WO 2007/ 012972 PCT/ B2006/ 002734 1 1 4- DI HYDROPYRI DI NE- FUSED HETEROCYCLES,
PROCESS FOR PREPARI NG THE SAME, USE AND COMPQOSI TI ONS CONTAI NI NG THEM The
present iwOentwop7eel ates in particular to novel chem cRCTABMOGMNIRASL,
particularly novel substituted di hydropyridi ne-fused heterocycles, to the

5 conpositions containing themand to their use as nedicinal products. Mre
particularly, the invention relates to spe(I:i fic partially saturated pyrrole
or pyrazol e fused 5-o0xo- hexahydronaphtyri di nes or

5]: OX?" hexahydr ¢qubIYDRERYRINNEFUSED HETEROCYCLES iIRROCESHFORIul ati on
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poses considerabl e problens of side effects and of tolerance in patients.
These ef f ecThenpresest linvention relaies inapadisutaictonbaveli phemiogl camRAINGSed act
sel ecti vel ypaicERiHe i) | SubsthiBdCHyardyhidhie filiel! etéetidles, et the
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an i ch wou e.ex ssed_ver itt - not . at | e cel ls.
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20 of hydr oexhibifingupsticancareactivity yiromeidulationi dfidke sacfivitysoft prajeinae in seri ne
or threpni Bsrtfc%l?ér%f%n ch phosphoryl ations can wi dely nodify the

p

function of roteins; % us, protein kinases play an inportant role in
regul at ifg ol datge mest ickt heocommarcigh sespaunds; HeedidnneNSMROHSFARY: Fr

net abol i sm c?@téxi@ra@énﬁ@,r\@hiicﬁ"pose‘éeédnsﬁiﬁéréﬁkeﬁﬁdb%mybf $i6d leffecrr avd of or
cell surviv
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S't tracti ve_l_mtgm@ used dot %léqﬁgelvadrc?anq;]alcnﬂedwﬁhmn ahtealtiwoceitsher .
compos 1 onteh g0 itie Seitsn R i bR Bifecld"SE oAb thérap AP o0
to ki nasgs. therefaye sonsist i nisings medicinal cthd\LiQ% avhigh eft tore metabpliey s -
2o ant] canc B e g e e megy 1171
i nhi bitors &angek cellssand \gb@htvggulm_be expressed very little or not at all in healthy
cells.
" Protein kinasés aré a family of enzymes which catalyze the phosphorylation
20 of hydroxyl groups of specific protein residues such as tyrosine, serine or
threonine residues. Such phosphorylations can widely modify the function of
proteins; thus, protein kinases play an important role in regulating a large
variety of cell processes, including in particular metabolism, cell proliferation,
cell differentiation, cell migration or cell survival. Among the various cellular
25 functions in which the activity of a protein kinase is involved, certain
processes represent attractive targets for treating cancer-related diseases

and also other diseases.

Thus, one of the objects of the present invention is to provide compositions
having anticancer activity, acting in particular with respect to kinases. Among

30 the kinases for which modulation of the activity is sought, Aurora A and B are
preferred. The use of Aurora kinase inhibitors as anticancer agents has
recently been reviewed in “aurora kinase inhibitors as anticancer agents, N.
Keen and S. Taylor, Nature Reviews 2004, 4, 927-936.

Many proteins involved in chromosome segregation and spindle assembly
35 have been identified in yeast and drosophila. Disorganization of these



Keen and S. Taylor, Nature Reviews 2004, 4, 927-936. Many proteins involved
I n chronpbsone segregation and spindle assenbly 35 have been identified in
yeast andwono&dpkd7ka. Di sorgani zati on of these WD 2007/ @CZIBRA06/002734

PCT/ 1 B2006/ 00273; 2 proteins | eads to non-segregati on of chronosones and
to nmonopol ar or disorgani zed spindl es. Anong these proteins, sone kinases,
I ncl udi ng Aurora and Ipll, which origﬂ%ate respectively fromdrosophila
and S. cerevisiae, are necessary for chronpbsonme segregati on and separation

of the Cemp‘rﬁ%‘i’r@ ledis? t& WBHIsEg1aLAasE ot chieAfdsohisl dh@S td GRERGpAlal@eN

cl oned and ¢haracterized b various | aboratories,, This kipase, called
Aurora2, Asisrganizedsrinsiies. Asmong these RIRIRING SR kingseRdneidgMIO™R nase
faﬁ} |]¥ gi _%fhldﬁlfpﬁ,ahhi@llw -orfg&wat le&b@pécttvbwtféonhudmaﬁhﬂ@ andcg.geénev' st a'5re
anplified in human colorectal cancers.. - :
Bbmpl e ofeCERaN 66 oBtcEis e SBAfaR bR 4, Separdtiaof eSS alie AL |
tunmours$ sueimarsabalegee dyeast Ipl1 has seeantlythesentlooed mgdt dharaciedzed byhe
advant ages yafioh8%atiuthldtls, TAKRhASE daieh NMurBreY | Afiof Al STRRIP6F BYRAK,
conpounds. I ndeed, ese conpounds 'nostly avoid inhibl'ting kinases

i nvol ved i rrelengsutodhetsesinedhiganinghkingpe &mibay Bischoffietial. Raveeshown that

ef f ect sdandn(mbréz Bhércdgenicahd is ?M@ﬁﬁ@d ﬁj{l?@%@ﬂrﬂoé@r;@b’haﬁ g_atﬁ_@el% (thKﬁotJ,d; he 15
conpounds rdi I nvention ] avo nhi bi,ti ng. and/ or
CDK9 Ki nasgég,cg or ./;gaq%géé(%‘q)hg‘iamﬁlﬁ ﬂ?gﬁ'sr%?‘f%a}s? bﬁerﬁ W"PB} CaNCHAGr or a
ki nase.10 Thevdloihgepithgligidumesps rsishtas brppst canters bel i eved cl osest prior
art search for conpounds of fornmulas (1) and (I1) according to the

i nvention: i\Z1 : X i 0 .
Gopal akri sﬂ%n\_,ﬁbﬂgé_ﬁ %ﬂ?’g‘ﬁi%gggr"é&‘ﬁ% \r/]%}ﬁ]t:ag%'ro ;H?cﬁgﬁ{e}%\klgm%i tgt i L.;
Buckner, StRfQwidesquite salertivesompavads pindeed; tagse compouags Anostly avoid

" St ruct ur e-jiRkibititg! Rinddelin@8IvEaNn Rel@¥PtranS&igtRn, WhidH hidyCleslt in severe
di hydropyri m di nes, as

Chom St 1y 1548 GHECIS300PT higherTaxici Fengigi JUGSPrBLSeIS) ds avesyl: MBnodr on
(2001) 157( Fmpdiitie G&coidingRegiimes kvention mostly syodhiesilsiting CDK7 andior
A enbach,  FoRERIases. B pF BRsCt ifibRichitafss enehr SRR A phikifese, ="

di hydr opyrazol one and tricyclic di hydroi soxazol one as potassi um channel

openers". Ul® falawingspiresponsis tooApplimnis delieved clespsb peon arissearch feiy
subst i t ut e pRPGHAEsISFZBHAUBE!(1)\GHd (15 BicBbRlirg th-MeNnisntdmal ki nase -

Drizin, Irene; Holladay, Mark W.; Yi, Lin; Zhang, Henry Q.; Gopalakrishnan,
20 Sujatha; Gopalakrishnan, Murali; Whiteaker, Kristi L.; Buckner, Steven A;
Sullivan, James P.; Carroll, William A. “Structure-Activity studies for a novel
series of tricyclic dihydropyrimidines as KATP channel openers (KCOs)”.
Bioorganic & Medicinal Chemistry Letters (2002), 12(11), 1481-1484.

Quiroga, J et al. Tetrahedron (2001) 57(32), 6947-6953 « Regioselective
25 synthesis of 4,7,8,9-tetrahydro-2H-pyrazolo [3,4-b]quinolin5(6H)-ones”

Drizin, lrene; Altenbach, Robert J.; Carroll, William A. “Preparation of tricyclic
dihydropyrazolone and tricyclic dihydroisoxazolone as potassium channel
openers”. U.S. Pat. Appl. Publ. 2002007059 A1 WO 2001066544 AZ2.

“New substituted benzimidazole derivatives are C-JUN N-terminal kinase

30 inhibitors useful in the prevention and/or treatment of e.g. inflammatory
diseases, autoimmune diseases, destructive bone disorders and
neurodegenerative diseases”. WO 200499190 A1.



30 inhibitors useful in the prevention and/or treatnment of e.g.

i nflammatory di seases, autoi mmune di seases, destructive bone disorders and
neur odegeworaeioeo7di seases”. WD 200499190 Al . WD 2007/ 0PEIAB2006/002734

PCT/ 1 B2006/ 00273; 3 G oss, Rene; Lajoix, Anne-Dom nique; Ribes, Cerard.
Novel methods for screening inhibitors_of the interaction of rat neuronal
nitric oxide synthase and its cognate $nhibitor". W021083936 A2. Kohara,
T, Fukunaga K, Fujinmura M Hanano T; Ckabe H.: 5 "di hydropyrazol opyri di ne
conpounds and pharmaceutical use thereof’ W02/ 72795 A2 A sson L.
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activity ofitsptrgnateinhiyitorhdAQ0/083336na2e and net hods of use t her eof
W)2005/016245 A2 Kada, Rudol f; Knoppova, Viera; Kovac, Jaroslav; Cepec,

Pavel . Rea&(t,ﬁé}g ofT ZF%K a? (}é SF%}%%m 'f‘ﬁ%ﬁn@ p[rope)rp(ggétrhl .e and

nmet hyl 2- cy"a dibr ono- 2 -propeneni tri’l e an

2- cyano-3- ( '@WW@%@JOEWQJF‘?I )Commﬁén@dlde pharmasgeitiealp hisee stheregfT. I ectl on
of Czechoslwole/drg pal  Comruni cations (1984), 49(4), 984 91. Kada,
Rudol f; Kovac, Jaroslav. " Furan derivatives. Part CXV. Condensati on

reactions -aryl thio- n oary|t hi 2 f ural dehy Wi th

ni t r onet haﬁ(élsgo%o%, 'g?%ﬂq%o Rﬁw@ éh ”(':%ﬁ ey, Egg% r%ﬁ%ptPfL978)
43(8), 203MVIROOMNNSIANMA2i singly, and according to a first aspect of the
invention, it has been found that products corresponding to the general

L?nglea (! )DI%ECBE aCﬁaRifava% IPI"’\‘FGSQMcﬂrGDntI%ﬁ%n @ kAMELM: ' MkaRE Auror a
O Urge L.; Darvas F, Rzepecki PW; Fergusson CG “ Compound having
inhibiting activity of phosphatidylinositol 3-kinase and methods of use thereof

WO2005/016245 A2

Kada, Rudolf; Knoppova, Viera'; Kovac, Jaroslav; Cepec, Pavel. “Reaction of
2-cyano-3-(4,5-dibromo-2-furyl)-2-propenenitrile and methyl 2-cyano-3-(4,5-

15 dibromo-2-furyl)-2-propenenitrile and methyl 2-cyano-3-(4,5-dibromo-2-furyl)-
2-propenoate with -nucleophiles™. Collection of Czechoslovak -Chemical
Communications (1984), 49(4), 984-91.

Kada, Rudolf; Kovac, Jaroslav. “Furan derivatives. Part CXV. Condensation
reactions of 5-aryithio- and 5-heteroarylthio-2-furaldehydes  with

20 nitromethane”. Collection of Czechoslovak Chemical Communications (1978),
43(8), 2037-40.

Now, surprisingly, and according to a first aspect of the invention, it has been
found that products corresponding to the general formula (1) below are of
25  particular interest for inhibiting an Aurora kinase:

R1 R2 O

@



R3 (1) WD 2007/012972 PCT/1B2006/ 002734 4 wherein : Rl represents H,

al kyl, aryl, heteroaryl, substituted al kyl, substituted aryl, or

subst i t utwo 2nervdevaryl ; 5 R2 represents substituted arylPCoABZOGSM2734ut ed
heteroaryl; R3 represents Hor R4; Xis Nor CR7; Y, Y andY': (i) each
mdependently represents a substi tuent sel ected anong CH2, 10 CHR5, CR5RG,
C=0O 0, S, NH and NR7; or (ii) toget het represent a substltuent sel ected
anong -CH2-O (C=O -, -(CHZ)4 and -(CH2)2- chain noiety; R4 and R7 each

i ndependently represents a substituent selected anong: R8, -COOR8, CORS,
and CONHR8;wHérelfp: and R6 each independently represent R8; R8 represents H
or optionally substituted: -alkyl, -alkyl-alkylene, -alkylene, -

het er ocycl oal kyl, -cycl oal kyl, -aryl, -heteroaryl, -alkyl-heterocycl oal kyl,
-al kyl - cycloal kyl, -alkyl-aryl, or -alkyl-heteroaryl, -alkyl-NRaRb. Ra and
Rb each independantly represents H or Al kyl, 20 being understood that Rl
is H when X1 gepresadtsyH, a yt:%mb hetereatyds mbsmqteyi abylpsulbetuted aryheor

possi bl e t ‘]%Gh% v |Preferably, the object of the invention is a
conmpound of %r rein RO is HPreferably, the object of the
inventiaon i a conpound of for nmul a erein 25 R3 is H WD 2007/012972
PCT/ | B2@06/ esentsipubstituied 9W|Pﬁéué§ﬁtﬂ@ﬂ hatesaatyk nvention is a conpound
of formula (I) wherein Y and Y are CH2. Preferably, the object of the

i nvention iR3acprespoisrid coR4fornmula (1) wherein Y is selected anong CH2,
CHCH3, C(CH3)2, CH aryl, CH heteroaryl, CH 5 (substituted aryl),

CH (substi t)k"iseﬁ A}e&ﬁg’oaryl ), NH and NR7.
Y,Yand Y :

(i) each independently represents a substituent selected among CHo,
10 CHRS5, CR5R6, C=0, 0O, S, NH, and NR7; or

(i) together represent a substituent selected among —CHz-O-(C=0)-,
—(CHz2)4— and —(CH2)2— chain moiety;

R4 and R7 each independently represents a substituent selected among: R8,
-COORS8, CORS8, and CONHRS;

15 Rb5 and R6 each independently represent R8;

R8 represents H or optionally substituted: -alkyl, -alkyl-alkylene, -alkylene, -
heterocycloalkyl, -cycloalkyl, -aryl, -heteroaryl, -alkyl-heterocycloalkyl, -alkyl-
cycloalkyl, -alkyl-aryl, or -alkyl-heteroaryl, -alkyl-NRaRb. Ra and Rb each
independantly represents H or Alkyl,

20 being understood that R1 is H when Xis N and Y’ is CR5R6
The formula (I) comprises all the possible tautomeric forms;

Preferably, the object of the invention is a compound of formula (I) wherein
R1isH

Preferably, the object of the invention is a compound of formula (I} wherein
25 R3isH.



Preferably, the object of the invention is a conpound of formula (1)
wherein R2 is a substituted heteroaryl when X is Nand Y is CR5R6

Pr ef er ablyo 20év@012952ect of the invention is a conpound ofPCTaBMOb/a02(34a) R2 O
HNWN NH N H (la) 10 corresponding to a conmpound of forrmula (I) with X =
N, RR =H R3 =H Y=Y'=CH2 and Y' = NH, wherein R2 is a substituted aryl
More preferably, the object of the invention is a conpound of formula (Ia)
as defined above wherein R2 is a substituted heteroaryl group Preferably,
the object of the invention is a conpound of fornula (I'a) R2 0 HWN N

CR5R6 15 I-Pr(elférablycdine ebjmtldftma InveaturnRUA dodbolifd Bf férbihik (QrvwrbréirﬁrN, RL
HR3 = gfgﬁp = CR5R6, R5 and R6 are as defined above, wherei
R2is a suaosqltu &yl group More preferably, t he object of the

invention is a conmpound of formula (1'a) as 20 defined above wherein R2 is
a subst i t utld@ferably; 828 gbiegt eliiherinugntionbisyg compoohi e fornfula (e viheveinty’on is a

compouns of siles LRl RUOCAYN (EETL] SENROE hcidndf Eit? 3
B (1 forigsiond o p compdinioC Fibin ST fhetiegl Bt

substituted aryl group. 5 Mre preferably, the object of the invention is a
conpound ofPreferablya tiié mbject of dhéiineshtivnoigea WBRIPRUAARE fosmaiss UPSiHdréthed

heteroaryl @ QUR substituted heteroaryl when X is N and Y’ is CR5R6

=]

Preferably, the object of the invention is a compound of formula (la)

R2 O

NH
(ia)
10 corresponding to a compound of formula (I) with X = N, R1 = H, R3 = H,
Y=Y"=C,H2 and Y’ = NH, wherein R2 is a substituted aryl

More preferably, the object of the invention is a compound of formula (la) as
defined above wherein R2 is a substituted heteroaryl group
Preferably, the object of the invention is a compound of formula (Fa)

R2 O

~
HN, l
N" CR;R,

H

15 T’a)

corresponding to compound of formula (I) with X = N, R1 = H R3 = H,
Y=Y"=CH2 and Y’ = CR5R86, R5 and R6 are as defined above, wherein R2 is
a substituted aryl group

More preferably, the object of the invention is a compound of formula (Fa) as
20  defined above wherein R2 is a substituted heteroary! group

Preferably, the object of the invention is a compound of formula (Ib)



Preferably, the object of the invention is a conpound of forrmula (I'b) R2
O HN NCRSR6 R7- H (I b) corresponding to conpound of formula (1) with X =
CHR7, Rl WORp0TR32%972H, 10 Y=Y"=CH2 and Y' = CR5R6, R5, RETABRWO&I2B&I ng are
as defined above, wherein R2 is a substituted aryl group. Mst preferably,
t he object of the invention is a conpound of fornula (I'b) as defined
above wherein R2 is a substituted heter@aryl group More particularly, the
obj ect of the invention is a conmpound of formulae (la) or 15 (lb), wherein
R2 is a substituted phenyl or heteroaryl group; wherein the substitution
tituents chosen anong hal ogen, al kyl, OH ORB,
CH2- OR8, SH, SR8, N2, RB, CONHR8, CONHCH2R8, NHCOR8, NHCONHR8, SO2
NHRB, phenyl f d or substituted by alkyl, OH or hal ogen,
wherein R8 HM as |definpd above. 20 Mdre particularly R8 is chosen anobng
phenyl and het , NElubstituted or substituted with one to four
substituents indepéﬁdently chosen anong F, d, Br, OH SH, CF3, OCF3,

OCH3, SCF3, BéH3, OCHF2, OCHIM) SCH2F, (CI-0B)-alkyl, O-allyl, phenyl, and
phenyl substituted with hal ogen. WO 2007/012972 PCT/|1B2006/ 00273; 7 More

particul arl | ect t i pvention.gs. or doof _forgylae, (1" a)
or (1'Db) m%%%sﬁ%ﬂgmgs&acgﬁ‘&’pﬁ?Lé}e‘ﬁ"ﬂié@e@ij&f‘@ Rg%?’ %ﬂe? i'nﬁ?’hé‘h'

substi t uti oY=Yix@HAdarsd ofie=t NH, oY bkeibgt as wiefinedchbees) wirerajn AR oige,

al kyle, OH, ; 3 , SR8, NH2, NHRB, CONHR8, CONHCH2R8, NHCORS8, 5
NHCONHRB, sﬁﬁ&é@%ﬁﬁ@ﬁ“’m substituted or substituted by al kyl, OH or
hal ogen, erein iis as defined above. More particularly R8 is phenyl or
het er oarSva,nMﬁEﬁ pé‘??g%"tq?\fdg%&%dﬁdsq(% K¢ invandign i encorppeuRg of %RIF‘“&% &@Siqsuent S

i ndependent defindacsisiveanneRiir-R2Gs a SibstidtedHetddoaryl gdup OCH3, SCF3, SCH3,
OCHF2, OCH2F, SCH2F, (Cl-C6)-alkyl, Oallyl, 10 phenyl, and phenyl

SubSt 1t ut et DAL OB BENPE AR kG eorhSuRPbPfomba (5 T vention s
R2 O

=
HN |
—
b

CR,R,

corresponding to compound of formula (I) with X = CHR7, R1 = H, R3 = H,
10 Y=Y"=CHZ2 and Y’ = CR5R6, R5, R6 and R7 being are as defined above,
wherein R2 is a substituted aryl group.

Most preferably, the object of the invention is a compound of formula (I'b) as
defined above wherein R2 is a substituted heteroaryl group

More particularly, the object of the invention is a compound of formulae (la) or

15 (lb), wherein R2 is a substituted phenyl or heteroaryl group; wherein the
substitution includes one to four substituents chosen among halogen, alkyl,
OH, OR8, CH>-OR8, SH, SR8, NH;, NHR8, CONHR8, CONHCH2RS,
NHCORS8, NHCONHRS, SO,’NHRS8, phenyl not substituted or substituted by
alkyl, OH, or halogen, wherein R8 is as defined above.

20 More particularly R8 is chosen among phenyl and heteroaryl, not substituted
or substituted with one to four substituents independently chosen among F,
Cl, Br, OH, SH, CF3;, OCF;, OCHs, SCF;, SCHs, OCHF2, OCHJF, SCH,F,
(C1-C8)-alkyl, O-allyl, phenyl, and phenyl substituted with halogen.



(lta), (Ib), (va) and (1'b), wherein R2 is heteroaryl substituted by SRS
More particularly, the object of the invention is a conpound of fornmul ae
(1), (I ayp200m297¢Fa) and (1'b), wherein R2 is fury) oPCTHBZN¢D02734
substituted by SR8 15 Mdre particularly, R8 is a benzimdazolyl or a

I m dazolyl not susbtituted or substituted-by oneto four substituents

| ndependently chosen anong F, C, Br,- , SH, CF3, OCF3, OCH3, SCF3, SCH3,
OCHF2, OCH2F, SCH2F, (Cl1-C6)- alkyl, O-allyl, phenyl, and phenyl
substituted with hal ogen. Mire particularly, the object of the invention is
a conpound Woréqanidudary,)the (dbjedt of 2ke &rNén(ubnbs) aviftﬁﬁﬁtbmhd?éf forehuRée qra) bot h

= compound 81 i M| R 8 skl tesbonl o ) Whbraf g Bubetliin. o "re”

i s a (Cl- Cjnciudes oretigtip uusguStﬁuemtetchQsabsumoug dwlogery glkgay OHUBBS; t ut ed

compound.of Branty 7T eS a§h§8 | CRNIREC P?’ﬂ@@ﬁzwe%‘%?%r oup
More par?ic F&E&'Fﬁ? vo@h‘%ﬂyé no @Hh?‘i’tbﬁeq ar gubgiitgieghniy QH%’baQ d

accordi ng t@rhbbg@na\wpb@n(p'{g s dofed dBvieal part hereafter. A conpound
according to the first aspect of the invention may be in the racemc form

hed di
Caut oner s, | MAE sEAf R RE s BREhI herthoBfi ap¢ S nShERAT B RUbutied iy,
2007/ 012972 oReTy fRacHdystineErds lntﬁpendemhj dncomhn‘camoug H, &@1nBraOH| BHaCHef | ned
b db | t l ,
ﬁe? \é(rao:p ejar a ky?ﬁg’?%sérso(g%él gé @ﬁ %rgﬁpkggbggg?)éﬁig%r yO -allyl,
subst i tégedphﬁ"ﬂ!ﬁ' BH@PBPnW[ﬁ@Si“HH@@w‘ alm@h may be 5 identical or

di fferent, chosen from hal ogen atons ; and the radicals : hydroxyl ;
cycl oal kyl Motk Particgasy, mé'sbbj@cf oNtheTRiVention is AC¥OMPOIAQIdTIfBEn@ae (DSt 7

ot razoryl 1t (3and AF whgrkidre I hsterSapbougRbonaFRG . sho. v+ co

NH phenyl ; -C(O-NH2 ; -C(O-NHalk) ; -C(O-N(alk)(alk), -NHCO-(alk),
10 - N(al k) - Gjamp-gaxticylarly t ’thleenlyjbct obtheninivention iy la, camppundinoj foahiary(and
phenoxy, Y | I cal s
chosen f romh%ﬂs(rdggg%)%t?@ r%‘f%?(ﬁ f‘L‘rgqf{oxy, ypﬁﬁoﬁﬁutgﬁl@ éﬂﬁlH( al k) and
égl ( SLF |) Eggk&[ﬁr adi gtlﬂégyo 8 is g rl;[elncz%%gzofyl Io? at r|1r‘re'n atzglcilllj%to? S%l;b{ﬁ%[(erau lo? ()

substituted by one. to four substituents independently chosen among F, Cl; Br,- -+ - -
OH, SH, CF3, OCF3, OCHs, SCF3, SCH3;, OCHF,, OCH,F, SCH,F, (C1-C6)-
alkyl, O-allyl, phenyl, and phenyl substituted with halogen.

More particularly, the object of the invention is a compound of formula (1), (I'a)
20  and (I'b) wherein R5 and R6 are both Hydrogen or both methyl.

More particularly, the object of the invention is a compound of formula (1), (I'a)
and (I'b) wherein R5 is Hydrogen and R6 is a (C1-C6)-alkyl substituted or not
substituted or a phenyl substituted or not substituted.

More particularly, the object of the invention is a compound of formula (1), (1b)
25 and (I'b) wherein R7 is a -COEt group

More particularly, the object of the invention is a compound prepared
according to the examples of the experimental part hereafter.

A compound according to the first aspect of the invention may be in the
racemic form, enriched in one enantiomer, enriched in one diastereoisomer,
30 its tautomers, its prodrugs and its pharmaceutically acceptable salts.



15 the al kyl, cycloal kyl, heterocycl oal kyl, aryl, heteroaryl, aral kyl or
het eroaral kyl radicals can be optionally substituted with one or nore

radi cal s,wotzoernieary be identical or different, chosen PCOABLHAL/OQPEN at ons |
and the radicals : hydroxyl ; free, salified or esterified carboxyl ; -NH2,
-NH(al k), -N(alk)(alk) ; phenyl, alkyl and al koxy, thenselves optionally
substituted with one or nore 20 radical®% chosen from hal ogen at ons and
hydr oxyl , al koxy, al kyl, -NH2, -NH(alk) and -N(al k) (al k) radicals. Even
nore particularly, in the products of formula (1) as defined above and

bel ow, the al kyl, al kenyl, alkynyl, cycloal kyl, heterocycl oal kyl, aryl,

heteroaryl, |n m@bi@ducty omrrﬂu&a(u)aééwéf:fe@améaﬁ@aem B bp]t?ﬁl ly

substltuted with one or nore 25 radicals, whic be idenfical or

di fferent, &Meloakyh misenqwsv@galkybtamh%tawarwyaraw |orm¢eraarailsw radidalsal s. In

LD P oduct Sl SR Al Ml o RO G RE,

chl orines bidentical orduwec&mecmmrommuogyreétemblahd theomditals chl ori ne or
br oni ne at orns Q7012972 PCT/ | B2006/00273; 9 - the term "al kyl

radi cal " MF'EO&\QE @ﬂ&ﬂrc%'ﬂalamarﬁtmtﬁawgmen&taﬁrﬁalwh@ora@mmaa@tt 12
car bon atomf»no% tﬁmoggg@qggt y?ho ﬁ&#bvlfreé)rs%mﬁé agﬂ%rr.ﬂea'ca{@qﬁyw

i sobutyl, sec pentyl, ., SecC-
tert-pentyl tetrazodyle rNyi2, -NEXaglK), -N@h)&éatly) S@ad\lH‘I@@JfNIdeyleﬁOthHy@OFadi cal s
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parti culigr | yN{@receh)- (élk)kythsér@@' ﬁﬁé@lcarkwldmym&fam@(?;alr@ SREReAy, at oms,  and

in particul ar nethyl pyl”, 1 sopropyl | sobut yl ,
tert-butyl, tln$m§alwe§|0pboaauli;m¢bq@étﬂe9mth aneneamore ragieals ichaser frph r adi cal s

10 - the t | K t by OR
refers et oer @"q?.eé‘a%é}s %?daﬁgﬂré)&y lr ggﬁ%&’l g‘%@ téﬁ-ﬁ ‘SﬁZ?'ﬁﬂBE‘ﬁ ﬁa@g@ n th ons,
and pref er gdiigale. car bon atons, chosen, for exanple, from nethoxy, ethoxy,
pr opoxy, - i sQpr opo | i near secondar or tertiary_ butoxy, pentoxy, hexoxy
or 15 hept oﬁorﬁanﬁ%amlgrly,andﬁgpsqﬁq%%o{ﬁqn@wa d) ap dgficedabpve ahd HSAW, soner s
t her eof l'gy thé Bfiyl, SyBloafly et DRy ciBhikyPlaivi! AsterodrPhrSR)l heiERaFARIL €d T or

exanpl e
radicals can be optionally substituted with one or more radicals, which may be

identical or different, chosen from halogen atoms ; and the radicals :
hydroxyl ; free, salified or esterified carboxy! ; -NH2, -NH(alk), -N(alk)(alk) ;
phenyl, alkyl and alkoxy, themselves optionally substituted with one or more

20  radicals chosen from halogen atoms and hydroxyl, alkoxy, alkyl, -NH2,
-NH(alk) and -N(alk)(alk) radicals.

Even more particularly, in the products of formula (l) as defined above and
below, the alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
aralkyl or heteroaralky! radicals can be optionally substituted with one or more

25  radicals, which may be identical or different, chosen from halogen atoms and
hydroxyl and alkoxy radicals.

In the products of formula (1) and below, the terms indicated have the
meanings which follow :

30 - the term "halogen” refers to fluorine, chlorine, bromine or iodine atoms, and
preferably fluorine, chilorine or bromine atoms ;



SR3, refers to a linear or branched radical containing at nost 12 carbon
atons, and is in particular nmethylthio, ethylthio, isopropylthio and

hept yl t hiwo 2pe@dileeiks. I n the radicals conprising a sul pRGI/TB2006/0020 e

sul phur atom can be 20 oxidized to an SO or S(O2 radical ; - the term
"acyl radical" ( COR) refers to a |linear, or branched radical containing at
nost 12 carbon atons in which the radi cé)l R is a hydrogen atom or an

al kyl, cycl oal k Ioalkenyl cycloalkyl het er ocycl oal kyl or aryl
radi cal , thefi® é&m @ﬁ% raglicaln feferreioalingay qrrhﬂameéhra&m}@oa ipaiahg

[ [ made of
198£ IrrSIn:E1 ageﬁﬁqéﬁdﬁ%%fﬁrﬁé’d ’?W’t‘m @Q&{hwg Bpms@yvm eryl,
i o otk s

radi cal " ref
rg)d/f:cg? c)c/)npﬁf’ﬂ‘? S ?%@XX'OS?‘??P Wérﬂ?letp icals aﬁ% 33%9%?%(’ ;ar to 30
cycl opropyl o¢ YQJd?l‘?PtdécP/I %@é@ﬂ%h@do Hééfl‘(j}% ‘”éi’?s %‘1& éar the term

cyc(oalkylalky radi c refers to a and
al kyl are cheanshetirpnsitional isomers thereoﬁd\ﬂmtlme\more pdrrhsulaelsdlmasde 01hus

E?EFLEroLS{ﬁMé%‘?J%%P%ﬁa@ %@ 6/6‘%%;3%@{@!9%3 rficijaPmethyl,

cycl ohept yl gt isoprepyil, n-bltye, isEBUYT, &iLbaty, iineet 6Rbraricheti’Hepded to
rréan acSI d , ylnﬁirop ss{bﬁép}: cn ﬂ?;l ng ﬁdé Qn‘tggnl ng |nd|racat gd above :

mention i s, NeAr enkiApried hawd radicalsst oxy 5 or propi onyI oxy radicals ; -
the term” acyl amno radical" is intended to nean acyl radi cal s i n which
acyl has the nmeaning indicated above ; - the term' aryI radical" refers to

unsat ur at ed- the teony @likaxyradicat!] that bah b@rlegremylﬂ\(lexyfdr@(aﬂ’fpléQWZDRSI%éél@n?enSEd
rings. As exanpl es of, suc 10 radica nention may be nade o
phegyl nap g@pea%{m W@é‘ﬁBPgéﬁ%Cém@mmgeﬁww tath earben: atﬁ@ﬁt ABA i s nore

particul arl YretBedIp écrahf‘orpﬁf’dm% chio@8h SRk exam é‘?rcfrﬁnHEth@g'he D R;I radi cal s

i ntended to nean radicals resul'ting fromco nat1 o
ment i oned apepEOXyt h@prrmoa(yohmarnaed:qndanyost tertiarychutexy) pemtoxyl hesoyy or adi cal s

exanpl or® naligbisRy gufioals: S igh BRHREar of BraiBRH Ao Ee) EHp Rabers D or

- the term "alkylthio" or "alkyl-S-", that can be represented for example by
SR3, refers to a linear or branched radical containing at most 12 carbon
atoms, and is in particular methylthio, ethylthio, isopropylthio and heptylthio
radicals. In the radicals comprising a sulphur atom, the sulphur atom can be

20 oxidized to an SO or S(0)2 radical ;
- the term "acy! radical” ( COR) refers to a linear or branched radical
containing at most 12 carbon atoms in which the radical R is a hydrogen
atom, or an alkyl, cycloalkyl, cycloalkenyl!, cycloalkyl, heterocycloalky! or aryl
radical, these radicals having the values indicated above and being optionally

25  substituted as indicated : mention is, for example, made of formyl, acetyl,
propionyl, butyryl or benzoyl radicals, or else valeryl, hexanoyl, acryloyl,
crotonoyl or carbamoyl radicals ;
- the term "cycloalkyl radical" refers to a monocyclic or bicyclic carbocyclic
radical containing from 3 to 10 ring members and refers in particular to

30 cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl radicals ;
- the term "cycloalkylalkyl radical" refers to a radical in which cycloalky! and
alkyl are chosen from the values indicated above : this radical thus refers, for



napht hal enenmet hyl radicals - the term"heterocyclic radical" refers to a
saturated (heterocycloal kyl) or wunsaturated (including heteroaryl) (all
unsat ur atwo 2bevgevary are not 20 necessarily aromatic @CEHIBU6/002ERM | |

t et rahydr oqui nol yl) carbocyclic radical conprising at nost 6 ring nenbers
interrupted with one or nore identical 18r different hetero atons chosen
from oxygen, nitrogen or sulphur atons.:“As heterocyclic radicals, nention

may in particular be made of dioxolane, 25 dioxane, dithiolane,

t hi ooxol ane ExaRpkbtasyclopremimetnyl, oyslopeptyimeinyk sysiehexyimstpgreng ny! |
pi peridyl, ar L1g: olidinyl, pyrazolidinyl, norpholinyl,
t et rahydr of E%IP%?QW%%%'#O'#%WI , chromanyl, di hydrobenzofuryl,

i ndol i nyl, -hetrirdideylaxgrhgidatipy rended wnjeaﬁ@b}m@; radieals awaictadyol i nyl
t et r ahydr oi ?logtfi nol i nyl, . benzoxazi nyl or thioazolidi nélt. radi cals, all these
30 radi cal s NBaithg MG Ndisated gbeye umentionds Agr exrmple; arasts efl acetoadi cal s,

mention gay ok Br TS di made of optionally substituted piperazinyl,
optionally sugscpji%t’)u* e’év %lf [;éelc??(’jyl , optionally WD 2007/012972
PCT/ | B2006/ otiEr®rm "ecykamipoiradical] ipinterdddddioréan iaayldbz cadicloid which

pyrazolidinyl, Jorpholinyl or . thioazolidinyl radicals. - The term

"het er ocycl égi/lmsaq%@pe?éagdgthca{ég eﬁ?ﬂ"@nded to mean radicals in which the

het er ocycl oakte/terai@ril isdicaresicdy & uhsatardtbe CW%L&QGM@tHat%{é anong t he
I on may be )

heteroaryl radicals wth 5 ring nmenbers, nent made furyl
radi cal s, siHogychc elegnpeEseicandensed rings. dsydxamples af syclsasfargds 2- t hi enyl

and 3-thiyenyl . an A I | azol hiazol.yl , thiadiazqglyl,

thiatri ggol ﬁ"?’cg’i gldtewh':bé%%%P e%%%g{é}?egy&m%ﬂ% ?’I‘t?"%"-y' @p84_ i soxazol yl ,

i mi dazol yl, phgnaatbreryl aadicalss oeaatidnyis mérel it by TddRZoptheph@nyet r azol yl
radi cals. 10 Anong the heteroaryl radicals with 6 ring nenbers, "nmention may

in particul & iC3e "made of pyridyl radicals such as 2-pyridyl, 3-pyridyl and
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- As condensed heteroary S contain om
chosen f r onobtiiepdikyl, radicaisopentioned ages) thatarei aptiomally sfibstiteleamahe thée 15
"l y1 12 boAS iRaRSEI9 MedioBRd BByP. hahHeshapiATalY SubRUSISH  mESHondol yi
is, for example, made of benzyl, phenylethyl, 2-phenethyl, triphenylmethyl or
naphthalenemethyl radicals ;
- the term "heterocyclic radical” refers to a saturated (heterocycloalkyl) or
unsaturated (including heteroaryl) (all unsaturated heteroary are not

20 necessarily aromatic e.g. chromanyl, tetrahydroquinolyl) carbocyclic
radical comprising at most 6 ring members interrupted with one or more
identical or different hetero atoms chosen from oxygen, nitrogen or sulphur
atoms.

As heterocyclic radicals, mention may in particular be made of dioxolane,

25  dioxane, dithiolane, thiooxolane, thiooxane, oxiranyl, oxolanyl, dioxolanyl,
piperazinyl, piperidyl, pyrrolidinyl, imidazolidinyl, pyrazolidinyl, morpholinyl,
tetrahydrofuryl, tetrahydrothienyl, chromanyl, dihydrobenzofuryl, indolinyl,
piperidyl, perhydropyranyl, pyrindolinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, benzoxazinyl or thioazolidinyl radicals, all these

30  radicals being optionally substituted.

Among the heterocyclic radicals, mention may in particular be made of
optionally substituted piperazinyl, optionally substituted piperidyl, optionally



I ndazol yl, pyridopyrrolyl, pyridopyrazolyl, naphtim dazolyl,

I m dazoqui nol yl, benzi sothi azolyl, benzisoxazolyl, purinyl, quinolinyl,

I soqui nolweaybo7zmeb72napht hyri di nyl . 20 Anong t he condens®GTHB2086/0@0734

radi cal s, nmention nmay nore particularly be made of benzothienyl,
benzofuranyl, indolyl or quinolinyl, Eflnidazolyl, benzot hi azol yl ,

I ndol i zi nyl, isoquinolinyl, qU|nazoI|ny groups, these radicals being
optionally substituted as_indicated for the heteroaryl radicals. The
addi ti on salstbstijutas pyieelighnm cimidazaliginwl, oysezlidiny, mehsliadst s of fornul a

(1) 25 can e the salts formed with hydrochloric acid,
hydr obr om C’thuﬁgi%ﬁff@%é&caf%c acid, nitric acid, sulphuric acid, phosphorl C

aci d, propi efiihe team“uetaoe;tdlmlmaﬂiyl r’adicbl“dgﬁmen@écﬂ to Ariath, ratizals i aci d,
ben20| c acid, %&Ziel C aci succinic acid, tartaric aci d

citric acidW ech%f@mpycmllﬁst;\m@"@/i f%'du%%‘ﬁ the ‘5‘@?8‘“9&?&%&0 aci d,
al kyl mongs ul. gt iR &éro:aggnaa&afsf\ﬁﬁh S&ﬂggﬁgmb@? kfmfegl suﬁ%{o gaCl d,

et hanesul phoni ¢ acid or p anesu oni c nic aC|ds such
as, for exampfuryl nadudmmlchmmrytamtﬁdum th@n?ﬂ@ﬂd@lﬂ%ﬁbh as 2-thienyl

PCT/ | B2006/ 0027, ha, bet a- et h di s nosul phoni c
aci ds such z?é'% %QH%’@ﬁ Bﬁgﬂg' (lﬁntg' rW'ytP’ Jé"l‘ﬁoiﬁ ﬂ]'%mﬁg‘?'gg Accor di ng
to a second igRREblyl, td?@zleQﬂTaU%olyF P U-isBxRI6H I”ﬁﬁl@ﬁ&blgﬁ'pyr&omgﬁes' tion
conprising a product according to its first aspect, in corbination with a

phar maceut i Mﬂa}ob/bdéﬁzdhﬂ énml gndietrazolgiredisals, t he present i nvention

fo"the. i1vertEne B AERKMGL ERTRIC i Eling FEMES, MRelrf PRt dere © "
exci pi ent debpemdde@f pyruwleradi@eisesvdhmbez%mdlﬂ arbvruaysém@mmm T&ed

phar maceuti cal. nposition may be in solid or liquid form or in the form
of i posorre@yr'%%ﬂgpw{@'dﬁm'q RVWS’@%W’S?W §M§34Wéfa¢fﬁ9|3be mentioned are

powder s, gel-od ondehian! eI ARES TonflIRRG dt itadl e AdbfPatohp! 1 d 1 or s

protected agal nst um o nay a I ncl uded
The supportshusemifrbm smﬁhuhmnsmgerdarﬂcbomsg@nmﬁemton mapafdrlexulrmie,cb‘e m ner al

PP {3 e oPBTIAIRER Sion ST pRaL e bRV seaBBin L °°
Sopor . TR Euasiosadichaneiaasy), MRORIYL bl ERaH AT 1 v
o indazolyl, pyridopyrrolyl, pyridopyrazolyl, naphtimidazolyl, imidazoquinolyl,
benzisothiazolyl, benzisoxazolyl, purinyl, quinoclinyl, isoquinolinyl and
naphthyridinyl.

20  Among the condensed heteroaryl radicals, mention may more particularly be
made of benzothienyl, benzofuranyl, indolyl or quinolinyl, benzimidazolyl,
benzothiazolyl, indolizinyl, isoquinolinyl, quinazolinyl groups, these radicals
being optionally substituted as indicated for the heteroaryl radicals.

The addition salts with inorganic or organic acids of the products of formula (1)

25  can, for example, be the salts formed with hydrochloric acid, hydrobromic
acid, hydriodic acid, nitric acid, sulphuric acid, phosphoric acid, propionic
acid, acetic acid, trifluoroacetic acid, formic acid, benzoic acid, maleic acid,
fumaric acid, succinic acid, tartaric acid, citric acid, oxalic acid, glyoxylic acid,
aspartic acid, ascarbic acid, alkylmonosulphonic acids such as, for example,

30  methanesulphonic acid, ethanesulphonic acid or propanesulphonic acid,
alkyldisulphonic acids such as, for example, methanedisulphonic acid or



(ethanol, NMP or the like) or mxtures of surfactants and sol vents or of
20 conpl exi ng agents and solvents. The liquid forns will preferably be

i nj ect ablwoane/o12952a result, will have a fornulation tRET/IBYICREPL abl e
for such a use. Acceptable routes of adm nistration by injection include

I ntravenous, intraperitoneal, intranusgular and subcutaneous routes, the
i ntravenous route 25 being preferred. e adm ni stered dose of the
conmpounds of the invention will be adapted by the practitioner depending
on the rout’épbﬁ betgretianadisulphenie acke apdmpeagulphenicipsidscaui as on of said
patient. t may be adm ni stered al one
or as a 30 mx u% pﬁjaéﬁear\r?cgﬁ c%%l Q¥ﬁ§dgn S. Anpong the possible

conbi nati ons, that may be nenti oned are: V\D 2007/ 012972 PCT/ 1 B2006/ 00273;
13 al kylating agents and especially cycl ophospham de, nel phal an,

| fosfam de, chloranbucil, busulfan, thiotepa, predninustine, carnustine,
| onusti ne, Actardingnde ategnomklotepéct, tHecmvbniiomds atbmtoaobbaﬁm@eutncal

procar bagi “E‘?rﬂpﬂsu%ﬁ%mfﬁ?é'irﬁsé%&?ct quﬁwﬂ@r?&ré ;Vﬁ%oﬁﬁo‘?ﬁalo%"y

such as cis car A For XAl ant i'c "agent's
especial | y \élﬁ @ @tsarma@@nséallv aQﬁeptﬁR}%ieKClﬁlentdactl nonycin; antim crotubul e
agents especially such as vinbiastine, 10 vincristine, V|ndesine

vi nor el bi neTnérerf@rémtﬁé ﬁr@%@ht t:m@inoandlséoe&é@ée{d thera@@nhé a@dfﬁdmms
especi al l'y éOlgtPl as_ doxor ubi ci,n daruybi cin bj cin

ni t oxant r on NG & SRMPGYL aﬁﬁ%ﬁﬁ‘gl Hae pthrg%\,, éBn@"ﬁé‘é‘?Pgn ity @
et oposi de, plainprsiutieally acsaptables exc:plemmqmndlmg)mt ¢gioarchmsent mioddesf 15

f1 uor opyy i nb%ﬂﬁs%r%lb‘f]hﬁ% &cﬁrhjré%%% Irl’ipolélt-llémoﬁ’lr?&q glr ngdn@‘ '!%'%Ldﬁﬁ{ormrl ne

anal ogues such"as azacyt' ara i'ne
or 6-thi oguarnmrtbefom@ﬁbmsmmam ogs such as pentostatin, cytarabine or
fl udar abi ne phosphat e;

Among the solid compositions that may be mentioned are powders, gelatin
capsules and tablets. Among the oral forms, solid forms protected against the
acidic medium of the stomach may also be included. The supports used for
15  the solid forms consist in particular of mineral supports such as phosphates or
carbonates, or organic supports such as lactose, celluloses, starch or
polymers. The liquid forms consist of solutions, suspensions or dispersions:
They contain, as dispersive support, either water or an organic solvent
(ethanol, NMP or the like) or mixtures of surfactants and solvents or of
20 complexing agents and solvents.

The liquid forms will preferably be injectable and, as a result, will have a
formulation that is acceptable for such a use.

Acceptable routes of administration by injection include intravenous,
intraperitoneal, intframuscular and subcutaneous routes, the intravenous route
25  Dbeing preferred.

The administered dose of the compounds of the invention will be adapted by
the practitioner depending on the route of administration to the patient and the
condition of said patient.

The compounds of the present invention may be administered alone or as a
30 mixture with other anticancer agents. Among the possible combinations, that
may be mentioned are:



20 nmethotrexate and folinic acid; various enzynmes and conpounds such as
L- aspar agi nase, hydroxyurea, trans-retinoic acid, suramn, dexrazoxane,

am f osti &0 20678112ERt i N and estrogen and androgen hor non@®ST/IB20G6/Ha2asicul ar
agents such as conbretastatin or colchicine 25 derivatives and prodrugs
thereof. It is also possible to conbine_the conpounds of the present
invention with a radiation treatnent. [Phese treatnents may be adm ni stered
si mul t aneously, WD 2007/012972 PCT/|1B2006/ 00273; 14 separately or
sequentially. The treatnent will be adapted to the patient to be treated

by the practitioner. Agkplthgd bgeptst hidifi asegsdcialiyne dyd¥sHdspRamideabout
the use of a produ@1 acgfor%a t(_gﬂlts fi rsg %@%%ﬁ . fas a {rﬁ%dl.carrent 5
Therefore, a prdOGPNafaN. fog R QiamPY4 ey tjptepay PIRINAEEMSr  he
manuf act ure of eaamuistneal lgmasting, t bamustingsestaptdzototineatdengrizazine,
pat hol ogical ¢ i i LCL ding to a third
aspect, the i nvg%ﬁ%r?%ldgbgﬁﬁ% %%éngpgggﬁrgéhc}ﬁ@g%%g%brdi ng to its first
aspect, as an agent that inhibits an Aurora kinase. 10 According to its
third aspect, the i n/epafigdM deryatives especially schaesalaén, C%r@@@%dlﬂrﬂj toits
first aspect, aso)@fipkgignt that inhibits the proliferation of tumour cells.
According to a fourth aspect, the invention is about the use of a product
according to its first_as t..fo rodugci n medi,ci nal. praduct .of use in
15 treating a pat hol o'g?@tiﬁgﬁ%ﬁgﬂ’ So%s,peé%%b{cgﬁqeh ?Sgolegrﬁ‘%'%tﬁ'%'{j%mmqron. As
an inhibitor of daofimomye#;l proliferation, the said conpound may be used in
the prevention and treatnent of |eukaem as, both primary and netastatic
solid tunmours, carci C@ﬂq nc i hcul ar. breasg: zer; lung
cancer;_ 20 cancer. of t 'gm?ma | blﬁl%t eégié?ltg; r%%%ﬁeér‘&of%f%he %gl zﬁngﬁsﬁ%ctum
cancer ¥ the rdRYistiREoVidERRE; WinoaIbingor Saxpide (Rastitaxed apd slospisaehar ynx;
cancer of the oesophagus; cancer of the liver, stomach cancer, cancer of
the bili a][y ﬁanal s, calmmmcyn:iinéélelsbébiiaw )s#vmi@%|d©xoﬂmik§iﬁ{1dlaﬁnéh®iddmncreas;
cancers of the [ acts | udi.ng the kidn urot hel i um an
bl adder; can-cer;m%ﬁﬁ)t"ﬁ%’ ééﬁ&'énd%ﬁa’é%?tfcg]e ?rrlgé?xqrﬁgqu?di ng cancer of the
uterus, the neck of the uterus, the ovaries,

e group | and Il topoisomerases such as etoposide, teniposide,

amsacrine, irinotecan, topotecan and tomudex;

15 « fluoropyrimidines such as 5-fluorouracil, UFT or floxuridine;

e cytidine analogues such as 5-azacytidine, cytarabine,
gemcitabine, 6-mercaptomurine or 6-thioguanine;

e adenosine analogs such as pentostatin, cytarabine or
fludarabine phosphate;

20 o methotrexate and folinic acid;

e various enzymes and compounds such as L-asparaginase,
hydroxyurea, trans-retinoic acid, suramin, dexrazoxane, amifostine,
herceptin and estrogen and androgen hormones;

e antivascular agents such as combretastatin or colchicine
25 derivatives and prodrugs thereof.

It is also possible to combine the compounds of the present invention with a
radiation treatment. These treatments may be administered simultaneously,



chi oriocarci noma and trophobl astoma; cancers of the male genital tract

I ncl udi ng cancer of the prostate, of the sem nal vesicles, the testicles,
germ nal wel2oorupwers; cancers of the endocrinal gl andsPChdBudé/mp78ancer of
the thyroid, the pituitary, of the adrenal glands; skin cancers, including
30 haemangi omas, nel anomas, sarconas, including Kaposi's sarcoma; tunours
of the brain, nerves, eyes, neninges, ﬂﬁcluding astrocytomas, gliomas, WO
2007/012972 PCT/1B2006/ 00273; 15 gl i obl astonmas, retinobl astonas,

nNeuri nomas g SFHQI &Séé&f&ﬁtl e MRNE é‘l’.‘?ﬁentvﬁﬁﬂb‘ zSC’pHB&torfﬁé'p%ﬂéHFto be

haemat opoi et c tunours; Ieu aem as (Acute tic Leukema (ALL),
Acute Mel Gieatedby the BFEICRNP_WEV Chronic Mel 0| d Leukem a (C\M), Chronic
| ynphocytic | eukemia (CLL)), chloronas, 5 plasnocytomas, T or B cell

| eukaem as ,Adcordah@@kanmrdr asiostakitnes m\lreﬁmhomaabowm@m ofired py@duchus

mal i gnant ha A fif aspect, the i nvent lon is about
a process (?F Poaﬁgrﬁt%]ggégt f"g d’f}g&ilc tnEydropyrl dine of formula (I) by

the foll ow ng general procedure: ORL R2 O RL R2 alcohol 'Y HN+ O f Y
Ebo HN ¥ Thergio®,Ya yrodudl iw accprdance withtthedneentioremaw be disedofor ghe azol e

or pyrrol e yamifaiuréBf)a n‘ibo%iHélV@'oﬁﬂ ﬁ Hat igludeiN 96r Feafihly 4P Qﬁhbl@ﬁ)&lﬁival ent

of diketo derivative Is heated a ux tenperature I n an such as
et hanol or SPngilicANE) PAEUIRDA1GANSBLer al  hours. The sol ution is cool ed down
to roomtenperature. The desired conpound is either isolated by filtration
or the sol verordiag rtenavihirduagpect 3hey daventionl fs abededhe tuse of u@redwsjuct s
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solution of trifluoroacetic acid in dichloronethane (50/50) or a solution
of hydri8chlAncoidingite its third xaspect, ke Ryeptign iRalEUt the upe- afifa preduct

according to its first aspect, as an agent that inhibits the proliferation of
tumour cells.

According to a fourth aspect, the invention is about the use of a product
according to its first aspect, for producing a medicinal product of use in
15 treating a pathological condition, especially a cancerous condition.

As an inhibitor of tumour cell proliferation, the said compound may be used in
the prevention and treatment of leukaemias, both primary and metastatic solid
tumours, carcinomas and cancers, in particular: breast cancer; lung cancer;

20 cancer of the small intestine; cancer of the colon and rectum; cancer of the
respiratory tracts, of the oropharynx and the hypopharynx; cancer of the
oesophagus; cancer of the liver, stomach cancer, cancer of the biliary canals,
cancer of the biliary vesicle, cancer of the pancreas; cancers of the urinary
tracts including the kidney, urothelium and bladder; cancers of the female

25 genital tract including cancer of the uterus, the neck of the uterus, the ovaries,
chloriocarcinoma and trophoblastoma; cancers of the male genital tract
including cancer of the prostate, of the seminal vesicles, the testicles,
germinal cell tumours; cancers of the endocrinal glands including cancer of
the thyroid, the pituitary, of the adrenal glands; skin cancers, including

30 haemangiomas, melanomas, sarcomas, including Kaposi's sarcoma; tumours
of the brain, nerves, eyes, meninges, including astrocytomas, gliomas,



OX H1 11 20 Therefore the invention is also about a process of
preparation of conpounds of forrmula (1) characterized in that a/ an

am nopyr a0I2007({297RH) or an am nopyrrol e (X =CR7) deri v&CIrXB2006/00273r mul a
(1) WO 2007/012972 PCT/1B2006/00273; 16 Rl HNX NH2 b/ an al dehyde of
formula (111) R2-CHO and 5 cl a diketone derivatives of formula (IV) O O
Y wherein Rl, R2, R7, Y, Y, Y' are as défined in claim1 are nmixed in an

al coholic solvent at reflux tenperature to produce a crude conmpound of 10
formul a (1 )gliohkstoreas retinoplasonidd, wewriborings coeurobastemast sohiwammosiasp and/ or
a purificatian ste%an [ or Epsali}ication ste General procedure for

the prepar dI'FYHIGT gnang, PRGMAIGRARLG tb‘modﬁr%))ﬁP 1e8i ?LSDVN\gP o D
2007/ 01297 i ; I ~
TRaDCNI T 1/ EOGEBRRUREREPIAAD, RoutiRioR | ket (RBA Y, PISTAI e Dow
H141: \\ RiMyeloil LeukermaNehiy)ACtronic lympirRytic leukemia (CLL)), chloromas,

5 plasmocytomas, T or B cell leukaemias, non Hodgkins or Hodgkins

lymphomas, myelomas, and various malignant haemopathies.

According to a fifth aspect, the invention is about a process of preparation of
a tricyclic dihydropyridine of formula (1) by the following general procedure:

y o Ri Rz O

R2
< /) y alcohol " ~ I \l(
HN t 0 + I Ebo \, = Y
\X/ X

10 A mixture of 1 equivalent of pyrazole or pyrrole (X=N or CR7), 1 equivalent of
aldehyde R2-CHO and 1 equivalent of diketo derivative is heated at reflux
temperature in an alcohol such as ethanol or 1-butanol for % to several

~hours.- The solution is cooled down to réom temperature. The desired
compound is either isolated by filtration or the solvent is removed under

15 vacuum. If needed, the crude product is purified on silica gel or using
preparative high performance liquid chromatography (HPLC).

When Y’ is N-Boc the product is deprotected using a solution of trifluoroacetic
acid in dichloromethane (50/50) or a solution of hydrochloric acid in dioxane.

R1 R2Z O R1 R2 O
TFA/DCM
N A A A o "o L]
X o_r \ — NH
ﬁ \g/ \\r HClI/Dioxane X }NI

=~

20  Therefore the invention is also about a process of preparation of compounds
of formula (I) characterized in that

a/ an aminopyrazole (X= NH) or an aminopyrrole (X =CR7) derivative of
formula (l1)



FFFFFiiill O~v HW X R 2 Of HNOH~ 1 EOHHMVN111-C''/(~ C) Z =0
N, CH2 _ IVVM R R 1RBA'-rMHN1IYA R R2- _/ 2- TFAAIDCM X N O R8
7 VIl RWORR0ENSHRMN 110, C HN\  2- TFAIDCM X N H HO YCILIIB2086/202734, WO
2007/ 012972 PCT/ 1 B2006/ 002734 18 The tricyclic conmpound | in solution in
di chl oronet hane (DCM is treated by wth 2 equival ents of
benzyl oxycarbonyl chloride, 2 equival edbs of dii sopropyl et hyl am ne (DI EA)
and a catal ytic amount of 4- di nmethyl am nopyri di ne (DVAP) at room
tenperature for 24 hours. The 5 reaction mxture is poured into a 10%
sol ution of potassium hydrogenosul fRte and extracted wwth DCM The organic
phase is washed with water, dried ov magnesi um sul fate (MgSO4) and
concentrat ed under vacuum The crude oducts are purified on silica gel
to give the Cbz-protected derivatiUQ\ll/l. The Boc protection is renoved by
treating compound Il with a m xture trifluoroacetic acid (TFA) and
DCM (50/50) at roomtenperature for 1 hour. 2 After evaporation of the
solvent, the crude product is purified on silica gel to give IV.

b/ an aldehyde of formula (ll1)

R2-CHO
and

5 cl a diketone derivatives of formula (V)

IY'
O Yll

wherein R1, R2, R7, Y, Y’, Y” are as defined in claim 1 , are mixed in an
alcoholic solvent at reflux temperature to produce a crude compound of

10 formula (1) that is then optionally submitted fo a deprotection step and/or a
purification step and/or a salification step.

A/ General procedure for the preparation of N-substituted ftricyclic
dihydropyridines

15



Acyl derivatives of general fornmula V are prepared in 2 steps. The
conpounds of formula IV are first acylated by various acyl chlorides in DCM
15 usi ng WoBRM7zZmeb7a cat al ytic anount of DMAP. The react iPOR/IR2006/002334 S
stirred overnight at roomtenperature and poured into water. The mixture is
extracted with DCM The organi c phase .is washed with water, dried over
MyS04 and concentrated under vacuum Tlﬂe conpounds V are purified using
preparative HPLC. 20 Al kyl derivatives of general fornula VI are prepared
from conpounds IV using the correspondi ng epoxides in ethanol. The
solution is either heated at reflux tenperature for 2 hours or irradiated
with mcrowaves at 110C for 10 mnut The mxture is paure®if water and

extracted with DCM The DCM sol utjg shed W th water over
MySO4 &hd c¢inc ntratedCBél'}B ﬁAPrmiutin rou | Falogdr 8genat e Wth Pd/C
under h g trmsphere ter ¥i1yratio Oel—rr’e(r) andNev poratlon
the cru eparatl e liquid chr gr aphy

g Wurltbwed usi ng g
coupled to ss spectronetry (LC/ MS). cyl derivatives of genetal formula
VIl are prepared Dy direct acylation of%@jth acyl chimgrides na?@scri bed
for I'l'l orywith acid anhydrides i Al u 30 DIEA for 2 hours at#room
tenperature. The mixture is poured in 10% potagsi urfzhyglrogenosul fate
sol ution and extracted with DCM The oranlc vvashed with

pMA is treated
B 267/ 012972
tenperature. The crude produets Wre purified
give VI1. Al kyl derivatives of general formula
i i at 150C conpound |

i g in a mcrowave appar
i rrespondi ng epoxi de i%@di met f orfmarfi de (DMF). The
intermed at%® is purified using prep: ve HPLC, esul témg (dexi vati ve

i s deprotect th a TFA DCM sOi Mo 0) . x i's
purified by arative LC/ Ms. B/ General procedur erfor the reparl?tl on of
non-commerci ally avail able al dehydes R2-CHO of formula (111

al dehydes I8f general structures I X H \ VI

1- RSCOX/DIEA/DCM HN > S

= - N e

Rt 2 2- TFAIDCM XTUN ~ A
w T o Re 7 VII
—

k voﬂr
I >
© I Z\\/N\j R1, R2 Cﬁ
I EtOHMW/110C /,g\,;w,)\f\‘
2- TEAIDCM HNkfﬂ\Na !\/NH
HO ../
VIII
N



N-, R n=Corl HIX \ OHH +rn O/ O HzNn\ R DCCIAcOEU60 O Nt Jn R +
00 HII n=0orl n=0orl H A mxture of 1 equivalent of formyl benzoic acid
and 1 equwoabent2of aniline or 15 benzyl am ne deri vati PETIIR2086/M2734acet at e
(AcOEt) is treated with dicycl ohexyl carbodiimde (DCC) at 60C for several
hours. The m xture is poured in HO IN. The organic phase is collected and
successively washed wth water, a sol Ji on of sodi um bi carbonat e and
brine. The solution is dried over MgSO and concentrated. The crude
products are purified on silica gel 20 when needed. - al dehydes of general

structure Xhe Ricydli¢t!cBmpdundIan2881dtidhL #P dhRFS MBS (D8R 35 tredflePpy NH cl
benzal dehyde

DEADV p (o N,/ R .H xture of 1 equival ent of amn
and 1 equi Vifeng o?qLB\éﬂ?B{}/lk/v&c%%'ﬁyé@(m@mW iQEl%i”ﬁe i%q'{"fﬁﬁ‘ﬂtéq ith 2
equi val ent diisbpRigykethypldenine m ¢(DiEwyve amd adiaat iMaMicllfé\?éxgml 1Qfm it es.
Conpounds X eGhpi a r e Ll tration.
al dehydes é?"q%m?‘g‘f%é’lyﬁﬂg{euﬁ@%%t ?atNPc%anFeiq?ﬁ%agﬁ%‘ ?% 24 'houré”" The
5 reaction mixture is poured into a 10% solution of potassium hydrogenosulfate
and extracted with DCM. The organic phase is washed with water, dried over
magnesium sulfate (MgSO,4) and concentrated under vacuum. The crude

products are purified on silica gel to give the Cbz-protected derivative Iil.

The Boc protection is removed by treating compound Il with a mixture of
10 ftrifluoroacetic acid (TFA) and DCM (50/50) at room temperature for 1 hour.

After evaporation of the solvent, the crude product is purified on silica gel to
give IV,

Acyl derivatives of general formula V are prepared in 2 steps. The

~ compounds of formula IV are first acylated by various acyl chlorides in DCM

15 using DIEA and a catalytic amount of DMAP. The reaction mixture is stirred

overnight at room temperature and poured into water. The mixture is

extracted with DCM. The organic phase is washed with water, dried. over.

MgSO, and concentrated under vacuum. The compounds V are purified using
preparative HPLC.

20  Alkyl derivatives of general formula VI are prepared from compounds IV using
the corresponding epoxides in ethanol. The solution is either heated at reflux
temperature for 2 hours or irradiated with microwaves at 110°C for 10
minutes. The mixture is poured in water and extracted with DCM. The DCM
solution is washed with water, dried over MgSO, and concentrated. The

25 resulting product is hydrogenated with Pd/C under hydrogen atmosphere.
After filtration on Celite® and evaporation, the crude product is purified using
preparative liquid chromatography coupled to mass spectrometry (LC/MS).

