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HIV-1 (human immunodeficiency virus -1) infection remains a major medical

20  problem, with an estimated 42 million people infected worldwide at the end of 2002.

‘ The number of cases of HIV and AIDS (acquired immunodeficiency syndrome) has
risen rapidly. In 2002, ~5.0 million new infections were reported, and 3.1 million
people died from AIDS. Currently available drugs for the treatment of HIV include
ten nucleoside reverse transcriptase (RT) inhibitors or approved single pill

25 combinations (zidovﬁdine or AZT (or Retrovir®), didanosine (or Videx®), stavudine
(or Zerit®), lamivudine (or 3TC or Epivir®), zalcitabine (or DDC or Hivid®), abacavir
succinate (or Ziagen®), Tenofovir disoproxil fumarate salt (or Viread®), Combivir®
(contains -3TC plus AZT), Trizivir® (contains abacavir, lamivudine, and zidovudine)
and Emtriva® (emtricitabine); three non-nucleoside reverse transcriptase inhibitors:

30 nevirapine (or Viramune®), delavirdine (or Rescriptor®) and efavirenz (or Sustiva®),
nine peptidomimetic protease inhibitors or approved formulations: saquinavir,

indinavir, ritonavir, nelfinavir, amprenavir, lopinavir, Kaletra®(lopinavir and
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i nhi bitor which targets viral gp4l T-20 (FUZEON (r)).
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(Pedersen & Pedersen, Ref 15). At least 30 different

cl asses of NNRTI have been described in the literature
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( nexmscepiasenhitienzarptidonnéef proicasinhibigees. Non-nucleoside

bl ?e(vlgresg %rrags%rr%[/)lta)se inhibitors (NNRTIs) have recently gained an increasingly
important role in the therapy of HIV infections (Pedersen & Pedersen, Ref 15). At
least 30 different classes of NNRTI have been described in the literature (De Clercq,
Ref. 16) and several NNRTIs have been evaluated in clinical trials.
Dipyridodiazepinone (nevirapine), benzoxazinone (efavirenz) and bis(heteroaryl)
piperazine derivatives (delavirdine) have been approved for clinical use. However,
the major drawback to the development and application of NNRTTs is the propensity
for rapid emergence of drug resistant strains, both in tissue cell culture and in treated
individuals, particularly those subject to monotherapy. As a consequence, there is

considerable interest in the identification of NNRTIs less prone to the development

of resistance (Pedersen & Pedersen, Ref 15). A recent overview of non-nucleoside
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infections, particularly HIV.

25 New drugs for the treatment of HIV are needed for the treatment of patients
who become resistant to the currently approved drugs described above which target
reverse transcriptase or the protease. One approach to obtaining these drugs is to find
molecules which inhibit new and different targets of the virus. A general class of
inhibitors which are under active study are HIV entry inhibitors. This general

30 classification includes drugs aimed at several targets which include chemokine
receptor (CCRS5 or CXCR4) inhibitors, fusion inhibitors targeting viral gp41, and
inhibitors which prevent attachment of the viral envelope, gp120, the its human

cellular target CD4. A number of reviews or general papers on viral entry inhibitors
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Aut onoma de Barcel ona, Badal ona, Spai n. Current
Medi ci nal Chemistry (2003), 10(17), 1617-1632. New
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188 thk?national Medicine and Infectious Diseases, Weill Medical College of Cornell
University, New York, NY, USA. Clinical Microbiology and Infection (2003),
9(3), 186-193.

Sensitivity of HIV-1 to entry inhibitors correlates with envelope/coreceptor affinity,
receptor density, and fusion kinetics. Reeves, Jacqueline D.; Gallo, Stephen A.;
Ahmad, Navid; Miamidian, John L.; Harvey, Phoebe E.; Sharron, Matthew;
Pohlmann, Stefan; Sfakianos, Jeffrey N.; Derdeyn, Cynthia A.; Blumenthal, Robert;
Hunter, Eric; Doms, Robert W. Department of Microbiology, University of
Pennsylvania, Philadelphia, PA, USA. Proceedings of the National Academy of
Sciences of the United States of America (2002), 99(25), 16249-16254. CODEN:
PNASA6 ISSN: 0027-8424.

Opportunities and challenges in targeting HIV entry. Biscone, Mark J.; Pierson,
Theodore C.; Doms, Robert W. Department of Microbiology, University of
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Resistance mutation in HV entry inhibitors.

10 ShéHPS,LSTD, AlgntaChidn USAOAIRS @ﬁémryUmﬂedLl%wgdcr@h (2002,
qgygand Di agnostics Branch, Division of

Al &hwgiﬁpant a, GA, USA. AIDS (London, Uni ted
Ki ngdom) (2002), 16(12), 1603-1608. H entry: are all
receptors created equal ? dsm t.h, o ,
RolEY ey e ALAESP A hesrHACHSTAl égﬂﬁ%%%t“'ﬁ%}s’&&beﬂ w.
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Asim K. The New York Bl ood Center, Lindsley . Kinball
Research Institute, New York, NY, USA. Current
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of recent publications and discl osures characterize
andsiaeKe (ThgdNeyw York Blood Center, Lindsley F. Kimball Research Institute,
New York, NY, USA. Current Pharmaceutical Design (2002), 8(8), 563-580.
20
A series of recent publications and disclosures characterize and describe a

compound labelled as BMS-806, an initial member of a class of viral entry inhibitors

which target viral gp-120 and prevent attachment of virus to host CD4.

25 A small molecule HIV-1 inhibitor that targets the HIV-1 envelope and inhibits CD4
receptor binding. Lin, Pin-Fang; Blair, Wade; Wang, Tao; Spicer, Timothy; Guo,
Qi; Zhou, Nannan; Gong, Yi-Fei; Wang, H. -G. Heidi; Rose, Ronald; Yamanaka,
Gregory; Robinson, Brett; Li, Chang-Ben; Fridell, Robert; Deminie, Carol; Demers,
Gwendeline; Yang, Zheng; Zadjura, Lisa; Meanwell, Nicholas; Colonno, Richard.
30 Proceedings of the National Academy of Sciences of the United States of America
(2003), 100(19), 11013-11018.
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Indole, azaindole and other oxo amide containing derivatives have been
disclosed in a number different PCT and issued U.S. patent applications (Reference
93-95, 106, 108,109, 110, 111,112, 113, and 114). None of these applications

25 discloses diazindole compounds such as described in this invention. The extra
nitrogen of the diazaindole class of molecules provides altered properties especially
in combination with specific substituents that are advantageous and not available
from the azaindoles. The diazaindoles are easier to access and thus offer the potential
to provide patients with lower cost treatments. A series of PCT International Patent

30  applications Bernd Nickel et.al. (reference 107a,b, and ¢) describes N-
indolylglyoxamides for the treatment of cancer. Although some of these compounds
contain N-heteroaryl or N-aryl piperazines, the substi tution patterns at the other

positions are outside the scope of this invention.
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20
3. Romero, D.L.; Thomas, R.C.; Preparation of substituted indoles as anti-AIDS
pharmaceuticals. PCT WO 93/01181.

4, Boschelli, D.H.; Connor, D.T.; Unangst, P.C. Indole-2-carboxamides as
25  inhibitors of cell adhesion. U.S. Patent 5,424,329.

5. (a) Mantovanini, M.; Melillo, G.; Daffonchio, L. Tropyl 7-azaindol-3-
ylcarboxyamides as antitussive agents. PCT WO 95/04742 (Dompe Spa). (b)
Cassidy, F.; Hughes, 1.; Rahman, S.; Hunter, D. J. Bisheteroaryl-carbonyl and

30  carboxamide derivatives with SHT 2C/2B antagonists activity. PCT WO 96/11929.
(c) Scherlock, M. H.; Tom, W. C. Substituted 1H-pyrrolopyridine-3-carboxamides.
U. S. Patent 5,023,265. (d) Hutchison, D. R.; Martinelli, M. J.; Wilson, T. M.
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SUMMARY OF THE INVENTION

The present invention comprises compounds of Formula I, their
pharmaceutical formulations, and their use in patients suffering from or susceptible to
a virus such as HIV. The compounds of Formula I, which include nontoxic
pharmaceutically acceptable salts thereof, have the formula and meaning as described

below.

The present invention comprises compounds of Formula I, including
pharmaceutically acceptable salts thereof, which are effective antiviral agents,

particularly as inhibitors of HIV.
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- NVe and hal ogen;] D 13
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5indepeﬁden |y optional fy substituted with one to three
same or different hal ogens or fromone to three sane
or different substituents selected fromF (as defined
beTdnyC(QA- ps-SB(@}-ed from the group consisting of
phenyl, pyridinyl, furanyl, thienyl, isoxazole and
oxazol e; wherein said phenyl, pyridinyl, furanyl,
t hRéyllydrégeaxazeliglor oxazol e is i ndependently
optionally substituted with one to three sane or
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B o S o R on B e
- Ch@h @, cyans( THROPDORICKRY pyd Bzol yI ,  phenyl and
heteroaryl; wherein said (C 6 )al kyl, phenyl and
het eroaryl are independently optionally substituted

Wi RR2QTR? 418 idd2p&RIeaAT® @Tdodich Eakemith hRlpegansthar ofly one of R and
one to three same or different substituents sel ected

15 f r Biyare O;
RS is (CHy),H, whereinn is 0-1;

- - represents a carbon-carbon bond or does not exist;

20

-Y- is selected from the group consisting of
11 R12 11 gi2

RwH R'3 RmR R

D

N N-R®  and 5—N —

R4 R'7 R4 Ri7A
RS g6 R® g6

25 R RY RPZ RP3 RMRY RYand R" are each independently H or (Ci-g)alkyl;
wherein said (C;-¢)alkyl may optionally be substituted with one to three same or
different halogen, OH or CN;
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20
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30

B is selected from the group consisting of (Cy.¢)alkyl, C(O)NR?'R%, -C(O)CHs,
~-N(CH,CH,);NC(O)pyrazolyl, phenyl and heteroaryl; wherein said (C 1-6)alkyl,
phenyl and heteroaryl are independently optionally substituted with one to three same
or different halogens or from one to three same or different substituents selected from
F;

heteroaryl is selected from the group consisting of pyridinyl, pyrazinyl, pyridazinyl,
pyrimidinyl, furanyl, thienyl, benzothienyl, thiazolyl, oxazolyl, isoxazolyl,

imidazolyl, oxadiazolyl, thiadiazolyl, pyrazolyl, tetrazolyl and triazolyl,

Fis selected from the group consisting of (Cy.)alkyl, (C1.¢)alkenyl, phenyl, pyridinyl,
hydroxy, (C1.¢)alkoxy, halogen, benzyl, -NR**C(0)-(Cy.¢)alkyl, -NR*R?,
-S(0),NR*R?, COOR?, -COR”, and -CONR*R?; wherein said (Cy.¢)alkyl or
phenyl are each optionally substituted with hydroxy, (Cig)alkoxy, (Cig)alkyl, CFs;,

dimethylamino or from one to three same or different halogen;



COOR , C(O NHk, phenyl and heteroaryl; wherein said
phenyl or heteroaryl is independently optionally
wGaasosLuted with one to three sane or differ eP€T/US2004/037213
hal ogens or a nenber selected fromthe group
consi sting of (C 6)al kyl, (Qal?kenyl, hydroxy, (C.
) al koxy, hal ogen, -NR R25, -S(O NR R25, COOR26 and
- CRRRef, R Vaereathnisiapehdefily Gleakddyfror sheopbipoalsisying of
su?; itute th one to three sanme or different
YRR H@%& ; andA is selected fromthe group
consi sting of phenyl, pyridinyl, furanyl, thienyl,
i soxazol e and oxazole wherein s% i d phenyl pyridinyl,
f uXaispelectediremythe gispxangstaent N 5z0laed 8f e
i ndependently optionally substituted with one to three
sane or different hal ogens or a nenber selected from
t h&*Y REURZCRHSR ¥tand R *Vire (fdefendahity beledt€d fréﬁdhek%t@ﬁ{) coﬂsﬁtmg of
%ﬁlkoxy, halo en and - NEb; wherein said (C
droeeh &¢I g)algmb ghonyledhaFroprybrieherein st e ﬁ’éd b@teroaryl are

di £f 8 r

con%%aﬁ% PR e AR S 4 SRR RSb Bt hatogen
TRot m2thyRhad t R-1>4 R15, rR16 Rl are each

i ndependently H or nethyl with the proviso that a

maxi mum of two of R -Rl7 is a methyl. Another

pr ef2e &'ﬂi@ re conpounds of
Fo?ﬁu%gﬁ&x as gggggﬁﬁg£?udl g phaé%ggg tical”

acceptable salts thereof, wherein: Qis a nenber

sel ected fromgroups (A, (B), and (O consi sti of

(s,
A) wh h hali
(B Ro° Babrlrersd @Rt incless Sonsoas BhS ek israsts oy
d

hal ogen; an

5

10

15 Another preferred embodiment of the invention are compounds of Formula I,

including pharmaceutically acceptable salts thereof
wherein:

20  R'ishydrogen;
- - represents a carbon-carbon bond; and

R? and R* do not exist.

25
D is selected from the group consisting of hydrogen, cyano, S(O),R24, halogen,
COOR®, C(O)NH,, phenyl and heteroaryl; wherein said phenyl or heteroaryl is
independently optionally substituted with one to three same or different halogens or a
member selected from the group consisting of (Cy.¢)alkyl, (Ci.¢)alkenyl, hydroxy,

30  (Crgalkoxy, halogen, -NR*R?, -S(0),NR*R?, COOR?® and -CONR*R%: wherein
said (Cy¢)alkyl is optionally substituted with one to three same or different halogen

or a hydroxy; and



(O R wherein R3 is hydrogen, nethoxy or hal ogen.
Anot her preferred enbodi nent of the invention are

w@oeosposds of Formula |, as above including  PCT/US2004/037213
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pharmaceuti cal » acceptable salts thereof, wherein:
group(A) of Qis: (A R,N4 -29R wherein Ris

hydr ogen; and group (C) of Qis:R wherein: R5is
hydripgelected fromrtb¢ geup predfiginged pherybdiymdintyldhranplk thienyl,

i nventi on i s.select.ed f.rom group. (A). Or . nd R5
G ing S BTG S OO St Riry ey gl SorZote or
habREeMR ard ﬁid@%i\léiﬂéﬂthy oRIMRANY subSHRRQ, willebiOM)hre& kXS or different
C(ONH , C(ONHheteroaryl and C(O) NHCH ; wherein said

C( m)lnenstos p oaamyhter sgiprser) fromaheigieup epusastipls 04 (614)alkyl, (Cr.a)alkenyl,
| | ' d\ it b
s SR bl BRI RS GRSl o Pk tpfiicea

ns or ree
or withfohe tethireesdab@tar diféditis hakigesst ed from F. Ot her
preferred enbodi nents are conpounds |: wherein

heteroaryl is selected fromthe group consisting of
pyridin Yl i dazi el vl
U anyl AP R M R e IR T e 1

i m dazol yl,

RCis hydrogen; and

RIO, R RIZ, R13, R14,R15, RlG, R'7 are each independently H or methyl with the

proviso that a maximum of two of R%-R" is a methyl.

Another preferred embodiment of the invention are compounds of Formula I,

as above including pharmaceutically acceptable salts thereof,
wherein:

Q is a member selected from groups (A), (B), and (C) consisting of

(A)
2

'? “Us

R3 N
\I/ X N
] \ R1

N N

RS RG

wherein R? is hydrogen, C;-C3 alkoxy, -NR*°R’ or halogen;



oxadi azol yl, thiadiazoyl, pyrazolyl, tetrazolyl and
triazolyl; wherein said heteroaryl is independently

wWo@piosonit y substituted with one to three sanePOF/US2004/037213

5

10

15

20

different hal ogens or fromone to three sane or

di fferent substituents selectéld fromF, R18 is

-C(O phenyl or -C(O heteroaryl; wherein said
hetgroaryl is pyridinyl, furanyl or thienyl; wherein
heteroaryl is |ndependently Oﬁtlonally subst i t ut ed
with a nmenber selected fromthe grtoup consisting of
hal ogen, nethyl, -am no, R nd hydroxynet hyl; -W
sp NN R18 f-R17 R10, R11,1 Rl 8 R ,Rl15, R16
andR17 are each independeNI wr methyl with the
provi so that not nore than oge i ®énethyl; and R18 is
sel ected fromthe group consisting of C(O -phenyl or
CXC»-heteroaryI wherei n each of C(O) -phenyl or

- ) - hef er oa e o aII substituted with

{ FORSHERT b B ey Foc e .~ et hoxy.

hydr oxynmet hyl or hal ogen groups; or R18 is sel ected
fromthe group consisting of pyridyl, pyrimdinyl,
qui@ol yl , isoquinolyl, quinazolyl, quinoxalinyl,
napt hyri di nyl, pthal azi nyl, abenzofuryl and

azai ndol yl, each of which_m '
substituted with from on8™t
-NHMVe, net hoxy, hydroxynet hyl Rgen groups. In
anot her preferred enbodi gent N- is selected fromthe
group consisting of R11 R 12,$— 5RURL

thyl, -am no,

wherein R? is hydrogen, methoxy or halogen.

Another preferred embodiment of the invention are compounds of Formula I,

as above including pharmaceutically acceptable salts thereof, wherein:

group(A) of Q is:
(A)
RZ
RQ\T/&
I T D—r
N =
R* N
RS R®

wherein R® is hydrogen; and

group (C) of Q is:



R10, R11, R12, R13, R ,R15, R16 andRl17 are each
i ndependently H or nethyl, with the proviso that one

w0 20060542yt ; D is selected fromthe group consiBCT/NH2004/037213

10

15

20
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hydr ogen, cyano, S(O‘R 24, hal ogen, COOR20, C(O) NH2,
phenyl, or heteroaryl; wher ei #%sai d phenyl or
heteroaryl is independently optionally substituted
with one to three sane or diFffergnt hal ogens orfrom
one to three sane or di kfer [
fromthe group consisting tkyl, (C .)al kenyl,
hydroxy, (C )al koxy, ha R25 -S(O NR 24R

5 , COOOORRa2266 -anndd - Ng, SNWSRR
whheesrreeii(nn .saaiidd (G sC))aallkkyyl I

optionally substltuted with one to three sane or

di fferent hal ogen or a hydroxy; and Ai s selected

f rebareite group consisting of phenyl, pyridinyl,

furanyl, thienyl, isoxazole and oxazole; wherein said
phenyl , pyridinyl, furanyl, thienyl, isoxazole or
oXRZz®lhgdiogsn.i ndependent |y optional ly substituted with

one to three sanme or different hal ogens or fromone to
three sane or different substituents selected fromthe

gr oup C@%bﬁﬁef ﬁl@féi’lfed(eglb@iﬁﬁéﬂ lof the Snvetligh, K& Wdelected from group
(G - koxy, hal ogen and - ; wherein said

(CMQ4¥&Bkwhdi s optionally substituted with one to

three sane or different hal ogens. In another preferred
enmbodinent: Qi s selected from Goup (A). Another

Pref 8IsERE 8 %%ﬂl@%[ﬁupqoﬁs@ﬂ{g)@ﬂma?b geh, Ha®y g‘éH' Kbtéroaryl philnyl

i ncl U(?I ng p ar ITHCGé,ItI cal accep tab Ie salts GFGOf

C\y@navreetboxy, CQOR's C&(@DlﬁHt éE{G)NHﬂiﬁﬁemrsdr&Bd&(@éNHicﬂab Wherein

s G oE bRER P e s BeeaRndY Goyiopuy

hygibegaied wied Qaa8 thiey 8ihs oﬂilffé&nt (885 oxR8madid tBihree same or

different substituents selected from F.

Other preferred embodiments are compounds I:

wherein heteroaryl is selected from the group consisting of pyridinyl, pyrazinyl,
pyridazinyl, pyrimidinyl, furanyl, thienyl, thiazolyl, oxazolyl, isoxazolyl, imidazolyl,
oxadiazolyl, thiadiazoyl, pyrazolyl, tetrazolyl and triazolyl; wherein said heteroaryl
is independently optionally substituted with one to three same or different halogens

or from one to three same or different substituents selected from F;

R is -C(O)phenyl or -C(O) heteroaryl; wherein said heteroaryl is pyridinyl, furanyl
or thienyl; wherein heteroaryl is independently optionally substituted with a member
selected from the group consisting of halogen, methyl, -amino, -NHMe, NMe, and

hydroxymethy];

-W-is



R2 and R4 are independently or do not exist, with the
proviso that only one of R2 and R4 are ; R6 is (CH) H

wob@sesn4n is 0-1; - - represents a carbon- carbonukmngdo037213

5

10

15

20

25

or does not exist; -Y- is selected fromthe group
consisting of DI2 R N- R18 and2Z N )=\ - 15 15 RI0,
R11, R12, R13, 4, 15, R16 and Rl7 are each

i ndependently H or (C - )al ky/f R"%herein said (C

-6)al kyl may optionally b&'" i'tuted with one to
three sane or different ha%agen,NQhNor CN, RI8 is a
nmenber selected fromthe gn? Qﬁisting of

C(O -phenyl, C(O -heteroaryl, gpyrd di nyl, pyrimdinyl,
qui nol yl, isoquinolyl, quinazolyl, quinoxalinyl,
napt hyri di nyl, pthal azi nyl, azabenzof ryl and

azai,nd ls erein said er i s, optiagnall .
e B R R B g T v rdeesncpan & craned gyt the
fr d r. i St yl, -am no, -NHW,

me ﬂ%&%ﬁhﬂy ?g§§§géﬁéﬁé§%ggﬁgP%%€n; Dis selected from
the group consisting of hydrogen, cyano, S(O R24,

TS RSP b e TOh B L RO BA et wherein
0PLh@ s ¢(0) PuBSYIdr LEeD)-WtédagN hal Be loB iSRS 3WBstRhited with from

di fferent hal ogens or fromone to three same or

di onefaetio metbyh ranyant SIHER.ctB, MedoxF; hydraxymetisd vebalogen
fr m hqngroup consi sting of phenyl, pyridinyl,

f an%ﬁ: thienyl, isoxazole and oxazole; wherein said
phenyl, pyridinyl, furanyl, thienyl, isoxazole or
oxazpl e is independently optionally substituted with

on& 11§ selspted froghie grovp copspting of paridye RRiBHIRYl ogHiBel¥l t o

U NERGuRBITE Rinadbiyl, Subl¥kaiHR Shbiy RS 1, SRlSLARA, S400-bfuryl and
azaindolyl, each of which may be optionally substituted with from one to two methyl,

-amino, -NHMe, -NMe,, methoxy, hydroxymethyl or halogen groups.
In another preferred embodiment:

-W- is selected from the group consisting of

11 R12
F{10R R!3

e =

14 g7 A
R'S R16

RIO, RY, Rn, R13, R14,R15, R and R' are each independently H or methyl, with the

proviso that one is methyl;

D is selected from the group consisting of hydrogen, cyano, S(O)R*, halogen,
COOR®, C(O)NH,, phenyl, or heteroaryl; wherein said phenyl or heteroaryl is

independently optionally substituted with one to three same or different halogens or



Bis selected fromthe group consisting of (C 6
Yal kyl, (C3 6 )cycloalkyl, CCONR R, -C(OCH, -NCH

W@/ 0MZE0) pyr azol yl , phenyl and heteroaryl; wWher/E52004/037213

said (C 6)al kyl, phenyl and heteroaryl are

i ndependently optionally subst?8uted with one to three

sane or different hal ogens or fromone to three sane

or fiobini b torthres ss¢ Dt difhtent sblsewtes sfleced Fomitbe groupicghsisting of

i lect ed . f t i sti f badl

oy oD AR ARSYD kRt Mgl AR R e

t hicR¥OR Y and ORORR*I; dvﬁ&&azsgiuxbl_ﬁ)hmlyﬂﬁdelmzshauy substituted with one
yi,

oxadi azol yl , thiadiazolyl, pyrazol tetrazolyl and
t r itatheedameporidifierentdetagen pr o rydmsy;gwdup consi sting of

5(C .6)alkyl, ( -e)al kenyl, phenyl, pyridinyl, hydroxy,

(d. )al koxy, hal ogen, benzyl, -NR C(O-(d. )alkyl, -NR
R23\ is-sBleCed RISnRA® ordupISA Gisting S ényl ppwti diiSANRr&23/8 thienyl,

wherein said (C . )alkyl or phenyl are each _optionally
subsoxpzqle ard guagplenyyhersinsaid rvenylk Byding; HetmxH thisnHoisgxazole or
fr -t i . . , ,
T i A R e
c othglogetasny fofm hydwodten sand of Gfferepabdbgtitueitsisslested otettie group

10’ Sopeistae el ERRHG ) B b ne Ty AnseB aft iy afperen said

15

20

25

; ESCEDQW i@%pﬁéﬁaﬁm%@gbs@ﬁutm iBYRB to fhtecSsa! dr\iffertt @aMgens.

eteroaryl; erein said phenyl and heteroaryl are
each i ndependently optionally substituted with one to
three same aor d&égeéfg&b&ﬁhgan or methyl; and R27 is
piperaziny?, ?ﬂ%ﬁ?ﬂy piperazinyl or 3-pyrazolyl,In
anot her enbodi ment are Conpounds |, including

phar maceutical® acceptable salts, wherein: Qis J \ RS
H Qis selected from Group (A).

Another preferred embodiment are compounds of Formula I, including

pharmaceutically acceptable salts thereof,

H CN
Q
Ty
0

wherein:

Q is selected from the group consisting of

R? R® R?
| 2
3 2 R
R N\ £ R\N s \ \N AN \\ ]
| S>—p! i >—R'  and Mo RY
N , gt~ NF N RS N Ne
gs RS 5 R® r¢ R

R'is hydrogen or methyl;



R5 is selected fromthe group consisting of hydrogen,
hal ogen, cyano, XR , heteroaryl, and -C(O CH3, wherein

w@2200d/0heteroaryl is optionally substituted w tPCDO82004/037213

substituent selected fromF, heteroaryl is selected
fromthe group consisting of p3#&idinyl, pyrazinyl,
pyridazinyl, pyrimdinyl, isoxazolyl, isoxazolyl,
pyRAzd R areandbpendeatlyissiksted fomi the gaiupepadstingmfihytmgen,

gr consi sti.n 13. R11 R 12 ,13 N R18 and -
14%5%661,’ CRPP; 0 286@??%?5‘?&?1 R16 andRl17 are each

hydrogen; A is phenyl or pyridinyl; R18 is
C(O) - phenyl, isoquinolyl or quinazolyl; Dis cyano or .
ox Rdpad BT gue;imdgpendeatly & el pasiexishavify the pravisedhafionhgonsrof R

5(C ?f{a%‘lé .. phenyl, pyridinyl, (G -2)al koxy, -COOR26
- an -

10

15

20

25

R R25; wherein said phenyl is optionally
substituted with one group selected from nethyl,
met hox fluoro, .or trifluoronmethyl; X is selected
f r Bmit Gdlgpbbwheredsisdring of ; RO is (C. )alkyl; Ris
hydr ogen, nethyl, or ethyl; R24 and R25 are
i ndependently selected fromthe group consisting of
hy dr cepeasestnd cadbohydarboarbdnd 9t ddes Rot sxighi per azi nyl ,
N- et hyl pi perazinyl, or 3-pyrazolyl. Another
enbodi nent of the present invention is a nethod for
tr ept jsREleARAMRLSthe B Gt REsividabit he HI'V virus,
conprising adm nistering to said mamal an

13 13
cN  N-R™ and N =
R14 rl7 R4 R”A ’

RS Ri6 R'® Ri6

Rw, R“, Ru, R13, R14,R15, R and RY are each independently H or (C;-g)alkyl;
wherein said (C;-g)alkyl may optionally be substituted with one to three same or
different halogen, OH or CN;

R'® is a member selected from the group consisting of C(O)-phenyl, C(O)-heteroaryl,
pyridinyl, pyrimidinyl, quinolyl, isoquinolyl, quinazolyl, quinoxalinyl, napthyridinyl,
pthalazinyl, azabenzofuryl and azaindolyl; wherein said member is optionally
substituted with from one to two substituents selected from the group consisting of

methyl, -amino, -NHMe, -NMe,, methoxy, hydroxymethyl and halogen;

D is selected from the group consisting of hydrogen, cyano, S(O),R*, halogen,
COOR%, C(O)NR*'R%, phenyl and heteroaryl; wherein said phenyl or heteroaryl is
independently optionally substituted with one to three same or different halogens or

from one to three same or different substituents selected from F;



antiviral effective anount of a conpound of Fornula I,

i ncl udi ng pharmaceutically acceptable salts thereof,
wa@pasome4dr nore pharmaceutically acceptabl e CBCT/U82084/037213

exci pients or diluents; optionally the conmpound of

Formula | can be admini stered 3% conbi nation with an

antiviral effective anount of an AIDS treatnent agent

selAds seectéd fromtthe ggmq)wpnsisimgi of phergyl gfyridrgy), farangl, Denyl,

antivir ent an anti-i nfect ent;.(c). an
O ARl Lo e oRl Ricirle Py BER iR srzole or
enmgeai IER inRbeddiat P LR STHILy st PRith Dnd to three same or different
pharmaceut i cal conpositioh C@,E?” sing an antiviral

(&

ef helogenseor dropuone ftheee samp oudidiersnt Stthsnuuleats isele¢tad o g
pharmmaceutically acceptable salts thereof, and one or
nore pharnaceutically acceptable carriers, excipients,

di BUgREISCctad dhofith st cmslgtm:gcumcn@alk 1) (@4 J)byo%hlkyl C(O)NR*'R?%,
antiviral effective anmpbunt of an Al treat nment agent

s er@@)é?alsf YRHRELENSUR RN Phegylod heteroaiml; AbERin said

VORRY PRSI and BeleBoR B B REN Y B RORMy:subfihuy B wigh one
DEBﬂBké%TdafﬂH doRifTedent! HVANY GNrdoh paetd theeecaiip ou differaft substituents
the pre invention, may possess asynmetric centers

10 5 86Fﬂ@$ Pgﬂé occur as m xtures of diastereomers and
enantloners, the present invention includes the
i ndi vi dual di astereoi someric and enantioneric forms of
t hbetemmapd unsideatéd framrid grobp consistidg of pyridioyli pganinyl, pyrddazinyl,

hePuiRiding: Tueprbalibn o B ety st BRAURN sppdiazolst,

”eﬁﬁwﬁhﬁﬂﬂgﬁ%aﬂﬂﬂb&%ﬁﬁ&@ﬁmﬁhﬁhﬂﬂﬁJky| groups such as
met hyl , eth propyl, isopropyl, butyl, |sobutyl

15t butyl, anyl, hexyl and the |ike. "Hal ogen" refers to
:Fgg Ecﬁ tecpfr8 tﬁg grol gonﬂsﬁr%tﬁlr ! é¢ (gélﬂfl { 15623%}%%}% d)hgﬁﬁ Byridinyl,

O an a
pohy@xmwcle)all@xy, Al oxgs, bénizolh Nm?éceomlemml Mzr‘s”pf

car bon atgngs) ups havj ng a co conj ugat ed
oi SRR s §LIRT S R Sy FPRRICll - oBfyl or

ar }Shergﬂ AR Bﬁtwnaﬂy substituted w1th hydroxy, (Ci.¢)alkoxy, dimethylamino or

20  from one to three same or different halogen;

R®, R? and R% are each independently selected from the group consisting of

hydrogen and (C;.¢)alkyl;

25 Xis selected from the group consisting of NR%, O and S;
R%, R21,R22, R% R* and R are independently selected from the group consisting of
hydrogen, (Ci.¢)alkyl, phenyl and heteroaryl; wherein said phenyl and heteroaryl are
each independently optionally substituted with one to three same or different halogen

30  or methyl; and

R? is piperazinyl, N-methylpiperazinyl or 3-pyrazolyl.



phenyl, napthal enyl and ant hracenyl. The aryl group
may be substituted or unsubstituted. Wen substituted

wao bh@sosagt i t ut ed group(s) is preferably one orP@DUS2004/037213

sel ected from al kyl, cycloal kyl, aryl, heteroaryl,
heteroalicyclic, hydroxy, alkoXy, aryloxy,

het er oaryl oxy, heteroalicycl oxy, thiohydroxy,

t hi oar yImm;pthdrl@hxbhétImnOa]eﬂqmmunth, divduding pharopedutizal]y
cyano ni.tro, carbonyl, O carbanyl,

N %CSFB@ Isaﬂt“éh?fed N-am do, C-carboxy, O carboxy,
sul finyl, sulfonyl, sulfonam do, trihal onethyl,

~ureido, ami no and -NR R , Wherein R andR are

10

15

20

25

i n@dpendently sel ected fromthe group consisting of
hydr ogen, al kyl, cycloal kyl, aryl, carbonyl,

C-car boxy, sul fonyl, trlhalonethyl and, conbi ned, a
five- or SIX nmenber heteroal|cy c ring. As used
herein, a "heteroaryl" gWﬁfﬁl ers to a nonocyclic or
fused ring (i.e., rings il ch [sh an adj acent pair
of atons) group having in ang(s) one or nore
atonms selected fromthe groyp cde|st|ng of nitrogen,
oxygen and sul fur and, in addition, having a
conpletely conj ugated pi-electron system Unless

erWM se t he het.e ro
at atede et%%é :ﬁhee BRSPS SH hn Pfr;#({m%e eﬁ:ﬁg LR gn%t Phi n
t hRetb@aB 0N @HZGHQHNC(Q))pySdZ@L#l danbeC(”(Oi@Hja trihateirnt gl hfﬁélﬁhryl is
heteroaryl is intended to enconpass an N-oxide of the

paPinatsEbwigd with e swPstRen: iackd fram Eheni cal | y
feasible as is known in the art. Exanples, w thout
[imtation, of heteroaryl groups are furyl, thienyl,
behzteltda'r}é mzyi;e,ledtd’di facroltlyd gohpﬁ@amahg bf pyoidnyl yyrazinyl, pyridazinyl,

oxadi, az t hi adi.azol ben ZoI triazolyl,
{ cPYHBGH 9‘?1 Ispag fdﬁ%azg L pyialy mﬁ&éb&m yl,
pyranyl, tetrahydropyranyl, pyrazolyl pyridyl,
pyr|n1d|nyl qui nol i nyl, |squ|noI|nyI purinyl,

caf‘ﬁarzcsblyptedtﬁmzthmzwmons@mmfm dazol yI , indol yl,

i soi ndol yl, pyrazinyl. diazinyl, pyrazine,
triazinyltriazine, tetrazinyl, and tetrazolyl. Wen
substituted the spibsfd tyted group(s) hs,p?eferably one
or nore sel ect edfy oAl kyl, cycl oak'R

heteroaryl, hetergaligyglsi c, | ydrox%L aryl oxy,
heteroaryloxy, e%%ngl cycloxy, H dr A
t hi oaryl oxy, thi'é et r@aryloxy, t hi ptt Leyr %Iicycloxy,

)
cyano, hal ogen, R

R R R™ R¥ R"RY, R and R are each hydrogen;
A is phenyl or pyridinyl;
R'®is C(O)-phenyl, isoquinolyl or quinazolyl;

D is cyano or oxadiazolyl;



nitro, carbonyl, O carbanyl, N carbanyl, C am do,
N-am do, G carboxy, O carboxy, sulfinyl, sulfonyl,

waeosonami de tri hal onet hyl, ureido, am no, andPEIMBSHR04/037213
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15w
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25
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wherein R and R are as defined _above. As used herein,
a "heteroalicyclic" group refe?s to a nDnocycIic or

fused ring group having in the rin g one or

ot Ena;seé@t@c@@a the sionp Rensistion T Comatlevl Papng DI y Jalkosy,
Ra‘“ %cgﬁkm&ﬂf ccﬁ%ﬁgizsa(}v%e %Lsea‘f& gﬁen&f B'UPE&%SI Whitfilked with

prOV| e sta arrangenent s ondsS and aré no

I nbeNgledp kele@dd opl msrhylsmtm fdire rorwafihstomethyBxi St .
The rings nay al so have one or nore doubl e bonds.
However, the rings do not have a conpletely conjugated

Pi x&k §&{35t9(f‘fr5}ﬁsﬁ1§ %H&?ét "of £t hout |imtation, of
heteroalicyclic g S are zeti'di nyl, piperidyl,
plpera2|nyl |n1dazoI|nyI thlazolldlnyl

gyr @1 I di n | - nDrphoIinyI, thionDrphoIinyI and
te anyl When substituted the substituted

group(s) is preferably one or nore selected from
alky , cycloal kyl, aryl, heteroaryl, heteroalicyclic,
hy Br os pydregewxgethdy 91 adyl; het er oar yl oxy,

het eroal i cycl oxy, thiohydroxy, thioal koxy,
t hi oaryl oxy, thioheteroaryl oxy, thioheteroalicycloxy,
cyRfoandire? agendepshdenay selactbd i, the i F@bbﬁmﬂg ,of hydrogen and
O carbanyl, N-carbanyl, O thiocarbany

N- BXfBE#8any| , G ani do, G thioanido, N-am do,
C-carboxy, O carboxy, sulfinyl, sulfonyl, sulfonam do,
tri hal omet hanesul f onam do, trlhalonethanesulfonyl
si RYlis pipeeazyry], Nuasthylipiyerazinydj ah@-pyphodphonyl , ani no
and -NR R, wherein R andR are as defi ned above. An

"al kyl " group refers to a saturated aliphatic

hydr ocanpbgfhet %b&ﬁhféﬁt @tﬁ@{n%gnt %%hﬁo@fé d Repashe ‘f.lreau ing
chain groups. Preferably, the alkyl group has 1

camgomals piect¢duvish dredilNavinusresipiasing adrgiesteing. to sald mammal an

¢ gL ke R R Bl TE D RSearie el StsBioas gcaty

CasdeeptableGaBs thdrcof a0 dndbPLi®re %ia@maéé@ﬂ&e@lyﬁi@@eﬁté]ﬂé g,
20 carbon atons). Mre prefera i s a medi um si ze’

al REALPIRBE R gildentss optonadly Besncammrsd ofFetmydp beasy bdpministered in
' Scﬁnﬂnﬁx\fﬁg tﬁ %E F@‘%’ﬂ”ﬂ? gfg tfv% aﬁlocﬁg{ ?Pz{ﬁufgfel%r%eaulgﬁ a%uﬁyselected

group e Su unsu
from the group consisting of: (a) an AIDS antiviral agent; (b) an anti-infective agent;

(c) an immunomodulator; and (d) HIV entry inhibitors.

Another embodiment of the present invention is a pharmaceutical
composition comprising an antiviral effective amount of a compound of Formula I,
including pharmaceutically acceptable salts thereof, and one or more
pharmaceutically acceptable carriers, excipients, diluents and optionally in
combination with an antiviral effective amount of an AIDS treatment agent selected
from the group consisting of: (a) an AIDS antiviral agent; (b) an anti-infective agent;

(c) an immunomodulator; and (d) HIV entry inhibitors.



When substituted, the substituent group(s) is
preferably one or nore individually selected from
wao eiokabnat kyl , cycl oal kyl, aryl, heteroaryl, PCT/US2004/037213

heteroal i cyclic, hydroxy, al kox aryl oxy,

het er oaryl oxy, heteroalicycl ox 3 t hi ohydr oxy,

t hi oal koxy, thioaryl oxy, thloheteroarylox

t hi ohet er oal i CRETAXYEDdYRSORIPAION, OETH%IN‘(EENEMNI

t hi ocar bonyl, O carbanyl, N carbanyl, C}thlocarbanyl,

N—thiocarbanyl, C-am do, C-thioam do, N am do,

C- car boxgincéhe 2bRPBYnds D tiid fr¥dent BybdtRAy nay poistanaindRric

tri hal onet hanesul f onam do, tri hal omet hanesul fonyl, and

corshisevandsherefase ogrur as mikires of disstereogers aylenpeiiqmeng. the present

SA 1ﬁ¥&lt%ﬁll}§éﬁd?&ﬁeo glenﬁ(ﬂa? tﬁsastte%oﬁgm%lnlc al\%\i&paglﬂowenc forma of the
share

ad j mq:rmn@samfrF@fnulzaInmﬂdﬁmrrr@hhegmumeswhaeeﬁ n one or

nore rings does not have a conpl etely conjugated

pi -el ectron system Exanples, without limtation, of

cycl oal kyl groups are cycloprgﬁ?ﬂﬂﬂqémglobutane,

cycl opent ane, cycl opentene, cyc exane,

cycl ohexadi ene, cycloheptane cycloheptatriene and

OSCTET O X SELY  BEHBATE BB B bl i
gr %Hér ?neaﬁ @{ égwr%%%ﬁecﬁgl%a'@{dﬁ}d y%}gﬁﬁ/s sqyl‘?hg 1¥1ethy1 ethyl,

sel ecte rom a er oa

hetpropgd] isoyrobylc butsyly dvobuty], teukydxamylaligdydayd the like.
het er oaryl oxy, heteroalicycl oxy, thiohydroxy,

t hi oal koxy, thioaryl oxy, thioheteroaryl oxy,

thi ohet efpabdeay g8 to cRBARS, br&ﬁin‘é’ loain*er& fluG@hdony! ,
t hi ocar bonyl’, O carbanyl, Ncar b any C>th|ocarbanyl

15Nt hi ocar barryl C-ani do, C-thioam do, N ani do,
Ccar boxy box sulfin sul fonyl ,..sul f onam do .
Cr 1 hat o Aeth LS s IOl caboh P B G e L GRPBhg Potveyeti
si I(iik., riggawiich sgaraadﬂbm, aid 6f FAebon@EH ,haa %Q:om letel
and - NR Rwith Rand R gs defi ned abovgﬁ% eny P

or GOpiusated piclegtramsysiany Exprapips, vathodelimifetipnnef @Whgroups are
T et oS BShLIRICT000 AT A0y

20r eﬁmssbshmtah Whiey kutgtiaug] thasulsheitutebgrobpispismreferably one or more
rbon atons and_at | east

t
gcn)gsi& ggﬁ)r%gllkgtﬁycﬁpgl yle\a,l\%g)ﬁqggeroaryl, heteroalicyclic, hydroa)l(y, alkoxy,

aryloxy, heteroaryloxy, heteroalicycloxy, thiohydroxy, thioaryloxy,
thioheteroaryloxy, thioheteroalicycloxy, cyano, halogen, nitro, carbonyl, O-carbamyl,
N-carbamyl, C-amido, N-amido, C-carboxy, O-carboxy, sulfinyl, sulfonyl,

25  sulfonamido, trihalomethyl, ureido, amino and -NR*R?, wherein R* and RY are
independently selected from the group consisting of hydrogen, alkyl, cycloalkyl, aryl,
carbonyl, C-carboxy, sulfonyl, trihalomethyl, and, combined, a five- or six-member

heteroalicyclic ring.

30 As used herein, a “heteroaryl” group refers to a monocyclic or fused ring (i.e.,
rings which share an adjacent pair of atoms) group having in the ring(s) one or more
atoms selected from the group consisting of nitrogen, oxygen and sulfur and, in

addition, having a completely conjugated pi-electron system. Unless otherwise



A "hydroxy" group refers to an - OH group. An "al koxy"
group refers to both an -O al kyl and an - O cycl oal kyl
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both an -Oaryl and an -O heteroaryl group, as defined
herein. A "heteroaryl oxy" groupdrefers to a

heteroaryl -O group with heteroaryl as defined herein.

A irdicateds the leparbayl/ grogp onyy heettieeledtap eigher a carbon or nitrogen atom

e e S 5 o O ﬁg,c‘é“p@% ES%& @f@iﬂ;@?@ héie Ryl is intended to

SHegddbihss An NLoi0abK®X Yaredt okt BrsGct M RAxidedil chemically
S- al k){)l(lﬁand an -S-cycl oal kyl group, as defined herein.
i

A Teagiblaasyip Erown it Bgsrty dfxamplasowBbeut liatatign sefihetesppyylagioups are
-S . y . i ej . e s
-SSR e oRM Ry, BT RERAARUCL B, oxadispold, thisdiszolyl,
gr bezothibtolietrezoBi, tétraslyllafoxaeo yh ésodiiavoly, pyrrolyl, pyranyl,

"t hi oheteroalicycloxy" group refers to . a._, ) . )
het@rRbEitopyRnYL PRAZRly b RFridY Y RYHEIENEAYRa} iy} dsogginolinyl, purinyl,
det.i efel 1€ ¢ RTe 0 inyl. diazinyl,
AT bt B 01O PO LRI pRresinyl diaziny

c opgiaginengiaginyhyielriog) eetrazadykangd tettadzelyll Whah kytrsyikyted the substituted

B dbrefist ey of PER FIEhon g i Sygfe Byt pi§ heteroary
CahbReMalicPdicCBdtoky, al&xyNagiRer mtétom&rbx'géqm@’am cloxy,

group refers to a carbonyl group where i s hydrogen.

A thiphyskersh ébiyﬁryl@e/othéphe@rf@&rglfm tbilph@@teg)icwlo)@m 6¥A0, halogen,
\_M r:og)cg_%%a?lggjﬁ&?ﬁam rlﬁl‘—c{ii;]bea@‘ncyé,ﬁ-tagﬁdoq W?ﬁﬁ%&gf&g&;ﬁ‘b&& 6-carboxy,

erei on orn e
sulfinyl, sulfonyl, sulfonamido, trihalomethyl, ureido, amino, and -NR*R’, wherein

R*and RY are as defined above.

As used herein, a “heteroalicyclic” group refers to a monocyclic or fused ring
group having in the ring(s) one or more atoms selected from the group consisting of
nitrogen, oxygen and sulfur. Rings are selected from those which provide stable
arrangements of bonds and are not intended to encomplish systems which would not
exist. The rings may also have one or more double bonds. However, the rings do not
have a completely conjugated pi-electron system. Examples, without limitation, of
heteroalicyclic groups are azetidinyl, piperidyl, piperazinyl, imidazolinyl,
thiazolidinyl, 3-pyrrolidin-1-yl, morpholinyl, thiomorpholinyl and tetrahydropyranyl.
When substituted the substituted group(s) is preferably one or more selected from
alkyl, cycloalkyl, aryl, heteroaryl, heteroalicyclic, hydroxy, alkoxy, aryloxy,
heteroaryloxy, heteroalicycloxy, thiohydroxy, thioalkoxy, thioaryloxy,
thioheteroaryloxy, thioheteroalicycloxy, cyano, halogen, nitro, carbonyl,
thiocarbonyl, O-carbamyl, N-carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido,
C-thioamido, N-amido, C-carboxy, O-carboxy, sulfinyl, sulfonyl, sulfonamido,
trihalomethanesulfonamido, trihalomethanesulfonyl, silyl, guanyl, guanidino, ureido,

phosphonyl, amino and -NR*R’, wherein R* and RY are as defined above.



both sides of the C=O may be al kyl, cycloal kyl, aryl
or a carbon of a heteroaryl or heteroaliacyclic group.
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with said Z being a hal ogen. Ag5"C- carboxy" group
refers to a -C(=O OR' groups, with R' as defined

herei n e "qr
re e 0k SRR BR800k rocspoon including sigh
" aeipoagltiranched dfiaiggoups. rRatREbI, ohaalBylGaoiokas 90@LHrbon

which R' is hydrogen. A "trihal onet hyl refers
t Qs <weviyraduw1%élﬂéﬁl% 28> 1 20hdp é@@ﬁ%@f%;ﬁ mgans “that the

|
ot 161 61D oo R BIPCIAEES hl Rlom & Gl atoms, 3
" toattival abores, feém ep tb fishiactdio) ZQrcaIbpn ragfhes) s Mave preZerably, it is a
=0) 2NR - h d
Catr e A BERnEn &0 168 De RefR Moe DErestiy i flopser alkyt

asﬁadﬁlfgl In@di e NoRBAThd AkAdGbid Ay b@%lﬁtlﬁ@é’&jm%klybstltuted
-S(OQ-. A"sulfonyl" group refers to a - SC=0

R' W@fsl@)mbsmw He sybstigeshi grodp (g isgirefereubly, orierpr agiete undmdaally
2 PR Ry R, o RS RIE ey oy,
heﬂl&ixry, a@ld‘xN &u&:ﬁ)@ﬂymydﬁétewﬁmyﬁloﬁ@ftﬁfo$1ya1@x9 tRioﬁfkoQa/

Rc- group as defined herein. A "O carbany
rtB&%rY#@% F@Oheéeramyw thiokrterRalsy ety Aeionkale; rﬁtro,marbonyl
R"&éfbg&gaﬁ% O-QHUR1L ek SbEmlP @th%ch,WtQBQﬂBamW, Hlamldo,

C-thioamido, N-amido, C-carboxy, O-carboxy, sulfinyl, sulfonyl, sulfonamido,
trihalomethanesulfonamido, trihalomethanesulfonyl, and combined, a five- or six-

member heteroalicyclic ring.

