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29, 2001. FIELD OF I NVENTION 10 The present invention relates to piperidine
derivatives useful as selective CCR5 antagonists, pharnmaceuti cal
conpositions containing the conpound of this invention, and nethods of
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15 in the treatment of Human Immunodeficiency Virus (HIV). The invention

further relates to the use of the compound of this invention, alone or in
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

20 sclerosis.

BACKGROUND OF INVENTION

The global health crisis caused by HIV, the causative agent of

Acquired Immunodeficiency Syndrome (AIDS), is unquestioned. While
25  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 CCR5 gene plays a role in resistance to
HIV infection. HIV infection begins by attachment of the virus to a target
30  cell membrane through interaction with the cellular receptor CD4 and a
secondary chemokine co-receptor molecule, and proceeds by replication
and dissemination of infected cells through the blood and other tissue.
There are various chemokine receptors, but for macrophage-tropic HIV,
believed to be the key pathogenic strain that replicates in vivo in the early



stages of infection, the principal chenokine receptor required for the
entry of HVinto the cell is CCR5. Therefore, interfering wth the

i nt eract iwo o3pat7aeen the viral receptor CCR5 and H V can pcoalsordsent ry
into the cell. The present invention relates to small nol ecul es which are
CCR5 5 antagonists. CCR5 receptors have bgen reported to nediate cell
transfer in i nflamratory di seases such as arthritis, rheumatoid arthritis,
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elimnate HV-1 and | ong-termtreat rrent usual resu ts I1n nultidrug
resistance. DeVi@pBiRiary bpwakdisgase mhlﬁp@ps;@srotsts solidl brimrbeansplamdl V- 1

treatnment re 50t%np5'*0°{9*qtfﬁ\(,el}\§9t gﬁg %%%716 PCT/ US02/ 27389 -3 SUMVARY OF

THE | NVENTI O\I e presen Vides a novel class of conpounds as
antagoni sts of the Ofidr pipedinederivativey] wiich aFeREEAhiS dhadoiie YRdR)

in the treatment of cognitive disorders such as Alzheimer's disease, are
15 disclosed in US patents 5,883,096, 6,037,352, 5,889,006, 5,952,349, and
5,977,138.

A-M. Vandamme et al., Antiviral Chemistry & Chemotherapy, 9:187-

203 (1998) disclose current clinical treatments of HIV-1 infections in man
including at least triple drug combinations or so-called Highly Active

20  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 mortality
and the progression of HIV-1 to AIDS. However, these multidrug therapies

25 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.



5 pharmaceuti cal conpositions containing one or nore such conpounds, and
nmet hods of treatnent, prevention or anelioration of one or nore diseases
associ at edows7ihe CCR5 receptor. One aspect of the inveRCirarsorzidstes to a
conmpound having the general structure shown in Formula I: 10 R2 R9 1 N
RLO A NBNR3 1 O or a phar rraceutic%l |y acceptable salt or solvate
thereof; wherein: is R isRER6 ~I-T-L (I t, QR5, R R6 R5-Qor
SMR4 R2is selected fromthe group consisting of H, alkyl, aryl,
aryl al kyl, heteroaryl al kyl, al kyl ketone, aryl ketone, al kyl, hal oal kyl,

cycl oal kyl, cycl ohet eroal kylsu%@ﬁ@lgyﬁigfgd!;;%ggg@t!sul fonyl,

aryl sul fonyl, al koxyal kyl, o I e, PCT/ US02/ 27389 -4 R3
i s sel ected from tTige graant anesitiohiprovidés arndvel Glasemf eoapouhes asoar yl ,
fluorenyl; and di phenyl et 6 nenbered heteroaryl-N-oxide, Rl6, / R15

R16 - C - C het@ageRists of thehg(liRS receptor, methods of preparing such compounds;
5 pharmaceutical compositions containing one or more such compounds,
and methods of treatment, prevention or amelioration of one or more
diseases associated with the CCRS5 receptor.
One aspect of the invention relates to a compound having the
general structure shown in Formula I:

10

or a pharmaceuticaily acceptable salt or solvate thereof; wherein:

15 R'is
6 Y R®
a8 (M
Q Q
RS ’ R ,
RG

RS"QQ'EE or MR

R’ is selected from the group consisting of H, alkyl, aryl, arylalkyl,
heteroarylalkyl, alkylketone, arylketone, alkyl, haloalkyl, cycloalkyl,
cycloheteroalkyl, cycloalkylalkyl, alkylsulfonyl, arylsulfonyl, alkoxyalkyl, or

20 amide;



117 \ ~ and R17 R wherein said aryl, fluorenyl, diphenyl or heteroaryl is
optionally substituted with 1-4 substituents which 5 can be the sane or

di f f er entward/o207¢6 | ndependently sel ected fromthe group ®cmdiser/273g9 of R11,
R12' R13, R14 and R5; R4 is 1-3 substituents selected fromthe group
consisting of H halo, alkyl, haloal ky_I4_ al koxy, cycloal kyl,

cycl ohet eroal kyl, am de, CF3, OCF3, aryl, heteroaryl, - XR7,

- (O C3- Cocycl oal kyk €2C3 C8¢c cIoheteroa |, -(G_ 10

06) al kyl - N(R21) sozéz? selg dcfsaralt § Oreyrop REReRg Of arg 6-memhigred co2r22,

Re- aryl - o O ety @i@%@%&ﬁéﬁ@&ﬁw&%ﬂ%%%@%ﬂé
N(R21)C(O)R22 1€1- CB) al I-N(R21)

- (C1- CB) al ky! - 1R22, - %an kyl - \R 21R22, -(CL-CB)al kyl - NH2,
15 (Cl-Cg)al kYI‘ R 202 angp SOZN kein R4 can be the sane or

different and i g7ndepéndent Fy-sel ecREél when th 3'5?& R4

present; R5 is selected fromthe group consisti %h% %Iﬁ arsw W’?’m

(C1- C8) al ky! , dipR&ngr ot Iﬁémf@)/lablqdhonalRBSlhiﬁﬂtmmedwyltI( Gﬂrﬁﬂjsdmtdqﬂts Wthh

- S02-(C1- C6)a|k I 0 cIoaI | - SO2-,
[0 (G k) sPh e thecrrje peaersTyntoaReypsasientlyisaigisd omting daRdbry,

and - SOZNRZlenglS% b?RH R1(ZCR1*3C§)‘9‘%MR15 .or -(Cl-C6)haloalkyl; R7 is

sel ected fromthe group consistih aryl’, substituted aryl, heteroaryl,

al kyl, hal oal kyl aRé igyed eabWUents&em:te@ from ma)grogpmlns'tsiting@fﬁt-‘s hadd,ect ed

00 BT ol TR, L AR

same or dlffeh@fetro -D(5R7 LGJ m:l blo}élk-wi' @Q@?@g-@é@ﬂ;léﬁ‘eﬁéﬂ) f-o@;-e than

one R8 present; erent an each 30

i ndependei | yosﬁuédtl\é((ﬁi F% ﬁe(@n'&ﬁkﬁlkﬂr@G@N R%f, -G drlgeh, -GeR 66) al kyl ,
and - (C1- G6) higsogl sl ‘o Yhits/ FE’BZR&L%ADW&U-%%%@%-, 88 (0)-fC-Ca)alkyl, Re-aryl-
C(O)-, -C(O)NR?'R?%, -C(O)NH,, -C(O)N(H)OH, ~(C+-Cg)alkyl
N(R?")C(O)R?, -(C4-Ce)alkyl-N(R*")CO,R%,
-(C1-Ce)alkyl-N(R?")C(O)NR?'R%, -(C4-Cg)alkyl-NR*'R?%, -(C4-Cs)alkyl-NH,,
15 (C4-Ce)alkylSO:NR?'R?? and -SO,NR?'R??, wherein R* can be the same or

different and is independently selected when there is more than one R*

present;
R%is sélected from the group consisting of H, arylalkyl, (C1-Cs)alkyl,
RE-aryl(C4-Cs)alkyl-, R®-heteroaryl(C1-Cg)alkyl-, -S02-(C1-Cg)alkyl, -SO2-(Cs-

20  Cg)cycloalkyl, -SOz-aryl, R®-aryl-80,-, -C(0)-(C1-Cg)alkyl, -C(O)-(Cs-

Cs)cycloalkyl, R8-aryl-C(0)-, -C(O)NR?'R%, and -SO,NR*'R%;

R® is H, -(C1-Ce)alkyl, or -(C1-Cs)haloalkyl;

R’ is selected from the group consisting of aryl, substituted aryl,
heteroaryl, alkyl, haloalkyl and cycloalkyl;

25 R®is 1, 2 or 3 substituents selected from the group consisting of H,
halo, (C1-Ce)alkyl, (C4-Cg)alkoxy, -CF3, -OCF3, CH3C(O)-, -CN, CH3S0,-,
CF3S0,- and —NH; wherein R® can be the same or different and is
independently selected when there are more than one R® present;

R®, R'%and B can be the same or different and are each

30 independently selected from the group consisting of hydrogen, (C4-Ce)alkyl,

and -(C4-Cs)haloalkyl;



R11 and R 12 can be the sanme or different and are each independently

sel ected fromthe group consisting of (Cl-C6)alkyl, -(Cl-C6)hal oal kyl,

hal ogen, WBhR}OR20¢ - OH, CF3, -OCH3, -0-acyl, and - OCF3; RP8TIGsoyzilect ed
fromthe group consisting of hydrogen, R11, H 5 phenyl, -NO2, -CN, -CH2F,
-CHF2, -CHO, -CH=NOR19, pyridyl-Noxide,. pyrimdinyl, pyrazinyl,

N( R20) CONR20R21, -NHCO\IH(chI or o- ( ClL- CG)ﬂ'k -

NHCONH( ( C3- Cl10) - cycl.oal k %Cl C6) al kyl ), -NHCO( C1- C6) al kyl, - NHCOCF3,

- NHCOCF3, - NHSC2N(R 1ar®$ Ragm pe the Nasez@mlff@@rmanwareﬁa@lsanmr@enﬂy

SooRH( 1 0o aryrpd Tl LG faiing ordleeaait S0Pty o ey

CONR19R20, - GehoGER CINR CREBDR, crq;cmsq—r;;t -@Rcyl, lannd, —G@E&RlQ - Si (CHS)S and
- B(OC(CH3) 2) 2; R14 i13s, selected fromthe g consi sting of ,{Cl-Co6)al kyl,
-(C1- ©8) hal oal kyl R-Nesselgriegimom s QWOUPI@'ﬁ%i'W@ hydradems 't fént s~ sel ect ed

L oo E RN, MEp G PR - S CHA BRI pY AR 0% [ - e
O;egia 1;] I er ent pyrdmchnylnwamznwbrN(?ﬁo)ﬁé}MRﬁoﬁh,wthC@hlé-r(ehIarG}(@GCe Yalld); - 028 R15
Pndependent I yNg&rdngﬁq' &ﬂﬂiﬁyﬁ'@ag?yhgﬂ @3‘%@)’@1 |'\ﬂ'bébfé @é}‘/@@g %Q_ﬁ(aaﬁg%z

C6) al kyl, or RigcansER arew{Nat at@{-cgyﬂmz%r%oadd?@gaﬁ?grN(@og@!ds)wih the

carbon to which they ched froma s car bon

atons; RI19, RNHCHM(%)&%MI Gl 1beycinalkyhnBRT: -SDRQ er-&QzF’and are each 25

'< ?:36825‘ oy 0 o SRBNFESEq 4Ry LR CRAIARR, DGR far g Y dutn, - 2N
(ClL-Co) al kyl, CdNRiQPﬁﬁ)MN@tHMtHz-OO@ b GONNE K@))alkyG2COBRa4, ky | ene,

(C3-C6) cycl oaI kyl . aryl and ar §25C1 al kyl-; 30 Ais selected fromthe
group consi stSl(@"&m?s aNd B{OBES and (C2- C6) alkenyl. Mis aryl or

heteroaryl opti Onanlsség?éét'eHlﬁoefﬂ thé G eonsisting of (C+-Ce)alkyl, -(C+-
Ce)haloalkyl -NH; and R'*-phenyl;

15 R' is 1-3 substituents selected from the group consisting of
hydrogen, (C1-Cs)alkyl, -(C1-Cs)haloalkyl, -CF3, -CO2,R?%, -CN, (Cs-
Ce)alkoxy and halogen; wherein R'® can be the same or different and is
independently selected when there are more than one R present;

R and R'” can each be the same or different and are each

20 independently.selected from the group consisting of hydrogen and (C-
Ce)alkyl, or

R'® and R together are a C2-Cs alkylene group and with the carbon
to which they are attached from a spiro ring of 3 to 6 carbon atoms;

R, R® and R*' can each be the same or different and are each

25 independently selected from the group consisting of H, (C+-Ce)alkyl and
(Cs-Ceg)cycloalkyl;

R? is selected from the group consisting of (C1-Ce)alkyl, -(C+-
Cs)haloalkyl, (C2-Cs)hydroxyalkyl, (C2-Ce)alkylene, (Cs-Cs)cycloalkyl, aryl
and aryl(C4-Cg)alkyl-;

30 A is selected from the group consisting of H, (C1-C5)alkyl and (Co-
Cs) alkenyl.

M is aryl or heteroaryl optionally substituted with R%

Qis CHor N; and



Qis CHor N and WO 03/020716 PCT/US02/27389 -6 X is selected fromthe
group consisting of CH2, SO2, SO S, and 0, wth the follow ng proviso:
when Rl iwopheeorhe pyridyl, thiophenyl or naphthyl, R2 camc®tushzm21389 -
(C-Co)alkyl or -C(O-(C1l-C6)al kyl. 5 Another aspect of the invention
relates to a pharmaceutical conpositi on, for treatnent of HV conprising
one or nore conpounds of fornula I. Yet another aspect of the invention

relates to a nethod of treating io0o Human | muno | cLency Virus conprising
adni ni stering to aXpuselested ﬁomm@cgrev%eeﬁlst"ﬁ%ag ﬁa‘l’itég’ﬂ @r SpelfiGal 1 y

effective a : ... conpounds of fornmula I. A further aspect
of the invewg'ﬁ]ﬂ?%r@tlag‘gﬁé g@hgorr’et hod of treating solid organ transpl ant

rej ection, graft vwhbaR'idipheagk pyridyl thioptienyl ohaapiathyl, &R azamnimot bed, -
i nfl ammat ory howel di seas aj opj 5 dermatitis, psoriasis, asthnmg,
allergies or &‘\I{\&)ﬁﬂ‘é’?gﬁré@k{é'ééﬁ%ﬂsi ng administering to a patient in
need of such treatment a therapeutically effective amount of one or nore

conpounds of formula I. Still another aspect of this invention relates to a
met hod of treati ngAnbthesraspenioidhdéfventionoglales tsa pbapnaseutisabdn ni st eri ng

formita | in EoRBPREPRaN GreRtae bie s offBr MorBaihuf SRR  ueer u
in the treatygpiuiap further aspect of this invention relates to a nethod

of treating solid organ transplant rejection, graft v. host disease,
arthritis, rheumat Yetangthenaspeet ofithelinvansienrsl a etbad of treating ¢

dermatitis, psorl.asj I ' SNidisk ) ing to a
patient i o ne@ﬁ"ﬁﬁ% @@Hﬁ?bgg@ﬁé% Q{rgggbﬁ{rﬂ?ﬁoﬁ@egconﬁ%éhﬁgté)lgragglrsﬁ%ﬁ; I gi n
conbi nati on whibd efeuch treatraeneatherapaltically @ffectiva gnuunt o§ ehelor immorehe

treatnment. The CCR5 and antiviral or, other ts. which are, c onent s of
the conbi nati 68AMPRHNES oL IRHMHIR |- AJYIThRT asgﬁaﬁga?g‘%w&aﬁowe'am%ﬁ?%t er ed

method of treating solid organ transplant rejection, graft v. host disease,
arthritis, rheumatoid arthritis, inflammatory bowel disease, atopic
15 dermatitis, psoriasis, asthma, allergies or multiple sclerosis comprising
administering to a patient in need of such treatment a therapeutically
effective amount of one or more compounds of formula I.
Still another aspect of this invention relates to a method of treating
Human Immuno-deficiency Virus comprising administering to a patient in
20 need of such freatment the one or more compounds of formula 1 in
combination with one or more antiviral or other agents useful in the
treatment. A further aspect of this invention relates to a method of treating
solid organ transplant rejection, graft v. host disease, arthritis, rheumatoid
arthritis, inflammatory bowel disease, atopic dermatitis, psoriasis, asthma
25  or allergies comprising administering to a patient in need of such treatment
one or more compounds of formula I in combination with one or more
antiviral or other agents useful in the treatment.
The CCRS5 and antiviral or other agents which are components of
the combination can be administered in a single dosage or administered

30 separately. A kit comprising separate dosage forms of the actives is also

contemplated.