Acyl derivatives of general formula VIl are prepared by direct acylation of |
with acyl chlorides as described for Il or with acid anhydrides in DCM using
30 DIEA for 2 hours at room temperature. The mixture is poured in 10%
potassium hydrogenosulfate solution and extracted with DCM. The organic
solution is washed with water, dried over MgSO, and concentrated. The
crude product is treated directly with a solution of TFA/DCM (50/50) for 1 hour



ONHR2 RDW/ MNO, R + OCNH HHOAmxture of | equival ent of

am nobenzal dehyde and 1 equi valent of 10 phenylisocyanate derivative in
DMF i s trwetee/mapder m crowave irradiation at 110C f or PCO/IRONGIDEI34
Compounds Xl generally precipitate and are collected by filtration. -

al dehydes of general structure Xl1: ~NH H SO2 XIl WO 2007/012972
PCT/ | B2006/ 002734 21 O, SOP \ R PyrldPne O'r~ HH + HzN SOz DCE A
m xture of 1 equivalent of chlorosul fonyl benzal dehyde and I equival ent of

ani i ne_dergtvaldny etehihethftiié 0ol cAide PReuctX R pirifiéd alsth Yrkparfivexces of
pyrldlnefj.&@@/ ral rs. The mxture iIs poured Into a A) | sol ution

and 5 extr gwe The organi c phase i s washed vmth brine, dried
over MSO and concentrated. The crude products are purified on silica gel
to give alAlkylydesvatives -ofl gerdsrdk Soofulat thanee oftained By treatifdR)im aY \

(Rn O/ O , 1, 2, 3
o 4: = cid?,vé\)’e é%@r \Fgégt m"? %&m? nd B\Nwﬁth%\" ﬁlr&ﬁoné?ng BpBxid&in
5 N N-dlmethylformamlde (DMF). The mtermedlate is purified using preparative
HPLC. The resulting derivative is deprotected with a TFA/DCM solution
(50/50). The crude product is purified by preparative LC/MS.

B/ General procedure for the preparation of non-commercially available
aldehydes R2-CHO of formula (lif)

10 - aldehydes of general structures IX:

H
IX
- - .- - - - - N ol -
n R
o) 5 HN-TT, R DCCI/ACOEY60°C
+ ; o 0
H n=0or1
n=0or1 H

A mixture of 1 equivalent of formyl benzoic acid and 1 equivalent of aniline or
15 benzylamine derivative in ethyl acetate (AcOE1) is treated with

dicyclohexylcarbodiimide (DCC) at 60°C for several hours. The mixture is

poured in HCI 1N. The organic phase is collected and successively washed

with water, a solution of sodium bicarbonate and brine. The solution is dried

over MgSO, and concentrated. The crude products are purified on silica gel
20  when needed.

- aldehydes of general structure X:



H N NaH THFIRT or 80C " \ ' X f HX O Then RT HXIIl xv Y(RRm HX (RmO
O ONX®2 + NaH rHFI RT or 80C XY N1 OH Then RT H XIV XVI 10 To a solution
of | equiw@l2emo1zd72t he conpound of general formula Xl || POT/IBRNG/HGR734dr y
tetrahydrofuran (THF) is added 1 to 1.5 equival ent of NaH suspension at
roomtenperature. The mxture is stirred at roomtenperature until gas

evol uti on has ceased and optionally hedPed at 80C for 30 minutes. The
reaction mxture is cooled down to roomtenperature and a solution of 1 15
equi val ent of 5-nitro-furaldehyde in THE is added. The reaction mxture is
WO 2007/ 012972 PCT/ 006/ 00273 22 stirred until cengletion and then
poured into water Nkl I act e 41 eDIEA/DMEEt gt e || Thel or RC phase is
washed with brifisy"tefed o and concentrated: \/\%T@eded t he
crude products arig puriT"l ed yja colum ﬁg\;oma't ogrraphy éh sitica gel or via
recrystallization to yield conpounds of formula XV or XVI. al dehydes of
general structure XVII and XVII11: Y (Rm \ (Rn O~ ~ NNXx x H XVl

XVITT  wit A mikture of $;eduivaleht oMaminopenzaldeByde-afd 11 8gdivaleht oEbedzayl 2

YI(RIn B chidrde ddrivative in DMF is treated with 2 equivalents of DIEA under
microwave irradiation at 110°C for 10 minutes. Compounds X generally
5 precipitate and are collected by filtration.

N

- aldehydes of general structure XI:

0 N
H o H
' X1
o NH, /@R DMFIMW -
- . .. + _OCN . : O'H‘ . .
H H

A mixture of 1 equivalent of aminobenzaldehyde and 1 equivalent of

10 phenylisocyanate derivative in DMF is treated under microwave irradiation at
110°C for 10 minutes. Compounds Xl generally precipitate and are collected
by filtration.

- aldehydes of general structure XII:



+ x1~N H N KZOO3/DVF S HX~ XII1 120CH XVII Y (Rm Y (Rm"> Ol S Br +

KCO3/DMF O XN S HHX 120CH XIV XVIII A mxture of 1 equivalent of
5- br onot Wwopbeva2¢2car boxal dehyde, 1 equival ent of thePCHABOGOERTDi
general formula XIIl or XIV and 2 equivalents 10 of potassium carbonate are

heated at 120C until conpletion of the reaction. Then the reaction m xture
Is poured in water and extracted with eg(hyl acetate. The organic phase is
washed with brine, dried over MgSO4 and concentrated. The crude products
are purified on silica gel when needed to yield conmpounds XVII or XVIII.

15 - al dehydes of general structure XIX: WO 2007/012972 /1 B2006/ 00273;
23 ~~":W..:1r ; LVl > SR4fT 3'FS ~~" ' xr, A"'@‘Ri . ~9~~ H

~ %i~ip e gf. SO0 M- Rfi~9ﬂidins~~N'00o sYay.ia
~,ry ~ ~~,"~ >faa’ yR>F~ X*' Y YS <r~ f’B ycHf say~m
xdFF| Srn.>H:'s'S Ss,M~r. yr, y ,i 'r'" r <dr b 1 2 23~~ya~~r5
gg~eN' . sr ~"~i%4 ar;.. Lan1 ~f DCE6. /\<<'Hs< ,~ >rvx,k .a Y?',
4‘1'f'i'ii‘~af~’7 /o-. ~o>or~a~li 30 rk. Ta~ i "V«?~"a
~..Y, >, Es sssr:'f: '3 ‘~’>.~~'(V :sk:. .a~:.: >>| <e' ~~H?' aG

;( x ' f ;: ' SaR ilkture St ?eqlglva]lent of q?ﬁgaswfonylben\ﬁ'aldghyae“'érg ik eqt}fvé"ent of
"~aa; r~, 3. aANiing derivativé in dighigrey 3.2ethepe (MCE)is trgated with, ag-@xcesfofm a:
5t? s $..aj pyrlﬁ@@rﬁevéral%cﬁ@skrhé mixtude is poured into a 309 HCI solution and

5 extracted with DCM. The organic phase is washed with brine, dried over

MgSO, and concentrated. The crude products are purified on silica gel to give
aldehydes XII.

-aldehydes of structure XV and XVI:

. Y
OY@ )’;:@\(R) OW\X% :i\s
X 0
H ° XV " XVl

" with: X =0, S; Y = NH, N-Alkyl, O, S
n=01230r4;,m=0,1,0r2

Y R
© / /@\(Rm m )QQ“"
0 NaHfTHF/RTorBO c Y[(:)\x N

H

(R)ym

H + HX

Then RT

X
(Rym
(R)m X
o. /J \ Y/>\§ )\
NO + )§ NaH/THF/RT or 80°C

o) 2 N

H HX Then RT
XV

10  To a solution of 1 equivalent of the compound of general formula Xl or XIV in
dry tetrahydrofuran (THF) is added 1 to 1.5 equivalent of NaH suspension at
room temperature. The mixture is stirred at room temperature until gas
evolution has ceased and optionally heated at 80°C for 30 minutes. The
reaction mixture is cooled down to room temperature and a solution of 1

15 equivalent of 5-nitro-furaldehyde in THF is added. The reaction mixture is



r.%~}.,~.'~,'k..',..H,,a~.!.IVI-"~;' "<c ri ?R T ~w, ~. ' m
W xSr';.r<?,> :'.ski: a~~."N:> =Y~ '~f, M it %g~~.a,,:sS NaH(THF ~Y
| . WB.2007401p972 at ' ~f WA QL~trt o 3k~ O y~aab. > IP(ZTHBM%/D(}zyM/aff.;
' p~|~r/1 S<a~:, SQ s G>39~~383i~Y va <rYy

M " Xflla ... n-."". 57. . SSr 3-'~sAToa

sol ut| on of 1 eqw vaI ent of the corrpouﬁa of general formula Xllla in dry
THE is added 1 to 1.5 equival ent of NaH suspensi on at roomtenperature

Th t t d.
NS Sorut camedsuitl camabtior A SBR LA ntdhipter K SYfatle LT BIICTCT,
is added. afgiat ?e?ﬂi‘?l BIYaRIk piase; is W@W%@"h%bf'ﬂecGﬁlﬁﬂe@\(&fnl\/@ﬁ@q AB& pour ed

into wat ercopaengietiaoVpenheBd&d b @@aéabﬂ)duEtbe é?ég?@mfedowebduﬁnwas hed
with brine, dri concent ra ative lfp can

d over
e 11 1t r athEIMBIOSr A QHCETTom G o i resatlisatan © Viskh campgu
wat er and TormewlarXMoedMM t h et hyl acetate and with di chl or onet hane. The
organi c extracts are conbined, dried on MgSO4 and concentrat ed. \Wen
needed the chiddRvd i | uim chr omat ography on silica
gel or via éecr staﬁfi#éﬁe?lagé %Hﬁjéyggggn)géﬁﬁds of formula XIX 15
Experi nent al Part Met hods : Analytical LC MS method A: 20 Anal ytical LG/ M

anal yses were conducted using Shi ng hLC1 DAD HPLC Rima G |son 215
wel | plate autosanpl er; a Shi madgd NSPIFYRMA UV ect§ he mass

spectroneter was a PEy Sci Plr)@ Cinstr a YMC basic S5
colum el ut ed vmtha E‘etonitrile(A Xontaining 0.1 % TFA

in water at a flow ratg of lm/mn, gradiet details are WO 2007/012972
PCT/ | B2006/ 00273; 24 given PRI each exanpl e. ConpouXM¥ el uting off the
columm are detected by el eaiith:05p0ay; Yi=0MH, NaAky IO, IBASS spectronetry (El M5).
Anal ytical LC MS nethod B: n5 0\iad, §oi4 m s0cloaict ed on Waters nodel ZQ nass
spectronmeter working in positive and negative ion electrosprg nmode (nass
t.

range = 100-1200 anu) fitted Agil ent HP1100 HPLC i nstr
Separation is do \on a Wat ers i-dge C18 col um (3x50 ynr (RA
particle di M}mbpt ai ne (R)n /I )Q
J S KCOJOMF Y&x N
+ Hx S
Xl 120°C XVii
(Rym
(Rym />§
o { \ + j?\; K,CO,/DMF YO\ )\
s~ Br =N
H HX 120°C
Xiv XVl

A mixture of 1 equivalent of 5-bromothiophene-2-carboxaldehyde, 1
equivalent of the compounds of general formula XIlI or XIV and 2 equivalents
10  of potassium carbonate are heated at 120°C until completion of the reaction.
Then the reaction mixture is poured in water and exiracted with ethy! acetate.
The organic phase is washed with brine, dried over MgSQ, and concentrated.
The crude products are purified on silica gel when needed to yield

compounds XVII or XVIIii.
15

- aldehydes of general structure XiX:



10 tenperature of 60C and eluted by a gradient of acetronitrile in water
containing 0.1% (v/v) formc acid at a flowrate of 1.1 m/mn. The

gradi ent whasorh72ol | owi ng shape: 5 to 100% acet oni tri PETIIR20B6/00234# €S,

mai ntain 100% acetonitrile for 0.5 mnute, then back to 5% acetonitrile in
1 mnute. Total run tinme is 7 mnutes. %n addition to nass spectronetry,
WV diode array detection 15 is performec?r at wavel engths = 210 to 400 nM and
evaporative light scattering is carried out using a Sedere Sedex 85

i nstrunent. ' o ADAL VST S ]
model ZQ mag
el ectrospray
UPLC | nstruge
(2.1x50 mMm ¢
and el uted

formc acid: I 1 owi ng
shape: 5 to rile
in 1 mnute

spectronetr - 210 to
400 nM 30 wer e
carried out

Gradi ent M nager
connect ed d on a
YMC Conbi | ut ed
with a grad ol 1¢)

0. 199FA of f Hllia mat i on

i s adapted on. the basis of an ‘ngﬁwal ytical LG Ms chromatogram of the ‘sanpl e.
Vet ers Fract ConCoIRon of't Cabiveleliid the poliipuPl A dfer LKL AR .
Wat ers nodelTH145 added gbfe rad issivivalent, ofaNal: suspensiafeat ropm dgepengives.up
punp,- a Wat @ mixture is stirred at room température until gas evolution has ceased. A
5 solution of 1 equivalent of 2-chloro-1,3-thiazole-5-carbaldehyde in THF is
added. The reaction mixture is stirred until compietion and then poured into
water and extracted with ethyl acetate. The organic phase is washed with
brine, dried over MgSO;, and concentrated. An alternative workup can be
filtration of the reaction mixture. The solid is then diluted with water and
10 extracted with ethyl acetate and with dichloromethane. The organic extracts
are combined, dried on MgSO, and concentrated. When needed the crude
products are purified via column chromatography on silica gel or via

recrystallization to yield compounds of formula XIX.

15 Experimental Part
Methods :

Analytical LC/MS method A:

20 Analytical LC/MS analyses were conducted using Shimadzu LC-10AD HPLC
pumps; a Gilson 215 well plate autosampler; a Shimadzu SPD-10A UV
detector; the mass spectrometer was a PE Sciex AP| 100LC.instrument
modei on a YMC basic S5 column eluted with a gradient of acetonitrile (ACN)
containing 0.1% TFA in water at a flow rate of 0.1ml/min, gradient details are




nodel 2700 autoinjector, two Rheodyne nodel LabPro switches, a Waters

nodel 996 photodi ode array detector, a Waters nodel ZMD mass spectroneter
and a G |woroemd2472204 fraction coll ector. The instrunmeRCTiIIB200¢0003460! | ed by
a Waters FractionLynx software. At the output of the separating 15 col um
the flowis split to the 1/1000 ratio using a LC Packi ng AccuRate

splitter; 1/1000 of the flowis mixed wv&h methanol (0.5 m/min. flowrate)
and sent to the detectors, this flowis split again: %of the flowis sent
to the phogweh doreeast eyardpkee Compaunds %luting dfé thessluapearer detetiet byt he rest
of the output,of the colum (999/ 1000l)rwig§ éﬁ\aé to the fraction collector
where flow &#&"@W&W@@F% h ISPgeig ( less expected mass signal is
detected by the FractionLynx software. The FractionLynx software is

supplied w s of expected conpounds and trigger the
col l ection AalfBadL /Al ol ﬁés]ailll?’(?lss signal corresponding to [ MtH + and

[ MFNa] ' are detected. In certain cases (depending on anal ytical LC M

resul t, wheAnplysH tonducteddsi Weit@d medeliZQ MasesshdchidndtBewbrasd ironLy nx
software is adgi ti oaal |y .supplied wth calculated half nol ecular weight

(MV 2), in PRYEE 8BAGedrBYR IQueleetresRiaY modex(naass rangget 480200 adks si gnal
correspondi figed 8n H(Y—tgl n’fT—lFt&‘lfJ‘g)ed’; Ap ﬁh@ffﬁmrzﬁfé§#%k§ﬁ6r?g'dowmﬁ§te%e

collected in tarre ass ter co sol vent i’ s ‘evapor at ed
in a Jouan Kbddge RG81chladnd8r50 nmg2.5qyra partidle dizaneteB0mairdainedgitia of

s, d ] i ghi f the,t fter sol t oration.
ol b Bha e G a0e SRaPelubh B o arrcieticel adkiiogitala B Waler ol | ow ng
part. WO 20@814@%%@.1%@/&/}3&9% Q&g%&;a flctP rdts &AL £ mbimin. The gradient

4- (4- Hydr oxy- 3- met hyl - phenyl )-2, 4, 6, 7, 8, 9- hexahydr o- T _ _
pyrazol of 3, %a%}helfOﬂOWH]leyaaniﬁioaﬂﬂ%,acetnmpinmd Sunimutes, maindaio-H8bi ¢ aci d

&48{) 0_03 Fg d{c{%&e@g%ug@{g@ﬂ "{Iﬂié:’ Jﬁgpgagk;{é é%gggeftgg%&%leqﬁ fhinute. Total run

time is 7 minutes. In addition to mass spectrometry, UV diode array detection
15 is performed at wavelengths = 210 to 400 nM and evaporative light scattering
is carried out using a Sedere Sedex 85 instrument.

Analytical LC/MS method C:

Analysis is conducted on Waters model ZQ mass spectrometer working in

20  positive and negative ion electrospray mode (mass range = 100-1200 amu)
fitted on a Waters Acquity UPLC Instrument. Separation is done on a Waters
UPLC BeH C18 column (2.1x50 mm, 1.7 um particle diameter) maintained at
a temperature of 55°C and eluted by a gradient of acetronitrile in water
containing 0.1% (v/v) formic acid at a flow rate of 1.2 ml/min. The gradient

25 has the following shape: 5 to 100% acetonitrile in 3 minutes, then back to 5%
acetonitrile in 1 minute. Total run time is 4.5 minutes. In addition to mass

spectrometry, UV diode array detection is performed at wavelengths = 210 to
400 nM.

30 Preparative L C/MS method A;
Preparative LC/MS separation were carried out on Waters HPLC instruments:
515 HPLC Pump; 2525 Binary Gradient Module; 2487 DAD (Dual
Absorbance Detector); 2767 sample Manager connected with a Micromass
mass spectrometer. Products were separated on a YMC Combi Prep Pro C18




di ket opi peri di ne can be prepared according to patent WO 06003096 Al) and
83 ng of 3-am nopyrazole (1 mmole) in 5 mM of ethanol is added 136.2 ng, of
4- hydr oxywe-2aevt1997Renzal dehyde (1 nmol e). The m xture i $CHABR086/0@RT34 ef | ux
tenperature for 2 hours and cool ed down to roomtenperature. The 10
precipitate is collected by filtration and washed wi th ethanol to give 316
ng of pale yellow solid (yield= 80%. 2Anal ytical LC M5 nethod A: Retention
time (RT) = 3.8 min (2-85%ACN H20 gradient over 7 mn) EIMS ([ MFH] +) :

397. N Booabyrsndiluted opithpe gratieet acetonitrile coptairdng SctobriAm WBBqnat ent rT1V\D f
2006003096 Al . .15 f the isolaied conmpound,is dissolved.in 5 o]
DCM and t r SMERyNT ](?&cy(g‘?ﬁ?‘ of %Aatﬁoﬁ Tﬂmm' tOT R R]RARNCN 9‘?3@.'8’)2fter.
evapor at i orpragraridticiis\eRizipted BA 156 BEISISRIF aRUalteafll CAAL! chrematddragh usi ng
preparative reverse phase HPLC. 50 ng of desited conpound are 1 sol at ed
after |yoptafitheseampie.of the fractions (yield= 50%. Analytical LC/ MB

met hod A (2-85% ACN H2O gradi ent over 7 20 mn) EIMS ([ MtH +):297. RT=
2.31 H NI\/R|§ 3 9 /s gr icker instrunment) : 1.99 (s, 3H); 3.64 (AB,
2H); 4.09 (&5, R , F, 6.52 (d, 1 H; 6.76 (d, 1 H); 6.80 (s, 1
H; 7.31 (s, 1 H; 10.4 (s, 1 H. Exanple 2:

4-[ 3- (4- Chl or o- phenoxy) - phencél 1-2,4,6,7,8, 9- hexahydro- 25 . .
pyr azol o[ 3,@ompounds aiphpurfieciby LE/MSeusing aptates Wradtiontynk systemaceti ¢ acid

WO 2007/ 01 16Q0273: . i E HNI! NH Ho o H
To a m xt uf%%&%é%g%ﬁé%- léégegB@g{q%é{fgau&:fl%y@e{sdngarﬁﬂ é:) and 42 ny
of 3- anliOnopxegeuedaﬁo(\(pdﬁnpnwV\?telisrRéaéenﬂlM@’ﬁag%hﬁai@_ -up pudis! ,Q!ihV\létté%G {ﬂ 0; I 3-
(4- chl or ophengxy).: benzal de .5 nmol e). e mxture is heated at refl ux
5 tenper at _Lﬂ“@g?lté—"@/ %utﬁmcqéhgvvégﬂrwya@#@@ Labbie susheatal\atere
soluthon IhogaiEybhdtbliodesiPly YSRLT a TiftefERibel 2MIPHIass” oS! due 1S
is . .
spectrometer and a Gilson model 204 fraction collector. The instrument is
controlled by a Waters FractionLynx software. At the output of the separating
15 column the flow is split to the 1/1000 ratio using a LC Packing AccuRate
splitter; 1/1000 of the flow is mixed with methanol (0.5 ml/min. flow rate) and

sent to the detectors, this flow is split again: % of the flow is sent to the

phétodidde array deteétor and % to the mass spectrometer; the rest of the
output of the column (999/1000) is sent to the fraction collector where flow wis

20 directed normally to waste unless expected mass signal is detected by the
FractionLynx software. The FractionLynx software is supplied with molecular
formulas of expected compounds and trigger the collection of compounds
when mass signal corresponding to [M+H]" and [M+Na]’ are detected. In
certain cases (depending on analytical LC/MS result, when [M+2H]™ is

25 detected as an intense ion) the FractionLynx software is additionally supplied
with calculated half molecular weight (MW/2), in these conditions collection is
also triggered when mass signal corresponding to [M+2H]"* and [M+Na+H]™
are detected. Compounds are collected in tarred glass tubes. After collection,
solvent is evaporated in a Jouan model RC 10.10 centrifuge evaporator and

30 the weight of compound is determined by weighing of the tubes after solvent
evaporation. Column and gradient details are given for each example in the
following part.



m of DCMand treated with 2.5 m of TFA at room tenperature for 1 hour.
After evaporation of the solvent, the crude product is directly purified
usi ng prepaseriiee2r ever sed phase HPLC resulting in 70nmypCofiB6/H®730! i d
after 10 |yophilisation of the fractions (yield= 31%. Analytical LC M

met hod A:  (2-85% ACN H20 gradi ent over 7 mn) EIMS ([MrH +): 393. RT= 3.91
H NVR (D6- DMSO) (300MHz Brucker instru@ént) . 3.70 (AB, 2H); 4:48 (AB,

2H); 5.17 (s, 1H); 6.65 (d, 1H); 6.94 (m 4H); 7.22 (m 1H); 7.45 (m 3H);
9.80 (sl, 21-1); 10.4 (s, 1H) 15 Exanple 3: 4-[5-(1

H-Benzi mi dEE)EHmBleW suyf anynJ(4-nycﬁ'Bx -#Hamﬂpﬁeﬁ%ﬁ 24 GWB@NQxahydro-

ro- pyrazol d}ﬂ' ﬁ’k@’i‘ﬂﬂe? lin- one N /N HN ure .225 ny
of 1,3-cycl BBl S omPBRNG: Wit B RGeS 5

mol es) i n adidanol is added 490 ng of 5-(1 H 20

benzi m dazol - 2-yl - sul fanyl ) - furan-2-carbal dehyde (2 mvl es). The m xture is
heated at reflux tenperature for 1/ hour and cool ed down to room WO

2007/ 012972 PCT/ 1 B2006/ 00273; 28 tkenperature. The precipitate is collected
by filtration and washed wi th et hgn® to give 460 ng of pale yellow solid
(yield= 58% Analytical LC M5 net © (2-85% ACN/ H20 gradient over 7 mn)
EIMS ([M+H +): 404. RT= 3.13min. °© ND/R (D6- DMSO) (300MHz Brucker
instrunment): 1.96 (m 2H); 2.26 (m 2. 54 ( 2H) 4.11 (s, 1H); 5.22
(s, 111); 5.97 (s, 1H); 6.85 ( (m ; 7.37 (m 1 H); 7.46
(s, 1 H; 7.55 (m 1 H; 10.hN(s_ .2 (s, |1 H; 12.47 (s, 1H).
Exanple 4: 4-[5-(1 H Benzinida anyf-i()) an-2-yl]1-7,7- 10

di met hyl -2, 4, 6, 7, 8, 9- hexahydr o- pyr &tol o[ 3, 4-b] quinolin-5-one N HO O HN

5 To a mixture of 213 mg of N-Boc-3,5-diketopiperidine (1 mmole) (N-Boc-3,5-

diketopiperidine can be prepared according to patent WO 06003096 A1) and

83 mg of 3-aminopyrazole (1 mmole) in 5 ml of ethanol is added 136.2 mg of

4-hydroxy-3-methylbenzaldehyde (1 mmole). The mixture is heated at reflux

temperature for 2 hours and cooled down to room temperature. The

10  precipitate is collected by filtration and washed with ethanol to give 316 mg of

_pale yellow solid (yield= 80%). Analytical LC/MS.method A: Retention time
(RT) = 3.8 min (2-85% ACN/H;O gradient over 7 min) EIMS ([M+H]+): 397.

N-Boc-3,5-diketopiperidine can be prepared according to patent WO
2006003096 A1.

15 100 mg of the isolated compound is dissolved in 5 ml of DCM and treated
with 5 ml of TFA for 1 hr at room temperature. After evaporation of the solvent
the crude product is directly purified using preparative reverse phase HPLC.
50 mg of desired compound are isolated after lyophilisation of the fractions
(vield= 50%). Analytical LC/MS method A: (2-85% ACN/H,0O gradient over 7

20  min) EIMS ([M+H]+):297 . RT= 2.31

H'NMR (Ds-DMSO) (300MHz, Brucker instrument) : 1.99 (s, 3H); 3.64 (AB,
2H); 4.09 (AB, 2H); 4.97 (s, 1H); 6.52 (d, 1H); 6.76 (d, 1H); 6.80 (s, 1H); 7.31
(s, 1H); 10.4 (s, 1H).

Example 2: 4-[3-(4-Chloro-phenoxy)-phenyl]-2,4,6,7,8,9-hexahydro-
25  pyrazolo[3,4-b}-1,7-naphtyridin-5-one; compound with trifluoro-acetic
acid



AN NH To a solution of 156 ng of dinmedone (1 nmmole) and 91 ng of 3-

am nopyrazole (1.1 mmmole) in 5 M of ethanol is added 244 ng of 5-(1H
benzi m dawol2e@ okl f anyl ) - f ur an- 2- car bal dehyde (1 nmol @CT/IBXO6/M2%34ur e i S
15 heated at reflux for 1 hr. The solution is cooled dow to room
tenperature and concentrated under vacuum The crude product is directly
purified on silica gel using a m xt ur €7 of di chl or omet hane/ met hanol 98/ 2
then 96/4 as eluent. After evaporation of the fractions, 250 ng of a pale
yellow solid are isolated 20 (58% Anal ytical LC/ M5 nethod A: (2-85%
ACN H20 gradient over 7 min.) ElM L. 432. RT: 2.56 min H NWR
(D6-DVSO) (300MHz Brucker instrune X 3H); 0.87 (s, 3H; 2.00
(AB, 2H); 2.29 (AB, 2H); 5.02 (s, l1I—|); 6. 72 The follow ng
exanpl es were prepared using the s s for 25 exanple 1. WO
2007/ 012972 PCT/ 1 B2006/ 00273; nmpound nanme MN of EI MS
LM pie expected ([ MH' (mn) e dFFF

4- (2- Fl uoro- phenyl ) - 284.11 26ks ~87* NHiHct 2,4,67, 89-hexahydro HN
pyrazol o[ 3, 4-b] - 17- N NH napht yri dbh-5-one: ' cofpound wi t h
trifluoro-acetic acid 6 | 4-(4-Phenoxy-phenyl)- 358.14 359.43 3.6* O
2,4,6,7,8,9-hexahydro F F F pyrazolo[3,4-b]-1,7- 0 HO O naphtyridi n-5-one;
H N conmpour@ amikture of NORImgHof N-Boer8rmdiketdpiperiding (0.5 mmole) and 42 mg

of 3-aminopyrazole (0.5 mmole) in 2.5 ml of ethanol is added 0.116 ml of 3-
(4-chlorophenoxy)-benzaldehyde (0.5 mmole). The mixture is heated at reflux

5 temperature for 1/2 hour and cooled down to room temperature. The solution
is concentrated under vacuum. The resulting oily residue is dissolved in 2.5
mi of DCM and treated with 2.5 ml of TFA at room temperature for 1 hour.
After evaporation of the solvent, the crude product is directly purified using
preparative reversed- phase HPLC resulting in 70mg of white solid after

10  lyophilisation of the fractions (yield= 31%). Analytical LC/MS method A:
(2-85% ACN/H0 gradient over 7 min) EIMS ([M+H]+): 393. RT= 3.91

ocedur eC

H'NMR (Ds-DMSO) (300MHz Brucker instrument) : 3.70 (AB, 2H): 4.18 (AB,
2H); 5.17 (s, 1H); 6.65 (d, 1H); 6.94 (m, 4H); 7.22 (m, 1H); 7.45 (m, 3H); 9.80
(sl, 2H); 10.4 (s, 1H)

15 Example 3: 4-[5-(1H-Benzimidazol-2-ylsulfanyl)-furan-2-yl}-1,4,6,7,8,9-
hexahydro-pyrazolo[3,4-b]quinolin-5-one

N HN
_— / \ =N
HN o ®
_
0

To a mixture of 225 mg of 1,3-cyclohexanedione (2 mmoles) and 183 mg of
3-aminopyrazole (2.2 mmoles) in ethanol is added 490 mg of 5-(1H-
20  benzimidazol-2-yl-sulfanyl)-furan-2-carbaldehyde (2 mmoles). The mixture is
heated at reflux temperature for 1/2 hour and cooled down to room



H7 1ci 4
phenoxy) - p

-[3-(3,5-Dichloro- 427.07 428.32 3.29 o C F F F
henyl] HN 2,4,6,7, 8, 9-hexahydro- NN NH Ho O H

pyr azol o[\W80P2005/012972- naphtyri di n-5-one; conpound w th PCHiIBOGP@TSCeEL | C
3-(4-tert-Butyl- 414.21 415.54 3.5 phenoxy)-phenyl]- HN, NH F F

acid 8 4-1

F 2,4,6,7,8,9-hexahydro N pyrazol o[3,4-b]-1,7- N H HO O naphtyridi n-5-one;
conpound with trifluoro-acetic acid Wa82007/ 012972 PCT/ | B2006/ 00273; 30 9
OF 4-[3-(4-trifluoronethyl- 426.13 427.43 3.2 | | phenytoxy)-phenyl] F F
F 2,4,6,7, Qefepafy.orie pridigidte @&@cﬁ&@bf*ﬁﬁﬂaﬁén?a‘nd\{m%dﬁéd‘@itﬂ ethanol

napht yri di q 5-.on2' con;p%n @w th ,hrl fl Pg_r -ogcet ic acid 10 I 0O |

4-[ 3- ( 4- MetREINR 488819 8T Ral§ Yekow spl éY'Qqu‘&h Xy)-phenyl] HN | F F F

2,4,6,7,8,
naphtyri di

10

15

20

25

9- hexahydro- N N NH pyrazolo[3,4-b]-1,7- HHOQ O
rAdalgticel LC/MS method A: (2-85% ACN/H,O gradient over 7 min) EIMS

(IM+H]+): 404. RT= 3.13min.

H'NMR (Ds-DMSO) (300MHz Brucker instrument): 1.96 (m, 2H); 2.26 (m,
2H), 2.54 (m, 2H); 4.11 (s, 1H); 5.22 (s, 1H); 5.97 (s, 1H); 6.85 (s, 1H); 7.16
(m, 2H); 7.37 (m, 1H); 7.46 (s, 1H); 7.55 (m, 1H); 10.0 (s, 1H); 12.2 (s, 1H);
12.47 (s, 1H).

Example 4:  4-[5-(1H-Benzimidazol-2-ylsulfanyl)-furan-2-yl]-7,7-
dimethyl-2,4,6,7,8,9-hexahydro-pyrazolo[3,4-b]quinolin-5-one

To a solution of 156 mg of dimedone (1 mmole) and 91 mg of 3-
aminopyrazole (1.1 mmole) in 5 ml of ethanol is added 244 mg of 5-(1H-
benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde (1 mmole). The mixture is
heated at reflux for 1 hr. The solution is cooled down to room temperature
and concentrated under vacuum. The crude product is directly purified on

silica gel using a mixture of dichloromethane/methanol 98/2 then 96/4 as
eluent.

After evaporation of the fractions, 250 mg of a pale yellow solid are isolated
(58%). Analytical LC/MS method A: (2-85% ACN/H,0O gradient over 7 min.)
EIMS (JM+H]+): 432, RT: 2.56 min

H'NMR (Dg-DMSO) (300MHz Brucker instrument): 0.81 (s, 3H); 0.87 (s, 3H);
2.00 (AB, 2H); 2.29 (AB, 2H); 5.02 (s, 1H); 5.85 (s, 1H); 6.72

The following examples were prepared using the same procedure as for
example 1:



compound with trifluoro-acetic acid 11 1 O 1 4-(3-p-Tolyl oxy-phenyl) -
372.16 373.45 2.99 O'V 2,4,6,7,8,9-hexahydro HN F F F

pyr azol o[\W802605/01297Z- N N NH naphtyri di n-5-one; H Ho O ®OWpB2M6I002734n
trifluoro-acetic acid 12 1 Oi O 4-13-(3,4-Dichloro- 427.07 428.32 3.28 O
Cl phenoxy)-phenyl] HNF F F 2,4,6,7, 8,9-hexahydro- N N NI A

pyrazol o[ 3,4-b]-1,7- HO O H naphtyridi %9 5-one; conpound wth
trifluoro-acetic acid 13 I 0 4-(3-Phenoxy-phenyl)- 358.14 359.43 2.79 0 'V
2,4,6,7,8,9-hexahydro F F F pyrazolo[3,4-b]-1,7- HN N N NH ,
naphtyridi n-5-one; H HO O conmpound with trifluoro-acetic acid WO
2007/ 012972 P ['BZ006700273; 31 14 0O Z-T3-(4-Croro- 490612 407. 907 2. 87
O cl phenog gcgrh nuy! -3HNF FF nethél-2,4, 6,7,8 9- N~ NH t hexakll\xdro H HO
0 pyrazol o%,'ﬂ- bIIBYE  napht yri diFOBPBHE:-NaME o npou M t9h | EMS | LC/

ple expected | (M+H]" | S RT
numb compoun | ) (min)
er d

4-(2-Fluoro-phenyl)- 284.11 285.32 | 2.67*
2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-b]-1,7-
naphtyridin-5-one;

compound with

trifluoro-acetic acid

4-(4-Phenoxy-phenyl)- | 358.14 359.43 | 3.6%
2,4.6,7,8,9-hexahydro-
pyrazolo[3,4-b}-1,7-
naphtyridin-5-one;
compound with

'trifl“uéfo-écetic acid

4-3-(3,5-Dichloro- 427.07 428.32 | 3.29
phenoxy)-phenyl}-
2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-b}-1,7-
naphtyridin-5-one;

compound with

trifluoro-acetic acid

4-[3-(4-tert-Butyl- 414.21 41554 |35
phenoxy)-phenyl}-
2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-b}-1,7-

naphtyridin-5-one;

compound with

trifluoro-acetic acid




trifluoro-acetic acid 15 Cl 4-[2-(4-Chloro- 392.10 393.87 2.87 FF~ a
phenoxy) - phenyl] FFHN ~ 2,4,6, 7, 8, 9- hexahydro- HO O N H NH

pyr azol o[\W80P2005/012972- naphtyri di n-5-one; conpound w th PCHiIBOGP@TSCeEL | C
acid 16 ~ \d 4-[5-(4-Chloro-phenyl)- 366.09 367.83 2.6 furan-2-yl]-
2,4,6,7,8,9 - hexahydro- \ 0 O pyrazolo[3,4-b]-1,7- HNF F F

naphtyri di n-5-one; N N NH conpound witBO HHO O trifluoro-acetic acid
400.11 401,39 2.7 phenyl)-fura n-2-yll- F F 24,6,7,8,9-hexahydro- 17 F F X
NH HO O pyfrazol o[ 3, 4-b] -1, 7- HNnaphtyridi n-5-one;| conpound wt

h
trifluoro-lageti ¢ acid WO 2007/ DE2P/ 2% B /00 a3 d FF
4-[5-(3-trfi T1 uof omet pgie© F4a{ésgqg(”g@%gﬁgphe%%%furz“zfﬁﬂ- b%')f 00 FF
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" HO™ "0 | naphtyridin-5-one;

compound with

trifluoro-acetic acid

10 4-{3-(4-Methoxy- 388.15 389.45 | 2.79
phenoxy)-phenyl}-
2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-b}-1,7-
naphtyridin-5-one;
compound with

trifluoro-acetic acid

11 4-(3-p-Tolyloxy-phenyl)- | 372.16 373.45 | 2.99

2,4,6,7 8,9-hexahydro-
pyrazolo[3,4-b]-1,7-
naphtyridin-5-one;
compound with

trifluoro-acetic acid

12 4-[3-(3,4-Dichloro- 427.07 428.32 |3.28

phenoxy)-phenyl]-
2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-b]-1,7-
naphtyridin-5-one;

compound with

trifluoro-acetic acid

13 4-(3-Phenoxy-phenyl)- | 358.14 359.43 | 2.79

2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-b}-1,7-
naphtyridin-5-one;

compound with

trifluoro-acetic acid
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4-[2-(4-Chioro-
phenoxy)-phenyl}-
2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-b]-1,7-
naphtyridin-5-one;
compound with

trifluoro-acetic acid

392.10

393.87

2.87

16

4-{5-(4-Chloro-phenyl)-
furan-2-yl}- 2,4,6,7,8,9-
hexahydro-
pyrazolo[3,4-b}-1,7-
naphtyridin-5-one;
compound with

trifluoro-acetic acid

366.08

367.83

28

17

4-[5-(2-trifluoromethyl-
phenyl)-furan-2-yi}-
2,4,6,7.8,9-hexahydro-
pyrazolo[3,4-b]-1,7-
naphtyridin-5-one;
compound with

frifluoro-acetic acid

400.11

401.39

2.7

|2té7ons;:
c/ VB

HO



exanple 3 or 4. Exam Structure Conpound name MV of EIMS LC/MS pie expected
([MtH " RT nunbe conmpoun ) (mn) r d 22 O 4-[3-(4-Chioro- 391.86 392. 86
3.01 O ciwphewonyd2phenyl]- HN ~ F F F 2,4, 6, 7, 8, 9- hexalRgaiB200600273401 0
pyrazol o 3, 4-b]J qui nolin H 5-one; conmpound with trifluoro-acetic acid 23 /
4-5- ( 3- Chi oro-phenyl) 365 366 3 74 CI furan-2-yl] 1-2,4,6,7,8,9 F 0 FF

hexahydr o- -Opyrazotot-Si4=bigutrrot—r—HN-5-one—¢co Ucnrﬁ' wth—N N
trifluoro-a{cetic acid H OcI 4-15-(3,4-Dichloroj 430 431 4.06 G
phenoxymet hyl8) - f tran O F ~yi ] 1 214@grmoemethylo  PAGKahy| 063910 285

pyrazol o[ 3,}4-b] gui nol i n- 5- ag}eeny,g %d WI th Htrjifluorp-acet|
acid WO 2007/ 012972 P 82006/ @02{ 4 25 Fl4-[5-(3-Triflpuorong
399 400 3.94 F F pheaP-4 ur &nis- 16385 'Pﬁxfihwdmz 4,6, 7, 8,|9- hexahydr o-
pyrazol o[ 3, 4- b] gui nol i N N 5t pﬂ&mmquﬂd with

NH naphtyridin-5-one;

52°
o

N
H compound with

trifluoro-acetic acid

19 c 4-[5-(3,4-Dichloro- 431.06 432.31 |3.02
Q\Cl phenoxymethyl)-furan-
2-yll- 2,4,6,7,8,9-
hexahydro-

pyrazolo[3,4-b}-1,7-
naphtyridin-5-one;

compound with
trifluoro-acetic acid

20 4-[5-(1H-Benzimidazol- | 404.11 405.48 } 1.85
2-ylsulfanyl)-furan-2-yl}-
2,4,6,7,8,9-hexahydro-
pyrazolo|3,4-b]-1,7-

naphtyridin-5-one;

compound with

trifluoro-~acetic acid

21 4-(2-Allyloxy-phenyl)- 322.14 323.39 | 2.21
N0 o |246.7.88hexahydro-
FIF S pyrazolo[3,4-b}-1,7-
o N>y NH | naphtyridin-5-one;
H .
compound with

trifftuoro-acetic acid

Analytical LC/MS conditions: method A gradient 2 to 80 % acetonitrile in 7
min

* Analytical LC/MS conditions: method A gradient 5 to 85 % acetonitrile in 7
min



Htrifluoro-acetic acid 26 / \ 4-[5-(2-Trifluoronethyl- 399 400 3.68

phenyl)-furan-2-yl]- CF3 O 2,4,6,7,8,9-hexahydro- O F F F

pyr azol o[W80200jiged720l i n- HN | 5-one; conpound with N HECDIBR006/002734

trifluoro-acetic acid 27 O 4-[5-(4-Chloro-phenyl)-. 365 366 3:6

furan-2-yl]-2,4,6,7,8,9- F F F hexahydrg O O HO O pyrazol o[ 3, 4- b] qui nol i n-

5-one; conmpound with - N _ N HN, trifl @#8ro-acetic acid H 28 H

4-[5- (1H Benzi m dazol - 417 418 3.01 N ] 2-ylsulfanyl)-furan-2-yi] OOF F

F 7-methyl--2,4,6,7,8,9- HN HO O hexahydro N tN pyrazol o[ 3, 4- b] qui nol i n-

5-one; conpound with trifluoro-acetiggseid WO 2007/ 012972

PCT/ | B2006/ 00273; 35 29 SAN [ 4-[5-(1H Benzi m dazol - 479 480 3. 66

gy?l;g: L?g?’tﬂ%}cféﬁﬁvﬂigéi %)lgalmp%s7wgpee%¥<lapé2réé’ S‘siﬁg t%’e gan'%"él P)recf(c%%(rjer %s orH
example 3 or 4.

Exam | Structure Compound name MW  of | EIMS LC/MS
ple expected | ((M+H]" | RT
numbe compoun |) (min)

r d

22 4-[3-(4-Chloro- 391.86 392.86 | 3.01
phenoxy)-phenyl}-
2,4,6,7,8,9-hexahydro-

pyrazolo[3,4-blquinolin-

5-one; compound with

trifluoro-acetic acid

23 4-[5-(3-Chioro-phenyl)- | 365 366 3.74
furan-2-yl] ]-2,4,6,7,8,9-
hexahydro- ’
pyrazolo[3,4-b]quinolin-
5-one; compound with

trifluoro-acetic acid

24 4-[5-(3,4-Dichioro- 430 431 4.06
Q’C' phenoxymethyl)-furan-

2-y1}-2,4,6,7,8,9-

hexahydro-

pyrazolof3,4-bjquinolin-

5-one; compound with

trifluoro-acetic acid




HOOF 5-one; conmpound with o(/ OFF trifluoro-acetic acid 30 S~N

4-[5-(1H Benzi m dazol - 431 432 3.33 N, 2-ylsulfanyl)-furan-2-yl] 0 O

6, 6- di retWol200%NRY722, 4, 6, 7, 8, 9- hexahydro- N~ H pyrazol op8TABWpgmi2idl in F O
5-one; compound with F F OHtrifluoro-acetic acid 31

4-[

5- (1H Benzi m dazol - 445 446 3.57 yl sul fanyl)-furan-2-yl]-
7-isopropyl-2,4,6,7,8,9- HN, HO o hexahéd'dro N H pyrazol o[ 3, 4- b] qui nol i n-
5-one; com n||nr1 Wi fJ:l trifluoro-acetic acid 32 N.s | 4-i'_'§-(1H- Benzim dazol -
509 510 3. 97 O0 " /IFFF 2-ylsulfanyl)-furan-2-yl] 7-(4-n'etho<y-pheﬂ1yl ) -
Comoond o] tn RS AL e
conpound w 1 T ;

" Sy (N

33 5~~ ] N 4-[5-
| fj 246, Th9-beahyeny| ) - HN O
X

2-yl sul fanyl)
2,4,6,7,8,p-he pyrazolo[3,4-b]quinolin-

5-one; compound with

trifluoro-acetic acid

26 4-[5-(2-Trifluoromethyl- | 399 400 3.68
phenyl)-furan-2-yl]-
2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-blquinolin-
5-one; compound with

trifluoro-acetic acid

27 4-[5-(4-Chloro-phenyl)- | 365 366 |36
furan-2-yi}-2,4,6,7,8,9-
hexahydro-

pyrazolo[3,4-bjquinolin-
5-one; compound with

trifluoro-acetic acid

28 4-[5-(1H-Benzimidazol- | 417 418 3.01
D 2-yisulfanyl)-furan-2-yi}-

7-methyl--2,4,6,7,8,9-

hexahydro-

pyrazolo[3,4-b]quinolin-
5-one; compound with

trifluoro-acetic acid




N tNi N pyrazol o[ 3, 4-b] qui nol i n- HO Cl 5-one; conpound with F OF
trifluoro-acetic acid 34 N 4-[5-(1 nzi m dazol - 469 470 3.38 - SAN ]

2-yl sul f awQI2peFueEn-2-yl] 0 O 7-fur 2-yl-2,4,6, 7,8, 9- PENIRZNaDO2E340- N N O
pyrazol o[ 3,4-b]Jquinolin- HOHF ] / one; conmpound with OF F
trifluoro-acetic acid H 35 S--\ N1 ~ 7-Benzo[1, 3]dioxol-5-yl- 523 524
3.61 N 4- [5 (1H benzi midazol 0 0 2-yl$a Ifanyl)-furan-2-yl]- HN i

2,4,6,7,8, - NHol - o pyrazolo[3,4-blquinolin F CH 5-one;

F
H- Be
an-
5-

conpound th trifluoro-acetic acid H 36 S--<\ N N 4-[53-(1H Benzi m dazol -
539 540 3.138 N{- 2-ylsul fgn -fu‘{ 14-BYhA g’z[o 4-din oxXVy|- N O
phenyl )-2,14,6,7)8,9- H 8&Chdxahyd Ir'—1 pyraz'rgI g 41?78] qui rrg%{)]n- I—B%E: 5f one;
conmpound with rifl yoi

o8 aker#c ﬂ HSWY%@W gitol72 PCT/ 11B2006/00273:
o 7-phenyl-2,4,6,7,8,9-

hexahydro-

pyrazolo[3,4-b]quinolin-
HO F 5-one; compound with

o F trifluoro-acetic acid

30 4-[5-(1H-Benzimidazol- | 431 432 3.33
2-ylsulfanyl)-furan-2-ylJ-
6,6-dimethyl-
2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-biquinolin-
5-one; compound with

trifluoro-acetic acid

31 4-[5-(1H-Benzimidazol- | 445 446 3.57
2-ylsulfanyl)-furan-2-yl}-

“7-isopropyl-2,4,6,7,8,9- |
hexahydro-
pyrazolo[3,4-b]quinolin-
5-one; compound with
trifluoro-acetic acid

32 4-[5-(1H-Benzimidazol- | 509 510 3.67
2-ylsulfanyl)-furan-2-yl}-
7-(4-methoxy-phenyl)-
2,4,6,7,8,9-hexahydro-

pyrazolo[3,4-b]quinolin-

5-one; compound with

{rifluoro-acetic acid




37 37 SAN 4-[5-(1H Benzi m dazol - 473 474 4.25 N 2-ylsulfanyl)-furan-2-yl]
OF OF 7-pentyl-2,4,6,7,8,9- HN ~ F7~tOH N N hexahydro- 00 H

pyr azol o[W8p200jiged720l i n- 5-one; conpound with trifl uor ®&gB200¢/0@c34d 38
S-<\'N 4-[5-(1H Benzi mi dazol - 497 498 3,73 - N 2-ylsulfanyl)-furan-2-yl] O
O 7-(2-fluoro-phenyl)- HN ( F 2,4,6,7,8,9-hexahydro- Nd NI N
pyrazol o[ 3, 4-b] quinolin- 14 FF 0 5-on&% conpound with F OH
trifluoro-acetic acid 39 N (_4-[5-(1H Benzinidazol- 509 510 3.77 N
2-ylsul fanyl)-fyran-2-yl] \ O 7- (R- met hoxy- phenyl}- HN O

2,4,6,7,8,09hexahydro- N §_pwur azo| pfs3q4: inolihz,d F Q .5z0n€; mppund
with F E[OH trilfluoro-Bceticaci d*’ii%‘é‘iu‘ﬁ“!‘idﬁﬁ"é Py 7% N YTl N
yl sul fanyl ) - furgn-2-yI}, 0NO 274, 6} Zyis@iagvHuraRydr p- F HN RF

pyrazol of 3, 4- b] qui nol Y & N N HQ R (u-aBfsropRemAUNd Wi th
2,4,6,7,8,9-hexahydro-

pyrazolo[3,4-b]quinolin-

2 : 5-one; compound with
F
O F trifluoro-acetic acid

34 4-[5-(1H-Benzimidazol- | 469 470 3.38

2-ylsulfanyi)-furan-2-yl]-
7-furan-2-yl-2,46,7 8,9-
hexahydro-
pyrazolo[3,4-b]quinolin-
5-one; compound with

trifluoro-acetic acid-

35 7-Benzo[1,3]dioxol-5-yl- | 523 524 3.61
4-[5-(1H-benzimidazo!-
2-yisulfanyf)-furan-2-yljJ-
2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-b]quinolin-
5-one; compound with

trifluoro-acetic acid

36 4-[5-(1H-Benzimidazol- | 539 540 3.38

2-ylsulfanyl)-furan-2-ylJ-
7-(3,4-dimethoxy-
phenyl)-2,4,6,7,8,9-
hexahydro-
pyrazolo[3,4-b]quinolin-

5-one; compound with

trifluoro-acetic acid




Htrifluoro-acetic acid WO 2007/012972 PCT/|1B2006/00273; 38 41 N 4-[5-(1
H 417,13 418.13 2.95 N j- Benzoi mdazol-2 \ 00 ylsulfanyl)-furan-2-yl]- N
N HN ~_  1wW0.2007018972, 10- hexahydro- 2H 1,2, 10-triaza- F cyCrohmot/ef2734 nden- 5-
W FOH one; conmpound with F trifluoro-acetic acid 42 S--N 1 N 4-[5-(1H
391.07 392.07 2.58 N Benzoimdazol-2 0 0 ylsulfanyl)-furan-2-yl]- HN O
24,7,8-tetrahydro-6- N N oxa-1,2,8-tria¥a-s F o indacen-5-one; F F OH
corrpound with trifluoro- acetlc aC|d 43 0 4-[3-(4-Chloro- 435.1 436.11
2.55* 0 phenoxy) - phenxl ]- o N N di et hyl -2, 4, 8, 9-

tetrahydro;d; 2,6,8,9- F On taaza i ta 'naphlt | e
ne-5, 7-diohe7 conpoun ‘v& tr|14|£5 o%‘ée %&B:Jeac h% A 4.25

2-ylsulfanyl)-furan-2-yl}-
7-pentyl-2,4,6,7,8,9-
hexahydro-

pyrazolo[3,4-bjquinolin-
5-one; compound with
trifluoro-acetic acid

38 4-[5-(1H-Benzimidazol- | 497 498 3.73
2-ylsulfanyl)-furan-2-yl}-
7-(2-fluoro-phenyl)-
2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-b]quinolin-
5-one; compound with

trifluoro-acetic acid

39 4-[5-(1H-Benzimidazol- | 509 510 3.77
2-ylsulfany!)-furan-2-yl}-
7-(2-methoxy-phenyl)-
2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-b]quinolin-
5-one; compound with
trifluoro-acetic acid

40 4-[5-(Pyridin-2- 364 365 2.75
ylsulfanyl)-furan-2-yi}-

2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-b]quinolin-

5-one; compound with

trifluoro-acetic acid




Anal yti cal
mn * Analy

but yl oxycar bonyl )-2,4, 6,7, 8, 9- hexahydrg-pyrazol

LC MS conditions:

tical

LC/ M5 condi ti ons:

nmet hod A gradient 30 to 90 %
acet oni t rwpeod12972mi n 5 Tabl et WD 2007/ 012972 PCT/ | B20@6T0BADE 002739
Exenpl e 44 4-[5-(1H Benzi m dazol - 2-yl sul fanyl)-furan-2-yl]-7-(tert-

met hod A gradient 2 to 80 % acetonitrile in 7

o[ 3,4-b] -1, 7-naphtyrid in-

5-one; conpound with trifluoro-acetic aéfd ~N 0 O NN N NyO-~ 0O FFO5
To a mxture of 443 ng of N Boc-3, 5-di ket opi peridine (2.08 mmoles) and 173
mg of 3-amijnopyrazole (2.08 nmmleg) in 10 nl of ethanol i$ added 508 ng of
5- (1H benzilgydazol - 2-yl sul franyl) - flurgnpng- car bal dehygde ,2. 08 4i8p] 8S)gs THe
m xture is [heat eq; at reffuk erat[gjrae for 1 hour an'c] cool ed dﬁwh to [room
t enper at urJ-. The| sol ug NS e6nc qiiePEReigezehe t he-icr ude product lis purfified
on 10 siliga gel |usi ngYDQV MeOH ( @ls'ﬁb‘an@lﬁ»ﬂﬁdd-@i{”lj.. 590 ng ¢f pal e yellgw
solid 44 are isol ared | d= 569, WH i}i cal LG/ M5 nethod A |(2-85%
ACN H20 grladi en{ H¥vel h.) El I\(ée( ' I—ﬁ{ gxahyde- 1 RT: 3. 79 nin.| Exang e
45: 4-[5-(1H Benzgi nf’ 2- y| sul f[eahiy1,3,10-tiszer- 2- yI ﬁ -7-(2 15
hydr oxy- 3- gi peri di n- 1-yi - pgopyl ) - 3, 4 . 9- hexahydr o- pytazol of|3, 4- b]}-
1, 7- napht yHi di n- 5- one; Fsogpound wi tcﬁcﬁe??ﬁh@?g-gaceti ¢ aci d WO 2Q07/ 012972
PCT/ | B2006//002734 40 o O O | one; compound with

trifluoro-acetic acid

H
42 N 4-[5-(1H- 391.07 392.07 | 2.58
~ ) -
= N Benzoimidazol-2-
X0
o yisulfanyl)-furan-2-yl}-
HN \/ o 2,4,7 8-tetrahydro-6-
N ” oxa-1,2,8-triaza-s-
‘F,F O indacen-5-one;
FS ZOH compound with
trifluoro-acetic acid
43 )} 4-[3-(4-Chloro- . . 435.11 . 436.11 -]-2.55*%-

phenoxy)-phenyl]-6,8-
dimethyl-2,4,8,9-
tetrahydro-1,2,6,8,9-
pentaaza-
cyclopentalbjnaphthale
ne-5,7-dione;
compound with
trifluoro-acetic acid

Analytical LC/MS conditions: method A gradient 2 to 80 % acetonitrile in 7

min

* Analytical LC/MS conditions: method A gradient 30 to 90 % acetonitrile in 7

min

Table2



~NNO o~F F 300 ng of the solid 44 (0.59 mvle) is dissolved in 4 m of
DCM and 0.184 m  of benzylchloroformate (1.3 mmole) is added, foll owed by
0.385 m WO 2D7A297¢2. 36 nol e) and 20 ng of DMAP (0. 16 miroIrgB200@/h@734eact i on
m xture is 5 shaken overnight at roomtenperature and then poured into 80
m of a 10% (wv) solution of KH2SO4 agg extracted twice with 40 ml of
ethyl acetate. The conbined organic extfacts are washed with brine, dried
over MgSO4 and concentrated. The residue is directly treated with 10 m of
a solution of TFAIDCM (50150) ..for 1. hour at room-tenperature. The

-sol ution i Exetnplencddt r at ebifSs(titBerzimidazot@-ylsatfanhh-fupsni2yIpg-(tegi due i s

di ssol ved i i fey L Lhal step. The
solution i srBtur%)élg}( gg&ﬁ%ﬁgl FQ%’%’%&E’%&&%?&&%#%@’ﬁtﬁﬁ{’2)'('&%%@3’5'%"?7 eshly
prepar ed 1- xPResrgompord withduflugreaceticasided by stirring 274 ng of

epi bromhydrin (2 moles) and 0.198 ml of piperidine (2 mmoles) in 10 m of
nmet hanol overni ght at room 15 tenperature Q.M xture is irradi ated under
m crowave for 15 minutes at 150C. Thesi s concentrated and the
resulting residue is purified using—a pr&parafive HPLC. 29 ng of expected
conpound 45 are isolated (yield=4%_. ¢nalytical LC M5 nethod A: (2-85%
ACN H20 gradient over 7 mn.) ([MHf+):0546. RT: 2.67 nmn. 20 Exanpl es 46
a 50: 4-[3-(4-Ch | oro-phenoxy)-phenyll] - 74 (2- hyd roxy-3-nmorp h of i

n-4-yl - propyl) - =
2,4,6,7,8, 9-hexahydr o- pyrazol o['@l b 7-Npaplg yridi n-5-one; conpound wth
trifluoro-acetic acid ( Ex. 50) 2007/ 0129[r2 KCT/1B2006/ 002734 41 0 O
C '"C A NNN NI N NNN NN HNNH -0 Y'46

F

IF

0

5 To a mixture of 443 mg of N-Boc-3,5-diketopiperidine (2.08 mmoles) and 173
mg of 3-aminopyrazole (2.08 mmoles) in 10 ml of ethanol is added 508 mg of
5-(1H-benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde 2.08 mmoles). The
mixture is heated at reflux temperature for 1 hour and cooled down to room
temperature. The-solution is concentrated and the-crude product is purified on

10 silica gel using DCM/MeOH (95/5) as eluent. 590 mg of pale yeliow solid 44
are isolated (yield= 56%). Analytical LC/MS method A: (2-85% ACN/HZO
gradient over 7 min.) EIMS ([M+H]+): 505; RT: 3.79 min.

Example 45: 4-[5-(1 H-Benzimidazol-2-ylsulfanyl)-furan-2-yl]-7-(2-
15 hydroxy-3-piperidin-1-yl-propyl)-2,4,6,7,8,9-hexahydro-pyrazolo[3,4-b]-
1,7-naphtyridin-5-one; compound with trifluoro-acetic acid



47 48 oci | i a HNNNNHNONNOHoO XO OIli NN4950 O 1-0, Ho F
F F Conmpound 50 is prepared using the sanme procedure as exanple 45 using
3- (4- chi woepven2v®) - benzal dehyde as al dehyde . To a m RPCUAB2006/0@787 g of

N Boc- 3, 5-di ket opi peri dine (5 mml es) and 415 ng of 3-am nopyrazole (5 5
mmoles) in 10 mM of ethanol is added 962 ng of 3-(4- - ¢

or ophenoxy) benzal dehyde (5 mol es): The4®i xture is heated at refl ux
tenperature for 1 hour and cool ed down to roomtenperature. The solution is
concentrated and the crude product is purified on silica gel using DCM MeOH
(9515) as eluent. 1.33 g of pale yell oW d 46 is isolated (yield= 549%.
10 Anal ytical LC MS nethod A EIMS —N«Fﬂ 493; RT: 3.28 mn (gradient 30
to 90 % acetonitrile in 7 mn). 1lg above solid (2.46 mol es) are
di ssolved in 20 M of DCM and 0\&8é m of benzyl chl orof ormate (4.92

mml es) is added, followed by 1.6 oof DIEA (9.84 noles) and 20 ng of
DVAP (0.16 mmol e). The reaction mixtugie 15 i s shaken overni ght at room
tenperature and then poured i f a010% (W v) solution of KH2SO4
and extracted twice with 40 cetat ey, The conbi ned organic

e
extracts are washed with bri ner\,l df¥ ed over MySO4 "and concentrated. The
crude product is purified on silica gel using a solution of DCM MCH 98/2

as eluent. 1.6 g of desired conpound 47 is igplated 20 (quantitative
yield). Analytical LC/MS method A: EIMS ([ MpHht)F 627, RT: 4.52 nin
(gradient 30 to 90 % acetonitrile in 7 mn). 07/ 012972

PCT/ | B2006/ 002734 42 Product 47 is treated wwth 20 mM of a solution of
TFA/ DCM (50/50) for 1 hour at roomtenperature. The solution is

concent r at eG00mag of thecsolith 44 (®59 mmole) is dissolved in 4 ml of DCM and 0.184 ml
of benzylchloroformate (1.3 mmole) is added, followed by 0.385 mi of DIEA
(2.36 mole) and 20 mg of DMAP (0.16 mmole). The reaction mixture is

5 shaken overnight at room temperature and then poured into 80 ml of a 10%
(w/v) solution of KH.SO,4 and extracted twice with 40 ml of ethyl acetate. The
combined organic extracts are washed with brine, dried over MgSO, and
concentrated. The residue is directly treated with 10 ml of a solution of

... . TFA/IDCM (50/50) . for 1 hour at room--temperature. - The -solution is -

10 concentrated under vacuum. Half of the resulting residue is dissolved in 2 m!
of ethanol and directly used for the final step. The solution is treated under
microwave irradiation with an excess of freshly prepared 1 -oxiranylmethyl-
piperidine (prepared by stirring 274 mg of epibromhydrin (2 mmoles) and
0.198 ml of piperidine (2 mmoles) in 10 ml of methanol overnight at room

15 temperature). The mixture is irradiated under microwave for 15 minutes at
150°C. The solution is concentrated and the resulting residue is purified using
a preparative HPLC. 29 mg of expected compound 45 are isolated
(vield=4%). Analytical LC/MS method A: (2-85% ACN/H,O gradient over 7
min.) ((M+H]+): 546. RT: 2.67 min.

20 Examples 46 a 50:

4-[3-(4-ChIoro-phenoxy)-phenyl]-7-(2-hydroxy-3-morpholin-4-yl-propyl)-
2,4,6,7,8,9-hexahydro-pyrazolo[3,4-b]-1,7-naphtyridin-5-one: compound
with trifluoro-acetic acid ( Ex. 50)



resulting product is purified on silica gel using DCM MeCH 90/10 as el uent.
0.91 g of expected conpound 48 is isolated (yield=64% . Analytical LM 5
met hod A:WBIRMB/(IRNRH] +): 527; Ret. Tine: 2.66, mn (gradCeénB280a203490 %
acetonitrile in 7 mn). A solution of 53 ng of 48 (0.1 nmmole) and 21 ngy of
4- oxi ranyl net hyl - nor pholine (0.15 mol e) in1m of ethanol is heated at
reflux tenperature for 2 hours. After éoollng the mxture is poured into
80 mM of water and extracted 10 twice with 50 Ml of DCM The comnbi ned
organic extracts are washed with 50 m of 0.5N HCl, with brine, dried over
MyS04 and conc The residue 49N ctIy hydroge ated er

hydr ogen at nos 0. 01 mol
reaction is sti overni ght and

I's concentrg t he crude prody s~ IH di rectly pur| Nt USy ng
preparative ly . 45 ny of='desi eﬁufarrpound i el sl at ed
(yiel d=85% . Andlytical ILCI MS nethod Q\[I\/Hr 536, RT: 3. 77 mn
(gradient 5 to @ %acetonitrile in P nmfn). Exanples 51 and © 4-[5-(1
H Benzi m dazol - 2-yl sul fanyl ) -furan-2-yl] 2- hydr oxy-3 2

nmor phol i n-4-yl -propyl)-2,4,6, 7,8, 9- hexahy - pyrazol o 3, Zﬂ-gb] -1,

naphtyridi n-6-one; conpoynd with trifluoro-acetic acid (ex 52) HH S\ N
S-/\\ NNN/ 00O N NO HNNNH | IXl ~OH N-) FN~ O
F F 0O 51 52 WO 200 6T/ | B2006/ 002734 4 ution of 50 ngy
of compound 44 (0.1 in 1 of EtOH and 1 ni c

@)
0
HO F
F

- Compound 50 is prepared using the same procedure as example 45 using 3-

(4-chlorophenoxy)-benzaldehyde as aldehyde . To a mixture of 1.07 g of N-

Boc-3,5-diketopiperidine (5 mmoles) and 415 mg of 3-aminopyrazole (5

5 mmoles) in 10 ml of ethanol is added 962 mg of 3-(4-

- chlorophenoxy)benzaldehyde (5 mmoles). The mixture is heated at reflux

temperature for 1 hour and cooled down to room temperature. The solution is

concentrated and the crude product is purified on silica gel using DCM/MeOH

(95/5) as eluent. 1.33 g of pale yellow solid 46 is isolated (yield= 54%).

