WD 2008/ 060301 PCT/ US2006/ 061004 7- SUBSTI TUTED PURI NE
DERI VATI VES FOR | MMUNOSUPPRESSI ON FI ELD OF THE
wo DMRMAIIEN [ 0001] The invention relates to purP@DOE2006/061004

derivatives useful as inmunosuppressants. BACKGROUND

OF THE | NVENTI ON [ 0002] | mrunosuppression is an

i nportant clinical approach in treating autoi nmune

di sease and in preventing organ and tissue rejection.

The clinically avail able inmunosuppressants,

i ncl udi ng azat hi opri ne, cycl osporine and tacrolinus,

al though effective, often cause undesirable side

ef fects including nephrotoxicity, hypertension,

gastroi ntestinal disturbances and gum i nfl ammati on.

Inh|b|tors of the tyrosine kinase Jak3 are known to
usef ul as wnunosu essants (see US

el TionD paduaps BHERETH08s Rl Gl PRimssion

(Jak) famly of non-receptor intracellular tyrosine

ki nases are conponents of cytokine signa

rrei BRI S ¥ Sakz, daka and Tykz. The
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cytokines to the|r receptors, Jaks are actlvated and
BACE(R OO/ ORIBIE ASVERJIENor s, creating docking sites
for other signaling nDIecuIes in particular menbers
[0002)f Jnpraunepuppedssipn israe dupestantelhicabaripveach i tregfing autoimmune

diseakd zglréﬁﬁ h%pélﬂtﬁlg ogél c?tlgsﬁé]ﬂlle#&loxw}fﬂeechﬁéﬁ Sffv?h Of Jakl,

ative ubiqui tou
nnmwmpwmsm mslutimgpmﬂablbmleammm ahd tacrodigub.aftbeighJ ak 3

ofecf e, B LT Rk SR R ey ok BrabuGivesth bRt ©
gastr{li_fmiehtalral dlétb%();ueulmle lsahi s Hﬂg.tmgﬁnﬁy 't nhibitod off theityrdsind kihase iJuk3
g i el e Gt OR sl S B0000) . saka

is also is expressed |n nast cells, andits enzynatlc
[0003Ct The ihymbess efithalmedkise (BE) faﬁﬁl? F)fﬁdsd—f_&qﬁbr intracellular

tyros Cr SS ALY %ﬁ%‘?ﬁﬁ%@é’%@gi%ﬁ‘ A?Jctmn %ozr famlgf/\fr)lembers

have been identified to date: Jak1, Jak2, Jak3 and Tyk2. The Jaks play a key role in the
intracellular signaling mediated through cytokine receptors. Upon binding of cytokines to

their receptors, Jaks are activated and phosphorylate the receptors, creating docking sites
for other signaling molecules, in particular members of the signal transducer and activator
of transcription (STAT) family. While expression of Jak1, Jak2 and Tyk2 is relatively
ubiquitous, Jak3 expression is temporally and spatially regulated. Jak3 is predominantly
expressed in cells of hematopoietic lineage; it is constitutively expressed in natural killer
(NK) cells and thymocytes and is inducible in T cells, B cells and myeloid cells (reviewed
in Ortmann, et al., 1999 and Yamaoka, et al., 2004). Jak3 is also is expressed in mast cells,
and its enzymatic activity is enhanced by IgE receptor/FceRI cross-linking (Malaviya and
Uckun, 1999).



[0004] A specific, orally active Jak3 inhibitor,
CP- 690, 550, has been shown to act as an effective
WO powoesappr essant and prol ong ani mal survi val PETIUS2006/061004
murine nodel of heart transplantation and a prinmate
nodel of Kkidney transplantation (Changelian, et al.
2003). [0005] Furthernore, aberrant Jak3 activity has
been Iinked to a | eukem c formof cutaneous T-cel
| ynphorma (Sezary's syndrone) and acute |ynphobl astic
| eukema (ALL), the nost common form of chil dhood
cancer. The identification of Jak3 inhibitors has
provi ded the basis for new clinical approaches in
treating | eukem as and | ynphomas (reviewed in Uckun,
et al, 2005). Two dinethoxyquinazoline derivati ves,
I-P131 (JANEX-1) and WH - P154 (JANEX-2), have been
[0004) , Srspesifie, 9rafs asfé\{ee'elﬁ iphibitors CBi 698,530, cltas bggrkehowa to act as an
effecltﬁb' m%&s%&hhom t@l‘giﬁg eliml survwal %99)[1[11‘111@89@1 015l i

has a béen role 1 n nast-cel
transplagtatiereendz prisaig modad aﬁklﬁmraneniwtatwml(@hmmetml s¥W3ks
and serves as a target in indications such as asthma

[0008]d Py ARARGRY! Airsat Jh@%@ﬂﬁyﬁﬂ@ hEdlnked &%&&gﬂég»gﬁ%?

inhibit Jak3 are useful for indications su ‘
cutageouk Ereplhlymphemp (Septryivssndromgiand acute bowpdoblasticdevkemia

(AL]E)r ﬂ@%s@&&nﬂﬁl 1?%{: bpauldm agceelrl The q&e%‘uﬁ%ﬁign %k .lf %ﬁ:brtors

réactions an ["anmat ory di seases” an lsor
has BotideiRle Gisis ToimewNHERI @iﬂ[ﬂ@ﬁh@&} trédting femk eroias hmlehymphmnmi

e formul a H .are .pot
covigd i RERE AR e AR Sl o iy a8V, AT AR
(JANEXW) arld?WRB-P154 (JANEX-2), have been reported to be selective inhibitors of
Jak3 in leukemia cells (Sudbeck et al., 1999).

[0006] Jak3 has also been shown to play a role in mast-cell mediated allergic reactions
and inflammatory diseases and serves as a target in indications such as asthma and

anaphylaxis.

[0007] Therefore, compounds that inhibit Jak3 are useful for indications such as
leukemias and lymphomas, organ and bone marrow transplant rejection, mast cell-

mediated allergic reactions and inflammatory diseases and disorders.

SUMMARY OF THE INVENTION

[0008] It has now been found that compounds of general formula III are potent and
selective inhibitors of Jak3:
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[11 2 WD 2008/ 060301 PCT/ US2006/ 061004 In these
conpounds, Q and @ are independently selected from
WO b@sgewup consi sting of CXI, CX2 and nitrogenPCTMIB2066/061004
Q and @ are not both nitrogen; @ is Nor CH X and
X2 are independently selected fromthe group
consi sting of hydrogen, (d-C6)alkyl, cyano, hal o,
hal o( G - C6) al kyl, hydroxyl, (Cl-C6)al koxy;
hal o( C - C6) al koxy, and nitro; R is selected fromthe
group consisting of hydrogen and (O -C6)alkyl; vy is
zero or aninteger selected from1l, 2 and 3; R2 and R3
are sel ected i ndependently for each occurrence of
(CR2R3) fromthe group consisting of hydrogen and
(Ad-C6)alkyl; R4 is selected froma group consisting
heterocyclyl, aryl, heteroaryl, substituted

f. al kyl
hlﬂ%??VF?xgﬁﬁstituted het erocycl yl, substituted aryl,
Q1 andifs brietintepehdbgtlyesRatky FomAnd bensREALSAER,, TR Thd llﬁﬁo%en

roup sisting of alkyl, heterocyclyl, heterocycly
“wmgﬁﬂgfyé%ga“HWﬂﬁgmﬂHEEQWn (a) one or two CH2 is
Qs id€ptamed by a group chosen from NH and N(al kyl); (b)
one or two CH2 is replaced by O0; (c) one or two CH2 is
X a’i“&& e bdenspdqntiy ylectediifom ity aopy consistingsif Apdidgdny (GHERIKy],

cyan@/ hale; falo@; -4 CE; -a.ot.an rfO'

& ?2‘%%& R R R D A i

Ry 156 ?%é;@ﬁ’@ thasgrpuptasisithemf hydrogirstadi(Gett)alkibsen from

yis ie?goxhaﬁ"iﬁ’t%e‘?s?%&f&ff&‘r}{i £yanp. loweral kyl sul fonyl,
sulfo

| oweral kyT su nyl oxy,” ammo, | oweral kyl am no,
R, angi Rs@veeselertey) firmlap endent byl fhaostigin od onfrencs Wi fORWR,; plid 1 Ghe group

consgﬁgé (?f'ﬂyﬁr%ger? 2{1’}81 (%?jdz)%ﬂ(yl;l ower al koxy;

Ry is selected from a group consisting of alkyl, heterocyclyl, aryl, heteroaryl, substituted
alkyl, substituted heterocyclyl, substituted aryl, substituted heteroaryl; and

Rs is selected from the group consisting of alkyl, heterocyclyl, heterocyclyl, and C;-Cs
alkyl wherein

(a) one or two CH is replaced by a group chosen from NH and N(alkyl);

(b) one or two CHj is replaced by O;

(c) one or two CH; is replaced by (C=0);

(d) two CHL are replaced by CH=CH or C=C; or

(e) any chemically stable combination of (a), (b) (c) and (d);

and wherein from zero to three hydrogens is replaced by a substituent chosen from:

(a) halogen, hydroxy, cyano, loweralkylsulfonyl, loweralkylsulfonyloxy, amino,
loweralkylamino, diloweralkylamino, alkoxyamino, sulfonylamino, acylamino, arylamino,

loweralkoxy;



3 WO 2008/ 060301 PCT/ US2006/ 061004 (b) heterocyclyl
and heterocyclyl substituted with fromone to three
wa@eset3oent s chosen from hal ogen, hydroxy, al RORYS2006/061004
al kyl and al koxycarbonyl; (c) phenyl and phenyl
substituted wwth fromone to three substituents chosen
from hal ogen, hydroxy, al koxy, alkyl, acyl am no,
cyano, carboxy, al koxycarbonyl, hal oal kyl and
het erocyclyl; and (d) heteroaryl and heteroaryl
substituted wwth fromone to three substituents chosen
from hal ogen, hydroxy, al koxy, alkyl and
al koxycarbonyl . [0009] The nenbers of these genera are
useful in inhibiting Jak3 activity and as such are
useful in indications where clinical inmunosuppression
is desired and in the treatnment of hematol ogica

(b) hetgroeraly and hetereeypld sehstitutadavitholrem oa¢ todhieq substifuenyg fpsen

t ' .e the correspondi ng
ﬁomg%ﬁ%g%ﬁgg@?%9&§§§ﬁﬂ§%£?§ﬁ§§g§gggﬁ£ [0010] In another
(c) phenybad phend substitstedivoth frah aneto three pitatitrentechosgefrom halogen,

o hais : | i
nydrGRTRASS PRE s BRS. sFld slnbol BRI E R ol P,
heterbbyclylpanda phar maceutical ly acceptable salt thereof;
d h ticall t abl ier. [0011] .1
@ n3sp R PRERTRCE Rl R PB e Fo b sisBlrenss PRoet P
halogenclidrd)g, #lkehiys siRglembylkorychdonylg a response nedi ated by
Jak3 tyrosine kinase. The nmethod conprises bringing

 nt confact.with Jak3 at J.east ..one und o
r000bl)| e SORKE b these e s Boamih Mt S SRR afl s quppare
useftﬂgﬁfﬁﬁ_ﬁhtidrﬁ ool ouﬁical_eﬂnahmm%)prefssim*s Hen&e@ﬁncﬁﬁmmte@ahm of

the . I,nmune stemlnaSUJec 1.N e t.hereo
hem%‘ﬁgﬁlmfgmaﬁ'ﬁ GPEpQnels aye fuprs gelecd Oéfa?dalm £ hurora &
kinadel EaR RRUKE EdbebponBink @6hpMRAIAIDMALH RE is%%dﬂoigﬁﬁt one

conpound of general fornula Il11. [0013] Ina further

pect of the present invention relates to a pethod
foo1fp; %{‘ PRASRST REPogh tATLE AR Talatey PRI coUMRL e S P Bim an
compikirdl 4 AMREuEt 3§ RHRctivd Rmolht ARLP bile SnfRASES @néFEiSthrmula
cell nedi ated di sease, hematol ogi cal malignancy and
I, ggragmrniaeaitisplihaaseenteletttithrieafiand agimraeputically acceptable

carrier.

[0011] In another aspect, the invention relates to a method for treating a disease by
altering a response mediated by Jak3 tyrosine kinase. The method comprises bringing into

contact with Jak3 at least one compound of general formula III.

[0012] In yet another aspect the present invention relates to a method of suppressing the
immune system in a subject in need thereof comprising administering to the subject a

therapeutically effective amount of at least one compound of general formula IIL

[0013] Ina further aspect of the present invention relates to a method for treating a
disease or disorder selected from an autoimmune disease, an inflammatory disease, a mast
cell mediated disease, hematological malignancy and organ transplant rejection in a subject
in need thereof comprising administering to a subject a therapeutically effective amount of

at least one compound of general formula IIL

4



in need thereof conprising adm nistering to a subject
a therapeutically effective anobunt of at |east one
woanpmdead1 of general forrmula I11. 4 WO 2008/ 068801IS2006/061004
PCT/ US2006/ 061004 [0014] Suppression of immune system
activity is desirable for preventing or treating
tissue or organ rejection follow ng transplant surgery
and for preventing and treating diseases and
di sorders arising fromaberrant activity of the inmune
system in particular autoinmmune disorders and
di seases. Exenpl ary aut oi nmune di sorders include graft
versus host di sease (GVHD), insulin- dependent

bet es , Hashinoto's thyroiditis an
00141y mm@?@imu%eﬁﬁ% RRAin A A pre e of Seting

tissue &h(grgiﬁ fejdfibh Y(ﬁlo%@fr ?ﬁmt S8y’ aﬁd £gH ;ﬁ@\%ﬁﬁng HhERERIEY e

col |t|s rheunmat o' d hritis, " nmul tlp e sclerosis,
diseasesyagrd émocdemmg %@mtahem astirty qfghe i mamume system, in particular

. scl eroderrna n sth a gr.avi s
outoinBjeE L FAer D s B ECrmTAey R SRR i ot versus
host difé28¥ EGVHTY, MR int-dephddif diaBiteC eSS TR HhsHin®A6'¢l fHySoiditis and
related to mast cell-nediated aIIerglc reactions and
Graves' fispaspriernipious angmin, Addisasr'sisnasmjchroniaqotive hepatitls, Crohn’s
g . ors
diseasd, MELGiv PP, AR ARt A0 SR el P
erythedmSE, Bﬁﬂr&is,@élefbd&ﬂnwwy@ﬂhérﬁﬁgﬂmmr oughout this
specification the substituents are defined when

oduced retain.their definjtions. 9018 In.a
0015}, Tk Sorrand P51b° PrOERvARtip A sl i R Fe B8 da8 i ing
dlseasé(srﬂnﬂﬂﬁ‘%% E@léﬂ&f‘t%%nﬂ@&élﬂﬁledﬁ?é&%ﬁ@(lgléﬁﬁmaﬁd Inflafnat B,

R3)y NNO
such as keratoconjuctivitis sicca.

[0016] Other indications in which the Jak3 inhibitors are useful include leukemias and
lymphomas.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Throughout this specification the substituents are defined when introduced and

retain their definitions.

[0018] Ina first aspect the invention relates to purinones and imidazopyridinones having

general formula III:
Ra

(CRst)y

>:

Rs

III
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[0019] The nenbers of the genus |1l nmay be
woams@aient | y di vided i nto subgenera based onPCIAIS2006/061004

values of Q Wen Q is nitrogen and 2 is carbon, a
subgenus of purinones and iinidazo[4,5-b]pyridi nones
havi ng an attached i m dazo[ 4, 5-c] pyridine arises. Wen
Q is <carbon and @ is nitrogen, a subgenus of
purinones and i m dazo[ 4, 5- b] pyri di nones havi ng an
attached i m dazo[ 5, 4-c]pyridine arises. Wen Qand
are both carbon, a subgenus of purinones and
i m dazo[ 4, 5-b] pyri di nones having an attached

0019]beTEd MitMBaRLE 1R gele VIR TN 1 MY YA o]

B e e opt bfgaeéiﬁs?%fm %é’.e%v@g ewnin%g&idgwﬁ%{]r“lgbseur%e’gm based

onthe ¥3lpefetfi@ Bfhengris nitregen EhQniy carboa; 4 abigenls of purinones and

AT 4. 5- i di i m.d , 4- yridi}
i1 S50 S GBA9A P B 0o 1
carbon ahd iQziighaizropeh, 2-sbbganid f fRRRSes J?ﬁ‘ihﬂ&zﬁgiy?-?)ﬁ@ﬁfgpes having

i.m dazo[ 4, 5-c] pyridine, indazo[5, 4-c]
an a“a‘ﬁ’sﬁmﬁaa%l?é}-%l]r’mmg agses TRéhentQuand (b es: Infth tirbsr, a subgenus of

i AR5 45 ORI o o ik T .
genus cxpldemdatibe divided on the basis of Q;. When Q; is nitrogen, a subgenus of
purinones having an attached imidazo[4, 5-c]pyridine, imidazo[5,4-c]pyridine or
benzimidazole arises. When Qs is carbon, a subgenus of imidazo[4,5-b]pyridinones
having an attached imidazo[4,5-c]pyridine, imidazo[5,4-c]pyridine or benzimidazole

arises. The structures of these subgenera are shown below:

/e ;
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WOCHsWs20D6/ 061004 / R4 /| R4 N~--~ (CR2R3) Y NP(CORRERBHNG61004

NNN ~NNo~0 NI NXILR5 X~R-R X2 X2

[0020] In certain enbodi nents, X1 and X2 are sel ected

from hydrogen, cyano, chloro, fluoro,

trifluoronmethyl, trifluoronethoxy and nmethyl; in other

enbodi ments R is H In one subdivision, y is zero;

in another y is 1 or 2 and R2 and R3 are hydrogen or

nmet hyl . Exanpl es of R4 include: cycl opentyl,

cycl ohexyl, piperidine, oxepane, benzoxepane,

di hydrocycl opent apyri dj ne, phenyl, benzyl, tetraling

i ndane, tetrahydropygaﬁ, t et rahydr opyr an, 4

t et,Lahydr oi ndol e, igcBNOl i ne, _— (CRaRg)y

t ey r ahydr oi spqui nol4 ne, quinolin

¢ UT-06Ul NS

noxal i
1

te rahydroquk
[0020] In certain embodiments, X; and X; are selected from hydrogen, cyano, chloro,
fluoro, trifluoromethyl, trifluoromethoxy and methyl; in other embodiments R; is H. In
one subdivision, y is zero; in another y is 1 or 2 and Ry and R3 are hydrogen or methyl.
Examples of R4 include: cyclopentyl, cyclohexyl, piperidine, oxepane, benzoxepane,
dihydrocyclopentapyridine, phenyl, benzyl, tetralin, indane, tetrahydropyran,
tetrahydrofuran, tetrahydroindole, isoquinoline, tetrahydroisoquinoline, quinoline,
tetrahydroquinoline, chroman, pyridine, pyrimidine, pyrazine, dihydropyran,
dihydrobenzofuran, tetrahydrobenzofuran, tetrahydrobenzothiophene, furan,
dihydropyrano[2,3-bJpyridine (see example below), tetrahydroquinoxaline,
tetrahydrothiopyran (thiane), thiochroman (dihydrobenzothiin) or any of the foregoing
rings carrying from 1-3 additional substituents, such as halogen, methyl, methoxy,
trifluoromethyl, cyano, hydroxy, oxo, oxide and acetyl. Additional examples in which R4
is alkyl or substituted alkyl include subgenera in which Ry is oxaalkyl (alkoxyalkyl).

[0021] In certain embodiments of genus ITI, y is 1 or 2; R, and R3 are hydrogen or
methyl and Ry is phenyl, quinoline, pyridine, pyrazine or substituted phenyl, quinoline,
pyridine or pyrazine. In other embodiments of genus III, y is zero and Ry is cyclopentyl,
cyclohexyl, phenyl, indane, piperidine, oxepane, benzoxepane, dihydrocyclopentapyridine,
tetralin, tetrahydropyran, tetrahydrofuran, tetrahydroindole, isoquinoline,
tetrahydroisoquinoline, quinoline, tetrahydroquinoline, chroman, pyridine, pyrimidine,
dihydropyran, dihydrobenzofuran, tetrahydrobenzofuran, tetrahydrobenzothiophene, furan,
dihydropyrano[2,3-b]pyridine, tetrahydroquinoxaline, tetrahydrothiopyran (thiane),



t et rahydr ot hi opyran (thiane), thiochroman

(di hydr obenzot hiin) or any of the foregoing rings
woanesyiceay1f rom 1- 3 addi tional substituents, sueOTAS$2006/061004

hal ogen, nethyl, methoxy, trifluoronethyl, cyano,

hydr oxy, oxo, oxide and acetyl. Additional exanples in

which R4 is alkyl or substituted al kyl include

subgenera in which R4 is oxaal kyl (al koxyal kyl).

[0021] In certain enbodi ments of genus I1l, y is 1 or

2; R2 and R3 are hydrogen or nethyl and R4 is phenyl,

gui nol i ne, pyridine, pyrazine or substituted phenyl,

qui noline, pyridine or pyrazine. In other enbodi nents

thiochrg)fi}’baggﬁgnil%lolbl ?ﬁ?ﬁ'ﬁlﬁ?ﬁ 5 rl@gﬁ@?ﬁ%ﬂ’&&? ytﬁelepoee nté%%w(g In further
embodBBEROX ﬁ%ercﬁérfdM@Lrl@ §316HEPRBIARN¥Iohky) CoxephtR] {etalif), indane,
t et rahydr ran, tetrahydpégyran tetrahydr0|ndole

dlhydrp%mwmpyr e, teteahydieprasi deenuinpdineqeinempme,

iyt SN SO ROEon B B U SRR T
tetrah},ﬂﬁiquﬁmytdrn&b emmﬂﬂioﬁﬂhmtbstrtﬁwﬂaﬁlth hydroxy, oxo, or halo gen or by
rano[2 b]pyr|d| tetrahydrqu|noxaI

is 1 °rtdzet zéﬂ§ (9r frieih  lScHIdEM B0 ), Pyridite and
pwuﬁﬂé&wgﬁélgﬁé%%utefu%@nmﬂ&g@gr egbﬂﬁq{?& %5& PQ) or

a substituted rin urt her
tetrahydndpydinadyl, §-h3(ch<)xyycy¢lehezgi d—wo@y&dhe:gfl,wbmt-wl, fthomman-4-yl;

3 A~ FRap Bdlend LD g iy Biindee P gidoyl gad their fluoro

substitit@H comuepadsli R abpdass thﬁf‘ hIHSRABh bofl Mﬂﬁ&ﬁ@r@ &R:f #¢ti@€), compounds
t et rahydr obenzof ur an, d|h droggrano [ 2, 3- pyrldlne and

in whighsthe &m;ban ohfhphdrashroman is skt P@ﬁ‘wuraymgmg@ hugh@rezwtency
Certa%%tﬂ&zgrgé&ﬁ% s%b PifRera B V‘Jﬂ%lh&qg Pe 3{:&; e (Iies rlb ebcyi% ; om

gen or 'S se

represqaimﬁ{a,yllm“plycrhmige and pyrazine, each opti onal I y
substituted with hal ogen. Wien y is zero, R4 may be

t et rahydr opyran-4-yl, 9
4- oxocycl ohexyl, oxep
-1

3, 4- dlhydronaphthwéa ;o 2, 3- dlhydr0|nden-
1 -on-4-yl and t hei¥2p1 uor g it ut ed counterparts.
It appears that, althdugh”boths#rfanti oners are active,

compounds in which thej|carbon at 4 ofthe chroman is
of the (R) configuration have higher potency. Certain
of the foregoi ng subg a2 in whichy is zero may al so
be descri bed by a

[0022] According to this representation, W is CHp, C=O or O; pis 1,2or3;and Aisa
six-membered heteroaromatic ring containing 1 or 2 nitrogens or a benzene ring optionally
substituted with one or two fluorines. The wavy line denotes the point of attachment to the
purinone. Compounds in which the carbon marked with an asterisk

W,

(CHakp



representation in which R4 is W (CH2)p | ~rv~nr~
[ 0022] According to this representation, Wis CH2, C=0
wonro@oemsois 1, 2 or 3; and Ais a six-nmenber edCT/US2006/061004
het eroaromatic ring containing 1 or 2 nitrogens or a
benzene ring optionally substituted with one or two
fluorines. The wavy |ine denotes the point of
attachnment to the purinone. Conpounds in which the
carbon marked with an asterisk (CH2)p I A 8 WO
2008/ 060301 PCT/ US2006/ 061004 is of the (R
configuration appear to be nore potent than their
corresponding (S) enantioners. O her enbodi nents

s ot A8 SRR et Bt o il 65 =
enantiofRisODRck RboRRMY incladé bethpouady In whidh vy 1 add Ra 3- selected

i%oozsg In certain enbodi nents of genus I11], Xl and X%
from diflnerophany tiweranhenylhshlersghenyl chlpspfiuorephegylh pyidigo}-3l

azint-i-iil uoronet hyl, trifluoronethoxy and methyl. In
PYrazile¥Y ower  enbodi ments, Xl is selected from hydr ogen,
cyano and fluoro; @ and Q2 are CXI @B is N and R is
H. In some enbodinents, y is zero and R4 is sel ected

fromcycl ohexyl, tetrali in e, oxepa
[0023] 15 e 56 SEGBHR e AL. X Sy SyaFom hydrogen
OfH} LiAGL triffIdE QA& Ro xyUdANHEBPE A Qa6 R Br
eyano, %@%’fﬁﬂ%&é%‘%‘%ﬁ%@%t di h{r/dr opyrano[ 2, B?E] pyridi ne and
embodinemtsaKy ik stpeteddkeh hpérogen ehianvpnid fhiird:fisanddd are Ced: Qs s N

i £h_hyd . hal | t.h [
and Ry f 11 o enipoditiiecy s g bt RS o bpn el ath.
indane S8lefite £8ink 8106V c1OR@RyridpY | tettiliarpigarp yotahidrequiaalide,
optional |y substituted w th hal ggen. [0024’% I.n c(?rtal({w
chromasydibsidnobenzefurms tptsahydrabsnzetiegn, epyrapql 23 ]Ryridine an

o TR, AR B S, e
embodiien PisKlydr)2, RharieRy s hgdregerasranathgloand . ds selebtediram
phenyl,a gy%iadlirheyzlﬁd péfrnaz?t;(e? rgza.TJclheop%fonasnlijycsrl]lbsatl:r]tul:ed with halogen.

[0024] In certain embodiments, Rs is C1-Cs alkyl wherein certain replacements and
substitutions have been made. In one embodiment, (a), one or two CH; may be replaced
by NH or N(alkyl). These residues are also referred to as azaalkyl. An example of such an
R is -CH,CH,CH,N(CH3)CH,CN, which may be considered 5-cyanopentane in which
one CH; has been replaced by N(CH3). In one embodiment, (b), one or two CH, may be
replaced by O. These residues are also referred to as oxaalkyl. In one embodiment, (c),

one or two CH, may be replaced by (C=0). An example of such an Rs is

o N—<‘
\—/ 0 , which may be considered a 2-(4-morpholinyl)ethyl in which
one CH, has been replaced by C=0. In one embodiment,(d), two CH, are replaced by

CH=CH or C=C. An example of such an Rs is 3-methylbut-2-ene- 1-yl
[-CH,CH=C(CHz),]. A further embodiment includes (e), any chemically stable



R5 is - CH2CH2CH2N( CH3) CH2CN, whi ch may be consi der ed
5-cyanopentane in which one CH2 has been replaced by
wOole@igd)r030kn one enbodi ment, (b), one or two CHRPCTAR2(96/061004
repl aced by O These residues are also referred to as
oxaal kyl . In one enbodi nent, (c), one or two CH2 may
be replaced by (C=O. An exanple of such an R5 is 0 \
ON o, which nay be considered a
2-(4-norpholinyl)ethyl in which one CH2 has been
repl aced by C=O In one enbodi nent, (d), two CH2 are
replaced by CH=CH or C=C. An exanple of such an R5 is
3-met hyl but - 2-ene-1-yl  [-CH2CH=C(CH3) 2] . A further

combisghiaPbAps0) (LG IO IBRIR “EBMBRAE i on of (2). (b)
—CHzc%%{@gC(%C}ﬁ@l\?m &ag\;])e SoMaeRdl dReydndhexane in which one

h may be consi dered

CH; ha@ begmrepheschhe ot Cips e retaced by C6h | Heedarmy NH

bl A H- 05 PR OISR Y TP B,
encompzfssé‘d@o’n?obﬁdsﬁh@t BEe B Balatedrahd phflﬁecﬁﬁmblﬁmﬁeiﬂﬁﬁdo not
conmpounds that may be isolated and purified and that

measur@bkyrﬁ@rw%owat phmga%lmfymoﬁ@elewo%@@t@p opHY &9 81 HERcHch that
>99% R:S%alogﬁ AR GRYRo % Hﬁ'l'bféﬂ’t 1}%{‘1189[91&9 %{) alPoftAle &H&Buﬁ&aﬁom
> a

remal ns after one Il ent tenperatureée
zero toahtee hfydiogasemspbprpinisd by a substimeniochosert fivme hydr ogens
may be replaced by a substituent chosen from (a)
r al

hal hyd k |,
@ et B Sk R RSP o e
loweralliyl M6 2diloxd ATk Qmird, m&yﬁﬁﬁlﬁ@asuﬁbhﬂc’lﬁtﬁmoamylﬁnmo arylamino,
acylan1no arylam no, Iomeralkoxy, (b) ﬁeterocyclyl

b“wﬁ@ﬁﬁYheterocyclyl substituted with fromone to three
substituents chosen from hal ogen, hydroxy, al koxy,

(b) hetgllgng{l}'ltaa& glg{e\%)(%%ﬁ? E&%ﬂ%&ed \(fﬁ’ﬂ {:ﬁﬁ%ﬁé‘ to PH %Lh) ents chosen

rom one ree substl chosen
from hhlogen, hgtiogenalkoxy, alkyl and alkoxycarbonyl,

(c) phenyl and phenyl substituted with from one to three substituents chosen from halogen,
hydroxy, alkoxy, alkyl, acylamino, cyano, carboxy, alkoxycarbonyl, haloalkyl and
heterocyclyl.

[0025] Some examples of the aforementioned substituents for C;-Cs alkyl include but are

not limited to:

10



hydr oxy, al koxy, al kyl, acylam no, cyano, carboxy,

al koxycarbonyl, hal oal kyl and heterocyclyl. [00251
waanws/oescanpl es of the af orenmenti oned substit ueRCE/US206/061004

G -C6 al kyl include but are not limted to: 10 WO

2008/ 060301 PCT/ US2006/ 061004 O Il F C OCH3 /NO O

H>>> 0OONONCH3 ""KN-- NI H3 O"L. HHH O

NoOO 2, HII~) N O>>> 000w ON NH"i..
H

O

w

g s % o ;\o/ | >ems JSS N TN
o O > H >

»
“
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> > > 11 WD 2008/ 060301 PCT/ US2006/ 061004 0 OH OO
NN OH[0026] In certain enbodinents of genus 111, Q
WO0BX030(2 is CX2, XI is hydrogen, X2 is a PCT/US2006/061004
substituent at the 6 position of the benzi m dazol e,
and X2 is chosen from hydrogen, fluoro and cyano.
[0027] Al of the conmpounds falling within the
foregoi ng parent genera and their subgenera are
useful as Jak3 inhibitors. Definitions [0028] For
conveni ence and clarity certain terns enployed in the
specification, exanples and clains are described
herein. [0029] A kyl is intended to include |inear,
branched, or cyclic hydrocaern strgﬁgures and
ceyrbi nati ons thereof Lo a ers to al kyl

gnoups of from1l to 6 ca Exanpl es of | ower
allkyl groups incl ude net
I nd t- but
%1L hose_of

propyl, isopropyl,
he |ike. Preferred al kyl

group bl ow; re preferred are
cl - oal subsg¢t of al kyl and
i ncl udes cyclic hydr ocar bon of from3 to 8

carbon atons. Exanpl es of cycl oalkyl groups include
cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl,

[0026]" OIIP&HM en%Hdlnthﬁs Bf é&us f[ﬁoéle &, '@ @%z,hxffsq{gyraﬁg@& >§Z is

i ncl udes al kyl, cycl oal kyl, al kenyl , kyny an
a substgtuedi a thei coprssitidnerfdlod bedzamidhznde, iand Xa d%clmsqnﬁvm;hydrogen,
ﬂumn%xglohexylnethyl canphoryl and naphthylethyl. 12

cyano
[0027] All of the compounds falling within the foregoing parent genera and their
subgenera are useful as Jak3 inhibitors.

Definitions

[0028] For convenience and clarity certain terms employed in the specification,

examples and claims are described herein.

[0029] Alkylis intended to include linear, branched, or cyclic hydrocarbon structures
and combinations thereof. Lower alkyl refers to alkyl groups of from 1 to 6 carbon atoms.
Examples of lower alkyl groups include methyl, ethyl, propyl, isopropyl, butyl, s-and t-
butyl and the like. Preferred alkyl groups are those of Cy or below; more preferred are C;-
Cgalkyl. Cycloalkyl is a subset of alkyl and includes cyclic hydrocarbon groups of from 3
to 8 carbon atoms. Examples of cycloalkyl groups include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, norbornyl and the like.

[0030] C, to Cy hydrocarbon includes alkyl, cycloalkyl, alkenyl, alkynyl, aryl and
combinations thereof. Examples include phenethyl, cyclohexylmethyl, camphoryl and
naphthylethyl.

12



WD 2008/ 060301 PCT/ US2006/ 061004 [0031] Al koxy or
al koxyl refers to groups of from1l to 8 carbon atons
wofhom/se30ai ght, branched, cyclic confi gurati oRCENE2006/061004
conbi nations thereof attached to the parent structure
t hrough an oxygen. Exanpl es include mnethoxy, ethoxy,
propoxy, -isopropoxy, cyclopropyloxy, cycl ohexyl oxy
and the like. Lower-al koxy refers to groups contai ning
one to four carbons. The term oxaal kyl is intended as
it is understood in the art [see Nam ng and | ndexing
of Chem cal Substances for Chem cal Abstracts,
publ i shed by the Anmerican Chem cal Society, 196, but

L+ hout the re iction of .127( , d.e. it refers to
100311 ARASY RS GRS s B B2 | © Ssmbringiomy of uf g
branchR@ S chi®cdriffzufiond a8 torRbRAEo s tRErBd MidtaclRIdRS thPIR Jstrubtire
does not refer to doubly bonded oxygen, as woul d be

through@n naygen &aqamlﬁ,slmclvgdedngboxs[ etezy, memxy; eﬁmom
c:yclopgorpglijogﬁe cPICl%h)?c lo%y tax?d %FIC%{IF%P}W%% Qﬂ]{gg? refers ér%h@éomairﬁng

one to fbrhrboas. eIdledéiﬁh &Ea@tk@l {sGnt@Adkdcaribis ﬁlﬁﬁér@lﬂﬁd e aed [see

attached to the parent structure through a carbon %
L . n 1 S b LL’.:! 8S _\’/ h!t.‘.x. !.L" .i‘ Db @y IlShed ythe

Amerlgcﬂ@()cﬁ-:gy JE% %ﬁg?nﬁéfuﬂh fe8¥fctlon ]%q(hag'i S bdrsk to

ong as t I it attachnent to rent
compuuadmmnmleit ﬂiahﬁygﬁf isd)myded ix a ik eshoind ¢ msnlaadja@at gztloms (forming

cther 3AD A ARGEIT B donblyTRBd R e n i oAU Toag 81 byl

groupdr oups contalnlng one to four carbons. [0033] Ary
and heteroaryl nean a 5- or 6-nmenbered aromatic or

het er oaromati c rin%r cont ai ni ng 0-3 heteroat ons
[0032) elAetzltre&rs focgrpeps afirosy 1 &) 8 gabpe glomscofg-strgights hranshisk cuelic
natl het omat i ¢
conﬁgP arion, sau zﬁed, zﬁﬁli%?eg agg ato ’t &%dg:)éﬁ%gﬁ%g‘%@te?f %&%%eﬁ to
the pax%ﬁt stﬁrctul:élﬂﬂargter @iﬂb(ﬁfybﬂﬁtbﬁ@na@n‘,y hehesombRatbods in thg acyl

stemcontaining 0- 3 heteroatons_selected . fromO0O, N,
residug foag be Teplacsfl GHENT RSB SN AT FHMES kas atsrojrtiof @ttachment to

the pafehﬂ%ﬁlahﬂ%lt H%ecqlﬁmgl E%&Qﬁctﬂ@éﬂa&%ﬁ hﬁe‘ﬁ?{; ggrgpi%ﬂ?]éf or

€ purposes o nt 1 nvention ties

isobutgyd h—bﬂﬁ)xy&trbaiw,cbennyipmdaﬁioaybal(dtthé tiké.i hywermatyhefantb groups
fl uorine ich one or nore rings are aronatic,

°°nta%$oﬂ%t°f8lutcﬂ YY- be. The 5- to 10-nmenbered aromatic

[0033] Aryl and heteroaryl mean a 5- or 6-membered aromatic or heteroaromatic ring
containing 0-3 heteroatoms selected from O, N, or 8; a bicyclic 9- or 10-membered
aromatic or heteroaromatic ring system containing 0-3 heteroatoms selected from O, N, or
8; or atricyclic 13- or 14-membered aromatic or heteroaromatic ring system containing 0-
3 heteroatoms selected from O, N, or S. The aromatic 6- to 14-membered carbocyclic
rings include, e.g., benzene and naphthalene, and for the purposes of the present invention,
fused moieties such as tetrahydronaphthalene (tetralin), indane and fluorine, in which one
or more rings are aromatic, but not all need be. The 5- to 10-membered aromatic
heterocyclic rings include, e.g., imidazole, pyridine, indole, thiophene, benzopyranone,
thiazole, furan, benzimidazole, quinoline, isoquinoline, quinoxaline, pyrimidine, pyrazine,

tetrazole and pyrazole.
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heterocyclic rings include, e.g., imdazole, pyridine,
i ndol e, thiophene, benzopyranone, thiazole, furan,

woenwiogdxazol e, qui nol i ne, isoquinoline, qui noRATIUS2I06/061004
pyri m di ne, pyrazine, tetrazole and pyrazole. 13 WO
2008/ 060301 PCT/ US2006/ 061004 [0034] Aryl al kyl refers
to a substituent in which an aryl residue is attached
to the parent structure through al kyl. Exanples are
benzyl, phenethyl and the |ike. Heteroarylal kyl refers
to a substituent in which a heteroaryl residue is
attached to the parent structure through al kyl.
Exanpl es include, e.g., pyridinylnethyl,

pyr.i ni di ethyl and the |ike. 0035] Heteraqc
oo, Aril e Y ettt iy Gt s efipeid o g et
structrSt&iZhaBed. B¥amgled %e%eﬁ@l%]ﬂeﬁah?%xﬁ%é G4 HELrodFAMRy1
consisting of N,”O0 and S. e nitrogen and sul fur
refers tpet wibgttuentan whichopheternanyl sesidue sy tidrhaddo thepasentstructure

ont exts ther. t.han the.present) the..ter .
trouh AT ok Sunts s ey eFigPLARRRYY sVHBihE it et i
for the purpose of this application, heterocycle is a
[OOSSWHeraih@dle hfdaak laeyabgkﬁlriﬂ gldgaﬁﬁmtonb mﬂmbecalkmhe rimg;abed by
en et er oar IS intepded, it is expressly na
a hetenpgioelestedtthoa ths YR Fsisting PElcO P ofiediggen and sulfur
. . tat i .
oAU Bl A AU T B U
term heteodcycle npyderiateipryied t@inoludp hpteroazylnfor the purpose of this

ot BB ST o K o RISl hen

heterohil RZLhAEINNlis expiiéts Rufaled] NY*amp1&! d a6 SLIE Yotude
tetrahydropyranyl, thianorpholinyl,

pyrro Hdmoamme,me;tekﬂwérotgw@ andi therbke hexdnmlessef egayecyclyl

.. A njtrogenous heterocycle is.a heteracycle. tai ging
residugy A 0BTy TR PSP T Ry ¢ O iRt 7o
pyrrolRESL4-pipatidifl L ppeesisdinylasxavslidindls isokd¥elidingl, ehiaailidisl,

. [0036] Substituted al kyl, arylh cycl oal kyl ,
quinugiidinyil detgahygrofunyb ez ahalapyenyl. thiapembelindd] ky| | aryl

N . L C . e
thian Y B0l il SR R b Rl L SRR on bRy £
heterobpdlog@itaining lad Rhktyine nityeen xrythelrimgeit abdyaoytain additional nitrogens,
hydr x&%gmeralkyl, carboxy, carboal koxy (al so
as welf gy othorehetareate®sa| koxycar bonyl ), car boxani do (al so
referred to as

[0036] Substituted alkyl, aryl, cycloalkyl, heterocyclyl, heteroaryl etc. refer to alkyl, aryl,

cycloalkyl, heterocyclyl, or heteroaryl wherein up to three H atoms in each residue are
replaced with halogen, haloalkyl, hydroxy, loweralkoxy, hydroxyloweralkyl, carboxy,
carboalkoxy (also referred to as alkoxycarbonyl), carboxamido (also referred to as
alkylaminocarbonyl), heterocyclylcarbonyl, cyano, carbonyl, nitro, amino, alkylamino,
dialkylamino, loweralkoxyamino, arylaminocarbonyl, mercapto, alkylthio, sulfoxide,
sulfoxide amino, sulfone, acylamino, amidino, alkenyl, cycloalkyl, phenyl, substituted
phenyl, benzyl, substituted benzyl, heteroaryl, phenoxy, benzenesulfonyl, benzyloxy, or
heteroaryloxy. When the parent is a heterocycle that allows such substitution, the term
also includes oxides, for example pyridine-N-oxide, thiopyran sulfoxide and thiopyran-

S,S-dioxide. As mentioned above, two hydrogens on a single carbon may be replaced by a
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al kyl am nocar bonyl ), heterocyclyl carbonyl, cyano,
carbonyl, nitro, am no, al kylam no, dial kyl am no,
woOawsriaddooxyam no, aryl am nocarbonyl, ner capt oPCT/US2006/061004
al kyl t hi o, sul foxide, sulfoxide am no, sulfone,
acyl ammo, am di no, al kenyl, cycloal kyl, phenyl,
substituted phenyl, benzyl, substituted benzyl,
het eroaryl, phenoxy, benzenesul fonyl, benzyl oxy, or
het eroaryl oxy. Wien the parent is a heterocycle that
al  ows such substitution, the term also includes
oxi des, for exanple pyridine-N oxide, thiopyran
sul f oxi de and thi opyran- S, S-di oxi de. As nenti oned

apove, two hydrogens_op a single carbo be .
carbon 3y im0 HeroRtnds DOBSUBY 301 SHEHHRO UL B s nelude
tetraloﬁ@{j}ﬂﬂﬂl&d{oﬁaﬂlﬁﬁﬂ%@mgﬂﬁ%&?Eﬂd/ RHAnRe éﬁ@%&iﬂ&en— 1-one).

ox0-subStituted aryl residues include téetralone

(3, 4-di hydronapht hal en-. 1(2H) -one) and i ndanone
[0037]( 2The Wiy thadtgeteand “hefed)refer fofaineTellonine hroming op insipe.

and "halo" refer to fluorine, chlorine, bromne or

e 0 :
fouss} 2SbiaE ot A0 dRbu Waibol HEreRORP L R8 BF kEE asdii Rl
centerd dndsmay thes piveeist o enatibmenpdiasterdbmstsparelortherssteragisbmeric

ther stereoisoneric _forns that may be define i
forms that gy B 4 prternay &%&@H@ﬂ%ﬁ%m&gﬂﬁ)&)bw %é;; he

present MReRiRSIE Meahtty SR SIcHBERIbIE RohRR! MoGeRbd, tRiCRAcemic
possi bl e isoners, as well as, their racem c "and

and optipallycaire §orpisr Opticalisacti@p (Rl @il ¥S)hdsomees iy be aregaredpsing

et A S B SE g F RapGRy he o

compduf SN As iRl he¥die Borithig olTRIPASUHISbAIRIS OF bideflcdiedre bNgeometric
contain ol efm c_doubl e bonds or other centers of

asymmgénynand-yrdess spepifiast othervase it ihintanded that theicempeundsipglyde both
bt is jnt. .th ' , d

. ana g SRS, 30 0, GRS 5 Bkl

includéd. ha ksafigutitésnctddny cailben-chiboh ddable béhdkapeafing herain ioselected

of any carbon-carbon doubl e bond appearing_herein js
for conyenicageenly pad isawh iended txdesigngt Qg sonfigraton dhysy

e e S iR AT Bt sl B B B op amisture of
the twan anygmepartignbe Z, E or a m xture of the two in any
proportion. [0039] The graphic representations of
[0039]r acﬁlrgi gcr:aph?cn;%ipfc’ecs:earltgtﬁgncs: o?pa%eégc? la&a%ilsgalgrrnic and scalemic or
enantiomerically pure compounds used herein are taken from Maghr J. Chem. Ed. 62, 114-
120 (1985): solid and broken wedges are used to denote the absolute configuration of a
chiral element;, wavy lines indicate disavowal of any stereochemical implication which the
bond it represents could generate; solid and broken bold lines are geometric descriptors
indicating the relative configuration shown but denoting racemic character; and wedge
outlines and dotted or broken lines denote enantiomerically pure compounds of

indeterminate absolute configuration.

[0040] It will be recognized that the compounds of this invention can exist in
radiolabeled form, i.e., the compounds may contain one or more atoms containing an
atomic mass or mass number different from the atomic mass or mass number usually found
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enantionerically pure conpounds used herein are taken
from Maehr J. Chem Ed. 62, 114- 120 (1985): solid and
wonraals@maoamedges are used to denote the absol ut ePCT/US2006/061004
configuration of a chiral elenment; wavy |ines
i ndi cate di savowal of any stereochem cal inplication
which the bond it represents could generate; solid
and broken bold |ines are geonetric descriptors
indicating the relative configuration shown but
denoting racem c character; and wedge outlines and
dotted or broken |lines denote enantionerically pure
conmpounds of indeterm nate absol ute configuration.

) 004Q] .1 il L, be recogpi zed that t [of0) nds of,t.hi.

in natufe, Kbt lonih Al Iiaden (b GratPlaaRi oG e ablfdiRe

includ CHTPRY s ¥Ry and & rﬁg&tﬂmyn@aﬁlpaﬁmnﬁ%ﬁﬁmg@ an
atom ¢ nass or nmass nunber different fromthe atomc

radioisgiepss and/aremsler mdivieptopesiaflother plomsdira withip the sBwe 66 dos
inventiEg.T Jﬁ‘ﬂ%@a{’ ?é.g’?—% %%(f' carhgn-qfi‘ Lur a“C,'??%'o%bt%ﬁés?ﬁg E)fug{cularly

ydrogen, phosplioiGus, uor | rrne’and

preferrb® €irfikeir ¢43€ iniptepathtionl44d detxtabilitl., Rafidldbalaiticokdolinds of this
respectively. Conpounds that contain those

inventipp grgstaiyels rapRArest byompigpdy wall knawe bptbesekilladyp the art.
Convefe i SR Fratloh ity PR RGATaf b Plpatel 0 el ou he
procedneidiscbstbipabe Examplas by sulistituting apeahigravaithblloradidiioted
reagent D BRRARSROTR E-ASri, St wsh o 08 MATANY (Probe prKE aree
active %Yoe, %&Med’@rﬁpdﬁﬁ@é’\ﬁf th@irtvBRG &K ubdmaidhol MAkB %ss%gi. .

nveni ently, such radi ol abel ed conpounds can
prepared by carrying out the rocedures disclosed in
[0041]t hin quegmblodinasy, é«mgthﬁwmewg- etespedicloy thaj appegs irpthe

IO el nt . for n- ' . ent .
examp KT A BN ER Ef b FRRRE i o P PSSR A0
hetero@lds éBbssituited withdne batval abstintipeu WherD§ isht zenophdteroaryl is a

usefuyl for JAK3 assays. ,[0041] In one enbodi nent,

prefen% gw@efaofﬁv@%eé?fdeiyé fr Rk tsmanlony ndleo gengys hebyeayclesringipge

. . ﬁ)ﬁ? . 0. . Lcvel v . %| es or
pper: rmﬁgg‘l )}c ?’j; anc ?%@H c %ﬂg?@l?:o%%({lglghg%ﬁﬂﬁq%i ed with
tetrahydnejuitolihsydetsattydtditadrinotine, all eheinyvarousiptulatitded derivatives,

heteroaryl is a preferred subset of heterocyclyl for
suchafq  Exenpl ary nitrogenous heterocycl es incl ude

OO0 00
ag/][:j I) EJC”( i{O o
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pi peridine, pyridine, pyrazine, pyrimdine, pyridine,

gui nol i ne, isoquinoline, tetrahydroquinoline,
woOebwsaagat oi soqui nol i ne, and their variously PCT/US2006/061004

substituted derivatives, such as N NI NOC N °

CH3 I I'I b N~)~ "'/ Nor 16 W 2008/060301

PCT/ US2006/ 061004 ) JJ&9H&9s&91 N and H [00421 An

oxygenous heterocycle is a heterocycl e containing at

| east one oxygen in the ring; it may contain

addi ti onal oxygens, as well as other heteroatons.

