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DERI VATI VES USEFUL AS CCR5 ANTAGONI STS BACKGROUND The present i nv@ht0{dri005
rel ates to piperazine derivatives useful as selective CCR5 antagonists,
pharmaceutical conpositions containing the 15 conpounds, and net hods of
treat ment usypg.l conpounds. The invention also rel ates tyfisooufs: of a
conbi nation of a 5 antagoni st of this invention and one or nore
antiviral or other agents useful in the treatnment of Hunman

| munodeficiency Virus (HV). The invention further relates to the use of

a CCR-5 antagonist of this invention, alone or in 20 conﬂ'llmmluuumlmmm

anot her agent, in the treatnent of solid organ transpl ant | graft
v. host disease, arthritis, rheumatoid arthritis, inflammt or*ymebowel

di sease, atopic dermatitis, psoriasis, asthma, allergies or nuLti,

sclerosis. The global health crisis caused by HV, the causatrve agent of

25 Acqui red $munodefici ency Syndrome (AIDS), is unquestr | e
recent advances in drug therapi es have been successful in IW wm H "

progression of AIDS, there is still a need to find a safer, nore e

| ess expensive way to control the virus. It has been reported t hat the
CCR5 gene plays a role in resistance 30 to HIV infection. HV infection
begi ns by attachnent of the virus to a target cell nenbrane through
interaction with the ceIIuIar receptor 1Ng '
co- r ecept or 16l ecul IPERAZINE,PEFIY L5, . tha-ArsSehinatron of
I nfected cells through the bl ood and other trssue There are various

chenoki ne recep;ﬂm—r macrophage-tropic H'V, 35 believed to be the
key pat hogenic

replicates in vivo in the ear| es of
i nfection, the princiTpalpresemdryentionselasde W%E?‘F‘deef'&ﬁ"“{%e“ﬁ?‘?’rﬁﬁ of HV
into the cell i Ssdidetive CORS ahtigonistd) phaftddeutical ddmpdeitionst cordaibingrthe
15 compounds, and methods of treatment using the compounds. The
invention also relates to the use of a combination of a CCR5 antagonist of
- , this invention and one or more antiviral or other agents useful in the
treatment of Human Immunodeficiency Virus (HIV). The invention further
relates to the use of a CCR-5 antagonist of this invention, alone or in
20 combination with another agent, in the treatment of solid organ transplant
rejection, graft v. host disease, arthritis, rheumatoid arthritis, inflammatory
bowel disease, atopic dermatitis, psoriasis, asthma, allergies or multiple
sclernsis.
The global health crisis caused by HIV, the causative agent of
25  Acquired Immunodeficiency Syndrome (AIDS), is unquestioned, and while
recent advances in drug therapies have been successful in slowing the
progression of AIDS, there is still a need to find a safer, more efficient, less
expensive way to control the virus.
It has been reported that the CCRS5 gene plays a role in resistance
30 to HIV infection. HIV infection begins by attachment of the virus to a target
cell membrane through interaction with the cellular receptor CD4 and a
secondary chemokine co-receptor molecule, and proceeds by replication
and dissemination of intected cells through the blood and other tissue.
There are various chemokine receptors, but for macrophage-tropic HIV,
35 believed to be the key pathogenic strain that replicates in vivo in the early
stages of infection, the principal chemokine receptor required for the entry
of HIV into the cell is CCRS. Therefore, interfering with the interaction
between the-viral receptor CCR5 and HIV can block HIV entry into the cell.




between the, viral receptor CCR5 and H'V can block H'V entry into t@zz cel | .
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smal | nol ecul es which are CCR5 antagonists. CCR-5 receptors have been
reported to nmediate cell transfer in inflamuatory di seases such as
arthritis, r ied arthritis, atopic 5 dermatitis, psoriagj and
al l ergies, awg%lglgi tors of such receptors are expected to$ emgg@;‘%ai n
the treatment of such diseases, and in thep.treatnent of other inflammtory
di seases or conditions such as inflammtory bowel disease, nultiple

sclerosis, sol i dorggan. baNSHANblad lPEhbPMIllies ahicnareReshsdi sease. 10

Rel at ed pi per azi Tvatives ch are nuscarinic antagoni sts wuseful in
the treatnment ofandagpmisidve di sorders such as Al zheiner's di sease are
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al., Antiviral Chemistr enot her a - 187- . i.sclose curren
clinical treat néW{%“'Bth& %—SfaF?ﬁ B¢t B%“I‘H“-‘nﬁﬂe“ﬁ‘gﬁ?'ﬁBﬁﬁaﬁ)'%ga‘%‘f‘c| east
triple drug gonmhienakiils) psoriasis-asthinedrid ajlergiescand mhititors ot sunhi reskptoher apy
("HAART"): HAART i nv ar i i T,%M i de g se
transcriptase i r?ﬁ'lle gr@%éréga 6'(%21"%@1 ﬁﬁfﬁ%_t% eosioggéucr?gggﬁgg'?ﬁgrﬁgﬁ pt ase
i nhi bi tors (" NNABatmenief athey BlaTaReYi AFFasEs S COPBons SUCh 8Sconpl i ant
drug- nai ve pati gpizimmb¥dNBows! Gibéass, invaitiple sctatosisnsolivrgah ittaysganand
progression of H -V-,}?,; ﬁgdbxbgﬁv_lj%\g@p%rea?&hese mul tidrug therapies do not
ofg- n

elimnate H V-1 "848 ermtreatment usually results in multidrug

resi st ance. 1Bevel opnitgiated Pmﬂﬂﬁgeﬂhéﬁ“@ﬁi%‘Cgérﬁm@'ﬁmwmﬁtﬁﬁ 1
treatnent r elmsli NEeful i?fiﬁfért'réaYmeaﬁoféMHﬁRr\é &borBieks $D8/ERT hANeTher pUiseasd
invention relates to the tr o stering to a
mammal in need Y€ SFE SFPé%@%QQWO%PF@?.ng%?%% 5'%%5 antga oni st
represented by the sérMcVMandamms etala Antivisal GhemistrygQhpmothernapyp:18 0 R
12 1 30 or a phaiBeess) Gstibse eeteRichhlcal Gaatmdre ot efiv-1vikRictibns R man

5,8 ] ?;262?’{(;” 5%_ p%rrlclzlugill')g a%hgsth ‘(Iri%Pehgrn | co%biﬁgﬁ&r?sogll Qéﬁlcélleﬁjﬁghﬁl .K'é(tWeOgen or
Antiretroviral Therapy (“HAART™); HAART involves various combinations of
nucleoside reverse transcriptase inhibitors (“NRTI"), non-nucleoside
reverse transcriptase inhibitors (“NNRTI") and HIV protease inhibitors ("PI").
In compliant drug-naive patients, HAART is effective in reducing monrtaiity

20 and progression of HIV-1 to AIDS. However, these muitidrug therapies do
not eliminate HIV-1 and long-term treatment usually results in multidrug
resistance. Development of new drug therapies to provide better HiV-1
treatment remains a priority.

25 SUMMARY OF THE INVENTION
The present invention relates to the treatment of HIV comprising
administering to a mammal in need of such treatment an effective amount

of a CCRS5 antagonist represented by the structural formula |
RJ H4 .
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30 or a pharmaceutically acceptable salt thereof, wherein
R is R8-phenyl, R8-pyridyl, R8-thiopheny! or R8-naphthyl;
R1 is hydrogen or C4-Cg alkyl;
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R10, R11-substituted 6-nenbered heteroaryl; R9, R10, Rll substit é

6- menbered heteroaryl N-oxide; R12, R13-substituted 5-nmenbered heteroaryl;
napht hyl ; fluorenyl; R15 R14 R15 --C-heteroaryl diphenylnethyl R16 or R16
5 R3 i s hydwagensesdgl- C6 al kyl, (C, -C6)al koxy(Cl-C6)al kyl, CycTAB00711632

cycl oal kyl, C3-C, 0 cycl oal kyl (C1-C6) al kyl, RB-phenyl,

R8- phenyl (Cl1- C6) al kyl, R8-napht hyt, Re-nrdphthyl (Cl-Cs)al kyl, RB-heteroaryl
or R8-heteroaryl (Cl- C6)al kyl; R4, R5, R7 and R13 are independently

sel ected fromthe grgop HQOHn:@rm1 Hé?\ - 0fe hy ey gpery BBtulddls-Famidky! ; R6 is
hydrogen, Cl1-C6 al kyl gﬁ ubsti tuents

i ndependent | y sBetgrdanyh fﬁ%lt & g?sb‘ “U@gﬁéu"%%’l‘%feo?" 8?%&“'%@ ogen,

Cl- C6 al kyl, ClR@5 RilksotystituteES-mefbered helledai@l -naphOhy), Ou3e0pk, CF3SO2-,
R14- phenyl, R14- benzyl, O 15 C( =NQCH3) -GHSC( =NOCH2CH3), 0 SO2 , - NH2,

- NHCOCF3, - NHCONH( C1-C6 al kyl) /NﬁCO( Cl- %5 g?lqa@ - NHSQ2( C1-C6 al kyl), O
-N X 5-nenbered heteroaryl a N\ 7-' ' 0-, -NH or N(CH)-;
R9 and R10 art § gﬁﬁﬁdﬁh}illyﬁsel ected bronft'he group; consisting of

(C1- C6) al ky:il | sogRSﬂahs ﬁ'fﬁr%en C%ﬁ 5!!9}1:3(1\'(52%'&0xv( élkvl' 30 and 20

- Si (CH3) 3;

-CH=ENOR', pyri dgyglogliyli @y'ICwNCWPQByl(%y%)ﬁfK}" F3-phem. 3 ﬁb?“Y‘ (Cs- Cs)alkyl
- N( RL7) CONRL8R! B8 BN ERLgRyC, CORlgH 8 heterdbifDHA Breroany(C.
C, ) cycl oal kyl (C.- ?I , - NH al ky - NHCOCF3, - NHSG2N((C1 25
Ce)atkyl )2, -N )J_alkyl -N(SOZCF3)2 {NHOC2( C, - 06) at kyl , C3-Cl0
cycl oal kyl, -SR20, -BORBS, RSeprf? arsimanendecty a¢‘R9ﬂ9)3’ fm@ﬁm@feup C6) al kyt ,
- OSO2(|_3|I(:% g(gir Fﬁugleﬁsur@bahwbge? GRBI(BA-TeRatkyl:- CON( CHZ(ZZHZRIO CH3) 2,

OCON a is
(Cl-Co) al kyt, - Nﬂz orgl-}g4 §_h EH?(?S?@E{ or%éi@% gubst | tgents
i ndependent |y sel ect B i$ ﬁdmﬁtwsgﬂtﬁwﬁﬁ m@@ﬁ@"@?”ﬂ)’gsetﬁm?ﬁ}lﬁpﬁb’@ﬁ grevR - o)
al kyl , -CF3, - Cggféisting S\hydrégeiid)ardden C1-Cp dikyaltgbe alkddy CCF320650M0

00/ 66358 CH3C(O)-, -CN, CH3S02-, CF3S02-, R14-phenyl, R14-benzyl,
O
S
15 CH3C(=NOCHg), CH3C(=NOCH2CHg), © SOz | -NH,, -NHCOCF;,

-NHCONH(C1-Cg alkyl), -NHCO(C1-Cg alkyl), -NHSO2(C1-Cg alkyl),
0]

—N" X
5-membered heteroaryl and - , wherein X is —O-, -NH- or ~N(CHz)-;

R9 and R0 are independently selected from the group consisting of

(C+-Cg)alkyl, halogen, -NR"R", -OH, -CF3, -OCHg, -O-acyl, -OCF, and
20 -SHCHa)z;

R11 is R9, hydrogen, phenyl, -NO3, -CN, -CHzF, -CHF», -CHO,
-CH=NOR"’, pyridy!, pyridyl N-oxide, pyrimidiny!, pyrazinyl,
-N(R"JCONRR'S, -NHCONH(chloro-{C1-C)alkyl), -NHCONH({Cs-
Cycycloatkyl(C,-Ce)alkyl), -NHCO{C1-Ce)alkyl, -NHCOCFs, -NHSON((C4-

25 Ca)atkyl)z, -NHSOZ(C1-Cs)alkyI, -N(SOéCFs)z. -NHCOz(CrCe)E!kYI’, Ca-Cw
cycloalkyt, -SR%, -SOR?, -S0,R*°, -SO;NH(C+-Cs alkyl), -OSO2(C»-
Ce)alkyl, -OSO,CF3, hydroxy(C+-Ce)alkyl, -CON R"R™®, -CON(CHzCHz-0-
CHa)z, -OCONH(C,-Ce)alkyl, -CO,R", —Si{CHa)s or -B{OC(CHs)z)z;

R12 is (C1-Cg)alkyl, -NHz or R14-pheny};

30 R14 is 1 to 3 substituents independently selected from the group-
consisting of hydrogen, (C1-Ce) alkyl, -CF3, -CO2R17, -CN, (C+-Ce)atkexy - ..
and halogen;



PCT/ US00/ 11632 -4 R15 and R16 are independently selected fromthe 97,0807 2005
consisting of hydrogen and C -C6 al kyl, or R15 and R16 together are a
C2-C5 al kylene group and with the carbon to which they are attached form a
Spiroring of 3 to 6 carbon atons; 5 R', Rt8 and R 9 are independently

sel ected fromwobaeess®up consisting of H and Cl1-C6 al kyl; angchRa3owness - Ce
al kyl or phenyl. Preferred are conpounds of formula | wherein Ris R8
-phenyl or R8- 10 naphthyl, especially whedein R8 is a single substituent,
and especially wherein the R8 substituent is in the 4-posi.tion. For

ol o] 5 A S B Ry
Al so preferred ag‘%&ogﬁﬂ&?&r@s'cﬁ)?wlghbl gapdﬁg}%gﬁh%arie h%é:%alew,enfc, - 05)
al kyl, R8-phenyl grolip &t With me) carborRid> wiichdiydy amatadpeeffemt akpief ding of Dns
for R3 are nethy henyl , benzyl and pyridyl. Rl is preferably

gL ibon ato
hydr ogen. For co %ﬁﬁ s oi br%ul al, R6 is preferably hydrogen or nethyl,
especi al |y méthyl. R4R’s R'bamd Bl reyndandmgenthaselantedrimratie gemlp pref er abl y

hydrogen. In co gﬁg;% & hg preferably R9, R10, Rl1l-phenyl,
20 RO, R10, Rllfrgyrl glf%ﬁ%%’g%iawﬁereof, or R9, R10, R11l-pyrimdyl.

Wien R2 is pyridyl, Bt P&ret®f 8bPYe. or 4-pyridyl, and when pyri midyl,
it is preferably 5-pyrimdyl. The RO and R10 substituents are preferably

attached 1o carbon 11 PO gRUPELSHUARRL) IAriie) GRBRARH QIFY MhehhPorheld {0

the rest of the nol ec and the stituent can be attached to any of

25 the remail® ngnapidhys espeaially Wﬁﬁrﬁ%riﬁﬁgsm@ﬁﬁé‘lbﬁnuﬁ% 2pg 89peEIY shown in
the follow ng stwhetdin ¢s R&E$Obstitudht RAinlth&athdsitioh. RAdr A8-phenyR preférred RR ~\

ry YN R 1) = suiRhiudhi€bd I3, Rcpnd é?@%@@?@@-&o?éﬁodr%ga@)aﬁwyl :
especially rrethP/ . hal ogen, especially ¢ Oéo r brqno, ﬁg and - NH2. \Wen
R2 is 30 phenylRark s’”gP@hé’r PSPTRiRTRBY dri- ﬁa-uﬁq? . %I@‘Pr TRABR I dyl , R11
is preferably hyonmpgemds efrfdrmie hwRerdis Rdys hypitrbgen, &h1Ck)salkyle RErmiteinyl.
hydr ogen, t hyLaQr. phenyls b Gl € ups
L3S o Bl P Yo P Y MR oPAS S sl
phenyl, benzy! and pyridyl. R is preferably hydrogen. For compounds of
formula ), R6 is preferably hydrogen or methyl, especially methyl. R4 is
preferably methyl; RS and R7 are each preferably hydrogen.
in compounds of formula |, R2 is preferably RS, R0, R11-phenyl,
20 RS9, R0, R11-pyridyl or an N-oxide thereof, or RS, R0, R11-pyrimidyl. When
R< is pyridyl, it is preferably 3- or 4-pyridyl, and when pyrimidyl, it is
preferably 5-pyrimidyl. The R® and R10 substituents are preferably
attached to carbon ring members adjacent to the carbon joining the ring to
the rest of the imolecule and the R1? substituent can be attached to any of
25 the remaining unsubstituted carbon ring members, for example as shown in
the following structures:

AN AN

th/ RO R B R Re g R0 H\)\(ﬁ’
| g | : l

A ~ —R R and Na_N
\R" . N , NN R

Preterred R9 and R10 substituents are: (Cy-Cg)alkyl, especially
methyt; halogen, especially chloro or bromo, -OH and -NHz. When R2is
30 phenyl, R is preferably hydrogen or -OH; when R2 is pyridyl, R11 is
preferably hydrogen; and when RZ2 is pyrimidyl, R11 is preferably hydrogen,
methyt or phenyl. Examples of particularly preterred R2 groups are as
follows:



PCTI USO0/ 11632 CI Al so clainmed are novel CCR5 antagoni st conpounds
represented by the structural formula Il R3 RA Rat NRL L RS 11 Pk 06T 2009
pharmaceutically acceptable salt thereof, wherein 10 (1) Ra is R8a-phenyl,
RBb- pyri dyl, RBDb-thiophenyl or R8-naphthyl; Rl is hydrogen or Cl-C6 al kyl;
R2 is R9, RlGvoWddssehrenyl; A9, R10, Rl1l-substituted 6-nenber pgrulgihgERar yt;
Rs, R o, Rll-substituted 6-nenbered heteroaryl N oxide; 2,

R13- substituted 5-nenbered heteroaryt; napbthyl; fluorenyl; R15 R14 R15 --C
-C-heteroaryl 15 di phenylnethyl, R16 or Ris A3 is hydrogen, Cl-C6 al kyl,
(C, -06)al koxy(C, - Co)al kyl , C3-=..ClO cycl~oa| kyl, C3~C10 e

cycl oal kyl (C, - C6) al kyl, RB- phe 1- 46) I , 1 RS; napht hyt,

R8- napht hy!| (Q-Wﬁa{é« PHaP"? %E("ﬁ; g‘ry r@*éb) al kyl: 20
R4, R5, R7 and R13 |ndep gent | y cted frefmthe g consi sting of
hydr ogen and (Cl- C6) - al kyl ; R6 i s hydrogen, C -Cgwal kyl or CZ C6 al kenyl; 5
Me CI Me Mete's' OwwMe NH2 Mehl. O 4 QGT 2005 Q. 00/ 66558-PCTI US00/ 11632

-6 Rsis 1to 3 &JSI ntS| denly select dfr@ e_@roup
consi sting of hy ﬁ; IJE?Z%JLK M& Ko -CF3, C
% .- F30-, CHSC(O) R14- nyl , benzyl ~0 "
CH3C( NOCH3) CH3C( o~~ S02. , -NH2,.... NCOCF3 5
- NHCONH( C1- CGaIkyI) -NHC%Cl Cghalkyl) |%82 -C6 alkyl), 0 -NAX
5- menbered heter & & rH S -NH or -N(CH3)-; Roa
is 1lto 3 substitu |nde entlyﬁlecte ,J’omthe gr oup
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Also claimed are novel CCRS antagonist compounds represented by

the structurai formula [l
r®* R

RS

AN

1 R R
"~
or a pharmaceutically acceptable salt thereof, wherein

10 (1) R@is RBa.pheny!, RBb-pyridyl, RBb-thiophenyl or Ha-naphthyl
R! is hydrogen or C1-Cg alkyl;
R2is R, R10, R11-phenyl; R®, R10, R11-substituted 6-membered

heteroaryt; RS, R10, R11.substituted 6-membered heteroaryl N-oxide;
R12, R13-substituted 5-membered heteroaryl; naphthyl; fluorenyl;

715 A1 R15
-Cl:—g -—C heteroaryl
15  diphenylimethyl, R’ or R ;

R3 is hydrogen, C41-Cg alkyl, (C1-Ce)alkoxy({C1-Ce)alky!, C3-Cro
cycloalkyl, Ca-Cyo cycloalkyl(C+-Ce)alkyl, R8-pheny!, R8-phenyl(C,-Ce)alkyt,
R8-naphthyt, R®-naphthyl(C4-Cg)alkyl, R8-heteroaryl or RB-heteroaryl(Cs-
Ce)alkyl;

20 R4, RS, R7 and R123 are independently selected from the group
consisting of hydrogen and (C4-Cg)-alkyl;

RS6 is hydrogen, C1-Cg alky! or C-Cg alkenyf;



consi sting of hydrogen, hal ogen, -CF3, CF30, -CN, CF3S2-, R14-phenyl, O
-N A X -NHCOCF3, 5-nenbered heteroaryl and ~-J , wherein X is as{¢d{T ié)s

10 above; R8b is 1 to 3 substituents independently selected fromthe group
consi sting of hydrogen, hal ogen, -CF3, CF30, CH3C(O-, -CN, CF3sx2-, <O
O-~SO2 , Rli4wbensgegis, CH3C(=NOCH3), CH3C(=NOCH2CH3), 0 'N A 23,
5-nmenbered heteroaryl and v , wherein X is as defined 15 above; R9 and R10
are independently selected fromthe group-gor,,isting of (Cl-C6)alkyt,

hal o: fen, -NR17Rle, -OH, -CF3, -0OCH3, -0-acyl, -COCF3 and --SI(CH3)3 R11

I s R9, hydrogen, phemd s subsgmaer?t%epenl nyﬁy sél

pyridyl, pyridyl N oxi de grrl m

-NHCC]\IH(chl or o- (QT“P@G?%I OQENIMGE %“fz‘)ﬁvccl:b‘gﬁl@)i‘ i -}@)

- NHCQ( C1- C6) al kKyCH3C{GOORS CHN@QZN(F@SDQ FoNapieny, 3114-%&3,2(0 C5) al kyt,
- N( S02CF3) 2, -NHCOZ(C c5)al kyl, C3-C, o cycleg - SR 20, - SOR20,
_S02R20, - SO2NH(Cl- C6 al kyl), -0S02(C, 25 mXam - OS2 CF3,

hydr oxy( C, - C6) al BM,C(=NIBHE] CHITE=NOTGHECHRCHE- 0= PRI 2.-NH,, -NHCOCFg

(8(130(“:?; gl k;(/:l6)5al X %?%1'%%@ Q%@ég{lcgg‘(l%%ﬁsﬁ%gﬁt | ngﬁ‘pendent |y

sel ected fromthe group 30 consisting hydr ogen, (Cl-Cs) al kyl, -CF3,
- Q02R, 7, Co6) al koxy and hal ; X0 4 OCT 2005 wo 00/ 66558 .7
PCT/ U800111632 A&H\emfrﬁqeetﬁ'%awh%%nd t b WheEeiadt -G ot re-Biety-:
consi sting of hydro@es ismdo GlsubStitalelysd indepeisntyrskidttéd frogetHecgroape a

C2-C5 al kyl ene  giriing Bnyirbed, maausgém&%%waochdmwaw 2Rt Achgdyf or m a

Spiro ring of 3 toScar on at oms arelndepe ently
selected fromthe group consisting of Hand C, - 06 al kyl; and -R2D is C, -C6

al kyl or phenyl; hﬁlccséaia,%ame%bé?e ne@foaryBBnJ)y“w wheremti1 Is48 gé]f}/nteﬂ
10 above;

RBD is 1 to 3 substituents independently selected from the group
consisting of hydrogen, halogen, -CF3, CF30-, CH3C(O)-, -CN, CF3S02-,

0
0 S0;7
R14-benzyl, CH3C(=NOCHa3), CH3C{(=NOCH2CH3), z
o
—n"x
-NHCOCF,, 5-membered heteroaryl and /' wherein X is as defined

15 above;

RS and R10 are independently selected from the group coraisting of
(C1-Cg)alkyt, halogen, -NR''R™, -OH, -CF3, -OCHa, -O-acyl, -OCF, and
~Si{CHa)s;

R11is R®, hydrogen, pheny!, -NO,, -CN, -CH;F, -CHF;, -CHO,

20 -CH=NORY, pyridyl, pyridyl N-oxide, pyrimidinyl, pyrazinyl,
-N{R")CONR*'R’®, -NHCONH({chioro-(C+-Ce)alkyl), -NHCONH((Ca-
Cacycloalkyl(Cr-Ce)alkyl), -NHCO(Cs-Ce)alkyt, -NHCOCF3, -NHSON((C+-
Ce)alkyl)z, -NHSO5(C1-Ce)alkyt, -N(SO2CF3)2, -NHCO2(C1-Ce)alkyl, Ca-Cro
cycloalkyl, -SR%, -SOR?, -S0O,R%, -SO2NH(C1-Cs alkyl), -OSO5(C-

25  Cg)atkyl, -OSOCF3, hydroxy(C1-Ce)alkyl, -<CON R R'8, -CON(CH,CH-O-
CHa)s, '
~OCONH(C,-Cg)alkyl, -COzR"", -8i(CHs)3 or ~B(OC(CHa)2)z;

R1<is (Cy-Cg)alkyl, -NH2 or R4-phenyt;

R4 is 1 1o 3 substituents independently selected from the group

30 consisting of hydrogen, (C1-Cg) alkyl, -CFa, -CO2R17, -CN, (Cs-Ce)alkoxy
and halogen;



R15 R 74 R15 -C--heteroaryl R2 is fluorenyt, diphenylnmethyl, A8 or 's 10
and R1, R3, R4, R5, R6, R7, R8, R9, R o, Rl1l, R12, R13, R14, A15, (i{RIF, 20K .
R, R and R20 are as defined in (1). Preferred conmpounds of fornula 11 are
those defined in (1). Mire preferred are those of fornmula 11(1) wherein Ra
i s RBa- phenylwoboecks Fi b- naphthyl, wherein R8a is -CF3, CF30, (gﬁr 155?%
and R8 is C -Cr, alkoxy. The RBa or Re substituent is prefera gle
substituent; it is especially preferred that the R8a or R8 substltuent S
in the 4-position. Also pref erred are conpounds of formula 11( 1) wherein

et orred deriidi ond Tl g Bﬂmﬂgﬁe A %?“”sﬁ"{hﬁ %ércg%élsg%o

pyridyl. R is phEreqempye g&sw or B9 aearﬁ)’ (REEMSS aFopiRe-Rs HViNe R6 i s
preferably hydragenp ahd rmmhle carS§rﬁ’&9Wﬁicth€FhFé’htta§4ed forkY £E§.?@Hh%$§; hyly

R5 and R7 areecggrﬁfer? % hydr ogen. In formula 11( 'S pr
as defined for f8 R9, R10, 25 R11- phenyl, R9 R10,

RL1-pyridyl & an N &Xi.d8"tner B arednddisendently sBlected frpm thiedytoup Wher ei n t he
R9, R10, R11- Su%‘i’]'sfsﬂﬁ QFH%@ﬁé@félgﬁd apgove for preferred conpounds of

formula 1. Anot her nvent fon is a pharmaceuti cal conposition
for treatnent of HI bsn% Csiaey! r PEERYCET ve anpunt of a CCR5 ant agoni st

of 30 fornmula I)in R,aogtﬂanmenm RB-pipridy i MBrmispieingRl | Y accept abl e
carrier. Another aspect of the invention is aRpJnar maceut i cakisconposi tion
for treatnent of solid organ transplant rejeagti /@r aft vi host disease,
arthritis, rheumatoid arthritis, mflamrato,"@kl di sea@eheé?@éﬁyb
‘dermatitis, psoriasiR® isésotery}, chb}hm@hemynr ALl ti pl e seterdyi s conpr;i si ng

an effectlv 5 anou 1 3Cﬁa5 NLagQni g Qr I8 43 e @at i on
with a pha?lr?gce@tsl E]tglhd(ﬁ ﬁ%ﬁ}r{) éﬁehga}rqu'gr F@j F‘ a%05 FtV‘l) 81 558
PCT/ US00/ 11632 - & péce agidefined in h\)ent ion is a method of
treatment of HI'V conprising admnistering to a human in need of such
treatment an effectiyg formula I1.
Anot her aspect of the |nvent|cf%| S a %?1%@&%5%8@?%‘&‘& @gl I d organ
transpl ant rej ecti onMasegpraiefreg a’ﬁdg?sﬁjﬁ?fsféé@@'a 1471 wihereia RY isffiterhsngl or
arthritis, i¥f| &fmaphtyyibetetein f83dndes s, &fp0-ordalogearn ang HBps@mG@l s

asthma, allergi eg 08 FRblR® & ﬁ@ Eﬁﬁé’xﬂgé“m |§§F§?é}a§0)p9 sﬂﬁl& @b@%&gé

human i n need of such trea ment on| st
conmpound of forrﬁ§P8°'P")bP'91%"9dsfr?aﬂI“"%IHS? ReR°Substivegt ’St’ﬁltﬁel“rﬁf&'\‘tqrbrﬁ$% t he

use of a CCR5 anrelgonisre compolntis offdranula Bi1) Mheseint AP s hydregen,dG1iQs)
combi nati on Wi t by @Ne3REndRA ER&BEhWITR!R8.pyridyl; more preterred definitions for R3
20  are imethyl, ethyl, phenyl, benzyl and pyridyl. R is preferably hydrogen.
For compounds of formula li(1), R6 is breferably hydrogen or methy!,
especially methyl. R4 is preferably methyl; RS and R7 are each preferably
hydrogen.
- R2 in formula 11(1) is preferably as defined for formula i, i.e., R, R10,
25 R-phenyl, R®, R10, R11-pyridyl or an N-oxide thereof, or R, R10, R11-
pyrimidyl, wherein the R®, R10, R11.substitution is as defined above for
preferred compounds of formuta 1. .
Another aspect of the invention is a phammaceutical composition for
treatment ot HIV comprising an effective amount of a CCR5 antagonist of
30 tormula Il in combination with a pharmaceutically acceptable carrier.
Another aspect of the invention is a pharmaceutical composition for
treatment of solid organ transplant rejection, graft v. host disease, arthritis,
rheumatoid arthritis, inflammatory bowel disease, atopic dermatitis,
psoriasis, asthma, allergies or multiple sclerosis comprising an effective
35 amount of a CCRS antagonist of formula |l in combination with a
phamaceutically acceptable carrier.



or other agents useful in the treatnment of Human | munodefi ci ency M h(ﬁs 05
for the treatnment of AIDS. Still another aspect of this inventionql's h@
use of a CCR5 antagonist of forrmula I or 11 of this invention in
conbination with one or nore other agents useful in the treatnent of solid

organ transplwgbodézss ej ection, graft v. host disease, infl arrpg—;-,gg%,,lg@\gel
di sease, rheumatoid arthritis or multiple sclerosis. The CCR5 and
antiviral or other agents which are conpoergents of the conbinati on can be
adm nistered in a single dosage formor they can be adm nistered
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of del ocalized pf @ntpeonys of ad'eord 'E"'E'Pféﬂ”dgtcew%'rtﬁt‘é’%vﬂ t hat
t he rings do.notosept aareadjiercagents mseﬁgetmtmmmmemtlbf selicxrgas traRgplant
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het er oaryl gr ouparescampynents of thepyarabimation/tan Iptyaamlmgdbreqayra slaglerqeisagad t he
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substituted by or ered heterodaryl rings are
furyl, thienyl, PYTaa5 VM W%Q‘QE’SF%%'S%:S{% B€Pt ., inmidazolyl, pyrazolyt

and isoxazol3ft. 5-Menbered rings having one heteroatom can be | oi ned
through the 2- OpgTaAlL ED DESCRIPTION OF THE INVENTION

As used herein, the following terms are used as defined below .
unless otherwise indicated.

~ Alkyl represents straight aind branched carbon chains and contains
25 from one to six carbon atoms.

Alkeny! represents C;-Cg carbon chains having one or two
unsaturated bonds, provided that two unsaturated bonds are not adjacent
to each other. |

Substituted phenyl means that the pheny! group can be substituted

30 at any available position on the phenyl ring.

Acyl means a radical of a carboxylic acig having the fermula
alkyl-C(O)-, aryl-C(O)-, aralkyl-C(O)-, (C3-C7)cycloalky!-C(O)-, (Ca-
C7)cycloalkyl-(C1-Cg)alkyl-C(O)-, and heteroaryl-C(0)-, wherein alkyl and
heteroaryl are as defined herein; aryl is R14-phenyi or R14-naphthy!; and

35  aralkyl is aryl-(C1-Cg)alkyl, wherein ary! is as defined above.

Heteroaryl represents cyclic aromatic groups of 5 or 6 atoms or
bicyclic groups of 11 to 12 atoms having 1 or 2 heteroatoms independently
selected from O, S or N, said hetercatom(s) interrupting a carboeyclic ring




3- position; 5-nmenbered rings having two heteroatons are preferablﬂy | “]‘Eed
t hrough the 4-position. Bicyclic groups typically are benzo-fused %pd]’oﬂ
systens derived fromthe heteroaryt groups naned above, e.g. 15 qui nolyl,
pht hal azi nyl , qU|nazoI|nyI benzof uranyl, benzothi enyl and |ndolyt

Preferred po ubstltutlon for 6- rrenbered het er oar yl [ﬁ% are
.tescribed ab égw BZn R2 is a 5-nenbered heteroaryl group, t s@&ﬁﬁgd

R13 substituents are preferably attached tg.carbon ring nenbers adjacent
to the carbon joining the ring to the rest of the nolecule, and R12 20 is

f bl | kyl ;, h b
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e or nor
agents useful i ndlQfS canfps/sybstitdpd by Rraf E(—?"% 8roupse MNBPARR AIRMACER a CORS
ant agoni st of5 t hlermareNendidd. aierigicisomeisearationtemphtedget, DpydggnBs may be
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si mul t aneous! y opyrBUGHwRYFAZIRYI RY"Q@Z@E’MCHW@ 7&85'5?5% theseaks. Fah anti vi r al
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resent invention t
i bi tor 5. non-SuBFogPRe) §LiHTETeY PeRllaRbindére i, REHSA ifBliee™
i nhi bitors dafd othiaaolyldsethiazoll, imidagelyl, ipyras@lhendisoxazolylal | ing within these
clagsifications. 5JMbr35erréarrtrig§u4aarng 66@%&9%@%@@% jsinewmhaughARRE- oH ghl y

Active Antiretroyiral. are co e 1n nati on

o ih heoce | it Riert S rierBd in BRYTE LS B3 R
PCT/ USOQl 11632 Mémerqtmhrmé Aepgsision. dRicyalid grounsciypically arevkenze-fused
transcriptase i nﬁh@hj«@éﬁxs de@wéﬂbm e h@&er’éé ifb@belnlam&:awowcél osi des and

nucl oot ges SRS, b sl oAbl T, o

reverse transcri PYE8
genomic HIV-1 RNA i ntBre5erp€rd)p¢lﬂ§IOfHubsmumforﬁyfpﬁ&'@?feﬁﬁfttam%’ymﬁssaf| ncl ude

a gg\éfjs\zrlecéfr‘gr? R2%7 E@gﬁr?reﬁr%;???EE%eﬁ?\] @B&éﬁ@d@ﬂmﬁdamgroup. the
avail abl e under BIGaqf @SPEQH‘&?{&%% ?r&tﬁrgg %{%ﬁeﬂ}ﬂ %}B%q Q@o“‘g%h}ers

Princeton, NJ 088djacentdpthe earbpe jqiningihevias nrameereitpfdh@mo epderpVER'2
tradenane frgm Ra efery Ewﬁlﬁdvféﬂes,w Mbie&damwls a@?abbat toSthe\ditbos (d4T)

B b, bl e 6 S T N 1 F e D o
preferably attached to 2 carbon ring member ad;acent to the carbon joining
the ring to the rest of the molecule.

Halogen represents fluoro, chloro, bromo and iodo.

25 One or more, preferaby one to four, antiviral agents useful in anti-
HIV-1 therapy may be used in combination with a CCRS antagonist of the
present invention. The antiviral agent or agents may be combined with the
CCRS5 antagonist in a single dosage form, or the CCR5 antagonist and the
antiviral agent or agents may be administered simultaneously or

30 sequentially as separate dosage forms. The antiviral agents contemplated
for use in combination with the compounds of the present invention
comprise nucleoside and nucleotide reverse transcriptase inhibitors, non-
nucleoside reverse transcriptase inhibitors, protease irthibitors and other
antiviral drugs listed below not falling within these classifications. In

35 particular, the combinations known as HAART (Highly Active Antiretroviral
Therapy) are contemplated for use in combination with the CCRS5
antagonists of this invention.



the EPIVIR tradenane from d axo- Wl | conme Research Triangle, NC 27?@9?]“ 2005
abacavir (1592U89) disclosed in W96/30025 and avai |l abl e under

ZI AGEN trademark from 3 axo-Welicone Research Triangle, NC 27709; adetovir
di pivoxi | [bis(POV)-PMEA] avail abl e under the PREVON tradenane from G| ead
Sci ences, Foswomogsssy, CA 94404; |obucavir (BM5S 180194), a morsosidse
reverse transcriptase inhibitor disclosed in EP- 0358154 and EP-0736533 and
under devel opnent by Bristol-Mers 20 Squilf, Princeton, NJ 08543; '
BCH 10652, a reverse transcriptase inhibitor (in the formof a racemc
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(al so called betg; %n%@hc%@tafwéeweé varsin o*?e;ra%&%wﬁw N YL i dene)

| i censed by Yal e thniversl tgl Vi on ar maceuti ca New Haven CT 0651
DAPD, the pé&ri rrsopiRl Va1 BBA ‘(-)-beta-D 2, 6,-di am no-purine di oxol ane

di scl osed in EP 065GWb&:ausdtdbllaNﬂﬁ’whri&}udérmuqud’me'emzﬁ)tavwauletLmderthe
Universi tyof CageqLavIA 1iledbh @R cIAR-WEHHEALS REQUERHMTidpERET: and

| odenosi ne (Fdd
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Labor at ori es, Co?ﬁﬁ&usabacalvmelzﬁ%;m&bﬂmlqsadumWO?Eﬂﬁms end @vefiablgwareabl e
under. tggasﬁr%gﬂﬁz%tmﬂﬁmmm AR Wehbome AbSsath Thangl Nageve or NJ
avai | abl e under W’E‘tﬁé‘?‘?‘i}ﬁ ?'Vﬁ’ﬂ&ﬁﬁfze6WO%M%8$8 ﬁ%rlu ﬁg% @‘va’ié(’@o%

W | mi ngt on, DE ﬂ&ﬁﬁ@n@?&&n Gidad Braerkes, Roster 6pyr Coi Hé0ghlobusayir (BMe- under -
devel opment by P{gy @n@rﬂ M@%Brseeﬁéﬁmﬁr inMBiteCSiSdosé&inlEpe 10

'ELIo(r)rrzr: ZOSPLJBSI W dW?ﬁéfﬁn?/']“? or o\phen té"iyl %ﬁtﬂilwygasr bonat e -
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emitricitabine [(-)-+TC] licensed from Emory University under Emory Univ.
U.S. Patent No. 5,814,639 and under development by Triangle
25  Pharmaceuticals, Durham, NC 27707; beta-L-FD4 (also called beta-L-D4C
and named beta-L-2', 3'-dideoxy-5-flucro-cytidene) licensed by Yale
University to Vion Pharmaceuticals, New Haven CT 06511; DAPD, the
purine nucleoside, {-)-beta-D-2,6,-diamino-purine dioxolane disclosed in EP
0656778 and licensed by Emory University and the University ot Georgia to
30 Trangle Pharmaceuticals, Durnam, NC 27707, and lodenosine (FddA), 9-
(2,3-dideoxy-2-fluoro-b-D-threo-pentofuranasyl)adenine, a acid stable
purine-based reverse tran§5ﬁptase inhibitor disgovered by the NiH-and
~ under development by_U.S.\Bioscience inc., West Conshohoken, PA
19428. '
35 ~ The term “non-nucleoside reverse transcriptase inhibitors”
(“NNRTI"s) as -used herein means non-nucleosides that inhibit the activity
of HIV-1 reverse transcriptase.



15:. Chem cal Co. and under devel opnent by Triangl e Phar maceuticab ,
Durham NC 27707; and (+)-cal anolide A (NSC 675451) and B, coumar hOCT 2005
derivatives disclosed in NNH U S. Patent No. 5,489,697, licensed to Med
Chem Research, which is co-devel oping (+) calanolide A with Vita-lnvest as
an orally adNOM/ESSB | o product. 20 The term "protease inhi FGTEP8H ") as
used herein neans inhibitors of the H V-i prot ease, an enzyne required for
the proteolytic cleavage of viral pol yp'r ein precursors (e.g., viral GAG

and GAG Pol polyproteins), into the indjvidual func oteins found
in infectious H V- 1. Tymisal syitapleNRTii “55”@8r’?"f'ﬁ€1”80(b"%g€i§§§513§ Sy ng a
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Phar maceuti agl s cwmm umeramp@pmem by Hdgnglm@n@mmma'sy
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ABT- 378 under devefP Re 270 vy 4
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153) and under dZheeh Beseachbwhishds cordevelioping hﬂ@élﬁﬁ%‘ﬁ?s‘\ Wit/ "a"E‘é%Ialsa CA
?EO?Z 1022nt 3 L\SI ﬁggynéahﬁgs‘ﬁd?’?éﬁdﬁlt ude hydroxyurea, ri b?w rin, | La2 a
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activation of T-gtehd HIV-tgsoriasecareeozyrae requdrenidpr the BM@‘P'YH%O'@F‘B@%
viral polyprotein precursors (e.g., viral GAG and GAG Pol polyproteins),
into the individual functional proteins found in infectinus HIV-1. HIV
protease inhibitors include compounds having a peptidomimetic structurz,
25  high molecular weight (7600 daltons) and substantial peptide character,
e.g. CRIXIVAN(available from Marck) as well as nonpeptide protease
inhibitors e.g., VIRACEPT (avaitable from Agouron).
Typical suitable Pls include saquinavir (Ro 31 -8259) available in
hard ge! capsules under the INVIRASE tradename and as soft gel capsules
30 under the FORTOUASE tradenams from Roche Pharmaceuticals, Nutley,
NJ 07110-1199; ritonavir (ABT-538) available under the NORVIR
~tradename from Abbott Laboratories, Abbott Park, IL 80064; indinavir (MK-
639) available un&er the CRIXIVAN tradename from Merck & Co., inc,,
West Point, PA 19486-0004; nelfnavir (AG-1343) available under the
35 VIRACEPT tradename from Agourori Pharmaceuticals, inc., LaJolla CA
92037-1020; amprenavir (141W94), tradename AGENERASE, a non-
peptide protease inhibitor under development by Vertex Pharmaceuticals,
Inc.. Cambridge, MA 02139-4211 and available from Glaxo-Wellcome,




15 Bristol-MWers Squi bb; in prectinical studies, it was shown to gq Tap05
synergistic effect on the activity of didanosine and has been stu i W th
stavudine. I1L-2 is disclosed in Ajinonoto EP-0142268 , Takeda EP- 0176299,
and Chiron U S. Patent Nos. RE 33653, 4530787, 4569790, 4604377, 4748234,
4752585, and WRAGHEAR | s avail abl e under the 20 PROLEUKI N (al &63usokilf2
tradename from Chiron Corp., Enmeryville, CA 94608-2997 as a |yophilized

. powder for IV infusion or sc adm ni stratione ~upon reconstitution and
dilution with water; a dose of about 1 to about 20 nillion |Uday, sc is
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The term "anti drug
f ound useful f oragtvaliongy Fﬁqulwﬁﬁwyﬁfﬁé’ atihe it i3 Bﬂ‘ée'%"e@”?fé?lbyof 5
mul ti drug combi nBHEsORMyaes SALIDS; i6ppautinizal stutiles, HMVEEHOWNIb Gased quadr upl e

conbi nation t heré‘)ﬁ{(ﬁ?ais %E}gétaén &%ﬁhﬁ&hf ok&%ﬂﬂnggﬂé anli"h\és%ee%@?ucﬁ@& @ith

i ncl ude, but are such as

(i) at least thre@veding. #ll—“?—'idéﬁqgf@dsiélﬁ%?@’@t? ESnQTt%GﬁRﬁagv%ﬁé’ PI, a
second PI, and OOWW landaltlrdri U) SaPaleptsios! RE 38656; 4536787(rE6878%| ect ed

10 from NNRTIS gg ,471'??%2 | S3ekabl® SR, oo 0P nat i on

t her api es i ncl ud erapres suc R%’I s and
one Pt : or 2Qb)PR&L mtmnmm“m%ﬁam(@wﬂnﬁa%pﬁf@e%ws Ation
therapies such ggethaRobiRbks ionlﬁlﬁzéﬂ péRdereios BC intekieh opsc adeiréwr@fion | n
L e o o, R Fodblibnantiail oR R GLEER £ oSk bogld ol 20

treatment with tHEg°Y fy I s and
one Pl is pref errreltgormmllggg sc is prefarred a dose of about 15 million |U/day, sc !S more

preferred. IL-12 is disclosed in WO96/25171 and is available from Roche
25 Pharmaceuticals, Nutley, NJ 07110-1199 and American Home Products,
Madison, NJ 07840; a dose of about 0.5 microgram/kg/day to about 10 _
microgram/kg/day, sc is preferred. Pentafuside (DP-178, T-20) a 36-amino
acid synthetic peptide,disclosed in U.S. Patent No.5,464,933 licensed from
Duke University to Trimeris which is developing pentafuside in collaboration
30  with Duke University; pentafuside acts by inhibiting fusion of HIV-1 to target
membranes. Pentafuside (3-100 mg /day) is given as a continuous sc
infusion or injection together with efavirenz and 2 Pi’'s to HIV-1 positive
patients refractory to a triple combination therapy; use of 100 mg/day is -
_ preferred. Yissum Project No. 11607, a synthetic protein based on the HIV
35 -1 Vit protein, is under preclinical development by Yissum Research
Development Co., Jerusalem 81042 , Israel. Ribavirin, 1-B-D-ribofuranosyl-
1H-1,2,4-triazole-3-carboxamide, is available from ICN Pharmaceuticals,



there is intolerance to Pis. Drug conpliance is essential. The CD4' and
H V-1 =RNA pl asma | evel s shoul d be nonitored every 3-6 nonths. Shqul gtydz(g
viral load plateau, a fourth drug,e.g., one Pt or one NNRTI could be a
20 See the table beI ow wherein typical therapies are further described:
ANTI - HI V-1 MVMOPNM6ERG COVBI NATI ON THERAPI ES A. Triple ConbiffdtTgR11632
Therapies 1. Two NRTIs' + one PI2 2. Two Is'".+ one NNRTI3 25 B.

