Het er ocycl i ¢ Conpounds CROSS REFERENCE This application clainms priority to
U.S. Provisional Application Serial No. 61/046, 496, filed April 21, 2008,
the content of which is incorporated herein by reference. 5BACKGROUND
Chenokines are a famly of cytokines that regul ate the adhesi on and
transendot helial mgration of Ieukocytes during an i mune or inflanmmatory
reaction (Mackay C. R, Nat. I iC%@ 8' A son et al., Am J.
Physi ol . Regul . Integr Co - R7) . Chenoki nes al so
regulate T cells and B ceIIs 10traff|ck|ng and honlng, and contribute to

t he devel opnent of | ynphopoi et CROBYIRERERENEEI eti c systens (A uebor et

al ., Biochem Pharnmacol., 2002, 63:1191 Approxi matel y 50 chenoki nes have
been i denti fi edhis#DRliGHEAB clamRspriery thb). ﬁﬁ@@ﬁPpédﬂﬂﬁ$ﬁmﬁl§ﬂﬁ4an1Iles i.e.,
CXC, CX3 qﬁﬁ e nserved
cystelnecﬁeggggggggffﬁgﬁ f%f%?%gl (%59$¢B$@g@93 &%8?§gﬁ%gk€§%%§rnaco

Sci ., 200&fer2®e459). The bi ol ogi cal functions of chenokines are nedi ated by
their binding and activation of G protein-coupled receptors (GPCRs) on the

cell surface. Stromal -derived factor-1 (SDF-1) is a nmenber of CXC
chemgkines. It is originally cl oapedKGROUNDe marrow stromal cell lines and
found to act as a growth 20factor for geni t or |1.s (N shi kawa et al.
Eur. J. | nmuno¥hem: y arq g fanpigy 9t q@@F“%‘BWd?@ﬂﬁﬁﬁ ¢ Hihsgon andioni ng and

mobi | i zat . e&fotﬁ&%%?g%ﬁ# afqag gwega{uh %{lgnrﬁﬂg@&ﬁﬁhaﬁhlawrg)g@aahw cells

(Bleul et a 01 and Gazzit et al Stem Cel | s,
2004, 22: (Macm;) C. H’hNapIImmuobhg?JO@al 2 PEn@isoont @f ASDH- Ehybssolnﬁcgvéﬂetbgby CXCR4

receptor. ce,l ac SDE-1._or CXCR4 re tor bnornallty 25i n
bone mar r% H&’y§ﬁt §8P32§§&8é|?h@9 ﬂ%ﬁl é?gghéﬁﬁﬁﬂ8§P§§%? $4r devel opnent
(Nagélsawafrdi‘ﬁcl@h%and\ﬁérﬁfn , ankPRtridB2i00BS deMioherdbf lyniPhegeoichldbhd Acad. Sci .,
1998, 95:9448; Zou et al., Nature, 1998, 393:595; Lu et al., Proc. Natl.

Acad. SCﬁwnwzawzﬁwggﬁmmswae@xcmalr%@@bﬂ@ﬂ%mgn@%&ﬁ8@§b&3ﬂﬂ8ahly ina
variety of \t1s a?e 56’@@ L&Y e%rha%'beedlmnf?edaig%flﬁﬁﬂ%_"@len LQus systens, and

has been SCTi e e or €o-Fece on T | ynphocytes.
Al t hough dlel%ﬂfle&.hntb AtsabRatiliés) | EXCRE, magcmi: simd fbehesedimn, bassd potient | al

| t to AIDS t t t Bl | t I Nat, 1 2
o beaorAgont @famepw;%%@&%%ateﬁn@é%‘swﬁ o N QT PGP HEG 1 O her
pat hol ogipggl agcggg&lt '2‘66§ %%umj a&ihé B%@H{;g?éa‘?'f&cﬂ%?éféﬂeﬁmkﬁx)%& AR e@Rdgt umor

net ast ases . Recently, it has
been rep@yﬁbﬂrbmamgan¢XGR4W@nKégbmmsmnaumﬂahnaqﬁobdﬁﬁéﬂhdDu@Ka@ﬂl
syner gi sti aIIy in 5inhibiting cancer such as acute pronuel ocutic | eukem a
(Llesveldué’ , Leukem a Research 2007, 31:1553). Further, the

CXCR4/ SDF- 1 p@tﬂ&%l/d&%d%@tar@ homp- 1t)9s @ﬁleﬁ{UeIr bEekiycliomorineedriin t he
regenerati on of several tissue injury nodels. rﬁﬂPemflcally, it has been

f ound t hatigtnaby sbBed fiosedneimaredve vtaeaal oetl laes prg [uad te petas apgowth

4 - | I t t t
or ofiest. Mt hkay S YR RRRGUER F’ RAR-bL"FUE. AFITBELT) ' (R

certain smlmppngl§k&;11)01@nﬁ h@fnﬁx%l&ﬂdllﬁoblﬂlzhtiﬂ’ﬂ dﬂﬁemg)ﬁolftﬂlcbtdﬁdcﬂg dndt ween SDF-1
and chenoki ne receptor

syner gi sEPe sl lﬁéewemlﬁprﬁﬁnail@wh < ahnll F%ﬁ%&ecﬁRg 1% 1%%33@% ot (tz(éft?eéex ot
mobi |1 zagy ,%emmﬂg, WQZQ.@S—%Mﬁ%Hﬁ%I%&Q finction of SDF-1 is mediated by
CXCRA4 receptor. Mice lacking SDF-1 or CXCR4 receptor show lethal abnormality
25 in bone marrow myelopoiesis, B cell lymphopoiesis, and cerebellar development
(Nagasawa et al., Nature, 1996, 382:635; Ma ct al., Proc. Natl. Acad. Sci., 1998,
95:9448; Zou et al., Nature, 1998, 393:595; Lu et al., Proc. 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
30 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,
[



15granul ocyte-colony stinulating factor (G CSF). In one aspect, this
invention relates to conpounds of the followwng formula: RL Q;If N-(R3)m
H(RA)FX In this fornula, each of Qand Uis CH or N, provided that at

| east one of Qand Uis N, each of X, Y, and Z, independently, is C1_5

al kyl ene or deleted; mis 0, 1, 2, 3, 4, or 205 nis O, 1 or 2; pis 1 or
2; RL is BSaBRY) it igmvChecanying ekehkijit CECRAFesptas apé BN ohieylso igyglved

h | | : o O ¢ o . Rb;
s & e d gl Dl oo s S et S o b B Ring )| NRARET FE

het er oar y hnet:@fas&siBudBenbkyl, J. b abd00, Sobst)utredemiyt h hed b&kO al kyl
C3-C20 cycl oal kyl, Cl -Cm heterocycl oal kyl, or N(RcRd); R3, independently,

i s Cl- G oreppirgd thaps EX@baniggangdprd pn anticarsp dptast SEGEIgEaly i aryl |

het eroaryl| , .hal o ' C@O? ) R v NReRf:; or
R3 i< c1 B4 1@% ceaﬁlg&b%lggé%a‘%“oe PW“%%%&E%%#@ (gfes‘{%@r %Yﬁ%%{%e%i chitis
att ached Rese@h® 00V kyl: B956) . bBnded, the CXER4EDBaNpaliway lofs tiche sidwigtotle whi ch it
is attached; and R4 is P(=0)(ORg)(0R1), P(=0)(NEl R 80Ri % P§=QP(NRANRi ),
S( =0) 20RgerigRllgimmivergn theyegpnertionsd sovralssucppurpaiodgly. Specifigglly, itRy and
R', inde bq)%Eltl Fc){md'tﬁ tlthe $BPGUOV@liKYbvat&BailnOn ey spalaky bX(qu—gthive
het er ocycl oal kyl, aryaI, eheteroaryl, or -C(O)R”™ R being H C -C10 al kyl,
C3- C20 cydllleabtkwdly pCliepae iheicetisseycigoairkiylg, pracogs., or heteroaryl; or Ra and
Rb are |linked and together form C2_8 al kyl ene, Re and Rd are |inked and
together form C2_8 al kylene, Re 5and RI' are |inked and together form C2_8
al kybene, or Rg and R are |inkedSamndMAR¥t her form C1_5 al kyl ene. The

j ust -described_conpounds. hav ne or re of the follow ng features: U
2N X 1 s - orpis Thenpe Dot Ok Arperisy Tihgerfy tovpo s {1149, ' °
- CFJZ-: - G"‘e@e}@% inQhRBHin thSbding UebwedatibrN delcpétskindrdcsptofdég, mis 0, 1,
or 2, nis

CXCR3 or CXCR4 receptors), and (2) exhibit synergistic effects in stem cells and

endothelial progenitor cells mobilization, when used in combination with a

15 granulocyte-colony stimulating factor (G-CSF).

In one aspect, this invention relates to compounds of the following formula:

(Ra)yX ™ ™0

In this formula, each of Q and U is CH or N, provided that at least one of Q and U is
N; each of X, Y, and Z, independently, is C,.s alkylene or deleted; mis 0, 1, 2, 3, 4, or

20 5,nis 0, 1or2;pis1or2;Ryis H, C-Cyp alkyl, C3-Cy cycloalkyl, C;-Cy
heterocycloalkyl, aryl, heteroaryl, halo, CN, OR,, COOR,, OC(O)R,, C(O)R,,
C(O)NR, Ry, or NRRy; Ry is C1-Cg alkyl, C3-Cyo cycloalkyl, C1-Cyo heterocycloalkyl,
aryl, heteroaryl, or C,-C), alkyl, optionally substituted with C;-C,g alkyl, C3-Cy
cycloalkyl, C;-Cyg heterocycloalkyl, or N(R¢Rq); R3, independently, is C,-Cyp alkyl,

25 C;-Cy cycloalkyl, C-Cy heterocycloalkyl, aryl, heteroaryl, halo, CN, OR., COOR.,
OC(O)R., C(O)R., C(O)NR Ry, or NReRy;, or Rz is C).salkylene 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 Ry is P(=0)(ORg)(OR;), P(=O)(NHR)(OR;),
P(=0)(NR(NR)), S(=0),0R,, or S(=0),Rg; in which each of Ry, Rp, Re, Ry, Re, Rp,

2
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10or 2; Rl is NH2; R2 is Cl_5 alkyl substituted N(ReRd), e.g.

-CHZCHZ N(ReRd) or - CH2CH2CH2- N(ReRd), in which Re is H and Rd 1S Ci1-C10
al kyl, C3-C20 cycl oal kyl, C20 heterocycl oal kyl, aryl, or heteroaryl, or Re
and Li are linked and together form C4- 6 al kylene; R3 is Cl1-C3 al kyl,
C3-C8 cycl oal kyI Cl1- C8 heterocycl oal kyl, aryl, heteroaryl, halo, CN, ORe,

or C(O)N Rgrllld 1rﬁ%pé %h%ﬁl @/gn@kgr Ed%czio(égg;a c(alr@on 15atom3 of the

ring to ed or I"én €d 't o one carbon at om of

the ring haerwoy&dsulk;tl a@I a’fsﬁe&ﬁlﬂjﬁldor Q]Q@)IRLIRbSlnE(Pﬁ@l(C%)lﬂiyl R:=0) ( OH) (OCH2CH3) ,
OP, O_O S OCH2CH. 3 I n anot her g hi s lnvgntlon rel ates
to conpou a&)‘f}’ :t(l?ﬂlecaﬁkﬁtﬁéocfﬁ@}%ﬂ%& aryln ORI RME R OF At lpked 2Rt or

provi ded %%fthgrai%[*m 9 élae tye%i%em Al l%‘d a1§?1ﬁgecp£nd>%0%¥her2fgrrﬁ@ 6%lki/'lé?1‘éel??ndeni ly,

is Cs al ene or mis 5, nis R1is
H, Ci- ClOarsal Ikaalre 1168:dGAA tegethapdbiky C; s (kyICRE dndt;@nd Ry eledalkky hnd wgyther

het er oary haI 0 , OR, COOR, OC(0O)Ra, C(0)R', C(0)NRaRb, or NRaRb; R2 1S
Cl1-C10 al Cieglky -cycl oal kyl, Cl1-C20 heterocycl oal kyl, aryl,

heteroaryl, orplyGlesalikl conf hh&“ﬁqu HarUS ok idieF W EBIGIMELO al kyl ,
C3- C20 cycl oal kyI Cl-Cm het erocycl oal kyl, or N(ReRd); 25R3 i's Cl1-Ci10

al kyl, C3-C20 cycl oal kyl, Cl-Cm het erocycl oal kyl, aryl, het e}@mjwﬁ hal o,
CN, ORe, fonaRs; UGCNOXRe -CH-0)EE,Clat- @))rNEHE@HzCaﬂz—MRéRﬂslmrm is CL 5
al kyl ene bonded to two carbon atoms of the ring to which it is attached or

C2_8 al ky/l,enecthanded,+ t t Ldmg: .0 y)mqj‘llz hid §
attached; dr and R4 is H, Q%:dlplg)"?b 2:oaﬁzl;l%lczy@ﬂaz &%%%éiohgic(t ogi kyb a

het eo ocy(drdaRkysi NHarBy is (hetbybarbstitut@Ry(R BOORg, , -CHOY Hg'N(BGK}()@) NRgRl :

[ whi oh RO -7l R TRSMCRR bl g Ay CotgpangRi § T8 1
Cl - Cl10 aldky hete@y@gglq9M§MQJrK%{eroa@}k @IzﬁC ﬁlﬁim geYekeddidylogetbylormigt er oaryl ,
or -C(0)R, bei ng cycl oal kyI Cl- C20

het er ocyelaﬂﬁ/ﬂWE R; a»rffnl -Cs @kylhgbéédé(ﬁ@ﬁi@brc Fé% I@Iﬁ%‘)% ollyyly atkiked and t oget her

form C2_ e d (R ﬁ kyl ene,

R, and eff%ex}'lg Ked~ ahéﬁfogceﬁ(?éﬁRf’ F%i?s l52a %ﬂéﬁ{gnﬁ&”@ cPa(J are

| i nked anebripehheng ‘i(OWHiCEZti@a&h&}éh@ﬂ@zsalkylene ba'llrdfdjtushe dmon latmadof:onpounds
may have one or npre. of the follow n e CH2-,

- CH2CH2- he imppiorplorb it s itachedsendRa i iyPf )?éﬁéa B ‘SKPS{)&H&Z&@ CH2-; mis 1
or 2, nis 1or 2; Rl gs NH2; R2 is Cl_5 alkyl substituted N(R Rd), e.g.,

10- CH2CH2- N( ReRd) or -Qﬁmzma-N ReRd), in which R" is Hand Rd is Cl-Cl0
al kyl, C3-C20 cycl oal kyl, @ eterocycl oal kyl, aryl, or heteroaryl, or

R, and R@l:@y(@den‘krgg r, S{-e0yOBH S@F@bzl@ﬂ ;eme(-R;lils C1-C3 al kyl
C3-C8 cycloal kyl, Cl-C8 heterocycl oal kyl , ary agt roaryl, . hal o CN, CRe
or C(0) NReRf; hé)ﬁan@eﬁaspf@ia-@salllmléﬂéClthth‘EPni*R?uP the BBV HOERE201 t he ri ng

to whic hv&)hlich' SicRbE @Cah'ﬁdU %rNg?'C%, provided at least one of them is N; each of X, Y,

20 and Z, independently, is C.s alkylene or deleted, mis 1,2,3,4,0r 5, nis 0, 1 or 2; R,
is H, C;-Cy alkyl, C5-Cyq cycloalkyl, C,-Cyg heterocycloalkyl, aryl, heteroaryl, halo,
CN, OR,, COOR,, OC(O)R,, C(O)R,, C(O)NR.Rs, or NRRy; R; is C;-Cyg alkyl, Cs-
Cyo cycloalkyl, Cj-Cy heterocycloalkyl, aryl, heteroaryl, or C;-C)g alkyl, optionally
substituted with C;-C g alkyl, C5-Cy cycloalkyl, C;-Cyo heterocycloalkyl, or N(RcRy);

25 R; is C,-C g alkyl, C3-Cy cycloalkyl, C,-Cy heterocycloalkyl, aryl, heteroaryl, halo,
CN, OR., COOR., OC(O)R., C(O)Re, C(O)NRcRy, or NR:Ry; or R 18 Cys 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 Ry is H, C-Cg alkyl, Cs-
Cyo cycloalkyl, C-Cyy heterocycloalkyl, aryl, heteroaryl, ORg, COOR,, C(O)Rg,

30 C(O)NRgR;, P(=0)(OR,}(OR;), P(=0)(NHR)(OR;), P(=O)(NRg)(NRj), S(=O),0Rg,
or S(=0),R,; in which each of Ry, Ro, Re, Ry, Re, Ry, Ry and Ry, independently, is H,

-
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15al kyl ene bonded to one carbon atomof the ring to which it is attached;
and R4 1S 0 9"F 0 P(=0)(0OH) 2, P(=0)(OH) (OCHCH3), P(-0)(0CH2CH3)2,0

S(=0) 20H, S(=0)2CH3, or S(=0)2F h. In still another aspect, this
invention relates to conpounds of the following fornula: N Z" N NNR2
(R3)r-riH20 In this formula, Uis CHor N L is Cl-Cl0 al kyl, C3-C20

cycl oal ky(Ci-Gr alsyh Cadktoe PYsdQadkd el icfo hesgrggyclostkyherdy betetpprylelich(@R. Y and z,

i ndependept |y, jScCh. 5yl ] 4, or 5 ni
0. or o R P O Rl B R LR oty i drer ocye ot Ry ¢

aryl, het aetosat; orttal and RoNre Raed aaD@ether 2onmCC{ SIIRAen<CRORRI Ry €(0) NRaRb, or

NRaRb; R2 .is Cl1-Cl10 al kyl, C3-C20 cycl oal kyl,  Cl1-C20 heterocycl oal kyl,

aryl, het Bpigshapd fogsither Q@i@z—afﬂ%ﬁepe» 2P #aﬁwmgﬁ%% oBELE QCan C10

al kyl,, C3; yGl | ; I r N(ReRd); R3 is Cl1-C10
al kyl5, @?lg%ntg’yog%gd})g% ?re%?%gnﬁ%%g%%%ggls%ﬁmgfyl , heteroaryl, halo,

CN, OR,, COOReThe [0&{-@)sRabedcm)feandCGnoy NReRine oo mdiReRihe follovBgi s C1_5

al kyl ene ponded.t.o.two. c on_at of .t ing to igh it is attached or

2 8 al ky&éﬁ‘éebb&}ﬁ@%\s% @hg cgﬁb‘gﬁg'at‘g‘ﬂacg%%é%ﬁdﬁ‘&%o% CHe P %

at t ached; Jaaedd;Baisi-&HL; fects Ch0; @l ik Ylor 2C0R; Q@@HQ&QHQ@E#%}/I Sbstimed

het er ocycl oal Kyl , aryl’, heteroaryl, OR8, COORB,” C(0 or C(O)NR8Ri; in
whi ch 5eadfRBf).RE, Rb, Re, Rd, Re, Rf, R8 and Ri, independently, is H,

G -Cl0 all 35 cyc op het er.acycl . atyk, heteroaryl,
or )R- Gk 5%@‘20%* %&E@G%%ﬁ@%?»éﬁav%éé*lc‘?‘bla?fé@%%@o% S Kyl ,
aryl, or GeCargalylkyl,d;-Ba haretbcRbloalke!, hiyhkedhernshrilogeRhatd R pimligReB

al kyl ene, Re and Rd are |jnked and together form (F2-8 al kyl ene, Re and Rf
are li nkeatﬂldé?l%ﬁﬂi‘%@c‘é%gﬁ-G ?%VWP@&%_SQU@}I%W&CGQS%%ﬂ#&b’#@l‘ fe |inked 10and
more of theTer T e B Rl R I TE. " T e
mis 1 oraliylene homddd trtwd; catbdnsatays biothe xipk to Rbidhgt iNHRtacRE dr €£,€1 5 al kyl

bstituted,N R,i . Q. - CH2CH2- N( ReR1 - CH 2- ReRd), i whi ch
pe TE 1 T R TRB e tohis Lt ot oG B A 18 S A Ry ) N e

het erocycl oal kyl, aryl, or heteroaryl, or Re andO\Rg; are |inked and together
form P H

0" o N. O
s
P(=0)(OH),, P(=O0)(OH)(OCH,CH3), P(=O)(OCH,CH3),, %, ©/\/6 ,
S(=0),0H, S(=0),CHs, or S(=0),Ph.
In still another aspect, this invention relates to compounds of the following

formula:

R

i
)\N/)\N/Y\L/Z‘N'RZ
H H

N

—'R)

N (3m
20 Ry %

In this formula, U is CH or N; L is C;-Cyp alkyl, Cs-Cy cycloalkyl, C-Cy
heterocycloalkyl, aryl, or heteroaryl; each of Y and Z, independently, is Cy.s alkylene
or deleted; mis0,1,2,3,4,0r5;nis 0, 1 or 2; Ry is H, C-Cg alkyl, C3-Cyg
cycloalkyl, C;-Cy heterocycloalkyl, aryl, heteroaryl, halo, CN, OR,, COOR,,

25 OC(O)R,, C(O)R,, C(OINR, Ry, or NRRy; R, is C1-Cjy alkyl, C3-Cyy cycloalkyl, C;-
Cy heterocycloalkyl, aryl, heteroaryl, or C,-C,g alkyl, optionally substituted with C,-
Cio alkyl, C3-Cy cycloalkyl, C;-Cyo heterocycloalkyl, or N(R¢Rq); Rz is C;-C)g alkyl,
Cs5-Cy cycloalkyl, C-Cyp heterocycloalkyl, aryl, heteroaryl, halo, CN, OR., COOR.,

4



C4 6 alkylelle; R3is C1-C3 al kyl, C3-C8 cycloal kyl, Cl-Cs

het erocycl oal kyl, aryl, heteroaryl, halo, CN, ORe, or C(O)NReRf; or R3 is
C 2 al 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 atomof the ring to which it
is attached; and R4 is Hor Cl1-C3 alkyl optionally substituted with 200R8,

C2R8, N N (9 NRY)

S(=0) 20R8R§J@(§O)lg? ng)g%Raéﬁ%Q 41 eac t’lﬁ@ g%anﬂkgén? %%ngg)éﬁldent f%&)ﬁ} s H,

Cl - Cm al kydoms@3+K2n Lol ioiah ktyé atteﬁEedﬁtOCMle;rlmey;cdnded toydne carbpin, atdretoér oar yl ,
or -C(0)R,, R bei n H, . Cl-C10 al k

cI o)
het er ocycH5ding/p Whighit is 36‘?301?%# é?%gf A R Q%ZSF@‘ ﬁn‘%@oa@’@o? k%&i%zﬁd t oget her
form Cl_5p appt S t i t Iatesto
compounds a0y AP iRty DR h%bo%’p@m FOURRERE hPRnic 2t o
formsl a, eathf®, K, Rlad{ol,JRle,st{\lRQancﬂE indepandiculdyd i, Ceést albyle CofCat hem i s N;

each 30of Y and Z, in e endent 5 al k or, del e : is 0, 1,
2, 3, 4, oreleplkyl ¢sCyhe fBCYC %ﬂ %ﬁ?ﬁgafyéfyf )ﬁ’%ﬂt{’j‘?m%%f é@&ym oal kyl ,
Cl - Cm het ﬁk?ﬁﬂj@@by@éd Fg ohf‘ett&é%%'ldé'lk 1 loor @&m@iﬁ,,ormﬁ{ » @ 0) Ra,

C(0)R Eoly 0 cycloalkyl, C-Cm
het er ocy clindiept together | formaﬂef ‘d&}’lyne Reran¢Rq @i léqekiylnd tegsthies M G2 subst i t ut ed

with CL-Cl0 al k 1- C N( ReRd) ;
and R3 .sjl%ﬂe'eﬁn Ry R '@gr’%@ c%éé‘ﬁ%@% a@%é [ggb%r?c# {3 9? %d aryl ,

het epoar yind thadtRer o CORalky(@eRe, OC(0) Re, C(0)Re, C(0) NReRf or NReRf; or
R3is C1 5 al ¥I ene bonded to two carbon atons of thglﬁrlng to which it is

attached or C2llg apkdasenkedyompogndomanBaean5en e af e FPHEVingng to which it
Is attac " ey, of Ra,.Rdis Rer 2and 1Rfr2;iindependent ly, is
H Cl1- Clgi%%bla ky\l%]NCCg- &agﬂégcii%g‘ieﬂ’]ﬁ? ?F—ZCZO 1%et 1:ar ocycl 5a| kyl, aryl,
het er oar ydyclobexylCROBSRVHR Rads g s bkaCﬂLm@imt@dIN@%Rd)C@gQ@H@(yHbMR@d) or C1- C20
het er ocycl gal kyl |, .or hete r | i nke nd toget her
form C2 8C§f§ﬁgﬁé%é¢@n’6‘ ‘ﬁﬂ‘ﬂé ﬁ_ylﬁ%g\ éﬁ% ? Bﬁeé ﬁé(’r??fc&ﬂ@&al kyl ene,
or Re an@tl%z(ﬁ{eﬁ‘erédy%%&y@@yﬂ 9988k, Q)'%'F@ GRd &y @Hﬂ)/dk%ﬂ%nd TR teussmaescr i bed
conpounds nmay have ‘one or nobre of thé fol | ow ng l5features: Uis N Yis
_CH2 or delestledenczRigs CeMR atkyGisCioyclpabiyl.Z1-Gs hajerocyoakylRaryl.s

heteroaryl, halo, CN, OR., or C(O)NR¢Ry; or Rj is C; alkylene bonded to two carbon

atoms of the ring to which it is attached or C, s alkylene bonded to one carbon atom of

the ring to which it is attached; and R4 is H or C;-C; alkyl optionally substituted with

20 OR,, CO;R,, NRgR;, P(=0)(OR)(OR;), P(=0)(NHR,)(OR;), P(FO)}NR(NR;),

S(=0),0R,, or S(=0),R,; in which each of Rg and R, independently, is H, C;-Cyq

alkyl, C3-Cap cycloalkyl, C;-Cy heterocycloalkyl, aryl, heteroaryl, or -C(O)R, R being

H, C;-C\g alkyl, C3-Cy cycloalkyl, C;-Cy heterocycloalkyl, aryl, or heteroaryl; or Ry

and R; are linked and together form C)_s alkylene.

25 In still another aspect, this invention relates to compounds of the following
formula:
Ry

[n this formula, each of Q and U is N or CH, provided at least one of them is N; each

30 of Y and Z, independently, is C\.s alkylene or deleted; m is 0, 1,2,3,4,0r 5, nis 0, 1

5



NH2; R2 is C1_5 alkyl substituted N(ReRd), e.g., -CH2CH2- N(ReRd) or
-CHZCHZCHZ N(ReRd), in which Re is Hand Rd is Cl-Cl10 al kyl, C3-C20

cycl oal kyl, C1-C20 heterocycloal kyl, aryl, or heteroaryl, or Rc and Rd are
| i nked and together form C4-6 al kyl ene; R3 is Cl- C3 al kyl, C3-08

| oal kyl t | kyl 0 halo, CN, OR
o 6) Mot o 3R LR el % RO wiE oF the 1y Lo
which it ihsteaddrichae, @N %@%Rylm)R9m®Rx T(OMCRFQ! HONRALOM,¢f the ring

to which it is attach still another aspect, this I nvention

rel ates t & donplithds- Qﬁf) cydiealky) Coﬁzm@ewf@ﬁm%@lml hetelloﬁr}ﬂm Goefnmul a, each

f d d th h of W X Y,
ond 7 iy B sy S BIY R6, GOl Coledvel MR G o $°°3. % ", o
5 nigs Ohetkrd@yclaalkﬁt olr N(R:Ldelan@PQ 1@@ KKC'M, alk:)a C?-@z(pcm cﬁﬁdyll()d‘lr(? - Cm
het er ocycl oal kyl Iy het er oarg COORa O)Ra, C(0)Ra,
C( 0) NRaRb! etérfocmaﬁby ryLihstezomyl ?IdeN pRyICO@Bp Ge(dRe. Q(Q)Fhept anyl ) ani no,

| oh | ami no,

o benzyl o no R AR dr ds € URYRRCRIIGRIEN: ik AP gyt am no

het er ocyctooahikly fit,is attadhed he€eg aiaylyzhe béraled to G cathen atGiDaRB e LY ©) Weich C( 0) Re,

0) NReRf , is.Cl 5 al kylene bgnded to, two .carbon_ atons of
ﬂle)rl ng & W‘?INE{Tﬁ“i Wﬁ?%ﬁ*‘@hﬁ%ﬂ%f@@@?@ﬁ BEHI§BHY 116 Hofie-(oar bon at om

of 5fghe riR dlity1l 8,-& t i 1 C20
cycl oal kyl , Qlct%oézpa%etl&eyr oc1 C okge@égg‘gﬁ,d&ﬂ%l le;ﬁeetrH,(:())glrc}jr el (@]g@ éq(‘:iokgi% C(0) Rg,

or O 0) NRJRE1-Cireliatli theﬁ@wlqaikm Gi-Ro heReQCnyoalkR@ aandOIRn@terDmdé@eerent ly, is

et or oar y10 57ire WS EEREEENT T G S B3, I REIBRI B 1. o0

het er ocy cloaaldkylalkyadng or RY andet QFORA; an@rtog%@hearﬁ@l»nmz aileylchoked and toget her
form C2_8 al kylene, Re and Rf are |inked and together form C2_8 al kyl ene,

or R8 and R alk istrileseribedonpgundianay b ang og merggf dadollowing™ The

ust,r des f features: U
IR A S S A S R LA R e s
CH2-; W ilsHZ R,GHZCHRky! subkistufedd¥(R2R )ne. Tgs -CHeCH2N(RIR 4) Sr NER;CHAHR3 is Cl1-C3
al kyl cloa 1- het.eroc eteroaryl, halo,

CN, O?ec%g)&g %k&ﬁ%ﬁé *‘C,Eil@ éh@%@ﬁg‘f@i‘w rlw carbon atonms of
the ring h%f%rd&@rbléﬁﬂdyl akﬁ @He@é‘rﬁ@r@ll Q)E RC%n@RQ‘EM i aRcd aH&’ﬂ%‘éﬂﬁe% RyrRf€, carbon atom

of the ring to which is attached. The term"alkyl" Tefers to a saturated
or unsat @Pka’ﬂ@@q R} lbr(éaf 3 @ikylear%mdlozmhyd}ldfxdrebﬂmcmaéw arglybteasryl CH3,

- CH2- H7 The .t er aIk re stoa i val ent or
o Rl o O A RNRE G R Gt AR Lo & piEheh i8R aflc ey

hydr ocar ﬁmmr[g)ﬂo@tzhdch guchtRbcd 6H2;. 5 allGfdbond e Ehi kd26riodr atoﬁ'ﬂf%l@é’ ringH=CH- .