Exenpl ary oxygenous heterocycl es include

t et rahydropyran, chroman and their variously

substituted derivatiyes, such as:

[ 004 Terim no
ing"gi

N
and H

[0042] An oxygenous heterocycle is a heterocycle containing at least one oxygen in the
ring; it may contain additional oxygens, as well as other heteroatoms. Exemplary
oxygenous heterocycles include tetrahydropyran, chroman and their variously substituted

derivatives, such as:

T,
T,
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functionalities occurs throughout this application.
Such termnology is well understood by persons of
wekodsioedznit he art and is used in the context oPCT/US2006/061004
processes that involve sequential treatnent with a
series of reagents. In that context, a protecting
group refers to a group which is used to nmask a
functionality during a process step in which it would
ot herwi se react, but in which reaction is
undesi rabl e. The protecting group prevents reaction at
that step, but may be subsequently renoved to expose
the original functionality. The renoval or
N rofection” occurs after the conpletion of the
Ch““?%@%?ﬁ%ﬁ“%r reactions in which the functionality
woul d interfere. Thus, when a sequence of reagents is
[0043]S PE&fihS16gy Btatid td "rdtBeting®, "dppie Sandfpioicted”
_invention, the person of ordinary skill can readily
functiongljtiesi agaurs Iﬁl@rgeglg%ﬂp%appthﬁﬁmﬂnﬂwé tesminologysip Wellgmderstood by
" .£ctin "L Syt f ]
persong B SRS P Sed oMl BRICSs R By LBl v PGR
treaimﬁh@ﬁﬁﬁd ieyi.e% sfichgdass. Hhahz&(bf)hwﬁt, @pﬁrlmmg Rrouprighees © a grmlip
., Synthesis by TW Geene [John Wley & Sons, w._Yor
which 159594 to gatkchiungtionalitodi e aosse slep i wylcﬁétr‘@? Otherwise
. . . , .
react, b -ERTRA TERRIKRIL Pl LIPS BYLPBIADRS Kol Bt
step, betamhy bosubsepuehtly hmoedite atposé therayigmat fidictomnadity. y Thélteaoval
we list, which isg typically. sented in a table ..
or "depsgfepfiont pocw 2lga g opmpletign D reRsfigp ppfactions & which the
functid ARG WOHIALREH I8! Thits, RWhen h REQIADS 6F reh QAATE spifBRANEY iRkis in the
t he conpounds of the present invention_may be prepared
procespgs of jtlee inMentiengtheipersos of andingry skill lgan gpadidy envisien thojse groups
schenes fuor exannl de L be
that w80 SR ae BorEH BT Sups S b S Aty are
discus§ddan tlafidarddé@bdokk $n the RS chemivirye arhen Pratedive Groups in
synthesis procedures. In_these reactiqons, it is also

Organissyathssis by d- Wakseqne dJodm Wiley &nSans Ney Yark 1|9t|9F1]a which is
mwmygggﬂﬁghggﬁg?ggﬂg»&but are not nentioned here. The
eria

starting S, for exanple in the case of
sui tably substituted benzi m dazol e ring conpounds, are
[0044)ci Ahemprawneive listl dfabbmvatibedutdized by bigagicabdmists appears in the

s T e o R BB 5 SRR L i Rty

presented in a table entitled “Standard List of Abbreviations”, is incorporated herein by

reference.

[0045] In general, the compounds of the present invention may be prepared by the
methods illustrated in the general reaction schemes as, for example, described below, or by
modifications thereof, using readily available starting materials, reagents and conventional
synthesis procedures. In these reactions, it is also possible to make use of variants that are
in themselves known, but are not mentioned here. The starting materials, for example in
the case of suitably substituted benzimidazole ring compounds, are either commercially
available, synthesized as described in the examples or may be obtained by the methods

well known to persons of skill in the art
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WD 2008/ 060301 PCT/ US2006/ 061004 [0046] The present
i nvention further provides pharnmaceutical conpositions
woangriceiong as active agents, the conpounds deBCTiuseme6/061004
herein. [0047] As used herein a "pharmaceutica
conposition” refers to a preparation of one or nore
of the conpounds descri bed herein, or physiologically
acceptable salts or solvents thereof, wth other
chem cal conponents such as physiologically suitable
carriers and excipients. [0048] Pharmaceutica
conpositions for use in accordance with the present
invention thus may be formul ated in conventiona

ner using aone or.nore nhysi ol ogi cal | accept abl e. .
(00461 o< RspRenE BvRticE: el Rep HeT R RGP eRt PPRBPTLGES Rppgiing
as actifeAfgehts | A Sop OGRIS AeLPibed héBR. active conpounds into
preparati ons which, can be used pharnmaceutically.

Proper fornulation is dependent upon the route of

[0047]acfv wiedthesain o fiphanmaesutictloonppsitioniistauty & praparpiien of ane or
more o‘éﬁh‘é{ cg)a}%%ﬂngedefsgrwgl%}gﬁ%mﬁiag gﬁ%@f eclé: ;?th%l% g%[)sg(zlj s'g 3HR

nrstere an®s
thereof) withrotha ichehical dongponiadits €hioh A fphiysic wgicaktylsyitabit daeridriand
. .chosen route of admnistration, i.e., orally or
excipigits enteral |y, by intravenous, intranuscul ar, topical,
transdernmal or subcutaneous routes. [0050] For oral

[0048]20Ph g LBt A1 QB mpb Bifio LR AR 6ARaRS vl tRY bAkEf invention
readily by conmbining the active conpounds wth

thus mpy be fremmliatédcialcoyventiongtradiner wsng der & mggk [phisiolagically t he

e e Rl B

active 861BHRATs & pphRfiond Whithtan be@kéd pHaymakRaticAlyU Prbes,
suspensions, and the like, for oral ingestion by a

formulgtien & Weperdpal yngs dhotputse! adpumstraionshesenor oral use can

be made using a solid excipient, optionally grinding

t h LG - ' i o
0045}, "Eofaifds 49 it s oKL RpERRT R Pnc ikt idingsitions
and adegsistered,to hanapivhalian shbjekt kschars adnagaegatiartds a vaSetytod iidrens

Xcipients are, i articular, fillers suc s.sugars,
adaptof i ey rae S edmiyieR i el %r&afeanra@eﬁﬁiﬁtfﬂ Bnous,

intramG&ulab!| 189 RaIPI:ERAERNA] QP SuttHale AR rofhted, exanpl e, mai ze
starch, wheat starch, rice starch, potato starch,

gel atin, gumtragacanth, nethyl cellul ose, o
[0050] For oral administration, the compounds can be formulated readily by combining

the active compounds with pharmaceutically acceptable carriers well known in the art.
Such carriers enable the compounds of the invention to be formulated as tablets, pills,
dragees, capsules, liquids, gels, syrups, slurries, suspensions, and the like, for oral
ingestion by a patient. Pharmacological preparations for oral use can be made using a solid
excipient, optionally grinding the resulting mixture, and processing the mixture of
granules, after adding suitable auxiliaries if desired, to obtain tablets or dragee cores.
Suitable excipients are, in particular, fillers such as sugars, including lactose, sucrose,
mannitol, or sorbitol; cellulose preparations such as, for example, maize starch, wheat
starch, rice starch, potato starch, gelatin, gum tragacanth, methyl cellulose,
hydroxypropylmethyl-cellulose, sodium carbomethylcellulose; and/or physiologically
acceptable polymers such as polyvinylpyrrolidone (PVP). If desired, disintegrating agents
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hydr oxypr opyl net hyl - cel | ul ose, sodi um
car bonet hyl cel | ul ose; and/or physiologically
weacoesphedol e pol yners such as pol yvi nyl pyrrol i dBa&/uUsS2006/061004
(PVP). If desired, disintegrating agents 19 WO
2008/ 060301 PCT/ US2006/ 061004 nmay be added, such as
cross-linked polyvinyl pyrrolidone, agar or alginic
acid or a salt thereof such as sodi um al gi nate.
[0051] In addition, enteric coating may be useful as
it is may be desirable to prevent exposure of the
conpounds of the invention to the gastric environnent.
[0052] Phar maceuti cal conpositions, which can be used

or ncl ude,. ush fi ul.,es made of .gelatin a
may bipufded such 3 oSSR Epoba PSR lids. B Gorlsitacthar a St
thereopilféﬁtah%cﬁ@rh’alg"n&k&@ as glycerol or sorbitol. The

push-fit capsules nay contain the active ingredients

in adm xture wth filler such as |actose, binders
[0051]s ubhadai@mc eiterieecating maydaerisefud acih isiway by desiseblade preseraim

exposure LG8 qaetc%m%{)]ﬁﬂd %'%t[llleolrﬁ%nt%ht blalstln%%r %fro epn?S] | n soft
capsu e active conpoun o201 ved or

suspended in suitable [Iiquids, such as fatty oils,
[0052] | Bharchapartiaalf dompositiohs, guliich Q‘mllbﬁeisb(j/bﬁlﬂg, 1gbljad€)bmsh-ﬂ'rtrbapsules
stabjlizers may be added. All myl.at i on

t
made ?f‘cjﬂella&:n%] veedlras AR+ sealerl GaPLfrs ahade 19t of atiy %da@e Ielg g SYGh as
glycerdQr sbitftof hq’lé Hsﬂ-ﬁ’r'&%sﬁ’ltas ﬂfl?]cgﬁtﬁﬁlrtﬁé h&lfve u[lggéiéﬂlts EP4dmixture

I njection, e conpounds of the invention nay be
with filler sweh as ladtosn banleeoawsh as stiacches) shricpnte Sechads|tglc ion magnesium

i ol.o aII conpatlble buffers such as Hank's or
Stearat%laﬁééjiphgg 1@ H88Sor physi ol ogi cal saline buffer. For

transmucosal and transdermal adm ni stration,

[oospeneédﬁaéhbauaepﬂfecwﬂvab@np@nub Enalde Idisebvbd obsnspafdré&m @dtable
used in the caonposition. Such penetran

liquids, f ﬁ'eqhﬁau wity ol lignid paradimmdiqnid nedyeflstensl sdyroly Ly additiony ¢
stabll&g}ﬁﬁ\qﬂ ihg aﬁ&% ltform&IQtQég]fo{ Ml Qﬁﬁﬂq{%{rﬁﬁéﬁﬂoﬁ[&ﬁ%\’ dosages
hal o the

tron, e conpoun use according t
suﬂa&pﬁa&mabhm%ﬂvamébﬁmhmmenenmyen|ently dellvered in the
form of an aerosol spray presentation froma

ssuri zed ack or ul.izer, with the u f a
o4, 3 pieehich st rarmmmunds F GF inveitiohingy bh e s
solutidnk, Igrgfe%%f h%&ﬁﬁﬁfgﬁlﬁﬂ? coﬁﬁb&ﬁﬂl@ bt bhdf dsULREIR R ePs
carpon
solution or physiological saline buffer. For transmucosal and transdermal administration,
penetrants appropriate to the barrier to be permeated may be used in the composition. Such

penetrants, including for example DMSO or polyethylene glycol, are known in the art.

[0055] For administration by inhalation, the compounds for use according to the present
invention are conveniently delivered in the form of an aerosol spray presentation from a
pressurized pack or a nebulizer with the use of a suitable propellant, e. g.,
dichlorodifluoromethane, trichlorofluoromethane, dichloro-tetrafluoroethane or carbon
dioxide. Inthe case of a pressurized aerosol, the dosage unit may be determined by
providing a valve to deliver a metered amount. Capsules and cartridges of; e. g., gelatin for
use in an inhaler or insufflator may be formulated containing a powder mix of the

compound and a suitable powder base such as lactose or starch.
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di oxide. In the case of a pressurized aerosol, the
dosage unit may be determ ned by providing a valve to
wdebiswee3oa et ered anmount. Capsul es and cart ri #geasefos/061004
e. g., gelatin for wuse in an inhaler or insufflator
may be fornul ated containing a powder m x of the
conpound and a suitable powler base such as | actose or
starch. 20 WD 2008/ 060301 PCT/ US2006/ 061004 [ 0056]
Phar maceuti cal conpositions for parenteral
adm ni stration include agueous solutions of the
active ingredients in water-soluble form
Addi tional ly, suspensions of the active conpounds may

b repared . as appr.opriate oily infectj.on.s ensi ons.
[0036] S PHasEfcs il GamRPToISdar DasFRterabpdmgpafi R e ghieots
solutioh@bfthe At iBHEMcAR 1P RaRMBoMble.foldh. AWMLY CsubSdnkdns of the

acids esters such as ethyl oleate, triglycerides or

active ¢anpesindeway he nreparsdian pprreopoite oily fuertionsasnensions Suitahle,
. subst ances i.ch inc se. t Vi ity of . .
ipoptif SSLERF 5 verl e shAERERT Ik o3 4 el gy accs

esters suoh Bd &tAY1 slEatél @MblyadideSpt lipdhahiey., AqUrOuSHFdREOS bulPensions may
_also contain _suitable stabilizers or agents, which
contairy yybpianess, Whish ingrepse thetvjscesity ofdhe syspenpints SUehASSPHIBR f or

carbox?%;gtg% ce#l%[o%{e,i SPbifdll 813&%@3%{}1@%[1 ,rtflé E&eéﬁgldﬂ {nggglso contain

e conpounds e 6res nt Irnvention may al so
suitabl® etabitivérs babgahts, leiimnalez_lsectbﬂmsliitﬁymfshescmm(amds, to allow for

Suppositorjes or retentin enemas, using, e.g.,
ﬂwxﬂ%&@%&@h?f%} coRcrIHaerseMoBhses such as cocoa butter
or other glycerides.. [0058] Depending on the severity

[0057]2M8hd QHRPIUBHY SMBS Predént IR nEiON Hial iaRB b FoldMulited & R6tal
dosing can also be a single admnistration of a s|low

compopisioessieh s synpositeriss or witetiionsuemes, ypingie-atervartingkt j ng
from several days.tQ sev I or until cure is
supposgtpRRBETER ag FRAR eSOl lBRAS, oL MT L O

achi eved. The anount of a conposition to be
[0058]adDepeind ingr eacthwvisd erityodnd reqpomsieencbeofithp emutlition torberteaayed,
. factors includipg the, subject being treat.ed, qu
dosingcag alsp 1b9 agmgleg igsspration (Pr‘i)ans’low Keleass cRmposition, with course of

treatm@rﬂrﬂsﬂ‘}lg 508t 4e98ral H%S@ th YAQLPR Mol ot IRl Bl SC LRk M diminution
physicran. The conpounds of the invention may be
of the disersestateds achiened! The amowit af a kbmpodition tatbeaddusistefadomll, of

coursegfgﬁ?;gerpénéegﬁ élg %glflg?%%;kt%ﬁ g%ingg%@g -srﬁ%eg%sélengrtﬁegge%, {hg rsex?eg%/ be
the affliction, the manner of administration, the judgment of the prescribing physician. The
compounds of the invention may be administered orally or via injection at a dose from
0.001 to 2500 mg/kg per day. The dose range for adult humans is generally from 0.005 mg
to 10 g/day. Tablets or other forms of presentation provided in discrete units may
conveniently contain an amount of compound of the invention which is effective at such
dosage or as a multiple of the same, for instance, units containing 5 mg to 500 mg, usually
around 10 mg to 200 mg. The precise amount of compound administered to a patient will
be the responsibility of the attendant physician. However, the dose employed will depend
on a number of factors, including the age and sex of the patient, the precise disorder being
treated, and its severity. Also, the route of administration may vary depending on the

condition and its severity.
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to 10 g/day. Tablets or other forns of presentation
provided in discrete units may conveniently contain
wano@reesot of conpound of the invention which PET/US2006/061004
effective at such dosage or as a nultiple of the
sanme, for instance, units containing 5 ng to 500 nyg,
usually around 10 ng to 200 ng. The preci se anount of
conmpound adm nistered to a patient will be the
responsi bility of the attendant physician. However,
the dose enployed will depend on a nunber of factors,
i ncludi ng the age and sex of the patient, the precise
di sorder being treated, and its severity. Al so, the

005 o S Py Pt SRR W s
recxtatlke)g&" 161 Q06tenid0o%hclne $4%S, CEOME& lafd irRMeichScoipleEs

e under st ood by the person of skill in the art, the

of thaticempounid: dhe tsrm"solyalieheaferato psomprundos Formuladar diji the solid
al 1.s ol yat f t

st R R L R PRI R e,

suitablE 96 Wbﬁtc'foﬂ theapdutici adntifitrst@ni i phjisﬁ(ﬂb gicallyhelegible srthe dodags
of a suitable sqglvent are incorporated.in the crystal

administered; Examples of suitable solygnty @‘Pﬁth?féPf"{tﬁé‘ﬂ@HB%}fart@n arc & anol and
| I
water. YARUIL S AR BIDEAM OB bt 1 & ALBRIE B ehol
solvate‘smre folnmedlbg dissalving nhmcﬁnpmmdmntm rappetphiatesblvanichndvistlging
en water is the so

the solggie by (E9okng & using agé'ﬁ\s@r’ent raobiaus B sl fﬁl&gr%gge&mped

under ShBRRY dhBiohd em%ﬁl%ﬁléﬁﬁlpﬂe&ei Qfe RERRE i Rélﬁu%%nv qRt SaRfce
Isolating the solvate Dy cooling or using a

and Pragtice 96 Phamacy 19k b I( 19&@ V®1§H18y1p pegd 176- Ui @éimrls incorporated

. aze und nt c Inc n
herein §§ b{RE TheRGT coRMbniy bruBRER lb RS HRBIE] 8 those wi
cyclodEkias, |a§‘a& aflfcyl0aéBE YorhPleRes-datufal 89S ynvtk i@ e pecifa@dly

' 176-177 mhlch is incorporated herein by reference.

encomppsedwdhindbealgimy enpl oyed i ncl usi on conpl exes are
those with cyclodextrins and all cycl odextrin
0] St 'C |
(00601 ngg%%gxgs %lﬁical?ﬂ f‘a?’%?“ v 5%%1% She mé‘gafea ftofn
phmma@uﬁt&i@&&uéptﬂﬂé hqn-mmmdrdaasal ih¢ludiag érosgandc sads ad bases

pre d from ceuti cal cept apl e non-toxic
and or enigiac . NRBret ety o6 e Bredo S AL Besi, sals

may be prepared from pharmaceutically acceptable non-toxic acids including inorganic and

organic acids. Suitable pharmaceutically acceptable acid addition salts for the compounds
of the present invention include acetic, benzenesulfonic (besylate), benzoic,
camphorsulfonic, citric, ethenesulfonic, fumaric, gluconic, glutamic, hydrobromic,
hydrochloric, isethionic, lactic, maleic, malic, mandelic, methanesulfonic, mucic, nitric,
pamoic, pantothenic, phosphoric, succinic, sulfuric, tartaric acid, p-toluenesulfonic, and the
like. When the compounds contain an acidic side chain, suitable pharmaceutically
acceptable base addition salts for the compounds of the present invention include metallic
salts made from aluminum, calcium, lithium, magnesium, potassium, sodium and zinc or
organic salts made from lysine, N,N-dibenzylethylenediamine, chloroprocaine, choline,

diethanolamine, ethylenediamine, meglumine (N-methylglucamine) and procaine.
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and organic acids and bases. \Wen the conmpounds of the

present invention are basic, salts nay be prepared
wonrasyoeésar naceut i cal |y accept abl e non-t oxi ¢ acPds$/US2006/061004

i ncluding inorganic and organic acids. Suitable

pharmaceutically acceptable acid addition salts for

t he conpounds of the present invention include

acetic, benzenesul fonic (besylate), benzoic,

canphorsul fonic, citric, ethenesulfonic, fumaric,

gl uconic, glutamc, hydrobrom c, hydrochloric,

isethionic, lactic, maleic, malic, mandelic,

nmet hanesul fonic, mucic, nitric, panpic, pantothenic,

phqsphorj.c, succinic, .sulfuric, tartarjc. acid,,.
tooe1) p ‘thgiieian v omting oo U Berm refork o BTG S cusisseneat
beforeHaRB iR fotestll AL a3 AHAcIE NGB perSbh bAGdhary skill in the medical art
Ppharmaceutically acceptable base addition salts for,
(to whiththequensoimethod tlahms e direeted) meaamizes that thelterar “nreyeat | s@ot

[ts fro [ U | Gi i thi esi um
an absc e auy T BT A MY ot e bW P TRAIGES, 10
adminiétyAHoRf alind¥ todubafdiallgdiniingshabie Hikdliheod ohapioapisscal ne,
_choline, diethanol am ne,  ethyl enedi anme, negl um ne
conditipmy aad thiy isfhe sane megndsd detsitocai ne. 22 WO 2008/ 060301
PCT/ US2006/ 061004 [0061] The term "preventing" as
u - I. -’ . e d
100621 3 AR B pds Ry S A AUELOL K} e 1 ool PLERIRILY mention
above, fier foonulafiomsrafithia investion may mciinie otletiagerits eonventieral infthe hrt

. the esent hod.cl ai.ns are directe reco
having g fon_ S PR AEeSHgP. bo, AR e S BTy el
adminibtiRioRafdyCatuas HatdrideSageder st ood to refer to the
prophylactic admnistration of a drug to
substantially dimnish the_ |ikelihood ar seniousneSﬁ_
[0063] o The comtngisttiopnmay e Proseaied in ¢ packaging devieg edisRenpsr which
Q62 A YeYo! i - it
oy o5 3 b AR SR ) s AL v o
packaghgy davicetihclode mbtal b slastic\feibtsuokh anmplisterglackl end s nebulizer for
. agents conventional in the art havin%%r ard to.th%
inhalatiap dhe,pagkaging daYIFOAT dispeRsRIgPAYbE aceamp sfﬁ%{ wstgions for
inistliAbl iti oy ' dsBft iHéGition formulated
admin k2 R OO o Y PSB! e hion Formula
in a competsiela pharmacewicphekagy may dsvbeplaced idiasppprogriate\shiteimer and
hbdmfﬁ% cont aj n. one .or re.unit dosage fornms containing

trgaipedok “H’g‘i“‘é’ﬁ?tg&??ndé’(%{’rrpl es of a

Indications

[0064] The compounds of the present invention are useful in inhibiting the activity if
Jak3 or in inhibiting Jak3 mediated activity and are useful as immunosuppressive agents
for tissue and organ transplants, including bone marrow transplant and in the treatment of

autoimmune and inflammatory diseases and of complications arising therefrom.

[0065] Hyperacute, acute and chronic organ transplant rejection may be treated.
Hyperacute rejection occurs within minutes of transplantation. Acute rejection generally
occurs within six to twelve months of the transplant. Hyperacute and acute rejections are

typically reversible where treated with immunosuppressant agents. Chronic rejection,
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packagi ng device include netal or plastic foil, such
as a blister pack and a nebulizer for inhalation. The
woaalsagizng devi ce or di spenser may be acconmpanPed/us006/061004
instructions for adm nistration. Conpositions
conprising a conmpound of the present invention
formulated in a conpatible pharnmaceutical carrier may
al so be placed in an appropriate container and
| abel ed for treatnment of an indicated condition.
I ndi cations [0064] The conpounds of the present
invention are useful in inhibiting the activity if
Jak3 or in inhibiting Jak3 nediated activity and are

eful as, i n r ive.agents. f '
e HE AT e
recipierf§Tbbdatiselih@ant Sc@a 4B fimeCifter Rutisplantation. and i nfl anmat ory

i seases and of conplications arising therefrom
0065] Hyperacute, acute and tra l.ant

[0066] + Qe are bath S Sitireid apisimaiong HEPRRT koord Beh b iaired

i {pBL et i ' [ SRt keIt
o B BB K PRSI o1 Ol pSe arc
(affectihg mndpllactgandly per acut e and acute rejections are

typically reversible where treated with
I j munosuppr essant..agents. Chroni.c rejectio
[0067] » 5T 30 DrEHOTPORTD S B I 2 5 Gengtidont Habetes
(Type I?%andffeb@i’cﬁe cRiag Hashisfsib's GiyroidBisand Grgaishijsasnwhich
or transpl ant  recipients because it can occur , .
affect thehyraié sland.cpernicions pneaie whichpffectsdbe somaeh Cushine sislissase
75 dif.fer - qut.Qi ' r 1
and AdfRgRs o g Vit (TR A BARBARE, oMb pa R R
affects E.lwf %Vey; @uycgﬁe:l @sraglwyndmﬂe (RﬂG) St))é) 8@61'r7ae sl;i;xeas;et Fspnam:,
] affecting.multiple organs). ..Exanples o
inflampigay bR (BRI ARECHSSPAURLIS, o
i nsul i n-dependent di abetes (Type |I) which affects the
p , by eSifc AifoRhfiubhe BisdAllrGraViRtmatié aalidis,
[0068] qufj%ﬁlﬁﬁ%f fﬁefl?tﬁmtr DesificMfo is mafthi is

e thyroid gland, pernicious anem a
multiplefstletosaf §yatensic fupas sadmyesther@ugtavisg' s di sease  and
Addi son! s di sease which affect the adrenal gl ands,

ool B g e
againstiA@HnASSting B cells of the islets of Langerhans. Targeting Jak3 in this disease
is based on the observation that multiple cytokines that signal through the Jak pathway are
known to participate in the T-cell mediated autoimmune destruction of § cells. Indeed, a
Jak3 inhibitor, JANEX-1 was shown to prevent spontaneous autoimmune diabetes

development in the NOD mouse model of type I diabetes.

[0070] Graft-versus-host disease (GVHD) is a donor T-cell initiated pathological
condition that frequently follows allogeneic bone marrow transplantation (BMT).
Substantial experimental and clinical research have demonstrated that donor T-cells are the
principal mediators and effectors of GVHD. Jak3 plays a key role in the induction of
GVHD and treatment with a Jak3 inhibitor, JANEX-1, was shown to attenuate the severity
of GVHD (reviewed in Cetkovic-Cvrlje and Ucken, 2004).
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i nfl ammat ory bowel disease (1BD) and ankyl osing
spondylitis. [0068] Exanples of non-organ-specific
waunvmiosvaone di sorders are rheumatoid arthriti SPCT/US2006/061004
mul tiple sclerosis, system c |upus and nyast heni a
gravis. [0069] Type | diabetes ensues fromthe
sel ective aggression of autoreactive T-cells against
insulin secreting f3 cells of the islets of
Langerhans. Targeting Jak3 in this disease is based
on the observation that nmultiple cytokines that signa
through the Jak pathway are known to participate iii
the T-cell medi ated autoi mune destruction of 0 cells.

I d, Jak3 .inhihi , JANEX-, 1 I
(00711, S5 et S e ek e g e Jeb gt oot el
responicc::'r§ Sndidin R4S 81 AR inimhMBA) hediaRREUAS whhé@h to be a valid

G aft-versus-host disease (G/HD) is a donor T-cel
target inthe freatwentydihast erll wediated gHerigid iepctionat frequent |y
foll ows all ogeneic bone marrow transpl antation (BM).

Subst ant i.al_.e [ (Y I .
0072152 RB4 R g RSPl A LG SRAER ol i
hypers&fsﬂi\ﬁﬁy@éﬁcé?ﬁﬁﬁ suhfae ?‘“""gc,{’,’ I_xgnit%(ﬂ-lﬁ)y felaigsalmrgymrﬁcaki?jged)s

. dnt i nduction o and treat nent th .a
angioeflefpR. Hletsic asHERIEnag Y i "pEAPRY RER SR PHise &sorders

| b}%h@itﬁd'neé@ Shtivity Rt keathfle B ddnfinRiekion of
arem%%‘i?n‘{”%%‘é%. PRI ety R RSl Y ddufinBithion of a
Jak3 irfhilitot heddading tethe prasepirisemtidnk3 and Jak3 is a key
regul ator of the IgE nediated nmast cell responses

ingludi,ng.the rel ease of infl £y . nediat ofs. .
100731, o o4 ¢ % SR Frfions g FhBHte AL Rlofpig
prophyl®sticaltglit., pHEY Rt faoutd hlterbRAG4LIOR, o tASBhy Bt hérhfistered

di sorders associated with mast cell activation include
after omsep of theireaetion.rat bty iaresensi tivity reacti ons such as

allergic rhinitis (hay fever), allergic urticaria

[0074]i( hi:&ﬁﬁhatioﬁ%@k@&x@?%%%%ﬁ#k&igﬁ | g%?a%g? o PRI HS

e., ~anaphylatic s are
diseasdsramdti® dertain paréations, ecsulty fionhadvivaiiemofithe dgtkBina Camny of
for_exanpl e, by adm ni stration. of, a., Jak3..i nhi pjtor .
receptorg JRAGY LA R BB EC PRSI B0 SO REL Bk Aiipde. in
a non.ﬁ&n&%%&hﬁﬁ &RIn ih¥EMEISNdud PfiadiBK SxpodtiieDhdihs, dMRdside
adm ni st ered
inflammation and chronic inflammation.

[0075] The Jak3 inhibitors of the present invention are also useful in treating certain
malignancies, including skin cancer and hematological malignancy such as lymphomas

and leukemias.

[0076] The following examples will further describe the invention, and are used for the
purposes of illustration only, and should not be considered as limiting the invention being

disclosed.

EXAMPLES

[0077] The following abbreviations and terms have the indicated meaning throughout:

Ac= acetyl
Bu= butyl
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prophylactically, i.e., prior to onset of acute
allergic reaction, or they may be adm nistered after

wonesioeedlt he reaction, or at both tinmes. [0072{T/US2006/061004

I nflammati on of tissues and organs occurs in a w de
range of disorders and diseases and in certain
variations, results from activation of the cytokine
famly of receptors. Exenplary inflammatory di sorders
associated with activation of Jak3 include, in a
non-limting manner, skin inflammation due radiation
exposure, asthma, allergic inflamation and chronic
i nflammati on. [0075] The Jak3 inhibitors of the
resent j.nventiagn are ful. in.treating certain
DCl\frﬁl i gnaﬁ? groms ﬁ“%ai mg{h&%?%%@gﬁg%r— (é%llaéﬁerrat ol ogi cal
DEADET | gnarflisHhe] azpdigarbp: %Aorms and | eukemi as. [0076]
DIC Fhe fol |HpPYPEeaRptiigidsi || further describe the
DIEA fivent | ONL.N-dipPeenyletisd @migsy the purposes of
DMFi# | ust r aNMNodingathylforma@idehoul d not be consi dered as
DMSIO #i t i ngditriethyl ssdfedideon bei ng  di scl osed. EXAMPLES
EA (BUXG: Thehyf atdtatei ng abbrevi ations and terms have the
GC < ndi cat eghsrhasmdigerbphiyoughout - Ac = acetyl Bu = butyl
h= 25 VO 20960301 PCT/ US2006/ 061004 DCM =
Hog§!:chlhg‘fe@ig%5ﬁane = met hyl ene chloride = CH2C12 DEAD =
Let hy

e DC-=
diisopro h% r%{‘)%?ll){%o%é DI EA = N, N-di i sopropyl et hyl

Me , . | op
I;ﬁ(d%ﬁ&:l dplilce;lgéi. Th&b&%g&%%gr C‘@{Qﬁoce%ﬁ]ﬁhﬂh met hyl

PhOH = phenol

RT = room temperature
sat'd = saturated

s- = secondary

t-= tertiary

TBDMS = t-butyldimethylsilyl
TFA = trifluoroacetic acid
THF = tetrahydrofuran
TMOF = trimethyl orthoformate
TMS = trimethylsilyl

tosyl = p-toluenesulfonyl
Trt = triphenylmethyl

Examples 1-15 describe syntheses of certain precursors and intermediates of the invention.

[0078] Example 1. Synthesis of 3,4-Diaminobenzonitrile

/@NHz H,, Pd/C ,O:NHz EtOCH=C(CN), /@::\2
»
NC NO, EtOH NG NH, ProH NC N
3

1 2

[0079] A solution of 4-amino-3-nitrobenzonitrile (1) (3.0 g) in ethanol (80 mL) was
sparged for 5 minutes with nitrogen. Palladium on carbon (10%, 300 mg) was added and
the mixture was saturated with hydrogen. The mixture was stirred under a hydrogen

balloon for seven hours. The mixture was sparged with nitrogen and filtered through celite.
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GC = gas chromat ography h= hours HOAc = acetic acid
HOBt = hydroxybenzotriazole M = nethyl Pd(dppf)2C12
WO 2008/060301 PCT/US2006/061004
di chloro[ 1, 1' - bi s(di phenyl phosphi nof err ocene] pal | adi um
= phenyl PhOH = phenol RT = roomtenperature sat'd
saturated s- = secondary t- = tertiary TBDMS =
-butyldinmethylsilyl TFA = trifluoroacetic acid THE
tetrahydrofuran TMOF = trinmethyl orthoformate TMS
trimethylsilyl tosyl = p-toluenesul fonyl Trt =
tri phenyl net hyl Exanples 1-15 descri be synt heses of
certain precursors and i nternedi ates of the invention.

el the 4D|am nzonitrile

The ﬁ“k?r& °°1198‘? fﬂnﬁ%@?&%}eﬁ%ﬁ CoREop BFor NC NHZ
dlamméﬂghg—lluﬂ}{feu 1 23 [0079] A sol ution of

4- am no- 3- nltrobenzomtrlle (1) (3.0 g) in ethanol (80

d for 5 mnutes wth nltrogen

[0080] lei)-maawle?ng fggwbeﬁﬂl ofjinidagrolgSccaxhonifrilen

=1

[0081] A mixture of 3,4-diaminobenzonitrile (2) (1.0 g) and
(ethoxymethylene)malononitrile (1.4 g) was refluxed in 50 mL of isopropyl alcohol for 16
h. The mixture was concentrated in vacuo to provide the title compound, 3H-

benzo[d]imidazole-5-carbonitrile (3).
[0082] Example 3: Synthesis of 6-(Trifluoromethoxy)-1H-benzo[d]imidazole

N
20
F4CO N

H
4
[0083] 6-(trifluoromethoxy)-1H-benzo[d]imidazole (4) was prepared ‘In two steps from
2-nitro-4-(trifluoromethoxy)aniline (5) using procedures identical to those used to make

3H-benzo[d]imidazole-5-carbonitrile (3) from 4-amino-3-nitrobenzonitrile (1, examples 1,
2).

[0084] Example 4: Synthesis of 5,6-Difluoro-1H-benzo[d]imidazole
B
F NO, NaHCO; F NH, iProH F N
THF /H,O /
6 MeOH

7 8

[0085] A solution of 4,5-difluoro-2-nitroaniline (6)(1.0 g) in 30 mL of THF was treated
with a solution comprised of 6 g of Na;8,0, and 3 g NaHCOs in 30 mL of water. Methanol
(10 mL) was added after the addition of the aqueous solution so that the mixture remained
homogeneous. The mixture was stirred for two hours and then diluted with 100 mL of

27



the m xture was saturated with hydrogen. The m xture
was stirred under a hydrogen balloon for seven hours.
woheosrcedour e was sparged with nitrogen and fi |l PeTa82006/061004
through celite. 26 WD 2008/ 060301 PCT/ US2006/ 061004
The filtrate was concentrated in vacuo to provide the
title conpound, 3,4- diam nobenzonitrile (2). [0080]
Exanpl e 2: Synthesis of
3H Benzo[ d] i m dazol e-5-carbonitrile [0081] A m xture
of 3, 4-di am nobenzonitrile (2) (1.0 g) and
(et hoxynet hyl ene) mal ononitrile (1.4 g) was refluxed in
50 niL of isopropyl alcohol for 16 h The m xture was

ot SR BB R ABCHD S0l B R P SRR e

was extertcBdidRin3witioY 00 B sdfindhylene chlorlde The combined organic layers

6- (Trifluoromet hoxy)-1H benzo[d]im dazole N F 3C0 \
were drigd over sogliyrpgplite, filfered, and concentrated to provide the crude intermediate

4,5- dﬂﬁo&%&ﬁi‘ehé‘-ﬁ{gﬁ’@%‘i};&ﬁ% jﬁn&%ﬂﬁéﬁﬁﬁl Wik AARQLEwir) was

are
(ethoxyindihylér@)halohonifrile 0. 0 e tn 2] anfiidoipnepyl slcohrd ifegl6 h. The

procedures identi cal t hose used to ke .
mlxtur%%wmtaﬁqﬂvﬂ’gm wsBe rE BRIt i fsponded in water
and ﬁh?ig%.%@péfezcl 515 Q&Q@ %ﬁﬂe‘dt\{rl’tﬁ @at@il an®XPTHbEH Providé B8O mg of 5,6-

Synt hesi s of

diﬂuor@,lﬁ-mmbmnndméxgmzo[d] imdazole ~ F\ NH2 Na2S204 F
NH2 Et OCHEC(CN)2 N ~ 1PFOH F N F N02 THE /| H2 HF /

[0086] Exa’inlwé%: Elyrllthesis of 5,6-Dimethoxy-1H-benzo[d]imidazole

Meo:C[NHz HCOOH Meo:@:N\>

MeO NH, Mw@220°c MeO N
9 10

[0087] The title compound 5,6-dimethoxy- 1H-benzo[d]imidazole (10) was made by
heating 4,5-dimethoxy-1,2-phenylenediamine dihydrochloride (9) in formic acid at 220 °C

in a microwave followed by concentration i vacuo.

[0088] Example 6: Synthesis of 6-Fluoro-1H-benzo[d]imidazole (11) and 6-
(trifluoromethyl)-1H-benzo[d]imidazole (12).

[0089] The title compounds were by made as described in US Application Publication
No. 2004/0087601, of some of the present inventors.

H

11 12
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6 MeCH 7 8 [0085] A solution of
4,5-difluoro-2-nitroaniline (6)(1.0 g) in 30 nL of THE
woasostocesat ed W th a solution conprised of 6 gPOT/US2006/061004
Na2S204 and 3 g NaHCO3. in 30 nL of water. Methano
(10 nL) was added after the addition of the aqueous
solution so that the m xture renmai ned honbgeneous.
The m xture was stirred for two hours and then diluted
with 100 nL of 27 WD 2008/ 060301 PCT/ US2006/ 061004
et hyl acetate and 100 nL of water. The organic |ayer
was separated and the aqueous | ayer was extracted
again with 100 nL of nethylene chloride. The conbi ned
organi c layers were dried over sodium sulfate,
filtered, and concentrated to provide the crude
internmedi ate 4,5-difluorobenzene-1,2-diamne (7). The
[0090] i mxaf.ﬁird'v aB&u!iﬁiild’szd (1% 8-asabénzimidazole (14), 6-chloro-5-
(et hoxynet hyl ene nalononltrlle (1 19) in 25 nL of

fluorohenzipidasple ngimidagole (A} ir e was
concentrated |n vacuo and the resul ting crude product
i 6h Q’V‘P@E@rﬁm Rdiyfavhiigied. The precipitate

[0091] e%ﬂgﬁe ﬁ%ter aﬁd a?f dried to prOV|de 380 ng

5 6- dlf or -1 H-benzg|[ d n1§pzole (8). ﬁ]
anple 5: SIS of
&y 6- Di et benzo[d

MeOf N M oNH MeO NH2 M/\@ZOI—CH 9 1o [OOS?H" The
title conpound 5, 6-di net hoxy- | H benzo[ d] i m dazol e (10)

made by i ng
23% di met hoxy- 115 phenylenediaﬁ?ne dihydrochlori%% (9)
in formc acid at 220 C in a mcrowave foll owed by
concentration in vacuo. [0088] Exanple 6: Synthesis of
6- Fl uoro-1 H benzo[ d]i m dazole (11) and 6-
(t r|quoronethyI) 1FLbenzo[d]|n1dazoIe % ﬁ% 0089
[0092] THExample 8. Spthetinekthedremeny Hmike. REaWs2ypethap

Application Publication
1. Raney Ni/H,

Ny -CN NH3IMeOH [j/\NH2
[
N

2. BOCzo/ CH2012
chromatography
17 3. TFA /1 CHyCi, 18

[0093] Raney nickel catalyst was carefully washed with THF and methanol making sure
that the catalyst remained moist. The weight of the moist catalyst was 2.5 g after washing.
This material was added to a solution of pyrazinecarbonitrile (17) (3.0 g) in 7N methanolic
ammonia (120 mL). The mixture was shaken under a 50 p.s.i. atmosphere of hydrogen for
1.5 hours. The mixture was filtered and the filtrate was concentrated in vacuo to provide
the crude title compound. Purification was accomplished by conversion of the crude amine
to the tert-butyl carbamate with excess di-fert-butyl dicarbonate in methylene chloride.
Column chromatography (70:27:3 hexanes:ethyl acetate:methanol) provided 0.50 g of pure
tert-butyl pyrazin-2-ylmethylcarbamate. Pure pyrazin-2-ylmethanamine (18) was obtained
as the TFA salt from deprotection of the carbamate with 1:1 TFA / CH,Cl,.
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No. 2004/0087601, of sone of the present inventors. )
N> N F\ IHF3CJa H 11 12 28 WD 2008/ 060301
wWOeCHsWeen06/ 061004 [ 00901 Exanple 7: Benzi m deeoius2006/061004
(13), 5-azabenzi m dazole (14), 6-chl oro-5-
fl uor obenzi m dazol e (15), and 5-net hyl benzi m dazol e
(16). [00911 The title conpounds were conmmercially
available. NN V' I N>\ | N~Cl )OCN> N NN HHF
H 41516 13 1 [00921 Exanple 8. Synthesis of the
primary am ne, pyrazin-2-ylmethanamne 1. Raney N /
H2 1 NCNNH3 / MeOH ~iNNH 2 N 2. 130c20/ CHCI 2 N
chromat ography 17 3. TFA / CH2Cl 2 18

[0094] Example 9: Synthesis of 3-Aminomethyl-2-fluoropyridine.

o CN Hp. Pd/C - | NH,
® g

N“ F EOH N™ °F

19 20

[0095] A round bottom flask was charged with 0.3g (2.46mM) of 3-cyano-2-
fluoropyridine (19), which was then diluted in 20mL EtOH. The solution was flushed with
argon, and then while under a blanket of argon, 60mg of 10% Pd/C (20% by weight), was
added. The system was then sealed by septum and put under vacuum. A hydrogen balloon
was then added, and the reaction was stirred for three hours (followed by TLC). The
reaction was then put under vacuum again, then exposed to air, and filtered (keeping
catalyst wet). The resulting solution was dried and evaporated to give 0.28g (90%) of the
title compound, 3-aminomethyl-2-fluoropyridine (20).

[0096] Example 10: Synthesis of 3-Aminomethyl-6-methoxypyridine (21), 3-
Aminomethyl-6-methylpyridine (22), and 3-Aminomethylquinoline (23).

[0097] The title amines were obtained from the corresponding nitriles using the same
procedure that was used to obtain 3-aminomethyl-2-fluoropyridine (20) from 3-cyano-2-

fluoropyridine (see Example 9).

N._ _OMe N N

N
\
\

21 22 23
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[ 00931 Raney nickel catalyst was carefully washed wth
THE and net hanol naking sure that the catal yst
woenmioaexd1 noi st. The wei ght of the noi st cat al peT/U82a®6/061004
2.5 g after washing. This material was added to a
solution of pyrazinecarbonitrile (17) (3.0 g) in 7N
nmet hanolic ammonia (120 nl). The m xture was shaken
under a 50 p.s.i. atnosphere of hydrogen for 1.5
hours. The m xture was filtered and the filtrate was
concentrated in vacua to provide the crude title
conpound. Purification was acconplished by conversion
of the crude anmine to the tert-butyl carbamate with
excess di-tent-butyl dicarbonate in nethyl ene
chl oride. Columm chromat ography (70:27:3
hexanes: et hyl acetate: nethanol) provided 0.50 g of
[0098] PUEsampile 11 - Syiitlibsipyl 3Zintindmietiyd 2hmktiasppymdiae. Pur e
pyrazi n- 2-yl met hanam ne (18) was obtained as the TFA

sadd frgm@qpr ot ect j he carbamate with 1.1 TFA /

| o CI—QClL%AD 2008/[060 01"PET/ US2006/ 061004 [ 00941
N %T’p| engBH,ONNt hesi SNOTGANT nonet hyl

-tTuormpygri dine. CN H2, Pd/C NH2 EtCHNF N! F 19

2420 [00951 Around bottxm fl ask was charged with 0. 3g
(2.46m\) of 3-cyano-2- fluoropyridine (19), which was

o A B RS b D e
cmbox@&éﬁ%{g?nf(%ép%ﬂﬁggf& {506 BY atiRioBiHim acefRS and@dHAE (19.88mM) of

St seal ed by septum and put under vacuum
sodiumfcyaychoogteriridel Theoiinsk wees thendiushefbwith azgon, aidhere 30mlL of dry

was iyred for three hours (.foll.o by TLC). T
MeO g3 Bl b e B Mg SR I GEE0 i SN " PRliR ed
MeOHWas@vhporatd offl BERIISEF witeeRhyMilded alnd lilSnikt6it Jvas Dicught to pH
resul ting solution was dried and evaporated to give
2 with o8 HICLoBbds ves extyacted twm@w@b@@@ﬁd’o remove the alcohol side

-am nonet hyl ¢ 2- 1 r i di .
ot AT U PO BTk 085 2B g v
NaCl, &1d extracted twice with DCM and once with EtOAc. The combined organics were
dried and evaporated to give 0.31g (69%) of 3-aminomethyl-2-methoxypyridine (25).

[00100] Example 12: Synthesis of 3-(c-aminoethyl)-2-chloropyridine (26)
cl N

9

x

HoN

26

[00101] The title amine was obtained from the corresponding ketone using the same
procedure that was used to obtain 3-aminomethyl-2-methoxypyridine from 2-methoxy-3-
pyridine carboxaldehyde (24; Example 11).
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Am nonet hyl - 6- et hyl pyri di ne (22), and

3- Ani nonet hyl qui noline (23). [00971 The title am nes
wornws/etai ned fromthe correspondi ng nitril esPasiusgno6/061004

the sane procedure that was used to obtain

3-am nonet hyl - 2-f | uoropyri dine (20) from 3-cyan- 2-

fluoropyridine (see Exanple 9). rN Ov N H2ZN | H2N ~.

H2N ~. / 21 22 23 30 WD 2008/ 060301

PCT/ US2006/ 061004 [0098] Exanple 11: Synthesis of

3-am nonet hyl - 2- net hoxy] pyridine. N H2 | CHO NH4OAc

CC N Ove NaBH3CN Ove MeCH 24 25 [0099] Around bottom

flask was charged with 0.44g (3.23mV) of

-Iret hox -. 3 | 1. 249
[001021(215[6}‘.‘3‘ 353 n‘ﬂ?mmg@g?‘?‘?ﬁw Ep@%‘éﬁé&mflg. 69m\) of
sodi um cyanobor ohydri de. The flask was then fl ushed
of dry MeOH was added by
sNHt i rred for 2 days, at which
7 poi nt aporated off. 25nL of water was
added, the mxt e was brought to pH 2 with conc.
HCOl. This was extracted twice with EtOAc to remove the
al cohol si@@ product. The mixture #&s brought to pH
10 using sodi um hydroxi de pellets, saturated with
_Wth
[00103E?%§.ﬁ@%8ﬁ3é% gs g%eﬁil ‘)g{éﬁ gélr drie %gﬁd
methyl@icapandaded 7). OTbe ﬂﬁ?skﬁva%l@;sh&ﬁ&ﬁth@fgon, and 50mL of dry THF was

3-annonet hyl - 2- et 25
added bypsyriaget ﬁh%i%ula%lg 50 E%Ol%%%ﬁ?fﬁ‘i‘))‘) e Gmng‘:%%‘r %SEEM)
2M soltdéh of borane-dimethylsulfide complex (in THF) was added. A bubbler was

attached, and the solution was allowed to warmto RT overnight. The solution was

quenched with MeOH, and dried and evaporated to give 0.38g (95%) of 3-aminomethyl-4-
methylpyridine (28).

[00104] Example 14: Synthesis of 5-fluoro-1,2,3,4-tetrahydronaphthalen-1-amine

F
o)
/\)k 1. 9-BBN / THF _NaOH
4 COMe (o]
2. 1-Fluoro-2- “MeoH  H
o 31

iodobenzene,
29 NaOMe,
Pd(dppf),Cl,
1. (CICO),
cat DMF F
CH,Cl HONH,-HCI H,, Pd/C
2 AlCl NaOAc / EtOH
0
32 34

[00105] Methyl 4-(2-fluorophenyl)butanoate (2-(4-methylbutanoate)fluorobenzene, 30).