10 Analytical LC/MS method A: EIMS ([M+H]+): 493; RT: 3.28 min (gradient 30
to 90 % acetonitrile in 7 min).

1.21 g of the above solid (2.46 mmoles) are dissolved in 20 m! of DCM and
0.184 ml of benzylchloroformate (4.92 mmoles) is added, followed by 1.6 ml
of DIEA (9.84 moles) and 20 mg of DMAP (0.16 mmole). The reaction mixture

15  is shaken overnight at room temperature and then poured into 80 ml of a 10%
(w/v) solution of KHSO4 and extracted twice with 40 mi of ethyl acetate. The
combined organic extracts are washed with brine, dried over MgSO4 and
concentrated. The crude product is purified on silica gel using a solution of
DCM/MeOH 98/2 as eluent. 1.6 g of desired compound 47 is isolated

20 (quantitative yield). Analytical LC/MS method A: EIMS ([M+H]+): 627; RT:
4.52 min (gradient 30 to 90 % acetonitrile in 7 min).



of DVF is added 21 ng of 4-oxiranyl nethyl -norpholine (0.15 mmole). The
solution is heated at 150 C under mcrowave irradiation for 20 m nutes. The
sol uti on We 20ovo9ver at ed and the residue is purified usiPAE/IP2OE2A34 Ve

LC M5 5 method A. Conpound 51 is then treated with 2 m of a TFA/ DCM
(50/50) solution for 1 hour at roomtenperature. The final product is
purified by preparative LC M5 (method4A). 19 ng of conpound 52 are
isolated (yield= 29%. Analytical LCMS method A: ([M+H] +): 548, RT: 2.58
mn (gradient 5 to 85 %acetonitrile in 7 mn). 10 Exanple 53:

4-13-(4-Ch s A&, D= Hi g

4- E:ar E)onyl ﬁg&i&fgﬁ';%gv%atﬁgi@ﬁi %cr) (?)':I 'E)?raz??g':“gﬁ Q%Tgf@%ﬂ 32%4?9 2/ ;’ﬁ)rd'} rr1‘9 g[ one;
conpound wet HOPM fielperatiret iTéea&)'G iphois epneerdratest upder veceamNNIeN N N H
O To a soksdiliny pfodict Is Parifidd & siicy géi 0éing DOMNEOIS doM ® a8 dlliertf DCM

chior i de- ( 896 SflopAaSteE Cotipae 4,k Bo R MBI AGUICHIANS o 04
mol e) . 5 Thenethed d:i BIMEi ({MaHg+)i $231 iReteTimee286ghtin doraditen3@darg®% nto 20

n of wat eg.apditrif r7a5.{i d twice with 10 M of DCM The conbi ned organic
extracts ar%g ng'ﬁg’h W @'bri ne, dried over MgSO4 and concentrated. The
resulting residue 20 is dissaolved in a mxture of 1 m_ of nmethanol and 0.1

m of acet fcsqlitign ¢he3 P ARl (P! mmPleyeand & g ref fadanwmeathylydr ogen
el o) P 1 o e e e o oduct
is purifi egr}ﬁprﬁ'r%é%rr%qqe}\?g' ld]_ f(er#ét%ﬁe&j"%?mpﬁyag{ azl_cge)%avggd Br oduct
53. (yilel dt#ice%ith 58l oft DEM, THe cerhbinedAoribivic] extracks Bre WEShdd 4GS0

(gradi ent ﬁwlgﬂ @éﬂ%(ﬁé%\tgrﬂrﬁ{eﬂ bified Bvér MESD,; and'Eot @rtfithq compounds have

been prepared the sa

The residue 49 is directly hydrogenated under hydrogen atmosphere using
0.01 mmole of palladium on charcoal. The reaction is stirred overnight and
then filiered on Celite®. The filtrate is concentrated and the crude product is

15 directly purified using preparative LC/MS method A. 45 mg of desired
compound 50 are isolated (yield=85%). Analytical LC/MS method A: [M+H]+):
536, RT: 3.77 min (gradient 5 to 85 % acetonitrile in 7 min). -

Examples 51 and 52;

4-[5-(1H-Benzimidazol-2-ylsulfanyl)-furan-2-yl]-9-(2-hydroxy-3-
20  morpholin-4-yl-propyl)-2,4,6,7,8,9-hexahydro-pyrazolo[3,4-b}-1,7-
naphtyridin-5-one; compound with trifluoro-acetic acid (ex 52)

=10 <10

51



Exam Structure Conpound name MWV of EIMS LC/ MsS WO 2007/ 012972 _
PCT/ | B2006/ 002734 44 pie expected ([MH ') RT nunmb conpoun (m n) er d
54 o 4-[ 3woa@hiin7e- 487.90 488 4. 34 o cl phenoxy) - phenPCTAB2006MO2IB4] ' | N
(i soxazoi e-5-carbonyl)- NHO 0 2,4,6,7,8,9-hexahydro FF\ /o

pyrazol o[ 3,4-b]-1,7- F CH naphtyr| d| n-g-one; conmpound with trifluoro-
acetic acid 55 ~ 01 4-[3-(4-Chloro- 395204.5 o C
phenoxy) - phenyl ]-7-(4 HN1 N N nethyl-[1,2,3]thia- NN Ns 0

di azol e-5-carbonyl) 0 2,4,6,7, 8, 9- hexahydro- F F off pyra20| o[3,4-b]-1,7-
napht yri di Te% solation oﬁﬁbwmgldf mmbourﬁd ﬁthOHQ’nrrf&@tthl At b Hngld 1 ml

HN
ghl[ gr g4p§/:? |bd HMF gél?ﬂg%gé%'oél gﬁ%o‘ﬁhfnoﬁg'%’l%e&%"&rpﬁé&%& dRyrpmnle). The
pyr azol o[ 3salugipn is heated at 150 °C under microwave irradiation for 20 minutes. The
solution is concentrated and the residue is purified using preparative LC/MS
5 method A. Compound 51 is then treated with 2 mi of a TFA/DCM (50/50)
solution for 1 hour at room temperature. The final product is purified by
preparative LC/MS (method A). 19 mg of compound 52 are isolated (yield=
29%). Analytical LC/MS method A: ((M+H]+): 548, RT: 2.58 min (gradient 5 to
85 % acetonitrile in 7 min).

10 Example 53: 4-[3-(4-Chloro-phenoxy)-phenyl]-?-(3,5-dimethyl-isoxazole-
4-carbonyl)-2,4,6,7,8,9-hexahydro-pyrazolo[3,4-b]-1 ,7-naphtyridin-5-one;
compound with trifluoro-acetic acid

To a solution of 26.3 mg (0.05 mmole) of compound 48 in 0.5 mi of DCM are
15 successively added 12 mg of 3,5-dimethylisoxazole-4-carbonyl chloride (0.75
mmole), 16 pl of DIEA (0.1 mmole) and 5 mg of DMAP ( 0.04 mmole). The
reaction mixture is stirred overnight and then poured into 20 ml of water and
extracted twice with 10 ml of DCM. The combined organic extracts are
washed with brine, dried over MgSO,4 and concentrated. The resulting residue
20 is dissolved in a mixture of 1 ml of methanol and 0.1 ml of acetic acid. The
compound is hydrogenated using Pd/C under hydrogen atmosphere. After 20
hour hydrogenation the mixture is filtered on Celite® and the filtrate is
concentrated under vacuum. The crude product is purified by preparative
LC/MS (method A) resulting in 2.3 mg of product 53. (yield=7.4%) . Analytical

25 method A [M+H]+): 516. RT: 4.45 min (gradient 5 to 85 % acetonitrile in 7
min).

The following compounds have been prepared the same way:

Exam | Structure Compound name MW  of | EIMS LC/MS




naphtyri di n-5-one; conmpound with trifluoro- acetic acid Analytical LC M5
conditions: nethod A gradient 5 to 85 % acetonitrile in 7 mn Tabie3 W
2007/ 0129¥Q 2012 B2006/ 002734 45 Exanpl e 57: PCT/IB2006/002734

7- Acetyl - 4-[ 3- (4-chl or o- phenoxy) - phenyl ]-2,4,6,7, 8, 9-

hexahydr o- pyrazol o[ 3, 4-b] -1, 7-naphtyri di n-5- one; conpound w th
trifluoro-acetic acid O C ~~00O H¥ES571 FF HUNNNHO 5 To a
solution Qf 25 pg (0.048 mmole) of conpound 48 in | m of DCMare
successi Vel adfled 6 pl of aceti¢ anhydride (0.086 ?[DIQ t)G %&T of LDI EA
(0.1 mmol ¢). The solution is stinfred overnight and‘gggure( |n¥l

water. The8YWPxture is extracted|twice with 15 ni|esmppOM The cdrtsinhed
organic estracfs are washed with a 10% sol ution jgf potagsium
di hydr ogenosul Thie, 10 water, drijed over NMOgSOZ and concemtratred: [ The cf ude

product i3 _diregtly .ggenat ed er hydrogen [at nosphére using Pd/ Q as
1”% re iégfg'&'?fi"@é over ni|f8-%8nd | ¢ffn f”l‘ﬁé”r ed

cat al yst. e [eact i on
c@hce*mhér@kﬁ@hm(}er vaquum and the rgsulti nb

Celite(r)y The ¥

residue i$ purifie DY ep ti od A). 1.1 ng of |desired
product 57 is isBha %mlcm%g&%’ér rca| LC/ VB[ met hod |A: [ MHH] +) :
435. RT: 3.71 m n (griadi ent] 5t 28@W/6&b@tabmro-r| le in 7{mn). Bxanpl el 58:
9- Acetyl - 4-[ 3- (@4- chl orr0- phenoxy) - ?g 343 #A76, 7,8, 9-

hexahydr o4 pyrazpl o[ 3,4b{- 1, 7- naph E one: corrpoun&l with
trifluoro{acetif acidF20 OH "aphtyr'd'”‘5'°”e
compound with trifluoro-

acetic acid

55 4-[3-(4-Chloro- 519 520 45
phenoxy)-phenyl]-7-(4-
methyl-[1,2,3]thia-
diazole-5-carbonyl)-
2,4,6,7,8,9-hexahydro-
F?/J(O“ pyrazolo[3,4-b}-1,7-
naphtyridin-5-one;

compound with trifluoro-

acetic acid

56 4-[3-(4-Chloro- 532 533 4.66
phenoxy)-phenyl]-7-(6-
chloro-pyridine-2-
carbonyl)-2,4,6,7,8,9-
hexahydro-
pyrazolo[3,4-b]-1,7-
naphtyridin-5-one;

compound with trifluoro-

acetic acid

Analytical LC/MS conditions: method A, gradient 5 to 85 % acetonitrile in 7
min

Table3



WD 2007/ 012972 PCT/ | B2006/ 002734 46 O ~ HOLIBF cia!~" | , OFF HN
N~ N NH ol~- 58 To a solution of 25 ng (0.048 mmol e) of conpound 46 in 0.5
m of DCwWereo7/eereessi vel y added 11 pl of acetic anhydPC@#aB1006/0@2734m0| €)
and 33 pl of DDEA (0.2 muole). The solution is stirred at roomtenperature
for 2 hours and 5 poured into 20 ml of water. The m xture is extracted
twice with 15 M of DCM The conbi ned4drganic extracts are washed with a
10% sol uti on of potassium dihydrogenosul fateand water, dried over MgSO™
and concentrated. The crude product is directly treated with I m of

TFA/ DCM (S@ExampRo! utspn at7.aeeiyl-4- %ﬁldﬂ&pﬁ@ﬁo%ﬁ”&nyl}@Q?%é gLe 1s
concentr at z.lwgér vac%%&\ gth{a 10 resulting resitdue 1s’ pufitiéd by
preparativ roRyr ofé],_ -Blst,inaphtyHdn-peangsr od rampeunde | ¥t ed (
yi el d= 52%triflaoed-acetieladi€/ VS nethod A: [MrH +): 435. RT: 4.33 min
(gradient 5 to 85 %acetonitrile in 7 mn). Exanple 59: 4-[5-(1
H Benzi m dazol - 2-yl sul fanyl ) - f urag - 9- et hyl -
2,4,6,7,8, 9-hexahydr o- pyrazol @‘ Mol i n- 5- one; conmpound with 15
trifluoro-acetic acid N i 0 HN N Fo59 To a solution of 30 ngy
(0.075 nmol e) of conpound % and 14 pl S hyl i ogi de (0.225 mmole) in 1
m of DVMF is added 31 ng of potassium carhbg at®® (Bg225 mmol e). The
solution is stirred for 20 Bours, Woomlte derat Ut e and 20 poured into 20
m of water. The mixture is extract{edtwice Wwth 15 mM of DCM The

BT i rﬁ],/dri ed over MyS04 and

5 To a solution of 25 mg (0.048 mmole) of compound 48 in 1 ml of DCM are

successively added 6 pl of acetic anhydride (0.06 mmole) and 16 pi of DIEA

(0.1 mmole). The solution is stirred overnight and poured into 20 ml of water.

. The mixture is extracted twice with 15 ml of DCM. The combined organic

extracts are washed with a 10% solution of potassium dihydrogenosulfate,

10  water, dried over MgSQO,4 and concentrated. The crude product is directly

hydrogenated under hydrogen atmosphere using Pd/C as catalyst. The

reaction mixture is stirred overnight and then filtéréd on Celite®. The filirate is

concentrated under vacuum and the resulting residue is purified by

preparative LC/MS (method A). 1.1 mg of desired product §7 is isolated (

15  yield= 4%). Analytical LC/MS method A: [M+H]+): 435. RT: 3.71 min (gradient
5 to 85 % acetonitrile in 7 min).

Example 58: 9-Acetyl-4-[3-(4-chloro-phenoxy)-phenyl]-2,4,6,7,8,9-
hexahydro-pyrazolo[3,4-b]-1,7-naphtyridin-5-one; compound with
trifluoro-acetic acid

20



WO 2007/ 012972 PCT/ 1 B2006/ 002734 47 concentrated. The crude product is
purified by preparative LM (nethod A). 2.2 ng of desired product 59 are
i sol at ed W9i2e07d12%9%) . Anal ytical LC M5 nethod A: [ M-H] PLT/IB28¢/0RT34 2. 54
mn (gradient 5 to 85 %acetonitrile in 7 mn). 5 Exanple 60:
3-(5-0x0-2, 4, 6,7, 8, 9-hexahydr o- pyrazol o] 3, 4b] -1, 7-
naphtyridin-4-yl)-N-(4-trifl uoromethoxy?benzyl)-benzam de; conpound wth
trifluoro-acetic acid 0 o HOFF HHNN- NH 60 HOF F F Preparation of
the al dehyde: to a solution of 300 ng of 3- 10 carboxybenzal dehyde (2
mol es) and 382 ng . of 4- ( bl ug orret hoxy) beRzyl anine (2 nmoles) in 5
m of DCMis successively gdd 54 n of 1- g%) xypenzotriazole (HOBt) (4
mmol es) and 0.63 ng of ¢i+SapFopylx b%dl i m (Dl (4 mmol es). The
reaction mxture is stirred overnig t At roomterrﬁerature and then poured
SN hesm xture is extracted twice with
15 M of ethyl acetate. The cdNpj gni ¢ extracts are washed with 20
m of waterand 20 ml of brine, i ex MyS04 and concentrated giVving
670 mg of 3-formyl-N-(4- trifluoro hoxy- benzysé) benzam de (yi el d=85% .
Anal ytical LG/ M5 method A ([ MHkH @): ~324, RT: 24 min (gradient 5to 85 %
acetonitrile in 7 mn). 20 Conpound 60 is prepared as described for exanple

2 startingTeid Sol2fios of@50hg (0f04s RAfolS) éré’drhswm B8'ih Y. 5 F BchiRls) 8- 3
mg 3-amn

3-fornyl - ﬁl—gi(éf:a%s%\']ehﬁ%‘?%%t d‘he Bg%%g?hw{%@%mm@elaﬁﬁ@%m of PIEAni xture
of 0.5 n (A.2enhmie). Ered solusiond isostirRd at rreem tdrierature2fors2 Mbupé dgeduct 60
Sy Pt PR M ORI, bl s B et b AR 0 o
acetonitri B e cRmpingdh prganic extracts are washed with a 10% solution of potassium
dihydrogenosulfateand water, dried over MgSO, and concentrated. The crude
product is directly treated with 1 ml of TFA/DCM (50/50) solution at room
temperature for 1 hour. The mixture is concentrated under vacuum and the
10 resulting residue is purified by preparative LC/MS (method A). 23 mg of
desired product 58 are isolated ( yield= 52%). Analytical LC/MS method A:
[M+H]+): 435. RT: 4.33 min (gradient 5 to 85 % acetonitrile in 7 min).

Example 59: 4-[5-(1H-Benzimidazol-2-y|su|fany|)—furan-2-yl]-9-methyl—
2,4,6,7,8,9-hexahydro-pyrazolo[3,4-b]quinolin-5-one; compound with
15 trifluoro-acetic acid

To a solution of 30 mg (0.075 mmole) of compound 3 and 14 pl of methyl
lodide (0.225 mmole) in 1 mi of DMF is added 31 mg of potassium carbonate
(0.225 mmole). The solution is stirred for 20 hours at room temperature and
20 poured into 20 ml of water. The mixture is extracted twice with 15 ml of DCM.
The combined organic extracts are washed with brine, dried over MgSO, and



WO 2007/ 012972 PCT/ | B2006/ 00273; 48 Exanpl e 61:

3-(5-0xo0-2,4,6,7, 8, 9- hexahydr o- pyrazol o[ 3, 4b] -1, 7- . .
napht yri awo-240nd1297R- ( 3-tri f | uor omet hoxy- benzyl ) - benzam ®€T/IBWOPORASH W t h
trifluoro-acetic acid O NOF H)<F OHNNNNHO HF 61 HIYF F 5
Conmpound 61 was prepared using the same procedure as described for 60
starting with 3-(trifluoronethoxy)benz4Tanine. 25.5 ng of desired conmpound
were isolated after preparative LG M5 (nethod A, yield= 43% . Analytical

LC/ M5 net hg n&ntfd’t@{]’"ﬂ%ezcﬁ%% productds Hlrifitd by Précthaibe £MSInethagayoni trile

10 in 7 m n
4- (|5 xo0- 222, @ngzqi desiieda Rinsiust 38 are |isglsteth{vigldr. 6%). Analytical LC/MS

naphtyri di me%hdd)ﬁr )& 4181qwf72t510%1¥n Q¥Ent -5 e 88 NG A5 tSHWQMHG? with
trloflﬁoro acli);lc agﬂlM 6’ H@@ N HN NH 62 FGe I

Preparatlo t he al dehyde to a sol utlon of 300 ngy of 4- o
car boxybenzal dehyde (2 mmmol es) and 382 ng of 3-(trifluoromethoxy)aniline

(2 mol s) Exantlei of 60t hyl 3¢(6t@xe-2,4,6:%/88sh&athydyoopy \@lSIBAK]AB97 2
PCT/ 1 B20064,Q8RéyHHin-4-yl)-N-(4-trifluoromethoxy-benzyl)-benzamide; compound

with trifluoro-acetic acid
0
H F

Preparation of the aldehyde: to a soluton of 300 mg of 3-
10  carboxybenzaldehyde (2 mmoles) and 382 mg .of . 4
trifluoromethoxy)benzylamine (2 mmoles) in 5 ml of DCM is successively
added 540 mg of 1-hydroxybenzotriazole (HOBt) (4 mmoles) and 0.63 mg of
diisopropylcarbodiimide (DIC) (4 mmoles). The reaction mixture is stirred
overnight at room temperature and then poured into 20 ml of 10% KH.SO,
15  solution. The mixture is extracted twice with 15 ml of ethyl acetate. The
combined organic extracts are washed with 20 ml of waterand 20 ml of brine,
dried over MgSO, and concentrated giving 670 mg of 3-formyl-N-(4-
trifluoromethoxy-benzyl)-benzamide (yield=85%). Analytical LC/MS method A:
(IM+H]+): 324, RT: 5.24 min (gradient 5 to 85 % acetonitrile in 7 min).
20  Compound 60 is prepared as described for example 2 starting with 21.3 mg of
of N-Boc-3,5-diketopiperidine (0.1 mmole), 8.3 mg 3-aminopyrazole (0.1
mmole) and 32.3 mg of 3-formyl-N-(4-trifluoromethoxy-benzyl)-benzamide
(0.1 mmole) in a mixture of 0.5 ml of ethanol and 0.5 m! of DMF, resulting in
22.5 mg of product 60 after purification by preparative LC/MS. (method
25  Ayield= 38%). Analytical LC/MS method A: ([M+H]+): 484, RT: 2.51 min
(gradient 2 to 80 % acetonitrile in 7 min).



49 di cycl ohexycarbodiimde (DCC) (4 mmol es). The reaction m xture is heated
at 60C overnight and then poured into 60 m of 1 N HCl solution. The

m xt ure WO 20xrM2r2ed twice with 30 m of ethyl acetatePCThB20000273ed
organic extracts are washed with 50 m of water, 50 m of a saturated
solution of sodiumb5 bicarbonate and brine, dried over MgSO and
concentrated. The crude product is pufq;fi ed on silica gel giving 233 ng of
4-Formyl -N-(3- trifluoronethoxy-phenyl)-benzam de (yiel d=38% . Anal yti cal
LC M5 method A ([M+H +): 310, RT: 5.60 min (gradient 5 to 85 %

acet oni tri IBxanipié nin)g1: St ar3t¢539xm2h63ﬂ859 ﬁExé}fl d g#&%@o 'ffiﬁ e (0.1

mol e) and u5| the S cedur as exa ,la,e% product 62
wer e obt ai ﬁ'é"@ g'r"'4' ?)quééatfﬂ"@ @%ﬁo Zbe'}ﬁaé‘l"ﬂleMS%’mMth cal
LC M5B net hadthitriflgpid-abetdic adD, RT: 2. 61 mn (gradient 2 to 80 %
acetonitrile in 7 mn). The foll owm ng exanpl es were obtai ned using the sane
procedure: Exam Structure ConpoundOnane MWV of EI M5 LCIMS ple expected
([MtH© RT  nunb conpoun ) (m 0 63 | 3-(5-0x0-2,4,6,7,8,9-
469. 43 470 2.57 H hexahydro (§ razﬁl o[ |- 1 F HN . N N NH naPhtY

i di i N rgnet ho henfyl ) - FF OH benzam de;

corrpound W th trifluoro-acetic|acpd 64 ' | 3-(5-Oxo0-2,4,6,7,8,9- 469.43
470 2.58 H OCF, hexahydro-/~§ 7ol o[ 3, 4b] - 1, 7-
HN, ) \H .
H
61 HOJ\ﬁi
F
5
Compound 61 was prepared using the same procedure as described for 60
starting with 3-(trifluoromethoxy)benzylamine. 25.5 mg of desired compound
were isolated after preparative LC/MS (method A, yield= 43%). Analytical
LC/MS method A: [M+H]+): 484, RT: 2.47 min (gradient 2 to 80 % acetonitrile
10 in7 min).
Example 62: 4-(5-Ox0-2,4,6,7,8,9-hexahydro-pyrazolo[3,4b]-1,7-
naphtyridin-4-yl)-N-(3-trifluoromethoxy-phenyl)-benzamide; compound
with trifluoro-acetic acid
oK ok
OJ T
o o
- y o/U\<F
HN, | 62 F F
N= NH
N
15 H

Preparation of the aldehyde: to a solution of 300 mg of 4-
carboxybenzaldehyde (2 mmoles) and 382 mg of 3-(trifluoromethoxy)aniline
(2 mmoles) in 5 ml of ethyl acetate is added 830 mg of



HN, N N NH naphtyridin-4-yl)-N(3- 1: O trifluoronethoxy-phenyl)- F F OH
benzam de; conpound wth trifluoro-acetic acid Analytical LC M5

condi ti o0 2nerM2d2A, gradient 2 to 80 % acetonitril e i RCT/IB2B6//92M3AND
2007/ 012972 PCT/ 1 B2006/ 00273; 50 Tabl e 4 Exanpl e 65:

4- Chl oro- N-[ 3-(5-Ox0-2,4,6,7, 8, 9- hexahiéjr o- pyrazol o[ 3, 4b] -

1, 7-naphtyridin-4-yl)- phenyl ] -benzam d®] conpound with trifluoro-acetic
acida No OO HNNNI NHHOcC HF 5 65 Preparation of the al dehyde:

t | ut f
4°cﬁf8r3b'eﬁgh ySlohgtedrBolimee DEOPAARIE TRe rede by A hoalt Bt 21 5 ca
(4 mol es) © ‘ﬁ%@vﬁgﬁﬁmﬁﬂfj n; poylgd dpte S W'@ﬁaMH%@Mﬁav@Bemmﬂ@@for 10
mi nut es. Tbmr@ctedlmideanm Bormmf etﬁylfadetaﬂét'ﬁﬁle 80ehbitbdBianit atidttgaigianol .

Soli 0(yi ehissd W50l G| o vl nld ol A peattipgtih rpalibor o sddinf g wit h
f26 mg of ltbmadmme5 aamwm(d?ed nonsre M8, mdngondmwtlmeé Trbieommuerl e as
c
L We ¢ oy Prolugt  e"OpGiifid] OPHC e VS AhG AR Sl Qggkﬁﬂ?ﬂ?é 420,
RT: 2. 14 nirifl uegqaraatfwvmem é@rv@au@@ dmeddﬂ%?é’/o) nAfZaltﬁlfPE)I L Spmﬂwl
4- Chl or o- Naf Mﬁ}]@%%'ﬂ) RE. g@@nﬂnﬁ?%@ﬂ%mﬁ %Q&é’cbﬁvﬂﬂ@lm 7 mln

1, 7-naphtyri y1) -t hi azol benzam de; conpound wth t i fl uoro-
acetic aci gtartlng with 30.9 mg of the above aldehyde (0.1 mmole) and using the same
10 procedure as example 2, 22.3 mg of product 62 were obtained after
preparative LC/MS (method A, yield= 43%). Analytical LC/MS method A:
(IM+H]+): 470, RT: 2.61 min (gradient 2 to 80 % acetonitrile in 7 min).

The following examples were obtained using the same procedure:

Exani Structure Compound name MW  of | EIMS LC/MS

ple expected | ((M+H]" [ RT
numb compoun | ) (min)
er e _ ) _ d .
63 3-(56-0Ox0-2,4,6,7,8,9- 469.43 470 2.57
hexahydro-
pyrazolo[3,4b}-1,7-
naphtyridin-4-yl)-N-(4-
trifluoromethoxy-phenyl)-
benzamide; compound
with trifluoro-acetic acid
64 3-(5-Ox0-2,4,6,7,8,9- 469.43 470 2.58

hexahydro-
pyrazolo[3,4b]-1,7-
naphtyridin-4-yl)-N-(3-
trifluoromethoxy-phenyl)-

benzamide; compound

with trifluoro-acetic acid

Analytical LC/MS conditions: method A, gradient 2 to 80 % acetonitrile in 7
15 min



WD 2007/ 012972 PCT/1B2006/00273; 51 O HN}-NO s O HOF d FF HNN-
NH H 66 Conpound 66 was prepared using the sanme procedure as descri bed
for 65. woee&mp1zf724- chl or o- N- (5-fornyl -t hi azol - 2-yl ) - b@aTAR2EE 002334
prepared from 256 mg of 2-am no-thiazol e-5-carbal dehyde (2 nmol es) and 250
NI of 4 5 chlorobenzoyl chloride (2 nmples) (yield= 26% . Analytical LC/ M
method A: ([MrH +): 282, RT: 6.10 m n5Qgradi ent 2 to 80 % acetonitrile in
7 mn). Starting from27 ng of the above al dehyde (0.1 nmmole), 15.2 ng of
desired conpound 66 were isolated after purification by preparative LC/ M5
(method A, yield= 28%. Analytical g nethod A: ([M-H +): 427, RT: 2.53
mn 10 (gradient 2 to 80 % acetonitrile in 7 mn). Exanple 67:

byr 2ol of SLABHEY8: A eHidr Pt ikand 65 RS Yeltpoumrazolors abl-
trifl uoro- ddenaphtyridin-4-gl)-pheuy|Nbefizamitle; iscompbund with ﬁfflulfroammw ation
of the al dghide: a m xture of 360 ng of 3-am nobenzal dehyde (0.3 mmol es)

and 460 ng of 4-chloro-phenylisocyanate (0.3 nmles) in 3 m of DWW is
heated under microwave irradiation at 110C fgr 10 minutes. The

o

0
0

o)
~I
N = Y HO/U\KE
F

Preparation of the aldehyde: to a solution of 242 mg of 3-aminobenzaldehyde
(2 mmoles) and 250 pl of 4-chlorobenzoyl chloride (2 mmoles) in 5 ml of
DMF is added 700 pl of DIEA (4 mmoles). The reaction is irradiated in under
microwaves at 110°C for 10 minutes. The precipitate formed is filtrated and
10 washed with methanol. 670 mg of 4-Chloro-N- -(3-formyl-phenyl)-benzamide

are isolated as a white solid (yield=85%) . Analytical LC/MS method A:
([M+H]+): 260

Starting with 26 mg of the above aldehyde (0.1 mmole) and using the same

procedure as for example 2, 25 mg of product 65 were obtained after
15  preparative LC/MS (method A, yield= 53%). Analytical LC/MS method A:

(IM+H}+): 420, RT: 2.14 min (gradient 2 to 80 % acetonitrile in 7 min).

Example 66: 4-ChIoro-N-[5-(5-0xo-2,4,6,7,8,9-hexahydro-pyrazolo[3,4b]-
1,7-naphtyridin-4-yl)-thiazol-2-yi]-benzamide; compound with frifluoro-
acetic acid



precipitate fornmed is filtered giving the desired 1-(4-Chloro-phenyl)-3-(3-
fornyl -phenyl)-urea. Analytical LCIMS nethod A: ([MrH +): 351, RT: 5.30 mn
20 (gradiwono®/m@5 % acetonitrile in 7 mn). W 2007/ @CTZIBR06/002734
PCT/ 1 B2006/ 002734 52 Starting with 27 ng of the above al dehyde (0.1 mmol e)
and using the sane procedure as in exanple 2, 23 ng of product 67 were
obtained after preparative LC/MS (netRbéd A, vyield= 42%. Analytical LC/ M
method A: ([MrH +): 435, RT: 2.26 min (gradient 2 to 80 % acetonitrile in
7 mn). 5 Exanpl e 68: 4-(5-0xo0-2,4,6,7,8,9-hexahydro-pyrazol o[ 3,4b]-1, 7-
naphtyri din-4-yl)-N-(4-triftud®ongthoxy-phenyl)-benzenesu |fonam i de;

conpound with trifluoro-acetic i 0 11 OSSNF+F \ OF O HNNNNH
HOF F 68 Preparation of t | deflsyde: to a g xture of 610 nig of 4- 10
chl or osul f onyl benzal dehyde ( | 8s))and 460 of 4-

trifluoronmethoxyaniline (3 s) i 291 ofodi oroet hane is added 2 nl

of pyridine (25 moles). TRk reg ture ig Etirred at room

tenperature for 5 hours and tiren_ nto 100 m of 10% HCl sol uti on.
The m xture is extracted tw ce Hof DCM The conbined or ganic
extracts are 15 washed with 30 M offwater, 30 mM of a saturated sol ution
of sodium bicarbonate and brine, and tH® solution is dried over MpSH and
concentrated. The crude product is purified on silica gel using DCM AcCEt

Soandsf o 8 o S HELATEAPHPI 3 o o
LC/ MS net h Am@[%ﬂl]q)l go-Rylghiggoh?-y)kpnzanide wereopepaveddignmoni tril e
256 mg of 2-amino-thiazole-5-carbaldehyde (2 mmoles) and 250 il of 4-
5 chlorobenzoyl chloride (2 mmoles) (yield= 26%). Analytical LC/MS method A:
(IM+H]+): 282, RT: 6.10 min (gradient 2 to 80 % acetonitrile in 7 min). Starting
from 27 mg of the above aldehyde (0.1 mmole), 15.2 mg of desired
compound 66 were isolated after purification by preparative-LC/MS (method -
A, yield= 28%). Analytical LC/MS method A: ([M+H]+): 427, RT: 2.53 min
10 (gradient 2 to 80 % acetonitrile in 7 min).

- Example 67: 1~(4-Chloro-phenyl)-3-[3-(5-Ox0-2,4,6,7,8,9-hexahydro-
pyrazolo[3,4b]-1,7-naphtyridin-4-yl)-phenyl]-urea; compound with
trifluoro-acetic acid

NN
T L
0o o Cl
-~
HN | Q
N NH
N H HO/U\’<F
F
F
67

15 Preparation of the aldehyde: a mixture of 360 mg of 3-aminobenzaldehyde
(0.3 mmoles) and 460 mg of 4-chloro-phenylisocyanate (0.3 mmoles) in 3 m!
of DMF is heated under microwave irradiation at 110°C for 10 minutes. The
precipitate formed is filtered giving the desired 1-(4-Chioro-phenyl)-3-(3-
formyl-phenyl)-urea. Analytical LC/MS method A: ((M+H]+): 351, RT: 5.30 min

20 (gradient 5 to 85 % acetonitrile in 7 min).



in 7 mn). Starting wwth 34.5 ng of the above al dehyde (0.1 mmvl e) and
using the same procedure as in exanple 2, 19 ng of product 68 were
obt ai ned wptee7/01pA7@par ati ve LG M5 (nmethod A, yi el d= 31%pCTARZIOgD203M LT/ MS
method A: 25 ([MtH +): 506, RT: 2.56 min (gradient 2 to 80 % acetonitrile
in 7 mn). WO 2007/012972 PCT/1B2006/00273; 53 Exanpl e 69:
N- (4- Chl or o- phenyl ) - 4- (5- Oxo- 2, 4, 6, 7, 858- hexahydro- .
pyrazol o[ 3, 4b] -1, 7- napht yri di n-4-yl ) - benzenesul f onam de; conmpound with
trifluoro-acetic acid 0 11 HO0=S-NCd \ 1 0O HNHI NHHOF F N&69 5
Product 69 StadingHADE dny STt AbVE A RE RTY imife) A5RF LLAGAnk Yanfa amp! @

| Tonam de were

: of 4- Chl.or 0- phenyl)-4-for - benzenes .
SrsepjrSgdrr?Pf)?ﬁ ng® Jf QXQWPI%/%U% dﬁg{né&: afdeh $de Wese nabipined after 250  pi
of 4-chl or peeparatiee (LT/MB| (esthdy i) W@m%}g@a{zﬁeﬁkwwgﬁwoﬁ 'I‘Al\) 0

+): . . en % . .
(S'E zl\a/r H nzg f Hom @643%%?28@bgg@@ﬁ%@gﬁ(@a&&ﬁﬂ@ﬁgw I’7aml!i‘)usi ng the
same procedure as in exanple 2 18.8 ng of desired conpound 69 were .
i sol ated aFXa@mplerifi &&i on Wy(50%pe2,446,7:8,9-iexahy dwer-hyrazilofB, 4l 733%) . i
Anal yti cal nhﬂ\mmﬁ-b%-ﬁ;(4(1{rMﬂdirg}|i7egﬁéﬁy-dﬂEnﬁ)—ggnfﬁﬁbélﬂfﬁpdrﬁme;2 to 80 %

Zcho?gt lr\/:elf:ﬁﬁ’;}ilzp‘ﬁ‘ﬂnﬁf Fﬁ'le‘é‘i'Eﬂ%nge@‘F agid anyl )-furan-2-yl]-

2,4,6,7,8,9-hexahydro- pyrazol o[ 3, 4- b] qui nol i n-5-one; conpound with
trifluoro-acetic acid conpound \(/)vi_fs? Htri | uoro-acetic acid HN O O
0
FJFF
F
0
HN
' N NH Ho/uj<£
. F

68

Preparation - ‘of the aldehyde: to a mixture of 610 mg of 4-

10 chlorosulfonylbenzaldehyde (3 mmoles) and 460 mg of 4-
trifluoromethoxyaniline (3 mmoles) in 2 ml of dichloroethane is added 2 ml of
pyridine (25 mmoles). The reaction mixture is stirred at room temperature for
S hours and then poured into 100 ml of 10% HCI solution. The mixture is
extracted twice with 30 ml of DCM. The combined organic extracts are

15 washed with 30 ml of water, 30 ml of a saturated solution of sodium
bicarbonate and brine, and the solution is dried over MgSO, and
concentrated. The crude product is purified on silica gel using DCM/AcOEt
90/10 as eluent. 048 g of 4-formyl-N-(4-trifluoromethoxy-phenyl)-
benzenesulfonamide is isolated as a white solid (yield=47%). Analytical

20 LC/MS method A:([M+H]+): 346, RT: 5.53 min (gradient 5 to 85 % acetonitrile
in 7 min).

Starting with 34.5 mg of the above aldehyde (0.1 mmole) and using the same

‘procedure as in example 2, 19 mg of product 68 were obtained after

preparative LC/MS (method A, yield= 31%). Analytical LC/MS method A:
25 ([M+H]+): 506, RT: 2.56 min (gradient 2 to 80 % acetonitrile in 7 min).



HOF HNN F N H 70 WO 2007/ 012972 PCT/ | B2006/ 002734 54 Preparation of
the al dehyde: to a solution of 0.82 g of 2-nercapto-5-nethyl benzim dazole
(5 nmmol esw0i2007100297 of dry THE is added 200 ng of sodi uRCTHB206/02734
suspensi on (60% suspension in mneral oil) (5 muoles). The reaction

m xture is heated at refl ux terrperaturg for'/ hour. The m xture is then
cooled 5 to roomtenperature and 0. 71g df 5-nitrofural dehyde (5 mmoles) in
5mM of THE is added dropw se. The reaction mxture is stirred for '/2
hour and then poured into 200 m of water The m xture is extracted tw ce

with 75 m ExampieOAc,6%he CNAHCIIGreY| £(510%4-2,£6 7 80HNSGHYdr- br i ne,

gel “using PYENPREAET Q?Pégﬁéfviwﬁarﬁ-ﬂ"%e%#‘éﬁgaﬁ 8RaHae; P'compound’ ' °2

5- ( 5- Met hy withHtriftuotamcetioacizl yI sul f anyl ) - f ur an- 2- car bai dehyde i s isol at ed
as a black glassy solid (yield=83%. Analytical LCMS nethod A: ([ M-H +):
259, RT: 3.64 nin (gradient O to §0,% acetonitrile in 7 min). Starting
with 51.7 ng of the above al dehydeséﬁ 2ol e) and using the same 15
procedure as in exanple 3, 48.5 uct 70 were obtained after
preparative LC/ M5 (nethod A vyiel ; Al ytical LG M5 net hod A

((MtH] +): 418, RT: 2.48 mn (grad 2 to 80 % acetonitrile in 7 mn).
Starting fromthe above al dehyde, 2ol l owimg exanples 71 and 72 were
obt ai ned andusi ng the procedurg FNjed il exgples 2 and 4 20 res
ectivel Exanples Structure MANof [EI Mp LCY MBO" e chted ([MtH ") RT
' ) HO O

5 Product 69 was prepared using the same procedure as described for example

. 68. 450 mg of N-(4-Chloro-phenyl)-4-formyl-benzenesulfonamide were

prepared from 256 mg of 4-chlorosulfonylbenzaldehyde (3 mmoles) and 250

Ml of 4-chloroaniline (3 mmoles) (yield= 51%). Analytical LC/MS method A:
(IM+H]+): 296, RT: 5.20 min (gradient 5 to 85 % acetonitrile in 7 mln)

10 Startlng from 29.6 mg of the above aldehyde (0.1 mmole) and using the
same procedure as in example 2 18.8 mg of desired compound 69 were
isolated after purification by preparative LC/MS (method A, yield= 33%).
Analytical LC/MS method A: ([M+H]+): 456, RT: 2.28 min (gradient 2 to 80 %
acetonitrile in 7 min).

15 Example 70: 4-[5-(5-Methyl-1 H-benzimidazol-2-ylsulfanyl)-furan-2-yl]-
2,4,6,7,8,9-hexahydro-pyrazolo[3,4-bjquinolin-5-one; compound with
trifluoro-acetic acid compound with trifiuoro-acetic acid




"N N NH H 4-15-(5-Methyl-1 H benzimdazol -2- ylsulfanyl)-fura
EI-\Izin i\l-z, 4, 6,7, 8, (9- hexgh dro- razolo 3,4-b -1,7 WD 2007/012972
PCT/ | B200BOQ0®AB297255 napht yri di n-5-one; conpound w th PCEIBOGP@RIHMCeEL | C
acid 72 N 445.55 446 3.39 NJi OO0 HNNN H
7, 7-Dimethyl -4-[5- (5-nmethyl -1 H be nzigy dazol -2-yl's u | fanyl)-furan-2-
yl]1-2,4,6,7, 8,9-hexahydro razolo 3,4-b uinolin-5-one Analytical LG M
conditions: nethod A gradient 2 to 80 % acetonitrile in 7 mn Table 5
Exanpl e 73. 4-[5-(5-Chl oro-benzot hi azol -2-yl sul fanyl)-furan-2-yl]- 5
2, 4, 6, 7, 8, Brapaxationy pbihsy alkdeblydp3totalgajuliorobf 0-82 gnef, 2-ensrpaptads-mdthyl

- - : ' N. H .
(5O o ARARh ol LS L D R S8 A v
mixture is heated at reflux temperature for % hour. The mixture is then cooled
5 to room temperature and 0.71g of S-nitrofuraldehyde (5 mmoles) in 5 mi of
THF is added dropwise. The reaction mixture is stirred for % hour and then
poured into 200 ml of water. The mixture is extracted twice with 75 ml of
EtOAc. The combined organic extracts are washed with brine, dried over
MgSO, and concentrated. The crude product is purified on silica gel using
10 DCM/MeOH 97/3 as eluent. 1.07 g of 5-(5-Methyl-1H-benzimidazol-2-
yisulfanyl)-furan-2-carbaldehyde is isolated as a black glassy solid
(vield=83%). Analytical LC/MS method A: ([M+H]+): 259, RT: 3.64 min
(gradient 0 to 50 % acetonitrile in 7 min).

Starting with 51.7 mg of the above aldehyde (0.2 mmole) and using the same
15 procedure as in example 3, 48.5 mg of product 70 were obtained after

preparative LC/MS (method A, yield= 46%). Analytical LC/MS method A:

((M+H]+): 418, RT: 2.48 min (gradient 2 to 80 % acetonitrile in 7 min).

Starting from the ab“ove'a'ldehyde, the follrowing examples 71 and 72 were
obtained andusing the procedures described in examples 2 and 4
20 respectivel

Examples | Structure MW of | EIMS LC/MS
expected (IM+HT") | RT
compound (min)

71 418.48 419 2.48

4-[5-(5-Methyl-1H-benzimidazol-2-
yisulfanyl)-furan-2-y1}-2,4,6,7,8,9-
hexahydro-pyrazolo[3,4-b]-1,7-




obtained as yellow solid, using the sane procedure as described in exanple
10 70, starting from 402 ng of 5-chl oro-2-nercaptobenzothiazole (2 mmol es)
and 282 myoabo7@pd7er o- 2- f ur al dehyde (2 mmol es) and 80 nBCHIABNAH0ATB4

2007/ 012972 PCT/ 1 B2006/ 00273; 56 (Yield=52% ). Analytical LC M5 nethod A
([MHH +): 296, RT: 3.47 mn (gradient_30 to 90 %acetonitrile in 7 mn).

Starting wwth 50 ng of the above al det‘éfsde (0.17 mmol e) and using the sane
procedure_as exanple 3, 2.6 ng of product 73 were obtained after 5

preparatiye L VS | wisHtgridia%-ondnebiripoedll wigh'yS method Al ([MFHI[F): 458,
RT: 3.97 ‘SﬂgtOS oacﬁp'gnltr?dﬁhlnYmn). Startingfromrthe
above al df t 75 were obtained using the

procedurep described in exanples 2 and 4 respéctively 10 Exanpl es
Structure| KR of EIM LC MS ex%kct-d ([MH ") Hﬁ55§pﬁpouiQ4gin 7h339KS |~ N
455.95 456 3.81 Q- C F FsHQ N N N NH

4-[5- (5- Cnl or o- benizot hi a - 2- Ny fanyl) - fLran 2-yl] - ;,4,6,7, 8, 9-
hexahydr ot pyrazol of 3, 4- napht yri di n- 5- gne; conpoumg W th
trifluorofacetic acid 75 3.01 484 4.86 4 \\Ni CO¢CI HNNN H

7,7-Dimethyl-4-[5-(5-methyl-1H-
benzimidazol-2-ylsulfanyl)-furan-2-
yl]-2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-b]Jquinolin-5-one

Analytical LC/MS conditions: method A, gradient 2 to 80 % acetonitrile in 7
min

Table 5

Examplé 73 4-f5;(5-Chloro-benzothiazol-2-ylsuIfanyl)-furan-2-yl]-
5 2,4,6,7,8,9-hexahydro-pyrazolo[3,4-b]quinolin-5-one: compound with

trifluoro-acetic acid
N ci
s—
S

5-(5-ChIoro-benzothiazoI-2-y!su|fany|)-furan-2-carbaldehyde (304 mg) was
obtained as yellow solid, using the same procedure as described in example
10 70, starting from 402 mg of 5-chloro-2-mercaptobenzothiazole (2 mmoles)
and 282 mg of 5-nitro-2-furaldehyde (2 mmoles) and 80 mg of NaH



4- 5- 5-Chl oro-benzot hiazol -2 WO 2007/ 012972 PCT/ |1 B2006/00273; 57 yls ulfa
nyl)-furan-2-yl]-7,7-d inmethyl- 2,4,6,7,8, 9-hexahydro razolo 3,4-b

ui nol i n- SWorreo7/A29ti cal LC/ M5 conditions: gradient 2 t®CE0B2ee@UBNitrile
in 7 mn Table 6 Exanple 76: 4-[5-(5-D fl uoromet hoxy-1

H benzi m dazol -2-yl sul fanyl)- fu ra n-2-yl]-2,4, 6, 7,8, 9-hexa by d ro-py
razo to [3, 4-bJgq ui n of i n-5-one; §6corrpound with trifluoro-acetic acid
N For.s N FHOHF 76 HNF N NH 5-(5-D fluoromethoxy-1

H- benzi mi deyigld=g2vh)yuldrticht 1@/MS nsmblahd ﬁiﬁ]+7)( “Hog, "R sy Rlpl ned
t he- . d b : 0, start f 1.08

of 5-di 1 ulBRIEMkADJO IO ?%é&@%@%magrzﬁ‘?ﬁem moles ), 0.71 9 of 5
nitro-2-fural dehyde (5 mml es) and 200 ng of NaH (Yield=27% . Analytical
LC g/B _rre; h8tarfing Wittt50 t)g o8l abdve didehyie (O.Ggfmdiow)targi t21§in§Qf(e ;séﬁtegni trile
in mn). 0 abov e . ; nd usin
t he sane Bﬁ)c?gytéga%mségi@%rg’ 3](2613%99%&&839%@? %é'iﬁer%b%?gi ﬁg laft erg
prepar at i verepesalig Ms/MSetvticld= A%} i AnalytigloL.C/MEmathad A Q[MWBHIOt K58, A:

MtH] +) : M Al i ; 9 tonitrile in 7 m .
Searpl o 770 i RepHis 2 YA oSy W ELD) F i o 2-v1 .

2,4,6,7,8,9-hexahydr o- pyrazol of 3, 4-b] qui nol i n-5-one; conpound w th
trifluoro-acetic acid WD 2007/012972 PCT/ 1 B2006/ 00273;

Starting from the above aldehyde, the following examples 74 and 75 were
obtained using the procedures described in examples 2 and 4 respectively:

10
Examples | Structure MW of | EIMS LC/MS
expected (IM+HT") | RT
compound (min)
74 455,95 456 3.81
4-[5-(5-Chloro-benzothiazol-2-
ylsulfanyl)-furan-2-yl}-2,4,6,7,8,9-
hexahydro-pyrazolo[3,4-b}-1,7-
naphtyridin-5-one; compound with
trifluoro-acetic acid
75 483.01 484 4.86

4-[5-(5-Chloro-benzothiazol-2-




58 H N- 00 ONOOO HNNNHOF F HF 77

5- (5- Met hoxy- 1H benzi mi dazol - 2-yl oxy) - f ur an- 2- car bal dehyde (15 ng) was

obt ai ned Weizng/mb®2same procedure as described in exanplP€TAB0060&734 ng from
0.82 g of 5-nethoxy-2-benzin dazolinone (5 mmles), 0.71 g of 5-nitro-2 5
fural dehyde (5 mml es) and 200 ng of NaH (Yield=l.2%. Analytical LC/ M
method A: ([M+H +): 259, RT: 2.53 min {Gradient 5 to 85% acetonitrile in 7
mn). Starting with 15 ng of the above al dehyde (0.06 nnole) and using the

same procedure aswgggpfgﬂ@ %‘fa@zilﬁgﬂjl ifﬁylpr oduct 77 re obtaj ned afjter

10 preparative LC Anal ytical LG M5 nethod A:
([ M+H +): | 418, RT: Ej?%)tﬁr@nt 10 to 95 % acetonifrile in|7 mn).

Exanpl e 78: 4-[5- ({pyrakbie|3,4-biyiiAbknedne2- Yl syl fanyl) -furan-2-yl |-
2,4,6,7,8,9-hexahydro-pyrazol o] 3, 4- b] qui nol T n- 5- one; —conmpournd—w t

N HF F 15 78
trifluoro- ARSIEaAS S cobbitisnd: gradnenp 2% 8o M cetdiiild in Pmin

Table 6

Example 76: 4-[5-(5-Difluoromethoxy-1H-benzimidazol-2-ylsulfanyl)-
furan-2-yl]-2,4,6,7,8,9-hexahydro-pyrazolo[3,4-b]quinolin-5-one;
5 compound with trifluoro-acetic acid

N
0 58
F H o

76

5-(5-Difluoromethoxy-1H-benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde

(417 mg)-was obtained using the same procedure as described in example

70, starting from 1.08 g of 5-difluoromethoxy-2-mercaptobenzimidazole (5
10 mmoles ), 0.71 g of 5- nitro-2-furaldehyde (5 mmoles) and 200 mg of NaH

(Yield=27%). Analytical LC/MS method A: ((M+H]+): 311, RT: 4.0 min

(gradient 0 to 50% acetonitrile in 7 min).

Starting with 63 mg of the above aldehyde (0.2 mmole) and using the same
procedure as example 3, 10 mg of product 76 were obtained after preparative

15 LC/MS (method A, yield= 9%). Analytial LC/MS method A: ([M+H]+): 470, RT:
3.15 min (gradient 5 to 85 % acetonitrile in 7 min).

Example 77: 4-[5-(6-Methoxy-1H-benzimidazol-2-yloxy)-furan-2-ylJ-
2,4,6,7,8,9-hexahydro-pyrazolo[3,4-b]quinolin-5-one; compound with
trifluoro-acetic acid



5- (4- Met hyl - 1Hi m dazol - 2-yl sul fanyl ) -furan-2-carbal dehyde (1.84 g) was

obt ai ned using the sane procedure as described in exanple 70, starting from
1 g of 4-wothylo1297R+ 2- ner capt oi m dazol e (8. 75 nmol es ), PCTAB20§6/6d27%+ ni t r 0- 2
WO 2007/ 012972 PCT/ 1 B2006/ 00273; 59 fural dehyde (8.75 mml es) and 350 ng
of NaH (Yiel d=100% . Analytical LC MsS nethod A: ([M+H +): 209, RT: 0.53
mn (gradient 0 to 50% acetonitrile i¥7 mn). Starting with 41.7 ng of

t he above al dehyde (0.2 mmle) and using the sane 5 procedure as exanple
3, 56 ng of product 78 were obtained after preparative LC M5 (nethod A

yi el d= 58% . Analytical LC M5 nethod A H([MrH]é): 368, RT: 2.15 min
(gradient 2 to 80 %acetonitrile ing npl e 79:

4- [5 (5- Met hoxy- 1H benzi m dazol - -furan-2-yl]-

2,4,6, 7,8, 9-hexahydr o- pyrazol o[ 3,/4-b] qui nolT n-5-one; conpound with 10
trifluoro-acetic acid NO O O Oy HOF NNFF H79

5- (5- Met hoxy- 1H benzi m dazol - 2- yl sul f dnyl ) - f gr an- 2- car bal dehyde (1.8 g) was
obt ai ned usi ng the sane procgg ; ycribpd in exanple 70, starting from
1.8 g of 5-nethoxy-2-nercapt ] m.Ag Iﬂorg&ﬁgmles ), 1.41 g of 5-nitro
15 2-fural dehyde (10 mmol es) and 4@0 ng of NaH: Fi el d=66% . Anal yti cal

L MS nethod A ([MrH +): 274, RT: 4.13 mn (gradient 0 to 50% acetonitrile
in 7 mn). Starting with 54.9 ng of the above al dehyde (0.2 nmole) and
using the same procedure as exan@WVe 3, 45.1ng of product 79 were obtai ned
after 20 preparative LG M5 (nethod A yield= 41% . Anlaytical LC/ M5 nethod

. o)
Starting 1 oiedosELBaidn e S dbaidtrdparondefide "6 mel siRere
obt ai ned quWQm@SIpQdb@@umpr@eedunelmidescrfbeaimpleesanﬂolaﬂ@ étarmg)ﬁrom vel y:
0.82 g of 5-methoxy-2-benzimidazolinone (5 mmoles), 0.71 g of 5-nitro-2-
5 furaldehyde (5 mmoles) and 200 mg of NaH (Yield=1.2%). Analytical LC/MS
method A: ([M+H]+): 259, RT: 2.53 min (gradient 5 to 85% acetonitrile in 7
min).

Starting with 15 mg of the above aldehyde (0.06 mmole) and using the same

procedure as example 3, 2.5 mg of the product 77 were obtained after
10 preparative LC/MS (method A, yield= 8%). Analytical LC/MS method A:

(IM+H]+): 418, RT: 1.03 min (gradient 10 to 95 % acetonitrile in 7 min).

Example 78: 4-[5-(4-methyl-1H-imidazol-2-ylsulfanyl)-furan-2-yl]-
2,4,6,7,8,9-hexahydro-pyrazolo[3,4-b]quinolin-5-one; compound with
trifluoro-acetic acid

15 78

9-(4-Methyl-1H-imidazol-2-ylsulfanyl)-furan-2-carbaldehyde (1.84 g) was
obtained using the same procedure as described in example 70, starting from
1 g of 4-methyl-1H-2-mercaptoimidazole (8.75 mmoles ), 1.23 g of 5-nitro-2-



Exanpl es Structure MVWof EIMS LG/ M5 WO 2007/012972 PCT/ |1 B2006/ 00273; 60
expected ([MrH +) RT conpound mn 80 H 434.48 435 2.34 N FOOFF O
Ho O HNWONBDM1M72H 4-[ 5- (5- Met hoxy-1 H benzi m dazol PCT/IB2006/002734
2-ylsul fanyl)-furan-2-yl]-2,4,6,7,8, 9- hexahydr 0-pyrazol o[ 3,4-b]-1,7-
naphtyridin-5-one; conmpound with trifluoro-acetic acid 81 N 461.55 462
3.26 5--<NNI 0O oo HNNN H 4-[5-(@9I\/Ethoxy-1 H benzi m dazol - 2-y |su
| fanyl)-fu ra n-2-yl]-7, 7 dimeth yl-2, 4, 6, 7, 8, 9-hexa hyd ro- razolo

3. 4-D Ul NOKirBfet9ag (NP8 fhirioils) L4Ad/ 3RO L ANEH (LR 0bv) 9Ttk 2 Lo 80
s et ot e e

in 7 min).

Starting with 41.7 mg of the above aldehyde (0.2 mmole) and using the same

5 procedure as example 3, 56 mg of product 78 were obtained after preparative
LC/MS (method A, yield= 58%). Analytical LC/MS method A: ([M+H]+): 368,
RT: 2.15 min (gradient 2 to 80 % acetonitrile in 7 min).

Example 79: 4-[5-(5-Methoxy-1H-benzimidazol-2-ylsulfanyl)-furan-2-yl}-
2,4,6,7,8,9-hexahydro-pyrazolo[3,4-b]quinolin-5-one; compound with
10 trifluoro-acetic acid

H

o~ 2L,

5-(5-Methoxy-1H-benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde (1.8 g) was
obtained using the same procedure as described in example 70, starting from
1.8 g of 5-methoxy-2-mercaptobenzimidazole (10 mmoles ), 1.41 g of 5-nitro-

15  2-furaldehyde (10 mmoles) and 400 mg of NaH (Yield=66%). Analytical
LC/MS method A: ([M+H]+): 274, RT: 4.13 min (gradient 0 to 50% acetonitrile
in 7 min).

Starting with 54.9 mg of the above aldehyde (0.2 mmole) and using the same

procedure as example 3, 45.1mg of product 79 were obtained after
20 preparative LC/MS (method A, yield= 41%). Anlaytical LC/MS method A:

(IM+H]+): 434, RT: 2.93 min (gradient 2 to 80 % acetonitrile in 7 min).

Starting from the above aldehyde, the following examples 80 and 81 were
obtained using the procedures described in examples 2 and 4 respectively:

Examples | Structure MW of | EIMS LC/MS




5 2,4,6,7, 8, 9- hex; hydro- pyrazol o[ 3, 4- b] qui nol i n-5-one; conpound wth

trifluoro-acetic acid WD 2007/012972 PCT/1B2006/00273; 61 N s .. NF HN
FI-/OH NWO20@101249282 5- (1- Methyl -1 PCT/IB2006/002734
H benzi m dazol - 2-yl sul fanyl ) - f ur an- 2- car bal dehyde (1.52 g) was obtai ned
usi ng the sane procedure as described in exanple 70, starting from 0.82 g
of 2-mercapto-I|-met hyl benzi m dazole (50moles ), 0.71 g of 5- nitro-2 5
fural dehyde (5 mmol es) and 200 ng of NaH (Yiel d=85% . Analytical LC M5
met hod A: | ([ MtH +)} 259, RT: 1.64 mn (gradien 0 8577 i e 1jn 7
mn). Starting with 51.7 ng of the above al deﬁ%ééeé%dz nTLW"}'%ngkusi ng the
sane progedure as|exanple 3, 53.3 ng of producomPundr e |obt ai negd(miajt gr
10 preparative LC M (nethod A, vyield= 509%. P\nal ytical LG Ms nefhod A
([MrH +): | 468, RT:|12.74 min (grpdient 2 to 80(Yxa onitrigg in [ @4n).
Starting fromthe gbove al dg ey the fol |l owi ng exanpl es g and Bgl' wer g
obt ai ned ESi ng thej proce es jes bed in-exanples 2 and 4 respgctiveljy:
15 Exanpl €s Structure ofo El M5 LT/ M3 cted ([ M+H +) RT cofrpound |ni n)
WO 2007/ 0112972 PCTJ | B2006100273; 62 83 N418]12 419 2.19 O N F| FF HO|O
HN HO” SO

HN NH

N
H

4-[5-(5-Methoxy-1H-benzimidazol-

2-ylsulfanyl)-furan-2-yl]-2,4,6,7,8,9-

hexahydro-pyrazolo[3,4-b]-1,7-

naphtyridin-5-one; compound with

trifluoro-acetic acid

81 461.55 462 3.26
0O
I

4-[5-(5-Methoxy-1H-benzimidazol-

2-ylsulfanyl)-furan-2-yl}-7,7-

dimethyl-2,4,6,7,8,9-hexahydro-

pyrazolo[3,4-blauinolin-5-one

Analytical LC/MS conditions: method A, gradient 2 to 80 % acetonitrile in 7

min.

Example

Table 7

82:

trifluoro-acetic acid

4-[5-(1-Methyl-1 H-benzimidazol-2-ylsulfanyl)-furan-2-yl]-

2,4,6,7,8,9-hexahydro-pyrazolo[3,4-blquinolin-5-one; compound with



'NN NH H 4-[5-(1-Methyl -1 H benzi mi dazol - 2-

-furan-2-yl]-2,4,6,7, 8, 9- hexahydro-pyrazolo[3,4-b]-1, 7-
ARG AV . trifluoro-acetic aci dP84/IBR0EB2IH 446

ht yri cwe-2807012972conpound wi t h 4/1B
583 " HN k NH 7, r7TPDi met hyl -4-[5-(1-methyl -1 H - benzimidazol - 2-yl su

3.63 Si

| fanyl)-furan-2- yl 1-2, 4, 6, 7, 8, _9-hexahyd ro razolo 3,4-b

ui nolin-5-one Analytical LC M conditidns: nethod A gradient 2 to 80 %

acetonitrile in 7 mn Table 8 Exanple 85:
4-[5- (5, 6-Di chl oro- 1H benzi m dazol - 2-yl sul fanyl )-furan-2-yl]- 5
2,4,6,7,8, 9-hexahydr o- pyrazol o[ 3, 4- b] gui nol i n-5-o0ne; conpound wth

trifluoro-acetic acid WO 2007/012972 P
CC 0OO0OOHOF HNFF NNHS85 S~
5- (5, 6-Di chl oro-| H benzi m dazol - =

10

15

F
F
Fj\”/OH

o)

82

5-(1-Methyl-1 H-benzimidazol—2-ylsulfanyl)-furan-2-carbaldehyde (1.52 g) was
obtained using the same procedure as described in example 70, starting from
0.82 g of 2-mercapto-1-methylbenzimidazole (5 mmoles ), 0.71 g of 5- nitro-2-
furaldehyde (5 mmoles) and 200 mg of NaH (Yield=85%). Analytical LC/MS

method A: ([M+H]+): 259, RT: 1.64 min (gradient 2 to 85% acetonitrile- in 7
min).

Starting with 51.7 mg of the above aldehyde (0.2 mmole) and using the same
procedure as example 3, 53.3 mg of product 82 were obtained after
preparative LC/MS (method A, yield= 50%). Analytical LC/MS method A:
(IM+H]+): 418, RT: 2.74 min (gradient 2 to 80 % acetonitrile in 7 min).

Starting from the above aldehyde, the following examples 83 and 84 were
obtained using the procedures described in examples 2 and 4 respectively:

06/00273; 63 NC 8 -<\

Examples | Structure MW of | EIMS LC/MS

expected (IM+HT") [RT

compound (min)

N

| sulManyT) - f ur an- 2- car bal dehyde (1.24 g
0



was obt ai ned using the sanme procedure as described in exanple 70,
from2.2 g of 5,6-dichloro-2-nercaptobenzi mdazole (10 moles ),
5 5-nitrove-2bamvekdehyde (10 mmol es) and 400 ng of NaH ( PC&IB2000992734

Anal yti cal

acetonitrile in 7 mn).

