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Het er ocycl i ¢ Conpounds CROSS REFERENCE Thi s

application clains priority to U. S. Provisional
wo\REbiaEPs on Serial No. 61/046, 496, filed ApriPCRUS2008/082202

2008, the content of which is incorporated herein by

reference. 5BACKGROUND . Chermkl nes are a famly
of cytokines thaH@@mle QM} 8 and

transendot helial migration of |eukocytes during an
i mmune or i nflammat kayCR Nat .
| munol ., 2001, 2: 93f1¥‘&5§§§'£ ]?ﬁ%m Physi ol .
Regurhis hppiRefion &0 priiite tool).S. PARALenal &%pﬁ’ga)tlon Serial
Chenoki nes _al so re%ul ate T cells and B cells

Na.¢tl/Qos498k fled “avid 2hotA08gthe gaBtepigHtrhiplyisan¢asperpied herein by

re?e yelopment of | ynphopoietic and hemat opoi etic systems
Uebor et al., Biochem Pharmacol . , 2002, 63:1191).
Appr oxi mat el y 50 chenoki nes have been identified in

humans. They can be cl 0 4 subfam i es,
i.e., CXC, CX3C, CC, ﬁ%ég clﬁerm I nes, based on the

posi Chevmskinds akhe faansefl oyaskitassha irgigl dte sHedidassiat afdhe
N-termnal (Onuffer et al., Trends 15Phar rracol Sci .
traz@@@iot@@ah@@raﬂop@ leykoryigh dwing W@tmwrdlﬂ flarpREAOKY Feastion

(Nﬂcﬁa{r@q{ ajgd r%uh&e'zfoo?'f% @&%2% gtP o‘?fRe |. Integr.

protel n- coup receptors ( surtace.
C@hp ditgkiotl 200228 3:RE}. o hdndksias-also regulaate |‘famﬂie ranabB deXC

noki n s originally cloned fr mar . ow
A R SeContiioin S G HRm Lok S gRBAPRES s
he%%cﬂﬁﬁé%fc sfy%mQ "(Rﬁl%ﬂbrté%fal BBfB@hén% I(HB!hﬁDﬁédo*{ a%@og;? qg?/ b).
Apmbemlaﬁedy Ao nhﬁgolan@ hmb bb@tmdtmtd"mdoﬁ hhmﬁas oTimyaan best em

cI§ine] i PRy &1 gRC TSN L, St OstoRigRtns Fas upphe

pdsRionS of #@ Qﬂvnsea?\?edfc@stzﬁl)a resldees RIS NP LR tOﬁdﬂHﬂet 8N énds
SDF-1 is nedi ated by CXCR4 receptor. M ce | acking

Plgpracpl §ei. GRORA2 - 4xBpiToe bishesical dtnsapnseidermekiney azsnediated
b;Pt%Q{? b%ﬂ%ﬂ&'@éﬁ ARY! 8% ﬁlﬁg g%-gglvlé@ale&e {e@#?ﬁ?ﬁi’?ﬁ%o@ﬁ%@gﬂ

evel opnent
suBfaé’e 635; Ma et al., Proc. Natl. Acad. Sci., 1998,

95:9448; Zou e Nat ure, 1998, 393:595; et al
Pr ocStragg! Tdeﬂx\%éa@ctosé.(SDszoQar@@ﬂbﬁog §X C@b@ﬁ@&ﬁr neseftitr

ori naqw&%ﬁ%np BQMXHJ)\Q sttohdf ée‘ﬁtléeg’fan& founH €5 act as m§1rowth

arti‘cu in imune and centr nervous syste
faemdfdmso@aﬂmr lﬁlesld:sr(l\bﬁldkaa& tthe, Bej drimmosnoéc E3R801 8:306Dr

/2 on T | hocte though.initial intere
Siok el 1R sl ETTRRS S LaT mghl ARG Remtorictis sl oF s g
engg%ﬂéﬂgrég&l%ﬁ@éﬂﬁs (Bﬁ'uﬁéltl al ey, Blp. Md¥at1y9€,1849961; shd Gazzit et

.1t is now becom ng cl ear 't hat' CXCR4 recept or
alafty s 2804 28165e73)n bk physidlngiot Henctpat df ALY mmedlated by

ORI PHE L BRiah SIS Bk K e o R g b pp Bty
inbBhe AAZ3W- mRA6FIEiY B ¢dl IDRShERAEIY, RO EdrebtitahadvetopmtaRd

ant agoni st and an anti cancer drug act synergistically

(Nagasgmaret Bl tIN#grce 5 A8 02H Ma ehﬁéuP@CpN@ ¢ade Bgif>d 998,
03-SHKETLA L dtT RENEL A 08k, #3-505- BHKEM Broc. Natl. Acad. Sci., 2002,

99:7090). CXCR4 receptor is expressed broadly in a variety of tissues, particularly in
immune and central nervous systems, and has been described as the major co-receptor
for HIV-1/2 on T lymphocytes. Although initial interest in CXCR4 antagonism

focused on its potential application to AIDS treatment (Bleul et al., Nature, 1996,
1



10

15

20

25

Research 2007, 31:1553). Further, the CXCR4/ SDF-1

pat hway has been shown to be cr|t| cally involved in
W@ b@onggemer at i on of several tissue inj Uy #oletBUS2008/082202°"

Specifically, it has been found that the SDF-1 | evel

IS evated at an injured and CX itive
3Rl Sh R veRyo B it K SNG4 AR S et 5o imigived
inRKIRE aolobReHYIRGNS such as-EhélﬁnétBM%ﬂlhﬁﬁ‘ dsthnRR88din@ddr

the discovery that certain conpounds (1) are effective

metastaseh(Buckilgyettahel. andmng %)@Omk(eiﬁ@@F Reemtly.chkasdiceme
t d (2
rebGRRRR S ERg R i nep R Pl SRl

inBibdHeRhédIsudd @%ﬁtetﬁémﬁ@bbﬁldmwdmlz aticerid WhenLsgeehia
in conbination with 159 ranuloclﬁlrge col ony stlrrulatln

Resgerch rZOQb3¢slﬁ§3) |E11r61ﬁ@ thesQE ERA/IIPT 3 piathventhiap he@eﬂhamié,o be
B TROND S, kSR S L0 e

hds ®ast foane tiaf tHQ SIPIEl 1 Ueves isNlevaaclhut ah nijure&snaﬁhﬁi ZXCR4-positive
i ndependently, i.s Cl1 5 alkylene or deleted; mis 0, 1,
ce@s agtlvehy PasHCIpRfs in thei t§515: regpn@patl@g MOGe8s-1 or 2; RL is H,
C-C o alkyl, C3-C20 cycloal kyl, G -C20
het er ocycl oal kyl , aryl het er oaryl hal o, CN, OR,

cloER, OC(0)R C(0)R ~C(SVNMRRYor NRaRb; R2 1S lCl C10
N e

cfighied intinhidding thdbiGdingl betvadcki\WD F-CanC2hemgkiho@kdpptdrs (e.g.,

| oal kyl N R, .
CX%‘&%@ ﬁggéﬁ f%%?tgr%fnéi%) eg‘lﬁlil%}i( Syns@é?swg%éctéwts% %k}f» and
enddtheR @ée@ﬁt&%’&lls %Hfﬂiatloﬁ‘ r\)/lllen el & &ﬁ‘ﬁﬁihan&ﬁ%% a
OR, C(I[J%e, OC(0)R, C(O)R, 'C(0)NR Rf, NR Rf; or
gramlaz;fte}cabkyst@nalabwﬂ@d)rt(ﬁ -G0. car bon atorrs of the
o anenednoh it Bl RENS gorsOman e SE R 16Ru
attached and R4 1S P(=0) (&RACR), P(=0)(NHRg) (OR),
P(:O)(NRANR) S(=0) 20Rg o,tJ\S( =0) 2Rg; in which each of
Ra, Rb, Rc, Rd, Re, , d R, independently, is H,

OOoaIkyI,CSCZO G20

het er ocycl oal kyl , a ,_lee er qar;t 0) R, R being
H, Cl-C10 al ky, y& oal ky

het er ocycl oal k{ﬁ‘lp aryl, or heteroaryl; or Ra and Rb
are |inked and toget her form Cc2_8 al kyI ene, Re and Rd

Inahie fobrinnketaeinef @ agéUhie ICH or N Edvilcd thay hieloast oﬁanﬂQ Rhd U is
are |inked and tqgether for al ky d
Niggach P& X} iV RRGZ ol eReag%rttWerS én@%#’% ;d Eeﬁdeﬁéls R 34, or
N T d Y n t he
SR, ABEST RS oML TN UGB

hete{ﬁb{g@[dgi-lkyb,rarylchﬂ@fda@}ﬂ}al(alﬂi\l ©ORs COORy; OX(DIRS, COOIR.er 1 ]
Ry S B b L in i Bt
ar§1u B&%fotaiogtl est @4((33 Rekyi, c@t@nallﬁf szﬁeH&?{gE%E' Ng{zﬁﬁﬂtmcmkyl c30 Cao
cyalq@yqyl (w@%@templ@aﬂ(yy lor N(RR4); Rs, independently, is C1-Cio alkyl,
C;-Cy cycloalkyl, C-Cy heterocycloalkyl, aryl, heteroaryl, halo, CN, OR., COOR,,
OC(O)R., C(O)R., C(O)NRRy, or NRcR¢; or R3 is C;_s alkylene bonded to two carbon
atoms of the ring to which it is attached or C, g alkylene bonded to one carbon atom of

the ring to which it is attached; and R4 is P(=0)(OR;)(OR;), P(=O)(NHR,)(OR)),

P(=O)(NR)(NR;), S(=0),0R,, or S(=0),R,; in which each of Ry, Ry, Re, Ry, Re, Ry,
2
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C20 heterocycl oal kyl, aryl, or heteroaryl, or Re and
Rd are |inked and together formC4_ 6 al kyI ene; R3 is

W@10003318bkyl , C3- C8 cycl oal kyl, Cl-C8 het'8PIcyptmEb1098/082202°"

aryl heteroaryl, hal o, CN, (Re or C(O)NReRf; or R3

aw%%d%ﬂ‘fle%ﬁ& i EeC o O Ca sl h e bondog
hek@o&ifoafdN BATI, ﬁét&magfl rh@(a))m bl BLC L C-Coo

attached;” and R4 [err], [e I n anot
cyabpor,, C it Gioeiereenlorlbnl, raeﬂaaré@tetr@rzlo anumdﬂsRmretlméed and

f N
Btk Ot fkuicef. KR FE Dniema?Ogae B (28 fhsge. v,
an@rrdf afo 111!11&6%@@ rf(dg%fﬁelr Yorni 6, ClikPledd, oy ReBfd R[ ardl @ihRéEshd tBhether

1, 2, 4. or 5. nis 0, 1 or 2, RLis H Cl-C10

fogp@is alliziaﬁ‘m@zo cycl oal kyl, Cl1-C20 heterocycl oal kyl ,

Y GLeL0Rcohng: by (R opSREFRys § a?iﬁm%

C20 cycl oal kyl, G -C20 heterocycl oal kyl, aryl,

felatedr gds Wi X@LCH;L @19, Gk y - ClaptH QT Iaydpu@ostdrtmised
with Cfl C o al kyI CS C20 cycl oal kyl, C1-C20

het@r,agyelipal C10
°Tc3-'C20 cycl oa]il{l} tdglrzge y%llsoa(ﬁ_iﬂﬂml%ﬁyf%rz nis 1
orhlelRQFisQI&HWRz 1@@11%1 ut@limedmﬁd €X(,0r ReCHCNIR Ry or -
NReRf, or NRe or R3 1S C1 5 al kyl ene bonded to
é%liw@-ﬁtdb%wafc theds Hi ang Rads Em(?ama vl Co-Cap exsdondleyl. Ci-

r‘l@%@@?ﬁmﬁ 30T, PG CafRR L RR BT ol bR C

6 EGBYIGI@(RS @Sycl Gahlkyl C3Cl-§2Balket, ﬂlmyttﬂt@aéy*cjdalkww 1

hefirosy | bRt £ORORe BB NHRaPT BRI ORISR 0 carbon

at%,g Q% ‘%1,9 '?%fg tQ R)vh%(h‘lmszdﬁgeh éirbr\@}'a ﬁﬁk?lfe‘ﬁ;g lBochied!:t)@ ong{@arbgi? atom of

Rg and R epen
thakiky itq w@[bh@Zl@ atiyqﬂedadﬂd)m, is €= MO&@P@F@){@H)@EHWHQ
aryl, heteroayyl or -C(0)R, Rbeing H G -C10 al kyl,
C3- CZO cycl oaT‘ Ci,- C20 heterocycl oal kyl, aryl, or
het er oaryl ; r %) are |inked and together form
d

P@Q)@f@ﬂg Re and Rf’ ajrﬁg)zl | ﬁkedOZ@%fgg%tLbz fgim

CZ 81n51ablhy5f mpect this iRgeraiod rétateatecdmpduads afitic hbget foenula, in

whigh Chevar @ el VoS e Cragorovdeq ol FMP GO F e BoSab ot -
anH 7. %nd$ encgﬁla%l is CQ"%@)'}%ne of 8?@1'8@&'21%521 2 Qr4 C@'Seh%j(b 1Y01l B R,

or dele -CH2-: mis “nis

is R GlsClNHchl R2- st cmoakxdl QyCz@mﬂﬁ@DcIOln%lctflJ\d(rﬂe R@t)%roaeflgheflo

OO0 R LB GO B KT ER G B et e

ch @9@1651&{10 tvmzwéteroawbalkﬂr afEhefeRaiyl or Of-CRail F%ﬂdoﬂ%nally

are lin etherformC46akIene

Subﬁﬁt@daYlﬂWL C(DS’-l . eyehgarleglkyl. €1-C8 hh‘@f@i}’@‘@?ﬂ&’b ar RYRRa);

! h
R RS S ey, BN R era et o N hetcffor/Thalo.
CNj 08.,{@ORL,AC(IO)RE,C(@)RJCOINRIR (8 SRIGAOKR 8107 5 bikpitad
to one carbon atomof the ring to which it

bogpded; torfag caghpy atems of the ripg go yg(chm @@q?@ed or Clz s alkylene bonded
to §S| 8%%%{%{0 o g%%h; tg&h@l(l%%hza&l 1@1(15 @ %m'élo alkyl, Cs-

Cyo cycloalkyl, C,-Cy heterocycloalkyl, aryl, heteroaryl, OR,, COOR,, C(O)R,,
C(O)NRgR;, P(=O)(OR,)(OR;), P(FO)(NHR)(OR;), P(FO)(NRg)(NR;), S(=0),0R,,

or S(=0),Rg; in which each of Ry, Ry, Re, Ry, Re, Ry, Rg and R;, independently, is H,
3

C.__
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In still another aspect, this invention relates to
conpounds of the followng formula: NUZ" R2 NNNH

WORRIM3ISHS n this fornula, Uis CH or N 1"7Y"brezus2008/082202°
al kyl, C3-C20 cycl oal kyl, C1-C20 heterocycloalkyl

SR R R AN R AR
R'Beﬂn Pf),C Jclgralk%l %OG% lo&tkyICEO.c9 Kéfémc@oefﬁ%ﬂ aryl, or

cyc oal kyl erocycloal aryl eteroaryl,
hatabaryl: ONR. @R » @etiRked ambtogaiho) foam @(s@)l@éenecﬂoand?&me

R g e ST S S
alléi\i\%lklyd or RPhndPRAdrk Yinkaosidi thstted fotnk 0, Catk @ al kyl

C20 cycl oal kyl, Ci1-C20 heterocycloa ky
N( R, Fepjustriesargedi CDGJPQU%QSI@%’ Y3009 O BEG @farhkwlowcmg C20

el O TR e B T RRERY M P Y 4R o

delked ZaiskgHenen RANEX] ntio 1 bwo; R ais NI, ; &, 016, odlkyIhabstittgd
to which it is attached or C2_8 al kyl ene bonded to one
Bﬁbﬁgaton1of the ring to which it is attached; and
(Flepgtly R 29 if %ok KX 4
R lkyl
hetero F@al @P%ta%; ﬁﬁ d?I CP¥, é%%%gg%h(hoa v
CECa)drgloaliyl, @1®2Nﬁgﬂ§rqcyclnalkm1l atyl, Enéletercmﬁ'ylﬂan Rﬂnd Rcare linked

gt S0 aB RS Ryt O e 4080, Lo PR
he%ra;&gzcldag&ﬁ FQar Méterogié,l 1@6&)@& drbsi crgojNR ﬁ} -de R @tkyl

cycl oal kyl het erocycl oal kyl’, aryl, or
alkyd e wadyd to toro @db@rﬂﬂorﬂb 06Trhe ring i @diuczlmtﬁSta@g@lteld@rf Chorm

| i nked dt
g G B b Qedid SRR BGEAE ke
c2_8 alkylene or Rg and R are IlnkengQ@nd t oget her

form C2_8 al kyl ene. The jUSt descr|bedoébﬁp ﬂS<ﬂHy
one_or_nore of | owi ng f eat i SN Y

P DNaRn B fehib Iy WbatR R SR AL N ¥
21 e s NH2; R2is C1 5 aIkyI

56 OBst i fsu(fvél GIJ?FQ?FQ%I (B;PH ., -CH2CH2- N(ReRd) or

- CH2GHA Ao g ResRA)t thlsnnwtntloh r@tetes & ¢dngproinBRelof the @lloiiog

p al kyl, C3-C20 cycl oal kyl, 15C1-C20 heterocycl oal kyl
OHPY¥: or heteroaryl, or Re and Rd are |inked and
together form C4_6 alkylene; R3 is C1-C3 alkyl, C3-C8
cycl oal kyl, C1-C8 heterocyclqakaI aryl, heteroaryl
hal o, CN, ORe, or C(O)NReRf \FURS is Cl_2 al kyl ene
bonded to two carbon at P&ngzt .Rshich it is
attached or C2_5 al kyl éne gpﬁtd Ho dne Rarbon at om of
the ring to which |tRL§*a?t ¢ffed; and R4 is Hor Cl1-C3
al kyl optionally substitut'ed with 200Ry, CO2Rg, NRgRi,
P(=0) (ORg) (OR,), P(=0) (NHRg) (OR, ), P(=0) (NRg) (NR,),

In$his G20y .U BrCIS0=0), 2Ry CH(HO u\ﬂkyt; [ORY: £:Y™ bydlkﬁallag apd,R
|ndependently, is H Cl- al kyl cycl oal kyl ,

steroqztpaiet eiple PERSEPRY: ea&h 911 Y aﬁé?ern@smden s @(oalhylene
or%et%?édqgnﬁo @i@lg ﬁjquﬁlls OC‘}3 @O Cyl@']? ale inczo

het erocycloa1 aryl, eteroar
cyatoallyil,r{keCho émtfbrdogglehlkglr af;d,rhnt@iiar&l ahloyCNn OR.2600Rs1 i | |

O@@tl?geqi a,nng})m% % %E r}s rc?'c% gllzyl % %%g.gyclfoaqlgylo&-
Cyo heterocycloalkyl, aryl, heteroaryl, or C;-Cj alkyl, optionally substituted with C;-
Cyo alkyl, C5-Cy cycloalkyl, C;-Cy heterocycloalkyl, or N(RcRq); Rs is C;-Cy alkyl,
C;-Cy cycloalkyl, C-Cy heterocycloalkyl, aryl, heteroaryl, halo, CN, OR., COOR,,
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¥ NN HNJ, (R3)rnH N ZR2 5 In this fornmula,
each of Qand Uis N or CH provided at |east one of

wae b@niiss9eN, each 300f Y and Z, i ndependelfrsy " "Per/082088/082202°"

al kyl ene or deleted; mis 0, 1, 2, 3, 4, or 5, nis O,

o el Rl hs RN 12 B RS ge hy aron
até#R& of HEHRS to gﬁ(&l)l&% atfeE R Cz%ﬁl}lmﬁ@ Bgmde‘arto WRaERbofBtom of
1S C1- C10 "al kyl - C20 cycloal kyl, C1-

thheng toehishaais klytacheé;r and Rhiete Codiy klkyb Cs@ze cyaoakdy€-Cao

e GRRT, RS UT0 R R R e SE QIR i

caBB ol R, @y ﬁ} @{d,aRKRf, R Qird@z Oingypehealtkyls, H Qll @%QtlkéQ Cs-Cyo
heteroc , heteroaryl ha
cé&@)hp@roc@em |, agidtmond o5 rCQQ-'}RRR being IR0
L
a@’@m Rt %“‘CW&%&%P A Aol BERE AR, are

linkad laodh ok thier ﬂfrmt(hzeg aﬂty‘lgnd; [: 88 \aiiki Rh aﬂethmksd aﬂid @bt form C, g
whi ch_each_of C Re,
alkylensy BaghRr §1e 11|11§€q_fmdd0g@h%‘r ffgg IQ@ |alky&§31_ecgd{g and R; are linked

g}{g l{cgllmc Rubeterocycloal kyl, aryl, heteroaryl,
o é%?é eﬁ% "M cl-Cl0 alkyl, C3-C20 cycl oal kyl .

C| e Jhsitcésudgadl ooaipk)ylhds raayyhave@ne benmrenaﬁtjab folwiRa

et 1ENe Y s o Aot OOE bt I 5B s v enEs b
cy@oh@ﬂﬂ R isaN1@,; Rﬁi‘@ﬁj s ARG %@Qﬁ{ﬂé@ rI\I(RCORJ)" %TECI@J@‘PH ﬁ(I@CRd) or

he JUSt descri b Conpoun S may have one or nor
qfh@H‘z@HthﬁRﬁ%d)l@fVé}aﬁmRe§ Hind By N; CiYCiomlkytH2s-0ro cycloalkyl

cdgleted: 7 is G- mis O 1 s 1 ;
CPEiEToef b e op BiirSuslyof Re € Rty e, B form
W&RM&RR@} amyl @@Qﬁ@b&yl r@(lR:ngﬁaerowucym}q harfA,
|s Hand Rd is d - al kyl, C3-C20 cycl oal kyl, GCi-C20
hepaspay baglor 63h R, oraG(;Q)N > ReResdaryilkylene trndechie twa carbon

t

oL B RN, A L A 5 m o
tha hylg to Wwaichrivia whched%dfw i® H &N - Qﬁkylwptleﬁﬂ)yf\ﬁ,baﬁmtedrwnh

1S CL 2 alk ne rbon atons of the
0%.&94&3 WA O Rl Rer a0 BB BBy ERB bontb

, 688 RL AWRichleBh &6 I@ ﬂdq{lv‘fﬂ'd béntySis H, C;-C
att)ac 60), ®n still anot %r asp egl{bn T ySlS e

alkﬁv@ﬁﬂlzmyclroallazﬂ €5-Cn hewmwulmd&ybfar}ﬂﬂmtérodlﬂyb\m AY(O)R, R being
H,]c 8{-81{](} a"i‘kyl,2 ég-&ol\cltyléioalkyl, C1-Cyo heterocycloalkyl, aryl, or heteroaryl; or R,
and R; are linked and together form C,_s alkylene.

In still another aspect, this invention relates to compounds of the following

formula:

Ri

r/\ /k.éi\ ~Y.
HN ) R H \QZ,H\RZ

2

In this formula, each of Q and U is N or CH, provided at least one of them is N; each
of Y and Z, independently, is C,_s alkylene or deleted; mis 0, 1,2, 3,4,0r5; nis 0, 1

5
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H HN1 2N 5 Inthe formula, each of Qand Uis N

or CH provided at | east one of themis N each of W
wOQoow13esl Z, i ndependently, is CL 5 al KVfBH& "eeT/US2008/082202°

deleted; mis 0, 1, 2, 3, 4, or 5, nis 0, 1 or 2; Rl

is H G -ClO , C3-C20 lkyl, G -C20
Oflr?zﬁ‘éﬂ%‘gy& A %ﬁhy&fa%/q CYCfPé{@l{ ggoéqo%‘%ﬁa‘?céfclo%yl &,
hetdrbdi1, %@NR@Ra,Cé DR, OE(@RY af (OYRRER;, RRIRLR,; R is
30pi peridin-I-yl, (bicyclo[?2.2. heptan | )am no,

Ci¢ Ewcﬂllgﬂéiycmh@lam@h]mdjzo @Qteg)cycloalkyl aryl heteroaryl or C;-Cyo

B R Bl RET et Ll B b s BBty G ol

he@ro@%ﬂ@ﬂ Eterﬂf(RQR a&ﬂw(éﬂ(ago 1)s g:rel;@ 10 ah{% gggkc?% )t%c;lo%%&loﬁ

hetggoayslagtkys, Yl ¢té1iﬁ?éf&tbdr@é£bd3 & Q%eb&ﬁ?(@ﬁ%ﬂﬁ(@met he
C({d&“@{ﬁ % ERﬁ]’?s -5 ?ﬁg&% bg)'ild%%esmf’al cﬁygoﬁrﬁ?orgggfdtﬁg ring

toattietch ékttaahell dRAC 1 saltylerd bobad&d '@l de¢l cartiod-afe2l of the ring to which
cycl oal kyl, Cl1-C20 het er ocycl oal kyl

) aryl, heteroaryl

it Sfaciodorgihieh o3 Tor Ret) RIgi 41y PR dEabin oh: RaCro

B T BRSO TSRS it b S . R beine
Ha€ (), diletl o€ 0@sadycloalkyt, C(l@thethdwclnglkﬁ afyl- c@lﬁteﬂbdryll, or R,
oo SRR S e TR B P i Ry Sh Gt fStether

fohﬁfo‘pg Qﬁcﬁenal SYRERR, Rfare ﬁﬂ@d%ﬁd @Jg%tﬂek mﬁeﬁpcﬁmkﬁ@&et her

form C2°8 al kyl ene, Rg and are |inked and
t ogeThﬁemstfctwmt@Q csn@bklsdsen@ have one o merg efsthe ddbovinged

e @RISR T LR S Ee0g B Putup b 'GP B Db

NPL,IBz is @Qamyl sipefued NR R§) e ng@HQCIW N%RAQ &HZC}I%HZGBIZ-
is 1 or 2; NH2; and 1S C1-C3

N R @@Lc@ces/@a@éﬂm cl 1o B -GS aIGT Crar y1

het&feréélr en'jelégJ L& éép]%etg\la car %d g% QQGNﬁbkf'é)E ¢ ﬁcg{orgfeRﬁha% focg& ]C4'6

allflewd) Ris tis CﬁC@hlk&t; lﬁﬁmgmycml-k@ &l Wy leneobeihdéd 1 taylohéeroaryl,
ar hon atom f the rin ch it is attached. The
halQy (G QiR o1 COBYRRS qr s §a¥@#&1@%ﬂb%}deéﬁgmw&%awms of

tht HAE 3 wRlchBf R7 40P Y dEIRCRAOBELJR EDYe cad

- Cl-g CH:(%HZ,1 or Q‘gganc%g %3 (%g tererr? g(ﬁh m

torvefigr & it taahali; val ent or mul ti vaI ent, saturat ed or
unsaltn {lﬁ anot’hellr ells%gc thls 1nV Jflon relates %0 compounds of the following

formula:

Ry

Ay

Q
(\ )\ )\ AL
Ro M \CL NOR
ResyNaor? 7 zNw

2

In the formula, each of Q and U is N or CH, provided at least one of them is N; each
of W, X, Y, and Z, independently, is C,_s alkylene or deleted; mis 0, 1,2, 3,4, 0r 5;n
is 0, 1 or 2; R, is H, C,-Cy alkyl, C5-Cy cycloalkyl, C,-Cy heterocycloalkyl, aryl,
heteroaryl, halo, CN, OR,, COOR,, OC(O)R,, C(O)R,, C(O)NR,Ry, or NR,Ry; R i
piperidin-1-yl, (bicyclo[2.2.1]heptanyl)amino, (cyclohexylmethyl)amino, (2,3-
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branched hydrocarbon noiety, such as -CH2-,-CH2CH2-,5
- | CHeCHeCH2 -C H2-CH-C H2 - 5 or -CH=CH-. The term

non-aronatic, nmonocyclic, bicyclic, tricyclic, or

: I 2 rb h I l
bRk S5 R TRl S e B R VEL 2 .
C,oR§EIBEIRGY €, 28], Ké/tkrocj?&&ﬁkﬁ 491, %e&?da‘r'ﬂ?laﬁaﬁg ON, OR., COOR.,

unSaturated, non-aromati’c, fronocyclic, bi cyclic,

OC(@)RchIQ)Re,dE(Q)éIBr BeptNReRarof Bt i (Pna\mlh'y@;emr’c@nmd fedwe carbon
. et
syl B PERGRTENTIRAY R Bpenglayianlo b b3HEN D gprbon atom of

thé ehgtewhikhat Igmg&féarmmm R Y-AWIkRD (RIS 8Ycld@ke, C-Cao
aromatic rings. nples of aryl noieties 30|nclude

h%@wﬂoa@@ﬁ)ﬂﬂph@ﬁgﬂlﬁ@ﬁ&Rﬁm@KyIC(Oﬁ%p ﬁwm&g&, in which
yl I
ARy LR R RORRIOLD W, T LB oyt

ClaCQ)Imter@cyrcldaQ@l talnyn hcaéma@ll ror aC(G))%th b@mthet-ejﬁ@ﬂkﬂnCs Co
npl es of heteroaryl noieties
Cycmﬁwb@lf% ;hﬁterqcupwléﬁb af}flI UrEFRATYL: BY Re S14/Re are pinkerpnd
tog C, A BA0! ] andt’li 82 RhRed:a HX&ée@IYCYIr forgy 13 L Rbexd or
ui nazo |nyI qui ho ;I lsquIno and in il
Rg%d@ﬂ,meﬂmmwhanéunﬁﬂmkﬁahkgigMhﬁbmaocycloaIkyI aryl,
and hetero nti oned herein include both .
bR S R hEBSR R TDR ST BOT BEre hfhg Gllowing
fe%?e%' U'l?ﬂl &tibee .- SECH%:LH@%S ot bb |, GRS T VRN deleted; Z is -

cycl oal kyl, heterocycloal kyl, ary and het eroaryl
CHneMige, but are not limted to, Cl- C10 al kyl, C2-C10

@J’;ﬁ?ﬁ%al% é‘ny?g& 18 %%&@%@’é@ﬁ yﬁélkeabkgkyl gocg §Ralkyl,

Chegﬁﬁeﬁwﬁﬂ&ﬂkhemylIwéﬁmﬁmOhﬁbNQXMDRQ&HKXOﬁﬂRQQNMTQ1sC12
het er oaryl, heteroaryl oxy, am no, Cl-Cl0 al kyl am no,

aligylens pdad g WJI cphaRcitors Of theirme 1o ginighyif ritaghed or Co.s
| | t hi o,
al@}%q@{]dﬁi(ta sul f)br?% al?érgpgﬁﬁ]e ﬁgonﬁlhgﬂaﬁﬁ %tr%c%egi?‘r Y '

am nbactgim ahymmb%nﬂaawmmnaﬁidmneamgmanmdmﬁeubumehab

cyano, nitro, t hi oacy cyloxy boxyl , and
hY@aqoaaaPyIm@e@swﬁ s o ottt Chg bldgshed 6. The form