A round bottom flask was sealed with a rubber septum, flushed with argon, then charged

with 5.32mL of methyl 3-buteneoate (29) and 100mL of a 0.5M solution of 9-BBN in

THF. The solution was stirred at RT for three hours. A 2-necked round bottom flask was
32



Cl N H2N :Pr)" 26 [00101] The title am ne was

obt ai ned fromthe correspondi ng ketone using the sane
wonres@desoe t hat was used to obtain PCT/US2006/061004

3-am nonet hyl - 2- met hoxypyri di ne from 2- net hoxy- 3-

pyri di ne carboxal dehyde (24; Exanple 11). 31 WO

2008/ 060301 PCT/ US2006/ 061004 [00102] Exanple 13:

Synt hesi s of 3-am nonet hyl - 4- net hyl pyri di ne CCONH2 BH3

- Me2S1 NH2 THF N N 27 28 [00103] Around bottom

flask was charged with 0.45¢g (3.30mMVM) of 4-

nmet hyl ni coti nam de (27). The flask was flushed wth

argon, and 50nL of dry THF was added by syringe. The

| t | t d

cquippef Tt igis e S AREE SORAGF s Raflbl frunff ol

methoxfd@ rmlti Q>q1glo|m>3f(rcﬂ5bﬂy®1§ "PtthésChni xAurb wiaipd mdememmﬁmm and

5 22l old-Bsro - ssohgRgencq, B CHRE T RREHPR S diRh gif e and
[

o e YATHAGE S RS 0800 O BRI T s

with 156milJ df@tfa‘nerlaxﬂi Strheted thirabtinieowathlethval Ehe tombinedorganiE layers
were W?s(l_:,lecz 23\' {1 g\ﬁzgth@a\éorggxgc%gmlchmrﬁograp y(%/o 1-Fluo

FtOAc/hexanes) gave 1,79 g methyl 4-(2-fluorophenyl)butanoate (30).

[00106] 4-(2-Flaorophenylbutanoic acid (31). A round bottom flask was charged with
1,79g of 2-(4-methylbutanoate)fluorobenzene, which was dissolved in 17mL of MeOH.
To this solution was added a solution of 1 g of sodium hydroxide. The resulting mixture
was stirred 20 hours at RT. The solvent was evaporated and the crude material diluted
with 15mL of 0.5M HCL Extraction with DCM three times gave 1.17g (92%) of 4-(2-
fluorophenyl)butanoic acid (31).

[00107] 5-Fluoro-3,4-dihydronaphthalen-1(2H)-one (32). A round bottom flask was
charged with 0.15 g of 4-(2-fluorophenyl)butanoic acid, which was dissolved in 20mL
DCM and cooled to 0 °C. Oxalyl chloride (0.15mL) was added, followed by 1 drop of
DMF. A drying tube was attached, and the solution was stirred at 0 °C for two hours.
Aluminum chloride (0.121g) was added and the solution was allowed to slowly warm to
RT overnight. The mixture was poured onto ice water, and extracted three times with
DCM. The combined organic layers were washed with 0.5 M NaOH and brine. The
organic phase was dried, evaporated, and purified by column chromatography (eluting with
20% EtOAc/Hexanes), to give 0.07g (53%) of 5-fluoro-3,4-dihydronaphthalen-1(2H)-one
(32).

[00108] 5-Fluoro-1,2,3,4-tetrahydronaphthalen-1-amine (34). A round bottom flask
was charged with 0.5g of 5-fluoro-3,4-dihydronaphthalen-1(2H)-one, 0.28g of
hydroxylamine hydrochloride, and 0.34g of sodium acetate. A condenser was attached,
and the flask was purged with argon. 20mL of dry FtOH was added, and the mixture was
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NaOwe, Pd(dppf)2C2 1. (CCO2 F cat DW F F CH2Cl 2
HON H2-HCI \ H2, Pd/C\ 2. AICI3 NaOAc / EtOH 1 Et CH
wO2biBrokbIH2 32 33 34 [00105] Met hyl PCT/US2006/061004
4- (2-fl uorophenyl ) but anoat e
(2- (4- et hyl but anoat e) f| uor obenzene, 30). A round
bottom fl ask was sealed with a rubber septum flushed
with argon, then charged wth 5.32nL of nethyl
3-buteneoate (29) and 100nL of a 0.5M sol ution of
9-BBN in THE The solution was stirred at RT for three
hours. A 2-necked round bottom flask was 32 WO
2008/ 060301 PCT/ US2006/ 061004 equi pped with a

s SRt RO S LR
washedWith Wafer m']?ﬁetﬂrgmﬂ&pl&lsadde dri@Dwith eddidmysulfhie aad dva;ﬁ»rél@drto ,
NS IR e T T
was re(g,{?;%% %tgq’vc\lﬁl?ﬁl Efon %ﬂlsh &Qgens(@blz%) gf‘ e 8. 43 QR&A) bPs- Bﬁero-

150nm of X racte three times
1,2,3,4vietrdhydtdnephthdlbe- leapmbé (. or ganic | ayers were washed
with brine, dried, and evaporated. Colum

omat .0 5% Bt OAc/ hexanes ave 1.:79 g nethyl
00105} STRps 355 Bt ot EARS R AR B05 e
4- ( 2- Fhi orophenyl)but anoic acid éSl; A round bottom

fel ask charged with ]; 799 cat F
] (4- ;0}6 yt. noat e)f ben,g;ﬁrte2 whi ch gwa
qu |o s added

0| utNaonlelEol Ft? hydrm de. T | ting
g%/xture was stirr g hours at RT. The gol \7/ent was

aporated and the crude material diluted wWth 150
of 0.5M HCL Extraction vvlth DCM t hr ee tlrres gave 1.17g
(929% of 4-(2-

HONHz HCI H2, Raney Ni
NaOAc/ EtOH EtOH

[00110] 3-(2-fluorophenoxy)propanoic acid (36). A mixture of 2-fluorophenol (35) (15

g), 3-bromopropanoic acid (20 g) and NaOH (11 g) was refluxed in 50mL of water. The
solution was cooled to RT and acidified to pH 2 with 3 M HCI. The resulting precipitate
was isolated by filtration to yield 9.27 g of'title compound as a white solid. The filtrate was
extracted three times with EtOAc to yield 2.5g of less pure compound (36).

[00111] 8-fluorochroman-4-one (37). Oxalyl chloride (8.79 mL) and one drop of DMF
were added to an ice cold solution of 3-(2-fluorophenoxy)propanoic acid (9.27 g) in DCM
(50 mL). The solution was stirred at 0 °C for two hours, aluminum chloride (7.39g,
55.42mM) was added and the solution was stirred for 16 hours at RT. The mixture was
poured onto ice water, and extracted three times with DCM. The combined organics were

washed with 0.5M NaOH and brine, dried, evaporated, and purified by column
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fl uorophenyl ) butanoic acid (31). [00107]
5- Fl uor o- 3, 4- di hydr onapht hal en-1(2H) - one (32). A round
woabasmedl ask was charged with 0.15 g of PCT/US2006/061004
4- (2-fl uorophenyl ) butanoi ¢ acid, which was dissol ved
in 20nm. DCM and cooled to 0 C. Oxalyl chloride
(0.15nm) was added, followed by 1 drop of DM A
dryi ng tube was attached, and the solution was stirred
at 0 Cfor tw hours. Alum numchloride (0.121g) was
added and the solution was allowed to slowy warmto
RT overnight.. The m xture was poured onto ice water,
and extracted three tines with DCM The conbi ned

cmnnmg%%mﬂgzﬁ §ﬂ§§%e%£@§26?gg% vapéumPH@Sh%ﬁg'puﬁf?fed

(8.20g, & gq'olunn chromat ography (eluting with 20%
c/ Hexanes), to give 0.07g (53% of

o112} @&&ﬁﬁoﬁaﬂ%@ CBP A P e s Shaed vt Sro
fiuorocfiftan- Lol S FHARUEADifS fygrl o SANIRE) bhd B Burndodite

(4.46g)hydretuy k:amﬂemergyaﬁraddéd, threi filksk vsaﬂ @u@eﬁ&g‘gmrgsm ]gi:rxaEtOH (20
ta A nser tt n

mL) wis ek i 0 RO B BT el et SERRS: T8 S B ne

cooled {B Kt Lﬁlgltélﬁltﬁ 100 28 8/ QRBREN Rt USARQR LA Plide was dried,

stirre reflux for 18 hours. The sol ufi on was
and evapooit@tiotgivedhe intetiniediatelS-fuptechromancd-onmeximp 3Bk wWhight was

reauoed SR Roat R BRI A TR0 i B ed BB el 7%

5-fl uoro- 3, 4- dlhydronaphthalen 1(2H) - one oxinme (33),
[00113]VR&bIutivasof e wsiochinidn-Paiine.n Et OH wi th hydrogen
50psi), to give 0.43g (86% of 5-fl uoro-
, 2,3, 4-tetrahydronapht hgl en- | -am ng (34) [ 00109]

aan3115 moYdat hesi s cof I8- quorqghr man- apine. 1.
S PPATR O F at ~' HO 6 2

D MeOCH,COOMe
t-BuOMe

=

Il,'

NH,
3%

[00114] In short, a mixture of 8-fluorochroman-4-amine (3.40 g), methyl 2-
methoxyacetate (2.44 g) and Novozyme 435 (Aldrich, 0.68 g) in anhydrous zert-butyl
methyl ether (75mL) was heated at reflux under argon for two hours (at which time the
ratio of acylated to unacylated product was 1:1 by HPLC). The solid that formed upon
cooling was collected via filtration and dissolved in EtOAc. The mixture was filtered to

remove the biocatalyst and washed once with 0.5M HCl to remove any lingering (8)-
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35036 037 FF HONH2-HCI O H2, RaneyNi Oy I ~
NaQA EIl tc OHI ~ EtOH HON NH2 38 39 [00110]
wWG@-20@/060300r ophenoxy) propanoi ¢ acid (36). A m xPATAISEF06/061004
2-fl uorophenol (35) (15 g), 3-bronopropanoic acid (20
g) and NaOH (11 g) was refluxed in 50nL of water. The
sol ution was cooled to RT and acidified to pH2 wth 3
M HCI. The resulting precipitate was isolated by
filtration to yield 9.27 g of title conmpound as a
white solid. The filtrate was extracted three tines
wth EtQAc to yield 2.59 of |ess pure conpound (36).
[00111] 8-fluorochroman-4-one (37). Oxalyl chloride
. (8.7 r f t b
amine. (b 0GR R it prbllics A EERBAEA s Tt
methyl ¢he2i® WIdi(R)-PE8-fi§&@0chirbinan-Fhyd)-2 ahcthoyncatasidst(D78e) Hie

B AT R P W
HC1 anfToncERBa f(i#i@ﬁl éﬁﬁﬁionﬂ%ﬁ?-@ﬂ%ﬁ@robﬁr%nﬂﬁhﬁﬂb-ﬁn d
thre h

extracte e tines The conbi hed organics
methoxyecetamida $0183 g)viTha combietlacidiccagedrsilayers wWeiegyade basic by

ted,. i I 34, WO. 20Q08/.0 1
NeOH R eSaer BaToRt rlt STy el edr iy apent Jomb A
solutiofeb RN Nubfd cBiovginSs-§/1) LoM kB ARFBANAd0e7S & i SVBHZD th
989% , [001121 8-fluorochroman-4-am ne (39). A round
EtOH (50 mIarw4s|hested whiesflyn orfour hours Bhe solvestsowere sermpnved. fima the

cooted st miHH, SR PAMS oM GO ENeR b 98 56 Rur B0 SN ORI

ux condehser was ad
out with NaEh g egtraged fosir tithes i DCHlIrty yEIOR (-2 dluomchromm-4-
amine q%g%fg {87%’?98(3%@}6. J{l?p )é(; g%\glgsm&%cﬁéd \;izrl. %girﬁtﬂﬂfézl (Eﬁ(lrafk%rl O])S-H (0.46
X 25 cm analytical column, Daicel Chemical Industries) method: isocratic 5 % (0.05%
TFA/EtOH) 95 % (0.05 % TFA/Hex), Rt = 7.2 min (S)-enantiomer, Rt = 9.2 niin (R)-

enantiomer.

[00115] Example 16: Synthesis of 2-(1H-Benzo[d]imidazol-1-yD)-9-((R)-8-
fluorochroman-4-yl)-7 H-purin-8(9H)-one.

7o </NI> .
- F H
w0y ; o (S
CI_N._Cl H Na N~

YOS CI_N,__N -— N/

N~ NS F

NO;  DIEA, THF N._~ o
NC,

NazS;04
THF/AL0

F

//O

N\ )"1
=\ /’@ N
@NTN\ N CDI / THF TN W M
N\/;[N>=o ®/ \W\I Q "
H N
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cooled to RT, diluted with Et OAc, and washed wth
wat er. The organi ¢ phase was dried, and evaporated to
wWQi208/0608911 nt er medi ate 8-fl uor ochr oman- 4- one ORCWAIS2006/061004
(38), which was reduced with Raney Ni ckel in EtOH at
50 PSI to yield the titled amne (39) (4.69g, 57%..
[001131 Resolution of 8-fluorochroman-4-amne. F F F
O Novozynme 435 10 O | / MeOCH2COOME t-BuOve NH2 O NH
NH2 39a O8 MHC EtCOH F OIl jkz NH2 39b [001141
In short, a mxture of 8-fluorochroman-4-am ne (3.40
g), nmethyl 2- nethoxyacetate (2.44 g) and Novozyne 435
(Aldrich, 0.68 g) in anhydrous tert-butyl rmethyl

YA .
foo11f grf{E eyl Ryt AN el FiehishodiilanBi BB 7 10
nitmpjflkmgat-ﬁdi]m (itbblitrﬂumshrbnlhnmaﬂﬁle ?0 _m“g‘th_meplie d5) ras added
or med_upon. cool |
o e LB, SO e Vil S
mL) at {—W.e"fﬁ&%amo‘ﬁcxﬂﬁﬂ% as gd"%g REIRNA8 Minlal -5 o OiHes!C

0 renove any lingering WO 2008/ 060301
remo ved@Tdh/B00 B4R ahd alladde . wakineo RT. vAhe widaree hytion af te

and the product wa | i -
sodiu; be iz { -7S rsetgcr:l%/sso lﬁ:ionl pzrggaréc{ \9ig1tﬂeegcfdit%lnt (}/tJ sodium
MRS 19y IPERARETRZ 'S LY/ &

hydridd S@gﬁi&&ﬁﬁéﬁb@é QR TE) W ok 2dd ST A Va6 Pt e dilke (ER)-2-
g). The reaction solvent and recrystallization nother
chlorodN-(RafiuorassomasHeyl)-6 tmiteepyrinrdio- 4vamme) ad fhe resulting mixture was

stirred at RT ovemnight. Purification via column chromatography (elution with 1
MeOH/DCM) gave the titled compound (120 mg), MH' = 407.

[00117] 2-(1H-Benzo[d]imidazol-1-yI)-9-((R)-8-fluorochroman-4-yl)-7H-purin-8(9H)-
one. A freshly prepared solution of sodium hydrosulfite (tech, 0.5 g) and sodium
bicarbonate (0.25 g) in H>O (5 mL) was added to a solution of the above nitro compound
(120 mg) in THF (10 mL). The mixture was stirred vigorously for 30 min then extracted
with EtOAc (2 x) and DCM (2 x), the combined organics were washed with brine, dried,
filtered and concentrated to vield the intermediate 2-(1H-benzo[d] imidazol-l-yl)—N4 -((R)-

8-fluorochroman-4-yl)pyrimidine-4,5-diamine that was used as such in the next step.

[00118] Carbonyldiimidazole (0.2 g) was added to a solution of the above amine in THF
(10 mL). The resulting mixture was stirred at RT overnight, silica gel was added, then the
solvents were removed under reduced pressure and purified via column chromatography,
elution with 5 % MeOH/DCM, to yield the titled product (28 mg), MH" = 403, '"TH NMR
(CDCh) 8 10.6 (s, 1H), 8.9 (s, 1H), 8.3 (s, 1H), 7.8 (m, 2H), 7.3 (m, 2H), 7.0 (m, 1H), 6.7
(m, 1H), 5.9 (dd, 1H), 4.7 (m, 1H), 4.4 t, 1H), 2.7 (m, 1H), 2.3 (m, 1H) ppm, ’F NMR 5 -
135.7 (m). Chiral HPL.C — no evidence of other enantiomer, Method; Chiralcel OD-H (0.46
x 25 cm analytical column, Daicel Chemical Industries) isocratic 15 % (0.05% TFA/EtOH)
85 % (0.05 % TFA/Hex), Rt = 19.5 min (R)-enantiomer, Rt = 22.4 min (S)-enantiomer.
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HC1 and concentrated to yield additional
(R -N-(8-fluorochroman-4-yl)-2- methoxyacetam de (0.83
waqpoosiaesoconbi ned aci di ¢ aqueous | ayers were nRAE/USAB6/061004
by NaCH and extracted with DCMto yield
(S)-8-fluorochroman-4-amne (39a) (1.6 g). A solution
of (R)-N-(8-fluorochroman-4-yl)-2-nethoxyacetan de
(0.78 g) in 8BMHCL in EtOH (50 nL) was heated at
reflux for four hours. The solvents were renoved from
the cooled reaction mxture, the resulting solid was
taken up in 50 nL of 0.5M NaCH, salted out with
NaCl (5), and extracted four tines with DCMto yield
[00119](B)zalﬁpfe| mm egﬂﬁpedﬁc aytithesis 6F zinidazaly pasidone The

0 was checke

hiral HPLC. Chiral
denvatweﬂ5mm®ﬁ&fﬁtmﬁm'k2@w3mg1yn@fﬁ%& %“ﬂ'&ﬁ&“&‘ﬂei}q

5 0p -~ LvilGe _
benzo[({ﬁlﬂﬂ%ol -?I&)ﬁ%tnhffiﬂ 4—&&% "2 enf}l\inli{):;g{) Iﬁtelrg:& &??ﬂ%ﬂ('@ yﬂﬁnt%yl)
2-(5- (tl{{mwrmﬂ@ﬂﬂixy Hrbenz0[@]ibGl azol dryl) pyrix@id ityleamine (44 f

2-(1H Benzo[d]imdazol -1-yl)-9-((R)- 8-
fluorochroman-4-yl)-7Hpurin-8(9H) -one. N HN F F

N==\ N N~ O NGO NCGN N~ FN/ NOZ NO2 DI EA
THE TN. XNO 0 %204 THFIH20 r N O F F
<4 20
H2N N \/Cl FgCO
CI\rN\ cl
L
TEA/ CH,CN KCO
N N0, s NOz ’

41

New 7 Ny A
\IEI N H\/Q.\l N:‘
= N.__N N 43
X Oy
N02 N ﬁ

FsC 42 F,CO
“ N
N::l‘\l N H\/@\J N=y =
NO, F,CO NI\):N#O
4“4 H

[00120] 2-Chloro-5-nitro-N-(pyridin-3-ylmethyD pyrimidin-4-amine (41). A solution
of 2,4-dichloro-5-nitropyrimidine (40) (5 g) in methylene chloride (60 mL) was cooled to -
78 °C and treated with 3-(aminomethyl)pyridine (2.8 g). The mixture was stirred at -78 °C
for six hours, and concentrated in vacuo at RT to provide crude 2-chloro-5-nitro-N-

(pyridin-3-ylmethyl)pyrimidin-4-amine (41), which was used without further purification.

[00121] 5-Nitro-N-(pyridin-3-ylmethyl)-Z-(6-(triﬂuorometh0xy)—1H-benzo[d]imidazol—1-
yDpyrimidin-4-amine (42) and 5-nitro-N-(pyridin-3-ylmethyl)-2-(5-(trifluoromethoxy)-
1H-benzo[d]imidazol-1-yl)pyrimidin-4-amine (44). A suspension of crude 2-chloro-5-
nitro-N-(pyridin-3-ylmethyl)pyrimidin-4-amine (52 mg) in acetonitrile (10 mL) was
treated with 6-(trifluoromethoxy)-1H-benzo[d]imidazole (40 mg), potassium carbonate
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N,,.N~M NCOTHF NNY Nit F NNY HN &NH 36 W
2008/ 060301 PCT/ US2006/ 061004 [00116]

wa-20Bke@wnzo[ d] i m dazol -1-yl)-N ((1t) - x-fl uor oeOTAISENN6461004
-yl)-t)- nitropyrimdin-4-am ne.
(R)-8-fluorochroman-4-am ne (60 ng, Exanple 15) was
added to a solution of 2,4-dichloro-5-nitropyrimdine
(70 ng) and DIEA (0.124 nlL) in THE (5 mnL) at -78 C
The reaction mxture was stirred for a further 15 mn
at -78 Cthen renoved fromthe cold bath and al | owed
to warmto RT. A one nolar solution of the sodium
salt of benzimdazole (0.7 m, stock solution prepared

0 Sl PV L L i oot ol

extracteld '%ﬁlr tﬁ@cﬁéﬂ%ﬁ@ cl(l(nFi’de Zhe orgamc layer was separated, dried with sodium
oro

sulfat, ﬁ@yremdtqaecq-r@;%rd% g Gl drematoprapRb (2 etisiie
chlonde( ylie %tnh{e V{An? E&Iﬁ o) @%W i hﬁ%-ﬁjﬁﬁﬁ[&ﬁ@gﬁﬁﬁﬂwh 2-(5-

ave the titled conp
(trifluotoAéthoRy)- IHMdIhZG[d}iﬁl?daz{)DD-j(]])ﬁ)rlmldm-4-amme as the first elutmg

2-(1HB d d 811 h
isomer Ff)dg lﬁ—mﬁg%%[@‘]el y élyﬁn ‘P%%%r‘?@% 5?% ’Eﬁ)o{ﬁon of
c 6l
bm[ﬁ?@%&%ﬁﬁqﬁ?#%%%?%%% %g"&‘?ﬁ‘&“,a%@ad??d (o2

sol uti on of the above nitro conﬁ&)und (12 in THE
[00122] HighhR}isoffike 'HiNMR €CREk) & PiZ(s.cbi BGdE. d&&)l& me- 153 $¢ £

0, LIRS B e 5 LB o TR g b

: tragdadi ty 4y @ he internediate
w3 ORI PP Al -
8f|uorochrormn 4-vyl r|md|ne4 anine

[00123) div Bsisemeh "HANMRAGIok) 392155, upo&m]lm ge'm 1w ¥

1H), 8. gzi blg-ls %,g I(slaml-ﬂ 332%%}16' #_-'2 O%P%lm%‘)gzoqg_gﬁg} . ?ﬁ,g&é%nigg?ﬁlféfe of
benzun\imofétring efs ﬁ,/ 187, Py edd)inehi7.1 6, 1iDa4.9€d, mas added,

hen t he entfs were renoved under reduced pressure

and purlfled via col umm chronat ogr aph ?Iutlon Wi th
[00124% Examnlevl@cwpntrsgwm%ﬁ%ﬁ’@ Tagsts) of pe Bg'aéﬂ%’i VH+

denvatlves. %ynt}l NB9—(Pyndm—3-y]methyl)—2 (6- (tnﬂuoromethoxy)—lH—
benzo[d]imidazol-1-yI)-7H-purin-8(9H)-one (43) AND 9-(pyridin-3-ylmethyl)-2-(5-
(triﬂuoromethoxy)—lH—benzo[d]imidazol—1—yl)—7H—purin—8(9H)—one (45).

[00125] The title compounds were synthesized from 5-nitro-N-(pyridin-3-ylmethyl)-2-(6-
(trifluoromethoxy)- 1H-benzo[d]imidazol- 1-yDpyrimidin-4-amine (42) and 5-nitro-N-
(pyridin-3-ylmethyl)-2-(5-(triftuoromethoxy)-1H-benzo [d]imidazol-1-yl)pyrimidin-4-
amine (44) using the same procedures that were used to convert (R)-tert-butyl 2,4-
dimethoxybenzyl(S-nitro-6-(1-(pyridin—3-yl)ethylamino)pyridin-Z-yl)carbamate to (R)-tert-
butyl 2,4-dimethoxybenzyl(2-oxo-3-( 1-(pyridin-3-ylethyl)-2,3-dihydro-1H-imidazo[4,5-
blpyridin-5-yl)carbamate (67; Example 22 below).
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(CDC13) 6 10.6 (s, 1H), 8. :

(m 2H), 7.3 (m 2H), 7.0 ,6 (m 1 H, 59
woOdades/okodo), 4.7 (m 1 H, 4.4 (t, 1 H, 2.7 (nPCL/USR006/061004

2.3 (m 1 H ppm19F NVR 6 - 135.7 (m. Chiral HPLC -

no evi dence of other enantioner, Method; Chiralcel

OD-H (0.46 x 25 cm anal ytical colum, Daicel Chem cal

I ndustries) isocratic 15 % (0.05% TFA/EtOH) 85 %

(0.05 % TFA/Hex), Rt = 19.5 min (R)-enantionmer, R =

22.4 mn (S)-enantioner. 37 WO 2008/ 060301

PCT/ US2006/ 061004 [00119] Exanple 17:

Non regi ospeci fic synthesis of benzi m dazol e purinone

[00126]5 ' Veefﬁb%;pyl%ﬂgrsn%ﬁf@phﬂ)bmgl{((gne?n) B 5y L s
1H), 8. 6(% F&ﬂ%&%ﬁhﬁlﬂ@bﬁﬁﬁ%ﬁd@%&@»{ Bigitl i1 A 48.4(8, nﬂ)(suzxd AIID

7.9 (d, Hi(asslgn rH-ﬂIOtﬁbﬁmtfhm )rmg}sr%%zﬂziopé} 7t @iy D), 5.4 (s, 2H).
1-yl) pyrimdin-4- amne (44) N HZNNN HI FCOI >

[00127]5 5 Ritfosorhethbdy ket (RN sl e R (ES2OM) NI (& 78 €18,
1H), 3. NG 1Y, akBe: A27 5z ithdazole rmg), 8.5 (d, 1H), 8.3 (s, lH), 7.9 (d, 1H), 7.6
(s, 1H, assign: H~4 of benzimidazole ring), 7.4 (dd, 1H), 7.3 (dd, 1H), 5.3 (s, 2H).

.3 (s, 111), 7.8

[00128] Example 19: Non-regiospecific synthesis of an oxoimidazopyridine and an
imidazopyridine derivative: Synthesis of 5-(1H-Benzo[d]imidazol-1-yI)-3-(pyridin-3-

ylmethyl)-1H-imidazo[4,5-b] pyridin-2(3H)-one (50).
\/O
H
Cl N Ci cl N N N
HoN N
;:’ No; ~ Z o
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@ >
K,COs
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: H
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N D
B g
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\
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N,- .4 HN/ NN~NNN- 45 F3CO~ N NI | NANO
NOz FSCON XN 44 H [00120]
wa-2ai8l060301 5- ni t ro- N- (pyri di n- 3-yl met hynpyri m dPaQTAS2006/061004
e (41). A solution of 2,4-dichloro-5-nitropyrimdine
(40) (5 g) in nethylene chloride (60 nL) was cooled to
- 78 Cand treated with 3-(am nonet hyl ) pyridine (2.8
g). The m xture was stirred at -78 C for six hours,
and concentrated in vacuo at RT to provide crude
2-chloro-5-nitro-N
(pyridin-3-yhnet hyl) pyri m di n-4-am ne (41), which was
used wi thout further purification. [00121]
5-Nitro-N-(pyridin-3-yhnethyl)-2-(6-(trifl uoronethoxy)
-1H benzo[ d] i m dazol -1 - yl)pyrimdin-4-am ne (42) and
5-nitro-N-(pyridin-3-ylnmethyl)-2-(5-(trifluoronethoxy)
[00129] s%tﬂhmm[tﬂhﬂaaﬁazpy}) B-nikpoplr(pyiidim3-4ImethyBpyridin-2-A

f
amine () ACRoICy R ROy ARRFGEDY B AP0, 9. Arvigniels Gyl
was coog t@‘b&?)dﬂdtt{eh{eﬁ v‘r)ﬁ('gs 1aWgde (0. 3@&1‘].3%11@&6& by 3-

| uor onet ho H-benzo | |n1dazole 4Q ng).,
(armnorﬁﬁhﬂsgwrmlmamrﬁﬁcmhl a‘hsaummwm@d:fwo minutes at 0 °C and eight

/. JS200 / 061 f
o G SESAAA e, 455 S A St o
(pyriditf 3£ ﬁﬁ&hﬁ%%&dﬁ:hzwtm avahiaasfeted toThsbawdgabH contayieg
separated, dried with sodium sulfate ;l ﬁdth
benzumlazablc Gh8ea) mdtmaasslnm@emmeéélg)ﬁﬂdbwm@gp B’hg e
70:
mlxture( oagg afngtﬁﬁére%n%ge ﬁl!g ?g%tﬁgzwgl% \ i eﬂ%ﬁ%@tef@ﬁ&‘ﬁﬂ@h&d to

3-yl et hyl)
prov1de(13|9|riclgl,r UPIhe etk Bexpdund-{4Brnzo
[d]|n1dazol l1-yl)pyrimdin-4-amne as the first

(00130165 Borgo | prrdara s gy Bmel O Frmisipafiet R e
2(3H)- o&%gfdﬁﬂ@{llﬂi b%@gﬂghmﬁzwﬂﬁym@ﬁdlﬂwylﬁmm -38-itnltRzo[4,5-

seco 00122 i somer: 1H NWR
blpyridEDE1R A Shfiod c(fé (lﬂ—penzs[dgm(léazoﬂrl)yl) $ngrq- Nn(pyridip-3-g. 6

yhneth}sl&yﬂdm}:%mee(lli% &g’l 1'1_1%)711’12[ %(o?mgb v@ﬁ%%%e%ﬂed ‘g@?a S 1ution of

Na,8204 (300 mg) in 1 mL of water. The mixture was stirred for two hours and diluted
with 50 mL of ethyl acetate. The mixture was washed three times with 50 mL aliquots of
saturated sodium chloride solution, dried over sodium sulfate, filtered, and concentrated in
vacuo to provide the intermediate 6-(1H-benzo[d]imidazol- 1-yD)-N2-(pyridin-3-
ylmethyl)pyridine-2,3-diamine (49). Half of the intermediate was dissolved in methylene
chloride (2 mL) and treated with 1,1’-carbonyldiimidazole (46 mg) at RT for 16 h. The
resulting crude mixture was purified by preparative TLC (1000 microns, 5% MeOH /
CH,Cb) to provide 7.1 mg of 5-(1H-benzo[d]imidazol-1-y1)-3-(pyridin-3-ylmethyl)-1H-
imidazo[4,5-b]pyridin-2(3H)-one (50): 'H-NMR (CDCl) & 10.0 (br s, 1H), 8.9 (s, 1H), 8.6
(d, 1H), 8.5 (s, 1H), 7.9 (m, 2H), 7.8 (m, 1H), 7.6 (d, 1H), 7.4 (m, 2H), 7.4 (m, 1H), 7.3 (d,
1H), 5.2 (s, 2H).

[00131] Example 20: Regiospecific synthesis: Synthesis of 3-(9-(2,6-Difluorobenzyl)-
8-0x0-8,9-dihydro-7H-purin-2-yl)-3H-benzo[d]imid azole-5-carbonitrile.
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assign: H4 of benzimdazole ring), 7.2 (dd, 1H), 4.9
(d, 2H). [00123] Low Rf isonmer: "HHNMR (CDCl3) S 9.2
wO0200806D3018. 9 (s, 1H), 8.8 (m 1H), 8.6 (s, 1PET/US2M6/061004
(d, 1H), 8.2 (s, 1H, assign: H 7 of benzim dazole
ring), 7.7 (d, 11-L assign: H 4 of benzim dazole
ring), 7.6 (d, 1H), 7.2 (dd, 1H), 7.1 (d, 1H), 4.9 (d,
2H). [00124] Exanple 18: Non-regi ospecific synthesis
of benzi m dazol e purinone derivatives: Synthesis of
9-(Pyridin-3-ylnmethyl)-2-(6-(trifluoromethoxy)-1H
benzo[d]i m dazol 1-yl)-7H purin-8(9H)-one (43) AND
9- (pyridin-3-yhnet hyl)-2-(5-
(trifluoromet hq9<y) 1H benzo[d] i m dazol -1-yl ) -7H puri n-
8(9H) - one (45). 25] The title conpoundée OMe
synt hesi zed H,NQ

Ai tro-N-(pyri i @ hyI - ( 6-
d trifl uqzzget hoxy) 1H£ E)g:pzokd] |H”n da -1 - m di n-
( Yy i n- 3- ybigat iy ) - 2- (SW\):I uor oiret hoXizh / THiH benzo
[d] |0mNﬁzzo | -1-yl ) pyrim di n-4-"%ni ne (44) using the
sané®procedures that were usé to convert

-tert-butylg2, \@V L@)
tro ﬁ;l pyr <3 (51
|§a { rt- butyIMi
N

thq)xybenz{yl
hyl) 2,

28 -dih;%]zho ybenz I(2 OXDHR3- ( 1- (pyr P¥e n- 3
pi dazo [ 4, 5- b]pyridin-5- Jl) car bar nat e

(67; Eg:an‘pl e 22 below). 89 WO 2008/ 0603

PCT/ US2006/ 061004 [ 00126 Trifluoromnmethoxy isoner

MeO

(non- saied; NI\/R(CDS 529.3_(s, 1H, N.Z; (Dr S,
118p) 8.6 (s laSSI jgn:J H- I of Bé%lﬂ?ﬁ‘ﬁ_‘bazole ring),

gﬁl( 1 B 8.1 (dg 7.9 (d, 1H,
assrgm y fw H}ﬁ%\ﬁ% rfngs_']d_% 5 (dd( 1H, 7.4
0

(dd, 1H), 5.4 (s.s5 0127] 5- Trlfluororrethoxy

i somer (rp alt) H-NI\/R(CDS(D)
(s, (d assi gn: 7 of
ring), 8.5 ¢ )—?0‘;{) .3 (s, 1H) ; I!

]17, as ml.qi@zolr\e rgng)t 7.4 (d
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[00132] Ng—(Z,cl—Dimethoxybenzyl)—N4-(2,6—diﬂuorobenzyl)—S—nitropyrimidine—ZA—
diamine (53). 2,6-Difluorobenzylamine (0.24 mL) was added dropwise over one min. to a
solution of 2,4-dichloro-5-nitropyrimidine(40) (0.388 g) and DIEA (0.77 mL) in THF in a
cold bath set to -78°C. The reaction mixture was stirred for a further 15 min at -78°C then
removed from the cold bath and allowed to warm to RT. Additional DIEA (0.77 mL) was
added to the reaction intermediate (N-(2,6-difluorobenzyl)-2-chloro-5-nitropyrimidin-4-
amine) (52) followed by the addition of 2,4-dimethoxybenzylamine (0.30 mL) and the
resulting mixture was stirred at RT overnight. Purification via column chromatography
(eluted with 1 and 2.5 % MeOH/DCM) gave Nz-(2,4-dimethoxybenzyl)-N4-(2,6-
difluorobenzyl)-5-nitropyrimidine-2,4-diamine (53) (0.80 g), MH" = 432.

[00133] 2-(2,4-Dimethoxybenzylamino)-9-(2,6-difluorobenzyl)-7H-purin-8(9H)-one
(55). Raney Ni was added to a solution of N2-(2,4-dimethoxybenzyl)-N4-(2,6-
difluorobenzyl)-5-nitropyrimidine-2,4-diamine (0.80 g) in THF (50 mL) under argon flush.
The suspension was evacuated, charged with hydrogen (balloon) and stirred for 16 hr. The
resulting mixture was filtered through a celite plug that was thoroughly rinsed with THF
and MeOH to yield N*-(2,4-dimethoxybenzyl)-N*-(2,6-difluorobenzyl)pyrimidine-2,4,5-

triamine (54) that was used as such in the next reaction.

[00134] Carbonyldiimidazole (0.93 g) was added to a solution of N2~(2,4-
dimethoxybenzyl)-N"-(2,6-difluorobenzyl)pyrimidine-2,4, 5-triamine (54) in THF (20 mL)
and the resultant mixture stirred at RT overnight, then the solvents were removed under
reduced pressure and the taken up in EtOAc and washed trice with water. The organics
were dried, filtered and evaporated and purified via column chromatography, elution with
2.5 and 4 % MeOH/DCM, to yield 2-(2,4-Dimethoxybenzylamino)-9-(2,6-difluorobenzyl)-
7H-purin-8(9H)-one (55) (0.58 g), MH" = 428,

[00135] fert-Butyl 9-(2,6-difluorobenzyl)-2-amino-8-oxo-8,9-dihydropurine-7-
carboxylate (57). A 1:1 solution of TFA/DCM (10 mL) was added to 2-(2,4-
dimethoxybenzylamino)-9-(2,6-difluorobenzyl)-7H-purin-8(9H)-one (55) (0.58 g) and
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WO 2008/ 060301 PCT/ US2006/ 061004 [00129]

6- (1H Benzo[ d] i m dazol -1-yl)-3-nitro-N (pyridin-3-yl ne
wohyisjoegaoi di n-2 am ne (48). A solution of PCT/US2006/061004

2,6-dichloro-3-nitropyridine (46) (0.5 g) in

acetonitrile (20 nL) was cooled to O C and treated

wth triethylamne (0.36 niL) followed by 3-

(am nomet hyl ) pyridine (0.26 nL). The m xture was

stirred for 30 mnutes at 0 C and eight hours at RT.

The resulting solution, which contained the

internmedi ate 6-chloro-3-nitro-N

(pyridi n- 3- yI nmet hyl ) pyri di n 2- arri ne (47), was

r I t i m
stirred “t’gggﬁ‘g) t%ralétg uﬁn&é3 ar bo at e a?lg Q& ?&1 g gﬁgﬂg?é eﬁ%ﬂrﬁ‘ed
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winime] S 551 Bl 050 e BB e P 2

|
ammo-’ﬁl?ﬁfﬁ; ;‘f;[%ﬂ[ﬂé ﬁsﬁggﬁdip%)_ MZI%IB:): 2’?% %glérshﬂidﬂl ciorkdsdiy! ) - 1H

5- (1H benzo[ d] i mi dazol - -Sé%rldms | met hyl ) - 3H
(00136} Ini2ifaDeupehenyip e T LB SO sma (6.55 hmes distoRed in a

R T
were adiR8 ahd hatmisliin Was stirfedl R OsvealkightNThS2EXktioB 00lvergy were 1
nmL of water. The m xture was stirred for two hours and

removegjangd thegerudg mhteewl Vas telﬁenelmm GMend veashedhwithitl 0y e vapgERted

$,S
o pul SR SRS, Bt b eiebrpehy Lt
titled pfddhete(se)xo 36, mﬁc:ems MIEBoo = 278cmajor ) (-BVa)Xle 406end

L di ate
m’“%ﬁ e#faadmhsala% ~1-yl)-N2- (pyri di n- 3-
yl met hyl ) pyri di ne- 2, 3-di amne (49). Half of the
[00137] NeRIBIRG A6 \mtﬂbﬁ ?@(5 ARLONR R h en§RInSiNDYIS- 0k -8,9-
) and tréated wth - car onldllmdazole(46 )
dﬂlydrapuMe~f7cnarh®yﬂrater5%) S¢<h@u|hwdﬁ@e G&Slms A7 wiaseadglgd, under
argon é&lz't)esg){ug%ﬁ ng \fna éﬁ%}f %&néldgu(o}gb%gzﬂb&[a%ﬁﬁo-ég@ohﬁ% /
dihydrdputibi7hamzalyiild (575 0 mg)-ant B-BudrpehittoBenGoiikrite {414 tg)lin
- imdazo[ 4, 5-b] pyridin-2(3H) -one (50): 'H NVR_ (CDCl13)
DMF ($mig) ab-40iC. s’Ihemeewnog mixpuse wasgllovgdgo aam te -0 °@ oxerXhr

then qungHed ;ﬁh{ %}dnﬁ 6fs?t % (lgmél%ce Ryl 21 ni'n% Jas[ %l&l?idl\jvﬁh

EtOAc Eﬁa Bapacated): THREGLAGHOREE |v@sﬁem®me Btific (339N iHadk ifdtendid and
&9 (2,6-Difl uorobeng

evaporated, purified via column chromato graphy, {eluted with DCM and 1 and 2.5 %

MeOH/DCM) to yield fert-Butyl 9-(2,6-difluorobenzyl)-2-(5-cyano-2-nitrophenylamino)-

8-0x0-8,9-dihydropurine-7-carboxylate (58) (288 mg), MH" = 524.

[00138] tert-Butyl 9-(2,6-diflucrobenzyl)-2-(6-cyano-1H-benzo|d]imidazol-1-yI)-8-
0x0-8,9-dihydropurine-7-carboxylate (60). A freshly prepared solution of sodium
hydrosulfite (tech, 1 g) and sodium bicarbonate (0.5 g) in HO (10 mL)) was added to a
solution of the above nitro compound (58) (288 mg) in THF (10 mL). The mixture was
stirred vigorously for 5 min., extracted with DCM (3 x), the combined organics were

washed with brine, dried, filtered and concentrated to yield the intermediate ters-butyl 9-
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8- 0x0- 8, 9-di hydro- 7H puri n- 2-yl ) - 3H benzo[ d] i m dazol e-
5-carbonitrile. 41 WO 2008/ 060301 PCT/ US2006/ 061004
wo 206301 OV H2N \ | :x7 HZN\ i O N d F PCOUS2046/061004

Y\ NO2 DIEAl THE NO2 F DOEA/ THE 40 52 MO F / MO
FHH \ I NIN~ . RaneyN NNNI Il \ THE Ow 54
N/NHF Ov NNOF2 2 53 F MO CD HTFA/Et3SiH
~NNNFTHE OCH2C 2 OWw NNNN55 F\ F NO2 f ~-
Boc20 PF: ~, TEANC J::, HZN NN F HZN N N p CHOCN N

N Ot4dH | DWF

(2,6-difluorobenzyl)-2-(2-amino-5-cyanophenylamino)-8-oxo-8,9-dihydropurine-7-
carboxylate (39) that was used as such in the next step.

[00139] A catalytic amount of para-toluene sulfonic acid monohydrate was added to a
solution ofthe above amine intermediate and trimethyl orthoformate (3 mL) in MeOH (10
mL). After 1 hr the crude material was adsorbed onto silica gel and purified by column
chromatography (eluted with 1 and 2 % MeOH/DCM) to yield tert-Butyl 9-(2,6-
difluorobenzyl)-2-(6-cyano-1H-benzo[d]imidazol- 1-y1)-8-ox0-8,9-dihydropurine-7-
carboxylate (60) (164 mg), MH" = 504 and MH -BOC = 404.

[00140] 3-(9-(2,6-Difluorobenzyl)-8-ox0-8,9-dihydro-7H-purin-2-yl)-3H-
benzo[d]imidazole-5-carbonitrile (61). A 1:1 solution of TFA/DCM (10 mL) was added
to tert-Butyl 9-(2,6-difluorobenzyl)-2-(6-cyano-1H-benzo[d]imidazol- 1-yl)-8-0x0-8,9-
dihydropurine-7-carboxylate (60) and stirred for 1 hr. The solvents were removed en
vacuo and the resulting solid was triturated with Et;O, and suspended m 6N HCL. Removal
of solvents and trituration with Et;O of the resulting solid gave the titled compound (61)
(68 mg) as a HCl salt, MH" = 404, "H NMR (ds-DMSO) 5 11.8 (s, 1H), 9.2 (s, 1H), 8.8 (s,
1H), 8.0 (s, 1H), 7.9 (d, 1H), 7.8 (broad s, 1H), 7.4 (d, 1H), 7.4 (quintet, 1H), 7.1 (m, 2H),
5.2 (s, 2H) ppm, ’F NMR 6 -114.3 (m).

[00141] Example 21: Synthesis of 3-(8-Ox0-9-(tetrahydro-2H-pyran-4-yl)-8,9-
dihydro-7H-purin-2-yl)-3H-benzo[d]imidazole-S-carbonitrile (62).

0
Lo
NC H

62

45



1 NDCMBoc 56 57 F F NH2 (MeO3CH N2 HINF THE /
H2 :JNN NIl ~pTsCH | NOTHE/ HOO MeOH CN 58
w®Bo@s@h3bO Boc F PFF F\' N FA 1 CH 1 zN N N PAT/UB20Bb/061004
F'"Q/ 0 NONCH NC 60 Boc 61 42 WO 2008/ 060301
PCT/ US2006/ 061004 [00132] 1V2-(2, 4- D nmet hoxybenzyl)
1V4- (2, 6-di fl uor obenzyl )-5-ni tropyri m di ne-2, 4-
di annne (53). 2,6-D fluorobenzylam ne (0.24 nL) was
added dropwi se over one mn. to a solution of
2,4-dichloro-5-nitropyrimdine(40) (0.388 g) and DI EA
(0.77 mL) in THE in a cold bath set to -78C. The
reaction mxture was stirred for a further 15 mn at
[00142] 71%%&1% %Qmpﬁﬁt{@?’a?ﬁagn ﬁ%éll%g lf(ggigglhpgﬁe @Hggecﬁﬁ%ﬁé@g@s&ﬂ)ed
for the symthesie af 8+(8f(246nd1ﬂu¢mt1¢rayb-8-oxo-8 9-dihydro-7H-purin-2-yl)-3H-

bemo[a‘]%‘léo@é—glcfex}b%%gg (gnyEQMZIC%)or 0-5-nitropyrimdin-4-

[00143] “H NMR (ds-DMSO) 11.71 (s, 1H), 9.34 (s, 1H), 8.94 (d, J = 1.5 Hz, 1H), 8.38 (s,
1H), 8.00 (4, T = 8.1 Hz, 1H), 7.79 (dd, J = 8.1, 1.5 Hz, 1H), 4.57 (m, 1H), 4.04 (m, 2H),
3.50 (m, 2H), 2.59 (m, 2H), 1.79 (m, 2H); Mass (MH+) 362.1.

