500 pnglisgtutetsd tguees), 7.10 (d, 1H),
7.60 (dd, 154 18u5BI(sidd-Eh18id0 (s CIH).58.9mlsextaed 3:2h(B8y ldddiaM Bi 1Az calcel L R iRl 2; found:
25372.0. Examnle 64..4-Ghl gp-yl{g;;grigng h sgll){fle Q Y thyD)-7H-pyrrolo[2.3= dipyrimidine (3). To
a flask equipped wﬁ?h %aﬁ]itroger% inl et, an ad ?‘ff(‘)n fnﬁ1§1))( a%l E%}%%%%Iﬁ%#g%%b%mm

sulfate (Na;504). The organic solvent was removed under reduced pressure and the residue

was diluted with dichloromethane (CH,Cly, 4 L) before being absorbed onto silica gel (Si0,,

25 1.5 Kg). The crude product, which was absorbed on silica gel, was purified by flash column

chromatography (8iO,, 3.5 Kg, 0 —25% EtOAc/hexanes gradient elution) to afford ters-butyl

3-(cyanomethylene)azetidine-1-carboxylate (9, 414.7 g, 679.8 g theoretical, 61% yield) as

white solid. For 9: "H NMR (CDCls, 300MHz), 5 5.40 (m, 1H), 4.70 (m, ZH), 4.61 (m, 2H),

1.46 (s, 9H) ppm; C1oH1eN20; (MW, 194.23), LCMS (EI) m/e 217 (M™ + Na).
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30mechanical stirrer was added 4-chloro-7H-pyrolo[2,3-d]pyrimidine (1, 600 g, 3.91 mol) and

N,N-dimet imi DMAC, 9.6 L) at room temperature. The mixture WASC0 -5 Cinan
ice/brine bg?ggweﬂs%%d sodium hydride (NaH, 60 wt%, 174 g, 4.35 mol, 1. e%gl%/{vfég(a%sssadded in
portions at 0 - 5 C. The reaction mixture went to a dark solution during 15 minutes.
Trimethylsilylethoxymethyl chloride (2, SEM-CI, 763 mL, 4.31 mol, 1.1 equiv) was then added slowly
via an addition funnel at a rate that the internal reaction temperature did not exceed 5 C. The reaction
mixture was then stirred at 0 - 5 C for 30 minutes.gWhen the reaction was deemed complete
determined by TLC and HPLC, the reaction mﬁﬁj{ﬁ;e)v%{s 5 quenched by water (1 L). The mixture was
then diluted with water (12 [y a (8 L). Thetwo layé ertgé_g_garated and the aqueous layer
was extracted with MTBE (8 L)¢ Thé combinegCeigi¥ific layers were Wastred with water (2 x 4 L) and
brine (4 L) and dried over sodi&qj ,&glfate (Na2eQar The solveagﬁmgge removed under reduced
pressure. The residue was tivenvdissoived in hepigne (2 L), fillered ane loaded onto a silica gel (Si02,
3.5 Kg) 10column eluting with heptane (6 L), 95% heptane/ethyl acetate (12 L), 90% heptane/ethyl
acetate (10 L), and finally 80% heptane/ethyl acetate (10 L). TH&'fractibhs containing the pure desired
product were combined and goncentrated unde@a@@:ced pressure to give 4- _
chloro-74(2-(trimethylsiIypet_hﬁky@ne{hyl)—?mes-d]pyﬁm J , 987 g, 1109.8 g theoretical,
88.9% yield) as a pale yellow oil Whicﬁ partially §§T|9T| led to an oily solid on 15standing at room
temperature. For 3:NMR (DM&Qa36: 300 MHz) 8 8.67 (s, IH), 7@&%@, 1H, J=3.8 Hz), 6.71 (d, IH, J=
3.6 Hz), 5.63 (s, 2H), 3.50 (tM2H"* J%-22.9 Hz), 0.80 (t, 2H, J = 8" ¥Zf>$£24 (s, 9H) ppm; 13C NMR
(DMSO-d6, 100 MHz) 8 151.3, 150.8, 150.7, 131.5, 116.9, 99.3, 72.9, 65,8, 17.1, -1.48 ppm;

Ci2Hi8CIN30SI 83.83 MS (E]) mle 284/236 (M+ + H). Example 63.

4-(1H-Pyrazoxlz-1 Wgé@#ﬁﬁ%{%ﬁgﬂ%}g %%ﬁ?ﬁééﬂ%ﬁﬁ%ﬁ-cﬁff?%%%@yd]pyrimidine ). To a
reactor equipped Withlgtiengeeheaty birtermaushdensersidihelrveet) ismdda itfgg®a inlet was
charged wayg {2030k GUhROIASR R LARAPRAIR MRS, WGk 532,88 Mol, 2.42 equiv),
4-chloro-74(2-(trimethylsilypethoxy)methyl)-7H-pyrrolo[2,3- 4pyrimidine (3, 3597 g, 12.'67 mol),

1.0 ethoxy AT E 472 4 bt R o7 R S, TR 486D U3850 g, 13,34 mol,
1.05 equiv) frerrdagtibutaindirt2¥at yacentuatetemireatived Prresresultingesadtienesminturdhisias degassed

three Fimesmgfﬂéllﬁgc\f\dﬁa HEEE%%;?&Q&;B r@(ﬁ,emg HeAled With in acetonitrile (12
tetrakis(triphenylphosphjne)palladium(0) 10 PPh3)4, 46,9, 0.040 mol, 0.003 equiv) at room

(Pd . _
temperaturd”) PHE PESETHNG & &5 RABHOMIER FAUFS HRated i UERIRYEM TR EG-C) b1 - 4 hours.
When the rd&ctonolvas deemed cibeplete detderiidld kezpiil 1 ithendaetiperanietbemwas gradually

cooled downtofeomemgialR.bR/GiRRenalntediticusnaeltobeds Mg Celite bed was

washed with ethyl acetate (2 x 2 L) before the filtrates and washing solution were combined. The two

15 layers wiHeBsbrss (BIRPHE Zflebud TayRpiwas axtvasiatrdded o) Aodizdere). The
combined otiganietayerspareneConice itfatethanceitheriteatb pressiets inwadasghviiatl, and the

crude warm 10 room temperature and stirred at room temperature for overnight, When HPLC o
4-(1-(1-ethoxyethyl)-11/-pyrazol-4-y1)-74(2-(trimethylsilypethoxy)methyl)-7Hpyrrolo[2,3-4pyrimidine (6)

was ditéctly i g B ATIEI R LOBP\IR NS IR ST (133 RO 390 Mide seysetiuent
acid-promoteekdecpsatestian ifaphioninieul futhe bbb piificaiieiof the tbtnd sugpeasian of crude
4-(1-(1-eth thvl)-1H-pyrazol-4-y1)-7-((2- (trime il h ethyl)-7H-pyrrolo[2,3-cipyrimidine
(6), made %%Egrlige%eéggﬁo@v? |rf}%%%gﬁe%%g%%gré%%‘%@%%ﬁtﬁg%gg #%%%g%\%{se% Ié\Lr_ged water (1120,
20.8 L), and a6 Khuebdshacsssbingdisiireomethans squa) vawwaskadividadsavisedperature. The
resulting 25¢siaeitio Bolikib (@MASTSE Qs Als 1304 TatkZxBhedVhaniiheoreaetianswas deemed

20 (CHyCly, 5 L). The combined organic layers were dried over anhydrous sodium sulfate
(INa;S0,) and the residue was absorbed onto silica gel (SiO,, 1 Kg) under reduced pressure.
The bath ternperature of the rotary evaporator was set {0 not exceed 45 °C, The material was
then loaded onto a silica gel column (SiO;y, 2.5 Kg) and eluted with 20 — 60 % ethyl acetate in
heptane to afford 2-(1-(ethylsulfonyljazetidin-3-ylidene)acetonitrile (11, 882 g, 968.4 ¢

25 theoretical, 51 % yield) as off-white solids, For 11: "H NMR (CDCls, 300 MHz) 8 5.46 {(m,
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complete by HPLC analysis, the reaction mixture was treated with a 30% aqueous sodium hydroxide
(NaOH) saluti 42 mol, 3.78 equiv) at room temperature. The regjly i ixture was
stirred at %ng?g(r)?}gélé?ure for 1 - 2 h. The solids were collected by fiItrati?)}r#%E\/%eaﬁ Qe%{é/nvith water (2
x 5 L). The wet cake was charged back to the reactor with 30acetonitrile (21.6 L), and resulting
suspension was heated to gentle reflux for I -2 h. The clear solution was then gradually cooled down to
room temperature with stirring, and solids were precipitated out from the solution with cooling. The
mixture wad Bhirsety étiratim 46mperam)re.fonareHyditonab )y ik, THaShlds weve cadlesied by filtration,
washed Witkﬂ@gﬁ}t(@@i&i}lﬁe%% 5L )g;lnd dried in oven under reduced pressure at 45 - 55 C to constant
weight to afford 4-(1H-pyrazol-4-y1)-74(2-(trimethylsilypethoxy)methyl)-711-pyrrolo[2,3- d]pyrimidine
(5, 3281.7 g, 3996.8 g theoretical, 82.1% yield) as white crystalline solids (99.5 area% by HPLC). For

5: IH NMR ([@RBe-d6, 20Q-ita)imtand-§ha-g- () e Sulcdisishivt) e i iaessyiiny- 8.35 (br. s, 1H), 7.72
d, 1H, J= 10, (d, 1H 1= 3,7 Hz). 5,61 (s 51t 2H. J=82 Hz), 0.81 (t, 2H, J= 8.2
Hz), 0.15:]3 (2";9"5@6[57’%19@%&;‘%7’0%? il%lﬂ}# gléfﬁg%%gh%%ﬁ%ﬁg?ig%ﬁ% H). Example 64.
1-Benzhydrylazetffi#itgdot hirircermerrier ef3- AfLaNitst- bp BipHehylmethanamine (21, 2737 g, 15.0
mol, 1.04 equivikily BigthanetydReMe0H Hexlorauss, trepieshmwithel s clalp o meth ylioxirane (22, 1330 g, 14.5
mol) from ap additien funnel.at room t rature ing, the inytial addition a.slight endotherm was
noticed. Th etreys%ll‘t%‘%rgiyﬁeaé%ﬁcgﬂé— %fmueﬁg/n%/cgegc) glt%lrrlr%élgtui(l)%%ngf:l m%(gnr(z)ilfuﬁg ?g?lé?é%j%egg%g}lg being
warmed to Faffubo f8sadded A3 43-8 als. \haw!TLE sl denhdsairkesadtorravdendeemed complete,

the reactionshpérarwiasfiat cooledtdonmiadansmiBmpRY albeoand:tiennigial - 5 C in an ice bath.
The solids were collectegléj %%/ filtration and W%%Q%(a ynwth ﬁécetog? gm"; ttlge ive the grisotr%rgp of the crude

. IO &0 cippiate care . reaciio as stirre -
desired product %, 1518 ) e TitratBhas concentrated under requce préssure and the resulting

semisolid watsadinytesingaittiscdopreHENS sithssbig thrasation velldetagdnpilpleotido give the second
ﬁr%p of htlhe chugie fesired WE@QU&{&%@W@?@&T@@ clude &@@im)@tnﬁxa]@@my@lﬁyé@@%ﬂgmn3-?l )
ydrochloride (23, 1737 g, 203998.7 g theoretical, 43.4% vyield), was found to be sufficiently pure to be

et n the STRCEATEAT RO AR Bk e BSBIE 500 Mio). 8
12.28 {r. dLANSTBE(3rh) &M)irkd & (rac B )0 688 B, Higr24 R thafferdidd)de246-(m, 1H), 4.12 (m, 2H),
3.85 (M, 2HLpMIIANiSEING (Frarrhanea A3nGIGELATING MW A9, 3y b, (Ele 240 (M4 +
H). 2122 C|3H|3} 1CfSH5. .1OC|§H|CONCE Wt21g831.25§g§. WI: 92.5_2|YI%I. VX 75,77 Example 65.
ten-Butyl 3-Hy Yo a2t E e bBs e (5 4)% 981 2. dy; pge%gl%?{%‘f;iz %ﬁzﬁ;}’dﬂﬂ%@etidin-&ol
hydrophlorid@i@QSQIBBE@iQ@%mpdncab&@@G@muri@nr@fcaqb:enmges@dim@anbwﬁ_thwt(NaZQOS, 5L)
and dichlorqmelhafied(GhiaTHe 12 Uisamsieisd assoamisBRYAU RNl solids were dissolved.
The two layers were SS%Parated and the aqueous layer was extracted with dichloromethane (CH2CIZ2,
o). THe 1H), 7.43(d, 1H), 6.80 (d, TH), 5.68 (s, 2H), 4.65 (d, 2H), 4.27 (d, 2H), 3.55 (s, 2H), 3.4 (t,

2H), 3.07 (m, ZH), 1.42 (m, 3H), 0.92 (m, 2H), -(.05 (S, 9H} Ppm,; szHg,]N?OaSSi (MW,

501.68), LCMS (EI) m/e 502 (M" + H).
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combined organics extracts were dried over sodium sulfate (Na2S0O4) and concentrated under
reduced py, This resulting crude free base of 23 was then dissolvedjn. T the
solution Wiﬁgg@élﬁya large Parr bomb. Di-ten-butyl dicarbonate (BogggT@}gaég@ﬁr%%I 1.1
equiv) and 20% palladium (Pd) on carbon (125 g, 50% wet) were added to the Parr 10bomb. The
vessel was charged to 30 psi with hydrogen gas (H2) and stirred under steady hydrogen atmosphere
(vessel was recharged three times to maintain the pressure at 30 psi) at room temperature for 18 h.
When HPLC showed that the reaction was complete (when ngemore hydrogen was taken up), the
reaction mixture was filtered through a Geljte\pad and the (féﬂ%?pad was washed with THF (4 L), The
filtrates were concepttéited under reduced 15pressure to refpéve the solvent and the residue was
loaded onto a Biotage 150 column with g mifiigum amourit of @ichloromethane (CH2CI2). The column
was eluted with 20458,%,ethyl acetate ieiveptaere and theffractions containiig the pure desired
product (24) were cbu d and\ééombirféf@lf.a@héﬁsdvent& removed u#detereduced pressure to
afford tert-butyl 3- hydroxyagetidine-I-carbeylate (24, 357,¢+-393.2 gifheoratical, 90.8% yield) as
colorless oil, 20 which solidified upon standing at room temperatdire in vacuum. For 24: IHNMR
(CDC13, 300 MHz), 84, 56:@x1H), 4.13 (M, 2H), 3.81 (M, 2H)%.435(s, 9H) ppm. Example 66.
tert-Buty13-oxoazetidifte¥t #%rboxylate (7). A solution of te¥d-Bue3-hydroxyazetidine-1-carboxylate
(24, 50 g, 289 mmgl) in 25ethyl acetate (400 mL) was cooled to 0 C. The Eesulting solution was then
treated with solid EMPQ}?Q .5 g, 3.2 mmol, 0.0a,éé’eﬁuiv) and a solutiorbgiip{)tassium bromide (KBr,
3.99, 33.2mmol, 0.11 e uiv) in water; (60 mLy &t O - 5 C. While keepip] the reaction temperature
between 0 - 5 C a so|p#{or-of saturated aquegys.seglium bicarbonate (b 03, 450 mL) and an
aqueous sodium hypsaghlorite $8ltftiBh (NaClQ»10- 13 %&vailable chigrine, 30 450 mL) were added.
Once the solution pf ium hypochlorite wasjadded, thg,gplor of the eacfi6if Thixture was changed
immediately. When agdditiopal amount fSO('.Ll\I'ﬁl Rypochlorite soluti : a®added, the color of the
reaction mixture was g'?addagy faded. When T_Clshowed that all of th€ starting material was
consumed, the color of the reaction mixture was, no longer changed,LheJgaction mixture was then
diluted with ethyl acefft€ (& c, 500 ML) gfigiiiddayers were sepdpetteiioPhe organic layer was
washed with water (500 mL) and the saturated aqueous sodium chloride solution (500 mL) and dried
over sodium sulfate (Na2S04). The solvent was then removed under reduced pressure to give the

crude prodysta ETD BRI o ORAE L1y SRy AR AT aigoretical 9796 yield)

which was found to be su |c_|e_ntlg pure and was used direct he subseduent reaction without
further purifieiibi esrlaedidip-TEPRisiRR Es €14 300 MHz), 8 4.65 (s, 4H), 1.42 (s, 9H) ppm.
Example 67. tert-Bisiyib3-£e Yanaw etoylefn) azetidinerdngaboxytate-(9). 10Diethyl cyanomethyl

phosphonate.(8,. 120 equi k ous tetrahydrofuran (THE,.9 L), was added to
a four-necktﬁﬁ?@]w%i%%&mgét@g?ﬁo%g% %%%agﬁ]&%ﬁrﬁiﬁﬁé@ﬂgg ﬁ%’éaﬁ??r% I})ﬁz B?E%%étion tube at
room tempeigFeniiie daiiiGrewds Bovie i i atritdhedth arbrBiatn P rekicvahaddet.0 M solution of
potassium terticoertonit efBueis)ineant e ous. setralsydrefurein g, 8:8nld®karg), 1.1 equiv) was
added over.1520 min while.keeping the reaction t rature below -5.C. The resulting reaction
it wa TR B TOr e A T A B Ao ST RE (7 600 0,
3.50 mid) irfAkiyehioves fae Srsydiee el depToe tion yay aenaRie drbidrasiordethike Respiprpdie internal

temperaturgRepiewras: hedeaatian, mixiieiwas stiedatoalta ddRE O Y&In thaehifien slowly
warmed up to rogm te rature and stirred at room.temperature for.200vernight. The reaction mixture
was then diﬁﬁ?é‘clig\/\g{rtﬁnwsaqgsre& tl‘.’ﬁ t3r(1)d é’a%usé & nag(}uag%)nl%ms%%ﬁfr%r% 1%&%8;_5% u‘ii%%ue(R%Cl, 451L) and

extracted W}fﬁ@ﬁyﬁﬁ@@;&ﬁéqwég.z 3Ry added slowly to the reaction mixture to adjust pH to