30 separately. A kit conprising separate dosage forns of the actives is

al so contenplated. WO 03/020716 PCT/ US02/ 27389 -7 DETAI LED DESCRI PTI ON OF
THE | NVENVO@BI0Z1#6 pr esent invention relates to a conmpound Poanisnz2138e
general structure shown in Formula l: 5 R RO 1 Rl,- NRo A NBN3 I
O I or a pharmaceutically acceptable sal_} or solvate thereof; wherein: 10
wherein R1, R2, R3, RO, R10, A and B are defined as above. Wen Rl is R6 6
R5_ QI or R 15 Qis preferably CHor N, and R2 is preferably al kyl, aryl
or benzyl. Wen RL is MR4, R2 is preferably benzyl, phenyl or

cycl opropyl methly. As useqAieESiBesEREPTRINQIE I9E MVENF@ENUSed as defined
bel ow 20 unl ess ot her nmeans phati c

hydr ocar bon group Whe@resenyt ingentiir @lalbs toa donspamedchaving tegenarahg 1 to
about 20 carbon atons in th chain. Preferred al kyl groups contain 1 to
about 12 car bé‘iﬁ“@t—'fﬁrﬁhPWnt"Hi;or@H%ﬁ. More preferred al kyl groups contain 1
t o about 6, car bon atons in the

RZ 9
N A B
N
JC“W

or a pharmaceutically acceptable salt or solvate thereof; wherein:

10
wherein R, R?, R®, R®, R'®, A and B are defined as above.

When Rj is
RB
(O
; or
Q
Rs

FaVaVa¥al
~

R®
st
R™—Q -

15 Q is preferably CH or N, and R? is preferably alkyl, aryl or benzy!.

)
(
g

b

When R4 is M-R*, R2 is preferably benzyl, phenyl or
cyclopropylmethly.

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

"Alkyl" means an aliphatic hydrocarbon group which may be
straight or branched and comprising 1 to about 20 carbon atoms in the
chain. Preferred alkyl groups contain 1 to about 12 carbon atoms in the
chain. More preferred alkyl groups contain 1 to about 6 carbon atoms in the

25 chain. Branched alkyl means that one or more lower alkyl groups such as



25 chain. Branched al kyl neans that one or nore |ower al kyl groups such as

WO 03/020716 PCT/ US02/ 27389 -8 nethyl, ethyl or propyl, are attached to a

| i near alwglozobEie. "Lower al kyl"™ neans a group havi ng alpcmtust2/tBsabout 6

carbon atons in the chai:n which may be straight or branched. Preferred

al kyl groups in the present invention qie | ower al kyl groups. Non-limting
exanpl es of suitable aIkyI 5 groups include nethyl ethyl n propyl,

| but hept
tri 1 uor ot nTEtMaebyEPL Bndidrediehed tapdeRs Al ajbs 0w kY br o,
or iodo grC’Uloﬁ'\ecaﬁll%(;eajr @deﬁf'?_@flﬁ%ngHp‘i%aB 11106 eaﬂfonbétﬁﬁﬁrmalﬂg EQirnewll?iF:ﬁferrEd

are fluoro an n" nmeans uori ne orine, brom ne
i odi ne. Prefemayde etraigdat bl’ boanched. Arefarratkalayl gmups lretheapmsemtr e preferred

are fluorine and chlor | oal kyl ¥ or,. ena ed ns al kyl
havi ng one or MSALON 2L¢ I oﬂF@ﬁevP¥ uE‘r‘?{‘é'm'EF‘ J5 of it § ériakw isa
hal oal kyI No | -

oD, Qrodéﬂs”ihb!u'a@ rﬁéﬁ@ CF3 FOr I n@@%bu‘cgﬂ]} geg';/ stem
subst i tuent heatys nonylisigopt, déﬂucrameéhﬁ@@dtwcmmwlmmylc or non-aronatic
ring system which,, " re e I y on_the ring
system Ring syst enﬁgbbz??%eﬁq(%mngvgﬁo Sorsﬁé) §§fﬂ9 gqbr gP?‘f g{rg%ﬁedeaa[gh bei ng
i ndependent | y figetcg ehisto fordminde agd meztﬁefwrw &fel igrofandrahiorohet er oar yl ,

aral kyl, al kyl am no, aryl ami no, alkyl ar ar al kenyl ,. heteroaral k

al kyl het eroaryl helﬁém&ﬂamlﬂu%%r 6g|9r'neh9r@ﬂ?jﬂ9,&ﬂ<'9¢'nealRd’@f@"e%ryI oxy,
| k
aral xoxy, %Fé/h!%ﬁ'ne a&%nnéﬁ"{)f’?ﬁlcmlﬁ?ké’nd Hﬁ&r%grrefef%ﬁar%ﬁﬁ ﬁﬁ%? Fgonyl

aIkoxycarB ny aryl oxycarbon ar al’ koxycar
aryl sul fonyl, chietieeoar yl sul fonyl , alkylsulflnyl arylsulflnyl 25

(RN R R SN TR, b e T R e
IR, ende R ot e'Pﬁgﬁaa@@dthéﬁﬁ%@gn@s@ﬁéa@' oot Leren
al kyl, aryl, éimitirey ekd&yples include -CH.Cl, -CHCly, -CC|3, -CHoF, -CHFg, -CF3, -CH2-

15 CHyF, -CH,CHF3, -CH,CF3 and -CF2CFs.

“Ring system substituent" means a substituent attached to an
aromatic or non-aromatic ring system which, for example, replaces an
available hydrogen on the ring system. Ring system substituents may be
the same or different, each being independently selected from the group

20  consisting of aryl, heteroaryl, aralkyl, alkylamino, arylamino, alkylaryl,
aralkenyl, heteroaralkyl, alkylheteroaryl, heteroaralkenyl, hydroxy,
hydroxyalkyl, alkoxy, aryloxy, aralkoxy, aralkyloxy, acyl, aroyl, halo, nitro,
cyano, carboxy, alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl,
alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, alkylsulfinyl, arylsulfinyl,

25 heteroarylsulfinyl, alkylthio, arylthio, heteroarylthio, aralkylthio,
heteroaralkylthio, cycloalkyl, cycloalkenyl, Y1Y2N-, Y1Y2N-alkyl-,
Y1Y2NC(O)- and Y1Y2NSO,-, wherein Y4 and Y2 may be the same or
different and are independently selected from the group consisting of
hydrogen, alkyl, aryl, and aralkyl.

30 "Cycloalkyl" means a non-aromatic mono- or multicyclic fused ring
system comprising 3 to 10 ring carbon atoms, preferably 3 to 7 ring carbon
atoms, more preferably 3 to 6 ring carbon atoms. The cycloalkyl can be
optionally substituted with one or more "ring system substituents” which



30 "Cycl oal kyl " means a non-aromatic nono- or nulticyclic fused ring

system conprising 3 to 10 ring carbon atons, preferably 3 to 7 ring carbon
at ons, nowe ophaf7es ably 3 to 6 ring carbon atons. The cycl @alrRish2/za89 be
optionally substituted with one or nore "ring system substituents" which WO
03/ 020716 PCT/ US02/27389 -9 may be the game or different, and are as
defined above. Non-linmting exanples of “suitable nonocyclic cycloal kyls

i ncl ude cycl opropyl,, cycl obu cycl opentyl , | ohexyl and the |iKke.
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15 "Aryl" means an aromatic monocyclic or multicyclic ring system
comprising 6 to 14 ring carbon atoms, preferably 6 to 10 ring carbon atoms.
The aryl group can be optionally substituted with one or more "ring system
substituents" which may be the same or different, and are as defined
herein. Non-limiting examples of suitable aryl groups include phenyl and
20 naphthyl.

“Heteroaryl” represents cyclic aromatic groups of 5 or 6 ring atoms
or bicyclic groups of 11 to 12 ring atoms having 1 or 2 heteroatoms
independently selected from O, S or N, said heteroatom(s) interrupting a
carbocyclic ring structure and having a sufficient number of delocalized pi

25  electrons to provide aromatic character, provided that the rings do not
contain adjacent oxygen and/or sulfur atoms. Preferred heteroaryls contain
5 to 6 ring atoms. The "heteroaryl" can be optionally substituted by one or
more "ring system substituents" which may be the same or different, and
are as defined herein. The prefix aza, oxa or thia before the heteroaryl root

30 name means that at least a nitrogen, oxygen or sulfur atom respectively, is
present as a ring atom. Nitrogen atoms can form an N-oxide. All
regioisomers are contemplated, e.g., 2-pyridyl, 3-pyridyl and 4-pyridyl.
Useful 6-membered heteroaryl groups include pyridyl, pyrimidinyl,



5to 6 ring atons. The "heteroaryl” can be optionally substituted by one or
nore "ring system substituents” which may be the sane or different, and
are as dewvprad2dies ei n. The prefix aza, oxa or thia beforePchashrrBssoaryl
root 30 nanme means that at |east a nitrogen, oxygen or sulfur atom
respectively, is present as a ring ato Nltrogen atons can form an
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Arylketone represents a moiety containing an aryl group linked to the

15 main group or ring via a ketone.

Alkylaryl represents a moiety containing an alkyl linked to the main
group or ring via an aryl group.

Heteroarylalkyl represents a moiety containing a heteroaryl group
linked to the main group or ring via an alkyl.

20 The term “optionally substituted” means optional substitution with the
specified groups, radicals or moieties.

The term “solvate” as used herein means an aggregate that consists
of a solute ion or molecule with one or more solvent molecules, for
example, a hydrate containing such ions.

25 As used herein, the terms “composition” and “formulation are
intended to encompass a product comprising the specified ingredients, as
well as any product which results, directly or indirectly, from combination of
the specified ingredients.

"Patient" includes mammals and other animals.

30 “Mammal” includes humans and other mammalian animals.

The term “therapeutically effective amount” is intended to mean an
amount of a therapeutic agent of the compound of formula | that will have

an effect on a tissue, system, animal or patient that is being sought by the
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(1987) Edward B. Roche, ed., American Pharmaceutical Association and
15 Pergamon Press, both of which are incorporated herein by reference
thereto.
The compounds of formula | can form salts,JsoIvates and prodrugs
which are also within the scope of this invention. Reference to a compound
of formula | herein is understood to include reference to salts, solvates and
20 prodrugs theréof, unless otherwise indicated.
The term "salt(s)", as employed herein, denotes acidic salts formed
with inorganic and/or organic acids, as well as basic salts formed with
inorganic and/or organic bases. In addition, when a compound of formula |
contains both a basic moiety, such as, but not limited to, a pyridine or
25  imidazole, and an acidic moiety, such as, but not limited to a carboxylic
acid, zwitterions ("inner salts") may be formed and are included within the
term "salt(s)" as used herein. Pharmaceutically acceptable (i.e., non-toxic,
physiologically acceptable) salts are preferred, although other salts are also
useful. Salts of the compounds of the formula | may be formed, for
30 example, by reacting a compound of formula | with an amount of acid or
base, such as an equivalent amount, in a medium such as one in which the

salt precipitates or in an aqueous medium followed by lyophilization.
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Gould, International J. of Pharmaceutics (1986) 33 201-217; and Anderson
et al, The Practice of Medicinal Chemistry (1996), Academic Press, New
York). These disclosures are incorporated herein by reference thereto.
Exemplary basic salts include ammonium salts, alkali metal salts
20 suchas sodiufn, lithium, and potassium salts, alkaline earth metal salts
such as calcium and magnesium salts, salts with organic bases (for
example, organic amines) such as benzathines, dicyclohexylamines,
hydrabamines (formed with N,N-bis(dehydroabietyl)ethylenediamine), N-
methyl-D-glucamines, N-methyl-D-glucamides, t-butyl amines, and salts
25  with amino acids such as arginine, lysine and the like. Basic nitrogen-
containing groups may be quarternized with agents such as lower alkyl
halides (e.g. methyl, ethyl, propyl, and butyl chiorides, bromides and
iodides), dialkyl suifates (e.g. dimethyl, diethyl, dibutyl, and diamyl sulfates),
long chain halides (e.g. decyl, lauryl, myristyl and stearyl chlorides,
30  bromides and iodides), aralkyl halides (e.g. benzyl and phenethyl
bromides), and others.
All such acid salts and base salts are intended to be

pharmaceutically acceptable salts within the scope of the invention and all
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free of ot her of Hosinvention. imgividual stereonsomers of the compounds of the

15  invention may, for example, be substantially free of other isomers, or may
be admixed, for example, as racemates or with all other, or other selected,
stereoisomers. The chiral centers of the present invention can have the S
or R configuration as defined by the IUPAC 1974 Recommendations. The
use of the terms "salt", "solvate” "prodrug" and the like, is intended to

20 equally apply to the salt, solvate and prodrug of enantiomers,
stereoisomers, rotamers, tautomers, racemates or prodrugs of the inventive
compounds.

The term “nucleoside and nucleotide reverse transcriptase inhibitors”

(“NRTI” s) as used herein means nucleosides and nucleotides and

25 analogues thereof that inhibit the activity of HIV-1 reverse transcriptase, the
enzyme which catalyzes the conversion of viral genomic HIV-1 RNA into
proviral HIV-1 DNA.

Typical suitable NRTIs include zidovudine (AZT) available under the

RETROVIR tradename from Glaxo-Wellcome Inc., Research Triangle, NC

30 27709; didanosine (ddl) available under the VIDEX tradename from Bristol-
Myers Squibb Co., Princeton, NJ 08543; zalcitabine (ddC) available under
the HIVID tradename from Roche Pharmaceuticals, Nutley, NJ 07110;

stavudine (d4T) available under the ZERIT trademark from Bristol-Myers



be adm xed, for exanple, as racemates or with all other, or other selected,
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(1 592U89) disclosed in W96/ 30025 and avail abl e under the | AGEN
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Quebec v, a7 CRid . T Rog AR B TR, 15, Ehory
Uni ver sity undharframeytichlisyDurham, NC 27707; beta-L-FD4 (also called beta-1.-D4C
15 and named beta-L-2’, 3'-dicleoxy-5-fluoro-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 of Georgia to
Triangle Pharmaceuticals, Durham, NC 27707; and lodenosine (FddA), 9-
20 (2,3-dideoxy-2-fluoro-b-D-threo-pentofuranosyl)adenine, an acid stable
purine-based reverse transcriptase inhibitor discovered by the NIH and
under development by U.S. Bioscience Inc., West Conshohoken, PA
19428.
The term “non-nucleoside reverse transcriptase inhibitors”
25 (“NNRTI’s) as used herein means non-nucleosides that inhibit the activity of
HIV-1 reverse transcriptase.
Typical suitable NNRTIs include nevirapine (BI-RG-587) available
under the VIRAMUNE tradename from Boehringer Ingelheim, the
manufacturer for Roxane Laboratories, Columbus, OH 43216; delaviradine
30 (BHAP, U'901,.52) available under the RESCRIPTOR tradename from
Pharmacia & Upjohn Co., Bridgewater NJ 08807; efavirenz (DMP-266) a
benzoxazin-2-one disclosed in W094/03440 and available under the
SUSTIVA tradename from DuPont Pharmaceutical Co., Wilmington, DE



U S. Patent No. 5,814,639 and under devel opment by Triangle

Phar maceutical s, Durham NC 27707; beta-L-FD4 (also called beta-L-D4AC is
and nanedwbes@2d7i@', 3'-dicl eoxy-5-fluoro-cytidene) |icenseu/usy2xabe
University to Vion Pharnmaceuticals, New Haven CT 06511; DAPD, the purine
nucl eosi de, (-)-beta-D- 2,6, -di am no- pur ne di oxol ane di sclosed in EP
0656778 and |licensed by Enory Universi t§7 and t he Universi ty of CGeorgia to
Triangl e Pharmaceuticals, Durham NC 27707; and | odenosi ne (FddA), 9 20
(2, 3-di deoxy- teﬁaauam&bPtbllﬂﬁﬂaa2ﬂ)eanpr9v&¢ia§;;hpam€ﬁmﬁlé unger development e

b d
nder - dover ognobrepataiRElpRIRS BrBplater ¥y B8 ALEiofd (oRfGhy L0208 the
LS hor 6 - e e ot e ﬁ'?'?bpbﬁwmhhmm@mm T
si des_t ha
reverse transféyridp‘ﬂ)Q%@hyl‘rl}‘blTB@?Z@H'NHB@QYMPEaﬁer@{SaE%é H\/Mﬁpr{ aboid
(B Fo 280 2 LABLLoifiod HevEREAN MFolioRdaAidAEIBORR! 1808l

I ngel heim”™ the ~ manu urer oratories umbus, OH 43216;
del avi r adi ne GA QB)—:WMOIZB O MK M 42vd (et ey-metief) 54613-%@521!&@’0@% t radenane

from Phar mac & U evvaI er I 266) a
benzoxazi n- 2 ’8@?‘856‘? 4@’*%@)48 %dr?gf‘%\}ﬁ d&’lﬁr%élé (@FS SUST? VA
tradenane fro dasdHdsR At BV THaRsE @haria g@&%OZO?lG
PCT/ US02/ 2738 15 19880 0723; PNU—olrsfge?rélwa fﬁ@oﬁéﬁrdl r?e '[Ihl 0- pyri m de

under devel opBamambbdQ:’&ZﬁWe:caad &hecalpnolide ABNSEyEB4%t) aur BeswImanits. 1549

i o4 1 Spr opgTua e egoseIn NIk ByB- PefrNeSBAERIONT. Neprsed toMssh o

di scl osed i n WReAPREEBAAH, Whiditlisustdgevelbpingqa) caienelldmmmh waAgmsms
Phar naceutical s, |nc. LaJolla CA 92037- 1020; MKC- 442

g 13|(_|;at ho?Ymngﬁgéﬂg?"%a@@WWB&rﬁwqt - (phenyl met hyl)- (2, 4(1
devel og?lrent by Tri ngl)tgﬂb rﬂj\r%%% “f“ﬁ"aﬁg r' PPB?@E use%@%%&a‘ﬁgmowder
(+) - cal anol i def the( NBG16TotE=RE, ancn2ymeoeaaired for the proteolytic cleavage of
15 viral polyprotein precursors (e.g., viral GAG and GAG Pol polyproteins), into
the individual functional proteins found in infectious HIV-1. HIV protease
inhibitors include compounds having a peptidomimetic structure, high
molecular weight (7600 daltons) and substantial peptide character, e.g.
CRIXIVAN(available from Merck) as well as nonpeptide protease inhibitors
20 e.g., VIRACEPT (available from Agouron).