Seb LUERYS 2 Aok ¥ mBRHaRhK ¥h@PEd (Hrcdngﬁﬁra?édl hﬁéartop e

a ove-recited substituents except Q -

al kenyl , and C2-C10 al kynyl . COrelyoal kyI

heteroc cl oal kyl, aryl, and heteLoaryI can al sio-Che—
brapehe shorEiethtsHe 25 -CHr, The cBiSithas” descr i bed

above lnclude|the conpounds thensel ves, as well as
CHNEHJCISA) WHzﬁﬁddfzug%r -@HECEP] T8t esm 1c§claﬂﬁyll”eaﬂéIseto aA

salt, for exa can be fornmed between an ani on and

sagrgied pE mﬁétuyat@ alpgeﬂ@org@ttpu propecyslic, kigyahis) triskiclee. ebtepaciedic
hIaﬁ%I a0 s o BN ena P T Alien b PEAEr AR T o

heteesiyoki ky 1 Cicforaitoe sanEhiod0esuafuoaad ,Laon-aromatic, rnonocychc
trlfluoroacetate cetate nal ate, tosy Iate tartrz
1FXﬁI1ﬁr%IC@C Gy PLCHAGICHC My BRYAS RS of %le’feaft“ég heseragigmade g’ N,

n er
%\Renﬁlcﬁ Ak 9:te Hfﬁamﬁgﬁagyﬁoe%gk raft l (ORA to a

en a catio vely arge group ( ,
h}cdmdad)qnl nadiely haming ome wp owonel aﬂmmann glnga eEJ_&ﬁTnpl_tmofadml\/tametles

formul as i table cat s in u e sodi umion,
ing S0 B R PSS eR T o PR Glec B . dd
plﬁﬁﬂﬁﬂﬂy‘y MTRSGR Al AFerk & & ﬁ{&étiﬂ }Ih\ﬁﬁgﬁﬂé Sitnb R hrorh e

conpounds al so include those salts
rings that contain at least one heteroatom (e.g., N, O, or S). Examples of heteroaryl

7

refers to a saturated or UN€EY(FecBUS2008/082202°]



10

15

20

25

30

contai ning quaternary nitrogen atons. Exanpl es of
prodrugs include esters and ot her pharnaceutlcally

waewepsbs e derivatives, which, upon adi"ATSt Fed/os2008082202°!
a subj ect, are capable of prOV|d|ng active conpounds

A sol f f bet
QSR s Y o K s BT b TV BBY S B EoBs: Do
thﬁ&@lgp g?ﬁdﬁf pRRNRTBAEMLERN] é{ulﬁ&?? Qstoaﬁinslﬁ thfﬁﬁbﬁﬂ

e fer, ethanol, isopropandl, eth acet at e,
ac etA\létyla@llwlenanwcaaﬂarh,diemmloalkyl aryll m qt¢rbarahmtehtecrned
t.hi t

hef R ER D PG B S i Ro B R @krgieified ofpenise.
Pc@@lble”ﬁub@nﬁatts)éﬁ/cmoalmmerdtmw zﬁyl dey rétefREBM idilude! but

degenerative disease, a tissue in or cancer. The

argrpetgaitediol Geréso dlirh ﬁuﬁ@%lkﬁg’l,t%z 1ogithynab CsiGro ﬁ)éfé@ialkyl Cs-

f
L o R R L
argh alfyﬁmiyehd:téle)dryb,)heﬁerba?rgﬁ)b(y,CHmmy,S@ﬁ@]ocalk}&atﬁne Or- C20
5chronic i nfl ammati on. IHS?}J' es incl ude retinopat 131/10

diglkylgmingyagfiaming. diarvlaainat mdrand halegens §ioaCinfeao Byl
e

ar i APl iy e P T oy TR B Amie B Y L: arminothiocy!

armdmoagmandchnemnmldo Syany, nitog Ry, thmcylom}dong ca/thexyll artdi s,

ut a uliti er.sen IVI uI|t
oS RE B 1T i sther Hend ¥BRYRE SR Rt parRd gy oliStons
mémae §1@§f e @Bbvé-ﬁécft&ﬁﬁibhﬁﬂuéﬁts ckdtbl @wf ka @9@?& alkenyl, and
di seases (e. 10Crohn' s di sease and ulcerative

Ce6liakayl. qudeerlkjelnhcrtcnovmlqalkylng‘yb iane hstera(yd can also be fused
WIE%E Cl’hS nsitivity pneunonitis, eosinophilic pneunonia,
aa etype hypersen3|t|V|ty interstitial lung
di seﬂ&eco&ﬂ hds dedtopaitddoGe el fids donhpdah@sihemsélnek, hd-Well
associated with rheunmatoid arthritis macul ar edens,
asdBeinsALS. RIAArUEH.| a8 §p watchi hrrnlisablan A sehhifes cemaplgswnibs formed

{
AT B o I Bl L RTRORD P i
orcf tlaadboivanfarnmlai Saislds afiengincludbehivaido) domidchiodides sulfate,

nl&;‘g;éh%téﬁh? ea gfi g{‘yfl; %ﬁeﬁwg}éﬁ%o%r]iegglgfuggos’aﬁgt% etP Qc%ga}%é %’al'iate tosylate,

ta @l QTR HELARE Bfﬂl’fa{rﬁdté 1@6&&1&@“&%@&& %’hﬁéuq{et 'aﬁd m@EEﬂé' PSkMse, a
spondyli1ti$; syst eng1 c sclerosis, tiple
safichepiss ibs fomwdlheewmdt @hooanda negaltlanhmhangyd gdiosip dses

cob Gl B G SRR G & sBTOETRY Sieblbgesans

in8ILa &ocﬁﬁh@&r{ ip@RssihMGhbt Fhdp@ e, %fafcu[n@h&f? hh®8h adRdnium
graft- ver sus- host di sease) Sj ogren's syndroms and

cagawchi Wmm%hylémmymw jonu < hierspappests. also include those salts
vel o nt al seases ar vvth or . differentiatio
copBt £ AU RL g S0P Bt Sudbgple [RLAT R A other
plﬂﬁhﬁbeaflcafllymébé}ﬁible Begenesa iy, dpsranesisgenl @l d subject, are
refer to 25change of a tissue to a |ower or |ess
capglle of BioxIdinsHRGHAVe CRBRPILL. &f SoAvadeiaders vk perapley formed
be Q&naqlra%hbé[ 808%&51@%%? ﬁ)(ﬁlaHgaece@tlg&ll? ?etp@a%lé%%n@rExamples of
egeneration or neal neovascul ar Ir
phaeoy@aticd| Braczgitatda solsgitniakc]uau mwrmthatorl apdpyopaul; behiyhe
nmuscul ar dyst r(g Ey Par ki nson' s di sease, and
acpfab afsiisacld, gREeiawlantingsye i njuri es can be caused by

oXi dlﬁts'tlﬂ%n%&e%ge&teth% invérntol eMhARs [cﬁ@ﬁfefﬂéﬁ'f@ﬂréa@ln%tarrﬂé@cal
or myocardial 30infarction), conplement activation,

cogdﬁufon relefed ¢o CX;R4; lvechi fcsainsni(langl,atorjabx:mmuna hshased
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i ver damage or nucosal tissue injuries in cancer
therapy), viral infection (e.qg., glonerular injuries

was®oasaved with hepatitis C infection), 879" hectasiooss2202”

forces (e.g., sports injury). Exanples of tissue
uries in Iude braj.n i njur nerve injury, heart
quﬁﬂann a CRETARAY éilsegﬁee PSS FHISEI98 fCtr The wrdndy
leﬁH@&%mlR@féﬁhg@d b Gutdj &t W Need! tHOSof 43 éffe\étlvél&hé‘uﬂt R BhY or more
i schem a, silent ischem a, cardiac ischem a, and
Coga@lun@ﬂ oftfernilal) shewicbdwej ury. Cancer is a class of

o S I s B MRl oy AR e aggebt v

chegid iﬂﬂaﬁﬁnzﬁ{b@r Bxheilct esklige reampathy (ergoldlaf&ﬁatdtﬂlgpaﬁy bnd
growt h and sonetines tunor netastasis. Exanpl es of

prelfseadive retiopailiz), IHlamEaterhdrmpioges @ - tdsTmetiise P76, HARIC
d%&ﬁtﬁﬁ%ﬂ&g&%ﬁ&c SUKEITL & ri@liG O&%ﬁotmﬂng(&@aﬁﬁﬁf’é{&aneous
e, ovdrian ca I N cancer,
Vatsaﬂitlsphbrpafseﬁﬁﬁﬁ@f vasgaftist easimphilRrmy@aig pelginyosidancer ,
renal cancer, breast_.cancer, prostate col orectal

derpatorepitis.cand ceringphilie Fgciztivg lﬁﬂ%lramammvv%lameéres (e.g.,

CloRAR *El?s%ﬁ%' and YN&Edtive %Eﬁ'% %ﬁﬁﬁvnﬁ%g ra@eas%@ (. C al
cancer ung cancer S cancer netrl

h}@anemiuwt}ammphmnymg@minophmc PNEUINiy, @Myedrrtymdp@brsensitivity,

._can lon C er kldne cance hyroid _cancer

infe 2l S Rleers (AR atiopaa PHITHABD BRrobRRHEMA LA e g with

rh§1hﬂ1§t01dparﬁ1¥f@ﬂsﬁ %achﬁr B&Sth, @fthinh earﬂba%é%séjﬁﬁﬁrﬁb bed _
treat ment can al so be concurrently Ibadm nistered with
an ehf gomuvedaemait chafacemizedby v ihgpirepehpoychdton of the

._conmpounds scri bed ffective anou

ing ARGV, A3 TR T o Rl B i AR B o e

rha@aitbil dritgitiydRodiate &8iritisasystcatiolupak eBithemdteyus Shpisaicdrl
antl-lnflannatogé dru a chenot herapeutic agent, an

grayisi Tyaadidbgeise sicditny meralowtgltrsnw@mr@rne throiditis,

an!lr%gfé% %g i g&ﬂﬁrhﬁ ﬁ%&%rgﬁc %’ﬂe{%{% LR It 595151%9115)5‘ QA8 and chronic

n I MUNGsUppPressi ve
inflg@niatore d@eases g O pERAiiO enaﬁ}lylaEmr orél&péfpérsltlvﬁnyeespaﬂsdssﬁug
a conbi nati.on of a conpound. of. thi.s i nvention and a
al@r%%t%@?téﬁ%ﬁﬁ%rg%e&r{? f%ethealrwlegr%eqﬂggmé rﬁﬁeﬁwn and graft-
r
Ol o) SERRARsy o R i B EmmiNd ORtnRling
infeetign., acute nyeloid | eukenmi a and acute | ynphobl astic

*ChoTDETRE T e Eh 5T M OAR DT CERRL BBl

1eamror1@yy Sofnéid GhamhehahGithécasantc &@@hsédwgerﬁelﬂu&lréfer to
these cancer cells, thereby resulting in enhanced

changefiretitsuefo alower ot ksss fuppitidnediforeifixgniptasred atsipvelppmental or
gy AR R GE0ES e WO BRI GLRENEL GpgRpound
- ogen used

ndo0@RtREkatidnt hqsaleah@a@raﬁ@rtmesﬁmal nAG@eilhs atmyhg,rm@cslenne
treatment effect. As another exanple, one can use a

MRS Gﬁﬂrqprly,t%ﬂsmsow disppamendAlzsmengissase. Tissue mjuries can
I t

AL RS SRl e Bl SRR o

mf}mctnma,l congpharast ubtaraltlzsa,t drofft rejeutiony ¢1&mlcals (e.g., alcohol-induced

neovascularlzatlon G CSF.is a h op0|e c gr wt h
IR QL GFEq HATUELR i BTN GRE ErPOv T Sror e
gl&‘fﬁbltu?armﬁgﬁgs £8bdiSted %ltﬁhﬁp&itﬁ% AREYIohS, 228 %{gchétﬁca"i‘ f&iﬁé@(e g.,

I nhi bits cancer cel rowth or a cytotoxic agent
SpArts aqy). aEgamrgem@fstrssufalglwtes iicledechraig 1hjlet nevyafigngy, heast
therapeutical effects via inhibiting the angi ogenesis
process. Exanples of angi oggnesis agents include, but
are not limted to, Avastin, Lucentis, Sunitinib, and

Sorafenib. The term' concurrently adnrnlstered refers

to adm nistering two or nore 5active agents at the

same time or at different tinmes during the period of
treatnent Am exanple of concurrent adnrnlstratlon |s

a - o o o Y 4 M
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m gration of bone marrow derived cells to blood. The
nmet hod i ncl udes adm nistering 10to a subject in need

wa bepadisomn ef f ective anount of one or rPEYEbrEDUALIEs/082202

of formula (1) shown above. The term "bone

) rrarrow- erlve%? | s" refers t(ﬁlﬁcgills ori |na1in91 E
ingoy dveRd4iarege %ﬁ%lf@é“ ANYELEIIRSY ARnagfe PRUSERUCANINYY, [ung
1njig%|sHQ1anlthhnﬁf iScH@fia,|silEhtiQRh kP, B Hs@G@hlis apdd CD

S

+ cells. Preferrabl y, bone marrow derived cells are
gastreintesahdl sragiinpmylot hel i al progenitor cells. In th| s
an effec

h f
may Gies Be S AT AR AMiGRh a b e nl b g or

aultdhoRituk @Fowh, iBe. CANIABIhAI 8Pt C/ oRtiMioN GhHeteBred B @pfaly
t he conpounds and a pharnmaceutical ly acceptabl e

prebifcratae cal servthaad é@@@t@newn@g actastapise dixprglea af cancers
mé'1'88é/ BuHERGHok ﬁ%ﬂe c&r% no&%rh%dtshl%ﬁmagﬂ& &J]gulye%ﬁa sarc?;Hl%'Q

nposi ti ufacture ment
ostda)earjcmﬁ -lp@phoraae dleﬂerneﬁta[’revﬁrlan cafkcethkindehadr stfulanancer,
or. nore enbodi ments of the invention are set forth in
23pHIe GREErRIBETCHC FRICHITCIRE FrECCT Bigpecaacer gl peeie sologsripl

cagg&a%@&e&f Hehd LiEnd RVEQH Q cé’f" és'opP%E%pd%ﬁEé‘%”lBla d %‘ié&?

escription an romthecalrrs ED' DESCRI PTI
adstmahworbedl @an@r duex emobla b;onchxmmnnﬂsendo(mfnmh raiscet,- 15 O
of thls |nvent|on ..........

Nl kid N
na,gﬂ? 1T {GERA @ancer,.ger\zlc%\or m_}c ca@cﬂ coldn cancer, kidney cancer,

A subJ ect n need of the above-described treatrnent can also be concurrently
administered with an effective amount of one of the heterocyclic compounds
described above and an effective amound of one or more other therapeutic agents.
The therapeutic agents include a G-CSF, a steroidal or a non-steroidal anti-
inflammatory drug, a chemotherapeutic agent, an anti-angiogenesis agent, a COX2
inhibitor, a leukotriene receptor inhibitor, a prostaglandin modulator, a TNF
modulator, and an immunosuppressive agent (e.g., cyclosporine A). For example, one
can use a combination of a compound of this invention and a chemotherapeutic agent
to treat cancers, either hematological cancer or solid cancer. Without being bound by
theory, in treating hematological cancer (e.g., acute myeloid leukemia and acute
lymphoblastic leukemia), the heterocyclic compound acts as a “‘chemosensitizer” to
mobilize cancer cells from bone marrow and the chemotherapeutic agent and then
kills these cancer cells, thereby resulting in enhanced treatment effect. Also, without
being bound by theory, in treating solid cancer, the heterocyclic compound acts as an
anti-angiogenesis agent, and, when used together with a chemotherapeutic agent,
enhances treatment effect. As another example, one can use a compound of this
invention and another anti-agiogenesis agent to treat retinopathy, age-related macular
degeneration, macular edema, corneal neovascularization, or iris neovascularization.
G-CSF is a haematopoietic growth factor that stimulates the bone marrow to produce

more white blood cells. A chemotherapeutic agent is a drug that inhibits cancer cell

10
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therapeutical effects via inhibiting the angiogenesis process. Examples of
angiogenesis agents include, but are not limited to, Avastin, Lucentis, Sunitinib, and
Sorafenib. The term “concurrently administered” refers to administering two or more
active agents at the same time or at different times during the period of treatment. An
example of concurrent administration is to apply a solid or liquid mixture of the two
or more active agents to a patient.

In yet another aspect, this invention relates to a method for enhancing
migration of bone marrow-derived cells to blood. The method includes administering
to a subject in need thereof an effective amount of one or more compounds of formula
(I) shown above. The term “bone marrow-derived cells” refers to cells originating
from bone marrow. Examples of bone marrow-derived cells include, but are not
limited to, CD34+ cells and CD133+ cells. Preferrably, bone marrow-derived cells
are stem cells or endothelial progenitor cells. In this method, an effective amount of a
G-CSF growth factor may also be used.

Also within the scope of this invention is a composition containing one or
more of the compounds and a pharmaceutically acceptable carrier described above for
use in treating an above-described medical condition, and the use of such a
composition for the manufacture of a medicament for the just-mentioned treatment.

The details of one or more embodiments of the invention are set forth in the
description below. Other features, objects, and advantages of the invention will be

apparent from the description and from the claims.

11



Compound 49Conpound 50 Conpound 61Conpound 62 , NLH2
NN OrN N N O Conpound 79 NH2 N Et0. N N EtO Corrpound
W@09/131502 N Attomey’s Lpe/1$2008/082202 '

DETAILED DESCRIPTION

Shown below are exemplary compounds, compounds 1-150, of this invention:

NH, NH,
f e
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X )\ A,
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Compound 1 \O Et Compound 2
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Ho-P. N h O\,N N (\N N O\/H H
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EtO_F}\/\/N H N\/\/N\O HO_F,)\/\/Nr H NN
OEt on \O
HN” 0 Compound 91 HN” Y0 Compound 92
K P
2
)\ NH2
g )
x> “, |
2 Y ONTNTNT O\,H H o Y\NJ\\N)\N/"" ! ’
EtO c,)Et/\/N\H N\/\/N\O HO_E);E/\/N\l) H N~N
Compound 93 Compound 94 [j
NHz NH,
b o
X ‘1, X I g
_g (NN H/ O\/H H 0 (\N)\N)\N/"' H H
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wore@ofi3eseB i n vari ous manners to prepare
For exanpl e,
different {rom conpound (2) nay be used,
can be replaced by an |n1d
d. As anot her
15shown_j r

'8 bt ai n phasphenat e coﬁ%ﬁund (7§ 6r

Schene | can be
‘BAEr "eonpsnsies2202”
an am no conpound
pi perazi ne
|d|ne or
L0,
c ene \/mL
or ph OPoh,Qomd%zaC '

exanpl

BN
N H/\() H H
N~ N

Compound 108

NH,

.
el
O_('F?\/\/N /\() N\/\/N

Compound 110

Z

1S

Compound 116



Schenme Il R 00.r1L-ORd 6Rd
Rd is d-C10 al kyl]
WO 2009/131598
NH,
Z N
(N \NJ\N

(\N/\/N\) H/\O"',/H\/\/H\/O
O\) Compound 117

NH,

f K,

o/\/

Compound 119 t@
NH,

Nf
(\N/\/N /\() 2 /N\/\/N
Compound 121 \E@

-)( is NH

Attormey’s Lp o 1/17$2008/082202°

|
(N \NJ\N H H
HN H b NN
Compound 118 %

NH,

L

N N
/\O/\/'\Q H/\O”':/H\/\/H

@)
(N \NJ\H H H
/\/N\) e NN

HO

Compound 120 %
NH,

Compound 122
NH,
Z N

|
N )\

" N H\/@
HO/\/N ,,/N\/\/N

N~ (NN H/\O H H
/\O/\/N o, /N\/\/N (\N/\/N\) n NN

Compound 125

O

&

L.
J

=
|
(\N \NJ\N/\O " "
H
/\O/\/N\) ',,,/N\/\/N\Q

Compound 129

|
(\N \N)\N H H
HO_~ NS H b Ne~_N
O (7 D

Compound 131

19

|
OOy
HO/\/N\) ':,,/N\/\/N\O

Compound 128

Compound 130

NH
Z N

e
OO
Ho N o, NN

Compound 132



6 21 A conpound thus synthesized can be purified
by a met hod such as col unm chr omat ogr aphy,

woe@bAaprsessure |iquid chromat ography,
recrystallization.

orAtomey’s Lp or/11$2008/082202°!

Exanpl es 1-150 bel ow

provi de detail ed descriptions of the prgparation of

J nternedi at es

5Conpoujids 1-150 of this invention.
used_i § ¥ he methods described abovegr
co ctall Y avai | ah

Th
e or can hg-pmepar ﬁm,eﬁbedgj/

known in the~ait.” The nethods may al so additionally
i ncl ude stepsgeither before or after tHe %Y Ehs

descri bed specifically herein,

sui tabl e

ﬁotecting groups in order to

to add onuyenove

i mately

10al | g i\ (s of the conpounds. dd, n,
yar,i\c/m/\\sﬁN s&n&ﬁiﬁﬂ,g/ﬁs&ggg/nay be(p@r\wrl{jmﬁed i“m",./n\/\/“\l/

alternate sequence

or order toogive the desired
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ngancgﬂe, thokel gbseribdd i n R Lar bok, "COmit dhdhsivi D

gani ¢ 15Transformati ons,
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John Wley and Sons (1995) q{ggp usnﬁ
fereot 20The conpounds nentioned herein may
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Also within the scope of this invention is a

phar maceuti cal conposition 25containing an effective
waewansises at | east one conpound descri BEI"YHreT/Es1081082202°

phar maceut i cal acceptable carrier. Further, this

I nveption cov a. net adm ni sterin n .

of 1 ok PTG OGHDO R BT hEY BShegu el kgpwn in
tht RS invention to a patient having a disease descri bed

in the summary section above for treating the disease.

Thi sSdhamericlonv ddpsas & typegas snthasichiodte dér safdtheswzsngeaertmg

unt of qne or

o Fger b o oF Sadi (A0 e Ging Bt eblfe (aRR e
ha@l®rrea@dwiE bh Smid @Infstfind THao te@fem conip@ahl 88foriula (3), which

"treatnment” refers to admnistering one or nore
repesnpdh mirerazincecosmnued (4) caRITR 2 AlToZBbViES ¢St A dega

fatsQN; y

oo b PRl P rif BB A SRR i oune. it
necessaltyl affisrds chbrhpduhﬁl qddopade (6)pwhiehfieoneoftthe c@pgainids of this
. effect, e.g., to cure, relieve, alter, affect,
ln&ﬁﬁpporate or prevent the above-described nedica

ekt i on, the synptomof it, or the predisposition

toward it. "An effective anount" referg to the amount

of &n actlve,5€§bloun that is requiRee Nto confer the
@g?‘peutlc ef tive doses N# ' R,8S R,
r d@gﬁszed by those skillled in the art, Wde Mng«mﬁj

t kemndrypeso)of di seasgs treated, route of

adm ni stration, excipient usage, and the possSibility
of co-usage with other therapeutic treatnent. To
practice the nmethod of the present invertion, a

compgs%tligafgylng one or 10nore conpb s can be

tet

adm ni st er er&l niz ctal ly,

t opi cal Irgpy_Dor bu tern1"§ﬁ nt efal %ﬁj
herein refers to subcuta S, i ntracutaneous,

i ntravenous, intrnuscular, intraarticular, ¢
intraarterial, intrasynovial, intrasternal,

i nt r&dhbmedlcan batrodl fesliin Ratiousaharinetsrta prapateadthérmjoagpounds, of

as wel| as any suitable infusio hni que. The

thisdRFEEPRi B CAMPIARE AW FBRRAUS défgqrﬁtt.f&%compound (2) may
I

ey D AR 0 o B e Y iR
diadepand mmpsnluad eds amothmmxanmla; omrnp@lﬂde(d) Caflsﬂeeﬁasthemnodiﬁed as

sust.ai,ned- r se, of the ac in rad| ter|I
SHPRTdE RIS § SRpOCiobaH Basbetele SaoR e b rGsRRG P
ghn a non-toxic parenterally acceptable diluent or

sol vent, such as a solution in 1, 3-butanediol. 20Anbng

the acceptabl e vehicles and solvents that can be
se@hphoyed are nmannitol, water, R nger's solution, and

i sotoni ¢ sodium chloride solution. In addition, fixed

0|Is € conventionally enployed as a sol vent or

sus g medi um (e. g., synthetic nono- or

’qga%ﬁvFaR{y aci d, 4&%@% as oleie—-acid and its
eg erl varf'yes are useful in the preparation of

i nj ect abl B5.xe;3 s are nat upceuti cally
acceptable6 0|Is, such as oftve oil or castor oil

especially in their polyoxyethylated versions. These

oi | selutions or suspensions can alsq ntain a | ong
chai hﬁtlleuegt 0)&ﬂm®@§rsant f%E%E§ nethyl
6@LLﬁLbseH di)$feyss| NVAVN
commonl y used surfac ts such Tmeens or Spans o
ot her simlar enulsifying agents or bi oaviai | abi l ity
enhancers which are commonly, used in the manufacture

of
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30pharmaceutically acceptable solid, liquid, or other
dosage forns can al so be used for the pur pose of
WO 200aib s on. A conposition for orif™YslpcT/us2008/082202°"
adm ni stration can be any orally acceptabl e dosage
formincludi ng capsul es, tablets, enulsions and
aqueous suspensi ons, dispersions, and solutions. In
the £38RpSind @R §frthesCRITRMDY pHHRA B MbMLE shdWCdsUdfimn
| act ose and corn ‘starch. Lubrlcatlng agents, such as
chnergategiaphy, digapusssare hqed shomatagsinial byrcagdelizatiar. or al

"o & B bedag R G dul Eoatiih o i e tabion of

CSHFRRIAS 11 0T oPkhiS Mvkaiigs are adm nistered orally, the
active 5 |q£red|ent can be suspended or dissolved in

an olhajinisrasdates wsidrie thamnethodndassiiheg abgvorresitbpiendi ng
[ 0 or
oo Ry iR Il of B 1S RS b BPL e
méethbdy @by ﬁ)llo addifiosilltyiincludaste e cifiee pafoeslorufeo e sigpstdascribed
t echni ques, wel | _known in the art of pharmaceutica
spegfiRIYalGTeiA. topgdf op Kampicsuitahle Rrofecting @Fﬁm it PRT aHtipately
I
oIRFCBRRS B 1R, SR 1 BadRbh iR R CR B RN 0
pepfoomed er ;1 dlErendsgoendsioo avdi kagive ﬂte}desﬂd:d,lmm[mmb@ n%ynthetic

R L B By i A MR RERhBAST ,
de%?die@io%?u&@ulﬁﬁ @ﬁﬁﬁ@s@zﬁg‘ shpizesle @Sﬁiﬁ&ﬁid@ Ard hdWiin the art and

known ar 15A conposli tion havi ng one or nore
1n91©d¢ ver campay rﬂdse deseriab ¢ m el andel, Giosipee/edsiva Orgrenid or m

N T e IR ASE R SR
Groas oPORRIng’ Syinhds1ve2"S @as dolihtilel tand SosOTPALY, bl Biewdrtadd M.
the active ingredient of the composition (and
Fipyesfidewgplagd Fe@ﬂabﬁéagfmsfelaé?rgqnzﬁw%qﬁ@, azhnu Wdey and Sons
(90 FALEN P08 0k 1oL 98,0 DE ZBBIPIERS 016,

kayhhdSdh@@9@namﬂaa@mqhamdeMﬁs@mﬁmfs for delivery of
npl es of other carriers, include

an acti ve conpound, Eég T
col | Breeomnoupdsmantinge ereﬁga@ﬁiég?lﬁ?ﬁ“@t@gfaé?l@am double bond
an@lednle e as?ﬂqhé{m: Lansy! TﬁHA ftl?eé/eoan 3edir Qé‘gac%ﬁ{a{e@ \ﬁh# rak@mic

he conpounds descri bed above be pre Imnaril
msm[res negld orntidrecrs, mﬁﬂicfuabdilagtenenmbrsedltastn@omerlc rmxtures and

.above- descri be dl?%ﬁse k2 VIthH? Iﬁé See
TELANBIESS VRIS B¢ ma% OE‘Wé ATCE
ani medso QXMS BB pe AMBks Ghuichiién fsfal Pafmadi@d o8 8@9&1
will also be apparent to those of ordinary skill in

contréning i eﬁ@ctWagn@@efrpﬁ‘aé lgast qrigaomphend despd oy anhi s
I_nvent as t oni sts_of CXCR4 ete
phéuérga 1cal # c %a &%Flibfrtﬁ %gs a‘i—:ntlg?n COveTnd nrléetléoecg{g)

adﬁﬁﬁi@%rﬁlg laﬁ eﬁk@tﬁd@ Aadé fS8dke-ok nsdrg Bathie RGmpBlihdsfofitisis invention
nportant in the nobilization/hom ng of stem and

to @rﬁ@g@mﬁ hapingaglisegse dgsembastinpleg nBYHHECtiop abRB Oy freating the

disease. This invention also covers a method of administering an effective amount of

one or more of the compounds to a subject for enhancing migration of bone marrow-

derived cells to blood.
The term “treating” or “treatment” refers to administering one or more

compounds to a subject, who has an above-described medical condition, a symptom

22
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t he compounds of this invention may act through the

foll owi ng nechanisns in treating and repairing tissue
waol200a081598y bl ocki ng CXCR4/ SDF- 1 si gnal i'Ng™Yt hecT/us2008/082202°

conmpounds of this invention pronote the nobilization

of stem an rogenitor cells.frombpne norrow, a ... .
ofpiaght FEa g Brr%@r@ﬁ’iSP‘b?tloé’etPV@f‘P YUsh pRediy politioq. with

th® b%@se MRORFS ﬁ@l‘}é'rflﬂe%ﬁk lebrectas g S cuke, irSlilieORteY, £KRf, €ssed
in bone marrow, stem and progenitor cells, expressing

an@XORAS, camecvBnt thp pbel ci-despiolrd meshiead wondi ROICHBRYNFN D it, or

i nteract.j.on, B l agki this interactjo t he .
tng B RRtiSD oty & PROSAERGY S BEeRE sy atgdtint of an active
cOMRABM tHaOTs it th comfehPMBehdTBFJubWeFBct! BEfep@vd qRey @il vary,

bl ood., Wile circulating in the bl ood, stem and

aspeesgaircd 8y thasr skillag rethe grty depsndisg an dhoygess diwsases treated,
o e el T Lo ORI ey pter

thehpahichaatmansed the danage. 10In the condition of
retinopathy, SDF-1 is highly expressed in vitreous.
Bi ndlhefaetietiomsthed of egaesenhingerdiana s QOPPYYE haypng one or
I - A fachlit: t ' t
o D e T R P T r by R Rr k] plify,
orancedlye dthe adrnr ‘paeenitaral’ @b uswlgetdy rafers ¢d aypdretancand

. progression. Al so by bl ocking CXCR4/ SDF-1 signaling,.

infAQ i GRS RS, RSO B P 0 GRS gy Qigesmvial

inREQEEA tfatteedl! iBRWAS, dohRadifial BldchEn, ak BNl as any suitable
effectively treating retinopathy. e conpounds can be

infysysini techniqusi dak lcgmpositen eanetaled thy ferm phspbettony, yapdnsions,

unl.i k ' L ' . i,cal i N
ey oG B oo B T i PR E i, SERBGRLURE, PR ve
algférinbiafeefto behidesonhoticBdsRaid & HoHIBE réltastREER el S

~into retina. The specific exanples below are to be
ingigAgniSued as nerely illustrative, and not 20linitative

of tﬂ@tefi?erﬁﬁj e\%:ixtg[]e cS)&p%Qﬁoﬁ ic§r? lb? g g&lﬁti fo%yéﬁ@%g in a non-toxic

what'soever . 0 urther el aborati on,
pabaitéraNe dedehiableatilestarlsbednt, suchiae aablutioain 1 B&sehediol.t he
descri ption her ei.q, utjlize tEe present i nvention 'tf
Ampag thejacegitabls vereles 2 sopeRIs it s CBIPIYRd RETEIHIgEe

w%@(% R@%ge?’@%&lhﬁ@ﬁ,aahﬁ Gl gcfd%rﬁ %El%riiéi@ s18HA. ﬁl@dh{tﬁ)‘i%ﬁxed oils
nple 1: Preparation of Conpounds 1 25 H2N 1-1

ar¢ Boo)eBGonaNal@@Boyed@hia sblROnt ®RFufmadiNg medium (e.g., synthetic
mono- or diglycerides). Fatty acid, such as oleic acid and its glyceride derivatives are
useful in the preparation of injectables, as are natural pharmaceutically acceptable
oils, such as olive oil or castor oil, especially in their polyoxyethylated versions.
These oil solutions or suspensions can also contain a long chain alcohol diluent or
dispersant, carboxymethyl cellulose, or similar dispersing agents. Other commonly
used surfactants such as Tweens or Spans or other similar emulsifying agents or
bioavailability enhancers which are commonly used in the manufacture of
pharmaceutically acceptable solid, liquid, or other dosage forms can also be used for
the purpose of formulation.

