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Formula | wherein each Kis independently N or CH Q
wa2006l07M28 W X, Y and Z are independently sel e€BUSIN@MO604

H R acyl, F, d, Br, I, OH OR NH2, NHR NR2, SR

SR, S2R, S-NHR, S2-NHR, S-NRR, S2-NRR , NHacyl,

N(acyl)2a CO2H, CO2R, where R and R are

i ndependent|y sel ected from strai ght chain, branched

or cyclic alkyl or aral kyl groups, as well as aryl

and heteroaryl groups; and Rl, R2, R3, R4, R5 and R6

are i ndependently sel ect e$UMMBRYH, strai ght chain,

branched or. cyclic alkyl, aralkyl, aryl. heteroary

acy| Compaundsnacthordsiogpd PREpRERLca comparitions ) fogr e pcatment  or
plYe AL dTedisafR0ALIBA witlDa ﬁl@%@ﬂw&duﬁ&%ré@@m4mébéﬁor activity

WD 2006/ 074428 PCT/ US2006/000 &

aKd/megrQ@% app previded)\ IpaRrsRalen it M yef thgt the) gpmpounds provided

r I T
A Sl ol Sl il oy o s
- Bribit activididn cBffhe NbibtorNHR subshiR@nt ®Rms@ﬁm g2R]inSphkiRays. Based on

'th s EMR@%C NRRel;_jlﬂljcll r% % N;é:% ’ccl) @an hane%%%ﬁéﬁ n%%ﬁ#nca%ﬁbosmons 4

fo tiei ghdtmeftabh,pathogemih &dncb’nons,y midllﬁlm‘g lhylberpmhfeamab kditeases, and

ro as,.we l..and heter oups

SRR A2 e isP o B Pofe G Fbpen S Gociied B cancer
nhIhstablsiPmodiitited WXL, Tﬁéﬁompoﬁﬁiis S%R;odﬁaM—leﬁaﬁlbhﬁnclude an

NRR , S2- NRR

el AT AP 8U ) TSHIY 91 GorTiuIesyD-BLVIR): op i B Gggpticall
aE%leptaR&salR%steMprdﬁu@ﬂhdreEﬁ are independently sel ected.
fromH, stralg L chogg? branched or glg&lc al k‘yll
ar al kya} 1rstaﬁnmc kb eSﬂt argggq » GRROUNG A me tical compos11:10n
F66E Medmelor BfelyMiRiohof a @isRSassodidleRah TXICREY ?@Qﬂ%tadfﬁéﬁvatmn and

the conpound has the fornmula: QU KK K H 11
prreticularly a proliferative disorder, including cancer "metastasis, modulated via CXCR4 is

provided that includes a compound of Formula I, or a pharmaceutically acceptable salt, ester

1

or prodrug thereof:

>/
\

N
|
R

;U_Z

2

Formula I
wherein
each K is independently N or CH;
Q, T,U,V,W, X, Y and Z are independently selected from H, R, acyl, F, Cl, Br, I, OH, OR,
NH;, NHR, NR;, SR, SR, S;R, S-NHR, S;-NHR, S-NRR', S;-NRR', NHacyl, N(acyl),,
CO,H, CO,R, where R and R' are independently selected from straight chain, branched or
cyclic alkyl or aralkyl groups, as well as aryl and heteroaryl groups; and |
Ri, Ry, R3, Ry, Rs and Rg are independently selected from H, straight chain, branched or
cyclic alkyl , aralkyl, aryl heteroaryl, acyl (RC-) and imidoyl (RC(NH)- or RC(NR')-) groups.

In another embodiment, the compound has the formula:



(CRS R2)n ~\- (CRsR4)n (CR5SR6)n V T la each Kis
i ndependently Nor CH Q T, U and V are

wo peprident |y selected fromH R acyl, F, CPpCBUS2006/000604
OH, OR, NH2, NHR, NR2, SR, SR, S2R, S-NHR, S2-NHR, .
S-NRR, S2-NRR, NHacyl, N(acyl)2a CO2H, CO2R, where
each R and R are independently selected from strai ght
chai n, branched or cyclic al kyl or aral kyl groups, as
wel |l as aryl and heteroaryl groups; Ra, n, - n" and n"
and R1, R2, R3, R4, R5 and R6 are as defined above. In
a second principal enbod ngnt, a nethod, cghpound and
phar maceut i cal corrposH\ n f or the treat nt,*for

prevention ofR di sorde SOCI at Wit h '
receptor ?Wﬁ 200 Y

activati on and g 20 /Zfl y éCBB%d)ﬂf e? ﬁ%ﬁg‘ di sorder,
i ncl udi ng cancer netast¥siB, nodulated ,,,,via CXCR4

is provided that includes a conmpound of Formula Ila or
Ilb, or a pharmaceutically éEceptabIe salt, ester or

M&Qﬁd&hﬁi‘ﬁ’i&{é enthﬁNKr@HT K-KY A--1=l- R~ ReK
DE \- / R Fornmula Ha K=K U T K-K\\ WK A

=| Lil aBd N e Edf:pepd%ﬂy sglpcted frpm [ Rp¢yd, b |0é Br, [y {3,k NH,, NHR,
16RE KR JRS SLR! d%ﬁﬂ@ ?&tr@m Ng Wb 1QRRT NEtheylVN( JI)X CO,H, COR,

and Z aré as defin above: d are oné an

m@chb RradR ' iaredagrpandently wl@éqdefcﬁtne eltraflghs haigReanched or cyclic alkyl

3 sggﬁw , - CR3=CR4-,

OICRB jgr(%R% ell ?ﬁ%ﬁlﬁna ﬂetﬁ%h -, - N=CR3- and -

NRSJﬁWQenﬂ}’Relaﬂdd Roma,@cdsF.def Bn édOHbGReNH-z,[NTER HAd NRz, SO,
L ) ant by 8irhhe _ _

S5 Si P, SRS Y s AR B Gy Sl iy Yms

152l actEtart mdepadderslyrOal fh8, 4 loadmndbr anched

Ri, Rz, Rs, R4, Rs and Rg are independently selected from H, straight chain, branched or

cyclic alkyl, aralkyl, aryl heteroaryl, acyl (RC-) and imidoyl (RC(NH)- or RC(NR')-) groups.

In another embodiment, the compound has the formula:

Q U oKL
R2 /\_/>\ H {K\ ﬁ
»
N N CRsron
V T ' '
Ia

each K is independently N or CH,

Q, T, U, and V are independently selected from H, R, acyl, F, Cl, Br, I, OH, OR, NH,, NHR,
NRz, SR, SR, $2R, S-NHR, S;-NHR,.S-NRR', S;-NRR', NHacyl, N(acyl),, CO,H, CO2R,
where each R and R' are independently selected from straight chain, branched or cyclic alkyl
or aralkyl groups, as well as aryl and heteroaryl groups;

R* n,n’ andn’’ and Ry, Ry, R3, Ry, Rs and R are as defined above.

In a second principal embodiment, a method, compound and pharmaceutical

composition for the treatment or prevention of a disorder associated with CXCR4 receptor



or cyclic alkyl , aralkyl, aryl heteroaryl, acyl (RC)

and i mdoyl (RC(NH)- or RC(NR )-) groups. Inathird
w@eioaoi4at enbodi nent, a net hod, conmpound and PCT/US2006/000604

pharmaceutical conposition for the treatnent or

prevention of a disorder associated wth CXCR4

receptor activation, and particularly a proliferative

di sorder, including cancer netastasis, nodulated via

CXCR4 is provided that includes a compound of Fornul a

11, or phar maceutically acceptable salt, ester or

'defpvation gmti mérﬁlé@iﬁrlbga\mligamo@mé@ PONius2006T GBEEBSS, todulated

B L BT, S 5,

pharglageuticallyascegtablerselt) eabmew,rockugitheﬂapf: R, Rl, R, R3,
R4, R5 and R6 are as defined above. In g fqurth
princi pal ¥ a net Ho %ﬂnpoun ang

phar maceuti cal Q5|t|o t'ie Rer dat nenf or
preventi onef$a dfsorde i mﬁiﬁ;ﬁ&?ﬁi
receptor acti'vatinan,/and j x proligerative

di sorder, includingPcancer stasi sy nodulated via
CXCR4 i's provided that inclddes a co pund of Fornmul a
IVa or Vb, or a pharnaceutlcally acceptabl e salt,
ester or prodrug thereof ! =K AUB K-KK I / X ~K
Ei KZ DQTG ForrruIaF‘i%‘lWIk =K U\r ~ -KY R7
RBKKAI KZ EXK~ D QTR

— . K—K v
WK\’K—K/XA il } \§-¥
< ): i =
. D/ \H% \G T
Va
Formula IIb

«wherein
each K is independently N or CH;
QT,U,V,W,X,Y and Z are as defined above;
A and B are one and two atom tethers independently selected from -CR=, -CR3R4-, -CRs=, -
N=, -0O-, -NR3-, -8-, -CR3=CRy4-, -CR3R4-CRsR¢-, -CR3=N-, -CRoR4-NRs-, -N=CRj3-, and -
NR;-CR4Rs-;
R and R' are as defined above;
-D-E- and -G-J- are independently either -NR3-CRy4- or -N=C-; and
Ri, Ro, Rs, R4, Rs, R, Ry and Rg are independently selected from H, straight chaih, branched -
or cyclic alkyl , aralkyl, aryl heteroaryl, acyl (RC-) and imidoyl (RC(NH)- or RC(NR')-)
groups. | '

In a third principal embodiment, a method, compound and pharmaceutical
composition for the treatment or prevention of a disorder associated with CXCR4 receptor
activation, and particularly a proliferative disorder, including cancer metastasis, modulated
via CXCR4 is provided that includes a compound of Formula III, or a pharmaceutically

acceptable salt, ester or prodrug thereof:



Formul a 1Va wherein each Kis independently N or CH,

Q T, U V, W X Yand Z are as defined above; R R,
WRL06824428R3, R4, R5, R6, R7 and R8 are as def i PE€TUS2006/000604
above; and A and B and -D-E- and -G J- are as defined
above. 10 WO 2006/ 074428 PCT/ US2006/ 000604 1In a fifth

princi pal enbodi nent, a nethod, conpound and

phar maceuti cal conposition for the treatnent or
prevention of a disorder associated with CXCR4
receptor activation, and anrt' cularly a proliferative

di sorder, ihcludinhg cancer tastasi s, ;ﬁ&dw ed via
CXCR4 i s pr‘"’cq)vi\(ﬁl}!(;l_o({n\%haltt3 iRn \gcag R, COMy dﬁNFormﬂ a
a

un
Va, Vb or Vc/<\\\er _ %cgm\.ggl e salt,

ester or prodry AN KRAZRs Rs K~
XKI -\Z NKNR Forqrul atVa Q €WK R3 Ra R5 R6
K~ X C~~ KK Z NKIN2 Fornmula Vb VKY R3 Ra Rb
Rs KCK) XK~Z NINR R2 Fornula"VWc wherein each
K is independently N or CH;

: Formula III

wherein

each K is indepenciently N or CH;
Q,T,U,V,W,X,Y and Z are as defined above; and
R, R’, Ri, Ry, R3, Ry, Rs and R are as defined above.

In a fourth principal embodiment, a method, compound and pharmaceutical
composition for the treatment or prevention of a disorder associated with CXCR4 receptor
activation, and particularly a proliferative disorder, including cancer metastasis, modulated
via CXCR4 is provided that includes a compound of Formula IVa or IVb, or a

pharmaceutically acceptable salt, ester or prodrug thereof:

U V
— K—K Y
K. \ / J
X/\}\< / /E——-[ /\é\/]——J\ K\z
D Q T G
Formula IVb'
v y K—K Y
K \ “ Ri. Re K K
X/\l\( / E /\4/ %K\Z
D/ Q T hi
Ry
Formula IVa

wherein

each K is independently N or CH;

Q,T,U,V,W,X,Y and Z are as defined above;

R, R’, Ry, Ry, R3, Ry, Rs, Rg, Ry and Ry are as defined above; and
A and B and -D-E- and -G-J- are as defined above.

10



Q T, U W X, Y and Z are as defined above; and R

R, R, R, R3, R4, R5 and R6 are as defined above. In
w@2@t432%r i nci pal enbodi ment, a net hod, conmpoRETUS2VA6/000604
pharmaceutical conposition for the treatnent or
prevention of a disorder associated wth CXCR4

receptor activation, and particularly a proliferative

di sorder, including cancer netastasis, nodulated 11

WD 2006/ 074428 PCT/ US2006/ 000604 via CXCR4 is

provi ded that includes a conpound of Fornula Vla or

VI b, Inora eﬁfmp heincipale whboditet, ax civpthedh| eospiund - ewt ephammaceutical

. (%E&O%{tﬁg }{t ]i\ﬁlr eal'l_rbeg n,tjﬁ %—re‘(L}Jeann &f 2].. dtﬁg\ll'/gKr_ é}%ﬁ%at?? @%})@% Eceptor

adﬁvﬁhcﬁ ah® pomticalatly b prolif@tvendisadds, iﬁclludmg mdmee nﬁkmﬂhkly, thbdulated

C%g%lQﬁzprorgged at ﬁglud%gg céy%&ﬁx&fa ﬁ& é)iﬂ'gll;.]le n%rd 5‘0 or a

pmaﬁau&aunwm acAp@bBi sat a8 orPrédrugthereof> J- are as def| ned
above. In a seventh principal enbodi nent, a method,

conpound and phar rraceutl Qal conppsiti on for the

t r eat ment dfd\& rder dW|th
CXCR4 recept ok aCtKI v [ BC Iar
proliferatiyi Q_%Zer ' ' nce f asis,
nodul ated Vi a"CX S provi : . 'ncl udes a
compound of- Formul a ll I, or a phar rrac utically

acceptable salt, estgr or prodrug thexgof: UV N R5 R6
K/ Ws KYb' zZ XKN .

Formula Va
Wo — NP . J Y
RO VL | N Re_ Ry \7/
x/\|\<—< F '—"K\Z
N X hi
|
Ry R
Formula Vb

K U

0
— / \ Y
"SEN ®pe ) Yeene o X

S p v 3
X7k F — K 2
“| “i
Ry T R
Formula Ve

wherein
each K is independently N or CH;
Q, T,U, W, X, Y and Z are as defined above; and
R, R’, Ry, Ry, R3, R4, Rs and R are as defined above. .
In a sixth principal embodiment, a method, compound and pharmaceutical
composition for the treatment or prevention of a disorder associated with CXCR4 receptor

activation, and particularly a proliferative disorder, including cancer metastasis, modulated

11



R R2 Formula VIl wherein 12 WO 2006/ 074428

PCT/ US2006/ 000604 each K is independently N or CH U
WO2000074428 Y and Z are as defined above; Rl, R2PCRBS2008/000604

R5 and R6 are as defined above; and Mis O S or NR3.

In an eight principal enbodi nent, a nethod, conmpound

and pharmaceutical conposition for the treatnent or

prevention of a disorder associated with CXCR4

receptor activation, and particularly a proliferative

di sorder, including cancer netastasis, nodul ated via
viaCXORAR4 Sis pproviflete dhat hineluflesc b uersaposnd orfp Bomplaf Vigo P18 oF 2

Villa. .or. V]I %mwp gﬂkkgglly accept abl e
Tu er eo

/| Z D~ MNR ForrruIaQ\/IIIaTU\,UK K KX <
Ei KKz MI/M£ For mu bwmr nv h Kis

' B, Re aQd fre as
defi ned aboye( RL/ ,R8 are
as defi ned*abdve; ‘ and 2G J- are
princi pal enbodi nent, a nethod, conpgqhd and
pharmaceutical conposi.tion for the treatnent or
receptor activation, ﬁlarly a proliferative
di sorder, |nclud|ng caanr nEtas aS|s nodul ated via

phargapeutigalaece blersgg WK =K A : tSl K E XK
i ndependent | 0
as defi ned above' ahd Mis O S or In a ninth
prevention of a disorder associ.ated wth CXCR4
and PRFE G

CXCR4 is p OVI that i ncl conpo K of YFor mul a
I X, or a pM » aIIy ////
A \
K
Formula VIb
wherein

each K is independently N or CH;
Q, T, U, W, X, Y and Z are as defined above;
R, R’, Ry, Ry, R3, R4, Rs, Rg, Ry and Rg are as defined above; and
A and B and -D-E- and -G-J- are as defined above. ‘

In a seventh principal embodiment, a method, compound and pharmaceutical
composition for the treatment or prevention of a disorder associated with CXCR4 receptor
activation, and particularly a proliferative disorder, including cancer metastasis, modulated

via CXCR4 is provided that includes a compound of Formula VII, or a pharmaceutically

acceptable salt, ester or prodrug thereof:

U v y
W}’_\K R R4/ \ Rs Ry K‘/ \<
x/\|\<——</ N ’ %hi>=l< :
|
R, ¥

Formula VII

wherein

12



acceptable salt, ester or prodrug thereof: 13 WO
2006/ 074428 PCT/ US2006/ 000604 WK ~ KjY KR3 R4 R5
WR006N1448 K /| ~A~ N /\-- \Z R R2 Formula | Xp@iTesm06000604
each K is independently Nor CH W X Y and Z are as
defined above; Rl, R2, R3, R4, R5 and R6 are as
defi ned above; A* is independently selected fromthe
group consisting of fornulas a-g: (a) (b) (© M(d)
(e) (f) (g) ; and Mis 0, Sor NR3. In a tenth
princi pal enbodi nent, a nethod, conpound and
e4eh & iswaiepdndestly N oo@Hpsi ti on for the treatnent or
e L,on a_ di associ ated wi th CXCR4
Up&cy%?oanggﬁr?/%ﬁﬁ (Paj]r‘??ﬂ '‘particularly a proliferative
RQIEORQRQ,,Rslaﬁ@RUdﬂeQQdéiaﬁdabovl&'ﬁhﬂst asis, nodulated via
-CXCR4 is_provided that includes a corrpound of Formul a
Nklscblsoé arnmaceutically acceptable salt, ester or
p ro dl'hu @nt Jﬂ%ite 9’f1n01ﬂd4 MEH 061 0 44 Adthol @6@9@6 b Qﬁ\Qﬂ‘naceu’ucal
\"'YABK XKEA\Z De GForrruIlall
-,c«mecrsmon f@ra@ﬁ tiatment prjisETEien of § INOYEr esspoiateg with GXGR receptor
a&qv@ﬁcﬁl 3nd g%bﬁl% Qkf)%dﬁeraﬁ;e dlﬁderﬂ%cluﬁiﬁg cB%er B@tasBle afHQdulated

as defined above; and . and -D-E
. viaGCXCR4r s provided ﬂh@dmg}yéqsea c‘é)mpoum}c of §og§u]§eyﬂi[pe@r VIIIb, or a

'pﬁﬁﬁg&u‘u@a@g acceptable salt, ester or prodrug thereof:

— v K —K Y
w_ K=K U
5 A\ Ry Ry K X7
. K.
X/\}\( / E—-—/ \ ):K\Z
D/ M NI
Ry

Formula VIIIb

wherein

each K is independently N or CH;

U, V,W,X,Y and Z are as defined above;

Ri, Ry, Ra, R4, Rs, Rg, R; and Rg are as defined above; and
A and B and -D-E- and -G-J- are as defined above; and
Mis O, S or NR3.

In a ninth principal embodiment, a method, compound and pharmaceutical
composition for the treatment or prevention of a disorder associated with CXCR4 receptor
activation, and particularly a proliferative disorder, including cancer metastasis, modulated
via CXCR4 is provided that includes a compound of Formula IX, or a pharmaceutically

acceptable salt, ester or prodrug thereof:

13



Mis as defined above. In. an el eventh principal
enbodi nent, a nethod, conpound and pharmaceuti cal

W@ oivp0%i4e8 on for the treatnent or preventi on OPCHUS2006/000604
di sorder associated with CXCR4 receptor activation,
and particularly a proliferative disorder, including
cancer netastasis, nodulated via CXCR4 is provided
that includes a conmpound of Forrmula XI, or a
pharmaceutically acceptable salt, ester or prodrug
t her eof UK—K‘ Y RE KWZ LDs RS ~RE R4 XK~/ Rz |

Tl R V aXI wher ei n each&f—sK/Y

|ndependentl s T, U ¥ z}nd Z are
as defined a R%h R3\/R4 \ﬁ-d\R6 are
as defined XaboK/ tvvel fth prins{ a(l\1 di ment, a
nmet hod, corrpound an phar maceut i cal orrp05| t| on for

the treatnment or prek/entl on of a disqgyder associ ated
with CXCR4 receptor Riactivation, and Barticularly a
proliferative disorder, including cancer netastasis,
modul ated 15 WO 2006/ 074598 1B US2006/ 000604  vi a
W§Im4 is provided that includes a conmpound of Formula

" or a pharmaceutically acceptable salt, ester or
emd@rsugﬁephdﬁmlnyorCH K-K\ \ JKZ K-KW- AG XK
V@%é—? Egulasa er ein each Kis independently N

do(j} T ‘Ef ’X Y and Z are as defined above,;

Ri, Ry, Rs, R4, Rs and Rg are as defined above;

A* is independently selected from the group consisting of formulas a-g:

et
00 <

(9) : ; and
Mis O, S or NR;.

In a tenth principal embodiment, a method, compound and pharmaceutical

composition for the treatment or prevention of a disorder associated with CXCR4 receptor

activation, and particularly a proliferative disorder, including cancer metastasis, modulated
via CXCR4 is provided that includes a compound of Formula X, or a pharmaceutically

acceptable salt, ester or prodrug thereof:

14



R, R2, R3, R4, R5, R6, R7 and R8 are as defined

above; and A and B and -D-E- and -G J- are as defined
W@bwem744k$1 a thirteenth principal enbodi nent, BCTES1006000604

conmpound and pharmaceutical conposition for the

treatnment or prevention of a disorder associated with

CXCR4 receptor activation, and particularly a

proliferative disorder, including cancer netastasis,

nodul ated via CXCR4 is provided that includes a

conpound of Forrmula XlI1, or a pharmaceutically

accept abl e wal f~=kster or prodrug there T;¥%/W Y UT

X1 1- K z gspacacyh, |, (spacer) \ /8 (spacer)

N11NI V FoEqua Ll erei QT

V, W X, Y andfZake a5 defined aboVe ‘ROZ R3,

R4, R5 and R6 are asbd'defi ned above; afd "spacer IS

i ndependently a bond, straight chained or branched

Cl-C5 al kyl, C2-C5 al kenyl, C2-C5 al kynyl, Cl-C5

al koxy, C2- 03 al kenoxy, and C2- C5 al kynoxy wherein the

al kyl group can be substﬁ?@ﬂéﬁxby a heteroatom (such

“%émwl or S), including but not linmted to-CH2-

OCH2-, 16 WD 2006/ 074428 PCT/-US2006/ 000604
e&hﬂ@@n@@smlenﬂymdzcm OCH2CH2-, - CH2- OCH2CH2-
2- - CH2CH2CH2: OCH?-

ni CH2CH2- OCH2CH2CHR- , - (CHR)
mmw(m R, 2GRS GleaCH)ne@akiR; and( CH2) n-

A 4ig 6%-9%<W%reafe@af§%99e<@%s; (@,

AM(iOasadefingd abovg;abkyl - O) -, -(0- alkyl)- wherein nis
ndeﬁ*@ g %.y 0, 1, 2 3, 4, 5, 6, 7, 8 9, or 10. In
SRS IFYEERTR™

pr|n0|pal enbodi nent, a net hod, conpound

and phati redsehthi gritlcipal @fpOidehiOn fn@fhoﬂ h Goﬁlﬁ&ﬁﬂ B piYmaceutical
&éeventﬁpn of a di sorder aSSOC|ated with CXCR

REHBrOT BErTHIMPb AL PraFRRtgn of # dinorler yssqcipied |W1ﬂ1e¢>é€R€, deceptor

aétivafér] @nd phitichlhdy APrFREEYe dBSaS! B8lulingMRH: H@tas] Rodulated
CXCR4 i s prOV|ded ?hat |ncludés a cong%und of Forﬁh1ao wate

vig) A CB# 1 payded dhatginclpdes araeranaung of (Fprmee o ab |aa>1@anatceuucally

a&shi@ble BAlt, egtadwg)dh{g%@reéf heteroaryl heteroaryl.. or U
T or heter icycle I=I_ heter| cycle

Formula X1

wherein
each K is independently N or CH;
Q T,U,V,W,X, Y and Z are as defined above; and
Ri1, Rz, R3, R4, Rs and R are as defined above.
In a twelfth principal embodiment, a method, compound and pharmaceutical
composition for the treatment or prevention of a disorder associated with CXCR4 receptor

activation, and particularly a proliferative disorder, including cancer metastasis, modulated
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(spacer)\ A(spacer) \ e (sp\ r) (spacer) N (-1 NI1 VQ
2 Formula XIVa q X K Z heteroaryl (spacer) (spacer),
woroopspaeer) (spacer) heterocycle RL 1 R2 Feehubm06/000604
XIVb wherein K, Q T, U V, W X Y and Z are as
defined above; Rl, R2, R3, R4, R5 and R6 are as
defi ned above; "spacer" is as defined above; and
"het erocycl e" and "heteroaromatic" are as defined
herein. The conpounds of the invention are .
particularly useful for inhibiting CXCR4 receptor
vial OKERAGH ippddedi thdt incltdes @ donganuts of Fermyire XBiriop di pharaceygically
‘ od is provided to inhibit CXCR4-nedi at ed
aGC&P?g]Fé@tfs r@éﬁ%&l ngfna cell with a conpound of
Formula (I)- (XVII) The conpounds dgschibed above,
are particularly useful aﬁoy— e ti nmertk or :
prevention of a 17 WO 20¢§/I0 42% P 006/ 000604
or activation,
and parti cul ar@* a pyetiife {ve di‘sor der, incl ud| ng
cancer netast a§Ks leI af/ed via CXCR4. In one

enbodi ment, a nefho p I ng netastases of a
mal i gnant cel | is prdvided . includes
adm ni stering a conpound of Fornmula (1)-(XVIl) to a

host. The malignant cell j,ganxbe a tunor cell. In.
certain enbodi nents, the conpound can be provided to a
host before treatnent of a tunor with a second active
Wl%?é‘ﬁ’bound In a separate enbodi nent, the conpound is
ea@ﬁK\&éﬂﬁQpeh@erﬁlypmrlc&nt that has been treated for cancer
to reduce the kel i recurrence, or reduce
Qb > W% ﬁrﬁéﬁld‘?%\fnfaﬂoléovﬁartl cul ar tunor. The

RERIRGURY K;fR6, Rosdiisard d9)defid dbpveg and al so be provi ded
‘ | n conjunction wth ano h ct i ve conpound. In one

A pad Bioagt Ak~ enbsHiEsts de PA%4 of preventing

et 5t AShistefth rilBpd1 oAVdIBEL 2 hehed, Odblmjﬁdnd laad pharmaceutical
i ncl udes contacting the ceIIs Wi fh a co

copaosiiba NV GPATET RSB Fh A COFUAH 818 APICR rceptor
ac%%!it?d’n, Qhd Bﬁrﬁgﬁﬁ@ 3 Bﬁ)‘il?é?;tlve“d\é&delh' intudindl cancer metastasis, modulated

via CXCR4 is provided that includes a compound of Formula XIII, or a pharmaceutically

acceptable salt, ester or prodrug thereof:

CTN

\ U
X/ _ >
{spacer) (spacer) (spacer) {spacer)
\,/ \ ‘| S
| V |
R1 Ry
Formula XIII

wherein

K, Q,T,U,V,W,X,Y and Z are as defined above;

R1, Ry, R, Rs, Rs and Re are as defined above; and ,

“spacer” is independently a bond, straight chained or branched C;-Cs alkyl, C,-Cs alkenyl,
C,-Cs alkynyl, C;-Cs alkoxy, C,-Cs alkenoxy, and C,-Cs alkynoxy wherein the alkyl group
can be subsﬁtﬁ:ced by a heteroatom (such as N, O or S), including but not limited to-CHa-
OCHg-,
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HHFornmula XV. In a particular subenbodi ment, the

conpound is a salt of a conpound of Formula XV,
w@asobiozbarly a chloride salt. In another partPCTIUS2006/000604

enbodi nent, a nethod of preventing netastasis of a

mal i gnant cell is provided that includes contacting

the cells with a conpound of Fornula XVI, or a

pharmaceutically acceptable salt, ester or prodrug

thereof: N WN HCX N Forrmula XVI. In another
,partlcular enbodi ment, a nethod of preventing

(BB QGHS, -Gﬁz@HfF@DHgGHm -Cfbe(DGJHz@'IZBr SH6H QFREHCH,, -

S h S
'ngﬁﬁgﬂg(%@ﬁ %ﬁ%bggc%h§gﬁfégﬁtﬁ%%P accepfeg?e{gg
‘oemng) -(QHL R, mz@‘l(ﬂﬁh)‘ -OaTH,, (8D, 2011&/)10\2@4,263Hz)n-N- -(CHz)n-O- -

5 G BB R, (SRR HOSP: BN D s (B0 -0
amg@h vlieéin BYs fnddpBddently 0.1, mi‘ mgs rﬁeﬂ,laspa?il 19, % |
amnlsterln a co un or nu - t a e
B 3 o SRRk Bl e St e i
cSRRHHEDL fhe tfeblﬁ'leﬁf &} hibemabh vea dissiletl egsodisted amherxcm geceptor
in particul ar subembodi nents, .the disorder is

. aoplen a0 SUURHERY 2 PSRRI BEVERE ooy i grscapdlated

'viRecaeRNisShRIRIE] ttBatBinbRads h%oﬂ@@ﬁ‘nd e rfe)@fiqulhoxx\ad UEEXIVD, or a
the 1 nci dence of netastasis. particul ar

pbam@@ﬁuﬁ@qib@ccep%ledalé@af%oruPéodévge%lé&eo ‘brain, pancr eati c,

ovari an, partléularly an ovarian ep| ﬁtr?

prost at e, non-sng |, cell In a
suberrbodlrrer{ﬁ]et conpoundl E adnlnl%gghggc

conbi nati on Lor ernatlon Ti\anot he

compound. In an ther nent

provi des a ri il of(?ggﬁ ovg /aglzaplon
particul arly VEG--\ependent ascul leatlon
contacting a cell |with a co und desdri bed hereln
The cell can be ing a host an¥nl , inclgdlng a human.

I n anot her enbodlnent pharnaceutlcal énposi ti ons

including at |east one cohpBaREI* Fornul as

(1)- (XVII) ar, ovi ded. In certain enbodi y at

| east a sec?égzﬂéttive compound is inclu t he
conposi tion\_The cond active conpound a
chenot her a icy particularly an agent agid @\aninst

a primary tunor. |l n one entodraeyiy, a conpound of

Formul a (I)-@XMkn{\i (SR38® hggg?ﬁhe kamsl}h@cﬂ)

”i
! |
Formula XIVb

wherein
K,Q,T,U,V,W,X,Y and Z are as defined above;
Ri, Rz, Rz, Ry, Rs and Rg are as defined above;
“spacer” is as defined above; and
“heterocycle” and “heteroaromatic” are as defined herein.
The compounds of the invention are particularly useful for inhibiting CXCR4 receptor
interactions with native ligands. In one embodiment, a method is provided to inhibit
CXCR4-mediated disorders by contacting a cell with a compound of Formula (I)-(XVII).

The compounds described above, are particularly useful for the treatment or prevention of a
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production, proliferation and isolation of stemcells

and progenitor cells bearing a CXCR4 reeceptors. Such
w@edobs744p8| ude but are not limted to bone nmarPOGMUS2006/000604

progenitor and/or stem cells or progenitor cells for

cardiac tissue. In a separate enbodi nent, a nmethod for

treating di seases of vascul ature, inflammtory and

degenerative di seases is provided including

adm ni stering a conpound of Formula (1)- (XVII) to a

host. In a separate enbodi nent, a process for
dB6rdeikdtthtay B CXaR4 dsodptot aumathtita &8l pasticufuly ai piledferativeedisorder,

process incl udes. pr di.n el ed pepti de-based
“é%ﬁ%ﬁ%ﬁﬁ%@ﬁﬁ?@?s%Fﬁﬁ%wdﬁggfééggtectable si gnal when

bou Eﬂl dne elalbé‘aiﬁaﬂt 5 eeMpl of pre{z‘@lﬂf@ﬁrfefaﬁlgsea o XGRYgaeitioprovided

Wi t at ] east .one test npolecu t no .
thag meldes adyiBiRtcrins ¢ eempoynd @ﬁfowﬁp@e(ﬁ@bﬁf’ Abpft e eetignant cell
chBBd a SRBHE Wi deHaih BRLEEREE ehd@ngBbuadiéagdepirétided to a host before

separately, contacting the peptlde based ant agoni
tregfmanis gifrp] wmAb tVithing ISeRIPA ROl CerBRYUM Ao | B fISEPF Y Hrsbﬁﬁi’alent the

cgﬁg&fnﬁll n%%{ﬁ’ﬂle@to ANHe R MR AL 18n &Qﬁed folr gRbr b reHcs Jfh@ hkehhood of
e to the signal fromthe control sample

recugpessi fof Ge@gb-m%hwszg@mfbmﬂlzs PRl e od@e(ﬁpmpound of

d.