Typical suitable Pls include saquinavir (Ro 31-8959) available in
hard gel capsules under the INVIRASE tradename and as soft gel capsules
under the FORTOVASE tradename from Roche Pharmaceuticals, Nutley,
NJ 07110-1199; ritonavir (ABT-538) available under the NORVIR

25  tradename from Abbott Laboratories, Abbott Park, IL 60064; indinavir (MK-
639) available under the CRIXIVAN tradename from Merck & Co., Inc.,
West Point, PA 19486-0004; nelfnavir (AG-1343) available under the
VIRACEPT tradename from Agouron Pharmaceuticals, Inc., LaJolla CA
92037-1020; amprenavir (141W94), tradename AGENERASE, a non-

30 peptide protease inhibitor under development by Vertex Pharmaceuticals,
Inc., Cambridge, MA 02139-4211 and available from Glaxo-Welicome,
Research Triangle, NC under an expanded access program; lasinavir
(BMS-234475) available from Bristol-Myers Squibb, Princeton, NJ 08543



i o derivatives disclosed in NNH U. S. Patent No. 5,489,697, licensed to Med
Chem Research, which is co-developing (+) calanolide Awith Vita-lInvest as
an oral | ywedaiomi7sé r abl e product. The term "protease i nhi biPCaruso/2BBY) as
used herein means inhibitors of the H V-1 protease, an enzyne required for
the proteolytic cl eavage of 15 viral pc_)llggrotei n precursors (e.g., viral
GAG and GAG Pol polyproteins), into the individual functional proteins
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oral l'y acti ve synetgistisl effectdnaiiatastivity obdidesasine and has been studied with
15 stavudine. IL-2 is disclosed in Ajinomoto EP-0142268 , Takeda EP-
0176299, and Chiron U. S. Patent Nos. RE 33653, 4530787, 4569790,
4604377, 4748234, 4752585, and 4949314, and is available under the
PROLEUKIN (aldesleukin) tradename from Chiron Corp., Emeryville, CA
94608-2997 as a lyophilized powder for |V infusion or sc administration
20 upon reconstitution and dilution with water; a dose of about 1 to about 20
million 1U/day, sc is preferred; a dose of about 15 million iU/day, sc is more
preferred. IL-12 is disclosed in WO96/25171 and is available from Roche
Pharmaceuticals, Nutley, NJ 07110-1199 and American Home Prodocts,
Madison, NJ 07940; a dose of about 0.5 microgram/kg/day to about 10
25 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
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
30  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
-1 Vif protein, is under preclinical development by Yissum Research



by Shi onogi (Shionogi #S-1153) and under devel opnment by Agouron
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and fornullati
such as two NRTIs , one P! and a second Pl or one NNRTI. In treatment of
naive patients, it is preferred to start anti-HIV-1 treatment with the triple

combination therapy; the use of two NRTls and one Pl is prefered unless

there is intolerance to Pls. Drug compliance is essential. The cD4™ and

20 HIV-1-RNA plasma levels should be monitored every 3-6 months. Should
viral load plateau, a fourth drug,e.g., one Pl or one NNRT! could be added.
See the table below wherein typical therapies are further described:

ANTI-HIV-1 MULTI DRUG COMBINATION THERAPIES

25 A, Triple Combination Therapies

1

1. Two NRTIs' + one P12

2 Two NRTIs! +one NNRTI®

B. Quadruple Combination Therapies4

30 Two NRTIs + one Pl + a second Pl or one NNRTI



U S. Patent No. 4,211,771. 5 The term"anti-H V-1 therapy" as used herein
means any anti-H V-1 drug found useful for treating HV-1 infections in
man al onewoams/oagipart of nultidrug conbination therapi espcagpser2zmbdy the
HAART triple and quadrupl e conbination therapies. Typical suitable known
anti-H V-1 therapies include, but are qg limted to nultidrug conbination
therapies io such as (i) at least three anti-H V-1 drugs selected fromtwo
NRTls, one PI, a second PlI, and one NNRTI; and (ii) at |least two

anti-H V-1 drggsa\mRMangEQ%m NNRTlI s and Pis. Typical suitable HAART -
mul tidrug conbination therapies include: (a) triple conbination therapies
such as two NRTI's Qg Q qf|13l ; or 15 (b) two NRTIs and one NNRTI ; and (c)
guadr upl e conbi nation t erapl es such as two NRTIs , one PI and a second PI
or one NNRTI. Int t j&ve patients, it is preferred to start
anti-H V-1 treat ne??]%w'qﬁmthe eplla!ol e conbination therapy; the use of two

NRTl s and one PI U g 3s intolerance to Pis. Drug
conpliance is esse %&%ﬁan%f 'g@hﬁ—i'v 1-RNA pl asma | evel s shoul d be
noni tored every 3- pl ateau, a fourth drug,e.g.,
one Pl or dne NNRT%%% d+l9§’e%ig Z\INF@@am e bel ow wherein typical
therapies are further described: AI\FI'I -H V-1 MULTI DRUG COVBI NATI ON
THERAPIES 25 A. Triple Conbination Therapies 1. Two NRTIsl + one P12 2.
Two NRTIs1l + one NNQOBNBTEXTd waBeEConbi nati on Therapi es4 30 Two NRTIs +

one PI + a second PI' or .one NNRTI WD 03/020716 PCT/US02/27389 -18- C.
ALTERNATI VES: 3. Two Querefithefellowings zidoyudinp rolamivuding szidow@dn&RT) 7 or NNRTI 3

5 One P12 + one NREHanBsﬂ‘{Ee, slt\g\‘mn?eﬂamivudine; stavudine + didanosine;

10 zidovudine + zalcitabine

indinavir, nelfinavir, ritonavir or saquinavir soft gel capsules.
Nevirapine or delavirdine.
See A-M. Vandamne et al Antiviral Chemistry & Chemotherapy
9:187 at p. 193-197 and Figures 1 + 2.

15 5. Alternative regimens are for patients unable to take a recommended
regimen because of compliance problems or toxicity, and for those
who fail or relapse on a recommended regimen. Double nucleoside

combinations may lead to HIV-resistance and clinical failure in many

patients.
20 6. Most data obtained with saquinavir and ritonavir (each 400 mg
bid).
7. Zidovudine, stavudine or didanosine.

Specific examples of compounds of the present invention include,
25 but are not limited to, compounds wherein R', R? and R® are as defined in

the following table:

TABLE 1
ER R’ [ RE | R’
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Even more preferably, the compounds of the present invention are

represented by the following formulae:
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The compound of the present invention, also referred to herein as
the inventive compound, is particularly useful as a CCR5 antagonist.

Compounds of the invention can be made by the procedures known
in the art, for example by the procedures described in the following reaction
schemes, by the methods described in the examples below, and by using
the methods described in US patents 5,883,096; 6,037,352; 5,889,006;
5,952,349; and 5,977,138.

The following solvents and reagents may be referred to herein by the
abbreviations indicated: tetrahydrofuran (THF); ethanol (EtOH); methanol
(MeOH); acetic acid (HOAc or AcOH); ethyl acetate (EtOAc); N,N-
dimethylformamide (DMF); trifluoroacetic acid (TFA); trifluoroacetic
anhydride (TFAA); 1-hydroxy-benzotriazole (HOBT); m-chloroperbenzoic
acid (MCPBA); triethylamine (Et3N); diethyl ether (Et20); tert-butoxy-
carbonyl (BOC); 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU); dimethyl-
sulfoxide (DMSO); p-toluene sulfonic acid (p-TSA); potassium
bis(trimethylsilyl}-amide (KHMDA); 4-dimethylaminopryidine (DMAP);
N,N,N-diiospropylethylamine (DIPEA); and 1-(3-dimethyl-aminopropyl)-3-
ethyl carbodiimide hydrochloride (EDCI). RT is room temperature.



The conpound of the present invention, also referred to herein as the

i nventive conpound, is particularly useful as a CCR5 antagonist. 5
Conmpoundswofo3iobeg1é nventi on can be made by the procedures Paowrso2/27138¢ he art,
for exanple by the procedures described in the follow ng reaction schenes,
by the nethods described in the exanpl egsbel ow, and by using the nethods
described in US patents 5,883,096; 6,037;352; 5,889,006; 5,952,349; and
5,977,138. io The follow ng solvents and reagents may be referred to herein
by the abbreviations indicated: tetrﬁleﬁ drofuran (THF); ethanol (EtOH);

met hanol (MeOH); acetic acid ( N _A ; ethyl acetate (EtOAc); N, N
di met hyl formam de (DVF); trifl uoﬁoacﬁti acid (TFA); trifluoroacetic
anhydride (TFAA); 1-hydroxy- bergszéit Fazol - m chl or oper benzoic 15
acid (MCPBA); triethylam ne (Et3N); diethyl (E@ZO); tert - but oxy-
carbonyl (BOC); 1,8-d iazabicyclo[5.4.Q]undec-¥ (DBU) ; di et hyl -

sul foxi de (DMSO); p-toluene sulfonic acid (p-TSA) ;o potassi um

bi s(trinethylsilyl)-am de (KHVDA); 4-dinethylam nopryidine (DVAP); N, N, N-d
i i ospropyl et hyl am ne (DI PEA); and 1-(3-dinethyl-am nopropyl)-3 20 ethyl

carbodii m de hydro i ( . J ; e Uphe: 0 716
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Scheme A
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reductive amination A \[r
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10
For the synthesis of compounds of formula 1A, 4-hydroxy-piperidine
1and N-Boc-d;—piperidone 2 are sequentially treated with titanium



HOO 1) Ti(GPr)4 HO + NH\N, Boc 2) Et2AICN CN MeMgBr ON 1 2 3 Boc HO
0O NDWvsO 1) TFA oxalyl chloride 4 N Boc Et3N 5 , N, Boc 2)

EDC/ HOST/W8@3820710 Na( AcO3BH H N 3 NH2 R5-X 0 6 0 u RS, XCT/t&od27841 R 3
bR X=CH2 0 or Nz NaH R2X R 5-XaN-_o or R2CHO R reductive am nation
bNR3 |A O 10 For the synthesis of cogpounds of formula IA

4- hydr oxy-pi peridine 1 and N-Boc-4-piperidone 2 are sequential ly treated
with titanium W 03/020716 PCT/U 2[ 27389 -3 | SO oxi de and, di_et hyl

al um num cyarPeRMPEXiGe A diatd U, gy aRid 9 E%@sﬁdaam%@ngq

L B iy g S v v

the methylated derivative 4. The piperidinol 4 is OX|d|zed to the ketone 5 by
swern oxididation. The Boc group in 5 is removed by treatment with an

5 acid such as TFA, and the free amine is coupled with acid such as R;CO2H
using standard conditions to furnish the keto-amide 6. The keto-amide 8 is
reacted with a substituted 4-amino piperidine 7 in the presence of sodium
triacetoxy borohydride to give the amine 8. The free amine in 8 can be
functionalized either by reductive amination (RCHO/Na(AcO)sBH) or

10 alkylation (NaH or Cs,CO4/R?X) to furnish compounds of formula IA.

Compounds of formula 1A where R?, R%, R*, and M are as defined

15 are prepared according to Schemes B, C and D as follows.



swern oxididation. The Boc group in 5 is renoved by treatnment with an 5
acid such as TFA, and the free amne is coupled wth acid such as R3CO2H
usi ng st awodas@2wendi tions to furnish the keto-am de 6. Th@Chdaiso/amssde 8 i s
reacted with a substituted 4-am no piperidine 7 in the presence of sodium
triacetoxy borohydride to give the amn . The free amne in 8 can be
functionalized either by reductive am nation (RCHO Na(AcO) 3BH) or 10

al kylati on (NaH or Cs2C3/ R2X) to furnish conmpounds of fornmula AL R2 i
RAMN N IB N~r R3 O Conmpounds of formula Il A where R2, R3, R4, and Mare
as defined 15 are prepared accordi ngg%eag%?‘res B, C and D as foI | ows. WO
03/ 020716 PCT/ US02/ 27389 -37 Schene )3BH H ON~~RMM NN 5
hBoc R4AM NH2 N, oc 10 R2 Base, REXA)BH RAM N 1) HCIH or TFANIB
RCHO 2) EDC/ HOBT%t:%DZ reductive anination 12 N, Boc 5 pay-N

rém N2 \bu
1

Boc
10
Base, R*X ’32
or . R4MfN\G 1) HCl or TFA
N 1B
RCHO : \b 2) EDC/HOBT/R3CO,H
reductive amination 12 “Boc

The keto-amide 5 is reacted with an amine 10 in the presence of
sodium triacetoxyborohydride to furnish the functionalized amine 11. The
amine 11 can be alkylated either with NaH, Cs,COs/R?X or
Na(AcO);BH/RCHO to furnish the tertiary amine 12. The Boc group in 12

10 can be removed with an acid such as HCl or TFA, and the resulting

piperidine can be coupled to acids to furnish compounds of formula IB.



The keto-amde 5 is reacted with an amne 10 in the presence of
triacet oxyborohydride to furnish the functionalized amne 11. The
can be alwgloawediei t her with NaH, Cs2C03/ R2X or

sodi um
amne 11
Na( AcO) 3BHTRGHIER1389 f ur ni sh

the tertiary amne 12. The Boc group in 12 1o can be renoved with an acid
such as HClI or TFA, and the resulting ggperi di ne can be coupled to acids

to furnish conpounds of fornmula IB. WO

COR RAMX R2NH2 HN Pd(O tII11N.BN, 01 Na(AcO 3BH Boc 2 AcOH 13

Cu(OAc) 2

(RAM3BIi Et3NR2 1) HO R2 2) N Boc-4-piperidone 2 1 RAMN

Ti(OPr)4 RAMN N Boc 3) Et2AICN 14';&%@ N 15 Boc R2 1) TFA or
RAM N N 2) EDC/ HOST/Rs CO2H NR3 I B

reacted with apnd am ne

the am ne 13. h@m ne 13 cagAnfe

Boc-4-piperidone 2 is

HN Pd(0)
T
Na(AcO)sBH N goc
AcOH Cu(OAc)
13 N
(R*M)3Bi
EtsN

R2 ' 1) HCI R2
' 2) N-Boc-4-piperidone 2 )

R4M‘N\@ Ti(QiPr)y R4M’N\@
N.
Boc 3) ELAICN N\b
N.
Boc

4) MeMgBr

14 15

R2
|

1) TFA or HCI riM-N

3 N
2) EDC/HOBT/R®*CO,H
N_ R3
IB \ﬂ/

N-Boc-4-piperidone 2 is reacted with and amine (R®NH,) in the
presence of Na(AcO);BH to furnish the amine 13. The amine 13 can be
reacted with either aryl or heteroaryl halides/triflates under palladium
catalysis or‘Cu(OAc)zl(R"'M)sBi to furnish the arylated amines 14. The Boc

10  group in 14 can be removed, and the second piperidine ring can be added
according to the procedure previously discussed (Scheme 1; Steps 1 and
2) to furnish the piperidine 15. The Boc group in 15 is removed with an acid
such as TFA or HCL, and the amine is coupled to an acid represented by
R;CO3H to furnish the compounds of formula IB.