The term' CKC| oal k refers to a saturated or unsaturated, non-aronmmtic,

nonocycl f&W ’Slhé&lé@?{[échefifl cyclic, or tetracyclic
In still another aspect, this invention relates to compounds of the following

formula:

Ry

Ny
LA

N \O\ iR
Rasy-Neory zNw

’

25
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, or 5; n
is 0, T or2; Ry is H, C,-Cg alkyl, C3-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; is
30 piperidin-1-yl, (bicyclo[2.2.1}heptanyl)amino, (cyclohexylmethyl)amino, (2,3-

6



25hydr ocar bon noi ety, such as cycl ohexyl, cycl ohexen-3-yl, or adamantyl.
The term "heterocycloal kyl" refers to a saturated or unsaturated,
non-aromati c, nmonocyclic, bicyclic, tricyclic, or tetracyclic noiety having
one or nore ring heteroatons (e.g., N, 0O, or S), such as -

4-t etrahydropyranyt or 4-pyranyl. The term"aryl" refers to a hydrocarbon
noi ety ha oneg._: 159] gﬁgmaﬁ fis Adyetd.es
3o|nc|udeﬁgﬁgﬁypg6%%?¢PBﬁ?ﬂ&@nﬁkhgﬁggﬁgﬁﬁP napﬁﬁﬁygeﬁgnwggrenyl3 ant hryl ,
and phenaﬁhhnykmﬂ@mejt@mﬂm&hﬁmeke&yyhhdﬂeﬂebayt@a@ Gbiéﬁy heyikag one or

e BBl P95 Bl R oL 730 R DL ey,

pyr roly I » atoMs@MYlo rifXRAAIYA it id ﬂta‘éﬁ&%ﬁ/ gat I@fieqjomtied @ydﬂectﬁtbon@ydm@sfdl nyl ,
qui nazol i nyl, quinolyl, 1soquinolyl and i n , al kyl ene,

Al k
cycl @al kythe rhgttemdm;lmlt calttayhed; and/Ry lsetﬂtdjlh@toelﬂi)’é,r()‘d Cm&ﬁﬁlpelﬁmbl Cherei n i ncl ude

bot h subs |tute bstit e nl e c herw se.
5Possi bl e Eﬂ‘?g}'q? t &Y gx‘ %ﬁt%alnglaﬁg\?’lr@bﬁgg (?Q)O 5ié’l oy(@ﬁﬁ ar vl \ghghd

het er oar yéachgRYAE, RQUL;, R BndR], 1ddeﬁéﬂd@ﬂtl§t gs HC«‘LICl&JalﬁIfIKSZE Cz&ﬁydfdewkﬁl kenyl,
C2- C10 alkygéﬂyﬂCB C20 c ycIoaIk I - C20 cycl oal ke

het er ocycfo crogyel@dyy et h@@%ﬂda@ﬂc@ﬁ@ﬁ zﬁ keirg H giﬁw a%wfax@zo
het er oar yéyc &%‘ﬁ%ﬁ ?n&%oh%t%o%%man&l r& l?et@fl)!ﬁ;rgl W%nd %a Bﬂﬁgﬂ%hgyl am no,

aryl am no, af ogen thio

10arqyl t hi t@getﬁ‘érf@ﬂ:ﬁ @lg Iayﬁy$¢ﬂef prﬂd R gdry Ihﬁkﬂd a)ﬂ;tbgeth@yfbamfb@ ,alkzytnnawcyl :
antnothloacyl Plno uanldl relﬂo cyano, nitro, acyl, thioacyl,
acyl oxy, e?%h&y¥61 r%%%@? %“% &Kyt he ot her hand, possi bl e

substituents Oﬁh%luis‘tyéleb@tn%daéoﬁﬂoﬁﬂ& IIan hé&%r@ldr ore bhﬁte@@ﬂ’dﬁ@mgec' ted
substituents except C-C , Cl10 al kenyl, and C2-C10 al kynyl .

Cycl oal kyfleatuhest Bripdly & IeaCkIyI CHﬁ@Hg— OaﬁGHIz@He,{EBarYI is c@. aif ddetbd 4 Wsed 15with
each ot he . The conpounds descri bed above include the conpounds
t hemsel vest2a el | as their sal ts, prodrugs, and solvates, if applicable.

A sabt, fQlLexsmphe | 6T nb@ If@nmedihetveen rars anicnligniCACposidig] y
charged group (e.g., am no) on a corrgound havi ng one of the_above fornul as.

Sui t abl e Gt ohgeionrdloalkyle pybhictteoarpl BapdeN. PBdi AL (ONReRs ar Rogifi tr at e,
phosphat e’ll% ' terb%nﬁed Q)acr& e"ﬁ' rﬂ?éﬁ%&etﬂ gft%) 18&?%%@?6(@&% ate, nalate,

tosyl ate rate rrura ucuronat e act ate gl ut arate,
and nal eaﬂl@ledelﬂ(ﬂde@&mr& c&ﬂjoﬁtat@ﬁoﬁltt&a(hf@tofvd{mmd ibetasheh a cation and a

negatively charged group (e.g., carboxylate) on n i ng one of

t he above for mlicdgrm S%Hii’laIS?fé“ctﬁtalbéI’féat?% i ‘tft]’ét%‘ﬁﬁ‘?d%ef‘ O(HH) fi‘tf‘?%‘gy um i on,
TagRest UM HRRarGR S Lflas 0H, ATEAITIOEHIN Z6AhON. GHEN T8 e

t et ramet hyl anmoni um 1 6h. The conpounds also include those salts containing

quat er nargllyicne dgpders & @dszaleﬁt(amnhesfakwht prioditedyer umselucaded, éiscaras and ot her

pharmaceutical ly acceptable derivatives,~whigh, upon administration to a
subj ect, are capabl e of providing active @onpounds. Aiﬁ \ﬁate refers to a
t

conpl ex e, ¥& sommeund and acmpial Geal Ly acceptabl e
sol vent . %an%? €s é\%g&?ﬁ‘ geutigbcal y acceptable soI vent s include water,

h |, I I
cthanc |, s0pr openol ., e, 208 5 ek, 251 8 a0, P ol ne

saturated or unsaturated, non-aromatic, monocyclic, bicyclic, tricyclic, or tetracyclic
25 hydrocarbon moiety, such as cyclohexyl, cyclohexen-3-yl, or adamantyl. The term
“heterocycloalkyl” refers to a saturated or unsaturated, non-aromatic, monocyclic,
bicyclic, tricyclic, or tetracyclic moiety having one or more ring heteroatoms (e.g., N,
O, or S), such as 4-tetrahydropyranyl or 4-pyranyl. The term “aryl” refers to a
hydrocarbon moiety having one or more aromatic rings. Examples of aryl moieties
30 include pheny! (Ph), phenylene, naphthyl, naphthylene, pyrenyl, anthryl, and
phenanthryl. The term “heteroaryl” refers to a moiety having one or more aromatic

rings that contain at least one heteroatom (e.g., N, O, or S). Examples of heteroaryl

7



In still another aspect, this invention relates to a nethod for treating a
medi cal condition related to CXCR4, such as an inflammtory or i mmune

di sease, a devel opnental or degenerative disease, a tissue injury, or
cancer. The nethod includes adm nistering to a subject in need thereof an
effective anount of one or nore conpounds of fornula (1) shown above. An

i nf | ammat ooyetigh swhsle fiuy | dhadenst Bnorzexd, pyradyll déca! orazafel %ﬁd@zo deute or
5ch fl l.ud bet
s o LR BT e SRS Bl

dermatitis, eca@nm,aliatie, eydedrpt hétex@cyo%dngﬂgargl @ﬁxnhaerba@emtmﬁecs
urticaria, necroti zi nﬁ) vasculitis, cutaneous_ vasculitis, hypersenS| tivi ty
iS

vascul i ti Bereiaga¢lndpbat @bbﬁlﬁé@ﬂ @HC%HHSBWWWW@ udlssraresifirgsithsryiseand
eosi nophi i , hn'
di segsg air)lg()j%h leféli‘lﬁ’aeﬁt?*v%g 83I {IOQWE& genm &F%ﬁ?ﬁe&% g{slé%%é%e) ?[‘P - >
hyper sensirtingt Limitpd &4 00T, | biky!, EQS(T mmlhm}u Co- ﬂﬁﬂﬂfmﬂyi &s- @2‘13"0&(?/195111@5( 0B-

hypersensitivity, interstitial I LD di opat ul monary
fibrosis, Cmaclpﬁléselasésgcpaq ARG el ons S oRloek lenyt 8#@6%?1§Px%dem
ast hia, : ,%{}{l(‘?}éﬁh&&ﬁ%ﬁ'ﬁét oarhxly MRS, d]-86A3RIhSieharag) eri zed by a

hyper - ction ISl ne system Exanples include, but are
not |im tcﬁdlkykamiautaqummedﬁr)daamshjcéogfl hadmunma)fd -Gan ehyithios, psorl atic

R e e e T

spondyl i tdrﬁldlrfé}’éﬁ&@ﬁﬂlﬁe S16¢186,Q5hSo, @R a6l thllcmlc |, s6l&60shdpxylagut € and chronic
i nfl ammat ory di Seases (e.g., system c anap axia or hyper sensitivity

r esponsescarriybc e | (@ tjleé’éhel‘ |hﬁ%<é Possblp ﬁ’gbbélme&bglﬂ&kyl@ﬁéﬁlkﬂeé‘j@ect i on,
| ud | ’
Isg(r:] drolrrgqngn{iie %E 8‘% tthe .agé)\geglleal%h scu%gtgtggﬂtg]&cegy er ?Eo alE}gS& 2~ @10 zﬁﬁé‘k& n]§10 B?T;ﬁ?ais

di seases (aznelogﬂqwg/h @cl@hlkﬁleh@%bﬁmﬂhﬂr a&&atae«dihetmmr}dems alsbat fiisedd to
| oss-of -functi ﬁ” or gain-of-function. Degenerative diseases generally refer
to 25chartgé! eFh@thrssue to a lower or less functional form Exanples of a

devel opnent al gf. 4! %ﬁ&d@&ésafl%e@'a%@éﬁwluae kil nBend ShahedvaReshall

degeneration, corne neovascul ari zation, iris neovascul ari zati on, spi nal
muscul ar aathaurﬂajﬁp, mlcdrlagm ned selsaiab,af appjnswl@pmsalt%r kxmpin, @ndiedensa, and
Ti,ssue. Jn uri es ,can be caus oxl dati e stress

Al zh
ARy i At T e AR G T

conpl eneghe 8FHHc\BbIORrmal8f Buit@leatibANinckd@ThIBAUS, Hréngie, ioaldeohatad nduced
| i ver damage or nucosa" tissue injuries in cancer therapy), viral infection

(e. &, glﬂﬁr?éf? whasphiets citiatss n@m@mﬁoe@ltemﬂwomﬁ%met jestags, mﬁl%t@ttp@ﬂ&te and
e Cham Cgar aEt‘%rﬁ%ﬁn&S gwfdm%P IgI‘u%uf’orPlla{’ér Ml):tatéaél ' an S/ rﬁi{ mglleﬁ%uilﬁe%ﬁg ,es

i ncl ude '’ injury, nj-ur heart I ver danmage, ‘Skel et al
muscl e i gilucan, alsd w&yméc&llfr&g&cn pandsreatd a:naglapwly chdrgedygionp Ge.y,, skin injury,

linb ischem a, silent ischena, cardiac isch troi ntestinal
tract i nfUPYYlEgheRf cpepaURd hayinggneff, é%%%e?wr%wsc %d%tgglff&a}%w cell's

havi ng t %ltﬁi@@@&ﬂuﬁymhoﬁoté%ﬂfrﬁ %%%n&rlﬁwicth chicBim icANaRPACIARbRLAt € or
condi tion aracterized by rapid
25 cation such as tetramethylammomum ion. The compounds also include those salts
containing quaternary nitrogen atoms. Examples of prodrugs include esters and other
pharmaceutically acceptable derivatives, which, upon administration to a subject, are
capable of providing active compounds. A solvate refers to a complex formed
between an active compound and a pharmaceutically acceptable solvent. Examples of
30 pharmaceutically acceptable solvents include water, ethanol, isopropanol, ethyl
acetate, acetic acid, and ethanolamine.

In still another aspect, this invention relates to a method for treating a medical

condition related to CXCR4, such as an inflammatory or immune disease, a



proliferating cell growh and sonetines tunor netastasis. Exanples of
cancers include, but are not limted to, carcinoma and sarcoma such as

| eukem a, sarconms, osteosarcomm, |ynphomas, nelanoma, ovarian cancer, skin
cancer, testicular cancer, gastric cancer, pancreatic cancer, renal cancer,
breast cancer, prostate colorectal 10cancer, cancer of head and neck, brain
cancer, eaé\%ﬁlﬂ%ltal%?'agferneraglvélgfg@a[seyca?@b%ﬁé inj@Y" &N@hc&OMhe Gdth&ancer, | ung
cancer, bronchus cancer, endonetrial cancer, nasopharyngeal cancer,

cervi cal orlhiepadmmistampen a sobjeonnmaedttereok hil psctivantennt aflppe o dnazancer ,
haemat opoi eti c cancer, and cancer of unknown primary site. A subject in
need of tﬁ@g%épg&@}lﬁb@)f PéaPhHENt can also be concurrently

15adni ni st er ed awiifflaARa@tf 8REdsY & HIRKALIZ0d bR @I of J?@tehﬁé,%@t%)b‘fv' ic
conpounds described above and an effective amound of one or nore other

t her &peut tloosigemiasnmTte. t Frengpeunslodatpsnopathn e aiddabeticragppatysndr oi dal or

a non-steroi.dal .antj.-inflammtory dr chenot h tic . an

At - ang: Bgune & ind TRSM AT oS0 EE ErARER R tie

i nhi bi t or dermhaflfi @Sl lBG A&ttt BRI HLEL Qlrticaia] Nor@@ameidsat s, cantborn

I rmunosuppr essive agent (e.g., cyclosporine A). [For exanple, one can use a
conbi nat | GicWftisahyrsigsasitititovaschliés. eaverrbilbhmyptia PeEREsRiSr apeuti ¢ agent to
treat can ' r,. he Leal...can Iy Q « (W t hout bei ng
pound by Fraay Db sREER b AL PR A AR mBla) phfcPaSaS Gl Vel o d

| eukiem a @mdnaclideasd amphabhtastdotitib)e ikemcayitivithéudgetigmomsyeli,c conpound acts
as a "chenosensi.tizer" to 25nmobili ’F‘ﬁ cancer cells fdrom one. nagr w and the
chenot her BPSHERETEGertCuRd tShes HapPIlE RIFROaniaaddarcddEp] ByPerseas! B@ resul ting
i n enhancg d#gALIE sl (B0D), idbsMhic WulhOitly BBidig, Baund Botibramith i n
treating solid cancer, the heterocyclic conpound acts as an

ant i - angitbgenasidsartigigin), maanky cddren astbed, ero@ichge thinttli. a chenot her apeuti ¢

agent, enhances treatnment effect. As another exanple, on use a
conpound of tnggH%@“P‘%@’é?‘n%?(‘)Srﬁjﬁﬁac?teé%(?gﬁ&a ARY 955? %ngee%g%oﬁis&gtgeent to treat
r et ipopatifimurd@estt@l atxeshplBendiade, 8egaabalimied toragilnnuedetsec@rgeal
neovascul ari zatron, or iris neovascularization. GCSF is a haenmatopoietic
growt h f abewnateiatheitis maspeptésartiidispeiseenna s eHsh pryetceHpeenihi t e bl ood

cells. A %&gb, gg i ﬁ@%&k& &eﬁﬁ&@éldrﬁer@loﬂg it{s, %tofnﬁﬁﬁr@ﬁl ig@gcer cell —gr owt h
or a cyttﬁomc gent. An antr-angi ogeneslis agent 1s a drug that confers its
t her apeutankgbsief kpatdsylis,aystamidictdrigs, taheé nangplogelawsisy apntoces shroixanpl es of
angi ogenesi s agents. i nclude, but are not |limted to,.Avastin, Lycentis,

Suni t i ni BHaERRAREY AFEIPD(C S SR R{RAR Wé‘fﬁ‘rar%r]i‘tyf’?s%?ﬁvﬁ' SEEPEYS: féers to
adnmpfi St fjk st WRe Qi AL IRy ARE o B rFASDh Sinlud infde I3 kjcBBoRandlyrli-f f erent
tinmes during the period of "treatnment. An exanpl e of concurrent

adni ni st vatsughostsliscascapfibgrea’ssphdrdmer ard lgunah mmpeandefigfngherdswo or nor e
active agents to a patient. In yet another aspect, this invention relates
to a net B8&°Y%r enhancing migration of bone marrowderived cells to bl ood.
The net hod in@e&@l@?m@ﬁﬁi Dis&dses B GrdPthQraliSeibh@aionirblattdedsoriies ¢t an

ef fective anount of one or nore conpounds of fornula (1) shown above. The

t er m " botadiatasewiderdtivagr eainraf*fupgiosy Pegsneraliysdisrdsyt HACTAY FR6M bone

mar [,ow. I f deri.v | g limted
B R T R B S R L
are st emieghksitios dsagdetingldedgeprbgenintanackigbseration, thinsalnet hod, an

effective anmount  of a . L :
neovascularization, iris neovascularization, spinal muscular atrophy, Duchenne

muscular dystrophy, Parkinson's disease, and Alzheimer's disease. Tissue injuries can
be caused by oxidative stress (e.g., ischemia-reperfusion in stroke or myocardial

30 infarction), complement activation, graft rejection, chemicals (e.g., alcohol-induced
liver damage or mucosal tissue injuries in cancer therapy), viral infection (e.g.,
glomerular injuries associated with hepatitis C infection), and mechanical forces (e.g.,

sports injury). Examples of tissue injuries include brain injury, nerve injury, heart

9



15G CSF growt h factor nmay al so be used. Also within the scope of this
I nvention is a conposition containing one or nore of the conpounds and a

pharmaceutically acceptable carrier described above for use in treating an

above-descri bed nedi cal condition, and the use of such a conposition for
20 The

t he nanufacturF o%{a npdk%apfntjfor.thq £#st1nentioned }reatqgnt.
details of Beb iBFeS eiodl meit's M HEVEREr R ISFRISBIUYdi R in the
descri pti gfjuibediominj ¢ hehb (RAMELE S cnPRERGHS, catdlth RERNEagRAs of the invention
will be apparent fromthe description and fromthe clains. DETAILED

DESCRI PTI @NtSHuentinblelaivitdvie. exenpl ary conpounds, conpounds 1-150, of this
venton: N2 N Commoun . 0,4 0P O oA, N M Qupeie?
5 autonomous growth, i.¢., an abnormal state or condition characterized by rapidly
proliferating cell growth and sometimes tumor metastasis. Examples of cancers
include, but are not limited to, carcinoma and sarcoma such as leukemia, sarcomas,
osteosarcoma, lymphomas, melanoma, ovarian cancer, skin cancer, testicular cancer,
gastric cancer, pancreatic cancer, renal cancer, breast cancer, prostate colorectal
10 cancer, cancer of head and neck, brain cancer, esophageal cancer, bladder cancer,
adrenal cortical cancer, lung cancer, bronchus cancer, endometrial cancer,
nasopharyngeal cancer, cervical or hepatic cancer, colon cancer, kidney cancer,
thyroid cancer, haematopoietic cancer, and cancer of unknown primary site.
A subject in need of the above-described treatment can also be concurrently
15 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
20 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
25 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
30 invention and another anti-agiogenesis agent to treat retinopathy, age-related macular
degeneration, macular edema, corneal neovascularization, or iris neovascularization.

G-CSF 1s 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



Compound 43 NH2 N O /N N N Cet Conmpound 45 NH2 N ON NN Okt Compound 47
NH2 Conmpound 44 NH2 "N . ,..11, VN NN N HON /H OH Conpound 46 NH2 OH N ,

N Nr."" Compound 48 NH2

growth or a cytotoxic agent. An anti-angiogenesis agent is a drug that confers its
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
5 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
10 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
15 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.
20 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.
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DETAILED DESCRIPTION
Shown below are exemplary compounds, compounds 1-150, of this invention:
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Compound 98 N ). ). N Conmpound 100 Conpound 115Conpound 116 Conmpound
134 Conpound 133 NH2 NN N N NH2 N NJI,Nr N The conpounds descri bed above
can be prepared by nethods well known in the art. Schene | bel ow
depicts a typical synthetic route for synthesizing certain exenplary
conpounds. CorrpounhtlzlH (1) containing two halo groups (R3 and R6 are
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Finally,

hgr Canounds of t

un @o@z)
dazoléedi ne or cghazepane co

conpound (6) can be further

whi ch reacts with piperazine conpound (4) containing a nitrogen ring atom
to give a conpound of formula (5).
conpound,

deprotection of the resultant

if necessary, affords a conmpound of forrmula (6), which is one of
t he conpounds of this invention. Schene I R 1 and R6 are halo Rl R3
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15shown in Schenme Il bel ow to obtain phosphonate conpound (7) or phophonic
acid (8). Scheme HR 2 NJ-N-----a.F4,17 is NRd is CtioAl-iect 6 R 0 ry0
rN, deprotect ion 6 Rdbydenlys[s Ho H 78 A conpound thus synthesized can
be purified by a nmethod such as col um chronatography, hi gh-pressure liquid
chromat ogr aphy, or recrystallization. Exanples 1 150 bel ow provi de detail ed
descriptions of the eparation of 5Conpounds 1-150 Y6f this invention. The
i nter nedi at es used iffjt he nethods described above '?ﬁ\either comercially
avai |l abl e or gan rbe prqpa 0 by nethods known |@A hé art g metfhods may
al so addi t i enE™~i nclude r befisre"or after PRE”steps described
speci fically fierein, ‘?@”@dﬁ1or renn sui tabl e protedW|ng groups in order
to ultimtely 10a||om1synthe3|s of the compounds. In @ddi tion, various

synt hetic steps may b ‘performed in an alternate se @ce or order to give
the desired conmpound§. ISynthetic chenistry transf nd protecting
group nethodologlggN(Brdt i o anﬁi@eprop@vLJQQ) se u gﬁﬁing
appl i cabl e G”\/\On scgmgmgnpmﬁ‘fﬁvt e art and |ncIUngm;p%4exanple t hose

described if Larock, Conprehensive Organic 15Transformati ons, VCH
Publ i shers (1989) W Geene and P.G M Wits, Protective
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G oups in Organic Synthesis, 2nd Ed., John Wley and Sons (1991); L. Fieser
and M Fieser, Fieser and Fiesers Reagents for Organic Synthesis, John
Wley and Sons (1994); and L. Paquette, ed., Encycl opedia of Reagents for
Organi c Synthesis, John Wley and Sons (1995) and subsequent editions

t hereof. 20The conpounds nentioned herein nmay contain a non-aronatic double
bond and one or nore asynnetrlc centers. Thus, tney can occur as racenmates
and racem c nlxtureshlélngle enanti oners, i ndi vi di ast ereoners,
di astereoneri c m xt ré%, and ci s- rans- i sof ms. All such
i soneric forns a eNcﬁnﬂéﬁ§;} Vji?mthlnmtbb scHpe_of,_fhisiinvention is
a pharnaceuf\/\r onposi t gBEBﬁtal I ng an effectlve anmount ohf%;kleast
one conpoun descri bethmayv€ and a pharnmaceuti cal act®ptable carri

Further, this invention covers a nethod of adm nistering an effective
anount of one or nori of the conpounds of this invdftion to a patient
having a di sease degSqgribed in the summary section a ove for treating the

di sease. This |ﬁ“ ran oxcovers a method of ®dm i ing am effective
anount of 3@ohe™eof nore of “tHetd pounds 1o a'Subj ect f or “efirandi

m gration of bone marr Qu,.fefbved '4!&5 to bl ood. Thecgggmhbtreatﬂ%§> or
"treatnent” referegge adm ni stering one or nore cofffpounds to a subject, who

has an above-described medi cal condition, a synpt of such a nedi cal

condition, or tion toward such a ~eT 'tLon,tmtth t he
pur pose twemﬂer) a tH eutic e . ct, e.g ~'te curé, aﬁ':zﬁ
affect, aseliorate, revent the pve- descri bed neg&%gkdgpndlt
synptontof it, or the predep05|t|o toward it. "Apueffective anount”

refers to the annunkbof an active 5conmpound that iswrequired to confer the
t her apeutic effect ffectlve doses wll vary, 88 ed by th

skilled in the aﬁt onHt types o{,mLSeasée atied, of
adni ni stration, ex0|p|en ué Nt the p055|b|I|ty of co-usage with other

t her apeutic treatnent. mﬁgmnnﬁctlce t he nmet hod of thghFPeE@ﬁF4lnvent|on a
conposi tion haV|:§£§he or 10nore conpounds can be g ni stered
parenterally oral FyN nasally, rectally, topicall )pr buccally. The term
"parenteral " aa/\ tdﬂ\ n mefems subcut ango s 'Phuganeq;ps
i ntravenousy nuscu ularxjr\fraarterlal |ntrasynOV|aI
intrasternal, |ntrathegﬁtmmdégrate5|onal or |ntracraamahmnmgect|on as
wel | as any SU|tabIe i nfusion techni que. The conposition can take the form
of sol utions, suspen5|ons 15emul sion, tablets, pills, capsules, powdlers,
nicroparticles Nanopartlcles It can be also Fﬁ?nulated to achi eve
control | ed- resleas sustalned rel ease of the aCtive |ngrad|ents A
sterile injectapl tippn can be a solutw6\ dt B Ub nﬁlonn n a
non-toxi ¢ par efft ra y a eﬁtabke | uent "8t ~sol vent , SUCH 26 ¥S™agol ution in
1, 3-but anedi ol . 20Among,.theacceptabl e vehlcles and smhwemns that can be
enployed are mannitol, water, Ringer's solution, and isotonic sodium
chloride solution. Iwmaddition, fixed oils are con @ntionally enpl oyed as a

sol vent or suspendl nedlunt(e g., synthetic non -.or dlglycerldes) Fatty
acid, such as olet /dggTd |ts}glycer|de der(\ an wsefyl in the
preparatlon\etvw ectdb /aS/aﬁecﬁatur mﬁar ceutlca y‘é“equable
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250il's, such as olive oi
pol yoxyet hyl at ed versi ons.

or castor oil, especially in their

These oil solutions or suspensions can al so
contain a long chain al cohol diluent or dispersant, carboxynethyl
cellulose, or simlar dispersing agents. O her commonly used surfactants
such as Tweens or Spans or other simlar emulsifying agents or

bi oavai l ability emhancers which are commonly used! fn t he manuf acture of
30phar maceuti cal | pacceptable solid, liquid, (( osage fornms can al so
be used for tPEN\U%ﬂ of, formulatlon Jﬁiﬁl@ﬂ fdr oral

adni ni strati oh-tan y)bra+Wz'acceptaHTe dosage forn1|nclud7/g capsul es,
tabl ets, emul sions @mmmggyeous uspensions, di spefeskor®’ and solutions. In
the case of tablets, conmmonly used carriers inclu | act ose and corn
starch. Lubricatingiagents, such as magnesi um ste %te, are also typically
added. For oral admiyistration in a capsule for us di l uents incl ude

| act ose and drleaNca%m”qigroh When aqueo Vpensno riienukisions are
adnlnlsterédfbrﬁkf cﬂ“ﬁ?’ |ngre§u~nt can be suspended or dissol ved
in an oily phase cqngkmedsmnth enuIS|fy|ng or susperdidcty agents. |f

desired, certain sweetening, flavoring, or coloring agents can be added. A
nasal aerosol or ifthal ati on conposition can be pW@pared according to
t echni ques wel | ?;EMn in the art of pharnaceutl ah formul ati on. For
exanpl e, such @» | tion e pre are ég Na Hsal ut iton |nL§§§ine,
enploylngP@Ahzyf alcoho df““f ~sui t abl'€ preservati ves, absorpti on
pronoters to enhanaﬁmﬁn@avallablllty quorocarbonsmmand/or ot her

sol ubi li zi ng or dlsger5|ng agents known in the arty,, An eye drop or
oi nt ment conpositi ﬁ can al so be prepared and usié\accordlng to the

wel | -known art. 1 )@ sition hQV|ng one or e conpqgggf can
al so be a gnxnv VﬁredH?ﬁfﬁhél/Q¢ sugmgs,kg s for chL«VN
conposition nust be

adnlnlstnat on. The carrier in the pharnaceuti cal
"acceptable" in thé wens@ that it is conpatible WiTH"{'H& active ingredient
of the conpositionyg(and preferably, capable of swabilizing the active

i ngredi ent) and ngt deleterious to the 205ubjec,/ 0 be treated. One or nore
solubilizing a gaiaﬁg utilized as phar aﬁzﬁxqulents for

del i very gﬁbankabtlvé und»dExanpleﬁ)gﬁ«mbher é e
col | oi dal” Sk i con oxi de, magnesix 'st ear ate, cellul ose, sodiu uryl
sulfate, and D&C Y&PTPBW ¥ 10. The conpounds descri*B8Y“4hove can be
prelimnarily screened for their 25efficacy in treating above-described

di seases by an in Yktro assay (See Exanpl es 269 difd 270 bel ow) and then
confirmed by ani L&experlnents and clinic triallsj er methods will also
be apparenk)tq(\ oseffoll or | narty | |nath§:§rﬁ H%%EBQﬁLQQ?MJ(:End t hat

t he conpéﬁﬁgs of this invéntion,
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ant agoni sts of CXCR4, conpete against its ligand SDF-1 for binding to the
receptor 30and thus bl ock CXCR4/ SDF-1 signaling, which is inportant in the
nobi | i zati on/ hom ng of stem and progenitor cells. Wthout being bound by

t heory, the conmpounds of this invention may act through the foll ow ng
mechani sms in treating and repairing tissue danage. By bl ocki ng
CXCR4/ SDF-1 signalin t.hg .S, i he

nobi | i zati on O?H%foem an bgﬁg@%?%%&% FésB%e?%ﬂ%a\ggE%ét%rst%oﬁmg%vr&e@ervoi r of
st eni proggnigtior cells, to the peripheral blood. Mre specifically, as SDF-1
is highly expressed in bone marrow, stem and %rjggeni tor.cells, expressing

CXCR4, are 5t raghsa li belayo AP e riorica)isyntesiesrpn PHFSHLEITEH By bl ocki ng
this inte ion, sthis s i nd

progent t or ol 5 R ERTRUDBAIN BB ABYRIL A0 of R fartl K0S

ci rcul at i Rgo) madthevithlanathins tenpand (Py ogsnd 4 compelndofiiomsils B)t wesbes and

organs where danmage has occurred and r.epair .t he damage differentiating
into the ¥9¢evah Hpgrpane ?%p‘?%‘éig‘%‘fon\%?lgﬁ aﬁ‘é%og%lﬁgl@cf‘g?rﬂggaﬁ’ﬁﬁge. 10l n the

condition i i<y SFA oL habd RE RSSIRGt Lmpbiddeaus. Binding to
CXCR4 exp?dgﬁs%({élghioﬁﬁgfﬁg%gr)fd@g?%géﬁeiéa%trg&(h:dehl (Iﬁ)s? SDF- 1 fac?l itates these cells
to m gr at eecesatyheffords hnamppeslivf formulai6hadiciss ahapt hacpBpoudsidihipl ays an
essential. role in retinopathy devel opnment and progression. Al so by bl ocking
CXCR4/ SDP™¥|%nal i ng, the conpounds of this invention prevent stem and
progeni tor wekhdls hom ng 15to0 the retina, thus effectively treating

reti nopathy. The conpounds can be applied topicalkRly to an eye of a
retinopathy, pgtient. M@yst@?m c applicati®ysyN topical application does
not nobiliz€ [Stlem progen Ncelhs~out—of—boners ﬁjo ne; t her ef ore does

not help th& Noffing of these cells-into retina. The speclfic™exanpl es bel ow
are to be cdas merely:illustrative, and not 20ljnitative of the
remai nder of the disclosure in any way what soever. Wthout further

el aboration, it is believed that one skilled in the art can, based on the
description herein, utidize the present inventignfto its fullest extent.