LG M5 nethod A ([ MeH] +) :

starting
1.41 g of

313, RT: 4.64 min (gradient 0 to 50%
Starting with 62.6 ng of the above al dehyde (0.2

mmol e) and using the sane procedure a82exanple 3, 26 ng of product 85 were

obtained after preparative 10 LG M5 (nmethod A vyield= 19%. Analytical
LC/ M5 nethod A ([MrH +): 472, RT4.13 nin (grfadient 2 tqd 80 % agetonitjrile
in 7 mn),|gghe fol[ow ng exanplies were obtai nedy i'ﬁng t he %@re p gc;@gure:
Starting fromthe pbove al dehyde e follow ng exanpl es |86 and 87 Wer &
obt ai ned y¢isi ng thej procedur pbed in exanples 2 and 4 respectiveljy:
Exanpl es $tructure{ MV of /[ENVS ING W& expegt q__ ( MtH] +) RT corrpou;d 86 N\
Cl 472.03{473 3.46| 0 O &I FFHOO WNH N H
4-[5-(5, 64D chl oro{ 1 i m dazol - 2- _Asullfan | )-furém WO 2007/ 012972
PCT/|5200&/00273; 64 , 6, 7,8,H9-h&ahyd ro-
pyrazol o[ 8, 4- b] - 1, fPNapHt v - one; conpound with trilfl uoro-acetic
acid 87 Njd 499.0p6 5 N - N~ 0d
4-[5-(1-Methyl-1H-benzimidazol-2-
ylsulfanyl)-furan-2-yl}-2,4,6,7,8,9-
hexahydro-pyrazolo[3,4-b]-1,7-
naphtyridin-5-one; compound with
trifluoro-acetic acid
84 V }\1 “ 445.16 446 3.63
e
N
O
HN:
N
H
7,7-Dimethyl-4-[5-(1-methyl-1H-
benzimidazol-2-ylsulfanyl)-furan-2-
yll-2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-blquinolin-5-one
Analytical L.C/MS conditions: method A, gradient 2 to 80 % acetonitrile in 7
min
Table 8
Example 85: 4-[5-(5,6-Dichloro-1H-benzimidazol-2-ylsulfanyl)-furan-2-yl}-
5 2,4,6,7,8,9-hexahydro-pyrazolo[3,4-b]quinoIin-5-one;

trifluoro-acetic acid

compound with



OHN~ NN H 4-[5-(5,6-Dichloro-1 H benzoi m dazol - 2-yl sul fanyt) - fur an-
2-yl]-7,7-dinmethyl -2, 4,6, 7,8, 9- hexahydro-pyrazol o[ 3, 4- b] qui noli n- 5-one
Anal yt i cavoR@mB2oendi ti ons: Method A, gradient 2 to 80PETABZOGMI2034 le in 7
mn Table 9 Exanpl e 88:

4-[5-(5-Chl oro- benzoxazol - 2-yl sul fanyl )-furan-2-yl]- 5

2,4,6,7,8, 9- hexahydr o- pyrazol o[ 3, 4-b] qlﬁ3nol I n-5-one; conpound with
trifluoro-acetic acid 0- s NC 0O HOFHNFF NNS838 00 H

5- (5- Chl or o- benzoxazol - 2-yl sul fanyl) - f uran- 2- car bal dehyde (0.58 g) was

obt ai ned using the same procedure as Hde Lgéd in exanple 70, starting from
10 1.03 g of 5-chl oro-2- mercaptobgru@x e (5.5 nmmoles ), 0.78 g of
5-nitro-2 fural dehyde (5.5 nmo ) 5 of NaH (Yiel d=37%.

Anal ytical LC MsS WO 2007/ 01297, / | B2006/ 002734 65 nethod A ([ MtH] +):
280, RT: 4.67 mn (gradient O t 90 acetonitrile in 7 mn). Starting with

55.9 ng of the above al dehyde (Q. | e) and | Fhe sane procedure as
exanple 3, 10.2 ng of progMl T=188 ] obt ai ned af t il F
' N
H
85

5-(5,6-Dichloro-1H-benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde (1.24 g )
was obtained using the same procedure as described in example 70, starting
from 2.2 g of 5,6-dichloro-2-mercaptobenzimidazole (10 mmoles ), 1.41 g of

5 5-nitro-2-furaldehyde (10 mmoles) and 400 mg of NaH (Yield=40%).
Analytical LC/MS method A: ([M+H]+): 313, RT: 4.64 min (gradient 0 to 50%
acetonitrile in 7 min).

Starting with 62.6 mg of the above aldehyde (0.2 mmole) and using the same
procedure as example 3, 26 mg of product 85 were obtained after preparative

10 LC/MS (method A, yield= 19%). Analytical LC/MS method A: ([M+H]+) 472,
RT4.13 min (gradient 2 to 80 % acetonitrile in 7 min). - ]

The following examples were obtained using the same procedure;

Starting from the above aldehyde, the following examples 86 and 87 were
obtained using the procedures described in examples 2 and 4 respectively.

Examples | Structure Mw of | EIMS LC/MS
expected ((M+H]) | RT
compound (min)

86 472.03 473 3.46

4-[5-(5,6-Dichloro-1H-
benzoimidazol-2-ylsulfanyl)-furan-




5 preparative LC/MS (yield= 9% . Analytical LG M5 nethod A ([MtH +): 4
RT: 4.25 mn (gradient 2 to 80 % acetonitrile in 7 mn). Exanple 89:

9- [ 5- ( 5- Hyore6y114R2benzoi m dazol - 2- yl sul fanyl ) - f ur an- 2- PCTAB2006/002734

8- o0x0-4, 5, 6, 7, 8, 9- hexahydr o- 2H pyrrol o[ 3, 4- b] qui nol i ne- 3-carboxylic acid
10 ethyl ester S. N° '\ OH \ OH OHN~ N OH O Ntroanlllne

i nternedi ate preparation: 4-am no-3-ni 54ophenol (2 g, 13 mol) is treat
with tert-_15 butyldinethylchlorosilane (2.94 g, 19.5 nmol) in

di chl or omgt hane (2)2_r§j|])2 |4r5 7t8t‘§hg;(§ﬁ,ﬁﬂ5e of trjiethylamng (2.7 ni, 19.

mol ) for

16 hours erat'ure. The rfeaction m Xture is}washed

39,

ed

with water, dried JW@ZF&M b]gﬁa -nephbERiN-at ed under redyced presgsure tjo

yield 1.91g of 5-({ené- ormpbund iwiet fifllio®-aestyl [0XY) - 2- ni trlo-ani | i ne as
orange poywder. Yie g 50 20 Anal ytical LG M |(nmethod B):f retention

ti me=5. 09 HA——HZ . -phenyl enedi-am ne|
i nternmedi ate prepaf atl on A soll_lljtl on of

5- (tent - byByl - di met hyl - si | anyl gxy) - -nhtro-anifl49%061. 9 ¢,50D 08 |2X9mD
in nmethangl (40 m) is intr hydr ogegnati on vesgel with}|10%
pal | adi um{on carboh cataj¥3t (B226=9). The reaction m xtjure i s heated
80C for 3|hours unfler anYyydr ogen atm%phere (lP=1 bar). The reaction

m xture i$ then filtered ®elite(c) and concentrated urjder redyced
pressure. |WD 2007/ 0129% 32006/ 002734 66 The residde is dissol ved
10 m of ¢thyl acet &Ne ered through a silica gell plug (40 nl)

is washed
concent raﬂ

di et hyl -

purificati

with 600| m Nof "M Peetate. The orfganic filtlrates afe
ed under | vacuuntlto yield 2.55 g of 4-(tent-butl-
i I anyl oxy) - ort ho- phenyl enedi am ne usjed wi t hout |further

on 4-[5-(5,6-Dichloro-1H-
benzoimidazol-2-ylsulfanyl)-furan-
2-yl]-7,7-dimethyl-2,4,6,7,8,9-
hexahydro-pyrazolo[3,4-b]quinolin-

n

)
At

in
I hat

5-one

10

Analytical LC/MS conditions: Method A, gradient 2 to 80 % acetonitrile in 7

Table 9

Example 88: 4-[5-(5-Chloro-benzoxazol-2-ylsulfanyl)-furan-2-yl}-
2,4,6,7,8,9-hexahydro-pyrazolo[3,4-b]quinolin-5-one; compound with

trifluoro-acetic acid
0
S
N cl

5-(5-Chloro-benzoxazol-2-ylsulfanyl)-furan-2-carbaldehyde (0.58 g) was
obtained using the same procedure as described in example 70, starting from
1.03 g of 5-chloro-2-mercaptobenzoxazole (5.5 mmoles ), 0.78 g of 5-nitro-2-
furaldehyde (5.5 mmoles) and 223 mg of NaH (Yield=37%). Analytical LC/MS



5inthe followng step. Analytical LCM (nethod B): retention time=3.12
mn., mz=239.15 (positive ion node). 2-Mercaptobenzi m dazol e internedi ate
pr epar at iWW0:20071012972 Thi ocar bonyl di i m dazol e (1.87 g, 10. BCEABP6/H&R73Mdded by
portions to a 10 solution of

4- (tent-butyl -di met hyl - si | anyl oxy) - ort ho- phenyl enedi am ne (2.5 g, 10.5
mmol) in 25 m of tetrahydrofuran and $he mixture is stirred at room
tenperature for 16 hours. The reaction m xture is then concentrated under
reduced pr A-dras ion 0) ] ; i th
wat er (ZXﬁ%géﬁp)"%mrhgh??gaar?i’ ?gh%igz rﬁfsn ﬁgé%lég???&%@éfﬁ%&@ﬂ@? l|1\Il,,'t ered
and 15 conBUAkrated. The residue is triturated in dii sopropyl et her and
pentane and dried under vacuumto yield 2.07 g of

i— rr:sr capt FSSartihngiﬂbﬁﬁ.ﬁl mgiofithd pbove ialduhytiexy 2> dngrméam@tﬁingﬂn étrieggmedﬂo%

nal ytica . ol efent .0 i e=4. n, = : ositive
i on node). plz'cg e%ﬁ Béﬂg%g&?a r{Fé'P mgdi L‘?g b}ggp(gr gﬁ?%“# igﬂs\qﬁ[ﬁ iOé%a'B'Fd aﬁé'p

2- mer capt opEparative ﬁ@v’MS (vieldet99p). - Analyticdl &,G/MDb erethod daAfVieH]®): d39g, 7. 38
mol ) in tefr i ozl hée to a m xture of sodium
hydri de (65}2 3%@?@5%’%85#%%@ é)l &cﬁ?ﬁ?ﬁgﬁe %g%m?ll 8 mmol ) and
tetrahydrofuran (5 m) at 0OC. The mxture is stirred at roomtenperature
for 3 hour Examplel 89:i O 5e(5-Hydidxyeq A-lkndaimidalsdly2iglulfaigl)eturdn3Bylol ) in
t et rahydr of,ur an (qlg&%b is thecﬁ' gﬂged dr&r;wi se over a_15 mnute period and
the m xt ur 89%04%, thexaty digrei-pyrrolpbuhblauinalinesd-carhaxwic acisd ni ) i s
then aggledefiyfl ddtgr r€action mxture is concentrated under reduced
pressure. The residue is dissolved in a mninal volune of ethyl acetate
and is filtered through a silica gel plug (20 m) that is 30 eluted with
500 m of ethyl acetate. The organic filtrgtes are concentrated under
reduced pressure and are purified on a siyl cggal-0dH um (120 g) eluted
with a mxture of cycl ohexane and ethy{ agg 2 (7/3, viv) toyield 1.4 g
of 5 WD 2007/012972 PCT/ |1 B2006/ 00278
[5-(tert-butyl-di nmet hyl -si|l anyl oxy) -
car bal dehyde as a brown oil. Yields alytical LG M5 (nmethod B):
retention tinme=4.62 mn., nlz=3"My. tive ion node). 5
tert-Butvldinmethylsilyl protected i nNErnedi ate preparation: A m xture of
3- ami no- 2- et hoxycar bonyl - pyrro0e 0. #12 g, 2.67 mml), 5-[5-

(tert-butyl -dinethyl-silanyl oxy)-? H benzi m dazol -2-yl sul fanyl } -f ur an- 2-

Nitroaniline intermediate preparation:

4-amino-3-nitrophenol (2 g, 13 mmol) is {reated with fert-
15  butyldimethylchlorosilane (2.94 g, 19.5 mmol) in dichloromethane (20 ml) in

the presence of triethylamine (2.7 ml, 19.5 mmol) for 16 hours at room

temperature. The reaction mixture is washed with water, dried over MgSO,

and concentrated under reduced pressure to yield 1.9 g of 5-(ferf-butyl-

dimethyl-silanyloxy)-2-nitro-aniline as an orange powder. Yield=55%.
20  Analytical LC/MS (method B): retention time=5.09 min., m/z=269.12 (positive
ion mode).

Ortho-phenylenediamine intermediate preparation:

A solution of 5-(tert-butyl-dimethyl-silanyloxy)-2-nitro-aniline (1.9 g, 7.08
25  mmol) in methanol (40 ml) is introduced in a hydrogenation vessel with 10%

palladium on carbon catalyst (0.226 g). The reaction mixture is heated at

80°C for 3 hours under an hydrogen atmosphere (P=1 bar). The reaction

mixture is then filtered on Celite® and concentrated under reduced pressure.



car bal dehyde (1.0 g, 2.67 mml) and 1, 3-cycl ohexanedi one (0.299 g, 2.67
nmml) in 10 M of 1-butanol is heated at reflux tenperature for 4 hours.
The 10 r esiot2o@ovied72t ure i s then concentrated under redu®€d/Ipr08e8W2’®t The
residue is purified on a silica gel colum (50 g) eluted successively with
cycl ohexane/ et hyl acetate (9/1, v/v) and cycl ohexane/ ethyl acetate (7/3,
viv) to yield 376 ng of 66

9-{5-[5-(tert-butyl-di methyl -sil anyl oxy) - 1H benzi m dazol -2- yls u |fa
nyl]-fu raTheze§lId}188$ d)&@owedan B my of ethwabetawydddﬂtéréd mmlugh bddilad- b] g u

R e A R

(positive fitrateodee. cortenbratdd (drkiek I | n )
H-benzi m dgzol - 2-y| StCJ(I)fanyl -furan- Z@me Gorylely|2.85 & o @ttert-buty!

yl }d8 oxo- gimethylsianyloxy)a QrRheﬂ\delﬂﬂﬂlapsl,sedb\]vgh@woiﬁrhher pudicationy| i ¢
205 et : i ith .. .
fot ra- N bulty ek dBp Anaits FORRS (R R Retlohimerg d2dian (5

m) for 5 hizr23%5 (positive impaodélre. The reaction mxture is then

concentrated under reduced pressure and the residue is purified on a
silicagel colum (40 g) eluted with a mxture of dichioromethane and

th | th ted duct
Contanty af cotertdgteberkiidd A6 infdimdehBietibaiaon. [ Ne SXPoctBd Protlet are
acgt onitrifd -(TQQDQWQOHMHUIQHEO@ZO & ), 5‘Itﬂh5 somodpig| addeet by (@fitiohg tard dried
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20 Aldehyde intermediate preparation: A solution of 2-mercapto-5-(tert-butyl-
dimethyl-silanyloxy)-benzimidazole (2.07 g, 7.38 mmol) in tetrahydrofuran (15
mi) is added dropwise to a mixture of sodium hydride (60% dispersion in
mineral oil, 0.472 g, 11.8 mmol) and tetrahydrofuran (5 mt) at 0°C. The
mixture is stirred at room temperature for 3 hours. A solution of 5-nitro-2-
25 furaldehyde (1.04 g, 7.38 mmol) in tetrahydrofuran (10 ml) is then added
dropwise over a 15 minute period and the mixture is stirred for 16 hours at
room temperature. Water (10 ml) is then added and the reaction mixture is
concentrated under reduced pressure. The residue is dissolved in a minimal
volume of ethyl acetate and is filtered through a silica gel plug (20 ml) that is
30 eluted with 500 mi of ethyl acetate. The organic filtrates are concentrated
under reduced pressure and are purified on a silicagel column (120 g) eluted
with a mixture of cyclohexane and ethyl acetate (7/3, v/v) to yield 1.4 g of 5-



Starting fromthe above al dehyde described in exanple 88,
exanpl es 90 was obtai ned using the procedures described in exanples 4

the foll ow ng

Exanpl es woroeruew2MN of EIMS LC M5 expected ([ MHH ) RPCTABIMOO002A341i N 90
S- ~0 466.09- 467 4.62 CIl OO FIN NN H 4-[5-(5-Ch |oro-benzoxazol -2
yl sul fanyl)-furan-2-yl]-7,7- d inethyl-2,4, 6, 7, 8 9-h exa hyd ro-
3,4-b uinolin-5-one 10 Anal ytical LC MY condl tions: nmethod A gradient 2 to
80 | o acetonitrile in 7 mn TablelO Exanple 91:

7,

Di rret hi,ﬂ (t&d{tﬁﬁylmimﬁhw-lsﬂamylbmj)d‘&i—bbnﬂwdaml%wﬁbbfarﬁm fRan-2-

7-
o et SRR, SR TN 607 e s s A RRedof 60dsa metpd. R
HOE HNC Frdfonlén Binbl=aié2Sin. %mmb@épd@ﬁﬁ/enbﬁ%d@ as in exanple 4

starting with 41.7 ng (0.2
5- (4- Met hyl - 1Hi m dazol - 2-yl sulfanyl) f ur an- 2- car bal dehyde (see

5

10

15

20

25

30

fert-Butyldimethyisilyl protected intermediate preparation:

A mixture of 3-amino-2-ethoxycarbonyl-pyrrole (0.412 g, 2.67 mmol), 5-[5-
(tert-butyl-dimethyl-silanyloxy)-1H-benzimidazol-2-ylsulfanyl]-furan-2-
carbaldehyde (1.0 g, 2.67 mmol) and 1,3-cyclohexanedione (0.299 g, 2.67
mmol) in 10 ml of 1-butanol is heated at reflux temperature for 4 hours. The

reaction mixture is then concentrated under reduced pressure. The residue is
purified on a silica gel column (50 g) eluted successively with
cyclohexane/ethyl acetate (9/1, viv) and cyclohexane/ethyl acetate (7/3, viv)
to yield 376 mg of 9-{5-[5-(tert-butyl-dimethyl-silanyloxy)-1H-benzimidazol-2-

ylsulfanyl}-furan-2-y1}-8-oxo-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-

3-carboxylic acid ethyl ester as an orange solid. Yield=23%. Analytical LC/MS
(method B): retention time=4.68 min., m/z=605.11 (positive ion mode).

9-{5-[5-(tert-Butyl-dimethyl-silanyloxy)-1H-benzimidazol-2-ylsulfanyl}-furan-2-
yI}-8—oxo-4,5,6,7,8,9-hexahydro-2H-pyrroIo[3,4-b]quinoline—3-carboxylic acid
ethyl ester (376 mg, 0.62 mmol) is treated with tetra-N-butylammonium
fluoride (162 mg 0.62 mmol) in tetrahydrofuran (5 ml) for 5 hours at room
temperature. The reaction mixture is then concentrated under reduced
pressure and the residue is purified on a silicagel column (40 g) eluted with a
mixture of dichloromethane and methanol (9/1, v/v). The fractions containing
the expected product are concentrated under reduced pressure and the
residue is washed with acetonitrile (20 ml), pentane (20 ml), diisopropylether
(20 ml) and dried under vacuum to yield 154 mg of 9-[5-(5-hydroxy-1H-
benzoimidazol-z-ylsulfanyl)-furan-2-yl]-8-oxo—4,5,6,7,8,9-hexahydro—2H-
pyrrolo[3,4-b]quinoline-3-carboxylic acid ethyl ester as a light yellow powder.
Yield=50%. Analytical LC/MS (method C): m/z=489 (negative ion mode [M-HT
), m/z=491 (positive ion mode [M+H]").

400 MHz 1H NMR on a BRUKER AVANCE DRX-400 spectrometer, chemical
shifts (5 in ppm) in d6 dimethylsufoxyde (DMSO-d6) solvent referenced at

2.50 ppm at 303K temperature:

razol o
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oo O



5 preparation in exanple 78) and 28 ng of dinmedone (0.2 nmole). 49.4 ng of
desired conpound were isolated after preparative LC M5 (nethod A

yi el d=49%0 28074119972cal LC/ M5 nethod A: ([ MtH] +): 396, RPCTABBB6/MG2134
(gradient 2 to 80 % acetonitrile in 7 mn). Exanple 92:

4-{5-[5-(4-Chl oro-phenyl)-1-nethyl-1Himdazol -2- 10

yl sul fanyl]-furan-2-yl)-2,4,6,7,8, 9-heg hydro-pyrazol o[ 3, 4- b] qui nol i n- 5-
oneH N11 \ 3" O0)-- NHNON/ / C

5-[5-(4-Ch On bhe t iy - l. f -

car bal dehy%ljgs(q'.‘g"gg’lb\kgézscﬂ)ﬁf gﬁ%@“%ﬁﬁgﬂgﬁg@g ’%E%{:g‘gﬁiﬂg) ég'vggscri bed in
15 exanpl e1{§; agiea(d, Urg7foriez 2H)g; &fi3 (s, 1H) ; 5,94 (d, J = 3,5 Hz, 1H) ; 6,63 (d

-(4-chl [)-1- hyl -1 im -2- i al ) : )
o o e Wb 1oy B 878k B g ML B i o RS0 78 52 ©
ml es) . (gdnf’J%ﬁgﬁgpfé%w?“aéw@é!?,éﬂ%ﬁ%&h@ ;g8,4o<({s,'\4*ﬁﬂ:'ﬂe8m RT: 3.91

mn (gradi tetonitrile in n).” Starting wth 64.2 ng of the
above a$ deByase(nt Braadyid)e)1lahds beiady 1H ¢ 12ahtm broaghrddedure as exanple 3,

56 ng of product 92 were obtained after chromatography on silica gel using
DCM MeOH 97/ 3 as eluent (yield= 58% . WO 2007/012972 PCT/|B2006/00273; 70
Anal yti cal The/fivowipgrexanples Mers :

1 plaineprasingine Same PHORCAWEadi ent 2 to 80 %
acetonitrile in 7 min). Starting fromthe above al dehyde, the follow ng
exanpl es 9%ta1gﬂg9ﬁowﬂﬁé aDogbt AtERgHe TeBEribEE ipraeeshle e88, dewc folloadng n

n

les 4 ively: Exapples S . Y3
xpoct od (EHRMPIsS 8 was Akt ysino Tepool b ettebibtl hetbiesd © o v o
0

Examples | Structure MW of [ EIMS LC/MS
expected ((M+HT) | RT
compound “ | (min)

90 466.09. = | 467 | 4.62.

4-[5-(5-Chloro-benzoxazol-2-
yisulfanyl)-furan-2-yl}-7,7-
dimethyl-2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-blquinolin-5-one

10  Analytical LC/MS conditions: method A, gradient 2 to 80 % acetonitrile in 7
min

Table10

Example 91: 7,7-Dimethyl-4-[5-(4-methyl-1 H-imidazol-2-ylsulfanyl)-furan-
2-y1}-2,4,6,7,8,9-hexahydro-pyrazolo[3,4-b]quinolin-5-one; compound
15 with trifluoro-acetic acid



HN ~ NN H 4-{5-[5-(4-Ch |oro-phenyl)-1-nethyl 1

Him dazol - 2-yl sul fanyl ] -furan-2- yl}-7,7-dinmethyl-2,4,6,7,8 9- h exa hyd

ro- pyrazovo 2p@/m292q u i n of i n- 5-one 94 i Cl 478. 10PETABRVGV0278~ N ~ OO

NF~F HOO HN1 NNNH H4-{5-[5-(4-Ch | oro-phenyl)-1-nethyl- 1

Him dazol - 2-yl sul fanyl]-furan-2 1 -2,4,6,7,8,9-hexah dro WO 2007/012972

PCT/ 1 B2006/ 00273; 71 pyrazol o[ 3, 4-b] -9 7- napht yri di n-5- one; compound w th

trifluoro-acetic acid Analytical LC Ms conditions: nethod A gradient 2 to

80 % acetonitrile in 7 mn Table 11 Exanpl e 95:

4-[5-(5-Trifluoronethyl - 1Hbenzi m dazg - 2-yl sul fanyl ) -furan- 5 .

2-yl]-1,4,6,7, 8, 9- hexahydr o- pyrazolsgl<\ ,3-\b] quinolin-5-one H NF OF O 4
N

91

Compound 91 was prepared as in example 4 starting with 41.7 mg (0.2
mmole) of 5-(4-Methyl-1 H-imidazol-2-ylsulfanyl)-furan-2-carbaldehyde (see

5  preparation in example 78) and 28 mg of dimedone (0.2 mmole). 49.4 mg of
desired compound were isolated after preparative LC/MS (method A,
yield=49%). Analytical LC/MS method A: ([M+HJ+): 396, RT: 2.53 min
(gradient 2 to 80 % acetonitrile in 7 min).

Example 92: 4-{5-[5-(4-ChIoro-phenyl)-1 -methyl-1H-imidazol-2-
10 ylsulfanyl]-furan-2-yl}-2,4,6,7,8,9-hexahydro-pyrazolo[3,4-b]quinolin-5-
one
N
[\ | >-s

5-[5-(4-Chloro-phenyl)-1-methyi-1 H-imidazol-2-ylsulfanyl]-furan-2-
carbaldehyde (1.5 g) was obtained using the same procedure as described in
15 example 70, starting from 1 g of 5-(4-chlorophenyl)-1-methyl-1H-imidazol-2-
thiol (4.45 mmoles) , 0.63 g of 5-nitrofuraldehyde (4.45 mmoles) and 178 mg
of sodium hydride (4.45 mmoles). (Yield=100%). Analytical LC/MS method A:
(IM+H]+): 319, RT: 3.91 min (gradient 5 to 85% acetonitrile in 7 min).

Starting with 64.2 mg of the above aldehyde (0.2 mmole) and using the same
20 procedure as example 3, 56 mg of product 92 were obtained after
chromatography on silica gel using DCM/MeOH 97/3 as eluent (yield= 58%).



HH

5-(5-Trifluoronethyl =l H benzi m dazol - 2-yl sul fanyl ) -furan-2-car bal dehyde
(1.4 g) wexoptt2d72aed usi ng the sanme procedure as descr iPpb@dBroge/eoeaspl e 70,
starting from1l g of 2-nercapto-5-trifluoronethyl benzimdazole (4.6

mmol es), 10 0.65 g of 5-nitrofural dehyde (4.6 mmol es) and 180 ng of sodi um
hydride (4.6 mmoles). (Yiel d=99% . AndPytical LC/ M5 nethod A: ([ MtH] +):
313, RT: 4.78 mn (gradient 5 to 85% acetonitrile in 7 mn). Starting with
63 ng of t d i cgdyre as
exanpl e 3, %%WL@MS%gﬁ‘JSgAmgWﬂ ﬂéoﬁﬁqﬁ m?éagﬁ%nég g’g?@;ﬁly on
silica gel &€ qu}g” -97/3 as eluent (yield= 46% . Analytical LC/ M5
method A: ([MtH] +): 472, RT: 3.84 mn (gradient 2 to 80 % acetonitrile in
7 mn). Starting fromthe above al dehyde, the foll ow ng exanples 96 and 97
were 20 obtained using t he procedures described in exanples 4 and 2

respectivel 209 06/ 0 72 Ex s Str ture I\/Wof
EING LC/ NBS%%&? Eﬁg"‘?%@?gn&%%@'ﬂg SEaRn 3%@2 a8, S~N
00 F F SHNOobfaingd uwn eprozequges seseiiecliorexamples 4lard Deemcuvdyzol 2 yI su
| fa nyl)- furan2y|] 7, 7-d i nmethyl- 2,4,6,7,8, 9-hexahydro razolo 3,4-b

ui nol i n-5-one 97 N 472.09 473 3.25 SN OO

Examples | Structure MW of | EIMS LC/MS
expected (IM+H]") | RT
compound (min)

93 505.13 506 3.74

4-{5-[5-(4-Chloro-phenyl)-1-methyl-
1H-imidazol-2-ylsulfanyl]-furan-2-
yl}-7,7-dimethyl-2,4,6,7,8,9-
hexahydro-pyrazolo[3,4-b]quinolin-
5-one '
04 c 478.10 479 2
\ . .87
N
FiF
HO™ O
4-{5-[5-(4-Chloro-phenyl)-1-methyl-
1H-imidazol-2-ylsulfanyl}-furan-2-
yi}-2,4,6,7,8,9-hexahydro-




FF HN_ I FtF .NNH HHO O 4-[5-(5-Chloro-1 H benzoi m dazol -2-ylsu |fa
nyl)- furan-2-yl]-2,4,6,7,8,09- hexahydro- pyrazol o[ 3, 4-b]-1,7-

naphtyri dve-28e7gne972conpound with trifluoro-acetic aci dPEmABING/e®AT34C/ MS
conditions: nethod A gradient 2 to 80 % acetonitrile in 7 mn Table 12
Example 98: 4-[5-(4,5-Dinmethyl-1 Himdazol -2-ylsulfanyl)-furan-2-yl]- 5

2, 4,6, 7,8, 9- hexahydr o- pyrazol o[ 3, 4- b] qéit nol i n- 5- one WD 2007/ 012972
PCT/ 1 B2006/00273: 73 H N OO HNNN H , SaT ey de T2 g Es
5- (4, 5-D et hyl - 1Hi '%-_ U = fgur ap- 2- car 2 0)

ob§ ai ned ysi n)g; t he ?g}rre prg’(f"g%ﬂ’z%agﬁ%‘s%ﬂjbed I n exanpl ¢ 70, stqgrtl ng fr
| g of 4,43-dinethyl *Penep@Reupd with tiflyaswreeticr, 96 mmol es)|, 1. 12 g of 5-|5
ni t rof uraljdehyde (Ta8Rl ol es) and 320 ng of spdium hydr!_de (7. 9@F mol eg)

nnnnn o T e W,

(Yiel d=100% . Analyii1cal CLO VB method A (T WH=)——228——RF—234

[ % nitrile in ' Starting with 44.5 ng of_the
Sbove ai denDRRVIGALAERLR Spnihiatssmelhath &, stint e 8 &l ve agsioBitdoneT 3, 36. 4
mg of produmin 98 were obtained after 10 chromat ogr aphy on silica gel using
DCM MeCH 97/ 3 as eluent (yield= 37%. Analytical LC/ M5 nethod A: ([ MtH] +):
382, RT: 2.31 min (gradient 2 to 80 Fable 11

om

Example 95: 4-[5-(5-Trifluoromethyl-1 H-benzimidazol-2-ylsulfanyl)-furan-
5 2-yl]-1,4,6,7,8,9-hexahydro-pyrazolo[3,4-blquinolin-5-one

H

N
s— F
N F

F
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H §

5-(5-Trifluoromethyl-1H-benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde (1.4
g) was obtained using the same procedure as described in example 70,
starting from 1 g of 2-mercapto-5-trifluoromethylbenzimidazole (4.6 mmoles),

10 0.65 g of 5-nitrofuraldehyde (4.6 mmoles) and 180 mg of sodium hydride (4.6
mmoles). (Yield=99%). Analytical LC/MS method A: ((M+H]+): 313, RT: 4.78
min (gradient 5 to 85% acetonitrile in 7 min).

Starting with 63 mg of the above aldehyde (0.2 mmole) and using the same
procedure as example 3, 43 mg of product 95 were obtained after

15 chromatography on silica gel using DCM/MeOH 97/3 as eluent (vield= 46%).
Analytical LC/MS method A: ([M+H]+): 472, RT: 3.84 min (gradient 2 to 80 %
acetonitrile in 7 min).

Starting from the above aldehyde, the following examples 96 and 97 were
20  obtained using the procedures described in examples 4 and 2 respectively



acetonitrile in 7 mn). Starting fromthe above al dehyde, the foll ow ng
exanpl es 99 and 100 were 15 obtained usin the procedures described in
exanpl es woaney/@z297es ectivel Exanples Structure MV of ECNEBL00/NMB72Xpect ed
([MrH ") RT compound min 99 N 409.51 410 2.69 S- CN OHN, I NN H 4
5--4,5-Dimeth I-1 Himdazol WO 2007/012972 PCT/|1B2006/00273; 74 2-yis u
|fa nyl)-fura n-2-yl]-7, 7- d imethyl72,4,6,7, 8, 9 hexa hyd

ro-pyrazol @[3, 4- b uinolin-5-one 100 N 382.45 383 1.77 - Np FtF HN N N
NHHOp H 4-[5-(4{5-Dinethyl-1 Himdazol - :ﬁ-ylsu [Tanyl)-TuraniZ-yT]-

2,4,6,7,8 hfprady razol o[ 3;4-b] -1, 7- yriding|s08e; ¢ d
Wi th trifll%?o- acatg'ihgcgg?{d RRAY 0 | B1ARS FPERARY

expected ((M+HT) | RT
compound (min)
96 499.52 500 4.22

4-[5-(5-Trifluorométhyl-1H-
benzoimidazol-2-ylsulfany!)-
furan-2-yl}-7,7-dimethyl-
2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-b]quinolin-5-one

97 y 472.09 473 3.95
. N S%Q - |
N F
F

F

4-[5-(5-Chloro-1H-
benzoimidazol-2-ylsulfanyl)-
furan-2-yl}-2,4,6,7,8,9-
hexahydro-pyrazolo[3,4-b]-1,7-
naphtyridin-5-one; compound
with trifluoro-acetic acid

Analytical LC/MS conditions: method A, gradient 2 to 80 % acetonitrile in 7
min

Table 12

Example 98: 4-[5-(4,5-Dimethyl-1H-imidazol-z-ylsulfanyI)-furan-Z-yI]-
5 2,4,6,7,8,9-hexahydro-pyrazolo[3,4-b]quinolin-5-one



Anal yti cal

LC MS conditions:

m n Table 13 Exanple 101:

4- [ 5- ( 5- NEORYOHMARPRENzi m dazol
yl']-1, 4,6, 7,8, 9- hexahydr o- pyrazol o[ 3, 4- b] qui nol i n-5-one H
N 4NN H H Pr eparation of the al dehyde:
2- mer capt o- 5- net hyl -

benzi m dazol e (5 Hml es),

s --<\

a mxture of 0.82 g of
0.6 m of

-2-yl sul fanyl ) -t hi ophen- 2PC$/1B2006/002734

I N s

5- br onp- 2-t hi ophenecar boxal dehyde (5 nmoles) and 1.4 g of potassium

carbonate in 10 nl of DMF is heated at 10 1100 for

cool ed down to roomtenperature, then V\D
poured into 200 mM of water and extrac

acet at e.
MySO4 and

DCM MeCH as
5- ( 5- net hyl

The conbi ned organic extr_
concentrated. The crude pro

eluent to give 0.65 g Of
- 1H benzi m dazol - 2-yl sul f
(Yield= 47% . Analytical LC M5 pgts
(gradient 5 to 85% acetonitrile N
above al dehyde (0.2 nmmole) and usingl
nmg of product 101 vvere obt ai ned after

DCI\/! MeOH 9% éi)SaB

([ MeH] +)

The foll O\th@uwoamh shaveam
fromthe a

usi ng the
5
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15

2 hours.

The m xture is

012972 PCT/ 1 B2006/ 002734 75
ce with 50 m of ethyl

shed with brine,

dri ed over

|s purified on silica gel using

M-H] +) : 275).
Starting with 54.9 ng of the

tical

ebrosdg@ Asdestried if %%niﬁl

E°%efh$e@*§32w$ﬁ@3°$ﬁ¢8%ﬁwﬂé§% e amridlpe

u-thlophene 5 2-carbal dehyde.

RT: 3.42 nmin

P%ﬁ é\ ield= 91% . 10 Anal LC M5 net hod A
imethyl-dH-imidazal-s Wfanyh-futansg-omrbaldebysde t €21 @)1 was i n) .

€ 7o 4t=Rfin

KR

gsfraht' ng
S/ Of 55-

t ai ned

nitrofuraldehyde (7.96 mmoles) and 320 mg of sodium hydride (7.96
mmoles). (Yield=100%). Analytical LC/MS method A: ((M+H]+): 223, RT: 2.34

min (gradient 5 to 85% acetonitrile in 7 min).

Starting with 44.5 mg of the above aldehyde (0.2 mmole) and using the same
procedure as example 3, 36.4 mg of product 98 were obtained after
chromatography on silica gel using DCM/MeOH 97/3 as eluent (yield= 37%).
Analytical LC/MS method A: ([M+H]+) 382 RT: 2.31 min (gradient2t0 80 %
acetonitrile in 7 min).

Starting from the above aldehyde, the following examples 99 and 100 were

obtained using the procedures described in examples 4 and 2 respectively

/

Examples | Structure MW of | EIMS LC/MS
expected (M+H]) | RT
compound (min)

99 409.51 410 2.69

4-[5-(4,5-Dimethyl-1H-imidazol-

met hod A, gradient 2 to 80 % acetonitrile in 7

0

he“same procedure as exanple 3, 78.8
chromat ography on silica gel using



. Exanples Structure. MVof EIMS. . LU M expected ([M-H +) RT conpound
mn 102 N 461.61 462 3.44 \ 5 OHNN, H 7,7-Dinethyl-4-[5-(5-nethyl-1 H
benzoi m iwoas0129R1 s u | fanyl)- thiophen-2-yl]-2,4,6, 7PC$/,1920057M1;W6(1103 \

ro-pyrazol o[ 3,4 b uinolin-5-one WD 2007/ 012972 PCT/ | B2006/ 00273; (
434.10 435 2.5 S O 1FF F HNNNNHHO O H 4-[5-(5-Methyl-1 H benzoi
m dazol -2-yl sul fanyl)- th i op he n-Z-%]-Z, 4, 6,
hexahydro-pyrazaolo[3 4-b]-1,7- naphtyridin-5-one;

7, 8, 9-
conpound with

trifluorojacetic arpgigymahvbifgan-2-Ghlysyconditions: mnet hogl A, gradient 2 to
80 % acetpnitrile niy?t m yeTaﬁl e ﬂ Exanplle 104: 9-[5-(1
H Benzi ni fazol - 2- y| 4§ Q}‘ké‘:?ﬁﬁ Bah- 2-yI]-8-loxo- 5 o .
4,5, 6, 7, 8] 9- hexahyphexstydpy-pyrdzolci34-b] - 1, 7- napht hyri di ng- 3- car bpxyl i c
acid ethy| ester,; PQ]%%W-B%BQ trifluoro-acetic acid

100 382.45 383 1.77

4-[5-(4,5-Dimethyl-1H-imidazol-
2-ylsulfanyl)-furan-2-ylj-
2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-b]-1,7-naphtyridin-
5-one; compound with trifluoro-

acetic acid

‘Analytical LC/MS conditions: method A, gradient 2 to 80 % acetonitrile in 7

min

Table 13

Example 101: 4-[5-(5-Methyl-1H-benzimidazol-2-yIsulfanyl)-thiophen-2-

5 vyli}-1,4,6,7,8,9-hexahydro-pyrazolo[3,4-b]quinolin-5-one
Preparation of the aldehyde: a mixture of 0.82 g of 2-mercapto-5-methyl-
benzimidazole (5 mmoles), 0.6 ml of 5-bromo-2-thiophenecarboxaldehyde (5
mmoles) and 1.4 g of potassium carbonate in 10 ml of DMF is heated at
10 110°C for 2 hours. The mixture is cooled down to room temperature, then




N SS! OH OHNNHOF NHHOOO( F F Conpound 104 was obtai ned using

e sane procedure as exanple 2, starting from42 ng of
wBoc-S,BE’GiZR@V(HMmeri dine (0.2 nmole), 38 ng of 3- 10 PCT/IB2006/002734 o
ani no- 2- et hoxycar bonyl pyrrol e hydrochloride (0.2 nmole), 51 ng of 5-( f
benzi m dazol - 2-yl sul f anyl ) - f ur an- 2- car %Isdehyde (0.2 nmmol e) and 33 pi dOV\D
DIEA (0.2 mmole). After preparative L (method A) 8.5 ng of desi re0
2007/ 012972 PCT/ 1 B2006/ 00273; 77 product 104 were isolated (yield= 7%.

Anal yt i cal poutes! ingo 260 ral of istéd] and exttddied Rlice2w 51 i (WIS to 85 %

acetgnlltrl_g-ﬁ 'd&n?tgﬂétﬁ‘)orgﬁﬁ@'& rEctt W washad W F_Eellqélgrlle (Z)\Cl)éf;%;g% j?fany )-tu

Lag 6, y ]8 gonestraied of e-cpiderprodiat is phied mlsnim@elWI@MMM@@HOth\sletF hKll .

O H i C°”§%‘.?”“‘“°“”g”@ A a?%%%'ﬁéha s EioRhe i o 3,

goHsggr% 69@%93&'&? ngﬁ‘%é 1430} aiv.@aé Mshengtbod AmgMeH]+B@78). of 3-
RT: 3.42 min (gradient 5 to 85% acetonitrile in 7 min).

Starting with 54.9 mg of the above aldehyde (0.2 mmole) and using the same
procedure as example 3, 78.8 mg of product 101 were obtained after
chromatography on silica gel using DCM/MeOH 97/3 as eluent (yield= 91%).

10 Analytical LC/MS method A: ([M+H]+): 434), RT: 3.07 min (gradient 2 to 80 %
acetonitrile in 7 min).

The following examples were obtained using the same procedure:

Starting from the above aldehyde, the following examples 102 and 103 were
obtained using the procedures described in examples 4 and 2 respectively

15
Examples | Structure. .. . e MW - —of |EIMS [LC/MS
expected (IM+H) | RT
compound (min)
102 461.61 462 3.44

7,7-Dimethyl-4-[5-(5-methyl-1H-
benzoimidazol-2-ylsulfanyl)-
thiophen-2-yi)-2,4,6,7,8,9-
hexahydro-pyrazolo[3,4-
blquinolin-5-one




am no- 2- et hoxycar bonyl - pyrrol e hydrochloride (0.2 mmole), 51 ng of 5-(1 H
benzi m dazol - 2-yl sul fanyl ) - furan-2-car bal dehyde (0.2 mmol e) and 33 pi of
Dl EA (0. 2vOorod7en297Af t er preparative LG M5 (nmethod A) 7. PCRgBuoo/e334 ed
product 105 were isolated (yield= 7% . Analytical LC M5 nethod A: ([ MHH] +):
15 475, RT: 3.94 mn (gradient 5 to 85 % acetonitrile in 7 mn).
Al ternative preparation of exanple 10576 Al t er nati vel y exanpl e 105 can be
prepared hy reacting 3-amno-2- 20 ethoxycarbonyl-pyrrole (31.5 g, 204
mml ), 5-(1H benzi fi dazol - 2-yl sul fanyl)- furfn-2-carbal dehyde (50 g, 214

I

mol ) and |},03%- cycl ohexanedi one 22 95 g 204|a88kp in 2. 51]5)f 1{buf ano| at

reflux tenperature|for 3 hOlg actlon mxture is en comcentrat ed
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r 2 ho rs WD R007/ 012972 RCT/ | B2006/ 00273;
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resuspended in 2 |
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ether (0.6 1), pen
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0x0-4,5,6,7, 8, 9- he
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ne._ nd dried under vacuumtd yield 41.5 g pf
ﬂgﬁ(g:%\@r{;{] glnl) furan-2ryl]-8- i
bﬁpmlmmzqiﬁylamltqrwm b] qpi nol i ne- 3-cdrboxyli¢ acid
tH8sifer-2yN-22, @7I8|g4_ht gray powder. Yigl d=43% |Anal ytj cal
retention ti 32 min.{mz=475. 06 (lpositive ion
mode). 400 MHz 1 H|RREERYAS-RY) ﬁdhh@ﬂ'DRk-mo spectrdneter, ¢hemica
shifts (8{in ppm ina;ﬂﬁtyﬁunﬁymylbsuf oeotepourtdMSO- d6) sol vert referegnced af
2.50 m at 303Kt J =7/0 Hz, 3 ; |1, 88 2 ;
2,25 pE)m L”} S 3. \éﬂﬁq&%'acalcl g&m, %l-l) 4286 |L_?1 1L = 7,_((Jm71H)?I—h
5,15 s,I—&n15597dJ 3,5 Hz, 1H);679(dJ 3,5 Hz, 1H) ;
6,82 (d, J @yBCaHLC/m conditieng:, mEtImWAlgradmn’Qﬂ-l)to 807%1&cém1i1rlba|d 72H) ;
8,40 (s, 1Win, 11,4 (s, broad, 1 H ; 12,4 (mbroad, 1 H . Exanple 106:
9-[5-(1H—Benzim'dazo| 2- yIsquanyI) furan-2-yl]-6,6- 20

di et hyl - 8- oxo0-4, 5, 6, 7, 8, 9- hexahydr a- 2H pyrrol o[ 3, 4- b] qui nol i ne- 3-
carboxylic acid ethyl ester Table 14

Example 104:  9-[5-(1H-Benzimidazol-2-ylsulfanyl)-furan-2-yl]-8-oxo-
5 4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]-1,7-naphthyridine-3-carboxylic
acid ethyl ester; compound with trifluoro-acetic acid

s —«:D

Compound 104 was obtained using the same procedure as example 2,
starting from 42 mg of N-Boc-3,5-diketopiperidine (0.2 mmole), 38 mg of 3-
10 amino-2-ethoxycarbonylpyrrole hydrochloride (0.2 mmole), 51 mg of 5-(1H-
benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde (0.2 mmole) and 33 pl of
DIEA (0.2 mmole). After preparative LC/MS (method A) 8.5 mg of desired



N HOO HNN OH O25 430 ng (1.76 mmol) of

5- (1H benzi m dazol - 2-yl sul fanyl ) -furan-2- carbal dehyde are conbined to 197
ng (1.405vomre07)012472di nedone, 335 ng WO 2007/ 012972 PCT/ PBTZOBBOQOR73; 79
(1.76 mmol ) of 3-am no-2-ethoxycarbonyl pyrrol e hydrochl oride, 742 ny
(5.741 mol ) of N, N-diisopropylethylamne in 10 ml ethanol. The stirred
reaction mixture is refluxed overni ght77 Upon cooling to room tenperature,
reaction m xture was half concentrated under reduced pressure and then 5

85,1 o o g ot Bt ol L

washed wit r.and with b an r1.ed on nagnesi um

filtered a Eé@%ﬁbéﬁﬁr@%@r%a@wFceaﬁé’/eacsmgglwa gMi)ng crude product. The
resulting oily residue is dissolved in 10 m of dichloronmethane and
purified by chromatography on a prepacked 120 g 15-40 pmsilica gel
cartridge (eluting 10 solvent: cycl ohexane /ethyl acetate from 100/0 to

70/ 30 v/v; ) /'m i 1 [ ! Q t.0. 50/ /vy in 10 mn,
and then f rE é(%]hﬁﬂ? 5001%3740/%55 '\(/7'?/'Bsﬁq}ﬁ??bd#ﬂ%pylﬁm%ﬂwheﬂ’Sﬁgxﬁfﬁﬂ?‘ﬂi ng the
desi red pr 4887, & haxaydiecHpyrrolofcé-hiquinadines3-caybexsylic adid ethglLiced
pressure gp¥t ; i with 47 %yield. 15 Anal ytical
LG/ NB net hgﬁtég?c[éﬁ/&ﬁ[]m :dggvéﬁéﬁﬁfﬁedﬁgn?%ﬁp?ﬁ% . 3.61 min: 68 % W. Exanple
107: 10-[5-(1H Benzoi m dazol - 2-yl sul fanyl)-furan-2-yl]-9-oxo- 20 2,4,
5,6,7,8,9, 10-octahydro-2, 4-di aza-cycl ohepta[t]i ndene-3-carboxylic acid
et hyl ester, conmpound with trifluoroac%tic acid H N S--i N

N

S —(\ND

i 105
Compound 105 was obtained using the same procedure as example 3,
10 starting from 22.4 mg of 1,3-cyclohexanedione (0.2 mmole), 38 mg of 3-
amino-2-ethoxycarbonyl-pyrrole hydrochloride (0.2 mmole), 51 mg of 5-(1H-
benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde (0.2 mmole) and 33 ul of
DIEA (0.2 mmole). After preparative LC/MS (method A) 7.7 mg of desired

product 105 were isolated (yield= 7%). Analytical LC/MS method A: ((M+H]+):
15 475, RT: 3.94 min (gradient 5 to 85 % acetonitrile in 7 min).

Alternative preparation of example 105:

Alternatively example 105 can be prepared by reacting 3-amino-2-
20 ethoxycarbonyl-pyrrole (31.5 g, 204 mmol), 5-(1H-benzimidazol-2-ylsulfanyl)-
furan-2-carbaldehyde (50 g, 204 mmol) and 1,3-cyclohexanedione (22.95 g
204 mmol) in 2.5 | of 1-butanol at reflux temperature for 3 hours. The reaction
mixture is then concentrated under reduced pressure. The residue is

resuspended in 1 | of ethanol and heated to reflux temperature for 2 hours



OO FF HN'" NHOO OHO\ 107 Starting from51 ng of 5-(1

H benzi m dazol - 2-yl sul fanyl ) - furan-2-car bal dehyde 25 (0.2 mvole), 38 ng of
3- am no- 2wvetheaxyeyebonyl - pyrrol e hydrochl oride (0.2 WO 2OVIBDL&OR234

PCT/ 1 B2006/ 00273; 80 nmole) and 28 ng of 1, 3-cycl oheptane dione (0.2

mol e), product 107 was obtai ned using the procedure described in exanple
105. Analytical L Ms nethod A ([ MtH| 3): 489, RT: 4.69 mn (gradient 5 to
85% acetonitrile in 7 mn). 5 Exanple 108: _ o

9- [ 5- (5- Metag letHidegnol ntod seam- fempenatdrenyThe ffarmaed 2ingblub® material is

ot nyl " ost el Rl B g K Wl g 0 N diSoniopi] et (o T ¢

H-benzi mi daeptarie §0.4 W aeddtidd fundan vac@ah PThe ebsid6e 19 rdsubPelddd in( 2).of

2- mer capt o- 5- met hyl benzi m dazole in 14 nL of tetrahydrofurane ) are

dropped i nEgeiPNioe, Meated de refisk tempayriurafar 2Huurgemdnigt 6 cosbtdl teonmydr i de
Fol | owed by TRaI i “The fsdilbROmBlend) b SolRIREE MBuofy whktnelbifhc®
reaction medetonitrite 40.5oljediisopromdletiem(0.6d), FEHENETDS ataﬂoefdﬁg?hu@ge?gge
(Bt Ohc) . THECHHGat 9dyAT5; & of e Ui Bandmmezakar suensly iran2 vk act od
oxo0-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-3-carboxylic acid ethyl
ester in the base form as a light gray powder. Yield=43%. Analytical LC/MS
10 method B: retention time=3.32 min. m/z=475.06 (positive ion mode).
400 MHz 1H NMR on a BRUKER AVANCE DRX-400 spectrometer, chemical
shifts (5 in ppm) in d6 dimethylsufoxyde (DMSO-d6) solvent referenced at
2.50 ppm at 303K temperature: 1,28 (t, J = 7,0 Hz, 3H) ; 1,88 (m, 2H) ; 2,25
(m, 2H) ; 2,58 (m, 1H) ; 2,79 (m, 1H) ; 4,26 (q, J = 7,0 Hz, 2H) ; 5,15 (s, 1H) ;
15 597(d,J=3,5Hz, 1H) ;6,79 (d, J = 3,6 Hz, 1H); 6,82 (d, J = 3,5 Hz, 1H) ;
de 7,12 a 7,17 (m, 2H) ; 7,47 (m broad, 2H) ; 8,40 (s, 1H); 11,4 (s, broad,
1H); 12,4 (m broad, 1H) .

Example 106: 9-[5-(1H-Benzimidazol-2-ylsulfanyl)-furan-2-yl]-6,6-
20  dimethyl-8-0x0-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-bJquinoline-3-
carboxylic acid ethyl ester

H o
7 o
T
HN
—
N
o

25 430 mg (1.76 mmol) of 5-(1H-benzimidazol-2-ylsulfanyl)-furan-2-
carbaldehyde are combined to 197 mg (1.405 mmol) of dimedone, 335 mg



twice with EtOAc (2 x 100 nlL). The organic |ayers are conbined, dried on
magnesi um sul fate, and concentrated under reduced pressure. 1.8 g of 5-(5-
Met hyl - 1 Wokeevaiied7dazol - 2- yl sul f anyl ) - f ur an- 2- car bal dehyd@/1B®ogo27ect ed. 20
Anal ytical LC/ M5 nethod B: RT: 2.98 min; [MH + : 259; 80% UV purity Step
2: 9-[5-(5-Methyl-1 H benzi mdazol -2-yl sul fanyl ) -furan-2-yl]-8-oxo-

4,5,6, 7,8, 9- hexahydr o- 2H pyr r ol o[ 3, 4- bJ®ui nol i ne- 3-car boxylic acid et hyl
ester (title conpound) 774 pnol of 3-am no-2-ethoxycarbonyl pyrrol e

hydr ochl or '(’dEG mimél) pidlaminds2-eRioxysaltdsnipyrrble hydrochlonde 742 mg
(obtained from step 1),

74 prol - ofb 443 el G LB BoBi RSB BBUTH T TSRS S0 Fteh 72
PCT/ | 820064%%6,’% mlg)(ﬁi]reqé +e?ﬁ&ea®ob?ﬁ.§ul. grpogecdonn t?’boc% t%?@@br@re pour ed

into afla urtable for mcrowav iatlro ersona emstry nodel
Enrys Opti néaodion mmhireumlualf caieenftiadexk under redkeed ptﬂsure aaditlan on is

per f or ned 0C dur 70Q secon fter down to 20C, the
reactio nﬁilt'tﬁaé”' rEW@ q&aggecgwﬂﬁ@ﬁ @3%3"‘ @ﬁwoelay?ﬁts residue is
purified owaghbd watroRhter AnalveitH Brin@dRY thdrésdd bﬁ' &inidifhtement, . SI Q2
759; Eluent Et OAc / cycl ohexane ; from 10/90 to 20.(v/v), rate :

25n/ ni n) . filleredfansceonnestratad underrgdueed emmeeglwngo@’pdarmo@ncé Therbi ned and

05 of - ouHSF oI ERAE o RNt 100! BFRPo D R PRl B “Sha |
amount s of chitdnsatpyeaphyn drefdbked 120 054401) wmaﬁ%éllca@ﬁrﬁge (8REnyHz 1H NVR

DVBO- d6 . 1,28 2,25
(2H) - W égsglgéﬁg g)yclohgane éﬁ{hyhaq:gtafe fgom91 tq7p¢}30 v/)4, rage { Ié?) roL/miry, 0( mHZ

gﬂ) > i g0 {ﬂnh') from57c9§9|)€8' 50507 urP;b‘jrg g}&eﬁ%ﬁb/!saé&gg/eg) WV3 0 He,
11 40 (m I k8@ mink Thp fractors comtaiminghe ﬂebi)ed MRoduckSre combreand VH

F;(gg;): )e ]} Sggrﬁceﬁgﬂ?fggo Hé@ess [undgr rer?uced p_r(:eLssFlljrte)egrll\ﬁlr!g] 3 %Zn% 0 -eﬂ)esgted

0Xx0-4, 5, 6, ofipB8un@Xathy4lr 9% gidiyr r ol o[ 3, 4- b] qui nol i ne- 3-carboxylic acid
ethyl ester H

15  Analytical LC/MS method B: [M+H+]=503.3; retention time : 3.61 min; 68 %
uv.

Example 107: 10-[5-(1H-Benzoimidazol-2-ylsulfanyl)-furan-2-yl]-9-oxo-
20 24, 5,6,7,8,9, 10-octahydro-2,4-diaza-cyclohepta[flindene-3-carboxylic
acid ethyl ester, compound with trifluoroacetic acid

107

Starting from 51 mg of 5-(1H-benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde
25 (0.2 mmole), 38 mg of 3-amino-2-ethoxycarbonyl-pyrrole hydrochloride (0.2



NNNI - SNI i OO HNN OH O\ 387 pnol of

3-am no- 2- et hoxycar bonyl pyrrol e hydrochl ori de, 387 pnol of 5

(5- Met hylwoReéNn 29721 dazol - 2-yl sul fanyl ) - f ur an- 2- car bal debydB200ebi2assned from
25 exanpl e 108, step 1), 387 prol of dimedone and 202 pL of N, N _
diisopropylethylamne in 1.5 nL of ethanol are poured into a flask suitable
for WD 2007/012972 PCT/ |1 B2006/ 00273; &2 microwave irradiation (Personal
Chem stry nodel Enrys Optim zer instrunment). The flask is |ocked then

i rradiati opyd % 0 | i down to
20C, the r@adg;é_lieg%h?n%tu eaf g%g%é%d}%?eeg%%%n@?%ﬂggﬁéﬁhgugggg?éﬁ he

resi due i sOBt@ined sgingnthg presedyes desambed;in exsmple 5105ntANalytidah 41C/BIS0

nst T ument meth& ALQ@L+Fll e @BOERTAA b9 Gifl @Fé‘d‘iégi%?tofﬁ@%' aRt60irilkn 7

75/ 25. (v/v),. yate : 25nJmn, during 70 mnutes). The fractions containing

t he expect n)corrpound are conbi ned and concentrated under reduced

pressure. The remaining oil is solubilized in 0.5 nL of dichloronethane
(DCM  § hekxamypdeal 08:z 8¢5HH-Mdthyli1dhbenzimidazohgousuanyl) durapRrydpsl oxi de.

62 of t SOl d. . 300..MHz ' H NVR
(ONBD> doy , SRoCBECT IR RERRARY. e RbIcH a S nBuSe Fars B c agi i s
(abundanceewl®sgeer the spectrum : 0,92 (s, 3H) ; 1,00 (s, 3H ; 1,29
(t, 3 =7,0 Hz, 3H ; 2,05 (d, J = 16,5 Hz, 1H ; 2,18 (d, J = 16,5 Hz,
1H) ; 2,38 (s, 3H)-; 2,45-- 2,65(mhidde"11h 15 in part, 2H) ; 4,25 (q, J =
7,0 Hz, 2H) ; 5,14 (s, 1H ; 5,98(d,sL€ , 1H) ; 6,77 (d, J = 3,0
Hz, 1H) 6,82 (d large, J = 3,0 Hz, Y- dd, J = 2,0 et 8,5 Hz, 1H)

7,24 (s large, 1H) ; 7,34 (d, J 85 Hz, IH ™ 8,30 (s, 1H ; 11,40 (m
large, 1 H M5 : ES, m z=517 = WH'

o\

Step 1: 5-(5-Methyl-1H-benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde

10 1.16 g of 2-mercapto-5-methylbenzimidazole in 14 mL of tetrahydrofurane
(THF) are dropped into a 100 mL three-neck flask, and then 309 mg of
sodium hydride is added. The mixture is stirred at reflux temperature for 30
minutes followed by addition of 1 g of 5-nitro furaldehyde in 7 mL of THF. The
reaction medium is allowed to cool down to room temperature (ca. 20°C) and

15 then poured in a mixture of 200 mL of water and 100 mL of ethyl acetate
(EtOAc). The organic layer is isolated and the aqueous layer is extracted
twice with EtOAc (2 x 100 mL). The organic layers are combined, dried on
magnesium sulfate, and concentrated under reduced pressure. 1.8 g of 5-(5-
Methyl-1H-benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde is  collected.

20  Analytical LC/MS method B: RT: 2.98 min; [M+H]" : 259; 80% UV purity

Step 2: 9-[5-(5-Methyl-1H-benzimidazol-2-ylsulfanyl)-furan-2-yl]-8-oxo-
4,5,6,7,8,9-hexahydro—2H—pyrro|o[3,4-b]quinoline—3-carboxylic acid ethyl ester
(title compound)

774 pmol of 3-amino-2-ethoxycarbonylpyrrole hydrochloride, 774 pmol of 5-
25  (5-Methyl-1H-benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde (obtained from
step 1), 774 pmol of 1,3 cyclohexanedione and 400 pL of N,N-



Exanmpl e 110: 9-[5-(5- Met hoxy- 1H benzi m dazol - 2-yl sul fanyl ) -furan-2-yl]-

8- o0x0-4,5, 6,7, 8, 9- hexahydr o- 2H pyrrol o[ 3, 4- b] qui nol i ne- 3-car boxylic acid
ethyl estw02p)7/2972 O N O OHNN OH O\ 25 Step 1: PET(IB200x00203dy/ - 1

H benzi m dazol - 2-yl sul f anyl ) - f ur an- 2- car bal dehyde WO 2007/ 012972

PCT/ | B2006/ 00273; 83 2- Mer capt o- 5- net hoxybenzi m dazole (1.8 g, 10.0 mmol)
IS suspended into 25 nL of tetrahydrgfjuran (THF) under argon. Then, 575 ng
(12.0 mmol ) of sodium hydride are added. The reaction mixture is stirred
at room tenperature until gas evol ution has ceaaed Af%%kut .0

0
5-ni t ro- 2 diisbpragytathylamina i 3gnL1ef. ethanell grej pouigdipto,a ﬁ%taBWe{?radded
dropwi se aptkolkfe T 6354ia88n N (Flevéchal S Gliérhisey amotiebmBreryper @ptimizefor 2 h,
upon which 1t 1s poured on ic extracted.3 {j ] 0f et hyl
acet ate. TR8tregmMgahi Iheéwﬁd%ﬂgcisagﬁ%%?ﬁ@ﬁ?’%%?%ﬁ%%‘ gp?%é%gﬁéed o%
magnesi um g E@éshds. Riffet ebekhgdolvi tm261E rtheedaciinremixtuthise@npeeisalede. The
residue is triturated in L d on hi pensi on
is stiry edu'?(iﬁr r?dHPe(g'Réess%'IQ?'ghji'eZ Pé%@%’,esr@yﬁ %ﬁgg&?%ﬂ;ﬁhﬁ@%&ﬁf g%pr opy!
ether and htelifthsh0286 igstsement,5- Sis 769y Eluent EtOAc / cyclohexane | from
H-benzi m d @ I s § rjarhal € cohtilingithe@xpecied pal e
yel | ow povxg&é/rg.b t%h%d/??](\{/rqgﬁg}? éggﬂ%@m}} Tﬁééﬁgﬁgﬁgr reduc g mugr%eagd t he
resi due i SCPUPPUNGRBY CRMPHIas @Q?a‘&?ﬁpe@ﬁagedpr"@ggf: H@gu@?ﬁgm%ésﬁjé' m- 15
silica gel reﬁﬁéihfri @R (€l ablimbitzsD!ineots mihyf dickdommesthambe(DEAYt thems
containing t

under Hed ug@gfallgegzéi,%gdﬁ{?%gé’fcéngp %5’3‘231% @ﬁ%"éﬁﬁﬁﬁg’%ﬁ%@ {i‘% bPséliy ness

H benzi m dazed cdledtedl f anyl ) - furan-2-carbal dehyde i s obtained as a pale
yel | ow powder. np: 94-99C.

400 MHz 'H NMR (DMSO-d6), & (ppm) : 1,28 (t, J = 7,0 Hz, 3H) ; 1,89 (m,
2H) ; 2,25 (m, 2H) ; 2,38 (s, 3H) ; 2,57 (m, 1H) ; 2,79 (m, 1H) ; 4,26 (4, I =7,0
Hz, 2H) : 5,14 (s, 1H) ; 5,96 (d, J = 3,0 Hz, 1H) ; 6,80 (d large, J = 3,0 Hz, 2H)

15 6,98 (m large, 1H) ; 7,15 - 7,45 (m large, 2H) ; 8,42 (s, 1H) ; 11,40 (m large,
1H) ; 12,3 (m large, 1H).