/020716 PCT/ US02/ 27389 -38 Schene

HCI

(R2ZNH2) in the ngresence of Na( AFO\M3BH to furnish



reacted with either aryl or heteroaryl halides/triflates under palladi um
catalysis or Cu(QAc)2/(RAM3Bi to furnish the arylated am nes 14. The Boc

i 0 group wWp 0ka2wwaé be renoved, and the second piperidi ne PCagSozer3be added
according to the procedure previously discussed (Schene 1; Steps 1 and 2)
to furnish the piperidine 15. The Boc gr;gup in 15 is rermved with an acid
such as TFA or HCL, and the amne is coupl ed to an acid represented by
R3CO2H to furnish the conpounds of forrmula IB. WO 03/020716 PCT/ US02/ 27389
-39 Schenre DH, NRAMX N RAM2 ~NPd(O RAMor N N-R3 11 Cu(OAc)2 | B
NR3 O-~r (RAM3Bi 0 Et3N 5 The fungfdyepqd pzed amine 11 can be reacted
according to procedures outlined above Tnh Schenme Cto furnish conpounds of
formula IB. 10 For preparing pharmaceutical conpositions fromthe conpounds
descri bed by thi SHI nvent ion, inert, pharmaceutically accept able carriers

can be either sq{u d I I qui d. Sol i d frMxpr eparations |chl ude powders,
tablets, dispeMsibfe nul es, capsule c;achet s and 0 ories. The
powders and tabl et corrprl sed o? (from about 57t aBout] 95 per cent
active 15 ingredient. Sujtable sp IHd—cartters—areknown in e.g.
magnesi um car bonat e,qqmag stearate talc, sugar or |actose, Thbl ets,
powders, cachets and capsul eg can be QS(@ACHS sol i d dosage f & ns [ e
for oral (R*M)3Bi o)

EtsN

The functionalized amine 11 can be reacted according to procedures
outlined above in Scheme C to furnish compounds of formula IB.

10 For preparing pharmaceutical compositions from the compounds
described by this invention, inert, pharmaceutically acceptable carriers can
be either solid or liquid. Solid form preparations include powders, tablets,
dispersible granules, capsules, cachets and suppositories. The powders
and tablets may be comprised of from about 5 to about 95 percent active

15 ingredient. Suitable solid carriers are known in the art, e.g. magnesium
carbonate, magnesium stearate, talc, sugar or lactose. Tablets, powders,
cachets and capsules can be used as solid dosage forms suitable for oral
administration. Examples of pharmaceutically acceptable carriers and
methods of manufacture for various compositions may be found in A.

20 Gennaro (ed.), Remington's Pharmaceutical Sciences, 18th Edition, (1990),
Mack Publishing Co., Easton, Pennsylvania.

Liquid form preparations include solutions, suspensions and
emulsions. An example of this includes, but is not limited to, water or
water-propylene glycol solutions for parenteral injection or addition of

25 sweeteners and opacifiers for oral solutions, suspensions and emulsions.
Liquid form preparations may also include solutions for intranasal

administration.



adm ni strati on. Exanples of pharnaceutically acceptable carriers and

nmet hods of manufacture for various conpositions nay be found in A 20
Gennar o (w0.0B/02(Resri ngt on' s Phar maceuti cal Sciences, 18th Bdirttison273¢4990),
Mack Publishing Co., Easton, Pennsylvania. Liquid form preparations include
sol utions, suspensions and enulsions. An_exanple of this includes, but is
not limted to, water or water-propylen Ogl ycol solutions for parenteral
injection or addition of 25 sweeteners and opacifiers for oral solutions,
suspensi ons and enuf8iQs®sprepargiions switahleferdahalation saysipckhidesalutitinsde

| uti f | I ) NSt | . 716 PCI/ US02/ 27389 -40
Zgr gsljlo.nspr ggaérﬁz}{ %@@@ﬁ?@g&eﬂbﬁr%Ldﬁgrﬁﬁ}':égr{gg{g%qﬂ%‘f%@é& utions and
solids in powdsharfreacsutichiycaceaptale darrieroshthabispinettidontprep§ats gasesyi cal |y

accept abl e car r,ier, such as an inert conpressed gas, e.g. nitrogen. 5 Also
i ncl uded are sYMPE8SRorm preparations which are intended to be converted,

shortly before ”.Se1AFSB.iH:lﬂHi§§ (ﬁg@%ﬂli@fﬁﬂféﬁeﬁ%?&ﬁocr{sﬁghﬁhtsﬁgﬁnt%ﬁ&éd % be

parenteral adm nistration. "1 qui e sol Ot'i ons,; suspensi ons
and enul si ons. cofivertedppbarily legfotehese, io digtiddiormmorephmtiohs foredithes vadllar i o

transdermal ly. The, transder.nmal . conpositiq can, take the form of creans,
| otions, aer osB?@”Eﬁ{af 3 mw%tf%gg‘e@?ih%‘é{a%%@@ W@f‘if%’e%f;]P?P%’tsPﬁi%@@%?%I
patch of the ngid emuMior€servoir type as are conventional in the art for

this purpose. The conpounds of this invention may al so be deliverable 15
subcut aneousl y. Prefle gompaund afdhe diveatiop raayralsohedelivepaklel y. Preferably,

pr epar at 1 off | e ERgy s Beaie Rl soRpbali8 iRt Bkdlhe imlivergen |
t her apeut i cal | |ptiehé eadrovelsamaint erpliisidits Span Be iNGMHEYirR8 tiAsatimaall.
patch of the matrix or reservoir type as are conventional in the art for this
purpose.
The compounds of this invention may also be deliverable
15 subcutaneously.

Preferably the compound is administered orally.

Preferably, the pharmaceutical preparation is in a unit dosage form.
In such form, the preparation is subdivided into suitably sized unit doses
containing a therapeutically effective amount of the compound having

20 formulal.

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
250 mg, and most preferably from about 55 mg to about 200 mg, according

25 to the particular application.

The actual dosage of the inventive compound employed may be
varied depending upon the requirements of the patient and the severity of
the condition being treated. Determination of the proper dosage regimen
for a particular situation is within the skill of the art. For convenience, the

30 total daily dosage may be divided and administered in portions during the
day as required.

The amount and frequency of administration of the compounds of

the invention and/or the pharmaceutically acceptable salts thereof will be



The quantity of active conmpound in a unit dose of preparation may be
varied or adjusted from about 10 ng to about 500 ng, preferably from about
25 ny to wb®n2@d© ng, nore preferably from about 50 ng t ®@Cahmsor/2738%0 ny,
and nost preferably fromabout 55 ng to about 200 ng, according 25 to the
particul ar application. The actual dosagﬁ of the inventive conpound
enpl oyed may be varied dependi ng upon t E requi renments of the patient and
the severity of the condition belng treated. Determ nation of the proper
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used in conbination with the conpounds of this invention wl
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severity of thakingnetd comsitieratibadhe bgepsex ahe coaditionadtharpatienttdirl thenpound
of the present |nvent|%ﬁ_) cap,. be used to treat Human | mmunodefi ci ency Virus
by adni ni st eri $RYSity af thescongitiinireatedneed of such treatnent a
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carriers. One ean beusegdpo dfeat zbcblmamhnrrMnodeﬂmency Virus by administering to a
15 patient in need of such treatment a therapeutically effective amount of one
or more compounds having formula |, preferably in combination with one or
more pharmaceutically acceptable carriers. One or more, preferably one to
four, antiviral agents useful in anti-HiV-1 therapy can be used in
combination with the compound of the present invention. The antiviral
20 agent or agents can be combined with one or more compounds of the
present invention in a single dosage form, or the one or more compounds
of the present.invention and the antiviral agent or agents may be
administered simultaneously or sequentially as separate dosage forms.
The antiviral agents contemplated for use in combination with the
25  compound of the present invention comprise nucleoside and nucleotide
reverse transcriptase inhibitors, non-nucleoside reverse transcriptase
inhibitors, protease inhibitors and other antiviral drugs listed below not
falling within these classifications. Specific examples of antiviral agents
include, but are not limited to, zidovudine, lamivudine, zalcitabine,
30 didanosine, stavudine, abacavir, adefovir dipivoxil, lobucavir, BCH-10652,
emitricitabine, beta-L-FD4, DAPD, lodenosine, nevirapine, delaviridine,
efavirenz, PNU-142721, AG-1549, MKC-442, (+)-calanolide A and B,

saquinavir, inc'l.inavir, ritonavir, nelfinavir, lasinavir, DMP-450, BMS-



four, antiviral agents useful in anti-H V-1 therapy can be used in

conbi nation with the conpound of the present invention. The antiviral 20
agent or wgenws7ec@n be conbi ned with one or nore conmpound®CefusSHhzT3sPpr esent
invention in a single dosage form or the one or nore conpounds of the
present invention and the antiviral age% or agents may be adm nistered

si mul taneously or sequentially as separaze dosage forns. The antiviral
agents contenpl ated for use in conbination with the 25 conpound of the
present i nventﬂ@ﬂﬁ%nﬁﬁ s&/ B AMPEsiayE, Ayfroxyiweaofibanrin rlév%?Ee‘IZt,ranscri pt ase

I nhi bi tors, L VARG, 36h7 APRCAGRITRS 1 B 4ERsR, Pr ot ease

I nhibitors an Other ant i v & rugs’ I'i st bel 6 within these

cl assi fi cat i omeomispatioris knwams”—%ARﬂ' aietdowtérﬁblat?a]fﬁir%seuﬁfébHMatmt are
not limted to, zidovudi ne, ?m vudi ne, zal citabi ne, 30 di danosi ne,
stavudi ne, abaWithe corpeeend pf Higinysriien. | obucavir, BCH 1 0652,

em tricitahki ne, bet i.di ne,
ef avirenz, %PNU- 142 %@13@@?%@%@%% Hﬁ)r% gﬁa/édné eﬁve gﬁ%ﬁtBWhe é
saqui navi r, i rde mtnve agentsoaravin isepaedté idosage forhaﬂatmr\s rthe BbirretadgentBVE WO

03/ 020716 PCT/ USO [ 27389. 232262 ABT- 378, arrpren v .I dr oxyur ea,
ribavirin, IL'® % ﬁ“ sﬁ%ﬁ?ﬁaﬁ%r@@ Y & qu{l?t' ggﬁ'ﬂnA €1549. In

particular, t%mmﬁ@tlaﬂtdf@m &ement ?ri%y"%“&foratbecéﬁéﬁr?ém‘t@t&%ljd%b &Rt I N
conbi nation wth the conpound of this“invention. 5 For conbi natlon

treat nent wi t Hotbe admisistrgtien géthe/ethggegent. where the active agents are in

Separ at ol yor i cdnfoifet Aot TafiveNfof Bielidon hte an 2 Rl SHid

el enent may b%r@én@rrantsplam@éy@urcmergrafw, hest diséssy] dethtitis t delifitatoid
adm nistration of the other agent. 10 Anot her aspect of the invention

provi des a netiiHitiss 'rtﬂlaébl’ﬂﬁt%y QQWﬁhdlséﬁg%zrﬁtPP'&r@émﬁils,rﬂ_ﬁcﬁ@ﬂsmﬁSﬂt!ﬂ'r‘%bf tv.
host di sease, .{He?é\[a’s%'r?nulﬁ?l%%ﬂhg co?ﬁﬁlﬁr r‘éé bamlﬁlg'ge'nﬁgf?tagcféﬁelﬂ? llme&i S€ase,

at opi ¢ dermat i sori as € sclerosis
conpri si ng admfrsushetreatg\ehbaahempeetltallyneffmlde avfoumnicfi oheeatmenet a
therapeuti cal lélomgncgl?r%sl C\)/fe formuILélnIt p(r)gfelgart])?y ﬁ\rconn%i%ation with one or more
pharmaceutically acceptable carriers. In another embodiment, the method
for treating solid organ transplant rejection, graft v. host disease,
rheumatoid arthritis, inflammatory bowel disease or multiple sclerosis
further comprises administering one or more other agents useful in the
20 treatment of said diseases in combination with one or more compounds of
formula .

Agents.known in the treatment of rheumatoid arthritis, transplant and
graft v. host disease, inflammatory bowel disease and multiple sclerosis
which can be administered in combination with the compound of the

25  present invention are as follows:
solid organ transplant rejection and graft v. host disease: immune
suppressants such as cyclosporine and Interleukin-10 (IL-10), tacrolimus,
antilymphocyte globulin, OKT-3 antibody, and steroids;
inflammatory bowel disease: IL-10 (see US 5,368,854), steroids and
30 azulfidine;
rheumatoid arthritis: methotrexate, azathioprine, cyclophosphamide,
steroids and mycophenolate mofetil;
multiple sc'l'erosis: interferon-beta, interferon-alpha, and steroids.



15 conmpounds of formula 1, preferably in conbination with one or nore
phar maceutically acceptable carriers. In another enbodi nent, the nethod
for treatwog@3sei7ied organ transplant rejection, graft v. hest/usiyeznse,
rheumatoid arthritis, inflammtory bowel disease or nultiple sclerosis

further conprises adm nistering one or e other agents useful in the 20
treat nent of said diseases in conbinatioff wWith one or nore conpounds of
formula |I. Agents.known in the treatnent of rheumatoid arthritis,

transpl ant and gr d¥other aspect @f imswention relaiesttod/kibeorprigingdase and
mul ti pl e scl erQsi ' ; ) A ' | ' ! he
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cycl osporine and, I.nterl eukin-10 tacrolinus, antilynphocyte
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nmet hotrexate, azathi oprine, cycl ophospham cophenol at e
mof eti|; multiqarkiersc Bod @ sepaiate eofi@iners benaor more pharraceutigah, and
steroids. WO 03/020716 PCT/ USOZ/Z?S%? - 43 Anotthgr aspect of the invention
relates to a KOAMRGHIFISFHGPIIHNG Aneffeqtive Ameuit,ol one;qr Taot apjiviah ackage

phar maceut i calagepiepbte? agbfts usktal ihithe eitrRahi SMHUMah!IRFhuRBHE R iency
| mmunodeficiency Virus. In one container, a pharnmaceutical conposition

conpri ses one \GlusniBranssocBIRFe pPhasnageytisally paceptahleseasriers. nor e
h ticall | ' ' X [ .
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mor e anti vir althe #)Wnt-RNA virahiead dgtsw sheidefadtabia lifrite THeeaist@stablef linhtgan
| nmunodefi ci enc Virus, in one or nore pharnmaceutically acceptable

carriers. io THe-4dN BP'tlhﬁé:qIHtQ)‘tPflt%P n&fnvﬁﬁgoﬁm’fh?h Bi26H is to
reduce the H!fgwté‘r (F)F?é“n Ybo@ 20(PRFelRr Brt BfostEs RS of HIVA RN Ser mi of

"detectable |lim
plasma of the patient as measured by quantitative, multi-cycle reverse

15 transcriptase PCR methodology. HIV-1-RNA is preferably measured in the
present invention by the methodology of Amplicor -1 Monitor 1.5 (available
from Roche Diagnsotics) or of Nuclisens HIV-1 QT -1.
The following assays can be used to determine the CCR5 inhibitory
and antagonistic activity of the compounds of the invention.
20 CCR5 Membrane Binding Assay:

A high throughput screen utilizing a CCR5 membrane binding assay

identifies inhibitors of RANTES binding. This assay utilizes membranes
prepared from NIH 3T3 cells expressing the human CCR5 chemokine receptor
which have the ability to bind to RANTES, a natural ligand for the receptor.

25 Using a 96-well plate format, membrane preparations are incubated with 125}-
RANTES in the presence or absence of compound for one hour. Compounds
are serially diluted over a wide range of 0.001ug/ml to 1 ug/ml and tested in
triplicates. Reaction cocktails are harvested through glass fiber filters, and

washed thoroughly. Total counts for replicates are averaged and data reported

30 as the concentration required to inhibit 50 percent of total 129]-RANTES
binding. Compounds with potent activity in the membrane binding assay are
further characterized in seconday cell-based HIV-1 entry and replication

assays.



H V-1 -RNA" in the context of the present invention nmeans that there are
fewer than about 200 to fewer than about 50 copies of H V-1-RNA per nml of
pl asma ofwDha/opeié ent as neasured by quantitative, nulti-®gElusor/zmser se 15
transcri ptase PCR net hodol ogy. H V-1-RNA is preferably neasured in the
present invention by the nethodol ogy of Amplicor -1 Mnitor 1.5 (avail able
from Roche Diagnsotics) or of Nuclisens " HTV-1 QI -1. The foll owi ng assays

can be used to getﬁgn1ne the CCR5 inhibitory and antagonistic activity of
t he conpounds :on. 20 CCR5 Menbrane Bindi ng Assay: A high
t hr oughput screen | Hﬁﬂﬁr 1 nd] Ldentifies
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phosphate precipitation, e viral supernatants are Sted 3%and

a functional activity determined. Results are reported as the concentratlon of compound

15 required to inhibit 50% of the luciferase activity in the control cultures.

HIV-1 Replication Assay:

This assay uses primary peripheral blood mononuclear cells or the
stable U87-CCRS cell line to determine the effect of anti-CCR5 compounds to
block infection of primary HIV-1 strains. The primary lymphocytes are purified

20 from normal healthy donors and stimulated in vitro with PHA and IL-2 three
days prior to infection. Using a 96-well plate format, cells are pretreated with
drug for 1 hour at 37 °C and subsequently infected with an M-tropic HIV-1
isolates. FoIIowing infection, the cells are washed to remove residual inoculum
and cultured in the presence of compound for 4 days. Culture supernatants

25  are harvested and viral replication measured by determination of viral p24
antigen concentration.

Calcium Flux Assay:

Cells expressing the HIV coreceptor CCR5 are loaded with calcium
sensitive dyes prior to addition of compound or the natural CCR5 ligand.