9-10 while keeping the internal temperature below 10 °C. The resulting mixture was stirred at

15 room temperature for overnight. When HPLC showed that the second stage of deprotection
was complete, the reaction mixture was added into water (10 L), and the resulting mixture
was vigorousty stirred at room temperature for 3 h. The solids were collected by filiration,
washed with water (8 L) and heptane (8 L), and dried in convection oven at 35 °C over the

weekend. The dried solids were dissolved in 20 % MeOH in dichloromethane (16 L) before

134



combined organic layers were washed with brine (6 L) and dried over anhydrous sodium sulfate

(Na2S04)

: ic.solvent was removed under reduced pressure an%gﬁd %@ diluted with
dichlorom%@%@%ﬁ%lz, 4 L) before being absorbed onto silica gel (Si02, 1§§’ g 3’/1%252 crude
product, which was absorbed on silica gel, was purified by flash column chromatography (Si02, 3.5 Kg,
0 -25% EtOAc/hexanes gradient elution) to afford tert-butyl 3-(cyanomethylene)azetidine-1-carboxylate
(9, 414.7 g, 679.8 g theoretical, 61% yield) as white solid. For 9: IFINMR (CDC13, 3001v11-lz), 5 5.40

(m, 1H), 4.76¢(ng, r2tiied e tamakdhrdrd B deip H)rPRE K £60 5N 202 W ThOdeRi3)n kaMS (El)mle 217
(M+ +Na). 7 Coll3NOR Mat Wi 174,19 11 CT1410N20 | VYt 18623 -0 PCM. 8
CGl-llZNO%Fg %@%ﬁlﬁ%ﬁ%ﬁﬁéﬁ%&ﬂ“ 0’ \%%%ﬁn eLgltgpg%/ 7(:%09‘.91%02 Mol. Wt:

194.23

10

13

20

25

30

pyrrolof2,3-d]pyrimidin-4-y1)-1 H-pyrazol-1-y1)}-1-(ethylsulfonyazetidin-3-yl)acetonitrile
(14, 239.5 g, 296.1 g theoretical, 80.9% yield) as off-white solids. For 14: "H NMR (DMSO-
dg, 300 MHz) 6 12.15 (s, 1H), 8.94 (s, 1H), 8.72 (s, 1H), 8.49 (s, 1H), 7.63 (d, 1H), 7.09 (d,
1H), 4.62 (d, 2H}, 4.25 (d, 2H), 3.71 (s, 2H), 3.24 (g, 2H), 1.26 (t, 3H) ppm; C;sH;7N70,8
(MW, 371.42), LCMS (EI) m/e 372 (M" + H).

Example 71, 2-(3-(4-(7H-Pyrrolo]2,3-d]pyrimidin-4-y1)-1 H-pyrazol-1-yl)-1.
(ethylsulfonyi)azetidin-3-yljacetonitrile phosphate sait.

To a solution: of 2-(3-(4-(7H-pyrrolof2,3-d|pyrimidin-4-y1)-1 H-pyrazol-1-y -1~
(ethylsulfonylazetidin-3-y1)acetonitrile (14, 471.2 g, 1268.6 mmol) in acetonitrile (10.86 L)
and ethanol (3.75 L) was added an 85 % aqueous solution of phosphoric acid (H;PQ4, 191.6
g, 1661.7 mmol, 1.31 equiv) in ethanol (EtOH, 1.68 L) slowly over 50 min at 70 °C. The
resulting reaction mixture was cooled down to room temperature slowly and stirred at room
temperature for overnight. The solids were collected by filtration and washed with
acetonitrile (500 mL). The resulting wet cake was then suspended in ethanol (EtOH, 7.0 L)
before being treated with an agueous 85 % solution of phosphoric acid (H;POq, 95.1 g, 824.6
mmol, 0.65 equiv) in ethanol (EtOH, 1,23 L) at room temperature. The resulting mixture was
then warmed to reflux and stirred at reflux for 1 h before being cooled down to room
temperature slowly and stirred at rcom temperature for overnight. The solids were collected
by filtration, washed with ethanol (2 L} and heptane/ethanol (v/v 2/1, 2.1 L}, and dried in
vacuum oven at 40 °C for overnight to afford 2-(3-(4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-
pyrazoi-1-yl)-1-(ethylsulfonyl)azetidin-3-y!}jacetonitrile phosphate sait (534.8 g, 595.5 ¢
theoretical, 89.8% yield) as white crystalline solids. For phosphate salt: mp: 187 °C;
elemental analysis for CisHzoN,O6PS, Caled: C, 40.94; H, 4.29; N, 20.89; P, 6.60; S, 6.83;
Found: C, 40.65; H, 4.22; N, 20.71; P, 6.53; §, 6.95; FTIR (vmax, cm‘i): 3123 (-CH-), 2254
{CN), 1627 and 1441 (heteroaromatic C=N), 1600 and 1559 (heteroaromatic C=C), 1312 (-
SOz-); "H NMR (DMSO-ds, 300 MHz) § 12.19 (s, 1H), 8.94 (s, 1H), 8.71 (s, 1H), 8.48 (s,
1H), 7.62 (dd, 1H, J= 3.5, 2.3 Hz), 7.08 (dd, 1H, J=3.6, 1.5 Hz), 4.60 (d, 2H, J=9.3,9.2
Hz), 4.23 (d, 2H, J = 9.3, 9.2 Hz), 3.69 (5, 2H), 3.23 (q, 2H, J=7.2 Hz), 1.23 (1, 3H, /= 7.3
Hz) ppm; PC NMR (DMSO-ds, 75 MHz) § 152.3, 150.9, 149.4, 140.0, 129.7, 127.1, 122.2,
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HCI | step 2 HCI-HN CM 10 C5H7CIN2 Mol. Wt: 130.58 Example 68.

2-(1-(Ethyl6¢,ﬁ WJ g}ifiin-3-ylidene)aeetonitriIe (11). A solution of tert-b ‘ -
3-(cyanomet %enzz- azetidine-1-carboxylate (9, 1000g, 5.2 5mol) in acetozﬁér!l éU(sf2 R(}ggﬁ 2153 N
aqueous HC1 solution (7 L) was stirred at room temperature for 18 h. When HPLC showed that all the
starting material (9) was consumed, the reaction mixture was concentrated under reduced pressure to
dryness. The residue, which contains the crude desired deprotection product (10), was then

suspended insag;etonitrilen (1 24.9,aad the. sesuiting spspanSnmuas aelashds DiwdB1 .42),

Dilsopropyeit ine 141, 1018.03 mol, 3.5 equiv) was then slowly added while keeping the
internal temp%)ga%tﬁg gg%v%%@ Thé resulting homogeneous solution was allowed to cool downto 0 C

and ethane sulfonyl chloride (EtS02C1, 730 mL, 7.73 mol, 1.5 equiv) was added over 1 h while
keeping therpigimalitemparsise Deip bdenmtsasuling caacionsmiktde Wasaliguvad to gradually
warm tQ rogm te ure, angd stjrred. at room temperature fqr overnight. en HPLC 15showed that
the reactior W’é‘é@@%ﬁﬁé’ Q! ugl?é%igﬁéln ﬁﬂ%ﬁzré“\}\f a@Sﬁ%‘é‘ﬁfﬁé%ag ﬁ?ﬁgferé\gijced pressure to a volume
of approximately Zq 2 Thechueh eémpidral felafarrnethalsnoeegiviator-vrsettbindt.élédat 45 C. The
gor;ﬁentrateﬁl@ﬁiﬂpﬁ()&’@@ﬁb}?&hﬁiUfl{th@@%%éﬂqwgf@%@@fg&%ﬁ&ﬁ%@iﬂ%@tﬂ@ﬁﬁ%&ﬂﬁﬁiﬂhe Lesulting
ichloromethane solution was w wi uequs sodium chloride solution (10 L). The aqueous
phase was Wéé??“@xé@%?é’ﬂ“&%?‘ﬁeﬁﬁ%%&h%ﬂ? @éﬁf&@ﬂﬁ% @1?)5 He? 8§?5‘36R%§ Qgﬁgnic layers were
dried over anhytiotimgodilingEuidien(Kia28 G nanetretresitierswakizbserbetmntasiica gel (Si02, 1

Kg) under regrsgd-prassuinedpeRathdempeiatine ok the FIRLY BMARCIEIAlWassSet to not exceed 45
C. The matigiaj wgighen loaded onto a silica gel column (Si02, 2.5 Kg) and eluted with 20 - 60 % ethyl
TS o8 sh

R’ > BRI D Ee Rl S HaeResatibtamtiie Ceel B8Y G5 968.4 ¢

acetate in h
25theoreticadded 496 ylieldixagoffapditesolits! B drybdss MiMRINGD 6230800 N z) 88,46 (m, 1H), 4.77

(m, 2H), 4. 701N c&bins fo dld ibkirk S5 {3 5PMs HéHSNAAS %éé‘lpa?&@d%ﬁ%am'\ﬂs (Bernie 187
(M+ + H). Example_69. 2-(1-(Ethylsulfony1)-3-(4-(742-(trimethylsilypethoxy)methyl)-7H-

Spyrrolo[2, SUBHAN A 8 A By AR Yo D s hbARAIRY | fogate nepiane.

15

The fractions containing the pure desired product (15) were combined and concentrated under
reduced pressure to give the desired product as thick oil which was then stirred in heptane at
room temperature until crystallization occurred. The solids were collected by filtration and
washed with heptane to afford zerr-butyl 3-{cyanomethyl)-3-(4-(7-((2~
(trimethylsilyl)ethoxy ymethyl)-7H-pyrrolo[2,3-d]pyrimidin-4-y1)-1 H-pyrazol-1-ylJazetidine-

- 20 l-carboxylate (15, 1014.9 p, 1039.7 g theoretical, 97.6% yield) as white solids. For 15: 'H
NMR (DMSO-d;, 300 MHz) 6 8.93 (s, 1H), 8.77 (s, 1H), 8.47 (s, 1H), 7.80(d, IH, /= 3.8
Hz), 7.20 (4, 1H, /= 3.7 Hz), 5.63 (s, 2H), 4.50 (d, 2H, J = 9.3 Hz), 4.21 (d, 2H, J= 9.3 Hz),
3.66 (s, 2H), 3.52 (t, 2H, /= 7.8 Hz), 1.40 (s, 9H), 0.82 (1, 2H, /= 8.1 Hz), -0.12 (s, 9H)
ppm; CasHasN7O5Si (MW, 509.68), LCMS (EI) m/e 510 (M" + H) and 532 (M" + Na).
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Method A. To a suspension of 4-(1H-pyrazol-4-y1)-74(2-

(trimethylsj thyl)-7H-pyrrolo[2,3-e]pyrimidine (5, 440 g, 1.395 -
(ethylsulfor%%%@gég%rg} -ylidene)acetonitrile (11, 312.4 g, 1.68 mol, 1.2 equiv )ﬁ%@egégr’?iﬁﬁe (4.4L)
was added DBU (249.8 mL, 1.67 mol, 1.2 equiv) drop wise to keep the reaction 10 temperature
between 15 - 25 C. After adding DBU, the reaction mixture became homogeneous, but a precipitate
appeared in 30 min. The reaction mixture was stirred for 3 h at room temperature. When HPLC
showed that the reaction was deemed complete, the reactiop mixture was quenched with water (11 L).
The resulting mixture was stirred at room, temperature for additonal 30 min and then filtered. The solid
cake was washed wjthyater (4 15 L)}h%’B wand dried’in vacuum oven at 35C for 24 h to afford
crude 2-0 - (ethylsul 1)-3-(4-(74(24(trimethylsilypethox thyl)-7H-pyrrolo[2,3-cipyrimidin-4-y1)-
1H-pyrazol-1-ypaze%ypacetonitriIgﬁ(ﬂmf;‘ﬁgg g, 699/8 g theoretical,97,3%.yield) as white solids,
which was found to ﬁe ufficiently pureff e sgbsequent reaction withggtd r purification. For 12:
IHNMR (CDC13, SOO’MI—Pz) 38/@%(3, 1H):845 (s, | H), E.S , 201H), 7.4,3;@, 1H), 6.80 (d, IH), 5.68
(s, 2H), 4.65 (d, 2H), 4.27 (d, 2H), 3.55 (s, 2H), 3.4 (t, 2H)} ~2H), 1.42 (m, 3H), 0.92 (m, 2H),
-0.05 (s, 9H) ppm, c22H3IN703ssi (MW, 501.68), LCMS (RI) mle 502 (1\4+ + H). Example 70.
2-(3-(4-(7H-Pyrrolo[2,3c4 ,ngin-4-y1)-1H-pyrazol-l-yl)-Perf%ygggguIfonyDazetidin-3-y0acetonitrile
(14). 5Method A. To a solution of 2-(1-(ethylsulfony1)-3-(4-(7-((2-

(trimethylsilypethoxy)m yI)-7H-pyrroIo[2,3-c_f|pyrimidin-4-361.ge_1/f—|-pyrazo|-1-ypazetidin-3- ‘
yflacetonitrile (12, 400 797 mmol) in acetonitrile (3.6 L) antl water (360 mL) was added solid lithium

tetrafluoroborate (Li 759,797 mdg;atgo equiv) at rmsom) temperature, The resulting reaction

. . -~ F .
mixture was warme 80 C and stlrred—aEt—gAe—e—for overhight. When 19—l=tlbieﬂg%qowed the first stage
of deprotection was ete, which afforggci the corresponding hydroﬁ‘ﬁ?rﬁé?ﬁyf intermediate 13, the