Al'l publi cati™onstcite rein are her eggxoteictggnc%%?iﬂ%iﬁed by reference in their
entirety. Exanple k~Rp¢ tion Cotrpoundy] | N Bgc) 2@, NaHCO3 CH
H2NH20, * RT Boc 1- i B et i - AGU@UVQO

35 6

10
Scheme I can be modified in various manners to prepare other compounds of

this invention. For example, an amino compound different from compound (2) may
be used, or piperazine compound (4) can be replaced by an imidazolidine or
diazepane compound. As another example, compound (6) can be further modified as

15 shown in Scheme II below to obtain phosphonate compound (7) or phophonic acid

(8).
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Oethyl chloroformate 01.L-10 Cto RT ' OH 2. NH4CH, -10 Cto RT Boc-- 1-X
Water (10.0 L) and (Boc)20 (3.33 kgg, 15.3 npl) were added to a solution of
t rans- 4- am nonet hyl - cycl ohexanecar boxylic acid (conpound 1-1, 2.0 kg, 12.7
nol ) 5and sodi um bi carbonate (2.67 kg, 31.8 nol). The reaction m xture was
stirred at anbient tenperature for 18 hours. The aqueous |ayer was
acidified wwth concentrated hydrochloric acid (2.95 L, pH = 2) and then

filtered The yesultant solis xas qol | gt ot WAShER ok NLAR.oTRn v (1 vater

trans- 4- ($£6hhadbtg)y, Ias ARV AN feid RBERYAR Dohexgsatankiexyl i c acid
(Compound o B P PoNeraoRIRKTS {EL0AG) . LC-MB

me 280 (M+-Na' §xaniplesi!-NMRb¢Igo0rotide depiiaiesarmptions gl (gpscparaipon of o8 (t, J=
6.3 Hz, 2 2.25 (td, J.=.12 .3 3 Hz, 1H), 2.04 (d, J = 11.1 Hz, 2H), 1.83
(d, 3 = @@PW%SMPSO{%%“’(VS?“%, 1.35-1.50 (m 3H), 0.89-1.03 (m 2H).
%SC4’;INR2§3 729M“¥h2 e 19@@%6 %laiat@s %%f ig lliesrhétﬁo&ﬁdesaﬁbeﬂ&,bo%aréibithéﬁ. 99, 37.57,

.47, .29, 27.96. ) . 8-135.0 C. 15A suspension of_conmpound 1-11
El. 0 kg, @ngeraigtly awﬁla*bfqmr(can by pigpered e raeiheds knpgymipthe it t Thet hyl  ani ne
1.076 L, ol . : I . pagre added
bel ow - 10" &Eg&r‘ﬁgy %ltsagg |1§(?1M1 ﬁgﬂ{r@gt\’?\é{% gﬁe?P é%riﬁfﬁﬁf%nﬁsgan}%gﬁg?ure for 3
hours. Theetifieatyi inmeinj totadd er vasoveheialdo ptotattiag gra@s ( aglar v WhahatdidOH (3. 6
L, 23.34 Wpl) s ad gp bel ow :13 Ca.The reacgioglnix%ure was 20 stirred
at dfbi erftlotewpErEs § eﬁBmegm#b p&ddifgn ool S NYEECLE MY Was col | ect ed
and washegd,f,Bh &Linl dnBRrthd qUBHBr bRy b gigBthedfchieél ddmpbunas. HMhdtk0C) to
give trans-4- (tert-butoxycarbonyl -ani no-nethyl)-cycl ohexanecarboxylic acid
Eg ﬁl/g §ﬂ Cotpoistry tenkformatiors akd praosingsou whihpdolagics profptien §iv3 (Bt 0AC) .

- e 27

L, Sy 4 e 1, 200 M RS 0y e, 12
9H), 1. 37ndul férxadble, tHdsO8eskriB&l (. Larock, Comprehensive Organic

15 Transformations, VCH Publishers (1989); T.W. Greene and P.G.M. Wuts, Protective
Groups in Organic Synthesis, 2" Ed., John Wiley and Sons (1991); L. Fieser and M.
Fieser, Fieser and Fieser’s Reagents for Organic Synthesis, John Wiley and Sons
(1994); and L. Paquette, ed., Encyclopedia of Reagents for Organic Synthesis, John
Wiley and Sons (1995) and subsequent editions thereof.

20 The compounds mentioned herein may contain a non-aromatic double bond
and one or more asymmetric centers. Thus, they can occur as racemates and racemic
mixtures, single enantiomers, individual diastercomers, diastereomeric mixtures, and
cis- or trans- isomeric forms. All such isomeric forms are contemplated.

Also within the scope of this invention is a pharmaceutical composition

25 containing an effective amount of at least one compound described above and a
pharmaceutical acceptable carrier. Further, this invention covers a method of
administering an effective amount of one or more of the compounds of this invention
to a patient having a disease described in the summary section above for treating the
disease. This invention also covers a method of administering an effective amount of

30 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



2H). 13C NMR(75 MHz, CD30D) 6 182.26, 158.85, 79.97, 47.65, 46.02, 39.28,
31.11, 30.41, 28.93. Mp. 221.6-222.0 C A suspensi on of conpound 1411
(1.2 kg, 4.68 nol) in CH2C12 (8 L) was cooled at -10C and triethyl am ne
(1.3 L, 9.36 mol) and trifluoroacetic anhydride 5(0.717 L, 5.16 nol) were
added below -10 C. The reaction m xture was stirred for 3 hours. After
water (2. : ief Bngitivashes w th
wat er (3. 81“1ch}ﬁ@mﬁ%dz&qgﬁxedl%é}ggﬁ?%@ﬁs@g%lﬂﬁ?%ﬁfﬁlﬁifg%% hctiéo%ilgpl@m l'ica gel
and concetiferpatede toTchtmfereasuhértapmmcﬁffecwag ¢o yekatelipyedligyattedthyl ene chl ori de.
The crystal s .were washed xangﬁ;o @.i Ve Ldifi £i
trans- (4- 83 af@y‘é‘ll%fﬁ% 5%68 medicalGogditipp, e FYRGR PGS
( Conpoun dth%@:edl&yogﬁoﬁ Gowatd @\Sn @ffe‘éﬂbé @m@t‘iﬁis tedbrs téfheanduhBof & Qyﬁﬁ‘/} LC M5
me 261, 1H NVR (300 MHz, 4.58 (brs, 1H), 2.96 (t, J6.3 Hz,
2H), 52. 36cc(mpbund:tha123reaul3€d-1z> confdy thezthcmpe@da effyet. Ffegtivadaseppyill zpy, 1.83
(dd, J = : 1.47; 1.02 (m
5H) . 13C W?%Zeﬂ’n@zthﬁg ol %§%8€P|%‘§Elng’f th?fypgbg%ﬁe%%g treé‘%é’gz 29. 06,
28. 80, 28:® of2@n0strdiM BrcifiOft Aadd)@ndthe possibilityComgoousade $Athbthdrl. 0 kg,
4.196 nol) was dissolved in a mxture of 1,4-dioxane (8.0 L) and water (2.0
L). To th@elfﬂealétqtmﬁltmﬁﬁéture were added |ithi um hydr oxi de nonohydrate (0.314
kg, 4.191), | car bon
(0A6 kg, O. 216 ﬁcektﬁ “%%B ﬁsoﬁghee‘%éa?%ﬁl%h%\%n %Gm#ﬁe%@ggéﬁl e P ur ¢
20wag st |mbﬁ¢ouqﬁaﬁd§ne¢lrlmgaﬁmmtsmmeafneeramy 580yf nasal2y) réwaltys fopifaller t he
catal ysts were rempved by filtration and the sol v were renoved in
vacuum Thuksdle 1o¢ toia é’ra“(nierél 125 UsGcERD EQf5S(tH 58 %?a%’és added. After
phase sepafatjifRoud MErREIAR hiRhRSSaMARrWRRNES, iMrhdtnal, %{tra(silln&/lél) and
concentrated to give trans- (4-am nonet hyl cycl ohexy met )-carbamc acid
ter t- butiytraeshel n(txadnrpniurmtalbbwnalc)ogﬁ'ltﬂagangs%eC@QH%W@ﬁlgﬂWIb@mﬂMﬁ| ck oil.

= 0.20 (NeOH/ EtOAc = O/ 1 M N 0 MHz, CDC13) 6
4 67 (br smg“f ‘%‘%( (T he gofmy O%‘“?&CM% g’f%ﬁ%’nf’ﬁs"]‘ﬂ“onéh@ (ﬂén% 1.73- 1) 78

(m 14H) &nlﬂgoﬁ SabI9M) pilld.- o’ﬁgbu(l&r %@W@&&,,m&rékﬁrtilcl%lo( manopd}icled. Yt?oaﬁ) 97 (m
13C NWR (75 MHz, 55.85, 78.33, 48.27, 46.38, 40.80, 38.19,

29 87, 29lspeformglagd to adﬁewqurpaﬁd sblesnpoun@inedvelegoeidhe siycet 3N (1010 g,
3eq) in. 1- pei Btanol (2.7 L) was treated with conpound 1-VI, 540 g, 1 eq) at
90C for 1B¥HOUFS. TLC showed that the reaction was conpl et ed. Et hyl
acetate (1.5 LA stk iaddedlctonipositiveaet bon b@llmommeuaper%&ﬁi Ln‘ﬁh@nstokiati on was
stirred for 1 hour. The Et3NHCL sal t vva filtered. lg fil trogte was t hen
concentré)taéf‘dl“t%uﬂa@elltak’lf/d@u%tOéer]dFWaFu GEArUeY W AcdHiE Boc.  Then,

di et hyl ed. i I cq Ak &b @RIt d1 O afford t he
des%(?ed S%rggﬁfc{h% aéwab\é?‘gﬁa% glt“%é%/ol\i;/e:ﬂgb tg?&gfﬁ?b Ere% I'tration at 25C. A
sol ut i on vedteri Ringeriedolatien, EHWHO(CBMS@HMQIOEMQQOJ@@OW IhadditipriGxedipdkane (2.7

L) in MeOH irred at, 25C for hour sh t hat the
react i on %@ “é[SWb#"@ﬁ@&mpsl‘ngﬁ?ﬁ R n'\/ﬂssuﬂ?c?ﬂ s CfeIH-E?g iy@lll\%g( 1/ 7 of

ori gi nal Ry@oUBENigh)eMaSYUMBE 2@ Gucl hedleicdicel id itetlhesridedletiyativas ardded to
the solution 10sl'owy, and HCl salt of 1-VII| (774 g). was forgﬁ% kflltered

and dri edsefnbierthe aenuiioxedinjestblesFay arg @@W%lmhﬂaﬂfﬁ% icaldy aegent 8 eq)
was.a dde%l tS %u% hgb SIge ) Ut ?xnc:dgtfor |5'16{\| %bggélgﬂ}p{n t%lel}/#al)flyokgﬁﬁ@%d(v%&d&o at 25C The

m xture was s ed ‘at’ nper-at ure ours > 12) and
filtered T(he&‘etmnﬁﬂtﬁﬁbrﬁlmgﬁﬁpe@tﬁoﬂb Adhlalsol dmntalmeaﬂodgta‘hattealcdldﬁﬁﬂu@)t or 15Al dehyde
1-1 X (581 g, 1.0 eg based on nole of. 1-VI|) was added tﬁ) the filtrate of
1-VH  at dpbaet. sikovv@adhylsallwase. of pirtikd SPeHIEGECR 'Sy ONHSGIEIOMY ¢ showed

that t heuge%abgl dfggﬂagﬁg@?ckp%m%g%a SPRRbr o’ﬁ?e'?"'ﬁmﬁﬁ%n%lm%m@g gg¢nbased on nol e of

1-VI1) was a ess than and the solution was stirred at 10-15C
for | h. Thevsbibiity cnhamsrsodrcle atercatredortlp usgst inghe ewndgeturawii ch t hen treated

Wit h G C&arm(aceutlc(llly 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
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20L). The m xture was washed with saturated ag. NH4Cl sol ution (300 nlL)
diluted with H20 (1.2 L). The CH2Cl2 | ayer was concentrated and the residue
was purified by chromatography on silica gel (short colum, EtO0Ac as nobile
phase for renoving other conponents; MOH 28% NHAOH = 97/ 3 as nobil e phase
for collecting 1-X) afforded crude 1-X (841 g).. 25Then Et3N (167 g, |egQ)
and Boc20sqi@8msg[n thegisamirtebletddwenmenly Heedsarmifs Bsluge lagtose@gd tog) i'n cH2O 2

(8.4 L) at_ 2 The .m xture was. stirre . g t t he
reacti on WHS gs&ﬁ%rlweatt%% it i earlbcme%é%f/lqﬁasﬁfa%%%gfré;%%%t@ipgér% H&gg dé(?g n%{ernt rat ed
and Et 0ACorhPadminivasti@dahedcdpoult ant, asaflil dnkents esdhaiedactddeenrslalrietlioom was

concentrated to 3L (1/2 of the original volune). under | ogw pressure at 50C
Then, n- hexghe WBn Y uSORELSPSEHRH A GIIHEORSYE gﬁﬁﬂ%ﬂ%& %@ﬁﬁﬁt@% ACfhe solid
product for 0 v i f i ct 1-XI
(600°0, cOut oy oty arioeerfif g dbabibahiyRofly phe Rkl AHARYBIARC. T

1- Xl (120rGugyending agemper Hzicsiecd, tendin sw&fering flagomay), of polbrinpegtranein (360 i)
was added Et3N (60.0 g, 3.0 eq) at 25C. The m xture was stirred at 120C for
8 hours. l1?té3rﬁi§ilF‘d-acet ate (480 nL) was added to the reaction mxture at 25C

The sol ution Wag,8i heb&f of Mhabfion THep&lidMHEh Radpar@Baccbidigy ®#d and the
sol ution 5was concentrated and purified by silica gel (EtOAc/MeOH = 2:8) to

af f or ded tgehXidues (@8 kypwinnn the?ddofihetrdaceutical formuddiogt Fencwmplatseehddi at e
1- X1

RAINCER R RN T o A O
hydr ochl qthd@uBaylé pREcro MR UM orbtio® brofiters 1O Ehable GibhFaitability, 459.4 15
Exanpl e Zfiuoll?cgc%i)b%rn?,t ein?l?or%iheggmgilljirz]ggzor dispgrgﬁ\lgl\ilggnt(s) krrl(')vyn %E%he art.

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

15 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

20 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

25 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

30 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.



Compound 2 20l nternedi ate 1- XH was prepared as described in Exanple 1.

To a solution of 1-XIlIl (120 g) in MeOH (2.4 L) were added di et hyl vinyl
phosphonate (24, 45 g, 1.5 eq) at 25C. The m xture was stirred under 65C
for 24 hours. TLC and HPLC showed that the reaction was conpl eted. The
solution was concentrated and purified by silica gel (MOH CH2Cl12 = 8/92)
to get 87 g of (& igdidy sPULIAY e Q8WouBRCHY tRish@l@tibAPUri ty <1%
after anal yzi ngﬁb#é:k%%r?%gﬁ%}fsﬁfﬂéb%&oé&t%t ebygnl—{?lg'nLlC. A 88| ution of 20%

TFA/ CH2Clgrodfe the)molrlszaaidd edsiem adgodgenitoncedl fiont eonvedoate, Lresdrvet. 8 g) in
CH2C12 (5 nmL). The reaction m xture s stirred f 5 .at room

t enper at uPESTERATAARRIG At 8 cﬂh@ol?ﬁrﬁ?@ﬁ‘ﬁwﬁagt s bﬁe\‘)g{r‘r‘f‘ﬁ%&s% ? i
trifluoragehi G dristSalbnOhafBRPAURDNG prdocdith cellS exMRsiiMy CKAR4, 2623. 1
5Exanpl e g@ 'Igrceé(ggrbgetdl orll) g‘fo g:orrp(’)und :5} pé% nt er nedi a?@ 2-11 was prepared as
descrni bedtrappeExabmieem@irow via CXTR4aSBB luticgastiof. By [block8@uthg)inferpc@p2Cl 2 (1800

m.) was added TMSBr (450.9, 8 eq) at 10-15C for. 1 houtr. The m e was
stirred a&lef?)@p?%‘} ng tmﬁﬁgggtl%%}efb%%?rﬂtaflgRrﬁglt%rocﬁgbeﬁrp PR rIa‘ti%{}or enove

TMSBr and;osRt ﬁ%he%@%odVWMmi%lﬁlgg-in B2d, vem addrdgdntiof bglsm Xt ure to
di ssolve the residue. TMSBr and sol vent were renpved, under vacuum again to

obt ai n 36lorge Ertisdecssod otz vderaaagg hanarsurigd eudiapeEthe dmpagettyr 3 hours.

Then, the,¢crude soli washe i th. 7 . / afford
conpound %‘%%%gat&)g Iggottgg%fqelot%rc l? Si’\({)llhe lg%sdo %@f%gﬁa%g%éggﬁ%%\?éé\;acuum (<1
torryp 15for 3 imaké sondBiosdfablihaatiyo8Dbyl thothlgavectsgdimbitreoide sal t of
conmpound 3 (190g). C-Ms (M+ 1): 567.0. . 'giﬁ%hyfdr.gbrq i de salt of
conpound Bindmede (FCRAsxIPssbingemicad prpasiitoaeds: lifpaliales M6 h

concentr ; armpA R ali DGR whidh Bla)a8n eyapediat ed in
vacuo. Tﬁ%ﬂgé(gﬁlgﬁgt%ﬁ% mtgﬂrla?(ré%h&:nn%&%?agggl ied onto agc\glgurm 100 20m.,
4.5x8 cmrotf in Detiveya e \WEsel 0 pthefitamhprd@ssR0 Ates hy blaaling|(WXeB4/S8uti on rate,
6

signaling, the compounds of this invention prevent stem and progenitor cells homing
15 to the retina, thus effectively treating retinopathy. The compounds can be applied

topically to an eye of a retinopathy patient. Unlike systemic applications, topical

application does not mobilize stem/progenitor cells out of bone marrow and therefore

does not help the homing of these cells into retina.

The specific examples below are to be construed as merely illustrative, and not

20 limitative of the remainder of the disclosure in any way whatsoever. Without further

elaboration, it is believed that one skilled in the art can, based on the description

herein, utilize the present invention to its fullest extent. All publications cited herein

are hereby incorporated by reference in their entirety.

Example 1: Preparation of Compounds 1

25

1. EtsN, THF

O O ethyl chloroformate
jJ\ (Boc),Q, NaHCO,
“UOH

o]
B occorT RS
—-o-—-—)— H U NOH - - H\/O NH,
HN H20, RT N 2. NH,4OH, -10 °C to RT BN

Boc
14 111 1-H1

CN Hy, Pd/C L~
EtN, TEAA H\/O Raney-Nickel HJO NH,
- T
; N
CH,Cly, -10 °C N 1,d-clioxane Boc”
e Boc LIOH. H,0, 50 °C
1-1vV 1-V



mL/mn). Elution was perfornmed with water (2000 nL) and then with 0.2 M
aqueous ammoni a. The UV-absorbi ng amoni a el uate was evaporated to dryness
to afford ammonia salt of conpound 3 (2.41 g). C-M5 (M + 1): 567.3. The
ammoni a salt of conmpound 3 (1.5 g) was dissolved in water (8 nmL) and

25al kalified with concentrated aqueous anmonia (pH=11), and the m xture
sol ution was applied onto”ﬁzcolumn (75 m_, 3x14 cmy, of Dowex 1X2 (acetate
form 100-200 nes gihutlon rate ‘Wn1n) El uti on was

per f or med mnt&cwa wathfﬁﬁid Nage cid. The

UV- absor bi ng acethw aC|d eluate wady e aporat ed, anavit he fesi due was
codistilled mnth materpk5x50 m.) to afford conpound 303(1.44 g). Cl-M5 (M
+ 1): 567.4. Ekf\ Preparation of Cbnpoung% 1 -XIll 4-1VNH O
r-NN NCI Et NQ NI Eﬂ. N NA%gppOun@mA | HESrHedi af & ﬁ\gjlwmma§¥§?talned

during the preparation of 11
N I* o
A HCI
s HN N N/\O BOC OC I/\N N H ""/H\/\/R\[ j
1-XI1 \O Compound 1

Water (10.0 L) and (Boc),O (3.33 kgg, 15.3 mol) were added to a solution of
trans-4-aminomethyl-cyclohexanecarboxylic acid (compound 1-I, 2.0 kg, 12.7 mol)

5 and sodium bicarbonate (2.67 kg, 31.8 mol). The reaction mixture was stirred at
ambient temperature for 18 hours. The aqueous layer was acidified with concentrated
hydrochloric acid (2.95 L, pH = 2) and then filtered. The resultant solid was
collected, washed three times with water (15 L), and dried in a hot box (60 °C) to give
trans-4-(tert-butoxycarbonylamino-methyl)-cyclo-hexanecarboxylic acid (Compound

10 1-11, 3.17 kg, 97%) as a white solid. R¢= 0.58 (EtOAc). LC-MS m/e 280 (M+Na").
'H NMR (300 MHz, CDCls) 6 4.58 (brs, 1H), 2.98 (t, /= 6.3 Hz, 2H), 2.25 (td, J =
12,3.3 Hz, 1H), 2.04 (d, /= 11.1 Hz, 2H), 1.83 (d, /= 11.1 Hz, 2H), 1.44 (s, 9H),
1.35~1.50 (m, 3H), 0.89~1.03 (m, 2H). “C NMR (75 MHz, CDCl3) 3 181.31,
156.08, 79.12, 46.41, 42.99, 37.57,29.47, 28.29, 27.96. M.p. 134.8~135.0 °C.

15 A suspension of compound 1-11 (1.0 kg, 3.89 mol) in THF (5 L) was cooled at
—10 °C and triethyl amine (1.076 L, 7.78 mol) and cthyl chloroformate (0.441 L,
4.47 mol) were added below —10 °C. The reaction mixture was stirred at ambient
temperature for 3 hours. The reaction mixture was then cooled at —10 °C again and
NH,OH (3.6 L, 23.34 mol) was added below —10 °C. The reaction mixture was

20 stirred at ambient temperature for 18 hours and filtered. The solid was collected and
washed three times with water (10 L) and dried in a hot box (60°C) to give frans-4-
(tert-butoxycarbonyl-amino-methyl)-cyclohexanecarboxylic acid amide (Compound
1-111, 0.8 kg, 80%) as a white solid. Rf=0.23 (EtOAc). LC-MS m/e 279, M-+Na".
'H NMR (300 MHz, CD;0D) 5 6.63 (brs, 1H), 2.89 (t, /= 6.3 Hz, 2H), 2.16 (td, J =

25 12.2,3.3 Hz, 1H), 1.80~1.89 (m, 4H), 1.43 (s, 9H), 1.37~1.51 (m, 3H), 0.90~1.05 (m,



To a solution of diethyl vinyl phosphonate (4-1, 4 g) in CH2C 2 (120 nl)
was 5Sadded oxalyl chloride (15.5 g, 5 eq) and the m xture was stirred at
30C for 36 hours. The m xture were concentrated under vacuumon a rotatory
evaporated to give quantitatively the correspondi ng phosphochl ori date,

whi ch was added to a m xture of cyclohexyl am ne (441, 5.3 g, 2.2 eq),

CH2Cl2 (4%21,-‘)‘%n i B3N (f12cd 0fn 3 183be, Thesgliton! #7.4851650, 6bed, at 35C

for 36 holr was wa with water.” The 1Dorganic layer was dried
(MS™), fi.lts0ed, 280d. svpmyiad-@d@200Cafford 4-111 (4.7 g, 85%yield) as

brown oil. Compound 4-111 (5 ) added uti on of
i ntermedi at e 1A%Pﬂﬁn@809fﬁﬁ¥pWHmﬂﬁgi(Fgkﬁ&?gg?ﬁg)@6ﬁg§ﬁb§§ “Stirred at

45C for 24 h S.nd i . g, ; i dig - was
ot ed R g K B LA RS AAOTERMD AR Aol B0 ) 1o

af fogd i r§0e71WQQi5aﬁesrnéf) kéré 42 dmaowt A1 @G 3Vheyteatttbn mixture wAs sttred faors of HC
in ether (5 nm.) was added to a solution of internmediate 4- 1V (420 ng) in
CH2C12 ( 1h@rsrifterTrater @bl was pddeduthe ovgagicday s e sesvated apbipehest 1 oom

t enper at ur e, an n t i : ant residue
B e S S L el B  e EIAS
20CI - M5+ doneeBRbedl Eeatplliantoil Raepasatlized bpinctgipewhtbriic. The cry@elspound 5

was prepared in the sane manner as that described i anpl e. 1 except that
honopi per#¥F mesheds il bgxansde 8xd ﬂaw-&*-ﬁ@?r&?wé?heﬁglaemE%ﬁ%ﬁ&)q acyb3 ]

Exanpl e 6,y 8Ratat t@d}nmunﬁqnm%xggﬁgfg))fs CaRRUGMAR, POEBARRTAEN t he

sane nanner as t%at descri bed in exce

(R - (-) - 2:-CrSiyl/pRobrdzNae \MabMR 6W0i MbkzeaB (3f) *Ehé?bi;uﬁ@z 2.06 (ME=( MA+1) :
e DBl SR M EATEOTr 2. A SYRONE o o o
(S) - (+) - 2- pethy Y piDepRzZi re(sVau), userd 1 g3 heael) of S$i 106X @z,i218). ' NYBR ( Mr+1) :
473.4 10 Exanple 8. Preparation of conpound 8 Conpoun S prepared in
(he sane (Faniidr. GIACEhA1 SHBGCKEEHATD Ao BRI 6 02, 2% Bapt Ahgs o5 508 °P
éﬁ?q -%iﬁg&i?@3%%gﬁkpggera2|necarboxanlde was used instead of piperazine.
Compound 1-TV (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
20 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
25 pale yellow thick oil. R¢=0.20 (MeOH/EtOAc = 9/1). LC-MS m/e 243, M+H*. 'H
NMR (300 MHz, CDCl3) 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, CDCls) § 155.85, 78.33, 48.27, 46.38, 40.80,
38.19, 29.87, 29.76, 28.07.
30 A solution of compound 1-V (806 g) and Et;N (1010 g, 3 €q) in I-pentanol
(2.7 L) was treated with compound 1-V1, 540 g, 1 eq) at 90°C for 15 hours. TLC

showed that the reaction was completed.



Exanpl e 9: Preparation of conmpound 9 Compound 9 was prepared in the
sanme manner as that described in Exanple 1 except that

2, 6-di et hyl pi perazi ne was used instead of piperazine. Cl-M5 (Mtl): 487.4
20 Exanple 10: Preparation of conpound 10 Compound 10 was prepared in

the same manner as that described in Exanple 1 except,_tha :

2- phenyl pi per agthﬁéa%e (ed) Wﬁ%&f& t%ﬁ(eﬁg%é‘t‘)ﬁﬁlﬁ'él?e %IZ-SI\E' t(le}ﬁiﬁl}lFlO%SS. 4 25
Exanpl e 11, BfaRabAs %18{} ?he%mgpﬁltjvg‘as filtered. COTAYAL Wk tMGs prepared in
the sane manner as that described in Exanple 1 except that

(1S, 4S) - 2¢cdnceitaabioclys L] /A.df otipheptanmebhyaduomraidte Was, dedd/lictist ead of
pi per azi ne. 30C - (M+1): 471. 4 Exanple 12: Preparation of ound 12
Conpound @25 hhgapi Qrt‘égleicﬁnfq?ém?éﬁﬁﬁl‘ﬁﬁﬂﬁ%?&%fg ﬂfen‘g Hﬁﬁirgr@&rl%te]d i'h Exanple 1
except ”@Ml% 8%%iy§%é)‘%ff@t&ﬁio§]ag§§@e di hydrochl ori de was used instead of
pi perazine. Cf - (M-F1): 513.4 5 Exanple 13: Preparati on of conpound 13
Conpound 13 wa4 splutpapéihtérmetihe AR (S evas asateh atithdedi¢hEaxdng Exanpl e 1

except that 4- di -SPiyo[5..5] un i hydrochlorid sed instead

of pipera 'r7n]b. ml‘%@fﬁéﬁ%ﬁ%q_ SHH %gg&gn%g%g ue“‘lﬁlb ilgvﬁgcria |E)hlr% of Conpound
14 ConpouRgtibh wRScoRipiRad. ethd Midihe v Bnssmnaed (@s.5tihat7 destgihded i n Exanpl e
3 except that sodi um 2-bronoet hanesul fonate in the presence of Et3N in DW

at 45C  volumeidy vaswdmian g0 ¥adTlesm, dictihgiheniSriyl wistisldpth e éolubor t at i ons of
am ng- Pr Gy HEPLOUR RV T LEN N fofified, HiRtdOnsh Mydr acll f1d e sal t of

conmpound
(<10 torr). For neutralization, K,COs (2.5 kg, 8 eq) was added to the solution of HCI
salt of 1-VIII in MeOH (17 L) at 25°C. The mixture was stirred at the same
temperature for 3 hours (pH > 12) and filtered (estimated amount of 1-VIII in the
filtrate 18 504 g).

15 Aldehyde 1-IX (581 g, 1.0 eq based on mole of 1-VII) was added to the
filtrate of 1-VIII at 0-10°C. The reaction was stirred at 0-10°C for 3 hours. TLC
showed that the reaction was completed. Then, NaBH, (81 g, 1.0 eq based on mole of
1-VII) was added at less than 10°C and the solution was stirred at 10-15°C for 1h.
The solution was concentrated to get a residue, which then treated with CH>Cl, (15

20 L). The mixture was washed with saturated aq. NH,4Cl 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% NH,OH = 97/3 as mobile phase for collecting 1-X)
afforded crude 1-X (841 g).

25 Then Et;N (167 g, leq) and Boc,O (360 g, leq) 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 BtOAc (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)

30 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.



C-M5 (M+ + 1): 567.3 Exanple 15: Preparation of Conpound 15 Conpound 15

was prepared in the same manner as that described in Exanple 203 except

that methyl vinyl sulfone in MeOH at 40C was used instead of diethyl vinyl

phosphonat e. Deportations of am no-protecting group by hydrochloride to

afford hydrochloride salt of compound 15. CI-M5 (M +1): 565.4 25Exanpl e 16:

Preparati on of . I i _sanme nmanner
ng gb‘ﬂ{xib (1230C6’gigept {)?1](921% 1 RﬁPB@oegh & e

as that describ at phenyl’ vinyl sulfone was used

i nst ead operdietl f@'&o mLmy/hs Mm;ﬂnm&o& 2.0 MD (t WP HELThe B2t Exatpled 17:
Preparation of ound 17 d 17 was, pr. red i.n the same manner as
that deschi BAGCiTar Eraip Bthy : q%%@BQ€§ QﬁPﬁﬁraﬁ?BﬁBﬁ?%ﬁ?ﬂphosphonate
in the pr s %%%Wﬁ # &tﬂ{m@ﬁ& ead figkrediat d sotitbd
phosphonagggﬁqgfg%éﬁ§lVngl) 637. Eia%p le 18: Prepa?afion 3? Conpound 18
Conmpaund &8s memzﬁﬂnﬁar&blpurrﬁetiha@ bﬂmehﬁh@érc/l‘ds()ﬂr—aﬂ Sdleseffarded1i¥I1Exanpl e 3
except th |etgy @ronnpropylphosphonate in the presence of K2COB in
CH3CN 5wa 82 A% B4 of di et hyl vinyl phosphonate. Cl-M5 (M4 + 1): 581.4

Exanmpl e 19: Pr man@’bh%n%m@m&omm%go[n )w@@ﬁdﬂﬁﬂﬂ@%@l/@ﬂoﬁ% ed in
the sane manner as that described in % 3 except  that

di i sopr op{aml) m@%(hmﬁ@@mtéﬁﬁ(ﬁf@m’é% e BturR2@68 i n 10CH3CN

voe used ASLARGLPL AL i R SSRIRNGr (Gl (M + D¢ 5553

10 CI-MS (M" + 1): 459.4

15

Example 2: Preparation of Compound 2

NH NG
z /\Q.OEt Z N
[N - S
L OEt NTNTN Boc  Boc
(\N N N/U Boc Boc Z'I—_. Q H ., N N
AL R e an et
14X O 2411
NH2
TFA \N*N\O
EtO. P/\/N\) N\/\/N
OEt O
Compound 2
20 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

25 (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-I1 (1.8 g) in CH,Cl, (5 mL). The reaction mixture was stirred for 15

20

L7



NH2 TFA O r' N NNYJ EtO C N') Conpound 20 Internediate 1-XI |11 was prepared
as described in Exanple 1. 15To a solution of 1-XIlIl (5 g) in CH3CN (150
nit) were added ethyl bronmpacetate (20-1, 1.25 g) and K2C3B (3.1 g). The
m xture was stirred at roomtenperature for 2 hours. The solution was
filtered, concentrated and purification by silica gel (EtOAc and MeOH as
etuant) ahdos dedo@qempcrifirg)nd on88Kayiddhydcnuing thosalvéneio afordo- 11 (4 g) in

CH2C12 (60 L) was 0% TF 20(40 nm.) was added and stirred at
roonltenp%#g% EUQ%¥96§EQ (E%P”n%%HFg ution was concentrated and the

residue in ace@pN?;§Z5+Q5thy@s added HC1 (4 Nin 1,4-dioxane, 21.5 nL) at
roomtenperature for 0.5 hour. The sol vents was rennved and the residua

was treated with ether to afford hydrochloride salt 20 (3 g). C-Ms (M4 +

1): 545 5 25 e 21. aratl n of conpound 21 Conpound 21 was
pr epdr ed Exmdes a@%ﬁ ﬁﬂﬁﬁ%f% described in Exanpl e 2 except that

honopi per azi ne waswused |nstead of pi per azi ne. .- M5 (1WH1) @ 637.4 Exanple
22: Preparation onpound 22 Compound 22 was [py Q red in the sane manner

as that dgg@rlﬁf ”E?? cexcap& HQ@t q:ﬁnbl zithe | was used instead
of pi perazifge jf"l@@l Compound 3

Intermediate 2-II was prepared as described in Example 2.