[00144] Example 22: Regiospecific synthesis of an oxoimidazopyridine derivative:
Synthesis of 3-(2-0x0-3-((R)-1-(pyridin-3-yDethyl)-2,3-dihydro-1H-imidazo[4,5-
b]pyridin-5-yI)-3H-benzo[d]imidazole-S-carbonitrile.
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amne) (52) followed by the addition of

2, 4- di met hoxybenzyl am ne (0.30 nL) and the resulting
worRoossonas stirred at RT overnight. Purifi cap€DOS2006061004

col um chromat ography (eluted with 1 and 2.5 %

MeOH DCM gave N2- (2, 4-di met hoxybenzyl) 2V4-(2, 6-

di fl uor obenzyl)-5-nitropyri m di ne-2, 4-di am ne (53)

(0.80 g), MW= 432. [00133]

2- (2, 4- D nmet hoxybenzyl am no) - 9- (2, 6-di f| uor obenzyl )-7H

-purin-8(9.H-one (55). Raney N was added to a

sol ution of Na-(2,4-di met hoxybenzyl)-N4-(2, 6-

di fl uorobenzyl ) -5-nitropyrm di ne-2, 4-di amme (0.80 @)

in THE (50 nL) und argon flush. The Sﬁygensi on was

evacuat ed, chq'ged\vvll h hydrogen (ball oo ®red
for 16 hr. The? Yés ing mxture f h) t hr ough
a j @l ug_that was tﬁegﬁn iNsed vvlth THE and
|VEO‘|tO ield TeasTHF | A/ THF

N2- ( 2, N¢eet hoxybenzyl ) - N 2N8: Bt | uor obenzyl ) pyri m
di ne- 2451 5- trlam ne (54) that was used as such |n t he
Ma eactl on. 4] Car borf‘ﬁ}?O &z:al e (H

deg tg aHso utl oaocg:f/DMEP(Z '
d| Wro nzyI py | d| ne 2,4
, b- t‘PMﬁam in TH 2&0 L % the t ant

m xt ur e étl rred “at RT over ni ght then he soI vent s

wer e reaned .. duced pre ure and the taken up
in Et vvas er c¢Ohe organics
wer e Ite ea and—ggn’fled Vi a

col umrrs—rehnprmb@grapmy, n W|th PIFSHHd 4 %
MeOH DCM to yield
2- (2, 4-D net hoxybenzyl armo) -9-(2, 6-di fl uorobenzyl) -

7H purin-8 -one (55) (0.58 Q) N = 428. [00135]
mebenl.- But yl

9-1(2,)6- &% | uor enzyF/)/Et2$+lam 8 X078, 9- di 8%8r opyri ne

- Pha TFAAGEM (10

mL)omas atldes %82 FEZ Up_jo CH;CN

di met hquybenzyll am no)-9-(2,6-difl ueg%benzyl )-7H puri n-
8(9H)-one (55) (0.58 g) and 43 WD 2008/ 060301

PCT/ LJS2006/ 061004 stirred for mn, after which
tri \ | sil ane M) was addeby ahd the mi xture was
stir n add naI 4 RP2 yThe sofvent g nese renoved

Hpndsy_jn vactfo, thé resi stalken up—A-—mi-ai nal
Ve ni=critwiabed wit 20 Bl d MHReHPFMeGh t
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[00145] (R)-N6-(2,4-Dimethoxybenzyl)-3-nitro-N2-(1-(pyridin-3-yDethyD)pyridine-
2,6-diamine (64). A solution of 2,6-dichloro-5-nitropyridine (46) (0.5 g) in THF (20 mL)
was cooled to 0 °C and treated with 1.6 mL triethylamine followed by (R)-1-pyridin-3-yl-
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am no- 7H purin-8(9H)-one (56) (0.55 g), MW= 278, as a
sal non col ored solid. [00136]
wW@2{08/0&30i f | uor obenzyl ) - 2- am no- 7H pur m 8( 9H) - BCIEUSDN&E61004
g) was dissolved in a mxture of MeOH ACN DCM (40
m.), Et3N (2 nL) and di-ter?-butyl dicarbonate (0.61
g) were added and the m xture was stirred at RT
overni ght. The reaction solvents were renoved and the
crude material was taken up in DCM and washed with
H2O, evaporated and purified via colum
chr omat ography, elution wwth 2 and 3 % McOH DCM gave
the titled product (57) (0.36 g), Mk = 378, MW Boc =
ethylmﬁmsompmm rhibdut&Naas stireliOBr 130, t}(e%"d'ai‘m'éa}d'RT and 6184 ©
So_observed. [00137] tent-Buty
another @0 b2, &.@nﬁthmb@gﬁbmme (-8 glldy@ﬁ @dQed and the mixture was heated
o I
o 50 -Cbt EPASY, A Rl Tnlted vt actors s st sgeitn
smurateﬂgodlﬂﬁ%lmﬂs salitienl, 'Ihcbrtﬂg:{mc BiygroRad depadated! drictl &Rk s8dien

b
sultue, Glrs S iong epndisiatsdns gl shiometeeapion 08 9100% ety acetate in
b T O ave o Pipls e A ik AP0 ryrigins-

yDethylpyriding-20-difiene @&t i on i xture was allowed to warmto
-20 C over 3 hr then quenched by the addition of sat.

a . at.. RT .t he Xp ur S ed with
[00146] Eﬁg@ﬁgﬁa@g figperh xyh‘?&”é@gﬁﬁ’f‘kg'(ﬁ?%“% fed with
yl)ethylbmmgp ddin)2-ylicadhmdte t@r&céomﬂ@ln oﬁmmsgmd purified

col umm chr omat ogr aphy el ut ed and 1 and
dunethoylgpn%l)-@ggrp@@vg {pynpme.'p-ai)p Drmiding-2,6-diamine (64) (367 mg) in

methylofs SlafgFon el AREREN e SRS e bbb O HLARE
dlrnethyld:ﬁmopgiﬂme e Odg’jSTh? mixture l;vas stlrred gor 1 66 h and conci‘t?_rll_trgted m[ g

t t r obenz cyano- enzo
vacio. C]tq Hpich }r/“a!f’ﬂ%mhyé% aﬁg@a@t@r%%atsp@hm\ées} DEaYidRshAOmg of

S A S i,

Yl)carbagl)im(ﬂs)—ﬂo (10 rTL) vvas added to a solution ofthe above
nitro conmpound (58) (288 ny) in THE (10 nL). The

ooss) DL HEERIRS 2 £ iAol s T -

dihydrovii L imitd 476 p4,5-B] pasdint 3 @b amabe(7oNE Solltic @ﬂ(ﬂ Qe bt
the i nternedi a!t)e teat-butyl 9 4(4 2008/ 060 8 yqi
2,4-dnnqi@,q97yﬂggzzof(ljé¢rg@g@@@ -(pyridin-3-yl)ethylamino)pyridin-2-yl)carbamate (500
mg) in THF (25 mL) was treated with an aqueous solution comprised of 2 g of Na;S204

and 1 g NaHHCOs; in 20 mL of water followed by 1 mL of methanol. The mixture was

stirred for 30 minutes, then diluted with ethyl acetate and washed with saturated sodium
chloride solution. The organic layer was separated, dried over sodium sulfate, filtered, and
concentrated to provide the intermediate (R)-tert-butyl 2,4-dimethoxybenzyl(5-amino-6-(1-
(pyridin-3-ylethylamino)pyridin-2-yl)carbamate (66). The intermediate was dissolved in
THF (50 mL) and treated with 1,1’-carbonyldiimidazele (0.5 g) at 50 °C for 20 h. The
mixture was concentrated and purified by column chromatography (2 > 5% MeOH in
methylene chloride) to provide 413 mg of (R)-tert-Butyl 2,4-dimethoxybenzyl(2-oxo-3-(1-
(pyridin-3-yDethyl)-2,3-dihydro-1H-imidazo[4,5-b]pyridin-5-yl)carbamate (67).
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(2, 6-difluorobenzyl)-2-(2-am no- 5-cyanophenyl am no) -
8- 0x0- 8, 9-di hydropuri ne-7- carboxylate (59) that was
waig@doesosuch in the next step. [00139] A cat ab@r/U82006/061004
anount of para-tol uene sul fonic acid nonohydrate was
added to a solution ofthe above am ne internediate
and trinethyl orthoformate (3 nL) in MeCH (10 nl).
After 1 hr the crude material was adsorbed onto silica
gel and purified by colum chromatography (el uted
with 1 and 2 % MO/ DCM to yield tert-Butyl 9-(2,6-
di fl uor obenzyl)-2-(6-cyano-|1 H -benzo [d]
i m dazol - 1-yl) - 8- oxo- 8, 9- dihydropurine 7- carboxyl ate

00148 teftLBatylg)amiNo2-5xHO41 ki [00140]
[ ](ﬁQ} ef% 6ty|:l)|5%mrobeng§/l)ft8 0XO- 8 ?hyB%J?H purin-2-y

dmydw@ml%hwmeﬂr@am@ts %y b@nlu(upn pﬁ(l@)stpyt—bwm 4

eSO ST SIS o i

5-y1)carl]>amatd mzmbthjdeye $hiBridx (1-58nB) wak tydedRith | ITIIE: (ﬁS&ﬁLﬁzﬂiﬂW ate
irieth lsg e) gnd jsg“rre for.1 hr. The solvents were renpved

riethylstlane (¢ Ol 5 gne heur Lo mixties &) qoaCWé@qurtpﬁ)m‘a@ee@ew th
mtemecgﬂg@t{r %@ﬁgﬁﬁ%ﬁ%m %tw Hﬁe resu t [ ngpy?BFn g&&@\-one

(68), whidhavasidisselved dmpestonitrile (S0 mLpsdragirred vigordiGly wahth-teM#utyl

dlca,rbor?i% (1. Olgj)am{R 0 dilgm C nz%? ](éO (g!ﬁorﬁ_é '_IQ/[ettheP% %lga&%?iog I.q)ﬂ’d)
and wate} (4!0(1 ML) B addodbnd iy (ﬁ%ﬁﬁle labieh w. d. 2} a<|1uee%121% 1ay8r was

19F NMR 8 i &190%41] Exa
extracte@rﬁp ﬁggr%gr K0 mL of methylene chloride. The combined organic layers were

n 9-
sepassted R RCCABT PR IS BB At Shulimensomaiogemty
(2 > 3 i 4% MBI in thethiyitepe Mhbride broVided23 NaghR ) 8&t-Fatyl 5-amino-2-
oxo-3-(1-(pyridin-3-yl)ethyl)-2,3-dihydroimidazo[4, 5-b]pyridine- 1-carboxylate (69).

[00149] (R)-tert-Butyl 3-(§5-cyano-2-nitrophenylamino)-2-ox0-3-(1-(pyridin-3-
yDethyl)-2,3-dihydroimidazo[4,5-b]pyridine-1-carboxylate (70). A solution of (R)-tert-
butyl 5-amino-2-oxo-3-(1-(pyridin-3-yl)ethyl)-2,3-dihydroimidazo[4,5-b]pyridine-1-
carboxylate (94 mg) and 3-fluoro-4-nitrobenzonitrile (225 mg) in DMF (6 mL) was cooled
to -25 °C and treated with NaH (60% w/w in mineral oil, 75 mg) and slowly allowed to
warm to -15 °C. The mixture was stirred for four hours between -20 °C and -15 °C, then
diluted with EtOAc and quenched with saturated ammonium chloride solution. The
organic phase was washed three times with brine, separated, dried over sodium sulfate,
filtered, and concentrated. Column chromatography (2% MeOH in methylene chloride)
provided 100 mg (R)-tert-Butyl 5-(5-cyano-2-nitrophenylamino)-2-oxo-3-(1-(pyridin-3-
yDethyl)-2,3-dihydroimidazo[4,5-b]pyridine- 1-carboxylate (70).

[00150] tert-Butyl 5-(6-cyano-1H-benzo[d]imidazol-1-yl)-2-0xe0-3-((R)-1-(pyridin-3-
yDethyl)-2,3-dihydroimidazo[4,5-b]pyridine-1-carboxylate (72). A solution of R)-tert-
butyl 5-(5-cyano-2-nitrophenylamino)-2-o0xo-3-(1-(pyridin-3-ylethyl)-2,3-
dihydroimidazo[4,5-b]pyridine-1-carboxylate (70) (100 mg) in THF (5 mL) was treated
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WD 2008/ 060301 PCT/ US2006/ 061004 [00142] The title
conpound can be synthesi zed using the sane procedures
wW@200d060i bed for the synthesis of PCT/US2006/061004
3-(9-(2, 6-di fluorobenzyl) - 8-o0xo0-8, 9-di hydro- 7H
purin-2-yl)-3H benzo[djim dazol e-5-carbonitrile (61,
Exanpl e 20). [00143] 'H NMR (ds-DMsO) 11. 71(s, 1H),
9.34 (s, 1H, 8.94 (d, J = 1.5 Hz, 1H), 8.38 (s,
111), 8.00 (d, J = 8.1 Hz, 1H), 7.79 (dd, J =8.1, 1.5
Hz, 1H), 4.57 (m 1H), 4.04 (m 2H), 3.50 (m 2H),
2.59 (m 2H), 1.79 (m 2H); Mass (MH) 362.1. [00144]
Exanpl e 22: Regi ospecific synthesis of an

with an d%ii@ddi‘sG%l@ﬂ% 1£b% oers g/ gt N¥2%204 9. D83 NaFt0; in 5 mL of
(2-oxo0-3-(( 1-(pyridin-3

water. Thd t)lgq!:lny IWenp q@cldy Hioair @ red-¢oloritol a;_sbghtlysyellow color, which

indicate BB ol b T s b T B O b

washed Wi satésateld s6lliufal chilorded o tdoDiCRheT: itk yeswdEypiidied, 48edve
MO/ Boc H/ N N N Boc20 / P\( N NN\NO\/E

over sodigppsulfatepfaitenydamd @acqytyategdo proviskscthy intermegdiaty(R)-1Rg sbspd 4-
(2-amino-5-cyanophenylamino)-2-oxo-3-(1-(pyridin-3-yl)ethyl)-2,3-dihydroimidazo[4,5-
b]pyridine-1-carboxylate (71). The intermediate was dissolved in THF (5 mL), DMF (1
mlL), and trimethylorthoformate (2 mL). The mixture was treated with 10 mg of p-
toluenesulfonic acid and stirred for 20 h. The mixture was diluted with ethyl acetate and
washed once with saturated sodium bicarbonate and twice with saturated NaCl solution.
The organic layer was separated, dried over sodium sulfate, filtered, and concentrated.
Column chromatography (2% MeOH in methylene chloride) provided 57 mg tert-Butyl 5-
(6-cyano-1H-benzo[d}imidazol-1-yl)-2-0xo0-3-((R)- 1-(pyridin-3-yl)ethyl)-2,3-
dihydroimidazo[4,5-b]pyridine- 1-carboxylate (72).

[00151] 3-(2-ox0-3-((R)-1-(pyridin-3-yl)ethyl)-2,3-dihydro-1H-imidazo|4,5-
b]pyridin-5-yl)-3H-benzo[d]imidazole-5-carbenitrile (73). A solution of tert-butyl 5-(6-
cyano- 1 H-benzo[d]imidazol-1-yl)-2-ox0-3-((R)- 1-(pyridin-3-yl)ethyl)-2,3-
dihydroimidazo[4,5-b]pyridine- 1-carboxylate (72) (57 mg) in methylene chloride (1 mL)
was treated with TFA (1 mL) for one hour. The mixture was concentrated and the resulting
TFA salt was converted to the HCI salt by dissolving it in 5 mL EtOH and adding 0.5 mL
of conc. HCI, then concentrating the solution in vacuo. The process was repeated and the
resulting residue was dissolved in a minimum amount of methanol and triturated with the
addition of ethyl ether. After 3 triturations, 3-(2-ox0-3-((R)-1-(pyridin-3-yl)ethyl)-2,3-
dihydro-1H-imidazo[4,5-b]pyridin-5-y1)-3H-benzo[d]imidazole- 5-carbonitrile (73) HCl
salt (39 mg) was isolated as a tan colored solid: "H-NMR (CD;0D) §9.9 (br s, 1H), 9.2 (s,
1H), 9.0 (m, 2H), 8.5 (s, 1H), 8.3 (m, 1H), 8.2 (m, 1H), 8.1 (d, 1H), 7.9 (d, 1H), 7.8 (d,
1H), 6.3 (g, 1H), 2.3 (d, 3H).
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THF/ H20 MeOH Ove U THF/50 C NHZ 66 Meo N N~ f ° Boc
TFA/Et3SiH H N N Boc20 NN 2 - N K2CG8 Ow ~~/-~0O
w@eogna3@ N CH3CN 67 H 68 N! NOZ NQ \ | / NZ2I/851d06061004

N NNCF NNN Na2s2O4 N O THF/ H2OveOH 2 f HIDW | *
~l/~/ N% Boc CN70 Boc 691 / I NHZ N (MO 3CH
"~N NTFA CH2CI2 NNN NI NO pTsOH\ "Or ,>0
Boc THF NC Boc NC U HCN 71 72 73 [00145] o
(R) - N6- (2, 4- Dhnet hoxybenzyl ) - 3- ni tro- N2- (1- (pyri di n- 3-
ynethyl) pyridi ne- 2,6-diamne (64). A solution of
2,6-dichloro-5-nitropyridne (46) (0.5 g) in THF (20
m) was cooled to O C and treated with 1.6 nL

[00152]t Hxaipid 241iSyatiiesisloT2AHOBextA0)d JimRbazbB1-§1)3-Ydis-3-methyl-

tetrahydro-2H-pyran-4-yI)- 7H-purin-8(9H)-one.

o)
NH, e
\ﬁj C‘Y\NIC‘ DIEA Cl \]/N NH Benzimid.
—_— l ~
o N Sno,  THR N\//:[ K,COs
: NO  ThF

Cis

o
4 1. NayS,04

o]
Nay NaHCOj Ny Q
NNy NH THF /H;0 / MeOH NN
A - i =0
N~ 2. CDI/ THF NoA~n
NO, N

[00153] 2-Chloro-N-(cis-3-methyl-tetrahydro-2H-pyran-4-yl)-5-nitropyrimidin-4-

amine. To a suspension of 0.24 g of the hydrochloride salt of ¢is-3-methyl-tetrahydro-2H-
pyran-4-amine (WO 2004/041161) and DIEA (1.5 mL) in THF (10 mL) at -78 °C was
added 2,4-dichloro~3-nitropyrimidine (0.72 g). The mixture was allowed to slowly reach
room temperature and stirred for 16 hours. The mixture was diluted with EtOAc and
washed 3 times with brine. The organic layer was separated, dried over sodium sulfate, and
concentrated in vacuo. Column chromatography (20 = 40% EtOAc / hexanes) provided
289 mg of the title compound.

[00154] 2-(1H-Benzo[d]imidazol-1-yl)-N~(cis-3-methyl-tetrahyd ro-2H-pyran-4-yI)-5-
nitropyrimidin-4-amine. To a solution of 2-chloro-N-( cis-3-methyl-tetrahydro-2H-pyran-
4-yl)-5-nitropyrimidin-4-amine (115 mg) in acetonitrile (5 mL) was added potassium
carbonate (300 mg) and benzimidazole (150 mg). The mixture was stirred at 70 °C for 2.5
hours. After diluting with 70 mL EtOAc, the mixture was washed with brine, dried over
sodium sulfate, and concentrated iz vacuo. Column chromatography (50 = 100% EtOAc /
hexanes) provided 99 mg of the title compound.
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47 WD 2008/ 060301 PCT/ US2006/ 061004 et hyl am ne (300
L). The mxture was stirred for 1.5 h, then warned to
wadooaneb3st i rred another 20 h. 2, 4- Di met hoxybePyUsavneras1004
(0.8 nL) was added and the m xture was heated at 50 C
for four hours. The m xture was diluted with ethyl
acetate and washed twice with saturated sodi um
chl oride solution. The organic | ayer was separat ed,
dried over sodium sulfate, filtered, and
concentrated. Columm chromatography (50 - 100% et hyl
acetate in hexanes) provided 761 ng of
(R) - N6- (2, 4- Di net hoxybenzyl )-3-nitro-N2-(1-(pyridin-3-
[00155}y B}(e}mpészp[/d]mdidm<5121—§r})£9-em-mmdtﬁﬂ}tetlfaﬂWﬁﬁZH-pyran-4—yl)

7H- “%Ré(ﬁ’&@n@t% Pé'ﬁ%h@f%l??f &fﬁ% lsziﬁ'aﬁdgaﬂiai-aﬁ l‘g-%sﬂs@px?lgtrh'y

tetrahycﬁ@JZﬁ- ﬁﬂn—qulf R)thg)an?mAm 4—am1ne (31 mg) in THF (10 mL) vias added a
|net oxybenz -3-nitro-N2- (1-(pyridin-3-yl)ethyl)pyr

solution afispdium, lﬁ‘ddq)&!lﬂﬁtﬁ QUoap) @@S@dm@) blpagquth gl 5@fTBg)Clh|Vtﬂt¢rc(é0
20. L
ity bRy heciRle T Pt By SRbrn MeibS A RLREs added

to mmmmu lhB Szlolfﬂﬁﬁsoilﬂi)nl'ﬁhéhﬁﬁﬂe%(iﬁlﬁfeﬂahﬁmo ML FtOAc
vacuo, um chr omat ogr aphy (50 4 100% et hyl acetate

and washed fgice ﬁ@g)brglp o%meg@ow@ge%wel@ Rytracted with another 50 mL of

EtOAc éfﬁ%“?‘ﬁ“f%&&né}e‘é'y r Cé{? J};Je cﬁlgégsuff% Gﬁf‘i' n- 3-

concentfdRd ﬁﬁrabmﬂmtptbﬁdé QC(ﬂHaiehm{ﬁ]iﬂﬁw&b( B—yI)XNAr—%cz(v—B iy dl n-

3- hyl )
tetrathHmy#%g%aa ﬁFBfI)ﬂYHé{E@J‘[‘ﬁ"‘? ipminc dbadaming ibrpatatceie7) .

dlssolveel ﬁ@fﬁt ¢ORL Phnd RadShin l?l'it’%llrbonyldurmdazcéle (80 m P at 50 °C for
4-di met hoxybenzyl (5-nitro-6-(1-(pyridin ) et hyl am

16 hours riﬂm)epymtlm Wasdglilt)ed asntbai@anb E(G80 andrgf)ashaul mﬂﬁes( ®Eh irtie. The

orenic Y%y 5 B WP RO i orp B g, s
chromald$rabh§(2 mepﬂaampﬂ DcM) %rdnlaé&rges W of 1B fitld &fnfohd 3@1-
mnutes, then diluted with ethyl acetate and washed

NMR (300t MHg a3 %GR D s0aDGhs) S8 6x 1HR So(diiHorR.2 fadHarbiad, dH),

74 ¢, 1507 T8 63D S hBn R s tilrL aBfcr a FEVEE A 2R 0755 . 200,

2.3 (t(b) {18y, TRAUBHS 1H), 1.2 (d, 3H
((be 1?)tvert g&t?yl (grret h)oxybenzyl (5-am no- 6- (1-

ridin-3-yl )et hyI am no) pyridin-2-yl)carbamate (66).
[00155h%3m‘é357ed| ate was di ssolved in

5

A r@
xN

CI/Q/ ?\IT\;N/EO
cl H

[00157] 2-(5,6-Dichloro-1H-benzo[d])imidazol-1-yl)-9-((R)-8-fluorochroman-4-yI)-7H-
purin-8(9H)-one. A solution of (R)-2-chloro-N-(8-fluorochroman-4-yl)-5-

nitropyrimidin-4-amine in acetonitrile was treated with 5,6-dichlorobenzimidazole and
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THE (50 nL) and treated with 1,1'-carbonyl dii m dazol e
(0.5 g) at 50 Cfor 20 h. The mxture was
weosmeenat ed and purified by col utmm chr omat ogP@pg200061004

4 5% MeOH in nethylene chloride) to provide 413 ng
of (R -tert-Butyl 2,4-dinethoxybenzyl (2-oxo0-3-(1-
(pyridin-3-yl)ethyl)-2,3-di hydro-| H i m dazo[ 4, 5- b] pyri
di n-5-yl)carbamate (67). 48 WO 2008/ 060301
PCT/ US2006/ 061004 [00148]
(R -tert-Butyl 5-am no-2-oxo0-3-(1-(pyridin-3-yl)ethyl)-
2, 3- di hydroi m dazo[ 4, 5- b] pyri di ne-1-carboxyl ate (69).
A solution of (R -tert-butyl 2, 4-

potassiueh cuebdiary UHRzZMIx{ize 049 stirddlat rEWH B B-h3ud d&IIEMO)rodm3- di

ro-1 H=i_m dazo ridin- 5-yl)carbamate in

hyd 4,5-b
temperafi, M@Héﬂ@hlmm&@[f@l@ﬁa%mhw wrieew ithi30 mITpartionsof
- ' . __Th
vt T Wt SR 0B Pl RO o
concentiaRyl-iB vaerion RuBificatidrpyr dodirn hrphasdghahy- (% MEGIVDTM) Bave
the iR Py B rsnaund o dbrep adtom e

e
(300 MEm €1k & 71(G01H), 8.3 118 Ge(s arid), T8t didar & (1) HYp6.6/@s

par.at.e eous | ayer was extracted with
2H), Sgﬁ’oﬁi)er“élj@@-liﬁ’ %g%‘ﬁemyl%ﬁ@chﬂbﬁ%@% Hhe conbi ned
organi c |layers were separated, dried over sodium
sulfate, filtered, and concentrated. Colum

chromatography (2 4 3 - 4% MeOH i n net hyl ene
chloride) provigded 235 ng (R -tert-Butyl 5-am no-2-

0x0- 3- (1- (pSxi_di n-3-yl ) et hyl ) -2, 3-di hydr oi mi dazo[ 4, 5- b
fRyridines; 1- poxyl ate (69). [00149]
(R -tert-H >/ (5- cyan- 2- ni t rophenyl am no) - 2- oxo- 3- (1

N3- yl)ethyl)-2, 3-di hydroi
dazy[ 4,)5- ridi ne-|-carboxylate (70). A solution of
(R -teft-Nbutyl
5- am no- 2- oxo- 3- (1- (pyridi n-3-yl)ethyl)-2, 3-di hydroi m
dazo [4,5-b] pyridine- |- carboxylate (94 ng) and
3-fluoro-4-nitrobenzonitrile (225 ng) in IMF (6 nl)
was cooled to -25 C and treated with NaH (60% wW w in

[00158] r2-(F6-Bimethyl-1F5bawyo[dndidazond -y -{(@ifhérochRiian-2-yDL 5
e mx%lure was stirred for four hours between -20

.C. ]
7H'P““Efso(§;ﬁ)‘9!!8' 1e tf‘l‘?ér‘?mpﬁ}nl“h’t"’é%iswl_teﬁlzﬂl &rp Hfd quenched
dichloro¥érzimid@iol AaGHe HEROREAMEIRE i RxSRbHYsOH-NNIR (300 ML,

CDCL) 8 9.6 (s, 1H), 8.8 (s, 1H), 8.3 (s, 1H), 8.0 (s, 1H), 7.6 (s, LH), 7.0 t, 1H), 6.7 (m,
1H), 5.9 (t, 1H), 4.7 (m, 1H), 4.5 (m, 1H), 3.2 (m, 2H), 2.4 (d, 6H).

o O o
2.*\ “ N-Q‘
N\rN\ N O,N \|/N\ N ‘
NI\/J:N>=O e Nl\;EN>=O
H H

F3C
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organi ¢ phase was washed three tinmes with brine,
separated, dried over sodiumsulfate, filtered, and
w@emsessrat ed. Col uim chr omat ogr aphy (2% McOH PEIT/US2006/061004

nmet hyl ene chloride) provided 100 ng (R)-tert-Butyl
5- (5-cyan-2-ni trophenyl am no) - 2- oxo- 3- (1- (pyri di n- 3-
yl)ethyl)-2, 3-di hydroi m dazo[ 4, 5- b] pyri di ne- 1- car boxyl
ate (70). [00150]
tent - Butyl 5- (6-cyn- 1H benzo[ d] i m dazol - 1-yl ) - 2- oxo- 3- (
(R -1{pyridin-3-
yl)ethyl)-2, 3-di hydroi m dazo[ 4, 5- b] pyHdi ne- | - car boxyl a
te (72). A solution of (R -tert- butyl

[001591? 9((5R):sanmﬁnahidrﬂzﬁhm3&)| A6-0@ b ronhe 3N Ar (BRNEd [ dhiidaddl-1-

-2
yD-7H-g xﬁ(%ﬂ)rpmm 2, (Rp$-iporethromim ebyD x(EH@tiBuomdethg)aH-

benzol A LEDTEL Bk BOPR R The oGt o Sepradipm

-trlﬂu(ném@thﬁlbgnnﬁnddaal‘ém H0d/008 250 1? viNahlpR cbdurss ddscibed in

WE The xture went quick froma red color to a
Examplg ?glm ipaijen wle@p@hmmaﬁwnphyr{a?/«c%ae@aﬂpmwu@ﬂ thast 6-

wior A ABNR (e SRS LTINS 75

1H), 76@,011{),0710 (fma)m'g@m 2H), aye(t, VB 45&@1&,”1&1)%’4(& ey 3@5&{
di fate, filtered, and concentrated to provi

1H), 2. q%él P d Mdal{yethf Q)tnﬂgqaﬂon}gmy} jsomer ( H-NMR (300 MHz CDCh)

59.0 (s, ﬁpafﬁ'z{‘g gﬁgyﬁi‘géggl ¥4 § ?%ri?i% éso(’éozﬁ),% Y6 G 4k,

59, IH])pm(xﬂ,l 1), mﬂmbmylz@t(m(lm,)z 4(1h,e1]{pter nmedi at e was
di ssolved in THE (5 nl), m.), and
trimethylorthoformate (2 m_) The m xture was treated
with 10 ng of p- toluenesulfonic acid and stirred for
20 h. The mxture was diluted with ethyl acetate and
washed gncel with saturated sodi um bi caFbonate and
twi ce Mt turated NaC sol ution.O_Jhg organic |ayer
NVas sepa , dried over sodium gul f filtered,
SAnd condentr at ed. Colurrnl‘ct:b\rorratd'g apa¥y (2% MeCH i n
B chlori de) pro 57 ng £rt-Butyl 5-

(6 cydn-1 Hbenzo [d]inydaz

- lI\I-Z B0e- 3- ((R) - 1- ( pyMFdi n- MI)-Z,S-

di hydr oi m dazo[ 4, 5- b] pyri di ne-1| -car ylate (72).

[ 00151]

3-(2-0x0-3-((R -1-(pyridin-3-yl)ethyl)-2, 3-di hydro- 1H
i m dazol[ 4, 5-

onso ) il VS PP

nitropyrimidin-4-amine and N-((R)-8-fluorochroman-4-y1)-2-(1H-imidazo[4,5-
c]pyridin-1-yl)-5-nitropyrimidin-4-amine. The title compound was synthesized from 5-
azabenzimidazole via the procedure described in Example 25. Purification by column
chromatography (1% MeOH / DCM) provided N-((R)-8-fluorochroman-4-y1)-2-(3H-
imidazo[4,5-c]pyridin-3-yl)-5-nitropyrimidin-4-amine as the first eluting isomer: (‘H-
NMR (300 MHz, CDCL) 6 9.8 (s, 1H), 9.4 (s, 1H), 9.2 (s, 1H), 8.9 (d, 1H), 8.6 (d, 1H),
7.8 (d, 1H), 7.1 (m, 2H), 6.9 (m, 1H), 5.8 (q, 1H), 4.6 (m, 1H), 4.4 (m, 1H), 2.6 (m, 1H),
2.4 (m, 1H).). N-((R)-8-Fluorochroman-4-y1)-2-( 1H-imidazo[4,5-c]pyridin-1-y1)-5-
nitropyrimidin-4-amine eluted second: ("H-NMR (300 MHz, CDCL) 5 9.4 (s, 1H), 9.2 (s,
- ' 54



cyano-| H benzo[ d] i m dazol -1-yl ) -2-0x0-3-((R)-1-(pyridi
n-3-yl)ethyl)-2, 3-

walrdegaiesdm dazo[ 4, 5- b] pyri dne- 1- car boxyl at e ( 720T/{S2006/061004
ng) in nethylene chloride (1 nL) was treated with TFA
(1 m) for one hour. The m xture was concentrated and
the resulting TFA salt was converted to the HO salt
by dissolving it in 5 nL EtOH and adding 0.5 nL of
conc. HC, then concentrating the solution in vacua.
The process was repeated and the resulting residue
was di ssolved in a m ni mum anount of nethanol and
triturated with the addition of ethyl ether. After 3

t
1H)91t3(slmy%9 D), 8.6 ( H),84( R,)etgnHZH)269(m,1H),57(q,1H)

- (2- oxo-

4.5 (m, élHW’erﬁn,I 1), %162132(1 2§4BTlpW))aI| n-5-yl)-3H benzo[d]inmd
azol e-5-carbonitrile (73) HO salt (39 ng) was
isolated ag a Yan colored solid: '"H NWR (CD30D) 8 9.9
(br s, 1), (s, 1H), 9.0 (m 2H), 8.5 (s, | H),

N~8\3(m1 .2 (m 1H), 8.1 (d, 1H, 7.9 (d, | H,
;\,d, 1HN=6.3 (q, 1H), 2.3 (d, 3H. 50 WO

/ N ﬁ?@% PCT/ US2006/ 061004 [00152] Exanpl e 24.
Sym_hes| 2- (1H Benzo[ d] i m dazol

1-yl ci s- 3-net hyl -
t et rahydro-2H pyran-4-yl)-7H purin-8(9H)-one. 0 NH2 c
Cl NC DEAC NNHBenzimd. N -Y Nat THE NNa
K2CC3 2 THE CS O N 1. Na2S204 NaHCo3 N N N NH THE
/| HHO/ MOH NNNNO2 CD / THENJ~ NO

[00161] 9-((R)-8-fluorochroman-4-yl)-2-(3H-imidazo[4,5-c]pyridin-3-yl)-7H-purin-

8(9H)-one. The title compound was synthesized from N-((R)-8-flucrochroman-4-yl)-2-
(3H-imidazo[4, 5-c]pyridin-3-yl)- 5-nitropyrimidin-4-amine via the procedures described in
Example 24. "H-NMR (300 MHz, CDCL) 8 9.8 (s, 1H), 9.4 (s, 1H), 8.6 (d, 1H), 8.3 (m,
2H), 7.0 (t, 1H), 6.7 (m, 2H), 5.9 (t, 1H), 4.6 (m, 1H), 4.4 (m, 1H), 2.8 (m, 1H), 2.4 (m,
1H).

i N
N
= e
H

[00162] 9-((R)-8-fluorochroman-4-yl)-2-(1H-imidazo[4,5-c]pyridin-1-yI)-7H-purin-
8(9H)-one. The title compound was synthesized from N-((R)-8-fluorochroman-4-yl)-2-
(1H-imidazo[4, 5-¢]pyridin- 1-yl)-5-nitropyrimidin-4-amine via the procedures described in
Example 24. "H-NMR (300 MHz, CDCI3) § 9.3 (d, 2H), 8.4 (d, 1H), 8.3 (d, 2H), 7.0 (1,
1H), 6.7 (m, 2H), 5.9 (t, 1H), 4.6 (m, 1H), 4.4 (m, 1H), 2.8 (m, 1H), 2.4 (m, 1H).
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2 v 'H [00153]

2-Chl oro- N-(ci s-3-nethyl -tetrahydro-2H pyran-4-yl)-5-n
WO 2003 di n-4- am ne. To a suspensi on of 0.Pdr/gSwhH6/061004

t he hydrochl oride salt of cis-3-nethyl-tetrahydro-2H

pyran-4-am ne (WO 2004/041161) and DIEA (1.5 nL) in

THE (10 nL) at -78 C was added

2,4-dichloro-5-nitropyrimdine (0.72 g). The m xture

was allowed to slowy reach roomtenperature and

stirred for 16 hours. The m xture was diluted with

Et OAc and washed 3 tinmes with brine. The organic

| ayer was separated, dri ed over sodium sul fate, and

00163 CEinﬁ 28! SenthBsiy 8£3L & .3£5-9,940%
[ ] cisIE hegg}less roS? éed 289 of t he titlne

dlhydroeHﬁw;meR ypeiﬂ-ﬁm;lzo[d]mudazole-s-carbomtnle
2- (1 HBenzo[ d] i m dazol 1-y1)-N-(cis-3nmethyl -tet rgnr’],ydr 0-

2H pyran-4-yl) @irg ropyri ni di n-4-am ne.
H

ution of
/@:hl or d - met_hﬂEﬁeLr ahytﬂgjg a
NC WP 5-ni t ropyrj M di n-gFam ne (1 in OMe
acetonitrile ( ) was added P&t as¥i uM@ar bonate (300
ng) and benzi m dazole (150 np). The m xture was

o641 - o i o habibeg MR, Ao ahigho
nitroben@¥8irile 600! kYR BEF f(ﬁtoanL}awds wenetnith a)mﬁ (613 By s 2,4-

Col utm chromat o (50 - 100% Et OAc / hexanes)
dimethoRyhsprYlagined s fmb o thoptred £ 3 Te sofyenpgyas evaporated

s e SOREEGERS LU0 55y 7 v

with 1 M &1 ahg tivioe Btithpytuasted aquepus NaERUOD mIS{a2h). - Iheergdhe layer
sol ytion of .
was sepgraied risdh oy NP S re-ng cpasnirated s vaguo. Cplymn
B DR priillePs B5 Lfo?Rid il Hnsotmam ne (51
Chmmﬂ%%%ﬁ}h@l—ﬁgﬁlﬁpﬁt) \A)/:\Ig alh‘3 tgrsol ut i onng 2od| um
hydrosul fite (300 ng) and SOdI um bi carbonate (150 np)
in water (10 nlL). The mxture briefly becanme bl ue
fol | owed by &ﬁé orless. Methanol (1 niL dded to
ma nt ai onmygesm,ty of the The m xture

asndi W t h NEBiod, Et OAC shet i i
ne The aqueous—washes WA extractled with anot her
NG PO of OMBt OAc  alif /tHhen ht T i

were tried over NgRHIm sul fate an

[00165] 4-(2,4-dimethoxybenzylamino)-3-aminobenzonitrile. A solution of 4-(2,4-
dimethoxybenzylamino)-3-nitrobenzonitrile (4.54 g) in THF (400 mL) was treated with a
solution of sodium hydrosuifite (20 g) and sodium bicarbonate (10 g) in distilled water
(350 mL). Enough methanol was immediately added (50 mL) to maintain 2 homogeneous
solution. After 15 minutes, FtOAc (500 mL) and saturated aqueous NaCl (500 mL) were
added and the organic layer was separated. The aqueous layer was extracted again with
400 mL FtOAc. The combined organic layers were washed with saturated aqueous NaCl
(500 mL) and separated. The organic phase was dried over NapSOq, filtered, and

concentrated in vacuo to provide 4.33 g of the title compound.
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concentrated in vacno to provide
2-(1H benzo[d]im dazol - 1-yl)-N4-(cis-3-nethyl-

W edosabngor o- 2H- pyr an-4-yl ) pyri m di ne- 4, 5- di anm PET/UI1006/061004
diami ne internmediate was dissolved in THE (5 nL) and
treated with 1,1 -carbonyl diimdazole (80 ng) at 50 C
for 16 hours. The m xture was diluted with 50 nL
Et OAc and washed 3 tinmes with brine. The organic
| ayer was separated, dried over sodiumsulfate, and
concentrated in vacuo. Colum chromatography (2 4 4%
MeOH / DCM provided 19.3 ng of the title conpound.

"H NWMR (300 MHz, 5% CD3CD in CDC13) 8 8.9 (s, 1H),
8.5 (d, 1H) 8.2 (s, 1H), 7.8 (d, 1H, 7.4 (t,
73(t 47( 1H), 4.2 (d(br), 1H), HS.

11 35(|n 2H), 2.3 Py~ 1.8
3H) ££0356] Exaﬂg;ljzs E
/@i NN N N N ®CHY00W87]
NC

,6- BMshl or o- | be%%[dﬁ’”q?i\‘dazol-l-yl)s‘\'i(R) 8-flu

orochrormn 4-yn- 7Rz purin-8(9H)-one. A solufion of
(R)-2-chl oro-N-(8-fl uorochroman-4-yl) -5- SCN
nitropyrimdin-4-amne in acetonitrile vvasNbgeat ed
wi th 5, 6-di chl orobenzi m dazol e and 52 WO 2008/ 060301

PCT/ US2006/ 061004  pot assi um car bonate. The m xture
[001661mﬂézétdme@wxxbemlammo}«ér(Seuh@tﬂaﬂuow@oa@mymudmm

{ of Et and .washed
tamindGERESA, oy G0 4 ke e P B SRR
(3.9 g) m/asetsmae (al(lé)dnL)iwasaﬁbdeﬂﬁ YDA B SuitH pdtassm‘m trBo @

trated in vacuo, Purification by colum

638 faﬁ?%ﬁﬁ%g% ECQBW FompinBEry SV cljerped-nitrct-tlie Bienetap mimidine
(WO 2003@32%45 m&t&aﬁlé‘ﬁg oI Thé Wi SufWRYPL 1 ¥530 minutes at 0 °C

synt hesi zed fromt
and 30 minutes at room temperature resulting in the formation of a precipitate. The mixture

was quenched at 0 °C by the addition of 4% acetic acid (150 mL) and filtered. The
precipitate was swirled in 100 mL acetonitrile and filtered again. The precipitate was
washed with acetonitrile, which resulted in the slow dissolution of product into the filtrate.
After air-drying, 1.5 g of the title compound remained as the precipitate cake. The filtrate
was extracted with EtOAc, dried over NaySQy, filtered, and concentrated in vacuo. Column
chromatography (0-20% EtOAc / DCM) and recrystallization from acetonitrile provided
0.415 g of additional title compound.

OMe OMe
H

N~ F bmso N\ IS -
\ He H
N02 N02

F

[00167] (R)-4-(2,4-dimethoxybenzylamino)-3-(4-(6,8-difluorochroman-4-ylamino)-5-
nitropyrimidin-2-ylamino)benzonitrile. A partial suspension of 4-(2,4-
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intermedi ate nitropyrimdinam ne via the procedures
described in Exanple 24. 1HNVR (300 VHz, CDCl3) 6
w@20080e0301LH), 8.3 (s, 1H), 8.2 (s, 1H), 7.8 (tPCWH}2006/061004
7.0 (t, 1H), 6.6 (m 2H), 5.9 (t, 1H, 4.6 (m 1H,
4.4 (in, 1H), 3.0 (m 1H), 2.3 (m 1H. K- OF N
NNN~I ->==, NOH [0 01581 2-(5,6-D nethyl-1 H benzo
[d]im dazol -1-yl)-9-((R)-8-fl uorochroman- 4-yn-
7H purin-8(9H)-one. The title conpound was synthesized
from5, 6- dichlorobenzim dazole via the procedures
described in Exanple 25; 'H NVR (300 MHz, CDCl13) 6
9.6 (s, 1H), 8.8 (s, 11-1), 8.3 (s, 1H), 8.0 (s, 1H),
dimetho}y?er(z?lanﬁlfrﬁ)r3-;5-gﬁlﬁ>t4-tlﬁé£3yanﬁgﬁy2rﬁi(ﬁdin-%H}mnigo)?ieﬂ(iond it %ﬂl:e?) (415
: , 4. nn, , 3. m , 2. : .
mg) in 4%mJ:(0E°n ayetenitrile wap glﬁgted w% a sfution gf (R)-6,&difnggo thrivdarde

aine YN TS B YRR 9950 o BT SRARBABE0TS 1he
PG

mixtureSv4s(sEyred £l zsmmF E.lliﬂ'mh@lli dﬂgﬂﬁg vam_(mog&cgaom um)omed mistire Wis
-b dlimd -1 - -, urin- -one_an )
vt 5 B G o A ) s e 1
= i P9 | A A= = : tle
saiurateg gﬁ‘ngég)ﬁg mgﬂ@;}ﬁtﬂ cach P.g’gﬁde (Z gi%rﬁn&' fayBr $4Hdha30Q; arilifovel
Na;SOs5filtered, | and coneentrgled émraavpdGaloma chidn206-4pIBOEDEH0s Ei@Ac /

he ures.descri bed i Exanpl e 25 Purification
hexanesé?°é%f"'§%$&?ﬁ%@?§@?8ﬁ‘ﬂ9° % McOH/ DCM) el uted the 6-
trifluoronethyl isomer first ("H NWVR (300 MHz, CDC13)

& 8.8 (d, 2H), 8.4 (s, 1H), 7.9 (d, 1H), 7.6 (d, 2H),
7.0 (t, 1H), 6.7 (m 2H), 5.9 (t, 1H), 4.7 (m 1H),

4.4 (m , 3.0 (m 1H), 2.4 1H).) fol | owed~poMe
t e : %F]Q uoromet hyl igo (g'\ﬁ- NMR ( 300, IR @ 13)
. MelS0,8.4 [ MRS 1 (s, 1H) [ 810 (df1H),
/@ 6 ( @wme 2HNHCP: O &m , Bofk (mMEPRH)NC NH
Ne )N\H THF /H,0 THF NAN
SN 20 MeOH %
F

, Oy Y S e
= = N
lﬁ)\N F 'ﬁ/l\N F A
No, 1 NH, ™ o
F
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=
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[00168] (R)-4-(2,4-dimethoxybenzylamino)-3-(9-(6,8-difluorochroman-4-yl)-8-oxo-
8,9-dihydro-7H-purin-2-ylamino)benzonitrile. A solution of (R)-4-(2,4-
dimethoxybenzylamino)-3-(4-(6,8-difluorochroman-4-ylamino)-5-nitropyrimidin-2-
ylamino)benzonitrile (358 mg) in THF (25 mL) was treated with a solution of sodium
hydrosulfite (1.5 g) and sodium bicarbonate (1.5 g) in 20 mL of distilled water. Methanol
(5 mL) was added to maintain a homogeneous solution. After 15 minutes, the mixture was
diluted with EtOAc (100 mL) and washed with saturated aqueous NaCl (2 X 100 mL). The
organic layer was separated, dried over NaySOy, filtered, and concentrated in vacuo to
provide the intermediate (R)-4-(2,4-dimethoxybenzylamino)-3-(5-amino-4-(6,8-
difluorochroman-4-ylamino)pyrimidin-2-ylamino)benzonitrile. The intermediate was
dissolved in THF (5 mL) and treated with carbonyldiimidazole (0.55 g) for 16 hours. The
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5.9 (t, 1H), 4.7 (in, 1H), 4.4 (m 1H, 2.9 (m 1H),
2.4 (in, 1IH. F QF N~1 ~~O1 NNNHNNN " NH
woRMSAeB2L Nf \ | | N~ X NO2 [00160] PCT/US2006/061004

N- ((R) - 8- Fl uorochroman-4-yl)-2-(3H i m dazo[ 4, 5-c] pyrid
in-3-yl)-5- nitropyrimdin-4-am ne and
N-((R)-8-fluorochroman-4-yl)-2-(1H i m dazo[ 4, 5-
clpyridin-1-yl)-5-nitropyrimdin-4-am ne. The title
conmpound was synt hesi zed from5 azabenzi m dazole via
the procedure described in Exanple 25. Purification by
columm chr omat ography (1% MeOH / DCM provi ded
N-((R)-8-fluorochroman-4-yl)-2-(3H

mixturei was dilntid4yith EIGud (1003nBy 0d)wRhéd twieP¥ith mtdfa&bdflmﬂ%&%a

s the first, eluting isoner: (1H NWVR (300 MHz, 13)
@ X 10§ mg)g &0rgqniq Jayen was saparaied) dried over Nax 904, filigred, emi 1H),

concent&rt&i &%cé&%ohﬁ% ﬁzlroqla’&og’a’l;)hz (%—)%1(’/] W Bcg/l)(prﬂg%f_& JZQO mg

of the trﬂe donflmu
N((R) - 8- FI uorochrormn 4-yl)-2-(1Him dazo[ 4, 5-c] pyrid
in-1-yl)-5- nitropyrimdin-4-amne eluted second:
("HNWR (300 MHz, CDC13) & 9.4 (s, 1H), 9.2 (s, -54 WO
2008/ @1 PCT/ US2006/ 061004 1H), 9.1 (s, 1H), 8.9

(& 8.6 (d, 1 w24(d 1H, 7.1 ( 6.9

M TN) . 5a7a (q. 5 (M o e 2.6
NC/% 1M 2 Egsif m"C1H) . )/'[” FN#Tseit N N N jgr

N’//I\N CH,Ch -"\ THF

)

F

[00169] 3-(9-((R)-6,8-difluorochroman-4-yl)-8-ox0-8,9-dihydro-7H-purin-2-y1)-3H-
benzo[d|imidazole-5-carbonitrile. A solution of (R)-4-(2,4-dimethoxybenzylamino)-3-
(-(6,8-difluorochroman-4-yl)-8-oxo-8,9-dihydro-7H-purin-2-ylamino)benzonitrile (230
mg) in DCM (5 mL) was treated with TFA (5 mL) and triethylsilane (1 mL) for 16 h. The
mixture was concentrated in vacuo to provide the intermediate (R)-4-amino-3-(9-(6,8-
difluorochroman-4-yl)-8-o0xo-8,9-dihydro-7H-purin-2-ylamino )benzonitrile. The
intermediate was dissolved in 5 mL THF and treated with 3 mlL trimethylorthoformate
followed by p-toluenesulfonic acid (3 mg). After 1 hour, the mixture was diluted with
EtOAc (100 mL) and washed once with saturated aqueous sodium bicarbonate (100 mL).
The organic layer was separated, dried over N2, SOy, filtered, and concentrated in vaeuo.
Column chromatography (50->100% EtOAc / hexanes) provided 78 mg of the title
compound. "H-NMR (300 MHz, 5% CD:;OD in CDCl;) 6 8.8 (s, 1H), 8.7 (s, 1H), 8.2 (s,
1H), 7.8 (d, 1H), 7.6 (dd, 1H), 6.8 (td, 1H), 6.4 (dd, 1H), 5.8 (dd, 1H), 4.6 (m, 1H), 4.4 (td,
1H), 2.9 (m, 1H), 2.3 (m, 1H).
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H [00161]

9-((R)-8-fl uorochroman-4-yl)-2-(3H1mdazo[ 4, 5-c]pyrid
WO pe0840§i3yt 7H- purin 8(9H)-one. The titl e conpouPdI/ua®06/061004

synt hesi zed from N ((R)-8-fl uorochroman-4-yl) - 2-

(3Himda.zo[ 4, 5-c]pyridin-3-yl)-5-nitropyrimdin-4-am

ine via the procedures described in Exanple 24.

"H- NWVR (300 MHz, CDOI3) 5 9.8 (s, 1H), 9.4 (s, 1H),

8.6 (d, 1H), 83 (m 2H), 7.0 (t, 1H, 6.7 (m 2H),

5.9 (t, 1H), 4.6 (m 1H, 4.4 (m 1H, 2.8 (m 1H),

2.4 (m I H. OF N_N N, N~ NO NN H [ 00162)

9- ((R) - 8-fl uorochroman- 4-y1) - 2- (1Hi nmi dazo[ 4, 5-c] pyri d

in-1-yl)- bl—purln- 8(9H) -one. The title conpound was

synthe3| ed agm N- ((R)-8-fl uorochroman-4-yl) - 2-

H i m daze -c]pyridin-1-yl)-5-nitropyrimdin-4-am

Vip te pFocedures described in Exanple 24. 1H NWR
(300 13) 6 9.3 (d, 2H), 8.4 (d, 1H), 8.3 (d,
2HN n(t, 1H), 6.7 (rn, 2H, 5.9 (t, 1H), 4.6 (m

NG  1H), 4.4H(in, 1H, 2.8 (m 1H, 2.4 (m 1H. 55 WD
2008/ 060301 PCT/ US2006/ 061004 [00163] Exanpl e 26.
Synt hesi s of
3-(9- ((R) 6 8-di fl uorochronnan-4-yl)-8-000-8, 9-

00170155 38 {085 chsoRirpr dpD - e P by asn Bmin 29D W+ e
bemo[tﬂnﬁ%@lc?b@carbom@hl‘é Betide ngmlb'%ndr Whs fﬁm%z%oﬁﬁ@lo 2

chromam4(azmne Wiarthe pmxgxb!@esz@cbtanhedm) Egampler26b SHASMR (30DMHA 5%
sol

cp:0D 3R BAYs £k ¢ kU85 % i, 8.2 (6, 1), 7.8 (4, 10, 7.5 (@d, 1H), 7.1 (m,
2H), 6.8 (d, 1H), 6.7 (td, 1H), 5.8 (dd, 1H), 4.5 (m, 1H), 4.3 (td, 1H), 2.8 (m, 1H), 2.3 (m,

1H).
Q
S O
A
1~
NC H

[00171] 3-[9-(8-Fluoro-chroman-4-yl)-8-0x0-8,9-dihydro-7H-purin-2-yl]-3H-
benzoimidazole-S-carbonitrile. The title compound was synthesized from (R)-8-
fluorochroman-4-amine via the procedures described in Example 26. "H-NMR (300 MHz,
CDCL) 6 8.8 (s, 1H), 8.6 (s, 1H), 8.2 (s, 1H), 7.8(d, 1H), 7.6 (d, 1H), 7.0 (t, 1H), 6.6 (m,
2H), 5.8 (1, 1H), 4.6 (m, 1H), 4.4 (m, 1H), 2.8 (m, 1H), 2.4 (m, 1H).