T S G R v

~ 04/ 087068 partcHarmmybotimicnt rgiethod. of] |pnevanmngrmﬁ@qtasw of a malignant cell
.Sube t [
ARFERIE bl o REAPSRL Ll b RSB i v, o
phamtacmﬂcdbeslceﬁ)tabmmg@wr stprpdrug thtvteaﬁt ed with a
st rept avadi n- conj ugat ed si gnal nol ecul e. BRI EF
DESCRI PTI ON OF DRAW NGS Fi gure 1 sh

stai ned cell s¢and ots i ngfTatN ng t he if/icity of
TN14003. A Th ifidi ng—o @ Q C Nhwas
bl ocked by preincub n'on ofN\-40&ng/ m 1. Cells

wer e i munost ai ned by using biotin- Iaqkled control

peptide (a) or bioti | abel ed TN14003 (b & c¢) and

strept avi di n-conj ugat ed r HodmmerdeY (red). Cells were

pr el 'fl? ﬂl@lﬁﬂ%ﬂ&z %%t,fﬂ%rco ofids 384t $m3nfp'oﬁ1%jof‘f‘3rmulaXV
ce-Co aceton © Northern blot analysis and

mmmmbﬂmabhbndaﬁ&ly3|s results show the different

expression | ey [ ld I
7 hedt ok a5 Qo B B GRS GRMALER of o mlignant
@l it pattidad tico inahales tortadtiog fhe @lls @otif @ cethporindraddiozphie XVI, or a
f CXCR4 protein.on.,c ce fron1 VDA- MB- 231
R Vi t%é falg ?Skeégr%mhlmélzﬁhg %i ot i nyl at ed
TN14003 and st rept avi di n- conj ugat ed (red col or).

Nucl ei were counter-stained by cytoxa‘eﬁ#I
r af

Represent ati ve i mmunof | uor ese®y g of CXCR4

with the b|0t|nylated THL40[0 i n enbedded

ti ssue sections o pati ents and norma

breast tissue. Egéf 21is an |nage of a western bl ot

show ng phosphory Mn of Akt. I ncubating NDA-MB-231
cells with 100 ng/m of SE%F} 2@5 30 min stinul ated
phosphoryl ati on of Akt. ti vati on was bl ocked

Wi t h I bhdt¥ QartiznlaAMIBodient; mmﬂ@d&é-})dﬂpﬁmgemtasﬁa}mﬁra malignant

Figure 3 es of s a|n s_an
AP S SR RISRRBIZE T 20 4 PTG GLF Sl YTl or 2

ﬁﬁ%elﬁicaﬂ%&ceﬁablé‘&ﬁ ésteilloﬂpmgru@fthdrfbfaSI on of

VDA- MB- 231 cel
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transfected with control siRNA siRNA1 al one, or

si RNA2 alone in matrigel invation assay. The
w0 povasiuesiess of NMDA- MB-231 cel I s transfect ed BET/HS2006/000604

si RNA1+2, siRNAl and si RNA2 relative to the control

are 16% (P<0.0003), 39% (P<0.0014) and 51% ( P<0. 0026)

respectively. B: VEG-, H F-1 and CD44 nRNA | evel s.

Actin was used as a loading control. Figure 4 shows

i mages of cells and |lungs, as well as graphs of the

effect of CXCR4 siRNAs on inhibition of breast cancer

nmetastasis in vivo. A The phot ogr of lungs and

their H&E stainings of one represeg\atlve from each

group. B: The average reg -PCR) of hHPRT

using priners that only n| zp| human cells from

SiRNA-treated . gHfdps rel#tive to that of control

group. 1: Goup 2; 2: Group 2;. 3. Goup 3; 4 Goup 4.

C. 20 WD 2006/ 074428 PCTFOFH08YH00604 The per cent age

of hyMRARefattEdnAVEIREE £XRIHeE SIfOfeatify Aisofbrsemediated by CXCR4,
treated group is relative to that of osgbrcﬁéﬁ% up. d
IEuginganeasisisnky FEBRISCERE ACPVROYIGRE ESut tg Host in nee
o?&éfﬂiﬂ!ﬂrﬁ i 2];)}0@391" Pinleet#i RdbOtimests) rofifehtfoe QisBrdér is cancer, and in

I ndi cating the effect CXCR4 si RNAs on
bl ﬁubemb@ﬁlmew,eﬁlstd@a@?é oF rBelaglics Faoptn (] Gompounds of the
i3 @ﬂlﬁﬁ @e?éd 1{035 }R)'éﬂh eedd @O 1o @e(fu@@fh% fhﬁ‘i'deﬂl:é Yfmetastasis.
m ce oup mce) and Goup.2 (rig 3

Imw)ulal&m@mm tbﬁeéma@mw bfﬁ@f&@é@n PanePRiidy @VFWQPQ'P@&”IY an
‘o]iigrij m & Hl? 11%? gg)s%ﬂel ?Ellnéx E rg’all a—ehleluhé ?EH‘%@IXIIﬁla subembodiment, the

ung area m t he same
campd)midss adrmﬂstefédgwccmﬁenat@n ar gteaption ithirgother apijieopmpysl.
graph shows tha Lu el ave nosed aglel Yed
hi ghEHRE'O i Vit ?/yfnﬁnho?hneoxﬁngé%ﬂﬁgt pclr:cgvﬁdege\ﬁsup ressed educing
nbyvastulldtieaticnX Gatdiculsil RVEGH-ddefideht siedRibAulaHRECAc M’loebnflayﬁng a cell

.ncrease in h
weilseaeou Byt hePnoiRRi Lyl iy B, Rjydine o buman.
Fi gume afothsr iewigainent, bhma&&ﬁmceompammgs aiptidiog at least one
cells s ovm n

CEE TN & I TR R
aicﬁ%&ﬁn&ﬁncf (URERBEERSthe hPadingNS Thé s&bad aethec@indpsund can be a
Bi oti n-1 abel ed TN14003 was used to detect CXCR4 :
chemetherapentie Prrtiswlagly pr agent etV e a83HSt LRPWFY "%t i ous

concenioh@tein8hdin@ht, \AZ&Jﬂ%%h&i oR&SHhiile (I)r(dmgtﬁ dsbdto ksmllate the
of WZZL811S is |l ess than nM Fj gure 9

IS
predyctere ﬂ?tcéltquéﬁpno#ndthFéat&ﬁ‘é?ﬁséea? c@lsr@étm?z’énmr "y besipeg CXCR4
rgécgé%l% IQch Selfs BERBY b@tnage ‘h@pﬁﬁﬁ&f‘foaﬁdn\é SndoH pﬁ)%emtor and/or stem

I nvasi on and Akt phosphorylation in cells
q&\lls ¢Hﬂﬁ¢aﬁnﬂ0r®nll%ﬁ0r oxERIASIF- 1 edi at ed i nvasi on of

ITEdI zl? a g%gl%tel dhpblifle ?lt ?%ﬂéﬁﬁlfgljﬂ'e ating §8ER4 PEschlature, 1nfgdmmatory

I nvasion o MB- 231 was Dbl ocked eit her
add rikbabrali dis@Sesois prwvided linclglingadministasng i aneprwopedvet mula O-

@ﬁ}g}s) W tt1 100 ng/m of SDF-1 for 30 mn stimnul ated
E?]aOr%/ﬁ ation of Akt that, bl ocked by WZL811 Sin a

doseinlepspaatt embotimentf |agpme£ss_ foi scrpeming pptenlipdsireg candidates is

Iﬁﬁi@j‘ﬁé% fe%g ?1}% t%ﬁll%tg mgrl g%{ill\@gr 23%‘1’6(1%@5(?%4 anfaponist that

B Iegtad Yignal e BoutHl to ¥ €XICRfeteptor; contactmg a CXCR4 receptor with

at least one test molecule at a known concentration to form a test sample; contacting the test
sample with the peptide-based antagonist; separately, contacting the peptide-based antagonist
to a sample not including any test molecule to form a control sample; and comparing the

signal from the test sample to the signal from the control sample. In a specific sub-
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was generated by injecting tunor cells intra-tibia.

Figure 12 is FDG PET i mages of m ce aninals described
wopooEanapt e 7. Figure 13 is a graph of the HPLECT/US2006/000604

anal ysis perfornmed as described in Exanple 8. Figure

14 is images and a graph of endothelial capillary tube

formati on assay. A) is mcrographs of endothelia

cell tube formation. B) is a graph of the nunber of

tubes in each treatnment group. Figure 15 is a graph

of p27 levels nmeasured after incubation with indicated

erRbIIHASE, thefpe dd &my&és@@rdeﬂ%dlﬁ&n mlm (descnbed 1n PCT

2006/ 074428 PCT/ US2006/ 000604 . Fi r% 'rﬁ% ¢ th
vt ook GOV DR b (GROR LS b ey RebaT Dap Bgent, the
arﬁégaﬁﬁ{ é TatRfed \&%Oa 13B6h mbBlesind hﬁaﬂﬂawsfghaﬁﬂﬁéné@mﬁl thé biwtindabeled

days. Figure 17 is graphs of the apount of WZZL811 S
antagenist iegoniactedivitive eteptavsizcenyyasted sigpalmacipeule

adm ni stration, indicating the in vivo Stabl|lty of

WZL811 S and WZ40: A) is a of the |evels of
WZZL81 1S at i ndBREFD S‘f‘flﬁ’gQNiﬁTngé‘d‘ﬁ’i NSt ration of

400N/, d b

e bl LSRRGS BY b osBE VAR Bhich o @B o,
TNDIAGBPR! TheWiREhg TELI00D D CXCRY Gagblscked IBE‘prHlﬂcEBmon of 400ng/ml
DESCRI PTI ON, OF THE |

SPBrip Glls VR EnmpResfins g bﬂ@angﬁa{m-ﬁ%alﬁﬁ Rorirof R f‘é’“@? ) 8?%8?1’"‘
14bB8d TRXHIH (b BESRhO EtrepTRRRE cGMIFRR Tislatan (). Clswee

treat tunor netastsis, or any other ease,

prsicubated with §OFny Jey 1 miniand gt e I%Ee%f%i%cetqnﬁ\iﬁai B Nigythern blot

%ﬁ% hind ESER b@&t}énﬁgﬁpﬁwﬁ%h&fz tHe UgFFdrent @mrb@mnv,t%& of CXCR4
entified usin ructural caonparisons the known

fiopdreeshemnesy 6l incs, MRESMIDE L(and AP AMB 1P dt-potig Was used as a
1@&%3&@@1‘ fcg%gth-ré"’eol(f@caﬂ) ﬁ)@&b&?phs an bﬁ@?@f Cg?&tém on cell’s surface from

ased honol ogy nodel s of shows
MIMBVBAO] el MDheMB-43eelliliaps lag@mgévotw@msism 1|4903 and

s %ptazn? %g'rp bl I{’fggg%éi ?@Eﬂ%g@glgp\%&g c%tér%nﬁrﬁ%rcwoﬁ blue D:

ant agoni St
KepremdtaalWe hmnﬂ'ﬁdﬂd@n@@:)enm steomigg 9f GKAR4 “tﬂhéh@gmmm’latftﬁ i 49@3 on

of [ f
i e e e e By
Thi s Bigure o.ﬁwrﬁfnagméﬁrmmarmhlov\ﬁQwugqﬂhomhowﬂmnef Akt. Incubating

Mh?z}@gﬁégfeqsﬁ’g 80&;&11 ciftSblF nP Enn gt n%t[le%?c? El?: s%hoqunon of Akt.

Tohisf dcBvtioh wh slauzwlaaﬁlon»umh:e smmmmmnbsdoa&d@eam mamer

O oo R b BT R SR g oo
céEsS@ard nsiR6ed h&lla l@bac_masvmh 5 Ah ez&%%fcstdimng ofmmsmnaxfwmmm-zm cells
an otentl a I nhi DIt activati,on.

BRI COHFL A, HEVAFIRTP Ot Qauain majieq P atioppssay-

ﬁlfeflﬁvcéﬁg%ebsrbf MDA INTB IR c@ﬁ@ﬁﬂsfé&@@ﬁttﬁ) ERNN16-2, siRNA1 and siRNA2
SDF- 1- dependent SI nalln&”over known

ralmi‘@gte hesontrol are 18U 0983 3B L HWAMH %‘ﬁ%tlﬁ%@? 002%ese

r&i) d% FRGE E}* Plafg @Bﬁ@ﬁﬂ@ﬁ/& fevelbNAGHEWad el Bs a loadmg control.
paC| to inhibit SDF-1-CXCR4 interactions

can dBguedshowsinigeof rcglistand dungarg Wellyps araghs ‘?fé%%féﬂct of CXCR4
s}ﬁgA: 91? i%ﬁi%gl%g of EJ%Q&%Q{%H rﬁétasqtz?ské in ¥RHPRO g’ﬁ@ﬁlﬁt&ré}ﬁg of lungs and

their H&E stainings of one representative from each group. B: The average real-time PCR

(RT-PCR) of hHPRT using primers that only recognize human cells from siRNA-treated -
groups relaitve to that of control group. 1: Group 2; 2: Group 2; 3: Group 3; 4: Group 4. C:
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angi ogenesis. This endothelial cell growh is a key

event in netastases of tunors. Active Conpound, and
wehgosionid4eyyi cal | y Acceptabl e Salts and Prodr ugspdiresmos/000604

In a first principal enbodi ment, a conmpound of Fornul a

I, or a pharmaceutically acceptable salt, ester or

prodrug thereof, is provided for the treatnent or

prevention of a 22 WD 2006/ 074428 PCT/ US2006/ 000604

di sorder associated with CXCR4 receptor activation,

and particularly a proliferative disorder, including
Tsfz!;he bAR@SICXCRID&IeAE ethrdsidn @éa%mm&eatea@mnpas relative
CXCR4: /=== UTY KRZIRAR5E RE KXK-\ZNNRL

toptbat of e91i{igl &OFP-wher ei n  each K i s i ndependently N or

CH, @1gu¥e 5 bhow{ ReWYeschtatiVe ﬁﬂ%elo@%@ﬁ@@ﬂ@ﬂﬂﬁ&hh Vroup 1 (control
sel ected fromH,

SRR anRETousR (s@NAFfsznnd:'saWhe @%CWF@X@WAS@ lr%ﬁon of
E%%Xrlcerdrhléﬁéwy i vzvo Colih e SERRumMRhSty %r@&‘iﬁoﬁof 6fPresentative

epende sel ected from strai-ght chain, branched
nme frany Grdvp la(léfyd mise) mdzﬂrkw 2 (righish SricehsByiegrpnal sechipyal images

fron g‘h‘?ﬁ%‘g 51%@2%111 tﬁg &Hfésam ?ﬁl K mF%l t@ﬁsaxﬁf' ecioha®thgESfrom the

pendent selec stralg t chain,
hhgaﬁmﬁemrmcsmmyﬂmndsaimyl , aral kyl, aryl heteroaryl,

20 a0 L e o el kp 2500 o
hiwedhaipenely Algh BIRTAckiviey in, novbhawial thxt @née eqpresteddyitber. CXEGR4
m grglg ?Fmﬁ.ﬁ% %FCI{}%@&HCI%? § gl fold 8%‘% ’&ﬁa%t%lcul&lso li)e
siEPPessclltyl sitBer MR OHBND) ordEFClr sikNA. t he synt hesi s of a
potentlally tetra%gﬁtate

l i
il g et SO BT e B kRl shgans  drug oreen
mﬁlog?%ﬁﬂg%l&ﬁmmwmmm poi epbital | i gand for

netal _1ons. There is no suggesti thijs, r r
RIS PR A ot S L T nlyled
THI12665R S usb@toﬂﬁfe&ﬂ CxEpY pfo@éin frbﬂh&ﬁé ¢6ER breciﬁcdbaﬂéd &ith various
nmet ast asi s, ul ated via In a _su
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for t treatnment or prevention of a _djsorder
assockigured 0w & grardeoRaenressaiptiva blefof magigebivasignpnd Akt

p%g.{?thbr&ﬁltl@ﬁ eefls. - Qllxﬂﬂglg&?gf df%ﬂh/@aﬁﬁdl%edlatb@ﬁllvb@éﬂ‘&“ MDA-MB-

nmet ast asi s
22006¥i07 % ¥OLZISTA &m/soﬁéonedlmd pvagion qfMBDAMBA3F was

blocked either by 2 nM of TN14003 or WZZL8118S. B: Incubating MDA-MB-231 cells with
100 ng/ml of SDF-1 for 30 min stimulated phosphorylation of Akt that,blocked by
WZZL811S in a dose-dependent manner

Figure 11 is X-ray images of mice showing bone metastasis of MDA-MB-231 cells.
A: FDG-PET (left, transacial; right coronal). B: X-ray mammography. The animal xenograft
waé generated by injecting tumor cells intra-tibia.

Figure 12 is FDG-PET images of mice animals described in Example 7.

Figure 13 is a graph of the HPLC analysis performéd as described in Example 8.

Figure 14 is images and a graph of endothelial capillary tube formation assay. A) is
micrographs of endothelial cell tube formation. B) is a graph of the number of tubes in each
treatment group.

Figure 15 is a graph of p27 levels measured after incubation with indicated amounts
of WZZL811S, WZA40 or WZ418S.
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11 1-1 Z11 R VQR2ZR VQR2 (1.1) (1-2) [/ [

AIyRQ > N\NR VQR2Z RL VQR2 (1-3) (1-4) ;T<>f R
WO/QRA744¢8.. 5) (1-6) WU T/ / Y WUTY X _NeI/KESHRB6/000604
Ra RS R/ \ 1\ 1-1 ZNN\ 1 1l j1NZ R VQR2RWQ
R (1.7) (1$) W/== UT\jYWUT~~\ XN I-1 ~N~Z XN

R3 Ra -1-1- RS Rfi _NZ \_/ NN RL VQR2 RL VQ R2

(1-9) (1.10) wherein Q T, U V, W X, Y and Z are as
defined above; and RI, R2, R3, R4, R5 and R6 are as
defi ned above. In another sub- enbodlnent a compound .

of Farigub a6 Isaldeaghorb2 2 Bveld Ene@suré@l"h@t'éﬂﬁ@tﬂidﬁb&ﬁitﬁ Yadicated amounts
acceptable salt, ester or prodrug, is provided for the

OW‘éZé‘lOr‘i"@ﬂinf%mB%tbéﬁlyé?Fz éfofédﬁbfssor der associated with

CXCRApig&6 Qmscgra]ﬁﬁ bf 18 b8t o@Wﬂ%‘i {4 mdhsardavt ﬁldlcted times after
proliferative 'disorder, including cancer netastasis,

spsieTyipadm 6o o Rlicetng thsr00er S0UEY et WAZLSL 1S and W744.RAYs a
gﬂp‘l(@f HehbWife JrviAzikH § alihdilded tithbsarBBadkinistraidR3f QOOmg/kg

. compound by oral gavage. B) is a graph of the levels of WZA40 at 15, 30, 60 and 90 minutes
after intraperitoneal injection of 400mg/kg.

DETAILED DESCRIPTION OF THE INVENTION

Compounds, methods and compositions are provided that modulate the‘ effect'of the
CXCR4 receptor. These compounds can be used to treat tumor metastsis or any other
disease, particularly hyperproliferative diseases, involving CXCR4. '

Exemplary compounds of the invention were identified using structural comparisons
the known CXCR4 antagonists AMD3100 (a metal-chelating bicyclam) and T140 (a peptide
antagonist). Rhodopsin-based homology models of CXCR4 shows that AMD3100 is a weak
partial agonist because it interacts with CXCR4/SDF-1 Binding by two aspartié acids while
the peptide-based CXCR4 antagonist, T140 (similar to TN14003) strongly binds the SDF-1
binding site of CXCR4 in extracellular domains and regions of the hydrophobic core
proximal to the cell surface. This structural information was used to create a library of
compounds with multiple nitrogens throughout the molecular framework, but structurally
different from AMD3100. These compounds were screened for their capacity to compete
with the peptide ligand, T140, for SDF-1 binding to CXCR4.

Compounds described herein have the capacity to interact with and potentially inhibit
CXCR4 receptor activation. Exemplary compounds have increased bioavailability and -

. efficacy in inhibiting CXCR4 receptors and SDF-1-dependent signaling over known CXCR4
antagonists. Although not to be bound by theory, these compounds may inhibit metastasis
through their capacity to inhibit SDF-1-CXCR4 interactions, which can decrease cell
targeting, and may also reduce VEGF-dependent endothelial cell morphogenesis and

angiogenesis. This endothelial cell growth is a key event in metastases of tumors.

Active Compound, and Physiologically Acceptable Salts and Prodrugs Thereof

In a first principal embodiment, a compound of Formula I, or a pharmaceutically

acceptable salt, ester or prodrug thereof, is provided for the treatment or prevention of a
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QNNII\VI I/ 1N HVQHHVQH (1.13) (1.14) UT
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WQ 20088744¢4. 16) WUT (-~X WUT Y x / _NZ x (N PCTRUS20R5/d00604
I=l- R5R6 -N~ZA-\NNHVQHHVQH (1.17

(1.18) Wj ~UT\~Y W T\/YN(/ NR3 R4 -I=l- R
5N --NZx NN, NN~Z x NHQHHIQ (1.19)

(1.20) wherein Q T, U V, W X Y and Z are as

defined above; and Rl, R2, R3, R4, R5 and R6 are as

defined above. In a second princi pal embodi neng,, the..
disordee a\stsocuateqbwaih (R erceptas aeivation apdparipuarlye PrBf‘fefaI“B‘? disorder,

har r-
m%?dd% ‘?an" her €0 fs é‘i% 20%%%%%%3%@%’%%7%%)%64?000604

WK KUTI&K KZ RFr YI'la WK=K
UT K-K™ Y \K KE /R4J eIK FOHTLH a
lib wherei r;(/eéc é )Ln%pen

N N

| |

Ry R2

Formula I
wherein

each K is independently N or CH;
Q,T,U,V,W,X,Y and Z are independently selected from H, R, acyl, F, Cl, Br, 1, OH, OR,
NH,, NHR, NR;, SR, SR, S;R, S-NHR, S;-NHR, S-NRR, S;-NRR!, NHacyl, N(acyl),,
CO,H, CO,R, where R and R' are independently selected from straight chain, branched or
cyclic alkyl or aralkyl groups, as well as aryl and heteroaryl groups; and
Ry, Ra, R3, R4, Rs and R are independently selected from H, straight chain, branched or
cyclic alkyl , aralkyl, aryl heteroaryl, acyl (RC-) and imidoyl (RC(NH)- or RC(NR")-) groups.
In one subembodiment of Formula I, Y and Z are each hydrogen. Alternatively, W
and X are each hydrogen. In yet another subembodiment, W, X, Y and Z are all hydrogen.
Zou et al. (Zou, et al. (2003) Acta Cryst. E59: online 1312-01313) described the
synthesis of a potentially tetradentate ligand, 1,4-bis-(pyridine-2-aminomethyl)benzene. Zou
described this compound as a potential ligand for metal ions. There is no suggestion in this
reference that the compound could be used for treatment of any diseases, in particular for
treatment of cancer metastasis, modulated via CXCR4.
In a subembodiment, a compound of Formula I-1 to I-10, or a pharmaceutically
acceptable salt, ester or prodrug thereof, is provided for the treatment or prevention of a
disorder associated with CXCR4 receptor activation, and particularly a proliferative disorder,

including cancer metastasis, mediated by CXCR4:
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Q T, U V, W X, Y and Z are as defined above; A and
B are one and two atomtethers independently sel ected
wWo e@61074388-, - CR3R4-, -CR3=, - N=, -0-, -NR3-, PCF/S2006/000604
- CR3=CR4-, -CR3R4-CR5R6-, -CR3 N, -CR3R4-NR5-,
N=CR3-, and - NR3-CR4R5-; -D-E- and -G J- are
i ndependently either -NR3-CR4- or -N=C-; and Rl, R2,
R3, R4, R5, R6, R7 and R8 are independently sel ected
fromH, straight chain, branched or cyclic alkyl ,
aral kyI aryl heteroaryl acyl (RC-) and im doyl

gr ps W14 e subermbodi mesT Y
For Y | aé@—j‘g Ry RAl /el EBI\% )LZ
W are—%lch nZ r }—&
subenbodl nt, X W and z are al IN hydrgglgn. 1h a

subenbodifent , Yhe |rNent| on provi dd“s a cdrpound,of
Forrmula 11- 1 tB1)I1-18 , or a pharnaceut |(|cqu 'y
accept abI e salt, ester or prodr ug t hereof: 26 WO

2006/ 8 PCTJ‘i S2006//00 04 \ Y WVIN UT T\
y . R R DR*ER6

|-|/ |N Ml 1) Lg OT
l | (11]

cZ REe -IN X DNDNVQRI (1134)
UT WUT Wi- \ VYOx - Res \ XNNZARRNDE‘LQNNZZNDE
Ns VQ RL VQ Rill-3{11. 5) (11 6) WuYV\NUU4‘Y E 1\ /

NN Z \/-~ ZR 11. WN
R7 R A )( Sg)Rs/N“g

r<, ,%‘ % e

N. )
Ry Ry Ry
(15) (I-6)
X LG T /X
Q/_< %Qz X%‘q 055N _N\>z
"\
1 R1 VQ ' R2
(|-7) (I-8)
J YA W\ uT Y
- D LY. N1
/_< >_N Z X \[:1 q. Rg —-N\Z
N v \/ W
RI | | | |
1 Ry Va Ry
(I-9) ' (1-10)

wherein
Q,T,U,V,W, X, Y and Z are as defined above; and
Ry, R, Rs, Ry, R5 and Ry are as defined above.
In another sub-embodiment, a compound of Formula I-11 to I-20, or a
pharmaceutlcally acceptable salt, ester or prodrug, is prov1ded for the treatment or prevention
| of a dlsorder associated with CXCR4 receptor acnvatlon and particularly a proliferative

disorder, including cancer metastasis,:
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H VQ H
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wherein

Q,T,U,V,W,X,Y and Z are as defined above; and

Ri1, Rz, R, Ry, Rs5 and Rg are as defined above.

In a second principal embodiment, the invention provides a compound of Formula Ila

or IIb, or a pharmaceutically acceptable salt, ester or prodrug thereof:
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t hrough 11-30, or a pharmaceutically acceptable salt,
ester or prodrug thereof: 28 WO 2006/ 074428

wERAbBERSO6/ 000604 W A 1-1T - B ~Y WN X N X/ POT/UER0DG/@®0604
VQ VQ (11.19) (11.20) WNA I |- NWA 1=1 B B UT NJ
XNEZ \GD\G (111.21) (11 22) W(\ Ai_ N)Y W A
i B-N XN/ EJ-NNZXpGD\ I/ G VV (11.23)
(11.24) ABAUB W~ U%/YWNXNDE\GZ pE\ /
JAGZ VV (11.25) (11.26) WA UT N~jY W- A UT N, .
D" N XNDE\-/ \G\GVQVQ (11.27) (11.28) WwWUT
N,,Y W/~N NAY. . X NE J 7§
\G VQ VQ (1I29) 1%. 30) A
Y and Z are askgefifie \ﬁboie' )

are as defindd & , A

Formula Ila
K ==X T K—K A
W?_/zA = f o
A N —
XX E— — Kz
e \H/ e
VQ
Formula IIb

wherein
each K is independently N or CH;
Q,T, U, V, W, X,Y and Z are as defined above;
Aand B are one and two atom tethers independently selected from -CR=, -CR3R4-, -CR3=, -
N=, -O-, -NR;3-, -S-, -CR3=CR4-, ~-CR3R4-CRsRs~, -CR3=N-, -CR3R4-NRs-, -N=CR;-, and -
NR3-CR4Rs~;
-D-E- and -G-J- are independently either -NR3-CR4- or -N=C-; and
Ri, Rz, Rs, Rg,, Rs, Rs, Ry and Ry are independently selected from H, straight chain, branched
or cyclic alkyl , aralkyl, aryl heteroaryl, acyl (RC-) and imidoyl (RC(NH)- or RC(NR')-)
groups. | ’
In one subembodiment of Formula II, Y and Z are each hydrogen. Alternatively, W
and X are each hydrogen. In yet another subembodiment, W, X, Y and Z are all hydrogen.
In a subembodiment, the invention provides a compound of Fonnulg I1I-1 to II-18 , or

a pharmaceutically acceptable salt, ester or prodrug thereof:
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Rl, R2, R3, R4, R5, R6, R7 and R8 are as defined
above. 29 WD 2006/ 074428 PCT/ US2006/ 000604 In an

wWo bios@743e8 nci pal enbodi ment, a conpound of ForPail/as1006/000604
or a pharmaceutically acceptable salt, ester or
prodrug thereof, is provided for the treatnent or
prevention of a disorder associated with CXCR4
receptor activation, and particularly a proliferative
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| RR2 RL R2 (111.3) (111.4) INW N NNR
UMV R5 NV N~NN~CJ6 NNQ~\TNNG~\TN |
wo 2006/0R82€ 111.5) R2 R1 (111.6) R2 WN W N ~/ YPAW/US200§/000604
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Q ) 7 R . Dy ‘/\ ==\ Ry .
X 8 XN E z
" D/E D’ \|_|/ \
Va R '
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wherein
Q,T,U,V,W,X,Y and Z are as defined above;
‘A and -D-E- are as defined abox}e; and
Ry, Rz, R3, Ry, Rs, Rs, Ry and Ry are as defined above. ‘
In another subembodiment, the invention provides a compound of Formula II-19

through II-30, or a pharmaceutically acceptable salt, ester or prodrug thereof:
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wherein

Q,T,U,V,W,X,Y and Z are as defined above;

A, B, -D-E- and -G-J- are as defined above; and

Ry, Rz, Rs, R4, Rs, Rs, Ry and Rg are as defined above.

29



R Formula IVa WK-KUVK-KY XKEDQTG Formula
IVb wherein each Kis independently Nor CH Q T, U,
W§2000074428 Y and Z are as defined above; Rl, R2PCRBS2088/000604

R5, R6, R7 and R8 are as defined above; and A and B

and -D-E- and -G J- are as defined above. In one

subenbodi ment of Fornula IVa or 1Vb, Y and Z are each

hydrogen. Alternatively, Wand X are each hydrogen.

In yet another subenbodinment, W X, Y and Z are all

hydrogen In one subenbodlnent t he i nvention provides .
C@npot]md poincipdrembodintdnt, atoomlpwrﬂ.ﬂ}f Foomula III, or a pharmaceutically

S e B0 sbrltssohb Mool Peyepon of o
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S?"I‘VJIW“R"W(“V&?%M XXEIJRaZ DQ~TANDQTN
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=

Formula III

Wherein
each K is independently N or CH;
QT.U,V, W, X,Y and Z are as deﬁﬁed above; and
Ri, R, R3, R4, Rsand Rg are as defined above.

In one sui)embodiment of Formula I, Y and Z are each hydrogen. Alternatively, W
and X are each hydrogen. In yet another subembodiment, W, X, Y and Z are all 'hydrogen.

Reyes et al. (Reyes, et al. (2002) Tetrahedron 58:8573-8579) described the synthesis
of certain polyamines from starting pyridinium N-aminides. No specific functions were
attributed to these compounds.

In a subembodiment, a compound of Formula III-1 through III-10, or a
pharmaceutically acceptable salt, ester or prodrug thereof, is provided for the treatment or
prevention of a disorder associated with CXCR4 receptor activation, and particularly a

proliferative disorder, including cancer metastasis,:
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wherein

Q,T,U,V,W,X,Y and Z are as defined above; and
Ry, RZ, Rs, Rs, Rs and R are as defined above.

In another subembodiment, a compound of Formula III-11 through III-20, or a
pharmaceutically acceptable salt, ester or prodrug thereof, is provided for the treatment or
prevention of a disorder associated with CXCR4 receptor activation, and particularly a

proliferative disorder, including cancer metastasis,:
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compound of Formula Va, Vb, or Vc or a
pharmaceutically acceptable salt, ester or prodrug
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wherein
Q,T,U,V,W, X, Y and Z are as defined above; and
Ri, Rz, R3, Ry, Rs and Ry are as defined above.

In an fourth principal embodiment, the invention provides a compound of Formula

IVa or IVb, or a pharmaceutically acceptable salt, ester or prodrug thereof:
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Formul a Vc wherein each K is independently N or CH;

Q T, U W X Y and Z are as defined above; and Ri1,
WR20068314284, R5 and R6 are as defined above. |PCDOB2006/000604

subenbodi nent of Formula Va-c, Y and Z are each

hydrogen. Alternatively, Wand X are each hydrogen.