. . P ep .
reaction mixture Wa§g, d dowia.to room temperature ¥ragitiglly and,subsequently to 0 C. A solution
of ammonium hydroxide (E‘& 30% aqueous NH4OH, 680 ®iLNin water(2.7 L) was added slowly to the
reaction mixture to adjust pH to 9-10 while keeping the internalzf?emperature below 10C. The resulting
mixture was stirred at kanpegsitemperature for overnight. \Wwer. &8 C showed that the second stage
of deprotection was cdffiptet& the reaction mixture was ad@&d"iftb®vater (10 L), and the resulting
mixture was vigorously stirrgd at room temperature for 3 h. The solids were collected by filtration,
washed with water (8 L) @ffd-heptane (8|L), andedéled in convection oveaé’at/35 C over the weekend.
The dried solids welre di§Sblved in 20% MeOH ig'tlichloromethane (16¢) before being purified by
column chromatography orck.6 Kg of siljca QEIN IQ2). The column W gted with a 20% MeOH in
dichloromethane salu (CH2E&12H48 L)) to gi HsPO4 w
2-(3-(4-(7Hpyrrolo[ 3 imidin-4-y1){1H-pyrazol-1-y );1-(ethylsul
239.5 g, 296.1 g theotgtitgl? 80.9% yield) as”@f white solids. For 14{1 R (DM80- 5 d6, 300 MHz)
512.15 (s, 1H), 8.94 (S, 1H), 8,72 (s, 1H), 8.49°(S¥ 1H), 7.63 (d, 1H), V.08 (d, IH), 4.62 (d, 2H), 4.25 (d,
2H), 3.71 (s, 2H), 324 (g, 2H), 1.26 (t, §]rH) ppm; C161-117N702S (MMpatl 42), LCMS (El) mle 372
(M+H). Example 7%2s -(7H-Pyrrolgfts- rimidin-4-y1)-% fa%ol-1-y0-1-
10(ethylsuIfonyl)azetid]%’1‘¢%§%§:etonitrile p%ﬁp %%%salt Toa s%%ﬁgg
2-(3-(4-(71k%rpi@{r&3ﬂ@l(mﬁdéwnﬂ:}r&hkvQumﬂlwﬁa)eﬁry(ﬁﬂywf@fb\{b),@zfgdﬁfmfﬁax&pacetonitrile
(14,471.2 %}iﬁg 6 mmql_)lin acet%nitgle 10.86 L !andﬁethanol (3.75 L) was added an 85 % aqueous
solution of PROSpHoRE X8 (FHEEEH Mg T RGCPBET"S tihol, 1.31 equiv) in ethanol (EtOH, 1.68 L)
slowly over 50 mid'at 7O@ioTleé 1273-betBidey reeotibn i@ das cooled down to room temperature
slowly and girreehakio0BmIRIREIAIeAY, Auepiahh T he:anlids were solleeed iy digation and
washed Witﬁﬁlacgtogjtniitrgi)l%%filggzrgL)l?ﬁt'?hejrjfrgtl}éﬁfultin[r2 tgtjpc;a e Wags@{k\?én s@ende%% ethanol (EtOH, 7.0
L) before beiify WRAtEE Wit Sih g Je0a <88 $ Lo I BROSHrGRC deid 3518094, 95.1 g, 824.6
mmol, 0.65 seuliv) if ethasol (E@He (3)lih dicraoe{4emmpé faliudet bl tosultimpdnoixtise avas 20 then
warmed to tefixand stiredrt f&flin fot ki PaIEDRIRG RIS HANR IR QAN teMRgrature slowly and

stirred at rogm terr/g)erature for overnléz{ht. The solids were collected by filtration, washed with ethanol

(2 L) and hepPaR&ArsIeA S 2l2h s SERthe Ml PAd f67R SSH S ABC 58V ernight to afford
2-(3-(447 Hpyatroto}2s3rafjpiyrind dirpedtiphy-OHEr dsepdratid)-Laethydsuifony Bagetidin-3-ypacetonitrile
phosphate galt a4 garaRRQiteieaistical $9,8%yield) aswiie.ayallnGsalids for phosphate
salt: mp: 187 C; elemental analysis for Ci6H201\1706PS, Calcd: C, 40.94; H, 4.29; N,"20.89; P, 6.60;
S, 6.83; Found: C, 40.65; H, 4.22; N, 20.71; P, 6.53; S, 6.95; FTIR (vmax, cm-l): 3123 (-CH-), 2254
(CN), 1627 and 1441 (heteroaromatic C=N), 1650 and 1559 (heteroaromatic C=C), 1312 (502-);
1HNMR (DMSO-d6, 300 MHz) 5 12.19 (s, 1H), 8.94 (s, 1H), 8.71 (s, IH), 8.48 (s, 30 IH), 7.62 (dd, IH,
J=3.5, 2.3 Hz), 7.08 (dd, 1H, J= 3.6, 1.5 Hz), 4.60 (d, 2H, J=9.3, 9.2 HZz), 4.23 (d, 2H, J=9.3, 9.2 H2),
3.69 (s, 2H), 3.23 (q, 2H, J= 7.2 Hz), 1.23 (t, 3H, J= 7.3 Hz) ppm; 13C NMR (DMSO-d6, 75 MHz) 5
152.3, 150.9, 149.4, 140.0, 129.7, 127.1, 122.2,

nyed?etidin-3-ypacetonitrile (14,




116.8, 113.1, 100.1, 58.6, 56.1, 43.3, 26.9, 7.5 ppm; C36Hr71\1702S (free base, MW, 371.42), LCMS

(El) mle 37 + H). Example 72. tert-Butyl TS 009 036655
3-(cyanom‘§}é’3\%§k-)§{](}l%? -02-(trimethylsilyOethoxy)methyl)-711- CT/US2009/ 8

5pyrrolo12,3-d]pyrimidin-4-y1)-1H-pyrazol-1-yl)azetidine-1-carboxylate (15). To a suspension of
tert-butyl 3-(cyanomethylene)azetidine-1-carboxylate (9,417.2 g, 2.15 mol, 1.05 equiv) and
4-(1H-pyrazol-4-y1)-742-(trimethylsilypethoxy)methyl)-7Hpyrrolo[2,3-cipyrimidine (5, 645 g, 2.04 mol)
in acetonitritec(4uie) wiss. aldel ecb B Bldré30r dinlall @ R0ddnmol, BetaatpnvDdeo plvvibkeaterobm temperature.

The resulting;reaction MiKiLLe.was JARGeR SHFed af Joom femprIatyis for g’?&oﬁqﬁ%&%ﬂ 'h, aclear,

brown solutjon was obtained. When LCMS showed that no starting material remairied, silica gel (Si02,

1 Kg) was a0t aRuIRe Miklurd a8 B RtarfatsRp iy ble onsaur fatesy WreRFEh This material,
which contdinsetfielorddeddesirediphodusidith) sifas (hersidaded onteraped-paekedsitica column

(5102, 2.5 K Al s S s, et .60 9% AL S s IeliGRIAI, d SThe fractions

containing ure desired product (15) were combined and concentrated under reduced pressure to

give the dediat PFEHIRCPEE HRKCBRNRINEI IR LIS ShffsERMIITEPISFUIatoGHR iférature until

crystallization@ecerathelrhRisojidsowanetollentepybyiliatiopyanrtiwashpd withrheptane to afford
tert-butyl 3- methyl)-3-(4-(442+ . o .
e N e B TS B o
201-carboxylat&n(¥8° Y Alieeeriv gy syhisabratcattion wooyidihssmnfteatendiorrsdes: 1H NMR

(DMSQ#4, 300 MHI)& 8308 Ngi4 Idb 877 43.50H), BH, B GH)mY 88(d, HH) I743.6 Hm), 7.20 (d, 1H, J=
3.7 Hz), 5.6 é‘s_( )—&)é); Efgzg_cfl’ég’ = 33 %{) (%b ZEnzk 9.%1‘Hz 3.66§$s, 2H), 3.52 (t, 2H,J=7.8
Hz), 1.40 (sfof )dz 0L o 8‘.‘113% g2 .13235, b & 253550381 (MAP b9 .68), LCMsS (EI)
m/e 510 (MU, P Afd253R YT s Gol2 SO HBIN 703 SS1LNISS\WRE) 504 68 (Whosphate
C161-120N#Q6PS Mel. Wt: 469.41 Example 73. 2-(3-(4-(7-((2-(Trim
ethylsilypethoxy)methyl)-7H-pyrrolo [2,3-d] pyrim id in4-y1)-1H-pyrazol-hyDazetidin-3-yl)acetoultrile
(16). To a solution of tert-butyl 3-(cyanomethyl)-3-(4-(7-((2-
5(triméthylsilypatioX§) nfethyBtirssperol> @3- Cdy2 Hitidire t )by Dethoyrame ity T¥az etidine-
1-carboxylaierkb R 33U eriRidrarplun picisrangthena dGH R ddu ikhivag added a solution of
hydrogen chlorid I—t|§ll %? |oxane,ég§’r!\g, 1.?15 L, 4.6 mol, 6.0 equwﬂ drop wise at room temperature.
The resulting reacign ikt BAREE EHPA G er&éﬁi(f‘é%'ggfgfﬁ}?@t%}s BRORR RN EShowed that all
of the startingrviatéAallnaidhdert-obnbtirmed;dhe-ybastign-3-yl)acetonitrile (16, 423.7 g, 1.03
mol) in ethyl acetate (EtOAc, 6.5 L) at 0 - 5 °C was added a solution of ethane sulfonyl
20 chloride (EtSO,Cl, 117 mL, 1.23 mol, 1.2 equiv) in ethy! acetate (110 mL) drop wise. The
resulting reaction mixture was allowed to warm gradually to room temperature and stirred at
room temperature for overnight. When LCMS analysis showed that no starting material
remained and the reaction mixture was transferred to a 22 L separation funnel and washed
with water (4 L}, brine (2 L) and saturated aqueous sodium bicarbonate solution (NaHCOs, 2
25 L). The combined aqueous layer was back extracted with ethyl acetate (EtOAc, 2 L). The
combined organic layers were washed with brine, dried over anhydrous sodium sulfate
(Na;30,) and concentrated under reduced pressure. The crude material was purified on silica
gel eluted with dichlormethane/ethyl acetate (100/0 to 0/100). The fractions containing the
pure desired product (12) were combined and concentrated under reduced pressure to a
30 minimum volume before being treated with heptane at room temperature. The solids were
collected by filtration and washed with heptane to afford 2-(1-(ethylsuifonyl)-3-(4-(7-((2-
(trimethylsilyDethoxy)methy1)-7H-pyrrolo[2,3-d]pyrimidin-4-y1)-1 H-pyrazol-1-yDazetidin-3-
yhacetonitrile (12, 397 g, 516.7 g theoretical, 76.8% yield) as white solids, which was found
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10mixture was transferred in portions to a 22 L separation funnel containing agueous ammonium
hydroxide ng%gglﬁbﬁut 4% viv, 2.51). Gfas was evolved but the fgnnelﬁw%gz&%] tg}he tpu_ch. Ice
cubes were perio |caITy added as a precaution. Once all of the reaction mixture was aa ea, stirring
was continued for about 15 min. The pH of the aqueous layer was found to be close to 11. The two
layers were separated and the organic layer was washed with brine (2 L), dried over anhydrous
sodium sulfate (Na2S04) and concentrated under reduced 5 pressure to a minimum volume. Heptane
(about 3 L) Was isehfisd! i the mesiihl orapraethey restiithg. suspensiompwedccopseniiatd?t tidryness under
reduced pregsu eiB @Y SR NEE 24886 (s, 1H), 8.45 {3, L) 8.35 (6, 1), 743 (d, 1H), 680 d,
(4-(74(2-(trimethylsitypethoxy)methyl)-7H- yrrolo% 3-dbyrimidin-4-y1)-1H-pyrazol-1-
ypazetidin-é%ﬁéét@n%ﬁ?e“(% f%é%z"g% fi281Y Hddfe |,38“5(.f6’@7g iRt &s FDoldRdBuoil which was
used directBHpOthi(s1y BEH Ot (seBIEN ppMy THOUINUCHSST pUNicstioss) Horveuds) 143 604H NMR (300
MHz, CPC1R): 6§92 (s, 1H), 8.45 (s, 1H), 8.39 (s, 1H), 7.47 (d, 1H), 6.87 (d, IH), 5.74 (s, 2H), 4.36
(d, 2H), 3.95 (d, 2H), 3.77 (s, 2H), 3.62 (t, 2H), 1.9 (hr. s, I H), 0.99 (t, 2 H), 0.01 (s, 9H) ppm,
C201-127N70Si (MW, 409.56), LCMS (El) mle 4¢0 (1ve + H). 15Example 75.
2-(1-(Ethylsulfonyl)-3-(4-(¢ trimet3ylgilyl %mwethyl)ﬁ N 0
pyrrolo[2,3-dIpyrimidin-4-y# I pyrazol-T-yl)azetidini3-§ éwﬁitri@lﬁgr Method B. To a solution
of crude 2-(3-(4-(7((2-(trimethyfsilypethoxy)m thyD-fI -
pyrrolo[2,3-cipyrimidin-4-y1)-1H-pyrazol-1-yepzetidint3-yOacetonitrilé (16, 423.7 g, 1.03 mol) in ethyl
acetate (EtOAc, 6.5 L) atv@%é%%was added ot%&?%%%éz thane &W&%ﬁ@chloride (EtS02Cl, 117 mL,
1.23 mol, 1.2 equiv) in ethyl acetate (110 mL).drop wise. The resulting reaction mixture was allowed to
warm gradually to room temperature and §}Lr d at room te peratyre for overnight. When LCMS
analysis showed that no starting materi mained and the featt{on mixture was transferred to a 22 L
separation funnel and washeukRuith water{4 L), brine«2d.) and g ted aqueous sodium bicarbonate
solution (NaHCO3, 2 25 L). The combi eous layer was tracted with ethyl acetate
(EtOAc, 2 L). The combined organic layés eYvashed with brine, a‘n@%ger anhydrous sodium
sulfate (Na2S04) and concentrated under redwoedpressure, The crude material was purified on silica
gel eluted with dichlormethane/ethyl acetatce 1?0/0 to 0/100). Thecfrﬁt?;[ji%ns containing the pure
desired product (12) were combined and o) Ehttated under redust "péssure to a 30 minimum
volume before being treated with heptane at room temperature. The solids were collected by filtration
and washed with heptane to afford 2-(1-(ethylsulfony1)-3-(4-(7-((2-
(trimethy|si|§6@}ﬁ%fﬁnéﬂwﬂﬁ7‘h’rﬁwadét Py FRisiciA-dlgpin dinyralislethybelyaldn-3- ypacetonitrile
(12, 397 g, G96.7 Dotheoerticrl 76.8%yielthassnbiteriaalistaipBich iwasdauicbaVepta, a

2009/114512PCT/US2009/036635,10 be identical. to the material prepared by method A in every

compérﬁabI&%&%&%@%’rﬁ%@f&ﬁ%éﬁo{gﬁ%i%n%la)eI{}fﬁ%?réng%év %)Ssaﬁr ?%%}é{(gso, i‘ﬂ), 8.35 (s, 1H),
7.43 (d, 1H}ver8 (f2HH0 588irgnieryl ails8482 2+) 82 L4129 Fyuiz) 8ad(Enipidiow L3t 2H), 3.07 (m,
2H), 1.42 (rin@ho:Q AR 00T, 5000R1(ss. O b PRAY; 62BN AR MM WoRA1:68) 3 LEMS (EI) mle

502 5 (M+5[l . Example 76. [4-(1H-Pyrazpl-4-y1)-7H-pyrro {)}2, %J r igj -7-ylimethy! pivalate (19).
To a oven dried 3T {]ﬁgfkl“rlécuﬁ Oé%f}bnr%? 55\%%)&%?&%3{ \?\I/ﬁ r%%s wg’?nrré’r% |5 édggé/ﬁfgl,%ge
(1, 105.0 g, 0.684 mol) and 1,2-dimethoxyethane (DME, 750 mL, 7.2 mol) and the resulting

15 slurry was then portion wise added to the suspension of sodium hydride in DME via large

bore canula over 30 minutes at 5 — 12 °C. The resulting reaction mixture was heterogeneous.
Following the addition, the cold bath was removed and the mixture was gradually warmed to
room temperature and allowed to stir at room temperature for 1 hour before being cooled to 0
- 5 °C. Chloromethy! pivalate (pivaloyloxymethyl chloride, POM-CI, 112 ml, 0.752 mol, 1.1
20 equiv) was then added drop wise into the reaction mixture over 30 minutes with stirring at 0 —
5 °C. The addition of chloromethyl pivalate was mildly exothermic and the reaction
temperature went up to as high as 14 °C. After addition of chloromethy! pivalate, the cooling

bath was removed and the reaction mixture was allowed to return to room temperature and
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10thermocouple, a 500 mL addition funnel and the nitrogen inlet was charged solid sodium hydride
(NaH, 60 W% in.9pgsg oil, 32.82 g, 0.82 mol, 1.20 equiv) and anhydrousptZdimRifasyethane
(DME, 500 mL, 4.8 mol) and the resulting mixture was cooled to 0 - 3 C. To a oven dried 1 L round
bottom flask was charged 4-chloro-7H-pyrrolo[2,3-c]pyrimidine (1, 105.0 g, 0.684 mol) and
1,2-dimethoxyethane (DME, 750 mL, 7.2 mol) and the resulting 15slurry was then portion wise added
to the suspension of sodium hydride in DME via large bore canula over 30 minutes at 5- 12C. The
resulting resgtishahipaiiremrssetdps §e rep UEhroewiriiencvasidiiond deaplsid asigth was removed and
the mixture \asgeadyaliy wanpesinrramifmpe riviaRad-alaued do.sti-al geem)tgmperature for 1

hour before being cpoled to 0 - 5 C. Chloromethyl pival ivaloyloxymethyl chloride, POM-CI, 112
. 0,752 n0k TSR] o R ST O R G VR et RRTERSCRF 30 minutes with
stirring at 0(1'B.@aT heeddickion iotichiorerarstiyiusikaleteplicsreaiidty eibtvefrfeandrkhe reaction
temperaturgiygntiHie.as high as 14C. After addition of chloromethyl pivalate, the cooling bath was
removed and the eaﬁtion mcé'%:[#re was allowed to return fo roo(%n té%g#)erature and stirred at room
temperature for 9 TARR AR R TR RSy 8%%’8@18%%8 STt med by HPLC, the
reaction mighlredvaz:penief (il )quelschddswithdabter,(¥80ale) Ar(d-ethexyebpiHed, igattion mixture,
which contais frude POMiBLateries. shigradeazapying £8d), Was tsed aaghy, e subsequent