MS : ES , m/z=489 = MH".
Example 109:

6,6-Dimethyl-9-[5-(5-methyl-1H-benzimidazol-z-ylsuIfanyl)-furan-2-yl]-8-
20 oxo-4,5,6,7,8,9-hexahydro-2H-pyrroIo[3,4-b]quinoline-3-carboxy|ic acid
ethyl ester
H

Fat oy

0
N O

~—~

HN
—

N
H

o) o

387 pmol of 3-amino-2-ethoxycarbonylpyrrole hydrochloride, 387 pmol of 5-

(5-Methyi-1 H-benzimidazol-2-yisulfanyl)-furan-2-carbaldehyde (obtained from
25 example 108, step 1), 387 pmol of dimedone and 202 pL of N,N-

diisopropylethylamine in 1.5 mL of ethanol are poured into a flask suitable for



Step 2: 9-[5-(5-Methoxy-1 H benzi m dazol - 2-yl sul fanyl)-furan-2-yl]-B-oxo 20
4,5,6,7, 8, 9-hexahydro- 2H pyrrol o[ 3, 4- b] qui nol i ne- 3-car boxylic acid ethyl
ester AWopergRoya of 462.5 ng (3.0 mmol) of PCT/IB2006/002734

3- am no- 2- et hoxycar bonyl pyrrole and 822.9 ng (3.0 mmol ) of 5-(5-nethoxy-1
H benzi m dazol - 2-yl sul fanyl )- furan-2-carbal dehyde (obtained fromstep 1)
in 15 nL of ethanol under argon is st8%red at roomtenperature for 1 hour.
1, 3- Cycl ohexanedi one (336.4 ng, 25 3.0 mmol) is then added and the reaction

i xt i Sps t t 6 he- i xt i s th

Cool e to BRTOpATed insblatich, | 1GAAL L hemBlin plhiel (RPN ntiireroy!

et her. ThelN§EUMent)s T?ﬁeﬂﬁﬁkuﬁilwl@si hen igndistian iy pephymed at 1908Gatking 90 g
15- 40 700 . 0 tidy B@© 1 |/
tri f1 uor oag efi??‘:@?‘i'sd“’g%e? 5‘3’/"?"3?[9%!" th 20 CobleRakiort iU e B AR 2N
cont ai ni ng tHE | %EF?%(?r?ﬁ%ﬁﬁc

rate ] ¢
he fesidupds Pwiioghen sfisaast{Aralegix model ness
under rkﬁegutmelliﬁnahszﬁiﬁ 'mstﬂ]hmm,eSiOi:m)g'; Elm)emiliftbﬁﬁdzl Itbyclmx@ﬁlet;qgjnngwr?oln a
pr epacke 0 Sidd t oihdge (el.utin splvent: et
acet at e/ cyfg)l 5 @)%Zﬁr{few‘f %5%%@@"9@ 9@%59%',"#%?)9%9%@%9% ‘Fef!fa'mngé
fractions ¥enexpeciag compausirae sombdingd and conbémeatedndndemcedideat ed 35

to d ; f 5= -
L0 drynesspieadae. gﬁg(t)@%!hé@;gﬁwgg,omﬁﬁfie% 85 MLl ot didiBRIMSAng (X

benzi ni dazOENXysallized Ry pdeiiearpfanal amaynts of diisoprogylogides G2hygr of 2H-

pyr r ol 1] 3, éxpiEcted compoand aracbiitéd asacidiidet hyl ester are obtained as a
yel l ow powder. np: 140C. LCMS: niz 505: [ MtH]' (base peak); m z 503:

M H] - (ba . - AnhRA- 2«.et hoxycar bonyl pyrrol e can be prepared as
1[ol :_“ows:( gébA?n/ﬁ%)liNz\P%é%%%@'b y% Hfﬁ'ﬁgi e, hg;d%chl oride (5. Opg, IO26. 2 mol )
is dissolyved into 25 nL of dichloronethane under argon and 13.1 nL (26.2
mol ) of al efallewingrsignaisoricdattiniuted toane spedies dabiungamce75 Theveethet | on

i xt i j d i f d T h
1510 ext r et MOSTSOORN Y 1.0 (5, S nrRa 6 STO RS B OB MOTE Do
conbi ned, ?Egr%ﬁg?d% vnﬁﬁgbi 3rﬁ§é.%f'%éﬁ>fr 2.88(8d3kHhd2cbnc@@dr m déddemder
reducelgi f"m{m%d)f , W5 (@sd éAUK?QiI-&, QH)E;?’&‘ el 1Hn ;oﬁs,bsqe,r lg&yé,gtllgr%r%np
concentra PR - 2- et ho n r e (3. is
obt ai ned a@ggr@b#fi %rble,tg% 1%2)%@&?“@??@%?%%@3’&%%& é:&? (B ﬁgq%et C2H5
mz 108: [$f+Hz W)2H624 15 largestHpra/By (di 4 88,5 HHS1H) &30 (s, 1H) : 11,40

(mlarge; 1H) . - : - o S - o

MS : ES, m/z=517 = MH".
20
Example 110: 9-[5-(5-Methoxy-1 H-benzimidazol-2-ylsulfanyl)-furan-2-yl}-

8-oxo-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-3-carboxy|ic acid
ethyl ester

H

Tatel

0 0
o)

HN

T
—
N
H
0\

25 Step 1: 5-(5—Methoxy—1H-benzimidazoI-Z-ylsuIfanyl)-furan-2-carbaldehyde



Exanpl e 111: 9-[5-(6-Mth oxy-1 H benzim dazol -2-yl sul fanyl)-furan-2-yl]-
8- o0xo0-4,5, 6, 7, 8, 9- hexahydr o- 2H pyrrol o[ 3, 4-b] (1, 7] napht hyri di ne- 3-

car boxyl iwoaowdnesnhyl ester H N SNI i OO0 O HN N NRCTOB06/@®27320 St ep
1: 6-tent-Butyl oxy-9-[5-(5-nmethoxy-|H benzi m dazol - 2-yl sul fanyl') - furan-
2-yl]-8-0x0-2,4,5,7, 8, 9-hexahydro- 2H—gyrro| o[ 3,4-b][1, 7] napht hyri di ne- 3-
carboxylic acid et hyI ester A suspen5|§ of 385.4 ng (2.5 mmol) of

3-am no- 2- et hoxycar bonyl pyrrole and 685.8 ng (2.5 nmol) of 5-(5-nmethoxy-1
H benzi m dazol - 2-yl sul fanyl )- 25 furan-2-car bal dehyde in 15 nL of ethanol
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: T ct I'n ct are
\é/o\r/rbl Lgéea'mf Q@f}'cém he OLS fanyl )—furan-2-carb%ldehyde is obfained as a

pale yellow powder. The filtrate is concentrated under reduced pressure and
the residue is purified by chromatography on a prepacked 90 g 15-40 um
15 silica gel cartridge (eluting solvent: ethyl acetate). The fractions containing the
desired product are combined and concentrated to dryness under reduced
pressure. 0.92 g of additional 5-(5-methoxy-1 H-benzimidazol-2-ylsulfanyl)-
furan-2-carbaldehyde is obtained as a pale yellow powder. mp: 94-99°C.

Step 2: 9-[5-(5-Methoxy-1 H-benzimidazol-2-ylsulfanyl)-furan-2-y!}-8-oxo-
20 4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline—3—carboxy|ic acid ethyl ester

A suspension of 462.5 mg (3.0 mmol) of 3-amino-2-ethoxycarbonylpyrrole
and 822.9 mg (3.0 mmol) of 5-(5-methoxy-1 H-benzimidazol-2-ylsuifanyl)-
furan-2-carbaldehyde (obtained from step 1) in 15 mL of ethanol under argon
is stirred at room temperature for 1 hour. 1,3-Cyclohexanedione (336.4 mg,
25 3.0 mmol) is then added and the reaction mixture is heated at refiux
temperature for 16 h. The mixture is then cooled to 0°C, filtered and the
precipitate is washed with diisopropyl ether. The solid is then purified by
chromatography on a prepacked 90 g 15-40 pm silica gel cartridge (eluting
solvent: ethyl acetate/ methanol/ trifluoroacetic acid 98/1/1 viVlv; rate :
30  40mL/min). The fractions containing the desired product are combined and
concentrated to dryness under reduced pressure. The residue is purified by
chromatography on a prepacked 90 g 15-40 pm silica gel cartridge (eluting
solvent: ethyl acetate/cyclohexane from 50/50 to 75/25 viv; rate : 40 mL/min).
The fractions containing the desired product are combined and concentrated
35 to dryness under reduced pressure. 330 mg of 9-[5-(5-methoxy-1H-



15 under reduced pressure. 500 ng of 6-tent-butyl oxy-9-[5-(5-nmethoxy-1H
benzi m dazol - 2-yisu | fanyl)-furan-2-yl]-8-0x0-2,4, 5,7, 8, 9-hexahydro-2 H
pyrrol o[ 3y0-2047u29napht hyri di ne- 3-carboxylic aci d et hylPCEIBE06/a128340bt ai ned
as a yellow powder. np: 156-166C. LCMS: niz 606 : [MtH] + (base peak); mlz
604: [MH] - (base peak). 20 Step 2: 9-#5-(6- Met hoxy- 1

H benzi m dazol - 2-yl sul fanyl ) -furan-2-y ‘} 8- oxo0-

4,5,6,7, 8, 9- hexahydro-2H pyrrol o[ 3, 4-b] [ 1, 7] napht hyri di ne- 3-carboxylic acid
et hyl est epefzihfdhzdREylsQKamyP-fuPan-2= - OH-

H benzi mi dazol fgﬁxl iul Ylag %ﬁff'{ﬁ?ﬁﬁ gg?é?%&zéﬁ E{?x%rjydf? 2o hexahydr o- 2
H pyr r ol of BYROR[3.4-Playipg %% rRATPexylig b Seiarn aregbtamed as @y yelloyt er
(470.0 nyg, powdsr.mp! )1405C ALEMB:viewk 5050 [mmi(wseibez@mn/z é’d@n[m@r 0 m
(40.0 mmol Lbégeaﬁ%ég\l solution of hydrochloric acid in dioxane is added
slowy. The teac |3‘n m xture is stirred at roomtenperature for 3 h, upon
which it is concentrated to dryness under reduced pressure. The residue is
di | ut ed® i nB\MInehZ-GthmeycrEranyInyrsie can Wettreparedrasafollodscant ed. The 30
organi ¢ phase is separated and the aqueous phase is treated with a 1IN

sodi um hy dBohiie-Betivhiyearsthyigyridit 1 i@t (BBt iPn o5 h i
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acetate exPiPseEd oMt 198 fichiprametpaneagides; argpsuandi . 1 fmlt @Bedi and
concent r at sunelpadéra 2Nedodiedh pydestide sollfion e @fded dropwise. The reaction
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di eﬂl or om?ﬁ‘&hé&%gﬁg‘ﬂgpggwgﬁ3 O LP gﬂ'\ggcr:lz)?\?%? Mhg—tRE€=Heesi r ed
pr oductS ar tbasemsakdn/add d6B8c«®r ated to dryness under reduced pressure.
124 ng of additional 9-[5-(6-nethoxy-1H benzi m dazol - 2-

yl sul f anyl | 9 15:(64fs AH- imi I 20 gnd

b][1, 7] naptgﬁﬁiﬁ?ﬁ;}lé Egrig)c')‘%/ﬁoﬂ a’@.i.| g’ eg? Hﬁf&?gg glgs?']eég‘yﬁguﬁgécﬂégna pal e
10 yel | ow B¢ 19,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b][1,7]naphthyridine-3- = = .

carboxylic acid ethyl ester

20  Step 1: 6-fert-Butyloxy-9-[5-(5-methoxy-1H-benzimidazol-2-ylsulfanyl)-furan-
2-yl}-8-ox0-2,4,5,7,8,9-hexahydro-2H-pyrrolo[3,4-b][1,7]naphthyridine-3-
carboxylic acid ethyl ester

A suspension of 385.4 mg (2.5 mmol) of 3-amino-2-ethoxycarbonylpyrrole
and 685.8 mg (2.5 mmol) of 5-(5-methoxy-1H-benzimidazol-2-yisulfanyi)-
25  furan-2-carbaldehyde in 15 mL of ethanol under argon is stirred at room
temperature for 1 hour. N-Boc-3,5-diketopiperidine (533.1 mg, 2.5 mmol) is



Exanpl e 112: 9-[5-(3H | m dazo[4, 5-b] pyri di n-2-yl sul fanyl)-furan-2-yl]- 8-
oxo0- 4,5, 6, 7, 8, 9- hexahydr o- 2H- pyrrol o[ 3, 4- b] qui nol i ne- 3-car boxylic acid
ethyl estwp20701297°% - NOHN OHNN OH15 Step 1. BCTAB2006/002734

H-I'm dazo[ 4, 5- b] pyri di n- 2-yl sul fanyl ) - f uran- 2- car bal dehyde _

1H 1 m dazo[ 4, 5-b] pyri dine-2-thiol (1.51 g, 10.0 nmml) is suspended into 80
nmL of tetrahydrofuran under argon. TheB$ 0.72 g (15.0 mml) of sodium .
hydri de is added. The reaction m xture is stirred at roomtenperature until
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for 1 hour Pf@@kgﬁclg@h&aﬁéﬂom(smca ggl dartmﬁgem(relhllngssblvent adtlsdl and
the reacti @Be@t%ﬁél@héﬁaﬁ@ﬁbﬁ%%orﬁff onc 5 ?{Eattﬂ’f ﬁL/%ﬁ@r%ﬁggﬁgggﬁs m xture

is then cooled.to (r)tﬁomt nperat ure an rated

pressure. PRBIAINGY 408 desiisg, pradigt iare ganahined gnshegneenteated to dryness
15 under reduced pressure. 500 mg of 6-fert-butyloxy-9-[5-(5-methoxy-1H-

benzimidazol- 2-y|suIfanyl)—furan-Z—yl] 8-ox0-2,4,5,7,8,9-hexahydro-2H-
pyrrolo[3,4-b][1,7]naphthyridine-3-carboxylic acid ethyl ester are obtained as
a yellow powder. mp: 156-166°C. LCMS: m/z 606 : [M+H]* (base peak); m/z
604 : [M-HJ (base peak).

20  Step 2: 9-[5-(6-Methoxy-1 H-benzimidazol-2-ylsulfanyl)-furan-2-yl]-8-oxo-
4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b][1 .7]naphthyridine-3-carboxylic  acid
ethyl ester

6-tert-Butyloxy-9-[5-(5-methoxy-1 H-benzimidazol-2-ylsulfanyl)-furan-2-yi]-8-
oxo0-2,4,5,7,8,9-hexahydro-2H-pyrrolo[3,4-b][ 1 ,7]naphthyridine-3-carboxylic

25  acid ethyl ester (470.0 mg, 0.78 mmol) is dissolved into 10 mL of dioxane.
Then, 10.0 mL (40.0 mmol) of a 4N solution of hydrochloric acid in dioxane is
added slowly. The reaction mixture is stirred at room temperature for 3 h,
upon which it is concentrated to dryness under reduced pressure. The
residue is diluted into dichloromethane, treated with water and decanted. The

30 organic phase is separated and the aqueous phase is treated with a 1N
sodium hydroxide solution up to pH 10. After extraction with dichloromethane
followed by extraction with ethyl acetate, the ethyl acetate extracts are
combined, dried on magnesium sulfate, filtered and concentrated under
reduced pressure. 150 mg of 9-[5-(6-methoxy-1 H-benzimidazol-2-ylsulfanyl)-

35 furan-2-yl]-8-oxo-4,5,6,7,8,9—hexahydro—2H-pyrrolo[3,4-b][1,7]naphthyridine—3~
carboxylic acid ethyl ester are obtained as a pale yellow powder. mp: 248°C.



10 prepacked 30 g 15-40 pmsilica gel cartridge (eluting solvent:

di chl or onet hane/ net hanol from 100/0 to 90/10 v/v). The fractions containing
t he desi re02p07gdee are conbi ned and concentrated to drya&gB2006/6@734 r educed
pressure. The residue is purified by chromatography on a prepacked 30 g
15-40 pmsilica gel cartridge (eluting solvent: toluene/2-propanol 85/15 15
v/v). The fractions containing the desPfed product are conbi ned and
concentrated to dryness under reduced pressure. The residue is purified by
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15  Step 1: 5-(1H-Imidazo[4,5-b]pyridin-2-y|suIfanyl)-furan-z-carbaldehyde

1H-Imidazo[4,5-b]pyridine-2-thiol (1.51 g, 10.0 mmol) is suspended into 80
mL of tetrahydrofuran under argon. Then, 0.72 g (15.0 mmol) of sodium
hydride is added. The reaction mixture is stirred at room temperature until gas
evolution has ceased. 5-Nitro-2-furaldehyde (1.41 g, 10.0 mmol) is then
20 added and the reaction mixture is stirred at room temperature for 2.5 h, upon
which it is poured on ice and extracted 3 times with ethyl acetate. The organic
extracts are combined, washed with brine, dried on magnesium sulfate,
filtered and concentrated under reduced pressure. The residue is
recrystallized from ethyl acetate, filtered, washed with ethyl acetate and dried
25 under reduced pressure. 1.34 g of 9~(1H-imidazo[4,5-b]pyridin-2-ylsulfanyl)-

furan-2-carbaldehyde is obtained as a crystalline light-brown powder. mp:
188°C.



5 A suspension of 308.3 ng (2.0 mmol) of 3-am no-2-ethoxycarbonyl pyrrole
and 490.5 ng (2.0 mol) of 5-(1

H i m dazoyve,28e751p872i di n- 2- yl sul f anyl ) - f uran- 2- car bal delrg@aB2006/0@73_ of

n- but anol under argon is stirred at room. tenperature for 0.5 hour.

N- Boc- 3, 5-di ket opi peridine (426.5 ng, 2.0 nmol) is then added and the
reaction mixture is heated at reflux t8hkperature for 2 h. 10 The mixture is
then cooled to roomtenperature and concentrated to dryness under reduced
pressure.. The. residue is purified by chromatography on -a prepacked 90 g

15-40 pm sidibsa: gel CaQI[Si(QBlelrﬁiééitS[h@ﬁgh&ﬁ%’ lsuﬁéﬁhk-ﬁiraﬁ?é-g gelyget hanol
from 100/ 0 it * 40 L/ MR, TRE. T Fak iz th
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pressure. The residue is purified by chromatography on a prepacked 70 g
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5.21(s, 1 H m&tia 0. (T 50, .= 3.5 Hz,
1H 7.17 %&CZ'?&JA_: 5.%%@ 'Sg’i‘@fﬁ%ﬁﬁlf’w%é QQH@ ‘é&é? h%f'gﬁﬁénégﬁnféﬂ‘“gﬂ H
8. 25 (| ar g8y, depireds proqyct prgq)comisingd andr genegniratey to Hrymess( uinderH)
13. 1 (broagdedacel Ve, 20 e8ibiad i '
9-[5-(3H1 gbd%g[gg? b%@_ﬁ“ di g ggéllgggﬁf&ﬂ@%ﬁ@g?@éwi8§%f)§'g'3p%°ked |
4,5, 6, 7, 8, 92r& AR PBY 3{lIC3a8! GREiidge (luting Aalvait: injvena/dwrepanal #ii%i ¢ acid
ﬁﬁ Byl &5t grv/\k).- tEhe -Mt%dnsxpoateiiﬁingﬂmlt Hesiyed. product are combined and
enzi mi A - - - 8- . . .
oxo-2. .5, FoReared b NS (AT ietfuely pfeSure) Tosesipiesis Ruris B oxy1 i
acid et hyl Cb@tr@atogwhyoom peERked) gi £5-dDgsul sibeh get oartidge (eliting oxane.
Then, 10 OsBhehtt QofiefBP-breffardl 48/ PPN} TheOfaltisiicotiatinty B debfied Oxane
product are combined and concentrated to dryness under reduced pressure.
20 The residue is purified by chromatography on a prepacked 15 g 15-40 pm
silica gel cartridge (eluting solvent: ethyl acetate/methanol/triethylamine
92/4/4 viviv). The fractions containing the desired product are combined and
concentrated to dryness under reduced pressure. 37 mg of 9-[5-(3H-
imidazo[4,5-b]pyridin-2-ylsulfanyl)—furan-2—yl]-8-oxo-4,5,6,7,8,9-hexahydro—
25 2H-pyrrolo[3,4-b]quinoline-3-carboxylic acid ethyl ester are obtained as a
yellow powder. mp: 190-202°C. LCMS: m/z 476 : [M+H]" (base peak); m/z
474 : [M-H] (base peak).

3-Amino-2-ethoxycarbonylpyrrole can be prepared according to example 110.

Example 113: 9-[5-(3H-Imidazo[4,5-b]pyridin-2-yIsulfanyl)-furan-2-yI]-8-
30 oxo-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b][1,7]naphthyridine-3-
carboxylic acid ethyl ester



added slowy. The reaction m xture is stirred at roomtenperature for 3 h,
upon which it is concentrated to dryness under reduced pressure. The 10
resi due iwodndumea2zi nto 80 nL of di chl oronet hane, treat @4THB206/BR73M_. of a
IN sodi um hydroxi de solution and decanted. The aqueous phase is extracted
twice with dichloronmethane and filtered. The solid is triturated in
acetonitrile and filtered (operation $&peated once), then dried under
reduced pressure. 226 ng of

9-[5-(3H i mdazo[ 4, 5-b] pyri di n-2-yl sul fanyl)-furan-2-yl]-8-o0xo0 15

4,5,6,7, 8, 9- hexahydro-2H pyrrol o[ 3,4-b] [ 1 ht hyri di ne- 3- car boxylic acid
ethyl ester are obtained as a beige g : mz 477: [MrH 4 (base
peak); mlz 475: [MH" (base peak). .ﬁca for C23H2DN604S: C, 57.97
H 4.23; N, 17.64; 0, 13.43; S, 6. Qpnd: C, 56.08; H 4.49; N, -17.26;

S; 6.13; H20, 3.26 % 20 3- Am no- 2- ¢t hgixycar bonyl pyrrol e can be prepared
according to exanple 110. Exa
9-[5-(5,6-Difluoro-1H benzimd syhNfanyl ) - f uran- 2-
yl]-8-0x0-4,5,6,7,8, 9-hexahyd rp-2Hipyrrolo[3, 4-b]q u i

nol i ne- 3-carboxylic acid ethy® r 3-{NF OHF OHNN OH O\ 25
Step 1: 5-(5,6-D'f|uoro-1kkbenzinlda ol - 2-yl sul fanyl ) -furan-2-car bal dehyde
WD 2007/ 012972 PCT/I82006/00273

5,6-Difl UoBEspl1 35%.}@_)5{(@0 l5 h@[ﬁ@bﬁﬂlﬁdﬂZ glﬁ.%faﬁylsé’g l’%g!d-g'l 8 06

suspended nto tetra hdé

mmol ) of s nf %ﬁj{,@@éhgga% t? ’PM@OHOE%\Gth]Unﬂﬁﬁthhtyédin@ %parboetuhcat room
tenperaturacndréthi/le@@@r evol ution has ceased. 5-Nitro-2-fural dehyde (0.76 g,
5 5.37 mol ) is then added and the reaction mxture is stirred at room

R e A e A T i e ey
dried on nﬁ@%é@iotﬁ'rm&l(z @tnamof)i oft%e ¢ trtinaidazodns-bipyriaire 8- yisulfamy ) fdme2-
carbaldehyde in 10 mL of n-butanol under argon is stired at room
temperature for 0.5 hour. N-Boc-3,5-diketopiperidine (426.5 mg, 2.0 mmol) is
then added and the reaction mixture is heated at reflux temperature for 2 h.
10 The mixture is then cooled to room temperature and concentrated to dryness
under reduced pressure. The residue is purified by chromatography -on a
prepacked 90 g 15-40 um silica gel cartridge (eluting solvent:
dichloromethane/methanol from 100/0 to 90/10 v/v: rate : 40 mL/min). The
fractions containing the desired product are combined and concentrated to
15 dryness under reduced pressure. The residue is purified by chromatography
on a prepacked 70 g 15-40 pum silica gel cartridge (eluting solvent:
dichloromethane/acetonitrile/methanol from 60/40/0 to 75/20/5 viviv: rate : 40
mL/min). The fractions containing the desired product are combined and
concentrated to dryness under reduced pressure. The residue is triturated in
20  diethylether, filtered and dried under reduced pressure. 320 mg of 6-tert-
butyloxy-9-{5-(3H-Imidazo[4,5-b]pyridin-2-yisulfanyl)-furan-2-yl}-8-oxo-
2,4,5,7,8,9-hexahydro-2H-pyrrolo[3,4-b][1,7]naphthyridine-3-carboxylic  acid
ethyl ester are obtained as a yellow powder. 400 MHz 'H NMR (DMSO-dp) 6
(ppm): 1,29 (t, J = 7.0 Hz, 3H) ; 1.41 (large s, 9H) ; 3.75 (large m, 1H); 4.13
25 (d, J =17.5 Hz, 1H) ; 4.15 (masked m, 1H) ; 4.28 (g, J = 7.0 Hz, 2H) ; 4.97
(d, J=17.5Hz, 1H) ; 5.21 (s, 1H) ; 5.95 (d, J = 3.5 Hz, 1H) ; 6.82 (d, J = 3.5
Hz, 1H) ; 6.88 (d, J = 3.5 Hz, 1H) ; 7.17 (dd, J = 5.0, 8.0 Hz, 1H) ; 7.86 (large
d, J = 8.0 Hz, 1H) ; 8.25 (large d, J = 5.0 Hz, 1H) ; 9.20 (large m, 1H); 11.5
(s, 1H) ; 13.1 (broad m, 1H).




pressure, The residue is purified by chromatography on a prepacked 200 g 10
15-40 pmsilica gel cartridge (eluting solvent: dichloronethane/ nmethanol
95/5 v/ wonat@129Q nl/m n). The fractions contai ni ng tRETABHIO6/6@7Pr oduct
are conbined and concentrated to dryness under reduced pressure. The
residue is recrystallized from ethyl g&etate/ n- heptane, filtered, washed
with n- heptane and dried under reducet pressure. 1.16 g of

5-(5, 6-di fluoro-1H 15 benzi m dazol - 2-yl sul fanyl ) -furan- 2-car bal dehyde is
obtained as a crystalline brown powder. np: 133C. Step 2:

9- [54(2 g Sitep 309d5'1|(3H-llﬂﬂdamfﬂcﬁah}plyﬂamyl—ylshfféﬁyl}-)‘uréblf@ j-8- dg!d- :3 g
0X0- Xz i Car boxyl i ¢ aci
ethyl est é 58%3" éﬁ]\gs us)ég gfotz)%hfﬁgr%g[f fﬁ*@ ?k%(?hﬂﬁﬁ an%-g-car oxy & ' cid

3- am no- 2- t4r bonyl pyrrole and 560.5 ngy (2.0 nol) of
5-(5, 6- d|f| uoro-1 H benzi m dazol - 2-yl sul fanyl )- furan-2-carbal dehyde

(obt ai ned G+xfer+Butploxo- E5D 51|Q|emo)@t1}¢.lb@ﬁ m,dg?i;%xgggg 1)- h@a@té n¥n‘)gd at room
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residue is ﬁﬁ?l (‘}Bgﬁ Eg%% 'ﬂﬂu{l)o%fj%éﬁc %H B}S&@ﬁgﬁ”@@cﬁfml@o?@"?ﬁﬁ silica
gel cartriagdeq slawlyndheoteastion raixhyre |amﬂrmbtycd>mh’@¥mmaﬁ@é Jor 3VI‘|V rate:
40 nL/ 30 d
2nd"con 23#?5”“38’”?‘3‘0&' S eoheete ot WheieeLhad badiel defeiie B
recrys I | {e e Po‘ﬁ{ ?% to 404+ @F digblpegmeihangn treateshwith &6 miLhgfl a dbket at e,
H | L ered asebidm hydroxitier soﬁddﬁ?ﬁ&ﬁégé%ﬂ THe%a ais% &g (,g %t,%@déor Ozﬁ
enzi m ur oxo r o-

pyrrol of 3, Qﬂﬁ) “ﬂﬁ}né‘cﬂ#’éé’@gm&'j}gr@ %‘4 d hﬁ RQiid !%FEWE’&?% "bl?@@’iqii'éﬂ?/%s an
of f- 35 whane fi e;ad operatiom sepeated ngnce).6thel Bfied LEdSr r@ﬂacédéaress{m@w
poai) . The, 11 ’E"’“ 9rccl o Tl-BHt W?Eéf*‘?%%@‘*w&é—ﬁﬂﬂ@wrf’am@aﬂ- B e and
the resi dub és &}5 xakydy 9%&@%4@5& bﬂpbthyp:dmﬁk:atbcﬁ@hg 15¢#0 pm
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silica ge ethyréStEdWe(dﬂtéﬁhéﬂ%SSQ Cgﬁ)l ned4g ﬁ@ !:_Q'O‘g{%@ n). The
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H, 4.23; N, 17.64; O, 13.43; S, 6.73. Found: C, 56.08: H, 4.49; N;17.26; S
6.13; H,0, 3.26 %.

20 3-Amino-2-ethoxycarbonylpyrrole can be prepared according to example 110.

Example 114: 9-[5-(5,6-Difluoro-1 H-benzimidazol-2-yIsulfanyl)-furan-2-
yl]-8-oxo-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-3-carboxylic
acid ethyl ester

o\

25  Step 1: 5-(5,6-Difluoro-1 H-benzimidazol—2-ylsulfanyl)-furan-2—carba|dehyde



9-[5-(5, 6-difluoro-1 H benzim dazol - 2-yl sul fanyl') - furan-2-yl] - 8- oxo-

4, [5 6(7 8, 9- hexahydr o- 2H- pyrrol o[ 3, 4- b] qui nol i ne- 3-carboxylic acid ethyl
ester arwooha74ileesd as an of f-white powder. np: 160-170@CTIBMB6/002734 511
[M:H "' (base peak); m'z 509: [MH"' (base peak). 10

3-A

[ l e 110.
m no- 2- et hoxycar bonyl pyrrol e can be_prepared according to exanp
Exanpl e 115: 9- %/5 (5,6-Difluoro- 1H ben? ‘?m dazol - 2-yl sul fanyl') - fur an- 2-
yl]-8-0x0-4,5,6,7,8, 9- hexahydr o-2H pyrrol o[ 3, 4-b] [ 1, 7] napht hyri d'I' ne- 3-
carboxylic acid ethyl ester H NF S--<\ OF OHNNNH OH 0"\ 15 Step

1: 6-tent - B,&:+Djflumxg~193- Bﬁyﬁ%-ﬁedzfﬁluﬂi&eiﬁ-’chlone (1 0 5.37 mmol) is

4,%. 7
5. 0 hexahy JUSPafded P EBHIL) o Hiyafortisty Hodaoaicis 3 Thenr B390i(8.0ci d
ethyl est efnrm&@‘m&ummyﬁndeoﬁ adaeyl. (The reactioh fiixture is stlrred at room
S (5 bugi1 pereaRE o, §3¢ eofitiof e Based Vo NS iBaboRide Ka78eyde i n
10 mL kﬁ’%@nmeﬂd@r themy fldeg ﬁndr thel reactiarormixiurgeisatstirreds at rﬂ:ohn?ur
N- Boc- 3, 5- thriséraRireefor diene, (lﬂé’@\nﬁnémitlg edr@?{ﬁnecg aﬁﬁiggﬁgg@ﬁ ﬁ%ﬁure -
[ ﬁgﬁt ngl Wb“étﬁx’ %F‘?‘@Eﬁsef%% L?F%a'aﬁgex% 79 Lombined,dvashed wnt!mbane,r educed
pressure. dredresi thagnesiunur shilfatd, Hilteedd 8?“3& Oéﬁrﬁi@?l‘fra% gtérgo%rfre Rite oﬁeggng
50150 v Preseare e FRSAUE N plfiiodl b simERraphy 4 2 wiep & oduct
Hbi n @@m@lﬁ@mlrwwgedeumgmmn@mhbedueﬂﬁn\émqaﬂ&ﬁbﬂgzm2
PCT/ 1 B | 1 edfromethyl
T 2006033, 4@2"”'ﬁﬁ§”r“ﬁ$ mﬁ pfS SHfiabing ¢ ddhed, e ddec
g?gtsghfe T tgr eg V@"?’é‘ﬁ”“ W%S['@d@ﬁ!ﬁ@#mmessure The residue
H benzi mi dlazodaergzsmlhzadf frop Jethylr abetdte/| h-Heptx®s, filtered, washed with n-
heptane and dried under reduced pressure. 1.16 g of 5-(5,6-difluoro-1H-
15 benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde is obtained as a crystalline
brown powder. mp: 133°C.

Step 2: 9-[5-(5,6-Difluoro-1 H-benzimidazol-2-yisulfanyl)-furan-2-yl)-8-
oxo-4,5,6,7,8,9—hexahydro-2H-pyrrolo[3—,4-b]quinoline—*3“-carboxylic acid "~ éthyl -
ester

20 A suspension of 308.3 mg (2.0 mmol) of 3-amino-2-ethoxycarbonylpyrrole
and 560.5 mg (2.0 mmol) of 5-(5,6-difluoro-1H-benzimidazol-2-ylsulfanyl)-
furan-2-carbaldehyde (obtained from step 1) in 10 mL of ethanol under argon
is stirred at room temperature for 1 hour. 1,3-Cyclohexanedione (224.3 mg,
2.0 mmol) is then added and the reaction mixture is heated at reflux

25 temperature for 16 h. The mixture is then cooled in an ice bath and the
precipitate is filkered. The filtrate is concentrated to dryness under reduced
pressure and the residue is purified by chromatography on a prepacked 90 g
15-40 um silica gel cartridge (eluting solvent: ethyl acetate/cyclohexane 50/50
viv, rate: 40 mL/min). The fractions containing the desired product are

30 combined and concentrated to dryness under reduced pressure. The residue
is recrystallized from ethyl acetate/ n-heptane and then from ethyl acetate,
filtered and dried under reduced pressure. 189 mg of  9-[5-(5,6-difluoro-1H-
benzimidazol—2-ylsulfanyl)-furan-2-y|]-8-oxo-4,5,6,7,8,9-hexahydro-2H-
pyrrolo[3,4-b]quinoline-3-carboxylic acid ethyl ester are obtained as an off-

35 white crystalline powder. mp: 160-170°C. LCMS: m/z 511 : [M+H]" (base



2,4,5,7,8, 9-hexahydro- 2H pyrrol o[ 3, 4-b] [ 1, 7] napht hyri di ne- 3- car boxyl i ¢ acid
5 ethyl ester are obtained as a yellow powder. LCVMS: mlz 612: [ MtH + (base
peak); nmwOoRMT/01pNRH] - (base peak). Step 2: 9-[5-(5, 6- DPCITUB2006/002734

H benzi m dazol - 2-yl sul fanyl ) -furan-2-yl] - 8-o0xo-

4,5, 6,7, 8, 9- hexahydr o- 2H pyrrol o[ 3, 4- bM 1, 7] napht hyri di ne- 3- car boxyl i c acid
ethyl ester 10

6-tert-Butyl oxy-9-[5-(5, 6-difluoro-1H benzi m dazol - 2-yl sul fanyl ) -furan-2-yl
]-8- . . MY . :
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aci d et hyl uBdeerequesg. preggurepaid tharesidye; ipukfiigd by ahiematagraphbend@ oxane.
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is added sl.ow n The. Seglﬁtlon.m xture.is ﬁgrre_ﬁ%@t roomtenperature for 3
h, 15 upon'3fii &8 MEMID)-c Hhe factiohs aoRtaining H desired Prodif @ o9 e. The
resi dueSi s addledreentratenl i diynessridbanedudeteptesdung. t nzwamgrofaw(i}ﬁmaaﬂt ed.
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acetate, 14H536Er,@.th@@élxﬂFCaEHsPﬁFCdolécﬂfb]qm"nar?v-edrhmxyﬁmgn’@sei:hyl asief at e,
filtered ap epgr 2 r eghnP I AS5E. 1 X .
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1) - fur an- 21 gze Peak) sn/zH0%:. IMsHT dbree eplil ro-2 H

pyrrol o[ 3,4-b][1, 7] napht hyri di ne-3-carboxylic acid ethyl ester are obtained

as a bei g8-Ammbe-ethpxych8foriiserolé Cabbergrapaisdt adddtiihy t6 exampieak)., nl z
510 : [MH" (base peak). 25 3-Am no-2-ethoxycarbonyl pyrrol e can be

d ' | :
O TRl o oo BoambIe 1) 3488 enitoros RIAH Amlde RIS et o 5 o,
7, 8, 9- hexabi{lB-o%024:5,7 8:9-hexahydrg-2Hpymolald«A-bl[d Mbaphthyridinetdd et hyl
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15 Step 1. 6-fert-Butyloxy-9-[5-(5,6-difluoro-1H-benzimidazol-2-ylsulfanyl)-furan-
2-yl]-8-ox0-2,4,5,7,8,9-hexahydro-2H-pyrrolo[3,4-b][1,7]naphthyridine-3-
carboxylic acid ethyl ester

A suspension of 308.3 mg (2.0 mmol) of 3-amino-2-ethoxycarbonylpyrrole
and 560.5 mg (2.0 mmol) of 5-(5,6-difluoro-1H-benzimidazol-2-ylsulfanyl)-
20 furan-2-carbaldehyde in 10 mL of ethanol under argon is stirred at room
temperature for 1 hour. N-Boc-3,5-diketopiperidine (426.5 mg, 2.0 mmol) is
then added and the reaction mixture is heated at reflux temperature for 16 h.
The mixture is then cooled to room temperature and concentrated to dryness
under reduced pressure. The residue is purified by chromatography on a
25 prepacked 90 g 15-40 um silica gel cartridge (eluting solvent: ethyl
acetate/cyclohexane 50/50 v/v; rate : 40mL/min). The fractions containing the
desired product are combined and concentrated to dryness under reduced



Step 1: 5-(5,6-Dichloro-1 H benzim dazol -2-yl sul fanyl)-furan-2-car bal dehyde

5,6-Dichloro-1 H benzimdazole-2-thiol (1.0 g, 4.56 nmmol) is suspended into

50 nlL of wetwaernyey’ef uran under argon. Then, 0.33 g (6. 8BCEABLP6/OG2730di um 5

hydride is added. The reaction mxture is stirred at roomtenperature until

gas evolution has ceased. 5-Ntro-2-fural dehyde (0.64 g, 4.57 mmol) is then

added and the reaction mixture is stir$2d at roomtenperature for 1 h, upon

which it is poured on ice and extracted 3 tines with ethyl acetate. The

organi ¢ exidagks The reeriibngd ' ' oo i8R d IR ™
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in diisoprethyl esteraare dhithinedeas a5alios phwdeet. LWOMMS. nezddded [M-a4)S @ase 0. 93 g

of 5-(5, 6- LSk Hrpeni s 2-yl sul fanyl ) -furan-2-carbal dehyde is

obt ai ned agégﬂygflgg\%% %@T(ang%%@ C Step 2: 9-(5-(5,6-Dichloro-1

H benzi m dazol - 2-y| sul fanyl ) -furan-2-yl] - 8- oxo-

4,5, 6,7, 8, diergafiera.ooPiflkpre-d Hobenzmisiazel-Auisuliangl) furame2ylli&oxei d et hyl

ester 20 456908 0HexAh0Hr22H-priio[8 ¥-B1[ 1" Habheyridine-3- l i

3- am no- 2- e{h&?xgcar bony?pyr rolp’eil ano[ 46%1.[7’ rrga)p( 1.y5 rquTeDI )ca(gl?oxy e acid

5- (5, 6- di chlWI 65T - benzi mi dazol - 2-yl sul fanyl )- furan- 2- car bal dehyde

(obtained fromstep 1) in 7.5 nL of n-butanol under argon is stirred at

r oom t EhpebdediButyioxy19-(Ge(od-diftioto-d sbenzimidazbl-2-ylsyifangdurmeivites (168. 2

, 1.5 ol St 'ﬁ%ﬂ‘ﬂﬂ' gt [ XL MEe ted at fl
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desi r eth pr oporctwhich itoisbicondentrated Cloneltyridsat afldep rddNoss pressige. raiced
pressure TR dfcd e BT IS TR AR AL T g o
9- [ 5- (5, 6- GIAMI® PHagel iseseparateaz and the aqueous phase is treated with a 1N
2-yI sul.f angbaiuft hpdrozidd doitich Bp 4o pHo1d. Ardr §ARBUEST ditthfId et

the organic extracts are combined, dried on magnesium sulfate, filtered and

20 concentrated under reduced pressure. 194 mg of 9-[5-(5,6-difluoro-1H-

benzimidazol-2-ylsulfanyl)-furan-2-yl}-8-oxo0-4,5,6,7,8,9-hexahydro-2H-

pyrrolo[3,4-b][1,7]naphthyridine-3-carboxylic acid ethyl ester are obtained as

a beige powder. mp: 190-196°C. LCMS: m/z 512 : [M+H]" (base peak); m/z

510 : [M-H] (base peak).

25 3-Amino-2-ethoxycarbonylpyrrole can be prepared according to example 110.

Example 116: 9-[5-(5,6-Dichloro-1H-benzimidazol-2-ylIsulfanyl)-furan-2-
yl]-8-o0x0-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-3-carboxylic
acid ethyl ester



b] qui nol i ne- 3-carboxylic acid ethyl ester are obtained as a beige
crystalline powder. np: 180C. LCMS: nmiz 543: [M+H]' (base peak). EA
3- Ani no- 2vethanyieaebonyl pyrrol e can be prepared accordi RGTUB200%602034 110.
Exanpl e 117: 9-[5-(3H | m dazo[4, 5-c] pyridin-2-ylsul fanyl)-furan-2-yl]-8 10
0x0-4,5, 6, 7, 8, 9- hexahydr o- 2H pyrrol o[ 3, 4- b] qui nol i ne-3-carboxylic acid
ethyl ester N S-</~ H 00 FINN PP Step 1:
5-(3H 1 m dazo[ 4, 5-c] pyridi n-2-yl sul fanyi)-furan-2-carbal dehyde _
3H I m dazo[ 4, 5-c] pyridine-2-thioi (1.51 g, 10.0 mmpl) is suspended into 80
15 nL of tetrahydrofuran under argon. .Thg O/ Llg (15.0 mml ) of sodium
S ed at roomtenperature until
gas evolution has ceased. 5-Nitrof?2- urﬁ @ (1,41 g, 10.0 mmol) is
then added and the reaction mxturgTgstirred at roomtenperature for 16
h, upon which it is poured on ice a extracted 3 times with ethyl _
acetate. The organic 20 extract: hi ned and filtered. The filtrate is
washed with brine, dried on Jl fate, filtered and concentrated
under reduced pressure. The H is purified by chromatography on a
prepacked 70 g 15-40 pmsilicQ cartridge (eluting sol vent:
di chl or onet hane/ acetonitril e/ nmethanol from 75/20/5 to 90/0/10 v/v/v; rate:
40 mL/m n). The fractions containing the 25 desired product are conbi ned

and concentggs qd5t<g.,elsiuggaér@-mqﬁrnzrrﬁseas&$-Xi%hﬁaﬁw{gggﬁltgg%@?g%ﬁgdéS

triturated in diethy her, filtered an rie r/egiggsz
PCT! | B2006Pg0PRNICT o B Hedizinpadiyniial i B o BB aminoIh < PyskRncatn @G el | ow
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evolution has ceased. 5-Nitro-2-furaldehyde (0.64 g, 4.57 mmol) is then
added and the reaction mixture is stirred at room temperature for 1 h, upon
which it is pbured“on ice and extracted 3 times with ethyl acetate. The organic
extracts are combined, washed with brine, dried on magnesium sulfate,
10  filtered and concentrated under reduced pressure. The residue is purified by
_chromatography on a prepacked 200 g 15-40 um silica gel cartridge (eluting -
solvent: ethyl acetate/cyclohexane 50/50 v/v; rate: 50 mL/min). The fractions
containing the desired product are combined and concentrated to dryness
under reduced pressure. The residue is triturated in diisopropy! ether, filtered
15 and dried under reduced pressure. 0.93 g of 5-(5,6-dichloro-1H-benzimidazol-

2-ylsulfanyl)-furan-2-carbaldehyde is obtained as a yellow powder. mp: 170
°C.

Step 2: 9-[5-(5,6-Dichloro-1H-benzimidazol-2-ylsulfanyl)-furan-2-yl}-8-oxo-
4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-3-carboxylic acid ethy! ester

20 A suspension of 231.3 mg (1.5 mmol) of 3-amino-2-ethoxycarbonyipyrrole
and 469.7 mg (1.5 mmol) of  5-(5,6-dichloro-1H-benzimidazol-2-ylsulfanyl)-
furan-2-carbaldehyde (obtained from step 1) in 7.5 mL of n-butanol under
argon is stirred at room temperature untii complete dissolution. 1,3-
Cyclohexanedione (168.2 mg, 1.5 mmol) is then added and the reaction

25 mixture is heated at reflux temperature for 1.5 h. The mixture is then cooled to
room temperature and concentrated under reduced pressure. The residue is
purified by chromatography on a prepacked 90 g 15-40 um silica gel cartridge
(eluting solvent: dichloromethane/methanol 100/0 to 90/10 v/v; rate: 40



2004/ 052288, 5 Step 2:

9-[5- (3H1 m dazo[ 4, 5-c] pyri di n- 2-yl sul fanyl ) - furan-2-yl] - 8- oxo-

4,5, 6, 7, SWO-2hexepsrdr o- 2H- pyrrol of 3, 4- b] qui nol i ne- 3- car b@<yIIBW0&0G12d34et hy|
ester A suspension of 154.2 ng (1.0 nmol ) of

3- am no- 2- et hoxycar bonyl pyrrole and 245.3 ng (1.0 mol ) of _
5-(3H i m dazo[ 4, 5-c] pyri di n-2-yl sul fan%fll )-furan-2- carbal dehyde (obtai ned
fromstep 1) in 10 nL of n-butanol under argon is 10 stirred at room
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a bei ge po¥wenino-2-et¥exycdrboaypyrbMdtdribé besared alcbordigto ef@ahpis 110,
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Step 1: 9-(3H-Imidazo[4,5-c]pyridin-2-ylsulfanyl)-furan-2-carbaldehyde

3H-Imidazo[4,5-c]pyridine-2-thiol (1.51 g, 10.0 mmol) is suspended into 80
15 mL of tetrahydrofuran under argon. Then, 0.72 g (15.0 mmol) of sodium
hydride is added. The reaction mixture is stirred at room temperature until gas
evolution has ceased. 5-Nitro-2-furaldehyde (1.41 g, 10.0 mmol) is then
added and the reaction mixture is stirred at room temperature for 16 h, upon
which it is poured on ice and extracted 3 times with ethyl acetate. The organic
20 extracts are combined and filtered. The filirate is washed with brine, dried on
magnesium sulfate, filtered and concentrated under reduced pressure. The
residue is purified by chromatography on a prepacked 70 g 15-40 pum silica
gel cartridge (eluting solvent: dichloromethane/acetonitrile/methanol from
75/20/5 to 90/0/10 vivlv; rate: 40 mL/min). The fractions containing the
25  desired product are combined and concentrated to dryness under reduced
pressure. The residue is triturated in diethyl ether, filtered and dried under
reduced pressure. 270 mg of 5-(3H-imidazo[4,5-c]pyridin-2-ylsulfanyl)-furan-



O\ Step 1. 2-(1 H Benzi mdazol -2-yl sul fanyl)-thi azol e-5- car bal dehyde

1, 3-Di hydr o- benzi m dazol e-2-thione (1.0 g, 6.66 nmol) is suspended into 50
nmL of tetwakyevwataean under argon. Then, 479 ng (9. 99 mroMiBBoe/e@d4um 5
hydride is added. The reaction mxture is stirred at roomtenperature until
gas evol ution has ceased. 2-Chloro-1,3-thiazole-5-carbal dehyde (983 ny,
6.66 mmvol) is then added and the reac95on mxture is stirred at room
tenperature for 2 h, upon which it is filtered. The solid is washed with
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ract s contalmng the desired product are combined and concentrated to.

dryness under reduced pressure. 1778 mg of  9-[5-(3H-imidazo[4,5-

clpyridin-2-ylsulfanyl)-furan-2-yl}-8-oxo-4,5,6,7,8,9-hexahydro-2H-pyrrolo[ 3,4-

20 bjquinoline-3-carboxylic acid ethyl ester are obtained as a beige powder.

LCMS: m/z 476 : [M+H]" (base peak). Anal. Calcd for C4H21N504S: C, 60.62;

H, 4.45; N, 14.73; O, 13.46; S, 6.74. Found: C, 59.41; H, 4.47; N, 14.33; S,

6.41; H,0, 2.11 %.

3-Amino-2-ethoxycarbonylpyrrole can be prepared according to example 110.

25 Example 118: 9-[2-(1H-Benzimidazol-2-ylsulfanyl)-thiazol-5-yl]-8-oxo-
4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-3-carboxylic acid ethyl
ester



4,5, 6,7, 8, 9- hexahydr o- 2H pyrrol o[ 3, 4- b] qui nol i ne- 3-carboxylic acid ethyl
ester and H Benzi m dazol - 2-yl sul fanyl)-furan-2-yl]-8-o0xo-

4,5, 6, 7, SWO-2hexepsrdr o- 2H- pyrrol of 3, 4- b] qui nol i ne- 3- car b@<yIIBW0&0G12d34et hy|
ester H S4A4NN N OOOO HNi and HHNN OOHOMH 10 9-[5-(1

H Benzi m dazol - 2-yi sul fanyl )-furan-2-yl]-8-oxo0-4, 5,6,7,8,9-hexahydro-

2H pyrrol o] 3, 4- b] qui nol i ne- 3-car boxyl i€0 acid ethyl ester (304 ngy) was

resol ved via preparative chiral HPLC (colum: Pirkle Wielk 01 SS 10 pm 730
g 360 x 60 mm eluting solvent: n-heptane/ethanol 70/30 v/iv + 0.1 % 15

di i sopropyl et hyl am ne; rate: 90-125 ni/ m detection = 254 nm. 118 ng of
(+)-9-[5-(1 H-benzimdazoI-Z-yIsquanyb- r -yl']-8-0x0-4,5,6,7,8,9
hexahyd ro-2H pyrrol o[ 3, 4-b] qui nol iR lic acid ethyl ester were
obt ai ned as a yell ow powder. LCMVE: 475 [M-H] + (base peak); mz 473:

[ MH - (base peak). Enantioneric purftyQchiral HPLC columm: Pirkle Welk
01 20 SS 10 pm 250 x 4.6 mm el utd ent: n-heptane/ethanol 70/30 v/v +
0.1 % diisopropylethylam ne; H§ i n; detection = 254 nm: > 99%
ap = +192.8 +/-2.7 (c = 1.822 CH3OH). 110 mg of (-)-9-[5-(IH
benzi m dazol - 2-yl su | fanyl)-f -2- lytl] 8-oxo-4, 5, 6,7, 8, 9-hexahydro-2H
pyrrol o[ 3, 4-b] qui nol i ne- 3- car boxybit\ acid ethyl ester were obtained as a
yell ow 25 powder. LCVMS: mlz 475: [MtH] + (base peak); nmz 473: [MH" (base
peak). WD 2007/012972 PCT/1B2006/ 002734 98 Enantioneric purity: > 98% ao
= -160. 1 +Btep1:12-({U-Benzigtinzol2-ysdfanyl)-thid26ld)5-carzalpé ey de20:

(+)-9-[5-(1H Benzi m dazol - 2-yl sul fanyl ) -furan-2-yl] - 8-oxo-

4,5, 6,7, 8, 9 1Bt Lan2ZFhiBxE S8l it P1.OW, b6 MimdnGa RR¥EhISd 3ftb et hy!

mL of tetrahydrofuran under argon. Then, 479 mg (9.99 mmol) of sodium

5 hydride is added. The reaction mixture is stirred at room temperature until gas

evolution has ceased. 2-Chloro-1,3-thiazole-5-carbaldehyde (983 mg, 6.66

mmol) is then added and the reaction mixture is stirred at room temperature

for 2 h, upon which it is filtered. The solid is washed with tetrahydrofuran and

dried under reduced pressure. The residue is diluted with water and extracted

10 twice with ethyl acetate and once with dichloromethane. The organic extracts

* are combined, dried on magnesium sulfate, filtered and concentrated under

reduced pressure. 1.23 g of 2-(1H-benzimidazol-2-ylsulfanyl)-thiazole-5-

carbaldehyde is obtained as a pale yellow powder. mp: 188°C.

Step 2: 9-[2-(1H-Benzimidazol-2-ylsulfanyl)-thiazol-5-yi]-8-ox0-4,5,6,7,8,9-
15 hexahydro-2H-pyrrolo[3,4-b]quinoline-3-carboxylic acid ethyl ester

A suspension of 308.3 mg (2.0 mmol) of 3-amino-2-ethoxycarbonylpyrrole
and 522.7 mg (2.0 mmol) of 2-(1H-benzimidazol-2-ylsulfanyl)-thiazole-5-
carbaldehyde (obtained from step 1) in 10 mL of n-butanol under argon is
stirred at room temperature for 0.5 hour. 1,3-Cyclohexanedione (224.3 mg,
20 2.0 mmol) is then added and the reaction mixture is heated at reflux
temperature for 2 h. The mixture is then cooled to room temperature and
concentrated under reduced pressure. The residue is purified by
chromatography on a prepacked 70 g 15-40 pym silica gel cartridge (eluting
solvent: ethyl acetate; rate: 40 mL/min). The fractions containing the desired
25  product are combined and concentrated to dryness under reduced pressure.
The residue is triturated in ethanol, filtered, washed with diethylether and
dried under reduced pressure. 313 mg of 9-[2-(1H-benzimidazol-2-



5 ester and (-)-9-[5-(1H Benzi m dazol - 2-yl sul fanyl ) -furan-2-yl]-8-o0xo
4,5,6,7, 8, 9-hexahydro- 2H pyrrol o[ 3, 4- b] qui nol i ne- 3-car boxylic acid ethyl
ester H S¥p2®7#2N2 O OO HNand HNNNNN HH 4-P5T(IB2006/002734

H Benzi m dazol - 2-yl sul fanyl )-furan-2-yl]-1,4,6,7,8, 9- hexahydro 10

pyrazol o[ 3, 4-b] qui nol i n-5-one (162 ng) was resol ved via preparative chiral
HPLC (colum: Pirkle Welk 01 SS 10 prfi7730 -g350 x 60 -nm--eluting -

sol vent: n-hept ane/ 2- propanol / met hanol 50/40/10 v/v/iv + 0.1 %
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9-{5-(1H-Benzimidazol-2-ylsulfanyl)-furan-2-yl}-8-oxo0-4,5,6,7,8,9-hexahydro-
2H-pyrrolo[3,4-b]quinoline-3-carboxylic acid ethyl ester (304 mg) was
resolved via preparative chiral HPLC (column: Pirkle Whelk 01 SS 10 pm 730
g 360 x 60 mm; eluting solvent: n-heptane/ethanol 70/30 viv + 0.1 %
15  diisopropylethylamine; rate: 90-125 mL/min; detection = 254 nm). 118 mg of
(+)-9-[5-(1H-benzimidazol-2-ylsulfanyl)-furan-2-yl]-8-oxo0-4,5,6,7,8,9-
hexahydro-2H-pyrrolo[3,4-b]quinoline-3-carboxylic acid ethyl ester were
obtained as a yellow powder. LCMS: m/z 475 : [M+H]" (base peak); m/z 473 :
[M-H] (base peak). Enantiomeric purity (chiral HPLC column: Pirkle Whelk 01
20 SS 10 ym 250 x 4.6 mm,; eluting solvent: n-heptane/ethanol 70/30 viv + 0.1 %
diisopropylethylamine; rate: 1 mL/min; detection = 254 nm): > 99%. op =
+192.8° +/-2.7 (c = 1.822 mg/ 0.5 mL CH3OH). 110 mg of (-)-9-[5-(1H-
benzimidazol-2-ylsulfanyl)-furan-2-yl}-8-oxo-4,5,6,7,8,9-hexahydro-2H-
pyrrolo[3,4-b]quinoline-3-carboxylic acid ethyl ester were obtained as a yellow
25  powder. LCMS: m/z 475 : [M+H]" (base peak); m/z 473 : [M-H] (base peak).



HF SN~F NI i O0 HNONS5 Step 1: 6,7-Difluoro-1

H benzi m dazol e-2-thiol To a solution of 1,2-diam no-3,4-difl uoro-benzene
(996 ny-,we.200mted72 in 20 nlL of ethanol in a 25 nL m cPORABOS/NRE34 ar e
added 2.0 nL (33.3 Mol ) of carbon disulfide. The tube is capped and the
reaction mxture is heated under mcrowaves at 120 C twice for 20 m nutes,
upon which 1.0 nL (16.6 nmol) 10 of caPBon disulfide is -added and heating
under mcrowaves is pursued for 20 mnutes. Carbon disulfide 2.0 nL (33.3

mol ) s aggeghi eal k001 §roPUL SUeC o 30 JMynut.es. ] ves at
150 C. The ﬁéﬁﬁﬁrﬁ*&nﬁéﬁf&z T A G L™ e T oorE e Ay T &M
concentr at 3 Hryness under reduced pressure. The residue is dissolved
into ethyl acetate and concentrated to 15 dryness under reduced pressure.
The resi dusxamplel 120:(£K9.[54 9H-Behzrmaaal 2y Raifaryl)-hirahtz glice-ashed once
Wi iisopr [ solid | ri under reduce ressure. 0. g
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tetrahydroﬁ?ﬁ%ﬂh (THF) under argon. Then, 130 ng (2.71 mml) of sodium
hydri de are added. The reaction mxture is stirred at room tenperature

until gas evol ution has ceaf -Ni tro-2-fural dehyde (@8.25_g, 1.81 mol)
is then added and the regctjo ture is stirred at r_z'& enperature
for 3 h, upon which it_¥s p on ice and extract Wi th ethyl
acetate. The organic ext(%acts are conbi ned, wash i thNorine, dried on WO
2007/ 012972 PCTI | B2111y61 13112734 100 magnesi umtsul9 ate, filtered and
concentrated under redulced| pressure. The residue Es rified by

chr omat ogr aphy o gcked 70 g 15-40 pm si cartridge (eluting

sol vent: dichl orgﬁiﬁt lrHE from 108 to 8BKN20Q |v/V

H

4-[5-(1H-Benzimidazol-2-ylsulfanyl)-furan-2-yl}-1,4,6,7,8,9-hexahydro-

10 pyrazolo[3,4-bjquinolin-5-one (162 mg) was resolved via preparative chiral
HPLC (column: Pirkle Whelk 01 SS 10 pm 730 .g 350 x 60 -mm;-eluting -
solvent: n-heptane/2-propanol/methanol 50/40/10 viviv + 0.1 % triethylamine;
rate: 90-125 mbL/min; detection = 254 nm). 69 mg of (+)-9-[5-(1H-
benzimidazol-2-ylsulfanyl)-furan-2-yl]-8-oxo-4,5,6,7,8,9-hexahydro-2H-

15 pyrrolo[3,4-b]quinoline-3-carboxylic acid ethyl ester were obtained as a
crystalline pale-yellow powder. MS El: m/z 403: [M[* m/z 187: [M]* -
C11H7N20S (base peak) m/z 159 : 187 — CO. Enantiomeric purity (chiral
HPLC column: Pirkle Whelk 01 SS 10 pm 250 x 4.6 mm; eluting solvent: n-
heptane/ 2-propanol/ methanol 50/40/10 viviv + 0.1 % triethylamine; rate: 1

20 mL/min; detection = 254 nm): > 99%. ap = +215.5° +/- 2.9 (¢ = 1.991 mg/ 0.5
mL CHiOH). 84 mg of (-)-9-[5-(1H-benzimidazol-2-ylsulfanyl)-furan-2-yl}-8-
ox0-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-3-carboxylic acid ethyl
ester were obtained as a crystalline pale-yellow powder. MS El: m/z 403 :
IM[" m/z 254: [M]" - C/HsN,S (base peak); m/z 187 : 254 — C4H,0.

25  Enantiomeric purity: > 98%. op = -204.7° +/- 2.7 (c = 2.190 mg/ 0.5 mL
CH3OH).



rate : 40 nL/mn). The fractions containing the desired product are
conbined 5 and concentrated to dryness under reduced pressure. The residue
i s purifiwo 2000129720mat ogr aphy on a prepacked 30 g 15- 4GCpABHIG/H@A34gel
cartridge (eluting solvent: dichloronethane/ nethanol from 100/0 to 95/5
viv, rate : 20 nL/mn). The fractions containing the desired product are
conbi ned and concentrated to dryness 8Rder reduced pressure. 0.28 g of
5-(6, 7-di fluoro-1H 10 benzinidazol-2-y|squanyI)-furan-Z-carbaIdehyde S
obtained as a pale yellow neringue. LCV5-DAD-ELSD: 281(+): [MrH +. Step 3:

9- [ 5- (6, 7- Bixaniiplect21:Hg 'M&@d-?H%éﬂnWi&léi-gfﬁgfa% -fir8n 90"

4,5,6,7, 8, xah ro ul nol 1 ne I“i'c acid ethyl
ester A sé@rg %53?; e ﬁbvgtpéﬁb plo[34-blquinoline-3-carboxylic Y
3-am no- 2- acid)e;lqdrdscm;/l pyrrole 15 and 269.9 ng (0.96 mmol ) of

5-(6, 7-di fl uoro- 1H- benzi m dazol - 2-yl sul fanyl )- furan-2-carbal dehyde
(obtained fromstep 2) in 10 nL of n-butgpol Ffunder argon is stirred at
roomtenperature for 20 m nutes. 1, 3-Cycl ne'gi one (108.0 ny, 0.96
mmol ) is then added and the reaction ffix{ur 5 heated at - refl ux
tenperature for 2 h. The mxture i$ eled to roomtenperature 20 and
concentrated under reduced pressurg,_dhe residue is taken up in ethanol,
cooled to OC, triturated, filtered dnd fvashed 3 tines with ethanol. 127 ny
of 9-[5-(6,7-difluoro-1
H-benzi mi dazol - 2-yl sul fanyl ) - ﬂ'lNa 2- 8 oxo-4,5,6,7, 8,09-

hexahydr o- 2H pyrrol o[ 3, 4- b] qui ngTi n@-3>car boxylic acid ethyl ester are
obtained as a |ight- yeI | ow crgstal | fne powder. np: 144-148C. LCMs-DAD 25
ELSD: 509(-): [MH-; 511 (+): [M@HPN*. 3- Anino- 2- et hoxycar bonyl pyrrol e can
be prepared accordi ng to exanple 110. Exarrpl e 122:

B-Q<09[5 thif |l uorp-Jl H-benzi m d 2-yl sul fanyl) -

furan- 22 yl F@’? @7755‘ ugr %@E‘a%@!@%%wpb[ 3, 4-b] g uinoline-3-carboxylic
acid ethyl _ester WD 2007/012972 PCT/|1B2006/00273; 101 F NI F OHF O
HN N To a solution of 1,2-diamino-3,4-difluoro-benzene (996 mg, 6.9 mmol) in 20

mL of ethanol in a 25 mL microwave tube, are added 2.0 mL (33.3 mmol) of
carbon disulfide. The tube is capped and the reaction mixture is heated under
microwaves at 120 °C twice for 20 minutes, upon which 1.0 mL (16 6 mmol)
10 of carbon disulfide is'added and heating under microwaves is pursued for 20 .
minutes. Carbon disulfide 2.0 mL (33.3 mmol) is added and heating is
pursued for 30 minutes under microwaves at 150 °C. The reaction mixture is
then cooled to room temperature and concentrated to dryness under reduced
pressure. The residue is dissolved into ethyl acetate and concentrated to
15 dryness under reduced pressure. The residue is triturated into
diisopropylether, filtered and washed once with diisopropylether. The solid is
dried under reduced pressure. 0.35 g of 6,7-difluoro-1H-benzimidazole-2-thiol
is obtained as mauve solid. LCMS-DAD-ELSD: 185(-): [M-HJ; 186(+): [M+H]".