To a solution of 2-II (300 g) in CH,Cl, (1800 mL) was added TMSBr (450 g,

8 eq) at 10-15°C for 1 hour. The mixture was stirred at 25°C for 15 hours. The

10 solution was concentrated to remove TMSBr and solvent under vacuum at 40°C.
CH,Cl, was added to the mixture to dissolve the residue. TMSBr and solvent were
removed under vacuum again to obtain 360 g crude solid after drying under vacuum
(<1 torr) for 3 hours. Then, the crude solid was washed with 7.5 L IPA/MeOH (9/1) to
afford compound 3 (280 g) after filtration and drying at 25°C under vacuum (<1 torr)

15 for 3 hours. Crystallization by EtOH gave hydrobromide salt of compound 3 (190g).
CI-MS (M' + 1): 567.0.

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

20 mL, 4.5x8 cm) of Dowex 50WXS8 (H' form, 100-200 mesh) and eluted (elution 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

25 alkalified with concentrated aqueous ammonia (pH=11), and the mixture solution was
applied onto a column (75 mL, 3x14 c¢m) 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 cluate was

evaporated, and the residue was codistilled with water (5x50 mL) to afford compound

30 3(1.44 g). CI-MS (M" + 1): 567.4.



Exanpl e 23: Preparation of conpound 23 Conmpound 23 was prepared in the sane
manner as that described in Exanple 4 except that honopi perazi ne was used

i nstead of piperazine. Cl-M (1\e+l): 609.4 Exanple 24: Preparation of
conmpound 24 Conpound 24 was prepared in the sane nanner as that descri bed
in Exanple 17 except that honopi perazi ne was used i nstead of piperazine.

Cl - M5 (M1E+1g QSE'%_BM%OHB%@O B?%Iﬁ{fpar ation of compound 25 Conpound 25 was

pr epar ed nanner described in Exanple 14 except that

honopi perazi ne was used i nst é%l perazine. Cl-M5 (M41): 581.4 Exanple

26: Preparation of conpdtifé¢r26 und 26 was prepared in the sane nanner

as that described in Exanpft 15\except that honopi pasazi ne was used i nstead

of piperazine. C-Ms (M1): 579. “3 Eéﬁ#@e 27: Preparation of compound 27

Compound 27 was priégar ed in the sarreHngner as th ﬁ@@@ chd s Exanpl e 16
N

except that ho peNa¥iingeowese used | ead Iperazi e I -B (Ma+ 1):
641.5 Exanpl e ggg‘i Pr e;)g?atl on@ WW%WJWZI—ZBQ:@ oung 28 was prepared in

the sane manner as that descrijped in Exanple 2 except that
(R - ( ) - 2- net hyl pi per azi ne vvakaused i nstead of piperazine. C-M (M+l):

N
636. 8 HCI EtO\P/\,N\/ \O N\/\,NO

OH
Compound 4

Intermediate 1-XI1I was obtained during the preparation of compound 1.
To a solution of diethy! vinyl phosphonate (4-1, 4 g) in CH,Cl, (120 mL) was
5 added oxalyl chloride (15.5 g, 5 eq) and the mixture was stirred at 30°C for 36 hours.
The mixture were concentrated under vacuum on a rotatory evaporated to give
quantitatively the corresponding phosphochloridate, which was added to a mixture of
cyclohexyl amine (4-11, 5.3 g, 2.2 ¢q), CH,Cl, (40 mL), and Et;N (6.2 g, 2.5 eq). The
mixture was stirred at 35°C for 36 hours, and then was washed with water. The
10 organic layer was dried (MgSO,), filtered, and evaporated to afford 4-111 (4.7 g, 85%
yield) as brown oil.
Compound 4-IT1 (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
15 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).
20 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.

25 CI-MS (M +1): 473.1



Exanpl e 29: Preparation of conpound 29 10Conpound 29 was prepared in the
sanme manner as that described in Exanple 3 except that

(R -(-)-2-nmethyl pi perazi ne was used instead of piperazine. Cl-NM5 (M-+1):
581.1 Exanpl e 30: Preparation of conpound 30 15Conpound 30 was prepared in
t he sanme manner as that described in Exanple 17 except that

(R - (-) - 2ErmnpiylopPpprativnef oespasdd® i nst ead of piperazine. C -M (M)

651.5 Exanple 31: Preparation of conpound 31 2 I repared in
the same rranne&o@go‘t"ﬁg‘f’%%@wrfﬁgld&?ﬁ By SipTe aig%g%%gp&l %§m1g1

(R - (-) - 2e0bhhRIRYE L EZ R WASerbsifewh N 8icdaki@ld dippei@iicne. Cl - M5 (Mi+1):
595. 4 Exanple 32: Preparation of conpound 32 25Conpound 32 was prepared in
t he same mannet!-&S (Matl)dé€Ect i bed in Exanple 2 except that
(S)-(+)-2-nethyl pi perazi ne was used instead of piperazine. Cl-NM5 (Mi+1):
637.1 Exanple 33: Preparation of conmpound 33 30Conpound 33 was prepared in
the same pRmEE 78Brebhatiofieseomhheddi7n Exanpl e 3 except t hat

551, 1 Exanpl -BADOPEPHFSRFONCEIn G6RBBLANTI A gE 88 TWasBrEgar od | n
T e LY
651. 5 Exanpl e GEBMPMpdyatidch of conpound 35 Conmpound 35 was prepared in
the same manner as that described in Exanple 18 except that
(S)-'0+) - 2- net hyl pi perazi ne was used instead of piperazine. 10C - M5 (M4+1):
595.5 Example 8: Preparation 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
15
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
20
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): 5354
25
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.

30 CI-MS (M'+1): 471 4

Example 12: Preparation of compound 12

[N
[N



Exanpl e 36: Preparation of conpound 36 Conmpound 36 was prepared in the sane

manner as that described in Exanple 3 except that
(S)-(-)-2-t-butyl -2-pi perazi necar boxam de was used i nstead of 15pi perazi ne.

Cl-M5 (M+1): 666.5 Exanple 37: Preparation of conpound 37
Compound 37 was prepared in the same manner as that described in Exanple

2017 except thg - ~2: 1= | - 2-.Ri ' af haxaninde iyas.sed i nstead
of pi perazi ne. %%ﬁi“ﬁ”%ﬂ?tﬁ? fmg%%{éﬁ @E%Fg?a%}é&%%repar%ti onlof %rglﬁpound 38
25Conmpound e3&pneat ppepameirofy. § decasanthydarchridasvas hatd idstsad obed i n Exanpl e
18 except that (S)-(-)-2-t-butyl-2-piperazinecarboxam de was used i nstead

of pi peraRiPREZ - M5 (M +1): 680.5 30Exanple 39: Preparation of conpound 39

Conpound 39 wagiRfepared. iy 4he sane nmanner as that described in Exanple 17
except that 2,%—%@@%%& azine was used instead of piperazine. Cl-M

(Mtly: 665.5 Exanple 40: Preparation of conpound 40 Compound 40
was prepared in I;]Ig; sane nmapner as é?at described in Exanple 518 except

t hat 2, GM TSRHARI A REPOHEE A3 | nst ead of pi perazine. C -MB (1VE +1):
609. 5 Exanpl e @dmpHiRPer @hd MRpatd GOMB LA nfhdner as that describe@RRQIMASlc 41 Was

prepared in the sane manner as that described in Exanple
1 except that 1,4-diaza-spiro[5.5]undecane dihydrochloride was used instead of

piperazine.
10 CI-MS (M '+1): 527.5

Example 14: Preparation of Compound 14
Compound 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
15 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
20 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 1S5.
CI-MS (M'+1): 565.4

25 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

30 Compound 17 was prepared in the same manner as that described in Example
2 except that diethyl-1-bromopropylphosphonate in the presence of K;COs in CH;CN
was used instcad of dicthyl vinyl phosphonate.

el
22



102 except that 2-phenyl pi perazine was used instead of piperazine. Cl-M5 (M
LF-1): 699.5 Exanple 42: Preparation of conpound 42 Conmpound 42
was prepared in the sane manner as that described in Exanple 153 except

t hat 2- phenyl pi perazi ne was used instead of piperazine. Cl-M5 (Mt+1): 643.4
Exanpl e 43: Preparation of conpound 43 Compound 43 was prepared
in the same nabh®S @4 tHat63descri bed in Exanpl e 2017 except that

2- phenyl pi perazi ne was used i nstead of piperazine. Cl-M5 (M4+1): 713.5

Exanpl e . Pr ration. of 4 Compound 44 was prepared
in the Sm,rﬁégﬂﬁogofﬁﬁﬁﬁg&ﬁi n Exanpl e 2518 except that

2- phenyl pi per azj ' ' a9 ehat HseNBed MiELhipl&57. 4
Exanpl e 45: P?(é%gﬁ%%@?ﬁ%%g% %fﬁghggan% i gC]Iorrpound 45 was pprepar ed in
t he sanme Jraneprthasditthalt | -HescoirbedphospExampinghgp2saxe epK ¢ Ratn CH:CN

(1S, 49) - 2, 5-di azabi ;é?ldogz.lzg%hgpt ne  di hydrobrom de was used instead of
pi pefazi W& US 1%2‘%1 I3yl Vg PROSD | e 46: Preparation of conpound 46
Conpound 46 was|-pieRar €d).isg1khe same nmanner as that described in Exanple 3
except that (1S, 4S)-2,5-diazabicyclo[2.2.1] heptane di hydrobrom de was used
i nstead of piperazine. 5CI-M5 (M 41): 579.4 Exanple 47: Preparation of
conpound Hxample 19: Preparation of Compound 19

Compound 19 was prepared in the same manner as that described in Example
3 except that diisopropyl-1-bromomethylphosphonate in the presence of KoCOs in
10 CH;CN was used instead of diethy! vinyl phosphonate.
CI-MS (M + 1): 553.3

Example 20: Preparation of Compound 20

NH,
NH, 0
(N Ei07 B ~ . 'NN
o 20-1 (0] NN Boc Boc
NTNON . H .
EOARRON N o 0
1-X1ll U 20-11

NH,

~ R
D *“OWO
Compound 20
Intermediate 1-XIIX was prepared as described in Example 1.

15 To a solution of 1-XIII (5 g) in CH;CN (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-II (4 g) in CH,Cl, (60 mL) was added 20% TFA/CH,Cl,

20 (40 mL) was added and stirred at room temperature for overnight. The solution was
concentrated and the residue in acetone (75 mL) was added HCL (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

25



Compound 47 was prepared in the sane manner as that described in Exanple 17
except that 6,9-di aza-spiro[4.5]decane di hydrochl ori de was used i nstead of
10pi perazine. Cl-Ms (M+l): 691.5 Exanple 48: Preparation of conpound 48
Compound 48 was prepared in the same manner as that described in Exanple
1518 except that 6,9-diaza-spiro[4.5]decane di hydrochl ori de was used

instead o i perazine, Cl- M LEL): 635.5 Exanple 49: Preparation of
compound %&@éﬁp@ﬁﬁﬂf%@n&g@m&%ﬁg?éd in the sane manner as that descri bed
in Exanple 17 ey8@Btnd PRlvad pdpslieazathg pamohbnbtundetaneridetydEsahplor i de was
used instead of pip erazine. Cl-M5 (M 1q): 705.5 25Exanpl e 50: Preparation
of conpouddx®pt e PRIDSBZiIRR Y AP PP Eerd ¢f NPFE24BSe manner as t hat
described in 1 +18. pt that 1,4-diaza-spiro[5.5]undecane
di hydr ochl ori Eg?\j\ﬁgésﬁ\ﬂlse@ ggrz%ead of piperazine. C-M5 (Mt+ ): 649.5 30
Exampl e 51: Preparation of conpound 51 Q o 0-p-0 "CO2H51-1 Boc-N CH
Example 22: Preparation of compound 22
Compound 22 was prepared in the same manner as that described in Example
3 except that homopiperazine was used instead of piperazine.
CI-MS (M "+1): 581.2
10
Example 23: Preparation of compound 23

Compound 23 was prepared in the same manner as that described in Example
4 except that homopiperazine was used instead of piperazine.
CI-MS (M"+1): 609.4
15

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
20

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
25

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
30

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.

35



51-11

Internedi ate 1-H was prepared as described in Exanple 1.
suspensi on of the internediate 1-11 (31.9 Q)
phosphor azi di c acid di phenyl

51-V51- VI TVSBr NH2 Nr'"N NN O Compound 51 oH 5
To a

m Xture was stirred at 80C

10

15

20

25

30

Example 28: Preparation of compound 28

Compound 28 was prepared in the same manner as that described in Example
2 except that (R)-(-)-2-methylpiperazine was used instead of piperazine.

CI-MS (M'+1): 636.8

Example 29: Preparation of compound 29
Compound 29 was prepared in the same manner as that described in Example

3 except that (R)-(-)-2-methylpiperazine was used instead of piperazine.

CI-MS (M™+1): 581.1

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

in toluene (150 nmL) were added
ester (51-1, 32.4 g) and EfiN (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. CLOIS (Mi+1betidyd al cohol (51-11, 20 g) was added, the reaction



for additional 3 hours and then warnmed to 120C overnight. It was then
concentrated and di ssolved again in EtOAc and H20. The organic | ayer was
col l ected. The aqueous | ayer was extracted with Et OAc. The conbi ned organic
| ayers were washed with 2.5 N HCl1, saturated aqueous NaHCO and brine, dried
over anhydrous MgSO4, 15filtered, and concentrated. The residue thus

obt ai ned was purified by colum chromatography on silica gel (EtOAc/Hexane
= 1:2) to give Internediate 51-111 (35 g) in a 79%yi el d.

sol uti on Bkamhpit érnedpateobdf dhipopdb3¢g) treated with 4 N HCl/ di oxane (210
m.) in MeOH (350 nl) stirred at_roomte era}turg 9v§r§r}1viagﬁt. fter ether
(700 ni) was atB@@ouhd Wat REPHRd albe pHNE B1BECT AR SB1T G MIEEHITRE under
vacuum led b ~ h QR hi e HinCH3CN and

i so- pr opanﬁgﬁgﬂg@eﬁﬂﬁﬁ?gﬁ?%lﬁWlacb)g%ne'(%tk}%%asf@% ?er wag:{_lgr was added,
the seacti on nCkMF eMwas: 61li.5red at roomtenperature for 2 hours, filtered,
dried over anhydrous MySO4, and concentrated. The resultant residue was
purified by col um chromatography on silica gel (using CH2Cl12 and MeOH as
an el uant gx 4@ 1855 epephrelidest @hfondd BY (19 g) in a 76%yield. 10Internediate
1-1X (21 g) was added to a solution of intermediate 51-1V (19 g) in CH2C12
(570 nL). The Gompennd faxaspreparediinghe 95T MEANY af dipt desoRABHIGARRAMPIE 23 g) was

t hen addeq, at i ght ter . t %\@ﬁ entrated, a
sat ur at ed%aﬁxﬁgéﬁgat&éﬁ+ g _gloefhﬁlt@%%a%/\%g%g g‘geegi lb %Q% e r”gés),rg‘%lﬁ gnt resi due. The
m xtire was t henveximaayeshsd th CH2C12. The sol ution was concentrated and

the residue was purified isby colum chronmat ography on silica gel (using
Et 0OAc and MeOH as an eluant) to afford internediate 51-V (23.9 g) in a 66%

yield. Appsoliyhlgn ﬁépeérmogqraﬁ%@h@wn@isv (23.9 g) and Boc20 (11.4 g) in
CH2C12 ( was added to Et3N (5.8 niL) at 25C for overnight. The
sol ution was tGenpeoddéenasgtregirahiad thheamesahncas thag desgtbedvasEpumpléi ed by

col um chr omat ogr ap. n 20silica gel si ng .[Et 0Ac _and Hexame as an el uant)
Co ofve. IrvEriad S BRI b b et S Sy SHTERTS 5% o) was
addesl t o p@rgugRensi on of intermediate 51-VI (22 g) in MeOH (44 ). The

m xture was stirred at anbient tenperature under hydrogen atnosphere

overni ght, filGle¥VlédM ahdl 666rcentrated. The resi due thus obtai ned was
purified by 25col unm chromat ography on silica gel (using Et0OAc and MeOH as
an eluant) to afford internediate 51-VII (16.5 g) in a 97%yield.

| nt er nediEzb@pEIINArdphtaton@) camgoltdd (4.4 nmL) in 1-pentanol (75 nl) was

allowed to react with 2,4-dichloro-6-amnopyrimdine (1-V|], 21 at 120C
over ni ght . Th&OSHI0UBHB7 WAS PEHEFE B MR B AIcK as &@%5@%@1’%@ ‘%}E?P%? ed by

col 3 o On.- 811 Hi G I : \C dpdi&x@sre as an el uant)
to ba??or%?%?%?ﬁ%%%@%%%\l} ilz I((i%l.ggiha%y?dnﬁgu%&%ﬁl%:adr&A sol ution of

i nt er medpateeazbt- V111 (16.2 g) and piperazine (1-Xl, 11.7 g) in 1-pentanol
(32 nmL) was a%qﬁ\qst(&+ﬁ)1:%8§.3 m.) at 120C overnight. After the

Example 38: Preparation of compound 38

25 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

30 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



solution was concentrated, the residue was treated with water and extracted
with CH2Cl2. The organic | ayer was coll ected and concentrated. The residue
t hus obtained was purified by columm chronmat ography on silica gel (using

Et 0OAc/ MeOH to 28% NHAOH MeOH as an eluant) to afford Internmediate 51-1X
(13.2 g) in a 75%yield. 5D ethyl vinyl phosphonate (2-1) was treated with
51-1X as described in Exanple 3 to afford hydrobrom de salt of conpound 51.
Cl-Ms (M4 + 1): 553.3 Exanple 52: Preparation of Conpound 52

Compound 52 was prepared in the same manner as that described in Exanple

104 excepltgxg g40r;tI@ m@é@éﬁo@’b@@lﬁgms used instead of internediate 1-Xl11.
Cl-Ms (1\ .2 Exanple 53: Preparation of Conpound 53 Conpound 53

was prepar ed |®omh@1®aﬂﬂewmma@afe<h§1 thp saMYBEBRGT 196 o ﬁeﬁé%lneExample 51

t th d I f K2CO3
e B nEL BN A L ARREORY POARBIARRLE | Apthigner sence of K20 11
Exarrpl e 54: Prepmrsaiv o) odooGonpound 54 Conmpound 54 was prepared in

t he sane manner as that described in Exanple 51 except that
(R -(-)-2-nethyl pi perazi ne was used instead of piperazine. 20CI-M5 (M + 1):

566. 7 Exaﬁ’gpdlzﬁﬂ@@l ﬁé@ﬁg&g{&@gg@w%gppund 55 Compound 55 was prepared

inthe s d in Exanple 53 except that
(R) - ( ) 2 met k@dmpmﬁaﬂim magrasedhe petemdnof apthpedesziined ndixauplé M + 1) :

580. anpl e 5 Pre arati.on of Cangsg r& é5 Compound 56 was

pr eﬂ%r ed FCEPh a7 740 PVARESCH ST é’lﬁeﬁa%(arrpl e 51 except that
sodi um 2- bronqqtlb@r@ﬁw f.qpatse in the presence of Et3N in DVF at 45 0C was
used instead of diethyl vinyl phosphonate. C-M5 (1V1'" + 1): 553.2

Example 42: Preparation of compound 42

Compound 42 was prepared in the same manner as that described in Example
15 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
20 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
25 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
30 2 except that (18,4S)-2,5-diazabicyclo[2.2.1]heptane dihydrobromide was used
instead of piperazine.

CI-MS (M +1): 635.5



Exanpl e 57: Preparation of Conpound 57 Compound 57 was prepared in
the same manner as that described in Exanple 51 except that nethyl vinyl
sul fone in MeOH at 40 C was used instead of diethyl vinyl phosphonate.
Deportations of am no-protecting group by hydrochloride to 5afford
hydrochl ori de salt of conpound 57. Cl-M5 (1\4'" + 1): 551.3 Exanpl e 58:

Prepar at i . - -V 10 To a solution of
2. ani noet ol 139%@%?%&‘%&0’02‘?%%%&%‘@% MeOH (300 nL) was added 1-1X (4.56
g). The mi xt ur €ompsusd 46 wedp@par6@G fhersaBe manitérers, thataBit4ibed il6Bxghphas added

at 0C for 0.5 hour and concentrated E)% éerrpw(gﬁy% e solvent. 'Cli'o t he

resul t ant 3 eeesplthat et AdodioarPiaridd ds! 18RS POQIUEELVEL B 10 mL). The
15m xt ure; . with CH2C12, dried (MgSO™¥), filtered and

evapor at el ‘é‘@%%?ﬁ@%%&@% chromat ography on silica gel (EtOAe/MeOH = 1/1) to

af fosd 58-11 (@I-MMYMi-l)a5sBB% yi el d. A solution of 58-11 (4.2 g) and
Boc20 (2.8 g) in CH2C12 (250 nmL) was added EtJ\1 (1.4 nlL) at 25C for
overni ght. The solution was then concentrated and the 20resultant residue

was purifged, ¥4¢m@ﬁ§59(g{@ﬂogynﬁg,@n§ubi ca gel (EtOAc/Hexane = 1/5) to give
58-H (4 0) n a 75%yield. Conpound 58-H (4.0_g) .in MeOH (20 nL)

was hydr ogenat €empeursiol pwis preparodin the ses sreone 4sthat desopibed enBsaraiple 109 Pd/ C

800 d 5% Rh/ G (,400 for 18 hours. j filtered,
cuapor a1 el e T ¥ elrirab s st vt TR0RsmoRTs Maf blanem A0S, | (' Ger

( Et Q4c/ Mefdbtrasingl uant) to afford 584V (2.8 g) in a 569%yiel d.

Conpound 584V (900 ng) and Et3N (0.4 nL) in 1-pentanol (5 nL) was reacted

with 2, 4-dichl Msdﬁr\gﬂilﬁkﬁ%lrfl mdine (1-VI, 365 ng) at 120C for 24 hours.

The sol vent was renpoved and the residue was purified by chromatography on

silica gel (EtOAc/Hexane = 1/1) to afford 58-V (842 ng) in a 74%yield.
Example 48: Preparation of compound 48

Compound 48 was prepared in the same manner as that described in Example
15 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

20 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

25 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[5.5]undecane dihydrochloride was used instead of
piperazine.

CI-MS (M™1): 649.5
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10(S)-(-)-2-t-butyl - 2-pi perazi necarboxam de (58-VI, 274 ng) was added to
58-V (300 ng) in 1-pentanol (1 nL) and the m xture was stirred at 120C for
18 hours. The solution was concentrated to give the residue which was
coated with Si02 and purified by silica gel (EtOAc/ MeOH = 7/3) to afford
58-VH (242 ng) in a 65%yield. 15To a solution of 58-VII (200 ng) in CH3CN
(20 nm.) were added ethyl bronpacetate (204, 44 ng) and K2CO3 (182 ng). The
m xture was stirred at 60C for 2 hours. The solution was filtered,
concentrated and purification by silica gel (EtOAc and MeOH as el uant)

af forded BZmMib b1{R:3arBlon dficompufid yiel d. Conmpound 58-VII1I (500 ng)

di ssolved in (10 nm.) was added 0.5 M 20Li OH (10 nlL). The m xture was
stirred at roomtenperatofor 15 hours. Then, it was acidified with 2.5 M
HCl (PH = 9) and filtered d#qobtain yellow solid 584X Puryfication by
silica gel chromataqgraphy_( c/ MeOH t l\l&@NI-IBa(aq%/?slygg‘l%“cas el uant)

af forded inten ‘Ate 584X E@.mgocm 7A) yietdh a sol ution of
58- 1 X (200 Bag) 111 CH2C12 ) was addedy20% TFA/ CH2C12( 4 nl). The
solution was sti'fred at room.enperature for 2 hours. The solvents were
renoved to afford trifluoracetic acid salt of conpound 58 ,9%260 ng). Cl-M
(1\4+- + 1), 618 Exanpl e 59 Prepacabi on of Cogpou ~Bgonpound 59 was
pr epar ed inoﬂi_%(%g@rm mRierk hat desdé®P¥ed A E%oa%m8 except that

et hyl 3-br omopropro e was ysed instead of e@l br oppgacetate. Cl - M
(M+1): 629.8 Exanple 60: Preparation of Conmpound 60 NH2 NN NN CI 60-1V

NH2 1. N' NrlI\NINH NH,
SN NH (A
2 oc SC/O B P \O/\Boc Boc 1-XI
N 1-Vi A A=

o8 :
H .
51Vl 51Vl
Z PO(OEL), NH, O
NHZ /O 241 =N N/\/\N
ﬁN O/\N/\/\N —— L. Boc  Boc

L Boc  Boc o (NN
NN DN H
HN. H  514x EtO gEt 51-X
e
Islogan
TMSBr N NN H H
Ho-p N
OH Compound 51

Intermediate 1-I was prepared as described in Example 1.
To a suspension of the intermediate 1-IX (31.9 g) in toluene (150 mL) were
added phosphorazidic acid diphenyl ester (51-1, 32.4 g) and EtGN (11.9 g) at 25°C for
1 hour. The reaction mixture was stirred at 80°C for 3 hours and then cooled to 25°C.
10 After benzyl alcohol (51-I1, 20 g) was added, the reaction mixture was stirred at 80°C
for additional 3 hours and then warmed to 120°C overnight. It was then concentrated
and dissolved again in EtOAc and H,O. The organic layer was collected. The
aqueous layer was extracted with EtOAc. The combined organic layers were washed
with 2.5 N HCl, saturated aqueous NaHCOj3 and brine, dried over anhydrous MgSO.,
15 filtered, and concentrated. The residue thus obtained was purified by column
chromatography on silica gel (EtOAc/Hexane = 1:2) to give Intermediate S1-1IT (35

g) in a 79% yield.
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0,,,,,NH2 0 60-VI HC Internediate 1-V was prepared as described in
Exanpl e 1. 5Benzyl 1-piperazinecarboxylate (60-11, 1.3 g) was dissolved in
acetone (10 nlL) and NaHCO3 (0.5 g) in water (10 nL) was added

sinmul taneously to solution of triazine 60-1 (1.1 g) in acetone (24 nlL) and
water (36 nL) at OC. The solution was stirred at 25C for 2 hours to obtain

a soli d Filtr n af Fg&g%%8$ocngp§gﬂ3$g§&éat Whﬁﬁwﬁgl@%ﬁ%&é P‘?St he next

step wit hout 18310 conpoun 0g) in

acetone (20) mmem@@dqlﬂgi) Wk stidiEIRNicer faygeoxirdevaalght.i Afte( dBem@P0at 25C.
After 15 hours, acetone was renoved under reducg{éq{gressure an Znggg;pound
60- 1V vvasmbb wob pidedt G solufipe aes dlteisds Ao solid Was ST (3P U | dried to

give 1.9 d&?gﬁ; %/ idbgenrﬁl_(an]&etﬁ\é%Bﬁ‘é n @Heqflq ané\ﬁ%%r?lridrfapa%ofnnt ermedi ate 1-V

(1.45 g) n1so- propylalco was reacted with

conpgund t@&péﬁdﬂﬁé & 19)matite80E flepivaty @ranaddd, thEheactienctikiore whxstirel was
evapor at ed under reduced ressure %he r esi du hus]\/ﬁg%&fil ne(fi was purified
by col um’ﬁ%@ﬁ%ﬁ%ﬂﬁﬁjﬁ&fﬂf?r fows| filégge éiﬂﬁé@ff@f YLroyp #nti® to afford

i nter medi af %1@6 %’[6@ (%%egﬂtahﬂeﬁdggﬂéé’ bisifbd bX column chrOn& g hgrbn(%ﬁhca

i nternedi a was treated wth HCEdi oxane (160 20nmL) in MeOH
(180 ) @mamtg CHed, mdmaem@naﬂnmxwemmmﬁmte HArhef1%gher was added,

t he sol ut| vv? filtered. The solid thus obtai ned was dried under vacuum
To a sol LﬁPbSW t he above solid in MeOH was added K2CO3 at room

temgrature. Tlﬂﬁerﬁle&udetlam (I X WAL daBS tosd kdlHitash dfntelmbdtinge Sand y@sg)f i | tered.
Internmediate 1-1X (7 ) was added. The m xture was stirred at 25C for 2

hours. NaB4LCL ((57g)mlv)as'r m@ﬁmawwsterredz%é?’&ﬁ@ Thouryr WaRHEO 8¢ (R éd

overni ght ;and t hen, concenr at QUG SaliMkdon was
added. THa e gd\ﬁi\gs f(;g%jroé/g %htvm %ﬁe&%ﬁ%ﬁglo he organi c [ayers were
col | ect edaqu&rdb%}mf@{ scdHO QLksd A SOhe ra;mdamtaaﬂém r"ﬁteadlxtﬁlfh@vatselsardue was
purified bé col um chrorratography on silica E/EOH as an el. %Jla t) to

A

afford i ebperedvatheC ey Thespéutyn W?ﬁ Cé?ﬂ?ﬁz&% né(t ACSIPE S RUGHC

eth o RAi MEOHERan hQnMltb (200 ng)
in f%l‘%%nf@gg’%ﬁ)éfpggg?%&%& § was Cstl rred for 12 hgurs at room
tenperat uferdimteroedoent -t (@d. 9@ 1m elﬁré% ylgldt he sol vent. The resul tant residue

\é/fl_s N\ga? Kﬂeg \i\n) t ¢ eht?(gnr O%l?lte?lfn]; 1ate glyg 8?8' nc?%oc % El 104{ g)‘%ﬁ@%‘éﬁ?@% (128 ng).

mL) was added to Et;N (5.8 mL) at 25°C for overnight. The solution was then
concentrated and the resultant residue was purified by column chromatography on

20 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

25 column chromatography on silica gel (using EtOAc and MeOH as an eluant) to afford
intermediate S1-VII (16.5 g) in a 97% yield.

Intermediate 51-VII (16.5 g) and Et:N (4.4 mL) in [-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

30 chromatography on silica gel (using EtOAc and hexane as an eluant) to afford
intermediate S1-VIII (16.2 g) in a 77% yield.

A solution of intermediate 51-VHI (16.2 g) and piperazine (1-XIL, 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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15Exanpl e 61: Preparation of Conpound 61 Cl O0ONH2 061-1 O NO HC O
cr---N 0O 61-111 Boc' N ", Boc 1-V

solution was concentrated, the residue was treated with water and extracted with
CH,Cl,. The organic layer was collected and concentrated. The residue thus obtained
was purified by column chromatography on silica gel (using EtOAc/ MeOH to 28%
NH,OH/MeOH as an eluant) to afford Intermediate 51-1X (13.2 g) in a 75% yield.
5 Diethyl vinyl phosphonate (2-I) was treated with 51-1X as described in
Example 3 to afford hydrobromide salt of compound 51.
CI-MS (M" + 1): 553.3

Example 52: Preparation of Compound 52
Compound 52 was prepared in the same manner as that described in Example
10 4 except that intermediate 51-IX was used instead of intermediate 1-XIIL

CI-MS (M* + 1): 581.2

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 KoCOs 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
OC was used instead of diethyl vinyl phosphonate.