Suzuki coupling reaction without further work-up 5and purification. To the guenched reaction
mixture, whicH COMRADURIGE RS R-Botedd Herhor S FaRYAALARRE (4R srie 2BedELtited above, was
addedi?-(1+etkioseyethyidedst4dh b Bsdatranuetny &f 1jBial trabgr dlaneRxyd) fdkHspyirazeade (4, 200 g, 0.75
mol, 1.10 equl 3o SOl RAARSUDEARARRBASER Ah:hI0 tach TP ik 2.0 SUR L ro0M

temperature. The resulting 10 mixture was degassed by passing a stream of nltroﬁg}en through the

solution for B hifrAieeabiEcns B HHngEgHAn Tt ue S Brue A FILpHARYb &R agidRi (0) (Pd(PPh3)4,
7.9 g, 0.68 mirhalrO Wheaghtukamid-hes ésuttn gaepetoby MhAUleWas:heathd ataefiix@bout 82 C) for

10 hours. Vﬂ(‘fiﬂst,*lﬁerﬁe%&ié%{‘r}ﬂ%rg%EQ:%QI&%‘Péﬁﬁ?tp%&%l-a%& ﬂﬂﬁ%%&%&?ﬂc@&%‘?ﬁ)a“d LCMS,

the reaction mixture was cooled to room temperature, diluted with ethyl acetate éz L) 15and water (1

L). ThéStwoal%ﬂ/@?ée\rf\fér@s@b‘é?‘éi?e‘ﬁ%’%ﬁﬁﬁﬁé%ﬁ%u%“%%%W%t@@\Wﬁf?‘é? yr iretate (500 mL).
The combingiel digantcFypars. wane waskied wighnieatgedAvele Ly and brshevelet 2befaresbeing

Conce”trat%‘?ih‘é‘ﬂeﬂl)gégﬁ%‘f%iﬁ%eﬁ?lgéﬁuﬁqe?fﬂﬁ%5%5@&9&%%‘5& & to afford erude (4

ethoxyethyl)-1H-py érro 0[2,3- rimidin-7-ylimethyl pivalate ((112_3 lés a pale-yellow oil,
which was gfesrstiirdsdirrirerlabiodEntad BHYdECTONRFRI R oG tHeparification. A
solution of gikdleel8virnilHvhith fasl@idmeksabis treatedewithrald PrbratiaOudsctta haaludion (500 mL) at

room %np%%ﬁ%gﬂe.uﬁ%%a%sultmg reaction mixture was subsequently stirred at room temperature for 5

h. Whén thé reaction was deemed complete, the reaction mixture was cooled to 0 - 5C before the pH

was adjusted to 9ATOWitH afEviabtiBoliEIAS oty dreMered\rat Y Sbagte{ ). The mixture
was then capargnl ated Mnyareauehgpiassune: evenmgve:taeshakine wiikuanddheivesulting

suspension was SHLed oo STRASTRIE 1002 1 The Solide were slleetse B figgon. vashed
with water X mci_rsl,-ana rlea In vacuum oven %O aﬂ‘orcf

[4-(1H-pyrazoiary MeyepsdielB[2 B fisfeinicin? waymdwigdon Ardfevitios 157 Bugorn4.43 g theoretical,

77% yigld fepdhrgerirpsanadiyhite:30 ealidsnwhishuwasionactadesrsuwiiiciertiemue (> 98 area%
by HPLC) to do the subsequent r?%?%ggyfy‘j%gout further %)urification. For 19: 11-1. NMR (DMSO0-4, 400

MHz) 8 13. 5 hr e a8 78E ° B8 HHT YO8 PESPEEOD BB (TR 288 Hy), 7.11 (d, 1H,
J= 3.8 Hz), BrdeqguHyr .06 s, 5ok psra ca BT NMRIIDN SOY6)<H00 tVMatyE 317 70940115231, 152.09,
15151, 139520400 2L S0 105 120, 3.98 A E A AHTNSC2 (MW
33), m +H). . Example 77. ' .

1oy T Bt AT S P s o) o e
57H-pyfrolo{digdsdipyeimidifopyOemisthylipisaamu@0) 98 area% by HPLC) to do the subsequent

reaction without further purification. For 19: 'H NMR (DMSO-ds, 400 MHz) & 13.42 (br s,

1H), 8.76 (s, 1H), 8.67 (s, 1H), 8.33 (5, 1H), 7.68 (d, 1H, J=3.8 Hz), 7.1 (d, 1H, J = 3.8

Hz), 6.21 (s, 2H), 1.06 (s, 9H) ppm; C NMR (DMSO-ds, 100 MHz) 8 177.74, 152,31,
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To a suspension of [4-(1H-pyrazol-4-y1)-7H-pyrrolo[2,3-4pyrimidin-7-ylimethyl pivalate (19, 10.0 g,

334 mmol%z?p &ikk (ﬁgwlsulfonyl)azetldln -3-ylidene)acetonitrile (11, 6.22, gl.n’igggoﬁgm ;&0 equiv) in

N,N-dimeth ormamlde (DMF, 20 mL) was added DBU (254 mg, 1.67 mm 5 equw drop wise to
keep the reaction temperature between 15 -25 10 C. After adding DBU, the reaction mixture became
homogeneous within 90 mm. The reaction mixture was stirred for 3 h at room temperature. When
HPLC showed that the reaction was deemed complete, the reaction mixture was quenched with water

(120 inL) andattbhifilel @05 AL OPHe PESUIING AfixtOe vad - 26ir P8P &2Y M temperature for an

additional 3gpmin, Ehensoligsrwerecollecied dytitation washed with a mixture of acetonitrile and 15
water (2/3 by volume, 2 x 20 mL), and dried in vacuum oven at 40 - 45 C for 24 h to afford crude

(4-(1-(3-(cyanomethyl)-1-(ethylsulfonyl)azetidin-3-y1)-1H-pyrazol-4-y1)-7Hpyrrolo[2,3-4pyrimidin-7-y1)
methy| pivalten2R, 774 He(146- Ky thooettidnl -89h51961{iejd)aastidinid gpll d5pyvhioh-44d¥s found to be

sufficiently prre. -8B Yomyy Hinkdm- oy fnﬁ&% H@@f action without further purification. For 20:
1HNMR (CDC13, 300 MHz 5887 H), 20 ),.8.37 (s, 1H), 7.51 (d, 1H J=3.6 Hz), 6.76

(d, IH, J= 3.6 Hz) 18 285Remey! ﬁfé‘h Lppiazpl- @Yé?lé%%f%o GoApImes-Almetiyl s o), 3.09 (q,
2H, J = 7.6 Hnlate. 4B, (103H, 33:47%2)3@ 27 o0 ubiony! CRELHL 2 ANTOL B A8 56), LCMS
(ENmle 4864(M+ 2 ki m%@“%@%&@f%@ﬁ‘éﬁl RoiRte M%ggo?h?ﬂbélQJas'\Qdd 48p®§ APj 0.3

14phosphate CI6H17N702SC 20N706PS Mol. Wt: 371.42Mol 469.41 Example 78.
2-(3-(4-(THB @%iﬁ%"gﬁﬁ%ﬂﬁ}aFrﬁl‘ﬂ‘?/ffofW‘bﬁ/%ﬁ%ﬁpfkﬁﬂmf“E’étﬁ?l@ﬁﬂ?%‘i/f)%@’éﬁ%l|1r§3 acetonitrile
(14). 5NMethtdl Bit sldspenBiontiof fhdisf3n(cyantmeib yi)ls fetylsuliaryDazetidime-y1)-

e -pvrazol ikl e QLAY ey amatinl el alale g0c 1B Lude qamol) in methanal

(MeOH, 5 mL) and tetrahydrofuran (THF, 20 mL) was treated wit M aqueous Sodium hydroxide

solution (NdESFie3 Wanieemed eamsfete, I‘?éﬁﬁﬂﬂ“é?%@ﬁvf%@?é@ﬁ‘?évﬁh‘ﬂafﬁ’é%%Hl%h@“?’eactlon mixture
was stirred adcrodmilégropetaidie fosuindhixiibend3iRtQ 4Qsbaweathbthatibereaciianivwas deemed

complete, 19 RACHANWSABAAERONAANNID YRERH (W R A0M Briabl RS 1-1C1 solution

(0.2 mlll_g to adjust pH to 7 at room témperature. The resu tlng mixture was stirred at room
t

tempetaturé“féi S8R B ESFe 2 S il Y ivbiteaaamp pTittration: TheJotias wersfordshed with a
mixture of aee&@mmiqa(@maﬁ&m@/ﬁzt&tmmy%ez%mm@mm@daﬁwa@ umat 40 -45 C for 24 h to

afford crud ; r Io 3 ] razol-1-y1 ( 1;h Is onyflazetidin-3-
yl)acetonitrilé %%Zﬁﬁ@%%]ég m%(g‘? ‘fﬁl tﬁ? Rt al %&%)) yled ;Ilsgg et?s/of 9? véas found to be
identical to w@l?ﬁa%@ﬁpavlﬁﬁémﬁw Mématifwepf@r RHEdE i&Gf/Hbm Hﬁ@)ﬁﬂs@d@bmmm Hz) 8 12.15 (s,
1H), 8.94 (&eadﬂbn&fﬁﬁo(ﬁfmr%;ﬂﬁié&nétlho?ﬁ (Iéine) @ﬁ@li@@d'ﬁl)}[ﬂ)@s(% Hyrg-25 (d, 2H), 3.71

(s, 2H), 3.2 HL7NT 371 42), LCMS (EI) mie 372 (M+ + H).
Meth %O ﬁl a N Zguiﬁgr?sg Jkg 3%2) 6 Hz), 6.26 (5, 2H),
(ethylsulfon?l‘}éﬁétﬁiin»’?)?l@ﬂﬂ ﬁﬂm@bﬂﬁ;)&) W&E@rﬁdb{@ﬁiﬂ}ﬁwmﬂﬂﬂy@mé&wn 42 '

(t, 3H, J=17.6 Hz), 1.17 (5, 9H) ppmy; CraHloyN-04S (MW, 485.56), LCMS (D) m/e 486 (M"

+H),
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Spivalate (20, 10.0 g, 20.6 mmol) and lithium hydroxide monohydrate (2.59 g, 61.8 mmol) in
acetonitrilgghiReH 49.mL) and isopropyl alcohol (10 mL) was heated at 4p.¢,pQ.6080138;5wurs. When
HPLC showed that the reaction was deemed complete, the reaction mixture was cooled to room
temperature and 1M hydrochloric acid aqueous solution (41 mL) as added to adjust the pH to 6 -7 at
temperature below 25 C. After the acid addition, the mixture was 10stirred at room temperature for | h
and the precipitates were isolated by filtration. The wet cake was washed with water (50 mL) and dried
in vacuum oven at 50 C to give crude 2-(3- (%g’fz@p_;(rrolo [2,3- dbpé/#hldl
n-4-y1)-11-1-pyrazol-1- yl)ﬁ]: iethy Isulfonyljz{zetldln 3¥yl)acetonitiile (14, 6.0 g, 7.65 g theoretical,
78% yield) as off-white solit 7 which was fougg th, 8e |dent|cal 1 Jnaterial prepared by Method A.
15 Example 79. Mol. WL 186.23 4 P
{1-(Cyelopropylsulfonyl)- S-EAN 2Kt ethyléilleI)Mhoxy]meth [}-7Hpyrrolo[2,3-d]pyrimidin-4-yl)-1H-py
razol-1-ylJazetidin-3-yl)aeetonitrited 25y To a o¥/é{ dried 2 L u dboffom flask equipped with the
overhead stirring, a nitrogen inlet, a septa and a thermocouple '\Waé‘k_hh%ed anhydrous
tetrahydrofuran (THF, 800 20mL)s
{344-(74[2-(trimethylsilyHethokymethyl}-7H-pyrrolo[2,3- d]pyrlmﬂmﬁﬂv&% 1H-
pyrazol-1-yllazetidin-3-y1}acetonitrile (16, 38.6 g, 94.2 mmol) and NN lisopropylethylamine (DIEA,
22.0 mL, 126 mmol, 1.34 equiv) at roo erature The resultin olutlon was then cooledto 0-5C
before being charged with cyclopropanéﬁgm onyl chloride (14.3 MRS 34 mmol, 1.42 equiv) portion wise
over eight 25minutes via syringe at O - . After 10 minutes, the.lce bath was removed and the
reaction mixture was allowed to warn-gr Ity 1Q.oom tempe¥a #8. When HPLC showed that the
reaction was complete after%”ﬁ%th action fatxttire was ¢ entrafed under reduced pressure to
remove about 400 mL of soleetk. Thesesidue wasetreated wif | acetate (EtOAc, 500 mL) and the
resulting solution was washed with 289 lagueous sodium chleyj 0 solution (NaCl, 300 mL). The
aqueous layer was back extracted with etHyl acetate (EtOAc, 150 fhL). The combined organic fractions
were dried over magnesium sulfate (M SNOO4 and concentrate@haritier reduced pressure to yield the
crude product (25) as an amber oil. kitercfiude product was thésiisitied by flash column
chromatography (Si02, 50% to 70% ethyl acetate/hexane gradient elution) to afford
{1-(cyclopropylsulfonyl)-3-[4-(7-{]2-
(trimethylsil¥setinoxyin et (HA2-TH-Tymelof2, 3-« jyyiimdind 43 Hypyrakdlyl-yHazetidin- 3-yllacetonitrile

(25, 39.4 g, (él& 439159.?&{&'{&%:18& %ﬁ’cﬂﬁlﬂ%ﬁ Jjght yellow oil, which solidified upon standing at room
temperature in vacuum. For 2 I-:T d6 300 MHz) 88.98 (s, 1H), 8.78 (s 1H) 8.50 (s,

1H), 7.81 (d, 1H, 9% B SP%I(%}O‘?LPF F (G Eppprechlyd -y e dasidn g 3 Hz) 4,28 (d,
2H, J= 9.3 HE)pE&8I(6-yRHE RGO (b 21U ihriihiBit 2)y IInBMpiLki)ell (MgAH) BdaltiH, J= 8.4 Hz),
‘1%12 (S, OH), RRM, (RREALNAPT 2l (MW I BT HEMPEDN Gk (M £ FARELoR6 (M+ + Na).

sodium hydroxide solution (NaOH, 2.3 mL, 2.3 mmol, 1.12 equiv) at room temperature, and

the resulting reaction mixture was stirred at room temperature for 2 — 3 h. When HPLC

10 showed that the reaction was deemed complete, the reaction mixture was quenched with
water (10 mLYand a I N aqueous HC] sohﬁion (0.2 mL) to adjust pH to 7~ 7.5 at room
temperature. The resulting mixture was stirred at room temperature for 30 min before the
solids were collected by filtration, The solids were washed with a mixture of acetonitrile and
water (2/3 by volume, 2 x 4 mL) and dried in vacuum at 40 - 45 °C for 24 h to afford crude 2-

15 (3-(4«(7H-pyrrolo[2,3-d]pyrimidin-4-y1}-1 H-pyrazol-1-y)-1-{ethylsulfonylazetidin-3-
ylacetonitrile (14, 658 mg, 765 mg theoretical, 86% yield) as off-white solids, which was
found to be identical to the material prepared by Method A. For crude 14: "H NMR {DMSO-
ds, 300 MHz) § 12.15 (s, 1H]), 8.94 (5, 1H), 8.72 (s, 1H), 8.49 (s, 1H), 7.63 (d, 1H), 7.09 (d,

142



C20H27N70S1 Mot. Wt: 409.56 10Example 80.

