10

15

20

25

WD 2004/ 021969 PCT/ EP2003/ 009872 Non- nucl eosi de
reverse transcriptase inhibitors 5 Technical field
wahbdog/oereenti on rel ates to non-nucl eosi de r evePGEEP2003/009872

transcriptase inhibitors active against H V-1 and

havi ng an i nproved resistance and pharmacoki netic

profile. The invention further relates to novel

internediates in the synthesis of such-conpounds and

the use of 10 the conpounds in antiviral nethods and

conpositions. Background to the invention Qur

co- pendi ng, Noh-nasledbideheversedraiserigedse, indibituld 1 shed

PCT applications nos PCT/EP02/ 02328 & PCT/ EP02/ 02346

clai mnovel NN.RTls of the formula I/Il R7 R R6 X H
Techrlﬁgali%_idRs R4 15 where: R is O S, R2is an

optI ()nd| |y substituted, nitrogen-containing
This ihe¢eliarcyalbiss mmrenmclehmdeirda\rage trainscriptasatmtbiddrstaediv@ against

position relative to the (thio)yrea bond; R2 i , i
HIV- 10%@qi bﬁgllqua%ugg{qvlegtr@alstaﬁ%p,a(g@) 1HBIRACY meﬁl@ profsiea"Phe invention
furtheh"Pél%‘fé’é:&?thelV}ﬁ%rrﬁl'eala‘t&emnthbr Hﬁﬂasfss f 4t f)&ﬁb&%(ﬁt and the use of
he 2 position relative to t th|o urea

the cmnp@ﬂndislraanyvlralmaetmdaaed |cndmm@|t@enst ly selected from

H C -C6 alkyl, C2-C6 al kynyl, C2-C6 al kynyl,

hal o - C6 al kyI , d-Co al kanoyl , hal oC1-C6 aI kanoyl ,
Back@'ou@a taltk@Xvert@inoCl- C6 al koxy, G - 06 al kyl oxyd - C6

hal oCI-C6 al kyl oxyC -C6 al k drox Cl- C6
Our carwdm@,nbwcﬂ; o‘ﬁ@ezmoalnkg}ate Bapw @d Tap j¢ations nos

PCT/%%@ER%%%S&WS’( P @%@?ﬁéﬁeelﬁﬂk%ﬂhe BNR0S 11

oxy,
where:

m L
R1is O, S;

Ry is an optionally substituted, nitrogen-containing heterocycle, wherein the nitrogen is

located at the 2 position relative to the (thio)urea bond;

Rz is an optionally substituted, nitrogen-containing heterocycle, wherein the nitrogen is
located at the 2 position relative to the (thio)urea bond;

Rsis H, C4-Cj3 alkyl,

R4-R7 are independently selected from H, C4-Cs alkyl, C5-Cs alkenyl, C,-Cg alkynyl,
haloC1-Cs alkyl, C1-Cg alkanoyl, haloC4-Cg alkanoyl, C4-Cs alkoxy, haloC4-Cg alkoxy, Cq-
Cs alkyloxyC+-Cg alkyl, haloC4-Cg alkyloxyC+-Cg alkyl, hydroxyC4-Cs alkyl, aminoC+-Cs
alkyl, carboxyC4-Cg alkyl, cyanoC4-Cs alkyl, amino, carboxy, carbamoyl, cyano, halo,
hydroxy, keto and the like;

Xis —=(CH2)n-D-(CH3)m- or X is (CRaRb)e-
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Xis -(CH2)"-D-(CH2)m or Xis -(CRaRb)c 1 WO
2004/ 021969 PCT/ EP2003/ 009872 D is -NR8-, -0-, -S-,

WO B0+ edr- S(=0)2 R8 is H Cl-C3 al kyl Ra andP@OER203/009872
independently H, Cl1-C3 alkyl, OH or Ra and Rb together
are = n and mare |ndependently O or 1; 5 cisl, 20r3

. ce tabl e salts and prodr ugs
Dis 'm’eg@ ng ';% Sﬂ ﬁégﬁ@g' and t hi ourea NNRTIs
Rgis®,sTLaseatkyl n the above docunments are exquisitely

active agai nst reverse transcriptase, ecially that
Ra arsf Ripre ndepieadeat!vitt @fCs albyk R ar Ra\ﬁﬂdlfgb ingethdriage =0
| i,cative fidelity and consequent
nancf %‘%ﬁ‘é%ﬁéﬁ %@u%@% S:II stance devel opnent pronpts a
cis 1derasd for further antiretroviral agents with
enhanced antiviral perfornmance agai nst problematic
and phargassetigrlnagcantablessitagng pipdrugedhereoioo, 103
and/ or 181 positions. 15 Brief description of the
invention In accordance with a first aspect of the
Although ¢im¢ ucaa tihérteicarea Nﬂ\tR/Tldeimbdmnmiantﬂs abbvé decufmentah@

exquiéitﬁg%%pé@%@linpt rﬁﬁ%r%gﬁ'%c a,s &];}(?%@EO%HIV 1, t%e nature of
the FWWTrQQ%\ﬂﬂ"Fi‘P@EQﬂrQh%QaBﬁBPFé{)% Ve fléﬂé] y §h@ c@n%@cﬁ]dé???éhde?ncy to
| ocated at the 2 position ative to the urea

rapid kreﬂdtanRe d@/é@pr@éntﬁm@ﬁ@ la, dmamf@rrferthard@'ptaraﬂewtalpgents with
enhagt]:e%s lral perrT'}ormance agalnsif)érdblema?6 drug esgaﬁe mutaQ?s notably at
the RT 100, 103 and/or 181 positions.

Brief description of the invention

In accordance with a first aspect of the invention there are provided compounds of the

formula Y:
m J\ _Ry~(GHR; ) -E-(CHR, )Ry
Y
where;
R1is O, S;

R is a nitrogen-containing heterocycle, wherein a nitrogen is located at the 2 position
relative to the (thio)urea bond;

Rz is H, C4-C3 alkyl,

R4-R7 are independently selected from H, C4-Cs alkyl, Co-Cgs alkenyl, Co-Cg alkynyl,

“haloC4-Cg alkyl, C4-Cs alkanoyl, haloC4-Cgs alkanoyl, C+-Cs alkoxy, haloC4-Cg alkoxy, C1-

Cs alkyloxyC+-Cs alkyl, haloC4-Cg alkyloxyC4-Cs alkyl, hydroxyC4-Csg alkyl, aminoC+-Cs
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25 hal oC1-C6 al kyl, Cl-C6 al kanoyl, hal oCl-C6

al kanoyl, Cl1-C6 al koxy, hal oCl-C6 al koxy, G- C6
w@bdoghzreyCl - C6 al kyl, hal oCl- C6 al kyl oxyCl - C6 BCREP2003/009872

hydr oxyCl-C6 al kyl, am noC -C6 2 WD 2004/ 021969

PCT/ EP2003/ 009872 al kyl, carboxyCl-C6 al kyl,

ko SO B S, BB, SR B BB Bt G0 cvago, el
hydrd/, Relnd, -NR9-, -0-, -5-, -§(=0- or -§(=0)2-; 5 n

and m are |ndée)£endently 0, 1 or 2, provided that they
X is dCRefrathBotGRRwhen D is a bond R8 and R8' are

D,Séggﬁgen,q tl_)b’t% ?ESCP? (ﬁ oCi - C3al kyl , hydroxy,

r adj acent C atomis

n and & &6 mde%ndénﬂlyﬁﬂeﬂ&n@mﬁbwdéﬁ tHat 168y atdiibt bdia (Bwhen D is a
- CH2-, -0-, -5, -8(=0)2-; p
bondzamd q are | ndependent |y O 1 or 2, where p+q 2; R10 is

Re ar'B8 é%@éeadéﬁca;a@gw tega@gwcﬁae&éak ung&%a&eﬂs and Rg’

menber cyclic’ri or an op
togethabwithttheieddjaant Cadtech Br—CFEyt ur at ed 5- 7 -menber ed

. heterocyclic rin ontaining | to 3 hetero atons
Rois é’é‘ﬁ%ﬁﬁr@é #Wi’fﬂéﬂ 8Na S; 15 R11 is independently H,
£ is -GS ohK-, babn, sukst LU esl GeBSalkyl . hydroxy,

"t he proviso thatg " (CHR11) p- E—gs%lHRll)q- Rlo i s not
p anmqwemdﬁpmnﬂh&dw2 vehrede piar rrﬂceutl cally

R1o I%g@%@bgﬁ%&/g@éiﬂ%gdﬁp eé%sryhg@etru? ed qj?gggr% Gre Ic;g/rbocyclic ring
or andstiovally ‘éﬁbstﬂhiétp lé@th rBﬂedaér ihsatfrated 29 hBhHETEA heterocydlic ring
derivative) is also cifr@m ent. Re resent ative

contayramgéstOf%hetezoa’ﬁ@m@@@quie my©, Ngid pyrim dyl ,

r : m

Rat |sobhg8§éﬁé{é tp{)pélzg’ld Etlg Q‘F%I Pgl%s{JbI% '%lt‘lé gr’ |(g?%ﬁ&}l é{yr%?)é)él nyl
with metlbrbwsedhaﬂ -n(g:ﬂ-lRﬁWE (&EHFbﬁ)gmh&, aébtuéubétlﬁﬂéawen@)(y,,

pg}?gzodl azol benzi m d yl, quinolyl, purinyl 25
and "laﬁ@Ui'WJ a%‘?@"%ﬁ'e\ﬁﬁ %ﬁ”@&ﬁocﬂfé%éﬁ*?r@ﬁél ly

substituted, in addition to the -(CHR9) p-E-

(CHR9) g- R10 substituent, for exanple with Cl1-C6 al kyl,
The ctredBlygirktecged CauEdoaRk &n®| thaCls-a GBaad&njvative, BRha@Bgh R; as S (ie a

thiou%&i%ﬁvﬁ%&eﬁi%g%%%g%én@ al kyl, Cl1-C6 al kanoyl,

Representative values for Ry include thiazolyl, pyridyl, pyrimidyl, pyrazinyl, pyridazinyl,
pyrrolyl, imidazolyl, indolyl, triazolyl, tetrazolyl, piperidyl, piperazinyl and fused rings
such as benzothiazolyl, benzopyridyl, benzodiazolyl, benzimidazolyl, quinolyl, purinyl
and the like, any of which can be optionally substituted, in addition to the —(CHRg),-E-~
(CHRg)4-R10 substituent, for example with C4-Cs alkyl, C1-Cs alkoxy, C2-Cg alkenyl, Co-
Cs alkynyl, C2.Cg alkenoxy, C4-Cs alkoxyC4-Cg alkyl, C1-Cs alkanoyl, haloC4-Cg alkyl, C4-
C4 alkanoyloxy, C1-C4 alkylthio, amino (including C4-C3 alkyl-substituted amino),
carboxy, carbamoyl, cyano, halo, hydroxy, aminomethyl, carboxymethyl, hydroxymethyl,
nitro, -SO2Q or —C(=0)Q, where Q is C4-Cg alkyl, halosubstituted C4-Cg alkyl and the
like.

Preferred R, values include pyrid-2-yl and thiazol-2-yl.
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C4 al kanoyl oxy, Cl1-C4 al kylthio, am no (including

Cl-C3 al kyl -substituted am no), carboxy, carbanoyl,
wey@no2195al o, hydroxy, am nomet hyl, carboxynmet PgI/EP2003/009872

hydroxynet hyl, 30 nitro, -SQ2Q or -C(=0Q where Qis

Cl1-C6 al kyl, hal osubstituted Cl-C6 al kyl and the

like. Preferred R2 val ues include pyrid-2-yl and

thiazol-2-yl. 3 WD 2004/ 021969 PCT/ EP2003/ 009872

Hete%’t@ﬁl@@ﬁ W}’Q:ahfbe'?@eﬁ\?éhs*é% Qﬁéh %8 Wihed,-Cg ey, %S(OV\éﬁChthe like, but are
I kyl, oxo and th ke, but are prefera

prefemi@lyundatlva@@d The - @ﬂﬁﬁzgr) E E)N@R%mswsdlt@emstolﬁgmﬁv be ortho or
meta, i B e Peil hothe TinioTHieR RIS Brorfanigpded ©

Conveniently, p and q are O and E represents a

Convtehiémlyhprandifémﬁﬂalhyﬂ Rnepreserits @ﬂ'ﬁt%ih@ﬂ Leléc@m&’yfwmne or
functi urt her conveni ent -CHRL11- E— CHR11-

espepigllygpipiherfanctien. h’ivlftéﬂfeer&onyeawr ehE R Chian grOUp s methylene,
1
oty S oF Bl P oRaf atheludeu bl ots B SHER of ] ply or keto
groupr AGHRTURer@dRYEnians corfigertligh f@T—CldRyﬁElr(yH-lRﬂLOs oxymethyl or
epresent ati ve Rlo groups include phenyl, cycloal kyl,
Oxyef@y& oal kenyl, pyridyl, furyl, thiazolyl, pyrimdyl,
pyrazi nyl, pyridazinyl, pyrrolyl, imdazolyl, indolyl,

Repré&émanly Ruo §RpAARL M ph%'npleE%/éiﬁélkylpb%{)éﬁ(bﬂyﬂ 3y, furyl
m)rp0|no tional substituents

thiazolyk pwamlcﬂtﬂe@yrsam ipydaeisyl, pyrratyl, nepidezoty! (lsdollyl tra@zolyl tetrazolyl,
. fluar.o cyano Ilnonethyl nmor phol i noket o and
plperﬁ;@ H'P‘lk@z'“%ga%\’lg‘%ﬁ’ﬁa o groups i ncl ude

2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 3, 4-

The @btfdnad)ls@lmﬁmﬂwﬁts t@ R3p d‘icﬂdnd}@bn@lt@ﬂybe substltuents including halo (such
3, 5-di fl uorophenyl, 2, 3, 4- trlflourophe
%qe Ilke

as flugjah SpRRAyTOFRSk amsHidnpoPhRlep ke ANSh

4- cyano- 3- quorophenyI 3-cyano-5- fluorophenyl,

FavoBVéd ] 029 Wcﬂu&’e 8- ﬂdoroBB{érﬂrﬂ, ﬁfleropﬁeﬁillqu ﬁbféﬂo%héhyll 3,4~

era hol I nyl pi perid

dlﬂuo@amlwwyl e‘Z‘]B dlf(mﬂmwn)&, 8 GHflay Rpheny| 2@34{tmﬁm1roph¢mw,e2-

cyan SR SR eyl o vanosiut o s Blgrophenyl, 3-cyano-5-

fluorcqy@h@/f :ia%&halz 9lubﬁﬂd-l3y)ﬂl g Hd-MLyQX&ﬂuérpyrld 3-yl, piperazinyl, morpholinyl
| uor o- 3- N- mor phol |norre hyl phenoxy,

and P?,Pw-ldﬁbr phol i nonet hyl phenoxy, 4-fluoro-3-N

Convenient -(CHR1)-E-(CHR{1)R 1o values thus include pyrid-3-yloxy, pyrid-4-yloxy,
fluoro-or cyano-substituted pyrid-3-yloxy, fluoro-or cyano-substituted pyrid-4-yloxy, 4-
fluoro-3-N-morpholinomethylphenoxy, 3-N-morpholinomethylphenoxy, 4-fluoro-3-N-
morpholino-keto-phenoxy, 4-fluorophenoxy, 3-fluorophenoxy, 3,4-difluorophenoxy, 4-
cyanophenoxy, 3-cyanophenoxy, 4-cyano-3-fluorophenoxy, 3-cyano-4-fluorophenoxy,

3-cyano-5-fluorophenoxy and the like.

The currently preferred value for Rz is H.

Preferably R4 is hydrogen, halo or hydroxy, especially fluoro.
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nor phol i no- ket o- phenoxy, 4-fl uorophenoxy,

3-fl uorophenoxy, 3,4-difluorophenoxy, 4- cyanophenoxy,
w@2ayarephenoxy, 4-cyano- 3-fl uor ophenoxy, PCT/EP2003/009872

3-cyano- 4-fl uorophenoxy, 25 3-cyano-5-fl uorophenoxy

and the Iike The currently preferred value for R3 is

Prefelbli e I1A17) Gk S 1A B 5 o0ioP B KU B BB Y R 7d most

prefe,nge;erably R5 is halo, Cl1_3 alkylcarbonyl,
Cl-3al kyl oxy or H, especi aIIy fluoro and nost
preferably H Preferably R6 is hydrogen, halo,

erte TR a1 BB SR Bl BB o Sy

especﬁ’él%f eicahbyy BY fliGrotbHér ®@ehprafdrasly 1¢1_3al kyl oxy, or
1 3al kyl carbonyl, nost preferably fluoro. - 1o

Preferably R5 and R6 are H and R4 and R7 are hal o,

Prefefé)rﬁ}(m 7 rgfh‘ifd?cgé%né C%rg,g Ré(ioggr 8t Cé3 @em gHR,Ild c9§t é)’referably

fluorobut preferably the cycl opropyl noiety inter medl ate
the (thio)urea function, X and the phenyl ring
(denoted Y below) is at |east 75% such as around 90%

Prefe Lo orsg%fd oR%%' éﬁ&;@ 4%”%]% Yﬁﬁﬁ’%ﬁ&eté&eff?ﬁbl Ibcoa’{ are fluoro.

i soners of the compounds of fornmula | show a negative

| | f |
The GRRAPIRISOLBITEHR: | MG A BIRTB0 A FacapriaI KRB bt preferably
the cyfdlkbér%bypﬁfdi’é'{?'hﬂghﬁ%rai@fhe%ﬁﬁﬂ]r@e g%%t?hek%dlﬁe phekd ring
(denorﬁ@ﬂ)Yl leelpwés@ aBleagbl 5% ammmnmmmenantromerrcally pure with

0 On the basis of prelimnary x-ray
reSpe&f&s&'ﬁ ‘%%"éfpgﬂﬂé Ynal ysis a presently favoured absol ute
configuration appears to be: x

Prefered optical isomers of the compounds of formula | show a negative optical rotation
value. Such isomers, for example when X is —O-CH,-, tend to elute less rapidly from a
chiral chromatagram, for example chiral AGP 150 x 10 mm, 5um; Crom Tech LTD
Colomn, flow rate 4 ml/min, mobile phase 89 vol % 10mM HOAc/NH4+OAc in acetonitrile.
On the basis of preliminary x-ray crystallography analysis a presently favoured absolute

configuration appears to be:
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YH HHN HS5 W 2004/021969 PCT/ EP2003/ 009872 The
currently preferred value for Dis -0-. Convenient
wo a0wms1960r n and minclude 1:0 and 1:1. PrefPCT/EE2003/009872
values of niminclude 0:2 and especially 0:1, that is
a chroman derivative. Conveniently each R8 and R8' is
Alternatively, in the case where is 0O and m

The qurr%tm @r&i@va%wawgé Pyis H%n@omenue@t YRUSSs fyrn ae@m‘amq&ude 1:0
and f.g?ﬁé%?%og@%%;ﬂﬁﬁ.n%\éﬁm%t eSS4 E 9T et RN EhAnan

derivatita, Qomberientabych B8yaridoR8oiga .cAltdrnatiwsly, id {lye cag@where nis 0

t he sake. of clari oted that the structure:
and gy is 1,4 W@@”@Q@P){Jsh@"@@d %?Fs* equal to ~/ R6 O
RS R R4 H NH"NR2 Rl The expression Cl-Cn al kyl,
Partivang ﬁ?efe?re’%i ccﬁng&urﬁis%éi{]e ét@Y@fch@'n‘ﬁ¥ﬂw baﬁw&ﬁ—ﬁj.f@fdﬂm S,1aR,7bR)-

roups as ropyl; isopropy
1,1a, mtqtrah;@xmucwpropa l@lui‘yomen-bgﬁﬁolr thensalesx of QlaGLynétl.‘hyDted that
thesﬁenﬁﬁe and the like.The termhalo refers to chloro,
HG fluoro and iodo, especially fluoro. Cl-Cn
al koxy refers to groups such as nethoxy, ethoxy,
propoxy, t-butoxy ang1 the. lijce. C2-Cn al kenyl
refers to groups suc a§é¥ nyl, 1-propen-2-yl,
1- buten-4-yl, I- ? 1 buten-1-yl and the
Ilke Cl- 4 aIkyIEh|o mncludes met hyl Ry o, ethylthio,

j@\ : is equal to m

R1

\

R2

The expression C4-C, alkyl, where n is 3, 6, 7 etc or lower alkyl includes such groups as
methyl, ethyl, n-propyl, isopropyl, n-butyl, s-butyl, t-butyl, n-pentyl, n-hexyl, 3-methyl
pentyl and the like.The term halo refers to chloro, bromo, fluoro and iodo, especially
fluoro. C4-C,, alkoxy refers to groups such as methoxy, ethoxy, propoxy, t-butoxy and
the like. C2-C, alkenyl refers to groups such as vinyl, 1-propen-2-yl, 1-buten-4-yl, I-
penten-5-yl, 1-buten-1-yl and the like. C¢-C, alkylthio includes methylthio, ethylthio, t-
butylthio and the like. C4-C, alkanoyloxy includes acetoxy, propionoxy, formyloxy,
butyryloxy and the like. Co-C;, alkenoxy includes ethenyloxy, propenyloxy, iso-
butoxyethenyl and the like. HaloC4-C,, alkyl (including complex substituents comprising
this moiety such as haloC4-C,, alkyloxy) includes alkyls as defined herein substituted 1
to 3 times by a halogen including trifluoromethyl, 2-dichloroethyl, 3,3-difluoropropyl and
the like. The term amine includes goups such as NH;, NHMe, N(Me), which may
optionally be substituted with halogen, C+4-C7 acyloxy, C4-Cs alkyl, C1-Cg alkoxy, nitro,
carboxy, carbamoyl, carbamoyloxy, cyano, methylsulphonylamino and the like.
Carboxy, carboxymethyl and carbamoyl! include the corresponding pharmaceutically

acceptable C4-Cg alkyl and aryl esters.
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15 butylthio and the like. Cl-Cn al kanoyl oxy i ncl udes
acet oxy, propionoxy, fornyloxy, butyryloxy and the
WO pd0e/021@29 Cn al kenoxy i ncl udes et henyl bxy, pr openEPIRY(09872
i so- butoxyethenyl and the |ike. Hal oCl-Cn al kyl
(i ncluding conpl ex substituents conprising this
noi ety such as hal oCl- Cn al kyl oxy) includes al kyls as
defined herein substituted 1 to 3 tinmes by a hal ogen
Prodhl%' df%@%ohﬁpbcﬁdr#ﬂ%rmhhuﬂa’l a¥e ‘ﬂh@é& édrﬁﬁéthw s which following
| uor opropyl l'ike. term am ne
admlmstratm@éo Govasiend m@lﬁaag amevznpcwmwbof tine Nennuladiie Niveay ypical prodrugs

are p%?F%%Q%{J%H?%@%%%%B&% %ﬁ‘%ﬁls‘ . %j gglcl%ggggtg%Zigglé@mﬁsmate
estere pivAa AHYyHR,-Ry a8 Pre et BM|hydtd>®h9n®/tloﬂtﬁph@rrﬂadedtmlly acceptable
1 ke. Carboxy, carboxymethyl and car barmesabl ncl ude

amidgger @arbaé@@t@ﬁdwh@n gﬁmqfrﬁteeae sebstityenterdRpRabprrespricen amine
uncB AU AESS BEaeBORR R80T, stigont o R

reprelsentailcarthoser finictios ethmmmﬁsaWWa@epﬁaﬂlé @starg include alkyl esters,
mclu$ gg‘ ,ﬁ?::ei;g I gﬁ :Q%gayf, %u?y&l t-bg{]yr)ﬂ Egéloyér rgpscp)) gge gételt’shand
sulpHYAR é@%?é‘&%ﬁl%éé’ def é‘@?rém RS est erl?e;?gvlﬁ%q%ﬁ/e?lah%/l or aryl).

esters udi ng p osphat e en an
Pharlﬁ%@cmtwaib'rmpttalala deyers dnglude loveraikyl shiearasceuhecdhérg disclosed

in WP ER c epE i eiho BB ERY T 2R Hherd B tnetlon or

phar maceutically acceptable esters when the R2
substituent or R4-R7 represent a carboxy function.

The mmapowdsuel oamwe hear farabsaltseghishdoim enagisitiong) aspect of the

mver&%bu{képgﬁdrrég% &%ﬁpﬁgﬁgaﬁé’a{llx ﬁgégﬁ%ﬁ’e Seas!{% cgfytﬁélggnhoounds of formula |

incluge/bplto of ergesie eam(sl @s;bétﬁ@lﬁj stebbxgid afo“dmmagl buthet kmited to
Ris lower alkyl or ar Pharmaceuti c

acetalp LIS b a5 R DGR OB oM K 1% TBRp el nelAle,
pantcﬁﬁ%‘ﬁét@ %e?l‘ﬁ'oﬂﬁ?eﬁ' aaclx‘ r‘f%?t %g (riafe & aﬁ%fée%'_?ﬂ%é(te butyrate, dpluconate

hoxyam noac Xyarti noac e cofrpo
cyclobenianiaée Igluamhépiana’eealgiy&emmdspha’rmnaalamjmaptamnEte hexanoate,

t h 5 t
fumariia: Hgebtee, GO A, Botitte. SRNESNBioHhate JisHiRdRVaRte.

propﬁd?féiré” t%rtlrate' %té’g%néfﬁ bﬂoﬁte%&ﬁﬁh@ra@é’ ﬁﬂecﬁﬁ@%‘ #d Yuccinate,
carboxylic acids, including but not limted t

orgaric stphenic acrﬁlswcbasematranelsakpthanete gmaf@ﬁatp@onate

2-nydroki e Diendiiefe, SR FuaTBnaS R g B Goate
benz&tésUphénatei pliHiGdBeAzendsa(f R andtpetoluenesulphonate; and

gl ucohept anat e, gl ycer ophosphat e, ~oxal.ate, heptanoate,
inorgpeigAsids such as "hydrochloride, hydrobromide, “hydroiodide, sulphate,

bisulphate, hemisulphate, thiocyanate, persulphate, phosphoric and sulphonic acids.

Hydroxy protecting group as used herein refers to a substituent which protects hydroxyl
groups against undesirable reactions during synthetic procedures such as those O-
protecting groups disclosed in Greene, "Protective Groups In Organic Synthesis," (John
Wiley & Sons, New York (1981)). Hydroxy protecting groups comprise substituted
methyl ethers, for example, methoxymethyl, benzyloxymethyl, 2-methoxyethoxymethyl,
2-(trimethylsilyl)ethoxymethyl, t-butyl and other lower alkyl ethers, such as isopropyl,
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20 fumarate, nicotinate, pal noate, pectinate,
3- phenyl propi onate, picrate, pivalate, proprionate,
wo 200u029¢9 | act obi onate, pivol ate, canphor at e, PCT/EP2003/009872
undecanoat e and succi nate, organic sul phonic acids
such as net hanesul phonat e, et hanesul phonate,

droxye han sulphonate canphor sul phonat e
ethyéawﬁ tRaahesgt PRIz ang diphenynetbib deiranydropyranyl ethers;

subs@%ﬂ@éj Qf %m&e%v'e&aﬁ@ﬁé Q%dt dehﬁ;%%tﬁpggwn%@m? for X8fhple,

i nordani ¢ acids s ydroc
trimeilyylsith rtcbatyliej mbihytsilyoahdie butyidiphertydsilyl; ba'rsjudasibai ;erepared by

enj, sul p t hi ocyanat ersul ppat e, 0S ric and
reali FhloxGiarotn YRR CRIPYER BT G GealSceasieapropionate,
benZs@tehAd el ks, to a substltuent whi ch protects hydroxyl

-groups agai nst undesi rabl e reactions during synthetic

procedures such as those 0 30 protectlng gr oups

ASlmlldgli;lﬁf girs étlﬁg%%ﬁggqugg ?%Sglr{\é?er I'gebsreK rg@%%%al N-protecting groups
disclblyeltt px@reur, EPtatagtigy GupspCiarPrganis Sgrbtﬁbsi%UIMn e R Sons New York

198t hers, for exanple, methoxynethyl, benzyl oxymethyl,
2- et hoxyet hoxymet hyl ,
2-(trinmethylsilyl)et hoxyrret hyl, t-butyl and other
The invertiorafuciHeretrbedss phenhaeamcabpmmp;abltloﬁfs ¥émprising the compounds
2004/ 021969 PCT/ EP20Q3/ &09872 tﬁt hg and espec
piabls carr Hfl

of thevepion gad Rharmagepticsy &8 P4 @@rgﬁﬂq%)/@g‘m. Additional
aspe%@’&‘rtﬁe inveHIRh 6116‘{/%@ 1 st%lht‘%%hﬂcb?fonedﬁ‘qw mprising

2-trichloroethyl; hers or exanpl e,
admmmtemtmg Icgmguundtofkibejcbmufeﬂ lhy Bssiubject affticted with or exposed to HIV-
di phe lLyl: and esters prep
1. T g PG ot 56 S Seoa ey FieR e ) ipdin SompHising the
muta@i&ﬁﬁ”@l the #0G! FIRan®oPABeMbtationS ets@@é@mywmm the
l'ike. Slnllarly, N-protecting group as used herein

refers to those conventional N-protecting groups

The @yérﬂ%cgilﬁgp'&j c?se(;ﬁhe e @et c@ % Esof.i@gﬂlg?g;\ ﬁ:heerapy, such as
in the prapatration bfa wmlcamem e $hatreatmersfikiRl infeetipasi t i ons

conprising the conmpounds of the invention and
pharmaceutically acceptable carriers or diluents

In tréﬁgtﬁa%gﬂﬁrtloﬁg@ahbeﬁ By HIRE %E@'ﬂ%ﬁg}t\&@o’f fb\fﬁf?ﬂé PQre%n%YérgBly

s for the Inhirbition conpris
admiaistérad $n aeni amoaniciorgabiene: @plashe fevehol :arolmd 1é)Ostol:ﬁ(}§J©tnM such

as 3@%{9&@9%%0@@%%@%@ol_ga\é@ir%tésdqa%dggy%n the gloavailability
of thé RSFRIUIAIIM of B%e order 0.01 to 10 mg/kg/day, preferably 0.1 to 2 mg/kg/day. A
typical dosage rate for a normal adult will be around 0.05 to 5 g per day, preferably 0.1
to 2 g such as 500-750 mg, in one to four dosage units per day. As with all
pharmaceuticals, dosage rates will vary with the size and metabolic condition of the
patient as well as the severity of the infection and may need to be adjusted for

concomitant medications.

In keeping with the usual practice with HIV inhibitors it is advantageous to co-administer
one to three additional antivirals to provide synergistic responses and to ensure

complementary resistance patterns. Such additional antivirals may include AZT, ddI,
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nmut ati ons at the 100, 103 and/or 181 nutati ons,
especially KIO3N. The invention also extends to the
waig@402196he conpounds of fornula | in therapy, PEGUEP2083009872
in the preparation of a nmedicanent for the treatnent
of HIV infections. 20 In treating conditions caused by
the conpounds of fornmula | are preferably

ddC, M M 1$3.dPARD; AloyHdies @hacayr.adafeve ageﬁqvarsdiﬁIVPékbémsTHOC-
hi

PM P/@\g@r\'/g@é@ggkffggggﬁmé? '\'ﬁ%cﬁ%?(?ure%é g%%ﬁgétﬁe%%%ﬁ"og?, bfavirenz,

trovxrulr@amapn‘earmriel, hyevurapbmehdelfaorrrajuhattlpmnavm ehfdcitabdies, REAIH2G

omapfn B R aibeyo hestate Su Tobe Eaton a0

efevigyR, DU 300, REIAE ok Sl hetrd ] Iopifah Saafhavir,
lasinawit, indih&vir, @maprenceint acwrenavdoskagphaéd, exlfindvir arat thedikieh typically
the size and. 9 ond
at maygfretio§ FefEtoBTLRR Fos e R et RBsnglP ik TRseepsraly such
ratio R4l @@'bﬂtﬁee&depbf 25qnl@)°F'QEaF§latr%dﬂootﬁé 'c@ﬁ*?pou%@ dfformula |, but may
keepi ng with the usual practice with H V inhibitors it
be lower.dav mstangedndhe 6ase oagmoshsrse antagenisis skekas ritonavir.
additional antivirals to provide synergistic responses
and to ensure conplenentary resistance patterns. Such
Comigslghids Ftak ivrtiohrabypRylly gﬁdpad@d A€Tollodd:, 8 WO
2004/ 021969 PCT/ EP2003/ 009872 ddC, DT, 3TC DAPD,
al ovudi ne, abacavir, adef&ehemediefovir dipivoxil,
bi s- POC- PMPA, GM20 867X, foscarnet, hydroxyur ea,
Hoechst - Bayer HBY 097, efavirenz, trovirdine,

c:ﬁraV|r|ne neV|rap|n:7 del aviri di ne, tl.ranaV|r

k&ketra), lopinavir, saquinavir, | asi navhg
i ndi navir, anprenavir, agpr enaV| r phosphat ey

nelTfinavir and the like, typically at nolar yatios
reflecting their regpéctive act|V|t|es and Id

bloaﬁl|abl|ltles General ly sugh ratio will'be of
rder of 25: 1 R25, el atlve(to t hg co Rd of
but rra e | ower, k. anc tHe case
arhtagﬂ)nl sts ng a8 onaw N

(a) DPPA, Et;N, toluene, (b) substituted 2- ammopyndme, (c) aqueous HCI,
dioxane; (d) substituted 2-pyridyl isothiocyanate.

Compounds of the general formula (1), wherein R4 is O (urea) or S (thiourea), Rz is, for
instance, a 5-substituted pyrid-2-yl (Re is the (CHR11),-E-(CHR11)q-R1o moiety), and Rs
is H, are prepared by methods shown in Scheme 1. The cyclopropanecarboxylic acid 1-

Scheme-1is converted to the acyl azide and heated to 120 °C to induce Curtius

rearrangement and provide the isocyanate 2-Scheme-1. The urea 3-Scheme-1 is
obtained by coupling of the isocyanate with the relevantly substituted 2-aminopyridine.

Hydrolysis of the isocyanate as in step (c¢) which results in the cyclopropylamine 4-

Scheme-1, followed by reaction with a 2-pyridyl isothiocyanate provides the thiourea 5-
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Compounds of the invention are typically prepared as
follows: Schene | R7T R7T R7 R6 ::xxco R5 R4 R4 R4 2
W@ 20040219600 Re R6 s Re R6 HHNR5 HH N R5 RACREP2083/609872
(a), DPPA, Et3N, toluene; (b) substituted
2-am nopyridine; (c) aqueous HCl, dioxane; (d)
substituted 2-pyridyl isothiocy anate 15 Conpound
Schemgs1g& @ﬂ%ﬂth\osths ey bGM@P%reﬁi framitie @Omrﬂ%%“nﬁ s@stltuted 2-

L TR o

thlocajrludmIRBinmndazd)lealeavmiaaptaroédorhwla*éﬁkmﬂmp@n@d\no'rmsmmmmg/ using the

PP e ARG LGy TagP . v (N R B AERRYTd  for Rs as
meth{yN KGR/ Q&n&hé%yr%ﬁné@@lﬁé éﬁgﬁ@?&tallgﬁgalgb@é’ bHe ottlli‘@rs are described in

i socydnate 2-Schene- ur ea enme- 1
literauweaiqn@etanpl@ﬂwmeu sipvof lmﬁdﬁémeé’y&aSezomndurtCh@an alternatively be

prepgrd HABaGY isEehiAT 1S 2o PRT AR R R S Siame € Srirdf g R 3-
sCheﬁy@melr@anm SonjeestRrewith ahRCRQBR’ BYtH &88bs&ibed in WO
a 2-pyridyl isothiocyanate provides the thiourea

930392© m@mﬁgmw Py been jhetratbwith asuthstiited pyrdyl it is readily

sopef PR RS B SRIRE LATLS DAL BB uch s

(CHR%()AQEQ(@HIRQ?J -ReyMsubktifutédtriaisggpnezmyl, benzothiazolyl, pyrimidiny!
t hi ocar bonyl di i m dazole. R3 variants of formula |I are

etc. prepared correspondingly using the appropriately
am ne-substituted am no-
2- (N- net hyl am no) pyri di nS% he 2

G S v gy 0@

N
PG~ H
(a) phenol, NaH, DMF; (b) 10% Pd/C, H, 1 atm, EtOH; (c) Pd(OAc)2, BINAP, NaO-t-Bu,

HN(R )R’ (d) removal of protection group

Replacement of the bromine in 5-bromo-2-nitropyridine by a (substituted) phenoxy
group, followed by reduction of the nitro group affords the substituted 2-amino-5-
phenoxypyridine. Compounds with a thioether linkage can be prepared analogously.
The methodology developed by Buchwald can be used for the syhtesis of nitrogen
containing 5-substituents including heterocyclic rings. A Qeneral description of this

reaction is shown in Scheme 2. A protected iodopyridine derivative is reacted with an

10



10

5 methyl. Many 2-am nopyridines are commercially
avai l abl e and others are described in literature, for
wezxaapkwes hose shown in Schene 2. R1=S conmpounPiCT/ERIV03/009872
alternatively be prepared fromthe isothiocyanate
corresponding to 2-Schene 2 or fromam ne 3- Schene 2
and am no-R2 in conjunction with an RC(=S)R both as :
approBfiaty At Ima 0 cAR0SER Peadionhiougive Salirteembdiades thaes deprotected
IllTustrated with a substituted pyridyl it is readily
; i68Eh | A ol i ngs can be used
to givg e BBRIHayd DR ISARaRA eI
(- CHR11) p- E- (CHR11) g- Ri 0) - substituted thiazol yl,
pyrazi nyl, benzothiazolyl, pyrimdinyl etc. Schene 2
Br c((OHO + R ONN2R NNRR d NNRR HzZN
N PGNN HZN \N (a) pheno%@%,% DMF; (b) 10% Pd/ C, H2
1l atm EtOH (c) P(%OAC)Z, BI NAP, NaO -Bu, 15 HN(R
¥R (d) renoval of protection group. Repl agcement of the
srofdge in 5- bRErpeo s i di ) st i t ut ed)
d nitro

Ot af f ords tRA <tuted 2-ankho- §-

phenoxypyri di ne. odkth a thio&ther tdgueage

can be prepared anal ggously The net hodgl ogy

1 devel oped by Buchwal d can be used for thé syhtesis of
nitrogen 20 contai ni ng 5-substituents including
het erocyclic rings. A general description of this
reactiop,i s shown in Scheme 2. A protected

iodl%)yrim derivative is redgted with an 10 WO

b or c PP Propriate amne in a

—Pd™tat act-0a—t6>gi V§ infernediate that is
depRot e 5S¢ s

4

(a) ethyl diazoacetate, catalyst, CH,Cl,; (b) chromatog?aphy and then reflux with LiOH,
H,O, MeOH; (c) reflux with LiOH, H,O, MeOH and then chromatography; (d) rt, NaOH,
H,0, MeOH and then reflux with LiOH, H,0, MeOH

Compounds of the general formula (1), wherein R1 is O (urea) or S (thiourea), R2 is, for
example, a 5-substituted pyrid-2-yl, R3 is H, X is -D-CH,, and wherein the cyclopropy!

moiety has the relative configuration

X

2\

N
H

are prepared by methods shown in Scheme 3. Cyclopropanation of the double bond in
the chromene 1-Scheme-3 with ethyl diazoacetate is catalyzed by cuprous or
rhodium(ll) salts such as Cul, (CuOTf),-benzene, and Rhy(OAc), in solvents such as

dichloromethane, 1,2-dichloroethane, or chloroform. The reaction provi'des a

11
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Scheme 3 RT RT R7 R6 OR6 O:: a + RS R4 R4 COOEt R4
COCEt 123 R/ RT bor cor dR I Oas in Schenel
WORB004/02981 RS R5 ~[O,s] R4 COOH R4 _ 4 H N Xe@BP03/609872
(a) ethyl diazoacetate, catalyst, CH2CI 2; (b)
chrorratography and then reflux with LiOH 5 H20Q
OH, (c) reflux wwth LiOH H20, MeOd and then
dlast@fﬁqmmq)gmg%? of( the pyclomanecaﬁgxym@qlcb@@hylh@ﬂers 2-Scheme-3,

with H?ef BH)&QM((%I?’U% gdnﬁ M %%q%ur e %%:%%‘?ﬁ'@@a%eparatlon by

colurﬁﬁ chsométvgrapbt)anﬁtf@. mvﬁaﬁd $|tmsthdla$témibme’rrsl rdiagbyel accBmplished at this

H, is - n erein the cycl oprop noi et L
Stag%a@)ﬁf)W@dr Bﬂ/acglzdf@%@bﬁqﬂf éEﬁa@pkﬁﬁe&_@&hemzi spch 13p iryereﬂuxmg in
aque%@paﬁ%%éﬁ’olfé‘?t RSl SlP@WgylélB S‘éhef]ﬂgzeﬁic mixture of the all cis

| opropanati on of’ the doubl e bo t he chronene
cyclopredrernariBoxylicha@t rSctiemesdces atescribed dh adtgp elth) bplternatively, the

diast GG oo TERH5 10, LR koS R F SUDIBgiedeit Byigbisagnd separation
cond%ﬁ%@i%}ggﬁgﬂﬂg%ﬁ-cﬁclé’;br%'ﬂlaﬁé@ﬂbﬁﬁﬂﬁ) a@fs ¢5 pPHRAO AR isolated all cis
isomer, as in step (c). Step (d) involves isolation of the cis ethyl ester 2-Scheme-3 which
may also be done by selective hydrolysis of the trans 3-Scheme-3 at lower
temperatures, such as ftreatment with aqueous methanolic NaOH at ambient
temperature. The isolated cis ethyl ester may then be hydrolyzed in the usual manner to
the cyclopropanecarboxylic acid 4-Scheme-3. The cyclopropanecarboxylic acid is
subjected to the methods outlined in Scheme 1 to obtain the urea or thiourea 5-
Scheme-3. The chromenes 1-Scheme-3 are prepared by methods shown in Schemes

4,5, and 6.

Although this scheme 3 has been illustrated with a D=0 variant it will be apparent that
corresponding manipulations will be available to the D=S, S=0; S(=0), and D=NRg
variants. When Rg is H, the nitrogen is typically protected with a conventional secondary
amine protecting group, such as those described in Greene & Wuts Protective Groups
in Organic Synthesis 2™ ed, Wiley NY 1991).

Scheme 4
R7 R7 R7
R6 OH a R6 0 b R6 @)
— —_— P
R5 R5 Il R5
R4 R4 R4
1 2 3

(a) 3-bromopropyne, K,CO;, acetone; (b) N,N-diethylaniline or PEG-200, 225 °C

Scheme 4 describes the preparation of chromenes, including many from commercially

available disubstituted phenols, such as those wherein the substitution pattern in the

12
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11 WD 2004/ 021969 PCT/ EP2003/ 009872 di astereoneric

m xture of the cycl opropanecarboxylic acid ethyl
W@2108/03198% Schene-3, with the all cis rel ati vePCT/EP2003/009872

configuration, and its trans isoner 3-Scheme-3.

Separation by colum chromatography of the cis and

trans dj ast Omer.s, na hed this
benzgpg ding fsop$ iwﬁcavqsﬁﬁmﬁﬁ%réﬁn& 'lﬁg %@t%’@ halo; RS and R7 are
halo; ZRﬁcﬁeﬁ%fo?”anﬁuRl‘T R’SC*?X Ilg}fléé%ﬁbﬁﬁ 'dﬁd5Ran¥ée?\%¥oxtyh\évhg?lR5 is Cis

‘met hanolic LiOH to a racefmc mxture’o
alkylccarbon;zlycReactamarcécﬁ‘rdJmllahdeadlsdlbétnsd:étémes]ol a$-Scheme-4 with 3-

descri bed ternativel t he, .
DromP SRR O T B1RBRERIE Pt g d:Ci ke Beetone or NaH in DMF,
resulﬁ#m RG4IBEpkINC RYBEMLYSH Df 1RO R8P 26 EHrb\%e tREaNsHES QCSdWéme 4. Ring

he m xture of cycl opropanecarboxylic acids to provi
closwaemasfoltz& e@bca)lnnpl6h§d bgoheatingisthien edinep ioc)\, Nt@pﬁealaiylamhne or

i.,avol ve Iat of the ciseethyl ester 2-Schene-3
polyciNiEhe Bvdah s Tl Psinbing o hydrolysis of
the trans 3-Schene- 3 at lower tenperatures, such as

treatment with agueous net hanolic NaOH at anbi ent
tenperature. The isol atedS€hem& hyl ester may then be

hydrol yzed in the usual manner to the

cycl ofYopanecar boxyl iry acid 4-Scheme-g3. The
ched oprop@necar bexy! | '

met hbd} iged in

prepargd & y nmet hogs sho .