A “cycloalkyl” group refers to an all-carbon monocyclic or fused ring (i.e.,
rings which share and adjacent pair of carbon atoms) group wherein one or more
rings does not have a completely conjugated pi-electron system. Examples, without
limitation, of cycloalkyl groups are cyclopropane, cyclobutane, cyclopentane,
cyclopentene, cyclohexane, cyclohexadiene, cycloheptane, cycloheptatriene and
adamantane. A cycloalkyl group may be substituted or unsubstituted. When
substituted, the substituent group(s) is preferably one or more individually selected
from alkyl, aryl, heteroaryl, heteroalicyclic, hydroxy, alkoxy, aryloxy, heteroaryloxy,

 heteroalicycloxy, thiohydroxy, thioalkoxy, thioaryloxy, thioheteroaryloxy,
thioheteroalicycloxy, cyano, halo, nitro, carbonyl, thiocarbonyl, O-carbamyl, N-
carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido, C-thioamido, N-amido, C-
carboxy, O-carboxy, sulfinyl, sulfonyl, sulfonamido, trihalo- methanesulfonamido,
trihalomethanesulfonyl, silyl, guanyl, guanidino, ureido, phosphonyl, amino and —
NR*RY with R* and RY as defined above.

An “alkeny!” group refers to an alkyl group, as defined herein, consisting of

at least two carbon atoms and at least one carbon-carbon double bond.



defined herein. A "Othiocarbanyl™ group refers to a
-OC(=S)NR R group with R and R as defined herein. A
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with R and R as defined hereiqx. An "anm no" group
refers to an - NH group. A "Cam do" group refers to a

1 bt Dl ot Pirdpan o] P A IR AFAReR cchsisipe of
Rutasdt % PsarB&f Ao ah®hiGbat ofe ¢ ama@maibon tgipdnthDndef ers to
a R C(:O) NR - group, with R and R as defined herein. An
'&ureiddo group refers to a - NRC(=ONR R 2 group with

an b n efined the sane as
R and gﬂ%&%ﬁ& gr%qﬁrel tgmgrg)lﬁgglﬁeﬁers to a -
NRC(=S)NR R 2 group with R and R as defined herein and

R 2 defined the sanme as ani ¢ u
r ef er sARO2HKOXY REiePR fyf Nﬁit‘g’%ﬂ@fl G%alﬁ\y\)‘ %’ﬁ E?'Cé?]agﬁﬁ %oup as
ﬁ@ﬁjﬂeﬁ'h@f‘e% herein. A "guanyl"™ group refers to a R R

=N)- group, with Rand R as defined herein. A

‘cyano” group refers to a - CN group. A "silyl" group

refers,t Si,,( R

oasaangfiod i Brel e e DRI b o
dgéﬁﬂé@dlelfb@ﬁel n. A "hydrazino" group refers to a -

NR R 2 group with R, R and R 2 as defined herein. Any

two adjacent R gr oups may conbine to form an
addi ti %n‘ehete%z}gd’oxy group refers to a heteroaryl-O- group with heteroaryl as

defined herein.

A “heteroalicycloxy” group refers to a heteroalicyclic-O- group with

heteroalicyclic as defined herein.

A “thiohydroxy” group refers to an —SH group.

A “thioalkoxy” group refers to both an S-alkyl and an —S-cycloalkyl group, as

defined herein.

A “thioaryloxy” group refers to both an ~S-aryl and an —S-heteroaryl group,

as defined herein.

A “thioheteroaryloxy” group refers to a heteroaryl-S- group with heteroaryl as

defined herein.

A “thioheteroalicycloxy” group refers to a heteroalicyclic-S- group with

heteroalicyclic as defined herein.

A “carbonyl” group refers to a~C(=0)-R” group, where R” is selected from

the group consisting of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl



cycl oal kyl, heteroaryl or heterocyclic ring fused to
the ring initially bearing those R groups. It is known
WO pooshsi2aTt that nitogen atoms in heteroaryl sPGI/E8m04/037213
can be "participating in a heteroaryl ring double
bond", and this refers to the $%rm of doubl e bonds in
t he tvvo tautomeric structures which conprise

f i (i@n#edrﬁvé«pughi gigngheareed ang hetgroglipislic thongled thypughearing carbon),
can be substituted as well
e?%: Qg%%g%ﬁ% {'sts in the art. The disclosure and
cI ai ns of the present invention are based on the known
general principles of chem cal bonding IS .
under st 48d 2dehyde’gEow @f%t%r?ocaﬁlaﬁn%a@awé@ge% sdudiegss.
sknown to be unstable or not able to exist based on the
literature. Physiol ogically acceptable salts and
pr odr ug® ‘Ghiocabpodh dsougirsfetsas @ad-(¢e$ )eR 't gaougp, with Rras idbfined
scope, of this invention. The term "pharmaceutically
thbl e salt" as used herein and in the clains is
i ntended to include nontoxic base addition salts.
Sui table salts include those derived from organic and
i nor gan iAc“Iﬁejq')’dgrogp edfersdo awlCCGeUIC- |g‘rm‘111 whéreim the carbon on either or

10 P ks R G e, o REBER B 6 Rl o

tahétafdaﬁa@@hdgrduactl c acid, sulfinic acid, citric
acid, maleic acid, fumaric acid, sorbic acid, aconitic

acid, salicylic aC|d pht hal i c acid and the |like. The

1S 2l s0) nOBRaR o E IR Rr B o AR gl Wi b 2

subé&inga halogan.boxyl ate, with such counterlons as
ammoni um al kali netal salts, particularly sodium or
potassium alkaline earth netal salts, particularly
cal ci UmACFCBRYBLST HBup ?e’f&sﬁﬁa t@(J@)U‘RS gfd#?plv@ltlpﬁgapﬂé‘ﬁned
bases such as | ower al kyl am nes (et hy
et heteanmi ne, cycl ohexyl ami ne, and the like) or with
substituted | ower al kylam nes (e.g.
hydr oxyl - substituted al kyl am nes such as
di et hanglha-Baboty RbkPRErAM MR OI=0)O-group, w1th R” as defined
trls(hydroxynethyl) am nonet hane or w bases such
20 as ?fﬁﬁ’erl di ne or norpholine. In the nmet hod of t he
present invention, the term"antiviral effective
anmount "
A “carboxylic acid” group refers to a C-carboxy group in which R” is

15

hydrogen.

25 A “trihalomethyl” group refers to a -CZ3, group wherein Z is a halogen group

as defined herein.

A “trihalomethanesulfonyl” group refers to an Z3CS(=0),- groups with Z as
defined above.
30
A “trihalomethanesulfonamido™ group refers to a ZzCS(=0),NR*- group with

7 and R® as defined herein.



means the total amount of each active conponent of the
nmet hod that is sufficient to show a neani ngful patient
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characterized by inhibition of the H 'V infection. Wen
applied to an individual acti W i ngr edi ent ,
adm ni stered alone, the termrefers to that_ingredi ent

aI one. Aierfiaph)grewp etpratocordFRXR aRouR, math By ag dedingd Berein
a of,. t:he I ve ingredients that
re%nu {Tbl n t?%nén%)%gélgdp%n& II% e??é whet her adm ni st er ed
i n conbination, serially or si mJI taneously. The terns
"treat, treating, treatment sed herein and in
cI ai ms ﬁeé&‘@mﬁ’ﬂ CBHOHP FEIEFS & aaﬁélc? DR agioHy “Gﬂ’;%agse%efme‘t‘ plerem
Oggmyﬂ gsmdﬂngohgfnggt |§@) _The present invention
ir

ected to c i hati ohs of the conpounds with
one or nore agents useful in the treatnent of Al DS

For exannl he comaounds of th| fyon Y
ef f ect i Syéuétfﬂ’ doy grug e a{)gmdém &R as

Pr 8sfRAPSHE and/ or post - exposure in conmbination wth
effecti ve anounts of the AIDS antivirals,
i mmunonodul at or s, antiinfectives or vacci nes, such as

}\/Egafalc‘tﬂ’u s ]If & | o Elgge;&ﬁbech\/{;&@f/erxn J}B%hR *

i nfefidetd GBreil DS, ARC (non-nucl eosi de reverse trans
criptase (RT) inhibitor) Amprenivir daxo Wellcome HV
i nfection, 141 W4 AIDS, ARC GW 141 (protease

i nhi bi tgr«)o %ﬁ@gﬂz rgﬂ%%%?eklg%)a BEDMNRRE 9Ee il herein.

i nfection,

A “N-carbamyl” group refers to a R*OC(=O)NR” group, with R* and R” as

defined herein.

A “O-thiocarbamyl” group refers to a~OC(=S)NR*R” group with R* and R’

as defined herein.

A “N-thiocarbamyl” group refers to a R®OC(=S)NR?’- group with R* and R”

as defined herein.
An “amino” group refers to an —NH, group.

A “C-amido” group refers to a —C(=0)NR*R” group with R* and R’ as

defined herein.

A “C-thioamido” group refers to a —C(=S)NR'R’ group, with R* and RY as

defined herein.

A “N-amido” group refers to a R*C(=O)NR’- group, with R* and R” as

defined herein.



(RT inhibitor) Acemannan Carrington Labs ARC (Irving,
TX) Acyclovir Burroughs Wellconme HV infection, AlDS,
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HV infection, AIDS, ARC AD-5 Tanox Bi osystens H V
i nfection, AIDS, ARC Adefovir dipivoxil Gl ead

Sci HL V. i nf ection AL-7 i . PGL.(lQs
Angel eoancuEide iRty B o ANRS RO nsp e ish Rarag B as
VidriraBeKaPARI RS dSARGORB sadit ¥ RPafoRrbi nat i on

w Ret rovi r Ansamycin Adria Laboratories ARC LM 427
(Dublin, OH) Erbanont (Stanford, CT) Antibody which

Lo 1o 8n b dEBP Yickb (b NI N R R SR apa R as
Ar @stened RBeimadd N2 idefie&t the BamPhIT: artiRT.

A “guanidino” group refers to a ~R*NC(=N)NR’R”? group, with R*, RY and

R as defined herein.

A “guanyl” group refers to a R'RYNC(=N)- group, with R* and RY as defined

herein.
A “cyano” group refers to a —CN group.
A “silyl” group refers to a —Si(R)3, with R” as defined herein.
A “phosphonyl” group refers to a P(=0)(OR"), with R* as defined herein.

A “hydrazino” group refers to a ~NR*NRYRY? group with R*, R’ and R** as

defined herein.

Any two adjacent R groups may combine to form an additional aryl,

cycloalkyl, heteroaryl or heterocyclic ring fused to the ring initially bearing those R

groups.

It is known in the art that nitogen atoms in heteroaryl systems can be
“participating in a heteroaryl ring double bond”, and this refers to the form of double
bonds in the two tautomeric structures which comprise five-member ring heteroaryl
groups. This dictates whether nitrogens can be substituted as well understood by
chemists in the art. The disclosure and claims of the present invention are based on
the known general principles of chemical bonding. It is understood that the claims do
not encompass structures known to be unstable or not able to exist based on the

literature.



Bet a-fl uoro-ddA Nat'|l Cancer Institute Al DS-associ ated
di seases BMs-232623 Bristol -Mers Squi bb/ HV
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i nhi bi tor) BMS-234475 Bri st ol -Myers Squi bb/ H'V
infection, (CGP-61755) Novartis Al DS, ARC (protease

i nhi bit .Cl-.1012 Warner-Lanbert H V-I_infectjo .
G dof ovP IS IPEEA G EA T &6 Pa profrtsor cogwpaids Bsclosed herein
Page IvhigHiRHe sdSp LK tHlsahvebh 2T Re Beth “FhahABeddeAly héeptable salt” as
infection Cytonegal ovirus Medl mmune CW retinitis

| neagddersinpidinthe olaneis Synnded tSinghidetnioniaiodrsisegddition salts.
GACLGh OV . ripheral .CW retinit.isDelaviridine .

o St e MARRO B AL N Gid i 2B el ShélFas, withont

i Nhinftb &, hyBexhioan a&id| hytrebrbenoadm, pRospheit adii RRlfufiRacid,
HV Ind. Ltd. (Osaka, positive Japan) asynptomatic ddC
Homethapesutoms arid, proliciapide @ trighacidy lagtic aoidy seikipioyacid icide acid,

A%aleic acid, fumaric acid, sorbic acid, aconitic acid, salicylic acid, phthalic acid, and
the like. The term "pharmaceutically acceptable salt" as used herein is also intended
to include salts of acidic groups, such as a carboxylate, with such counterions as
ammonium, alkali metal salts, particularly sodium or potassium, alkaline earth metal
salts, particularly calcium or magnesium, and salts with suitable organic bases such as
lower alkylamines (methylamine, ethylamine, cyclohexylamine, and the like) or with
substituted lower alkylamines (e.g. hydroxyl-substituted alkylamines such as
diethanolamine, triethanolamine or tris(hydroxymethyl)- aminomethane), or with

bases such as piperidine or morpholine.

In the method of the present invention, the term "antiviral effective amount"
means the total amount of each active component of the method that is sufficient to
show a meaningful patient benefit, i.e., healing of acute conditions characterized by
inhibition of the HIV infection. When applied to an individual active ingredient,
administered alone, the term refers to that ingredient alone. When applied to a
combination, the term refers to combined amounts of the active ingredients that result
in the therapeutic effect, whether administered in combination, serially or
simultaneously. The terms "treat, treating, treatment” as used herein and in the

claims means preventing or ameliorating diseases associated with HIV infection.

The present invention is also directed to combinations of the compounds with
one or more agents useful in the treatment of AIDS. For example, the compounds of
this invention may be effectively administered, whether at periods of pre-exposure
and/or post-exposure, in combination with effective amounts of the AIDS antivirals,

immunomodulators, antiinfectives, or vaccines, such as those in the following table.



ddl Bristol-Mers Squi bb H V infection, AIDS,
Di deoxyi nosi ne ARC; conbi nation with AZT 14T DWP-450
wWMoBos2Y | nf ecti on, (Canden, NJ) AIDS, ARC (prPOr/Es:64/037213
i nhi bitor) Efavirenz DuPont Merck HIV infection, (DWW
266) AIDS, ARC (-)6-Chl oro-4-(§}- (non-nucl eosi de RT
cycl opropyl et hynyl - inhibitor érllgSL-t rifluoronethyl -
1, 4-di hydro- 2H 3, -benzoxANHYIRABRe STOCRI NE ELI O
El an Corp, PLC HV infection (Gainesville, GA
Fanticlovir Smth Kline herpes zoster, herpes sinplex
FTOrigayeUni ver sity MaMutaefeat i on, Al DS, IndiRGatiphever se
transcriptase inhibitor) GS 840 Glead H V infection,
Al DS, ARC (reverse transcriptase

5 097 Hoechst/Bayer HIV infection,
AIDS, ARC
(non-nucleoside
reverse trans-
criptase (RT)
10 inhibitor)
Amprenivir Glaxo Wellcome HIV infection,
141 W94 AIDS, ARC
GW 141 (protease inhibitor)
15
Abacavir (1592U89) Glaxo Wellcome HIV infection,
GW 1592 AIDS, ARC
(RT inhibitor)
20  Acemannan Carrington Labs ARC
(Irving, TX)
Acyclovir Burroughs Wellcome HIV infection, AIDS,
ARC, in combination
25 with AZT
AD-439 Tanox Biosystems HIV infection, AIDS,
ARC
30 AD-519 Tanox Biosystems HIV infection, AIDS,
ARC
Adefovir dipivoxil Gilead Sciences HIV infection
AL-721 Ethigen ARC, PGL
35 (Los Angeles, CA) HIV positive, AIDS
Alpha Interferon Glaxo Wellcome Kaposi's sarcoma,
HIV in combination
40 w/Retrovir



i nhi bi tor)HBY097 Hoechst Marion HV infection,

AE) S, ARC (non-nucl eosi de reverse transcri ptase
WO pdvsios9ar) Hypericin VIMX Pharm H 'V infectiptl/ugsdoDg)37213

ARC Reconbi nant Human Triton Bi,gsci ences Al DS,

Kaposi's Interferon Beta (Al rreé’f CA) sarcoma, ARC

Roussel

Interferan alfa-n3 Int iir SCJ ences A | DS
| ndPSEYFENer ck HIV | E‘é, a%g;at%eﬁ)s, ARC, npt omat i ¢
H M6 tive, also in )i on with AZT/ddl/ddC

SIS 2922 SIS Phar maEE il s CW retinitis KNI -272
Nat'| Cancer |nstitut €teferdssbr. di seases Lam vudi ne,
53TCGIaxo Wl | cone HIVinfection Al DS, ARC (reverse

%ﬁ?%@g saui oo ¢y Bl P B EE on

Labile alpha aberrant (Rockvﬂle MD)
Interferon
10
AR177 Aronex Pharm HIV infection, AIDS,
ARC
. Beta-fluoro-ddA Nat'l Cancer Institute AIDS-associated
15 diseases
BMS-232623 Bristol-Myers Squibb/ HIV infection,
(CGP-73547) Novartis AIDS, ARC
(protease inhibitor)
20
BMS-234475 Bristol-Myers Squibb/ HIV infection,
(CGP-61755) Novartis AIDS, ARC
(protease inhibitor)
25 CI-1012 Warner-Lambert HIV-1 infection
Cidofovir Gilead Science CMV retinitis,
herpes, papillomavirus
30  Curdlan sulfate AJI Pharma USA HIV infection
Cytomegalovirus MedImmune CMV retinitis
Immune globin
35 Cytovene Syntex Sight threatening
Ganciclovir MV
peripheral CMV
retinitis

40



WARG50HPR47 nhi bi t or) Novapr en Novaf eron Labs, | nBCT/H§204/037213
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15

20

25

30

35

40

Phar maceuti cal s AIDS, ARC (protease inhibitor)
Nevi rapi ne Boeheringer H 'V infection, |ngleheimAlDS,

i nhi bitor (Akron, OH) Peptide % Peni nsul a Labs AI DS
Cct apeptide (Bel nont, CA) Sequ %ce | rodi um Astra

Pharm . retinitis, H YV Ph onof or nat r dyct s,
| nteiay Gion, ot herP@Wa?lﬁ;@g? ibns PNU- Hon,
Phar maci a Upj ohn H V infection, AIDS, Al %se

i nhi bitor) Probucol Wrex H YV infection,
Sheffield Med. H V i nf ecti on Tech (Houst on TX) AI DS,

i.r Abbott |on Al DS,
5 CoPetsEST orvor) D) g@ Shel £ AfY ARC, HIV
i nfection, LaRoche Al ’ot ease i MisHNEor

St avudi ne; d4T Bri st oia-PR‘)ﬂl)ers Squi bb HI V i #¥ERLeic

Al DS,

ddC Hoffman-LLa Roche HIV infection, AIDS,

Dideoxycytidine ARC

ddI Bristol-Myers Squibb HIV infection, AIDS,

Dideoxyinosine ARC; combination
with AZT/d4T

DMP-450 AVID HIV infection,

(Camden, NJ) AIDS, ARC

(protease inhibitor)

Efavirenz DuPont Merck HIV infection,

(DMP 266) AIDS, ARC

(-)6-Chloro-4-(S)- (non-nucleoside RT

cyclopropylethynyl- inhibitor)

4(S)-trifluoro-
methyl-1,4-dihydro-
2H-3,1-benzoxazin-
2-one, STOCRINE

EL10 Elan Corp, PLC HIV infection
(Gainesville, GA)

Famciclovir Smith Kline herpes zoster,
herpes simplex

FTC Emory University HIV infection,
AIDS, ARC
(reverse transcriptase
inhibitor)

GS 840 Gilead HIV infection,
AIDS, ARC
(reverse transcriptase
inhibitor)



Di dehydr odeoxy- ARC thym di ne Val aci cl ovir G axo
Wel | cone CGenital HSV & CW infections Virazole

wO/RaneRAT CN asynpt omati c H 'V Ri bavirin (Cost ap@EES2004/037213
CA) positive, LAS, ARC VX-478 Xfrt ex HV infection,
Al DS, ARCZal ci t abi ne Hof f mann- LaRoche HIV infection,
Al ., W th AZT Zjdoyudine; AZT d axo .l.come HV
mﬁggq%gﬁ Al DS, ARC, R&%ﬁgwagb‘%ar coma, i Yo%t i on
with other therapies Re#sfovir di soproxi|Alep HV
infection, fumarate salt (Viread ) AlDS, (nogveflseside
transcriptase inhibitor) Conbivir" GSK HIVEis¢ &anscoptase

5 AIDS, (reverse transcriptase inhibitor) alshdater)r
succinate GSK H V infection, (or Z agen(r)) AIDS,

(r gy eL o8, transcriptasgy v Pharm. HIV infection, AIDS,

10

Recombinant Human
Interferon Beta

Triton Biosciences
(Almeda, CA)

ARC

AIDS, Kaposi's
sarcoma, ARC

Interferon alfa-n3 Interferon Sciences ARC, AIDS
15 Indinavir Merck HIV infection, AIDS,
ARC, asymptomatic
HIV positive, also in
combination with
AZT/ddl/ddC
20
ISIS 2922 ISIS Pharmaceuticals CMYV retinitis
KNI-272 Nat'l Cancer Institute HIV-assoc. diseases
25  Lamivudine, 3TC Glaxo Wellcome HIV infection,
AIDS, ARC
(reverse
transcriptase
inhibitor); also
30 with AZT
Lobucavir Bristol-Myers Squibb CMYV infection
Nelfinavir Agouron HIV infection,
35 Pharmaceuticals AIDS, ARC
(protease inhibitor)
Nevirapine Boeheringer HIV infection,
Ingleheim AIDS, ARC
40 (RT inhibitor)



i nhi bitor) Reyataz(r) Bristol-Mers Squi bbb HV

infection (or atazanavir) AlDs, protease inhibitor
wo-ameom24Roche / Trinmeris HV infection (or T-RO)USIDE037213

viral Fusion inhibitor 1MV LATORS Drug Nane

Manuf acturer |Indication AS-10 et h- Ayerst Al DS

Bropi ri m ne Pharmaci a_Upj.ohn vanced Al emannan
Ca&r%iv?ﬁﬂ:%n Labs, |nc. N p%on S’?I?‘F\/i ng, TEHIBIHE 738
Anerican Cyananmid Al RBpos?' s Lederl e Labs sarconmm
ELI O El an Corp, PLC HIV infection (Gainesville, GA
ith CD4+
h ARC, in conbination

anul ocyte Genetics

nterfero nen

A |
p?brgrﬂ(r%r necrosi s e%lf)%tr’)

SCG

w
In

FPE 9r Fuki | rmunoPp . u%g%s H V fusi D

Pi1°t% AI DS Macrophage Col ony Sandoz Stinmul ating

Fact or G anul ocyte Hoechst - Roussel Al DS
Trisodium Astra Pharm. CMYV retinitis, HIV
Phosphonoformate Products, Inc. infection, other CMV
10 infections
PNU-140690 Pharmacia Upjohn HIV infection,
AIDS, ARC
(protease inhibitor)
15
Probucol Vyrex HIV infection, AIDS
RBC-CD4 Sheffield Med. HIV infection,
Tech (Houston, TX) AIDS, ARC
20
Ritonavir Abbott HIV infection,
AIDS, ARC
(protease inhibitor)
25  Saquinavir Hoffmann- HIV infection,
LaRoche AIDS, ARC

Stavudine; d4T

Bristol-Myers Squibb

(protease inhibitor)

(o]

HIV infection, AIDS,

30  Didehydrodeoxy- ARC
thymidine
Valaciclovir Glaxo Wellcome Genital HSV & CMV
infections
35
Virazole Viratek/ICN asymptomatic HIV
Ribavirin (Costa Mesa, CA) positive, LAS, ARC
VX-478 Vertex HIV infection, AIDS,
40 ARC



Macr ophage Col ony | nmmunex Stinul ati ng Factor

Granul ocyte Schering-Pl ough Al DS, Macrophage Col ony
w@orebionsT on Stinul ati ng Factor w AZT H V Cor ePCHDUS1004/6¢37213

Rorer Seropositive H'V I nmunostinmulant |1L-2 Cetus

AIDS, in conbination Interleuki4®-2 w AZT |L-2

Hof f man- LaRoche AIDS, ARC, HV, in Interleukin-2

| ndakedtebidenbi nat i on whHfmanmLakichen Al DSHIViisfestion AIPS,

Interl eukin-2 CD4 cell counts (al desl uki nARGrwitie AZT

€] obuI i n Cutter Biological Pediatric AIDS, in

| VAR g Tal D, - kiest e ToRBh, o f’Qaﬁi’f-ﬁ%Pe%H?n AIDS,
5sarcoma ARC, PG GIVREGZ I nreg Al DS, Kap

Ol eans, LA) sarcomm, ARC, PG | nut hi ol Dsélichlyﬂla in combination

Merieux Institute AIDS, ARC Dithio Carbanatith Al pha- 2

Scheri ng Pl ough Kaposi's sarconma | nterf er othemthzZapies
Al DS Met hi oni ne- TNl Pharmaceutical AIDS, ARC

10 Tenofovir disoproxil, Gilead HIV infection,
fumarate salt (Viread®) AIDS,
(reverse transcriptase
inhibitor)
15  Combivir® GSK HIV infection,
AIDS,
(reverse transcriptase
inhibitor)
20 abacavir succinate GSK HIV infection,
(or Ziagen®) AIDS,
(reverse transcriptase
inhibitor)
25  Reyataz® Bristol-Myers Squibb HIV infection
(or atazanavir) AlDs, protease
inhibitor
Fuzeon® Roche / Trimeris HIV infection
30 (or T-20) AIDs, viral Fusion
inhibitor
IMMUNOMODULATORS
35 Drug Name Manufacturer Indication
AS-101 Wyeth-Ayerst AIDS
Bropirimine Pharmacia Upjohn Advanced AIDS

40



Enkephal i n (Chi cago, IL) MIP-PE G ba- CGei gy Corp.
Kaposi's sarcoma Miuranyl - Tri pepti de G anul ocyte Angen

WO\L®S/(054287 conbi nati on Col ony Stinul ati ng w AZTPCFES1004/037213

5

10

15

20

25

30

35

Rermune | mmune Response Immnotﬁnijarapeuti c Corp. rCH4
Genent ech AI DS, ARC Reconbi nant’ Sol ubl e Human CD4
r -1gG AIDS, ARC hyhrids, Rec I nant Bi S,
A%%B%W&Pe Human CD4 ﬁ?@ﬁ?"é‘ﬁ@ﬁ%ﬁ man- nglgzg'c‘ﬁgg
Kaposi's sarcoma Al fap2anAR§, ARC, in combination

w AZT SK&F106528 Smith Kliine HV infection Sol uble T4
Thynmopentin | mmunobi ol ogy H V infection Research

A2 B nat 1 on' FARHPH PR | TSGR

ANTI - I NFECTI VES Lederle Labs sarcoma
EL10 Elan Corp, PLC HIV infection
(Gainesville, GA)

FP-21399 Fuki ImmunoPharm Blocks HIV fusion
with CD4+ cells

Gamma Interferon Genentech ARC, in combination
w/TNF (tumor
necrosis factor)

Granulocyte Genetics Institute AIDS

Macrophage Colony Sandoz

Stimulating Factor

Granulocyte Hoechst-Roussel AIDS

Macrophage Colony Immunex

Stimulating Factor

Granulocyte Schering-Plough AIDS,

Macrophage Colony combination

Stimulating Factor w/AZT

HIV Core Particle Rorer Seropogitive HIV

Immunostimulant

IL-2 Cetus AIDS, in combination

Interleukin-2 w/AZT

-2 Hoffman-I.aRoche AIDS, ARC, HIV, in

Interleukin-2 Immunex combination w/AZT



Drug Nanme Manufacturer Indication Cindanycin wth
Phar maci a Upj ohn PCP Pri maqui ne Fl uconazole Pfizer

w@eopppdrercal neningitis, candidiasis Pastill ePCEyusinns/037213

10

15

20

25

30

35

40

Corp. Prevention of Nystatin Pﬁx tille oral candidiasis
O nidyl Merrell Dow PCP Eflornrthine Pentam di ne

LyphoMed PCP treatnenf, | sethionate (IM& | . .
(F!g‘s'g L) Trinet {:IB]}B?I? m Anti bacteri al AMDS, increase in

ont ,
TrﬂnFFéJﬂ"}g’é‘(?m sul fa Antibacterial PiritrextRissHcowmshs
WfaldesKIDCP t r eat ment Pent ami di ne Fi sons Cor por at i on
PCP prophyl axis |Isethionate for Inhalation Spiranycin

%‘%@‘é‘% TR 82%@ BlostE' o117 prBRBRAEPs
YIS Tri net rexat®” ?%Z}A)Lanbert pcpmbination w/AZT

BR8bi ci n NeXstar, Sequus Kaposi's sarcomm
Reconbi nant Human Ortho Pharm Corp. Severe anem a

IMREG-1 Imreg AIDS, Kaposi's
(New Orleans, LLA) sarcoma, ARC, PGL

IMREG-2 Imreg AIDS, Kaposi's
(New Orleans, LA) sarcoma, ARC, PGL

Imuthiol Diethyl Merieux Institute AIDS, ARC

Dithio Carbamate

Alpha-2 Schering Plough Kaposi's sarcoma
Interferon w/AZT, AIDS
Methionine- TNI Pharmaceutical AIDS, ARC
Enkephalin (Chicago, IL)

MTP-PE Ciba-Geigy Corp. Kaposi's sarcoma

Muramyl-Tripeptide

Granulocyte Amgen AIDS, in combination

Colony Stimulating WIAZT,

Factor

Remune Immune Response Immunotherapeutic
Corp.

rCD4 Genentech AIDS, ARC

Recombinant

Soluble Human CD4

rCD4-1gG AIDS, ARC

hybrids

Recombinant Biogen AIDS, ARC

Soluble Human CD4



Eryt hropoi etin assoc. with AZT therapy Reconbi nant
Human Serono Al DS-rel ated Grow h Hornone wasti ng,

W@ amhes4237 Megestrol Acetate Bristol - Myers Squi BOT/US2004/037213
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15

20

25

30

35

40

Treat nent of anorexia assoc. W&I DS Testosterone Al za,
Smth Kline Al DS-rel ated vvasti?‘ﬁg Total Enteral Norw ch
E n.Di arrhea and Nui,rjtio Plgarmaceutic s .,
BEEPDti on rel at ed m’&p%g FCti onal | ggggﬁ%samoma
conpbyfds of the invention herein may be { RC,

conbi nati on with another class of agents FgombigagionyAZT
Al DS which are called HV entry inhibitors. Exanples

of entry inhgbi are di scussegd OF
T 01% %1999, 24(1%{!&%%&161355-1362; éﬁ%@?ﬁ&%
pp 9848246, oct. 29, 1999; and DRUG DI SCOVERY TODAY,
Vol. 5, No. 5, May 2000, pp. 183-194 and I nhibitors of

t ien@RbganGaf H Vi nt ophastogbls. Meanvel fyyy Msehedas
Ka

A ; ow, John F . GELeR 1fRimkon in Drug Discovery
& Devel opnent (2003)’@@{% 11424461, Speci fical Iy the

conpounds can be util I n’conbi nati on with ot her
attachnment inhibitors, fusi on i n_hi bitors, _ and
chiewraki Necrbsisept or anGagardcit s ai med at eAREn édibination

CeRtqf TNKCR4 coreceptor. u It will b e updRhShPREerferon
that the scope of conbinations of the conpounds of

this invention with AIDS antivirals, inmunonodul ators,
anti-infectives, HV entANT] YESor vaccines is
not limted to the list in the above Tabl e but

i ncludes, in principle, any conbination with any
pRRwaGaYE| cal conmposMhah@Rcusef ul for themdication

Clindamycin with Pharmacia Upjohn PCP

Primaquine

Fluconazole Pfizer Cryptococcal
meningitis,
candidiasis

Pastille Squibb Corp. Prevention of

Nystatin Pastille oral candidiasis

Ornidyl Merrell Dow PCP

Eflornithine

Pentamidine LyphoMed PCP treatment

Isethionate (IM & IV) (Rosemont, IL)

Trimethoprim Antibacterial
Trimethoprim/sulfa Antibacterial
Piritrexim Burroughs Wellcome PCP treatment



treatnment of AIDS. Preferred conbinations are
simul taneous or alternating treatnents with a conpound

w@booshe2pT esent i nventi on and an i nhibitor of PENUS2004/037213
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15

20

25

30

35

pr ot ease and/ or a nonnucl eosi g§ inhibitor of HV
reverse transcriptase. An optional fourth conponent in
the combination is a_nucl gosi de inhibitop~gf HLV;. .
rRensamiling anscri pt as@,so%%@ﬂpﬁ gﬂ%T, 3TC, f’gg@rc&hyl&érs. A
plsethéonagedfor nhi bi t or of HIV protease is Reyataz(r)
(Bbulatieni ngr edi ent At azanavir). Typically a dose of
300 to 600ng is adm ni stered once a day. This nmay be
co-admnistered with | o ose of Ritonayi

5 YCI Anot her pr ngP % O‘ﬁﬁ% bitor of S}G@{t% ggg%ge
is Kaletra(r). Anoth&P8€%ful inhibitor of HW protease
is indinavir, which is the sulfate salt of

- ydroxy- | - ( Sysj.nda ; Histoplasmosis;
%’%’%" ae%ﬁ met hyl - 4- %@SE-%y%ﬁréé%ﬁy- 5- (1 - (4- ccgyp@g%gm| et
h =2()-N -(tbutyl carboxam do) - meningitis

pi perazi nyl)) - pent aneam de et hanol at e, ande [ §

synt hesi zed according to U. S. 5,413,999. Indinavir is
g§p6 Rk Yieadm ni st er gfyAtr-BarfiRgage of 80@CP t hree
times a day. OQther preferred protease inhibitors are
nel finavir and ritonavir. Another preferred inhibitor

of. HV protease is s i navd ich is adm. kst in
aTi)d‘Bg‘é‘@‘ 1%t 600 or 1%343%’ #%MPr eferreg{gp&l% s8fcBfha

non- nucl eosi de i nhibitors of HV reverse transcriptase
i nclude efavirenz. The prepar a&i on of dd ddl and AZT
aRecombinagedempbed | WIEPGIBIBEYOWM71. ThestVere ancia

c Gmphrepoigins may have unexpected ef f ect s 58 VifttY4ly
the spread and degree of infection of H Vhemp¥ferred
conbi nations include those with the followi ng (1)
indinavir with efavirenz, and, optionally / or
3 Recamimspt Himadnd/ o> SHIE:  (2) i ndi navir ,A%ﬁ%;r%aﬁ@of
ABrogHyHeFmewg and/ or ddC and/ or 3TC, in ‘?S%Wlpg’c(ﬁ?‘{lﬁ(}a

i ndi navir and AZT and 3TC, (3) stavudi ne and 3TC

and/ or . zj dovudi ne; (4. 7l:C iae-and | amppseieneoand
1 WﬁungceltgthUSg; %ﬁﬁgﬁgg%gﬁﬁ@and | ajfioyedeh ‘,gg%og.n
such conbi nations the conpound of the preﬁ)zﬂh)s

i nvention and ot her active agents may be adm ni stered

separately or in conjunction. In addition, the

Testosterone Alza, Smith Kline ATDS-related wasting

Total Enteral Norwich Eaton Diarrhea and

Nutrition Pharmaceuticals malabsorption
related to AIDS

Additionally, the compounds of the invention herein may be used in
combination with another class of agents for treating AIDS which are called HIV
entry inhibitors. Examples of such HIV entry inhibitors are discussed in DRUGS OF
THE FUTURE 1999, 24(12), pp. 1355-1362; CELL, Vol. 9, pp. 243-246, Oct. 29,
1999; and DRUG DISCOVERY TODAY, Vol. 5, No. 5, May 2000, pp. 183-194 and
Inhibitors of the entry of HIV into host cells. Meanwell, Nicholag A.; Kadow, John
F. Current Opinion in Drug Discovery & Development (2003), 6(4), 451-461.



adm ni stration of one el enent may be prior to,
concurrent to, or subsequent to the adm nistration of

wordensagent (s). Abbreviations The foll owi ng PCT/US2004/037213
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abbreviations, nost of which are conventi ona
abbreviations well known to thoke skilled in the art,
are used throughout the description of the jnvention

arfipetifiealtyxtinepiompousdneandfe ytHized BbeayariQNE1thy glhgr affachment

as f.oll ows:. h hour [ . . = )

Sar B ARG f g P TR B By tgper o
m dERS bt EKCR4 Eoedptdd, | uor oacetic Acid DCE

, 2-Di chl oroet hane Di chl or onet hane TPAP

t et rapr opyl ammoni um perrut henat e THF Tetrahydd?uran

DEPBT 3: (EX rhor z inati i
2 3 b?ﬁ gvm ?;?32121?%1@%?@ }Eﬁﬂ é%ée%ﬁgf combinations of the compounds of this

lél-iflm?bhwimmm Syantidirde, iRuEDOnRelwaters, antipplactises, HIV entry

-(3-di met hyl am nopr opyl.) - 3- .ethyl car bodi i1 .

1-1pBbHPIROE KAPERPHYS 5}068511%:@%9 BEHY BEPB AT et e paces. i

N, gr}ﬁcijﬂlé'[%ﬁ? Woh i ARInAEith any pharmaceutical composition useful for the
treatment of AIDS.

Preferred combinations are simultaneous or alternating treatments with a
compound of the present invention and an inhibitor of HIV protease and/or a non-
nucleoside inhibitor of HIV reverse transcriptase. An optional fourth component in
the combination is a nucleoside inhibitor of HIV reverse transcriptase, such as AZT,
3TC, ddC or ddI. A preferred inhibitor of HIV protease is Reyataz® (active
ingredient Atazanavir). Typically a dose of 300 to 600mg is administered once a day.
This may be co-administered with a low dose of Ritonavir (50 to 500mgs). Another
preferred inhibitor of HIV protease is Kaletra®. Another useful inhibitor of HIV
protease is indinavir, which is the sulfate salt of N-(2(R)-hydroxy-1-(S)-indanyl)-
2(R)—pheny1methy1-4-(S)-hydroxy—S—(l-(4—(3-pyridyl-methyl)-Z(S)-N'-(t—
butylcarboxamido)-piperazinyl))-pentaneamide ethanolate, and is synthesized
according to U.S. 5,413,999. Indinavir is generally administered at a dosage of 800
mg three times a day. Other preferred protease inhibitors are nelfinavir and ritonavir.
Another preferred inhibitor of HIV protease is saquinavir which is administered in a
dosage of 600 or 1200 mg tid. Preferred non-nucleoside inhibitors of HIV reverse
transcriptase include efavirenz. The preparation of ddC, ddI and AZT are also
described in EPO 0,484,071. These combinations may have unexpected effects on
limiting the spread and degree of infection of HIV. Preferred combinations include
those with the following (1) indinavir with efavirenz, and, optionally, AZT and/or
3TC and/or ddI and/or ddC; (2) indinavir, and any of AZT and/or ddI and/or ddC
and/or 3TC, in particular, indinavir and AZT and 3TC; (3) stavudine and 3TC and/or
zidovudine; (4) zidovudine and lamivudine and 141W94 and 1592U89; (5)

zidovudine and lamivudine.



Huni g's Base = N, N-Dii sopropyl et hyl am ne MCPBA
77zet - Chl or oper benzoi ¢ Acid azai ndole =

wdad kboPwsa2at o- Ovri di ned4- azai ndol e = PCT/US2004/037213
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| Hryrrol o[ 3, 2-Z?] pyri di ne 5-a§291i ndol e = 1#-Pyitolo [
,2-c]pyridine 6-azaindole = [iJ-pyrrol o[ 2, 3-c] pyridi ne
7-azaindole = 1 HPyrrolo[ 2, 3-?pyrjdine . . .
4. 6- i ApaprmepBbinaioissfs PorbpadatabapRrent fvsation and other active
5, gefs A RARISTisterbd Ql ér Bt clif@zZ i idition, the
5,32-6%? e mmistertd I@ybi ol %[rz, 3-d] pyrim di ne PM3
4-afefimistegtienet/oneRbauent ngyheghiaie-Bnclradit 63 ansutisequent to the
4- benz.oguj. non f Trifl uoromet hanesul f onoxy NVM
4-%%@?%&%?%‘?@%%&&%‘%@%()% 1- B enzoyl pi per azi ne

NaHVDS Sodi um hexanet hyl di si | azi de EDAC

1- (3- D net hyl am norropyl ) -3-ethyl carbodi i m de TMS

Trimet hyl silyl DCM Di chl or S#BXNE®¥ENDCE Di chl or oet hane
MeOH Met hanol THF Tetrahydrof uran Et QAc Et hyl Acetate

LDA Lithiumdiisopropyl am de TMP-Li

2, 2, 6, 6rhefollameihybpeyaion] mpbt dfivittichiare DbEventional abbreviations

Di net hoxyet hane . . L
well known to those skilled in the art, are used throughout the description of the

invention and the examples. Some of the abbreviations used are as follows:

h = hour(s)

1.t = room temperature

mol = mole(s)

mmol = millimole(s)

g = gram(s)

mg = milligram(s)

mL = milliliter(s)

TFA = Trifluoroacetic Acid

DCE = 1,2-Dichloroethane

CH.ClL, = Dichloromethane

TPAP = tetrapropylammonium perruthenate

THF =  Tetrahydofuran

DEPBT = 3-(Diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-
one

DMAP = 4-dimethylaminopyridine

P-EDC = Polymer supported 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide

EDC = 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide '

DMF = N,N-dimethylformamide

Hunig’s Base = N,N-Diisopropylethylamine

MCPBA = meta-Chloroperbenzoic Acid

azaindole = 1H-Pyrrolo-pyridine



DI BALH Di i sobutyl al um num hydri de HOBT
1- hydroxybenzotri azol e CBZ Benzyl oxycar bonyl PCC
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i nvention conprises conpounds Forrmula I, their
phar maceutical fornulations, and their use in patients

suffering fr or_suscepti bl .V i.nfection. The
corrpo-uﬁ"d%a’cﬂc{)o%r nl a | ?ﬁwgrlagoégggﬁi’%@&at ically

accept aPdAQikRId s £ her epfr.pyhivgo[8 s 1posdige Pr ocedur es and
anti-H V-1 activities of substituted diazaindole
oxoacetf-&agntplgpi peri di he-pyortaLAragyadia ogs are

descri el ow. Scheng, A I6t:S,ane 0f the preferred
nethod?agﬁﬁ“%@%%afingnﬁﬁgwg§%%g§n%@9§?“¥he i nventi on.

I n thi st éreialathdors ShoSH-RyfroR[8R-Apyardidinet i onal i zed
di azai ndol e which al so_ has a_carboxy ester appended to

the t hr%%d%ﬂnfipj_@ﬁ is %ﬁd@ﬁé@a’wlpﬁﬁ‘éﬁl%et onitrile
ani on fsinglaanablezed WhibyYd@opLogAfidine al pha cyano

ket one éxanpl es of the invention. atron of these
conpouBas shown i n SM\gh&ybpnyti des furt her

conpou of the inventippn. Sch A z coupl.ing -.

oxi dat il8A%ondi t i Bns méz%@#@f?@%@f@ﬁoﬂ’%‘ﬁe&gwfr%d
in Stepfy di scussion StgRudrombRnERIfRASYY i C ester
internmedi ates Z-CO2 or nore preferably the acid

chl or i dMM- CO 2G=f r onf-dd¢tbymotpalimecondensed with a
cyano Lt er medi at g, YCH. 2CN under basic
TP ORR: or o e ot el

condi ti 0 I'nternedi ate
NaHMDS = Sodium hexamethyldisilazide
EDAC = 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide
TMS = Trimethylsilyl
DCM = Dichloromethane
" DCE = Dichloroethane
MeOH = Methanol
THF = Tetrahydroforan o
EtOAc = Ethyl Acetate
LDA = Lithium diisopropylamide
TMP-Li = 2,2,6,6-tetramethylpiperidinyl lithium
DME = Dimethoxyethane
DIBALH = Diisobutylaluminum hydride
HOBT = I-hydroxybenzotriazole
CBZ = Benzyloxycarbonyl
PCC = Pyridinium chlorochromate
Chemistry

The present invention comprises compounds of Formula I, their

pharmaceutical formulations, and their use in patients suffering from or susceptible to
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is THF but DMF can be enpl oyed %or | ess sol ubl e
nol ecul es. Typically the react?dn with an acid
chloride Z- C 2Cis conducted with the reaction flask
i Y Wiéestion- éfh@rcymp@én%&ftlg&%@ugo‘dp?lﬁge Hlaeeuflgﬂgj acceptable
ks the solvent and an acetonitrile / acetone
?&g{ﬂﬁﬁgﬁggth (~-42C) when DVF is the solvent but
tenperatures between -78 and 50 C could be enployed in

appropr,jate cases. The reaction.is stirred be n.1 h.
and 1 i SrEEameratwe ML hach Gy iy iEy dintaindole
CQRh&LR aBY plpricehie ddntAhing LEAINES S dBRiribeaibBRAy. at the

cold tenperature and oxi dant added directly to the
reaction as described in Step B. Alternatively the

reacti coul d .be allqg to attai icen .