A composition for oral administration can be any orally acceptable dosage

form including capsules, tablets, emulsions and aqueous suspensions, dispersions, and

23
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1. Et3N, THF Oethyl chloroformate sok-10 Cto RT OH 2.
NHAOH, -10 Cto RT Boc .'sNH2 1-1V1l-V WO

WQO09/1IBIHI8AL t or ney' s EPCT/ US2008/ 082202°™Y* FpCT/US2008/082202°!

Water (10.0 L) and (Boc)20 (3.33 kgg, 15.3 nol) were

dd d t] f o
sofiiips. - f&m%%ﬁ%@?q&gym%%éﬁ%&w&e lactage and corn
ste(r@l@”Eﬁ’M{tQtlﬂ h%en@s @udﬁgas nZsﬂHﬁl s%ea@éi@‘il@&l% Hiplically added. For

bi car bonat e g, ZUQ he reacti’on ni xture
orglaging nisiratean i lata camlefﬂmt emfelrch nie ifabedellgethspand dritdgorn

idified,w
st o Rt YT ARG RSt s s CORAIN S8 Sty s agive
ingR@ichesdl Beatpenatd 6r didsdvedlih @6 bR¢ ph¥RBeBidcl vath drnilBiying

with water (15 L and dried in a hot box (60 C) to
or@p@{@ndlng agents. If desired, certain sweetening, flavoring, or coloring agents can

E -4- (tert-butoxycarbonyl am no- net hyl) - cycl o- hexane
car oxylic acid (Conmpound 10M, 3.17 kg, 97% as a

whi t& nsal hetosdRor nhalafidn cahPéition daB-Heprepiaec CaQoidMENa1)
1H NMR (300 MHz, CDC13) 6 4.58 (brs, 1H), 2.98 (t, J=
teghnxqyqs Weizl#f)nowz ipgheqarot phammaputical forpgulatippy Fop cxpumplg such a

co‘ilnl%o%ﬂmill C'EK be ééé};?re& §§ S&lthOI‘E mn sjaim% eﬁfﬂloﬁﬁg be&gﬂé‘lcéﬁbl 2)1% 5
otMﬂzswtﬁl)é?ﬂ)ﬁ:)ser@aﬂ_\&]i é?.)ﬁorpllﬁﬁ pﬂﬁnoté’l@ td 2nhafiée ull)avaii]zb@i@y
ﬂli?’OZ'OCsaZbOIl% 9and/or 0 8er %glubl 17zm?g60r d'l\élpre)rsm:!'gsa%egts %gwg in the art.

An eye drop or ointment composition can also be prepared and used according
to the well-known art.

A composition having one or more active compounds can also be administered
in the form of suppositories for rectal administration.

The carrier in the pharmaceutical composition must be “acceptable” in the
sense that it is compatible with the active ingredient of the composition (and
preferably, capable of stabilizing the active ingredient) and not deleterious to the
subject to be treated. One or more solubilizing agents can be utilized as
pharmaceutical excipients for delivery of an active compound. Examples of other
carriers include colloidal silicon oxide, magnesium stearate, cellulose, sodium lauryl
sulfate, and D&C Yellow # 10.

The compounds described above can be preliminarily screened for their
efficacy in treating above-described diseases by an in vitro assay (See Examples 269
and 270 below) and then confirmed by animal experiments and clinic trials. Other
methods will also be apparent to those of ordinary skill in the art.

It has been found that the compounds of this invention, acting as the
antagonists of CXCR4, compete against its ligand SDF-1 for binding to the receptor
and thus block CXCR4/SDF-1 signaling, which is important in the
mobilization/homing of stem and progenitor cells. Without being bound by theory,
the compounds of this invention may act through the following mechanisms in

treating and repairing tissue damage.
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15A suspensi on of conmpound 1-11 (1.0 kg, 3.89 nol) in
THF (5 L) was cooled at -10C and triethyl amne (1.076

WQ 20091769801 ) and et hyl chl orof or mate (G44% ™ Fpcrugmos082202°"

nmol ) were added bel ow -10 C. The reaction nixture was

t t f 3 ho L.1h .
7 ety bisching oh Ry sbFr S wa Sampots Sl Bgaivenin
prd¥fbfHhé BrobillzatidBofderihd phRSnRstdeds ﬁ@hl%ne Hrfow, Bh8servoir

reacti on m xture was 20 stirred at anbi ent
oftsefmrdemtemtce ckls, ta thehpsupheraltdodd. | Merespecifiaallys ob SBFwhais
t hr ee n
nigiy G ieRed TR Bt B e g Bt Mg Fes i i e
trdpiped tir BiHe@tEW RRNYX CRALITOF-Mefh ik fioe YBY Blvekinp ekig ifersytion,
ic acid am de (Compound 1-111, 0.8 kg, 80% as a white
thg gpmpoungp o£thgs meletandA@yse sten st progeniing cehiafam bongmerRw

0] 2
08 RGO S ey oo 2388 gl
hohid) to tiksuk3 a8 orddh wh&re&illmhg5 had ducudtl andrePhir IheQlan(agy by
WO 2009/ 131598At t or ney's EPCT/ US2008/ 082202 1 2H). 13C
difiRaentrayingpto tepsmpef 6e! iss thedgss of yghigrhasegusgd t %@%e
46. Og, thg’goll%ﬁlon?&f rdtino %@1 4§DF 21818 ??gh %}%Tes%gdlmesvrg‘
A suspension of conp un | n
Blﬁﬁﬁ@m C@ER&) expasssedml sehn and pfb@éﬁmmdeﬂs iISEXHY lfacai[tanaethese
1.3 andtrlfluoroa etic an ride .
Ce§§ 33 %gfatﬁ SRy Fouliisedn BeRpa T A3lip T p e biffan essential
ro[eeiﬁ%thﬁ)@a%)ﬂ'wél@prﬁ@iﬁ aBll 'pfdg%’ssfo‘ﬁr AdsdOHbRckifth (HCRBEBE-1
(2 waS added, the organic |ayer was separated and
Slm@hedhv\mrhpcvmds pf (h:BS mvtr)tlommr@@nt b a0d geogeoitorsells homng

then h Sk | concent at e
to B BETREHeE Bl St By Phec R U el b5 P e
topt h@ll}ﬁfoyeﬁlt@b%fwétﬁl F&@&p@dumt nhiex syecrhio aﬁpl\/@tlons topical
trans- (4-cyano-c hexyl net hyl ) - car bam ¢ aci d

appheaion-degs Hot reehilize tapmpeasatiorcalyoupofdmng gangmogndghergfore

t LC-M5 mle 261,
ol héﬁle?@ﬁ?%ﬂ%}i“?g{’%mﬁ%z eﬁ%ﬁ@g@(‘% 4.58 (brs, 1H). 2.96
(t, Dhespbeibiczamplel beldwbe {ottek, cohstruetiZis nerdy hﬂustr]lh&’e, and not
lll’Qlta;th}Qi)q t@qyma@d&@o?fge dg',;ﬁsurf iy i;niwgg w%ﬁﬁsogqqy Wlt out further
el&hoB&ioh, 4s bdhevd dhat RGNS ih AR MiZan, HEEA 3N t& dRerififon
122. 41, 79.09, 45.89, 36.92, 29.06, 28.80, 28.25,
he28n 0@ilizE B mesehﬁﬁlvdntﬂc@ﬂo 6G. ﬁJlﬁstrpdemd All puBlicdtidhs kged herein

ol ved ture of 1, 4-di oxane
org B0y ettt B RSl Aok cact i on’ m xt ur

wer e added ['ithium hydroxi de nonohydrate (0.314 kg,
E;éagﬁgél , PiggateliombOk&hpdhdd 1kg, 2.334 nol ), and 10%
pal I adi um on car bon (O 46 kg, 0.216 nol) as a 50%
suspension in water. The reaction m xture 20was
stirred under hydrogen atnospher, By 3 50C for 20 hours.
After theocatal ysts were rermvedfhybyor&o}nlattratl on andot he
sol ven é??férfﬂsf@d i n_vadyyumo g xt uge of e,
(1u ind CHRETD (OR was Zidieheco ‘A trer ’@‘)\big;
separati,pn, the organic phase was washed W't h wat,er
(1.0 L) and concentrated to give
trans- (4-am nonet hyl cycl ohexylygeihyl ) - carbanic acid
tert- but§H Tt er (m\@%i&gﬂ‘m kgHVQ@ E

CH,Clp, -10 °C Boc” L|1OIL-1| dl_liognéao o Boc”
2
1-IV 1-V
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25pal e yellow thick oil. Rf = 0.20 (MeOH EtOAc = 9/1).
LC-MS me 243, MAI'. 1H NMR (300 MHz, CDCl3) 6 4.67

W@ R00g/13150§ , 2. 93 (t, J= 6.3 Hz, 2H), 2.48°79 " Ber/6s®08/082202°!

Hz, 2H), 1.73-1.78 (m 4H), 1.40 (s, 9H), 1.35 (brs,
3H), 1.19-1.21 (g 1H), 0.77-0.97 (m 4H). 13C NWR (75
MHz, CDCl13) 6 R 85, &g& 33, 48. 2(7” 46. 8%f40 80, |
38. 19y i, 60, NO7. 30A s Cutl nYof conpoun

1- \Boé%@@/& aﬁd—Et—?;l\F'(ff)\m@@ B eq)—if )\ﬂa{ﬂan@il (2.7
L) was t'Neated with conpemnd 1%, 540 g™ eq) at 90C
for 15ghours.NnILC showed that the reaction was

conmpPiety N Et hyl acet (1.5 (LY was added to
t he—r-E4cH é'gw)ﬁufﬂ@e,j at 525 Qotteo TR~ sol 9t I'o %s Beg i BYe

for 1 hour. The E[3NHCIT s@]t vvas filtered. ,Jhe 6
filtra t was khen concentrated to 1.Mp,L (1/6 of
orlgmua volizﬁ by vacuum at 50C. n, diethyl ether
(2. 51) et Bt)cheB(;;orﬂntr’a mtmonﬁo

af ford thé-desife pﬂed“crl’i -V 5841 gy "'88% |@d)
after filtration™8t 25C. sol ution °6'f‘p°r"l‘ft1er medi at e
1-VI1 (841 g) was treated with 4 N HC1l/di oxane (2.7 L)
in MOH (8.1 L) and stirred at 25C for 15 hours. TLC
shovwwdtet (B0 Linend @:QDZIO)@ MSggc amp Ined1 tereTdidedriod $U1ﬁ10n of
was concentrated to 1. original_ volu

”%c‘h%@@%%cyqiﬁéﬁ’f‘an%aé‘?qwilc é@lﬁé?or{l@umi lghg- Oa%&aéé 7tr801)

I
oARSOTEI O 0Lk PO Ral phl
anlp emt)tempaatunefor A & hoaat Thn ,aqm@@@Blyeﬂwss &gdifisd aqt)l omsentrated

dd t t i f HC1 1-VH i OH (17
dfSeiforscheld @ B i 0P 20t HeE Rl The Tonfliar s BRL' €
col 1BEBE, radsHE Bthl-Qr tlrﬁeJ‘\QHl'i Svafdp H 5>le 2hd @Hé’d fdt& "b%ﬁ‘ é6()4 °C3)to give

(estimated amount of 1-VIH in the filtrate is
trars A-tettypaeoxycarioid@ning; mathpl) sy clodwaanegarbany léc asid (Coppound

1B 3P et Ptk R - Thes celoh i Pes W MR
'H NMR 1308 MEI@CCDQ)D;)WSSSS(%EHJ |IEI? £Xlog khea 6. NaBHH ) 825¢id, J =
eq based on nol e of % was added at | ess than

121@@ %ﬁdﬂ)h%oé&ﬂi wtT bhl%%ﬂﬂ,ﬂr ¥ 4t ol HeCHol -4AHs, 9he

LS B AP B RS pTATE 0 R e M T S g
136,081 78 a2 ek e d2 89, 3N-AQD. @02&39 (IW S(GSCM pril}4. 8+ 13 @C.

with H20 (1.2 ). The CH2C12 er S. concentrat ed
and féﬁ@spﬁésgplaa%wmuadrlrlfll(éa ktgy SR %Eﬂx) Bps cooled at

Ry AR B s R R SuTR o BRgS fo b
4 phiol)ev@basgediriow oll § ect Thgrehetion Aft@kded stfrudet anbient

(841 g). 25Then Et3N (167 g, leq) and Boc20 (360 g,
temeq)atum fa 3dudied The reqios ahigturowasthen cpoled 41— ) °G again and

25C, T t d at 25C
NS o raeh) wf et BUEY 1 b el PRt B v
stf?ﬁéﬁqgﬁl%ﬁfénp%mﬁblgturg IR 1Rt B MRS ONERIiA a8 ‘éoﬁ&%d and

L) was added to the resultant residue.
washked thremtimas wib metart(f Gt gend drillin (alho? bof (G0RE) mrglvgﬁ m’ra}izs-4-

(4 D RS k- BRI DR r e o Ca S e B K erbitup
1RGSR, AbitSAUBDIRISL0TS N )AL ORS e rdesi ned.

crude product 1-X (600 g, 60% yi el d) after filtration
"HaNYIR (249 oV He GHsOD) 663( o ldpApUd 1 61 Hy, 22D, D lgytd, /=

e [ - t I
125007y TE abida T 400t § P 334 i 5 95 v
m xture was stirred at 120C for 8 hours. Ethyl acetate
(480 nlL) was added to the rgaction mxture at 25C. The

solution was stirred for Ih. The Et 3NHC1 salt was
filtered and the sol ution 5was concentrated and
purified by silica gel (EtOAc/MeOH = 2:8) to afforded
1-X11
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(96 g) in a 74%vyi el d. A solution of internmedi ate
1-XII'l (100 ng) was treated with 4 N HCL/ di oxane (2
WOorgoosIs@2C12 (1 nl) and stirred at 25C"f8Y° bectiusavesos2202”"
The m xture was concentrated to give hydrochl oride

21 RoB B B BT estduiins. o s dta 9k

12p1I rgberrln@gjgga\tpll;géll lel.owmg opr epar ed as described i n
anpl e To a solution of 1-XI1l (120 g)

l\/bOhA(srzsmnwn oeeampudddd-dI el hig, 4bhmolph @éhh?@r(&tlé WaS

cotfdal 68€ s e (F3Tcomtampibeed G RBEHeT o Fde
(OZRRALIsO, M85 ERTRI Bl Shou IR, €011 00 H8SICBACERL k8o

nd purified by silica gel CH2C12 92) t
hc&?s oA fér Wated (226l 589% added,dhe pmgtamtc;la%r 8% peppaadd alch\gilﬁed

f J
Bitiet 895 Fce TRE ot or SmprRs @@@%Slﬁ%gﬂ@d
CO%&ltﬁ%e dFHeQes%ltﬁﬁ’l! dﬂ W%c@gtaﬂllgé@ﬁfﬁfé{@ie%e 2niblidt i &%rstals

in CH2C12 (5 nlL). The reaction m xture was stirred
wars waghedveith Sexne rccaglm: trempét-ayanoecyahdiexydmethnyl r @irlpaanibpcid

telgt%ql?})iiggtga L(Eoggﬁﬂ%‘(’@"ﬁ;vlto% L %%?“ ) t@%'a w&o B g@fsz""q%g (EtOAC).
LEEs Pt e6 B:MPNgRaRNMI0 (30‘0 NPPPODa,) 3 NSZ(MH;Z 1NN 2.96 (t, J =
6. g\l)H N2BI%: 283060(% J=12,33 Hz, 1H), 2.12 (dd, J=13.3, 3.3 Hz, 2H), 1.83 (dd, J
=13.8, 2.7 Hz, 2H), 1.42 (s, 9H), 1.47~1.63 (m, 3H), 0.88~1.02 (m, 2H). “C NMR
(75 MHz, CDCls) 6 155.96, 122.41, 79.09, 45.89, 36.92, 29.06, 28.80, 28.25, 28.00.
M.p. 100.4~100.6°C.

Compound 1-IV (1.0 kg, 4.196 mol) was dissolved in a mixture of 1,4-dioxane
(8.0 L) and water (2.0 L). To the reaction mixture were added lithium hydroxide
monohydrate (0.314 kg, 4.191), Raney-nickel (0.4 kg, 2.334 mol), and 10% palladium
on carbon (0.46 kg, 0.216 mol) as a 50% suspension in water. The reaction mixture
was stirred under hydrogen atmosphere at 50°C for 20 hours. After the catalysts were
removed by filtration and the solvents were removed in vacuum, a mixture of water
(1.0 L) and CH,Cl; (0.3 L) was added. After phase separation, the organic phase was
washed with water (1.0 L) and concentrated to give trans-(4-aminomethyl-
cyclohexylmethyl)-carbamic acid tert- butyl ester (compound 1-V, 0.97 kg, 95%) as
pale yellow thick oil. Ry=10.20 (MeOH/EtOAc = 9/1). LC-MS m/e 243, M+H". 'H
NMR (300 MHz, CDCls) 6 4.67 (brs, 1H), 2.93 (t, /= 6.3 Hz, 2H), 2.48 (d, /= 6.3
Hz, 2H), 1.73~1.78 (m, 4H), 1.40 (s, 9H), 1.35 (brs, 3H), 1.19~1.21 (m, 1H),
0.77~0.97 (m, 4H). C NMR (75 MHz, CDCl;) & 155.85, 78.33, 48.27, 46.38, 40.80,
38.19, 29.87, 29.76, 28.07.

A solution of compound 1-V (806 g) and Et;N (1010 g, 3 eq) in 1-pentanol
(2.7 L) was treated with compound 1-VI, 540 g, 1 eq) at 90°C for 15 hours. TLC

showed that the reaction was completed.
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TM SBrO Et0 0 EtHO OH 2-11Conpound 3 Internediate 2-11

was prepared as described in Exanple 2. To a sol ution
W@200945159¢ 300 g) in CH2C12 (1800 mi) was“'38d&HPaVBR008/082202°"

(450 g, 8 eq) at 10 15C for 1 hour. The m xture was

t d at 25 The .10sol ut | .
S ondbRtL Beef e Plyinad iy ibine AR iaR PRt Saaee Fhe tRlpgon
wad st foilHREk2 T‘ﬁ@m@ﬂ@@l@kah Quas FtcPAdX tm%ﬁrae Hassiinve

the residue. TMSBr and sol vent were renoved under
copgeninatadagdi Nl ( 46 ob peginalBedume)dnudsusmlat 80°4F.t Brenddigthyyether

Ceop TR B S ottt 8 BopR o e R Bolfetdryn
(gapgpwml&d)(aa%@ﬁg}au@ﬁtaezsdb Itration and drying at 25C
er vacuum (<1 ton) 15for 3 hours. Crystallization

by Ebetlutiavel lﬁmﬁl@@ﬂ ni-N&I 41l 12) es trsptpd i BN HIGGHgxanc
LR Rl 308 e ar 25 THE DUALODERE e Sl B

rehdtidatved cohipleted nﬂmhrxaire tvaa queusatede®nbd (1 m—bigorﬂgmal
and the m xture was _evaporated in vacuo. The residue

Vqlwan%YeYaCt% afp§° CrabheapicihadictBek @ Lo wasiagdhed e1ihe sptien
slo4w1§1 r?t it d?qwm%% &/{)i Prg%édm“n%%a %deﬁ%%md?or Fuym

utlon rate, utlon was per
(<\M) ttdrr)/\kﬁoe melﬁt%ﬁ@tlaml(zﬁﬁ)d (2.bdma, Svedq)hwss. &ddd aphe seistion of HCL

sofl PRy R v % 7 T it et g pame

teﬁ@@ﬂaﬁiﬂ@ br3 Ko%rﬁ(?ﬂﬁ* 12ﬁﬁd'\ﬁte(ré\d (tstlhate@ @rhodnt of eV AR flica

It of conpoun was di ssolved in water (8
ﬁmamlaﬁ@425alkallf|ed MAth concentr at ed aqueous anmoni a

col dNeps TR . Y B Balible oL YA s O R ®
filk@R-c2A0VIEsh)-18nd. Bheltaetidehiy dtRredradde.0°@ f@ﬂ_j R TLC

El uti on was performed with mater§é900 n.) and then
shaped tigt theypegtion was gemgleteph elhay. Npddr 61 1rgy laﬂz@l pascen gole of

1-\%1#%& Aided %[}oﬂ@@gﬁeﬁ}_f@c a%ﬂq tﬁo%sdvgsu& 1t ?Q’?B% %Agr)lfi’lq

h™ wat er conpoun
TKd soll\i&o@M/aB cdhecent@ied4o getEX‘[&ﬂiﬂ{l@ vhiiclPthepatatd othadH,Cl, (15

L). Tq;% rmxture was washed with saturated aq. NH4Cl solution (300 mL) diluted with

H,0 (1.2 L). The CH,Cl, layer was concentrated and the residue was purified by
chromatography on silica gel (short column, EtOAc as mobile phase for removing
other components; MeOH/28% NH4OH = 97/3 as mobile phase for collecting 1-X)
afforded crude 1-X (841 g).

Then Et;N (167 g, 1eq) and Boc,0 (360 g, 1eq) were added to the solution of
1-X (841 g) in CH,Cl, (8.4 L) at 25°C. The mixture was stirred at 25°C for 15 hours.
After the reaction was completed as evidenced by TLC, the solution was concentrated
and EtOAc (5 L) was added to the resultant residue. The solution was concentrated to
3L (1/2 of the original volume) under low pressure at 50°C. Then, n-hexane (3 L)
was added to the concentrated solution. The solid product formed at 50°C by seeding
to afford the desired crude product 1-XI (600 g, 60% yield) after filtration and

evaporation.
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ONH2 Il Et0O 1 ..-R,....... 1.--fisN HN 1\1"-N
EtOi,---........ N..... YH 4-111, HN 4-1V_ Conpound 4

WO paoensnses ate 1- XI 11 was obt ai ned duri ng“"t"A&"® "PCT/US2008/082202°"
preparati on of conmpound 1. To a solution of diethyl

in hosph -1, 4 in. 0 was
S g 12k 020 3k v etz BT sG0nd o Rotar o
pefRRo BB ) s 286 EAN (36.0N081(Seq) Thesow XEHABIxWRE as stirred
concentrated under vacuumon a rotatory evaporated to

atd2Q¥« ﬂu§mq'uts.ggithﬂ| ag(cet[afme(ﬁﬁ@ mle Spe ﬁd'd@dgto the 1.reacti0n rnixfture at
. t t { .
2RSS oL RS0 BB B sotan

wil-donc@itehtddt a3l plufifidd By sidic® gBIAELOABRISOM HUT:8) toasfosdddr I-X eI

at 35C for 36 hours, and then was washed with water.
Ofige im0t ‘gattle. | ayer was dried (MySO4), filtered, and

o PR AN A1 09 SR P R e
(2afiL) int@EH G d( lamhk) dnddtirted(@ 08P ATy 15moMB0Hhe4niriuye wihe
solution was stirred. at 45C for 24 hours. The sol ution

copgntatsdlde givedivdepchingide alt pherarpnGd<Oh i i ed by
col _P@]@?mat g y on 15silica gel (EtOAc/ MeOH =
4. 1)%‘?0 a orégi%?géprredi ate 4-1V (420 ng) in a 63%
yi el d. A solution of HC1 in ether (5 nL) was
added to a solution of internmediate 4- 1V (420 ng) in
CH2C12 (1.0 nlL). The reaction mxture was stirred for
12 hours at roomtenperature and concentrated by
renmovi ng the solvent. The resultant residue was washed
with ether to afford hydrochloride salt of conpound 4
(214 ng). 20 -M5 (NI + 1): 595.1

Example 2: Preparation of Compound 2

NH,
NH
2 /\F,O-.OEt Z~N
(X OEt N NN
(NTONTN Boc  Boc 2 0 H | Boc  Boc
HNGS  H (U NN BIOg~ N "’N‘/\/NO
1-X1I O OFt 211
NH,
L2
NN
TFA 0 NN

N“O H H
EtO.l-._-,/\,N\) H o No~UN

OEt O

Compound 2

Intermediate 1-XIII was prepared as described in Example 1.

To a solution of 1-XIII (120 g) in MeOH (2.4 L) were added diethyl vinyl
phosphonate (2-1, 45 g, 1.5 eq) at 25°C. The mixture was stirred under 65°C for 24
hours. TLC and HPLC showed that the reaction was completed. The solution was
concentrated and purified by silica gel (MeOH/CH,Cl, = 8/92) to get 87 g of 2-11
(53% yield, purity > 98%, each single impurity <1%) after analyzing the purity of the
product by HPLC.

A solution of 20% TFA/CH,Cl, (36 mL) was added to a solution of
intermediate 2-11 (1.8 g) in CH,Cl, (5 mL). The reaction mixture was stirred for 15
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Exanpl e 5: Preparation of conpound 5 Compound 5
was prepared in the sanme manner as that described in

WE@PSE9S except that honopi perazi ne wa¥ U elpaTEsmasios2202”

of piperazine. 25CI-M5 (M 41): 473.1 Exanple 6:
Preparation of conpound 6 Conpound s pre
hqufs $13008 4P SREHITOAT O P Y SPTBERSiThe ﬁ\?ﬁ%?oea

trigns6RBtid oad saﬁt@f‘c@ﬁﬂfoaﬁd@(ﬁ%’gﬂ perazine was used
i nstead of piperazine. Cl- (M41): 473.4 Exanple 7:

Pr ep@k-MS Oh bfl):ceipbund 7 Conmpound 7 was

prepared in the sane nmanner as that described in

Exanpl e 1 except that (S)-(+)-2-nethyl pi perazi ne was
Extsifle B nebpadhiad ofCagpamidme. C -MS (M 41): 473. 4

Exanpl e 8: Preparation of conpound 8 Conpound 8 was

prepare "tn the same nmanner as that chri bed in

Exa N ept that NN
En@.@j@ %ﬂmtﬁwﬁj P55 negar hoXat Md datl_usH
i ot ead gf piperazin Cl-M5 (BH41): Bafodha EXanpl :
Preparation of conpound 9 Conmpound 9 was
pr e pateeaicdintet2al wameepracthey deasriliddat EdespleiZoed i n

I 6-di l.pi i
et Bt Qi Fa R £ i R LG e SR80 o
8 &)8P 203t ORorof hd@MPREREX AR was stirre@ATPPENGr 19 hW@S. The
SOgtepar ed in the sanme manner as that described in

miiplas conesugetst te hamovz-IHERy ksl s9dyaens prder waguugs aict0°C.
nst ea I.per.azine. - M41) : «@. 25 anpl
Ch: RIS adieafb B BRI S it ety SRR Ere
reflo@diiRidr vilcuftagai®e Jbines0 gerideablideserdrbigd unfer vacuum

Exanpl e 1 except that ) )
(<d 1@?2@7 3 il_,OBISdTE% Hiecsyedeoioridavasrspecaneh dishly Bt (1) to
S APPSO Ok PRSP G A LA s o
for 3 hours. Crystallization by EtOH gave hydrobromide salt of compound 3 (190g).
CI-MS (M" + 1): 567.0.

e

The hydrobromide salt of compound 3 (5.27 g) was dissolved in 20 mL water
and treated with concentrated aqueous ammonia (pH=9-10), and the mixture was
evaporated in vacuo. The residue in water (30 mL) was applied onto a column (100
mL, 4.5x8 cm) of Dowex 50WXS8 (H' form, 100-200 mesh) and cluted (clution rate, 6
mL/min). Elution was performed with water (2000 mL) and then with 0.2 M aqueous
ammonia. The UV-absorbing ammonia eluate was evaporated to dryness to afford
ammonia salt of compound 3 (2.41 g). CI-MS (M" + 1): 567.3.

The ammonia salt of compound 3 (1.5 g) was dissolved in water (8 mL) and
alkalified with concentrated aqueous ammonia (pH=11), and the mixture solution was
applied onto a column (75 mL, 3x14 cm) of Dowex 1X2 (acetate form, 100-200
mesh) and eluted (elution rate, 3 mL/min). Elution was performed with water (900
mL) and then with 0.1 M acetic acid. The UV-absorbing acetic acid eluate was
evaporated, and the residue was codistilled with water (5x50 mL) to afford compound

3(1.44 g). CI-MS (M" + 1): 567.4.
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Compound 12 was prepared in the sane manner as that
described in Exanple 1 except that

WG 20943198~ spi r o 4. 5] decane di hydr ochl or' @8 WaBCTE82008/082202°!

i nstead of piperazine. C-M5 (M41): 513.4 5 Exanpl e
13: Preparati.on compaund 13 Conpound 13 was
Example.d epﬁa?%oﬁé%pﬂn@ﬁﬁ'gr as that described in

Exanple 1 except , 4-di aza- spi ro[ 5. 5] undecane
di hydrochl ori dOfRRs”usem) nst ead of pi perazi ne.

10C -M5 (M 41): 527.5 a e 14: Preparafion of
Conpound 34 Conpound 4% é/t\(?j'pl epared in %,é sane
manner nt hat descri bed™ mJExanpl e 3 excepi Ao Boc
sodi yrZ~brdMepharesul f onat &°i n Ec‘%cé’\ﬂ*éserfbﬁff“ﬁﬁiﬁ)
in at 450" Was USEY nstead—of- digthyl yjnyl
phosphonat e.” Deport af.i ons of am no-prdtecting 15group

by hydrochl oride to jfford hydrochl oride salt of
conmpound 14. - MR AR 1) : p67.3 Exanple 15:
Prep&FB‘iLi—@nE‘Bf%L%rﬁpouHm'&N@rPhg}md 15 was prepared in
the same manné as that describe&d in Exanple 203

except that nethyl “VPH#Y* sul fone in MeOH at 40C was
usednipsbgiadt 10KTHIveisbtai YddWirinp RS PRPAAES of compound 1.

Deportations of am no-protecting group by
hy drbeabdriieeot dicthy Fonyl thpsphoohicddilae gximl ¢H4Tl Cl@Rpolndas

it g e Sont SRR AURUR R wif AT L B2 8hous.
THERRDR®Ire a%ré bdticeteed iR vhduubxePtRatdryexapptatciative

phenyl vinyl sulfone was used instead of diethyl vinyl
quahbeprdr sheecorcppauding\phesphoclpyidate pyhiep veas pgded fo a mixtire of

B T e
mixe pas tstiatd ahi 3BC0Ybr 36 houesiapd dpylpsosphanadte watert Mae
oLESEnCe of k200D 15\ R vag used | pstsad, ol s,
yield) as brown oil.