Al t hough this scheme & h § been illustdated with a D=0

variarg it will be appaZent that corresponding
NaBFFP'Et@lH-l 3bj pasiuehbsulshiddat! Rikéhd 9efilde D=S, S=O

(— and D=NR8 20 variants. Wien R8'is H, the

nit rogen is typically protected with a conventi onal

Scheﬁ'gecg %éyb?ﬁwéreﬁ)@?%ﬁ%&éfn (915?%&%5\%31 @%&%g%@*’ 195 Enaterial in Scheme
3, frdn ghBi gpPwptibedy suBstitetbd Ylogyarldhet Which StBaadily BZcessed from

RT RT REOHaRE ObRE O RS RS || RS R4 R4 R4 2
commercially available chromanones, for example those wherein one of the positions in

R4 to Ry is substituted with halo or C,; alkoxy. Conversion of the carbonyl group in 4-

chromanone 1a-Scheme-5 and to the correponding alcohol by a suitable reducing
agent such sodiu-m borohydride in ethanol provides 2-Scheme-5. Refluxing the alcohol
with small amounts of acid, such as p-TsOH in toluene, causes dehydration of 2-
Scheme-5 to the desired chromene 1-Scheme-3. Corresponding manipulations will be
available for other D variants. For example the corresponding 2H-1-benzothiopyran is
readily prepared from commercially available (substituted) thiochroman-4-ones by
reaction with a reductant such as a metal hydride for example lithium aluminium hydride
in an organic solvent such as ether, followed by dehydration such as refluxing with an

acid for example potassium acid sulphate or the like.

13
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25 (a) 3-bronopropyne, K2CO3, acetone; (Db)
N, N-di et hyl ani I i ne or PEG 200, 225 C Schene 4
wale@an2tyes t he preparation of chromenes, i ncl uPCTEP20A5§09872
fromcomercially available disubstituted phenols,
such as those wherein the substitution pattern in the
12 WD 2004/ 021969 PCT/ EPZSEOE/ 009%72 benzene ring is
as follows: R4 and R7 are © R4 and R6 are halo; R5
and R7 are halo; R4 is halo and R7 is Cl1_3
al kyl carbonyl; and R4 is hydroxy while R5 is C1.3
akRkyl carbonyl . Reackiron of the avail abke di substituted
Re. PAEN@]H 1- Schenesd wi - bronoprogynelin 4 he presence
base,, such a¥RXE3Yi n aget one n DMF, 5
ts i-a—mecl eophi LkC Sypstitwt i on e lide to
plovilde the et &% 2JSchene-4. R nd*®cl surfle may be
aBtortbl i shed by heaRtndthe ether in N4
N«di me¥1 ani line or palyethylene glycol 20 yield the
chronene 3-Schene-4. Schenme 5 R7 :: RT R7 ::~ Db "
R5) : RAORA OHRA la 2 lo NaBH4, EtOH, (b)
p-t ol uenesul fonic acid, toluene, reflux; Scheme 5
¢ desBiip 8, preparation of chronenes, used as
—tarti atgrial in Scheme 3, fromthe appropriately
subB%1 t gt ed”chr omanones, which are readily accessed
from cesanercially avail abl e chromanones, for exanple
(a) afil @sEmitlRe ke CD,086eBhet (1§ FFOPCH,BANAR, THFRE)I®L[REyisRu CHPh,
substituted with halo or Cl_3 al koxy. Conversion 0
CHGlnddEBhidriyti=gHe&s i BB4L. chr omanone | a- Schene-5 and to
t he correpondi ng al cohol by a suitable reducing agent
such sodi um bor ohydri de in ethanol provides

- e - i i .
ChrofioPRe P Eadt st fafth StliShe 3. 2B APl IDHTdguuted o
hydrayb2nz&dbhypeedas showe memethedsciutionehie JetirheBe Reaction of 1-
eSS B B} B BE 20 B P, [t
resul i REAMIY QstRRidrSof the halide to provide the ether 2-Scheme-6. Witting

reaction transforms the aldehydic group into the olefin and provides 3-Scheme-6. The

R5

pair of terminal double bonds may undergo metathesis intramolecularly by treatment
with a catalyst such as the ruthenium complex Grubb’s catalyst in step (c) to produce
the chromene. Alternatively 1-Scheme-6 can be cyclised directly as shown in step d) in

the legend above.

14
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readily prepared fromcomercially avail abl e
(substituted) thiochroman-4-ones by reaction with a

w0 edworre such as a netal hydride for exanpl ePCT/EP2005009872
al um nium hydride in an organic solvent such as
ether, followed by dehydration such as refluxing with
an acid for exanpl e potassiumacid sul phate or the
like. 13 WO 2004/021969 BCheErR2003/ 009872 Schene 6 R7
RT R RE OHR6 O, ROl RSa\ bRSRS RAORAO

R4 d23 RTREO C30R R4 (a) allyl brom de,

. , acetone; (b)wPhBPCI—BBr NaH, THE; (c)

y3] 2Ru CHPh CHCl 2 (d) Ph3P+Ci=CH2 Br DBU

R6
nes, forR arting Schene 3,
2 prep_&,d fro stiffuted g- 5 .
RS loxybenzal de§lydys sfiown by REt hyds jputTined in

ny

Béhedre 6. Reactionraf d- Schene-6 w tR4allyl brom de
in thg ¢resence-of a base, such as K2COB 3 n acetone,
results in nucleophilic substitution of the halide to
provi de the ether 2-Schene-6. Wtting reaction

ns the al dehydic group into the olefin and
PQchenme-6. The pair of term nal double
undergo netathesis intranol ecularly by

0 with a catalyst such as the ruthenium
.4C?ubb s catalyst in step (c) to produce the

(@) au;g%rr&‘ﬁfqby Kgl 58&5}1&8@ @Fﬁgﬁ l\?%lg,arHPe @-‘/@E’rop\?gﬂz% CHPh,

ege
CH,Cl, (d) PhsP*CH= CH2 Br-, DBU

Chromenes, for use as starting material in Scheme 3, are prepared from substituted o-

hydroxybenzaldehydes as shown by methods outlined in Scheme 6. Reaction of 1-

Scheme-6 with allyl bromide in the presence of a base, such as K,CO; in acetone,

results in nucleophilic substitution of the halide to provide the ether 2-Scheme-6. Witting
reaction transforms the aldehydic group into the olefin and provides 3-Scheme-6. The
pair of terminal double bonds may undergo metathesis intramolecularly by treatment
with a catalyst such as the ruthenium complex Grubb’s catalyst in step (c) to produce
the chromene. Alternatively 1-Scheme-6 can be cyclised directly as shown in step d) in

the legend above.

15



WD 2004/ 021969 PCT/ EP2003/ 009872 Scheme 6 R7 R7 R7

Rl OHR6EI O\ R O R/ R RS RA O R4 0OR4d23
WRZ00T0RP6OD R5 R4 (a) allyl brom de, K2CC3, aPE€L/BR®)3/009872

(b) Ph3PCH3Br, NaH, THF; (c) C 2[ Pcy3] 2Ru CHPh,

CH2Cl 2 (d) Ph3P+CH=CH2 Br -, DBU Chronenes, for use as

starting material in Schenme 3, are prepared from

substituted o- 5 hydroxybenzal dehydes as shown by

met hods outlined in SchegghémeReaction of 1- Schene-6

with allyl bromde in the presence of a base, such as
K2CO8 in acetmsgi results in nuclg ophi lic
substq tution of tH& i e &

efye-6. Wjtting

Unto the—e-l efin
pai r term nal doubl e bond§ may under go net\at hesi s
intramolceptarly by treat nentCQOEW th a cat al )?Qp%uch
as the rutheni um conpl ex &rubb's catal ystgin step (c)
to produce hg chronene. Alter natlvely 1- Schene- 6 can

TfO

be cbycllsed ectly as shown in step in the

l e end above. WO 2004/ 021969 PCT/ EP2003/ 009872

oSchems 7 I\/EBSl %Q\Oﬁfkoj{d / COOEt COOEt COOH
COOEt 5

(a) Pd(0), DPPP, EtsN, (CH3)sSiC=CH:; (b) Pd(0), butyl viny! ether, DMF; (c) Pd(0),
Zn(CN),, DMF; (d) NaOH, H,0, MeOH

Pd(0) catalyzed coupling of the triflate 1-Scheme-7 leads to the replacement of the
trifluoromethanesulfonyloxy group and the introduction of other substitutents at Re.
Thus, Scheme 7 provides the preparation of synthesis intermediates for use in scheme
3 to give the urea or thiourea 5-Scheme-3 wherein Rg is cyano, ethynyl, or C1.3

alkylcarbonyl.
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123 bON~p OCOOEt COOEt 54 (a) Pd(O, DPPP,

Et 3N, (CH3)3Si C=CH, (b) Pd(O, butyl vinyl ether, DV,
w@ ego4@2i0ed , Zn(CN)2, DMF;, (d) NaOH, H20, I\/EO—P(ST/EH:(OGJ)/009872
catal yzed coupling of the triflate 1-Schene-7 leads to
the replacenent of the trifluoronethanesul fonyl oxy
group and the introduction of other substitutents at

R6. Thus, Schene 7 proviSdbsmen® preparation of
synthesis internmediates for use in scheme 3 {p give
the urea or thiourea 5-Schene-3 wherein R6 is &

Re. ethynyl, or C1R8 al kyI carbonyl. 10rd6 V\D 2004/ 969
@\EEPZOOS/ 0098 N2\ \p C=0/1Ca

8
ORa H -P&-2 PG ' —00H
Ro 0 0~0

R4 bg ;
Y
;070
f Re o
0
e S0
& o7 R® <[
RO A\ 9. @\ !
\ OH e
i No Re °
R | 8
7 PG

(@)  BuLi/ZnCl,, THF; Pd(OAc)2, BrCH=CHCOOEL; DIBAL
5 (b)  TsNHN=CHCOCI; PhNMey, NEt;, CHxCl,

()  Rhy(5-R-MEPY),, abs degassed dichloromethane

(d)  30% HBr, AcOH

(e) NaOH, H,O

() NaOH; COg; I-Prl/DMSO
10 () IPrOH, HCI; DEAD, PPhs, THF

(h)  NaOH, MeOH:H,0O

(i) 1. BBr3, CH,Cl; 2. CH3CN 3. NaOH, water
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6 OZe\ d-Br Roh Ral Cco4HOf Ra 50O
\~~-O Rce RORh Rb9 OHoRe Ral 8 7 PG (a)
w®@edouo2eet 2, THF;, Pd(OQAc) 2, Br CH=CHCOCEt; DI BARCT/BP1003/009872

TsNHN=CHCOCI ; PhNMe2, NEt3, CH2CI 2 (c) Rh2(5-R- MEPY) 4,

abs degassed di chi oronethane (d) 30% HBr, AcOH (e)

NaOH, H20O (f) NaOH, C02; |-Prl/DVBO 10 (g) IPrOH, HC ;

(i) DEAD, BeRrWAnCIEHEHF( Ri(Q&BOR,. duel@HSdhen(a-$ 31.JoBBs Beagent (chromic .

CcH2Cl é 2. I CH3CN 3. Nat()—| water 17 WO 2004/ 021969

PCT €289/ 5088931 36F1PN%) " BuLi/ ZnC12, THF, Pd(OAc) 2.
Convefiktht JoFEREBRBnsountB R fereidd RNLCHG I OMeCde@btcd. in Scheme 8,

sulfurlg acid in acetone)
where R® and R" are optional substituents R4-R7, which are suitably protected with
conventional protecting groups as necessary and R° is a lower alkyl ester. Optionally
substituted phenol 1-Scheme-8 which is hydroxy-protected with a protecting group such
as methyl, MOM and the like is reacted with a base such as Bul.i or the like in a solvent
such as THF or the like and transformed to zinc salt by adding zinc chloride or the like.
A catalyst such as Pd(OAc), orthe like is added along with an activated acrylate such
as lower alkyl-cis-3-haloacrylate, for example BrCH=CHCOOEt or the like. The reaction
mixture is cooled and a reducing agent such as DIBAL or the like is added portionwise
and quenched to yield 2-Scheme-8. A hydrazone such as the p-
toluenesulfonylhydrazone of glyoxylic acid chloride or the like and a base such as N,N-
dimethylaniline or the like is added in a solvent such as CH,Cl, or the like followed by
the addition of another base such as Et3N or the like to yield 3-Scheme-8. The
reaction product is dissolved in a solvent such as dichloromethane or the like which is
preferably degassed. A chiral Doyle’s catalyst such as Rhy(5-R-MEPYy), (US 5175311,
available from Aldrich or Johnson Matthey), or the like is added to yield 4-Scheme-8 in
a high enantiomeric excess such as greater than 80, preferably greater than 90% ee.
Preferably, this compound is first reacted with BBr3 in dichloromethane followed by the
addition of acetonitrile the reaction mixture and finally sodiumhydroxide is added to give

6-Schéme-8. Alternatively, this product (4-Scheme-8) is ring-opened with an

electrophile preferably HBr or the like under in conjunction with an acid such as AcOH

or the like. Under acid conditions a spontaneous ring closure takes place to form

" chromenone 5-Scheme-8. When subjected to basic conditions such as NaOH or the

like, the chromenone rearranges to form the chromencyclopropylcarboxylic acid 6-
Scheme-8. Alternatively, 4-Scheme-8, for instance when the phenolic protecting group
is MOM, can be SLibjected to basic conditions such as NaOH, carbon dioxide and a
lower alkyl halide such as iPrl in a solvent such as DMSO to open the lactone and yield
the alkyl ester 7-Scheme-8. Displacement of the hydroxy protecting group and ring
closure with the free hydroxymethyl moiety occurs in acidic conditions such as
iPrOH/HCI or the like followed by DEAD; PPHj3 in an organic solvent such as THF or the

like. Alternatively, in a convergent approach, compound 1-Scheme-8 is reacted with
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Conveni ent routes to conpounds wherein Xis -CH2-O
are depicted in Schene 8, where Ra and Rb are
wW@pintozb9 substi tuents R4-R7, which are suit abP@I/EP2003/009872
protected with 5 conventional protecting groups as
necessary and Rc is a |ower alkyl ester. Optionally
substi tuted phenol 1-Schenme-8 which is
BulLi émgdransfopmed éz bethasath Thigpsait madtetgw@hdh@ cycloprom/ﬁodide, 9-

SchetfE gl & RATEHERiEAeH Bati Ggve el reactiPavi Jofs reagent
compédr{%e4—@ﬁ1etrﬁé’-83ﬁ'ﬁfs"ﬁ%<?bbﬂlllé'a!&fd Bah tulYcidred 18R lsocyanate as

loride or the ke. °A catalyst such as Pd(OAc)2 or
showr‘t imaS¢heme|1samdja@bBeaqL@m§ym the heterparysez dr heteydpanyhiourea of the
me@g h 1o as | ower al kyl-cis-3-hal oacrylate, for exanple
CHCOCEt or the like. The reaction mxture is

EINBEPHENd and a reduci ng agent such as DIBAL or the |ike

i s added portionwi se and quenched to yield _ .
Rs varjants pé fasis!la hars BrepAsee caiespanslingly using the appropriately amine-

; 5 o
subst ol BRRISTi L SRUBERERER- AR Pt PR e REUES B Ro s

methyt. hithloiulgé $@1addedﬂasb@ersmwtm“tdettha aslbﬂriﬂféideya’fdyl liés readily
like foll owed by 15 the addi ti o@cﬁf anot her base suc
appargrt thebRpEeSRHKING RRURINGS GEINdsUsRG r@tiaer Rpyariands spchss

substipfiegiibzdi, i Eealy kil BPmiinN B8,

degassed. A chi EaBHIOENEINBEBETENYEVBETTENas
Compggﬂg&S ﬁewp i n,Uc%Bﬁ5 :ﬁ 1s|%1b§’%tu¥%c§ a@a{gge{%@@oﬂvamenny prepared

by sciftn®¢beme-8 in a high enantioneric excess such as
greater than 80, preferabl)(] greater than 90% ee. 20
Preferably, this conpounddhenid 8st reacted with BBr3
i n dichl oronet hane followed by the addition of
acetonitrile the reaction mxture and finally
sodiunmhydroxi de is added to give 6-Schene-8.

i Roduct (4- Scheme-8)R7i s

gci d condi RO a~spont aneous
aceqlo form25 chr none
5-89 enme-8. Wen subjected to basic conditions such as
NaOHor the |ike, the chronmenone rearranges to form
t he chronmencycl opropyl carboxylic acid 6- Schene-8.
Alternatively, 4-Schene-8, for instance when the
a) Naprenbt@U; f)n-taduemesuifiosismcid doMeme, teilixbe subj ected to
basi c conditions such as NaCH, carbon di oxi de and a
| ower al kyl halide such as iPrl in a solvent such as

SchertBOde8cHps thd régabane Andtrgiied, dind@nédaral ksmoksguess, used as
7- Scheme-8. Displacenent of the hydr oXy protecting

startingr wagerisi dnr ey scleraes raé)cwatfﬁomhbntfwéﬂﬁp@m@}lﬁﬂﬁﬁyﬂetralones etc,
wherelPh8EXioRSCR So! R, 35afl SubSittidd, 0% SEFibI8Swith halo or Cy; alkoxy.

Conversion of the carbonyl group in 1-tetralone 1b-Scheme-9 to the corresponding

alcohol by a suitable reducing agent such sodium borohydride in ethanol provides 2-
Scheme-9. Refluxing the alcohol with small amounts of acid, such as p-TsOH in
toluene, causes dehydration of 2-Scheme-9 to the desired tetralin 1-Scheme-9.

Corrresponding reactions are applicable to n=1 or 3.
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iPrOH/HCl or the like followed by DEAD;, PPH3 in an
organi ¢ sol vent such as THE or the Iike.
wWaQ\Rdoa0ease vel y, in a convergent approach, conpRPCIEP2003/009872
1- Schene-8 is reacted wth 18 WO 2004/ 021969
PCT/ EP2003/ 009872 BuLi and transformed to a zinc
salt. This salt reacted with the cyclopropyliodi de, 9-
FavouBedheampdunida cﬂfthdladiiimﬂhmdmt alyzed reaction to give

(i 1Bl SRy Vs%m%nﬁ 3k 2G-S P tetsrtuiroed

Cycloerpé Bﬁhlr%@)ﬁ@my? shown in Schenme | and
subseqguent | he heteroarylurea or

(-)- c:sﬁet%%ﬁluMOpwrldt&-glaxys)‘ pyridin-25y| Fa(dar-difluorcel NBEZ,; TENetrRBydro-
are prepared correspondi ngly

CyClOpﬂgﬁ)?{?jﬂ:ﬁ“ﬁ%mSBSr H’S?%’I y am ne- substituted am no-R2,
(-)- c:sue 55&39!;%(1 byﬁ@@ylbgl{)‘ﬂ@}rhuﬁ AR PYLifli - dan ¥ Ibitsgshydro-

hough cherne 1 has been
CYC|OHYOH>Q[§}Qhé@T@QnWr1 M')-&lr@,@hbst ituted pyridyl it is readily

(e BB S AR ISP TSP S oo

cycloppypa{zjonydmehenzghhireaol yl , pyrimidinyl, etc. EI N
.BETTENEI NBETTENEI NBETTEN_CO ounds Where in X i

(—)-CI%bﬁ%ﬁ:ﬂyayom@&w&%pxn%y@vﬂé—%&ﬂ& QSWé@nﬂeTﬁ £y7 brtetrahydro-

scher : 15 Schene 9 R7 R7T R7 R6 (/ a

oyclosfSRICHomBHesEIGTRed. 15 SO Ne e % N 6 H R 1b 2

(-)- cis{1a05 - (Sa o[y roH3 -y dy ) pyridind2yB <34 (4, drdiftucaot 01 a (20T bréeteghydro-
Schene, 9.descri bes the preparation of

cyclopgg@q[gfqhﬁ%mepﬁ daXed™e*d honol ogues, used as 20

(-)-cis SIL@-{5- B)%d@b?l“ id-BLlylbRy LRI EDSMES. (2P QiR b "é@‘?"ﬁ—tetrahydro-
nmohosubstituted tetral ones et'c, "wherein positions R

cycloprepafzlochspracsesispgtireat ed, for exarrpl e with halo or
(-)-cis-cf%s@(p%‘,'ri%f’é(-\}roxy)-pyridin-2-y|)-3-(4,7-diﬂuoro-1 1a,2,7b-tetrahydro-
cyclopropalcjchromene-1-yl)-urea,
(-)-cis-1-(5-(2-fluoropyrid-3-yloxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
cyclopropalc]chromene-1-yl)-urea,
(-)-cis-1-(5-(2-cyanopyrid-3-yloxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
cyclopropalc]chromene-1-yl)-urea,
(-)-cis=1-(5-(4-fluoropyrid-3-yloxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
cyclopropa[c]chromene-1-yl)-urea,

(-)-cis-1 -(5-(4-cyanopyrid-3-yloxy)—pyridin-2-yl)-3—(4,7-difI'L.|oro-1 ,1a,2,7b-tetrahydro-
cyclopropa[clchromene-1-yl)-urea,
(-)-cis-1-(5-(5-fluoropyrid-3-yloxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
cyclopropa[c]chromene-1-yl)-urea,
(-)-cis-1-(5-(5-cyanopyrid-3-yloxy)-pyridin-2-y1)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-

Cyclopropa[c]chromene-1 -yl)-urea,

* (-)-cis-1-(5-(pyrid-4-yloxy)-pyridin-2-y)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-

cyclopropa[c]chromene-1-yl)-urea,
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Conversion of the carbonyl group in 1l-tetral one
1b- Schene-9 to the corresponding al cohol by a
W@ piotabloed r educi ng agent such sodi um bor ohydr i BET/EP2003/009872
et hanol provides 2- Schene-9. Refluxing the al cohol
with small amounts of acid, such as p-TsOH in 25

(i SR BRSNS EPR o8y PRI 19 4 oy
cyclopessaaeptdrnehe-a-yipunsal or 3. 19 V\D 2004/ 021969

PCT/ EP2003/ 009872 Favour ed c nds, of fo
(-)-cisi1 ér(Fgeyano-pyrid-4-yloxy)-pyridin-2- y%— -( 4 7 difluoro- 1 1a 2 7b tetrahydro-

| di n-2-yl)-3-(4, 7-di 1
CyC'Opﬁcég?aégjfﬁiérE;ég,'gy 8! raghzd?)éy) pyridin-2-yb)-3-( |

(—)-cis%-@bﬁlupa[py}idm-plmypp)mmh)2—ym-66(4 7-difluoro-1,1a,2,7b-tetrahydro-
[ uor opyrid-3-yl oxy)-pyrid

-Ccis-1-(5-(2-
Cyclopfcgpaicmo TQQr%#de{q@! uoro-1,1 a, 2, 7b-tetrahydro- 5
I h ) _ -
(-)- 01393/?5 L2 CYQ?&SL‘})]{FH AR g? géfpléﬁg 23 99-%2%/ dg{/lﬁrg 1n1a 2,7 tetraha/dro
cycloprc?pa[c]bhcmnena11yl)au2%a?b t et rahydro-

. I , h - 1. -yl
(1is LR L SN LB TR S S0 dbrdeselyros. (4
cycloperéIb]fchlctQﬁé‘né-1Jylﬁu?ea7b t et r ahydr 0
|'opr opa[ c] chronene- 1 -

(-)-cis- (l)(5c03sﬂ qoreayr(ciq:4og}@fw qwudiru2 yl)yHM )dlfcbwrpm AaL, yh-yetgatyglro-

crclont il BIT I BIERe 1 31 ) “urca.

(-)-cis- (I) 5@63Scylaﬂ(o@y(|&4f-yluw)0pwm42 )-8 é@ﬂydﬁlpwd -dj1, 2 79l tptr3nydro-
-di f1 uoro- 1 1 a, 2, 7b-tetrahydr

CW'WC@R@[%P&F@%‘? B bHEERe- 1- yI ) - ur ea,

: i di n- 3
(-)- c:s—(l)7(5 d SHuor régyr@s?‘?@gfa%@Lr?%—i/pyé—fﬁqu@%r‘oJ,Qa,zz,yﬂ))cetgal'(ﬂro—
cyclopoqpﬁ[o]phmm@mf}-dkw)aumae 1-yl)-urea,

(-)-cis- g qyag%%y%%fgpy\g%hw)z ﬁ)‘/é (g 7nd1%u¥rc? 1, 1a 2 7b-te rahydro—

1-yl)-urea,
cyclop%[ﬂgﬁ%ﬁ%g%f%ﬁgpy“ d- 3-yl oxy) - pyridin-2-yl)-3-(4

, 7-difluoro-1,1 a, 2, 7b-tetrahydro-

oisY SRR OTRR e seR o 1 12 7 ey

cyclop?orﬁd[f; lcHRorReds-1-\A)-dredh-t et r ahydr o-
opr opal c] chr onene- 1-

(-)-cis{ 7(50(13393@”99%@0*3{)%@!3’?%%{ 3447 slifyorsytilainTbdgirahysires
cycloprdpdicichtdtREfs-Yuyhy-@rez, 7b-t et rahydro-

(-)-cis-1-(5-(4-cyanophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-

cyclopropa[c]chromene-1-yl)-urea,

(-)-cis-1-(5-(2-fluorophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
cyclopropa[cjchromene-1-yl)-urea,
(-)-cis-1-(5-(3-fluorophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
cyclopropa[c]chromene-1-yl)-urea,
(-)-cis-1-(5-(4-fluorophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-

cyclopropa[c]chromene-1-yl)-urea,
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cycl opropal c] chronene- 1-yl ) -urea,
()-cis-1-(5-(4-cyanopyrid-3-yl oxy)-pyridin-2-yl)-3-(4,
wQ2@iht1vey o- 1, 1 a, 2, 7b-tetrahydro- 25 PCT/EP2003/009872
cycl opropal c] chronene- 1-yl) - ur ea,
()-cis-1-(5-(5-fluoropyrid-3-yloxy)-pyridin-2-yl)-3-(4
, 7-difluoro-1,1 a, 2, 7b-tetrahydro-

(-)-cis- Gy(6L(Qp¢-dim[o¢d>m’fmmx9)¥pyﬂdlyiL2) -ylH3e@, 7-difluoro-1, 1a 2,7b-tetrahydro-
anopyri d- 3-yl oxy) - pyrldln -yl)-3-(4,

CYC|0P'(7‘%Rﬁ F]lcbﬁﬁrﬂefie“ﬂ ﬁy Yrefh- t et r ahydr o-
I Ry
(-)-cis-9> ?@%%ﬁ%&é%ﬁgﬁgyﬁﬁé L2.v4 I A upronf 1,2 7bAgtrahyro-
cycloptcmac[e]bhﬂoraeﬂe-'il bA}-etaaghydr o-
(-)-cis- E))é%l @%8 clghr omeﬂ" pyl’ldl}q 2) yb‘ rSe& 7 %Qlu\(/)\% %O1Oadjé%l’(ge?rgeihydro-

pyrid-4-yloxy)-pyridin-2-yl)-3-(4
cyclop(&_/pééb]f%hﬂ%rﬁgn%alﬁ aHFHaS)?b t et r ahydr o-

(-)- c:s—d;(5}(@pﬁ-dﬁb¢[o¢q>mﬂr@mgh9yndlwg yiH3ed, 7-difluoro-1,1a,2,7b-tetrahydro-

-GiS:1-(5-(3-cyano-pyrid-4-yloxy)-pyridin-2-yl)-3-(4
cyclop #%Fﬁpwgnéﬁlﬁgu?%b t et rahydr o- )5
(-)-cis- QX@L(QDS-GITR*IO%MHW? yAdiny? 3/]')—137—(61137 dfluoro-1, 1 2, 7b-tetrah dro-
()-cis-1-(5-( -fluoropyrld 4-yl oxy) - pyrld -2-yl)-

cyclopropajelchtanena- 11y aUEa7b- t et r ahydr o-

(--cis-] %' (8L gﬂ@{?&} Cygﬁgg}/fﬂrﬂilé RERT-diflorey 13,2 bs rapydro-
cyclopﬁop‘é tlchesroeds-1-\A)-Aredy- t et r ahydr 0-

cyclopropa[c]chronene-l-yl)-urea,
()-cis-1-(5-(pyrid-4-yloxy)-pyridin-2-yl)-3-(4,7-diflu

(-)-cis- ‘W(@ befluctod- %ﬁﬁdgﬂeﬂ@q effi'ldnjr 2°yl -(4,7-difluoro-1,1a,2,7b-tetrahydro-

cycl propa [c mene-

Cyclop(opa[c]shﬂeroéneé-ﬂ-yl) uEppyri d- 4- yI oxy) pyridin-2-yl)-3-(4
(- )—c:s-gy(g;r p quﬂ%rg?%%ﬁn%qégﬁ §§/r[da @—&&[?3 4,7-difluoro-1,1a,2,7b-tetrahydro-

cyclop@pé[b]%hﬂorﬁéné?r yqyﬁfé%aoyr' d-4-yl oxy) - pyridin-2-yl)-3-(4,
oro-1, 7b- t et rahydro-

(-)-cis- &;(5} 6pfﬂumgfﬂcpy;a1mi?@ﬁ@xy) pynjdinn2ed)-344,7- dn‘luoro 1,1a,2,7b-tetrahydro-

oo BLILEDTLY, S0 o an 2 S

(-)-cis- qxesL(apﬂlma{szbydrrdm@nexyz) -pyridinued)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
()-CI s-1-(5- )é)yanopyrld 4y|oxy) pyridin-2- yI)-3-(4,
cycloprapale ICUEQrBe'lei -9refy- t et r ahydr o-

(-)-cis~1 -(5-(3-fluoro-5-cyanophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
cyclopropa[c]chromene-1-yl)-urea,
(-)-cis-1-(5-(5-fluoro-3-cyanophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
cyclopropa[c]chromene-1-yl)-urea,
(-)-cis-1-(5-(4-fluoro-2-cyanophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
cyclopropalc]chromene-1-yl)-urea,
(-)-cis-1-(5-(2-fluoro-4-cyanophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
cyclopropa[c]chromene-1-yl)-urea, '
(-)-cis-1-(5-(5-fluoro-2-cyanophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
cyclopropalc]chromene-1-yl)-urea,
(-)-cis-1-(5-(2-fluoro-5-cyanophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-

cyclopropalc]chromene-1-yl)-urea,
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cycl opropal c] chronene-1-yl)-urea, 20
()-cis-1-(5-(2-cyanophenoxy)-pyridin-2-yl)-3-(4,7-difl
W@ 00094011989 a, 2, 7b-t et r ahydr o- PCT/EP2003/009872
cycl opropal c] chronene- 1-yl) - ur ea,
()-cis-1- (5 (3-cyanophenoxy) - pyridin-2-yl)-3-(4,7-difl
(-)- c:s—uloﬁ)gfilﬂ&o gﬁn&%é \ﬁ{/}? fidin-2- gl -(4,7-difluoro-1,1a,2,7b-tetrahydro-

propa c] ronene-
cyolop(r@pa[m}x:ﬁen(rﬁénéﬂ -g-amneghenoxy) - pyr| din-2-yl)-3-(4,7-difl

(-)-cisg y{:ﬁo%flﬂﬁrﬂ‘ Cg’gpt e al;( ijéﬁﬁdl[]%e-gl 3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
CyC|0p%D%C§CT§‘OMéh%2T 9%%%éﬁphenoxy) pyrid

itldoro-1,1 a, 2, 7b-tetrahydro-
and theyairogepopajng tiovuweasnef dagh pf theea compounds;

and pl%%}'gf&lbcseﬁlfggy ég%oltrfx@{er%%%ﬂ?ed%?)%@%pecuaﬂy 2n¥h lomeglcél?y éjrllrflched for

¥ roRfeP RIC BOW BRBRNE, prelertbi§a 90%, such as >97%
exam;S] @Crl s-1-(5-(4- fllwl]?r ?ghe%foxe;/r) gyrl T sgs:ya)s 3_(oee_%rlpfure

preparram@necpmprmrzg the: ¢ eenaiipane-
cycl opropal c] chronmene-1-yl)-urea, 21 WO 2004/ 021969
PCT/ EP2003/ 009872

While (t)is ?b%abie( for (Re 4clid dguritap benayihigiyreddlone; iy is) préfdrablé to
-difluoro-1,1 a, 2, 7b-tetrahydro-
prese@tygﬁglglagtﬁ[qjﬂ)w{mp@ﬁgcq formulatier, Such a formulation will comprise the

above(ddefﬁe% éct&%ép%ﬁ&dﬂ%ﬁé#&?l?rgﬁ% r%?é}ﬁor@ﬂdcgbféb?e ¥hiriets bfefcipients

or o-
and optiariadipratpef thecdpeutie iregrédignts. dimeacarfier(s) must be acceptable in the

sense(cﬁ bﬁl%pgr(n §§l§ vgﬂy{l;l U%E?gheno%gl)‘tsp%rhg fcg]rmzulgtlcgn ancg noz
deleteﬁ%ﬁﬁé‘?@ﬂ%’?’é&ﬂl@ﬁf onene- 1-yl ) ur ea,

(5-(2, 6-di fluorophenoxy)-pyridin-2-yl)-3-(4,7
-difluoro-1,1 a, 2, 7b-tetrahydro-

e fofy AR 3RS YO bl ok sk topipeiinglyding pyogal and
sublmg@éal?|W%Ibrb@eﬂe?@(h@h@ﬁ@/@ﬂdﬂﬁaﬂ@us intramuscular, intravenous
opropa[ c] chromene- 1-yl )-urea,

and lntrpd@rr@alie@mlwtratl@n faut srefeFatis i fosmuiation. i ap graly edministered

formulaﬂb '()Eﬁ%gorﬁlmjl &gzmgg &ﬁ @Qﬁt‘ﬂege presented in unit dosage form, e.g.
tablets( éan@ isasthirdd (éteééwwmuﬁasc; wadopie bexyepaned i P mathods well
(4,7- d|f|§oro 1,1 a, 2, 7b-tetrahydro- 15
rETF?derrene 1-yl)-urea,

Such methods include the step of bringing into association the above defined active
agent with the carrier. In general, the formulations are prepared by uniformly and
intimately bringing into association the active agent with liquid carriers or finely divided
solid carriers or both, and then if necessary shaping the product. The invention extends
to methods for preparing a pharmaceutical composition comprising bringing a
compound of Formula | or its pharmaceutically acceptable salt in conjunction or
association with a pharmaceutically acceptable carrier or vehicle. If the manufacture of
pharmaceutical formulations involves intimate mixing of pharmaceutical excipients and
the active ingredient in salt form, then it is often preferred to use excipients which are

non-basic in nature, i.e. either acidic or neutral.
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30

()-cis-1-(5-(3-fluoro-2-cyanophenoxy) - pyridi n-2-yl) - 3-
(4,7-difluoro-1,1 a, 2, 7b-tetrahydro-
we yokomoepal c] chronene-1-yl ) - urea, PCT/EP2003/009872
()-cis-1-(5-(3-fluoro-4-cyanophenoxy)-pyrid
in-2-yl)-3-(4,7-difiuoro-1,1 a, 2, 7b-t et rahydro-
cycl opropa[ c] chronene-1-yl)-urea, 20
Formu(gtionisfor o -adninisiration 81 teaqrrepartioxgntiqpymagibe-@egéentes-as

discret%)){r,|§§g§|@6§§%?@#Lﬂ!ﬁg’r{é’c%gfs;&;t%gp%gregéh containing a predetermined
amoun(t)of ¢he hativeoagdnf byer &ﬁd&y&r@ﬁhﬁlﬁgxﬁ alRlitnoréa ¥lidpetsion of
7-difluoro-1,1 a, 2, 7/b-tetTahydro-

the act:\ya;aggmtdpae[r‘cmwﬁmmdwqoya)rmr@cweous liquid; or as an oil-in-water liquid

emulsiply of < yffdrn PR LU e YR 80T RA RS By < MY -E

cycl opropal c] chromene- 1-yl) - ur ea,
()-cis-1-(5-(4-fluoro-2-cyanophenoxy) - pyri di yIP
With regard taicompsisitionsifog opal pgntigisirafigri(e 0. tablets and capsules), “the term

suntabl%’ccalrﬁ@tr ﬁgﬁb%%%p%@@g Xé )::OH{rﬁ eXClB)IentS e b|n Il’gﬂ ilg%r_]ts, for

- cyanophenoxy
examp(le!lsqubl Bcaoinp gélatinasérbitol, traaedmytty pelyvmylpyrrolldone (Povidone),
opr

methyl‘ésy%ﬁtépge 5*3&C@ﬁulpﬁaﬁqﬂlémé%h%fm%xwwm,d. n-2-yl)-3-
hydro@éccfpafgr:nop [ C?][:uh%rsje %u@ro@@yafrff S8R E¥%ifsrs and carriers, for example corn

orfrene- 1- urea
starch(gelatis,- lac{o5e( Butroser m+cfsemyataﬂmee¢8jmq$epyaolm, mannylo),-dealcium

phosplosfey SETAPEIRERP SErAUTI 75 e A eSsanis ssish asymagaesium

stearai%c-gbgﬁ%@@%’éé}@%sgﬂd other metalllc stearates stearic acid, glycerol stearate,
()-CIS - (5-(6-fluoro-2-cyanop henoxy) - pyri di n-2-yl ) - 3-

silicong fluid, dalclweres, Djls aad zoltpidaksiliegfdaweuring agents such as peppermint,

o of YBLREPFASH S0 RO 4 MU g s it

add a €dlodrifd falgeat o hakeahe débagdie farahyedddy identifiable. Tablets may also be
cycl opropal Iq%jchromene 1-yl)-urea, 5 and the
coatedcly Medhes KnemeUndbe aff * each of these conpounds;

Atablé?'?‘ﬁia?B rﬁ?&@% | o3 r)ésﬁBﬁ%P%l&m@ t‘?or*ah?rvﬁ@\fcnne r more

ntionerically enri exa
accessg:ryea’ugaredtdnm Wmmssmdltgbiets ma@'fb@rpx‘epyred QO%mﬁc&ﬁslmgsm a

sitablg SR S5 She Bl SRk R Pa oA 8 pbidor aranules,
option@BEMHixdPWRE ASAHEY, JTRH: 3heRiludit, breskhrlteeallifadactive or
dispersing agent. Moulded tablets may be made by moulding in a suitable machine a
mixture of the powdered compound moistened with an inert liquid diluent. The tablets
may be optionally be coated or scored and may be formdlated so as to provide slow or

controlled release of the active agent.

Other formulations suitable for oral administration include lozenges comprising the
active agent in a flavoured base, usually sucrose and acacia or tragacanth; pastilles
comprising the active agent in an inert base such as gelatin and glycerin, or sucrose

and acacia; and mouthwashes comprising the active agent in a suitable liquid carrier.
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present it as part of a pharmaceutical fornulation.

Such a fornulation will conprise the above defined
waceauvevagyent together with one or nore acceptBi/EP2003/009872

carriers or excipients and optionally other

t herapeutic ingredients. The carrier(s) nust be

acceptable in the sense of being conpatible with the

ot her ingredients of the formulation and not 15

.deleterigus to the recipient. The fornulations include
LEﬂQmﬂﬁEEﬁggﬁﬂﬂhble for rectal, nasal, topical (including
j ) tar
Vanou%“é‘s‘é)%b "ol hseaiﬂ\t?éhtwm now’ 9@“?@1@&39&:‘ BS‘Z‘W%? & éi(IamrPle only with

cut aneous, I ntranuscu nt ravenous

refereacealta terfatewing r)oraﬂmniit'rrigsds)«aarhplesl but preferably the

formulation is an orally adm nistered 20 fornul ati on.
The formul ati ons nmay conveniently be presented in unit
Exdeppoe form e.g. tablets and sustained release
capsul es, and nmay be prepared by any mnethods wel |
known in the art of phar Such-wet hbds incl ude the
step of bringing into ?Eg?gif;io above defi ned
active 25 agent with t rier Y general, the
fornul ations are pr@pﬁfedfﬁy uniformy and intinmately
bringing into associaigon the active agent wth |iquid
carriers or finely divided solid carriers or both,
5-(&ld ordrErendxyir2emepyndisbapi ng t he product. The
i nvention extends to nethods for preparing a
phar maceuti cal conposition conprising bringing a

SOG@IWHW@ 6d%rdré‘éé}sﬂon% nih&raPBAY 48U DI BAkloN was mixed with 3-5
acceptable'salt in conjunction or 30 association Wt

ml af féryacmnwbyaformmme ﬂamoeheaokGOeQMJnl 2efnolad) was added to

tnej s QU eltne Ehen B EES Fralltt e tiaPiaR the BPagtion mixture was
hegted attshigrirarbi 86°C BOd SdbroRio- Z-Ehlt&fﬂylrldirﬂi{? Sighers htmd)l§3wa3 added
often preferred to use ex0|ﬁ|ents whi ch are non-basic

tothe rﬁa@m@mlxtUée o BPrigRi Gine rerctipaumpdyre was piyred at 60°C for
ab g% AR ESTLEREORRAORSEA2 08 MURLARES o6 Hok and

ation esent I nven
extractse mtedna‘dnykm&sdﬂ@m@ (Bx20smi3.uOtycasc eaimamﬂ wss waablaélv\ﬂth water

tabl ets each containi a predetermn
a“‘? L?E”%c@ it O‘A%fe'ﬁ‘@gnﬁé'uaﬂ ﬂg%é% ?ﬁé rCOQP%%?f@gdbya@t%"y evaporat'on
Thé ?ééﬂlﬂur‘iﬁ‘ rrﬁiitu?e Wé%&ﬁnm'ee olurhh%h?&ﬁmbfb%ré‘;gﬁﬁbn 's"hc%rtso g,

aqueous |1 quid or ‘a non-aqueous qui d;

Et%tlhenamaﬂe&) tbigiee diQ(Bmgr(ﬁB% vieldo pf dewaeda produoiu
liquid enmul sion and as a bolus etc. Wth regard to
conpositions for oral admnistration (e.g. tablets and

TH-ARIRYCERDI,): 181 L€M), 8.24 (d, 1H), 7.38 (dd, 1H), 7.08-7.20 (m, 4H).

@OCVF
| ~
H,N" N7

2. 5-(3-fluorophenoxy)-2-pyridinamine

Example 2

5-(3-fluorophenoxy)-2-nitropyridine was mixed with 15-20 ml of ethanol and bubbled
with argon. About 20 mg of Pd/C was added to the reaction mixture and hydrogen
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suitabl e carrier includes vehicles such as conmon

exci pients e.g. binding agents, for exanple syrup,
wac@gioaloeyel atin, sorbitol, tragacanth, PCT/EP2003/009872

pol yvi nyl pyrrol i done (Povidone), 1o nethylcellu |ose,

et hyl cel | ul ose, sodiun1carboxynethy|ce|Iulose

hydr oxy rop¥lneth | cel l ul ose, sucrose and sta

gas Wascpligh @t ORFMELPEESSHER a@‘ié‘fﬁfﬂ'%nté@mﬁ)er%tf‘é@ ECH 3 12 h. The
re%gbﬁtvbe% moﬁﬁ&%ﬁeby ZFC@;?\Ct%r e F%a%%ﬁg{% édrﬂ@leﬁt&f}!thé"ré’é&ron

man um

minhr@wraelé)uabtbda\lv@h raalrgora,d' Itdz;recatmtougﬂnf)ed]mmsd ﬂuscskbla’son obtained
magnesi u étea sodi um st earate_and ot her allic

was gpg@tégte fiila/ KEPgra ry‘@eglgqa 1§§ geSlﬁ_ amlnopyrldme

(q@dnlt,témgg,,élhyl d, talc waxes, oils and coI | oi dal silica.
Fl avouri’ng agents such as peppermnt, oil of

wi ntergreen, cherry flavouring or the Iike can al so be

iR RO aTr & 1 2360 T3 et é?%%?%frnﬁhlé b.54 (d
1H}l 82 had, ZHapbesh by, 119, g (el QHF}nown inthe art.

t may be made by conpression or noul ding,
optionally with one or nore 20 accessory ingredients.
Exg?ﬁ? gssed tabl ets may be prepared by conpressing in a
Sul I e machine the active agent in a free fl ow ng
formsuch as a powder o[, gr@nules, optionally m xed
wi th a binder, |ubrican nert il uent, preservative,
surface-active br dis erS| Bpulded tabl ets
may be nmade by noul di achi ne a
m xt ure of th. owder conpou noi st ¢ i
inert liquid g gnt. The tablets 25 @
be coated or svtgred
provide slow or! controlled rel ease of the active
agent. O her foFmul ations suitable for ora
adm ni stration include | ozenges conprising the active
agent in a flavoured base, usually sucrose and acaci a
N-[0tS HeRgAsR [T-diflasto-fi 1 1es2,7BAetamairbsydigprobe[detroren-1-yll-N'-[5-
. base such as gelatin and glycerin,

o, 98/ JnBYR@RYIECIand nout hwashes conpri sing the
actlve agent in a suitable liquid carrier. 24 WO
2004/ 021969 PCT/ EP2003/ 009872 Detail ed Description

(1S/ﬂaaIRm}n§)a05Z>€itﬂlmrof1 fagz, wamrahydmoycldpromyc}m]romene 1-carboxylic
str

ac@ké&qgr ”Hg%hon ﬁh?? gwgﬁgwﬁgﬁﬁgene %%ﬂf?ﬁﬁhﬂanﬂne

(1.1eq), 5-(3-fluorophenoxy)-2-aminopyridine (1.1eq), DPPA (1.1eq) and bubbled
with argon for about 5 min. The reaction mixture was then heated at stirring at 110°C
for 3 h under in a closed vial. The reaction mixture was concentrated by rotary
evaporation and purified by column chromatography on silica (30g,
ethylacetate/hexane 1:1). Desired product was obtained as beige-white powder
(60mg, yield 64%).