Quadr upl e Conbi nati on Therapi es4 Two NRTT§ ¥ one Pt + a second Pl or one
NNRTI C. ALTERNATIVES:5 30 Two NRTI' One NRTI5 + one Pt 2 Two Pl s6 one
NRTI 7 or NNRTI 3IncOn@osta Mesao e NikT manutagterenaieTics g R tiposrREFELiCRY MABLE 1.
One of the fol | opgngaieht QQV@IQHR&/TH | am vudi ne; zi dovudi ne + di danosi ne;

di + | d d bi
S ol mavi el ' nioe ST A ShrOBRoRA e pAledF LR ARG
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See A-M Van 87 at p
193-197 and Bi gl Uity cofpiratichhe ng)at . %Eﬁ&z&jﬁ?@ﬂﬂhﬁ"ﬁ%le il

a or Me ts unabl e
to take a recomsadagie @mﬁgﬁmﬂlﬁ,‘éﬁ'%e gl)ﬂﬂﬁ%é?mg"émﬁ? SBF ﬂ
toxicity, and f?ﬁerﬁ § hoiie, bubiake A6t Irrﬁketpmemmmug@on'mmwadheapeﬁen
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failure in manySY ui navi r

ritonavir (eachamcng Phiand one DINAT!Zane (i) dit feast tva antkH Y- ber U@Fcﬁ%‘%‘?%e
Agents knowRg ”trfoh? NREEIERS P, THStaRSURRBIeMAARTL Multidransarhbinatiomd

graft v. host diseaseg, .i nfc* ammat ory bowel disease and nultiple sclerosis
whi ch can be” ad¥T$PRIESINKIYE conbination with the CCR5 antagonists of 15
the present inventi ofe)dripleaonitihatinnsthempiesisusiyastwoe MRS ane ongjRIstdfon and

Lgraft v. khost iSRARANRTRTEONS NS $ARI(E) Guidrupie crAbinaRs inetapios
ant | body. gnéostsé%ﬁaé‘z’ N R B afe RO g e R . et dr 2
5, 368, 854), 1§t emaivespaiedts, it is preierred to start anti-HIV-1 treatment wi h the triple
| combination therapy; the use ot two NRTIs and one Pl is preterred unless
there is intolerance 1o Pis. Drug compliance is essential. The CD4” and -
HIV-1-RNA piasma levels should be monitored every 3-6 months. Should
viral load plateau, a fourth drug,e.g., one Pl or one NNRTI could be added.
20 Soe the table below wherein typical therapies are further described:
ANTI-HIV-1 MULT! DRUG COMBINATION THERAPIES
A. Triple Combination Therapies
1. Two NRTis' + one P¥

2. Two NRTIs' + one NNRT#
25
B. Quadruple Combination Therapigs“

Two NRTis +one Pl+ a secdnd Pl or one NNRTI

C. ALTERNATIVES:®
30 Two NRTY!
One NRTI® + one P?
Two Pis® + one NRTI” or NNRTP®
One P12 + one NRTI” + one NNRTI®

35 FOOTNQTES TQ TABLE

1. One of the following: zidovudine + lamivudine; zidovudine +
didanosine; stavudine + lamivudine; stavudine + didanosine;
zidovudine + zalcitabine

2. indinavir, nelfinavir, ritonavir or saquinavir soft gel capsules.




20 azulfidine; rheumatoid arthritis: methotrexate, azathioprine,

cyct ophospham de, steroids and nycophenol ate nofetil; nultiple ggj ggpmi:
interferon-beta, interferon-al pha, and steroids. Certain conpounds of the
i nvention may exist ii, different isoneric 25 forns (e.g., enantioners,

di ast er eoi sowey@iisesBr opi soners and rotaners). The inventi on eBOTUSKNIGEES
all such isoners both in pure formand in adm xture, including racemc

m xtures. Certain conpounds will be acidid4i-n nature, e.g. those conpounds
whi ch possess a carboxyl or phenolic hydroxyl group. These conpounds 30

may form phar megeut i galirapias eeabRIMMIngal ts. Exanpl es of such salts may

cont ompl ated aré" sal oo oM YETRTe A Metu R PUE Chetfhetdl nos” cicn
as ammoni a, al kyl an8né3 atpyteDd192lakgiFaganed,+ & net hyl gt ucani ne and the

|| ke 35 Certalp bashfohANREiineRs W0e 1O/HRBRRIMERY ] BRo o) rdohtRbRINE

salts, e.g., ac 'd.ad'al I on sa - e, thequ /r 1 do-ni tgogen at ons
may form sd t sregimendiecause skremplignqereb ds 195G YngNB 4 1BOSE BEPi t uent s
such as am no OffiuRTeREe dntd Facomrmhendéd h weakgimenci Dsublénaniebsisieof 0 4 OCT
2005 W 00166558 PCT/ USQ0/ 1 - sui t.ad ' ; : ion are
hydr ochl ori c, sﬁ‘i’?gfg\ag,""iﬁb%"g%ﬁ? it% ?:ﬁvhcer%?'g%a%&gt% lﬂgts‘fhf"%%!aﬁ%?lé'{e 'ha%gﬁ c,
salicylic, malipaténtsaric, succinic, ascorbic, naleic, nethanesul fonic and

other nineral agd cagfRRKyhizCotain@8 Wit saduifaVit aridoritbRewe (dathi4Dd mgthid)The
salts are prepared by contacti ng éihe fre@bas% form5 wth a sufficient
amount of tHe désir eHIRNPENELSIEYURNELT SIABIEMEL the conventional manner.
The tree base forns may be regenerated by treating the salt with a

suitabl e di | ute aguegysnRaaRwiththb MeabHem dshéliraiors AAMARY SrandpiBht and
pot assi um car bo

nate, ni a _and,sodi um hi-carhonate. The f.ree forns
differ fromthePf@ %Swnggis\?gsgdp{la B'fax%ry $PEPR aBQN%F'H‘ng'?Sﬁ%gi cal
properties, sucwhich sl bébiriyisteregp ot comisiobtiemwih thrCCRfcantepanisis! base

salts are ofdiery SH oL sEdn 4 ddRubwEespective free base forns for
pur poses of ?heﬂqle?\@e%tfﬂc;n. %thn such,ac,?‘gll ?,?,d btgse saﬂ#s are.intended to be
HREBIL X ofi @S

phar maceutical | y I Qp9amtranspipprejginn # S&a3&- "MUBIE on and
all acid and basepprbSsarat tsechias ayolospdemee ene troeneikim Ot(b-1 e tdarelendsor ns  of

t he correspondi gﬁmg@%mg%goéﬁ@ Wﬁ%‘?\%b%y,tah@ stdreRft i on.  Conpounds  of

by the. pr ocedur o5 RABHIAY Al HEeRSFI il P Abbei S B8 Etes 8P o
met hods des2z0 i bedulfidinehe exanpl es bel ow, and by using 20 the nethods
described in W96/ 2812618 ArARES/ ArAScrexate, azathioprine, cyclophosphamide,
steroids and mycophenolate mofetil,
multiple sclerosis: interferon-teta, interteron-aipha, and steroids.
Certain compounds of the invention may exist ii: difterent isomeric

25 {ommns (e.qg., enantiomers, diasterecisomers, atropisomers and rotamers).
The inventien contemplates all such isomers both in pure form and in
admixture, including racemic mixtures.

Certain compounds will be acidic in nature, e.g. those compounds
which possess a carboxy! or phenolic hydroxy! group. These compounds

30 may form pharmaceutically acceptable salts. Examples ot such salts may
ihclude sodium, potassium, calcium, aluminum, goid and silver salts. Also -
contemplated are salts formed with pharmaceutically acceptable amines
such as ammonia, alky! amines, hydroxyalkylamines, N-methyiglucamine
and the like.

35 Certain basic compounds also form pharmaceuticaily acceptable
salls, e.g., acid addition salts. For example, the pyrido-nitrogen atoms may
form salts with strong acid, while compounds having basic substituents
such as amino groups also form salts with weaker acids. Examples of



The foll ow ng solvents and reagents nmay be referred to herein by the
abbrevi ations indicated: tetrahydrofuran (THF); ethanol (EtOH); 0l 4085
(MeOH); acetic acid (HOAc or AcOH); ethyl acetate (EtOAc);

N, N- di et hyl f ormam de (DMFj; trifluoroacetic acid (TFA); 1-hydroxy 25
benzotri azol ewpldeledkss M chl or oper benzoic acid (MCPBA); tri et pgragbiBes:
(Et3N); diethyl ether (Et20); dinethylsulfoxide (DVMSO; and 1-(3-

di met hyl am nopropy |)-3-ethyl carbodiim dd5hydrochloride (DEC). RT is room
tenperature, and TLC is thin-layer chromatography. Me is nethyl, Et is

ethyl, Pr is pr !?,BHC ltornfitioh 2@ RedsthloAB e Marit S rc 30 Schene
1s 3 R4 RR4%‘hﬁ 'b§f&maxm '°---r---9 R COOéFBp ' R3 R4

R
A<l 5 0 4 OCT Mcmr@r@p@se@wg@c Salieylicemaics fH'Naﬁ% ﬁk’cﬁéﬂ"hfscﬁ 'CN RAN
LN PCT/ USOQ' 11633akkid\Basthanediiionic 48 dMer-minehal Bndl c@zrbox%c RcRis-welNkadvn 10 t N

H R t d ¢

0 Goaat s o NG Rgh fBe A T TEREEI e B eones "“”ﬁﬁ%ﬁ?@%@’af
CF3C2H, g: écyl\atm srsutiigientasang of fhesiesirad Agid tq*.p(f@hfceua)aaltm B CN: is
CH3MgBr. In Sch véntaanélwnﬂeamme fled)baseliems maiR bedgERerated by t@afinged

i ket opi per az1 ndnb #p Wite s dngeaeutels kit ?tﬂﬂbé"?’%ﬁn an e anieeus 1o
NaOH potassium carbonate, ammonia and sodium bicarbonate. The free
base forms differ from their respective salt forms somewhat in certain

10  physical properties, such as solubility in polar solvents, but the acid and
base salts are otherwise equivalent to their respective free base forms for
purposes of the invention. '

All such acid and base salts are intended to be pharmaceutically
acceptable salts within the scope of the invention and all acid and base

15 salts are considered equivalent o the free forms of the corresponding
compounds for purposes of the invention.

Compounds of the inverition can be made by the procedures krnown
in the ant, for example by the procedures described in the foliowing reaction

-schemes, by the methods described in the examples below, and by using
20 the methods described in WO36/26196 and WO98/05262.

The foliowing solvents and reagents may be reterred to herein by
the abbreviations indicated: tetrahydrofuran (THF); ethanol (E1OH]};
metthianol (MeOR); acetic acid (HOAc or AcOH); ethyl acetate (EtOAC);
N,N-dimethylformamide (DMF); trifluoroacetic acid (TFA): 1-hydroxy-

25 benzotriazole (HOBT); m-chloroperbenzoic acid (MCPBA); triethytamine
. {(Et3N); diethy! ethier (E120); dimethylsulfoxide {DMSO); and 1-(3-
dimethylaminopropyl)-3-ethyl carbodiimide hydrochloride (DEC). RT is
room temperature, and TLC is thin-layer chromatography. Me is methyl, Et
is ethyl, Pris propyt, Bu is butyl, Ph is phenyl, and Ac is acetyl.
30 Scheme 1

R? R® R /?\3 )H:
b _
Fa’s\m-r2 == R}\ {j}\COOCHa-——b R” "N” TCOOCH,
1 2 5 O of
3 H‘



10 the piperazine (5). Depending upon the desired R6 substltuent MhEFZUU?
processed in two ways. Reductive am nation gives (6), which can b
deprotected to (7) and finally acylated to it he conmpounds of fornula I A
wherein R5 and R6 are H, alternatively, a nodified Strecker reaction on (5)
gi ves the anwoomsasss| e (8), which, after treatnment wth nmet hPET@SMENEI2d t o
15 give (9), deprotection to (10) and final N-acylation affords the
compounds of fornmula 15 wherein R5 is H¥m R6 is nethyl. Acylation of (7)
and (10) is carried out under standard conditions, e.g., wth a conpound

" R2000H and reagents suckf ag* DEC and HOST.RUs&‘of a chiral conpound of
formula 1, e.g., (S)- rre)\hy 4-subst it ut eg}\be | am ng, and a chiral

| actate in step a, 20 B. gN thyI __(_B).,.I&cta;{\B:g riflate Wl result in
chiral conpounds BT Tor nul nd 1B N Ng~- 1ANhO 4 CCT
2005 WO 001"558 -17 Schesre R3 A7 k | } NMHN NBoc ' p ~ "'
SCH3 R ORR OH11 12 B 4 of NBocICReagents J:
oxabor azol i di ne, BH3; k SOZCI base; C2H. 'In Schenme 2, the
conmpounds are prepare alkylatlon 5 on a pre- forned
pi per azi ne del‘lﬁla{-l-—!ﬁe FOL&( Ie""p'Fef ounds wth the S,'S
stereochem stry nay be obtaned Nn this vvay %

NBoc

‘
o 1 HAN}\ LI,
| e
Reagents and conditions: a: R4CH(CSO.CF3)CO2CH3, base {e.g.,
KsCO3); b: CICH2COCIH c: NHgz; d: NaBH4-BF3; e: N-Boc-4-
5 piperidone, NaBH(OAc)3; 1. CF3COgH; g: acylation; h: N-Boc-4-
piperidone, TI(OPr-i)4, Et2AICN; i. CHaMgBr.
In Scheme 1, a benzylamine (1), wherein R and R3 are as defined
above and R1 is hydrogen, is converted via (2) and (3) to the
diketopiperazine (4), wherein R* is as defined above, which is reduced to
10 the piperazine (5). Depending upon the desired R® substituent, this is
processed in two ways. Reductive amination gives (6), which can be
deprotected to (7) and finally acylated to e compounds of formula IA
whe:ein R5 and R® are H; alttematively, a modified Strecker reaction on (5)
gives the aminonitrile (8), which, after treatment with methyl Grignard to

15  give (9), deprotection to (10) and final N-acylation affords the compounds
of formula 1B wherein R5 is H and R® is methyl. Acylation ot (7) and (10) is
carried out under standard conditions, e.g., with a compound R2COCH and

reagents such as DEC and HOBT. Use of a chirat compound of formula 1,

e.g., (S)-methyt 4-substituted benzylamine, and a chiral lactate in step a,
20 e.g., methy! (R)-lactate trifiate, will result in chira! compounds of formulas 1A

and IB.



reduction of a ketone (11) to the al cohol (12), activation as the lﬁ;ﬁﬁt?ﬂtﬂ?
and di spl acenent with inversion by treatnment with a suitable piper £
whi ch nay either be nono-protected, in which case final elaboration 10
requi res deprotection followed by the steps described in (e) - ) in
Schene 1 toWOWY/64588 | C, or may be el aborated prior to the di*’é:al"gg’@i‘r’éﬁt

step, in which case the final steps are (7f) and (g) (deprotection and

acylation) as in Schene 1 to obtain ID.- W5 Scheme 3 R4 HNA R6 L N, 4, 13
/IRA R3 R4 R6 HN N-' ( NBoc RN LN PCT/USO0Il 11632 R3 R4 R-N L NBoc 14 R3 R4
e- R*"N g we | 'Sé&bheRé¢2 RCHO R N 6 CF3CO2H: R in NaBH( OAc) 3 NBoc N am de
formation 15 NBocgt For cgppounds wheg®e R3 and Rl are eacl*HRéeither the
al kyl ati on route]jof _%ahenb 2 ok _a reluctive aakmon ne}lb‘od\las typified
in Scheme 3 cam’ b usedr” 2OHSCheneRd RBGIHRG °¢ R N
—_—— NBoc
13

11 12 13

Re l y
R R $— R®
e HN\_,N-‘CNBO:: R® R*
g f RAN& A eg
10~ RG R N —p |
N K/
NH

9a \Qsoc LY

'Reagents: j: oxaborazolidine, BH3; k: CH3S0zCl, base; | CF3COzH.
In Scheme 2, the compounds are prepared by an alkylation process
5 on a pre-formed piperazine derivative. For example, preferred compounds
with the S,S stereochemistry may be obtained in this way by chiral
reduction of a ketone (11) to the alcohol (12), activation as the mesylate,
and displacement with inversion by treatment with a suitabie piperazine,
which may either be mono-protected, in which case final elaboration
10  requires deprotection followed by the steps described in (e) - (g) in Scheme
1 to obtain IC, or may be elaborated prior to the displacement step, in
" which case the final steps are (f) and (g) (deprotection and acylation) as in
Scheme 1 to obtain ID.

15 Scheme 3 _

R | R
CF3CO.H;
Hh"\}j’ R ACHO HAN/\ RS —
N —— N amide
b NaBH(OAc); \l/\ formation
NBoc 15 NBoc

For compounds where R3 and R? are each H, either the alkylation
route of Scheme 2 or a reductive amination method as typified in Scheme 3

can be used.
20 Scheme 4
R* jj Fi‘ :
3 N-debiocking:
HN}\ R RR*CHCI A7 N "

I\/N k,N amide l
Nal, base ) ) formation
NBoc NBoc



RR CHCI oc base R3 R4 N-deblocking: R NR6 ---- L N anide formatiofif QNBQ§5
| 0 4 OCT 2005 Wo OO 66558 PC | USOOn 1632 -18 For diaryl conpounds,
wherein R and R3 are each aryl. an alkylation method as typified in Schene
4 is preferrred. Schene 5 CF30 CH3 CHO HN + L NBoc NC CH3 Et2AICN., _ (
N-11) CH3CHAvGMWBreéssd. MgBr2. NaBH(QAc)3 N -90 CF30 NBoc  Na(TvtuBiead 163z
CH3CH2lI CF30 k, ., NBoc 2. separateisoners CF30'J \ LNBoc CH3 Piperazines of
formula 14, especially those wherein R3 t+38€2-C6 al kyl R3 or benzyl, may

. al so be obtained by a- process wherein the R portion is introduced as

shown above by an al gy} G&hhPBofRR\ABS WREIePER WAGFRR art@act @81 anoatkylation
exenplified for co unds

wherein R1s.CF30-phenyl, RL is hydrogen, R3 is
ethyl and R4 isMethafas Wﬁe%@i$€"%%riéipﬁe qrgre(ét arting 10 materials, other
conpounds of foggHemel® can be simlarly prepared. Schene 6 4 R3 R+

CH NG  CHj
3
D,CHO HNTS EnAICN g\m)\
8 ‘ NaN(TMS);;
CHaCHol

CH3CHz CHg
< J\ 1. MgBrp, NaBH{OAC)s - Ng, CHa
O e m &
CFs0 2. separateisomars  Cr.( CHK,NBOC
3

S Piperazines of formula 14, especially those wherein R3 is Co-Cg alky!
_ o

R
or benzyl, may also be obtained by a process wherein the R'" portion

is introduced as shown above by an alkylation-decyanation sequence. The
reaction is exemplified for compounds wherein R is CF30-phenyl, RYis
hydrogen, R3 is ethy! and R4 is methy!, but using appropriate starting

10 materials, other compoungs of formula 14 can be similarly prepared.

Scheme 6
RS R‘ H3 H‘ Hs H4

R® R* R® R* R° R*

R™ N
K/NH O)\’ NH O)\’ NBoc
21 20 19
Reagents: m: BOC20, base; n: R8MgBr; o: CCi3COzH, NaBH3CN;
p: CF3COzH; q: NaBHa, BF3.

15 As shown in Scheme 6, compounds bearing an additionat alkyl
group at RS on the piperazine ring may be prepared from the
diketopiperazine intermediates (4) of Scheme 1. (4) is activated by
conversion to the N(t-butoxycarbony!) compound (17); addition of a
Grignard'reagem and seguential reduction, deprotection and lactam

20 reduction provides (21), which can be used to prepare compounds of
formula | in the manner described for intermediate (5) in Scheme 1.




RNRSgn N3oc O17 1 Rs N-f-OH O-~ NBoc 18 21 20 19 Reagen}_qzzﬂq'gn'ﬂ5
BOC20O, base; n: R6MgBr, o: CCL3CO2H, NaBH3CN, p: CF3CO2H; q: NaBFR4, F%Q
15 As shown in Schenme 6, conpounds bearing an additional alkyl group at R5
on the piperazine ring nmay be prepared fromthe diketopiperazine

i nt er redi at e3vq 4)/668$8 Schene 1. (4) is activated by conver siRFFUEP04HS2

N(t - but oxycarbonyl) conpound (17); addition of a Gignard reagent and
sequential reduction, deprotection and | ad®am 20 reduction provides (21),

whi ch can be used to prepare conpounds of fornula | in the manner
described for i rSeyemei7ate (5) in Schene 1. 0 4 OCT 2005 PC T/ Us5001Il 1632
-19 H2N(O)C N NBoc u N NH Pre I §ff HC'r 4 P-%6 2:NJ] NBoc N JNBoc Many

pi perazi nes wherein Ris ~pReny or their Boc gk shown in
Schenme 1 can be obtai ned m axco n inter k whe+ein 5 R8 is 1.
Several exanples are sfown i n the above sch yEI’EI n Rais

N

e — gribe — g0
Cci / \ _ -

_ -
g\ NJ_\NH PhQ/\ N\__;N Boc
p-CICeHHC™S —

Many piperazines whersin R is RE-phenyt (or their Boc derivatives)

shown in Scheme 1 can be obtained from a common intermediate, wherein

5 R8is1. Several examples are shown in the above scheme, wherein RBis
converted to CI, CN, -C(O)NH», H, Ph and p-CICegHsCHp-. Detailed
procedures for these conversions are provided in the examples below. The
resultant piperazine or BOC-piperazine is then treated as shown in Scheme
1 . .. o

10 Scheme8

HN/K
”\O \QOH /@ K/N\(\I
RS W
Some compounds of the invention may be obtained by a Mannich
method, as shown in the specific example of Scheme 8.
Compounds useful in this invention are exemplified by the following
15  preparative exampies, which should not be construed to limit the scope of
the disclosure. Alternative mechanistic pathways and analogous structures
within the scope of the invention may be apparent to those skilled in the art.

Example 1

/©/\N/H A. Hz = 2.5°M82'CEH’3
Br B. R? = 2-Me-6-NHy-CeHg

G "
N?O C. R? = 2-NH,-6-Ci-CgHa
R2

20 Step 1: Stir methyt R-lactate (5.0 g) in CH2Cl> (40 ml) at -70° C and add
triluoromethanesulfonic anhydride (7.6 ml), then 2,6-lutidine (7.8 ml).



converted to -, CN, -C(ONH2, H, Ph and p-Cl C6H4CH2-. Detail ed CT 2005
procedures for these conversions are provided in the exanpl es bel ow. Uﬁ]g
resul tant piperazine or BOC-piperazine is then treated as shown in Schene

1. 10 Scheme t3 HN) LN CH OOH 22 0 1 23 0 Sone conpounds of the invention
may be obt ai waxbel®gssa Manni ch. nethod, as shown in the- specptrwsennenl e of
Schene B. Conpounds useful in this invention are exenplified by the
following 15 preparative exanples, whiclOshould not be construed to limt
the scope of the disclosure. Alternative nmechanistic pathways and

anal ogous struchymete 1vé Ebdling! 8@ 5V Peash with@N RO anhd Giddrtay d?gaﬁippar ent to

0% KL e, LIS B Spg P BdberSiamite B oy 2 0,

net hyl R-1act atweales (80 g)). i Stir@act RT, 4iny ine oraamcmh@%‘@rd@uﬁos. evapora%e

trfl uoronet hane / )Et. R-&1-6! d B8 nm). 04
OCT 2005 WO 00/ %%Hség‘aPCT@%QgO/ 1%2??% gegmean%ata@ t ﬁg zgrgoqpféng* gﬁ‘geo 5h, wash

with 2N HG Sandpraduct{REbgkpme thickel-uti on to (S)-net hyl 4-bronmobenzyl ani ne
(9.0 g) and K2G§Rp(ct IRefie} therprovadtet stept (1.5 .g) it i1 (2-8RhicadetREnedrd rihe
organi ¢ phase oy cleddoct Tﬁa@g{lﬁo‘?Shaﬁ@n@VaBBPétegin%qﬁeQﬂesﬂekhﬁé‘mge' with

Et20-CH2CI 2 to Qi ve roduct (7 g) as athick oil. Step 2:
Ret| ux the prodmtduofdl@ﬂplmth@'ﬂ%tg‘)emn 1, 2-di chl oroethane (40 m) and
Cl CH200a (5.0 :08tithe profitt 8F 3IRPrBineDMISD (B nil)) vat@suiot i tand M8l (@ue

o hater Y0 .Hrgﬁ%gladﬁg%ﬂigunj?bhgsgglf}%n%%%st ufl st AERP(drBdgVo0 (80
( 15 m) and sti Adﬁ evalidr (200 nﬂDdrotht wotent uqaeohdﬂvyam wplhwite, waier laeddry he
Lo 2T e 0 9yl 09 e Uy Wprlfaits S o bk sop,
pr oduct of st epg-@?@% %"g‘? m”it“? ‘Efl Herh Pﬁgﬁ:’@% ?%6 Gh fEa‘HH‘q{B Ti" % 9) °
under N2, add BfER-raiepd(NaBHN{3.4 d) upderddz, adddpFs-OEtz (6.8 ml) dropwise, t
15  heat at 100° C for 10h. Cool and add CHzOH (20 ml) dropwise, followed by
conc. HCI (30 ml). Heat at 100° C for 1h., cool, basify with excess 2N
NaOH and extract with EtOAc. Dry over K2CO3 and evaporate to obtain the
piperazine (5.85 g), suitable for the next step.
Step 5: Stir for 20h. at RT a mixture of the product of step 4 (5.48 g), N-
20 Boc-4-piperidinone (4.32 g), HOAc (1.15 ml), CHzCl> (80 ml) and sodium
triacetoxy-borohydride (NaBH(OAc)3) (8.3 g). Add excess agueous
NaosCO3 solution slowly, stir for 0.5h, separate and filter the organic phase
through a pad of silca gel, was!ing with 10:1 CH2Cl>-Et20 to elute all of the
product. Evaporate and dissolve the residue in E120 (100 ml). Stir and add
25  a 4M solution of HCI in 1,4-dioxane (10 mi) dropwise. Collect the solid,
wash with Etp0O, and stir with CH2Ciz and excess aqueous NaOH. Dry the
organic phase over K2CO3 and evaporate to obtain the desired product
(5.45 g).
Step 6: Stir at RT for 2h a mixture of the product ot step 5§ (1.5 g) and TFA
30 (4 mi). Evaporate, dissolve in CHzClz and wash with excess 1N NaOH
solution. Dry over K2CQO3 and evaporate to obtain the product (1.15 g).
Compound 1A: Following the standard procedure, react the product of step:
6 with 2,6-dimethylbenzoyl chloride in CH2Clz and aqueocus NaOH, and
convert the product 1o the hydrochloride. Mp 185-192° C (decomposition).
35 HRMS found: 498.2130; MH™ Calc: 498.2120.
Compound 1B: Following the standard procedure, couple the product of
step 6 with 2-amino-6-methylbenzoic acid using HOBT and DEC with
ditsopropylethylamine in DMF, purify the amide. by preparative TLC and



15 heat at 100 C for 1 Oh. Cool and add CH3COH (20 m) dropw se, foll om%‘%@%
conc. HCl (30 m). Heat at 100 C for 1 h., cool, basify with excess 2N

and extract with EtOAc. Dry over K2COB8 and evaporate to obtain the

pi perazine (5.85 g), suitable for the next step. to 5: Stir for 20h. at RT
a m xture of Wenedgssssduct of step 4 (5.48 g), N 20 Boc- 4- pi pectaisomne2( 4. 32
g, HOAc (1.15 m), CH2C 2 (80 m) and sodium triacetoxy-borohydride
(NaBH( OAC) 3) (8.3 g). Add excess aqueous-2Ng2CO8 sol ution slowy, stir for
0. 5h, separate and filter the organic phase through a pad of silca gel,
\évashi Ing W L h 10:cbnGe @ ﬂwﬂ;&ﬁbttﬂoﬁdu; W palds- tﬁszma?jedqmmbsﬁton)Evml gat e ?nd

I ssolve the re 04 £.10 and a 25 a 4M sol ution of HGE
in 1,4-di oxane ?éw%ﬁﬁw’@i 8@?1 I4§gt%t0;7%e solid, wash with Et20, and
stir with CH2Cl Lompbund ¥es Fadowingshembeve methoheoupleghrinroghetsal stemb K2003

and evaporate t ayi-airindBonigteBLARSk BEOUHE corkBn el burificdlionSbitheat RT for

ECago;na?te?r gﬁgfs& Bf?c EW’%?itag&aélﬁé%oﬂPP%@%‘g Iﬁ*ﬂﬁi&'ﬁﬁgﬂ %ﬁ) 183%n. Dry

over K2C33 and Miabﬁah:teimmal n the product (1 15 g). Conpound 1 A
Fol | owi ng the standard procedure, react t%g Hct of step 6 with
2, 6-di met hyl benzoyl chloride in CH2Cl 2 an aqueous NaCH, and convert the

product to the hydrochlori NQV\%\ 192 C (deo\)rﬂ?oste-mmgrla% HRVS f ound:
2
ofnﬂsf

498.2130: MH Calc: 498.21 B: Folg. o ngnthecstandard
procedure, couple the proguC i th 2-@nao, feERbieenzoic acid

using HOBT and DEC with dii sopropytet ne zDI\ﬁ?‘_ - the am de. by
preparative TLC and 0 4 OCT Iog WO 00/ 665%1; C'HB% Tf%gi”t%}i convert to
t he hydrochloride. M 188-196 C (deconposition). HRMS found: 499.2069; M

Cal c: 499. 2072. SteBgo il the produst sidesareple e skasod 61 .AB GhINH-bedmrycarhanyl-
product of 40ep 4epipsvidihoile Y Ta) Bnd ltitami ¢IV) dsaprapoxide (0 (@iPm)ap( 1. Oafg)er

Founit 3165550 R EMCR Bl G ) £d G AT B,
2- NH2. 6- CI - CoH3 diedyigipminum eagidey(E M4 miics M 1) Wm@d td?%t ep
1St ir the pr oductorﬁfddirxa)mTeuddersir;epl24 Wdarkop u@DHaf@lé-abuUammnbendl - 10
TPoBR ! R R yRAobut S s Rt Lo oG 00
15 CH3OH (100:1) to dbtain the desired product (0. 72 g).
o Step 2: React the product of step 1 {0.70 g) in dry THF (15 mi) under N3
with CH3aMgBr (4 m! of 3M Et20 solution) at RT for 20h. Workup in EtOAc-
water and filter the organic phase through silica gel, washing with EtOAc.
Evaporate to obtain the desired product (0.65 g). .
20 Step 3: Deprotect the produc! of step 2 with TFA according to the
procedure described in Example 1, step 6.
Compoung 2A: React the product of step 3 with dimethylbenzoy! chloride
as described in Example 1 and convert to the HCI sait. Mp 180-187°C
(decomposition). HRMS Found: 512.2272; MH" Calc: 512.22786,
25 Compound 2B: React the product of step 3 with 2-amino-6-chlorobenzoic
acia as described in Example 1, purify the crude product by preparative
TLC and convert to the HCI salt. Mp 195-200° C (decomposition). HRMS
Found: 535.1662; MH™ Calc: 535.1652.
Compound 2C: React the product of step 3 with 2-hydroxy-6-
30 methylbenzoic acid as described in Example 1, purify the crude product by
preparative TLC and convert to the HCI salt. Mp 206-210°C
(decomposition). HRMS Found: 514.2067; MH® Caic: 574.2069. — = ™
Compound 2D: React the product of step 3 with 2-amino-6-methylbenzoic
acid using a procedure similar to that described in Example 1, purify the




di et hytal um num cyani de (Et2AICN) (4.2 m of IMtoluene solution) and the
stir for 5 days at RT under dry N2. Workup in CH2Cl2-aq. NaOH, dry gndprT 2005
evaporate the organi c phase and chronat ograph on silica gel with CH2CQ 15
CH3OH (100:1) to obtain the desired product (0.72 g). Step 2: React the

product of s{@Roekeéss- 70 g) in dry THE (15 nl) under N2 withp %g@ﬁ
of 3M Et 20 solution) at RT for 20h. Workup in Et OQAc- water and ter the

organi ¢ phase through silica gel, washingagth EtOAc. Evaporate to obtain
the desired product (0.65 g). 20 Step 3: Deprotect the product of step 2

wi th TFA accordi dlq%gi‘

Conmpound 2A: Reggl?d% ﬁg&&&?gﬁﬁg‘?&ﬁ?%@e qlg%carnl Vléﬁétpf Ce st W@Q‘F%rr de as
described in Ex&bgf @@9§ﬁ@9@§n@§}tHﬁB’$ﬁéupﬁl S§3ee27? W'i8éaé78
(deconposition). HRMS Found: 512.2272; MHExample $12. 2276. 25 Oorrpound 213:
React the product of step 3 w 2-ami no- 6- chl orobenzoi ¢ acid as descri bed
in Exanple 1, purity the crude oduct by preparative TLC and convert to
the HCI salt. M 195-200 C (decpnpdsition). Lér]:d 1662; M+

Cal c: 535.1652. Conpound 2C a®t’ Dhe product gf §t§ H% # ®2- hydr oxy- 6
30 net hyl benzoic acid as de i belsi rrpl e 1 E/b &/""F gPude pr oduct
by preparative TLC and convert to th 1 gal tC Rp=2dsi-Med-ruridy
(deconposition). HRMS Found: 514. 2067, Cal c: 514.2069. Conpound 2D
React the product of step 3 wth 2-am no- & net hyl benzoic acid using a
procedure si¥i| Stefyd:t Retludeadstibednikiurésh8pdianide npathylfesteneydiochia@® 2005

WO 00/ 66558 PCT) plg,;t%gousz,a gge @QPMU‘QL‘ gt | ve TLC and convert
5,10 35 ot s Shsabl e i eedch

Cal c: 513. 2229.
1, =2 '"1A .4 &}anﬁaextract Witk Et20 (35@ ol 1theR&E0 mil)x Ca:mbnse INTle Etz@ exigacss ahd

S-al ani ne_met hyba%ﬁr}ﬁﬁh@ééﬂ{gﬂ&ﬂf%ﬁgrrérl m, AOBYE foch MGG (60 0), dry
!

CH3CN (125 m
Cool , édd .t%) HS$PMBIRE TB%?RHE USRE %tf?%s( %@% ad ﬁé??se 23503 W?'E t he

Et 20 extracts amppriwashintil the mixterieds Dasic. E)Naaqwrtlhtﬁtgom avier MgBDn&na t hen
4 x 10 m. evaporate to obtain the N-diphenylmethyl compound (23.2 g).
Step 2: Reflux all of the above compound with CICH2COCI (10 ml) in
dichloroethane (60 ml) for 4 h. Eveporate, and co-evaporate with toluene
15 (20 mi). Dissolve the residue in CHzClz (200 mly, stir for 0.5 h with
 activated carbon (10 g), filter and evaporate. Stir the residue with ice
cooling in DMSO {200 mi) and gradually add concentrated agueous NHa
(100 mi), then Na! (10 g). Stir at RT for 20 hr. Add iced water (500 ml},
collect the solid, wash well with water, then with several small portions cf a
20  10:1 hexane-E1;,0 mixture, and dry at 50° C with high vacuum to obtain the

solid diketopiperazine (15.5 g). Recrystallise a small sample from CHaCiz-
hexanes: mp 186-188° C: [o]p® = +272.6°. ‘
Step 3: Stirthe product of step 2 (4.0 g} in dimethoxyethane (40 ml} and
NaBHjy (1.6 g} under N3 and add BFa3-OEtz (3.2 ml) slowly. Reflux for 20 h.
25 Cool and add CH30OH (10 ml) dropwise, then conc. HCH(15 ml). Reflux for
2 h., and work up in excess 2N aq. NaOH and extract with CHaClo. Dry
over K2CO3 and evaporate. Chromatograph on silica, eluting with CH2Clo-
- CH3OH mixtures, and finally with 5:1:0.1 v/v/v CH2Clz:CH30H:NH4OH.
Combine and evaporate the product fractions to obtain the desired product
30 (1.95 g) as a pale yellow gum.
Step 4. Stir a mixture of the product of step 3 (0.50 g), N-allyloxycarbonyl-
4-piperidone (0.40 g), CH2Cl3 (5 ml) and NaBH{OAc)3 (0. 70 g) at RT for
20 h. Work up in CH2Cl» and excess aq. NaCH, dry over MgSOy,



10 Conbi ne the aqueous acid extracts, stir and add excess Na2CO33 in smal |
poprtions until the mxture is basic. Extract wth Et20, dry over M 8§ 0ind
evaporate to obtain the N-di phenytnethyl conpound (23.2 g). .. Step 2:
Reflux all of the above conpound with CICH2COCI (10 m) in dichl oroethane

(60 nl) for Woles porate, and co-evaporate with toluene ¥erudtoik3z
Di ssolve the residue in CH2Cl12 (200 m), stir for 0.5 h with activated

carbon (10 g), filter and evaporate. Stif28he residue with ice cooling in
DMSO (200 m) and gradually add concentrated aqueous NH3 - (100 m ), then

Nal (10 g). Sti \{iorﬁf@ 564 isetBine AfutCHpRbALtiveIAC, Miting with hewt the
lid, h | ‘ | | Of 20 10:1
hexane- B 20 E i GhGER 1o b0 Me b Re AP Ao UAR (0 B Rt  he sol i 4

hexane- Et 20 m X
di ket opi per azi ngorftamiBatel wiffes syl aimouse ofsiartilg kedamg|but SuitabiEHIChe
hexanes: np 186 . VD 2D = +272.60. to 3: Stir the product of step 2

-188.C

4.0 g) in di ’E‘ﬁ’% n 40 n d . NaBH4 (1. dd .

(BFS- oﬂiz' ? 3.5|2m9 1e b\ﬁt;gewg‘iwaﬁf %f@;g@éuﬁta5@%&@@@&%3@8@“@%@% io m )

dropwi se, then gapg. (5tel) antbpeHdine Hed hix Add s Bulfoptivhylphdsphing N excess
2N ag. NaOH and 880N k- |

Chr gﬂat ogr apﬁnoﬁféﬁ %gfgnw(gtaﬂ?ﬁgéﬂ}ﬁp ﬁ%@?b%ﬁmamrsés a%gﬁfzi r}ial |y

with 5:1:0.1 v/ Work ORGitl? aqueme Np@bkextrammithiis 1 aivtaluensdrHeClz: Ay Hehduct

fractions to Obk?tbgté}fa BRAIdree 1BTobthis b yelBw(cl, S5itadle RH aeylabe. yel | ow gum
to 4: Stir a mxturé of th

e _product of step 3.(0.50 N- al ar bonyl -
4- pi peri donk® (O.QMEH_@&FQ@&CS& ?Béjfﬁfﬁuxzi’n’&"_‘fﬂ'lgfgmgﬂﬁ?? !Ofﬁe‘b%%gﬁw’r fory
\2/\90 ’B'o/ \éuég EBUE CIT zggbﬁame?gjdy?éma-Mpemw%e @;’0( <} :jgs@mc;b%w? 2005

bWe@ . P hRALBoRBAG! Apwith CHRCR y

reparative TLC, eluti |t iO% t in CH2CI 2. tO in .t Lred -
(IC:)orrBoundI \(/0. 80 ey%@%ﬁg&ﬂ-,a"kwﬁ'&fﬁ f’iﬁi’aﬁﬂ e hgm@giﬁ%m@&ﬁqﬂgﬁ‘gm ng
ket one, but sui bppraepdrative MeC, akting sith8:1 5/vIEie0:ClpCh. Lreciitatedhef t he
product of ﬁep & r&%ﬁéﬁ ) gﬂ%qN (8% kom Ls emdsélﬁfb.%@?.r. j ne
1.5 m). AdtPY -’S ?o%gn ﬁos ne g@f(ﬁ? g\bn 3 difum (11
gacet at e)(0.02 gl7 Ti(?ﬁgﬂ Wgéﬁnévs}%)iﬁ@eﬁ‘*wsf 5‘5"2’: rf.‘BZg- fﬁ(d'ﬂg' \#f"‘ﬁﬁl ;qfou)s
NaOH, extract wyggp337%.v/v toluene: CH2Cl 2, dry over K2CO3 and evaporate to

obtain a yell ow-0j | i tab r i A j

ot ux a i xt ur copeadl 88 EBupRpeBlod i el ; GTE Ao B Sibinand

N- (2, 6- di met hox pBierasg PEC-HORT reipasribeddn Fragpie tHselrte e ripsuct by

Nag'j( OAc) 3 2@. 1PTUC &M pracipitate theogjdrociorideiokgive compbu@HIBl Mmn88- aqueous

NaCH. Dry over , .2 ane-d . LR ~&RHON c

pr epar at ?/ve TLC,WIE%t(Pg d?}R\/\ﬁ %%L%:‘)l %Mgg%%cgg%é@ vPr“’c‘a?ir%?IF ?Fg Sik%?g Big

hydr ochoride to o @RYPIEAIP BERYBLAFIER StHE HArdTEIYIPERIDE 859 W
, using DEC-HOBt as described above, isolate the product by PTLC and

precipitate the hydrochloride to give compound 3C. Mp 180-1 88°C
25 (decomposition). HRMS Found: 483.3114; MH" Calc: 483.3124.
Using procedures similar to those described above, the following
compounds were prepared:

®
N e
Yo

@ CH; 3p: Mp. 85-89°C; HRMS (MH) found: 496.3343

>
J 5@#

C

O CHs 3E; Mp. 170-175°C




173-177C (deconposition). HRMS Found: 452.3175; M# Calc: 482.3171.
Conmpound 3B: Couple the product of step 5 with 2-am no-6-chl orobenzgic

acid using DEC-HOBT as described in Exanple 1, isolate the product ﬁﬁﬂcidME
PTLC and precipitate t he hydrochloride to give conpound 3B. M 188 195 C
(deconposi t kahoeckgVS Found: 503. 2567; WMH ° Cal c: 503. 2578. pctiospmitest 3C
Coupl e the prodhct of step 5 with 2,4-dinethylnicotinic acid using

DEC- HOBt as descri bed above, isolate thegproduct by PTLC and precipitate

t he hydrochloride to give conpound 3C. M 180-1.88 C 25 (deconposition).
HRVS Found: 483.3114; M+ Calc: 483.3124. Using procedures simlar to

' , the follow ng conpounds were prepared: HNC CH3 3D

: found 496. 3343 CH3 3E; Mp. 170-175C 0 4 OCT 2005 WO
00/ 66SS8 . 24 3F, g;gggle 4 0 N H2 PCT/US00/ 11632 Step 1: A

sol ution of 4-t IUMFEEHI phenone (1.88 g; 10 nmmol) in 5 dry THE
(10 M) was cooled in an and treated with freshly prepared solid

(S)-2-methyl oxaborolidine ) ; ZW 13131‘5 d0 mn., a solution of

2M bor ane- et hyl sul fide conpl ex (3 ; In THE was added dropw se

over 5 mn. TLC at the end of 30 mn. ml?‘?hat the starting materi al

had been converted to a nore polar produdt. The reaction was . 10 quenched
@s

85-89C, HRMS (

with about 5 ml of CH3OH carefull I'N"effervescence stopped; volatiles

were renoved in vacua. The resi dish &' 2CI 2 and washed with
1 N'HC, water, 10% NaHCO3 sol uton and brine. y tration in vacua gave
2g of a yellow gum Flash silica gel chromatogriap (FSGC) using 10-20%

Et OAc in hexanes furnished the 15 desired chir éohol (1.6 g, 84% as a

colorless oil. ifle_@j_? Asoﬂmﬁw Idﬂ4&5ﬂﬁcﬁbﬁémwhexameben®n@b1 .88 grdoamgm'm on of
the pr oduct a‘a,e'g_l rﬁjb(?e .cbrbaihQ ahh t@atecfﬁﬂ@'fﬁéswsﬂb@ami an
a

ice bath vver

an ( 10 6
nol ) to form aselig(®)-@-wal EO’SQHOUQ‘IQWP (Orpe: %"‘F’é"j tﬂé% ?augnsgtﬁ ‘(ZBV\A
wat er and the Obgmlb%rﬁé:ﬁlumyl palfigexbmpxdd mivBtmmobiTTHF wastaddgda

water, 1 N HC, ,10%. NaH bt Sie sta uo gave
vater, LN i a%ez\%?érﬁg%:;zLé’Qtﬁ'&derﬁléﬂﬁJm:%%h R

material had been cenverted to a more polar product. The reaction was .

10  quenched with about 5 mi of CH3OH carefully until effervescence stopped,;
volatiles were removed in vacuo. The residue was dissolved in CHzClz and
washed with 1N HCI, water, 10% NaHCO3 solution and bring.

Concentration in vacuc gave 2g of a yellow gum. Flash silica ge!
chromatography (FSGC) using 10-20% EtOAc in hexanes furnished the

| 15  desired chiral alcoho! (1.6 g; 84%) as a colorless oil. TLC
R, = 0.6 in 25% EtOAc:hexanes. .
Step 2: To a solution of the product ot step 1(1.55g; 8. 16 mmol) in 10 mt of
CHoClz cooled in an ice bath were added Et3N (2.3 m}; 16.32 mmol) and
CH3S02CI (0.87 mt; 10.6 mmol) to form a turbid white solution. The

20 reaction was guenched with water and the organic product was extracted
with CHaClz, washing with water, 1N HCl, 10% NaHCO3 solution ang brine.
Concentration in vacuo gave the chiral mesylate (2.1g; 96%) as a pale
yellow oil. TLC R, = 0.6 in 25% EtOAc:hexanes.