30 Compounds with agonist properties will induce a calcium flux signal in the cell,
while the compounds of this invention are identified as compounds which do
not induce signaling by themselves but are capable of blocking signaling by the
natural ligand RANTES.



viral titer determ ned. These stocks are then used to infect U37 cells
stably io expressing CD4 and the chenoki ne receptor CCR5 whi ch have been
prei ncu baDedox7idh or wi thout test compound. |nfections aPeTamn2B8 out for
2 hours at 37 C, the cells washed and nedia replaced with fresh nedia
cont ai ni ng conpound. The cells are incqggyed for 3 days, |ysed and

| uciferase activity determned. Results are reported as the concentration
of conpound i rqui nhibit 50% of the luciferase activity in the
control cult uddE 5aY: (3qcondancmembiage hindind assay)or i mar y
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Assay (second _ fnding assay): A GIP S binding assay neasures
receptor activati orheycHermStakisody is a Foh&ticis a¥sapadioheshdraceRkésiiteg of
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15 CCRS5 (BaF-550) to migrate across a membrane in response to either test

red to i
D !‘. I-‘v.

compounds or natural ligands (i.e., RANTES, MIP-1R3). Cells migrate
across the permeable membrane towards compounds with agonist activity.
Compounds that are antagonists not only fail to induce chemotaxis, but are
also capable of inhibiting cell migration in response to known CCR5

20 ligands.

Luciferase Replication Assay:

Plasmids encoding the full length genome of HIV-1 pNL-4-Luc with
the gp 120 V-3 loop replaced by the Bgl Il fragment of HIV-1 ADA, YU-2 or
HxB (ADA-Luc-FL, YU-2-Luc-FL and HxB-Luc-FL) are obtained from Dr.

25  Susan Pontow (Washington University, St. Louis MO). Replication-
competent luciferase reporter virus stocks are generated by transfection of
plasmids into 293T cells using Superfect (Qiagen) or Mirus transfection
reagents. Viral stocks are collected 48 hours following transfection and
titered for luciferase production on U-87-CCR5 or CXCR4 cells. U87-CD4-

30 CCRS cells (10*well) are plated in 96-well cell culture plates and incubated

overnight. Media is removed and replaced with 50 pl of fresh culture media
(DMEM, 10% FCS) and 50 ul of compound diluted in culture medium. Cells



CCR5 expressing cells and binding to the receptor activation (or binding)
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15 art.
Example 1:
N
e epeTa
I
(0]
Compound 4
20 Step1

4-Hydroxy-piperidine (1.0 g, 9.9 mmol) and N-Boc-4-piperidone (1.97
g, 9.9 mmol), and Ti(OiPr)4 (3.2 mL, 10.9 mmol) were taken up in CH,Cl»
and stirred at rt for19 h. To this solutionf,' 24 mL of ELAICN (1.0 M in
toluene).were added. The resulting solution was stirred at rt for 24 h. The

25  solution was cooled and quenched with sat. NaHCO3;. The mixture was

diluted with EtOAc and filtered through a plug of Celite. The filter cake was
rinsed with EtOAc and H2O. The layers were separated, and the aqueous
layer was extrécted with EtOAc. The combined EtOAc layers were washed



3-4 hours. The cells are washed once with DVEM and 200 | of nedia 5

cont ai ni ng conpound is added. The cultures are incubated for 3 days, the
cell s | yswo om2d7uci f erase |ysis buffer (Pronega, Madi son, P@N)usanz3ge
transferred to Immulon plates (Dynex Technol ogies,- Chantilly VA). An
equal volune of luciferase substrate (_Pr70rrega Madl son W) is added to

| ysates and the plates read |m"red| ately |n a V\allac Lum noneter. Fifty and

ni nety percent i nhi bi tor n er.m ned usi ng GraphPad
PRI'SM sof tvar ith bt 450t 4SBaR O, F?hf lon EHPGRSP SO ARETIegel by ¢ he
fol | ow ng Prg g%%té i e%ﬁkggnd\@lgq gsrgpgomp construed to limt the

scope of the¥disclosure ernative cha I st1c pat hways and anal ogous
structures wdtépn R the scope of the invention may be apparent to those

killed in the 15 4 20 St
i I4 H§dr|o>r<]y p|6per| Thﬁecy(af'%"gomﬁ%"mm gﬁd{\l@l@%@ g?pm%o&?g’é‘ﬁga'(ﬂ“ 87 g, °P
9.9 mmol), san¢gy THFC&HPd b&ol(ea t8 %€, M@th%l maghbsmi Brondide {15l Bf@tplﬁhﬁ and
stirred at rt forl his sol ution; of Et2AICN (1.0 Min

tol uene) were dmwcﬁthtmelvasagddw t@tf@owu’ﬁl@ma’v\&§ sThe selutign was wermgd h. The

i uted vitn B B iied At BRERERR e Yor 3biny THE bR SR BHF LT e
was rinsed woPQ drd¥germstbdiith 1WNdGHW§£)STh%ﬂ'ﬁlxﬂRécwc’.fﬁﬁthre@lﬂﬂ'ohbh aaqueous

| ayer was extracted with Et OAc.. The conbi ned Et OAc Iayers wer e washed WO
03/ 020716 PCTPUSDOY Selites TheyGelifer was Finsed witd EIQAG Thea6PHS [RY8TWaS i on

through Cgl)i t ¢, andietARRR BAOAL Ohe SHBIRIBIBNCIRYERWEN HabifeP dith britd % as

a solid.
and dried (NazS0O,). Filtration through Celite and concentration gave an

alcohol (2.5 g,90 %) as an oil.
Step 3 . |
DMSO (0.9 mL, 12.6 mmol) was taken up in CHxCl, and cooled to —
15 40°C (CO,/CH3CN). Oxalyl chloride (1.1 mL, 12.6 mmol) was added
dropwise to the solution at —40°C. The solution was stirred at that
temperature for 20 minutes. The alcohol from step 2 (2.5 g, 8.39 mmol)‘in
CH.Cl, was added to the solution at —40°C. The resulting solution was
stirred at that temperature for 30 minutes. Triethyl amine (3.5 mL, 25.2
20 mmol) was added to the solution at -40°C, and the resulting slurry was
warmed to rt. After 30 minutes, the solution was diluted with CH>Cl; and
washed with 1 N NaOH,q). The aqueous layer was extracted with CHCl,.
The combined organic layers were dried (Na2SO,), filtered, and
concentrated. Purification via flash chromatography (2/1 EtOAc/hexanes,
25 Si0,) gave 2.15 grams (87 %) of a ketone as an oil that slowly solidified.
Step 4
Boc-piperidine (2.0 g, 6.7 mmol) was taken up in CHzCl> and TFA (7
mL) was added. The solution was stirred at rt for 1h. The solutonwas - -
concentrated. The resulting salt was taken up in H.O and basified with
30 NaOH. The solution was extracted with CH,Cl,. The aqueous layer was
extracted with CH.Cl,, The combined organic layers were dried (Na2S0y4),
filtered, and concentrated to furnish 1.1 g (85 %) of deprotected piperidine.



Step 2 The cyani de conpound fromstep 1 (2.84 g, 9.2 mmol) was taken up 5
in THE and cooled to OC. Methyl magnesium bromde (15 nL of 3.0 Min

di et hyl ewbes)p20mas added to the solution at 0OC. The sol ut iPcm/usay23889 ned to
rt and stirred at that tenperature for 16 h. The solution was cooled to O0C
and quenched with 1 N NaCH(aq.). The m xjjure was filtered through a plug
of Celite. The Celite was rinsed with EEQAc. The aqueous | ayer was 1o
extracted with Et OAc. The conbined Et OAc | ayers were_washed with brine and

dried (Na2SO4). Fi lthexderietecied piperding 1d akai6d8mednEDL]i hyerephlerida

I hol 2.5 g, o t ak
oo i oo o ahg DoolQBT (52 8 BisBBuRs R e Tt 4 IR, "
12.6 mOTIDI ) vvﬁspyadﬂ@Me aiaTboxyls:eadld)(’[ heg) ewérettaloen ap u? %@Clzﬂmd stirred abg vvgs

tirred at t rat or e alco e 5
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sol ution S r\géod)% ?&gsﬁgggﬁﬂaﬁeﬁ ééré?)dféb"tec?%tﬂqdl%(ﬂ - ThE g%hi}ﬁfehe&m ne

(3.5 n, ed t'o the solution at -40 resul ting
slurry vvas V\mrgamictlayers wekktdried3ovari MapSE3y,. Elhzatlgolthtougnhl @\alﬁedznldut ed with

CH2Cl 2 d hed wi Th | t t ed
wth oo 2. recaihiim dave Dehe 57 ol amBes BT N sony . 111 tered.

and concentrajigg.s:Purification via flash chromatography (2/1
Et OAc/ hexanes, i 02) gave 2.15 grans (87 % of a ketone as an oil that

slowy solidified Th& erme B@Eﬂ?ﬁepé (hQ194'|§ 28 ompl), 8- mrﬁﬁJN)bWMta]lc(en up in
CH2Cl 2 TF t
The sol 3'? |dl8n @éégnd'ﬁ%r@ 5\;@ 5\% g'gggqar?-eh foe's 1ér\1'gdba © @taté Qig’eeﬁé ltjéplzelnn"? 20 and

basi fied w thigcHGHandktirredlattrt fon MSThétsbanbadNam tiutEHRAACHIOR sagueous

| ayer was extracted with CH2Cl 2. The conbi ned organic |ayers were dried
(Na2so4), fiIwashad withd- Md\'ﬁQHtanatE'ae?GU?W%iaé(ﬁfwaf extregtecyith CHClo.

deprotect ed PiRRY LGhBihed¥gBRIO204R%ERTEnEP S NEL 0, 4Biltration through
Celite and concentration gave an oil. Purification via flash chromatography
15 (gradient: CH2Cl2-2 % [7 N NH3 in MeOH] in CH,Cl>-4 % [7 N NH3 in
MeOH][ in CH.Cly, SiO;) gave 1.2 g (84 %) of amine as an oil. MS (FAB)
505.4 (MH™).
Step 6
The amine from step 5 (0.10 g, 0.20 mmol), benzaldehyde (0.06 g),
20 and Na(AcO);BH (0.12 g) were taken up in CHCl, and stirred at rt for 15 h.
More benzaldehyde (0.06 g) and Na(AcO);BH (0.12 g) were added to the
reaction. The reaction was stirred for an additional 15 h. The solution was
diluted with CHzClz and washed with 1 N NaOH,q). The aqueous layer
was extracted with CH2Cl,. The combined organic layers were dried over

25  NaS0,. Filtration through Celite and concentration gave an oil.
Purification via preparativé layer chromatography (7 % [7 N NH3 in MeOH in
CH.Cl,, SiO) gave 0.025 g (21 %) of the product shown above in this
example. MS (FAB) 595.5 (MH™).

The compounds shown below in Table 2 were prepared in a similar

30 fashion as outlined above.

The compounds shown below in Table 2 were prepared in a similar fashion

as oulined above for Example 1.



The deprotected piperidine 1.1 g (5.6 mmol),
di i soproplyethylamne (1.8 g),

HOBT (1.2 @),
car boxyl iwoaaiozh7¢e. 1

The aqueous | ayer was extracted with CH
Na2SO4. Filtration through Celite and

were dried over

0.94 g (51 %9 of am de as a foam Step

EDCI
and 4, 6-di net hyl
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hydr ochl ori de

(1.6 9),

-3- pyrimdine
g) were taken up in CH2Cl 2 and stirr @dTAaiS02/27384 or
h. The solution was diluted with CH2Cl 2 and washed with 1 N 5 NaOH(aq.).

16

organi c | ayers
concentration gave
am de fromstep 4 (0.94 g,

2.8 nmol ), 4-amino-N-benzyl 10 piperi di =5 g), Na(AcO)3BH (0.84 g), and
HOAc (0.26 g) were taken up in CH2Cl2 and stirred at it for 2 h. The
solution was diluted with CH2Cl 2 and washed wth 1. N NaCH(aqg.). The
aqueous | ayer wabs extracted witISt@dd@e?. The conpi nedl ganilc [HMEs were
dried over Na2SO4. Filtration through Celite and ncentratiiQn n
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This series concentrates on when M = aryl or hetero-aryl. Most

preferred are when R? is benzyl, phenyl, and cyclopropylmethyl.

Example 2
10
0
N N
hache
N N
0
Compound 8
Step 1

4-Bromo aniline (8.3 g, 48 mmol), N-Boc-4-piperidone (8.0 g, 40
15 mmol), Na(AcO)sBH (12.7 g, 60 mmol), and AcOH (3.5 mL, 60 mmol) were



ONN O WD 03/020716 PCT/US02/27389 -50 6 0.9 679.3181 N Na ON-N1 ON
N C~ 07 3609.3598 NS NN1 ~-ONN NO R RA-MNNNR3 O 5 This
series cowoapweEies on when M = aryl or hetero-aryl. Most PCprusheer3ed are
when R2 is benzyl, phenyl, and cycl opropylnmethyl. Exanple 2 10 N Br N N
N N O Conpound 8 Step 1 4-Bronp aniline51(8.3 g, 48 mol),

N- Boc- 4- pi peridone (8.0 g, 40 B :

taken up in CH.Cl, and stirred at 25 °C (17 h). The solution was diluted
with CH,Cl, and quenched with 1 N NaOH. The aqueous layer was
extracted with CH,Cl,. The combined organic layers were dried (Na,S0O,),
filtered and concentrated. Purification via recrystallization

5  (CHyClz/hexanes) gave 10.2 g (72%) of an amine product.

Step 2
The amine (1.5 g, 4.22 mmol), benzyl bromide (0.74 mL, 6.3 mmol),
NaH (250 mg of a 60 wt% dispersion in oil), and Kl (350 mg, 2.11) were
10 taken up in DME and stirred at 100 °C (18h). The solution was cooled and
partitioned between EtOAc and H20. The aqueous layer was extracted
with EtOAc. The combined organic layers were washed with brine and
dried (MgSO,). Filtration and concentration followed by purification via
flash chromatography (4/1 hexanes/Et;0, SiO;) gave 528 mg (28 %) of a
15 benzyl amine product.

Step 3
The benzyl amine product from step 2 and 4.0 M HCl in dioxane (5

mL) were taken up in MeOH, and the solution was stirred at 25 °C for 18
20 hours. The solution was concentrated. The residue was partitioned

between CH,Cl; and 1 N NaOH. The aqueous layer was extracted with

CH.Cl,. The c_ombined organic layers were dried with Na,SO,. Filtration

and concentration gave 314 mg (77 %) of a free amine product.

25 Step4
The free amine product from step 3 was treated sequentially with 1)

N-Boc-4-piperidone (181 mg, 0.91 mmol)/Ti(OiPr)4(0.32 mL, 1.1 mmol) and
2) EtAICN (1.1 mL of a 1.0 M solution in toluene) according to the
conditions described above in Step 1 of Example 1. After work-up, 500 mg

30  (Quant.) of a cyano-amine was obtained.

Step 5



is mol), Na(AcO3BH (12.7 g, 60 mml), and AcOH (3.5 nL, 60 mMvl) were WO
03/ 020716 PCT/US02/27389 -51 taken up in CH2Cl 2 and stirred at 25 C (17
h). The swbusiiznTievas diluted wth CH2Cl 2 and quenched wi PRTIUShR/XGB&H. The
aqueous | ayer was extracted with CH2Cl 2. The conbi ned organic |ayers were
dried (Na2SO4), filtered and concentratgd. Purification via
recrystallization 5 (CHZCI 2/ hexanes) gave 10.2 g (72% of an am ne product.
Step 2 The amne (1.5 g, 4.22 muol), benzyl bromdeg074m_ 6.3 mol ),
NaH (250 ng of a 60 Nﬁ%%nos%}*@ﬁ fam stepid \)vasémterd wit MeMgBrﬂ Sl wépe to

aken up | DU doibprifeas) 300G 180 TharaALHLLaR deseaRotes And

partitioned between agueous ayer
Et OAc. The corﬁ)ofri‘exbmpmﬂj Purifigation warprepasiiod tMmtlby@rrctm@mmgraﬂhy €21

(MgS™). Filtration G tratlonf%g& purlflcatlon via ,flash
chr omat ogr aphf‘%ﬁ?s & gﬁé vesp4rbin ﬁwigﬁg h?gamm%a&maeswlbenzw
am ne prodyct. Step 3 The benzyl am ne product fromstep 2 and 4.0 MHCI in

di oxane (5  nlL) were taken up in MeCH, and the solution was stirred at 25 C
for 18 20 hoBtep6The sol uti on was concentrated. The residue was

partitioned betwee CHZCIZ nd OH., T uequs | a tracted
Wth CRd 2. The cdi %‘PB &%450 &ﬁ"@l diodans 1hmia Yeess take
Filtration fiﬁb ﬁ%é@ﬂ éﬁ&'sﬂﬂe€@t953°@fdm7(ﬂc7ur§@ THe sdldtigiewagi ne product .
25 Step44 The free am ne product fromstep 3 was treated sequentially with

1) N-Boc-4- plqmlcedtratecx 181e Mgl salt@f tmerdeprotégte RMine vadPusdd ad islinthel ) and
2) EtAICN a 1.0 Msolution in toluene) according to the

condi ti ons! de E&P ‘above in Step 1 of Exanple 1. After work-up, 500 ng 30
(Quant.) of a cyano-am ne was obtained. Step WO 03/020716 PCT/ US02/ 27389

Step 7
The HCI salt from step 6, EDCI hydrochloride (169 mg, 0.88 mmol),

HOBT (119 mg, 0.88 mmol), and iPraNEt (1.5 mL, 8.8 mmol), and 4,6-

15 dimethyl-3-pyrimidine carboxylic acid (134 mg, 0.88 mmol) were taken up in
CH3CN and stirred at 25° C for 20 hours. The solution was concentrated.
The residue was patrtitioned between EtOAc and 1 N NaOH. The aqueous
layer was extracted with EtOAc. The combined EtOAc layers were washed
with brine and dried with Na,SO4. Filtration and concentration followed by

20 purification via preparative, thin-layer chromatography (30/1 CH>Cl/7 N
NHs, SiO,) gave 172 mg (68%) of Compound 8. The amide was taken up
in EtOAc and was precipitated as the HCI salt upon addition of 2.0M HCl in
Et,O0. m.p.(HCl salt) : 168-170 C. HRMS (MH+) calc'd for 576.2338;
Found: 576.2331.