"H-NMR (CDCls): 9.57 (br's, 1H), 9.47 (br s, 1H), 7.61 (d, 1H), 7.28 (m, 2H), 6.89 (d,

1H), 8.79 (m, 2H), 6.70 (dd, 1H), 6.64 (d tr, 1H), 6.56 (tr d, 1H), 4.45 (dd, 1H), 4.33
(dd, 1H), 3.80 (q, 1H), 2.59 (br tr, 1H), 1.92-1.99 (m, 1H). ). LC-MS: M*428, M" 426.
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Example I \ O\ F 0O=N"I: NIl O
5- (3-fl uor ophenoxy) - 2- nltropyrldlne 10 Sodi um hydri de
w@ e@¥elisspersion in mneral oil, 0.11 g , 2. 7nPOGI/EP2083/009872
mxed with 3-5 m of dry dlnethylfornanlde and
3-fl uorophenol (0.244nl, 2. 7mmvl) was added to the
stirred suspensi on. Wien the gas evol ution was ceased
Exaimple daction mixture was heated at stirring at 60C
and 5-brono-2-nitropyridine_(0.5 g, 2.5 nmol) was
added to the reactio LN one portion. The
OC for 15 about 12
hours. The reaction mxture was them\m xed with 50
of water and extracted into neth e chloride (3x20
m ). Oganic extract was washed wth water and brine,
dri ed over magnesi um sul fate and con€¢entrated by
rota evaporation.,. The resulting m xture was
L Siv {8 orrat ogr aphy on silica (30 g,
EtCﬁc/hexane 1:3) to give 190ng (33%yield) of desired
product. 20 H-NNR(§CDC13) 8.31 (d, 1 H), 8.24 (d, 1
5-(4- FIHprogh@mwm-a niropiyr; lme@\@squsﬁechamalogw%{m &xgmu:)le 1 from 4-

ridi~
fluororfeoh (0.3 o 2 M B 20570 17 PREBST RERh o8 i e
W th 15 20 m of et hanol and bubbled w th argon.
) About ng Pd/ C was added_to the reaction mxture
H-NN%bCIH%o@ A (d2s kb $:864d ot B3P, BP0 685Be038 A, 4@19)5
was applied at normal pressure and anbi ent tenperature
for 3-12 h. The reaction was nonitored by TLC After
Exampgled reacti on was conpl ete, the reaction

H2N—O—O
\ /

5-(4-l

5-(4-fluorophenoxy)-2-pyridinamine

5-(4-Fluorophenoxy)-2-pyridinamine was synthesized analogously to Example 2 from 5-

(4-fluorophenoxy)-2-nitropyridine to give 270 mg of product as beige powder.

"H-NMR (CDCls): 7.88 (d, 1H), 7.17 (dd, 2H), 6.99 (m, 2H), 6.89 (m, 2H), 6.52 (d, 1H),
4.42 (brs, 2H).

Example 6
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m xture was bubbled with argon, filtered through
Celite and the solution obtained was concentrated by
WO odoaty19¢vaporation to give 165 ng of desired PCT/EP2003/009872

am nopyridine 5 (quantitative yield). 'H NVR (CDCl 3):
7.92 (d, -1 H), 7.22(m 2H) 6.73 (m 2H), 6.62 (d

tr, 1 H, 6.54 (d, | : 82 (dd, 2H), 6.64 (d, |
H, 4.42 (br s, 2H). 10 e3HOFN411aHa\I\V
OF 11110 b- N—(lSl 7d|fluor011
a, 2, 7Tb-tetrahydr oycl oprOpaf ro é yl1-N -[5-

’ Sl

(3-fl uor ophenoxy | nylH urga

aR, 7bS) -4, 7-di f

a, 2, 7b-t et rahydnrq %p,rzopa[ c] chr onmene- af boxylic

acid (50ng, 0.22 , 95% ee) was ni xed W th toluene
(1,5m), triethylamne (1.1 eq), F

5-(3-fl orophenoxy - 2- am nopyrl dine (1.1 eq), DPPA

3,132, A / trahyeiio evslopippalicldhremen- trd-N'-[5-(4-

LhAD_ D XL Ur e Was then heated at stirring at 110C
a closed vial. The reaction
m xture was concentrated by rotary evaporation and
col um chr omat ography on silica (

db
N-T(1 DT AR oL o S TSt 18,21 F B R R ST RSO Btk W [5-(4-

ﬂuoro?’fz%%ﬁl%/?% @ngﬁy@f?&é‘%is ﬁ%gs%léﬁﬁg\%lcg;%@fly&%%ﬁﬁ% from 5-(4-

fluoroghefoxy}- 22[8yr(d1marﬁh=l)e (56.ra8, 024 mindj)to dve 20 (g ol piire ;ﬁoﬁOCt as
., (dd,, 1. H ., 6.64 (dtr, I H, 6.56 (tr d, | H), 4.45
Wh'te%awsieﬂiﬁ%yae.@b (dd, | H), 3.80 (q, | H, 2.59 (br
tr, 1 H, 1.92-1.99 (m 1 H. ). LC M M428, M 426.
26 WD 2004/ 021969 PCT/ EP2003/ 009872 Exanple 4 2N, O
"H-NMR (CDCls): 9.40 (brs, 1H), 9.05 (br s, 1H), 7.52 (d, 1H), 7.23 (dd, 1H) 7.00-7.08

(m, 2H), 6.86-6.94 (m, 2H), 6.73-6.82 (m, 2H), 6.56 (d tr, 1H), 6.56 (tr d, 1H), 4.44 (dd,
1H), 4.33 (dd, 1H), 3.78 (q, 1H), 2.59 (br tr, 1H), 1.92-1.99 (m, 1H). LC-MS: M*428, M"
426.

fluoro

Example 7

5-(3-chlorophenoxy)-2-nitropvridine

5-(3-Chlorophenoxy)-2-nitropyridine was synthesized analogously to Example 1 from 3-
chloropheno! (0.35g, 2.7 mmol) to give 280 mg of product (45% yield).

"H-NMR (CDCly): 8.36 (d, 1H), 8.27 (d, 1H), 7.46 (dd, 1H), 7.40 (app dd, 1H), 7.29 (ddd
, 1H), 7.02 (ddd, 1H), 7.14 (app dd, 1H).

Example 8
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F 5-(4-fl uorophenoxy)-2- nit ropyri di ne
5 5-(4-Fl uorophenoxy)-2-nitropyridi ne was synt hesi zed
wapakogoesly to Exanple 1 from 4- fl uorophenol PCDEB20g3/009872
2.7mmol ) to give 310 ng of product (54%yield). 'H NWR
(cbCl3): 8.31 (d, -1 H, 824 (d, 1 H, 7.39 (dd, 1
7.08-7.22 (m 4H). 1o Example 5 RN ( ) O NF

5- ’(4-fl uor ophenoxy - 2- pyrjdfpam ne 15
5- (4- Fl uor ophenoxy) - &5 i di ne was synt hesi zed
anal ogously to Exanple 2 m 5-

(4-f1 uorophenoxy)-2-nitropyridiy g_ghve 270 ng of
product as bei ge powder. 'H NWR DCI 3): 7.88 (d, 1
H, 7.17 (dd, 2H), 6.99 (m 2H), 6.89 (m 2H), 6.52
5-(3-cifldroghdrdoxy)-2-ghZidiemie 2H) . 20 Exanple 6 27 WO
- 2004/ 021969 PCT/ EP2003/009872 HOF N/ 11\ a HNO
F NJ[(1 S, 1 aR 7bR)-4,7-difluoro-1,1
5-(3- Cﬁlo%aﬁer‘i @gﬁ%@lﬁéﬁﬁﬁ@{}v@@%[yﬁ{Hé'%Tz‘é'&iBJhalogédSINd ERafpie 2 from 5-

[ uor ophe % -pyrid area
(3- chlqnopbaxsz;)me)@, n R)py41dmajii0fg;lu@|86-mg vhwhjtz povetar aiffed podfieation by
hr omen-

columf CRBFEEIERBRTY 05 i B0y HEAEE Vigl Bk hesi zed

anal ogously to Exan'ple 3 from5 (4-

] fluor ophenoxyg (Edv“ di nam ne drlg 0.24 mol ) to
H-NMgR ((eD&tts)ind. 96 (apardd, pirbd (ed- 631 (Wnﬂ 56\5%22((24 244), 6.98-7.05

o 8 g TR R0 S Sy LR, ¢ 2 o,

86694(m 2H), 6.73-6.82 (m 2H), 6.56 (d tr,
6.56 (tr d, 1 H), 4.44 (dd,

0
H
o<l H N\
: Cl

O/

Examp]Ie @ ’

F
N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalclchromen-1-yl]-N'-[5-(3-
chlorophenoxy)-2-pyridinyljurea '

N-[(1S8,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc]chromen-1-yl]-N'-[5-~(3-
chlorophenoxy)-2-pyridinylJurea was synthesized analogously to Example 3 from 5-(3-
chlorophenoxy)-2-pyridinamine (54 mg, 0.24 mmol) to gi\;e 28 mg of pure product as
white powder (28% yield).

'"H-NMR (CDCls): 9.46 (br s, 1H), 9.34 (br s, 1H), 7.59 (d, 1H), 7.23-7.29 (m, ~2H), 7.09
(m, 1H), .91 (m, 1H), 6.86 (d, 1H), 6.75-6.84 (m, 2H), 6.56 (d tr, 1H), 4.46 (dd, 1H),
4.33 (dd, 1H), 3.80 (app. q, 1H), 2.59 (br tr, 1H), 1.96 (m, 1H).

LC-MS: M*410, M408.

Example 10
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1H, 433(dd, 1 H, 3.7 (q, 1 H, 2.59 (br tr, 1

H, 1.92-1.99 (m 1 H). LG M MH428, M 426. 15
wez@aptwe¥ O2N / O N b-cl  5- (3-c h' | o ro p PCEEP2003/009872

oXy)-2-n itropy ri di ne

5- (3- Chl or ophenoxy) - 2-ni tropyri di ne was synt hesi zed

anal ogously to Exanple 1 from 3- 20 chl or ophenol

(0.35g, 2.7 mmol) to giv 0 mg of product (45%

yield. 'H NWR (CD@3-<8.3 1 H, 8.27 (d, 1 H),
7.46 (dd, 1 H), 7.40 (ap 1 7.29 (ddd 1 H),
7.02 (ddd, 1 H), 7.14 (app dd, 25 Exanple 8 28
WD 2004/ 021969 PCT/ EP2003/ 00987 &N b- cl

5- (3-chl orophenoxy) - 2- pyri di nam

5: (35 Chl.ar ophenoxy) - 2-.pyri di nam ne was synt hesi zed

(3-chl orophenoxy)-2-nitropyridine to give 80 ng of

white powder after purification by colum
5-(3-Cyanertcographyitopystinecuay snthesizedasplogauslydodzample 1 from 3-

hydro;ﬂgﬂ'e%ﬁ%?%%&.g&}rﬁég Rbgl‘én? S%Jgﬁbrr(]?ﬁériép’é_ﬁe&éegg?%t%%mixture
was n{im,d MtH)watér,S@hiClddvasl c,:dﬂ)a;:te@. Wfiltrfamioﬁ,anﬂk\ﬁ/aéh@ \Eith@iefr to give
188 my oA yellow orystals (32% Siau O F

"H-NMR (CDCls): 8.39 (d, 1H), 8.30 (d, 1H), 7.60 (app. dd, 2H), 7.50 (dd, 1H), 7.42 (m,
1H), 7.35-7.40 (m, 1H).

Example 11

3-[(6-amino-3-pyridinyDoxylbenzonitrile

3-[(6-amino-3-pyridinyl)oxy]benzonitrile was synthesized analogously to Example 2 from
3-[(6-nitro-3-pyridinyl)oxy]benzonitrile to give 31 mg of beige powder after purification by
column chromatography on silica (30 g, EtOAc). Yield 19%.

"H-NMR (CDCls): 7.90 (d, 1H), 7.36-7.41 (m, 1H), 7.32 (d tr, 1H), 7.14-7.22 (m,
~3H),6.56 (d, 1H), 4.65 (br s, 2H).

Example 12
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N[(1 S, 1 aR 7bR)-4,7-difluoro-1,1

a, 2, 7b-tetrahydrocycl opropal cl chronen- 1-yll-N -[5-(3-
wa@bdoazpbhenoxy) - 2- pyridinyl lurea 15 N-[(1 S, 1 PCT/EP2003/009872

aR, 7bR) -4, 7-difluoro-1,1 . :

a, 2, 7b-tetrahydrocycl opropa[ c] chronen- 1-yl]-N -[5-(3-

chl or ophenoxy) - 2- pyri di nyl Jurea was synt hesi zed

anal ogously to Exanpl e from 5-( 3-

chl or ophenoxy) - 2prr| di M ng, 0.24 mmol) to

give 28 ng of purie prodiict g Opovvder (28%

yield). 20 1H N 3) : 84 rs 1 H, 9.34 (br
s, I H, 7.59 ( H),g7.23-7.29 (m .09 (m
1H, 6.91 (m 86 (d, 1 H, (m 2H),
6.56 (d tr, 1 H), (dd, 1 H), 4 (dd 1H,

3.80 (app. q, 1 ¥, 2.59 (br tr, 1 H, 1.96 (m 1 H.
LC- M5: MH410, M 408. 25 Exanple 10 29 WO 2004/ 021969
PCT/ EP2003/ 009872 (O2N O N b--CN
N-[(1S34 AR &M L4, B=diflporol ti1ay? ¥ pxstrdenzesiddprbpalclchromen-1-yl]-N'-[5-(3-
5- (3- Cyanophenoxy) - 2-ni tropyri di ne was synt hesi zed
CVanOﬁhﬁn@%&wﬂlﬂ&@ipl e 1 from3- 5 hydroxybenzonitrile
©(0.32g, 2.7 nmmol) to give solid material after the
reaction mxture was mxed with water, which was

N-[(1 8;@49“26@1?@?4 by:lilfhijd)rbr—&t’l bgﬂlrhndtra@&hmymdrbpaﬁch‘r&votr@nm Jvl?—_N'-[5-(3-
chloro%)%ggg%eo @}/lﬁshn?/ ur%@y?/\t@% s_|syn 3(33(%&{3 )gggl}s%g'owgégﬁcn%%&pm 3-[(6-
ammo(«@gxpdml]l?@xﬁeéﬁzémm% (3@@@1%%{;'&“@1%8_6}@ rﬁgleéﬂall Wrmed in the

- pyri
reactiony mixixsd waereodrctad byefiltration and washed with ethanol to give 15 mg of

pure product as slightly beige powder (25% vyield).

'H-NMR (CDCl3): 9.35 (br s, 1H), 7.65 (br s, 1H), 7.61 (d, 1H), 7.38-7.48 (m, 2H), 7.27
(dd, 1H), 7.16-7.20 (m, 2H), 6.78-6.86 (m, 1H), 6.71 (d, 1H), 6.59 (d tr, 1H), 4.48 (dd,
1H), 4.33 (dd, 1H), 3.82 (q, 1H), 2.62 (br tr, 1H), 1.98 (m, 1H).

LC-MS: M*435, M 433.

Example 13

\_7

CN

4-[( 6-nitro-3-pvridinvl)oxv]benzonitrile

5-(3-Cyanophenoxy)-2-nitropyridine was synthesized analogously to Example 1 from 3-
hydroxybenzonitrile (0.7g, 2.7 mmol) to give 555 mg of product (46% vyield).
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15 3-[(6-am no-3-pyridi nyl )oxy] benzonitrile was
synt hesi zed anal ogously to Exanple 2 from

W@2(40¢021964 r 0- 3- pyri di nyl ) oxy] benzonitrile to gPUEEBLOSIST2
of bei ge powder after purification by colum
chromat ography on silica (30 g, EtOAc). Yield 19% 20
"HNWMR (CDCI3): 7.90 (d, 1 H), 7.36-7.41 (m 1 H),

1H-NMR§@D@3)I 8.40YdH) H%,Z&@Q-(@,- ﬂa),(mjv\g,m), @-.%gdcq,wﬂ;, 20 (app d,
4. 65 &Er s, 2H). anple 12 30 2004/ 021969
2H). LedtBERD 308/(6098CLO0H O F NNCN OF NIl S
aR 7bR)-4,7-difluoro-1,1
a, 2, 7b-t et rahydr ocycl opropa[ c] chronen-1-yl [ -N -[ 5-( 3-
Exampianpphenoxy) - 2-pyrid inyllu rea 5 N[(1 S, 1
aR 7bR)-4,7-difluoro-1,1
a, 2, 7Tb-tetrahydr ocycl}gh%r ogafcy chronen-1-yl]-N -[5-(3-
chl or ophenoxy) - 2- pyr 'ty urea Quas synt hesi zed
anal ogously to Exanple 3 fi¥ 3-[(6
am no- 3- pyri di nyl ) oxy] benzoni tri
Solid material fornmed in the re
collected by filtration and washed wcjh et hanol to
give 15 ng of 10 pure product as slightly beige powder
4-[(6-drabe 3Hpetidinyoxy | bidzdrdikd.3) : 9.35 (br s, 1 H), 7.65

(br s, | H), 7.61 (d, | H), 7.38-7.48 (m 2H . 7.27

(dd, 1 H), 7.16-7.20 (m 2H), 6.78-6.86 (m 1 H). 6.71
5-(3-(3({145%0’%%?l@é)&ﬁ-(%’gylg&ﬁ%ﬁw%e.l\évg'% (st\;fltht‘é%lz%?dal_rsaﬁo@%séﬁchnﬁxéﬂgse 2 from 4-
[(6-nitt34p@rittBy kBB NzAAitrd8 340 Barploivel3! arNof brown oil.

TH-NMR (CDCls): 7.92 (d, 1H), 7.58 (app d, 2H), 7.21 (dd, 1H), 6.97 (app d, 2H), 6.58
(d, 1H), 4.56 (br s, 2H). |

Example 16

CN

N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalclchromen-1-yl]-N'-[5-(4-

cvanophenoxy)-2-pyridinyllurea

N-[(18,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalclchromen-1-yl]-N'-[5-(3-
chlorophenoxy)-2-pyridinylJurea was synthesized analogously to Example 3 from 3-[(6-
amino-3-pyridinyl)oxy]benzonitrile (54 mg, 0.24 mmol) to give 18 mg (yield 31%) of
product as white powder after additional purification by preparative HPLC (XTerra MS

C18 19x100 mm column, water/acetonitrile with 0.05% trifluoroacetic acid).
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N CN 20 4-[(6-nitro-3-pyridinyl)oxylbenzonitrile
5- (3- Cyanophenoxy) - 2-ni tropyri di ne was synt hesi zed
war@kogoesly to Exanple 1 from 3- hydr oxybenzoPCT/EP1063/009872

(0.79, 2.7 mml) to give 555 ng of product (46%
yield). 25 31 WD 2004/021969 PCT/ EP2003/ 009872 'H NWR
(CDCI3): 8.40 (d, 1 H, 8.32 (d, 1 H, 7.77 (d, 2H),
7.56 (dd, 1 H), 7.20 (app d, 2H). Lc-Ms: M 300

H- NMR(EIB)@IPQ 9}41&1<>aephle|) 1943@4(?Ms 101), K88 @\1H), 7.63 (app d, 2H), 7.30

(dd, 18, (é%rw SR B (O B P w), €57 fissh 25, 4.48 (d
1H) 433&% :F-@ %8339 2‘;)%_) %39{%’2@%&“&%“&0 ng) to give

of br own 0|I 10 "H-NWR (CDCI 3): 7.92 (d, 1H),

ppd 2H) 7.21 (dd, 1H), 6.97 (app d, 2H),
EX@"@Z‘%(‘? . 4.56 (br s, 2H). Exanple 16 15 HO F
NNO HFCN N[(1 S1a R -4,7-difluoro-1,1 a, 2

7b-tetrahydrocycl opro(gq\[ chr B 1-VEl - N - [ 5- (4-

N

5-(2-fluorophenoxy)-2-nitropyridine

5-(4-Fluorophenoxy)-2-nitropyridine was synthesized analogously to Example 1 from 4-

fluorophenol (0.3 g, 2.7mmol) to give 326 mg of product (57% yield).
"H-NMR (CDCl3): 8.34 (d, 1H), 8.25 (d, 1H), 7.38 (ddd, 1H), 7.22-7.34 (m, 4H).

Example 17A

5-(2-fluorophenoxy)-2-pyridinamine

5-(4-Fluorophenoxy)-2-pyridinamine was synthesized analogously to Example 2 from 5-
(4-fluorophenoxy)-2-nitropyridine (326 mg) to give 200 mg (70%yield) of product as
white crystals after purification by column chromatography on silica (25 g,
EtOAc/hexane 1:1).

TH-NMR (CDCls): 7.90 (d, 1H), 7.10-7.20 (m, 2H), 7.00-7.06 (m, 2H), 6.88-6.95 (m, 1H),

6.50 (d, 1H), 4.55 (br s, ~2H).
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cyanophenoxy) - 2-pyridinylJurea 20 NN[(1 S, 1
aR 7bR)-4,7-difluoro-1,1
W@ 2@4/pbset r ahydr ocycl opr opa[ c] chr onen- 1-yl | - Ne€T/BP%083/009872
chl or ophenoxy) - 2- pyri di nyl J urea was synt hesi zed
anal ogously to Exanple 3 from 3-[(6-
am no- 3- pyri di nyl ) oxy] benzonitrile (54 ng, 0.24 mol)
to give 18 ng (yield 31 %9 of product as white powder
Examefd €8 additional purification by preparative HPLC
XTerra M5 25 C18 19x100 nmm col utm, water/acetonitrile
wth 0.05%trifluoroacetic a d) 32 WD 2004/ 021969

PCT/ EP2003/ 009872 - ' H NMIN .41 (br s, 1 H,
9.30 (br s, I H, 766@ ,\7 C)appa 2H) ,
7.30 (dd, 1 H), pd, 2 1H,
6.75-6.83 (m 1 657(trd 1H) dd, 1 H),
4.32 (dd, 1 H), I H, 262(br Il H, 1.98
(m I H. 5 Exanplle 1 02N a\N OF / \
5- (2-f1 uor ophenoxy) - 2- nltropyrl di ne 10
N[ SR e s POl betARveTOGYCIoRT B R AL thr%?%fzﬁwn-r\l-ro(z

A ‘ S S
) 6 ng of product (57% vyield). "H NWR
ﬂuomghgmmgﬁéﬁwgﬁ% H. 8.25 (d, 1 H), 7.38 (ddd, 1

7.22-7.34 (m 4H). 15 Exanple 17A 2N OF N

I R AE—————

quoroQﬁéh@%%bXndlﬁylﬁféﬁmvgs 3yhihesized analogously to Example 3 from 5-(4-
| uor ophenoxy) - 2-ni tropyridin to give 200

fluoronberomo%ﬂ pYiifinaming Gduwg, B4 mmql)et%ly@ggnog@rfwfe product as
white Epgggm@izgpe@/ col utm chr omat ography on silica (25 g,

"H-NMR (CDCls): 9.40 (br s, ~1H), 9.39 (br s, ~1H), 7.53 (d, 1H), 7.07-7.26 (m, 4H),
6.93-7.00 (m, 1H), 6.84 (d, 1H), 6.74 (app d tr, 1H), 6.53 (tr d, 1H), 4.43 (dd, 1H), 4.33
(dd, 1H), 3.78 (app q, 1H), 2.57 (brtr, 1H), 1.90-1.97 (m, 1H). LC-MS: M*428, M" 426.

Example 19

OzN@—O F
\_/

5-(2,5-difluorophenoxy)-2-nitropyridine

5-(4-Fluorophenoxy)-2-nitropyridine was synthesized analogously to Example 1 from
2,5-difluorophenol (0.35 g, 2.7mmol) to give 400 mg of product (64% yield).

"H-NMR (CDCl3): 8.35 (br d, 1H), 8.28 (d, 1H), 7.44 (dd, 1H), 7.24-7.28 (m, 1H), 6.96-
7.06 (m, 2H).
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25 "HNWR (CDCI 3): 7.90 (d, 1 H, 7.10-7.20 (m 2H),
7.00-7.06 (m 2H), 6.88-6.95 (m 1 H, 6.50 (d, I H),
wa@283/081969 s, -2H). 33 WO 2004/ 021969 PCT/ EP200B¢DEPRFR009872
Exanple 18 O F Na\N 11 NOFQ FNJ[(1 S1
aR 7bR)-4,7-difluoro-1,1
a, 2, 7b-tetrahydrocycl opropal cl chronen- 1-yll-N -[5-(2-
5 fl uorophenoxy)-2-pyridinyllurea NN[(1 S, 1
Exampl 2BR) - 4, 7-di fl uoro-1,1
a, 2, 7b-tetrahydrocycl opropa[ c] chronen- 1-yl]-N -[5-(4-
fl uorophenoxy) - 2-pyridi nyl yurea was %ynthe5|zed
anal ogously to Exanpl 2 oy ?
f | uor ophenoxy) - 2- pyri di nanite’ (50
give 60 ng of pure product as 10 te powder (64%
yield) 1IHNVR (CDCI3): 9.40 (br g—="=1 H), 9.39 (br s,
7.53 (d, 1 H), 707726F(m 4H), 6.93-7.00

6.84 (d, | H, 6.74 (app d tr, | H), 6.53
5-(2, 5fdnhucaroH)nenmxv)a2-mnd|Hanl_1|)meH) 4(32" (dd, 1 H)H? 3.78

0.24 mmol ) to

(app g, 1 H), 2.57 (br tr, 1 H, 1.90-1.97 (m 1 H).
LC-M5: M+428, M 426. 15 Exanple 19 2N/ OF NF

5-(4-Fludrdphedoxy)dbporidieaming was syhthegizeiddmetodiusly to Example 2 from 5-
Fluoro enox |tropy di ne was synt hesi zed

(2,5 ATy Feo B ae o B BrA7 g o St i sigh Powder.

(0.35 g, 2.7mmol) to give 400 ng of product (64%
yield. "HNWR (CDCI3): 8.35 (br d, 1 H), 8.28 (d, 1
H- NMLIIR (CDCIg): TR, (di 1H), 7.212dd7113] 7.06-71144m, 6HPE.67-6.74 (m, 1H),

6.56-6.52 (m, 1H), 6.53 (d, 1H), 4.44 (br s, 2H).

Example 21

H_<?
N —
q W

F

N-[(1S8,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalclchromen-1-yl]-N'-[5-(2,5-
difluorophenoxy)-2-pyridinyllurea

N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc]chromen-1-yl]-N'-[5-(2,5-
difluorophenoxy)-2-pyridinylJurea was synthesized analogously to Example 3 from 5-
(2,5-difluorophenoxy)-2-pyridinamine (55 mg, 0.24 mmol) to give 40 mg of pure product
as white powder (41% vyield).

"H-NMR (CDCls): 9.50 (br s, 1H), 9.45 (br s, 1H), 7.61 (d, 1H), 7.28 (dd, ~1H), 7.10-7.18
(m, 1H), 6.86 (d, 1H), 6.75-6.84 (m, 2H), 6.61-6.66 (m, 1H), 6.56 (tr d, 1H), 4.46 (dd,
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25 7.06 (m 2H). 34 WD 2004/021969 PCT/ EP2003/ 009872
Example 20 RN OF N F

w®B2(02/05969 f | uor ophenoxy) - 2- pyri di nam ne 5 PCT/EP2003/009872
5- (4- Fl uor ophenoxy) - 2- pyri di nam ne was synt hesi zed
anal ogously to Exanple 2 from 5-

1H), 452 Fdlfel €2 s@"ﬁiyéoﬁ%@r‘ﬂf T AR TRy Y8 1§ wrase

444, 1 H), 7.21 (dd, 1 H), 7.06-7.14 (m 1 H), 6.67-6.74
(m 1 H, 10 6.56-6.52 (m 1 H), 6.53 (d, 1 H), 4.44
(br s, 2H. Exanple 21 HO F, N\ HOF NOO FF

[(1 S 1 aR 7bR)-4,7-difluoro-1,1
Examé%}%b tetrahydrocycl opropal cl chromen-1-yl]-N -[5-(2,5

- d ifluorophenoxy)-2-pyri yllurea NN[(1 S, 1
aR, 7bR) - 4, 7-di f | uor o- @;NE—=\ Y
a, 2, 7Tb-t et rahydrocycl opro ]c i o

1-yl']-N -[5-(2,5- difluoropheno
was synt hesi zed anal ogously to
(2, 5-di fl uor ophenoxy) - 2- pyri di ngm ne (55 ng, 0.24
nmmol) to give 40 ng of pure product as white powder
5-(3,5¢difluosophenaxy)-2HtknRrieeCl 3): 9.50 (br s, 1 H), 9.45
(br s, 1 H, 7.61 (d, 1 H, 7.28 (dd, -1 H, 7.10-7.18
(m 1 H, 6.86 (d, 1 H, 6.75-6.84 (m 2H), 6.61-6.66

5-(3,5(Diflubrdpherfos§p2(iifropyridind vasbyhthdsittbd @%alogously to Example 1 from
3,5-difluorophenol (0.35 g, 2.7mmol) to give 210 mg of product (34% vyield).

"H-NMR (CDCls): 8.38 (d, 1H), 8.30 (d, 1H), 7.55 (dd, 1H), 7.76 (ir tr, 1H), 7.63-6.70 (m,
2H).

Example 23

N7

5-(3,5-difluorophenoxy)-2-pyridinamine

5-(3,5-Difluorophenoxy)-2-pyridinamine was synthesized analogously to Example 2
from 5-(3,5-difluorophenoxy)-2-nitropyridine to give about 200 mg of product as

brown-beige powder.

'H-NMR (CDCls): 7.92 (d, 1H), 7.19 (dd, 1H), 6.54 (d, 1H), 6.39-6.51 (m, 2H), 4.75
(br s, 2H).

Example 24
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WD 2004/ 021969 PCT/ EP2003/009872 | H), 4.32 (dd, 1 H),

3.82 (q, 1 H, 2.59 (br tr, 1 H, 1.93-1.99 (m 1 H).
WO BoME2198-446, M 444. Exanple 22 02N O N P_FPCBEP2003/009872

5- (3, 5-di fl uorophenoxy)-2-nitropyridi ne

5- (3, 5-D fl uorophenoxy)-2-nitropyridi ne was

synt hesi zed anal ogously to Fd(arrpl el from

3, 5-di fl uorophenol (0.3%g,/2. 7mol) to give 210 ng of

product (34%vyietd). 10NFNWR 13): 8.38 (d, 1 H),

8.30 (d, 1 H, 7.55 (dd, 1 - 7 Q@ tr, 1 H,

7.63-6.70 (m N Exgnpl e ™23 a\NNO 15 F

5-(3,5-difluor oXxy):- 2- pyri di nam ne

5- (3, 5- D fl uorqpheroxyy- 2- pyri di nam ne syrﬁ hesi zed
an'ppe 2 from
5-(3,5-di fl uoroghenoxy)-2-nitropyridirne to give about
200 nmg of product as 20 brown-bei ge powder. 'H NWR
(cbCl3): 7.92 (d, 1 H, 7.19 (dd, 1 H), 6.54 (d, 1 H),
6.,39-8. 51 ( 2 4.7, b 2H) . 3

N-[(18,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropa[c]chromen-1-yl]-N'-[5-(2,5-
difluorophenoxy)-2-pyridinylJurea was synthesized analogously to Example 3 from 5-
(2,5-difluorophenoxy)-2-pyridinamine (55 mg, 0.24 mmol) to give 60 mg of pure product
as white powder (61% yield).

"H-NMR (CDCls): 9.70 (br s, 1H), 9.45 (br s, 1H), 7.65 (d, 1H), 7.28 (dd, 1H), 6.90 (d,
1H), 6.77-6.85 (m, 1H), 6.51-6.61 (m, 2H), 6.39-6.46 (m, 2H), 4.48 (dd, 1H), 4.32 (dd,

1H), 3.83 (g, 1H), 2.60 (br tr, 1H), 1.94-2.10 (m, 1H).

Example 25

5-(2,3-difluorophenoxy)-2-nitropyridine

5-(2,3-Diflucrophenoxy)-2-nitropyridine was synthesized analogously to Example 1 from
2,3-difluorophenol (0.3 g, 2.7mmol) to give 210 mg of product as white powder (34%
yield).

'H-NMR (CDCls): 8.37 (d, 1H), 8.27 (d, 1H), 7.45 (dd, 1H), 7.13-7.23 (m, 2H), 7.13-7.02
(m, 1H).
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N[(1 S | aR 7bR)-4,7-difluoro-1,1 a, 2, 7b-tetrah
drdrrocycl opropa cl chromen-1-yl|-N -[5-(3, 5-
waledokerdephenoxy) - 2-pyridinyl Jurea ) 5 N[ (] SpAT/EP2003/009872

aR, 7bR)-4, 7-difluoro-1,1

a, 2, 7b-t et r ahydr ocycl opropa[ c] chronen- |

- [5-(2,5- difluorophenoxy)-2-pyridinyl]urea was
Examg)/ %ﬁe& zed anal ogously to Exanple 3 from 5-

(2 5-di f | uor ophenoxy) - 2- py&=di nam ne (55 ng, 0.24

nmmol) to give 60rTg|qu . Fas white powder

(61 %yield). 10 ' H NVR (DG 0 (br s, 1 H),

9.45 (br s, 1 H, 7.65 (d, 1H) (dd, 1H) 6. 90

(d, 111), 6.77-6.85 (m 1 H), 6 561 (m 2H),

6.39-6.46 (m 2H), 4.48 (dd, 1 H)4 32(dd 1H,

5-(2.3%fdo e?\o-—ﬁi'ig{:’l"') 1.94-2.10 (m 1 H).

5- (2 3-di fl uorophenoxy)-2-nitropyridine

3-Di fl uorgphenoxy) - 2-ni tropyri di ne
5-(2, %9%@&@%@@%&@@&@@rned/v@aym%@&ze@ .a@mog@@lsly to Example 2

from ?r—géggddhflu%‘rg Ptsgﬂl L2 &gro?p%? g ﬁ)%}o ﬁqﬁ%%)sttooglgé \&%&%‘g\wgéuot as

broerpGWd(ad 1H), 8. 27 (d, 1 H, 7.45 (dd, 1 H),
7.13-7.23 (m 2H), 7.13-7.02 (m 1 H. 25 37 WO
2004/ 021969 PCT/ EP2003/ 009872 Exanple 26 HAN N O F F

H- Nl\ﬁRg(éD”t@ f7lam(ePheN 20 (‘d%l’ AWM SIBAFOG @O 2H), 6.62-6.68 (m, 1H), 6.52

f i uor ophenoxy) - 2- pyri di nam ne was synt hesi zed
(dd, 1&hat d9@dbsby2Hd Exanpl e 2

Example 27

N-f(1 §,1 aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalclchromen-1-yl]-N'-[5-(2.,3-
difluorophenoxy)-2-pyridinyllurea

N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc]chromen-1-yl]-N'-[5-(2,3-
difluorophenoxy)-2-pyridinyljurea was synthesized analogously to Example 3 from 5-
(2,3-difluorophenoxy)-2-pyridinamine (55 mg, 0.24 mmol) to give 50 mg of pure product
as white powder (51% yield).

"H-NMR (CDCls): 9.49 (br s, ~1H), 9.40 (br s, ~1H), 7.58 (d, 1H), 7.27 (dd, ~1H), 9.93-

7.06 (m, 2H), 6.86 (d, 1H), 6.74-6.81 (m, 1H), 6.66-6.72 (m, 1H), 6.56 (tr d, 1H), 4.45
(dd, 1H), 4.32 (dd, 1H), 3.82 (q, 1H), 2.59 (br tr, 1H), 1.92-1.99 (m, 1H).
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from5-(2,3-difl uorophenoxy)-2-nitropyridine (210 ny)
to give 180 ng of product as brown powder. 'H NWR
wWQo B@TBiws9 7. 92 (d, 1 H), 7.20 (dd, 1 H), 6.384-PCPBPIN3/009872
2H), 6.62-6.68 (m 1 H), 6.52 10 (dd, I H), 4.40 (br
S, 2H). Exanple 27 HO F N OF Na\N ZF OF 15
e 48 - 7bR)-4,7-difluoro-1 ,1
LC‘M?’%%@ é/{ ?’Eﬁydr ocycl opr opa[ cl chr onen-
1-yl1-N -[5-(2, 3- difluorophenoxy)-2-pyridinyllurea
N-[&l S,1 aR 7bR)-4,7-difluoro-1,1
Example 28p- t et r ahydr ocycl opropa[ c] chronen-1-yl]-N -[5-(2, 3

- di fl uorophenoxy) - 2- pyri djizayl Jurea was synt hesi zed
anal ogously to Exanpl @@._@5020
(2,3-difl uorophenoxy)-ﬁ-p\ﬂ' | nalyine (55 ng, 0. 24
mol) to give 50 ng of pure prodd as white powder
(51 %yield). 'H NW (CDC13): 9.4
(br s, -1 H, 7.58 (d, I H, 7.27 (dd, -1 H), 9.93-
7.06 (m 2H), 6.86 (d, | H), 6.74-6.81 (m 1 H),

5-(3 BdBrofoptnony)-d-iffop\Bidhe (tr d, | H, 4.45 25 (dd, 1
H, 4.32 (dd, T H, 3.82 (q, 1 H, 2.59 (br tr, I H),
1.92-1.99 (m | H). 38 WD 2004/ 021969

itro

5—(3,%%@?%8@%0@(%?—%% bﬁid\ﬁé w'\ﬁg4ékﬁﬂhé\4'izéh4§nalgégﬂplg/efo21':§<ample 1 from

3,4-difluorophenol (0.35 g, 2.7mmol) to give 230 mg of product (37% yield).

"H-NMR (CDCls): 8.33 (d, 1H), 8.27 (d, 1H), 7.44 (dd, 1H), 7.23-7.31 (m, 1H), 6.97-7.03
(m, 1H), 6.85-6.91 (m, 1H).

Example 29

5-(3,4-difluorophenoxy)-2-pyridinamine
5-(3,4-Difluorophenoxy)-2-pyridinamine was synthesized analogously to Example 2
from 5-(3,4-difluorophenoxy)-2-nitropyridine (230 mg) to give 160 mg of product as

brown oil.

"H-NMR (CDCl3): 7.89 (d, 1H), 7.19 (dd, 1H), 7.07 (app g, 1H), 6.72-6.79 (m, 1H), 6.61-
6.67 (m, 1H), 6.54 (d, 1H), 4.46 (br s, 2H).

Example 30
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F 5 5-(3,4-difluorophenoxy)-2-nitropyridine
5-(3,4-D fl uorophenoxy)-2-nitropyridi ne was

wa gz ed anal ogously to Exanple 1 from PCT/EP2003/009872
3, 4-di fl uorophenol (0.35 g, 2.7mvol) to give 230 ng of
product (37%yield). 10 1H—NNR (CDCI3) 8.33 (d, 1 H,

8.27 (d, 1 H), 7.44 (dd, 1 Hy, 7.23-7.31 (m 1 H),
6.97-7.03 (m 1 H), 68%‘/<91 1 Hy. Exanple 29
HONO NF F 15 F

5- (3, 4-difluoroph
5-(3,4-Difluoro
anal ogously to
5-(3,4-dif|uoroph

noxﬂ 2-ni tropyri di 30 ng)

to.give 160 ng of Fproduct as brown oil. 20 1H NMWR
(CDCI3): 7.89 (d, 1 H, 7.19 (dd, 1 H), 7.07 (app q, 1
H),672679(m1H),661 667(m1H) 654(d

dlfluo&FbrVetrB)(vélﬂpvﬂdf dvulgrea 1 1
2, 7Tb-t et rahydrocycl opr opa{cl chronmen-1-yl|l-N -f5-(3,4

N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropa[c]chromen-1-yl}]-N'-[5-(3,4-
difluorophenoxy)-2-pyridinyllurea was synthesized analogously to Example 3 from 5-
(3,4-difluorophenoxy)-2-pyridinamine (55 mg, 0.24 mmol) to give 60 mg of pure product
as white powder (61% vyield).

"H-NMR (CDCla): 9.50 (br s, ~1H), 9.45 (br s, ~1H), 7.60 (d, 1H), 7.25 (dd, ~1H), 7.12
(app q, 1H), 6.87 (d, 1H), 6.73-6.83 (m, 2H), 6.62-6.68 (m, 1H), 6.56 (tr d, 1H), 4.46 (dd,
1H), 4.32 (dd, 1H), 3.82 (q, 1H), 2.60 (br tr, 1H), 1.93-2.00 (m, 1H). LC-MS: M*446, M"
444,

Example 31

CN

2-fluoro-4-[(6-nitro-3-pyridinyl)oxylbenzonitrile

2-Fluoro-4-[(6-nitro-3-pyridinyl)oxy]benzonitrile was synthesized analogously to
Example 1 from 2-fluoro-4-hydroxybenzonitrile (0.37 g, 2.7mmol) to give 80 mg (13%
yield) of product after additional purification by preparative HPLC (XTerra MS C18

19x100 mm column, water/acetonitrile with 0.05% trifluoroacetic acid).

"H-NMR (CDCls): 8.43 (d, 1H), 8.37 (d, 1H), 7.67-7.76 (m, 2H), 6.97-7.04 (m, 2H).
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di f 1 uor ophenoxy)-2-pyridinyl]Jurea 5 N[(1 S, 1
aR 7bR)-4,7-difluoro-1,1
W@ 2@4/pbset r ahydr ocycl opr opa[ c] chronen- 1-yl | - Ne€T/BP1083/d09872
- di fl uorophenoxy)-2-pyridi nyl Jurea was synt hesi zed
anal ogously to Exanple 3 from 5-
(3, 4-di f | uor ophenoxy) - 2- pyri di nami ne (55 ng, 0.24
nmol) to give 60 ng of pure product as white powder
Examdfid 3% yield). 10 1HNWR (CDCI 3): 9.50 (br s, -1 H),
.45 (br s, -1 H) 7.60 (d, 1 H, 7.25 (dd, -1 H),

7.12 (app gq, 1 H), 6.87 , , 6.73-6.83 (m 2H),
6.62-6.68 (m 1 H), 6. ‘tr H, 4.46 (dd, 1 H),
4,32 (dd, 1 H, 3.82 (q, : (br tr, I H),
1.93-2.00 (m | H). LC—I\/S M+446 B4, 15 Exanple
31 02N-~'~Zz O NF CN
2-fluoro-4-1(6-nitro-3-pyridinyl)oxytNbenzonitrile 20
2- Fl uqr o- 4- tr

4162 Sy L ; ri dln A )l())éy] bs?g;)nm trile was

2-fluoro-4- hydroxybenzonltrlle (0.37 g, 2.7mmol ) to
give 80 ng (13% vyield) of product after additional
4-[(6- amih®1'3eay|iidinylngyﬂrﬁe‘pmrabémnﬂﬁwemnﬂ"@smd@nﬁogously to

xarms PR g ae E AEr A é@%ﬂﬂkﬁ%h' FeECa) leg(73mgto give 56 m of

produjdﬁ)as Bedrk l6r%wrldiﬂ 7.67-7.76 (m 2H), 6.97-7.04 (m
2H). 40 WD 2004/ 021969 PCT/ EP2003/ 009872 Exanple 32

2N, O NF
"H-NMR (CDClg): 7.91 (d, 1H), 7.53 (dd, 1H), 7.21 (dd, 1H), 6.80 (dd, 1H), 6.71 (dd,
1H), 6.59 (d, 1H), 4.70 (br s, 2H).