2-(3-(4-(7HzRysH  Sp#pyrimidin-4-y1)-1H-pyrazol-1-y1)-1- <
(cyclopropy gggfc?r%@%a%eztidin-3-y1)acetonitri|e (27). To a 500 mL roundPtgjo’lE{g%Of?g@ 6eﬁzz)c’fuipped with

a stir bar, a condenser, a thermocouple and a nitrogen inlet was charged

{1-(cyclopropylsulfonyl)-314-(7-{[2- (trimethylsilypethoxy]methyl}

-7H-pyrrolo[2,3-d]pyrimidin-4-y1)-113-pyrazol-1-yl] azetidin- 153-yHacetonitrile (25, 17.5 g, 34.1

mmol, acelcilex 254l 2y waten (83,0 bty apmuemasianis The dssyling seacton mixture

was charged i 1d. lithi fluorghorate (L.1BF4, 32.6 g, 341 mmol, 10.0 equiv) in one portion at
TR R W

room temperatuié res eaction was warmed to reflux and stirred at reflux for 21 h.
When HPLC showdeihphfthalfirsttstalyescheimpriteofioh(tddciipmeragiodniplete, which produced the

correspond@gﬁ%m@{ﬁﬂ@@m%cg@%@%g%[mpggfﬁrm@l}%%}glgradually cool fo
room tegnper.atlfre Fb% fore the solution pH was adjusted.to 9 - 10 with a 20% agueous NH40H solution
(45 mLYat B8Rt %elPaQLﬁ*ez. '@rpé’l{ﬂﬂ?\vét é%#éﬁf?ﬁ&?d?@%@éd{ﬁfsﬁ%%%éh% 8RR f8mperature for

overnight. Wéetemit CEHVWELnhartkdasspopntasicige (b6 ddprets ttiandaeticticn Wasrcomplete, the
reaction mixjure Wigdiligsee thruaha GeliteRad saditheaelie pad wanwashedwithathyl acetate

(EtOAc, 50 mL{. The filtrates were then diluted with a 20% aqueous sodium chloride solution (NaC1,

200 nth) an§ 8t HESMBIETRITALS SHOIMLY FALIRHS areisure daper Afd drlar tH&dHueous layer
was extractedjuwsithegtHytbacefatedEoraor2 08 onld)s Thedambineddakgitine, ftectibneavere washed with 1

M aquegus Sy 0 PicaaAnatersol g (AR Al e @ﬁ{r%’n@o@n@w fe combined

aqueous solution was back extracted with ethyl acetate (EtOAc, 1 . Thec iIned organic

fractions weFETHER HrRMEOVER Hrigielinh aufidtisdmgacum axencbrtehtasdy aider@duced pressure
to give.the Qnu(dﬁm@ﬂhmu(za);ﬂﬁrﬂghh-yqeﬁk)wwﬁeﬁo}rh@mnu@e]mtidsweeﬂaenztreated with .
acetoritrile (0RMiaAA dMedesybng USRANR ARARINAIDACLIR OGO AR L aiAIS before being

cooled down to room temperattre and stirre oo temperature for 60 minutes. e solids were
collected by iRFAtonicshtr s sraseralitieaasiAfy Yot of acetonitrile to give the first crop of the desired

produats(27, 6.9 g). The combined filtrates were then concentrated to afford yellow solids, which was

e SRS 1AM 560 LTI U Rg o oo
collected b)PﬁF’t'?%)ﬁg"r\-?’aﬂ@mﬁgtjw*hlﬁw%bhﬂié%ﬁwdﬂ}ﬁﬂg%i@%(ﬁé second crop of the
desired product (2 8@)dTdiefiltraiedvagdhangoncapeateshandoiiemeesiduanyas purified by flash
colmn R, (0 S I S e ot g e o e
251H-pYrazed-y 4 ((clietoprapiistiisdiraydngih B -yhaveteloitifedpyrinidag:vis 1df g
pyrazol-1-vi]azetidin-3-y1}acetonitrile (16, 38.6 g, 94.2 mmol) and N, N-
diisopropylethylamine (DIEA, 22.0 ml., 126 mmol, 1.34 equiv) at room temperature. The
resulting solution was then cooled to 0 - 5 °C before being charged with
cyclopropanesulfonyl chloride (14.3 mi., 134 mmo}, 1.42 equiv) port'ion wise over eight
25  minutes via syringe at 0 — 5 °C. After 10 minutes, the ice bath was removed and the reaction
mixture was allowed to warm gradually to room temperature. When HPLC showed that the
reaction was complete after 22 h, the reaction mixture was concentrated under reduced
pressure to remove about 400 mL of solvent. The residue was treated with ethyl acetate
(EtOAc, 500 mL) and the resulting solution was washed with 20% agueous sodium chloride
30 solution (NaCl, 300 mL). The aqueous layer was back extracted with ethyl acetate (EtOAc,
150 mL). The combined organic fractions were dried over magnesium sulfate {MgSQO4) and
concentrated under reduced pressure to yield the crude product (25) as an amber oil. The
crude product was then purified by flash column chromatography (SiO», 50% to 70% ethyl
acetate/hexane gradient elution) to afford {1-(cyclopropylsulfonyl)-3-[4-(7-{[2-
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theoretical, 86.5% overall yield) as off-white solids. For 27: 1H NMR (DMSO-d6, 400 MHz) 5 12.16 (br.
s, 1H), 8.9545 4431 8s79 (s, IH), 8.48 (s, 1H), 7.62 (dd, 1H, J = 3.6, 2.3 Hz), 7. =35,14
Hz), 4.66 (d, 2H, J = 9.4 Hz), 4.28 (d, 2H, J= 9.4 Hz), 3.69 (s, 2H), 2.84 (m,(iH@gé%gimrﬁ%S H) pPrn;
C17H17N702S (MW, 383.43), LCMS (EI) m/e 384 (WI+ +1-1). 30 Example 81.
2-(3-(4-(7H-Pyrrolo12,3-cipyrimidin-4-y1)-1H-pyrazol-1-y1)-1-
(cyclopropylsulfonypazetidin-3-y1)acetonitrile phosphoric acid salt. To a |l L round bottom flask
equipped With a.stinbag an, gligg unn niyagen inlet, and a condenser was charged

2-(3-(4- (7H-t yrr%ﬁ%’izg_aﬁpg%ﬂﬂ dinﬂ{%ﬁbﬁ%}%@%éﬁﬁ}:mm{dm 9 YEll)C‘l%PYrazgl l.ffe}faz.et%lg
y1)-1-(cycloprORAEanEhH %e’t?d?r&ﬁ%i)&é@fﬁ?ﬁﬁﬂb%é?“ﬁm#kﬂb%szadzsw&)vam\a@ébonitri|e (275 mL)
at room temypidafiaderpbheuresuitingootixitHpavaG NARRRALO T 13 Defenenbeingsd-gharged with ethanol

(EtOH, 150 i porti t 70C. The resulti neo olution was filtered into a clean
1L round bﬁ%‘ﬁggﬁ%’q%’gﬁ?%t% es'o%é?hggij Zggﬂg’gq%?éﬁdﬁgﬁfﬁﬁ&i ﬁfﬂtfra&e inlet and a
condenser. ffhe ik trdihdssthenarm&d 1z 7 C8rb dtcifrg B3Hdm Sgdredud) sbiitiar Hgain. A
solution of phosghesicanidkH3B Q4138 %er) 309 Mmel /L83 gqﬁixf)‘jg &thanql(EtOH, 30 mL) was then
charged dro§ ‘f;ﬁjsﬁ gé&emt?ﬁ 8?’%0%&}%” minutesda 67 C. The solutign was still homogeneous
after the end’of the AUTHON Of PHOSH g dtrans Shidibheefhe ¢ fidiPreaction mixture was
stirred at 67 C for 10 miQE‘tes before being gradually cooledog@y\n} to room temperature and stirred at
room temperature for . The solids were collected by filtration and washed with acetonitrile (2 x 40
mL). The wet cake w ]%amially dried unﬁe}r/&{ﬂgh vacuum a@then transferred to a 75 C 15vacuum
oven and dried to cdhgtant weight to afforfl 2:43:(4-(7H-pyolof2, 3-d]pyrimiti-4-
y1)-1H-pyrazol-1-y1)-A<(cyclopropylsulfof§tyaZetidin-3-y {Cetonitrile pheysphéte:p12.0 g, 14,2 g
theoretical, 84.5% yig| whitg/solids. E8f Phosphaten R (QMSO#®,%500 MHz) 5 12.13 (br. s,
1H), 9.20 (br. s, 3H), %.94\@{34), 8.70 (s, 1H), 8.47 (s, Iy 1}gg$ile, J=3.4, 2.3 Hz), 7.07 (dd, 1H,
J=3.6, 1.6 Hz), 4.65 (d, 2H, J= 9.1 Hz), 4.28 (d, 2H, J= 20 9.7\‘H>z), 3.68 (s, 2H), 2.82 (m, IH), 1.01 (m,
4H) ppm; 13C NMR (DMS-66, 125 MHz) 5 152.9, 151.6,15030,,140.6, 130.3, 127.7, 122.9, 117.3,
113.8,100.7, 59.7, 57Vl 2748,525.4, 4.9 ppm; CI7TH26b1706P8:AWW, 481.42; C17H17N702S for free
base, MW, 383.43), LCMS (gl) m/e 384 (M." + H). 25Example 82:

{1-(Ethylsulfony1)- -[3-(7b&ﬁy{ﬂolo[Z,&EﬁpyrimiQQp 1)-1H-pyrrol-1- yggsfe,g}jin-&yliacetonitrile Step
1. 4-(1H-pyrrol-3-y1)-7-0«thimethylsily1)ethoryfinéthyl)-7H-pyrrolo[2,3-4d pyrimidine A mixture of
4-chloro-7-{[2-(trim thxl/' gthoxylmethyl}-7H rr@lo[2,3- d]pyrimidi (1:N29 g, 45.4 mmol) (prepared
as in WO 2007/070p14, Fx.65) suvehfd+ (friis |6E pylsilyy:kel-pyrrol- r’/ boronic acid (Frontier Scientific)
(10.4 g, 38.9 mmol) and/ 5sodium carbonate (4.36 g, 415:2 rzpmol) in T}2-dirmeftfaxyethane (100 mL) and
water (35 mL) was e@gs ed by purging with am ofpnltrogen f inutes.

Tetrakis(triphenylp ospﬁlnélgalladium(o (2.26 ded and the reaction was
heated to reflux for @ hourg, ASthe coupjing reazgrtion proceeded, theh'lt:slPaS protecting group was also
slowly removed. The-solyemtasas removed by, ropatysevaporation 1@':@@9%?, A product was purified by
flash column chromatd§tapAY “eluting with d*gritiféHt from 10-50% "t ‘AtEtate in hexanes to afford
the desired product (7 g, 57%). IHNMR (300 MHz, CDCI3): 5 8.93 (br s, 1H), 8.84 (s, 1H), 7.73-7.69
(m, 1H), 7.33 (d, 1H), 7.04-7.00 (m, 1H), 6.94 (dd, 1H), 6.85 (d, IH), 5.66 (s, 2H), 3.55 (m, 2H), 0.92
(m. 2HY - ofoETPIe AN, Acfrd-(VfEtyseokld.3 Iygf@gizt¢yl>-lﬂ~pyrazoi-1-yl>-1~

(cyclopropylsulfonyljazetidin-3-yDacetonitrile (27).

To a 500 mL round bottom flask equipped with a stir bar, a condenser, a
thermocouple and a nitrogen inlet was charged {1-(cyclopropylsulfonyl)-3-[4-(7-{[2-
(trimethylsilyl)ethoxyImethyl}-7H-pyrrolo[2,3-d]pyrimidin-4-y1)-1 H-pyrazol-1-yl]azetidin-

15 3-yljacetonitrile (25, 17.5 g, 34.1 mmol), acetonitrile (254 mL) and water (23.9 mL) at room
temperature. The resulting reaction mixture was charged with solid lithium tetrfluoroborate
(LiBF4, 32.6 g, 341 mmol, ‘10.0 equiv) in one portion at room temperature. The resulting
reaction mixture was warmed to reflux and stirred at reflux for 21 h, When HPLC showed

that the first stage of deprotection reaction was complete, which produced the corresponding
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A solution of 4-(1H-pyrrol-3-y1)-7-{[2-(ttimethylsilypethoxy]methyl}-7Hpyrrolo[2,3-d]pyrimidine (0.100 g, |
0.318 mmgp 4 ﬂqs[i’llmlsulfonyl)azetldln -3- ylidene]acetonitrile (0.118 g, IQC%S%H@?J &@pared asin
Example 68) in acetonitrile (1 mL) 20was treated with 1,8-diazabicyclo[5.4.01undec-7-ene (24 pL, 0.16
mmol). The mixture was stirred for 4 hours. The solvent was evaporated. The residue was partitioned
between ethyl acetate and saturated sodium bicarbonate solution, then extracted with two further
portions of ethyl acetate. The combined extracts were dried over sodium sulfate, decanted and

concentrategl Je, Go4ds radual-was SR 2Rth T FA LRGY {c?g,?‘ A

were evaporated. The product was then stirred with ethylenediamine am)f_c ) In methanol (5 mL).

Preparative BB EERiTG it Qﬁéﬁfﬁrﬁdﬁﬁ%fﬁﬁndpéﬁ‘éb\ﬂ/&?e? eOIERIMING0H 5% NH40OH) was
used to purifytthienprsanly. s FhdME (3RQN T he @Em}ik@reﬁc&ﬁﬁx(&nirbimhﬁén(dﬁre&hl) 7.27 (d, 1H),

6.95 (dd, 1'7% 1(?1 %E@%&rb‘%oﬁo\z %htlld)he% 141%6 S%H\)bél tI]fE% {}qd secc)r’ici3 s% ge'f;')bt%épz (9. 2H), 1.33 (t,

3H); 30 LCMS (M+H)+: 371.1. E

4-{111- éEth{ﬁ%%HthViﬁ) @W?%ﬂﬁb%@ﬁﬁ@%@ﬁfﬁwwm%@ﬁww&@IQ«@IGJpyrlmldlne
trifluoreacetjadeid s/al;ﬁaeﬁtﬁﬁhl etieyt-doniye BEiduosn(phgnyle sifenyOnepsmde brdazetigine- 1-carboxylate
To a mixurs ! yora el PTH GRS (.30 o0f Simura) ad sphospfroderi acc, ity

ester (0.415 mL 87 mmol) in tetrahydrofur mmo Was 3 I|th|um
hexamethyIdlsi Hﬂd@ﬁﬁstﬁﬁféﬁ?ﬁﬂ*@ﬁﬁaﬁ}ﬂ@z AECOgsI NGRS Gropeitsevib e Geaiter the mixture was
stirred at -7 8@y, 2do, ralf;ommmmxtﬁatmkguﬂv& mﬁ@@sz%ﬁl%s%eﬁafrﬁmmaqd&&@&wﬁ 21 mmol) in
tetrahy rofyran (1.3 mL d. The re aIIow warm to ambient
tempergturbebigﬁé S ?F?es ! ”q%%&%io?he eaangt%?ﬂe\fv?é 6;)0 {:5821? into a an i %aggf’g%ixture of EtOAc and
sat. ammorﬁﬁ%i@hlﬁ?ﬁi@ﬁﬁé“@?ﬂﬁrﬁﬁaﬂy@f* wasdBapated ¢hakhd byctmpéred ageitracted with EtOAC.