Step 3: A solution of the product of step 2 (2.1g; 7.8 mmol), the N-BOC

25 protected 2(S)-methyl piperazine (1.56g; 7.8 mmol - prepared from the
reaction of commercial 2(S)-methyl piperazine with N-(tert-butoxy-
carbonyloxy)phthalimide) and 2,2,6,6- tetramethy! piperidine (1.34 mi; 8
mmol) in 14 mi of dry CN3CN were heated at reflux until TLC indicated
complete disappearance of the mesyiate (16 h). The reaction mixture was

30 cooled to RT, diluted with CH2Clz (50 ml) and washed with water (3x100



yellowoil. TLC R, = 0.6 in 25% Et OAc: hexanes. Step 3: A solution of the
product of step 2 (2.1 g; 7.8 mmol), the NNBOC 25 protected 2(S)-nethyl
pi perazine (1.56g; 7.8 nmol - prepared fromthe reaction of com‘re“:i[]ﬁf/ZUUE
2(S)-nethyl piperazine with N-(tert-butoxy- carbonyl oxy)phthalimde) and

2,2,6,6-tet r@u@%ksspi peridine (1.34 m; 8 mmol) in 14 n O;’cgﬁﬁéoo%?\l
re ¢he

were heated at ux until TLC indicated conplete di sappearance 0
mesylate (16 h). The reaction m xture waspg0 cooled to RT, diluted with
CH2Cl 2 (50 m) and washed with water (3 x 100 0 4 OCT 2005 WD 00/ 66558

PCTAJS06111632 -25 .and iLpe. . T |G : ' lid
VSOt and then TRDHELNERE S0 PRy St VB, s ef Sy Rusor SR 55,
E’;C/)()A\C ig hfxageshcm@_ id abtaind.aigeoftahyelidesgurad F(SECS)(E@W@E@?@WE][ (1.5¢g;
%9 an Its n . - . y
conbined 5 69% ;?/'Pé%@és(i‘f‘ggeﬁé"#é}gt %i%xr%ﬁn?%f?%‘%ﬁégg%rgg.gg%gg%) 2 <
Et OAc: hexanes. its benzylivERIMEr, 19 (R@gdeamréomréoéa; W% frct cembingdoduct of
sz_ep 3di nt 1% PBQ@@yiQHZQT_Il_.ZI andr:)t?[se(s,s;sahm o]gi1> erﬁs» oVesHeEt @A shexdnesn was
stirred a I e_react] >
ACTERTE = Al L s e IR
a yel |l ow syrup. 280 " | ar
i erulri ty and gradi efite rélctibh Was\Wuehchda BY Abiding 10 %203 SbiutitAGh Zdjiss tHeeeded
(750 TLC Ra “Best, EXEGI B bt PrbCgla RILTH SBlow SifplFSCL 2 |
product of %®ep usingd 0% CHaOH imBHyClzgempsegdiths lasgipATdMPYriBsand grasieftp| ) |
Na8( CAc) 3H (1. 0%gitioft v THEEHN ) 60%0ERSONCHSCH Wineddad ideldtariheof CH2CI 2

was stirred at anbje t i d T i.ndi.cat ed.ab f
starting materi gle_s{rqcﬂée?ggﬁrﬁ gét%ﬁ;t%%éaaﬁbe%rr tl}&%llgnzv\nb% @g@i s@TQ’C (Z)CI 2,
vvashgd vm;jth 1 N=Nabih 30V CHe@H:Gld2Ge. (2 x) and brine. The CH2Cl 2 extract
was dried over aphyer QUSHIMIERSoRIBNAT 16O PRANCE 8f &lp UMY .8 imép, #f vel | ow
oi | . FSGC (25% & : ) duct
o o R e h ok e s Mok
TFA (5 m) was aiahial AcOH(B0sd) im8 o obEHekle WRElKEEd 8t ambigntdemperiure 2. 87
mmol ) in CH2d 2fér1§z§§g;e;7 Ghdiified 8BEbASH HEHhEWhRERRYETIROteHdIBR MRire 25

o g

and the p vas %%é%%h%ﬁw%ﬁ%@%* fE1 ¥R AR yilents! S0

m of CH2CI 2 andk)wagbeteniTha GiéaCz extamtivasrdrins eyrr anhyetpusdeSiysend
Concentrat| gf 9%‘6%7:%{#1%@& ﬁ?oﬁ\ﬁ?n”ﬁ?%@af Y8ibw SRYFSET ok ldcewri/intibxahbd) RL - =

?rfrél I) n %EOC/O ?g_egggzss |5s_ee§ %‘i%}'l %Qhes E)Lel e gfod-tl;ge(‘lgg?%lé%) a%fa %\}h?t@ fgav(nc.)"?ﬁg h, 2.21

= 0.6 in 25% acetone/hexanes.

Step 6: TFA (5 mi) was added to a solution of the product of step 5 (1.3g;

2.87 mmol) in CH2Clz (10'ml) and the resulting yellow oranée solution was
25  stirred at RT for 7 h. The reaction was quenched with 1N NaOH solution

and the pH was adjusted to 10. The organic product was extracted into 50
mi of CH2Clz and washed with water, then brine and dried over MgSOa.

Concentration gave the tree amine (0.98g; 98%) as a yellow syrup. TLC R;
= 0.1 in 25% acetone/hexanes. '

30 Step7: The product of step 6 (0.78g; 2.21 mmol), DEC (0.85g; 3.4 mmol),
HOBT (0.46g; 3.4 mmol) and 2-amino-6-chloro benzoic acid (0.51g; 2.9
mmol) were dissolved in 8 ml of CH2Clz to which was added
diisopropylethyl amine {0.7 mi) and the mixture was stirred at ambient
temperature for 16h. TLC analysis showed absence of starting material

35 and formation of two over-lapping spots of medium polarity (rotomers ot the
hindered amide) as the major product. The crude product (1.3g) was
isclated by extractive work up and purified through FSGC using 25%



&

HOBT (0.46g; 3.4 mmot) and 2-am no-6-chloro benzoic acid (0.51 g; 2090CT g}gg]r,
nmol ) were dissolved in 8 mM of CH2CI2 to which was added diisopropylethy
amine (0.7 m) and the m xture was stirred at anbient tenperature for 16h.
TLC anal ysi s showed absence of starting material 35 and formation of two
over - | appi ngwapmiesssef nedi um polarity (rotoners of the hindecrusemde) as
the maj or product. The crude product (1.3g) was 1isolated by extractive
work up and purified through FSGC using 288r0 4 OCT 2005 W 00/ 66SS8

PCT/ USOQO/ 11632 -26 acetone in CH2Cl2 as eluant to give the title conmpound

(0. 88g; %(2";/% 2asaA§eto1s@hgcygt;¥é)a\s Eham tolgite e titld cdhpanad (D.Bs'gnsm"ﬁ%as a

acet one: : sol ytiqn_o e ° . was
added to a sol B?IF(}'RHB‘P'(??%@‘ t *rdg‘? g%ﬁﬁg#{‘g{ ¢§§%b§£%%@8g%gf’ 26%‘?'54- nmol) in
CH2Cl 2 (5m) 5 to obtsaluicarofinysregenaiieride inHERE (3Ms S Pl waseadged tora

stirring at RT i VIrabdlrRftrde hasé EIIPEETH .98 nimbN iR CHEVAEBaTAt or
and the white %@{snllﬁbgf“.v\{/g?msauspen%%d irn dr?/.gglpugne (3 .x ? 2O i

0 and
azeot roped. STheto eitainaanmstantanearsowbils REERIRte.sGEeLHHERY 2h Rglr')?' Et 20
contai ni ng 10% 7 kgt RCvolafiles Wede removéd Bhia rotardytevapdraasrdanhitieadhive t h Et 20

100 m ). The HCI .10 |t of t titl [ h
Lo yiold an of ft %V?%BP?%%‘_J&%@@Q&;W@%’@@é’?q%@?%@@gﬁtﬁégﬁq 2 of
step 6 was convwhitegolidthusiiitaingsnas susrenged in dryjele rqq{gﬂ'”fr}gpéq 8p 7 using
t he appropri at eEa@ASStiyleddor8o #sin, fMtered eal wiadhad vith ERO C@tpo)ndhe4HGIE

having the follow ng structures is as follows:,. EX. L Mo M+
4CF3205. 210800, S3lber ey ompRuAs WS Jud yEUBHeR MAFU T a8 o SRR, e e
OH 4CCF3186- 196dRB(ORALY 955)CA3R0 20340089:.2851 4ECF3152505

The product of step 6 was converted to other amides (4A-4E) as
described in step 7 using the appropriate carboxylic acids. Physical data
15 {or compounds 4-4E having the following structures is as follows:

?VJ\»

2
NYR
0]

wherein R8 and R2 are as defined in the table:
Ex, R8 R2 Mp (° C) HRMS (MH"

4 'CF3  205-210 509.2295

4A CF3 192-195 489.2841

NH,
NH,
4B CF3 : : 203-206 490.2681
OH
IP

4C CF3 186-190 488.2902
4D CF3 207-210 489.2851
4E CF3 ‘G"’O 152 | 505

AF CFa i Ny - 490.2796




4FCF3N~--490. 2796 wherein R8 and R2 are as defined in the table:

2005 WD 00/ 66558 -27 F3CO 24 25a N ~ LNBOC + F3CO 1:1 PCTI US00/ 41]6[32005
F3C0' v 25a Ex. 5 LNY82 O A solution of the racem c benzyl chloride 24
(1.26g, 5.62 mmol) 5 which was prepared freshly fromthe correspondi ng
car bi nol , tH&¥02084558 net hyl pi perazine (1.12g, 5.62 nmol) andPCT/USP0/11632
2,2,6,6-tetranethyl piperidine (TWMP) (1. 11.2 mmol ) were dissolved in
dry DM (2 m) and heated to 100-110C (ift’eérnal tenp.) for 10 h. TLC

anal ysi s showed absence of 24 and fornation of two well-separated
products. The m xture was diluted with E@Mﬂleeﬁ and the organics were
extracted into Et20. The orgamc extract was J1\('ad W th saturated NH4Cl

and brine and concentratsed i n Va do ob of crude prbduct. Flash
chr omat ogr aphy on si a Gel ut| WiANBOZ5% E héxane

foll oned by 25%,£§ exane—gave—=—9—-5 raa‘ga of 25a a rB@F  25b
respectively ( 45% canbi necDMH/e‘Hl»m/mQ%CTLC Rf

= 0. 61:{fof 25a) ased 0.4 (for

25b) in 25% Et OAc- hexanes. = Purified 25a was tresat d as descri bed
- previously to obtain fﬂqgl products 5t rh ing the fornmula . F3CO
Ex. Rm CHRVB N~ 3@&‘{/ 9.79587 N 54, 913 )
NBOC .
3

A solution of the racemic benzyl chloride 24 (1.26g, 5.62 mmol)
5  which was prepared freshly from the corresponding carbinol, the 2(S)-
methy! piperazine (1.12g, 5.62 mmotl) and 2,2,6,6-tetramethyl piperidine
(TMP) (1.9 m!, 11.2 mmol) were dissolved in dry DMF (2 ml) and heated to
100-110°C (intemnal temp.) for 10 h. TLC analysis showed absence of 24
and formation of two well-separated products. The mixture was diluted with
water and the organics were extracted into Et2O. The organic extract was
washed with saturated NH4Cl and brine and concentrated in vacuo to .

10

obtain 2 g of crude product. Flash chromatography on silica gel and elution .
first with 25% Et20O-hexane followed by 25% EtOAc-hexane gave ~0.5

grams of 25a and ~0.5 grams of 25b respectively (~45% combined yield).
TLC R, = 0.6 {for 25a) and 0.4 (for 25b) in 25% EtOAc-hexanes.

Purified 25a was treated as described previously to obtzain the final
products 5 to 5F having the formuia .

: NJ\
Co©/\ K,qujrnz

15

o)
wherein R? is as defined-in the table:
Ex. R2 mp (°C) HRMS
1 "
5 Z 208-212 519.2958
? _.
5A p 198-203 535.2913
O
CL. .
5B \p 233 (sharp) 538.2390
NH,




| 5BNH2233 (sharp)539.2390 wherein R2 is as defined in the table: HN
Exanple 5 F3CO DMF / TMP / 100 C F3CO 0 4 OCT 2005 WD 00/ 66358 - 28. gN?WZUHS
5CCl 190575. 1800 5DCI 253" 558. 1887 N 5E202519. 2964 5F F190535. 2901

5GN198- 203- - N 5H205-210-- F3CO Step 1: 5 F3CO CHO 26 HN NBOC Ti (G Pr)4 /
Et 2AI CN F3COVO)0063 DS / Et-1 CN N~ L NBOC 27 N1 ~NBOC 27 POI/US40/0483 36H
F3CO PCf/ US00/ 11632 MyBr2 : Et20 / CH3CN 2288a. (S, S)-Di ast ereoner

0
5C , 190 575.1800
c
5D :p 253 * 558.1887
C
X;Q

o

}

|
N
5E Z
N
N

0
5F \Pg‘) 190 535.2901
5G i :,L 198-203 -
LY
N
5H ‘Pl];'l‘/ 205-210

Example 6

B
FaCOQ/\NK’N\bYRz

o

202 519.2964

fep 1:
CN ‘

O i HN__NBOC N
FaCO £4CO L_nNBoC

™~

1) NaHMDS / E-! /©/\N’K
F4CO L_NBOC

2) Na{OAc);BH
MgBrsy : Et;0 / CH3CN 28a. (S,S)-Diastereomsr
28b. {R,S)-Diastersomer

A mixture of the aldehyde 26 (3.9g, 20.5 mmol), the 2(S)-methyl-N-
BOC-piperazine (4.1 g, 20.5 mmol) and Ti(OiPr)4 (6.1 mL; 20.5 mmol) in 40
mi of CHCip was stirred at RT for 24 h. Et2AICN was introduced and
10  stirred for an additonal day. The reaction mixiure was processed as

described betore to obtain 4.71 grams (58%) of the cyanc amine 27 after
FSGC (TLC Ry = 0.45/0.5 for diastereomers seen with 25% Et2O-hexanss

as solvent).




28b. (R, S)-Diastereonmer A mixture of the al dehyde 26 (3.9g, 20.5 nm{k)QCTt2605
2(S)-nmethyl -N- BOC-piperazine (4.1 g, 20.5 nmmol) and Ti(GPr)4 (6.1 ni;
20.5 nrnol) in 40 m of CH202 was stirred at RT for 24 h. Et2AI CN was

i ntroduced and 10 stirred for an additonal day. The reaction m xture was
processed aswaléngesisbed before to obtain 4.71 grans (58% of PERUSENEEID

am ne 27 after FSGC (TLC Rl = 0.45/0.5 for diastereoners seen with 25%

Et 20- hexanes as solvent). 0 4 OCT 2005 WBBGO/ 66558 29 PCT/ US00111632 Step
2. Sodi um hexanet hyidisilazide (1M 3.1 nl) was added to a solution of 27
(1 g; 2.5 rnnol wsep 2drsediih Hexahhyidisiaztie/ (1M S, hod) oae added toﬁr&alution

| b h | l: 0.6
iy The ary Fedt B SueS PEbhIE AT BleEin 8 il iSerataibde bty TP i ent
t enperat ure for resuingbrgh veausobitiogarrs Beaig 31’?{' ‘wa ﬁﬂ/\grr'm? pat h
W(40C) for 30 mnﬁ\% Thé dr1bedith hasHRrmioRbl ahe i %a@:@ioﬁl@@s’isurrﬂdadlfhﬁtﬁlﬁient

extractive work u fLcatl ave two aI | at e unds
(conbi ned yi &l d: te'@P?(jm‘"%g 15ig: pﬂowgggg 9§ng ¥y %’% f%éé%g
Ster) 3: The pr dmﬂﬂ) fofSBmp erdesatamw walt-mpa{&e(d@m)$ $@O)ﬂasd1d 10

MyBr2: CEt2 (1 X) r aﬁd @Vﬁca vE VO IR/ 8 cdHeIHUA

wth water, t he % § svvere to P% ? £ Pbtaln
0.8 grans of crd@Fé"“BW@Hl}’éQ’d @'@SC-"Q ’2@3%? Eh %? 83‘8’ &%&Z %}ﬂﬁg

each di ast er eonSiep GorMhienpabdycedicsted A094s stified with NaBHEBAC]2E@x) aadd 0. 45

28b 25
E)r ocZaslsgd t ﬁ@ ougﬁg%ﬁ%éﬁgﬁg '%%ﬁééﬁﬁg‘gﬁﬂgﬁgzﬁ?ﬁ%%@ﬁeﬁ@? ﬁ‘taaﬁ:%é\é‘?g??;) o:‘Nas

conpounds of Exanihl wates, mBNFQWCSBWﬁ exragieq e E{RAR NS fBES as
conmpounds 6C andy & Brais efchuielprbbsct! FEGOR2IT I EtQnetirexaNeBPgave RFR2m ( CVB
h"g'g H 6CHBV 204347 b, (Rt ManiP AGER b RaRREthtthedPyidiOB@uB)). - T-ARP Q%35 4 CH3
(28a) and 0.45 (28b) in 25% EtOAc-hexanes.
15  Step 4: Compound 28a (S,S-diastereomer) was processed through the
usual 5 step sequence to complete the synthesis of compounds of Example
6, 6A and BB with an ipso-methyi group as well as compounds 8C and 6D -

which lack the ipso—ﬁiethyl group:

Q
Ex. | RE mp (°C) - | MS (MH")
ﬁ
N
6 | CHs 9 204 549.5
CHa
e
l
BA CHs L 253 588.4
|
Ha m
68 | CH, N 260 534.4
CHa
6C H N 225 520.4
CHs
T ;0
|
6D H 215 575.4
i .




6CH) . . r N225520. 4 CH3 NA 6DH215575.4 0 0 4 OCT 2005 W 0W66558 - 30 PCTI{O‘UE%{[]
1632 Exarrpl e 7 The synthesis of conpounds with an al kyl or aryisulfo 05
group at the para position started with the correspondi ng para-substituted
acet ophenone which was treated as in Exanple 4, steps 1-6 to obtain the 5

sul t one contwioskesse onpounds of Exanpl e 7 havng the fornul a:pdhuse®REMD

CHRMS IWH I\ 7H3CSOR2-- T220-225498. 2790 7AH3CSO2-212-215519. 2197 NFl z

7BY' 0190 (dec.)604.2861 7C178 (dec.)62532246 7D170 (dec.)605.2799 NHZ F
,» NI12 7Eo D170 (dec.)609.2540 2 F ~ F 7F~200 (dec.)612.2336 z C1 ~ Cl
7@0215B (dec.)644.1735 7HH3C, CH3514. 28gxarmigleSP2- N. N197 (dec.) Exanple 8 F3C

The synthesis of compounds with an alkyl or aryisulfony! R8 group at
the para position started with the corresponding para-substituted
acetophenone which was treated as in Example 4, steps 1-6 1o obtain the

5 sulfone containing compounds of Example 7 havng the formula:

J\
K/N\Qq\n,;:ﬁ

0]

8.

wherein R8 and R2 are as defined in the table:

10

Ex. RB R2 Mp °C) | HRMS (MH")
7 H3CSO2- ’ 220-225 498.2790 -
78 | HaCSO2- ﬂx\% 212-215 519.2197
N
78 Z : 5 - ;p 190 (dec.) | 604.2861
7C z : 1 k :NH; 178 (dec.) | 625.2246
NEssHIIbe Q
7D A, L. 170 (dec.) 605.2799
3 | i
7E 5, U 170 (dec.) | 602.2540
7F s \C( 200 (dec) | 612.2336
CID\ - CK@'C'
76 5 158 (dec.) | 644.1735
7H | Hacw/'\,CHg 514.2847
HaCSO2- NN 197 (dec.)
Examples

J(wabp




N LN ~'",,N 10 wherein R8 and R2 are as defined in the table: 0 4 OCT 2005
WQ OO 66555 -31 PCT/USOQ' 11632 to 1: A solution of the product of Ef4nggeyps
4, step 4 (1.25g; 4.6 mol), N BOC-4-piperidinone (0.91g; 4.6 nmol) and
(Ti(GPr)4) (1.4 mM; 4.6 mol) in 10 M of CH2CI2 was stirred at anbi ent

t enperat ure WOr00BESSH. The reaction mixture was then treat ecPGUAUSOOEIGA CN
(5.5 mM; 1 Msolutionin 5 toluene) and stirring continued for 20 h. The
reaction mixture was diluted with EtOAc-&@id stirred with saturated NaHCD3
solution (10 mn.) and the |layers were separated as nmuch as possible. The
turbid (frominsSpay abAcsoldipnedtie pagact) ofdtxgample 4, ayey 4 UWAL50r 4488 ednal), t h

e, e, DS ey e oot £ L e,
oLt b b elstg o e et Eh o Ao RG pr

wat er and bri ne, ingtq
2.16g (98% of arcaetibemigure wes tendrealb wlhrEekI@N (815 ma!; fiMosolatiepinl (2. 169)

di ssol i | ed b B
(75 ot o o eahe) ntsif g cappihled [br 0. The (BB RS ML Buglin ™,
the yel | ow, het ewﬁig&ﬁ@bwnga;tlrr@amh&@twas@tw\%%%@uh@@m%mwaﬂéﬁ ash.
The reaction was gaw&%% 8\5&41& aéwc%ta%m sr@ule%hﬂa (freﬂnhws@@hrubveh

wat er and extract Concentration, gave 2. el | ow gum
whi ch was puri f i 8gUagRpS ?&Qﬁ:org@f‘l?t'?ﬁ%f WaRirga HrW’H'? a??%ﬁ‘% e pol ar
I mpuri ties usi ngwashihg therfikdroales with EEQQI:2TEe(ﬁkcateTa|;eerspwersephymedampound
was i sol at ed,as

Et 20: hexanesm?l 61% §§ @k %f\ésﬁh%é a?{:éaégz etlljg%;%vwaﬁh rrgglsjct of
step 2 (1.5¢; po %h raéha eBU -t or 2 h.

The reaction was _%n?fhe@tmké? amile MaGHstepl L{d. ¥8g)t was disidobieddn Wy Ahid,
processed by extsdied irPsn id@&t@hﬁ@kr%afe@ WO @a-rguﬂgé?r @i o 4 l%bmlluﬁnn FSGC

1:1 25 CH2C1 t he | fi
r adtent el ut i onEIaR IR, DIRREE HA B 9T RNGS RN YOP Y 4B Rous
7N-NH3) CH3OH i nrea@h@ﬁhﬁxﬁx@wé@sﬁm atsRT &b 18h. oThé¢ headtiopevas peenchete as a
yel l ow gum (1. 07§mh M@somngn%vluﬁb&@%%ﬁﬁaﬁﬁ%%raete@t\ﬂm 4: A

SERNI v ol L gLl i O
mol ) and dii SOstmd editihglthe riajer fradutt aviaydronTohdrel pol@HP@ Ritiessing a was
stirred at 25 C hor24,B. of lf@@A@nTﬁB ?ﬁs‘éﬁﬂe%@$cgﬂnb6bﬁ@ wilst iBolelddGhse? (25
m). washed .’%t ha‘@%ﬁlgvrv gum %o) quL&thon 85{1 ‘PR éjtzo t;[ergc%%es
Step 3: TFA (6 ml} was added to a solution of the product of step 2 (1.5g;
3.2 mmol) in 10 m} of CH2Clz and stirred at 25°% C for 2 h. The reaction was
quenched with 1N NaOH solution to a pH of 9-10 and processed by
extraction into CHaClz to obtain 1.2 g of crude product. FSGC using 1:1
25 CHoCl:EtOAc removed all the less polar impurities and gradient eiution
with 10% CH3OH in CH2Clg and finally with 10% (ca. 7N-NH3) CH3OH in
CH2Clz led 1o the isolation of the free piperidine as a yellow gum (1.07g;
90%). TLC Ry=0.2in 10% CH30H:CH2Cl2.
Step 4: A solution of the product of step 3 (1.03g; 2.8 mmol), 2,4-dimethy!
30 nicotinic acid (0.42g; 2.8 mmol), DEC (0.8g; 4.2 mmol), HOBT (0.57g; 4.2
mmol) and diisopropyt ethyt amine (1ml; 5.6 mmol) in CH2Clz (15 ml) was
stirred at 25° C for 24 h. The reaction mixture was diluted with CH2Cl2 (25
mi), washed with water, 10% NaHCO3; solution and brine, then
concentrated to obtain 1.6g of crude oil. FSGC of this material using
35 gradient elution with 10% acetone-CH2Cl followed by 2-5% CH3z0OH in
CH2Cliz gave the title compound (1.1g; 80%) as a white foam.
TLC R =0.45 in 5% CH30H-CH,Cls.




concentrated to obtain 1.6g of crude oil. FSGC of this material using §
gradient elution with 10% acet one-CH2CI 2 fol |l owed by 2-5% CH3CH in b 2005
gave the title conmpound (1.1 g; 80% as a white foam TLC R = 0.45in 5%
CH3OH CH2Cl 2. 0 4 OCT 2005 wo W 558 -32 PCT/US00/1 1632 The free base of the
title compouY® 44685582 nmol) i sol ated above was dissol ved i nparAisdoingagt ur e

of EtOAc: Et20 (8 ml) and a fresh solution of hydrogen chloride in Et20

(6.1 nl of a 1M solution) was added, inst&dtly fornming a white

precipitate. After stirring at 25 Cfor 1 h, the volatiles were renoved in
vacuo. The product \Aﬁbeéf@sﬂmseezjﬂhantiBQOoa'rmJuh'dI(lgzraammol)mastaitemmbdsn@ wadtrate

Wh EL20, The Hebasalline!i:f hitid beER N@?{g& . Pi#FandPbBsAaElIBA of I ed in
) ot % AMgoly

et 1,19, Dbt e Sy 2

‘f?é'-;b"faécﬂﬁﬁe dofnstadly 3 usi ng
appropriate aci iismirayd wieeesighater-Attdr stivied 8 25°td eorRer, M%Ibﬁl&@%ré S a

BACra 1650 0oL e BYRELE, 28 ikt W%Eﬁ%ﬁﬁeﬁi ERRipucise

8DCF3216- 218523waspaite fitate-with £12@2 J1e DSy salt efthetileqgnpoupditus . 2955

oh 205G Ba16. 5 4US00/ 11632
oH S02CH3216- 2%??%’:??3%3 Bhiirdv e (. 76 4Rp VA DEHEEER HRRAS [

The foliowing amides BA-8E were prepared in a similar manner from
10 the product of step 3 using appropriate acids, and compounds 8F-8H,
wherein the RB-substituent is a p-methy! sulfony! group were similarly

‘prepared.
fogeit
NTRz

o)

g

wherein R8 and R2 are as defined in the table:

Ex. R8 R2 Mp (° C). HRMS (MH")

8A CF3 “ 216  503.3021
NHy

8B CFj - 1, 222-224 504.2850

8C CF3 ? 262-263 502.3039

8D CF3 - :NH 216-218 523.2466
o 2

8E CF3 210-212 519.2970
p

8F | -SOCH; o ; 201-205 512.2955

8G | -SO,CH; : :NH 217-221 533.2355
2




OH 81- CF3yN 0195-198 8i - CF3Cl 250-255528. 1791 C 8K-CF3d d 223- 22657(2. [}ﬁ%
Cl 8L-CF3q >245528.2439 F F 8MCF3Br | F 176-181570.1739 i 8N CF3BrU I 05
Br218-223708. 0040 Br 80- CF3215-220522. 2507 CI 8P- CF31 208-212566. 1987 - - Br
80- CF3Cl 190- 194586. 1442 Br BR- CF3Cl 255- 257526. 2243 F Usi ng procedures

descri bed foVOOWsesE t he tabl e, conpounds 8S-BEE of the str&EEHSAREE o 17

‘5 were prepared, wherein R' is defined in %he table: 0 4 OCT 2005 WO

00/ 66558 -34 Ex.R11Mp CHAMS WH 8S- OH210%$20518. 2997 2xHC sal t

8T- OC( O NHCH2CH3205- 210589, 3374 2xHC| salt 81k QSQ=CH3165.171596-2757 (2xHC
salt 8V199-204595. 3254 (2xHC| sal W CHOBS8- 92530} 2985
gH | -S0,CH; Y 216-219 514.2736
al -CF3 \E;N'O 195-198 -
LA
8J -CF3 C'\Q 250-255 528.1791
I
8K -CF3 C'\K;rc' 0223.226 576.1562
Cl
8L -CF3 F\E;rF >245 528.2430
F
&M -CF3 Bf\@’: 176-181 570.1739
8N -CF3 Bf\@r‘?’ 218-223 708.0040
Br
80 -CF3 \Q 215-220 522.2507
Cl
8P -CF3 \Q 208-212 566.1987
- Br
8Q { -CF3 Q/C' 190-194 586.1442
X Br )
8R -CF3 C'j@ 255-257 526.2243
F

Using procedures described following the table, compounds 8S-BEE

ot the structure _
foge :
R
saghaebs
N
o)

5 were prepared, wherein R is defined in the table:



8X- CH=NH- OCH, 202- 205559. 3260 2xHCl salt BY-CHF2>245 (dec)552. 3020

salt 8Z-NH C(O - NH CH2CH, 214-219588. 3521 (2xHCl salt (SAA2 NH, 92- 985%@%2{105
813B- NHSQ2CH, CH3205-211609. 3078 2xHCl salt 8CC F212-217520. 2949 2xHCl salt

8DD- CI 235-238536. 2663 F 2xHCl salt 8EE-Br237-240580.2141 (2xHCl salt

PC?/ |1 1S00/ 11930086558 The tri-hydrochl oride salt of the produckCH¥SERAAD| e 8,

step 3 (75 ny, 0.16 mml), EDC (61 ny, 0,32 mml), HOBT (49 ny, 0.32
mmol), iPr.Net (0.16 nl, 0.96 nmol), and‘% 6- di met hyl - 4- hydr oxy- benzoi c
acid (53 mg, 0.32 nmol) were taken up in CH G2 and stirred at 25 C for 20
h. The 5 sol utifop, was concentrat ed. PLméngpt OMHMMS mﬁp)ar tive TLC
(EtCAc, SIi 2) rgaverthe—tt+tre—compoun YETT0 é) (2xHCl salt)
210-220 G, HRUEBEM+) cal daH for C g ﬁ) " 5345388%; Fdund. 518, 2997.
. o W
Bt . N 0( 13 mrrg, Og_.g.x_.l IIIIUIé et II_yI - butéﬁ”ﬂ(f g 5 g mol ), and
10,16(h. The,s" 5 kg%ét_%%@-ldzﬁ%ﬂglrred at 25'C for
h. H—tH-OH 'v'vas et-trted—w ZTand h 1.N NaCH. The
Sirgaglrgpgﬁlgf_r Wwa8Udr i ed t@&OS@L) fijl E’ﬁ n)and cﬁﬁ%@ﬁg?at ed. Purification
_ | Ve—HEr{2—ttActrexanes %&} gav tre conpound as a
yel low oil. 8U| B% {250 A48 muol );ngpsg amne sg?ﬂﬁ# anhydride (250 ng,
1.4A 15 ol ) i—are-NaH—~38— 66— W9t or ) WeTE mup in THE and
stirred at 25 @Wol 20 h-CHE@ sol utli orB8iB2 dil s 530§§33 EtQAc and washed
with sat'd- NaHC?( Theg ALERNDEH ayer 2020 i od (bBE328D, fill tered, and
concentr at ed. oCT 05 WO 00/ 6655 @xHEsatTd Purificationlvia pr epar at ive
TLC (1/1 Et OAc/lhgyames, Si.GjF,gave t w245 tde€) |conpbRiad2as alyel | ow oil (280
(ﬁg,o 98% . 8V: The tm_thrOChl er de_s (3xHEEsaltind als oduct Of%am' e 8 st ep 3
my. TN, 214-219 ’
_ 8Z | -NH-C(OMNH-CHCH, | = 588.3521
BAA -NH, 92-98 517.3154
- 205-211
B8BB NHSO,CH,CH, (2HC! sl 609.3078
_ 212-217
8CC F (2xHC) sa) 520.2949
R 235-238
8DbD Cl (2xHC! sal) 536.2663
_ 237-240
BEE Br (2xHC) salt 580.2141

8S: The tri-hydrochloride salt ot the product of Example 8, step 3 (75 mg,
0.16 mmol), EDC (61 mg, 0.32 mmol), HOBT (49 mg, 0.32 mmol), iPr,NEt
(0.16 mlI, 0.96 mmol), and 2,6-cdimethyl-4-hydroxy-benzoic acid (53 mg,
0.32 mmol) were taken up in CH,CI, and stirred at 25 °C for20 h. The
solution was concentrated. Purification via preparative' TLC (EtOAc, Si0,)
gave the title compound as a yellow oit. m.p. (2xHCI salt) 210-220 °C.
HRMS (MH") calcd. for C;H,O,N,F, , 518.2894; Found, 518.2897.

8T: 8S (100 mg, 0.18 mmol), ethyl isocyanate (0.05 mi, 0.58 mmol}, and
ELN (0.13 mi, 0.85 mmol) were taken up in CH,CI, and stirred at 25 °C for
16 h. The solution was diluted with CH,Cl, and washed with 1 N NaOH.
The organic layer was dried (Na,SO,), filtered, and concentrated.
Purification via preparative TLC {2/1 EtOAc/hexanes, SiO,) gave the titte
compound as a yellow oil.

8U: 8S (250 mg, 0.48 mmol), methane sulfonyt anhydride {250 mg, 1.44
mmol), and NaH (38 mg, 60 wt% in oil) were taken up in THF and stirred at
25 °C for 20 h. The solution was diluted with EtOAc and washed with sat'd
NaHCO,. The organic layer was dried (Na,S0,), filtered, and concentrated.

10

15



0.1 mol ), EDC (38 ng, 0.2 nmmol ), HOST (27 ng, 0.2 mmol), i PrzNEt ([?85 ﬁ
m, 0.4 mmol ), and 2, 6-di net hyl -4-(4-pyridyl-Noxide)-benzoic acid l'7 Tnép 5
0.3 mmvl ) (see preparation below) were taken up in CH2Cl2 and stirred at

25 C for 19 h. The solution was concentrated. Purification vi an.P E)aratlve
TLC (211 aceworis/ebifanes, Si O2) gave 8V as a yellow oil (23PigUsg
Preparation of 2 6-dinethvl-4-(4-t,yridvl-Noxide) benzoic acid HO2C Mel
Me02C. L 10 % Pd/ C Me02C OBn 10 NaOH PCT/3500/ 11632 T120 OH nCPSA St ep A
4- Benzyl oxy- 2, 6-di met hvl benzoic acid (8.7 34 mol ; _Thea, S,

et
Journal of the fusficaton Ghememakti@oBiG{y1 £ Gdfwan%.@lp;) gase the thle m 51
nmol ), and CsZCQSH,%Lng asggénggjg (gg entldgeyed to stir in DVF at 25 C for
an

17 h. Th | ut t d. bet Et.20 ter.
The aqueous_| ay8V:vadnexruEeoARe Rk B} Insprode @&“%%%a‘ﬂgw%%di%? wer e
wazhed wi th HZOgaﬂmrﬁél? JEDC T8@ my, 0@ inmal)aie@B TEY mhgi 8@ m(SEXNE Ot(é? ed,

and concentrate ri a

hexanes/ Et 20° sf’éﬁz&i Vb"?)e%égg é(’g?qegﬂﬁﬁh(fé}frﬁggﬁo&l{x%tb’enzﬁgfé %d 0 mg ess
oil. 20 Step B: Ofhewrhehisge memr@ap@aelpwémﬁre {4#95“@0 "éHﬁf"nB”‘j St éﬁ/ C (750
my, 10 wt % Pd)g rf%rt‘lQ'fﬁnTHéOsdhﬁlndﬁLWé}boﬁBwtrafdetPmrhoaasn@iaaprgedrammh 50

il ter eS”?cZP?i‘%f-c' @ﬁé&ﬁ@&?@gﬂ”%\%g gl et Gyl MBI SR i e
solid. 25 to C The [Rrenatatic® ob2@-dimet ! ARV TAMINT O CEND ”' AEG, 29.1

mmol ) were di ssolv 2C12 at O ' Cy Trifld eganhydride (Tf20 (4.2 n,
25.2 mmol) was ad 'ﬁd} sMelt o MaPeCsohut | on“at 0. Oved: | utth was
warmed to 25 C and st gt that te g e H,or 4.5 h. Tution was
diluted with CH2A 2 and washed with sat NaHCO3. The, aqueous |ayer was
4-pyridyl boronic acid d(PPhg;)pﬁ,degm,Qg:Ic,@OOEMég)COO 66558 P((%/ YJSCO' 11632

-36 extracted w t MeQER2 he._f.an:b.t.ne.d_oLga {@ S vver over
Na2SOL. Filtration an nt r atFa@rngave t he cr

Purification via flash chromatography (10/1, hexanes/

0,
(94 %9 of thetrlflhpebea ayellow0|l HO,C
NaOH - l
b
. o

10

\ trifl ate.
0, S102) gave 5.7 g

Step A: 4-Benzyloxy-2,6-dimethyl benzoic acid (8.7 g, 34 mmol, Thea, S.
et al Journal of the American Chemical Society 1985, 50, 1867}, Mel (3.2
ml, 51 mmol), and Cs,CO, (17 g, 51 mmol) were allowed to stir in DMF at
25 °C for 17 h. The solution was filtered and partitioned between E1,O and

15 water. The aqueous layer was.extracted with EL,O. The combined ELO
layers were washed with H,C ana brine. The organic layer was dried
(MgS0,), filtered, and concentrated. Purification via fiash chromatography
(10/1 hexanes/Et,0, SiO,) gave B.6 g (84 %) of the methyl ester as a

. colorless oil.

20 Step B: The benzyl protected phenol (8.5 g, 32 mmol) and Pd/C (750 mg,
10 wt % Pd) were taken up in CH,OH. The solution was charged with 50
psi H, and shaken in a Parr apparatus at 25 °C for 17h. The solution was
fitered (Celite). Concentration gave 5.6 g (98 %) of the phenol as a white
solid.

25 Step C: The phenol (3.5 g, 19.4 mmol) and iPr,NEt (3.76 g, 29.1 mmol)
were dissolved in CH,Cl, at 0 °C. Triflic anhydride (T1,0) (4.2 mi, 25.2
mmol) was added dropwise 1o the solution at 0 °C. The solution was'
warmed to 25 °C and stirred at that temperature for 4.5 h. The solution was
diluted with CH,Cl, and washed with sat NaHCO,. The agueous layer was



5to 0: The triflate (1g, 3.2 mml), 4-pyridyl boronic acid (1 2 g, []94@[:]'2005
mml ), Pd(PPh3)4 (370 ng, 0.32 mmol ), and Na2CO3 (1 g, 9.6

taken up in DVE/H20 (411, 25 nl). The solution was heated to 90 C (0|I
bath) under N2 forl8 h. The solution was partitioned between Et OAc and

H O The aowpgQWgedsayer was extracted with Et OAc. The conbi npgrkfdigshayer s
10 were dried (Na2SG . Filtration and concentrati on gave a dark brown oil.
Purification via flash chromat ography (3/.1ggexanes/ Et OAc, Si Q2) gave 770

ng (100 %9 of the pyridyl derivative as an orange oil. Steo E: The pyridyl

der i vat i ve (390 pacibaQuiTeHlCIANhI CERMAET8 o 13er VBRIt el S501 ved

in CH2Cl 2. The S lon was Stfrred at outlon was
diluted with CHQ@%Oanﬁ'lt\f/ﬁ%‘e@%@ﬂ?eﬂmﬂt'ﬂam\’eméC&C@aﬁlfb"ct” ialer was dried

(Na2SO4) . Filtr Phhﬂ@atﬁimné nase &hfd#hétf@@r § Igﬂﬂgmeﬁané%%% f‘% )tdéﬁ/el‘%wgl de
as an orange oil or oun

258. 1131. %t ep %%ﬁéq%l%teeﬁgryelgmpshg 1.6 mol) was taken up in 5 nm
of 3 N 20 I\BiC]—I§§pj_2 THe wiflaB1(dg, 3 Ehensa), Lﬁ-pmﬂywaermmaa@d (bR g.&.6 mmelar 20
h The _sol uti oBgiiasn§oRg8HE 3,88 s, aRENILEOIREG! 8 85 ﬁg%ér@@mu pHCl.

The resulting so ere rine. Afte

drying under hitgHMEELR MY 114 e&eaﬁ? (:I'“?@Y’Psrﬁea‘%%ipgﬂ B%ng’ﬂg‘?f as a
tan solid. m pN,k%28 HC Tiesalopgn waRarfifithed bethween EtQACGHd IQ M, ThE

244, 0074, FOUNaq3di s w B el U] EADRE MR i dd @At‘éﬁxe@% Sacia”
(500 ng, 2.3%0 mweye gged (N&S;Qxbr Et'?@irprb@m@\ﬁyncmw gevg a dark braynol HoBT
(760 ng, 5.6 mMPlyjificdtibn M&2fREER cﬁﬁl)nl‘ﬁto falpHyel) hw&%@ﬁm&ﬂd )igaveno
e 50 MEOCA R g i 4, o o (2
Preparation of ﬂdé‘ﬂﬁ%ﬁ ive $398 B Taﬁlnﬁﬂ'lo'ﬂ BGFW@@@%@E’QG"Q? I
Pd(PPh314 t OH3H gihal) Werk §85oli&d HSOH,CBUTYeGHutioh vadirred ARYIOE 2. DVS

CHO 0 4 COCT. g00§8\{§0 'Hgé 985fs§n g/dﬁ%(yéjté%% C? and washed with 1 N NaOH.

The organic layer was dried (Na,SO,). Filtration and concentration gave
400 mg {97 %) of the N-oxide as an orange oil. HRMS (MH") calcd. for
C,.H,.O,N , 258.1130; Found, 258.1131. _
Step F: The methyl ester (400 mg, 1.6 mmol) was taken up in 5 mlof 3N

20 NaOH and 2 mil of EtOH. The solution was heated at reflux for 20 h. The
solution was concenirated. The residue was treated with conc. HCI. The
resulting solid was filtered and washed with water ang brine. After drying
under high vacuum, the free acid (377 mg, 100 %) was obtained as a tan
sulid. m.p. >225 °C {decomp). HRMS (MH") calcd. for C H,,O,N,

25 244.0974; Found, 244.0981.
BW: The tri-hydrochloride salt of the product of Example B, step 3 (1.34
g, 2.8 mmol), 2,6-dimethyl-4-formyl benzoic acid (500 mg, 2.8 mmol) (see
preparation below}, EDC (1.1 g, 5.6 mmot), HOBT (760 mg, 5.6 mmol) and
iPrNEL (2 ml, 11 mmol) were subjecied to the standard coupling conditions.

30 Purification via tlash chromatography (2/1 hexanes/E1OAc, Si0O,) gave 898
mg (61 %) ot BW as a yellow foam.

Preparation of 2,6-dimethvi-4-formy! benzoic acid

B0 20/\(5\ TLO  tBuylo 20: i Pa(PPha)s
OH ot ~

nBu,sSn
tButylO,C .
utyl 2@\/ _..1_93._.. 1Butyl0,C TFA HO?C;@
&
2. DMS “CHO

CHO




to A 4-Hydroxy- 2, 6-di net hyl - benzoic acid, tert-butyl ester (6.4 gl 4287 2005
nmmol ) and 1 PrzNEt (5.6 g, 43 mmol) were taken up in CH Cl2 and cooled to O
C. Tf20 (5.8 m, 34 nmmol) was added slowy to the solution at 0 C. The
solution was stirred at- 0 Cfor 3 h. The solution was partitioned between 5
sat. NaHCOS wodo/6#48Cl 2. The aqueous | ayer was extracted wi t RCTRSEINE2 The
conbi ned organic |ayers were dried. (Na2SO4). Filtration and concentration
gave a brown oil. Purification via flash c¢i¥fomat ography (20/1

hexanes/ Et zO, Si 2) gave 7.99 g (82 % of the triflate as a yellow solid.
Step B: The trif SaemAl 3-gydasyribidimelhyEbefizoiQgcig, tegebutwiRster €d¢ PHREB) , (340

10 , 0.3 | _ ' ' Lyt 4 :
THE inder No. T CAEHE TR ISR gk ol e Tkerdy BT R HIC A b o s

t f 6 h. Th | Mt i
partitioned betwlek- RIEAES-8i1al. %tmmh.waaﬁﬁg%%qa\w@r‘aé%e P?‘FE'E’S@EB hg?"g e
E r %aAni chhayer vagokgipa hWaissstirred st 0 1 i @uieolhe lsaltios w)mr;arwurrammmé t 25
t OAC. e copbi ned ,ar, i re

concentration ga?@gé\?@@b%&)ﬁ&bﬁw i'Fi %cg'[%ogg I%%a%ﬁt}é%%ﬁ%? ?gmr’gg'hy
(20/1 hexanes/ EiThe cosiingd gepanic lagersgversrdnad (12,809 JTikmtian 2893 yel | ow
$L| : Slt ep The ebﬁéc‘%ﬁir&i@n%ag/e aéb@vfﬁ@l.)}’ma&igk?m N éhrﬁﬂa(&g?éb&bﬂﬂl 051_1/ 1).

e sol ution was cool e - . 0 2 hr ution
until a dark bl ué‘%é’l‘%‘?_;&%r g‘f@t) g%@%ﬁggi@ég"ﬁﬁgﬁéﬁﬁﬁzﬁjg%
di met hyl sul fi deStah&:r triflete qE: 268, 3% , e as
L % CRTLE LEB 4E5) e £ 8, RSt
sol ution gave t h’é‘dﬁb\qd i@e 30‘6'89@@’?&?36?8?’5-}@;? f%r&%’r(]tiog’kﬁrb&'ﬁ%f ol ),
H2NOVE- HCE (28 npartticBdd inmbigen BEKDAC an@32t.¢f. Dhaeixtnrt yasditeradakd® up in

MeOH. Th | uti i . ]
concentr :.t Zg UT'hggéﬂ‘ﬁé lc?ﬁbk Wagq;e hrééd, &1& Web@%oug evOlidtd aRtrd@ed with

esl dude was partitioned et ween a , . The
aqueous | ayer waEQRCr dEESLPIRIPRT OFgRITG Ea.yeﬁ%‘ge@o%fﬂ C%lﬁda%ﬂg%f'% g?és}'vmre
dried (Na2SO1¥. Icohtemttdtion gave B gelttonocitnPudtidadion yiaasthehromatiegrppoxii2o(
Purification via HVe: / inal i.85 84
0 of ox ov:  ThORETEHELDLSic B ’3???3?@??%@%8?5%%?&% /g)ngs'gep
3 (75 ny, O0.16 rﬁiﬁpﬁiaﬁ?f 2ef A9 B R HYP! Q{aé-il’F‘?Pe‘t"hW CRIZMEHT (32
my, 0.16 nmmol) Weveessctuthinesa:dosledtithe78"@ndachecvrmpbibijed Srdbgh dits
(EDC HOBT/ 35 i Prféy&%)wunﬁpé g%?ﬁ@hh%l&i&rﬁgt%@arﬁ{ei ré8etldronb 2 glienched with

- g

0,
AEEHTE NS N S e R AR AR
an oil.
Step D: The tert-butyl ester (650 mg, 2.8 mmol) and TFA (3 ml) were taken
up in CH,CL, and stirred at 25 °C for 19 h. Concentration of the solution
gave the acid as a beige solid.