Example 33
e
1 S VG
\\\\"q H \ /
F
o
F CN

N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalclchromen-1-vi}-N'-[5-(4-

cyano-3-fluorophenoxy)-2-pyridinyllurea )

N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropac]chromen-1-yl]-N'-[5-(4-
cyano-3-fluorophenoxy)-2-pyridinyljJurea was synthesized analogously to Example 3
from 4-[(6-amino-3-pyridinyl)oxy]-2-fluorobenzonitrile (58 mg, 0.24 mmol) to give 46 mg
of pure product as white powder (46% yield).

"H-NMR (CDCls): 9.77 (br s, ~1H), 9.45 (br s, ~1H), 7.70 (d, 1H), 7.58 (app tr, 1H), 7.32
(app dd, 1H), 6.93-6.99 (m, 1H), 6.75-6.85 (m, 2H), 6.70 (app d tr, 1H), 6.54-6.62 (m,
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CN 4-[ (6-am no- 3-pyridi nyl)oxy]-2-fluorobenzonitrile

5 4-[(6-am no- 3-pyridi nyl )oxy] -2-fl uorobenzonitrile
woa®4syrehesi zed anal ogously to Exanple 2 fr oP€T/EP2003/009872

2-fluoro-4-[(6-nitro-3-pyridinyl)oxy]benzonitrile (70

ng) to give 58 ng of product as a dark brown oil. 10

1, FERRE SP3hied i 4 bt 9t 38 B0 s . .

Lc-mB) M*4530M bs1s, 2H). Exanple 33 FHo \,, a NF O15

FCN NJ[(I S, | aR 7bR)-4,7-difluoro-1,1

a, 2, 7b-tetrahydrocycl opropa[ cl chronen- 1-yll-N -f5-(4-

- 3-fl uorophenoxy) - 2-pyridinyl]Jurea ) N[(1 S, 1

Exami’g??%R) -4,7-difluoro-1,1

a, 2, 7b-t et rahydr ocycl oprop chromen-1-yl]-N -[5-(4-

20 cyano- 3-fl uor ophenw)—@é—@nyl FUrea was

synt hesi zed anal ogously to npl €

4-[ (6-am no- 3-pyridi nyl) oxy] -2-Ffl 4 enzonitrile (58

ng, 0.24 nmmol) to give 46 ng of p product as white

powder (46% yield). "HNWR (CDClI 3): N77 (br s, -1 H),

9.45 (br s, -1 H), 7.70 (d, 1 H), 7.5% (app tr, | H),

: , d, | .d.6.93-6.99(m 1 H), 6.75-6.85
gt XGRYLOIN® 1y 6.54-6.62 (m 41 WO

2004/ 021969 PCT/ EP2003/ 009872 | H), 4.50 (dd, | H),

~4.31 (dd, 1 H, 3.85 (br. g, 1 H, 2.63 (br tr, 1 H

2-nitra-56(@. 4 SetgflgetopheRpxy )Py adine: wad- agghesized gnalogeasiy te Ea@mple 1

from Q,%I,\é—ﬂ}ffyoré%lfenol (0.4 g, 2.7mmol) to give 310 mg of product (47% yield).

"H-NMR (CDCl3): 8.36 (d, 1H), 8.28 (d, 1H), 7.42 (dd, 1H), 6.89 (app tr, 2H).

Example 35

5-(2 ,4.6-trifluorophenoxy)-2-pyridinylamine

4-[(6-amino-3-pyridinyl)oxy]-2-fluorobenzonitrile was synthesized analogously to
Example 2 from 2-nitro-5-(2,4,6-trifluorophenoxy)pyridine (310 mg) to give 280 mg of
product as brownish powder after purification by filtration through the short pad of silica.

"H-NMR (CDCls): 7.83 (d, 1H), 7.15 (dd, 1H), 6.77 (app tr, 2H), 6.48 (d, 1H).

Example 36
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FO 5 F 2-nitro-5-(2,4,6-trifluorophenoxy)pyridine

2-nitro-5-(2,4,6-trifluorophenoxy)pyridi ne was
waymilewszed anal ogously to Exanple | from  PCT/EP2003/009872

2,4,6-trifluorophenol (0.4 g, 2.7mol) to give 310 ny

of product (47%yield). 10 1H—NNR (CDCI3): 8.36 (d, |

H, 8.28 (d, 1 H, 7.42 (dd , 6.89 (app tr, 2H).
Exanple 35 2N O F N FO

5(246tr|fluorop=henoxy} 2 yrj Iamne
4-[ ( 6- amnoSpyrllnyI xy]Eé uo shzonftrile was
anmy 2fr

Iuor-ophenoxy) py Fi-€ 310 ny) to
gi ve 280 ng of 20 produrt as browni sh powd€r after
purification by filtration through the shor pad of
silica. "H NWVR ( 3): 7.83 (d, 1I—|) 7.15 (dd, 1

1 aFﬁ?BR Mﬂpiailﬂdoroﬂl'ﬂa 267b4’t%tréﬁ| drbc N4 % |c§ro?rﬁlerj‘3-
(2461-frl‘f|(UOFODh¢er'X‘V)-Q nvrgimlhmm 7-difluoro-1,1
a, 2, 7b- tetrahydrocycl opropa[cl chronen- 1- yI] N -[ 5-
(2,4,6-trifluorophenoxy -2-pyridinyl]urea
N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropa[cjchromen-1-yl]-N'-[5-

(2,4,6-trifluorophenoxy)-2-pyridinyllurea was synthesized analogously to Example 3

from 5-(2,4,6-trifluorophenoxy)-2-pyridinylamine (59 mg, 0.24 mmol) to give 25 mg of
pure product as white powder (24% yield).

"H-NMR (CDCls): 9.40 (br s, 1H), 9.10 (br s, 1H), 7.51 (d, 1H), 7.23 (dd, 1H), 6.72-6.87
(m, 3H), 6.55 (tr d, 1H), 4.44 (dd, 1H), 4.31 (dd, 1H), 3.83 (g, 1H), 2.58 (br tr, 1H), 1.91-

1.98 (m, 1H). LC-MS: M*464, M" 462,

Example 37

(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropa[clchromen-1-amine

(1S,1aR,7bS)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropaclchromene-1-carboxylic acid
(0.5g, 2.2mmol, ~ 95% ee) was mixed with toluene (3 ml), triethylamine (0.34 mli,
1.1eq), DPPA (0.52 ml, 1.1eq) and bubbled with argon for about 5 min. The reaction
mixture was then heated at stirring at 120°C for 1.5 h under argon. The temperature
was then decreased to 50°C and a mixture of 3 ml of 10% hydrochloric acid in 10 ml
dioxane was added. The reaction mixture was stirred for 2 h at 50°C and then

concentrated by rotary evaporation. The residue was mixed with water ant diethyl ether.
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N-[ (1S, 1aR, 7bR) -4, 7-di fluoro-1,1a, 2, 7b-tetrahydrocycl o
w@e@pawpehr omen-1-yl]-N -[ 5- PCT/EP2003/009872

(2,4,6-trifluorophenoxy)-2-pyridinyl]urea was

synt hesi zed anal ogously to Exanpl e 3 from

Wategpbasarah ol ectga ANCDBASEb T AG% B3P HRUS ETREORR D GH 11 and
extra@l)glﬂ‘?rgb %ﬁd'o/@k?@'rﬂp) &%W%aﬁ%@es \ﬁer‘éqNéQﬁecﬁ%ltﬂ water and

, (.23 ,
brine @nd2irigd&¥er (nagritdiumes biate.tContentratipn by ratary @vaparatipn gave 310

tr
mg oflqry%eﬁoiq%ct@%yeﬂomooraﬁ%ew %MEU%QN auf'flséaﬁ%%'”?ﬁ
%&ﬂ% AR DRy -ove220 @féblérléss oil (50%

chroni%’_’tg’ﬁ - e‘%”rglﬁ% o(?)g/clgg%bgﬁgjf gl chr%rrer%ﬂv am nng( (
yield)aR, 7bS) -4, 7-di fluoro-1 ,1

a, 2, 7b-t et rahydr ocyci opr opa[ cj chronene-1 -carboxylic

acid 20 (0.5g, 2.2mmol, - 95%ee) was m xed with
! %@m@ CR ddd rirey, BVBCALH 8211494381 (dd, 1H)L4SB) (ddDPRA 2.97 (tr,
H-NRY n{?)( I an)gl ubg‘r | ed Wlpth asdgon f)gr ab(out i (
1H), B(amhér ﬁb'éci |7gr(m rﬁh'(l;l]r%'-% (s, 2hen heated at stirring

at 120C for 1.5 h under argon. The tenperature was

then decreased to 50C and a m xture of 3 m of 10%
Exan{pygeechl oric acid in 10 1 di oxane was added. The

reaction mxture was stirred for 2 h at 50C and then

25 concentrated by rotary evaporation. The residue was

m xed with water ant dieth ether. 43 WD 2004/ 021969

PCT/ EP2003/ 009872 r wgs col | ected and

basi fied with 28% aquéous niayto pH 11 and

extracted into ether (3x2 ). Cgnb\ned organic

phases were washed with water an me- and dried

over nmagnesi um sul fate. ConcentratFen by rotary

evapor at i on gave 310 of . crude product as yell ow

5-(3-Hiqaplaengny)-2 “ﬁ@i‘{ﬁ@@ﬂﬁg@ﬁlﬂ%rlfl ed by colum 5
chromat ography on silica (30 g, EtQAc/hexane 1:2) to
give 220 ng of colorless oil (50% vyield).

5-(3-Fluorophenoxy)-2-pyridinamine (210 mg, 1 mmol) was dissolved in dry degassed

methylene chloride (5 ml) and thiophosgene (0.11 ml, 1.3 mmol) was added through
syringe during 5-10 min to the stirred solution. Pyridine (0.18 ml, 2 mmol) was added
to the reaction mixture right after the addition of thiophosgene and the reaction mixture
was stirred at ambient temperature for 1.5-2 h. Then the reaction mixture was poured
into water (15 ml) and extracted into methylene chloride (3x20ml). Organic extract was
washed with water and brine and dried over magnesium sulfate. Solvent was then |
removed by rotary evaporation and the oil obtained was purified by column
chromatography on silica (30 g, EtOAc/hexane 1:3) to give 190 mg of pure product as
dark brown-purple solid. Yield 75%.

'"H-NMR (CDCl3): 8.20 (d, 1H), 7.30-7.37 (m, 2H), 7.10 (d, 1H), 6.89 (dd tr, 1H), 6.80
(app dd, 1H), 6.74 (d tr, 1H).

Example 39
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1H NVR (CDCl 3): 6.85 (ddd, 1 H), 6.60 (tr d, 1 H,

4.51 (dd, 1 H4), 4.33 (dd, 1 H), 2.97 (tr, 1 H, 2.28
w@app/oerded |l H)y, 1.71 (m | H), 1.23 (br s, 2H)PCLBP2003/009872
Exanple 38 SCN O N/ \ F 5-(3-fluorophenoxy)-2-isoth

I ocyanatopyrid ine 15

5- (3- Fl uor ophenoxy) - 2- pyri di_nam ne (210 ng, | mmol)

was di ssolved in dry ssed \net hyl ene chloride (5

m ) and thi ophosgene (‘0711 /1.3 mmol ) was added

through syringe during 5-18™min t e stirred .

solution. Pyridine (0.18 m, 2 s added to the

reaction mxture right after the adgdition of

t hi ophosgene and the reaction m xturecRO was stirred

at anbient tenmperature for 1.5-2 h. Then the reaction
4-[(6rscthiacyanate-FroyrdmypKylbenadritile 15 n1) and extract ed

into nethylene chloride (3x20rr1) Organi c extract was

washed with water and brine and dried over nagnesi um

4-[(69sdthRicyanSel-3-pytidimgs)ok ]@@nzbmfm@a@s@ynﬂﬁsﬁad analogously to

evaporation and the oi obt ai ned was purifie

Exangplp i ror@rﬁrﬂﬁearam%wnawy&)pw eangatitrie (2€t5cm9; H&mﬁ@o!) to give

o B T PRI 5 o

(d, 1 ,730737(m 2H), 7.10 (d, 1H) 689(dd

H-NR (PP 25 (! BBoPe 4aBiad), Be T sty Tibody B (). 7.06 (app

d, 2|_§¢_ XO CN
-[ (6-1sot hi ocyanat o- 3- pyri di nyl ) oxy] benzonitrile

4-[ (6-1sot hi ocyanat o- 3- pyri di nyl )oxy] benzonitril e was
Exanjc’@/lnt Z)esi zed anal ogously to 5 Exanple 38 from
= -am no- 3- pyri di nyl ) oxy] benzonitrile (275 ng, 1.3
mol) to give 160 ng of pure product as brown-bei ge

powder (49%vyield).
SCNOO
N / A
7 N

2-isothiocyanato-5-(3-pyridinyloxy)pyridine

2-Isothiocyanato-5-(3-pyridinyloxy)pyridine was synthesized analogously to Example 38
from 5-(3-pyridinyloxy)-2-pyridinamine (200 mg, 1 mmol) to give 110 mg of pure product
as orange-pink oil (45% yield).

TH-NMR (CDCly): 8.43 (tr, 1H), 8.42 (tr, 1H), 8.22 (d, 1H), 7.31-7.36 (m, 3H), 7.11 (app
d, 1H). LC-MS: M* 198.

Example 41
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1IH-NVR (CDCI 3): 8.25 (d, 1 H), 7.67 (app d, 2H), 7.41

(dd, 1 H), 7.15 (d, 1 H, 7.06 (app d, 2H). 10
wezaapkwmesl0 SCN, O N N 15 PCT/EP2003/009872

2-i sot hi ocyanat o- 5- ( 3- pyri di nyl oxy) pyri di ne

2-1sot hi ocyanat o- 5- ( 3- pyri di nyl oxy) pyri di ne was

synt hesi zed anal ogously to anple 38 from

5- (3- pyridi nyl oxy) - 2- pyrH—li{\am ne (200 ng, 1 nmol) to

give 110 ng of pwgre prod’ﬂc nge pink oil (45%
yield). 201H—N(C%ﬁl @ H, 8.42 (tr,
I H), 8.22 (d, \\ 31-7. 3H), 1 (app d,

1 H..LCM . Bdéanpl e 41 25 45 X004/ 021969
PCT/ EP2003/ 0098%2 O»S’F N- 0 N~\\ NOF
F Nf (1 S 1 aR|7bR)-4,7-difluoro-1,1

a, 2, 7b- tetrahydrEcycI opropaFcI chromsn 1-yll-N -f5-(3-

N-[(1é!§%%2,8ﬁ§—q%mﬂuorogy adﬁ %l rahv rro%eclopr(opaﬁi%hromen-‘l-vl]—N'-[S—(B-

fluoro@)h%nwv)f—gipﬁ/ﬁbhﬁ‘?ﬂtﬁ@(%é’pfOpa[ c] chronen-1-amine (20 ny,
. I mmol) was dissolved in dry acetonitrile (1 m) and

5 (3-fluorophenoxy)-2- isothiocyanatopyridine (25 ny,
(18,18%76&?&%-%30%9%?g,f‘?‘tsj-tétjpe'ﬂn);o%&gélc?&o%f&ﬁ&{rgm\%§1-amine (20 mg,

0.1 mmol) was dissolved in dry acetonitrile (1 ml) and 5-(3-fluorophenoxy)-2-

isothiocyanatopyridine (25 mg, 0.1 mmol) was added and the reaction mixture was
stirred at ambient temperature for 12 h. The precipitate formed was collected by
filtration and washed with acetonitrile and diethyl ether to give 17 mg (38%yield) of pure
product as beige powder.

"H-NMR (CDCl3): 8.21 (brs, 1H), 7.45 (br d, 1H), 7.28-7.34 (m, 2H), 6.87 (d tr, 1H), 6.79
(tr d, 1H), 6.72 (app dd, 1H), 6.56-6.69 (m, 3H), 4.46 (dd, 1H), 4.34 (dd, 1H), 4.17 (br q,

1H), 2.72 (br tr, 1H), 2.06-2.13 (m, 1H).

Example 42

N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc]lchromen-1-yl]-N'-[5-(4-
cyanophenoxy)-2-pyridinyl]lthiourea

N-[(18,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc]chromen-1-yl]-N'-[5-(4-
cyanophenoxy)-2-pyridinylJthiourea was synthesized analogously to Example 41 from 4-
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stirred at anbient tenperature for 12 h. The

precipitate fornmed was collected by filtration and
wor@heeiioes t h acetonitrile and di ethyl ether toPQi/ER20037009872

ng (38%ield) of pure' 10 product as bei ge powder. 1

H NVR (CDCI 3): 8.21 (br s, 1 H), 745(br d, 1H,

6-is£ﬂn?080é/£;?%td-§g%y @E)ylpxg}?)en%og%rllg ég}_r%gn CP %,[Bmo )fttglglv(edgio mg (88%
yield)df; pLﬁegﬁo&iQ& ad bé’l@e ~vhite/pdREed, 1 H, 2.72 (br tr,

H) , 2.13 (m 1 H. 15Exanp|e428 F,NHHO

Q) F CN N-IOSlaR?bR)47d|quorol I

NG LRSS ST PR RCPER defpn7 ool 795 e

1H), 'bOB)(d41l¥I)d6 o8l appl‘dQ2H} 6.78 (d tr, 1H) 659 (d r, 1H) 448 (dd 1H) 4.33
t et rarﬁldr ocy pr LO]é% B!E g
(dd, 1&§/aﬂo¥9r1€?fc96y1) 22|c7)ﬁ'r(|bd|’frnﬂll'6t u2é§ (Wa§ |‘§yln(t3ﬂ\é§| ¢4
anal ogously to Exanple 41 from 4- 46 WO 2004/ 021969
PCT/ EP2003/ 009872
Exanfp{é&4Bsot hi ocyanat o- 3- pyri di nyl ) oxy] benzonitrile (52
ng, 0.2 mol) to give 80 ng (88% vyield) of pure
product as bei ge-white powder,” ' HNVR (CDCl 3): 11.50

(d, I H, 9.78 (s,gl H, N ( 2H), 7.53 (d, 1
H, 7.35 (dd, 51H) oom-@ H)/>——6098(app d,
2H), 6.78 (d tr, 59 (B try—/ H),)4.48 (dd, 1

H, 4.33 (dd, 4 19 (br q, 1 H, Z/748¢br tr, 1
H, 2.08-2.16 ( o-LC-MB: M 449. Exanple 43 H'S
FN- p4

F
N-[(1S.,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalclchromen-1-yl]-N'-[5-(3-

pvridinyloxy)-2-pyridinylithiourea

N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropajc]chromen-1-yl}-N'-[5-(3-
pyridinyloxy)-2-pyridinyljthiourea was synthesized analogously to Example 41 from 2-
isothiocyanato-5-(3-pyridinyloxy)pyridine (58 mg, 0.25 mmol) to give 40 mg (37% yield)

of pure product as beige powder.

"H-NMR (CDCls): 11.48 (d, 1H), 9.47 (br s, 1H), 8.42 (dd, 1H), 8.39 (d, 1H), 7.45 (d,
1H), 7.32 (app dd, 2H), 7.24 (ddd, 1H), 6.90 (d, 1H), 6.78 (app d tr, 1H), 6.57 (d tr, 1H),
4.46 (dd, 1H), 4.33 (dd, 1H), 4.18 (br g, 1H), 2.72 (br tr, 1H), 2.28 (app ddd, 1H). LC-

MS: M* 427, M 425.
0O =
0 JL - /Q\l
NHHN—  )—0
R N
F
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HNON o F 1o rocyclo pro
cl pa[cl chromen-1-yl|-N -f5-(3-
WQERooHa2199d oxy) - 2- pyridinyl Il thiourea N-[ (1 S, 1 PCT/EP2003/009872
aR, 7bR)-4, 7-difluoro-1,1
a, 2, 7b-t et rahydr ocycl opropa[ c] chronen-1-yl]-N -[ 5-( 3-

N-(15 PR P BYA0OX U U 1 8 Aty R S I o8I B HeAEFLyr1-N-15-

(pyridingleixiy)-ocyaidihdied 3- pyri di nyl oxy) pyri dine (58 mg, 0.25
nmmol) to give 40 ng (37%yvyield) of pure product as
bei ge powder. 1H-NI\/R(CDCIS) 11.48 (d, 1 , 9.47 (br

(1S 1@?@ ( aztpg%dﬁ@oréﬁfrla,%,g@ garcfémo]p %&%[Cc)?cp?'@méﬁe 1Lcdhoxylic acid

(226 g/ 8.1 ampol), B+(pyrdikg-3- 360@7) fyatidime-24yl&inine, ZDPHMZQ?( gdd,(97 %) and

18 (b 1 H, 2.72 (br t
tf'““#%%“ﬁﬂé"(%ﬁﬁ%”%“ 06 N 427, M o425,

Tolueﬁé?@ﬂ?ﬂ@ oA (aated to PebuxFo0s NN Qo ert vias rethoviesar thE crude
47 "WO 2004/ 021969 PCT/ EP2003/ 009872 N-(1S

produgtaRad bi‘iiasod\/e'd (] ethulcﬁqgata_te Ea@l washed with Hélaq (0.01 M), water and

brine. Lﬂiﬂ%t@;! )ﬁyrc&;%g @1){ (:sdcc%;é)e( %th]e;rﬂ"/%'n%th&ﬁél (BYidr%os
methafn% 2)7 e Bure ﬁ#cfd'u@@@@'rﬁg 120 %)

-tetra ydrocyclopropa[c]chronene 1-carboxyl ic
aC|d 5 (226 ng, 1.1 nnDI)

1H-N|\/?@g&3;3éld-irqﬁ§o§p¥é Qﬁé S TB08 gcféﬁé@g‘é‘?gl DB &2 (mPhH), 7.61 d,

1H), 7IS09ePE (f32H), d- mde@(rgdmg) 8.601G.%6 {00r, 280)76.6THR54 (m, 1H), 4.46
WwWas I enn t
(i, 1A SRl ) RV D0E 2 e RB S g (0. 01

M, water and

Additional left wings.

The following left wings are coupled to any of the above novel right hand wings
analogously to Example 3 and/or 38 and/or 41 and/or with an activated 5-substituted-
pyridin-2-yl, such as the corresponding imidazole-1-carbothioic acid (5-substituted-
pyridin-2-yl)amide as described in EP 540 143

Example 44
a) +cis-1,1a,2,7b-Tetrahydro-cyclopropa[c]chromene-1-carboxylic acid ethyl ester.
To a mixture of 2H-chromene (4.89 g, 37 mmol) and (CUOTf)g-benzene (186 mg, 0.37

AN

[0}

mmol) in 1,2-dichloroethane (80 mL) at 20 °C, was added dropwise (3h) a solution of
ethyl diazoacetate (8.44 g, 74 mmol) in 1,2-dichloroethane (20 mL). After 15 min at 20
°C, the reaction mixture was washed with H20 (100 mL). The H2O phase was washed

with CH2Clz (50 mL) and the solvent of the combined organic phases was removed

under reduced pressure. The crude product was column chromatographed (silica gel,
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brine. Purification by chromatography (silica gel,

et her - 2% net hanol et her-5% 1o net hanol) gave pure
w@e@dozef 80 ng, 20 %9 1H NVR (CDCl 3- MeCD) : 9. BCT/BP2083/009872

1 H, 8.49 (broad s, I H), 8.40-8.37 (m 2H), 7.61 (d,

1 H, 7.30-7-27 (m 2H), 723719(m1H) 6.82-6.76

20—>% é, E@@E in geé%)n? 4t<§ @vg)]’l 5%94@4% of( 1]’|§31}_%§b§l @%ydro-
cyclo@%pé‘[c}%ror%@nédﬂbéi lic ééigjtetme%er JAIFS‘CS‘?'é | gﬁgoﬁh%ﬁ%ns-

gs are coupl ed ny 0 ove novel
1 1a@47rtgtetremyalr@@guls>byonajc]ﬁhmrpéme-3 -cantorylicIxidpthybesiét as a
and/or with an activated 5-substituted- 20
byprediGtdi n-2-yl, such as the correspondi ng
i m dazol e-1-carbothioic acid (5-substituted
pyridin-2-yl)am de as described in EP 540 143 Exanple
H- -N¥R @3DEI9-1.26 (d, 1H), 7.10 (dd, 1H), 6.90 (dd, 1H), 6.78 (d, 1H), 4.49 (dd, 1H),

ool I A ALY SR FOR AR cm o

(4 89 g, 37 mml) and (CuOrIf) 2- benzene (186 ng, O0.37
yo m’ml%S in 1,2-dichloroethane (80 nL) at 20 C,

b) Wd$) gl@dbdad?r lpﬂ@laah(ysrg cml@mqma{anhr@rnerrﬁ—m-y:larboxyhc acid.
di azoacetate (8.44 g, 74 nmol) in 1,2-dichloroethane

(20 m). After 15 min at 20 C the reaction mxture
was washe (100 nmL.). The H20 phase was washed
with CH2 50 L) and the solvent of the conbined
organi c es Was renoved 30 under reduced pressure.

The crude product was col unm chromat ographed (silica
gel, 48 WD 2004/ 021969 PCT/ EP2003/ 009872 20-->50%

A mlﬁU@A@f (H)-diee X areg® 7bt—t@t|ghy@rolcﬂﬁo;§roba&ﬂ@hroﬁqe©les+ d;arboxyllc acid ethyl

7b- tetrah dr o- cI opro éc]chrorrene l-carb k?l
esterd1 199 a1 PRl AHIS 92"% g0of Her(4As0L) and MeOH (20 mL)

was Heétéd go ?%’I#)ff gﬁéﬁ*hgsﬁéé&& ypr o uc%@ggﬂﬁgm ?&%ﬁégﬁ 40 mL, 4N

HCI vVaéZédcﬂeld dito;t*&)n,se?glmag(aj\dhltd prcipitat8 0T el deaction)mixturd Svas extracted

. , 4. 49 , 1 , . 20 , , . 3..97 ,
with éﬂ;@éi%f) (‘?Jé arid &be, S qffa}%e, @W@@@Qﬁw ws(e%qqu removed
undeF')edu%e‘a?pr%Esur%'.'DFhe crude product was crystallized from EtOAc/hexane, to
give 435 mg (25%) of (+)-cis-1,1a,2,7b-tetrahydro-cyclopropa[c]chromene-1-carboxylic

acid as a white solid.

"H-NMR (CDCls): 9.80 (br s, 1H), 7.22 (d, 1H), 7.10 (dd, 1H), 6.89 (dd, 1H), 6.77 (d,
1H), 4.45 (dd, 1H), 4.22 (dd, 1H), 2.45 (dd, 1H), 2.14-1.98 (m, 2H).

Example 45
a) (+)-cis-1,1a,3,7b-Tetrahydro-2-oxa-cyclopropala]lnaphthalene-1-carboxylic acid

O,
o~
(o]

ethyl ester
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b)

()-cis-1,1a, 2, 7b- Tet rahydr o- cycl opr opa[ c] chronene- 1-ca
WO baxgprioeo acid. O OH O 10 A m xture of PCT/EP2003/009872

()-cis-1, 1a, 2, 7b-tetrahydro- cycl opropa[ c] chronene- 1-ca

rboxylic acid ethyl ester (1.96 g, 9.0 mol), LiOH

(oo Thasttsd eraVaR o shroRan Bl B e Ge s lgacid ethy
esteﬁﬁé@%th@&&@dtéha%%ﬂslyl@ Iampil 444GromerHaski8omene (3.57 g, 27

dropwi se giving a white precipitate. The reaction
mmoiji t give SA@smex(tl 6%(@:)tcéc(+)kalsv&h 1&3@@‘@’(&%@/65&2 oHa-) and

t he so] ve rrbl ned phases was renoved

cycloprRRAaneaTt e e Pen Bt AL efeB o was
crystallized from Et OAc/ hexane, to give 435 ng (25%
of ()-cis-1,1

"H-NMR(GBClagt 7.3#y(dr 6HYyERBEddpHT X Tt (lekAéh)17 O8aichdkhi 4.81 (d, 1H),

4.51 {,fH0°3. %mtﬁf%dsd(ﬂ 28 ]%‘g,%"}’Rd P24 Gaa et ar),

6.77 (d, 1 ,445(dd1 , 4.22 (dd, 1 H), 2.45
(dd, 1 H), 2.14-1.98 (m 2H). Exanple 45 a%@() cis-1,1
b) a(8 )a/b=néar3aﬁwﬁ@ahyds@2wa+wpb@mrpdpmm paael-garpaxylic acid
boxyl ic acid 25 ethyl ester 49 WO 2004/021969
PCT/ EP2003/ 009872
()-cis-1,1a,3, ZbgTet rahydro-2- oxa- cycl opropa[ a] napht ha
| ene- 1- car boxy|l i c[>agidi et hyl ester was synthesized
anal ogously X a -l e 44a from1l Hisochronene (3.57
g, 27 nmmol), glve 910 ng (15% of
(£)-clsdt, ‘Fé% 7b %t@h%rd—?ld@tbﬁiéfdb‘rgpé{éﬁ‘raphthalene 1 Carboxyllc acid was
cyCl opr opa[ a] napht hal ené- 1-car boxyl'i ¢ acid et hyl
synttmimd artalagot iV EBAIS 445 3 (d9;cid-1H)a,3.7b2etialydrat2-oxa-

cyclog)rcm_a @ﬁ%pﬂ)ﬂ}@leng%@ar Qaﬁlcl tl'g” ggte(zé}?)(‘?mg ]2 r@g@olz g give 86 mg
0 5 t

(22 /03 tF'i-l») &iq 13 4 %‘#%?elt %o-géo%azcyox _rogg?agp apht alc]arr1]%l g cegboxyllc acid

as a Whﬁé-sbhd aTIb@&ydldetpmdud:t wb@ column Chromatographed (silica gel, 1-5%

MeOH in CHxCly). “

"H-NMR (CDCls): 8.50 (br s, 1H), 7.39 (d, 1H), 7.30 (dd, 1H), 7.21 (dd, 1H), 7.07 (d,
1H), 4.87 (d, 1H), 4.57 (d, 1H), 4.38 (dd, 1H), 2.59 (dd, 1H), 2.15 (dd, 1H).
The product of step b

Example 46
(+)-cis-1-(5-Cyano-pyridin-2-yI)-3-(7-hydroxy-6-propionyl-1,1a,2,7b-tetrahydro-

cyclopropalclchromen-1-yl)-urea.

a) 1-(2-Hydroxy-4-prop-2-ynyloxy-phenyl)-propan-1-one
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™H 06 1--y ()-cis-1,1
a, 3, 7b- Tet r ahydr o- 2- oxa- cycl opr opa[ a] napht hal ene- 1
WO canfoarogd i ¢ aci d was synt hesized anal ogous! yPCTEP2003/009872
Exanpl e 44b from ()-cis-1,1 a, 3, 7b-tetrahydro-2-oxa-
cycl opropa[ a] napht hal ene- 1- car boxylic acid ethyl ester
(436 ng, 2 mmol ), .to give 86 ng (22% of
()-cis-1, 1a, 3, 7b- tetrahydro 2- oxa-cycl opropa[ a] - napht h
al ene- 1- car boxy‘P Cc d 15 as a white solid. The crude
product was cﬁﬁ?mﬂgr aphed (silica gel, 1->5%
MeQOH i n CH2Cl 2) NVR (CDCl 3): 8.50 (br s, 1H), 7.39
A mixtdre 4f 2‘|)4, dﬁwy’é@okﬂdrodxo;bﬂencﬂwé@ﬁégigfgl85hﬂwol)73%7c|)_l)m@rproﬁ\yne (24.2
g, 0. %%mol 1anq) zQOwZF& acg 011$+ynol)z® aaRkons WWL&W@@E%@C* for 12 h.
[
The %@ﬂ%%ﬁ)ﬁtgré %Vﬁglailfavfgga%[% lrtgrﬁégreﬁ%yé Andle pl¥bitate was
remowd Ibg il teatine I'Rhlerfdnai%WaSchﬂuelﬁeateétilnal)ar reduced pressure The crude

(2- Hydr oxy- 4- prop- 2- ynyl oxy- phenyl ) - propan-1 -on
prodtsczs WaS RTiedo oy MPCH Emesegieehydiica geb U-p2% M@QH in HQO) to

aive S50 o N S 2 DA GO S5 el
(20.7 g, 0.15 nol) in acetone (500 nmL) was refl uxed
NG ISElb B0 o Tk 70 by U0 Bire dlb 42 th). ByPS (0, 2H),

256 tl’hH af b® e filtrate was concentrated under
Ke ?:ed p?tesyl}re The crude 5 product was purified by

col um chr omat ogr aphy (silica gel, 0->2% MeOH in H20),

tq(@glwﬁp ﬁ_k%B %B‘%‘@W%%&Rﬁfbﬁ%) pr opan- 1- one.

1HNVR (CDCI3): 12.80 (s, 1 H), 7.69 (d, 1 H), 6.52
(m 2H), 4.72 (d, 12.96 (q, 2H), 2.56 (t, 1 H),
1.23 (t, 3H).

OH

(@]
A mixture of 1-(2-hydroxy-4-prop-2-ynyloxy-phenyl)-propan-1-one (19.8 g, 97 mmol)
and N,N-diethylaniline (100 mL) was heated to reflux for 3 h. The reaction mixture was
concentrated under reduced pressure. The crude product was purified by column
chromatography (silica gel, 5—>10% EtOAc in Hexane) and thereafter recrystallized from

EtOAc/Hexane, to give 8.91 g (45%) of 1-(5-hydroxy-2H-chromen-6-yl)-propan-1-one.

"H-NMR (CDCl3): 13.00 (s, 1H), 7.49 (d, 1H), 6.75 (dt, 1H), 6.27 (d, 1H), 5.67 (dt, 1H),
4.86 (dd, 2H), 2.90 (q, 2H), 1.19 (t, 3H).

3c)  7-Hydroxy-6-propionyl-1,1a,2,7b-tetrahydro-cyclopropajc]chromene-1-carboxylic

acid ethyl ester.

NG

OH

Q
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10 3b) 1-(5-Hydroxy-2H chronen-6-yl)-propan-1-one. 0
OH O A m xture of

wAa2@020mmper oxy- 4- pr op- 2- ynyl oxy- phenyl ) - pr opan- BEEDRR2003/009872
(19.8 g, 97 mmol) and N, N-diethylaniline (100 nL) was
heated to reflux for 3 h. The reaction m xture was

To a GG b FIERIP R R EE oR ST IR Gl §&1fmob and
Rh(llﬁA&%Q% ﬁé@% 075 h\%l?ﬁ—b 1 @na#cma%eqaérﬁ@gs ﬁﬂ_qraw;sjoadd 'vZ&dadded

/ Hexane ive 8.
dropwlisé 53I1nyaisobuyomdf@mybmz@c¢ta)te y()ﬁ?ﬂomg- 5- mmpl) in' H2pdishloroethane (2

mL). é By | 1§ @p%@@ C‘isfhp; re%gtg)ﬁ r(la% r(elv\/@ﬁ w'_%gfeggv@ulgdbé}_b mL). The
H20 @1%&% \K/QS ed an‘a“PC(—{;C 123('}% m@f)aﬁ&ihe solvent of the comblned organic

oxy - propl ony a, 2, fb-tetrahydro-cycloprop
phased whehreomwed Uhdearsétuodd presagted Thetylide pratuct vas ptﬂﬁiletd by

ey eSS E L L i
el DRI G Mo B oo

ethyl (e@fe) (a 33Aiixdoreodf estayld idirevisacerst e (571 ng, 5 nmol)

in 1,2-dichloroethane (2 'nmL). After 15 mn at 20 C,
the reactlon m xture was washed with H2O (10 nL). The

D BRI R I R csoe

(m, 4|=I{I)lot§01reggqmd5p[r)e1ss_>gre08'(hgeqs-r)ude product was purified
col umm chromat ography (silica gel, 1->5% MeOH in
CH2CI 2), to give 300 ng (41% of

3d)  (%)-cis-7-Hydroxy-6-propionyl-1,1a,2,7b-tetrahydro-cyclopropalc]chromene-1-

carboxylic acid.
OH

OH

[of
+cis-7-Hydroxy-6-propionyl-1,1a,2,7b-tetrahydro-cyclopropalclchromene-1-carboxylic
acid was synthesized analogously to Example 2b from 7-hydroxy-6-propionyl-1,1a,2,7b-
tetraF\ydro-cyclopropa[c]chromene-1-carboxylic acid ethyl ester (299 mg, 1.03 mmol, a
33/64 mixture of cis and trans isomers), to give 39.3 mg (15%) of (&)-cis-7-hydroxy-6-
propionyl-1,1a,2,7b-tetrahydro-cyclopropa[clchromene-1-carboxylic acid as a white solid
and (+)-trans-7-hydroxy-6-propionyl-1,1a,2,7b-tetrahydro-cyclopropalc]chromene-1-
carboxylic acid as a byproduct. The crude product was purified by column

chromatography (silica gel, 1-55% MeOH in CH2Cl2).

"H-NMR (DMSO-dg): 7.67 (d, 1H), 6.35 (d, 1H), 4.57 (dd, 1H), 4.36 (dd, 1H), 2.98 (q,
2H), 2.55-2.46 (m, 1H), 2.18-2.00 (m, 2H), 1.10 (t, 3H).
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7- hydr oxy- 6- pr opi onyl -

a, 2, 7b-tetrahydro-cycl opropa c] chronene-1 -carboxylic
wa@eiod/2wehyl ester (a 33/64 m xture of cis andPCT/BPE03/009872

isomers). 10 1 HHNWR (CDCI 3): 13.13-13.07 (m 1 H),

7.57-7.49 (m 1 H), 6.41-6.38 (m 1 H), 4.65-3.92 (m

7301195(m 5H), 129108(m 6H) . 3d)
———”%é&e%—s- - 7- Hydr oxy- 6- propl onyl -
R(Abhybedyahyebm? pmaai stheaoeae- 1- car boxyl ic
aC| B'B/ﬁ y&mb FQ gﬂg ﬁ%xy 6- pr opi onyl -

a, 2, 7b tetrahydwo- Iopropa[c]chronene 1- carboxyllc
15 acid was syntne danal ogously to Exanple 2b from
7- hydroxy 6- propi 9 -1, 1a; 2, 7b-

-(2- HS/P] Fcﬁb ﬁ??@&%{%@&é}w%tﬂgﬁaﬁe %@%}@M%ﬁtgdu ?gélggously to

Example dfﬁaad frtomme(214s«nmzdmky—ﬁkmrgfi)»@haﬁor?»e (&0 ¢15349 muhol), to give 22 g

o/6) =Gl

(B89 GV FoP-vRylP PRy P Spal o] chr orrene- 1

'H- NNFF@(@%{J)' $2.201(d A9). 7.88(d, 81@06'@ (AneH), 4:72 (d, 2H), 2.58-2.55 (m,
()-trans-7-hydroxy- 6 propi onyl -

4H). a, 2, 7b-t et r ahydr o- cycl opr opa] c]chromsne 120
car boxyl ic acid as a byproduct. The crude product was
purified by colum chronmatography (silica gel, 1->5%

b) M| d%ﬁQf?—)ohro}th%—l-@Nﬁ@rdi@i 7.67 (d, 1 H, 6.35
) (d,a\%lHlyb, .57 (dd, 1 § 4.36 (dd, 1 H, 2.98 (q,
2H), 2.55-2.46 (m 1 H), 2.18-2.00 (m 2H), 1.10 (t,
3H). 25 52 WD 2004/0219 CT/ EP2003/ 009872 Exanpl e
47 a) 1 -(2-Hyd roxy-4-grop-2-ynyl oxy-phe nyl)-etha
none 0 HO
1- (2- Hydr oxy- 4- pr op- 2-
synt hesi zed anal ogously
O

y- phenyl ) - et hanone was

1-(5-Hydroxy-2H-chromen-6-yl)-ethanone was synthesized analogously to Example 46b
from 1-(2-hydroxy-4-prop-2-ynyloxy-phenyl)-ethanone (17 g, 89 mmol), to give 6.0 g
(35%) of 1-(5-hydroxy-2H-chromen-6-yl)-ethanone.

"H-NMR (CDCl3): 12.92 (s, 1H), 7.51 (d, 1H), 6.79 (dt, 1H), 6.32 (d, 1H), 5.71 (dt, 1H),
4.89 (dd, 2H), 2.55 (s, 3H).

4c)  6-Acetyl-7-hydroxy-1,1a,2,7b-tetrahydro-cyclopropa[c]chromene-1-carboxylic
acid ethyl ester

O\/

OH

o)

6-Acetyl-7-hydroxy-1,1a,2,7b-tetrahydro-cyclopropalcjchromene-1-carboxylic acid ethyl
ester (a 40/60 mixture of ¢is and trans isomers) was synthesized analogously to

Example 46¢ from 1-(5-hydroxy-2H-chromen-6-yl)-ethanone.
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Exanpl e 46a from 1-(2, 4-di hydr oxy- phenyl) - et hanone (20
g, 131 mmol), to give 22 g 5 (88% of 1 -(2-hyd

WO Q00AZpY op- 2- yn yl oxy- phenyl ) - et ha none. 1H MNVREP2003/009872
(CbCal3): 12.70 (s, 1 H, 7.66 (d, 1 H, 6.52 (m 2H),
4:72 (d, 2H), 2.58-2.55 (m 4H). b)

i SRR GRERE T EHRICNS o Ao o4

Leoé om
(m, 4%%@%%?2%9{ %@ggﬁfynsmfy)phenyl) et hanone (17 g,
89 mmol ), to give 6.0 g (35% of

d) 1@%%&9?%%%@%%??@%{'@@rggc%%%%?a[é]_c%&l%@?’e—1icarboxyl|c
acid.H, 6.32 (d, 1 H, 571 (dt, 1 H, 15 4.89 (dd, 2H),

2.55 (s, 3H). 4c) 6-Acetyl-7-hydroxy-1,1

a, 2, 7b-t et rahydr o- cygteprop a[ c] chronene-1-carboxylic

acid ethyl ester 0 )-8 Acetyl - 7- hydroxy-1,1

a, 2, 7b-t et r ahydr o- @ opr apal c] chr onene-| - car boxylic

acid ethyl 20 este 240/ 60 m xture of cis and trans

i soners) was synthesized anal ogously to Exanple 46¢

"H- chr one

6-Acelb o6 | HeT ER3amaNsISEYs OPRR AN GpEnay1-carboxylc acid was
synthgaglz%? #algi \%éﬁ/ g&sggm{ﬂe EwmﬂgGéégetﬁ ﬂydr@xgcq fa,8Fb-tetrahydro-

cycloﬂardijla[d: ch8orhemedarbdyylie-akba iy éstwd? @xﬁ 11mtnol a 40/60 mixture of
cis a@d ﬁ@pa |§Qe§tng%lgyt%rg%é: }586 %’g ?‘Pﬂ’ %F 8 yl 97 hyd rg%-tf?f( 3}/57%-

tetrahydro-cyclopropa[cjchromene-1-carboxylic acid (a 40/60 mixture of cis and trans

isomers). The crude product was purified by column chromatography (silica gel, 1>5%
MeOH in CHxCl)

"H-NMR (CDCly): 7.55-7.45 (m, 1H), 6.45-6.30 (m, 1H), 4.65-4.00 (m, 2H), 3.05-1.95
(m, 6H).

Example 48
5a)  1-(4-Fluoro-2-prop-2-ynyloxy-phenyl)-propan-1-one.