{enper atiFReAg8EeBienp T reglefb RER Flbepuing o compounds
nesfesSakyntRs Ihai mieod; he shewn heSteprs difateioyaliped didraihdole
W th saturated aqueous sodi um bi carbonate, The m xture,
couigh talerhase eaxpeaycasid appandetiohe thige pewren Kicondensed with an

t - i . i 3
pubef RSP ElRlEHRC R g frideihd dphetidio Reione cxamples
i sofale mivesticaut Oxidatiormaf tstesronzpoBilfRusashotvnan IS¢ gmovides further
t he al k}il ation.reaction is initiated and then is

usEPEIRoYnds PtoiREd YRR m t o anbi ent tenperature for

further reaction. Typically Ris nethyl or ethyl or

| ess ideally another |ower alkxl group. Phenoxy,

pent af | uor ophenoxy, or Wi nr &5"@8¢érs (R= night al so

be enpl oysd. As mentioned above, in the event that the

car box%l l)C ester internedi ates Z-CO2R are | ess
reactiVe %h@? desi redCunder the standard condensation
condi tions, "th

conversi ar to an acid-chboridg-—#&-C0OC (OR where R
converted (I’o C ). EBifings currend-y t hegpasfonr r ed

met hod f_o% di azai ndehd@tiesd ers RC t his i¢ommidnen. Th®
preparaql n of the acid chlorides fromzZ- - is

acconpl i sHéd by i ni tgigh ahydrol ysis of tREPdter to the
anal ogous carboxylic acid Z-CO2H . A typical procedure
i nvol ves StR Ig deti@ed ltestep AadisdtistionLi OH in THF and

ey may be-¥ctivated by the intial , 0
/}I—Y

Step A. The carboxylic ester intermediates Z-CO,R or more preferably the
acid chlorides Z-CO,Cl from Scheme A are condensed with a cyanomethyl
intermediate YCH,CN under basic conditions to form the a-cyanoketo intermediate
ZC(O)CH(CN)Y. The base KHMDS in THF at r.t. is employed most often, but other
amide bases such as NaHMDS could be utilized. The typical solvent utilized is THF
but DMF can be employed for less soluble molecules. Typically the reaction with an
acid chloride Z-CO,Cl is conducted with the reaction flask immersed in a dry ice
acetone cooling bath (~-78°C) when THF is the solvent and an acetonitrile / acetone
cooling bath (~-42°C) when DMF is the solvent but temperatures between -78° and
50° C could be employed in appropriate cases. The reaction is stirred between 1 h

and 1 day. Typically the reaction when judged to be complete by TLL.C or LC or



water at 100 C for 6 h to 2 days, concentrating the
crude m xture and recrystallizing the carboxylic acid
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di ssol ved or nore typically sugﬁended as a slurry in

di chl oronet hane and stirred w oxal yl chl ori de and a
cat i c ampunt_ of DVMF from 4-24h but t pIC |y
oaﬁﬁ)féﬁtmﬁfﬁ%n@&t&w%d Smeperdhisang 9xifaphedrls élafectthh@ the

a%&ti%ﬂ ) rclb%b%ﬁ &l Seh e CMté’maP 9&}3 kit I%a&iogxl%gﬂﬁtﬂe\’eﬁlowed to attain

solvents are benzene or toluene.” A possi
alanghierdti¢rapenasird @mﬂ éithrer ak];«mvei & namct(fﬁrtlnehref Jmemx}yiriddhen

acid to.an.ac rlde e thlo
o PP Bl o8 Sl sl Blieiabif 54 hhots bRt bigarbonate
t Meheafixehrt RotiliGne BS SRR RN wisREaD XE, Ic@n% afedl! ah@\eﬁedaJ@yanoketo
concentration in vacuo towé)l eld the acid chlorid
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preparation o i Azt AdGT e

Alrbajtlbﬁtis Mtigted hiethes iCusialy bl@ox@wwaﬁirﬁdtotz@mﬂmta&hplerature for
anhydrl des. which may also find utility in

al Rhegrpastione JoPiceHy Rosapetieyl orthyp peiesy wéeilmqﬁmy 1¢wr alkyl

SSEOTPIBENLR0, SR HERCOMSI 05 RE NN il

d |Mlmw A;&"Jmpnmmbﬂ abbigimtheaeventahatkht cahbxigdic ester

It 3%1%%(86 elttgtﬁ %Sgé&{ %[123(%8/21% <?esgg<if11é(?eégll’|1]elys%§{darcf condensatlon

e oh¥iabed) ithePhad be QBE'I%EéH B ¥ i@VAcbRR-8oS R M 4R cibride Z-COCI
32% peracetic acid in dilute aq acetic acid to the

r R Where R adk cowieriad m ﬁg) t Rleis somptently dlerpxafctned method for

SR REE, BB ol R R By AL 2

r €204R OB A6BSmPREHRY G eflitiaf DFdré19sis OF &2 oitek ﬁﬂ&%laﬁﬂ%gwstdﬁrboxyhc
an acid chloride in THE - 78 and for the step A

r gk L-61H- nArtpical pragefufegnvel veettirgag 8fe astea matht IO in THE and

I r :
SRR 100 8900 3, ST SN AR B i
eithhenbadylmweitl fromreset Therdaherxylic aciddOaHdS Vaadidhssbl&dd or

th satur ted moni um chl.ori de and Et OAc.
\rMéP%fF |tXPé$a} X %B?rgiﬁfl @3 3 siugrygp il eremigtiang, %ﬁé&ﬁs%wa@@xalyl

t
AL kAL AOENYE ) 4080 LY e

asplyents are removed in vacuo and the ac1d chloride used directly. Possible

alternative solvents are benzene or toluene. A possible alternative method for
conversion of the carboxylic acid to an acid chloride entails reacting thionyl choride
in benzene at 100° C between 2 h and 6 h with the acid in the presence of catalytic
DMF followed by concentration in vacuo to yield the acid chloride Z-CO,Cl. As
mentioned above, the acid chloride Z-CO,Cl is the preferred reactant for conducting
step A for the preparation of diazindole compounds of formula I. Alternatively, the
acid may be converted to an acid anhydrides which may also find utility in the

alkylation reaction. °

Step B. The preferred method for accomplishing step B, the conversion of

the a-cyanoketo intermediate ZC(O)CH(CN)Y to the diacarbonyl compounds of



products, the acid is extracted into the organic |ayer
and the | ayers separated. The organic |layer is
w@ewsesaat ed i n vacuo and the product purifi eBCW82004/037213
preparative HPLC. The -cyanokﬁg(ﬁ i nternedi at e
ZC(O)CH(CN)Y if isolated e oxidized to the

oﬁéﬁikx e b AT R DS Feey st fardatp Eis to to add
QO egﬁlvﬁ‘l'e% Sl rﬁ%%@ﬁﬁ‘eﬁe?abli/ B FuiviRinfadf aﬂfoﬁﬁﬁ&la'faﬁy %vallable
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e EOtRRIPIEE a1 8Fpr A lFD3C, Pha RN PEET et s at e
5 | Sabdd@Emptrhtifeaf witi ER 11k Ak @ OretionP AN B 64 (fof HéStep A
and EtQAc and the resultant precipitate is isol ated bgMF

f ireaatians with as acid ehboam@tm pt’&d aod fACheptep @) reactSme pn

RGP e AR e ek LG oo Tt 6 ARt et not
t rb?reﬁ% thde e ﬁ;{e?fftu?é e’?h&e\ﬁ’b&é}fxﬁxmﬁ% ﬁiehréﬂh&ﬁﬁlowed to react

a- cyarnoket o 1 nt er medi at e Y. Schene B
defprthérsor amrrycmawh}l ditetedodtlf srtupted par aunglonhlm d;lam@mmcﬂ?ﬂOAc

10 piner Zlgﬁé lﬁ‘ﬂge“ m%éla}?alo ue%gxg)gl ﬁgedﬁ%urll%?f?rﬁgpltatels

Ch%lht%&b fitkeRioatas thé Bxddeese piodutd At( e Fa¥ Grganic soluble acid
Takahashly, K. : Shi basaki %Kp ura@d.a' Ae i da, g

Crisnaducss, the apgigs exigaged ant«srah@gmg@ue lazmwgi thz 1ayesze°&a9x@rqd The

N.

o ey 30Tt Bkt posraive L.
S eTi W ayanokétd Iil&etﬁfecﬁaﬂ‘elﬂ@(ﬂ)dH@CNZ@dﬁ ﬁ)soﬂxeécazaﬂil be oxidized to the

pi peri di ne can be al kyl ated with a hal oace ril

15 y rfa@@ceaﬂsﬂr%d%%@ Q)G Yt U518 2 Fiety OF AR ﬁ%tﬁt ludit mCPBA,
P R&H 1Z bﬂa@l &hcf% Id i D& ANREOIExidb Nifa FphRiaf Blocedure a solution
b n

procedu zoyl™ pi perazi ne” was
of peracetlc acid in acetic acid is added to a solution of a-cyanoketo intermediate

ZC(O)CH(CN)Y in THF and the reaction is stirred at between 1.t .and ~70° C for
between 30 min and 2h. The reaction mixture is then diluted with saturated aq.

20  ammonium chloride and FEtOAc and the resultant precipitate is isolated by filtration
as the oxoacetyl product ZC(O)C(O)Y. Step A and Step B can be combined into a
one pot reaction by adding the oxidant directly to the reaction pot after the
completion of step A without isolating the a-cyanoketo intermediate
ZC(O)CH(CN)Y.

25

Scheme B depicts a typical method for preparing the cyanomethyl piperazine
or piperidine analogues utilized in scheme A. Two general literature references for
some of the chemistry depicted in these initial schemes are Takahashi, K.; Shibasaki,
K.; Ogura, K.; Tida, H.; Chzem Lett. 1983, 859 or Yang; Z.; Zhang, Z.; Meanwell, N.

30 A.;Kadow, J. F.; Wang, T'.; Org. Lett. 2002, 4, 1103.



added to a solution of chloroacetonitrile and TEA in
THF and stirred at r.t. for between 2 and 5 days. A
WO e®als42ay precipitate i s renoved by filtrati oPCT/UR®04/037213
filtrate is concentrated in vacyo, and the residue
purified via chromatography t()?ﬁ el d the cyanonet hyl
i nternmedi ate YCEMCN. The al kyl ation with
hal oacetonitrile can al so be SSPPPEE out with an
al ternate base, such as 4-nethyl norpholine or
di i sopropyl ethyl amine. The digzatggol e cz:-”(‘boxyl I C
ester condensatiQp partners Z-C(O OR utilized {n
Schene A can be prepared as shown in the follow ng
schemes: U One preferred nmet h68"489"Spr eparing 4, 6
di azai ndole is shown in Schenespdl NH Step D Step E
POCl, Step F Ris as defined in Step AStep D. The
reacti on of an (al koxynet hyl ene)cyanoacetate with an
am no n@lfe@r@t e 'PH@%COQ@E&& QR quﬁ&%ﬂaﬁz&f'gl}ff&'a%ﬁﬁe or piperidine
yield a 2, 4-di carboxylic” ester-3- am nopyrr
s h 6%ihbe sk deted eitlca hél)l(l)efpﬁt@lltlée @adarlbedc @undlbynsr T@aw@ld agyanomethyl

al ko
R .
r e Bdi(ﬁﬂ&ﬁhlsmaueﬂ M’@hl%l Setonftild B, THN i THFVRA L BRE® hdk.t. for

and Wl s D. A TetrahedronLett, 1996, 37(25),
439@3@3&% angh> @Wﬁ cAl rewlewm@ﬁ@ﬂams weﬂ.bmfétratson, ¢he filtrate is

de e N, The
3 RoeREdled B 2GS, TR pu B8l L B efipi K yiglt e
D cwmoh&t}ryy oitérnediidte Yt(ﬁézCﬁéS’th@ﬁikylatlon with haloacetomtnle can also be
| -4, 6-djazai oI e usi a number of reagents
10, BT ERY ¥l Al GE8te Ko gl A aeun orapa i eiasaikopropylethy!
Ni hmidees and formam dines. In a typical procedure
3-am nopyrrol e-2, 4-di carboxylic acid diethyl ester and
form di ne acetate are heated at reflux in EtOH for 1

to 3 da¥lslé dl-la-lgaem&c“?laeccta}boo&yﬁg Iels'lttm gcﬂldlersfsa];lloh partrelgrs Z-C(O)OR utilized in

Scheme A can be prepared as shown in the following schemes:
15 °

One preferred method for preparing 4,6 diazaindole is shown in Scheme C.

Scheme C
0 R®
o NaOEt HoN OR H?_N/gNH
W / \ R1
R Ha Step D N
ep g H Step E
°\—or °\—oR ° OR
HR®
POCI 5
Y D R’ 3 \( \ gt _OrMR® \( Nt
N Step F N Step G N
H H ks H

R is as defined in Step A



hot and the product usually crystallized upon cooling

and is then rinsed with diethyl ether. Step . A
w@2@anboxyl i c ester 7-hydroxyl -4, 6-di azai ndol ePCHOS1004087213

be converted to a 7-chloro anal ggue by treatnent with

a chlorinating reagent such as2POCI3 or SOQ 2. In a

typical reaction procedure
3 et hyl é&pdy.- 7-Hyaeeptipn of ag-(alfoxyapiholsne) camebapgdie3vidy & amino

co g? 'lch%% Qa%% ¥ %Si%f n% ggkr\%\{/rﬁ {Odﬁl? aflwefﬁ ggﬁgboxyﬁﬁ ghter-3-

pr aﬁmmiplyﬁbl& tAbadhoﬁm S cheéme 0J, kep e oamefdl dult battréRFn28fl amino
was shown to be the 7-chl oro-4, 6-di azai ndol e,
Al alonate Wikh 9o 2Ry drevaneracrdae in metpfesegcw@fsa basg spely as sodium

5f ubfiiefae! BBEL iﬁf)ﬁ@éslei}t{\%trégﬁghgﬁ@ge el Bt A J M%n@%gqe%} §PAGand

the correspon |a2|n
pr 8yxste d. by qu’abdzdi’omLezm,glﬁ%c 3718), @BBQHZLBAI@H Angpiagleprvsedure and
descrj.bed .abo Step.G A 7-chl oro-4, 6-di azai ndol e
caf® “‘Eﬂséﬁﬂs é‘é“%dtl the WFPEWtagFeCHBEi eophiles to
formthe clained R5 substituents or internedi ates from
whi ch the clained R5 substituents can be forned.
I ncl uded’tepn‘f t he’Elee RAmingpyricde 2-calkhaxylidester wmultieg from step D can

07 BRI BB 047, I 2 BB I ot s

t ym&ﬂhngﬁo@ﬁ@ﬂﬂde@ d1a1ky1 acetal formamides, nitriles and formamldlnes Ina
3-ethyl ester-7-chloro-4, 6- di azai ndol'e and 3- nmet hy

py PRl Brocedize SraminepyiRle df-dicaborikenrid 0t @stmmd‘ formidine
20,00 LR Hjeg{éd r?gpegﬁ? I(}r? Qfl]gf;ﬁ gﬁ? F’;glgt%g efll?ehlleagu%n soluth,rll is filtered

concentrated a rona

or hbtyandribpprodtétusudiRlcEy stihized sp@pcoingahd ds then eiasdd @dh diethyl
15out after the initial coupling and oxidation steps

(sf @ﬁ’é A and B) have been preforned on the 3-

et hyl ester-7-chl oro-4, 6-di azai ndol e internediate. A

cyano noi ety could be introduced and converted to

aci ds, &&pédts, Alrdgwxyliresat %élydmyhéﬁediazmmﬂécmthen be

B e 2R RH D 5 PR P PR Labhe s
t haoomﬁ SECRIBNa FRIA! YeaddBYn Bﬁ)C@@JrE I3ea1é§1@§taumy%kzi -4,6-

npounds of the invention are realize
20¢ oﬁ@?@m@mg apd BOCl el cmbgteépmd;hﬁ@tyd ff Buéhfor petyecenSed 5 h,

Lo . Rh&PR S grﬂf &1{11%d &Rl%?elfﬂ}q tl?e1 tIlﬂg pre%1p1{g1tte {8%¢ forms is collected by
filtration and was shown to be the 7-chloro-4,6-diazaindole. Alternatively, when
greater reactivity is desired for further functionalization and for carrying out step G,
the corresponding 7-bromo-4,6-diazindole may be prepared by substituting POBz3; for

25  the chlorinating agents described above.

Step G. A 7-chloro-4,6-diazaindole can be displaced with a variety of
nucleophiles to form the claimed R’ substituents or intermediates from which the
claimed R’ substituents can be formed. Included in these are cyanide, alkoxides,

30  amines, alcohols and various metallated species (cuprates, lithiates, zincates and
Grignard reagents). In a typical procedure 3-ethylester-7-chloro-4,6-diazaindole and
3-methyl pyrazole in EtOH are heated at between 100 °C and 140 °C for 20 min to 1

h. Upon cooling the reaction is concentrated and purified by silica gel



Alternatively, a 7-chloro or 7-bronp-4, 6-di azai ndol e
coul d be coupled to a heteroaryl stannane or boronic
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O her netal catal yzed nethodohﬁgy such as copper
nediated di spl acenents coul d SO0 be used to prepare N

ked heterarqmati c or 0 clic derivatives.
| R S e OB it P RO ARPregrmied out afer the
chhigial SRpliks /M &Gdati&@t&t% (stepd Al AHB) e BAASRBRRAAELE on the 3-

shoul d under go coupling reac?lons wi'th a boronate

( &ttzs{h%itert7y¢éonoeﬁh@mamm)dotmn@1m@@ﬂwan°e cyamepn@vtyot@uld be

subst tu d d| az t anna nes.an bor tes are

prapA “é%‘i ViR O&Vﬁlﬁép '? Cf St & deute S% RS ?Se%r eré‘éomaucs

del%@)ﬁdab@ﬁlderéo T{{S}mgﬂﬁéﬁfodﬂbgy abulg @etus@dtofrepdit Smides from acids. It
Ellcatlon e vin brom des, chlorides, triflates,

ors

PHE 3jsA b apted thfﬁyh@ h@eg@bmﬁ@ttfémaw@a.caltr@d ‘thiouph HAg qappounds
pr Qund r
coog\ghdﬁ\éééﬂfgge pagﬂtl%zz’l::du%n(81 tpéﬂ user l'%hu%\é !ciiés‘én&%d ?Lszt%(t} may
difesqueistlyde wkd td’l@epﬂfeéﬂﬂmeﬁ)mﬂdnmm&‘: anvéntiorons f or
these kinds of netal nediated coupling is described
later in this application where the discussion is

combi n @Qte‘fﬁattﬂe@ desa{16mBtdr @fbﬂafnoh@@’dﬁ&%ﬁﬁofé’dbﬁﬁi B coupled to a

reacti ons may al so be used to funtionalize
d iheteavarpotawand or taddiciesies yiadjiplei o dtuzalisnéthednl peyr mbtively.

AR T SRS i s BB coue

f Wol teNRtd & Rufse BNRaadaidohide lop eRfllidydictidal 8Bves. In
Thi s nmet hodol o is al so applicable to diazaindol es.

Ogengrel, astititedhepzavadgley contapiagiarglariie, bromide, iodide, triflate, or
e I B ST I P e
reactions) or a stannane to provide substituted diazaindoles. Stannanes and boronates
are prepared via standard literature procedures or as described in the experimental
section of this application. The vinyl bromides, chlorides, triflates, or phosphonates
may undergo metal mediated coupling to provide compounds of formula W-H. Stille
or Suzuki couplings are particularly useful. A detailed discussion of the references
and best conditions for these kinds of metal mediated coupling is described later in
this application where the discussion is combined with a description of how these
types of reactions may also be used to funtionalize diazaindoles. In additions,
applications incorporated in their entirety elsewhere in this application contain
methods for preparing heteroaryls from funtional groups appended to indoles and

azaindoles. This methodology is also applicable to diazaindoles.

One potential method for preparing the 5,6-diazaindoles QCOOR is shown in
Scheme D.
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Step L

R is as defined in step J

Step H. A TMS-isocyanide would be reacted with an acid fluoride in the
presence of a dialkyl acetylene dicarboxylate to form a substituted pyrrole. For
representative examples see: Livinghouse, T.; Smith, R.; J. Chem. Soc, Chem.
Commun 1983, 5,210. In a typical procedure, trimethylsilylmethyl isocyanide
(generated from the lithiation of methyl isocyanide, followed by silylation with
TMSCI) would be stirred with an aryl acid fluoride and dimethyl
acetylenedicarboxylate in toluene at 80° C. After a standard workup a functionalized

pyrrole where R!is hydrogen and R’ is aryl would be realized.

Step 1. A mixture of the keto-diester-pyrrole and hydrazine
dihydrochloride in ethanol heated at reflux should result in the formation of the
desired 4-hydroxyl-5,6-diazaindole. Alternatively, the keto-diester-pyrrole,
hydrazine hydrate and a catalytic amount of p-toluenesulfonic acid could be heated to
reflux in toluene or benzene in the presence of a Dean-Stark trap and upon

dehydration, the desired 4-hydroxyl-5,6-diazaindole should form.

Step J, Step K and Step L. A 4-hydroxyl-5,6-diazaindole intermediate
could be converted to the intermediates in which R? is modified by direct
functionalization of the hydroxyl group or by conversion of the hydroxyl group to a

leaving group (halogen or triflate) followed by nucleophilic displdcement or a metal
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R is as defined in step J

As shown in Scheme DD pyrrole 2,3 di-carboxylic ethyl ester prepared as in
either of the following two references: Roeder, Erhard; Wiedenfeld, Helmut;
Bourauel, Thomas. Synthesis of ethyl 2, 3-bis(ethoxycarbonyl)-1H-pyrrole-1-
propionate. Liebigs Annalen der Chemie (1987), (12), 1117-19. and Swan, George
A.; Waggott, A. Chemistry of melanins. VI Syntheses of 3-carboxypyrrole-2-acetic
acid, 3,5-dicarboxypyrrole-2-acetic acid, and related compounds, Journal of the
Chemical Society [Section] C: Organic (1970), (2), 285-90. could be reacted with
hydrazine in ethanol between RT and reflux to provide the cyclized product of step
DDI1. Reaction with phosphoryl chloride (2.2 to 5 equivalents should provide the
dichloride as shown in step DD2. In step DD3, selective reaction of the C-7 chloride

could occur by using benzyl alcohol and triethylamine in a cosolvent such as THF.

In step DD4, the 4-chloro group might then be displaced with sodium or potassium
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PCT Int. Appl. (2003), 99 pp. WO 2003068244A1 Mekouar, Khalid; Deziel, Robert;
Mounir, Samir; Iyer, Radhakrishnan P. Preparation of 7-deaza L-nucleosides as
antiviral agents against the hepatitis B virus. PCT Int. Appl. (2003), WO
2003055896A2 Carroll, Steven S.; Lafemina, Robert L.; Hall, Dawn L.;
Himmelberger, Amy L.; Kuo, Lawrence C.; Maccoss, Malcolm; Olsen, David B.;
Rutkowski, Carrie A.; Tomassini, Joanne E.; An, Haoyun; Bhat, Balkrishen; Bhat,
Neelima; Cook, Phillip Dan; Eldrup, Anne B.; Guinosso, Charles J.; Prhavc, Marija;
Prakash, Thazha P. Preparation of nucleoside derivatives as inhibitors of RNA-
dependent RNA viral polymerase. PCT Int. Appl. (2002), 235 pp. CODEN: PIXXD2
WO 2002057425A2 Carroll, Steven S.; Maccoss, Malcolm; Olsen, David B.; Bhat,
Balkrishen; Bhat, Neelima; Cook, Phillip Dan; Eldrup, Anne B.; Prakash, Thazha P.;
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Firestein, Gary Steven; Ugarkar, Bheemarao Ganapatrao; Miller, Leonard Paul;
Gruber, Harry Edward; Bullough, David Andrew; Erion, Mark David; Castellino,
Angelo John. Preparation of adenosine kinase-inhibiting purine nucleoside analogs

as antiinflammatory agents. PCT Int. Appl. WO 9417803A1.
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Bullough, David A.; Erion, Mark D.; Castellino, Angelo. Adenosine kinase
inhibitors. Eur. Pat. Appl. EP 496617 Al.

Step N.  Nucleophilic or metal catalyzed substitution of the 4-chloro-5,7-

diazaindole will yield the R? substituents of claim 1.
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Step O.  Conversion of a specific 3H-diazaindole to the depicted ketoacid
might be accomplished via several methods. Method a for step O: One successful
method has been to use Fridel-Crafts acylation conditions mediated by an ionic
liquid. In particular the ionic liquid 1-alkyl-3-alkylimidazolium chloroaluminate is
generally useful in promoting the Friedel-Crafts type acylation and does work with
some diazainoles. The ionic liquid is generated by mixing 1-alkyl-3-
alkylimidazolium chloride with aluminium chloride at room temperature with
vigorous stirring. 1:2 or 1:3 molar ratio of 1—alkyl—3-alkylimidazoulium chloride to
aluminium chloride is preferred. One particular useful imidazolium chloroaluminate
for the acylation of diazaindoles with methyl or ethyl chlorooxoacetate would be the
1-ethyl-3-methylimidazolium chloroaluminate. The reaction would typically be
performed at ambient temperature and the diazaindoleglyoxyl ester would be
expected to be isolated. The resulting ester could then be hydrolyzed using the
hydrolysis methods for Step O described below.

More conveniently, it is probable that the glyoxyl ester could be hydrolyzed
in situ at ambient temperature upon prolonged reaction time (typically overnight) to

give the corresponding glyoxyl acid which would be ready for amide formation,
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Step O method B. The diazaindole could be treated with a Grignard reagent
such as MeMgl (methyl magnesium iodide), methyl magnesium bromide or ethyl
magnesium bromide and then a zinc halide, such as ZnCl; (zinc chloride) or zinc
bromide, followed by the addition of an oxalyl chloride mono ester, such as
CICOCOOMe (methyl chlorooxoacetate) or another ester as above, to afford the
diaza-indole glyoxyl ester. Oxalic acid esters such as methyl oxalate, ethyl oxalate or
as above are used. Aprotic solvents such as CH,Cl,, Et,0, benzene, toluene, DCE,
THF, dioxane or the like could potentially be used alone or in combination for this

sequence.
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extractions. Lewis acid catalysts, such as tin tetrachloride, titanium IV chloride, and
aluminum chloride could be employed with this transformation with aluminum
chloride being most preferred.

Hydrolysis methods for Step O. Hydrolysis of a diazindole keto methyl ester
would afford a potassium salt of the acid product shown as the product for Step O in
Scheme F and this would then be ready for coupling with amines as shown in the
next step. Acidification during workup, typically with aqueous HCI would provide
the acid products from Step O as shown. Some typical conditions employ methanolic
or ethanolic sodium hydroxide followed by careful acidification with aqueous
hydrochloric acid of varying molarity but 1M HCl is preferred. The acidification is
not utilized in many cases as described above for the preferred conditions. Lithium

hydroxide or potassium hydroxide could also be employed and varying amounts of
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ahmipeidindsoe pipepeies Liiog asieiler eAstendasd haidebondwiipegtide bond
agrpeous extract| ons. Lewis acid catal ys such as tin

PR COVIIg re48enbin | T A0V BB 2@ (DGHH o Scheme F
C rHo‘ﬁl’d‘ B@ecoﬁgﬂéh ‘3\/1@1%1@1@3& ‘E*Ltd%& nglgfsﬁkﬁdetd'r gﬁfﬂ&aﬁ'-?'?lsmg

al um hum chlori d |ng t pree

hlydarmdﬂb@ﬁ!b@q)eﬁbde Bvmehformbheiraviplisg seagénta, The combination of
R YN LA TN

| ehRGBRIR cbuldd dilliz&d m%gpme& chﬁeﬂc%@gbing féra%é?xﬁél flchng PyBop
with am nes as shown in the next step. Acidification

dwoukipeisilizeh, Angtbpicuseiny cwmlmgaqmédw@ qﬂmloyeddMU (L.A. Carpino
P SR 0 Bl L HE TSR Y SD D P chem. sx.

soidiogm Iisyld5e-1ds3 1ol gm@eal byoseanef fak uﬁﬁg eHid tempért@NAcid (leq)
th aqueous .g/qoclrochl oric acid _of vary g mol arity but

20\ agdyH-Ycordi-ay &y HGtsalt 4250 iin DMF ,agpnsqr@ at rt for between 1 hand 2
days. HATU (2eq) is added in one portion and then DMAP(3eq). The reaction could

be stirred at rt for 2 to 15h (reaction progress monitored by standard methods ie TLC,
LC/MS). The mixture is filtered through filter paper to collect the solid. The filtrate
is concentrated and water is added. The mixture is filtered againoand the solid is

25  washed with water. The solid is conbined and washed with water. Many reagents for
amide bond couplings are known by an organic chemist skilled in the art and nearly

all of these are applicable for realizing coupled amide products.

DEPBT (3-(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-one) and N, N-
30 diisopropylethylamine, commonly known as Hunig’s base, represents another
efficient method to form the amide bond (step P). DEPBT is either purchased from
Adrich or prepared according to the procedure of Ref. 28, Li, H.; Jiang, X.; Ye, Y.-

(&}
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of wat er coul d be added to the Icohols. Pr opanol s or
but anol s could al so be used ag solvents El evat ed

i B Gt e 1 Catpeh o SRR oD%o T 0o Topisaly an
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out in a non polar solvent such as or THF in
the presence of Triton B. Terrperatures of - 78 Cto

E 28 ?;o :1&1' %gjég er ptedOC%fnﬁt} ﬂcglroﬁ gea\é d?]% gﬁé q%gcra%g%%%( using ltlhe preferred

hyeefiditiysd Gesatised abst€dhd PDCabediebmed Sskridbd beth) othbi Soupling
reference and many of the conditions for ester

hyarEHgas desarikedyip |t1|1ls RPIJRALI@IL OF plésmati cely by apply igethe Rppditions or
' Qo%ﬁgqﬁmﬁgeﬁétﬁp ax?ldemﬁd %8%391991{&1 lchBe(?ﬁ”l ﬂcg%XratPe% ar%)gélcatlons

cou functionalrze plper I'nes or

ufbng)natrmnnmbelf suistiitea rsdar Rls @mﬁkﬂesbmn aizadindoeptIones dpecidic

for coupl | reagent s e1 acid internedi ate
Eﬁéﬁw@P a4 ﬁ%“ﬁhﬁﬁ BPFABRY-coupl ed with either

a substltuted pi perazine or piperidine, HY using

standard am de bond or peptide bond form ng coupling

r eagent/SterMativelyotheiait ookl loef coRDACdd 0k toethyl byterarsingeexcass

SHAPRGFL PO 0, BB S b A e
cqwmhmwmﬂ@agmrﬁleaiaﬁéﬂaﬁ PyBapnePuhddder vl Lf-qqs formed by
Anot her _useful coupling condition errpIHﬁs HATU

Cé?aﬁﬁlﬁg) He¥ wigh lithiunchistrsyeylsiCAardedmh HE 6540 rzumrezos an ice
et it §oai SR ag 86 5 Y e comed iy and

r eﬂﬂgem ifaddifonal rédcdaity BridsirtdY @tlerHsW,rB@ﬁchzts eh:l@rl p@nfyl or
(2e in DVF are sglrred at rt for between 1 and
ey tygropims Eegund be e Tod ol Rsormon taind oo
~The reaction could be stirred at rt for 2
to 15h (réaction progress nonitored by standard
met hods ie TLC, LC/MS). The mxture is filtered

ol et REREH e85l 1R, 38 en s vt
MicKlowitle i & sdliédt 8h@rthsagabdhedn thibhie chielidd é1§1e¥‘@e‘h|i:‘ §chﬁtilﬁ1ng a
water. The solid is conbined and washed with water.
Meaiplyseagaperf of BIME. Temperatures between O°C and reflux may be utilized
depending on the substrate. Compounds of Formula I can be obtained from the
resultant compounds of formula Z-C(O)(O)Cl by reaction with the appropriate H-Y
in the presence of a tertiary amine (3-10 eq.) such as triethylamine or
diisopropylethylamine in an anhydrous aprotic solvent such as dichloromethane,
dichloroethane, diethyl ether, dioxane, THF, acetonitrile, DMF or the like at
temperatures ranging from 0°C to reflux. Most preferred are dichloromethane,
dichloroethane, or THF. The reaction can be monitored by LC/MS. The 3H-
diazaindoles may also be prepared under Bartoli or ILiemgruber-Batchko reaction
conditions as shown in schemeG. Conditions for carrying out these reactions were

contained in the incorporated patent applications.
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(3-(di et hoxyphosphoryl oxy) -1, %93- benzotri azi n-4(3#)-on
e) and N Ndii sopropyl et hyI arri ne, commonly known as

Huni g' as resent ficient thod to

formt oktgmle*(ar ngwoiegt %ﬁégpwggéymgfmrt&en to represent
pun@quq@evdngg}@mﬁdrr ch or prepared accordi ng to the
procedure of Ref. Li, H; J| ang, X.: Ye, -

Fan, C ; Ronoff, .; odrran ic Lett 99

[ 3. Ty |caI i rt soI ve N uch as
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The am de bond constructi reactr on be ca ie

out using the preferred c ndi tions d crlbed above,

t he ndi ti ons de ed bel ow, ther coupl i ng
c o dedd¥9sBEE i n rth\l sNappl i catTpny, or TN
al ternatipely by applyingFthy condi Nor ¢

reagents for am de bond canhstruction desribed in H
i ncorporated applications fQp.se@struction of
substituents R2-R5 on indoles or azai ndol es. Sone

specific nonlim ti Bexan'pl es are given in this
pI| hon. Altern |v,el_y e\aci d could be
c e h a rmgkhyl este i1g excess di azonet hane

in TH ot hep? Toep et hyl ester iHh dry THF coul d be
reacted with the lithi umarride of internmedi ate HY.

The l'ithiumamde of HY, Li- formed by reacting
HY with lithiumbistrinmethy \s\IMIamH;de in THFE for 30
mi nut an_J_ge,vvatqer_ i ng_ bat th/e;er um
potas g‘s coul N si g Iy a -
utilized i f addi i onal react|V|ty S 8es|red G h eHr

esters such as ethyl, phenyl, or pentafl uorophenyl
Coukd=pe utilized and woul dbe f or med usi ng standard
met hodol ogy. In addition, the acid can be converted to
the acid chloride using oxalyl chloride in a sol vent

Such LTS BN, LA B IR S dinar

b et temmaetlie,Giathc weéﬁkmwnrﬁytoh&emudm mGﬂlldepmlyﬁmﬁgnesmm bromide

¥ Eeeﬁqsstj\?St A greyl opf?er{gggrgfj nitro ngL%rsn% t%rm a fa ne r%%m ere InTt?c()jgen
containing ring as shown. Some references for the above transformation to form an
indole ring include: Bartoli et al. a) Tetrahedron Lett. 1989, 30, 2129. b) J. Chem.
Soc. Perkin Trans. 1 1991, 2757. ¢) J. Chem. Soc. Perkin Trans. 11 1991, 657. )
SynLett (1999), 1594. In the preferred procedure, which could be applied to
diazaindole synthesis, a solution of vinyl Magnesium bromide in THF (typically
1.0M but from 0.25 to 3.0M) is added dropwise to a solution of the nitro pyridine in
THF at -78° under an inert atmosphere of either nitrogen or Argon. After addition is
completed, the reaction temperature is allowed to warm to -20° and then is stirred for
approximately 12h before quenching with 20% aq ammonium chloride solution. The
reaction is extracted with ethyl acetate and then worked up in a typical manner using
a drying agent such as anhydrous magnesium sulfate or sodium sulfate. Products are

generally purified using chromatography over Silica gel. Best results are generally
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di i sopropyl ethyl am ne in an anpydrous aprotic sol vent
such as di chl oromet hane, di chl’oroet hane, di et hyl
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3Hdi azai ndol es may al so be prepared under Bartoli or
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schemeG 4fndi HeBHOT I daliogmamids dasthyl ageie i inert
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applications. Note: For the purposes of vity .
f oPosighe e ephprsionipsequesionrd3t & shepme st mypitdl eofiditibowionlyl employ

s anEP R 2N r rer ttss | o r . oor

O R lh et LSS JE TR B8t Q1O the sep

ScisenticifatédNoTbrkSs §Rowd, e plrREAEmRY béNxkized to the N-oxide prior to
the reaction using a peracid such as MCPBA or a more potent oxidant like meta-

trifluoromethyl or meta nitro peroxy benzoic acids.

Step S. Reduction of the nitro group using for example hydrogenation
over Pt on /C catalyst in a solvent such as MeOH, EtOH, or EtOAc could provide the
cyclized product. Generally only a slight positive pressure of hydrogen would be
required (a stream) but higher pressures may be needed (1.5 atm). Alternatively the
reduction may be carried out using tin dichloride and HCI, hydrogenation over Raney
nickel or other catalysts, or by using other methods for nitro reduction such as

described elsewhere in this application.

Another possible method for preparation of 5,6-diazaindoles is shown in

scheme H.

Scheme H
N \|;\| @ Step T li\ll A N\ 1
N__N + N R! oxid. N__~ N R
\‘/5 H H ©
R R

Step T. 1,2,3,4-Tetrazines have been shown to react with pyrrole and
substituted pyrroles to form 5,6-diazaindole products. This reaction proceeds
through a [4+2]-cycloaddition followed by a retro-[4+2]-cycloaddition to release
nitrogen gas and a subsequent oxidation to establish aromaticity. For representative

examples see: Seitz, Z.; Kaempchen, T.; Arch. Pharm. 1978, 311, 728. Takahashi,
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depicts a potential synthesis of a diazaindole
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whi ch vinyl magnesi um brom de ieacts with an aryl or
heteroaryl nitro groups, to fg m a five-nmenbered

t N BBB0 T Referuh At h g iy et Fatsh &9y | T Benson, 5. C;

| IPaldbgies, cB@( t Shllyde?tl Rl J. @ E8LH.aDesl 9D, Aqit Gol{%ﬁ@z 13@ Lobo-
2129. ) . Chem Soc. Pérkin Trans. 1 1991, 275

| Ant@rsnd; Pseeg-Laveidei Iy, Sadars, L, Urdge, E.6Bmthesy 23921,L4et4t75 478
(1999), 1594. In the preferred procedure, which could

be applied to diazaindole synthesis, a solution of
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0.25 to 3.0 is added drop wise to a solution of the
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ofgs¢i ther nitrogen or Argon. After addition is

conpl eted, the reaction tenperature is allowed to warm

to -20 and then is stirred for approxi mately 12h

bef ore quenching with 29%0 ag amoni um chl ori de

sol ution. The reaction T8°®%tracted with ethyl acetate

and then worked up in a typical manner using a drying
agent ®¥8ch as anhydrous omrgnesi um sul fat e OI‘OM?eOdI um

suf’ . Pro®eets are g %Eer,@l,l y Qs {/f i edous;
chrgpat gr aphy over SﬁNlc gél_—BééL_Lesuﬂﬂ é¥/°Et
generg I'yachi eved usi shly prepared W

Magnegi um brom de. I n sone cases, Vinyl Magnesi um
chl ori de nayMQ supst ptut ed for vinyl Magnesi um

bropi de, Step a€tion with dimetMyofor pani dg

dlﬂg%ﬂiL*acemgh an i per t>¥8Kvent or t jundgr
conditions for
woul d provide t
A typical condition would enploy 20@6DWF dlnet y
acetal in DVF heated to 105-1 O degrees C. Although

t he st is a ICI atedt wor k as sh the pyrijdine
may be%g%? @i ze flﬁ%ml%%vﬁé\l sﬁ%’f\’v? tlﬁlé‘amég%ﬂ%ﬁed and the
U%s‘ﬂﬁm% 6 Qﬁiug tﬁ’éﬁ:\boﬂ§ bé@ﬂﬁ@ecpﬁnc?er P82l VoRfi oﬂg({odﬁpﬁnnne

ke metatrifluoronethyl or nmeta nitro peroxy benzo
aa'hd chloro would then be removed under hydrogentation conditions. Altematlvely,

the chloro could remain in the molecule and be carried through the subsequent steps.
This should allow for the formation of a 4-chloro-5,6-diazaindole. The chloro could
then be converted to a methoxy or an amino group by nucleophilic displacement or
copper catalyzed assisted coupling. This would result in an intermediate that could
be converted to molecules claimed within this application via previously described

amide bond coupling.

Step V. The amine could then be functionalized with ethyl orthoformate
under acidic conditions to form an ethoxyimine. In a typical procedure the amine and
triethyl orthoformate were dissolved into a solution of DMF and ethanol that had

been adjusted to pH 1 with anhydrous hydrogen chloride. The reaction was then
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Z.; Kaenpchen, T.; Arch. Pharm 1978, 311, 728.
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Japan 1 enson, S. , Palabrica, C A
Snyaker conditioks to arfveat Bk 8mxod@8ite-552diad@indole GIaLamme the molecules

. C : Lobo- An N N -Lourido, P,:. S
L. of tbis daie f@c%igai?ﬁ%gﬁpgraé% 5 pperionsyeagld e o the ester
%o gﬁ&@h%dﬁﬁﬁﬁ%ﬁﬁ@ﬁoﬁ RPN ons 6 THisawabAUhemeishbuld also

allow for the preparation of other 5,6-diazaindole intermediates with different R? and
15 R’ substituents by displacement or coupling to the chloro or displacement of the

methoxy at some point in the sequence.

Preparations of functionalized piperazines and piperidines are described later in the

application.
20
Scheme 15 v
0 0 Step F15 o 0
R v pd (0)
3 _N Y
~ R3 N
l}/ \ R1 R4an3 T =~ \ R1
= N or N~ ~N
LG Bs R4B(OH), L B
LG = C, Br, I, OTf, OPO(Oalkyl),
25 Step F15

As shown above in Scheme 15, Step F15, substituted diazaindoles containing
a chloride, bromide, iodide, triflate, or phosphonate could undergo coupling reactions

with a boronate (Suzuki type reactions) or a stannane to provide substituted
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oxoacetate is shown in Schene | (Cook, P. D.; Castle,
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assi sted coup Iln%t This would result in an

i Apdiere aarmdenga S illatiyee wePkivnyEh helgronty isneaass ag shown in
I |
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t henthbe dxample ofeadriczed) Rrinh, ‘él; Rysth GrP. hBéoasﬂtmﬁeancaﬁlﬁfthle Stille
i di, diti to f oxyi m ne Inatyplca
R N TR R
diszse! wed THRiIR ré@tl%' q@eawgva?q 199Na50l_Esmtndiafisiille, 5.

been adjusted to pH anhydrous hydrogen
c . ayrigee. C}Tm Ine &dt Emgf % Eheﬁr@ﬁé@ﬂe Other mﬁﬁreﬂg@@ f@ general

FoPRaTIesRTHO e G Pl ElRkP R EEE Tk Lot hsive
&lie Tadnsitmafiodstdrmt. 1Y, golW il kh@BRMs 6w York. All of

t esgtréfgrgnxmestprowde numerous conditions at the disposal of those skilled in the
art in addition to the specific examples provided in Scheme 15 and in the specific
embodiments. It can be well recognized that an diazaindole stannane could also
couple to a heterocyclic or aryl halide or triflate to construct compounds of Formula
I. Suzuki coupling (Norio Miyaura and Akiro Suzuki Chesn Rev. 1995, 95, 2457.)
between a triflate, bromo, or chloro diazaindole intermediate and a suitable boronate
could also be employed and some specific examples are contained in this application.
Palladium catalyzed couplings of stannanes and boronates between chloro
diazaindole intermediates are also feasible and have been wutilized extensively for this
invention. Preferred procedures for coupling of a chloro diazaindole and a stannane
employ dioxane, stoichiometric or an excess of the tin reagent (up to 5 equivalents),
0.1to 1 eq of Palladium (0) tetrakis triphenyl phosphine in dioxane heated for 5 to 15
h at 110 to 120°. Other solvents such as DMF, THF, toluerne, or benzene could be
employed. Preferred procedures for Suzuki coupling of a chloro diazaindole and a
boronate employ 1:1 DMF water as solvent, 2 equivalents of potassium carbonate as
base stoichiometric or an excess of the boron reagent (up to 5 equivalents), 0.1 to 1
eq of Palladium (0) tetrakis triphenyl phosphine heated for 5 to 15 h at 110 to 120°.
Some references (and the references therein) describing catalysts which are useful for

coupling with aryl and heteroaryl chlorides are:
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het er o&noeyoir@rateosr stannane agents could be either purchased from
commercial resources or prepared following disclosed documents. Additional

examples for the preparation of tin reagents or boronate reagents are contained in the
experimental section. ©
20

Novel stannane agents could be prepared from one of the following routes.

Scheme Tin-01

Base R;SnCl
Ring Aromatic—H —_—
Solvent

Ring Aromatic—SnBug

Base = LDA, TMP-Li, n-Buli, S-Buli, t-BuLi

Solvent = THF, ether, DME

25 R = Me, Bu
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stannanes and boronates between chloro di azai ndol e

- intermedi ates are al so fgashbleupndndtapmebeen utilized
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15

20

extensively for this invention. Preferred procedures
for coupling of a chl orq._}g' ezglil ndol e and a stannane
enpl oy di oxane, stoichionetric or an excess of the tin
reagent (up to 5 equivalents), 0.1 to 1 eq of

Pal | adi um (0) tetrakis trighapytiglposphi ne in di oxane
heated for 5 to 15 h at 0 to 120. O her solvents such
as DMF, THF, toluene, or benzene coul d be enpl oyed.
Preferred procedures for SuzelEn-@xaypling of a chloro
di azai ndokigy Adthai-bmy@Na0E enploy 1 1 Ridy ANHdtt—FhBu,
solvent, 2 equivalents o f podagsitum carbonate as base
stoichionetric or an excess oﬁ;dt((lg)e boron reagent (up
to 5 equivalents), 0.1 to 1

Solvent = Dioxane, Toluene

R = Me, Bu



eq of Palladium (0) tetrakis triphenyl phosphine
heated for 5 to 15 h at 110 to 120. Sone references

w@ 2vd/0542¢7 r ef er ences therein) descri bi ng cat al pGI/BS2004/037213
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whi ch are useful for coupli ngﬁnth aryl and heteroaryl
chlorides are:Littke, A F. [ ; Fu, G C J. Am
Chem Soc. 2000, 122(17), 4020- 40 8; Varma, R S.;

Nai cker, K. P. Tetrahedron 28" o0, 40(3), 439-442:
Wallow, T. L; Novak, B.M J. Og. Chem 1994 59(17)
5034-7; Buchvvald S.; dd, DD W; Wlfe,

Pa}gmmiﬁic\ ; KMK Basgh| effll\romzﬁ(c S?dl gromaﬁcz
o er ' Sd?ventPCT

ZOO(BaSnV\bI fe J. H?Srr Bucl*g@{ %h” LRaS'Angew Chen'?sS" | nt®
Ed. 1999, 38(23) 3415; P. ; Singer, R A ;
Yang, B. H.; Buchvval Chem Soc. 1999,

121(41), 9550- GEbers %Lfé‘, e il oS L
Angew. Chem, Int. . 1999, 38(16), 2413-2416;
Bracher, F.; HSPiRebt @help TH thm@‘tf i gs Ann. Chem 1992,
12, 1315-1319; pangd, d acher, F.; Hildebrand, D.;

Li ebigs Ann. Chem 1993, 8, 837-839. Alter natlvely,

t he boronate oPaFgm% L@émzﬁoap‘%we?ﬁ”r ally be formed
on the diazai ngo € via methods known in the art and
the coupling perfornmed in the reverse nmanner with aryl

bor ona b8 PP SHIA e BGSAEL 1 BuretbBLngr bRas fhr eacinn of

f [1%@%?%' red RERUIEEEIaDEy] BBl%Fé@rg%?erﬁtgé i)&%z&gs Alternatively,
di scl osed cunents. Additional exanples

pPaliadivn catalysed @qq@hngea@feqhk@cycdib@om onakg dlbczrgle m:ageatsemth aryl

t
SO0k AR LS PR T S 5 e Sl TP s
r Sonlne sxarfyplb eoRdiffom-f0d cRgsiag R handd with GEFEB@M%ﬁ Htilize PACI2
ng Aromatic- SnBu Sol vent Base = LDA

n(mﬂr KODA@IANISOy at P until reaction is complete when followed by TLC or
HPLC analysis.

Related examples are provided in the following experimental section.

Methods for direct addition of aryl or heteroaryl organometallic reagents to
alpha chloro nitrogen containing heterocyles or the N-oxides of nitro gen containing
heterocycles are known and applicable to the diazaindoles. Some examples are
Shiotani et. Al. J. Heterocyclic Chem. 1997, 34(3), 901-907; Fosrmigue et.al. J.Org.
Chem. 1991, 56(16), 4858-4864.