The combin@&@@g@w@amrarwg@wﬁﬁgﬁqlwﬂed%i&qmgme QREseUIm,suylfalecdhe solvent was
removed under reduced RY essufge an ltlﬁ%ggsmu Urlfl%j on S|I|cacgﬂ?l eluting with 0 to

50% EtOAC ih hexane 16 give t epd%sul?te high ofnt }P8%5 &ERidfted for CI

sH|8FNO4SN@mlea)wetmﬁir&f:€w mlﬁemh@(Mmm@@ma@ werhtrity 50 °C for 15

3- ﬁluone(ph%ﬂyl%dltﬁﬁ%@ ‘%@ﬁ@)&@s&]b’é%xﬂ‘tﬁ;’oom temperature and stirred at room temperature for
(trlmethylsnggetho 711 yrrFf %?Zh% g F%/rlmldln 1)-1H-pyrazgl-1-yllazetidinel-carboxylate

20A mixture’ of 4 a pyra F4VV %%/%’édtﬁv SrhEIAI=AL YRURSI8T2, 3-d]pyrimidine
(0.40 g, 1.3avsolyikete-But/he fifuaro(pfbnytsutio nyome (Y drga Btidinebinahfoylate (0.56 g, 1.7

mmol), and Jef #iaZRIKEAF & HRIEa1daaREdO W BRHWas %&%mm'ie&&%ﬁ@@ﬂ%ﬁ% mL, 100

mmol) was stlrred at rt for 3 h. Aftgr evaporation to dryness, the residue was purified on silica gel,

25eluting w0 B9 R oA ACHRIRMIRE: TBeGR R TRCI S SO PFORRE B3P R FRSEHHIE L CMS
calcul@@d fend380td bl 6NCOSSSAIM i1 J50: minates 6B Solo ik 64Boked BINMRI(GB@13, 300 MHZ)

88.92 (1H, %)as%e%ﬁx&%aé)mﬁk?e&é&x oﬂc&o% %Fb 65\) %9&&&&&&&};&%@ é@“em)roéu%?{ﬁ]f'" d J=3.6
Hz), 6.84 (1H, d, J = 3.6 Hz), 5.77 (1H, d 5.74 (2H, §

4.73-4.58 (3t 50! %ﬁé‘&’&?ﬁ’i‘s then éf’fcﬁ?ja‘ids@f‘{é‘ie ieséfi“%‘@é ?%ﬁlf)etd ‘ayﬂasli 991007 (9H, s) ppm.
19F NMR (CD@180806hMISK), 8508 184 4dfstelad orBiB Hajippio gweSmelﬁlﬁdtﬂtiplmﬂtyb

3- (ﬂuoromeggyll)' 3 '(%ét](%(“i'W%‘hﬁﬂfg'ﬁéﬁ%ﬁ’&%m@&'}l@ Zlﬁ(ﬂy r&?rl%[l%ﬁ 3xdpyrimidin-4-yi)-

d]py”mldm 4Py pyrazolp}/ y1§?i(g—yglop%gglisé?fgr-l};ggzret%)l(n—a»ﬁ)acetonitrﬂe {27,113 g, 13.07¢
theoretical, 86.5% overall yield) as off-white solids. For 27: "H NMR (DMSO-ds, 400 MHz)
& 12.16 (br. s, 1H), 8.95 (s, 1H), 8.70 (s, 1H), 8.48 (s, 1H), 7.62 (dd, 1H, /=36, 2.3 Hz),
7.08 (dd, 1H,J=3.5, 1.4 Hz), 4.66 (d, 2H, J = 9.4 Hz), 4.28 (d, 2H, J = 9.4 Hz), 3.6% (s, 2H),
2.84 (m, 1H), 1.01 (m, 4H) ppm; Ci7H;7N-0,8 (MW, 383.43), LCMS (EI) m/e 384 (M + H).

30 '

Example 81, 2-(3-(4-(7TH-Pyrrolo]2,3-d|pyrimidin-4-yl}-1H-pyrazol-1-y)-1-
(cyclopropylsulfonyl)azetidin-3-ylyacetonitrile phosphoric acid sait.
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To a mixture of tert-butyl 3-[fluoro(phenylsulfonyl)methyl]-344-(7-([2-

(trimethylsj g ﬁq §thylI-7H-pyrro|o[2,3-d]pyrimidin-4-y1)-1H-pyrazoI-I],Cy,§' idi el rboxylate
(0.312 g, ?)U%gg r@?mo §qand disodium hydrogen phosphate (1.38 g, 9.71 mmo @é%i@tﬂa%ﬁ?E mL,
180 mmol) was added sodium mercury amalgam (2.17 g, 9.71 mmol), 10under nigtrogen, at -20 C.
The reaction was stirred at -20 to O C for 1 h, diluted with EtOAc, then quenched with sat. ammonium
chloride. The mixture was filtered through Celite and the solid collected was treated with elemental

sulfur powder to drs#roy. thenmesaury fesidyepdiesdittrata-dayers: wenasepatatechangdhe organic layers

were washed with.brine, dried over sodij I and evaporated..The residue was._purified on silica
el eluting Lo L8 e B e B B e R R Doy Lot
calculated foy-CEA48BIORBOBBIIHYiHiImiy bastmitrile 61 d 1 508 29, Srepel).and acetonitrile
4-{1[I-(ethyleromyla: by eiapieinazeticinndnslh Py sairdaiQo 7§28 before being

(trimethylsilyOethox hyl}-7H-pyrrolo[2,3-dipyrimidine 20tert- I :
3-(fIuoFgme¥Hﬁ§?§ﬁg%?ﬁéﬁr{é&g%{§ﬁyJ§é)t %&%ﬁ%‘% ﬁ?sﬂﬁ ¢ dal[l% resulting homogeneous
pyrrolo[2,3-&f]pyeirridmnidieyad iniq-peieand| 1 iy beithimellask aavipppihra Ol 20 h@P8Brimgnol) was

treated withy4 £QiM:0fAVEr QUSRBIOHRE N L. dosheanertd B itkne4:Qs Ao BLdl frdhedhen evaporated

to dryness under.reduced pressured. LCMS (M+H) 403.4. To the resultant crude HO salt in acetonitrile
(4 mL, 80 nimon W 3%0 e% Tiethy ﬁi{lr%?ﬁg%r.‘o’\g’ﬁPﬂ%%léabﬁ@jﬁﬁ%?ﬁ)dfgﬂg\ﬂé’dg 15 EtA4Resulfonyl
chloride (0.6310% {3 01832 imetiolo RO Lrd Jvass stirnetaagad foei80isnin. tiftehtjveeting with aq.
sodiumbicashanaies e mixtie wasisiivacied s gishiorams thanss The.comhined organic layers
were washegloévébh water, brine and drie fé%c\f%fodlum sulfate, evaporated to dry. The residue was

|

used directBTINSYE ST I SOLMIEN! (8 FRFP5 ERRSH SR RITRA £t $A/5 248 2: Found:

495.4. 30 Stepuss before being gradually cooled down to room temperature and stirred at room

4-{1-1-1'(et{aﬂﬁbﬂigﬂé/%«)f34%9@59@6%%%&@%9@&@5&%}Jﬁﬂrk{f&}’ﬁ?ﬁ%.'r‘aﬂﬁk@%?igjl%@igﬁ%&ﬂpy”midi”e

4-{141-(Ethylsulfony1)-3-(fluorometh Iﬁazet_ldln-B-A-lH-pyrazo -4-y11-7-{[2- .

(trimethylsi% @ﬁ%ﬂ?ﬁ%?h%ﬂi‘-@ﬂfﬁ?a OB iER &6 BB O, Torn T amiiBndiag TPeSted with 2 mL

of TFA at rivioudd oven. ahth driedhctiomsnaixturizivas e Orated- (FEpynens2 R bitit)-395.3: The

resulting residue-pasdissolyed nRgrinatmaibanal andliealed pulth eliidanedigine (0.0811 mL,
0 RP-HPLC (XBrid

1.21 mmol) at it for 30 min. The mixture 'was purified on ¢ e CI8 colimn, eluting with a

gradient of LtEe® PRI, BmArif e vbiesalds Eudinerhats:dd %&w&%lt. LCMS
calculated feiHZ)5 12 13§HING Q23 (Wbekihr: {foes, sase)s, nH2, 3,366, Lot iaps368)37.41 MR (DMSO-d6,

300 MHz) 8 12.57.(1H, br.s), ), 8 ,8.53.(1H, ). 7.75 (1H, br.s). 7.21 (1H, hr s),
5.03 (2H, o?,l %151%1 :é%@fz?ﬁ“‘ﬂﬁ%é, :faé g%&g%‘fg%’z ?{Ajzzg(léf%,yff@’é}g;)?3.25 (2H, q, J
= 7.2 R?), BI3@H, (2D B3 pmELIFONMIRHD WSO s N3O MM SP8T 7L OB 55), -225.56 (IF, t,
J = 48.3 Hz) ppmi sexamiple, Audis Vite 3)AK Kinase Assay115Gorpeunts bereiry wergdested for

inhibitory agtivity of targe ing to the following in vitro assay described in Park et al.,
Analycal BSOS G OA e LN e BoAFA bt Hinah JAKEMS, 8371142,
JAK?2 (a.a. G9871/¢38% @MdIHK3 (a.a. 781-1124) with an N-terminal His tag were expressed using
baculovirus in insect cells and purified. The catalytic activity of JAKI, JAK2 or JAK3 was assayed by
meas:%r%ng we Z%E’h gsphorylation of a biotinylated peptide. The phosphorylated peptide was detected
by horfioge St rdld g‘&’ﬁ\ﬁ%‘?@%‘%@ﬁ@é&ﬁﬁﬁ)‘?’ﬁ%}@w EgHfiedRds Wepstittdsured for each
kinase in thelreatitiond-fateontaitethe enzyme, ATP and 500 nM peptide in 50 mM Tris (pH 7.8)
buffer with 100 mM NaC1, 5 mM DTT, and 0.1 mgymL (0.01%) BSA. The ATP

Oes



concentration in the reactions was 90 uM for Jakl, 30 p.M for Jak2 and 3 uM for Jak3. 25Reactions

were carri temperature for 1 hr and then stopped with 20 pl 00 nM
TR BT

SA-APC, 6n in assay buffer (Perkin Elmer, Boston, MA). Bindi uropium labeled
antibody took place for 40 minutes and HTRF signal was measured on a Fusion plate reader (Perkin .
Elmer, Boston, MA). The compounds of Examples 1-60, 82, and 83 were found to have 1050 values
less than 60 nM for at least one ofJAK1, 30 JAK2, and JAK3. Example B: Cellular Assays One or

more compdixds herdimwerestelstad/tormnnibitnn hativity 0f ANK AEYaRiS RLL SR aatdeast one of
the following cellu C r.cell lines. ent QR cytokir _andoo e JAK/STAT signal
T e e

transduction, for growth, were plated at 6000 cells in RPMI 1640, 10%
5FBS, and IRGTHETBIApBB A B kIRAcs b IR WY GiideB 16 thendélis in DMSO/media

(final concefuiiiasioapd 12K DM andyinsubateditoriie WsatiaY) Qo506 GOPmtbe affect of
compound [ viahili assessed using the CellTiter-Glo inescent Cell Viahility Assay
(Prome%na) %ﬁbﬁeﬁ%@n‘%%ﬁ%’tigﬁer in Il%gé’ri,_ glseﬁ))?]}fyeh nalggbg%a@%ﬁ& S gn%e%f@%—target effects
of compountfs frerssAdy eV pRraNBrIB IRl TIOaeRdPE JARIGHEEN cell line with the same assay
readout. Aghl%&]cﬁﬁﬁimg?éﬁﬂﬁﬁmé%mﬁ&idﬂl(??mi%g@-fﬁtﬁf%ﬂm&/ﬁ&%eﬁ%ﬁe@%ﬂ@ be used to
examine the effects of. compounds ospharylation of JAK kinases or, pptenfjal downstream
substrates é%agéogsw ﬁ%ﬁéﬁé?n?%&t@%ﬂupp ,gérté‘:rl%?"ﬁ%é%emg%%nr%oecﬁ g%{;ﬁ%ﬁégrformed following
an overnigHeypeskineraBsten At HOToN oMty sy Bhb fel preimsubration Withreanmpenmei¢ hours or less)
and cytokingstiulation RhappIaxipRtas Ldaus orlessoREisINg@Me hansxtagieddwpm cells and
analyzed bmé%%bﬁgﬁgséggyillar to thosie hgct)lecé in the ar incl,ydin%Western blotting or ELISAS using
antibodies that CAR difarentiate BetiEeh RS RS FIHE R AT tht&r prétéin. These experiments can
utilize norméal OMFAGEE GBS EDFive St ehitee BEXISiS# Gf ConBGIRHEoZB0MHNMAS GEll Eiyrvival biology
or on media;t.@gsf;qfd@ﬂgm@tgm&@%@f%:g%,%%g,(yy'gﬁ)r,%g%%’tgﬁg%ﬁt ; ﬁ)féqkines such as

IL-6, IL-12, IL-23, or IEN can be used to stimulate JAK activation resulting in phosp jorylation of STAT
rotein(s) ahd%dSteRtid Wt%@ﬁpﬁb%él profiles (assessed by array or gPCR technology) or
p . - g . - -
produdtion and/or secretion of proteins, such as IL-17. The ability of compounds to inhibit these
cytokine 25mediated effects can be measured using techniques common to those schooled in the art.
Compounds herein can also be tested in cellular models designed to evaluate their potency and
activity against m@tSHEIRE PSRRI - JRK RS iy Foeiialin’Rryeloid proliferative
- y . _ye . - -
disorders. heskExpelimanisiefi@n iilize Tftaking depprdentoelisofheanatslogical lineage (e.g.
BaF/3) into yuhicyhe wildityee o snyiart JAl Kinases ars 305519pisaly Sxpisased Janes. C.. et at
Nature 434:))2{144-]1148; Sinerk. Jéz(? al. JBC Bgaes &1 HPGS N RRGRIEH AR
20 was treated with 1,8-diazabicyclo[5.4.0Jundec-7-ene (24 pL, 0.16 mmol). The mixture was
stirred for 4 hours. The solvent was evaporated. The residue was partitioned between ethyl
acetate and saturated sodium bicarbonate solution, then extracted with two further portions of
ethyl acetate. The combined extracts were dried over sodium sulfate, decanted and
concentraied. The crude product was stirred with 25% TFA / DCM (8 mL) overnight. The
25 solvents were evaporated. The product was then stirred with ethylenediamine (0.3 mL) in
methanol (5 mL). Preparative HPLC-MS {(eluting with a gradient of methano! and water
containing 0.15% NH4OH) was used to purify the product.
"H NMR (300 MHz, CDCL): § 8.59 (s, 1H), 7.54 (dd, 1H), 7.27 (d, 1H), 6.95 (dd, 1H), 6.82
(dd, 1H), 6.74 (d, 1H), 4.49 (d, 2H), 4.15 (4, 2H), 3.24 (s, 2H), 3.02 {q, 2H), 1.33 (1, 3H);
30 LCMS (M+H)+: 371.1. |

Example 83: 4-{1-[1-(Ethylsulfonyl)-3-(fluoromethyDazetidin-3-yl}-1H-pyrazol-4-yl}-
TH-pyrrolo[2,3-d]pyrimidine triflucroacetic acid salt
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280:41893-41899). Endpoints include the effects of compounds on cell survival, proliferation, and
phosphory#g@%oﬂéﬁﬁﬁ'gAT, Akt, or Erk proteins. Certain compounds %%;BQ@M&@E@@ or can be
evaluated for their activity inhibiting T-cell proliferation. Such as assay can be considered a second
cytokine (i.e. JAK) driven proliferation assay and also a simplistic assay of immune suppression or
inhibition of immune activation. The following is a brief outline of how such experiments can be
performed. Peripheral blood mononuclear cells (PBMCs) are prepared from human whole blood
samples using Ficoll Hypaque separation method-afd T-cells (fraction 2000) can be 5obtained from
PBMCs by elutriation. Freshly isolated hur %Is can be maintained in culture medium (RPM'
1640 supplemented with10% fetal bovind gerum, T00) u/m1 penicillin, 100 jig/ml streptomycin) at a
density of 2 x 106 cells/nil at 37C for up to 2 days.¥0r IL-2 stimulated cell proliferation analysis, T-cells
are first treated with Phytohemagglutinin (PHA) at.afinal concentration of 10 ug/mL for 72h. After
washing once with PBS, 6000 cells/well 10 are pﬁ;g iy 96-well plates and treated with compounds at
different concentrations in the culture medium in t prﬁse_riﬁof 100 U/mL human IL-2 (ProSpec-Tany
TechnoGene; Rehovot, Israel). The plates are incubated at 37 C for 72h and the proliferation index is
assessed using CellTiter-Glo Luminescent reagents following the manufactory suggested protocol

(Promega; Waglisaan-¥iby! 13ExanpleAlsoiipribieaeaiicacyarbofympounds herein can be
evaluated in humap (umerKe9RIANMAJEIRIA FIMUNE FORPToBsedmice. For example, a
ytoma ce t

tumorigenic variant of the INA-6 plasma ine'can be use inoculate SCID mice
subcutaheolRISPIBIRGE e asidarietarhester B-4ka m53-Sopmotrinrsebetinftratimidis’ban then be
randomizedniiel drdgaagaehime weatmeeih geupsRAdamndAiferent gosrsel.cempayrds can be
?‘dm'”'Stere%nt%fé}X nurbergl %%ﬁ%@?&‘%%%‘&%‘%%‘#% %{%'n?:’fc?rrlcgrg'”‘ﬂa‘%%s intusion using
implantable pumps. Tumor growth is followed over time using calipers. ur?ﬁer, Lo samples can be
harvested af@yh ti¥eezstidingh bsaitieidaioOiiédenent fomahanistehydgdumitiéd abole (Example B) to

evaluate compenRdseiiasts R Jkiactivlviand devnsiesimsighalngLathwaysiin.adsdition, selectivity
of the %(? com ,Qtui]cli)ésga%?nnb‘g asses edt using xe é)ﬁraft tu gr odels that are driven by other know
kinases (e.g. BCr-ABIJ Gk as e ST O8I EXAMRpre- B Bk BRI Bhtact Delayed