25  8X: 8W (100 mg, 0.19 mmol), H,NOMe-HCI (28 mg, 0.34 mmol), NaOAc
(32 mg, 0.46 mmol) were taken up in MeOH. The solution was stirred at 25
°C tor 17h. The solution was concentrated. The residue was partitioned
between CH,CL, and 1 N NaOH. The agueous layer was extracted with
CH,Cl,. The combined organic layers were dried {(N2,SO,). Filtration and

30 concentration gave the crude product. Purification via preparative TLC (1/1
hexanes/EtOAc, Si0O,) gave 85 mg (84 %} of 8X.
8Y: The tri-hydrochioride salt of the product of Example 8, step 3 (75 mg,
0.16 mmol) and 4-difluoromethyl-2,6-dimethyl benzoic acid (32 mg, 0.16
mmol) were subjected to the standard coupling conditions (EDC/HOBT/

35 iPr,NEt). Purification via preparative TLC (2/1 hexanes/EtOAc, Si0,) gave
B4 mg (73 %) of 8Y.



C Preparation of 4-difluoronethyl-2.6-dinethyl benzoic acidy z 2 utﬂ% [jltcr 2005
t8ut C CHO TFA F Step A: The al dehyde (400 ng, 1.7 mol),

[ bi s(2-net hoxyet hyl )am no]- sulfur trifluoride (640 ng, 2.9 mmol), and E1CH
(0.02 m, 0.34 mvol) were 5 taken up 1, 2-dichl oroethane and stirred at 65 C
for 6 h and @jo ddmesssf or 19 h. The sol ution was quenched w t pcpakoniNgzCCB.
The aqueous | ayer was extracted with CH2Cl,. The conbi ned organic | ayers
were dried (NaSQ2). Filtration and concerggr.ati on gave the crude product.
Purification via preparative TLC (1011 hexanes/Et,O Si O7) gave 210 ng (50
% of the 10 difluoropferd uabh ¥ea-dhRorRethiE sldimettii bihz &8 aeld (210 ng,
0.82 mmol ) and HA (2. _ oxane, g.2 nno Were taken up in
MeCH. The sol ution waggbid.rad at [BSE ey iRolThdBgubsii 0n was
concentrated to obtain the d as a Wnl*[@ S [ 7d. I5 8Z: @ F
tri-hydrochloride salt of th¥ mn@uct *Of" EX&nple 8, step 3 (811lny, 1.7

nmol ) and 4-[ (et hyl am no) car bonyl am no] - 2, G%di nmet hyl benzoic acid (400 ng,

1.7 mmol) (see preparation bel ow)rvaereHQ legted to the standard coupling
conditions (EDC/ HOBT/i Pr2NEt). Rurificati larflash chromatography (1/1
hexanes/ acetone, Si 2) gave BO3 ng (81 % of ZQZ as 20 a foam
Preparation of 4-f(et h'Fl am nol car bonyl am no%@ , 6-d oic acid NH2

1) (CF3C0O) 20 NH&tepA-3The algehyde (400gsid @ i?f(!?rzr?eé’g%léyeﬁfgg'ﬁa@b”" 0c20
NHC( O) CF3 sul f ursuttti frifluonidé gagaml, Blohniol), BrdHEXOH (BL02 mNDNB4 mmol) were
5 taken up 1,2-dichloroethane and stirred at 65 °C for 6 h and at 25 °C for 19
h. The solution was quenched with sat. NaHCQO,. The aqueous layer was
extracted with CH,Cl,. The combined organic layers were dried (NaSQO,).
Filtration and concentration gave the crude product. Purification via
preparéﬁve TLC (10/1 hexanes/Et,0, SiO,) gave 210 mg (50 %) of the
10  ditiuoro derivative.
Step B: The tert-butyl ester (210 mg, 0.82 mmol) and HC! (2.1 mi of 4 Min
dioxane, 8.2 mmol) were taken up in MeOH. The solution was stirred at 45
°C for 20 h. The solution was concentrated to obtain the acid as a white
solid. '
15 8Z: The tri-hydrochloride salt of the product of Example 8, step 3 (811 mg,
1.7 mmol) and 4-[(ethylamino)carbonylamino]-2,6-dimethy! benzoic acid
(400 mg, 1.7 mmol) (see preparation below) were subjected to the standard
coupling conditions (EDC/HOBT/iPr,NEt). Purification via flash
chromaiography (1/1 hexanes/acetone, SiO,) gave B03 mg (81 %) of f#Z as
20 afoam.
Preparation of 4-[{ethylamino)carbonylaming]-2,6-dimethy! benzoic acid

NHC(O)CF; 1) Meli
I;,NHz 1) (CFLCO),0 j@/ (O)CF3 ) seeBULi
B
2) Bry d 3) Boc,0

NHC{O}CF5 o NH2 CuC!
NaOH i _ -
tButylO,C T ButylOC ethyl
isocyanate

H
N

NN H
Y ~ HCI NY ~
1ButylO,C © HO,C o

Step A: 3,5-Dimethyl aniline (18.5 ml, 149 mmol) was taken up in CH,Cl,.
The solution was cooled in a water bath. Trifluoroacetic anhydride (28.5
25 ml, 209 mmol} was added slowly to the solution. After the addition, the



O Step A° 3,5-Dinmethyl aniline (18.5 m, 149 nmmol) was taken up in ﬁsi
The solution was cooled in a water bath. Trifluoroacetic anhydride @g ﬂgg
m, 209 mmol) was added slowy to the solution. After the addition, the NH2
CuCl tButyl @2C ethyl isocyanate 0 4 OCT 2005 WD OW6558 PCT/ US00/ 11632 -39
sol ution was ved bdidesss at 25 C for 15 minutes. Brom ne (7.3 npcrhdsdomysst )

was added slowy to the solution while nmaintaining the RT water bath. The
solution was stirred at 25 C for 3.5 h. TI8®-solution was quenched with 10%
Na2S203. The aqueous | ayer was extracted wth CH2A 2. The 5 conbi ned

organi c layers weggicdni£dsi(-MiSDs °d fof & efiniel h Broininea7esl mi ard®>mmand

filtered. Concentration gave an orange solid. .Purificatd |
recrystal lizati o8 QYo e @@V&OQ g, @gw tg]%t%fg'la?{ér%}&' 3Pt he
brom nat ed deri watition vess stinegd 4t25°@ fod3.5tho  Bhe Shistion wasqugfichedmith g, 57
ol ) was taken upg, | - Pyb8 exif SctedWEECHIE,,. The
Met hyl 1t hi ur n/ it “{l‘éﬁgt %*g,g agﬂ%bggﬁyéowut i %B@I n Et20.. 80° .@Jo(lj) was added
slowly to thé salombines giganitgdaysrs were gried (MEROak teaiad Wit activaled §&{9°N 62
of a 1.3 Min cyglgh@radecCoseriraibn gans andratyes b, yPardficatibe vieeact i on
solution at -78 C. er.5 mn,__dits | (42778 of tHed ol )
in THE was addedeF’é’é{aﬁ}gag?ﬁ' qugﬂga/té’d;gg%é h%g%s%ﬂé? }g(?r? %\/'as T5%Warmed to 25
C. After 30 nin,brominateddeiitivaiastaiwbited@lidbartiti oned between water and
CH2C12. The aqug_u%féavﬁ‘é aMRBraiibie 361 § 06 MriniblChiaEltdken Ui TieFiaindembordyani ¢
| ayers were dri A | ti.qn. and td ¥ & YED! Sy
solid. Purifi®attPor E’d“’%qeé&' Mﬁ'gﬂpgsﬁ)@]%fpﬁéﬁbé Wi&%exaﬁes CH2Cl 2,
Si @) gave 13.1 mmENvad added siewlydptherspiyioreatef8 "GoAler amBef Siffinfe sol i d.
Ster) G e 11 {dignioes ) abdes (A Goiohbane) op mm')waﬁﬂtﬁslgwlﬂ@ el )
were taken up in and .he . 6Q. C [ A EooSR) ution
was partitioned ‘B@t’ﬁ%‘é‘rﬁ’"m%ﬁgﬂv@t %%r?ﬁé'_”agh%ou@ q'g%r'epn V\B.g extract ed
with CH2C 2. Thel@ninioled THfgwas @adday & hesehBioRaaind® G t HeseERRIVasind
dri led (Na2SQg - \l\-'.yrﬁéu%i éH;"c,@nﬁ!ﬂ&rOjb?mm, R i&ﬁti@ﬁhﬁxtﬁréwgs@%&itfg\edfﬁ t he
aniline as an orange solid. t e anilin Aot APT0N Wi I
i socyanate (0.4 b§n EQ"rW?é?r)?”‘gggpl&Jh@I’e ?Moﬁglé%e%v%% _ y_veée tpglie’?zl)p in
DMF at 0 C. The Tié combimedasganiatayeds verexsied (MaPQoi FHEatiog 2athat
fenperat ur e for Zéhcle?ihsti&%wé DYeNEw s, (Rurtficktion e ftmh%emqgftc@ﬁmlaerand 10 %
NH, OH. The aqueo ayer._was . ' oINSk 1R TEh BEE 1 leadeer S
were washed wit th} fchzman?dcanes/&)g,&e,cé@g élgvtehlIBE{ %2 % )h@f g’
20 as an off-white solid. ‘
Step C: The trifluoro-acetamide (10 g, 31 mmol) and NaOH (2.5 g, 62
mmaol) were taken up in MeOH/H,O (3/1) and heated at 60 °*Cfor3h. The
solution was partitioned between CH,CI, and water. The aqueous layer
was extracted with CH,Cl,. The combined organic layers were washed with
25  water and dried (Na,S0O,). Filtration and concentration gave 6.4 g (93 %} of
the aniline as an orange solid.
Step D: The aniline (1 g, 4.5 mmol), ethyl isocyanate (0.4 mi, 5 mmol), and
CuCl (90 mg, 0.2 mmol) were taken up in DMF at 0 °C. The solution was
warmed to 25 °C and stirred at that temperature for 2h. The solution was
30 partitioned between EtOAc and 10 % NH,OH. The aqueous layer was
extracted with EtOAc. The combined layers were washed with brine and
dried (MgSOQ,). Filtration and concentration gave a yeliow solid.
Purification via flash chromatography (3/1 to 1/1 hexanes/EtOAc, SiO,)
gave 904 mg (69 %) of the urea as a yellow solid.
35 Step E: The tert-butyl ester (900 mg, 3.1 mmol) and 4 M HC! in dioxane (3
ml) were taken up in iPrOH and heated at 45 °C for 3.5 h and at 25 °C for
16.5 h. The solution was concentrated under reduced pressure. The

residue was partitioned between Et,O and 1 N NaOH. The aqueous, basic




dried (MgSQO, ). Filtration and concentration gave a yellow solid.
Purification via flash chromatography (3/1 to 1/1 hexanes/Et OAc, Si nglf) OCT 2005
gave 904 ng (69 % of the urea as a yellow solid. 35 Step E: The tert-butyl
ester (900 ng, 3.1 mmol) and 4 M HCl in dioxane (3 m) were taken up in

i PrOH and hewmtew66ss8 45 CC for 3.5 h and at 25 C for 16.5 hPCTES08/DI6ER i on
was concentrated under reduced pressure. The residue was partitioned
between Et 20 and 1 N NaOH. The aqueous,-#88sic 0 4 OCT 2005 wO 00/ 66558 - 40
PCT/ USO0I 11632 | ayer was extracted with Et20. The aqueous Iayer was cool ed
to 0 C and acjagef wasl eiradted ovith ELOL T(rm-bun)layé'maaqueledﬁo OaEeandras

t ted th d édﬂ?@ﬁ%
I(if(l [?;t ?onwand E@ﬁﬁ&ﬁ%@?‘oﬁ@@g E 92‘885%%%§g¥\§%)%r acid a a white
solid. 5 8AA Et@AuThaqumdoﬁ%cwpfsWﬁrqﬁ@%mw& oF“@é!aﬂﬂo? st ep
3(29 43 n?r?ﬂoﬁ’f yave iy 406 9y lof frenaciiasacivilité ddd.no, 4 3 mmol )
L “;apf

(see prepar at I on ﬁp%ﬂﬁ%%%ﬁ&o %dlé\gzﬁondl tions

su
( EDC/ HOBT/ i%r r By T V'r'?ﬁ\gg%% %'?Pb‘%/
hexanes/ acet one,3 ,Grr%)argnw-errﬁnd-@ grdirb@hy) berizoBAacid {7 20 yrg, I403v"1fb¢a‘|)n(sefo

Preparation of 4-anin SybieLi2028 1A §@rﬁia‘?&‘@m‘f@i gdoNdRidrgut y1 @2C Y
HO2C Th B[fi‘??g 2‘ gPet ‘39'% 2 M
S wore %h'?ﬁ'z%ﬁ}-l Pd-t”fﬁéﬁ‘?"éd‘ae{gsEB:h@‘F’é Q%G%Wnlzlt he so: Et i on

di oxane) were {EREA

was concentr at ﬁgxér@mrﬂg e agyvé'ﬁa@ )%) of BAaAmds a gellove fgarel d. 15 8BB

BAA (100 mp, 0.19 mml) g BRI cSHl 2 b e rf8cQign . 0.21 ol )
p

wer e taken I n pyridi solutlon was

concentrated. The residue was p |6neh'cbetween 1 C]—izand CH2C 2. The
aqueous | ayer was extractmgyios 2Cl 27 The comhp organi c | ayers were
dried (Na2SO4). Filtration and concentration cave a 20 brown oil.
Purification via prepatat-busi dster (SH0Lmige¥BesdclLetd M) (51.02)4 Mjpve 100 ny
(86 %9 of BBB as. col orl es 3 d t he
product of Exaﬁtﬁx@”@wgﬁe E%ﬁ §Q%M§9§%F%%tédé¢'y§ @ﬁﬁﬂﬁugﬁ)@?uéggl met hyl
benzoi ¢ acid (Sﬁsmnceﬂ@empp*a'w %aﬁﬁéﬁhq ng)d’h apaPBRivewield- coupl ed

accordi ng 48 t RMeHRA] o@ﬁ@cw ma@pahEefariebTulionyPelifblide FUOL mic@Rilon vi a

tive TLC (2(1 h | | (87
T bis G sal IS eé%ﬁeﬁgr'atp‘?“ﬁ?* %in@% e A °“‘“§e‘°ﬁ’§%’:°2" aci

NH2 NOBF4 F quawmentrm@chhﬁ regigge masPaytioned 8??{&%1 5l @%cid (200
my, 1.1 mol) gid NORhe aqueous layer was extracted with CH,Cl,. The combined

organic layers were dried (Na,SO,). Filtration and concentration gave a
20 brown oil. Purification via preparative TLC (2/1 hexanes/acetcne, SIO,)
gave 100 mg (B6 %) of BBB as a colorless oil.
8CC: The trihydrochlcr ide salt of the product of Example 8, step 3 (127
mg, 0.27 mmol) and 4-fluoro-2,6-dimethy! benzonc acid {58 mg, 0.35 mmol)
(see preparation below) were coupled according to the genera! procedure
25 (EDC/HOBT/iPr,NEt). Purification via preparative TLC (2/1 hexanes/
EtOAc, Si0,) gave 8CC as a colorless oit (87 mg bis-HCl salt, 54 %).
Preparation of 4-fluoro-2.6-dimethyl benzoic acid

e Y X
MeO,C” MeO,C HO,C

. 4-Amino-2,6-dimethy! benzoic acid (200 mg, 1.1 mmol) and NOBF,
30 (196 mg, 1.7 mmol) were heated in 1,2-dichlorobenzene at 100 °C for 30
min. The solution was cooled and diluted with MeOH and water. A few
pellets (2-3) of KOH were added, and the solution was heated at reflux for
16 h. The solution was concentrated. The residue was partitioned
between Et,0 and 1 N NaOH. The aqueous layer was extracted with EtO.
35 The agueous layer was cooled to 0 °C and acidified with conc. HCI (pH =

F




30 (196 ng, 1.7 mwol) were heated in 1,2-dichl orobenzene at 100 C ér0CBQ005
m n. The solution was cooled and diluted with McOH and water. A few
pellets (2-3) of KOH were added, and the solution was heated at reflux for
16 h. The solution was concentrated. The residue was partitioned between
Et 20 and 1 NYRAPEESSrhe aqueous | ayer was extracted with Et20PCHBSOppd2
aqueous | ayer was cooled to O C and acidifjed with conc. HCl (pH =0 4 OCT
2005 WD 00/ 66SS8 -41 PCT/US00/i 1632 1-2§' " The aqueous | ayer was extracted
with CH2Cl 2. The organic layers were dried (Na2SO4). Filtration and
concentration ga@p H8e mgueoys iyepivastextragi@idavitiy Cat.Ean Toelarganigigyersthe

trihydrochiori %er%adrbd)(fNéﬁ’;@ Prﬂﬂﬁéinbn%fnd@b%'&@h@aﬁmn 556058 Mgl %) Bbthe0. 31
hyl

nmol ) and 4-chlo 2 benzoic acid (76 ng, 0.41 mol) (see
preparation bel3\ 28 é”é@dﬂi ed according to the general procedure
(EDC HCBT/ | Pr 2MNI: TﬂertnhyMthl@ndmsaltm tapradiuctofTEarogle B, Istomd ¢ 530

a-chi oro- 2, & ' Aot gD she Seflerfp o R odd Ra, g 4 M), cpc

M®RC tB it i (seemrepaa'atlwpeMMefssgueb@@ﬁ,cp ngmm@eaeﬁ RfOFY
0.96 mmol) and @e/AOETARY, 8L, Pukificaie Via\esaratie TLIN 4/ nhétdiEy at o C

Tert-butyl n|tr|t nno ded to the solution at 0 C.
The sol ution wa® ?ﬂ%ﬁ("%éé )t%ava&Q,ﬂaﬂ‘?oa %%#8%% 8‘25 C for 45 mn. The solution

was partitioned 15 bet we¢liegaral ig was extracted

wi th Et20. The conbi n;jiggg&m c d:@]zers wer e @Id WOHh bri fH dried
(egl'?g?’ \)/vés F{LA/B;ST Iy;)*e]d@as escri @EH' ’&B‘Bve%@?g@ﬂ uor o der| \/ng\?en?k%

0,
o™ 20" 5 nagoge Y SR AR TR S a0 e, £,
product of Exan{li®é B9 gﬂéﬁ“@o { Yerge Agen p By h‘né!“) t HWI BUEE 4i et hy
benzoi c aci d (9®.1oml,01.4 mmoniwas added to the solution at 0 °C. The solution was

warmed to 25 °C and then at 65 °C for 45 min. The solution was partitioned
15  between Et,0 and water. The aqueous layer was extracted with Et,0. The
combined organic layers were washed with brine and dried (MgS0O,).
Filtration and concentration gave the methyl ester. The methy! ester was
hydrolyzed as described above for the fluoro derivative (KOH). After -
extractive workup, 4-chloro-2,6-dimethyl benzoic acid (158 mg, 89 %) was
20 obtained as a yeliow solid.
8EE: The trinydrochloride salt of the product of Exampie 8, step 3 (180 mg,
0.38 mmol) and 4-bromo-2,6-dimnethyl benzoic acid (25 mg, 0.41 mmol)
(see preparation beiow) were coupled according to ihe general procedure
(EDC/HOBT/iPr,NEY). Purification via preparative TLC (4/1 hexanes/
25 acetone, Si0,) gave BEE as a colorless oil (140 mg bis-HCl salt, 56 %).
Preparation of 4-bromo-2,6-dimethy! benzoic acid

tBUMOz(ﬁ\ Pd(PPh3), tBury)OZCIL;L 1) Brz HOzCJIa
Z 074 SnMey 2) TFA Br

MesSn-SnMes

Step A: The triflate (500 mg, 1.48 mmol), hexamethylditin (0.31 mmol, 1.48

mmal), LiCl (377 mg, 8.8 mmol), and Pd(PPh,), (171 mg, 0.15 mmol) were
30 heatedin THF (70 °C) under N, for 21 h. The solution was partitioned

between Et,O and pH = 7 buffer (NH,OAc). The agqueous layer was

extracted with Et,0. The combined Et,O layers were washed with brine

and dried (Na,SO,). Filtration and concentration gave the crude aryl

stannane as a yellow semisolid.




(see preparation bel ow) were coupl ed according to the general proceliééT 2005
(EDC/ HOBT/i Pr2NEt). Purification via preparative TLC (4/1 hexanes/ 25
acetone, Si02) gave BEE as a colorless oil (140 ng bis-HCl salt, 56 % .
Preparati on of 4-brono-2 6-di methyl benzoic acid tButyt2C. ' Pd(PPh3)4

t But y) ®2C OMoOkWwe®88 Snve3 - SnMe3 2) TFA ~--'P' -Br to A Thedmwisobatesz (500
ng, 1.48 mmol), hexanmethylditin (0.31 mmol, 1.48 mol), LiCl (377 ng, 8.9
mmol ), and Pd(PPh,), (171 ng, 0.15 mmmol)-4#%re 30 heated in THE (70 O
under N2 for 21 h. The solution was partitioned between Et.,O and pH =7
buf fer (NHAOAC)SGiep®: aﬁu@yﬁsxmyaere mendlnegs &Ikewldmnlﬂﬂzﬂl Fhe°Conbi ned

Et 20 | h d
20 yer s verECSRISE Pk O o BT\ ol fher 21
2005 W o 00/ 665&8utictewaseastires:at DHE far30 min amhaﬁ@lt{konm&ﬂw@d with Glkdn up
in CHZC 2 at 0 ,-,9,? wa5R8H Wth(fd % mgqg% ITd ElTEQedJk 1%@89 eit\@éctéadﬂﬂw to the

solution. The ut1.on was stirre

or .30 oI ut .0on was
diluted wit® cHothGl.- ThRicomEined arpamc '_E”Ue% ‘NEFFS%@? mﬁag'oa)qu MEOR  was
extracted with \sagmaea THE (Z oMby aeaddedyarthe sofutions ane:the stuluam(nm SO).

The sol uti on fq;erd %tt%‘f “tg forq7h, (%tié}@%lu\'\qﬁ m%@ﬁ%%&ﬁtrét@& FPeUesfite vyl the

sol ution was for I on was concentrat ed The
resi due was papdﬁltl@mﬁbebﬁ&mlﬂsplém@ N MNEQH N TRE@IUEPHS layel XAFEMEAFRRC was
exi L act ed WI t maﬁ O.TiRe @@ue%aﬂaymas vesled w0ed drat efblﬁfnaﬂdvmtcc{?cfd_gda ,
Wi conc. e e

The combi n&d oré& = %%brihe\éﬂ‘é %}%ﬁ%@é&fwﬁi%%@?@d&%
concentration ermkined®rggnicieyeys wefe d Bittatipe @ngdgiangentnation

pr ocedur enggsggéJEﬁioé fd B3 %Y of e dctbhea vrrsaiads 8FF- 8HH of the -
Structure cs 5 Bl ko R 1R EoRBRRARS S (20

salt 8G: -0 190. 2045@%‘”9
8HH of the structure

Weg ébiﬁ”

15 ' o «
were prepared, wherein R'' is defined in the table:
Ex. R Mp (° C) HRMS (MH™)
- 217-220
8FF OCH, 2N 572.2048
8GG OH (2xHC sait) 558.189
= 200-205 7
8HH 5—@"’ —0 (2xHCI salt) 6352172

8FF: The trihydrochloride salt of the product of Example 8, step 3 (100 mg,
0.21 mmol) and 2 8-dichloro-4-methoxy-benzoic acid (140 mg, 0.63 mmot)
were coupled according to the general procedure (EDC/HOBT/iPr,NE).
20 Purification via preparative TLC (3/1 hexanes/EtOAc, Si0,) gave BFF as a
colortess oil (27 mg, 23 %).
8GG: The trihydrochloride salt of the product of Example 8, step 3 (330mg,
0.7 mmol) and 2,6-dichloro-4-hydroxy-benzoic acig (290 mg, 1.4 mmol)
(see preparation below) were coupled according to the general procedure
25 (EDC/HOBT/Pr,NEY). Purification via preparative TLC (1/1 hexanes/
EtOAc, SiQ,) gave BGG as a colorless oil (75 mg, 18 %).

Preparatiion of 2.6-dichloro-4-hydroxy-benzoic acid



8HHN- - . 0- 200-205635.2172 C I (2xHCl salt) 8FF: The trihydrochloride salt of
t he product of Exanple B, step 3 (100 ng, 0.21 mml) and 04 OCT 2005
2, 6-di chl or o- 4- met hoxy- benzoic acid (140 ng, 0.63 mMmmvl) were coupl ed
according to the general procedure (EDC/ HOST/iPr2NEt). 20 Purification via
preparative JGokaiss hexanes/ Et OAc, Si Q2) gave 8FF as a COb@Ij-h'gﬁ(ﬁu@ﬂ (27
ny, 23 9%9. BGG The trihyd rochl o ride salt of the product of Exanple 8,
step 3 (330mg, 0.7 mmol) and 2, 6-di chl or-43- hydr oxy- benzoic acid (290 ng,
1.4 mmol) (see preparation bel ow) were coupled according to the general
procedure 25 (EDC/ HOST/i Pr 2NEt )5y Pur idecat i on vi a adive TLC (1/1
hexanes/ EtQAc, Si Q2) gave 8GG ds & col orBBess oi | ng, 19 9.
Preparat!|ion of 2 6-dichl oro-4b,bydfoxv-benzorc a8 OfCl wherein R' is
defined in the table: were rearedc0 4 OCT 2005 WD 00%66558 - 43 OH

g' ;quvﬁ BBr 3 4 3 rﬁzcﬂ bb’@%ﬁr@-@lﬁé{ﬁgﬁ’%%ﬁ%c akid@s00 mg) 2.3 mmol) was taken

chl oro- 4- met hoxy* benzoi ¢ aci S
CH2Cl 2 and cool ebpt CHgl@ndgppled (tg"é ng ﬁér Eslélwrmg Ut p@snolﬁt%gﬁz%aﬁlw was
. added to the sol wasided to M Diufidreatseaui0. cFhavagiutien wasl wasmest

ﬁ,;'ow e_(ld_hgt at t éﬂﬁ%@?r@&% ﬂwgt?émﬂt@raﬂne T&el &R Thie @BuNBS Wﬁ%ewwm 3 N

ted t
cooled (0 O andmwaéﬁuwﬁfw@%@f%% ?e% w,tgk;pﬁqﬁqﬁgt’ﬂ%@&@f;y‘gfs
\(NaN; gatragt |ef| WIt léyeﬂd%d@oboaeanbecyenbaoemamngmwmd B (pH =) aheeeggl
iltration an was
used wi t hout furlaﬁg?g H%ng%%‘ﬁéd'%ﬂﬁ%?ﬁ* trl-ﬁﬁdrocﬁhgataé%é&cw ofl t he
product of Exanpmerg drreﬂéva;ﬁq.beﬁﬁgaﬂon@r@ GRARGRAIT gavet e cruce pheno
2, 6-di chl or o4¢- (%mmwdgb@hmnd@t)mhﬁérzmrﬁlcaﬁmrd (55 mg, 0.2 nmmol) (see

LR 2 5 Sy Rl et i e

hexanes/ acet one, o&mol@aoézwagrca%ﬁwdr'ﬁﬂs% oxid P;-E’g %acv&ig(ss gg- 0. 2

mmol) (see preparation below) were coupled according to the general
procedure (EDC/HOBT/iPr,NE?). Puritication via preparative TLC (1/5
15 hexanes/aceione, Si0,) gave BHH as a colorless oil (54 mg, 43 %%).
Preparation of 2,6-dichloro-4-{4-pyridvl-N-oxide) benzoic acid

Ci C!  4-pyridy! boronic acid N
' c,jC/C
1-ButylO,C
umioL L, PIPCYICE  \gunio.C
ci

ANy O
1) mCPBA Ci ~

2) TFA HOC

2.4 6-Trichloro benzoic acid, tert-butyl ester (500 mg, 1.8 mmol), 4-
pyridyl boronic acid {270 mg, 2.16 mmol), Pd(PCy,),Cl, (130 mg, O. 8
20 mmol), and CsF (540 mg, 3.6 mmol) were taken up in NMP and haateo‘ at
100 °C under N, (16 h). The solution was partitioned between EtOAc and
water. The aqueous layer was extracted with EtOAc. The combined
organic layers were washed with water and brine and dried {Na,S0,).
Filtration and concentration gave the crude product. Purification via
25 preparative TLC (1/1 hexanes/EtOAc, Si0,) gave 68 mg (12 %) of the
pyridy! ester. The tert-butyl ester was converted into the acid as done -
previously for the dimethy! derivative (a. mCPBA /b. TFA).
Using suitable starting materials and the procedures described for
examples 8S to 8HH, the compounds of the following structure were.
30 prepared:



Preparation of 2 6-dichloro-4-(4-ovridvl-Noxide) benzoic acid C Yl C
4-pyridyl boronic acid rN. 1-Butyl f7 2 C Pd(PCY3)2Ct2 t-autyl o2c 1§4 BEPMS
C 2) TFAH®RC O d 2,4,6-Trichloro benzoic acid, tert-butyl ester (500
ng, 1.8 mmol), 4- pyridyl boronic acid (270 ng, 2.16 mtl), Pd(PCy3)2Cl12
(130 ng, O18wo.oasééksgmol ), and CsF (540 ng, 3.6 mmol) were t akePustdnidz WP
and heated at 100 C under N2 (16 h). The solution was partitioned between
Et OAc and water. The aqueous | ayer was-@xt.racted with Et OQAc. The conbi ned
organic | ayers were washed with water and brine and dried (Na2S0 j.
Filtration and concentration gave the: crijude product. Purification via 25

preparative TLC (1/1 hexanes/ Et OA ' gave 68 ng (12 %9 of the pyridyl
ester. The tert-butyl ester was er tledh o 1d as done previously
for the dinethyl derivative (aFBQTCPBA | b. TFA). ng suitable starting

materials and the procedures described for “exdinp[es 8S to 8HH, the
conpounds of the follow ng structure were 30 pPepared: 0 4 OCT 2005 WO
00/ 66558 - 44 F3gherbinRTidE0dbiio R 2l M P. (O HRVE (MH) HRVE (MH)

.cal c. found 81JT=CCHZ36- 240,532. 315153%‘.%%@ 8J IHEMS (%0513 RS 11813213
8KK~j 186- 19060 .)5352 2603. 3513 N A 8LLI'N - 20857%88311579. 330®und |
8M\WR10-216579. 4.1: 79. 331;deN 8NN19!6-239_ 5._ 326@%53256 80@&:@3@
(dec) 578. 33585+5- 37 68— 8PFT35—40617 3679 3671
8JJ CH > 260 516.3202 516.3213
BKK j\ /k 186-190 603.3522 603.3513
=" N
8LL (N 202-208 579.3311 579.3303
NP
s8MM | = 210-216 579.3311 579.3311
o~
8NN @ 196-203 595.3260 595.3256
NN N
800 O > 230 (dec) 578.3358 578.3368
>H -
8PF 135-140 617.3679 617.3671
A<
i -
8QQ | . jf\ /]\ 205-215 602.3682 602.3722
NN
H H
8RR "~ CH,OH > 235 (dec) _532.3151 532.3124
8SS 1”? 206-212 580.3263 - 5B0.3258
S N
87T D 198-204 579.3311 579.3315
NONF
suuy /[N:] 231.236 580.3263 580.3252
N
8VV j\c 201-207 613.2977 613.2081
‘N “CF,
5 _
. 650.2487 650.2497
BWW -i-o—ﬁ-c , 215.-220
o)




~ f N _. H 80Q05-215602. 3682602. 3722 ~-N N H H 8RRCH,

O+ 235 (der
.1532. 3124 BSSS206- 212580. 3263580. 3258 8TT198- 204579. 3311579. 33(15 S%IQICT 2005
231 236580. 3263580. 3252 N 8WVf'H Fg201-207613. 2977613. 2981 WW.1
215-220650. 2487650. 2497 .1.0 ~ CF3 0 wherein R' is defined in the table 0 4

OCT 2005 WD \WONG6558 8XX 8YY 8ZZ 8AB o
SAL BAMBAN '- NOH 0O SAC BAD 8AE 8AF BAG BRFFE21013%83 BAK

-45 -
8XX X OH 198-201 545.3103 545.3098
0
| 210-214 595.2 595..2821
BYY '—N‘é"CHa 930 2
Ho
827 CH.F > 245 534.3108 534,3117
8AB ? 202-205 £24.3195 624.3204
b—g-NMe
0
8AC j)LC 208-213 5598.3260 559.3263
N CHg
8AD j\ 215-220 560.3212 560.3220
‘N7 “NH
H 2
BAE Q £t 215-220 573.3416 573.3424
BN
8AF i ™ 215-220 559.3260 559.3257
e
B8AG i 205-209 602.3682 602.3672
:"{N N/\/ -
H H
8AH j)L 186-192 574.3369 574.3378
:/N Me
8Al j 200-206 616.3838 616.3844
8AJ R 165-173 661.3941 661.3947
NN CHLCH ;0Me),
BAK CN 240-250 527.2598 527.2991
BAL j\ 211-215 822.3136 £22.3129
:,t’.N N/\/CI
H H _ _
8AM jL 170-174 616.3838 616.3836
PV VNN
H H
BAN ; j\ 192-196 614.3682 614.3690
N” TN
NN

All melting points were done on the bis hydrochtoride salts (2xHCI) except
8PP was performed on the free base



--N--CH3 CH1= P 4 NN~-NMe2 O NCH3 /NNH2 H. ,XN,Me HIN H NMN%VE H H
r' N(CH2CH 20Me)2 CN / NnN*~ H H YNJ- N~-7 H H PCT/US00111632 - 45-04 OCT 2005
198- 201545. 3103545. 3098 210- 214595. 2930595. . 2921 > 245534. 3108 1534. 3117
202- 205624. 3195 1624. 3204 208- 213559. 3260559. 3263 215- 220560. 3212560. 3220
215- 220573, SV BBESSE3424 215- 220559. 3260559. 3257 205- 209602. BEBDSGR1GE 72

186- 192574, 3369574. 3378 200- 206616. 38381 616. 3844 165- 1731 661. 39411

661. 394" 240-250i 527.2998527.2991 211-248%1 622.3136622.3129 170-174 1
616.3838 1 616.3836 192-196 1 614.3682 1 614.36901 Al nelting points were
done on the bis hydusitly dervdevesbt the(tidtCintesnedipte deRPibrasn Bérifior ned on

the free base %réce%szg%am $R68%R=8ibed above and following the table for

8A0-8AQ, the compounds of the following structure were prepared:

L
FscDALPﬂJOu;p,R”
.

5 wherein R" is defined in the table

Ex. R" m.p. (°C)
8AO -CN 240-250
8AP -CONHEt 215-220
8AQ -N(CH,)CONHEt | 186-203
8AR -CONH, | 200-208
8AS -CONHCH, 215-220
8AT | -CON(CH,CH,OCH,), | 165-173
8AU -CON(EY), 170-180
8AV -N(CH,)CONHCH, | 198-210
BAW -NHCH, 190-200
BAX -N(CH)CONH, | 190-220
8A0:
GOzBu COsBu COH
_ 0N __H_C'____\©/ Ex8.51p3  gag
OSO,CF; o sl ?/ ‘ CN i

Step 1: The triflate intermediate (see 8W) (0.4 g), Zn(CN), (0.2 a),
_ Pd(PPh,), (0.3 g) and DMF (1.5 ml) were heated at 80 °Cfori17 h. The
10 reaction was cooled to RT, diluted with EtOAc and saturated aquecus
NaHCO,. The EtOAc layer was removed, washed with water, dried with
brine and evaporated to give a crude oil which was puritied by preparative
plate chromatography (2000 M silica plates; 8:1 hexanes: EIOAc eluant),
1o give, after isolation of the appropriate band, the cyano intermediate (0.2
15 Q) in77% yield.
Step 2: The product of Step 1 (0.2 g) was dissolved in MeOH (1.5 mi) and
HCI (4M solution in 1,4-dioxane; 2 ml} was added. The resulting solution
was stirred at 50 °C for 3 h and evaporated. This crude intermediate
(0.038 g) and the product of Example 8, Step 3 {65 mg; trihydrochloride
20 form) were treated in the same fashion as Example 8, Step 4, using DMF (2
mi), HOBt (45 mg), DEC (60 mg) and diisopropyl ethyl amine (0.1 ml) to
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described in 82 in procedures simlar to those descri bede;gg\%a;ﬁd 04 0CT 2005
foll owi ng the tfable for _8A0- BAQ the conpounds of the follow ng structure
were prepared: 'N ~ N ", N5 wherein R' is defined in the 2

Pdf PPh. ?. HOYOPXE6SS " step 3, SAID DEC/ HOBI OSORCF. | "éf’é%"@%?“)
trhflate I nternmedi ate (see 8W (0.4 g), %% (CN7 (0.2 g) Pd(PPh34 (0.3 9)
and DMF (1.5 ml) were heated at 80 C for 17 h. The 10 reaction was cooI ed

to RT, diluted with Et OAc and saturated agu
was renoved, wegivee dafigr iselationand Rurificatigh ttﬁe? HH"é’vggg)e 554;(: 8 g?/\e/; a
crude oil whi ChoMRereyid fts et Bt prEpy) 81 65% yvﬁldate chr omat ogr aphy (2000 M

silica plates; 5? Rexanes Et OAc eluant), to
give, after isolati
_?_EgroPrhate b? '; h ,cyano IT%‘I’ medi ate (0.2 ) in 77%yi el d. Ogt g];o t2he
product o St 9 Y(0.2 P"oﬁglzﬂl@ﬁ’de'” : (E go505 3 and HA (4M

solution in 1,4- aneaci@z i @AP was
stirred at 50 C 3 hand € porﬁt'é%!‘E‘Thl s cr |nP ¢HES ate  (0.038 g)

and the product otHExarrpI e 8, caep BHW5 ny; tritokmchioride 20 form) were

treated in the ane

e e 5 o g;gbgna h’?e oxcsé&B(ff,gG I(ege@oaﬁvae& m), HOBt
BAG CADAO- 250 mmmm@agggﬁgf aneg- @@WEE%%%}R& &%ﬁ&m
8AS- CONHCH215- 2&59 égﬁ@gm Q‘P@qﬂbﬁﬁhydr'é?e SAW7 QPEInEWETE- (80T MESN CH

CONFCHL98- 210 8 %:?v?se tGQhe first so@ffo%%omete GdtiBH, the pH was

ad;usted 1o 3 and two layers resulted. The organic layer was removed and

10 evaporated to give intermediate acid (1. 80 g) as a white crystalline solid,
which was used without purification.
Step 2: To a solution of the product of Step 1 (0.62 g), CH,CI, (5 ml) and
DMF (1 drop) was added oxalyl chloride (0.31 ml) and the resulting solution
was stirred for 10 min, at which time a second portion of oxaly! chloride

15  {0.30 mi) was added. The reaction was stirred for 10 min, toluene was
added and the mixture was evaporated to dryness. CH,CI, (10 ml) and
EtNH, (1 ml) were added and the reaction was stirred for 2 days, then
partitioned between brine and CH, CI The CH,C\, layer was evaporated
and HC! (4 ml of a 4 M solution in 1,4- dioxane) was added. The resulting

20  solution was stired for 3 h and evaporated 10 give a solid which was
washed with Et,0 and coilected to give the amide internnzdiate (0.13 g) in
24 % yield.
Step 3: The product of Exampie 8, Step 3 (80 mg; trihydrochloride form)
and the product of step 2 (35 mg) were treated in the same fashion as

25 Example 8, Step 4 to give, after work up and purification, BAP as the free
base form, which was converted to the HCI salt (50 mg) in 62% yield.

BAQ:
CO,tBu CO,tBu CO4tBu COzH
1. NaH TFA
e ————— EINCG — — 8AQ
2. Me2S04 \©/ . \©/
NH; NHMe NMeCONHE? NMeCONHE!

Step 1: To a solution of the amine intermediate (2 g) (see 8Z) was added
30 NaH (0.4 g of a 60% oil dispersion). The resulting suspension was stirred
for 15 min and Me,SO, was added. After heating at reflux for 1.5 h, the
reaction was cooled to RT; poured into saturated NH,Cl aqueous solution
and extracted with Et,O. After evaporation, the crude reaction mixture was
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purification, the free base formof BAO which was converted to it §4HCT 2005
salt (45 nmg) in 95%yield. 8AP. COQ2tBu CQ2tBu CO2H 1, oxalyl chloride -~,
Ex. 8. Step 3 8AP 2. H2NEt T DECI HOBt CHO CO2H 3. HC CO\IHEt 5to 1:

2, 6- Di met hyl wio boMe®ast benzoic acid (1.96 g) (see 8W was ﬁ?ﬁi%@g%g
t-butanol (94 m) and 2-nethyl -2-butene (24 m). A solution o f

(6.89 g), NaH2PO4 nonohydrate (8.17 g) andigvmater (45 m) was added
dropwise to the first solution. After conplete addition, the pH was

adjusted to 3 aghibididduphad aﬁ%,u.'cég@ eTnl.gg\g%nﬂfj‘J‘H%éxﬁM@s{ Ev@ﬁcr@@wsd and 10

evaporated to give acl talTine solid,

S
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To a sol ution ofatdihegpvodact aftSiepadDdtey)(vitorg reptakindiy same fadbied &80 NaH

(0.4 g of a,80% n % élb'il?i%‘étlo?:”a\&@a§tméfr661 for
15 mn and |\1/E%gS Amglbsé)§t§b9,¥ gwg%efge??wrﬁb n )é ]s
base form, which was converted to salt(% mg ln 2% y;eld

Using procedures described above and employing commercially

available acids, compounds BAY 8BT of the structure

/@r\ KJJ! :}J,H”

@]

20 were prepared, wherein R and R" are defined in the table:
Ex. R" R" Mp (° C)
BAY CH, H 205-208
8AZ F H 250-255
BBA Cl H 215217
BBC -CH, Br 228-231
8BD -CH, —N 194-198
8BE Cl : Cl 240-241
8BF Cl F 268-270
8BG Br H 210-213
gBH Cl Br 213-217
BBI Br F 176-181 o
8BJ | H 184-190
8BK -CF, F 204-209




reaction was cooled to RT, poured into saturated NH4Cl aqueous sol ml@?
the crude reaction m xtdr \ZEIE
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compounds were prepared:
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wherein R®, R®, R® and R? are as defined in the table:

Ex. R® R® R® R? Mp (¢ C}
8BU | CFs | ¥% | -CHs HaCe Ny 195-220
' Y N
[X
CHs FaC N 80-85
8BV | -CFs C -CHs N
’71‘ 2N
e F 212-217
8BW | -CFs : -CHa
Y
8BX | -CFs Eha -CHs I;]/C' 235-238
&
8BY | CFs | ¥™ | -CH, pB‘OC‘CHG’m 195-200
8Bz | -CFs CHs | .CHs :er 237-240
& .
8CA | -CFs CHa | .oH.CH; Ny 179-181
'dh
BCB | -CFs ™~ |.cHcH, Ny 200-202
. A
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8BU- CF3- 9H3- CH3H3C. ' N1195-220 N ti 8BV-CF3~, H3-CH3N 80-85 1'-t N
8BW CF3"H3- CH3F212- 217 8BX- CF3g13- CH3Cl 28%- 238
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and R2 are as| @ Pnpd 2t He tadbl E%’gzcﬁla(x;r 05 W 00/ %6559'(?@%@& "6 RS RO
PCr/ USO0/ 11632

8CE | 4 ¢ | -CH, 206-210
FaC ﬁ’ %

8CF | -CFs | /\_ | -Chs - »Nw,N | 23s-239
Y
Example 8
og e
w7 O
N
O NHp

Step 1 A solution of 4-N-BOC-2(S)-methyl piperazine (1.5g; 7.5 mmol}, 4-
5  methoxy-benzyl chloride (1.1 mi; 8.1 mmol) and diisopropyl ethy! amine
(1.5 ml) in dry CHaCN were heated at reflux for 5 h. The reaction mixture
was cooled io RT and volatiles were removed in vacuo. The residue was |
dissolved in CHxClz (30 mi) and washed with water and brine.
Concentration gave the crude product, which was purified by FSGC (10%
10 FEtOAc-hexanes) to obtain 2.1g (88%) of product as a pale yellow liquid.
TFA (6 ml) was addad to a solution of the above compound {2.1g;
6.56 mmol) in 12 m! of CH2Clz and the mixture stirred at 23° Cfor1.5h,
The reaction was quenched with 1N NzOH anad adjusted 1o pH 10.
Extractive work-up in CH2Clp furnished the desired proguc! (1.4g; 97%) as
15 acolorless gum.
Step 2: A mixture of the product of step 1 (1 .4g; 6.36 mmol), N-BOC~4-
piperidinone (1.27g; 8.4 mmol) and Ti(OiPr), (1.9 mi; 6.4 mmol) was stirred
at 25° C for 24h. A 1M solution of E12AICN in toluene (7.6 mi) was added
1o the reaction mixture and the mixture stirred at ambient temperature for
20 another day. The Strecker amine thus formed was worked-up and isolated
(2.7g; 100%) as described in Example 8, step 2. TLC R{=0.3in25%
EtOAc-CH2Cla. .
The Strecker amine (2.7g; 6.3 mmol) was dissolved in 15 m! of dry
THF at 0° C and CH3MgBr (3M in Ei20; 10.5 ml) was added o it. After 1 h,
25 the ice bath was removed and the reaction allowed to proceed at RT for
15 h. TLC analysis of the heterogeneous reaction mixture showed no
change from the starting material; the mixture was warmed at 60° CforSh
with no observed change in TLC behavior. The reaction mixture was




BCD- CF3=- CHZCH, NHCONHEt 199- 205 8CEA CH3- CH3206-210 3 N F3C H 04

8CF- CF3L- CH3N N235-239 Exanple 9 F3C 0 NH2 Step 1: A solution of OCT 2005
4-N-BCC- 2(S) - et hyl piperazine (1.5g; 7.5 mmol), 4- 5 rnethoxy-benzyl
chloride (1.1 m; 8.1 mml) and.diisopropyl ethyl amne (1.5 m) in dry
CH3CN were h®&t046588 reflux for 5 h. The reaction mxture VEUWHMBR to RT
and vol atiles were renoved in vacuo. The residue was dissolved in CH2C12
(30 M) and washed with water and brine.-31Concentrati on gave the crude
product, which was purified by FSGC (10% 10 Et OAc- hexanes) to obtain 2.1 g
(88% of produciueashed pathesapahtanNH,GUand orgefdc pBduic)s extactetiitb t 0 a
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cooled and organic product isolated via extractive work-up in CHzClz.