Sol vent THF, ether, DIVIE R = Me, BuSchene Tin-02 Base
R-,SnCl Ring A°romatic- Br, Ring Aromatic - Sol vent

w®@awe/os4247 BuLi, S-BulLi, t-BulLi Sol vent = THF, BETE82004/037213

10

DIVIE R = Mg, Bu Schenme Tin-03, R SnLi Ring Aromati C -
, d, Br, Rng Aromatic -SnBu Sol vent Sol vent = THF,
ether, DVME R = Mg, Bu Sch oliers94 R Sn-SnR Ring

Aromatic - G, Br, I, orratlc- SnBu Sol vent Pd
(O Solvent = Di oxane, ToI uepe R = | —BuSchene
'Sl'l n- Oéogg_@l—ﬂ Bas@FYmati-eA——/ "So R Sn R Sn R
n x H
K,CO5 145°G R
or R* = NRzRy where
R4=Cl, Br, | copper bronze R* is heteroaryl or amino
and KOH as defined by the invention
o
HNRzRy Cu AN
Clor Br——@]\—j ¥ R 2]
= N N
H K,COq 145°C R H
or R* = NRzRy where R" is heteroatyl or amino as
copper bronze : ; ;
and KOH defined by the invention
~ COoCoyY
CIorBr—@:_/(+ HNRzRy R 2N NI
Z>N H
H K,CO5 145°C
or R* = NRzRy where R* is heteroaryl or amino as
coppet bronze defined by the invention
and KOH
SCHEME 15bb
Q OH
Rx 1 RX—=" 1. MeO,CCOC], AlCl3 F¥~
2N/ N \gm 3 2 3 N o)
N Cu, KOH N" 2. K2003, MeOH N
O, Br,l,orOTt R R H R H
(R®H is a heteroarytor amine
with free N-H)
H
N. O OH
N € _//N N N
= N = 1. MeO,CCOCl, AlCI3 = 0
N, [\ ——— N [ - N /N
N Cu, KOH N 2. K»,CO3, MeOH N
Ci N N
H P N H P N H
N7 N~7

Proposed example

Direct displacements to install amine or N linked heteroaryl substituents
could also be used to prepare compounds of Formula I As shown in Schemes 15aa
and 15bb, a mixture of halo-diazaindole intermediate, 1-2 equivalents of copper

powder; 1-2 equivalents of potassium carbonate, and a 2-30 equivalents of the



El ectrophiles E = Electrophile R -halide, R COCl, R
OCOCl, R R NCOClI, RSO C, R NCO R NSO R NCNR'

woelosem4E CH Cl , THF, Ether, DIVIF R ss M, BUI/Baxe4/637213
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NaH, BuLi, LDA, K CO, Et N, U, DMAP, NaHMDS

Boronate reagents are prepared-as described in

reference. 7 .. Reaction of ljthium.or Gignard reagents

Wi R I B SR G EagRtay ik A0 byt Bifterred: was Heated at 135-
Al1epr@ gl ¥ & Inouk@! Tirdesinonahidbye 6ds 8&%‘&& {0188 M KR and

di boron or al kyl diboron reagents wth aryl or

h éﬂ@r@hﬂhydughéﬂiiedp@ec afhefibmiccheasdituet wihgeriianof i pusified

in. ki t . S exanpl e conditions for

1:26&5?% NPrEpHaR P oh ke 89 e me@?gaﬁ% PP FploriaiRgtaphy is
( GRBEshary KB GrodabRen RIobBEdd Byt dtalliRfohi vifh inStaRIP! et e
when folyf owed by TLC or HPLC anal ysis. Rel ated

exanpl es are provided in the follow ng experinental
section thods .for .dir.ect .additiopn .of | or

et er oa PG ivdbisfl 4R e Ak S bRy iefhklentirgs gud be
Nicafrt@esut 69 AbaingiIng 40y eivar)is@s (R apbRfridkeOhide Snddn equivalent
nitrogen containi ng heterocycles are known and

appthecEmpreTia dineinfiole dileiis Bomidoriogidavpfeeopasidronze (from
S A0l b B0 3018 s o
4 3b8ly AderBEHpMashiia &y diky i AU Pre@raldy aBout ANIQuitalemtsyd H K
CTlf:Arhslagratures of 120° to 200° might be employed with 140-160° generally preferred.
For volatile starting materials a sealed reactor may be employed. OThe reaction would
most often be applicable when the halogen being displaced is at the 7-position of a
diazaindole but the method could work when the halogen is at a different position (4-
7 position possible). As shown above the reaction could be employed on
diazaindoles unsubstituted at position 3 or intermediates which contain the

dicarbonyl or the intact dicarbonyl piperazine urea or thioureas contained in

compounds of formula I.

SCHEME 16
RsYN
I T N\ r! 1)sec Buli Rq N
N__= - ~
WI"}v 2) DMF \,’\,‘/ SR’
R H Z N
\
R® = Br, | or cHo ' 45
Ra N 1) DIBALH, hexane T3~ ~Ny
il N Ry ’ \H/ N R;
N _~ N N~ N
\ \
cn H 44 CHO H

A possible preparation of a key aldehyde intermediate, 43‘3 using a procedure

adapted from the method of Gilmore et. Al. Synlett 1992, 79-80 is shown in Scheme



or R = NRzRy where R =, Br, copper bronze Ris
het broaryl or am no and KOH as defined by the
w0 pooss42en HNRzRy Cu C or Br K CO 145 C or R BCTNBERRY4/037213
where R is heteroaryl or am n9 as copper bronze
defl ned by the invention and COCOY COCOY d or

ndP aPBYy |G 6‘1%%&485&%@1.15%? aFf 3 BRARCRD B9 ke of
' %Yeﬁﬁir 'aﬁﬂ sﬁ’cﬂﬂ!d Me%@hﬁw&e& %@Q hnn&@@% @%‘m@ﬂ@d@log@ The

Br or
hé)(f@mgig.oqugindeamenge@wtphwcfuﬂ(ébe perferted 1nto an aldehydc intermediate,

43, by metal-halogen exchange and subsequent reaction with dimethylformamide in
5  an appropriate aprotic solvent. Typical bases used could include, but would not be

limited to, alkyl lithium bases such as n-butyl lithium, sec butyl lithium or tert butyl
lithium or a metal such as lithinm metal. A preferred aprotic solvent is THF.
Typically the transmetallation would be initiated at —78 °C and allowed to react with
dimethylformamide (allowing the reaction to warm may be required to enable

10 complete reaction) to provide an aldehyde which is elaborated to compounds of
Formula I. Other methods for introduction of an aldehyde group to form
intermediates of formula 43 include transition metal catalyzed carbonylation

reactions of suitable bromo, trifluoromethane sulfonyl, or stannyl diazaindoles.

15 As shown in Scheme 52, the pieces HW-R'® can be prepared by a number of
| different methods. One useful way is by reacting a mono protected piperazine with a

heteroaryl chloride, bromide, iodide, or triflate. This reaction is typically carried out
at elevated temperature (50 to 250 degrees celsius) in a solvent such as ethylene
glycol, DME, dioxane, NMP, or DMF. A tertiary amine base such as triethyl amide

20  or diisopropyl ethyl amine is typically employed and usually 2 to 4 equivalents are
employed. At least 2 equivalents are used if a salt of HW R is utilized. The
piperazine is typically monoprotected with a BOC group since this material is
commercially available. Removal of the Boc group is typically done using HCI
(typically 1 to 6N) in dioxane to provide the HCI salt. TFA may also be used to

25  generate the TFA salt. Alternatively, the conditions for coupling heterocycles using
copper catalysis discussed earlier in Scheme 12 may be used to couple W to R!® via
displacement of X in X- R'. Alternatively Palladium catalysis in the presence of a
bidentate catalyst via the procedures of Buchwald or the use of adferrocenyl catalyst

via the methods of Hartwig could be used to couple the piperazine to the heteroaryl
30 R'™).



. MO CCOCl AICT - ir \ Cu, KOH/ N2 . K CO MCH C
H N Proposed exanple Direct displacenents to install

w@eiosesau7 N | i nked heteroaryl substituents couPdI/abmo4/037213

10

be used to prepare conpounds %5 Formula I. As shown in
Schenes 15aa and 15bb, a m xture of hal o-di azai ndol e
intermediate, 1-2 equivaigpts 8f copper powder; 1-2
equi val ents of potassi um carbonate, and a 2-30
equi val ents of thecorrespondi ng heterocyclic reagent,
with 10 equi,valgnts preferree-Wias healed at 138- =14vy
cC®s¥H4 to 9 jtiours. The reaction mixture was cooled to
roomtenperature and filtered through filter paper.
The filtrate was ?il gag wi t iNECHERbI and purdrnidi 2
ei ther by 5ré°d’é?’a"|‘“\i§ BEt'e or silica gel. In rdfya?
cases no chromat ography is necessary, the product can
be obtained by crystallization w, nmet hanol .
Alter?(i vely, ARe installation pf lamines or NTi
het er dar Y's .coul ecartied ot eat1 ng A~ §0
equP¥lient s a

ppr opPilte” am and an\equi v
of the appropriate di azai ndol e chl ori de, b/ Bmi'de o
i odi de with copper bronze (fr'¥fm6¥deto | Oeunf\Seggﬁf;'iT?§
(preferably about 2 equivalents) and from1 td 10
equi val ents of finely pulverized potassi um hydr oxi de
(preferably about 2 equivalents). Tenperatures of 120
to 200 night be enpl oy&Fh@MeS340- 160 general |y
preferred. For volatile starting materials a seal ed
reactor may be enpl oyed. Sf#Preacti on woul d nn%} of ten
be appli cabl egwheff t he hal age ei ng di spl aged;1 s at
the 7-position a diaaaidﬁoﬁg?but t he ne?ﬁbdgﬁouﬁé<;
wor k when the baloﬁ%n is Yt & different position Q-
position possible). AS_shown above the reaction Eéuld
be enpl oyed on di azai REBFES-RIMEEbst it uted at position
3 or internedi ates which pmptain the dicarbonyl or the
i ntact di carbonyl piperazine urea or thioureas
contained in

Step E" o (0] S’[ep Fo o) 0
A YA e
TFA Q W-H X-R18 Q w
CH,Cl,

TEA, THF

X = ~Cl, -Br, -I, or ~-0S(0),CF3 |

Scheme 53 describes how a protected piperazine can be coupled to Q-COOH
via standard methodology. Conditions for removal of the amine protecting group
which could be tBoc or other groups is protecting group specific. As shown in
Scheme 53 where tBoc is the preferred protecting group used to exemplify the
strategy, standard conditions for removal such as TFA in dichloromethane or
alternatively aqueous HCI can provide the free amine. The free amine is coupled to

heteraromatic R'® using the conditions described in Scheme 52 for step F**’”.



conpounds of formula |I. SCHEME 16 1)sec Buli N 2) DW
RS =Br, | or 1) DI BALH hexane CN 44 CHO A possible
w@e@pasasi on of a key al dehyde internedi ate, 4BCT/US1004037213

a procedure adapted fromthe thod of Glnore et. Al.
Synlett 1992, 79-80 is shown Schenmel9 16 above. The

al ehﬁ ubstituent is shown only at one position for

t [ETE% gc%ﬁ”z%l arity, and should not be considered as a
limtation of the nethodol ogy. The brom de or iodide

i nternmedi ate woul d be converted into an al dehyde

i nt er médherhe D14Bscribgs apomible aledgdfoexepaigehancmpounds

o ORREIRT R oS FhERL Bib deftbeTh i (SFPRE S iR cbbeo
5 | msledten. PyticaBuligs RethoBSloby Witk §&:it Best @z'hlélly D ik htghdupWhich

bases such as n-butyl lithium sec butyl lithiumor
t dowerp theIKAjof Hiedyidengens prethgladisgedentmethiytene omietpt Hor example

pr r r.of. vent is THE,. .Typically, th
PEEh LR BE PGB0 ML of T S Y gy comae
alatydweHetb@arye avdietitds bk delcribé iyl Al O e deuldalidomy diler tgh®ps
reaction tqQ warmmay be required to enable conplete
r 8&xcEipgthin ¢lainy L odrepsiderbaggspdfyide Chalehalsscag) bersilzed byt other
t ul a. .. . 0 .
1O o, S Y 2t PG MAtkee b comesponding
i bisoimettylatlplsanaifles auhdidlso BWSutilivetl.ude transiti on net al
cat al yzed carbonyl ati on reactions of suitable brono,
trifluoronmethane sul fonyl, or stannyl diazaindoles. As
S [POMbrh o SNRIBmaBarct.ne pi eces HW¥R 8 can be prepared
by a nunber of different nethods. One useful way is by
reacting a nono protected piperazine with a heteroaryl
15 chloride, bronide, iodideSCotEMABTIate. This reaction
is typically carried out

1) Base, THF

/—U

2) TFA

Note as shown in Scheme D1, the piperazine or piperidine moiety of Y may be
20  substituted as defined by the invention. In the interest of clarity, unsubstituted
piperidines and piperazines are used in the Schemes to keep them readable. It is

understood substituents could be incorporated.

SCHEME EI
25
? D
1) D-Organometallic
A . A
HN 2) TFA HN
D = heteroaryl, aryl, alkyl Intermediate 1

Organometallic = MgBr, Li, CeCI2, ZnBr



at elevated tenperature (50 to 250 degrees celsius) in
a sol vent such as ethylene glycol, DME, dioxane, NWP,

W@rOOBNF24A tertiary am ne base such as tri et hyPCEHDBIHO4/037213
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or diisopropyl ethyl amne isgiypically enployed and
usually 2 to 4 equivalents are enployed. At |east 2

equi val,ents are_ysed [ f salt .of =) NN .

The of desiSvRa sEREGHT ayohbh S retineifis Hpeh i etone
JEAProtidRGR ihiBingediBE Bfili@l all®OxGRIMIEEE Liaddryoes yedtbiebiog and acid
Renoval of the Boc group is typically done using HG )
( piytply(zed ¢lyminatien ®Npr ghegfesitech@oubie bensl i Aaumher gfiergano metallic
salt. TFA I -

A PP TRy ARGy R EARLALE, (1Bl &M couta be
hek&teacy Gdnﬁgeris ste Tgr dpppedtional dieyshine ditsopes fetagpcdseer

in Schene 12 may be used to couple Wto R18 via

di spl acement of X in X- R18. Alternatively Palladi um
catalysis in the pr esencedsqu@A,[gifd]ent ate catalyst via

t he procedures of Buchwal d or the use of a ferrocenyl
catal yst via the nethods of Hartwi g could be used to

coupl e the pi @zine to the heteroaryl (R18).Scheng,
52 - Boc-WIH , 18 Boc- W zHW (t m)1)Basé I nternmedi ate 1
i nt er nefl Xz -d, |-Br, -I—oT—=68t0™CF A

salt) Nr/ ocN BocN i nt®r madi at e2)XFAHCI salt) Sgheng 53
Z = PR3, P(O)Ph,, P(O)(OR),, SiR3, AsR3

Standard olefination conditions such as Wittig, Horner Emmons, Petersen or
Arsenic based could be used to convert the ketone to the desired products. Some
general reviews of this methodology and directions for use are contained in the
following references: Wadsworth, W.S, Jr., in "Organic Reactions", Dauben, W.G.,
Ed., Wiley, New York, 1977, 25, 73. McMurry, J.E. Acct. Chem. Res. 1983, 16,
405. Cushman, M., et al. Bioorg. Med. Chem. 2002, 10, 2807. When Z= triphenyl
phosphine, butyl lithium or LDA could be used to generate the phosphorus ylide in
THF and then the ylide reacted with the ketone ot provide the desired product. The
phosphinate or phosphine oxide based reagents could be used with similar bases or
with sodium or postassium methoxide or ethoxide in the corresponding alcohol

solvents.



Step D Q OH Q DEBPT, (i-Pr) Net DMF Step E1111 Step
F*" >18 TFA W H X-R18 W TEA, THF X = -d, -Br, -I,

woeosQ82@) CF Schene 53 describes how a prot ecP@US2004/037213
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‘i's protecting group speciqu

pi perazi ne can be coupled to SCOO—I via standard

met hodol ogy. Condi tions for £ noval of the am ne

protecting group which coul oc or other groups
"%Eﬁ%sé'fhown in Schene 53

where tBoc is the preferred protecting group used t

exenpl i fyBrt he strategy, standardsrconditions for PPhy
r enov uch asodPA in dichllor gnmet harféhor o QB@
al t ew i vel y ggieous HA° rovi de the fregyanine!
The fregciam ne 1s coupl o 1 heteraromati ousi ng

the conditions described|in Scheme 52 for step F' "

. General Schenes: Schenme DI describes a possible

nmet hod fnor prepari ng tthe conpounds descri bed by HW
where Y] s as d;f)i{?)mg t hergescriptionfnd clai ns of
the invention. JTypically, this—metho AW |1 work
best whgReD i s group whi ch | owers gthe! PKA of the
hydr ogens on N&i/eoadj acecent nethyl ene hoiety. For
exanpl e cyano, isul fonyl, ani do and t hgermbdife @S
specified in the claim A preferably could be aryl or
heteroaryl noieties as described in claiml. A could
al so be other groups SCHEME H1

O/\A 1) X-Y, base
OY N 2) TFA ’ ‘Q/L A _
)
\l/ X-Y = Br-Br, I-Cl, NBS, NCS, NIS X =1, Br, Cl D-Metal
. A
o7

Pd or Ni
o oTf catalyst

T,0
A — - = A
HN HN

Metal = SnR3, B(OH),, AIR,, MgBr, and alike

As shown above in Scheme H1, a chloride, bromide, iodide, triflate, or
phosphonate undergo coupling reactions with a boronate (Suzuki type reactions).
Stannanes and boronates are prepared via standard literature procedures or as
described in the experimental section of this application. The vinyl bromides,
chlorides, triflates , or phosphonates may undergo metal mediated coupling to
provide compounds of formula W-H. Stille or Suzuki couplings are particularly
useful. A detailed discussion of the references and best conditions for these kinds of
metal mediated coupling is described later in this application where the discussion is
combined with a description of how these types of reactions may aslo be used to

funtionalize diazaindoles.



described in claim1. Al koxide bases of d to 4
al cohol s can be util zed but other bases such as

wo paokiosury7 sodi um  or potassium di al kyl am des PCT/Uk®04/037213
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correspondi ng bistrinethyl sil % am des could al so be
utilized. Preparation of inte fredi at es: SCHEI\/E D 11

1) Base, . JHF 16 + 2) TFA 16 + HY Note as shown in
SZ:herre pivher AL ’Splfeﬁé%’%szﬁ@l’gr”z‘ﬁfF’ﬁ% a8 FRIRE@ D avatlable
may be substltuted as defined by the invention. In the
interest of clarity, unsubsséﬁég () pi peridines and

pi perazines are used in the enes to keep them
readabl e. It _jis _understood substituents could be

i ncor por at &d.. EVEH, 1)DDOr ic Ao - 2) TFA
D = hetegoaryl! aryl, 193” 8?%?&

Or gano taIIic.:.IVI H ABF A5~ sho n/Alr
Sche 0 addition of an or gaforét al i ¢ reagem

- ketone fan provide an internmediate tertiary al koxi de

whi ch under goes protonation and acid catal yzed
elimnation to formthe desired doubl e bond. A nunber
of or gammnmﬁtzalsz the compo@ils Sy -tioedutt sotéiitiatie baifaregﬁw&rmbufefm

BT DS 4Fis Rho g okt gheaterbiemearis maeria

n 'cﬁﬂ BOBRpAEd FRRYMERSWHitig methylenation of the precursor ketone which is
prepared via literature methods. The olefin metathesis is preferably carried out using
1% of the imadazoylidene ruthenium benzylidene catalyst described in the following
reference. The reaction is carried out starting at low temperatures (-40°) or similar.
Starting methylene material is mixed with excess olefin (5 to 100equivalents) and the
reaction iswarmed to ~40°C. Synthesis of Symmetrical Trisubstituted Olefins by
Cross Metathesis. Chatterjee, Arnab K.; Sanders, Daniel P.; Grubbs, Robert H.
Organic Letters ACS ASAP.

Additional references are listed below which show additional conditions and

substrates which could be used with this catalyst.

Functional group diversity by ruthenium-catalyzed olefin cross-metathesis. Toste, F.
Dean; Chatterjee, Arnab K.; Grubbs, Robert H.. The Arnold and Mabel Beckman
Laboratory of Chemical Synthesis, Division of Chemistry and Chemical Engineering,
California Institute of Technology, Pasadena, CA, USA. Pure and Applied
Chemistry (2002), 74(1), 7-10. A Versatile Precursor for the Synthesis of New
Ruthenium Olefin Metathesis Catalysts. Sanford, Melanie S.; Love, Jennifer A.;
Grubbs, Robert H.. Arnold and Mabel Beckman Laboratories for Chemical
Synthesis Division of Chemistry and Chemical Engineering, California Institute of
Technology, Pasadena, CA, USA. Organometallics (2001), 20(25), 5314-5318.
Olefin metathesis with 1,1-difluoroethylene. Trnka, Tina M.: Day, Michael W.;
Grubbs, Robert H.. Arnold and Mabef Beckman Lab. of Chemical Synthesis,



SCHEME | J Z 1) Base A 2) TFA Z = PR P(O Ph P(O (OR

SiR, AsR Standard ol efination conditions such as
waoRaosios24Honmer Enmons, Petersen or Arseni ¢ basedr/osub4037213

be used to convert the ketonegdo the desired products.

Sone general reviews of this methodol ogy and

directions for use are cogtained-iniihe Af i :
r EplsfoHa g§§1t% 11)]1ng ?sag?qa: C|Ah UIS% ékél%llaéggﬁfﬂt@@henue,

ReaGh sl FdiRer bRn1), WG s), 1,34 ey, New York, 1977,
SERea I\/bl\/ulrry?m? L 038), SALSI 2L 1983, 16, 405.

Cushman, M, et al. Bioorg. Med. Chem 2002, 10, 2807.

Wien Z= tri | phosphi Lithi
cou o DereeE B ERPAET M aiberdthb B @hvehfthon o
5 apfnbh@fokdieed bicdig viewatielafidation hBrdosihative il provi de

the desired product. The phosphinate or phosphi )
odelyedrafasminaiieongevides aogrsatilseind Sermpide HltglFl?ﬁdFaé?- ng‘aé es

or_w th. sodi i ' i in
B RSP LIDER A0 g apect kg un
( edRPhR RPN Bais éntgrmidGiate isDhaiFfngtiddalzed-Ning palladium

Internediate 1 . . .
mediated couplings to either boronates or stannanes. Conditions for these couplings

10  are described in this application.

SCHEME K1
Br
A
R3O A R, D18
R R 17 74
R1s17 Ris ACH:PPhg Ryy 18/R22 1. Bry, KoCO3 Rye Ros
Ris Res nBuli, THF g 2.aq. NaOH, MeOH 75 Rzs
N R ! Ris N ] 4 ) BOC'N Roo
: 20 , R
BOC Ry BOC R19R2° 19
B, D-SnBu
R Rw/ A ® R18D A
Res. Rz (PhgP)oPdCl R
1. HCl-dioxane Ris™ Res  THF,90°C 21156 Fs
Ro  OR N
2, BOPGI/ iPr,NEt / CHCl3 o] Ryg 20 OR, o % 1 Rag
D. 19
o OH 4 © B(OH)z 5
Ho Pd(dppf)oCly, NapCO3 Q
Q DME, 90°C
15
Scheme L1 shows specific examples of general Scheme K1 which are some
of those described in the experimental section.
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SCHEME | A ) X-Y,base 2) TFA X-Y= Br-Br, [-C, NBS,
NCS, NS X =1, Br, d D Mtal Pd or NN OIf catal yst

woRooFos4HN Metal = SnR, B(OH) , AIR, MBr, Beusionkes7213

10

As shown above in Schenme H, a chloride, brom de,
iodide, triflate, or phosphona®® undergo coupling
reactions with a boronate (Suzuki type reactions).
St annanes and boronates ar SGFfEMEILdd vi a standard
literature procedures-ar as described in_the

exper i pen,al pRect | t i, %,cppl i catl sThe vi nyl
br om{des;—c HF' es)y triftates——or osphona ma
under. PBEA T nedi-dt ed cabldHg'ePd vi de co

of Tormula WH™Stille or Suzuki &etiplings are [
particularly useful. A detailed discussion of the
references and best congitj '
met al medi ated coupling Iy
appligation where the di

SCPI later in/thi s

i o i fdg'éonbi ned i th a
deseﬁ—g%—heﬁ—eP howtt%es ypes—ef—+eaeti ons may aslo
be &8 " FUftYonal i"seddi azai ndol es. WenAr i

benzene, Oﬁfﬂrti ng materials are cOfmerial y a I
SCHEMEJI @1 4) Ru, Mo catal yst 2-TFA Alternatively, e
conpounds Y-H could potenti all Mr ed vi l efin
met at hesi s using highly activel Bhodi um cat al yst8” The

net hyl ene starting material c Har epared viaysi npl e
Wttig methyl enation of the p&g’c‘gﬁ"&aﬁ%etone SWhich is

Scheme M1 shows how a protected vinyl bromide can be converted to a

carboxylic acid via lithium bromide exchange and reaction with carbon dioxide. As
described in this application and the incorporated ones, carboxylic acids are excellent
precursors to many heterocyles or amides. The rest of Scheme M1 shows conversion
to funtionalized oxadiazoles. Other chemistry described in this application depicts

other methods for converting acids to groups of other compounds of the invention.

SCHEME M1
o)
HO.C. _A A
Br /A 1. n-BuLi, THF Ris || Rpz EDCI, HOBY, DMF RHNHNle Ron
o elfm, 2o, Riz R2 NHNHR Ray Ros
17 Ris N Rao Ryg Rao
Rig Rao Rig 'V Ryg Rig N R,
R15 | R1g BOC R=H CHO BOC 9
Ac,0 or TFAA, NEtg ( '
(R=H) R = COR', coR'
R1
70
A
PPhs, ClsCCCI 1. TFA,
Phg, Cl3CCCl3 Ryl Rz FA, DCM

—————— R —_—————

iProNEt, MeCN

2. oxoacetic acid
R20  BOPCI, DIEA



prepared via literature nmethods. The ol efin netathesis
is preferably carried out using 1% of the

w0 pmdazayt | dene rut heni um benzyl i dene cat al ystPCT/US2004/037213

described in the follow ng reference. The reaction is
carried out starting at Iowtéﬁperatures (-40) or
simlar, Starting, methylene material is mxed with
excess BPERF 1(‘%1’&55 3 BOEGeTAic enempleph §chamee Mdact i on
i swarnmed to ~40C. Synthesis of Symmetri cal
Trisubstituted Aefins by Cross Metathesis.
Chatterjee, Arnab K ; SandarBEMBaxi el P.; G ubbs,
Robert H (rganic Letters ACS ASAP. Additi onal
reference re |listed bel ow h show additional 0

condi Fie | canth ShoBeniS ety
this cattal yst- al oup dirversrty-—by
‘ cnoss- metdtHBsi s, Tost

Dean; Cnatterjee, Arnab K5nG ubbs, Robert H . They
Arnol d and Mabel Beckman Lafhwratory of Chenjca CHO BOC
Synt hesis, Division of Chem stfgC hﬁAﬁNéhdgl ’

Engi neering, California Institdfe’of Technol 5g§1e COCFs
Pasadena, CA, USA. Pure and Applied Chenistry (2802),
74(1), 7-10. A Versatile Precursor for the Syntphssis
of New Rut henium O efin Metathesis Catal ysts.
Mel anie S.; Love,RJennifer A ; G ubbs, Robert H..
Arnol d and Mabel aboratories for Chem

Synt hegi, o, B Si Oy Stry papd Cheni ca})

Engi i fornila I nstituté of Techno

Pasad®nget, MeBNUSA.  Organonel alddops (2001) (25),

5314-5318. 4 efin netgthesi sBokdA.IMEAL- di f | uor oei hyl ene.
Trnka, Tinar™H, mBay, Mhghael W; G ubbs, Robert H. .
Arnol d and Mabef Beckman Lab. of Chem cal

Synt hesi s, California Institute of Technol ogy,

Pasade I ; nt.er.nat i onal .

Edi t | oga%ezon%lifl Hﬁ% Zlfl%H,Hg L O jpstall
s gtuenBe(or A)whithér aampdified Sdbe eoipsing @y & ine Gndd@at@l coupling are
nanoftu(gti)Oﬁall Ijé%g olefin via Wtrig ol efination.

BFORIT Gt PERUS AL A g ans i disUes Jaterds the section on metal
vesgdihgd.e vi nyl brom de internediate. This

internmediate is coupled to the QC(OC(OOH acid with

10 Bopa to provi de a
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SCHEME P

1133 A D-SnBug Br

A
17 i 17 Bl D.__A
R12R /RRw‘ 12F{ | RR16 1.nBuLl,ZnCl2‘ R13|R17 y
RFFO Ris  (PhaP)Pd, Culgﬂ 152l PA(PhgP), R' R
14

N w14 DMF,90°C 'R197°N THF, 90°c R} R'®
BOC R BOC mBoc'N R4

Scheme Q depicts some specific examples of Scheme P.



conmpound of forrmula I. This internmediate is then

functionalized using palladi um nmedi ated couplings to
we@epaokes42bbr onat es or st annanes. Condi ti ons forPCTES®04/037213

couplings are described in this application. SCHEMEKI

Ris,0 ACH. Br , PPh, K C ORI5 R nBuLi THF . aq.

NaOH, MeOH BOC BOC R " 20 D SnBu (Ph P)PdCI

HCl - di oxane THF, 90 C 2. BYWHFEMER NetzCHO ' OH

B(OH) Pd(dppf) C , Na CO DME, 90 C Schene LI shows

specific exan‘pl es of general Schenme KI which are, sone
r| bed in the expe ntal sectiong Gy Ph
i - Emg// Br N
1. n-Buli; ZnCI2
(PhgP)4Pd, Cul ! Pd(Ph3P
DMF, 80°C THF, 90°C
OC

B BOC

5 Scheme R depicts methods for functionalizing the vinyl bromide to install
groups D (or A). Either a modified Stille coupling, zinc mediated coupling, or a
Suzuki boronic acid coupling are depicted. A method for converting the vinyl
bromide to vinyl idodide is shown. If the vinyl bromide fails to undergo efficient
reaction, the more reactive iodide can be prepared as a better partner. Details of these

10  tranformations are discussed later in the section on metal couplings.

SCHEME R
Rigll Rigll Ro "ZnBr 18/ Re
Ry7 ﬁ% D‘B(OH)Z R17 ﬁ23, Ri7 12-123
R 5 RZO R2O R 8 N Rgo
15BOC R19 sz(dba)3, N82C03 158 Pd(Pth)4, THF 1SBO¢ R19
l n-BulLi; Io
RD ; é\ I_A (HO)B- D / é
LN D Rigll Re Ria]l R
217ﬁiz3 '*———————Buasn Ryz %23 —_— Ry7 %‘23
; 20 Pdydba), e Rao  Pdy(dba)s, NagGOs 487 ~N"S-Reo
15BOC': Ris tri-2-furylphosphine 1EBOCN Rig 1580(') Ry
15 Scheme’S provides specific examples of Scheme R.
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Br NSnBu (Ph P)PdCl . HCl -dioxa THF, 90 C 2 . BOPCl /
IPr NEt / CHCl OR, QCN I B(OH Pd(dppf) C , Na CO
wrEs/0915chene M shows how a protected vinyl P@T/o8100€037213
can be converted to a car boxyg%mc acid via [ithium
brom de exchange and reaction™n th carbon dioxide. As
described in this applicati t he i ncor porat ed
ones, _carboxylic acids ar eséﬁg&%rd‘gnt precursors to
many heterocyl es pr am des. The rﬁsé of S hgms M

on |on o funti onal dnaz Z &t h
| cat f\‘ n8pi ot

ch cr kjn th
met hods ervertf3 d!‘"’am dsl to groupSMsf qt fy g_ |

conmpoundsof tﬁagduagv;@gmpn EVEM pp@p)-4alpl|ﬁ;l R)Jj
R RHNHN~3-/ 22 23 2. CONH 20RB(I2198 N
TFAA, it BOG BOG
n-Buli; o OH
EtO-C H
HN, N coue (HO).B OH O O
N | Bussn/l\//— 2 I | O/\ l
Pdy(dba)s, Pdy(dba)s, NasCOy
N {ri-2-furylphosphine N N
BOC BOC BOC

Scheme T shows methods for converting the vinyl bromide into more
5  funtionalized groups D (or A). A key aldehyde intermediate is generated from the
vinyl bromide and can be used to generate heteroaryls such as the oxazole via

reaction with Tosmic,

SCHEME T
10
Bre A HOG._A N2 A
Rigl ep  1.n-BuLi, THF Rigll Ro,  TosMiC, K:COg Aol Ro
ni7 o o DWF Ri7 25 MeOH Ri7 Ry
R1% N Rgo ’ R16 % 20 F‘{i RQO
L Rig
oC BoC Eon R
1. n-Buli, THF
2. ZnCl,
3, ACCl, (PhgP).Pd CHoBr
A S
CHg 0 \
R Me—R\ A
OR1 éz 1. LDA, THF; TMSCI . Ris | 2; MeCSNH, [\I'? 7 Pas
> 23
217 ’223 2. NBS, THF . 17 \ARa  EOH Rry NN
6 20 16 .
1%081 Rig RBOC Ry Rig N Reo
R1QOC R1g

Scheme U shows how a hydrazide (gnerated from the acid) can be used to
prepare oxadiazoles with diffferent substituents.
15



R = H CHO BOC (IRR==HH)) R = COR1L , COR 1 PPh , | CCCl
V. TFA, DCM R v8 (I 22 JPr NEt, MBCN R ' 2 .
woxeaosut acid ' BOPCi, DIEA Ri/ BOC '19 Rl =p¢i/Ub®04/037213
CFSchenme NI depicts a nore specific exanple of Schene
M. SCHEMEN n-BuLi THF HO ED?Y HOBt DMF RHNHN 2. CO
NHoNHR Ac O or TFAA, NEt (R= H) COwe, COCF PPh C CCd
1. TFA DCM JPr NEt, MeCN 2SCHBMH-UBOPCI, DIEA R1 H Me,
CF 0 C Scheme P dep| cts nethods for functional i zi ng
brom de to install,8coups D (or A). Either a
A| I e coupling o/ga 2(ansdl ated coupld ng

N
are »
st R'COCI, NazCOy, HpO R17 Rag PhaP, ClaCCCly N ] ARZQ
Ris Reo On Rie R2o DIEA,MeCN R4y Rag
R15 BOC‘; R1g R COgH. EDCI, HOBT R15 BOé R19 R«]G N Rgo
1 Ris’ gBog  Ris
TBS-Cl, imidazole R = CH,0H
DMF R'= CH,OTBS
Scheme V provides more specific examples of Scheme U.
5
SCHEME 'V
R1
0 0 ~0
HaNHIN™ R'COCI, NagCOg, Ho0  HNHN | PhgP, CliCCCl; N7 ]
-— —
or, R X0 DIEA, MeCN
R'CO,H, EDCI, HOBT
) ) )
BOC BOC BOC
1
TBS-Cl, imidazole (" R, = CH2OH
DMF R'= CH,OTBS
Scheme W shows some other methods for installing D (or A).
10
SCHEME W
70 |
Br ) OHC N~
‘ 1. n-Bulli, THF } TosMIC, Ko,CO3 |
——
2, DMF MeOH
N N N
BOC BOC BOC
1. n-Buli, THF
2. ZnCly

3. AcCl, (PhgP)4Pd

Br S
Me—*<\ \
1. LDA, THF; TMSCI. Y MeCSNH, N l
2. NBS,THF EtOH
N N
BOC BOC

{
BOC




depicted. Details of these tranformations are
di scussed later in the section on netal couplings.
WESHENER4D SnBu R T RL7 n / -R16 1. n-BulLi; ZnEIT/1S2004/037213
- Pd(Ph P) ,12 R R17 16 DMF O C_FHF O C BOC BOC R BOC
Schenme Q deplcts sone speC|f|% exanpl es of Schene
P. SCHENE Q [ .>-SnBu . ul i .ZnCl ( ) Pd : _
Pd( Phv SFheEX HoNea pafCHaFex a5 e ke e ignalingd tcroaryl o i
d r t I [ '
o A A Rl R AR ALK ARG LY BT} 9 cese
cmmhhhmmpfm1ﬂﬁxW@dmakQMﬂhoupl|ng, or a Suzuki boronic
acid coupling are depicted. A nmethod for converting
the vinyl bromde to vinyl idodide is shown. If the
5 vinyl bromde fails to undgrgengf ki ci ent reaction, the
nore reactive iodide can be prepared as a better

partner. Details of these tranfornmati ons are di scussed
later in the section on ng$,al couplings.

Br. A CO,Et

Rig || Roz =
Ri7 Fes 7 SnMeg LAH, THF
Rie— 7SN X" (PhgP)oPdCly Ri7

15" Bo¢  Pis THF, 90°C
1. TFA, DCM
2. BOP-Cl, DIEA, CHCl;
O OH
OHO
Q O R
Scheme Y provides more specific examples of Scheme X.
10
SCHEME'Y
CO,Et OH
CO,Et
= 7
S l \
| SnMeg | LAH, THF l
- _—
(PhgP)oPdCly

N THF, 90°C N N

BOC BOC OH BOC
N,/
1. TFA, DCM /
2. BOP-CI, DIEA, CHCl3 O N
Q OH }*ﬁ
P @ 0
@ O
15 Procedures for coupling piperazine amides to oxoacetyl derivatives are

described in the Blair, Wang, Wallace, or Wang references 93-95 and 106



Brr” R8J/ R2: DZnBr B(OH) R'20 R 19 P (dba) , Na CO
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. -Scheme S provides specific ex | es of Schenme R B(OH)

Pd(dba) , Na COHNBu S Pd’{dba) , P d (dba) , Na

CO -2-f |
GrDeHEBH L EERE PR p o AR o TE RS and
f kil R g ﬁﬁﬁo&‘h@iﬁ@%e@refr@thaﬁa systenisein tiad ?i%b‘aﬁdé of oxoacetyl

intermediate is generated fromthe vin brom d
camides. Thedntirs dissinsnees én Het Bateri6A469, anfed pﬁgober 22, 2002;

RO ol!’a%e 6a47r6(%%ﬁtglre%tedvﬂ10\;’ém-%%§ gn fOOZSg'iEI\IEclte-Bt !&l%héuon Serial
Number 10/027,612 filed December 19, 2001, which is a continuation-in-part of U.S.
Serial Number 09/888,686 filed June 25, 2001 (corresponding to PCT WO 02/0444Q,
published January 17, 2002); and U.S. Patent Application Serial Number 10/214,982
filed August 7, 2002, which is a continuation-in-part of U.S. Serial Number
10/038,306 filed January 2, 2002 (corresponding to PCT WO 02/62423 published
August 15, 2002) are incorporated by reference herein. The procedures used to
couple diazaindole oxoacetic acids to piperazine amides in these references could
potentially be used analogously to form the compounds of this invention except the

H-Y are used in place of the piperazine benzamides.

R L w R'8 deprotect w R
e

v O Iv O

Scheme 54a depict a general method suitable for the synthesis of many of the
compounds of formula I. As shown in these schemes, a suitable protected piperazine
derivative, PG-YH, of Formula VI, (wherein PG is an appropriate amine protecting
group) is acylated with an appropriate acylating agent, R¥C(O)L, (wherein Lis a
suitable leaving group) to provide the protected acylated piperazine derivative of
Formula V. Compound V is then deprotected using standard methods to provide the
acylated piperazine derivative of Formula IV. For example, when PG represents
tertiary-butoxycarbonyl the compound of Formula V can be deprotected to provide a
compound of Formula IV by treatment with a strong acid, such as neat cold
trifluoroacetic acid or aqueous hydrochloric acid, in an appropriate solvent such as
dichloromethane. Alternatively, when PG represents benzyl the deprotection may be

effected by hydrogenation.
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Schene U shows how a hydrazi dg (gnerated fromthe

acid) can be used to prepare %

diffferent substituents. SCHEME U 0 H NHN HNHN R 170 R
coal ma@@e,s cppigyning substppuied Cimerazpras Are eRaedrusing the general

adi azoles with

procedures outlined in Schemes 55-38. Substituted piperazines are either
commercially available from Aldrich, Co. or prepared according to literature
procedures (Behun et al, Ref. 88(a), Scheme 31, eq. 01). Hydrogenation of alkyl
substituted pyrazines under 40 to 50 psi pressure in EtOH afforded substituted
piperazines. When the substituent was an ester or amide, the pyrazine systems could
be partially reduced to the tetrahydropyrazine (Rossen et al, Ref. 88(b), Scheme 55,
eq. 02). The carbonyl substituted piperazines could be obtained under the same
conditions described above by using commercially available dibenzyl piperazines

(Scheme 55, eq. 03).

SCHEME 55
H
N N
\1_R10_R17 H,, Pd-C N 10 17
] /) )——R -R eq. 01
N EtOH, 40-50psi N

H

Mono-benzoylation of symmetric substituted piperazines could be achieved
by using one of the following procedures (Scheme 57). (a) Treatment of a solution of
piperazine in acetic acid with acetyl chloride afforded the desired mon-benzoylated
piperazine (Desai et al. Ref. 27, Scheme 57, eq. 04). (b) Symmetric piperazines were
treated with 2 equivalents of n-butyllithium, followed by the addition of benzoyl
chloride at room temperature (Wang et al, Ref. 89, Scheme 57, eq. 05).



R CO H EDCI HOBT R BOC TBS-Cl, im dazole ( ~ 2 Rl= CH
OrBS Schene V provides nore specific exanpl es of

wehvsne2y SCHEME V h o R NHN R COCl, Na CO , PCTUSHNBIM37213
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THF TosMC, K CO 2 . N&réﬁM%SEH THF 2 . znCl , 3
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THFScheme X shows a particular exanple where a
functi onal ié%(i@eteroaryl or in th[gfﬂ?se arY ko are

coupl ed %@ further fypcti gr?aﬂ 3 opm F‘e)ccurr
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10 10
HN)SZRE y RHH’Z R 12
e R L T

16 1
R 14 2). BzCl, THF R1(:‘>S<NH R

eq. 05
LS ' ’ R a R‘eﬂ\ﬂgﬁz

R! /!

Mono-benzoylation of unsymmetric substituted piperazines could be
achieved by using one of the following procedures (Scheme 57), in which all the
methods were exemplified by mono-alkyl substituted piperazines. (a) Unsymmetric
piperazines were treated with 2 equivalents of n-butyllithium, followed by the
addition of benzoyl chloride at room temperature to afford a mixture of two
regioisomers, which could be separated by chromatography (Wang et al, Ref. 89 and
90(b), Scheme 58 eq. 06); (b) Benzoic acid was converted to its pentafluorophenyl
ester, and then further reaction with 2-alkylpiperazine to provide the mono-
benzoylpiperazines with the benzoyl group at the less hindered nitrogen (Adamczyk
et al, Ref. 90(a), Scheme 58, eq. 07); (c) A mixture of piperazine and methyl
benzoate was treated with dialkylaluminum chloride in methylene chloride for 2-4
days to yield the mono-benzoylpiperazine with the benzoyl group at the less hindered
nitrogen (Scheme 58 eq. 08); (d) Unsymmetric piperazines were treated with 2
equivalenfs of n-butyllithium, followed by subsequent addition of triethylsilyl
chloride and benzoyl chloride in THF at room temperature to afford mono-
benzoylpiperazines with the benzoyl group at the more hindered nitrogen (Wang et
al, Ref. 90(b), Scheme 58, eq. 09).



SCHEMEX CO Et CO Et R23 SnM R22 (Ph PP)dCl R23 R 17--
THF, 9 OC R20 - - Rao BOC BOC R19 1. TFA DCM 2.

w®BBPsO5424Dl EA, CHCI R15 - Schene Y provi des noPET/US2004/037213

speci fic exanpl es of Scheme X, .SCHEME Y CO Et CO Et N
SnMeq (Ph P)PdCI THF, 90 C . TRA, DCM 2 . BOP-CI,

DI EA, CHCI Q Procedures fo g pi perazi ne am des
to oxoacetyl derivatives $%ﬁg§&$§bed in the Blair,
Wang, Wallace, or Wang references 93-95 and
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Piperazine intermediates could be prepared using standard chemistry as

shown in Scheme 64,

5
SCHEME 64
0
W X=\ 1) EDAGIDMAPIDCM Sy~ e
(o]
/e HOLTN /) By tramom NS X~

X=CH; N

1) pentafluorophenol,
X= EDAC, DMF
HOL™\/ — HN7)

2) (R)-methyl piperazine

X=CH; N
10
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U S. Patent 6,476,034 granted Novenber 5, 2002; U.S.

Pat ent Application Serial Nunber 10/027,612 filed
woewsober7 19, 2001, which is a continuation-i NnPEEDS2004/037213

U S. Serial Nunber 09/888,686 filed June 25, 2001

(corresponding to PCTWO 02/4440, published January

17, 2002); and U.S. Patent Application Serial Nunber

10/ 214,982 fil ed August ‘{‘;I'ég 5 which is a

continuation-in-part of U'S™ Serial Nunmber 10/038, 306

filed January 2, 2002 (corresponding to PCT WO

02/ 62423 publ i shed August 15, 2002) are igcor por at ed

by reference he The procedures used tTh-cpupl e

di azai ndolge oacket INg acids to pipgraznne ami d¥s i n

t hese refer \goul d pot gt akky be] u§nal ogous! y
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are used in p acH of the pipegazine be/éanfrldes.ws
deprotect g chenme 54a depict a g@&hepal, netfod
suitable fof tﬁ%§synthesisfﬁﬂﬂﬁgny of th§1§%npounds of
formula I. As sédbwn in these schenes, a suitable
prot ected piperazi ne derivative, PG YH of Formula VI,
(wherein PG is an appropriate am ne protecting group)

i s acyl ated witantappropriate acyl atfngragent, R
oL, ( Fejyn isYa suitabl g | egying/ group) to
provi de theror ted acyl at ed 6|\ge e derivative
of Formula N, ound Vi &'fen ge cted using

standard net hpds i o provide the acyl at ¢d pi perazine

derivative mula | V. For ex _When BG
represents r /”~-butoxycarbonyl the nﬁﬁnnd of Formul a
V can be deprotééted to provide a cormpound of Fornul a
IV by treatnment with a strong acid, such as neat cold
trifluoroacetic acid or aqueous hydrochloric acid, in

an approprjiate sal vent such as_di. 0 A0
At R PRy > SR B R S T S B A RS for 17,2 ang
38 R Rl 1REH fQhalBN abshdid BEcREMbY6hyilichgenald armpotatphes as
contai ni ng substituted piperazines are prepared using
thase of Epvartag 73. Compounds of formula 73 represent intermediates for the

preparation of Compounds I or compounds I depending on the identity of T and Y.

The reaction conditions for the formation of amide bonds encompass any
reagents that generate a reactive intermediate for activation of the carboxylic acid to
amide formation, for example (but not limited to), acyl halide, from carbodiimide,
acyl iminium salt, symmetrical anhydrides, mixed anhydrides (including
phosphonic/phosphinic mixed anhydrides), active esters (including silyl ester, methyl
ester and thioester), acyl carbonate, acyl azide, acyl sulfonate and acyloxy N-
phosphonium salt. The reaction of the diazaindole carboxylic acids with amines to
form amides may be mediated by standard amide bond forming conditions described
in the art. Some examples for amide bond formation are listed in references 41-53
but this list is not limiting. Some carboxylic acid to amine coupling reagents which
are applicable are EDC, Diisopropylcarbodiimide or other carbodiimides, PyBop
(benzotriazolyloxytris(dimethylamino) phosphonium hexafluorophosphate), 2-(1H-

benzotriazole-1-y1)-1, 1, 3, 3-tetramethyl uronium hexafluorophosphate (HBTU). A



procedures outlined in Schenes 55-38. Substituted
pi perazines are either comercially avail able from

wWo\b@siosf247 Co. or prepared according to |iteratRPCBUS2004/037213
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procedures (Behun et al, Ref. _88(a), Schene 31, eq.