In yet another subenbodinent, W X, Y and Z are all

hydrogen. 1n one subenbodi nent, a conpound of Formula

V-1 through V-3, or a pharnmaceutically acceptable

salt, ester or prodrug thereof, is provided for the

treatnent or prevention of a dn sorder associ at ed with -

CXCR4 recepn%darelﬁl vat i on, arti cul,}fx—l'&\ ‘

proliferativeg diso , dr.chncer Kast asi s, :

TT W Q L&M--/ U 3 Z XC\

NNNNNZ RL é (V. WR QR N X1

'(R34RN/szNNN R (V.3 36 WO

2006/ 074428 PCT/ US2006/ 000604 whereig) each K is

i ndependently Nor CH Q T, U W X, Y and Z are as

defi ned above; and RI1, Rg Ri 4, R5 and R6 are as

defined above. In anot her® S08Eddi ment, a conpound of

Formula V-4 through V-9, o a phar maceyt | caII

accept abl e wal K=kster or X rovi ded

; o

for the treatyent Aprev
associ at ed CHCRA \E L
particul arl pr |)‘/eratizée’/ i soraderys” i ncl udi ng

cancer rretasta3|s DWQ CQNU ~3 RO I
R5RX /3 R4 | R5R6XNNZZ RTRRTR2

Formula IVb
wherein
each K is independently N or CH;
Q, T,U,V,W,X,Y and Z are as defined above;
Ri1, Ra, R3, Ry, Rs, Rg, R7 and Rg are as defined above; and
A and B and -D-E- and -G-J- are as defined above. .
In one subembodiment of Formula IVa or IVb, Y and Z are each hydrogen.
Alternatively, W and X are each hydrogen. In yet another subembodiment, W, X, Y and Z
are all hydrogen.
In one subembodiment, the invention provides a compound of Formula IV-1 to IV-12,

or a pharmaceutically acceptable salt, ester or prodrug thereof:
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11(V4 (V-5 W- Qj U\ YWQ ~\'Y X(~/ 3 R4

R5 R \Z XNRB R4 R R NvZ N NN R(V-6) R RL T
WR2006074429 WQ U WQ N U Y XN-R3 Rg | R5 Rs - XECHOBR086/000604

RA 1 R RE NRENNNN RL (V.8 R RL (V.9 R

wherein each Kis independently Nor CH Q T, U W

X, Y and Z are as defined above; and- Rl, R2, R3, R4da

R5 and R6 are as defined above. In an sixth principal

enbodi nent, the invention provides a conpound of

Formula Vla or VlIb, or a pharnacesfd\ cally accept abl

ZC

YalT, es rodr reof ¥Z/WD'\2006/ r?—\ Y
a;—_%n N_ng)\éizfiy YW K~=K /S/ S})R7 e >37~Fg< /
azQ T UXK
K Z KD~}<QG FTr a Vlb wherein e@ch I‘QI\S/T
|ndependently N or F Q T, U W X, Y and Z are

def i ned abov ﬁl R2, R3, R4, R5, R6, R7 aiv-2R8 are
as defi ned a ove and

X V= /X
Q/ R s/_NQZ Q\:}/ g_‘_)

| |
Ry Ry
(IV-3) (IV-4)
= U v WY
/Y ‘ W\ 4\ /
D N,
(IV 5) R1 ‘ (IV-6) Ri
R] X R7
Q/ ]_XRB N 7 \/} >_N 7
N
|
(IV 7) R1 (v-8) R
= Uy~ w N=
/[ % e Q& |R’s< >_
L E—¢ =N\ Nz
D’ Q/\/\T N D 5 "
(IV-9) Ry (IV-10) Ry
w. /~N U~V Y w N= U v ALY
COLCI T K ) O e
X E— =N "7 N E—Y =N "z
\D/ Q@\T \r\i D/ /\\/\T NI
R R

wherein
Q,T,U,V,W,X,Y and Z are as defined above;
Ri, Rz, R3, R4, Rs, Rg, R7 and Rg are as defined above; and
A and -D-E- are as defined above.
In another subembodiment, compounds of the Formula IV-13 to IV-20, or a

pharmaceutically acceptable salt, ester or prodrug thereof, are provided:
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A and B and -D-E- and -G J- are as defined above. In

one subenbodi nent of Fornmula Vlia or b, Y and Z are
weawh/oheas ogen. Alternatively, Wand X are eaP®iI/Uus2006/000604

hydrogen. In yet another subenbodinment, W X, Y and Z

are all hydrogen. In one subenbodi nent, a conpound of

Formula VI-1 to VI-6, or a pharnmaceuti caIIy

acceptabl e salt, ester or prodrug thereof,:

provi ded: 38 VO 2006/ 074428 PCT/ U82006/ 000604 T W-N

A%WY YR NF YN~Z X8 ~EI
(1\1)R1 1.2) R/TT/ A U
~E=NOZ R7 Ra/X
DNN(DVI 39\1/(Tv14 RL TT WAQLDF??Q(WAIQ
E\ 1l Ra-M XQEFURa Ds NNDNN (V1.5)
(VI.6) RL sidlnQ T, U W X YanddeeM\ls
deflned above; Rl, R2, R3, R4, R5, R6, R7 and R8 are

N
a\s\/aﬁ @a&%?\ah}éf,r B\gn ‘ﬁ/@and DJAR eas

e i ment, I a

\11 N ceut |)«: &al Sy N
ester m)r/ pr@d‘r/thh\e eof, is provided: D’T TQ

N \C?“P_1 \G (V

AQBV\;L% NZ X -NVEi -NZ D
7)) (v1é"1

\'_ \/Y W<\'N_ y A B )X

e, i\L A BN
S AT =
(IV-17) (IV-18)

N E—I5¢ M 3
D’ 0/§/T A 7 T %
(IV-19) (IV-20)

wherein

Q,T,U,V,W, X, Y and Z are as defined above;

Ry, Ry, R3, R4, Rs, Rs, Ry and Ry are as defined above; and
A, B, -D-E- and -G-J- are as defined above.

In an fifth principal embodiment, a compound of Formula Va, Vb, or Vc or a
pharmaceutically acceptable salt, ester or prodrug thereof, is provided for the treatment or
prevention of a disorder associated with CXCR4 receptor activation, and particularly a

proliferative disorder, including cancer metastasis,:

Formula Va
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TT WO - QBNo WOO~-NAQUg XEJ ZXseE\Z DNG
DN (V 1-9) (V 1.10) wherein Q T, U W X Y and Z
wae@oazdeef i ned above; Rl, R2, R3, R4, R5, RG6,PEIUS06/000604

R8 are as defined above; and A and B and -D-E- and

-G J- are as defined above. 39 WD 2006/ 074428

PCT/ US2006/ 000604 I n an seventh principal enbodi nent,
the invention provides a conmpound of Forrmula WVII, or

a pharmaceutically acceptable salt, ester or prodrug
thereof: NV Y W~ R3 R4 R5 R6 K// \\~ XZ MNN

RlL R2 Formula VII wher@jn gach K is i nde endgntly N

or CH U, \W,wﬁ\YRan regd defingd a

R2, R3, R4, andkR6 s defifedsabove; and Mis
O S or NR3.~T\Loffe su di F%@\(&I, Y
and Z are each hy . AltefnativeNyy/ W ,,and X are
each hydrogen. In vy ] anot her subenbodgi ment, W X, Y
and Z are all hydroggn. In one subenbpdi nent, a
compound of Formula VII-1 to VII-10, or a

phar maceutical |y acceptab I ester or prodrug
thereof, is provided: 40 t@@%‘o@ 074428

PCT/ US2006/ 000604 WQ U ¥ V\U){V X\ \ C%/ R3 R4 R5 R6

XZ NMN M=N=\R1 Vv 1Y, URlRaW‘I\gY N U
VN-NMI%\ (R4 | XA

Re K Vi
R

Formula Ve

wherein
each K is independently N or CH;
Q T,U,W,X, Y and Z are as defined above; and
Ri1, Rz, R3, R4, Rs and Rs are as defined above.
In one subembodiment of Formula Va-c, Y and Z are each hydrogen. Alternatively,
W and X are each hydrogen. In yet another subembodiment, W, X, Y and Z are all hydrogen.
In one subembodiment, a compound of Formula V-1 through V-3, or a
pharmaceutlcally acceptable salt, ester or prodrug thereof, is provided for the treatment or

prevention of a disorder associated with CXCR4 receptor activation, and particularly a

proliferative disorder, including cancer metastasis,:

WY W/
/ ~
< z?ia ' R5 R ) X<\/;:|

1

(V1)
T
N l oY
X / R4 5
XN— R R NZ
| ) >—
Rio v.g) R?
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R R (V11-3) 1 (V11.4) a/INNQRVR5) NM R MR
MN 1 (MI.5 aR (V11 .6) R2 W4 UV NjY WUV
WX20060744263 R4 RS R6 NMN Z X ~-N NZ N MN RIT/US2006/000604
(M1.7) RaRL(MI.8) Ra WVWUVY XCN/N/ \' N
-NZ RRN -\ 4ANMNX>NZ1 I NMN Rl (V11.9 Ra Rl

(V 11.10) R2 wherein U, V, W X, Y and Z are as

defi ned above; Rl, R2, R3, R4, R5 and R6 are as

defi ned above; and M sO, Sor NR3. In anot her

subenbodi ment, a conpound of Fornula VII-11 to VII-20,
witlei phar maceutically acceptable salt, ester or
prodrug thereof, is provided: 41 WO 2006/ 074428
eaPICK/i/B2O 8400860 CHY U V. W U V y R3R4 R5 R6 X |j z

= 2 it~ N . 1] 11) HH(V 11.12) H UV
QTN W%%egs%ﬁewf‘éf’%ﬁ&fs)) HH (V 11. )14) uv
Ri, Ry, R3, R4, Rs and R are as defined above.

In another subembodiment, a compound of Formula V-4 through V-9, or a

R
U

pharmaceutically acceptable salt, ester or prodrug'thereof, is provided for the treatment or
prevention of a disorder associated with CXCR4 receptor activation, and particularly a

proliferative disorder, including cancer metastasis,:

Y W
X
Q*RLIR*R =4

(V -4)
' : \’/ \r />Y W\/:ﬂ
X/\\ 3\/ R Rs N X
R1 : (V-G) R2
W\ a /Y WS
<X /N T TR \)
X ‘N—<R3/ R>——N 7 XN
N
|
R R
i (V-8) 2

wherein

each K is independently N or CH;

Q, T, U, W, X, Y and Z are as defined above; and
Ry, Rz, Rs, R4, Rs and R are as defined above.

In an sixth principal embodiment, the invention provides a compound of Formula Vla

or VIb, or a pharmaceutically acceptable salt, ester or prodrug thereof:
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UV NN NRBRRAR N N\ /\--NNNMNNMNI H

(V 11.15) HH(V 11.16) HW V WUVY NNR3 R4 RS
WOR2008/0Z4428 N N Z NI MN-~-NMHHHH (V 11.8G§/UE206/000604

11-18) W~ UV NWUV RN~y X N/ \ - Nx NR s\

-N~Z ~-NMNdNMN I I I 1 H(V11.19) HH(V

11.20) H wherein U, V, W X, Y and Z are as defined

above; R, R2, R3, R4, R5 and R6 are as defined above;

and Mis O S or NR3. In an eight principal

enbodi nent, the invention provides a conpound of

Fornula VIilla or VIIIDb,qor arphagmaceutically

accept abl e gal t ster or

2006/ 074428 P#' / US 00004

RBKXKEZAXMPN R

Y AB K\XK KxKE z

Q T U
W —K K—K Y
P A\ l S oo X~
e ' ! ey
/ K N
D G
Formula VIb

wherein
each K is independently N or CH; |
Q,T,U, W, X, Y and Z are as defined above;
R1, Rz, R3, Ry, Rs, Rg, R7 and Rg are as defined above; and
A and B and -D-E- and -G-J- are as defined above.
| In one subembodiment of Formula VIa or b, Y and Z are each hydrogen.
Altemaﬁvely, W and X are each hydrogen. In yet another subembodiment, W, X, Y and Z
are all hydrogen.
In one subembodiment, a compound of Formula VI-1 to VI-6, or a pharmaceutically

acceptable salt, ester or prodrug thereof, is provided:
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-/ MFormula VIIIb wherein each Kis independently N
or CH U V, W X, Y and Z are as defined above; Ri1,
wWR2006831428R4, R5, R6, R7 and R8 are as defi ned PGDUS2006/000604

and A and B and -D-E- and -G J- are as defined above;
and Mis 0, S or NR3. In one subenbodi nent of Fornula
VIlla or b, Y and Z are each hydrogen. Alternatively,
Wand X are each hydrogen. In yet another

subenbodi ment, W X, Y and Z are all hydrogen. In a

subenbodi nent, a conpound of Fornmula VIII-1 to
- VII1-12, or a pharnaceutically accept able §alt, ester
Woy==|sNr odr g provi dedk (73 V\D 28 /N_\/Y
V\C~)AUVR AU VR RY -0
M | R7 D/E A
|11 1),/(V1112) V Y Wes- UV N-DY  X= ER~NRaN

Z X(~ R7 Ra.\Z D ND NRL(V111.4) RL (VIII-R3)
WUV\YWUWR?Rs/\l\VRu s/-\ X NEINZXE
DMNMN (V{111-5) RL (M 11-6) RL U V7 N~ wY WO - A

R7 NY A R Y/ R a E/ s .
3& 1 1;}77?( R ]\\XV 111%&}%@%? /Y
E 8
N

(vi-3) N (VI-4) R1

NP Q = /U \/Y

}jL & Qfﬂs/_\t
N N.
(V1-5) RI1 . (VI-6) Ry

wherein

QT,UW,X, Yland Z are as defined above;

Ry, Ry, Rs, R4, Rs, R, Ry and Rg are as defined above; and
A and -D-E- are as defined above.

In another subembodiment, a compound of Formula VI-7 to VI-10, or a

pharmaceutically acceptable salt, ester or prodrug thereof, is provi‘ded:

(V1-10)

wherein

Q,T,U,W,X,Y and Z are as defined above;

Ry, Rz, R3, Rs, Rs, Rg, Ry and Ry are as defined above; and
A and B and -D-E- and -G-J- are as defined above.
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NUVVY N ~UR/ RNW R/ R X\ /Ea N ZXE
>-NZ DMNDMN (V 111-9) R1 (VIII-10) R1 W
WO 2006728 A UV A ~M e E/ R7 R N E >=N \ ZeCDUSN0M00604
DMN (MI1-11) Rl (V111-12) Rl wherein M U, V, W
X, Y and Z are as defined above; Rla R2, R3, R4, Rs,
R6, R7 and Ra are as defined above; and A and -D E-
are as defined above. In another subenbodi nent, a
compound of Formula VIT1-13 " to VII1-20, or a
pharmaceutically acceptable salt, ester or prodrug
thereof, is provided: 44 WO 2006/ 074428
PCT/ 0] 0 . : J ~ {o\N
DN AP ool Bothdinbicle o VX?%&*lp%ﬁy%%)a %\él\r/n KER 1%(’“?“1&‘
VI, br-d\pHarmvadsutitiaily akogpthlylly saliestér of pRdiugtigred: D M D M\ G
(V 111-15) (V 111-16) Wsy; AUY g/ /Y Ws- UUBN

NZNj z XCNE_DM\GDM\G (V 111, 11. 18)
W-- AUV V\N—KAFU gR4Z' iR5\§6X J D M\GD
MG X / / —K\

X K{ noz

2

M

A T
=

Formula VII

wherein
each K is independently N or CH,;
U,V,W,X,Y and Z are as defined above;
Ry, Ry, R, Ry, Rs and R are as defined above; and
Mis O, S or NRs.

In one su‘bembodiment of Formula VIL, Y and Z ére each hydrogen. Alternatively, W

.and X are each hydrogen. In yet another subembodiment, W, X, Y and Z are all hydrogen.
In one subembodiment, a compound of Formula VII-1 to VII-10, or a

pharmaceutically acceptable salt, ester or prodrug thereof, is provided:
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(V 111.19) (V 111.20) wherein M U, V, W X, Y and Z

are as defined above; Rl, R2, R3, R4, R5, R6, R7 and
worgooanei4as def i ned above; and A, B, -D-E-' anpCFGS2006/000604

are as defined above. In a ninth principal enbodinment,

the invention provides a conpound of Fornmula I X, or a

phar maceutically acceptable salt, ester or prodrug

thereof: WK -K RBRA RS RBKXKA~/\Z N I R 2

1 Formula I X wherein each Kis independently N or CH;

W X, Y and Z are as defined above; 45 WD 2006/ 074428

PeT) 006/ 900604y R1 R4 _'R5 and, R6 are as

, R3,
degbne abov , ,,Arégéiﬁﬁdep@héiiig% s Bfr?ii:§§x
t | Sh)i £ | asXa- sRa) /(b & M
NN R A sy G L
|

subenboqi nent, "a congound of Fdrnula;LX-l to 1 X-1Nis
1

provi ded; oréﬁuaﬁharﬁﬁceutically acceptabl e salt, g,

ester or pro thereof: 46 WO 2006/ 07442§|).2)
PCT/ US2006/ 000604 W YZ WKXN N~Z. N N R Rl R2
(IXI)—NYV\W- |V2)N.\W-\~ -~ @y 7\
N/ [ VN \N/MGS_Q
ﬂ oM ﬂ . N M N
R1 RZ R!1 ng
(ViI-3) (V1I-4)
= U v
7\ U v I\
WL e i)
N =N R\ ,
N N S D=
q, A, | l
(VII-5) Ri (V11-6) Ro
W/ \ v v VAR — U v
K4 T I ¢ PRj \RsRs/ X
X \_<N ’ N>‘—' I XN =
- 2
Wi\ U oY w/— U Vo
S A L] Q/Rm/\RsN/\/)
v p=z xX Red—n"z
h{ M NI N M N
| |
Re o (vig)  Re R o) Re
wherein

U, V, W, X, Y and Z are as defined above;
Ri, Ry, R3, R4, Rs and R are as defined above; and
Mis O, S or NR3.
In another subembodiment, a compound of Formula VII-11 to VII-20, or a

pharmaceutically acceptable salt, ester or prodrug thereof, is provided:
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N>NZXNZ XNMNN
XCN/ -NWX2Z\\/ | NNN
WORKB0T4H28>- - N) Z X N N~Z N R
(IX8) W "YW / X~~Z XN~ NN
(1X '9) N- (IX NWW¥ X CN~N N>= ~N N
NNI RL (1X11) R R (IX .12) R wherein W X, Y
and Z are as defined above; and Rl, R2, R3, R4, R5 and
R6 are as defi ned above. |In another subenbodi nent, a
conpound of Fornmula | X-13 to | X-24 is provided, or

pha euti gally gcce saly f@s ter provjrug

t hekeof 06/ 07 PCT/ 20054 OB WR

_ng{(\ /} ﬂq ~ Q % 7
N N

R2 N
PC1/UR2006/000604
R 10)

M
| |
(Vi-11) (V1I-12)
Q%Q Qmﬁ
S (VII13) (VI-14)
N S5 7N R R
44 (A @
N—/<N/—m—\N>=N $ N
| | !
H (VI1-15) H (ViI-16)
S Y <\ RR4/ \R5R6 />Y
X\__< / \ >___/\ \\ V4
“, (VI-17) i (VII-18)
W/—\ y s YN R re ol X
D (\\ NR3R, Rs )
_< / \ N N>Z x/N__/<N /M\ N>__\
! |
H (vi1e) " o 2oy M

wherein

U,V,W,X,Y and Z are as defined above;

Ri, Ry, Ra, R4, Rs and R are as defined above; and
Mis O, S or NR3.

In an eight principal embodiment, the invention provides a compound of Formula

VIIla or VIIIb, or a pharmaceutically acceptable salt, ester or prodrug thereof:
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NNNRL (IX13) RZ RL (I1X.14) R We-- N\WR- N, Y XN
--~jJ~NNZ X NNZ | NRL (IX-15) R2 Rl (I1X 16) R2 W\
WO2006/0744¢8 /| Z X(N-NZ MNNMNRL (11X -47) RI/NSRL6/000604

(IX18) R NWY YN XN-C>-NZXN/NZ MNNM
NR1(IX19) R RL (IX20) R2 W M/ /YW y X (~/

~Z XN/ -N~Z NNNNRL (IX-21) R R1 (IX22) R2

W~ MY W- NY NN XN-NZXN-NZ RL (IX.223)
R2 RL (I X-24) R2 wherein M W X, Y and‘'Z are as
defined above; and Rl, R2, R3, R4, R5 and R6 are as

defined ahpvey _Lp yet anbther uberrbod 1/3/
compound oOf ~or mu\ a A X- 25 r ovig or a

ed
phar maceut i ccept abl st e or odrug -
t her eof : 06/ Q447 6/ B4 AN\ W
X~ -~Z XCN'-N\Z N MN (MX 26 R Rl (11X 25 R2 N
R) N I
Ry
Formula VIIla
U v
wo K= K—K Y
$ A\ / - \\K
/
AL A I )=
D/ M G
Formula VIIIb
wherein

each K is independently N or CH;

U, V, W, X, Y and Z are as defined above;

Ri, Rz, R3, Ry, R‘s, Rs, Ry and Ry are as defined above; and
A and B and -D-E- and -G-J- are as defined above; and
Mis O, S or NRs.

In one subembodiment of Formula VIIa or b, Y and Z are each hydrogen.
Alternatively, W and X are each hydrogen. In yet another subembodiment, W, X, Y and Z
are all hydrogen. | ‘

. In a subembodiment, a compound of Formula VIII-1 to VIII-12, or a pharmaceutically

acceptable salt, ester or prodrug thereof, is provided:
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WNWX NNZ XN-NI MNNMI | RL (IX27) R R
(I1X28) R Y W(~M®W WXZXN'ZNNNN R RL

W@ R06ABH282 R1L (1X30) 2 WWN~-, Y N N X N ~N ZCHUBLob/@0604
NI1 NNNRLR RLR W(IX31) / ~YW (1X32) /Y X

=- ZXN-NZ | 1(IX331 2Rt ) (IX342 ) WWwW
A~ N~YNXN=_->=NZ XN/ == -~-NZ RR2

Rl (1 X-36) R2 1 (1X35) wherein M W X, Y and Z are

as defined above; and Rl, R2, R3, R4, R5 and R6 are
as def i ned above. In a tenth pr| nci pal enbodi nent, the ¥

ion b OVI es und I a or/V a \/Y
p(q ti Ra pt a)ol e sal t( es rl or pr Ru \‘)
f E PCT/ v

N N.
R!1 Ry
(Vi) (V1Il-2)
QU T
“|
VI3 J (Vi4) N
/7 X
:_:}/ U&RB _N>z /\:\>/ \ i Re
| |
(VIII-5) R¢ vm-s) R4
X W\ Ly Y /__\\/
R > & R7 )
QIM»—\ kD g gLt
|
(VIII-7) d (VIII-8) R
/_\/Y WA=\, v 7
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R A
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wherein
M, U, V, W, X,Y and Z are as defined above;
Ry, Ro, Rs, Ry, Rs, Rg, Ry and Ry are as defined above; and

A and -D-E- are as defined above.
In another subembodiment, a compound of Formula VIII-13 to VIII-20, or a

pharmaceutically acceptable salt, ester or prodrug thereof, is provided:
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ABKXKKKEA* KK Z D~ G Formula X wherein each K

is independently Nor CH W X, Y and Z are as
waledosned2above; Rl, R2, R3, R4, R5, R6, R7 andP@BUS§2086/000604

as defined above; and A and B and -D-E- and -G J- are

as defined above; and A* is as defined above; and M

is as defined above. In one subenbodi nent, a conpound

of Formula X-1 to X-14 is provided, or a

pharmaceutically acceptable salt, ester or prodrug

thereof: 50 WD 2006/ 074428 PCT/ US2006/ 000604 WOQC/-N
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wherein

M, U, V, W, X, Y and Z are as defined above;

Ry, Ry, Rs, Ry, Rs, Rg, Ry and R are as defined above; and
A, B, -D-E- and -G-J- are as defined above.

In a ninth principal embodiment, the invention provides a compound of Formula IX,

or a pharmaceutically acceptable salt, ester or prodrug thereof:

Formula IX

wherein
each K is independently N or CH;
W, X, Y and Z are as defined above;
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XQ2ZXEJ~NZ DGDG(X-13) (X-14) wherein M

W X, Y and Z are as defined above; Rl, R2, R3, R4,
WORN06BBI42R7 and Rg are as defined above; and RBCHEHOS20B6/000604

and -D-E- and -G J- are as defined above. In another

subenbodi ment, a conpound of Fornula X-15 to X-28 is

provi ded, or a pharnmaceutically acceptable salt,

ester or prodrug thereof: 51 WD 2006/ 074428

PCT/USZOO6/OOO604 AW I / ~YXEJZXNEJNZ

-0- '>== ~~GDGWA (X-15) BW- A (X16) B N-\Y
R%’i{i@;R%Rgaﬁd‘RZareanéﬁne@ab@e\ G D AY W(X-18) W

g g{ IN XEJ -~-2Z fEF z, .DGDGWA
WAL IR ently SFlwedAfm(f%hQGjouBCP\PSlS“R% i ey £ g\ 7z
D\G

V\YA(X'21) NY WANA (X -2 2BjYXEJ Z X

DG
j, Z D\ A ; ;\Y X~ 2Z X
N DE J~ =
Q/l/ EszE

ALB NA [D] X
(a)

QC}O

(f)

—

- Mis O, S or NRs.
In one subembodiment, a compound of Formula IX-1 to IX-12 is provided, or a

pharmaceutically acceptable salt, ester or prodrug thereof:
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(X-27) ) (X 28) wherein M W X, Y and Z are as

defi ned above; Rl, R2, R3, R4, R5, R6, R7 and Rg are
w@goodefd4ped above; and A and B and -D-E- and PQH/US2086/600604

as defined above. In yet another subenbodi nent, a

conpound of Fornmula X-29 to X-38 is provided, or a

phar maceutically acceptable salt, ester or prodrug

t hereof: 52 WD 2006/ 074428 PCT/ US2006/ 000604 A M B W

AMB %W X~ E ~Z XCN E De \GDe JAGN Z.(X29) (X 30)

V\N~"AMB%WAMBNyY X e J\ \ZXZDDe\G W

vl X39)NYW( ABYW ZX%De~G N\

W(X‘ (X34 1\/ A - J rB :.6

\D QA e ' =N 7
vvher

X X and are as def|

R2, R3] R4, \ R6l R7 and R8 are as efl ned abov
and &1and ﬁ{(qnd E‘)ZE- and -G J- are as def above
W el eve pr.i ncjpa yenbodl the i ven i on \\ Y
ovi f§les a Apound of or mul a r a
r yaceut j \ \aple salx ’%—Qm — z
t her egf”. ~) Rs Rs \Z R4N
Fg R! : R1 RZ
T ) . o (IX-4) \Y
"% 3 ), (3
X/\ / /_Q_\ _.\Z x5 _'N\Z
. N N
! “f ! R'
Re s R R (.S R
—— Aeman N Y
kR, CAN BN
Xy X X\ =N
X Nz N A
| RI Rj Ry

R 2
b (IX-9) g b (X-10) .
W\/‘—\ // \/\\ Y /}
<\/ /N " ~N S
X N—L =N "7
N N. N.
R ‘ , R1 (Ix-12) R

|
Rio xR

wherein
W, X,Y and Z are as defined above; and

Ri, Rz, Rs, Re, Rs and Re are as defined above.
In another subembodiment, a compound of Formula IX-13 to IX-24 is provided, or a

pharmaceutically acceptable salt, ester or prodrug thereof:
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R X\K~- -/ \-\'T R V Formula XI wherein each

K is independently N or CH 53 WO 2006/ 074428
weEIbOBERSO6/ 000604 Q T, U, V, W X Y and Z BPCEHUSH06/000604
defi ned above; and R1, R2, R3, R4, R5 and R6 are as
defined above. In one subenbodi nent of Formula X, Y

and Z are each hydrogen. Alternatively, W and X are

each hydrogen. In yet another subenbodiment, W X, Y

and Z are all hydrogen. In one subenbodlnent a

conpound of Fornula XI-1 to XI-6 is provided, or a \

c b)esalgv r
fre% :
R 4

5 R Z
NTlT RlV X |
4) URU N (- 1Q~-|R2R5 R-\\\ Q/-1 RERN -~ %%A)Ns‘hw

Ra NI
we—\- W N (/%\34 N RN j; XN %Y
) N )
X/N—/< N}—N /A <;

N
|
B xR g (1X-16) s Y
W<\ / \(>Y \(>
,X\/\ / /@1 4, \\ /_Dj e
N M N N '
] ! .
R xany R = g (IX T
W /~\ 7N w Y
& N v X (\ /)
X /
x N —< ="z N
N M N N N
| | ! !
Ri o x-9) Re (S 20) :
W/ — N\ N\
Sy /X s 2 / /
N ' N N N
g ! R' |
| R xeany R rooxe22) R
DR e R
\ .
X/F\I—/< _N\Z /_Qj
| N. N.
Ry (IX-23) Ry R1 (IX-24) R,

wherein
M, W, X, Y and Z are as defined above; and
R1, Ry, R3, Ry, Rs and R are as defined above.
In yet another subembodiment, a compound of Formula IX-25 to IX-36 is provided,

or a pharmaceutically acceptable salt, ester or prodrug thereof:
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NNI-\TI-\T RR (XI.5) (XI-6) wherein Q T, U, V,

W X, Y and Z are as defined above; and Rl, R2, RS,
w@RAgosRH4amd R6 are as defined above. In a twel PCTYUS2006/000604

princi pal enbodi nent, the invention provides a

conpound of Forrmula Xl I, or a pharmaceutically

acceptable salt, ester or prodrug thereof: 54 WO

2006/ 074428 PCT/ US2006/ 000604 D K-KY K-KK WAG

XKI DP\// T V FornulaXll wherein each Kis

i ndependently N or CH Q T U V, W X, Y and Z are

S i ned above; R6 R7 and- R$

y R3 N\ Y
age a 4 arﬁ A and( -D- nd /)
Are ' .dzone sup§

X1, -hydr ogen. Al termat [ ve W Nand :

X are deach hydr ogenl I n yet anot her s berrbodl ment
X Y ahtd Z drogen In one sube
ﬁl*igr ﬁul a

nd of zl—l—\lyto XIW- 6 pro , N, Y
p\ar ma,¢eut| acq ptgl e salt(\ esg%er or pr dr ug /)
~I W ~\ A
| (x ) Q1 Lty !
g (1X-27) e d (IX-28) g
— — Y
e M / \/Y <} M / \/>
x<\/\ % :——\)z L /—Q_\ =Nz
'1 N. o
R xe2ny R o Re (x-30) R N
W\‘—\ M 4 \/‘\Y W\’ M / %Y
X<X_/<N N>_-N\> X\/R} / /——Q—ﬂ ‘—N\Z
N =N Z
N N N N
I I
g g v (1X-32) .
-31 — -

W<>— (IX-31) / \/>Y W<> / \/>Y
X/\ / _ = _\Z X/\I\\l / === —N\Z
N / N\, 7.

N '1 w ”

RI1 Rz R1 RZ

{1X-33) \ (IX-34)
<\/ ) X J ~
\\_< ___N\Z XN e N =N 7
Y N. w
R . R
R'l‘ (IX“35) R2 . .1 (IX 36) 2
wherein

M, W, X, Y and Z are as defined above; and
Ri1, Ry, R3, R4, Rs and Re are as defined above.
In a tenth principal embodiment, the invention provides a compound of Formula X, or

a pharmaceutically acceptable salt, ester or prodrug thereof:
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G XW\ AC~ E~E D/ \ITD\ I-\TVV (X 11-3)
(X 11-4) Q~1 \W\YJ Z WI-NAET V(X 11-5)
wob@cer428) T, U V, W X, Y and Z are as def i P€TUS2006/000604
above; RI, R2, R3, R4, R5, R6, R7 and R8 are as
defi ned above; and 55 WO 2006/ 074428
PCT/ US2006/ 000604 A and B and -D-E- and -G J- are as
defined above. In a thirteenth principal enbodinent, a
nmet hod, conpound and pharmaceutical conposition for
the treatnment or prevention of a disorder associ ated
with CXCR4 recepLpr activation, and p ﬁK&u rly a
proliferativesyi soxder, including c r ast asi s,

modul ated Vi CXCRA iNs provided that Nuclyides a
conpound of XFok XA, or "a phafwacgut | al'ty
acceptable salt, est®Er or prodrug th&éreof: Y KUT W
Z X-l-1- KZ N,/ (spacer) (spacer) (sp\Nr)
(spacer) 1- 1 1 VQRL R2 Formula Xl II

Formula X
wherein

each K is iﬁdependently N or CH;
‘ W, X, Y and Z are as defined above;
Ri, Ra, R3, Ry, Rs,.R6, R; and Rg are as defined above; and
A and B and -D-E- and -G-J- are as defined above; and
A¥ is aé defined above; and
M is as defined above.
In one subembodiment, a compound of Formula X-1 to X-14 is provided, or a

- pharmaceutically acceptable salt, ester or prodrug thereof:
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wherein K, Q T, U V, W X Y and Z are as defined

above; Rl, R2, R3, R4, R5 and R6 are as defined
w@bwem74420d "spacer” is independently a bond, BCT/EBZPE/000604

chai ned or branched Ci1-C5 al kyl, C2-C5 al kenyl, C2-C5

al kynyl, C1-C5 al koxy, C2-C5 al kenoxy, and C2-C5

al kynoxy wherein the al kyl group can be substituted

by a heteroatom (such as N, 0 or S) for exanple

W%E@HZCI—Q OCH2CH2- N«%(%CHZ CH2)n Y
g ”')Sﬁ&/\ (CH2))0-9_|2 S \- /——‘\/)z
(CHZO) 7 - (O2) -, g SCHZZ)-, - (CH2S- ) (ar -0-87
-(OCaryl) - (X (@I kyl - O) -(Oal kyl) - wher el()n 21)1 IS
w\n@ d ntI Y4d 5 W p&h 3\/)
a §our odi ment¢ aynef ho

/o ar ut| %BI ti onXfk / at N D=

pr eventDl/on ofma di s@r der associated wth CX®R4 G
receptor ac( yatl on, and parti c:u,!l arIy a p(’)blﬂferatweq

goraer , |nc udi g met a¥ 410 eds Vv a !
C)(pR4 pr Vi d d \t | Hcl udes \co M]‘BB;EK )
Jhaceut i &a a ab éa}l o

ester @r pro Mug thér eof: 56 WO 2006/®74428M

PCT/ U 2006/ 0906934 het eroaryl heteroaryl or(XUi)T or
grogygl e /id/t\fycleﬁ A \/>Y
(s&aceZi I(s ace ) \hmgﬂﬁ\ﬁ I of mul4 ~
G%r %spacelx) 8Cer z
spacer)D heter Mcycl N N RL R2 PFor mulNd X1 Vb ‘

vvher_e1n X-7 —

<> ( ) WN:\, " ) / \/NY
X / . 4 | X,

b’ %

— y —N N

W(N (X 9) /) W<\\/— \ /—\()Y
X | X,

D’ A

ﬁ (x 11) —

/Y W<\ A / \/>Y
) X VX
XN D/E J\G Nz

(X -13) (X-14)
wherein
M, W, X, Y and Z are as defined above;
Ry, Ry, R3, Ry, Rs, Rg, R7 and Rg are as defined above; and
A and B and -D-E- and -G-J- are as defined above.
In another subembodiment, a compound of Formula X-15 to X-28 is provided, or a

pharmaceutically acceptable salt, ester or prodrug thereof:
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K Q T, U V, W X Y and Z are as defined above;
Rl, R2, R3, R4, R5 and R6 are as defined above;
w0 spaoails i s as defined above; and "heter ocycl BCT/E82006/000604

"heteroaromatic" are as defined herein. In one

particul ar enbodi ment, a nethod of preventing

nmetastasis of a malignant cell is provided that

i ncludes contacting the cells with a conmpound of

Formul a XV, or a pharmaceutically acceptable salt,

ester or prodrug thereof N\ / N Formula XV In a

w ul ar sube Ythew ondlsasal o/a\Y
cq of }partlc arI c |dQS It
) S\ odi ment '0 _N Z
prevergd ng ke st aS|s of a rralrgnantD ceII S proQu ded

that |ncIu S ontactlng the cel lyswith a( und
q§15f) ceutlé\)’ly eptable 8 K
er o e 'th reoJ‘N 0 0'[44
YA

r’pr
2 (06 o"
anot he? part Iar Genbodi ment a nmet od of reven?lng

nmet ast asi s mal i gnant cell is_provi de@(-ﬂﬁht
SN o@t a@t />Y
a t_,_\z

(:—u I& heXdel I's W
Qr
}‘E'\‘}(ifi D 0

ha~r\rraceut| CR
XVI l. DDefl n ons G'I'he term al kyl , a§ used rf@el n
' o

TofZ N NN
t her()wwe peg r efve sa( t qd
st(\rar 3 e, or @/acl ic, / 1 dary, or \N
@- yon ek Yy pi cal Ky t@ antl =1
spe(:|fb aIIy s nmet hyl, tr|fluo[rorreth et 9yl ,
pr opyI |sqprp|pyl cycl pr opyI butyyl , |s¢)bu12y| N—\

pent , EYycyo tyI ent\yl nt
hé)fyl | ¢yd ohekyi gdggifyl e, W7
Lipent Jz ZhyI but d/

2 3- dlﬁethylbt GThe term optronal y in
subst i th \Nh&cgﬁjf

t ut ed(XaIZG( I gro Mbi et e he
al be Itut ed ct
gg ‘g@ él . \@j o /al y n < Z
ylam né, xy rylo nrtro 4no, Sy fonr '

acrd sDquat £.959hosphori c acrd phosphat e, (®126)

ona I t her O\tect ecw rotecteq a N
n@bess\;ue @ ose ski {;Led/i}m\‘_y‘j‘\g

(X- 27) (X~ 28)

wherein

M, W, X, Y and Z are as defined above;

Ry, Rz, Rs, Re, Rs, Re, Ry and Rg are as defined above; and
A and B and -D-E- and -G-J- are as defined above.