15 FSGC (10-30% Etz0-CHoClp; Ry = 0.4) yielded the major product as a
colortess fitm (0.12g; 68%).

Treatment of the above proguct (in CHyCiz) with TFA (1 mi) for 1 h
followed by basification and standard work-up provided the desired
compound (0.09g; 86%) as a coloriess film.

20 Step 5: The product of step 4 (0.045g; 0.13 mmol) and 6-chloro anthranilic
acid (0.022g; 0.13 mmol) were coupled as described in Example 1 and
after work-up and FSGC (5% CH30H in CH»Clp) the title compound was
isolated a5 a colorless film (0.058g; 90%). '

The HCI salt of the title zompound was prepared in the usual manner

25 Dby the reaction of the free base with 1M HCI-E120 and processing the
precipitate to obtain a beige solid (0.066g).

Using a similar procedure, the product of step 3 was converted to
other compounds, first by alkylation ot the piperazine nitrogen with the
appropriate halide, followed by deprotection and coupling of the piperidiny!

30 portion with the appropriate acid to form the amides of general structure:

N
K/N\b
NTH‘?

O

R/‘\

wherein R and R2 are as defined in the table:
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Using a similar procedure described below, compounds wherein Ris
4-ethoxynaphthyl were also prepared:
Steps 1-3: See Example S.
Step 4A: 4-Hydroxynaphthaidehyde (0.86g) and K2COg3 (1.38g, 2 equiv.) in
5 CHaCN (35 mi) were treated with CH3CHa! (0.80 ml, 2 equiv.), and the
resulting mixture was stirred at RT for 20 h. The reaction mixiure was
concentrated in vacuo, the residue treated with EtOAc, and the mixture
fitered. The filtrate was partitioned with HO. The dried (MgS0O,) EtOAC
was concentrated in vacuo to give an orange-brown residue (0.88g). This
10  residue was placed on preparative thin layer plates (10, 1000u), and eluted
with CH2Clo to give the title compound (0.82g).
Step 4: Under argon, the products of step 3 (0.270g; 0.5 mmol) anad step
4A (0.571g; 2.9 mmol) in CH2zClz (25 ml) were stirred at RT for 30 min.
Na(OAc)3BH (0.506g; 3.4 mmol) was added. After 19 h, the reaction
15  mixture was quenched with dilute NaOH. The aqueous layer was washed
with CH2Clz (3X). The combined CH2Cl solution was washed with H;0
(3X) and then brine. The dried (MgSQ4) CH2Clz solution was concentrated
to -50 ml. Amberlyst 15 (4.5 meg/g: 2.4g; 11.025 mmeq) was added.  After
19 h, additional Amberiyst 15 (2.3g) was added. After 7 h, the resin was
20 washed with CHaClp (5X), THF (5X), THF:H20 (5X), H20 (5X). CHaOH
{5X) and CH2Clz (5X). The resin was eluted witti 2M NH3 in CH30H (300



to s 1-3: See Exanple 9. Step 4A: 4-Hydroxynapht hal dehyde (0.86g) and K2CGO3
(1.38g, 2 equiv.) in 5 CH3CN (35 nmi) were treated with CH3CH21 ()Q.§0 M85 2
equiv.), and the resulting mxture was stirred at RT for 20 h. The
reaction m xture was concentrated in vacuo, the residue treated with

Et CAc, and ty@oikestgire filtered. The filtrate was partiti orped/osiodmesO.
The dried (MgSO4) Et OAc was concentrated in vacuo to give an orange-brown
resi due (0.89g). This 10 residue was pladed on preparative thin |ayer
plates (10, 1 000}1), and eluted wth CH2CI2 to give the.title conpound

0.82g). St . : ] IR . |
gind S?ép 4/(20% ﬁg;%ﬁﬁ?&!&&%%f&ﬂ&ﬂﬁé%ﬁ Vacb 18ighke 3n GAbRFQW;(02195).ml )

, in 2C1 2 (2 1) re i for
30 nin. Na( CACY®BFuCe MBaisgal "35.1%19' PRSP ‘é%}.‘q'%ﬁ’@( p%gé%wﬁ kcl)zea)torl'l fact i on
15 mi xture was anteelatetiwith Chix@id:2mMaNHgo-EHIBE (Rgldegive ay ambgi®iwashed
w th CH2C 2 (3X()Oﬂ%he ﬁg‘g‘oi ned CH2Cl 2 sol ution was washed with H2O (3X)
and then brine. gd? é "(MSH) CH2C 2 solutjon was concentrated  to -50
m . Anberlyst 1Steps:SUsingithe appmwgriatecasbexyvigagid Wégemwﬁf‘% g?‘a”‘f’s'f h,
addi tional Anbeg | yst 51fhelidickeihg empadaeswess paspafett, the resin was 20
washed with CH2C2(5X), THE (gX), THF: H20 (5X), H20 (5X), CH3OH (5X) and
CH2Cl 2 (5X). The resin\gs ted with 2M NH3 in CH3OH (300 0 4 OCT 2005 WO
00166558 54 PCT1USeQ ﬁ‘c 8%,c foll eved by concentration in vacuo to

532] m ) Ct3x)
gi ve an amber OPFS%QZ. @ud np(eri al was placed on preparative
thin layer plates (4, 1000), and ¥ with CH2Cl 2: 2M NH3 in CH3OH (9:1)
to give an anber oil (0.125g, 36%. HP E§VUsi ng the appropriate
carboxylic acid in the procedure of anmple =9, step 5, the follow ng
conpounds wer e pCHSatosdd MHH-=530; Wlﬁewnf'Mtﬁﬁz‘bg? MN H3C i~ ~J 9V
LCVS found MtH = 531; HPLC Retention tine 5.52 mn. N ~) CH3 CH3CH20 LNT
JHSC NN N O CH3 9W 1£ end MEH = 516, HPLC Retention tine 5.66

m n. 2 HC N
CH3CH,0 O \b W)i':"
N N
0 CHs oW
10 LCMS found M+H = 516; HPLC" Retention time 5.66 min. |
"HPLC: VYDAC 218TP5405 column; gradient 5-95% B over 10 min hold 2
min: Soln A 0.1% TFA/M,0, Soin B 0.1% TFA/CH,CN at 245 nm.
Using a similar procedure wherein the starting piperazine does not
have the methyl substituent, the following compound was prepared:

N CHa

1 -~
Fac’Q N HsG No
5

15 0 CHs (1) 9X: M,p.250°C

~

0
N

Example 10

/@\NJ\\ A R® = NH,; R'°=Cl
l o R B. R® = NHy; R'®=CH,3
O@ C. R® R'® = CHj, CH;
C go®
Step 1: A solution of 4-N-BOC-2(S)-methyl piperazine (0.4g; 2 mmol),
20 p-iodobenzaldehyde (0.46g; 2 mrnol) and NaBH(OAc)3 (0:65g; 3 mmol) in 6

ml of CHoClo was heated at gentle reflux for 14 h. The contents were
cooled, diluted with 30 m! of CHzClz and washed with 1N NaOH solution,



"HPLC:. VYDAC 218TP5405 col umm; gradient 5-95% B over 10 mn hold g []"Lji?ﬂﬂﬁ
Soin A 0.1 % TFA/H20, Soln B 0.1 % TFAI CH3CN at 245 nm Using a si IIHI
procedure wherein the starting piperazine does not have the nethyl
substituent, the follow ng conpound was prepared: 15 CH3 (:t) 9X M P. 250
QC 0 Exanplwolkedsss RO =NH2; Ri = O B. R9=NH2; R1=CH3 91 FCEUSRNBICH3
CH3 0 RO Step 1: A solution of 4-NBOC-2(S)-nethyl piperazine (0.4g; 2
mmol ), 20 p-iodobenzal dehyde (0.46g; 2-memol) and NaBH( OAc) 3 (0. 65g; 3
rnnol) in 6 m of CH2CI2 was heated at gentle reflux for_14 h. The
contents were aa9lapd brikhoisethtavahlyesowrdil (Gf8gIHFEIGC 435 ARKMNXaNe) 1 N
NaOH sol uti on, I . tdidfges filkh TWaC &, a0d bri ne
to isolate an 9@?’@8%? ﬁgﬁédﬁg%g%%%ggﬁ:‘%%g hexane) afforded the
desired producin Z5%6B0AcTeX@Nas a colorless film TLCR = 0.6 in 25%

Ft OAc- hexane The BOR,QBRICAGoldMing Rl Was remimeedtoin tra pioeupt @AAD: (0. 669;
t
i

: 1) b My ) mfy B '
ctandar d wdh k 46 TROMEATRG AP §FACur T CRRRYF i Shupig oV D

. _ ﬁTﬁqQ obt ai ned
as a col or| essg@mfarcSivelkaup? the\mBhio @yl Bed Gimsgzing (AT )1 OB Wafko dr ops of

AcOH wer e added, , to $ lHI hé 8'5 the product of step 1 (0.5g; 1.58 mmol)
and N-BOC 10 pPB@”i’%‘ia%o%S gﬂ% B ol ) i

resul ting sol uBtem2: hHaBHP F}3e('5§9' %@éntaq\dgtnv@edr@ ﬁrgg%%% %%EB%C% er the
usual work up @g soltfieRof tHecprogsdtiot dtay vLSY; | G8ogmoNEayd NBOBbt ai ned as a
colorless oil. . -AeneT0Bada | ; ;a_@I?@ha-thé'i’ésLﬂti utpsT i di ne
(0. 38g; 79%J m&?%é'ﬁé‘rﬂ%%?f%ﬁﬁg‘é@gmw% pr@_&'e% ed cor?lﬁ%%d 6g; 1.2
mol ) by treat w&ststiniegiat EMRIQTE tgmperare B erﬂé?“&fﬂpoﬁn 10AT The
coupling of 6- ¢l othaekiedpioduet (@Bg] 769068y cbirsst asmoiojor@ss ot he

product of ste 0. odd, lgHLBt he presence of DEC (0.092g; O0.48
mol ), HOST (0&6‘@553 'ﬁ%&zns’r%l %ean de@z

fol | owed by product Thedtestripsti 'WQe@OeSQdE;alﬁs?&Sgélp?%lﬁ%ggﬁ%gﬁ'%ﬁ%&l I)ﬂu)si y.
Thi's procedyr e o siepiett¥fhdodfd (@ eRoW2tmindly by BedtBugnt 18%Y) TA (AmILI or | ess
film TLC R :('9-'(250I{q(9m4). for a pair of rotonmers in 2% CH3OH CH2Cl 2.

Compound 10A: The coupling of &-chloro anthranilic acic {0.065g; 0.38

mmol) with the product of step 2 (0.127g; 0.32 mmol} in the presence of

DEC (0.092g; 0.48 mmol), HOBT (0.065g: 0.48 mmotl) and diisopropylethy!

20 amine (0.1 mi), followed by product isolation, were carried out as described
previously. This procedure furnished the compound 10A (0.13g; 73%) as &
colorless film. TLC Ry = 0.5/ 0.45 for a pair of rotomers in 2% CH3aOH-
CH2Cla. :

The HCI salt of the titie compound :vas prepared in the usual

25 manner. Mp: 198-202° C; HRMS (MH™) = 553.1231.

Compound 10B: Coupling the product of step 2 with 6-methyl anthranilic
acid gave compound 10B (HCi salt) in 73% yield. Mp: 197-200° C; HRMS
(MH") = 533.1774.

Compound 10C: 2,6-Dimethyl benzoic acid was coupled to the product of

30 step 2 to obtain the amide 10C (HCI salt) in 50% vyield. Mp: 202-205° C;
HRMS (MH") = 532.1826.

Exampie 11

z J_\ 0
jepese sy
Step 1: (S)-Methylbenzylamine {27 ml, 0.2 mol) in CHoClz (50 ml) was

35 dropped into ice-cold trifluoroacetic anhydride (40 ml) in CH2Cl2 (200 ml)
within 15 min. The mixture was stirred at AT for 1 h, then cooled in an ice



The HCI salt of the title corrpound was prepared in the usual 25 mappery Zﬂ[]fr,
Mo: 198-202 C HRMS (IVH) 553.1231. Conpound 108: Coupling the product ©
step 2 with 6-nethyl anthranl lic acid gave conmpound 10B (HCI salt) in 73%
yield. M: 197-200 C HRVS (MH) = 533.1774. Conpound 10C. 2, 6- D net hyl
benzoi c aci voweseessupl ed to the product of 30 step 2 to obPETASEMEEAM de 1
OC (HCl salt) in 50%yield. M: 202-205 C HRMS (MH) = 532.1826. Stec:
(S) - Met hyl benzyl anine (27 m, 0.2 nol) i-®6CH2CI 2 (50 M) was 35 dropped
into ice-cold trifluoroacetic anhydride (40 ml) in CH2CI2 (200 m) within

o m'ngSTC\% 810}% ﬁ%éhgsloahise(r)%%gillaaae&l (37 §00.106 Imol}hlmma%dbesdlnilnonggd; ce (()2;1
g, 0.106 nol) AREIAXHUR bt?eé‘(ZPP?f(ég&S’%a?m@%@x? Q o
43%8
mol ). After bemgrrﬁgmtrmmb darkRiﬁvore\iblsﬁn@mroacret@%'oéamnzﬁ%‘?é2 56
[bis(trifl uoror,g?q 3@%@% %ﬁ&?&‘ﬁ%‘ﬁnﬁgéﬂas QirfRBat MPlodoremopsidegl Znel t he
m xture was sti 3 | ut ed th
CH2Cl 2 (5005 ynixhie was. %WF#N&EM‘&&% @8}% 'éem}%’d%ﬁe%@@ﬁhﬁi}st :Jr (raedwf or
?hS h. hThe ﬁr @Jt u@ohﬁyﬁ:ﬁo e[rm%r&ieal &ratm?oahg&asﬂmhha u&ﬁﬁgﬁﬁggt% ted
rough a shor ?r " F it dshont | er
el KRHED,

CH2Cl 2 d d
A G = I Dl Lo I
and the m xtur Zg%s%qa dedSshd e rRixkurd.stirEbdonTEmini Hekanesa§000h)) e@sed and

washed wi t h_hexangs t d
(36.5 gWI 5990 yi( uawv? tﬁeﬁ%ﬁgf’h‘@@ﬁg’?’ﬁg-"ﬁ?”%ar‘s'"%g@tt'g?ﬁgﬁmgmggnz

The product of Hiepretipitaie Rag cole@ed ang|washas withskexahes: H-ﬁedq@ ¥5" (200

m) and NaCH (Waﬂdnéh aiﬁrrawd)noaa copipiun0X06.51d, G3tagieltideer 0.dr opwi se. The
m xture was stirred After the CH3OH was evaporated, the

| v%'@%‘%*f‘?’éﬁﬂeed?@f‘f?sél 8% 100 ni i
O e o The ety ohstond ek 5r0oabnay et Peeefiinerich 9an ¢

tratgg to 4 86ded 0. 039 ol
A v ) it A iy ol )

| ed
acet one- C02 t o 9rPEWISEn mRﬁ”') a‘f’ﬁfﬁg ﬁggamﬁ ?’?‘?Sgﬁﬁ@%ﬁgﬁ@"@ﬁ wegol ed i

anhydri de (10. 2ewgapomaﬁeﬁthmu)eouarlwqrweaﬁ extracias Vil Q) 63"2% l>@”g§'§° mol )

were added :: “dcérhsmghﬁrglérﬁcb@ﬁ:orﬁ%ﬁ wéhé@wnﬁ bmine, artuad 6\83r(L\ia2'ﬁ@4 m xture
was warmed to RT and stifred f More CH2Cl 2 was added to the
m xt ure and theﬁ‘%PﬁtaPSrF%@"%ﬁQH%@“ﬁ? e%ﬁ"]—ﬁf The fres\r,é‘ ¢

ami ne fromahove wasMatiybd-lactate kb 0Big. 0.03%me Wasi BFsHRd '8 'é?-cgl? %@3 (18

g, 0.132 nol) i QnW@ﬁm&&% W4 stirred and cooled in acetone-COz to - 78°C under Np
atmosphere. Trifluoromethane sulfonic anhydride (10.2 g, 0.036 mmol)
and then 2,6-lutidine (6.27 g, 0.059 mol) were added und the mixture was
stirred for 5 snin at -78° C. The mixture was warmed to RT and stirred for -

25 30 min. More CH»Cl» was added to the mixture and the solution was
washed with 2N HCI. The freshly prepared amine from above was added
to the triflate solution followed by K2CO3 (18 g, 0.132 mol) in water (20 mi).
The mixture was stirred at RT overnight. Extractive work-up with CH2ClIz
followed by silica gel column chromatography gave a secondary amine

30 (B.27 g, 75% yield, Ry = 0.65, hexanes/EtOAc, 3:1) as a yellow syrup.
Step 3: The amine of step 2 (17.3 g, 0.052 mol) was dissolved in
dichloroethane (100 ml) and CICH2COCI (117.2 g, 82 ml, 1.04 mol). The
mixture was stirred under reflux condition tor 3 h. Both the solvent and
CICHCOC! were removed under vacuum. The remaining yellow syrup

35 was dissolved in DMSO (40 ml) at 0°C and Nal (5.2 g, 0.035 mol) and
NH4OH (56 ml, 1.04 mol) were added. The reaction mixture was stirred 0°
C for 30 min., warmed up to RT and stirred overnight. Water (100 ml) was
added to the mixture and the precipitate was filtered and washed with



The mi xture was stirred at RT overnight. Extractive work-up with CHQ BT 2005
foll owed by silica gel coI umm chr omat ogr aphy gave a secondary am ne 30
(8.27 g, 75%yield, R = 0.65 hexanes/EtOAc, 3:1) as a yellow syrup. Stec
3: The am ne of step 2 (17.3 g, 0.052 mol) was dissolved in_dichloroethane
(100 n) andwOIGOMes3®C! (117.2 g, 82 nl, 1.04 nol). The mi xtFET&SAE6Rirred
under reflux condition for 3 h. Both the \??,9” vent and Cl CH2COCl were
renoved under vacuum The renai ning yel l ow'syrup 35 was di ssol ved i n DVSO
(40 m) at OC and Nal (5.2 g, 0.035 nol) and A NH4OH EHG'qi 1.04 nol) were
added. The reactwatar.n7he »ﬂ'@e\ﬁ@@d@iaﬁﬁ%‘ﬁwés dged ¥ ai5¢P VAN war med up to RT

and stirred overc?lk Bpip e)ép,qrﬁg (14199, "% yms Riael 05, hexatas/ FQAOr&1hnd t he
preci pitate was

f'ef.ed hed
BT UB00 11635 -Sienda tre ARRISHRATELTE 81 PEPGLL S RetSad o e Jfﬁ@%?r% o give
the di ket opi permnmxg,mnameg(zonmwnemem (5. b%@“ﬁe&éﬁe 3%’? 43. 1).

Step 4: The ;ﬁg& ﬁbﬂ%&kg@iﬁ%@q&d%‘%hé s&luti@nofﬂmmh:ktuaes‘;va@ﬁmbved in

g|9m;t rr]rioxyoet24 modmfmmmwlqns fond saﬂdjhgﬁﬁ" ‘ﬂﬁ'ggr??'%?PE& ‘5%%31 eg > o

under refl ux CO"@HSOHWSOI‘J%I) 3nH therdcoruentrateol WG ¢3@0anbmer©a¢d%sm ¥ bat h.

CH3OH (500 nl) and th q h
mxture. The Sor BeIBRES TEF R s S gl AT aHRRRauaLe | 2\ ¢

refl ex
condi tions for 415ﬂm< ponditiensriort4ir minnaB ecIEERIWET wcgﬁaaﬁgmq‘iﬂg% Waded
3”“' ghe PHanas, rﬁtﬁﬂ"ﬂ? ﬁﬂ wﬁHo?&tﬂage;gmmramvwv&d:k Ep@@m@ﬂ_?ﬁ:ga\med t
esire PI peraZI ne as a syru . € produc
of step 4 (1.9 gthegjepgemgrazmﬁ_agéj{é{‘l 5‘?‘?& ggy%;g/%eld, 28.8 nmml ),
NaBH( OAc) 3 (6.1 StepX8. Bnmcmmmmwocwg@wgnmm) N BB 4m'ﬁﬁf)d°ﬂsre
conbined in CH2 527:§ %@an@ndwabﬂ(m&wsa §\e28.8 tnrabl) ene @MoReOH (6 AfL er
t he sol vent was W t
£t OAc ol | oved byt 5%5‘%@? W@ﬁi‘r’m&? A’ﬁ‘?—%ca% (150 gaggtrﬂléé/%.mréwa@
pi per azi ri o-1§ pesirtédeveraight. gz‘te?ﬁ%gal\edndwaszremv&% NaQex{ghNbwesaased 1. 1)
as a syrup. Step.Qq olhfcihe E}% :tﬁE?tl@Aéiduéw%dq)y Sich gaTehjormatsgiphyol ved
in oo 2 20 (1879 Aiye T ure.mas stirred at
RT for 2 h. Afté‘r|o ﬁ@%ﬁﬁ?ﬁrgﬂf'o'ﬂ‘a@r@%ﬁ“\} % §7 }%S&m?i)ﬁ @rg,guced :

pressure, NaOH pekaHestirOlA\)1: Weas adgreg. t o t he renmining syrup and

extractive work 1 %he %tgﬁ‘éfépt\@@l 9 ges. 7pnpelneas dissgveein QHallz( 1. 3 g,
85%yielrij as a

razi no- pi per2@i c(t(bﬂ‘d)m'ﬁé‘“ (Boﬂ‘ﬁhwﬁﬁﬁ8|9u‘%ﬁﬁ?\%&%eﬁg%gﬁn% B?HT 'ﬁﬁé\
2, 6-di met hyl be”ZWﬂ@rﬁw @nicha0 ohthe €hhat anddFA, urg@mrgq%d@es@rggN ) and
HOST (135 my, 0. 99, HERIn) WHE 2ol h/6f Mo SyRsh @ Braavastiaght uamdint hen
the solvent was EtOAc gave the free piperazino-piperidine (1.3 g, 85% vield, as a yellow
syrup. To a solution of the tree piperazino-piperidine (200 mg, 0. 484 mmol)
25  in CHoClo (2 ml) were added 2,6- dimethylbenzoic acid (150 mg, 0.99
mmol), DEC (191 mg, 0.99 mmol} and HOBT (135 mg, 0.99 mmol). The
mixture was stirred at RT ovemnight and then the solvent was removed
under reduced pressure. NaOH solution (3N) was added to the remaining
syrup and extractive work up with EtOAc followed by column
30 chromatography atforded the title compound (210 mg, 80% yield, Ry=0. 37,
CH,Cl/CH30OH, 20:1). HRMS (as the HCI) calcd for Co7Ha7N30! (M+H%)
546.1981, found 546.1965. Mp: 190° C (dec.).
Using a similar procedure, compounds of the formula

YNPE
LoD
! R0
35  were prepared, wherein R® and R'0 are as defined in the table:




under

reduced pressure. NaOH solution (3N) was added to the renaini 'ﬂ% 0CT 2005
syrup and extractive work up with EtQAc foll owed by colum 30
chromat ography afforded the title conpound (210 ng, 80%yield, Rt = 0.37,

CH2Cl 2/ CH30H, 20:1). HRMS (as the HCl) calcd for C27H37N301 ( M+H+)

546. 1981, fowpndo/6es88 1965. Mp: 190 C (dec.). Using a sim | ar RETA®EUN632
conpounds of the formula 1 0 RO NI R n 35 were prepared, wherein A9 and
R10 are as defined in the table: 0 4 OCT-9865 WO 00/ 66558 -58

PCT/ USOCOL11632 ExRsSR10M CHRMS 11A- CH3- NH2198 (dec.)547, 1928 11B-cl - NH2203
dec. 567. 1395 11C- OH O+ O%Z(d C. ;_1550 %‘i@ 1 QVI DHS?@:mgde ) 578. 1860
Exanple 12 | Step 1: Te—+#e c! oot BI ouucr of b 11, step 4
(1.4 g, 4.2 mmol) and 11thrt] Habex crh”‘ﬂzm L ﬁ-(@i??w)arnﬁﬂ?nm? hs g, 4.67
mmol) in 5 CH2O 2 was adgﬁg Ti (_(a';lPr 4NI4¢2 D203 (dec) "MBE7.1808 fhe mxture
was stirred at RT oveprrght-—1—MEr2ATCNTS, M, |5 '} was added,
the mixture was stirrigdl®verni-& at 'Qﬂ" ahd0 ML@Mwaporat ed.
Saturated NaHCO3 was jadqleg tacjd:}%n CHie| 200 (dat.) acEV8A860r Kk up with

Et OAc gave the Strecker—amTEe as a

él oW m#p The syrup was di ssol ved
in THE (40 10 n) and 3M CH3MyBr (7 m =*8 ) was added to the sol ution.

The mxture was stirred at RT ovefni I to 0 C and saturated
NHAClI and water was added. Extra;g!f%m\r_ly vw c foll owed by
silica gel chronatography gave | perazi no-pi perd di ne product (1.78 g,
81%yield, R = ﬁé ﬂ%ﬁ. téﬁsﬁérﬁ 1e211, Bteal (0 egps.educt  of
step 1 in the *descri c] tn% e ojd)uc 4 98 %?f%h@r?nmt han,
rmiol) B ‘ete(fﬂ%to ycqm 6a‘§ ?'Pl%°” ] 4"560. éé

title conpound.
Using a sinilsar QrsClpcaseaddetBtDiRds (b 9tché-2 oimel) ang the mrmrwaﬁ shigre
re ared wherein R 5,anidhe’ 1 DRELAICN [0k #h) 8.04BnRI waktliEd, the mixture
was stirred ovemight at RT and the solvent was evaporated. Saturated
NaHCO3 was added to the residue and extractive work up with EtOAc gave
the Strecker amine as a yellow syrup. The syrup was dissolved in THF {40
ml) and 3M CHaMgBr (7 mi, 21 mmol) was added to the solution. The
mixture was stirred at RT overnight, then cooled to 0° C and saturated
NH4CI and water was added. Extractive work up with EtOAc followed by
silica gel chromatography gave the piperazino-piperidine product (1.78 g,
81% yieid, R, = 0.52, hexanes/E1OAc, 2:1).

Step 2: Treat the product of step 1 in the manner described in Example 11,
Step 6, to obtain the title compound. Mp. 190° C (dec.); HRMS (as the

HCI salt): found 560.2145.
Using a similar procedure, compounds of the tormuia

Fepiotat

prepared, wherein RZ is as defined in the table:

"10

15

20 were

Ex

mp (°C)

HRMS

12A

szi),:

145 (dec.)

581.1537

128

HzNﬁfc 3

150 {dec.)

561.2083

12C

H gc\é,cHa
N |

208 (dec.)

561.2096




12A145 (dec.)581.1537 12BH150 (dec.)561.2083 3 H2N ~f 12CH208
(dec.)561.2096 3 H N O 4 OCT 2005 wo 00/"ssa -59 120206 (dec.)562[4d{ 288D

H3 ~I 12EH190 (dec.)577.2029 H 3 N ~ o 12F245 (dec.)601.100
. . . 6 C *I N
12GH218 (dec.)577.2029 3 H3 N OH 12H195 (dec.)617.09)45 C
WO 00/66558 PCT/US00/11632
.59 -
12D Ho | ChHy 206 (dec.) | 562.1944
128 | 1 Hy | 190 (dec.) | 577.202¢
N
O,
12F T 245 (dec.) | 601.1006
c A |
N
12G H Hy 218 (dec.) | 577.2029
N |
OH
12H c i | 195 (dec.) | 617.0945
1y
o
121 o CHs 116 (dec.) 562.2048
Nl

Example 13

tep 1: To a solution of the N-BOC protected product of Example 11, step
4 (250 mg, 0.581 mmol) in DMF (2.5 ml), CuClt (1 g, 10.1 mmol) was
5 added. The suspension was stirred under Nz at 110°C for 24 h. Afterthe
" rixture was cooled to RT, NHsOH was added and the solution gradually
turned bright blue. Extractive work up with EtOAc gave a mixture of the
chloro-substituted piperazine and its BOC derivative. After treating the
mixture with TFA (5 ml) in CH2Clz (2 mi) for 2 h, the solvent was
10 evaporated and NaOH (3N) was added. Extractive work up with EtOAC
afforded the pure piperazine (110 mg, 79%) as a yeliow syrup.
Step 2; The product of step 1 was treated in a manner similar to Example
11, steps 5 and 6, to obtain the title compound. Mp. 180° C (dec.); HRMS
(as the HCI salt): found 454.2617.
15 Using a similar procedure, compounds of the formula

L o R
N Q/\N\“JN—CNA\C)

RIO



| J N 121116 (dec.)562.2048 N, -] Exanmple 13 C PCTIUSOCO 11632 to 1:, T ]a
solution of the N-BOC protected product of Exanple 11, step 4 (250[“17@[,: 2005
0.581 mml) in DW (2.5 m), CuCl (1 g, 10.1 nmol) was 5 added. The
suspension was stirred under N2 at 110C for 24 h. After the mxture was
cool ed to Riyg Aty was added and the solution gradually tworagebnisght

bl ue. Extractive work up with Et OAc gave a m xture of the

chl oro-substituted piperazine and its BOCgs0erivative. After treating the

m xture with TFA (5 m) in CH02 (2 mM) for 2 h, the solvent was 10
evapor at ed and NaCOH 18C{.J WaheitabieEt OAc  af f or ded
the pure pi perama'ﬁ"epriE %@%&ﬁa@%c%ﬁgﬁﬁﬁd ST SM The product of
step 1 was treated in|a Banner BPnilaBRPo ExMRAIE) 11 HEMS 5 and 6, to
obtain the title comppund, Mp. G189 | CNisc| pookked) | (4852677 HO salt):
found 454.2617. 15 UsiAg—a—stnrtar—pr gute ? pungis)%g;\h formula [ RO
COL h O NNRoO4 QCP3005 Woloo] cBNAZ pePD(Beh) 11952988 Lere prepared,

wherein R9"and R10 ar¢ agedefingg ip tlm t@bbe:(dEc(RﬂBRlMSBG:I-IRNB
13A- CH3- NH2200 (dec.) 4552577 13BC -~ NFAZZU0 VA -Cl -d 187
(dec.)494. 1536 Usi nge'ﬁ‘ﬁﬁ the BERRUC! O S?P;E'rit Fréfgﬁegd%?gggg%&‘é'%%aanpl e 12,
conpounds of t%ﬁéﬁémsaoﬂheﬁomta prepared, wherein R2 is as defined in
the table: ExR2ZM CHRMS 13DH197 (dec.)4&8.a1z 3.0

' N__N N)Lﬂz

Ci
5 were prepared, wherein R2 is as defined in the table:

Ex Re Mp (°C) HRMS
13D T 197 (dec.) | 468.2779
H_—,C\é/CHa
T 05 (dec.) | 489.2184
13E HoN | cn 205 (dec.)
13F HoN CHa 210 (dec.) | 469.2734
e 195 (dec.) | 470.2689
183G | o | _CHa (dec.)
NaN
13H T 260 (dec.) | 509.1634
C /l l i
N
-y dec.) | 485.2688
13} H | Ha 200 (dec.)
OXN\)
Exampile 14

Step 1: To a solution of the N-BOC protected product of Example 11, step
- 4(5g,0.012 mol) in DMF (20 mli), CuCN (20.8 g, 0.23 mol) was addgd.

10 The suspension was stirred under Nz at 110°C for 22 h. After the mixture
was cooled to BT, NH4OH was added and the solution gradually turned
bright blue. Extractive work up with EtOAc followed by silica gel column
chromatography gave the cyano derivative (2.29 g, 60% vyield, R, = 0.5,
hexanes/EtOAc, 4:1), the carboxamide derivative (0.95 g, 23.6% yield, Ry =



H3 | 13Er" '7205 (dec.)489.2184 | H2N 13FH2N 1:5~CH3210 (dec.)469.2734
13GH195 (dec.)470.2689 3 NON 13H 260 (dec.)509.1634 C r' N 131H32000 & QET 2005
485.2688 H3_ T" y 0,e N Exanple 14 NCto 1. To a solution of the N-1130C
protected product of Exanple 11, step 4 (5 g, 0.012 not) in DVF (20 m),
CuCN (20. 8 gwo@o@idssol ) was added. 10 The suspensi on was st iRGTESOYNEEr N2

at 110 C for 22 h. After the mxture was cooled to RT, NH4CH was added and
the solution gradually turned bright bl-@&.- Extractive work up with Et OAc
followed by silica gel colum chromatography gave the cyano derivative

(2.29 g, 60% yl@échgc:lzqu@H 108y ane siduOdahstdutey deribative o n? dee
derivative (0.9 8:1—5 I e %BAC% OCT 2005 WD 00166558 61 PC

| USO011 1632 0. el cF 5 é-é’&‘la n§g afd T he unsubstituted derivative (85
Mg, 2.40/0 yi ed@p 2R TFe BOGgrdupamibe/dratocompound distgp 2:wahl'sBoc group on

the cyano Corrpoun ! miAé wlsccarvedet tons  and
the resul tant %and%Paém dnfoﬁgfr{det'ﬁ@‘%@ﬁ'um% i

tit d,fol g the
procedure ofs B(taepitle @mp@@ﬁ@"@laﬂﬁ‘%mocﬁﬁfé@? éxqrﬂg I—félnsé%%%’ WP%und
445. 4970. ExanpLgnkh (a3 @B HC) skR):-afounliumisosed. the N-BOG protected product
of Exanple 11, step 104(14g, ){m;gb e f51d CuCl (1.61 g, 16.3 mmol)
I n CH3OH at Ovaas added NaBH4 (3. 69% I) slowy. A black
precipitate was fornmed. The mxt and stirred

overni ght. The precipitate was eINte trati on and CH3OH was
renoved under vacuum

Step 1: To a solution of the N- BOC protected product of Example 11, step
10 4 (1.4 g, 3.26 mmo!) and CuCl (1.61 g, 16.3 mmol) in CH3OH at 0° C was

added NaBHa (3.69 g, 97.6 mmol) slowly. A black precipitate was formed.

The mixture was warmed to AT and stirred overnight. The precipitate was

removed by celite filtration and CHzOH was removed under vacuum.

Extractive work up with EtOAc afiorded the desired compound (1g, 100%
i5° vyield, Ry = 0.55, hexanes/EtOAc, 5:1) as a syrup.

Step 2. The BOC group on the product of step 1 was removed under acidic

conditions and the resultant amine was converted to the title compound

following the procedure of Example 11, steps 5 and 6.

Mp. 195° C; HRMS (as the HCI salt): found 420.3016.

20 Usma a similar procedure, the iollowing compound is prepared:
OCI
- O
HeN - 15A

HRMS (as the HCI sait): found 441 2426

; I
"A =
Example 16

Step 1: To a solution of the N-BOC protected product of Example 11, step
25 4(2.5g, 5.8 mmol) in benzene were added pheny! boric acid (1.68 g, 13.8
mmot), 2M Na2C03 (14 ml) and tetrakis(tri- -pheny! phosphine) palladium
(0.67 g, 0.58 mmol). The mixture was stirred under reflux overnight.
Extractive work up with EtOAc followed by silica gel column
chromatography gave the phenyl! derivative (1.37g, 62% yieid, Ry = 05
30 hexane/EtOAc, 5:1) as a syrup.
Step 2: The BOC group on the product of step 1 was removed under acidic
conditions and the resultant amine was converied to the title compound



04 0CT 2005
Extractive work up with Et OAc afforded the desired conmpound (1 g, 100% 15

yield, R = 0.55, hexanes/EtQAC, 5:1) as a syrup. Step 2: The BOC group on
the product of step 1 was renoved under acidic conditions and the
resultant am ne was converted to the title conpound follow ng the
procedure ofwibeaepise 11, steps 5 and 6. M. 195 C; HRMS (as REEUSIONIEA]t ) :
found 420.3016. 20 Using a simlar procedure, the foll ow ng conpound is
prepared: o ¢’ H2N 15A HRMS (as the HC 's%ﬁt) found 441. 2426 Exanple 16
Step 1. To a solution of the N-BOC protected product of Exanple 11, step
25 4 (2.5 g, 5 $olawihy the phesedere ohEramatidtd spreny RNB6ri c acid (1. 68 g,
13.8 mol ), 2 4 phosphi ne)

pal | adi um (0. 6% q%fy% Hﬂ% ?Q% ﬁe&%@sé!}i té\gﬁd 2195%‘3%@ under refl ux
overnight. Extracti m:maw:mpawrpﬁewméomapm%a 'E?? MY a gel coI um

chr omat ogr aphy gave the phenyl derivati e 1 37 A)yl eld, R, = 0.5, 30

hexane/ Et OAc, 5:1) as a syrup. Step ar g Fpn t he product of step
and‘-t-‘he sul tant am ne was

OCT 2005 WD 00/ 66558 -62 foll ow ng the

1 was renoved under acidic condj
converted to the title conpound

procedure of Exa Ie 11 e RMS (as the HC
salt): found Sqo8vee aqegtx&n 5e'g.q:.§:€'lst%s d%\?gﬁ&% &?Le!_lipuuu(Jb of the formula
O NN---f 25 vveSehpr aEled wher ditf R2 | Mg (46) i he tabl e: Sch
223254 223255 2 e se PCT/ 6$§0 AVb 51295 |16 AH2N190
(dec.)517. 2754 1%%%320{% Hgg - 74972 CO@S)QI%%/ (dec.)49§. 3225 Na, N CI

223255 | 16B CHS - 65-70° 497.3287

275666 | 16C HsC 1)\.(CH3 190 (dec.) | 498.3225

NN
* tree base
Example 17

peUepoieny

Step 1: The N-BOC protected product of Example 11, step 4 {800 mg, 1.88
mmol) was dissolved in dry THF and the temperature was brought to -78° C
under Nao. Buty! lithium (2.5 M solution, 0.832 m, 2 mmol) was added and
the mixture was stirred at -78° C for 10 min. The solution then was dropped
into p-chlorobenzy! aldehyde (234 mg, 2.07 mmol) in THF at -78°C. The
mixture was stirred for 30 min. at -78°C, then gradually warmed up 10 RT.
Saturated NH4Cl was added to the mixture and extractive work up with
EtOAc followed by silica get column chromatography gave the desired
alcohol (30 mg, 3.6% yield, R, = 0.5, hexanes/EtOAc, 2:1) as a yellow
syrup.

Step 2; A solution of alcohol of step 1 (40 mg, 0.080 mmol), triethylisilane
(52 mg, 0.45 mmol} and TFA (5 ml) in CH2Clz (5 ml) was stirred under

reflux conditions for 2 h. After CHzCly, triethylsitane and TFA were
removed under reduced pressure, NaOH solution (3N) was added to the
remaining syrup. Extractive work up with EtOAc afforded the chlorobenzy!
derivative (20 mg, 68% yield) as a yellow syrup..

10

15

20



Exanple 17 Step 1. The N-BOC protected product of Exanple 11, step 4@“@ 05
ng, 1.88 10 mmol) was dissolved in dry THE and the tenperature was brou I‘gq
to -78 C under N2. Butyl lithium (2.5 Mso!-ition, 0.832 rr!, 2 muol) was
added and the mxture was stirred at -78 C for 10 min. The solution then
was dr opped wobib/eesge chl or obenzyl al dehyde (234 ng, 2.07 rnnBCTUSMHITE at

-78 C. The mxture was stirred for 30 mn. at -78 C, then gradually warned
up to AT. 15 Saturated NH4CI was added tob6¥he mi xture and extractive work
up with EtOAc followed by silica gel columm chronatography gave the
desired al cohokd,38 WHe plodifér i siep, 2 RiszobvatechiodhadidpEroreund: 1) as a
yel | ow syrup. ep. 2:. A sol uti I O17@r, CQa®QR mmol ),
triethylsilane f@@&(@zmﬁtf,mff%gfomgﬁééw‘ﬂ\%%gtrﬁﬁ)g 6ilnr(A@:HZCI 2 ?5 rﬂg) was
stirred under HEMMSKastrediCl saly): found54d.3M0ter CH2CI 2, triethyl silane and
TFA were renoved under reduced pressuggampiengsol ution (3N) was added to
the remaining syrup. Extractive work up,wth Et Q4ciafforded the

chl orobenzyl derivative (20 ng, 68% vie ejFow syrup.. 0 4 OCT
2005 W 00/ 66558 PCT/ USOXX 1 6 towﬁuct step 2 .was converted
to the title conpound follow ngrthe procedure of anple 11, steps 5 and

6. Mp. 170 GG(dec.); HRMS (as t'he HCl salt): found 544. 31({(’)1. I'Exarrgh% 18 |
"ZN 5 to i : Tgep 30Meta soiution ohiheNNERC prefestedaPReptipyt: ‘?ﬂ"g?’e& vative
of the cyano c%%%gm buix 8fekamite 14tsep 1 (650 thgyd,241mmpi 120i(4 Mt 20 (4
) was added il B o 05 SR FsERRer. Th Aiionesras

stirred under r&3asgd the sol ution was coo] ed. on ice-bath,
10 12N HCl (4 nigirreaunaddediuantetdightri Adtarntee aalytian was €gotgd oD S bat h f or

2 h. The soluti owﬁ&igpﬁ,@xﬁgaé Q?ggdéﬂgt@hﬁﬂum gerddbs awtesmasdtetdr unt i |

t he pH was re xtractive work_up w t. '
afforded the def heJhmM'P"W@W'?%@E@?&ﬁ&wgﬁ(ﬁé%q%é?g? to 2:
The product of simipthk pidwasrearedtian o rExtrREtYe WOREUR Y, G S~T5 peptide

coupling pr ocedu(zsg,é a?’ﬁé%@%@s‘fﬁsifb metﬁ%ﬁ{étcﬁwe %?.QSth,a&ﬂ/otde)téd & syruponpound.

. 210 C HRVB . fouhd 483 2522 " \ks] i
g/tr) ocedure, the fSlep@ui e EW%%CF‘PEC%B‘?’%H?@& aEEOrﬁ\@/{&%hg M@ bEC

15  peptide coupling procedures of Exarnple 11, step 6, to obiain the title
compound. Mp. 210° C; HRMS (as the HCI salt): found 483.2522.
Using a similar procedure, the following compound is prepared:

H O
et eat:
: 18A

Mp. 21.0" C (dec.) HF{MS (as the HCI salt): found 463.3088

20 Example 19

MeO-N7/©;\ NbNBCN )‘L@

Step 1: To a solution of the product ot Example 22 (140 mg, 0.29 mmol) in
CH30OH (10 mi) and EtOH (1 mi) were added NH2,OCH3-HCI (738 mg, 8.84
mmol) and NaOAc (725 mg, 8.84 mmol). The suspension was stirred at 40

25  °C overnight, the scivents were evaporated and water was added to the
residue. Extractive work up with EtOAc followed by silica gel
chromatography generated the title compound (99 mg, 68% yield, R, =
0.38, CH2Clo/CH30H, 20:1). HRMS (as the tartrate) calc'd. for
Ca1HasN4O2 (M+H") 505.3543; found 505.3542.

30 Using a similar procedure, compounds of the formula



18A 20 Mp. 2100 C (dec.); HAMS (as the HO salt): found 463. 30 05
19 MeON Step 1: To a solution of the product 012 Exanpl e 22 (1?18 ngE&hgﬁTZgﬂ
mmol) in CH3OH (10 mM) and EtCOH (1 m ) were added NH2OCH3- HCl (738 ng,
8.84 mml) and NaOAc (725 ng, 8.84 mmol). The suspension was stirred at 40
25 C overni gho poidssse sol vents were evaporated and water was BAOE8YERhe
rﬁ5|du1(:a. ExtLactive vvorl(; up with Et OAc fé)r’lhl owed by silica gel

chromat ogr aphy generated the title conpobhd (99 , 68%yield, R = .
CH2CI 21CHBOH, 20:1). HRVS (as the tartrate) (cal c'd for C31HASNAOZ (ﬁmﬁij

505. 3543; found 505.3542. 30 Using a sii\%larnﬁprocgdure, conpounds of the

fornula 0 4 OCT 2005 W 00166558 GANR? B@J& - T PCT/ US00111632
862fin in the table: re ared V\h@ n ar@gas deed rei R 0 4 CCT
2005 W 00/ 66558 -65 PCr/ USOOn 8632  Usi ng the procedure above with the

appropri ate canagyyrdpared,wsergaviadRtadbbf ere a8 deingd imie table:

Ex RB RS - R2 mp (°C) | HRMS
19A % | n | L | 194 | 5122785
HyC—C—1 \é{ (dec.)
T

198 H T 150 492.3344

19C ﬁf_c”zc“s H T - 506.3494
H3C—C—3 Ha g Ha
OH - L o ad
190 Hac—g._;' CHs | e A _crs | 180 |508.3296
le (dec.)
0
OH - L el
198 Hjc-ﬁ-z CHs HaWHa 195 | 493.3291
' Lok (dec.)