Compound 4-III (505 mg) was added to a solution of intermediate 1-XIII
(500 mg) in MeOH (4 mL). The solution was stirred at 45°C for 24 hours. The
solution was concentrated and the residue was purified by column chromatography on
silica gel (EtOAc/ MeOH = 4:1) to afford intermediate 4-IV (420 mg) in a 63% yield.

A solution of HCl in ether (5 mL) was added to a solution of intermediate 4-
IV (420 mg) in CH,Cl; (1.0 mL). The reaction mixture was stirred for 12 hours at
room temperature and concentrated by removing the solvent. The resultant residue

was washed with ether to afford hydrochloride salt of compound 4 (214 mg).
CI-MS (M" + 1): 595.1

Example 5: Preparation of compound 5
Compound 5§ was prepared in the same manner as that described in Example 1
except that homopiperazine was used instead of piperazine.

CI-MS (M '+1): 473.1
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33 WD 2009/ 131598At tor ney' s EPCT/ US2008/ 082202 1
a-Ms (M" + 1): 637.5 Exanple 18: Preparation of

WEIIp0sI50S 18

Conmpound 18 was pr €PaPed pemr/uszos/ 082202

same manner as that described in Exanple 3 except that

diethyl- 1 -bro osphonate in the presence of
Jﬁ@@-ﬁ l?fe?ﬁ—lgtﬁ%% Iﬁg‘gggl nstead of diethyl vinyl

phosphiapain- W?g’l r@@r&Mn thd sahleé madier 4s ER%5AIRLAbKS Example 1

Preparation of

npound 19 Conpound

19 was prepared in

exceps thaiB)- (r&ﬂﬁ@ﬁthablnemunm@cuﬂe@ abtdad ofpipepsizanc. 3

t he
di et hyl vinyl phosphonate.

Examphe /- Ryepprpfigs ¢t conyoungy7

des,cr(!xlrﬂlgejau%(a %Sg%‘gf%&fn t?%‘?goﬂ]

exce‘glilgfgw@& +q§)f 4ropyl 1 - brononet hyl phosphonate in

CGS in 10CH3CN was used i nstead of

Cl-MB (M' + 1): 553.3
Exanpl e 20: Preparation of Conpound 20 NH2 TFAt- i

N
Lhglfs BERSERT i oy

a So

ex@éptltli\at@-;%@l\)m( ibthyfiperusnewasded indtdud of piprmacet at e

(20-1

gg and K2CO3 (3.1 9g).
sti r(F]éMSaWr rﬁ7t3é‘nper ature for 2 hours. The sol ution

The m xture was

was filtered, concentrated and purification by silica
gel (EtOAc and MeOH as eluant) afforded 20-11 (5 g) in

E:889ly B efPrdparation of compound 8

Compound 8 was prepared in the same manner as that described in Example 1

except that (S)-(-)-2-#-butyl-2-piperazinecarboxamide was used instead of piperazine.

CI-MS (M '+1): 558.4

Example 9: Preparation of compound 9

Compound 9 was prepared in the same manner as that described in Example 1

except that 2,6-dimethylpiperazine was used instead of piperazine.

CI-MS (M'+1): 487.4

Example 10: Preparation of compound 10

Compound 10 was prepared in the same manner as that described in Example

1 except that 2-phenylpiperazine was used instead of piperazine.

CI-MS (M '+1): 535.4

Example 11: Preparation of compound 11

Compound 11 was prepared in the same manner as that described in Example

1 except that (1S,4S)-2,5-diazabicyclo[2.2.1]heptane dihydrobromide was used

instead of piperazine.

CI-MS (M'+1): 471.4

Example 12: Preparation of compound 12
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To a solution of 20-11 (4 g) in CH2Cl12 (60 nlL) was

added 20% TFA/ CH2C12 20(40 nL) was added and stirred
W@R00pOBISHE enper at ure for overni ght. The Y8PUt Feer/wezos/082202°!

concentrated and the residue in acetone (75 nL) was

added HC1 (4 Nin 1,4- ane, 21.5 nL aé raom.

¢ enpetmbdig 120yesprapaitdin e e G AS iftesaitaampe

1 &&% { B8 @%iaz%ﬁlré[ﬂ%&&gné’\ﬁlhpdt%t:ﬁlﬁﬁdé Qlaﬁflsfe@.rlﬁjstead of
ydroch oride salt M5 (M 45.5 25

piptaripé.e 21: Preparatlon of conpound 21 Cbnpound 21 was

prep manner as that described in
ﬁg{ggﬂhgqggﬁpﬁ?ﬁgt honopi perazi ne was used i nstead
of pi perazine. Cl-M5 (M41): 637.4 Exanple 22:

Preparatlon of conpound 22 Conpound 22 was prepared in
E repprean efgopmarndibbcri bed in Exanpl e 3 except

thab@ﬂ?ﬁﬁﬁf@%ﬂ@§¥9§w%§§m%ﬁ§Qggﬂ%gﬁe g?é ?g%ﬁﬁ@&hﬂ%kmnpb

1 earpotadl ,2didzespioe[id |wdicear dihigpachdstidawishgcs aisead of
.manner as that described in Exanple 4 except that
PIRGAEPt-per azi ne was used instead of piperazine. Cl-M

(M 445 ggggqhégﬁqqple 24. Preparation of conpound 24

Conpoun s prepared in the sanme nanner as that
described in Exanple 17 except that honopi perazi ne was
J&mﬂ_ﬂ;ﬁﬁrelmat@fan%nMdQ4 Cl-Ms (M41): 651.4

| e 25: Preparation of conmpound 25
ompound 14 was prepared in the same manner as that described in Example

3 except that sodium 2-bromoethanesulfonate in the presence of Et;N in DMF at 45°C
was used instead of diethyl vinyl phosphonate. Deportations of amino-protecting
group by hydrochloride to afford hydrochloride salt of compound 14.

CI-MS (M" + 1): 567.3

Example 15: Preparation of Compound 15

Compound 15 was prepared in the same manner as that described in Example
3 except that methyl vinyl sulfone in MeOH at 40°C was used instead of diethyl vinyl
phosphonate. Deportations of amino-protecting group by hydrochloride to afford
hydrochloride salt of compound 15.

CI-MS (M '+1): 565.4

Example 16: Preparation of Compound 16
Compound 16 was prepared in the same manner as that described in Example
3 except that phenyl vinyl sulfone was used instead of diethyl vinyl phosphonate.
CI-MS (M'+1): 627.4

Example 17: Preparation of Compound 17

Compound 17 was prepared in the same manner as that described in Example
2 except that diethyl-1-bromopropylphosphonate in the presence of K,CO3 in CH3CN
was used instead of diethyl vinyl phosphonate.
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Compound 25 was prepared in the sane manner as that

descri bed in Exanple 14 except that honppi perazi ne was
w1315t ead of pi perazine. C -M (M 4y 88 par/us2008/082202°"

Exanpl e 26: Preparati on of conmpound 26 Conpound 26 was

prep in the manner as that described in

Exan‘?)llr']g'%l@%e?&réggﬁat honopi perazi ne was used i nstead

of piperazine. CI-M5 (M41): 579.3 Exanple 27:
E%@ﬂ&@r@ﬁh&fon@%ﬁtﬁlﬁ]s@@ound 27 was prepared in

the sane manner as that described in Exanple 16 except

t hat Chapmpidasredd prepatedinubeshnd@bead a9 thapt@eribed ineExample

Cl-M5 (M41): 641.5 Exanple 28: Preparation_of .
3 exRplolinalicsy s ChrpRmer B aralonstcigdherressice REKaGHen CH:CN

E Ratot 1 h canpl e 2 except that

W% Rg %@Sﬁ)%dtr?etaﬁy}ﬁg?p rggcgﬁe&v?/a@s( used i nstead of
pi peCh¥S@1 €l1):N81¢4M 41) : 636. 8 Exanpl e 29:
Preparation of conpound 29 10Conpound 29 was prepared

i n the, same mann as th descri bed in Exanple 3
E}g@;&fﬁ&%g}fﬂ@@&%@Q@@gﬁh& pi perazi ne was used

i nst [ i ’ AN ,
o e S PoRRL R st Skl o BT

3 bxtepi@atsivepispyiln Bbronsorhdiay I phesphonddeth tha plxaiselo KLZO; in
except that. (R (z(a 2- met hyl pi perazi ne was used

CHHJY e vetd ipptsed elzdintbyl dnvivibopiionals: 651. 5 Exanpl e 31:
Pr epay_fid pfl):%gggound 31 20Conpound 31 was prepared
in the sa manner as that described in Exanple 18
except that (R)-(-)-2-nethyl pi perazine was used

Exangtle 20t RyépapatperfAiamenou@il 205 (M 41) : 595. 4

NH, o} /NHZ
N E107BF PPN N
P 20-1 o) N""N" "N Boc  Boc
N""N""N B B ’
Hl\(\) H NN Eto” N H WN\/\/N\O
1-X1ll O 20-I1

NH,
Z N

TFA

Compound 20

Intermediate 1-XIII was prepared as described in Example 1.

To a solution of 1-XII (5 g) in CH3CN (150 mL) were added ethyl
bromoacetate (20-1, 1.25 g) and K,COs (3.1 g). The mixture was stirred at room
temperature for 2 hours. The solution was filtered, concentrated and purification by
silica gel (EtOAc and MeOH as eluant) afforded 20-11 (5 g) in 88% yield.

To a solution of 20-11 (4 g) in CH,Cl, (60 mL) was added 20% TFA/CH,CI,
(40 mL) was added and stirred at room temperature for overnight. The solution was
concentrated and the residue in acetone (75 mL) was added HCI (4 N in 1,4-dioxane,
21.5 mL) at room temperature for 0.5 hour. The solvents was removed and the
residual was treated with ether to afford hydrochloride salt 20 (3 g).

CI-MS (M" + 1): 5455
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Exanpl e 32: Preparation of conpound 32 25Conpound 32

was prepared in the sane manner as that described in
WEHEPSEI® except that (S)-(+)-2-net hyl pr'PePazperusmes/0s2202°!

used instead of piperazine. Cl-M5 (M41): 637.1

Exa ' 33: Preparation compound 33 30Conpound 33
E@@&%ﬁgﬁﬁdﬁ?%*‘@% qafrr?Qn’é’ﬁH%‘?%Janner as that described in

ExangdBpctin@8P4s frfred Bthé AmmARI NS HaP8ERADSLINBImple

used i nstead of piperazine. CI-M5 (M41): 581.1
2 escaptpthet IgnopRycsgrancat aowscd instaadpd pipgra@iheConpound 34 was
prep h- the manner as that described in
Exangjlr']g/fé dw“?‘?@gi{gpt that (S)-(+)-2-nethylpiperazine
was used instead of piperazine. 5CI-M5 (M4l): 651.5

Exanpl e 35: Preparation of conmpound 35 Conmpound 35 was
E Prepprats ofgaepaamthe? as that described in

Exa .1 . .

(S Cafemaden R TREFRL e ame namp e e dogped in Bxamol
3 pidept thzt HuenoplftCdziddSy §Miséd JnstalDf pipexainel e 36:

Preparation. of conpound 36 Conpound 36 was prepared in

t he Ghi¥® %ﬁﬂé‘rsgésr?t hat described in Exanpl e 3

except that (S)-(+2-t-butyl-2-piperazi necarboxam de

was used instead of 15pi perazine. CI-M5 (M41): 666.5
Etananipl® B3@parranpeicatiponnd?3 conpound 37

o 2 S B th S S T TRP e N cample
4 ERxp{ther ok peraAnPlv RO ERRGAP RRLAR. WS used

I NS .
CI-MS (M'+1): 609.4

Example 24: Preparation of compound 24
Compound 24 was prepared in the same manner as that described in Example
17 except that homopiperazine was used instead of piperazine.

CI-MS (M '+1): 651.4

Example 25: Preparation of compound 25
Compound 25 was prepared in the same manner as that described in Example
14 except that homopiperazine was used instead of piperazine.

CI-MS (M'+1): 581.4

Example 26: Preparation of compound 26
Compound 26 was prepared in the same manner as that described in Example
15 except that homopiperazine was used instead of piperazine.

CI-MS (M '+1): 579.3

Example 27: Preparation of compound 27
Compound 27 was prepared in the same manner as that described in Example

16 except that homopiperazine was used instead of piperazine.
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pi perazine. Cl-M5 (M41): 736.5 Exanpl e 38:

Preparati on of conpound 38 25Conpound 38 was prepared
WO poobhaissmne manner as that described i i ERANIPET/182008/082202°"

except that (S)-(+2-t-butyl-2-piperazi necarboxam de

was Instead of piperazine. CI-M5 (M41): 680.5
SOBéﬁrﬁq%e&%%:ﬁ'F(%é aration of conpound 39

Compound 39 was prepared in the sane manner as that
descri bed in Exanple 17 except that
2, 6-di et hyl pi perazi ne was used i nstead of piperazine.

E%I - 'gﬂrd'l réltio%Go%‘cSom gﬁ(@‘ﬁépe 40: Preparation of
—’%é%Pﬁ%éf q p ound 40 was prepared in the

S anECdﬁﬁﬁ(ﬁﬁl WBSwisatpAesarth®Sind Mafmedap Rt 8ds8ripCidxample
t hat 6 d| rret hyl pi perazi ne was used instead of
2 GFKW lwsgx Impgrapinegpg usedsngiopd ef piperazine.

Pr ep@f_g@@ﬁ% &grgpound 41 Conpound 41 was

pr epar e same manner as that described in

Exanpl e 102 except that 2-phenyl pi perazi ne was used

i nstead of piperazine. CI-M5 (M41): 699.5 Exanple 42:
AT eRAr o e RAIN 429 Conmpound 42 was

pr e rﬁﬂod ﬁh@aséﬁ%ﬁg@fﬂgﬁé eny#gﬁ{er deafr heefbddin E Ci(arnple

e 153 exce pl perazi ne was use
3 émptethait (®)-(prPporctwimperatthe WBs (ddd4dgtcadetPipbrézuanpl e 43:

P eRRf B¢ Qi) KATPound 43

Example 30: Preparation of compound 30

Compound 30 was prepared in the same manner as that described in Example
17 except that (R)-(-)-2-methylpiperazine was used instead of piperazine.

CI-MS (M '+1): 651.5

Example 31: Preparation of compound 31

Compound 31 was prepared in the same manner as that described in Example
18 except that (R)-(-)-2-methylpiperazine was used instead of piperazine.

CI-MS (M '+1): 595.4

Example 32: Preparation of compound 32

Compound 32 was prepared in the same manner as that described in Example
2 except that (S)-(+)-2-methylpiperazine was used instead of piperazine.

CI-MS (M '+1): 637.1

Example 33: Preparation of compound 33

Compound 33 was prepared in the same manner as that described in Example
3 except that (S)-(+)-2-methylpiperazine was used instead of piperazine.

CI-MS (M '+1): 581.1
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Compound 43 was prepared in the sane manner as that
descri bed in Exanple 2017 except that

WQ@2(9haBnEbi per azi ne was used instead of ‘PPPEF hreres2008/082202°

C-M5 (M41): 713.5 Exanple 44: Preparation of
conpound 44 Conpound 44 was prepared in the
sanme manner as that described in Exanple 2518 except

Eddhillc 24 RERYLRINGTBRIBE.¥8$ Used instead of
T”’.ﬁf;‘i?—azi e (M41): 657.4 Exanple 45:

Pr epfé\(vrapdnmd MfwasampueingBe same manneCaathat @@cﬁ’@e.d/\jasExample
lgéﬁgt{tggégg(@%g%%@?%g%gﬂgé was uge antlstgaedsocfrplil?e%gzilllen
(1S, dbMm\p~di-amaty cycl of 2. 2. 1] hept ane di hydr obr om de

was used I nstead of piperazine. CI-M5 (M41): 635.5
Exanpl e 46: Preparation of conpound 46 Conpound

EA8, §5:Fﬁ'rg€a%5t?o%dﬂokﬁ‘éu§@§'§ manner as that descri bed
except a
(1S, @&npaind-3bi easahiegyed o[ tRe 2anld mempicane that Basdribdt arfideple
was used instead of pip erazine. 5CI-N5 (M 41): 579.4
18esxe I tBat4dF)-(Prapriwinipragne wanpisdrivstorr CEPMSBIARE- 47 was

prepay. R iVl hesosame manner as that described in
Exa%e d 5117 except that

6, 9-di aza-spiro[ 4. 5] decane di hydrochl ori de was used
i nstead of 10pi per azi ne. -Ms (M41): 691.5 Exanpl e
EXGIESE SO roRbRp 43 Compound 48 was
rEN)r( ep@<|srﬁﬁodna F6NRasSRERrERANRE sife BAter d8 8l 1RLALAdNN Example
anpl e
3 except that (S)-(-)-2-#-butyl-2-piperazinecarboxamide was used instead of
piperazine.

CI-MS (M'+1): 666.5

Example 37: Preparation of compound 37

Compound 37 was prepared in the same manner as that described in Example
17 except that (S)-(-)-2-t-butyl-2-piperazinecarboxamide was used instead of
piperazine.

CI-MS (M '+1): 736.5

Example 38: Preparation of compound 38

Compound 38 was prepared in the same manner as that described in Example
18 except that (S)-(-)-2-t-butyl-2-piperazinecarboxamide was used instead of
piperazine.

CI-MS (M'+1): 680.5

Example 39: Preparation of compound 39
Compound 39 was prepared in the same manner as that described in Example
17 except that 2,6-dimethylpiperazine was used instead of piperazine.

CI-MS (M '+1): 665.5
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1518 except that 6, 9-di aza-spiro[4.5]decane

di hydrochl ori de was used instead of piperazine. C-M
W@ 20413159635, 5 Exanpl e 49: Preparation of BBipeamts2e9s/082202°

20Conmpound 49 was prepared in the sane manner as that

descri bed in Exanple 17 except that

1, 4-di aza-spiro[ 5. 5] undecane di hydrochl ori de was used

i nstead of piperazine. C-M5 (M41): 705.5 25Exanpl e

50: Preparation of conpound 50 Conpound 50 was
Expmepad@dreparation ofaompramhdd as t hat described in

Exanpl e 18 t that,l,.4-di - spi 5

o e Betre R el ir SrRE R B P Il APPSR mpte
18(Mg%@t)that%@dﬁné%@ylgwa%&@%%%&@ﬁ%ﬁ@bﬂlﬁyéﬁzme.

EPCT/ US2008/ 082202 Exanpl e 51: Preparation of conpound

51 ¢BSoM +1): 609.5 N3 "CO?H51-1 Boc- N OH
51-11

Example 41: Preparation of compound 41
Compound 41 was prepared in the same manner as that described in Example
2 except that 2-phenylpiperazine was used instead of piperazine.

CI-MS (M'+1): 699.5

Example 42: Preparation of compound 42
Compound 42 was prepared in the same manner as that described in Example
3 except that 2-phenylpiperazine was used instead of piperazine.

CI-MS (M'+1): 643.4

Example 43: Preparation of compound 43
Compound 43 was prepared in the same manner as that described in Example
17 except that 2-phenylpiperazine was used instead of piperazine.

CI-MS (M '+1): 713.5

Example 44: Preparation of compound 44
Compound 44 was prepared in the same manner as that described in Example
18 except that 2-phenylpiperazine was used instead of piperazine.

CI-MS (M™+1): 657.4

Example 45: Preparation of compound 45

Compound 45 was prepared in the same manner as that described in Example
2 except that (1S,45)-2,5-diazabicyclo[2.2.1]heptane dihydrobromide was used
instead of piperazine.

CI-MS (M '+1): 635.5
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51-V51- VI N NH2H2 1,B rN N N BocBoc Or' NN*N Bococ
-'"N) HN\HEtOP ,.)H51-1 X aEt51-X TMSBr NH2 "N O, NN

WO 2009/131598 Attorney’s Lp o/17$2008/082202°

Example 46: Preparation of compound 46

Compound 46 was prepared in the same manner as that described in Example
3 except that (1S,4S)-2,5-diazabicyclo[2.2.1]heptane dihydrobromide was used
instead of piperazine.

CI-MS (M '+1): 579.4

Example 47: Preparation of compound 47

Compound 47 was prepared in the same manner as that described in Example
17 except that 6,9-diaza-spiro[4.5]decane dihydrochloride was used instead of
piperazine.

CI-MS (M '+1): 691.5

Example 48: Preparation of compound 48

Compound 48 was prepared in the same manner as that described in Example
18 except that 6,9-diaza-spiro[4.5]decane dihydrochloride was used instead of
piperazine.

CI-MS (M '+1): 635.5

Example 49: Preparation of compound 49

Compound 49 was prepared in the same manner as that described in Example
17 except that 1,4-diaza-spiro[5.5Jundecane dihydrochloride was used instead of
piperazine.

CI-MS (M™+1): 705.5

Example 50: Preparation of compound 50

Compound 50 was prepared in the same manner as that described in Example
18 except that 1,4-diaza-spiro[5.5Jundecane dihydrochloride was used instead of
piperazine.

CI-MS (M '+1): 649.5
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OHConmpound 51 5 Internediate 1-11 was prepared as
described in Exanple 1. To a suspensi on of the

wWo paoenswses ate 1-11 (31.9 g) in toluene (88Yiipcmesmosns2202”!

added phosphorazidic acid di phenyl ester (51-1, 32.4
g) and Et3N (11.9 g) at 25C for 1 hour. The reaction
m xture was stirred at 80C for 3 hours and then cool ed
to 25C. 10After benzyl al cohol (51-11, 20 g) was
added, the reaction mxture was stirred at 80C for
Expdatile b britepaBatimurfsompdunh®h war ned t o 120C over ni ght .
It was then copgentrated and di ssol ved again in EtOAc
and H20. The ani ¢ | ayer was col |l ected. The aqueous
| ayer was extracty Wi th EtOAc. {The comnbined organic
| ayer s \webs vvashq% 2 th 2.9 bz sataur at ed [aquédus
Na k- nd btine; ed st hydr ous W30,
8FiTt6red, and{gyoAtentrat ed. sfine resi due thu¥®
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silica gel (EtOAc/Hexane = 1:2) to give Interrredﬁate
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HC1/ di oxane/ (210 mis).vi n MeOH (350 was siivred at
room tenperature overnight. After ether (700 nL) was
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m xt'wre wastatirred at room tenperat'dfe for 2 hours,

filtered, dried over anhydrous MySO4, and

conceptrated. The sufPt BRieE esi due YWas purified
col u ZCW orf'si li ca gel [MW si f Jénd

I%(,)q as . eBaantBpc t o give ipgter M -I\7(1€3 Q)
nhna N7 évo vi.gl d. 10l nter rredit@:ﬁ@\/l‘-ﬂ)x (24x9) was added

to a solution of internediat&'%51-1V (19 g) in CHCI12
(570 nL). The m xture was stirred at 25C for 2 hours.

NaBH( OAc) 3 (23 g) t hen added 25C over ni ght.

After the sol utrisg‘rﬁggs entbed, a saturated

aqU&8lus Na ) S added to the resultant
residue. A ~wxture Jias then extracted with CHCL2.

The sol uti ofHwas concentiai éd and the resi due was
purified 15by col um chromatography on silica gel

(using EtOAc and MeOH as an eluant) to afford

I nt enreecicdibe ISI-Was((23p@ed)ds dedcrébedafEByampld.1. A sol uti on

of internediate 51-V (23.9 g) .and Boc20 (11.4 g) .in
CH2Ci%2 purpensian) Omé% “5%18@6“@6‘0?‘@ N4 %18 t‘hlE‘)’nea(tISgQ@)f"fﬁm
b D L 1B b i (TR O AT for
1 kduroFht ogpretigiynixnred@ss stired ag80°( fos B iguitadAchanuboddxade°C.

| yant ive internediate 51-VI (22 g)..i ]
A SR H A Dot GO i i Spd bl Siporc
foPhddifiéRN PRLLALBd Pen\art’d t@) 20T MePighid4t Whe thed BSncentrated

m xture was stirred at anbi ent tenperature under
andydivsolyed agaimis fdheansdr@i ghe orephictlercsayas apldected. The
a Cgoq?sei%trerr %&a% %Xtr;-cr‘geed with 'E%gct IT“Hg’ cé)r?l{)frflllecli1 gfjga%%a%lflsr \I)vfe%eevgashed
with 2.5 N HCI, saturated aqueous NaHCO; and brine, dried over anhydrous MgSQOs,

filtered, and concentrated. The residue thus obtained was purified by column
chromatography on silica gel (EtOAc/Hexane = 1:2) to give Intermediate 51-III (35
g) in a 79% yield.
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25col um chromat ogr aphy on silica gel (using EtOAc and
MeOH as an eluant) to afford intermediate 51-VH (16.5

W@ R00PN315997 % y| el d. I ntermedi ate STOVT ¥aBUS2009/082202°!

and Et3N (4.4 nmL) in 1l-pentanol (75 nL) was allowed to
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{
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at ipQrh tepapesttusefar dRewachilisrodidrisd ovpranhydrohe MeSQanind
coh@%n%ate\ﬁath%qgguﬁgﬁtergm egw%)@.ﬁﬁﬁtdr %‘ijunn%r Qﬁoﬁl%ﬁo)gg%b%y ogléﬁlca

d was hromao ra

ocb (UsirpeCHall, ammﬂ@aacélumpﬂd dioe REYMHAGHIMAOH %) ian
eluant) to afford Internediate 51-1X (13.2 g) in a 75%
T6p 814" 5Di et hyl vi nyl phosphonate (2-1) was treated

W t r . . E
nyar 3B 3E 48 TS B FEY B BRI Bigh o i v (19 0
mE3yC3, Eramdl)e THhe2 : miReparastirosd af25T0 figpdulmoir& 2NaBH(OAC); (23

o) USSR A B SpE 4a AT Uit sol At | eBRHal e saturated
aq@éﬁds& é’I@?O%‘ &ﬁgtldmﬁseﬁﬁle@ﬁ%ihetr%ﬁ@ﬁ' r8diucl -l thtx‘aﬁ% va@then

anpl e . Preparation of Conpound
em@cteﬁ pduridE3  Wagssqbetemaw ascconpentiatedsadshamgsidee was puiaed

d ibed in Ex le.. 51
RRTRY PR BT b S e AR vhdTiotas nshgpo
afféZ@@eMdMBWM@Sg)uﬁa%v/mbﬁad of di et hyl VI nyl
phosphonat e. - ' 1% 2 Exampl e :
P o on b oS H-5423 0 o) anBApeLI. ) IAH:Cl> (200

| 0280 N5 PR 4. 4 SORSELISH oy
cous@drataiisindable @fulpinp sssalzic mews pAATkd Mocibinnchigmatdgaphl on
silica gel (using EtOAc and Hexane as an cluant) to give intermediate 51-VI (22 g) in
a 77% yield.

10% Pd/C (2.2 g) was added to a suspension of intermediate 51-VI (22 g) in MeOH
(44 mL). The mixture was stirred at ambient temperature under hydrogen atmosphere
overnight, filtered, and concentrated. The residue thus obtained was purified by
column chromatography on silica gel (using EtOAc and MeOH as an eluant) to afford
intermediate 51-VII (16.5 g) in a 97% yield.

Intermediate S1-VII (16.5 g) and EtsN (4.4 mL) in 1-pentanol (75 mL) was
allowed to react with 2,4-dichloro-6-aminopyrimidine (1-VI, 21 g) at 120°C
overnight. The solvent was then removed and the residue was purified by column
chromatography on silica gel (using EtOAc and hexane as an eluant) to afford
intermediate 51-VIII (16.2 g) in a 77% yield.

A solution of intermediate 51-VIII (16.2 g) and piperazine (1-XII, 11.7 g) in
I-pentanol (32 mL) was added to Et;N (3.3 mL) at 120°C overnight. After the
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Exanpl e 55: Preparati on of Conpound 55 Compound
55 was prepared in the sane manner as that descri bed

WO eooBssnsps e 53 except that (R)-(-)-2- net'NyPHi beerpsvesns2202”
was used instead of piperazine. Cl-M (M' + 1): 580.7

5Exanpl e 56: Preparation of Co
SoB SRR AP SI UE T R SRR HE s oA A
Cﬁf@l(j r TResk ﬁhﬂﬁc F'Rilaﬁ cSllecBXGRR ot RBtraR@dTH M Yesidue thus obtained
br onoet hanesul fonate in the presence of Et3N in DV
ww putiicd bywabinusddomawgeatly ofi sdiceghl(using ﬂM)Ac/ MeOH to 28%

NEERANEOR on et Hirorclpthmet R AR £R 5 78% vield.

5 pr epRicaf)] vihyt ﬁlﬁbs@ﬁd’tﬁtd@ﬂ) Q¥as diafel MithHORISEX bb@8hciiBed in
Exanpl e 51 except that nmethyl vinyl sulfone in MeOH at

EWI&@ WG aﬁﬁ@rédlydf@r@a@e §elt af eamgaundiShy| phosphonat e.

sno-protecting group by
hydrocﬁﬁo@ﬁﬁe i 5%g]afford hydrochl ori de salt of
conpound 57. C-Ms (M' + 1): 551.3 Exanple 58:

Exangpa b2t HroparatfonCdruoupuing 52 H2 BocBocCl

jor. NN,O NH2 H HI\I N*LCI NH2Boc Boc O
Cornpound 52 was prepared in the same manner as that described in Example

1

10 4 except that intermediate 51-IX was used instead of intermediate 1-XIII.
CI-MS (M" + 1): 58122

Example 53: Preparation of Compound 53

Compound 53 was prepared in the same manner as that described in Example
51 except that diethyl-1-bromopropylphosphonate in the presence of K,COs in
15 CH;CN was used instead of diethyl vinyl phosphonate.
CI-MS (M + 1): 567.2

Example 54: Preparation of Compound 54

Compound 54 was prepared in the same manner as that described in Example
51 except that (R)-(-)-2-methylpiperazine was used instead of piperazine.
20 CI-MS (M + 1): 566.7

Example 55: Preparation of Compound 55

Compound 55 was prepared in the same manner as that described in Example
53 except that (R)-(-)-2-methylpiperazine was used instead of piperazine.
CI-MS (M + 1): 580.7

25 Example 56: Preparation of Compound 56
Compound 56 was prepared in the same manner as that described in Example
51 except that sodium 2-bromoethanesulfonate in the presence of Et;N in DMF at 45
°C was used instead of diethyl vinyl phosphonate.
CI-MS (M" + 1): 553.2
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1-vI *I. 58-Vv1 C N NH H2N 58-V NH2Boc Boc N: LN

O ("N EtOH HN-058-V111 X NH2HH n, O r'N NN HOC NH -

Example 57: Preparation of Compound 57

Compound 57 was prepared in the same manner as that described in Example
51 except that methyl vinyl sulfone in MeOH at 40 °C was used instead of diethyl
vinyl phosphonate. Deportations of amino-protecting group by hydrochloride to
afford hydrochloride salt of compound 57.