HypersensitblgyifReSpoprearivigyer wis spnpiolsddadibrein aer alsodstadsiedtfobhéir Eficacies (of
inhibiting JAKt8rgats)dhihrRyEsalbdrivansanwiine-Aelaved-nmarsansitivituigs medslvdde murine skin
contact 30 delaged-%pe ae/peeﬁse?%sitivi%é[gpg—! response IS dg}onsidere,%g be rfx vali(I:I model of clinical
contact dermatitia, and other T-I5mpHSEY e’ Mediated iirhuhe urEs BEE B e S8 such as psoriasis
(Immunol Tettiyz 1908 JaflTOEIP 87 iddexMeringiBETht Sharabproditip (€ 6¢ veateNsticEMMth psoriasis,
including theimumdReint/ialeNOsREAMPARYING INBIEASEIh M RMMAIasy cytokines, and keratinocyte
hyperproliferation. Furthermore, many classes of agents that are efficacious in treating psoriasis in the
clinic are also effective inhibitors of the DTH response in mice (Agents Actions. 1993 Jan;
38(1-2):116-zk)2 5animay 0w dpBaibie nerarbysehditiced vith a topical application, to their
shaved abd@m#&hwm%éﬂlj%mﬂ}f‘zﬁ%lmilfé?é?@c%ﬁ}%ﬁf&?n@%ﬁ@f-@%?&%(—?i]ﬁ%ﬁiﬁfe@ measured for
thickness using an enlglneers micrometer. This measurement is recorded and used as a baseline.
Both of the AKH48“&%rs are then challenged by a topical application of DNFB in a total of 20 tit (10 HI,
on thedfiternal pinAanarakd 6f Pt 1 Birpthezebderhal- piivaratalibdpnicenitatibnl p70-2%. Twenty-four to

seventy-twoppg&aﬁggkgt}%ﬁggﬁg%@g@ggﬁ%gi Neasikedagain. Treatment with the test compounds

was given throughout the sensitization and challenge phases (day -1 to day?) orgrior to and
throughout HEEHEERYe HrRdangiauansiamitingoncarasysied dap7) 7 riaetiingit bfthe test
compoundsdiuzatiiferii.¢ Ohoektration X VER? administersd)eithestayistieniécally m0topichlyatopical

application gffhe ireatiment iaxihe Lasars), Eicaciesfing les.comprunds Ats ingicated by a

reduction in ear swelling comparing to the situation without the treatment. Compounds causing a
reductioh off3898 Srithbre (Here d Asgjaasfi ki UEe Aedther edigse e, [HBanideMate challenged
but not sensitized:{t égativE.coNimYSThe inhibitve effertHinhibisirspuattvationobthe 3AK-STAT

pathways) Qfihe 1658, (111 5, 8.55 (1H, 5), 8.32 (1H, 5). 7.87 (2, m), 7.68 (1H, m), 7.55 (2H, m),
7.47 (1H, d, ] = 3.6 Hz), 6.84 (1H, d, T = 3.6 Hz), 5.77 (1H, d, J = 45.6 Hz), 5.74 (2H, 5), 4.93
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20 compounds can be confirmed by immunohistochemical analysis. Activation of the JAKSTAT
pathway(sWS%HgAH@]g formation and translocation of functional transcrigjjop) fagiyssEykther, the
influx of immune cells and the increased proliferation of keratinocytes should also provide unique
expression profile changes in the ear that can be investigated and quantified. Formalin fixed and
paraffin embedded ear sections (harvested after the challenge 25 phase in the DTH model) are
subjected to immunohistochemical analysis using an antibody that specifically interacts with
phosphorylétéd STATB ] toné BBE 12, (D& k8iGrHaliiY, TethAdldhigs)s TeImpUsEs existare treated with
test compo vehy methage cliny icagi eatme soriasis), or without
any treatmég r?'l[df?r? )ﬁ%’@ﬁ%%%ﬁ? fog com p%lﬁ’s%'?g?é%gnﬁ%?ghg tmheag‘e%ﬁ]g{)ﬁ]ésone can
produce similar 30transcriptional changes both qualitatively and quantitatively, and both the test

compoundsSapd dexanmethagonesaniedyes theonwmben pfinfiftating eslls- Both-sysiemically and

topical admjpisration of ?ﬁ,}gSt compounds, can produce inhibitive effects, i.e., reduction in the
number of ié?fﬁ?rrg%énceﬁ and i it%éfjé’ %%éﬁ?an%%%ﬁ%%%tgl changes. Example E: In vivo

anti-inflammatory B s fietiey Heldnerebthess aiudia ty fottéh{ bi Bon-rodent models
deiigr_led tquéeﬁm@ta@mmgi@jafeﬁ@mﬂﬂﬁxpmaﬂmma' i ﬁpﬂﬁﬁeﬁmﬁymr%md Gylf&éﬁﬁlhém?delqs of
arthritis can, be used to evaluat therapeutic potential of compounds dosed preventatively or
5therapeuti€:aﬁ?§/.inﬁqeai%@m%gl sgi%'llgc$ulag% ?Iégrél?w%%i%%ec!éoﬁ)en [glgs g’ BF %’[?gs&%gelﬁgfﬁaﬁced arthritis,
rat adjuvantiirieRieand| drth itls, ‘B dnsustiagenadatibsdinndscatyaathalizin Autdiemhthendidkases including,

but notdimitaditenimeitiple.sclerasishiylgsiahatas sk its iy eoretnitissihyrogitis, myasthenia

gravis, imm lobulin nephropathies, myocarditis, ajr sensitization (asthma), lupus, or colitis may
also be use tr%%gé\/%ﬁacf%e%aée ‘glr?gps hﬁ&“‘%ﬁ%‘&%ﬁﬁgr@?%BB’&‘HE?&?&F@&%T#H‘E%%S%@FS are well
establishedapd the selsbenittviedmenumityamidharienantdlisyl fo thoskrgchisaies imetherarty(Current Protocols

in Immunolagys ¥otid rfzaligRerd FerB @l WilEY R IRSSredMiethods N Qlesular Biglagy: Vol. 225,
Inflammaticc)i%iPJotocols,, Wi%ard, P.G. and Willou D.A., Humana Press, 2003.). 15Example F:

lloughby, : .
Animal Mod&IS BFHE A YEATHENBf BYPESHs dulRs e drd eorRetionis o RbStis tHiy be evaluated
in oneldr mbte pechitidal imodets.db dryealedesiowpimithiodéGoigpttearyin Had&rtaholaging, but not
limited to, the: rablifMeRsANAVAIN-ALEORA] taerimal ghand model, the scopolamine mouse model
(subcutaneous or transdermal), the Botulinumn mouse lacrimal gland model, or any of a number of
spontaneous rodent auto- 20immune models that result in ocular gland dysfunction (e.g. NOD-SCID,
MRL/Ipr, or3xzB/NZW)! (Bendbitiomet-a-(Experirpited Biel RéstHmn@2004,797-623-621 and Schrader

et al., Developmeniah® 09 KAIE,2098. Al a3 2, each of which is incorporated herein

by reference in its entlret%)}. ndpoints in these models }r?]eaey_include histogathology of the ocular glands
and ey® (cornea, BIEFYH pEuipNAtheefaksid-Serinmsdsiyrthomineys -Y8rsions thereof
(Barabino etyatgleihicH]pydaddirestedr piggucidn - wetiitimsmaychecagsesgetbby, dasing via multiple

routes of admiisalia.(e: iy 2 RrIC.PhIBRIGANMBIE MALRAILPHCS 1901 dlg Meggurable disease

exists. Compounds may be evaluated in one or more preclinical models of uveitl own to those

schooled in‘fhd e seRemiefiadrmmaradsbieivnte s usdakiddt pBhiftertal sBautoimmune
uveitis (EAUbsainohemelix6iihsiidiu ceetanieites 4 i) s EAkbE xperidmeanimaynte: peokygned in the rabbit,

rat, or fBouss a6 DR AYE PRSIV AR AGINAIPATIRUNE RUAN,IEOD IBIaSE, Ay of a number or

retinal antigens may be used to serisitize animals to a relevant inmunogen after which animals may

be challeng®§BETIHAY At et dandd itigdier THing whdel istherdisetrandimvolves local or
systemic adnnisiratiofeidigbpalyshnrasideians Thietbabriesesmrdpaints dar-bathdhedR) and EAU
models may | ndascopic exam, hi atholo ngst others. These madels are reviewed
by Smith et)(&é%? &Jf%qr%élrég o%i}gg%c?ré)é 1 ffqofgig% 8155%0,0%?%%1%%91 EW Slé(iu?s“iﬁscig'ﬁpo%é (étzvherein by
reference in nexistep. LCMS calculated for CpHazFNgO3SSi(M+H)+: m/z = 495.2; Found: 495.4.
30
Step 5. 4-{1-[1-(ethylsulfonyl)-3-(fluoromethyl)azetidin-3-yij-1 H-pyrazol-4-yl}-7H-

pyrialol2,3-dlpyrimidine
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in its entirety). Activity is assessed by dosing via multiple routes of administration (e.g. 5systemic or

topical) Wh{gla %@%aﬁg{g prior to or after measurable disease exists. Som% msﬁlﬁlﬁ&&gbove may

also develop's episcleritis, chorioditis, cyclitis, or iritis and are therefore useful'in investigating
the potential activity of compounds for the therapeutic treatment of these diseases. Compounds may
also be evaluated in one or more preclinical models of conjunctivitis 10known those schooled in the
art. These include, but are not limited to, rodent models utilizing guinea-pig, rat, or mouse. The
guinea-pig modelditiclidBtiésEanmily intlaewrree b Darssiie- imiid Mizaionshd/bf ifi@nune challenge
protocols withagtgens stehasvalumin o5 e wegd (reviewechin Conehsisy R:A., et al., Allergy
2003, 58, 1}93]%%11%, QQ/hLChﬁIJRC?r{E?ra;}Sd herein bé/ ir.eference in its entiretggc.§ F({Sfat and mouse models
are similar ih genaral 15 d&sign'td those il the guinea-pig YAIEE e &Wea By CroRasEYg). Activity may
be assessedBY 0Oy JRb Aidihipresrbine sotfaciwinitissation elgnbystantierst topicediedhich may begin
E_rior Itos_Jr flmt_ﬁﬁ WQ{?@@%@Q g«;ﬂfﬁz ﬁﬂﬂfagi Qlﬁtffaf %%@?@%ﬁ&fﬂ%wﬁmﬁw@ﬁmple,
istologica ical, emical, or molecular analysis of ocular tissues such as the
conjunctiva%é?rL%%e”@%e%ggncﬁéﬁﬂvg‘fﬂggamth a]‘%ﬁ%‘ﬁ BEtERP P ONATE S ES, Pdta for the
compound dFExtmsplethectsamed reddwitlhsothdrsaAK. Gifibitdesldes dritiad In TSRS AHPt Pub. No.
200710135451 BTALS, 3 Carpaund 3657 1FSMRDIASHAIIATIRL ML P CE0 (M) 148

Example 1 Example 82 0.3 1.
8.94 (1H,'s), 8.81 (1H, s), 8.53 (1H, s), 7.75 (1H, brs), 7.21 (1H, brs), 5.03 (2H, d, 1 = 46.8
10 Hz), 453 (1H, dd, ] = 9.0 and 2.7 Hz), 4.24 (1H, d, ] = 9.0 Hz), 3.25 (2H, q, ] = 7.2 Hz), 1.23
(3H, t, J =7.2 Hz) ppm. ""F NMR (DMSO-ds, 300 MHz) & -74.98 (3F, s), -225.56 (IF, 1, J =

48.3 Hz) ppm.

Example A: In vitro JAK Kinase Assay

15 Compounds herein were tested for inhibitory activity of JAK targets according to the
following in vitro assay described in Park et al., Analytical Biochemistry 1999, 269, 94-104.
The catalytic domains of human JAK1 (a.a. 837-1142), JAK2 (a.a. 828-1132) and JAK3 (a.a.
781-1124) with an N-terminal His tag were expressed using baculovirus in insect cells and
purified. The catalytic activity of JAKI, JAK2 or JAK3 was assayed by measuring the

20 phosphorylation of a biotinylated peptide. The phosphorylated peptide was detected by
homogenous time resolved fluorescence (HTRF). ICses of compounds were measured for
each kinase in the reactions that contain the enzyme, ATP and 500 nM peptide in 50 mM Tris
(pH 7.8) buffer with 100 mM NaCl, 5 mM DTT, and 0.1 mg/mL {0.01%) BSA. The ATP
concentration in the reactions was 90 puM for Jak], 30 uM for Jak2 and 3 uM for Jak3.

25 Reactions were carried out at room temperature for 1 hr and then stopped with 20 pL 45 mM
EDTA, 300 nM SA-APC, 6 nM Eu-Py20 in assay buffer (Perkin Elmer, Boston, MA).
Binding to the Europium labeled antibody took place for 40 minutes and HTRF signal was
measured on a Fusion plate reader (Perkin Elmer, Boston, MA). The compounds of Examples
1-60, 82, and 83 were found to have ICsy values less than 60 nM for at least one of JAK I,

30 JAK2, and JAK3.

Example B: Cellular Assays
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NA Example 83 1.5 5.5 NA Comparative 1 1.4 7.6 1138 Comparative 2 1.2 2.2 505 Comparative 3 22

93 1900 C%%@m%ﬁzz"l 6.3 431 Comparative 5 3.7 1 2250 PCTIUS2009/036635

One or more compounds herein were tested for inhibitory activity of JAK targets
according to at least one of the following cellular assays.
Cancer cell lines dependent on cytokines and hence JAK/STAT signal transduction,
for growth, were plated at 6000 cells per well (96 well plate format) in RPMI 1640, 10%
5 FBS, and I nG/mL of appropriate cytokine. Compounds were added to the cells in
7 DMSO/media (final concentration 0.2% DMSO) and incubated for 72 hours at 37 °C, 5%
CO;. The effect of compound on cell viability was assessed using the CellTiter-Glo
Luminescent Cell Viability Assay (Promega) followed by TopCount (Perkin Elmer, Boston,
MA) quantitation. Potential off-target effects of compounds were measured in parallel using
10 anon-JAK driven cell line with the same assay readout. All experiments were performed in
duplicate. '
The above cell lines can also be used to examine the effects of compounds on
phosphorylation of JAK kinases or potential downstream substrates such as STAT proteins,
Akt, Shp2, or Erk. These experiments can be performed following an overnight cytokine
15 starvation, followed by a brief preincubation with compound (2 hours or less) and cytokine
stimulation of approximately 1 hour or iess. Proteins are then extracted from cells and
analyzed by techniques familiar to those schooled in the art including Western blotting or
ELISAs using antibodies that can differentiate between phosphorylated and total protein,
These experiments can utilize normal or cancer cells to investigate the activity of compounds
20 ontumor cell survival biology or on mediators of inflammatory disease. For example, with
regards to the latter, cytokines such as IL-6, IL-12, IL-23, or IFN can be used to stimulate
JAK activation resulting in phosphorylation of STAT protein(s) and potentially in
transcriptional profiles (assessed by array or gPCR technology) or production and/or
secretion of proteins, such as IL-17. The ability of compounds to inhibit these cytokine
25  mediated effects can be measured using technigues commeon to those schooled in the art.
Compounds herein can also be tested in cellular models designed to evaluate their
potency and activity against mutant JAKS, for example, the JAKX2V617F mutation found in
myeloid proliferative disorders. These experiments often utilize cytokine dependent cells of
hematological lineage {(e.g. BaF/3) info which the wild-type or mutant JAK kinases are
30 ectopically expressed (James, C.,, ef al. Nature 434:1144-1148; Staerk, 1., et al. JBC
280:41893-41899). Endpoints include the effects of compounds on cell survival,
proliferation, and phosphorylated JAK, STAT, Akt, or Erk proteins.
Certain compounds herein have been or can be evaluated for their activity inhibiting

T-cell proliferation. Such as assay can be considered a second cytokine (i.e. JAK) driven
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The JAKI and JAK2 data in Table 3 was obtained using the in vitro assay procedures described in

Example A\’ﬁg The INA-6 data in Table 3 was obtained using the cellu 1?6 (%ure of
AR eSS

Example OVE, W ere the cancer cells used were INA-6 cells (Burger ology
Journal (2001), 2,42-53). Comparative 1 corresponds to the 5 compound
{1-[4-(1H-pyrrolo[2,3-b]pyridin-4-y1)-1H-pyrazol-1-yl]cyclopentyl}acetonitrile; Comparative 2
corresponds to the compound

{144-(7TH-pyredis[aiRrAprinTidirisd adinpispy rasa A-plfoyctopentyilavetomitilizgio€ ofmparative 3
COfreSpondﬁﬁﬁﬂﬁ@a@{?&H@&Pnﬂq@ﬂé@mg is a brief outhne of how such expenments can be

(7H-pyrrolo midjn-4- H-pyrazol-1- yII entyl}propanenitrile; Comparatlve 4
correspondé % fﬁ]g B%llfﬁﬂ %%’Zi’i% ARSI %éw fiich %P&%j"hfrf"ﬁwgam yhole
10yl]cyclohbkyaemtbentrifie g ditch Coypparatiersticonrespeind Bdtis Compoltdleaybno-4-
(cyanomethydlid k3t itelolg Sullousirinty Khlska viag kA ipsrdinedagagboximidamide.