Example 20

0

5 Dissolve the free piperazino-piperidine of Example 11, step 6(1.74q,

3.3 mmiol) in CHCl3 (30m}; = Stock solution A). Add 250 ul of stock solution
A {0.027-mmo) to a slurry of 0.15 g (~ 0.14 mmol ) of resin bound
cardodiimide (prepared by reacting Argopore-Cl resin with 1-(3-dimethyl-
aminopropyl)3-ethy| carbodiimide in DMF at 100° C in DMF (1.5ml) in 2

10  polyethylene SPE cartridge. To this mixture add 75ul of a 1 M solution of
5-methyl-3-phenylisoxazole-4-carboxylic acid in DMF (0.075 mmotl), and
HOBT (24 ul ot a 1M solution in DMF). Shake this mixture for 14 h, filter
and add 0.1 g of Ambertyst-15 resin (0.47 mmol) to the filtrate. Shake for

1 10 2 h, filter and wash the resin twice with each of the following solvents
15  THF, CHoCls and CH30OH, then wash with THF and CH2Clz. Treat the

resin with 2M NHa in CH30H (1 time for 30 min, and 1 time for 5 min).
Combine and concentrate the filtrates under reduced pressure to afford the
title compound. LCMS found MH"= 599.1 (calculated MW 588); TLC Ry=
0.74 (CH2Clo/CHaOH/NH4OH (95/5/0.5)).



0 wherein R2 is as defined in the table: Ex. 20A 20B 20C 20
: . D 20E 20F 20G
20H 201 20J 20K R2 CH3 H3C F CH3 F OCH3 LCMB TLC results Rf val uebs BfH2085

= = 560.1 0.60

600.1 0.92 Rt = 6.56 min. M+ = 601.1 0.63 Fit = 5.60 mn. M
Rl = 5.77 nin. Mt =588 10.66 R = 6.61 nin. MH = 6041 0.87 R = 5.60
mn, VH+ = 6ROE586 Rt = 5.50 n ,en. M+ = 606. 1 PCT/US0011632

-85 -

Using the procedure above with the appropriate carboxylic acids
gave the following compounds

jsge
1 K’NQYRQ |
0]

wherein B2 is as defined in the table:

Ex. R2 LCMS TLC
resuits R values
20A R MH* = 600.1 0.92
‘z,);): R, = 6.56 min.
20B HN_ & MH* = 601.1 0.63
' . R; = 5.69 min.
Ci
20C "'3‘@“3 MH*+ = 560.1 0.60
_ Y R, =5.77 min.
: CHs
20D 5—& MH+ = 588.1 0.66
HaGC  CHa R = 6.61 min.
20E Fa MH~+ = 604.1 0.87
’-p Ry = 5.60 min.
F
20F | Hco B MH* = 658.2 0.86
N Ry = 5.89 nuin.
OCHs
20G Q‘ | MH+=606.1 | 043
2 R; = 6.17 min.
i
20H MH*+ = 568.1 0.57
4 R, = 5.67 min.
Ly
201 MH+ = 586.1 0.63
§—§ Ry=6.02min. |
20J MH+ = 558.1 0.33
§'$ Ry = 5.35 min.
20K _(@ MH* = 546.1 0.52
g Ry = 5.37 min.
CHsq




0.43 Rt = 6.17 min. M# =568.1 0.57 Rt = 5.67 mn. M# = 586.1 0. ”ﬁﬂmS
6.02 mna M# = 558.1 0.33 Rt = 5.35 min. M# = 546.10.52 R = 5.3 :
CH3 0 4 OCT 2005 WD 00/ 66558 -66 NC PC I US00/ 11632 to 1: The BOC group on

t he cyano conpound of Exanple 14, step 1, was first renoved under acidic
condi tions apdob/bess esulting amine (1.59 g, 5 6.96 mMi ), 1-ACIVES00/11632

‘but oxycar bonyl - 4- pi peri done (1.66g. 8. 35 nmol) and Ti(OGPr)4 (2.18 g, 7.66
mmol) in CH2ClI 2 were stirred at RT ove might. 1M Et2AICN (8.35 nl, 8.35
mmol ) was added, the mi xture was stirred overnight at RT and the sol vent
was evaporated. Saturated NaHOO3 was agiggfpi@21the residue and extractive
work up with Et OAc fol |l owed by colum_10 romat ogr aphy gave the Strecker

ch
amne as a yellow syrup (1.76 g, 58%- ILH'G@ =10 , Hexanes/ Et OAc,
2:1). Step 2: The amine of Step 1[(Jo0 Mg, No\46MmmoN)/was dissol ved in
B

anhydrous THE (2 m) and 3M CH3Wg (0.76 m, 2.29 ) was added
dropwi se. The ngxtlly e TeBSEigieRslonthdlyavecompbundntiExareplecidolstep 1o 0C. 15
Sat urat ed NH4Cl [ '

dded ' ; t 40

o) et adted v festwepes Snoe) aé‘*@%&%ﬁ%éﬁé%é&f’“é&?r%%‘?‘?@%&ﬁmev%“ T

Et OAc fol | owed bypecmimoly 1eiertaninxygaeisiny -daveendanedd 559 §- 35,081 ?&ﬂu

derivative (169Tg@iP§?§é.ﬁ I'ﬁl_sﬁl?ﬁm—ol)(pn mizm@mresﬁ&smatﬁ'rm\@}mghb ¥ The
wa

51556, T ShrEriARs 644 ol i) RRLRCAERS iR A,
found 460. 3079. at/RiTrgndathei stivemt wascvagarasedc &WG%NWCER@’%?W 9 N N
Az P the residue and extractive work up with EtOAc followed by column
10 chromatography gave the Strecker amine as a yellow syrup (1.76 g, 58%
yield, R, = 0.70, Hexanes/EtOAC, 2:1).
Step 2: The amine of Step 1 (200 mg, 0.46 mmol) was dissolved in
anhydrous THF (2 ml) and 3M CHzMgBr (0.76 ml, 2.28 mmol) was added
dropwise. The mixture was stirred at RT overnight and then cooled to 0°C.
15  Saturated NH4Ci (10 m) was added and & precipitate appeared. Water (40
mi) was addded and the precipitate disappeared. Extractive work up with
E10OAc followed by column chromatography gave the desired ipsoc-methyl
" derivative (169 mg, B6% yield, Ry = 0.53, Hexanes/EtOAc, 2:1).
Step 3: The product of step 2 was treated in the manner described in
20 Example 11, Step B, fo obtain the title compound. Dec. 198°C; HRMS (as
the HCI salt): found 460.3079.
Using a similar procedure, compounds of the formuia

z J__\ o)
OO
NC p—
were prepared, wherein R2 is as defined in the 1able:
Ex Mp (°C) HRMS

R2
21A HoN ! i 205 (dec.) 480.2532

218 65-75 | 476.3033
H3C A Ha
| * Mp for the
o; N tree amine
21C c T o 250 (dec.) | 500.1992
|
21D e 195 (dec.) | 461.3019




, Wwe ExR2M CHRMS 21 A~205 (dec.)480.2532 H 2N 21 BH H65-75' 476. 3033 %ﬁ
' Mp for the ~ t4 tree amine 0 21C. ~..250 (dec.)500.1992 i C 21 pH & OCT 2005
H3195 (dec.)461.3019 N,N NCB' v wherein R2 is as defined in the table: re
ared re 0 4 OCT 2005 WD 00/ 66558 PCT/ US00/ 11632 -67 Exanple 22 0 Steo 1:

The Strecker WEN¥EESSr om Exanpl e 21, step 1 (380 ng, 0.87 moP§TUHE41632 eat ed
wth CH3MBr (2.9 m, 8.7 mmol) in Et20 (5.m ) under reflux 5 conditions
overnight. The m xture was cool ed on ice aﬁﬂ water (5 m) was added

dropwi se. 12N HCl (6 m) was added and the mxture was stirred on a steam
bath for 2 h. After the mixture was cooF¥amlet #2e, NaOH was added untit

the pH of the solution was above 10. E>ctrd_gtb‘|%;p with EtOAc
afforded a free amine as a syrup_( N 1 oyud@w Step 2: The
product of step 1 was converted Q titd€ c oun foll ow ng t he

pepti de coupling procedure described in Exanple 1 1, step 6. . 80-85 C

HRVB ound  476. 3241, 1 UsH G bckbMaivie RERESHSe 26 08BUNGBOIRG! @.‘87frﬁ>rh61‘}” a
: was treated with CHzMgBr (2.9 mt, 8.7 mmol) in Et20 (5 mi) under reftux

5 conditions ovemight. The mixture was cooled on ice and water (5 ml) was
added dropwise. 12N HCI (6 ml) was added and the mixture was stirred on
a steam bath for 2 h. After the mixture was cooled on ice, NaOH was
added untit the pH of the solution was above 10. Extractive work up with
EtOAc afforded a free amine as a syrup (307 mg, 100% yield).

10  Step 2: The product of step 1 was converted to the title compound
following the peptide coupling procedure described in Example 11, step 6.
Mp. 80-85° C; HRMS found 476.3271.
Using a similar procedure, compounds of the formula

o
O?QA NJ:N&\/:NJKR?

15  were prepared, wherein R2 is as defined in the table:
Ex. |R2 Mp (°C) | HRMS
22A, Hsgé,cHs 195 |493.3172
I (dec.)
o
228 chYc 200 |473.3178
NN (dec.)
Example 23
/©/\ K,N,bwl\(
o HCI salt
Steps 1-3:
O O o) COoEt CO,H
/lk')K 1. Cs,C03 /ﬂ\'}.ﬂ formamidine W NaOHaq W
— OCHy ——* | —_—

Step 1: Ethyl diacetoacetate (93.4 g), Cs;CO3 (185 g) and CH3CN (550
mi) were mixed together, using an overhead mechanical stirrer. CH3CN



O NN-A A2 15 were reared, wherein R2 is as defined in the table:
(0c) HRVB 22AH3C H3195493. 3172 fN(dec.) 22BH3C-|1~ H320047 3.3178 Nmﬁge@%wﬁ

Exanpl e 23 F3C Steps 1-3: 0 ' HC salt O N LN O CREt CO2H gq 1. Cs2CO8 J
forrnarnidine NaOH 20 2 OCH3 acetate 2 CH OIf Nr, Nto 1: Ethyl

di acet oacet aiwe 0p@éss# g), Cs2C03 (185 g) and CH3CN (550 nl) reavusowiveed
toget her, using an overhead nechanical stirrer. CH3CN CO2Et 3 CO2Et NN O 4
OCT 2005 WD 00/ 66558 PCT/ US00/ 11632 -68 (-8 ) was added and the resulting

m xture was cooled to OC. Methyl trifluoromethane sulfonate (88.6 g) was

added dropwi se a ¢ i i : ¥
o ur e apal o8 g'freb dﬁ‘-b Bis Adlid 49 the febeiticg Miktage Wakitooke toedhEy edethiyhe

ed for h at .RT i Lt ,
with Et20 (2 X 5meP59meﬁﬁ_én%Pgﬁ?ﬁ%}eééée§@?%?gsa%?’e&@éw%‘l@n%@“ ﬁﬁéd .aEdtﬁzi%h?goo
m) was added. Thw casingthattgwasiremoved.wike fixtues was stifedifer 1 Bratftke was
washed with Et 20fitgred AQ9tHd daltstviere vidishad evithr BigOs(2%15€ rat)nifiheariganid

evaporated to_halt vol ume. The. t] | ' i
washed once wf t heCERABYBEP '%ngdgﬁéz@iwa%%dg&g?%ﬁﬁcgefg&h gngri ed
over MySO4, filt emetdreawds éitenedy theciitet cakewas washrg WiksEREY(HKI@ATH b8,

yellow liquid (64 b ekirhdts Gte ¥oRitheddHdévaporated to half volume. The solution

was cooled in an ice bath and washed aonce with cooled (0°C) 2 N NaOH
(pH = 11). The Et,0 layer was dried over MgSO,, fitered and evaporated
10  to give the desired product as a yellow liquic (64.7 g) in 65% yield, which
was used directly in the next step.
Step 2: The product of step 1 (64.2 g), sodium ethoxide in ethanol
(commercial solution; 21 wi%; 113 g) ethanof (587 m!) and formamidine
acetate (36.2 g) were mixed together at RT. After refluxing for 4 h, the
15  mixture was cooled to RT, the resulting precipitate was fitered off and the

ethanol was removed under vacuum. The resulting liquid was partitioned
between water and CH,Ci, and the agueous layer was extracted with

CH,Clo (3 x 150 mi). The CH2Clz extracts were dried over MgSQy, filtered

ang evaporated 1o give a dark crude liquid (50.7 g) which was purified by

20 silica gel chromatography (980 g; 4:1 hexanes:E1OAc as eluant). After
evaporation of the appropriate fractions, the desired product (28.5 g) was
isolated in 46% yield and used directly in the next step.

Step 3: ‘The product of step 2 (28.1 g), NaOH (6.72 g). water {85 mi) and
EtOH (130 ml) were mixed together at RT and heated at reflux for 1h. The

25  resulting solution was cooled to RT and the volatile materials were removed
in vacuo until a thick paste resulted. Water (20 ml) was added, the mixture
was cooled to 0°C and conc. HCI (14.3 ml) was added dropwise with
stiming. The resulting white precipitate was collected by filtration, washed
with ice water (2 X 10 ml) and air dried with suction for 30 min. The

30 resulting white solid was treated with toluene {2 x 20 ml), the solvent was
removed in vacuo at 50°C and then dried under vacuum (1 mm Hg) for 18
h. The desired product (14.9 g) was isolated as a white solid in 63% yield,
mp: 176-178°C. Elemental analysis of C7HgN202: calc'd C 55.26%, H
5.30%, N 18.41%; found: C 55.13%, H 5.44%, N 18.18%.

35 A second crop of product was isclated by evaporation of the
aqueous filtrate (from above) to dryness and addition of water (20 mi). The
resulting mixture was stirred at RT for 5 min, cooled in an ice bath and the
precipitate formed was collected by filtration. The resulting solid was



was used directly in the next step. Step : The product of step 1 (gﬁ ﬁug 005
sodi um et hoxi de in ethanol (commercial solution; 21 wt% 113 g) et ’a

(587 mM) and tornmam dine acetate (36.2 g) were mxed together at RT. After
retluxing for 4 h, the 15 m xture was cooled to RT, the resultin
precipitate WSS ered of f and the ethanol was renpved uf§afUSPaRIEdANn The
resulting liquid was partitioned bet vveen ter and CH2C | and t he aqueous
| ayer was extracted with CH2Cl2 (3 X 1508 The CH2CI 2 extracts were
dried over MgSHA4, filtered and evagorated to %'sve a dark crug% lquid
(50.7 g) which wesshednyitti iod wayerd@ % bImik ang ried s FRsCHEPE FRYVE $36VG: NG 1

hexanes: Bt Ok aiBhbiag g ggaeearcreswmws@nm%tm apmbied itk dfrB8cs.i ons,

the desired pro %@H%&)ﬂ%rﬁagﬁ rectly1

|
in the next sterﬁlﬁgﬁeﬁhs pro U%Q?E?‘%f%g@ti&? %5&5‘
wat er (65 m) ansiFEy O 3908t }3.0R gk disapmopyoeby hamingt ( 1RTI3 mhcantbiied at

reflux for 1. Thgwé%g e@%t}%léé‘gh&%é‘ﬁﬂ% p@ﬁzh%?%h%ée (R’ésa@drvébe

volatile maté&ri 8@ vacuo un e y&tb
VWater (20 m) wesddeddegortions ovek i 8imin. JAsg r%%?%"t'ﬁufmwéﬁ é&‘ﬁfga ™ (14.3
m) was added dr Bpw\efﬁecw&@to Biri BHiteE withIROReSBDtr) gndhiashege eith ﬁurﬂate was

col | ected by 111 {LaH BB eshedoy il ol SR, ffacha YHEMAC g omiindr i ed

with suction forM treat ed
tol uene (2 x 20 tﬁb)qrgameesmwemera\asmbmﬁnvéah?%“\mmeapngé@"Qﬁd then
dried under \oacwggséa rfméiwaﬁdnévab%ratbd The ressiting drydeodilves (Praifigd Y was

i sol ated as V\/mteslldl i maa{yms
of CCrHoN203: - cal e gelisbroBlotihaty| (SJE)@%? G 51@531%%%}9? gt
5.44% N 18. 18% AfdSr d\rap@ca)nd mnr«mamropn@tedmctmag.t gdraq %%F%&Pr%vé{ﬁti?él{'?on of

the aqueous fil Bt Sdrausitann o yialtier (20
m). Tﬂe resul t%é};gﬁ%ﬁ@%’ﬁ‘%ﬁé‘?)so‘&e&'waﬂ t ' plater ¢

i ce
bath and the pr8Ep3t3peé %Hﬁ’e@§¢g§°'ﬂ?ﬁq A éreg b?sﬁn{)f?sa*?ﬁ zﬁgpr@ul ting
solid was 0 ﬁsOCEtcm@@cm QRdsocfiE®l HBI(3ROTY ofSdy m‘sstzum%rfbaw'%aﬂ%e vat er
(2 X5 nm) and dej, REREdrB Sehsabaveed 10 RIT wilutdue withrEag@@0 (), giteggd.as a

I d 'id t S d t
of Exanpl e 4, E?yigseeé’wﬂbﬁm%% ficaif ieduh fion (5 B9 a“‘“ﬁg“ e
(3.07 g), diisopuagedvazuby (1aninegX@B03CAeN5 anggn\wef@tﬁwo%afewm %% 3
(3.45 g) were m fgs %‘R{ehﬁﬁnd‘?ﬁ'g?%;ﬁele‘l P ©99-weg°Ccadded in portions over
15 Th t o RT,
FRRRRIMARE SRR B i e o ﬁs’%ﬁ%’t‘“
| ayer was ext racigerhou tih 1 EIBSACI(1. )<1°@5fcmr)d C@ﬁé%gﬁrﬁ BOextY htt's™ wg?

conbi ned, washed 4t§a/ brine, dried over 10 Na2SO4. filtered and evapor at ed.

The 1 esul t I ng crude Oll\lddx\{ggaippyrmfdme deyvahve compounds were made using similar

procedures:
egel:
FoC AL B T ke
? N\n);(N
25 O CHy HCI sait 23A
Steps 1-2:
CH CO,Et ¢O=H
O 3
Ao N et ~ S
OCH; PN NHa. NN N.N
COLEt T T

Step 1: The product of Example 23, step 1 was treated in the same
manner as in Example 23, step 2, substituting acetamidine hydrochloride

30 (2.03 g) for formamidine acetate. The amounts of the reagents were:
nroduct of Example 23, step 1 (4.0 ), ethanol (20 ml) and sodium ethoxide
in ethano! (commercial solution; 21 wt%; 8.03 g). After extraction and



silica gel chromatography (170 g; 76:19:5 hexanes: Et OAc: Et 3N as el uant J4 0CT 2005
After evaporation of the appropriate fractions, the free base formof the
title conmpound (5.21 g) was isolated as a light colored foamin 91 %

yield. Step 5: To a cooled (0C) solution of the free base of step 4 (2.00

g) and 15 M@ ni) was added HC! (3.0 ml of a 4.0 M setttiuseinikin
1,4-dioxane). The resulting mxture was warnmed to RT, diluted with Et20

(20 M), filtered, washed with Et20 (2-X®0 m ), air dried with suction

for 10 mn and then wunder vacuum (1 nmHg) at 90C for 5 h to give the

tE :tle colrrpounfl p(l._&iﬁé'&]icrgC%S? aés@b%dmﬁsgihgcbﬁagawwis@gmd p7 gJ.E?alaZCé %2 y
emental anal ysi s, of ..C27H -0, : +d; : 9
N 11.96% C 15007685 "FBGHB:Q'%CQK‘;?@%%'% %?é’é%’c‘ﬁe%W ‘?5‘5(?%%?‘§§ﬁ: 45%

Addi ti onal pyriSteginelriepiodaci ofestep iidinglswaetreatesds thes sarge shannes@s
procedures: F3 Scibnas JNiL logpl t 23A
“o~H - . ~T%¥%%°§§Ecsc‘§jzeﬁta’c‘%ﬁ_?§ ﬁﬁsﬁlﬂgs E“é“? '092;5% S s%?”ﬁq %88 br oduct
of Exanpl e 23, Aftesgxtragion apg prakcationassiessied fRRNer e #19HCEWRRpl e 23,
step 2, substi tigdlated (60 @rasia nhite)sdlio By yidie, 3MidPwasusgd ivectfyan treeni di ne
acetate. The anm % of the reagents were: product of Exanple 23, step 1
(4.0 g), et handl l*? P ) and sodi um et hoxide in_ethanol (commerci al

sol ution; 21 wStep8: (heyproduet rExarmplad stap 8408 o). andithgqusdug cheleps558
-70 PCT/ USOX 1D Grdrheeititblyi sbdivieP(0.038 dpoeré baisiecleaue thé semprreastiin was

. . A .
direotly 110 néondios e n ExaFple 20 HM5P 4 B0 OB fadmal BEE SIASET o
in the sane nanfiseprapy! @kylapiire pH) mg) @pd PMadl HSgnbt HiigoExifactionandyat er (5
m) and NaCH (bfiédtion as described above, the product was converted o its HCI salt
using the procedure outlined for Example 23, step 5 to give the title
compound (77 mg) as a white solid in 97% yield over the two steps. mp:
15 185-190°C.

e O

3\J )

FaC L\’N‘b ’Nl =
N N

O CHs HClsalt 23B
Steps 1-2:
CO.H

= W
V‘"oom - W _NaOH,_ T

CO,Et _— é é

Step 1: The product of Example 23, step 1 was treated in the same as in

20 Example 23, step 2, substituting benzamidine hydrochloride (3.35 g) for
formamidine acetate. The amounts of the reagents were: product ot
Example 23, step 1 (4.0 g), ethanol {20 ml) and sodium ethoxide in ethanol
(commercial solution; 21 wt%,; 8.03 g). After extraction and purification as
described above, the product was isolated (4.5 g) as a liquid in 82% yield

25 which was used directly in the next step. '

| Step 2: The product of step 1 (4.5 Q) was treated in the same manner as

Example 23, step 3, using ethanol (10 ml), water (10 ml) and NaOH (2.0 g).
After extraction and purification as described above, the product was
isolated (3.0 g) as a white solid in 77% yield which was used directly in the

30 next step.



5 After extraction and purification as descri bed above, the productU T.2005
isolated (0.12 g) as a white solid in 8%yield, which was used direcm ip’lﬂ

the next step. Step 3: The product of Exanple 4, step 6 (0.05 g), and the

product of step 2 (imrediately above) (0.028 g) were subj eg 8;5 123 e sane
reacti on 10Woe6s580ons as in Exanple 23, step 4, using HOBt %’g {H@) DEC

(45 ng), diisopropyl ethylamne (40 ng) and DMF (1.5 nl). After extraction
and purification as described above, the’ product was converted to its HCl

salt using the procedure outlined for Exanpl 3, .step.5 o giv title
conpound (77 mfteps: allwhprasusbpt BxamRpig7d, @?371%@@9% ?Wgﬂ'ﬁ\émggéﬁcé.é . 15

185-190C. 0 CH3, idieks alfbvatkiss hiY) were 'shibizchidl toQBe Bame reasti®ftl salt 23B
P02 Et OCORH St ep%:méTah‘e %lr

. uct . of anp. S in the
same as in 20 qEugitiens az3n Iﬁ?ssﬁ‘ggt‘%'%&ﬁg%%%m '.‘Rgtﬁ‘%?ﬂ%)'m oride
(3.35 g) for fagisapichiynetryizeniatdl 0T heg)ancUPME ( fmb h&eeaRERIONEIe: product

of Exarml( e §231H@fﬁggti%%é-a%s%bezoié%'thé édeﬂc) Wal Gof GsHetMEt BRI et | n

et hanol utron; 21 . 03 g)z\%a ft;e}.r’0 extr ct{'it n and
purification asusinpthe piecgdursodlingchtor SEPIRLYAE g) as a
liquid in 82% y&o%gour%b(g\mhg?am@sw@@bm in&@ECh yidldhovérahadwo steRsp. Step 2:
The product of st%‘%p%%éﬁé)},ps g) was treated in the sane manner as Exanple
23, step 3, usi'™§- frofe (10 m), water (10 m) and NaOH (2.0 g). After

extraction and purificatiln descri bed above, the product was isolated
(3.0 g) as a white i q i %ayi§d whi ch was used directly in the 30
Ry

next step. 0 4 05 /§65%8 ¥PCT/ USO0I 11632 Step 3: The product of
Exanple 4, step 6 (75 ny), a ' Woduct of step 2 (inmmediately above)
(39 ng) were subjected to the sage grpagdin cefditions as in Exanple 23,
step 4, using HOBt (35 ng); DEC (53 ng), diisopropyl ethylam ne (100 np)
and DMF (2 10) . Sifpisel-2extraction and 5 purification_as descri bed above, the

product was COnE&r: to its HEC t using thECy¢Bcedure outlined for
Exanpl e 23, step_ 5ltg giePihe | c d (98\yg) as a white solid in

96% yi el d over thN\:tN\Ao st eps. ) _g- 25360 NN

Step 1: The product of Example 23, step 2 (528 mg) was dissolved in
CH,Clp (5.0 ml) and meta-chloroperbenzoic acid (mCPBA) (600 mg) was

added in three portions at RT. The resulting mixture was stirred at RT for
15 24 h and CH,Cl, (2 mi) and mCPBA (200 mg) were added. Atter 3 h, the

mixture was poured onto a silica gel column (40 g) and eluted with 1:1
hexanes:EtOAc and then 10:1 CH,Cl:CiH3OH. After evaporation of the
appropriate fractions, the produrnt was isolated (512 mg) as a waxy white

solid in B9% vyield, which was used directly in the next step.
20 Step 2: The product of step 1 was dissolved in CH3zOH (1.8 mi) and a

solution of 1.0 M Na,COs5 (1.5 ml) was added. After stiring at RT for 36 h,

the resulting mixture was gvaporated to dryness, toluene (2 ml) was added
and the mixture was evaporated to dryness. The resulting crude solid (153
mg) was used directly in the next step without purification.

25 Step 3: The product of Example 4, step 6 (94 mg), and the product of step
2 (immediately above) (76 mg) were subjected to the same reaction
conditions as in Example 23, step 4, using HOB? (82 mg), DEC (130 mg),
diisopropy! ethylamine (0.14 mi) and DMF (0.25 ml). After extraction and
purification by preparative thin layer chromatography {1000 uM silica plate;

30 955 EIOAc:EtaN eluant), the free base form of the title compound was

) 4 +_
isolated (52 mg) as a foam in 40% yield. HRMS: calc’'d: M'H .
C27H37N502F3: 520.2899; measured: 520.2908.



N") CHBHC O L- N3 FCC ~T1 1- 1 NO CH3 HC1 salt 23C 10 Steps[]]t‘- CT 2005
EtO.OEOON,, .,NnCPBA Na2C3 11 1 N'NOH2ON.,,N0 { ' Step 1: TQ]J
product of Exanple 23, step 2 (528 ng) was dissolved in CH2Cl2 (5.0 m)
and net a- chl oroperbenzoic acid (nCPBA) (600 ng) was added in three
portions at RWO od/besss esul ting mixture was stirred at RT for Perikedniand
CH2ClI 2 (2 ml) and nCPBA (200 ng) were added. After 3 h, the mxture was
poured onto a silica gel colum (40 g) and72tuted with 1:1 hexanes: Et OAc
and then 10:1 CH2Cl 2: CH30H. After evaporation of the appropriate

f_ra?:éI i O\rAl;_, L he pepsyigt g’sr@sprha@&ta@%bﬁ(ﬂs& ::ﬂ@) :vag s@g}&l@tdm;\é&ea@ﬁdﬂ d int 89;%

ield, i ch was™Uus ire i e next.s en .2 uct o

)s/t ep 1 was di ssoFQ'é‘St’?'ﬁs @—gﬁ-lrx'eif.r@'mef)rgﬁﬁ"@ %E(Bf‘ﬁti'@r{nﬁﬁnf%eﬁ‘qﬁg%@ (1.5

m ) was added. Afbitiosin f4-tigxarie; RIS filhto §ehafterntwerkrugs the litgcoinppun@ was
ted to d t ; -added.. sl

evaporated Lo dryessng) A e sBidin 7¢AYidd IR, d?%g@begn XD E 18T,

evaporated to dryné ] resulting crude so s used

directly in the next Ysép ﬁmlh'bmﬂocﬁgﬂfﬁf-i‘88@6?90“@@9{&?”%’.””\4}%«3 product of
Exanple 4, step 6 (94 ny), and the product of step 2 (imredi ately above)
(76 ng) were subjected to the sanefr&actN on Cteepdi tions as in Exanple 23,

step 4, using HOBt (92 ng), DECRE44G ng),K,NdEgé;m—(R%t hyl ami ne (0.14 m)
and DMF (0.25 nl). After extraction and purifi { by preparative thin

| ayer chromatography (1000 Msilica plate; 30 935 OAc: Et. 3N eluant), the
free base formof the title conpound was isolated (52 ng) as a foamin 40%

yi el d. HRVB: cal wede aldo-preparcey wberein BEANER) apmas defiped iy be: 1aben. 2908. 0 4
OCT 2005 wo 00/ f6%58 172 Re R" m.p. (°C)
23D -CF, -OH 175-185
23E -CF, -OCH, 169-173
23F -CF, -NH, 200-210
23G -CF, -NHCONHE! 184-190
23H -CF. -CF, 83-86
23| -CF, t— 154-159
23J -CF, -SCH, >176 (dec)
23K -OCF, -CH, 205-210
23L -OCF, Ph 239-242
| 23M -OCF, -OCH, 200-210
23N -OCF, -OH 185-191
Example 24
10 Arylcyclopropylamides
Method A: o
BUESnm)okOk . Q/’ —*——*Fé\‘;i L i_(CH3)2é+Cl-_|2
F & Stilie Coupling C i, TFA. CHoCly
Cl Me Me

F
0 NN
@OH — O e
NO CI 24A
et
Step 1: To the stannane (0.39 g, 0.95 mmol) in DMF (10 ml) was added

the 2-chloro-4-tluoroiodobenzene (0.73 g, 2.86 mmol), Cul (0.1¢ g, 1.05
15 mmol) and tetrakis(triphenylphosphine)palladium (0) (0.11 g, 0.095 mmol).



PCT/ USO0/ 11632 Step 4: The product of step 3 (52 ng) was subjecte

reaction conditions in Exanple 23, step

(4.0 M solution in 1,4-dioxane; 75 1) to give, after work up, the tit
conpound (44.5 ng) as a white solid in 76%yield. np: deconpostion above

161 C. 5 Usiweg oalepdskar procedures, the conpounds of the forpdrahynesdiS H
/T3
N O CH3 Ex. RoroR'M P. C 23D- CF- OH175- 185 23E- CF- OCH169- 173

N 3C AN R>>

bN N

23F- CF- NH200- 210 23G- CF, - NHCONHEt 184- 190- 23H- CF, - CF83- 86
231- CF3~---al54- 159 23J-CF-SCH, >176 (dec) 23K-OCF-CH205-210

23L- OCF, Ph239- Z%eéé%m: wawalzﬁ? uhaky %rﬁ'ﬂ@Bﬁhé%ﬁcl@n%&ﬁJré'ﬁ&

prepared, wherein

| cycl op ropy | amodggdo Bi&sprd the: t@terog{gg%gtgf;..g%]&%an }@r?ﬁ? gﬂpall%?gz Ary

~~*"1 5tep 1: T@ehb?m&tsamgaﬂm EQ/AR9 The fitrate wambv)ashed DR wdter ehdl bias added

oo g o)

the 2-chl oro-4-1]|

nmol ) and tet r g™ gjoqr%do&WEﬁggrp 1Q>n Qg?\faé

4 OCT 2005 VB 0@ffeaisia residue that was preadsorbed on SI ;c:a gel. Purmcanon by silica

10

15

20

25

30

gel chromatography (4% EtOAc/hexane) yielded the arylacrylate (0.19 g,
78%), which was used directly in the next step.

Step 2: To trimethylsulfoxonium icdide (0.18 g, 0.81 mmol) in DMSO (1.6
ml) was added potassium tert-butoxide (0.09 g, 0.81 mmol). The reaction
mixture was stirred at RT for 1 h, at which time the arylacrylate (0.19 g,
0.74 mmol) in DMSO (1.6 ml) was added. The reaction mixture was stirred
at RT for 5 h and water was added. The mixture was extracted with EtOAc.
The combined organic layers were washed with water and brine and dried
{MgSO,). Filtration and evaporation of the solvent in vacuo afforded the
arylcyclopropy! ester that was used directly by taking up into CH,C, (3 ml)
and adding TFA (0.5 ml). The reaction mixture was stirred at RT for 15 h
and then concentrated in vacuo to afford the arylcyclopropylcarboxylic acid
(0.14 g, 91%-2 steps). Without further purification, the carboxylic acid was
coupled to the product of example 8, step 3, using the procedure of
Example 8, step 4 to obtain 24A as the HCl salt. HRMS (M+H): found
566.2561.

Method B:
i B"\/\Cl
PTC, 50% NaOH F ,
F . 45 ec &OH
©/\N ii. ethylene glycol, 100 °C o
guantitative Me Me

Peger
oo
248 J—@

F
To the 2-fluocrophenylacetonitrile (0.80 g, 5.82 mmol), benzyttriethyl-

ammonium chloride (0.03 g, 0.12 mmol), and 1-bromo-2-chloroethane (1.70

g, 11.9 mmol) was added 50% aqueous NaOH (3.5 mi). The reaction was

stirred at 45 °C for 21 h and ethylene glycol was added (3 mi). The

reaction was then warmed to 100 °C and stirred for 7 h. Upon cooling 1o

RT, the reaction was diluted with water and washed with E1OAc. The

aqueous layer was acidified to pH 2-3 with aqueous 6N HCI. The acidified

t he

5, using EtOAc (1.0 m) g]r{'d ﬁ-ﬁdﬂﬂﬁ

| e

0



PCT! LTS001l 1632 The reaction was stirred at RT under N. for 21 h. Thm UET(}UUFJ
reaction mxture was added to Et20 and the heterogeneous solution filtere
through a bed of celite, washing with EtOAc. The filtrate was washed with
water and brine and dried (MgSG . Filtration and evaporation of the-

sol vent in Vaeiegssgf forded a residue that was preadsorbed on silica gel.
Purification by Si |ca gel chromat ography (4% Et OAc/ hexane) PCTARHEAER he
arylacrylate (0.19 g, 78%, which was use/d directly in the next step. Step
2: To trinmethylsul foxoniumiodide (0.18 g, AO 81 mml) in DMSO (1.6 nl) was

added potassiumtert-but oxide reaction 10 -m xture
was stirred at ? Yigp Via%ethftméﬂg?”@a %%ﬁﬁé%?}%ﬁ@gﬁ%ﬁé‘"i’@s YEIg, 0. 74
mmol ) in DVBO (Jwﬁsheh)wmﬂsamddad brilecandded (MgBO(). UFitranes Sid évapdratih RT

for 5 h and wat ey tH@§ol@é’rq€?ﬂ| vaa_ he ﬁffg?ﬁtelg % p%sye‘?i)ég\{]%ﬁ%leﬂ n(l% éﬂ%&}dﬁfae The

conbi ned organic layers wat-er
(MySO,). Filt ratqrb'ﬁycé?moﬁﬂz?ﬁ# ‘al?iScWUBfeClWéhg(ﬂfQ@#m af exampieBastep3desinghe 15

aryl cycl opr opyl taéb&rceahfetowmmﬁe@ e altb obiin 238 APnePHENEAL GHRMP (3
m ) and adding &E (? ‘%r‘-i?# %%% reaction m xture was stirred at RT for 15
h and then conc( t"Pa =l %1% to afford the aryl cycl opropyl carboxylic
acid (0.14 g, 91% 2 Usingsimilanvprdcedures,thdeompauinds ohthediormulae car boxyl i c

acid was coupled to the product of el ee 8, step 3, using the procedure
of 20 Exanple 8, step 4 to obtain e HCl salt. HRVS (M+H): found
566. 2561. Met hod PTC, 50%Na | ene glycol, 100 C
quantitative 24B F To the 2- f rophenyl acetopitoile (.0 80 g, 5.92 mmol),
benzyttriethyl 25 amoni um chl oride (0 03 g, and

1- brono- 2-chl oroethane (1.70 g, 11.9 mmol) was 50% aqueous NaCH (3.5
m). The reactl on was stirred at 45 stor 21 h and et hyl ene gl ycol was

v a ey l

Et OAc. The 30 aqueous Iaye #as hci g'@dq oHFzMSB(NM-IHh aquepss 6N HCI .
The acidified 0 4 OCT 2005{ WD _00 74 _PCII/ US00/ 11632 sol uti ogn was

extracted with Et?0. The cnnmfr‘aed Et zOE%tracts were washed with water and
brine and dried (MJSQ . Filtration a aporation 240-245

24D ci -
z,_/©/ >225
24E OCHg -
VO . 172-176
24F CHa --
/©/ 225-230

- 24G Cl -
C
24H

1'-/©\OCH3 544 3151

221
aﬁ 592.2150
24J
aﬁ 532.2956

24K N -
/@" 539.3003

24L o
/O/KOH 558.2949

24M 0 =

" /O*OCH .| s723107

added (3 m). e ctlon s th rmed to 1 and stjrred for 7 h.
Upon cool i ng to ﬁﬁ%‘—%?g  wiiere Was A.I 'F‘réﬁ P"'L%g\%mr éjfd_ma.s.hed Wi th

o

n

-




of the solvent in vacuo afforded a pale yellow solid (1.06 g, 99% . TQe gCT 2005
aryl cycl opropyl acid was coupled to the product of exanple 8, step 3, using

5 the procedure of Exanple 8, step 4 to obtain 248 as the HCl salt. HRMS
(MtH) : found 532.2949. Using simlar procedures, the conmpounds of the
formula Me MyvdRfedssN Ve R14 were prepared, wherein 14 is aspdgisdageksz n t he
table: Ex. RL4AHRVMS (MtHm p, (C) 24C240-245 24DCl -->225 |~

24EQCH3- - 172-176 , ~ 24FCH3--225-230 24GCr5-->225 111 C r C) 544 24H
3151-- " OCH3 . 1 2418r 592 -- 12150 . 24JF 532 --

24N

e 582.2910

240 CFs
LL,@ 582.2910

24P =
I&J;\S 520.2608

24Q \
Y LN 515.2991

Exampile 25

<
e N—
ol G Dal
FaC N\\CN 0

Step 1:
HN& 1. THOIPr)4 /{>-CHO Y 1
NBOC o EtAICN e V)
5 - B A\ NBOC

Cyclopropyl carboxaldehyde (3.4 ml), S-methyl N-BOC piperazine (8.28 g},
CH,Cl, (82 ml) and Ti(OiPr), (15.80 ml) were mixed together and stirred at
RT for 23 h, then the resulting solution was cooled to 0 °C and ELAICN (1.0
M in toluene; 62.1 mi) was added. The soiution was stirred for 5 h at RT.

10 A mixture of KF (20 g) and Celite (10 g) wac added, followed by cautious
addition of EtOAc (120 mi) and water (120 mil). The resulting slurry.was
stirred for 15 min, fitered, washed with EtOAc (3 X 35 mi) and the E1OAc
layer was removed, washed with brine, dried over Na,SQO,, filtered and
evaporated to give the desired intermediate (12.0 g) which was used

15  directly in the next step.

Step 2:
@ MgCi
FaC

<
NZ&W‘\J}:BOC — NK{\NBOC+ Q/\ '{5\1800
5 FaC A

THF
FsC

To a 0°C solution of 4-iodobenzotrifiuoride (40 g) and THF (52 mi)
was added isopropyl magnesium chioride (2.0 M in Et,O; 74 ml). The
20  resutting solution was stirred at RT for 1 h and then addedtoa0°C
solution of the product of step 1 (10.0 g) and THF (26 ml) over 10 min. The
reaction solution was warmed to RT, stirred overnight and EtOAc (50 mi)
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520. 2609 240515. 2991 Exanple 25 Q F3C Step 1: HN'1 1. Ti (G Pr)4 / p-CHO J
LNBOC 2. Et2AICN N ONBOC 5 C Cycl opropyl carboxal dehyde (3.4 m ), S-—nethyl
N- BOC pi per aworoe/e68828 g), CH2ClI 2 (82 nm) and Ti (G Pr)4 (15. 86Takjoniste

m xed together and stirred at RT for 23 h, then the resulting solution was
cooled to 0 C and Et2AICN (1.0 Min toluéfe; 62.1 m) was added. The
solution was stirred for 5 h at RT. 10 A mxture of KF (20 g) and Celite
(10 g) w.,z add/ad addel| oudest diyrirepdar it Ousin, 200 N&OHN X mEtvAcaddsDamd the and

v o (120, ™) gl 9o Pt G o 4k B Rl bt o,
brine, dried ovesthNE230 (I XI20gnkd Taa@omwbE@éa exbags were Meashediwitd
IN?:t ﬁf TEdLat EB&EEg%garléM‘bGQ NASC!ISRthrdd aflievabbiatédtd §ive ReErutiedRtodudto 2:
5 (28 g) as a gold oil which was chromatographed on silica gel (1 kg), eluting

with hexanes:EtOAc (8:1). Two diastereomeric products were collected as

a single fraction (15.9 g) and further purified by column chromatography as

described above to give intermediate A (R=0.47 in 4:1 hexanes:EtOAc;

5.34 g), which was contaminated with an unidentified impurity. (The

10 second diastereomer B (R=0.29 in 4:1 hexanes:EtOAc ) was also
~ collected.)

Step 37
Y

> J\‘ Dowex
" Xeoc CHgCly g K,NH

To a solution of A from btep 2 (2.96 g) and CH,CI, (120 ml) was

15  added DOWEX 50X2-100 ion exchange resin (15 g) and the resulting
mixture was shaken for 2.5 h at RT. The resin was filiered off and washed
with CH,CL, (2 X 40 mf). The resin was treated with 7 N NH, in CH,OH'(30
ml), the resin was filtered off and this procedure was repeated two times.
The CH,OH extracts were combined and evaporated. The resulting oil was

20 treated with ‘cluene:CH,CI, (1:1; 15 ml) and evaporated to give the ~
piperazine intermediate (0.80 g) 25 a clear oil. HRMS: caic'd: MH":
C,H,,N,F,:299.1735; measured:298.1748.

FaC

Step 4:
<
= NJ\‘ 1. TiOiIPa/ O NBOC
'\,
N 2. EaACl g NBOC
FsC - whsMgbr
25 The product of Step 3 (0.57 g) was treated in the same fashion as

Example B, Step 1, using N-BOC 4-piperidone (0.42 g), CH,C!, (3.84 ml),

Ti(OiPr), (3.3% ml), ELAICN (2.88 ml) and CH,MgBr (3.0 M in EtO; 3.2 mi)

to give the desired product (0.78 g) as a clear oil in 82 % vield.

Step 5: The product of Step 4 (0.12 g) was treated withAcOH:CH,CI, (3:1,
30 wviv; 1.4 ml) followed by BF,EL,O (0.14 ml). After stirring for 1 h, the -

resulting solution was diluted with CH,Cl, (10 ml), cooled to 0°C and the pH

was adjusted to 10 with solid NaOH. Water (2 ml) was added and the



MG QU Q THE F3C B F3C A To a 0OC solution of 4-iodobenzotrifluori deEé 8

g) and THE (52 m) was added isopropyl magnesiumchloride (2.0 Min "2 [,;T 2005
74 m). The 20 resulting. solution was stirred at RT for 1 h and then added
toa-0C solution of the product of step 1 (10.0 g) and THE (26 ml) over

10 min. The woxmesb$sen sol ution was warnmed to RT, stirred overauingses sl

Et OAc (50 m) 0 4 OCT 2005 WD 00/ 66558 - 76 PCTI USOOn 1632 was added. After
stirring for 10 min, 2 N NaOH (50 nl) was &dded and the resulting mxture

was stirred for 30 mn, filtered and the salts were washed wth EtQAc (3 X
20 m). The conbCRI, ByeAwasxémaesds Akeetunthehextradtion (21 1Ge)) with &H.64er

Na2sot, fil tefegggg%igg BRRIALRL ARG B bl)%té%rﬂﬁr‘?e Riga ks Ra($6, Bhedd 2

gold oil which rona raph g é el u I NG
hexanes: Et OAc (8ar1<;evamsamd thé'reébﬁéfﬁecp'ﬁﬁﬁqm t@o\m&})é” J(‘)I/f’é;‘ Ld as a

ZI ngl ebf 5 aCL ion du&tﬁéw 5Rsmrﬁg)aab¢we@1euumha:$ummymmwy 2534

escri bed abqve IV i at eﬁﬁ?fé

g), which wae co'ﬁtkd%i”?é? E\fﬁpn Fﬁ?& hl—ﬁ(?%tﬂ(ﬂ r@&xg iﬁe(sﬁ)g@ﬁcon

di ast ereoner B (dRisopraty! emyham:ﬂee(ﬁeﬁﬁaml)a@&ﬁ dignsthyt SyEislidiaecalPPvicst eo

N) DOWSXH_C:_yB%Z m@i@rﬁ LIV fe3Ctidravad Sttt utsr@fbrtsthPhrmahtﬁh&ﬁ the (3. 9?15
an n e resin

g) and the resul $7UA8 °"|W@&%ﬂ’€e%§%ha@?r?%"re ‘8% %"%Wa%wa% &qggl n was

filtered off andaa‘mtb\mt 2000 pMCFRAI8S EXOKcAexands:EfNasralgant) egiver atred

Wi th 7N NG GO odlbg voHE (15 CEREOLSIErRLhraish o

procedure vvas re trac we d and
evapor at ed. The $@v&nt megtlttﬁqorr\ywngdmr@ak%&jaﬂ% °"mé€ﬁé"%§l2gﬁ%gq?€|el 15
m ) and evapor at gﬁjt was prafarédias dpseritearzfon Exanipts &elieptde(760MGPINGYI0ES a cl ear

oil. HRMVMS: calc’ I%&df%ﬁﬁﬁ“\" F3: 299. 1735 rreasur ed: 299. 1748 Step 4: Q
ON 1. Tl{OP}dyf’ 2. Et2AI ON VNG E3G 3. CorBln 3r FaC
25 The product of St e@S'BQ(@’Wamfoﬁﬂ%U'ﬁi @'ﬁ’é’ﬂ"'f"ﬁ‘gt EROYRE WAk RiERAT

NHCONHE!

ff wﬂ«

15 25A
m. p >188 (dec).