CI-MS (M" + 1): 553.2



61-11 61-VI 61- VI | 61-V11161-1X NH2 N ' N NAN‘LH HCl HH HNH , -

Conmpound 61 Internediate 1-V was prepared as described in Exanple 1.

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 OC was used instead of diethyl
vinyl phosphonate. Deportations of amino-protecting group by hydrochloride to
5 afford hydrochloride salt of compound 57.
CI-MS (M' + 1): 551.3

Example 58: Preparation of Compound 58

Boc

Boc Boc  Boc
H,oN N :
2 58.1 58-11 H, 58-11l
NH
L2 H HN/\;NH
N
A NHZ Boc  Boc \ﬁ \ﬂ)\/

NH
NH, Boc  Boc o} A 2 E(ic/\/BOC
N \/\/N /U\/Br [\1
LA g\/ O 9 504 O (NN
NTNTN -
HN(\ o7~ N H
HN"SO 58-vil Fﬁl( O 58.VIli
P
NH; Boc  Boc NH, H H
SNO NS OO
LOH o NTN N TFA o ANONON
HNTO 584X HNYO
/'< /< Compound 58

10
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 NH4Cl (10%, 10 mL). The
15 mixture was extracted with CH,Cly, 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-I (4.2 g) and Boc,O (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

20 resultant residue was purified by chromatography on silica gel (EtOAc/Hexane = 1/5)

to give S8-TIT (4 g) in a 75% yield.

)



A solution of conmpound 1-V (120 g) and Et3N (150 g, 3eg) in CH2Cl12 (2.6 L)
was reacted with benzylchloroformate (61-1, 84 g, leg) at -10C for 15

hours. TLC showed that the reaction was conpleted. Internediate 61-11 (167
g) was treated with 4 N HC1/di oxane (280 m.) in 5MeOH (1.2 L). The m xture

was stirred at roomtenperature overm&gt After ether vvasﬂgldded t he
sol ution was fCpmppenl SSFHE (4.812) in MeGd! G9rak hwes klogsnpied af, Lahacuum To a

solution of the above.s b 109° % rature.
After st|IFrogbte?lgﬁraur%nu{rﬂep???gg%(l\){ﬁq{dl)(l)\ﬁ mcg(gg(?g)lgﬁr ed/% Rn{mer mgclﬁate 1-1 X
(101. 2 Q) 19Bsuradtedmizkhe wasched Blisved, eshparited aatl tR5Eskloe was houfigl bNaBH4 (12

g) was 10t hen added at 25C and the m xture wa rr ight. The
sol ution %@mﬁ’ﬁéﬁpéﬁﬁéeﬂ'{c?@?H{Et@ﬁﬁ/héeglélaﬁ?]éﬂ?’éﬁt%l 3&8%8 I&ﬁ&&] 25813t i on was
addeg Thg-9 xtyre was extract ed with CH2d 2, dried over anhydrous MySO4,

filtered, an "C6ncentrated. The residue thus obtained was purified by
col um chrorrat@@np@hw 68-1¥i (D€ angyehd ENEI(IBIétasLhim leberdarnto) (3 wlaffasr d

sol ut § on BT BN Fetitar s Bo sl Hodsomes s o BRI 500 11 a
25C. The gp %ﬁ\?@ﬁpw‘ﬁ@ﬁm%‘)eﬁ raﬁ&’ t}fé\&@ilﬂuegxklﬁb pogiddhsreheanaegipiat edsilithe

resul tant residue was purif by col um chromat ogr aphy on silica gel
(Et OAc asgchfE@IArdHtyanec kﬂ)@ an@S&%(SéﬁénmnWé%wgl)d in 84%yiel d.

Cat al yt hyd 61-V. H2
20att i1 NEOHSMT or o T redit e oSt ty g 1Ry wit g R O €
di SSO' Ved(3[)@m§b‘"fn (20BtanbIl) naNChnd,the gl SoRMeptettyt ° ot 78 Bog}y. di ssol ved
in THF (200 nm.) were added si nultaneous]y §Wiléq ol ution ,of lazi ne 60-1 (10

g) in THAhezobitien)vagtconesnirpted te ghgthorFsi Yadroatedge #16%2 3dhours to
obtain a,ﬁ'gfegb FmtcgrgﬂE?@A@; {RAed 7%3'1]?91%81@1@1 1/1](3242 Ghawas, used for the

next ste Ication. To a solution conpound 61-VH (30
g) in THHi§IA000 nmL) was added ag. ammnl um hydr oxi de soI ution (50 m.) at

25C. After 15 hour THFE uced pre e and conpound
61- VP11 was priecti k“éﬁne%f @Ff@g &%?&6@0% Ve ﬁéeﬂésdéylof 61-VI11 in
a 70% oveyghbadbtael @o I?’Ql%n@%{&%&@@ 3182\4&@ V% ﬁlmrem sptpenagine (1- X1,
0.83 g) in 1-pentanol was added Et3N (0.97 g) at 25C. The m xture

was stirrfed2 hours 20 ﬁcduh@l mmﬁberecr,u@ngmm@si andaurifigeiondcy ignzahas
| et 1 t 25C.
Shersol e BEBIF LG b PR 8s SATPE A R A ERACHERD M UTe & e

sol ution was mmhﬂasadmmbonug) dlb@xﬂvewngiHH da rg]e)w@facmiAd/o MeOH = 2:8) to

af forded 61-1X ( 10@‘ in a 46%i.el d. qu gg in ether (5
nL) 2has adeEd 1P ela)- sBlcunixgHe gfas |Sﬁltf%4 ﬁtefai)'é‘tt%msﬁifaﬂﬂf O(r 6“0 ndipc12 (1.0

e ot ALE3CLAM b 41 eEP(ER L8 B8l fRed % mmsyeﬁzw@m@ piimperat ur e anc

concentrate renoving t vent . e resul tant resi due was washed with

et her t o Pafifiosttbnhiyyckibehed mh@ma&@r&p@(ﬂt@ﬁp@dlmﬂm 2( 298Hptp )/ MBOINBS (M + 1) :
460.0 Exam?m‘s a?f%rdcl(:i) n e?‘n[ig iate %S%fX &H‘pmglﬁ 1n a%%oo yield.

25 To a solution of 58-IX (200 mg) in CH,Cl, (2 mL) was added 20%
TEA/CH,Cl, (4 mL). The solution was stirred at room temperature for 2 hours. The
solvents were removed to afford trifluoracetic acid salt of compound 58 (260 mg).

CI-MS (M" +1): 615.8

Example 59: Preparation of Compound 59
30 Compound 59 was prepared in the same manner as that described in Example
58 except that ethyl 3-bromopropionate was used instead of ethyl bromoacetate.

CI-MS (M'+1): 629.8
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TFA NH2 N N rNNN O Et0-11VN N'--"1 oOFEt 10Conpound 62 | nternediate
61-VI11 was prepared as described in Exanple 61. D ethyl vinyl phosphonate
(2-1, 213 ng) was added to a solution of internediate 61-V111 (570 ng) in
MeOH (20 nlL). The solution was stirred at 25C 15for 12 hours. The sol ution
was then concentrated and the residue was purified by colum chronat ography
on silic el / MeOH.= 5 to affiord internediate 62-1 (290 ng) in a
42% yi el A lg%NAF f§8‘i‘r5&‘?rb%{%‘%m%b9% A CH2C12 (5 nl) was added to a

sol ution of |nterned|ats 62-1 (430 ng) in CH2C12 (2 nlL). The reaction

m xture was stirre /g~20hours at reomtenperature and doncentrated by
renovi ng the gplven ThéVT esultant r ‘ldUQWMﬁS purified ByYcol um
chronatograp@yNon Kﬁgy ¥/ Tyt affbrd i:, | doracetic acid
salt of conﬂoun&'62 (175 ny). (M +1): 642.4 npl e 63: Preparation

of Conpound 6%'NH2 N FNNN O Et ON

NHZ
Toss e
Bo N NN )\
oc P HCI (\N N
1V (\N N —_ o NO
U \ﬂ/ e, NH5

.- NHBOC 1o)

60-v 60-v1

1. KoCO3, MeOH NH,
o IE\i,oc N)QN
g N HCl
2. X (\N)\ N N/\O H Boc = .
o_N_J iy NN
3. NaBH, g
© 60-VIi
NHy
)§

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

5 Benzyl 1-piperazinecarboxylate (60-11, 1.3 g) was dissolved in acctone (10
mL) and NaHCOs (0.5 g) in water (10 mL) was added simultancously to solution of
triazine 60-I (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 66-I11,
which was used for the next step without purification.

10 To a solution of compound 60-ITI (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-IV was precipitated, filtered,
washed with acetone (10 mL), and dried to give 1.9 g of 60-TIV in a 91% overall yield.

A solution of intermediate 1-V (1.45 g) and Ets;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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CEt 62-1 Intermedi ate 62-1 was prepared as described in Exanpl e 62.

A sol ution of conmpound 62-1 (610 ng) and trinethylsilyl bromde (1.21 g) in
5CH2C12 (30 nlL) was stirred at 25C for 72 hours. The solution was then
concentrated in vacuumto yield yell oworange foam Crystallization from

Et OH gave hydrobrom de salt of conpound 63 (189ng). Cl-M5 (M++1): 568.0
Exanpl e 64soliiepafitas amecsbhd:anﬁvﬂ@@hhwﬁsdadli@di&zﬁ@uﬁﬁm@mf\ml@e Wparédl in the

same nanner as that descri b in Exa c enazi ne was
used i nst/EaHas MG RS SHEC %P Tﬁas ?k?%é %Ex ereil%tte 23&0@ ration of
conpound 6a. LBCRMpAU Hﬁ'xt@é o&@s%nwearaaw@: foﬂzulbarssmmﬁ(mr@eg)mth&at descri bed

in Exanple 61 except that (R)-(+2-methyl p| perazi ne was used i nstead of

pi per azi nelde@ht MSC( NFeThix A7 ad sExethpicenisl: anprlqpatoacssf ik Aee%%@{ﬁs*d 66
20Conpound 66 ared in.th ane. manner Epp; ed,l N Exanpl e
61 exXcept RS )Cpl(bgf ‘?nﬁ%r‘ﬁ(}fiiﬂe @} RUIENVER e%zaec ﬁf@éf bi‘per azi ne.

Cl - M5 (M*'o"f%Anlc fa%m%éé@@ﬂ?éc@ecﬁﬁnecf’b@@@ﬁl@ﬁdr@&k MfgSOQ,rmﬁdumﬂheﬁVra@BCﬁhpound 67
was prepared in"the sane manner as that descrjbed in 5}3{&@| e $1Qexcept t hat

(S) - (+2- trebiduy Wagpwifirshtaz¢ohena chiorminsaerhies si@es Adf r'9zi ne.
Cl-Ms (M 0 Pueparation of conmpound 68
Conpound %’36%}63&3 gﬁé%{fﬁ ﬁélgaan% nner as that described in Exanple 61
except that 2,8sgiuteh byHpil pestazi (@enbpsassidd ins sdadorod§ ipicpaedizicrtd:
10 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 60 (128 mg).
CI-MS (M" + 1): 594.2

15 Example 61: Preparation of Compound 61

o)
CI\H,O\/© /l(J)\ HCl O/\N)LOAQ
H O/\NHZ O 61 ¥ O/\H OA@"” HoN_ H
BOC’N\ v ~
1.V

1. K,CO3, MeOH 0 0

NH, NHa
’\f)ii HN(\ " )l\f\\/)N\
NHOH CI7 N H/\[:D e 1XI1 (NN SNO Roe__Ree
—_— o NN HNS N O
81-VIll O 614X
X

N
PN
HCl (\N)\N ﬁ/\o H H
- HN\) "u/N\/\/N\O
Compound 61

Intermediate 1-V was prepared as described in Example 1.
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Cl-M5 (Mk+1): 488.1 S5Exanple 69: Preparation of conpound 69

Conmpound 69 was prepared in the sane nmanner as that described in Exanple 61
except that 2-phenyl pi perazi ne was used i nstead of piperazine. C-M
(M1+1): 536.4 10 Exanple 70: Preparation of compound 70 Conpound 70
was prepared in the sane manner as that described in Exanple 61 except that

(1S,4S)-2 5-di I.eyC I ) e ' ,
i nstead of pi p%%%?‘?tﬁ%ﬁ.df(lééép-g W@ Pﬁﬁ&%l@% gh@%%f\}g@gg)n%ﬁ %Yig?ﬁgggg%gr%t i on of
conpound W%hs reacted vadnpamunidhbiofoasatp(EpbRéd, ileay)tahel 0S@rier ahmes. AECt hat

described jn npl e 61 except that 6, 9-di aza-spiro[4.5]decane
di hydrochF’}H}W%ﬁﬁége [feeldrn W%étp‘é)éTéPq%thQOpi perazine. Cl-M8 (ML(1): 528.5

Exanpl e 72: Prepanaldf0e Ll CRTRY Wl tréed with 4 N HCl/dio 0BRONGLY 2, Was
prepared in the sane manner as that described in Exanple 2561 except that

1- rret5|hy| pigtsd az2 he. Was mistedt Wwassttiemd abfoopi jsewariture ovanighs ARt ¢thyr 474, 4
Exanpl e 73: Preparation of c oynd, 73 .. . 73
prepared Mi® fi‘iifg%s@ﬁ@lﬂﬂ%é”tas ﬁggﬁeﬁa&haé%‘bdr‘ihﬂéabtﬁwe%?&%fqg&)%%f ex\(lzvgps)t t hat

1- (2- nor phaluuRoetdy boiaiP& a2 ke WaRd USRROIN&heattica ,pionert awinne. Cl - V5
(Mt+1): 573.5 Exanple 74: Preparation of Conpound 74 Conpound 74 was

prepar ed fompetasurs addteraiimed foad hohmthavedeiongees flprekandynermediate 1-1IX
(101.2 g) was added. The mixture was stirred at 25°C for 2 hours. NaBH, (12 g) was

10 then added at 25°C and the mixture was stirred overnight. The solution was then
concentrated and a saturated aqueous NH,4Cl solution was added. The mixture was
extracted with CH,Cl,, dried over anhydrous MgSOy, filtered, and concentrated. The
residue thus obtained was purified by column chromatography on silica gel (MeOH as
an eluant) to afford intermediate 61-1V (100 g) in 32% yield.

15 Et;3N (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

20 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-VIL, which was used for the next step

25 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.

30 To compound 61-VII (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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62 except that diethyl-1 -bronopropyl phosphonate in the presence of K2CO3
in CH3CN was used instead of diethyl vinyl phosphonate. 5CI-M5s (M4 + 1):

638. 2 Exanple 75: Preparation of Compound 75 Conpound 75 was prepared in
t he sane manner as that described in Exanple 63 except that

di et hyl - 1- br onopr opyl phosphonate in the presence of K2CO3 in 10CH3CN was

used i nsteadfinredivet thylsoltiny kvaphasphiosted end @irifive byisuicagel JEIOZ82. 0 Exanpl e

76: Preparation of Co s prepared in the sane manner
as that d¥sE&H padithe ré%gézgl(g%g l’éﬁggﬁ‘tyl )at N-valeryl chloride in the
presence of DI REA, i, GHEE1 2 WRS (9580 dasideadiof salieddot inimydiaeisas phonat e.

Deportations of am no-protecti ng group by hydrochl or| de to afford
hydr ochl oFX ¢&0sag)tin ¢fH.Eondumdl). 76he ChctivB ivture Was serad lorEdwpisert77:

Pr epar ati on of Co ound, 77 20 und 77 repa manner as
thalto 5desciPBEdUPHE %\ﬁ%‘f g 8Nt @%@g’f rep}?é’fnge\i\%ﬁy@ %Rb:[%rgm i t%#}gte%@ll%ﬁ t he

presence ofq %%%M& e@k&%\lam }%H gethiotlt eaidofonthcrint il (w:nmlg) phosphonat e.
Hydrol ysis of et her group by Li af forded am no acid conmpound. Renoval of

ani no- pr of BMS g grlows08y trifl uoracetic acid afforded trifluoracetic acid
salt of conpound 77. 25CI-M5 (M+ + 1): 546.2 Exanple 78: Preparation of
Conmpound 78 Conmpound 78 was prepared in the sane nmanner as that
described in Exanple 63 except that sodi um 2-bronpet hanesul fonate in the

presence PfankSbR: Mrefdviticat ofASorpoad 62sed i nstead of diethyl vinyl
phosphonate. Renopval of am no-protecting 30group b,}' hydr ochl ori de afforded
hydrochl ori de salt of conpound 79. Q%I-I\/B+ 1): 5684 Exarrpl e 79:
Preparation ofN’Lﬁonpound 79 f

rrpound epared in the sane
manner as tfat" bed, i n.Exanplze 578 am R %ul fone in
MeOH at 40t was use M‘s(édﬂ@f di et hyl VI rty;lt phospsgpnate o] tions of
am no- protecting g¥bup by hydrochloride to

o |
TFA o I/\N/kN/kH/rj H H
N N K

10 Compound 62

Intermediate 61-VIII was prepared as described in Example 61.
Diethyl vinylphosphonate (2-1, 213 mg) was added to a solution of
intermediate 61-VIII (570 mg) in MeOH (20 mL). The solution was stirred at 25°C
15 for 12 hours. The solution was then concentrated and the residue was purified by
column chromatography on silica gel (EA/ MeOH = 5/1) to afford intermediate 62-1
(290 mg) in a 42% yield.
A solution of 20% TFA/CH,Cl; (5 mL) was added to a solution of
intermediate 62-1 (430 mg) in CH,Cl, (2 mL). The reaction mixture was stirred for 8
20 hours at room temperature and concentrated by removing the solvent. The resultant
residue was purified by column chromatography on silica gel (EA/MeOH = 1/1) to
afford trifluoracetic acid salt of compound 62 (175 mg).
CI-MS (M'+1): 642.4
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afford hydrochloride salt of compound 79. Cl-M5 (M++1): 566.2 10Exanpl e 80:
Preparati on of conpound 80 Conpound 80 was prepared in the sanme manner as
that described in Exanple 62 except that honopi perazi ne was used instead of
pi perazine. CI-M5 (M +1): 638.5 15Exanpl e 81: Preparation of conpound 81
Compound 81 was prepared in the same manner as that described in Exanple 63
except that ho i perazj.ne s _used instead of piperazine. C-M (Mt+l):
582. 4 20E§éﬁ%¥%2§2ﬁmf?%'3?8¥€8ngyu%%ﬂpound 82 Conpound 82 was prepared in
t he same manner as \Juhat described in Exanple 74 exoept that honopi perazine
was used instead qfNpiperazine. Cl-M (M+1): 652m8}25Exanple 83:

Preparati on of 3 Lompound was reqahﬁﬁ(& $ane, manner as
t hat desc&bﬁédmkﬁ Exdhphe™75-ext éaB hge) *bérazi e sNusethihst ead of
pi perazi ne. %8 - M5 (Mg+1): 596. 4 anpl e 84+ Prepdrat'i¥n of co nd 84

Conpound 84 was prepared in the same manner as that described in Exanple 62
except that (Rntgmedined-hyappisorsdiandesabedisdecande 8ad of pi perazi ne.

wes prepar et i § ohbonahE Reddb 2l REO shaR ARG FrRRUne B9
5 CH,Cl, (30 mL) was stirred at 25°C for 72 hours. The solution was then concentrated
in vacuum to yield yellow-orange foam. Crystallization from EtOH gave
hydrobromide salt of compound 63 (189 mg).
CI-MS (M™+1): 568.0

Example 64: Preparation of compound 64
10 Compound 64 was prepared in the same manner as that described in Example

61 except that homopiperazine was used instead of piperazine.

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

Example 65: Preparation of compound 65

15 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

20 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

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

CI-MS (M'+1): 559.5
30 Example 68: Preparation of compound 68
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63 except that (R)-(-)-2-nethyl piperazine was used instead of piperazine.
Cl-M5 (ML+1): 582.2 Exanple 86: Preparation of conpound 86 10Conpound 86
was prepared in the sane manner as that described in Exanple 74 except that
(R -(-)-2-nethyl pi perazi ne was used instead of piperazine. Cl-M5 (Mi+l):
652.5 Exanpl e 87: Preparation of conpound 87 15Conpound 87 was prepared in
the same nanneCompoitiads esmepdredin the ExamplaendBs ¢hat dgtcribpdiin Example
(R)-(-)-2-methyl pi perazi ne was used instead of piperazine. Cl-M (M+1):
596. 2 ExafbfeccBit a@a@‘ﬂ&?@?ﬁ@lﬁ@@”@%&ﬁﬁ@%@%8%6 '06HE 88 was prepared in
t he sane mannegfq. at;ydggey i bed in Exanpl e 63 except that

(S)-(+)-2-net hg %?Sp{el\?azi)hég&%\(}:vas used instead of piperazine. Cl-M5 (M LEl):
582.4 Exanpl e 89: Preparation of conmpound 89 25Conpound 89 was prepared in

t he sane manner as that descri bed Exanpl e 74 except that
(S)-€+)-ZE$@I§%¢Q§'1'%€P3§%?%O Elpﬁ%%e? nstead of piperazine. Cl-Ms (M +1):

652.5 Exanpl e @0y i@ wid RBpRtd FORPHREMAREACanpatiabadinesnpsiepar ed in
t he sane manner als) that described in Exanple 75 except that

(S) - (+) - 26 Inwtchpt thitPepleeny épaneminais eduscA snséesd BPISTPEKazi ne. C - MS (1WH1):

596.0 Exanple ‘'« Preparatipn of conpound 91 Conpound 91 was prepared in
t he sane nanne?ﬁ@é‘t]?\ﬂﬁ?ﬂ%t&fi bed in Exanpl e 74 except that

(S)-(-)-2-t-butyl -2-pi perazi necar boxam de was used i nstead of 5pi perazine.
Cl-M5 (MLT-1): 737.6 Exanple 92: Preparation of conpound 92
Conpéund 92 was prepared in the same manner as that described in Exanple

Example 70: Preparation of compound 70

Compound 70 was prepared in the same manner as that described in Example
61 except that (18,4S)-2,5-diazabicyclo[2.2.1]heptane dihydrobromide was used
instead of piperazine.

15 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
20 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
25 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
30 61 except that 1-(2-morpholinoethyl)-piperazine was used instead of piperazine.

CI-MS (M'+1): 573.5
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1075 except that (S)-(-)-2-t-butyl-2-piperazi necarboxam de was used i nstead
of piperazine. C-M5 (MLElI): 681.5 Exanple 93: Preparation of conpound 93
15Conmpound 93 was prepared in the same manner as that described in Exanple
74 except that 2,6-dinethyl pi perazine was used i nstead of piperazine. Cl-M
(Mt+1): 666.5 Exanple 94: Preparation of conmpound 94 20Conpound 94 was

prepared Ln the-s: nne escribed in Exanple 75 except that
%ﬁﬁ%@rx oy ﬁggri%%%g“@ngfé‘?%mE‘hﬁ Cl-Ms (MA1): 610. 4

2, 6-di et Was used'instead of piperazine.

Exanpl e 95: Pr@&ﬂg?ﬁﬂgg‘glc\%%%gﬁﬁé’&'[}pth9§arg§§ﬁfﬁp&%§%a@@e%&ecﬂ)[@wﬂ%ﬂgi n the

same manner as t In Exanpl e 75 except that 2-phenyl pi perazine
was used éhatcepidthat dighpler-arinmeproGTeBplidviateEn)the pEgte BX KnpDei06:

Preparati on of conmpound 9 ] ound 96 was prepared in the same manner as
t hat desdg _ Wﬁ%qﬁé%$W% ?aggﬁﬂiﬂ“’Qﬂﬁp%¥@@diaza-spiro[4.5]decane
d|hygrochlorldgLNﬁ§?@s$qyugggpad of piperazine. CI-M5 (MLElI): 692.5
Exanpl e 97: Preparation of conmpound 97 Conmpound 97 prepared in the

same manner as that described in Exanple 75 5except that
6, 9-di aza-spiro[ 4. 5] decane di hydrochl ori de was used i nstead of piperazine.

Example 75: Preparation of Compound 75
Compound 75 was prepared in the same manner as that described in Example
63 except that diethyl-1-bromopropylphosphonate in the presence of K,COs in
10 CH;CN was used instead of diethyl vinyl phosphonate.
CI-MS (M" + 1): 582.0

Example 76: Preparation of Compound 76
Compound 76 was prepared in the same manner as that described in Example
15 63 except that N-valeryl chloride in the presence of DIPEA in CHCl, 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

20 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;3 in CH3;CN was used
instead of diethyl viny! 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.

25 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 diethy!l vinyl phosphonate. Removal of amino-protecting

30 group by hydrochloride afforded hydrochloride salt of compound 79.
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Cl-M5 (M1+1): 636.5 Exanple 98: Preparation of conmpound 98 10Conpound 98
was prepared in the sanme manner as that described in Exanple 75 except that
1, 4-di aza-spiro[ 5. 5] undecane di hydrochl ori de was used i nstead of

pi perazine. Cl-M5 (M+ |): 650.5 15Exanpl e 99: Preparation of conpound 99
HClI NH2 NA NNN Conpound 99 A solution of 4-cyanobenzyl al dehyde
(99-1, 5 g) andi-MSMdi 6H@x56R:31, 3- propane- diamne (99-11, 6 g) in CH3CH
(100 nL) was heated to 60C for 6 hours. 20After cooling to room

t enper at ur e, NaBH4 (2.5 g) was sIomAy added to the solution. The m xture

was stirr &&ﬁ&n%Qﬁnj -9nd was then concentrated, quenched
w th NH4 xtracted th CH2C12 The organic Iayers wer e

conbi ned, dri e@ompcbdnda?&hvy@trmalsam@w? samaime ot ap theatlesgribest @i Brample esi due.

Th d fi | /[ Et 3N =
A1T) o aft orapt febmdal soa! wgons i Yresr g € vl R @Rlol FROP 2130 T o
of Inter mﬁg%lg% sp%%nét%l Déﬂor?atlgﬁs é‘ﬁ”@mﬁ@%?&e&tﬁ% gBo@h by lﬂycﬁrﬂﬂﬁere(tBSO m) was

stirred at for 15 hours and then concentrated. The resultant residue
was 5pur i 4ffoad hipdroehpodasadigriapmpoord 9.1 i ca gel (Et OAc/ Hexane = 1/1) to

afford Internqgﬁﬁ%§%k?gquéé§a a yellowoil (10.6 g, yield: 85%.

10 Example 80: Preparation of compound 80
Compound 80 was prepared in the same manner as that described in Example

62 except that homopiperazine was used instead of piperazine.

CI-MS (M'+1): 638.5

15 Example 81: Preparation of compound 81

Compound 81 was prepared in the same manner as that described in Example

63 except that homopiperazine was used instead of piperazine.

CI-MS (M"+1): 582.4

20 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

25 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

30 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



A solution of Internediate 99-1V (4.7 g) and NNCl12 (64 ng) in CH3OH (100
m) was stirred at 25C. After cooling to OC, NaBH4 (1.83 g) was slowy
added and the m xture was stirred for another 15 hours. The sol ution was
concentrated, 10quenched with NH4Cl(aq), and extracted with CH2Cl2. The
conbi ned organic |ayer was washed with water, filtered, dried with
anhydrous MgSO4, and concentrated to give a residue. The residue was
purified by chronmatography on silica gel (21% NH3(aq)/MeOH = 1/19) to
afford Internediate 99-V (2.36 g) in a 50%vyield. 99-V (3.4 g) dissolved in
THF (50 nL) and N, N-di sopropyl et hyl am ne 15(0.92 g) dissolved in THF (50
m.) were added sinultaneously to triazine 60-1 (1.3 g) in THF (50 nL) at
0C. The s ' i: or 2 hours to obtain a solid.
Filtratiogk g3 £g§@%%%é%§gag@¥%§?8§hich was used for the next step

wi t hout purifi Catipotnd Hwas sebuti anthofsamo mpouechsIBtes(ibed igExampEHF (100
m.) was added aq. 20anmoni um hydr oxi de sol ution .mL) .at 25C. After 15
hour s, Tkﬁ3ﬁﬁ?PE@éb@@dfb%ﬂﬁﬂHéWPW@€BQ@@SBﬁ%@QﬂFﬁféﬁ%p%%ﬂﬁ%und 99- VH was
precipitated, pihiepad,yanghsiried to give 3 g of 99-VH in a 70% overal

yi el d. To cogpound 99-VI1 (500 nmg) and piperazine (1-XH 211 ng) in
1-pentanol (3 nL) was added Et 3N (248 ng) at 25C. The mi xture was stirred
at 120C far 8[2§ Qggs. TLC:éhomed tggt the reaction was conpl eted. Ethyl
acet at e (E%@ﬂ%¥~aa RHARY PLCYMROUPE R i on mixture at 25C. The sol ution was
stirped for 1 Qembounthss Fh3NoGdesal theWase hidnharadhanidsdrived soExinhpl was
concentrated and purified by silica gel (EtOAc/ OH = 2:8) to afforded
99-VI || (Zexcan) thit(Ra-(8sdgneBivdpipgazias e ByeddpsipRd O HPLEHET (5 rnL) was
added to a sol gfi N diate 99- 30ViIl (200 ng) in CH2C12 (1.0 ni).
The reaction n¢§b§$g8ﬁ%2'§${$$ed for 12 hours at roomtenperature and
concentrated by renoving the solvent. The resultant residue was washed with
ether to afford _hydrochloride salt % conmpound 99 (110 ng). C-Ms (M + 1):
454, 1 Eﬂ%ﬁ@ﬂéiiédﬁeﬁﬁgﬁﬁ}%‘F@ﬁxﬁ?dg nmpound 100 Conpound 100 was prepared

in asmanner the,sa5% @7 Fetrcf8S¢ I B8 9arh® manner asEXAMBILILIY irPKLAPplet hat

1-met hyl piperazine was used I nstead of piperazine, 5G-M (IVL+1): 468.0
Exanpl e 10lexcPptepar(BH(Or2-okthytmpoeride ¥0g used instead of piperazine.

CI-MS (M'+1): 596.2

Example 88: Preparation of compound 88
20 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

25 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
30 Compound 90 was prepared in the same manner as that described in Example
75 except that (S)-(+)-2-methylpiperazine was used instead of piperazine.

CLI-MS (M'+1): 596.0



01. LAHCT 1.C OH 0 10142. NH4AOH 101-1V HO0101-11H NNH2 2. (BOC)20 3. HC
NH2 CI N ? NHI. HO C NI HN'..sia.,NH ,, NBOC(BCC)20 , HN. Boc 2.
0..,NBo,,,,,,,,C 101-V101-VI 1-1X 1,-) NH2(NHNH2 ' NHN..,)"'
N...O,,,,EOtE21.1 N N "aBOC BOC HN,,) (--N 1\|'I'NBocBoc H
101-V11101-V111 O r' N oEt NH2 N

Example 91: Preparation of compound 91
Compound 91 was prepared in the same manner as that described in Example

74 except that (S)-(-)-2-t-butyl-2-piperazinecarboxamide was used instead of

5 piperazine.
CI-MS (M'+1): 737.6

Example 92: Preparation of compound 92
Compound 92 was prepared in the same manner as that described in Example

10 75 except that (S)-(-)-2-t-butyl-2-piperazinecarboxamide was used mstead of
piperazine.