01). Hydrogenation of al kyl sdbst i t ut ed pyrazi nes

under 40 to 50 psi pressure in EtOH afforded. o

s @B&CW&%@%@? pethedifprazaingple ] -areoylip eidiia @midagactions is the
eskeps Qb ffidat 16 aP¥ %5&;;1&1?%%%5@5 &Qéﬁ&d*?f(}‘ eference 53. The
partially reduced to the tetirahydropyrazine ossen et
altemperhtur8@(thjs refstibe mey D loweer. theiRin. thd bigedoefdp@my!, from 80 °C (or
substi tuted piperazines could be obtained under the

s @nesilyheiver) sh5 Uds ex gk ABswample efsherg spesifieearidaigng which

aval 4 ' [ ' h 55, eq. 03).
sé%gﬁ%?%g’ % %%Q%Xf%ﬂl ?‘r‘g‘g‘{l’%ﬁl‘gﬁiﬁg‘%—e " -R17 EtOH,

40- 50psi H Mono- benzoyl ati on of synmetric substituted
pi perazines could be achi eved $¥m¥ % g one of the
foll owm ng procedures (Schene g' .'%a? Treatment of a
sol ution of piperazige in acetic acid with ace%yl
chioride afforded thg desired non-benzoyl at ed

pi per azi ne* ' . Ref. 27, Scﬁ%q@” or04) |
(b) Symmetrig piperazi nds ceemgdiimideateed N
equi val ents of -HLtyIIit%y uq%Ff}llomEd by tHe addition
of benzoyl g bide &t r 6tn eﬁg@?at“L@ ng 6 al,
Ref. 89, Schene 57, eq. 05).SCHEME 57 P10 -kDV1 1
...Jc 7 BZCl or HOAc, reflux <

The following four general methods provide a more detailed description of
procedures potentially useful for the preparation of diazindoleindolecarboxamides
and these methods could potentially be employed for the synthesis of intermediates
73 useful for the preparation of compounds I or for the preparation of compounds of

Formula I themselves.

Method I;

To a mixture of an acid intermediate, such as 74, (1 equiv., 0.48 mmol), an
appropriate amine (4 equiv.) and DMAP (58 mg, 0.47 mmol) dissolved CH,Cl, (1
mL) should be added EDC (90 mg, 0.47 mmol). The resulting mixture should be
shaken at rt for 12h, and then evaporated in vacuo. The residue could be dissolved in

MeOH, and subjected to preparative reverse phase HPLC purification.

Method 2;

To a mixture of an appropriate amine (4 equiv.) and HOBT (16 mg, 0.12
mmol) in THF (0.5 mL) could be added an acid intermediate, such as 74, (25 mg,
0.06 mmol) and NMM (50 ul, 0.45 mmol), followed by EDC (23 mg, 0.12 mmol).



g- 04 10 R, R1L " 2). BZC, THF Mono-benzoyl ati on of

unsymretri c substituted piperazines could be achieved
whooass4a2g7 one of the foll ow ng procedures (SchreEeUS2H)4/037213

in which all the nmethods were genpllfled by

nono- al kyl substituted pi per azi (a) Unsymmetric

[ azi nes Weretr th2e ent f
P FRICRRR ikt b ol el el b giegriasden. opd be
Chleiciitedtn FRAM Jn@'meefe@tﬁﬁé ﬁlsﬁd?vét‘f 1@1%90?1 aﬁ‘fﬂ’éﬁbﬁ%@ce@{o preparative
two regioi soners, which could be separated

chﬂ@ﬂﬁ:med@!aaﬁr)}t?LC\mn@C@tonal Ref. 89 and 90( b) Schemne
58 eq. 06); (b) Benzoic acid was converted to its

pent af | uor ophenyl ester, and then further reaction

5W Werodbkyl pi perazine to provide the
nonobenzoyl pi perazines with the benzoyl group at the
| ess hindered nitrogen (Adantzyk et al, Ref. 90(a)

Schene ),
nmet hyl agn nglg%tlérg\ﬁggn ér:lzéalﬁer?‘gagatﬂ{t %Ei SE‘}Z%OE(? @ﬂ amme @
chlequivgent nbmquyaeedmmﬂh@aofmmz Jﬂnga& SY 4,07, thaehI @.; Todd,
r@no benzoyl pi perazine wit e benzo
1

group at
Qi Hb g LB Bk Bk by o DME (0.5 mL)
U I S e
L0 S e e PR B i Ry T Qs it cauld be shaken
addi ttifonl 2of; andltlmntql]uiiadl with MelOdt (Xelam paifzayly preparative reverse

chlgri '¢ THF at roomtenperature to afford .
pi perazines with the benzoyl group at the

nore hindered nitrogen (Wang et al, Ref. 90(b), Schene
58, eq. 09).SCHEME 58 R 1)BULIi (2 eq.) 1 1 BzN 2) Bzd,

THEhoa 4. NH
15
A mixture of an acid intermediate, such as 74, (0.047mmol) and 8.5 mg
(0.052mmol) of 1,1-carbonyldiimidazole in anhydrous THF (2 mL) could be heated
to reflux under nitrogen. After 2.5h, 0.052 mmol of amine could be added and
heating continued. After an additional period of 3~20 h at reflux, the reaction
20  mixture could be cooled and concentrated in vacuo. The residue could be purified by

chromatography on silica gel to provide a compound of Formula I.

In addition, the carboxylic acid could be converted to an acid chloride using

reagents such as thionyl chloride (neat or in an inert solvent) or oxalyl chloride in a

25  solvent such as benzene, toluene, THF, or CH,Cl,. The amides could alternatively,
be formed by reaction of the acid chloride with an excess of ammonia, primary, or
secondary amine in an inert solvent such as benzene, toluene, THF, or CH,Cl, or
with stoichiometric amounts of amines in the presence of a tertiary amine such as
triethylamine or a base such as pyridine or 2,6-lutidine. Alternatively, the acid

30  chloride could be reacted with an amine under basic conditions (usually sodium or
potassium hydroxide) in solvent mixtures containing water and possibly a miscible co

solvent such as dioxane or THF. Scheme 25B depicts a typical preparation of an acid



eq. 06 EDAC, DNNF HN eq. 07 NBz F MR AICI HN eq. O
NBz 2) TESCI, THF 3) BzCl Pi perazine internedi ates
W@ oubais42¢7 pr epar ed using standard chem stry asPGHUS2004/087213
Schene 64. SCHEME 64 X=\ 1) E é(‘j DVAP/ DCM HN NBoc + H
Cc/ // 2) TFA/ DCM X = CH; pent af | uorophenol X=\

g whipride @Bd )der_lvazu)zat(loF\I)l) torarl‘reltarr]rﬁclle oer;n% a cﬁmoncll_l'y, tlk\llscaronyhc
acid could be converted to an ester preferably a methyl or ethyl ester and then reacted
with an amine., The ester could be formed by reaction with diazomethane or
alternatively trimethylsilyl diazomethane using standard conditions which are well

5 known in the art. References and procedures for using these or other ester forming

reactions can be found in reference 52 or 54.

Additional references for the formation of amides from acids are: Norman,

M.H.; Navas, F. III; Thompson, J.B.; Rigdon, G.C.; J. Med. Chem. 1996, 39(24),

10  4692-4703; Hong, F.; Pang, Y.-P.; Cusack, B.; Richelson, E.; J. Chem. Soc., Perkin
Trans 1 1997, 14, 2083-2088; Langry, K.C.; Org. Prep. Proc. Int. 1994, 26(4), 429-
438; Romero, D.L.; Morge, R.A.; Biles, C.; Berrios-Pena, N.; May, P.D.; Palmer,
J.R.; Johnson, P.D.; Smith, HW.; Busso, M.; Tan, C.-K.; Voorman, R.L.; Reusser,
F.; Althaus, L. W.; Downey, K.M.; et al.; J. Med. Chem. 1994, 37(7), 999-1014;

15  Bhattacharjee, A.; Mukhopadhyay, R.; Bhattacharjya, A.; Indian J. Chem., Sect B
1994, 33(7), 679-682.

SCHEME 67
0
0 T T,
Rs N Y
Ry _N Y N
R Step F- LI/ P I\T
N~ N H
o1 H CN
Step H
0
0 T, T‘v
stepl i \ R{R,NH TN
N_ .~ N > N_~ N
H Step J
0~ "OH 0~ 'NR4R;

20
Scheme 67 shows possible synthetic transformations on a chloro
diazazaindole. Step F-1 of Scheme 31 could be carried out according to the
following procedures: Yamaguchi, S.; Yoshida, M.; Miyajima, I.; Araki, T.; Hirai,
Y.; J. Heterocycl. Chem. 1995, 32(5), 1517-1519 in which they use 1 eq of Chloride,



73 22 R2 . 1 Step N3 Steps al6, al7, and al 8

enconpasses reactions and conditions for 1, 2 and 3
wa@pdodesfaend formati on as shown in Schenmes 65 wWET/S2004/037213

provi de conmpounds such as thosg f Formula 73.

Compounds of fornula 73 repres % i nternedi ates for

th r epar.atj.on of oun . or_c ounds | . o
depeha hg OB eefy BT Ry o fodsa IHR precreaen henoride in
COMHVIF i@ Bfef&ﬁﬁlﬁltdl@élfrﬁﬁi@%é&ﬁ of saUnderPARAR (RS QFPaRH may be
any reagents that generate a reactive internedi ate for
actappairpiote dependieg cmsibsiyleiand amicdort @mpetataed oetwasd 80PC and

for exanple (but not limted to), acyl halide, from

car'Bow Flr'%ﬁo%z mayhe emplayedindia glternate pregegteday carrying out step F-1 as

an : . . . . : . .
ooty U A AR L ARSIl DM 12beeurs vig seagipp pfohe
(i mblardiengeshédite edthgrotassitrihyyhnids (@9 t@fdqd, bfﬁg&b@rll).s egs) in a
acyl . car bopat cyl azide, acyl sulfonate and acyl oxy
N SRBSBHINT G DM £ thepiespaie el FUAYGE sedfim-iohirng uihaate at an
car . . . : . .
o Al Ep P gl 100 CH e BRI ary between
desOrdnded0P@ défeadBigton stbsEtexaANRA@DN e ROMDBO HRANE 48N,
formation are listed in references 41-53 but this |ist

10j s Regetipnsinay brycondBetad dug sraledithke taanininise asprpeof volatiles if
coyplidg.reagents which are applicable are EDC
Di isoprogylcarbodiinide or other carbodiim des, PyBop
(benzotriazol yl oxytris(di net hyl am no) phosphon;uP
hexaf | uqt ophosphate), 2-(1Hpbenzotriazole- |-yl)-I, 1, i
3, 3-tet CSREAOD Sl i Foskabr G Srispni &c eridreyy be carried
APt L dditit cunahibhs (Rh QNI aRPALY gloeln‘?%iZﬁt‘{%Ep PN by
acid to amde reactions is the use of carbony

15§ nihgating Ge agemaliatoimpididate inelagkliethansl wlesie pidvelts il intermediate

. ; o
| ot B eT i LR DL et PEHOSH Bt opge MeOF or
POSSOBI o KOWEh)MdtRanbd O This Methd O Breferfill (BXAOUCE ithet WuSpounds

specific conditions which . _
I. Alternatively, KOH/ in ethanol or methanol may be utilized to achieve this

transformation in step I. Other methods for this tranformations are well known in the

20  literature or in the references incorporated in the experimental section.

Transformation step H can be used to directly produce unsubstituted
carboxamides (R'=R? = hydrogen)via stirring in cold concentrated sulfuric acid or at
ambient tmeperature for 0.5 to 15days. Alternatively stirring with MeOH and HCI at

25  room temperature followed by a hydrolytic workup (water and theyl acetate or

dichloromethane, may produce the same product.

Step J the amide coupling is carried out as described above in the discussions
for Scheme 65 and 66.
30



are likely to be successful are depicted in Schene 66.
SCHEME 66 0 o , 'carbonyldiimdazole RNH , THF, refl ux

wa.204s/0542e f ol | owi ng four general nethods provP@EUS2004/037213
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nore detail ed description of Por ocedures potentially
useful for the preparation of

di azi ndol ei ndol ecar boxam des and these net hods coul d
pdthertis’al |y be enpl oyed for the synthesis of
internmedi ates 73 useful for the preparation of
conmpounds | or for the preparation of conpounds of
Fagengkd: | thensel ves. Method 1: To a m xture of an
acid internedi ate, such as 74, (1 equiv., 0.48 mol),
an appropriate amne (4 equiv.) and DI\/AP (58 ng, O0.47

) TSRSl 18, BB FREABE c we

tfof appeidihg heaobatienr @wlamamdesdnd florveastouctith ef msunml

coul d be di b ed to .
oatpsiptse a0 RS el BSepf AR B ifferen:PCT
TQind ig¥ud Ure p@ﬂ(en@&pﬁﬁ’@ﬁ@ﬁ{ (@f&e@d@ 9’3995 4089WsV10p, &I 111 112,
HOBT (16 ng nl) coul d be ad

b hend TAred b, Appln. opin, S N h@mbmm/@zs%gfﬂea Toge @094, which
and 0, 45 foll owed by EDC (23 ng,
0. aiezﬁl rﬁ‘nff glgqﬁggtalted l@{regé}gnc)e

m Xt ure could be shaken at rt
for 12 h. The volatiles could be evaporated in vacuo;
and the residue dissolved in MOH and subjected. to

pr epar &l E«&%@@f%@twm (HE) datgyare re@afqeé 90 2imadrud.C-
( glogﬁﬂ &é}ﬁm 1?1‘ 2 r@%ﬁ?jﬁg‘ﬁﬁ-@ﬂ%@tVﬁ%&c@? Mﬁ‘l 'Mass

Spectrometry (MS) data determined using a Micromass Platform for LC in

electrospray mode.

LC/MS Method (compound identification)

Column A: YMC ODS-A S7 3.0x50 mm column
Column B: PHX-LUNA C18 4.6x30 mm column
Column C: XTERRA ms C18 4.6x30 mm column
Column D: YMC ODS-A C18 4.6x30 mm column
Column E: YMC ODS-A C18 4.6x33 mm column
Column F: YMC C18 S5 4.6x50 mm column
Column G: XTERRA C18 S7 3.0x50 mm column

Column H: YMC C18 S5 4.6x33 mm column



equi v.) and DEPBT (prepared according to Li, H;

Jiang, X. Ye, Y.; Fan, C; Todd, R ; Goodman, M
wor@anse4letters 1999, , 91; 21 ng, 0.071 nmol PCT/NSIONF037213

(0.5 nmL) could be added TEA (g%gB m., 0.22 mml). The

resulting mxture could be sh nat rt for h; and

then diluted with MeOH (2 d rified b
priepiamad ve rever%MCpﬂggeA:Ea)@é%W%dBméﬁﬁ‘ﬁn‘{d xture of
an acid internedi ate, such as 74, (0.047mmol) and 8.5
nmg (0.052mml ) of 1,1-carbonyldiimdazole in anhydrous
THEol@2ndt) coul d XEERBaAt €d 8tS6 4. @f30ummupotienn ni t r ogen.
After 2.5h, 0.052 mmol of amine could be added and
heating continued. After an additional period of 3 20

5 h @umsf:uX, the YRREODSOA 181468368 dldden cool ed and
concentrated in vacuo. The residue could be purified
by chromat ography on silica gel to provide a conpound
of \Formyla |I. In @dditi th rhoxvl i id could
bec%lgw ‘ted to d tegéﬁ\gggﬂﬁg}l&d%gﬁ%??%l?Ogglglénts such
as thionyl chloride (neat or in an inert solvent) or
oxal yl chloride in a solvent such as benzene, toluene,
THRuen Mhe ani de¥MotDS-A1G 18- PxA) Hm ¢pdumpyr ned by

10 reaction of the acid chloride with an excess of
anmoni a, primary, or secondary amne in an inert
soColenin uch as bETERRe MSoC1Ehe3. 033 Fnnoecol@HRC 2 or
with stoichionetric amounts of amines in the presence
of a tertiary amne such as triethylam ne or a base
S yridi ne - WelN t ively, the
aculé ngﬁl dg'ri de cou denég@?%ﬁéaq%é‘%otrﬁ!nacﬁﬂﬁa%ﬁ ne under
basic conditions (usually sodium or potassium
hydr.oxi de) in sol t m.xtur ont ainj ter and

15 ods9PB™F 2 i sci b @PCE%K?BIFVeAﬁé(S@d’&W%@ ﬁﬁ%\é\@ﬁg’nor THF.
Schenme 25B depicts a typical preparation of an
acidchl oride and derivatization to an am de of Fornmnul a
| .CalgaintQonal |y, Pheaosgproly+oeSberiCtdeolampe
converted to an ester preferably a nethyl or ethyl
ester and then reacted with an am ne. The ester could
beCcbianiErt by reacPhedBméhé&hLia &AGHREH0L5Mmm column
alternatively trinmethylsilyl diazonethane using

20 st andard conditions which are well

Column S: Phenomenex C18 10u 3.0 x 50 mm column

Standard LC Run Conditions A (used unless otherwise noted):

25  Gradient: 100% Solvent A / 0% Solvent B to 0% Solvent A / 100%
Solvent B
Gradient time: 2 minutes
Hold time: 1 minute
30
Flow rate: 5 mL/min

Detector Wavelength: 220 nm



known in the art. References and procedures for using
these or other ester formng reactions can be found in

WO efosioenee 52 or 54. Additional references forP€hES2004/037213

5

formati on of am des from aci ds1 e: Norman, MH.;
Navas, F. 1ll; Thonpson, J.B.; gdon,

GC; . Md
Ch 1996, 39(24),.4 - , .dang, Y. -P,
QUSRI &7 7 ol sk R /0Tt el Faskte Trgheihisedc AR 1
1997, 14, 2083-2088; Langry, K. C; Og. Prep. Proc.
Int. 1994, 26(4), 429- 438; Ronero, D.L.; Mrge, R A ;
Bi |S94venEB: Ber ri osl0%Ha0 /R0% NaQH /H). tk; Trifhioneacetid AR,
Johnson, P.D.; Smith, H W; Busso, M; Tan, CK;
Voorman, RX. ; Reusser, F.; Althaus, |I. W; Downey,
K. Mitergdte 8IC. Rud CodBiflons@em 1994, 37(7), 999-1014;
Bhattacharjee, A ; Mikhopadhyay, R ; Bhattacharjya,
A ; Indian J. Chem, Sect B 1994, 33(7), 679-682.
SCHENE L Step F-1 H e NR
Scherreegs shows pols@i%glsgvggtngh@%c Sp{ . g}rllts ofr%ma ] %%lgergr% / 100%
a chloro di azazai r8dvent BStep F-1 of Schene coul d be
carried out according to the follow ng procedures:
Yamaguchi, S.; Yoshida, M; Myajim, |.; Araki, T.;

10H r@hdieNt time: Het erDg¥fhes Chem 1995, 32(5), 1517-1519

15
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in which they use 1 eq of Chloride,.9 eq Cu(l)CN, in
dry DMF and reflux for 48h. The concentrati on of

chlioride in DWF is preferably 0.094 nmol per L of
sollgoéﬂ?l.meReacti on ltglf‘}ﬁlge of 1-48h may be approrpiate
dependi ng on substrate and reaction tenperatures
bet ween 80 C and reflux (156 C) may be enpl oyed. An
al tldpwaate: pr oceduremiGprincarrying out step F-1 as

Detector Wavelength: 220 nm

Solvent A: 5% CH3CN /95% H,0O / 10 mM Ammonium Acetate

Solvent B: 95% CH3CN / 55% H,0 / 10 mM Ammonium Acetate
Compounds purified by preparative HPLC were diluted in MeOH and/or

DMSO (1-2 mL) and pﬁrified using the following methods on a Shimadzu LC-10A

automated preparative HPLC system or on a Shimadzu LC-8A automated preparative

HPLC system with detector (SPD-10AV UV-VIS) wavelength and solvent systems

(A and B) the same as above.

Preparative HPLC Method (i.e., compound purification)

Purification Method: Initial gradient (10% B, 90% A) ramp to final gradient
(100% B, 0% A) over 20 minutes, hold for 3 minutes (100% B, 0% A)

Solvent A: 10% MeOH / 90% H,0 / 0.1% Trifluoroacetic Acid



described in the experinental section for Exanple
occurrs via reaction of the chloride internediate with

wWEoi0assi2em cyani de (0.9 to 5 eqs, preferably 1pGI/esp4/037213

10

15

20

25

in a solvent such as DMF in tT@ presence of catalytic
sodi um 4-tol uene sul finate at *&h el evate tenperature
such as_100 C for 3h. Reaction tenperature may vary
bSNEBBS0 and 2067CHuOFSRH NGOSH Gietn o Acid
reaction tinme from30 mn to 48h. Reactions nmay be
conducted in a sealed tube to m nimze escape of
vdld@dtinhes i f nece¥BHEE €18 5 aOsTrmmtdobumst ep |1, the
hydrol ysis of the nitrile to the acid may be carried
out using acidic conditions such as MeOH and HO at
aq&&g&grvgﬁgcﬁﬁh!gxpgnby heating the internediate
imdidate 1 n the Methanol which provides the
i nternedi ate nethyl ester which can then be hydrol yzed
usi ng ptt%ssiuq1gﬁrbongte NEOH ?r LiOH or.KOH in ared
Met hanot ORGSR GA PE PIBFagsst Flot 8 B SHl 8 T Roh BFepare
Restdre pRick@iBat i vel y, KOH in ethanol or
nmet hanol nay be utilized to achieve this
transformation in step I. Qther nethods for this
tranformations are well known in the literatupe or in

t he references dancorporat®edd n the exper wpent
secti on. TrWt ,0B0 bi,can_be used dffectly
produce unsubstifluted 1 cagbpyam des (FOsR g

hydr ogen) vi a s}iPring in cold concentrated §u%furic
acid or at anbi ent tmsperatﬁre for 0.5 to l1l5days.

Alternatively stirring with MeOH and HO at room

tenperature followed by a hydrol ytic workup (water and
t heyl atetaistugs Ofoﬂletiwléf@lﬁ@@h]@nét? hiydspchioside €e0 ehe Taweol) and

or . . . .
e o SRR SR8 4 BN LML B pp e
66wisheidied by Wil ebkkion Afl shdiire Behoxak e athahdld63 mdf 165.4 mmol).
starting materials and precursors particulalry those

f oFheais it iF e e &mﬁfigre% Pt eHPH &0 e telfgOig to I-t., the
c Orﬁﬁ&ﬁfé%ds%u&&liz%& %{H A&@ﬁ%.ﬁ ml, 118 mmol), concentrated, diluted with

H>0 (250 mL) and extracted with CHCl3 (3 x 250 mL). The combined organics were
dried MgSOy), filtered, concentrated and purified by flushing through a pad of silical
gel (100g, EtOAc) to yield amino pyrrole 3 (10.2 g, 45.1 mmol, 95%) as a yellow
solid. *H NMR: (500 MHz, DMSO-de) & 11.55 (br s, 1H), 7.21 (d, J = 4.0, 1H,),
5.57 (s, 2H), 4.21 (q, J = 7.5 Hz, 2H), 4.18 (¢, / = 7.8 Hz, 2H), 1.27 (t, /= 7.5 Hz,
2H), 1.25 (t, J = 7.8 Hz, 2H); LC/MS: (ES+) m/z (M-OEt)" = 181; HPLC R; = 0.96,

column N.

Preparation of 4-hydroxy-5H-pyrrolo[3,2-d]pyrimidine-7-carboxylic acid ethyl ester
4

o OFt

EtO



pi perazi nes and al kenyl piperidines have been

di scl osed in a nunber different PCT and issued U. S
wQaiosnseAappl i cati ons (Reference 93-95, 106, 1PSI/LSDN4/037213

110, 111,112, 113 and 114) and]é)g S. Appln. Serial

Nunber 10/ 871 931 filed June 1 2004, which are

hereby incorporated by reference. AU Li

i d
Chr ot AP O(f@@nqmrgp ot () godsh-dmanelhang fepmavaiging acetate

ool B3 fiof)i 2RI P8 ARN\ etk HRCRY0 MY TH Feaction

us hiiguge Whetieras svhk sl ﬁ@ﬂtbfcﬁlledt Golids tedteadé Asgedayith EtOH. The
node. LC/ M5 Met hod (conpound identifi cat ion) Colum A
yMEltatswaAs sfowediezgohimidoe filfisddo cotist slidpihal mergaveshed with

5 Coftott B SRERL hr sT i Bile, MR InTRER LR
OD$achufn . ild 3, riiacahdoin 4 Q660gBA 1.9 nYivtl, %) asla H6 @e]ﬂmw solid

columm Columm : XTERRA C S7. 3.0x50 mm col unm _Col um
INEh wasased veskoat rhecruaicim NVIRy(ROG iz DRRG 4 8 7.91

. . 5 O_~}T§nH
coPﬂm)’%%?ﬁh%w’ %&%ﬁﬁ g?Sﬁizﬁgklgésrsnz%%c% 7gTﬁCol umm 2, SH);
L: LXYMS:dENB) £3/5(Ni-H) '6x30B; HALCOR ). SSmhinpaolvinnYNC
ODS- A C18 S3 4.6x33 mm colum Column N XTERRA M5 C 7u

103 0x50 mm col um Col umm : Phenonenex 1Qu 4. 6x50mm

C O lPyEmy, &b 1Y - E’/zlo%agﬁfﬁi -Bid[anti @yﬂm@ié&mm/}é i OMW ethyl ester 5

colum Col urm Q Phenohenex 5u mm C col umm
/ =
5
15 4,6-Diazaindole 4 (2.74 g, 13.2 mmol) was slurried in POCl3 (37 mL, 400

mmol) and heated at 105°C for 3.5h. The reaction mixture was cooled, diluted with

Et;0 (150 mL) and the resulting precipitate was collected by filtration, rinsed with

EtOAc and Et;O and dried under vacuum to yield 7-chloro-4,6-diazaindole 5 (2.48 g,

11.0 mmol, 83%) as a yellow powder which was used without further purification.
20 LC/MS: (ES+) m/z (M+H)" = 226; HPLC R; = 0.84 min., column N,

Preparation of 4-chloro-5H-pyrrolo[3,2-d]pyrimidine-7-carboxylic acid 6

0 o)
OEt OH

A\

N
7SN
N/N

H

Cl Cl
5 6

=
N\ /
Tz

25
To a solution of 7-chloro-4,6-diazaindole 5 (4.0 g, 18 mmol) in THF (90 mL)
was added a solution of LiOHeH,O (2.5g, 59 mmol) in H,O (60 mL). The reaction
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noted): Gradient: 100% Sol vent 6%/ 0% Sol vent B to 0%
Sol vent A / 100% Sol vent B GradP®nt time: 2 minut es

Hold. time: 1 .mnute Fl rate: 5 ml/m n Detector

Ve VBPRBHE PR ST HEINEEr AL SOVPNEEH 0B e from Ha0 (20
Tri IRAGSL L g Ueilirath QY& 816 Qb v

0. 1o TRRGEAE SAf Eo R B izn il Hphea YOGl bricd under
Cordglt vomsBr. Theadf-ehite sdldd¥aSdiovearid bA the DuBobalesttth8diazaindole
to 0% Sol.vent / 100% Sol vent B Gadient tine: 2. .

i O GSR i 06 (e S B aont (b pprfication. '
Deterirer(s £1980-&3% 812 is. 14 (YR IEAMSIIHSED B/
IR QUINRRTINEO &7 S L2FE . £ (o MR DRSS! f/2

O /(MHEV=AIH8p HIPIG Roe04f enifgoplonnds. puri fied by

preparati ve HPLC were diluted in MeOH and/ or DWVSO (1-2

m) and purified using the follow ng nethods on a
Shipragarribleof Ponisb SIRL RS IBF LRATMIMGinE-LarB%al B0 RAHe 7

on a Shimdzu LC 8A aut'omated preéparative HPLC system

with detector (SPD-I1QAV UV-VIS) wavel ength and sol vent

systens (A and B) the mguas above. Preparative HPLC
Met hod (i.e., conpound purification)
TN 7SN
N F N N Ay
H H
Cl cl
6 7

A solution of the lithium salt of the diazaindole carboxylic acid 6 (1.3 g, 6.6

mmol) in thionyl chloride (22 mL, 300 mmol) and benzene (30 mL) was heated at
105°C for 3 h. The reaction was cooled and concentrated under vacuum. The light
yellow solid residue was shown to be acid chloride 7 and was used without further
purification. The acid chloride 7 was identified by quenching a small amount with
methanol to make the analogous methyl ester or with aniline to make the phenyl
amide, each of which could be verified by LCMS. Methyl ester: LC/MS: (ES+) m/z
(M+H)* = 212; HPLC R, = 0.90 min., column G. Phenyl amide: LC/MS: (ES+) m/z
(M+H)" = 269; HPLC R, = 01.56 min., column G.

Preparation of Example 1:
2-(4-Benzoyl-piperazin-1-yl)-3-(4-chloro-5H-pyrrolo[3,2-d]pyrimidin-7-yl)-3-oxo-

propionitrile (Compound 9)

0 cl o CN
N //\N N N
N /\ > s v (j\l Pho— TN (}\J\H/Ph
N il NN
al o} H o}
7 8 cl 9

Example 1



Purification Method: Initial gradient (10% B, 90% A)
ranp to final gradient (100% B, 0% A) over 20 m nutes,

whedod/osn7 3 m nutes (100% B, 0% A) Sol vent A RORUMPOA37213
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90% H O/ 0.1% Trifl uoroaceti c1 ci dSol vent : 10% H O/
90% MeOH / 0. 1% Tri I uor oaceti:®’Acid Col um: YMC C S5
20x100 nmm co] um tect or |_ength 20 n Starting

mat eri al' 2 SeRHOBE ?€W£§1§V\§f(6 8 %1@8%%%‘% gyapomegyinipazipe 8

m@qgﬁg -0 erg}oe) o I—gf glt IﬁLF Etﬁﬁﬁg Yt € gﬁ:at s sl(lr:v(d? 2fld SSolution of

hyels 0 IKIBNIDERin(t8luend (3. 21&1.1_3 1lﬁ‘lﬁi‘n))l)a Mthe e¢deyibn rmxtule was stirred at —
(et Qﬁb{m?t hyl ene) cyanoacetate (10.0 % 47.2 mol ) i
et e @boqwnyhealtwh gat. agagous Qs EOmMx ang @@qaerﬁl @/ﬁth EtOAc

o P T R A RS S o e

Af prep HRAE torgeldahé kétocyahnb entBimdditte 9 (@S maedoe6 ahm(zleDD%) as a
concentrated, dilut

with Ac()—ldm? 75 M, 118 rn M%
quﬂomm B NIYR: 6540 Méize ® @wsm@@@so RSO 0HE) O St .65

tered,

I BSTOLTB SRS SO RS AE b AR spa s e
si 3.02-a.590@h, A0 DI/MS: QAs)) e M-ed =a¢07ﬂHPilﬂRtGi @98 min., column
(10.2 g, .45. 1 nmmol, 95% as a yellow solid. HNI\/R
(5@0C oo d ) d .55 (br s, IH), 7.21 (d, = 4.0,
IH), 5.57 (s, 2H), 4.21 (q, J = 7.5 Hz, 2H). 4.18 (q.
= 7.8 Hz, 2H), 1.27 (t, J = 7.5 Hz, 2H), 1.25 (t, J
—7P&pbdzqtio2zl—d)fExh@pM&: (ES+) mz (MOEt) = 181; HPLC R =

colu N. Pr tio e
of I PESR) TSR L0 bt SR B R 2 papiptigy T )-ethaae-
aclg ng&y &%ﬁo%ﬁd‘ioﬁt OA m xture of am no pyrrole 3
g, 44 and fornam di ne acetate

Q O

al O
N N N N/\
TN N7 /ﬁ
N]r/ vt I\/N\“/Ph _— ’\}r; l\\l K/N\H/Ph
H 5 N o)
Cl
7 8 cl 10
Example 2

To a solution of acid chloride 7 (6.6 mmol) and cyanomethylpiperazine 8
(1.96 g, 8.58 mmol) in THF (45 mL) stirring at —78° C was slowly added a solution
of 0.5 M KHMDS in toluene (42 mL, 21 mmol). The reaction mixture was stirred at
—78° C for 2h and then a solution of 32 wt.% peracetic acid in dilute AcOH (12 ml,
57 mmol) was added and the reaction was stirred at r.t. for 1h. The reaction mixture
was quenched with sat. aqueous NH4Cl (150 mL) and stirred with EtOAc (200 mL).
The resultant precipitate was collected by filtration, rinsed with H,O and EtOAc,
dried under vacuum and shown to be dicarbonyl intermediate 10 (813 mg, 2.05
mmol, 24%) as an off-white solid. "H NMR: (500 MHz, DMSO-ds) & 13.71 (s, 1H),
8.85 (s, 1H), 8.76 (s, 1H), 7.51-7.25 (m, 5H), 3.89-3.20 (m, 8H); LC/MS: (ES+) m/z
(M+H)" = 398; HPLC R, = 0.80 min., column G, conditions B.



(13.8 g, 133 mol) in ethanol (100 m) was heated at
105 C for 20 h. The reaction mxture was filtered

waonbkiobesesil | hot to collect solids that were rPeEES004/037213
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wth EtOH The filtrate was allgwed to cool tor.t,
filtered to collect solids tha@’(O were washed with Et OH
The conbi ned solids were slurried with Bt O filtered
anﬂ’eﬂﬂf@@’llﬂﬁﬁéﬂmﬁ@cﬁumto yi el d 4, 6-di azai ndol e 4

T s

I\/I-Iit],pyﬂl’yﬁﬁhd-yl]&thh@rl 2A-dion¢ E@Qmﬁmﬁﬁ s, IH), 4.22 (q, J
= 7.2 Hz, 2H), 3.17 (s, 2H), 1.27 (t, J = 7.2 Hz, 3H);
L Ms: (ESt) mz (MrH) 208; HPLC R = 0.55 mn., colum
N. Preparation o P

of 4- chl oro-5H-pyrrol o 3, 2-d] pyri m & carboxyllc
acid ethyl ester5 OB CEt 4, 6-Di4 'ndo&21 2. 74 g,
13.2 mmol ) was slurried in P(ﬂ/ 7 mml) and
heated at 105 C F¥¥"P835h  The rgacti on mxtQJre was
cooled, diluted with (150 nl) fﬂ%the resul ting

pr eci pi tate was collected by f \L {rat i o, rinsed with
Et OAc and and dried under vacuumYto yield

7-chl oro-4, 6-diazaindole 5 (2.48 g, 11.0 mml, 83% as
a yel l ow powder which was used w thout further
purifichta Smledl_tﬁbek/ﬂicamﬁﬁyﬂ)mmi"mec(mﬂtl-])) (50 2i260. 1 BigkraolR 3=

o meERIFzoR 3y 014 B s RRob HeL e ageabjiadand heated

?2{0816406% %/-IEH nﬁfﬁ)%a%ir&g 4? %K q‘)ﬂls \%aagﬁéra adiifgad G/‘i’tﬁ hNeGH (2

ed a sol ution
of mli) Giftdrted Zncblhe HQatomk )punfled-b@p(e@@raﬁté HP]Eﬁ‘ro yield 11 (36 mg,
reacti onmi xture was stirred at ,100 C f

cofO8 rlil@ma]t ééi%éﬁﬂaﬂléh“rxﬁélpm Jofided H NYR{ @@0 Muﬁi% CR#dD) 5 8.83 G,
f h
B EYE SRUeTISR bl g on, oSt Gl 2

t o1Hy 3‘;%93 l45 t(ﬂ:l IH‘I) 3 (spBHY; HeC/ASz@Sad al/e(MaHhoxyd4; HPLC R, =
acid 6 (quantltatlve) whi ch was used wi t hout further
puPidF ingige colmn GnaRAIGe8 B Mz, DVBO-d ) d 8. 28 (s,
IH) 8.14 (s, IH); LC M (ES+) mz (MH) 198; HPLC R
0.47 mn., colum G
Preparation of Example 4:

1-(4-Benzoyl-piperazin-1-yl)-2-[4-(4-methyl-pyrazol-1-yl)-5H-pyrrolo[ 3,2-
d]pyrimidin-7-yl]-ethane-1,2-dione (Compound 12)

o O
N
A
Example 4 N ~N \g/
‘ H

In a sealed tube dicarbonyl intermediate 10 (50 mg, 0.13 mmol), 4-
methylpyrazole (31 mg, 0.38 mmol) and ethanol (1 mL) were combined and heated
to 140° C with microwaves for 30 min. The reaction was diluted with MeOH (2

ml), filtered and the filtrate was purified by preparative HPLC to yield 12 (34 mg,



Preparation
of 4- chl oro-5H-pyrrol o 3, 2-d] pyri m di ne- 7- car bonyl

w@bkdososae7 7 A solution of the lithiumsalt of P¢BUS2004/037213
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di azai ndol e carboxylic acid 6dﬁé.3 g, 6.6 mmol) in
thi onyl chloride (22 nL 300 ) and benzene (30 nlL)
was heated at 105 C fo The reaction_was

| ed
208 ¥eeinG F4) a5 m@ ﬁOlvthijhﬁMRh@Opll\éHFs Gl Tt 124Pi(ar ), 9.17
y/
i O SR RENS doRs PP T IS e A8 TS 05 8805 (m, 8),

i deno (§, BEY; b¢/MB8e (ESH)HQ/Z&M)I*E 4dnpHRL.OR, =0, o2 i@ nedlumn G,
to make the anal ogous nethyl ester or with aniline to
ned€aditioas Brenyl ani de, each of which could be verified

by LCVMS. Methyl ester: LCOMS: (ES+) mz (MtH) = 212;

HPLC R = 0.90 mn., columm . Phenyl am de: LC Ms:

( BSeparation(dEkmple269; HPLC R = 0 .56 min., colum G

Pre atio

o Ben 1P1W%?‘3leh2](4ﬁ§th%"-‘/(§i[{ PHIGI%3 %@WPP’&%??D‘
2 &Lﬁaérmd%d%(&ox{aouﬁa%ppropl onitrile (Conpound 9) |
o Exanpl’e 1To a solution of acid chloride 7 (0.5 mmol)
and cyanonet hyl pi perazine 8 (150 ng, 0.66 mmol) in THF
(4 m) stirring at -35C was sl ovvly @dded a solution of

0.5 MKHVDS in toluene (3.2 nL The
reaction m xture was sti rred a 35 r Ih guenched
with sat. aqueous EaBpiet) an e t act Et CAc (2
x 50 nmL). The conbi ned organi re con trat ed and
the residue purified by prep HPLC to,yield the
ket ocyano internmediate 9 (39 ng, 0.96 mmol, 19% as a

yell ow solid. H NWVR (500 MHz, DI\/BOd ) d 8.80 (s,

0.5H), 8.80 (s, 0.5H), 8658 a;ﬁb’864 05%

7. 50- 7. Beagpjutigppt digaghenyl lwnelﬁﬁhaﬁe Q0&e 8. ésmpﬁb i fyfeOH

3. &%b@) WA a(i'&d fk@l\f[e kﬁé M@ E"ﬁ}‘)’% %ﬁé\éﬁsr!‘@n Fadfhied 9P C for
0.5 h, cooled, dlluted with MeOH (2 mL) and H,O (1 mL) and purified by
preparative HPLC to yield 13 (24 mg, 0.06 mmol, 48%) as a white solid. '"H NMR:
(500 MHz, CDs;0D) 8 8.93 (s, 1H), 8.62 (s, 1H), 7.53-7.40 (m, 5H), 4.39 (s, 3H)
3.98-3.46 (m, 8H); LC/MS: (ES+) m/z (M+H)" = 394; HPLC R, = 0.79 min., column

G, conditions B.

Preparation of Example 6:
1-(4-Benzoyl-piperazin-1-y1)-2-(4-pyrazol-1-yl-SH-pyrrolo[3,2-d]pyrimidin-7-yl)-
ethane-1,2-dione (Compound 14)
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Preparati on of Exanple 2:
| - (4-Benzoyl - pi perazin-1-yl)-2-(4-chl oro-5H pyrrol of 3,

wQ2eppyRim di n- 7-yl ) - et hane- 1, 2-di one ( ConpouPdiI/1i83004/037213
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f Exanple 2 To a sol ution of 'Od chloride 7 (6.6
mmol ) and cyanonet hyl pi perazi ne 8 (1.96 g, 8. 58 nmol)

THF (45 nL - dde
ISgl ut | 0 %$eab?)d§ﬁ\tvl} Mnﬁﬁm@g{l%ﬂ\é\q? 4%(5 me 8&2@1}1% -Ipryéazole (26
[ S350 4,98 pThah UigeMERIT ki@ bomEicahPhedt Aot b

cetlc acid in dilute AcCH
( 1Ridtbwaied fors hnmxa'sheaféde@bmmb diheed wih MeDH WA L), filtered and

ZL@%&E%@%{S iuiiied bugirat R oo Ghae DR el 249

f
ol RS PR Mol Bt s baob, Rese! @LU 8.43¢ 11, 839
ungdey, W@umawosasheﬂmt SHh .60 GAarHn ByA8-3 .46 émnﬁiﬂl) WMS: (ES+)

10 (813 2. 05 mml as an off-white.soljd. H
N .Z@‘é@?ﬁl’ 30; BRded- & f%o@%lrvlco?@nn H)Coné1 GRS Ry 1)
8.76 (s, IH, 7.51-7.25 (m 5H), 3.89-3.20 (m 8H);
L M. (ES+) mz (MrH) = 398; HPLC R = 0.80 ni n.,
conm;anazmﬁEmm»hNB Preparation of Exanple 3:

Vi e B T A A TR S 93 glen >
_Ce]éﬁgz%ﬁgml }/?Feﬂ@dmhez RidnB (@ompahrdl Hyube di car bonyl
internmediate 10 (50 ng, 0.13 nmol), 3- nethyl pyrazol e

(31 ng, O.38 rmol) and et hanol (1 nL) were conbi ned
and heated to 140 C with m crowaves por 45 mn. The
reaction was diluted with MeOH ( iltered and
the filtrate was purified by prg rat?“ve HPLC to yield
11 (36 ng, 0.08 mmol, 65% asla Jiyht yel'hoW solid. H
NVR. (300 MHz, CD e8J*'%’ 8.83 |

In a sealed tube dicarbonyl intermediate 10 (50 mg, 0.13 mmol), 3-methyl-
1,2,4-triazole (22 mg, 0.38 mmol) and ethanol (1 mL) were combined and heated at
140° C with microwaves for 45 min. The reaction was diluted with MeOH/DMF
(1:1, 3 mL), filtered and the filtrate was purified by preparative HPLC to yield 15 (9
mg, 0.02 mmol, 17%) as a white solid. 'H NMR: (500 MHz, DMSO-dg) 8 12.74 (br
s, 1H), 9.54 (s, 1H), 8.94 (s, 1H), 8.54 (s, 1H), 7.55-7.35 (m, 5H), 3.90-3.22 (m, 8H),
2.53 (s, 3H); LC/MS: (ES+) m/z (M+H)" = 445; HPLC R, = 0.88 min., column G,

conditions B.



IH), 8.83 (d, J =2.8 Hz, IH), 8.52 (s, IH, 7.50-7.41
(m 5H), 6.50 (d, J = 2.8 Hz, IH), 3.95-3.45 (m 8H),

wQ@2e5/0840247 3H); LC MS: (ESt+) nmliz (MtH) 444; HPLECTRUS2004/037213
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0.97 min., colum , conditions B. Preparation of
Exanpl e 4: 1-(4-Benzoyl - pi peraHiln-

-yl)-2-[4-(4-nmet hyl -pyrazol - -yl)-5H pyrrol o[ 3, 2-
d]Rayranaiginef Exginpleet hane- | | 2- d| one ( Conpound 12)

CARBR A L R S oGP Lt o 10

andngiyhpipetaz{nl 1ykthane-e, z;mnm ((eminmdldm@at ed to 140 C

with mcrowaves for 30 min. The reaction was dil uted
with MeOH (2 nL), filtered and the filtrate was
purified by preparative HPLC to_yiebd 12 (34 ng, 0. 08
mol, 61% as a white solid. H :'g 0O Mz, CDC ) d
12.13 (br s), 9.17 (s, IH), ,§|40(s

IH)y, 7.85 (s, IH, _7.46- 3{“ H)kﬁ‘q'![SBSS(m

8H), 2.20 (s, 3H); ’LE’:?'R/E (ESXF) Wiz (MrHp = 444; HPLC
R=10.97 mn., colum , conditjons B. Preparation of
Exanpl e 5: A/ 16

| - (4- Benzoyl - pi perazin-|-yl)-2-(4-methoxy-5H pyrrol o[ 3
,2-d] pyrimdin-7-yl)- ethane-I,2-di one (Conpound 13)
Exanple 5 f X 13 To a solution of dicarbonyl

i nt er meg @§e%1ehQu6e5@1caimaon9 1ﬁt%rrﬁ&ﬁbt)a 10n(50/4210 (1B mhholed methyl-
added KOwve (79 ng, 1. ). The reaction was heat ed
at1,08-tdazdle (52 meh). 75@@1@13 and|cpRRres gowReH L REE0(2 IHAEIPD were

AT P R
g"\@'s MHW%L)CEHQQH tﬁiroﬁgﬁ) &l{ts and ﬁ%_fgl&ztg%va(s @unﬁbﬂ by preparative

LCHRE: t() Eg§l§1 163 rr(gv@y@)m:fmggh S%Fag@ yRllewgok nl,ﬁ I1]\IMR (500 MHz,

COLHD) § 8.97 (s, 1H), 8.61 (s, 1H), 8.28 (s, 1H), 8.27 (s, 1H), 7.52-7.40 (m, SH),
4.02-3.44 (m, SH); LC/MS: (ES+) m/z (M+H)" = 431; HPLC R, = 0.82 min., column
G, conditions B.

Preparation of Example 9:
1-{7-[2-(4-Benzoyl-piperazin-1-yl)-2-oxo-acetyl]-5H-pyrrolo[3,2-d]pyrimidin-4-yl } -
1H-pyrazole-3-carboxylic acid (Compound 17)

N
A .
Ny T
Example 9 H o}
N
°N
N\ 17

OH

In a sealed tube dicarbonyl intermediate 10 (30 mg, 0.076 mmol) and 3-
pyrazolecarboxylic acid (26 mg, 0.23 mmol), copper powder (10 mg, 0.16 mmol) and

K,CO; (52 mg, 0.38 mmol) were combined and heated at 150° C with microwaves



G conditions B. Preparation of Exanple 6:
| - (4- Benzoyl - pi perazin-1-yl)-2-(4-pyrazol -|-yl-5H pyrr

Wo@L@pB524d] pyri m di n-7-yl)- ethane-1, 2-di one (Borps2en4037213
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14) Eaxmaple 6l n a seal ed tubq gicarbonyl i nternedi at e
10 (50 ng, 0.13 nmol), pyrazolé (26 mg, 0.38 nmol) and

et hanol (1 nmL) were conhined a eated.at 140 Cwth

i@ ohva r?%?ﬁloasvaﬁidﬁmeﬁwemd%gﬁi g*nm@égﬁlfﬁr? gihicele:

e schitaltl gl PRRIDAND WP RIALT Brepauie il agyieta 17 ¢

i’isl_rl)lgl Osglﬁlﬁz(ﬂplé%%) asl-zhs‘Ngd?%’é sc(lﬁDl(}H\NwéR(()JAD;OO]D)IH:d, BVBD-Q S 13.32 (br

: S, , 8. S, . 8. s

Lty 15553 (b s, S@5g80% &, 410 8.7 @alIS: 76108 RySED. 7.13 (4, J

LG Mpiy,( Z = &P ~ 4. A7 4. -

col Um Z,’ Lﬁ:ﬂég nryo(l)lZ %?(?)/Krsﬁ) %ﬁ),éﬁ%ﬁa@g rb_f ng% Q\E@g{r)rpl 2747 :HPLC R

| O(Z-BanzajimpiGaeoaditiond Byl ) -2-[4- (3-nmethyl -[1,2, 4] tri

azol -1-yl)-5H orlyo[t3, 2-

d] pyri mdin-7-yl]-et hane-|, 2-di one (Conpound 15)
appararion oh Exargilg118g t ube di car bonyl internedi ate 10

( Q L )!_ ang)il t. A £ v [ £ 11814 i -
0134 ens R o - P i Tt
atl,2Ldion€ (Glotdpomna i ®waves for 45 m n. The reacti on was
diluted with MeOH DV (1:1, 3 nL), filtered and the
filtrate was purified by preparative HPLC to yield 15

(9 ng, 0.02 mmol, 17% as aghite solid. HNVR (500

MHz, DMSO-d ) d 12.74 (br s, N/9¥]54 (s, IH), 8.94

(s, IH, 8.54 (s, IH), 7r .354;}q 5H), 3.90-3.22

(m 8H), 2.53 (5 3H); WIMS7(ESH Nfz (MH) 445,

HPLC R = 0.88 mn., colu G+ conditins B. Preparation

of Exanple 8: o

[ -(4-(2H1, 2, 3-Triazo|-2-yﬁ)-5|—l—nyrrol o[ 3, 2-d] pyri m di
n-7-yl)-2-(4- benzoyl pi perazi n-1-yl)ethane-1, 2-di one

( Conpound 16)

In a sealed tube dicarbonyl intermediate 10 (30 mg, 0.076 mmol) and 3-
pyrazolecarboxylic acid (26 mg, 0.23 mmol), copper powder (10 mg, 0.16 mmol) and
K>CO3 (52 mg, 0.38 mmol) in EtOH (1.0 mL) were combined and heated at 150° C
with microwaves for 2 h. The reaction was diluted with MeOH (3 mL), filtered
through celite, concentrated, dissolved into DMSO and purified by preparative HPLC
to yield 18 (1 mg, 0.002 mmol, 3%) as a white solid. 'H NMR: (500 MHz, CD;0D)
8 8.73 (s, 1H), 8.45 (s, 1H), 7.57-7.40 (m, 5H), 4.77 (q, J = 7.3 Hz, 2H), 4.04-3.42
(m, 8H), 1.53 (t, J = 7.3 Hz, 3H); LC/MS: (ES+) m/z (M+H)" = 408, HPLC R, = 0.85

min., column G, conditions B.