In yet another subembodiment, a compound of Formula X-29 to X-38 is provided, or

a pharmaceutically acceptable salt, ester or prodrug thereof:
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art, for exanple, as taught in Geene, et al.,
Protective Groups in Organic Synthesis, John W|ley
wapweBorss Second Edition, 1991, hereby i ncor ppCHUSH06§00604

reference. Whenever the terns "Cl1-C5 al kyl ", "C2-C5
al kenyl ", "Cl-C5 al koxy", "C2-C5 al kenoxy", "C2-C5
al kynyl ", and "C2-C5 al kynoxy" are used, these are

considered to include, independently, each nenber of-
the group, such that, for exanple, Cl-C5 alkyl
i ncludes straight, br anched and vvhere appropriate

ayg CI CZ C3 yC5 al gyl=={ uncti onal i t| es; LY
CA:.C5 |M CP a| ght ra d 6
A i .

funct i prial |t aI oxy |nc ud tr "z

‘br anched, ere 58 WD 2006/ 07442 .3
006/ 8(10 & 0():3

? ?A a iate w a,
ai‘y% L(:@ggt' nal |Nt| es; C& en x4 n
X ai g he gi vvhere Lﬂ@p,
2, C3p 4 a C5 at enoxy functional D(l es; CZ-

I |nc()(ud$;3 straﬂ ght, branched and V\:hff Ik))
- al kyn

lig Cp Y C3, 8.4 él 3
nal C2<¢5 al kynéxy i cf\udes str t, X
a\e?iaﬁﬁ\rbprl at é@ i cE \)Z

c5 al kPnoxy fYincti okal i ties. The terndfower al kyl 64s -
Ws erei n{Xa¥d unl ess ot hervvlﬁe ecifief.3aefers to

aJdl typ-aC4 saturateyf stxaight, "bfandped, or if M
_(Ror exanplg, clopropyl ) \alkyl \,N
utlihg subdti epE'f"ﬁErTBE—Uﬂl\ée z

ro r| teJ_a__(_:ydIi
othervvlse s&ecifica ly stated in thisP application

gr oup,\,ept | onalry %

l-'kyl (Ks3% suit J10i ety mmer al kX -3i63
p(\ fer . Simla V\P§n al kyI r al kylgi S/Na /Y
% | e mpiety. uns Ztuted,a / rl | ower aII)(yI |s\>

preferged. The terig-al kylam no or ar i&m no rere sG 0
an am no gr{dup’x hat has one or two al qx - myl
substituents, respectively. The term' prot ecte as

WSZE herein and unl ess otherwise defined refers to a

Mgwpp(pYahmgtarda?sd@gg&ngpe an oxygen, nitrogen, or
phozghor us_atomto prevént its further reaction or for

Riokn &> B sy, and Rapeseas dafinedahost amkygen and ni trogen

A D08 86d IDNB- HAQERS ART @dbﬁ}ewg §@ those skilled in the
art of organic synthesis Re termaryl, as used
herei n, and unl ess ot herw se speC|f| ed, refers to

phe ret r abl heny

P e e S5O Wy B 0S4 80 P ot
XIngsiaghperaceutisallisaopéptaplosat, cs&mobpmdmglﬂﬁmo&"ut ed with one

or nore noieties sel ected mron1the' _0yp consi sting

of hydroxyl, am no, al ky]amino, aryIa ng%/alkoxy

aryloxy, nitro, cyano, 'c aci ate

phosphoni ¢ aci d hosphaté fn Ex ei t her
unpr ot ect ed,¥ pr tect ed\as n cess , as ﬁnomn to

t hose skllledﬁln tE e, as taught in
G eene, et a)l4 Pr/ot [ ,Organic

Synt hesi s, John e Second Edi ti on,

1991. The tern1a|kaPyI or 7&% refers to an al kyl
group with an aryl ubstltu he term aral kyl .or
aryl al kyl refers to an aryl group with an al kyl
substituent. The term halfermuagiused herein, includes
chloro, brono, iodo, and fl uoro.

Wherein

each K is independently N or CH;
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The termacyl refers to a carboxylic acid ester in

whi ch the non-carbonyl noiety of the ester group is
w@edoeotrHe8 from strai ght, branched, or cyclic aP&yUSIN6/000604

| ower al kyl, al koxyal kyl includi ng nmet hoxymnet hyl ,

aral kyl including benzyl, aryl oxyal kyl such as

phenoxynet hyl, aryl including phenyl optionally

substituted with halogen, Cl to C4 alkyl or Cl to C4

al koxy, sulfonate esters such as al kyl or aral kyl

sul phony!l including nethanesul fonyl, the nono, di or

Q30 VW, 3POEOArR e RETIISZONREQRAQ604  tri phosphat e

estér, trityl or monomethoxytrityl, substituted
RbBnRp) Re Re a@m&y@rgaq qpfmedabove.qi met hyl - t-butyl silyl) or
di phey % BB RBb ke of Pﬁhﬂﬁla HIOVRAd iz BRIESERESN. Altermatively, W

opti na grou The term "l q

argcXy e ea(éu%/}y(r:lg)gggl Igsggre@@p‘;hegqx%gpquﬁnwﬁ WVhX; K@nd Z are all hydrogen
non-ig A RO m rﬁéﬂf b Soml g@%ﬁr O@F&}ﬂula kg foeKils is provided, or a

pharnaceutlc y accept salt, ester or prodrug”
phasmarsetitatli ncvepthide salt, bster os proadivgi thesedfon to describe any

pharnaceutlcaﬁly acce lle form (such as anyester, WY
phosphat e Qggﬂ $ an ester or a r@k@i @I, 0up) {§
Re z,admi ni stration t Red==N"S7

Ha mpound H crivved i N
SP% ¢ ceutlcally Xce S R,
i'nclT ude fron1pharna euty ptabl e

I norgani c or gdni ¢ bases and acids /such a
hydrocﬁPorlc dci d, hydr obrom ¢ aci d, sﬂllfur(xq2 cid,
nitric acid, xbﬁbsphorlc aci d, met hanesul f oNi ¢ aC|d

. N
ethanesuIBonPc aC|d /p- Eﬁ'uensulfonlc acigd, y Ilcyl/é )§X
i ld N\ R5R5___\Z

aci d, HH|I/7‘ | eh¢. aci d, succinic
N

L ic acid, CIthj —acid and W \ke.
$§£§§%3 hosel derived frokgal |R4 suﬁh
%8s a5 soth um al kal i he gsuch? as

cal ci and e3|un1 anong nunerousﬂothe ids mell
known Ain theVart. Pharmaceutically acteptabl¥
“prodrugs" r(@fig@) to a conmpound that is net dB&H zed,

for exanple ydrolyzpu—w Yy oxi di zed, in the Host to )VX
formthe CBQQQ d r@f N igresent i nventi oflx¢ |T Haak/, 2

o

R /4 [} —
gaphe Ude corpguads thaf hav Nz
@ép ogh |Ie'brotect|ng ggoup R ctlo%al
mofyety o e acyiveconpound. P¥ | udgy) Re

conmpounds t _kaﬂ be oxi di zed, redudpd; a afa ed,
dean1naked hydr oxyl at ed, dehydroxyl atreed, hydr ol yzed,
dehydrolyzedg% gkylated, deal kyl at ed, acyl atl®t§)

0

deacyl at ed phoryl at ed, dephosphorylated to
whegdliice the active conpound. The term "heterocyclic”

r omat CyGli oup that may be

Ciagiﬁr gt{woxaf;aélﬁ?ﬂ%% dgﬁn %%3?’3 gnée doubl e bond) or

URJ, Rs, T8} RY Akl abend defisedeibove here is at | east one
heteroaton] such as oxygen, sulfur, nitrogen, or
phosphorus in the ring. The term heteroaryl or
het etParQEBh ipgincipd dafRdinkkak, hd) invefdrgotidesoa canpoumtliof Formula
that includes at |east, one sul fur oxygep, nitrogen
39t op phgsmareytically apqeatablespbhiester QY.%C‘W@%H%P i ting
exanpl es of heterocylics and heteroaromatics are
pyrrolidinyl, tetrahydrofuryl, piperazinyl,
pi peri dinyl, norpholino, thionorpholino,
tetrahydropyranyl, imdazolyl, pyrolinyl, pyrazolinyl,
i ndol i nyl, dioxolanyl, or 1,4-dioxanyl. aziridinyl,
furyl, furanyl, pyridyl, pyrimdinyl, benzoxazolyl,
1, 2,4- oxadiazolyl, 1,3, 4-oxadiazolyl,
1, 3, 4-thi adi azol e, indazolyl, 1,3,5-triazinyl,
thienyl, tetrazolyl,
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benzof uranyl, quinolyl, isoquinolyl, benzothienyl,

i sobenzofuryl, indolyl, isoindolyl, benzimdazolyl,
w@eoosei42g ar bazol yl, oxazolyl, thiazolyl, PCT/US2006/000604

benzot hi azol yl, isothiazolyl, 1,2,4- thiadiazolyl,

I sooxazol yl, pyrrolyl, quinazolinyl, cinnolinyl,

pht hal azi nyl , xanthinyl, hypoxanthinyl, pyrazol e,

1,2,3-triazole, 1,2,4-triazole, 1,2, 3-oxadiazol e,

t hi azi ne, pyridazine, 60 WD 2006/074428

PCT/ US2006/ 000604 benzot hi ophenyl, isopyrrole,

t hi ophene, pyrazine, or ptejldln% ré« ¥ sai d

heteroaryl” or ,,,}eterot be optionally

substituted with one or enﬁ el ected from

t he group conM<# al kyl, al kyl

al koxy, hydroxyy> car vatives, am do,

hydr oxyl , acyu,van1 0, , dial kyl am no,

arylan1no al kox , cyan, sulfonic

acid, sulfate, phopthic ac+:“ phosphate, or

phosphonate, either unprotecg¢ed, or.protected as

necessary, as known to thpsg.skilled in the art, for

exanpl e, as taught in Geene, et al., "Protective

G qups in Organic Synthesis,"” John Wley and Sons,
whsgdind  Edition, 1991, hereby incorporated by

cabIEk 8¢ BAGRndY §¢manal oxygen and nitrogen groups on
t he heteroary roup can_be protected as necessary or

Qdedl, VedV: 5% ndof &re gt difmed PbRYSgr oups are wel | known to

R ROSE E{R's IFgdRS ihdtmr@erstdeﬁn@rmowewde trinmethylsilyl,
di meth hexyf5| yl di nethyl silyl, and

ApndByd PFhardGs 'Ia%aneﬁF‘?dta}’Pveor substituted trityl,

al ky}, of %Qﬁbocﬁﬁ)ﬁﬂtl of @51%{Q§)@1U5thn§¥ A6 8ichhyaf@en. Altematively, W
pr opi onyl nmet hanesul f onyl , "and p-tol uenel sul fon

anieare esalydrogere loryeispethes swbprabedireenid¥s X, b @nd £grapll hydrogen.
L myg et sgb gﬂﬁééf 6 !(\\g}[qf(ouflh l@f'ﬂ%ﬂﬁﬁlﬂ @&I—IN@ )@ﬁ-}Sl RYrbA8SY, or a

- (wherern a , alkylaryl, or
pharnydcantioplly accbﬁablb ez Gatqyor pwdrug 43@ opurine, -

N6- vi nyl puring; N6- ac nic purine, N6-agyl gury
N6- hydr oxyat L R - t hi oal ky! pu@k\ i

N2l pur i 26-thiyp nes, e~ 7
cyt G8i ne—5- f ocy%OS|ne 5- meghy | 2

6-&2 | A i ncluding 6- a& oS! » and/ or
4- mer cap? opy¥|«ime, uracil, 5- hanuPaC|I,|rh | udi ng
5-fluorouracilV C5 alkylpyr|n1d|nes (xnz)

Co- benzylpyrlﬁldﬁnes C5- hal opyri mi di nes, \
e, B /éc%f
| S,

C5-vi nyl pyr jmi gi neg etylenic pyrimg
pyri ni di ne, _T_ \ox al’ y| purine, 9ﬂ \\ N

C5- 4 cyanopy¥ ®, 6
Cs- it r yhi , C5- amnopyrkk\m e
N2- al kyl'par i ﬂ;>AQ al kyl - 6- thlopurmﬁes\\ F/

5-azacytidi nyl y 5- azauraC|IyI trlazolopyrwdlﬁyl
|n1dazolopyrHGMﬁvI pyrrolopyr|n1d|nyl ands)
pyrazolopyrlnlminy%. ?ur& e bases include, but are not

limted to / i ne;\a ébine, hypoxant hi ne,
2, GNdFa nop ri ng, ™ - &hl oropuri ne. Processes for
the QR:;%F [ f Active Conpounds General Methods.
spectra were recorded either on 400
or’' fOO -1 A Spectroneter or 600 Mz or 150

N+E I NOVA SpeﬁaLgpeter. The spectra obtained were
ef erenced to"the' residual solvent peak. They were
WPEEtYrded in deuterated chlorof orm dinethyl

- QS ,0XIWEX OB andIE Wtetks idufiic@xbeke; Or acet one-d6. Mel ting
p0|nts were taken on a Thonms Fbovgr capillary

Rivdot Ran B35 e RapprbRedre as detaedsboveniadr r ect ed. Low
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resolution EIl mass spectra were recorded on a JEOL

spectroneter. Elenent anal yses were 61 WO 2006/ 074428
wEON6EAH6/ 000604 perforned by Atlantic M rcRCHIDS2006/000604

(Norcross, GA). Flash columm chromat ogr aphy was

performed using Scientific Absorbent I|ncorporated

Silica Gl .60. Analytical thin |ayer chromatography

(TLC) was perforned on precoated gl ass backed pl ates

fromScientific Adsorbents Incorporated (Silica Cel

60 F254). Plates were visualized using ultraviolet or
Ahmtfsaﬁlxmmaml-ﬁﬂ-pm@hmwdlabmm acid (PMA). Six

differe ods r Hﬂﬁ:

of E[ qﬂ@%ﬁ‘fh Bﬂncé%mg etr%b%ﬁ% Rarac e?%?z g? %E&n at a Re aceutical
cohips§1ﬁa&1 fo tHeabtatmdnt dvipidventtioA: of Nudl‘scetbthsdomateddmh C(XER4 receptor
acgga:tl\ggf ;mgpr%tge a:’]andgr%i/'%nagm es' dmi U 1nt h%ﬁ?rlem%t?%%sésd modulated
vid @D@M is§frovifled thdOAaGhdek.a ékﬁfhpoﬁhm eftFornfutec XIIB;: orlﬂﬁhalﬁ@c)eutlcally

1. .. of diam negﬁ@he)g rohalide and 3.0 eq. of

evﬁﬁ&wwaémkﬁoawe@w 't hanol were stirred together
under refWu&anrgw hours. The sol vent ed
under red ng essure to get the cru whi ch
was purifi crystalllﬂ Flon in nme NH
CH3CH2COH Llnker N - N HN DN=vke ™ NH
Refl ux NH2 nXH nKH HN od B Addi ti on-el i m nation
bet ween an1d§§°% rca “98@9 Bt%*Ves. This
method is aInDst ar t terat e procedure
(Linton, et al. 1) J. . Chem 66(22):
7313-7319). 1.0 eq of dlanﬂh@ and 2. g eq. met hyl

mer capt o hydrohallde derivatives were?’dissolved in

net hanol . A condenser equifpet ¢d{h a NaOH trap at the
wI’x was attached. After refluxing for hours, the

ut| on was reduced to m ninal vol unme under reduced
Kp@ﬁ%r\éWEKthnCEZaWGlsdvﬁmdamd to produce white

e l.11zed in hot nethanol
RFE‘;’%‘ u?raéldp o ué\?&r{eﬁw %e creoH Ng~ H2N Li nKer
by %s/imlepd?fdélhﬂym tovd Lsitrader chidred or ranchied\C1-OxXlkyING -6 alkenyl,

R i

catl BeSubgihhtadibyi ashd‘mdmémeésilcﬁ 50N) © beS) fot e}{aatplerélfth@éﬁuﬁéhCHz-

el T T o e
OCHj;-, -CHzCHzCHz-OCH2CH2- -CHzCHz-OCHzCHZCHz- -(CH,),-OH(CH3)-(CHz)n~,
CH,-OH(CHz)-O-CHy, ~(CHj)n-, ~(CH;)n-CO-, ~(CHy)n-N-, -(CHz)n-O-, (CHz)n-S-, -
(CH,0)-, (OCH)-, (SCH;)-, (CHzS-), -(ary}-0)-, <(O-aryl)-, (alkyl-0)-, -(O-alky))-
wherein n is independently 0, 1,2, 3,4,5,6,7,8,9,0r 10.

In a fourteenth principal embodiment, a method, compound and pharmaceutical

composition for the treatment or prevention of a disorder associated with CXCR4 receptor
activation, and particularly a proliferative disorder, including cancer metastasis, modulated
via CXCR4 is provided that includes a compound of Formula XIVa or XIVb, or a

pharmaceutically acceptable salt, ester or prodrug thereof:
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and 2.0 eq. am no guani di ne hydrohalides in ethanol

was heated under reflux for hours. The mxture was
w@owbethse® room tenperature and filtered to gi RET/URM06/000604

guanyl hydr ozone hydrohal i des. 62 WD 2006/ 074428

PCT/ US2006/ 000604 R3 13 0 R2 N 4 CH3CH2OH R~ HN-N RZ

N~ R4 + R--{ Linker ~ Linker O HZNHN N5 Refl ux RN ~N

WNNH R5 nXH R R3 nXH Method D Reductive ami nation

bet ween al dehydes/ ket ones and am nes (Abdel - Mgid, et

al. (1996) J. Og. Chem 61:3849-3862). 1 0 eq.

di al dehydes or ket nes and 2.0 eq. e m xed

in 1, 2-di qhiey tog’éi’h ne and h n treatledf m%rh .0 eq.

sodium tri cet 0x brohydr| (102 acetic

38 Y E‘f’d%ﬁg .

acid may al ed in ons The
m xture was stlrred at ro mte turg der an ar gon
or nitrogerSKf p hettd ¥ hour 15 fyRace)

di sappear ance of e react ates. The
reaction m xture S quench add| g 1 N NaCH, and
t he product was eg?ract ed by @t hyI et hler, washed by
Brine and dried Y anhydr ous MySO4. 'Pﬁe sol vent was

evaporated to give the crBdeir 28 base which could be

purified by mat ogr aphy. The free bas Q) ved in
et hanol i c"kydrocN oride or tartaric aci ve the
salts whi cly sual y can recrystallize fkom Mc@H Et 20,

R3 OR2 [ (CAC)3 R4-N R2 Li nker ’ 'aner R

Reducti on of(spamr)des shcedyi C oand shaiel) o(ﬁpuel()1953) J.
Org. Chem 18:119Q)/ The echagel uI\l\ prepared from
the corresponding arboxy ic aci arboxyllc
chlorides. A m xtufe of -carboxylic aC| and thi onyl
chloride was refl uked for hours in.ak:anhydrous
systemw th a condenser equippediwith a NaOH trap at
the top. The excess thionyl chloride was renoved

Whmller reduced pressure to get the car boxylic chloride.

K [ abdvesol ved in
eﬁﬁ%?ﬁ%#}ﬁg@%%eg%ﬁ%%ﬁtahe addi tion of 2.0 eq.

Ralﬁzﬂés Bmdlsanéaﬁarpwﬂ@ﬁméab%e m xture was stirred at

« .00 il the disappearance of the

: acert%% e%{n%&t O%’Lll‘ﬁ% pl ates. The sol vent was renoved
“hetsienycle? and theterqrastior ereppdyfwed heteingr ude ani des whi ch
can be purified by chromatography. The mixture of 1
eq. hnowbepastivtilat efbedjment, Atriethod of Prapeniiag medgsfasiz & a giplippant cell

o v SRR Sl A oo, o
pRdtadebfiodNg Ghtepttiecals, estsr agsairubibarerfa 1it.5 and

extracted with ethyl ether, VAR
N )
l H
H

Formula XV

O\R412dic roet hane Rietd R4 Metlhod E:
0

In a particular subembodiment, the compound is a salt of a compound of Formula XV,

particularly a chloride salt.
In another particular embodiment, a method of preventing metastasis of a malignant

cell is provided that includes contacting the cells with a compound of Formula XVI, or a

" pharmaceutically acceptable salt, ester or prodrug thereof:
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dried over MpSH. Renoval of the solvent gave the free
am ne product which can be purified by the
wa@ boootort4egyr aphy. The free base di ssol ved i n et P@eruob1006/000604
hydrochl oride or tartaric acid to give the salts
whi ch usually can recrystallize from MOH Et 20. 63 WO
2006/ 074428 PCT/ US2006/ 000604 O OH SCCI2 O C Li nker
Linker HOOC 0O Amne Pyridine RL P4-R2 UAIH4 O
N-R2 Linker Linker RI-N THE RI-N O R2 R2 Mthod F:
Nucl eophilic substitution of halides with amnes. A
m xture of 1.0 eq. halides, 2.0 eq:y \hes and 3 eq.
pyridine in ethanol was refluxed for h ﬁrs until the
di sappear ance of the reactat ution was
thyﬂ ether, washed with
brine, dried Mﬁt:N‘n Reppval of the solvent gave

the free am ne pjroduct mhlch can be purified by the
chr omat ogr aphy Nf ree base dissolved in ethanolic

hydrochl oride or tartaric 0 give the salts which
usual Iy can recrystall|£@“?§%g¥thCH/EtZO Rl Rl X

Li nelnoefWirhiSar Rilbodinteat, Randthdd dfi préventing Retadtadi¢ ef 4 malignant
CHARACTERS ZATI ON DATA EQR, THE PREDATED, OONPGHNAS, I v or o
celMB(1Epwisied thpt ipplades frontacting the-gelis Wi ¢ GRPRPE Je (=
1t Feidnéh prébCtiercoffound  (Cal cd. )
phicieyfiveiubient caiefct e EmaRoTOINT (5 40(4H, s)

302-304 (36.24); W1S HI\I)L G, NWZHy 13C

159. 019, 136. 364, (dec) H 5.34 (5/Q Fi 129.981 N:
31.76 (31.70) O: 26.7

HO
Formula XVIL.

Definitions

The term alkyl, as used herein, unless otherwise specified, refers to- a saturated
straight, branche\d, or cyclic, primary, secondary, or tertiary hydrocarbon of typically Cy to
C10, and specifically includes methyl, trifluoromethyl, ethyl, propyl, isopropyl, cyclopropyl,
butyl, isobutyl, z-butyl, pentyl, cyclopentyl, isopentyl, neopentyl, hexyl, isohexyl, cyclohexyl,
cyclohexylmethyl 3.methylpentyl, 2,2-dimethylbutyl, and 2, 3-dimethylbutyl. The term
optionally includes substituted alkyl groups. Moieties with which the alkyl group can be
substituted are selected from the group consisting of hydroxyl, amino, alkylamino, arylamino,
alkoxy, aryloxy, nitro, cyano, sulfonic acid, sulfate, phosphonic acid, phosphate, or

phosphonate, either unprotected, or protected as necessary, as known to those skilled in the

art, for example, as taught in Greene, et al., Protective Groups in Organic Synthesis, John
Wiley and Sons, Second Edition, 1991, hereby incorporated by reference.
Whenever the terms “C1-Cs alkyl ”, “C2-Cs alkenyl”, “C1-Cs alkoxy”, “Cp-Cs

alkenoxy”, “Cp-Cs alkynyl”, and “Cp-Cs alkynoxy” are used, these are considered to
include, independently, each member of the group, such that, for example, C1-Cs alkyl
includes straight, branched and where appropriate cyclic Cq, Cp, C3, C4 and Cs alkyl
functionalities; C2-Cs alkenyl includes straight, branched, and where appropriate cyclic C2,

C3, C4 and C 5 alkenyl functionalities; C1-Cs alkoxy includes straight, branched, and where
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(26.74) HN\N\ DVBO 400Mz N ~N 1H 8.66(2H, s);
7.6-8.6(4H, Cl4H2212N6 N 2H1 br); 7.31 (4H, s);
WA 28602428 s); 294-296 C. 32.06 (31.84) WZ3S QOMET/BSBN6/000604
(8H, s) (dec) H 4.35 (4.20) 13C: 159.31, 136.50,
127.53, N 15.77 (15.91) 45.06, 42.54 CloH16C12N8.0.7
HH DMSO 400Mz H2O H ~N.N NH2 1H 12.28(2H, s); 8.21
(2H, s); C 36.07 WzZ4S H2N 2HC N' 7.94 (4H, s);
7.60-8.20 (811, br) 3 (dec) -8 (36.20); 13C 155 52,
145.98,135.18, H 5.23 (5.29); 127.84 N 33.42 (33.77
appropride $YC1i@ K)IQBC@,WIB; eﬁ?@'ﬂﬂ_@@@@ﬁl@@@g@zgws &2-Cs 1a1§q10xy includes

(21.37) DVMSO _400Mz N.NH 1 H_ 8.0
,,Strq,lghq,.lpqp,}z:hyd,glgté ¥here gyprognaé% cyglig 132( %ﬁ (2H Csz%l%en%l H%‘mahues

.Czigcl%l y%{y&&la‘e%%%}gég %&)nil}e]d}&l 5}&151% a;lagrogfli%t@ 890%10 C}[l 2225@3, Cg4and

Sy 8 3 Tude) ; stré ditd
C5 %, gﬁ@g%ﬁ%ﬁa{% 4o@g-b'5 ky?r%x{/ it u ﬁl slrlr lgﬁg li7r5 ?escﬁl)a;n;i)where
apfrdpiatg cydlic €353, (C& ah@)Cs aﬂblﬁoxm@nonwesl 136. 50,
127.53,” N. 28.32 (28.66)- _45.06, 42 .54

( 600Weepm lcrquatlwh as §§ed herrigetanieg o5 erye ﬁwﬁe‘gﬁfﬁﬁ toaCyto.

. C@%@H (? § 1&’1&1_‘5‘121%(?%% 5 ?ppﬁ)pnggé %%{@%l(g%?gxa%}éés ékt@yl) alkyl
'grc]u%l Xgéonaﬁ;’ GacBHingNubdtButbd férink: Hilessothediise SpecHiallf 3taded, in this
application, when alkyl is a suitable moiety, lower alkyl is preferred. Slmllarly, when alkyl
or lower alkyl is a suitable moiety, unsubstituted alkyl or lower alkyl is preferred

The term alkylamino or arylamino refers to an amino group that has one or two alkyl
or aryl substituents, respectively. ' '

~ The term “protected” as used herein and unless otherwise defined refers-to a group

that is added to an oxygen, nitrogen, or phosphorus atom to prevent its further reaction or for
other purposes. A wide variety of oxygen and nitrogen protecting groups are known to those
skilled in the art of organic synthesis. |

The term aryl, as used herein, and unless otherwise specified, refers to phenyl,
biphenyl, or naphthyl, and preferably phenyl. The term includes both substituted and
unsubstituted moieties. The aryl group can be substituted with one or more moieties selected
from the group consisting of hydroxyl, amino, alkylamino, arylamino, alkoxy, aryloxy, nitro,
cyano, sulfonic acid, sulfate, phosphonic acid, phosphate, or phosphonate, either
unprotected, or protected as necessary, as known to those skilled in the art, for example, as
taught in Greene, et al., Protective Groups in Organic Synthesis, John Wiley and Sons,
Second Edition, 1991.

The term alkaryl or alkylaryl refers to an alkyl group with an aryl substituent. The

term aralkyl or arylalkyl refers to an aryl group with an alkyl substituent.

The term halo, as used herein, includes chloro, bromo, iodo, and fluoro.

The term acyl refers to a carboxylic acid ester in which the non-carbonyl moiety of
the ester group is selected from straight, branched, or cyclic alkyl or lower alkyl, alkoxyalkyl
including methoxymethyl, aralkyl including benzyl, aryloxyalkyl such as phenoxymethyl,
aryl including phenyl optionally substituted with halogen, Cq to Cy4 alkyl or Cy to C4 alkoxy,

sulfonate esters such as alkyl or aralkyl sulphonyl including methanesulfonyl, the mono, dior
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D20: 400Mez 1H 7.45(4H, s); 7.24(4H t, CzaHszC zNa
J=7.2Hz): 6.82(2H, t, J=7.2Hz): W8S p 6.73(4H, d,

WO 2M6BHaYs 4. 27(4H, 320-322 C. 64.42 (64.32) BECHUSHNG/000604
3.47(4H, t, J=6.2Hz): (dec.) H. 7.21 (7.21) 3.24(4H,
t, J=6.2Hz) N 12.52 (12.30) CDC13: 1H (600MHz):
7.29(4H, s): 7.18(4H, t, J=5.2Hz): 6.71(2H, t,
J=4.8Hz); 6.64(4H, d, H W8 J=6Hz), 3.81(4H, s):
3.23(4H, t, 42-43 J=3.6Hz); 2.91(4H, t, J=3.6Hz);
4.12(2H, br) 13C (400Mz): 148.64; 139.18; 129.38;

tl'%%gwggi H;l trgg'or i'nlal?iorﬁgtho 14§ilbsﬁ‘t§te& %enzf' R trElcy PR (e g dlmethyl—

t-butlsilyd) mt—rhphlenyhnﬂhmﬂi) a&rsé a(rams um SUE m@allnglspum phenyl

etpyps TR e 1oy ety 13 oy ATy il 5 st oty i

lobéey alikyt, 51 35; 49 03 N :11.49(11. 75) CDC13 1H

( 600%%«3) @mp_"‘ 5 aqgutszﬁlzl accgptgg% Z’i?-]lt e)st%r b%rﬁ%” 5] usg’c? ﬁ'}f‘cﬂghout the
specifidftzom, toSi)escHBQaﬁﬂﬁlﬂM)deuﬁéhﬂly A8cepbbiR. fBBn (su&]ﬁ% 8s #Pester, phosphate
128@%5 %ﬁéstgsqé%%wpgél_gfz asc%i}'li%ﬁfli W yp%_é\gmlmstratlon to a

piiehtiFovides Y drhpotnd dezdritdkiz) ithe/spedfiédtion CPhﬁﬁlaEé{(tlﬁﬂlyBQZ:):eptable

65 2006/ 074428 PCT/ US2006/ 000604
salts include those derived from pharmaceutically acceptable inorganic or organic bases and
acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid,
methénesulfonic acid, ethanesulfonic acid, p-toluensulfonic acid, salicylic acid, malic acid,
maleic acid, succinic acid, tartaric acid, citric acid and the like. Suitable salts include those
derived from alkali metals such as potassium and sodium, alkaline earth metals such aé
calcium and magnesium, among numerous other acids well known in the art.