CI-MS (M" + 1): 551.3

Example 58: Preparation of Compound 58

Boc
Oe~UN H Boc
/@/\/NHZ 14X O Q/\/N\/\/NO (Boc),0O ESC/\/[%OC
HN - H,N \O
2 58| 5811 HoN 58-1ll

Wiz H HN™Y
°N N NH

Boc Boc CIPNCI NH2 Boc Boc N 7()’)\/

58-IV 58-vV
NH
NH> Boc  Boc O A 2 ESC/\/BOC
x> ~N JI\/BF N
(N EtO s L
NN 20-1 o (NN N
HN = go?N
N0 58-VII H/'\11<O 58-VIIl
K
NH, Boc Boc NH, H H
/!\j O/\/N\/\, O 2N /O/\/N\/\/N\O
LiOH O NTNTN TFA o N NN
Ho' N ; Ho' SN ;
HN"SO  58.X HN"YO
)< /'< Compound 58

To a solution of 2-aminoethylaniline (58-1, 2.92 g) in MeOH (300 mL) was
added 1-IX (4.56 g). The mixture was stirred at 60°C for 8 h. Then, NaBH, (0.68 g)
was added at 0°C for 0.5 hour and concentrated by removing the solvent. To the
resultant residue was added an aqueous solution of NH4Cl1 (10%, 10 mL). The
mixture was extracted with CH,Cl,, dried (MgSO4), filtered and evaporated. Purified
by chromatography on silica gel (EtOAc/MeOH = 1/1) to afford 58-11 (4.2 g) in a
63% yield.

A solution of 58-1I (4.2 g) and Boc,0 (2.8 g) in CH,Cl, (250 mL) was added
Et;N (1.4 mL) at 25°C for overnight. The solution was then concentrated and the
resultant residue was purified by chromatography on silica gel (EtOAc/Hexane = 1/5)
to give S8-III (4 g) in a 75% yield.
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To a solution of 2-am noethylaniline (58-1, 2.92 g) in
MeOH (300 nmL) was added 1-1X (4.56 g). The m xture was
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was purified by chromatography on silica gel
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acidified with 2.5 MHCL (PH=9) and filtered to
obtain yellow solid 58-1X Purification by silica gel
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so[ﬂ@}ltsVWére de@%ﬁMlﬁhBﬁ&é’udéhdﬁalt of EbMpS A dISS PHOMAS).
stirred at roomtenperature for 2 hours. The solvents

wer CrMSoMdt 5 64P®Bord trifluoracetic acid salt of
compound 58 (260 ng). CI-Ms (M+ 1): 615.8 Exanple 59:

E E@tp Aon %fmg&g] 2%930Conmpound 59 was prepar ed
ﬁﬁgﬁg 1 1rrnalonner a at descrl bed i n Exanple 58
excePdmpdlaid LK prpELHTRE %h@ﬁh@ﬁr)%r\é@ﬁlau 8&dribaPiheB@mple

of et h%/ bronpbacetate. Cl-Ms (M
58 except that ethyl 3-bromopropionate was used instead of ethyl bromoacetate.

CI-MS (M '+1): 629.8
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60: Preparation of Conpound 60 CI N C-N C 60-1
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O,N,)N/) 11 0 60-111060-1V NH2
Example 60: Preparation of Compound 60
X
N"SN 60-11 PN 4 PN
CI)I\N/)\CI @\/OYI\(\)N ¢ @OTO ¢
60-1 O sou O s0v
NH,

60V 60-VI
1. K,CO3, MeOH NH,
o 'E\Zloc N)§N
, PPN HCl
Do OO,
O._N e, TN
3. NaBH, Y - O
© 60-VII
NH,
A

P\ NN NO

Compound 60

Intermediate 1-V was prepared as described in Example 1.

5 Benzyl 1-piperazinecarboxylate (60-11, 1.3 g) was dissolved in acetone (10
mL) and NaHCOs (0.5 g) in water (10 mL) was added simultancously to solution of
triazine 60-1 (1.1 g) in acetone (24 mL) and water (36 mL) at 0°C. The solution was
stirred at 25°C for 2 hours to obtain a solid. Filtration afforded compound 60-1I11,
which was used for the next step without purification.

10 To a solution of compound 60-I1I (2.0 g) in acetone (20 mL) was added aq.
ammonium hydroxide solution (10 mL) at 25°C. After 15 hours, acetone was
removed under reduced pressure and compound 60-1V was precipitated, filtered,
washed with acetone (10 mL), and dried to give 1.9 g of 60-1V in a 91% overall yield.

A solution of intermediate 1-V (1.45 g) and Et;N (1.6 mL) in iso-

15 propylalcohol (10 mL) was reacted with compound 60-1V (1.9 g) at 60°C for
overnight. The reaction mixture was evaporated under reduced pressure. The residue
thus obtained was purified by column chromatography on silica gel (EtOAc as an
cluant) to afford intermediate 60-V (2.2 g) in a 70% yield.

A solution of intermediate 60-V (17 g) was treated with 4 N HCl/dioxane (160

20 mL) in MeOH (180 mL) and stirred at room temperature overnight. After ether was

added, the solution was filtered. The solid thus obtained was dried under vacuum. To
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Compound 61 O

Intermediate 1-V was prepared as described in Example 1.
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15Exanpl e 61: Preparation of Conpound 61 NH2 N
NHACH CI N N BocBoc (NH HN, ) 1-X11 NH2 N N NN
WBB01598 61-V11161- 1X Attorney’s Lp -1/192008/082202°!

A solution of compound 1-V (120 g) and Et;N (150 g, 3eq) in CH,Cl, (2.6 L)
was reacted with benzylchloroformate (61-1, 84 g, 1eq) at -10°C for 15 hours. TLC
showed that the reaction was completed.

Intermediate 61-11 (167 g) was treated with 4 N HCl/dioxane (280 mL) in
MeOH (1.2 L). The mixture was stirred at room temperature overnight. After ether
was added, the solution was filtered. The solid thus obtained was dried under
vacuum. To a solution of the above solid in MeOH was added K,CO3 at room
temperature. After stirred for 1 hour, the solution was filtered and intermediate 1-1X
(101.2 g) was added. The mixture was stirred at 25°C for 2 hours. NaBHj (12 g) was
then added at 25°C and the mixture was stirred overnight. The solution was then
concentrated and a saturated aqueous NH4Cl solution was added. The mixture was
extracted with CH,Cl,, dried over anhydrous MgSOQ,, filtered, and concentrated. The
residue thus obtained was purified by column chromatography on silica gel (MeOH as
an eluant) to afford intermediate 61-I'V (100 g) in 32% yield.

EtsN (29.2 mL) was added to a solution of intermediate 61-1V (80 g) and
Boc,0 (5 g) in CH,Cl, (200 mL) at 25°C. The solution was stirred overnight and then
concentrated. The resultant residue was purified by column chromatography on silica
gel (EtOAc as an eluant) to give intermediate 61-V (80 g) in 84% yield.

Catalytic hydrogenation of 61-V (38 g) with Pd/C (10%, 3.8 g) under H, (1
atm) in MeOH afforded intermediate 61-VI (29 g).

61-VI (26.1 g) dissolved in THF (200 mL) and N,N-disopropylethylamine
(7.8 g) dissolved in THF (200 mL) were added simultaneously to solution of triazine
60-1 (10 g) in THF (200 mL) at 0°C. The solution was stirred at 25°C for 2 hours to
obtain a solid. Filtration afforded compound 61-VII, which was used for the next step
without purification.

To a solution of compound 61-VII (30 g) in THF (1000 mL) was added aq.
ammonium hydroxide solution (50 mL) at 25°C. After 15 hours, THF was evaporated
under reduced pressure and compound 61-VIII was precipitated, filtered, and dried to
give 23.9 g of 61-VIII in a 70% overall yield.

To compound 61-VIII (2.0 g) and piperazine (1-XII, 0.83 g) in 1-pentanol (3
mL) was added Et;N (0.97 g) at 25°C. The mixture was stirred at 120°C for 8 hours.
TLC showed that the reaction was completed. Ethyl acetate (480mL) was added to

the reaction mixture at 25°C. The solution was stirred for 1 hour. The Et;NHCI salt
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tenperature. After stirred for 1 hour, the solution

wagawashed pathethea irjafiford diydeshleride salf of onmpund g1 (3@%me).
Th ture was stirred at 25C for 2 hours.
Cﬁgﬁ@/{ Pa 4)Igb\)/é\)/as 10t hen added at 25C and the mi xture
was stl rred overnight. The solution was then
concentrated and a saturated agueous NH4Cl sol ution
) a The m S extracted with CHC12,
J&‘—Iilpé%i—g é?paéﬂlﬁ?o‘? é?én 2 filtered, and
concentrated. The resi due thus obt ai ned ,was purified
by cdl®urm chromat ogr aphy_@uesi | i ca gel (N\EOH as an
el ud\btﬁj {o afford internedieate 61-1V A N'I.JSQ’\% E;SZ%BOC
yi el d! M?@Bl‘ﬁ%% ) “has—addedtona solit hoh toi~ 0
i nter rregl\,@te 61- 80 g) and BocZO (5 g)ejn CH2C12
(200 nL) at 25C. The solution was stirred overni ght
and t hen concentjﬂ*at ed. The resultant residue was
pyri fied by c onat ography on silica gel (EtOAc
—as—an Ian/ og4 it ecfediate 61-V (80 g) in 84%
yi el d. B0 ek Catal yti c hydrogenation of 61-V (38
g) with Pd/ C (1Q%posdd & g) under H2 ( 1 20atm in MeOH
afforded internediate 61-VI (29 g). 61-VI (26.1
g) dissolved in THF (200 nL) and
N, N- e I olved .in,THF (200
) 1\%\%?@18%13%%& {zﬂlf W%?qg g)gﬁes a§ gcrl%e?a j|E)c()an %IF I%tl riazine
60- 1 DiciHy1 gi)ny'lﬁhoﬁ'ﬂtﬁnétBQ@-Imm @g) W adﬂbe tcse)lscutm@ﬂoﬁ/vas
stirred at 25C for hours to obtain

infepmeqigic;6dnV HA {%%Oorée) I@dY{ﬁ‘aHr{aO gulvihe \mMUEﬁn w&% stifsetpt2erC
ok 37 A THE SRR UGBS i Py

cohasn aldder tepgaphgronosilicapeh@glx/OeAH s Hl1uta afford ttembodiad 62-1

C. Aft ours, THF was evaporated under reduced
Qé Eé%),u‘}% (?dyl%lgrrpound 61-VI 1| was precipitated,

fil tﬁ@@lﬁtm@@fb(ﬁ% 'T%@Hz@ﬁ VemE 3 wis Qd&gd(tgja ()sglultllon'of1 a 70%

overal |l vyi el 30To conpound 61-VI1I
mMIpedlatzlGﬁeI (610 Xig) in OH3Gl>¢7 nilp. ThpeerctiowmitBramys stiasd for 8

dded Et 0.97 2 h i t
hSeTp G MRl i Bhedidted B iiatoyind e el i S
reSigiPWes pekifiddttiydol@he tirbmaldbBihl Jonwascaaddgth MedHe 1/1) to

reaction mxture at 25C. The solution was stirred for
affordh giftuorauetic geid splcef egippound 62 (175 mg).

CI-MS (M'+1): 642.4
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was filtered and the solution was concentrated and

purified by silica gel (EtOAc/ MeOH = 2:8) to afforded
W®200pX31598 0 g) in a 46%i el d. A sOET ShPGE/USHD8/082202°!

in ether (5 nm) was added to a solution of

i nter [ate 61- 420 ) in CH2C12 (1.0 nL). The
E@&@i?—ggﬂirmaﬂttﬂneog\&‘g%‘}upﬁggd for 12 hours at 5room
tenper at yre and concentrated by renovi ngythe sol vent.
The resigy\fy:ant resi due was washed wth e%ﬁr to afford
hydr N alt, of, conpound 61 (293 N (M _+
Etﬁ: 60.0 Ex l,ﬁv&ﬁgbe% qgga@%%enpoumﬁwﬂ
NP2 NN TFAQnT NN NN oEt-10ConpoundH 62 | ¢etreureesdli at e O
61-VIH was prepared as described in Exanple 61.
Di etlntdrmedintel 2Rbwphjoapdred @2ddscridd3ndixpmplstZadded to a

) AriliGhel R raris ) ard 5aéstudRlby vimga ) o7 in

CHE, 60l ML} QB Wafedt 2 5°C RIICRMHouAL Athe3BRtibA S ak BfnddBci@Sited
purified col utm chr omat o%raphy on silica gel (EA

inyeonr:-tosyiehd yeBowfdaranas foame alhratiopAram EPOH 248§ in a
% yi : LON O 0% TFA/ CH2C12 (5 i)
Rt of conp Uit ToeF et ate 621 (430 o)
in QGRIB2(M 2-15968.0The reaction m xture was stirred for
8 20 hours at roomtenperature and concentrated by

Exagple, 04 remsation SfeRmpomie64 esul tant resi due was
uri .
(B N R PR BIrRP AR o e B i Exapl
6 lcompetithat hozhopiptbazing)wasGlsed/Bis(chtl 41 pipetdited
CI-MS (M'+1): 474 4

Example 65: Preparation of compound 65

Compound 65 was prepared in the same manner as that described in Example
61 except that (R)-(-)-2-methylpiperazine was used instead of piperazine.

CI-MS (M'+1): 474 4

Example 66: Preparation of compound 66

Compound 66 was prepared in the same manner as that described in Example
61 except that (S)-(+)-2-methylpiperazine was used instead of piperazine.

CI-MS (M '+1): 474.1

Example 67: Preparation of compound 67

Compound 67 was prepared in the same manner as that described in Example
61 except that (S)-(-)-2-t-butyl-2-piperazinecarboxamide was used instead of
piperazine.

CI-MS (M '+1): 559.5
Example 68: Preparation of compound 68
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Exanpl e 63: Preparation of Conpound 63 I nternedi at e
62-1 was prepared as described in Exanple 62. A

wa edoati3sps of conpound 62-1 (610 ng) and At Py t/s51098/082202°"

bromde (1.21 g) in 5CH2C12 (30 nmL) was stirred at 25C

for 72 hours.,B The sol ut] was then concentrated. i

vac TP 68 e R AST it %@a@?@amer@%g?SP?@%Emﬁmle
61f ép&gbtﬁheﬁd &é&@etﬁ‘;ﬂwﬁ?@ﬁ&&@‘v&hﬁ uS&] fshd Ggﬁfﬁé}‘dﬁﬁe

: 568.0 Exanple 64. Preparation

of c@HM&M 44ﬁt8(lon'pound 64 was prepared in the sane

manner as that described in Exanple 61 except that

honopi perazi ne was used i nstead of piperazine. Cl-M
Eiaﬁ«ﬁ;#m Phégardideehobidd 697 epar ati on of conpound 65

15Compound 65 was prepared in the sane manner_as that
des crompeindrdIexasrperarghinghe sgme mpager as that described in Example

61 - d of

R e S T A S e B

Pr ep@i-®MS @h'+af: 53eMpound 66 20Conpound 66 was prepared
in the sane nmanner as that described in Exanple 61
except that (S)-(+)-2-nethyl pi perazi ne was used

i nstead of piperazine. Cl-M5 (M41): 474.1 Exanple 67:
Preparati on of conpound 67 25Conpound 67 was prepared
{amptlid 0 sPcm}mraﬁnmrufrcoa@omth descri bed in Exarrpl e 61

exce t that (S)-(+2-t- era2| rbo
BSOS T i TR B Tf AP ioshy dgample
61 except that (1S,45)-2,5-diazabicyclo[2.2.1]heptane dihydrobrormde was used

instead of piperazine.

CI-MS (M'+1): 514.4

Example 71: Preparation of compound 71

Compound 71 was prepared in the same manner as that described in Example
61 except that 6,9-diaza-spiro[4.5]decane dihydrochloride was used instead of
piperazine.

CI-MS (M '+1): 528.5

Example 72: Preparation of compound 72
Compound 72 was prepared in the same manner as that described in Example
61 except that 1-methyl piperazine was used instead of piperazine.

CI-MS (M'+1): 474 4

Example 73: Preparation of compound 73
Compound 73 was prepared in the same manner as that described in Example
61 except that 1-(2-morpholinoethyl)-piperazine was used instead of piperazine.

CI-MS (M™+1): 573.5
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30Exanpl e 68: Preparation of conpound 68

Conpound 68 was prepared in the sane manner as that
walewensisesl i n Exanpl e 61 except that Attorney’s Lp o /1$2008/082202

2, 6-di et hyl pi perazi ne was used i nstead of piperazine.

Cl - M 41):.488. 1 5Exanpl e 69: Preparation of
E¥%¥QEZ¥¥k “ﬂmnOfd§%$%ﬂHg469 was prepared in the sane
manner_as that described jin Exanple 61.except. that
L e e b
62dxchiit thad ddthyl- B8RntbpiéhyExRIPhdatedn thY @panaé bOK,©b; in
conpound 70 Conmpound 70 was prepared in the sane
Ch{ri avas ased ingfeadielsdiethipednylphospiippres. 61 except t hat

(15,4H anp- di incycl o[ 2. 2. 1] hept ane di hydr obr om de

was éﬁ%f Aﬁgtégﬁgg pip erazine. 15CI-M5 (M 41): 514.4
Exanpl e 71: Preparation of conmpound 71 Conpound 71 was
prepared in the sane manner as that described in

Exa .61 except that
E%%Hﬁggkgﬂg?@ﬁ?qQﬂQfé%qﬁiﬂﬁﬂggdihydrochloride was used
7o GRS PRRGRBEAE i 4 Mlhathhs el Sgle

6@ ctepal @byl Nbice pseipHueptieateds thdatscdes 6f Kied; inn
Exanpl e 2561 except that 1-nethyl piperazine was used
CHi{sN avg usd ipptsed alzdiptlyl anvivibopmljonate:  474. 4 Exanpl e 73:
Pr epay_fid fi . ound 73 Conpound 73 was
pregg{gﬁi@ﬁ+$%%q§gg% manner as that described in
Exanpl e 3061 except that
1- (2- nor phol i noet hyl ) - pi perazi ne was used i nstead of

E aln?pﬁer % :Ilﬂgparation of Compound 76

Compound 76 was prepared in the same manner as that described in Example
63 except that N-valeryl chloride in the presence of DIPEA in CH,Cl, was used
instead of diethyl vinyl phosphonate. Deportations of amino-protecting group by
hydrochloride to afford hydrochloride salt of compound 76.

CI-MS (M + 1): 544 .4

Example 77: Preparation of Compound 77

Compound 77 was prepared in the same manner as that described in Example
63 except that ethyl 4-bromobutyrate in the presence of K,CO; in CH;CN was used
instead of diethyl vinyl phosphonate. Hydrolysis of ether group by LiOH afforded
amino acid compound. Removal of amino-protecting group by trifluoracetic acid
afforded trifluoracetic acid salt of compound 77.

CI-MS (M + 1): 546.2

Example 78: Preparation of Compound 78

Compound 78 was prepared in the same manner as that described in Example
63 except that sodium 2-bromoethanesulfonate in the presence of EtsN in DMF at 45
°C was used instead of diethyl vinyl phosphonate. Removal of amino-protecting

group by hydrochloride afforded hydrochloride salt of compound 79.
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C-M5 (M41): 573.5 Exanple 74: Preparation of
Conpound 74 Conpound 74 was prepared in the sane
woreonasises t hat described in Exanpl e 62 ‘¥RE¥ptPenEs2008/082202°"
di et hyl -1 - br onopr opyl phosphonate in the presence of
K2 ' ' used instead of diethyl vinyl
phgghwa&ﬁ%%gé (Nl + 1): 638.2 Exanple 75

Preparation of Conpound 75 Conpound 75 was prepared in

the same manner as that described in Exanple 63
Exaxpde)79:tRraparaticet dfyTompdund M8pr opy| phosphonat e in the

presence of CB in 1 CN was used instead, of.

G ot Ty T BT e aT M Rt s T 4E3503] in Exampte

78E$2¢0pt that/ Bicthfl SRGY Al foR® il 1cOPNRAOND whS uSRITRSE o T ficthRls

prepared in the sane manner as that described in.
Vigagprhonats. Bepastasiept oft 4zinoRrefegtEg arowhbiohy dechleridate

. [ %g@ was used instead of
afg{rgﬁ ﬁ@ﬁ%@%gf%agﬁdgscgﬁgna e. ‘Deportations of
am nOkRPISo etl:nipegr oup by hydrochl oride to afford

hydr ochl oride salt of conpound 76. CI-M5s (M' + 1):
544. 4 Exanple 77: Preparation of Conmpound 77

E%ﬂgﬂ % LLides B £6pin the same manner as that

e cérT? gﬁgﬁ)an 1Exan'pl {éﬁggﬁexcept t hat et hyl
4- brGoropaitngr88t veasi prepraned prtbs emeemofindk2CMAt descHION Exasmple
used instead of diethyl vin hosphonat e. Hydrol ysis

BB TSRO Bl 4 Ditral CRRPHBZRE o compound.
RemyvelhMsofv amiy:ngggpy ot ecting group by trifluoracetic
acid afforded trifluoracetic acid salt of conpound 77.

25CI-M5 (NI + 1): 546.2 Exanple 78: Preparation of

Conmpound, 78 .. Conpou 78 was prepared in the sane
@%ﬁéﬁﬁ@-g’sfqe%%%ona%f§8ﬂ%§%‘a&g% Exanpl e 63 except t hat

sodi GsmpgolidIToeiReRsed inanatend Mahdte ap RS eaeabaf inEtxaMple

in DMF at 45 oC was used instead of diethyl vinyl

63ptrs st b daop RerEE Wastusadingtsag obp@etazing. 30gr oup by
hydr M%Mq afdor ded hydrochl oride salt of conpound
79. @IC M%?{Igz%: 568. 3 Exanple 79: Preparation of
Compound 79
Example 82: Preparation of compound 82
Compound 82 was prepared in the same manner as that described in Example

74 except that homopiperazine was used instead of piperazine.

CI-MS (M '+1): 652.5

Example 83: Preparation of compound 83
Compound 83 was prepared in the same manner as that described in Example

75 except that homopiperazine was used instead of piperazine.

CI-MS (M '+1): 596.4

Example 84: Preparation of compound 84

Compound 84 was prepared in the same manner as that described in Example
62 except that (R)-(-)-2-methylpiperazine was used instead of piperazine.

CI-MS (M '+1): 638.3
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Compound 79 was prepared in the sane manner as that
descri bed in Exanple 578 except that nethyl vinyl
W@ aloboss9s n MeOH at 40C was used i nst ead "8PYdi e hys2008/082202°"
vi nyl phosphonate. Deportations of am no-protecting
group by hydrochloride to afford hydrochl oride salt of

conpound 79. CI-M5 (M41): 566.2 10Exanpl e 80:
Preparation of conpound 80 Conpound 80 was prepared in
the sane manner as that described in Exanple 62 except
t hat honopi perazi ne was used instead of piperazine.

Cl - M41):.638. 5 15Ex |l e 81: Preparation of
E@é%&é‘%‘gﬂr a?r%b BURgPeY" prepared in the sane

MaN €6 mASund B8t w AGSHEFIr&ER thOsdmiamRher @3 tHRx 8@REbEMNAExample
honopi per azi ne was used instead of piperazine. Cl-M

63 qucant)thatg B2-(A-22meshy ippircsazne Wiy esseinsteadwf ofpceasiisound 82
Conpey 1 repared in the same manner as that
descrlggﬁ%ﬁ\q%i%%p%ee 74 except that honopi perazi ne was
used instead of piperazine. Cl-M5 (M41l): 652.5

25Exanpl e 83: -Prefparati on of conpound 83 Conpound 83
QM%&W%MFWQ irempaped $&nner as that described in

Exa h : . z
Rl OTORAC 551 95, Vb A% G
TR xepptrtbati(Bir(-0f2-motiy bpupredaBde was used Goatqad i ¢hi (S da zivees

B BT SR hat (R~ (5)- 2- met hyl pi per azi ne was
used i nstead of piperazine. Cl-M5 (M41): 638.3
Example 87: Preparation of compound 87
Compound 87 was prepared in the same manner as that described in Example
75 except that (R)-(-)-2-methylpiperazine was used instead of piperazine.
CI-MS (M '+1): 596.2

Example 88: Preparation of compound 88

Compound 88 was prepared in the same manner as that described in Example
63 except that (S)-(+)-2-methylpiperazine was used instead of piperazine.

CI-MS (M'+1): 582.4

Example 89: Preparation of compound 89

Compound 89 was prepared in the same manner as that described in Example
74 except that (S)-(+)-2-methylpiperazine was used instead of piperazine.

CI-MS (M '+1): 652.5

Example 90: Preparation of compound 90

Compound 90 was prepared in the same manner as that described in Example
75 except that (S)-(+)-2-methylpiperazine was used instead of piperazine.

CI-MS (M '+1): 596.0
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Exanpl e 85: Preparati on of conpound 85 5Conpound 85
was prepared in the sane manner as that described in
WE@IPSE963 except that (R) - (-)-2-net hyl’DPPer bedreswas0s2202°!
used instead of piperazine. Cl-M5 (M41l): 582.2
Exanpl e 86: Preparati on of conpound 86 10Conpound 86
was prepared in the same manner as that described in

M%Lbﬁ Pl LAEANSS bpbukddr (-) - 2- met hyl pi per azi ne was
used rnstead of piperazine. ClI-M5 (M41): 652.5

Ex anfpérep@nd Pregarrepareshinghe sammgpoenttr 87 thhs Geapbesial BBample

was _pr i, .t h ane manner as .that described dn
o RSP el R B RO b AR Ty PSRRI s
pipsegné.nst ead of piperazine. C-M5 (M41): 596.2
anpl e 88:, Pre7parati on of conmpound 88 20Conpound 88
vvasn&‘%hédli)in }X’fe sane manner as that described in
Exanpl e 63 except that (S)-(+)-2-nethylpiperazine was
used instead of piperazine. C-M5 (M41l): 582.4
Exanpb2 BparRicnparcatipotnd92 conpound 89 25Conpound 89
was prepared in the sane manner as that descrjbed in
Exan(g‘l’

PEDRIERCEPIEARC (S 120)S BN HY 1t perns b Tagrl
73801 BRSOl RIS BELACIn G MBIt M dd) usdi3gsiend of

reparat | conpound 9 nmpoun
pip@szipe.epared in the sane nanner as that described in

Exa 75 exce hat (S)-(+)-2-nethyl pi perazi ne was
useg&'ﬁ@@\gﬁ&&gi%er azine. CI-M5 (M41): 596.0
Exanpl e 91: Preparati on of conmpound 91 Conpound 91 was
prepared in the sane nmanner as that described in

' Preparation afycoupounhdd
(S)-4+2-1- | - 2- pi perazj necar boxam d S usegd.
e b s Tur R AP RER RRAR S GrghREcHEE in Examplc
74 except that 2,6-dimethylpiperazine was used instead of piperazine.

CI-MS (M'+1): 666.5

Example 94: Preparation of compound 94
Compound 94 was prepared in the same manner as that described in Example
75 except that 2,6-dimethylpiperazine was used instead of piperazine.

CI-MS (M '+1): 610.4

Example 95: Preparation of compound 95
Compound 95 was prepared in the same manner as that described in Example
75 except that 2-phenylpiperazine was used instead of piperazine.

CI-MS (M '+1): 658.4

Example 96: Preparation of compound 96

Compound 96 was prepared in the same manner as that described in Example
74 except that 6,9-diaza-spiro[4.5]decane dihydrochloride was used instead of
piperazine.

CI-MS (M '+1): 692.5
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Exanpl e 92: Preparati on of conpound 92

Conpound 92 was prepared in the sane nmanner_ as that
welemonsisesl i n Exanpl e 1075 except that “™™¥SIlpcT/Us2008/082202°"

(S)-(+2-t-butyl -2-pi perazi necar boxam de was used

i nstead of piperazine. Cl-M5 (M41): 681.5 Exanple 93:

Preparati on of conpound 93 15Conpound 93 was prepared

in the sane manner as that described in Exanple 74

except that 2, 6-di nethyl pi perazi ne was used i nstead of
Empéﬁiuﬂreparmom\ﬁ compannd 9666. 5 Exanpl e 94:

Preparati o 94 20Co d
R e s S GRERT BRI el RaSHEREs
5 exR¥HaRit @Qldlfazazslﬁ ’\%4 Bﬁehé’datth rodilfedaness 1kegehstdagloead of
pi perazi ne. (M 41): 610 4 Exanpl e 95:
PiPRTagag-at i on of conpound 95 25Conpound 95 was prepared
int Rl as that described in Exanple 75
exce‘l“q]?l\/ltﬁ@tF ranér:jenyl pi perazi ne was used instead of
pi perazine. Cl-M5 (M41): 658.4 Exanple 96:
Preparatl on of conpound 96 30Conpound 96 was prepared
Example,d8 Py pparphigir R coBwormi?8 descri bed in Exanple 74
exc RithOLsh Shdican ?m FiBG inGidalf1
10 mse@ainé%&?lﬁs@e\gdsdﬂr d|c5)er aglganeé5 ﬁ% ¢ Qéllg:lgéé%z.Sa%e
7ecanq tkatd74-didze paird JSdlmdeéamainipmlmTﬂhlcﬁﬂie was used instead of
.Con%ound 97 prepared in the sane manner as that
PIgd&¥PYbed i n Exanpl e 75 5except that

6, 9-d. g@a(fﬁwmcﬂ%ﬁ] decane di hydrochl ori de was used
instead o

15 Example 99: Preparation of compound 99

NC
NC\O\ e ) O\/ (Boc),0 O\/BOC Boc
N~ e,
CHO

1S o O
994 99411 99-IV

N~ N C - N _~_N
99-vIi 99-VIII \O

A solution of 4-cyanobenzylaldehyde (99-1, 5 g) and N-cyclohexyl-1,3-
propane- diamine (99-11, 6 g) in CH30H (100 mL) was heated to 60°C for 6 hours.
20 After cooling to room temperature, NaBHy (2.5 g) was slowly added to the solution.
The mixture was stirred for another 30 minutes, and was then concentrated, quenched
with NH4Cl (aq), and extracted with CH,Cl,. The organic layers were combined,

dried with anhydrous MgSQys, and concentrated to give a residue. The residue was
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pi perazine. Cl-M5 (M41): 636.5 Exanpl e 98:

Preparati on of conpound 98 10Conpound 98 was prepared
WO poobhaissmne manner as that described i i ERANPET/VS2008/082202°"

except that 1, 4-diaza-spiro[5.5]undecane

di hl d d t - NS
b h A L Y (e SRR azf]&sﬁ&&amed%e
9d\i11t|22|§}Xda70%;J"@hNNNN HN, ) H Conpound 99

sol ution of 4-cyanobenzyl al dehyde (99-1, 5 Q) and

N- Cy Isolutiry bt Illt@meémﬁp%ﬂagll (@R aimeioe0 413 @ i HAT: (80
60C
oo g8 TobAVF ErBERARY bt REReaRhst s PR FSuuAT Gl wes

pirdrabytcdrdni@oGapmit ddllical i@ (Ei!osztcuH@xams: B ) for £Fbrd Or
another 30 m nutes, and was then concentrated,

IntprsadinsPInkY ps NIt @ihH0.6 andeldx’abt ed wi th CH2C12

s i ob AXERRAMRL - FETE DTt MR frithk R OTGH BitD

mll)@@asmtlfrbcﬂ 1=1040)Y Acfferr@nalﬁ@tba}ﬁﬁyNaBm (1.8 a) @ad slowly added and
(EtOAc/Et3N = 4/1) to afford |Internedi ate 99- Illg(§7.2
th@yl1¥tﬁreaWWﬁépﬂanother 15 hauiso Tfe SelHtion WehfRIcRBiH!