F

SN
o
To a mixture of NaH (95%, 278 mg, 11 mmol) in DMF (20 mL) at 0 °C, was added 1-(4-
fluoro-2-hydroxy-phenyl)-propan-1-one (1.68 g, 10 mmol) in DMF (56 mL). After 15 min
at 0 °C, was 3-bromo-propyne (3.02 g, 20 mmol) added to the reaction mixture. After 1h
at 0 °C, was the reaction mixture allowed to assume room temperature. The reaction
mixture was extracted with HoO (100 mL). The H,O phase was wéshed with Et.O

(3x100 mL) and the solvent of the combined organic phases was removed under
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OH OOH O 6-Acetyl-7-hydroxy-1,1

a, 2, 7b-tetrahydro-cycl opropa[ c] chronene-| - carboxylic
wa@ceood/oaeas9 synt hesi zed anal ogously to Exanpl e BADEP20081009872

6-acetyl -7-hydroxy-1,1 a, 2, 7b-tetrahydro-

cycl opropal c] chronmene- 1-carboxylic acid ethyl ester (2

redu%doﬁ{ﬁ]sss;}‘pg t'Iz)he FI’\A;@/ %ﬁ%%@ﬁﬁf&f E)? cgl'&gnr% Eﬁ%?‘natography silica

gel, %%ELMbgTv&Y%@W%ﬂof% -@4-fiaod2-prop-2-ynyloxy-phenyl)-propan-1-one.
tetrahydro-cycl opropa[ c] chronmene- 1-carboxylic acid (a
40/ 60 m xture of cis and trans isoners). The crude

NI REBICL0P SR, 15 G T, RV R PPl sHi2 6 (o
2H), Qrﬁs(.t H){) 16035%61—[30 (m 1 H, 4.65-4.00 (m 2H),
.95 15 (m 6H). Exanple 48 5a)
1 (4 Fluoro 2- prop- 2-ynyl oxy- phenyl ) - propan- 1-one. F

e N

fl uoro-2- hydroxy-phenyl ) propan-l-one (1.68 g, 10
nmmol) in DM (5 nL). Aftler 15 min at 0 C, was

3- br ono- propyne (3.02 | ) added to the
reaction m xture. After at 0 C, was the reaction
m xture allowed to assu roomtenperature. The
reaction mixture was Exttacted with H2O (100 nL). The

~(5- ﬁ%&&%ﬁp?’@ﬁe%éﬂﬁﬁmﬁéhm 55@9/615(%9(9812&3 afig mgbggly to Example

sol've organi c €S Wwas re

46b frorder-(bAudvo- 2@ﬂé¢4§2¢r@ﬁ9<y&£ﬁl§r@ﬂ2@@@/aﬁ?’9&5ié é1 B&idg{gcﬁaﬂ mmol), to give
T [
619 B QR G A 0T ERIOGoM- GBI | g ve 1. 40 ¢
(68% of
1- (4-fluoro-2-prop-2-ynyl oxy-phenyl)-propan- 1-one.
"H-NWR NVROIQDTED) (dd71668% 6.606-6.58 @, 216),6986 ddt, 1H)H.764dd02H), 2.93 (q,
2H'I—I)d2,%d<f’.%l§yl)(t, 3E|)8.(d 2H), 2.85 (q, 5 2H), 2.58 (t, 1

c) (£)-cis-7-Fluoro-4-propionyl-1,1a,2,7b-tetrahydro-cyclopropa[c]chromene-1-

carboxylic acid ethyl ester.

e} 0
O\/

(e}
F

(+)-cis-7-Fluoro-4-propionyl-1,1a,2,7b-tetrahydro-cyclopropalcjchromene-1-carboxylic
acid ethyl ester was synthesized according to method 46¢) from 1-(5-fluoro-2H-
chromen-8-yl)-propan-1-one (619 mg, 3 mmol), to give 142 mg (16%) of (&)-cis-7-fluoro-
4-propionyl-1,1a,2,7b-tetrahydro-cyclopropa[cjchromene-1-carboxylic acid ethyl ester
and (x)-frans-7-fluoro-4-propionyl-1,1a,2,7b-tetrahydro-cyclopropa[c]chromene-1-

carboxylic acid ethyl ester as a byproduct.

'H-NMR (CDCls): 7.59 (dd, 1H), 6.65 (m, 1H), 4.50-4.46 (m, 2H), 3.95 (q, 2H); 2.89 (q,
2H), 2.57 (dd, 1H), 2.20 (dd, 1H), 1.13-1.03 (m, 1H), 1.12-1.01 (m, 6H).
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b) 1-(5-Fluoro-2H chronmen-8-yl)-propan-1-one. F 0 o

1- (5- Fl uor o- 2H chronen- 8-yl ) - propan- 1- one was
wahewszed anal agously to Exanple 46b from PCT/EP2003/009872

1- (4-fluoro-2-prop-2-ynyl oxy-phenyl)-propan- 1-one

(1.34 g, 6.5 mol), to give 10 619 ng (46% of

-(5-1 ro-2H chro - B- -.pr.o one. 1
5)  Fordadyt RPeg-pn vy 1547k B 8B R or Bijrope i pmene-1-
carbox%*llé"émddf 76_(dd, 2H), 2 93 (dq, 2H) 1.23 (t, 3H). 15

C) ()-cis-7-Fluoro-4-propionyl-

a, 2, 7b- tetrahydro cyclopropa[c]chronene 1- carboxylic

aci d et hyl ete 0>0 B4

()-cis-7-Fuaoreod~praopi onyl-1,1 a, 2, 7b-tetrahyd

ro-cycl opr opallclg [ orrene- 1- carboxyllc acid et hyl
(e Bord B o R ep S Fahreearbonyic
acid W%#%‘BF‘%%&?%@%&WJA EQAthpRI 448 #E6hP(h-did-#HRBrEX-propionyl-

1,1a 2ﬁb2tei7rbhyeﬁd amdpr@peyzqtmmeﬁtbammm@ acill ethgr étsy{140.3 mg,
ester

0.48 mmoli ﬂ@@éver% o kEE%) Qf gpichnyifiuora4-propinnyt r tngdbdetglydro-

cyclopt%% guc y 8%_3 Rﬁ‘a}aﬁ?% eg:;cpgégléléﬁl @%blﬂjli“bﬂéy%ugétpﬁd@& Whs
punﬂecl% comrggc?adaﬁafld@ram Sg%a?%é(ﬂ?%we;[@}fgﬁ C{P%Cl% >

, 1.12-1.01 (m 6H). 55 WD 2004/021969
4 5
"H- NMEW%@% 2 (br v 310 G786 (4 U 648 (A Uk 45T, (65l 1. 443
(dd, 1HY;, QISR JoONINe MR 2155 (df, eRYD 2a (@ai dH),2.203H10 On, 1H), 1.02 (i,
3H).

Example 49

a) 6-Fluoro-2-hydroxy-3-methoxy-benzaldehyde.

1M boron trichloride in dichloromethane (25 ml; 25 mmol) was added to a solution of 6-
fluoro-2,3-dimethoxy-benzaldehyde [Cantrell, Amanda S.; Engelhardt, Per; Hoegberg,
Marita; Jaskunas, S. Richard; Johansson, Nils Gunnar; et al.; J.Med.Chem.; 39; 21;
1996; 4261-4274] (4.26 g; 23 mmol) in dichloromethane (30 ml) keeping the reaction
temperature at —70 C. The reaction mixture stirred at room temperature overnight and
hydrolyzed with water. The organic phase was separated, washed with water and
evaporated in vacuo. The residue was chromatographedﬂ(silica gel, EA:Hex, 5:1) to

give 3.72 g (94%) of 6-fluoro-2-hydroxy-3-methoxy-benzaldehyde as yellow crystals.

"H-NMR (CDCl3): 11.61 (s, 1H), 10.23 (s, 1H), 7.02 (dd, 1H), 6.55 (app. t, 1H), 3.87 (s,
3H).

b) 5-Fluoro-8-methoxy-2H-chromene.
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F ()-cis-7-Fl uoro-4-propionyl -

a, 2, 7b-tetrahydro-cycl opropa[ c] chronene-| -carboxylic
w@eood/oaeas9 synt hesi zed anal ogously to Exanpl e 4BGT/EPZN3/009872

()-cis-7-fluoro-4-propionyl 5

1, 1a, 2, 7b-t et rahydr o- cycl opropa[ c] chr onene- 1- car boxyl i

RN LM AT S E 2N DO Y STy DORES AR

acetonﬁmlé @ﬁug%a@@uqz o7yl a I@Wﬁﬁﬁnﬂ)ﬁb@@é@&@@%lﬂw@éﬂ Bpxylic
white solid. The crudeT%roduct was purified

vmyltrlpbj)ertytphnmhm oiemidg(aghy: 1Osmmath Thel reactionmgixpicswag heated

under rgg%%c%r)z}%hlo j 1{7-_%;“ \%ﬁa (/\B%@Orgc(s%téa]ﬁ%c}gv %béth%r 3}<5Zpsml 7T§<§ organic
phase %ab')\/va%gggmﬁ%téﬁq O%‘&od@m&@c{rdﬂde 1wla|her aZ*»dZIItﬂrlr(eidnd &vaporated
m e

in vacua) Therpsige V@Sﬂ%@bm&@dﬁoﬁ@iwyh@éﬂ%@@@ﬂ% ilicg g, EA:Hex,
1:20) yRRGIRG 12 Q2RI g0 4 hdAhGR SLQIFLARAG (64%)™ : 25 mol)

SOl u
fluoro-2, 3-di net hoxy-benzal dehyde [Cantrell, Amanda

N R 3t RS B OB AR o )

39; 21; 1996; 4261-4274] (4.26 g; 23 mmol) in
di chl oromet hane (30 m ) keeping the reaction 20
C) (ﬁme—i’?aﬂuom -4tmefhox@1, The, Toetetrbhpdrost yd oprepafd]chredente-1-
mtenperature overni ght and hydrolyzed with water.
carboxyiﬁ‘ea@ﬁgaéhy @S¥ase was separated, washed with water and
V. -
The tlﬂg c%ﬂ?é:cg} gﬂf/ég Ex\ﬁﬁggrzegr%a&fgo%ug ov@én‘?zégfﬁ(i‘;gﬁ(%w%;{f’!@&o -8
methox3~2Huhirom2nky dr oxy- 3- net hoxy-benzal dehyde as yel | ow
crystals. 25 "H- NWR (CDCI 3): 11.61 (s, 1 H), 10.23 (s,
1 H, 7.02 (dd, 1 H), 6.55 (app. t, 1 H, 3.87 (s,
! e cho9BNeH)58.80Qs, 3H), 2.57 (app.t,
N D) &b O PR h S 700 9 TR 2H)>8.80Rs, SH), 2.57 (app.
1H), 2.80Kapp.t.ott2), By ory 1), n‘e@&ﬁx{,’tHbenzal dehyde (3.32 g, 19
mol ) was dissolved in acetonitrile (20 mM) and DBU
(2.97 M, 19 mol) was added foll owed by
d) y)ndfémfrlgb%lmrﬁempnana bromcgen(dre2cgslop@palelthromidre-1-
eaction mxture was heated under reflux for 48h,
carboxglii¢ acidd wi th water and extracted with ether (3x50 m).

The ‘titl-el;hceorr%(%lalnrgjj was synthesized analogously to example 44b from (&)-cis-7-fluoro-

4-metHoxy-1,1a,2,7b-tetrahydro-cyclopropalclchromene-1-carboxylic acid ethyl ester.

TH-NMR (CDCly): 6.7-6.5 (m, 2H), 4.48 (m, 2H), 3.80 (s, 3H), 2.61 (app. t, 1H), 2.17
(app. t, 1H), 2.06 (m, 1H).

e) (£)-cis-1 -(5-Cyano-pyridin-2-y|)—3-(7-f|uoro;4—methoxy-1 ,1a,2,7b-tetrahydro-
cyclopropalc]chromen-1-yl)-urea.

The title compound was synthesized analogously to Example 44c from (&)-cis-7-fluoro-
4-methoxy-1,1a,2,7b-tetrahydro-cyclopropalclchromene-1-carboxylic acid (62 mg, 0.17
mmol) . Yield 38 mg (40%).
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5 phase was washed with water, 10% sodi um hydr oxi de,

wat er and brine and evaporated in vacuo. The residue
wor®4s2i9 tted to col utm chromat ography (sil i cBRCTEP2003/009872

EA  Hex, 1:20) yielding 1.2 g of

5-fl uor o- 8- net hoxy-2H chronmene (34% . 'H NVR (CDCl 3):

el 0T Ao g koo e 1B 404 ot 0Bl B 001 o

1H), 6.883nm,RH)e 1 BN, m—gr @Qeqaepmylm-@w@nw—iyeﬁemw;bpcr 1H),
acid ethyl ester he title conpound was synt hesi zed

1.96 (Pantilbgously to exanpl e 46¢ from 5-fl uor o- 8-
nmet hoxy- 2H chronmene. 15 1HNWR (CDCI3): 6.7-6.5 (m
2H), 4.48 (m 2H), 3.99 (m 2H), 3.80 (s, 3H), 2.57

Exampl@pp.t, 1 H), 2.20 (app.t, 1 H, 2.05 (m 1 H), 1.08
cis Fl uor 0- 4- net hoxy-1, 1

a) glt(ih'?mf‘é‘{lz%%%i?f&&%r%k%% EE0®r omene- 1- 20

The m%na ogous Q‘t&: LgQgg}ian%ehl %A%OW| I?WJ m%ﬁh ehloro-5-

fluorophenet (2. @gy-\flel’ﬁ 28¢g (90%
a, 2, 7b-t et rahydr o- cycl opr opal c] chr onene- 1- car boxyl i c
acid ethyl ester. "HNWR (CDCI3): 6.7-6.5 (m 2H),

H- NMﬂaa(gaé:{a) 7259 (dd'3 ﬁgée% &), ,11—125 @@8((ﬁPﬂH)t4737"Od- 2H)17 5871, 1H).
()-cis- 1- (5 Q/ano pyrldln 2 yI) 3-(7-fluoro-4-net hoxy-

’b) ?‘?ﬁf’g %éﬁf%ﬁ%&ﬁgﬁﬁn?l -urea. The title conpound

The tntl‘é)ﬁforﬁp@lld@if&lﬁag QQn@iéalz@ﬂ%ldgd@lﬁoam%rﬁpM%tﬁ)ff%m 1-chloro-4-
-ClI S uor o-

fluoro-ﬁ-m@@ﬂow @<Y1@ef2297@ 2e? panYiald2-8y @ @popal c] chr onene- 1
-carboxylic acid (62 ng, 0.17 mol). Yield 38 ny
(409 . 57 WD 2004/021969 PCT/ EP2003/ 009872 1 H NWVR
"TH-NMRABDG): 7100 (i, (1), 663 (dtH K, B.3@(t( biH), H184 1dtH)1H)84 BF (dd, 2H).
(d, 1 H, 7.70 (dd, 1 H, 6.91 (d, 1 H), 6.68 (m
2H), 4.48 (dd, 1 H), 4.28 (dd, 1 H), 3.90-3.72 (m

o)  4Bs7-FIfto4BRoral,1h, I b-tetralfurbBychpibpale]dRféHRhe- 1593rboxyhc

acid ethyl ester.

The title compound was synthesized analogously to Example 15¢) from 5-Fluoro-8-

chloro-2H-chromene.

"H-NMR (CDCl3): 7.14 (dd, 1H), .60 (t, 1H), 4.51 (m, 2H), 4.01 (m, 2H), 2.60( app. t,
1H), 2.23 (t, 1H), 2.09 (m, 1H), 1.08 (t, 3H).

d) (x)-cis-7-Fluoro-4-chloro-1,1a,2,7b-tetrahydro-cyclopropalc]chromene-1-
carboxylic acid.

The title compound was synthesized analogously to example 15 d) from (+)-cis-7-fluoro-
4-chloro-1,1a,2,7b-tetrahydro-cyclopropa[c]lchromene-1-carboxylic acid ethyl ester 850
mg). Yield 43 mg (96%).
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a) 1-Chl oro-4-fluoro-2-prop-2-ynyl oxy-benzene. The
title conpound was synt hesized anal ogously to exanpl e
waQas@p/02rwem 2-chl oro-5- fluorophenol (2.5 g). YPEI/EPDOB0098T72
(90% 10 "H- NWR (CDC13): 7.32 (dd, 1 H), 6.85 (dd,
1 , 6.68 (m 1 H, 4.77 (d, 2H), 2.58 (t, 1 H. 7b)

o LT 2o B, B LA SRS 580

2.23-2 D5cfmh,0Fl@), 4- fl uoro- 2- prop- 2-ynyl oxy- benzene (2.8 g).
Yield 0.97 g (35%. 15 "H-NWR (CDCI 3): 7.09 (dd, 1 H),
6.63 (dt, 1 H, 6.56 (t, 1 H), 5.84 (dt, 1 H), 4.95

c) cis-7-Fluoro-4-chloro-1,1
Examél%g’ﬂm tetrahydro cycl opropal c] chronene-1 -carboxylic

a) a"mﬂdo&i—hbdthaaﬁseffoni&hcmQ-fbrrhyIES hydm&y%amlsester
ynt hesi zed anal ogously t 15¢) from

A soluTpt s anhyekins: oL 7@%&9&1@@' 'MJCFHN/WOQTG@CE‘B? 107mi)gvas

added $@gd?ﬂ<g§%of%@ggéfdio%t@n%ag%ﬁ%?é ml?;é')@ 194‘8840 fﬂgﬁqaggl(?me (0.85

ml, 10.5. rﬁﬁloa)tm di¢tlorodetbanei(80 mlFiatmTOI;.@whbelbamv\/bs removed and the

cmciohPireneas A B AR eEE s AL St es

dllutedtvﬂtr?d%HRJrSméﬁwéﬂe WeRmetwith Water! bid 8nd BQaporated in vacuo. The
4-chl oro-1, 2, (b-tetrahydro-cycl opropa[c chronene- 1-

crude @"g)ﬂbct(wlas @uaﬁeqﬂ bgtdqwjumBWBIma’@(gra SllMB@edi, BA:Hhex, 1:6) to give

02196 P /009 o
1559 %@%@L@; Hgrfiont 4dgTor P W St e i oo
,450(m2|—|) 263(t1|—|) 2.23- 05(m2H)
15 a) Trifluoro-netha sul foni ¢ aci d

NV Gl 13- 75 0 Gk DI 1B B87 (A o), GeSmoH i 111 c
anhydride (1.77 m, 10.5 mmol) in dichl oronethane 10
m) was added to a m xt ure of

b) Zriftudichmatienedsaliaaic dedy 8ealllbxd8l-prmiBphem) )estard
PO’[aSSPl}/l’{IIC%IFtr)]Oena((g.(?% g, 11.5 mmol) and allyl bromide (1 ml, 11.5 mmol) were
added to a solution of trifluoro-methanesulfonic acid 4-formyl-3-hydroxy-phenyl ester
(1.55 g, 5.7 mmol) in acetone (560 ml). The reaction mixture was stirred at 55C for 2h,
filtered and evaporated in vacuo. The residue was chromatographed (silica gel, EA:Hex,
1:20) to give 1.3 g (73%) of trifluoro-methanesulfonic acid 3-allyloxy-4-formyl-phenyl

ester.

"H-NMR (CDCl3): 10.47 (s, 1H), 7.93 (d, 1H), 6.95 (d, 1H), 6.90 (s, 1H), 6.05 (m, 1H),
5.47 (d, 1H), 5.40 (d, 1H), 4.69 (d, 2H).

c) Trifluoro-methanesulfonic acid 3-allyloxy-4-vinyl-phenyl ester.
Methyltriphenylphosphonium bromide (1.95 g, 5.45 mmol) was added to a suspension
of sodium hydride (60% in oil) (0.25 g, 6.3 mmol) in THF (35 ml) at OC and it was stirred
for 30 min at room temperature. To the above solution was added solution of trifluoro-
methanesulfonic acid 3-allyloxy-4-formyl-phenyl ester (1.3 g, 4.2 mmol) in THF (15 ml),
and the reaction mixture was stirred for 2h at room temperature. The reaction mixture

was diluted with hexane and extracted with water. Organic phase was washed with
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m, 10.5 nmmol) in dichloronmethane (30 mM) at -70C. Dry

ice bath was renoved and the reaction m xture was
wa@tiorzded or 2h at room tenperature. The react PCIEP2003/009872

m xture was 1o diluted with dichl oronethane, washed

with water, brine and evaporated in vacuo. The crude

brine a ggg&%i £ Hraﬁ%lfc%hg%o ec%lrcgrgg?%gégm éjﬁgf-fae?(h)f'éoaielf}o?ged
tnﬂuorotﬁ'l'emél%s@nfﬁﬁlcwwlIgl@&ym - ﬂphe 5yI ester (0.68 53 %).

-fornyl hy r oxy- phenyl 1H-N
1128(31 , 9.93 (s, 1H) 767(d 1H, 695(m

- ERGIz e gy 08 ER, 1R OBHEEI A (o Ao 8.05m. 11,
5.76 (d&lﬂé ga4sacn51m)ml32 ), lybs diopHyle (1 nl, 11.5 nmol)

re added to a ution of trifluoro- nethanesulfonlc
aC|d 4-fornyl - 3- hydroxy phenyl ester (1.55 g, 5.7

0 DR OR b S e

To a sodiomoof tfifleorcesiethamesalonibranich iy mphedvitgl-phare gster (0.68 g, 2.2

mmol) iﬁiéﬁé@r@é’é@%ﬁa{tﬁé@l e c@se‘gché ca@lyst (Grubb’s catalyst) (36 mg, 2
mol%), %(5@ tbé'r@%t‘ié\”_grﬂt{;ﬂég\g@%‘gﬂ%d f Igétg i %é@%‘@)@ﬁer that

period ﬂ:ehi)aacﬁorﬁ)ﬁla(smorapleﬁe (GQ@pard 4e l(e@,ctlcnn lﬂ)lxtuﬁe ws(uﬁedllnmhe next
i fluor o nmet haB{s Ul o#e c acid

step wnt@og? p%;ye{wwéy& Mfytlﬁﬂlewp pleyas o r removal of the solvent
by smcé\/@bhaélhmrpa%ma%@é@hpQEArméu ampgle (1.95 g, 5.45 mmol)

was added to a suspension of sodium hydride (60%in
oil) (0.25 g, 6.3 mmol) in THE (35 M) at OC and it

awBERLE R 08 1810 28 B BER LB 1T e, 1o,

4. gg(dd*ngq-ganesul fonic acid 3-allyloxy-4-fornyl-phenyl ester
g, 4.2 mol) in THE (15 m), and the reaction

m xture was stirred for 2h at roomtenperature. The

) LRI aion bt AERRERaAE Sbbprppiigyomens-
1 carbdk@nc?r@@@’@t%w@&ePCTl EP2003/ 009872 bri ne and
orated. Silica gel columm chromatogra

Rh(OAq)zzé nag,f?omé%) wasigddgérte th@@l’?@ﬁ@%l%‘“@ﬁu(ég(é% aﬁsrd thésolution of

3rA
EDA (0(4LL %;rrgbl Ihgyr‘nrB@EMﬂyr@E@gg%%Q{ESd%&gg?@ g;lr*hld}!\/&]mp
over 5AHt, ro@n*? fertigeraturel) Whendthe(renctiorHvas confplété (G), dichldyomethane
was evgpgr%(té?j, t%el_rl)e’sidgé %/vzas(cilnsso%tgd in4'et?1§;/l égettétezrmd washed with saturated

)—4

ammonium chloride solution and brine. Organic phase was evaporated and crude
mixture of cis- and trans-isomers (1:1.3) was separated by column chromatography
(silica gel, EA:Hex, 1:6) to give 0.4 g (50%) of icis-5-triﬂuoromethanesuIfonylpxy—

1,1a,2,7b-tetrahydro-cyclopropalc]chromene-1-carboxylic acid ethyl ester.

'H-NMR (CDCls): 7.29 (d, 1H), 6.82 (dd, 1H), 6.73 (d, 1H), 4.51 (dd, 1H), 4.29 (dd, 1H),
3.98 (m, 2H), 2.45 (t, 1H), 2.19 (t, 1H), 2.05 (m, 1H), 1.03 (t, 3H).
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d) Trifluoro-nethanesul fonic acid 2H chronen-7-yl

ester. To a solution of trifluoro-nethanesul fonic acid
w@2@ilogloexy- 4- vi nyl - phenyl ester (0.68 g, 2.2 PaTBPI003/009872

di chl oronet hane (5 m) was added Ru-catal yst (G ubb's

catalyst) (36 ng, 2 1o nol%, and the reaction m xture

d, f h t Af t that . _ .
1 SBR R Ta a ARTR BBl ot Rl goi
ethyl eBle¥f ure was used in the next step w thout any
wor k- up. Anal ytical sanple was obtained after renoval

+cis-5- Eﬁfltmr@nseihaea‘aulfcbwkmyﬁ ta @m-tmmhydm-cmlomma@r aipioynene-1-

carboxyl&aamg q.’qwl %‘8 1#& mg, &;(R r%nc-»% E’)g{(’)gg )2 dg, fﬁ’r_r%oa%? afg PPh;

(44 mgH)40 rgé[ﬁﬁv@ﬂe ik i | DMF (|4 mR ﬁng ><%/e_nil’elstream of nitrogen passed

[ uor onet anesu fo
througlar@adﬂmrt remdarlwf@r dOcnylol Bp(QPR[(¢4 ohy dhEd emael) seasbacded,vvial was

sealed 3ab&EEH TGV Yar ALITEN o 164 ARAMBRE |06 wACHRn gpidure was
diluted E@l‘h é@}yﬂécéﬂate 4nd erBtted '\M‘[Hlsé‘thréléd dntrhb et ANEIBAAE. ®RSanic

ded with a syringe punp over at room

phase wamfe@pmfed arwenes»tdw@ qmgma‘tcwfanh@d (linsl eeleEAGDyX 1:5) to give 53

mo (625 CQ RGPt ar ke kel e bR R B grcagooryic

acid etRTE¥IeuM chl oride solution and brine. O ganic phase
was evaporated and crude 25 mixture of cis- and
trans-isoners (1:1.3) was separated by col um

R A9 TR e ok, PO Bk Bl otE S,

3.99 (qa2B) /RA6et ey ¢rag gy cHR. opahcl Bhroos e 3H)- car boxyl i c
(qam ) etheqt es){(er glbil-N)3 (Cg{CW:IS)DT de(d) 1 H, 6.82
(dd, 1H) 6.73 (d, 1 H, 4.51 (dd, 1 H, 4.29 (dd, 1

g) %%/855 %aﬁggﬁil é ) 7%@@%{1@(}?&&&%%%(%8@%%9% é:i'arﬂ?gxyhc acid.

+cis-5-EGANEPL 993 B hydfo-cgdleplpRYdrotehe-1-carboxylic acid ethyl ester
a, 2, 7b-tet rahydro cgcl op roga[ c] chronene- 1-car boxylic
(53 mgaB;ZjZ r‘r@ncplylandé‘{a@H (35 mg, 0.88 mmol) were dissolved in mixture methanol

weter (315 Gt RpRATTLAE Bp oL AL RPGidra0 min Mathng s

evaporétédi/natfamdo &% 20 nfl Bh4vat®r wls éadUHDRésulﬁiﬁ@ éﬁmilan @sﬂam@xtrac’ced
mol % and PPh3 5 (44

with ethn:Wa,tempjwagﬂ@va@eqqncgngﬁﬁﬁp@pﬂqq wma)ég/hHg‘égcggth and extracted
with et%&r g‘ﬁ%rbrp?ﬁ V\Hd 83]/# \%gh%@ (Nlt?ﬂoormenandza\('%rgte{dn% d¥e 42 mg

(90%) of +cis-5-cyano-1,1a,2,7b-tetrahydro- cyclopropa[ clchromene-1-carboxylic acid.

"H-NMR (CDCls): 7.33 (d, 1H), 7.19 (dd, 1H), 7.06 (d, 1H), 4.51 (dd, 1H), 4.31 (dd, 1H),
2.53 (app. t, 1H), 2.27 (app. t, 1H), 2.16 (m, 1H).

Example 52

a)  *cis-5-Trimethylsilanylethynyl-1,1a,2,7b-tetrahydro-cyclopropa[cjchromene-1-
carboxylic acid ethyl ester.
tcis-5-Trifluoromethanesulfonyloxy-1,1a,2,7b-tetrahydro-cyclopropa[cjchromene-1-
carboxylic acid ethyl ester (152 mg, 0.41 mmol), DPPP (38 mg, 20 mol%), Pd(dba). (24
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seal ed and the reaction mxture was stirred at 120C
overnight. The reaction mxture was diluted with
wetinlozemeet ate and extracted with saturated anPGIEPR2003/009872
chloride. Organic phase was evaporated and residue
chromat ogr aphed (silica gel, EA'Hex 1:5) to give 53 10

mo, 10GTelPEL &304 op1%) iere civekjuP 0 el isgape e e
streamrlﬁhkrc?@érb%é%éd?thréﬁgﬁj r@éd‘f%h I_ril;"?&hﬁé for fb NW Tr@P@ﬂfﬁl)Snyl -acetylene

(0.088 dd).62 erol)a,wzs gddied, mal—was sgaled quit H)eactiommlxture was stirred
at 120 -oge@@ﬁ%ﬁ%felref'_%n mn%’(ure( Whs dlh']?éd with tf‘yﬁ ’acet'ERe wasr%)d with
water, Bride élﬁdt@ddp@iﬁé{t‘éﬁoi'ﬁ&fﬁéél@u@ﬂ@[scd&mwrﬂi/f@hda §élrdsxvhi c

acid

chromaiogré@lwy(ﬁfoH_exl 4152 tCYbLVEGQ t gy dPg- nyhﬂl&aﬁﬁ@rpl@ﬁml%hnw@@wnyl-

1.12,2 S 3o RARHT IS Tofron s e R es Erer RO ol A G b e

nmet hanol wat er (1 1) (5 rH) Reacti on m xture was
stirred at 60C for 30 m n. Methanol was 20 evaporat ed

"H-NMRA{CR{Glays 7ah@ (201H, 71 (dkek dH)@.88dded), 468 (dld.i Hy), 4.16 (dd, 1H),

396 (GEaHbeAerabet) 2l af 18k 2] it W&P%%ﬁ@%ﬁa“@ﬁ)-

extracted wth ether. The organic phase was washed

with brine and evaporated t ive 42 (90% of
b) é@@-%Eé?vaﬂaLa - mﬁahé@rpﬂwgwmoey[@ﬂwemﬁapc -e@beMelifeacid.

*Cis-5 Tgrlwﬁz)ﬁaﬂg iﬁldbég ?d7 b}_%tr'q}‘nyg - g}ic?f%%rgpa cﬁ?_érohlpr@ “carboxylic
acid eﬂﬁzﬂ%stéf (.1 gH)@ rand sodiul hydroXiGe(@m¥6 ¢, 1.9 rhthol) were

dissolved ¢ mlmra@ﬁ nﬁ&tbandn/yqatgt h1yﬁ)/ {5 m|)1 The reaction mixture was heated at

60C foragtf tﬁ%}l f@ag(%%gf @?cﬁgﬂih q@{ EI@[K? ]p?-lh "20§Wd18xt;actgg with ether. The

organlcﬁpﬁaée Walsf asHeRith ®fias Wntavpereted td give 66 mg (97%) of ) *cis-5-
7b-t etrahydro-cycl opro a[ c] chronmene-1- carboxylic

ethynylahm &7 hyietraBydo-¢ repglclchramangilycarbprpic@dd.ng, 20
nol %9, Pd(dba)2 (24 61 WO 2004/ 021969
PCT/ EP2003/ 009872 ng, 10 nol%, Cul (3 ng, 4 nol%
H- NMMC@CDIIS)((-YUWI(U%H') 7<Ii3 {dd, er),yﬁB amde1End. g8 ndd et HsUrxdd, 1H),
hrough reaction m xture for 10
3.02 (s ). SPGCHY 2 131t BOb eI, Tlb. 088 1 - 0. 62 Mol )
was added, vial was seal ed and the reaction m xture
was sti rred at 120C overnight. The reaction m xture
Examplea83 di | uted with ethyl acetate, washed with

+cis-1-(5-Acetyl-1,1a,2,7b-tetrahydro-cyclopropajcich romgn-1 ~y)-3-( 5-pvano-pvridin-2-

DN-urea

a) *cis-5-Acetyl-1,1a,2,7b-tetrahydro-cyclopropalc]chromene-1-carboxylic acid ethyl
ester.
+cis-5-Trifluoromethanesulfonyloxy-1,1a,2,7b-tetrahydro-cyclopropa[cjchromene-1-
carboxylic acid ethyl ester (117 mg, 0.32 mmol), DPPP (7.3 mg, 50 mol%), Pd(OAc). (2
mg, 25 mol%) and triethyl amine (0.09 ml, 0.64 mmol) were mixed in DMF (3 ml) and
gentle stream of nitrogen passed through reaction mixture for 10 min. Butyl vinyl ether
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5 water, brine and evaporated. The residue was
purified by silica gel columm chromat ography (EA: Hex,
wa 23021969 give 0.1 g (77% of PCT/EP2003/009872
.cis-5-trinethylsilanylethynyl- 1,1
a, 2, 7b-t et rahydr o- cycl opr opa[ c] chronene- 1- car boxylic
(0.21 m?81ldg rrirtnh w%sS tggdee%, vnzil s ég@ig{d,s%ng&he {eiétlondfmg@r’(ad/&as gtirred at
100C fd;'hg 5?’9 I—ﬁ’)l?g rﬁﬂ wa%"ﬁdde%i a?rﬁj {He. reéci‘ﬁn rrﬂxtll?e Was stirddh, at room

tempera:tuss ﬁ)rEi(hlymyl Rasultmg mlxture was extraoted wnth ethyl acetate. The organic

phase V&%? Washtgg @_lh%(%w?égﬁcl orﬁ{)r%ggg@ﬁ ﬁé%gﬁﬂefv%pgi%{tg&xﬂé fesidue

was pudfied Bii’stli%bfg@')ééﬁ.@nﬁEﬁlfdhﬁ’ét@@@%)ﬁllql-imﬂ@ﬁe+ :5) fagibe Bl g (91%) of
acid ethyl ester . and sodi um

+eis-S-aoptiylolx il de, Zb}t@mﬂy@lro—lzyglom&ﬂajc w@rp@qr@ drcashoxybig acidl ethyl ester,
m xture of nethanol :water (1:1) (5 m). The reaction
m xture was heated at 60C for 5h, then it was

H- NMF@@C@dlg)eﬂsw aa AHM7E3 (d,aHH. %4a(aﬂ1p|>)<t4 aated, Wiy k. 21 (dd, 1H),

ani c hase was was bri ne and
3.98 ( QG'ZJB\})&%@ é‘d ?tl'tb) %L‘We(tﬁﬂsHW 23(tyd Hor3.08i(sn, QH)ei Rpriy1ar); 1
a, 2, 7b-t et rahydr o- cycl opr opa[ c] chr onene- 1- car boxyl i c
acid. 20 1IH-NWR (CDCI 3): 7.17 (d, 1 H, 7.03 (dd, 1H),
b 98- A@bt I11 H‘)a 2, 4b45tré roibyblbprdba'{@chddneﬂémrcarBomlc acid.
) ETRY o L1, 2.07 (m T H.
The tltleExtamrpbanéﬁvas syrnthe@ze@englpgmualy to example 51g from *cis-5- acetyl-

1,1a 2,'&,@ a%ytcﬂgct) E,Cs’g gpcg% Eﬁhfcﬁngﬁ) aggc!aﬁ L}{r}ga?cgj ethyl ester (76 mg, 29

mmo,)‘{zlleﬁfégﬁqﬂgf%}, la, 2, 7b-tetrahydro-cycl opropa[ c] chronmen
-1-carboxylic acid ethyl ester.

CI s-5-Tri fl uoronet hanesul fonyl oxy-1, 1

i ypbiot FUENESE0Ey 3 LS oS B . g0, 1)

- 2.55 (s,(IHB 2083 (tH9HYDPR.Zb.(t, W)%GBZ(rr(ZlH)rTg 25 nol % and

triethyl am ne (0.09 , 0.64 mmol) were mxed in DW

(3 M) and gentle stream of nitrogen passed through
Examplr%“ on mxture for 10 m n. Butyl vinyl ether 62 WD

5004/ 021969 PCT/ EP2003/ 009872 (0.21 m, 1.6 nmol) was
+cis-5-Mdthesky- 1.1 al2, Naseisaialded-cacidptdpa [ ¢]e A eme-ficetrbmey/livasid.

stirred at 1000 for 2h. 5% HCI (5 m) was added and

the reaction m xture was stirred at room tenperature

' . . . g .

The tid BamaBuft ol Sphlita Ehtlddo el ) e S R -4
methoxgbemraldehydd.ori de and evaporated. The residue

Example 55

a) N-Acetyl-1,2-dihydroquinoline.

Quinoline (19.37g, 150 mmol) was dissolved in anhydrous diethyl ether (500 ml) and
cooled to 0 °C under inert atmosphere. DIBAL, 1.5 M in toluene (100 ml, 150 mmol) was
added dropwise over 2 hrs and the reaction mixture was stirred at 0 °C for 30 min.
Acetic anhydride (500 ml) was added dropwise over 30 min and the reaction mixture
was stirred at 0 °C for 30 min. H,0 was added cautiously. The reaction mixture was
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5 was purified by silica gel columm chromat ography
(EA:Hex, 1:5) to give 76 ng (91% of

weee4b2meet yl -1, 1 a, 2, 7b-t et rahydr o- cycl opr opa[ B(T/RPZHI® 009872
e-1-carboxylic acid ethyl ester. ~H NWR (CDCl 3):7.52
(dd, 1 H), 7.36 (d, 1 H, 7.34 (d, 1 H, 4.51 {dd, 1
H, 4.21 (dd, 1 H, 3.98 (g, 2H), 2.53 (s, 3H), 2.47

extracte%/itg;dié%yl thes anlth cohdehtraed® dive NMaddtyl-L208ih{&roqaiioline (11.5

g, 44 %)ci s-5- Acetyl -1, 1a, 2, 7b-t et rahydr o- cycl opr opa[ c] chr onen
e-1-carboxylic acid. The title conpound was
synt hesi zed anal ogously to exanple 51 g from

b) i@é—?%}?tﬂha 2l7p-tetrahydro-c gclo ropa Jquinoline)- 1-carboxyl|c acid

et'r ahydr o- cycl opr opa[ c] chironene- 1- car boxyl i c
ethyl estsgi d ethyl ester (76 ngy, 29 mml) Yield 66 ng (979 .
15 1H NVR (0ODC13): 7.52 (dd, s £.37 (d, 1 H), .7.34
tcis-(N-pgetylt1 g, 2 % bégtreﬁudrqcmlépr@@é Qﬁ?ﬁpl'nf%ﬁ) éar’bﬁxslg pgd oyl ester

was pre%%%%ggéjﬁéao ihet I’?%g%g Qéscrflof'a')m f%aﬂr?plé Hhalfrbpn N-acetyl-1,2-

dihyd roq_le_dellﬂtal’(amgd 66-ral ophe p&ﬁd}loﬂ: e meniGed -btyaafdmlxml drromatatraphy
he title conpound was syntheS|zed n

on silica ékEMe/Berang ﬁc/m@ﬂt{y)ﬁoo@dye ZI:C'S %oggﬁéfdi%hydz@

CycloprOPaﬁT@bﬁo'ﬁ%@aﬂ é\l:q%%%é/lac [ ss ‘%r g’nﬁ‘Jg %USQJ: gflhg/lne

ether (500 m) and cool ed to 0C under i nert
c) +c§x£a~£”/l\)/§/§@me£l§n aglﬁ?%é@tlragwwolzcwogalrﬁ?eﬁrig]ﬂ%%}l@gg' 1580><y % deid.
t t
soio ARG T a bl gi R Tt AbraabR o 2058 e aps me.

24 %) W%%ré\k%?@@ heBoind t# the M@)‘Ezeébﬁé dstriBbd Oh exheipl3a4b] ﬁ’om +01s-

added cautiously. The reaction m xture 'was
(N-acetym1Zacmzbeetreﬁgdmyoamwa[mgwme)éx@ar@@mw agidethyl ester (2.0
~di etg et her and concentrated to give
mg, 7.7 MMQlkt y| - 1, 2- di hydroqui nol i ne (11.5 g, 44 %. b)
cis-(Nacetyl-1,1
a, 2, 7b-t et rahydr o- cycl opropal c] qui nol i ne) -1
Example-&&ir boxylic acid 5 ethyl ester.

a)  2,4-Difluoro-2-propynyloxybenzene.

Commercially available 2,5-difluorophenol (20 g, 0.15 mol), K2CO; (53 g, 0.38 mol) and
commercially available 3-bromopropyne (45 g, 0.38 mol) were dissolved in acetone
(300 ml), refluxed over night, cooled and filtrated. The solvent was removed and the
crude product, dissolved in ether and washed with water and brine. The organic phase
was evaporated and the crude product was re-dissolved in a small amount of ether and
filtrated through a column of basic Al,O3. Evaporation and drying gave20 g (80 %) of

2 4-difluoro-2-prop-ynyloxy-benzene
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ci s-(N-acetyl -
a, 2, 7b-tetrahydro-cycl opropa[ c] qui nol i ne) - 1-car boxylic
wa@ediod/oedhyl ester was prepared accordi ng to tPEI/EP2003/009872
procedure described in exanple 44a, from N-acetyl -1, 2-
di hydroqui noline (10 g, 58 mml) The product was
purified by colum chromatography on silica
b) 5é@.ﬁ%96!d32fqadh¢orﬁ%fme>50% to give cis-(Nacetyl-
2, /b-tetrahydro 1o
cyclopropa[c]qU|noI|ne -
(2.0 g, 13 %9. c) cis9(
a, 2, 7Tb-t et rahydro- €
aci d.
cis-(N-Acetyl -1, 1a, 2, 7b- fet rahydr o- cycl opr opa[ ¢] qui no
i ne) - 1 carboxylic acid (425 ng, 24 % was prepared
2 4-DiflugtESs -p ;@&m@g(z:&;iégﬁﬂaf@ 196561 WRRLisSoIPERIPNEN Adigthy |
aniline (1@0271V)tartd%heab§i dindec pedaspatopedpbeneiat R2P deg) Celaias with A oil-

bath for & &fh.DlitF\tgg bf yya% rﬁﬂdgg%t}g@mn%\)va% r%mréeeg @?I%)@r)actlon
using 2 I\EHE?I? ’5%@@%&) aﬁb@a?ogﬁagmj kéiﬁ&ao@élei‘iMexéE@) Gave.5,8-

and commercially

difluoro- Zi‘\l-a:hrmme@&gd%ﬁﬁbpyne (45 g, 0.38 nol) were
di ssolved in acetone (300 m), refluxed over night,
cooled and filtrated. The solvent was renoved and the

c) +/C Fz}é@ 7PDRIEES-1, P 9Sa-tetchhydretdopaipdsletwbetend-titarboxylic
wat er’ and brine. The organi c phase 25 was evapor at ed

acid ethyamdtarhe crude product was re-dissolved in a snall
anmount of ether and filtrated through a col um of
basi ¢ A1203. Evapofat i calmd drying gave20 g (80 % of
2,4-d ifluoro-2F nyl oxy- benzene 64 WO 2004/ 021969
PCT/ EP2003/ 009872 5 8-Di fl uoro-2H chronene. F )9F
2, 4-Di f| uor o- 2- pr opynyl oxybenzene (20 g, 0.12 nol) was
di ssol ved in NN, - di et hyl

5,8-Difluoro-2H-chromene (5 g, 0.03 mol), (Rh(iNAc)2 (0.39 g, 0.00089 mol) was
dissolved in 1,2-dichloroethane (60 ml) or ethanol-free chloroform. Ethyl diazoacetate

1-carboxylic acid ethyl ester
Acet yl -
opa[ c] qui nol i ne) - 1- car boxylic

(9.4 ml, 0089 mol) in the same solvent was added dropwise over a period of
approximately 5 h under Nz atmosphere. The solvent was then removed under vacuum
and the mixture was taken upp in ethyl acetate, washed with NaHCOg(aq), water and
brine and the solvent removed. The product (33 % cis, 66 % trans) was purified by

hromatography (0 — 10 % ethyl acetate in n-hexane) to give 2.2 g of the title compound

(30 %).

d) cis-4,7-Difluoro-1, 1a,2,7b-tetrahydro-cyclopropalc]chromene-1-carboxylic acid.