Pharmaceutically acceptable “prodrugs” refer to a compound that is metabolized, for
example hydrolyzed or oxidized, in the host to form the compound of the present invention.
Typical examples of prodrugs include compounds that have biologically labile protecting
groups on a functional moiety of the active compound. Prodrugs include compounds that can
be oxidized, reduced, aminated, deaminated, hydroxylated, dehydroxylated, hydrolyzed,
dehydrolyzed, alkylated, dealkylated, acylated, deacylated, phosphorylated, dephosphorylated
to produce the active compound. ‘

The term “heterocyclic” refers to a nonarométic cyclic group that may be partially
(contains at least one double bond) or fully saturated and wherein there is at least one
heteroatom, such as oxygen, sulfur, nitrogen, or phosphorus in the ring. The term heteroaryl
or heteroaromatic, as used herein, refers to an aromatic that includes at least one sulfur,
oxygen, nitrogen or phosphorus in the aromatic ring. Nonlimiting examples of heterocylics
and heteroaromatics are pyrrolidinyl, tetrahydrofuryl, piperazinyl, piperidinyl, morpholino,
thiomorpholino, tetrahydropyranyl, imidazolyl, pyrolinyl, pyrazolinyl, indolinyl, dioxolanyl,
or 1,4-dioxanyl. aziridinyl, furyl, furanyl, pyridyl, pyrimidinyl, benzoxazolyl, 1,2,4-
oxadiazolyl, 1,3,4-oxadiazolyl, 1,3,4-thiadiazole, indazolyl, 1,3,5-triazinyl, thienyl, tetrazolyl,
benzofuranyl, quinolyl, isoquinolyl, benzothienyl, isobenzofuryl, indolyl, isoindolyl,
benzimidazolyl, purine, carbazolyl, oxazolyl, thiazolyl, benzothiazolyl, isothiazolyl, 1,2,4~
thiadiazolyl, isooxazolyl, pyrrolyl, quinazolinyl, cinnolinyl, phthalazinyl, xanthinyl,
hypoxanthinyl, pyrazole, 1,2,3-triazole, 1,2,4-triazole, 1,2,3-oxadiazole, thiazine, pyridazine,
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S); 4.66(4H, s); 4.48(4H s) H 5.70(5.79) N. 11.55
11.75) D20: 1H 600nmHz 8.61(2H, dd, J=6Hz, 1.2Hz);
W@2@002H428 d, J=2.4Hz); 7.99(2H, C20H24C 2N4 N BICT/US2006/000604

J=7.8Hz, 1.8Hz); 7.56(6H, 318-320 C. 60.45 (61.38)
WZ10S | | s zHa N m; 4.39 (4H, s); 4.37 (4H s)

(dec.) H 6.17 (6.18) 13C. 400MHz N: 13.89 (14.32)

148. 85; 149.82; 139.26; 132.13; 130.81; 127.48;

124.83; 50.48; 48.15 D20: 1H: 8.76(2H, d, J=4.8Hz);
C20H26C1 4N40. 5 8. 35(2H dt, J=8Hz, J=1.2Hz); H20

b R g © ARG 8 o
.hefdrdychc 4ro(pbhn B9 ol_ﬁionﬁﬁl §19st(t5t@d 8%th ond 3Cmoied@ubdiRtiient selected from
th%f:ggo&?con%ééngggf hﬁogelli%glgglgyll alé)jx_ysz,iréydl oy g;r’boxyl derivatives,

Qg@%iiyl ‘L@Q 'VKmino 1zhky12m§15 ﬂlﬁiﬁylaﬁﬂno, AryBinihdt H.lkdﬁf,, ir%lgxy, nitro,

4H s) |
cymoz SB@OI&%C@?SHE@ r@s?honm@l& ehosrlzeée %Phqszhonr@ eléffr gyprotected,

orgggjegted @9%&%8%@1 aé kﬁ&wﬁ %thogé ’Sklﬁedzgl {héd’rt tf@r exlm%lemﬁglaught in
Gmeae;wt@qlqzj‘Prozpcg@ @mqps gg Organ@;a S(m:_thpsm ;o 3‘@11e)1418d Pgns, Second
. Ei‘gg‘}g%h}‘g‘%b @Eorﬁ&%%sl %?1}3%.%{%?78 113 03, 48.20 (CDC13:

Functional oxygen and nitrogen groups on the heteroaryl group can be protected as
necessary or desired. Suitable protecting groups are well-known to those skilled in the art,
and include trimethylsilyl, dimethylhexylsilyl, -butyldimethylsilyl, and ¢-butyldiphenylsilyl,
trityl or substituted trityl, alkyl groups, acycl groups such as acetyl and propionyl,
methanesulfonyl, and p-toluenelsulfonyl.

The term purine or pyrimidine includes, but is not limited to, adenine, N°-
‘alkylpurines, Né-acylpurines (wherein acyl is C(O)(alkyl, aryl, alkylaryl, or arylalkyl), N°-
benzylpurine, N°-halopurine, N®-vinylpurine, N®-acetylenic purine, NS-acyl purine,
“Ns-hydroxyalkyl purine, N°-thioalkyl purine, N>-alkylpurines, N*-alkyl-6-thiopurines,
thymine, cytosine, 5-fluorocytosine, 5-methylcytosine, 6-azapyrimidine, including
6-azacytosine, 2- and/or 4-mercaptopyrmidine, uracil, 5-halouracil, including 5-fluorouracil,
C*-alkylpyrimidines, C*-benzylpyrimidines, C>-halopyrimidines, C’-vinylpyrimidine, C’-
acetylenic pyrimidine, C*-acyl pyrimidine, C>-hydroxyalkyl purine, C’-amidopyrimidine, C°-
cyanopyrimidine, C’-nitropyrimidine, C>-aminopyrimidine, N*-alkylpurines, N*-alkyl-6-
thiopurines, 5-azacytidinyl, 5-azauracilyl, triazolopyridinyl, imidazolopyridinyl,
pyrrolopyrimidinyl, and pyrazolopyrimidinyl. Purine bases include, but are not limited to,

guanine, adenine, hypoxanthine, 2,6-diaminopurine, and 6-chloropurine.

Processes for the Preparation of Active Compounds

General Methods. "H NMR or °C NMR spectra were recorded either on 400 MHz
or 100 MHz INOVA Spectrometer or 600 MHz or 150 MHz INOVA Spectrometer. The
spectra obtained were referenced to the residual solvent peak. They were recorded in
deuterated chloroform, dimethyl sulfoxide-d6, deuterium oxide or acetone-d6. Melting points
were taken on a Thomas Hoover capillary melting point apparatus and are uncorrected. Low-

resolution EI mass spectra were recorded on a JEOL spectrometer. Element analyses were
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7.23 (4H, m; 6.78 (2H, t, N HJ=7.7Hz); 6.68 (4H, d,
288.5 W14 % J=7.7Hz); 4.07(2H, s) (288.4) 13C

WA 486864424 40. 09, 129. 44, 129.03, 126. 74, 126. 54pCTUT208d000604
113. 05, 48.42 D20: 400Mz 1H: 7.49(6H m; 7.37(3H m;
H7.21(4H, m); 7.15(1H, s); W14S 4.59(4H, s) 2HC |

/ 13C. 133.95,132.22,131.68, 131.06, 130.32, 129. 86,
122.93, 54.6 DMSO 400Mz | 1H 7.93(2H dd, J=4.8Hz,
290.5 WZL N N ~ "1, 2Hz) 7.34(2H, td, J=12.8Hz,
192-194 (290.4) 10 811 | | %4 7.25(4H, s); 6.96(2H,
performedbiz Aflarbic Mifoblb Oﬁ)xcms,ﬁﬁe)zl ash @@W@%@pmms

pepiprmeS e fgataet FRbo e Sick Uy B8 ppatvigal iy vy
cHPdfMatodiapiviz( B ggc% as petfoiniEd on 1EIeclolakeg glNaS?Qz@kﬁd tlates forg Saieptific
Agscg Fqg[}lco(rp?ratg& ?48411%\2}7'%’ §§|F254) i%a%ej 'yrere Xl&%%&'&é]ﬁﬁ%%tﬁ%ﬁlg 'or
10@§1e]v9pc(r§5r ﬁ%sp@hl@lybdﬁamdlﬂ\dl& J=8.4Hz); 6.90(2H, t,

5 gs%fllzlilﬁlffﬁfent meagéwre gsed 3 n@%ﬁ%w&’?lpaﬁ%ﬁ&f‘?? iedtion and the

}Yaré’e%éxﬁkﬁonldafﬁ)wer@hﬁ&{l%]]}abkl J=6Hz);, WZZL 811TS NHH"

d, J=5.4Hz); 3.68(21
Method A: Nucleophlhc ‘addition etween amines and cyanamides. This method is

performed according to 2 modified literature procedure (Braun, et al. (1938) J. Am. Chem.
Soc. 3: 146-149). 1.0 eq. of diamine dihydrohalide and 3.0 eq. of cyanamide in absolute
ethanol were stirred together under refluxing for hours. The solvent was removed under

reducing pressure to get the crude salt which was purified by recrystallization in methanol.

NH
CH3CH,0OH HoN
HzNNHz +  HN—=N _éo;'i“’ ’ _SNNH
nXH
Method B: Addition-elimination between amines and methyl mercapto
derivatives. This method is almost similar to a literature procedure (Linton, et al. (2001) J.
Org. Chem. 66(22): 7313-7319). 1.0 eq. of diamine and 2.0 eq. methyl mercapto hydrohalide
derivatives were dissolved in methanol. A condenser equipped with a NaOH trap at the top
was attached. After refluxing for hours, the solution was reduced to minimal volume under
reduced pressure. Ethyl either was added to produce white precipitate. This was recrystallized

in hot methanol to give pure product.

(T NH
. Me _CAOR N=I-<lNNH
. HZN—._ 2 E Reﬂux >\

N XH =N
2XH HNM)
n

Method C: Condensation between aldehydes/ketones and amino guanidines to
give guanylhydrozone derivatives. This method is modified from the literature procedure
(Murdock, et al. (1982) J. Med. Chem. 25:505-518). A mixture of 1.0 eq. dialdehyde/ketone
and 2.0 eq. amino guanidine hydrohalides in ethanol was heated under reflux for hours. The
mixture was cooled to room temperature and filtered to give the guanylhydrozone
hydrohalides. '
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e 2TsOH br) 2.84(4H, S) 13C (400Mz): 152.56, 145. 40,
143. 49, 137. 82, 136.26,135.88, 128.12, 127.93, 125. 48,

WA 16424428 44. 56, 20.78 D20: 400Mz 1H: 7. 88( 2H, PET/US2006/000604
J=9.2Hz); C,BH g\N4.1.75C4 H " 7.78(2H, d, J=6.4Hz);
7.42(4H, (54.3) WZL N" Jr OH 0 s); 7.02(21' d,

J=9.2Hz) 1606 811LT 1.75 HO I}.OH 6.89(21, t,

J=6.4Hz); 4.62(41, C H 5.35 53.51 (5.19) Ro off s);

4.45(3H,s) 13C. 173.18, 158.52, 147.25, N 10.11

(10.13) 138.78, 136.79, 127.14, 111.69, 108.23,

;2.1?, 43634 DMBO 1H &600Mz): 7.96(2H, D, J=3Hz); R® .
.Q3(2H Rz J=3Hz, | 1.26n 7R326MN,  s) 7. 0B{1, R¢
r+§¥iﬁﬁhﬁtsﬁt,+4¢zmmy%wé?86§§%%r-2%g. m%vﬂﬁmﬁir§;524ﬁ@

IBHz, 4.2HP 1. 8Hz)y, B e 6.46(2H, T, BF2); He25(AT

d, (290.4). J=6Hz); 13C (400Mz):' 145.30, 138.79,

137.M¢thod 36 Redndtp@ a@gnatigvbepween aldehydep/kesanes and pypipes (Abdel-

%9'\@5 o éi'(g?ﬁfi ngrg.g%‘i‘r;'g1 :)‘%?;%%-37 865% 31(0(?%' dffdehydds or Yetéh 4dd 2.0 eq.
arhihds Rére hd6eddn 1 128icBBrocilidfe A1, thebAZ288 withBA) dgp sodivgd . 26,

eSS ey bl B o pbns

ThdRixBe whStirfed at Hodfh tSMperature under an argon or nitrogen atmosphere for hours

' until the disappearance of the reactants in TLC plates. The reaction mixture was quenched by
adding 1 N NaOH, and the product was extracted by ethyl ether, washed by Brine and dried
by anhydrous MgSOs. The solvent was evéporated to give the crude free base which could be
purified by chromatography. The free base dissolved in ethanolic hydrochloride or tartaric
acid to give the salts which usually can recrystallize from MeOH/Et;O.

3

O R2 3 4_ 2
B L. - T W e g
R! ' 0 Sg¢  1,2-dichloroethane R /N—R3
. i,

Method E: Reduction of amides (Micovic and Mihailovic (1953) J. Org. Chem.
18:1190). The amides could be prepared from the corresponding carboxylic acid or
carboxylic chlorides. A mixture of carboxylic acid and thionyl chloride was refluxed for
hours in.an anhydrous system with a condenser equipped with a NaOH trap at the top. The
excess thionyl chloride was rem()véd under reduced pressure to get the carboxylic chloride.
The carboxylic chloride was dissolved in dichloromethane following the addition 0f 2.0 eq.
amine and 3 eq. pyridine. The mixture was stirred at room temperature until the
disappearance of the reactants in the TLC plates. The solvent was removed under reduced
pressure to get the crude amides which can be purified by chromatography.

The mixture of 1 eq. amide and 1.9 eq. LiAlH, in THF was refluxed until the
disappearance of the amide from TLC plates. Then the solution was quenched with the
addition of water and 15% NaOH aqueous as described in lit.5 and extracted with ethyl ether,
dried over MgSO,. Removal of the solvent gave the free amine product which can be purified
by the chromatography. The free base dissolved in ethanolic hydrochloride or tartaric acid to
give the salts which usually can recrystallize from MeOH/Et;O.
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127.16, 116.69, 112.52, 56.53, 38.69 67 WO
2006/ 074428 PCT/ US2006/ 000604 DWMSO 1H (600Me) :

wQ 20808628 M) ; 7,28(4H, s); 7.22(2H, tt, WZ19rPCT/USHH06/000604
gl J=7.2Hz, 1.2Hz); 3.66(4H, s); N 3.65(4H, s);
2.53(2H, s) 13C (400Mz): 140.44,139.12, 128.49,
128. 33, 128.26, 127.04, 53.24, 53.00 DVSO : 400Me
WZIOS | NI HI 1H 9.66(4H, s); 7.59(4H, s); 2HC
7.54(4H, m); 7.43(6H, m; 4.17(4H, s ; 4.13(4H s)
DVMBO 1H (600I\/lz): 10. 60(3H, s); 8. 7Idzl§3HV\Z§)O 77@{2'(3(3E|H
d, HN o &=7. 8H 7.0H0( 6H, J=7.8
t, J=7. 23548820 ~N 4——%

164.54. 198, 94 T o0 ® 13 5.50, 129. 78 178" . 4. 00,
120.41 CDCL3: 400Mz 1H 7.79(3H, s); 7.6 . d,
J=7.8Hz), 7.58(1H, s): 7.38(2H, I t, J=7 >

7.18(5H, m); HN o & 75(2H, td, J=7.8Hz, 1}2Fz)R! 407.6
W21 N % N\ 6. 64(4R-r, J76,6Hz) 4;41(4, (400 |

13C: 165. 71—,2/ Clidg 92/ 141. -00, I3 i#Rer+24. 80,
129. 468'—NL29 125. 03, 123178, R220(52, 0

118. 02, 11%215, 48.04 CDC13: 400M: i . 7.31(3H, s);

HN 6,74 (3H, tt, J=7.2Hz, MHz 393.5
7. 1§/Ee?l'1_(l)d F)Nucleophlhc sulgstltutlon of halides with amlneg A mixture of 1.0 eq.

halides, 2.0 eq. amines and 3 eq. pyridine in ethano] was refluxed for hours until the
disappearance of the reactants. The solution was condensed and extracted with ethyl ether,
washed with brine, dried with MgSO,. Removal of the solvent gave the free amine product
which can be purified by the chromatography. The free base dissolved in ethanolic
hydrochloride or tartaric acid to give the salts which usually can recrystallize from
MeOH/E,O.

R! R
Amines \ /
X—linker~X —yide RZ/NN\Rz
Table 1. CHARACTERIZATION DATA FOR THE PREPARED COMPOUNDS .
MS(E)
M.op. Element 1m/z
Entry Structure "THNMR/BCNMR °c Analysis ™MH
CC) | Found (Caled) | Found
(Caled)
CsH14ClNs
N 11)1‘310:762%121 ) 302-304 ((33;633.‘3;
NH Ny NHa < S . - . . : .
WZ18 HZN*NQ Bwe | 1301 159,019,136 364, (dec) Ngésl.%(s.sz),
o aar :31.76 (31.70)
CIL: 26.70
(26.74)
HN"> DMSO: 400Mz .
nﬂﬂux‘m 1H: 8.66(2H, s); 7.6-8.6(4H, CusHoLNs
wzss | & 2| br); 7.31 (4H, 5); 4.36(4H, 5); | 294-296 | C:32.06 (31.84)
3.60 (8H, 5) (dec) | H:4.35(4.20)
13C: 159.31, 136.50, 127.53, N: 15.77 (15.91)
45.06, 42.54
CroH1eClNG 0.7
n DMSO: 400Mz H,0
Selon | TH: 12.28(2H, 5); 8.21 (2H, s); C:36.07
wzas | |, ZNJi*'ﬁ,Nv@/x " W | 7.94 a1, 5); 7.60-8.20 (8H, br) | 1(2;;8 (36.20);
13C: 155.52, 145.98, 135.18, H: 5.23 (5.29);
127.84 N: 33.42
(3377
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W22 \ 6.63(6H, dm J=7.2Hz); (393.5) N 4.32(6H, s);
4.03(3H, br) | 13C 148.24, 140. 60, 129. 44,

WA 2B50614247. 84, 113.10, 48.42 HN D20: 400Mz \NECRBSZBH000604
7.41(9H, nm); 7.16(3H, s); \ NN 6.98 (6H m;
4.51(6H, S) 3HC CDC13: 1H (600Mz): 7.41(4H, m;
7.32(1H, t, J=7.2Hz): 7.22(2H, t, J=7.2Hz): 6.76(1H,
td, W23 J=7.2Hz, 1.2Hz): 6.68(2H, d, 34-35 H
J=7.2Hz): 4.37 (2H, s): 4.06(1H, br) 13C (400M):
148.33. 139 62, 129 44,128 81, 127.68. 127.39.

117.72,113. 01, 48;46 68 WO 2006/ 074428 Cl: 21.11
PQT/ US2006/ 000604} - (‘nmq 6000y 1H 111 85([2H, (B3N

7.830( 10H, V\Z%ES nj,l 6308 s) 211-212 H HO 13C
134.37, 13 , 129 S 129. 44, 128. 87,
wz5824. iz i 46l 18 " Ig( Siﬁ”%gz}gﬁ’(?

42’;% 8:1
7.11¢( H,.t,zHcil?B , ) =FCDHz)) ;
6.52(4H, dm V24| ﬁ&;%ﬁ%ﬁzzg%m m: N 1.52(3H,

A 1 O Lo N aVad 120

S oo o, —S) 1o 14393—143-96; Tz
11f7. 35, 117. 36, 1.% 3 5.03RY |25 01,| 249,

DMSO sefln, | br); 8.22 (2H s); 7.92 (4H,s); | 349-352 | C:41.19 (40.96) |
WZ6S o3 \/©I/\: ;»TJ

. 3.75 (8H, 5) (dec) | H:6.35(6.19)
13C: 19531, 136.50, 127.53, N: 28.32 (28.66)
45.06, 42.54
Dzo:
| . | 1H (600MHzZ): 7.58(4H, 5); CieHssCLN,O,
A | 437(4H, 5), 3.58(8H, 5): 250-252 | C: 41.75 (41.83)
WZ78 \T’\’EVQA“:‘“ o | 2.98(12H, 5) (dec) | H:832(8.26)
' 13C (400Mz): 13195, 130.81, N: 12.17 (11.92)
52.45,51.30, 43.45, 41.45
D,0: 400Mz

1H: 7.45(4H, s); 7.24(4H, t, CoHoCLN
J=7.2Hz); 6.82(2H, t, ]=7.2Hz); | . s 2
n o .
wzss | Qs 0 | 6.73(4H, 4, 17 2Hzy, 4.27(4H, | 320-322 | €1 64.42(64.32)
~ e - (dec) | H:721(7.21)
s); 3.47(4H, t, J=6.2Hz), N: 12,52 (12.30)
3.24(4H, t, J=6.2Hz) H

CDCI:
1H (600MHz): 7.29(4H, s);
7.18(4H, t, J=5.2Hz); 6.71(2H,
t, T=4.8Hz); 6.64(4H. d,

~ A, | T=6H2), 3.81(4H, 5); 3.23(4H, 1,
w28 | QA0 | 1 6. 2.91(4H. 1, 123 6, 42-43
4.12(2H, br)
13C (400Mz): 148.64; 139.18;
129.38; 128.36; 117.53; 113.13;
53.49; 48.17; 43.65

D,0: 400Mz

~ - CaoHasCLiN:0.7
. 1H: 8.87(4H, d, J=7.2Hz);
N N S 5 M ?
WS DI V| 81241, 4, 1=72Hz), 7.63(4H, | 244-246 50 16{5%0 -
we 1A 66(4H, ); 4.48(4H, 5) (decy | € 39:60 (0.

H: 5.74 (5.79)

13C: 151.21; 142.45; 131.84; N 1149011.75)

131.18; 127.47; 51.35; 49.03

CDCB:
1H (600Mz): 8.55(4H, d,
1=54Hz); 7.32(4H, 5): 7.30(4H,
g NN | d, I=5.4Hz); 3.83(4H, );
wze | QUL W Q| Sgram, $); 1.73(2H, )

13C (400Mz): 149.73; 149.38;
138.72; 128.21; 122.93; 52.84:

51.72
YV u T ¥ )| D20: 600Mz C20H26CI4N4.
WZ29S Q\’ \/%A /U 1H: 8.87(4H, d I=7.2Hz); 0.7H20
8.12(4H, d, J=7.2Hz); 7.63(4H, | | C€:50.57(50.37)
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1H (600Mz): 10.13(2H, s); H 7.58(4H, d, J=7.2Hz);
7.28(8H, A - QNot, J=8.1Hz); 7.02(2H, t, HI i ol
WOZRG/0744387. 2Hz) ; 3. 61(4H, s) 13C (400Mz): 169PABUS2006/000604

139.23, 134.24, 129.05, 128.69, 123.18, - 119.10,

42.95 CDC13 1H (600Mz): 7.20(8H, nm); 6.73(2H, t,
J=7.2Hz); 6.64(4H, d, J=7.2Hz); 3.69(2H, br); 316.5
WZ26 i NI | 3.42(4H, t, J=7.2Hz); 2.92(4H, (3'16.4)

Ht, J=7.2Hz) 13C (400Mz): 148.21, 137.60, .
129.49,129.22, 117.87,113.18, 45 24 35 32 DNVSQ 1H

T (B00Mz) : 9. 86( 2H,| Sk #H-66(4H, pAHABMAE. 8 J31. 8Hz ST TN
(2 HN% J=7 gHﬂ; ); 09(9|—|$ \WZ27 ~ /) NHI?%%ES)

1.92(4H, d, [J=6.6 /)
149,43, |128. 64,

01

JE7. 2Hz); 2. 35( 2H DBy
1(49(4H, m 13(‘161'
122.93, 1109. 04 4
1

7[18(4H m; & 87,1 ’G’Z%H'((S‘)(ég%{%i I
sd, —SJEBi H !-_')'- (6f§1;3 18 0 ;’ggms
szvé’z% 6. 6%”)3@ ‘%ﬁg‘i ’S’(fgi_%% g%é L Hd61

my. 1.03(4H m 1 2)139%8}3313 129. 45,

17.19,112. 82, 50.188s1; 33795412483 50.48;
48.15

DzOZ
1H:8.76(2H, d, I=4.8Hz); CaoHasCLNLO.5
8.35(2H,dt, J=8Hz, J=1.2Hz); H,0
7.91(2H, d, J=8Hz); 7.86(2H, t, 0.2CH;COOCHo,.
wzi1s | SR I WD | 1=6.4Hz); 4.62(4H, s); 2?(‘15'25;8 CH;
4.47(4H, s) €€ | C:50.59 {50.89)
13C: 146.12; 145.53; 144.95; H: 6.08 (5.87)
131.84; 131.07; 127.47; 127.26; N:11.46 (11.41)
51.18;47.91

DMSO-D20: 400Mz
L) | 1H:735 (4K, s),7.30 (4H, m),
‘| WZ13S W O 7.10 (6H, m), 4.41 (4H, s)
13C: 137.85, 133.27, 129.88,
129.46, 126.58, 121.70, 51.82

K CDC13: 400Mz

| 1H; 7.38 (4H, 5); 7.22 (41, t,

' 0y |FrenpsTs e,

p A~y 1=7.6Hz). 7.67 (4H. d,
WZz13 ©z'ﬂv©/\” 1=7.6Hz); 435 (4H. s); 406 | 120127

(2H, br)
13C: 148.28, 138.65, 129.46,
127,98, 117.78, 113.03, 48.20

CDCI3: 400Mz

1H: 7.43(1H, s); 7.36(3H, m);

7.23 (4H, m); 6.78 (2H, 1,

J=7.7Hz); 6.68 (4H, d, 288.5

@ J=7.7Hz); 4.07(2H, 5) (288.4)
13C: 148.26, 140.09, 129.44,

129.03, 126.74, 126.54, 117.77,

113.05, 48.42

prdn o}
ZI

WZ14 @/

D20: 400Mz
1H: 7.49(6H, m); 7.37(3H, m);

7.21(4H, m); 7.15(1H, s);
H ? ?
WZ14S @Nv@\/nj@ 4.59(4H, s)

2HCl 13C: 133.95,132.22, 131.68,

131.06, 130.32, 129.86, 122.93,
54.6

DMSO: 400Mz
Z) | 1H:7.93(2H, dd, J=4.8Hz,

Wazl | O | 12H2); 7.34H, 10, J-12.8Hz, | 192-194 égg'i)
2Hz); 7.25(4H, s); 6.96(2H, t, ]
J=6Hz), 6.45(4H, m); 4.41(4H,

66




30. 96 69 WO 2006/ 074428 PCT/ US2006/ 000604 CDC13

1H(600Mz): 7.26(4H, n); 6.78(2H, t, J=7.8Hz);
Wa20604428 HN / d, J=7.8Hz); 4.28(4H, s); 344.FCTVES06/®0604

“NH NH \ 3.48(2H, br); 2.32(12H, s) (344.5)

13C(400Mz): 148. 44, 134.94; 134.31; 129.53; 117.67;

112.73; 43.70, 16.52 DVBO 400Mz 1H:. 10.66(2H, g,

J=3.2Hz); 8.24(2H, m); 7.83(6H, m); 6.67(2H, q,

J=3.2Hz); 7.40(4H, W31 t, J=7.2Hz); 7.15(2H t,

/ \ NH HN J=7.2Hz) 13C. 166.84,139.15, 136.65,

1‘
Cl
J3
t

9. 79, 128. 78, 127,
DC13  1H (600M)|;
-3, 6Hz) ;7. 51(2H,
338.5 W32 |

BB6HD25. 57,
13G: IFBEQRMT.5, 138843, GHz) ; 7
136350, 177.123114167, 108.115
\43.93NH HN J=7. 2Hz);

124. 34, 123. 8

7. 2Hz)
6.71(4

B, 1.10.901,
58(2H, q,
6. 77( 2H,
H_d

(

4
w2z
81181}

J

\

338. 4)

J=7. 2Hz)|,

148. @1

100M:) :
26.0

2Hz)

D2b. ARG S)
?14% ?49(20, kS 3=el4Hz, 129.
1416'Hz977,79(lﬂx3d %4}&&? 715 CDC13

JrB 2R, 7.0501kdz) ;7.
J¥8 mz()iﬂ-QO(ZH t, U HZ)) ;

4.11( 2H,

A

C B N:2HCI
9159 28 (59.51)

jp5)
a\a 519(154)
3/ Gk IR HN

\

WZZL
811TS

r7@/Hz ;“%
C Od( A1

—OT; ||y,

BMSEH

44.56, 20.78

1H (600Mz): 9.07(2H, br),
7.95(4H,m); 7.49(4H, d,
J=8.4Hz); 7.40(4H,s); 7.11(6H,
m); 6.90(2H, t, J=6Hz);
4.58(4H, d, J=5.4Hz); 3.68(2H,
br) 2.84(4H, S)

13C (400Mz):152.56, 145.40,
143.49,137.82, 136.26, 135.88,
128.12,127.93, 12548, 112 42,

) ;
/2 109
7T O J0

Py 195)

WZZL
8I11LT

D20: 400Mz

1H: 7.88(2H, t, J=9.2Hz);
7.78(2H, d, J=6.4Hz); 7.42(4H,
s); 7.02(2H, d, 3=9.2Hz);
6.89(2H, t, J=6.4Hz); 4.62(4H,
s); 4.45(3H, s)

13C: 173.18, 158.52, 147.25,
138.78, 136.79, 127.14, 111.69,
108.23, 72.16, 43.94

C[8H15N4.1 7504
HsOs
C: 53.51 (54.3)
H: 5.35 (5.19)
N: 10.11 (10.13)

WZ17

DMSO

J=6Hz);

1H (600Mz): 7.96(2H, D,
J=3Hz); 7.73(2H, dd, J=3Hz,
1.2Hz); 7.32(4H, s); 7.02(2H,
dd, J=6Hz, 4.2Hz); 6.86(2Hz,
dq, J=6Hz, 4.2Hz, 1.8Hz);
6.46(2H, t, 6Hz); 6.25(4H, d,

13C (400Mz): 145.30, 138.79,
137.57, 136.17,128.00, 124.21,
118.39, 46.42,

290.4
(290.4)

WZ178

D20: 600Mz

45.73

1H: 7.92(4H, m); 7.67 (4H, m);
7.42(4H, s); 4.49(4H, s)

13C: 14721, 136.80, 128.30,
128.25,127.85, 127.16, 124.26,

WZ18

6.75(4H, m);
3.02(6H, s)

38.69

CDCIi3: 400Mz
1H: 7.24(4H, m): 7.19(4H, s);
4.53(4H, s);

13C: 149.90, 137.83, 129.35,
127.16, 116.69, 112.52, 56.53,
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13C. 148.51, 130.86, 130.53, 129.68, 126.50, 125.13,

118. 15, 112.94, 41.34 CDC13: 400Mz 1H 7.21(6H, m;
WOG2006026428 t, J=7.2Hz); 6.67(4H, d, WZ34 NH / P&I/USZ006/000604

J=8.0Hz); 4.24(4H, s); 3.90(2H, 316.5 /-~ br);

2.32(6H, s) (316.4) 13C. 148.42,136.25,134.21,

130.85, 129.50,117.82, 113.04, 46.44, 18.68 CDC13 1H

(600Mz): 7.44(2H, m; 7.30(2H, m); 7.19(4H, tt,

J=6.6Hz, 1.8Hz); 6. 77(2H, t, WZ35 QRP J=7.8Hz);

6.68(4H, d, HN NH J=7.8Hz); 4.60(2H br); 4.40(4H,

O

—S—13C(406ve) “ﬁMSAb’%’ 137247,

129. 56, 129:51, 12§. 11{7(60“93&) 2BoH, f) WD |2006/ 074428
E’i?T/ U§2)006/ 000604 758, §l7.22401, 8> DVSG: 400Mz 1 H:. 8.25
) r): pln = mz,lzm,’s’.ﬁﬁ(ﬂiz)?(zH m;|7.16(4H, " |’
WZl%,@NH@?&M@ M}Ls)ﬁzm.’{}ﬁk) m; | 4.39(4#H, s)
Atet one- d6: 400Mz 13EI40TMBP (4DH4, $9:12,7.133(4H, |s); H NH

O|6.61(4H, 1) 6.|528.49412833; 12808387.PNG- OH 4. 86( 2H, s);
4123(4H,_s) 13C |15494,830043. 17, 140. 13

128, 30, 116. 61, 114 MESA00Mz DVEO. 400Me 1H: | 7. 42( 4H,
od| (98205 Y O | 11:9.664H, 5); 7.59@H, 5); -

wz19§ ”\’%r 7.54(4H, m); 7.43(6H, m);

417(4H. s); 4.13(4H, 5)

DMSO
1H (600Mz): 10.60(3H, s);
8.71(3H, s); 7.83(6H, d,

M0 J=7.8Hz); 7.40(6H, t, =7 8Hz); |
WZz20 ) 7.15(3H, 1, J=7.2Hz); 318-320
| R ! 13C (400Mz): 164.54, 138.94,

@ © °© O 135.50, 129.79, 128.75, 124.00,
12041

CDCI3: 400Mz
1H: 7.79G3H, s); 7.62(2H, d,
1=7.8Hz), 7.58(1H, 5); 7.38(2H,
t, J=7.8Hz); 7.18(5H, m);
| 6.75(2H, td, J=7.8Hz, 1.2Hz); 1076
wz21 6.64(4H, d, 7=6.6Hz); 4.41 (4H, 1075)
PON 9 (“o7.
O | 13C:165.97, 147.92, 141.07,
138.00, 135.79, 129.80, 129.46,
129.18, 125.03, 124.78, 120.52,
118.02, 113.15, 48.04

CDCIl3: 400Mz -
1H: 7.31(3H, s); 7.18(6H, m);
e 6.74 (34, tt, 3=7.2Hz, 0.8Hz); 393.5

WZz22 VE)V 6.63(6H, dm, J=7.2Hz); ‘ (393.5)
K H 4.32(6H, 5); 4.03(3H, br) '

O | 13C: 148.24,140.60, 129.44,

125.66, 117.84, 113.10, 48.42

X D20: 400Mz
WZz228 1H: 7.41(9H, m); 7.16(3H, s);
y H 6.98 (6H, m); 4.51(6H, S)

CDCI3:

1H (600Mz): 7.41(4H, m);
732(1H, t, J=7.2Hz); 7.22(2H,

,© t, 7=7.2Hz); 6.76(1H, td,
J=72Hz, 1.2Hz); 6.68(2H, d,
W223 (jA N 1=72Hz); 437 (H, 5); 34-35
4.06(1H, br)
13C (400Mz): 148.33, 139.62,

129.44,128.81, 127.68, 127.39,
117.72,113.01, 48.46
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7.29(4H, s); 7.26(2H t, N6 NH , J=6.0Hz); 6.63(4H,d,
J=9.2Hz); 338.5 W37 “~H CN 4.30(4H, d, J=6.0Hz)

W@ 3®8/0u28 13C. 152. 04, 137. 68, 133.31, 127.31, BCOUS2006/000604

112.22, 95.88, 45.41 DMBO 400Mz 1H: 7.97(4H, d,
J=9.2Hz); OZN NH 7.88(2H, t, J=5.6Hz); 6.66(4H, W38
- HN J No= d, J=9.2Hz): 4.39(4H, d, J=5.6Hz) 13C
154. 40, 137. 42, 135.86, 127.42,126.14, 45.50 DMSO 1H

(600Mz): 8.24(4H, d, " J=3.2Hz); 7.63(2H, t, J=4.0Hz);

292.4 W40 N'H | 7.21(4H s); 6.54(2H t, (292.3) |

NF=3—2He ) 443t o) mk, 4O —162726;
157.95, 138, 59, %é%a Q):7§. CDC]3: 400M

me. 8. 28(2;5@ J 3; 6.36(1H, t,
= 1f31 36, IW r
62(@2 ) | "L bl

I\J

[%2)

4.
162. 27, 157. 93, 140 ?2111715’68874 126.74,1126. 34, 110. 14,

%\l’lr@a. 69(2H, s);
H12b750, 126183, 12940888380, | s) (215.3) 13C

62 73, 43. 65 CDCIBCDER. 400@Me) - 8. 73(2H, dd, | J=3. 6z,
1.2Hz) ; 8.08(2H, ok 7.33¢E, SHe11(@,2Hz) | 7. 43(|4H, s);
W42 H 7.37(4H, n]=7BHY686QHMm, O -NH N~ e [J=7. 8Hz) :
6.67(2H d, | r[7q | J=72H2); 6.52(4H, dm,

w724 .\ N ¥=7.6HZ); 4.48(2H, m);

@N , 1.52(3H, 5);1.50(3H, s)

13C: 147.51, 143.93, 143.96,

129.30, 126.35, 117.35, 117.36,

113.43,53,31,53.29, 25.01,

24.91

DMSO

1H (600Mz): 10.13(2H, s);

7.58(4H, d, J=7.2Hz); 7.28(8H,
N t, 1=8.1Hz); 7.02(2H, t,

Wwz25 Q\Nj\/m & J=7.2Hz); 3.61(4H, s)

13C (400Mz): 169.13, 139.23,

134.24,129.05, 128.69, 123.18,
119.10,42.95

CDCI3

1H (600Mz): 7.20(8H, m);

6.73(H, t, 1=7.2Hz); 6.64(4H,

< 0o | d,J=7.2H2); 3.60(2HL, br);

wz2s | QL OO | 34208, 1, 7=7.2He), 292K,
N t, 1=7.2Hz)

13C (400Mz): 148.21, 137.60,

129.49,129.22, 117.87, 113.18,

45.24,3532

316.5
(316.4)

DMSO
1H (600Mz): 9.86(2H, s);
A 7.60(4H, d, J=1.8Hz); 7.28(4H,
O | b3=7:8H2); 70208
o) HN 4 .