CI-MS (M'+1): 681.5

Example 93: Preparation of compound 93
15 Compound 93 was prepared in the same manner as that described in Example

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

CI-MS (M'+1): 666.5

Example 94: Preparation of compound 94
20 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
25 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
30 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



N HN- N*CLBoc Boc 101-1X NH2 rt"-k TMSBr ONNNHHH fi O .. ----..,"N")H
c.. OVAConmpound 101 10Ci s-1, 4-cycl ohexanedi carboxylic aC|d (101 I 10 g)
in THF (100 mM) was added oxalyl chloride(101-11, 15.5g) at OC and then DV
(few drops). The mixture was stirred at roon1tenperature for 15 hours. The
solution was concentrated and the residue was dissolved in THF (100 nil).
The m xture solution was added to anmoni um hydroxide (80 m) and stirred
for 1 hour. The solution was concentrated 15and filtration to afford crude
product 101-111 (7.7 Q). Conmpound 101-111 (7.7 g) in THE (200 m) was
slowy added to Li AlH4 (8.6 g) in THE (200 m) solution at OC. The m xture
sol ution EEEQEELLrB@p@@UGEQf@EmﬂWQ Bdurs. NaSO4. 10H20 was added at room

t enperature an mlw for I Hisl tered to
get filtrate aﬁam@8W% @Eplﬁdl e%?ggl Ségﬁﬁéﬂﬁg%ﬁggé i X¥§@8H5012 (100
) . sEt 31dxeepl Bt @)- d@d‘i@-bf)ﬁ@[@ﬂ@ecﬁﬁ@d@}ldmenlerladd/@si ugdd ms*.teem éfenperature. The
solution was stirred for 15 h, and then concentrated to get resultant

resi due. EWh@ﬁmﬁas added to the resultant residue. Filtration and drying
under vacuum a 8@9@% Bl 4 grude product 101-1V (8.8 g). A solution
of conpound 101 and Et3N (1.7 g) in 1l-pentanol (10 m) was
reacted with 2, 4- dlchloro 6-am nopyrimdine (1-VI, 910 ng) at 90C for 15

5hours. TLC s d t hat .t he reactlgpsmas conpleted. Et hyl acetate (10 ni)
was addedﬁi¥ﬁﬁﬁéL¢%%ﬁ??%ﬁpﬂﬁ%?ﬂ?@n 25C. The solution was stirred for 1

hour,, The Et3'\t*19£ §@ddt98’\@§ 0[5 ;mwﬁuhya@mé hlahhatR thasleseiee it Eaimglcand
purlfled by SI|IC gel X to afford the desired product

101-V ( 1.75 geepShstyi @ldca)za bmr@[élijumdmali@f ihyfireeHeddates wodinsteat of g) was
treated wi.th 4 N HCl/di oxane 10(10 m) in MeOH (10 m) and stirred at 25C
for 15 hdUPE**4#t.C showed that the

CI-MS (M*+1): 650.5

15 Example 99: Preparation of compound 99

2N\/\/N
NC
NG s L J \©\/ (Boc),0 O\/Boc Boc
N\/\/N e
CHO O

99-1 9941l

O T e
99-vII 99-VIIl

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

dried with anhydrous MgSO,, and concentrated to give a residue. The residue was
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reaction was conpl eted. The m xture was concentrated, filtered, and dried
under vacuum (<10 torr). For neutralization, K2CO3 (3.2g) was added to the
solution of HCL salt in MeOH (20 m) at 25C. The m xture was stirred at the
sane tenperature for 3 hours (pH > 12) and filtered. Al dehyde 1-1X (759 ng)
was added to the filtrate at 0-_ 15 The reaction sstlrre at 0-10C

for 3 houpwificHly @ﬁ@%@t@gmﬁbwtlﬁléw@é%ﬁ%C%%\l Tonpliet dh‘r‘ﬁ‘éfﬂe INSBHA (112
ng) was aggl ﬂﬁt%%}%%b%%}eﬁoc and the solution was stirred at 10-15C for 1
i"oh 'was ¢C

hour. The’s centrated to get a residue, which was then
treated wi th CH2GLRIOAGS Miprmelidie9PalMt(Ur2er)was Boaghéld. g ) in (FaiGls &280d NHACL

(aq) solution. The C12 er was concentrate d the resi
purified Q‘@b‘yaboslﬁlf@ﬁﬁf%’bﬁ%@ﬁﬁgéﬂu@awgﬁné@c@%@& %@%EN @qr%lgjf/‘fﬁb to

afford | %ﬁf@%\@hﬁ’orﬁ%ﬁg%{o?}é gn% g i1ia %ég%d}\@/k%)(ane =1/ 1) toEe{f%}‘d( 600 ng) and

Boc20 (4 re a tion of 101-V 0 g) in CHC12 (10
m ) at 25@teriflodiatd 91NV es msllcsﬂmﬂt(ﬁ%gtyi%iCSﬁ%b 15 hours TLC showed t hat

t he reaction S co ed. The nvva trate i fied 25by
chr onat ogr aph&ﬁdﬂluélgﬁpaf“@@}ed @%’ 311\1)%(] ggjg?]lgﬁ%gﬁa@g (rr[)r@(iii ate

101- VIl (&5%&@%&@@%2’50@ qélfter cooling t-BQ)O@ NQBFL'(PEB @PW@@MG@Iﬂ&ﬂd’ewahd(720 ng)
and pi perazine (1-X1I, 2 9g) in 1- pent anol (10 nL) was added Et3N (1.43

g) at 25Che Theturd W@Wmﬁwﬁf@r oitlrar d§ hatirs1 e splyFiop avap sepcsnirateE showed t hat

Sof 0t on UBRcHERAREEP G BBt PR aFL il Rt A1 bV ERGERATRE 1= T

sol ution m&vme@@nﬁlrvadt@dﬁaa@dmtddfwﬁdamdsddbiM@S@gme( ERActedt = 2:8) to
afford 101-VI11 (537 ng) in 69%yvyi.eld. To a sol utlﬁﬁyf 101-VI 1|
(537 ng) EFYP wgﬂue1Ihmwdhlﬁw§d>&€éeé|%@h5ﬂm%?amhwb% €2-1, 201 ng)
at 25C HE;)%M A, f QU 9, Tlf and HPLC showed
that the reac |ogbﬁa§@}§g§m€1 Jf?&g Ih't%ﬁﬁédg%ég?l\g J11concen}r ated and purified
by silica gel %WQM@ﬁZGlevedanb{Ft(ﬁi) odi) aﬂl@NN)dI&@&@ymﬁ}ylEmmea 57% vyi el d.

10 507 35dbbdh Vsdifd inypef T i o' P B S ipl R Rt B S B0 iR  She ™Y

sol ution B33 IESEL frat€d The s61eaBY & ad MaBEd @e%@%ﬂ@ﬂ&urﬂﬂﬂ@ﬁaﬁ@%um at 40C,
then, CH2Cl12 was added to di ssolve the residue. Then TMSBr and sol vent were

furt her f@lﬂr@mveﬂondn@l eompew M- Xhavidek @ps useisfon theagxt Ber vebeutt i mes

r epeat edl%/[l h[e solution was concentrated to get hydrobrom de salt of
corrpoundp Bg 3(?@0 ng). CI-M5 (M+ + 1): 566.9 Exanple 102: Preparation of

conpound 102 To &Hsbhidtdon of compound 99-VI (4.3 g) in THF (100 mL) was added aq.

20 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 I-pentanol
(3 mL) was added Et;N (248 mg) at 25°C. The mixture was stirred at 120°C for 8

25 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%yicld.

A solution of HCI in ether (5 mL) was added to a solution of intermediate 99-

30 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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102- VI 102-VI I | 15Conpound 102 Internedi ate 61-H was preared as descri bed
in Exanple 61. To internediate 61-11 (1.0 g) and

DL- 10- canmphor sul fonic acid (150 ng) in 20CH2C12 (10 m ) was added acrol ein
(102-1, 446 ng) at OC. The reaction was stirred at 25C for 15 hours. The
solution was concentrated and purified by chromatography on silica gel
(EtOAc/Hex = 1:1) to give internediate 102-11 (180 ng) in a 16%yield.

I ntermedi ate 102-11 (1.13 g) and piperidine (102-111, 222ng) were dissol ved
in MeOH (& @%&106@6 ¥t 6F doaoshd 16¢d in OC for 3 hours NaBH4 (119 ng)
was 5added under 0C alﬂad the solution was stirred 1 hour. sol ution was

concentrat ed afemEpPd ilazasayeracd WWB@FJE@W)&@M%@YW H: sol uti on of
sat ur at ed NH4C1ZI 9 ag bglag |n%% hyl g;?er%@e%gsﬁﬁ%f%{st%%f(bg%?%mer ated and the

resi due WHS on silica gel t OAc/Hex = 1:1) to
gi vesi nt er medi @I—MSL@\T#I\)( 4(;83@ ng) in a 56%yield. 10102-1V (737 ng) and
Pd/C (10% 20 ng) in MeOH (10 m) was stirred under H2 (1 atn) for 18

hours. Filtration through a celite colum and renoval of MeOH afforded

i nt er medi n of conpound 102-V (580 ng) and Et 3N
(480 ny Mffrg Q%thngfﬁn%hh{% ie(?';)tlct ed with

2,4-d| chI or o- 6- am nopyri modl ne (1-VvVl, 258 ng) at 120C 15forN@5 hours. The
sol uti on was conce rat d purl f Ped byLAlcthromator %up /%I i ca gel

( Et OAC/ Hex = jd @14. T dithe SRRV, %d% vyi el d.
Conpound 102-VIO(§Q_| |'4'8H hyﬂ{ gxyeth I)pl pe,(,@,g,l ne (102-Vil, 1 nm) was
stirred at 120C for ' ours To the m xture was added CH2C12 (10 m) at

25C. The sol ut jQn vvas washed with wager. After renoved of Cl2CH2, the
resi due was 2( Hl‘lfl ed by chr omat og hy on silica gel (Cl2CH2/ MeOFl =

9:1) to giveyt e 109- v |k 1@\%@ a 25% yi@beh A sol ution
vaas ddd

of HC1|n14d|B (\Jé-&lz any ! Na- tion of internedi ate
102-VI 11 (15 ng)®'Vn CcH2C12 (\5\' The 1%¥ction~m xture was stirred for 4
hours at room E”grrper ature and cop\cglntrat echH y renoving the soI vent. The

SY HN. AP BoEt

r’
CNN T PN NI BB _OEt24
H No~_N HN._A N._~_N \O
101-VH \/: 101-VIH

NH, NH,
NTNTN Boc Boc  IMSBr NN
OEt 101-IX W Compound 101 O
10 Cis-1,4-cyclohexanedicarboxylic acid (101-1, 10 g) in THF (100 ml) was

added oxalyl chloride(101-I1, 15.5¢) 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
15 and filtration to afford crude product 101-111 (7.7 g).
Compound 101-II (7.7 g) in THF (200 ml) was slowly added to LiAIH, (8.6
g) in THF (200 ml) solution at 0°C. The mixture solution was stirred at 65°C for 15
hours. NaSO4-10H,O was added at room temperature and stirred for 1 hours. The
resultant mixture was filtered to get filtrate and concentrated. The residue was
20 dissolved in CH,Cl; (100 ml). Et:N (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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25resul tant residue was washed with ether to afford hydrochloride salt of
conpound 102 (11 ng). Cl-M5 (M+-+1): 489.3 30Exanpl e 103: Preparation of
conmpound 103 Conmpound 103 was prepared in the same nanner as that
described in Exanple 102 except that 1-(2-norpholinoethyl)-piperazi ne was
used instead of N-(2- hydroxyethyl)piperazine. Cl-M (M-+1): 558.5 Exanple
104: Pr epassalut ofthef weeagdedrid tHkQ4sultant residue. Goittrsiondnd day DR EEY BarEd i n t he

same manner. as,that described..i | e 5102 except that
1- (2- (2- h¥ ?fgﬁ@%qq}aﬁ]o%{k};eeﬂrﬁﬁ}%tgpﬁ@%' was used instead of N-(2-
hydr oxyet hyl ) pRglah ae coholll (TVIL. | BaE EX@Plsp il (pen@neinan aff) on of

conpound 105 Internediate 102-11 was prepared as described in Exanple 102.
102- 11 ( 1809reayfpd st Zekdichloavriorranopmormiine (1405910 meg 2t Y for IReOH (10 nl)

was stirred at QC for rs. NaBH4 (87. t OC durin
a 15feri o]EPLB?-er(hcﬁt?rw.ed?‘hagqg%ieﬁ?tf%hw%&aésoné)éeg‘%ggﬁhgﬁcﬁwﬁggﬁggz%a% th NG
(aq), andy®lii@gleehdtoh hiGHeGk2s5°Thahesganbcwhayats! foel dosornttined, dried

wi t h anhydrous MgSO4, and concentrated to give a residue, which S
puri fi ed ByNEKH sntiveg reapstigd ol he filtrase Wge FORRBIHE S B Nﬁi’%ﬁi by 99835l t o afford

i nt er nedi 105-11 0 829% Vi A byt | { nt ernedi ate
105-11 (1900285 4Et1%il90(%£cggﬁ%3&e§%§&g%§)c§8t 1(%%%%%;& b9 Rl D (10 nl) was
stirred at 25CAfolutidd ohdtrsedikiel (HeV Ul il @) waasreitd witohtdht' ¥ dibreheand
purified by chromatography on siljc |. (Bt OACA xane = .1/1) to afford
i nt €0medi @%énliHSMeQHg(@G‘?% rgd St?%ﬁ}% i‘;ia&élgﬁ)ﬁ?r B hourb‘ATfs_ﬁlb@?‘?’%drfhgét nt er medi at e
105- 111 Q%Q&l@%as%ﬂlp?%é > TR0 Wirel s MBRE NG AR d ik er¥@Sing diricd @ddinder  H2

(bal l oon) at 25C for ours. The filtrate was got by 5filtration through
a cel i t e columi<shtbrne foveditivbodiono Kaf Po f02¢)ivasraseed tx e selgtipn/of Hibny) .

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 0-
15 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
NH,Cl (aq) solution. The CH,Cl, layer was concentrated and the residue was purified
20 by chromatography on silica gel (MeOH/28% NH4OH = 97/3) to afford intermediate
101-VI (1.0 g, 66% yield).
Et:N (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
25 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
1-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
30 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 (EtOA¢/MeOH

= 2:8) to afford 101-VIII (537 mg) in 69% yield.
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Et 3N (454 ng) was added to a solution of internediate 105-1V (740 ng) and
2,4-di chl oro-6-am nopyrimdine (1-VI, 246 ng) in l-pentanol (10 nL). The
reaction mxture was stirred at 120C for 15 hours and concentrated under
vacuum The 10resultant residue was purified by chromatography on silica
gel (EtOAc/ Hexane = 1/2) to afford internediate 105-V (420 ng, 45%yield).

A sol ution of kinterpedia Yy i (422 ; Lperazine (1
m.) was sti rregogtw@gbo%g?ﬁgél%gg?&%glepea ltlﬁgﬂ%%ﬁgg%ﬁé@? gﬂggc and
di | uted wpldsphdrd€2-1,201 filg) at THre. rEachixaite S0k titrehundes 6926 fedatiouls. wat er

dried 15w th ang%lpdrous MySH4, and concentrated. The residue was purified by
chr omat ogt hpHpd SIS phavedghat thonepeey waoemplged) Thesalpiol W2y nt er nedi at e

105-VI (1 % Vi ) t CL i - 1410

added to SEar TG G b LRGN ) s USRS e

reacti on miaxihgishds stirred for 204 hours at room tenperature and
trated b [i th I t.. T I t ' hed wi th

Gtner L0 at f o 1P RyarBEnPbHIGE Chkmet g RGurd™R0R BT R (WD)

515.4 EXf]IggiﬁﬂeQﬁs'ocﬁBﬁﬂ)% 0 R FOTRO WR.JLAG 526 Ganppmiids. 19 was pr epar ed

in a mn the sane as that descrined in Exanple 105 except that
1- ( 2- nor pledktionoetsophyentiapelrtazémevarBs SBs ead salsers addeofvapnym.at 40°C, then,

hydr oxyet hyl ).pi perazi ne.,.Cl - 1\4 k+l1): 5 anpl e 107. Preparation of
cgrrpou%d ‘%#@@%@ﬁ@%ﬁ#& di59v e(rﬁf‘léb rt%eniﬁ\%ﬁéa@%%w%gr%%? fuégl ef Eat
desgpi bedehdvEXantil §adldn SXLERLCL Rak adddd2ot Brunyidtcexyehtedky YRichy| ) pi per azi ne

was used instead of N-(2- hydroxyethyl)piperazine. Cl-NS glvn+1): 559.5
Exanpl e 108ttioprgsaoaeqndigtegfto @éﬁ”ﬂﬁ@iﬁiﬂ()@@@ seliwp sermpoatsisl Mdd " MEdar ed i n t he

same manner as~f SGE.i i n Exanpl e 105 except that piperazine
was used i nst e%%ﬂﬁ(hﬁf(gg'hgﬁp?%xyet hyl ) pi perazine. 5CI-M5 (M LF1): 471.4

Example 102: Preparation of compound 102

ol

102-1l

A 10241 Boc N™"C
N™ O T H
H N /\© O~ New 2. NaBH,
~et

Boc” -
P 102-1
NH,
DY
j\ cI N el
Boc N O e O Boc dNHZ 11
N\/\/ N\\\“ H #—"' N\/\/ N\\\‘\
102-IvV 102-v

NH, NHz

NH

BN \N

I o o

cl” NTTN Boc 102-VIi ¢NT N MAO Boc O
H r,,I/N\/\/N \) "':/N\/\/N

102-V] 102-VHl

15 Compound 102

Intermediate 61-IT 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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Exanpl e 109: Preparation of conpound 109 Compound 109 was prepared in
the sanme manner as that described in Exanple 105 except that

1- (2- et hoxyet hyl ) pi perazi ne was used i nstead of N-(2-

10hydr oxyet hyl ) pi perazine. Cl-M5 (M +1): 543.1 Exanple 110: Preparation of
conpound 110 TFA NH2 NN 0-1=",1\1 Conpound 110 15 Internediate 1-XI1]
was prepaatthbea@dodesibrirbethd sol@icampiseconcentrated ang gueifiebbyiehromagseraphy

vi nyl phosphoni ¢ acj 110-1, 550 nm). jn_dr. : |l owl y added
oxal yl chP%?lﬂﬁaeg%étg)‘éﬁ/ fd bfhﬂo@én@inhﬁlei{%teg@g -ﬁﬁle%#ﬁ%)%z%l‘%%gg?e}cgf I ﬁxed
for 3 hours, apg. aRAGENE221QY. 1BQ)dhy BipeH@iRt (2L, mohevceodisespaindi ng

20phosphochl oridate. The phosphochl oridate was added to a m xture of
2, 2- di net imyiVieOH, (30 priop die ditigtur¢ vagstirred iBIOC e 3 hejry BeBh 61 ]@lmg}fmab: and

Et3N (3.1 at -70C. e mxture was sl,qwl . 0 rature and
stir r5((ad a?‘%?agﬁmﬁ% Oggli'f‘g@hq %011%\%/5? e\ é%@&yw%@g%otggﬁs glc %nﬁggﬁ c :Jayer
was dri eda{iNUBR4) wad hdde@l @l ndRGrEVAPOLALE thithBoutioa DI sateraraisNHEI fi ed by

col um chromat ography on silica gel 25(Et0Ac/ MeOH = 9:1) t fford
110- 111( 6B hepution 5%%&%@&%% cgpqentrated and theagidiespep ﬁt}féqu Y (65 ng) was

added to g sl yiLaN, of ik SLTRMALRIL-X 1) (202l MY froL) . The

sol ution Was 's ours. he sol ution was concentrated and
t he resi dug) wassquridd.ed by col um chronat ography on silica gel (CH2C12/

M90|_1|0 =9t O1 0%1‘_11“9 E7%7i rrrllé)earnrcrlqu{/g t( FOO/%,]QOO_ rln?g/) ﬁljlvAIgOﬁg()lO irrﬂ) \?vag' gt%)red under
H, (1 atm) for 18 hours. Filtration through a celite column and removal of MeOH
afforded intermediate 102-V (580 mg).

A solution of compound 102-V (580 mg) and Et;N (480 mg) in 1-pentanol
(10 ml) was reacted with 2,4-dichloro-6-aminopyrimidine (1-VI, 258 mg) at 120°C

15 for 15 hours. The solution was concentrated and purified by chromatography on silica
gel (EtOAc/Hex = 1:2) to give intermediate 102-VI (420 mg) in 54% yield.

Compound 102-VI (50 mg) in N-(2-hydroxyethyl)piperazine (102-VIL, 1 ml)
was stirred at 120°C for 15 hours. To the mixture was added CH,Cl; (10 ml) at 25°C.
The solution was washed with water. After removed of Cl,CH,, the residue was

20 purified by chromatography on silica gel (Cl;CH,/ MeOH = 9:1) to give intermediate
102-VIII (15 mg) in a 25% yield.

A solution of HCl in 1,4-dioxane (4N, 2 mL) was added to a solution of
intermediate 102-VIII (15 mg) in CH,Cl, (5.0 mL). The reaction mixture was stirred
for 4 hours at room temperature and concentrated by removing the solvent. The

25 resultant residue was washed with ether to afford hydrochloride salt of compound 102

(11 mg).
CI-MS (M™+1): 489.3

30 Example 103: Preparation of compound 103

Compound 103 was prepared in the same manner as that described in Example
102 except that 1-(2-morpholinocthyl)-piperazine was used instead of N-(2-

hydroxyethyl)piperazine.
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5yi el d. A sol ution of 20% TFA/ CH2C12 (3 nL) was added to a sol ution
of internediate 110-1V (147 ng) in CH2Cl12 (2.0 nlL). The reaction m xture
was stirred for 12 hours at roomtenperature and concentrated to afford
trifluoracetic acid salt of conpound 110 10(267 ng). Cl-M5 (M4+1): 635.4
Exanpl e 111: Preparation of conpound 111 Conpound 111 was

prepared in th "§%E§IWQID s that described in Exanple 15110 except that
2- am nobenzyl gﬂco I wgsgﬁ%gd i nstead of 2,2-dinmethyl-1, 3- propanediol.
Cl-Ms (MA+1): 654.4 20 25 Exanple 112: Preparation of conpound 112

112-11112-111 1. K2CO3, MeOH. Boo 2. NH2 N A, NN O0112-1V Boc HC 3.
NaBH4 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): 5334

Example 105: Preparation of compound 105
H

0]
}b AU
O 1-H2N H [::]”\N CYA\[::]
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Boc O/\ ﬁ*o“@ 105-1 BN~ N H _(Boo)z0
0. N >
NN 2. NaBH,4 H‘qtf 105-11 NH,
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o CI” N
J Boc  Boc ()/\NHZ _
4 Boc  Boc (j/\ N o’\© Ha, PA/C H N ~UNew 1-vi
N~ N —————~»<gb/
H‘% /t 105-111 H 105V

NH2 NHZ
N K\N H I =N
oy oA N NN B B
cl Boc Boc R /\O oc oc
MO, e g wew VNN Re R

10 Compound 105
Intermediate 102-11 was prepared as described in Example 102.
102-11 (1000 mg) and exo-2-aminonorbornane (105-1, 257 mg) in MeOH (10
mL) was stirred at 0°C for 3 hours. NaBH4 (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
MgSO,, and concentrated to give a residue, which was purified by chromatography on
silica gel (MeOH/28% NH,OH = 97/3) to afford intermediate 105-11 (1000 mg, 82%
yield).
20 A solution of intermediate 105-IT (1000 mg), EtsN (210 mg) and Boc,O (455
mg) in CH,Cl, (10 mL) was stirred at 25°C for 15 hours. The solution was
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1. 1. 4. 5. NH2 N, N NO."N') O Conpound 112 Internediate 1-V was
prepared as descri bed |n Exanple 1. A solution of conpound 60-11 (27 g) and
Et3N (37 g, 3 eq) in 1-pentanol (80 5nL) was reacted with

2, 4-di chl oro-6-am nopyrimdine (1-VI, 20 g, 1 eq) at 90C for 15 hours. TLC

shovved that the reaction was conpl et ed Etw{ acet ate (55 nlL) was added at
25C. The swkentiaon andspusified b ¢hfosratagrpiiyron sMigaggel HitOAL Hexpre 7dshr enoved,

the filtrat S.con t T 6 of original volune) at 50C.
Then, di ettoha\?q V%Pﬁeé@e@?% %ﬁ\?\é %g’@ﬁ%& e concentrated solution to
afford the desiretiddoningsrirdiaat SR (N 7(2D) @;11?61(2)@/((30 mg@l)n IaIfeOéT(lﬁ)l ltration

at 25C. A sol ution of |ntermedc|) ate 1-V ( and
IV, N' di i mbprepstireadhyndenkh fullopRER> "G ig 1@@011? €a§ ?g%e RS E%é’yng, 0.1 eq)

o LzPent @igliof du o) oS oﬁ&ﬁﬁaf?@re%ﬁofv@dwmwf&g%nt'enﬁgﬁ&eqa%-lwt 140C T o

24 hgurs e Bacts oh™“m xture was concentrated un uced pressure.
resi due tiuemgpt ai ned was purified by '15col um chronatography on silica

| (MeOH CH2CLl2 = 5/95) t ford internediate 1 67%
SFeld e kel wosaBled St § st RS EURECRT T CADITR 0/ ci oxane
(L7 m) in gpﬁ%-@sarﬁmﬂk%ﬁmfﬁﬂfe (LWL, Y16 B3 $Ip'eﬁtraﬁ61 @b 190N He8ERSHAL Ur e

over ni ght”’ et her s added, the solution was filtered. The HCl salt
of 112-1 Irhixttreisasbtimedad 2086 fmhmumdd@ncmmdmndmva&ug@l diticon of [-1Cl

salt of 112-111 i. s adde

t enplr at P& t&?ﬁf@? ?W&ﬁpé é& d%%l%?r?atf pHP Ey 295" lcz\'ﬁglj(E%‘%/r%é%lgoﬂ/a ered.
Al dehyde td aft%rd(i3R0mPMatc 08- v @ mase i Opynl)e of 112-11) was added to the
filtrate of 112-111 at 0-10C. The reaction was stirred at 0-10C for 3

hours. TLC showedutiomef inteamediaEti08nV (smedbippl - dydroxkehy! SNQB"P@“E?O ng, 1.5
eq based (??HLIBQVB% stirred at 120°C for 15 hours. The reaction was cooled to 25°C and

diluted with Cl,CH; (10 mL). The reaction solution was washed with water, dried
15 with anhydrous MgSO., and concentrated. The residue was purified by
chromatography on silica gel (Cl,CH,/MeOH = 9/1) to afford intermediate 105-V1
(10mg, 17% yield).
A solution of 4 N HCI in 1,4-dioxane (2 mL) was added to a solution of
intermediate 105-VI (10 mg) in CH,Cl; (5 mL). The reaction mixture was stirred for
20 4 hours at room temperature and concentrated by removing the solvent. The resultant

residue was washed with ether to afford hydrochloride salt of compound 105 (8 mg).

CI-MS (M'+1): 5154

Example 106: Preparation of compound 106

25 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

30 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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50f 112-11) was added at <10C. The solution was stirred at 10-15C for 1
hour and concentrated to provide a residue, which was then treated with
CH2C12 (30 nmL). The m xture was washed with saturated NH4Cl(aqg) sol ution
(15 nL). The CH2C12 | ayer was dried over anhydrous MySO4 and concentr at ed.
The residue was purified by chromat ography on silica gel (short colum,

Et OAc as nobil e phase for renoving 100t her conponents; MOH 28% NHAOH =
97/ 3 as nobil e phase for collecting 112- 1V) to afford internediate 112-1V
(214 nmy) ERadPIYBEP@paration of ddngluutl 168 of HCL in ether (4 rril) was added

to a solution of internediate 112- | 200 in CH2C12 (1.0 _nL). The
reacti on m xt upén\%gn%wsﬂ"éﬂprﬁﬁ%re‘i?%6&?@6 ngg%%ﬂc?ﬁ\ﬂiaéﬁﬁ@@%‘i%li%‘%}me
concentra i g ) ITeERITVIS oo 1iRe 15af f ord

hydr ochl o??ﬁ%x%gﬁl Etg%ibl %%%g%‘&ﬁ%ﬁi%ﬁﬁ%go%@ %Iirwl\% (}Wfliéri)l: ¢ 593. 3 Exanpl e
113: sPr epar at i 6MS (MoAPodTd4 113 112-1V113-1 20 Internediate 112-1V

was prepared as described in Exanple 112. Et3N (654) was added to a
solution of internmediate 112-1V (214 ng) and Boc20 (81 ng) in CH2Cl12 ( 10

n) at 25€,aIhe 189! pehRRiNBSE Rhigoted1eyer ni ght and t hen concentrat ed.
The resulTant residue was purifi Edm% col utm chr omat ogr aphy on 25silica gel
£

(Et0Ac as an eComnpoynd H9ivasepriprred atrec magner ab 196 dasgyibphinaEgmuplyi el d.

113-1 (15 Pd/.C (10%., 20. .in MeOH ti-hred under H2 (bal |l oon)
at 25C fofogi%gcﬁ]gﬂg%t.l‘éﬁﬁ%tﬁ?ﬁyf%lgf)é’”{%g%mnﬁa%asbeu e%@%&gﬁké\f elite col um.

Renoygal qiycﬁa%%dt}gﬂ)ﬁ;qfema nternmedi ate 113-11 (112 ng) in a 90%yield. A
sol ution of in ether (2 n) was added to a solution of internediate 113-

511 (100 ng) iA-MeM2rP138-hi). The reaction was stirred for 12 hours at
room

Example 110: Preparation of compound 110

(HO), 0P = oH
110-1
OH NH,
NH, 110-11 o.('j P & L\!\
f/r\d \1/\/0\/ o [TN "N H/\O Boc Boc
(\N N/ N Boc Boc O'P\/\’N\) '»/N\/\/N\O
HN_A H s No~UN 110-H1 < O
1-X1Il O 1104V
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“ N
N NN H
H
TFA O-2~N H r No~UN
0 O

Compound 110
15

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

To a solution of vinylphosphonic acid (110-1, 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

20 phosphochloridate. The phosphochloridate was added to a mixture of 2,2-dimethyl-
1,3-propanediol (110-I1, 530 mg), dry CH,Cl, (17 mL), and Et;N (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 (MgSO,), filtered, and
evaporated. The residue was purified by column chromatography on silica gel

25 (EtOAc/ MeOH = 9:1) to afford 110-IIT (65 mg, 7% yield) as brown oil.
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tenperature and concentrated. The resultant residue was washed with ether
to afford hydrochloride salt of conmpound 113 (93 ng). C-Ms (1\/1 + 1):
459. 4 Exanple 114: Preparation of Conmpound 114 H2N-- 0 (Boc)20 114-1 HN
Bo"-c'a 114-11 NH2NH2 J. cl NNHCI 111 H CI NN HH 1-VI1"--NBoc NH2

Boc 114-111d ompound 1?0 IlH (gg mg) wa$ yg‘cﬁed]‘fo a bolutlon of intermediate 1-XIII

(202 mg) in MeOH (4 mL). The solution was stirred at 65°C for 24 hours. The
solution was concentrated and the residue was purified by column chromatography on
silica gel (CH,Cly/ MeOH = 9:1) to afford intermediate 110-1V (147 mg) in a 48%

5 yield.