1%%0116'(1'W1(h7N§l gg (a E%n?@%tédﬁgrtﬁ% C@ZC N T4ER6hBinkd 3R %a[ilﬁc)l yer

was stirre urs and then concentT at e
watheashed M/IlﬂhafﬂEtteII 6Berdd.edrwa sviBiparhiyfliomd MigS (&h moheinogntegdrl/to
.on silj ngtOAc/He 1/1) to.afford o
gy R &S sr@ UeyvagPugtiy &Py shyoat ogramyyngilicy gef (1%
ﬁ?(%(él)/MeOH = 1A9§@H FdrQ ﬁnt@ﬁnédut@ QW(ﬁi@gﬁ% -al 36% §heYd 9)
nd N Cl12 was stirred

25C 99aVt (e g)daﬂsozvgd toTHE (S(P\IQBI}MHQ N,Esil@pmméeﬂsylmnp
(Oﬁ% Lﬁsglssq.l%gé Tﬁl:)f%(zmi gveé cidgﬂ{sﬁlglfl a&eous?y tohcrlazme 60-1(1.3¢g)
in THF (50 mL) at 0°C. The solution was stirred at 25°C for 2 hours to obtain a solid.
Filtration afforded compound 99-VI, which was used for the next step without
purification.

To a solution of compound 99-VI (4.3 g) in THF (100 mL) was added aq.
ammonium hydroxide solution (10 mL) at 25°C. After 15 hours, THF was evaporated
under reduced pressure and compound 99-VII was precipitated, filtered, and dried to
give 3 g of 99-VII in a 70% overall yield.

To compound 99-VII (500 mg) and piperazine (1-XII, 211 mg) in 1-pentanol
(3 mL) was added Et;N (248 mg) at 25°C. The mixture was stirred at 120°C for §
hours. TLC showed that the reaction was completed. Ethyl acetate (120mL) was
added to the reaction mixture at 25°C. The solution was stirred for 1 hour. The
Et:NHCI salt was filtered and the solution was concentrated and purified by silica gel
(EtOAc/ MeOH = 2:8) to afforded 99-VIII (460 mg) in a 85%yield.

A solution of HCl in ether (5 mL) was added to a solution of intermediate 99-
VII (200 mg) in CH,Cl, (1.0 mL). The reaction mixture was stirred for 12 hours at
room temperature and concentrated by removing the solvent. The resultant residue
was washed with ether to afford hydrochloride salt of compound 99 (110 mg).

CI-MS (M" + 1): 454.1
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The conbi ned organic | ayer was washed with water,
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to give a residue. The residue was purified by
chr omat ography on silica gel (21% NH3(aq)/MeOH = 1/19)
to afford Internediate 99-V (2.36 g) in a 50%yield.
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concentraj,ed, by rempving the sol veq%w,The re tant
resi due was washed with ether to afford hydrochl oride
salt of confpound 99 (110 ng). CI-MS (I\/IN'H2+ 1): 454.1
X Preparation of corrpound

dN1(D'O IBepa Has fhat
dogs@@beé i n Exa g@cepﬁotph\&thi me mN\/\/Np
pi perazi ne WidX used i nst €ad of PFper agémmweundd@] - M5 (
41): 468.0 Exanple 101: Preparation of conpound 101

Cis-1,4-cyclohexanedicarboxylic acid (101-1, 10 g) in THF (100 ml) was
added oxalyl chloride(101-11, 15.5g) at 0°C and then DMF (few drops). The mixture
was stirred at room temperature for 15 hours. The solution was concentrated and the
residue was dissolved in THF (100 ml). The mixture solution was added to
ammonium hydroxide (80 ml) and stirred for 1 hour. The solution was concentrated
and filtration to afford crude product 101-I11 (7.7 g).

Compound 101-11I (7.7 g) in THF (200 ml) was slowly added to LiAlH,4 (8.6
g) in THF (200 ml) solution at 0°C. The mixture solution was stirred at 65°C for 15
hours. NaSQ,4 - 10H,0 was added at room temperature and stirred for 1 hours. The
resultant mixture was filtered to get filtrate and concentrated. The residue was
dissolved in CH,Cl, (100 ml). EtsN (27 g) and (Boc),0 (10 g) were added at room

temperature. The solution was stirred for 15 h, and then concentrated to get resultant
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NH2NH2 1. HCI'N C N N-a NNO, , _HCI Boc(Boc) 20 HN. Bo
2cBocHHN. , N 101-V- 0...-1\y-Th101-V1 1-1X c) NH2( NHNH2

W@®@2008B459§ AN, 15, OEt Na., Boc Boc 1- X11 HX"®J<*Fedr/Us2008/082202°!

1\1'"1*(Wa ,Boc Boc HOEt 2-1 CIN 101-Vil 101-V111
residue. Ether was added to the resultant residue. Filtration and drying under vacuum
afforded solid crude product 101-1V (8.8 g).

A solution of compound 101-1V (1.1 g) and Et;N (1.7 g) in 1-pentanol (10 ml)
was reacted with 2,4-dichloro-6-aminopyrimidine (1-VI, 910 mg) at 90°C for 15
hours. TLC showed that the reaction was completed. Ethyl acetate (10 mL) was
added to the reaction mixture at 25°C. The solution was stirred for 1 hour. The
Et;NHCI salt was removed. The filtrate was concentrated and purified by silica gel
(EtOAc/Hex = 1:2) to afford the desired product 101-V (1.1 g, 65% yield).

A solution of intermediate 101-V (1.1 g) was treated with 4 N HCl/dioxane
(10 ml) in MeOH (10 ml) and stirred at 25°C for 15 hours. TLC showed that the
reaction was completed. The mixture was concentrated, filtered, and dried under
vacuum (<10 torr). For neutralization, K,COs (3.2g) was added to the solution of HCI
salt in MeOH (20 ml) at 25°C. The mixture was stirred at the same temperature for 3
hours (pH > 12) and filtered. Aldehyde 1-IX (759 mg) was added to the filtrate at O-
10°C. The reaction was stirred at 0-10°C for 3 hours. TLC showed that the reaction
was completed. Then, NaBH, (112 mg) was added at less than 10°C and the solution
was stirred at 10-15°C for 1 hour. The solution was concentrated to get a residue,
which was then treated with CH,Cl, (10 mL). T he mixture was washed with saturated
NH4Cl (aq) solution. The CH;Cl; layer was concentrated and the residue was purified
by chromatography on silica gel (MeOH/28% NH4OH = 97/3) to afford intermediate
101-VI (1.0 g, 66% yield).

EtsN (600 mg) and Boc,0 (428 mg) were added to the solution of 101-VI (1.0
g) in CH,Cl, (10 ml) at 25°C. The mixture was stirred at 25°C for 15 hours. TLC
showed that the reaction was completed. The solution was concentrated and purified
by chromatography on silica gel (EtOAc/Hex = 1:1) to afford intermediate 101-VII
(720 mg, 60% yield).

To a solution compound 101-VII (720 mg) and piperazine (1-XII, 1.22 g) in
I-pentanol (10 mL) was added EtsN (1.43 g) at 25°C. The mixture was stirred at
120°C for 24 hours. TLC showed that the reaction was completed. Ethyl acetate (20
mL) was added at 25°C. The solution was stirred for 1 hour. The Et;NHCI salt was
removed and the solution was concentrated and purified by silica gel (EtOAc/MeOH
= 2:8) to afford 101-VIII (537 mg) in 69% yield.
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15 Compound 102

Intermediate 61-11 was preared as described in Example 61.
To intermediate 61-11 (1.0 g) and DL-10-camphorsulfonic acid (150 mg) in
20 CH,Cl; (10 ml) was added acrolein (102-1, 446 mg) at 0°C. The reaction was stirred
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A solution of internediate 101-V (1.1 g) was treated
with 4 N HC1l/di oxane 10(10 m) in MeOH (10 m ) and
wariopnsdomt 25C for 15 hours. TLC showed tHEE "eeerus2008/082202°!
reacti on was conpl eted. The m xture was concentrat ed,
filtere and ri e under vacuum
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residgntispiden maateshadovitleetherdo TABRE hahechdenideesatt ofi serepound 102
(lYaCljum at 40C, then, CH2Cl2 was added to dissolve the
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hydr obr om de salt of conpound 101 (190 ng). C-M5s (M +

1): 566.9 Exanple 102: Preparation of conmpound 102

Example 103: Preparation of compound 103

Compound 103 was prepared in the same manner as that described in Example
102 except that 1-(2-morpholinoethyl)-piperazine was used instead of N-(2-
hydroxyethyl)piperazine.
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CI-MS (M™+1): 558.5

Example 104: Preparation of compound 104
Compound 104 was prepared in the same manner as that described in Example
5 102 except that 1-(2-(2-hydroxyethoxy)ethyl)piperazine was used instead of N-(2-
hydroxyethyl)piperazine.
CI-MS (M'+1): 533 4

Example 105: Preparation of compound 105
H

Ses hae
Boc O/\N o/\© 105-1 N\/\,N oc)y
O ~UNC, qy

2. NaBH, ~ 10541 NH,

~N
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B B NH ClI” "N” ~ClI
[e]¥] OoC 2 -
Boc__Boc O/\N 0“© H,, PdIC N~ N O/\ Vi
Hqc !: 1051l ; 105-1Iv

NH, NH,

N (N (N
A Ho ™~ o
c” N H/\O Roc__ Ree 102-VIl N N /\O NN
N~ N —>HO/\/N NN
105-V MH 105-VI I-WH

102-11

10 Compound 105

Intermediate 102-11 was prepared as described in Example 102.
102-1I1 (1000 mg) and exo-2-aminonorbornane (105-I, 257 mg) in MeOH (10
mL) was stirred at 0°C for 3 hours. NaBH, (87.5 mg) was then added at 0°C during a
15 period of 1 hour. The solution was concentrated, quenched with NH4Cl (aq), and
extracted with CH,Cl,. The organic layers were combined, dried with anhydrous
MgSOs, and concentrated to give a residue, which was purified by chromatography on
silica gel (MeOH/28% NH4OH = 97/3) to afford intermediate 105-11 (1000 mg, 82%
yield).
20 A solution of intermediate 105-11 (1000 mg), EtsN (210 mg) and Boc,0 (455
mg) in CH,Cl, (10 mL) was stirred at 25°C for 15 hours. The solution was
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Internedi ate 61-11 was preared as described in Exanple
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salt of conpound 102 (11 ng). CI-M5S (M 41): 489.3
30Exanpl e 103: Preparation of conpound 103

Example 106: Preparation of compound 106

Compound 106 was prepared in a manner the same as that descrined in
Example 105 except that 1-(2-morpholinoethyl)-piperazine was used instead of N-(2-
hydroxyethyl)piperazine.

CI-MS (M '+1): 584.5
Example 107: Preparation of compound 107

Compound 107 was prepared in the same manner as that described in Example
105 except that 1-(2-(2-hydroxyethoxy)ethyl)piperazine was used instead of N-(2-
hydroxyethyl)piperazine.

CI-MS (M '+1): 559.5
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Compound 103 was prepared in the same manner as that
described in Exanpl e 102 except that i
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Compound 110

Intermediate 1-XIII was prepared as described in Example 1.

To a solution of vinylphosphonic acid (110-I, 550 mg) in dry CH,Cl, (17 mL)
was slowly added oxalyl chloride (3.9 g) and DMF (0.4 mL) at 0°C. The mixture was
refluxed for 3 hours, and concentrated to give quantitatively the corresponding
phosphochloridate. The phosphochloridate was added to a mixture of 2,2-dimethyl-
1,3-propanediol (110-1I1, 530 mg), dry CH,Cl, (17 mL), and EtsN (3.1 g) at -70°C.
The mixture was slowly warmed to room temperature and stirred at for 15 hours. It
was then washed with water. The organic layer was dried (MgSQO,), filtered, and
evaporated. The residue was purified by column chromatography on silica gel

(EtOAc/ MeOH = 9:1) to afford 110-1I1 (65 mg, 7% yield) as brown oil.
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10resul tant residue was purified by chromatography on
silica gel (EtOAc/ Hexane = 1/2) to afford .
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Exanpl e 107: Preparation of conpound 107 30Conpound
107 was prepared in the same manner as that descri bed

Eidﬂqgﬁﬂplp@%ph%o%W%eﬁl bl 111 _
-(2-(2-hy roxyethoxyfethyl)plpera2|ne was used
i nstEemp@ndNH{ 2vas pyapersdye theydamsimamay isntbat @scriiBd (ivExample
1): 9.5 Ex | e 108: t.i f 8
ot e sl TSR S Rl e Vi

propaediopbed i n Exanpl e 105 except that piperazine
was used instead of N-(2-hydroxyethyl)piperazine.
5C -WEBMSMM 1hl): &f## 4 Exanpl e 109: Preparation of
conmpound 109

Example 112: Preparation of compound 112
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Compound 109 was prepared in the same manner as that
described in Exanple 105 except that

wa2qogastshioxyet hyl ) pi perazi ne was used i AYP8Hd "ot /NS Z088/082202°!
10hydr oxyet hyl ) pi perazine. Cl-M5 (M 41): 543.1 Exanpl e
110: Preparati on of conpound 110 TFA NH2 ON

Conpound 11 wmedl ate 1- XI LI was prepared. as
. . @9 >

descriyhed | sol utiom_
vi nyl ghosphoni (BOIB.CI d (1 Gh; in B?Cy CHaC12 (17
m) ¢ AE s oW y added oxal Io \)or e (3 an

(0.4 i, at OC. The mxtureovvas refl uxed for 3 hours,
and concentrated to give quant'ttatively the

cor respondi ng @zphosphochl ori dat e. The 2

phosphochl orlﬁB was added to a m u|e of

2, 2- t hyt™ aneeH—oI dry
CH2CIR ¢ L) aﬁh)ptgfsws()e 1°9) aX 7oc m@m“ﬂ?‘fure

was sl owl § warmed to room tenperature and stirred at
for 15 hours. It was then washed with water. The

or gank.co:l \aper was dried (My504), filtered, and
evaporat egee. The resi due was rified by col um

h j Me grc
chr oo Dy on, ow.f?%f@“m g o

112V

NH2
N

X
@\/0 '\(\/N " H/\O/H\/\/H\O
O

Compound 112

Intermediate 1-V was prepared as described in Example 1.

A solution of compound 60-11I (27 g) and EtsN (37 g, 3 eq) in 1-pentanol (80
mL) was reacted with 2,4-dichloro-6-aminopyrimidine (1-VI, 20 g, 1 eq) at 90°C for
15 hours. TLC showed that the reaction was completed. Ethyl acetate (55 mL) was
added at 25°C. The solution was stirred for 1 hour. After Et;:NHCI salt was removed,
the filtrate was concentrated to 23 mL (1/6 of original volume) at 50°C. Then, diethyl
ether (70 mL) was added to the concentrated solution to afford the desired
intermediate 112-1 (25 g, 60% yield) after filtration at 25°C.

A solution of intermediate 1-V (500 mg, 1.2 eq) and N,N’-diisopropylethyl
amine (DIPEA, 446 mg, 2 eq) and KI (29 mg, 0.1 eq) in 1-pentanol (1.8 mL) was
reacted with compound 112-1 (600 mg) at 140°C for 24 hours. The reaction mixture
was concentrated under reduced pressure. The residue thus obtained was purified by
column chromatography on silica gel (MeOH/CH,Cl, = 5/95) to afford intermediate
112-11 (645 mg) in a 67% yield.

Intermediate 112-11 (645 mg) was treated with 4 N HCl/dioxane (1.7 mL) in
MeOH (6.5 mL). The mixture was stirred at room temperature overnight. After ether
was added, the solution was filtered. The HCI salt of 112-I1I thus obtained was dried

under vacuum. To a solution of HCI salt of 112-III in MeOH (15 mL) was added
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Compound 110-111 (65 ng) was added to a solution of
intermediate 1-XI11 (202 ng) in MeOH (4 nl), The

WG I0ats s was stirred at 65C for 24 hour¥™FikpeoUszo0ens2202°

was concentrated and the residue was purified by

K0y o Fora BSR4 OESd B poptsdp g 2 nf 1 g
w@s\/ﬂil@érgd Aldehyde A-1B0{30Hindn 105 ¢ O d FMISEHA 2( ) Fhd ad¥RE to

added to a solutlon of internediate 110-1V (147 nmg) in
theghket@of PI2BIla) 0-1FHe Tharsatiom wisdtiured ahgd 03¢ ifor lapurpr TLC

12 h t { t
shifpl P Prehadif eb PR LR e S F AL S bntss T2 bRed pagple
of MO R-1T ShvadViRl deWad ) 0°CH %e%oﬁxlaﬁwa@ stiddd atProepCatot @D'ho@ff and
conmpound 111 npound 111 was prepared in th

coygeriratagiia @Fovade ¢ f?étduée@élﬁh mag then terigdptith @H1Glp (%M@bbt The

gt 35 AL ASPGRE e, ALSSNIC0D RGPS i1y
wabdriedavipt enhl/dtius IRII@IM aldi concadftrated mIti ekidukAvas\irified by

2009/ 131598At t or ney s EPCT/ U82008/ 082202 1, K2CG3,

chigpmuogigphyon siligaed (shesggiumn, Etjde as mobile phase for removing
other components; MeOH/28% NH4OH = 97/3 as mobile phase for collecting 112-
IV) to afford intermediate 112-IV (214 mg) in 30% yield.

A solution of HCl in ether (4 mL) was added to a solution of intermediate 112-

IV (200 mg) in CH,Cl; (1.0 mL). The reaction mixture was stirred for 12 hours at
room temperature and concentrated. The resultant residue was washed with ether to

afford hydrochloride salt of compound 112 (120 mg).
CI-MS (M" + 1): 593.3

Example 113: Preparation of Compound 113

NH, NH,
N N7

AN oD, A
N N
@\,O\n,l\(\) H/\()"':/H\/\/Eoc @\,O\n,l\(\) H/W:)"',/Eic/\/ﬁoc
O O O

112-Iv 1134
NH, NH,
H,, Pd/C N7 HCl N
—_—2 . P

)I\ < —_— )I\
HN "',/N\/\/N\O HN "':/N\/\/N\O

113-1l Compound 113

Intermediate 112-1V was prepared as described in Example 112.

Et;N (65puL) was added to a solution of intermediate 112-1V (214 mg) and
Boc,0 (81 mg) in CH,Cl, (10 mL) at 25°C. The solution was stirred overnight and
then concentrated. The resultant residue was purified by column chromatography on

silica gel (EtOAc as an eluant) to give intermediate 113-1 (196 mg) in a 80% yield.
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113-1 (150 mg) and Pd/C (10%, 20 mg) in MeOH was stirred under H,
(balloon) at 25°C for 18 hours. The mixture was passed through a celite column.
Removal of MeOH afforded intermediate 113-1I (112 mg) in a 90% yield.

A solution of HCl in ether (2 mL) was added to a solution of intermediate 113-
II (100 mg) in CH,Cl; (1.0 mL). The reaction was stirred for 12 hours at room
temperature and concentrated. The resultant residue was washed with ether to afford
hydrochloride salt of compound 113 (93 mg).

CI-MS (M + 1): 459.4

Example 114: Preparation of Compound 114
HZN/\O !BOC!ZO HN

Boc

AP
114 11441 \1024
N NH
Il B L
114411
cl )\N HCI )\N/\O N N’\O H Eoc
,,,,/ Boc NH, he
1 VII 1-vill 114-v
NH, NH NH,
r HN._ f
_(Boc),O N N Boc 1-Xil N N N Boc
HN_J
114-V 114-vI
NH,
N
HCI (\N N N H H
H v Ne~_N

Compound 114

Intermediate 1-VII was prepared as described in Example 1.

A solution of compound cyclohexylmethanamine (114-1, 3.0 g) and Boc,O
(7.7 g) in CH,Cl; (30 mL) was added to EtsN (5.0 mL) at 25°C for 15 hours. The
solution was then concentrated and the resultant residue was purified by column
chromatography on silica gel (using EtOAc and Hexane as an cluant) to give
intermediate 114-1I1 (6.5 g) in a 49% yield.

To intermediate 114-1 (3.0 g) and DL-10-camphorsulfonic acid (450 mg) in
CH,Cl, (30 ml) was added acrolein (102-1, 2.72 g) at 0°C. The reaction was stirred at
25°C for 15 hours. The solution was concentrated and purified by chromatography on

silica gel (EtOAc/Hex = 4:1) to give intermediate 114-I11 (2.4 g) in a 63% yield.
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Internmedi ate 1-V was prepared as described in Exanple
1. A solution of conpound 60-11 (27 g) and Et3N (37 g,
W@2@g)3ise8 1- pent anol (80 5nl) was react HORYE HPCT/US2008/082202°"!
2, 4-di chl oro-6-am nopyrimdine (1-VI, 20 g, 1 eq) at

00C KShiuhon MRl LUTYED LS LR S BE AP N e
mEPanMIeOPI (YD SnISK anﬁrsﬁrdfe& af 25 CBHIT 5 héMrd eTLEtBHRED tddite

was renoved, the filtrate was concentrated to 23 nL
regctjod veds comp@ﬂtrrdal Theohixte} vas code@ntraiee and HiCd sHyof M Brwas

folf e ro e St g e e haelit g fgig: (1.5 0
wiid £ided toadht 86lufibh bf BTL it @1-%1@ in MeOH (%0 £:0)) ut 2390 ofhe
i nternedi ate 1-V (500 ng

MNINC VS s8apt dfphe éﬁtmmen@ﬁiaﬁée &) 33@\“8 h6> rié) arpd Bldgredind

Kl ( I P
V\nth‘g@g!r;%dounéjiﬁg?zlg \{(f%)]‘ﬁ&edra)td &t}f%ig%ftor h%ur%g8 e

wiiseaigiteld @n 010X Cuoe 3 hasrsc A Ceshiomat] elcht ltlmieactroadxmeudmpleted
pressure The residue thus obtajned was purifie

Thege YR (KSrpeay epddehot lsts b L 3wl the ﬁ;%lerlvrtjrrzmtz'red at
102 4 ?’@ dfo} 9 hafl“flé’ 5&1uﬂ15ﬁ & d{'&ﬂl @ﬁtﬁltéd]% &1&@4 sfﬁi’l)e \kzﬂlcﬁ \x%Z c{ﬁen
yi el d. late 3

I nterne 112-11 was treate
trastadnwigh NHRHCEA H0 okan@&hé fniturd wyas \MasMEd)Hlt@(‘saﬁlrertu) aq. H&Cl

T e 0 AL St SSRGS PET R e
chirhatd@abh _I%Bn Miga é@l:’(sﬁdw&l&mﬁ @Et@@@ é&@ﬁo@fe'&gsezﬁk' ﬂéiil%vmg

vacuum a sol ution of salt of 112-111 in
otharomppnews M@@H&SW@QH(& 92/3g1)s nzabile pbasct fenmllregtmg é14-

d i (pH>12) The m xture was
I‘%n[?taéipr m% %104{1{/‘5& (300 ng, 1.0 eq based on nole
of I1HRNI($20 mgyar&rdﬂ@got(m@ hfg) hickd 4@ t®the bdktibh bf 814-TV
0-10C. The reaction was stirred at 0-10C for 3 hours.

(8T o» b (ECh 1 59 mip at 2 4ct Thermixiye swspligede. 25Thder 15 hours.

T8 St BalBerchefoP RaPARRHRE. TR Soiifln +aLeobly e and
puliffed by chrunaographnt sragitch $od (P1tOXd/Hex & I B3b guve, 1nwhned1ate 114-

hen treated with CH2Cl12 (30 nL). The m xture was
V:ﬁg@n@dn\ﬂn% 1Ho ¥igtdur at ed NHACL (aq) solution (15 nlL). The

wq@cdnﬁ%/o%ﬁdm \HQO@ 0%\6?1 ngfépu” At i\llg%ngﬁﬁirl -pentanol

concent ed. The resi
(2<Iin1:bmﬂ alt;;lredlﬁhgw Af4sig)iacd5 g€l Ths hmxmre(:\@hsmmedat 02@ Cafor 8

100t ts: MeOH 28%
NPhACP5RE i el EEon e ORpEC . SHRRITRY o Songepfiatca
an%u@%@ gl cho ﬁgp@t&l ster gev(mblaéc/mbH A 3379% gllvsl d.

A’'sol ution in ether (4 nmL.) was added 't
m@mﬂm@d%ﬂ(ﬁ%m@m aﬁé%MQld IV (200 ng) in CH2C12

rn_l%lfl? hF 1n eacélapenl lglyl;ﬁgs S Stt%egl reg athTALN]IgCI/ dioxane

hours ratu Rt ra

(5 Trﬁ‘E intGHMC1Y gs)l rdu)eanmm\@ashw(y\fotr ns ehbim@r The nﬂ&tafe‘ wigl
rochl oride salt of conpound 112 &120 ny a-M (M
concantrﬁ}ed tggavedyesachisrisle salgof mrapaungd il OGMEEomound 113

NHZNFRMS (M + 1): 473.4

Example 115: Preparation of compound 115
Compound 115 was prepared in the same manner as that described in Example

114 except that N-(2-hydroxyethyl)piperazine was used instead of piperazine.
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112-1V113-1 20 Internediate 112-1V was prepared as
described in Exanple 112. Et 3N (65uL)  was added

wae e0oa/136bait i on of internediate 112-1V ( 2149} remts2008/082202°"

Boc20 (81 ng) in CH2Cl12 (10 nL) at 25C. The sol ution

was ' erni ght and then concentrated. The

res ]{&ﬁ&?&ggdﬁgﬁas purified by colum

chr omat ogr aphy on 25silica gel (EtOAc as an eluant) to
give internediate 113-1 (196 ng) in a 80%yield.

Exatipl¢ 116 F0cpaptioared cPap(diD, 20 ng) in MeOH was

tirred H2 (bal | t 25C for 18 hours. .Th
o1 xt G EP e T s a AR St mpirR o SRl A xgple
1 MRkt 'ldﬁQdetlild’kty@ﬁl?l% ipatagind W bibed th#kad8d pib&ragin80%
yield. A solution o 1 in ether (2 nL) was added to

a sdtuMSOM )i ek medi ate 113- 511 (100 ng) in CH2C12
(1.0 nL). The reaction was stirred for 12 hours at
roomtenperature and concentrated. The resultant

ExapgileUE7: Waspavaivhed coimpbuet hier to af ford hydrochl ori de
salt _of conmpound 113 (93

my). Cl-M5 (M+ 1): 459.4
Ex anp?rBPaung: 1 pavas RFeperesin $1€ eBisgBiig! ?mm%ﬁprebed in Example
1 1(49&9%1%%& @L(Q-Ihmpﬂl&ﬁﬁo]e%‘ﬂ)'-ﬂiﬁeraﬁﬂg Wit iaSedad O piperazine.

CI-MS (M '+1): 586.5

Example 118: Preparation of compound 118
Compound 118 was prepared in the same manner as that described in Example
114 except that 2-aminoindan was used instead of cyclohexyl-methanamine.

CI-MS (M'+1): 493 4

Example 119: Preparation of compound 119
Compound 119 was prepared in the same manner as that described in Example
114 except that 2-aminoindan was used instead of cyclohexyl-methanamine.

CI-MS (M '+1): 537.4

Example 120: Preparation of compound 120
Compound 120 was prepared in the same manner as that described in Example
116 except that 2-aminoindan was used instead of cyclohexyl-methanamine.

CI-MS (M '+1): 565.4

Example 121: Preparation of compound 121
Compound 121 was prepared in the same manner as that described in Example
117 except that 2-aminoindan was used instead of cyclohexyl-methanamine.

CI-MS (M'+1): 606.4
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Boc' NHCI ..,,N 114- 111CI Cl N NN -.-1-,NO H HBO
1-VI11114-1V  NH2(' NHNH2 ' N NW. 10 Boc Bo c)0 1-XII(N
WO 2009/150%98 1) Boc Bo, cX) 114-V NH2 HO  HNOBYREPCT/US2008/082202

10Conmpound 114 Internediate 1- VH was prepared as

d ' Ex A sol uti f d
R R et 2 120 0 compoud
in %@%&1&1392% r&ﬁﬁ@ﬁe §a9ne|-:t§1§[h{e§ as @aﬂ@@scﬁﬁed&ﬁ@xample

for 15 hours. The 15solution was then concentrated and
1 iShexcepg shat nnitine meas uskdeinviasd glayiciohexylbyectbanagmne.

chro ilica gel (using Et0OAc and Hexane

as a&&&g@ﬁmyt@éfve internediate 114-11 (6.5 g) in a

49% vyi el d. To internediate 114-1 (3.0 g) and

DL- 10- canphor sul fonic acid (450 nmg) in CH2C12 (30 ni)
Exgaple i g@mm@iqfcem@gundl .72 g) at OC. The reaction

was r

1 AR 33, AR 2y M BB, 28] MR
114 except that benzylamine was used 1nstead of cyclohexyl rnethanarnine.

CI-MS (M '+1): 467.1

a1

Example 124: Preparation of compound 124

Compound 124 was prepared in the same manner as that described in Example
123 except that N-(2-hydroxyethyl)piperazine was used instead of piperazine.

CI-MS (M '+1): 511.1

Example 125: Preparation of compound 125

Compound 125 was prepared in the same manner as that described in Example
123 except that 1-(2-ethoxyethyl)piperazine was used instead of piperazine.

CI-MS (M '+1): 539.0

Example 126: Preparation of compound 126

Compound 126 was prepared in the same manner as that described in
Example 123 except that 1-(2-morpholinoethyl)-piperazine was used instead of
piperazine.

CI-MS (M '+1): 580.1

Example 127: Preparation of compound 127

Compound 127 was prepared in the same manner as that described in
Example 114 except that cyclopentylamine was used instead of
cyclohexylmethanamine.

CI-MS (M '+1): 445.1
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silica gel (EtOAc/Hex = 4:1) to give internedi ate

114-111 (2.4 g) in a 63%yield. A solution of
wWo paoensmses ate 1-VI1 (1.0 g) was treated WEH S 4pew/us2008/082202°"

HC1/ di oxane (5 mL) in MeOH (20 nL) and stirred at 25C

for 15 hqurs. TLC showed H}@t the reaction was
ME .rep?ﬁaéloﬁ‘ioﬁftcﬂ?@? oncentrated and HC1 sal t

of leMhoutsi 280 d¥8 epatdd thehedmanshlt hedatddenibd@aauum

(<10torr). For neutralization, K2CO3 (1.5 g) 5was

Exedatdel 1 t pexdept that ayclopantglaniygl wesihsed afistdadwif] | i n MeOH

C%é’%ﬁm-%ieﬁ{ﬁ agSC. The m xture was stirred at the sane

A o B84P8Y¥ 3 hours (pH > 12) and filtered.