Example 26

e
N
N N
C
20 Step 1:

CN
@" NJ\:
FiC . NBOC

The desired compound was prepared in a manner similar 1o
Example 25, Step 1, using p-trifluoromethy! benzaldehyde (20 g) inste_;ad of
cyclopropyt carboxaldehyde, to give, after work up, a mixture of
25 diastereomers (22.7 g) in 59% vyield.

Step 2: oh
N
N J\ NaN(TMS),/THF/-780C ¢ 'k
N\’NBOC then PhCH,Br N
FaC FaC \_NBOC



Exanple 8, Step 1, using N-BOC 4-piperidone (0.42 g), CH2Cl2 (3.84 mg,} CT 2005
Ti(GPr)4 (3.39 mM), Et,AICN (2.88 m) and CH3MygBr (3.0 Min Et2C 3. rﬂJ
to give the desired product (0.78 g.) as a clear oil in 82 %yield. 5tep 5
The product of Step 4 (0.12 g) was treated w t hAcOH, CH2C12 (3 1 30 v:v;

1.4 m) foll QepehdayssBF3*Et,, O (0.14 m ). After stirring for the -
resulting solution was diluted with CH2Cl12 (10 m ), cooled thﬁ’E W 2he pH
was adjusted to 10 with solid NaOH Water 42 m) was added and the 0 4 OCT
2005 wo 00/ 66SS8 PCT/ USOQ 11632 -77 CH2CI 2 | ayer was renoved. After further

tract 2 X10 m h |

et er brine driod P -REsSisIton ot BRGBbaRG St Lo st BIED S ¢ ce
pi peridine (80 mgas addéki NeHMRE d1.03¢ep TeF, Triemfjrfoliveed by b&hew trofride (&) was
L e o T R g Bt gk P Pb i i (8660ed sclBicRL BBy 20

4, - di met hyl 5”%9f Pﬁw@ﬂn&%?%ﬁ‘ﬁﬂlf&” Cﬁ‘éﬁﬁy %ydd%énq! feamlowarsas
stirred at 48C fqirrelt for 3BWhinf rm@tregmm@g miiktare whsl gartlioched@ensasn W%ﬂier%ﬁd by

B Ohe: hexance: EiCHGks 1 GancE bR e e prBreg sRayepdiates Selend 8ttt pand
(1:1 cH d n/eowaanunﬁemmmlnm @nomatogs'@m%mhcatg%&imeeanewﬁduﬁﬂ (70 ng)
Saroi s, Sop LS S IOHE v Sk

0
procedure, the fQﬂH(' %gf r?d"%i pﬂg nBBﬁd'mefl\(lﬁéé\ﬂLflﬂs gmeﬂgw m p.
>188 (dec 238 B&iepl® 26 Ph F,C 20 Stec) 1: CN I~ N F3C N80C The
desi red conpound was pared in a manner sifh r to ExanpPe~25, St ep 1,

using p-trifluorone nzal deaBriGAQ20 g) of + cyiﬁlL
car boxal dehyde, to \, B MBBSCHIDN & ure\,tmﬁao@5 de r eQINEceT (22. 7
'g) in 59%yi el d.F
The mixture of Step 2 (1.91 g), CHSCN {35 ml), sodium tnacetoxy
borohydride (4.0 g) and magnesium bromide etherate (2.25 g) were mixed
and stirred at RT for 70 h. Water (25 ml) was added and then, gradually, a
15  solution of Na,CO, (10 g) in water (50 ml). After extraction with EtOAc (2 X
- 50 mi), drying and evaporation of the organic layer, the resulting oil was
purified by preparative plate chromatography (5 X 2000 mM silica plates;
6:1 hexanes:EIOAc as eluant). The less polar band was removed, treated
with 1:1 methanol:CH,Cl, , fitered and evaporated to give intermediate A
20  (0.B4 g) as a white foam. HRMS: calc'd: MH™: C_H, O,N,F.:443.2407;
measured:4422416,
Step 4: The product of Step 3 (0.81 g) was treated in the same fashion as
in Example 8, Step 3, using TFA (5 ml) and CH,CI, (10 mi), to give, after
work up, the free piperazine (0.60 g) as a clear gum. HRMS: calc’d: MH":
25 C_H,N,F,: 348.1892; measured:349.1894.
Step 5: The product of Step 4 (0.39 g) was ireated in the same fashion as
in Example 8, Step 1, using N-BOC 4-piperidone (0.25 g), CH,Cl, (8 ml),
Ti(OiPr), {0.40 mg), ELAICN (2 mi) and CH,MgBr (3.0 Min Et,O; 1.5 mi) to
give the desired BOC-protected piperidiny! intermediate (0.44 g) as a clear
30  oilin 72 % yield. HAMS: calc'd: MH": C,,H,,O,N,F,:546.3307; |
measured:546.3315,
Step 6: The product of step 5 (0.43 g) was treated in the same fashion as in
Example 8, Step 3, using TFA (3 ml), CH,Cl, (2 ml) and water (0.2'ml) to
give, after work up, the free piperidinyl intermediate (0.37 g) as a clear oil.



Stec) 2: FBC N N1 °, NBOC NaN(TMS)21ThF/-780C then PhCH2Br F3C PhCNUgI-~
L NBOC 0 4 OCT 2005 wo 00/ 64558 -78 To a -70C sol ution of the product Y4f0CT 2005
step 1 (1.9 g) and THE (15 m) was added NaHVDS (1.0 Min THF, 7.5 m)
foll owed by benzyl bromide (2 m). The cooling bath was renoved and the
resul ting solwoiconsessas stirred for 45 mn. Concentrated NHAeHrisbhikr Was
added and the reaction was 5 stirred for 30 mn. The resulting m xture was
partitioned between water and CH2Cl 2, the7€H2Cl2 extracts were renmoved and
evaporated and the crude oil was puri fied by columm chronmat ography (silica
g}alt; 2:1 hexatnes G Ehne p&tukt oP stép esastrefiedas tueé ﬁamb)faél?o@ia\ég@ t
after evaporatio appr o r|a cti.o Fxhu r medi at es
(1.92 g) as a ye&W’P'S%'rﬁt&fl% g?-l % h%ﬁ’%ﬁz M“&@ | k N~ |
~ N~ 7, NBCC I\/gBrcﬂilsGbﬂﬁw #HB@ aminkil (3D &gy A0d4,6-dirEog ﬂappnﬁilrchnemamelia)f St ep

ﬁag(gﬁegllu%) br(?:‘l de e&%%g "?g r\'\lla%cﬁlrngmét Pg%&F??eéﬁb thed) ?(r)urj 70 h.
Water (25 m ) Swasprageduresiescresin gwms@m tepef‘ 1'59 6l selton the “‘f@azccxa (10 g)
in water (50 nm).cohpdindodd prebhast ES lhg)ﬁh@?\% {ididXtrordtHd proddtyotrreprsd.

o cpar at1 ve pl at Mg AR SRS sAE SIH ket PNE BB 7Y

hexanes: Et OAc as mbasuregi :580i38€6Bess pol ar band was renoved, treat ed with
1:1 methanol : CH2A 2, (f4; néﬁ%ﬁﬁlé@o@b%?@%@h%uﬁ@sﬁfﬁ@fbﬁh@fdmdl ate A 20
(0.84 g) as avx/mtef%a HRVS: "cal ¢ R CZ, H2O2N2F, : 44' J. 2407,
nmeasur ed: 4492416. Step 4: The product of p 3 (0.81 g) was treated in the
sanme fashion as in Exanple 8, Step ﬁj)s\l'@/NTgA (5 mM) and CH2C12 (10 m),

to gl ve, after Y |
Y
10 o)
were prepared, wherein R”, R’ and R? are as defined in the table:

Ex. R* R’ R Mp (°C)

268 |-CF3 | (o %%;N‘,,.@ 86-92
B N

26C |-CF3 g N 83-90
T ?? =N

26D |-CF3 | ¢ D 5’QOH 195-205
: : 1

26E -CF3 @\_ %Q NHCONHE? 118-125

26F |-OCF3 Q\_ 7 N, OCH; 175-185
H =N

26G  |-OCF3 @ a{”‘*‘o“ 180-190
: ¢ N=N

26H  |-ocrs| ) Q{N" 220-230
B N .

26t |-ocF3| ¢ ) 5%—%/ 195-210
H =N

260 |ocF3| ¢ | VQG 190-200




work up, the free piperazine (0.60 g) as a clear gum HRMS: calc'd: MH:

25 C20H2, N2F, : 349.182; neasu red: 349.1894. Steo 5: The product of SQ% ‘f‘ZUU5
(0.39 g) was treated in the sane fashion as in Exanple 8, Step 1, i%
N-BOC 4-pi peridone (0.25 g), CH2C2 (8 ), Ti(GPr). (0.40 ngy), Et2AICN
(2 nl) and Gv3Myésss(3.0 Min Et20; 1.5 m) to give the desip€flusgonjesz
BOC-protected piperidirryl internmediate (0.44 g) as a clear 30 oil 1n 72 %
yield. HRMS: calc'd: MH: C31HA2AO2N3F3:-B46- 3307; measured: 546. 3315. Step
6: The product of step 5 (0.43 g) was treated in the same fashion as in

Exanple 8, St usi TFA T ), CH2ZTT 2 (- ) and vt (0.2""nil) to
give, after 6*5 r@c ¥ ee £idiinyl At di atle 1\(@%5 g) as a clear
oil. 0 4 CCT 005 WO CO/ 66558 PCT/ SO0/ 11632 9 to 7: The product of step
6 (50 ng) was {treatedlin the sane fashion as*in. . Exagple 8 St p 4, using

CH2CI? (3 m),| HEBt (2803 40 1), @'?grop)l 230340 arfi ne (42 ng)

and 4, 6-di nethyl 5-pyrii m di pe ca¥bexylic E) the reaction was
stirred at RT|for 2 ddys- Using the 5lprocedure described in EX{anple 8,
Step 4, the H(T t cofrpound prepar egql rrc) in 91 %
yield (fromthe %gwduc OJBEg(Bte@}\ qrp %J@J 6C. HRIVB% calc'd: M :
C' H4, ONSF3: 58Q. 3263; rmeasur ¢d: 580: 32€ si mjl ar procedure,
conpounds of tlhe formjla R3{10 were R R3R2I c{gc) 26B- CF3%-N86§- 92 26C- CF3/
NY83-90 _N 26D-€CF3+—Ont95—205—2QE-CF37 SRS
26F- OCF3N} - OCHR128N185-08F% oc@s;aso- 190 H- OCF3 526550
261- OCF3NY195-{210 N : /\_
0

260 |-ocFa| (T 60-62

=

N-g

26P | -CF3 N, 256-258
Q\? S{N

26Q |-CF3 | © N 254-256
U}r %‘;,3 (dec)

28R |-CF3 | ) 5‘%.»{) 249-250

T " NeN {dec)

Example 27

cHCHs |
O/l &N% ’>§(N

OH
FaC
5 4'-Trifluoromethylhpropiophenone (2.02 g, 0.01 mol) and (S)-2-

methyl-CBS-oxazaborolidine (1M in THF) (2.0 ml, 0.002 mal) in THF (10
mil) was cooled in an ice-bath and borane-methy! sulfide complex (2M in
THF) (3 ml, 0.006 mol) was added dropwise to the mixture. The mixture
was stirred for 30 min at 0° C and CH,OH was added slowly until no

10 bubbles appeared. The solvents were removed under reduced pressure
and HCI solution {1N) was added to the mixture. EtOAc extractive work up



26J- OCF3C, 190-200 ore R2 O ared, wherein R', R and R2 are as defi
the table: 0 4 OCT 2005 W 00/ 66558 -80 PCTfUSOQ 11632 26K- OCF3180- Zgg(bcl[ %05
26L- OCF3of f 230- 240 26M OCF360- 65 C O 26N OCF365- 68 260- OCF3&60- 62 =CNO
26P- CF3N256- 258 FN 250- CF3Cl 254-256 d -N( ec) 26R- CF3N 249- 250 N(udec%
Exanpl e 27 (MBEESREF C—~ L M. N, 3 St ep 1: F3C Es of f (F@/USIOME
4' -Trifluoronethyl)prop iophenone (2.02 g, 01 nol) and (S)-2-
met hyl - CBS- oxazaborotidine (1 Min THF) ( 2’10 0.002 mol) in THE (10
foliowed by silica gel chromatography afforded the aicohol (1.47 g) in 72%
yield.
Step 2: A solution of the product of Step 1 (4.32 g, 0.021 mol) and EtN
(5.9 mi, 0.042 mol) in CH,Cl, (20 ml) was cooled to 0° C in ice bath and
5§ CH,S0,Cl(2.13 ml, 0.028 mol) was added dropwise. The mixture was
stirred at 0° C for 1 h and the ice bath was removed. Water was added to
the mixture and CH,Cl, extractive work up afforded the mesylate (5.89 g} in
quantitative yield.
Step 3: The product of Step 2 (5.93 g, 0.021 mol) ang 1-test-butoxy-
10 carbonyILBS -methyl piperazine (4.2 g, 0.021 mol) were dissolved in
anhydrous CH,CN (20 ml) and oven-dry K,CO, (4.35 g, 0.032 mol) was
added to the solution. The mixture was stirred under reflux for 2 days, then
diluted with water. EtOAc extractive work up followed by sifica gel
chromatography gave the desired product (3.16 g) in 39% yield.
15  Step 4: TFA (10 ml) was added to a sclution of the product of Step 3(1.15
g, 2.5% mmol) in CH,Cl, (5 ml) and the mixture was stirred at RT for 2 h,
then concentrated under reduced preésure. NaOH (3N) was added tc the
residue and extractive work up with EtOAc gave the desired amine in
quantitative yield.
20 - Step 5: The product of Step 4 and 1- rerr-butoxycarbonyl—4 piperidone (0.94
g, 4.74 mmol) were treated with Ti(OiPr),, EL,AICN and CH,MgBrin a
manner similar 1o that described in Example 8, step 1, to obtain the desired
product (1.09 g) in 87% yield (from the aminie of Step 4).
Step 6: TFA (4 ml) was added 1o a solution of the product of Step 5 {0.76
25 mg, 1.57 mmol) in CH,CI, {2 ml) and the mixture was stirred at RT for 2 b
before it was concentrated under reduced pressure. NaOHR (3N) was
added to the residue and extractive work up with EtOAc gave the desired
amine in quantitative yield.
Step 7: The amine of Step 6 and 4,6-dimethylpyrimidine 5-carboxylic acid
30  (0.36 g, 2.35 mmol), were coupled as described in Example 8, Step 4, to
obtain the title compound (0.58 g) in 72% yield. M.p. 160; HRMS (MH")
found: §18.3123.
Using a similar procedure' compounds of the tormula
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i1 0 0 4 OCT 2005 WD 00/ 66558 -82 Ex.ZR R6R2Dec. OCHRMS 27ANMeHTI
27CNMeMe190505. 2898 NyN

~7185491. 2744 NyN 27BNMeH190506. 2729

27DNMeMe" "

prepared wherein Z, R,

''1200520. 2902 N~ 0 27ECHEt Me- 1"
27FCHEt Me215532. 3147 OH 27GCHEt Me230627. 3145 NHCOCF3 27HCHEt Me210602. 3678
NHCONHEt 271 ®ricbdubs®485531. 3305 NH2 27JCHEt Me215593. 3470 PCTI UsB(doband2 wer e
R6 and R2 are as defined in the table below 0 4

' 197533. 3097

OCT 2005 WD 00/ 66558 PCT1US00111632 -83 2HBACHEl Me195609. 3424 N

27LCHEt Me170745. 2308 N(5CQ2CF3) 2 27MNn- Pr Me204533. 3207 NON

27NNn- Pr Me21061

27K P NN 1 e w 195 | 609.3424
“
N
8]
27L | CH Et Me ""‘*: 170 745.2308
N(50,CF3);
27M| N n-Pr | Me i 204 533.3207
‘\
NN
27N | N n-Pr | Me e 210 617.3798
NHCONHE!
270 { N n-Pr | Me A 202 531.3304
®
27P | N n-Pr | Me 165 543.3311
27Q 1 N n-Pr | Me Py 225 584,3205
k\
/,N
. O
278 | N n-Pr | Me 195 548.3217
N
I’N\
O

Using similar procedures, the following compounds were also

prepared:

™~

,©/\“!‘
OCF; K,Nb \‘;@NHCDNHB
N
o)

AN
Nz ‘\,N\b\‘\p

27S: M.p. 236 °C

27T. M.p.213°C

04 0CT 2003




270Nn- Pr Me202531. 3304 27PNn- Pr Me165543. 3311 270Nn- Pr MeSs' ~ |225584. 3205
279Nn- Pr MeN195548. 3217 O Using sim |l ar procedures, the foll ow ng mg@dﬁm
were also prepared: ,N 27S: MP. 236 CO . 27T:. Mp. 213 CO0 4 5
wo UQ 66558 -$4 Exanple 28 F3C Steps 1-4: F3G ~N-~ NaHWVDS / -78 LNBOC

Al Iyl brom dwo/ooledssE3C 1) Separate di astereoners LNBOC PCTI U$Q-9}U]53%§ ,CN 1)
H2 / Pd-C/ 1 atm N 2) NaB(CAc)3H | ~.NBOC MyBr2: CEt2 F3C- v 2) Reductive
Amination F3C 1 . N Ipso-cyanation NBOC.g)-CH3MgBr | THF I A5 to 1. The
cyano am ne was prepared fromp-trifluoronethyl benzal dehyde and
2(S)-nethyl-4-(tert-butoxycarbonyt) pi q;_e,{aq.ﬁi,,@ezgaxact |y as describedin
Exanple 6, Step 1. Ster) 2: A solution of the cyano amne 2 (2.5 g; 6.53
mmol) in 30 M of dry THF was pl aced uﬁder a bl anket of N2 and cooled to
-78 C. This solution 10 : was treated_wit h,%l sol ution of sodium
hexa- met hyl disilazide in THF (1 M'U, ||owed after 5 min with neat
allyl bromde (6 m). Upon renpvalr,® e and letting the reaction
m xture warmto RT (-1 h), it changed froma N\'?Wzsol ution to dark

reddi sh brown solution. The reaction was quenched gwi th saturated NHACI
solution and the,product extracted with EtOAc, 15 washed with water, brine
and dried. ConcedEBS4r%n in vacuo afforded a

\
N . 1) Hy/Pa-C/ 1 atm.
: g NJ\ NaHMDS / -78° CN j\ o DR -
N
'\,NBOC - L_NBOC 2) NaB(OAc)sH /
FsC Alyl bromide / RT F3C MgBr.: OEt,
1) Separate diastereomers k=
"_Neoc - SN
NB .
FaC 2) Reductive Amination FoC ~ Nb
Ipso-cyanation NBOC

3) CHaMgBr / THF / &
5 Siep 1: The cyanc amine was prepared from p-trifluoromethyt
benzaldehyde and 2(S)-methyl-4-(tert-butoxycarbonyl) piperazine exactly
as describedin Exampie 6, Step 1.
Step 2: A solution of the cyano amine 2 (2.5 g; 6.53 mmo!) in 30 ml of dry
THF was placed under a blanket of N, and cooled to ~78° C. This solution

10 . was treated with a solution of sodium hexa-methyl disilazide in THF (1M; 26
mi) followed after 5 min with neat ally! bromide (6 ml). Upon removal of the
bath and letting the reaction mixture warm 1o RT (~1h), it changed from a
yeliow solution to dark reddish brown solution. The reaciion was quenched
with saturated NH,Cl! solution and the product extracted with EtOAc,

15  washed with water, brine and dried. Concentration in vacuo afforded a
brown semi solid. FSGC of this material using 25% EtO in hexane as
eluant gave 2.5 grams (92%) of the desired product as an amber gum (TLC
R, = 0.65, 0.6 for two overlapping spots).

Step 3: A solution of the product of Step 2 (2.4g) in CH,OH was treated

20 with 10% Pd/C (0.2g) and placed under a balloon of H, gas. After stirring at
RT for 4 h, the catalyst was removed via filtration througt celite.
Concentration of the filtrate yielded an amber gum.

The a-propy! nitrile obtained above was dissolved in CH,CN (12 ml).
Magnesium bromide etherate (2.1 g; 8.14 mmol) and sodium triacetoxy

25 borohydride {3.44 g; 16.2 mmoi) were added and the reaction mixture was
stirred at RT overnight. The reaction was quenched with water and
rendered basic with saturated NaHCO,. The organic products were




brown sem solid. FSGC of this material using 25% Et20 in hexane as ehﬁaﬂ]tn
gave 2.5 granms (92% of the desired product as an anber gum (TLC R,Ul': 5
0.65, 0.6 for two overlapping spots). Step 3: A solution of the product of
Step 2 (2.4g9) in CH3OH was treated 20 with 10% Pd/.C (0.2g) and pl aced
under a bal | venooades982 gas. After stirring at RT for 4 h, theCouseliye: was
renoved via filtration through celite. Concentration of the filtrate

yi el ded an anber gum The a-propyl nitril-&5btai ned above was dissolved in
CH,CN (12 m ). WMagnesium bronm de etherate (2.1 g; 8.14 mml) and sodi um
triacetoxy 25 boyeaveid with ERAGand ptécelsetud pbtain e g dédrumednatesat eact i on

m xture was i r h cW th water
and rendered baﬁsél‘(g&\/(n%ﬁ%%l?éﬁap e'% %%E@%‘ﬁg@gﬁ?é dE)&rég Etfeg were L. NYR2
0 0 4 OCT 2005 \pro0nets$536 totah 788 fars@o stamd? extracted with Et OAc and
processed 10 oblg &)-Digfrebindy (JETITFPLIRS (2SSO HARABN Y 0N hexane)

served to isolat'e two asteroneric products (1 t ot al ofor two
steps): (S, §)-mokeHess@¥r (A): TLC R 0.6 (25% Et 20- Hexane) 0.9 g of a
5 col orl ess gum(H, B)-DRstBiensteri(BYELC (FB):O F(2Z5%R ELOHexapeb R EQZ@aHexane)

0.8 g of a colg éclgr?esss% Step 4. Renoval of the BOC prot ecting group from
the internedi ate A acconpl i shed by treatnent hn 2% 2.. The
isolated free 1cﬁgggﬁera§mﬁgal(q§tlm5002pgotﬁ;m group Hom the mtermedrat was

N-(tert-but oxycaé&@mdlxkhddwneatmmmm TER.id 84,CR. Thenisoiatestideei (O Pr)4

0.7 nm; 2.

(()vernl ght ato %Agt%ﬁub\‘eﬁimyf»}\g{ -DU% ntr @Jﬂlgp@hbr&tﬁﬁe ealcti on
m xture and the (loeéflﬂ Qaﬁﬁmﬂydl and SHORR. 7r"ﬁ"evd2 FW"Q"%F&? di g’epé'&épi'%n was
diluted with Et Qﬁccuarm AEaTRRIoVrhighnertex ICNlﬁtvUEiloﬂL&snsas 7aM)eekst 0 aid in

the filtration oft B?‘?n ugnt ggﬁ%@n %o“ﬁaéea’tl QEuthh%ﬂﬁrbﬁ vfraH §tfnayde was

washed with wat efy© vacuo Yyi g}
of a yellow gunstQ"&LdaYRTh&F@@Q"Mﬁ?@%‘ﬂ?ME’ %\%’) aueRenegY ﬁ'te'
| pSo-cyano c@TpogBfteWess éhd‘a‘éﬂb\é%im thedyafiorEof(18amiljn amchdivtmieamesitsi The a

solution of CH Mohalid Hiake Fhé Washedvinfiid étbmeegnawéd cysidthalion ® KT,

The reaction fl

AL St i
with saturated Naaio )sdﬂed long ofAeedpyamne (Mo MuetO-fad %f?t
Et OAc and washed wi t hryatauramdps-chgno Eomponhd alasatissaver inatrydéelFplBadiict

L s P! S ol S5l Erly T iR e

20° ovemight at RT. The reaction flask was p!aced m a cold water bath and
carefully quenched with saturated NH_,Cl solution. The organic procuct was
extracted with EtOAc and washed with water and brine. Concentration 10 a
crude product which was purified by rapid FSGC (10-25% EtOAc in
hexane) gave the BOC-piperidiinyl compound as a pale yellow gum (1.1g;

25 100%). TLC R, = 0.6 in 25% EtOAc-hexane.
Step 5: The BOC~protecting group on the piperidine nitrogen in the
product of Step 4 was removed by treatment with TFA in CH,CL,.
Basification with | M NaOH and processing in CH,Cl, alforded the
unprotected piperidine in 90% yield. This intermediate was coupled (EDCI,

30 HOBY) to aryt and heteroaryl carboxylic acids to obtain the amides
exemplified in the following table: ‘\

N
1
Fan k’N‘b\lwgz

o

wherein R® is as defined in the table:



25 100%9. TLC R = 0.6 in 25% Et OAc- hexane. Step 5: The BOC-protecti ng[, OCT 2005
group on the piperidine nitrogen in the product of Step 4 was renoved by
treatment with TFAin CH Cl2. Basification with I M NaCH and processing in
CH2Cl 2 afforded the wunprotected piperidine in 90%yield. This internedi ate
was coupl ed wBDOkess80 HOBt) to aryl and heteroaryl carboxyl iPETAE0REIEH

obtain the amdes exenplified in the followng table: F.,C wherein R2 is

as defined in the table: 0 4 OCT 2005 WO 88/66558 86 PCT/ US00111632 R2Mo
CHRVE MH  28A249Cal cul ated: 532. 3263 1~Found: 532 3268 NsN

28B59Cal cul at edl: 547} 3260 Fognd: 547. 328 (28§246Caltemigt @) 530.13358 Found:
530. 3372 28D23%cattttated—542-3358Foung; b4z.?331 Zt%ﬁl?gégggglaqul at ed:
583. 3260 Found] 888.B3272 N 2 é 02Cal cl atéd: 625-3SH9eR; T 1623. 3572
28G216Cal cul at @d: 54p. 3467 pfFixFound: H45. 3459 28HPGUNd:CC3RER ed: 546. 3307
pHFound: 546. 3309 2810 H 228Ca cul ated: 616.3838 N v Found: 616./3848 _.._ /
NH Using siml rzgéo_,eaures, ;=t he Tol | bw ngg conp@iujdaaiaar §4P=eBaried: A3
| = Found: 547.3278
/N\o
28C 246 Calculated: 530.3358
Found: 530.3372

Foung: 542.3361

28D : 239 Calculated: 542.3358

28E Y pp 258 Calculated: 583.3260
_</\|( Found: 583.3272
o-N
26F 102 Calculated: 623.3573

N-O Found: 623.3572

\
28G 216 Calculated: 545.3467
NH, Foungd: 545.3459

28H 217 Calculated: 546.3307
- OH Found: 546.3309

28} H 223 Calculated: 616.3838
—--—@—NH N Found: 616.3848

Using similar procedures, the tollowing compounds were prepared:
R3

N
1§
RGD/L \,N,Go]rnz

wherein R®, R® and R? are as defined in the table:




O wherein R8, R3 and R2 are as defined in the table: 5 0 4 OCT 2005 WO

00/ 66558 87 OVe HNVNBOC Ex. RaRBR2M C) 28J- CF3N 195-220 N 04 0CT 2005
28K- CF3NHCONHEt 105- 115 28LCH3CGNH =N. ~, N177- 180 28M CF3CFN., N224- 232 Usi ng
3-fluoro benzyl brom de or chloride in place of benzyl bromde in the
procedure of veaaompdsss 28, steps 1-4 (processing isoner B in stpg-@mg?m“g%hen
using the process of Exanple 1, step 5, followed by the process o anpl
26, steps 6-7, the foll ow ng conpound was §f epared (HCl salt): F F3C N, NN
50 28N mp. 185-193 C Exarrpl e 29 H3CA, F3C MsCl 0OC F3C CH3CN / d 83%

1;\:)[ E SE ?PSNNa~, Elvv 4\‘IBhR T |:o 5%3!\/&3(, F3C FﬁkC PCTI SO,&/QZI(J,(E?‘Z OH MeO Owe

28 -CF; Ny 195-220
zs. N
28K | -CFs @\' NHCONHEt | 405-115
777’ .

28L | CH;CONH- k e 177-180
T f\;\', N

28M -CF3 ‘is b 204-232
. oY
5 ' NN

Using 3-fluoro benzy! bromide or chioride in place of benzy! bromide
in the procedure of Example 28, steps 1-4 (processing isomer B in step 3),
then using the process of Example 1, step 5, followed by the process of

Example 28, steps 6-7, the following compound was prepared {HCI salt):
F
4

N
FoC \'Nt\ “\/('\;\
N A N

5 O 28N: m.p. 185-193 °C
Example 29
HQCO\:_
o e
aC VNb
N0
L
Steps 1-3:
0, OH
,©/\ m-CPBA DA NaOMe / CH3OH l__OMe
FaC ~ CHCl, /RT FaC RT/ 55%  F,C
MeO\_ MeO
o SRS RS
NBOC
0°C FsC CHaCN /A FsC A FaC B

83% for 2 steps
10 Stept: Solid m-CPBA was added to a solution of p-trifluoromethy! styrene
{(3g; 17.4 mmol) in 30 ml of CH,Cl, and stirred at RT for 20 h. About 20 ml

of a saturated solution of NaHCO,was added and stirred at RT for2 h. The
mixture was diluted with 20 ml of CH,Cl, and the organic product extracted



B 10 St_ epl: Solid m CPBA was added to a solution of p-trifluoronethyl
styrene (3g; 17.4 mml) in 30 nl of CH2Clz and stirred at RT for 20[]!,1[]”2[][]5
About-20 ml  of a saturated solution of NaHCO was added and stirred at

for 2 h. The mxture was diluted with 20 mM of CHzC ?and the organic
product ext rowmdessh- CPBA CH2A 2 / RT F3C Ovs 0 4 OCT 2005 \ROTOHSBHBSS
Pcriusooii 1632 8% into the CH2CI 2 | ayer._ The organi c extract was processed
to obtain the crude product FSGC gave Iﬁf'(QO% of the desired epoxide as
a colorless oil. TLC R 0.8 (25% Et OAc in hexane). Step 2: Freshly

pr epar ed NaOCI-Bchﬁ)tmg(;H;L(m2 Byenol he arganisdistact was p’QC%%ﬁqgt"iocﬁ’P‘B'P '8e product

of Step 1 (2g; é&&‘%ﬁm@ et 'F%(?@ ale 8 (60 8f Plesdedidd¥hoxiid as asddlondssg at
wa

PIT for a day, S rem)ve n vacuo. The residue was dissolved in
CH2Cl 2 and vvasheldi THG P 78 ROh F1BAF HEPeXahcent rati on, fol | owed by FSGC,

furni shed 1.3 ggf =aésm)1§feﬁarém NaDCh (0.8gL b0 .Grnesd) $aaazed:toa 3 50%

Et 20 h

i ssol ved 1 5 ol seipbon g he:sanid o Sidh Mo oS niRa i 20 Mk orantyBBLY YOS |
Et,N (1.7 m; 1gH,0rblAfterslimng S03Tior @oday, @H,OH wamfsmeve dné'?F% ﬁb €for 30

Enylner gr r_reii OBE‘G r%@’é @Egd.sEB@eew@Ml WAS washedatigtwalersiranokinal wor k up

but oxycar bony| ) Cﬁnggrﬂtg& % !§IQ gdd:ygﬁ%é%rr)nsb%qg piég)( %‘ﬂmt:%r% r(él‘é%t 15

CH3CN and heat ed dotorieskailXRf £0.3190%. Ethe hexane)on nmi xture was cooled to RT
and directl eq'htechafrﬂ)tﬁélrbf@f Cg:ﬂ%t g QWn%]) whik dfszoBeld inBMIGINg  with

25% then 5 A)E hexane served to i 50 I products
A and B (Tot al W‘@IC@O‘GQSB%" icopaty. quengalgr EY’%W?@)%%L 12

yel | ow gum (0. 9ghméR Hhd GH,SR),CH00S l; (BE%rEOIJZ@nGrstW@)@f%)'SO mrmf@rm@drtt\% 1 13g;

44% Step 4 R X
(0/%9 tep S mrgﬁ’ecs&ﬁ(ﬁ ﬁ%@bb%a%&éﬁeé B?‘%tamd%% iR apdgreM &d 0P

gerl di n- Q \gl %2 ktalrtl— ation of the
i pso- methyl group M@edﬁ‘?ﬁ'}t‘%ﬂ( 469+ 3-2 mEek Al gd ﬁ” rﬁs) &1, step 4. to
obtain 25 ths B@Gm(ryggmgq pipepesing (204 lg; t2 mpaoh dvere dgivesingd mRof = 0. 3

(50% EtOAC in Qﬁ-ﬁ‘;ﬁfé% Egﬁdﬁﬂéﬁﬂ&fﬁﬂr%%%beﬁorgmgré'\@%sr@@swd from

the piperidine resul tant co upl ed
with acids usi ryl ahediregty spbiggted t?eftarﬂ?d: QMAIRAAPIRL AN SHY Mﬁ‘“@f& step 4,
to obtain 30 theyigrreraunds 50%®L0 in Heené skivedi tngsalatsl toe diastereomeric

products A and B (Total yield = 86%).
20 AR =0.5(50% Et,0 in hexane). Light yellow gum (0.9g; 42%
B: R, = 0.4 (50% Et,0 in hexane). Amber gum (1.13g; 44%)
Step 4; Reductive amination of the free piperazine dervied from A (0.9g;
2.2 mmot') with N-BOC-piperidin-4-one with the installation of the ipso- -
methyl group was carried out as described in Example 1, step 4. {0 obtain
25 the BOC-protected piperidinyl compound (0.87g; 92%). R, = 0.3 (50%
EtOAc in hexane).
Step 5: The BOC protecting group was removed from the piperidine
nitrogen via TFA, and the resultant compound was coupled with acids
using the EDCI / HOBt method as described in Example 8, step 4, to obtain
30 the compounds shown in the following table:

© HaCOy .
Facg N\'Nb
N0

R?
wherein R? is as shown in the table:



H3CO F3C NJ ~N NIfO A2 wherein R2 is as shown in the table: 0 4 OCT 2005
WO 00/ 66558 -89 PCT/ US40/ 11632 Ex. RZCHRMS MH  Cal cul ated: 534.3056 (4 grT 2005
29At v* N163Found: 534. 3050 Cal cul ated: 548.3100 29B- OH208Found: 548. 09%E

Cal cul at ed: 549. 3053 29C~ NCO101Found: 549. 3057 H Cal cul ated: 618.3631 ~-N
, 29D O- NH19 W0 0¥6K55%18. 3638 Stet) 1: HN H F3CO F CO-~J + FQIBICITERLene
L-, NBoC Reflex 5 A solution of p-trifluoronmethoxy benzal dehyde (0.48 m,
3.36 nmol ), the piperidino-pipi perazi ne-84-00g, 3.36 mmvl) and
benzotriazol e (0. 48g 4.00 mmol) in dry toluene were heated at reflux for

6 h. The react]og, m_’xture‘waﬁfpool egl td B et the sohygniMuas refroved in
vacuo. Fol | owfwg—NvR~verftrcatton—of —tHe—tormationrof the progucr] the

product was 10|used Wi t hout Wher purilfication|iGRieHatatta34siB8 | Steo 2

PrMgBr 60% L Al Ndgg t NN 163 Found: 534.3050
Calculated: 548.3100
20B | 0 e OH 208 Found: 548.3092

Calculated: 545.3053

29C | X 101 Found: 548.3057
/N\o
%_;}_ Calculated: 618.3631
20D el N 192 .| Found: 618.3638
Exampie 30

N
Facog h'l\J}" ™

N?;,ZO
Step 1:

5 '. Bt
Faco(j)K H f NKJ)Nb (‘\/I:N «©)\ NKJ)\Jb

H FaCO

) NBoc Toluene NBoc
. Reflux .
5 A solution of p-triflucromethoxy benzaldehyde (0.48 ml, 3.36 mmol},

the piperidino-pipiperazine (1.00g, 3.36 mmol) and benzotriazole (0.48g,

4.00 mmol) in dry toluene were heated at reflux for 6 h. The reaction

mixture was cooled to RT and the solvent was removed /i vacuo.

Following NMR verification of the formation of the product, the product was
10  used without further purification in the next step.

Step 2:
PrMgBr ?NJ\ NJ'\
-'-
el S, e T
A B NBoc
o 2:1

To a solution of the product of Step 1 (1.16g, 1.7 mmol) in 20 m! cf
toluene was added a solution of n-propyl magnesium bromide (2M in ELO,



~ N L~ F3CO ".NBoc 2:1 To a solution of the product of Step 1 (1.&6% % ?7
nmmol) in 20 mM of toluene was added a sol ution of n-propyl magnesi fn CT 200

brom de (2Min Et20, 0 4 OCT 2005 WD 00/ 66558 PCCNS00/ 11632 -90 1.1 m) and
the m xture stirred at RT for 15 h. The reaction m xture was quenched by

pouring ont owiguesesss8 sat urated aqueous NHACI solution. The REEUEQRLTiIcAYEN
was extracted with Et OAc, washed with 1 M NaOH solution, water andl bri ne.

Concentration and purification by FSGC (20806 Et OAc 5 hexane) provi ded t he
desired product A Further elution with 30% EtOAc in hexane gave the (R

S) diastereoner B, nﬁzﬁnéthg Rxifird E‘frér(r)éd &ﬁﬁT%ﬁ%ﬁ ﬁ‘dT%tré'a&i%ﬁ m&nﬁéﬁgsﬂ 0

renmove the BOO- proteéecting group.

perd di ne
aci ds using EDCIQUenCPEBPYﬂ?WFBéQPtQéﬁPp%’% @Gﬁ‘l;@@“? 'ﬁ%‘ C?I %Wnédh?abl e;
simlar nmethods g o\ﬁgﬂﬁét% sarauiepwit E10npowastsedaith 1 M RACENEIufith,

L el (0 Mg B st 86 oo

30A- OCF3n- Pr 2419&%‘%%@ _
r1JY175- 178- 5 N hexank) fyovided theddeigired praduc #0- Funthexigigophwith 8RE4EIGHC in
S0F-CF3- 1\ CR3|8QndYave the MR38FdidsteteombpB: 186- -
Step 3: The amine A was treated with TFA in CH,Cl, to remove the BOC-
protecting group. Coupling of the free piperidine with acids using eDCY/
HOBt provided compounds 30-30B in the following table; similar methods
10  were used to prepare compounds SOC I

RN
R“g b

N
ey

3 2 o HRMS (MH")
Ex. R" R R Mp (°C) tound
30 | -OCF, n-Pr \C\f 237 546.3314
30A | -OCF, n-Pr W 241 548.3217

NeN

30B | -OCF, n-Pr R ',j 219 632.3779

30Cc| H e A 175-178 -

3D| H L ; R | 177180 -
- NH

30E| H - @ V‘@. 84-90 -

CN

30F -CF:, - ‘O—CF3 \(l\\/ 180-192 -
NeN

30G | -CF, -4 A 180-186 -
NeN

30H | H -4 SH_ | 178-188 -
| "\

30/ | -OCF, - @ A 165-175 -




N'N 30HH /0~ H178-188-- 301-0OCF3165-175-- N N O 4 OCT 2005 WD 00/ 665868 OCT 2005
M xture of diastereoners -91 PCT/1JS00/1 1632 NJ Exanple 31 0 A solution
of the product of Exanple 12, step 2 (150 ng, 0.2-7 5 nmol), imdazole
(27.4 nmg, 0.403mmvol), 1,10-phenanthroline (48 ng, 0.27 nmmol),

trans, trans- W®resssBi deneacet one (6.28 ng, 0.027 muol ), copprerT/ustol)esz
trifluoronethanesul fonate benzene conplex (15 ng, 0.027 nmol) and Cs2CO3
(96.1 ng, 0.30 nmml) in xylene (2 M) was93%tirred at 1100 C for 5 days.
The reaction m xture was cooled to RT and saturated NaHCO3 was 10 added.
Extractive Et CAMiwRIrE ofipidfstéreommetls by silica gel chromatography, gave the
title conpound (70 ng, 52%yield). DecE é,&%lg ¢HC salt). HRMS calcd for
C2,H'CI N, CS ( M+H+) 500. 3389, found 500. ?he foll ow ng assays can be
used to determne the CCR5 15 antagoni t| act|V|ty of the conmpounds of
the invention. CCR5 Menbrane Bindin saN/ |gh t hroughput screen

utilizing a CCR5 nenbrane bindlng{;i N I e nhi bitors of RANTES
bi ndi ng. This assay utilizes ne nes prep NlH 3T3 cells

expressing the human CCR5 chenoki ne receptor 20 ch have the ability to
bind to RANTES, a na t |rpgoen @-;gvell pl ate
format, nenbrane preg;gr(g%tldd S@?ﬁr?&u&'&?ﬁ%&ﬁéﬁ? 122 (RA]I\I'I' (51?7
presence or abs8Yed) vdf”“?;%"f?ﬁ% d"ﬂ”&ﬁ P rf%l?u gthro ?em?a

diluted over a whrfiet) rmmtrams-alb@aiyum@hehcamna (6188 mhg, £nd27 m@u copper

triplicates. Reagt I f lters,
[ripLcates. w thﬁ qya i-lléftz% ugggtﬁpgén;eﬁé%eﬁ&a OU8ng! 6827 hhiheh ahis

re av d_and data
reported as the%@eﬁﬁ G P-3e PP in ’fydf"’]en B tW%StHEqdc@nVeoo%g't% fal 1251-
RANTES bi ndi ng. dagsipUhadeantidrimixairerwasacddled to/RT Rndreatumtdr MasCl), vsng

assay are fuy ét hey gSQar&&ﬁr%@{w&E@)r\gw}SﬂF%‘%E%eﬁ?Jg ssﬁ}?asﬁél chRrofnatogdghy and

replication assay . tion HI V-
reporter viriongayedgiireamequpd 7Q:619r>dl%§’f3@€‘f’ 961‘255;5'1@%# %ﬁ%ncodl ng the

NL4- 3 strain of H#MSkalothict IC MCINIRS (Mrbid) 5083389, toundt500rB3FE. t he envel ope
gene and introduction of a
The following assays can be used to determine the CCR5
15  antagonistic activity of the compounds of the invention.
CCR5 Membrane Binding Assay:

A high throughput screen utilizing a CCRS membrane binding assay
identifies inhibitors of RANTES binding. This assay utilizes membranes
prepared fram NIH 3T3 cells expressing the human CCR5 chemokine receptor

20  which have the ability to bind to RANTES, a naturz! ligand for the receptor.
Using a S3-well plate format, membrane preparations are incubated with 1255
RANTES in the presence or absence of compound for one hour. Compounds
are serially diluted over a wide range of 0.001ug/m! to 1 uvg/mi and tested in
triplicates. Reaction cocktails are harvested through glass fiber filters, and

25 washed thoroughly. Totai counts for repiicates are averaged and data
reported as the concentration required to inhibit 50 percent ot total 125}-
RANTES binding. Compounds with potent activity in the membrane binding
assay are further characterized in secondary cell-based HIV-1 entry and
replication assays.

30 HIV-1 Entry Assay:

Replication defective HIV-1 reporter virions are generated by
cotransfection of a plasmid encoding the NL4-3 strain of HIV-1 (which has
been modified by mutation of the envelope gene and introduction of a
luciferase reporter plasmid) along with a plasmid encoding one of several HIV-

35 1 envelope genes as described by Connor et al , Viroiogy, 206 (1985), p. 935-




| uci ferase reporter plasmd) along with a plasm d encodi ng one of E]ZVITHT%“E
H V 35 1 envel ope genes as described by Connor et at , Virology, 2

(1995), p. 935 0 4 OCT 2005 WD 00/ 66558 Pc T/ USOOn 1632 -92 944. Fol | owi ng
transfection of the two plasm ds by cal cium phosphate precipitation, the
viral supenmaW@i#f/6655% e harvested on day 3 and a functional \HQTAISOO/ N6EY
determ ned. These stocks are then used tq infect U887 cells stably

expressi ng C04 and the chenoki ne receptOrQZCCRS whi ch have been 5

prei ncubated with or wi thout test conpound. Infections are carried out for
2 hours at 37 924.tfFallonehd ansfetiiah afittie fwdipiasneigs Sy«adiciimiphospbatenedi a
cont ai ni ng -co . ; | _ I

| uci f erase ag}b ?e‘ﬂﬂ g’a@e]féﬁﬁ%éelﬁ E}EgdsaLt‘ﬁ{ ggé?ga{"%&eﬁ@g%% 3t e %(f)lﬁiggo??lat i on
of compound r edfal tites determinadsi Thessostesks are ther vead ix infectys/ ¢9)lsi sﬁg&flﬁe
control cul tur xpreddidd Y04 &aineGherkindssstptof DCRE9MMch haasbeen mary

peri pheral Rkl ood nononucl ear cells or .the stabl - <) | t o
det er mi ne t e eﬂ"?’é‘&‘gﬁﬁedéw Qrdﬂ%o%g?ﬁggﬁmsoup § Iﬁfﬁgﬁ%nsl e%%glﬁ%élog# n’grz i mary
HI V-1 strains. Heues pt BiaEytheyeqihoashed andemptinireplaged withriresby mafiaheal t hy
i ecti on. Usi g igfie oY e e o B 0
for 1 hour at ?gﬁi&*hﬁafe«;%’ge@gﬁ?ﬁqnﬁ qf%f%{que(ﬁj%ﬁvﬁ%ﬂﬁ‘%ﬁpffﬁg‘m Bp‘f—‘ﬁ"oéqumd

i sol ates. Fol | cequiged td ditbitd50% oh theclet feyaae ectivtynisdhe conteplmudurassi dual

I nocul um aﬁ)d %u#rﬁ"h&i&r{‘n@ﬁ%sence of conpound for 4 days. Culture
super natants

] iral replicatjon nmeasured by determ nation
of viral p24 20 ant i%aﬁﬁﬁi’c‘é?ﬂsr%m%.pe”EQF@?b og| ’U?”%‘é‘%@' %g{s'og?he
expressi ng t he dthdledd8RCORDeelToatetermone thik effedt of ahtiGORS sempiounds telyes
prior to additi _rgq,té*?- I g{;ﬁﬁ, gﬁﬁ}ﬁw Uefiesd t h
agoni st _propert@ggw%f{ﬁ@%l@gtﬁw ygfgi um %uﬁhs gnzg:& rn F%%EQ%S a/ni | e
CCR5 ant agoni stfeeranenmabhgatiy Aenges anhPHoH@edW ¥io d¥th 5HA s2 WEGnal i ng
by thensel ves hidysasrioraaasttionofUsimga loergels pateaidrmgt,mells laee pedtieagéd withgand
RANTES. GTPyS Bjndi Walell : .
activation by 3}5&@1{;,?1 g‘?}’gg% ﬁ?,?%é;&\ss B%i‘gda‘jyéq’#@@g?’gw ﬁgéﬁm\gle Efcﬁ-%l)l?'l 1358
| abel ed- GTP t o ip@latgs: Jrollewing sleaionheceilh are Washes i ramexe E?Srcg@nfl"%'l'-’m
receptor acti vaindsuliedin mprosendeief dongrowhd fol & dahs s Catte sy supdieat@arRt
| i gand, RANTES, _is. 1D ' ] o‘é@% h glls and
bi nding to the ?rgémo#ggtgﬁ?\y%f%R%hgﬁﬁ%tﬁé'?%% et'gﬁﬁﬁ'@pgssayi ng
for bound 35 |2migen cARESREAURN. quantitatively 35 determines if conpounds
exhi bit agoni stcalrimELSI Asdavcs by i nducing activation of the receptor or

alternatively antagogLp! o i 00GH] IHeSHRY cIPBASMbH BE AL DPBLLER Witk calcium
 sensitive dyes prior to addition of compound or the natural CCRS ligand.