A solution of 20% TFA/CH,Cl, (3 mL) was added to a solution of
intermediate 110-1V (147 mg) in CH,Cl, (2.0 mL). The reaction mixture was stirred
for 12 hours at room temperature and concentrated to afford trifluoracetic acid salt of
compound 110

10 (267 mg).
CI-MS (M "+1): 635.4

Example 111: Preparation of compound 111
Compound 111 was prepared in the same manner as that described in Example

15 110 except that 2-aminobenzyl alcohol was used instead of 2,2-dimethyl-1,3-

propanediol.
CI-MS (M'+1): 654.4

20

25

Example 112: Preparation of compound 112
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(Boc)20 CI NH2(NHNH2 NNYJ'N 'N Boc Boc CD 1-X11 NN--**D Boc Bo_cf3 HN,)
114-V NH2 HC 10Conmpound 114 Internediate 1-VII was prepared as
described in Exanple 1. A sol ution of compound cycl ohexyl met hanam ne
(114-1, 3.0 g) and Boc20 (7.7 g) in CH2Cl12 (30 nL) was added to Et3N (5.0
rut) at 25C for 15 hours. The 15sol ution was then concentrated and the
resul tant residue was purifi ed by col um chronat ography on silica gel
(using Et0Ac and Hexa:@a@*a,n\'el uant) to giyg internedi 4l4-H (6.5 g) in
a 49%yield. To nmter iatéM4-1 (3.0 g)yand DL- 19-ecasphor sul foni ¢ aci d
(450 nmg) in N CH2C1204130 ) S apq@@N/ rolein (102v1, 2,72 g) at OC
The reaction “sgirred at 2025 o ours. The sol ution was
concentrated and.ypurified by chromat ogr ap_hy on silica gel (EtOAc/Hex = 4:1)

to give internediate 114-H (2.4 g) in é?‘éB%yi el g,

NH, Py
N7 !
QL s 2 Qe TN
N O_.N H j
O N H/\On,,/NHBOC T N2
\g’ o}
11241 112111
1. KzCO3, MeOH NH2
Boc
, O N N2 el
-1 (NN H“O H Boc
O. N\) ey NN
3. NaBH, 7(1)’

Compound 112

Intermediate 1-V was prepared as described in Example 1.
A solution of compound 60-11 (27 g) and Et;N (37 g, 3 eq) in 1-pentanol (80
5 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
10 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 I-pentanol (1.8 mL) was
reacted with compound 112-I (600 mg) at 140°C for 24 hours. The reaction mixture
was concentrated under reduced pressure. The residue thus obtained was purified by

15 column chromatography on silica gel (MeOH/CH,Cl; = 5/95) to afford intermediate
112-I1 (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

20 under vacuum. To a solution of HCI salt of 112-I11 in MecOH (15 mL) was added
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A solution of internediate 1-VI1 (1.0 g) was treated wwth 4 N HC /di oxane
(5 nm) in MeOH (20 nmL) and stirred at 25C for 15 hours. TLC showed t hat
the reaction was conpleted. The m xture was concentrated and HClL salt of
1-VI1l was fornmed, filtered, and dried under vacuum (<10torr). For

tralizati CxB (1.5 5 d to th I f HCl It of
LV | R 150 HieyoraicmBka R dn e R e B 0 R e e | °
tenper at %gs F&t‘?&-eé AHB e (PR @o@%ﬁ%we bdst@bsthole of 112-R) dabygedkd4-111 (728
e t he at 0-10 C. Th

ng) was ad to iltrat ‘ e mxture was stirred at 0-10 C
for 3 houths filtfit€Co hi2aHd at Bd0° € h&he sactidromasvdisredairpt 18f edor Irhans. KhBH4 (103

ng) was added at |ess than 10C a S j.on. \was iLrred 0- 15C for
1 h. The g@ﬁﬁ@%ﬁ%t gmawﬂagﬁfpgwgﬂéﬁgﬁﬁwgﬁﬁ%gﬁQ“P8§1@%gﬂ5ﬁﬁﬁgﬁﬂ§§% t hen
treated Wt rGi2G2addlA alkd oo CThBO Ktk SvadRGrre@eied] SMCt far $abuF atded ag.
NHACL solution.” The CH2C12 | ayer was concentrated and the residue wa

S
puri fi ed dypcotirated pgraghy resiusi Which wge thepgresied vadl Ghe L2 B00nE)-adhembi | e

phase for_renovi ng ot her..conpo : 9% =97} il e phase
for coll éBPﬁ%HS Wfig“-dbli%f‘%th F%H%Peﬁorﬁ%%lrvg‘@yoﬁlﬁ‘w$ %@‘)OT%)C%Z% lg%}Et 3N (820
ng) and Bog2Qidi44er i)y diwes a1@sitlecthdiontdieragdl Uhiossidfe kpur¥iedy0 ng) in
CH2C12 (10 nmL) at 25C. The m xture was stirred ﬁ% é%C*f r 15 hours. TLC
showed t tratorpHegpalcen sitichead (shorpradyas, EiPde sdnohilcdiasilor EgMdng r at ed and
purified F . Rid, bef= Gﬁg% IkktiEo192-ve

i nt éIr’ nedi(}a?%{eé%?&‘g-gl%%]g%h? 4 /2(9%? ﬁ#4gﬁg_1?/?§ia§%%% ﬁféé%%):npo%nd 114-V (200
mg) and Adivpes abfomdenteimathite 118-INYR 14 mdipddfoandt. (2 nl) was added Et 3N (194

at 25 C. The m.xtu s stirr at 0C for 8.hours. TLC s d that
?ﬁé reaction W%§ﬂHBWb?é§g V“#ﬁﬁ(égﬁﬁﬂwgﬁ%éﬁ “%%ﬁ%gﬁyygﬁgﬁngﬁgaﬁﬂﬁ?$ied by

chr omat ogkaphy ) i® CH,E8 (99! m{ Ft PACLMIR ixBird Jvab 0ti@éd/Br 23ihdlsraredi at e
114-VI (120 ng) 1Tn a §6@6y|eld. A solution of internediate 114-VI (120 ny)

was treatreanugriperdtul¢ dgldodrantatas. (Brerpyultont repides pag woshet)wilhethetPr red at

25C for 15. hours. . The, m xt yre was rated to give hydrochl oride salt
of &%rrpoﬁ'gf r@ﬁﬁ?%‘gorr’%e)S.aﬁéllfl-c%p?ﬁcﬁf)@c@?{) U%)B. 4 30 Exanple 115: Preparation
of conpound 11§-Mgnpound): 5353was prepared in the sanme manner as that
described in Exanple 114 except that N-(2-hydroxyethyl)pi perazi ne was used
i nstead of piperazine. CI-M (Mr+1): 517.4 Exanple 116: Preparation of
conpound 116

Example 113: Preparation of Compound 113

NH, NH,

NH, NH,

i — B

|

SAR RN N . S AR A SN
HN\) "l,/N\/\/N\O HN\) "

11341 Compound 113

Hy, Pd/C

20
Intermediate 112-1V was prepared as described in Example 112.
Et;N (651L) 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

25 silica gel (EtOAc as an eluant) to give intermediate 113-X (196 mg) in a 80% yield.
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Compound 116 was prepared in the same manner as that described in Exanple
5114 except that 1-(2-ethoxyethyl)piperazine was used instead of

pi perazine. Cl-M5 (M4+1l): 545.4 Exanple 117: Preparation of conpound 117
Compound 117 was prepared in the same nmanner as that described in Exanple
10114 except that 1-(2-norpholinoethyl)-piperazine was used instead of

pi perazine. Cl M +1) 5, 18 ! @il npound 118
Conmpound 118 V\éi@ Hg@arr}%hdrlﬁﬁ%/ﬁe(%@ ﬁl_gi%ﬁl}deggﬁ ‘?ﬁba%rgegglgralgrbggd) i n Exanpl e
15114 excépillobhgadt 232@idmiai vdan Virsnitsed wanptsead thofughyctaditesgytimnet hanam ne.

Cl-M5 (MA+1): 493.4 Example 119: Preparation of co nd.119

Corrpougd szlloﬁé@fpl}"égﬁ Pried t%@gﬁg {éhhé?l?a’glg? Hlangf&g)é%%&'bed in Exanpl e
20114 tt - anj i ! o : haxyeli i .
G Ve ey - B ot 120

was pr epaiked 00 md)he C3hGe (k). He: ehatondesctiitbé dor 17 IPwangireom16 except

t hat 2-am noi ndan s used instead of cl ohexyl - met ha 1.ne - (M++1) :
565. 4 ExaF‘?ﬁPF@rai‘ff:a\I’l\gF%%Pgﬁeg'n&gf r%ﬁ%ﬁﬁ?‘?&%fﬂ%éﬁg?fg‘gﬁ ﬁm[hfﬁ o %\%%rggr epar ed
in the sapgipBNHgd: &% Jiidhpdgse1i39ed nig) Exanpl e 117 except that

2- am noi ndan was used instead of cycl ohexyl -nethanam ne. Cl-M5 (M4+1):

606. 4 Exanpl eC128S (¥ épar4d94n of conpound 122 Conpound 122 was
prepared in the sane manner as that described in Exanple 115 except that

ani | i ne V\E)%anlilp gqlh:rﬁrte&a}gtigg ofdgrhﬁ&%ylllﬁmt hanam ne.

HZN’\O (Boc),0O HN

Boc
A0

14-1 1141 \1024

OMN NH2

NH, NH; Boc fN
SN N P
f N HCl f X Mad o NN H  Boo
crN ﬁ/\(j i N H/\O NH, H NN
"/,/N- "ty 2
1Vl Boc 1-vill 1144V
NH, NH NH;
SN HN_A N
LA 21Xl LA
(Boc)0 ¢ NN Boc  Boc rNTNTN Boc B(g@
H ":,/N\/\/N HN\) H "',/N\/\/N
114-v 114-W1
NH,
N
HCI FNTNTN H H
HNA H o No~N
10 Compound 114

Intermediate 1-VII was prepared as described in Example 1.
A solution of compound cyclohexylmethanamine (114-I, 3.0 g) and Boc,O
(7.7 ) in CH,Cl, (30 mL) was added to Et;N (5.0 mL) at 25°C for 15 hours. The
15 solution was then concentrated and the resultant residue was purified by column
chromatography on silica gel (using EtOAc and Hexane as an eluant) to give
intermediate 114-11 (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
20 25°C for 15 hours. The solution was concentrated and purified by chromatography on

silica gel (EtOAc/Hex = 4:1) to give intermediate 114-1I1 (2.4 g) in a 63% yield.
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Cl-M5 (MLF1): 497.0 5 Exanple 123: Preparation of conpound 123

Compound 123 was prepared in the same manner as that described in Exanple
114 except that benzyl am ne was used instead of cycl ohexyl - met hanani ne.
Cl-M5 (MF-1): 467.1 10 Exanple 124: Preparation of conpound 124 Conpound

124 din the. i bed, | |
Lhat o (5 hoar dpltliap o s aerednna AT geda o ASTER T UG RTRHE O P!
(Me+1) 5%&3% Mt @%fﬁfni) 189stilFrenasat kan saloukoMmau g wdhat the  Compound

125 was prepared in e Sane manner as that described in Exanple 123 except
t hat 1-(2+retctioxyes byrh)lpicpe Taz metuwasausaderitrstdead ! pitpedayhevascl - Vs

(M-+1): 539.0 20 Exanpl.e 126: P ] f d 126 d, 126
brepat ed_FiiiEHe SEHE THAHER ST RB bSO e d Of FE A2 KI5CRRbeR hat
1- (2-gror phak LARGLH YR RIRRHAATHE MRS ¥Sed] instean20fmi2bpiper arhae. Cl - M5

(Me+1): 580.1 Exanple 127: Preparation of conpound 127 Conpound 127 was
prepar ed imxtutewssesrieredahfiersams terhparatdesstor B edrsi(pH30EaapIéeeld except t hat

Zﬁgl (ipent yl am Q&?de\f\@/ae ?fﬁ?—?ﬂi(% r%% W(e)l:]; a&c}é%ltc()) ﬂ%@hﬁ‘i%ta?@-%md?efhe%f%e( M +1):
was stirred at 0-10 °C for 3 hours. TLC showed that the reaction was completed.
Then, NaBH, (103 mg) was added at less than 10°C and the solution was stirred at
10 10-15°C for 1 h. The solution was concentrated to provide a residue, which was then
treated with CH,Cl, (10 mL). The mixture was washed with saturated aq. NH4Cl
solution. 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% NH,OH = 97/3 as mobile phase for collecting 114-
15 1V) to afford crude 114-IV (870 mg).
Et;N (820 mg) and Boc,O (470 mg) were added to the solution of 114-1V
(870 mg) 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 give intermediate 114-
20 V (940 g) in a 91% yield.
To compound 114-V (200 mg) and piperazine (1-XI1, 116 mg) in 1-pentanol
(2 mL) was added Et;N (194 mg) at 25 °C. The mixture was stirred at 120°C for 8
hours. TLC showed that the reaction was completed. The solution was concentrated
and purified by chromatography on silica gel (EtOAc/MeOH = 3:7) to give
25 intermediate 114-VI (120 mg) in a 56% yield.
A solution of intermediate 114-VI (120 mg) was treated with 4 N HCl/dioxane
(5 mL) in CH,Cl, (10 mL) and stirred at 25°C for 15 hours. The mixture was
concentrated to give hydrochloride salt of compound 114 (60 mg).
CI-MS (M™ + 1): 473.4
30
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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Exanpl e 128: Preparation of conpound 128 Compound 128 was prepared in
the sanme manner as that described in Exanple 115 except that

cycl opentyl am ne was used instead of cycl ohexyl net hanam ne. 5CI-Ms (M LEl):
489.1 Exanple 129: Preparation of conpound 129 Compound 129 was
prepared in the sane manner as that described in Exanple 116 except that
cyclopentylani@g&m@]wusgd51ﬁ§tead of 10cycl ohexyl net hanam ne. Cl-MS (M +1):
517.1 Exanpl e 130: Preparation of conpound 130 Compound 130 was
prepared in the sane manner as that described in 15Exanple 117 except that

cycl opentyl am ne was used instead of cl ohexyl net hanam ne. CI-M5 (M4+1):
558. 5 Exaﬁ%ﬂ@@$§i§@@$%%§?%1?‘WHHPUE%hB%und 131 20Conpound 131 was prepared
in the sane ”368§%0@§iiﬂ@@mﬂﬁ%&&&pﬁghéﬂnﬁ%@@ﬂkﬁaﬂaﬁt@%ﬁﬁﬁédﬁfEﬁwnpb

1- (2-(2- hydroxyet hoxy) et hyl ) pi perazi ne was used instead of

N- ( 25hy dr bikyetchytl thii pEr-ethoxpethyOipigeBiZ{ wasl)sed 8B8ad of BRREMPIce 132:
Preparati on of nd.1 Compound 132 was prepared in the sanme
manner as thatcﬁgggﬁﬁﬁga'gﬁhtxanple 102 except that pyrrolidine was used
instead of piperidine. C-M5 (Ml): 475.4 30Exanple 133: Preparation of

conpound 133 Compound 133 was prepared in the same nmanner as that
descri bedExamue A hp| separatianaiantmponad 11%5o0- propyl ami ne was used i nstead of

cycl ohexyl et hé‘&%&dh% 117 q/a_s'}@eéa%i%)the &h2: rhanner as that described in Example

10 114 except that 1-(2-morpholinocthyl)-piperazine was used instead of 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
15 114 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
20 114 except that 2-aminoindan was used instead of cyclohexyl-methanamine.

CT-MS (M'+1): 537.4

Example 120: Preparation of compound 120

25 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

30 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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Exanpl e 134: Preparation of conmpound 134 Compound 134 was prepared
in the same manner as that described in 5Exanple 115 except that

i so- propyl am ne was used instead of cycl ohexyl met hanam ne. Cl-NM5 (Mi+1):
463. 1 Exanpl e 135: Preparation of conpound 135 10Conpound 135 was prepared
in the sane manner as that described in Exanple 116 except that

i so- propng%ﬂll]gsm@;SP gidmnstteahoahd €yxl ohexyl met hanani ne. Cl-M5 (MA+1):
491.1 15Exanple 6: Preparation of conpound 136 68 ound 1(6 vva)s
prepared in t hEowaemndndiness MeParthin BR&ERT BAUNT 45 ebfpce %@171“@598@3? t hat
I SO- propy i.ne used.in . | ek hangaine. Cl-M5 (1V14+1):
532.1 20 | a%F@%ﬁ%f?ﬁ%F%%ﬁ%%?glﬁt%%? 8%@%%3%%%[ PR pound 157 nae)
prepared in thel-s@@Eneg7.@s that described in Exanple 115 except that

t hi ophene- 2- net hyl am ne was used instead of cycl ohexyl met hanam ne. 25C - M5
(M++3): 517.4 Exanple 138: Preparation of conpound 138 Conpound 138

was prepaﬁeaqn'lg ?ﬂq}rﬁ%@%im%ﬁ?%n& described in 30Exanple 116 except

t hat thi m ne was used I nstead of cycl ohexyl net hanam ne.
Cl - M5 (M- +1) : Codipovhd B8anpl jeek3Qt inPhepanamniore: of thebagsstiber magrample

Compound 139 was prepared in the sane n th ribed in EX I
et s b SEmeRn s Sy R P S BB PR a0 o
cycl ohexyl met hapgg Mg +1): 467.1

10

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
15

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

20

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
25 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
30 Example 114 except that cyclopentylamine was used instead of

cyclohexylmethanamine.

CI-MS (M ™+1): 445.1
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5CI -M5 (MA+1): 586.4 Exanple 140: Preparation of conpound 140

Compound 140 was prepared in the same manner as that described in Exanple
137 except that 1-(2-(2-hydroxyethoxy)ethyl)piperazine was used instead of
10N- ( 2- hydr oxyet hyl ) pi perazine. Cl-M5 (M4+1): 561.4 Exanple 141:
Preparation of compound 141 NH2 CI NN BocBoc NH2 N N HN', - BocBoc

105- V141- § QNN plbarRifit of brlfofind 128

Compound 128 was prepared in the same manner as that described in
Example 115 except that cyclopentylamine was used instead of

cyclohexylmethanamine.

5 CI-MS (M*+1): 489.1

Example 129: Preparation of compound 129
Compound 129 was prepared in the same manner as that described in

Example 116 except that cyclopentylamine was used instead of

10 cyclohexylmethanamine.

CI-MS (M™+1): 517.1

Example 130: Preparation of compound 130
Compound 130 was prepared in the same manner as that described in

15 Example 117 except that cyclopentylamine was used instead of

cyclohexylmethanamine.

CI-MS (M"+1): 558.5

Example 131: Preparation of compound 131

20 Compound 131 was prepared in the same manner as that described in
Example 128 except that 1-(2-(2-hydroxyethoxy)ethyl)piperazine was used instead of
N-(2-hydroxyethyl)piperazine.

CI-MS (M'+1): 533.4

25 Example 132: Preparation of compound 132

Compound 132 was prepared in the same manner as that described in
Example 102 except that pyrrolidine was used instead of piperidine.

CI-MS (M™+1): 475.4

30 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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---'"NNN"'")0 BocBoc 2-1 OEtNr10 HH O AL)H,,,N--,, NEEOV ''""EtO-.P
CEt HoEt Conpound 141 H 141-11 15Internedi ate 105-V was prepared as

descri bed in Exanpl e 105. To compound 105-V (1.7 g) and pi perazi ne
(1-X1l, 1.4 g, 6 eq) in 1l-pentanol (30 nL) was added Et3N (1.66 g, 6.0 eq)
at 25C. The m xture was stirred at 120C for 15 hours. The sol ution was
concentrated akd-MuM+Bd4bYlsilica gel (EtOAc/ MeOH = 8:2) to afford
1414(1.5 g) in a 82%yield. 20To a solution of 141-1 (1.5 g) in MeOH (30
m.) was added diethyl vinyl phosphonate (24, 0.556 g, 1.5 eq) at 25C. The

m xture wasa@plerineédripgetiofsongioudd 1ppurs. TLC and HPLC showed that the
reaction was conpl eted. The sol ution was concent r\%eg@ang (ﬁ)uri fied by
silica gel (MeOPMEPpEhB4vgy yoparedig@e same mgnpsr g Jxal Ae§CHbed Bgos yi el d. 25TEA
(0.2 ) Efga T oT oWy o) BN a1 =10 hated ddl-11 (100 ng) in CH2A 2
(0. 85rrL). e&ggggte%%ﬁ@%ﬁ%gg é&&as gIItGI rred for 15 hours at room tenperature
and conceajd@teadinyyhaneming. ng t he solvent to afford trifluoracetic acid salt

of conpound 141 (4 w d-M5 (ANIF + 1): 635.4 5 Internmediate 141-11
was prepared aél‘é/ég@\g?%@d%%nl Exanpl e 141. To a solution of 142-11 (1.0 g)

in CH2C12 (5 nmL) was added TMSBr (1.46 g, eq) at 10-15C for 1 hour. The
m xture was stirred at 25C for 15 hours. The solution was concentrated to
remove TMBBmpad3$ yepohtent condernd d3um at 40C. 10 CH2Cl2 was added to

the m xture to.di ssolve_the residue., TNSBr and the sqlv re renoved
unde¥ vacuum ag¥rROYY ﬁ*&%’i‘%’fspaé? [ eth%(%)efrfl%?l%r\}\%ir@ %\K’}Zgéb\xgg LE With | PA/ MEOH

(9/1) to pidesid]cosRRUNGalA pafdyiimihe hak atddoinstamtlofdr yi ng at 25C under
vacuum (<1 torr) for 3 hours. Crystallization in EtOH gave hydrobrom de

salt of cONBOGRYMELRNEBEG. ny) .
CI-MS (M'+1): 491.1

15 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
20
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.

25 CI-MS (M™+1): 517.4

Example 138: Preparation of compound 138

Compound 138 was prepared in the same manner as that described in
30 Example 116 except that thiophene-2-methylamine was used instead of

cyclohexylmethanamine.

CI-MS (M™+1): 545.4



15C - M5+ 1): 579.4 20Exanpl e 143: Preparation of conpound 143

Compound 143 was prepared in the same manner as that described in Exanple
141 except that cycl ohexyl met hanam ne was used instead of exo-2-

am nonor borane. Cl-M5 (Md+1): 637.5 25 Exanpl e 144: Preparation of conpound
144 Compound 144 was prepared in the same manner as that described in
Exanple 1 . > nam ne was used instead of exo-2-
am nonorbgrggﬁ 1-961 9&@%a§ﬁ%§®%§%%@qwaanpl e 145: Preparation of conpound
145-1 NH2NH2 NCOmpbuddl 3ChaGhtdarSl I thic N mbndcr 45 dat dovepbeditch 1-1 (2. 11 g,

1.1 eq) apd 8.5 .49, . Hh.eq re dissolved in, CH3CN .H20 (1:2, 30 n),
and tet ragﬁm%gﬁﬂ%éﬁphﬁ%af g‘b‘?@@“%@%@ﬂéﬁlﬁs‘ya& ysd %ﬁi °f5The mixture was
react ed V\@QFIIbh%Xgmggt&!ﬁggﬁ&i 6-am nopyrimdine (1-VI, 2 g, 1 eq.) at 90C for
15 hours. "The reaction was conpl eted as evidenced TLC. The m xture was
evaper at ed und€-Medceld: prebssure to renpve the organic solvent, and the
aqueous | ayer was acidified with concentrated hydrochloric acid (pH = 4-5)
and then filtered. The resultant solid was collected, washed three tines

w th wat eEX@l?elm();,pr atehd &o nger4ovacuumt o gi ve conpound 1454 (2.8 )
as a white solid in 80%yield. C-M5 (M+ 1): 285.1 .
Compound 140 was prepared in the same manner as that described in

Example 137 except that 1-(2-(2-hydroxyethoxy)ethyl)piperazine was used instead of
10 N-(2-hydroxyethyl)piperazine.
CI-MS (M'+1): 561.4

Example 141: Preparation of compound 141
NH, ~ NH,
L NH A
o . o
ct” N N/\[:j Boc Boc 41X (\N N ﬁ/\O Boc Boc
H NN ——————> HN\) N~ N

NH, NH;

~BOE fN Ay
. ! N
24 OF o N NAH Boc  Boc __ A o (:)N N H/\() “ “
- v, N~N - N NN
“ofa R % o
OEt 141-11 OEt Compound 141
15 Intermediate 105-V was prepared as described in Example 105.

To compound 105-V (1.7 g) and piperazine (1-X1I, 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.

20 To a solution of 141-1 (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 141-11
in a 59% yield.

25 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).



15 Exanple 146: Preparation of conpound 145-V NH2 ,a 145-111

HATU HOBt / NM V1 H2NOH H2N CH2d 2, RT 145-11145-1V145-V 20The conpound

1- car banoyl - cycl opropanecar boxylic acid (145-11, 5 g, leq), 047-
azabenzotriazol -1 -y1)-/V, iV, N Nr-tetra-nethyl uroni um hexa-fl uorophosphate
(HATU, 22.85 g, 1.6 eq), and 1-hydroxybenzotriazole (HOBt, 8.12 g, 1.6eq)
wer e suspended Gl 124504 ) at an ice-water bath. N nethyl norpholine
(NW 16.5 nlL, 4eq) and cycl ohexyl am ne (145-111, 5.2 nL, 1.2 eq) were
added into the 25 solution at 0-10C with stirring. After the addition was

conpl et edgxbhplerigackrepirafidrkbUdcgnpasd flyz t her stirred at roomtenperature for

15 hours. The reaction was conpl eted as evidenced by T|.C. The
m xture was poured into 4 “saturated agueous NH4C1l (10 \hIfT‘L) solution. After
separation, the organicll r was successiwsel y washedl wi t rine and

sat urat ed agueous, Na "o crﬁo?—dﬁ—ed*@/er(\ h"i/dHo MISOA,
filtered, and emvfs%én'\f at ed. The'/rEg%ﬁthlg| s"}ﬂ:rf’\i’T”iNéghby silicawg\g%l&}g m
chr omat ogr aphy 5(®t0Ac/ Hexame = 4:1) to ford eBnpoundcdmbounkis2( 6. 3 g) as
an orsange oil in 80%yield. Under nitrogen, LiAlH4 (4.8 g, 4 eq) was added
in small portions to a solution of 145-1V (6.3 i n anhydrous THF (150
mL), while t helnt@mseiota Ilelves nepsredestdssebedan FramR6C4 The ni xture was

[ d : b I f
St hed S oo LSRRl ] PuBes eads AL en e s el o

anot her 4 hours. oole with saturated aqueous
NHACL (158 sdp)atd0413e¢C dor Bho@CThe inivmse whd oweed o 85Wafanlihotis. ridem t enper at ur e

and the FiHEENECTEHEAE TR MG PoUioen B Batr BB g Ve pr oduct
145-M (4. 4a91, 35is adI&l th ¥ RidtureRo 8RY8IVE BleGesidRCITNEBE ha@tht sdhvenl83. 1 20
were removed under vacuum again to obtain a crude solid, which 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).
15 CI-MS (M' + 1): 579.4

20 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
25

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.

30 CI-MS (M™+1): 5814
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145-VI1I HO NH2 NI N HN Conpound 145 The conmpound 145-1 (3.95
g, 1 eq), HATU (8.44 g, 1.6 eq), and HOBt (3.0 g, 1.6 eq) were suspended in
CH2C12 (55 nL) at an ice-water bath. NW (6.1 nL, 4eq) and

N- (1- (am nonet hyl ) cycl opropyl ) cycl ohexanam ne (145-V, 3.1 g, 1.2 eq) were
added at 0-10C with stirring. After the addition was conpleted, the
reaction m xtur y\?s fu.the{ Sti rrg%gt_%[ roomtenperature for 15 hours. The
reaction Me IERHEORYT FEEEGC Y~ TLC. The mixture was poured into a
saturated agqueous NHACL (50 mi¥j=. After paration, the organic |ayer was
successi vely washed wi th bri gé&nand sat[ at ed aqueous NaHCO3 (50 nL each),

dried over anhydrous MISO4 it teer ed ,Qaél\ concentrated. The residue was
purified by silica "c%lunn_c_hﬂpnac%ogra y 0 MeOH = 7:3) to afford

compound 145- Vi?N(&~5-q) as a yellow oil in 30%7Yif@ld. Under nitrogen,

Li ALlHA (267 nmg, 2 eq), was added in small, portion® to a solution of 145-VI
(1.5 g) in anhydrous THF (20 nL), while the tenperature was kept 15between
0C and 10C. Th€ompmtnd BIWad! st 1.4 eqaat Kr@@niSt eppes@tpredienivad iour and t hen

heat ed wi flux far,angther, 4 hours. |t was.cooled with
sat ur at ed&g[dggéhééﬁmc?@f“%t)hﬂd fg%?'?}%h{yzﬁm&%onb‘@ ! C?@em\gg %ggg‘ﬁ?ga “to warm
up t@ roonhd RMREkatdiBaddttwih R4 gdhbey-6-knlitepyrimlitgc (1-MIUL g, Wag.)kt | t er ed
t hr ough wad of celite, and then Et3N (1.0 g, 3 eqﬁ[t(?nd (Boc)20 (1.8 g,
2.5 eq) WHIE faddehows. (The reagtipn peasempletedneevidenced G Hagmptusswds or 15
hours, th L afd %t Shi bge@8bucol um
chr omat og? é%ﬁl{?%(i ﬁ%ﬂ%@é@%@%gg:%%q&?&?g%g? ?ggggmcct;%?#)\%uﬁd 145- \%gl L&8940 ng) as
a yel | ow laidr was %8%isd eith concentrated hydrochloric acid (pH = 4~5) and then filtered.

The resultant solid was collected, washed three times with water (15 mL), and dried

10 under vacuum to give compound 145-I (2.8 g) as a white solid in 80% yield.

CI-MS (M' + 1): 285.1

15

Example 146: Preparation of compound 145-V
NH,

o o 145411 o o Q
HATU/HOBYNMM LiAIH,, THF
HQN/UX“\OH ST HQNJXU\N —_—— HQN/X\H

CH»Cly, RT H reflux
145-1 1451V 145.v
20 The compound 1-carbamoyl-cyclopropanecarboxylic acid (145-11, 5 g, leq),

O-(7-azabenzotriazol-1-yl)-N,N,N',N-tetra-methyluronium sexa-fluorophosphate
(HATU, 22.85 g, 1.6 eq), and 1-hydroxybenzotriazole (HOBE, 8.12 g, 1.6¢q) were
suspended in CH,Cl, (150 mL) at an ice-water bath. N-methylmorpholine (NMM,
16.5 mL, 4eq) and cyclohexyl amine (145-I11, 5.2 mL, 1.2 eq) were added into the
25 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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To conpound 145-VI1 (940 ng) and piperazine (1-XIl, 382 ng, 3 eq) in 1-
pentanol (3 nL) was added Et 3N (450 ng, 3 eq) at 25C. The m xture was
stirred at 25 120C for 8 hours at which tine the reaction was conpl eted as
evi denced by TLC. Ethyl acetate (5 nL) was added to the reaction m xture at
25C. The solution was stirred for 1 hour and, after renoval of the Et3NHCL
salt by filtraThomjxtoenesmousdadicenstypateil fileapupNEELI (104 rak) sql|i@Ac/ MeOH =

7:3) to afford 145-VI]Il (570 in 56%yield - 30A. ti f l.nternediate
145- VM (166%&”%8%13%8 Wcﬁ% s R}lﬁﬁﬁsyvd}?%%ﬁlég(“ﬂﬁl%% aﬁlﬁég&@fg& (1 nb)
and stirrggeats RGO (BN QUES); dldEoveeastidasniswasSOQmMdkaidesh@s evi denced by
TLC. The m xture was concentrated to give hydrochloride salt of conpound

145 (55 nmepncent@tedviT{cMesidud vas peHio! malign ! salsmnmhepsgiagiapy of conpound

égg %Eg '\%EtOAc/Hexané\l N I>£: 1|_)"}rc') )aff%rA' c_o\rll%plo%md 94% ((%).3%') Jas '&:}1 oralﬁlé@ ohli&é@%l Bo cT7

yield.

Under nitrogen, LiAlH, (4.8 g, 4 eq) was added in small portions to a solution
of 145-1IV (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

NHs O NH;
SN HoN N N
/“\/k/k 2/X\H /Jl\/:\
P 145-V
., -OH o, N N
rr Sage
145.1 o %
NH, 145-V1

B

LiAlH,, THF (Boc)20 CI/KN\/)\N
reflux H/\O-:,/IE\;JO\CX,IE\SIOC
145-V|
NHo \O .