[—-O

M=y ,/Q
NN~ N F
Oy
NC H
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ni trobenzonitrile (5.0 g) in THE (100 nL) was treated
with DIEA (6.3 nL) and 2, 4- dinethoxybenzyl am ne (5.0
worgog/oensol t hen stirred for 24 h. The sol vent Wa&T/US2006/061004
evaporated and the crude m xture was dissolved in
Et OAc (100 nlL). The solution was washed once wth 1 M
HCl and twice with saturated aqueous NaC (100 nL
each). The organic |layer was separated, dried over
Na2SO4, filtered, and concentrated in vacuo. Columm
chr omat ogr aphy (20% Et OAc / DCM provided 9.25 g of
the title conpound. Ove OV Na2S204 I N ~., NBHCOa H
Ove THE/ HO 1 | Ov NC NO2 MeOH NC NH2 [0016)3;
[00172]4- 3-09-aRY i Busroxlytaman,H B $roxo-8, hdihyd be A Hopindn-2-d)-3 H-

| ug i f 4-(2. 4- : .
benaoldftoiarg by Benhyhiile e tr comagund wm vpitezd finm GBS ,
fluorociitdmah408niNk Nid'hs ptéRaiireddsictibedtin Faahipld 26) 'BfNHRABOMMHz,

hydrosul fite (20 and sodi um bi car bonat e

10 [
CDCL OCDIOBY MEBSE, 1b o) ITERdh Wk Raaes, Va7 o1 . 1,

ro T S TR0 L ST 3 B0

1H), 2. 33tumatied, 20pepys, NaCIChaRdnsEr ilesductias dflie eibntahel amine
_organic |ayer was separated, The aqueous | ayer was

were improyedoe dasaaad Relgth 400 nL Et OAc. The conbi ned
organic |layers were washed with saturated aqueous NaC

&Rd0 L) and sepag The orggpi ¢ phase_masydri ed
e\ Na2SOo4, filtéyg nd copgentrated

&ﬁg%msggaﬁm B
CN

NO,  DIEA DMSO

[00173] (R)-4-(2,4-dimethoxybenzylamino)-3-(4-(6-flnorochroman-4-ylamino)-5-
nitropyrimidin-2-ylamino)benzonitrile. A solution of 4-(2,4-dimethoxybenzylammo)-3-
(5-nitro-4-thiocyanatopyrimidin-2-ylamino)benzonitrile (139 mg) in anhydrous DMSO (3
mL) was added to solution of (R)-6-flucrochroman-4-amme hydrochloride (79 mg) in
anhydrous DMSO (3 mL) and DIEA (0.21 mL), the resulting dark red solution was stirred
at RT under an atmosphere of Ar over which time the solution lighten to yellow. Upon
completion of the reaction, the mixture was cooled to 0 °C with an ice bath, and water (25
mL) was added (exotherm). The resulting yellow solid was collected via filtration, washed
with additional water, air dried, then dissolved in CH,Cl,, the organic solution was dried
(MgSOy), filtered and evaporated to yield the titled compound (quant.), NMR CDCl; 'HS
9.0 (s, 1H), 8.6(d, 1H), 7.7 (br s, 1H), 7.4 (dd, 1H), 7.1 (d, 1H), 7.0-6.8 (m, 4H), 6.5-6.4
(m, 2H), 5.2 (br s, 1H), 4.3 (s, 2H), 4.2 (br s, 2H), 3.8 (s, 6H), 2.2 (br s, 1H), 1.8 (br s, 1H);
PF §-123 ppmi MH' = 572.

[00174] This material was taken on usiing the same procedures outlined in Example 26 to
give 3-(9-((R)-6-fluorochroman-4-yl)-8-ox0-8,9-dihydro-7H-purin-2-yl)-3H-

benzo[d]imidazole-5-carbonitrile.
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INH OMe i NC1 NH W SCN CH3CN N N 2 NO2 SCN N2
[ 001661

W@ 2q08/06030li met hoxybenzyl am no) - 3- (5- ni tr o- 4- t hi PCHIADEO 61004

yrimdin-2- ylam no)benzonitrile. A solution of

4- (2, 4- di met hoxybenzyl am no) - 3- am nobenzonitrile (3.9
g) in acetonitrile (100 nL) was cooled to O C and
treated with potassium carbonate (6.3 g) followed by
a solution containing 3 g of 2-chloro-5-nitro-4

t hi ocyanat opyri m dine (WD 2003/032994) in
acetonitrile (50 nm.). The m xture was stirred for 30
mnutes at 0 C and 30 m nutes at roomtenperature

resultin?,D the formation of a precipitate. The
m xture / wag=guenched at 0 C by the addition of 4%
agetic acj-d HO nmL) and filtered. The precipitate

ds v rNed m 100 nmL acetonitrile and filtered again.
Thelprgci pcate was  washed with acetonitrile, which
restiRe-€tNI n the sl ow di ssol ution of product into the
NC  filtratell After air-drying, 1.5 g ofthe title
compound renai ned as the precipitate cake. The

onrs{ 00 A LT G oL 55
benzo[djimidardle G- cqrhyni¢ AR2 W6 il bempoundMasagathesized from (R)-7-
o3 s S b B LGRS B LS B o8 g
cnmg{s%g%%@@?s% &, s R (€ 1 810 Y, TE) A& LRGN, 56 N, Vi,
6.7-6.9 (m, 2H), 6.4-6.5 (m, 1H), 5.78 (br t, 1H), 4.5-4.6 (m, 1H), 4.32 (br t, 1H), 2.7-2.9
(m, 1H), 2.2-2.4 (m, 1H).

=z

F

O

- L
N\“/N\ N>= F
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[00176] 3-[9-(S5,8-Difluoro-chroman-4-yl)-8-oxo-8,9-dihydro-7H-purin-2-yl]-3H-
benzoimidazole-S-carbonitrile. The title compound was synthesized from (R)-5,8-
difluorochroman-4-amine via the procedures described in Example 26. "H-NMR (300
MHz, CDCl;) 6 8.8 (s, 1H), 8.7 (s, 1H), 8.2 (s, 1H), 7.8 (d, 1H), 7.6 (d, 1H), 7.0 (m, 1H),
6.4 (m, 1H), 5.9 (¢, 1H), 4.6 (m, 1H), 4.4(m, 1H), 2.5(m, 2H).

[00177] Example 27. Synthesis of 2-(6-fluoro-1H-benzo[d]imidazol-1-y1)-9-((R)-8-
fluoro-chroman-4-yl)-7H-purin-8(9H)-one:
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DMSO SCN NH2 Y YI- NF NO2 N0O2 HF [001671
(R)-4-(2, 4-di net hoxybenzyl am no) - 3- (4- (6, 8-di fl uorochr
W@ p@s0803y1 am no) - 5- PCT/US2006/061004
ni tropyri m di n-2-yl am no)benzonitrile. A parti al
suspensi on of 4-(2,4 57 WO 2008/ 060301
PCT/ US2006/ 061004 di net hoxybenzyl am no)-3-(5-nitro-4
t hi ocyanat opyri m di n-2-yl am no) benzonitrile (415 ng)
in 40 nL of acetonitrile was treated with a sol ution
of (R)-6,8-difluorochroman-4- amne HO salt (320 np)
in DVSO (10 nL) foll owed by potassium carbonate (1.0
g). The mxture was stirred for 24 hours, and then
diluted with Et CAc (200B0Q. The m xture was washed

BEl, Wi urat ed aquepus anmoni um chl oride (200 niL)
@d 3 {él%(é s\gaoanueoug':@g (200 ni each).

ROY9r 9 r ar at ed, d over Na2SX4,

tgregn‘AgngéWn%entrat’@%ﬁ in vac(lﬁndr‘?Col um

chromat ogr aphy (20440% Et OAc / hexanes) provided 358
ng gothe title conpound. OV @¢de OV HN ° N\ |

~ ~ ' Ovke
(P VP LS I
F

5, OTHEMHEOYMedN AR\, N2 H N2

[00178] 4-Fluoro-2-nitro-phenyl di-ferz-butyl imidodicarbonate. A catalytic amount of
DMAP was added to a mixture of 4-fluoro-2-nitrobenzenamine (0.78 g) and di-fert-butyl
dicarbonate (2.18 g) in DCM (20 mL) and stirred at room temperature for 15 hr. The
mixture was diluted with H,O and twice extracted with DCM, the combined organics were
dried, filtered and evaporated to yield the bis-BOC material (quant). "H-NMR (300 MHz,
CDCl) 6 7.8 (dd, 1H), 7.3 (m, 2H), 1.4 (s, 18H).

[00179] tert-Butyl 4-fluoro-2-nitrophenylcarbamate. (procedure; Connell, R. D.; Rein,
T.; Akermark, B.; Helquist, P. J. J. Org. Chem. 1988, 53, 3845) To a stirred solution of the
Bis-BOC material in DCM (20 mL) was added TFA (0.58 mL). After 3 hr the reaction
was quenched with aq. NaHCO; (5 mL), brine was added, the mixture separated and
extracted with additional DCM. The combined organics were evaporated, purified via
column chromatography (eluted with 7.5% EtOAc/Hex) to give the titled product (1.12 g).
"H-NMR (300 MHz, CDCl) § 9.5 (br 1H), 8.5 (dd, 1H), 7.9 (dd, 1H), 7.3 (m, 1H), 1.5 (s,
9H).

[00180] tert-Butyl 2-amino-4-fluorophenylcarbamate. To a solution of zerz-butyl 4-
fluoro-2-nitrophenylcarbamate (0.34 g) in THF (30 mL) was added a premixed solution of
sodium hydrosulfite (2 g) and sodium bicarbonate (1g) in water (50 mL). MeOH (10 mL)
was also added to aid solution of the mixture, which was stirred at room temperature for 30
min, when sodium chloride was added to saturate the solution. The resultant mixture was

extracted with EtOAc (2x). The combined organics were dried, filtered and evaporated to
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F F F [00168]
(R)-4-(2, 4-di net hoxybenzyl am no) - 3- (9- (6, 8-di fl uorochr
W@ w0803yl ) - 8- oxo- PCT/US2006/061004
8, 9-di hydro- 7H puri n- 2-yl am no) benzonitrile. A
solution of (R)-4-(2,4- dinmethoxybenzylam no)-3-(4-(6,
8-di fl uorochroman- 4-yl am no) -5-nitropyri m di n- 2-
yl am no) benzonitrile (358 ng) in THE (25 nlL) was
treated with a solution of sodium hydrosulfite (1.5
g) and sodi um bi carbonate (L5 g) in 20 nL of distilled
wat er. Methanol (5 nL) was added to nmaintain a
honogeneous sol ution. After 15 m nutes, the pixture
yield thesitled déthprivexd (widnt) tHetGes Ysedas such farthie nesgistay. HMR (300

at ur d 0 ( 1 r iC
iz, G S5 S4a T T 6848 T €5 G dPb b it 7PN 163
. o] b (BRRYO1 F10-/BOVi de the internediate

oHD; M R) C%Fyt(({z‘ﬂ‘i&gllﬁg hoxybénlg(ylmgﬂr)ﬁ no) - 3- (5- am no- 4- (6, 8-

di f 1 uor ochr oman- 4-yl am no) pyri nggh n- 2- yl am no) benzoni t

rile. The internedi ate was isﬁwlve%in THE (5 nl)

and treated with carbonyl dmzol e 5P8. 55 g) for 16

hours. The 58 WD 2008/ 0603 H,US2Q06/H061004

Cl\ﬁiﬁigrisgﬁ sgitC{Jt,\f;t dwa[\gﬂew? 10 N gH'erﬁe
N or@ni c layer was sefer at gg:?)s’g%ﬁed over Na2SOIOz

filtered, and concentrated in vacuo.” Col urm

chromat ogr aphy (243% MeOH / DCM provided 230 ng of
[OOISIkCMJrBQ-MNHEcyM@M@ KeobipdubiCkhow o /D3 CH

NNC NH Ove Et3SIH p-TsOd N N CH2Ch N~ N THE N_N

2003/0$2994) rPotasgiu thiocyanat(O1 47 8. 1f mphl) wagaddgd to @selupomofy.4-
dichloro-5-nitropyrimidine (1.94 g 10, mM) in EtOH (40 mL) cooled to 0 °C via an ice
bath. The solution was stirred at 0 °C for 30 min, then the bath was removed and the
resulting suspension allowed to come to RT over 60 min, when water (100 mL) was added.
The precipitate was collected via filtration, washed with ice cold water, dissolved with
DCM, dried (MgSOy), filtered and evaporated to yield the titled compound (1.7 g). 'H-

NMR (300 MHz, CDCLy) & 9.4 (s, 1H).

[00182] tert-Butyl 4-fluoro-2-(S-nitro-4-thiocyanatopyrimidin-2-
ylamino)phenylcarbamate. Potassium carbonate (207 mg) was added to a stirred solution
of 2-chloro-5-nitro-4-thiocyanatopyrimidine (108 mg) and tert-butyl 4-fluoro-2-
nitrophenylcarbamate (113 mg) in ACN (5 mL) and stirred for 15 hr. The solution was
diluted with brine and extracted with EtOAc (2x). The combined organics were
evaporated and purified via column chromatography, elution with 30 % EtOAc/Hex gave
the titled compound (144 mg, 71 % yield). '"H-NMR (300 MHz, DMSO-d6) & 10.5 (br s,
1H), 9.3 (br s, 1H), 8.9 (brs, 1H), 7.7-7.4 (m, 2H), 7.1 (br s, 1H), 1.5 (s, 9H), 1.5 (s, 9H);
MH' = 407, 307 (-BOC), 351 (-/Bu).
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FF F [00169]
3-(9-((R) -6, 8-di fluorochroman-4-yl)-8-o0xo0-8, 9-di hydr o-
wQq kbop6asnt 2-yl } - 3H benzo[ d] i m dazol e- 5- car bonPCT/UE06/661004
solution of (R)-4-(2,4-di net hoxybenzyl am no) - 3-
(9-(6, 8-di fl uorochronman-4-yl)-8-oxo-8, 9-di hydro- 7H pur
i n-2-ylarnino)benzonitrile (230 ng) in DCM (5 L) was
treated with TFA (5 nmL) and triethylsilane (1 nL) for
16 h. The mxture was concentrated in vacuo to
provide the internedi ate (R)-4-am no-3-(9-(6, 8-
di fl uor ochr oman- 4-yl) - 8- oxo- 8, 9-di hydro- 7H puri n- 2-yl a
m no) benzonitrile. The internediate was dissolved in
5 nm THE and treated with 3 i trinethyl orthoformate
foIIovchE] p-t ol uenesudfonic acid (3 ng). After 1
Cwn hour, t I Xture vva uted with EtOAc P nm.) and

ed Eﬂhc&\ﬁﬁ"f&m etf%fultetys" Sed], um’ rdognat e
(VLB Qo HaF O ACNThe@ "é* | ayer-oneesH se;@ " drived over
F Na2804, filter ogoncentrated i @12 Col um
chr omat ogr aphy {50-) 100% Et OAc / heﬁ(anes) provi ded 78
ng of the title corrpound JLH NWR (300 MHz, 5% CD3

E;og CDC13 8 (s g 1H) 8.2 (S/’ H)
i sl
5 (8 #) | APC‘G ( “xb, 4 Hetots) m 1H),
3 (m 1H) 59 WO 08/ 060301 PCT/ U 06‘7‘?&00 ro\
9((R) chroman-4 089d|hydro 7H purin-2

N NNN NNO NCH [00170]

[00183]y|( e By ifd’f‘ﬁﬂ‘?ﬁr #lamino)-Srpitropyrimidin-
t

A N 0O o OBy 1

ures descri 300
hydrochigizde (3904 mg) in DMSO (2 mL) and potassium carbonate {141 mg) were added

to a stirred solution of fert-butyl 4-fluoro-2-(5-nitro-4-thiocyanatopyrimidin-2-
ylamino)phenylcarbamate (140 mg) in ACN (10 mL). The mixture was stirred for 15 hr at
room temperature then partitioned between brine and EtOAc and separated. The aq. layer
was washed with additional EtOAc, the combined organics were evaporated and purified
via column chromatography, elution with 20-30 % EtOAc¢/H gave the titled product in 83
% vield. "H-NMR (300 MHz, CDCl;) 9.1 (s, 1H), 8.7(m, 1H), 8.2 (br s, 1H), 7.7 (m,
1H), 7.3 (m, 1H), 7.3-6.8 (m, 4H), 6.5 (s, 1H), 5.5 (br s,1H), 4.4 (m 2H), 2.4 (m, 1H), 2.2
(m, 1H), 1.5 (s, 9H); MH" = 515, 459 (-fBu).

[00184] (R)-tert-Butyl 4-fluore-2-(9-(8-fluorochroman-4-yl)-8-0x0-8,9-dihydro-7H-
purin-2-ylamino)phenylcarbamate. To a solution of (R)-tert-butyl 4-fluoro-2-(4-(8-
fluorochroman-4-ylamino)-5-nitropyrimidin-2-ylamino)phenylcarbamate (141 mg) in THF
(20 mL) was added a premixed solution of sodium hydrosulfite (0.6 g) and sodium
bicarbonate (0.3g) in water (50 mL). MeOH (5 mL) was also added to aid solution of the
mixture, which was stirred at room temperature for 30 min, when sodium chloride was
added to saturate the solution. The resultant mixture was extracted with FtOAc (2x), the
combined organics were dried, filtered and evaporated to yield (R)-ferr-butyl 2-(5-amino-
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CD30D in CDC13) 6 8.8 (s, 1H), 8.5 (s, 1H), 8.2 (s,

1H, 7.8 (d, 1H, 7.5 (dd, 1H), 7.1 (m 2H), 6.8 (d,
wdakdog/oa3vtl (td, 1H), 5.8 (dd, 1H), 4.5 (m 1H),PdT/BS{e€061004

iH, 2.8 (m 1H, 2.3 (m | H. OF N( Il \ NNNN

, ~O N NC H [00171]

3-[9-(8-Fl uoro-chronman-4-yl)-8-0go-8, 9-di hydro- 7H puri
n-2-yl]-3H benzoi m dazol e-5-carbonitrile. The title
conmpound was synt hesi zed from (R)- 8-

fl uorochroman-4-anm ne via the procedures described in
Exanpl e 26. 'H NWVR (300 MHz, CDCl13) 6 8.8 (s, 1H),

8.6 (s, 1H, 8.2 (s, 1H), 7.8 (d, 1H), 7.6 %d, 1H),
4-(8-flupre@hfamanidylanén@pyrimidieR) ylaming)@difluorephenylca anpie;?q,t’was
4, 1 2. . 2.4 1H) . . 1-1 NNN N
used ”FB‘?‘ fg}{i‘e % W%%‘%Lé%%/ 06030(1mPCT;_|) U82806/ 061004
00172
[00185B-T0% ¢t} s6hutibh of thehibovematériyl ih THDOMB) Sas hdded GRS b

o> A0 Pkl oL g cabnl L T,

tayer wis, Al 8 W R AL PO A B cRHBRE! e AR (g galsl and

puriﬁe({7 by5clollhi)m clzroﬁiam%a%hb;d)?lftﬁ 3 % MsOHIPCM) 7o Field titledipdpduct (86

m, 62 fypielang tasbims) P NMIR (490 My sop ol i £t 3,0 i, A,
( _ _ '8

74 @4 UD. PR dilh o3 DL Sl ST A GRS s

1H), 2.9 (m, 1H), 2.2 (m, 1H), 1.5 (s, 9H); MH' =511, 411 (-BOC), 455 (-Bu).

[00186] 2-(6-Fluoro-1H-benzo[d]imidazol-1-yI)-9-((R)-8-fluorochroman-4-yD)-7H-
purin-8(9H)-one. A freshly prepared solution of 30 % TFA/DCM (5 mL) was added to
(R)-tert-butyl 4-fluoro-2-(9-(8-fluorochroman-4-yl)-8-oxo-8,9-dihydro-7H-purin-2-
ylamino )phenylcarbamate and the solution was stirred at room temperature for 60 min then
the solvents were removed in vacuo to yield (R)-2-(2-amino-5-fluorophenylamino)-9-(8-

fluorochroman-4-y1)-7H-purin-8(9H)-one that was used as such MH" =411.

[00187] To the above di-amine was added MeOH (2 mL), trimethylorthoformate (2 mL)
and p-TsOH (cat). The mixture was stirred at RT for 60 min then the solvents were
reduced and the resultant material partitioned between DCM and brine and separated. The
crude product was purified via column chromatography (eluted with 4 % MeOH/DCM) to
vield the titled compound (46 mg). 'H-NMR (300 MHz, 5% CD;0D in CDCL) 8 8.7 (s,
1H), 8.1 (s, 1H), 7.5 (m, 2H), 6.9 (n, 2H), 6.6 (m, 2H), 5.8 (dd, 1H), 4.6 (m 1H), 4.3 {td,
1H), 2.8 (m, 1H), 2.3 (m, 1H); MH" = 421.

/-«-O
O

F
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were inproved as described below O 1 0 O ONH H F
kK NH ' ~~ HF N NSCN NH2.HCG N NNH MO Y ~ ~ -
wOR®SALI30NO2 DI EA, DMSO N. XNO2 CN CN [ 00173pCT/US2006/061004
(R) -4-(2, 4-di met hoxybenzyl andno) - 3- (4- (6-fl uorochronman
-4-yl am no)-5- nitropyrimdin-2-ylam no)benzonitrile.
A sol ution of 4-(2,4-di met hoxybenzyl am no) - 3-
(5-nitro-4-thiocyanatopyrimdin-2-ylanm no)benzonitrile
(139 ng) in anhydrous DVBO (3 nlL) was added to
solution of (R)-6-fluorochroman-4-am ne hydrochl ori de
(79 ng) in anhydrous DMSO (3 nL) and DI EA (0.21 nl),
the resulting dark red solution was stirred at RT
[00188 ae(@Fluormll{ﬂ&pheide}lmﬂazm ToyRp9- ((\Rfoﬂﬂutoimdlmhmm@b'l)ﬁlbﬂ

purin- S8 ¥ o mPopnss wgbegy iR r oo amine
via the mt:&{ure(saﬁscrme}l B R PQ@@ (ﬁmﬁﬁgﬁm M}ﬂ‘ @U@W%@DQ)D) 8

vellow sol1d was coltected via filtratrion, washed
8.72 (s,ViH)N8.061 (K, t1HY rias-7Watne 2H)ab.0- 10 (e HY, h&r6. ﬂ(mst);écM (dd, 1H),

5.78 (b’fg_@ﬁir e‘ﬁ4§§2}’? é%%%ﬁ%@ﬁ% 8& %?3“‘? mfgr%'{zg%‘%coih%o und

(quant.), NVR CDC13 1H'S 9.0 (s, 1M, 8.6(d, IH, 7.7

(br s, 74(dd 1H), 7.1 (d, 1H), 7.0-6.8 (m
-6 (m 2H, 5.2 (br s, 1H), 4.3 (s, 2H),
“\2 br 3.8 (s, 6H), 2.2 (br s, 1H), 1.8 (br

; N19F6 123ppn1NH+ 572. [00174] This materi al
9 using the same procedures outlined in
6 to give
3 (9 (( - 6-fl uorochroman-4-yl) - 8- oxo- 8, 9-di hydro-7Hp
urin-2-yl)-3H benzo [dJ i m dazol e-5-carbonitrile.

[00189] 2-(6-Fluoro-1H-benzo[d]imidazol-1-y)-9-(tetrahydro-2H-pyran-4-yl)-7H-
purin-8(9H)-one. The title compound was synthesized from 4-aminotetrahydropyran via
the procedures described in Example 27. "H NMR (ds-DMSO0) 8 11.65 (s, 1H), 9.13 (s,
1H), 8.34 (s, 1H), 8.28 (m, 1H), 7.82 (m, 1H), 7.25 (td, J = 9.0, 2.4 Hz, 1H), 4.56 (m, 1H),

4.03 (dd, J= 11.1, 3.9 Hz, 2H), 3.50 (t, J = 11.1 Hz, 2H), 2.59 (m, 2H), 1.78 (m, 2).

F

.
C*fu;o@

[00190] 2-(6-Chloro-1H-benzo|d]imidazol-1-y])-9-((R)-8-fluorechroman-4-yl)-7H-
purin-8(9H)-one. The title compound was synthesized from (R)-8-fluorochroman-4-amine
and 4-chloro-2-nitrobenzenamine via the procedures described in Example 27. "H NMR
(300 MHz, CDCL+5%CD3;0D): § 8.7 (s, 1H), 8.2 (s, 1H), 8.1 (s, 1H), 7.6 (d, 1H), 7.2 (dd,
1H), 6.9 (td, 1H), 6.7-6.5 (m, 2H). 5.8 (dd, 1H), 4.6 (m 1H), 4.4 (td, 1H), 2.9 (m, 1H), 2.3
(m, 1H).
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61 WD 2008/ 060301 PCT/ US2006/ 061004 O "  F zt, C NI
NO N, I N NCH/[00175]

WS2{0840603R) - 7- f | uor ochr oman- 4-yl ) - 8- oxo- 8, 9- di hpCF/US20pb/61004
urin-2 yl)-3H benzo[d]im dazol e-5-carbonitrile. The
title conpound was synthesized from(R)-7-
fl uorochroman-4-am ne via the procedures described in
Exanple 26. 'H NWVR (300 MHz, CDCl13+5%CD30D): S 8.86
(s, 1H), 8.58 (s, 1H), 8.19 (s, 1H), 7.79 (d, 1H),
7.56 (d, 1H, 6.7-6.9 (m 2H), 6.4-6.5 (m 1H), 5.78
(br t, IH, 4.5-4.6 (m 1H), 4.32 (br t, 1H), 2.7-2.9
(m 1H), 2.2-2.4 (m 1H. F NNF N'- ON NCH

00191] $Qdsfdlle 28: Synthesis of 2- 5—Flu0ro-1H b nzo|d|imidazol-1- 1-9- R)-8-
[ i:‘. Z{?Jl -D|yfnl uor o- ch(roman 4-yl) ¢ oggo 8, 9-di ))/dr(cg

ﬂuomcbmnm—ﬂ-y;l}?ﬂa}unms(ﬁ@-m@azol e-5-carbonitrile. The
title conpound was synthesi zed from (R)-5, 8-

di f 1 uor ochr oman- 4- am ne 'gﬂ 8Mpr ocedur este mbed
Fn Ex 26. 'IH-N , CDClﬁ)(ﬁ . s, 1
D ney Ni,

"i% S ~ond) PER. 2 Ng,H) 7o, L H), 7.6 (d,

m 1HMHF 6. 4 1H), BES(t, 102 4.6 (in,
4. 4(m 1H), 2.5(m 2H) [00177] Exanple 27.

wﬂmlzﬁ@?ﬁw&@mpﬂwvmﬁm@m@% rdpiugion of 2.4-
difluoro-1-nitrobenzene (1.1 mL), 2,4-dimethoxy benzylamine (1.5 mL) and DIEA (5.2
mL), in THF (40 mL) was heated at 60 °C for 60 min, allowed to cool to RT, partitioned
between EtOAc and H,0, separated, dried (MgSOy), filtered and evaporated to yield the
titled product as a yellow solid (3.14 g). "H-NMR (300 MHz, CDCL) & 8.5 (br s, 1H), 7.2
(dd, 1H), 7.2 (d, 1H), 6.6-6.4 (m, 3H), 6.3 (m, 1H), 4.3(d, 2H), 3.9 (s, 3H), 3.8 (s, 3H).

[00193] Nl-(2,4—Dimethoxybenzyl)—S—ﬂuombenzene—l,2—diamine. Under a flush of Ar,
a catalytic amount of a Raney Ni solution in water was added to a solution of N-(2,4-
dimethoxybenzyl)-5-fluoro-2-nitrobenzenamine (0.5 g) in THF (20 mL). The flask was
closed with a septum, evacuated under house vacuum and hydrogen added via balloon.
The resulting suspension was stirred at RT for 16 hr, when the H, balloon was removed,
mixture evacuated and filtered through a plug of celite, that was thoroughly rinsed with
THF and MeOH, to yield the titled diamine that was used as such.
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fl uoro-chroman-4-yl)-7H purin-8(911)-one: 62 WO
2008/ 060301 PCT/ US2006/ 061004 BOO N H2 (BOC) 20 1,
wWORBOTBFA F | '~ NO2 DVAP, DCM F 1 "~ NO DCMCRUSI00/061004
BOC | NH Na2S204 / NaHCO3 ~ NH F "'~ NO2
THE/ H20/ MeOH F ' XNH2 [ 00178] 4- Fl uoro- 2-ni tro- phenyl
di -tent-butyl imdodicarbonate. A catalytic anmount of
DVAP was added to a m xture of
4-fl uoro-2-nitrobenzenam ne (0.78 g) and di-ter/-butyl
di carbonate (2.18 g) in DCM (20 nL) and stirred at
roomtenperature for 15 hr. The mxture was dil uted
with H20 and twi ce extracted with DCM the conbi ned

organj cs were dr| : fiIteM‘é nd evaporated to yijel d
therb BOCrrat @

((qu o 4Nl(\/R (% r1\‘/4Hz,001r )
i i s
C'Y\Ifent TS(,'I 91 r o- Zmﬁtropmhenyl,camdo Ak]é@h \Jﬁh

(@r ooeiuF e; |, R kko,ARein, T.
Hel quist, P. J. J. Og. Chem 1988, 53, 3845) To a
stirred solution oftHe Bis- chlnmerlal |n DCM (20

nm.) was ded TFA hr th t|on
SeagNique NHAG t h dded
0:heF nieo w@ﬁqﬁ% d andTHFeXS’I’Qac e ddotl onal
DCM The né& kgani cs were evap rat ed Npurified
via colum chromatography (eluted with 7.5%

Et CAc/ Hex) to gl\ee the titled product/( ¥ Qg).
H,., 8

"H NMR (300 CDC13) 895(bﬁ 1 (dd, 1H),
a9 (dd"”2F,Hé (Mmumekdy 1.5 ,p 0180]
%y N )aaono 4“[’;1’%0?‘- o rpabe To a
utﬁ ént but yI %\;ﬁ

[00194] (R)-2-Chloro-N-(8-flucrochroman-4-yl)-3-nitropyrimidin-4-amine. A solution
of (R)-8-fluorochroman-4-amine hydrochloride (1.02 g) and DIEA (2.6 mL) in DCM (10
mL) was slowly added to a solution of 2,4-dichloro-5-nitropyrimidine (0.97 g) THF (25
mL) at -78 °C. The reaction mixture was stirred for 30 min at -78 °C then allowed to
warm to RT overnight. The reaction was quenched with the addition of sat. NH4C1(1 mL),
the solvent volume was reduced in vacuo, and the resulting mixture partition between
EtOAc and water then separated. The crude material was purified via column
chromatography, elution with 30 % EtOAc/Hex gave the titled product (1.43 g). 'H-NMR
(300 MHz, CDCls) § 9.1 (s, 1H), 8.6 (br d, 1H), 7.1-6.8 (m, 3H), 5.6 (dd,1H), 4.4 (m 1H),
4.3(m, 1H), 2.4 (m, 1H), 2.2 (i, 1H).

[00195] (R)—Nz-(2-(2,4—Dimethoxybenzylamino)—4-ﬂuorophenyl)-N‘-(8-
fluorochroman-4-yl)-S-nitropyrimidine-2,4-diamine. A mixture of (R)-2-chloro-N-(8-
fluorochroman-4-yl)-5-nitropyrimidin-4-amine (32 mg), M-(2,4-dimethoxybenzyl)-5-
fluorobenzene-1,2-diamine (28 mg)and KCO;3 (41 mg) in ACN was heated at 65 °C for 3
hr, cooled to RT, diluted with brine and extracted with EtOAc (2x). The combined
organics were evaporated, and purified by column chromatography (eluted with 30 %
EtOAc/Hex) to yield the titled product (21 mg). 'H-NMR (300 MHz, CDCl) § 9.0 (s, 1H),
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fl uoro-2-nitrophenyl carbamate (0.34 g) in THE (30 nli)
was added a prem xed solution of sodiumhydrosulfite
w@ 2008p6@nd sodi um bi carbonate (1g) in water (5PCTI$2006/061004

MeOH (10 nL) was al so added to aid solution of the

m xture, which was stirred at roomtenperature for 30
m n, when sodium chl oride was added to saturate the
solution. The resultant m xture was extracted with

Et OAc (2x). The conbi ned organics were dried, filtered
and evaporated to 63 WO 2008/ 060301 PCT/ US2006/ 061004
yield the titled conmpound (quant) that was used as
such for the next step. 1H NWR (300 M1z, CDCl3) S 7.5

4,442 8.8 (s( 6H), 2t9-2.2
86(brd,(ﬁ‘i),7%8£ﬁggﬁ§@5 633"@1),41@)_ z(- ((%ntbggl%) 1(2s(7 ()BOC) Al
2H). (tBu) BOG | NHBOG FaNHNHHCI N C KSCN- C

YN-~SCN H2 , N N SCN 2 N~ 'NO2 EtOH Nv N2 K2COs, ACN

F -
[00196] ?Rﬁ"gfg[gﬁnl %t]h SXYPErRY lggly’%?‘?at g gyf?prﬁewlamm‘())é%—r%ound
fluorocHsoMan,4-91) T H- m'mglgﬁb-ﬂﬁé’ﬂ%er Rot\aatrhasphére) mc@tallym amount
(0.97 g.. Sed t a Stléﬁg-éﬁr}ﬁq%%4
of a Rangy Np F@P%Q%mmf%tﬁfo%%qqaﬁ Phsq '1“‘9140 h EtOH (40
dimethoenfARMER - U RrSpnth ) A (BRiordtbk dinanl A DSDhitiopgHmIdise-

0O Cftor mn, then the bath was renoved
2,4-dianAnd(2] heg) in $1H. tTllragﬂz&sklsm mkxsgchwahlacmﬁdm, va@dtuéd ouse

s GHE b o e DRl ol SRl R e e 2

hr, Wheri 1hE 15 Palo AN &Y renfived The/SiktitfelcRracu6ddl and rﬂlt%d:d(thﬂ)ﬁ@)& plug of
Iltered and eva orated to yield the t|t| ed corrpound
celie, e whthgroughiy S Hipnd MePiBjo well UOPE-(21yt

dimethot e pgio) s ens DA R RS PP J&%‘%‘;‘}‘%‘?ﬂ% 2
triamine-that was used directly.

[00197] To a stirred solution of the above material in THF (5 mL) was added CDI (12
mg). After 18 hr brine and EtOAc wete added and the mixture was separated. The organic
layer was evaporated and purified by column chromatography (eluted 4 % MeOH/DCM)
to yield titled product (14 mg). 'H NMR (300 MHz, CDCL+5%CD;0D): § 7.8 (s, 1H), 7.3
(s, 1H), 7.1 (d, 1H), 6.9 (m, 2H), 6.7-6.2 (m, 6H), 5.7 (dd, 1H), 4.5 (m 1H), 4.2 (m, 1H),
4.1 (s, 2H), 3.8 (s, 3H), 3.7 (s, 3H), 2.8 (m, 1H), 2.2 (m, 1H).

[00198] 2-(5-Fluoro-1H-benzo[d}imidazol-1-yl)-9-((R)- 8-fluorochroman-4-yl)-7H-purin-
8(9H)-one.

[00199] A mixture of (R)-2-(2-(2,4-dimethoxybenzylamino)-4-fluorophenylamino)-9-(3-
fluorochroman-4-yl)-7H-purin-8(9H)-one (14 mg) and TFA (1 mL) was stirred for 60 min
when triethyl silane (0.5 mL) was added. The resulting solution was stirred at RT for 16
hr, then the solvents were reduced in vacuo to yield (R)-2-(2-amino-4-fluorophenylamino)-

9-(8-fluorochroman-4-yl)-7H-purin-8(9H)-one that was used as such.
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yl am no) phenyl car bamat e. Pot assi um car bonate (207 ny)
was added to a stirred solution of

wWQ@2@Bl0e3ot 5- ni t r o- 4-t hi ocyanat opyri ndi ne (108 »@l/Uus2ede/061004

tent-butyl 4-fluoro-2- nitrophenyl carbamate (113 np)
in ACN (5 nL) and stirred for 15 hr. The solution was
diluted with brine and extracted with Et QAc (2x). The
conmbi ned organi cs were evaporated and purified via
col um chr omat ogr aphy, elution with 30 % Et QAc/ Hex
gave the titled conmpound (144 ng, 71 %yield). 1H NWR
(300 MHz, DMSO-d6) S 10.5 (br s, 1H), 9.3 (br s, 1H)
8.9 (br s, 1H), 7.7-7.4 (m 2H), 7.1 (br s, 111),
[00200) & c@éﬂit)q athovnt (o£ - wadiided tel @ FoluBe of thB@®)ve @51116 m

o B 5y SR AR, RGP Gty
were re&@c%@%ﬁ& tl{el\}@ﬂm miderifipatiitioned beﬁ@lﬁn D¢ENIQAd Bglﬁmﬂ ACN
NY NNH THE / H2O/ MeCOH E | N NH THE ~ui -

separat¢d. NPhe ¢rufe prodpctrwas purified B@@Oﬂu}mmcmpmamanhy;ﬁewtﬂ} 5 %
MeOR/QCAIg X@é%@%ﬁ%d Lonhoad MM Avir BooRut! epck) 5 s,
1H), 8.4 Ei) 1H§fr§3 Bum, 4r§ {da0119), -4 @, (B),7. Lah.osy, 61%as, 21y R(dD

ni tropyrimdin-
1H), 47(m 1H), 4.4 (td, 1H), 2.9 (m, 1H), 2.4 (m, 1H).

[00201] Example 29. Synthesis and Resolution of 8-Fluorochroman-4-amine:

1.{CICO),

F 3-Bromo E cat. DMF
HO\@ propionic acid 0© CH.Cl, o
NaOH / HyO HOWJ/ 2. AlCl,
O O
F F
HONH.-HC! o H,, RaneyNi _C
NaQAc / BtOH | EtOH
NH
Ho N 2

[00202] 3-(2-Fluorophenoxy)propanoic acid. A mixture of 2-fluorophenol (15 g), 3-
bromopropanoic acid (20 g) and NaOH (11 g) was refluxed in 50mL of water. The
solution was cooled to room temperature and acidified to pH 2 with 3 M HCI. The
resulting precipitate was isolated by filtration to yield 9.27 g of title compound as a white
solid. The filtrate was extracted 3 times with EtOAc to yield 2.5g of less pure compound.

[00203] 8-Fluorochroman-4-one. Oxalyl chloride (8.79 mL) and 1 drop of DMF were
added to an ice cold solution of 3-(2-fluorophenoxy)propanoic acid (9.27 g) in DCM (50
mL). The solution was stirred at 0 °C for 2 hours, then aluminum chloride (7.39¢g,
55.42mM) was added and the solution was stirred for 16 hours at room temperature. The

mixture was poured onto ice water, and extracted three times with DCM. The combined
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2-yl am no) phenyl carbamate. A solution of the
(R)-8-fluorochroman-4-am ne hydrochloride (104 ng) in
wOrBS06@BoNnL) and potassi um carbonate (141 ny) MET/ES2006/061004

added to a stirred solution of tent-butyl

4-fl uoro-2-(5-nitro-4-thiocyanatopyrim di n-2-

yl am no) phenyl carbamate (140 ng) in ACN (10 nL). The

m xture was stirred for 15 hr at roomtenperature

then partitioned between brine and Et CAc and

separated. The aq. |layer was washed w th additional

Et OAc, the conbi ned organi cs were evaporated and

purified via colum chronmatography, elution with
organic® SveBOwahED @i/ -5 daNe0H hed biind, ¢hbnpiredyetapprat@B andpurified by

cotumnfpgbrigogtop by L gyt Boog TR B i Sp e Pinpbila

(8.20¢,08%)6. 8 (m 4H), 6.5 (s, 1H, 5.5 (br s,1 H, 4.4 (m
2H),) 2.4 (m 1H), 2.2 (m 1H), 1.5 (s, 9H; MN= 515,
459 (-tBu). [00184] .

[00204] 8- Fluerech@oman-A-aming: 4 rpupd bettnm flagk wanhehorgad Witk $) - 8- o

oro S N e B B R PG R el
) i s e ettt i
mL) w%?%méq and ds1 wituR w96 S ﬁﬁfﬁ\)’aﬁ(ﬂagé%ﬁﬁ'@ .881913)“1 il
cooled ﬁ{@o\l\ﬂgﬂsen%}ex%ﬁ{rp %@dﬁt\gﬂé ]?3 Aé,%&@a@ﬁed(\?ﬂl Wafer._ '\’ﬁgﬂréa%ic

SO a o ard solution of the mxture;
phase wdsi dried el estparated tagive dennteempdiatat8afleorbchro®@n+di-ene osras

. . sodi ym chl gride ad t at. e,. ution
which gy ket HEBHAL LB L Yife el g e oo
57%). the conbi ned organics were dried, filtered and

evaporated to yield (R -tent-butyl 2-(5-amno 65 WO
008/ 060301 PCT/ US2006/ 01004 F
(8-fluoraochraman- 4- yl ami no) pyridn din-2-yl am no) - 4-f|
s ophEfYFEERT et e f'ha s ugedyasSisuch for the
t SskRBcHMRDEMABS. | ] To\q red sol ution of
e abeggom&terial _in 'I_I;HE (5 m.) mas added CDI (131
NHz ng). After 15 hr bPir®and Bt oac NWre added and t he

m xture was separated. The ag. |ayer was washed with

addi tional EtOAc and the| gardidined organi cs were

evaporated and purified| B{Hol utmm chr omat ogr aphy

(eluted 3 % MO/ DCM tolyield titled product (86

F
0
o0
NH,

[00205] Resolution of 8-fluorochroman-4-amine. (Procedure based on US0157739). A

mixture of 8-fluorochroman-4-amine (3.40 g), methyl 2-methoxyacetate (2.44 g) and
Novozyme 435 (Aldrich, 0.68 g) in anhydrous fert-butyl methyl ether (75mL) was heated
at reflux under argon for 2 hours (at which time the ratio of acylated to unacylated product
was 1:1 by HPLC). The solid that formed upon cooling was collected via filtration and
dissolved in EtOAc. The mixture was filtered to remove the biocatalyst and washed once

with 0.5M HCl to remove any lingering (S)-amine. The solvent was evaporated and the
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ng, 62 %yield for two steps). 1H I\/R(300|\/HZ 5%

CD3CD in CDC13) S 7.9 (s, 1H), 4 (dd, 1H) 7.3 (m
wdakdog/oan3d (dd, 1H), 6.7-6.5 (m 3H) 5 7 (dd, 1r)T/U82066/061004

(m1H), 4.3(td, 1H), 2.9 (m 1H, 2.2 (m 1H), 1.5

(s, 9H); MWV = 511, 411 (-BOC), 455 (-4Bu). [00186]

2-(6-Fluoro-I Hbenzo[d]imdazol -1-yl)-9-((R)-8-fl uoroc

hroman-4-yl)-7.H purin-8(9H)-one. A freshly prepared

solution of 30 % TFA/DCM (5 nL) was added to

(R -tert-butyl

4-fluoro-2-(9-(8-fluorochroman-4-yl)-8-o0xo-

8, 9-di hydro- 7H-purin-2- yl anmi no) phenyl carbamat e and
product W% SALHERDIN HER Sty theflyl ARFS RERIRANALAhG6 i Bman-4-

sol vent r enov acuo to yie

y1)-2-méthpxrcé tAndda Gﬁ)dl&'g)f Theoreagivarsplvant aml)re@y§i8Hization mother liquor

was wagisd S (BRERRRD 0.5 ALHCT 9 eBenteg e e Biiara AR Goe
ﬂuorocﬁ@gﬁﬂ MW&&h@%})aceﬁﬁﬁmb gl 1 oo eacidic ﬁlrﬁeou@ﬁ%rs

(Cat). The m xture was stirred at RT for 60 mn
were madadmstcrhy Nzﬂ)Hmd sxtrmtesl witk DEME to il Eh8-fluegethreman-4-amine

(1.6 B3pioR g HAR ARG e DD Sty el b8l 7sa in g

HCl in BHOQ {300y v heafed dﬂfrﬁﬁlx\/ﬂ)i 111 héurg/o MO whee regoeddifiom
the titled compound (46 n% 1H NWMR (300 MHz, 5% CD3CD
the cooled rezptiom iU, the(rgsulfing golidgvas tken up 'PI)SO . gf p.§M DpfH,

salted oﬁ; grﬂ%?\gl’()l(s);%d’e %@?}n %W&ﬁg%yl E:;(R)ﬁ,,ﬁl &5% ]}591}‘5

amine (BL4BNNIZ796) 0 The YNee FatlolfokatiDyiz ORiBAIGERIAN Chiralcel OD-H (0.46 x 25
PCT/ US2006/ 061

cm analitigg) SR GAE sewﬁve iteien) spetiodyfsporstie 53 G901 oc
TFA/ECSI B Y6400k )% WA/H Bb%rﬂgfgniﬁ%ﬁektkt% 9 9RAYRS

was synthesi zed fro (R -6-fl chronan- 4-am ne via
enantiotlee pr ocedures described in Exanple 27. 1H NWR (300

MHz, CDCL3+5%CD30D) s 8 72 (s, 1H), 8. 16 (s, 1H),

[00206]6 lgx&mt]ﬁa §H‘1<;§r@man-4 amine, é Hllom(:'_?li'oman-4 ank- 1H,

fluorochroman-4-amine, 6-chlorochroman-4-amine, 6-methylchroman-4-amine, 6-

methoxychroman-4-amine, 7-fluorochroman-4-amine, 5,8-difluorochroman-4-amine,

and 6,8-difluorochroman-4-amine.

0 0 o o o
solcs s RNeo NS¢ e
NH, F NH, NH; NH, NH,
F F
e R o 0 o
WOOEENE S i
NH; NH, F NH, NH,

[00207] These amines were prepared via procedures described in Example 29 for the
synthesis of 8-fluorochroman-4-amine. The corresponding chroman-4-ones were
commercially available as advanced intermediates for the synthesis of chroman-4-amine,
6-fluorochroman-4-amine, 6-chlorochroman-4-amine, 6-methylchroman-4-amine, and 6-
methoxychroman-4-amine. For the synthesis of 5-fluorochroman-4-amine, the intermediate
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5.78 (brt, 1H), 4.4-4.5 (m 1H), 4.26 (m 1H), 2.7-2.8
(m 1H), 2.2-2.3 (m 1H. O N NYNN ,. N~ NO F
WOR§0804B01 PCT/US2006/061004
2- (6- Fl uoro-1H benzo[ d]i m dazol -1-yl)-9-(tetrahydro-2H
-pyran-4-yl)-7H purin-8(911)-one. The title conpound
was synt hesi zed from 4-am not etrahydropyran via the
procedures described in Exanple 27. 1H NWVR (d6-DVSO 8
11.65 (s, 1H), 9.13 (s, 1H), 8.34 (s, 1H, 8.28 (m
1H, 7.82 (m 1H), 7.25 (td, J = 9.0, 2.4 Hz, 1H),
4.56 (m 1H), 4.03 (dd, J= 11.1, 3.9 Hz, 2H), 3.50
(t, J =11.1 Hz, 2H), 2.59 (m 2H), 1.78 (m 2H). OF
-ﬂuoroéhr&ln% 4N>rf§| wziﬁ“obta{méﬂ(ﬁsu% rb&e[d@%%%]m GB 2355264 whmh also
2- (6-Chl oro-| H benzo[ d][T m dazol - 1- ylg§l fl uoroc
provxdedh’i—&mchmma)l=4wne Feifliorogropipndrene P b IISISé lrctbnpmh@sls of

s T s L

ﬂuorochﬂ%ﬁf-ﬂ@ﬂﬁhd U—fﬁi@%’ﬁh&@n&u-aﬁiﬂld\"ﬂ% dﬁﬁ@ﬂ)chZnanA-amme and
CDC13+50%CD30D) : 8 8.7 (s,

6,8- dlﬂuggpnbchrongl-t(-g,mnwere 7es21\@g Fia thg moce@mg d(e%c(glbee_lL I"I) Engnp}e @9 dor
. 46 (mlH, 4.4 (td, 1H, 2.9
the resolplbo g fudrdshiciin-dibjne 2 L0 200, 050301
PCT/ US2006/ 061004 [00191] Exanpl e 28: Synt hesis of

[00208] ZExzmpledds b-Methyba5o, Hietnihyarol Hindo)-4GmiioR) - 8-

NH,

| N
N
\

The title compound was obtained from 1-methyl-6,7-dihydro-1H-indol-4(5H)-one
(Heterocycles (1984), 22, 2313) via the procedure described in Example 29 that were used

to obtain 8-fluorochroman-4-amine from 8-fluorochroman-4-one.