Various modlgcatlons of the invention, in addition to those described herein, will be apparent to those

skilled in th&"AH S8R TR 5@3%1%%3%{%??“?5%%%&%@@& 7 tHe i%%@éﬁ?‘&ﬁ ffeation is
incorporatetbb exgin hxyeméem)ema ttS’lEll}tlbéWx M hatligntlainettissr &p to 2 days. For IL-2

{1- (EthV'SU'J&%i'aleﬁ‘kéntZﬁrﬁéfr% ereo Ff%'gre‘lfwt)tfreate ﬁflﬁ%‘ azetlg églaﬂr. tonitrile, or a

pharmaceutically acceptable sa Ethy sulfonyl) pyr

din-4-y1)-1p- ﬁﬁf&k%@%@i@ﬂ%@yﬁé@ét@ﬂﬁhbﬁ@fs‘bﬁbﬁtﬁ antd e&h.P@SﬁQﬂﬂﬂﬁbéﬁﬂbh comprising a
compaynd efGlaiey ;ln%el@iwate%@d@featrdalm%ﬁﬁibﬁ%%etﬁ%}%%m@%%néﬁq@ least one

pharmaceuticall eptable carrier. 4 T ositio aim 3 which is suitable for topical
admlnlstratloi % éel%fmt STEpatTehH) e[g?gg 8 ﬁu%t%?‘ﬁpc%r?{wuﬁ%f‘m‘)&%?ﬁa 1 or claim 2, or a
pharmaceulichiondeepiable samesrmmmmmaﬁamtm oidahanpdidarment ifdettie treatment of an
autoimmungdiseaseindedneyseiol claimse-Wherginsaithaktoimmung slizea @%g%ﬁeék'n disorder,

multiple sclerosis, rtheumatoj arthrl s, psoriatic arthritis, juvenile arthritis, type T'diabetes, lupus,
inflammatoRy boWerf {i8Ea8e, évé lsease, myasthenia gravis, immunoglobulin nephropathies,
myocarditis, or autoimmune thyr0|d disorder. 7. The use of claim 6 wherein said autoimmune disease
is rhed%ato‘?rdaé?ﬂ“ﬁffs g viprepfiuatan sffis8vherein said autoimmune diseases is a skin disorder;

and is atopic deintatitignpaotiasis, csklmeeﬂsm&amrﬁdﬁmﬂamagﬁiﬂmmh,;ﬁeﬂm{edermatltls or
allergic CO“&%E?%&% E%n S eg%e pe tgper{:j} {aen%igalgyn fffet%tl\f% grgoiént of O&%mgﬁund of claim 1 or

claim 2, or a pharmaceutically acce table salt thereof in the man re o icament for the
treatment of2rPirshirafsHAHsEd é“1°i®“®§%P‘§%6?aiﬁéut%aWéﬁ@mW@ én'%&@rﬁﬁof a compound of

claim 1 or claim.2Tener phaingaeaviicaly meceptamie:salidthesepiinihenmriuiaciugeia medicament
for theZHeatmGe{rﬁtf{éifﬂe%e cer. %.1 The l%[?e of cla J%}%gtv@egem sald (Eanc h|€su§usplld tumor, prostate

oses of Tompounds can % % n% Rt
cancer, renal cancer, hepatIC cancer, breas Cancer ung tancer roid cancer, apOSISsarcoma

Castleman’ @ﬁ@é&@abéﬁer‘é’a‘?@%@éeWWW@%{W@M@PW%UEWTW 12. Use of a

therape uticaﬂ}beﬁ@sﬂéﬁﬁmeﬂﬂg efiffertethitmatanyb) 364 P yErRialesd elkpyyrinrigh:4-y1)-1H-p
yrazol-1- yI hazmettll |n §f Il & ceeg%r%ltrlle orPha ma %ﬁ Fall j@ eS% %e salt hereofln the manufacture
r the eotat era e&ﬁ{:‘}ﬂ%}’% fective

ofa medlcament or reatment 0? um&zgélt(ﬁstf
amount of @g@ﬁ«,@ﬂg{ﬁﬁéﬁﬂyg (o preaiof@aling pathways. In addition, selectivity of the

d]pyrlmsdlnc%mganahtspyaazaelaasééla@ezsiiagk&yé}aﬁ%mmedamﬁm@é@rﬁe%§%@ thewmanufacture of a
medlcamerﬁ Ilggetsh e. tr%ﬂ:r—Aeoqg sac as i e?&){s %I;trlrerrltlrgodel

Example D: Murine Skin Contact Delayed Hypersensitivity Response Test
Compounds herein can also be tested for their efficacies (of inhibiting JAK targets) in
the T-cell driven murine delayed hypersensitivity test model. The murine skin contact
30 delayed-type hypersensitivity (DTH) response is considered to be a valid model of clinical
comact dermatitis, and other T-lymphocyte mediated immune disorders of the skin, such as

psoriasis (fmmunol Today. 1998 Jan;19(1):37-44). Murine DTH shares multiple
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characteristics with psoriasis, including the immune infiltrate, the accompanying increase in
inflammatory cytokines, and keratinocyte hyperproliferation. Furthermore, many classes of
agents that are efficacious in treating psoriasis in the clinic are also effective inhibitors of the
DTH response in mice (Agents Actions. 1993 Jan;38(1-2):116-21).

On Day 0 and 1, Balb/c mice are sensitized with a topical application, to their shaved
abdomen with the antigen 2,4,dinitro-fluorobenzene {DNFB). On day 5, ears are measured
for thickness using an engineer’s micrometer. This measurement is recorded and used as a
baseline. Both of the animals’ ears are then challenged by a topical application of DNFB in a
total of 20 uL (10 pL on the internal pinna and 10 pL on the external pinna) at a
concentration of 0.2%. Twenty-four to seventy-two hours after the challenge, ears are
measured again. Treatment with the test compounds was given throughout the sensitization
and challenge phases (day -1 td day 7} or prior to and throughout the challenge phase (usually
afternoon of day 4 to day 7). Treatment of the test compounds (in different concentration)
was administered either systemically or topically (topical application of the treatment to the
ears). Efficacies of the test compounds are indicated by a reduction in ear swelling
comparing to the situation without the treatment. Compounds causing a reduction of 20% or
more were considered efficacious. In some experiments, the mice are challenged but not
sensitized (negative control).

The inhibitive effect (inhibiting activation of the JAK-STAT pathways) of the test
compounds can be confirmed by immunohistochemical analysis. Activation of the JAK-
STAT pathway(s) results in the formation and translocation of functional transcription
factors. Further, the influx of immune cells and the increased proliferation of keratinocytes
should also provide unique expression profile changes in the ear that can be investigated and
quantified, .F ormalin fixed and paraffin embedded ear sections (harvested after the challenge
phase in the DTH model) are subjected to immunohistochemical analysis using an antibody
that specifically interacts with phosphorylated STAT3 (clone 58E12, Cell Signaling
Technologies). The mouse ears are treated with test compounds, vehicle, or dexamethasone
(a clinically efficacious treatment for psoriasis), or without any treatment, in the DTH model
for comparisons. Test compounds and the dexamethasone can produce similar
transcriptional changes both qualitatively and quantitatively, and both the test compounds and
dexamethasone can reduce the number of infiltrating cells. Both systemically and topical
administration of the test compounds can produce inhibitive effects, i.e., reduction in the

number of infiltrating cells and inhibition of the transcriptional changes.
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Example E: In vive anti-inflammatory activity

Compounds herein can be evaluated in rodent or non-rodent models designed to
replicate a single or complex inflammation response. For instance, rodent models of arthritis
can be used to evaluate the therapeutic potential of compounds dosed preventatively or

therapeutically. These models include but are not limited to mouse or rat collagen-induced

- arthritis, rat adjuvant-induced arthritis, and collagen antibody-induced arthritis. Autoimmune

diseases including, but not limited to, multiple sclerosis, type I-diabetes mellitus,
uveoretinitis, thyroditis, myasthenia gravis, immunoglobulin nephropathies, myocarditis,
airway sensitization (asthma), lupus, or colitis may also be used to evaluate the therapeutic
potential of compounds herein. These models are well established in the research community
and are familiar to those schooled in the art (Current Protocols in Immunology, Vol 3.,
Coligan, J.E. ef al, Wiley Press.; Methods in Molecular Biology: Vol. 225, Inflammation
Protocols., Winyard, P.G. and Willoughby, D.A., Humana Press, 2003.).

Example F: Animal Models for the Treatment of Dry Eye, Uveitis, and Conjunctivitis

Compounds may be evaluated in one or more preclinical models of dry eye known to
those schooled in the art including, but not limited to, the rabbit concanavalin A (ConA)
lacrimal gland model, the scopolamine mouse model (subcutaneous or transdermal), the
Botulinumn mouse lacrimal gland model, or any of a number of spontaneous rodent auto-
immune models that result in ocular gland dysfunction (e.g. NOD-SCID, MRL/lpr, or
NZB/NZW) (Barabino et al., Experimental Eye Research 2004, 79, 613-621 and Schrader et
al., Developmental Opthalmology, Karger 2008, 41, 298-312, each of which is incorporated
herein by reference in its entirety). Endpoints in these models may include histopathology of
the ocular glands and eye (cornea, etc.) and possibly the classic Schirmer test or modified
versions thereof (Barabino et al.) which measure tear production. Activity may be assessed
by dosing via muiﬁple routes of administration (e.g. systemic or topical) which may begin
prior to or afier measurable disease exists.

Compounds may be evaluated in one or more preclinical models of uveitis known to
those schooled in the art. These include, but are not limited to, models of experimental
autoimmune uveitis (EAU) and endotoxin induced uveitis (EIU). EAU experiemenis may be
performed in the rabbit, rat, or mouse and may involve passive or activate immunization. For
instance, any of a number or retinal antigens may be used to sensitize animals to a relevant
immunogen after which animals may be challenged ocuarly with the same antigen. The EIU

model is more acute and involves local or systemic administration of lipopolysaccaride at
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sublethal doses. Endpoints for both the ETU and EAU models may include fundoscopic
exam, histopathology amongst others. These models are reviewed by Smith et al.
(Immunology and Cell Biclogy 1998, '76, 497-512, which is incorporated herein by reference
in its entirety). Activity is assessed by dosing via multiple routes of administration (e.g.
systemic or topical} which may begin prior 10 or after measurable disease exists, Some
models listed above may also develop scleritis/episcleritis, chorioditis, cyclitis, or iritis and
are therefore useful in investigating the potential activity of compounds for the therapeutic
treatment of these diseases.

Compounds may also be evaluated in one or more preclinical models of conjunctivitis
known those schooled in the art. These include, but are not limited to, rodent models
utilizing guinea-pig, rat, or mouse. The guinea-pig models include those utilizing active or
passive immunization and/or immune challenge protocols with antigens such as ovalbumin or
ragweed (reviewed in Groneberg, D.A., et al.,, Allergy 2003, 58, 1101-1113, which is
incorporated. herein by reference in its entirety). Rat and mouse models are similar in general
design to those in the guinea-pig (also reviewed by Groneberg). Activity may be assessed by
dosing via multiple routes of administration (e.g. systemic or topical) which may begin prior
to or after measurable disease exists. Endpoints for such studies may include, for example,
histological, immunoiogical, biochemical, or molecular analysis of ocular tissues such as the

conjunctiva.

Example G: Comparative Data
Table 3 below provides potency data for the compound of Example 1 compared with
other JAK inhibitors described in US Pat. App. Pub. No. 2007/0135461.

Table 3
Compound JAK2 JAK1 INA-6
ICs0 {nlV) 1Cs (nM) ICs (uDD)

Example 1 0.3 1.1 148
Example 82 0.3 1.3 NA
Example 83 1.5 3.5 NA
Comparative | 1.4 7.6 1138
Comparative 2 1.2 2.2 505
Comparative 3 22 83 1500
Comparative 4 2.4 6.3 431
Comparative 5 3.7 1 2250
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The JAK1T and JAK2 data in Table 3 was obtained using the in vitro assay procedures
described in Example A above. The INA-6 data in Table 3 was obtained using the cellular
assay procedure of Example B above, where the cancer cells used were INA-6 cells (Burger
etal., The Hematology Journal (2001), 2, 42-53). Comparative 1 corresponds to the
compound {1-{4-(1H-pyrrolo{2,3-blpyridin-4-yl)-1H-pyrazol-1-yljcyclopentyl} acetonitrile;
Comparative 2 corresponds to the compound {1-[4-(7H-pyrrolof2,3-d]pyrimidin-4-yD)-1H-
pyrazol-1-yl]cyclopentyl}acetonitrile; Comparative 3 correspoﬁds to the compound 3-{1-[4-
(7TH-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl]cyclopenty!l} propanenitrile; Comparative
4 corresponds to the compound {1-[4-(7H-pyrrolo[2,3-d]pyrimidin-4-y1)-1H-pyrazol-1-
yl]cyclohexyl}acetonitrile; and Comparative 5 corresponds to the compound N'-cyano-4-
(cyanomethyl)-4-[4-(TH-pyrrolo{2,3-d]pyrimidin-4-y1}-1H-pyrazol-1-yl]piperidine-1-

carboximidamide.

Various modifications of the invention, in addition to those described herein, will be
apparent to those skilied in the art from the above description. Each reference cited in the

present application is incorporated herein by reference in its entirety.
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What is claimed is:

1. {1-(Ethylsulfonyl)-3-[4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl}- 1 H-pyrazol-1-yl]azetidin-

3-yl}acetonitrile, or a pharmaceutically acceptable salt thereof.

2. {1-(Ethylsulfonyl)-3-[4-(7H-pyrrolo[2,3-djpyrimidin-4-yl)-1H-pyrazol-1-yl]azetidin-
3-yl}acetonitrile phosphoric acid salt.

3. A composition comprising a compound of claim 1 or claim 2, or a pharmaceutically

acceptable salt thereof, and at least one pharmaceutically acceptable carrier.
4, The composition of claim 3 which is suitable for topical administration.

5. Use of a therapeutically effective amount of a compound of claim 1 or claim 2, ora
pharmaceutically acceptable salt thereof in the manufacture of a medicament for the

freatment of an autoimmune disease.

6. The use of claim 5 wherein said autoimmune disease is a skin disorder, multiple
sclerosis, theumatoid arthritis, psoriatic arthritis, juvenile arthritis, fype I diabetes, lupus,
inflammatory bowel disease, Crohn’s disease, myasthenia gravis, immunoglobulin

nephropathies, myocarditis, or autoimmune thyroid disorder.

7. The use of claim 6 wherein said autoimmune disease is rheumatoid arthritis.

8. The use of claim 6 wherein said autoimmune diseases is a skin disorder, and is atopic
dermatitis, psoriasis, skin sensitization, skin irritation, skin rash, contact dermatitis or allergic
contact sensitization.

9, Use of a therapeutically effective amount of a compound of claim 1 or claim 2, or a

pharmaceutically acceptable salt thereof in the manufacture of a medicament for the

treatment of an inflammatory disease.
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10.  Use of a therapeutically effective amount of a compound of claim 1 or claim 2, or a
pharmaceutically acceptable salt thereof in the manufacture of a medicament for the

treatment of cancer.

11.  The use of claim 10 wherein said cancer is a solid tumor, prostate cancer, renal
cancer, hepatic cancer, breast cancer, lung cancer, thyroid cancer, Kaposi’s sarcoma,

Castleman’s disease, pancreatic cancer, lymphoma, leukemia, or multiple myveloma.

12.  Use of a therapeutically effective amount of {1-(ethylsulfonyl)-3-[4-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)-1H-pyrazol-1-yljazetidin-3-y1 } acetonitrile, or pharmaceutically acceptable

salt thereof in the manufacture of a medicament for the treatment of rheumatoid arthritis.
13.  Use of a therapeutically effective amount of {!-(ethylsulfonyl)-3-[4-(7H-pyrrolo[2,3-

d]pyrimidin-4-y1)-1H-pyrazol-1-yl]azetidin-3-yl } acetonitrile phosphoric acid salt in the

manufacture of a medicament for the treatment of rhenmatoid arthritis.
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