25
The following compounds were prepared via similar procedures:

Table 3



-52 The cyano-amne fromstep 4 was treated with MeMgBr (1.5 nL of a 3.0 M
solution in Et20 according to the conditions described above in Step 2 of
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Compound 69
Step 1

3-Amino-6(trifluoromethyl)pyridine (1.0 g, 6.2 mmol), N-Boc-4-

piperidone (1.5 g, 7.4 mmol), Na(AcO)3BH (2.0 g, 9.3 mmol), and AcOH
10 (0.35 mL, 6.2 mmol) were taken up in 1,2-dichloroethane and stirred at 55
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°C for 17 hours. The solution was diluted with CH,Cl, and quenched with 1
N NaOH. The aqueous layer was extracted with CH,Cl,. The combined
organic layers were dried (Na>SO,), filtered and concentrated to furnish a
yellow oil. The residue was resubjected to the reaction conditions for 20
hours. After workup, a yellow oil was obtained. The amine product was
purified via recrystallization (CH2Clo/hexanes) to give 1.6 g (75%) of the
amine.

Step 2

The amine from step 1 (500 mg, 1.45 mmol), PhsBi (1.28 g, 2.9
mmol), Cu(OAc), (630 mg, 2.9 mmol), and EtzN (0.40 mL., 2.9 mmol) were
taken up in toluene and heated at 90 °C for18 hours. More Ph3Bi,
Cu(OAc),, and Et;N were added, and the reaction was stirred at 90 °C (48
h). The solution was filtered through Celite and concentrated. Purification
via flash chromatography (3/1 hexanes/EtOAc, SiO,) gave 352 mg (58%) of
the diphenyl amine as a colorless oil.

Steps 3.4.5.6 and 7

The Boc amine from step 2 was converted into the pyrimidine amide

following steps 3-7 described above in Example 2AD. Purification via
preparative thin layer chromatography (3/1 hexanes/acetone, SiO2) gave
49 mg of Compound 69. HRMS (MH+) calc’'d for 553.2903: Found,
553.2907. m.b.(HCI): 189-193 C. IC5p = 0.11nm

The following compounds were prepared via similar procedures:

Table 4

\ ~

Example

(2
T

Structure HIV HRMS

(luciferase)
IC50 nM

Replication | found (MH*)
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and AcOH wpe3(278® m., 6.2 nmol) were taken up in 1, 2-
stirred at 55 WD 03/020716 PCT/ US02/ 27389
was diluted with CH2Cl 2 and quenched w

extracted with CH2Cl 2. The conbi ned

-64 C for

3- Am no-6(trifluoronethyl)pyridine (1.0 g,
Na(AcO 3BH (2.0 g, 9.3 mmol),
di ciriCaruser/breige and
The sol ution
1 N NaOH The aqueous | ayer was

organic layers were dried (Na2SO4),

17 hours.

filtered and concentrated to furnish a vyellowoil. The residuye was
resubj efPed Lo the reéaction congitions for 20 5 holrs. After WwPR&F908
yel llow oi | was obtai ped. The a pr oduct was punified via
recrlystallization (CH2Cl 2/ hexa gl ve 1.6 g (759 of thel am ne. Stiep
2 10 The am pe from s$tep 1( mml PhJBi (1.28 g, 2.9 nmol)),
Cu(QAc) 2 (53D ng, 2.9 Mm®BLQQ d E 9 mol) werp taken up i
t ol uene and pheated af 90 C for 18 hou NhSBl, Cu(QAc) R, and Et 3N
wer e, added, and the feaction was stirred 90 C (48 h). The|solution was
filtered through Celilte and concentrated. Purification 15 vialflash
chr ojrat @dr aphy (3/1 hexanes/ Et Si 02) gave 352 ny (8% of| BA3-2déBhenyl
amne as a cplorless|oil. Step 4 5,6 and 7 The Boc am ne fromstep 2 was
converted into the pyrimdine_a 20 followi ng steps 3-7 descri bed above
in Exanple 2AD. Puriflicatio Vl a pr arative thin|layer chropatography
(3/ 1] hexanesf acet one,| Si Osb wpound 69. HRMS (M) calc'd
for 553.2903} Found, | 553. 2907 mp ( 91-193 C. I1C50 = 0.11 nm 25 [The
fol |l pwi ng cofrppounds Wwere prepared via SI npl ar procedures: Table 4
72 © 0.3 484.3080
SAe
N N
JO;Q
N N
0
73 @ 0.3 518.2695
ISRe
cl NJ@ ijN(m
N N
O
74 % 10 462.3235
SAe
N
pens
N N
O
75 38 512.3396
(CHz)2
SAS
N
"O O
N~ N
O

6.2



Exanple SCH Structure HHV HRMS Replication found (M+) (luciferase) 1C50
nM WO 03/ 020716 PCT/US02/27389 -65 70 1 568.2905 ~ N F3COI N ~N tN~ N
O71 ~ 0.w03882@1613 4 Br N-ON,N tN N O 72 0.3 484. 302QT1/US0D2138) O -, N
73 0.3 518.2695 NC Nt NN O74 10 462.3235 N-C~- NNN O75 38

512. 3396 66

76 © 0.2 553.2912
00
FsC N N\b 7;(';?
N =N
O
77 © 7 485.3033
GG
~N N\b \';ENrm
N N
) O
78 © 1 519.2632

79 © 1 502.2989

80 N 2 499.3180

81 © 3 659.3199




(CH2)2 N UNN ~N NO WO 03/020716 PCT/US02/27389 -66 76 ~ 0.2 553.2912
z~ NF3C. NN~N tN- N O77 7 485.3033 N NNItN~NN O 78 1 519.2632
N~ N C NvON3pRo7itN N O 79 1 502.2989 N F -CN N tN N Opr8G/UN02/27389
499.3180 N NN LN N O81 3 659.3199

- 67 -
82 0.1 644.3220
oG y°
P |
FsC N NJ@ N
N
O
83 0.05 644.3226
F C/Cf‘q \O\b\;Q/C/‘
84 10 590.3490
85 o™ 2 504.3696
9 N@ <H
]
ahaeSen
N
O
g6 NP 75 499.3193
N
She
N N
oo
N =N
0]
87 © 0.1 56200194
A
N N
0
Br N N
O




N N+O F3CO N tN O WD 03/020716 PCT/US02/27389 -67 82 0.1 644.3220 N N10

FSCNNO 831 0.05644.3226 N~ N10 ~I F3C N-CN O 84 10 590.3490 NN
N+O -CNWNO03B20706 ) 2 504.3696 N N+.O' Br | ~NttN O 86PNTWS02/788%499. 3193
N-ONN ttNN O87 1 0.1 56202194 N

- 68 -

88 NZ | 5 577.2297
Iohe
R
N N
()
89 Z N 0.8 577.2286
. |
Wohe
Br N\b- Ny
N x~_N
O
90 Z N 34 499.3180
- ~ |
O
N N
o
N x_N
O
01 @ 012 548.2795
R
Me0/©/ N\b /Nm
Cl N N
(@)
92 . 4.1 552.2293
Cl N\G
N N
; o0
Cl N =~ _N
(@)

93 © 0.21 502.2975
@ O
N N
oo
F N N
0]




i -ONN Br N 0 WO 03/020716 PCT/US02/27389 -68 88 N O, 5 577.2297 N Br
N-N NN O89 C-NO0.8 577.2286 ~ NBr "ONNN tN O 90 CN 3.4 499. 3180
N NN NWooGo2rid 0.12 548.2795 g N MBON-N C N N Oprg2/us0d28B8®. 2293
ad N~i NN C tN, N 093 1 0.21 502.2975

-69 -

o4 @ 1 514.3178
oQ
N N
bgq
MeO N N
O

95 © 2 632.2051
IOhe
Br N\b /Nm
CF3 NN
(@)

96 © 0.3 498.3226

97 _N 0.3 979.2271

98 Q 2 582.2808

99 © 0.3 528.3343




NNN FNN O W 03/020716 PCT/US02/27389 -69 94 1 514.3178 i N -ONN
MONN O 951 2632.2051 g NBr "ONN CF3 NIN O96 0.3 498.3226 N N
N CH3 hN.wO003/02071® 97 N 0.3 579.2271 1 N Br -ON N tN PRNT@S09873%9
582.2808 C) N Br -ONN

-70 -

100 © 0.1 512.3386
JOREe
Et N\b /Nm
N =~ N
O

101 0.1 520.2890
N N
: 8¢
F NN
o)

102 © 0.3 514.3178
o0
EtO NJO @
N N
O

103 \(I)\ 2 546.2297
G
Br N‘b /NW
N N
o)
104 @ 3 502.2975
CrO
N N
O
N N
o)
105 @ 5 576.3334
o0
PhO N\b W;EN(ﬂ
N N
o)




N O099 0.3 528.3343 NEEO( CNN NN O W 03/020716 PCT/US02/ 27389 -7
100 0.1 512.3386 N Et r NON,N1 N 1011 0.1 520.2890 r FN~r NN F
tN, 1 NwWOBO2706 3 514. 3178 N EtOr NN N~ N O 103 OreTEA62/2838Y H
J;::~-NBr N-N tNN O

0

-71 -

106 q 1 504.3696
OO
N N
0 p
N x~_N
O
107 © 1 610.2057
JORS
N N
. J@ “Irm
N ~_N
@)

Example 4
o0
N~ N N
o
N N
0
Compound 108
5 Step1t

The ketone 5 (5.0 g, 16.9 mmol), benzyl amine (1.67 mL, 15.3

mmol), Na(AcQ);BH (3.89 g, 18.4 mmol), and AcOH (1.1 mL, 18.4 mL)
were taken up in CH.Cl, and stirred at 25 °C for 18 hours. The solution
was diluted with CH,Cl, and quenched with 1 N NaOH. The aqueous layer

10 was extracted with CH.Cl,. The combined organic layers were dried
(Na,SQ,). Filtration and concentration followed by purification via flash
chromatography (20/1 CH,Cl./7 N NH3 in MeOH, SIOz) gave 5.79 g (97%)
of an amine product. )

15 Step?2
The amine from step 1 (200 mg, 0.52 mmol), 4-bromo-pyridine HCI

(202 mg, 1.04 mmol), Pd(OAc), (23 mg, 0.1 mmol), P(tBu)s (84 mg, 0.42
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Compound 108 5 Step 1

10

15

20

-72 -

mmol), and NaOtBu (200 mg, 2.1 mmol) were taken up in toluene and
heated at 110°C for 17 hours. The solution was cooled and partitioned
between EtOAc and water. The aqueous layer was extracted with EtOAc.
The combined organic layers were washed with brine and dried in Na;SOa,.
Filtration and concentration followed by purification via preparative thin-
layer chromatography (30/1 CH2Cl2/7N NH3 in MeOH SiO.) gave 129 mg
(54%) of an amino-pyridine product.

Steps 3 and 4
The Boc amine from step 2 is treated according to the procedures

described above in steps 6 and 7 in Example 2. Purification via preparative
thin-layer chromatography (30/1 CH2CI2/7 N NH3 in MeOH, SiO2) gave 95
mg (68 %) of an amide product (Compound 108). The amide was taken
up in EtOAc and was precipitated as the HCI salt upon addition of 2.0M HCI
in Et2O0. m.p.(HCl salt) : 182-189 C. HRMS (MH+) calc’d for 499.3185;
Found: 499.3181. ICsp = 0.8nm

The following compound was prepared via similar procedures:

N -N

Table 5
Example Structure HIV HRMS
" Replication | found (MH")
(luciferase)
IC50 nM
109 /@ 0.3 499.3180
ehe
0]




The ketone 5 (5.0 g, 16.9 mmol ), benzyl amne (1.67 nL, 15.3 nmol),
Na(AcO 3BH (3.89 g, 18.4 mol), and AcOH (1.1 nm., 18.4 m-) were taken up
i n CH2Cl 2wared/ogi7iié red at 25 C for 18 hours. The sol ution PeaaiSd2/b8ed Wi th
CH2Cl 2 and quenched with 1 N NaOH The aqueous |ayer io was extracted wth
CH2Cl 2. The conbi ned organic |ayers ver e, ried (Na2SO4). Filtration and
concentration followed by purification via flash chromatography (20/1

CH2Cl 2/ 7 N NH?E in Me%—(, S102) gave 5.79 g (9799 of an am ne product. 15
Step 2 The am step 1 (200 ny, 0.52 mol ), 4-brono-pyridi ne HC

(202 ng, 1.04 mol ), Pd(QAc)2 (23 , 0.1 mmol), P(tBu)3 (84 ng, 0.42 WO
03/ 020716 PCT/ US02/ 27389 -72 mml) and NaG:Bu (200 ng, 2.1 mvl) were

taken up in toluene and heate for 17 hours. The sol ution was
cool ed and partitioned betwee c an ter Tt}\? aqueous | ayer was
extracted with Et OAc. The conbiytedNorgdni re washed with brine
and dried in Na2SO4. 5 Filtratio d conc ntn\atl ;\pIIovved by

purification via preparative thin-"|ayer chromafjogrpphy (30/1 CH2Cl 2/ 7N NH3
in MOH Si Q2) gave 129 ng (54% of an am no-pyPidi ne product. Steps 3 and

4 10 The Boc amine fromstep 2 is tr 3 lﬁ&g@qgi ng to the procedures _
descri bed above in steps 6 and 7 |n urification via preparative

thin-layer chr@eptography (30/1 CHC 2/7 N NH3 in MeOH, Si02) gave 95 ng

nd s pr 861 pi t at rATAD LTSS, Bod ek 1Bhe 5 (208 1k 80P et 20,
a05. 5161, 1 o5t O e et R N 2 P enar o W A e | ar
procedur es. 2Aakamibipdn Bmhrﬁlﬁé‘lngz@chandestlmed aéllﬂﬁéC fReﬁJb‘h@lanSl ohe ound ( MH+)
solution was diluted with CH,Cl, and quenched with 1M NaOH. The
aqueous Iayer"was extracted with CH2Cl,. The combined organic layers
10  were dried over Na>-SQy, filtered, and concentrated. The crude product was
purified via flash chromatography (gradient 2:1 — 1:1 hexanes/EtOAc) to

afford 2.66 g (91%) of an aniline product.

Step 2
15 The aniline (85mg, 0.20 mmol), propanal (23mg, 0.4 mmol), and

Na(AcO);BH were taken up in CHxCl» (2 mL). The solution was allowed to
stir at 25°C for 16 hours. The solution was diluted with CH,Cl, and
quenched with 1M NaOH. The aqueous layer was extracted with CH,Cl,.
The combined organic layers were dried over Na;SOq, filtered, and

20  concentrated to afford 100 mg of a tertiary amine. The product was used
without further purification.

Step 3
The Boc carbamate and 4.0 M HCI in dioxane (2 mL) were taken up

25 in MeOH (4 mL) and the solution was stirred at 25°C for 3 hours. The
solution was concentrated. The HCI salt of the deprotected amine

produced here here was used as is in the next step.