[00209] Example 32. Synthesis of 5,6-Diflunorochroman-4-amine:

o T COG T
BrCHCH.COOH 1) (COQ), 0
OH Fadlle) " O\/\COOH
F NaOH [S 2) ACly F
F F Q

Br
NH,OH-HC), NaOAc 0 1,H, / Raney-Ni 0
EtOH, reflux F ,\] 2.H,/ PdiC F
F NH
F ~oH 2
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fluorochroman-4-yl)-7. H purin-8(9H)-one: MO Ove Mo
O MOFNHFN OWw D EAO. Raney Ni, NO2 H2N THE
WO@®8/06#B01 Hs 1INH2 2 [ 00192] PCT/US2006/061004
N- (2, 4- Di et hoxybenzyl ) - 5-f | uor o- 2- ni trobenzenam ne. A
solution of 2,4- difluoro-1-nitrobenzene (1.1 nl),
2, 4-di met hoxy benzylamme (1.5 nL) and DIEA (5.2 nl),
in THE (40 nL) was heated at 60 C for 60 mn, allowed
to cool to RT, partitioned between Et QAc and H20,
separated, dried (MgSO), filtered and evaporated to
yield the titled product as a yellow solid (3.14 q).
1H NWVR (300 MHz, CDC13) S 8.5 (br s, 1H), 7.2 (dd,
[00210]1 Biy(2-Bromo-4,5-difperophenéxypxXapangic)acids A3sqlujonidd)1.6%g 8f d,

9 3 3.8 (s, 0193] .
NaOH (b ey il tokpeciay et Sp i iaue RoBhasian of P32
mmol) 3Bebeko-a, Stdiftedrophendl and 307 ggm Minkod) SBRIHS prepioAic FRIACThN
solution in water was added to a solution of N-(2, 4-

mixtureyyaydenisd v 80,3 inapail bath Er -heurs, andihen aleiverbto @obtogpom

i T itk t .
tomporelle 9 3% Tk 350030 e S50 bbby IR R on
mixturelyeds| maR. acidlhe ith@shdehiragd SICIPERSprotductass ekirddtedlingd ethdr (3

. for. 16 hr, en the H2 balloon was renoved, m xture
times), %‘{F{.{Eﬁ a?@Emsﬁ\ﬂgrgﬂmcn@yeéﬂwwwvea 3y and vaperated t gye 3.7

e SO L U4 P B 0 0B84

(t, 1H), BROG/ O8N AL PATY, p9A0@N061004 F F H2NF 1 01 rQ/ |
N NM{ FOW® O ~ HRNH

[00211] 8-Bromo-5,6-difluore-2,3-dihydrochromen-4-one. Oxalyl chloride (1.7 mL, 20
mmol) was added to the solution of 2.8 g (10 mmol) of 3-(2-bromo-4,5-difluorophenoxy)-
propanoic acid in 40 mL of anhydrous DCM followed by a drop of DMF. After 1.5 hours,
a drying tube was attached and the solution was cooled in an ice-water bath. AICI; (1.5 g,
11 mmol) was added and the dark red solution was allowed to slowly reach room
temperature while being stirred for 16 hours. The mixture was poured into ice and the
organic layer was separated. The aqueous layer was extracted with DCM twice. The
combined organic layers were washed with 0.5 N NaOH and brine, then dried over Na;SOy
and concentrated. Column chromatography of this residue with hexane and EtOAc
provided 1.9 g of the title compound as an off-white solid (73%). "H NMR (300 MHz,
CDChL): 8 7.6 (t, 1H), 4.65 (t, 2H), 2.85 (t, 2H).

[00212] 8-Bromo-5,6-difluoro-2,3-dihydrochromen-4-one oxime. To a solution of 8-
bromo-5,6-difluoro-2,3-dihydrochromen-4-one (7.2 mmol) in 40 mL of ethanol was added
hydroxylamine hydrochloride (0.55 g, 7.9 mmol) and sodium acetate (0.65 g, 7.9 mmol).
This mixture heated at reflux for 20 hrs. The mixture was cooled, diluted with EtOAc,
washed with water and brine, and then dried over Na,SQ4 Concentration of the solvent
provided the title compound as a white solid (1.9 g). 'H NMR (300 MHz, 10% CD;0D in
CDCL): 6 7.3 (t, 1H), 4.2 (t, 2H), 2.9 (1, 2H).
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H C~N~Cd NH2.HC CI N NH MeO Ove MeO NYN NH N NO2
DIEA, THE Y N X NOZ K2C03, ACNF NNz F F Owe rO Ow
WORDB@H0301 Ire RaneyNi \ NH -E.- H'1l N-O H2PCIHE2006/061004
MO' N~NNHCDI THE Mo - / I N~):N~~ N~ F'" NF
NHZHOF~OF f~f \ N ~ TFANH2 NNND
(MMO3CH\ N ),---0 J3r NNE St3iHF~ N NO
p-TsOH F," N ~XN H H [00194]
(R -2-Chl oro-N-(8-fluorochroman-4-yl)-5-nitropyrimdin
-4-am ne. A solution of (R)-8-fluorochroman-4-am ne
hydrochl oride (1.02 g) and DIEA (2.6 nL) in DCM (10
nm.) was slowy added to a solution of
4-dichloro-5-nitropyrimdine (0.97 g) THE (25 nl)
at -78 C. The reaction m xture was stored for 30 mn
8 Cthen allowed to warmto RT overnight. The

[00213] %@M@M{W&&cmlmwﬁmm Rangi-Njif(5 ek slunpdic
water) V\/%%ac{ﬁeh to fx%&ﬁtl&‘rp 1)1\’ § m‘onyo(2 B,&E@ﬁ{h}’x\%ﬁ -% %t m&gﬁochﬁ@tﬂ@gﬂgﬂ% 91%5‘11«3

resulting mxture pa
(1.9 g) nz00amhl tNeDHS Ehamattad. wabl sy deygatitedat 58r psafor Bashrptorprovidel 8-

o 55T e O s
mixture éﬁqudl\éggenat%gg re§m?ed1a1 (‘ﬁ) fs}fd} 4 Hul, 'ﬁ"ﬁ%lﬂe codiBound was

obtained after ﬁltrahon and concentrailon m vacuo. ‘*H NMR (300 MHz, 10% CD;0OD in
CDCL): 7.15 (q, 1H), 6.6 (m, 1H), 4.6 (bm, 1H), 4.25 (bm, 2H), 2.2-2.4 (m, 2H).

[00214] Example 33. Synthesis of 4-Amino-3,4-dihydro-2H-chromene-8-carbonitrile:

CN CN
0 NH,OAc / NaCNBH; 0

MeOH / 3A sieves
NH,

[00215] 4-Amino-3,4-dihydro-2H-chromene-8-carbonitrile. A mixture of 260 mg of 4-
0x0-3,4-dihydro-2H-chromene-8-carbonitrile (made from 2-hydroxybenzonitrile via the
procedure described in Example 29), ammonium acetate (1.2 g), and 3A molecular sieves
(1.5 g) in 10 mL of methanol was stirred for 5 days. The mixture was filtered through
celite and the filirate concentrated in vacuo. The crude residue was treated with 100 mL of
1 M HC1 and extracted with ethyl ether (3 X 100 mL). The aqueous layer was made basic
to pH 10 with saturated NaOH and extracted with DCM (3 X 100 mL). The combined
DCM layers were washed with brine, dried over magnesium sulfate, and concentrated in

vacuo to provide 150 mg of the title compound.

@
NC:%

NH,
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4.3(m 1H), 2.4 (m 1H), 2.2 (in, 1H. [00195]
(R)1VN-(2-(2, 4- D et hoxybenzyl am no) - 4-f| uor ophenyl ) -N
wAa 2081060301 PCT/US2006/061004
fluorochroman-4-yl)-5-nitropyrimdine-2,4-diam ne. A
m xture of (R)-2-chloro-N-(8-
fluorochroman-4-yl)-5-nitropyrimdin-4-amne (32 ng),
N - (2, 4-di met hoxybenzyl )-5- fl uorobenzene- 1, 2-diam ne
(28 nmg)and KCO3 (41 ng) in ACN was heated at 65 C for
3 hr, cooled to RT, diluted with brine and extracted
with Et QAc (2x). The conbi ned organics were
evaporated, and purified by colum chromat ography
[00216]( ﬂlmmtd]hﬁﬁn%Hﬁh%ﬁéﬁEMPlﬂ)ﬂhﬁkdm&ﬁletdo&ﬂ&%ﬁnd was
product (21 ng). 'HNNR@&%QO MHz, CDC13.) 8 9.0 (s,
made fram)6-cyag0- A izonatasSpatedtaTia18e 608¢ DB TODH < tidt 6vag Bescribed in
, 7.2-6.8 (in, 6H), 6.5-6.3 (m4H), 4.4-4.2 (m
Examp%??l'), 3.8 (s, 611), 2.3-2.2 (m 211). [00196]
(Si- 2-(2-(2, 4- Dhnet hoxybenzyl ani i no) - 4- f | uor ophenyl am
noj-9- (8- fluorochroman-4-yl)-7H purin-8(911)-one.
r an Ar atnosphere, a catalytic anobunt of a Raney
solution in water was added to a solution of
) - N2- (2- (2, 4-
et hoxybenzyl am no) - 4-f | uor ophenyl ) - N4- (8-fl uoro
chroman-4-yl)- 5-nitropyrimdine- 2,4-driamne (21 ng)
NH2 THE The flask was closed with a septum evacuated
under house vacuum and hydrogen added vi a bal | oon.

Thaheou bl i St . r
e G e e S R S
made fremd-¢3d-1,8 34t ettahydrghaphtiplang] -yt acetagd (Tetrahddrat: Amymmetry

ugh rinsed wth THF and 4 to vield (R)-
2001, l%tzlﬁ%g) Q%%_Same,{g?wgg@ggﬁzw%qg?% FFHB%S%ﬁenyI ) - AV

-(8-fl uorochroman-4-yl)pyrinmdine-2,4,5- triamne that

used directly. [00197] To a stirred solution of

the) above material in THF (5 nl) was added CDI (12

After 18 hr brine and Et OAc were added and the

HN pi'xture was separated. The organic |ayer was
evaporated and purified by col um chromat ography

e 8ty 0 T X g R Ay

as described in WO 03/045924.

[00219] Example 34. Synthesis of (R)-5,6,7,8-Tetrahydroquinoxalin-S-amine:

_N _N N N
q ] Boc,0 q ] HoNNH, 2 ] TFA P ]
e, X - 2, N - ‘e, Ny - /"l X
o N DMAP { N MeOH N CH.Cly N
CH4CN . NH NH,
Y Boc Y Boc”
0 o)

[00220] (R)-tert-Butyl acetyl(5,6,7,8-tetrahydroquinoxalin-5-yDcarbamate. A solution
containing 483 mg of (R)-N-(5,6,7,8-tetrahydroquinoxalin-5-yl)acetamide (J. Org. Chem.
(2003), 68, 3546) in acetonitrile (20 mL) was treated with Boc,O (3 g) and DMAP (5 mg).
The mixture was heated at 60 °C for 1.5 h and then concentrated in vacuo. Column
chromatography (50% EtOAc / hexanes) provided 293 mg of the title compound.
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(s, 1H, 7.1 (d, 1H), 6.9 (m 211), 6.7-6.2 (m 611),

5.7 (dd, 111), 4.5 (m111), 4.2 (m 111), 4.1 (s,
wWQ121dpoeBo8 (s, 311), 3.7 (s, 31), 2.8 (m 1H),PCI/ESI0n%/061004

1H). [00198]

2- (5-Fluoro-| Hbenzo[d]imdazol -1-yl)-9-((R)-8-fl uoroc

hroman-4-yl)-7H purin- 8(9H)-one. [00199] A m xture of

(R) -2-(2-(2, 4-di net hoxybenzyl am no) - 4- f | uor ophenyl ani n

0)-9-(8- fluorochroman-4-yl)-7H purin-8(911)-one (14

ng) and TFA (1 nmL) was stirred for 60 mn when

triethyl silane (0.5 nL) was added. The resulting

solution was stirred at RT for 16 hr, then the

sol vents were reduced in vacuo to yield

(R) - 2- (2- am no- 4-f | uor ophenyl am no) -

uorochroman-4-yl)-711 purin-8(911)-one that was

9-
(002211, ¢R tart TR 516,93, o LIRS 50NN TSROSO 3000 Of (R)-
tort-buty 3ERE. €17, R u BORMAL s ShPardfide (45 BERF hncdBabt (10

mL) wa§ 2reated wifhtieydmzidettyeraia .S til)) fexdl .Ah. Rie ﬁmdtur& wdrdilatedrwith
the solvents re reduced and fhe mat eri al
EtOAc b‘af e T eSS célﬁaﬁ éara%% layerras

separat&d, UASI VA @y&hmvs%&aﬂauaﬁd‘ dofllerttabedCRhibb t%liﬁ&f{@é Qﬁﬁ\g*&fthe
(éluted with 5 % MOH DCM to yield theé titled

title corspompdund (9 mgy). ' H NMR (300 MHz, CDC13) S 10.0 (s,
1H), 8.9 (s, 1H), 8.3 (s, 1H), 7.8 (dd, 1H), 7.4 (d,

oo 1 6.8 (Me2 . 9.(.dd, T
o021 st b gobiis e ifihor e e s
tetrahydrsquiid @lid S-yiSybhMeni(33 Sung) FeEDMULS DI 'BI*fA / DCM was stirred for
8- FLuorqchroman-4-amne;  1.; (CICQ2 F 3-Bronp F cat.

30 minvger The mugdure Was epseesiratedigs vacuy to-preyigeihe titlecogpornd asihe
TFAsafO ! b 2. Al 3C1 OO0 F F HONHZ-HCI O HZ, Raney Ni O

[00223] Example 33. Synthesis of 2-(1H-Benzo[d]imidazol-1-yI)-9-(4,5,6,7-
tetrahydro-1H-ind ol-4-yl)-7H-purin-8(9H)-one:

0 o) NH2
PhSOLCl, NaOH
H 1,2-dichloroethane l\{ N.
50,Ph SOFh

5OzPh NH
N f " Na /
*‘r\\l \ & 4N NaOH WN \ F
N
< >/ NG N MeOH ®/ b [ 0
NJHF © N\«Iﬁk

[00224] 1-(Phenylsulfonyl)-4-0x0-4,5,6,7-tetrahydroindole. To a suspension of NaOH

(4.44 g) in 1,2-dichloroethane (250 mL) was added 4-oxo-4,3,6,7-tetrahydroindole (5.0 g).
The mixture was then cooled to 0 °C and stirred for 30 min, following which a solution of
phenylsulfonyl chloride (5.7 mL) in 1,2-dichloroethane (50 mL) was added dropwise over
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NaQAc / EtOH 1 / EtOH 1 N NH2 HO [00202]
3-(2- Fl uor ophenoxy) propanoi c acid. A m xture of
wQ2doBensophenol (15 g), 3- bronopropanoi ¢ aci dPCROSIP6/061004
and NaCH (11 g) was refluxed in 50n of water. The
sol ution was cooled to roomtenperature and acidified
to pH2 with 3 MHCI. The resulting precipitate was
isolated by filtration to yield 9.27 g of title
conmpound as a white solid. The filtrate was extracted
3times with EtQAc to yield 2.59 of |ess pure
conmpound. [ 00203] 8-Fl uorochroman-4-one. Oxal yl
chloride (8.79 nL) and 1 drop of DVF were added to an
a period &BOQﬁﬂndAﬁéﬂ 30 hﬁlﬂoﬂd‘tnﬁn Zhd SeHSHPRIRARY Yook EiH(P@&PioCco%' it
(9.27 9) DCM (50 nL). The solution was stirred
room tegperatiise alzd ﬁ@mdsovenhglﬁ aneRetiom w4sl auenchsd by peogng onto

s stirred for 16
distlled i 62T i3 TREGRE Hoh B SRatdhe Dot B8 BhiSs et B
extractedmtrkh dldﬂomateﬂtane @hd ohLpdThe doimmbined ofdafiRSexwhétiwidGMshed

) ) e conbi ned 71 WD 2008/ 060301 PCT/ US2006/ 061004
with dlss @aﬁ?reg aeutraliys fed over MgPOsnrndemcanetast inrvacuq teeafford

7.0 g of¥hd 1R comyRAfat ed, and purified by colum
chromat ogr aphy (eI uting with 20% Et CAc/ Hex) to give of

he title conmpound (8.20g, 98% . [00204]
[00225]8 I{thMfﬂaﬂ,ﬁﬁﬁieh@hyMbﬁﬂddw-hmhIé | Zhe titlv@empound

was bt 8L B8O e e B PER- R ekl i Bt eresstiee

descnbe(détn ESathpleR9rthit wis (A L58h SVRTorsslEeHan-thenihd Aok gvas
purged with argon, dry EtOH (20 nlL) was added, and

fluorochrompamihongr e was stirred at reflux for 18 hours. The
solution was cooled to roomtenperature diluted with

R B p e i e T T

mdol—4—81)fﬂﬁlmumh8(9hﬁm 'Blnmtﬁdmtoﬂ@oundﬁa@ hbwaﬁdmﬂxuwd W th
i | i t 0 PS| t ield the titled
(phenylsilﬁgﬁ%l)%lgég-&tlrﬂgg%_ -mdo ~4-amine v?a t¥ule grocedurgs d(l.scril?ed n

Example 24.

[00227] 2-(1H-benzo[d]imidazol-1-y1)-9-(4,5,6,7-tetrahydro-1H-ind 0l-4-y1)-7H-purin-
8(9H)-one. To a solution of 2-(1H-benzo[d]imidazol-1-y1)-9-(1-(phenylsulfonyl)-4,5,6,7-
tetrahydro-1H-indol-4-yl)-7H-purin-8(9H)-one (50 mg) in MeOH (1 mL) was added 4 N
NaOH (1 mL), and the mixture was refluxed overnight and cooled. Volatiles were removed
under reduced pressure, and the resultant neutralized with 4 N HCL The white precipitate
was filtered, washed with a small amount of water, and dried in vacuo to afford 36 mg of
the title compound. '"H NMR (de-DMSQ) 6 11.6 (s, 1H), 10.7 (s, 1H), 8.86 (s, 1H), 8.27 (s,
1H), 7.69 (d, J = 7.8 Hz, 1H), 7.58 (d, J = 8.1 Hz, 1H), 7.33 (m, 2H), 6.53 (t, J=2.4 Hz,
1H), 5.64 (t, J = 2.4 Hz, 1H), 5.54 (m, 1H), 2.72 (m, 2H), 2.30 (m, 1H), 2.07 (m, 2H), 1.84
(m, 1H).
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FFF O Novozyne 435 OO "e | / | MOCH2COOVE NH2
t-BuOve O T NHNH2 0 8 MHCL EtCH F NH2 [00205]
woe®shespon of 8-fl norochroman-4-am ne. (Procepir/ES2006/061004

based on US0157739). A m xture of

8-fl uorochroman-4-amne (3.40 g), nethyl

2-met hoxyacetate (2.44 g) and Novozyne 435 (Al drich,

0.68 g) in anhydrous tent-butyl nethyl ether (75mnL)

was heated at reflux under argon for 2 hours (at

which tinme the ratio of acylated to unacyl ated product

was 1:1 by HPLC). The solid that fornmed upon cooling

was collected via filtration and dissolved in EtOAc.
00228]7 6Candesy FRIPVE (1 Binfd
[ 2]m|1§ae osnwbe g)ﬂ(}y&%gﬁcd%uto re \%Sgﬁﬂ;ﬁ&l ngeérﬁ?%é%
2, 3-dﬂ()§)‘0bﬁnznﬁlrafﬂ$eylasﬂmpmmkmamhth(dinmmmﬂnﬂiﬂaMI—yl)—
9-(4- 200?/ O(?lg 81 PCT/ 1US200Q6/ 0, 004 uct was
uoLg-foiquryirabenzofaran-p ¥/ y?™ et her to yield

(R) -N-(8-fluorochroman-4- yI) 2- met hoxyacet ami de (0.78

g). The reaction solvent and recrystallization nother

| iquor was washed 3 tinmes with 0.5 M HCL and

concentrated to yield additional (R)-N-(8-

F flworochroman 4-yl)-2-met hoxyacetam de (0.83 g). The

yers were nade basic by o

KAPHand PPt o0 e, DO 0 DA SHETMECIN, e
€ O

- 8- f |'uor ochrofran- ine (E6g—A=sotutio
(R) - N- (8- f PEMr ochr oman?4- I) 2- mepDAcacet ani d
(0.78g) in 8MHCL in EtC]—| (50nmL) was heated at refl ux
for 4 hour The 9 vents were_renmoved from the

%?_gl_‘&d reac |on m xt the resul NHag solid was taken
{0, 5M
NaOAc

[00229] 2-fluoro-6-methoxybenzoyl chloride. Oxalyl chloride (0.56 mL, 6.4 mmol) was
added to the solution of 1.0 g (5.9 mmol) 2-fluoro-6-methoxybenzoic acid in 5 mL
anhydrous CHxCl,. Then a drop of DMF was added. Afier one hour, when the slow
bubbling was ceased, volatiles were removed under reduced pressure to afford 1.1 g (95%)

acid chloride as pale-yellow liquid.
[00230] 'H NMR (300 MHz, CDCh): 6§ 7.45 (q, 1H), 6.7-6.8 (m, 2H), 3.9 (s, 3H).

[00231] 4-fluorobenzofuran-3(2H)-one. The yellow (trimethylsilyl)diazomethane ether
solution (2.0 M, 3.7 mL) was added to 0.57 g (3.0 mmol) above acid chloride with stirring.
After 3 hours, solvent was evaporated. The yellow residue was dissolved in 3 mL acetic
acid (strong gas and heat evolution, used a water bath to cool the flask for a minute), and
stirred for 15 min at room temperature. The solvents were removed under vacuum, and the
red residue was taken into 2 mL CH,Clp, washed with water twice, then brine, and dried

over Na;SOy. This crude product was purified by column chromatography (eluting with
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salted out wwth Nad (,), and extracted 4 tines with
DCMto yield (R)-8-fluorochroman-4- amne (0.48 ¢
w@ 3008§030iThe % ee was checked via chiral HPLC: PCT/US2006/061004
Chiralcel OD-H (0.46 x 25 cm analytical colum,
Dai cel Chem cal Industries) nmethod: isocratic 5 %
(0.05% TFA/EtOH) 95 % (0.05 % TFAIHex), Rt = 7.2 mn
(S)-enantioner, Rt = 9.2 mn (R - enantionmer. [00206]
Exanpl e 30. Chroman-4-am ne, 5-fluorochroman-4-an ne,
6- fluorochroman-4-am ne, 6-chl orochronman-4-am ne,
6- net hyl ehr oman- 4- am ne, 6- nethoxychroman-4-am ne,
7-fluorochroman- 4-am ne, 5, 8-difl uorochronman-4-am ne,
10% Etand ibh&caded) ol give O 40nEi324)-AfludreberZofidan-F(2HQ@ne kivhite
.. NH2 NH2 N2 NH2 F F O F O Me : I NH2 NH2 F NH2 NH2
solid. [ 00207] These am nes were prepared via procedures
described in Exanple 29 for the synthesis of
8-1 NOROG0H VS n 7 [
[0023210 frLIlomam 4hgnes V\%]? gﬂ} c%%?@? gfll? yée%\?g)i]?hg}lg)é 62’;1731 (¢, 1), 4.65
(s, 2H).advanced i nternedi ates for the synthesis of
chroman-4-am ne, 6-fl uorochrorran-4- am ne,

hl qr ochro e - et hy] chr oman- 4- anne,, and

002335 O Moo Rlicnn 3O o SRy T hE G odr £ gE 4 Snon
was disSoivdduR BRIt RTRRoho B Bhdhen hll@d (ﬁ&?g@ﬂhﬁh@l ) hid rW%llamme
2008/ 060301 PCT/ US2006/ 061004 ['uor ochr oman- 4- one

hydrochjeridectngd £ Tegi (343 myeppsasiiusy aﬁﬂégtef"ﬂmﬁs@emmbmmtéﬂ
reflux f@l ]'S:ﬁru g’?& gﬁi’tgleedWZG Jooié% 1o ?&{ng ['%B)ef}aig 4 %\ﬁaétgli té)

dissolveothe excekd teagatd) rswmn ﬂ}txaﬁbﬂi],&nd mnamhtﬁe ﬁiﬁdrtﬁke with small

5-fl yorochr oman- 4- a
amount of colﬁ water provided 0. 48 g (63%) gesmed oxime as white needle crystals.

[00234] 'H NMR (300 MHz, CDCL):  8.38 (s, 1H), 7.38 (g, LH), 6.6-6.8 (m, 2H), 5.21
(s, 2HD).

[00235] 4-fluoro-2,3-dihydrobenzofuran-3-amine. The above oxime (0.48 g) was
dissolved in 40 mI. anhydrous THF under Argon. Fresh prepared aluminum amalgam (by
dipping 1 g polished aluminum foil sequentially in 2% HgCl, aqueous solution, water, and
finally THF) was added quickly and the mixture was refluxed for 24 hours under Argon.
Shinny mercury beads appeared at the bottom of the flask. The mixture was allowed to
cool to room temperature and filtered through a pad of celite. Flask and solid cake were
washed with THF three times, then methanol three times. The combined filtrate was rotary
evaporated to give 0.41g yellow solid as a mixture of approximately (determined by NMR)
20% desired amine with 80% starting oxime. This mixture was used for next step without

purification.
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fl uorochroman- 4-am ne, 7-fl uorochroman-4-am ne,
5, 8-di fl uorochroman- 4-am ne, and
W@ 2@8a6d3huor ochr oman- 4- anmi ne were resol ved vi aP€T1€S2006/061004

procedure described in Exanple 29 for the resolution

of 8-fluorochroman-4-amne. [00208] Exanple 31.

1- Methyl -4,5,6,7-tetrahydro-| Hindol -4-am ne. NH2

16N The title conpound was obtai ned from

1- met hyl - 6, 7-di hydro-1 H i ndol -4(5H)-one (Heterocycles

(1984), 22, 2313) via the procedure described in

Exanple 29 that were used to obtain

8- fl uorochroman- 4- am ne from 8-fl uor ochr oman- 4- one.
[00236][ A 209R (Faaiviiig CIXCL)SYT. & ¢4, S HOf 6.5-6.7 (m, 2H), 4.8-4.9 (m, 1H),

6- D'fluorochronan 4-amne: Br Br Br OH Br CH2CH2COH

469(t,(1>H|) m 1HoCcI )2 F NaOH F 2) MCI3 FFF O Br

NHZOH-HCI hbcmc O1l.. H2 / Raney-Ni = O MOH, reflux

F' Y 2 P Pd/CFF N 2 "OH 74 WO 2008/ 060301

N-ECT/ US2006/4063004 [ 00210]
(2 Bro(--4 5-di fl uor ophenoxy) propanoi ¢ acid. A

sdﬁg R 1.68 g of NaOH (42 mml) in 5 nL of water

wa s?omdy to the suspension of 2.29 nL (20
mol ) 2-ir ono- 4, 5-di f | uor ophenol and 3.07 g (20 mmol )
3 bronnpropionic acid. The mxture was heated at 100

[00237} a‘hp& gg{eorlalcenkl)l%tilr-](ltl—lo{)enzoﬂﬁ aazo?ri-yl)t E?E 3acl1g1 i3] dentzgﬁl(r:o%
y1)-7H-purin-8(9H)-one can be separated on chiral CHIRALCEL OD-H column {Cellulose
tris(3,5-dimethylphenylcarbamate) on a 5uM silica-gel substrate) eluting with 85:15

hexanes:ethanol (both with 0.1% diethylamine). One enantiomer has a retention time of 25
min, the other one 33.5 min.
[00238] Procedures and NMR Data for 7-Alkylated Purinone Analogs.

F F

o O
//-
N‘ﬁ [;@ Iodome’(hane N *
N__N
Q \Nr/ J:,Eo PS-BEMP Q’ \(\I =0
F H

[00239] Example 38: 2-(6-fluoro-1H-benzo[d]imidazol-1-y)-9-((R)-8-fluorochroman-
4-y))-7-methyl-7H-purin-8(9H)-one. A suspension of 2-(6-fluoro-1H-benzo [d]imidazol-
1-y1)-9-((R)-8-fluorochroman-4-yl)-7H-purin-8(9H)-one (5 mg), 2-tert-butylimino-2-

diethylamino-1,3-dimethyl-perhydro-1,3,2-diazaphosphorine on polystyrene (30 mg, 2.2
mM/g) and iodomethane (5 pL) in ACN (1 mL) was stirred for 1 hr at RT, then filtered
through a short plug of celite, which was thoroughly rinsed with MeOH. Evaporation of
the solvents and silica gel chromatography (elution with 4% MeOH/DCM) gave the titled
compound (4 mg). 'H-NMR (300 MHz, CDCls) § 8.7 (s, 1H), 8.2 (s, 1H), 7.7 (m, 2H), 7.0
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tenperature. Water was added to conpletely dissolve
any solid material and the reaction m xture was nade
wa@eoodioeo3ni t h concentrated HCI. The product wasPCT/US2006/061004
extracted into ether (3 tines), and the conbi ned
organi c layers was dried over Na2SO4 and evaporated to
give 3.7 g (66% ofthe title conpound as a |ight
brown solid. 1H NWMR (300 MHz, CDC13): 8 7.4 (t, 1H),
6.8 (q, 1H), 4.3 (t, 2H), 2.9 (t, 2H). [00211]
8- Brono- 5, 6-di fl uoro- 2, 3-di hydrochronen-4-one. Oxal yl
chloride (1.7 n., 20 mmol) was added to the solution
of 2.8 g (10 mvol) of 3- (2 br ono- 4, 5-di f | uor ophenoxy) -
(m, ZHPGQRﬁﬂQH%N?? (&% 18, 407 g’ﬂ 1), 2alpadigys, Q@'\éﬁglzlsoce&qmyz.a
hours, = a dfy i ng tube was
(HLIHhttached and the solutlon was cooled in an ice-water
bath. AIC13 (1.5 g, 11 nmol) was added and the dark
red solutign was allowed to slowy reach rg@ﬂ?
[

t enper at reI
0

Neg, Xt ur e
er

sqparpt ed! The aqueous _ay R tMacted nvi t h™ DCM
W Y. Sonbi ﬁéd organic | @ e yasyed with
0. 5N and brine, then dried over and

NC concentrated. Col unpssbmenat od¥@aphy of thisjresidue
wi th hexane and Et OAc provided 1.9 g of tHe title
conmpound as an off-white solid (73%. 1H N&R (300 MHz,
CDC13): b 7.6 (t, 1H), 4.65 (t, 2H), 2.857(t, 2H).
[00212] 8-Brono-5, 6-difluoro-2, 3-di hydrochr onen- 4-one
[00240]o Eixamplers9:c3- ElaChtdmm—dfylS{Z—methoxy-ethyl) 8-0x0-8,9-dihydro-7H-

purin- 223 51 Rl o<eteleo b ol P 7r G tromai y1-5-

0x0-8 9%&6”@%&?21ﬂﬁ@bgmotdﬁnm& Sa&gbo?ﬁgﬂé’{m% At e

hi's m xture heat ed | ux for
acetomtme diﬂsmL)TM@s trieated Mh\ﬂalsrowoﬂeunethyll ether §23\j1 harigt 2t~
bri.ne, hen _dri ed over

h
bufylmlmaz@%f i ety E iy e S oy éﬁ%aphﬁﬂ&\?rla% gnipglystyrene
(500 mg, i2td ﬁnﬁﬂ)ﬁ%%?gd TRE nﬁxtMH W8 ﬁ&%ald%tt ﬁo%i&te&)pemllh'e NWO&D%O%d

then filtgred tbttouglzeghte mew@mﬂmb@bwmﬁwmﬂ@ Gncbmmanol, and then
the coll e%ﬁ fé'g’l]ﬁt \z/%s lﬂffdlvifllﬁ{ I?l?gl?eﬁlu(lj’l’l shu\ipa{e an%%oncen?rg&% uéi vcazcr'?:o €.
Purification by column chromatography (1% MeOH/DCM) gave 4 mg of the title
compound. "H-NMR (300 MHz, CDCl) 8 8.8 (s, 1H), 8.6 (s, 1H), 8.4 (s, 1H), 7.9 (d,
1H), 7.6 (d, 1H), 7.2 (m, 2H), 6.9 (d, 1H), 6.8 (d, 1H), 5.9 (t, 1H), 4.6 (m, 1H), 4.4 (m,
1H), 4.2 (m, 2H), 3.8 (m, 2H), 3.4 (s, 3H), 2.8 (m, 1H), 2.4 (m, 1H).

0
: [
o 0~ =]
NN N - =0
Q ?\;INFO ] PS-BEMP N*IN>=
: i %

OH
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wat er) was added to a solution of 8-brono-
5, 6-di fl uoro- 2, 3-di hydr ochronen-4-one oxine (1.9 g)

WO 00803l MeCOH. The mi xture was hydrogenat ed BCT/BS20p&061004
for 24 hrs to provide 8-
brono- 5, 6-di fl uoro- 3, 4-di hydr o- 2H chr onen- 4- am ne.
Pd/C (0.3 g) was added to the m xture and
hydr ogenati on was resuned at 50 psi for 4 hours. The
title conpound was obtained after filtration and
concentration in vacua. 1H NVR (300 MHz, 10% CD3QOD in
CDC13): 6 7.15 (g, 1H), 6.6 (in, 1H), 4.6 (bn1 111),

4.25 (bm 2H), 2.2-2.4 (m 2 {00214 anpl e 33.
[00241]SEmsthpki4d): ﬁf(G-ﬂuoro- 1H—benzo[d]11m azol- ~yD)-9-( )6-ﬂuorochroman—
no 3 H-ch arkq
yl)- 7-(231ygrr%xyﬁﬁlwk)ﬁgg ]\.@}g X gvrggggﬂ-  AubR- HL

benzo[c{Aquaé‘z%]l 14y1)°94((my @ﬂﬁowaH@n%bnmmnes@mwmmmnm | e.

m xture of 260

anhydrays Goaoming npa pgde R érven) of Zharbbyyliinos2-dipgemingrh, -

dieneth sy BAOSEY BONAGAE LGt B DSty RIS 8L WiBoR80E! P then

10 pL (rextessdfag-isdoettanol. The migthre waslsdirmetl abfooneitehmnml:umd@ 24

hours. Gelpp ShERFAHRPIT 1 ih AVRMEREHB et e By My HPLC
prov1de9r3urg C¥ g%' s t%&@?ﬁ@# %gtfﬁer \Mzt Iy ARER @GOQ‘I/IHZ 1oiVohiGds and (s,

extr 37X 100 nL). The aqleous
1H), 8. Jt@@semyvaw-vrac{m, QES, T1-710(p HED.O7.04 7 h(rsalH) 6.96T0 HaOHH )R 659

(4, T8 r D teheh b 401 G JED D2 @%ﬁ%ﬁ%&%

| Af and concentrated in vacuo to provide 150
2E012§?3(?% tPtIe conpound. O NC NH2 76 WO 2008/ 060301
PCT/ US2006/ 061004 [ 00216]
4- Am no- 3, 4-di hydr o- 2H chr onene- 6-carbonitrile. The
title conp%ynd was

O
- b - O
2 e s
N /N N cl ~ x
¢ T >=° - ¢ T Lo
NG 2

I

NC H PS-BEMP

N~
7

[00242] Example 41: 3-[9-Chroman-4-yl-7-(2-dimethylamino-ethyl)-8-oxo-8,9-
dihydro-7H-purin-2-yl]-3H-benzoimidazole-5-carbonitrile. A solution of 3-(9-((R)-
chroman-4-yl)-8-0x0-8,9-dihydro-7H-purin-2-yl)-3H-benzo[d]imidazole-5-carbonitrile (65
mg) in acetonitrile (10 mL). was treated with 2-chloro-N,N-dimethylethylamine
hydrochloride (25 mg) and 2-tert-butylimino-2-diethylamino-1,3-dimethyl-perhydro-1,3,2-
diazaphosphorine on polystyrene (325 mg, 2.2 mmol base/g). The mixture was stirred at
room temperature for 16 hours, and then filtered through celite. The celite was washed
with acetonitrile and methanol, and then the collected filtrate was dried with magnesium

sulfate and concentrated in vacuo. Purification by column chromatography (2%
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made from 6-cyano-4-chromanone (Syntech) via the sane

procedure that was described in Exanple 33, O NH2
W@ 0BRAFI30KU- Ami no- 1, 2, 3, 4-t et r ahydr onapht hal en- BEHUS2006/061004

acetate. The title conpound was made from 4-oxo-

1, 2, 3, 4t et rahydr onapht hal en-1 -yl acetate (Tetrahedron:

Asymetry 2001, 12, 2283) via the sanme procedure that

was described in Exanple 33. H2ZN [00218]

6, 7- Di hydr o-5Hcycl opent a[ b] pyri di n-5-am ne. The title

conmpound was made as described in WO 03/045924.

[00219] Exanpl e 34. Synt hesis of

(R) -5, 6,7, 8-Tetrahydroqui noxal i n-5-am ne: N BOC20 N |

i o ROM@DOLPEED
wormhER o e e tert@gg;gg(‘:“
A

1H), 8.5dsclly) 8.8,(6, 1H)87.8&dr By d:60ddi 212i(m, |§%é¢d

1H), 592 ﬁﬁﬁ“(‘g(f%c“%s%l Q@%@ggé’;@. o>3<a12|(m’£1> ?/’I )acet am de (J.

Og. Chem (2003), 68, 3546) in acetonitri Ioe (20 L)
was treatdd with Boc20 (3 Q) and DMAP(S

mxture fwas ated at 60 C for h and M@
\\oncentr A\ vacua. Col um or to gr aphy

b/ Mexanes) pBevidad 293 extiN e
co@gﬁ;{ )=<77 W0-2008/ 060301 USZ \(S;EW
[O R)-tert-Buty
NC 5 6,7, 8- FNé'et r ahydr o%%FE#WaI i n-'%qyl car barw(t;ej. A sol ution
of (R) tert-butyl
acetyl (5, 6,7, 8-tetrahydroqui noxal i n-5-yl ) carbarnate
(293 ng) in nmethanol (10 nL) was treated with

hydrazi ne hydrate (0.5 nL) for 1:;5 h. The m xture was
[00243] dExarhplkt 42¢ 8H9-Chroman-4-yl-7 —cyanomethyl—S—oxo-S 9-dihydro-7H-

purin-2-yl)-3H-benzoimidazole-5-carbenitrile. A solution of 3-(9-((R)-chroman-4-yl)-
8-0x0-8,9-dihydro-7H-purin-2-y1)-3H-benzo[d]imidazole-5-carbonitrile (10 mg) in
acetonitrile (10 mL). was treated with bromoacetonitrile (17 uL) and 2-tert-butylimino-2-

diethylamino- 1,3-dimethyl-perhydro-1,3,2-diazaphosphorine on polystyrene (500 mg, 2.2
mmol base/g). The mixture was stirred at room temperature 16 hours, and then fittered
through celite. The celite was washed with acetonitrile and methanol, and then the
collected filtrate was dried with magnesium sulfate and concentrated in vacuo.

Purification by column chromatography (1% MeOH/DCM) gave 11 mg of the title
compound. "H-NMR (300 MHz, CDCl;) 8 8.8 (s, 1H), 8.5 (s, 1H), 8.4 (s, 1H), 7.8 (d, 1H),
7.6 (d, 1H), 7.2 (m, 2H), 6.8 (m, 2H), 5.9 (t, 1H), 5.0 (s, 2H), 4.6 (m, 1H), 4.4 (m, 1H), 2.8
(m, 1H), 2.4 (m, 1H).

e e
=\ f@ A~ N:l\\l N //Q
NN N F Br” “COOMe Y \IN F
Z o)
\{JN}: © g N N>=
. NC
NC H PS-BEMP Me0OG P
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Et OAc and washed twi ce with saturated aqueous sodi um
chloride. The organic |ayer was separated, dried with
waeoasen3sul f at e, and concentrated in vacuo to PCDUSIHE6/061004

238 ng of the title conpound. [00222]

(R -5, 6,7, 8-Tetrahydroqui noxal i n-5-am ne. A solution
of (R-tert-butyl 5,6,7,8-

t et rahydr oqui noxal i n-5-yl carbanmate (238 ng) in 10 ni

of 1:1 TFA/ DCM was stirred for 30 m nutes. The

m xture was concentrated in vacuo to provide the title
conpound as the TFA salt. [00223] Exanple 35.

Synt hesis of 2-(1H Benzo[d]i m dazol -1-yl)-9-(4,5,6, 7-

M S g O

difluorachrerman-M-yl)-8-a¥es$,9-diy@rip@in/7-YDAatelQ: Moot I (R)-

6. 8-Gip OB o 4o Sy P aoedoa i 2 ke ndfogolors

bonit@iléU B REEYSh betSkitrie@Hnl %Méﬁdm 1 5dlaRal
sarbon 2%% m.) was added 4- o>§<o 4, 56 -tetrahydroi r?d%{ltlea 9@m§)

and 243@)‘?“3’&@@%%-%@%@%@-lt%élmeéh)d-lpedlydm Q3Q-@n@pbosphpsde on

polystyrfl (130 o, 2 oot RS, 0, BBy e 2 5P o ot 43
hours, a(xéﬁﬂleﬂtfﬂteMSThﬁdﬁlécﬁﬂ(ﬁMts &vag ¢Biicenif e\ YR8/ 06ABE&Lion b

061004 a period of 30 min. After 30 min o
Pfeparaté‘f%%lr E&? ?%H?%W oo FolmmeaRRisEERphY 60 Bi5H B of
d i,ght agt.l.on
e e AR BTHEA Sod M2 oo BT Pltp 0 IS o
7.91 (d, Uhe8. 0 HyabHY, 71.68/@d, Nas. 15 ¢ PaHA6T, 688¢m! IH), sue@ya H)25.89
(m, 1H)Z“?.§7 (s, 2H), 4.68 (m, 1H), 4.41 (m, 1H), 3.87 (s, 3H), 2.98 (m, 1H), 2.40 (m,
1H).

F F

//o //o
N o . N 2,
U o P &
- MeOH/THF/H,0 Wi/\[
O e ™ women O
NC NC
MeO\(
(@]

[00245] Example 44: 2-(2-(6-cyano-1H-benzo|d]imidazol-1-yI)-9-((R)-6,8-
diffuorochroman-4-yl)-8-oxo-8,9-dihydropurin-7-ylacetic acid. To a solution of methyl
2-(2(6-cyano-1H-benzo[d]imidazol- 1-y1)-9-((R)-6,8-difluorochroman-4-yl)-8-oxo-8,9-
dihydropurin-7-yl)acetate (4 mg) in MeOH (0.75 mL) and THF (0.25 mL) at 0 °C was
added a solution of lithium hydroxide (2 mg) in water (0.25 mL). The reaction was allowed
to warm to room temperature and stirred for 2 h. After concentration under reduced
pressure, the residue was diluted with water and acidified with 2 N HC1 to pH 4. The
precipitated solid was filiered, washed with a small amount of cold water, treated with 1 N
HClin MeOH (0.5 mL), and concentrated in vacuo to afford 2 mg of the title compound.
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extracted wth dichloronethane (3 x 50 nL). The

conbi ned organic extract was washed wth distilled
wai0sew3ol neutrality, dried over MgSO4, and  PCT/US2006/061004

concentrated in vacuo to afford 7.0 g of the title

conpound. [00225]

1- (Phenyl sul fonyl)-4,5,6, 7-tetrahydro-| H i ndol - 4- anune

. The title conmpound was obtained from

1- (phenyl sul fonyl) - 4-o0x0-4,5, 6, 7-t et rahydroi ndol e vi a

the procedure described in Exanple 29 that was used

to obtain 8-fluorochroman-4-amne from 8-

fl uorochroman- 4-one. [00226]

| FE
'H-NMR éﬁ by e g?% r)'o@l I@_@(so h 9”75) (n?)l(}é ?thui}ﬁ_g’ J)= $4%17,
1H), 7.6B(@d 1. + Rel, mﬂmum @mmmm) 660 (ft QH}),]S 97 (m, 1H), 77 (s, 2H),

sul f etr dro- 1Hi ndol - 4- am ne
453(“%/?@) %1 &%?Eé"ﬁ@&?“‘ééﬂﬁ% Exanpl e 24. [00227]
2- (1. H-benzo[d]|n1dazol-l-yl) 9-(4,5,6, 7- tetrahydro I H

[00246r E&Qﬂipiéuy ﬁl%slswm m&&&t&fmﬁﬁzo dSRLYIRG-
H benzo J|n1daz -1-yl)-9-(1- (g yIsquonyI) 4,5

(plpendla 4ryb19e(1t¢tgﬂ;mlmﬂlﬂpym+l—ym TALpurin-B(MDrong( 9H) - one (50
nmg) in MeOH (1 nL) was added 4 N NaOH (1 nlL), and the
m xt ure was re fl uxed overni ght and cool ed. Mblatlles

were renove nder reduced pressure, and t
resul tant neuyt tal i Yed 4 N HCl. The whi
preldFpi tate s fi , NniBetied i t h a snall anDunt

: M{r. dried in uo to af G’ othe

] irpoZEnd>=ﬂDH MR d6- 3 1o 7

H N (s, 1HP
Hz,2 111), 7.58 (d, J@—&DPhg, 1 733(m 653
J= 2.4 Hz, 1H), 64 (t, 'J= 2F4 Hz, (m

1H), 2.72 (m 2H), aH;o (m 1H), 2.07 (m 2H) 184
(m 1H). 79 WD 2008/ 060301 PCT/ US2006/ 061004 [ 00228]

[00247]5%55&&8%1}@% nr?yrlrpzlgogglgx? ?@l{r’qgg f9 mﬁ/%, Z)gonaut) and fert-butyl

-hydro&?plgeﬁhéﬂéﬁ‘ﬂfo@ﬂﬁﬁiﬁfdf Ilﬁgl)y\lvémzﬁhdatbmc@ﬂ@f& zigne and
enzo I Nl dazo
benzo{c@m{ldaaoﬂ &dﬂbg‘ﬁgeyﬂhﬁrdﬁ?@ﬂomhlréﬂd}aﬁ -pauip§(9OFMopRi i n- S( 9H)

dichlorcetMhe (6 mL), the mixture was stirred for 10 min when diisopropyl

azodicarboxylate (64 nL) was added. After 18 hr, the material was filtered, the resins were
thoroughly rinsed with ACN and MeOH, the combined organics were evaporated and
purified via RP-HPLC (TFA removed Boc upon evaporation) to yield the titled compound
as a TFA salt (16 mg). "H-NMR (300 MHz, CDCL +5% CD30D) & 9.0 (s, 1H), 8.6 (s,
1H), 8.3 (dd, 1H), 7.7 (dd, 1H), 7.1 (td, 1H), 4.7-4.4 (m, 2H), 4.2 (dd, 2H), 3.6 (t,2H), 3.3
(br d, 2H), 2.9-2.7 (m, 4H), 2.4-2.2 (m, 4H), 2.9 (m, 1H), 1.9 (d, 2H), 1.8 (d, 2H); ’F & -
76, -117 ppm; MH" = 438; IR (CDCl) 1726 (C=0 stretch).
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e FOFO'~OH (COC0D2 O i A 1) 2.5 eq TMbCHN2 ' O
DCM Q 2) HOAc a OH F NH2OH HCI / Hg {AD NH2 NaQAc ~
w0 2@8/0680+ ~ Q [ 00229] 2-fl uor o- 6- met hoxybenzop€T/US2006/061004
chloride. Oxalyl chloride (0.56 nL, 6.4 mvl) was
added to the solution of 1.0 g (5.9 mmol)
2-fl uoro-6-net hoxybenzoic acid in 5 nL anhydrous
CH2C12. Then a drop of DMF was added. After one hour,
when the sl ow bubbling was ceased, volatiles were
renmoved under reduced pressure to afford 1.1 g (95%
acid chloride as pale-yellow liquid. [00230] "H NWR
(300 MHz, CDC13): 6 7.45 (q, 1H), 6.7-6.8 (m 2H), 3.9
(s, 3H. [00Z31] 4-fluorobenzofuran-3(2H)-one. The
yel | ow ( ne hyl si | yl ) di azonet hane ether solution
(2 0 M /3. was added to 0.57 g (3.0 mmol ) above
\tld chl'@ ith stirring. After 3 hours, solvent
rated The yel | ow resi due was dlssolved in 3
“E;égfg @cid (strong gas and heat evolution, used a
h to cool the flask for a mnute), and
stirred flor 15 mn at roomtenperature. The solvents
were renoved under vacuum and the red residue was

00248} KAM-bEAAR| 4 ifidaebl2LYB-9- AR 88k oMo Lhironedre 4-y )T -areet hfl -
[ ]Drlﬁgi andlﬁrled o%r Na2SO4. This crude product was

purin-$(9H) fomedThsy cempannd vessrsynthedenddpipe msthnd descrihedn exrnygs

3. 1H$@%§’%"®9M ACP R b P2yt SRy 2R s
(m, mw d \?n,sm)l 6.7 (n{, Qﬁ?%‘zé &t tHj\IMRJ ((nawtﬂ) Mﬁétd’ng%% (sBH), 38 (m,
1H), 2. (m, 1H). ’ '

O
T L =0
\

[00249] 2-(1H-benzo[d]imidazol-1-yI)-9-(6-fluorochroman-4-yI)-7-methyl-7H-purin-
8(9H)-one. This compound was synthesized by the method described in example 38. 'H
NMR (300 MHz, CDClL): 8 8.80 (s, 1H), 8.19 (s, 1H), 7.96 (d, 1H), 7.78 (d, 1H), 7.2-7.4
(m, 2H), 6.8-7.1 (m, 2H), 6.61 (dd, 1H), 5.88 (brt, 1H), 4.54 (m, 1H), 4.32 (m, 1H), 3.56
(s, 3H), 2.84 (m, 1H), 2.30 (m, 1H).