Exanple 8 In a seal ed tube dicarbonyl internediate 10
(50 ng, 0.13 mmol ), 3-nethyl- 1,2,4-tiiazole (52 ny,

w®@2005/0sawt ) and copper powder (16 ng, 0.25 mMmoPQT/VE2084/037213
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conbi ned and heated at 140 C \Qnﬂ‘,éh m crowaves for 1 h.
The reaction was diluted with OH (3 nm), filtered
through celite and the filtrate was purified by
preguratipy ef Bpreled!yiel d 16 (3 mg, 0.007 mol, 5% as

a I [ ; : 1 - -
AR A g gl SRUPprSipgidalcst-yhettane
7.132di6n4QCompobid) 19)4. 02-3.44 (m 8H); LOMsS: (ESt) mz
(MtH) 431; HPLC R = 0.82 min., colum G conditions B.
Preparati on of Exanple 9:

1-{7-[2-(4-Benzoyl - pi perazin- o

-yl)-2-o0xo-acetyl]-5H pyrrol <d] pyrimdin-4-yl }-

| H pyrazol e- 3- car boxyl i ¢Naci (C:VQ‘/ und 17) In a

seal ed tube diE():(gng peqqyl En r pedi a e\q,/g: (30 nmg, 0.076
mml ) and 3- pyrazol ecarboxyll i c acido(26 nmy, 0.23

mmol ), copper powder (1 , 0.16 mml) and 2C 3 (52

mg, 0.38 nmol) were conbined andgheated at 150 C with

m crowavesfor 2 h. The reaction was diluted with MeOH

(3 m), filtered through celite, concentrated,

di ssol ved into DMSO and purified by preparative HPLC
to yi ells alséaled tubg diBarBanyhimermadag 18<6@Q0 wigi 1.6 nembh) dribeyl(1-

S G ) s gyl
E@R%K@% és’#_f_);jmﬁb%):a(lﬁml%-%xaﬂe Hs mB) %@fegbo%%iﬁé@ an@hdeated at 120° C

= 474, HPLC R O. mn., colum
G witlongtiowanss Br 2Rr @hareciionmiftufecaapdigided and 25% v/v was

N A R LT A Lt

(Eggﬂ;’r.rg ﬁl%gggnéomg )@thg%déggﬁgm RARERYA wiRtY fRdba MGl (05
mL) and concentrated. The residue was dissolved into DMSO, filtered and purified
by preparative HPLC to yield 19 (79 mg, 0.20 mmol, 53%) as a pink solid. "
NMR: (500 MHz, CDs0D) § 9.19 (s, 1H), 8.62 (s, 1H), 7.52-7.40 (m, 5H), 3.92-3.41
(m, 8H), 2.80 (s, 3H); LC/MS: (ES+) m/z (M+H)* = 406; HPLC R, = 0.79 min.,

column N.

Preparation of Example 12:
7-(2-(4-Benzoylpiperazin-1-yl)-2-oxoacetyl)-5H-pyrrolo[3,2-d]pyrimidine-4-

carbonitrile (Compound 20)

N\ \
Example 12 N A N

20



pyr azol ecarboxylic acid (26 ng, 0.23 mol ), copper
powder (10 ng, 0.16 mmol) and K CO (52 ng, 0.38 mmol)

WO p00E0&IM711. 0 nL) were conbi ned and heated at BGDUS004/037213
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20
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with mcrowaves for 2 h. The rggction was diluted with
MeOH (3 nmL), filtered through1 lite, concentrated,

di ssol ved into DMSO and Furi fied bi/ @{epgmi' ve HPLC .
to yi ellna sgl¢dituhgdicermon! itgmedizgg 1¢, &0 mg;{)-{ Qmungl, gotaspium

7 G900 o5, /2 oSSt o1 g and

( DNVEBHD.8 mPPBwérk coslbimefl ahdHieatedkd 100°C ii: 31, ElSte)crudezreaction
( M+ = 408; HPLC R 0.85 min., columm , condjtions
B.nixapawas patitioiedBrbwptagqueous 5% Na,COj3 (0.5 mL) and EtOAc (4 mL).

| - (4- Acety] - 5H | 2-

ot B e P b B S LO i, pichRfdced
%ﬁﬁgiggd into 1%0911/13&4;? en(zel _QImeE?xdil waw prepdretivesidPR€C go yield
(D0 o, & 0grmgl, 2652 as 2 white Soiid. Tht NATR: (360 hds, BNI8G e &

i SO 4R EDROGP Y BRE” BRI NE B, 1 3E S0 (. 18 0 S 2t BED:
aty, ¢S GRa-Y /A g EYALS39f HPLEZIR, ST0162 meac colomnnk, xpudigons B.

was divided and 25% v/v was concentrated diluted with
MeOHyCH d (2: , 1.5 nL) and N aqueous HO (0.5 nli).

Theg react j brred overnight, neutralized with N
aqﬁ'ggﬁ’%%f{{é?ﬁﬁ%%ﬁpg%{) and concentrated. The residue _
Was-(T{5 e BuedyipiieczDvECy1) 2+ dxcacesll) it ppueiof 3, 2d I myyimidin-4-yl)-
preparative HPLC tq yjeld 19 (.7 0. mol , 53%
asNé\I‘ﬂlIﬁ%hgollﬁ‘H}’raF?q cay Bbﬁmbﬁg?g%Bok‘jﬁfQ]& 9.19 (s,

IH), 8.62 (s, IH, 7.52-7.40 (m 5H), 3.92-3.41 (m

8H), 2.80 (s, 3H); L M. (ES+) nlz (M:tH) = 406; HPLC

R=0.79 min., colum N . Prepar@tign of Exanple 12:
7-(2- (4-Benzoyl pi perazin-1-yl)-2- etyl ) -5H pyrrol o

[ 3, 2-d] pyri mi di ne- 4- S L_nN__Ph
Example 13 N ~N \l(])/
H
N
\ /21

In a sealed tube dicarbonyl intermediate 10 (50 mg, 0.13 mmol), N,N-
dimethyl-1H-pyrazole-3-carboxamide (53 mg, 0.38 mmol), copper(0) (10 mg) and
1,4-dioxane (0.8 mL) were combined and heated at 150° C with microwaves for 2h.
The reaction mixture was concentrated, diluted with MeOH and DMSO, filtered and
purified by preparative HPL.C to yield 21 (2.3 mg, 0.005 mmol, 4%) as a yellow
solid. "H NMR: (500 MHz, CDs0D) & 8.94-8.87 (m, 2H), 8.59 (s, 1H), 7.56-7.36
(m, 5H), 6.94 (d, J = 2.8 Hz, 1H), 4.07-3.43 (m, 8H), 3.29 (s, 3H), 3.19 (s, 3H);
LC/MS: (ES+) m/z M+H)™ = 501; HPLC R = 1.16 min., column N.



carbonitrile (Conpound 20) Exanple 12 20l n a seal ed
t ube di carbonyl internediate 10 (40 ng, 0.10 mmol),

W@ i0assi2em cyani de (10 ng, O 15 mol ), sodi um PCT/US2004/037213
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4-tol uenesul finate (20 ny, é% mmol ) and DVF (0.8 nlL)
were conbined and heated at 1866°C for 3h. The crude

reaction mxture was partitioned between aqueous 5% Na
CEBsgpqrotion wilxaamrie Bf-OAc (4 ml). The organic |ayer was

r -
o e iRy B P Ty PR oy porazol-
Pry@psH 3lytrot[ HRLGpytmydiel 7dy128h4nkol , 2agiond. (C8mpeohd 226%
as a white solid. HNW (500 Mz, DVMsO-d ) d 14.16
(br s, IH, 9.20 (s, IH), 8.96 (s, IH), 7.52-7.36 (m
5H), 3.90-3.28 (m 8H); LOMs: (£S+ mz (MH 389;
HPLC R = 0.92 mn., colum P, k s B.
Preparation of Exarrpl e 13: N
l-(7-(2-(4- Benzoylg Eler;fl |n
ol o[ 3, 2-d] pyri m di ‘f N diinet hyl - [d4 pyr azol e -
3- car boxam de (Corrpound 21) PhExanple 13 In a sealed
t ube di carbonyl internediatel (50 , 0.13 mol), N
Ndi met hyl - | H pyrazol e- 3- car box 53 ny, 0.38
mmol ), copper(O (10 ng) and ApN4- d| oxane (0.8 nL) were
conbi ned and heated at 150 C{wi #h m crowaves for 2h.
The reaction mxture was conckntrated, diluted with
MeOH and DVSO, filtered and purlfled by preparative

HPLC to yield 21 (2.3 ng, 0.005 mmol, 4% as a yellow
solid (P Dol 194nBh BFipeAzind)5 me, 0.15
859(3@%756736%[2) v Jaglp I@mg

| Hpmol), DN 3111s®r©mle®51)amlae 2@1% §1L QFLI)IH&%’ 7f;gm(1§)l) zgﬂ)bls(z 0x0-3-
(';g{)%’sﬁp]mwp@ﬁ fc“{'iﬁl@&creé;ig#pg R gnfRoh Werd QistbRed into CH,C1,

| - (0% BENERY biRidREfoRZ0R - The Ydaktidn fdxt(3-Wis conténttapidpdilazd with
ne- 4- carbon{ )-1 H pyrazol -1 yl)-

MeOH (1.7 mL) flltered and purified by preparative HPLC to yield 22 (41 mg, 0.73

mmol, 99%) as a white solid 'H NMR: (500 MHz, CDs0D) 6 8.93 (d, J = 2.8 Hz,

1H), 8.90 (s, 1H), 8.60 (s, 1H), 7.54-7.37 (m, 5H), 6.98 (d, J = 2.8 Hz, 1H), 4.06-3.12

(m, 16H), 2.97 (s, 3H); LC/MS: (ES+) m/z (M+H)" = 556; HPLC R, = 1.03 min.,

column P., conditions B.



5H-ryrrol o[ 3, 2-d] pyri m di n-7-yl ) et hane- , 2-di one
(Conpound 22) Exanple 14 22 Carboxylic acid 17 (34 ny,

w®@2003/0sa2wt ), N- et hyl pi perazine (15 ng, 0.15 nmP@i/P$2004/037213

N, N- di i sopr opyl et hyl am ne (O. 1g , 94 ng, 0.73 mmol)
and bis(2-oxo-3- oaxzol i di nyl) hosphinic chloride (41
ny, rrm}l i ssolved into (0.5 ) and

st il)rrerpézéaffono mp[lgh]esdr eaction m xture was

c oNgeBenasd B pipeizinui- gt gﬁe,q;!m L{h1 -
urﬁfled ﬁgbp gara?g\}z\gH LC to y}{ﬁ?g%a%liﬁliﬂﬁ%a‘g%z
rm‘él]p:/mgfg@!e;1 7a¥1)%$ s 1. &-dinski (@omnpavid 28500 MHz, CD OD)
8.93 (d, J = 2.8 Hz, IH), 8.90 (s, IH, 860(s I H),
7.54-7.37 (m 5H), 6.98 (d, J = 2.8 Hz, IH), 4. 06-3.12
(m 16H), 2.97 (s, 3H); LC ME: mz (MH) = 556;

HPLC R = 1.03 mn., colum P., S
B. Preparati on of Exanple 15: zoy| piperazi n-
-yl)-2-(4-(3- phenygaxmgheolgraz.gl/ pyrrolo [3, 2-

d] pyri m di n-7-yl)ethane-1, 2-dijonei (Con'poufnd 23)
Eaxmaple Y H,N 23 In a seal ed~§ ube di car bonyl

i nt er medi ate 10 (50 ng, 0.13%%ol), 3yphenyl | H
pyrazole (80 ng, 0.56 nmol) and 4-di oxane (2.5 nl)
wer e conbi ned and heated at 170 ith m crowaves for
20 mn. The reaction was concentrated and triturated
with MeOH (3 nlL). The resulting solids were washed

5with MOH and with Et Oto yield 23 (33 ng, 0.07 nmol,

10

15

20

(58(:/() Sas 3 ¢ %@dg@l I((géarl!.{(l) R 50&) WW@S(%OQ%ﬁmgwll)égﬁenyl—

g bIHli).yrazoﬁ @0 ﬁl? olski)m%&) %Ed(1d4 droxz?é”(ﬁ 11%3 Kere &ormBined and
heated at 170° C with microwaves for 20 min. The reaction was concentrated and
triturated with MeOH (3 mL). The resulting solids were washed with MeOH and
with Et;0 to yield 23 (33 mg, 0.07 mumol, 50%) as a tan solid. "H NMR: (500 MHz,
DMSO-de) 6 12.42 (br's, 1H), 8.95 (d, J = 2.8 Hz, 1H), 8.92 (s, 1H), 8.57 (brd, J=
3.1 Hz, 1H), 8.27 (d, /= 7.3 Hz, 2H), 7.55 (dd, J = 7.3, 7.3 Hz, 2H), 7.48 (t, J = 7.3
Hz, 1H), 7.51-7.38 (m, 5H), 7.30 (d, J = 2.8 Hz, 1H), 3.92-3.21 (m, 8H); LC/MS:
(ES+) m/z (M+H)" = 505; HPLC R, = 1.40 min., column Q, conditions B.

Preparation of Example 16:
1-(4-Benzoylpiperazin-1 -y1)-2-(4-(3-(4-fluorophenyl)-1H-pyrazol-1-yl)-5H-
pyrrolo[3,2-d]pyrimidin-7-yl)ethane-1,2-dione (Compound 24)

o 0O

" H\ OTPh

0]

I N

Example 16 N~
N\N

\

24



Hz, IH), 7.51-7.38 (m 5H), 7.30 (d, = 2.8 Hz, IH),
3.92-3.21 (m 8H): LOMS: (ES+) mz (MrH) = 505: HPLC

we254801241 n., colum Q conditions B. Prepar at PONUs$004/037213
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Exanpl e 16: 117
| - (4- Benzoyl pi perazin-1-yl)-2- ](4 (3-(4-fluorophenyl)-I
H-pyrazol-

5 2o By peel Wbo s PhpeRpamemesiag oA
%@Ggl_p%&%ﬁ@k&%(m o5, QAT PRAMA) drat e1RMaaL & %

4- fl uorophenyl )-I H pyr azol e (150

Mgombir@a andrbéarecoard 607 €-wlitb xdo@waRenfoy 20enie. dhaiéactdn was

and heated at 160 C with mcrowaves for. 20 m n. The

r éapeenBAtedeugdivighMeER §3 min) vrudialived withseirated sAupous

AR e PR i o

t H NMR CtSOO‘WRDMﬁ@leWZQ @NB& le) 8.962d AB= Q% HS,, lH) 8.91 (s,
& T3 GorSqliNg 34 0L B 8.1, R M p 505 By S5 7R (. /=87

5 8 b <. +

7y gt 1= By S 3 Fhos (peBiek OV, Bl e
HBIZ@L; RPECR, 42 .48 min., cblmm),@ondidiods Bi ons B.
Preparati on of Exanple 17:
| - (4- Benzoyl pi perazin-1-yl)-2-(4-(3-(4-nmet hoxyphenyl) -
| bb;@y&;aﬁ&k of E)&z hpioHeyr ol o

] pyrimdin-7-yl)ethane-1, 2-dione M&Conpound 25)

de@abd:reovlammragaal—a@ “3-(fbé3-dH-nzathaxyphen it rsizel 4 -vip SH-

0 1] pyrazol e
(Péférngﬁ?gt?}%‘ 111(1])"¥'y§ﬁ afefé d?l&laﬁg&l{’é %]dn%) wer e
conbi ned and heated at 170 C with m crowaves for 20
m n. The reaction was concentrated and triturated with

MeOH (3 nL). The resulting soli re washed with
MeOH and with Et Oto yield 25 (/43 mo 08 nmol, 61%

as a tan solid. H NVR (5007 ,\Dwﬁggld 12. 41(br

—

s, IH, 8.91 (d, EaxmapR18 HA ’ 8.89 (k, IH, 8.55
(br d, J =3.4 Hz, IH), 8.20 {d, " =18.7 2H) ,
7.51-7.39 (m 5H), 7.23 (d,{ P

25

O_

In a sealed tube dicarbony1 intermediate 10 (50 mg, 0.13 mmol), 3-(4-
methoxyphenyl)-1H-pyrazole (105 mg, 0.60 mmol) and 1,4-dioxane (2.5 mL) were
combined and heated at 170° C with microwaves for 20 min. The reaction was
concentrated and triturated with MeOH (3 mL). The resulting solids were washed
with MeOH and with Et;O to yield 25 (43 mg, 0.08 mmol, 61%) as a tan solid. 'q
NMR: (500 MHz, DMSO-dg) d 12.41 (br s, 1H), 8.91 (d, J =2.8 Hz, 1H), 8.89 (s,
1H), 8.55 (br d, J = 3.4 Hz, 1H), 8.20 (d, J = 8.7 Hz, 2H), 7.51-7.39 (m, 5H), 7.23 (d,
J=2.8 Hz, 1H), 7.08 (d, J = 8.7 Hz, 2H), 3.85 (s, 3H), 3.92-3.21 (m, 8H); LC/MS:
(BS+) m/z M+H)* = 535; HPLC R, = 1.40 min., column Q, conditions B.



| =2.8 H, IH, 7.08 (d, / = 8.7 Hz, 2H), 3.85 (s,
3H), 3.92-3.21 (m 8H); LOMS: (ES+) mz (MH) = 535;

WOoiRW§0R247 1. 40 min., colum Q conditions B. PrRQHDS1000037213
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of Exanple 18: 1- (4 Benzoyl pi Fga2|n

-yl)-2-(4-(3- (2 nethoxyphenyl

| H- pyrazol - yrrol of

3 Breidrgient %Wymﬁeég)ethane | , 2-di one (Conpound 26)
Eax

CoXIPRh ol RrBER! B3 Kt SRR D ATRELAL 8 st
( F9erotug3,2al] pwimidid-Y-yhathahe4,Hidione f€ohgourid) 26)er e

conmbi ned and heated at 170 C with m crowaves for 20
mn. The reaction was concentrated and triturated with
MeOH (3 nmL). The resulting soligds vere washed wth
MeOH and with Et Oto yield 26 ( ~0.06 mmol, 47%
as a tan solid. HNWR (500 , ) g 12.34 (br

,IH) 8.91 (s, | 0 . IH), 8.55
br d, J = 3.4 mﬂ"?—?fé%w ddHJ_7.@ 1.5 H,
H), 7.50-7.39 (m 5H), 7.47Ygdd, J = 8.2, 7.0, 1.5

Hz, IH), 7.21 (d, J = 2.8 HA\ 4 H e 7,20 (d, J = 8.2
Hz, IH), 7.14 (dd, J = 7.8, 7. H, 3.94 (s, 3H),
M

—_—wn

, [
3.91-3.23 (m 8H); LU Ms: (ES+ z (MtH) = 535; HPLC
R=1.42 min., colum Q conditions B.Preparation of
Exanpl e 19: 1- (4- Benzoyl pi perazi n-

§I ) - ahé s i il PRl B R SOl
terdil)-1 1e(109 lnfig, . @B@hﬁﬂ) dndbies-dicxand Miyll) were

nterne iate 10 (50 , 0.13 mmol), % (trifh
oucgmlwyua}lé heatyql 3t 1710° 6} with amierqriases fag 2 onmoﬁhmpact@ndvas

o RO i B el S O GRER, E hlEhf Fhid Whevashed

conigieMeOR & with 8,0 168618 26a3VREH0(0 o], aTdo)ni ral ithi eslid. 'H

by reparative HPLC to yield 27@&@4&23 0. 06 nmol
Rad S50 Whiz, ®MB0idd) 0 rlIZIQHFébr (s, DBOB9Y (& 7 = 2.8 Hz,

12..63 ( 2. (

BN MO PR it

IHZF‘DAWI @837 £6.2,3.0715.18z, Iﬂa) 7 EL.(d, /9 2(8ddz, YH)=7209d, =8.2 Hz,
1H), 5!)1’4 (dd, J =7.8, 7.0 Hz, 1H), 3.94 (s, 3H), 3.91-3.23 (m, 8H); LC/MS: (ES+)
m/z (M+H)" = 535; HPLC R, = 1.42 min., column Q, conditions B.



7.52-7.36 (m 5H), 7.47 (d, J - 2.8 Hz, IH), 3.90-3.25
(m 8H; LOMS: (ES+) mz (MH) = 574; HPLCR = 1.77

wOorRews/0seet uim Q conditions B. Preparation of BXED§1084/037213
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20:

I -(4-(I H-I,2,4-Triazol-l-yl)-l‘sllgl-pyrrol o[ 3,2-d] pyriinid
in-7-yl)-2-(4- benzoyl pi perazin-1-yl)ethane-1, 2-di one
((86'?%@2‘1@1@"8@" ‘e 20l n a seal ed tube di carbonyl

i ntar ' 5 [

o g PR S gD (O bk iR G g 2t 31
mgH-Pyrictoidt)pyainddih; Ayktnans2-(®ne (Mompesnéd 2¢bmbi ned

and heated at 140 C with m crowaves for 6h. The

reaction mxture was diluted with (1:1, 2 nl),

Filtered, concentrated, dissolvgd pnto MeOH DVSO (5: 4,

1.8 mL) and purified by preparatyve HRLC. The

resulting yellow solid was h/IN' d wth, MeOH to

yield 28 (15 ny, N2 as aTight yell ow

solid. HNWR (5085“‘%% }3) b 12. 95 ‘é? IH), 9.71

(s, IH), 8.98 (s, IH, 8.61Asy IH, 8.56 (br s, IH),
7.52-7.36 (m 5H), 3. 92-3.23 (m 8H); O/ MB: (ES+) mz
(MtH) 431; HPLC R = 0.98 mn., | unmm C. Preparation

of Exanple 21: Fa
l-(4-(IHI,2,3-Triazol-1-yl)-5HDpyrrol o[ 3, 2-d] pyri m di
n-7-yl)-2-(4- benzoyl pi perazi n-1-yl)ethane-1, 2-di one
(Conmpound 29) o. o\ Il MExanple 21 [ H29 In a

seal ed tube dicarbonyl internedi ate 10 (60 , 0.1
nmol ) dna sga}lgq gibe dica¥bony1 intermediate 1% (50 rglg, O.@mmol),%-@—

at

(trifluoromethyl)phenyl)-1H-pyrazole (150 mg, 0.70 mmol) and 1,4-dioxane (2 mL)
were combined and heated at 160° C with microwaves for 20 min. The reaction was
concentrated, dissolved into MeOH (3 mL) and purified by preparative HPLC to
yield 27 (34 mg, 0.06 mmol, 46%) as a white solid. TH NMR: (500 MHz, DMSO-
ds) 6 12.63 (brs, 1H), 9.00 (d, J = 2.8 Hz, 1H), 8.94 (s, 1H), 8.64 (s, 1H), 8.62 (d, J =
7.9 Hz, 1H), 8.54 (s, 1H), 7.83 (d, J=7.6 Hz, 1H), 7.79 (dd, J=7.9, 7.6 Hz, 1H),
7.52-7.36 (m, 5H), 7.47 (d, J = 2.8 Hz, 1H), 3.90-3.25 (m, 8H); LC/MS: (ES+) m/z
(M+H)* = 574; HPLC R; = 1.77 min., column Q, conditions B.

Preparation of Example 20:
1-(4-(1H-1,2,4-Triazol-1-yl)-5H-pyrrolo[3,2-d]pyrimidin-7-yl)-2-(4-
benzoylpiperazin-1-yl)ethane-1,2-dione (Compound 28)

N\
N
Example 20 N~ ﬁ

28



triazole (95 ng, 1.4 mmol) in 1,4-dioxane (3 nL) were

conbi ned and heated at 170 C with m crowaves for 20
Wones/0342¢7 r eacti on was concentrated and the r eRCTIUSRMWES3I7213

triturated with MeOH to vyi ell\/&z%g (10 ng, 0.023 mol,

16% asayellowsolld (500I\/Hz CD(D)d908

(7 57I ;D Iy f%eglgd @Eﬁ; dlCAfh%?@%?ﬂ%@W@E% (5027@3 |\9513 @Eg%, 1%
'Y{;,@ole A %ndigtrf%@ 1 %Z) ggj“(&mgo(') 8 hmol§ A0t D] @BSng, 0.17

repa

I mﬁlﬁob laitd Ry @iz odne30 SlrﬁLﬁ\hbmycbmbir&[d&na Tdhied rat M@ﬁ @ withy |
) 2-(4- benzoyl E;Eeram n-lyl) ethane-1,2-dio

( COIRFOYAYES BO Ariaetionpmixiing vesdikded wia B@@Q‘z‘ﬂ%@? (1:1,2

t
5 ({}ﬁf%ﬁ?tg ﬂ (gor?r]?y Lgagegif ggs lQecl(li%JWGH/g%g%O (5: 4 1 8 mL) and purified
t &iyr;ﬂkpﬁﬁttvrel HiPleny Théesydhing eyiovwp ablididias n{tﬁ))ate(dmlt]rMeOH to yield

U3 )op%”d ol At e seler i ™ MR LB prvso-

igﬁg td ccgl ?{Zgg’so?’i M@jsé llgglf\pergé%g@swg 52-7.36

| r(hQ SEYROD 263, BED);ddCAMS piESpa na (VB FBPE@ 3t pHPLEI Ri 30198
(28, mg, .  0.07 nmml, 52% as a white solid. HNWR (500

10 vpin.oRBERP & 13. 63 (br s, IH), 12.41 (s, IH), 9.03 (s,
IH), 8.44 (d, J =2.3 Hz, IH), 8.03 (d, = 2.3 Hz, IH),
7.50-7.37 (m 5H), 7.13 (d, J = 1.8 Hz, IH, 3.90-3.23
(rﬂreﬁdz—i)a;zoh@fﬁﬁzmp(l&&i—) mz (MH) = 430; HPLC R = 0.87

m3].n (4-( ﬁ-i) 1%@Tnhzo‘fq qﬂ ony%ro?o[?» 2- p%l%tlal%rb of)_zﬁégﬂpl €

| ek RL R aﬁaﬂé-imh&ne Cothpodndeoyl i soxazol - 5-
|)Keé‘ﬁ§g§1?r ol 0[392 pyri m dlzn 7];)()?Ia§let hj;ne |, 2-di one g

15 (Conpound 31) Exarrpl e 23 31 In a sealed tube
di car bonyl i nternedi at% 10, (50 ny, 0.13 nmol),

- hvl -
3- net hy \

N
N ‘\/N Ph
Example 21 N~ ~N \”/
H 0
N\N
i
\ N 29

In a sealed tube dicarbonyl intermediate 10 (60 mg, 0.15 mmol) and 1,2,3-
triazole (95 mg, 1.4 mmol) in 1,4-dioxane (3 mL) were combined and heated at 170°
C with microwaves for 20 min. The reaction was concentrated and the residue was
20  triturated with MeOH to yield 29 (10 mg, 0.023 mmol, 16%) as a yellow solid. H
NMR: (500 MHz, CD;0D) § 9.08 (s, 1H), 9.04 (s, LH), 8.66 (s, 1H), 8.07 (s, 1H),
7.57-7.41 (m, 5H), 4.08-3.43 (m, 8H); LC/MS: (ES+) m/z (M+H)"=431; HPLCR, =

0.95 min., column O, conditions B.

25



(tributyl stannyl)i soxazole (141 ng, 0.38 mol),
tetraki s(triphenyl phosphine)-pall adium( O (30 ng, 0.03

wornwspsand 1, 4-di oxane (1 nmL) were conbi ned anpPCTiEst0e4037213

at 10 Cwith mcrowaves for 2h, and then heated at 120
C for 2h. The reaction was repédted as descri bed above
and the reaction solution was heated at 10 C with

m direngagié ¢fdixaBiple Ze two reacti ons were conbi ned,

di lLu it h O _filtered.an urj fi b : .
or TR g ) S el p e B b hedboviptperazin-1
t riyl)uihahe o, 2vdibke oupd 30l d 31 (4 ng, 0.008 mmol,

3% as a white solid. HNWR (500 MHz, CD OD) 9.11 (s,

IH, 8.66 (s, IH, 7.56-7.42 (m 5H), 7.27 (s, IH,

4.06- 3.45 (m 8H), 2.47 (s, 3Hy; LCOMS: (ES+) mz

(MtH) = 445; HPLC R 1.23 m M m L. Preparation

ol
of Exanple 24: Ny, N
| - (4- Benzoyl pi per azi n-1 -Vl (4-%[59‘ B n-2-yl)-5H pyr
rol o[ 3, 2- d] pyr EA™MIeA2 7- etthane- | , %/di one ( Conpound
32) Exanple24 H32 In a | ed tube dicarbonyl
i nternediate 10 (50 ny, %:l? m’mlg, 2-
(tributyl stannyl)pyridine (140 m§® 0.38 mmol),
tetrakis(tri henyl phosphi ne)- palladium O (30 ng,

50.03 mmol ) and 1, 4-di oxane (0.8 nL) were conbi ned and

heat ed &t a 3duledGuié ﬂi'&aﬂﬂibgﬁqm_@ﬁﬁéﬂi:it@ 101(50 rl\r%h@ 1B8Rib]) OB
m xture was concentrated, diluted with OH filtered

andribupyistanaglpyragnle pidang. Ped Hrool) tstypkis(tdpizmiphasghine)-

&_@?{Hd% %@%g%@ogﬁ%i %ﬁ f’}i@- OXSclgjL k;(gg En?i) I\VI\éMcF%e lc&fn%?ned and
8. Hlatédlat 1107 COwiltl midrblvaved f621H. S Thé Mactidh B8t8rORad dluted with
7.54-7.37 (m GH), 4.05-3.42

I 7.61-7.55 | H),
10 ( :?NIWCI‘L’Z@M 1(, r@n@»?nﬂﬁﬂte(qdﬁpwoﬁeq.qql;idmﬁh@ SRlids wegsdissolved

15

20

" P BARSS R PuThEDR! bRy R PLETR S RIER 5. ey 07t 52
r okoh Fhite dhIRY rHNMR: 300 MHz, DMSO-dg) 8 13.63 (br s, 1H), 12.41 (s, 1H),
9.03 (s, 1H), 8.44 (d, J = 2.3 Hz, 1H), 8.03 (d, J = 2.3 Hz, 1H), 7.50-7.37 (m, 5H),
7.13 (d, J = 1.8 Hz, 1H), 3.90-3.23 (m, 8H); LC/MS: (ES+) m/z (M+H)" = 430;

HPLC R; = 0.87 min., column R, conditions B.

Preparation of Example 23:

1-(4-Benzoylpiperazin-1-yl)-2-(4-(3-methylisoxazol-5-yl)-5H-pyrrolo[3,2-
d]pyrimidin-7-yl)ethane-1,2-dione (Compound 31)

Example 23

In a sealed tube dicarbonyl intermediate 10 (50 mg, 0.13 mmol), 3-methyl-5-
(tributylstannyl)isoxazole (141 mg, 0.38 mmol), tetrakis(triphenylphosphine)-



yl ) et hane-1, 2-di one (Conmpound 33) (\ Exanple 25 33 In
a seal ed tube dicarbonyl internediate 10 (50 ng, 0.13

worewb)p54287 (tributyl stannyl)pyridine (160 ng, BCHBS2004/037213

10

15

20

25

mol ), tetrakis(triphenyl phosph| ne)- palladium( O (40
ng, 0.03 nmol) and 1, 4-di oxang? (0.8 nL) were conbi ned

and heated at 130 C for 4h, The reaction mxtur%
c @ahmﬁuméﬁ)éao mg, 609 menel) andi L Aaliexape 6hed) FErGeen EF%&Bd heated

f Iagﬁq 32“’1 %tgl%%%}tfﬁeﬁ’g§fg%§0 ﬁkﬁjﬁ%&éﬁa\é\ﬁ% | &l %%f %ﬁn The reaction

SEPAT, liRViehctiRSoRBbR S fh@bt%d t 010° C with
o PR8N el bR IHARURG VB ASR ARG RN of 010

Dl‘yﬁ@fdvihvés for)5h. flihk theo eghchon ware p@mb@etb@bﬁ@b‘dﬁhM@QH/DMSO

IS_| ghl%ﬂetdoqqd:\m%:fq Ieg gg&%@mme@eﬁu Cilfj X&Bﬂ[ \g# triturated
ﬁgnﬂ gﬁeoﬁtﬁﬁelﬁ% @ nS%@ dde,mﬂlbi), 3%3 a94 \&(h(iie sama ?HNMR (500

7 MB{zJCﬂ)ZODDrﬁ 951H)(s le)leﬁs (43Hon7 5@9)42 (gc/ﬁiyﬁ, 7 @@gs',)l}m #.06-
ofl\g+ @ %g)lgéyF()ls_ %PF LC(?M% (]J::g+r3 m/z‘if/l#ﬁ“ §I4Ej)r ﬁ%'taﬁ O 23 min.,

(](()ﬂt@?;;oyl pi perazin-|-yl)-2-(4-(pyridin-4-yl)-5H pyr
, 2-d] pyrimdin-7- yl)ethane-I, 2-di one (Conpound
34) (\ Exanple 26 In a seal ed tube dicarbonyl
in errredlat 10 15 ng, 0.13 mmol), 4-
(tl"leBﬁqug f’é 9?] di ne (140 ng, 0.38 mmol),
t eI g@bleﬁictyﬁplpaﬁﬂﬁl 1p§1§@r(m(p¢r)dmpaw -8HipymioDp[ X, BA) pygimidin-7-

4-di oxane (0.8 nmL) were conbi ned and
he)db@hhnatl AdicmedompaindPhaves for 2h, and then at 120
C for 2h. The reaction m xture was concentr at ed,
diluted with MOH DVSO, filtered and purified by

o}

Example 24

In a sealed tube dicarbonyl intermediate 10 (50 mg, 0.13 mmol), 2-
(tributylstannyl)pyridine (140 mg, 0.38 mmol), tetrakis(triphenylphosphine)-
palladium(0) (30 mg, 0.03 mmol) and 1,4-dioxane (0.8 mL.) were combined and
heated at 110° C with microwaves for 1h. The reaction mixture was concentrated,
diluted with MeOH, filtered and purified by preparative HPLC to yield 32 (8 mg,
0.02 mmol, 14%) as a yellow waxy solid. 'H NMR: (500 MHz, CD;0D)  9.15-
9.10 (m, 1H), 8.89 (br s, 1H), 8.70 (d, J = 7.9 Hz, 1H), 8.62 (s, 1H), 8.09-8.05 (m,
1H), 7.61-7.55 (m, 1H), 7.54-7.37 (m, 5H), 4.05-3.42 (m, 8H); LC/MS: (ES+) m/z
(M+H)" =441; HPLC R, = 1.54 min., column P.



preparative HPLC to yield 34 (22 ng, 0.08 nmol, 38%
as a yellow solid. HNWR (500 MHz, CD OD) d 9.24 (s,

woO 205/0912074 (d, J = 5.8 Hz, 2H), 8.75 (s, |H), BCBBSI004/037213
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= 5.8 Hz, 2H), 7.57-7.40 (m 5, 4.12-3.44 (m 8H);
LG/ MB: (ES-H) mz (MH) = 4412234pLC R = 0.78 nin.,
colum L. Preparation of Exanple 27:

| Rrapmeriobyf Biayg¥azin- | -yl ) - 2- (4- (pyr azi n- 2-yl ) - 5H pyr

rgl - i _dli i/ | Ry ST
AL R 00> Ll £ 4908 o R
diytethaoenl [2-diohe (Coeaboabé 330 (50 ng, 0.13 mol ), 2-
(tributyl stannyl)pyrazine (160 ng, 0.43 nmol),

tetraki s(tri phenyl phosphi ne)-pall adium{ O (30 ng, 0.03
mol ) and 1, 4-di oxane (0.8 nL) were conbi ned and

heated at 120 C with m cr owaves N and t hen at
ur S grc])ncent r at ed
g\f}f aﬁfd

130 C for 2b... The reacti opNg

to dryness, dilut eEg(anWletzg MePH (275 DMSO (0.5
m), filtered and purifred by pieparative HPLC. The

resulting yellow solid was urated with MeCH to
yield 35 (8 ng, 0.02 nmol, (5% as a,light yellow
solid. HNVR (500 Mz, DVBOYd ) d 12.93 (br s, IH),
9.75 (d, J = 1.2 Hz, IH), 9.21 (s, IH, 8.93 (dd, =
2.4, 1.2 Hz, IH), 8.90 (d, = 2.4 Hz, IH), 8.64 (br s,
IH, 7.53- 7.35 (m 5H), 3.96-3.21 ( 8H); LO Ma:
(ES+) rp2 sem%uba@yaarhqwbnt@rmeqlatféﬂréﬁnh .ﬁ}g%&ﬁmo 3

_P;(Fr@;@%c‘zf_?ﬁ’yeg{ﬁilﬁ?rﬁhégf%r@gg,iq.Slqlxga’grﬂ%g)gférigaﬁépﬂbﬁémﬁo@phine)-

, Datlhgiymi(O) @D mgZ 0.03yhpel) hadh &4kdigkaic (0.8 nflCowpewnubBEyd and

RS SR IR e

(150i({Bhed PeftteMBROAc (dfLY MY ShkitPRARVLLPRITOD, Wk cesium
fluoride. The biphasic suspension was filtered, separated and the aqueous layer was
concentrated to dryness. The residue was diluted with MeOH (2 mL) and DMSO
(0.5 mL), filtered and purified by preparative HPLC to yield 33 (7 mg, 0.02 mmol,
12%) as a yellow solid. I'H NMR: (500 MHz, CDs0D) 8 9.41 (s, 1H), 9.20 (s, 1H),
8.96 (d, /= 5.5 Hz, 1H), 8.91 (d, /= 7.6 Hz, 1H), 8.73 (s, 1H), 8.05 (dd, J=7.6,5.5
Hz, 1H), 7.56-7.42 (m, 5SH), 4.10-3.43 (m, 8H); LC/MS: (ES+) m/z (M+H)" = 441;
HPLC R, = 0.92 min,, column S.



pal | adium(O (30 ng, 0.03 mmol ) and 1, 4-di oxane (0.8
nm.) were conbi ned and heated at 130 C with m crowaves

wo e0058M24The reacti on m Xture was concentr at edpC™UB200€037213

© 10

15

20

with MeOH DVBO, filtered andoﬁlﬁrified by preparative
HPLC. The resulting orange soli'd was triturated with
acet one to ield (36.3 ng, 0.08 mmol, 63% as a
yéTTFW%WoEMPFP (500 Mz, DMBO-d ) d 13.48 (br s,

| L1-vP-A - )2 imidin-7-
|t Bl (g gR S i 7
( Mbiebhame-4 22diordRICOnpoun®390 mi n., columm S. Preparation
of Exanple 29: 1-(4-Benzoyl pi per azi n-
-yl)-2-(4-(pyridazin-4-yl)-5Hpyrrolo [

, 2-d] pyrimdin-7 - yl)ethane-1,2-dpone (Con'pound 37)
Exanple 29 37 In a seal ed tube i nternmedi ate

10 (50 ny, 0.13 nmol), 4- N 3t a ny L) pyri dazine
(160 ng, 0.43 mol), ﬁfe%rak,i/ phzﬁy/l pfiosphi ne) -

pal | adium(O (30 ng ) tand 1, 4-di oxane (0.8
nmL.) were conbi ned and heat e 130 C with m crowaves
for 2h. The reaction m xtur s congentrated, diluted
with MeOH, filtered and purified by preparative HPLC.
The resulting black oil was repurified by preparative
HPLC and the resulting yellow solid was triturated

wi t h adetieaded mbyidehcboldyl indmediag, 10050 hagrd B mB&Y)4-as

(grﬂq%ltylﬁ%nt %%'él'n? Qrﬂsmgw%ﬁ 3189%)4 tf-‘(ﬂa&ls@ﬂ%r%lpifspiﬂw?
| 'jDallacﬁm%?O)((é’O H‘g') 0 O§ n%ﬁol? Bha $, r'l') dlb'ﬁane 5%0 g?nl_(gqgere éom@mgd and

L@’eMSd a( EISEP)C with n@Meb?ﬁvgs 0420, alﬂ@lﬂ@:nth:];ZOf’ G%ﬂﬁhn The reaction
colum S. Prepar at

2 TRIXEYTE Y33, a?qffsmir%efi ﬁ@m%m&%&@ﬁ@%ﬁ@ dilsredrand prefiegby

ngara)a%aiv@tﬂmm Riyléld@al (zﬁ %rgaéloe m‘*ggxg )35239 0y 'a%hbxﬂ %016&5%{

nMR : 46D MHzoCdDgOE)@rﬁ 24 (sl EHI D.B (al/ 258 Hz 2H) 8 75 (s 1H),
8.52 (d, J = 5.8 Hz, 2H), 7.57-7.40 (m, 5H), 4.12-3.44 (m, 8H); LC/MS: (ES—+) m/z

(M+H)* = 441; HPLC R, = 0.78 min., column L.

Preparation of Example 27:
1-(4-Benzoylpiperazin-1-yl)-2-(4-(pyrazin-2-y1)-SH-pyrrolo[3,2-d]pyrimidin-7-
yDethane-1,2-dione (Compound 35)

Example 27

35

In a sealed tube dicarbonyl intermediate 10 (50 mg, 0.13 mmol), 2-
(tributylstannyl)pyrazine (160 mg, 0.43 mmol), tetrakis(triphenylphosphine)-



mol ) and the reaction was stirred 3h. The reaction
m xture was filtered, concentrated and the residue

w@eosos«ed7 by silica gel chromatography (Bi ot ageCT/US2004/037213
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25-short, 25% Et OAc/ hexanes t0,.100% Et OAc/ hex) to
yield 38 (188 ng, 0.75 mol, % a s a white solid.

(ES+ = 2 PLC R = 1.23 mn.,.
c@pu@mw@(())é%%mgt 0 B gurhoD pid iér SAE Hé;@a%fv‘ gompined and
1h£3§te ﬁtﬁ%&&h}%@s £t g%x PR el 130> & ledv i (4né kéRtion
qui no erazin- - ) et hane- [, 2-di one
( Gﬂm&l st &Ql)ceﬁuﬁe@mﬂr?ne%@ di&te'ﬂo;vlﬂl MleOi 2. Dfmlaand DMSO (0.5
chloride intermediate 7

( inlek fiftpwsrjand pusme)dpbsp@qea%ratquﬁw;a8@? 5%#14&%0@89\8 S@iléswas
gl AT, T k0 el G5 1050
WaH NMRy@dO MI—.IZ EIMSOh@) ﬁﬂesaér(bxes dH)tShE tedi=r e2 Hz, 1H), 9.21 (s,

cyanoket one internedjate was verifie

SRR B B /5204 o hrot > o) 1 2 o MO 0BS0ES 18D, 7.53-
21 @‘ig‘ &S 3ot Anrd MPSIPLC R, = 1.15

r(;g%:étq}%?iﬂ S?Qrse\sggé’afome S%é \/\grmto g?rblen t

t enjpe rcalumireS.over ni ght. The reacti on m xture was

diluted with EtQAc (10 nlL) and saturated aqueous NH4C

(10 m.) and filtered. The |ayers were separated and

t W8 AOUBOHSF EA¥R. 88t racted with EtOAc (25 nL). The
conbi ned organi ¢ |ayers were concentrated and purified

byl -8 BerznoaitpinesaziPL ey 1}-3-(i(eyrini@- §-y0 D Hrgyrrolop32himyrimidin-7-

el low.solid. HNVR (500 MHz, CD QD)
dy.eg’fnﬁgzb?lﬂ? e g%ﬁ 8.38 (d, J = 7.9 Hz,
I'H), 8.06 (d, J—12Hz '7.99 (dd, = 7.9, 7.6 Hz,
IH), 7.89 (d, J—67HZIH) 7.83 (dd, = 7.6, 7.2 Mz,
IH, 7.62 (d, J 6.7 Hz, IHQ 20379(m 8H): LC/ MB:
(ESt+) mz (MrH) = 421; HRLC/R =v0 83 nin., colum
S. Preparation of Exanplg 3I: Ph
Example 28

p=4

NN 36

In a sealed tube dicarbonyl intermediate 10 (50 mg, 0.13 mmol), 5-
(tributylstannyl)pyrimidine (160 mg, 0.43 mmol), tetrakis(triphenylphosphine)-
palladium(0) (30 mg, 0.03 mmol) and 1,4-dioxane (0.8 mL) were combined and
heated at 130° C with microwaves for 2h. The reaction mixture was concentrated,
diluted with MeOH/DMSO, filtered and purified by preparative HPLC. The resulting
orange solid was triturated with acetone to yield 36 (36.3 mg, 0.08 mmol, 63%) as a
yellow solid. I'H NMR; (500 MHz, DMSO-dg) & 13.48 (br s, 1H), 9.42 (s, 1H), 9.41
(s, 2H), 9.18 (s 1H), 7.52-7.39 (m, 5H), 3.91-3.24 (m, 8H); LC/MS: (ES+) m/z
(M+H)" = 442; HPLC R, = 0.90 min., column S.