Step 2: 5-(6,7-Difluoro-1 H-benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde

20  6,7-Difluoro-1H-benzimidazole-2-thiol (0.34 g, 1.81 mmol) is suspended into
20 mL of tetrahydrofuran (THF) under argon. Then, 130 mg (2.71 mmol) of
sodium hydride are added. The reaction mixture is stired at room
temperature until gas evolution has ceased. 5-Nitro-2-furaldehyde (0.25 g,
1.81 mmol) is then added and the reaction mixture is stirred at room

25  temperature for 3 h, upon which it is poured on ice and extracted twice with
ethyl acetate. The organic extracts are combined, washed with brine, dried on



OH O\ Step 1: 4,5,6-Trifluoro-1, 3-di hydro-benzi m dazol e-2-thi one To a
solution of 1,2-diamno-3,4,5-trifluoro-benzene (2.5 g, 15.4 nmmol) in 20
nmL of tetwakyavwataiean under argon, are added 2.3 ni ( 38PETARWIOG/O@734car bon
5 disulfide. The reaction mxture is heated at reflux tenmperature for 3 h,
upon which 2.3 nL (38.6 mmol ) of carbon disulfide are added and reflux is
mai ntai ned for 16 h. Carbon disul fi de B3 ni (38.6 mol ) is added and
reflux is maintainedifor 8 h, upon which 2.3 nL (38.6 mmol) of carbon

T xture. i AR cool a0 ro s oo Socerelf uhfer ilbed PRESER Y, ness

under redutr:e%&@episeggﬁﬁ%. Y1‘ﬂH°W@§?9faER¥ &N Prepackesy 7@ igr bprdOogmagilina on a

pr elpaﬁ ked g;l tgarilﬁigm(ﬂu:ing; isblveat:qﬁbhlomn?éthdﬁélISWMW})WQOQFUTE@Q /20 \t//.v;

cycl ohexangigt. : e : m/mn). The fractions

c)c/)nt ai nj ng ttﬁé eg;&?{g‘gﬁbfﬂc}%Séefcﬂg¥éé%88{§ﬁ'f'%y1%aﬁs'r%%Hﬁ%aﬂcltﬂ%&off@'ﬂﬁd}/ness

under redu@Bd cePesRiiried trrbyness dnder redpoed pressuny., Tise eduidu@isopunidy on a
ked B b | [ N | t: . ..

i bl or oeL honey paearaysen iRepfk i bl 180 L Uiba Gl AN (eluting,

di chl t | .

fractions. %ﬁ%‘iﬁ?ﬁ%&gﬁ@%@/ﬂ?&h%%d{m 1908 tobiSnwy; matd : @hmbimimt ed  to

d contahsiag rth i , bi =i -

benzi m dazg) ex2r b0 °“-?‘$'§%%{ ?3*?2q’éﬂa%‘%"é‘%zgﬁfﬂ“"@%ﬁﬁ‘ﬁ"@ﬁgﬂtﬁ@&ﬁs&

20 2031(-): [n/ﬁﬁﬁ”; 23@{‘14?): #—# . PEPSsYIre: 8404, 8, edfr $6 fitiuaro-1H-

H benziti dBoRAimIdagctaryisufanyl)furam2 dackalbehytiehisdebtained as a p%le gzellow 5
. mo

4,5, 6-Tri f nedingud. BcBHAR inigl, daz gl -thione (0.72 g,
suspended i nt 0940 L ofmggt)'rzgﬁ%rzﬁgraﬁ\nﬁﬁﬁer argon. Then, 0.3 g (7.1

mol ) of [ I are added. The reaction mxture is stirred at room
25 t )errper ngé:pgépﬁ%[gﬁé’g%'ﬁﬁ‘?@'ﬂ't"'rl?ﬁﬂzifﬁisiaé@b%‘a'iﬁu_lfanNi)-n‘mr_anQ-ﬁ/u-lBad)xtehyde (0.5
g, 3.5 m14).l'5)6,7,@,Qhenamedzmpslrrb@a,ﬂﬁﬂﬁ&in@ﬁné@‘é&ﬁéxﬂ% %gia I%grg/_i'%g{erroom

tenperature for 88 h, upon which it is ‘poured on _ er and

cet ate. Tho-SPeRsioR df PA8S 8 0,08 LPcnl S-ainer-alhomycarbomRyGpienr | ne.

dried bn rﬂ%@@gtﬁnml(ﬂa&@ mmol) tafr é{qeﬁmdiflomocﬁﬂ:beﬁzﬁﬂiduadlez-glsruﬁsm{‘lsld

G chi or oy e, rpadehide (obefticd fofh Stb211h M AL Setiand ide
argon 1Is stirred at room temperature for 20 minutes. 1,3-Cyclohexanedione
(108.0 mg, 0.96 mmol) is then added and the reaction mixture 'is heated at -
reflux temperature for 2 h. The mixture is then cooled to room temperature

20  and concentrated under reduced pressure. The residue is taken up in ethanol,

cooled to 0°C, triturated, filtered and washed 3 times with ethanol. 127 mg of
9-[5-(6,7-difluoro-1 H-benzimidazol-2-ylsulfanyl)-fu ran-2-yl}-8-oxo-4,5,6,7,8,9-
hexahydro-2H-pyrrolo[3,4-b]quinoline-3-carboxylic acid ethyl ester are

obtained as a light-yellow crystalline powder. mp: 144-148°C. LCMS-DAD-
25 ELSD: 509(-): [M-HT; 511(+): [M+H]*.

S

3-Amino-2-ethoxycarbonylpyrrole can be prepared according to example 110.

Example 122: 8-0xo-9-[5-(4,5,6-trif|uoro-1H-benzimidazol-z-ylsuIfanyl)-
furan-2-y|]-4,5,6,7,8,9-hexahydro-2H-pyrroIo[3,4-b]quinoline—3-carboxylic
acid ethyl ester



5 di chl oronet hane. The organic extracts are conbi ned, washed with 100 nL of
wat er, dried on magnesium sul fate, filtered and concentrated under reduced
pressur e. WOhleowmEe97due i s purified by chromatography on ®CpABWACR®A3430 g 15-
40 pmsilica gel cartridge (eluting solvent: dichloronmethane/ nethanol from
100/0 to 98/2 v/v; rate : 30 nL/mn). The fractions containing the desired
10 product are conbi ned and concentrat &4 to dryness under reduced pressure.
The residue is taken up in diethyl ether and concentrated to dryness under
reduced pressure. 0.28 g of

5-(4,5,6-trifluoro-IH benzimdazol -2-ylsulfa
obt ai ned as a pale yell ow neri ngue.
8-0x0-9-[5-(4,5,6-trifluoro-1 H benzi
4,5, 6; 7, 8; 9- hexahydro- 2H pyrrol o[ 3
ester A suspension of 190 ng (1.23%\nrmo4)) of

3-am no- 2- et hoxycar bonyl pyrrole and | 36ff ng (1.23 mmol) of
ol fanyl ) - furan- 2-carbal dehyde

of - nAbutlanol under argon is stirred at

roomtenperature for 15 m nutes. l,ﬂQ/cl ohexanedi one (138 ng, 20 1.23
mmol ) is then added and the r@ac',aQTm'xture is heated at reflux

tenperature for 2 h. The m xture is then cooled to roomtenperature and
concentrated under reduced pressure. The residue is taken up in 5 nL of

et hanol , c@wed: 4&,6CriA06rd-| 1 idois: fLltered, washed with 1
e ri06rd-n 34 girRber iRl fiohk

nmL. of ethanol and 3 tines wt I 1sopropyleCher and dried under
reduced 25

8 oxo- 0- { o148 SOl o1 2 Haincsa ,5-tiueserbenzene 2 ey 15.4 mmol) in 20
furan- 2-y| Jal4SGIgahyBraureox ahye argdh: pye eoed 2.3mh] (88 6%hings-ci-GRpgXY i
E(C:::VB ._ eDfA D}’Eﬁéé(b%g ﬁﬁeg&%ﬁbﬂﬁ&tﬁéég(ﬁﬁtef %ﬁ%usx Emperature for 3 h,anon '
3- Ani no- 2- yetr Bén{3Hor mna)) cafncambopr djsaifietd ave cadlienp dnd eafuplie 110
s PR o S o RN i iR
car boxyl i ¢ TP %‘Pﬁ?l BSt'er Hﬂﬂj‘g eh1 %3 indle (¥@6200m10a2est RoRAUIRED B 00273;
103 N OH axdied and reflux is maintained for 16 h. The reaction mixture is then cooled
10 to room temperature and concentrated to dryness under reduced pressure.
The residue is purified by chromatography on a prepacked 90 g 15-40 um
silica gel cartridge (eluting solvent: cyclohexane/ethyl acetate 90/10 v/v: rate :
35 mL/min). The fractions containing the desired product are combined and
concentrated to dryness under reduced pressure. The residue is purified by
15 chromatography on a prepacked 90 g 15-40 pm silica gel cartridge (eluting
solvent: dichloromethane/methanol 100/0, then 98/2 vlv; rate : 40 mL/min).
The fractions containing the desired product are combined and concentrated
to dryness under reduced pressure. 0.72 g of 4,56-trifluoro-1,3-dihydro-

benzimidazole-2-thione is obtained as an off-white solid. LCMS-DAD-ELSD:
20 203(-): [M-HJ; 205(+): [M+H]*.

vl )- furan-2-carbal dehyde is
ep 3:

NS
zoyI sul fanyl)-furan-2-yl]- 15
0 g- 3- carboxylic acid ethyl

(obtained fromstep 2) in 6.5-

Step 2: 5-(4,5,6-Trifluoro-1 H-benzimidazoI—Z-yIsulfanyl)—furan-2-carbaldehyde

4,5,6-Trifluoro-1,3-dihydro-benzimidazole-2-thione (0.72 g, 3.52 mmol) is
suspended into 40 mL of tetrahydrofuran under argon. Then, 0.3 g (7.1
mmol) of sodium hydride are added. The reaction mixture is stirred at room
25  temperature until gas evolution has ceased. 3-Nitro-2-furaldehyde (0.5 g, 3.5
mmol) is then added and the reaction mixture is stirred at room temperature
for 88 h, upon which it is poured on 40 mL of ice-water and extracted 3 times



OHNNHCH ~0HO Lett- Butyldlnethylsilvl-. Boc-protected internediate
preparation: A m xture of 3-am no-2-ethoxycarbonyl-pyrrole (0.165 g, 107
mol ), 5-\576-2067/((12@2t - butyl - di net hyl -si | anyl oxy) -1 PCT/IB2006/002734

H benzi m dazol - 2-yl sul fanyl ] - furan-2- carbal dehyde (described in exanple
89), 0.400 g, 1.068 nmmol) and N-Boc- 3, 5-di ketopi peridine (0.228 g, 1.07
nmmol) in 4 mM of 1-butanol is heated d@ reflux tenperature for 3 hours.
The reaction mxture is then concentrated under reduced pressure and the

resi due i sypHrdd hﬁ;dofoét C}n §éétéféaT% orgahwkt&g& AR garﬁsln%hg%%ﬁsmm vely

wi th cycl ohgé el ate exan acetate
(7/3, viv)] "5)1 B'F n@ﬁﬁ*@ﬁ%@tl a@xﬁﬁqe{i@r[esconcentrated under

n l(o te ﬁrt mbgtaducéd tebydlres Tfhlé]mélts@ém)ls Hiluted mto 50 mL of water and 100 mL of

Z1 u
oo 2 a5, GEBlEBmELENc: e AdudoliB 0ase] 1S extragiagt Ayiceamilb. 308 amboR i ¢
acid et hydmlﬂr@meﬁam Theaorganicabitrhctsvar corfibitedAnalsyibd avth 109 M. 6fret hod
B): 15 ret %Eﬁroﬂnéarﬂﬁ F?rag%eg?u% suﬁ’%té fiflred 4RPEbAEGrARE SRR reduced

Boc- protected | ntermnmed

6- t ent - But Prasgyrey-hs. f[%l%@elﬁtpuﬁueglIbyonhiemaiogrsphmmamwpanked 309 15-
H-benzi m dagoglimZsilica gel cartndge (elutlng solventh dlcl?]log)methane/ gwggnﬂl Brf)m 2 20

| sul f |
xa;lﬁt h)e/lplydl R%B gﬁ%)‘d)’l’lr@ %m@ é‘@llffm'“)esﬁ@r G“@"'é%og arl'rl'(')’ ©) desirad eat ed

\tM : h hi()ét r praduetiape am)nbmacrmgd lrr]mhcdﬁtra(t@d JtB%rgneaQs Eﬁ?@ﬂ 'iddhclﬁﬂ pressure.

et rahydro [ (o mpera e reaction

m xt urg i sfﬂ%ﬁgse'ﬁ e’]% takéurﬁalgrm %fﬂ’/&%@“ %@858?@ tgﬂgo PERR UNEehuri fi ed
on a sil i ckedyerdduesswe; 4D2§)g of 5448, ﬁf\irnﬂhom thixenzimifazdi-24ylsuifamghhane and
met hanol  (Rfrdn- 2Véé’rbaldEH9d81"% BEt%Héd)é's'sa%%ng%l fhérfﬁgblt‘éx& CHSQ @roduct are

concentrated under reducted pressure a I's " washed with
actonitril 0 m) and, dried under vacuumto yield 270
nmg of 6- teﬁ’f Sﬂo@t@110%593}5251{‘@?@“%@%b%'rhﬂm@ap@ﬁw@ztb‘aeywm- 2-ylio4

Hydr oxi5 1 HE@7A, mhéaawdra-zdﬂwrrbwns 4}b d]burn@lﬂné’—SYd:érbBX?I@a&d Sty bsferd-
hexahydr o- pyrrol o[ 3, 4-b] -1, 7- napht hyri di ne-3 carboxyllc acid ethyl ester.

Yi el d=64% a/Rb¥hdibaof 40YRg (TR of 3-8hER5L -&hoxycar}?')onylpyrrole and
367 mg (1.23 mmol) of 5-(4,5,6-trifluoro-1H-benzimidazol-2-ylsulfanyl)-furan-
2-carbaldehyde-(obtained from step 2) in 6.5 mL of n-butanol under argon is
stirred at room temperature for 15 minutes. 1,3-Cyclohexanedione (138 mg,

20 1.23 mmol) is then added and the reaction mixture is heated at reflux
temperature for 2 h. The mixture is then cooled to room temperature and
concentrated under reduced pressure. The residue is taken up in 5 mL of
ethanol, cooled to 0°C and triturated. The solid is filtered, washed with 1 mL
of ethanol and 3 times with 5 mL of diisopropylether and dried under reduced

25  pressure. 144 mg of 8-ox0-9-[5-(4,5,6-trifluoro-1H-benzimidazol-2-ylsulfanyl)-
furan-2-y|]—4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline—3—carboxylic acid
ethyl ester are obtained as a yellow crystalline powder. mp: 186°C. LCMS-
DAD-ELSD: 527(-): [M-HT; 529(+): [M+H]".

3-Amino-2-ethoxycarbonylpyrrole can be prepared according to example 110
30

Example 123: 9-[5-(5-Hydroxy-1 H-benzimidazol-2-ylsulfanyl)-furan-2-ylJ-

8-0x0-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]-1,7-naphthyridine-3-

carboxylic acid ethyl ester hydrochloride



m z=592. 31 (positive ion node). 5 A solution of

6-tert-butyl oxy-9-[5-(5-hydroxy-1 H benzi m dazol -2-yl sul fanyl) -

f ur an- 2- yWp-28079M2972, 4, 5, 7, 8, 9- hexahydr o- pyrrol o[ 3, 4- b] - PCTAR2006/002734 di ne- 3-
carboxylic acid ethyl ester (0.27 g, 0.46 mmol) in dioxane (20 m) is
conbined with 4N HCl in dioxane (1.7 m). The reaction mxture is stirred
at room 10 tenperature for 16 hours. The forned insoluble material is
collected by filtration, washed with di oxane (50 m), pentane (20 m),

di i sopropyl ether (20 ml) and dried under M ©OH yield 176 ng of
9-[5-(5-hydroxy-1 H benzi midazol - 2-yl 2T kan furan-2-yl]-8-o0x0-4, 5,

6,7, 8,

9- hexahyd ro-2H pyrrol of 3;
et hyl ester hydrochloride as 15 a
(rmethod O):
(MtH " '). 500 Mz I H NVR on a BR4l
shifts (6 in ppm in d6 dinethyls
2.50 ppm at 303K tenperature:

20 16,0 Hz, 1H) ; 3,82 (d broad,

-n t hyri di ne-3-carboxylic acid
owder. Yield=73% Analytical L/ M
m z=490 (negative ion_noge (MH-), nmz=492 (positive ion node
-500- spectroneter, - chem cal
Oﬁg) sol vent referenced at
H , 3H ; 3,72 (d broad, J =
= 16,0 Hz, 1H) ; 4,22 (m 1H) ; 4,27 (m

2H) ; 4,45 (d broad, J = 16,0 Hz, 1H ; 520 (s, 1H ; 6,37 (d, J = 3,5

Hz, 1H) ; 6,77 (d broad J = 9,0 Hz, 1H) 688(m 2H) ; 6,92 (d, J = 3,5
Hz, 1 H ;g 956(mbroad 1H) ;
9, 90 (s br 65 KHK 25

Exanpl e 124 m;xtuire(dmaaenmome&mdycarbbhgwr@aw?01@5?1 *?owlnhmél 6;5 [5-

rro nol e- 3-

di met hy| 4 8, 9- hexahyd
céfﬁox%. c(%&p -bu @W&Yﬁ@@yg&ggl*r@m Qb%-VISUiﬁaBylhfunaneio HNN O H
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carbaldehyde (described in example 89), 0.400 g, 1.068 mmol) and N-Boc-
3,5-diketopiperidine (0.228 g, 1.07 mmol) in 4 ml of 1-butanol is heated at
reflux temperature for 3 hours. The reaction mixture is then concentrated
under reduced pressure and the residue is purified on a silica gel column (50
g) eluted successively with cyclohexane/ethyl acetate (9/1, viv) and
cyclohexane/ethyl acetate (7/3, v/v) to yield 500 mg of 6-tert-butyloxy-9-{5-[5-

. (tert-butyl-dimethyl-silanyloxy)-1 H-benzimidazol-2-ylsulfanyl]-furan-2-yl}-8- -

oxo—2,4,5,7,8,9-hexahydro-pyrrolo[3,4-b]-1.,7-naphthyridine-3-carboxylic acid
ethyl ester as an orange solid. Yield=66%. Analytical LC/MS (method B):
retention time=5.03 min., m/z=706.9 (positive ion mode).

Boc-protected intermediate preparation:
6-tert-Butyloxy-9-{5-[5-(tert-butyl-dimethyl-silanyloxy)-1H-benzimidazol-2-
ylsulfanyl]-furan-2-yl}-8-oxo-2,4,5,7,8,9-hexahyd ro-pyrrolo[3,4-b}-1,7-
naphthyridine-3-carboxylic acid ethyl ester (0.5 g, 0.71 mmol) is treated with
tetra-N-butylammonium fluoride (0.185 g, 0.71 mmol) in tetrahydrofuran (5 ml)
for 4 hours at room temperature. The reaction mixture is concentrated under
reduced pressure and the residue is purified on a silica gel column (40 9)
eluted with a mixture of dichloromethane and methanol (9/1, v/v). The
fractions containing the expected product are concentrated under reduced
pressure and the solid obtained is washed with actonitrile (30 ml), pentane
(30 mi) and dried under vacuum to yield 270 mg of 6-tert-butyloxy-9-[5-(5-




To a solution of 330 ng (0.657 nmml) of 9-[5-(1H benzi m dazol -2-yl sul fanyl)
furan-2-yl]-6, 6-d inethyl-8-oxo0-4, 5, 6,7, 8, 9-hexahyd ro-2Hpyrrolo[3,4
5 b] qui novonee@1zEeboxylic acid ethyl ester in 10 m et ReWGB208600273411 wat er
was added 263 ng of sodi um hydroxide in a round bottom flask. The reaction
m xture was heated at 40C with stirring for 8 hours, and at 30C overni ght.
Water was added to the reaction m xturl®and it was extracted twice with
ethyl acetate. The organic |ayers were washed with water and brine and
dried over Hydrmg‘riée‘.lammmldamlt-kylsulfamd)ﬁenlam-ﬂelyl]:&mﬁl 48,28 ander reduced

R U TR T N My s

15-40 pm Yidid=eg4ge! Anar ubaldg@cmu Mé%&cplB Ntret | N€pfn, et hanol
from98/2 to 92/8 v/v |ytrt1 50 m n; rgte : ﬁt/r%%t Oﬁ'ﬁ?ﬁ%?ﬁoﬁgﬁn

cont ai ni ng"VEEDWedi (Repitis q@ncmg@e) wer e conbl ned and concentrated to dryness
under rgaduced pressure giving 106 ng of 9-[5-(1
H benzi'm dazol - 2-yl sul fanyl ) -furan-2-yl]-6, 6-di met hyl -

8- 0x0- 4, 5, 8, sbl@idh dieB-tan-Bu -95-(Bhod M-guhzim d@fcl& i8uipsyl)-i ¢ acid
(34 %yle dé 1%A 8yt|c$d tIiﬂc?lrﬁl\yllhls ?r?at(h g M Mt-H] + I 75.5; rgtentlon time :

3.01 nmin: 5§@@91bﬁzahy¢rmmrr M@éhﬂs 1, 79qpihyridioe 8t (s, 3H)

2,50 (d (Sg?%?é‘wr@gﬂg?éﬂ esteri027 ¢ (46 "ﬁ%b in fioking §20 niTiscorgoiiga 1)
5 14 (s 1wjth3NIAC] 6 dibxaneg (%. 7Hnl). Ihéi)eactlﬁn?ﬁxxtwe |§ sﬂrréd I@zta r@oml H)

: 170 52%06"?"3%%%0'31&%8“@ c}ﬂ% foippg fisd gnsé"@ (Y@t%?'g% COH%teg by1 3 (
1 12,2 -l éd—i}n méﬂ(
PEI)T/ | BzooeS/ﬁI(t)rg'tznygvI Vdgsl'?)a E)I;[gr?%&( é)"e(g'o il démgﬁe( ), dEbARy et 28
H Benzi ni débAncdijed undarn\yaguwn.t@wem wq Fr@ @‘ 9-[5-(5- hydroxy-1H-

T T T e e

pyrrolo[3,4-b]-1,7-naphthyridine-3-carboxylic acid ethyl ester hydrochloride as

15 awhite powder. Yield=73%. Analytical L/IMS (method C): m/z=490 (negative
ion mode [M-HJ), m/z=492 (positive ion mode [M+H]").
500 Mz 1H NMR on a BRUKER AVANCE DRX-500-spectrometer; chemical
shifts (3 in ppm) in d6 dimethylsufoxyde (DMSO-d6) solvent referenced at
2.50 ppm at 303K temperature: 1,28 (t, J = 7,0 Hz, 3H) ; 3,72 (d broad, J =

20 16,0 Hz, 1H); 3,82 (d broad, J = 16,0 Hz, 1H) ; 4,22 (m, 1H) ; 4,27 (m, 2H) ;
4,45 (d broad, J = 16,0 Hz, 1H) ; 5,20 (s, 1H) ; 6,37 (d, J = 3,5 Hz, 1H) ; 6,77
(d broad, J = 8,0 Hz, 1H) ; 6,88 (m, 2H) ; 6,92 (d, J = 3,5 Hz, 1H) ; 7,38 (d, J =
9,0 Hz, 1H) ; 9,40 (s, 1H) ; 9,56 (m broad, 1H) ; 9,90 (s broad, 1H) ; 10,2 (m
broad, 1H) ; 11,7 (s broad, 1H) .

;681
8,0 Hz,
slarge

25
Example 124 :9-[5-(1 H-Benzimidazol-2-ylsulfanyl)-furan-2-yl]-6,6-
dimethyl-8-oxo-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-3-
carboxylic acid



To a solution of 60 ng (0.126 mmol ) of 9-[5-(1H benzi m dazol - 2-yl sul fanyl) -
furan-2-yl]-6, 6-di net hyl -8-o0xo0-4, 5,6, 7,8, 9-hexahydro-2H pyrrol o[ 3, 4-

b] qui nol iwe-2867gEeyexylic acid in 2 m di met hyl f or mam de PAASB2d6lew7340
successively 72 ng (0.189 mml) of HBTU, 14 ng (0.253 nm)) of anmmonium
chloride, 74 ng (0.574 mmol) of N, N-dllsopropyl ethylamne in a round
bottom flask. The reaction nixture, wak3stirred overni ght at room
tenperature. Water was then added and the reaction m xture was extracted
with ethyl acetate. The organic t|yer was washed with brine, dried on 15
magnesi um sul fate, filtered and C ated to dryness under reduced
pressure. The residue was purified tﬂ/ preparative LCMS (nethod C) giving
8.9 ng of 7

9-[ 5- (1H benzi m dazol - 2-yl sul fanyt) -f ] -6, 6-di net hyl - 8- oxo-

4,5, 6,7, 8, 9- hexahydr o- 2H pyrrol of 3, 4nb UI ne- 3- car boxam de (12 %
yleld) Anal ytical LC/ M5 nethod B: { 4 5, retention tine :2.90 m n;
70 % 20 WV (DAD) purity. Exanple 1@8&

9- [ 5- (5- Di fI uor onet hoxy- 1H benzi ni dazdi™ 2-yl sul fanyl)- fu ra
n-

[

[

2-yl]-8-o0x0-4, 5, 6, 7,8, 9-hexa hyd ro-2 Hpyrro to [3,4-bj qui n ol
n e-3- carboxylic acid ethyl ester 25 WO 2007/012972 PCT/|1B2006/ 002734

107 ~N\ ®&ora gplutiow of AF0-myg (0BF ronel) o0& By|8e( 1HRbemimitiazob 2pyiaangl)i on:  a
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period 5o b]quindlinee3-ehribx3id agidoéth§l serdi Wb%ﬁ‘lrétﬂﬁnﬁﬁé’r/& q'rﬁpﬁ/é%rfmaé n

mneral oil, 7.35 mol) and anhydrous tetrahydrofuran at

reacti on nPdded 263 mg i°f sodigp Hyssaride riper souncd borc’rom Ilabbuﬂ'be aedctidren a
solution omikufe Wa 1iataa Ut'dPTAwitH BT ¥61% hBukY dfld &f 30°C ovemight.

Water was added to the reaction mixture and it was extracted twice with ethyl
~acetate. The organic layers were washed with water and brine and dried over
10 magnesium sulfate, filtered and concentrated under reduced pressure. The
resulting oily residue was dissolved in 1 ml methanol and 14 ml of
dlchloromethane and purified by chromatography on a prepacked 75 g 15-40
pm silica gel cartrldge (eluting solvent: dichloromethane / methanol from 98/2
to 92/8 v/v in 50 min; rate : 40 mL/min§. The fractions containing the desired
15 product were combined and concentrated to dryness under reduced pressure
giving 106 mg of 9-[5-(1H-benzimidazol-2-ylsulfanyl)-furan-2-yl}-6,6-dimethyl-
8—oxo-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline—3-carboxylic acid (34
% yield). Analytical LC/MS method B: [M+H]+=475.5; retention time : 3.01
min; 95 % UV purity. 300 MHz 'H NMR (DMSO-de) & (ppm): 0,91 (s, 3H) ;
20 0,98 (s, 3H) ; 2,05 (d, J = 17,0 Hz, 1H) ; 2,16 (d, J = 17,0 Hz, 1H) ; 2,50 (d
partially masked, J = 17,0 Hz, 1H) ; 2,61 (d, J = 17,0 Hz, 1H) ; 5,14 (s, 1H) ;
5,97 (d, J = 3,5 Hz, 1H) ; 6,73 (d, J = 3,0 Hz, 1H) ; 6,83 (d, J = 3,5 Hz, 1H) ;
de 7,10 a 7,20 (m, 2H) ; 7,40 (d large, J = 8,0 Hz, 1H) ; 7,52 (d large, J = 8,0
Hz, 1H) ; 8,32 (s large, 1H) ; 11,3 (s large, 1H) ; 12,25 (m wide, 1H) ; 12,3 (s
25 large, 1H) .



anhydrous tetrahydrofuran is added dropw se over a 15 m nutes period. The
reaction mxture is stirred for 16 hours at roomtenperature and then
poured 10WOrp@/@Q02m of water. The m xture is extract e@CTABLO6/0M205 150 i
of ethyl acetate. The conbined organic extracts are dried over MyS04 and
concentrated under reduced pressure. The residue is then triturated with

i sopropyl ether and dried under vacuum 1060 g of 5-(6-difl uoromethoxy-1 H
benzi m dazol - 2-yl sul fanyl ) - furan- 2- car bal dehyde are isolated as a beige 15
powder . Yi elkExa@pple Anafi2bi cal SLS-(VH-Benzimidagpl-2ndsalfangl)-furame234pe,6ai n.

m z=310. 99 (posi.t.i ion ) a A M Xt yre L

3 i no 2- e HORIRU Ba e i hesabiydr 2Phpwrolef34-blauipgtine-3-

di f | uor onet heathokamiQenzi m dazol - 2-yl sul fanyl ) - f uran- 2- car bal dehyde (0.5 g,
20 1.61 mmol ) and 1, 3-cycl ohexanedi one (0.181 g 1.61 mmol) in 5 m of
ethanol is heated at reflux tenperature for 2 hours. The reaction m xture
is then concentrated under reduced pressure and dissolved in 5 nl of ethyl
acetate. The organi c phas %ﬁéﬂed twice with 2 mM of water, dried over
MyS04 and concentrated un du pressure. ThHe residue is purified on
a silica gel 25 colum (120g) efutedMth a mixt 0% di chl or onet hane and
met hanol (99/1, v/v). The fractions| containi ng f’heféxpected products are
pool ed and WD 2007/012972 PCT/ 1B 3; 108 comgentrated under reduced
pressure. The residue is resus J O m of acetonitrile, the m xture
is heated at reflux terrperaturg N5 ninutes and then let to cool to
roomtenperature. The insolubl € nmagerial is collected by filtration and
dri ed under vacuumfor 1 hour at 30 Cto yield 203 ng of 9-[5- 5

(5-di fl uoronet hoxy- 1H benzi m dazol - 2-yl sul fanyl ) -furan-2-yl]-8-o0xo
4,5,6,7, 8, 9--hexahydr o- 2 yrrol.o 4-b] qui_nol i ne- 3-car hoxylic acid ethyl
ester as a-(]ﬁn?t%ai'ﬁtb%gr&\fingl@'—'@/@rﬁ%’gI@&‘k’aﬁﬁ%%”ﬂ&%@ﬁ?“%%41
(positive i dorapegiewdims 2534 J ' 1g;170[ 2, 400 MHz 1H
NVR on a BRUKER A\./ANCE DRXEh 00 spec"g5 g%?resg?%rh }éﬁach)gj;logilﬂ %yg%ﬁdﬁ’i‘%ts (6 in ppm
in d6 di met RaYnens decaripmaticd@cidoinvedt mef dimetbgfbratamizlesOvap madtie803K

(m by 1 5 sypestitdly, 72y, dotho by r BBt 74 mo 025 ncd ot g5
(d, J = 3,5 aamotidm chforide, (74, mg 0.875 nhiﬁoglckﬂ)N;N-aiis‘ﬁdprbg lethyfardine fZa 1H)
6,97 (d broad, g :t?,Slj-lz, ll-R ; 7,15 (t, = 74,5 Hz, XI) 7,25 (s broad
1H) round bottom flask. The reaction mixture was stirred ~overnight at room

temperature. Water was then added and the reaction mixture was extracted

with ethyl acetate. The organic layer was washed with brine, dried on
15 magnesium sulfate, filtered and concentrated to dryness under reduced

pressure. The residue was purified by preparative LCMS (method C) giving

8.9 mg of 9-[5-(1H-benzimidazol-2-ylsulfanyl)-furan-2-y1]-6,8-dimethyl-8-oxo-

4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-3-carboxamide (12 % yield).

Analytical LC/MS method B: [M+H}+=474.5; retention time : 2.90 min; 70 %
20 UV (DAD) purity.

Example 126: 9-[5-(5-Difluoromethoxy-1 H-benzimidazol-2-ylsulfanyl)-
furan-2-yl}-8-oxo-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-3-
carboxylic acid ethyl ester

25



15 7,47 (d broad, J = 8,5 H, 1 H ; 8,42 (s, 1 H ; 11,4 (s broad, 1 H ;
12,55 (m broad, 1 H . Exanple 127: .

6-t ert - BWQI2006y01297R5- ( S- Di f | uor omet hoxy- | H- benzi m dazol PCTABLH6/002734

ul fanyl)-furan-2-yl]-8-o0xo0-2,4,5,7,8, 9- hexahydro-pyrrol o[ 3,4-b] -1, 7-

napht hyri di ne- 3-carboxylic acid ethyl ester 20 NOF OHF OHNI NI /
O(OHO A nmxture of 3-anino-2-et hoxyd&/bonyl -pyrrole (0.497 g, 3.22
mol ), 5-(6- difluoromethoxy-1

H-benzinidazol-2-y|squanyI)-furan-Z-Q%%u- dehyde (1 g, 3.22 mmol ,
described in exanple 126) and N-Boc- 2 b:di ongSFldlne (0.687 25 g, 3.22
nmmol) in 10 mM of ethanol is heategat ﬁef t erature for 2 hours. The
reaction mxture is then concentr ate nder reduced pressure and WO

2007/ 012972 PCT/ 1 B2006/ 00273; 109 ified on a silica gel colum (1209)
eluted with a m xture of dicgl' 5 ‘¢ and nethanol (99/1, v/v). The
fractions containing the expectee t are pooled and repurified
successively by LC M5 nmethod B _/on ¥8 Sunfire colum (30*100 nm 5pm
Waters) eluted with a gradie pfrom20 to 95%of acetonitrile containing
0.07%¢trifluoroacetic acid (v/v) in water containing 0.07%¢trifluoroacetic
acid at a 30 mM/mn. flowrate and then on a silica gel columm (409) .
eluted with a mxture of dichloronmethane and methanol (95/5 v/v) to obtain
250 my of 6 dB j iate [repayatianf a gohudiopt hoxy of 5-(difluoromethoxy)-2-

r
Hb I m da = 2=y Sullf - an | ]-8-Qx0-2, , 7. 8,9.10
hexgﬂfllj;no- pé%r%%%?éﬁ%pgﬁ-gﬁ'é?%%%ht ﬁ:{zj?)i(di ngoﬁ(céﬁ] b%l irE?aafd %’?Wmlé%t er as
an orange tetratgdrofiisel H-ad@d6d suet #t15 Minlite/ Pporidd®s BadiBlre 6fed 24| PBf
time=4.20 mn,, z=Q 2.8 (positive ion node). 400 MHz 1H NVR on a BRUKER
AVANCE -ﬁ@@uﬁbngb!%‘g% @ve dispersienin rgieralsoil, /.88 Py anddenhydrous
di-met hyl suf uigarddyfE 461098 1Rl ebEli&H FkEk ¥ stired at room temperature

for 2 hours and then a solution of 0.979 g of 5-nitro-2—fura!dehyde in 20 ml of

anhydrous tetrahydrofuran is added dropwise over a 15 minutes period. The

reaction mixture is stirred for 16 hours at room temperature and then poured

10 into 300 ml of water. The mixture is extracted twice with 150 ml of ethyl

‘ acetate. The combined organic exiracts are dried over MgSO, and

concentrated under reduced pressure. The residue is then triturated with

isopropylether and dried under vacuum. 1.9 g of 5-(6-difluoromethoxy-1H-

benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde are isolated as a beige

15 powder. Yield=89%. Analytical LC/MS (method B): retention time=3.38 min.,
m/z=310.99 (positive ion mode).

A mixture of 3-amino-2-ethoxycarbonyl-pyrrole (0.248 g, 1.61 mmol), 5-(6-
difluoromethoxy-1 H-benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde (0.5 g,
20 1.61 mmol) and 1,3-cyclohexanedione (0.181 g 1.61 mmol) in 5 ml of ethanol
is heated at reflux temperature for 2 hours. The reaction mixture is then
concentrated under reduced pressure and dissolved in 5 ml of ethyl acetate.
The organic phase is washed twice with 2 ml of water, dried over MgSO; and
concentrated under reduced pressure. The residue is purified on a silica gel
25 column (120g) eluted with a mixture of dichloromethane and methanol (99/1,
vlv). The fractions containing the expected products are pooled and



15 2.50 ppm at 303K tenperature: 1,29 (t, J =7,0 Hz, 3H) ; 1,41 (m broad,
9H) ; de 3,47 a 4,23 (mbroad partially masked, 2H) ; 4,13 (d broad, J =
17,5 Hz, WOHp07/0129727 (g, J 7,0--Hz, 2H) ; 4,96 (d, J BCIIBBOHI27H H) ;
5,20-(s, 1H ; 5,93 (d, J 3,5 Hz, 1H) ; 6,81 (d, J = 3,5 Hz, 1H ; 6,86
(d, J =3,5 H, 1H ; 6,99 (dd, J = 2,% et 8,5 Hz, 1H) ; 7,16 (t, J = 74,5
Hz, 1H) ; 7,27 (d, J = 2,5 Hz, 20 1H) 8748(d J:8,5Hz,1H);9,20(m
broad, 1H) ; 11,5 (s broad, 1H) Exarrple 128:

9. [ 5- ( 5- Di f IapHCeRBaieskyndenreducathpressale. i'hyslreallduanyre)suspended in 20 ml of

f 2-vyl I

ngg)ﬁ? hyr?/d} nag: %ﬁ% '\% %gﬁg@a [%eﬁ?%ﬂ %s':[e Pg%h%&%ﬁ‘@ Zfl%re]lggnmu@ﬁ:anq) HF

0 FIN NH Cl Hheh 16t td c()@l MOroi0 TeRpartard?qHed PRRAMIO ratdrial ﬂs.lcQolPe%@deB of

6-tent- butyI XY - Q 5-di f I uor onet hoxy- 1H benzi m dazol - 2- ylsu | fang/l )-fu
Tdiambnd sie

ran -2-yl]- 4§l dginder yaguwidfor d-Rgurrali 3 °%C 4o melcizﬁs mg of 9

napht hyr icdi e dissolved in

1. 2 my gf ?Odzgﬁﬁgféé%)gﬁ%lﬁﬁﬂ%z%@ﬁkg%&? ur7f1§ ﬁ@? @Jﬁﬁ%ﬁ-& “oxane. The

reacti on 5 ,%60f, 8 9- bezsahydre-dH-pyrrdJG[unladbllrrsDBmai’mﬁyﬂb@cﬁd ethyf eteror ned
fi]Jtration, washed successi vel

| ubl t th
:Mntsg gx (23 n1rraof%rI IS ndc\g@cg%%g/do nalyticahrlefpfMet mathod B: dF"fZe§4undgr
t =
\glaf:guzn 5- gl %li(gg?g&rrgzohnog%dgl-[l- r!z)l m/ asz% (rbeg)?ltlsul qd)e [M ur é% 2-yl]-8-

oxo- 4, 5, 6, 7,4900Mirex At B—tZHa@RUKEtE{AVANQE DF?X-MammneptnommeF &‘\heaﬁdiwxyl iC

10 idqgth hi d % A t I
LOvE (S nathES {6 i AP BT ;G sRls howis TRREE e o (ot @r@ecg Armode)
. 400 MHz 1 IﬂWBpWa&3BEIQK§R|p%Vé’tN§E (B Q0=SPeHZ, mtwsgqh?? h' fts
(3 in ppm in d6 dinethyl suf °(£’79ng'\/50 d6) sdlvent reference 50 ppm

at 303K t er {fpht 89 (M, 159 =1h) 04125 (BH)=7 Q3H7-92Hm 524 (34 139 15 (m
(1S1H) . 4,28 486 (d, 7738 HE: 18 6704024 £ 4 L1925y Y 6B 1By 5 £y 5 1ty 5 22
- : 6,97 (d broad, J = 8,5Hz, 1H); 7,15 (t, J = 74,5 Hz, 1H) ; 7,25 (s broad 1H) ;
15 7,47 (d broad, J = 8,5 Hz, 1H); 8,42 (s, 1H); 11,4 (s broad, 1H) ; 12,55 (m
broad, 1H) .
. Example 127: 6-tert-Butyloxy-9-[5-(5-Difluoromethoxy-1H-benzimidazol-
2-yls ulfanyl)-furan-2-yl}-8-oxo-2,4,5,7,8,9-hexahydro-pyrrolo[3,4-b]-1,7-
naphthyridine-3-carboxylic acid ethyl ester

20

A mixture of 3-amino-2-ethoxycarbonyl-pyrrole (0.497 g, 3.22 mmol), 5-(6-
diﬂuoromethoxy—1H-benzimidazol-z-ylsuIfanyl)—furan-2—carbaldehyde 1 g,
3.22 mmol, described in example 126) and N-Boc-3,5-diketopiperidine (0.687
25 g, 3.22 mmol) in 10 ml of ethano! is heated at reflux temperature for 2 hours.
The reaction mixture is then concentrated under reduced pressure and



1H ; 6,27 (d, J =3,5H, 1 H ; 6,86 (d, J =3,5H, 1 H ; 6,8 (d, J =
3,5H, _1H ; 7,01 (d broad, J = 8,5 Hz, 1H); 7,16-(t, J = 74,5 Hz,
1H) -, 7, 2900m7/@ewvad, 1 H ; 7,50 (mbroad, 1 H ; 9, 39PCIIBA06MH027349, 63 (m
broad, 1 H ; 9,73 (m broad, 1H) ; 11,65 (s broad, 1H) ; 12,65 (m broad,
1H). 20 Exanple 129:

9-[5-(5-Chl or o- 1H benzi m dazol - 2-yl sul *Qa?nyl )-furan-2-yl]-8-

oxo-4,5, 6, 7, 8, 9- hexahydr o- 2H pyrrol o[ 3, 4- b] qui nol i ne- 3-carboxylic acid

et hyl est erpusifiRdclon OaH silicaHNg®l  @lenmnO (128g\\0ekded/ it072 mixture  of

PCT/ | B2006/ 734 11 Al dehyde i [ | : .,
5- Chl or o- 2-%8%5?%%8ﬁ9i W@a%gﬁﬁﬁ?@w‘gi %é'?'lgrﬁg{%%tt'lﬂﬁgsﬁ?r\‘f@@'q% the m of
anhydr ous texpestadipebuceard Fodleédedd @Fgmf%%désgiv%!ﬁgﬁﬂﬁllﬁ@ (bt UM

hydri de (60% di spersion in mneral oi . g ) mol ) i n anhydrous
t et r ahydr ofQiy arf> { & Gumfiye golunyt(3V'4P0amns T1mi Waters) eslited. withea gradigriton

m xturecis hr fodo : r 1 pu Then. . .

5-nit ro-52- fﬂl’j&rrgl%(gﬁ?/geg/fio.fl %rt%’,"ﬁg? f@ﬂﬁ@ﬁﬁpz&ﬁ%‘é’f?ﬂc% ﬂ?ldo(%'lv)dﬂhydr ous
t et r ahydr ofwaten costang @. Q7% triflseroauetic acidatrd BOURI/MPAT. ifloth ANd dndgheneact i on
m xture is stirred at ropmtenperature for an additional 16 hour period.

The reacti & Ai sifica gel sojunam (% 6[9“@‘?11"‘6"“3@0?%“"& ofdickioramethane abded 10
twice W thids®afrbi of(g%hy{,/dgc%at@otai'ﬁhezggn% edqpr Qiig_%erf;?@élfoé‘gg_&&r_e dried

over MgSO4 and concentrated’ under reduced preSsure.
purified orifucypmetzoxyel Hdmnzimidazalezyyisalfabgifurani2-gi)8-oxa:2 @, 57,8;9<| ohexane

RN L R TR LR L A ———
?Bgls y! | 32' idgﬁﬁ@nfd(g)ﬁsw%@.d Wleld=10% " eAsayiicN LCTRFS: 4Refdy - B FateffioRS/ 10
time=4.20 min., m/z=642.0 (positive ion mode).
400 MHz 1H NMR on a BRUKER AVANCE DRX-400 spectrometer, chemical
shifts' (8 in ppm) in d6 dimethylsufoxyde (DMSO-d6) solvent referenced at
15 2.50 ppm at 303K temperature: 1,29 (t, J = 7,0 Hz, 3H) ; 1,41 (m broad, 9H) ;
de 3,47 & 4,23 (m broad partially masked, 2H) ; 4,13 (d broad, J = 17,5 Hz,
1H) ;. 4,27 (9, J =7,0-Hz, 2H); 4,96 (d, J = 17,5 Hz; 1H) ; 5,20 (s, 1H) ; 5,93 -
(d, J=3,5Hz, 1H); 6,81 (d, J = 3,5 Hz, 1H) ; 6,86 (d, J = 3,5 Hz, 1H) ; 6,99
(dd, J =25 et 8,5Hz, 1H); 7,16 (t, J = 74,5 Hz, 1H); 7,27 (d, J = 2,5 Hz,
20 1H); 7,48 (d, J = 8,5 Hz, 1H); 9,20 (m broad, 1H) ; 11,5 (s broad, 1H).

Example 128: 9-[5-(5-Difluoromethoxy-1H-benzimidazol-2-ylsulfanyl)-
furan-2-yl]-8-oxo-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]-1,7-
naphthyridine-3-carboxylic acid ethyl ester hydrochloride

25




A m xture of 3-am no-2-ethoxycarbonyl -pyrrole- (0.276 g 1.79 mmol), 5=(6
chl or o- 1H benzi m dazol - 2- y(sul fanyl ) - furan- 2-carbal dehyde (0.5 g, 1.79
mol ) amloRp®/agyrkohexanedi one (0.201g, 1.79 nmol) in BCEIBWP6/e2NHMNOl isS
heated at 20 reflux tenperature for 2 hours. The reaction mxture is then
concentrated under reduced pressure and purified on a silica gel colum
(120g) eluted with a mixture of dichlldPomet hane and nethanol (9911, v/v).
The fractions containing the expected products are concentrated under
reduced pr@88ur éng an®@f t hérfepihutylorytStSi(bedifu@paeathoxye 1 HBvRImigzoE2-B on a

Xbri dge C18, 2 * | uf ed wi 0 50% gr adi ent
o acarom Va2t ek G a8 b~ o 30t i n.
flow rate hapityriding-3-E8oxyRc htiaetidsiémieRamiphe 127Pafd 8dstad st ar e

concentrated under reduced pressure. The residue is resuspended in 2 m of

a(r:]et oni t Ir i md of Hioxese anst corabingd Witi}’ri)e’rﬁ&tmlr?" ‘HﬂdH(BdDICﬁbxamea dbmreaciioer at ur e.
oot _ St . e e
ai' sopropy MRS sfted R, T FRYHGEL Hom enerollikd Treofiren,Mealiole, o

9- [ 5- ( 5- chimateridlHs theni dulldsal by filtbdtioul ﬁnm%ﬁbh-éuﬁcéﬁs@egﬂ Wit -22-rfl} &f 6, 7,
8, 9- hexahyar 0- 2H pyréfgl OI%B, 4-_,b£)qui nol i ne WO 2007/012972 PCT/ |1 B2006/ 00273;
112 3- car b8RYANE 3k 2K &R ef dilsparopyletherand drigsirder vacuum=toppield A yt i cal

LC/ VB doB): s ARV : ,
2507 | (MG vel Tt ator Oy 1H e Rilan et i BRI
SRUKFE AVA?KZE455Rﬁ,-743,®E}I$@ahyd6 mFEHqurroj?{em-bhﬂ g-ﬁ?pﬂrﬂzwygdine&-tartbpgy%cKi n dé
I e SutL o. sotvent reregrenced a a

terfpergd urgqﬁ{e@f (%sv?er‘]ﬂ;g&rﬂcg‘qqﬂe §§1)a?br?W99p?Wf’eQFy'e?d%§é- A("iﬂ?yt@ﬂ) ;
2,58 1 - ich A, TmP=5a; sithel; ;
508 (a, 3 Orgodmetfiod B), fetbitich (et Ap0 nM. nfsShy SlhosyReion fiogel, 1 2 ¢
(dd, J = #09 MHzslH NMR on aBRUKERAYVANCE BRX-806ispettroineteryciiamical br oad,

130 6- cer PGy BoBEh i I8 dippBlBuiSoecivRchdobisbher) fefredam  ru Ta
paon g o T A LD, 09 e 30, 242
, ;4,28 (q, J = 7,0 Hz, 2H) ; 4,44 (d broad, J = 16,5 Hz, 1H) ; 5,22 (s,
1H); 6,27 (d, J = 3,5 Hz, 1H) ; 6,86 (d, J = 3,5 Hz, 1H) ; 6,89 (d, J = 3,5 Hz,
-AH) ;7,01 (d broad, J = 8,5 Hz, 1H); 7,16-{t, J = 74,5 Hz, 1H)-; 7,29 (m
broad, 1H) ; 7,80 (m broad, 1H) ; 9,39 (s, 1H) ; 9,63 (m broad, 1H); 9,73 (m
broad, 1H) ; 11,65 (s broad, 1H) ; 12,65 (m broad, 1H).
20
Example 129: 9-[56-(5-Chloro-1H-benzimidazol-2-ylsulfanyl)-furan-2-yl]-8-
ox0-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]lquinoline-3-carboxylic acid
ethyl ester

0O
2 \



HNIT HNI / O1I11 OIl 1T O A mxture of 3-am no-2-ethoxycarbonyl -pyrrole
. 553 3.59 mmol ), 5-(6- chloro-|I

I(-I?benzi ?TiWQZDQW(BzS}”?ZSm fanyl)-furan-2-carbal dehyde (1g, BC$HBmOﬁD027342(9) I
described in exanple 129) and N-Boc-3, 5-di ket opi peridine (0.75g, 3.59 mmol)
in 10 mM ethanol is heated at reflux tenperature for 2 hours. The reaction
mxture is then concentrated under redlded pressure and purified on ad
silica gel ol umm (120g). eluted with a m xture of dichioromethane an

met hanol jdehyde, intermediate mseparatien:c 5+Gors- Bgnedcapmﬁmtrﬁlda@élgducm are

] arative
E%”%E”Léf‘h?d Gr2uRga %ﬁﬁeddc%e'@é o B0y ibUs "etrebyg aivipne i Bddow Ch &
20 to 95% mmsymmmpegﬁ%haﬁmtﬂﬂ%ande%awe e‘?ﬁhnqﬁdﬂ@%&w“ le

| uorpacetic acid in water ont'al ni ng
tC ?P? ?Lglr ggé’e%f% b i?f giMal) in aahydiews detrafydrofunam (201 nilp ati1B6€ axver aThe

pr cesure. ¢ ool arod, TherreRgto RRLRE RiRRelior TR STt femperattie.

pressure to deliver 230
H benzi ni ddhen- 581|tro-2-furaldehyde (1.146 9, 812 mmol) dlssolved in 03 ml of 17

napht hyr | aenvaETetalrdroRieds auded divisse avera i Bgninds {aégéd anddne.

T IE610 (oot hre T aare &, Stired, BT 306! REAS Blfe, 7 AF ol 1gtkeR Avance
gR?( ?1(%8 gg%@b&@‘ﬁfm%?&%@ﬁn re ig theshpdured (1Boi 30minbf WatstGari @%Fé}%%@uz oxyde
70 ru g o8y 18P BE B apetatd A8 Eohined oo wbastoarer died y |
masked, 2Hpver LMQSO@ daid Oeshcehtrateli u5|sd'é|7— lred@lcéa prgésa%d(?ge rqss %0 %_‘ZN)

: = 5, 20
é glg?d( dJ pﬂ”@e‘g °Hza Hsi]ﬁ)a Q%P mlum (1?-%9) Ejtﬂed{zwlmla) n’uxtﬁrei?)f Jﬁclbﬁéxan]e = 2, 0

H)
St 12 ?mHEr gg% @cqydi)a?:ef’%?[((gﬂlé 1\3'4\@ y'éiq_&jg Qp&%ﬁ%ﬁ%g% 1H2 benzmdazol 2-
9-[ 5- ( 5- Chvléﬂlﬁanyl)-fmamzqcaibaMehgdg: S’t&lcﬂfGB%) ffri%ﬂ ngﬁﬁtur?y/]rvf@ (method B):
0X0- 4, Pg 6. feut8n o G AOY Y Prs I_|-rﬁ2|)/.zr—r2Q/'80$£5/1CI (Positive ion mode).

A mixture of 3-amino-2-ethoxycarbonyl-pyrrole. (0.276 g 1.79 mmol); 5«(6- -
chloro-1H-benzimidazol-2-ylsulfanyl)-furan-2—carbaldehyde (0.5 g, 1.79 mmol)
and 1,3-cyclohexanedione (0.201g, 1.79 mmol) in 5 ml of ethanol is heated at
20  reflux temperature for 2 hours. The reaction mixture is then concentrated
under reduced pressure and purified on a silica gel column (120g) eluted with
a mixture of dichloromethane and methanol (9911, viv). The fractions
containing the expected products are concentrated under reduced pressure
and then purified using preparative LC/MS method B on a Xbridge C18
25 column (Waters, 30*100 mm) eluted with a 0 to 50% gradient of acetonitrile in
aqueous 10 mM ammonium formate pH=9.0 at a 30 mi/min. flow rate in 12
min. The fraction containing the expected product are concentrated under
reduced pressure. The residue is resuspended in 2 mi of acetonitrile, heated
at reflux temperature and coold to room temperature. The insoluble material
30 s collected by filtration, washed with diisopropyl ether (2 x 2 ml) and dried
under vacuum to vyield 115 mg of 9-[5-(5-chloro-1H-benzimidazol-2-
ylsulfanyl)-furan-2-yl]-8-oxo—4,5,6,7,8,9—hexahydro—2H-pyrrolo[3,4—b]quino|ine-



carboxylic acid ethyl ester hydrochloride 20 NCl N OH OHNNNHCH O
HO 210 ng of 6-tert-butyl oxy-9-[5-(5-chloro-1

H benzi mwazod#@z9esul f anyl ) - furan- 2-yi]-8-oxo-2, 4, PCT/IB2006/002734

5,7, 8, 9-hexahydro-pyrrol o[ 3, 4-b] -1, 7- napht hyri di ne-3- carboxylic acid ethyl
ester (exanmpl e 130) are dissolved in 1.4 m of dioxane 25 and conbined with
1.415 M of 4N HCO in di oxane. The redd2ion nixture is stirred for 16
hours at roomtenparature. The formed insoluble material is WO 2007/012972
PCT/ | B20063®apyasylic Brid etiwhester Iaeca white ypoiider.rields 2 %ashsdtiod LC/MSL n  of

Gi 11 oa ol tehbaeyTbys<508 BaRRYe hA aranc, iveFiL T aELinresamb: Rimotthg *

met hanol ( @fegative/ion mo‘B@e[MIH]aqt Cppreggﬁf)al ni ng the expected product are
concentrat ed under reduced ressure to \éel d 135 ng of

9- [ 5- (5- chf@f M’i‘mbbNM'?‘rPﬂa?kB ERAVANGH PRX-400 spectrometer chemical

N CarboxTE Womaegiy b e Ritonsr IS e s Solent adtstaren a7 ' "
Yi el d= 77%256rmmtat®03K—€&rﬁ§er(aﬁWeh@@85()t J & 75598, éﬂygateﬁ/@p oA Zg%‘%w "

IMH "', 1 d _present z=510 (positive ion node
NVR on a BRUKER) AR, dﬂ@ﬂgs(ﬁ%c‘tﬂ)on‘eﬂét(q,'tﬁeﬁﬂdﬁ 2k)hi 5,06 ($,S1HN; ppm) in

d6 di neth f de 6.) | vent, r n 0 03K
enper at ur €- ( ] ) 7 6 T, 22 (m
t Y28 @ L ERE S 06 78 Sl 68§ 35 3B i 2RE . IF

1 H ;19285(% 8,5 Hz/ 1B1)Liz7,4@HY, Jﬂgge(kgﬂw =758, ﬁz!ﬂbadlﬂﬁ)) 853%9 (3, 1
3 5 151% 4'% kdm(ﬁ‘g@a@ﬁ@)oé& 4ﬁsbroed51|=lil 1 H) . 7,49 (d J 8 5 Hz, 1
H ; 7,56 (s broad, 1H) ; 9,36 (s, 1H) ; 10,05 (m broad, 1H) ; 10,35 (
broad, 1H) ; 11,65

Example 130: 6-tert-Butyloxy-9-[5-(5-chloro-1H-benzimidazol-2-
yisulfanyl)-furan-2-yl}-8-oxo-2,4,5,7,8,9-hexahydro-pyrrolo[3,4-b]-1,7-
15 naphthyridine-3-carboxylic acid ethyl ester

A mixture of 3-amino-2-ethoxycarbonyl-pyrrole (0.553 g 3.59 mmol), 5-(6-
chloro-1H-benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde (19, 3.59 mmol,
20 described in example 129) and N-Boc-3,5-diketopiperidine (0.75g, 3.59 mmol)
in 10 ml ethanol is heated at reflux temperature for 2 hours. The reaction
mixture is then concentrated under reduced pressure and purified on a silica
gel column (120g) eluted with a mixture of dichloromethane and methanol
(99/1, viv). The fractions containing the expected products are concentrated
25 under reduced pressure and then purified using preparative LC/MS method B
on a Sunfire C18 column (Waters, 30100 mm) eluted with a 20 to 95%



(s broad, 1 H). Exanple 132:

8- x0-9-[5-(5-trifluoronethyl-1H benzi m dazol -2- yisuifanyl)-fu ra

n-2-yl ] - 4¥8,2607012829- hexahydr o- 2H- pyrrol o[ 3, 4-b] g u i nPOM/IBHE6/02034
3-carboxylic acid ethyl ester F S--~NFF HOO HNN OH

2- Mer capt obenzi m dazol e i nternedi ate preparation:
4-trifluoronethyl-benzene-1, 2-di am ne {1d. 59, 2.84 mol) and 1,1'- 25

t hi ocar bonyl di [ m dazole (0.848, 4.73 nmmol) in 5 ml of tetrahydrofuran are
stirred at Orad Eﬁt eoi cacetonitrilé oconﬁlrhmglreDMetrﬁlemmacBnlcmaderm I\Bater

trat 2 PCT/ . B20, 6/ 002734 , 115 d d d
andthe regPBING P Roroniots anh atenm e olcl0 MHn ke dAannuash et or
(2x3 ). Tive feactRM CorBMFR) ihe éi(ﬂe%ﬁadoﬁlr%ﬁu EH¥ntrs ﬁn&érar}eaec der

reduced pressure. The residue is then purified on a SI
(32g) el ut SEESHWE taideliver 33@ ok 6- l‘ﬂ"ﬂé)tﬂylaty-Bdﬁs(SenhMml-ﬁﬂ@rﬂzhmdézm!xpect ed

> mor cant 020 LR DI EE PR PPt Ao E PB4l &y 1 | ca

LG M5 (net hnaphmyrudm-amarbnxymcrrae@ léthym rLasterrﬂés2é8 l ﬁt-BP&ﬁz{é' cﬁwdé}“ mode) .
-nercapto-6-trifluoro H 10

Al dehyde ate reparation:
benzi ?1/1 dalzyédgg% g@eﬁhéq ﬁ)d!"’%&(\ﬁe agatige ripn O‘ﬂcdthHl'éuﬁ )}
t et rahydrofmyga@mgr@sﬁfﬂa Opéjl Pgr,ﬁg%gﬁngl_ﬁ ahéﬂspenm on of sodium hydride (60%

di spersion in mn mmol ) in anhydrous tetrahydrofuran
(2 m) ovéf0dMba tH NMEsorparBRidKERh@VAN@E DRX-408 tspeetrometér, Ehehidzpr 2

i ssol S0 EBHE T PRE; “iaﬁﬁ@ﬁ%&ﬁaé‘dfé o Zfr&»‘ﬁis,%&‘ée%%ﬁwém‘ééreméé?o?ﬁ B
%gr maEUt gdéf\yﬁ gﬁ‘i‘l Qt"ﬁb our %r%ft%’%n@em E‘Imeh7 rid 3}_[)2211 %( ogrm tﬁﬁgﬁr aIt s
t hen- addedde 3,21 a 4 23 (m broad partially masked, 2H) 4,13 (d broad, J = 17,5 Hz,
1H) ;4,28 (9, J = 7,0 Hz, 2H) ; 4,96 (d, J = 17,5 Hz, 1H) ; 5,20 (s, 1H) ; 5,95
(d, J=3,5Hz, 1H); 6,81 (d, J = 3,5 Hz, 1H) ; 6,87 (d, J = 3,5 Hz, 1H); 7,17
15 (dd,J=2,0et8,5Hz, 1H); 7,47 (d, J = 8,5 Hz, 1H) ; 7,52 (d, J = 2,0 Hz, 1H) ;
9,18 (m broad, 1H) ; 11,5 (s broad, 1H).
Example 131: 9-[5-(5-Chloro-1 H-benzimidazol-2-ylsulfanyl)-furan=2-yl]-8-
oxo-4,5,6,7,8,9-hexahydro-2H-pyrro|o[3,4-b]-1 ,7-naphthyridine-3-
carboxylic acid ethyl ester hydrochloride
20

210 mg of 6-fert-butyloxy-9-[5-(5-chloro-1 H-benzimidazol-2-ylsulfanyl)-furan-

2-yll-8-ox0-2,4,5,7,8,9-hexahydro-pyrrolo[3,4-b]-1 ,7-naphthyridine-3-

carboxylic acid ethyl ester (example 130) are dissolved in 1.4 ml of dioxane
25 and combined with 1.415 ml of 4N HCI in dioxane. The reaction mixture is

stirred for 16 hours at room temparature. The formed insoluble material is



and the reaction mxture is stirred for an additional 2 hours period at
room tenperature. The reaction mxture is then concentrated under reduced
20 presswo,20@ieevkved in ethyl acetate (50 nl) and wask€a/mBrovsroaRasser (2x10
m). The organic phase is dried over MySO4, concentrated under reduced
pressure and the residue is triturated in diisopropylether, collected by
filtration and dried under vacuumto yildi d 720 ng of

5-(6-trifluoronethyl-1 H benzim dazol -2-yl sul fanyl) -furan-2-carbal dehyde
as a beige M@nllectgﬁ szI @Ittaifbw,/(;wasmwwnbaﬂML@ﬂl\ﬁ leﬁ(ﬁﬂéI‘mﬁI Bx1 mebention

oo 5. openroBVER 0 43die it Saer® PuBRe dna F1ics qeb.column (12g)

trifl ehjté I I I 0.72
1] s e o o gy o 38 0

et hanol i s frastie cantaiamaushie expectedupeodust arehmncenmd amaded redﬂoédjbl e

mat eri al 5 re e fil trated un

pressure ang épéusru? ie yﬁg'&v&égoﬁ'?/ 852%%’%(%# %?%W %136&3 agy |ca gel
col um ( 120@)rant2syi8- wdnsaemaggmaanydr@mﬂwﬁéws@m 7eidpHtRmRimd-e (7/3,
v/v). The féactéo)é)a&%%al ni ng, the expected pr oduct are concentrat ed under

reduced preSEH ﬁ'ﬂé&%@h%@@'ﬂ@%@ @8 anopnapgerpawdrs. Niald=4/%Br i dge
CLo_col urm ARAAES) L OHIEOhrHor el okl defohfe Tod0h g@aﬁaﬂgonng adi ent

of acetonitri I ueous mmnl um
flow rate tDreﬁelnlt)vm/zﬁﬁmrgma‘itl\& ionanddd, JMBH)t ri f | uor orret hyl -

H benzim d ARV | ) - -2-vil-4, 7,8, 9-
hexahy di b- S@QI&H%N%IW%W% AVANEE B éOIaéPacts@wreregh@nical
Yi el d=4% 1 i I
1loesh| fts (gmﬁﬁwgffr’% b'Pn d6 d| rret hy sur oxyde C@@%@C}égg)ﬁ é%(g?%@ éﬂggdcgt
g gg pE)m at2 iﬁ@?:w@maip%ﬁﬁi timrapefaztﬂl‘;ég(TEZQ Qtld Z 700 Hz, 3BH); de 3@%(3186 &) 5 16
G el Ty ey 70kl d44ﬁ&q551@5wm 58 (.3
3,5 Hz, 1H) 1H) :% djhy J 8 8,5
oS 7(59811)[ eﬁga(e J Q@Hﬁjﬁ) 6586'%1 ﬁz% 8@?)5‘(1 315H) ;
12,8 (rﬁ%roﬁ'é;" ) HY, 18X rspad, 183 85 Hs, (B) cmctﬁcda;pmsjsszmH) FeBezisn
| daz0l - 2 bl | )%Séis,b?% ook n&broad %‘33 10, ’3‘5 (R brGad, 1?»“ TE" Y
(s broad, 1H).
Example 132: 8-Ox0-9-[56-(5-trifluoromethyl-1H-benzimidazol-2-
yisulfanyl)-furan-2-yl}-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-
20  3-carboxylic acid ethyl ester

=

N

2-Mercaptobenzimidazole intermediate preparation:
4-trifluoromethyl-benzene-1,2-diamine (0.5, 284 mmol) and 1,1-
25 thiocarbonyldiimidazole (0.84g, 4.73 mmol) in 5 ml of tetrahydrofuran are

stirred at room temperature for 48 hours. The reaction mixture is concentrated




rboxylic acid ethyl ester NC - N~ OHHN OH 200
(Z:?I\/Ercgpt obenzi m daélol e intermedi ate preparation: A mxture of
4- chl or o-goneatyeesenzene- 1, 2-diamne (1 g, 6.38 mtl) adeaB2006/0027?4 _
2-pyridylthionocarbonate (2.46 g, 10.6 mml) in 5 m of tetrahydro dlran :js
stirred at roomtenperature for 72 hours. The reaction mxture is dilute
wth 25 100 mMl of ethyl acetate and wasHéd with 2x 30 m of water. The 4
organic phase is dried over MpSO4, filtered and concentrated under reduce
pressure. THB %geotm*@d. pressuncuand de iresidue so pisspiveelt ine10 adethgnhastatand

d mto yield
f1I (r)\gl lggyo}/\ozgﬁgr%ap @ﬁ%ﬁé@@ﬁéﬁa@?&ﬁmﬁgﬁ %ﬁed ‘g'?ﬁ(ggdéﬁ @é&@d
powder . i ebdn@é}%atéwnmér c@IudeGISFivssémt itRe rBidue iSRS badd BF 3 snﬂt?a mn.