F

0.
[,

N;\ e
N. _N
O
\
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(s, 2H). [00233] (Z)-4-fluorobenzofuran-3(2H)-one
oxhne. The above ketone (0.70g, 4.6 mmol) was
waele@sobosed in 5 m ethyl al cohol, and then addedr/OSB46/gs1004
(9.2 mol ) hydroxyl am ne hydrochloride and 0.75 g
(9.2 mmol ) sodium acetate. This suspensi on was brought
to reflux for 1 hr. The m xture was cooled to room
tenperature and added 4 nL water to dissolve the
excess reagents. Suction filtration, and then wash the
solid cake with small anmount of cold water provided
0.48 g (63% desired oxine as white needl e crystals.
[00234] "H NWR (300 MHz, CDC13): 6 8.38 (s, 1H), 7.38
[00250]( S!*(lﬂlﬂ)enzﬁ inRid8zd1- Bw(mﬁs%lmnﬁarocﬁkama{n QQy?lzﬂmethyl-
| uor o- 2 - di hydro enzof ur an- 3- ami ne. ove
7H-puryk3@é1)(@e4§hlg yomsunWM%mﬁmbﬁmemetMme@ imHE

exaanpldg NG Bop ML LBCER B T 4 B B0 ¥ 70 6

1H), 7. 4‘{%}1221)&?10 QQ&!,SIE)OB sta-am et 11aNd ¢ élfnr e, i (Et"ihz,v% G,

dded qui ckl the mxture was r uxed for
3H), 26n(gwlé{)u2}éém on. Shinny mercury beads appeared at
the bottomof the flask. The m xture was allowed to
cool to roomftenperature and filtered through a pad of
celite. askand solid cake were washed with THE
three tineg en nmet hanol three tines. The conbi ned
Nti‘\lltrate 57T otary evaporated to give 0.41g yell ow
(:jir&f%{M\a$Ja Hi xture of approximately (deterni ned by
NIVIR) 20%=¢esi red amne with 80% starting oxine. This
m Nwas used for next step without purification.
81 WD 2008/ 060301 PCT/ US2006/ 061004 [00236] 'H NWR
(300 , CDA3): 6 7.18 (g, 1H), 6.5-6.7 (m 2H),
4.8-4.9 (m 1H), 4.69 (t, 1H), 4.2-4.3 (m 111). NWU
O \' N

[00251] 2-(1H-benzo[d]imidazol-1-yI)-9-((R)-5,8-difluorochroman-4-yI)-7-ethyl-7H-
purin-8(9H)-one. This compound was synthesized by the method described in example 38
using iodoethane. "H NMR (300 MHz, CDCL): & 8.8 (s, 1H), 8.2 (s, 1H), 8.0 (d, 1H), 7.9
(d, 1H), 7.4 (m, 2H), 7.0 (i-d, 1H), 6.5 (t-d, 1H), 6.0 (t, 1H), 4.6 (m, 1H),4.4 (m, 1H), 4.0
(m, 2H), 2.6 (m, 1H), 2.5 (m, 1H), 1.5 {, 3H).

O

-

N‘\‘_\ “,
N
O T
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N H [00237] The above racemc

2- (1H benzo[d] i m dazol -1-yl)-9-(2, 3-di hydr obenzof ur an-
wW@200810503FH- pur i n- 8(9H) - one can be separat ed onPCHURANNG6/061004

CHI RALCEL OD-H col um (Cel I ul ose

tris(3,5-dinethyl phenyl carbamate) on a 5Msilica-gel

substrate) eluting with 85:15 hexanes: et hanol (both

with 0.1% di et hyl ami ne). One enanti omer has a

retention time of 25 mn, the other one 33.5 nmm

[ 00238] Procedures and NVR Data for 7-Al kyl ated

Purinone Analogs. ( FCo F \ j N-I ) |odonethane N

~l r- N2~~~ NN PS-BEMP ,0 N N~ , F HF [00239]

100252 208} B it U7D 3540 58 dilyorsshroman £y T-propsl 7L
purin-S(9MN) Joné- THed dyrhpotidd vuss ispatBésdidd-tyrtbe méthexdsiseeribied in eample 38
2-(6-fl u?ro-lH- benzo '

using itlopropans. (HRTVE (D0 DG ORRROR§15) IR HIb S 3R 79

( APt Bith W § BB 6.8ttty et . .
. 104 AE A FELGTR  E B GEBATATI 42 m D40
(m, 2HRG.6/GhYITBNR 5 (B0 1HY, 1.2(8, 2HM §)(t.84D. i odonet hane (5 L)
In ACN (1 nmL) was stirred for 1 hr at RT, then
filtered through a short plug of celite, which was
thoroughly rinsed with MeOH Evaporation of the
sol vents and Ei lica gel chronmatography (elution with
4% MeOH DM gave the titled conpound (4 ng). 1H NWR

300 e 6 81 , 1H), 8.2 , 1IH), 7.7
N(ZH), %8) (s, 1H) (s, 1H) (m
.2_«\ =

2008/ 060301 PCT/ US2006/ 061004
N NaN  F
S
Q/ N N\

F

[00253] 9-((R)-5,8-difluorochroman-4-y)-2-(6-fluoro-1H-benzo[d]imidazol-1-yI)-7-
methyl-7H-purin-8(9H)-one. This compound was synthesized by the method described in
example 38. "H-NMR (300 MHz, CDCl) & 8.7 (s, 1H), 8.0 (m, 1H), 7.7 (dd, 1H), 7.1 (m,
2H), 6.5 @td, 1H), 5.9 (dd, 1H), 4.6 (m 1H), 4.5 (m, 1H), 3.5 (s, 3H), 2.6 (m, 1H), 2.5 (m,
1H).
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(m 2H), 6.7 (m 2H), 5.9 (dd, I H, 4.7 (m1lH, 4.4
(td, 1H), 3.6 (s, 3H, 229 (m 1H, 2.4 (m 1 H. O O
WOR008/06030 N N\ Br~~0~ ,\ NNN NO N NO N MNJI/HS2006/061004
PS-BEMP NC e /0 [00240] Exanple 39: 3-
[ 9- Chr oman- 4-yl - 7- ( 2- met hoxy- et hyl ) - 8- oxo- 8, 9- di hydr o-
7H purin-2-yl)-3H benzoi m dazol e-5-carbonitrile. A
solution of 3-(9-((R) -chroman-4-yl)-8-
0x0- 8, 9-di hydr o- 7H puri n- 2-yl ) - 3H benzo[ d] i m dazol e- 5-
carbonitrile (10 ng) in acetonitrile (10 nmL). was
treated with 2-bronoet hyl nethyl ether (23 ttL) and
2-tert-
[00254] @J((W)Js'ﬁ-liﬁlu%r&lﬁ%ﬂ%h VHQ- 15+ﬁldi-bf!ﬁ‘ﬂiﬁéhzd[ﬁ]iﬂi’dﬂz@l—i~y§)~ﬂ(2-
i azaphosphori ne on po ystyrene (500 nm,
ethomﬂs@)—%ﬁ -ptie-3(950)-omee TMSDOQIPPWCbWaaGYIﬁMmGﬂ émb‘@ﬂr ra@thp@

descrive gy (AR WINME PV AL D). e

1H), 7. st(&kﬁ le)t ne-Tetheatyed sfid, t1H§tea0 wasHsl @@ln \I\H9 hy, STaﬁ,nIcH) l4m(t

fate and conceéntrated in vacuo. Purification by

2H), 37&bl2Hl)m3éf(Scﬁfﬁt%§I(ath),(2ﬂ/6ﬂm-¥ DCM gave 4 ng of the

title conmpound. 'H NWMR (300 MHz, CDC13) 5 8.8 (s,
1H) 86(3 F1IH), 8.4 (s, 1H), 7.9 (d, 1H, 7.6 (d,
7/2 H, 6.9 (d, 1H), 68(d 1H), 5.9 (t,
( H, 44 (m 1H), 4.2 (m 2H), 3.8 (m
\S 34’ H, 2.8 (nn, 1H), 2.4 (rn, 1H. O\ N
,\,~O—':NI
):o

[00255] 9-((R)-5,8-difluorochroman-4-yl)-7-2-(dimethylamino)ethyl)-2-(6-finore-1H-
benzo[dlimidazol-1-yI)-7 H-purin-8(9H)-one. This compound was synthesized by the
method described in example 41, "H-NMR (300 MHz, CDCh) § 9.2 (s, 1H), 8.5 (s, 1H),
7.9 (m, 1H), 7.8 (dd, 1H), 7.2 (td, 1H), 7.1 (td, 1H), 6.5 (td, 1H), 5.9 (t, 1H), 4.6 (m 1H),
4.5 (m, 3H), 3.6 (m, 2H), 3.0 (s, 6H), 2.7 (m, 1H), 2.5 (m, 1H).

F‘

[~O
‘\Y f@

[ =0
cl \

[00256] 2-(6-Chloro-1H-benzo|d]imidazol-1-y1)-9-((R)-8-fluorochroman-4-yl)-7-
methyl-7H-purin-8(9H)-one. This compound was synthesized by the method described in
example 38. "H-NMR (300 MHz, CDCL) 8 8.7 (s, 1H), 8.3 (m, 1H), 8.2 (s, 1H), 7.7 (d,
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r- NN, N\/ NYNNF F N~ NON >=0PS-BEMP F F H
OH 83 WD 2008/ 060301 PCT/ US2006/ 061004 [00241]
WEX@BP60U0: 2- (6-fl uoro-1 H benzo [d] i m dazol PCT/US2006/061004
-yl )-9-((R)-6-fluoro chroman-4
yl')-7-(2-hydroxyethyl)-7H purin-8(9H)-one. To the
solution of 5 ng of 2-(6-fluoro-lH benzo[d]iniidazo
1-yl)-9-((R) - 6-fluorochroman- 4-yl)-7H purin-8(9H) - one
in 1 nm anhydrous acetonitrile was added 50 ng
(excess) of 2-tert-butylim no-2-diethylam no-1, 3-
dinethyl-perhydro-1,3,2-diazaphosphorine on
pol ystyrene (2.2 mmol base/% Fl uka 10

1H), 7.3 6k 8H3)7.9 (td 21H)o 684 6 &moltD), Pife(ddi 1 |4e7 @%%Hbt"i Wé’dl}é)t 3.6
r t rature.for 24 hours. Colum chromat ography
G, 3H)’va(?€g‘j“’3m§£¢nf’r%%él—l2d 2 and then preparative HPLC
provi ded 3 of the desired product as TFA salt. 1H

NI\/R(SOO CDC13) 6 9.14 (s, 1H), 8.40 (s, 1H),

7.1-7.2 (m 1H), 7.0-7.1 (m 1H),
6.59 (dd, 1H), 5.88 (brt, 1H),

779
. 4.32 (t, 1H), 4.0-4.2 (m 4H),
2H), 2.2-2.3 (m 1H. 0c 0 N::~ O
NII N~ NO Nf ° N NN NC H PS-BEMP NC N1

[00257] 3-(7-methyl-8-0x0-9-(tetrahydro-2H-pyran-4-y1)-8,9-dihydro-7H-purin-2-yD)-
3H-benzo[d]imidazole-5-carbonitrile. This compound was synthesized by the method
described in example 38. "H-NMR (300 MHz, CDCL) 8 9.37 (s, 1H), 8.90 (m, 1H), 8.58
(s, 1H), 8.00 (d, J = 8.4 Hz, 1H), 7.79 (dd, J = 8.4, 1.5 Hz, 1H), 4.63 (m, 1H), 4.03 (m,
2H), 3.51 (m, 2H), 3.44 (s, 3H), 2.58 (m, 2H), 1.80 (m, 2H).

NC l
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[00242] Exanple 41:
3-[9- Chroman- 4-yl - 7- (2- di net hyl am no- et hyl ) - 8- oxo- 8, 9-

wWa@lRMwgd6se7H puri n- 2-yl ] - 3H benzoi m dazol e- 5- caP@DOE1006/061004

e. A solution of 3-(9-((R)-

chroman- 4-yl ) - 8- oxo- 8, 9-di hydro- 7H- puri n- 2-yl ) - 3H benz

o[ d] i m dazol e-5-carbonitrile (65 ng) in acetonitrile

(10 m.). was treated with

2-chl oro- N, N-di et hyl et hyl ami ne hydrochl oride (25 ny)

and

2-tert-butylimno-2-diethylamo-1, 3-di net hyl - per hydr o-

1, 3, 2- di azaphosphorine on pol ystyrene (325 ny, 2.2
[00258] BI@.ChARRASML-y ﬁhﬁlefnymwx%-mugtdrﬁrmi #fin-2-§DBH-

t enperature for 16 hours, and then filtered t hr ough
benzoimidsizoleeS-cathonitzilé.t sThineompasind dvasyathesizedborthe methodand

deserived i AL AP B PR EAE P AR 6ol 3 HE A

1), 785‘%896%85 3?:'%/2 Sﬁ%oﬂg/ oag%ggt) OQN% gvhn (5’-9%1232\}\12216 = loH)

4.4(m, 1bee36|(s,|3éi)c2>81ﬁmuhﬂ) 2.4{onNRRI)Y 300 MHz, CDC13) 6 8.9 (s
1H), 8.5 (s, 1H), 8.4 (s, 1H), 7.8 (d, 1H), 7.60 (d,

1H, 7.2 *H), 6.9 (d, 111), 6.8 (d, | H, 5.9 (t,
I H, 4/4 (yw4H), 3.6 (m 3H), 3.0 (s, 6H), 2.2 (m
N=dH) . N=-“DN\= ~Nyj N N-,-,XNBrl--"CNNNJUN NCH

- BEWP || NC j [00243] Exanple 42:

3-Y{9- 1T &ygy- 4- y1- 7- cyanonet hyl - 8- oxo- 8, 9- di hydr o- 7H

3H benzoi m dazol e-5-carbonitrile. A

NC sol utionj of 3-(9-((R) -chroman-4-yl)-
8- 0x0- 8, 9-di hydro- 7H puri n- 2-yl ) - 3H benzo[ d] i m dazol e-
5-carbonitrile (10 ng) in acetonitrile (10 nm). was
treated with bronoacetonitrile (17 L) and
2-tert-butylimno-2-

[00259] d3-E-(B/Fiviroghtorganidrid)- ﬁwetbﬂrs}ym@;%dmyﬁw7ﬂzwmbr

sn-ben PR SRR, 8 e oo TBlpeBERE Pl A,

described RESkakipld $8.6-NMK (B@@MHQ' c¢bel) s @@ms R, ms 1VRed,
with acetonitrile and nmethanol, and

1H), 7.6 (d, 1H), 7.0 (t, 1H), 6.6 (m, 2H), 5.9 (t, 1H), 46(m, lH) 44(m, 1H), 3.6 (s,

3H), 2.8 (m, 1H), 2.4 (m, 1H).

[—O
2,
T
NC \

[00260] 3-(9-(R)-6-fluorochroman-4-yI)-7-methyl-8-oxo0-8,9-dihydro-7H-purin-2-yl)-
3H-benzo[d]imidazole-5-carbonitrile. This compound was synthesized by the method
described in example 38. "H NMR (300 MHz, CDCl): & 8.90 (s, 1H), 8.52 (s, 1H), 8.21 (s,
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collected filtrate was dried with magnesi um sul fate
and concentrated in vacuo. Purification by colum
w@ boostsisogr aphy (1% MeOH DCM) gave 11 ng of t heCT/U$1086/061004

compound. 1H NWR (300 MHz, CDC13) 6 8.8 (s, 1H), 8.5
(s, 1H), 8.4 (s, 1H, 7.8 (d, 1H, 7.6 (d, 111), 7.2
(in, 2H, 6.8 (m 2H), 5.9 (t, 1H), 5.0 (s, 2H), 4.6
(m 1H), 4.4 (m 1H), 2.8 (rn, 1H), 2.4 (m 1H. COF
rrF K« NYNI NOFBrCOO\ NNN. N> F NNNNCH
PS- BEMP NC MOOC 85 WD 2008/ 060301 PCT/ US2006/ 061004
[ 00244] Exanpl e 43: Met hyl
2- (2-(6-cyano- 1H benzo[ d] i m dazol -1-yl)-9-((R) -6, 8-

1H), 7. 8@' (ti, 19y, 905 @R, 4 v Y b g%; %’121%689-9.0%{13&5,06?59 [ TrY 5 8C@k 1,

A"sol ution of 3-
1H), 4. 56‘,1 6-(1:!1, L Hy k-3t tor bnigh); 359 K9, 38D.0% 923 @n.dithy 2B ¥ GnplH) i n-
2-yl)-3H benzo [d]indazol e-5- carbonitrile (10 ng) in
acetonitrile (2 nm.). was treated with nethyl
bronpacetate (90 ng) and
2-tent-b SZ:I i m no- 2-di et hyl am no- 1, 3-di net hyl - per hydr o

N -1, 3 2- sphorine on polystyrene (100 ng, 2.2

base e mxture was stirred at room
hours, and then filtered. The
coI 1!e dtrate was concentrated in vacuo.
purly Nl on by preparative TLC (5% I\/EO—VDCI\/D
NC  foll owed by col urm chromat ography to give 6 ng of the
title conpound. 1H NWMR (300 MHz, CDC13) 58.94 (s, 1H),
8.78 (m 1H), 8.21 (s, 1H), 7.91 (d J = 8.1 Hz,
H, 7.63 (dd, J:81 12Hz ,683(m1 :

1
0026113 4f8- (87 ughocnipi 43 7o s ol afiyary g B3 o0

3H-benﬁﬂkl]imﬂalzolé-5)ca|f'bﬁutnle. ThlS compound was synthesized by the method
described in example 38. 'H NMR (300 MHz, CDCL): & 8.90 (s, 1H), 8.62 (s, 1H), 8.19 (s,
1H), 7.84 (d, 1H), 7.59 (d, 1H), 6.8-7.0 (m, 2H), 6.4-6.6 (m, 1H), 5.86 (brt, 1H), 4.5-4.6
(m, 1H), 4.36 (brt, 1H), 3.59 (s, 3H), 2.8-2.9 (m, 1H), 2.3-2.4 (m, 1H).

F

//O
N:?\!YN\ ; F
{ Lo
NC \

[00262] 3-(9-((R)-6,8-difluorochroman-4-yl)-7-methyl-8-0x0-8,9-dihydro-7H-purin-2-
¥D-3H-benzo|d]imidazole-5-carbonitrile. This compound was synthesized by the method
described in example 38. 'H-NMR (300 MHz, CDCL) 8 8.9 (s, 1H), 8.8 (s, 1H), 8.2 (s,
1H), 7.9 (d, 1H), 7.6 (dd, 1H), 6.8 (td, 1H), 6.4 (dd, 1H), 5.9 (dd, 1H), 4.7 (m, 1H), 4.4 (td,
1H), 3.6 (s, 3H), 3.0 (m, 1H), 2.4 (m, 1H).
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NN UOHANNF NNNFN>=0 MOH(THFM20 NO N N
NC NC MO HO 0 O [00245] Exanple 44:
wQ@2q0840¢Becyano- | H benzo[ dj i m dazol - 1-yl) - 9- ( ( RrEBUS2006/061004
di fl uorochroman- 4-yl) - 8- oxo- 8, 9-di hydropuri n-7-yl)acet
ic acid. To a solution of nethyl
2-(2(6-cyan-1 H benzo[djimdazol-1-yl)-9-((R)-6,8-diflu
orochronman- 4-yl)-8-o0x0-8, 9- di hydropurin-7-yl)acetate
(4 mg) in MeOH (0.75 nL) and THE (0.25 nL) at 0 C was
added a solution of |ithiumhydroxide (2 ng) in water
(0.25 rnL). The reaction was allowed to warmto room
tenperature and stirred for 2 h. After concentration
under reduced pressure, the residue was diluted with
water and acidified with 2 N HCL to pH 4. The
precipitatedfsolid was filtered, washed with a small
amount ofogcolkd _water, treated with 1 N HO in MeOH
(0.5 m)l, a dgoncentrated 'in vacuo to afford 2 ng of
Nd%iertitl’e oxpound. 86 WO 2008/ 060301
P&/ US20Q6/ 068004 ' H NVMR (300 MHz, CDC13) c Y9.04 (s,
1H) | 8~ 5)&@, 1H), 8.46 (s, 1H), 7.87 (d, J= 8.4 Hz,
1H) Nz (dd, J=8.4, 1 5 Hz, 1H), 6.92 (m 1H), 6.70
NC (m 1H), B5.97 (m 1H), 4.77 (s, 2H, 4.63 (m 1H,
4.44 (in, 1H), 2.91 (m 1H), 2.42 (m 1H). [00246]
Exanpl e 45. Synt hesis of
2-(6-Fluoro-1 H benzo[ dl i nddazol -1-yl)-7- (pip

[00263] ;.?;-‘[j9ioEﬁ'eéi%&%&%ﬁgﬁbﬁ@%%ﬁfﬂﬁ&bﬁ¥-'d}ﬁy7d§’<»p7‘ﬁ-ipﬂii?.(?-
y1]-3H-benzoimidazole-5-carbonitrile. This compound was synthesized by the method
described in example 38. 'H-NMR (300 MHz, CDCL) § 8.8 (s, 1H), 8.7 (s, 1H), 8.2 (s,
1H), 7.8 (d, 1H), 7.6 (d, 1H), 7.0 (m, 1H), 6.5 (m, 1H), 5.9 (t, 1H), 4.5 (m, 2H), 3.5 (s, 3H),
2.5(m, 2H).

F

(O

e
[ =°

NC /J

[00264] 3-[7-Ethyl-9-(8-fluoro-chroman-4-yl)-8-oxo-8,9-dihydro-7H-purin-2-yl]-3H-
benzoimidazole-S-carbonitrile. This compound was synthesized by the method
described in example 38 using iodoethane. TH-NMR (300 MHz, CDCL3) § 8.8 (s, 2H), 8.2
(s, 1H), 7.9 (d, 1H), 7.6 (4, 1H), 7.0 {t, 1H), 6.7 (m, 2H), 5.9 (t, 1H), 4.6 (m, 1H), 4.4(m,
1H), 4.0(q, 2H), 2.9 (m, 1H), 2.4 (m, 1H), 1.4 (¢, 3H).
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NNN-~ NNONO N/ >(c) DDAD, DCE|l N F H (--PPh3
2) H F NH [002471 Resin bound triphenyl phosphine

W@ 2®4/060301 2. 15 mM g, Argonaut) and teat-butyl PCT/US2006/061004
4- hydr oxypi peri di ne- 1-carboxylate 6 (24 ng) were added
to 2-(6-fluoro-| H
benzo[ dJi m dazol -1-yl)-9-(tetrahydro-2H pyran-4-yl)-7H
-purin-8(9H)-one in dichloroethane (6 n.), the
m xture was stirred for 10 min when dii sopropyl
azodi carboxyl ate (64 L) was added. After 18 hr, the
material was filtered, the resins were thoroughly
rinsed with ACN and MeOH, the conbi ned organics were
evapor at edpand purlfled via RP-HPLC (TFA renoved Boc

upon evapor gto yield the titled conpound as a
A salt “ 1H- NVR (300 MHz, CDCl13 +5% CD3CD) 8
76 (s, 1H), 8.3 (dd 1H), 7.7 (dd, 1H),
}Ek) 4.7-4.4 (m 2H), 4.2 (dd, 2H), 3.6
(t E@L; (br d, 2H), 2.9-2.7 (m 4H), 2.4-2.2 (m
NC 2.9 Un 1FD 1.9 (d, 2H), 1.8 (d, 2H);'9F S - 76,

-117 ppm M+ = 438; IR (CDC13) 1726 (C=O stretch). 87
WO 2008/ 060301 PCT/ US2006/ 061004 Cr76 N N N [00248]
2- (1H benzo[ d] i m dazol -1-yl)-9-((R)-S-fl uorochroman- 4-
yl)-7-methyl -7H purin-8(9H)-one. This corrpound vvas

nt hesi zed by the net hod descrlbed in exang
(002657 oAb iensch oo b oo b9 ingios (U g 2-31)-
3H-ben§o[3§l]ﬁﬁ\laﬂ(m-5 &rﬁoﬁ@?ﬂe.zmls chnf;outfd Was mz cpr?(fHe rddihod

describ&1 1 e@smp[él—ﬁbS usih@mdmthane fH NMR (300 MHZ CDC13) 8 8.88 (s 1H)
8.62 (s, 1H), 8.21 (s, 1H), 7.84 (d, 1H), 7.59 (d, 1H), 6.8-7.0 (m, 2H), 6.4-6.6 (m, 1H), 5.86
(br t, 1H), 4.5-4.6 (m, 1H), 4.36 (br t, 1H), 4.0-4.1 (m, 2H), 2.8-2.9 (m, 1H), 2.3-2.4 (m,
1H), 1.48 (¢, 3H).

F

O
= Fr@
QN N
NC

N
T L= -~
)

[00266] 3-(9-((R)-6,8-difluorochroman-4-yl)-7-ethyl-8-0x0-8,9-dihydro-7H-purin-2-
yD-3H-benzo[d Jimidazole-5-carbonitrile. This compound was synthesized by the method
described in example 38 using iodoethane. "H-NMR (300 MHz, CDCk) & 8.9 (s, 1H), 8.8
(s, 1H), 8.2 (s, 1H), 7.9 (d, 1H), 7.6 (dd, 1H), 6.8 (td, 1H), 6.4 (dd, 1H), 5.9 (dd, 1H), 4.7
(m, 1H), 4.4 (td, 1H), 4.1 (g, 2H), 3.0 (m, 1H), 2.4 (m, 1H), 1.5 (1, 3H).
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1H, 224 (m 1H. O I NNYNNOF X N/[00249]

2- (1H benzo[d] i m dazol -1-y1)-9-(6-fl uorochroman-4-yl) -
wQ@ 20080608077 H- puri n- 8(9H)-one. This conpound WaBCT/US2006/061004

synt hesi zed by the nethod described in exanple 38. 1H

NVR (300 MHz, CDC13): 6 8.80 (s, 1H), 8.19 (s, 1H),

7.96 (d, 1H), 7.78 (d, 1H), 7.2-7.4 (m 2H), 6.8-7,1

(m 2H), 6.61 (dd, 1H), 5.88 (brt, 1H, 4.54 (m 1H),

4.32 (m 1H), 3.56 (s, 3H), 2.84 (m 1H, 2.30 (m

1H. F O &\icoF N~ N N 88 WO 2008/ 060301

PCT/ US2006/ 061004 [ 00250]

2- (1Hbenzo[ d]i m dazol 1-yl)-9-((R) -5, 8-di fl uorochronan

-4-yl)-7-met Ayl - 7H purin-8(9H)-one. This conmpound was

d

synt hesi t he met hod described in exanple 38. 1H
NMR (30 13): 6 8.7 (s, 1H), 8.2 (s, 1H, 8.0
N&d, 1H) o 2 , 1H, 7.4 (m 2H), 7.0 (t-d, 1H), 6.5
gg,-leH}q, 6.0 (t, 1H, 4.6 (m 1H,4.4 (m 1H), 3.5

(s,@, (m 1H, 2.5 (m 1H. F ~O1 N6 1 NN
N N

[00267] 3-[9-(5,8-Diftuoro-chroman-4-yl)-7-ethyl-8-0x0-8,9-dihydro-7H-purin-2-yl}-
3H-benzoimidazole-S-carbonitrile. This compound was synthesized by the method
described in example 38 using iodoethane. 'H-NMR (300 MHz, CDCl;) 6 8.8 (s, 1H), 8.7
(s, 1H), 8.2(s, IH), 7.9 (d, 1H), 7.6 (d, 1H), 7.0 (m, 1H), 6.4 (m, 1H), 5.9 (t, 1H), 4.6 (m,
1H), 4.4(m, 1H), 4.0 (q, 2H), 2.5(m, 2H), 1.4 (¢, 3H).

F

O

w L
N F
T

NC

[00268] 3-19-(5,8-Difluoro-chroman-4-yl)-7-isobutyl-8-0x0-8,9-dihydro-7H-purin-2-
¥l]-3H-benzoimidazole-5-carbonitrile. This compound was synthesized by the method
described in example 38 using iso-butyl jodide. 'H-NMR (300 MHz, CDCl) 3 8.9 (s, 1H)
8.8 (s, 1H), 8.2 (s, 1H), 7.9 (4, 1H), 7.6 (d, 1H), 7.1 (m, 1H), 6.5 (m, 1H), 5.9 (t, 1H), 4.6

(m, 1H), 4.4(m, 1H), 3.8(q, 2H), 2.7 (m, 1H), 2.5 (m, 1H), 2.3 (g, 1H), 1.0 (s, 6H).

4
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r ~'/= N [00251]

2-(1H benzo[d]imdazol -1-yl)-9-((R)-5, 8-di fl uorochrona
wo20089408017- et hyl - 7H  puri n-8(9H) - one. Thi s conpOUO2006661004

synt hesi zed by the nethod described in exanple 38

usi ng i odoet hane. 1H NMR (300 MHz, CDC13): 8 8.8 (s,

1H), 8.2 (s, 1H), 8.0 (d, 1H, 7.9 (d, 1H, 7.4 (

2H), 7.0 (t-d, 1H), 6.5 (t-d, 1H), 6.0 (t, 1H),

(m 1H),4.4 (m 1H, 4.0 (m 2H), 2.6 (m 1H),

(m 1H), 1.5 (t, 3H. F o 6NN YOF N 89 WO

2008/ 060301 PCT/ US2006/ 061004 [00252]

2- (1H benzo[ d]i m dazol -1-y1)-9-((R) -5, 8-di fl uorochroma

n-4-yl)-7 pyl - 7H purin-8(911)-one. This conpound

s synthé%L?ed by the nethod described in exanple 38

ng i odo ropane "H NWVR (300 MHz, CDC13): 6 9.8 (s,
w 8.0 (d, 111), 7.9 (d, 111), 7.4
11 (t d 1H), 6.5 (t-d; 11), 6.0 (t, 1H),
4

N ,44(m 1H), 4.0 (m 211), 2.6 (m 111),
25(m1 ), 1.9 (m 2H), 1.0 (t, 3H. F ~0 N''j
N N - —ONNF

[00269] 3-(7-benzyl-8-0x0-9-(tetrahydro-2H-pyran-4-yl)-8,9-dihydro-7H-purin-2-yl)-
3H-benzo[d [imidazole-S-carbonitrile. This compound was synthesized by the method
described in example 38 using benzyl bromide. "H NMR (300 MHz, CDCl): § 9.30 (s,
1H), 9.01 (m, 1H), 8.23 (s, 1H), 7.89 (m, 1H), 7.66 (dd, J = 8.1, 1.5 Hz, 1H), 7.40-7.32 (m,
SH), 5.16 (s, 2H), 4.75 (m, 1H), 4.18 (m, 2H), 3.63 (m, 2H), 2.81 (m, 2H), 1.90 (m, 2H).

F

O
O
NC
OH

[00270] 3-(9-(6,8-diffluorochroman-4-yl)-7-(3-hydroxypropyl)-8-oxo-8,9-dihydro-7H-
purin-2-yl)-3H-benzo[d]imidazole-5-carbonitrile. This compound was synthesized by
the method described in example 40 using 3-iodopropanol. 'H NMR (300 MHz, CDCL): 6
8.92 (s, 1H), 8.77 (m, 1H), 8.38 (s, 1H), 7.90 (d, J= 8.4 Hz, 1H), 7.62 (dd, J= 8.4, 1.5 Hz,
1H), 6.83 (m, 1H), 6.38 (m, 1H), 5.88 (m, 1H), 4.67 (m, 1H), 4.41 (m, 1H), 4.19 (t, J=6.5
Hz, 2H), 3.74 (t, J= 5.6 Hz, 2H), 2.93 (m, 1H), 2.40 (m, 1H), 2.08 (m, 2H).
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N F [00253]
9-((R)-5,8-difluorochroman-4-yl)-2-(6-fluoro-|1H benzo]
wa@lRiosiesanl - 1-yl ) -7- nethyl 7H purin-8(911) - oneCT/Uk1086/061004
conmpound was synt hesi zed by the nethod described in
exanpl e 38. 1H NWR (300 MHz, CDC13) 6 8.7 (s, 1H), 8.0
(rn, 1H), 7.7 (dd, 1H, 7.1 (m 2H), 6.5 (td, 111),
5.9 (dd, 111), 4.6 (m1H), 4.5 (m 1H), 3.5 (s, 3H),

2.6 (m 1H, 2.5 (m 1H. F OF NN/ TN 90 WO
2008/ 060301 PCT/ US2006/ 061004 [ 00254]
9-((R)-5,8-difluorochroman-4-yl)-2-(6-fluoro-1H benzo]
dj i m dazol -1-yl)-7-(2-
nmet hoxyet hyl ) - 7H puri n-8(9H) - one. Thi s conmpound was
synt hesi zed by the nethod described in exanple 39.
"H NWVR (30@ MHz, CDC13) S 8.7 (s, 1H), 8.4 (s, 1H,
8.0 (ni, /1 & (dd, 1H), 7.2-7.0 (m 2H), 6.5 (td,
. , 4.6 (m1H), 4.5 (m 1H, 4.1 (t,

N , .

2K, 13- , 3.4 (s, 3H), 2.7 (m 1H), 2.4 (m
1H ¥ F s11 N~NNF N' N

NS

[00271] 3-(7-(2-(diethylamino)ethyl)-9-((R)-7-fluorochroman-4-yl)-8-0x0-8,9-dihydro-
7TH-purin-2-yl)-3H-benzo[d]imidazole-5-carbonitrile. This compound was synthesized by
the method described in example 41 using 2-chloro-N,N-diethylethylamine hydrochloride.
"H NMR (300 MHz, CDCL): & 8.91 (s, 1H), 8.64 (s, 1H), 8.28 (s, 1H), 7.84 (d, 1H), 7.59
(d, 1H), 6.8-7.0 (m, 2H), 6.4-6.6 (m, 1H), 5.86 (br t, 1), 4.5-4.7 (m, 1H), 4.3-4.4 (m, 1H),
4.0-4.1 (m, 2H), 2.8-3.0 (m, 3H), 2.58 (q, 4H), 2.3-2.4 (m, 1H), 0.96 (t, 6H).

Jak3 kinase assay

[00272] Human Jak3 cDNA was amplified by PCR. A fragment encoding the catalytic
domain of Jak3 (508aa to 1124aa) was ligated with GST at 5’ end. This fused GST-Jak3
DNA fragment was cloned into the EcoRI site of the donor plasmid pFastBac 1 (Life
Technologies #10359-016). The transformation, transposition, and transfection of insect
cells (S9) were performed according to the manufacture’s instructions. The cell lysate
containing recombinant GST-Jak3 was used in the kinase assay. Anti-GST antibody (10
ug/ml, Sigma #G1417) was coated onto a 384-well plate at 4 °C overnight. Cell lysate
containing GST-Jak3 (1:100 dilution) was added to the anti-GST coated plates, and GST-
Jak3 was captured by immobilized anti-GST antibody. Testing compounds and substrate
mix (50 mM HEPES, pH 7, 0.5 mM Naz; VO, 25 mM MgCh, 1 mM DTT, 0.005% BSA, 1
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F N-- [002551
9-((R)-5,8-di fluorochroman-4-yl)-7-(2-(di nmet hyl am no) e
W booBpe@o1( 6- f | uor o- 1 H PCT/US2006/061004
benzo[ d] i m dazol - 1-y1)-7H purin-8(9H)-one. This
compound was synt hesi zed by the mnethod described in
exanple 41....1H NWR (300 MHz, CDC13) S 9.2 (s, 1H),
8.5 (s, 1H, 7.9 (m 1H), 7.8 (dd, 1H), 7.2 (td, 1H),
7.1 (td, 1H), 6.5 (td, 1H), 5.9 (t, 1H), 4.6 (m1H),
4.5 (m 3H, 3.6 (m 2H), 3.0 (s, 6H, 2.7 (m 1H),
2.5 (m 1H. COF N_f ~ NY, frN~:=00C ti
[00256

A S L E SR AIE G

|
I‘eaCth‘élg awmr;f)iﬂ EQS:()’)\éiﬂﬁllﬁ&ﬁ’\llil\z}g&?, thE %a@ﬂbﬂ V& s‘ﬂ%ﬁﬂ%ﬁ @gdlerﬁﬂ qu% 'aﬁH

phosplarylaties of Igiotinyl polytGu, Amvyr(mhs dgmcmmt@ﬁgsm@haoqzys-
streptagc%n éJE@O 0%312%5%9%905%%77 ilggn'ﬂ qpltlwfopmug(atgd@ntlt d,
phospﬂdfgmosﬁe @nt(b%d@i’%ﬂcuﬁlhg]el( #’ADW% ugmé hbib gérm)us tifhe-rDiobed

ﬂuoreS?eIQC'ﬁ (hﬂtﬁfﬁ)necﬁnolpgyg (t et rahydro- 2H pyran-4
yl)-8,9-di hydro-7H purin-2-yl) -

Jak3 csHalaeazedyd] i m dazol e-5-carbonitrile. This conpound was
synt hesi zed by the nethod described in exanple 38.

[0027% w%og%%7 IIJ\Q-ZB 1}’%1%]6% egce]? 11?167 W(ag usedl_%r the ce l?ularn}ak% :tlléls)ay
Human IL-2RBc ¢cDNA is stably expressed in F7 cells (Kawahara et al., 1995). F7 cells
were maintained in RPMI 1640 medium supplemented with 10% fetal bovine serum plus
IL-3. Cells (30,000 cells/well) in serum-free medium were seeded in 96-well plates for the
cell proliferation assay. Testing compounds were added to cells, followed by the addition
of IL-2 (final 20 ng/ml). After a 24-h incubation, the number of viable cells was
determined by the CellTiter-Glo Luminescent Cell Viability Assay kit (Promega, #G7573)

according to the manufacturer’s instructions.

[00274] The results of testing of representative species are shown below. The
compounds in Table 1 exhibited ICs less than 100nM. The compounds in Table 2
exhibited ICsobetween 101 nM and 1pM.
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(s, 1H, 8.00 (d, J = 8.4 Hz, 1H), 7.79 (dd, J = 8.4,
1.5 Hz, 1H), 4.63 (m 1H), 4.03 (m 211), 3.51 (m
wQ@kdog/o@3dy (s, 311), 2.58 (ni, 2H), 1.80 (m 2Z2PYT/US2066/061004

1~ N NN'TI NC 92 WO 2008/ 060301 PCT/ US2006/ 061004

[ 00258]

3-(9- Chroman- 4-yl - 7- net hyl - 8- oxo- 8, 9- di hydr o- 7H puri n-
2-yl)-3H benzoi m dazol e-5-carbonitrile. This conmpound
was synt hesi zed by the nmethod described in exanple 38.
"H NWR (300 MHz, CDC13) 8 8.8 (s, 1H), 8.5 (s, 1H),
8.2 (s, 1H, 7.8 (d, 1H), 7.6 (d, 1H, 7.2 (m 2H),
6.9 (d1H) 6.8 (d, 1|—h, 5.9 (t, 11-1), 4.6 (m_1H),

Sylltﬂes&s(m Nll'ﬂefel’ibnﬁgg h 2.8 (m 1H), 2.4 (m 1H). F
E 1
Xany) [9-(8- %oro chir o‘fam%E41 yl)-7-nmet hyl - 8- oxo- 8, 9-di hydr

o- TH puri n-2-yl]-| 3H benzoi nddazol e-5-carbonitrile.
Thi s conpound was| synt hesi zed by the nethod__glescrih
in exanple 38. 1H NWMR (300 MHz, CDC13) b
8.2 (s, 1H), 7.8 |(d, 1H), 7.6 (d, 1H),
6 (m |2H), 5.9 |(t, 1Hn.4.6 (m 1H),

.6 (s, | 3H), 2.8 (m

XN NC | {,0260]
9-((R)™-6-fl uor
- 7H guri n- 2-yl

OA

r

502

HO
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3H benzo[ d] i m dazol e-5-carbonitrile. This conmpound was

synt hesi zed by the nmethod described in exanple 38. 1H
WORMSHAB0 MHz, CDCl3): 6 8.90 (s, 1H), 8.52 (sSPCWH}2006/061004

8.21 (s, 93 WD 2008/ 060301 PCT/ US2006/ 061004 1H)

7.84 (d, 1H, 7.59 (d, 111), 7.1-7.2 (m 1H), 6.9-7.0

(m 1H), 6.59 (dd, 1H), 5.89 (br t, 1H), 4.5-4.6 (m

1H), 4.34 (br t, 1H), 3.59 (s, 3H), 2.8-2.9 (m 1H),

2.3-2.4 (m 1H). "(c) ( FN=~1 NNNN NO N NC

[ 00261]

3-(9-((R)-7-fl uorochroman-4-yl)-7-net hyl - 8-o0xo-8, 9-di h

ydro- 7H purl n- 2-yl) -

3H benzp[d]i m dazol e-5-carbonitrile. ThIS compound was

synt hesj zed by the nethod described |n S

NVR (300 MHz, CDC13): 6 8.90 (s, 1H),

8.19 (s 1H), 7{84 (d, 1H), 7.59 (d 1FD

2H), 6.4-6.6 (m|1H), 5. re, .

1H), 4.86 (brt, 1LH), 3H) 2.8-2.9m
| B

2.3-2.4/ (m 1H).
met h -8-8xo-8,
I S conmpound

Examp10@262] | 503
3-(9-((R -6,8--di#
9-di hydf o- 7H pur
yl)-3H benzo[ d]i

was synt hesi zed he method descFibed i exanpl e
38. '"H NWR (300 VHE CbA 3) 6 8.9 (s, 1H), 8.8 (s,
1H), 8.p (s,

NC

Nﬁ ’.??/
504 N N\ N -
| %0
N A N

505 N " Ny
T ]

CN
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1H, 7.9 (d, 1H), 7.6 (dd, 1H), 6.8 (td, 1H), 6.4 (dd,
1H), 5.9 (dd, 1H, 4.7 (m 1H), 4.4 (td, 1H, 3.6 (s,
w@kog/o@30 (m 1H), 2.4 (m 1H). 94 WO 2008/ 060BOWUS2006/061004

PCT/ US2006/ 061004 F N Coto
[ 00263]

3-19-(5,8-D fl uoro-chroman-4-yl)-7-nethyl - 8-o0xo0-8, 9-d
hydr o- 7H puri n- 2-

yl]-3H benzoi m dazol e-5-carbonitrile. This conpound
was synt hesized by the nmethod described in exanple

NNN/ NOF NC1

38.

"H NVR (300 MHz,

CDC13) 8 8.8 (s, 1H)

8.7 (s,

1H 8 2

(s, _1H)

7.8 (d, 1H).

7.6 (d. 1H)

1H), 6.5
3H, 2.
[ 00264]
3-[7-Eth
-7TH puri

Thi s conpound was

i n exanp

(m 1H),
5(m 2H)

vl -9-(8-f
n-2-yl1-3

| e 38 usi

5.9 (t, 1H), 4.5 (in, 2k
F ° (O~ NNNti ~0

| uor o- chr oman- 4-yl ) - 8- oxo- 8,
H benzoi ni dazol e- 5- cérbo
synt hesi zed by the meth¢
ng i odoet hane.

CDC13) 5 8.8 (s,
506

2H) ,

CN

507

NC
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(s, 1H, 7.9 (d, 1H), 7.6 (d, 1H, 7.0 (t, 1H), 6.7
(m 2H), 5.9 (t, 1H, 4.6 (m 1H), 4.4(m 1H), 4.0

W@ e008a66301 2. 9 (m 1H, 2.4 (m 1H), 1.4 (t, 3HCT/BS200€061004
2008/ 060301 PCT/ US2006/ 061004 rO N~ = F NNNNNO
NO [ 00265] 3-(7-ethyl-9-((R) -7-fl uorochroman

4-yl)-8-0xo0-8, 9-di hydro- 7H purin-2-yl) -

3H benzo[ d] i m dazol e-5-carbonitrile. This conmpound was
synt hesi zed by the nethod described in exanple 38

usi ng i odoet hane. 1H NMR (300 MHz, CDC13) b 8.88 (s,
1H), 8.62 (s, 1H), 8.21 (s, 1H), 7.84 (d, 1H), 7.59
(d, 1H), 6.8-7.0 (m 2H), 6.4-6.6 (m 1H) 5.86 (br

fal A

U, I1T),[ 4. 5-4-6 [(m 111y, 436 (br—t; J_rl), A O0-4—1m
211), 2./8-2.9 (m| 111), 2.3-2.4 (m 1H), 1.48 (t, F
3H. F |0 N f \| Nr>= F NC 2 [00266]

3-(9-((R) -6, 8-di fjl uorochroman-4-yl)-7-ethyl
di hydr o-|7H puri n-|2- yl)-3H benzo[d]i

ni dazol g-5-carbonitrile. This conpound wag synthg
by the method degscribedn exarrpl e 38 us “9
i odoet hgne. ' H N\NR (300

(s, 1H),[ %82 (s, 1 9 (d
(td, 1H)|, 6.4 (dd, /2 % 9
4.4 (td,| 1H), 4.1 3.0
1.5 (t, |3H). 96
NC
CH,
0]
Y,
F
N-——-"‘ N
509 /\ N ©
N/ \
N
Nz \’\/
CH
CN
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WD 2008/ 060301 PCT/ US2006/ 061004 F NN N~ i N _OF
$i 1_JIN 00267]

W@2(408406BYS- Di f | uor o- chr oman- 4-y1) - 7- et hyl - S- oxPCBUS2006/661004
ydro- 7H puri u-2-yl ] - 3H benzoi m dazol e-5-carbonitrile.
Thi s conmpound was synt hesi zed by the nethod described
i n exanpl e 38 using iodoethane. 1H NVR (300 MHz,

CcDCA3) 6 8.8 (s, 1H), 87 (s, 1H), 8.2 (s, 1H, 7.9

(d, 1H, 7.6 (d, 1H, 7.0 (m 1H, 6.4 (m 1H), 5.9
(t, 1H, 4.6 (m 1H), 4.4(m 1H), 4.0 (q, 2H), 2.5(m
2H), 1.4 (t, 3H. F ro NNNF _o CZ~ NN NC

[ 00268]

35[9-(5,8-D'fluoro-chronan-4-y|)-7-|sobuTyT1§-ox058f9-

di hydr of 7H puri n; 2- X
yl]-311 benzoi m gdazol e-5-carbonitrile. THi s conpound
was synt hesi zed py the nmethod described}in exafple 38

usi ng iso-butyl’|odide. NEHNWR (300 MHz, !
(s, 1H| 8.8 (s g.2°C%, 1H), 7.9 (d/mg
(d, 1H| 7.1 (m g5 (m\ 1H), 5.9 (t,
(m 1H) 54.4(m 1H) R (a-NRH), 2NZ (m , 2.5 4
1H), 2.3°%%, 1H 61-1)" l 7 08l\/Q60301
(@]

N / N

PCT/ US2P06/ 061004
nd )

NC

511

Z
Zinhpne
T

:<
/
T

NC \\/N(CHS)Z
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W@ rsAHdepuri n- 2-yl ) -

NNNN>==0 N, | NNCf [00269]
3-(7-benzyl - 8- 0xo0-9- (tetrahydro-2H pyran-4-yl)-8,9-di h

3H benzo[ d] i m dazol e-5-carbonitrile. This conmpound was
synt hesi zed by the nmethod described in exanple 38
usi ng benzyl brom de. 1H NMR (300 WHz, CDCl13): 6 9.30
(s, 1H), 9.01 (m 1H), 8.23 (s, 1H, 7.89 (m 1H),
7.66 (dd, J= 8.1, 1.5 Hz, 1H), 7.40-7.32 (m 5H),
5.16 (s, 2H), 4.75 (m 1H), 4.18 (m 2H), 3.63 (m

2H), 2.81 (in, 2H), 1.90 (m 2H). OF N- Nrj;0 NF NC
OH [00270]

3-(9-(6,8-difluo oéﬁronan-4-y1)-71(3-hydroxypropyl)?8-
0xo0- 8, 9+ di hydr o-|/H '

purin-2-yl)-3H benzo[d]i m dazol e-5-carbo tr? .
compound was synt hesi zed by the method [descri hed
exanpl e[ 40 usi ng| 3- odopropanol . 111 NWR, (300 A
CDC13):| 6 8.92 (s, 1H =~Y7 (m | %38

7.90 (d,_J= 8.4 :

1H, 6.8894m 1

(m 1H)| 4 (
(t, J= H.6 Hz,
(m 2H} 9

[0e]
N
[EY

Example 44 513

514

NC

106

PCT/US2006/061004




W@ RQ0o8@ewun- 8, 9- di hydr o-

1 FNI NONN NO N NC[00271]
3-(7-(2-(diethylam no)ethyl)-9-((R)-7-fl uorochroman- 4-

7H purin-2-yl)-3H benzo[ d]i m dazol e-5-carbonitrile.
Thi s conmpound was synt hesi zed by the nmethod descri bed
in exanple 41 using 2-chloro-N, N-di et hyl et hyl am ne

PCT/US2006/061004

hydr och
1H), 8.
(d, 1H)
1H),
2H)

| ori de.
64 (s,
6.8-7.0

4.5-4.7 (m 1H),
2.8-3.0 (m 3H),

1H NVR (300 MHz, CDC13):
1H),

6 8.91 (s,
8.28 (s, 1H), 7.84 (d, 1H), 7.59
(m 2H), 6.4-6.6 (m 1H), 5.86 (br t,
4.3-4.4 (m 1H), 4.0-4.1(m
2.58 (q, 4H), 2.3-2.4 (m_ 11-1),

0.96 (t
cDNA wal
cat al yt
| i gated
fragmen
pl asm d
he_ tra
Examply Gy
manuf ac
contain
assay.
coat ed
| ysat e
to the
capture

, 6H). Ja
s anplifi
ic donuai
wth GST
t was clo
pFast Bac
n rmat i
g%fls (S
ture's in
i Ng recom
Ant i - GST
onto a 38
cont ai ni
anti - GST
d by i mmo

k3 kinase assay [00272] Human Jak3 ¢
ed by PCR A fragnent encodigg the
of Jak3 (508aa to 1 124aa)
at 5'

end. This fused T- Jak

é\ ) ysat F
BST-Jak3liwas uged i ki nase
Ty i #Gl417) was

overnight. Cell
NgcGST-Jak3 (1;100 dilutign) was added
coated plates, and GST- Ja Me
Di | i zed anti-GST anti body. Testing

conpoun
nmM Na3V|
2008/ 06
bi oti ny
initiat

ds and su
>4, 25 mV
0301 PCT/
pol y-Qd
e the

516

pbstrate mx (50 mM HEPES, pH 7, 0.%
MyCl2, 1 nmM DTT, 0.005% BSA, 1 99
US2006/ 061004 pM ATP, and 405 pg/
U, Ala, Tyr) were added to

NC
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reaction.