&»cow

F

F‘

Cis-4,7-Difluoro-1, 1a,2,7b-tetrahydro-cyclopropa[c]chromene-1-carboxylic acid ethyl
ester (2 g, 0.008 mol) was heated in 1M LiOH in methanol-water (25 %) at 80 deg. for 2
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aniline (100 m ) and heated under argon atnosphere at
225 deg. Celcius with an oil 5 bath for 6- 8 h. Ether
w@¢ 289/029%9 was added and the aniline was renovebPlCDEP2003/009872
extraction wusing 2 MHCl(aq). Purification by
chromat ography (silica gel, n-hexane) gave 5, 8-
di fl uoro-2H chronene. 5.8 g (29 %9 c) +/-
h. The v@l'u%érwés Pefilitesd @ Half and aCIdIfled Extraction with ether followed by

7b-tetrahydro-cycl opro c chr onene car boxylic
chromatogra@@wdsk#@ﬁﬁle?/@;ﬂﬂ%fk)éa@%w%?‘ 'e]rﬁomﬂf-)u“g 3!5% Y
5,8-Di fluoro-2Hchronene (5 g, 0.03 nol), (Rnh(I1l)Ac2)2
(0.39 g, 0.00089 nol) was dissolved in
Example15? di chl oroet hane (60 m ) or ethanol-free chloroform

Et hyl di azoacetate (9.4 m, 0089 nol) in the sane
A@Mﬂé&ﬂﬁﬁﬁ]ﬂ@tﬁadded dropwi se over a period of 15
approximately 5 h under N2 atnosphere. The sol vent was
t hen renoved under vacuum and the m xture was taken
a)  6UMgoiothesrhyh-daclet at e, washed with NaHCO3(aq), water
and brine and the solvent renoved. The product (33 %
cis, 66 %trans) vvaé puri fied by hromatography (0 ->
10 % ethyl acetate Fn n{hexane) to give 2.2 g of the
title conpound (309§, -20~d) cis-4,7-Difluoro-1,
la, 2, 7b-t et rahydr g ¢l opr opal c] chronene- 1-carboxylic
acid. OCOZH F F Sts-4,7-D fluoro-1,
la, 2, 7b-tetrahydro- ¢ycl opropa[ c] chronene- 1- car boxylic
acid ethyl ester (2 g, 0.008 nol) was heated in 1 M
Li OH i n nmet hanol -water (25 % at 80 deg. for 2 65 WO
9 QP! MRIndIMe1 @@snl). NaBH
6 FluoroE g L1 O o e B P E her
(excess) whb @elddmnd cduledran deglgihy Tihe innikigse yeis, thed it in rgama

temperatuurreefoF I2}1 f%l(g:\/\(l)gé) 89 ?gfléxsf%r% h. E?‘Wa?oﬁ z)y chromatography (silica gel,

ether-hexane, 1:5) gave 8. g (80 %) pure 6-fluoro-chroman-4-ol.

b) 6-Fluoro-2H-chromene

F
8-Fluorochroman-4-ol (8 g, 48 mmol) and toluene-4-sulphonic acidn (1g) were dissolved

in toluene and refluxed over-night with subsequent water removal. The mixture was
then cooled and washed with NaHCOj3 (aq) and purified by chromatography (silica gel,
n-hexane) to give 4.2 g (52 %) of pure 6-fluoro-2H-chromene.

c) +/-cis-6-Fluoro-1,1a,2,7b-tetrahydro-cyclopropa[c]chromene-1-carboxylic acid
ethyl ester

o CO.E
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5 Additional Internedi ates a) 6-Fl uorochroman-4-ol O
OH 6- Fl uorochronman-4-one (10 g, 61 mol) was
wale@gobwed i n et hanol (100 m ). NaBH4 10 ( exCRPCHEPWAX009872
added and cool ed on icebath. The m xture was then |eft
in roomtenperature for 2h, folowed by reflux for 4 h.
Purification by chromatography (silica gel,
et her- hexane, 1:5) gave 8. g (80 % pure
6-fl uoro-chroman-4-ol. b) 6-Fl uoro-2H chrong g
This Cotfpoanéiwas ptﬂnafﬁd@ﬂﬁlQQOU%( tg, ciggt, ﬁTij“)'O@nﬂ 2.3, 7b-tefrahydro-

evcomroy RGO R AT ke LR Bqpgpmene o
g|ve19|&a%fth'@‘tﬂ|é1bdﬁqpbgndvas then cool ed and vvashed W|th

and purified by chromatography (silica
gel, n- hexane) to give 4.2 g (52 %9 of pure

fI or 0-

d) CJ_s, Gﬂ i, ua%?ﬁ%?ar}@%%%’clﬂpr%aé? 8hrco§r(1: ne; r1ocpaé;f)%xyélcraOCld
This corfiBOEnd werl hrexyled aaalbgoueymcyb/sesmlflmmzeta 2 Ihitefrabgdro-

WD 2004/ 021969 PCT/ EP2003/ 009872 Thi s Conpound was

prepar ed anal ogousl y A0 cis-4,7-Difluoro-1,

l'a, 2, 7b-tetrahydro- 6‘?26pa[ c] chromene-1

-car boxyl ic acid ethyt” ester but using

6-fl uor o- 2H chr onek o give 1.9 (29 %9 of the title

compound. 5 d) G s-6-Fluoro-1, 1

L C ahydro-

eydopreat R Eh Y 280 PO G U SR r o pepornny
cycloprd‘rja?c]éhForﬁeneuocarbbxylic acl@ ety estardhyedg,B Cunel) to give 350 mg (21

%) of pure cis-6-fluoro-1, 1a,2,7b-tetrahydro-cyclopropalc]chromene-1-carboxylic acid

e) 1-Bromo-4-fluoro-2-prop-2-ynyloxy-benzene
O/\

F
This compound was prepared analogously to 2,4-difluoro-2-prop-ynyloxy-benzene but

using 2-bromo-5-fluorphenol (15 g, 78 mmol) to give 1-bromo-4-fluoro-2-prop-2-ynyloxy-
benzene 15.6 g (87 %)

f) 2-Bromo-4-fluoro-1-prop-2-ynyloxy-benzene

o)
Br\:Lr\\

F

This compound was prepared analogously to 2,4-difluoro-2-prop-ynyloxy-benzene but
using 2-bromo-4-fluoro-phenol (15 g, 78 mmol) to give 2-bromo-4-fluoro-1-prop-2-

ynyloxy-benzene 15. g (84 %).
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F cycl opropal c] chronene-| - carboxylic acid but using

cis-6-fluoro-1,1a, 2, 7b-tetrahydro-
waeyakoprepal c] chronmene- 1- car boxyl i ¢ aci d et hyl PEFER2003/009872

(1.9 g, 8 mmol) to give 350 ng (21 10 % of pure

cis-6-fluoro-1, |

a, 2, 7b- tetrahydro cyclopropa[c]chronene 1-carboxylic

g) 1@Uﬁlu@)o$&bp@yrﬂylé}kwbeﬁzén@r op- 2-ynyl oxy- benzene o~
Br 6F This conpound was prepared anal ogousl y to

2,4-difluoro-2-prop-ynyl oxy-benzene but using
2- br ono- 5-f | uor phenol &5 g, 78 mmol ) to give

1- brono- 4-fl uoro- 2-prop- 2-ynyl oxy- 15 benzene 15.6 g
(87 %9 f) 2-Brono- Ehﬁluoro 1- prop- 2- ynyl oxy- benzene
o~ Br F This coffpolndF was prepared anal ogously to
2, 4- difluoro 2 prop- ynyl oxy-benzene but 20 using

This corgpgy%c%/ag q:rp%r gi {na&;gwé%%%ﬁ (glﬁu .JZ) rBéyr%éﬁ%/be(\gﬁne but
using 3 %@dlﬂtﬁ%o%e%%@ g L1PeP nitkdl) BPgRe3t, QQﬁIﬁYc&o E})Jrop 2 ynyloxy-

-di fl'uor o- 5- prop- 2- ynyl oxy- benzene F /
benzen@dﬁmp@ﬁd%was prepared anal ogously to
2, 4-difluoro-2-propynyl oxybenzene but using
3, 5-di fl uoro-phenol (14 g, 107 mmol) to give
h)  8lBRrib-bliiRre-24-Bhnméngnyl oxy 5 benzene 12 g (67 9.
h) 8-Brono-6-fluoro-2Hchronene ol Br F
Br, i I

F
This compound was prepared analogously to 5,8-difluoro-2H-chromene but using (15 g,

65 mmol ) of 2-bromo-4-fluoro-1-prop-2-ynyloxybenzeneto give the title compound (7 g,

46 %)

i) 8-Bromo-5-fluoro-2H-chromene

Br. O? ”
F .
This compound was prepared analogously to 5,8-difluoro-2H-chromene but using (15 g,

65 mmol ) of 1-bromo-4-fluoro-2-prop-2-ynyloxybenzene to give the title compound (3.7

g, 25
i) 5,7-Difluoro-2H-chromene
&
F F .
This compound was prepared analogously to 5,8-difluoro-2H-chromene but using (18 g,

107 mmol) of 1,3-difluoro-5-prop-2-ynyloxybenzene and PEG-200 as solvent to give the
title compound (4 g, 23 %).
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Thi s conmpound was prepared anal ogously to

5, 8-di fl uoro-2H chronene but using (15 g, 65 mol )
W@2002/02196970- 4- f | uor 0- 1- pr op- 2- ynyl oxybenzenet oPQI/ER20051609872

title conpound (7 g, 10 46% i)

8- Brono-5-fl uoro-2H chronene Br | \ / F This conpound

was prepared anal ogously to 5, 8-difl uoro-2H chronene

but using (15 g, 65 mmol ) of

) ki Bempobigora 7 1agh g S S OBRp Al cffoend -

5, 7- i { ro-2Hchronene ol | \ F/ F This conpound
carboxylwa%mgegbg%ggerana' ogously to 5, 8-difluoro-2H chronene

but using (18 g, 107 mmol) of

1, 3-di fl uoro-5-prop- 22y . soydenzene and PEG 200 as

sol vent to give the itle conpound (4 g, 23 %. 68

WO 2004/ 021969 PCT/ H 03/009872 k) +/ -

Ci s-4- Bronp- 6-f | uor o-T

This compgLiclnny bransres 20X B o 4TIt e b teviafydro-
cycloproﬁég?%Sﬁl&%%i-§gf%b_%!y}g'c LRidrbthyFéstefbdt (ifd 8% @2lmndol) of 8-bromo

6-fluoro-gycaprhra] o] give dregd30-% pobaisp-iluoract, tia, @t Hytetealtydro-
but using 5 (22 ) . of  8-brono
cyclonroaafq]wpme@ﬁ;%ﬁﬁm@&gg@&'cgﬁv‘éﬂ 458" (30 % of
cis-6-fluoro-1,1a, 2, 7b-tetrahydro-
cycl opropal c] chronmene-| -carboxylic acid ethyl ester.
1) +A Yeis+A-Broimso-A-fBooord- 7af2, dbrtetrahydro-cyclopropalcJchromene-1-

carboxyliac' e%c’ig%_tﬁy T ehrydr o-cycl opropa[ c] chronene-| -

a CO,Et
Br:
F

This compound was prepared analogously to +/- cis-4,7-difluoro-1, 1a,2,7b-tetrahydro-

cyclopropa[clchromene-1-carboxylic acid ethyl ester but using 3.5 g (15.3 mmol) of 8-
bromo-5-fluoro-2H-chromene to give 1.6 g (33 %) of +/- cis-4-bromo-7-fluoro-1, 1a,2,7b-

tetrahyd ro-cyclopropalcjchromene-1-carboxylic acid ethyl ester.

m) ¥/~ cis-5,7-Difluoro-1, 1a,2,7b-tetrahydro-cyclopropalc]chromene-1-carboxylic

&’C%Et
F F

This compound was prepared analogously to +/- cis-4,7-difluoro-1, 1a,2,7b-tetrahydro-

acid ethyl ester.

cyclopropalc]chromene-1-carboxylic acid ethyl ester but using 2 g (12 mmol) of 5,7-
difluoro-2H-chromene to give 0.9 g (29 %) of +/ cis-5,7-difluoro-1, 1a,2,7b-tetrahydro-

cyclopropa[c]chromene-1-carboxylic acid ethyl ester.

Example 58
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25

lo carboxylic acid ethyl ester COZEt Br ~ F This

conpound was prepared anal ogously to +/-
wee@442106di f 1 uoro-1, | a, 2, 7b-tetrahydro- PCT/EP2003/009872

cycl opropal c] chronmene- 1-carboxylic acid ethyl ester

but using 3.5 g (15.3 nmmol ) of 8-

br ono-5-fl uoro-2H chronene to give 1.6 g (33 %9 of +/-

ci s-4-bronp-7-fluoro-1, 1 a,2,7b- tetrahyd

ro-cycl opropal c] chronene- 1- car boxylic acid et hyl

ester 15m 4-/- cis-5,7-Difluoro-1, 1

7b-.t et r ahydr o- ] boxyl iC
o) ResolJidn RS HAMELE BHEbERA Bl R PRl D
]‘%@@H MRl amsdlic heid+/ - cis-4, 7-di fl uoro- 1 1
cycloproﬁé brgfhet r ahydr o- c(ilcl opr opal c] chr onene- 1-car boxyl iC

aC|d ethyl ester but using 2 g (12 mmol) of 5,7 20

032 g (10§28 o ranE e TrRa Sk el P o budfydio:

cyclopro%xﬁ &ﬂbﬁ@{e‘:i%bfbbﬁgr@adidom@@kﬁblv@damr@t etbiphiteiet 60.ml) and
le 58 69 WO 2004/ 021969 PCT/ EP2Q03/ 009872

(1R,2R)- Rdmﬂaqumyglppen@lmag&@@ g, 1.32 mmol) was-added. Thae) resulting
solution \ggéll%fﬁff%rucgrpg&aﬁ%‘éﬁ&‘? rlac\ﬁellr o l‘?oJrQ'tﬁ@H(ﬁH&dﬁ@o(S V\éaZS decanted and

ronene-1-carboxylic acid
crystals Wéred&ashet witH ad:aommle Thes sé’ccbmwomtaﬂfhzdhlborfmm a]:etomtrlle gave

oo s TotEormel e e o gpeL el e o e i
mixture \Bag @(Hé %%ﬂé% ﬁ&éfét@%e iR YRR 6?93%@3 \Aﬂas%%dlmm Water,

fing soldtion was
brine and eyapatdtedéxb igive. 0. @.ﬁlge)f enantihners ¢isnd -fittﬂrhérchlbmjéﬂ ayhgb-

decanted a 1o c e washed with
tetrahydrgcycgcp,prp,piafqgc r?mee'{eei: &’%@%Pﬁl i zation from
acetonitrile gave 92 ng of pure diastereoneric salt.

The salt was treated with I M HC and resulting
Example 59

+/-cis-N-(5-cyano-2-pyridinyl)-N'-(4,7-dichloro-1,1a,2,7b-

tetrahydrocyclopropalcjchromen-1-yllurea

a) 1,4-dichloro-2-(2-propynyloxy)benzene
Cl

O

Cl

2 5-Dichlorophenol (8 g, 49 mmol) was mixed with potassium carbonate (13.6 g, 98
mmol) and 80% solution of propargyl bromide in toluene (11 ml, 98 mmol) in acetone
(100 ml) and stirred overnight at room temperature. The precipitate was removed by
filtration and washed with acetone. The acetone solution obtaind was concentrated by
rotary evaporation and kept under vacuum for 5 h. The product was obtained as yellow

oil with quantitative yield. It was used for futher transformations without additional

purification.
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m xture was extracted with ethyl acetate. The organic
phase was washed with water, brine and evaporated to
w@Rwe/ 001995 g of enantiomeric PCT/EP2003/009872
cis-7-fluoro-4-chloro-1,1a, 2, 7b-
t et rahydr o- cycl opropa[ c] chronene- 1- carboxylic acid. 15
Exanpl e 59 +/-cis-N(5-cyano-2-pyridinyl)-M(4
1 rAere 7b-
b) S%e%:g y%rzg-(j:%?ﬁoopr opa[ cl chronen-1-yl)urea 20 a)
1, 4- di chl or o- 2- ( 2- pr opynyloxy) benzene d d
2,5-Di chl orophenol (8 g, 49 DI ) was m xed with
pot assi um car bonate (1 & 98y ol ) and 80%
sol uti on of propargyl gde in{toluene (11 m, 98
mol ) in acetone (100 T -8 i rred overni ght at
roomtenperature. The pregipitate was renoved by 25
filtration and washed wi t@y acetone. The acetone
sol ution obtaind was concentrated by rotary
1,4-Dichlo¥@R Q%ﬂo@@nyﬁ\l@dy}t@teued\as degassedfand Iedied ahétlrmm@dmﬂer

obt ai,ned, as | ow, oil | I
argon fond hit e Tha repGHarbRX pisnups e HonLed i kgt dbparatus
94 ALt solid. Yield 36%
(15047%@%,%%0@%88% é‘wggf)%@SOfg%g}lflgg%g 2H chronene d d
from starling-didrdbtophent.( 2- pr opynyl oxy) benzene was degassed and - -
heated at stirring under argon for 4 h at 224C. The
reaction m xture was then distilled in Kugel rohr
ARy YasCr H—tétrél%racydmﬁrb tl]cirumede58 g
c) +/2{?§%£@{I %:{JI dg?rg%%g? as white soli Yi elpdEE]SG% from
carboxylstiear ti ng di chl orophenol . c¢) +/-cis-ethyl
4,7-dichloro-1,1 COOE}
a, 2, 7b-t et rahydr ocycl op¥lopa[ c]schr onene-1 - car boxyl at e
G COCEt d

aye

O/

Cl
5,8-Dichloro-2H-chromene (3.15 g, 16 mmol), (Rh(INAco)2 (30 mg, 0.1 mol %) was
dissolved in degassed dry methylene chloride (3 mi). Ethyl diazoacetate (3 ml, 2 eq.) in
the same solvent was added by a syringe at the flow rate 0.4 ml/h over a period of
approximately 5 h under N2 atmosphere. The reaction mixture was then washed with
NH,Cl zaq), water and brine and the solvent removed. The product (45 % cis, 55 %
trans) was purified by chromatography on silica (200g, ethyl acetate/n-hexane 1:15) to

give 0.9 g of the pure cis product (racemate). Yield 20 %. M*=287.
TH-NMR (CDCls): 7.15 (d, 1H, J=8.5Hz), 6.91 (d, 1H, J=8.8Hz), 4.59 (dd, 1H, J41=12.02,
J,=7.03), 4.48 (dd, 1H, J1=12.02, J>=4.10), 4.07-3.94 (m, 3H), 2.62 (t, 1H, J=8.8Hz),

2.27 (t, 1H, J=8.36Hz), 2.20-2.12 (m, 1H), 1.1 (t, 3H).

d) +/-cis-4,7-dichloro-1,1a,2,7b-tetrahydrocyclopropa[cjchromene-1 -carboxylic acid
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\ a: 10 5,8-Di chloro-2H chronmene (3.15 g, 16 mol),

(Rh(I'1)Ac2)2 (30 ng, 0.1 nol 9% was dissolved in
walewasswd dry net hyl ene chloride (3 ml). Ethyl PCT/EP2003/009872

di azoacetate (3 mM, 2 eq.) in the sanme solvent was

added by a syringe at the flowrate 0.4 nl/h over a

period of approximately 5 h under N2 at nosphere. The

reaction mxture was then washegp@miyth 15 NHACl (aq),

wat er and brine and the ®ol venf renoved. The product
s.furified by chromatography

(45 %cis, 55 % trans) Mmas,
on silica (200g, et hyI

t'at &/ n- hexane 1:15) to give

0.9 g of the pure cis Rproduct {racenmate). Yield 20

% , V+=287. 1H NMR (CDCl 3J: R715 (d, 1H, J=8.5Hz), 6.91

(d, | H, J=8.8Hz), 4.59 §dd, 1H J1=12.02, 20

J2=7.03), 4.48 (dd, | H, J1=12.02, J2=4.10), 4.07-3.94
+/-cis-Ethyl 4F-lichiré21, ( a,2, Tb-tetrahydra@mizlopropalglehfemeneH -carboxylate was

. J=8. 36Hz .20-2.,12 1. , ,=3H) .. d
mixed i sp oy (Girihaa BieSeidicnet a0k 3K Bl apsperied o
stirring 1% MRSt ls0tar ’?Héﬂx&r%cﬁ@ﬁ df b%éi% Y&%@Q%&Mﬂ’t{o hlexane showed

PCT/ EP2003/ 009872 +/-cis-Eth

that no gtamtingj wiateyiad pregent. The reaction mixture was acidified with excess of 3M

S R e )
water. Wit s6lid BbRhed WaBldriednshdee dightvaduuns (yiekd 8@shor 1.5 h

at 60C. The extraction of basic reaction mxture into

hexane showed 5 that no starting material present. The

reaction mxture was acidified with excess of 3M HCl

solution (pH=1l). The precipitate forned was coll ected
Exampl®¥9ducti on and washed with water. Wite solid

obt ai ned_was dried under high vacuum (yield 80% . 10
a) Echlopp=-ietorheBolohi or o- 2- f I uor ophenol 'F OH C

F

OH

Cl
5-Chloro-2-fluoroaniline (10g, 68 mmol) was dissolved in 6M sulfuric acid and cooled in
ice/brine bath to —5°C. The solution of NaNO; (5.2 g, 76 mmol) in minimum amount of
water was added dropwise to the stirred suspension at the temperature not higher then
—2°C. After the addition clear yellow solution formed was allowed to stir for additional 30
min at cooling. CuSO4 was dissolved water (80 ml) and mixed with sulfuric acid (32 ml).
The diazonium salt solution was added dropwise to the preheated (160°C) cuprous
sulfate solution and the product was removed from the reaction flask by steam
distillation. The reaction took about 2 h to be complete. The water/phnol solution was
extracted into ether, washed with brine and dried over Na;SO4. Concentration gave 4g

of crude phenol (40%).

b) 4-chloro-1-fluoro-2-(2-propynyloxy)benzene
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5- Chl oro-2-fluoroaniline (10g, 68 mml) was dissol ved
in 6Msulfuric acid and cooled in ice/brine bath to

WO 2(@4/0T1969 sol uti on of NaNO2 (5.2 g, 76 mmol ) i PCTYEPRIONS/0N9872
anmount of 15 water was added dropwi se to the stirred
suspensi on at the tenperature not higher then -2C
After the addition clear yellow solution fornmed was
allowed to stir for addigional 30 mn at cooling.
CuSH was di ssol ved wat gr (Eg) mg and m xed with
sulfuric acid (32 m). Nae” Th rum salt sol ution
was added dropw se to preheat ed (160C) cuprous
sul fate solution and thesproduct was renoved fromthe
reaction flask by steaml20 distillation. The reaction
took about 2 h to be conplete. The water/phnol

it j t ' f
a-crior S0, 0P UL SRS L AR At dEa Babl 1) ool
33a fronp e gpR7 648t 4-thlore-tHluoraphenol to give 4.6g of product (purified by
column @f@g@%é_g%@%gs%@aqgt@ﬁygc%?ﬁzefnqﬁexgnze W?S? %CS)AS//e c%vlvgo?IQYield 90%.
4- Chl oro- 1-fl uoro- 2- (2- propynyl oxy) benzene was
synt hesi zed anal ogously to Exanple 33a from (4 g, 27

c) 5vamidrp-&fledroe f[d-chréineaeophenol to give 4.6g of product
(purified by columm chr 0@t ography on silica, ethyl

acet at e/ n-hexane 1:15) asjyellow oil. Yield 90% 5 c¢)
5-chl oro-8-fl uoro-2H chr or Lr/ O F
5- Chl or0- 8- f | uor o- 2H chr e was synthesized

anal ogously to Exanpl e X
chl oro- 1-fl uoro-2- (2-propynyl oxy) benzene (4.6 g, 25
nmol ) to give | g of prodéct 10 (purified by col umm

5-Chloror 8 araP-aBPHIFFedas SYNHes PRt enElao Y i Fgf iPIE 33b) from 4-
oFb-S= (8- odv ! 7 r

chloro-1 -;ffugfé():—%(gﬁ@'gg?q@oggrk%g%ﬁ% t%éé%ag,ZZS RS RGVEMOS B bRRILRP

(purified by column chromatography on alumina, ethyl acetate/n-hexane 1:15) as

colourless oil. Yield 22%.

d) ethyl +/-cis-7-chloro-4-fluoro-1,1a,2,7b-tetrahydrocyclopropalcjchromene-1-

carboxylate

Ethyl +/-cis-?-chloro-4-fluoro—1 ,1a,2,7b-tetrahydrocyclopropalcjchromene-1-carboxylate
was synthesized analogously to Example 33¢ from 5-chloro-8-fluoro-2H-chromene (1 g,
5.4 mmol) to give 360 mg of +/-¢is product (purified by column chromatography on

silica, ethyl acetate/n-hexane 1:20) as white solid. Yield 25%.

e) +/-cis-7-chloro-4-fluoro-1,1a,2,7b-tetrahydrocyclopropalc]chromene-1-carboxylic

acid
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Cl COCEt 15 F Ethyl +/-cis-7-chloro-4-fluoro-1 ,1

a, 2, 7Tb-tetrahydrocycl opropal c] chronene- 1- car boxyl at e
woa®4syrehesi zed anal ogously to Exanpl e 33c f rPOT/EP2003/009872

5-chl oro-8-fluoro-2H chronene (1 g, 5.4 mml) to give

360 ng of +/-cis product (purified by colum

chromat ography on silica, ethyl acetate/n-hexane 1:20)

as white solid. Yield 25% 20c8pH

+/-cis-7-chloro-4-fluor'y-1,1a72, 7b-tetrahydrocycl oprop

a[ c] chronene- 1- car boxy| d 73 WD 2004/ 021969

PCT/ EP2003/ 009872 G

+/-cis-7-Chl oro-4-fl ug t >

a, 2, 7b-t et rahydr ocycl op opd?c]chronene 1-carboxylic

aC|d was synthesized apal ogously to Exanple 33d from

ethyl +/-cis-7-chloro-4-fluoro 1, 1

+/-cis-7-Ghlerad-flusredhi@i2oddytatiahye rfa{yémmmﬁ{élwqmeegﬂb@&@b%w& acid

was synt%g@lg@%&qﬁﬂu@%)ﬁéﬁﬁl’e‘@dﬁoé@%ﬂgﬁ%& -Cr&b% ﬂgl'u‘é)ro-

1,1a,2 7t7¥é$baﬁk/dlo®clo?3ro@'él[c}cﬁirémlewér‘bca(r@o&plewa{ﬁﬂlmg, 1.3 mmol) to give
1l benzot hi opyran-1-yl]-N -(5-cyano-2-pVridinyl) urea

259 mng'*é)Cl%aﬂldc{ﬁﬁpdro 2H 1-benzot hi opyran-4-ol OH OS S A
solution of thiochroman-4-one (9g9) in ether (27 m)
was added slowy to a mxture of |ithium alum nium

Examp[eia(plrl de (0.53 g) in ether (54 nl). After the end of

dd|t|n t he ture we efIr

Wth ether. The et her
a) 3@-idwhmjrm@‘-hﬂlds¢rad>tmmp¢r@mﬂr-ph NaOH 2N, and once with

wat er,
O O’H
L) @5
A solution of thiochroman-4-one (9g) in ether (27 ml) was added slowly to a mixture of
lithium aluminium hydride (0.53 g) in ether (54 ml). After the end of the addition, the

mixture was refluxed for 2 hours. The reaction mixture was cooled and ice was added,

followed by water and by a solution of 20% H2SO4. The water phase was washed twice

with ether. The ethef phase was washed twice with NaOH 2N, and once with water,
dried over MgSQy4 and evaporated. The clear oil (8.9 g) crystallised after few hours. Rdt

=97%

b) 2H-1-benzothiopyran and 4H-1-benzothiopyran

N
— - C)
S .S S
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dri ed over MgSO4 and evaporated. The clear oil (8.9 @)
crystallised after few hours. Rdt =97% b)

WQRkbo2Aobwr ot hi opyran and 4H 1- benzot hi opyran BCHERNB009872
M5 0 74 WD 2004/021969 PCT/ EP2003/ 009872
4- Thi ochromanol (8.9 g) and potassiumacid sulfate
(0.89 g) were placed in a flask and evacuated to 1

4- Th|ocﬁpl§]én l{&? (()2§1 baﬁjl%ﬁﬁféotﬁ%lﬁlh{‘aeldbsﬁ}é%t% t%gdg)z\&er%a Sgg?d‘ﬂi b  flask and
evacuatédo ghﬁn bk b AsSIowhY p*&? ﬁtHatﬁ Redel & Q(Pg@’ﬂﬁtﬂ‘gﬁéjglcoﬁﬁgmelted.

rapid and a m xture'o e pro uct and wat er

The manﬁ‘é’hd"@ﬁrréPWa@Cétgﬂed And ﬂh@eba'?thcél@{/vﬁﬂ chﬁgﬁit\{SrmoTb@ Dehydration
roduct was taken up in ether and ‘dri The crude

was rapisk aod e m(lxztgre oRthe-pasirt wasgnvatepdistilieddandasNaiected in a ice-

cooled rscé‘%x\%? h'lf Qfodcﬁ,lsc?%aes%pngs{rbﬁ l’%er 4@9 daed The crude product (7g,

Rdt= 8875}9) tv@tsfn&hmdhﬁe@ytrh@pmm[ﬂidvadobqnéOM@s@ﬁbfé6<5f 16%’7‘@@% 4H-1-
lic loacid, (1S 1 aR 7bR) or (1 R 1 aS, 7bS)

benzothiopyEn. CO EDA S S S Ethyl di azoacet ate was added
slowy to 500 ng of thiochronene at 140 C. The
reaction was followed by Gas chromat ography and

c) EEMJQQ@ when2 arb-tettaydrargyoiebespaAt][ 11penzespyrad1-carboxylic
out_ 7 hours). The residue was purlfled by fl ash

acid, ( 15(;H|3&T§tb58rcﬁ|dﬂ15 @%%E@%br 15 in hexane). The cis isoner
(46,5 ng, Rdt 6% was identified by NWR COEt
spectroscopy. d) 1, 1 a 2, 7b, 2

tetrahydro cycl opropalc][1] benzot hi op ra car boxylic
a R or EDAR 1 5 S)_,COZEt
ur L| O 3]

Ethyl diazoacetate was added slowly to 500 mg of thiochromene at 140 C. The reaction
was followed by Gas chromatography and stopped when all starting material was
consumed (about 7 hours). The residue was purified by flash chromatography (5% ether
in hexane). The cis isomer (46,5 mg, Rdt = 6%) was identified by NMR spectroscopy.

d) 1, 1a, 2, 7b, tetrahydro-cyclopropa[c][1]benzothiopyran-1-carboxylic acid, (1S,
1aR, 7BR) or (1R, 1aS, 7bS)
~COzEt CO,H

©\<l LiOH ©\<l
s J

A mixture of the cis isomer (46,5 mg), LiOH (4eq., 19 mg) in 5 ml of methanol / 25%

Ho>O was refluxed for 1 hour. After evaporation of the solvent under vacuum, the

residue was dissolved in water and washed with ether. The water phase was acidified
with concentrated HCI, and extracted twice with dichloromethane. After drying, the

organic phase was evaporated and gave the desired acid (30 mg). Rdt = 73%.
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S A mxture of the cis isoner (46,5 ng), LiCOH (4eq.,
19 ng) in 5 M of nethanol / 25% 20 H20 was refl uxed
wo ooo4l02t96ur . After evaporation of the sol vent PeT®P2003/009872
vacuum the residue was dissolved in water and washed
with ether. The water phase was acidified wth
concentrated HCl, and extracted twce with
Exampleqﬁcm oronet hane. After drying, the organic phase was
evaporated and gave the desired acid (30 ng). Rdt
(1S.1aR,78%)-475d 0026041 02 Toetetrelyd mzdoarmwé@mrom&mﬁrﬂ merh@xvho acid
(1 S1aR 7bS) 4 7 difluoro-1 1 a
2, 7Tb-t et rahydr ocycl opr opaf cl chronene- 1- car boxylic acid
-1-ol.
a) 2%%%) 3L- nglué)r%IZfW&éhogyghenyl%g)&rg 2rr]1yl )-2-propen-1-ol. F
F 1) BuLi/znCl2; THE OH / 2) Pd(OAc)% / ~ O Br

COOD O F 3) D 4 Mv=200 A 5 |solution of
BuLi (2.5M in) %é&tgﬁeéf‘% m; 0.024 ne ‘ S_aedoto
a stirred sol Otion of dlfluoroanl
02 nol) in ARAPA E)z( £ 70C, Yoifovge af ter
h by solutlon of chlor e (3.6 g|; O.

Fin dry THE (509MRPA The reaction tenperdature ?
MivEtded to raise to roomtenperature and t hedNT anlng!;\

solution %@Z&?%@%%x%e&%ﬁﬁmﬁg@ .0 gnqggyéraead{d@pﬁ&ﬁe@r[ﬁp solution of
6002
2,5- dlﬂUOIJ‘(éaﬁltSOF?Sé;gf u:dg@g) rl%Idaced [ gr?éa?gg gwed Jﬁf@r 2h by

solution dfeahedhiwnider(3regl; @x0Ztomol) in dry'FfdﬁFr &uint)i hpe rrea@ttqrbt@mperature
m xture was chilled t

60 m (0.0
was allowsbig rige e gq)@ruttemperq%u;eee(@g &Sn %ggng m&napg%.\%%g ‘at %om
temperaturgmrf%d Fin @d@@c)%%‘md“@eﬂnﬂil %)Wa&atiaed 2ollewdd byretay cis-3-

eratu he reacti on was 15 quenched W th
bromoacvﬁﬁter(f&aﬂsﬁigalo 02 oholis heereactivr okl Way Riarac Ndieppated oil

bath and heateJunder geawux for 1h. The resulting reaction mixture was chilled to =78 C
and 60 ml (0.06 mol) of DIBAL (1M solution in hexanes) was added dropwise. The
stirring was continued at —78 C for 2h and 1h at room temperature. The reaction was
quenched with water and all solids were dissolved by addition of HCI. The organic
phase was diluted with ether, separated, washed with 5N HCI, brine and evaporated in
vacuo. The residue was Kugelrohr distilled (1 .5x102 mbar, 150 C) to give 3.7 g (92%) of
crude (iZ)-B-(S,G-diﬂuoro-2-methoxyphenyl)—2—propen-1-ol, which contains ~6 % of
other regioisomers. The crude product was used in the next step without further
purification.

"H-NMR (CDCls): 7.00 (m, 1H); 6.77 (m, 1H); 6.31 (app. d, 1H); 6.12 (app. dt, 1H); 4.08
(br. t, 2H); 3.89 (d, 3H); 1.80 (br. t, 1H).

b) (22)—3-(3,6-difluoro-2-methoxyphenyl)prop-2enyl diazoacetate
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phase was diluted with ether, separated, washed with
5N HClI, brine and evaporated in vacuo. The residue
woaw®4ienged rohr distilled (1.5x10-2 nbar, 150 QrCT/BPIPOVENIST2

3.7 g (929% of crude :
(2Z)-3- (3, 6-di fluoro-2-net hoxyphenyl) - 2-propen-1-ol,
whi ch contains -6 % of other regioisoners. The crude
product was used in the next step wi t hout ,\further 20

g purification. 1H NWR (CDCl3): 'QO(m 1 \\F? 77 (m
1H);631(appd1H) 6.12 (‘g 4. 08

t, d 1.80 Lbr.
(22) - 3- G)HS dl?gﬁorooﬁ%?lnox B )p
22

d| azoacet at ephmme\/\q\;g@%ﬁ_p@ﬂg
N2\ F F CH - TsKHN=CHCOS ? ophgg%%/z
00 Mv=268 Th
oxylic acid chlorlde

NEt3; CH2CI2 O 0O 80% F F. M=

p-t ol uenesul f onyl hydrozone of gl'y

(5=260g; 0.02 nol) was added to a soMWFRBA o
SR 2R HEN SRR R e T
toa solu‘h’f)ﬁ"o@“ @@A@{?@JdlﬂJ&ﬁo@n@tﬁﬁxggﬂeﬁ?l)@bboggﬂﬂ -6P|ﬁ?@ %go .018 mo)

r stirrin

in dry CKDZCGQ(&fbm)I) ala® Cy daheloN dvmgthyranémer @sumlj Q@Zrmalt) u\teé aehd@d

stowly. Aftstirie, 2 S0upll 272 Sl T2 pISGoR Fopdblhud! of

resuI’ungorhE&kﬂb%é’sﬁ1 36T 5 AN at edSCV@fd"'ﬂ’fénWof BOwAInedt, robml ne
--and concentrated in vacuo. Flash chromatography

temperatuse] weareuper weier (159l gvaseaddesh The fsr@a%c maqﬁwa%éﬁparated

washed @lﬁt}glv%c% t%‘lﬁ%sé)rl\%d ﬁaégent%t% \g% ?I?_Eﬁcq%}[éﬂbgﬂa@m (silica,

EA:Hex; (1a ga\xHB %@@Cﬂ%)@flﬁodﬂc’ca‘s H)yelléwrgbligbr . s,
H-NMRCEIISE 79 (oh ITh: Rty bHE A fépexéb#cié-@ow@. wm@o (@pp.

dt, J=12%3B; 4y Q981H); 4.71 (br. s, 1H); 4.67 (dt, 2H); 3.89 (d, 3H).

) (1S,5R,6S)- 6-(3,6-difluoro-2-methoxyphenyl)-3-oxabicyclo[3.1.0]hexan-2-one.
0

=N= se‘\‘l\o

O Rh,(5-R-MEPY),
e abs. degassed -
O dichloromethane O
3 F
Mw=268 Mw=240

(22)-3-(3,6-diﬂuoro—2-methoxyphehyl)prop-2enyl diazoacetate (3.45 g, 0.013 mol) was
dissolved in 100 ml of dried degassed dichloromethane and added dropwise to the
solution of chiral Doyle catalyst (Aldrich, also available from Johnsson Matthey, 10 mg,
0.1 mol%) in 50 m! of dichloromethane under argon at ambient temperature over a
period of ~6 h. The initial blue color had turned to olive by the end of the addition. The
reaction mixture was concentrated in vacuo and the crude product was purified by flash
chromatography (silica, EA:Hex, 1:5—1:1) to give 2.72 g (88 %) of (1S,5R,6S)- 6-(3,6-
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O FNNOF OORN2(5-R MEPY)4 | e abs. degassed
di chl oronethane 0 F F Ma=268 Mn=240 15
W@ 2004031968, 6- di | uor o- 2- met hoxyphenyl ) pr op- 2enp¢T/EP2003/009872
di azoacetate (3.45 g, 0.013 nol) was dissolved in 100
m of dried degassed di chl oronet hane and added
dropwi se to the solution of chiral Doyle catalyst

i AL fLE lSB-2Y4 ki f ng ng,
atvoro Aotk PPN ORgisags chiiees g
Enantioandvicauurity eopkl laé gheclmdeon i 6tgeer usidg &hiraéehODIdwumn, 10% IPA
. initial blue color had turned to olive by the end of
in hexapz %@/dietel-on. The reaction mixture was concentr at ed
1 ' o] h r c i f fi hha .
MR [ BEETT R PF 128 (RLATHE R SERE I, o0 R 175102 . 3
5 2.66 (mg2BR.9y (hf1H)L S, 5R 6S)- 6-(3,6- 77 WO 2004/ 021969
PCT/ EP2003/ 009872
di fl uor o- 2- met hoxyphenyl ) - 3- oxabi cycl o[ 3. 1. 0] hexan-2-o0
L T W hTeL i7¢,_purity coul d be
9 R BRI 4 R AT B0 co w100k
dihydrodyRlopropajodotaneened2@i-henel H NVR (CDC13): 7.00 (m 1
H);O6.72 (m 1 H; 4.33 (dd, 1 H; 4.10 (d, 1 H; 4.02
(d,W\W3H; 52,66 (m 2H); 2.37 (t, 1-HBr d) (1 S1
aR,s -1-(brononet hyl )-4, 7-dj fluorg-1 a, 7b-
B di ydgocycl OFU BHErAcOHr omene I“‘\\\Hﬂsone. 0 11 F -Br
“30 % HBr/ AcOH70HO

~
o F

F _
Mw=240 Mw=289

10  (1S,5R,6S)- 6-(3,6-difluoro-2-methoxyphenyl)-3-oxabicyclo[3.1.0]hexan-2-one (130 mg,
0.55 mmol) was mixed with 1.2 ml of 30% HBr/AcOH (6 mmol) and heated in a sealed
vessel at stirring for about 4h at 90°C. The reaction mixture was then cooled down,
mixed with water and extracted into diethyl ether (3x20 ml). Ether extract was washed
with sat. sodium bicarbonate solution and brine. Dried over magnesium sulfate.

15  Concentration gave 160 mg of white solid material. 98% yield. |
"H-NMR (CDCl3): 7.08 (m, 1H); 6.88 (m, 1H); 3.44 '(dd, 1H); 3.06 (t, 1H); 2.96 (dd, 1H);

2.64 (dd, 1H); 2.46 (m, 1H).

e) (1S,1aR,7bS)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropa[c]chromene-1-

20  carboxylic acid.

O
:/Br \\/OH
F 5 N
\\\‘\\ ::] NaOH = =
H H.O z
N 2 :
O/\O ~
F.'
Mw=289 Mw=226
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OF F Mwn=240 Mn=289 10 (1 S,5R 6S)-

6- (3, 6-di fl uoro-2- met hoxyphenyl ) - 3- oxabi cycl o[ 3. 1. 0] he
woam4@2om e (130 ng, 0.55 mmol) was m xed w t PCIVER2003/009872

of 30% HBr/ AcOH (6 mml ) and heated in a seal ed

vessel at stirring for about 4h at 90C. The reaction

m xture was then cool ed down, m xed vvi th water and

(13,1af%lsafs&at %Fbmah%tm)eh "Ndilfl@bﬁﬂa 032@9{) clgbl‘tﬁifa R:wraﬁfen 2(1H)-

sat sodi um bi car ona e solution and
one (360mgd.2 m@wmmemxedgrwﬁsthmcéumcﬂaofeNam(Q:arg:éhii mmppin 5 ml

of Wate%@@lﬁl(st%dgali@g:rr t 9 Sé)tl %d* &l 'c%rl*qgﬂegﬁc%{? ' erl(e%&h%'rf n?—b( Uure was
cooled §0\9§ aﬁEDexiraHBed @t@@ne@gﬂ etHer"@Zx2O Enlfddeé* pkﬂas’é)wa@ aéflified with

-4, 7-difluoro-1
conc. H@l 2Trmopme@tmfate/tnrtf@dcwa@ p@kb%qt@qi ohfidration o glze 180 mg of pure

procuct iR ks B S pis St P s estEBbb g6 5 pyer

magneﬁlrﬁ s@ﬁa@@mﬁeﬁﬂéﬂ@@@%@)ﬁdﬁﬁ@néf [20) hhglgf_frdbuct (contalmng up to
b- di hy droc cl opr b@i«ltb %/chromen 2(1 one (360ny,

15% OfanUWﬁ%I))OVﬁ MSJ@@ 2¥he sol ution of NaOH (0.1 g,

e GOBILAaE'P, o S5 PIAbIa oA e B R 225 . )

211(m0m))l ed down and extracted into diethyl ether (2x20
Wat er phase was acidified with 5 conc. HO. The
preC| pitate formed was collected by filtration to give
Exampf'es ng of pure product. Mther |iquor was extracted
nt'o ether and washed with brine, dried over
a) oiagihgbéster $a) 6adéydeori¢ebenza[bpyclopvepadithiopbeak- T7cangxylic

acid, (187 155 %845 of GRI A k)P o

N — X
H\/ J - L/ CO,Et
/\S /\S/

Ethyl diazoacetate is added slowly to 10 g of thiophene at 140 OC. The reaction was

checked by gas chromatography and stopped after 7 hours. The residue is purified by
flash chromatography (5% ether in hexane). The cis isomer (917 mg, Rdt = 6%) was

identified by NMR spectroscopy.