W72 MO J=7.2Hz); 2.35(2H, br);

O © 1.92(4H, d, J=6.6Hz); 1.49(4H,
m)
13C (400Mz): 173.95, 139.43,
128.64, 122.93, 119.04, 44.10,
28.29 f

CDCI3
| 1H (600Mz): 7.18(4H, m);
6.69(2H, tt, 7.8Hz, 0.6Hz);
6.60(4H, dd, J=9.0Hz, 0.6Hz);
N _@ 3.72(2H, s); 2.99(4H, d,
Wz28 QN'H“O""’ J=6.6Hz); 1.92(4H, d,
J=6.6Hz); 1.59(2H, m);
1.03(4H, m)
13C (400Mz): 148.71, 129.45,
117.19, 112.82, 50.65, 37.94,
30.96

294.5
(294.4)
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J=7.8Hz);
13C (400Mz):

6. 6(2H,
147.

t, J=5.4Hz);
14, 144.77,

4.57(4H, d,
138. 43, 138.36, 136. 23,

J=5. 4Hz)

wa2868M428 71 WO 2006/ 074428 PCT/ US2006/ 000604 PCT/US2006/000604
127.98,127.94, 121. 63, 114.36, 105.32, 47.67 CDC13:

400Mz 1H 8. 73(1H, dd,
J=8. 4Hz,
7.07(1H, dd, -
HN N J=8. 4Hz) ;
J=6. OHz) ;

2. 0Hz) ;
J
4.

=8. 4Hz,

1.66(1H, 6. 0HZ)

J=4. OHz,
7.45(2H, d,
1. 6Hz) ;
70(2H, d, °

1. 6Hz);
J=7. 6Hz) ;

8. 08(1H, dd,
7.37(4H, m;
6.63(2H, d,
J=6. OHz) ;

W43 Ho

4.58(2H, d,
13C. 147.14, 144. 65, 139. 97,

WZ3(

it

U)(_|Q

Bo. 9U, 1538. 3/,

27.76, 127. 55, 121
DC13 1H ( 600ME) :
£6. Oz, :
: Ct, V]
89(2H,t, J=6.OH
58. 77, 148. 44,

26.52, 113 42 10

TDAES, 128. 82,

/1B C(A00MB Y48 Pd 34- P 6
A396, 1643 A’)

D20

127.
18600MEN A.2614H, rd)05. 39,
657800, £ Ir7.86lz); 7JHAHSHZ ) ;
;| 7 FIBHE):H.28(3H, s¥. 31( 2
A8 (23 B), 23201 2H5) 36( 2

11363512983 71767; 13331

93,
65. 3
7.
H m
H d,
6./0Hz) 1
6, 126. 6

%

4

B

D

, 47.60
0(2H, tt,
7.28(1H,
J=8. 4Hz) ;
C (400M):
4,

" 3447

(344.5)

w231

ZL-‘\H—\l—\-b

|83(2H, td, J=9HAMM
F6. 6Hz) ;  WZ48S
X Hci d, J=7.

QN@

IMSO340iM

i Bl 7
1H: 66‘2 ;
83_%‘;{5; q, 2); %; .

t, =7 2Fz); 7.15QH, t,
J=7.2Hz)
13C: 166.84, 139.15, 136.65,
129.79, 128.78, 127.30, 125.57,
124.36, 123.88, 119.91,

0(4H,

TV =T

j,.

7.36(2H,

- WZ32

R

CDC13
1H (600Mz): 8.15(2H, q,
J=3.6Hz); 7.58(2H, q,

t, J=7.2Hz); 6.77(2H, t,
J=7.2Hz); 6.71(4H, 4,
J=7.2Hz); 4.76(4H,s); 4.11(2H,
br);

13C (400Mz): 148.24, 134.54,
132.15, 129.56, 126.51, 126.02,
124.58, 117.97, 113.06, 46.75

J=3.6Hz); 7.51(2H, s); 7.23(4H,

3385
(338.4)

WZ33

CDCI3: 400Mz

1H: 8.36(4H, dd, J=7.2Hz,
3.2Hz); 7.55(4H, dd, J=7.2Hz,
3.2Hz); 7.32(4H, t, J=8.0Hz);
6.85(6H, m); 5.20(4H, s);
3.98(2H, br)

13C: 148.51, 130.86, 130.53,
129.68, 126.50, 125.13, 118.15,
112.94,41.34

WZ34

CDCI3: 400Mz
1H: 7.21(6H, m); 6.76(2H, t,
J=7.2Hz); 6.67(4H, 4,

br); 2.32(6H, s)
13C: 148.42, 136.25, 134.21,

46.44, 18.68

=8.0Hz); 4.24(4H, s); 3.90(2H,

130.85, 129.50, 117.82, 113.04,

316.5
(316.4)

WZ35

QR

CDCI3

1H (600Mz): 7.44(2H, m);
7.30(2H, m); 7.19(4H, tt,
J=6.6Hz, 1.8Hz); 6.77(2H, 1,
J=7.8Hz7); 6.68(4H, 4,
J=7.8Hz); 4.60(2H, br);
4.40(4H, 5)

13C (400Mz): 148.13, 137.44,

129.56, 129.51, 128.17, 118.21,

70




6.94(2H, d, J=9.0Hz); 6.87(2H, t, J=6.6Hz); 4.63(4H,

s) CDC13: 400Mz 1H 8.03(1H, d, J=6.0Hz); 7.30(2H,
wopgoe/p7@828 1H, td, J=7.6Hz, 1.2Hz); 7.46(3H, nPCT/NIS2006/000604
7.37(2H, m; 6.99(1H, d, W49 HN J=5.6Hz); 5.44(1H t,

J=6.0Hz); Ho 4.82(2H, d, J=6.0Hz), 4,72(2H, s),

1.79(1H, s) 13C. 155.01,141.51, 140.31, 139.06,
137.28, 129.96, 128.49, 127.60, 127.43, 126.17,
121.54, 118.25, 111.52, 65.30, 45.94 CDCl13: 400M
1H 8. 03(2H d, J 6.0Hz); 7.78(2H, d, J=8.0Hz); N

717028 d,—3=8: ‘11’343&@‘35‘” VWESO—Cr)=NH— Nt
J37. 6Hz, 1. 6Hz) { N td, J=7.pHz, 1. 6Hz);
7. 444 a4H ST, DMSO[@)OMQ =5. ZHZ); CS7(2ZH,Dbr);

4. (@) @ P hz g 29AIG); 2006H0A R 48
wz35§( 00640 04| 73845, nd 56001, 441. 33} 138. 71, 137. 26,
130. 0307128789, 1271=42Hz); A ZG6122); 121. 6P, 118.{28,
111.49, 45.90. Addsgdmepnl conpounds preparad and

tgsted in cell aspaysnt-g6:deiMz m ne vifal inhibition:
MEX- 183 N MSX- 189| IH:HAO@H, )y MN3AW, s); @P~ (' +~NH N ,,
‘Xﬂoi@‘wb@ X- 1POOICHL ) 6.54(4H, m);
wzsb® »{@ 4.86(2H. 5); 4.23(4H, 5)
13C: 149.83, 143.17, 140.13,
128.30, 116.61, 114.88,49.11

DMSO: 400Mz
1H: 7.42(4H, d, J=9.2Hz);
729(4H, 5); 7.26(2H, t,
a 1=6.0Hz); 6.63(4H,d, =9 2Hz); 338.5
Wz37 | O o | 4.30(4H. 4, 76.0Hz) (338.4)

13C: 152.04, 137.68, 133.31,
127.31, 120.54, 112.22, 95.88,
4541

DMSO: 400Mz
o 1H: 7.97(4H, d, J=9.2Hz);
Oy 7.88(2H, t, J=5.6Hz); 6.66(4H,
WZ38 ) d, 1=9.2Hz); 4.39(4H, d,
“ ‘ J=5.6Hz)
13C: 154.40, 137.42, 135.86,
127.42,126.14, 45.50

DMSO
| 1H (600Mz): 824(4H, 4,
Y | 1=3.2Hz); 7.63(2H, t, J=4.0Hz);
wz4o |, g TN | 72148, 5); 65408, ¢,
Y 1=3.2Hz); 4 43(4H, d, J=4.0Hz)
‘ 13C (400Mz): 162.26, 157.95,
138.59, 126.86, 110.15, 43.62

292.4
(292.3)

CDCI3: 400Mz

1H: 8.28(2H, d, J=4.8Hz);
7.34(4H, s); 6.56(1H, t,
)N:E J=4.8Hz); 5.46(1H, br); 215.2

Wz41 NN | 4.69H, 5); 4.62(2H, d,
H°v©A“ J=6.0Hz); 2.08(1H, s) (215.3)

13C: 162.27,157.93, 140.71,
138.74,126.74, 126.36, 110.14,
62.73, 43.65

CDCI3
1H (600Mz):8.73(2H, dd,
J=3.6Hz, 1.2Hz ); 8.08(2H, dd,
J=7.8Hz, 1.2Hz), 7.43(4H, 5);
; 7 37(4H, m); 7.07(2H, d,
wz42 7 58 |55 smd, 6670
1=7.8Hz): 6.6(2H, , J=5 4Hz);
4.57(4H, d, 1=5.4H3)
13C (400Mz): 147.14, 144.77,
138.43, 138.36, 136.23, 128.84

3
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NH\ / NC

N G MSX-200 N~ M5X-191 F-N/ \ HN Na N

")--NH F N F M5X-205 N M5X-192 Cl~/~'

WO Boocv448 \ >- - NH NC
~F
2HCI F HN-<\ NH N F

i NI ~

ONCGN/ F OH MX-1 30 MSX-197 NN -
M5X- 137 MSX-198

[ H\ |

127.98,127.94, 121.63, 114.36,
105.32, 47.67

WZz43

C HN
HO N

CDCI3: 400Mz

1H: 8.73(1H, dd, J=4.0Hz,
1.6Hz); 8.08(1H, dd, I=8.4Hz,
2.0Hz); 7.45(2H, 4, J=7.6Hz);
7.37(4H, m); 7.07(1H, dd,
J=8.4Hz, 1.6Hz); 6.63(2H, 4,
J=8.4Hz); 4.70(2H, d,
J=6.0Hz); 4.58(2H, d,
J=6.0Hz); 1.66(1H, 6.0HZ)
13C: 147.14, 144.65, 139.97,
138.90, 138.37, 136.26, 128.82,
127.93, 127.76, 127.55,121.61,
114.41, 105.39, 65.32, 47.60

WZ48

CDCI3

1H (600Mz): 8.10(2H, d,
J=4.8Hz); 7.40(2H, tt, J=6.0Hz,
1.8Hz); 7.37(1H, s); 7.31(2H,
m); 7.28(1H, s); 6.602H, t,
J=6.0Hz); 6.36(2H, d,
J7=8.4Hz); 4.89(2H.1, J=6.0Hz);
4.50(4H,d, =6.0Hz)

13C (400Mz): 158.77, 148.44,
139.91, 137.67, 129.16, 126.64,
126.52, 113.42, 107.08, 46.42..

| Wz48s

Y,
zx
zT

/

2ZN X HCI N ~#

D20: 600Mz

1H: 7.83(2H, td, J=OHzHz,
1.2Hz); 7.72(2H, d, J=6.6Hz);
7.45(1H, t, J=7.8Hz); 7.36(2H,
d, J=7.8Hz); 7.27(1H, s);
6.94(2H, d, J=9.0Hz); 6.87(2H,
t, J=6.6Hz); 4.63(4H, s)

WZ49

N=
HN:
AT

CDCI3: 400Mz

1H: 8.03(1H, d, J=6.0Hz);
7.30(2H, m), 7.61(1H, td,
J=7.6Hz, 1.2Hz); 7.46(3H, m);
7.37(2H, m); 6.99(1H, d,
J=5.6Hz); 5.44(1H, t, J=6.0Hz);
4.82(2H, d, J=6.0Hz), 4,72(2H,
s), 1.79(1H, s)

13C: 155.01, 141.51, 140.31,
139.06, 137.28, 129.96, 128.49,
127.60, 127.43, 126.17, 121.54,
118.25,111.52, 65.30, 45.94

WZ50

N=
2 ; HN

<:> AN
=N

CDCI3: 400Mz

1H: 8.03(2H, d, J=6.0Hz);
7.78(2H, d, J=8.0Hz);
7.70(2H,d, J=8.0Hz); 7.60(2H,
td, J=7.6Hz, 1.6Hz); 7.45(2H,
td, J=7.6Hz, 1.6Hz); 7.424(4H,
s); 6.98(2H, d, J=5.2Hz);
5.57(2H, br); 4.81(4H, d,
J=5.2Hz)

72

HN~~ ~} F-(~

N MSX-125 F. HN--(\' N MBXELSB06A000604
N/ N MSX-126 F MBX-194 HzH N_
~N > F H MBX-127 _ HN/ MBX- 196
F HCNNHNN/ N
~NH/ HN N/ CN 910 /




F F M5X-138 MSX-199 / El N NHH /NI ~-NHNN/ | ~H
/ ~)-NH 10 N 2HCI M= F F Z 73 WO 2006/ 074428

wEAN65H6/ 000604 MSX-139 Me N_' ~ MBX-201 H EETF/USHNE/000604

\ irF ~F~~NH~0 / 2HC N Me / NMSBX-140 MSX-202 /
2HCI Ho / 02N N MSX-141 oZN HN / MSX-203 2HBr 6 -NH
NH NO2 F MSX-142 _ MBX-204 N\ / I~NI/ HHO\/ O
M F/ NN, MSX- MOHN\ / M5X-206 H ~ H 156s NH
ONAMN/ M 2HC N~ H~ - MSX- F MBX-207 N 2HCI N
159s CN\)-NHNNI\/SX— I\/EI\/SX-208 I NI c 16ls>NHN

C o LINL AN, 102 N/

T N IVD/A—T 09 U 1 {_ 47_1\ 1P I = i N I_ I‘II\I
MEX- 184 MBX- 210 31 g 2742,

12622 121 69 11828 111.49,
45.90 .

Additional compounds prepared and tested in cell assays to determine viral inhibition:

Cg MSX-183 ; _<Ni> MSX-189
jol HN—Q Y
. ,_< >_/ "N
/\Q\JD </:N\>_NH O’l
=N
(\‘ . MSX-195 N ] MSX-190
N)\‘(\O\/n a HN— N
\O N>/_'\\S—NH 2 _<c1
=N
Cl
W/O‘\v MSX-200 N =<F MSX-191
/\O\/H i R \ C HN—4 _/<N
N\(j/m N Nt
=N
F
.O/O\ MSX-205 HN—(N}F MSX-192
M cl < > N/
%"' F‘%:N\)—NH R
=N
”"@\ MSX-125 _<=\ MSX-193
R : N N
u/\Ck/ﬂo\ >/_\' NH N_<F
, - -
HN«@ MSX-126 —F | Msx-194
: NH, + 2HCH R : HN—<\;>
%:r\{)—NH Y F
=N
¢
A MSX-127 HN@ MSX-196
OO o O |
oH =N
Q MSX-130 : MSX-197
Yy AN )—F
<:> 7 4
N H
O H)\Q\KN O </;,\{>—NH N
N N
7 | MSX-137 ‘ MSX-198
O . e
J: ] : HN—<__/>
H“/Q)k N </;N\)—NH "
(J1I N
_0
fr MSX-138 MSX-199
l; ) : HN—(\
n\/©/\ ” (2/:\ NH el
F
F; EF
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HF M5X-185 M5X-211 / NNH\ / / \ s \ / MSX-186 _
MBX-212 HN/ F N\ / HONCNH Na MSX-213 H N/
woBMeA2428 N O\ / N NHH /J | MSX-214 HN - NSX-PCRUSHIZ®O604
NH COZH CN NHNF NHN/ C MX-219 C-~-NH N
Formul ati ons | n cases where conpounds are
sufficiently basic or acidic to form stable nontoxic
acid or base salts, adm nistration of the conpound as
a pharmaceutically acceptable salt may be
appropri ate. Exanples of phar maceuti cal ly acceptable

—satts—are anisxasd f aqgl [I on sajIs 74udi201
200%@442@%&/ US200p/ r@d th acilds,
b @ o[ Mm a physi ol opi \>—wc pt ab)/e anion, flor
t os\v Q _fhnnaon!fcnate’
at e

“citrat Nr@/:)\na 1% tar at e, suc :
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Formulations
In cases where compounds are sufficiently basic or acidic to form stable nontoxic acid
or base salts, administration of the compound as a pharmaceutically acceptable salt may be

appropriate. Examples of pharmaceutically acceptable salts are organic acid addition salts
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30; Fleisher et
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blai%(éllly fve é&?fi : et aﬁeﬁrl)gx{l% ﬁ{ag ak conve%te&dﬁ%% tgg %a%%ﬂgﬂir@g BPvyarious
me¥Rdnisnts, etluding ppzynBiia pmcqu @Wt@ollqbggoly%ﬁﬁqrelﬂ J e({l 962) in

463, 0 : T Roch
T
dlaaﬁgn agampkamnceahcay ,Praqm mewgk Roelruss, andotyglogyad Wh (Acad.

%g %5‘343 7}%?%% §§p(l 91’8 185669 blgjc%gﬁers %ﬁbmgﬁn grzl\tgbegzgn Theory

asava et
aanA ppli@AbAEAHhAT e Buadgaerdned (wétﬂe&ygdoﬁﬂpéi[ugs, Eigegier; Wang et al.

rtlcularly usefu t e

08B Ky Bt ISk bl BT L) A PR, Pvery R

2794353861 Madeh @al. @998) Mam: Bmlteah | M3 5£366] Ghignati of @l. (1996) Pract.
di'sorder, includjn an t.as I a

M@(@:@m 6H-6860 My Asghameind ?fog%a(ﬁ i %Ynidonnoldl'i ?; tedhdEam. Topp,

preven
Prof Pﬁaﬂﬁ'SyQ,rﬁﬁlﬁcel!: Blokkeir,5p. 18H L1 gleRhlartt haal (1990) Eur. J.
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di luent. The adm nistration can be prophylactically

for the prevention of a disorder associated with
WEXORA7Hegept or activation, and particul arly apPCT/US2006/000604

proliferative disorder, |nclud|ng cancer metastasi's.

The active materials can be adm ni stered by any

appropriate route, for exanple, orally, parenterally,

i ntravenously, intradermally, subcutaneously, or

topically, inliquid or solid form However, the

conmpounds are particularly suited to oral dellvery A

! ?ﬁ?é@ gﬁ% 60@60%&1?1%1;%?5!%95!@% (At% ke 19% tYﬁ?m'i é{‘gg 5,543,301

rom about 1 to ng/ era g

fA1g. BO@P 6 tghet qjé,randéﬁ%ﬂa% @egelrﬁ)ei%ﬂ §aaavqettab) about ,
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“day. The effective dosage range of the

Wﬁ@@ﬁ@?@ﬁlly acceptabl e salts and prodrugs can be

cal c vel g nt._ C
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di sorder is cancer, and in particul ar
‘pgﬁﬁh%%%gﬁkiﬁﬁg, the disorder is a netastatic cancer
" The Hosipioendisg bemetscsuffpmenfroronorcd misk €1, agralifiirativerdisprdep can be
tr@at cpﬁ a&rﬂlnﬁ ?iq taH f?&{ve a o{lr?tdolf(iﬁ ‘Iiclﬁ@e c&%b&ﬁxﬁ a harmaceutically
asis o % era rve sorder such
acmpialde prddrugparsallt &mtwf ireti pnbsemem bﬁa phdnmamnmlly alceeptable carrier or
st.can brai n_t nsancer
gue ?I a’gl% c? ustratlo 1 can grq)rbp a'}ri]) OVA]SII %Igrﬁvelntlorr of a disorder
agsdeimied \pith)ﬂmm crawpear achk&tdﬂﬁ)and apeatidularlyr anprolifersive dlsorder,
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delgRar at e enbodi ment, a nethod for treating diseases of

vasculature |nflannatory and_ degeneratiye disease
o phaUHEE 1976106 B cpraRAG Ml b i PRt bonRIows | fo 50 me/ke,
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parent compound to be delivered. If the salt, ester or prodrug exhibits activity in itself, the

U.—

effective dosage can be estimated as above using the weight of the salt, ester or prodrug, or

by other means known to those skilled in the art.
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The conpounds can prevent or reduce the severity of

di seases associated with CXCR4 acitivity, and in
w@arbiozbar of proliferative diseases in any hPGI/US2006/000604

However, typically the host is a mammal and nore

typically is a human. In certain subenbodi nents the

host has been di agnosed with a hyperproliferative

di sorder prior to adm nistration of the conpound,

however in other enbodinents, the host is nerely

consi dered at risk of sufferlng fromsuch a disorder.
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(S0 48 ndsht B che REBB&E MR a 86¥RbJuH ofiPSRRIL @)- @@V II) is used to stimulate

adm ni st ered at varyln% intervals of tinme. A preferred
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materials can be included as part of the conposition.
The tablets, pills, capsules, troches and the |Ii ke can
weoomwbar42any of the following ingredients, orPCT/US2006/000604
conmpounds of a similar nature: a binder such as
m crocrystalline cellul ose, gumtragacanth or
gel atin; an excipient such as starch or |actose, a
di si ntegrati ng agent such 78 WD 2006/ 074428
PCT/ US2006/ 000604 as alginic acid, Prinogel, or corn
starch; a lubricant such as magnesi um stearate or
'Pﬁgﬁ[&g%l@omﬁjshgag]t such as colloidal silicon
di oxi de; a sweetening agent such as sucrose or
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nonocl onal antibodies to viral antigens) are al so
preferred as pharmaceutically acceptable carriers.
wab@so743e8 be prepared according to nmet hods knPGIUSZH06/000604
those skilled in the art, for exanple, as described
in US. Patent No. 4,522,811 (which is incorporated
herein by 79 WD 2006/ 074428 PCT/ US2006/ 000604 i
eference in its entirety). For exanple, Ilposone
formul ati ons may be prepared by dissolving ,,,,;
appropriate lipid(s) (such as stearoyl phosphati dyl
astl 130 QLid/Priifoges o€ 34 )ﬂarcﬁhé)ﬁlbﬁ@fnt 8ith as @R&Iekian stearate or Sterotes; a
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In a preferred embodiment, the active compounds are prepared with carriers that will

protect the compound against rapid elimination from the body, such as a controlled release
formulation, including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, collageh, polyorthoesters and polylactic acid. Methods for preparation of
such formulations will be apparent to those skilled in the art. The materials can also be
obtained commercially from Alza Corporation. If administered intravenously, preferred
carriers are physiological saline or phosphate buffered saline (PBS).

Liposomal suspensions (including liposomes targeted to infected cells with
monoclonal antibodies to viral antigens) are also preferred as pharmaceutically acceptable
carriers. These may be prepared according to methods known to those skilled in the art, for

example, as described in U.S. Patent No. 4,522,811 (which is incorporated herein by
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In one embodiment, the active compound is a compound that is used as a

Cisplatin
Cosnegen

" chemotherapeutic. The compound provided in combination or alternation can, for example,

‘be selected from the following list:

13-cis-Retinoic Acid 2-Amino-6- 2-CdA 2-
] Mercaptopurine ' Chlorodeoxyadenosine
5-fluorouracil 5-FU 6-TG 6 - Thioguanine
6-Mercaptopurine 6-MP Accutane Actinomycin-D
Adriamycin Adrucil Agrylin Ala-Cort
Aldesleukin Alemtuzumab Alitretinoin Alkaban-AQ
Alkeran All-transretinoic Alpha interferon Altretamine
: acid
Amethopterin Amifostine Aminoglutethimide Anagrelide
Anandron Anastrozole Arabinosylcytosine Ara-C
Aranesp Aredia Arimidex Aromasin
Arsenic trioxide Asparaginase ATRA Avastin
BCG BCNU Bevacizumab Bexarotene
Bicalutamide BiCNU Blenoxane Bleomycin
Bortezomib Busulfan Busulfex C225
Calcium Leucovorin Campath Camptosar Camptothecin-11
Capecitabine Carac Carboplatin Carmustine
Carmustine wafer Casodex CCNU CDDP
CeeNU Cerubidine cetuximab Chlorambucil
Cisplatin Citrovorum Factor Cladribine Cortisone
Cosmegen CPT-11 Cyclophosphamide Cytadren
Cytarabine Cytarabine Cytosar-U Cytoxan
liposomal
Dacarbazine Dactinomycin Darbepoetin alfa Daunomycin
Daunorubicin Daunorubicin Daunorubicin ~ DaunoXome
hydrochloride liposomal
Decadron Delta-Cortef Deltasone Denileukin diftitox
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In one embodiment, the compounds of the invention are administered in combination

with another active agent. The compounds can also be administered concurrently with the

other active agent. In this case, the compounds can be administered in the same formulation

or in a separate formulation. There is no requirement that the compounds be administered in

the same manner. For example, the second active agent can be administered via intravenous

injection while the compounds of the invention may be administered orally.

In another

embodiment, the compounds of the invention are administered in alternation with at least one

other active compound. In a separate embodiment, the compounds of the inveéntion are

administered during treatment with a chemotherapeutic, such as, for example, an agent listed

above, and administration of the compounds of the invention is continued after cessation of

administration of the other active compound. The compound may be adrhinistered for at least
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wodockeies t h endot helial cells, CXCR4 is the oPCT/US2006/000604
chenoki ne receptor expressed on epithelial cells. The
receptor may have a functional role in epithelial

pat hol ogy. Whether 'CXCR4 participates in

i nfl ammat ory responses remai ns uncl ear. CXCR4
expressed on the epitheliummay facilitate the
recrui tment of phagocytic cells to S|tes of

Latéth @808 WRMID use k@At | cell s.
ﬁ% may al so have o? Sﬁmtﬁﬁiﬁf}gﬁa Flg dlsakklrfﬁ 1 opgprence is
-bifaferh {Bros e Saessler Q4P ViQuhphineoloay. \A@%domabﬁngmr

NeOYis Gpaddtt 2AbbdMentCXGRAJIBY Gt bEYALVS
bat ho hslbl o oay of eléever a acrutﬁlg%%fmg}: t oﬂlpaeventlon oq' or reduced

seyepty agpyatery shseese sfetay, ggovagsdyzatiing dndvividind Ralin f 1nclud1ng

1999 nol o 98
adﬁﬂhﬁtél?rlg’ a:t' n[@asétg)gy E(ﬂg[%tnm%l ﬁéscr?‘the\tliél% nolrs]%l[' g]ryéar ect gé to
mst N(ggpg,ﬂa@fendq’chﬁilta] ng;ls ampml a aulbjude b chdnibkui%&é&dplfd#é Hith CXCR4
t
S HgYSHEIREY AT S ) BPDBISE 9 Lt

(IWbQanQnDBzoakpd/Ras Csﬁzmmem sieyay be, harvested and
ln_one enbodlnent bone

use ntation,
mar PO pr ogé?]sle{l PSRBT GG CoURS SpanmBimes deondaid tha
wRYA dear theahemalind feceptorr CF(GIRA 1§ BLorbRYERSH Sy S p%ﬁl%rcéu?tqres and
I N

met.hod treat subj ect s,
tral'x&'oqned l}){p =1 a{yg I%rrqp h‘%‘lgl gﬂ]a @ﬂfﬁ@ﬁgyﬁ%@ b@trﬁlsy 1n\Mmurda|eeof epithelial

celﬂhﬁesdbmwd froin WhouSothbaR6heS: E(Murdoei{\%@als Fbglrngg%oz no 9 98(1): 36-

4] d.benefit frgmelevatlono
' )Conjb, 1th gndothelalscplipebBER4 invibe é’@lyecrhennohme lrmpilot expressed on
eplﬂ&hﬂl deH@ tRe reeeptR iyl BhdiRalli o lﬁ%%ﬁﬂﬁﬁﬂ)étﬁ&ogy Whether

C di ac t|Ssue 1 N aSUbJeCt N nee
hpeticipatesin l}%ﬂalﬁfﬁn"tt% TeNpeRsed S@Eﬁll@(‘mpban d@XC'Rheaxpressed on the

epitHRlIRA YRS faeflitdid) ehel f&}{ﬁf{fne&no hag gﬁy %gﬁis E %fte\% cf‘f pinflammation by

... tregtment of diseases tha SSocCl a

dlr‘?%‘ﬁ#%%%ﬁ?’@?@?lo%ll&u (QKQ’R# mpylialsb daed sthenf@csiaheles within the
BRR Bﬁ‘sr ¥R

e L R N T

invglived it eo]pathqpfnymlogbr of) s¢veeal apyte (oe oljronicC @iffai@ R8P rdi’slegse states

n 0 tjonal  drugs used
L B A S B Hos S
gr dnt3dditians meamvattlon nis rdéjeeted it® Mmethddis CIf €MSE anid MBects, in
/ USZOO [ 000604 _ | nmun pressi on;
par A D I g Bl et a¥ o cheAugomof rogenior

cells emﬁm gem feliec The progenitod bhdor SéH 6% maN e hith 6444 Qtisused in cell
sitic diseases, includin ut

tran%%ﬁrﬁ% T %%%B’b@é’f) A home TPHFRE PRogFitor anrer s pllvareuielsilized

for (myouardlal mapairt lFﬁﬂhetrhﬂfe inR&18h Sis alilRER@ do SRERLJSUHR Faﬁng animal
for which (gl evati on of progenitor ce

n
sub S5 P B Sy n by edienthouralan defopvesini wiiel blood el

(WRQ 8 omﬂg or Wb wesald Bidhe i frbth QESHNidnO
o go | ar subsequent gt em cel | Qﬁ({nr(gn@%:da%"é?ﬁélﬁé i cioglpounds
Iscipsed R Mpigpvery the ygntiqngp dirediesl townationds of effénting regeneration of

cardidd R iR sitidcO Bl rRed L £9 ons
char act er leﬁé% b% a %%;uglg{l% %r%%%?% {l%/\i,ﬂ%?] d%ﬁc%fﬁ%itcé)érmo“nds
codiht compoupds ehthe ipiehtiorhmae be tsddrforntel esaahién®of afsessad hat are

asso\ﬁ@@d WQMHEB& I%Es%n Mcﬁ? ﬂld}voc %,Lﬁnfier"ggirggfc 4 Sqﬁqegagy? Iradlatlon

in resp onse 1o Cer
therfmw ﬁ@ﬁé‘mdl ‘ammd Ireahimg @tpbbmh:treamfenmk;t'ﬁéré}b}d fd%QJutongﬂiH@ disease or
cells can, be. assesse th ‘
otheb iR R . SR ey orsP R8s onventions] drugs used in
the trcdhcﬁ}t ¢fomrtomgmu1el fiscasds M@ bRAAahYIAFation! ﬁfécﬂgﬂ n\ghICfl Yauses
~exanple, CFU-GM (colony-formng units,
gr anul ocyt emacr ophage) ; CFz%Jé