= t on no de |nterrred ate reparat on:
mit 3?2 gf? égﬁgﬁwé@@eﬂ(‘ MlthlCbp'@'ﬂmmathanemTherfaactmnls ccﬁhtéiﬁ&g}th& 46

m dazol e 5. 29
ol s e RReaeR oduct 8! ChribentBld Lide  TABREY i o s
hours. 5-ni of o2ﬂnema@tmiélfmﬂtﬂaor()ﬁ1éﬂ4ﬁ 1H-benZithidazde) Yield= %Of Ancz):l dytlcal

hydr of hen d dro W se over a 15 mnute 10 peri and t
tne;'[ 3rg |rs g?ﬂ\ﬂ?éﬂﬁ'q&%‘?d at[)m?'o%ﬂf‘tr@ﬁpé’ﬁ/éf:@ﬂé 98T(pesitivedan immde)i xture

[ 00 m et hyl
s then concentrated under reduced pressure and dissolved in 1 _

ecet ate and vvashed W th vvat er (2 x 30 m). The organic phase is dried over
MySO4 and cOlEay QUS & JepEiatiores s ur @-mélaipt@SiififioronsethylL fyr at ed

| 'd 15 854 g
of 5. (20 B AR |(°3€§' Eﬁﬂ?% 8B 10505 AR o1 B TF f. nhydrous
car bal dehydistralydhotaiahs Ao Hidpabisd @ Msslﬁ%i%%h B} solifth?HtiRe '(68% > 64

mn, mz=27 positive ion nod

3- ani no- 2- € ﬁ6§5$§95\> ‘lﬁ‘dﬁmer@'y‘m &9 o, 38‘5 'Qmoll) |Bzanhydt()us &;ngﬁt;?en ((20 388
chl or o- 6- meifybvekts BBNATIEE P08 ThdWehalyh hitdids ZusanPal 4 hours at
& room temperature. Then 5-nitro-2-furaldehyde (0.42 g, 2.98 mmol) dissolved '
15 in & ml of anhydrous tetrahydrofuran is added dropwise over a 15 minute§
period and the reaction mixture is stirred at room temperature for an
“additional 16 hourg period. Sodium hydride (67 mg, 2.23 mmol) is-then added
and the reaction mixture is stirred for an additional 2 hour§ period at room
temperature. The reaction mixture is then concentrated under reduced
20  pressure, dissolved in ethyl acetate (50 mi) and washed with water (2x10 mi).
The organic phase is dried over MgSO4, concentrated under reduced
pressure and the residue is triturated in diisopropylether, collected by filtration
and dried under vacuum to yield 720 mg of 5-(6-trifluoromethyl-1H-
benzimidazol-2-ylsulfanyl)-furan-2- carbaldehyde as a beige powder.
25 Yield=77%, Analyticat LC/MS (method B): retention time=3.73 min.,
m/z=313.01 (positive ion mode).

A mixture of 3-amino-2-ethoxycarbonyl-pyrrole (0.355 g 2.31 mmol), 5-(6-
triﬂuoromethyl-1H-benzimidazol—2-ylsulfanyl)-furan-2-carbaldehyde (0.72 g,
30 2.31 mmol) and 1,3-cyclohexanedione (0.259 g, 2.31 mmol) in 5 ml ethanol is
heated at reflux temperature for 1 hour. The formed insoluble material is

filtered off, the filtrate is concentrated under reduced pressure and purified on



1.32 mmol ) and 1, 3-cycl ohexanedi one (0.149 g, 1.32 nmmol) in 10 M of I-
butanol is heated at reflux tenperature for 4h. The reaction mxture is
then corwenne7atizaizunder reduced pressure and purified ®OTABHOGH@A34gel
colum (34g) eluted with a m xture of cycl ohexane and et hyl acetate (7/3,
v/v). The 25 fractions containing the exPect ed product are concentrated
under reduced pressure, and the residubld@s resuspended in 5 ml of
acetonitrile and heated at reflux tenperature for 15 m nutes. After
cool i ng to reomiticaegedr eolurme, (ﬂB@g) ishstetu blith raamktmé ob seldieshad awd

d
gl l[gr?tSI gﬂl ??E'gY'd“ E’%iﬂ? ir‘@’/)g 3&&5@& col '§@9fﬁ}®|ey<pﬁﬁﬁeanpmd§dp}ﬁe§eoxo 30
82,0 7L B, D domvaimated, ahtioy requalcd pfoddl W idhl Uit S KL AL Einfs Y
ester. Yield=11% Analytical LC M ( ve 1on node
[ MkH] 4, 1 ametheddhon, a wBridge1C &@QWWéWabersnﬁﬂ’éloqmm)]elutéd Withpr @dent ) .

BRUKER AVANCE
Bt G128y T RO BPADBRS aceld et Al A B bt e 5,
( DVSO- d6) H)scpiH»:@m atfer shcednih. fE)MBOrat&JnﬂoatdeW%erfﬁgf6?%%xo-b.%§g‘5( J =
7,0 Hz, 3 ;

2 79 (m 1H)"""UQ'£0@§g \d-1*|b‘4z>enmnud@&0|(22¥l§ulfarwl)5fuztan syl i®|27$997 (d, J =3,5
7 ’42 (S ior o g?aﬁ?droJZHﬁgg) d(fﬁwl ﬂr@h &ollﬁe%cérﬁgxﬂ[f d eih)f_be%ter ?Zuglqrd("/g br oad,

1H) : 12,5 (‘h@ﬂthlale NHIR cExarBRldKEBMAVANCE DRX-4OO spectrometer, chemical
6-tert tyl chl -nmet hyl -1 H benzi m dazol - 2-
yi sul faﬁyl ) st Pﬁﬂ)s% 8- @mtwf?ufexwm&md@) mqlventgp&rena@d atgi /10
napht hyri di r . . -
CHGOA ﬁ? g?égékqeﬁ’g’?gﬁtﬁﬁmng %’E’on?rd\lﬁifr B gg . ?H)lh}sgg ol ) |
5-(5- chl oer62lTbt RS7Z (h; bbh):zQ;ﬁQjempﬂH)Z ¥ 25ulof, ary 7)o HuraH) 25CH @aHdghyde
(0-400°9. 6,00 (d, J =35 Hz, 1H); 6,78 (d, J = 3,5 Hz, 1H) : 6,86 (d, J = 35 Hz, 1H) ;

7,45 (d broad, J = 8,5 Hz, 1H) ; 7,64 (d broad, J = 8,5 Hz, 1H) ; 7,81 (s broad,

15 1H); 8,43 (s, 1H) ; 11,4 (s broad, 1H) ; 12,8 (m broad, 1H).

Example 133: 9-[5-(5-Chloro-6-methyi-1H-benzimidazol-2-ylsulfanyl)-

furan-2-yl]-8-oxo-4,5,6,7—,8,9-hexahydro-2H-pyrroIo[3,~4-b]quin‘oline-3=‘

carboxylic acid ethyl ester

2-Mercaptobenzimidazole intermediate preparation:

A mixture of 4-chloro-5-methylbenzene-1,2-diamine (1 g, 6.38 mmol) and di-
2-pyridylthionocarbonate (2.46 g, 10.6 mmol) in 5 ml of tetrahydrofuran is
stirred at room temperature for 72 hours. The reaction mixture is diluted with
25 100 mi of ethyl acetate and washed with 2x 30 ml of water. The organic
phase is dried over MgSO,, filtered and concentrated under reduced
pressure. The residue is triturated in diisopropylether and pentane and finally



15 1.36 mmol, described in exanple 133) and N Boc- 3, 5-di ket opi peri di ne
(0.291g, 1.36 mol) in 10 mM of 1-butanol is heated at reflux tenperature
for 4h. Wheoeigaee7eon m xture is then concentrated undePCraBoed2piessure
and the residue is purified on a silica gel colum (34g) eluted with a

m xture of cycl ohexane and ethyl acetate (7/3, v/v). The fractions

contai ning the 20 expected product are ldancentrat ed under reduced pressure.
The solid is then washed with diisopropyl ether and pentane and dried under
vacuum t o yHded uais wgcwimota ¢deld bu0§! gxgf 2-merddpteBleioross-msthyl-1H-

H benzi m dagog| -.2-. C o . .

yl sul f anyl )E?U‘?'gﬁdﬁz‘%}? BSE@ ¥Rlw paweer Yielg= ﬁé%‘ht@'@r‘ﬂwﬁbkpﬂwa(ﬂ??thﬁ? B 7
napht hyri di Meﬁumﬁmzezlwmwﬁx/@imdgfgsc%ﬁtwe\‘bﬁ' % Analytical LC M
25 (nmethod B): nm z=624 (p03|t|ve ion no | present), nm z=622
(negative ion node [MH', 1 O present) V\D 2007/012972 PCT/ | B2006/ 00273;

4oo t heni
1o 400 ¥reatiMMR R BIREER AYANE, O o5t SO by (BB% o
2.50 ppm at didpaisiorenimanimerslesil, L0238(§, 8~]46:n7m81)|‘5nd &E&mercabté-ls éﬁioFH eﬁd )
m broad, 114 13 (m broad

;7 02H§8 5 SFRY'zﬂ"gbe 9511"33‘41'&&(1(9% 5@9) mmaj) iy 3pgmi @Fuetrahydm‘u(@n? lsé]‘rO:( 5
' S
by bad 11 63‘%0' 2l °&m*eﬁ‘£§f5‘?£ﬁ o %“? S P2ty o Mg o 524§

12,5 (m br omnnol) itH. mi E»fatetrahyd:ﬁﬁxran is then alddeldfdrop?/wse over a 15 minute
- 1H-b -yl sul fan
N SIET) Bafad Ahe ey e, ReRUr tor 3B powisublradm tmperatre. The
napht hyri di fé%oﬁoﬁ@ﬁi&ﬁi%'né Qh@ﬁb@nééﬂn éte@ﬁgﬁegh%gjéﬁ‘b@sb fo aﬁwussldile% O HN

NNHCH OHO 8 ng 6-tent-butyl oxy or o- b-ne
H benzi ni dalfol 002m} Ieiihyll Aaetaty antuvasheh with water(@-23@ ). 7iHE organic phase

9- hexahydr o PYEd PO PMGSE, And BABIMINLS Under Feduced pressure. The residue
is triturated in diisopropylether and pentane and dried under vacuum to yield
15 854 mg of 5-(5-chloro-6-methyl-1H-benzimidazol-2-ylsulfanyl)-furan-2-
carbaldehyde. Yield=55%. Analytical LC/MS (method B): retention time=3.64
_min, m/z=272.97 (1Cl, positive ion mode).

A mixture of 3—amino—2—ethoxycarbonyl—byrrole (0.204 g, 1.32 mmol), 5-(5-
20 chloro-8-methyl-1H-benzimidazol-2-yisulfanyl)-furan-2-carbaldehyde (0.388 g,
1.32 mmol) and 1,3-cyclohexanedione (0.149 g, 1.32 mmol) in 10 ml of 1-
butanol is heated at reflux temperature for 4h. The reaction mixture is then
concentrated under reduced pressure and purified on a silica gel column
(34g) eluted with a mixture of cyclohexane and ethylacetate (713, viv). The
25 fractions containing the expected product are concentrated under reduced
pressure, and the residue is resuspended in 5 ml of acetonitrile and heated at
reflux temperature for 15 minutes. After cooling to room temperature, the
insoluble material is collected by filtration and dried under vacuum to yield 76
mg of 9-[5-(5-chloro-6-methyl-1 H-benzimidazol-2-ylsulfanyl)-furan-2-yl}-8-oxo-
30 4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-3-carboxylic  acid ethyl
ester. Yield=11%. Analytical LC/MS (method B): m/z=523 (positive ion mode,
[M+H]", 1 Cl present), m/z=521 (negative ion mode, [M-HT, 1 Cl present).



15 carboxylic acid ethyl ester (exanple 134) are dissolved in 10 m of

di oxane and conbined with 2.16 mMl of 4N HCl in dioxane. The m xture is
stirred WO 220@/01p0Ars at room tenperature. The insol ubl @CRABZN06/6127345
collected by filtration, washed wth dioxane (10 m ), diisopropylether (10
m ) and pentane (10 m) and dried under vacuumto yield 290 ng of

9-[5- (5-chl oro-6-nethyl -1 H 20 118

benzi m dazol - 2-&“ sul fanyl)-furan-2- IA- 8- o0x0-4,5, 6, 7, 8, 9- hexahydr o- 2H
pyrrol o[ 3, 4-49Q MHz71 APARn BCBR\’éKEéc VANGE DR¥%400 spelcionetér chemical

i+, 2 cionit, SE B i, 08 58Ma e ionade (aiaee) dljent refesengre b )

400 MHz 1H BokK \5@}\5}5 H%W%tlﬁ’ ) . hi ft
(5 in ppm :ﬂr\lls?i dn?rargt hyl gﬁﬁoxyder%?(h’/%ggé})spgg?\r/eﬁt rréf1érgggﬁqé?‘a?t’ z’zgﬁgol pp?n

at 303K t enfh@Hir;e2,39 (9BHY; 2,58<ny 1)H2, 73K, 1H),; ARE &, BE)7,0 Hie 28)) 50 a

14 BRANAI R AL S bl

5,21 (s, 1Hbroaé, B2 I8 Hz) 1H)3.74Hs biddd, 1HS ; §¢ brbad™1 g58bb(s}1 ., 6,
— . . . , 8 , : ,

g% b‘r]oad,& ?I—bqﬁ (é,bg%a‘?’rﬂYPQfgké?’,(m%Pr@?d;’L1&71552(gs,broag? 1I—|§9 Exgrsrpl el?z& % 80

9-[ 5-(5-Chl e APYN-T L da&qk- 3%l sl l)) .

U an. 2. y1 ] RSB 6 Je TR 83835 sl S Sy N Benimidanel2:
(Z:au;oxyl i cbW@fQLﬁHTmt_-E-rylE&Nx_@l-z,%n&Q-(D@bd_aHWr%— /&MIQB,R{IQ-1 ,?-

- Mer caqt,obenzi azol e internedi at e, preparati on: m Xture o

5- chl orng- mﬂtﬁh@ﬁm&%xé%y GARH gﬁ"l@,esée.'fm mmol ) and di -

2- pyridyl thionocarbonate (2.37 g, 10.2 mmol) in 10 mM of tetrahydrofuran is
stirred at roomtenperature for 16 hours. The fornmed insoluble -material is

then collected by filtration and dried on t Ne NLiet to yield 945 ng of 2-
ner capt o- 5- chl or o- 7- net hyl - 1H benzi ni daz8 N d=75% Anal ytical LC M5
H
O

A mixture of 3-amino-2-ethoxycarbonyl-pyrrole (0.21 g, 1.36 mmol), 5-(5-
chloro-6-methyl-1 H-benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde (0.400 g,

15 1.36 mmol, described in example 133) and N-Boc-3,5-diketopiperidine
(0.291¢, 1.36 mmol) in 10 ml of 1-butanol is heated at reflux temperature for
4h. The reaction mixture is then concentrated under reduced pressure and
the residue is purified on a silica gel column (34g) eluted with a mixture of
cyclohexane and ethyl acetate (7/3, viv). The fractions containing the

20  expected product are concentrated under reduced pressure. The solid is then
washed with diisopropylether and pentane and dried under vacuum to yield
338 mg of 6-tert-butyloxy-9-[5-(5-chloro-6-methyl-1H-benzimidazol-2-
ylsulfanyl)-furan-2-yl}-8-oxo-2,4,5,7,8,9-hexahyd ro-pyrrolo[3,4-b]-1,7-
naphthyridine-3-carboxylic acid ethyl ester. Yield=40%. Analytical LC/MS

25 (method B): m/z=624 (positive ion mode [M+H]', 1 CI present), m/z=622
(negative ion mode [M-HJ", 1 Cl present)



15 (nmethod B): retention tinme=3.10 mn., mz=198.93 (1 C, positive ion
node). Al dehyde internedi ate preparation: A m xture of sodium hydride (60%
di sper si omoi2p0MiteeEral oil, 0.304 g, 7.61 mmol) and 2- mePCAPBWOGO@MAI40r O- 7-
met hyl - I H benzi m dazole (0.945 g, 4.76 mmol) in 15 mM of tetrahydrofuran is
20 stirred at roomtenperature for 2 H(i)?rs. 5-nitro-2-fural dehyde (0.671g,
4.56 mol) in 7 mM of tetrahydrofura s then added dropw se over a 15
m nut e per@(ﬁﬂ/‘ﬁnd the mxture is stirred for 16 hours at room tenperature.
f % {1k MR op e RRUSRR AVANGE DIR¥e400 spleatringtes sshiensicaind t he

The react]
i due i gpifl i {, et hyl d washed with water (2
S m) . g8 B Moo BlisBie e TEhSE A oGt enteranced Snaer
reduced H2 60sprn.at BOSKT emipbigtire: 4 POUHTALaLD Hy, d)OPEPRY bESAEToHC

mg "’ of °8- (5- '7-

under vacuumto yiel I"or 0- thyl -1

t :
¥ benz! m daddi 525t 2071709, P/ BB ge/to0ad 32H) 12127 (g, J = 7,0 Hz,
| sul fanyl ) | Y gl A=65%. Apal yti thod B):
evont on Tins o8 @ 5k 18R A6), 568 1690 985§ &9 8 Thotid) | BRI xt ure

of 3-am ndd2-Jet & ydar behy6:8dy(d, ol e 3,9.}15,81}9%; 7,40 (S"BRiad, bﬁ1)85¥1'5g (s( 0 10
al’dehyde (0. g,

chloro-7-net hyl ;- 1H-henzi m dazpl - 2-yl sul f anyl ) - f uran- 2-car
1.02 mol ;Bar&ﬁé' 1%&@3}%@%%&?‘6@1(50(%@_@36,1M)022151ﬁb‘mbr®ad,5H)1 of 1-
but anol | sEx@abRsd ef lgups.. tall 1 @h reaction mxtuyre is
t hen concentrgt edan’n%er *@dﬁ’ge %@e@g‘&t}t@%’r‘lg’%%%ﬂﬁués éé'lyés 'T#f'ed on a
silica geﬂ""%@‘lzu)‘i'ﬂrstw,55%8@-héxahw:lmi-2ﬂ4pyerdb[3;ucﬂ]0ﬂ?xane and
et hyl gget . v/iv). The fractiqns containing the expected product
are cg(rél)ceﬁrﬁa?palﬁtégﬁgh%%?'éqrb&%gﬁ ﬁ&!@&i’lﬁ@%ﬁﬂnﬁ@wgndae is triturated in
di i sopropyl ether and pentane. The obtained solid is then resuspended in 5
m acetonitrile, heated at reflux tenperature for 30 mnutes and let to
cool to roomtenperature. The insoluble J {alClis collected by
filtration and dried under vacuumto r‘{v'?jiﬁéoo mg of
470 - 2]y nyl )-furan-2-yl]-8-

Bl] qui nol i ne- 3- car boxyl i c acid

- (met hod-B): nf z=523
, mMz=521 (negative ion node

ethyl ester. Yield=20% Analytic
(positive--ion node [M+H', 1HH
[MH-, 1 d present). 400 MA&z N BEHKER AVANCE DRX- 400
spectroneter, chemcal 20 ;ﬁ?‘é § (SHin ppm in d6 dinethyl suf oxyde

(DMSO- d6). sol vent referenced at.. @ 50 ppm at 303K tenperature: 1,28 (t, -J =

7.0 e, 3'3)28;m%;’g—?e:%—@uty%&y—é-[g-’(gihIoro-6-methy|-1 H-benzimidazol-2-ylsulfanyl)-
furan-2-yl]-8-oxo-2,4,5,7,8,9—hexahydro-pyrrolo[3,4-b]-1 ,7-naphthyridine-3-

15 carboxylic acid ethyl ester (example 134) are dissolved in 10 ml of dioxane
and combined with 2.16 ml of 4N HCI in dioxane. The mixture is stirred for 16
hours at room temperature. The insoluble material is collected by filtration,
washed with dioxane (10 ml), diisopropylether (10 ml) and pentane (10 ml)
and dried under vacuum to yield 290 mg of 9-[5-(5-chloro-6-methyl-1H-

20 benzimidazol-z-ylsuIfanyl)-furan-2-yl]-8-oxo-4,5,6,7,8,9-hexahydro—2H-
pyrrolo[3,4-b]-1,7-naphthyridine—3-carboxylic acid ethyl ester hydrochloride.
Yield=98%. Analytical LC/MS: m/z=524 (positive ion mode [M+H]", 1 CI
present), m/z=522 (negative ion mode [M-HJ, 1 CI present)

400 MHz 1H NMR on a BRUKER AVANCE DRX-400 spectrometer, chemical

25  shifts (8 in ppm) in d6 dimethylsufoxyde (DMSO-d6) solvent referenced at
2.50 ppm at 303K temperature: 1,29 (t, J=7,0 Hz, 3H); 2,39 (s, 3H) ; de 3,50
a 3,85 (m partially masked, 2H) ;4,22 (m, 1H) ;4,28 (q, J= 7,0 Hz, 2H) ; 4,47



2 . 2,44 (s, 3 ;2,59 (m 1H) ; 2,79 (m 1H ; 4,25 (q, J = 7,0 Hz,
(2|r—n|) ;H)5,14 (s,(lH) !-05,96 (d, J =3,5 H, 1H ; 6,77 (d, J = 3,5 Hz, 1H)
6,79 (d Woee/012972 2,5 Hz, 1H) ; 6,99 (s broad, 1H) ; PCIABINGS/D2G3d, 1H)
8,41 (s, 25 1H) ; 11,4 (s broad, 1H) ; 12,6 (mbroad, 1H). Exanple 137:
6-tertButyl oxy-9-[5-(5-chl oro-7-nethyl -1H benzi m dazol - 2-
yl sul fanyl)-furan-2-yl]-8-o0xo-2, 4,5, 7,1309- hexahydro-pyrrol o[ 3, 4-b] -1, 7-
napht hyri di ne- 3-carboxylic acid ethyl ester 30 WO 2007/012972
PCT/ | B2006(dbR%at, J 248,5\Hg) 1HN|; 5,2(10(sl,2-l1l~m; lel,\Blzugoi?,QJ Hsl\,rs QzéQ( 65,86 xd,wr e of
3-am no- 2- et C onyl.-pyrro . g . no -(5-
chl oro- 7- nﬁtﬁgﬁﬁﬁ@én%b%%aﬂﬁ g@ ng‘bI]']} ahid (5 Jkﬁm&%@m&ﬂb&%&éy (()04(2)9g%
1.37 mol, sgrg ' I ) 2 peri di ne .
59, 1.37 %E‘rgl' ?qdﬁ&ﬁgwﬁ&?ﬁ)?%%%gﬁo@?g m&gﬁgggs% ugﬁ-p'errper ature for
4h. The rExampla nil@6ur @-[&(5-ﬁktﬂonmzanethml1wbandbnidaa?u?qnsmftaﬁyl)w e atnd .
the resjidu L.S ré fied I Lica I um yted w a mxtur
of cycl%heﬁ’arﬁge&naé'gkﬁﬁ’gt%é ’g'?%lhe’f?'ﬁ&(ﬂgﬁ' pwgfq?tég%'c’]e%ﬂgogﬁﬂt%i ning the
expect ed pearhotyliy fcidethgEeéfept ed under reduced pressure and the residue
Is triturated in 10 diisopropyl ether and pentane. 306 ng of 6-tent
butyl oxy-9-[5-(5-chloro-7- nmethyl-1
H benzi m dazol - 2-yl sul fanyl)-furan-2-yl]- 840X0; Z’éﬁ’ 5,7, 8, 9- hexahydr o-

pyrrol o[ 3, 4-b] -1, 7- napht hyri di ne- 3- car @ml rd -ethyl ester are
obt ai ned. Yield=36% Analytical LC _ ) m z=624 (positive ion
ti

mode [MeH'', | O present), nlz=622 pneda e ion node [MH -, 1 C
present). 15 400 Mz 1H NMR on a BRUKER RVANCE DRX-400 spectroneter,

chemcal shifts (8 in ppn) in ﬂs suf oxyde (DMSO d6) sol vent

referenced at

2-Mercaptobenzimidazole intermediate preparation:

10 A mixture of 5-chloro-3-methylbenzene-1,2-diamine (1 g, 6.38 mmol) and di-
2-pyridylthionocarbonate (2.37 g, 10.2 mmol) in 10 mi of tetrahydrofuran is
stirred- at room temperature for 16-hours. The formed insoluble material is
then collected by filtration and dried on the filter to yield 945 mg of 2-
mercapto-5-chloro-7-methyl-1H-benzimidazole. Yield=75%. Analytical LC/MS

15 (method B): retention time=3.10 min., m/z=198.93 (1 Cl, positive ion mode).

Aldehyde intermediate preparation: A mixture of sodium hydride (60%
dispersion in mineral oil, 0.304 g, 7.61 mmol) and 2-mercapto-5-chloro-7-

methyl-1H-benzimidazole (0.945 g, 4.76 mmol) in 15 mi of tetrahydrofuran is
20 stirred at room temperature for 2 hours. S-nitro-2-furaldehyde (0.671g, 4.56
mmol) in 7 ml of tetrahydrofuran is then added dropwise over a 15 minute
period and the mixture is stirred for 16 hours at room temperature. The
reaction mixture is then concentrated under reduced pressure and the residue
is dissolved in 100 ml of ethyl acetate and washed with water (2x 30 ml). The
25 organic phase is dried over MgSO, and concentrated under reduced
pressure. The residue is triturated in diisopropylether and pentane and dried
under vacuum to yield 911 mg of 5-(5-chloro-7-methyl-1H-benzimidazol-2-



2.50 ppmat 303K tenperature: 1,29 (t, J =7,0 Hz, 3H) ; 1,41 (s broad, 9H)

;2,43 (s, 3H) ; 3,75 (mbroad, 1H); 4,14 (mbroad, 2H) ; 4,28 (q, J =7,0

Hz, 2H wox@®i1gy2 J = 17,5 Hz, 1H); 5,19 (s, 1H); 5, 9PCTAB206/6023345 Hz,

1H); 6,79 20 (d, J = 3,5 Hz, 1H) ; 6,82 (d, J = 3,5 Hz, 1H ; 6,98 (s

broad, 1H) ; 7,30 (m broad, 1 H ; 9,19 (mbroad, 1 H ; 11,5 (s broad, 1
; 12,6 (mbroad, 1 H). Exanple 138121

9-[5-(5-Chl oro-7-net hyl - 1H benzi m dazol - 2-yl sul fanyl) -

furan-2-yl ] yl8uifary uﬁaﬁ27ca$b@ldbﬁy@élwrew=iﬁﬁ°/{§WAhal Edl teisl(nfethod B
napht hyr?/dme ca)ffboggﬁ|7c acid et hél ester hy drc‘fhl ori de 2% WO 200 /012972
me:

PCT/ | 52006/@@#@'1 ti Imigy, Mi3=e98 9814 G, Rpslm/wloromde) 290 ng of
6-tert-butyl oxy-9-[5-(5-chloro-7-nmethyl -1 H benzi m dazol -

yl sul fanyl)-furan-2-yl]-8-o0xo0-2,4,5,7, 8, 9- hexahydr o- pyrrolo[3 4-b]-1,7 5
napht hyri di Aemidurar bbzyammmzmmwbatboegt-ﬁyrrélex@’rwsa gl 3 D2 afvnaly, B(B- ved in

reacti o oG GiaNdE R hserDHage-Fyisufant) ﬁaaﬁ%—@#'paid%n%éx&?ﬁ@ Gor med

| ubl I L@S;ancq, h 10 m),
:Jllnisgo;ro;e)ylg?ggrh?dl)( lfgdcp')s and F)egcﬁpggfgh%a@'m éndb% uﬁgg%sggutm to

yi el d 268 nipptanolois| ieated gt3efiuk demp@ratatehfar-4h. The reactlon mixture is then

2 5675, Catseairgisth Lodeh (adgB oS anc B pmaidye isipHEed om 8GR ¢ aci d
et hyl estergémumhl(ea élutéﬂ w.tﬁ—@ﬁ%tufmaf Wéléﬁéxér@ AR eIRiIARLaE) rTg/smfz =524

(p03|t|ve I on. mod present), nlz=522 (negative 1Ion
[MH ", 10 1 &) pr@sEﬁPSlOHqGOHWIWhQWWQ%p@MUm cmaanjfaiemmm

e ens TR o g e B bR GRS 0O
3H) ; 2,44 péanta@sH)The @bteﬂné@ solid 35 ﬂﬁan( respepénded in BaAkacktositlie; héat%a (m
1H 5 4,28 egtq’eﬂux temberatur’e I%H)B:O mlnutes and let to cool to room temperature The
15 100 mg of 9-[5-(5-chloro-7-methyl-1H-benzimidazol-2-ylsulfanyl)-furan-2-yl}-8-
0x0-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-3-carboxylic acid ethyl
- ester. Yield=20%. Analytical LC/MS (method-B): m/z=523. (positive ion mode
[M+H]*, 1 Cl present), m/z=521 (negative ion mode [M-HT, 1 Cl present).
400 MHz 1H NMR on a BRUKER AVANCE DRX-400 spectrometer, chemical
20 shifts (3 in ppm) in d6 dimethylsufoxyde (DMSO-d6) solvent referenced at
2.50 ppm at 303K temperature: 1,28 (t, J = 7,0 Hz, 3H) ; 1,89 (m, 2H) ; 2,25
(m, 2H) ; 2,44 (s, 3H) ; 2,59 (m, 1H); 2,79 (m, 1H) ; 4,25 (q, J = 7,0 Hz, 2H) ;
5,14 (s, 1H); 5,96 (d, J = 3,5 Hz, 1H); 6,77 (d, J = 3,5 Hz, 1H); 6,79 (d
broad, J = 2,56 Hz, 1H); 6,99 (s broad, 1H) ; 7,31 (m broad, 1H); 8,41 (s,
25 1H); 11,4 (s broad, 1H) ; 12,6 (m broad, 1H).

Example 137: 6-tert-Butyloxy-9-[5-(5-chloro-7-methyl-1H-benzimidazol-2-
yisulfanyl)-furan-2-yl}-8-oxo-2,4,5,7,8,9-hexahydro-pyrrolo[3,4-b]-1,7-
naphthyridine-3-carboxylic acid ethyl ester

30



(d broad, J = 16,5 Hz, 1 H) ; 5,20 (s, 1 H ; 6,31 (d, J =3,5Hz, 1 H ;
6,84 (d, J 20 = 3,5 Hz, 1 H ; 6,87 (d, J =3,5Hz, 1 H ; 7,03 (s broad, 1
H ; 7,35W0=00vig2e2 1H); 9,38 (s, 1H) ; 9,80 (m broad, Pmmpzwﬁ/mmm broad
1H) ; 11,65 (s broad, 1 H). Exanple 139:

9-[5-(2, 2 Di fl uoro- 5H—[1 3] di oxolo[4',5":4,5]benzo[1,2- d] imidazol-6-y
I'su I fanyl)-furan-2-yl]-8-o0xo0-4,5,86, 128 9. hexahydr o- 2H 25

pyrrol o[ 3, 4- b] qui nol i ne- 3-carboxylic acid ethyl ester WO 2007/ 012972

PCT/ | B2006/ 002734 124 S-<Nal X NOF CN ~pH O

2- Mer capt obenzi mi dazol e int er medi at e pySpér a : A mxture of

5, 6-di am no- 2, 2-di fl uor o- 1, 3- benzodi/6X Ie'ltﬁm) 5.31 mol ) and

di - 2- pyrldylth| onocar bonate (2.05 g, 088 i) in 10 M of tetrahydrofuran
is 5 stirred at roomtenperature for| 72jthours. The reaction m xture is
then diluted with 100 m of eth% nd washed with water (2x30 ml).
The organic phase is then drie {) Il tered and concentrated
under reduced pressure. The s due” rﬂg i/éd i n diisopropyl ether and
pentane and dried. under vacu

2,2-difluoro-5,7-di hydro 10
[ 1, 3] di oonolMtun@' oft %@mmmz{elh&marbnruyapwrele&(l piorgs «s37ambhaly ks gswder .

i 2=230. 97N BRI TRGEY B AP e e B aBes-sebaatpealt 49: dodi um

hydri de (6@%’7%ﬁib¢r§és%rr‘|bbﬂ in Je'iade@"IQB 8hd N- 903]3212 keﬁoﬁi BHGnk ( g’%

tetrahydrofuran (3ml) i s added dropw se over a m nu perio
sol uti on o8, 232-ranpl)dar8-sl of trbbitanabis heated at reflux temperature for 4h. The

[ et r aroaRee hﬁ@%ﬁﬁﬁ%@cwﬂ%{?ﬂéf’na B Pt RES o ik e Tor 2
hours.  5-igipurified- érmraaé;lﬁﬁlgéﬁcélﬂnﬂﬁ&@) 2l WitRla) mixRure Bt cPélohexane

tetrahydrofuran is then added dropw se over a 15 mnute period and the
m xture i sa”g ,eﬂ}y&pqt@'qe (Z/?hddv)s The fractions containing the expected product are:

concentrated under reduced pressure and the residue is triturated in

10  diisopropylether and pentane. 306 mg of 6-tert-butyloxy-9-[5-(5-chloro-7-
methyl-1H-benzimidazol-2-ylsulfanyl)-furan-2-yi}-8-oxo0-2,4,5,7,8,9-hexahydro-
-pyrrolo[3,4-b}-1,7-naphthyridine-3-carboxylic acid -ethyl ‘ester are obtained,
Yield=36%. Analytical LC/MS (method B): m/z=624 (positive ion mode
[M+H]*, 1 Cl present), m/z=622 (negative ion mode [M-HT, 1 Cl present).

15 400 MHz 1H NMR on a BRUKER AVANCE DRX-400 spectrometer, chemical
shifts (5 in ppm) in d6 dimethylsufoxyde (DMSO-d6) solvent referenced at
2.50 ppm at 303K temperature: 1,29 (t, J = 7,0 Hz, 3H) ; 1,41 (s broad, 9H) ;
2,43 (s, 3H) ; 3,75 (m broad, 1H) ; 4,14 (m broad, 2H) ; 4,28 (q, J = 7,0 Hz,
2H) ; 5,96 (d, J = 17,5 Hz, 1H); 5,19 (s, 1H) ; 5,92 (d, J = 3,5 Hz, 1H) ; 6,79

20 (d,J=3,5Hz 1H), 6,82 (d, J = 3,5 Hz, 1H) ; 6,98 (s broad, 1H) ; 7,30 (m
broad, 1H) ; 9,19 (m broad, 1H) ; 11,5 (s broad, 1H) ; 12,6 (m broad, 1H).
Example 138: 9-[5-(5-Chloro-7-methyl-1H-benzimidazol-2-ylsulfanyl)-
furan-2-yl]-8-oxo0-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]-1,7-
naphthyridine-3-carboxylic acid ethyl ester hydrochloride

25



at roomtenperature. The reaction m xture is then concentrated under
reduced pressure and the residue isdissolved in 100 mM of ethyl acetate and
washed wiwb 20gwEe97¢2 x 30 ml). The organic phase is dri @IToBE06/MPIEM and
concentrat ed under reduced pressure. The residue is purified on a silica
gel 25 colum (120g) eluted with a m xture of dichl oronethane and net hanol
(92/5, wv/v). The fractions containi nd28he expected product are
concentrated under reduced pressure and the residue is triturated in

di i sopropyl et her and pentane WD 2007/ 012972 ®&2006/ 00273; 125 and
dri ed under vacuumto yield 5-(2,2-difl0ofo-
[1, 3] di oxolo[4',5":4,5]benzo[ 1, 2-d] i/mrdazqgy - sul fanyl ) -furan-2-car bal deh

yde as a brown powder. Yiel d=56%
time=3.66 mn., mz=324.97 (positive
3- am no- 2- et hoxycar bonyl - pyrrol gy(T:
di fluoro-5H[1,3]dioxolo[4", 5 :4\=
5] benzo[ 1, 2-d] i m dazol - 6-yl sTI'Y
mmol ) and 1, 3-cycl ohexanedi one (0.@69 g, 0.62 mmol) in 10 m of 1-butanol
is heated at reflux tenperature for 4h. The 10 reaction mxture is then
concentrated under reduced pressure and the residue is purified on a

il I I 3 t i th ) Xt f .and et hyl
ccetate (7750 VMg CHL BRI sR it ek IS RoEee 2y o
concentr at ﬂdulﬁawL&y-fw&ﬂ@OﬁPBWx@S@,Hm??,8T¢ﬁeké1’ﬁ)o@'§-%gh%ld[3§tuﬁpﬁ'7ded in2m of
acetonitrile, heated at reflux tenperature for -mnutes and let to cool
to 15 _r%onﬂ@@ﬁﬁﬁ'ﬂ‘aﬂﬁﬁepam@éﬁmggﬁtﬁihﬂ gaierelexemple 183) ke dissobvedfin|r at i on
R it o i B loxkAE 4l dhabinélihit™1 82 Hh o ANPHC iy e TR FEhiction

[ 1, 2-d] i mi ohdtoie & gtisal ffanyle) hbursaat 2eoth] tefhperature. The formlegl insol,ugle .
ic acid ethy

4,5,6,7,8,9-h hydr p- 2H- Lo[3,4-b i nol i ne- 3- b

ester. Vi emﬁé’ﬁ '%ﬁé'f%}??j Pgﬁ‘rlﬁr[%‘é\)'/ls V‘(ﬁ?@@]ﬁwlﬂg&&gﬁﬁ i%é%'l,%éppfwlefbﬁ ‘mode

20 [ M-H +) (10 ErRPpbRBARL B8 ) M 0 badh ~a BRUKER
AVARICEH]DR%-1400 spec?é@%&é éppﬁghﬂdcﬂal[!éa é’%ﬂ"s %‘gﬁ?g’ %{Ef% b?g"@ﬁ &5

di met hif sutGosiyaeo-7oneibyt th-benzimitazokb? gisilfaayl)-dtiran22-§0-goxe-at 303K

T A b e Sthflos kol *
5,13 (s, léthyl estePhytfodhlcritie. Yieli=03%. AhalylicAI-LeMSIMethod BIBmisRdypad,-
(positive ion mode [M+H]", 1 Cl present), m/z=522 (negative ion mode [M-HJ,
1 Ci present).
15 400 MHz 1H NMR on a BRUKER AVANCE DRX-400 spectrometer, chemical
shifts (5 in ppm) in d6 dimethylsufoxyde (DMSO-d6) solvent referenced at
2.50 ppm at 303K temperature: 1,29 (t, J = 7,0 Hz, 3H) ; 2,44 (s, 3H) ; de 3,50
a 3,90 (m partially masked, 2H) ; 4,23 (m, 1H) ; 4,28 (,Jd=7,0Hz, 2H) ; 4,45
(d broad, J = 16,5 Hz, 1H) ; 5,20 (s, 1H) ; 6,31 (d, J = 3,5 Hz, 1H) ; 6,84 (d, J
20 =3,5Hz, 1H); 6,87 (d, J = 3,5 Hz, 1H); 7,03 (s broad, 1H) ; 7,35 (s broad,
1H) ; 9,38 (s, 1H) ; 9,80 (m broad, 1H) ; 9,96 (m broad, 1H) ; 11,65 (s broad,
1H).
Example 139: 9-[5-(2,2-Difluoro-5H-[1,3]dioxolo[4",5":4,5]benzo[1,2-
d]imidazol-6-ylsulfanyl)-furan-2-yI]-8-oxo-4,5,6,7,8,9-hexahydro-2H-
25  pyrrolo[3,4-b]quinoline-3-carboxylic acid ethyl ester

Pyical ILC/ M8 (method B): retention
onjjnode). 5 A m xture of
0.62 nmml ), 5-(2, 2-



2H) ; 8,41 (s broad, 1 H) ; 11,4 (s broad, 1 H) ; 12,8 (mbroad, 1 H).
Exanpl e 140: 6-tert-Butyl oxy9-[5-(2, 2-difluoro-SH

[ 1, 3] di oxwbeper/0129724, 5] benzo[ 1, 2-d] i mi dazol - 6-yl sul f anyPLTAB26/0@2734 ] - 8- 0x0
- 2,4,5,7, 8, 9-hexahydro-pyrrol o[ 3, 4-b] -1, 7- napht hyri di ne- 3car boxyl i ¢ acid
30 ethyl ester WD 2007/012972 PCT/1B2006/00273; 126 S-N] \ XOF HOF
OHNHNYO OO0 OA nixture of 3-am Aé42-et hoxycarbonyl -pyrrole (0.142 g,
0.92 mmol ), 5-(2, 2-

di fluoro-5H1[1, 3]dioxolo[4',5":4,5] benz Ni- @ ign glazol - 6-yl sul fanyl)-furan

-2- carbal dehyde (0.30 g, 0.92 nnDI i i exanpl e 139) and _
N-Boc-3,5 5 di ketopi peridine (0.19 pig Fn 10 mM of 1-butanol is
heated at reflux tenperature for 4% 'T-e reaction mxture is then
concentrated under reduced pressure _anfl purified on a silica gel colum
(34g) eluted with a m xture ofyNCY 0‘- ane and et hyl acetate (7/3, v/v).
The fractions containing the expested oduct are concentrated under
reduced pressure. The re5|dﬁé 3 iturated in diisopropyl ether and
pent ane and dried under vacuunlt@ yield 185 ng of
6 tert but ony 9- 5 (2 2 dlfluoro 5F+ i 3]d|oxolo[48

PSR iR : 3 tion: 2- - 8- oxo-

| , : b i d
b " A %?%kﬂia 534 @Qﬁ&od YT "B@s%f%ém‘%é
[ MeH ), 16i-2vbyrdathigmegabonatei (2105808 82 hirol)) in @ﬂu Mﬁ%etiéﬁmu%h & BRUKER
AVANCE DRX- 400 spectrometer chem_cal shifts (S i

ppm
di et hyd su$tBIga (%@@B?raé%ﬂ%@ﬁtnrI@Lﬁﬁe'ﬁbéde%@tlommdu mtben slilgted

Lreggg,ratlur th 1119%8 gﬂ%’f d%gceqi ?”‘fwasﬁ‘ea ‘ﬁb("ﬁ‘zt‘g'r %&0 %ﬂ) J%‘e(‘g"g i’ = 17,5

20 Hz, 1H) phasg I8 then diiedl; overaigSa,, Jilteredl antizcoriddniratédl YRdES réd wesd 2H)
7,49 (s

pressure. The residue is triturated in diisopropylether and pentane and dried:
under vacuum fo vyield 763 mg of 2 2-difluoro-5,7-dihydro-
10 [1,3]dioxolo[4',5"4,5]benzo[1,2-d]imidazole-6-thione as a black powder.
Yield=62%. Analytical LC/MS (method B): retention time=3.10 min.
-m/z=230.97. (positive ion mode).

Aldehvde intermediate preparation: Sodium hydride (60% dispersion in
15 mineral oil, 0.212 g, 5.3 mmol) in tetrahydrofuran (3ml) is added dropwise
over a 15 minute period to a solution of 2 2-difluoro-5,7-dihydro-
[1,3]dioxolo[4',5":4,5]benzo[1,2-d]imidazole-6-thione (0.763 g, 3.31 mmol) in
tetrahydrofuran (5ml). The mixture is stirred at room temperature for 2 hours.
S-nitro-2-furaldehyde (0.468 g, 3.31 mmol) in 7 ml of tetrahydrofuran is then
20 added dropwise over a 15 minute period and the mixture is stirred for 2 hours
at room temperature. The reaction mixture is then concentrated under
reduced pressure and the residue isdissolved in 100 ml of ethyl acetate and
washed with water (2 x 30 ml). The organic phase is dried over MgSO4 and
concentrated under reduced pressure. The residue is purified on a silica gel
25  column (120g) eluted with a mixture of dichloromethane and methanol (92/5,
viv). The fractions containing the expected product are concentrated under
reduced pressure and the residue is triturated in diisopropylether and pentane




broad, 2H) ; 9,17 (mbroad, 1H) ; 11,5 (s broad, 1H) ; 12,75 (m broad, 1H).
Exanple 141: 9-[5-(2,2-Difluoro-5H 11, 3]dioxolo[4',5":4,5]benzo[1, 2-

d] i m dazovo@eyimedanyi ) - f uran-2-yl ] -8-o0xo0-4,5, 6, 7,8, 9PAEABRIPEI@RTH 25
pyrrol o[ 3,4-b] -1, 7- napht hyri di ne- 3-carboxylic acid ethyl ester

hydr ochl ori de VO 2007/ 012972 PCT/ | B2006/ 00273; 127 S-NI NOXFN OHO
F OHNNHCHNOHO 170 ng of 6-teld5 butyl oxy-9-[5-(2, 2-difl uoro-5H

[ 1, 3] di oxol 0[4 5':4,5] benzo[ 1, 2-d] i m dazol - 6-yl sul fanyl)-furan-2-yl]-8-0xo0
- 2,4,5,7, @nd- hexdmdjro pmdenl o[ 3adutn- 1, onaphyield i di Be2P-amubaxgHLc acid

thyl 5 , e, | d d nbi ned
I e & e P e oo R e RS o7t o
h t b = db
filtrati onra@oa]as'h“e"d"iﬁwﬁ. bR A apBCBEASE bl B fehfidh o5y
pent ane ( 1diMa3s. 6@1mjndm@a%ﬁ@@@o&ﬁwmr’tmosie)al d 150 ng of

9-[5-(242-di fluoro-5H 10 [1,
3] di oxo?o[4 5':4, 5] benzo[ 1, 2- d]|mdazol 6-yl sul fanyl ) -furan-2-yl]-8-o0xo-

45678%hmx¢arqdfa-é&hlwxem${3 Hyrf | @ r Lic acid
B B & O O B2 5 -25
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t enper at ur &maol) 2ip (10 m) of 1-bOtarn) |§H|)eate@|eat3réﬂﬁxate%;%}a(m‘é foRr4N. afhey
4,45 (d broad, J

g‘ii l;eg’l?_él_qqﬁ%tloh xgtg (18 tf'(%q_ﬁ:onde@?@ﬁqq gn@grdggucqqipresl_s%lrg@ngﬁhe pagidue 7 54
(1 i 652|(-|)S 1 ;é;ggﬁﬂécg onla E)Dllca gal %Idrﬁh SB@&Peluied'thh & hiQkurk BrYyLRexdnd?)
9-[5- (4, 6- Bnmaibylcac,etatae(ﬁka rv{\dafbeﬂzcyowcmnmmg the expéeted product are
concentrated under reduced pressure. The residue is resuspended in 2 ml of-
acetonitrile, heated at reflux temperature for 30 minutes and let to cool to
15 room temperature. The insoluble material is collected by filiration and dried
under vacuum to vyield 19 mg of  9-[5-(2,2-difluoro-5H-
[1,3]dioxolo]4',5":4,5]benzo - [1,2-d]imidazol-6-ylsulfanyl)-furan-2-yl}-8-oxo=" -
4,5,6,7,8,9~hexahydro-2H-pyrrolo[3,4—b]quinoline—3-carboxylic acid ethyl
ester. Yield=6%. Analytical LC/MS (method B): m/z=555 (positive ion mode
20 [M+HT"), m/z=553 (negative ion mode [M-H]).
400 MHz 1H NMR on a BRUKER AVANCE DRX-400 spectrometer, chemical
shifts (3 in ppm) in d6 dimethylsufoxyde (DMSO-d6) solvent referenced at
2.50 ppm at 303K temperature: 1,28 (t, J = 7,0 Hz, 3H) ; 1,91 (m, 2H) ; 2,26
(m, 2H) ; 2,60 (m partially masked, 1H); 2,81 (m, 1H); 4,26 (q, J = 7,0 Hz,
25 2H); 5,13 (s, 1H) ; 5,94 (s broad, 1H) ; 6,79 (m broad, 2H) ; 7,48 (m broad,
2H) ; 8,41 (s broad, 1H) ; 11,4 (s broad, 1H) ; 12,8 (m broad, 1H).
Example 140: 6-tert-Butyloxy}9-[5-(2,2-difluoro-5H-
[1,3]dioxoIo[4',5':4,5]benzo[1,2-d]imidazoI-G-yIsulfanyl)-furan-Z-yl]-a-oxo-
2,4,5,7,8,9-hexahydro-pyrrolo[3,4-b]-1,7-naphthyridine-3§carboxylic acid
30 ethyl ester



yl]-8-0xo0-4, 5, 6, 7,8, 9-hexa hyd ro-2Hpyrro | 0o[3,4-bJgui nol i n
e-3-carboxylic acid ethyl ester. WO 2007/012972 PCT/ | B2006/ 002734 128 F
NI OH PWOQuEVMRY:2 O H O 2- Mercapt obenzi m dazol e i nt ePGEAB206002734
preparation: A mxture of 1,2-diam no-3,5-difluorobenzene (1 g, 6.94 mmol)
and 1,1' - thiocarbonyldiimdazole (2.05 g, 11.52 mmol) in 10 m of
tetrahydrofuran is 5 stirred at room¥énperature for 16 hours. The
reaction mxture is then concentrated under reduced pressure and the
residue is dissolved in 100 nl  of ethyl Mcetqtepapd washed with water
(2x30 m ). The organic phase is-then $ er WgSO4, filtered and
concentrated under reduced pressur yiﬁ gy of

2- mer capt o- 4, 6-di f| uor obenzi m dazol OYioel d=61% Analytical 10 LC/ M5
(method B): retention tinme=2.49 min. | m £=186.95 (positive. ion node).

Al dehyde i nternedi ate preparat yRn: pt o- 4, 6-di fl uor obenzi m dazol e (16
g, 86 mmol), in tetrahydrofuran S ﬁded dropwi se to a m xture of
sodi um hydri de (60% di spersT’o\b | m ne 1, 5.5 g, 86 mvof) and
tetrahydrofuran (20m) at 0 C m xtureQ s stirred at roomtenperature
for 3 hours. 5-nitro-2-fural dehyde (12.1 g, 86 mml) in 50 m of

t et r ahydr of\uni¥iuiesof BeaningcRathoxyparbsaykmerola (0342 gu092 merdlnd-@)2- t he

1 xt [ ' : t . t 10 m [ th
Sided and SOIGSRH b oREA Bl e TioBssl € sy b i 20°
m xture i scatbaidetydeq0t30aye0.92NeTol ! GSHEFIBEd ik BX8HIDRe Hib?aﬁ&ﬂ-@%d 5.

dissol\éed LN g)m’nl | volume of ethyl acetate and the solution is filtered
kstoripsridine ¢

on a ugd 0-1P¢€ 8, §=92 mmel) i 10 ¢al ofel-bplamg! isshemtstiad refih et hy|

Fesi due 1 5 rRflrb 1By th, TherEat oG KRS e b TR BREREE y wi e
pressure and purified on a silica gel column (34g) eluted with a mixture of
cyclohexane and ethyl acetate (7/3, v/v). The fractions containing the
expected product are concentrated under reduced pressure. The residue is

10 triturated in diisopropylether and pentane and dried under vacuum to yield
185 mg of 6-tert-butyloxy-9-[5-(2,2-difluoro-5H-
[1,3]dioxolo[4',5":4,5]benzol1,2-d]imidazol-6-ylsulfanyl)-fu ran-2-yl]-8-oxo-
2,4,5,7,8,9-hexahydro-pyrro|o[3,4-b]—1,7-naphthyridine-3~carbdxy|ic acid ethyi
ester. Yield=31%. Analytical LC/MS: m/z=656 (positive ion mode [M+H]),

15 m/z=654 (negative ion mode [M-H]).
400 MHz 1H NMR on a BRUKER AVANCE DRX-400 spectrometer, chemical
shifts (8 in ppm) in d6 dimethylsufoxyde (DMSO-d6) solvent referenced at
2.50 ppm at 303K temperature: 1,28 (t, J = 7,0 Hz, 3H) ; 1,41 (s broad, 9H) ;
3,72 (m broad, 1H) ; 4,13 (m, 2H) ; 4,27 (g, J = 7,0 Hz, 2H);4,95(d,J =175

20 Hz, 1H); 5,18 (s, 1H); 5,91 (d, J = 3,5 Hz, 1H) ; 6,82 (s broad, 2H) ; 7,49 (s
broad, 2H) ; 9,17 (m broad, 1H) ; 11,5 (s broad, 1H) ; 12,75 (m broad, 1H).

Example  141:  9-[5-(2,2-Difluoro-5H-[1 ,3]dioxolo[4',5":4,5]benzo[1,2-
d]imidazol-G-ylsulfanyl)-furan-z-yl]-8-oxo-4,5,6,7,8,9-hexahydro-2H-
25  pyrrolo[3,4-b]-1,7-naphthyridine-3-carboxylic acid ethyl ester

hydrochloride



25 cycl ohexane/ ethyl acetate (9/1 v/v) and cycl ohexane/ ethyl acetate (7/3

v/iv). The fractions containing the expected product are concentrated under

WO 2007/ W28 /(RTL| B2006/ 00273; 129 reduced pressure POTHBHOGI@7HA g of

5-(4,6-di fluoro-1 H benzi m dazol -2- yisul fanyl)-furan-2-carbal dehyde as an

orange powder. Yield=28% Analytical LC/ M5 (nethod B): retention tinme=3, 34

mn., mz=281.0 (positive ion node). 32A mixture of

3- anm no- 2- et hoxycar bonyl -pyrrole (3.19 g, 20.7 nmol), 5-(4,6- difluoro-1

H benzi m dazol - 2-yl sul fanyl ) -furan- 2- car gél de g§ £5.80 g, 20.7 nmol) and
i of 1-butanol is heated

1, 3-cycl ohexanedi one (2.32 g, 20.7
at reflux tenperature for 3 hours. angture is then
concentrat ed under reduced pressur e residue is purified on a silica
10 gel colum (150 g) el uted successjvelly with cycl ohexane/ ethyl acetate
(9/1, wv/v) and cycl ohexane/ et fl~gce (7/3, v/iv). The fractions

contai ning the expected product e q@pé ted under reduced pressure.
The residue is resuspended IV |$ 00 ﬂ of acétonitrile and heated at refl ux
tenperature for 30 mnutes. Thegm xture is allowed to cool to room
tenperature and the insoluble 15 material is collected by filtration. The
solid is whéhed with rget oni tri bé (400 8- )ert-buiykanQ}[ﬁLKZ gtdifioro8W m ) and

o5 (4, o-dr iR pbp R4 ¢ ebe fﬁigo%f DR P ISR dirah- SV ose-

ox0- 4, 5, 6,7 4%, w@h@hamlmg\zl‘e}g Qi91$,74néﬂrﬁHymhé@e?§rEg§{(/EOé&H' &Q@C' d

et hyl ester as a whjte |ed36/o Anal yti ca
m z=509 2eStehégrample 140) awidissnived)in h@zanzﬂd(qxaﬂetambqomlmﬂiwmwl—l] ).

500 Mz 1 | hi f

(8 in ppn)dj'gwl\@SB ﬁe’?ﬁpﬁﬁwgﬁg%t'%% ﬁ'@gﬁ%&oﬁ %chn 8§E aé ::SOt ;S)pm
Ezif—l) 3935 E:) <7errqmm aemperatﬂ:reZST k¢ .formed 7m§blhble ﬁfiélemallls%ol(é&eo?@y fi ltr%tl&‘} ((m "
s 5 0g whshed Wity gokgne { Tyl disppiqey) hher @omazanq peanes( Bl =

?11,54Hfs éré_oea% drid O%ne%]ébgg?gmgl% ,yl%l 13‘@ I e 14%Yg §2 F% 1?\20 g%‘f | uor o- |
H benziOni c[dzfﬂdlozogol[%'lﬁ' ﬂaﬁ‘]bel)zd[mﬂaah]ﬂﬁldazﬁl 6-ylsulfanyl)-furan 2-yl] -8-0x0-
IS X0 d e o BRI e it BR8] 50075
- . - ethyl ester hydrochloride. Yield=98%. Analytical LC/MS (method B): m/z=554
(negative ion mode [M-H]), m/z=556 (positive ion mode [M+H]")
400 MHz 1H NMR on a BRUKER AVANCE DRX-400 spectrometer, chemical
15 shifts (5 in ppm) in d6 dimethylsufoxyde (DMSO-d6) solvent referenced at
2.50 ppm at 303K temperature: 1,29 (t, J = 7,0 Hz, 3H) ; de 3,65 a 3,90 (m
partially masked, 2H) ; 4,23 (m, 1H) ; 4,29 (9, J = 7,0 Hz, 2H) ; 4,45 (d broad,
J = 17,0 Hz, 1H) ; 5,19 (s, 1H) ; 6,31 (s broad, 1H) ; 6,86 (m, 2H) ; 7,54 (s,
2H) ; 9,36 (s, 1H) ; 9,84 (m broad, 1H) ; 10,05 (m broad, 1H) ; 11,65 (s broad,
20  1H)]
Example 142: 9-[6-(4,6-Difluoro-1H-benzimidazol-2-ylsulfanyl)-furan-2-
yl]-8-0x0-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-3-carboxylic
acid ethyl ester.




130 NF SOHF HNNHCH 00 ~O H O Preparation of the Boc-protected

I nternmedi ate: A m xture of 3-am no-2-ethoxycarbonyl-pyrrole (0.165 g, 1.07
nmol ), 5-W0,2607/deg72uor o- 1 H benzi m dazol - 2-yl sul f anyl ) - ParaR20@é/e@7dial dehyde
(described in 5 exanple 142, 0.30 g, 1 07 mol ) and

N- Boc- 3, 5- di ket opi peri di ne (0 228 g, 1.07 mmol) in 5 mM of 1-butanol is
heated at reflux tenperature for 3 hodr§ The reaction mxture is then
concentrated under reduced pressure and the residue is purified on a
silica gel colum (40 g) eluted successively mith cycl ohexane/ethyl
acetate (8/1, v/v) and cycl ohexane/ et Mcetgte (1/1, v/v). 10 The
fractions containing the expected pro toncentrated under reduced
pressure. The residue is triturate
pentane (20 m ), collected by filtr
300 ng of 6-tent butyl oxy-9-[5-(5,
H- benzi mi dazol - 2-yl sul fanyl ) - fyg’any 2-
yl]-8-0x0-2,4,5,7,8, 9- hexahydr o-

, 4-b] -1, 7- napht hyri di ne- 3- car boxyl
ic 15 acid ethyl ester. Yield6 nal ytical LG M5 (nmethod B): retention
time=4.31 mn., mz=612.21 (positgve ion node). A solution of 300 ng of
6-tent - butyl oxy-9-[5-(5, 7- difluo(g 1 H benzi m dazol -2- ylsul fanyl)-fu
ran-2-yl]-8-ox0-2,4,5,7, 8,9-hexahydro-pyrrolo[3,4-b]-1,7 20

napht hyri di,ng- 3- ¢ rbox lic a Ld et hyl ester ip 10 mM of dioxane is conbined
with 1.8 caRigpenziplog, erediate ) B0 mixture is stirred for 16

hours at rnommr@ecﬁatum niﬁ@tsf&am@! dHé?ﬁbH ! teppa ed by
filtration, washed with dllaoxane (70 mr) , pentea(r?eI§B gl énnﬁﬂl :asﬂgp?gt)yl et her

(50 m) aHMO@ﬁrb@ayldnwamtﬁ&ﬂﬁt@ $1.8Rdnpwi) rrg16fm90[ setfahydroiuranids o- 1 H-
25, benzsm Gl IR 19 3oYhA0R N ol udi ol o >
hydr ochl or cdrcerstratétl 20dél PeRPoBd HieEslB2AND HR 2dsidue is dissolved in 100 ml
of ethyl acetate and washed with water (2x30 mi). - The organic phase is-then
dried over MgSO,, filtered and concentrated under reduced pressure to yield
763 mg of 2-mercapto-4,6-difluorobenzimidazole. Yield=61%. Analytical
10 LC/MS (method B): retention time=2.49 min. m/z=186.95 (positive ion mode).

Aldehyde intermediate preparation:
2-mercapto-4,6-difluorobenzimidazole (16 g, 86 mmol), in tetrahydrofuran (80
ml) is added dropwise to a mixture of sodium hydride (60% dispersion in
15 mineral oil, 5.5 g, 86 mmol) and tetrahydrofuran (20ml) at 0 °C. The mixture is
stirred at room temperature for 3 hours. 5-nitro-2-furaldehyde (12.1 g, 86
mmol) in 50 ml of tetrahydrofuran is then added dropwise over a 15 minute
period and the mixture is stirred for 16 hours at room temperature. Water (10
ml) is then added and the reaction mixture is stirred for 30 min. The reaction

20 mixture is then concentrated under reduced pressure. The residue is
dissolved in a minimal volume of ethyl acetate and the solution is filtered on a
plug (50 ml) of silica gel. The silica gel plug is washed with ethyl acetate (1I)
and the filtrate is concenterated under reduced pressure. The residue is
purified on a silica gel column (300g) eluted successively with
25  cyclohexane/ethyl acetate (9/1 v/iv) and cyclohexane/ethyl acetate (7/3 viv).
The fractions containing the expected product are concentrated under



131 a light brown powder. Yield=84% Analytical LC M (nethod C: nmfz=511
(negative ion node [MH "), mz=512 (positive ion node [MH ) 500 MHz IH
NVR on a WRUKERIZANCE DRX- 500 spectroneter, chem cal ®QTABHO/B273 ppn) in
d6 di net hyl suf oxyde (DMSO d6) sol vent ref erenced at 5 2.50 ppm at 303K
tenperature: 1,28 (t, J = 7,0 Hz, 3H) 3,72 (d broad, J = 16,0 Hz, 1H ;
3,81 (m 1H : 4,22 (m 1H); 4,28 (q, 129_7 0 Hz, 2H) ; 4,45 (d broad, J =
16,0 Hz, 1 H ; 520 (s, 1 H ; 6,40 (d, J = 35Hz,1H);6,85(d,J:
3,5 Hz, 1I—&educ§d9(préslsuré 1o 3 ykeldiz 6. mg Df 75((6 6cdifiuorb- #H&)éhzﬁhldhtopz-ld-lz 11|I:|)|)
y 7,17 m br oa

. 10,4 (m %ﬁﬁi@yl) &waa%cargi@zebsé@?s an orasﬂge W&qrﬂ))\ﬁelﬁi @nehiia
4-[5-(5,7- %Zﬁ}*] 2 f L

yl][ 2,4, 6, R)?N/ISQ xﬁ%’po@-t%vr azo %[333% qqﬂ% %82]‘6{(%)5@:% o ode)
~OH OF HN , NN H 15 A m xture of am nopyrazole (0. 089 g, 1.07

3-
(Gestr i Do W"gﬁ'%'n% SFarino- TN arE Ry byt (4 F 20 £ B B one” -
(0.12 g, 1dﬁﬁofﬁmH)béﬁ):uﬁ|d§zoﬂﬁ-yls]u1ﬁﬁ§/9-ﬂ@ﬂank'§-c5ﬂﬁl@éhy@e 65‘ 801X gt epper ature

for 3 hours. The reaction m xture is hen concentrated under reduced
pressure afinelhandek3wyelohexpagdione (2 63 th 2007 :impl an §8Imtol IHbutand isy)

Fractions HRReD B fefuR e BEa R Ao, Ve, SRERAT Bhia o lMon ducea

gr essure a?:mc?]émrabgd a!nded re%!.h%eﬁ pgeseﬁaﬂﬂadd\/bhe hesi{daétlér)ﬂ.nr(féa o )a ﬁﬁ@h
t and dried under vacuumto yie
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), nexpeptéd (poditti are cmcermtadaec[ Mintiet yedM@eR0Prds8 LR 7the residue is
CT/1 BZOOG{feos%%r?)ghded in 100 ml of acetonitrile and heated at reflux temperature for 30
minutes. The mixture is allowed to cool to room temperature and the insoluble
15 material is collected by filtration. The solid is washed with acetonitrile (400
ml), diisopropyl ether (100 mi) and pentane (100 ml) and dried under vacuum
to yield 3.8 g of 9-[5-(4,6-difluoro-1H-benzimidazol-2-ylsulfanyl)-furan-2-yl}-8-
oxo-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-3-carboxylic acid ethyl
ester as a white powder. Yield=36%. Analytical LC/MS method B: m/z=509
20  (negative ion mode [M-HJ), m/z=511 (positive ion mode [M+H]").
500 MHz 1H NMR on a BRUKER AVANCE DRX-500 spectrometer, chemical
shifts (3 in ppm) in d6 dimethylsufoxyde (DMSO-d6) solvent referenced at
2.50 ppm at 303K temperature: 1,28 (t, J = 7,0 Hz, 3H) ; 1,89 (m, 2H) ; 2,24
(m, 2H) ; 2,57 (m, 2H) ; 2,79 (m, 1H) ; 4,25 (q, = 7,0 Hz, 2H) ; 5,14 (s, 1H) ;
25 5,98(d,J=35Hz 1H); 6,78 (d, J = 3,5 Hz, 1H) ; 6,84 (d, J = 3,5 Hz, 1H) ;
7,02 (m broad, 1H) ; 7,13 (m broad, 1H) ; 8,45 (s, 1H) ; 11,4 (s broad, 1H) ;
13,0 (m broad, 1H).