Reference: Badger G.M. et al, J. Chem. Soc., 1958, 1179-1184.
Badger G.M. et al, J. Chem. Soc., 1958, 4777-4779.

b) cis 1a, 6b-dihydro-1H-benzo[b]cyclopropald]thiophene-1-carboxylic acid, (1S,
1aS, 6bR) or (1R, 1aR, 6bS)

(L P — (I e

A mixture of the cis isomer (443 mg), LiOH (193 mg) in 15 mi of methanol / 25% HoO is

refluxed for 1 hour. After evaporation of the solvent under vacuum, the residue is
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15% of inpurities). Overall yield about 92% 1H NWMR
(CDC13): 6.86 (m | H; 6.54 (m 11-1); 4.48 (m 2H);
wQ@202/0¢1969 1H); 2.20 (t, 11-1); 10 2.11(m 1 HyCI/EP2003/009872
Exanple 62 a) cis ethyl ester 1la,
6b- di hydr o- 1 H benzo[ b] cycl opropa[ d] t hi ophene- 1- car boxy
lic acid, (1S 1 aS, 6bR) or (1 R 1 aR, 6bS) \
: t lotichd j ifis oWy to
dissolved B e B e e B e heted
concentrafedaS! chdosmitanech phige avith dicblopemietitaner Aftenduyisg, theeorganic

. residue is purified . flas r omat ogr,aphy, .f 5% et her

phase isiayeResaiAd Al Ao dRE dSRE EERoE T MRICE A v

identified by NVR spectroscopy. 20 Reference: Badger

GM et al, J. Chem Soc., 1958, 1179-1184. Badger

GM et al, J. Chem Soc., 1958, 4777-4779. b) cis 1

a, 6b-dihydro-1

H benzo[ b] cycl opropa[ d] t hi ophene- 1-carboxylic acid, (1
Example 1 aS 6bR) or (1 R 1 aR 6bS) C30 cl1CX2H S S

25 A mxture of the cis isomer (443 ng), Li OH %193
(1S,5R,68))6-(3164bfudrodt-meth drymbieny!) 259teHRGY - OxapicyRIe s &lhexane
hour. After evaporation of e sol vent under vacuum
the residue is 79 WO 20049/l Q\L%Q PCT/ EP2003/ 009872
di ssolved in water and |:Washe‘d“wiCth et her. The water
phase is acidified wt co[r_igen rated HCl, and
extracted twice with l\‘br onet hane. After drying,

the organic phase i9 porated and gave the desired
acid (313.6 ng). Rdt 81 % Exanple 63 (1

S, 5R, 6S) - 6- (3, 6-di fl uorlo- 2- net hoxyphenyl ) - 2- met hoxy- 3-
oxabicyclo[3.1.0]hexan§ MeO

a) lodo-3-oxabicyclo[3.1.0]hexan-2-one

O
N= s\\\o
./:Cc} ° — AL

I .
The title compound is synthesised in the depicted stereochemistry as described in
Doyle J Amer Chem Soc 117 (21) 5763-5775 (1993)

b) lodo-2-methoxy-3-oxabicyclo[3,1,0]hexane

MeO

Q HO
_\}\\o DIBAL §\o MeOH, H* s\o
AN A A

I \\\ - | \“\ l \\\

The title compound is synthesised in the depicted stereochemistry as described in
Martin et al Tett Lett 39 1521-1524 (1998).
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FOAOw F lo a) |odo-3-oxabicyclo[3.1.0]hexan-2-one
O NO The title conpound is synthesised in the
walepiorwd st ereochem stry as described in  DoyPET/BP2E009872
Chem Soc 117 (21) 5763-5775 (1993) b)
| odor 2- net hoxy- 3- oxabi cycl o[ 3, 1, 0] hexane HO MO " 10
DIBAL MeOH, H+ ,10 A1l I I 15 The title conmpound is
c) ($sr5m68 @, 6-QifuBR- gdenbtioxgphésyipRahetioxtr3ys as
scri bed In Mrtin et at Tett Lett 39 1521-1524
oxabicy(:b@@ﬂ)O]hS@aW) 2004/ 021969 PCT/ EP2003/ 009872 <c) (1
S, 5R, 6S)-6-(3, 6-di fl uoro-2- nmet hoxyphen ) 2- met hoxy- 3
oxa b i cycl o [3.1.0] h exane MO Ol) BULI
ZnC 2 F QP 2) PdSOAc) 2/ Ligand THE Owe
F 2, 4-diflourgani sol1) B3 #ApClL0. 62 1) V\%dl fsol ved in
anhydr ous, '\\&g@sseaj Pd{BEc),/Ligand

+ A’/ -

ome THF OMe

F. F
2 4-diflouroanisol (90 mg, 0.62 mmol) was dissolved in anhydrous, degassed, THF (7

ml) and cooled to —78 °C under N2. nBuLi, 2,5 M in hexane, (0.30 ml, 0.77 mmol) was
added and the reaction mixture was stirred at —78 °C for 2 hrs. ZnCl; (150 mg, 1.1

mmol), as a solution in anhydrous THF (7 ml), was added and the reaction mixture was
allowed to warm to ambient temperature for 2 hrs. lodo-2-methoxy-3-oxabicyclohexane
(150 mg, 0.63 mmol), Pd (OAc), (1.5 mg, 6.2 pmol), and ligand Tris(2,4-di-tert-
butylphenyl)phosphite (40 mg, 62 pmol) were mixed in anhydrous THF (7 ml) and
added to the reaction mixture. The reaction mixture was heated at reflux for 3 days and
quenched with H,O. Diethyl ether was added and the layers were separated, the
organic layer was washed with H,O and aq. sat. NaCl, dried over MgS Oy, filtered and
concentrated to give the title compound, otherwise denoted 2,4-di-fluoro-5-

(cyclopropylacetal)anisol. Column chromatography on silica (EtOAc/Hexane 1:3) gave

(4) 50 mg, 31%.

"H NMR (CDCl3) & (ppm): 6.88-6.94 (m, 1H, ArH), 6.68-6.73 (m, 1H, ArH), 4.82 (s, 1'H,
CHOCHS3), 3.97-3.98 (m, 1H, CHOCH) 3.94 (s, 3H, OCH3), 3.79-3.81 (m, 1H, CHOCH)
3.30 (s, 3H, OCHs), 2.13-2.19 (m, 2H, 2x CH-cyclopropyl), 1.89 (tr, J=7.81Hz, 1H, CH

cyclopropyl).
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m ) and cooled to -78 C under N2. nBuLi, 2,5 Min
hexane, (0.30 m, 0.77 mmol) was 5 added and the
WO @329 i xture was stirred at -78 C for 2 hpGI/EEWEH/@9872
(150 ng, 1.1 mmol ), as a solution in anhydrous THE (7
m ), was added and the reaction m xture was all owed
to warmto anbient tenperature for 2 hrs.

o- 2- met hoxy- 3- oxabi cycl ohexane (150 ng, O0.63
Examp'g%qu, Pd (OAc)2 (1.5 mg, 6.2 mol), and |igand
cis-4,7-Diflust@,144di2, T etétraludrgdcptiensd patick mim e me-( 4arboxylié 2 cid.

nmol ) were m xed in anhydrous THE (7 ml) and 1o added
to the reaction gixture. The reaction mxture was
heated at reflux f %flays and quenched with H2Q
Di et hyl ether added and the | ayers were separat ed,
the organic | was washed with H20 and ag. sat.
e r
BBrs 1Nl\’§'<§ﬂm?ﬁ'iﬁ ?ﬁi{z% {05 é’moun 4 mh thio grﬁggﬁﬂgs aGBQg%”sfa%ﬁéjlatc?one
(1S,5R 63)4 -84 3,6 diftwaro52- n(eibmkymleoplwsaomtabyca@[ﬁsbo]he@ahd&mne from

examplq ﬂ;gg@t%rgag%ﬁwm %qu&?i (%E@?%%/Cglg Xgﬁgt}ule g?ag%%geg@]tw for 1h.

Acetonith] i k érn'ﬂ) wa: eftﬁ:‘e@ gr?dmé’d‘ﬁnné'v%s &égnugﬁgfﬁ??é’%t ga?'HTo%?—éﬁgflCtion

3.97-3.98
mixture Q/aEQ}L&rﬁme(:l By addﬂlomemalber apdIDe(wgatid,phase3ygs separated.

Water pﬁagg’ Wzaﬁle%@fqmte%gv@pmﬁéﬁ )cop@lﬁ%%%ﬂ Eé%s‘gw‘érg 81
evaporaPéaT IN30Q8/42D§88 25 rﬁ?i’@m 8q)6if eater &5 nfP) Whé %@eé ,to 1he resulted

7b- tetrah dro- cIo ropa{cl chronene- 1- car boxyl
residue aad stired@ig0 @ eragrBing Thederatiomixtiraomaciextrasteg \,mth ether to

remove g?gﬁ%lg ﬁ’h[}u fifds. iR Rdded Lers r%v'é‘[é}%ﬂa%%tﬁgs evar‘o]rated in

vacuo aﬁd 68n6 [dCT Wwasraaidednetpgtbuf/ pBeaften) ~ B theasoltywhe fierbdWhgielding
-2-one from5 exa Ie4 c) (0.66 ¢ '275m’mlp) at

0.497 g (ﬁ@ A’)I'ﬁfecrﬂélﬁcftﬂaéﬁc @(St sghq.hecrideeid was digsolved in 6

ml of Et@ﬂﬂllgrc@ 6&(2(6?%//\9)2%&a?5%‘%mt@99%@5‘ afid]. FIHRGh NS lution was

he reaction mxture was

filtered apadettfedciygtalidditionoiiedd Owbg €64%Nd t he or gani ¢ phase
was separated. Water phase was extracted with CH2Cl 2

and conbi ned organi c phases were

- "H-NMR (CDCls): 10.32 (br s, ~1H), 7.68 (d, 2H), 7.37 (s, 1H), 7.32 (d, 2H), 6.96 (s,

1H), 6.87 (m, 1H), 6.62 (dt, 1H), 4.44 (dd, 1H), 4.33 (dd, 1H), 3.53 (m, 1H), 2.56 (m,
~1H), .96 (m, 1H). LC-MS: M* 434.

Example 65

a) 1,1a,66a-tetrahydrocyclopropala] indene-1-carboxylic acid ethyl ester.

Indene is diluted in 100 m! dichloroethane. Around 10 mg of Cul and ardund 10 mg
Pd(OAc), is added. 25 ml of the resultant mixture is dropwise added to 25 ml
ethyldiazoacetate and refluxed for 30 minutes . The solution is filtered through Al,O3
which is eluted with a EtOAC/hexane gradient. The eluate is evaporated vigorously at

100°, 2mmHg to yield the title compound (36 g).
b) 1,1a,66a-tetrahydrocyclopropala] indene-1-amine.
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evaporated. NaOH (0.33 g; 8.25 mmmol; 3 eq) in water
(-5 M) was added to the resulted | o residue and
wariospeeat 80 C for 45 min. The reacti on m xtRCEERNAS3/009872
extracted with ether to renbve none acidic
impurities. The residual ether in water phase was
evaporated in vacuo and conc. HClI was added to pH of
f e § INsHad 200! vmlmé@HHomrz
The progé”ctd?‘stt&g g%&)%@?ﬁﬁgéfﬂ%al éaé\! d asﬁbz?omml sh solid ?
hours. THeenixtweds aldlthdnwsith diasroiveeded with diahloodetEamey emporated with
(40/ 60 v/,Vv) d treated th activat n
HOAG, R i cTIGror sy SR B Vo Rk RS pHIBARID tered
1 8110 i, 46.5
and evagbgéégilgo y%@jﬁ @gﬁ/é‘yh%'é‘ow\@5 7@3??%@ 23k 21 S'12
mmol TE‘A? 87 . {or ahdH).3 g@féi2e edrd mkaslé)17441z40 Qéé lslmlnbed in 200 mi

toluene @ﬁg rquLg;jed f%)@ammq\i%@ggﬁ T;rng%gmﬂ I8 e&gpgsated ?nd c} éscﬁved in
dloxane]2obj'n %ﬁw?bg@d‘? %ﬂﬁ&‘(’? BPhaRR[halog eer tﬁecrﬁ&PRéYaldlt‘éted for 60

ene 1s diluted In
minutes @it cbbrorteatpeaatere Arteusautian tsgaamomﬂ! \Aahlnoatad/@aﬁd in0 ny

25 Pd( OAc i s added., 25 he resul t ant
water/diggofROA & o BB LoP B B Tl e At e Boteo el T product
i f tS Pleltf 660 nh@ of BEYEpEeR cis amine,
s et B e B8 ool e DO R e
mol wt 1gbatii.ent. The eluate i s evaporated vigorously at 100,

2mHg to yield the title compound (36 g). 30 b)

1, 1a, 66a-t etrahydrocycl opropala] indene-1-am ne. 82
Exampld652004/ 021969 PCT/ EP2003/ 009872 The product of step
—L}—IS boil ed with around 50 %Mlala()—lln 200 m

wmm_ﬂmﬁmﬂmﬂa 6.Gadetra r@-ﬁVC‘@Drﬂﬁ)ﬂ)afﬁ}iH&Qﬁ.lﬂhvl) urea.
o < SBITalh  DR SPBERG BB H Y oot

- t I t -
To o it bty el ool o me o gugh ssamponind.2

5:1.12810m 4655mm| TEA 7.1 i 11eeand739
of the acid Ammss 174,12, 0.9ee) is mxed in 200 ni
tol uene a @' I} 6/1“or around 2 hours. The product
i s evaporated and’ dissolved in dioxane 200 m. 25 ni
dlchloroéiﬁbheC()ZOGmdL)Zﬁt 80 G)vaﬂas adée(hddmﬂviaﬁ dBInh@ selutionref ethyl
t at_ed

diazoacelgtefioh 9 §5Qamm08r1@a Aafich oae@@w?aéi( E Hifer 151%in at 80 °C,

the reagtion mixture was washed with H>O (200 mL). The H;O phase was washed with

CH,Cl; (50 mL) and the solvent of the combined organic phases was removed under
reduced pressure. The crude product was column chromatographed (silica gel, 5->10%
EtOAc in Hexane), to give 3.63 g (18%) of tcis-1,1a,6,6a-tetrahydro-
cyclopropalalindene-1-carboxylic acid ethyl ester and 6.68 g (33%) of +trans-1,1a,6,6a-

tetrahydro-cyclopropalalindene-1-carboxylic acid ethyl ester as a byproduct.

"H-NMR (CDCls): 7.30-7.05 (m, 4H), 3.81 (q, 2H), 3.36 (d, 1H), 3.18 (dd, 1H), 2.92 (m,
1H), 2.24 (m, 1H), 1.99 (dd, 1H), 0.92 (t, 3H).

b) +cis-1,1a,6,6a-Tetrahydro-cyclopropa[alindene-1-carboxylic acid

OH
o}
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wat er / di chl or oet hane. The organi c phase is dired,
filtered and evaporated. The product 10 is

w@ booanzoeyr aphed through a silica 60 col utm t oP@T/EPIH03/009872
660 nmg of 85% pure cis amne, nol w 145. 11. Exanple
66 cis-1-(5-Cyano-pyridin-2-yl)-3-(1 1a 6
6a-tetrahydro-cycl opropafal i nden-1-yl)-urea. 15 a)

+cis-1 1‘%' G%ﬂ!eg‘agy%%:c;%c{ %Qfﬁiin%ﬁ!a qp&%@&?\]cfl é&g@ Q\?as]sﬁﬁfg@é?%éfd from

a mxture ene (1

+cis-1, 1é@6§0’@&éh %‘icwa&ro%a géﬂirﬂdbr@az-@a&ﬁ)m’l@bhdl ethil e?step(aoss g, 15.5

di chl oroet hane was added

mmol) dir@hdv(ﬁ@@ MBI2L. @rm‘obh)l,th'lzziﬁ a>® rreh;)rf;nd N@C&ié%&@t@tv@mmwexe

neated it G Pckonssrr el el 1 B edbifn s
1,1 a,e,s%%?rgn h@%ﬁ)&)’%@n@ﬂﬁ?&%@%é{iﬁgﬂﬁ@ AMid Bs 20wRiR Shd. (s

conbi hed organi ¢ phases was
productmmctrymamxed reduced pressure. The crude product was
col um chr omat ogr aphed (silica gel, 510% EtQAc in
Hexane), to give 3.63 g (18% of cis-1,1
1 f H)CY! alH)ndenedl 158r pay Hucm 2.96
H- NMR%(?%@% 1%It%i@(er a QBOPDQRﬁ{gBO ) of@@?(r an?ql 1 g )
(m, 1H)t%272ﬁhlde) t%l(d@,rﬂﬁ)a[ al i ndene 1 car boxylic acid et hyI
ester as a byproduct. 25 1 HNWR (CDCI 3): 7.30-7.05
(m 4H), 3.81 (g, 2H), 3.36 (d, 1 H), 3.18 (dd, 1 H),
The reac?ho??rrﬁﬁé’tbre ?aé‘ﬂ:@nt?erﬁl‘étémunﬂeﬁedLﬂce@%rééshrelbét)nzerﬂa @ mL) was

cis-1

added aadeheaeazétonahymr@ Vegrcvapheduit 1N dteld39 relak k& (30cmL) and
brine (3@l T%é'savgﬁt mhéoc%éR%%e@qéﬁéﬁ%oogﬁéggreduced pressure.

The crude ér&ﬁrcwaeabmﬁ@cnmh@wmai (gilitange] 14-68% MO Hdn CH,Cly),
acid was synthesized from

to give 25 mg](SP/@) & i 1-€DcappemridicRobr k[ a)8. edeteahydrar boxy

ester (3.53 g, 15.5 mol) , LiOH (539
CYC'OPFOR&%E@ ﬁ%%%(‘)’ ‘H2O (10 i -) and MeCH (20 ni) which
were heated to reflux for 2h concentrat ed and

acidified to precipitate 1, 7gé Cis
"H-NMR (DMSO-dg): 9.58 (s, 1H§)818(d 1H) 9 (dd 1H 7.40-7.25 (m, 3H), 7.17-

7.05 (m, 3H), 3.27-3.13 (m, 2H), 2.80-2.73 (m, 2H), 2.05 (dd, 1H).

Example 67 |
+cis-1 -f5-Cvano-pvrid in-2-y1)-3-(1a,2.,3,7b-tetrahydro-cyclopropalalnaphthalen-1-yl)-

urea.
a) 1a,2,3,7b-Tetrahydro-1H-cyclopropala]naphthalene-1-carboxylic acid ethyl ester
1a,2,3,7b-Tetrahydro-1H-cyclopropa[alnaphthalene-1-carboxylic acid ethyl ester was

o~
[e]

synthesized analogously to Example 66 from 1,2-dihydronaphthalene (3.91 g, 30
mmol), to give 688 mg (11%) of 1a,2,3,7b-tetrahydro-1H-cyclopropaja]naphthalene-1-
carboxylic acid ethyl ester (a 56/39 mixture of cis and frans isomers).

"H-NMR (CDCl3): 7.35-6.95 (m, 4H), 4.30-3.85 (m, 2H), 2.90-1.00 (m, 10H).
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5
1, 1a, 6, 6a-tetrahydr o-cycl opropa[ a] i ndene- 1- car boxyl i c
wa@eood/ozwen white solid. The product was not PCT/EP2003/009872

crystallized. 'H NWR (CDC13): 10.95 (br s, 1 H),

7.35-7.02 (m 4H), 329 (d, 1-H), 3.14 (dd, 1 H), 2.96

(m 1 H, 2.27 (m 1 H), 1.91 (dd, 1 H. 10 The

reacti on m xture was concentrated under reduced

pressure, benzene (20 nL) was added and the reaction
b)  1aRx3,dbeT ateathyaasH éticyalagopals]ndgihtii@enet)-campeyiEacidL)

and brine (30 nL). The solvent of the organic phases
pder | educed pressure. The crude product

Bt ographed (silica gel, 4->5% MeOH in

gj—lECICgl)tJ to gpve 25 ng (5% of
1a,2,3 7ta§'(9_tr(1§15\ygb%-[ E-Fq;y{%q{logéf} gam@gnéhmﬁ (( oo tgt ( ahé%@esnzed

analogoéﬁg tc}l?i%g\rﬁe]%%b(f%m Yot 3, 7p- t%ﬁaﬁ?cﬂo ‘ﬂH@ycloEré‘&a Zg\%\g)hfhﬁlene -1-

3.27-
carboxyl(cmold idihyl 22 s0dEr @66 md, 3—08 moEmaﬁﬁiB% neixture of cns "and trans

s oA U G A g oot
carboxy! f?‘) ackd f%a 56339 Riilterd ahyidend Jtréﬁsqy@ﬂn@FEBOWHb Hroauttired eote,

carboxylic acid ethyl ester
crystallizad2, 3, 7b- Tet rahydro- 1
H cycl opr opa[ a] napht hal ene- 1- car boxylic acid et hyl
ester was 0 synthesized anal ogously to Exanple 66

'H-NMR(COTL)): 3186 fspﬂi&li)hI taaleegs(msm; RB803N65HMITH). to
gi ve 688 ny of 1 a,2,3,7b-tetrahydro-1

H cycl opr opa] a] napht hal ene- 1 carboxylic acid ethyl
er (a 56/39 mxture of cis and trans isoners). 30
Examp'aeiéNwR (CDCI3): 7.35-6.95 (m 4H), 4.30-3.85 (m 2H),

a) 1,2aF)3 1, @l&l—(emahb/ﬁl'd)—benﬂ)f[a}ﬁ{/blﬁﬁwammﬂﬂ@heptene 1 carboxyllc acid
PCT/ EP2003/ 009872 b) | a, 2,3, 7b-Tetrahydro-1

ethyl estef.cycl opr opa[ a] napht hal ene- 1- carboxylic acid OH O

O\/
e}

1,1a,2,3,4,8b-Hexahydro-benzo[a]cyclopropalc]cycloheptene-1-carboxylic acid ethyl
ester was synthesized analogously to Example 66a from 6,7-dihydro-5H-
benzbcsycloheptane (4.40 g, 30.5 mmol), to give 3.43 g (49%) of 1,1a,2,3,4,8b-
hexahydro-benzo[a]cyclopropalclcycloheptene-1-carboxylic acid ethyl ester (a 1/10

mixture of cis and frans isomers).
"H-NMR (CDClz): 7.40-6.90 (m, 4H), 4.30-4.00 (m, 2H), 3.30-0.50 (m, 12H).

b) 1,1a,2,3,4,8b-Hexahydro-benzo[a]cyclopropa[c]cycloheptene-1-carboxylic acid.
1,1a,2,3,4,8b-Hexahydro-benzo[alcyclopropalc]cycloheptene-1-carboxylic acid was

OH
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25

I a, 2, 3, 7b- Tet rahydr o- 1H- cycl opr opa[ a] napht hal ene- 1- car
boxylic acid was synthesized analogously to Exanple
woG w42 1 a, 2, 3, 7Tb-tetrahydro-1 PCT/EP2003/009872

H cycl opr opa[ a] napht hal ene-1- 5 carboxylic acid ethyl

ester (688 ng, 3.18 mmmol, a 56/39 m xture of cis and

trans isoners), to give 540 ng (90% of |

ne- 1-

symthes e B B O S B s
benzola ]@,@ltq:rsb)a[c]ﬁyelqmmmrta 1wwasbaxgtic acidysthal estee B3.43@, 1THONNROL, a

1/10 mlgug)ogglg@ngiﬁfanmfome@)a{?p@lge ggf%ag 85%) of 14J|_2 2,3,4,8b-hexahydro-
benzola icr}/%fquog [gggta JHenEnedt eaRenant abry @ P/ﬁbcrﬁ&h?rbcdf@/soé}‘?cpirans

|c acld ethyl ester. R-~lyo
isomersd, The3prbdiist Waxahtjzdr)@taibzmb[ a] cycl opropa[ c] cycl ohept ene
-1-carboxylic acid ethyl ester was synthesized
anal ogously to Exanple 66a from 6, 7-di hydr o- 5H
H- NMR?%@/@@%MW@@&@M Hfﬂ@) -.003fh, 2HYBI30-0150 @h,VeH)3- 43 ¢
hexahydr o- benzo[ a] cycl opr opa[ c] cycl ohept ene- 1- car boxy!
E lig acid ethyl ester (a 1/10 mxture of cis and trans
xample 88ners). 20 ' H NMR (CDCI 3): 7.40-6.90 (m 4H),
a) 6%8&0&3{002@144&@ dordbtihden{1wol 12H). b) 1,1

Hexahy ro- benzo[ aJ cycl opr opal c] cycl ohept ene

-1-carboxylic acid. OH
1, 1a, 2, 3, 4, 8b- Hexahydr o- benzo[ a] cycl opr opa[ c] cycl ohept
ene-| -carboxylic acid wa g 85 WO 2004/ 021969

PCT/ EP2003/ 009872 synt h{ = al ogously to Exanpl e
66 from 1, 1a, 2, 3, 4, 8- heKahyd
benzo[ a] cycl opr opa[ c] §/cl olfept erie- 1- car boxyl i ¢ aci d
ethyl ester (3.43 g, 14.9 mvol, a 1/10 m xture of cis

6- Metho&?tétﬁaﬂcﬂ@(t@o@m@moly Waglmlﬁea wiith 150 93Y¥F doy ethanol and sodium

bOthydBéﬁi&){?a?W@% aﬂéﬁgpd]%ym%@ﬁhér%'ffedﬁ%@ I'he reggtipn(rgixture
was left tcé %fi)r gft Ahbler geh?él%étﬂﬁ%r [ 8RS TRl rBQBRSS Mixtl REwWRE AkHFt

cryst
concentrated by rotary evaporation, mixed with 100ml of water and heated for 1h at
45°C. The resulting mixture was extracted into diethyl ether (3 x 80ml). Combined
organic extract was dried over Na;SO, and concentrated by rotary evaporation to give

10.39g of yellow oil which was used in the next step without additional purification.

b) 7-methoxy-1,2-dihydronaphthalene

LSOO

Crude 6-methoxy-1,2,3,4-tetrahydronaphthalen-1-ol (10.3g, 0.058mol) was dissolved in
100m of toluene and heated in an oil bath (115°C). P-tolylsulphonic acid (20mg) was
added to the reaction mixture and it was refluxed for about 1h. The reaction was
monitored by GC. The reaction mixture was then cooled and washed with sat. NaHCOj3
solution, water and brine and organic layer was dried over Na;SO,. Concentration gave

8.87g of light brown oil. Yield 96%.
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"H-NWR (CDCI3): 10.76 (br s, 1 H), 7.40-7.00 (m 4H),
3.30-0.50 (m 9H). Exanple 69 lo a)

WG 200098y - 1, 2, 3, 4-t et r ahydr onapht ha | en- 1- ol PQHEP20a3/$09872
6- Met hoxyt etral one (10g, 0.057nol) was m xed with 150
m of dry ethanol and sodium borohydride (1.2 eq) was
added by portions to the stirred m xture. The reaction

t t r
DI A e e R T S S
carboxylstkary evaporation, m xed with 100m of water and

heated for 1 h at 45C. The resulting m xture was
extracted into diethyl ether (3 € RDBi). Conbi ned
organi c extract was dried over Na2SO4 and concentr at ed
by rotary evaporation to.gi 10. 399 of yellow oil
whi ch was used in the wi t hout additi onal
purification. b) 7-met di hydr onapht hal ene 20
O Crude 6-net hoxy- ZL~te ydr onapht hal en-1-ol (1
0.3g, 0.058nmp1l) was d| ssol ved in 1oom of toluene and
ated in an oj ath 1 Isu onj ¢ _aci
7-Methqaghginkonanuba s o EsaTEh WASALIE Wha (O gegassed
Rihe[eps T
absolurd EAER Bl PR %9@ Erh s E e T
reactionwinixtureatas biabialed ith sidtogienand ethylatiazoatbdiaien@ean§0% solution in
ni c r s..dried ov 2 . Co ntratio
degassehdas. Helyienor ATpgHe) Brs dide Fowy Hiraigaane syTes (ow rate
about 1 %m%&);t%%ﬁ% HHIERAARH 8P88Pnt amBéithred OB &@xitidn started
b-tetrahydro-1 Hcycl ogr(g) a] napht hal ene- 1-
upon the addisiopl dhe remcj&:tn was monitored by GC. Additional amount of catalyst

v o TP S iy 19214
e o S B 5D P10 S o B v

with sat@idiyd N, &2 eargibatand Baes. THYMmetiyidreothibnde solution was dried over
Na,SO.. Concentration gave 13g of crude product as yellow oil. Purified by column
chromatography on silica (200g, ethyl acetate/hexane 1:20). Only trans isomer was
obtained in pure form. The required cis form could not be purified by the technique
used. Fractions which were more enriched with required product were combined

(200myg, cis/trans ratio 70:30 according to GC) and used for further transformations.
d) 5-Methoxy-1a,2,3,7b-tetrahydro-1H-cyclopropala]naphthalene-1-carboxylic acid
COOH

~o0

Ethyl 5-methoxy-1a,2,3,7b-tetrahydro-1H-cyclopropala]naphthalene-1-carboxylate
(0.2g, 0.8mmol) was dissolved in 2ml of methanol and the solution of sodium hydroxide
(0.2g, 50mmol) in 2 ml of water was added to thé reaction mixture and stirred at
ambient temperature overnight. The extraction of basic reaction mixture into hexane

showed that no starting material present. The reaction mixture was acidified with excess
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degassed abs. nethyl ene chloride) was added slowy
through the syringe (flowrate about 1 m/hour) to
wWo b@4521969 ed sol ution at anbi ent tenperature. EBEBFEP2003/009872
evol ution started upon the addition. The reaction was
noni tored by GC. Additional anmount of catalyst |o was
added during the reaction (about 20ng). GC-ratio of
i S L Th@ oasbined
o B S A S e v
extractswesrieatlashiéd with ataieaardibNraLCliesbd e Nae SEddand icnscentrried by

nmet hyl.ene chl oride solution. was dried over  .Na2 .
rotary eYERRIBHOR 50 AR o0& oh BBt B Rk apie A HE by o 1
Purified by colum chromatography on silica (200g,
Examplee?[;}w acet at e/ hexane 1:20). Only trans isomer was 15
obtai ned in pure form, Th éelgui ed cis formcoul d not
a)  Toeelievel.éch: xf/etﬁ*’é’df%’éﬁ?ﬁéﬁ alefl8ed. Fractions which
were nore enriched with required, product were conbi ned
(200ng, cis/trans ratio 70:30 acording to GC) and

used for further trags(ﬁor mi{i ops, d) 5- Met hoxy-1
a, 2,3, 7b-tetrahydro-71
H cycl opr opa[ a] napht hal exyl ic acid COOH O
20 Ethyl 5-methoxy-1 a, 2, 377b-tétrahydro-1

H cycl opr opa[ a] napht hal ene- 1- car boxyl ate (0. 2g,

7-Methofy Bpdlifydras! (2H aephiadlanol ges synthesitechanalagduslydo Example

692 fromy - Wa MRS S g e et PBRTE(S GuPs Tamps o fvggbout 5
g of crué%1 é:}ra&t?&te(%aﬁﬁgﬁ\?é ?%w)?wﬂ}t‘ﬁr\ﬁég bed Theheendktatép onthohit

C reaction mxture into hexane showed that no
additionsltpurificatjomat eri al present. The reacti on m xture was

acidified with excess 87 WO 2004/ 021969 .

b) 6-PaathERYO03/dineBIRaphihaleveHCI sol ution (pH=1), and
extracted into ethylacetate (3x1 5nl). The conbi ned
extracts were vvashed/ﬁ] ]l erand brine, dried over
Na2SO4 and concentrated evaporation to give
0.15g of m xture of cis/ ds as white solid.
Exanple 70 5 a)
7-met hoxy-1, 2, 3, 4-tetrahydr o- 1- napht hal enol ~ OH

6-MethoXy-Me2-laihxydranaphihalpde ovas Sithesiped haplogousiyde Example 69b from
synt hesj zed .anal gqousl,y .t 0 9 [

7-methof et Rk eI 4 Y g R 00 2t S By s rowgpyetiow

oil (96% WidH ffrorh F-Bletfox@orR 3, Stetrahydro-1-naphthalenone).

c) Ethyl 6-methoxy-1a,2,3,7b-tetrahydro-1H-cyclopropa[alnaphthalene-1-

carboxylate

COOEt

o
(L

Ethyl 6-methoxy-1a,2,3,7b-tetrahydro-1 H-cyclopropala]naphthalene-1-carboxylate was
synthesized analogously to Example 67 from 6-methoxy-1,2-dihydronaphthalene (4.4 g,
28mmol) at addition rate 0.7 ml/h to give 9.68 g of crude product as orange-brown oil.

Purified by column chromatography on silica (200 g, ethylacetate/hexane 1:10). Three
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g of crude product (quantitative yield), which was
used in the next step without 1o additional
w@eokf2wer i on. b) 6-net hoxy-1, 2- di hydr onapht haP@ner2003/009872

6- Met hoxy- 1, 2- di hydr onapht hal ene was synt hesi zed

anal ogously to Exanple 69b from

7- met hoxy- 1, 2, 3, 4-tetrahydro- 1- napht hal enol to give
fractionwhrd cQfe REQTHEd oA IACRBA Wi ¢i9Vsorddr @5Ps HPEIE Y- €. 15g, mixed

from 7-methoxy-1, 2, 3, 4-tetrahydr o- 1- napht hal eno_neg )
fraction Etthyé g6anetfitasiign tontaies] pure tsanmispmaro- 1 g. Total yield 45%.

H cycl opropa[ a] napht ha | ene-1- carboxylate COOEt , O\ )
d) 6EhBiHox§- el Boxy-tetradydrs | Fhoyckprapgi@iraphthalene-1 -carboxylic acid

H cycl opr opa[ a] napht hal ene- 1- car boxyl ate was 20

synt hesi zed anal ogously to ExanpCe® from

6- net hoxy- 1, 2-di hydr onapht halen¢ (4.4 g, 28mmol) at

addition rate 0.7 nb/h t@_gi =‘ .68 g of crude product

as orange-brown of 1. py col um

chr omat ogr aphy on sili . , et hyl acet at e/ hexane

1:10). Three 88 WD 200% ) PCT/ EP2003/ 009872

fractions were collected: fraction enriched with cis

- Lo (7 -1H- 2esbhthaldaei10garbokylidadd was

0 Methogzgl%‘;%,gé?t??gp%hﬁaﬂﬁe%C%gpﬂ ans isomer - 1 %.yTot al
synthesizee lathaligeustt) tooE xarnplexaed) feora edyr B-methoxbiyldy 8317 b-tetrahydro-

1H—Cycl£rgggfa?ﬁéﬁﬁﬁg%lwre]— -Qér%%&?]l%?é 30.?@@?8%411%06% %ivecm'é df%roduct

as white@r)yBaloXyeldaz 24,3, 7b-t et rahydro- 1H-cycl opropa[ a] napht ha
| ene-1-carboxyl ic acid was synthesized anal ogously

Exmﬂpk;p1Exanple 69d) from ethyl 6-nethoxy-1

a, 2,3, 7b-t et rahydr o-
= LRMtRdIBAGNT hal ene- 1- car boxyl ate (0. 16 g,

3) 7%*%@#%%?? to éﬁ%e 0.1 g of product as white crystals.
Yield 71 % Exanple 71 lo_ g
7, 8- di hydr o- 2- napht hal e i
7- Met hoxy- 1, 2- di hydr onag
di ssol ved in abs. nd

6.4 g, 40mmol) was

7-Methoxy-1,2-dihydronaphthalene (6.4 g, 40mmol) was dissolved in abs. DMF and’
bubbled with argon sodium ethylthiolate (2.5 eq) was added and the reaction mixture
was heated at stirring at 160°C for about 4 h. Reaction was monitored by GC. Reaction
mixture was diluted with water, acidified with 3M HCI and extracted into ethylacetate.
Organic extract was washed with water and brine, dried over Na;SO4 and concentrated
by rotary evaporation. Purification by column chromatography on silica (200 g,

ethylacetate/hexane) gave 5.36 g of desired phenol. Yield'92%.
b) 7,8-dihydro-2-naphthaleny! trifluoromethanesulfonate

7,8-Dihydro-2-naphthalenol (5.3 g, 37mmol) was mixed with triethylamine (6.2 ml,

44mmol) in abs. methylenechrloride and cooled under nitrogen in the ice/brine bath.
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bubbl ed wth argon sodiumethylthiolate (2.5 eq) was
added and the reaction m xture was heated at stirring
wW@e00362@64 or about 4 h. Reacti on was nonit or edPGI/EE003/009872
Reaction 15 m xture was diluted with water, acidified
with 3M HCI and extracted into ethylacetate. Organic
extract was washed with water and brine, dried over
T ®ough syringe
Trifo anfRRE (2Rl AAGRADY Mok aqdel 10 g Sl AR o S
durlng 1@min £Thy taraptedtercheraabywedierise SHwy ob t@e's)pmgtemperature The

phenol | d' 92% di h
rescton e eerEe Ui i R RSP B ess., The
% d
crude prc\?&jtﬁﬁl&{%}’g&l ~“T?d n?F?:BF Eﬁ%h?a(téar%pﬁy oh %)9 YasF biowe dquid was
obtainedn”&‘tdwl%ﬁ’achrl ori de and cool ed under nitrogen in the
icel/brine bath. 89 WO 2004/ 021969 PCT/ EP2003/ 009872
c)  Ethyl 54{[(’C"f|@@|ﬂ<ymemé)8(lﬁoﬂy|}®<y} ta 2V h-tekghydreetit o t he

stirred sol uti roggh syringe during 10 mn. The
CW'W"W%L%’@%B Drlenga Cﬁfqoé‘)(%geto rise slomy up to room

tenperature. The reaction mxture V@%hen washed
with water and brine and dried ove 4. The crude
omat ogr aphy on

product was purified by colum ch
{ obtained. Yield
)sul fonyl Joxy}-1

silica. 9 g of brown |iqu
88% c) Ethyl S5-{[&trifl
a, 2,3, 7b-tetrahydrg-1 H Qpr opa[ a] napht hal ene- |

- car boxyl ate COQEt g-00'| O~F3C> O Et hyl

5- {[(trlfluor&ﬁ@th)\l\)sulfonyl]oxy} 1

a, 2,3, 7b-tetrahydropl H 1o

cycl opropa[ a] napht hal ene- 1- car boxyl ate was synt hesi zed

' ydro-1H-
Ethyt 5- {gﬁglu%g(gﬁ% %l%ﬁlfﬁﬁﬂ[@!ﬁ ’%’3 I??Ig rﬁ%r orrcr)et hanesul f onat e
cycloprop8[ aghapﬂﬁl‘nmaln)e atcadmm«y(ate)was synthesized analogously to Example 5¢
from 7,8-dihydro-2-naphthaleny! trifluoromethanesulfonate (9 g, 32mmol) at addition

rate 1 mi/h to give 13 g of crude product as orange-brown oil. Purified by column
chromatography on silica (200 g, ethylacetate/hexane 1:15). Fraction enriched with cis

isomer (80% by GC) — 0.64g was collected and used for futher transformations.
d) Ethyl 5-cyano-1a,2,3,7b-tetrahydro-1 H-cyclopropalalnaphthalene-1-carboxylate
COOKEt

NG
Ethyl 5-{[(trifluoromethyl)sulfonylloxy}-1a,2,3,7b-tetrahydro-1H-
cyclopropala]naphthalene-1-carboxylate (0.2g, 0.5mmol) was mixed with Zn(CN)a
(0.82mmol) and Pd(PhsP)4 (56 mg, 10 mol %) in DMF (4 ml), bubbled with argon for 5
min and heated at stirring in a closed vial for 14 h at 100°C. Reaction was monitored by
GC. The reaction mixture was concentrated by rotary evaporation, mixed with saturated

NH,C! and extracted into ethylacetate (3 x 15ml). Organic extract was washed with
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rate | m/h to give 13 g of crude product as

orange-brown oil. Purified by columm chromat ography
woroogiokisen (200 g, ethyl acetate/ hexane 1:15). PFCHEP1008/009872

enriched with cis isomer (80%by GC) - 0.64g was

coll ected and used for futher transformations. 15 d)

Et hyl 5- cyano- 1a, 2, 3, 7b-t et rahydro-| H cycl opr opa[ a] naph

water an@rlﬂn%nﬁn ﬁﬁB@PNﬁ%@bﬁ CEREEtratiin ahf)é'O 12g of product as an oil

tri uor onet Ayl ) sul f onyl ] oxy} -

(vield 90%)2, 3, 7b-tetrahydro-1 H
cycl opropa[ a] napht hal ene- 1- car boxyl ate (0. éﬁ 0. 5mol )

d) 5 ‘t&?éncmla@;B Wottetrahydnd- 2H-qyalcpzopai naphithaber SFYrhoxHE aCId

nmy, 10 nol % in.DMF (4 m), bubbled with argon for 5

20 min and heated at stirring i ©Q0OH osed vial for 14
h at 100C. Reaction was nonitored by GC The reaction
m xture was concentr at ed ary evapor ation, m xed
with saturated NH4CI [

(3 x 15m ). Oganic e washed with 90 WO
2004/ 021969 PCT/ ER2093N wat er and brine, dried
under Na2804 Conceéntration gave 0.12g of product as
an oil (yield 90%. d) 5-cyano-1

5- Cyano‘ﬁ%gé 7% étﬁél’[ﬂ?na Eﬁ?%%lf)%rogaia rg%pghtg;c\(lfnleg -gglrbdoxyhc acid was

synthes@e@aﬁ?ﬂ@@@uélyao E@nﬁ;ﬁetiﬂdfﬂm@twﬁ cyano-1a,2,3 7b-tetrahydro -1H-
{

excoprobb Lo SR S8 2L BB S procuot s

y2: 3, 7b-tetrahydro-1 H
white Crﬁi&?ggggpa?qaﬁ napht hal ene- 1- car boxyl ate (0.12 g,

H- NMR@D@@%‘@QQE Q)ZQLP@?H }J’Bwsgi é&*@dmtea@s (d%ﬂH? 7314657[63$m 4H),
7.32 (br éth); 3.1848,1®8 rﬁ32l(-laid2 76- }@5&17, Uo- 2. H)H) 2135* (t H),
18-.3,,10 2 2. 76 2.65 1
2.01- 18@{)(br@ %9)215%%19 % ﬁ? 34(?1 T)H), 2. 01-1.(g]o (br
n% , 178169(br m 1H). Exanple 71A a) Ethyl
Examples M‘t ri nmet hyl si |yl )et hynyl]-1 a, 2, 3, 7b-tetrahydro-1

a) Ethyl trl ?ﬁﬁLﬁJl)e a1a be\f?b }etFaéwa%(M ll—%fclopropa alnaphtha

lene-1-carboxylate

COOEt

Ssi Z

e

Ethyl 5-{[(trifluoromethyl)sulfonylJoxy}-1 a,2,3,7b-tetrahydro-1H-
cyclopropalalnaphthalene-1-carboxylate (0.2g, 0.5mmol) was mixed with
trimethylsylilacetylene (0.2 ml, 1.37mmol), DPP (35 mg, 10 mol%), Pd(dba)z (30 mg, 10
mol %) and Cul (3 mg) in EtsN (2.5 ml), bubbled with argon for 5 min and heated at

stirring in a closed vial for 14 h at 95°C. Reaction was monitored by GC. The reaction

mixture was concentrated by rotary evaporation, mixed with saturated NH4Cl and
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COCEt /li 15 Ethyl
5-{[(trifluoronethyl)sul fonyl]oxy}-1

W@ 2®@4/82199 t et r ahydro-1 H PCT/EP2003/009872
cycl opr opa[ a] napht hal ene- 1- car boxyl ate (0.2g, 0.5nmol)
was mxed with trinethylsylilacetylene (0.2 nm,
1.37mmol ), DPP (35 ng, 10 nol %, Pd(dba)2 (30 ng, 10

o el T G b o

brine, dtiedl uddyr NébSD@Ccﬁ@@ntrRB@ttgaO@ Ovieyy ofprotioctess by dBQyield 87%).
The reaction mxture was concentrated by rotary

= 1107 3, TH-Rehhydtdr 1 8¢ réga htieaidn@11-¥&rboxylic acid
b) %OOIZ 0%1969 PCT/ EP2 Hggsl 0098)%@5 egtﬂﬁg@ed into d
et hyl acetate (3 x 15nl). Organic extract was washed
with water and brine, dried under Na2SO4.
Concentration gave 0.15g of prodgoiorHas an oil (yield
87%. b) 5-Ethynyl-1 a, 2,3, 7b-t/etrahydro-1
H- cycl opr opa[ a] napht hal en rboxyl ic acid COOH 5
Ethyl 5-[(trim ethylsil []1-1
a, 2,3, 7b-tetrahydro-1 h opa[ a] napht ha | ene- 1-
carboxylate (0.2 g,.&. 64nhol ) "was di ssolved in 4m of
nmet hanol and the solution of sodium hydroxi de (0.05g,

Ethyl 5etEIsilyefhyRynfa S AL i, A -ﬁﬂ/écg%@ BpafitfibhiARa lene-1-
carboxyﬂéter @c2 igp0.64fmraliveag eiasdived lmmrn of merthﬁrmlhmdwhmaemutlon of
sodium e GHIEeVA e Aol T hoLWaies Biagraciiick 8 hegpacgmmidture
and stlr(ré’é": il)\eaf'?ﬁg ??ééq@ﬁfr@'h Y eﬁttré‘é’tlcﬁlcc?fttﬁfs?c @&%égﬂrﬁrxtu-?a%to

racts were washed wth water and
hexaneokrhowbdavrat na280ngamateriab prasent. dthedrebgtion mixiure was acidified

BRI ORI -
combm%a SdraetSndrd WHehed Qwﬂﬂiﬂkéﬁé]r andbriiehygeé® oler NaZSO4 and

2H) - napht hal enone  F O 1, 4-Di fl uor obenzene (22
concenatechi rytannevanorationte alvgd}rﬂrag Phmirereeh gadrans aﬁlds (Bb:15) as

white solid. Yield 88%.7

Example 72
a) 5,8-difluoro-4-methyl-3,4-dihydro-1(2H)-naphthalenone
F )

F.'