Compounds with agonist properties will induce a calcium flux signal in the cell,

25 while CCRS5 antagonists are identified as compounds which do not induce
signaling by themselves but are capable of blocking signaling by the natural
tigand RANTES.
GTPYS Binding Assay:
| A GTPyS binding assay measures receptor activation by CCR5 ligands.

30 This assay measures the binding of 355 labeled-GTP to receptor coupled G-
proteins that occurs as a result of receptor activation by an appropriate ligand.
In this assay, the CCRS ligand, RANTES, is incubated with membranes from
CCRS5 expressing cells and binding to the receptor activation (or binding) is
determined by assaying tor bound 35S label. The assay quantitatively

35 determines if compounds exhibit agonist characteristics by inducing activation
of the receptor or alternatively antagonist properties by measuring inhibition of
RANTES binding in a competitive or non-competitive fashion.

Chemotaxis Assay:




RANTES bi nding in a conpetitive or non-conpetitive fashion. Chenot a>pil'sm:T 2005
Assay: 0 4 OCT 2005 wo 00/ 66558 -93 PCTI USOQO 11632 The chenotaxis assay is
a functional assay which characterizes the agonist vs. antagoni st
properties of the test conpounds. The assay neasures the ability of a
non- adher entwowpsesss cel | | i ne expressi ng human CCR5 ( BaF- 5BOYuSenmsygr at e
across a nenbrane in response to either test 5 conpounds or natural |igands
(i.e., RANTES, MP-113). Cells nmigrate afBoss the perneabl e nenbrane
t owar ds conpounds wi th agoni st activity. Conpounds that are antagonists
not only fail to indoae aheemddxassayisia fanetiorsll @ssayawbibh ehafadternaesithe ng
cell mgration in.r . ' h f CC

g.%g 8@,@,@5%@&&%& iHeQ.@Qtdéomﬁgchgde. erHePAsial

chenoki ne recepta(g ececPt ors in_in nmat or 'f(T:E-(l)Bdi tions has

been reported i meassreiis akiy obaHoaxRaheffRHTBIHR CEUNEH*PIessNg 1¥8§H)
117120 (art hr | G (Shemsopla Fgpaeiamsisd medimanatiolespunc o e (#899) . p
- r neumat ol artnriti a0 Nl | t ,
(1999), p.237- 2&9”@”85?8’88&2%"9?[‘53 ﬁ%r@lgﬁ?grghawiﬁbﬁ1 %?ﬁgfﬁ%f ,
| munophar r naeolagmss thé petbpalble 998 hrape te@ards CAPRAHINSIVIY) agoHst HAV ML
Allergy & dini %Wﬁﬂé@ ar@fhdrfists Rbt 8hly (diPRihducePeh&ihataRis( #at o) |
nol o

and Journa: of | y,. 159 (6)7 (1997), p. 2962-7 al | LesS). In the
assay to det er nigl® ¢¢Hﬁbg?9f l@H'b&}%\Q ' S"%ioﬁ‘dpﬁ%s,m@éﬁé%ﬁﬁa‘gn%hgf t he
invention rangeiijgana@stivity froma K of about 0.5 to about 1500 nM wth

preferred cqoppounds i ; & Aty Pedeptdrs imbout 750
nM nore preferably ;}E’\gurte%oa§?gggwgtﬁr?%l%bé@th% JSL{CWQSE@Q afe p?ibgdt 0.5to

.5 and ref er abl
50 nM The resulipltEmEatey spPa¢iHeRS 'é?&lb?%‘bFeé’é’é‘ﬁH‘d)? FV&' pi‘,@fﬁ?ﬁﬂﬁﬁgsof f or mul as
| and Il in the lirgaindiogyiestarsi3ve (198¥) bl 17-080 ¢artrBisRANDESI B bxpatimental gi ven
in the table bel L S8 . Ng-i25 HrdDAmdigarthE Mt midk aber "
and "nM' st ands Mﬁbﬁ'ﬁy)ﬁqﬁﬁﬁﬁ%ﬁ&&#Wéﬁigton % I S
bi ndi ng 3C9. 97 dxxerimental IMmUNPIGVy ! 382887 opic dermalitis);
15  Intemnational Joumal of Immunopharmacology, 20 {11) (1998), p. 661-7
(psoriasis); Journat of Aliergy & Clinical Immunology, 100 (6, Pt 2) (1997),

p. $52-5 (asthma); and Journai of immunolog , 158 (6) (1997), p. 2862-72

(aliergies).
in the assay to determine inhibition of RANTES binding, campounds
20 of the invention range in activity from a Ki of about 0.5 to about 1500 nM,
with preferred compounds having a range of activity from about 0.5 to
about 750 nM, more preferably about 0.5 to 300 nM, and most preterably
about 0.5 to 50 nM. The results for preferred and represantative
compounds of formulas | and Il in the test to determine inhibition of
25 RANTES binding are given in the table below. In the table, "Ex. No.”
stands for “Example Number” and “nM" stands for “nanomolar.”

Ex. No. |nr:<i::§32ﬁ) of
RANTES binding

3C 9.97

6C 30.0

6E 1.43

11 10.5

16 60
20A ' 1300

23 2.95




2.95 0 4 OCT 2005 WO 00/ 66558 94 PCT/ US00/ 11632 For preparing

phar maceuti cal conpositions of the CCR5 antagoni st conpounds descri Q,écﬁl[:[)}ﬂﬂfj
this invention, inert, pharmaceutically acceptable «carriers can be either
solid or liquid. Solid form preparations include powders, tablets,

di spersi bl e gigkkag. capsul es, cachets and suppositories. ?{@ﬂ&@ ers
et

and tablets may be conprised of fromabout 5 to about 95 pe
ingredient. Suitable solid carriers are kggwn in the art, e.g. rragne5| um
carbonat e, magnesium stearate, talc, sugar or |lactose. Tablets, powdlers,

cachet s and capsul o5 (o s A ARaRl s HORRBSULRL P LR ERY Smalihsp
met hods of manufcampoundsdlesorredhbs this inpyestien, onert nparmackuticallyiaccaptab@nnar o
(ed.), Rem ngt Orblg?néo Q%raﬁqfeeéﬂﬂ f%iidSSf §s Sgi"r?tf&nﬁgf aPRtiorslifdfbe Mack

Publ i shi ng Co. ton, Pennsylvani a arati1ons i ncI ude
sol utions, suspdfNdsAs taRigts, d‘%ﬁ[ﬁ'%'?cﬂﬁ” ﬁ% CaPSUiesHRENGIR RIS URPIRSIIRNRSd
wat er or wat 6r - mrr@mdms ahB tgﬂ)l;ém}inaﬁ(mlelﬁdntmiseﬁmf fran ebbet Blto abpecds on or

addition of swegf (f?{b%sacﬁ ga rfn Qézﬁtafb%s@roaéarﬁg{ Je%@prfﬂ%ﬂ@’laﬁ&d%rbs and

enul si ons. Liqui rati ons I ons
i ntranasal adm nn%qmwraﬁarbm@fe)mgmﬁsetﬂarséﬁaré% *%‘91 sugar or faptoseh drBIEtSon

may include sol lﬂdv&lé’is adyéhétglaﬁajsca uwvshefbé owm aviEofid dﬁﬁé(g@tbrm% suitable

conbi nati on vvit a 2 eut n inert
conpressed gas, & a sgagfg'ﬁ’n ﬁﬁ@% C% Zg?lcy ?coq?ﬁ?%)bﬁﬁﬁg?%e? ons
which are i noemm! m@m@@ls oto‘mmfaqwe fghvsamq’uys eampesitiensemay de foyaiddn for m
preparations foreamé?sr(e@y fﬂerﬁ.hgtdw PREShAdeLAEl Seishédd, 18 ESHM, (19ve) d

forms include s ut| sus enul si ons. The CCR5 ant agoni st
conpounds of thg‘d telfsg §P§g’%g%nﬂﬁ§]¥%?abl e transdermal ly. The

transdermal conposi t |L¢msd B-‘tim mraneratMSﬁrmime selutiors rsyspensionnandaer osol s
and/ or emul si onsgrAMsioRaN Al @@mﬁisdnawb@mérﬁ@nédwm ornam@hp%p Ibﬂe rrat rix

or reserv0|r typ vent i ur

o ol oranly 1he” e sBlintaiot BatasmaA ifhtion fr Ak B otsipasdngrs
Preferably, t he qﬂaatf eex o pral sbluticap.asuspeosions and emulsionsdéspge ferorm I n
such form the i aﬂbh@ﬁ:a%r%Is%'lhglu\ﬂb%tld%(?oﬁr%trhﬁbééd aHrfiRdtraibh, doses

contalni ng _apmr opr| o aﬁPéﬁl‘Pt@' %ﬁ%’osd%‘é' f%f)d?\ﬁ% Fﬁﬁg '%‘é‘% g?@“’SPS active

effective 35 anmount
conpound in a urard shhsle impowdedarrat woichrmagy beén gambisthtion veith &st ed from

about 10 ng2o 3hRWhaclRicaly abéghigbiaRaYridr 8iRh as an inert compressed gas, e.g.
nitrogen.

_Also included are solid form preparations which are intended to be
convered, shortly before us-e. to liquid form preparations for either oral or
parenteral administration. Such liquid forms inciude solutions, suspensions

25 and emulsions.

The CCR5 antagonist compounds of the invention may also be
deliverable transdermally. The transdermai compositions can take the form
of creams, lotions, aerosols and/or emulsions and can be included in a
transdermal patch of the matrix or reservoir type as are conventional in the

30 anfor this purpose.
Pretferably the CCRS5 antagonist compound is administered orally.
Preterably, the pharmaceutical preparationis in a unit dosage form.
In such form, the preparation is subdivided into suitably sized unit doses
containing appropriate quantities of the active component, e.g., an effective
35 amount to achieve the desired purpose.
The quantity of active compound in a unit dose of preparation may
be varied or adjusted from about 10 mg to about 500 mg, preferably from
about 25 mg to about 300 mg, more preferably from about 50 mg to about



about 25 ng to about 300 ny, nore preferably from about 50 ng to about

OCT 2005 WO 00/ 66558 PCT/ US00/ 11632 -95 250 ny, and nost preferabl yﬂlfﬂE)Tn?U[lﬁ
about 55 ng to about 200 ny, according to the particular application. The
actual dosage enpl oyed nay be varied dependi ng upon the requirenments of

t he patient @Bq?kgﬁsseverity of the condition being treatedpcThsooies:z
Determ nation o e proper dosage reginen for a particular situation is
within the skill of the art. For conveniegge, the total daily dosage may be
divided and administered in portions during the day as required. The anmpunt

and frequency of spﬁgbp’g]n*&r%éé Qte?étr:§ he SRSt Agapiatbut S00RY Rdso@ingt he

i nvention and/ o armaceuti cally acceptable salts 10 thereof will be
regul at ed accor d¢ the partieyar ?F@Ri'@ - of the attending clinician considering

such factors as age, Ther@tdal ges@wbm ;ageofmaym pafiee depasding lupoaghe severity
of the synptoms being treat Epmq bt egi nen
for oral adm ni $ERUS ?f’tﬁghﬁ;\eaprﬁﬁ'gwg%% %ﬁ%ﬁ Yoo ﬂ@%g@@id& @g%&
ng/ day, prefer atﬁe{eﬂ:ﬁﬁamrgv’ afdhe pm%@Oﬁggﬁé@Ql”ﬁﬁﬂ@f waﬁrce%'rsatyﬁpowout 200
ng{nday, NNETTWO thr? ﬂ%éj Fi0$3t%? coﬁf@xdﬁ&e%@f&amﬁ@gﬁﬁg?'"?“b@f the

s s s an nts endi ng
clinician in vid&iydegd ?ﬂ%ad'é‘ﬁb?%%@d”cﬁ’ﬁ’\g S cﬁﬁ' gégé{nyrbgs re?‘éhrs{’n t he package
insert or as set fortThe dnmountengiregoenty ofaadm@:atrm-anatm g6 aRagPHe age,
sex and condi ti %%{rﬁioumg o?@weﬂﬁ&érﬁ% aﬁ‘:'a?brtthé pﬁﬁHﬁé&:éMuﬁﬁy bbeepthdtesalts

i nfection. Wil I nvention des ed_J 11on
with the spéci ﬂhereehw&fon%r@ﬁy?*%%%C%?'f‘ﬂ?%ﬂb?ﬂé’ %ﬁﬁ@ PT ?tﬁé;r{cﬁr\%!:iw A
modi fications apfsiderihgsucmiactdre esagenconditen ant sizernt the pEREIASOFEIAS nar y

sk; !l in the art.. \Meﬁ)dor@%g{,ﬁﬂnbﬁ{s%@/ﬁéatéﬁmh ﬁ‘p?c%tl lrétfb‘}nﬁaddy@ahayl ons ar e

intended to fail Tt an tion.
4 OCT 2005 -96 \49sage LIMANNRTPrRRArFiniSAr 'BWSBHE”Q%ETP& SR‘?‘é‘e{bE?y‘J"P%%Q
structural formibabbbt 36@3rnaldayﬂareﬁiabbly D Rg/dy t¢ 2300npayl T®rer a
pharmaceuti ¢g | Yo ety aBL& st rho/da§ T iRGivo t¥AGEided doses.

The doses and dosage regimen of the NRTIs, NNRTis, Pls and
other agents will be determined by aitending clinician in view ot the
approved doses and dosage regimen in the package insert or as set forth
in the protocol taking into consideration the age, sex and condition of the

20 patient and the severity of the HIV-1 infection.

While the present invention has been described in conjunction with
the specific embodiments set forth above, many alternatives, modifications
and variations thereof will be apparent to those of ordinary skl in the art.
Ali such alternatives, modifications and variations are intended to fail within

25  the spirit and scope ot the present invention.



(1) Ra is R88-phenyl, Rsb-pyridyl, Reb-thiophenyl or R8-naphthyl; Rl is
hydr ogen or Cl1-C6 alkyl; R2 is 6-nenbered heteroaryl substituted BOr 2084 0
and R11, 6- nenbered heteroaryl N oxide substituted by R9, R10 and R11
5-menbered 10 heteroaryl substituted by R12 and R13; naphthyl; fluorenyl;
di phenyl methyl; 15 Rs RI0 RRa R ---\~* -C--C-heteroaryl Rl1 R or
Rls R3 is hydrogen Cl-C6 al kyl, (C, -06)al koxy(C, -Co6)al kyl, C3-C10

cycl oal kyl ,, C3-C, 0 cycl oal kyl (C C6) al kyl 86R8- phenyl ,

R8- phenyl (C, - C6) al kyl, RB-napht hyl, R8-naphthyl (C, - CG) al kyl, R8-heteroaryl
or R8-heter oaryﬂi&ATlSKJlWM&&ﬁ:; R4, R- 5, R7 and R13 are independently
sel.ected fromthe group consisting of hydrogen and (C -C6)-alkyl; R6 is
hydrogen, C1-C6 alkyl or C2-C6 alkenyl; R8 is 1 to 3 substituents

i ndependent |y s&l ect éobdmmnﬂdigpge&ﬁjﬁe@wé'@ﬁﬁmmf?éfQif"UI'ﬁ/Uir ogen, hal ogen,
Cl-C6 al kyl, Cl1-C6 al koxy, -CF3, CI%S’O R GBC(O -, -CN, CH3SM2-, CF3SX2-,
R14- phenyl, R14-benzyl, (0 ' ~~- 2 ICOCF3, CI—BC(:NOCI—B),

CH3C( =NOCH2CH3) , SO2 O - NHCONH( cR® 'ﬁl k | & -ANHCO( C1- C6 al kyl ),
-NHSO2(C1-C6 al kyl), 0 --NA X 5- eroaryl and k--' , wherein X
is -0-, -NH or -N(CH3)-; 25 RBais 1 to spbsthtuents i ndependently

sel ected fromthe group consisting of hydr hal ogen, -CF3, CF30O-, -CN,
CF3S(2-, Rl14-phenyl, 0 -N X - NHCOCF3, 5-nenber 88 heﬂleroaryl and v ,

wherein X is,as defined abo |sI to 3
subst i t uent 2 | nQEFHIFETACGUA g@f"éﬁp%n%qﬁtﬁereg& con5| sti ng_' of hydrogen,
hal ogen, -CF3, CFBO- R%M(‘(Dﬁen)'h ofb-porggoR™t b 3hi eyt ROBPTRPh

CH3C( =NOCH2CH3) , -NH(;E@GE:;,,ydﬁjg@arme{; d:ermwrr oaryl 0 -Nx x5 and \--1,

\t/vﬂgr glr Cn,u-}-); LGgissgie%r%gs aﬁl-)r?x\élgnbered h&eroara substit'upe%elg)?ﬁd.emd ¥ngghiecg.ed from

membered heteroary! N-oxide substituted by RS, R10 and R1; 5-membered
10  heteroaryl subsmuted by R12 and R13; naphthy!; fluorenyl; dlphenylmethyi

R" —
/ —C —-C-heteroaryl
—&\_'\_;\R“ —_Q or é16 :

R3is hydrogen, C1-Cg alkyl, (C1-Ce)alkoxy(C1-Ce)alkyl, Ca-Co

cycloalky!, Cs-Cqp cycloalkyl(C+-Ce)alkyl, RE-phenyl, RE-phenyl(C+-Cg)alkyl,
RB-naphthyl, R®-naphthylC.-Ce)alkyl, RE-heteroaryl or RB-heteroaryl(Cs-
18 Cglakyl;
R4, PS5, R7 and R13 are independently selected from the group
consisting of hydrogen and (Cq—Cs)-alkyl;
RB is hydrogen, C4-Cg alkyl or Co-Cg atkenyl;
: R8 is 1 to 3 substituents independently selected from the group
20 consisting of hydrogen, halogen, C1-Cg alkyl, C1-Cg alkoxy, -CFa, CF30-,

CH3C(O)-, -CN, CH3S03-, CF3S8032-, R14-phenyl, RV4-benzyl,

<0

P
CH3C(=NOCH3), CH3C(=NOCH2CH3), ° SOz , -NH,, -NHCOCFs,
-NHCONH(C1-Cg alky!), -NHCO(C1-Cg alkyl), -NHSOZ(C1-Ce alkyl),

o)
A

———

X
5-membered heteroaryl and \J  wherein X is =O-, -NH- or =N(CHz)-;
25 R3a js 1 to 3 substituents independently selected from the group
consisting of hydrogen, halogen, -CF3, CF30-, -CN, CF350z2-, R'4-phenyl,

—N)LX

-NHCOCF;, 5-membered heteroaryl and \—/  wherein X is as defined
above;



(C1-C6)al kyl, halogen, -NR'R, -OH, -CF3, -OCH3, -0-acyl, -OCF3 and

-Si (CH3)3; R11 is R9, hydrogen, phenyl, -NO2, -CN, -CH2F, -CHF2, -Chi@[]ﬂ]zm&
-CH=NOR', pyridyl, pyridyt N-oxide, pyrimdinyl, pyrazinyl,

-N(R') CONRt 8R19, - NHCON}-t (chloro-(C, -C6)atkyl), - NHCONH( (C3- -

C, )cycloatkyl (C, -Ce)al kyl ), -NHCO(C, - C6) al kyl, -NHCOCF3, -NHSO02N((C, -

C6) al kyl )2, -NHS02(C, -Ce)al kyl, -N(SQRCF3)2, -NHC2(C,-C6)aikyl, C3-C1O
cycl oal kyl, -SR20, -SOR20, -S02R20, -SO2MNMfEl-C6 al kyl), -0S02(C, 15

C6) al kyl ; -OSRCF3, hydroxy(C,-C6)al kyl, -CON R 7R B, - CON( CHZCHrO CH3) 2,

-OCONH( C, - C6) al kyl, -CO2R1 -S -B
(C.t- CE‘-B) aTkyI) : - KIHZ Reoms Ai@ﬁéﬂlfbémuﬁlt& "?Cirﬁpfnéocg(%?f)éF% ?’JBQH% gJ?r%%pendent |y
sel ected from t h@naiseng of BRIregas i rldges, CﬁF:-hWaﬁ)ge@Ha@@)'@N &hafAQ2 - CF3,

-sc(axl)g,\?t (7ad fromtﬁ%Hﬁ% %gk g{geﬁg@éﬁ% égm glr%%%bglfalglﬁﬁeg?ﬂ%nlﬁ and

R16 together are a C2- al kyl eno group and with the carbon to which they
are attached forma—nitg of 3 25 to 6 carbon atons; R17, R18 and R19 are
i ndependent | § sednsct ed—r owhengin YioapdefiesaboVeng of H and C1- 06 al kyl;: and

R20 is C -C6 al kyl orpphgaw10 ap8 .r{d%be.l?@z;:? @%cfﬁwwhxhé?@rq@mmod;istmg ot

i phony! ot hyl | (eCEPyS Maipgety YRGA 0N £P3DEHG OB ER a0 o))

R12, R13, R14, R-SiCHR3H, Rl7, R', Rl and R2 are-as defined in (1) wher ei n
heteroaryl I's sel ectedif rc%:e u ns i e, oEH r.(;ql.;p‘ -GHO] m dyl,
pyrazinyl, pyr| dyl N-egm Ecﬁg h gl g é}@ox{q% i >

Vi @%é’%am%%n N- oxi de, thi enyI
i ni dazol yl afd i SH=NOR)T, PYO 530, POV RO PO IS Y IGNYCY / US00) 11632 2. A
conpound of cl ai (R oONRTRRA - NEICRINH(Ehleny(C eCe)aByhaPhGONH(Rsaa- /\\ ~/ ~
3. A conpound of Rcoer;RRHs0 CF30
or hal ogen; or g L@I&'ﬁ W?%ééﬁygs R?A‘s(j%dwgs WW 3 zﬂﬁt’
Ce)atkyl)z, -NHSO2(C1-Ce)alkyl, —N(SOzC 2)z, CO,(C-Ce)alkyl, Ca-Cio
cycloalkyt, -SR™, -SOR?, -SO:R*°, -SO,NH(C1-Cs alkyl), -OS02(C1-
15  Ce)alkyl, -OSO,CF3, hydroxy(Ci-Ce)alkyl, -CON R'R'®, -CON(CHzCHZ-O-
CHa)z,
-OCONH(C1-Cs)alkyl, -COzR"7, ~Si(CHz)s or —B(OC{CHa)z)z:
R12 js (C4-Cg)alkyl, -NH or R14-phenyl;
R4 is 1 to 3 substituents independently selected from the group
20 consisting of hydrogen, (C1-Cg) alkyl, -CF3, -CO2Rs7, -CN, (C,-Cs)alkoxy
and halogen;
R15 and R16 are independently selected from the group consi<ting of
hydrogen and C+-Cg alky!, or 115 and R'6 together are a C2-Cs alkylene
group and with the carbon 1o which they are attached forma ring of 3
25 to 6 carbon atoms;
R R™and R' are independently selected from the group
consisting of H and C4-Ce atkyl; and
R? is C,-Cs alkyt or phenyl; or
(2) Rais RB-phenyl, R8-pyridyl or RB-thiopheny!'

AL H15
—c——O —C--heteroaryl
16
30 R2 is fluorenyl, diphenylmethyl, R™ or R :

and R, R3, R4, RS, RS, R7, R8, RY, R10, R11, R'2, R13 R14, R15,
R16, R”, R", R" and R™ are-as defined in (1),
wherein heteroaryl is selected from the group consisting of pyridyl, pyrimidyl,
pyrazinyl, pyridyl N-oxide, pyrimidyl N-oxide, pyrazinyl N-oxide, thienyl,
imidazolyl and isoxazolyl.



4. A conpound of claim1 wherein R3 is hydrogen, (C -C6) alkyl, g Ey
R8-benzyl or R8-pyridyl. 5. A conpound of claim1 wherein RL is hydlﬂ dﬁ
R6 is hydrogen or 10 nethyl; R4 is nmethyl; and R5 and R7 are each
hydrogen. 6. A conpound of claiml wherein R2 is R9, R10, R11l-phenyl; R9,

R10, R?1-pyrwdybeess an N-oxi de thereof; or R9, RO, Rl'- pyrll;&q%/ Jé,f? A
conpound of claim6 wherein R2 is sel ect ed fromthe group consisting O

Rro RRoand- L - X17!.. 11 ,. " R1 1 2@mperein RO and R10 are. sel ected
fromthe group consisting of (Cl-C6)alkyl, halogen, -OH and - NH2.

represented by the st r a R B. rein R
R3, R6 and R2 arg as é%ﬁhﬁo@hd o ﬁ%fol FgreﬁnﬁS ﬁ C hegln%cf% ﬁ%ctﬁ@lefrom

t he group consisting of those tabl e: AR3R6R2 BPRSHHSC ~. CFi3 0 4 OCT 2005
WD 00/ 66558 o0-~ DH3 0-~ 99 -CH3 H F3CO-a CH3 H . S

3. A cor“.pound of claim 2 wherein Ré is

R"t
CF3, CF30- or halogen; orRais O wherein R8 is C4-Cg alkoxy.

4, A compound of claim 1 wherein R3 is hydrogen, (C1-Cg) alkyl,
RE-pheny!, R8-benzyl or R8-pyridy!.

, wherein R8a s -

5. A compound of claim 1 wherein R1 is hydrogen; RS is hydrogen or
10  methyl; R4 is methyl; and RS and R7 are each hydrogen.

6. A compound of claim 1 wherein R2 is RS, R10, R11-phenyl; R®, R10,
R71-pyridy! or an N-oxide thereot; or RS, R10, R11-pyrimidy!.

15 7. A compound of claim 6 wherein R? is selected from the group
consisting of
Rg/ R10 Hg/ H10 RQ:W R10 R;)\(H“)
| o1 | d '
N %>R N an Na N
H1 1 N , R 11 IT‘I

wherein R® and Ft"d are selected from the group consisting of (C1-Cg)alkyl,
halogen, -OH and -NHo.

20 ) . _
8. A compound selected from the group consisting of those
represented by the structural formula

Ha
=
N\go

wherein R, R3, BR® and R? are as defined in the following table:
R R3 R6

B.—-@—{ e H o | 4 306%3 .




HCH3 CH3 .CH HH F3CO -0~

CH3 -
DH3 - CH3 PCTI USD0111632 V9@l H 3C, OCH3 H2N H3C H3C NvN H 3C H3 NO&IMQCE@U%{
3C., H3 NON 3CH3CNONCH3 CH3 -CH3 ,CH3 H3C, O0f 04 OCT 2005 WO
100 PCT/US00/ 11632 r..r

00/ 66558 -
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F - CHf | H3- CH3H3C CH3 NON' ..... CH3- CH3H 3 ~ ~Ha | H3CSOCH3- CH3H2N ~ || 2005
F3C 0- - H CH3H3C CH3 H CH3H2N rl F3CO~-H CH3H2N J s-i H3CS™2 / \ } I—l—CI—léI—%{I

S| - CH3H3C H3 ~- JHHH3C~CH3 DH3H, . ~. H3C. 6CH3 CH3-CH3H2N '.".' C: -

" 1S, HBHH3CCH3 CH3- CH3H2N NG- - PH3HH3C CH3 \ CH3HH3CyCH3 C .. \ / \H3H'*. H3C
CH3. 0 4 oci WIDUBES® 00/ 66558 PC fUSOO 11632 101 hgC. CH3H " PCFUSBIA1IES - N
OCH3CH3- CH3H3C .M GH3 tt H 3C S CH3CH20O -H CH3CH3 H3C ~ ' N

CH3CH2OH CH3H3C | H3 _ N, N F3C / \ CH3- CH-2@@3H3C CH3

Fs(_‘,v@—% ?CHa -CHga Hac\r:j:'(CH:*

CHa -CHg 3

N
- &
Hacsoz—Q—} ¥CH3 -Chig HZN%CI

R
O (O | o Hacfj/CHa

"O"i ?Ha -CHgj Hz”%z‘:'

Cb—-@—% ;QHa -CHg Hw%/m




N' NF3C/ \-CH2CH3H3C ..,~ CH3 NNN F3C / \
N CH3-CHBH3SC CH3 F 3 H F3C/-CH H3C. CH3 1-N,.N F3C/ \-CH3H3C CH3
F3C N \-CH, H3CCH3 CH3N:, N F3C- CH3H3C CH3 NHCONHEt N - - CH3- CH3H3C CH3 F3C0
\ z=-CH3H3C CH3 NHCONHEt F3C /-CH3H3C 1 CH3 N..N O 4 OCT 2005 WO 00/ 66558

-102 PCT/ USOWa 66858 F3C- CH3H3C CH3 NHCONHEt FI CA/ H3C n CHRQONBOM1632N F3C

~- CH2CH3H3C CH3 NHCONH

[/ \I-CH3H3C i | CH3 NHCONHEt F3C- CH3H3C CH3 NN F3C3- CH3H3C CH3
~101 -
-CH A
| T H HiC Hy
HsC i N
OCHgz ?Ha -CHa H:’C%CHS
HaC }
CHSCHzoAg_z H -CH3 Mo X _CHa
|
_CH L
CH3CH0 3 H 3 | hge Ha
beS o
Fac'Q—é ?cHa -CHQCHS H3C\%\'|;CH3
. NN -
Fgc-Q_-é \% -CHZCHJ Hacwc’-h
’ Ns N
FaC'@'—E .CH:‘CHJ HsCfTCHS
: NHCONHE!
9 -CH, H C\Ej,CH
’ 3 3
FSC)LHO_ : £hs
F3C"©_'s, D\_ -CH, Hscs')\‘(CHB
: NeN |
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: Ne N
F3C®.§ -CH: HaC\z\"/CHS
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NON 9. A pharnmaceutical conposition for the treatnent of Human 04 QCT 2005
| mmunodeficiency Virus, solid organ transplant rejection, graft v.

di sease, arthritis, rheumatoid arthritis, inflammatory bowel disease,

atopic 5 dermatitis, psoriasis, asthng, aI | ergies or nultiple sclerosis,
conpri sing aWO0 8Bt i ve anpunt of a CCR5 ant agoni st of cl aiPIUS0p11632
conbination with a pharmaceutically accept able carrier. 10. The use of a
conmpound of claim1 for the preparation 24 10 medicanent for treati ng
Human | mmunodefi ci ency virus, solid or aan transpl ant rm ection, graft v.

host disease, grt hrlgé eheumat 0| arthrji tich, i Cq{y bgwel di sease,
rep z

atopic dermatitli s asi s, 1sth L al ller gi es % sdlerosis. 15
20 11. The use jof a conpound of claim 1l fjor the g argtion of |a
medi canment for |conbi ned use with one_or re antilvi ralNH66NH§__eI ect ed

fromthe group icons] Pf nucl edsi de rev e tiranscrl itnhi bi tor s,
non- nucl eosi de reve:r'gﬁ_ scr i pt agk. i nhi pi ﬁ%ﬁs and brﬁf& 5€ | nhl bitors in
t he treatnment oﬁ Human Im’runodé=f| ciency Mirus. 17 TheNer of a conpound of
claiml for the e% I O, a nedi canent~for conbl"n’e ith one or
nore agents for|tr FI@ I|d04cQCT 2005 OC'B@;‘@’ PAT/ USOO/ | |
632 organ transpl ant rejection) graft v. host disjease nfl ammgt ory bowel
di sease, rheurmatoid arthritis ¢r multipl e} sclerogj s 1BIHC?DNBEU e of a CCRb5

ant agoni st of fDTrrula@_g% the preparatipn_ ef a for treating
Human | mrunodef | ci €€ s, soli gFlQr gan tran%pl anf‘ graft v.
host di sease, afthritis, r_heum':t0|d aErthr tis, nf | a ry boiwel di sease,

atopic dermatit s psu": astsT—gstim at T g] Of nmul++pl e scll erosis,
wherein the CCRb anfgﬁg@'sé is reprw'i?entej B che HiGwenutt formula I: R

6 ~R NRN-fD 10 R2 | or ajpharnaceutically acceptalblhe salt t her eof
wherein R'is R3tphenyl R8-pyrildyl . R8—thie HH-er—Re—naphthy! ; RL is
hydrogen or C,-C6 al kyl;

Q. A pharmaceutical composition for the treatment of Human

immunodeficiency Virus, solid organ transplant rejection, graft v. host

disease, arthritis, rheumatoid arthritis, inflammatory bowel disease, atopic

5 dermatitis, psoriasis, asthma, allergies or muitiple sclerosis, compyising an
" effective amount of a CCR5 antagonist of claim 1 in combination with a

pharmaceutically acceptable carrier.

10. The use of 2 compound of claim 1 for the preparation of a

10  medicament for treating Human immunodeficiency virus, solid organ
transplant rejection, graft v. host disease, arthritis, rheumatoid arthritis,
inflammatory bowel disease, atopic dermatitis, psoriasis, asthma, allergies .

or multiple sclerosis.

15
. 11. The use of a compound of claim 1 for the preparation of a
medicament for combined use with one or more antiviral agents selected
from the group consisting of nuclecside reverse transcriptase inhibitors,
20 non-nucleoside reverse transcriptase inhibitors and protease in_hibitors in

the treatment of Human immunodeficiency Virus.

12. The use of a compound of claim 1 for the preparation of a
medicament for combined use with one or more agents for treating solid



R2 is RO, RO, Rll1l-phenyl; R9, R10, Rl1l-substituted 6-nenbered 15
heteroaryl; R9, R10, Rll-substituted 6-menbered heteroaryl N-oxide; [R0T 2005
R13- substituted 5-nenbered heteroaryl; naphthyl; fluorenyl; R15 R14 R15
-C-heteroaryl diphenylnethyl Rs or RI6 R3 is hydrogen, Cl-C6 al kyl,

(C, -C6) al koxwOope€38§ al kyl , C3-Cl0 cycloal kyl, C3-C a PCT/US00/11632

cycl oal kyl (C, - C6) al kyl, R8-phenyl, R8-phenyl (C, -C6)al kyl, 20 R8-naphthyl,
Re- napht hyl (C, - G6) al kyl , R8-heteroaryl ori0@8-heteroaryl (C, - C6) al kyl ; R4,

Rs, R7 and R13 are independently selected fromthe group - consisting of

hydr ogen and ( Cor§dn trahdplhnt rBfection fyyalt ogiesst dEBa6s, iaflayimaterytovwes al kenyl ;

25 R8 is 1 to 3 subs r]gﬁ@ d fromthe group

consi sting of hﬁsﬁ %n h%hgrlq%gog'gn ?Eggmﬁ?% ﬁsg&l%&& al koxy, -CF3, CF30,
CH3C(O -, -CN, CH3S02-, CF3Ss2-, R14- phenyl R14- benzyl, <O CH3C(=NOCH3),
CHBC( =NOCH2CHB) 4 0- 43 forfhule OGT tROPRAAIBAIBES58 - 104

ZFILY)SO”%)””A gt &oce‘}eaéce%bémﬁn%%e@e%m‘ VeI,

or -N(CH3)-" RQraMldeeejactwn. gcmpemhdxsga@ela@bnw rhe@mtq*féa@wwp

C%&igS;LSQSOf S W%? %Qgﬁé‘ ck:hpdgﬁa‘%tms ona@@asth@@‘l%nergﬁbsacw,

- CHF2, -CHO, @HnmlfﬁclqmwﬁdyherewwMhmgaﬁgﬁais‘ Ey’PPFﬁSSP by pyr azi nyl ,
- N( R17) CONR18R1 S$truchiiedHnakd 1or o- ( C, - C6) al kyl ), - NHCONH( ( C3-

Cl) cycl oal kyl (C, - C6) al kyl ), -NHCO( Gs- Cg¥al kyl, - NHCOCF3, -NHSO2N((Cl 10
Ce)al kyl )2, -NI-1S02(C1-C6)al ky), -N(SERCR3)2, -NHO02(C,-C6)al.kyi, C3-CO
cycl oal kyl, -SR20, -SOR20, -S02R2®, sCl -R€6 al kyl), -0s02(C, -

C8) al kyl , -0OS2CF3, hydroxy(C, -C6) ‘kl,aL,N- R17R18, - CON(CH2CH2-O- CH3) 2,
- OCONH( C, - C6) al kyl , .- CO2R17, -Si(CH3)3 or } )2)2; R12 is

(Cl1-C6)al kyl, -NH2 or Rl14-phenyl; 15 R14 is t‘ﬁ’ 3 substituents

i ndependent |y sel ected. from the group consistiRg ofl hydrogen, (Cl-C6)

alkyl, -CFs, CO%B a ?Jhannadeuglcally agceptlégf%ysalﬁggrelﬁ?l\ﬂgfr@m

R is RB-phenyl, RE-pyridy!, R8-thiophenyl or R8-naphthyl;
R1 is hydrogen or C1-Cg alky!,
A2 is R9, R10, R11-phenyl; RS, R0, R11-substituted 6-membered
15  heteroaryl; RS, R10, R1.substituted 6-membered heteroaryl N-oxide;
R12, R13-substituted S5-membered heteroaryl; naphthyl fluoreny!;
15 15
H RW R
— /
7 —-C-heteroatyl
diphenyimethy! Rls or R'® X
R3 is hydrogen, C1-Cg alky!, (Cs- Ce)alkoxy(CrCs)a!kyl Cs-Cio
cycloalkyl, C3-C1o cycloalky)(C4-Cs)alkyl, RE-phenyl, R8-phenyl(C+-Ce)alkyl, -
20  R8-naphthyl, R®-naphthyl(C,-Ce)alkyl, R8-heteroaryl or R8-heteroaryl{Cs-
Ce)alkyl,
R4, RS, R7 and R13 are independently selected from the group
consisting of hydrogen and (C1-Cg)-alkyl,
R6 is hydrogen, C1-Cg alkyl or C2-Cg alkenyl;
25 R8 is 1 1o 3 substituents independently selected from the group
consisting of hydrogen, halogen, C4-Cg alkyl, C1-Cg alkoxy, -CFs, CF30-,

CH3C(O)-, -CN, CH3S03-, CF3S0,-, R14-phenyl, R14-benzyl,

<O

-~
CH3C(=NOCHg), CH3C(=NOCHCHz), © 802 , -NHj, -NHCOCFs3,




R15 and R16 are independently selected fromthe group consisting of

hydr ogen and Cl1-C6 al kyl, or R15 and R16 together are a C2-C5 al ky[]@nﬂ 2@5)
group and with the carbon to which they are attached forma spiro ring o
to 6 carbon atons; Al7, W and R19 are independently selected from+the
group conswetosaess®f Hand C -C6 al kyl; and R20 is C -C6 alrginussonmaenyl .
25 14. The use of claim 13 wherein Ris R8-phenyl or R8-naphthyl. 15. The -
use of claim14 wherein Ais R8 30 16. Th@4use of claim 13 wherein R3 is
hydr ogen, (Cl-C6) al kyl, R8- phenyl, R8-benzyl or A8-pyridyl. 17. The use
of claim13 whe.égg,g%ﬁmidcE.dygm%g,ewm(@ﬁowhmrmﬁ@@1-Geaa"hy'l>-- 350 4
OCT 2005 WO 001 -10 CT/ U500/ 11632 18. The use of claim 13 wherein R2
is R9, RIQ RI11-phenyl; R9, 1910, Rll-)pg(ridyl or an N-oxide thereof, or

R9, R10, R11-pyrinidyl. 19, The, use of\ cfai , AN B2 s t.ed from
t he group consi%‘m%ﬁbe’gdi‘\ﬁ?‘f’ﬁf’@ _an% 0 \,_A}d"@f]’é‘glw%% T'@%lkﬁ1"54?d|:?‘e‘9 1) and
R11 N Ri N 10 wher ei rRRapd&'RE6e indepeatenticerieston ftame thi FoHP CORSSERY Ry of

(C1- Cg) al kyl , L@&g | Hefbgend -NAFR™ I0H2CF3, -ObHy,9@-achl, eD&Fpad® wher ein
R2 is phenyl or dyr %”and 1 1 is hydrogen, or wherein R2 is pyrimdyl
and R1 | is ShydeSiff@rz)smet hyl or phenyl. 15 20 21. The use of claim 13 for
the treatment of Hungm jsIRAIRQERIgen| pheyy!, WO sCN, vEHFRr-CEdapGHPng one or

more antiviral fﬁ-?gsaﬂsélp%&ﬁgp{wriw-gﬁde. pyrimidinyl, pyrazinyl,
-N{R")CONR®R"®, -NHCONHi(chloro~(C1-Ce)alky!), -NHCONH{(Cs-
CycycloalkyCi-Ce)alkyl), -NHCO(C1-Ce)alkyl, -NHCOCF3, -NHSON((Cs-
10 Ca)alkyl)z, -NHSOz(CrCs)alkw, —N(SOQCFs)z, -NHCOz(C1-Cs)al.kyl, Ca-Cio
cycloalkyl, -SAZ, -SOR, -S0,R>’, -S02NH(C:-Cs alkyl), -0S0O2(C:-
Ce)alkyl, -OSO,CF3, hydroxy(C+-Ce)alkyl, -CON R'R'®, -CON(CH,CHz-O-
CH3)2, -OCONH(CrCs)a"(YL -COzHW, —Si(CHs)g or —B(OC(CHa)z)Q;
R12 is (C1-Ceg)alkyl, -NHz or R4-phenyl};
15 R14 is 1 1o 3 substituents independently selected from the group
consisting of hydrogen, (C1-Ce) alkyl, -CFs, -COzR47, -CN; (C+-Ce)atkoxy
and halogen; .
R15 and R16 are independently selected from the group consisting of
hydrogen and C1-Cg alkyl, or R15 and R'6 together are a Co-Cs alkylene
20 group and with the carbon 1o which they are attached form a spiro ring of 3
to € carbon atoms; -
R R' and R"° are independently selected from the group
consisting of H and C1-Cs alkyl; and
R js C,-Cs alky! or phenyl.
25
" 14. The use of claim 13 wherein R is RE-phenyl or Ré-naphthyl.

O

30 16. The use of claim 13 wherein R3 is hydrogen, (C1-Cg) alkyl, RE-
phenyl, RB-benzy! or R&-pyridyl.

15.  The use of claim 14 wherein R is

17.  The use of claim 13 wherein R is hydrogen and R6 is hydrogen or
methyl. :
35



group consi sting of nucl eoside reverse transcriptase inhibitors, non-

nucl eosi de reverse transcriptase inhibitors and protease inhibitors.{23CT 2005
The use of claim 13 for the treatnment of solid organ transpl ant

rejection, graft v. host disease, inflamuatory bowel disease, rheunmatoid
arthritis orwouwhiéges € sclerosis, further conprising one or gTasHdTIE:

agents 25 useful in the treatnent of said diseases, 23. A kit conprising in

separate containers in a single package - phgr maceuti cal conpositions for
use in conbination to treat Human immunodeficiency Virus which conprises

n one containeggqa 3 r n i fect
amount of a CORSS: and BROREQ] CRM o WRERRPRE FE Qf"’m@e' o T ot abl

['l'y "accept abl e
carrier, and i nR‘é@gadmtha' aroNtaxidrethereeiner 6. EJ'IW&F'WHYéut i cal

conposition conprising an effectlve anount of a antiviral or other agent
useful in the treatngnt of  Huma nadef.i.ci enc iru
phar maceut i cal | QQaCEEBFé’&eeOf& "ﬂ@' mggge'ﬁ '6&?‘95%62( gg@-&%p&cnsnstmg
phar maceuti cgl ebnmposition conprising the corrpound of cl al m 1 wherein
said conmposition is a crgam 25. _Asphar maceut corrpo n g,orrprl sing
the conpound of the <RYuctpte A*eANR? / Rher ei and wherein
said conposition is a c& \-}R” \\ and
R11 ’ , 11 1‘
R '
wherein R and R0 are selected from the group consisting of (C1-Cg)alkyl,
halogen, -OH and -NHa.

10 20. ° The use of claim 19 wherein R2 is phenyt or pyridyl and R'1 is
hydrogen, or wherein R2 is pyrimidy! and R1 is hydrogen, methyi or
phenyl.

15  21. The use of claim 13 for the treatment of Human Immunodeficiency
Virus, further comprising one or more antiviral agents selected from the
group consisting of nucleoside reverse transcriptase inhibitors, non-

nucleoside reverse transcriptase inhibitors and protease inhibitors.

20

22. The use of claim 13 for the treatment of solid organ transplant

rejection, graft v. host disease, inflammatory bowel disease, rheumatoid

arthritis or multiple sclerosis, further comprising one or more other agents
25 useful in the treatment ot said diseases.

23. A kit comprising in separate containers in a single package
pharmaceutical compositions for use in combination to treat Human
immunodeficiency Virus which comprises in one container a

30 phamaceutical composition comprising an effective amount of a CCR5
antagonist of claim 13 in a pharmaceutically acceptable carrier, and in
separate containers, one or more pharmaceutical composition comprising
an effective amount of a antiviral or other agent useful in the treatment of

. Human Immunodeficiency Virus in a pharmaceutically acceptable carrier.
35
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24. A pharmaceutical comgosition comprising the compound of claim 1

wherein said compaosition is a cream.

25 A pharmaceutical compgsition comprising th

structure
H3CO\_ .
oo r/ ~ N)\
|
F.C *x (UN N
N0
Fl‘\2
. ]
wherein R* is y X
H
N
and

wherein said composition is a cream.

e compound of the