Al deby s M4-13:1489(1728 ng) was added to the filtrate at
0-10 C. The mxture was stirred at 0-10 C for 3 hours.
TLC showed that the reaction was conpl eted. Then,

. ess than 10C and the
%ﬁ%ﬁ%@%ﬁwﬁég‘q@?&hﬁg 15C for 1 h. The sol ution
was Canpamidri2vechstpoearalindie: @infeaabrtide as shhat ddscribel ihhen
treated wiwth CH2C12 (10 nl). The m. xture was washed

Exgninle $14 erespiehatay clorppigenuls wes wisd inieedefpc12 1 ayer
d and the residue was purified by
cy\gﬁﬁgﬁgﬁféﬁﬂhélﬂ@@.

tograp on silica gel (short columm, EtOAc as
mobi CeMgh@é e 1):af1 7rlenovi ng ot her components; MeOH 28%
NHACH = 97/ 3 as nobil e phase for collecting 114- 151V)
to afford crude 114-1V (870 np). Et 3N (820 ny)

£ BOSE LATRIORDY BApSuRIMRA 1o the sol uti on of
- 870 ng) in Cl2 (10 nL) at 25C. The m xture
was Sermpound 130 vesQ@réarcdis thosany, manner ghibwedesebad inhe
reacti was, conpl et ed. , The sol uti.on s .concentrat ed
BRI IR B CREERR RS B dh R e
cyclh@Adfidinamibel) to give internediate 114- 20V (940
g9) in a 91%yield. To conmpound 114-V (200 ny)
and @F-MS@Fitde °8-3x11, 116 ng) in 1-pentanol (2 ni)
was added Et3N (194 ng) at 25 C. The m xture was
stirred at 120C for 8 hours. TLC showed that the
Exaggid¢ i dh PagmraonpifebmgounkhE31sol uti on was concentr at ed
and purified by chromatography on silic .
(Et léqsvaf)pr?nﬁr@ B Ssima B RS nhal deparikad ip120
EXBdplé o thhel-h-(Ph ' hy i | @b HisMad of
(1230é rrg%ae%gls{ tt rea?IZ egl Wﬁ?h%&%%ggi/}}dﬁ%%{}%%ég Serrli a[i nS fad o
NCHRGDxy &by Ipiperanide.st i rred at 25C for 15 hours. The

m xt . goncentrated to give hydrochl oride salt of

conp‘g{]ﬁ@m@ﬁ?e%ﬁ#g). O-M8 (M' + 1): 473.4 30

Exanpl e 115: Preparation of conpound 115 Conpound 115

was prepared in the same manner as that described in
E@X@ﬁ@ujﬁﬂ@pw@@mﬂpmwmﬁl hydr oxyet hyl ) pi per azi ne

Vas osnelgodnlasltﬁ%(/jas%freﬂ%%&iel{l%ﬁel D%ie manner as that described in
Example 102 except that pyrrolidine was used instead of piperidine.

CI-MS (M'+1): 475.4

Example 133: Preparation of compound 133
Compound 133 was prepared in the same manner as that described in
Example 114 except that iso-propylamine was used instead of

cyclohexylmethanamine.
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Cl-M5 (M41): 517.4 Exanple 116: Preparation of

conpound 116 Conpound 116 was prepared in
WO beogsnses nanner as that described in EXHAPY S "Bawws2008/082202°!

except that 1-(2-ethoxyethyl)piperazine was used

i nst of piperazine. Cl-M5 (M41): 545.4 Exanple
117:8@%&@4&15‘0‘{1@& conpound 117 Conpound 117
was prepared in the same manner as that described in

Exanpl e 10114 except that
Exanfiite ihivt: fhiearatmatdigbinppipkldzi ne was used i nstead of

pi perazi ne. -M5 (M 41).. 586.5 Exanple,118: . .
P ere BT G U bR i 8 e P s erbed g
EM@p191 BPaRpt thit AABropgiBnii@RaSisedSndtbiaitordescri bed in

Exanpl e 15114 except that 2-am noi ndan was used

cyclpbesdaetrngyidkohexyl - met hananmi ne. Cl -MS (M 41): 493.4
Exa P rati on of conpound 119
L

Compou S prepared in the sanme nmanner as that
descri bed in Exanple 20114 except that 2-am noi ndan
was used instead of cycl ohexyl - met hanam ne. Cl-Ms (M
MM&PA@%}%%CQ@@?MM@&Q ati on of compound 120
25C0@@ﬁ [ ORARES L ASHt hat
descri gﬂ%d#%gx\%ﬁn‘éfga%hg%c%&é@ e{lt% {:lgg_&tgm no?lﬁl%eglﬁmwas
Exmpgde 1 Wsteapt thit icg-ptoplybxyihe wes haedandterel. ofCl - M5 (M 41) :

565. 4 EX | e. 121: Preparation of conpound 121
Cyﬁ%@ﬁﬁﬂ%ﬁgﬁi@ﬁlems prepared in the same manner as that

des iRVt 1ExaDI €

Example 136: Preparation of compound 136

Compound 136 was prepared in the same manner as that described in
Example 117 except that iso-propylamine was used instead of
cyclohexylmethanamine.

CI-MS (M '+1): 532.1

Example 137: Preparation of compound 137

Compound 137 was prepared in the same manner as that described in
Example 115 except that thiophene-2-methylamine was used instead of
cyclohexylmethanamine.

CI-MS (M '+1): 5174

Example 138: Preparation of compound 138

Compound 138 was prepared in the same manner as that described in
Example 116 except that thiophene-2-methylamine was used instead of
cyclohexylmethanamine.

CI-MS (M '+1): 545.4
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117 except that 2-am noi ndan was used instead of

cycl ohexyl - net hanam ne. Cl-Ms (M 41): 606. 4 Exanple
wa2@91Rsepar ati on of conpound 122 Wéﬁ?ﬂﬂ]ﬂ%(}smszzoz

was prepared in the same manner as that described in

Exanpl 15 except t hat %{11:4\95% was used instead of
E@?&T&@ IreREAteL L P REOU (M 41): 497.0 Exanple

123: cinpra qt39%s%e;ﬁ%mﬁ@msa%nanner as HADRQLHTBLILR3

was prepared in the same manner as that described in

Exanaipll £/ axicgpiethetehiophénst2-betinydraime mas wess! insteat! ¢ihst ead
& C%E’F]Bg % -met hanamne. Cl-M5 (M41): 467.1 Exanple

¢ Jllﬁ spPati®n of compound 124 Compound 124
was @I-BEaMd1hsgehe same manner as that described in
Exanpl e 123 except that N-(2- hydr oxyet hyl ) pi per azi ne
was used instead of pi per azi ne. M5 (M41): 511.1

> . : onpound 125
= I%E@dﬁ%rﬁg%‘? ﬂ“r?ct he same manner as that

des Cﬁérbp(dlddﬂ4ﬁx>@a3fqir@ailélﬁneb@@me rhinader as that described in
1- (2- et hoxyet hytl\)g)i erazi ne was_used . i nstead of
a 2(&

Exinide 421 ereepich hydroxystpxy) iy pipgigaies wagused instead of
NE’Q %?ﬁ‘r‘ﬁgétﬁ@)ﬂg Iggﬁpound 126 Conpound 126 was prepared
e

nner as that described in Exanpl e
123 @kEEM tHat 5614 2- nor phol i noet hyl ) - pi per azi ne was
used i nstead of 25piperazine. CI-M5 (M41): 580.1
Exanpl e 127: Preparation of conpound 127
a,g;&{@@qm P}g&rm&r@ﬁ%% i1 the sanme manner as that
escribed in 30Exanpl e 114 except that
cyc Fbpentyl am ne was u 41 nstead

0
}2/ met hanani ne. HNCIJ M5 (M 41)fm)\4 51 Exanpl e
£o8" ﬁéﬁbrwm of _comgbund %ﬁﬁ N Roe R

N\/\/

o NH, NH,
/\P OEt \N \N
OEt TFA
R AR ae T " SALACVIN
N 1, NN N 0, NN
Et0-6~ 'WH El0-B~ 'WH
OFt 141-11 OFt Compound 141

Intermediate 105-V was prepared as described in Example 105.

To compound 105-V (1.7 g) and piperazine (1-XII, 1.4 g, 6 eq) in 1-pentanol
(30 mL) was added Et;N (1.66 g, 6.0 eq) at 25°C. The mixture was stirred at 120°C
for 15 hours. The solution was concentrated and purified by silica gel (EtOAc/MeOH
= §8:2) to afford 141-1 (1.5 g) in a 82% yield.

To a solution of 141-I (1.5 g) in MeOH (30 mL) was added diethyl vinyl
phosphonate (2-1, 0.556 g, 1.5 eq) at 25°C. The mixture was stirred under 65°C for
24 hours. TLC and HPLC showed that the reaction was completed. The solution was
concentrated and purified by silica gel (MeOH/CH,Cl, = 8/92) to get 1.1 g of 141-I1
in a 59% yield.

TFA (0.2 mL) was added to a solution of intermediate 141-II (100 mg) in
CH,Cl; (0.8 mL). The reaction mixture was stirred for 15 hours at room temperature
and concentrated by removing the solvent to afford trifluoracetic acid salt of

compound 141 (40 mg).
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Conmpound 128 was prepared in the same manner as that
descri bed in Exanple 115 except that cycl opentyl am ne

Woem9Insksss i nst ead of cycl ohexyl net hanam‘H&"Y5EpcvBs0M/082202°
41): 489.1 Exanple 129: Preparation of conpound 129

epared in the sane manner as that
descﬁ(’)ﬁg/godx%9 Yﬁ&%ﬁ e 116 except that cycl opentyl am ne
was used instead of 10cycl ohexyl net hanam ne. Cl-Ms (M
41): 517.1 Exanple 130: Preparation of conpound 130

Exanmpo il Prggrates oficepaeedl 142 t he sane manner as t hat
described in lgExanple 117 except that NHZ

cycl opentyl a was used instead of
cycl ohexyl iRe. Cl-MS (WMEH) . 558
131: Proeﬁg@ti onH ot _&oRBousl T3T 20 gf/nd 131 NN

prep'étp%g I n the same manner ggscrl bed in FWH
Exanpl e 128 excétl t hat Compound 142

1-(2-(2- hydroxyethoxy)ethyl)piperazine was used

533, B OBRUAE T35 s PR BR Lhvelnd Thse

Corrpwmbhlt% amzmqpe(r%g% CRLEN 5 sANEvARAB& TRISBrials g,
descri bed in Exa except that % yrrolidine was

8 eped 10dsteder lolﬂoqm bbe mdxthes, wasl snmsd @M A1) for A7Bowrs. The
so&?%ﬁ%v%&%&%%%fateﬁrtg ?egﬁogr e'@\“SEﬁ Iﬁ({)tlﬂg gﬁl&g%%ﬁ%l} Vaacgurgl at 40°C
CH§£S1§ abeddddrio Eieaﬁpduﬁe id dissoteept rédidite. ITNSBF @faytha mmalt

Wg\lg ?rergg\?e% dnrcligl} \?a%:ldlur?lfaggﬁ/lqclo glggli(nya!l gr?ltdlg ?onl?dmwrl]nch was washed with
IPA/MeOH (9/1) to afford compound 142 after filtration and drying at 25°C under
vacuum (<1 torr) for 3 hours. Crystallization in EtOH gave hydrobromide salt of
compound 142 (530 mg).

CI-MS (M + 1): 579.4

Example 143: Preparation of compound 143

Compound 143 was prepared in the same manner as that described in
Example 141 except that cyclohexylmethanamine was used instead of exo-2-
aminonorborane.

CI-MS (M '+1): 637.5

Example 144: Preparation of compound 144

Compound 144 was prepared in the same manner as that described in
Example 142 except that cyclohexylmethanamine was used instead of exo-2-
aminonorborane.

CI-MS (M'+1): 581.4
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Cl-M5 (M41): 419.1 Exanple 134: Preparation of
conpound 134 Conpound 134 was prepared in the
we@2000/13mpmer as that described in 5Exanpl"8"115rertsns/ 082202
that iso-propyl am ne vvas used instead of
M | met hanam cl - ﬂ@{lM 41): 463.1 Exanple
Exapple SeRAELoR PO’EIB 35 10Conpound 135 was
prepared in the samgmanner a&8:that described in
Exanpl e 116 gxcept i mat i so-p¢ppyl am ne was used

i nstead of cycl ol get ha m)qe -M5 (M41): 491.1
15Exanpl £ 336°HPr epartatj ofi of¥ c8nmppund 136
Conptly 6 was prepared in the sa 'ﬁmnner as that

described,jn Exanpl e 117 excep}  that i8o-propyl am ne
was used instead of cycl ohexyl et hanani ne. Cl - NS (M
41) : C&BRouhd2A6I a(h]rrpl lel ¢@7nd FE0RM(ALIRHA eqf weenhissohdd 187

Clgo(ggpl#gg 811 ? e 0'—:1;2; Qe%l%ggwgaégpg{lﬁ&rﬁ% dlr(rig r\]x?a% radglesd a%shaact:atalyst.
THthBRREREs Zemwlk@mrtﬁcmee 4188 gppﬁmﬁﬂe tvr, 2 28 1 eq) at
cycl ohexyl net hanam ne. 25CI - M5 ( anmpl e

90fQdor By berus. aifherﬁa@tﬁomwmmdeti@ 8s eVIdenced T@@wﬂ&l@rrmlxmewas

t he same pmann as_t.hat, descr in
o R Tl B bl R i s P PR b
lajélﬁirgﬁhzlaﬁﬁiﬁﬁ@ﬁ\xzﬁﬁ ceh@dtek iy drettenandia gpH El4-IsPafdMhéd iltered.
The resultant solid was collected, washed three times with water (15 mL), and dried
under vacuum to give compound 145-1 (2.8 g) as a white solid in 80% yield.

CI-MS (M" + 1): 285.1

Example 146: Preparation of compound 145-V

NHy
o o 14541 o o
y N)%OH HATUHOBUNM N)XLN LAy, THE \
2 CHoCly, RT 2 H reflux 2 /X\H
1451 1454V 145.v

The compound 1-carbamoyl-cyclopropanecarboxylic acid (145-11, 5 g, 1eq),
O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetra-methyluronium %exa-fluorophosphate
(HATU, 22.85 g, 1.6 eq), and 1-hydroxybenzotriazole (HOBt, 8.12 g, 1.6eq) were
suspended in CH,Cl; (150 mL) at an ice-water bath. N-methylmorpholine (NMM,
16.5 mL, 4eq) and cyclohexyl amine (145-111, 5.2 mL, 1.2 eq) were added into the
solution at 0~10°C with stirring. After the addition was completed, the reaction
mixture was further stirred at room temperature for 15 hours. The reaction was

completed as evidenced by TLC.
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Exanpl e 139: Preparation of conmpound 139

Conpound 139 was prepared in the sane manner as that
welemonsisesl i n Exanpl e 117 except that  “™™¥SIpcT/Us2008/082202°"

t hi ophene 2-met hyl am ne was used instead of

cycl.ghexyl met hanam ne. 5G -MsS (M 41):_ 58 le .
1%0 ﬂWB wrswfaaﬁosrﬁgé%ﬂﬁ&awta %ﬂueO&S Nﬁ gaﬁnﬁxgﬁﬁﬁoﬁwn

ARBSPAERSH, gl%eds(xgg%tb PuyRREs SREASH cASwANEY vk M sdibrated

aquedB-NZHGOd ( 169Qyel hm@)@ddvapa@edm MeSAxs filisted, and
cafimEEg, e TR OBPh Sl LR B BBy o

5 (ENDR c/Hexhi¥ BaciBes affdﬂu,cofnpwﬁﬁd MBS B@S as an orange oil in 80%
yield.

Under nitrogen, LiAlH,4 (4.8 g, 4 eq) was added in small portions to a solution
of 145-1V (6.3 g) in anhydrous THF (150 mL), while the temperature was kept
between 0°C and 10°C. The mixture was stirred at room temperature for 1 hour and

10 then heated with reflux for another 4 hours. The mixture was cooled and quenched
with saturated aqueous NH4Cl (15 mL) solution at 0°C. It was allowed to warm up to
room temperature and stirred for 1 hour. The mixture was filtered through a pad of
celite, and the filtrate was concentrated under reduced pressure to give product 145-V
(4.4 g) as a yellow oil in 80% yield.

15 CI-MS (M" + 1): 183.1

20

Example 147: Preparation of compound 145

NH> NH;

r HQN/X\NO f\
J\ 145.v Ay ,\O H\X/H
._OH N N
145.1 <n)/ g O

NH, 145.VI

N

LAH,, THE  (Boc),0 /@\
. CI” N H'\O Boc7 Boc
., N N
N 145Vl

HN™Y r
LUNH N Boc
1-XII HN
O 145-VIll

NH2

HCI N )\

H
e OO, s
\O Compound 145
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105-V NH2NH2 O OEt '"NN *L 2-1 CEt TFA1 NNBocBoc N

H----0 HHONN...."---..""N Et0- 15Et 0- 15 OEt HOEt H
wa2m9a3Gepound 141 15| nt er nedi at e 105- V'REY " brepusods/082202”
as described in Exanple 105. To conpound 105-V

o ohtdssarmouBs TS (S enbinda i od §eit ugpo e

1. @5@ wdiRQudPerlidd @ G’I@ZTIQS{S'S rrﬁEfjat%% 1@62@Qtef 95th15JMW6SI rnIh@eq)

sol'ution was concentra urif l'ica
an@Eﬂ-@l&é&%@meﬂiyBcwomopﬁ)dyohohemamme((l45Vg)3 h o 12 @%%ere

ofef o000l Pty Rt A b 3. A€ RGcbalgmyure

wis fartBeh) stiged 2bfooml Renpbiaxirt & MAfouss. |THeQ€adﬂiéﬂ®5as@5ﬁipf&éd as
24 hours. TLC and HPLC showed that the reaction was

eV&ﬂ@ﬁ?CbbBéE.LCThe sol uti on was concentrated and purified

ALY @%t‘gfgg@&% F%%%ﬁ‘ff‘t%g@eﬂ%@ PG G- Py

sepahation, olte @aniolseneds alceeskﬁala}yldzas(hﬂ:ﬂ)@nﬂmgjnnle mn@bﬁ(ﬁ?a?ed
The reaction m xture was stirred for

0.8 ,
a%@ﬁﬁ%ﬁc%@&% PV trisdeovahenyrue M e bltepds aélﬁinw ng
coﬁlbﬁltﬁ%d\/ e rEs?(Lillgef ‘fﬁ% Shriflch oy YA AGRE Edtufdf cRrot@tdgrhy

conpound 141
(EtOAc¢/MeOH = 7:3) to afford compound 145-VI (1.5 g) as a yellow oil in 30%
yield.

Under nitrogen, LiAlH4 (267 mg, 2 eq) was added in small portions to a
solution of 145-VI (1.5 g) in anhydrous THF (20 mL), while the temperature was kept
between 0°C and 10°C. The mixture was stirred at room temperature for 1 hour and
then heated with reflux for another 4 hours. It was cooled and quenched with
saturated aqueous NH4Cl (1 mL) solution at 0°C. It was then allowed to warm up to
room temperature and stirred for 1 hour. The mixture was filtered through a pad of
celite, and then EtsN (1.0 g, 3 eq) and (Boc),0 (1.8 g, 2.5 eq) were added to the
filtrate at 25°C. After stirred at 25°C for 15 hours, the solution was concentrated and
purified by silica gel column chromatography (EtOAc/Hexane = 4:1) to afford
compound 145-VII (940 mg) as a yellow oil in 69% yield.

To compound 145-VII (940 mg) and piperazine (1-XII, 382 mg, 3 eq) in 1-
pentanol (3 mL) was added EtsN (450 mg, 3 eq) at 25°C. The mixture was stirred at
120°C for 8 hours at which time the reaction was completed as evidenced by TLC.
Ethyl acetate (5 mL) was added to the reaction mixture at 25°C. The solution was
stirred for 1 hour and, after removal of the Et;NHCI salt by filtration, concentrated
and purified by silica gel (EtOAc/MeOH = 7:3) to afford 145-VIII (570 mg) in 56%
yield.

A solution of intermediate 145-VIII (100 mg) was treated with 4 N
HCl/dioxane (2 mL) in CH,Cl, (1 mL) and stirred at 25°C for 15 hours. The reaction
was completed as evidenced by TLC. The mixture was concentrated to give

hydrochloride salt of compound 145 (55 mg).
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Cl-M5 (M+ 1): 635.4 Exanple 142: Preparation of
conpound 142 5 Internmedi ate 141-11 was prepared as
wolemensisesl i n Exanpl e 141. To a sol'tfVohPer/Us2008/082202°"
142-11 (1.0 g) in CH2Cl12 (5 nlL) was added TMSBr (1.46
8 L1 for 1 hour. The m xture was stirred
2%%%0&1@%1 3? The sol ution was concentrated to
renmove TMSBr and the sol vent under vacuum at 40C. 10
CH2C12 was added to the m xture to dissolve the
Examile] I4R: mewtioamfwmeowv&nt were renoved under
vacuum again to obtain rude solid, whiap,was washed
V\/Itf/lﬁ\&PA/ MeOH (9/1) to HOFd corrpound 14 fter
fil ion and drying atZ,@BC under va r
Jiof 3 RPU '), BeysBel 1i zattonin g We h m ke RS
sal t of ofnpound1 (530 ny). 1SCbEt|\/B (\4,+ 1): 579.4
20Exa V@ 143: Prepdration of conpound 143"
Compound 143 was pmepared in the sane manner as that

described in Emee 141 except that

cYel ghexyl yret R sed, i nstead of exo-2-
ami nonogtgm &Qﬁ/lﬁ)x 5 25 Exanpl e 144:
Prepar at | @kt of conpound 144 Compound 144 was

prepared in théogadMenner as that described in

Exanpl e 142 except that cycl ohexyl net hanam ne was used

i nstead of exo-2- am nonorborane. 330G -Ms (M 41):

581.4 WO 2009/ 131598Att orney's EPCT/ US2008/ 082202 1

Ex anipteemidiste 1R5EPHI atas obtaofed cdornmg thechrdpbbationNtizbkdpound 145.

To a solution of 145-VIII (520 mg) in MeOH (8 mL) was added diethyl vinyl
phosphonate (2-1, 187 mg, 1.5 eq) at 25°C. The mixture was stirred at 65°C for
24 hours. The reaction was completed as evidenced by TLC. The solution was
concentrated and purified by silica gel (MeOH/CH,Cl, = 8/92) to afford compound
146-1 (317 mg) as a pale yellow foamy solid in 50% yield.

A solution of 20% TFA/CH,Cl, (2 mL) was added to a solution of
intermediate 146-1 (100 mg) in CH,Cl, (1 mL). The reaction mixture was stirred for
15 hours at room temperature and concentrated by removing the solvent to afford
trifluoracetic acid salt of compound 146 (80 mg).

CI-MS (M" + 1): 649.3

Example 149: Preparation of compound 147
NH, NH»

fx J%EH

OC
|| .,
OFt 146-1 oH Compound 147

Intermediate 146-1 was obtained during the preparation of compound 146.
To a solution of 146-1 (200 mg) in CH,Cl, (1 mL) was added TMSBr (0.3 mL,
8 eq) at 10~15°C for 1 hour. The mixture was stirred at 25°C for 15 hours and then

concentrated to remove TMSBr and the solvent under vacuum at 40°C. CH,Cl, was
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o NCNCl OH1-VICINN H H2N 1-1145-1 Conpound 1-1
(2.11 g, 1.1 eq) and K2CO3 (8.5 g, 5 eq) were
wele@sobaerl i n CH3CN/ H20 (1:2, 30 ml), ano™¥eétrerbszopsns2zo2”!
anmmoni um i odi de vvas added as a catalyst. 5The m xture

r ed wth di chl or o- 6- am no mdlne(l A/
dga @to ISS@ Ve)thafesgblé 38? Kt uFFoW?Ssvacvwaea? é%ﬂs

hﬁ%@bﬁk{%@aﬁ%f @Urhﬂ&ﬁl‘HQQfEh-g') m@B‘e m xture was evapor at ed
under re uced pressure to renove the organlc sol vent,

and €h¥Sedlieduy I93Per was acidified with concentrat ed
hydrochloric acid (pH = 4-5) and then filtered. The
resultant solid was coll ected, washed three tines with

EM@i ¢ 180 Préflaratiodntd compgehdliygnder vacuumto give
compound 145-1 (2.8 g) as a white solid in 80%yield.

Cl - Neprppgund 148 waspgepatediig the sappgmannen s thyt desenbEgThe

E RO Y P e A REE P g DR PRI BR LR B bR of,
comipolued be-Ilret hyl ur oni um hexa- f | uor ophosphat e ( HATU,
22. 85 1%[ 1.6 eq%@ and 1-hydroxybenzotriazol e (HOBt,
8. 12C]g, Sl(l\ééﬂ?3 e suspended in CH2C12 (150 nL) at an
i ce-wat er bath. N nethylnorpholine (NMM 16.5 nL, 4eq)
and cycl ohexyl am ne (145-111, 5.2 nm, 1.2 eq) were
EM@HShthepaltmiozﬁ)fsoinpmeIQt 0-10C with sti rring.
i.tion vvas | eted, the rt%%g(ﬁ mxture

Afte th d@
was ?.W%Sé’aepé’fe 186 ORI P e es e qﬁ*dars
ExXdx1€ ?P@@)&c@ﬁt MRSV E2ADARk A ATpifMhARO GaH ulN iMdelad of

compound 60-11.
CI-MS (M '+1): 503.4

Example 152: Preparation of compound 150

Compound 150 was prepared in the same manner as that described in
Example 112 except that 1-(2-(2-hydroxyethoxy)ethyl)piperazine was used instead of
compound 60-11.

CI-MS (M '+1): 547.4

Example 153: GTP-binding assay

Compounds 1-150 were tested for their efficacy in binding to the CXCR4
receptor using a DELFIA GTP-binding kit (Wallac Oy, Turku, Finland). The
DELFIA GTP-binding assay is a time-resolved fluorometric assay based on GDP-
GTP exchange on G-protein subunits followed by activation of a G protein-coupled
receptor by its agonist. Eu-GTP, a non-hydrolysable analogue of GTP, is used to
monitor agonist-dependent activation of G-protein. Note that stimulation of CXCR4
receptor by SDF-1 leads to replacement of GDP by GTP on the a-subunit of G-

protein. The resultant GTP-Ga complex represents the activated form of G-protein.

See Peltonen et al., Eur. J. Pharmacol. (1998) 355:275.
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The m xture was poured into a saturated aqueous NHACL
(100 nL) solution. After separation, the organic |ayer
wo®9ssisesessi vel y washed with brine and ASPYr Lpetius2008/082202°!
aqueous NaHCO3 (100 nL each), dried over anhydrous

CHi nd d Th
o bt oy dan e (g kAR ot PERAIY Eelfias
u? FaOA G ehleaséaﬁbﬁfeil 40 mv@Natt, 008 SO AUPGhiAAPmIY M3 3

as an orange oi | in 80%yield.~ Under nitrogen,
rnM @DIH45‘(/048 BAQ0 hMe b[l)‘EP\EASspHd’dﬁd Amalslmat (4 opicansydsadded to

picd o e Reatiiae it B s@ et AR MG BL At iorisees

‘iﬂd& 10@8MSih iof 1og @MSOS %HTSIBPIIF@V@II ‘ﬁ{ the a@gay:‘ouh@f-}rth@ﬁgsay
then heated with reflux for another 4 hours.

plme wtag igcupaisd cotic eidrlafrtdoquémmauw wih slamushakieg f@fqld)e ous

mijyieso ESoh it oy Bl gt Fil Fef na i g Mme

plife Xadigcuba@d bhizdih €6€8D thitued@hd ﬂle@aﬁhsﬁ&d &atd wWah aandhtsbRtion
filtrate was concentrated under reduced pressure to

prgvided pytbeassey kygo werpinate iy agsgy o Bjidingof Ioi-OTiPwgodgtermined

ba\é&%rgtrhgt]ﬂﬁlogk“g& corﬁ%%lu‘ir]m%eC.’f%igqu aIV?CQOIEQﬁLm ﬁb&d%%dr?& 145- |

(3. %neg(.pedteﬁg) 28 td&Tddn{pBurds Gowdd mﬁ@oncaﬂi’tchtidﬁﬁéql(l&d@o
ﬁ] 1.6 eq 2 wer e suspended in CH2C12 (55 nmL) at an
mhipg SRK-& stipgtaged @mq%bmdmg by4¥Xy$) s4RQ nM, 83 test compounds

i1 BTLAUELIN & B PRSI CHBLRISKaNRTHAS ofd AR ¥

Wer e’ ad strrring
After the addition was corrpl eted, the reaction mxture
5was further stirred at roomtenperature for 15 hours.
The reaction was conpl eted as evidenced by TLC.

Egéggﬁ_ﬂg%guﬁg x\ﬁgsane%lﬁ{(ﬁ Agggy a saturated aqueous NH4C1
t

er- separ at the organic | ayer was
suc c@mslmgejompﬂatsdnebbtwmlhedch iofi &14tedt atpovatechddgmenUSDFE-1

W%% 4*%5 %H@gi %&éﬂ t?raﬁ g (M égf?@alaca?gff*oﬁ%ﬁfpﬂ?%

by Stld fasdfler BREYTACERE SR %95t8§)wth(9%t@ phlopH = 7: 3)

conpoun as a'yellowoil in

p&@&hweﬁlﬁlnetﬂﬁﬂm mivivtEsae@diinstd Adthid 00 26 81 digtilled] warpr fv@dsour
added in small portions to a solution of 145-VI (1.5

tirg§s togedish parvpcifmndng. Mombrigpgs|of Wﬁ’@n@%%ﬁ"é‘iaﬁsrf@t%s
HERBYS FaRT ST B0BP Rt 7o s Bt WU B0 g S B

7.4.80. 5%bok e sav@t fletimsh, DO . N4, Mﬁ\/lMgEl@dl aMiCaosnebrd

with saturated aqueous NHACL (1 nl) solution at OC It
mwd@tqdhélﬁl A0 vboletestromporndipnd ) poefrh T Briddr-adlind and

congealtr ?1011 1?‘? Pﬂ'/l) ﬁj&bqtgﬁ?as‘r%éf{# Eei (gﬁ 5 nggl3 (?1;11?%%\3‘?{ %gir 0
rn{nllte% afroog Rnfpdative] e ﬂi&i@&hdn&vish@rmmated by transferring the
reaction mixture to glass fiber plate wells (80 ul/well) and filtered by vacuum
filtration (MultiScreen Vacuum Maniford, Millipore). The plate was washed 4 times
with 80 ul/well of wash buffer (20 mM HEPES, pH 7.4 and 90 mM NacCl) and then
air dried overnight. After 35 ul of a Supermix cocktail was added to each well of

plate, the radioactivity retained on the plate was counted with Trilux MicroBeta

(PerkinElmer, Boston, MA).
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20filtrate at 25C. After stirred at 25C for 15 hours,

the solution was concentrated and purified by silica
w@e109a8i5e8m chr omat ogr aphy ( Et 0Ac/ Hexane "2 %> HC1/552008/082202°!

af ford conpound 145-VII (940 ng) as a yellow oil in
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acetate (5 nL) was added to the reaction m xture at

25C. The solution was stirred for 1 hour and, after

EX@4PW ab5:0$teinnliEhitikational t by filtration,
concentrated and purified by silica gel (Et OAc/ MeOH =

7: 3) Theefheqcyrod fiva Sompeyndssr onhipgying stespoelymebifizatamavas
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as a pale yellow foamy solid in 50%yield. A solution

of 2bwrrripardicrod (hat #Hpt hadeshermerprunds antyarest mepiliggtion of
Cb@iﬁ{e%%&tie% k88 Lol slang d@? d’» Eo%%%%%pﬁgemrgr ceﬁpﬁlto

'on Im Xture Wwas Stirre urs at room

periphpal bibod & adckcalepeeitht abettr bwlﬂﬁmmw hogrstafter sshylent
o.afford trifluoracetic acid salt. conpound 146 (80
1n$?ﬁ‘510n the compounds increased c({rculatlng CD34" cells upntg 6.2- q4 5 foldg and

CD133" cells up to 5.2-10.7 folds.

Example 156: Synergistic effect in mobilization of stem cells and endothelial
progenitor cells

The efficacy of G-CSF alone and a combination of G-CSF and a test
compound in mobilizing stem cells and endothelial progenitor cells was also tested in
a manner similar to that described in Example 129. The results indicate that the
combination exerted synergistic effect in enhancing CD34" and CD133" mobilization.
Circulating CD34" was increased to up to about 18.5 folds and circulating CD133" up
to about 64.2 folds.