1- (4-(lsoqui nolin- -yl)piperazin-
-yl)-2-(4-(pyrazin-2-yl)-5Hpyrrolo[3 , 2-

waelR@gns4zedi n- 7-yl ) et hane-1, 2-di one (Conpound 4PJT/US2004/037213
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Exanple 31 40 In a seal ed tubge di carbonyl internediate
39 (40 ng, 0.10 nmol ), 2- (tr*%%tylstannyl)pyrazine
(105 ng, 0.28 mol ), tetrakis(triphenyl phosphine)-
patrepatiationg Of EX@®lerg?: 0. 03 mmol ) and 1, 4- di oxane (0.8

) re combine he: _A30 55\ 14 in-7-
B L R A
M)eﬁﬁqu!\ﬁ@oﬁé(m&hpoﬁnﬂBﬂﬁr ed through celite and
purified by preparative HPLC to yield 40 (12 ng, 0.03
mol , 27% as a yellow solid. HNWR (500 MHz, CD QD)

d 9.85 (s, IH), 9.21 (s, IH, 893 (br s, IH, 8.83

(d, = 2.4 Hz, IH), 8.72 (s, 842 (d, =8.9 H,
IH), 8.09 (d, 7.9 Hz, | .05\ (dll, [ 8.0, 7.0 Hz,
IH), 7.87 (dd, J = 8.9, Y 7-85 (d, J =7.0
Hz, |H), 7.66(F™F%2 6. NIH, 4024-4.20 (m 2H),

4.14-4.04 (m 2H), 3.99-3.91 (m 4H); LC MS: (ES+) m
(MtH) = 465; HPLC R = %\92 mn. , colum S. Preparation
of Exanple 32: N

| -(4- (1 HPyrazol -1-yl)-5Hpyrrol o[ 3, 2-d] pyri m di n-7-yl
)-2-(4-(isoquinolin-lyl) piperazin- -yl)ethane-

, 2- di onk A Eakey oubreddiddrhorfk anpied e WL(SA rag. deld menol ke

di carbonyl i di ate 39 10l .
oyiaasino g degs Bt s o oaiu bey R By epgphine-
Vlvi ﬁa%ﬂh%ﬁnﬁ(sb%é 0109 RN Pan@ AR R EhA0® MERGEEE @Imblddl Hd

m crowaves for 50 mn. The reaction mxture was
di hesteeicht WBOC MEGHN{ctowdes Sor?hDEBO réaction ynixiurg wag eagcentrated,

;réiﬁlﬁ:ggy%g ll\iﬂ%(SHgg]gggw ;i’)uerggrg%i)yp ! g;gi%{tﬁlta :,ﬁ/lgly(gl lP Jil‘lg?/\%egulting black

?3%1'1 gl/ai ?éfhlgfﬁiﬁg F)??%ﬂ’m%iy% ff@%s@rﬁdah?%gl.ﬁlggg gl}dvtj&giﬁwgét?turated
with acetone to yield 37 (18.7 mg, 0.04 mmol, 33%) as an off-white solid. H
NMR: (500 MHz, DMSO-dg) § 13.48 (br's, 1H), 9.82 (br s, 1H), 9.54 (dd, J = 5.2,
1.1 Hz, 1H), 9.22 (s 1H), 8.85 (br s, 1H), 8.29 (dd, J = 5.2, 2.0 Hz, 1H), 7.54-7.37 (m,
5H), 3.91-3.25 (m, 8H); LC/MS: (ES+) m/z (M+H)" = 442; HPLC R, = 0.89 min,,

column S.

Preparation of 2-(4-(isoquinolin-1-yl)piperazin-1-yl)acetonitrile 38

N]\ N|\
78— o

To a solution of 1-(piperazin-1-yl)isoquinoline (459 mg, 2.15 mmol) in THF
(15 mL) was added NEt; (3.6 mL, 27 mmol) and chloroacetonitrile (1.8 mL, 28

mmol) and the reaction was stirred 3h. The reaction mixture was filtered,



8.5 Hz, IH, 809 (d, / =7.9 Hz, IH), 8.08 (s, IH),

8.04 (dd, J =7.6, 7.3 Hz, IH), 7.89-7.85 (m IH,
wQ285/084447J = 6.7 Hz, | H), 7. 66 (d, J = 7.0 HzpC1/B§2004/037213

6.72 (dd, = 2.5, 1. 2 4 18 (m 2H),
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6 Hz, %%] 2-
4.12-4.07 (m 2H), 397389]( LC/ MS: (ES+) nlz
(M+H) —453 HPLC R = 0, 97 mri i)lurmS Preperati qn
ofcogce@trated and the residue purified by silica gel chromatography (Blotage 25 short,

| ?Sf%yﬁ‘ 4 %Egﬁ&ﬁhé&bﬁ%bvdﬂt@&/ﬂéxb el 3% B8 MY, 8GSTHAALE B5%) as

a solution
2 -apilgireydolid - 1161/ NES:i(BS#) dh/zy(M-aié)Yi ) 268e HPRIG Ri# £28 6if., golumn Q,
I%sdl'gn THF (150 nmL) was added NEt (40 ni, 300
UgHYSchl oroacetonitrile (20 ni, 315 nmmol) and the
reaction was stirred 16h. The precipitates was
filtered away and the filtrate concentrated to
drRreesrstionyyebxaeileldds was purified by silica gel

chr ogr arh i-ot.age 40-shor Et O Ac/ to .
0o e AR o RS il 1 7—%-%‘9-48%%% - f'e%)&e%gm-l-
ayY)@tHaﬁ&Vl\MMn§@drﬁbou|n|dN bR (500 Mz, CDd

7.44-7.34 ( 3 ), 7.30-7.27 (m 2H) 3. 65 (s 2H), 2. 96
(t, J =5.3 Hz, 2H), 2.90 (t, J 5.3 Hz, 2H), 2.70 (t,

J =5.6 H, 2H), 2.62 (t, -056Hz 2H) LC MVE:

(ESt) mz (MtH) = 238; HPL . 33 ., colum |,

conditions B.Preparati rrple
2-(1-(2-(4-Cnl oro-5H pyrrpl B[ 3, d idin-7-yl)-2-0
xoacetyl ) pi peE?‘?"lﬁer?- 4- deihe) - 2- ph acetonitrile

(Conpound 43) Exanpl e33¢l To a slurry of acid chloride
internmediate 7 (100 ng, 0.46 nqgl) and

phenyl cyanoal kene i nternedi ate 42 (143 ng, 0.60 nmol)

in THF (4 nmL) at -78 C was added a solution of 0.5 M
KHVMDS in toluene (3.0 m., 1.5 nmol). The reaction was
sti rr ediazhslamg of fxdd phlesiée eerofedialtee? (dSimed. ByramoKeindRe4-

LQ%E%@SS%?- SRR oDBCeioEge 8 st P a7 ) ima i (5 mL,
a]’c Wgﬁ,)wa‘/é@ﬁdéi‘?@% %{Mb% ih ?&ﬁéﬂe"(w%ﬁ,t P 6fRS TRERaction
al | owe I ent

to warmto a
was stirred 2h. and the presence of the desired cyanoketone intermediate was verified

by LCMS. A solution of 32% peracetic acid in dilute aqueous acetic acid (0.5 mL,
2.4 mmol) was added and the reaction mixture was allowed to warm to ambient
temperature overnight. The reaction mixture was diluted with EtOAc (10 mL) and
saturated aqueous NH4Cl (10 mL) and filtered. The layers were separated and the
aqueous layer extracted with EtOAc (25 mL). The combined organic layers were
concentrated and purified by preparative HPLC to yield 39 (102 mg, 0.24 mmol,
45%) as a bright yellow solid. 'H NMR: (500 MHz, CD50D)  8.84 (s, 1H), 8.70
(s, 1H), 8.38 (d, J=7.9 Hz, 1H), 8.06 (d,/=7.2 Hz, 1H), 7.99 (dd, /= 7.9, 7.6 Hz,
1H), 7.89 (d, J = 6.7 Hz, 1H), 7.83 (dd, /= 7.6, 7.2 Hz, 1H), 7.62 (d, / = 6.7 Hz, 1H),
4.20-3.79 (m, 8H); LC/MS: (ES+) m/z (M+H)" = 421; HPLC R, = 0.83 min., column
S.



tenperature overnight. The reaction m xture was
diluted with EtQAc (15 nlL) and saturated agqueous NH4C

W@ 1@5m084247 The | ayers were separated and t he agqREDUS2004/037213
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| ayer extracted with Et QAc (2 je% 20 nL). The conbi ned
organi c | ayers were concentra{ d, the residue was

purified by frep ive HPLC and the resulting yell ow
SO PRETHAL O "with MeOH to yield 43 (18.6 ny,
0..04. 9 i1tg)-2qUl@yrakin skR \2-
e o godd Ay Rgaatil A 204! Pty - EPE 0B
0.d%p9yimigin?d-yDsthade-$ Ry dioe (Bnfpound46H) , 7. 54- 7. 30 (m
5H), 3.86 (t, J =5.8 Hz, IH), 3.70 (t, J = 5.8 Hz,
IH, 3.56 (t, J =5.8 Hz, IH, 3.38 (t, J = 5.8 Hz,
IH), 2.93 (t, =5.8 Hz, I H 65(t J =5.8 Hz, IH),
2.63 (dd, J = 5.8 Hz, IH), ¥ 58Hz,||—|);
LC MS: (ES+) mfz (M+H) & ;% 28 min.,

~N H
colum S. Pre @ﬁlqn oﬂl ampl e
2- (1 - (2- Oxo- % (pyri midi i 5-yl)-
i mdin-7-yl)acetyl) pi perrdi n-
4-yl i dene) - 2- phenyl acet@ni tri | gq( Conpound 44) (
Exanple 34 In a seal ed tube dicarbonyl internediate 33
(30 mg, 0.074 mmol ), 5- (tributylstannyl)pyrimdine
(82 ng, 0.22 mmol ), tetrakis(triphenyl phosphine) -
pal | adiToseyied ROe figartmnobinarpEYiain (40 M PIRAREOPR-5

PSSR 0 8% o Rl oL

I\/q)@ﬂ&cﬁ?h@@) &0 Intge 0&d ramdl)rand il f4-@idxdne (PReplay wtte\cembRle and
toyleld44 02 mmol , 30% as a yellow solid.
|_| hepired af th n@g vesifog 2h.7 The reapfign mixtups wag dilpfgg with

Q%ﬁg(h);&)ﬁfﬁsﬁd(@% 911t§}é@én%u§1?641§w9d @J;J%ﬁopd?})yén?eparatwe

é rPi[P]E(H)Q ylélcnm ((1ddmg,1) 03 b, ﬁO/@ zltlea ydllld)V soﬁdB&H(NivIR 15@@ MHz,
@3@):5 % 83 (s, gll)f@ 921 (ﬂ,l(-llﬁ) 23913(7br(sd1ﬁ) § 83 (é fl— 251 Igz g.g{) 8.72

d
o, B k5 BB 0 1 B8, R0
LO/HYBy 8¢ &St ) 08 .2, §.0MEH), 1H) 45685 (dPEC.(REZ, 1HY¥8.66(d).J,= 6.7 Hz, 1H),
4.24-4.20 (m, 2H), 4.14-4.04 (m, 2H), 3.99-3.91 (m, 4H); LC/MS: (ES+) m/z
M+H)" = 465; HPLC R, = 0.92 min., column S.

rrol o 3, 2-d] pyr

Preparation of Example 32:
1-(4-(1H-Pyrazol-1-yl)-5H-pyrrolo(3,2-d]pyrimidin-7-yl)-2-(4-(isoquinolin-1-
yD)piperazin-1-yl)ethane-1,2-dione (Compound 41)

N
Example 32 N AN !
H

—
=z
~_7
pd

M



colum . Preparation of
2-(4-((l,3,4-oxadi azol - 2-yl ) (phenyl ) net hyl ene) pi peri di

waonzdoghoj42atetonitrle 45 45 tert-Butyl 4-(( ,  PCT/US2004/037213

, 4- oxadi azol - 2-yl ) (phenyl ) net hyl ene) pi peri di ne- -
carboxyl ate (100 ng, 0.29 mmol¥%as diluted with 4 M

HO in 1,4-dioxane (1.2 nl,4.8 mml) and stirred |h.

The readt p s¢pledhigibe disedonyldnistmediate 8R4 T agi 006 nuhol)tpydazole (26

Wi i.et hyl am

il A B ket Bebench] B 5801 %5042 (i el Binbined and
r efedtedmn MBS CSWith hetoFaths FEO5FAMN. M BleEdactfn! rHitxﬁge WaE Riluted with
MeOH, filtered and 8ur| fied by preparative HPLC

yi MepHi 6l 43 ang PNGSQK 1 mbo| fﬂt@@(%hr@ghecehm and ;mulfnedi by lreparative

s DLt (s, 0,08 indl28%) ab hiandyelin/olic, “Hngva: (500
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Hz MH;{DDCDQIT)'Z_)S §.60 (Ier 5 1§I) 83 852((1 25)02 5 ﬁzﬁﬂ’\%ﬂfg 61és u% §42 d,J=
( M&é)Hz: 131); 8. OPLE /R 19(1{:91Hm 8,08 (% AHIN®04 (drbdi@h a: b O7nSHB 1H),

T OB G085 TN BB BMhOR i e g /-

n R 5y[l)5 -Hz, 135 (4.20U. 13, (4, 2H), 4.12-4.07 (m, 2H) 3.97-3.89 (m, 4H); LC/MS:

trlazol-l- I H- rroIoS rimdin-7- t hane- |
@%@gurﬂg 4@}3L§£&m1ﬂ ;py .| cohemag Ss| ﬁr)ry of

ac:ld chI oride internmediate 7 (600 ng, 2.8 mmol) and
2-(4-

( ( Prépedativnanticad e(kycawme)f(ynp@-yuz)armpmine NeReehdetinirile ¥2
| )acetonitrile 45 (8 mml) in THF (5 ni), at
-78 C was added a soI utlon of O 5 M KHVDS in tol uene
(17.2 nmL, 8.6 mml). The reaction was stirred 2h. A
solution of 32%peracetic acid in dil utcﬁ aqueous

acetic acid (2.8 nL, mmol) was added and the reaction
m xture wag alfo to—warmto anbie erature
over Ih. THe.rea n m xt ure Nas-Ni Hut ith Et OAc

(30 mL) and brine (25 nL) and filtered. The | ayers
wer e 42

To a solution of 2-phenyl-2-(piperidin-4-ylidene)acetonitrile (6.8 g, 34 mmol)
in THF (150 mL) was added NEt; (40 mL, 300 mmol) and chloroacetonitrile (20 mL,
315 mmol) and the reaction was stirred 16h. The precipitates was filtered away and
the filtrate concentrated to dryness. The residues was purified by silica gel
chromatography (Biotage 40-short, 20% EtOAc/Hex to 50% EtOAc/Hex) to yield 42
(1.7 g, 7.2 mmol, 21%) as a yellow waxy solid. "H NMR: (500 MHz, CDCl3) 8
7.44-7.34 (m, 3H), 7.30-7.27 (m, 2H), 3.65 (s, 2H), 2.96 (t, J = 5.3 Hz, 2H), 2.90 (t, J
= 5.3 Hz, 2H), 2.70 (t, J = 5.6 Hz, 2H), 2.62 (t, J = 5.6 Hz, 2H); LC/MS: (ES+) m/z
(M+H)"=238; HPLC R, = 1.33 min., column O, conditions B.



separated and the organic |ayer concentrated. The
residue was triturated with to yield 46 (340 ng, 0.76

wonnmb/052%%) as an orange/yellow solid. H NVR ¥ED0SNbir037213
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DVMSO-de) d 13.73 (s, IH), O. ]1530( 0.5H), 9.10 (s,

05H) 883 (s 0.5H), 8.82 (50 0.5H), 8.76 (s, 0.5H),
8.74 (s, H). 7.49-7.15 (m 5H), 3.80 (t, J = 5.8
Hi’renwntOﬁIim('tpe?ﬁ = 5.8 Hz, IH, 3.49 (t, = 5.8 Hz,

|2'§).7(51 (ﬂ%l‘ﬁ_)r 5)% pglzrrglo'[g —dﬁ@mm%up? yg)t—?l oxoa%et%rl)h?pemlh'ﬁ'M-

2 .y#iBere)-2-phenyBcedtanitiy (Cdnﬁpdn&d AKBBES+) nl z (M+H) 449
HPLC R = 1.10 min., columm P, conditions B.

Preparati on of Exanple 36:

I-(4-((1, 3, 4-Oxadi azol - 2-y},) (phenyl ) met hyl ene) pi peri di
n-1-yl)-2-(4-(1H1,2,4- tri

| -yl)-5H pyrrol o[ 3, 2-d i di{n- o€t hane- ,2-dione
(Conpound 47)_ EX l e a sedl&d tube dicarbonyl
i nt er nedi at e ? ng, YO. 7 nmol ) A, 2, 4- triazole

(28 ngy, 0.41 mol), copﬁbr(O) (8
(20 nmy, 0.14 nmmmol) and 1, 4-di oxgne
conbi ned and heated at 140 C with m crowaves for 2h.
The reaction mxture was diluted with MeOH DVSO (2: 3,
1 n) and purified by preparative HPLC to yield 47 (4
ng, 0. (08a ol of a@d@hmdauy@rmeéwt%’bl(mﬂ) mgj obrmd

%@ﬁ‘ﬁl}%an?@lk(egegmgezg‘@ ate 22(5"'21% £ ﬁ%g >(—‘6‘m ]3 @?I(F (ﬁnﬁf 5a]_|)§78° C

8 \ﬁlc/tk anﬁed Qséllﬁ%an §f (4@? M KHMD;@@ tolﬁerfES(S(Y) hh, ( Hlmrﬁdﬂ) The reaction

0. mol), K CO

6.1, 5.8
szasl slt—ip;ed Qhaisd @h;ecpres/enee & the depirsd Hzanqlqegone gltggllqd@p@p was verified

L(?N% Q% iolugg%otﬁ%zlﬁ Péﬁdagetf a&fl ?1 Cflél’ute aqieggslacle@ 3801%—&0994 mlL,

| |‘ﬁ 1 mBndi? was ddded t& tHe- réaction mikluwre hid) t,helh.Q/léXEed foRGHM toambient
(M- = 482; HPLC R = 1.13 min., colum Condlct(llgmi)and

B tpm@g@wap pmnyght é&k@fﬁp@og-zmxture was dlluted w1th EtOA
tur t%!i 3&1.2 3) Wtﬁ?fﬂ mﬁf y"h? lQl}‘&EWe}é@bgﬁé SANBHRALRESS Tayer
5 %}@Mbﬁed Ma{EEDAL] @y 20nindl). nTHe yonleihédorzahic 2aytirowere concentrated,
( C%%g?eoslljdr:l% wa?s)punﬁed by preparative HPLC and the resulting yellow solid was
triturated with MeOH to yield 43 (18.6 mg, 0.04 mmol, 10%) as a white solid. 'H
NMR: (500 MHz, DMSO-dg) 8 13.73 (s, 1H), 8.85 (s, 0.5H), 8.84 (s, 0.5H), 8.79 (s,
0.5H), 8.76 (s, 0.5H), 7.54-7.30 (m, 5H), 3.86 (t, J = 5.8 Hz, 1H), 3.70 (t, / = 5.8 Hz,
1H), 3.56 (t, J = 5.8 Hz, 1H), 3.38 (t, / = 5.8 Hz, 1H), 2.93 (t, / = 5.8 Hz, 1H), 2.65
(t, J = 5.8 Hz, 1H), 2.63 (dd, J = 5.8 Hz, 1H), 2.36 (t, J = 5.8 Hz, 1H); LC/MS:

(ES+) m/z (M+H)* = 406; HPLC R, = 1.28 min., column S.



f Exanple 37 In a seal ed tube dicarbonyl internediate
46 (30 ng, 0.07 mmol ), pyrazole (34 ng, 0.5 nmmol) and

waebsdsaxane (0.7 nL) were corrbi ned and heat edP@t/U32004/@37213
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20

with mcrowaves for 50 mn. reaction m xture was
diluted with MO+ DMSO (1:1, izm_) and purified by
preparative HPLC to yield 48 (10 ng, 0.02 mmol, 32%
aSrepayaianafiEaenpg. 34H NVR. (500 MHz, CD OD) d 8.86 (s,

(Z')(iﬂ@%%ﬁfg@%&ﬁ%y58§§§§£ﬁgﬂ&8[35%dﬁvy§ﬁggﬁ(7§%aoce }_ﬁ)?peﬁdjn_

8451lidéise)-2pHetlylac@ofi#ilé dCompount. B)Hz, 0.5H), 8.03 (d, J
= 1.5 Hz, O.5H), 7.46-7.16 (m 5H), 6.71-6.67 (m IH),

3.94 (dd, J 6.1, 5, 8 Hz, 1), 3.81 (dd, J =6.1, 5.8

Hz, |H), 36 (dd, J 6(?1, 6.8 Hz, IH), 3.57 (dd, J =
5.8, 5.8 Hz, IH), 3. : 5.8 Hz, IH), 2.91

(dd, J =6.1, 5.8 Hz, o 6.1, 5.8 Hz,

IH), 2.43 (dd, J = 6. ; LOMS: (ES+) niz
(MrH) = 481;gxaﬁr3'lf64R |l um P, conditions
B. Preparation of et

4- (1 Hpyrazol -1-yl)-JF fyrrol g 3,2<d] pyri mi di ne-7-carb
oxylate 49 V-Cet - Ce&t™f HI H5 W/ 49 In a seal ed
tube 4-chl oro-5H pyrrol o[ 3, 2-d] pyri m di ne-7-car bonyl
chloride 5 (2.0 g, 8.9 mmol), pyrazole (1.8 g, 26.5
ol ) &ngsehled tdbodiandorfyl Gntoinedise 83 l(&Ringda074B8dD, or

¢ G AP L (A BHE e Rt e cage b g

QBT N K18, oS m%(ﬁ} a1 84dand .9 b Yere combined and
heated at 130° C with microwaves for 2h. The reaction mixture was diluted with
MeOH/DMSO, filtered and purified by preparative HPLC to yield 44 (§ mg, 0.02
mmol, 30%) as a yellow solid. 'H NMR: (500 MHz, CD;0D) 8 9.47 (s, 1H), 9.45
(s, 1H), 9.40 (s, 0.5H), 9.39 (s, 0.5H), 9.19 (s, 0.5H), 9.18 (s, 0.5H), 8.72 (s, 0.5H),
8.69 (s, 0.5H), 7.53-7.31 (m, 5H), 4.02 (dd, J = 6.1, 5.8 Hz, 1H), 3.84 (dd, /= 6.1,
5.8 Hz, 1H), 3.75 (dd, J = 5.8, 5.8 Hz, 1H), 3.57 (dd, J = 6.1, 5.8 Hz, 1H), 3.07 (dd, J
= 6.1, 5.8 Hz, 1H), 2.86 (dd, /= 5.8, 5.8 Hz, 1H), 2.74 (dd, J = 6.1, 5.8 Hz, 1H), 2.54
(dd, J = 6.1, 5.8 Hz, 1H); LC/MS: (ES+) m/z (M+H)" = 450; HPLC R, = 1.48 min.,

column O.
Preparation of 2-(4-((1,3,4-oxadiazol-2-yl )(phenyl)methylene )piperidin-1-
yl)acetonitrile 45

[\ =N
O N o

Z N
T Ql(j — Ol(j
o\er NC. N
© 45

tert-Butyl 4-((1,3,4-oxadiazol-2-yl)(phenyl)methylene)piperidine-1-
carboxylate (100 mg, 0.29 mmol) was diluted with 4 M HCl in 1,4-dioxane (1.2 mL,



49 (340 ng, 1,3 mmmol) as a white solid. The filtrate
was treated with saturated agueous NaHCCh (20 ml) and

w0 b@soeewl ti ng precipitate vvas washed with satRPCHUSH04/037213

10

15

aqueous NaHCO and di et hyl I;/]]%g to yield additional 49

(ZOg, 7.8 mol 9%total | d H NVMR (500 MHz,

| A)S mglo@aan@%?lrr(gg 1. HSF he Qa§t20n( WS é)nccf,r}%ated?ngdge( E?Sldj.le diluted with

7 ﬁﬂﬁ"ﬁs H@!ﬂb tn%th?}%nﬁﬁe (035 mL{3 Q dﬂ%ml)?ah'h cmle%ah/&on&ﬁéta) 25 mlL,
HPLC R = 1. mn., colum L.

PBéEpmltmﬂ) thecréaomo(l vas stirred 3 d, concentrated diluted W1th MeOH, filtered

PR PR Sl o

bl P RwAL: (BOO’MHZ5 &mm?fépé of % 219] ’1021!1—'(7'311 ¢ )§H7'7 20-7.16

car oxylate 49 (2. in THF
adoedHy B (st ﬂdh 3<ﬂ‘2 (LlJGHS BH3, @&D@@S (t31=iwiolly. 45D, Bod (L, J =

n ere 0 at f I
et PR DEPCErrr 15 15 g FEcAS] PR BV BURHT 7 b o R -
CQY7 AUELolRhn &Ncodvpiddsvms added (10 ni) and heating
continued at 100 C for d . The reaction nixture was
cool ed, filtered, concentrated to 20% vol une and

i.zed and cone HO . The white
p?}é@‘ffiaf’ gfﬁfléqpl‘f o?msd was col lected by filtration
and(qmas Beldomdlmzobmmphéﬂymneﬁty@%e)plmmlﬂ -yD-2-¢4- yuéndz 4-
50 (quantitative), ch was used w thout, fur
purRZAldayli-S DRIl 2- lemmmﬂ Hiodkang-1y2-giogo (‘é ?‘Hf“dsd@
IH, 8.89 (br s, IH, 875 (s, IH), 8.14 (s, IH, 8.09
(br s, IH, 6.76-6.73 (m IH; LOM: (ES+) mz (MH
= 230; HPLC R = 0.75 min.p_c®l um S. Preparati on of
4- (I H pyrazol -1 -yl )~5H pyr rimdine-7-carb
onyl chloride 51 50 5 e,N(4 5 nilL, mol)
was added t Og@mgi@dsut i di azai nfol & car boxylic acid
50 (1.08 g, 4.7 nmol) [
m xture was

To a slurry of acid chloride intermediate 7 (600 mg, 2.8 mmol) and 2-(4-
((1,3,4-oxadiazol-2-yl)(phenyl)methylene)piperidin-1-yl)acetonitrile 45 (800 mg, 2.9
mmol) in THF (5 mL), at -78° C was added a solution of 0.5 M KHMDS in toluene
(17.2 mL, 8.6 mmol). The reaction was stirred 2h. A solution of 32% peracetic acid
in dilute aqueous acetic acid (2.8 mL, 13 mmol) was added and the reaction mixture
was allowed to warm to ambient temperature over 1h. The reaction mixture was
diluted with EtOAc (30 mL) and brine (25 mL) and filtered. The layers were
separated and the organic layer concentrated. The residue was triturated with E;O to
yield 46 (340 mg, 0.76 mmol, 27%) as an orange/yellow solid. 'H NMR: (500
MHz, DMSO-de) 8 13.73 (s, 1H), 9.17 (s, 0.5H), 9.10 (s, 0.5H), 8.83 (s, 0.5H), 8.82
(s, 0.5H), 8.76 (s, 0.5H), 8.74 (s, 0.5H), 7.49-7.15 (m, 5H), 3.80 (t, / = 5.8 Hz, 1H),
3.71 (t, J = 5.8 Hz, 1H), 3.49 (t, J = 5.8 Hz, 1H), 3.40 (t, /= 5.8 Hz, 1H), 3.02 (t, J =
5.8 Hz, 1H), 2.75 (t, J = 5.8 Hz, 1H), 2.52 (t, J = 5.8 Hz, 1H), 2.25 (t, J = 5.8 Hz,



stirred 14h. Catalytic DVMF (3 drops) was added to the
reaction mxture and after 3h the reaction was

waee@soked’ wi th MeCH. The crude reacti on m xt ur BCTHES2004/037213
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concentrated to dryness to i Eég 51 (1.21 g, 49 mol,
96% as a tan solid vvith vvas dvvithout further
purification )1d12 45 (hr s,
| HHED:; 3@ stSﬂ—]}VZ @/I-BI-}) fd4493 H.PLé? %t =H% 0 L cglugg R aondltlons
3.3 Hz, IH), 8.14 (d, J=15HzIH) 6.77 (dd, J
6, 1.5 Hz, IH); Methyl ester (obtained by stirring
n MeOH): LC MB: (ES+) mz (MtH) = 244; HPLC R =

%

i

5 mn conditions B. Preparation of
I?’f %ﬁﬁ&ﬁfﬂ%ﬁéﬁpen di n- 4-yl i dene)-2- (pyri di n-2-yl
agef-niy4-Ox&diazol 1%&%1)&&@1&@)&8@@{1@%1) 2-(4-(1H-1,2,4-"

- (pi peridin-4-yli dene) acetonitrile

( 5B@z ety -y12-581-pryrodl[3i hd [P @o-7ﬁzl)etm [} eNEpm@gurrdLM)
38 nmmol ) and chl oroacetonitrile (3 nL, 47 mol) and
the reaction was stirred 16h. The resulting
precipitates were filtered avay and the filtrate
concentrated to dryness. 'due§/\vvas purified by
silica gel chromatogr Bi ot a \;.\hort 50%

Et OAc/ hexanegxapngegsooo t t<5' yield 52 (470
mg, 2.0 mol, 71% as al yetl ow sol4 H NVR. (500 MHz,
cDA ) d 8.64 (br d, (%Ng Hz, | .77 (ddd, / 7.9,
.6, 1.9 Hz, IH, 7. SON(_U J —477.9 Hz, IH), 7.27 (dd,
7.6, 4.9 Hz, IH), 3.58 (s, 2H), 2.94 (t, 5.8 Hz,

H, 2.91 (t, J = 5.8 Hz, 2H), 2.83(tJ:58Hz
2H), 2.67 (t, J =5.8 Hz, 2H); LC/I\/B@&E&) mz (MH) =
239" HPInG Raledutwglieirbonyl insémediate $oRIMEGHET BmoD), 1,.24-

Pr e

o ERRBT e b EIRIBL RoPRi0) (Sma, 0 smmpd B:cy0 e G114
n- ﬁnﬂ and-1 4 dioxane (1 mL) were comblned and heated at 140° C with
oxoacetyl ) pi peridin-4-ylidene)- ‘Spyrl i n-2- gH/ ) acet oni

t rinjgoyDmapoLdid Br)reamianpiistuggwas diluted with MeOH/DMSO (2:3, 1
mL) and purified by preparative HPLC to yield 47 (4 mg, 0.008 mmol, 12%) as a

yellow solid. 'H NMR: (500 MHz, CD;0D) § 9.62 (s, 0.5H), 9.62 (s, 0.5H), 8.87 (s,
0.5H), 8.79 (s, 0.5H), 8.60 (s, 0.5H), 8.58 (s, 0.5H), 8.44 (s, 0.5H), 8.43 (s, 0.5H),
7.48-7.14 (m, 6H), 3.95 (dd, J = 6.1, 5.8 Hz, 1H), 3.83 (dd, /= 6.1, 5.8 Hz, 1H), 3.68
(dd, J=6.1,5.5 Hz, 1H), 3.58 (dd, /= 5.8, 5.8 Hz, 1H), 3.10 (dd, /= 6.1, 5.8 Hz,
1H),2.90 (dd, J = 6.1, 5.5 Hz, 1H), 2.61 (dd, /= 6.1, 5.8 Hz, 1H), 2.42 (dd, /= 6.1,
5.5 Hz, 1H); LC/MS: (ES+) m/z (M+H)" = 482; HPLC R, = 1.13 min., column P,

conditions B.

I\)VNOU'III <




To a slurry of acid chloride pyrazole internediate 51

(100 ng, 0.40 nmmol) and 3-pyridi nyl cyanoal kene

WO niososedl ate 52 (100 nmg, 0.42 mmol) in THF (4PEi/PSHED4/037213

-78 C was added a sol uti on of 2.5 M KHVDS i n tol uene
(3.0 nm, 1.5 mmol ). The reactiﬁ

m xture was stirred
-78 C.for,  3h and _t he presence of the desired

cyé’r’i@ﬂé’é‘{”&ﬁ@ fiEre@PIfet at e was verified by LCVB. A

sol yhipns 9 g))%g%"zQlef%r?ﬁ?ﬂﬂeﬁylﬁﬁétﬂglleﬁe)ﬁiﬂeﬂﬁﬁ- ?—?Heﬁﬁﬁ( 1H-pyrazol-1-

ac et éC|
re gzl:)timpymlmtaﬂd] mzmnimdimehyhbﬂhmvetﬂtdwrwdﬂq'mPQUM)e nt

nmol was “ad

tenperature overnight. The reaction mi xture was

diluted with (5 nL) and saturated aqueous NH4C (5 nl)
and extracted wth EtOAc (3 x90201). The layers were
separated and the aqueous
(2 x 20 nL). The conbi pé
concentr at ed, esi
HPLC to vyi elgqg?e%

e tr%c&ed wi th Et CAc
ga |C_Ia@F$ wer e

4% as a yellow

solid. H NWR (500 Mz NGD OD) d & 9% (s, 0.5H), 8.93

0.5H), 8.88 (d, J .8 Hz,,50.5F), 8.86 (d, 3.1

Hz. 0.5H), 8.71 (br d, / = 4.9 Hz, 0.5H), 8.64-8.61

5(m IH, 8.60 (s, 0.5H), 8.11 (br s, 0.5H), 8.10 (br

S, 7.97
( ddd, =I7a%eal& @pe nhcﬁlblelzyl latemdlatz 4633¢ the, 0.02 npnol) spyrazole (34

15

20

0.5H), 8.03 (ddd, J = 7.9, 7.6, 1.5 Hz, 0.5H),

% 571@r6rg)|lq)a%d7l 41@10((@166 COJO BIESQVCKJ @rtﬁﬁtgf@d dé]ﬁ)heateg a? 140° C with

6 Zﬁcﬁyai %em sb 'ﬁ‘)m ‘i“hQ?ea&t% mﬁ(tmeﬁwa% dﬂﬁte& V\hla) MeUH/DMSO (1:1,
3.86 (dd, 3 1 (dd

Hz,1.2 H)) aﬁi ﬁlmf(adldqy preparﬁn& H]BL@ t(Hzleld 48) (103ng],@ QZdamo;l], 32%) asa

ellgwsolg B SharEgsO0 NS, oBy@pfajiseTs et g s5 g p 882 v

2 !}‘ﬁ‘z'\@SH@ BESd) (7% i é/h‘-i‘z'z 05H‘}3§79 HPbSHR §54.¢s36.5M)/8.51 (s,

Prep aratl on of

s (msme RSy, pl pé15ddi, mSH)me Zd,(»ﬂ— 43 KW SH) 7-46-9L§ (S H),

Y SRk it Y PR kb 1 53 1) (e Gl S H 1ED, 369

EXE{HH"JG— é% 5@}& 31@@'?517 debf G.|5‘836§r$3HB,V1H)I Blogra®di-=a5.8, 48 Hz,

ng, razol -
1H)291(dd] 6158Hz 1H)259(dd] 6.1, 5.8 Hz, 1H), 2.43 (dd, J = 6.1,

5.8 Hz, 1H); LC/MS: (ES+) m/z (M+H)" = 481; HPLC R, = 1.27 min., column P,

conditions B.

Preparation of ethyl 4-(1H-pyrazol-1-yl)-SH-pyrrolo[3,2-d]pyrimidine-7-carboxylate
49

(0] (@)
OEt OEt
N\ N
TN N e wa\
N A N N~ N
H H
Cl N
5 < “N
\ / 49

In a sealed tube 4-chloro-5SH-pyrrolo[3,2-d]pyrimidine-7-carbonyl chloride 5
(2.0 g, 8.9 mmol), pyrazole (1.8 g, 26.5 mmol) and 1,4 dioxane (10 mL) were heated



3-yl)pyridine (104 ng, 0.71 mmol) and 1, 4-di oxane (2.0
nm.) were conbi ned and heated at 150 C with m crowaves

wo e00shh24The reacti on m Xture was concent r at edpC™UB200€037213
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with MeCOH, filtered and purified by preparative HPLC

to yield 54 (31 ng, 0.06 nmmol 13%479% as an off-white
solid. HNWR (500 MHz, DvsCd ) d 12.60 (br s, IH),

8. 4138YC fgr zh. 1Ugon-poohpg|;o argbignt t@mpenaagr@ a@r@gn@;eﬁf@rr(wd which

2 ’_%gts Cfﬂ]g%t éﬁ{xd 'e_xﬁhelc_ib?mgllsa?lgatgag hg,uefug Kf,ggldéf @d E%etl@é ether to yield
3. 48340 mg )3 mbdol)Me:a WHEEsb1iAT Thé Mitke wadBEated Wil sBurated

1.19 min., colum N. Preparation
of e NRHEQz 610 ml)4ng ﬂ)errﬁ%}éfﬂwprecmﬂatyl\ff?éweﬂsb?d with bagurated

*aqfiSa RA1E6} R S LRLNS AR Radicled YCAREOY SEmb o8k total
mmﬂﬁ) ahrd NoiRe (3RO HeNCDEODES 1B (Bls, 1HD08.MB0by)s, any! & dves, 1H),
reaction was stirred 16h. The reaction m xture was

quefe e, Wik 8- Bods sdtlr 48 (1 dqué8utz. 3R, o33 ftabedd) Hrt3HD);
Et 3 Th rgani cs
pu]rgléﬁwgd(%sy%gl?/ F@JH eng%r orra‘??{drglp mth’O%? i L
EtOAc/hexanes to SO%JEtOAc/hexanes) to yield 55 (1 6
? as an vi scous y low oil. HN
( %@p%zon @%J( Iy 150 cgolMr y )SSH-pqu;o og3, é’gi]m»y zmglmqg%gaiflwxylzc acid
IHp 7.90 (d, = 85 Hz, IH), 7.82-7.55 (m |H,
7.54-7.50 (m IH, 3. 94-3. 88 (m 4H), 3.63 (s, 2H),
2.86- 2.81 (m 4H); LC/I\/S (ESt) mz (M+H) = 254; HPLC
R =0.71 nin., colum?, Preparation of rrg}Le 40:

1-(4- (1 H Pyrazol -n-yl -OgtH-pyrroIo[ N

, 2-d] pyri mi di n-7-lyl) (4- (quinazol i f-

yl)plpera2|n | -yl @ne- |, 2-di one ( nd 56)
Exanple 40 H 56 ToNa Sl urry of acid c Ioﬁ de pyrazole
intermediate 51 (W0 ng? 0.40 nmol) &ng 50

2-(4-(qui nazol i n-4-yl)piperazin-l-yl)acetonitrile 55
(98 mg, 0.39 mml) in THF (4 nL), at -78 C was added a

sol uti ofy, Pfo1fkich M KHYPByiaPolt RYHSRE P { P8I B-d]pyrithidine-7-
carboxylate 49 (2.0 g, 7.8 mmol) in THF (45 mL) was added a solution of
LiOHeH,O (1.3 g, 31 mmol) in H,O (30 mL) and the reaction was stirred at 100° C
for 16h. Additional LiOHeH,0 (2.0 g, 48 mmol) was added, heating continued for
2h, MeOH was added (10 mL) and heating continued at 100° C for 1d . The reaction
mixture was cooled, filtered, concentrated to ~20% volume and neutralized with ice
and conc HC1. The white precipitate that formed was collected by filtration and
washed with brine, H,O, EtOAc, and Et,0 to yield 50 (quantitative), which was used
without further purification. 'H NMR: (500 MHz, DMSO-dg) 0 12.07 (br s, 1H),
8.89 (br's, 1H), 8.75 (s, 1H), 8.14 (s, 1H), 8.09 (br s, 1H), 6.76-6.73 (m, 1H);
LC/MS: (ES+) m/z (M+H)" = 230; HPLC R, = 0.75 min., column S.



mol ). The reaction m xture was stirred 3h and the
presence of the desired cyanoketone internedi ate was

wo egsPsed’ by LCMS. The reaction was treated w PET/US2004/037213
asol ution of 32% peracetic ac'? in dilute aqueous
acetic acid (0.40 m., 1.9 m Z? and t hen aIIovved to

warmto arrbl en eraturge _over The

m Rreaea A i sl O T e b el Ao o)
angll(%ggfpt ed with EtOAc (3 x 20m.). The conbi ned
organi c |l ayers were concentrated, the residue was
purified by preparative HPLC to yield 56 (33 rrg 0. 07
mmol, 18% as a yello Sbj?al'd H NVR: (500)|\/|-!Z
d8.86(s,IH) 8. 2.7 Hz, K, 5(s,IH)
8.61 (s, IH, 830 [dS/ = 8.2 Hz, I .J8)09-8.05 (m
2H), 7.84 (d, 8.% CNIH), 779(dd"‘/ .2, 7.6 Hz,
IH), 6.72 (br s, | 4.62-4.56 (m 2 4.43-4.38 (m
2H), 4.12- 4.07 (fn ) 2H5 3.91-3. 86 (MH) 51 LC/ VB
(ESt) mz (M+H) 439; HPLC R = 1.06 mn., colum .
Preparation of Exanple 41:

|- (4-( 40&%1}?1 Eﬁﬁ’)ﬁ&@dﬁs ﬁLC?f RO WRi REAZ Rsdlulidn ofttha¥dole
rol o 3, 2- rimdin-7-yl)-

> 2 ¢a¢bbvesdmyidpﬁqdé 10878, A7l myno))dn KIhE1d c8zmb|) mdethee GopHFBUREKture was
S%IL; Hjl (gtaigl%ﬁg/ﬁ')e @:l c%gfpst) l\JNgg agl G r 1yeac orr]xtrgfxﬂﬁg 'zu% Sfter 3h

ne{ﬂe%wt@ﬁ @& igBedchd With Méomazak cﬁwlrédmbﬂ aﬁﬂﬁﬁa Wss
ng, 0.39 mmol ) and copper powder ( mg 4
wee@ncenindehiediramass Feeldd 1 21&9 4%rw1@1|s1 ﬁ%& a%mé@h Biith was

2h. Th
2 el et ER R s Bt B REEN (S0 RRALANKD AP B! ors,
10 NMRH) (859ﬁ(sl\4-n) 3@P @QCD2)6 Hz 11@1)33 3 *Qdé OJS:7 34235%, 18)&R14 &6, J=1.5

6. iz, () 6m§><dd,47 L .64 1 514, HEDBMpinyhé g bt Ry s 51 in

x MptgltorMis: Nk bl OBtk S et TR i oo i ®

Ex asmligorkB.

@'I

15 Preparation of 2-(1-(cyanomethyl)piperidin-4-ylidene)-2-(pyridin-2-yl)acetonitrile
52

HN '/ N I/

52

To a solution of 2-(piperidin-4-ylidene)-2-(pyridin-2-yl)acetonitrile (560 mg,
20 2.8 mmol) in THF (20 mL) was added NEt; (5 mL, 38 mmol) and chloroacetonitrile
(3 mL, 47 mmol) and the reaction was stirred 16h. The resulting precipitates were
filtered away and the filtrate concentrated to dryness. The residues was purified by

silica gel chromatography (Biotage 40-short, 50% EtOAc/hexanes to 100%



2-(1-(2-(4- (1 HPyrazol -1 -yl)-5Hpyrrol o[ 3, 2-d] pyri m di
n-7-yl)-2-

wW@@aoeeyt ) pi peri di n-4-ylidene)-2- phenyl acet onPCT/UEm®04/037213
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(Conpound 58) In a seal ed tubg xgi carbonyl internediate
33 (31 ng, 0.077 nmol), pyrazdfe (20 my, 0.29 nmol)

?th&éwgﬁa%ﬁagf s P e ol 5 as B e, ShravvR:
; ioﬁi e%&,gd;b%‘lﬁi@ '\4@%1‘@%%% z11H% 7577T§5<idd ﬁ”?@?ﬁ%ﬂ 1aﬁﬁz 1H),

parative HPL
rm'wlso @V 7 astaann,r a0g€dd dl= 46, 4—.|9&<MR1HQ BQIB (M—&H) @[94@)/ 5.8

o Bry2i5s281 = 58 15, B2ty S8t Yy 2 6T Sy s g, ot
( S{;MHQE%% Igé}_(é/p!'rl‘g)s 2@95#{&)];(:&1 O‘Q) @3&1115; CC@I:(II?{T'D CO%dl’[Slons B.

746,70 (m ,

He, 382(t/:58Hz,IH) 375(t/:58
=58 H, IH, 3.05 (t, J = 5.8
mprqugaﬂoﬂog%%l’lef8~5sm, IH), 2.72 (t, 7 = 5.8

HZz (U(Q-(Ar %H@'%ﬁfézol- yB- ﬁ{% 1,0[3 b pyhive-7-4BSE) N z
(M- 1 colum . Preparation
of o;@@ggt;yl)glpmdm -4- yhdene) -2- (pyndm -2-yl)acetonitrile (Compound 53)
2- (7I I(52 (4- (I Hpyrazol -3-yl)-5Hpyrrol o[ 3, 2-d] pyri m di
n-7-yl)-2-

oxoacetyl ) pi peridi n-4-ylideney-2-phenyl acetonitrile
(Conpound 59) Exanpl e 43I n d tube dicarbonyl
internmedi ate 33 (33
(tributyl stappylkss H 9 ,

tetrakis(tri phenyl phosphi ne) - hum( O (20 ng,
0.02 mml) and 1, 4-di ox¥ne (0.8 re conbi ned and
heated at 130 C vvith m® owavegsfor 2h. The reaction
m xture was diluted with MeOH/ DVSO (2:1, 1.5 nl),
filtered and purified by preparative HPLC to vyi eI d 59
(3.4 ng, 0.008 mmol, 1099 as a yellow solid.

H
( 500 |\/|—|2Fo a@@rocqjjc d ehlaridegayrggsle gltermpglategﬁldéOQ gg, O 40 mmol)

!ig %a)yrl my cgan]oageHza B‘lt%l’ﬁfﬁ%lagg 621 E)lpg '?ﬂ% 084;5@1'0&? n g‘l—él;:géb mL) at
7 5‘,58°7c 34s hdded2Hblution 24 0(6dVI KHMIS if tblllcn@(?ﬂb'@nL 1.528mol). The

(d, = 2.7 H, 0.5H, 4.01 (t, / = 5.8 Hz, I—P‘384
(t ,rea/ctlcn Bm&ufdzwasl sHjred at -78° C for 3h and the presence of the desired

-
0.20 mmol),

cyanoketone intermediate was verified by LCMS. A solution of 32% peracetic acid
in dilute aqueous acetic acid (0.44 mL, 2.1 mmol) was added to the reaction mixture
and then allowed to warm to ambient temperature overnight. The reaction mixture
was diluted with H,O (5 mL) and saturated aqueous NH4Cl (5 mL) and extracted
with EtOAc (3 x 20mL). The layers were separated and the aqueous layer extracted
with EtOAc (2 x 20 mL). The combined organic layers were concentrated, the
residue was purified by preparative HPLC to yield 53 (7.3 mg, 0.02 mmol, 4%) as a
yellow solid. *H NMR: (500 MHz, CD;0D) § 8.95 (s, 0.5H), 8.93 (s, 0.5H), 8.88 (d,
J=2.8Hz, 0.5H), 8.86 (d, J = 3.1 Hz, 0.5H), 8.71 (br d, J = 4.9 Hz, 0.5H), 8.64-8.61
(m, 1H), 8.60 (s, 0.5H), 8.11 (br s, 0.5H), 8.10 (br s, 0.5H), 8.03 (ddd, J =7.9, 7.6,
1.5 Hz, 0.5H), 7.97 (ddd, J = 7.9, 7.6, 1.5 Hz, 0.5H), 7.65 (d, J = 7.9 Hz, 0.5H), 7.60
(d, J=7.9 Hz, 0.5H),7.52 (dd, J = 7.9, 4.9 Hz, 0.5H), 7.46 (dd, /= 7.9, 4.9 Hz,



3.74 (t, /| =5.8 Hz, IH), 3.56 (t, / =5.8 Hz, IH,

3.07 (t, / =5.8 Hz, IH), 2.84 (t, /| =5.8 Hz, IH),
WQ2008/0§4247 / = 5.8 Hz, IH), 2.54 (t, / = 5.8 HzpCT/H§2004/037213

LG Ms: (ESt) mz (MtH) = 438; HPLC R = 1.29 min.,

colum L. Biology "nM neans MSromolar; "nL" neans

milliliter; "m" means mcroliter; "ng" neans

5

m 19-38k &r0-6r (mattds &8 ddddd= @Xpet HrehHal3. 5 @dedatek 5.8 Hz,

us t in the u repqnt ed i I 15 _
LSl Sa R e PR A P B S o s =,
em®.§ 8laj tHKROAd CeE 6.1, 5561z, 283,2.90 @aagatet S.8Hz, 1H), 2.75 (dd, J
Dul becco''s Mdified Eagle Medium (Life Technol ogies,

Gai hdr SB¥2g. Hch S i) Fg (6081 ot 499 BIHE: 3&irmin., column
(FR$, Sigma, St. Louis , MJ). Virus infection- Human
epithelial cell line, HeLa, expressing the H V-I

receptors CD4 and CCR5 was propagated in Dul becco's

Mbdj f i ed _Eag}gﬁ I\/Ie?i ggw (Li fe Technol ogi es,
Gai't R EBYF ¢ “MBP ‘¢ ont ai ni ng 10% fetal Bovi ne serum

( FBSy4-Si ipaazit-QUj M) pvaiach-s PR 18! 37 iyt 4. :
5500 15 kB SN ) 1 e
andlpyrimidiy-HyDZdens-h,2¢diond (CGoogeond G4) | sbad, CA).

o VZVNE- Singl e-round infectious reporter virus was
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produced by co-transfecting human enbryoni ¢ Ki dney 293
cells with an H V-1 envugel ope DNA expression vector and
a proviral cDNA contai ni envel ope del etion
mut ati on and the IuTei“ \aseQ/c(a orter gene inserted in
place of Hl\Vuk sgef e ences en et al, Ref. 41).
Transfections were pérferned usiong |i pofect AM NE PLUS
reagent as described“y the manufacturer (Life
Technol ogi es, Gaith bur g, 5\VD).