Example 143: 9-[5-(5,7-Difluoro-1H-benzimidazol-2-ylsulfanyl)-furan-2-
30 yl]-8-0x0-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]-1,7-naphthyridine-3-
carboxylic acid ethyl ester hydrochloride



132 500 MHz 1 H NVMR on a BRUKER AVANCE DRX- 500 spectroneter, chem cal
shifts (5 in ppm in d6 dinethylsuf oxyde (DVMSO d6) sol vent referenced at

2. 50 ppmWwO 2803K297@nperature: 1,883 (m 2H) ; 2,24 (m 2IFCTIBR0&B02(
partially masked, 2H) ; 5,17 (s, 1H) ; 5,97 (d, J = 3,5 Hz, 1H ; 6,84
(d, 3 =3,5Hz, 51 H ; 7,03 (t broad, J = 10,5 Hz, 1 H ; 7,12 (d broad,
J =85Hz, 1 H ; 7,44 (s, 1H) ; 9,9B(s, 1H ; 12,15 (s, 1H ; 12,95 (m
broad, 1H). Exanple 145:

4-[5-(5,7-D fluoro-1H benzi m dazol - 2-yl sul
9- hexahydr o- pyr azol o[ 3, 4b] - 1, 7- na pht yr Sdi<
Y~r F NCH OF HNN NNHCH Hepa
intermedi ate: A mxture of 3-am nopy
5-(4,6-difluoro-1 H benzi m dazol - 2-
(described in exanple 142, 15
N- Boc- 3, 5-di ket opi peri dine (0.2
heated at reflux tenperature TV action mxture is then
concentrated under reduced pressu and the residue is purified on a
silica gel colum (40 g) eluted successively with cycl ohexanel et hyl

acet ate (9FPrepavatipn offties Bogqirotetted itéridgtiiatg: t he expected 20 product are

concentrated ynder reduced pressure to yield 360 of 7-tert-
but yl oxy- 455[ g\_n(ty[e;_ofji%rqirug]cbg«_pthoxycarbonyY—pyrroIe (0.165 g, 1.07 mmol), 5-(4,6-

> 4.6, 7.5, Seaiar ibEheRidda Q) dra SErbaldenyde , Gesribag in
Anal yti éal exampls 142pthdd g3)1.07 anami) and IN-Bes33,8aliketopipenitlieebdl228! g,
(post L1 ve. it S in 5 4Bt & b T Bhus pmperatre or 8 s,
Tegh 1 TG ooyl LR | Re RS e | 7
residue is purified on a silica gel column (40 g) eluted successively with
cyclohexane/ethyl acetate (9/1, viv) and cyclohexanelethyl acetate (1/%, vlv)i
10 The fractions containing the expected product are concentrated under
reduced pressure. The residue is triturated in diisopropylether (20 m!) and
- pentane (20 ml), collected by filtration-and dried under vacuum to yield 300
mg of 6-tert-butyloxy-9-[5-(5,7-difluoro-1H-benzimidazol-2-ylsulfanyl)-furan-2-
yl}-8-ox0-2,4,5,7,8,9-hexahydro-pyrrolo[3,4-b}-1,7-naphthyridine-3-carboxylic
15 acid ethyl ester. Yield=46%. Analytical LC/MS (method B): retention
time=4.31 min., m/z=612.21 (positive ion mode).

puran-2- yl]-2,4,6,7,8,
he hydrochloride 10 S-~N
gft of the Boc Protected
.989 g, 1.07 nmmol),

anyl) - furan- 2- car bal dehyde

mol ) and

[ ..jn 5 mM of 1-butanol is
o f

A solution of 300 mg of 6-fert-butyloxy-9-[5-(5,7-difluoro-1H-benzimidazol-2-
ylsulfanyl)-furan-2-yl]-8-oxo-2,4,5,7,8,9-hexahydro-pyrrolo[3,4-b]-1,7-

20  naphthyridine-3-carboxylic acid ethyl ester in 10 ml of dioxane is combined
with 1.8 ml of 4N HCI in dioxane and the reaction mixture is stirred for 16
hours at room temperature. The formed insoluble material is collected by
filtration, washed with dioxane (70 ml), pentane (50 ml), diisopropylether (50
ml) and dried under vacuum to vyield 227 mg of 9-[5-(5,7-difluoro-1H-

25 benzimidazol-2-ylsulfanyl)-furan-2-yl}-8-oxo0-4,5,6,7,8,9-hexahydro-2H-
pyrrolo[3,4-b]-1,7-naphthyridine-3-carboxylic acid ethyl ester hydrochloride as



di oxane and the reaction m xture is stirred at roomtenperature for 16
hours. WD 2007/012972 PCT/1B2006/ 002734 133 The formed i nsol uble materi al

i s col | ecwoaoy12972t r ati on, washed with di oxane (100 mPCT/IEN0602BIY] et her
(60 M), pentane (60 m) and dried under vacuumto vyield 320 ng of
4-[5-(5, 7-di fl uoro-1H benzi m dazol - 2- yIsquanyI) furan-2-yl]-

2,4,6,7,8, 9-hexahydr o- pyrazol of 3, 4b] - 1 ?-naphtyrldln 5-one hydrochl ori de as
5 an orange powder. Quantitative yield. Analytical LG Ms (nethod C):

m z=439 ( ackgitibrevinopowdee Yiald$84°%. Ahalytidal [ BAAEt (uethiodnCirondz+9iH ) 500

MHz 1H NWR BRUKE t t I hift 8 i
ppm in dG(Q% W‘P%m"é@;@g‘gﬁbﬁmﬁé 332 (Eggﬁ\éélg’rﬁe@gé?éwggﬁl)ca 2556 pf)m( atI "
303K te”DGBQOlMHz 1H Nmr%ﬁoa B‘RL{K@Q AF\KAN@EDRMKOGT@%&%IEEQ% %Iaérﬂlfﬁl 12 (d

broad, J = 5 Hz, 1H) 4,22
Hz, 1H) : shlﬂe ((6d|,n ppm)3n5d6-|zilmethylsuf®(yde ([&MSO}da) Epﬂreat réferénddg, atLH) ;

Ioli5 ? b?g-’apdppmlaﬁ—éc’ﬁ( gﬂ“?étaifH{?r Ja%a? 57 (H'El Am fg}ga@n f?rPgaSJ S5

Exanpl e 1466 09HE51H53 @famﬁ ‘{3H¥1| Hoon, 1H eéi‘é 910'7 02[#' QH'?f-@mﬁ d
furan- 2- yIL 8- 0X0- exahydr’o- H—pyrrof nol I~ he- 3-
car boxyl i cPERAd Jet H@ld H@sﬂbﬁ) $.2Q fs, F|H)0 eAB(d1 J —I—N5HHZUII=2D 6,85, J =

2- e t I t

b1 2 pyti o3 HEoRBLaB IR ¢t T2, THE! S8 A £220 84dde by BBDi 7ol 1o a
sol ution ofddl, Jz—auaet 8% Kz chiHpr 9,38-(&! YKy oherzemerdad, 9lH)6- RR24 Hbbroadn 10 n
of te rahilc_jls l(,fran and the mxture is stirred at room'tenperature for 16

hours. 10Th ix8&rdzi Bk hen concentrat ed under reduced pressure

and the 25 e di ed with
wat er (2x305(§m'§IH ‘114;‘4 é? 5/? 'ggg}‘?q%eﬂé %B%g?&%@@?%)ﬁfgr ed and
concent r at ¥tj-2,4/6028, Q-hdnahyldm-pysazmom-jol]wmwn%-@lw‘

2- mer capt o- 5-chl oro-6-fluoro WD 2007/ 012972 PCT/ 1 B2006/ 002734 134

15 A mixture of 3-aminopyrazole (0.089 g, 1.07 mmol), 5-(4,6-difluoro-1H-
benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde (described in example 142,
0.30 g, 1.07 mmol) and 1,3-cyclohexanedione (0.12 g, 1.07 mmol) in 5 ml of
1-butanol is heated at reflux temperature for 3 hours. The reaction mixture is
then concentrated under reduced pressure and the residue is purified on a

20 silica gel column (40 g) eluted with a mixture of cyclohexane and ethyl
acetate (2/8, v/v). The fractions containing the expected product are
concentrated under reduced pressure and the obtained solid is washed with
pentane (25 ml) and diisopropylether (25 ml) and dried under vacuum to yield
323 mg of 4-[5-(5,7-difluoro-1H-benzimidazol-2-ylsulfanyl)-furan-2-ylJ-

25 2,4,6,7,8,9-hexahydro-pyrazolo[3,4-b]quinolin-5-one as a white powder. Yield
= 69%. Analytical LC/MS fmethod C): m/z=438 (negative ion mode [M-H]),
m/z=440 (positive ion mode [M+H]")



benzi m dazol e as a yell ow powder. Yiel d=95% Analytical LC/ M5 (nethod B):

retention tine=2.90 mn. mz=202.95 (1 C, positive ion node). Al dehyde

i nt er medisODeoprEpEeat i on: 5 A sol ution of PCT/IB2006/002734

2- mer capt o- 5- chl or 0- 6-fl uor o- benzi m dazole (1.2 g, 5.92 mmol) in

tetrahydrofuran (10 m) is added dropwi se to a m xture of sodi um hydri de

(60% di spersion in mneral oil, 0.3791§2 9.47 nmol) and tetrahydrofuran (5

m). The m xture is stirred at roomtenperature for 2 hours. A solution of

5- ni tro- 260QNHzid yNMR 0ng8BRYKER FVANOE) DRX-5G0 spdotetraélerachdmiant ) is
a 15 mnute period and the m xture is stirred

t hen 10 added dropw se _qve .
for 16 ho%?' s 4 InokRA é’ﬁﬁiﬁr ginetbylspfxydeQVMBR-a8)k salvent sefemnsest att ed

d d epi iy di I ' : hyl
acetate Sn%%g%ﬁﬁ%ﬁ%%%?ﬁ’(éi%g#ﬁy L E2 YR R (Rt "oy er
SO4 and maskedn2iHa);ed, 1@nd@en 82 d, 35 Hz, THY; 16584 ddleJ i=s3BuFifi ed on
zl\i/gsi | 2n ggl 1§ O%\%a)tnﬁ é)lgge%?mgggtéé'gﬁ a}ym'zxt u?_a_elecﬁdf ich:.or(?urrefh:ane and
et hanol  ( Ié)ig’,;, Pos ':“1)e1|o‘: TRy 81125( yoag) érozé-lflaﬁugfl;rnl? (z,Wd N
enzi m syl a R . as :
Yi el d=21 %m&h% ﬁ(ilsbgw Lglglvg(s( k@hgggggmgtﬁgﬁﬁn ti me=3. 58 ?ﬁnl.o,
m z=296. 98Example [346: t i4vfS-(S7-Diflueyo-1Bbbenzimidazel-2{ylsulfanyl)-furan-2-

3- am no- 2- - role (0 2,.9,.1.25 I 5- ( 6-

chl oro- 5- fﬁl’?@gﬁé%gﬁ%#%@?épy?&ﬂ@r%@h&%}nﬂ}%dh@éﬁ'ﬁ%I dehyde (0.37 g,
1. 25 mmol ) hpdebchligriggc! ohexanedi one (0.14 g, 1.25 mmol) in 5 m of 1-
butano] is heated at reflux tenperature for 2 hours. The reaction m xture
is thth concentrated under reduced pressure. The residue is resuspended in
525 mM of acetonitrile and the m xture 'Ns heated at reflux tenperature for
30 mnutes. The mxture is all owed tg_%oo oom tenperature and the
insoluble material is collected b it , washed with

dii sopropylether (20 ml), pentaney( n) dnd dried under vacuumto yield
363 ng of 9-[5-(6-chloro-5- fluoro-1 O F

H benzi m dazol - 2-yl sul fanyl)-fu

- 8-0x0-4,5, 6,7, 8, 9- hexahydro 30

2H pyrrol o[ 3, 4- b] qui nol i ne- 3- 8 cid ethyl ester as a white powder.
Yi el d=55% Anal ytical LC MS (nelN MWiz=8P5 (negative ion mode, [M
H-, 1 d present), mz=527 (positiNe ion node, [MtH', 1 O present). WO
2007/ 012978, PCTL4 ' . 1 H NVR on a BRUKER AVANCE

DRX- 400 s ) €T, T : , i : = ppm- i n.d6..di net-hyl-suf oxyde
(DVSO- d6) Aomixtute redff Sramirexpypdzole (0.089 g, 1.07 mmol), 5-(4,6-difluoro-1H-

benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde (described in example 142,
15 0.30 g, 1.07 mmol) and N-Boc-3,5-diketopiperidine (0.228 g, 1.07 mmol) in 5
ml of 1-butanol is heated at reflux temperature for 3 hours. The reaction
mixture is then concentrated under reduced pressure and the residue is
purified on a silica gel column (40 g) eluted successively with
cyclohexane/ethyl acetate (9/1, viv). The fractions containing the expected
20  product are concentrated under reduced pressure to yield 360 mg of 7-tert-
butyloxy-4-[5-(5,7-difluoro-1H-benzimidazol-2-ylsulfanyl)-furan-2-yl]-5-oxo-
2,4,6,7,8,9-hexahydro-pyrazolo[3,4b]-1,7-naphtyridine. Yield=62%. Analytical
LC/MS (method B): retention time=3.82 min., m/z=541.24 (positive ion mode).

25 A solution of 360 mg of 7-tert-butyloxy-4-[5-(5,7-difluoro-1H-benzimidazol-2-
ylsulfanyl)-furan-2-yl}-5-oxo-2,4,6,7,8,9-hexahydro-pyrazolo[3,4b]-1,7-
naphtyridine in 10 ml of dioxane is combined with 2.5 ml of 4N HCI in
dioxane and the reaction mixture is stirred at room temperature for 16 hours.



2.50 ppmat 303K tenperature: 1,28 (t, J =7,0 Hz, 3H ; 1,91 (m 2H ;
2,25 (m 2H) ; 2,58 (m 1H) ; 2,80 (m 1H) ; 4,26 (q, J =7,0 Hz, 2H ;
5,14 (s, WHR097/8B2%6297 (d, J = 3,5 Hz, 1H) ; 6,79 (d, J 2C3/IB200g/0021%) ; 6, 83
(d, 3 =3,5Hz, 1H ; 7,50 (d, J = 9,5 Hz, 1H) ; 7,65 (d, J =7,0 Hz, 1H
; 8,43 (s, 1H ; 11,4 (d, J = 3,5 Hz, 1 H ; 12,75 (mbroad, 1 H). Exanple
147: 9-[5-(6-Chloro-5-fluoro-1 H-benzi¥3dazol - 2-yl sul fanyl )- 10

furan- 2- yI]T8 0x0-4,5, 6, 7, 8, 9- hexahydr o- 2H pyrrol o[ 3,4-b] -1, 7-

napht hyri d f@:madbowuble mt&haitlmcbﬂemeérbyhfﬁttatmimwasl@@i With dixéhdéd CI O

I o500, o BT 558 ASRATE) Pl B B 1
chl or o- 5- f lyied 0320 Hngesr IMSd@ZIJJdeKmYd)ﬁW lf)éwb{rln)d z&i—é@é%%@?&@?hpﬁhi%

(described in exanple 146

di ket opi peri4iBre8, @w@@hygro-my@aO%ﬁ@nb] 1ﬂ~l5aphtymmn-15-bnealnudrobblohdatesi at

Ladi £ onal erBpbR GoWkler QNaHiERIEE Dield. Adaiicd HCIBS Lioheh o rterdiar o
undter rteduicwbatweeessmmjea[MH]b?TVﬂﬂt(Qosm;/éwlﬁﬁﬂ@ gﬂme 7Tﬁ m OI .

n r r r r r man m r
ZFFO\C/)\/elj t135@833'g'm?’ﬂ§m‘ i %ké@%gﬁgﬁmﬁolﬁne@trﬂm&en gherm)i;:allJ =1
o) oo AL o bRT, o788 Dot AR P bcih eRRenead s er (20

6-terf-but Ql@(ppﬁr éﬁsd)ﬁ(cthrhmemtﬁré |fkesrh 8,30 Itb hemoz wany ﬁmé'kéld' bamyl ) -
furan- %lelég? 4,5, 7 9- hexahydr o- pyrro ht hyri di ne-3
9 2

VO 200 Béooéﬁtﬁ)biem) 14@2cm b3 5%5a(§; ahéf, ﬁy’if Ghtkr 3.5
viel d=44% Hpnakyt o (4 8 i B! WRY; Plde (oS 27,9 14! gBZ AT ; P15 (g,

m z=628. 03 (positive 1on no
6- t ent - but Y0 et 950 Ha; dil)grns5-(6) dHl) 09197 ranmoatdak!;-®,15 (m broad,

1H) ; 10,7 (s broad, 1H) ; 12,4 (m broad, 1H).

15 Example 146: 9-[5-(6-Chloro-5-fluoro-1H-benzimidazol-2-yisulfanyl)-
furan-2-yl]-8-oxo-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-3-
carboxylic acid.ethyl ester

20  2-Mercaptobenzimidazole intermediate preparation:
Di-2-pyridylthionocarbonate (2.31 g, 9.96 mmol) is added by portions to a
solution of 1,2-diamino-4-chloro-5-fluorobenzene (1 g, 6.22 mmol) in 10 ml of

tetrahydrofuran and the mixture is stirred at room temperature for 16 hours.

The reaction mixture is then concentrated under reduced pressure and the
25  residue is dissolved in 100 ml of ethyl acetate and washed with water (2x30
ml). The organic phase is then dried over MgSO., filtered and concentrated
under reduced pressure to yield 1.2 g of 2-mercapto-5-chloro-6-fluoro-



5 ylsulfanyl)-furan-2-yl]-8-oxo0-2,4,5,7,8,9-hexahydro-pyrrol o[ 3, 4-b] -1, 7-
napht hyri di ne- 3- carboxylic acid ethyl ester (0.376 g, 0.60 nmol) in dioxane
(20 m) iwoceemilesd with 4 N HC in dioxane (2.17 m) aR@TURZ0HOIM € IS
stirred at roomtenperature for 16 hours. The forned insoluble material is
collected by filtration, washed with di oxane (40 m ), pentane (40 m), 10
di i sopropyl ether (40 ml) and dried undéf# vacuumto yield 310 ng of 9-[5-(6-
chl oro-5-fluoro-1

H- benzi mi daentinldaiae et anyéllow powdeR-Yieli=05%x drhlical LCAVS- (method B):
nyclr ool or [HBNUR SMBFGISD B GiVZ5 20800 (16 lePRSBYmAONAMeRFLT cal LG/ NS {met hod.
Db 15 wode IMH - C1 & present) Bho’ Mz LH NV on & DRUKER AVAREE |
DRX- 500 spM@M@Lﬁmts (8 in ppm in dé di nmethyl sufoxyde
(o] i s BB ST S
%4_6 g ngr mgtétr\]ahzago‘fgnaﬁz ("R)lml)"bs_ é%cfeBc%&io?Qviﬁé to ?lil r'gﬂxt%eﬁoﬁ%&igm#gdgio%d? ?Z; 1
9,5 Hz. 1Féf§d%,dl’%pqr’§i,0min’:mmeaah’@i,l, Q.8y9; 09 93 pamoh rynd tetmybmfgrarbéﬁ)ad, 1H)

; 10, 35 ( el di = nphe 8: )
9-[5-(5- FFE@F 0- enzi 'r%l arz%cﬁ g%-ry?rgut%@ﬁ%!%z%ra%-@@?‘]}-3‘8?'-0%4"0"_ of 5 _
0x0- 4, 5, 6, fiti®-Bfiraidenydeo(2886yy, r592 [mmél)bihcetablytrdudnc arPexy lis eheici d - 25
et hyl ester Nﬁg - S~0OH O_HNN 0 Q HW 2007/012972 PCT/|B2006/ 002734
137 2- Mer cageem Sropvisgo¥8Teai 1R dninete Rerodasshthe mixture is stirred fqr 16
Di - 2- pyri dybfhai 8 IS ; | to a
sol ution oybﬂ@f ?ﬂgﬁghﬁt@ﬁ‘?@éﬁgﬁea gﬁgdlﬁea%rga?\wy l(j'les i%d(g)%%%@?f?%ﬁ\hggg% of
t et r ahydr ofegtugrdirdssure ardcther residuiesisi dissdivad im d 00 hieofpethat acetatecandl 6
hours. washed with water (2x30 ml). The organic phase is dried over MgSQO, and
concentrated under reduced pressure. The residue is purified on a silica gel
15 column (120 g) eluted with a mixture of dichloromethane and methanol (98/2,
viv) to yield 370 mg of 5-(6-chloro-5-fluoro-1H-benzimidazol-2-ylsulfanyl)-
furan-2-carbaldehyde as an orange powder. Yield=21%. -Analytical- LC/MS -

(method B): retention time=3.58 min., m/z=296.98 (1 Cl, positive ion mode).

20 A mixture of 3-amino-2-ethoxycarbonyl-pyrrole (0.192 g, 1.25 mmol), 5-(6-
chloro-5-fluoro-1H-benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde (0.37 g,
1.25 mmol) and 1,3-cyclohexanedione (0.14 g, 1.25 mmol) in 5 ml of 1-
butanol is heated at reflux temperature for 2 hours. The reaction mixture is
then concentrated under reduced pressure. The residue is resuspended in 5

25 ml of acetonitrile and the mixture is heated at reflux temperature for 30
minutes. The mixture is allowed to cool to room temperature and the insoluble
material is collected by filtration, washed with diisopropylether (20 ml),
pentane (20 ml) and dried under vacuum to yield 363 mg of 9-[5-(6-chloro-5-
fluoro-1H-benzimidazol-2-ylsulfanyl)-furan-2-yl]-8-oxo-4,5,6,7,8,9-hexahydro-

30  2H-pyrrolo[3,4-b]quinoline-3-carboxylic acid ethyl ester as a white powder.
Yield=55%. Analytical LC/MS (method B): m/z=525 (negative ion mode, [M-
HJ', 1 Cl present), m/z=527 (positive ion mode, [M+H]*, 1 Cl present).



5 The reaction mxture is then concentrated under reduced pressure and the
residue is dissolved in 200 M of ethyl acetate and washed wth water (2x60
m ). The wogaewm2yrase is then dried over MgSO4, filt er @6TARZOGONRCRINT r at ed.
The residue is triturated in diisopropylether and pentane and dried under
vacuumto yield 2.24 g of 2-nercapto-5-fluoro-benzimdazole as a brown 10
powder. Yiel d=84% Analytical LC/ M5 (r8bhod B): retention tinme=2.32 mn.

m z=168. 97 (positive ion node). Al dehyde internedi ate preparation: A

sol uti on oA0Q-Midz d&bNMFS-ohl aIBRUKERAVANSEIDRX(Z0R 4p&ctrdriefer ERdmican 15
tetrahydrofuran (10 m) is added dropwise to a m xture of sodi um hydri de

(60% di spe?@'ﬁ@n(sl W RP r'ﬁldfi)ldl'metb’y{%'ﬂo@dez@l\ﬂs%d@) salvent sefergnogdodtur an (5

20 Ire 3o K SO RSTIEDI 1 i 500 o T T

t hen adde(zlndﬁldbv@&ﬁﬁ et Hy; womnmmm p49266(d a&dr ohez BHYY UB,841(5, 1) | Hed for
2 hours_20 :‘@{ﬂ? ?’?ﬁ&eqw The reaction i s ‘concentrated under
reduced® pPeXs $i0i(2 (q.s) al%gcﬂlleﬂ")hrﬁ Q@ddml =08, 5ellmylHhcet at e
and concent s {‘*;a'“ﬁﬁ?eﬁ&z"z’ﬁ [elfe, 57 RN EREETG Tuf R o e
silica gel 3,5ldzutid) (112).76)(n‘ebmadd1w)t h dichl ororret hane to y| eI d 700 ng of
5-(5-fluoro-1H 25 benzoi m dazol - 2-yl sul fanyl ) -furan-2-carbal dehyde as an
o_range powder. Yiel d=20% Analytical LC M (nethod B): retention tine=3.08
mn., nlzEXample (paT:ti W&@CHM@B-ﬂﬁo%ﬂWb@nﬂfW\Sdazgl-?glsglgawl)-

3- am no- 2- et hoxycar bonyi - Eyrrol e . tuoro-1
H benz® ni BE2apr2yil8-oxprha8 7,85thananydm-3bll-mm9u:s[3(4eb]4m 79, 1.52 nmmol) and

1, 3-cycl oh n,5 1l-butanol is heated
at refl ux ﬁéﬁpfe}wa{fdt}rﬁggﬁor@mﬁ'c!hcrgé%, "éﬁ ,'yﬁ{ﬁﬂfﬁhrdé% is then WO

2007/ 012972 PCT/ 1 B2006/ 00273; 138 concentrated under reduced pressure. The
residue is resuspended in 5 m of acetonitrile and the m xture is heated
at reflux tenperature for 30 m nutes. B is allowed to cool to
room-tenperature and the insoluble mat r‘iol | ected by filtration,
washed with diisopropylether (20 n) t ne~2imM ) 5 and dried under

vacuumto yield 377 ng of 9-[5-(5-fl0»rogl H benzi m dazol -2- ylsu
Ifanyl) furan2y|] 8-oxo-4, 5, 6, 7_ 8,

Boc-protected intermediate preparation:

15 A mixture of 3-amino-2-ethoxycarbonyl-pyrrole (0.208 g, 1.35 mmol), 5-(6-
chloro-5-fluoro-1H-benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde
(described in example 146, 040 g, 1.35 mmol) and N-Boc-3,5-
diketopiperidine (0.287 g, 1.35 mmol) in 5 ml of 1-butanol is heated at reflux
temperature for 2 hours and stirred at room temperature for an additional 16

20 hour period. The reaction mixture is then concentrated under reduced
pressure and the residue is resuspended in 7.5 ml of acetonitrile and heated
at reflux temperature for 30 min. The mixture is allowed to cool to room
temperature and the insoluble material is collected by filtration, washed with
pentane (20 ml), diisopropylether (20 ml) and dried under vacuum to yield 376

25 mg of 6-tert-butyloxy-9-[5-(6-chloro-5-fluoro-1H-benzimidazol-2-ylsulfanyl)-
furan-2-yl]-8-oxo-2,4,5,7,8,9-hexahydro-pyrrolo[3,4-b]-1,7-naphthyridine-3-




3-carboxylic acid ethyl ester as a white powder. Yield=50% Analytical
LOMS (nmethod B): m z=491 (negative ion node, [MH-), mz=493 (positive
ion nmodewpDRBOf04297210 400 Mz I H NVR on a BRUKER AVANGEPDRXBZI0G002734
spectronmeter, chemcal shifts (6 in ppm in d6é dinethylsufoxyde (DVSO d6)
solvent referenced at 2.50 ppmat 303K tenperature: 1,28 (t, J = 7,0 Hz,
3H ; 1,89 (m 2H) ; 2,26 (m 2H ; 2368 (m 1H ; 2,80 (m 1H ; 4,25 (q,
J=7,0Hz, 2H ; 514 (s, 1H 5,96 (d; J =3,5 Hz, 1H ; 6,79 (d, J = 3,5
Hz, 1H) ; €arBexylie arid eihyl restenHYield244%, OAndlgtical] LE/MSS (efetRo® By, 1H) ;

7 b R o s bl

9- [ 5- (5- Fl uoro- 1H benzi m dazol - 2-yl sul[ f anyL) - zur7an- Zhilih] - 8d _ .
oxo-4,5, 6, 7, 8, 9- hexahyd ro- 2Hpyrrol of 3,4-b] -1, 7-naphthyrid i n e-3-
car boxyl i chacBalulieRy | Oést@ﬁeﬁMﬂ@W-Sf[ﬁdﬁ-@iﬁS—&ﬂUQI‘ONI H-beNzimidaz@-2-HN N NH

s ' | ration: 1 xt ure of
5 ani o, 2. LR REEE o BE AR S PR B oo B 51T 0
f I uor o- 1H- haptithyridine @-erbpkgid heidydthyf est@ﬁ(@:sverg,ab.@@hm_ If Geefdiaped in 25
exanple 14 0..40 g [1) 52 134 l\?nd N- Boc- 3, 5- di ket opi peridine (0.325 g,
1.52 ol )40M 5 com T%‘L‘T’gﬁ HGlein: digxane (i7uml; angdhat mdureois 2 hour s

P on A, SRS 0116080 Tl ik o
under redueligciadedyuifiliration, t washedi wite dipxanes (#panljecbdntare ﬁ(gmmngé,ure -
T oueld t BeBRSRRRGE T Bl 8na s e VS SRR il 3T Raneratd-T-6-
col I ect ed ¢hlofo-5-fUakd-OR-beRAARAZM-2 IR Fulah®2-W1)8-0x0-4,5,6,7,8,9-
hexahydro-2H-pyrroIo[3,4-b]—1,7-naphthyridine-3-carboxylic acid ethyl ester
hydrochloride as a light brown powder. Yield=92%. Analytical LC/MS (method
-B): m/z=528 (positive ion mode, [M+H]", 1 Cl present), m/z=526 (negative ion
15 mode [M-H], 1 Cl present)
500 MHz 1H NMR on a BRUKER AVANCE DRX-500 spectrometer, chemical
. shifts (3 in_ppm) in d6 dimethyisufoxyde (DMSO-d6) -solvent referenced at
2.50 ppm at 303K temperature: 1,29 (t, J = 7,0 Hz, 3H) ; 3,73 (m, 1H) ; 3,81
(m, 1H); 4,23 (m, 1H) ; 4,28 (m, 2H) ; 4,46 (d broad, J = 17,0 Hz, 1H) ; 5,19
20 (s, 1H); 6,39 (d, J = 3,5 Hz, 1H); 6,86 (d, J = 3,5 Hz, 1H) ; 6,89 (d,J=35
Hz, 1H); 7,55 (d, J = 9,5 Hz, 1H); 7,70 (d, J = 7,0 Hz, 1H) ; 9,38 (s, 1H);
10,05 (m broad, 1H) ; 10,35 (m broad, 1H) ; 11,7 (d, J = 3,5 Hz, 1H).
Example 148: 9-[5-(5-Fluoro-1H-benzimidazol-z-yIsulfanyl)-furan-Z-yl]-B-
oxo-4,5,6,7,8,9-hexahydro-2H-pyrroIo[3,4-b]quinoline-3-carboxylic acid
25 ethyl ester

I=Z



5 diisopropylether (20 m) and dried under vacuumto yield 380 ng of
6-tert- butyl oxy-9-[5-(5-fluoro-1

H benzi mwazod#@z9sul f anyl ) - f uran- 2-yl ] - 8- oxo- PCT/IB2006/002734
2,4,5,7,8,9-hexahydro-pyrrol o] 3, 4-b] -1, 7- napht hyri di ne- 3-carboxylic acid
ethyl ester as a white powder. Yield=42% Analytical LG M (nmethod B):
retention tinme=4.1 mn., mz=594.03 (1p38$|t|ve i on node). 10 A sol ution of
6-tert-butyl oxy-9-[ 5-(5-f| uor o- 1H benzi m dazol - 2-yl sul fanyl ) -

f ur an- 2- y| R-Mewmwaptéhehzimidazole intermediate preparation:

cster (0. SR shahnaseibanate GRRNE 1568 Fmoh ds adiest Rkcparions do1e 13 i n
di oxane (Zsaﬁmah)oﬁamddas-dnﬁbtwe%yueﬁwe%ﬁarﬁrn%d tg dP%@ Aﬁm}frmeé@trw grfor 16

hours. The fornmed insoluble materiral is col I te ration, washed
wi th di oxateirgheirefuyan padtthaenp(m}rens)stlrredumamoopyempemtur(mmr 1@ movmsd dri ed

under vacu 9-[5- fl.uor m d azol - 2-yl su
| f anyl )§1 f ur’?ﬁ- '%‘% (fa’l‘ g“%@emé tﬁg% °?L“°§'gt5§ e W dﬁﬁg-uﬁﬁﬁ pressure"and the

pyrrol o 3, fedifiud i disaplvielyini ZH0E Bf eBiyr @ektdie el Washéry Withshater (2x60
hydrochlorlde as 20 a orange-brown powder. Yield=95% Analytical

met hod B: MilkUeorganig rhase is Bwrhd@%d pwmgsomfﬁmmaogmmenﬁaﬁedn node

L) "R A P, ST ML R ™

2.50 ppm avaBOaH toemﬁdeﬁ%eg of, 2dndrtaptd-5-fidofb-benzidtiflazole as3 abBrawrs, 85 (m

ESZSH% 4 23dgr 6Y —(Egl% JAnayglgale%(ﬁneé’}goéd-B ?é@t@ﬁf@f Emm%ssz Ipml H%; 89
d, J = 3, J=2,5et 90Hz, 1 H ; 7,32 (dd, J =
(2 5 et 9 0%&%1?8397%%““79%@% e?] = 4 5 et 9,0 Hz, 1 H ; 9,39 (s, 1 H ;

996(mbroad 1 H ; 10,2 (m broad, 1H) ; 117(d J =3,5 H, 1H). 30
Exanpl e 15Q; -trlflu ronmet hoxy-1 H benzi m dazol -2- ylsu
[ fanyl)-fu I 2 hydr o- 2H pyrrol o[ 3, 4- b] qui noi i ne-

3-car boxyl Ac s@ﬁ:trdmeUﬁyz mbamd@n@@ﬂﬂb@ﬁﬁﬁﬂ&z%@/ (B2P06/ 482 Fhmolytth s / |
—F II\IS tetrahydrofuran (10 ml) is added dropwise to a mixture of sodium hydride
(60% dispersion in mineral oil, 0.852 g, 21.3 mmol) and tetrahydrofuran (5
ml). The mixture is stirred at room temperature for 2 hours. A solution of 5-
nitro-2-furaldehyde (1.88 g, 13.3 mmol) in tetrahydrofuran (15 ml) is then

added dropwise over a 15 minute period and the mixture is stirred for 2 hours

20 at room temperature. The reaction mixture is concentrated under reduced
pressurefland the residue is dissolved in 200 ml of ethyl acetate and washed
with water (2x 60 ml). The organic phase is dried over MgSO4; and
concentrated under reduced pressure. The residue is purified on a silica gel
column (40 g) eluted with dichloromethane to yield 700 mg of 5-(5-fluoro-1H-

25  benzoimidazol-2-ylsulfanyl)-furan-2-carbaldehyde as an orange powder.
Yield=20%. Analytical LC/MS (method B): retention time=3.08 min.,
m/z=263.05 (positive ion mode).

A mixture of 3-amino-2-ethoxycarbonyl-pyrrole (0.235 g, 1.52 mmol), 5-(5-
30 fluoro-1H-benzoimidazol-2-ylsulfanyl)-furan-2-carbaldehyde (0.40 g, 1.52
mmol) and 1,3-cyclohexanedione (0.171 g, 1.52 mmol) in 5 ml of 1-butanol is

heated at reflux temperature for 2 hours. The reaction mixture is then



HN ~ N OH 0 2-Mercaptobenzimdazole internedi ate preparation:

1,1 -thiocarbonyldiimdazole (1.13 g, 6.25 mmol) is added by portions to a
5 sol uti owoabo71ge7ei f | uor oret hoxy) - or t ho- phenyl enedi am RET(IB2096/0@724 ol )
in 5 mM of tetrahydrofuran and the m xture is stirred at roomtenperature
for 16 hours. The reaction mxture is then concentrated under reduced
pressure and the residue is dissolved3®n 100 Ml of ethyl acetate and
washed with water (2x30 m). The organic phase is then dried over MySO4,
filtered angngshirsded endenresiicelipesswiediibeirssitnetisireswspendediin Sapt opy! et her
and pentan r.e nder, vacu o,vield 1. 26 f .

2- ner capt og%&to?’ft'f'gu%?cg r‘ﬁ? RERpre Jg ﬁﬁa&ﬁ%eﬁ (5?@“’&%3"9'3%@?‘?"@\/\70[5%8?'”“"93

Quant i t at i The¥higtute id\aRbwed Q@bobﬁ/o'\@on{ J%?Qtd?’é anﬁethéqﬁécﬂﬁblb'rﬁﬁ’@%aﬁg m n.

m z=235. 67 (p03|t|ve ion node). 15 Al dehy nternedi ate preparation: A
sol uti on ofs Guligstashhy fliration; waahﬁdawethmsgp@@mbgtmrda@dnb gentase ¢20 mIB3

nyar 1 de ( 60 LAV clitth 8 iel P ithobg 2846 S ol 1 pithifipadl.o® 0! U
t et r ahydr oylsulianyipfurbp-2ay1]-8xoth 6,617 ﬂguhexahycﬁblm-%irrato;?; ﬂ%]hbiﬁ@ﬁﬁé—at :J; e
mol ) in

f 2 20 h | f 5-nit 2-f | d
t (Ca)'[ rahydro ltji{azho’(ﬂ'\%oarﬂ?(g eﬁg’l gﬁ@rﬁ a?a’lﬁj{élgl te PowA T el@\{fb‘ﬁoaﬁ 16”#3"’\@@-%% od and
the mXtur gmbhod ) izEeg1 IAcBaS igh hag! @Eﬂ@nfﬁ’ﬁe 93] (FodifAC idrP"

m xt ure concen rat ed under “reduced pres’s e 1S
di ssol ved modedMiH]"bf di chI oronet hane and filtered through a silica gel

E;théigneﬁéi’ﬁgﬂzéahm 8 @W’%é%‘\f'ﬁ@&gé% %66]@;32&9@%1@@@9@8@%, ned
2 TSRS, KA L BRI DUSCIal) Soflerleprenced oty o

5-(5-trifluoronetho 2ysu|fan ran-
WO 2007/ 012$5D2p|mﬁTatlfﬂml0ﬁmpermure 1428 ésJan7d Hz, 3Het d824n, 2Hal 28 al

LG Ve, ot RaR) s SRDBD DR ) T e T B RS e s 20
trifluorongideowy-Ji= 13 Henz aHyi &a79ld 2 ¥ 38IHAM) -6 80a@; 3-carPakdenyde (0. 50
15 7,00 (dt, J = 2,5 et 9,0 Hz, 1H); 7,27 (d broad, J = 9,5 Hz, 1H); 7,45 (m
broad, 1H) ; 8,42 (s, 1H) ; 11,4 (s broad, 1H) ; 12,5 (m broad, 1H).
Example 149:. 9-[5-(5-Fluoro-1H-benzimidazol-2-ylsulfanyl)-furan-2-yi}-8--
0xo0-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]-1,7-naphthyridine-3-
carboxylic acid ethyl ester hydrochloridé
20

Boc-protected intermediate preparation:

A mixture of 3-amino-2-ethoxycarbonyl-pyrrole (0.235 g, 1.52 mmol), 5-(5-
fluoro-1H-benzimidazol-2-ylsulfanyl)-furan-2-carbaldehyde  (described in
25 example 148, 0.40 g, 1.52 mmol) and N-Boc-3,5-diketopiperidine (0.325 g,
1.52 mmol) in 5§ ml of 1-butanol is heated at reflux temperature for 2 hours
and stirred at room temperature for an additional 16 hour period. The reaction



g, 1.52 mmol) and 1, 3-cycl ohexanedi one (0.171 g, 1.52 mml) in 5 m of 1-
butanol is heated at reflux tenperature for 4 hours. The reaction mxture
is then woneereweed under reduced pressure. The resi dR€TIIB2006ve0r27piuri fi ed
on a silica gel colum (40 g) eluted successively with cycl ohexane/ et hyl
acetate 10 (7/3, v/v) and cycl ohexanel/ et hyl acetate (1/1, v/v). The
fractions containing the expected pré ct are concentrated under reduced
pressure. The obtained solid is washed with acetonitrile (100 nl), pentane
(50 m) ar@ixiiecis therercongaoiialed: ungerered@ed pressure and the residue’ is

00 M) amHrrerites ) rer o
§| g)ljlof 2n£/|5r)e_§ ?Eé%ﬁnééfu@{ f%?ft" ng(écélal-gﬁ@g%@aﬁ%%gtﬁl—r@ﬂ% FWB?@:‘%BHPE]GPUOI i ne-3
15 car boxyhirl]rd'ﬁté miﬁiﬂuh@'g% Sﬁﬂb%d_att@_ @thbtmoﬁgYQ?R/ﬁra‘@j%' Q%@SF{% gwg%lggff‘lle

: = i ve_ i on node , =
Fon " irode RIS 15,06 ONREIoEH RVRTIRaNBRYRSRAVANDE  TRRtaso (oMbt or

chemi cal ' ' i A8 SH f axyde. . yenpt
refere%cedcg%tbbp%(}ﬁeghgg (%%ﬁlgtdhgogrl@% @ﬁ%gyg?ﬁ?ﬁe}% @ &'&H(\/Sgb?ﬁé @C%Y%Q 3H) ;
1,90 (m Mtylpx&QQ[ﬁ—((ﬁ#ﬁlu@bm%—génzmidazol-?f]=y5lsul?aﬁ&ﬂ)-(unn-gl:g]és-(ogo% (q,3 é ;z 7,0

; 1) P , =9, ) . ; (a, J = 3, ,
Ty b, B SRk aidroByPIO 4 Dy hilaiieing SLoasbexy, 2aid iyl 7, 44 (s
broad, 1 Hster s 22whie pbwide?, 5ielé"=42%."&nélyti&l4.h¥3/i\ﬁ8 {H’neh’i)od; B?:]reﬁarﬁiﬁpbroad’ 1
H . 25 Exanple 151:; 8- -9-&35-(57_tr|_fluororret oxy-1 H benzi'mdazol-2- ylsu
| f anyl ) - f Jia@E4dynin. amiz=594,08 @asiiverignimpdei- pyrrol of 3, 4-

b] [ 1, ghnapht hyri di ne- 3-carboxylic acid ethyl ester hydrochloride WO
2007/(} 2972 PCT/1B2006/00273; 142 F 5--~1 i ~F OHO HNHNNHCH O

0 Boc- pr ch ectohutiomt ef neitent-butyh @-Fﬁ—gmmorﬁ-fﬁéiﬁéﬁkﬁniﬁﬁéol-%ylsuIfanyl)—
3-am no- 2_fS}ar}l%}gﬁ]?é-gggyzl,i,%y,é%—ﬁexa%y%i?o-p%frol%[?i4-br]rrtl[j7-)n’aphihyridine-3—

carboxylic acid ethyl ester (0.380 g, 0.64 mmol) in dioxane (20 ml) is
combined with 4 N HCl in dioxane (2.32 ml) and the mixture is stirred at room

15 temperature for 16 hours. The formed insoluble material is collected by
filtration, washed with dioxane (40 ml), pentane (40 ml), diisopropylether 40
ml) and dried under vacuum to vyield 323 mg of 9-5-(5-fluoro-1H-
benzimidazol-2-ylsulfanyl)-furan-2-yl]-8-oxo-4,5,8,7,8,9-hexahydro-2H-
pyrrolo[3,4-b]-1,7-naphthyridine-3-carboxylic acid ethyl ester hydrochloride as

20  a orange-brown powder. Yield=95%. Analytical LC/MS method B: m/z=492
(negative ion mode [M-HT), m/z=494 (positive ion mode [M+HTY.
500 MHz 1H NMR on a BRUKER AVANCE DRX-500 spectrometer, chemical
shifts (3 in ppm) in d6 dimethylsufoxyde (DMSO-d6) solvent referenced at
2.50 ppm at 303K temperature: 1,29 (t, J = 7,0 Hz, 3H) ; de 3,69 a 3,85 (m,

25 2H); 4,23 (m, 1H) ; 4,29 (m, 2H) ; 4,45 (d broad, J= 16,0 Hz, 1H) ; 5,20 (s,
1H) ; 6,36 (d, J = 3,5 Hz, 1H) ; 6,87 (d, J = 3,5 Hz, 1H) ; 6,89 (d, J = 3,5 Hz,
TH); 7,04 (dt, J = 2,5 et 9,0 Hz, 1H) ; 7,32 (dd, J = 2,5 et 9,0 Hz, 1H) ; 7,49
(dd, J = 4,5 et 9,0 Hz, 1H) ; 9,39 (s, 1H) ; 9,96 (m broad, 1H) ; 10,2 (m broad,
1H) ; 11,7 (d, J = 3,5 Hz, 1H).

30 Example 150: 8-0x0-9-[5-(5-trifluoromethoxy-1H-benzimidazol-2-
ylsuIfanyl)-furan-2-yl]-4,5,6,7,8,9-hexahydro-2H-pyrroIo[3,4-b]quino|ine-
3-carboxylic acid ethyl ester



trifluoronmethoxy-1 H benzoi m dazol - 2-yl sul fanyl)-furan-2-carbal dehyde 5
(described in exanple 150, 0.315 g, 0.96 mml) and N- Boc- 3, 5-

di ket opi pEOi2déa297Q. 205 g, 0.96 nmol) in 5 mM of 1-butakcli/IBRosrexrad at
reflux tenperature for 4 hours. The reaction mxture is then concentrated
under reduced pressure and the residue is purified on a silica gel colum
(40" g) eluted successively with cycl&ﬂexane/ethyl acetate (7/3, v/v) and
10 cycl ohexane/ ethyl acetate (1/1, v/v) to yield 650 ng of
6-tert-butyl oxy-8-o0xo- 9-[5-(5-trifluoronethoxy-1

H benzi m dazol - 2-yl sul fanyl ) -furan-2-yl]-2,4,5,7 @,9-

hexahydr o- pyrrol o[ 3, 4=b] [ 1, 7] napht hyr i s S pxplic acid ethyl ester.
Quantitative yield. Analytical LC M ) : i i i
m z=660. 00 (positive ion node).

b][1 7] napht hyr|d| ne- 3 carboxlelc aC| | hyl ester (0.65 g, 0.98 mmol) in
di oxane (20 m) is conbined Wt n di oxane (3.57 m ). The reaction
20 mixture is stirred at roormpt&npedature for 16 hours. The forned
insoluble mterial is coIIectedOby filtration, washed wth di oxane (100

?éxopgnt g? r% Y dri ercllteurrﬁgglraté/arceu%%ttloon yield 350 ng of

H benzi m dazlokhlaca/rb@ni/lﬂﬁﬂwdézoiélr(ﬁﬁ329y13]254n§nél) is %q%éaepefb'd?ﬁensﬂrb a

pyrrolo34b![ pht hyri di ne- 3-car boxylic acid ester
hydr ochl or @lEliaR of %(taﬂmqrgmetmwrtb@vwwnwen@mwm gn@t:;/mman) in@ NS

[VeH ) . B Z50r ey IR Ao iBET e Sirba o b pr e o SRR

AVANCE DRXhd@(18. ?.'hecmaotlm‘t ﬂﬂxtu@sﬁhéﬁbonééhtfétéd (u&dleﬁ rédUBedl predSure and

di et hyl su&le {es@j g sol vent referenced at Rm at 303K

t enper at ur qﬂs igs0 v¢d0|n|_|1003pl)of ethyy acefgte ;qq)d waqs ed withnwedet i al | y
masked, 1 8 pr NP 5.5 Hz, 1H)
.5, 22 (sf@i‘ﬁb" 4“'% éﬁ@g( gfgeﬁn'é @‘%’Z%z'g%ﬁ? ?’"é,éség?d,mqgg“g,@e@ i’ﬁ :

6, 91 (D breentenfrated, heizesidu is titutsteddnbdisapropyleth@r andzpertahe ;and 49 (s

oroad, 1132658 e e o1 it 28 i ok msiepte rupppmetiony: "

ben2|m|dazole as a yellow powder. Quantitative yield. Analytical LC/MS -
(method B): retention time=3.69 min. m/z=235.67 (positive ion mode).

15  Aldehyde intermediate preparation:

A solution of 2-mercapto-5-trifluoromethoxy-benzimidazole (1.26 g, 5.38
mmol) in tetrahydrofuran (10 ml) is added dropwise to a mixture of sodium
hydride (60% dispersion in mineral oil, 0.344 g, 8.61 mmol) and
tetrahydrofuran (5 ml) at 0°C. The mixture is stirred at room temperature for 2
20 hours. A solution of 5-nitro-2-furaldehyde (0.76 g, 5.38 mmol) in
tetrahydrofuran (15 ml) is then added dropwise over a 15 minute period and
the mixture is stirred for 16 hours at room temperature. The reaction mixture
is concentrated under reduced pressure and the residue is dissolved in 10 mi
of dichloromethane and filtered through a silica gel plug (40 ml). The silica gel
25 plug is eluted with 800 ml of cylohexane/ethyl acetate (7/3, v/v). The organic
filtrates are combined and concentrated under reduced pressure to yield 1.1 g
of 5-(5-trifluoromethoxy-1H-benzoimidazol-2-ylsulfanyl)-furan-2-carbaldehyde



A product of the invention may be useful for inhibiting the in vitro
activity of an 15 Aurora A and/or B kinase. Experinental protocols

- regar di nyorhe/mrwehem cal tests Auroral and 2 (RespecPCYAB3006/M278r a B and
A) The inhibitory effect of conpounds with respect to the Auroral and 2
kinases is determined with a radioactjyity scintillation assay using

ni ckel chelate. 20 The ki nase act|V|ty1 :if Aurora i s nmeasured by the
phosphoryl ati on of NuMA- histidine substrate in the presence of

r adi ol abel pacnagik (ipBEBR YA alyititah§CAES (ethod Bys retpntiere §mersr & ik,

ni ckel - chel urface of the mcroplate. The anount of
33P incorpgﬁgfé%gioc;bf)ggggu&ﬁ@le' NuMA is proportional to the aurora
activity. 25 Proteins: The protein production has been made |n the protein
production group of = Sanaofi-Aventis. Aurora-A: the full nmbi nant

protein i né (A a(?f Mnm%ghhoxwrpowlwrm%éO{Zé’»ﬁ Qhés533 Oﬁxgr @ssed in
E. | 1 B
= the 'fafi{'qﬁ'@#r oob21 bz tiigdad 2 e Il ettt aReioe g oo

i E SF9 clel Igsgvm lh;nmbb ael ﬂySagthemhedNﬁEF(Op‘r?dt gj n.52swxdol) dn SC?Tobﬂet e: n.

T t t t
5056 hompge duraR! 16 Nealgflat retion RRerAtSP Pk ARG AStP] RGeS ot i ¢
system: f Ftl‘?&ﬁ*%ﬂﬁc?rﬂfatéa‘hrﬂ@r 'F@d@ééddéreﬁé‘@r%' ch@“re%ﬁﬁlE lgjtﬂéh ﬂ‘u@iﬁeb%na

expressed in (tagged on the N-termnal end with F y- hi sti di ne
tail for usiicasgel ccoiemrs(ﬂibg) @dtﬁedcaucnesmvalur\mttacynlpimnanelehyd@@@tate 10 The

swp10710 ThE % a0 RS VofehBxafelBE) et Tt Bk Shhe BB SoBund T c,

vol une per thé\@kbett@dtd?@d%t@é%ﬁc@ﬁtré@drlMd@f réﬁucér rBsQureAmh@rcﬂJ’cé‘meBOOHM of
NuMA substrate in the follow ng buffer: of

a2
(Aur or a- B) sefid l&&yva_smmwb@@tmﬂwaownlhrﬁsmﬁwo(ﬁomﬂb @md glwgg wlesL of
enzynme/ subsibahf 10\iRP34 @ thdbf Yo [ rUBHStHo%y SRS Belteinlidazol-2-

ylsulfanyl)-furan-2-yl]-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-3-

15 carboxylic acid ethyl ester as a white powder. Yield=36%. Analytical LC/MS
(method C): m/z=559 (positive ion mode [M+H]"), m/z=557 (negative ion

~ mode [M-H]). . . o .

400 MHz 1H NMR on a BRUKER AVANCE DRX-400 spectrometer, chemical
shifts (8 in ppm) in d6 dimethylsufoxyde (DMSO-d6) solvent referenced at

20 2.50 ppm at 303K temperature: 1,28 (1, J = 7,0 Hz, 3H) ; 1,90 (m, 2H); 2,25
(m, 2H) ; 2,58 (m, 1H); 2,79 (m, 1H) ; 4,26 (9, d = 7,0 Hz, 2H) ; 5,15 (s, 1H) ;
5,98 (d, J = 3,5 Hz, 1H); 6,79 (d, J = 3,5 Hz, 1H) ; 6,82 (d, J = 3,5 Hz, 1H) ;
7,11 (d broad, J = 8,5 Hz, 1H) ; 7,44 (s broad, 1H) ; 7,62 (d, J = 8,6 Hz, 1H) ;
8,41 (s, 1H) ; 11,4 (s broad, 1H).

25 Example 151: 8-0x0-9-[5-(5-trifluoromethoxy-1H-benzimidazol-2-
ylsulfanyl)-furan-2-yl]-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-
b][1,7]naphthyridine-3-carboxylic acid ethyl ester hydrochloride



foll owed by 10 pL of solution of conpound to be nmeasured with various
concentrations. The reaction is started by adding 1 pMof ATP (fi nal
concent r avpan)7/aeveai ni ng 0.2 pC of [33P] ATP (10 plL). PATIB200§002134nut es of
20 incubation the reaction is stopped by renoval of the reaction mxture
and each well is washed twce with 300 pl of buffer Tris/HC. The

radi oactivity is measured in each well#2using a Packard Top count
scintillation counter instrument. The enzymatic activity is expressed as
counts per minute obtained in 30 25 m nytes. af éubtraction of the
background noi se (reaction nedi umwitbe&t ~ The neasurenent is
expressed as percentage of inhibiti of N-AuEera gctivity versus the
control. To generate | C50 val ues, rpoullds of the invention are tested at
different concentration and the perdentthge of inhibition are plotted as
function of conpound concentrati are 30 cal cul ated using the
XIfit 4 curve fitting sof t war &N 2007/ 012972 PCT/ | B2006/ 002734 145 s' >
k3r'u z.: ~ .Y d ~yf ~~~"re—~x< ¢ f NOWNI~-CHpg ** vy 4 M )d 3/ ff ~ 333~
Y 3~ d~y Kid ~ ~~~rdd5 ~~~ yf®VN ExHnpled d~~" &t eSittyFrl |15t INC fs: r
f 17448 2 2739 3378 415 4° 59873 7 302 8 696 O 1330 10 6288 11

1128 12 5B3c-preteetPintdineklif® preparation:
A mixture of 3-amino-2-ethoxycarbonyl-pyrrole (0.148 g, 0.96 mmol), 5-(5-
trifluoromethoxy-1H-benzoimidazol-2-ylsulfanyl)-furan-2-carbaldehyde
5 (described in example 150, 0.315 g, 0.96 mmol) and N-Boc-3,5-
diketopiperidine (0.205 g, 0.96 mmol) in 5 ml of 1-butanol is heated at reflux
temperature for 4 hours. The reaction mixture is then concentrated under

reduced pressure and the residue is purified on a silica gel column (40’ g)
eluted succ‘es«svi'vely ‘with cyclbhéxéné/ethyl acétate (7/13, viv) and
10  cyclohexane/ethyl acetate (1/1, v/v) to yield 650 mg of 6-tert-butyloxy-8-oxo-
9-[5-(5-trifluoromethoxy-1H-benzimidazol-2-ylsulfanyl)-furan-2-yl}-2,4,5,7,8,9-
hexahydro-pyrrolo[3,4-b][1,7]naphthyridine-3-carboxylic acid ~ ethyl ester.
Quantitative yield. Analytical LC/MS (method B): retention time=4.53 min.,
m/z=660.00 (positive ion mode).
15
A solution of 6-fert-butyloxy-8-oxo-9-[5-(5-trifluoromethoxy-1H-benzimidazol-
2-ylsulfanyl)-furan-2-yl]-2,4,5,7,8,9-hexahydro-pyrrolo{3,4-
b][1,7]naphthyridine-3-carboxylic acid ethyl ester (0.65 g, 0.98 mmol) in
dioxane (20 ml) is combined with 4N HCI in dioxane (3.57 ml). The reaction
20 mixture is stirred at room temperature for 16 hours. The formed insoluble
material is collected by filtration, washed with dioxane (100 ml), pentane (50
ml) and dried under vacuum to yield 350 mg of 8-ox0-9-[5-(5-trifluoromethoxy-
1H-benzimidazol-2-ylsulfanyl)-furan-2-yl}-4,5,6,7,8,9-hexahydro-2H-
pyrrolo[3,4-b][1,7]naphthyridine-3-carboxylic acid ethyl ester hydrochloride as
25 a light brown powder. Yield=64%. Analytical LC/MS (method C): m/z=558
(negative ion mode [M-HT), m/z=560 (positive ion mode [M+HT.
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400 MHz 1H NMR on a BRUKER AVANCE DRX-400 spectrometer, chemical
shifts (8 in ppm) in d6 dimethylsufoxyde (DMSO-d6) solvent referenced at
2.50 ppm at 303K temperature: 1,29 (t, J = 7,0 Hz, 3H) ; 3,77 (m, 2H) ; 4,25
(m partially masked, 1H ) ; 4,28 (q, J = 7,0 Hz, 2H) ; 4,44 (d broad, J = 16,5

5 Hz, 1H); 5,22 (s, 1H); 6,30 (d, J = 3,5 Hz, 1H); 6,87 (d, J = 3,5 Hz, 1H);
6,91 (d broad, J = 3,5 Hz, 1H) ; 7,16 (d broad, J = 8,5 Hz, 1H) ; 7,49 (s broad,
1H) ; 7,56 (d broad, J = 8,5 Hz, 1H) ; 9,39 (s, 1H) ; 9,67 (m broad, 1H) ; 9,80
(m broad, 1H) ; 11,65 (s broad, 1H).

10

A product of the invention may be useful for inhibiting the in vitro activity of an
15 Aurora A and/or B kinase.

Experimental protocols regarding the biochemical tests
Auroral and 2 (Respectively. Aurora B and A)

The inhibitory effect of compounds with respect to the Aurora1 and 2 kinases
is determined with a radioactivity scintillation assay using nickel chelate.

20 The kinase activity of Aurora is measured by the phosphorylation of NuUMA-
histidine substrate in the presence of radiolabelled ATP ([**P] ATP) using 96
well Flash plates where the nickel-chelate is linked to the surface of the
microplate. The amount of *P incorporated to the substrate NuMA is
proportional to the aurora activity.

25 Proteins:

The protein production has been made in the protein production group of
Sanofi-Aventis.

- Aurora-A: the full length recombinant protein including an N-terminal
poly-histidine tail has been expressed in E. coli and purified to 82%.
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- Aurora-B : the full length protein (His tagged in N-terminal) has been
co expressed in SF9 cells with the C3 fragment of INCEP protein fused to
GST protein. The complex has been purified using the N-terminal poly-
histidine tail to 50% homogeneity.

5 - NuMA, (a nuclear protein which binds to the mitotic system): fragment
of 424 amino acids (position 1687-2101) has been expressed in E. coli
(tagged on the N-terminal end with a poly-histidine tail for use as a the
substrate for both Aurora enzymes.

Protocol:

10 The Flash plates used are nickel-chelate 96 well plates (Perkin Elmer, model
SMP107).

The products to be evaluated are incubated in a 100 pl reaction volume per -

well in the presence of 10 nM of Aurora-B or Aurora-A, 500nM of NuMA

substrate in the following buffer: 50 mM of NaCl, 5 mM MgCI2, (Aurora-B) or
15 10 mM MgCI2 (Aurora-A) and 1mM of DTT at 37°C.

80 pL of enzyme/substrate incubation buffer is distributed in each well,
followed by 10 uL of solution of compound to be measured with various
concentrations. The reaction is started by adding 1 uM of ATP (final
concentration) containing 0.2 uCi of [**P] ATP (10 pL). After 30 minutes of

20 incubation the reaction is stopped by removal of the reaction mixture and
each well is washed twice with 300 ul of buffer Tris/HCI. The radioactivity is
measured in each well using a Packard Top count scintillation counter
instrument.

The enzymatic activity is expressed as counts per minute obtained in 30
25 minutes after subtraction of the background noise (reaction medium without

enzyme). The measurement is expressed as percentage of inhibition of

Aurora activity versus the control. To generate IC50 values, compounds of

the invention are tested at different concentration and the percentage of

inhibition are plotted as function of compound concentration, 1C50s are
30 calculated using the XIfit 4 curve fitting software.
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13. Conpound according to any one of cdairns 1 to 11 as an anticancer drug.
14. Use of a product according to any one of ciairns 1 to 12 for producing
a medi ci naD 2pe7odeR, of use in treating a pathol ogi cal PEBABR0G/GIR273415. Use
according to claim 14 wherein the pathol ogical condition is choser, anong

cancer, psoriasis, |eukaena anc, !upqgg 16. Use according to claim 14
wherei n the pathol ogical condition is cancer.
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Claims

1. Compound corresponding to the general formula (I) below

H .

wherein:
Xis NH or CR; and

* when X=NH, R; is:

- aryl substituted with a substituent selected among S-Rg, NH-Rg, (C=0)-NH-Rg, (C=0)-NH-CH,-R,,
NH-(C=0)-Rg, NH-(C=0)-NH-Rg, (SO,)-NH-Ry

or

- heteroaryl substituted with a substituent selected among O-Ry, S-Rg, NH-Rg, (C=0)-NH-Ry, (C=0)-NH-
CHy-Rg, NH-(C=0)-Rg, NH-(C=0)-NH-Rg, (SO,)-NH-Rq

* when X= CR;, R, is aryl or Heteroaryl substituted with a substituent selected among O-Rg, S-Rg, NH-R,,
(C=0)-NH=Rg, (C=0)-NH=CHy-Rgy, NH-(C=0)-Rg, NH-(C=0)=NH-Ry, (80,)-NH-Rg.

* Ry is chosen among aryl and heteroaryl optionally substituted with a substituent chosen among H, F, Cl,. Br,
OH, 8H, CF3 OCF3, OCHg, SCF3 SCH3, OCHF,, OCH,F, (C1-C8)alkyl, O-allyl, phenyl, and phenyl substituted
with halogen ;

°*Y,Y and Y":

(i) each independently represent a substituent selected among CH,, CHRg, CRgRg. C=0, O, S, NH, and
NR; or

(ify together represent a substituent selected among -CH,-O-(C=0)-, -(CH,),- and -(CHy),-chain moiety;

* R, represent a substituent selected among: Rg, COORg, CORg, and tONHRg ;
* Ry and Rg each independently represent Rg ;

* Rg represents H or optionally substituted: -alkyl, -alkyl-alkylene, -alkylene, -heterocycloalkyl, - cycloalkyl, -aryl,
-heteroaryl, -alkyl-heterocycloalkyl, -alkyl-cycloalkyl, -alkyl-aryl, or -alkylheteroaryl.

2. Compound according to claim 1 wherein Y" is CH,.

3. Compound according to claim 1 or 2 wherein Y is CH,.
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Compound according to claim 1 to 3 wherein Y' is selected among CH,, CHCHg, C(CHg),, CH-aryl, CH-heteroaryl,
CH-(substituted aryl), CH-(substituted heteroaryl), O, S, NH, and NR;.

Compound according to any one of claims 1 to 4 wherein R, is a heteroaryl substituted by SRg:
Compound according to claim 5 wherein Ry is a optionally substituted heteroaryl,

Compound according to claims 1 to 6 wherein Rg is an optionally substituted benzimidazolyl or an optionally sub-
stituted Imidazolyl.

Compound according to claim 1 wherein R, is substituted heteroaryl wherein heteroaryl is furyl or thienyl.
Compound according to any one of claims 1 to 7 wherein X is CR;.
Compound according to claim 8 wherein R, is COORg or CONHRg.

Compound according to any one of the preceding claims, in the racemic form, enriched in one enantiomer, enriched
in one diasterecisomer, its tautomers, its prodrugs and its pharmaceutically acceptable salts.

Compound according to any one of claims 1to 11 as a drug.
Compound according to any one of claims 1 to 11 as an anticancer drug.

Use of a product according to any one of claims 1 to 12 for producing a medicinal product of use in treating a
pathological condition.

Use according to claim 14 wherein the pathological condition is chosen among cancer, psoriasis, leukaemia ana
lupus.

Use according to claim 14 wherein the pathological condition is cancer.