Example 157: Oxygen-induced retinopathy (diabetic retinopathy model)
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Cl-M5 (M+ 1): 649.3 Exanple 149: Preparation of
conpound 147 NH2 NY.N O r-N EtON -P OEt 146- | NH2
WOR001115p8 ) ON N HN Conmpound 147 | nt er fe874t bpaweso8/082202°"
was obt ai ned during the preparation of conpound 146.
Cl2

sol ution of 146-1 (,20Q in . was . .
2dd A AR tocE A dsméar) it ot R GO o g At s Pgaining
107, ¥kilkcd a\n@ﬁlafeqay 1o £ Bl 028G frd theihso@hd 4 RS @to induce

2500ncentrate to renove TMSBr and t he sol vent un er
robast uetimahangdoenei-RTe s weesdibed as @ digbsts gttinmpaths model.
The vacuune nto

nyar ogeb Rt B T TP BT R Ta B iy B Binpgons
of 0. 110 pRPIcR RIENAIRE&! thARs ray AR AtANIRAL BficcEOAPPHNE, 348
Oxygen-induced retinopathy rats without injection of any test compound or injected
with vehicle were used as control. All of the rats were then placed under normal air
for six days before sacrifice. Neovascularization was assessed using ADPase
histochemistry and computer-assisted image analysis techniques.

The results indicate that the test compound effectively inhibited retinal

neovascularization.

Example 158: Choroidal neovascularization (age-related macular degeneration
model)

Choroidal neovascularization (CNV) was generated by laser-induced rupture
of Bruch’s membrane in 4- to 6-week-old, male C57BL/6J mice. With a hand-held
cover slide as a contact lens, an argon laser photocoagulator (532 nm) mounted on a
slit-lamp was used to create four lesions centered around the optic nerve head in the
retinal mid-periphery (50 um spot size, 0.07 sec duration, 260 mW). A test
compound was dissolved in water. The solutions at the concentrations of 1 to 100 uM
were administered to the CNV mice via intravitreal injection (1 or 2 ul/eye)
immediately following laser treatment. CNV mice without treatment of test
compounds were used as controal. Fourteen days after the laser treatment, all of the
mice were sacrificed and CNV growth at the Bruch’s membrane rupture sites was
assessed using fluorescently stained choroid-sclera-RPE flat-mounts via computer-
assisted image analysis.

The results indicate that the test compound reduced the neovascularization

area by 34%-59%, compared with control.

Example 159: Limb ischemia model
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Compound 148 was prepared in the same manner as that
described in Exanple 112 except that

wa 2q024assephol i noet hyl ) - pi perazi ne was usBd"¥rSeertswns/0s2202°!
conpound 60-11. C-Ms (M 41) 572.5 10 Exanpl e 151

Prepar atj.on of. co und .. ound 149 wa

prep P eI AIa I Wi P GBZC gy Hane o limb
isEpeaiiPhoddil2 except that N-(2-hydroxyethyl)pi perazine

was used instead of conpound 60-11. 15C -M5 (M 41):

503. l4ctExuarplae iniBeed Prtbp keftdtind imlp pf eaghiioddaid/ c 18@1se as follows:

fn%pfag %g%%gvv@kﬁ%queﬁ%&%%g? F?\Ev [T%esnafrmfd 039 crnhl%ngth
proxitadl 6t AT Xetibane) e&ﬁwéth&i 1R BIIAE MRS tHSOFere visible
i nstead of 20conpound 60-11. CI-M5 (M 41): 547.4

anghdasil| te thedlgzatuny picks Hop Hepsaeisdy Conpounds 1- 150 were

t est V-

25¢ e%%gt %phls?‘?dn&“e g n R né?ﬁléﬁlgﬁr%tg‘f\fﬁ A %a%g’“& fo the
linkbl id¢hemfainicana )day Thed DL § bést@ﬁ’r'geij actha go@gs ﬁe_mglr% feom 0.5

ti me-resol ved fluoronetrlc assay based

mgke e fgansmandelstashdesshdhe @gntf%ﬁtpmahb&ymamwﬁ%e
reQ&Vfﬁ Gl Qk &k 3 &P&é@oﬁgolbeﬂl%gﬁlﬂfnalp%e}et ?c’o %@5‘ bSihg two
G% F1 ana

a non- hydr ol ysabl ogue o0 s used t
senmquamtltatmg @nh@rmadm[tﬁanﬂﬂme tants asah wenk. oTh&xIemttoé iblnod- ﬂow

Not t hat ti t f 4 3 t SDF- 1
repgiaon P P AEL AR DR 7o Tyt B e R e BT o
D&ppl&F 1%%&1‘(1’&[@@%@@%11} @&chﬁ&ee@th%m é@l’éoﬂ@ﬂ’é@&ﬁﬂé)f of

the actrvated form of rotein. See Peltonen et a
bleod. . Inpddivlear tﬂmmjj,scle(su[gl%§ w5 Beaaged usmg a Digipjl &‘gthtrength

d.f CXCR4+< EK29 I
MEBE UG Dok R PG L EREl S R el
collgétdl iriimp@iBtchy aféer @Mr{‘m:@:ba dag 18MoSi¥drgdpdondSAsscHd Mvbr
HEPES, pH 7.4). An aliquot (4 i.tg protein) was added

capdla@aéc?nswé pRalpfis, 4D A cimsmmphestqabamisty; sfanisg was eedorngdn

PRGBS P B 10 RGN Ry Byt
michescaiss ayd fealaea pvaseniadcis lpatiede beﬂlsfﬂa:e higarpowat fielkorBtatistical

.tenperature w th sl ow shakin for nutes. Eu- GJP,
SIGPERLY °F AIFARY YENEYNE2GIDIO Wats D&ﬁﬂa@acqw%eﬂnmdered

s%ﬁh&ant?f@vﬁh@s“@er%% gsncubat ed agal n for 60 m nutes and
hen washed twice with a wash solution provided in the

ass aidl loff thet testt cmrrlponadiseexﬁnlat@dsszfﬁg/acy Bir mioprogyingf hikdH G Bunction,

apﬁgfrggf ' r dkﬁ;l glieggt g(lbcﬁ ﬁro‘svz ggg ?Iflacrgaisgl%atlormation of

nenexpact edly, 28 test corrpounds showed | C50
(concentration required to inhibit SDF-1 stinulated
GIP- Ga bi ndi ng by 50£ at 20 nM 83 test conpounds
shovved ICSObetvveenOJ ERIEMBODMENd®pounds showed

| C50 00- 1000
A of the features dlslvllosed in this specification may be combined in any

combination. Each feature disclosed in this specification may be replaced by an
alternative feature serving the same, equivalent, or similar purpose. Thus, unless
expressly stated otherwise, each feature disclosed is only an example of a generic
series of equivalent or similar features.

From the above description, one skilled in the art can easily ascertain the
essential characteristics of the present invention, and without departing from the spirit

and scope thereof, can make various changes and modifications of the invention to
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15 Exanpl e 154: Radi ol i gand bi ndi ng assay
Bi ndi ng conpetition between each of 114 test conpounds

waewohsisem SDF- 1 was det ermi ned using gl’&8%F Fber/us2008/082202°!

filter plates (M IIipore BiIIerica MA) as foll ows:
The glass fiber fi ter mere r oated wi,ith 90.
adapy it gy vagiops4isaggs i Aot BrbaBmas st oghin
thgg&%@@fwkﬁgﬂgggluﬁ&n@f dlstllled water for four tines
to reduce non- speC|f|c bi ndi ng. Menbranes of human
CXCR4-transfected HEK293 cells (5-10 i.tg
protein/well) in 70 ill of assay buffer (50 mM HEPES,
pH 7.4, 0.5% bovine serum al bumn, 90 MM NaCl, 5 nM
MyCl2, 1 mM CaCl2) were incubated with 20 ill of a
test conmpound and 10 ill of [1251]-SDF-1 (fina
25concentration 150 pM in U bottom assay pl ates
(Corning, Corning, NY). After 120 m nutes at room
tenperature, the incubation was term nated by
transferring the reaction mxture to glass fiber plate
wells (80 ill/well) and filtered by vacuumfiltration
(Multi Screen Vacuum Mani ford, MIlipore). The plate
was washed 4 tines with 80 ill/well of wash buffer (20
mM HEPES, pH 7.4 and 90 nmM NaCl) and then 30air dried
overnight. After 35 ill of a Superm x cocktail was
added to each well of plate, the radioactivity
retai ned on the plate was counted with Tril ux
M croBeta (PerkinEl ner, Boston, M. 50 test
conpounds showed | Cso (concentration required to
inhibit binding of [1251]-SDF-1 to the receptor by
509 at less than 20 nM 43 test conmpounds showed | Cso
at 20-100 nM and 21 test conpounds showed | Cso at
100- 1000 nM 5Exanpl e 155: Stemcell nobilization
The efficacy of five conpounds in enhancing stem cel
nobi | i zati on was tested as foll ows: Each
conmpound was di ssolved in saline. The solutions were
each adm nistered to BALB/c mice intravenously at 4
m /kg. Wol e blood was coll ected 101, 2, 3, 6, 18, and
24 hours after intravenous injection by cardiac
puncture. Mce receiving saline were used as control.
Bl ood sanples of the sanme group (N = 3 in each group)
wer e pool ed and total |eukocyte nunbers were counted
using trypan bl ue exclusion. Hematopoietic stemcells
(CD34 ') and endothelial progenitor cells (CD133 ')
wer e neasured using antibody surface staining and fl ow
cytometry 15(Beckman Coulter, Mam, FL). Statistica
significance was determ ned using a one- way ANOVA
D fferences were considered significant if P val ues
were <0.05. The results indicated that all of the test
conmpounds enhanced nobilization of CD34 '
hemat opoi etic stemcells and CD133 ' endothelia
progenitor cells into peripheral blood in a
dose-dependent manner. Wthin 13 hours after a single
20i nj ection, the conpounds increased circulating CD34
"cells up to 6.2-14.5 folds and CD133 ' cells up to
5.2-10.7 folds.
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Exanpl e 156: Synergistic effect in nobilization of
stemcells and endothelial progenitor cells 25The
wetdnasusys of G CSF al one and a conbi nat i'BA"SF 'ex1zBs20881082202°
a test conpound in nobilizing stemcells and
“ﬁﬂﬁﬂ?%}ﬁ Eb enitor cells was also tested in a
GRAY o that described in Exanple 129. The
results indicate that the conbination exerted
syner. gk gbinpoid &cthe Fdllodh@isiag: CD34 ' and CD 133k
nmobilization. Grculating CD34 ' was increased to up

to about 18.5 folds and ci Feul ati ng CD133 ' up 30to
about 64.2 folds. Exanpl %/i%@: Oxygen-i nduced

retinopathy (diabetic retj ngpat q(y nodel )

Newborn rats were pl NderNai ont aj .ni ng 50%

oxygen and air cont mw%"bx t,g[nately in a

cycle of 24 ho(llimx;t)fr&'h/nbi rth through 14 days to induce

robust retinal angi ogenesis. These rats were€ used as a

di abete retinopathy nodel. A test conpound was

di ssB¥/e8 in water. The sol utions at the

cong j f = Iq ta(ﬁ;@ [ 0 the

rat sé%l\E/;ilzl z?a?i1 ﬂr%i?? zsv(??roé;ﬁ’ :blrc;rl??%ééi ttimclnt\r,1E %%Si I /@%%ﬁ@% K

Oxy gewh bhAu¥ednd 2t indeppadéntlys ast(S - swilkydanetoridejetxt i on of

any tes{) cgn&oﬁrnd or injected with vehicle were used

as cBAt Vol = A1 °bf> the rats were then placed under

nor nfs i lorbor si x days before sacrifice.

Neovascul ari zati on was assessed using ADPase

hi stipsHedriZztry and conput er-assi sted i mage anal ysi s

t echni OThe, . lts indicate that the test

commOUndE ST Eet kG i o TEH: Eifhiiftrot o 3 ary
hefeomas GloaCNz @R, 000 ORI F3a(P)Re, CEBR, E@)BIRIRY, or NR,Ry;

neovascul ari zati on éﬁgge- rel ated macul ar degeneration

modefy s C1-Cuo alipib CoileaFy Hewds e ulCar lilezfrpmlp lp&wymgteroaryl,
oL AR BB A S B LU BT 5

hdraodchelld/ ] coMR R de as a contact | ens, an argon
| aser phot ocoagul.ator (5

t ed
20s | fv Mdgagndraly.is erCth)a@%e Qen?é?zg%%?oaﬁ%f Gneoditresstpaliol
: e |
arl ﬁ&el%am%a@&tmgo@%c t@d}@g@bd_(@%m, EOR ggb)NReRf,. or NRRy; or

[
d- periphery ( m spot si ze, S dur ati on,

R26C 1 5klkyleae besdeddo two uatiomawnui of slod regitoi whivk ites attaChed or

sol utions at.the concentratigns. of 1 .tq .100 il M wer
Cohir S Bngee e tareRgda ob g ristadiih f Ragpened 5

| nJ e} i PR-OORG R P(-yRNHRDBR! 2Pl iRLIOR) N-0FSR,.

treat ment. mce wthout treatment of test
orHcombeunds were used as controal. Fourteen days after

the | aser, trea , pal f m ce wer i £ige
b BRI (ERRPIEM, 2ty RE KR ML WRLSAGH. W 656, -C.o
alAsC aEseSBRAIKYS I MACH huriascralklyl, astl sidi@daryl, or -C(O)R, R being
choroi d-sclera-RPE fl at-nounts via conputer-assi st ed
H; Grafje dlpd) §sCa, cycloalkyl, Ci-Cyo heteppeyelaalsyt aryilpaihsterearylngg Ra

d ' [
e 5l COTBRU A0, S RESLSREM A BALIY e
folr 1th s iallg/er] R, amidd are linked and together form C,5 alkylene, or R, and R;
are linked and together form C;_s alkylene.

2. The compound of claim 1, wherein Q is CH or N and U is N.
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The efficacy of three conpounds in treating ischem a

was tested using a linb ischem a nodel | schem a
waewoiisidoced in the left hindlinb of eadHBASBPCT/IB9e9082202°"

as follows: The fenoral artery was |igated and

transected in t | aces | engt h
5pr oXi CO&‘FRP“B&E( oI ¢, i‘éfqnl%é& &}g? '&ﬁicglgh%rr “CrhfglCH-
anlpPRd. vessel s that were VISIb|e and distal to the

li'gature were al so transected. Each conpound was
di ssolved in saline and adm nistrated intravenously to

ot the BoSTB ARG PRGT e BNt iRy P bR NP

tol erated dose. The contral ateral right hlndllnbs and
m ce 10receiving saline were used as control. The
ani nal thmnaw@ng of gletm lsvherein®s is Enis glkarhsubsuiadeN(RRy).
i schem a i ndexes three tines each week. The extent of
bl ood-fl ow restorati on was neasured on days 1, 7, 14,
21, @nthe&npasind sbcigan ¥, wherdip R, ik aGHECM@-N(RJmng@whlch
(Per|Scan PIM |1 whi ch detects the f
R Pl Reis €asten Ay d CorCoprpderikylnCale lﬁqt%fﬁcyqlq?ékml 8r

he%ér[)%g%PR(O dﬁ?gt%l#rn%gd u%%etﬁegog[ht@lw JidheStrengt h

ter 167- 005L us I nstrunments nem1vesse
formation in leg nuscles collected imedi ately after

day 18 d.. Eor
capt 11 biecsan of SHER Jor-Bereands Yinanaris Suiguied &t M
IR0 WS | RCLEOERRHIROS -1 HOoidL A AR NG YroloRSBhalo,

en othella cells in ds were count ed
CNi QRosx @;ﬂ(]))N&dﬁ, o1Rs ld&ha ald;wl@ye htD@ddeatQ t\p@@@tfopnf etorns of the

.cells/. . I 20
i DPET i WER BEy ol e POt B i Tpean a8 EDEE
wkiohsiisletedesi gnificant if P val ues were <0. 05.

Al'l of the test conmpounds exhibited efficacy in
i mproving hindlinb function, appearance, and nuscle

o1 OO cARAE PO SN L R ogRSL T
of the features disclosed in Qs specification may be

conbi ned in any conbi nati on. E& feature di scl osed in
this specification may be repl oalternatlve

P(fr:)g)si) )ZO&ﬁ’rﬁﬁp Pﬁr@@@e@&kggm y state ot’ﬁénz\knl) > each

S&eggyﬂgoﬂsfqbgaed is only an exanple of a generlc
30series of equivalent or simlar features. From

the above description, one skilled in the art can

easi é.ypf?es&o‘?ﬁ hi of E‘ﬁmg?&p%ﬂeﬁ' g!‘@rla% 8ri t1' ﬁﬁ% ﬁfxﬁﬁe
present 1 nvention, Sut eparti
CHgEIﬁj tor aOH,,Sld (34, - ﬂﬂeg €0l orateiectebdiel X by Odﬂia R:lhaNgﬁsR@mcCl 5

I catl ons e nt adapt o_various
algé)l és'élt‘éfﬁ‘%lNZ Sot%“gr% 2éhgf‘é ﬂ%@ Wgrc 1Y}én(ils Care
j h [ T
he@?%f%a LR ERGRE, ok, e L bOORIERRIUTR. AT
alkyRdneFbonded to two carbon atorns of the ring to which it is attached or Cy.s

alkylene bonded to one carbon atom of the ring to which it is attached.

10. The compound of claim 1, wherein the compound is selected from the
groups consisting of compounds 2-4, 14-19, 21-57, 62, 63, 74, 75, 78-98, 101, 110,
111, 141-144, 146, and 147.
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QuNNNR3)M NZ R 5 wherein each Q and Uis CH
or N, provided that at |east one of Qand Uis N, each
W@B00X131%98 and Z, independently, is Cl_5 “4PRYT brer/v82008/082202°"
deleted; mis 0, 1, 2, 3, 4, or 5, nis O, 1 or 2; p

is 1 or 2; Rlis H, Cl-ClO al kyl , C3-C20

cycl oal kyl, Cl-C20 heterocycl oal kyl, aryl, heteroaryl,

hal On %‘cor%&md%foll%@ RAnufek 0) Ra, C(0) NRaRb, or
R2 is Cl1-C10 al kyl, C3-C20 cycl oal kyl,

Cl C20 het erocycl oal kyl, aryl R1heteroary| or Cl-Cl0

al kyl, optionally subst i t ut pth G-C10 al kyI

C3-C20 cycl oal kyl, GCi-C20 hefjer cycl oal ky

N(R, Rd) : R3, in N e 1N&o al kyl ,

C3-C20 cycl oal kyl, Cl-C20-h@,Rr odycl oal kiyl , aryl,

heteroaryl, halo, CM/ n COORe, OC(0)Re, C(0) Re,

C(O)NReRf, or NReR4 or R3 is C1_5 al kyl ene bonded to

t wo carbon atons of the ring to which it is attached

or crhgeig) kyl ene bonded to one carbon atom of the ring

s attached; and R4 is
Y)?CO‘EH)OE‘ ~ P(=0) (NHRg) (OR.), P(=0) (NRg) (NR),

S( G)MRngmﬂk}ﬂi(%‘ﬁ?oRgcloalkyL C1+ @y WbtierivyelaglkylofiryRanr Rb,

RFI, Re, Rf, Rg and R independently, is H Cl-Cdo

heéquW C3- C20 cycl oal kyl, Cl1-C20 heterocycl oal kyl

aryloach et eTRary hndegénde%g)@c L RalR§icRg omelé%%a C10 al kyl,
C3-C20 cycloalky het erocycl oal kyl ,” aryl, or
het emoe@,yll , &r4,BaSand Ro are |inked and together form
c2_8 al(ﬁ 23, Re and Rd are |inked and together form
C28n I ? e, Re and Rf are linked and together form
C2 &klaﬂswlcqf@m alky1, lR9- @‘z@@ﬁﬁ’balﬁfrlec m&@eﬁsﬁléamﬁt her,

formCl 5 alk Iene e compound of claim1

hojgiesrg], halg, C¥, @RaoﬁEOQRa;{aC(@)Ps O)R., C(O)NR,By, oTAR:Ry;

COrD B S AR B PSEAIN, &S hiHREvelsfRAR. piroary.

OI'I: 1= @‘a e,ﬂ@ﬂ mpﬁoneﬂly @bﬁltﬁfed dﬁﬂ'@ ﬁd 10&‘1‘1@5’ LZC§ ezo c@bﬂralkyl, C1 C20
heterocycloalkyl, or N(RcRq);

Rj is C;-Cyg alkyl, C3-Cy cycloalkyl, C1-Cy heterocycloalkyl, aryl, heteroaryl,
halo, CN, OR., COOR., OC(O)R., C(O)R., C(O)NRRy, or NRR¢; or R3is Cy.s
alkylene bonded to two carbon atoms of the ring to which it is attached or C,5
alkylene bonded to one carbon atom of the ring to which it is attached; and

R4 is H, C;-Cyy alkyl, C3-Cy cycloalkyl, C,-Cy heterocycloalkyl, aryl,
heteroaryl, OR,, COOR,, C(O)R,, or C(O)NRR;;

in which each of R,, Ry, Re, R, Re, Ry, Rg and R, independently, is H, C1-Cio
alkyl, C3-Cy cycloalkyl, C,-Cyg heterocycloalkyl, aryl, heteroaryl, or -C(O)R, R being
H, C;-Cyy alkyl, C3-Cy cycloalkyl, C,-Cy heterocycloalkyl, aryl, or heteroaryl; or R,
and Ry, are linked and together form C, 5 alkylene, Rc and Ry are linked and together
form C,s alkylene, R. and Ry are linked and together form C,5 alkylene, or R, and R;

are linked and together form C,_g alkylene.

12. The compound of claim 11, wherein U is N.
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5. The conmpound of claim1, wherein R2 1S C1_5 al kyl
substituted N(RcRd). 6. The conpound of claims,

WOREpasIs9R2 1S - CH2CH2CH2- N(RcRd), i n whi'@RY REPC B USR0881082202°"
Rd is Cl1-Cl10 al kyI C3-C20 cycl oal kyl, G -C20

het er.ocycl oal k r hete Rc .an

e T g oametebgBih 1 Pores 61Saﬁirj?lo fbeadRd 2%-cr-
The conpound of claim1, wherein mis 0, 1, or 2; nis
1l or 2;, RLis NH2; and R3 is Cl1-C3 al kyl, C3-C8

cycl bl Ry conpoumBofieier bbydicsin Rylis Cas gflkyl Jubstented N(RRq).
hal o, CN, ORe, or C(O)NReRf; or R3 is Cl_2 al kylene
bonded to two carbon atoms of the ring to which it is
at t apherheonfpduhd af Kyine e vaRee &, io- cqmﬁmamcm(mlammf

t he rlmﬁ to which it is attached.
whishBoimid 266 Reliset 8, allile¢ elCm ariclosliyl, Gi; C:zorhe@rocwclpglkzl aryl,

Or%e ?al&l aniéS?l isd < %e&@%@w igméfﬁengcglzkslr

substituted N(RcRd); and R3 is Cl1-C3 al kyI C3-C8
cycl oaI kyl, Cl-C8 heterocycl oal kyl| % ) heteroaryl
hal ol© dﬂlle‘@ﬁé’ou’ébﬁm@(@lﬁhlh%ﬁf er@PﬂR@h%r 19 18 kyk éne

cyleﬁ)'ﬂg%ﬂ golstl\\fﬁdz% ) fg{g‘s Cong %Jal eélg%\’%@t&gc ctlodl

att ’bonde on dat om
arylh hetbrdagllilmlwm@N,PORJ, or €(QMNRRaed R; 15 Ci; alk@l.enél'bmlded to two

d of cl , t.h | ect ed
cof RO M 56 Eonial PG “reE ﬁfaéa afens bafacio $5¢ Eitbon
atgrgi oli_’ the &?g toeﬁncgﬂals Jt@cvchg(g 2R8R, 104 aor t:“-ng a:iklﬂ- optidnkiF44,

and . onpound of the | oW n
subsirtmﬂavlth/(aﬁg,éi%&g; NBglckP(o@)NDRg)(ORI) H! DQ(NﬁR i),

PO R ESL SEAR o PR SERE TR .

md@eﬁde_lﬁlyaisl‘H”(eln@loQ[ky(ﬂ @ﬁ@ﬁ@yclﬂhl(ﬂ-(gl ,0- (370 lh%eroaycléalkﬂr angl,
i's - a :
heéé;r@wbpkﬂ@)& Rebpinatds ‘ér@w;ﬂék}éa%(}to cyamlkyl Ketevoaryl ,

hefRh 510t B, o e W o Bl g ) et SRR el

allGllef820 het er ocycl oal kyl, aryl, heteroaryl, or Cl-Cl
al kyl, optionally substituted with Cl-Cl0 al kyl,
C3-C20 cycl oal kyl, C1-C20 heterocycl oal kyl, or
N( Rcﬂd)The cornégound 8@(]‘:]151%1 el v@?e@elﬂlﬂlfey(% pgf%alﬁ%osﬁlected from the

cycl oal kyl, et er ocycl oal ky , heteroaryl,
grbepso;onGhiin gaReconPOOREs, 6(OTYM )1 R, 116( a)diaefLS-C((D) NReRf, or

NReRf; or R3 is Cl-5 al kyl ene bonded to two carbon

atons of the ring to which it is attached or C2-8

al kylgene nhemrdedr treatRige Iﬁ@dl@aq RoAdiAHH Rflatbd® CXGR4t @ornprlslng
which it is attached; and R4 is H Cil-C

admmwermg:m @@J@%ﬁ & @@dl@wrw@n- @E@@tlh@@reﬁw;@é la@amkymnd of claim

et er COOR 0 O ROR
IW} cr 1n|ahe cgaglhlo fls %ﬁ%ﬁba orﬁgg ir&}g{l %:Qg e %r H%%ai or
ddgBteperdasdaby or t1§sub|,1n3€ﬁ?5r do a| kyl, C3 C20 cycl oal kyl
C1- C20 het erocycl oal ky aryl, het er oaryl, or -

0) R
R bel g The Moot CmyJF wtrgcezbe SvanaLitionds JEbehe

IRAEE ST Bt S R B 196 Fongn

cdama, ctdméfaedemdcdlmgzatlhmrorﬁmmoﬁasoalaailzktydrene Re and Rf
are |inked and together form C2_8 al kyl ene, or Rg and
R are |inked and together form C2_8 al kyl ene. 12. The

conpuneheQfonfpo@itith bt claih €5 &l Rerkinithe N)rnposmon is formulated as

eye drop, ointment, injectable fluid, microparticles, or sustained release form.
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13. The conpound of claim 11, wherein Y is -CH2 or

deleted and Z is -CH2-. 14. The conpound of c¢laim 11,
Wob@pass9R2 1S CL 5 al kyl substituted NURCERS PCT/US2008/082202°"

15. The conpound of claim 14, wherein R2 1S

- CH2CH2CH2- N(RcRd) , in which Re is Hand Rd 1S d-C o

al kyl, C3-C20 cycl oal kyl, G -C20 heterocycl oal kyl ,

aryla; ofnchates®8f Mhim Pg vﬁ%r@iﬂ %e@qe(ﬁ&ﬁ cbhdﬁﬁ@ﬁ‘ is898in injury,

together form C4_6 al kyl ene. 16. The conpound
nep¥e i)y, rhemﬁ IHJW}E tletsrrdamaugs, skelgtal pusele |11gu11y, lﬁrdngy damags,

cl ohex

poBXERBRRAY: o ek By o TR S B o giee
iséldhia, &@astt@ﬁﬁestﬁhﬁl A @IReRf ; or R3 is G _2al kyl ene

bonded to two carbon atons of the ring to which it is
attached or C2_5 al kyl ene bonded to one carbon atom of

f’;tlh(liy%j % %ﬁﬁ{&fi%@s ljaﬁ)s tll% " ﬁf&%ﬁﬂﬁ? Hte%gl gg@%n is %%dl%etes

mél(ing) ( ORg) (OR,)., P(=0) (NHRg) (OR, ), F’( =0) ( NRg) (NR,),

S(=0) 20Rg, or S(=0)2Rg; in which each of Rg and

i ndependently, is H, Cl-Cl10 aIkyI C3- C20 cycl oal kyl

Cl- t :

R b%ﬁgﬂﬂe rﬁéégl{?d' 8% agt}ntl’% fuﬁlﬁéf 61%?%/1?% @?}{ﬂlfteﬁﬁéfo%%gﬁj ect
zmhﬁﬁmhmtmnbmabkyKiCSFyyowﬂm&hBteroaryl or Rg and Ri

are linked and together formCl_ 5 aIkerne. 17.

The conpound of claim 11, wherein the conmpound is

sel egf el nfduyd bhgedr ng%ﬁce@,odb%ip?{siﬂégadﬁﬁnﬁ@ﬁ'ﬁg W8 Subject in

60-100, 112, 113, 148-150. 18. A nethod for
need eleetrt:qunafﬁﬁetmeceamow@nﬂt toroppund|odickaeintlndxgrRAfective amound
of% %g é@q% a%hlnleterlng to a subject in need thereof

tive " atolnt of a conmpound of claim 1, wherein
the condition is inflamatory or imune di sease, a

developnental or degenerative di sease, or tissue

i nj Wy .A method fon greatmgen medipd gouditien rlgred B CRABAesempTng
ad%gflsf‘e?tlng c? A gﬁﬁj L8 Eh h@ed%%@&l dn effe%tl @ Qﬁtﬁ%f a cornpound of
proliferative reti nopa age-re mac ul
claiegen evatdiothe deaditibals 1@ﬂ&m&1at(ﬁ9 R ﬁﬂtlnune dlsease, a developmental
neovascul ari zation, or .iris neovascul ari zati on.
OrSGECIRRINE SHSBYT P GHUBIVMYai m 19, wherein the
conposition is fornul ated as eye drop, ointnent,

injectable fluid, mcroparticles, or sustained rel ease
f or 6. The method 8fi¢laifih5, wetchaal tlm‘mcdiealrmﬂcﬂtiomksaﬁéieltict he

dition.is ain inju e injury,

reflRStaf: pf e nGratp st e o fIEr dGet @bty mgl
cddAABER AP BB ST Arfzatibh, Wi Yris hdd8sculiri2htyon. SKi n i nj ur y,
l'inb ischemia, silent ischenmia, cardiac ischema, or

gastr0|ntest|nal tract |nJury 22. The nethod

o SR GE L B ARy Sl

ndred gy, LaRphjus), IIlgeI&dlﬁ’ﬁalgb Sdkeletdd gnulsle ikjarys ldﬁiln@ﬁtiarﬁmge
effective amount of a G.CSF growt h factor.
DARCHRRH BNy oG Faw Han BHwe Kb asshemizs st ighemias faéﬁtaﬁg
lséh%nﬂa So‘x‘g,hs%f%tmt Qi éiéjcttl greof an effective anount of a
nmpaoun alnt an n effective amound of a
chenDtherapeutlc agent 25. A nethod for

treatin ndition. related
rr?%% sgh@m&ngwﬁrﬂ?g gVbgeR as}eéwf 9% H@eds s kdipbetes
In@mu%ffectlve anmount of a conpound of claim 11, wherein
the condition is inflammatory or imune di sease, a
devel opnental or degenerative di sease, or tissue
injury. 26. The nmethod of claim 25, wherein the
medi cal condition is diabetjc retinopathy,
proliferative retinopathy, age-related macul ar
degenerati on, macul ar edena, cornea
neovascul ari zation, or iris neovascularization.
27. The nethod of claim?25, wherein the nedica
condltlon |s brai n |nJury, nerve injury, heart injury,
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29. The method of claim 25, further comprising administering to the subject

an effective amount of a G-CSF growth factor.
30. A method for treating cancer, comprising administering to a subject in

need thereof an effective amount of a compound of claim 11 and an effective amound

of a chemotherapeutic agent.
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