GEMM (col ony-forming units, -nultipotential); BFUE

(burst-formng units, erythroid); HPP- CFC (high
w@e@biofaeati ve potential col ony-form ng cel | s)PCDEUS2006/000604

ot her types of differentiated colonies which can be

obtained in culture using known protocols. "Stenf

cells are less differentiated forns of progenitor

cells. Typically, such cells are often positive for

CD34. Sone stemcells 'do not contain this marker,

however.. In general, CD34+ cells are present only in

' mlnﬁlyﬁols@ﬁb?és§oﬁ Hmﬁﬁﬁoéﬁbﬁ@&mnh e% é%‘&%g&ﬁé F@e‘ﬁcieh inqg&gm{ function or

nunbers in bone nariow. e | nv
otherycapies andiipfeetioup digeasss, §mheasa@tasm disn@spfe dm@rdug b ot hmlted to

hé'ﬂnlﬂﬂ'l‘ ifSctiBhs, \(ACH ATenfl? (Q%Q grggﬁ‘d ﬂIvelﬁfbﬁlrﬂg%sﬁa% 4 & (I.l)spectrum of

/or in adm xture Wt I ona
anﬁgloefel farrwhich Havatign @fmh@empmnells: atid/qz stem weltsrintd abjdet would be

bééléﬁ%l%’l&rg%ﬂ&p y ?%BF Vig lgemé)r cc\allisga\n (r) gtbm °§ﬁtf?fp§}‘P%eﬂP?E§ stem cell
transplegfetsincwould ba bedeticil. én adh:hmrm ﬂ{eagﬁhmbd)ﬁxhy itmtionl tadgbte @ broad

spf?lﬁfng of (:cg\él';]timélrs I cgal{g?ttﬁg%ld gsﬂ%m%‘cL i by ?bgg\gfdc‘gﬁﬂogﬁtg or which
wﬁmlébexreﬁpfromelav)uonrnfemwhla(geouﬂnfI armrat ory protein,

ste ﬁ ,factor }ﬁlg{' nbo ouitln growm h rel ated

onc[)qa}? 0 PTOSRBHB R Z5ders Il fhat. “P FeRRenS§ 19 cHn stigpli, can form
dlfféﬁnﬁalém hbh’ﬁd&pdiétlct B€ nly8MeN celRN THeYprBnad BT Dokt deell® can be

et[} vsqé addj tjonal active | ngredients that are

as???é‘?ﬂgtﬁ § plalip|of theycefls o mplede figrm eelgnytfonaipg wnitsof various types,
indlainB] i exGmplé] CAULGSE (d&ﬁfn?%mﬁ ruﬁﬁst %ranulocytemacrophage) CFU-

anti-inflammatori.es, ]%I ucose, & i cs

U

GENIM (rolqny dormingphitspygu pRigatiPhBEFHrHh iy fosmingOymity, eryshroid); HPP-
CRXbh h@slifetafife PERRAA r%'ldn?%ﬁgné Qeﬁ% oP @fh%xo g}%@%%‘fsdlﬁérenuated

at heroscl erosi s (Abi - Younés et al
cojapjes1wkick sgpbg )obtarnéﬂ an caltyre gsiag tknpw emtomhs (‘Setfeelletre less

dlﬁgrentTart&pﬁBJn@ Bf 6&)@19{#)16 Belts! 1011?%; u elf 969? )a)n? oﬁ%@t ?&%v% r}gr CD34.

allergic alrwa anmat |
Saaprdstent sells drerataiontain| thisDnarpd, havoverl OB geh@@B)CD34+ cells are present

o BGE 8y  Shog W B0t 1 i RS S B s

PCT /ﬂh@'&@@ﬁmﬁﬁ@ ©0the iAVentien may'te adndsistaed @%(Bae attival mgrédients as

R o AR, B S i s

acﬁveomgs:dwms that aie mhelrsfpemﬁtallp br mftrifodeiRd uenil AYON hS4ntiblofics} vitamins,

e 2Rl e Mpad {; ess for.,screeni n%gpotentl al
Fug “tandr d&t maE’PS OseThémﬂﬂ’ny&lé§s analepsit§e s granulocyte-

'mm@prmgh cudorsy duaimwt?g gt m"‘*ﬁ“ﬁﬁﬂ*ﬁﬁ%‘ﬁ*ﬁg @Ff) 1a}gﬁlmr§hkm-3 (IL-3),
B BB ST o LA s BEm P wecraphone fammatory

prowsia, §t€1ﬁtcellﬂﬁdc&ﬁ Uihfondopick) anﬁﬁﬂBﬁc%gbﬁmort &efn@fh@aﬁy and the
ampl e; contact| ng. t he test sanple wth

”‘ﬁeﬁ’( i"g‘éﬁ%ag’@ocom uRfist gbe inygpignamay Yo adwinidered ngadrnléture with

adPRiBhd] dR+1RASIBEeABAB MM Ste RaRuiAP! & AR tlIOH‘«ﬁ R/Jqééﬁg such as

any .test nolecule to forma control sanple
an%‘ﬁ%“ér Vitggning derba] grfgActsf ﬁlﬁmlﬂh@mtams,ﬁmb«% aptipyrktics, analgesics,
and gk, fromthe control sanple. In a specific sub-

enbodi nent, the peptide-based antagonist is derived

frofha mgmsof(&lé%d; rtp KEXCR4 hirCalso Bedl ingicated id\eche thogenesm of

QIR0 oy SOBE L LY SL X 013 G S ot et

(Eivieot btn atro Femsplentativa t6b;s ﬁsgnam | @9%99)), C udtda WARIN alIB@ic airway
tJPl otin-| ﬁpel e

inflammation (Yssel et al. Clinical and Experimental AllerD; 28, 104-109 (1998); J

1777771unol. 164, 59355943 (2000); Gonzalo et al. J linmunol. 165, 499-508 (2000)),

89



antagonist is contacted wwth a streptavadi n-conj ugat ed
signal nolecule. The 'signal elicited by binding of

w0 b@e@X3B8 ant agoni st and the receptor can be BCT/US2006/000604
fluorescent signal. In one enbodi nent, the signal is
elicited when a second, accessory nolecule is added,
such as, for exanple, a fluorescent nol ecul e bound
to,a nolecule that binds the | abel ed antagoni st
nDIecuIe In one enbodi nent, the antagoni st nol ecul e

b and the accessory nolecule is
algfgimgEy Sea ayeﬁagﬂglr@amgfoﬂ@aéaé%rai (9530 Arteritiaignlci ot al.
Inﬁmpbld64ba&£doﬁmpayﬂﬁlst is typically a nolecule with

high affinity for e receptor. In- one enbodi nment,

the nolecule is derived fromthe "T140" peptide
Pravdsafiorridadtification 9f EXCRGinkdgon®igbodi ment, the antagoni st

i's TN14003 (described in PCT Publication No. WO

04/ BB7OE8B2 ERBPdimeRti iepropesy )for Frecningc ppiewial idgug candidates is
prB\\i@édC afrhe/ pS¥RE %ﬁ»’ﬁ%@ ﬂ)vﬁh&ggé habklel e Jdé%ase%rﬁﬁéﬁﬁ afifiBonist that

perforned as a e-response ¢
haé ﬁiﬁ‘é‘@?tn’@lﬁ signal yden égltnddg ASO(CRY receptornmbauwla m4trb®ptor with
n and_t
at "1(1%?@'91% Qst ﬂ#}%eélgg é{ ano%p&o% énttrﬁﬁé) %ng ’tes{1 1 cglfta(itglg the test
samel;gwﬂ'e&ie aeptide-bagsd lamdgttmstmeparate]y, c@ﬁcm 1Ihe @Spﬁch—b@ﬁﬂhntagomst

o B AR 8 B A0S T S ReL i e meeng th

signah @‘@Hi themagu saglphir t!béleSﬂng ffiogn the0 EorfP¥CRdmpI6) t Inah Ispecific sub-

XRe rforned to verify t N14Q03 . ,
ngo wgf'ée"t o V‘g eb&??t %%agogﬁf: 15 dgrved; %‘@n %E@O%r{g‘?sﬁ’ébed in PCT
PuBNGR6n N eWOoM/osmss h@ﬁ‘mﬁﬁ mﬁlm?sgij%a N?naﬂélr :ﬁl‘BEﬁ'lEodlment the
e nce I gure

, i.n 1he ab
ankigatist it Ea%‘%ﬁﬁ? iha biokin regleqyfe anghe el il wéﬁpwﬁ tge biogjp-labeled
. anfa@onithtis conidtct REM afsltrxlﬁﬁfvaldih domfpaiel Sigad alodR
I oflu r?scence of . the biotin-|abel ed TN 14003 was

P SEORhF 5B Onbirgingrd thn §XGiroueonit andethe apdeptor can be a

‘ﬂd@hﬁ&dhe@igﬁﬂ Wint BneSBibddierdtOthe sl alMid el dicd Lw}%nlﬁsec d, €essory

utility of the biotinylated TN14003 as a pro
m@@i&l%&é@(’eﬁ}b@o@e@f@é%ﬁ@da figprepeentralentle bgmeis@emmlecule that
bikdsah81531eaf a n%%l)ﬁlb'lr RdieBhIBaST, W@@Bocﬁrﬁéﬂt lﬁneg'ltagomst molecule is

paraffin-enb tissues from breast canc

labelad; with diotigpand/Ehe 3qcensoy mqi¢suleeised éluotesmm laeded streptavadin
mdlQiLi n for CXCR4 as shown by Northern blots and

Western blots relative to MDA-MB-435 (Figure 1B).

Wheihe meptidediesady hratagaaisT N 400G was mxﬂemilet witht bigh alfﬂmty for the

SO N T TS .

In ahgeciﬁmmh(omm; dmemnmnmtgs IWNM(MB (43bribeaisin IPEHSPL(bEbagid)hQ\Io WO
rface

t
045700800 im0 A RER). . eteCkobebin i il S BErE 8 ol g The
pr(Wle:tsh:a? he pb)fajmlggyéd a:iesé-ﬁéﬁbﬂ@(béﬁr@n Ia gﬁ@ &hb({ﬂ:ﬁﬁltbﬁgﬂl? Iﬂt]est compound
| N-.e e | SsUye sectl ons Sst.rat e
is BRI PP FBEOL RO GEER o tomns GEeY ehriied gher binding

of the labeled @hthgonist BMMdabiGe@indionPareBas &dnbrb) 28 FBIC AR AadH SRdte
sections (Figure 1D). Atotal of 41 patient ti ssues

provi ded by Avon Tissue Bank for Transl ationa
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Genom cs Research at Gady Menorial Hospital in

Atl anta, GA, were stained and O out of 4 nornal
whe@asr44e8 ssues, 9 out of 12 Ductal Carcinoma PET/E51006/000604

(DA'S), and 23 out of 25 node- positive cases were

positive for CXCR4. Many sanples carrying the

di agnoses of DCIS already acquired CXCR4

overexpression (Figure 1D). Exanple 2: TN14003 is a

nore potent inhibitor of CXCR4-associated signaling

than AMD3100 CXCR4/ SDF-1 interaction activates

Pl 3K/ Akt and Ras/ Raf/MEK/ Erk pathways in a Gai

protein (PTX-sensitive)- dﬁgfndent manner. Experinents

were conducted to deterni MERR effect of bl ocki ng

CXCR4/ SDF-1 interaction by either TN14003 or AMD3100
Example1: Rigprid065%0 TXLRY dr@ED1fS2 BG4 308 0 aoveldinungipg @rabe specific
f9 rations (0, 0.01, 0.1, 1, 10, 100, 1000nM on

osp orylations of Akt and Erkl/2 signaling.

' ncﬂ{“@é 1%%%5%'9%&%%? e %m% &ww&tthaa MQ%Plagwdthsywdwted

* SBF-1 hahdifig! bitd3ad0theWRTRA QREMBL I BE fhedk Qﬁd18§Nl/ﬂ@ﬂ3\/IEf23@ cells were
few nano nolar AVD3 100 (Figure 2). kl/2
inghatsd in g lrbsenem(Figig e A0 Bheraresgnde rﬁFlgnee b%e@éﬁ @80 gg/ml of SDF-1a
for Ll@ lﬂﬁn dTHJeﬁrfv(%@n&E&tcro 5&&n9f1mwn%ﬁﬁ e&%néleo& 'M:—: blotm—labeled
00 (data not s e I ncrease
TIEHOOB vap hegspioimtotit m@mblbye Bidfeybsalas ﬂn@ellsprgmatado;aﬂt SRI-1a for
1¢ ha][l ] 1%9?}3‘3 }'nn Akt phosphorylation. The results
deio ) Hrefd Fhat TN14003 is nore potent than AMD3100
i N Thehitibityt ofithe GéGRAatad a‘Nau(ms asiagetlel aTACX R4 &tab Bxplored coupled

h SDFE-1, TN14003,. or 100 "did npt ajfect '
it B PR e B AR S50 G0l PeskeRgFbedded
tidayesstrdiiNbrekdt ocsr ikt AMDA -MB-23tehdduigh 18 J)ﬂ‘thNfA@[rﬁﬁﬁ&em for

CRERAER il vB i ed Rl et BPeris enes ToyHy Mas (Fgure

18N hdnCte bibviRy16ted TRIL003 vods DA 16 URlEKke Sw@éell @@Pﬁe high CXCRA4-
(Genbank Accession_no. NM_003467), siRNAl(sen's

exppeasiag MR AIRERE ets T bnshtwrﬁalqum&@resl&]é@tx 5vhereas the low
A3 a3 dss\aigurd et ¢ @&gﬂstent with the low

purchased from Dharnmacon (Lafayette, ).
surigpr SPER FrRrewsiontn BeseiehNA dupl exes were pur chased

fro t
i R&@?ﬁg&? 68%8% 2%%{11? ﬂfzglvc\aecﬁoﬁ %It@cp iO@(GF canfer patients’

patygfﬁmemmbieii i s@uonsx@mmwed tha#eﬁﬂbﬂoéa coultl/ heiused 4s detect
i
CRERI B i) k' 4fy oY 3 QRAASE DhgariftEmbeticd tissnc seotions
(FGgRI 8. A dotak off 4lcpatiSNCiRdues Q$¢Vﬁdedd3yb¢f&ms'fis@am1{ foeTtagslational
j h i vasi o
Gt Shen Ai:Neh TR AudE GRVNASE BRinfl and o gut of 4

nd@dPbredst tissees; Orvt of IZ:Bhtttsl Cdisdlﬁ&ﬁna/\m SuDRIBY2 anda 3] oatdf)25 node-

th bot Fi 3
PR cHish P OB AR M Erriblbiesaen e s Gagpses o DCIS
aliélGFacqumict dUXER Mo vedeptessibh Rigured DYRNA | evel s of HIF-1 a.
To determ ne whether |owering CXCR4 |evels in
MDA- MB- 231 cel l's blocks lung netastasis in the

Exnugde 2EVR48D3 tsrd mee ponedeinhibibYofNEXCRA-assetinted wiheling than

AMD%%J ected with

CXCR4/SDF-1 interaction activates PI3K/Akt and Ras/Raf/MEK/Erk pathways in a

Goy; protein (PTX-sensitive)-dependent manner. Experiments were conducted to determine

the effect of blocking CXCR4/SDF-1 interaction by either TN14003 or AMD3100 at
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vari ous conbi nation of CXCR4 si RNAs and injected into

the female SCID mce through the tail vein twce
wor@kloy44est r avenousl y by thensel ves (w t hout | PEDESI089/000604

following the injection of tunmor cells (G oups 2-4).

Forty-five days after the tunor cell injection, all

animals in the control group (G'oup 1) devel oped | ung

net astases. In contrast, only one animal in Goup 2

devel oped netastases and these were barely visible. A
.representative picture of lungs in Figure 4A :

diftereah sencanteations 6&@10} @ys1,i 10, 100)g 000 o BhcRStRAhSons BF Akt and

‘.’,E}m@ SI%IN‘\Q %IQ"Q‘%‘% ﬁ gg—rl/phjslngp e Sgﬁqrafqorgtg&?els activated Akt.

ro .On"the o
Ag‘ aqtiyrtéen whs blenkgsl By eithet buteginb f@ﬁ&ﬁé‘bncﬁﬁx@ﬁ&?’ of @’9\1‘@(51)3 or a few
e | ung net ast ases, nost

astodh l{ax' &ﬁ%aéjo Lhelgurf ZZ E kg 2 phyephonyiation svag pﬁqqq@te@fn theypresence of

notably N

sqbcmgo tmczifs weﬁceﬁﬁﬂm\n@f awp46h3sdra v ADEDSTIORES, ﬂgé’shB{%rnCRﬂggwever

hat fromthe control group s

| nv |S?1 glgn ?ﬂ%l\ﬁ@ hoél?tﬁndﬂ r%)l*ZtA)WaS Phesgnifieant s thevimarense in Akt
pHogphongatiano nTher féﬁdtsbiém‘éﬁiﬂat%m 14368 YEmbRA tdrt Moam Al}%%BlOO in-

rimers for the human housekeepi ng
“ﬁﬁﬂ%@%‘;{“ Wsfpisd Sagling r Tisesing ieliswith SDFUSBN14003, or AMD3100

' did aurdfReP@XCRA bidiih &v4B) . Real -time RT-PCR anal yses
showed hi gh expression of hHPRT nRNA in

metastasis-infiltrated lungs of the SCID mice in the

Exonple 81 Knyichdpwn Bﬁemﬂmﬁﬁmbzomwtéas%f in PR HRPT 10
the lungs of mce in Goups 2 wer e S|gn|"f’|cantly

| OWeRINA hiaRrfedch@t teRfindtPt T ﬂéncg'{g P%ege':l NES 1 4%%13511 T:;},@Hsféells has

paas hi gh CXCR4 expression I n
CURG S REVEFTHM, éwllfemwdm@:@dneeﬁmpmu Aol ﬂhffef&aﬁt lsmmu@ dablexes of

CX@R4t r g%@e%gar&r OUQ\J&sg%{lo( Fh ur e 83%? OPE. rmﬁense 5

was utilize ect ast &

'UWUWU@HG@CAQ@M- ’Fl gurend showRNAEPr esenbalel Ve 5.
| t th
ERRPETAIREnCOUMEI P9 00 JELSSLS) Sl ctprco

control group an
(Lpfﬁye@eo@i@) 2 ThérnauspeciBé\corirol siRINAX duplexes WeRPukdhdsed from Dhamacon

hree- 0generated fromthr
Wl?lcratgér3 %s%eln at |&£/tentrahs ggcmiﬁs%?‘g#& © PEYROPd0). The chest
ar ebowering gNAR4L aRNY levélg rHyeﬁlRNAseﬁﬁtblt@@ L@XCﬁE/S ¥1-mediated

(left) .th of
m\&g%\ﬁhﬁasﬂm@l{s’ S %]5n\(alsai?)@ ﬁ?sjr;y T%CK%&T 11%2][1;1 nS@R -h k490 ng/ml)
wag arddesll ©cthd daov&ﬁ&ihamﬂerttb %tlﬁlcﬁ@ﬂ@R4%§itlt19 A& S6& e{r%%ilso f migrate

SC are sel ecte corona

e B2, et ey
N S5 x A ek ¢ t Fhsninvarigre F MBADMB 23} etells thimsfenti wilmsiRNA1
decabseniar 151285l B loaktol (8hdI5s. HPUNRINGD, LIEAY8 81 S bon

ure 5 were 8.6,
SIR&‘}lr*éc(F FEREE PA)1 Héglereu %gwssmmwvhmg EDGRADiAinded the mRNA
levBIER roup (left) "
N anVEFgII%I%_‘L?Z‘t r ea?'ﬁggacr od q??!‘fgg éﬁ correl ates
Wi tTp detemdnes E/dieﬂhemltyweﬁitﬁ acmavém mt nﬁ?&mmi cBliHBcks lung
reat e :
o ﬁlpo ﬁnu&% penmental animgal )5]9 @ﬁ ngn pelis wetpotransfected with
varigas mlmmmmmm SRGAL B F366504 il & Wl ol $UD L fikongh the

VEGF .transcription conpared to H F-1
tail "%’bi}‘%{’er‘gﬁ%ﬁl‘ TR Ve RRsly o ba dhgmsglyes ;{wabmtdhpqsm)moumg the

1n3ebb0rr ofS tundo2 kRl & { GoMp\aLg). USSR L
det ect, hypoxi atr esh onS| ve grgﬁlgﬁita%e 1%% tﬁ%%é_ﬁ mjection, all
amrm D Fbther cogre] PR (&PBB tl) develgped ehltdg Mailastaﬂes r In Eontﬁst only one

08 v 0 BTN e

pictpg Afclyngs m Figure 4A demonstrated grossly cystic lung micro-metastasis in the
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cell clones were created with MDA- MB-231 cells stably
transfected with this plasmd (called HRE-Luc M-23
wW@Re0enazpect edly, HRE activity in nornoxi a waBCT/US2006/000604
noderately high in MDA- MB-231 cells that have high
CXCR4 levels in nornmoxia (Figure 6, left), which was
not 93 WD 2006/ 074428 PCT/ US2006/ 000604 observed in
other cell lines with ow CXCR4 and HIF-1 | evel s
(LN229, U87, 9L, and MDA ", 1VIB-435). This noderately
hi gh HRE activity in MDA-MB-231 cells was suppressed
cbifrol SRt il RRVSHRE nhlld, aﬂ:é’e éh@'s\lﬁtatiw glc'ﬁﬂzs &%iﬁé’ d & three treated

significantly decreasé nati o
gronpshesied smlﬁgm&wwbla fiehgHhetadizses nRINAdtahly 48Groups 2 and 3.

9P B PRSR E5 M OSSER Sy o o o
wiile thatyisemn the cPhirel @cbtw\sho\wﬂ ihiREiratmo cteys ®iguragai)n

HI F- Fi .
71 onyeee Bl Rt el P vemtbin e ek EpRoR wsine
pmnbrscfof ﬁleblgumanm;mml&epiﬁg aaR RIS tgt doinot tiosd-rbet! with its mouse

CPEPEE (SRR 4 R Abh aTerc Basiie: AbmiaORGh fapersiopror e

Lar)

Y

nfBXURM mbtastssid-ndltratDEQ0f ihe SETDRLe iﬁ&hé ¢chtroPEOR). Sthe expressmn
beca elt kﬁieﬂ}\ﬁﬁts w th, CXCR4/ SDF- 1 blndlng by two

1%(5‘;58 Pipanyl o1 tangs 19f miks i (RS 28 SCyeraignificantly lower than

tRnbBgMRbBiroup (Hidtke(48) m’['h@{'é w4 higNI4ROR) e)?ﬁréé?,ﬂﬁil i 1 Ql&ol group
t he SDF 1 bi ndi ng site of CXCR4 in extracellular

moysralURgs AMtMUely YR QXCRhexmgion R dngs o8 thy Bsatefagroup mice
(FCE: etJT,?S%HoPET iy ﬁg GV-EH ePG whlutifiked t{)%g{gg’r)lunnggdaﬁLses in mice in

47136 4 This structural informatio
Grepps & s8¢2+ Blg@r?e%ml@“a rmr@ﬁp@t@tyved?rDG@Eﬂfpmgﬂa sonfirnting lung metastasis

n{%letdoﬁﬂrﬁ %}bﬁﬂ RICHSi EERAY QMtluﬁéqﬁe%éﬁg%@r?@ 9%1‘5 '5A is a

but structurally “different from
T KIFIUNT Iftexsisy E@Jevmm@ty@e-émmgowl): generated from three representatlve mice

SSOEEPH O U g0 AT, S o e of e conc

goonp tiefh fentapy toff gheSDiee fin blnmszNglﬂ meated groG¥CRdht). offhe high FDG-

?M{Eg{ag%fmgaﬁs%n %Se:%é%fl;gg d to tt}% SEFF §0n| ?F clﬁg‘g‘t é‘&gwstﬂ& and 5C are

se:lmhqdomm«ztml wid Itraimagihl sdcfiomi nmages bspectivedy. | The Rckximuialish@dardized

LIS YR F b B Rt B0 5] 52 and 2.1

cbﬁamwﬂy,hhm rinages showl thiit FOG I is Shueh highes mqah%sﬁfréhﬁ e control

re at e di fferent c centrations
ey (e AR SRNUD ffoles G G5ahs GVt Eeyrai pah Brpeased Tung
meaStases arie coriiol AYRBthiR thelsIRN APV A FepNST

bi oti n-1abel ed TN14003. On the other hand, sone

candi date conpounds were as potent as TN14003 at very

Ekaniple anCECF pirbm6ros reghlativR bp CRCRIGRL BiIFthpse conpounds,
WZZL811 1S, was selected to study its therapeutic
pot ekt Pefpriae adheBrr dowaineyCERR4 | lovsls svghti affect (VEGHR: Itagscription

&l 0lr B Qp-1 S GoRiaS g folif)

c \?\?ZaL811 1% -l ﬂ%“ )ﬁ)loglgﬁrg@%ﬁn dfﬁ b Iﬂ'falgg Ig%alrl@ )ﬁ&rfrna Van Meir's
labéretogawes ascdTad1a OPporiéyi sydiemgtosddt@) hgpox@Xchybnsine tewmm (HRE) of

I nano- lap gone S
VESkalafbe R Pl BBV ol 15 0000 g s Jbr-1907).

THOEqdMc oh emmlQWAMCMUM@G%@@UG@’&IAGMM’. Pooled
cell clones were created with MDA-MB-231 cells stably transfected with this plasmid (called
HRE-Luc MB-231), Unexpectedly, HRE activity in normoxia was moderately high in MDA-
MB-231 cells that have high CXCR4 levels in normoxia (Figure 6, left), which was not
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WD 2006/ 074428 PCT/ US2006/ 000604 Exanple 6: WZZL811S

i nhibits CXCR4/ SDF-1 nedi ated matrigel invasion and
WEX0RATERF- 1- medi at ed Akt activation WZZL811 SP@EES2006/000604

tested in a matrigel invasion assay to determ ne

whet her it can inhibit CXCR4/ SDF-1-nedi ated invasion.

As shown in Figure 10A, WZZL811lS was as potent as

TN14003 in bl ocki ng SDF-1-induced invasion at the sane

concentration (2nM.. Figure 10B shows that WZZL811S

bl ocked SDF- 1/ CXCR4-i nduced Akt phosphoryl ation in -a
‘Slased ez ddhhnermﬁﬂﬁbw @E@(@hﬁ HiF- ARVAR(LND9eH87 AR, and MDA

ntal ani was devel oped for mnetastasis
MR S8 Roetral et BEE acbiis it NEBA-2ho el wasvsippressed by
CXuRa WAO& He1@RAS Ry $IrgPed; r}g%&?ﬁ# %%J:r%asecti] with the

-45 days. Another experinental an
cW%p@@pWﬁgf W@ENAB}M IERF-¢ atsiRMA ﬁ'(bnmrhouﬁke | AsSexpected, the

0 | |
B oL iR TR 00 5 Bosed B (B g0 s inptgosen)
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‘653% devel oped from our NDA- MB-231 cells.
QStatlc 686LN cells were injected |ntravenously

through the tail vein to generate experi maent al
ancer nmet ast asi s,

E 5{% gllns f o r Head ‘% )fm(ff o ch{edpr co{ungtg@n assay using
bives asfd?rg'c Fﬂ?w &¥%si zed to lungs, liver, and
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t
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diffgserd fremt AMB3300.al  secti on |mages of mice in control
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fe of the co ound. Exanp

CoR 8 L BRR LR and Yohontef 5181 ANgRS 1 CRBR- Soiciepionin @ignee 7). The

cellshadfu’mem Immhesbir@oﬁtdbl shithafigtpafianel famd héﬂlnE‘bi]ndﬁlgSs[?@lshowed only
cul. e was ﬁer ornmed. A stably integrated

bl“ﬁﬂb‘?&? YaipEgo Y herasSpmpaRds ilh oBnaffiEiEy Feuiiadanditc CEERA in red

(thudaintind) A8d BlYip @Xd1E-staiiBRLT CAIRGydRL ?&I{h&lbé@@ 'd erﬁ‘ Qﬁﬁ’c%htrauons
pr oduc

utilized. A natural
of }%34 Py She wleo@dl%?ﬂp@amsul\ﬂmnmmmemsmddwrfm AME100 to
corg(bette eﬁ%@}%t bidRRGdbkl8 O 140bE O%Sthwgtheg ?} 7%‘%% %al}cgqate compounds

06/ 000604 net hodol ogy
Wergfd IPNCW&!SIWI“QO%@U@Q{ ]OM@}:OK@nhitlons [Thexsfore, dR€l of deompounds,

WZZLk%'l Pé ?%B 8@1&@{&% \/\2 its J%{ag%lﬁ? éjgalt']e[nj1 GOk rlllgqlgc(rzxc; g#ddl¥w toxicity
to le;]svﬁl‘hgle‘t 8). eH igune 8 almn;cthsbmdlhg affin{te of WIZZ3 /301 SRITRE ﬁ§and—b1nd1ng
s1teV@15p%o;8 éeﬁl thé gan% aglI'KI%OOIB binding site) of CXCR4 on tumor cells at nano-
molar concentration. WZZL811S did not decrease cell viability of MDA-MB-231 cells even
at 100 uM (the highest concentration tested). - |
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points (0.25, 0.5, 1, 2, 4 and 8h) and KCN -1 levels

were quantified by HPLC. The HPLC system consisted of
w@20da/074ae8 - Prost ar gradi ent punp, a Prostar auPCHFERI0E000604

and a Prostar photo diode array detector. The col um

was a Luna 5 C18 colum (4.6 nm x 250 nm

Phenonenex). The retention tinme of KCNL and the

internal standard were 8.7 and 17.7 mn, respectively

(Figure 13). The in vivo stability of WZZL811 S and

W40 were nmeasured after system c adm nistration of

E% YNBSZZORELS DN ONCR 4/SID B nfediafod: mﬁng‘m‘g}m%n and

CRORQSDA-i B cafuddd Ay BEswaki¥pe formation assay
anti-angi ogeni c effect of test conmpounds was neasured

by aW&ry21ksgwenthstedahiaimatrigel invgsimha)am@ detelgine whether it can
) £ j e _anaqi enlceffe iDF
ln%%ltgg%FglﬂgP;EH' 8(?1% ? Va518n H}Js I,rsa 0 call("keqﬂ%ﬁﬂ lg was as
paerdcis NV 14803 ﬁeblbda@-lSDF’HG&@ludﬁaSn\axlamaﬂéﬂ Same\dohd?eﬂtratlon (2nM).

usin tri - r.e ed wwth =

e g P 4 AR IS bk m DI R A Bmbegytaton i

a @bsealperdbntSldnnd. was i nhi bted by either 100 nM TN14003

(pepti de-based CXCR4 antagonist) or WZZL811 S

treatment (Figure 14a, graph Figure 14b). Figure 14B

Esiapie 7adnigradpioiidal anal ysi s of the nunber of

endo hel i al ce]IrI tubes. normali zed to control (NC).
gxpegmepipk qnimalymqds] wag\syelopesk fopmetastagis By migeting MDA-MB-

23 1h&enfs Qﬁ%u%pme N GSn OVl 309 b @l drlals RevERIRE 168 hStaWaTs in 45

anal yzed p27 antigen capture usi ng SHI'V i nfect ed
daysy fgoth ‘E‘éxp%“%’ttaé apiea) rpdeldtopimetpstsis GVai generated by injqgiipg tumor

Vi EbiR! IABbut 0% B SRR Qie%l&ﬁ?:d%hé/ meMstasik nii 13 %E%SV\%G-PET'

measured after infection by analyzing |evels
clgarhy fhevys thrdung metastesis (Fignip Q) wshthobere m@a@asw\,(mm. 11)gleveloped

fr-Talol ygﬂ% 3P{yi ded in Figures 15 and 16. Test
comlaloun S | nﬁ 1b‘frted SHI V infection at all

concBist mgtatetins 68N edlls Ware injeetedi iniravenously Heowghr thb| teil vein to

et B adi 00N WIUEH bOKE BN GHRAThMRiste. modulated via
CKECREXCRairtiRalayd la$€1'0ﬂ'168£8 mayistamh owﬁsmgeihh&slzledlﬁﬂ luligsn kvaf and bone
t . d C dto
il 5 BN B R et S Yoy RAEY BTG B gy gpeans in
péﬂnide—bas!ed (IéX(ﬁM Qﬁtl:agdid‘im ngaﬁ mg/(r)l’(()ﬁuwmt0744t62Mley), treated group
eter e ar.e also .
IEEHG B BB o T o e 0400 o i B Fomostaphy
(RDG-PE'IIT)\/[FIQmean) VBacH)paﬁﬂ@hGW@ d*"DGiPE'D nnsgzoﬂ- 6|1ﬁ1v8%d]1ar_§e lung

m ce 14003 Ref(?) MoX- > 100 20
m@ta;atasiqplarffgcﬁ tgd by green artows (bladder shows high FDG-uptake due to excretion,

not tumor related). These 3-D projection images show lung metastases well (bone mets and

liver mets were apparent in axial section images of mice in control groups, data not shown).
The small molecular anti-CXCR4 compound WZZLS811S (20 mg/mouse/twice weekly)
showed 80% efficacy of TN14003, potentially due to shorter half-life of the compound.