After

a 60-m n incubation, the reaction was

st opped by 4 mM EDTA, and phosphorylation of biotinyl

w@odopH3nt Al a, Tyr was detected using 17 g/ m  @EF/US2006/061004

streptavi din (Amersham #PA92005) and 2.7 g/ ml

Eur opi um conj ugated anti -

phosphot yr osi ne anti body

( Per ki nEhner #AD0O069) usi ng honbgeneous ti ne-resol ved

fl uorescence (HTRF) technol ogy.
[00273] The nouse F7 pre-B | ynphocyte cel
used for the cellular Jak3 assay.

Jak3 cel | ul ar assay
i ne was
Hurman | L- 2R(3c cDNA

is stably expressed in F7 cells (Kawahara et al.

1995). F7 cells were naintained in RPM 1640 medi um
supptengnted Wi th I0% fetal bovine serum plus  TL-3.
Cells (BO,000 cefls/well) in serumfree rUmwer e
seeded | n 96-wel| plates for the <cell prplifera
assay. [festing cpnpounds were added to cells, fq
by the addition 20 ng/m) % Aft e
24-h ingubati on, f viable cellsfwas
determ ped by th '
Viability Assay Ki
t he manuf acturer
of testiag7of re
The coppounds
| OOnM  The conpo 4
bet ween| 101 nM anpdClM 100 WO 2008/ 060301
PCT/ US2006/ 061004 Synt hesi s Reference Ex | e No.
TABLE 1{F O N_ |501 N
N
0
U,
! F
Ne——=x N
518 =\ N YO
N/ \
N
N
CHa

CN OH
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fANNF ,rr y ONN NCCH3F ONrte''"" NNNF
5021 o N> N X NHO 101 W 2008/ 060301
wEANBWBBO06/ 061004 O N N N Exanpl e 42 503 NPCT/US2006/061004
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-\ D~

CN OH
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N NNCNCOrr

504 NNNF I ONN NCCH3 F ON

505 NNNO NNCOCH3 CN 102 W 2008/ 060301

wEANBWBBO06/ 061004 |

FC NN 506 NO N

521
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NOH CNF ONNNOF 507 N
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O 0 103 WO 2008/ 060301 PCT/ US2006/ 061004 F N O

WO 2008/05031' NNNF O N PCT/US2006/061004
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NC 105 WO 2008/ 060301 PCT/ US2006/ 061004 F ro

512\ N " NNF NN NC Et
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NCN 1 OF N===\ 518 NO N CH3 H3C CN OH 108
WD 2008/ 060301 PCT/ US2006/ 061004 O N 519 No "'~r N
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ON " NNN Exanple 39 5241 0 N.~ NNCOCH3 Or N

F /f N525 N'"NNO N- NCCH3 0O N Exanple 41 526 |
WORS M0 >== N NC N(CH3)2 111 WO 2008/ 0603BAT/US2006/061004

PCT/ US2006/ 061004
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FO ~f I N\ 527/ ~ NfNN )IJN, N FCH3 OF

528 NN NO NCN(Et}z F ONomi A 529 1 ~N~-NNF N
W20 0608H2 112 WO 2008/ 060301 PCT/ US2006/ 06102dT/US2005/061004
rf~

N\ 'rll s 7} )'?
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NC CH3 CH3 115 WD 2008/060301 PCT/ US2006/ 061004 F O
537 QN f O N~ N Cl CH3 O N'~538 NNNF NI N
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NNNF 714 >=--O N~ NNO 126 WO 2008/ 060301
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[00275] The results of testing of representative species are shown below. The
compounds in Table 1 exhibited ICsg less than 100nM. The compounds in Table 2
exhibited ICso between 101 nM and 1pM.

Synthesis Reference
Example No. TABLE 1
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[1 719 -/~ N NCN OF ON NNNN I O710 NFON
OH 129 WO 2008/ 060301 PCT/ US2006/ 061004 [00275] The

WO e®slesonf t esti ng of representative speci es aPET/BR0s1061004
bel ow. The conpounds in Table 1 exhibited 1Cso | ess
than | OOnM The conpounds in Table 2 exhibited |ICso
bet ween 101 nM and 11M Synthesis Reference Exanple
No. TABLE 1 F ON
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N~NN Il 719 1f N NGN OF ONMN N ~1 O 710
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WO 2008/ 060301 PCT/ US2006/ 061004 [00276]
Adm ni stration of IL-2 leads to an increase in serum
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NK secretion of the cytokine (Thornton S, Kuhn KA,

Fi nkel man FD and H rsch R NK
wo 200si06030f
IL -2. Eur J

of

cells secrete high

IFN-7 in response to in vivo adm ni BCT/HS10061061004

I mmunol 2001 31:3355-3360). The

experinment was carried out essentially according to

t he prot

ocol

for

in Thornton et al.
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i nhi bition attai ned.
wer e fasted
free access to water at al

and the test conpounds
determ ne the | evel of
In sunmary, femal e BALE/c m ce
12-18 hours before a study but had
times. Test conpounds

wer e adm ni stered by gavage one hour before

I ntraper

ant i body.

sacrifia
bl ood s4
serum wg
was assg
manuf act
Usi ng tHh
exanpl es
505, at
| FN- gar
ref er eng
i nhi biti
7-substi
for Jak3
[ 00279]
fl uoresd
of fluor

I t oneal
At ter
ed by car
npl es wer
S gener
yed for
urer (BD
e above

gé ng/kg
mma produc
e conpou
on at 30
tuted pur

conpare
Aurora A
ence pol
esci en- |

njection of 1L-Z and capture
M nati on of the studies, the me were
bon di oxi de |nhalat|on termjpa

e col |l ected by cardi pU‘ ,
at ed. Serum was stored frozg
FN-y, as described b AL t he

Phar mi ngenTM San Di eg%~

D
-2 i nduced
use.
6%
00278] N
tivit

I ncreased
their 7-unsubstituted congeners.
/ ase assay was perforned using a
inzation format. A 100 nM sol ution

nbel ed FAM PKAti de (Mol ecul ar

F

Devi ces)
Bi ot echr
and 30 1
presence
i nhi bi tg
Pr ogr ess
manuf act
pol ari zg
(Mol ecul
PCT/ US2(

, the s
ol ogy),

™ ATP at
of an a
r. The r
ive
urer's i
itijon Si g
ar Devic
06/ 06100

Bi ndi

ibstrate Tor Aurora A (Upstate

has i ncubated with ra A (80 ng/nl)
roomtenperature for 1f{hour in the
ppropri ate concentrati pn of test
baction was term nat by addi ng | MAP

vices). The

nstrycti ons (Ml ec r De
nal g sin f
X! 59 WO 2008/ %603¢1

154




[ 00280] Some conparative exanples are shown bel ow. On
the left is the 7-unsubstituted conpound and its
WO 2008060301 Jak3 to Aurora A inhibition given asPCRUSTDEU161004

selectivity. On the right are shown the 7-substituted
congeners along with their selectivity. Al of the

| Cso's for Jak3 are bel ow 100 nM 160 WO 2008/ 060301
PCT/ US2006/ 061004 7- UNSUBSTI TUTED 7- SUBSTI TUTED 10

cO NNNJINFrll~~ NN-N FN)==0 N,~"[-N N NC CH
NC 19-fold H 112 fold 3 NCGCOOo FN-FFNXOFN:O
NN 14-fold H58-fold CH3 ON /-0 NJ; NNCN 10 NC
NNO Nt 15-fold H1-fold ~CH3 "N NCN "~'"., N
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F
l/o
4’;,,"
N"—‘—
713 \ N N ]
\\( — >—;O
N / N
NC
NH
F

O

155
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"= NNN F I°CNNCH3)2 724-fold [00281] Although

the foregoing invention has been described in sone

wa@leaaiobo3dor purposes of illustration, it w || P@&EUS2006/061004

readily apparent to one skilled in the art that
changes and nodifications my be made w t hout
departing fromthe scope of the invention described
herein. 163 WD 2008/ 060301 PCT/ US2006/ 061004 CLAI M5

1, A conpound of formula Il R4 N--- (CRZR3)y N N/~
al 1l O @Q~,,.,~- N @R R Ill wherein
ro
N»Q\ ,,,/,’/,/
N N\ K
T —
719 N TN
NC
N
//o
Nﬁ ,,9"5‘,
N N\ N
TJ: H—
710 N N
F.‘
o
N
OH

I1-2-induced IFN-y production in the mouse
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Q and @ are independently selected fromthe group
consisting of CXI, CX2 and nitrogen wherein Q and
wae@sheobot h nitrogen; B is Nor CH X1 and D2I/E8206/061004

i ndependently selected fromthe group consisting of
hydr ogen, (Cl-C6)al kyl, cyano, hal o,

hal o( G - C6) al kyl, hydroxyl, (Cl-C6)al koxy;

hal o(Cl - C6) al koxy, and nitro; Rl is selected fromthe
group consisting of hydrogen and (Cl-C6)alkyl; vy is
zero or an integer selected from1l, 2 and 3; R2 and R3
are sel ected i ndependently for each occurrence of
(CR2R3) fromthe group consisting of hydrogen and

ti
o027 At ftifh L2 IR SRRl BRDpION TR s Ao
NK seattion of theibgbkinel (Hﬂmli’teh @[ Mok KW, Filehadd FDLAE Fafdth R. NK
subs ut ed heteroaryl and R5 is selected fromthe
cells Segfe&%ﬁlgfé deielsafilRY-bip ragpeyse towemp @émtyﬂratlowﬁghz LElEd
temmund RIS 33008 She et es e o ehgRhil acordici o

the prod(cal kylhomtof b alond the tetst/%n@d%ndisiwél@ F&Hﬂﬁﬁ&eﬁ)ﬂ il ordef 1o
Is replaced by (C=O; 164 WO

determ a3 5ol it BB, 0o SomMAT, Bmala Ao miee were fustod
for 12-![ SRbAE BEoRYa q{azi"%‘eg('ic‘%ﬁ {oe\)vz{tgg% a‘ﬁqgn fealdyes %%praog

onbi nati on of V\,here i n
were acimm@ta;rgd bhezagh y)de bgertefirs intepéritoachl ijection W $L12 ddthapture

A e R R T
mhalaﬂoﬁ,V\t%hﬂhKWlam SapleN weraRbad dad Ma?@iac ﬁﬁw Q'um Wa(sb)

sul f onyl am no, cylanlno aryl am no oxy
generatgdt Sergtywhsstored droken wntiotywasydssayet Sor FDE-pchs uesdmbéd byrthe kit

manufadfiifer (%ﬂ pﬁ it 1nsglég Stag ?)r}ego CA).

[00277] Using the above method, the compounds of experimental examples 16, 28, and
Table 1 examples 501, 504 and 505, at 30 mg/kg, were shown to inhibit T1-2-induced IFN-
gamma production by >40% in vivo in the mouse. A reference compound, CP690550,
exhibited 96% inhibition at 30 mg/kg in this screen.

[00278] The 7-substituted purinones exhibit increased selectivity for Jak3 compared to

their 7-unsubstituted congeners.

[00279] Aurora A kinase assay was performed using a fluorescence polarization format.
A 100 nM solution of fluorescien-labeled FAM PK Atide (Molecular Devices), the
substrate for Aurora A (Upstate Biotechnology), was incubated with Aurora A (80 ng/ml)
and 30 mM ATP at room temperature for 1 hour in the presence of an appropriate
concentration of test inhibitor. The reaction was terminated by adding IMAP Progressive
Binding Reagent mix according to the manufacturer’s instructions (Molecular Devices).

The polarization signal was detected using Aquest (Molecular Devices).
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chosen from hal ogen, hydroxy, al koxy, al kyl and
al koxycarbonyl; (c) phenyl and phenyl substituted with
WO e@sensel t o t hree substituents chosen from hetDYS2006/061004

hydr oxy, al koxy, al kyl, acylam no, cyano, carboxy,

al koxycar bonyl, hal oal kyl and heterocyclyl; and (d)

heteroaryl and heteroaryl substituted with fromone to

three substituents chosen from hal ogen, hydroxy,

al koxy, al kyl and al koxycarbonyl. 2. A conpound

according to claim1 of formula: R4 NCRZR3) Y NN 1

O @B N RLRs X2 3. A conpound according to claim?2

of formula. 165 WD 2008/ 060301 PCT/ US2006/ 061004 R4

N- N NN oA compound. .
o020 s d Nt S5l PPy fion ocen BT
compound and its ratio of Jak3 to Aurora A inhibition given as “x-fold” selectivity. On the

right are shown the 7-substituted congeners along with their selectivity. All of the ICs¢’s
for Jak3 are below 100 nM.
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RA& Nn ( RRA)Y NNNN>=ONN '\' 1 RIL RS x25 A

conpound according to claiml1l of formula. R4 N
WOORBBAPBYLI N N Tr ~ - >=-- 0 | BB N R R5 6.PEI/US2006/061004

conmpound according to claim5 of fornula: 166 WD

2008/ 060301 PCT/ US2006/ 061004 R4 y N====\ (CR2R3) N

N NO NVRS5 7. A conpound according to claimb5 of

fornul a:

7-UNSUBSTITUTED 7-SUBSTITUTED
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R4 N. - (CRRRA)Y NN NNO XI NRR5 8 A

conpound according to claiml of formula: R4 N (CR
WORB8/0603M N t1+1 O @ ,/ XL RR5 1 )(2 9. APCDDRMO6ICK1004

according to claim8 of fornula. 167 WO 2008/ 060301

PCT/ US2006/ 061004 R4 N====\ (CR R3)y N >=0 N X1 ~

R1 R5
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X2 10. A conpound according to claim8 of fornula. R4
N.f (CRRR3)yY R3)y NNNO N X1 RI RS X2 11;. A

W@ oo9poensal according to any of clainms 1-10 wherBCHUXD06/061004
and X2 are independently selected from hydrogen,
cyano, chloro, fluoro, nethyl, trifluoronethyl and
trifluoronethoxy. 12. A conpound accordi ng to any of
claims 1-10 wherein RL is H 13. A conpound accordi ng
to any of clainms 1-10 wherein, y is 1 or 2 and R2 and
R3 are hydrogen or nethyl. 14. A conpound according
to claim 13 wherein R4 is selected from phenyl,
qui nol ine, pyridine, pyrazine and their substituted
counterparts. 168 WO 2008/ 060301 PCT/ US2006/ 061004
15. A conmpound according to any of clainms 1-10 wherein
y is zero. 16. A conpound according to claim 15
wherein R4 is selefted from cycl opentyl, cycloheﬂyl
phenyl i nd tetralin, piperidine, oxepa?e,& f,

zoxepane/ di scyclopentapyrldlne
t hydropyn.-, frahydrofuran N trahydrom L?
|ne tet'ahydr0|soqurﬁ6§| &lnolyne

noIFne chr oman, prnfﬁlﬁak ) Lm E
Ny N*‘“@

NG
73-fold 236fold  CHg

-~ ? ¥
NC __N(CHa),
7 24-fold

[00281] Although the foregoing invention has been described in some detail for purposes
of illustration, it will be readily apparent to one skilled in the art that changes and
modifications may be made without departing from the scope of the invention described

herein.
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pyri m di ne, di hydropyran, di hydrobenzofuran,
t etrahydr obenzof uran, tetrahydrobenzot hi ophene,
w0 enoatneo3di hydr opyr ano[ 2, 3- b] pyri di ne, PCT/US2006/061004
t et rahydr oqui noxal i ne, tetrahydrothiopyran (thiane),
t hi ochroman (di hydrobenzothiin) and their substituted
counterparts. 17. A conpound according to any of
clainms 1-10 wherein, (a) y is zero and R4 is sel ected
fromcycl ohexyl, tetralin, ndane, oxepane,
benzoxepane, di hydrocycl opent apyri di ne,
tetrahydr opyran, tetrahydroquinoline, chroman,
di hydr obenzof uran, tetrahydrobenzof uran,
di hydr opyr ano[ 2, 3- b] pyri di ne and
cLAMS! r ahydroqui noxal i ne, each optionally substituted
Wt h hydroxy, oxo, or halogen; or (b) yis 1 or 2, R2
1. ardpnip@uad ef fiyoinbgdh or nethyl and R4 is selected from
phenyl, pyridine and pyrazine, each,optionally
substituted with hal ogen. 18. A conpdund according to
claim17 wherein y.is 0 and R4 is chggpn from chroman-
4-yl; 3,4-dihydréﬁgbhthalen-l(ZFﬁ/on-4-yI;
2, 3-di hydr oi ndeg- | - - eir fluoro
substituted part 19. | A coppoynd according to
i's -4-¥1" and the carbon at
4 of the chnngpn ®onfiguration. 20. A
conmpound accordihg to claifn 17 wherein y is 0 and R4
is 169 WD 2008/ 060301 PCTRUS2006F061004 (CH2)p A Y
wherein Wis CH2, C=Oor O; pis 1,2 or 3; Ais a
si x- menber ed het er oar omatitk ring containing 1 or 2
whereiVl tr0ogens or a benzene ring optionally substituted
with one or two fluorines; and
Q: and Q; are independently selected from the group consisting of CX;, CX; and nitrogen

wherein Q; and Q, are not both nitrogen;

Qs is N or CH;

X1 and X are independently selected from the group consisting of hydrogen, (C;-Cg)alkyl,
cyano, halo, halo(C;-Cg)alkyl, hydroxyl, (Ci-Cs)alkoxy; halo(C;-Cs)alkoxy, and nitro;

R; is selected from the group consisting of hydrogen and (C;-Ce)alkyl;

y is Zero or an integer selected from 1, 2 and 3;

R; and Rj are selected independently for each occurrence of (CR;R;) from the group
consisting of hydrogen and (C;-Ce)alkyl,

R4 is selected from a group consisting of alkyl, heterocyclyl, aryl, heteroaryl, substituted
alkyl, substituted heterocyclyl, substituted aryl, substituted heteroaryl; and

R is selected from the group consisting of alkyl, heterocyclyl, substituted heterocyclyl,
and C;-Cs alkyl wherein

(a) one or two CH, is replaced by a group chosen from NH and N(alkyl);
(b) one or two CH; is replaced by O;

(©) one or two CHj is replaced by (C=0);
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the wavy line is the point of attachnent to the

purinone. 21.; A conpound according to claim20
wob@Be6030t he carbon marked with an asteri sk VPCTZHRI0p6/061004

JA J ~MIL is of the (R configuration. 22. A

compound according to claim 17 whereiny is 1 and R4

is selected from difluorophenyl, fluorophenyl,

chor ophenyl, chl orofl uorophenyl, pyridin-3-yl and

pyrazin- 3-yl. 23. A conpound according to claim17

wherein y is zero and R4 is selected from

t etrahydr opyran-4-yl, 4-hydroxycycl ohexyl,

4- oxocycl ohexyl and oxepan-4-yl. 170 WD 2008/ 060301

P 6 4 ~rA~EonRQHId _according to claim

1 &#@f@ﬁﬁ&gg%g%ﬁdﬁéﬁggébﬁﬁ)eﬁéﬁ&%ntly sel ected from
hydr ogen, cyan, chloro and fluoro and Rl is H 25. A

c gapayreiieacatly diably dombidatiomoZ La)iere) and (dR) vy is zero
and R4 is selected fromfromcycl ohexyl, tetralin,

i ndane, oxepane benzqxepane, . .

PG VSR RS 5, PRI B s 29Rje6ed By gpstituent chosen

t gkgmghydr oqui nol i ne, chroman, di hydrobenzof uran,

t et rahydr obenzof uran, di hydropyrano[ 2, 3-b] pyri di ne and

tetrahydrogqunoxal i ne, each optionally substituted w th

hytd} plggenobasirosy crnop ipaveralsylsylfnyl lpweralkytsulfonyioxya athino,
Qe hyl a [: ed. fr .

e ARG o Wor RS iblno? o Rbulil Gl Er; &Btamine,

s upglhininet dowedaiktoxizal ogen. 26. A conpound according to

claim25 wherein R5 is Cl -C6 al kyl wherein (a) one or

N Wpirpcretyiina BRros s Hestedo frmcas i s pgtjtuents
ONiof¥n fEAR hbibiged, hydRRY RSk Y1k i alkoxycarbonyl,

(c) phenyl and phenyl substituted with from one to three substituents chosen from

—_—

halogen, hydroxy, alkoxy, alkyl, acylamino, cyano, carboxy, alkoxycarbonyl,
haloalkyl and heterocyclyl; and

(d) heteroaryl and heteroaryl substituted with from one to three substituents
chosen from halogen, hydroxy, alkoxy, alkyl and alkoxycarbonyl.

A compound according to claim 1 of formula:
Ra

_— (CR2R3)
N,—’\N\r N\ N/ ”
= ; >=O
Xz R1 Rs

A compound according to claim 2 of formula:
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(d) two CH2 are replaced by CH=CH or C=C; or (e) any

chem cal ly stable conbination of (a), (b) (c) and (d);
wa@p@smbisoei n from zero to three hydrogens i s reQI/asm®d6/061004

by a substituent chosen from (a) hal ogen, hydroxy,

cyano, | oweral kyl sul fonyl, |oweral kyl sul fonyl oxy,

am no, | oweral kylam no, dil oweral kyl amo,

al koxyam no, sul fonyl am no, acyl am no, arylam no,

| ower al koxy; (b) heterocyclyl and heterocyclyl

substituted wth fromone to three substituents

chosen from hal ogen, hydroxy, al koxy, alkyl and

al koxycarbonyl ; 171 WO 2008/ 060301 PCT/ US2006/ 061004

(c) phenyl and phenyl subgtituted with fromone to

three substituents chosefi from hal ogen, hydroxy,

al kox | kyl , acyl am f@RzRglyano, car boxy,

al koxycanbonyl haloa(kyl and heterocyclyl; and (d)
substituted with fromone to
t ubsti tjuent s from hal ogen, hydroxy,
koxycar bonyl . 27. A conpound
I m 26\ wher ei n yis 0Oand R4 is (CH2)p
wherein the carbgn marked with an asterisk is of
R) configuhation "Wis CH2, C=Oor 0; pis 1, 2 or
3; %is a six-menbered heteroaromatic ring containing
1 or 2 nitrogens or a benzene ring optionally
substituted with one or two fluorines; and the wavy
|A sempsunidhecqdingtio elaird Rt FEh®IM. t 0 the purinone. 28. A
conpound according to claim27 wherein Xl is hydrogen,
X2 is a substituent at e 6 position ofthe

benz| m_dazol e, and X2 j 2§993en from hydrogen, fluoro
yan /
N NN
| =0
/ N
\

Rs

Ry

A compound according to claim 1 of formula:
Ra

(CR:R3)y

A compound according to claim 5 of formula:
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29. A conpound according to any of clainms 1-10 wherein
R5 is Cl1-C6 alkyl or A-C6 fluoroalkyl. 30. A

w@eosgoensdl according to claim?29 wherein y i s OPentSHRA6/061004
is 172 WD 2008/ 060301 PCT/ US2006/ 061004 WA (CH2)p
| V¥Arvz wherein the carbon marked with an asteri sk
is of the (R) configuration Wis CH2, C=0O or 0; pis
1, 2 or 3; Ais a six-nenbered heteroaromatic ring
containing 1 or 2 nitrogens or a benzene ring
optionally substituted with one or two fluorines; and
the wavy line is the point of attachnent to the
purinone. 31.: A compound according to any of clains
1-10 wherein RS is G -C6 alky] and wherein fromzero
to three hydrogens is repl afed by a substituent chosen
from h y, carboxy, d¢Bsae) | oweral kyl sul fonyl ,

no, | oweral kyl am no,

m no, sul fonyl am no,

val koxy. 32. A conpound
einyis 0Oand R4 is (CH2)p

I
i% of the (R) configuratipgn WsCH2,C=O or 0; pis 1, 2
or 3; 173 WD 2008/ 860301 PCT/ US2006/ 061004

A compound according to claim 5 of formula:

A compound according to claim 1 of formula:
R4

— (CR2R3)y
N’—"\N . 2R3
\“/ R
Q. _Z~

Ri

X

Xz

A compound according to claim 8 of formula.
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A is a six-nenbered heteroaromatic ring containing 1
or 2 nitrogens or a benzene ring optionally
wa@adess3at ed with one or two fluorines; and thEPCES3006/061004
line is the point of attachnment to the purinone. 33. A
phar maceuti cal conposition conprising a
phar maceutically acceptable carrier and a
therapeutically effective amount of at |east one
conmpound according to any of clainms 1-32. 34. A
met hod of treating a disorder which is dependent upon
i nhibition of Janus kinase 3, which conprises
adm nistering to a subject in need of such treatnment a
therapeutically effective amuntgpf a conpound
according to a compound of fornufa |1l R4 Nr--
(CRRR3)yY N @ B N QR R HBSRRg) wherein Q and
@ are indepgndent|ly sehected.{ron1the group
consisting/p a i ogen wherein Q and
are not baA roge s N 6H, X1 and X2 are
group consi sting of
9 cyanv hal o, hal o( Cl- C6) al kyl
hydr ox¥ , (C[-C6)al koxy] hal o('g - G8) al koxy, and nitro;
Rl is selectgd fromtheRgroup G%nsisting of hydrogen
and (A -Ce)afkyl; 1y is zero or an integer selected
from1l, 2 and 3; R2 and R3 are sel ected i ndependently
for each occurrence of (CR2R3) fromthe group
10. A compound according to claim 8 of formula.

Ra

Ne=== (CR2R3)y
N\ ./
N R N
T —
Na_ A N
Xi \
Ry Rs
X2

11. A compound according to any of claims 1-10 wherein X; and X are independently
selected from hydrogen, cyano, chloro, fluoro, methyl, trifluoromethyl and
trifluoromethoxy.

12. A compound according to any of claims 1-10 wherein R is H. -

13. A compound according to any of claims 1-10 wherein, y is 1 or 2 and R, and R are
hydrogen or methyl.

14 A compound according to claim 13 wherein Ry is selected from phenyl, quinoline,

pyridine, pyrazine and their substituted counterparts.
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consi sting of hydrogen and (d -C6)ai kyl; 174 WO
2008/ 060301 PCT/ US2006/ 061004 R4 is selected froma
w@e@apesonsi sting of al kyl, heterocyclyl, arylPCT/US2006/061004

heteroaryl, substituted alkyl, substituted

het erocycl yl, substituted aryl, substituted

heteroaryl; and R5 is selected fromthe group

consi sting of alkyl, heterocyclyl, substituted

het erocyclyl, and d-C6 al kyl wherein (a) one or two

CH2 is replaced by a group chosen from NH and

N(al kyl); (b) one or two CH2 is replaced by 0; (c)

one or two CH2 is replaced by (C=O; (d) two CH2 are

r r cally stable
B CI%EJ’E)I n(g%dgﬁc%?%l T dhy gsh‘q?“"?’l i@%b%@&%ﬂ%@} wherei n from

zero to three hydrogens is replaced by a substituent

16 GRS BhyY Sg 1A et Blrselbiethlom svetprsmt.
cyclohé@@h@hﬂﬂh&ﬁﬁ@teﬁ%&,%’iﬁérﬁﬂfé’ |o§5ﬁaﬁ@ beRkARPYAT NO,

sul fonyl ammo, acyl am no, ["am 'no, | oweral koxy; (b)

dmydrmbv%mgﬂlmeatﬂﬁrahﬁdrepyr@y,dbbyzlhydtdd’mam tetraltydndindole,r om

f r om.hal
soquiniife A0k R0l YRR SRR Jroab BT <FEnp e
Pyrlrmdind dalineinot yrany Iﬂﬂiyﬁi‘dlieﬁibﬂﬂlahhefrﬂ%@&ﬁzéiﬁrahhf ee

stityents chosen from hal ogen, hydroxy, alkoxy,
tetfahyilragﬂzoﬂae@ea?nﬁém%‘}ﬂbwéfopHam{aa@yb]pmh@wefamy@mqumoxalme

tetrahy ARG su%)ét It ut&%ﬁl\/\ﬁé %*}Y d?(ﬂ) gnéoq}lmﬁeaglgﬁar%lbﬁ%u%d

het er'car rom one
countepatist i t uent s chosen from hal ogen, hydroxy, al koxy,

al kyl and al koxycarbonyl. 175 WD 2008/ 060301

PCT/ US2006/ 061004 35. A nethod of treating a disorder

17.  whigihipdund d6RADAE S anlPOL1iRRIIG WhGeRf Janus ki nase

(a) y 1s zero and Ry is selected from cyclohexyl, tetralin, indane, oxepane, benzoxepane,
dihydrocyclopentapyridine, tetrahydropyran, tetrahydroquinoline, chroman,
dihydrobenzofuran, tetrahydrobenzofuran, dihydropyrano[2,3-blpyridine and
tetrahydroquinoxaline, each optionally substituted with hydroxy, oxo, or halogen; or

(b) yis 1 or 2, R, and R3 are hydrogen or methyl and Ry is selected from phenyl, pyridine
and pyrazine, each optionally substituted with halogen.

18. A compound according to claim 17 wherein y is 0 and Ry is chosen from chroman-
4-yl; 3,4-dihydronaphthalen-1(2H)-on-4-yl; 2,3-dihydroinden-1-on-4-y1 and their fluoro

substituted counterparts.

19. A compound according to claim 18 wherein Ry is chroman-4-yl and the carbon at 4
of the chroman is of the (R) configuration.

20. A compound according to claim 17 wherein y is 0 and Ry is
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3, which conprises adm nistering to a subject in need

of such treatnent a therapeutically effective anount
w@toog/oesnpound formula 111 R4 Nom-- (CR2R3) YPCTMUBR0B6/061004

@B N.Qo QI 2 R R5 Ill wherein Q and @ are

i ndependently selected fromthe group consisting of

CX1, CX2 and nitrogen wherein QL and 2 are not both

nitrogen;, @B is Nor CH Xl and X2 are independently

sel ected fromthe group consisting of hydrogen, cyano,

chloro, and fluoro; RL is hydrogen; y is zero or an

i nteger selected from1l, 2 and 3; R2 and R3 are

sel ected i ndependently for each occurrence of (CR2R3)

fromthe group consistyng of hydrogen .and

(Cl1l-C6)al kyl; R4 is setetted Yy _a group consi sting
of al kyl, heterocycly, ar

qroaryl, substituted
al kyl , substituteqc fet er oc qubstituted aryl,
substituted heteroa ; apd sel ected fromthe
group consisting of alkyT, «f ocycl yl, substituted
het erocyclyl, and d-d6 al kyl

wher ei n

wherein

W is CH,, C=0or O,

pisl,2o0r3;

A'is a six-membered heteroaromatic ring containing 1 or 2 nitrogens or a benzene ring
optionally substituted with one or two flucrines; and

the wavy line is the point of attachment to the purinone.

21. A compound according to claim 20 wherein the carbon marked with an asterisk
W
(CHz)p
b5
[VaVATAV AN
is of the (R) configuration.

22. A compound according to claim 17 wherein y is 1 and Ry is selected from
difluorophenyl, fluorophenyl, chlorophenyl, chlorofluorophenyl, pyridin-3-yl and pyrazin-
3-yL

23. A compound according to claim 17 wherein y is zero and Ry is selected from

tetrahydropyran-4-yl, 4-hydroxycyclohexyl, 4-oxocyclohexyl and oxepan-4-yl.
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(a) one or two CH2 is replaced by a group chosen from
NH and N(al kyl); (b) one or two CH2 is replaced by O;
waAZ®sM32008/ 060301 PCT/ US2006/ 061004 (c) ONePOT/US2406/061004
CH2 is replaced by (C=O; (d) two CH2 are replaced by
CH=CH or C=-C; or (e) any chemcally stable
conbi nation of (a), (b) (c) and (d); and wherein from
zero to three hydrogens is replaced by a substituent
chosen from (a) hal ogen, hydroxy, cyano,
| ower al kyl sul fonyl, |oweral kyl sul fonyl oxy, am no,
| ower al kyl am no, dil oweral kyl am no, al koxyam no,
sul fonyl am no, acyl am no, aryl am no, |oweral koxy; (b)
ufsi4-t i
2. AShERGNE hUdordREl NGLA REWhln RURREX! it E‘geﬁ%ﬁed%?{ﬂj Offbcted
from hydyaeoxgyana| dhivey andiflugro aad®; ad Hoxycar bonyl ; (c¢) phenyl
and phenyl substituted with fromone to three
substituents chosen from hal ogen, hydroxy, al koxy,
25. A'é&)ﬁpouﬁ&%é&fﬁn@é’to Q¥ig whékioxy, al koxycarbonyl ,
hal oal kyl and heterocyclyl; and (d) heteroaryl and
(a) y is peyp en@Bn o setagtesitiiana froth wctdheﬁylglmralne indang hexepane,

bst f | K
bencox RS AR R oSO SRty e S a FEIB SR,
dihydroBbrizd@ira® ftetedtgiFobe @b figtn, Aihydiey g@bﬂb[ﬁ Blilp@idiag ey 1 s

selected from an autoi nmune di sease, an inflamatory
tetrahydipquinesaling, eaeh; optienallysubstinted vahdwdenxy, ot mahaipg@ ol

T R e e

and pyrhineg eacll spgivnhilpasiolimbdd witlehdegdnon. 177 WO 2008/ 060301
PCT/ US2006/ 061004 38. The net hod according to claim
36 wherein said hematol ogi cal malignancy is

26. A compound according to claim 25 wherein Rs is C;-Cg alkyl wherein

(a) one or two CHy is replaced by a group chosen from NH and N(alkyl),
(b) one or two CHa is replaced by O

(c) one or two CH; is replaced by (C=0);

(d) two CH> are replaced by CH=CH or C=C; or

(e) any chemically stable combination of (a), (b) (¢) and (d);

and wherein from zero to three hydrogens is replaced by a substituent chosen

from:

(a) halogen, hydroxy, cyano, loweralkylsulfonyl, loweralkylsulfonyloxy, amino,
loweralkylamino, diloweralkylamino, alkoxyamino, sulfonylamino, acylamino,

arylamino, loweralkoxy;

(b) heterocyclyl and heterocyclyl substituted with from one to three substituents
chosen from halogen, hydroxy, alkoxy, alkyl and alkoxycarbonyl;

m



sel ected from | eukem a and | ynphoma. 39. The net hod
according to claim 36 wherein said disorder is asthma.
wa08/0bBonet hod according to claim36 wherei n BEi/tiS2006/061004
aut oi mune di sease is selected froman organ specific
and a non-organ specific autoi mune di sease. 41:. The
nmet hod according to claim 36 wherein said disorder is
kerat oconjuctivitis sicca. 42. The nmethod according
to claim 36 wherein said hematol ogi cal malignancy is
chroni c nyel ogenous | eukem a. 43. The net hod accordi ng
to either of clains 34 or 35 wherein said disorder is
selected froma |eukemc forn1of cut aneous T-cel

f [

P o el dufiiiEt WALl fireq SRR chihn fom

a b bigemhydraiysalksxy, aﬂqyl, acylﬁﬂnannaymyca#bagaalkpxycamy],
dIS e, , hemat ol ogi cal mal i gnancy and

?@%ﬁﬂg?W5%§%? e tion, which conprises

aday mitsbaki Al l‘i&er@a@l@ib@fﬁhteﬁﬂmﬂ?ﬁgm%e $8Hed §u%§ttrt'ﬁ§1ﬂ§ a

therapeutlcally ef f écti ve anount of a conpound
acbogetifragn halogens bdronandilkeiys dkyhdnd alloxygaz Bonpd

2008/ 060301 PCT/ US2006/ 061004 R4 N~..._ (CR2R3)y NN
I BN Q7 @ RLR5 Il wherein

27. A compound according to claim 26 wherein y is 0 and Ry is
W.

(CHz)p

SUNN
wherein the carbon marked with an asterisk is of the (R) configuration
W is CH,, C=0Oor O;
pis1,2o0r3;
A is a six-membered heteroaromatic ring containing 1 or 2 nitrogens or a benzene ring
optionally substituted with one or two fluorines; and

the wavy line is the point of attachment to the purinone.

28. A compound according to claim 27 wherein X is hydrogen, X; is a substituent at

the 6 position of the benzimidazole, and X; is chosen from hydrogen, fluoro and cyano.
29. A compound according to any of claims 1-10 wherein Rs is Cy-Cg alkyl or C;-Cs

fluoroalkyl.

30. A compound according to claim 29 wherein y is 0 and Ry is
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QL and @ are independently selected fromthe group

consisting of CX1, CX2 and nitrogen wherein QL and @
wa@e@sneobot h nitrogen; @B is N or CH X1 and PRI/EHEB®06/061004

i ndependently selected fromthe group consisting of

hydr ogen, (d -C6)al kyl, cyano, hal o,

hal o( C1- C6) al kyl, hydroxyl, (d -C6)al koxy;

hal o(d - C6) al koxy, and nitro; Rl is selected fromthe

group consisting of hydrogen and (d-C6)a kyl; vy is

zero or an integer selected from1l, 2 and 3; R2 and R3

are sel ected i ndependently for each occurrence of

(CR2R3) fromthe group consisting of hydrogen and

(G -C6)alkyl; R4 is selpgcted froma group consisting

of al kyl, heterocyclyl
al kyl, substituted hgteroc
substituted hetergaryl ;

group consi sting of ~q| .
heterocyclyl, and Cl-§6 al kydwherein (a) one or two
Cl12 is replaced by a droup chosen from NH and
N(al kyl); (b) one or tlwo C112 is replaced by 0; (c)
one or two Cl12 is repM¥®ed by (C=O; (d) two CH2 are
wherein/ 188 bﬁﬁ@ﬁnﬁﬂce@'&'ﬁ@l‘h@ist&m@as &thd ER) &Mgﬁﬂaﬁ% cally stable
conbi nation of (a), (b) (c) and (d); ™ 179 WO
“73(32068ﬁ030301 PCT/ US2006/ 061004 and wherein from zero
1,2 0.t hree hydrogens is replaced by a substituent chosen
pis F3n1 (a) hal ogen, hydroxy, cyano, |oweralKkylsulfonyl,
Aisa six%i@:hﬁérk(y hetdtdafoydtidoihg Raiing 1 bRt dedd 81 Béhzene ring
di | ower al ky] am no, alkoxyan1no sul f onyl am no,
optlonaléwaamw with oy airivedluorisas ead koxy: (b) het er ocycl yl

tﬁg h fromone to three
the wa n@st Itu nt sgfwﬁggglgﬁét%ﬁr% ogéen hydr oxy, al koxy,

al kyl and al koxycar bonyl ;

31. A compound according to any of claims 1-10 wherein Rs is C;-Cs alkyl and
wherein from zero to three hydrogens is replaced by a substituent chosen from: hydroxy,
carboxy, cyano, loweralkylsulfonyl, loweralkylsulfonyloxy, amino, loweralkylamino,

diloweralkylamino, alkoxyamino, sulfonylamino, acylamino, arylamino and loweralkoxy.

32. A compound according to claim 31 wherein y is 0 and R4 is
W

(CHz)p
[$aVaveVo ¥
wherein the carbon marked with an asterisk is of the (R) configuration

W is CH,;, C=O 0r O;
pisl,2or3;
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(c) phenyl and phenyl substituted with fromone to

three substituents chosen from hal ogen, hydroxy,
wa@bdengo3onl kyl , acyl am no, cyano, carboxy, PCT/US2006/061004

al koxycar bonyl, hal oal kyl and heterocyclyl; and (d)

heteroaryl and heteroaryl substituted with fromone to

three substituents chosen from hal ogen, hydroxy,

al koxy, al kyl and al koxycarbonyl. 180

A is a six-membered heteroaromatic ring containing 1 or 2 nitrogens or a benzene ring
optionally substituted with one or two fluorines; and -

the wavy line is the point of attachment to the purinone.

33. A pharmaceutical composition comprising a pharmaceutically acceptable carrier

and a therapeutically effective amount of at least one compound according to any of claims
1-32.

34. A method of treating a disorder which is dependent upon inhibition of Janus kinase
3, which comprises administering to a subject in need of such treatment a therapeutically

effective amount of a compound according to a compound of formula I1I

Ra
(CRst)y
Qi
\w% R
R1 5
111

wherein

Q1 and Q; are independently selected from the group consisting of CX;, CX; and nitrogen
wherein Q; and Q are not both nitrogen;

Qs is N or CH;

X; and X are independently selected from the group consisting of hydrogen, (C;-Cg)alkyl,
cyano, halo, halo(C;-C¢)alkyl, hydroxyl, (C;-C¢)alkoxy; halo(C;-Ce)alkoxy, and nitro;

R; is selected from the group consisting of hydrogen and (C1-Cs)alkyl;

y is zero or an integer selected from 1, 2 and 3,

Rz and R; are selected independently for each occurrence of (CR2R3) from the group
consisting of hydrogen and (C;-Ce)alkyl;
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Ry is selected from a group consisting of alkyl, heterocyclyl, aryl, heteroaryl, substituted
alkyl, substituted heterocyclyl, substituted aryl, substituted heteroaryl; and

Rs 1s selected from the group consisting of alkyl, heterocyclyl, substituted heterocyclyl,
and C;-Cs alkyl wherein

(a) one or two CH; is replaced by a group chosen from NH and N{alkyl);

(b) one or two CHz is replaced by O;

(c) one or two CHj is replaced by (C=0);

(d) two CH are replaced by CH=CH or C=C; or

(¢) any chemically stable combination of (a), (b) (c) and (d);

and wherein from zero to three hydrogens is replaced by a substituent chosen from:

(a) halogen, hydroxy, cyano, loweralkylsulfonyl, loweralkylsulfonyloxy, amino,
loweralkylamino, diloweralkylamino, alkoxyamino, sulfonylamino, acylamiho,

arylamino, loweralkoxy;

(b) heterocyclyl and heterocyclyl substituted with from one to three substituents
chosen from halogen, hydroxy, alkoxy, alkyl and alkoxycarbonyl;

(¢) phenyl and phenyl substituted with from one to three substituents chosen from
halogen, hydroxy, alkoxy, alkyl, acylamino, ¢yano, carboxy, alkoxycarbonyl,
haloalkyl and heterocyclyl; and

(d) heteroaryl and heteroaryl substituted with from one to three substituents
chosen from halogen, hydroxy, alkoxy, alkyl and alkoxycarbonyl.
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35. A method of treating a disorder which is dependent upon inhibition of Janus kinase
3, which comprises administering to a subject in need of such treatment a therapeutically

effective amount of a compound formula III

Ra
(CRst)y
Qi
'\Q2
Ry R5
I

wherein
Qi and Q; are independently selected from the group consisting of CX;, CX; and nitrogen
wherein Q; and Q; are not both nitrogen;
Q; is N or CH;
X1 and X3 are independently selected from the group consisting of hydrogen, cyano,
chloro, and fluoro;
R; is hydrogen;
v 1S zZero or an integer selected from 1, 2 and 3;
Rz and R; are selected independently for each occurrence of (CR;R;3) from the group

-~ - consisting of hydrogen and (C;-Cg)alkyl;
Ry is selected from a group consisting of alkyl, heterocyclyl, aryl, heteroaryl, substituted
alkyl, substituted heterocyclyl, substituted aryl, substituted heteroaryl; and
Rs 1s selected from the group consisting of alkyl, heterocyclyl, substituted heterocyclyl,
and C;-C; alkyl wherein

(a) one or two CH; is replaced by a group chosen from NH and N(akyl);

(b) one or two CH is replaced by O;
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(¢) one or two CHa is replaced by (C=0);

(d) two CH, are replaced by CH=CH or C=C; or

(e) any chemically stable combination of (a), (b) (¢) and (d);

and wherein from zero to three hydrogens is replaced by a substituent chosen from:

(a) halogen, hydroxy, cyano, loweralkylsulfonyl, loweralkylsulfonyloxy, amino,
loweralkylamino, diloweralkylamino, alkoxyamino, sulfonylamino, acylamino,

arylamino, loweralkoxy;

(b) heterocyclyl and heterocyclyl substituted with from one to three substituents
chosen from halogen, hydroxy, alkoxy, alkyl and alkoxycarbonyl;

(c) phenyl and phenyl substituted with from one to three substituents chosen from
halogen, hydroxy, alkoxy, alkyl, acylamino, cyano, carboxy, alkoxycarbonyl,
haloalkyl and heterocyclyl; and

(d) heteroaryl and heteroaryl substituted with from one to three substituents
chosen from halogen, hydroxy, alkoxy, alkyl and alkoxycarbonyl.

36.  The method according to either of claims 34 or 35 wherein said disorder is selected
from an autoimmune disease, an inflammatory disease, a mast cell mediated disease,

hematological malignancy and organ transplant rejection.

37.  The method according to claim 36 wherein said disorder is bone marrow transplant

rejection.
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38. The method according to claim 36 wherein said hematological malignancy is

selected from leukemia and lymphoma.

39.  The method according to claim 36 wherein said disorder is asthma.

40.  The method according to claim 36 wherein said autoimmune disease is selected

from an organ specific and a non-organ specific autoimmune disease.

41.  The method according to claim 36 wherein said disorder is keratoconjuctivitis

sicca.

42.  The method according to claim 36 wherein said hematological malignancy is

chronic myelogenous leukemia.

43. The method according to either of claims 34 or 35 wherein said disorder is selected
from a leukemic form of cutaneous T-cell form lymphoma and acute lymphoblastic

leukemia.

44. A method for treating a disorder selected from an autoimmune disease, an
inflammatory disease, a mast cell mediated disease, hematological malignancy and organ
transplant rejection, which comprises administering to a subject in need of such treatment a

therapeutically effective amount of a compound according to a compound of formula III
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R4
N=== /(CRst)y
N N\ N
/ I T >:O
Qi _#
Qi N\
Q3 \
R 5
il

wherein

Qi and Q; are independently selected from the group consisting of CXj, CX; and nitrogen
wherein Q and Q; are not both nitrogen;

Qs is N or CH;

X1 and X3 are independently selected from the group consisting of hydrogen, (C;-Ce)alkyl,
cyano, halo, halo(C;-Cg)alkyl, hydroxyl, (C;-Ce)alkoxy; halo(C;-C¢)alkoxy, and nitro;

R, is selected from the group consisting of hydrogen and (C1-Cg)alkyl;

y is Zero or an integer selected from 1, 2 and 3;

R; and R; are selected independently for each occurrence of (CR2R3) from the group
consisting of hydrogen and (C;-Cg)alkyl;

R4 is selected from a group consisting of alkyl, heterocyclyl, aryl, heteroaryl, substituted
alkyl, substituted heterocyclyl, substituted aryl, substituted heteroaryl; and

Rs is selected from the group consisting of alkyl, heterocyclyl, substituted heterocyclyl,
and C;-Cs alkyl wherein

(a) one or two CH; is replaced by a group chosen from NH and N(alkyl);
(b) one or two CH; is replaced by O;

(c) one or two CH; is replaced by (C=0);

(d) two CH, are replaced by CH=CH or C=C; or

(e) any chemically stable combination of (a), (b) (c) and (d);
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and wherein from zero to three hydrogens is replaced by a substituent chosen from:

(a) halogen, hydroxy, cyano, loweralkylsulfonyl, loweralkylsulfonyloxy, amino,
loweralkylamino, diloweralkylamino, alkoxyamino, sulfonylamino, acylamino,

arylamino, loweralkoxy;

(b) heterocyclyl and heterocyclyl substituted with from one to three substituents
chosen from halogen, hydroxy, alkoxy, alkyl and alkoxycarbonyl,

(c) phenyl and phenyl substituted with from one to three substituents chosen from
halogen, hydroxy, alkoxy, alkyl, acylamino, cyano, carboxy, alkoxycarbonyl,
haloalkyl and heterocyclyl; and

(d) heteroaryl and heteroaryl substituted with from one to three substituents chosen
from halogen, hydroxy, alkoxy, alkyl and alkoxycarbonyl.
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