Step 4



(luciferase) 1C50 nM 109 0.3 499.3180 _ N NN ~NL O WO 03/020716

PCT/ US02/ 27389 -73- Exanple 5 NN N N NN O Conpound 110 Stepl 5

8- Ami no qgworislozates (1. 0g, 6.9 mmol ), ketone 5 (3.08g, 10. 4 pamaisp2/2738¢ CH
(.11 nm, 19.3 mol ), and Na(AcO 3BH (2.9g, 10.4 mmol) were taken up in 30
m. Cl CH2CH2Cl and stirred at 25C for 16hgurs. The solution was diluted
with CH2CI 2 and quenched with 1 M NaOH. " The aqueous |ayer was extracted
with CH2CI 2. The cqnbi ned organic |layers io were dried over Na2SO4,
filtered, and concefq Hdgalt stepid. pP6d hydraghtorideu(6il fingd0.033 mrlna)k)h

of o ant| § ne HOBS BARGL 095 o) EASNER P68 (MR 1 B8l ek - Sheinting
(23ng, 0.4 nms- bynmmﬂnelﬁafm@]lalbid/\(@%nga@ea mmdl)fwéi&t@kan@%lﬁMeCW‘(Q

25C for 16 hours. The solution was dil uted

W th Codl 2 atl) Bbsbied A2BRC foRphmens. Thee selbansisGRIcantstask: The! ed
¥MI T [] e?e_|(21C| énd %gﬂggﬁlg%ﬁ ?gglgﬁéc?g%éoﬁ@%%%ngqog rNa e(r);ﬁﬁgré;agegg%e Y&he
product was usweas exiractedtwittuEt@Ac. plhe tombtriednorganic layers were washed

with brine and dried over Na,SOy, filtered and concentrated. Purification

via preparative, thin-layer chromagotraphy (95/5 CH,Clo/MeQOH) gave 60

mg (57%) of an amide product (Compound 110). The amide was taken up

10 in EtOAc and was precipitated as the HCI salt upon addition of 2.0 M HCl in
Et,O. m.p. (HCl salt): 181°C (decomposition). HRMS (MH+) calc’d
501.3342; found: 501.3349. IC50 = 23nm

Example 6
15
CHs
N\C
N N
C,/% ) J@%w
0
Compound 111
Step 1

8-amino quinoline (4.5g, 31.3 mmol), N-chlorosuccinimide (4.80g, 36
20  mmol) was taken up in iPrOH (50mL) at 60°C. The mixture was heated to
reflux and stirred for 20 min. The solution was cooled to 25°C and
concentrated to 1/3 original volume. The mixture was partitioned between
CH.Cl, and water. The aqueous layer was extracted with CH,Cl,. The
combined organic layers were dried over Na,SOy, filtered, and
25 concentrated. The crude broduct was purified by flash chromatography
(5:1 hexanes/ EtOAc) to afford 1.90 g (34%) of a 8-amino-4-chloro-

quinoline product.

Step 2



Step 3 The Boc carbamate and 4.0 M HCl in dioxane (2 nL) were taken up 25
in MeCH (4 m-) and the solution was stirred at 25C for 3 hours. The

sol uti on welspwteent rated. The HCl salt of the deprotecteacanisay273py oduced
here here was used as is in the next step. Step 4 WD 03/ 020716

PCT/ US02/ 27389 -74 The HCl salt from st_g) 3, EDCI hydrochl oride (61 ng,
0.032 mml ), HOBt (43ng, 0.032 nmol), 2Net (0 365 nL, 2.1 mml), and

4, 6-di net hyl - 3-pyrimdine carboxylic acid &)& , 0.32 mvol) were taken up
in MeCN (2 nlL) andihg guineline(1.26@, 762 nmmol)§318g, T0.& rapial), AcOHW 16

Caueous | ayer M0 apfRall S fRRORLBIE e t4 A imah Mg FAker VAJERE wer o
washed with bﬁercara@H;u afd@tifledNa 288 fof 16 heuss! PRsl sERMBAWdsAi

ffled
Purification vi a arative, thin-layer chromagotraphy (95/5 CH2C 2/ MeOH)
gave 60 g (Vi Chi-Chrerdmtengiastiih TObMEtnA NS FEUSOUAYEMNES vias { aken

Ko in o, Rsof R t?@%‘*eﬂ?oaé%%n@ § Rieys R ATRURS o2l 7o
501. 3342 fourMazsm;l fidrsl, andxdrreeRfatedEXEmptride prbEu&Hﬁas pufified vigl N N N
O Corrpound 111 Sd%r?l 8- am no(ggl nol i ne

N- chl or osucci dlasn magegrary d‘%?ﬁ?flﬁ(ﬁéécggk@ﬁoﬂp? 09 |(‘5’F‘@10(§IﬁrL) at
60C. The m xt ygfndie S&alyeiloivbil/foam.

10 Step3
The quinoline from step 2(144mg, 031 mmol), methyi iodide (67mg,

0.47 mmol), and cesium carbonate (153 mg, 0.47 mmol) was taken up in
DMF (3 mL) in a sealed tube and heated to 100°C for 24 hours. The
mixture was cooled to 25 °C and diluted with EtOAc. The organic layer was

15 washed with water followed by brine. The organic layer was dried over
Na>SOy, filtered, and concentrated. The crude product was purified via
preparative, thin-layer chromagotraphy (2:1 hexanes/EtOAc) to afford 14
mg (10%) of a methylated amine product.

20 Step4
The product of step 3 was treated as described above for Example 5
(steps 3 and 4) to furnish the crude pyrimidine amide. Purification via
preparative, thin-layer chromagotraphy (99:1 95/5 CH,Cl,/MeOH:7 N NHj3 in
MeOH) gave 8 mg (53%) of Compound 111. The amide was taken up in
25  EtOAc and was precipitated as the HCI salt upon addition of 2.0 M HCl in
Et,O. m.p. (HCI salt): 164-167°C (decomposition). HRMS (MH+) calc’'d
507.2639; found: 507.2634.

30 Example 7



reflux and stirred for 20 mn. The solution was cooled to 25C and
concentrated to 1/3 original volune. The m xture was partitioned between
CH2Cl 2 amaiowaien716 The aqueous | ayer was extracted w th CHPCIrAISoThe89

conbi ned organic layers were dried over Na2SO4, filtered, and 25
concentrated. The crude product was purJlél ed by flash chromat ography (5:1
hexanes/ EtQAc) to afford 1.90 (349 a 8-am no--4-chl oro- quinoline
product. Step 2 WO 03/020716 PCT/ U802/27389 -75 The quinoline (1.28 g, 7.2
mmol ) (3.18g, 10.7 nmol ), AcO .16 ni, 20.1 mmol), and Na(AcO) 3BH
(3.05g, 14.4 mmol) were taken n 30 nL C CH2CH2Cl and stirred at 25C
for 16 hours. The solution was dilyted wth CH2Cl 2 and quenched with 1 M
NaOH. The aqueous | ayer was 5 wi th CH2Cl 2. The conbi ned organic
| ayers were dried over Na2S and concgntrated. The crude

product was purified via flashnychro &N exanes/ Et OAc) to
afford 2.0 g (61 % of the @Lgoblne as | ok oipy/ foam 1o Step 3 The
qui noline fromstep 2(144ny, 031 mmol ), nethy odifde (67mg, 0.47 mmol),
and cesi um carbonate (153 ng, 7 mfdl) was taken'up in DVF (3 nL) in a
seal ed tube and heated to 100C for 24 hours. The mxture was cooled to 25
C and diluted with EtQAc. The organic |ayer was 15 washed with water

fol lowed by brine. The organic |ayegopfisoltid §920ver Na2SO4, filtered, and
concentrated. The crude product was purl f| ed via preparative, thin-Iayer

chromagot r aph8tep2t 1 hexanes/Et OAc) to afford 14 ng (109 of a nmethylated
anm ne product 20 te 4 T ct of, st eat ed, as descri bed
above for Exanpl e é" 190330@@3‘5]853%) ?fﬁﬁféﬁ%ﬂ@fwﬁ% %‘?Pﬁ% Wi ne ani de.
Purification GHQCI Férﬁpﬁfr?éd HE25 U‘fo'ﬁ‘lb@%ﬁ!rscrrh@rmﬁtdnapéy cORGsrikr8d 5

CH2Cl 2/ MeOH: 7 N'NH3 in MeCOH) gave 8 /%—I Corrpound 111. The am de
was taken up amd the residue was partitioned beween CH2Cl; and 1 N NaOH. The

aqueous Iayer was extracted with CH.Cl,. The combined organic layers

were dried (Na,SO,). Filtration and concentration gave an amine product.
10
Step 2
The amine from step 1, 4,6-dimethyl-3-pyrimidine carboxylic acid (6
g), EDCI (8.6 g), and iPr.NEt (7.8 g) were taken up in CH3CN and stirred at
25 °C for 10 hours. The solution was concentrated, and the residue was
15 partitioned beween EtOAc and 1 N NaOH. The aqueous layer was
extracted with CH.Cl,. The combined organic layers were washed with
brine and dried (Na2SQ,). Purification via flash chromatography (3%-5%
MeOH in CHCly, SiO,) gave 4.9 grams of a pyrimidine-ketone product.

20 Step3
The ketone from step 2 (1.65 g, 4.99 mmol), Na(OAc);BH (2.1 g),

AcOH (1 g), and (+/-)-3-amino-N-Boc-piperidine (1 g) were taken up in
CH,Cl, and stirred at 25 °C for 48 hours. The solution was diluted with
CH.Cl> and washed with 1 N NaOH. The aqueous layer was extracted with

25 CHoClo. The combined organic layers were dried (Na2SO,). Filtration and
concentration followed by purification via flash chromatography (3%-10%
7N NHj3 in MeOH/CH,Cl,, SiO3) gave 1.7 g (66%) of an amine product.



25 Et OAc and was precipitated as the HCl salt upon addition of 2.0 MHCl in
Et20 mp. (HC salt): 164-167C (deconposition). HRVS (MH) calc'd

507. 2639; whamanen71607. 2634. 30 Exanple 7 WO 03/ 020716 PCT/ p6@A/SBY/3BY9 - 76- |
CYNNN NO=5=0tNN Wor Conpound 112 Step 1 5 Conpound 108 (10.5
grans) and TFA (20 nlL) were taken up in77 CH2Cl 2 and stirred at 25 C for 12
hours. The solution was concentrated, ~and the residue was partitioned
beween CH2CI2 and 1 N NaOH. The aqueous |ayer was extracted wth CHC 2.
The conbi ned HeB#hi c | ayers were dried (Na2SO4). Filtration and

concentration gav ] t a|
4, 6- di net hyl - 3- pyﬁfn@émgﬁgﬁﬁ%ﬁ $:4°§%'?8§(%?’235 H@B@P(?? @ngaég? |1Pr 2NEt
(7.8 g) were (taRerandKi (10GHgTWera eatad inddMatat B C{oot2 hoursouflse The

sol ution was concentrated,  and the residue was 1 titi d
and 1 N :\laO—l.SW’h\é{ﬁﬁ@%“tf%{Fé’rb gen%{%@rﬁjmﬁ?@ﬁ I@fh‘géloeuﬁllé’?%%%??e?\ :
organi c yer | t ' il DY PON nitH | '
flash chr %mt%&%@%ﬁy‘”@gg&w @&Qﬂﬁﬂgﬁgﬁgﬁﬁlg%ﬁr gave 4?855188#2&52?& gn e
pyri ni di ne- kedrahdrigd ¢Nag$0,). Filtistiop ahditandestratien follpweast oy purification ia 4. 99

(1°0) were 1 dlaan efometoRiapey XS e i Effecle"Si0p TP 4 e BoRgl @

sol ution was ghidd siédict.h

10 Stepb
The amine from step 4 (300 mg) and 4.0M HCI in dioxane (10 mL)

were taken up in MeOH and stirred at 25 °C for 10 hours. The solution was
concentrated.  The residue was partitioned between CH,Cl,. The aqueous
layer was extracted with CH2Cl,. The combined organic layers were dried

15 (NapSO,). Filtration and concentration gave 200 mg of a deprotected
amine product.

Step 6
The amine from step 5 (100 mg) and cyclopropylsulfony! chloride (50

20 mg) were partitioned between CH,Clz and 1 N NaOH. The mixture was
stirred vigorously at 25 °C for2 h. The layers were separated and the
aqueous layer was extracted with CH2Cl.. The combined organic layers
were dried with Na,SO,. Filtration and concentration followed by
purification via preparative thin-layer chromatography (9 % MeOH in

25 CHoCly, SiO3) gave 50 mg of amide product (Compound 112). The amide
was taken up in EtOAc and was precipitated as the HCI salt upon addition
of 2.0M HCl in Et,O. m.p.(HCl salt) : 190-195 °C. HRMS (MH+) calc'd for
609.3587; Found: 609.3578. ICs0= 30nm

30 The following compound was prepared via similar procedures:

Table 6



CH2Cl 2 and washed with I N NaOH The aqueous |ayer was extracted with 25
CH2ClI 2. The conbi ned organic |layers were dried (Na2SO4). Filtration and
concent r awp®n/02wohé owed by purification via flash chromat ogcapisy2/¢38% 10% 7N
NH3 in MeOH CH2Cl 2, Si02) gave 1.7 g (66% of an am ne product. WO

03/ 020716 PCT/ US02/27389 -77- Step 4 Th,g am ne fromstep 3 (400 ny),

benzyl bromde (0.2 nm), Cs2CO3 (1 9) $a K (10 ng) were heated in DW
at 100 C for 12 hours. The solution was partitioned between Et OAc and
water. The adubExamplejer was 5 exBhuctiewi th Et OAc.| TheHBbnbi hed HRMSni ¢

| ayers were h brine and dried (Na2SO4). |Eiltration| and +
by purification via flash CW%QMCH

concentratio

i , Si 300 nmg of a benzyl am ne prc?m‘dife,ﬁhgeﬁ. ep 5 The
am ne fromstlep 4 (300 ng) and 4. OM HCl in di oxane [(10 nL) were taken up
in MeOH and sti 25 C for 10 hours. The sol ut|i olS08BM cpncentrat ed.

The residue Hhetween—CH2CH2—The aql_cuua Hayetr—
@- ned organic | ayers [were 9r| ed 1§§§l§§'§g04 :

extracted wt
Filtration and concent|rati on¥gaye 200 ng of a deprqtected am ne product].
Step 6 The anine fromistep mﬂ ) and cycl opropyl sul fonyl { chl ori de ({50
20 nmg) were partitiongd bet an lNN NaCH. The m xt ure was
stirred vigorjously at |25 C h. Th N’;\y rslvvere separated and the
aqueous | ayer| was extracte h CH2Cl Ponbi ried or ganic|layers were
dried with Na2SO4. Filltrati o 8nd cgrcent®ation fol|l owed by purification
via preparatijve thin-ljayer chromat 08 aphy (9 % MeOH in 25 CH2(C1 2, Si O2)
gave 50 ng of am de product (Conmpound 112). The am de was taken up in
Et OAc and was precipitated as the HCl salt upon addition of 2.OMHCl in
Et20. mp. (HC salt) : 190-195 C HRMS (MH) calc'd for 609.3587; Found:
609. 3578. 1 C50 = 30nm

While the present invention has been described in conjunction with

p—

5 the specific erﬁbodiments set forth above, many alternatives, modifications
and variations thereof will be apparent to those of ordinary skill in the art.
All such alternatives, modifications and variations are intended to fall within

the spirit and scope of the present invention.



30 The follow ng conpound was prepared via simlar procedures: Table 6 WO
03/ 020716 PCT/US02/27389 -78 Exanple Structure HV HRM5 Replication found
(M)  (lwoioBeeEse) | C50 nM 113 il 40 583.3422 v 1 N N ~RCTO:s82:07389 N CH3
O () Wile the present invention has been described in conjunction with 5
the specific enbodi nents set forth above,, many alternatives, nodifications
and variations thereof will be apparent” ?o those of ordinary skill in the
art. Al such alternatives, nodifications and variations are intended to
fall within tW%p‘i&@éﬂ@cope of the present invention. WD 03/020716
PCT/ US02/ 27389 -79- WHAT IS CLAIMED: 1. A conpound represented by the

phar maceut i caty adbpisrRedap{EssPepy it oyl o * R i s

R? R°
!
r1-N R10
NA B
N
"
5 (O

R'is
RG
ar ( }f
>
Q

R5 y
R6
I 4 5

10 R2 is selected from the group consisting of H, alkyl, aryl, arylalkyl,

heteroarylalkyl, alkylketone, arylketone, alkyl, haloalkyl, cycloalkyl,
cycloheteroalkyl, cycloalkylalkyl, alkylsulfonyl, arylsulfonyl, alkoxyalkyl, or
amide;

15
R3is selected from the group consisting of aryl, 6-membered
heteroaryl, fluorenyl; and diphenylmethyl, 6 membered heteroaryl-N-oxide,

R18 RS |Iq16
— —C—heteroaryl
C@ and R17 Y

diphenyl or heteroaryl is optionally substituted with 1-4 substituents which

, Wherein said aryl, fluorenyl,



Re R6 (I '"I', QOC-- S R R R5-Qor CMR4 10 R2 is selected fromthe
group consisting of H, alkyl, aryl, arylalkyl, heteroarylalkyl,

al kyl ket owe,03aeoriket one, al kyl, hal oal kyl, cycloal kyl, cyciraserzmsal kyl ,
cycl oal kyl al kyl , al kyl sul fonyl, arylsul fonyl, al koxyal kyl, or amde; 15 R3
I's selected fromthe group consisting oé aryI 6- menbered heteroaryl,
fluorenyl; and di phenyl nethyl, 6 nenber 9.1 heteroaryl N-oxide, R16 / RI15
R16 R 17 / and - R C-heteroaryl 17 wherein said aryl, fluorenyl, diphenyl
or heteroaryl cansb%ﬁw saRe 9 @é@@m apd e indapendently selectagsiiom thaigraumo

03/ 020716 P 7%%?1 a2 1ssanme or different and are
mdependentlyé g’% t?J rblr%a?rlg %oﬁapﬁﬂgohm sting of R1l, R12' R13, Rl14 and