Example 8: Pharmacokinetics of a novel anti-HIF1 ¢ compound

A pharmacokinetic study of a novel anti-HIF-1o. small molecule was performed. A
stably integrated hypoxia-reporter system of glioma cells transfected with the hypoxia-
reporting plasmid (described above) was utilized. A natural produci:—like small molecule

library of 10,000 compounds was screened and the "best hit" was identified. HPLC
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AMD- 3100 (Ref) MBX- 100 C' MSX- > 1000 162 \ " ) "~
177 NO | /| MSX- <10 | NO2 MBX- > 1000 ¢ 1~ p 121 N ~~
WOR®EHTE2N MBX- <10 45 O' MBX- > 1000 ~~q H BCRUBR00G/H0604

\ ') 179 HO MSX- <10 MBX- ND 123 " 180 HN I j HH/

H MSX- <10 / MBX- ND "YJ' 134 H\ 181 HO'l / N, -~
MSX- <10 11 N~ MSX- ND " rJ\.N'135 N 182 HO | / " \
\Jtl MSX- <10 <5 MSX- <10 146 F "" 183 O -NH NH F
MSX- < 100 F HN MBX- > 100 168 184 ~NH F MSX- < 100
13. MBX- < 100 169 7 HN F 185/ N NH N F MSX- > 100

m¥BSdolgeyl AR deVelohdd 17 dudnbitalibely deBO1 @:"l ﬁlgla'\lnk/s 21<1d other
> 1000g}1183 ~A ET\F gl j %Q 111_?
..piological samples. For the phalmacokmetm study, KCN 1 (100 mg/kg) was dissolved in

DMSO and administered intravenously to mice. Plasma samples were collected at given time
points (0.25, 0.5, 1, 2, 4 and 8h) and KCN -1 levels were quantified by HPLC. The HPLC
system consisted of a Varian Prostar gradient pump, a Prostar autosampler and a Prostar
photo diode array detector. The column was a Luna 5 p C18 column (4.6 mm x 250 mm,
Phenomenex) The retention time of KCN1 and the internal standard were 8.7 and 17.7 min, -
. tespectively (Figure 13). The in vivo stability of WZZL811S and WZ40 were measured after

systemic administration of compounds over two hours (Figure 17).

Example 9: Endothelial capillary tube formation assay.
The anti-angiogenic effect of test compounds was measured by analyzing endothelial
cell growth and tube formation. The angiogenic effect of SDF-1 (100 ng/ml) on capiilary
* formation by human umbilical vein endothelial cells (HUVECSs) was examined in vitro using
'Matrigel-coated 24-well plates precoated with Matrigel and incubated for 18 hours. The
angiogenic effect of SDF-1 was inhibted by either 100 nM TN14003 (peptlde-based CXCR4
antagomst) or WZZL811S treatment (Figure 14a, graph Figure 14b). Figure 14B shows a

+ graphical analysis of the number of endothelial cell tubes normalized to control (NO).

Example 10: Efficacy in a Model of HIV

The effect of the test compounds on HIV infection in model cells was analyzed by
p27 antigen capture using SHIV infected cells. Cells were incubated with 0,0.1, 1, 10 or 100
nM drug prior to infection with SHIV. Viral titer was measured after infection by analyzing
levels of p27 antigen. Results for incubation with WZ40, WZZ1.811S and WZ41 are
provided in Figures 15 and 16. Test compounds inhibited SHIV infection at all
concentrations tested. The inhibition was measurable at 2 days, and continued to 5 day

incubations.

Example 11: Compounds tested against SDF-1 in binding to CXCR4

Results of assays showing the IC50 in nM of test compounds binding to CXCR4
when compared to SDF-1 (competition assays) are shown in Table 2 below. The half life of

the compounds in mice where determined are also shown.
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ba / \ NHH 100 WO 2006/ 074428 PCT/ US2006/ 000604
W@RokbNBI4280¢ claim 1. A method for the treat mePCT/U82006/000604

prevention of a proliferative disorder associated wth

CXCR4 receptor activation conprising adm nistering a

conpound of Formula |, or a pharmaceutically
acceptable salt or ester thereof to a host: WY \ R3
Ral I- RB REKX~-KK-~Kz VQR R2 Formula I

wherein each Kis independently Nor CH Q T, U V,
W igg%ﬁ;nd Z arjevs$xadepeaodenilly selected fromH R
I

. acy ., Br,[%5 ¢N, OH OR NH2, N2, NHR, NR2,
" SRNH SR a@} S-NHR, $2-NHR S-{NRR , S2-NRR , NHacyl,
N(acyl)Z, COZH, COZR, Wwhere R and R are independently
sel ected fromstrai ght chain, branched or cyclic

al kyl or aral kyl groups, as well as aryl and

het eroaryl groups; and Rl, R2, R3, R4, R5 and R6 are
i ndependently selected fromH, straight chain,
branched or cyclic alkyl , aralkyl, aryl heteroaryl,
acyl (RC) and imdoyl (RC(NH)- or RC(NR )-) groups.
2. The nmethod of claim1l wherein at |east one Kin
each ring is nitrogen. 3. The nethod of claim1
wherein Y and Z are each hydrogen. 4. The nethod of
claim1l wherein Wand X are each hydrogen. 5. The

met hod of claiml1l wherein W X, Y and Z are al
hydrogen. 6. The nethod of claim1 wherein RL and R2
are hydrogen. 7. The nethod of claiml1l wherein Uis
acyl or NHacyl. 8. The nethod of claim1 wherein at

| east one of W X, Yand Zis d, F, Br or I. 9. The
method of claim1l wherein at |east one of W X, Y and
Zis OH 10. The nethod of claim1 wherein at |east
one of W X, Yand Zis CN. 11. The nethod of claiml
wherein at |least one of W X, Y and Z is NQ2. 12. The
met hod of claim1 wherein the conmpound is sel ected
fromthe group consisting of a conmpound of Fornula
-1 to I-10, or a pharmaceutically acceptable salt or
ester thereof:
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101 WO 2006/ 074428 PCT/ US2006/ 000604 X(% 1 | /-\Y WR3

Ral | RBR/ ~y XZ RV1IRR VQR (1.1) (1.2
WaRM6QR4H) R 3 Ra R5 1 \ |-/ I N1 NRL VQCRRSIRE6/000604
VQR2 (1.3) (1.4) UT/N-~1 N~ NR3 R4 _X~-NN N4N
NNNN\N/ N RLVQRR RVQR1 2 (1.5) (1.6) WUT W
U RXCNN Z X(j 3Ra-I I N REBRs ~I _I~1 NI
\I-1~i Z RLVQR RLVQR2 (1-7) (1-8) X~/~1 |

NN\Y WR3 Ral R RNNNNNZ XNNNMZ RLVQR2R

I I 1 VQR2 (1.9) (1-10) 13. The nethod of claim1

wherein the conpound is selected fromthe group

consi sting of a compound ef AIR{f la I-1l to 1-20, or a

pharmaceutically acceptable sa ester or prodrug:

102 WD 2006/ 074428 PCT/ US2006/ 000604 U X ¢ W Ra Ra i
WRBlaim~Y \ - / NZ X/ Rs Z

1. A method for the treatment or prevention of a proliferative disorder associated with
CXCR4 receptor activation comprising administering a compound of Formula I, or a

pharmaceutica’lly acceptable salt or ester thereof to a host:

R4 Rs Rg 7/
)L< ﬂ =,

1 2

m_z

Formula I

wherein
each K is independently N or CH;
Q, T, U,V,W,X,Y and Z are independently selected from H, R, acyl, F, Cl, Br, I, CN, OH,
OR, NHz, NO;, NHR, NR;, SR, SR, S;R, S-NHR, S,-NHR, S-NRR', S,-NRR', NHacyl,
N(acyl)2, CO2H, COzR, where R and R' are independently selected from straight chain,
branched or cyclic alkyl or aralkyl groups, as well as aryl and heteroaryl groups; and
Ri, Rz, R3, Ry, Rs and Rg are independently selected from H, straight chain, branched or
cyclic alkyl , aralkyl, aryl heteroaryl, acyl (RC-) and imidoyl (RC(NH)- or RC(NR')-) groups.

The method of claim 1 wherein at least one K in each ring is nitrogen.

The method of claim 1 wherein Y and Z are each hydrogen.

The method of claim 1 wherein W and X are each hydrogen.

The method of claim 1 wherein W, X, Y and Z are all hydrogen.

The method of claim 1 wherein R1 and R2 are hydrogen.

The method of claim 1 wherein U is acyl or NHacyl.

The method of claim 1 wherein at least one of W, X, Y and Z is CL, F, Bror I.

The method of claim 1 wherein at least one of W, X, Y and Z is OH.
. The method of claim 1 wherein at least one of W, X, Y and Z is CN.
. The method of claim 1 wherein at least one of W, X, Y and Z is NO,.

. The method of claim 1 wherein the compound is selected from the group consisting of a

© M N n A woN

—_—
N = O

compound of Formula I-1 to I-10, or a pharmaceutically acceptable salt or ester thereof:
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HHVQHHVQ (1.11) (1.12) UT RR5 QN\-/ NNRs N
HVQHHVQH (1.13) (1.24) UT N-I-1 o /NR3UT
WER00640744285 NV N\ - / NNNNN HVQH H VQ PCT/($20065)00604
(1.16) WX ~N/ WR, Rail=l- R5R!Y NZXNN&¢cZ
HVQHHVQ (1.17) (1.18) WUT ~~\ Y WXC~- NN | _|
N-\/ /f RBRRRREN~-NN=Zx N={ R>NZ HVQHI

\ HVQH (1.19) (1.20) 14. The nethod of claim1

wherein the conmpound is of structure XV, or a

pharnaceutically

N N/ For mukka XV The
mher@J he corgaund s salt ( 10
PCT/ 604 z Thex

wher ei n Whe C l

met hod oﬂ1claimn1 wheyein the conpoﬁ )
a pharnmaceutically acc&9¥able salt

structure XV, (194
or ester thereof

U3)

A

(I-5)

Y W
Q ? f N ? Al Rs
‘( //”*C >F\ _WC X% /Rsh\lthRL—ﬁz
N
R1

UJ)

&

U*)

unles a chloride salt

”Rj&<

N
i
R

W<\\/ \ R
ﬁ{ =z a4

acceptable salt or ester thereof: N

of cl

nd i sv_

e

U4)

}Ri

UG)

1

UT VAR Y

3R4 -I=l_ RS N \/)

\ =N “7
N _ N
| H |
R1 VQ Rz

13. The method of claim 1 wherein the compound is selected from the group consisting of a

compound of Formula I-11 to I-20, or a pharmaceutically acceptable salt, ester or

prodrug:
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N~ HNN NHFornmula XVI. 18. A nethod for the
treatnment or prevention of a proliferative disorder’
wasweorated with CXCR4 receptor activati on coPQI/SI006000604

adm ni stering a conpound of Formula Ila or Ilb, or a
pharmaceutically acceptable salt or ester thereof: K

=K UTK-KY K A=l- RfT ReKK XXKEKZ DII

RL Formula lla WKkK U T K-KAI=l KXK\ -\Z 1-1 G
VQ Fornmula Jib wherein each Kis independently N or

CH Q T, U V, W X, Y and Z are independently

sel%@from HT R acytR A

NH2 \/NO%/ NHR S2R4 S- MHR, =INHR, {

S- NRR— M@wg—j ZN(aCy‘Q'ﬁ' %@Z
g

R and R MNare | pentient |y sel ect ed

chain, Wranched or ycllc al kyl or ralk gro%ps as
wel | as aryl ag& het er oaryl groups; and A and B are
one and two at6hilt et hers i ndependent |y sdl-éZjt ed from

Sy
- N= %\ FQ& D-E-
N

i ndepend@nt I y\ er - or AN W
2006/ 074428 P US20g)6/ 000604 Ri, T| 4, R6,
R7 and R3 are independently sel ect ed frorrYilI str”al ght
chain, branchgd3)or cyclic alkyl , aralk 1,4)aryl
heter oaryl acyl (RC—) and i mi doy (RC(NI—l)

e neth f clai m18

are hy e 20. (he Nrﬁtpty Jau m
V\,her an hydr ogeN

(l-15) (1-15)

i} /Y W<_ 3
% -N X//j}R3 R QZ

I—Z

N
| H
(1-17) (|-1a)

W /
<\ N I:I_ N () Y
X / <\ RSR
*N—L =" X "
N i >‘ :
H vaQ H
(1-19) (,_20)

14. The method of clalm 1 wherein the compound is of structure XV, or a pharmaceutlcally
acceptable salt or ester thereof:

o /
Formula XV

15. The method of claim 10 wherein the compound is a salt. -
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21. The nethod of claim 18 wherein W X, Y and Z are
all hydrogen. 22. A nethod for the treatnent or
w@e@spndeon of a proliferative di sorder associ BCBUSW0E/600604

CXCR4 receptor activation conprising adm nistering ‘a
conpound of Forrmula I1l, or a pharmaceutically
acceptable salt or ester thereof: RS R K Ka XK RR
Formula Il wherein each K is independently N or CH

Q T, U V, W X Y and Z are independently sel ected
fromHRacyI F, d, Br, I, CN, OH OR NH2, NO2,

lﬁ\llqlﬁe miRFRRd OSRamSFL win2én tlﬁ—chlBounEZs Netiforide-shfRR . S2- NRR',

Y, (ac 2, H. CO2R, where R and R are
ﬁlﬁépﬁé"’ %‘ir?ﬁ% Xl%‘)érf o tTHES JHY SormPYIck itiohi the stovetme HEWL, or a
pha‘:ylad:euuc&ilﬂylaydepﬁbleaﬁlﬁblkéé{er fheRYps, as well as aryl and
heteroaryl groups; and R, R2, R3, R4, R5 and R6 are
i ndependently selected fromH, straip hai n,
branched or cyclic al kyl, aral kyl, ryH heteroaryl
acyl (RC) and imdoyl, ( OTN )-) groups.
23. The method of gl ai ei rHt he conpound is
selected fromth up Sting of a compound of
Formul a 111- 1t% h 111-10, or a pharmaceutically
acceptable salt or~ester thereof: 105 WO 2006/ 074428
PCT/ US2006/ 000604 WUnVFegnn\ﬂaywwm R4 R R5 X /-\ N

RlL (111.1) R2 Rl (111.2) R2
18% / gﬁ}@ﬂﬁ \Ee eg}:meny omre‘:@nq(onp{g q-)/)prqlgfq(ptmq(@sdrdqﬂ) a@adiaRt with

R2ZXBR4 Iﬁeﬁ)ﬂbﬂ. ictﬁ)hdxﬂclﬂqlﬂﬁlnéléhﬁ%lslt\gnng N%%n'l%é&l!ﬁi of FORRuN 12 or IIb,

N~\_.NN/ l\l TN
ora pharmaceutlca ly acceptable salt or ester thereof: .

K =K K—K ‘
Y, VY

/ R 1 Ra K 5(
\< _K\z

N
|
Ry
Formula Ila
K ==K K—
WEA/XA _Liz]i_ /B K'*Y
X A\ \E : J _\
‘ D/ \<H__:/ \G e
Va
Formula IIb

wherein

each K is independently N or CH;

QT,U,V,W, X, Y and Z are independently selected from H, R, acyl, F, Cl, Br, I, CN, OH,
OR, NH,, NO,, NHR, NR;, SR, SR, S;R, S-NHR, S,-NHR, S-NRR!, S,-NRR!, NHacyl,
N(acyl);, COH, CO,R, where R and R' are independently selected from straight chain,
branched or cyclic alkyl or aralkyl groups, as well as aryl and heteroaryl groups; and

A and B are one and two atom tethers independently selected from -CR=, -CR3R4-, -CR3=, -
N=, -O-, -NR3-, -S-, -CR3=CR;-, -CR3R4-CRsRs-, -CR3=N-, -CR;3R4-NR;-, -N—CR3- and -
NR;- CR4Rs-;

-D-E- and -G-J- are independently either -NR3-CRy4- or -N=C-; and
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' 111 RILR RIL R (111.5) (111.6) WN~ UV W NV X
~/INN/ / R3R4R5REZXNCNZ NQTNN-~TN

WO 20060074428 R1. (111-7) R2 R1 (111.8) R2 N v wWCRUYR006/000604
uC." ~ 1 ~~NRS RA RSB NXNNQQTNNZXNA4N~\ITN
-Z 111l RRR RL R (111.9) (111.10) 24. The
nmet hod of claim 22 wherein the conpound is sel ected
fromthe group consisting of a conpound of Formula
[11-11 through 111-20, or a pharmaceutically
accept able salt or ester thereof: 106 WD 2006/ 074428

BCRE, WG2R) R IROGIAR s A iokiependbhtly Belectdd fram/HY stightlRBai)Hranched

xj{m\é%&@%@?'&ﬁ\ﬁgowﬂ aﬁﬂﬁ% i ol “1%&@311') )

pA.n/V N/ N NR3 R4 R5 RN N<N ou\ NN NANQ TN~N
19. ’I%e mehc{xoq of clag 131% }151)em S} and %are ea(\:ﬁ/ hU\érc{g/er_l )y Wy
20. The method of claim 18 wherein W and X are each hydrogen
21, The method of claim 18 wherein W, X, Y and Z are all hydrogen.
22. A method for the treatment or prevention of a proliferative disorder associated with
CXCR4 receptor activation comprising administering a compound of Formula III, or a

phaﬁnaceutica]ly acceptable salt or ester thereof:

Formula III

wherein

each K is independently N or CH;

Q, T, U, V, W, X, Y and Z are independently selected from H, R, acyl, F, Cl, Br, I, CN, OH,
OR, NH;, NO,, NHR, NR,, SR, SR, S;R, S-NHR, S,-NHR, S-NRR', S;-NRR', NHacyl,
N(acyl);, CO.H, CO:R, where R and R' are independently selected from straight chain,
branched or cyclic alkyl or aralkyl groups, as well as aryl and heteroaryl groups; and

Ri, Rz, Rs, Ry, Rs and Rg are independently selected from H, straight chain, branched or
cyclic alkyl , aralkyl, aryl heteroaryl, acyl (RC-) and imidoyl (RC(NH)- or RC(NR')-) groups.
23. The methocli of claim 22 wherein the cdmpound is selected from the group consisting of a

compound of Formula I1I-1 through III-10, or a pharmaceutically acceptable salt or ester

thereof:
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NN-~R3RIRSRE XO \ X/ -NZ NQIT NN-QT-NHH I
| (111.17) H (111.18) H WU\Vy W N U-\n/V X /NN

WO biRB/0RM28R5 N N ~N N ~NZ X N -CN Q ~~\JT - ~N PENER2006000604

QTHHI H (111.19) (111.20) 25. A nethod for the
treatment or prevention of a proliferative disorder
associated with CXCR4 receptor activation conprising
adm nistering to a host a compound of Fornmula |X or
a pharmaceutically acceptable salt or ester thereof: W
K-KY KR3 R4 R5R6K// XK/ N~A--V.N\Z KRL R

N Forxul a- 00Bp07440 Uszé 00604/ ¥
wheyr ei | n pende I y 4 ; Y

ahd® r eZI ectle =7,
ca, Br,NI , ' \JR '

SZR S@R S2- NHR -NRR’ 82 NRR Hacyl’ N( ac )2
R \Miet)le R and R are i ndepehdent ”¥2 el ect ed
from strai ght chain, branched or cyclic a ky or

ara gr ouwRsSx~_ s aryl heteluo \ ar

R2, N R3, FRA, /& are igdep 9(}’ h?ﬁ%% >

fro str ranche or 2\[ | \—

ar al kyly acyl nd /C N N
( RC( NH) | or NR”) ar oups A* ISII ndependentl

sel ecteltfromt p consisting ofifornul as a-

e
“0- (a) (b) | @] (d) (e) (f) (g) ; and (ll-4)

o LA 7\ \
\ N N NR R4
(LA ot

}Rl1 Rlz RI1 R2
(111-5) - {11-6)
U /\V Y
| | / \\ /?R R4[ R5 Rsf —\\
N N N N / N
R R ! d
Yoy T
W N\ Verd VR Y
(\ C MR [ Ry N S
N N J—\ >——N z x/&_/<N)3£_4[\\Jj<Rs )
R|1 2 RI1 Rz

(H1-9) (111-10)

24. The method of claim 22 wherein the compound is selected from the group consisting of a
compound of Formula I11-11 through III-20, or a pharmaceutically acceptable salt or ester
thereof:
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Mis O "S or NR3. 26. A nethod for the treatnent or

prevention of a proliferative disorder nodul ated via
WEXOR78r i sing adm nistering to a host a coPEDUR0EH00604

Forrmula XI, or a pharmaceutically acceptable salt or

ester thereof UK-KK QRS RKZ WR3 KZR~-R2 XK

-\ T 1 V Formula XI wherein each Kis

i ndependently N or CH, 108 WD 2006/ 074428

PCT/ US2006/ 000604 Q T, U, V, W X, Y and Z are

i ndependent |y sel ect ed from H R acyl, F, d, Br, I,

CN, OH, OR NH2a NO2,, NHR I\WZ SR SZR S NHR

- S Nl/ < S2-N \/KlHacy SCN cyl)m )
ect l§

zor cyclT
groupsr\i as Q\/\)é%Tas mryl and heteroar)NlI grQ)ups TRl

R/ er. and R \ar )l ndepe
st

R3, R R5 and R6 age independently gel ected froml.H
strai ght g )br anched or cyclic al kyI I kyl ,
aryl hetero ryI acyl (RC-) and i m doyl - or

roup he met ho cl a| m \y\,her el
Y and ar e2 % bge . Ehﬁd /2\ Rn 6 \
nd/ ar e eac oge. 6
a‘l’g N
ydrogen .

cI a|m 6 wter ei nf th conmpound is sel cted flromthéq
group FponS| sting ofHa conpound of Fdrnmula Xl -1 td-l

Xl -6, or a phiathpceutical |y acceptabl e sal(tll-04) ester
thereof: UQ~I R Rr?2Y~Y QU R5 % WZ - Rs-N-Z

S N
%\@N_ X /ﬁm RNZ/%\§R4 <‘_/<'LR)2Q[\ /HRS NQ

R
N—/<N/ R S e \N>=N N O
I I | |
H H H
H (111-15) (111-16)
W _//—\ U~V LY N\
& ) r\/\/ﬂ v X & /\>R R{ RsRsf/ §
xS <N/ S =5 N /\4( =N\
| l l
H
4 (1147) " (111-18)
—N
W>/—"\N tU>\4\/ﬁ N//_—\\()Y W(\/_/NR R4[//BR // />
K /N/ RS \N>=N\Z N N)Z‘" 4< >—\
| | o :
(111-19) (111-20)

25. A method for the treatment or prevention of a proliferative disorder associated with
CXCR4 receptor activation comprising administering to a host a compound of Formula

IX, or a pharmaceutically acceptable salt or ester thereof:

R4 R5\/R6 K/—K\\\)/Y
A_<N A \N)"‘——K\z
3 4,

Formula IX
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NI-\TI-\TR VR V (XI-1) (X1.2) ULl Y U N~
QRQRW\ Rs NNV IV s R -\Z NWXN 3 R4 R X
W@2R4/0R220N T ReT R1 V RL V. (X1.3) (X 1-4) U PCh/EB2006/000604
R5 Rs/-~ Q1 U\ RRRNYNZWNI1sNZ L---NNR3

RARBRAN { Rz XNR R~\TNNTz 1VR V(X

I-5) (X 1-6) 31. A nethod for the treatnent or

prevention of a proliferative disorder nodul ated via

CXCR4 conprising adm nistering to a host a conpound of

Formula XI1l, or a pharnmaceutically acceptable salt
w}Q:&eﬂfSt er thereof: 109 WO 2006/ 074428 PCT/ US2006/ 000604

W~ YKUT X 1= KZ (spacer) (spacer) /_(sPacer
wagh {iéwé@eydmﬂy Nygr qH,v QR
W, X, Y and Z are independently selected from H, R, acyl F, Cl, Br, I, CN, OH, OR, NHZ,
NOz, NHR, NRz, SR, SR, S;R, S-NHR, S,-NHR, S-NRR', S;-NRR', NHacyl, N(acyl),,

CO,H, CO;R, where R and R' are independently selected from straight chain, branched or

R1
Y4

cychc alkyl or aralkyl groups, as well as aryl and heteroaryl groups;
R;, Rz, Rs, R4, Rs and Rg are independently selected from H, straight chain, branched or
cyclic alkyl , aralkyl, aryl heteroaryl, acyl (RC-) and imidoyl (RC(NH)- or RC(NR')-) groups;

A*is independently selected from the group consisting of formulas a-g:

OO

(b)

DO <>
M ’ A
(d) (e) (f)

(9) : and
Mis O, S or NR;.
26. A method for the treatment or prevention of a proliferative disorder modulated via
CXCR4 comprising administering to a host a compound of Formula XI, or a

pharmaceutically acceptable salt or ester thereof:

Formula XI

wherein

each K is independently N or CH;
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2 Formula XIlIl wherein each Kis independently N or
CH Q T, U V, W X, Y and Z are independently
waeleotads fromH R, acyl, F, d, Br, |, CN, CPCT/USR6/000604
NH2, NO2, NHR, NR2, SR, SR, S2R, S-NHR, S2 NHR,
S-NRR, S2-NRR, NHacyl, N(acyl)2, CO2H, CX2R, where
R and R are independently selected from strai ght
chain, branched or cyclic alkyl or aral kyl groups, as
- well as aryl and heteroaryl groups; Rl, R2, R3, R4, RS
and R6 are independently selected fromH, straight

@GHatn VY, B¥,a20ched] Dare m@e\pbndén@g} é@l@cted frRbAHKR] acyfi!F}’tl Br, I, CN, OH,

d
QR 0 R A GRS TR, RSB S s ame, Nty
Nmy@z, COsH) ng chmraem aﬁu RO @fbnﬁlh@&n%ﬂ%eﬁkéé&'ffon%ﬁ t chain
I Cﬁ %ﬂ Cl- C5 _al'k ’
aﬁl&he gé’ T B¥C 15|"!2§Y SFEPR 26 el as wyl ar@rhst@;parsd &roups;
I?JJ%F R} RY.ER; fbﬁﬂngg Bll%lt %ﬂ?@g&?&f %MQ&ecﬁﬁog’ Hostpcl[igh@cham branched or
cypti. et o ksteresipl, a3 REHpond eyt (RF QTR0 RCNR'.) groups.
29 m@@k@hmﬂ%ﬁﬁg g)'l%'heremq’"%g—g %ﬁ%jéagn
28, (’@q?}ethc@.qqugy 2§ @{-Qr)an are@pgh Igid(agen) - O CH2 -(CH2) n-,
29. (ﬂé@ﬂéﬁio@gfclalrﬁgt)l;@ 5.4 N‘%&%%‘@{%h (CH2)n-S-,

-(aryl - )
30 ((@eg?eg,hqi_of clairp 2p Wbl:e@) the cor(q@uaﬂ ksysle)eetedllﬁ[eﬁﬁhél gidup Sonswtmg ofa

[r% E@?ﬁg{ghﬁg%fn a3 1 ftc?X]I §1 ora p{lal’n'fgéut]ﬁ%lly éé:geptaé)ge .81%[: 0% ister thereof:

wher ei n tQF d!sorder S ncer netastasis. 3. The V%
nethod of als (¥, 18, 22, 25, 26 T Rs 9
n the di sgass LS SeFect edyf bre Dl
g ' i an,| prostate, kikgdney qu -snaw
382 The method % ' y:
18, 22N 25, 3bﬁ 31 wherein the admi®istr
reduc@& endot helial cell mgration oé prolléerdiion.
35. The met{xadi)of any of claims 1, 18, 22, (Rh2) 26 or
31 wherein the adm nj tion reduces angiggenesis.__y y
110 WO 2 ‘ CT/ 2006/000604 %§
wO y i 32, 25 6_or ' b
gpnp i tered to a i '
X § romya pR@IlferatlveX \se . The nﬁghod
of anq & 1, 18, 22, 25, 26 O ?r
conpogind i's Vadﬁ1n|stered in conblnaglon or T
alternatlowﬁm tth a second agent. The d of any
of clainms 1,1 é 22, 6 or 31 mhereln e second

agent is a t hgvap ic agent. 39. Bhelhethod )VX
cla7§3 w% \\ 5, 26 or 31 wher

ny of
v@ 0 _amnl afterW Toati on
@2@%{ I on\of wazother agent gb /R R

v \_X TN

' l T | l T

Ry v Ry v
(X1-5) (X1-6)

31. A method for the treatment or prevention of a proliferative disorder modulated via
CXCR4 comprising administering to a host a compound of Fonnula X1, or a

pharmaceutically acceptable salt or ester thereof:
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. Use of a conmpound of Fornula I, or a _

ggar maceut i cal | gpaccept able salt or ester thereof, in
Wwo b@ciees act ure of a nedicament for the treat PENUSING/000604

prevention of a proliferative disorder associated
with CXCR4 receptor activation in a host: WK R3 R4 ~-
R R K\'"~-Y XK-Z VQR Formula | wherein each K
is independently Nor CH Q T, U V, W X Y and ZB
are independently selected fromH, R acyl, F, O, Br,

I, CN, OH, NH2, NO2, NHR, NR2, SR SR, S2R
S-NHR, S2- , S\\RR', S2-NRR', NHacyl, /
CO2H, COZR,<\ erekR and R af i ndepende#t |y | ect ed
from strai n, branc or cyclic\al kyk
aral kyl groups;—gs mell as and geter groups;
and R1, R2, cerrd, R6 ar |n e Iy
sel ect ed fro(Frr\?%ﬁer‘Qt i ght hal n pfﬁ'er) cyclic
al kyl , aral kyl, aNyI het er : N(RC—) and
i mdoyl (RC(NH) - o RC( NR ) groups 111

R Rz

Formula X111

wherein

each K is independently N or CH; '

QT,U,V,W,X, Y and Z are independently selected from H, R, acyl, F, Cl, Br, I, CN, OH,

OR, NH;, NO,, NHR, NR;, SR, SR, S;R, S-NHR, S,-NHR, S-NRR!, S,-NRR', NHacyl,

N(acyl)z, CO,H, CO;R, where R and R' are independently selected from straight chain,

branched or cyclic alkyl or aralkyl groups, as well as aryl and heteroaryl groups;

Ry, R2, R3, Ry, Rs and R¢ are independently selected from H, straight chain, branched or

cyclic alkyl , aralkyl, aryl heteroaryl, acyl (RC-) and imidoyl (RC(NH)- or RC(NR')-) groups;

and 4 :

“spacer” is independently a bond straight chained or branched C;-Cs alkyl, C,-Cs alkenyl,

C2-Cs alkynyl, C;-Cs alkoxy, C,-Cs alkenoxy, and C,-Cs alkynoxy wherein the alkyl group

can be substituted by a heteroatom (such as N, O or S), including but not limited to-CH,-

OCHgz-~, -CH2CH,-OCH,-, -CH,CH,-OCH,CHj-, -CH;-OCH,CH2-, -CH,CH,-

OCH,CH,CH>-, -CH,CH,;CH,-OCH,-, -CH,CH,;CH,-OCH,CHj,-, -CH,CH,-OCH,CH,CHj,-,

-(CH2)y-OH(CH;)~(CHy),-, CH,-OH(CH3)-O-CH,, -(CH,)n-, ~(CH2)n-CO-, -(CHz)n-N-, -

(CHz)n-O-, -(CHy)n-S-, -(CH,0)-, «(OCHy)-, -(SCHy)-, ~(CH,S-), -(aryl-O)-, -(O-aryl)-, -

(alkyl-O)-, -(O-alkyl)- wherein n is independently 0, 1,2, 3, 4, 5, 6,7,8,9,or10. -

32. The method of any of claims 1, 18, 22, 25, 26 or 31 wherein the disorder is cancer |
metastasis. :

33. The method of any of claims 1,18, 22, 25, 26 or 31 wherein the disease is selected from
breast, brain, pancreatic, ovarian, prostate, kidney, and non-small cell lung cancer.

34. The method of any of claims 1, 18, 22, 25, 26 or 31 wherein the admmlstratlon reduces
endothelial cell migration or proliferation.

35. The method of any of claims 1, 18, 22, 25, 26 or 31 wherein the admmlstratlon reduces

angiogenesis.

110



WO 2006/074428 PCT/US2006/000604

'36. The method of any of claims 1, 18, 22, 25, 26 or 31 ‘wherein the compound is
administered té a host at high risk of suffering from a proliferative disease.

37. The mefhod of any of claims 1, 18, 22, 25, 26 or 31 wherein the compound is
administered in combination or alternation with a second agent.

38. The method of any of claims 1, 18, 22, 25, 26 or 31 wherein the second agent is a
chemotherapeutic agent. V '

39. The method of any of claims 1, 18, 22, 25, 26 or 31 Wlierein the compound i$

~ administered after cessation of administration of another agent.

40. Use of a compound of Formula I, or a pharmaceutically acceptable salt or ester thereof, in

'the manufactufe of a medicament for the treatment or prevention of a proliferative

disorder associated with CXCR4 receptor activation in a host: ,
W /~—\ UrT 7/ N\
\ R3 R4 ..::=| K / \>/

4 K N
=™~

ALIA -

) |
f, Ve ;

2

Formula I
wherein
each K is independently N or CH;
Q T, U, V,W,X,Y and Z are independently selected from H, R, acyl, F, Cl, Br, I, CN, OH,
OR, NHz, NO,, NHR, NR;, SR, SR, S;R, S-NHR, S,-NHR, S-NRR', S;-NRR', NHacyl,
N(acyl),, COzH, CO;R, where R and R' are independently selected from straight chain,
branched or cyclic alkyl or aralkyl groups, as well as aryl and heteroaryl groups; and
R1, Ry, R3, Ry, Rs and Rg are independently selected from H, straight chain, branched or
cyclic alkyl , aralkyl, aryl heteroaryl, acyl (RC-) and imidoyl (RC(NH)- or RC(NR")-) groups. '
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