~N

N

HN™Y L L
L NH (\N N" N Boc Boc
1-X11 HN. H W, N N

” O 145-V1ll

NHo

B

~
e NN N/\O H H
— NS H LN YR

\O Compound 145
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The compound 145-1 (3.95 g, | eq), HATU (8.44 g, 1.6 eq), and HOBt (3.0 g,
1.6 eq) were suspended in CH,Cly (55 mL) at an ice-water bath. NMM (6.1 mL, 4eq)
and N-(1-(aminomethyl)cyclopropyl)cyclohexanamine (145-V, 3.1 g, 1.2 eq) were
added 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.

The mixture was poured into a saturated aqueous NH4Cl (50 mL). After
separation, the organic layer was successively washed with brine and saturated
aqueous NaHCO; (50 mL cach), dried over anhydrous MgSOs, filtered, and
concentrated. The residue was purified by silica gel column chromatography
(EtOAc/MeOH = 7:3) to afford compound 145-VI (1.5 g) as a yellow oil in 30%
yield.

Under nitrogen, LiAlHs (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 NH4CI (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 Et:N (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 Et;N (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-VIIT (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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Et O P CEt Conpound 146 5 Internediate 145-VII1 was obtai ned during the
preparation of conpound 145. To a solution of 145-VH (520 ng) in MeOH (8
m.) was added diethyl vinyl phosphonate (2-1, 187 ng, 1.5 eq) at 25C. The
m xture was stirred at 65C for 1024 hours. The reaction was conpl eted as

evi denced by TLC. The solution was concentrated and purified by silica gel

( MeOH CH2C12 =C8/MRIME o Iaf 4&%@ conpound 146-1 (317 ng) as a pale yell ow
foamy solid in 50%yvyield. A sol ution of 20% TFA/CH2A 2 (2 nL) was

added to a solution of intermediate 146-1 (100 ng) in CH2C12 (1 nL). The
reaction gogh b qa¥eseShbig P dobfpokd padiour s at ‘room tenper ature and

concentra ng the solvent to afford trifl acetlc acid salt of
conpound 146 (8*@42ng) C-M (M + ;)005649 3 Exanpl e Preparati on of
conpound 147 OEt S N
2- 0] Bo Boc
HN\)N N N\O Bo Boc — EtO—“/\/N\) \[j
145-VIli O Okt 146-1

NH,

TFA J\/L ,kN
Eio- P/\,NJ O NVVVN\O

OEt
Compound 146

Intermediate 145-VIII was obtained during the preparation of compound 145.
To a solution of 145-VHI (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
10 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 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
e g
TMSBr S
OO e 2 AT K
—7 N .
o o e O
20 OEt 146-I 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

25 concentrated to remove TMSBr and the solvent under vacuum at 40°C. CH,Cl; was

78



I nternedi ate 146-1 was obtai ned during the preparation of conmpound 146. To
a solution of 146-1 (200 ng) in CH2C12 (1 nL) was added TMSBr (0.3 ni,

8 eq) at 10-15C for 1 hour. The m xture was stirred at 25C for 15 hours and
t hen 25concentrated to renove TMSBr and the sol vent under vacuum at 40C.
CH2C12 was added to dissolve the residue. The m xture was vacuuned again

to obtain rohrom de sal.t of,.co und 147 50 o) . M5 (M+ + 1): 593.3

5Exanpl e T%%.t® gﬁg%%ﬁpéﬁ”'#iégﬁﬂg%ﬁ efﬁgvamﬁ%ﬁgC%%bgﬂn e was prepared

in the sagRifRBALLe %t dtdpdesc14P@d0iny)Exanpl e 112 except that

1- (2- nor phol i noet hyl ) - pi perazi ne was used instead of conmpound 60-11. Cl -M5

(M k+1) : 572.5Cl®ﬁé@énﬁﬂéii§ﬁi Preparation of conpound 149 Conmpound

149 was prepared in the sane manner as that described in Exanple 112 except

t hat N-(2-hydroxyethyl) pi perazi ne was used i nstead of conpound 60-11.

15CI sM5 (Mtardple 150-3prépdexaipdobipdun®i4par ati on of conmpound 150

Conmpound 150 was prepared in the sanme nanner as tQ;% d%%éribed i n Exanpl e

112 except t hatompeund biS yergRrsehix)y 4Rg MY PRS @p 4%t AESCHRS! tsed i nstead of

20compou - B +4).; . I ; - B D assay

Cbnpoundggfgﬁg%}&%g%xieg%ggt ofﬁéﬁgwémg???%%%?ﬁgﬁwﬁg%ggggﬂggﬂ%he CXCR4

25r ecept osonysiungd 68-IDELFI A GIP- bi ndi ng kit (Wallac Oy, Turku, Finland). The

DELFI A GIP-binding assay is a time-resolved fluoronetric assay based on

GDPGTP exchandgLBﬁgéﬂp%éi%iﬁ$subunits foll owed by activation of a G

protgi n-coupl ed receptor by its agonist. Eu-GIP, a non-hydrolysable

anal ogue of GIP, is used to nonitor agonist-dependent activation of

G pr ot ei rExaNgtle 1§ hdtremmiratianl cftcoomowtd 4 30receptor by SDF-1 |eads to

repl acenent of .GDP b P on _the a-subunit of ] e resultant
Crg s PG oIt or sy e P uRcfined

GIP- GL conpl ex I'va ormo rotein. See Peltonen et
al ., Eur.Exhmpfharmeeebt thitl998hydwsy@Rdl)piperazine was used instead of

compound 60-I1.
15 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

20 compound 60-11.
CI-MS.(M'+1): 5474

Example 153: GTP-binding assay
Compounds 1-150 were tested for their efficacy in binding to the CXCR4
25 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
30 receptor by SDF-1 leads to replacement of GDP by GTP on the a.-subunit of G-
protein. The resultant GTP-Go. complex represents the activated form of G-protein.

See Peltonen et al., Eur. J. Pharmacol. (1998) 355:275.

79



Pl asma nmenbrane derived from CXCR4- expressi ng HEK293 cel | s was suspended in
an assay buffer (50 nM NaCl, 100 ng/ni saponin, 3 nM MgCl2, 3 nM GDP, 5%
BSA, 50 mM HEPES, pH 7.4). An aliquot (4 ug protein) was added to each well
of an AcroPlate (Pall Life Sciences, Ann Arbor, M). After addition of test
5conmpounds (10 mMMin 0.1% DVMSO) and SDF-1 (4 nMin the assay buffer), the
assay pl ate wap|aifguRatbede drivbefrdar&xar 4raprastiegpléi@0dreellwiveh sl ow shaki ng

for 10 m nutes. Eu-GIP, obtained from Wallac Eu-.GTg, ddﬁd to each
vel | . Thesuspeded vian dsresu bt dS@gay! Nalor 10§om $88 8N “ng%s ed tw ce
with a was | utj 0 rovi I h S k ] & ay.

Bi nding. ot EErS oS Rust BRI, BB ER Mldhe! P REPEATE Fu' RRCRY

det ect ed byhacHigHalra omiHet(Pall BlFelScicaagieAnn Arbor, MIpnakpestddidinof t28 t est
conpounds showed | C50 (concentration required to inhibit f%F -1 stimulated

GTP- 6a bi mmgnbg/(l@ow(iato.l% DB O3 and 8BF- @l umths aswvieid Fetdeen at
M 37 test ds .sh | 3 Tl a 154:
gadi ol i ggﬁge(ﬁ%ﬁg a%(si 2%@‘\9’%* %g?lﬁgle%g&c%?r%&tﬁ!t\/iiogal&bgftﬁ%ggllnﬁ)each of 114

test comaues. @AAGNPEaSRFdmWa S de® e Bai GIER, wisi addedytoassish fricblerThii | t er
plates (MIlipore, Billerica, M) as fgl | ows: Thg ‘.%I?ast%ffig) rioi idotner pl at es
were pre-Raared Hubpcdocya for 6musne e WPedh B e Halrol MUt es and

rinsed with, 400: Wheofadisitd kdBshaetielasd0r Hiflihg bi PEG TOWEediteeninan- speci fic
bi ndi ng. W vih0@iutthe Bsafl k) W GRMBHRTILO! Hifthg bI FESTIOWES (5-10 kig

pr otiei n/ vieléd on the Thiowdscafce awnalyddseiddely ¢ ¥octod mERESLCHIRRFE4, 0. 5% bovi ne
serum al bum n, 90 nV 5 MM wCl2, 1 L.NC ed wth 20
pi of a test c%@ﬁﬁﬁd[\@r%g ey qog}phég’?l&t[%gf%@%&ﬁﬁg% ljf@%(%gr?g%nt ration 150
PM i n U4hod L QiR s Savu Rkt €p R biHdRg, bySuen) £20 MV)83 @it@mpbafdst nut es at

roomtenperature, the i ncubation was term nated by transferring the

react i on shbwbdif@s,bewgknssn¥l, betesptanpounds sow@0Cal #VEL104RY i1 t ered by
vacuum filtration (Multi Screen Vacuum Maniford, MIIlipore). The plate was
washed 4 tinmes with 80 ul/well of wash buffer (20 nM HEPES, pH 7.4 and 90
mM NaCl) and then 30air dried overnight. After 35 pi of a Superm x cocktail
was added to each well of plate, the radioactivity retained on the plate

was counthamgile h54TrRedigligung boBat@as@er ki nEl ner, Boston, M). 50 test
conpounds showed | C50 nce | r i duahi Rid nbhadgng- of

[ 1251] - SDF- 1 \t,%nglﬁ% CP@%%%?%I}Q%gvg%%&hé)?q%%gg%% u20 nM 43 test conpounds
shoved | Gal dter@relQRingMlasamiheRfilttgs ttee O bpord sBleove MACEDAowE00- 1000 nM
5Exanpl e 155: Stem cell nobilization The effi an@/ of five conpounds
in enhanci ng stheralassifiberBlien nlatas ek RaSoried el Wil % ois - Each

conpound s dissolved ipn saline. T -t ipi;stered to
BALEI ¢ miP® ef%t‘?]&%%g%’i f}) %nuaebrﬁnﬂﬁ%?e@/ﬁ’gﬁé OgﬁgSgﬁﬁg&g%Pﬁeggpe%ﬁ€01, 2, 3,

6, 18, angh4o RQMES ndk-Lescifidibinamen dksmbrajecifitomadnyCX@Rditans{saedt ure. M ce
receiving saline were used as control. Bl ood sagpl %ﬁﬂgf ﬁ&g ga{rﬁ group (N =
3 in eacHIgEMip)clmes 4 0paatredindalll ot 74 ullod gray PUgeh MsHieFa: Bdunt ed usi ng
trypan bl ue excl usion. Hennatopoi,gti » l4 v M cagyengot hel i al

pr ogeni tgrlﬁgei%éof%f?ﬁfl Vrgpnngggfjlrﬁe]%cﬁg}j %@é\ﬁﬁéggg@%%@g%e stai ni ng and
flow cyt onEBibE¥d LWaBaReKkIem: Eauwbh@oundvh@m o pFb)['* BtsdF di(fical si gni fi cance was

det S5r " n%gncueiltrggor? 1500n§1\_/1) in U-bottom assay plates (Corning, Corning, NY). After 120
minutes at room temperature, the incubation was terminated 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 pl/well of wash buffer (20 mM HEPES, pH 7.4 and 90 mM NaCl) and then

30 air dried overnight. After 35 pl 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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way ANOVA. Differences were considered significant if P values were <0.05.
The results indicated that all of the test conpounds enhanced nobilization
of CD34+ hematopoietic stemcells and CD133 endothelial progenitor cells
into peripheral blood in a dose-dependent manner. Wthin |I-Shours after a
single 20i njection, the conpounds increased circulating CD34 cells up to

6.2-14.5 folds_.and CD133' cells to 5. .2-10 7 - Bx : ;
Synergistic ef?f @E:eﬁt PR fﬁ?é{\feidgﬁ”o@o% eg%%goenl ﬁ@éﬁ%@%ﬁbéﬁﬁg{gﬁg@%@fm ogeni t or
cel I s 25TheTp§brciagyh®fectptosShy smne: laRdha Zomi| Matdsotonofoud C8ovasdd a t est
conpound In nobilizing stemcells and endothelial progenitor cells was al so
t est ed i nlGoabHhéP0 BMaindi2 ] tost qqmouaé%ﬂwwé&%orﬁt@@r}ﬁ& Y55 The results

i ndi cate that the conbi nati on exerted synergistic effect in enhanci ng CD34'
and CD133' nobilization. Crculating CD34+ was increased to up to about

18. 55f ol dpxafnslc 455 CBteat EIOmEBLidg@ionup 30t 0 about 64.2 fol ds. Exanple 157:
Oxygen-i nduced retinopathy (diabetic retingpathy deg), ) Newborn rats
were placed undie cfiicrcyced i‘@i%ﬁ@@%@%‘é’?%’éﬁl%ﬁné&?“@ Hization WgS 10% oxygen
al ter nat e‘{eXteh?s Aexgl € of 24 hours frombirth through 14 days to induce
robust retinal angiogenesis. These rats were used as a diabete retinopathy
nodel . A test Earipounpdunds aeiissdlekio sahinavallersolflves seratdcbns at t he

tratjo 5 = M v dm ni st d t i@ int it |
] oot | oot b1 By B A BRI ARt oGt ny TP SO bRbt ifect i on of

any (hest comosng ad 20h&t Sehidvnell 6l Rti¥ebe cMarRd pasciaRNtvIRle. Al of the
rats were then placed under normal air for six days before sacrifice.

Neovas cul mediviagiselnanescassbaswatioki Bigodspaples o G sehe #iospK)N aAdn

o I ST S e

the test €6 GaRY i retinal neovascul ariza
15Exanpl extRS8ionCHyneitsldictia@msell (@D 3a) iirendatetislgiragedtonaclsl ar

degener ati on nodel ) Chor oi_dal neovascul ari é%'iol on é@d% was gener at ed
by | aser -GRidéedveraprapecdsipg apbadymiHpicatiening ¢ 0y ¢0ek ol d, mal e
C57BL/6J (?e&@rnan%g t, 1?@'%121‘, P%.dSt%Bé‘[?cral §i%ﬁi@i@a WhsCRAMAGTed 8RS a Ge-ar gon

| aser phot ocoagul at or n nounted on a 20slit-lanp was used to create
four | esivenysABEN &r Biffacocss dvearheomspteral sgrifieart eald vilnes wererdtnal

m d- peri pher 50 um spat sjze ) sec duration,, 260 .. A.test conpound
was gi ssgl ve)d/ h 1 Tfér‘g‘ﬁefﬁ%éé&f ‘ﬂ? Pgﬁg@ teaf‘fc‘?rﬂ%‘)“@gﬁ@@]?ﬁnf%& %QIZS Orioﬁo l(r)rg t M
wer e admdflbﬁ*%ﬁf&tﬁ%iétﬁ%lte%\'yelma% ot B33 RhadMé It padgchnpraedls @to (1 or 2

.i1/eye) imediatel'y follow ng |aser treatnent. m ce without treatnent
of test 25uphpolidded wer dosasiepcrasncoaresaWVitlFeldheris adtays siagleer the | aser

tr e% rrentiﬁjegtkoln, %He ctorr}l%ounds increased circulating CD34 " cells up to 6.2-14.5 folds and

CD133" cells up to 5.2-10.7 folds.

Example 156: Synergistic effect in mobilization of stem cells and endothelial
progenitor cells

25 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 185. 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 CDI133" up

30 to about 64.2 folds.

Example 157: Oxygen-induced retinopathy (diabetic retinopathy model)
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mce were sacrificed and CNV growm h at the Bruch's nenbrane rupture sites
was assessed using fluorescently stained choroid-sclera-RPE flat-nmounts via

conput er - assi sted i mage anal ysi s. The results indicate that
t he test conmpound reduced the neovascul ari zati on 30area by 34% 59%
conpared with control. Exanple 159: Linb ischem a nodel _The

ef fi cacy of thNeeboonpsuvas planed vkt hingoitsiaheni o areenast af a9siayna | i nb

i schem a el . | schem a was, j pduced i.n e | af i I of each
BALB/ ¢ mﬂ@% Oéé’g?rbarlfeé%%ayﬁéc¥cé%€%4 Q%{W ngSP l{,&ﬁé ﬂf‘?‘é@l }e%géaﬁgl)tl@ﬁgect ed in
two pl aces,qft Lt aRpid30erlls! FAMaRRFRX 1g¥alas arGhidicstahofathyt Meddli gat ure. Any
ot her large blood vessels that were visible and distal to the |ligature were

al so transect ed.test compo@ativacdnpdwddn water dilhe o9 lybensia theggonaenteiigns

post “sur ey a0 Ve o ageT YAl FHoH O Sl R RS Hhalmum ol or at ed
dose. TheOﬁ?éﬁﬁtiﬁhﬁﬁﬁr@tlindbiaﬂ@tra@ hadolhBfcansl oMmiseedQorpeivd ddinfriddne wer e
used as conttol. The aninal§ were observed using two sem quantitative

i scheni a ivitexkisletwere esdd avmonialc A lheblke rathe ceadhemplagtd WidsoaOMNBRT

restoratipn was n ured.on s 1, .7, 14 1 rgery using a
| aser Dop{f & f%ngﬁr?ggpﬁgcgﬁgqgﬁmqﬂz,a &%Wc%%aség%g%ﬁ gng %‘?I;alﬁﬁx

(bl ood/ ( agigR¥kdriB)y afkf cdthPaet-askiBtcddilgd anjysidrectmiqeke strength was neasured
using a Digital Gip Strength 15 Meter (0167-005L,. Cgl upbus I nstruments),
New Wessel f or Reg icowts indicalg thaj s test copppeed s dniPesd iptler sacrifice
on day 18 ROSILRULISSy was assessed. For capillary density analysis, CD31

i munohi stochem s]tZry staining was perfornmed. Positive stained new y-fornmed
endothelial cells in 10 fields were counted under m croscopy, and the data
presented as positive cells/per high power field. Statistical 20signgicance
was determ ned using one-way ANOVA. Differences were considered significant
if P val ues were <0.05. Al'l of the test compounds exhibited efficacy
in inproving hindlinb function, appearance, and nuscle strength, restoring
bl oad f | oiwangrid 15$c€ barsidayndonsmaldroation (agevwe pisd sedculap JesERIENBODI MENTS

Al of the Cfl atures disclosed in this specification may be conbined in any
combi nat iBA%UEach feature disclosed in this speci fication nay be repl aced
by an al t er nat@ngofiePidon BscaRiivhing ((hev panegeregiiéd/a Badr;inducedirnptuer pur pose.
Thus, unless expressly stated otherw se, each f at,urewji sc{](osed l(iis only an
exanpl e off Brugfepacmbragsed ésooreckwli-vagle ke /BEH imics alV iHeh haidae From
the ab.oveco(\jf%ss(flrd'eexg L8 m&qgnssgtk h1l o 1452 ﬁmo&{agul%ﬁ)@ (&88hhy sl blan the
essenti al ¢hat acteri St es of & present 1 nvention, and w thout departing
fromyt he ssipidny wandscsiao peatdhfoneefioncamtdrek erovad itpupticmangdadidthe

nodi fications of the invention to adapt it to v Oi o% us%ges and
condi t i origtinatHud-pepphay (BdiPRentSs Odtesea e tign: 4% e 5 E8be of t he

fol I ow n%o?nlp%hrﬁ wvas M\Qsﬁ‘)-[velaslngw‘ﬁclﬂmfﬁel s§iutions 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
25 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

30 area by 34%-59%, compared with control.

Example 159: Limb ischemia model



1. A conpound of the following formula: QU NN (R4)FX-N wherein each Q
and Uis CHor N, provided that one of Qand Uis N, each of X, Y, and Z,
i ndependently, is Cl1,5 al kylene or deleted; mis 0, 1, 2, 3, 4, or 5, nis

1, pis 1 or 2 Rl is H Cl1-Cl10 al kyl, C3-C20 cycl oal kyl, Ci1-C20
het er ocycl oaI kyl, aryl, heteroaryl, halo, CN, ORa, COORa, OC(0)Ra, C(0)Ra,
C(0) NRaRb,

cl oal C1- C20
het er ocycl oal k@ﬁe 521(3%3’ OfHE‘EeSrCBQPWI% ”[Lrﬁltmél%(Ctha s peﬁtte}i a;j}lnsl%bstl t ut ed
wi th Cl- GLOyahik¥lodeC3- C20 cycl oal kyl, C - Cm heter ocycl oal kyI or N(ReRd);
R3, independently, is C-GO0 alkyl, C3- C20 cycl oal kyl , C1- 20
het er ocycl oal k@sbhermawa,s ibiced oaihy lleft hiatlomb oKgacheAL ouse@SfoljqEs: C(0) Re,
C( 0) NReRf X iis, Cl-5 a A r at ons of
the ring T‘&efﬁm ﬁalrttery was,jgated g t{)arnsifgé%mam%f a{e}ggg%%%&tg\é%tcggéngﬂlcar bon at om
of the ringxtelwhil afdtal to ih$ 1@hiudE N&EY o@BAlarge blood RésdlsthR{ #@)e(vOE)( OR, ),
P(=0) ( NHRg )(ORI), P( 0)(NRg)(NR) S( 0)20Rg or S(=0)2Rg; in which
each of Red dial tRéhe lghtuRavergalso RgnssrigdRh |ndependently, is H G-Cl10
al kyl, C3- C2 ccloalk t. |, or
"SR R bet g copiola nariio iR SHREHE Ao ki MkE BT
het er ocyclh@ahgéyémlaaﬁmb on@ay ha’ne KaaB ypost-wirgdRaatathe d&agalrmgimg]frem (ahd t oget her

formC2_8 al kylene, Re and Rd are |inked a e 8 al kyl
Re and Rfmg/lké ¢ theuaerina lolsgeehdpser Jﬁ‘ﬁc@“%atﬁﬁig‘géﬂl@ lePEm %%F % gr gne
L\}(}ng?nagg‘:&%%%%%ﬁ{c‘f J{J&\%%ﬁla&oﬁ{rgy | Bemimals were SbseR8 ﬁ&@ﬁ%nd of claiml,

. The conpound of claim1l1l, wherein X is -CHZ-
- CH2CH2- semiqu@HEGHR CH2herandngexies thice mmemvehmowh@l egenicdfdiloadiflowher ei n v

is -CH2 or deleted and Z he 0 cl wherein R2
S Ol drwyiGBes Fitrge Re a7 T 21 i ARG S Mg 1L

wher ei n R¥odderi GiReNERSR), wiish me&bth%muxs(bldoamdreﬁadums))& C10 al kyl,

C3- C20 cycl oal kyI 1- C20 heterocycl oal kyl, aryl, or heteroaryl or Rc and

Rd are | ibiked Iawddltn@gerbhmuwl@rstrﬁmhWaamwwﬁ@usmgaDlgr?a GiSEEdbund of
cl a|1bm 1, @ %%‘Wﬁ {% 8(’)lu13h!b QE bE\‘LlfnRgItb QNI;JE e%ﬂn%ﬂfﬁl m%c {kyl, C3-C8

cycl oal k e érocyc et eroa , CRe or
C( 0) NReRfcpliedteRInhnsdibit] _y2af&|r|sydrﬁ“me olnoiagleld post- sngsr;za»rabaSbesﬂednfoof the ring to
which it is attached or C2_5 alkylene bonded to one carbo C[nof the ring

t o whi ch pillpey dgpiby: peadysis, TD31 inimunohistochemustry stamning was per orms
Positive stained newly-formed endothelial cells in 10 fields were counted under
microscopy, and the data presented as positive cells/per high power field. Statistical

20 signgicance was determined using one-way ANOVA. Differences were considered
significant if P values were <0.05.
All of the test compounds exhibited efficacy in improving hindlimb function,
appearance, and muscle strength, restoring blood flow, and increasing formation of

new vessel.

25 OTHER EMBODIMENTS

All of the features disclosed 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

30 series of equivalent or similar features.

From the above description, one skilled in the art can casily 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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8. The compound of claim1l, wherein R4 is P(=0)(OH) 2, P(=0)(OH) (OCH2CH3), O
P, 00 13(=0)(0OCH2CH3)2, N, Fri 0 , s(=0)20H, S(=0)2CH3, or S(=0)2Ph.

9. The compound of claim8, wherein mis 0, 1, or 2; pis 1, Xis -CH2CH2-
or - CH2CH2CH2-; Y is -CH2 or deleted and Zis -CH2-; Rl is NH2; R2 is Cl1-5
al kyl substi tut ed N(ReRd); and R3 is Cl1-C3 al kyl, C3-C8 cycl oal kyI Cl1-C8
tt bonded adnpt o caidysisages wed eenditiensy Thys. m@w@adment@r@ﬁba@ﬂ@w or C2_5

al kyl ene @'ﬁﬁded tfg OE% carb n.atomof the ring to which it is attached.

10. The cOWmSStRrPIdRe &IQm aW?er ein the conpound is selected fromthe
groups consi sting of the foI | ow ng conpounds: NH2 ," NNO HOg NH2 9N N
OH
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NH2 NO NNHNH2Z N 9N NEON CE NH2 ----- N?ji HHO ,----- NN N
N "....NHO .. .".N)H OH x NH2 ON N '
EtO-F1"..".". .. ... ... , NH Ot

WHAT IS CLAIMED IS:

1. A compound of the following formula:

' /)\ Y.
N N N
Nry. H \O\ .
Ny om zNg,

(Ra)z X o

wherein

each Q and U is CH or N, provided that one of Q and U is N;

each of X, Y, and Z, independently, is C;.s alkylene or deleted;

mis0,1,2,3,4,0r5;

nis 1;

pislor2;

R, is H, C;-Cg alkyl, C3-Cy cycloalkyl, C;-Cyg heterocycloalkyl, aryl, heteroaryl, halo,
CN, OR,, COOR,, OC(O)R,, C(O)R,, C(O)NR.Ry, or NRaRy;

R, is C-Cyg alkyl, C3-Cyg cycloalkyl, C1-Cyo heterocycloalkyl, aryl, heteroaryl, or C,-Cyg
alkyl, optionally substituted with C;-Cy alkyl, C3-Cyo cycloalkyl, C;-Cyp heterocycloalkyl, or
N(RcRy);

R3, independently, is C1-Cj alkyl, C3-Cyp cycloalkyl, C;-Ca heterocycloalkyl, aryl,
heteroaryl, halo, CN, OR., COOR., OC(O)R,, C(O)R,, C(O)NRcRy, or NRcRg; or Rz is Cy.5
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(=0)(NHRg)(ORy), P(—O)(NRg)(NRy), S(=0),0R, or
S(EO0)Rg;

in which each of R,, Ry, R, Ry, Re, R, Rg and R;, independently, is H, C;-C) alkyl, Cs-
Cy cycloalkyl, Ci-Cyg heterocycloalkyl, aryl, heteroaryl, or -C(O)R, R being H, C,-Cy¢ alkyl, Cs-
Cy cycloalkyl, Ci-Cyg heterocycloalkyl, aryl, or heteroaryl; or R, and Ry, are linked and together
form C,.g alkylene, R, and Ry are linked and together form Cs.g alkylene, R, and Ry are linked
and together form C,.g alkylene, or R, and R; are linked and together form Cy.s alkylene.
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[\

. The compound of claim 1, wherein Q is CH and U is N.

. The compound of claim 1, wherein X is -CH,-, -CH,CH;- or -CH,CH,CHz- and pis 1.

W

4. The compound of claim 1, wherein Y is -CH; or deleted and Zis  -CHy-.

. The compound of claim 1, wherein R; is C;.s alkyl substituted N(RRy).

W

6. The compound of claim 5, wherein R; is -CH,CH,CH;-N(R¢Rg), in which R is H and
Rq is C1-Cyg alkyl, C3-Cyg cycloalkyl, C;-Cy heterocycloalkyl, aryl, or heteroaryl, or R; and Ry
are linked and together form Cy.¢ alkylene.

7. The compound of claim 1, wherein m is 0, 1, or 2; Ry is NHy; and Rj is C;-Cs alkyl,
C;-Cg cycloalkyl, C;-Cg heterocycloalkyl, aryl, heteroaryl, halo, CN, ORe, or C(O)NReRy; or R3
is Cy2 alkylene bonded to two carbon atoms of the ring to which it is attached or C;.s alkylene

bonded to one carbon atom of the ring to which it is attached.

8. The compound of claim 1, wherein Ry is P(=0)(OH),, P(=0)(OH)(OCH,CH5),

0
N2
TN

o° 0

N. 20
=< O
P(=0)(OCH,CHs),, , 0, §(=0),0H, S(=0),CHs, or S(=0),Ph.

9. The compound of claim 8, whereinm is 0, 1, or 2; p is 1; X is -CH,CHj- or -
CH,CH,CH,-; Y is -CH; or deleted and Z is -CH;,-; Ry is NHj; R; is Cy.s alkyl substituted
N(R¢Ry); and R; is C;-C3 alkyl, C3-Cg cycloalkyl, Ci-Cg ttbonded to two carbon atoms of the ring
to which it is attached or C,_s alkylene bonded to one carbon atom of the ring to which it is

attached.
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NH2 . * rNNNOH\o HHN,...... - N10 NH2 rN NN O EtO PNH
OEt NH2 N * rN'"...-NNOHHOIIN

10. The compound of claim 1, wherein the compound is selected from the groups
consisting of the following compounds:

NH, NH2

Z N f\N
X, )I\ sy X, J\ s,
N "N° 'N” N™ "N° N
o LN 0 A o IV 0 A
EtO‘F\‘/\/ ~N HO—R/\/ ~N
OEt OH
NH,
L
|
X, )\ S,
o IOk
HO-P" >

~TN
(\)Et

NH, NH;
ZN Z "N
\J\ ~ N \NJ\ -
Wess oV TN saasoU Iy
HO'g/\/N\) N\/\/N __é/\/N\) N\/\/N
3 1@ g 1@
NH,

NHz NH,
@ o
N ., !
(\N N7 N7 H H o (\N \NJ\N
H ) H H
HO’F,J\/\/N\) N A~N HO—Fﬁ\/N\) N

NH,
Z "N
Z "N
[
St OU DY PSR EOUDY,
H ~P N N N
HO—F%/\/N\|) N ~N B0~ ~N
OH
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NH,
Z "N
|
X )\ S,
(NN : H H
(“)/\/N\) H ()\,N\/\/N
HO-R :
OH :
NH,
Z N

@)
T
e

NH,
Z "N
l/\N \NJ\N/':,, H “
EtO‘F,)\/\/N N~
OEt
A
NH,
“ "N

NH,
Z N
I 2,
SUSEL AU
It N
EtO-P o~ N ~

OEt

NH,

Z N

On \O
HN™ "0
NH»
Z "N
|
Y\N \N*N/"' " "
5 H N N
HO—F:\/\/NW) -~
OH
NH,
N\
! 4,
NSASRCUI:
5 ~N
HO—}L;’/\/N \O
OH
NH,
Z "N
NN
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NH,
Z N
0 NE &
eo-P~N N N VN H H
OEt NN \O
NH,

YO
NSNS
QN H
HO-P™
OH
O
s¥egae
0 NTONTNS
HO'F,’\/\/N H
OH
O
OO
0 (ONTNTNS
HO-B_~_N H
OH

NH,
~ NN
o='s"/\/N\/l
OH
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NH,
Z N
s A
NTTNTTN
E’(O—ll’/\/ 0 NN
OEt H 'H
NHy
“ N
NS
YNy "
1] N\) H , N N
EtO-P~ NN
OEt
NH,
ZN
|
s AN
NOAERONET:
EtO—}ID/\/ s
OEt
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NH,
“Z "N
NP S
N N N
0 H H H
“/\/N\) /\(j"z/N\/\/N\/O
Ho—ﬁ’ ’
OH
NH,
N\
|
s AN
HO"F?/\/ v
OH