N

78

—

In a sealed tube dicarbonyl intermediate 10 (52 mg, 0.13 mmol), 2-(1H-
pyrazol-3-yl)pyridine (104 mg, 0.71 mmol) and 1,4-dioxane (2.0 mL) were combined
and heated at 150° C with microwaves for 1h. The reaction mixture was
concentrated, diluted with MeOH, filtered and purified by preparative HPLC to yield
54 (31 mg, 0.06 mmol, 47%) as an off-white solid. *H NMR: (500 MHz, DMSO-
de) 8 12.60 (br s, 1H), 8.97 (d, J = 1.8 Hz, 1H), 8.94 (s, 1H), 8.73-8.66 (m, 2H), 8.61
(brs, 1H), 8.02 (t, J = 7.0 Hz, 1H), 7.54-7.38 (m, 6H), 7.31 (d, J = 1.8 Hz, 1H), 3.92-
3.13 (m, 8H); LC/MS: (ES+) m/z (M+H)" = 507; HPLC R, = 1.19 min., column N.



Experiment . Conpound was added to HeLa CD4 CCRS5 cells
plated in 96 well plates at a cell density of 1X 104

w@edosmsqer well in 100 m Dul becco's Modi fi ed Begi/eS2004/037213

10

15

20

Medi um containing 10 % fetal Bovine serumat a
concentration of <20 mM 2. 10089 of singl e-round

i nfectious reporter virus in Dul becco's Mdified Eagle
Ve df raparvaion i -égldredtolin- 4t pippradied -1 ek brenamld 55onpound
at an approximate nmultiplicity of infection (MJ) of
0.01, resulting in a final volunme of 200 m per well
and a final conpound concentration of <10 m\/l 3.

Sampl es were hapwgsted 72 h after infeeN 4 . Viral
i nfection S nijt ored by msasurl UCII\* erase

expr essi on@%@gl DNA in_the | ct eI I's using
a luciferdd ep r gene assay kd R e Mol ecul ar
Bi ochem cal s, | ndianapolis, I nf ect ed cell

supernatants were renoved and 50 " of® Dul becco' s
Modi fi ed Eagl e Medi um (w t hout phenol red) and 50 mi
of luciferase assay reagent reconstituted as descri bed

by the reqwhsasion &4- (ﬁﬁﬁlﬁiﬁkﬁn Vb1 R@iHaaslidBi (@cxfgerzi Tah®l) in THF (50
Indlanapol per well. Luciferase

S B e N a3 TROD e TEHENItH o aE e AR mmoD
i 5 WAL 0 GLORTEA. 6L ALLAbAh] AW ER2 TR 0%

per cent 1t1on or eac oun

quasatirityd aguebheNRECE), and ektracta‘demﬂsEtCﬁé«p(%s 80@mLi).nThe comblned

cells infected he. presence of each oun as a
e P R DOBUET S GBS (S TOECIAF oy apgido 50%
abﬁm&/@(aﬁé@g&oym 53N 6B ol q@ugsfhnavlgc%h%én&@al "

val ue from 10 provi des a nethod for conparing
t heNMIR:i (00 MHz i) 81f/'4 (HhéHg, Cﬁ’@ﬁ)(ﬂhd? &6 HzhiH), 7.90 (d, /= 8.5

o AT B e T RIS e 8Lt L . 2. 286
M cx oseh t4rEx e &)/m¥: (S -+ ol M&-fint U 3a. ﬁ@ttvmme@ 7F8fin. eaﬁ!ﬁnn 0.

conpound curves were ‘generated from percent
inhibition calculated at 10 different concentrati ons

by Iyr%}?g’%twn OJQEmn}?p%e %rent er |logistic nodel (nodel 205).
1-(4-(1H-Pyrazol-1-yl)-5H-pyrrolo[3,2-d]pyrimidin-7-y1)-2-(4-(quinazolin-4-
yl)piperazin-1-yl)ethane-1,2-dione (Compound 56)

I N N
Example 40 N A ~N W
N N

N\N

\

To a slurry of acid chloride pyrazole intermediate 51 (100 mg, 0.40 mmol)
and 2-(4-(quinazolin-4-yl)piperazin-1-yl)acetonitrile 55 (98 mg, 0.39 mmol) in THF
(4 mL), at -78° C was added a solution of 0.5 M KHHMDS in toluene (3.0 mL, 1.5
mmol). The reaction mixture was stirred 3h and the presence of the desired

cyanoketone intermediate was verified by LCMS. The reaction was treated with a



The EC50 data for the conpounds is shown in Tables

2-4. Table 1 is the key for the data in Tables 2-4.
w@isnsRity assays were conducted with the sanmeCHEEm04/037213

usi ng met hodol ogy well known in the art. This nethod

has been described in the litef®ture (S Wislow, R

Kiser, D g e, J Bader, RH Shoemaker and MR Boyd: New

solSalfigr P ég%iﬂéﬁcﬁ%%%@d fodilutg agueoesacepiandid €0.40 fidg tls) mmol) and

apphd ' L gh- ' of . hetic. and.
aalonRl  Belh Bl eyl R ROy high Vo hGighotpgure was
of dilhedNeth sanakteCaqeous NEECH (Suhe) afilé:Sacted twiBB0 A98% 20mL),
Cells were incubated in the presence of drug for siXx
ey 2 CBRPEE] QFRA0IT 8P WoretsmPeiptat Serrevidt Wes miifieg b
5dy @rdparhieh | n | & CCh0..
Sy BraAlSE HE COSIHTT) nadof AT B 3.2y SV,
%a\_cﬂ‘iMRt YS(}@rle%hnCm@gg?t&S}fedsylfH)esgic(ﬂjs ﬁ%gCBHIz,SlaH)RSSEH(E,SlH), 8.61
a ic a Key for npounds
ConbOE Bl iis Hao Bo vilss 85 e HTs A G s BEsG), 7.79
Wi = 1 g no
et ast oA COrRt b Arer e et e Ch T b e aa. 412
B &dup, AH),(}.%@.SA’(@QBH);dﬁC/ﬂ\is(ESeonﬂD(MdH)Tﬁa%%a{/&C Ri=1.06
10be qnte%tged t a concentration |ower than their ECS0
but " SnEWEd some abi ity to cause inhibition and thus
shoul dbe eval uated at a hi gher concentration to

determ ne the exact EC50. Table 2 Exanple Conpound R3
R5 Pyepagation of Example 41:

1-(4-(4-(1H-Pyrazole-3-carbonyl)piperazin-1 -yD-5H-pyrrolo[3,2-d]pyrimidin-7-yl)-

2-(4-benzoylpiperazin-1-yl)ethane-1,2-dione (Compound 57)
15

0,

N N/ﬁ

I TN I\/N Ph
Example 41 N A N
N

(]

N 57
o) B
N~nNH

In a sealed tube dicarbonyl intermediate 10 (50 mg, 0.13 mmol), (4-
methylpiperazin-1-yl)(1H-pyrazol-3-yl)methanone (75 mg, 0.39 mmol) and copper
20  powder (10 mg, 0.16 mmol) were combined and heated at 150° C with microwaves
for 2h. The reaction was purified by preparative HPLC to yield 57 (65 mg, 0.12
mmol, 92%) as a white solid. 'H NMR;: (500 MHz, CD;COCDs3) 6 10.31 (br s, 2H),
8.82 (s, 1H), 8.85 (s, 1H), 7.80 (s, 1H), 7.50-7.40 (m, 5H), 6.74 (s, 1H), 4.50-4.37 (m,
6H), 4.09-3.96 (m, 2H), 3.86-3.60 (m, 8H); LC/MS: (ES+) m/z (M+H)" = 542;
25 HPLC R = 0.85 min., column G, conditions B.



Nurmber Nunmber Goup from Table 1 A Exanple 10 HI ? N

/P 2 Exanple 11 HA 3 - - ? \ /| Exanple 12 HA 4 N
wEraspse413 H -Ove A5 ? N Exanple 14 H A 6 S PCEKsa9pI/€37213

IS5 H\ A7 N?\ p Exanple 16 H/ A 8 NP Exanple 17 H

PA9N/ RN 141

Preparation of Example 42:
2-(1-(2-(4-(1H-Pyrazol-1-y1)-5H-pyrrolo[3,2-d]pyrimidin-7-y1)-2-
oxoacetyl)piperidin-4-ylidene)-2-phenylacetonitrile (Compound 58)

o (o)

N

N\
M N\ S CN
Example 42 N~ H

Ny
\ /
58

In a sealed tube dicarbonyl intermediate 33 (31 mg, 0.077 mmol), pyrazole
(20 mg, 0.29 mmol) and 1,4-dioxane (0.8 mL) were combined and heated at 140° C
with microwaves for 50 min. The reaction mixture was diluted with MeOH/DMSO
(2:1, 1.5 mL), filtered and purified by preparative HPLC to yield 58 (10 mg, 0.024
10 mmol, 31%) as an orange solid. 'H NMR: (500 MHz, CD3;0D) 6 8.90 (s, 0.5H),
8.88 (s, 0.5H), 8.86 (d, J=2.8 Hz, 0.5H), 8.84 (d, J = 2.8 Hz, 0.5H), 8.57 (s, 0.5H),
8.54 (s, 0.5H), 8.08 (br s, 0.5H), 8.06 (br's, 0.5H), 7.53-7.31 (m, 5H), 6.74-6.70 (m,
1H), 4.00 (t, J = 5.8 Hz, 1H), 3.82 (t, J = 5.8 Hz, 1H), 3.75 (t, J = 5.8 Hz, 1H), 3.56
(t, J=5.8 Hz, 1H), 3.05 (t, J = 5.8 Hz, 1H), 2.87 (t,J = 5.8 Hz, 1H), 2.72 (t, /= 5.8
15 Hz, 1H), 2.55 (t, J = 5.8 Hz, 1H); LC/MS: (ES+) m/z M+H)*=438; HPLC R, =

1.73 min., column O.
Preparation of Example 43:

2-(1-(2-(4-(1H-pyrazol-3-yl)-5H-pyrrolo[3,2-d]pyrimidin-7-y1)-2-
20 oxoacetyl)piperidin-4-ylidene)-2-phenylacetonitrile (Compound 59)

Example 43

59



Exanpl es Exanple Cnpd. R3 R5 EC No. No. G oup from

Table 1 Exanple HI N 1 Ph Exanple 18 10 H CEt N Ph
wE@spse4719 A 11 H N N Ph Exanple 20 A 12 H 3 PCNSNo#987213
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15

20

25

30

Exanple 21 A 13 HN N Ph Exarrplf 22 A 14 HN N Ph
Exanple 23 15 H N

In a sealed tube dicarbonyl intermediate 33 (33 mg, 0.081 mmol), 3-
(tributylstannyl)-1H-pyrazole (73 mg, 0.20 mumol), tetrakis(triphenylphosphine)-
palladium(0) (20 mg, 0.02 mmol) and 1,4-dioxane (0.8 mL) were combined and
heated at 130° C with microwaves for 2h. The reaction mixture was diluted with
MeOH/DMSO (2:1, 1.5 mL), filtered and purified by preparative HPLC to yield 59
(3.4 mg, 0.008 mmol, 10%) as a yellow solid. 'H NMR; (500 MHz, CD;COCDs5) &
11.84 (br s, 1H), 9.06 (s, 0.5H), 9.05 (s, 0.5H), 8.58 (s, 0.5H), 8.55 (s, 0.5H), 8.01 (d,
J=2.7Hz, 0.5H), 8.01 (d, /=2.7 Hz, 0.5H), 7.55-7.32 (m, 5H), 7.24 (d, J = 2.7 Hz,
0.5H), 7.23 (d, J = 2.7 Hz, 0.5H), 4.01 (t, J = 5.8 Hz, 1H), 3.84 (t, /= 5.8 Hz, 1H),
3.74 (t, J = 5.8 Hz, 1H), 3.56 (t, J = 5.8 Hz, 1H), 3.07 (t, J = 5.8 Hz, 1H), 2.84 (t, J =
5.8 Hz, 1H), 2.78 (t, J = 5.8 Hz, 1H), 2.54 (t, J = 5.8 Hz, 1H); LC/MS: (ES+) m/z
(M+H)* = 438; HPLC R, = 1.29 min., column L.

Biology

e “uUM” means micromolar;
e “mL” means milliliter;

e  “pl” means microliter;

e “mg” means milligram;

The materials and experimental procedures used to obtain the results reported

in Tables 1-3 are described below.

Cells:

® Virus production-Human embryonic Kidney cell line, 293, propagated in
Dulbecco’s Modified Eagle Medium (Life Technologies, Gaithersburg, MD)
containing 10% fetal Bovine serum (FBS, Sigma, St. Louis , MO).

* Virus infection- Human epithelial cell line, HeLa, expressing the HIV-1 receptors
CD4 and CCRS5 was propagated in Dulbecco’s Modified Eagle Medium (Life
Technologies, Gaithersburg, MD) containing 10% fetal Bovine serum (FBS,
Sigma, St. Louis , MO) and supplemented with 0.2 mg/mL Geneticin (Life
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Technologies, Gaithersburg, MD) and 0.4 mg/mL Zeocin (Invitrogen, Carlsbad,
CA).

Virus-Single-round infectious reporter virus was produced by co-transfecting human
embryonic Kidney 293 cells with an HIV-1 envelope DNA expression vector and a
proviral cDNA containing an envelope deletion mutation and the luciferase reporter
gene inserted in place of HIV-1 nef sequences (Chen et al, Ref. 41). Transfections
were performed using lipofect AMINE PLUS reagent as described by the
manufactarer (Life Technologies, Gaithersburg, MD).

Experiment

1. Compound was added to HeLa CD4 CCRS5 cells plated in 96 well plates at a cell
density of 1 X 10* cells per well in 100 pl Dulbecco’s Modified Eagle Medium

containing 10 % fetal Bovine serum at a concentration of <20 uM.

2. 100 pl of single-round infectious reporter virus in Dulbecco’s Modified Eagle
Medium was then added to the plated cells and compound at an approximate
multiplicity of infection (MOTI) of 0.01, resulting in a final volume of 200 il per

well and a final compound concentration of <10 uM.
3. Samples were harvested 72 h after infection.

4. Viral infection was monitored by measuring luciferase expression from viral
DNA in the infected cells using a luciferase reporter gene assay kit (Roche
Molecular Biochemicals, Indianapolis, IN). Infected cell supernatants were
removed and 50 ul of Dulbecco’s Modified Eagle Medium (without phenol red)
and 50 pl of luciferase assay reagent reconstituted as described by the
manufacturer (Roche Molecular Biochemicals, Indianapolis, IN) was added per
well. Luciferase activity was then quantified by measuring luminescence using a

Wallac microbeta scintillation counter.
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5. The percent inhibition for each compound was calculated by quantifying the level
of luciferase expression in cells infected in the presence of each compound as a
percentage of that observed for cells infected in the absence of compound and

subtracting such a determined value from 100.

6. An ECjsqprovides a method for comparing the antiviral potency of the compounds
of this invention. The effective concentration for fifty percent inhibition (ECso)
was calculated with the Microsoft Excel Xlfit curve fitting software. For each
compound, curves were generated from percent inhibition calculated at 10
different concentrations by using a four paramenter logistic model (model 205).
The ECsp data for the compounds is shown in Tables 2-4. Table 1 is the key for
the data in Tables 2-4.

Cytoxicity assays were conducted with the same Hela using methodology
well known in the art. This method has been described in the literature (S Weislow,
R Kiser, DL Fine, J Bader, RH Shoemaker and MR Boyd: New soluble-formazan
assay for HIV-1 cytopathic effects: application to high-flux screening of synthetic
and natural products for AIDS-antiviral activity. Journal of the National Cancer
Institute. 81(8):577-586, 1989.

Cells were incubated in the presence of drug for six days, after which cell
viability was measured using a dye reduction assay (MTT) and determined as a
CC50. This assay measures the intracellular reducing activity present in actively

respiring cells.

Results

Table 1. Biological Data Key for ECsps

Compounds | Compound | Compounds Compounds
* with s with with EC50 with
ECsos ECsps >1 >50nM but EC50 <1 uM
>5uM UM but not yet tested
<5uM at higher
concentrations
Group C Group B Group A’ Group A
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#Some of these compounds may have been tested at a concentration lower than their
EC5o but showed some ability to cause inhibition and thus should be evaluated at a

higher concentration to determine the exact ECsy.
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solution, or suitable dispersing or wetting and suspending agents, such as sterile,
bland, fixed oils, including synthetic mono- or diglycerides, and fatty acids, including

oleic acid.
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R?and R*are independently O or do not exist with the proviso that only one of R*and
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RS is (CHy),H, whereinn is 0-1;

- - represents a carbon-carbon bond or does not exist;



or different halogens or fromone to three same or
different substituents selected fromF; heteroaryl is

waelososed? f rom the group consisting of pyridi nBCT/US2004/037213
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25

‘conmpoun

pyrazinyl, pyridazinyl, pyrim g nyl, furanyl, thienyl,
benzothienyl thiazolyl oxaz& ; |soxazolyl,

i m dazol yl , oxad|azol Jadlazolyl pyrazol yl ,

t etlr aszscﬂ%?edéﬁ%mtﬂi“? %@8% )‘/‘Pnsmlfmlgs‘)fsel ected fromthe group
consisting of (C 6 )alkyl, (C 6)al kenyl, phenyl,
pyridinyl, hydroxy, (C AaIkCMy, hal ogen, benzyl, -NR

C( O R(IR™ @I kyl, -NR R25 nnsqm NR R25, COOR26,
d _ CONR R25; sggd (C _ )alkyl or
I a eRGiQiChaﬁ)dptl ona-hy s ftuted with hydroxy,
(C 6) oxy, (G -6)al kyI Rﬂlmei hyl am no or from
onk' 5th1 ee sane or diffte Nk hal ogen; R8, RO and R26
are eachR| ndependently sel ected fromthe group
consi sting of hydrogen and (C e)al kyl; X is selected
fr%nthe gr oup 0Nsi st n ,. and S; R 2
, BORarky RB eRuéﬁag&ner@ﬁ@ﬂyl@@P%@@%y Hrqsrﬁﬁ%élkyl'
h 618% '(é megly b§ gabsgé\.ﬁéd(\\(r th oRO&Wilee@Bfhe or
eteroaryl ; Wier el n al p eny an eteroaryl are
eaﬁffeneﬂdleam@me@t[{yr@mi onally substituted with one to
three sanme or different halogen or methyl; and R27 is
p| perazi nyl, N-nethyl piperazinyl, or 3-pyrazolyl. | |
Rﬁlﬁggﬁpﬁgseg(fcrtnéazﬁbrﬁ‘ﬂé? é‘f‘i‘)ﬁb %bﬁhs-'fldgsof'C(O)fpherﬁ/l C(O) heteroaryl,
[
r qmrdsam,twnaudmybcqmmdﬂb@nqmml @mjlwiylamerdenﬁomaPthyrldmyl

eX| ﬁ%@%ﬂ}l’ls Sﬁﬁ’gg‘}f’%%fglﬁ‘gm t hd%a gr OH% cona Sti %gr of ORtl?nally
a%@bﬂﬁh@ﬁ QatyfromViR 8 ko §@s@t@hﬁ%}ﬂee&ﬂ fReh ﬁfngftb\yﬂ cdrBisting of
i ndependent | yl%}ﬁtl onally substituted with one to three

sanethgk, -appe Meh A\ ¥ige meethpxya hydroxymethyl and halogen;

D is selected from the group consisting of hydrogen, cyano, S(0),R*, halogen,
COOR®, C(O)NR*'R?, phenyl and heteroaryl; wherein said phenyl or heteroaryl is
independently optionally substituted with one to three same or different halogens or

from one to three same or different substituents selected from F (as defined below);

A is selected from the group consisting of phenyl, pyridinyl, furanyl, thienyl,
isoxazole and oxazole; wherein said phenyl, pyridinyl, furanyl, thienyl, isoxazole or
oxazole is independently optionally substituted with one to three same or different

halogens or from one to three same or different substituents selected from F;

B is selected from the group consisting of (Cj.¢)alkyl, C(O)NR“lRT’ -C(O)CHs,
-N(CH,CH;),NC(O)pyrazolyl, phenyl and heteroaryl; wherein said (Ci.¢)alkyl,
phenyl and heteroaryl are independently optionally substituted with one to three same
or different halogens or from one to three same or different substituents selected from

F



menber selected fromthe group consisting of (C
6)al kyl, (C _6)al kenyl, hydroxy, (C . )al koxy,

Wo200098247 - NR R25 - S(O) NR R25, COOR26 and - CONRI/BRIIN4/037213
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wherein said (C 6)al kyl is opﬁkﬂnal |y substituted with
one to three sanme or differen al ogen or a hydroxy;

SEATE PR L T
}"%?iﬁﬁ@if]éﬁ?ﬂaﬁﬁecﬁiéhg BYhShidklL, tlﬁéthro%ﬂ}’éxazbfy'l EiEB’)Jaiz/olyl

xazol'e'or oxazol & are 1ndepéndently optionall
s libsdazbiyl,ectadintdiylothéadiazaljl; ppragelyb tesrazdiyi fied ghazolyl;
hal ogens or a nenber selected fromthe group
consisting of (C 4 )alkyl, (C _4 )alkenyl,
(@ s 3¢REESFdm metgﬂﬂ@@oﬁggtm%\lbk (clvg,/lmﬁl (Cl%wuaer(yﬁ phényl, pyridinyl,

)Yal kyl is optional substitute one to

sawémry 67 fehadkasyt h&i@ﬁeng @ﬂSZYM;N @@p@m}ﬁu@fl SRR

g (%QRZ;%ZB g:go ea 276‘ ng e p e nge nt ‘ﬁ,}&eln %g{%hgﬁqlﬁlkyﬁor

Wﬂhen*lfa@e Bdch \Upﬁ@naumhbmtﬁeeﬂlmmrokmcog)amoxmljﬁmm CFs,
net h . A conpound of claim4_ wherein:

weméﬁlymlé@ pelomarGrapsamap: difigyent aﬂag%n:)

consi sting of (A) wherein R is hydrogen, C -C al koxy,

-NR R9 or halogen;(B) NR N R wherein Ris hydrogen,
matheryno R hat egﬁnnd@amd@ﬁ)y sefeeteei firorR thesgrioypl cousgsting of

met hoxy or . A compound of claimb5 wherein:
hydrog%n and (8 (82%1%1; P

X is selected from the group consisting of NR26, Oand S;

R%, R21,R22 R R?* and R® are independently selected from the group consisting of
hydrogen, (C).¢)alkyl, phenyl and heteroaryl; wherein said phenyl and heteroaryl are
each independently optionally substituted with one to three same or different halogen

or methyl; and

s piperazinyl, N-methyl piperazinyl, or 3-pyrazolyl.

2. A compound of claim 1 wherein T is —~'('3—— :
3. A compound of claim 2, wherein:

R' is hydrogen;

- - represents a carbon-carbon bond; and

R? and R*do not exist,



group(A) of Qis: R wherein is hydrogen; and group (O
of Qis:wherein R5 is hydrogen. 7. A conpound of claim

wh200805L24N: Qis selected fromgroup (A or (BCT/EHSHOFARET213

is selected fromthe group con 'éiti ng of hydrogen,
hal ogen, heteroaryl, phenyl, cé 0o, nethoxy, COORS,

C( Q) NH NHhet er oaryl . .. an O NHCH ; wherein

sa%lséfl'éf%?é)%}_!ﬂs &P C%ﬁ@ﬁﬁ}g ,095 OB £YFr P(OkRe, halogen,

I ngepeRBeOtOW Th I it s W .

same_or di $ f)e r}gﬁ% ﬁg?gggﬁi&l%r%hp’r%&}rh&%glga%dgplféﬁ%ép%%%é%% 8

or igflepensienthy opfifnatlytsubsiiteted sdithoaredo threersdrne 8 different halogens or a
g

co claim7 wherein:.. RS i el ected fromthe
ar gﬁu%gﬁb%g %ﬁ%cst?ci ﬁ%m otge éfﬁpﬁﬂngst&@maﬁwi (Ci-g)alkenyl, hydroxy,

5C( Q¢ Nytaebey, aaloydn, -NRETEY N.spol, RS NEbeRe? gar vyl is

optionallyssubstituted with one to three sane or
di rEENEN R Havhsgen saish (GuslsHsybircontionelly sbstianel with one to three same

di Hﬁi%%%ﬁ%ﬁééﬁfn%%oi?ga%t ed fromF. 9. A conpound

of claim Sel ected fromthe group
consi sting of phenyl and heteroaryl; wherein said

phenyl and. heteroaryl are independently optionally
P BoK reiER S b Brim e LaeY b pyHp s feneyl, rienyl,

hekoseor i K 008 S 9% SET SRl Tonhrpocteor
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substituents selecte rpoun
9 wkazoks ane 111dep®1|dcl_aﬂy bptienaiglsebitidated fathn dnd@o Bre¢! Pame or different

copsisting of ridinyl, razi nyl, pyridazinyl,
pyﬁiﬁﬂge&s QU ’rn i L c’:l%fl Ifﬁogﬁ%’gr? %pzléllsg;pg ogggé‘ﬂ&l]yylz (Ci.g)alkenyl,
| s @X@aZz0kokly, hdlotedaaRl WH,; WREIREAH Yb t-4)alkyl is optionally substituted
with one to three same or different halogens.
4, A compound of claim 3 wherein:

R is hydrogen; and

RIO, R“, Ru, R13, R14, RY , R and RY are each independently H or methyl, with the

proviso that a maximum of two of R'>-R' is a methyl.
5. A compound of claim 4 wherein:

Q is a member selected from groups (A), (B), and (C) consisting of

(A)
R2
S
~3 \
I N\ R1
R4~ ZaaN
RS R°

wherein R is hydrogen, C;-C; alkoxy, - R?*R® or halogen;



t hi adi azoyl, pyrazolyl, tetrazolyl and triazolyl;
wherein said heteroaryl isindependently optionally

wesvsut ed with one to three sane or differ eptT/US2004/037213

10

15

20

hal ogens or fromone to threelé%ne or different
substituents selected fromF. . A compound of claim
5, wherein: R18 is -C(O phenyl or -C(O heteroaryl;
wHBl ei n said heter oaryl is pyridinyl, furanyl or
thienyl; wherein heteroaryl i independently
optionally substituted wi4h me r selected fromthe
group consi sting of hal o'ae\m I, -amno, -NHW,
and hydroxynethyl. 12. A cq‘\hpo nd/ofRcl ai m 5 wherei n:
-W s R1 12 R\ 1 10. \ rR13 NV R18 R R10, R1l,
R12, R13, R ,R15, R16 andRl7 mre ®ach i ndependent|yH
or methyl, with the proviso that not nore than one is
net hyl; and R18 is selected fromthe group consisting

G ST R g LRt o pt i onal 1y

substituted with fromone to two nethyl, -am no,
w nmet hoxy, hydroxynet hyl or hal ogen. 13. A
0

C und of claim5 wherein: -W sR, 12 R10 \

RS

2

R\N\ \) 1

M

RS N7 N
Ly ‘Rs
R

wherein R? is hydrogen, methoxy or halogen.

6. A compound of claim 5 wherein:
group(A) of Q is:
R2
RSN
- = !
R N ]
RS R

wherein R? is hydrogen; and

group (C) of Q is:
RS
2
R \N \ \\ R1
| ,
s)\ Z~N
R 'I\l 16
R4 R



117\ 13 N R18 1 R10, R11, R12, R13, R ,R15, R16
andR1l7 are each independently H or nethyl, with the

wEe@sisn4t hat not nore than one is nethyl; andP@lBS1084/037213
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sel ected fromthe group consi§§§ng of pyridinyl,
pyri mdinyl, quinolyl, isoquindlyl, quinazolyl,
qui_.noxal i nyl , napthyridinyl, pthalazinyl,

a?¥5&iB of uryl and azai ndol yl, each of which may be
optionally substituted with fromone to two
su%stituents sel ected fromthe group consisting of

mR hyhydregam no, - NHMe, nethoxy, hydroxynet hyl and

hal ogen. 14. A conmpound of claim5 wherein: -W s R 11
R14' R15 R R10, R11, R12, R13, R ,R15, Rl16 andRl7 are

each i ndepepsieator vlath & whgkhiyl , With the proviso that
one is nethyl; Dis selected fromthe group consisting

of hydrogen, cyano, S(O R24, hal ogen, COOR20,
C(@ 0 | ; wherein said phenyl or
he §§§§?§ﬁqﬁggkﬁgggé2§éﬁ%+3ﬁ%ptionalIy substituted

wWth one to three sane or different hal ogens or from
ong to three same or different substituents selected

f Roris s¢lectet bop teosrorr eppystére ¢idydrogenikalogqnchgtgrorishyithenyl,
hy, X 0 - 5, :
T N i
ophidon@)NHhetehey1i plieag,windhetnearyioart indepesdenty optionally

di fferent hal ogen or a hydroxy; andA is s%l ected from

L DB vaBASF &1 1S SO P LonpFLPBRyF rop Py thres Same or
t i 88%he substituents selected from F.

8. A compound of claim 7 wherein:

R’ is selected from the group consisting of C(O)NH;, C(O)NHCH; and
C(O)NHbheteroaryl; wherein said C(O)NHheteroaryl is optionally substituted with
one to three same or different halogens or from one to three same or different

substituents selected from F.
0. A compound of claim 7 wherein:

R’ is selected from the group consisting of phenyl and heteroaryl; wherein said
phenyl and heteroaryl are independently optionally substituted with one to three same
or different halogens or from one to three same or different substituents selected from

F.
10. A compound of claim 9 wherein:
heteroaryl is selected from the group consisting of pyridinyl, pyrazinyl, pyridazinyl,

pyrimidinyl, furanyl, thienyl, thiazolyl, oxazolyl, isoxazolyl, imidazolyl, oxadiazolyl,

thiadiazoyl, pyrazolyl, tetrazolyl and triazolyl; wherein said heteroaryl is



I soxazol e and oxazol e; wherein said phenyl, pyridinyl,
furanyl, thienyl, isoxazole or oxazole is

w0 pabependent |y optionally substituted with oneP€DUSIINE€E37213
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sanme or different hal ogens or % omone to three sane
or different substituents selé ed fromthe group

S LML EIICNEILIA N (S
dﬁdfug Bak oy Qﬁﬁlbwhﬁ@er%ttshbaﬁﬁeﬁtpsam&ﬁf@@rfe or

rent alogens A conpound of claim 7 wherein:
Qis selected from Group (A) 16. A conpound of claim

1 i.nclu har eut acceptabl e salts thereof,
mhg 355@§43§f ‘%8%%5&Pr0n1the group consi sting
of Rl I's hydrogen or nethyl; R3 and R5 are

| nd§pendent ly selected from t he group_consisting of
ylﬁlr déHO) pheeinglyern C(EY Aptsroanyls wheremoamBhetsRgrya fgP ysidinyl pfuranyl

o e RUGEROASRE  MeRgBEy Gl g mt

wheleted ffonh theQrrdip consistipg @S aalbgers nealyipantias,bon bond
or does not exist; -Y- |s sel ected fromthe group

c oSN NleppnddiydrreyRethyN. R18 and 14 R7 15 R10. Ril,
R12 R13, R R R16 and R17 are each independently H or
(Q )alkyl; wherein said ( 6)al kyl may optionally be
sulist i t Atcethpeiidofariant b whieree sanme or di f f erent

hal ogen, OH or CN,

-W-1is

R® R, R R, R¥R!5, R and RY are each independently H or methyl, with the

proviso that not more than one is methyl; and
R is selected from the group consisting of C(O)-phenyl and C(O)-heteroaryl;
wherein each of C(O)-phenyl or —C(O)-heteroaryl may be optionally substituted with

from one to two methyl, -amino, -NHMe, -NMe,, methoxy, hydroxymethyl or

halogen.
13. A compound of claim 5 wherein:

-W-1s



R18 is a nenber selected fromthe group consisting of
C(O -phenyl, C(O-heteroaryl, pyridinyl, pyrimdinyl,

W@ 008054287 | soqui nol yl, qui nazol yl, qui noxal i nRET/US2004/037213

napt hyri di nyl, pthal azi nyl, az?gfnzofuryl and

azai ndol yl; wherein said nenber”is optionally
substituted with from one to. fwo substituents sel ected
fromthe group consisting qfinBthys, -amino, - NHW,

nmet hoxy, hydroxynet hyl an en; Dis selected from
the group consisting of h —~@Yano, hal ogen,
COOR20, C(O NR R22, phenyk1 eroaryl; wherein

sai d phenyl or heteroaryl i s A'hdependently optionally
substituted with one to three sane or different

hal ogens or fromone to three sanme or different

sulpgt ituent s, 13 q)1egtsed i E,_ A s.selected fromth )
gr ?ﬁﬁ%d%i’zﬁ i’% ’%f ’ghea?}ly S BYY Y n rﬂl/(%ie,pefl Wfl? or methyl, with the
t hipsrvdo, thatsox awed thaaonk ©x@EdlyE;anher ei n sai d phenyl ,
pyridinyl, furanyl, thienyl, isoxazole or oxazole is

i ndependently optionally substituted with one to three

Saptd Qlerdi : . .t hr.ee, sane

o i P and B0fithe PRBISSIse bf BIHRAG bRbIARG, GBI

g(e’séﬁlmdlyfé fq@m;m@l’ guogal fylshagtirgliof lﬁtﬁalgﬁnmgk%ﬂgnzofuryl and
> n an et er oar ; nereln_sal

o) SIS Vit TS B GIRL eib g SeRempnS to two

optubetitiehi sslebisd frbit B gereadﬁk&l@ﬁtihg ofﬁl@ﬁ@l,sm&) 'NHMe,

di fferent hal ogens or omone to three“sane of

10 gi fiYMea methonys hydropsmethgednschadezer om F; het eroaryl is
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selected fromthe group consisting of pyridinyl,
pyrazinyl, pyridazinyl, pyrimdinyl, furanyl, thienyl,
t hi4zol %l conpoaadbdfidlaim $etReahy! . i m dazol yl,

oxadi azol yl, thiadiazolyl, pyrazolyl, tetrazolyl and
triazolyl; Fi s selected fromthe group consisting of
(Cyp-j)sal kyl, (C .6)al kenyl, phenyl, pyridinyl,

hydroxy, (C _ )al koxy, halogen, benzyl, -NR C(O-(C .
yal kyl, -NR R25, -S(O NR R25, COOR26, -COR27, and

- CONR R25; wherein said (G -63&# kyl or phenyl are each
optional |y substituted wi tRhdTexy, (C 6 )al koxy,

di met hyl am no or from ong t ree panme or different
hal ogen; R8, R9 and R26 eﬁLeNeac Kndependent |y
sel ected fromthe group cqpststipg ‘of;

R R'|5 R16

RIO, R“, RIZ, R13, R14,R15, R and RY are each independently H or methyl, with the

proviso that one is methyl;

D is selected from the group consisting of hydrogen, cyano, S(O),R*, halogen,
COOR®, C(O)NH,, phenyl and heteroaryl; wherein said phenyl or heteroaryl is
independently optionally substituted with one to three same or different halogens or
from one to three same or different substituents selected from the group consisting of
(Cro)alkyl, (Cy.)alkenyl, hydroxy, (Ci.)alkoxy, halogen, -NR*R%, -S(0),NR2R,
COOR?® and -CONR*R% ; wherein said (Cj.g)alkyl is optionally substituted with one

to three same or different halogen or a hydroxy; and



hydrogen and (C 6 )al kyl;
group consi sting of NR26,

X i
and S; OO R,

s selected fromthe

R,R,R,R and

wor@sesi2etependent |y sel ected fromthe group cRCBFUSI004¢37213

of hydrogen,

wherei n sai d phenyl

(C6 )alkyl, p
and het

hen
ero

1651

and heteroaryl;
are each

i ndependent |y optionally substltuted Wth one to three
sardeis seleeled fiome Hie mmg@ws@ng EPhgHy], pypdingl, fuganyl, thlenyl

pi Zi
oo ol WP ES
t hexglolaiig nﬁiﬁ@ﬁh&tnﬂlyg)pm‘bnﬂ]/}d{m@@ﬂiltedhﬂﬂtl@ gedio tﬁb@@@me BR8ifferent

het er oaryl ,

“N(CH2CH ) 2NC(

P St

méa@gWSSOalf@m Opg QRIS same Qs;sl{
5 GoFaBRk Ko aS) SEL GAILLANG IRLS. Bty

sel ecte

razol yl ,

and -

AL Syl

C(O CH
fiteyaml auyststuﬁstﬁ selegtedyiromethe group

-NH,; wherein said

py K@zi)aly is pptipokdly supktitupdrith cientglthree saxeapotifferent halogens.

i soxazol yl,

R1§5and ARdy

pyrazol yl ,

i soqui nol yl

and triazolyl;
fromthe group consisting of 11 R12 -,

nPounldfRdim Rhberefl 2, R13, R, R15, RI16
andR17 are each hydrogen;

IS C(O) phenyl
R3S f%m Group (A).

A is phenyl
or qui nazolyl;

Q is selected from the group consisting of

R3
R2
R~ NP

R5

Rlis hydrogen or methyl;

SN
1

A

N
‘Re

R1

- Y-

and

or pyridinyl;
Dis cyano

is selected
13 R12 R10 N N

R

A compound of claim 1 including pharmaceutically acceptable salts thereof,

R? and R’ are independently selected from the group consisting of hydrogen,

halogen, cyano, nitro, COORS, XR’ and B;

10°f

16.
15

wherein;

2
R‘V '\{
5 R°

20
25

R?and R* are independently O or do not exist, with the proviso that only one of R

and R* are 0O;

R® is (CH,),H, whereinn is 0-1;



Fis selected fromthe group consisting of (C 6)alkyl,
phenyl, pyridinyl, (C _2 )al koxy, -COOR26 -COR2 and

WO S0sies225; wherein said phenyl is optionally PCT/US2004/037213
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substituted with one group selected from nethyl,

met hoxy, fluoro, or trifl uor omef yl; X is selected
fromthe group consisting of ; RO is (C. )alkyl; Ris
hy dr &efapseniyat ¢aFpon-garbap Rond godoes pat &S ar e

i ndependently selected fromthe group consisting of
hydrogen and net hyl; and R27 is piperazinyl, N nethyl
pi p¥F &zdetegted foom Ihygmoap ebydistink®f A conpound of claim
17 wherein: R5 is heteroaryl optionally substituted

wi th one hal ogen or one substituent selected fromF; s
11 - NN R18 R15_Rlgi2is C(O) -phenyl, g{ﬁggui nol yl or

gui nazol yl ; andRSJR CwWrifkyl . 1 19. o oonposlid of
clai mwherein RJs/C( _-@rgenyl .. 20. poungP of
cl ai m 18 wher ei Soquidhdl vl vl 21

A conpound of ckai-th Iy-Rherein: R5 ig+hefd
optional ly substititeaith one substit@em'®sel ected
fromF;, heteroaryl is selected fromthe group

consi sting of pyridinyl, pyrazinyl, pyridazinyl,

py R'iRH R/F, R PsR¥ 'S 1S anil ROk @gehotl indByenagdyil oald, -)alkyl;
tr Iwah%(r)elig/ Isa’lid (aCn ?—@aﬁcyl ?nay optionally be substituted with one to three same or

different halogen, OH or CN;

R'%is a member selected from the group consisting of C(O)-phenyl, C(O)-heteroaryl,
pyridinyl, pyrimidinyl, quinolyl, isoquinolyl, quinazolyl, quinoxalinyl, napthyridinyl,
pthalazinyl, azabenzofuryl and azaindolyl; wherein said member is optionally
substituted with from one to two substituents selected from the group consisting of

methyl, -amino, -NHMe, -NMe;,, methoxy, hydroxymethyl and halogen;

D is selected from the group consisting of hydrogen, cyano, S(O),R%, halogen,
COOR™, C(O)NR?'R%, phenyl and heteroaryl; wherein said phenyl or heteroaryl is
independently optionally substituted with one to three same or different halogens or

from one to three same or different substituents selected from F;

Ais selected from the group consisting of phenyl, pyridinyl, furanyl, thienyl,
isoxazole and oxazole; wherein said phenyl, pyridinyl, furanyl, thienyl, isoxazole or
oxazole is independently optionally substituted with one to three same or different

halogens or from one to three same or different substituents selected from F;

B is selected from the group consisting of (Cy.¢)alkyl, C(O)NR*'R*, phenyl and
heteroaryl; wherein said (Cy.¢)alkyl, phenyl and heteroaryl are independently
optionally substituted with one to three same or different halogens or from one to

three same or different substituents selected from F;



g 12 13 R1I0 . R14' R" 15\ 22. A conpound of claim 17

wherein: s 5 HR5 is heteroaryl optionally substituted
wWowaols/osne7 substi tuent selected fromF, and het RCDER3004/037213

is selected fromthe group consisting of pyrazolyl and

triazolyl. 23. A conpound of cll&0m 22 wherein: Fis

sel ected fromthe group consisting of nethyl and - CONR

R2 SietemdryRMsebactt dRAIM dlneegronypl eprasistiiag tolf pyseihelc peazingl pyridazinyl,

th i Sti f hyd en and . nethyl. 24. A )
coe ro Prﬁﬁ,o@?%§mtgign%g¥%10{ﬁ%§a? yﬁéiq;fwo_%ylzgmd@golyl, oxadiazolyl,
phfﬂﬁi%@&@hh,q&slra&ﬁﬂpféﬁlaidlﬂfhn\(i‘f}fi%l_\919rmrI ses an

antiviral “effective anount of a conpound of Fornula I,
i ncl udi ng pharmaceutically acceptable salts thereof,

as ¢l ai in claiml and one e -
Spndr it ol e AT RES FEoTRT e yCr ks gy, pyridiny,

di Inyeld:sy, 20, )diRex P HAIGERE b FAINRYCPOR (| Al A -Nork AR

25 which addjtionally conprises an antiviral effective

amoRP)DR g " AFBOR T e &R ntand ge NR R e wheteinrsein (Che)alkyl or

0" ansens sl A8y (@R PRI (2loaRRRY! dimblytamino or
from one to three same or different halogen;

10

R®, R’ and R? are each independently selected from the group consisting of

hydrogen and (Cy.¢)alkyl;

X is selected from the group consisting of NR?, O and S;

15
R*°, R21,R22, R” R* andR® are independently selected from the group consisting of
hydrogen, (Ci-¢)alkyl, phenyl and heteroaryl; wherein said phenyl and heteroaryl are
each independently optionally substituted with one to three same or different halogen
or methyl; and

20
R* is piperazinyl, N-methylpiperazinyl or 3-pyrazolyl.

17. A compound of claim 6 wherein:

25 Qis
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-Y- is selected from the group consisting of

11 pi2 11 pi2
107 R13 107 R
R R D
N  N-R™® and N _
R14 R R4 Ri7A
RS K16 RS 16

Rm, RH, RIZ, RY, Rl4,R15 , R'® and R' are each hydrogen;

A is phenyl or pyridinyl;

R¥is C(O)-phenyl, isoquinolyl or quinazolyl;

D is cyano or oxadiazolyl,

F is selected from the group consisting of (C,.¢)alkyl, phenyl, pyridinyl, (C;)alkoxy,
-COOR?® -COR*and -CONR*R?; wherein said phenyl is optionally substituted with
one group selected from methyl, methoxy, fluoro, or trifluoromethyl;

X is selected from the group consisting of O;

R’ is (Cy)alkyl;

R is hydrogen, methyl, or ethyl;
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R* and R* are independently selected from the group consisting of hydrogen and

methyl; and
R¥ is piperazinyl, N-methyl piperazinyl, or 3-pyrazolyl.
18. A compound of claim 17 wherein:

R’ is heteroaryl optionally substituted with one halogen or one substituent selected

from F;
-Y-is
19 H12
Rl R
o-N  N—-R® ;
R14 R”
R15 R16

RS is C(O)-phenyl, isoquinolyl or quinazolyl; and

Fis (Cig)alkyl.

19. A compound of claim 18 wherein R'®is C(O)-phenyl.

20. A compound of claim 18 wherein R8s isoquinolyl or quinazolyl.
21. A compound of claim 17 wherein:

R’ is heteroaryl optionally substituted with one substituent selected from F;

heteroaryl is selected from the group consisting of pyridinyl, pyrazinyl, pyridazinyl,

pyrimidinyl, isoxazolyl, isoxazolyl, pyrazolyl and triazolyl; and

-Y-is
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22. A compound of claim 17 wherein:
Qis

“0
H N

T s
N / N )
R5 ;"I
R’ is heteroaryl optionally substituted with one substituent selected from F; and
heteroaryl is selected from the group consisting of pyrazolyl and triazolyl.
23. A compound of claim 22 wherein:

F is selected from the group consisting of methyl and -CONR**R*; and

R* and R® are independently selected from the group consisting of hydrogen and

methyl.

24. A compound of claim 23 wherein:

F is methyl.

25. A pharmaceutical composition which comprises an antiviral effective amount
of a compound of Formula I, including pharmaceutically acceptable salts thereof, as

claimed in claim 1, and one or more pharmaceutically acceptable carriers, excipients

or diluents.
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26. The pharmaceutical composition of claim 25 which additionally comprises an

antiviral effective amount of an AIDS treatment agent selected from the group

consisting of:

(a) an AIDS antiviral agent;
(b) an anti-infective agent;
(¢) an immunomodulator; and
(d) HIV entry inhibitors.
27. A method for treating a mammal infected with the HIV virus comprising

administering to said mammal an antiviral effective amount of a compound of

Formula I, including pharmaceutically accceptable salts thereof, as claimed in claim

1, and one or more pharmaceutically acceptable carriers, excipients or diluents.

28. The method of claim 27 comprising administering to said mammal an

antiviral effective amount of a compound of Formula I, including pharmaceutically

accceptable salts thereof, as claimed in claim 1, in combination with an antiviral

effective amount of an AIDS treatment agent selected from the group consisting of an

AIDS antiviral agent; an anti-infective agent; an immunomodulator; and an HIV

entry inhibitor.