Rlli | R4h| Is 1I E subR‘li {ftuermﬂosmlajmlti eldlei:temﬁlroﬂrr]nethgrgwﬁ conslstm% onghgld Or(l:glg)o
t
BrylL " 5 et e paloskkrelkd, eyeshlih Y EsRRRpaky, siide CFs, DS, i,
O) C3- |
(cL &) S%Ckifﬁ%?%m%y <! S@f @ﬂbﬁ*&“@?%% el A
R8- het er oar y| C&aHEENERRYS O-R¥G(T+-CoBIGECL{OMR -@m-ccnz(myco R

O O af o RYghAlE CBobSh R el G e RIRH @(N@RZ@C&@%M-

Cl-Co) al kyle ;@2% 2 NR21R22 d
- (SOZNR2)1%22y Rcz(‘aﬁ1 olopes N@)N(H @H gg%ﬁ? )adrll IS i ndepeﬁgent |y
sel ected V\/nenN(HﬁeD@(Q)B nm(@rﬂméﬁiksdﬁ\é(ﬁgi)c%sent

10 -(C1-Ce)alkyl-N(R?")C(O)NR?'R?, -(C4-Cg)alkyl-NR*'R?, -(C4-Cg)alkyl-NH,,
(C1-Ce)alkylSO2NR?'R?2 and -SO,NR*'R*, wherein R* can be the same or
different and is independently selected when there is more than one R*
present;

R® is selected from the group consisting of H, arylalkyl, (C1-Cs)alkyl,

15 R8-aryl(Cs-Ce)alkyl-, R®-heteroaryl(C+-Cg)alkyl-, -SO2-(C1-Cg)alkyl, -SO-(Cs-
Cs)cycloalkyl, -SO-aryl, R%-aryl-SO.-, -C(0)-(C1-Cg)alkyl, -C(O)-(Cs-
Cs)cycloalkyl, R8-aryl-C(0)-, -C(O)NR*'R%, and -SO,NR?'R?;

R® is H, -(C4-Cs)alkyl, or -(C4-Cg)haloalkyl;

R’ is selected from the group consisting of aryl, substituted aryl,

20  heteroaryl, alkyl, haloalkyl and cycloalkyl;

R®is 1, 2 or 3 substituents selected from the group consisting of H,
halo, (C4-Ce)alkyl, (C4-Cg)alkoxy, -CF3, -OCF3, CH3C(O)-, -CN, CH3SO»-,
CF3S0,- and —NH, wherein R® can be the same or different and is
independently selected when there are more than one R8 present;

25 R® R'° and B can be the same or different and are each
independently selected from the group consisting of hydrogen, (C+1-Ce)alkyl,
and -(C4-Cg)haloalkyl,

R and R'? can be the same or different and are each independently
selected from the group consisting of (C4-Cg)alkyl, -(C4-Ce)haloalkyl,

30 halogen, -NR'®R?, -OH, CF3, -OCHj3, -O-acyl, and —OCFs;

R is selected from the group consisting of hydrogen, R"", H,
phenyl, -NOg, -CN, -CH,F, -CHF3, -CHO, -CH=NOR g, pyridyi-N-oxide,
pyrimidinyl, pyrazinyl, N(R20)CONR20R21, -NHCONH(chloro-(C+-Ce)alkyl), -



R5 is selected fromthe group consisting of H arylalkyl, (Cl-C6)alkyl, is
R8-aryl (Cl- C6) al kyl -, R8-heteroaryl (Cl-C6)al kyl -, -S02-(Cl-C6)al kyl,

- S02- ( C3-wadpoywoheal kyl , -S02-aryl, R8-aryl-SQ2-, -C(O) - (ECTas)abisyd ,
-C(O-(4 C6)cycloalkyl, R8-aryl-C(O-, -C(ONR21R22, and - SO02NR21R22; R6
is H -(Cl-Co6)al kyl, or -(Cl-C6)hal oal kyI R7 is selected fromthe group
consi sting of aryl substituted aryl, 1heteroaryl al kyl', hal oal kyl and
cycloalkyl; R8 is 1, 2 or 3 substi tuents sel ected from the group consi sting

of H halo, (NiiCCﬁ‘)Id((@+<?1ol-cycl@ewl(@«rﬁe)alkﬂm\lHcmtfca Cg)eﬂ}@( GNHCOCH;,

ndepentient |y SEIGEEES WaRCENIGEGrBTrBr aNPRQAG ik SO rS. Rio

and B can be tMHC@z(@r%)aikilf 3e0q0 W&béﬂgﬂ mﬁ -sopté%oeg@gntzﬁ y selected

fromthe group_ consisting of

- (C1- C6) hal oal¥@tN Hé@frcarﬁihﬁlz % eCIe)ﬁ?ék)é @zéﬂs,mdﬂ@fm(caﬁiﬂ)aik)é each

e ORI S OB NI

ECFBI Rl%olzs $g:\|H§k$ng_®m§-|@49£)QUp consi st ng of hy(cjirlogﬁl_n Rél H,

en - , ri - N- oxi de

Byrl ?1/1 di nyl , pyrazﬂ?ﬁyl's Sﬁt@?ﬁﬁ %@WIF%?UP %H@@lﬁ@@ﬁ s oS kyl ), WO

03/ 020716 PCT/ C10) - cycl oal kyl (C1-C6) al kyl ),

- NHCO( Cl.- C5) a|§§ﬁg"°%@’§% gad%gm_ NHSO2N( ( C1- 06) al kyl ) 2,

- NHS02( C1- C8) al kyI 'R15N¢ 3B cBtpents\ebEt e froBs T rdup dabigtib@)afycl oal Kyl

-SR22, SO:\’ZZ 02R22 C6 - OSOZCF3

hydr oxy( CI.00s)dEggen. @&ﬁ%&'%@%ﬂ?g%%m %@o@(q CB) al kyl |

-CO2R19, - Si( I)(%x?%ﬁ']d ﬂl@érﬂ@ﬁ&bﬁw RRI& Be 9igd §§Fn@fbrfd“ ﬁé?ehhﬁn@"é)up

consi sting of (Cl-C6)al kyl, -(Cl- ©6)hal oal kyl -NH2 and 515 phenyl; R15 is
0

1- 3 substi tuenﬂ@eﬁ@ﬁ@ﬁb’cﬁﬁﬁé@ﬁdtﬁ@em agomisre thamone R'Y presemtogen,

(Cl-Cg)al kyl, -(Cl- Q&)é}?d &aﬂ ggrh Eaclg:gé 'the 92%@2& dlffg%nt (a% are each

independently.selected from the group consisting of hydrogen and (C4-
15 Csg)alkyl, or

R'®and R"" together are a C»-Cs alkylene group and with the carbon
to which they are attached from a spiro ring of 3 to 6 carbon atoms;

R R? and R?' can each be the same or different and are each
independently selected from the group consisting of H, (C4-Cg)alkyl and

20  (Cs-Ceg)cycloalkyl;

R?? is selected from the group consisting of (C1-Cs)alkyl, -(C+-
Cs)haloalkyl, (C2-Cs)hydroxyalkyl, (C2-Ce)alkylene, (C3-Cg)cycloalkyl, aryl
and aryl(C4-Cg)alkyl-;

A is selected from the group consisting of H, (C4-Ceg)alkyl, and (C»-

25 Cg) alkenyl. !

M is aryl or heteroary! optionally substituted with R*;

Qis CHorN; and

X is selected from the group consisting of CH», SO, SO, S, and O,
with the following proviso:

30 when R is phenyl, pyridyl, thiophenyl or naphthyl, R? cannot be H, -
(C4-Ce)alkyl or -C(O)~(C1-Cg)alkyl.



C6) al koxy and hal ogen; wherein R15 can be the same or different and is
i ndependently sel ected when there are nore than one R15 present; R16 and
R17 can esohsbz7ihe sane or different and are each i ndepecaarsot/yz3sel ect ed
fromthe group consisting of hydrogen and (Cl- 15 C6)al kyl, or R16 and R17
together are a C2-C5 al kyl ene group and ith the carbon to which they are
attached froma spiroring of 3 to 6 car on atons; R19, R20 and R21 can

each be the s mao di fferepnt and aree |nd ndent el.ected fromthe
group consi st Oﬂmﬂ%mdgﬁ?‘ﬁ'i‘ﬁme site ”"Z’Hf? )389‘3r f%/"?‘ "PEZ i's

| ected f th 16 k I
(@25 0o) hyar oxyal ky BB Foar RO 8 & Hdney ?’M"'&%Fi(yafé A efegTe

aryl (C1- C6) al kyl - foﬂommgstdbdﬂ:t ed fromthe group consi sting of H,

Cl1- C6) al kvl and 2- 25 Ce)—al ke M-is—ar sr—heter nﬁr\l et onal |
gubstl %ut e)(; Wi [t P#RA; () i qm ar N, y;mrl X f‘i‘l’ A v LIp y
consi sting of |CHR, |SO2, SO, S, R, |w the flol | owi H vi so: | 30 when
R1 is phenyl, lpyridyl, thi omne r naplithyl, R2 cannot Ibe -

(C1-Co)al kyl or -Cf O)e C1~C6 gl W0|03/020716 |PCT/ USd2/ 37389 -B2 2. A
conpound having the str @ alo f or rrul a|l according to claim1 wheftein RO,
R10 and B are H amd R1,~BZ and R3 arejas defined in the follow ng table:
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4, A compound according to claim 3 represented by the structural

formulae:

o
cl NJG\I);E\??\J



4. A conpound according to claim 3 represented by the structural
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5. A pharmaceutical composition comprising one or more compounds
of claim 1.



I FN- NN1 FtN, TN O 10 5. A pharnmaceutical conposition conprising
one or nore conpounds of claiml. WO 03/020716 PCT/US02/27389 -98 6. A
phar maceuwDaalo2ayeérposi t i on conpri sing one or nore conpoundsT/ush/ei3ad m 4 7.
The pharnmaceutical conposition according to claim5 further 5 conprising
one or nore pharmaceutically acceptabl e_ggr_ri ers. 8. The pharmaceuti cal
conposition according to claim®6 further “Conprising one or nore

phar maceut i cal $y ac eprﬁta%bl e carriers. 10 9. The ,pharmaceutical conposition
according to cPaim RREPHIG COMRASHIQREUTPHIHAY OPERTSEPTE AMBRWIdS ns a
therapeutical |y accgpiigpphg anmount of said one or nore conpounds. 10. The
phar maceuti cal conposition according to claim®6, wherein said 15
pharmaceutical conposition contains a therapeutically acceptable anount of
said one or noge c ounds. 11..A nethod. of treatin ura nodefi ci ency
Virus conprisifig a HBQ{'B?F%‘&'%CQ"‘B&?F'@HtanHfChB%gO g@'@gb{ﬁ‘%éat nent a
therapeutically  20c&hbRasing\Ghe?omble PhafhgcefticBl Sc Pegrigigcor ding to
claim1l1. 12. A nethod of treating Human | mrunodef’ ciency Virus conprising
adm nistering to a patient in need of such treatnent a therapeutically

ef fecti ve amougt of 1ROy 8B Gick FRANAL ARG 1) Biafhd Mifier 2°

comprising one or more pharmaceutically acceptable carriers.

10 9. The pharmaceutical composition according to claim 5, wherein said
pharmaceutical composition contains a therapeutically acceptable
amount of said one or more compounds.

10. The pharmaceutical composition according to claim 6, wherein said
15 pharmaceutical composition contains a therapeutically acceptable

amount of said one or more compounds.

11. A method of treating Human Immunodeficiency Virus comprising
administering to a patient in need of such treatment a therapeutically

20 effective amount of one or more compounds according to claim 1.

12. A method of treating Human Immunodeficiency Virus comprising
administering to a patient in need of such treatment a therapeutically
effective amount of one or more compounds according to claim 4.
25
13  The method of claim 12 further comprising administering said one or
more compounds in combination with one or more pharmaceutically
acceptable carriers.

30 14. The method of claim 12 further comprising administering one or
more antiviral or other agents useful in the treatment of Human Immuno-
deficiency Virus in combination with said one or more compounds

according to claim 1.



13 The nethod of claim 12 further conprising admnistering said one or
nore conpounds in conbination with one or nore pharnaceutically acceptable
carriers.we®3dz7idhe net hod of claim 12 further conprisi n@cadrfon2sseri ng
one or nore antiviral or other agents useful in the treatnent of Human

| muno- deficiency Virus in conbination_gyhpth said one or nore conpounds
according to claim1l. WD 03/020716 PCT/ US02/27389 -99 15. The net hod of
claim 14 wherein said antiviral agent is selected from the group

consi sting of nucl eoside reverse transcriptase inhibitors, non- nucl eoside
everse tfanscig,pt ape nithBl Aol RhetR 3gid Al agent 8 soctddfoftPt hod
of claim 14 wherein said antiviral agent 1s selecte om the group

consi sting of thedeugiconsistingiol mdiclessideateyetsebiranscrigiasemiokibiters, nanavudi ne,
abacavir, adefovir di,pivoxil, |obucavir.,,. 1 0652 em tci.citabine,

et a- L b1 DASICOTHE 5 Bae rarT BSe o Blars A PiRtease OUPR ens.

PNU- 142721,5 AG 1549, MKC-442, (+)-calanolide A and B, saquinavir,
indinavir, ritonavir, nelfinavir, |asinavir, DW-450, BMs- 2322623,

ABT- 378, anpr etBwi r Thayaetbedaf skaimr 14 whiersin said antivinal agent is selecied fpare,

Yi No. 11 : f J L

Uranspl ant 1o Dedtile sy ot 2idknafhe TliRAaRle, kbERRLAE, ARdhEs Bl ™"

art Eri ti Si | | nf $tavndinel anml&t, ad!ielﬁmrs@ipiv@kw,nbbucqi&m Imrgﬂiosszpso_ri asi's,
asthma, allergies or nultiple erosls conprising .administering to a
patient in neg@nﬁflc'ﬁmﬂet?%&tlﬂ%bﬁ’Qﬁlﬂir'&ﬂ@ @388 ’R?V'reﬂﬂ%&qla)@“ﬂ%ﬁunt of
one or norg CO&BQH?HE, Bl 79 11 A?@'ﬂ:’a‘?f W/@-Wﬁ?h%fcglaﬁéli@'e%%ﬁd@r treating

solid organ transplant rejection, gra host sease, rheunat’oid
arthritis, infsaquinaar,)intdioaeir, itosavis.enalfinavin llasimd\ar, SEVIBr45(, SBM8+ t her

conprising ad ' [ I,d _one or .nmor conmpounds.in, c I pation with
one or nore p%&%ﬁ%%%§ FEREBRAYY yg%ygg%,ir Inn, IL’%ETH-'ﬁ'
pentafuside, Yissum No. 11607 and AG-1549.

15 17. A method of treating solid organ transplant rejection, graft v. host
disease, arthritis, rheumatoid arthritis, inflammatory bowel disease, atopic
dermatitis, psoriasis, asthma, allergies or multiple sclerosis comprising
administering to a patient in need of such treatment a therapeutically

effective amount of one or more compounds of claim 1

20
18. The method of claim 17 for treating solid organ transplant rejection,
graft v. host disease, rheumatoid arthritis, inflammatory bowel disease or
multiple sclerosis further comprising administering said one or more
compounds in combination with one or more pharmaceutically acceptable
25 carriers.

19.  The method of claim 17 for treating solid organ transplant rejection,
graft v. host disease, rheumatoid arthritis, inflammatory bowel disease or
multiple sclerosis further comprising administering one or more other

30 agents useful in the treatment of said diseases in combination with said

one or more compounds of claim 1.



19. The method of claim 17 for treating solid organ transplant rejection,
graft v. host disease, rheumatoid arthritis, inflammtory bowel disease or
mul ti pl e woloaewile further conprising adm ni stering one oPCEarse2/ot3ker 30
agents useful in the treatnent of said diseases in conbination with said
one or nore conpounds of claimi1. WO 03{&)20716 PCT/ US02/ 27389 - 100 20. A
kit conprising in separate containers ina single package pharnaceutical
conpositions for use in conbination to treat Hupan Im’runogefl ciency Virus

whi ch conpri s€@- | nAo‘HECQ’BH’E'ﬁ'PEé'F sgPargie CRAGINATS dA R SIAB RSCEAG conpri si ng
one or nbre ¢ HBHHQ&’&H%%I E&R Bbr%oﬁs‘f& RN YonBh St 'E?Béﬁ%r'n‘éﬂ' ly

accept abl e ca rirers e arate contalner, one or nore pharnaceuti cal
conposi tions hnnwmosieﬁglenuerams witicle camipriges & one commera-:gents useful in

the treat nent cgh)m‘runod ficiency.Virus in one
phar maceut i caP 9rrg§gggt pgmpgg iPp&oprising one or more CompoUnds of claim 1

5 in one or more pharmaceutically acceptable carriers, and in separate
container, one or more pharmaceutical compositions comprising one or
more antiviral or other agents useful in the treatment of Human
Immunodeficiency Virus in one or more pharmaceutically acceptable

carriers.