1,4-Difluorobenzene (22 ml, 210 mmol) was mixed with gamma-valerolactone (4 ml, 42
mmol) and AICI; (28 g, 210 mmol) was added by portions to the stirred reaction mixture.
The reaction mixture was then refluxed at stirring for 16 h (oil bath 110°C). The reaction
mixture was cooled down (ice/brine bath) and ice/conc. HCl was added and stirred until
homogeneous mixture was obtained. The reaction mixture was then extracted into

methylene chloride, washed with water (4x10 ml) and sodium bicarbonate solution
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mol ) and AIC13 (28 g, 210 mmol ) was added by portions

to the stirred reaction mxture. 20 The reaction
woroose®enas then refluxed at stirring for 16 PCT/@P1003/009872

bath 110C). The reaction m xture was cool ed down

(icelbrine bath) and ice/conc. HCI was added and

stirred until honbgeneous m xture was obtai ned. The

e
(36100 i ABaMI AR e e 2 (VPR i) San Ry e

'aga[c 3)% ic08s 93l 0MPp2RA4+ 02iEREI1%.
evaporat% 2§8{3§8 %d%l (832100 rFr)i) The organic extract was

by 5 g\;lérggorrB"zP D908 3 Leneaickalilaptilieioabar

ation .7 g of product as yell ow powder.
Yield 81 % F OH
5, 8-di fl uoro- 4- nmet hyl - 1,|2, 3, 4-t et r ahydr o- 1- napht hal eno
| FOHF 5 5, 8-Dfluoryas Bt hyl -

1,2,3,4-tetrahydro- 1-
anal ogously to Exanpl & ¥
5, 8-di fl uor o- 4- net hyl - 3, fydr o- 1( 2H) - napht hal enone
to give 1.8 g of crude whi ch was used in the
next step w thout additional purification C)

5,8-difluoro-1-nmethyl-1,2-dih ongpht hal ene
5,8-DiflubrcB4 Pnéthybr &2, :M@trﬁi;vdrp ?@PHMW@pW?ﬁ&V% Ss{ﬁ&d attilogously
i ze 18- 2P/ ahthalenone to give 1.8
to Examgl)égégo]q ?r gt?agf'ﬂbr@%hy é{hglq?ig}ﬁftﬂeé r aﬁydr 0- ? napht hal eno
g of cru«ﬁe Hocﬁxcﬂ which \nﬁ@lﬁsed i thi vext Step witbeuipadstiirial RUrBERR-
low oil (90% vyield from
rbURhfstiyl e iHydio2agshthalene
o) 558et%;fﬁ+1ydro 1- lﬂ%pht hal enone) d) Ethyl
4,7-di fluoro-3-nethyl-1Hm, 2,3, 7b-tetrahydro-1
H cycl opr opa[ a] napht hal epe- 1- 15 car boxyl ate F COOEt
F Ethyl 4 ,7-difluoro-2matk a, 2,3, 7b-tetrahydro-1
H cycl opr opa[ a] napht ha ar boxyl at e was
synt hesi zed anal ogousl'w tgExawpl e 69c from
5,8-di fluoro-1-nethyl- 98 WO R004/021969
PCT/ EP2003/ 009872 F

5 8-Difluoro-1-methyl-1,2-dihydronaphthalene was synthesized analogously to Example
69b from 5,8—diﬂuoro-4-methyl-1,2,3,4-tetrahydro—1-naphthalenol (1.8 g, 9.1 mmol) to
give 1.5 g of product as brown yellow oil (90% yield from 5,8-difluoro-4-methyl-1,2,3,4-

tetrahydro-1-naphthalenone).
d) Ethyl 4,7-difluoro-3-methyl-1 a,2,3,7b-tetrahydro-1 H-cyclopropala]naphthalene-1-
carboxylate

COOEt

F

Ethyl 4,7-difluoro-3- methyl-1a,2,3,7b-tetrahydro- 1H-cyclopropala]naphthalene-1-
carboxylate was synthesized analogously to Example 69¢ from 5,8-difluoro-1-methyl-
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1, 2-di hydronapht hal ene (3.5 g, 19 mml) at addition

rate 0.5 m/h to give crude product as yell ow brown
w@R004/0P95¢ f i ed by col utm chr omat ogr aphy on si | PCHERR08009872

g, ethylacetate/hexane 1:15) to give 5.2 g of the

m xture of diastereoneric esters together wth diners

of EDA as coloureless oil (GC ratio: anti- 45% 40%

1,2-dih&(}i{oglﬁf)hﬁ'i}ﬁﬁéﬁg?%géq,#fgu%ho?%%h%%(ﬁr{ Pégg :O% ﬁ’)l/h f%)give crude product
as yellGwBréwr it PkFRBY Bycolutin chromatography on Sincaé28%8i|

cycl opr opa[ a] napht hal ene- 1- car boxylic acid ) F
ethylacetatglhexanedi:1 b Lior@ve 52 9,08 tirbmixtFepfl diggtereomeric esters together

ot 555 PBIOBEL BEERRL B PoE dpEPRRU AL S ed 8 B0 11%

2.3% feafs@kyed in 2.5m of methanol and the solution of
sodi um hydroxi de (0.4g, 10mmol) in 2.5 mM of water was

e)  AAERMlI4 hGfLBRSBIrRBthYI- 4 IE7BAGshydrbeH-at  anbi ent
tenperature overnight. The reaction m xture was

cyclopropajadeaehthalans- herap@xW(i8R80 n ). The conbined extracts
were washed with water and brine, dried over Na2SO4
and concentrated by rotary 15 /@Rt ation to give
1.12g of cis esters as |col our)fess oil (m xture of

ethyl and nethyl este - 'AQ according to GC). The
m xt ure obt ai ned was 0 d in 1.5 mM of nethanol
and the solution of § iy groxide (0.2 g, 5mml) in

1.5 mM of water was added ¥0 the reaction m xture and
stirred at 95C for 40 nin. The reaction mxture was
acidified with excess of 3M HCl solution (pH=1l), and
extracted into ethylacetate 20 (3x1 5ml). The conbi ned
Ethyl 4&difleote1aet, 8, Akatsiiehydia- W-veyclopraprabiiapnénalapeddcapexylate
SHA . a r i g
(5.250 Ul PO PR P18 R e om I R A b i 2l of

as Sl

methandl &he tB8%o{@RpT of spthuini Hyaronige (0.4gal Cmhadigith 2.6rml of water was
starting cis isoner)

. . . Ex%:%l e 73 a{? )
added ip thedrepction soitureang) stitgdrdamaignolemasaBbe Qyeygst The
reactior_l? ﬁ%@é% QP& 424 ir’lrto.q)\e&gﬁé ?g(é@ ﬁﬂ)c?l P BIhyihed extracts were

anone was synthesized anal ogously to Exanple 72a
washed mithhwater and brine, dried over Na,SO4 and concentrated by rotary

evaporation to give 1.12g of cis esters as colourless oil (mixture of ethyl and methyl
esters — 94% according to GC). The mixture obtained was dissolved in 1.5 ml of
methanol and the solution of sodium hydroxide (0.2 g, 5mmol) in 1.5 ml of water was
added to the reaction mixture and stirred at 95°C for 40 min. The reaction mixture was
acidified with excess of 3M HCI solution (pH=1), and extracted into ethylacetate
(3x15ml). The combined extracts were washed with water and brine, dried over Na,SO4
and concentrated by rotary evaporation to give 0.93g anti-+/-cis acid as slightly orange
crystals. Yield 20% (appr. quantitative if calculated for starting cis isomer).

Example 73

a) 4,7-difluoro-3-methyl-1-indanone
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bet a- butyrol actone (4 m, 52 mol) to give 7.19g of
yel |l ow powder (85:15 m xture of correspondi ng
w0 nabatereed and tertral one according to GC). TheP@T/BH2003/009872
was purified by 5 colum chromatography on silica (200
g, ethylacetate/ hexane) to give 3.7 g (40%yvyield) of
pure product together with m xed fraction and fraction
contai ning pure tetral oner b)
4, 7-di f1 uor o- 3- net hyl - 1- i pdanol@F OH
was synt hesi zed
X, 7- 1o
7 g, 20 mmol), to give
about 3.75 g of crude pr dedct quantitative yield),
whi ch was used in the next step\. w thout additional
purification. «c¢) 4,7-D f Fuor o- 1- net hyl -1 Hindene F
4,7-Di fluoro-1-nethyl-1Hindene was synt hesi zed
4,7-Diflaned-8gnatlyir1tind &mamp hwastfynthesined, ahaldgously to Example 72a from

di fluoro-3-nethyl -1 -indano 3.7 . 9.1 .
peta-bigyAAG0RS U 181 DS rUaEDIOI G g8 histiow bowaes (Aest Syridure of
- i fdl - B y o
o e o Bl Thdene. 1 S RIbie) gl o

columnibrafedd dra pa g ©nPdii¢E(ZIng/ ¢bgsratate?heCni) torivey B.7 g (40% yield)
- di f.l uor o- 6-

of pure?éf%?&@@ﬁj&%ﬁ%@é'd%%%éw[aanq iop coanRa g o Rl
D) S terrer i heAd (i ndene (1,32 g, 7.9 mol)

at addition rate 0.4 m/h.to give crude product as

yel l ow-brown oil. Purified by ®Hol um chromat ography
on silica (100 g, ethyl acktate/hexane 1:15) to give

0.61 g of the mxture 0 ereoneric esters cis-
and trans-esters as col oil (cis/trans rati o:
84:16 according to NWR) ~eld 30% e)

anti-+/-cis-2,5-difluoro-B-nethyl-1,1
a, 6, 6a-t et rahydr ocycl opr dpa[ a] i ndene-1- 1o carboxylic
acid F OOOH
4, 7-Difluoro-3-methyl-1-indanol was synthesized analogously to Example 69 from 4,7-

difluoro-3-methyl-1-indanone (3.7 g, 20 mmol), to give about 3.75 g of crude product

(quantitative yield), which was used in the next step without additional purification.

c) 4 7-Difluoro-1-methyl-1H-indene

F

4,7-Difluoro-1-methyl-1H-indene was synthesized analogously to Example 66 from 4,7-
difluoro-3-methyl-1-indanol (3.75 g, 9.1 mmol) to give 2.36 g of product as beige liquid .
(70% vyield). .

d) Ethyl 2,5-difluoro-6-methyl-1,1a,6,6a-tetrahydrocyclopropalalindene-1-

carboxylate
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V F anti-+/-cis-2,5-D fluoro-6-nethyl -

a, 6, 6a-tetrahydrocycl opropal a] i ndene- 1-carboxylic
w@edod/ogxes9 synt hesi zed anal ogously to Exanpl e 3BCT/EP2003/009872

et hyl 2, 5-difl uoro-6-nethyl -

1, 1a, 6, 6a-tetrahydrocycl opropal a] i ndene- 1- car boxyl at e

(0.61 g, 2.4 mol ) by stepwi se 15 hydrolysis first

with 20 nol. % of NaOH and then with the excess of

NaCH at heating to givg 380 ng otgweduct as white

crystals. Yield 70%(ap : i{tative if cal cul ated

for starting CISISO Ie 74 a)

5, 8-difl uoro-3, 4-di hyd Znapht hal enone 96 WO

2004/ 021969 PCT/ EP2003 FOF

5, 8-Di fl uoro-3, 4-di hydr d- 1( 2H)\- napht hal enone was

synt hesi zed toget her w tth 4, 7-

di fl uoro-3-nethyl -1 -i ndanone accordi ng to procedure

Ethyl 2 gﬁ‘cﬁﬁuér‘%%inhélhﬁxﬁﬁ’ﬂ|6$653@trah@0@vcﬂ?dm'dpbba]mdbum -carboxylate was

synthesgzécgglﬁéggggsy%/@%&ag%lé%acfr%m 4, 7qd|ﬂuoP 5 mg{hywﬂm\g%ne 1.32 g,
5.8-di fl.uor
7.9 mmpl)gat @ddioy r%iépaqzoﬁ?gﬁltb%t%ég t e?prréﬂﬂ‘g napﬁ aﬁgﬂ{;l:’unfled oy

column\/@ﬁoﬁ\émgﬁgﬁw@ﬁ silfval (agmgaleyhylacﬁamﬂmmneegasp togive 0.61 g of the
di fl'uor o- 3, 4-di hydr o- t hal,enone (

1
mlxturemTzilaﬁt@rqomfﬁr@ @Wés a6 @Pdéé@f‘ér%ﬁ S(QRIQH'E‘?'?%? ?K/EC'S/%E‘”S ratio:
84:16 %a(gr g 1d! h@ur d 40P oI n E?e next step without

5, 8- dlfluoro 1, 2-di hydr onapht hal ene F
5 8-Di fl uoro-1, 2-di hydr onapht hal ene was synt hesi zed

e) & /-+}D ng%bydlﬁ&r%métﬁylﬁﬁ’%fef G etrahydrocyclopropalalindene-1-

carboxylic acid

anti-+/-cis-2,5-Difluoro-6-methyl-1,1 a,B,6a-tetrahydrocyclopropalalindene-1-carboxylic
acid was synthesized analogously to Example 34 from ethyl 2,5-difluoro-6-methyl-

1 1a,6,6a-tetrahydrocyclopropala]indene-1-carboxylate (0.61 g, 2.4 mmol) by stepwise
hydrolysis first with 20 mol. % of NaOH and then with the excess of NaOH at heating to
give 380 mg of product as white crystals. Yield 70% (appr quantitative if calculated for

starting cis isomer).

Example 74
a) 5,8-difluoro-3,4-dihydro-1(2H)-naphthalenone
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15 5,8-difluoro-1, 2, 3, 4-tetrahydro- 1- napht hal enol to
give 0.67 g of crude product as brownish liquid (90%
W@ 2@H@25Dm PCT/EP2003/009872
5, 8-di fl uor o- 3, 4- di hydr o- 1( 2H) - napht hal enone).
Addi ti onal amount of product was al so obtained from
the m xture of 5,8-difluoro-3,4-
di hydro-1(2H) - naphthalengne qu
4, 7-di fl uoro- 3-net hyl - 1-jyndanpne by reduction 97 WO
fol |l oned by
espondi ng i ndene and
¢ by col umm
Wi~ acet at e/ hexane 1: 20).
d) ethyl 4,7-difluoro-1 a,2,3,7b-tetrahydro-1
H-cyclopropa[a]naphthaleﬁe 1 carboxylate F COOEt 5 F
Et hyl 4,7-difluoro-1 a, 2,3, 7b-tetrahydro-1
5,8~ leluUr@—m-@Wydb@h@H?pbphmwmmnbwas lsthylbanzed wagether with 4,7-
ynt hesi zed analogousl t o Exanpl e, 69c

difluoro-§-metv! dBAanaS AaFHHICIRaRORS sérﬁedezswed 441 Examnia s
separatgl (AR LB b SIRE0OYS, G RFPEIPERENE! as obtained
yield 8%on silica (100 g, ethylacetat e/ hexane 1:15) to give
0.45 g of 1o the mxture of cis- and trans- esters as
b) 5@t flubed-a 5 3 di-letrabiysia-1 avephtiedlenol 33: 67 according to
GC).4,7-difluoro-1 a, 2,3, 7b-tetrahydro-1
H- cycl opr opa[ a] napht hal eRe- 1-@ldr boxylic acid e)
4,7-Difluoro-1 a, 2,3, 7b-tetrapydro-1
H cycl opr opal a] napht ha
4, 7-Difluoro-1 a, 2,3,7 ‘
H cycl opr opa[ a] napht hakene ar boxylic acid was 15
synt hesi zed anal ogously fo Exanple 72e from et hyl
4,7-difluoro-1 a, 2,3, 7b-getrahydro |
H cycl opr opa[ a] napht hal ene-1 -carboxylate (0.45 g, 1.8

55 01 B2 34 PR DR B S B BoStEgg ity o Exami

69a fronh@BLmﬂludr@QQA dihpdrob)(2H)-rgiphéhadenaree (.7 hgoditinmad), to give
white crystals gm s/trans ratio, 78 22 accordi

crude prepLch (quamgﬁa;wpé/ &), 2@1151)1 wasgisshindhe nexester WIH'(r:’out additional

purification.

dehydration. The m xtu
napht hal ene is easy 't

c) 5,8-difluoro-1,2-dihydronaphthalene
F

F

5,8-Difluoro-1,2-dihydronaphthalene was synthesized analogously to Example 69b from
5,8-difluoro-1,2,3 4-tetrahydro-1-naphthalenol to give 0.67 g of crude product as
brownish liquid (90% yield from 5,8-difluoro-3,4-dihydro-1(2H)-naphthalenone).

Additional amount of product was also obtained from the mixture of 5,8-difluoro-3,4-
dihydro-1(2H)-naphthalenone and 4,7-difluoro-3-methyl-1-indanone by reduction
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98 WD 2004/ 021969 PCT/ EP2003/ 009872 This conpound was

prepared anal ogously to Exanples 69a & 69b from
wG20moemed - i ndanone (4.0 g, 18.8 mmol) to gi VECREBE2093/009872

(65% of 6-bronoindene. b) ()-cis-Ethyl 4-brono-1,1

a, 6, 6a-tetrahydrocycl opropa[ a] i ndene- 1- car boxylate Br

HH 5 H COOEt This conpound was prepared anal ogously

. G - . . , .
folowel{ BB T R o b PPty P g Mlbre s easy
to sepdrale Ipyediumn biencamesgmiphly a2fsilich asthyll acettdterheaathef 1:06).1 y

hexanes wth 5% di ethyl ether afforded 670 ng (24% of
d)  teieyldi BdifReirér1a,48, W-tetrahydro-1H-cyclopropalalnaphthalene-1-
()-cis-4-Brono-1, 1a, 6, 6a-tetrahydrocycl opropal a] i ndene
carboxylatecar boxylic acid Br / ,X HH COOH This acid was
synt hesi zed anal ogously to Exanple 69d starting with
330 ng (1.77 15 nmol )pof the £SMPBhnd from Exanpl e
75b to give 232 ng (799 of -Cis-4-Bronmo- 1,1
a, 6, 6a-tetrahydrocycl o Ka] i ndene-1 -carboxylic
acid. Exanple 76 a) yl 4-cyano-1,1
a, 6, 6a-tetrahydrocyc a} i ndene-1 -carboxyl ate
NCH ICE 9% H COCEt
anal ogously to Exanpl e

F71 d from()-cis-ethyl 4-brono-

Ethyl 4,7-difluoro-1a,2,3,7b-tetrahydro-1H-cyclopropalalnaphthalene-1-carboxylate was
synthesized analogously to Example 69¢ from 5,8-difluoro-1,2-dihydronapthalene (0.7
g, 4.2 mmol) at addition rate 0.4 ml/h to give crude product as yellow-brown oil. Purified
by column chromatography on silica (100 g, ethylacetate/hexane 1:15) to give 0.45 g of
the mixture of cis- and trans- esters as coloureless oil (cis/trans ratio: 33:67 according
to GC).4,7-difluoro-1a,2,3,7b-tetrahydro-1H-cyclopropala]naphthalene-1-carboxylic acid

e) 4,7-Difluoro-1a,2,3,7b-tetrahydro-1H-cyclopropala]naphthalene-1-carboxylic acid

F COOH

F

4.7-Difluoro-1a,2,3,7b-tetrahydro-1H-cyclopropala]naphthalene-1-carboxylic acid was
synthesized analogously to Example 72e from ethyl 4,7-difluoro-1a,2,3,7b-tetrahydro-
1H-cyclopropalajnaphthalene-1-carboxylate (0.45 g, 1.8 mmol) by stepwise hydrolysis
first with excess of NaOH at r.t. and then with the excess of NaOH at heating (60°C, 1.5
h) to give 80 mg of product as white crystals (cis/trans ratio 78:22 according to HPLC).

D

98
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a) 6-Bromoindene
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1, 1a, 6, 6a-tetrahydrocycl opropal a] i ndene- 1- car boxyl at e

(200 ng, 0.7 mmol ) to give, after purification on
wa@Rlto21962] usi ng hexanes with 10% et hyl acet aPE€T/aB20051609872

eluent, 73 mg (46% of ()-cis-ethyl 4-cyano-1,1

a, 6, 6a-tetrahydrocycl opropa[ a] i ndene- 1- car boxyl at e.

25 99 WD 2004/ 021969 PCT/ EP2003/ 009872 b)

. -Ci S; 4- - :
This oS Vas PRI R 1 Fraelng. 692 & GRS Reome-T-
mdanoh@ h*og*mﬁﬁbl S0 Pl o g } BEsibz@toRitRInegousl y to

arrpe69d startlng with 73 ng (0.32 nmol) of the
corrpound from Exanple 76a to give 59 ng (95% of

DN ST Sa ki Sa%ﬁﬁ?ﬁ%é%@qm% IopsRypialindgng: 1-carbonylate
Exanple 77 a) 4,7-Brfl uoko-1 -indanone F O F 10
2,5-Difluoroci nnam c ggi o O\gH 27.2 mmol ) was
di ssolved in 25 nm of 3] d catal yti c anmount
of 10% Pd on carbon was~addet—He reacti on mi xture
was hydrogenated at normal pres@aEtfor a period of 3

hrs. Filtration through CfflltE and vaPoratlon of th
This cosppurst Was peRrEgd @ngoously to Example 69¢ from 6 bromomdene (1.95 ¢,

( | 0
10 mmgl Buf o LA SR B SRiRRIA Hex@iec fol SR PR frtitn 2%
diethyl etlerandefinsly hecdads withed Todietat eihen affortad 87 0vasy (B pdf the cis-
at +110 C for a period of 2 hrs. Evaporation of the
ester. solvent afforded crude
3-(2,5-difl uorophenyl)-propi onyl chloride, which was
di ssolved in 25 ml of carbon disulfide and added drop
c) (8 sois- B ransu $ denB, Bartetrahydpcyéloprapa] ajingtaneht -carkiuxylia acid
100 M of carbon diBsuI fide. The reaction m xture was
refluxed for 2 hrs“ans : % wor k up and
re-crystallization frag 975 ng (22% of
,\\T‘L D f1 uor oi ndene

This acid was synthesized analogously to Example 69d starting with 330 mg (1.77
mmol) of the compound from Example 75b to give 232 mg (79%) of (£)-cis-4-Bromo-

1,1a,6,6a-tetrahydrocyclopropalajindene-1-carboxylic acid.

Example 76
a) (+)-cis-Ethyl 4-cyano-1,1a,6,6a-tetrahydrocyclopropalalindene-1-carboxylate
NC
‘\H
Z \wH
H  COOE

This compound was prepared analogously to Example 71d from (+)-cis-ethyl 4-bromo-
1,1a,6,6a-tetrahydrocyclopropalalindene-1-carboxylate (200 mg, 0.7 mmal) to give,
after purification on silica gel using hexanes with 10% ethyl acetate as the eluent, 73 mg

(46%) of (+)-cis-ethyl 4-cyano-1,1a,6,6a-tetrahydrocyclopropalajindene-1-carboxylate.
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F 100 WO 2004/ 021969 PCT/ EP2003/ 009872 Thi s conpound
was prepared anal ogously to Exanples 69a & 69b from
Wa 2004020b2uor o- 1- i ndanone (975 ng, 5.8 nmol) tRCHER®03/009872

475 nmg (54% of 4,7-difluoroindene. c) ()-cis-Ethyl
2,5-difluoro-1,1a, 6, 6a-tetrahydrocycl opropal a] i ndene-1
-carboxylate FHH HCOOEt 5 F This conpound was
prepar ed anal ogously to ampl e 69¢ from . .

b)  (ordrGraroiAdahe Y uaBy gy BebrpaaIRne s pRr Rl A
on silica gel stagking with hexanes followed by
hexanes wth 2%die athex and finally hexanes
with 5% di et hyl et her205rrg of the cis-ester
contani nated W th 22%e e4rants- ester. 10 d)
()-cis-2,5-Difluoro-1, 1a, 6, 6h-t etw@hydr ocycl opropal a] i
ndene- 1-carboxylic acid FHH HCOOH F This acid

This acidvamssymtinesizekanaiogd ey te BramplEfadstartisg avity a8 Mg .32 mmol)

Ci s-

o the comqy LT REEA BT o VS BEERAEA) BT} o8 5urtZ, o
tetrahyd%O;%&Fg%byn?élﬁgﬁﬁ&é}g_@%w&ﬁg%_1- car boxylic acid

m nor fraction of the corresponding
trans-acid. Exanple 78 N-[(1 S 1 aR
7bR)-4,7-difluoro-1,1 a, 2, 7b-tetrahydrocycl opropaf

Examplec( €hr onen- 1-yI 1 - W[ 5-(2- wo

a) 4 P BARePhenRd Ao Pyri dinyl |l urea

F o

E
2 5-Difluorocinnamic acid (5.0 g, 27.2 mmol) was dissolved in 25 ml of ethanol and a
catalytic amount of 10% Pd on carbon was added. The reaction mixture was
hydrogenated at normal pressure for a period of 3 hrs. Filtration through celite and
evaporation of the solvent afforded crude 3-(2,5-diflucrophenyl)-propionic acid. This
acid was dissolved in 75 mi of toluene and 5 ml of thionyl chloride was added. The
reaction mixture was heated at +110 °C for a period of 2 hrs. Evaporation of the solvent
affdrdsed crude 3-(2,5-difluorophenyl)-propionyl chloride, which was dissolved in 25 ml of
carbon disulfide and added drop wise to a suspension of 4 g of aluminium chloride in
100 ml of carbon disulfide. The reaction mixture was refluxed for 2 hrs and gave after

work up and re-crystallization from ethanol 975 mg (22%) of 4,7-difluoro-1-indanone.

b) 4,7-Difluoroindene

F

N,

F
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101 WD 2004/ 021969 PCT/ EP2003/009872 O FNNOF a N
Q F a) 5-(2-fluorophenoxy)-2-nitropyridine Sodi um
whyaniotiwef 60% di spersion in mneral oil, 0.11 BCT/EP2003/009872
2.7mmol) was mxed with 3-5 m  of dry
di met hyl f ormam de and 2-fl uorophenol (0.24nml, 2. 7nmol)
was added to the 5 stirred suspension. Wen the gas
; t f '

This comB8Rh U Pl S BRER ORIy KO ke Bolitom Aot

indanone2(97 Snimgy|, B. Bl\mmcawtifghve d75trhg (54%) tof dr7-difkiousiadéme.one
portion. The reaction m xture was stirred at 60C for
about 12 hours. The reaction mxture was then m xed

9 IR T SRR R oot

wat er and brine, dried 10 over magnesi um sul fate and
concentrated by rotary evaporation. The resulting

m xture was purifiedyy e chr omat ogr aphy on
silica (30 g, EtOAc g h'3) to give 326mg (57%
yi el d) of desired prodi _\\N\/R(CDCIS): 8.34 (d, 1
H, 825 (d, 1 H, 7. A H, 7.23-7.34 (m
4H). 15 b) 5-(2-fl uokophenoxy)-2-pyridi nam ne

5-(2-fl ubrophenoxy)-2-nitropyridine (326 ng) was n xed

" This compbtihd NEasZﬁre”pjarecﬂ aatblogoos!ly do & xalmyie69d frarh hﬂr_,mdg‘m.mroindene (475

About. 20 Pd/ ¢ was added to the reactjon xfure
mg, 3.13 ARRODnEHFBLRIPTLAS S8 CBbaer Gth i [isearo fr stk & hfftgnes
9 YRRAHIYH hREs With- 5 NRe ) E6RF BHBRIPS05mg of th
Wlth2éﬂogﬁhfgﬁheéé y TLC.V Ag( erStI reac?%gln was conpl etem? Oe ©
cis-ester ceat@nniontad with 22 % whtheldtdid-esteni t h argon, filtered
through Celite and the sol ution obtained was
concentrated by rotary evaporation to give 200 ng of

d)  (@H8slz shRibrARYIH, 6 BBSetraliRBEYdI8biopa[Alirkledl-1-carboxylic acid

This acid was synthesized analogously to Example 69d starting with 205 mg cis-ester
from Example 77¢ to give 120 mg of (&)-cis-2,5-difluoro-1,1a,6,6a-
tetrahydrocyclopropala]indene-1-carboxylic acid containing a minor fraction of the

corresponding trans-acid.

Example 78
N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc]chromen-1-yi]-N'-[5-(2-

fluorophenoxy)-2-pyridinyljurea
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25 "HNWR (CDCI3): 7.90 (d, 1 H), 7.10-7.20 (m 2H),
7.00-7.05 (m 2H), 6.87-6.94 (m 1 H, 6.49 (d, 1 H),
wa@ 21081969 s, 2H). 102 WD 2004/ 021969 PCT/ EP200B¢ D8BRFR009872
c) .
N-[ (1S, 1aR, 7bR) -4, 7-di fluoro-1, 1 a, 2, 7b-t et rahydrocycl o
propal c] chronen-1-yl]-
M [ 5-(2-fl uorophenoxy) - 2- @/rldl nylJurea (1 S, 1
aR, 7bS) -4, 7-difluoro-1, 1
a, 2, 7b- tet rat]ydr ocycl B‘pr onmene- 1- car boxylic
aci d (50rrg 0. 22 - omn xedFwi t h
tol uene (1, 5 o€ thylarrin /1leg\,_ 5

2 R ,
(3-fl uorop }- 2- ami nopyridine (1.1 DPPA (1.1
eq) and bub d | Wi argon for about . The
reacti on m Xtafe @S then heated at st\=rring at 110C

for 3 h underlin a closed vial. The reaction m xture
was concent r dt ed by rotary evaporation and purified by

h h | 304, :
a) 5221#'&'[%5&%%&?&235&&" rﬁié‘e SIDels::?et(j p?oduct was
Sodium %@@@%%l%{&@nﬁﬁmﬁéﬁaﬂi 6, W1%Y'2efrﬂrrﬁ)‘ff)f@/as %Hxélﬂ/(ﬁnth 3-5ml
of dry dirbetiyjformemide a2md (Zﬁluwapherepls(@ﬂmlg@ 7ramnol) wes addeatq dhe

stirred s%sp%\skog]d WI&Q g}he g'ég %glygon %Jeafég%%g?aétﬁ)n( r%ﬁ%_bu]e \x'?as

heated al sﬁ@mg £BI°O ardd BDbroEPQamnitmdeNé@B 8, 2.5 mmol) was added to
aR, 7b 4, 7-di fl uoro-

the reao’fsprzmvﬁurteemrm ERIS T Bﬁrr@@@[qﬂ mixteieenas ptiseq a60fC for about
12 hours(F‘f'sz Ile%ﬁﬁ&ﬁﬁﬁﬁﬁ@ g/?¥ RO BT With '502mP¥f WwdtdPAnd E:8mctéd into

methyler{ebeldbtiae ¢3:3205). d)rgah):(ek{rbbtjwaep\?wmﬁld)vmm aitemand brine, dried
Al um ni u hl ori de éé?% ended|n3H‘I of .. .
over magnesia ate\and gongeniratsd by fro ENEBPEtCALT ﬁ(gggultlng mixture
was purifi B B8 dto BTy e (P b Ay ReoAe N B v
326mg (5t %ryiedd) af dggicdpmdiiciht in a closed vial. The
reaction mxture was deluted with Et OAc and basi fi ed
wi th aqueous sodi um hydroxide (pH>8.5). The
"TH-NMR PCEOI)i 8 B4e(df aH)E8.2648, ﬂHW@@-?b% (M| tH{t7.28-7. 30 em, 4H).

organi c sol uti on was

b) 5-(2-fluorophenoxy)-2-pyridinamine

5-(2-fludrophenoxy)-2-nitropyridine (326 mg) was mixed with 15-20 ml of ethanol and
bubbled with argon. About 20 mg of Pd/C was added to the reaction mixture and
hydrogen gas was applied at normal pressure and ambient temperature for 3 h. The
reaction was monitored by TLC. After the reaction was Cor{1plete, the reaction mixture
was bubbled with argon, filtered through Celite and the solution obtained was
concentrated by rotary evaporation to give 200 mg of desired aminopyridine

(quantitative yield).

"H-NMR (CDCls): 7.90 (d, 1H), 7.10-7.20 (m, 2H), 7.00-7.05 (m, 2H), 6.87-6.94 (m, 1H),
6.49 (d, 1H), 4.51 (br s, 2H).
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> 5 washed with water, dried over magnesium sul fate

and concentrated by rotary evaporation. Desired
w@e@dozoenas purified by col um chromat ogr aphyPGHEP2003/009872

silica (EtQAc/hexane) to give 1.22 g (90%. 103 WO

2004/ 021969 PCT/ EP2003/ 009872 1H NVR (CDC13): 8.75

(dd, 1 H), 808(dd, 1 H, 7.82-7.87 (m 2H), 7.50

) 24
C) IY 2@ S Jra:d?D?:?Réy lf%c{r? (1 AT%’FU@ tetEath{gcr}gggcino8a%:]cfgomen -1-yl}-
N'-[5~(2 -fl(lﬁrdﬂhieoomy)sz—pyndidyﬁqme)a( 4-f | uor ophenyl ) net hanone (0.3

(15.18R. FHgE - Bt 2. ey wcﬁérgﬁé‘i%iwg%%»e%%pboxyhcamd
(50mg,0229ﬁﬁol pr@g@@fwasm&earw RIY&% Qﬁ»ﬁ) }(géhpxaﬁﬁ%?ﬂmq ), 5-

O ring)
(3- ﬂuorop?ﬁlaeylbéaamwmpyndmeuﬁ el ewa,sDE&A €d1 elap)mnchbdbblednmelmtar@mefdr

avout 5 i, % Bk RRLE a8 et % S6rPe e FePEEr Jicihherin
closed vidp B§é PAdcEbA rﬁ&fd?@@vé&eéor&@n'h%@é@g *Pdtaw bbéﬁéﬂa%n n and purified by

(starting materi al 3 The acidic so utl1on
column chwprrategrapby andiliees(30ge athyiladetatefhanaod. 1: $;asﬁ)esxsaﬁ pioidont was

. Xtr j nto. . .+ Organic extract was washed
obtamedﬁﬁlﬂﬁ eﬁﬂ%ﬁggi %'SEWQU over magnesium sulfate.
Purlfl cati on by coI um chr omat ography gave 60 ng of
; red am ne. 1H NWR ( CDC13% £|7) 7.98
H-NMR <@&§:!a>19944 (10r$91tlr)f19 SRy(br 3, 1), (%93 (%H)H) e’f @Q}?( (mHH), 6.93-

6.99 (m, 1‘#&95 agb(fd ) éé%dorg'%@ 6P, Nh) 212 (&, My, 4lad, 1h),

3.79 (g, 14),2. BD(tbrett’r”aﬂWdt@ﬂ:ch&)@noﬁaI c]chromen-1 -yl]-N -

[ 5-(4-fluorobenzoyl)-2-pyrid i nyl]Ju rea. 10 (1

S, 1aR, 7bS) -4, 7-di fl uoro- 1, 1 a, 2, 7b-t et rahydr ocycl opr opa
Example #¢] chronene- | - car boxylic acid (40ng, O.18mml, - 95%

ee) was mxed with toluene (1 m), triethylamne (1.1
N-[(1S,1aB¢bR )4 7-diiftiaro-131 @Qr?biitetcah»(daewdmopafeﬂmmnmm Saytie-{5-[(4-
fluorophe Al ) DPPA. (1. 1. : agd bubbled wth argon. The

' eated at stirring at 110C
for 3 h under in a closed vial. The reaction m xture
was concentrated by ry evaporatgrpn and purified by

5 col um chr orpat ogr gphy il 30g,
2 e (1. 4). /ast fraction collected

et hyl acet at e/ hg '
cont ai ned dd pr:oduct toget her starting
anm nopyri di ne _£28% -NVR data). Thg ture was

di ssol ved in net h)ﬂ ene chl oride and shed with 1 N
HCl, water F F

a) (6-chloro-3-pyridinyl)(4-fluorophenyl)methanone.
Aluminium chloride (2g) was suspended in 3 ml of fluorobenzene. A solution of 6-

chloronicotinoyl chloride (1g, 5.7 mmol) in 2 ml of fluorobenzene was added to the
stirred reaction mixture by syringe and stirred at 80°C overnight in a closed vial. The
reaction mixture was deluted with EtOAc and basified with aqueous sodium hydroxide
(pH>8.5). The precipitate formed was removed by filtration. The organic solution was
washed with water, dried dver magnesium sulfate and concentrated by rotary
evaporation. Desired product was purified by column chromatography on silica

(EtOAc/hexane) to give 1.22 g (90%).
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and brine. Organic |layer was dried over nmagnesium

sul phate. Cncentration gave pure product as white
w@owdoe19680 ng, yield 39%. 1 H NVR (CDCl 3): 9PTHEP1»03/009872

d 1 H, 9.57 (br s, 1 H, 822 (d, 1H, 8.06 (dd, 1

H, 7.80 (m 2H) 7.22 (t, 2H), 6.91 (d, | H),

6.74-6.81 (m ,657 tr d, 1 H, 4.49 (dd,

H-NMR{CEE! B {gd“% HyB. 8@&8%51}-;\)&@@27 %‘9 (ﬁggﬁ)lgﬁo\@)d H), 7.21

(tr, 2H). 2004/ 021969 PCT/ EP2003/ 009872 d)
N-[ (1S, 1aR, 7bR) -4, 7-di fl uoro- 1, 1a, 2, 7b-t et rahydr ocycl o

propal c] chr onmen- I-yI] N -{5-

b) I[é4 fl%%ry% %G%A{Q;I& %mé%’y%; 2-pyridinyl }urea

(6- Chlor@&ZpW@dm?D(@ﬂN@l’bﬁﬁW}H}?ﬁéﬂ%bﬁbC@@gﬁr‘Waé rMixk V%tﬁ 3 4n|5of abs

| uor ob enon - -pyrl urea rrg was ISSO ved
ethanol apd nét mhnei ligeid sowmania re@hme. deUde plsuitade nfgrwaerk under

preseurof 58 AP 854 BEAENT AT b A% 8 ofosted

145°C for erepey. afivs @eadtith hERQES AVBBO|IDBbIVAT £§Y- %n&éﬁraf@ﬁeby rotary
reaction mxture was diluted with water, acidified
evaporatigntty give A2 941 @ranga-heavwy oilnf be @étqmlea@ v iegewith 1N HCI

and prec@tg?@{‘&n‘?@g hWasleoflBcte | ﬁlﬁ@e aRa co gﬂeﬁ%ﬁggﬁ'\e $8idic solution

over nagnesium s
was waslirea withcBtOAn aby basifieamwitin ﬂdthbO)J—ﬂ aplagic s¥luttdrl Wed extracted into

Et OA /h d 1 H NWR
EtOAc. érég@lcg)ex ré%ggk/qq)?/\\/q?she% pnagth g/a%r gagrgnrlljét pip;led 7OVES [ggnesium

sulfate. P?jrl at|c7n ﬂy fﬁ)ﬁlrﬁrﬁ @%n@tgg?aé%gzga(%%ﬁgﬁ fgrm/sér é e%m(et 1

4 43 (d tr, I H, 15 4.32 (dd, 1 H, 3.76 (q, 1

"HNMR @@9%6%#% gw@ﬁ(@%s H0A 7. %H%%m&éeéo 8.5, 1H),

4.95 (br s22B1)7L0-M18t My, pogys] opr opaf cl chro nen-
-YIT-N -r5-(4. fl uor obenzvl ) - 2- pyri di nyl | urea O F11

N-~ O 20 F a) 5-(4-fluorobe nzyl)-2-pyridinyl am ne.
C) N-[&@%@?%ﬁﬂw&gﬁ@%&% r(‘l\dlééglfﬁgtre%ﬂ%?gc%/%bpoap %] men yl]-N'-
[5-(4-fluorobenzoyl)-2-pyridinyljurea.
(1S,1aR,7bS)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc]chromene-1-carboxylic acid
(40mg, 0.18mmol, ~ 95% ee) was mixed with toluene (1 ml), triethylamine (1.1eq), (6-
amino-3-pyridinyl)(4-fluorophenyl)methanone (1.1eq), DPPA (1.1eq) and bubbled with
argon. The reaction mixture was then heated at stirring at 110°C for 3 h under in a
closed vial. The reaction mixture was concentrated by rotary evaporation and purified by
column chromatography on silica (30g, ethylacetate/hexan)e 1:4). The last fraction
collected contained desired product together with starting aminopyridine (25%, NMR
data). The mixture was dissolved in methylene chloride and washed with 1N HCI, water
and brine. Organic layer was dried over magnesium sulphate. Cncentration gave pure

product as white powder (30 mg, yield 39%).

"H-NMR (CDCly): 9.74 (br d, 1H), 9.57 (br's, 1H), 8.22 (d, 1H), 8.06 (dd, 1H), 7.80 (m,
2H), 7.22 (t, 2H), 6.91 (d, 1H), 6.74-6.81 (m, 1H), 6.57 (tr d, 1H), 4.49 (dd, 1H), 4.33
(dd, 1H), 3.86 (q, 1H), 2.65 (br tr, 1H), 1.97-2.03 (m, 1H). LC-MS: M*440, M" 438.
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I m of trifluoroacetic acid. 16 | of sulfuric acid
(2.2 eq) and 50 | of Et3SiH and stirred at anbient
woenpautsare for 4 h in a closed vial. The reaeCrmR2003/009872
m xture was poured into 25 water, basified with 2N
sodi um hydr oxi de and extracted into nethyl ene
chloride. Organic extract was washed with water and
brine, concentrated and purified by col um
chromat ography on silica (10g, EtOAc/hexane 1:1) to
d) N[ 1$ Veﬂ?ﬂ) pidiftlesbrigtla pribdisttahydRYcloiped ol [c]cHesMé-1-yi]-N'-{5-
004/ 021969 PCT/ EP2003/ 00?872 b) N-[(I S 1
[(4- ﬂuororétr@rwﬂﬁyydrow)anqthm Graridinylyurea

N{(18,16, ?tf/g? 72 ﬂ@@?’dé@)@%%}??ﬁ%ﬁ?&y&geﬂg%% icg%ﬂogn?n-1§/l]iN'- 5-(4-
ka8 RS O ) v S, el e s
borohydrlg@, @pp( .140 n@g y 8 R 8@5 ;%aé?élpnv\ggx H{%(é'&l S‘KP%% portlons The

reaction rim WeNG a6 lst e?d- f&rré T\matnﬁ rk t%ﬁ)pergtdré The reaction was
uorobenzy - py r| amne (1.1leq), A (1. 1leq)
monltoredabyl TELL(bbTIeeI rwd:trorarr@dnre Wae dikided ivoin Wlaf@mmldm@i WﬁtémN HCI
eated at ,stirri 10C.for, 3 .h under
and extragiegiintonet el ehgHTH QIR SReiedrebneraplaRig WABT ary bine
dried ovePH%?%@ﬁJ'n@? Rared a‘h‘éf édricedirbiede PludirBatieon BY IcoRhe Shedhstography
't ca lfl t hyl acet at e/ hexane 1:1) to give 4 ngy
on silica (El@A@/I’lab(ape)QaVQ)ﬁacm@:ﬂfpuﬂermlmiRCf(CDC13) 9.60 (br s, 1
H, 8.05 (br s, 1 H, 7.59 (d, 1 H, 729(dd,1H),.
7.05-7.10 (m 2H), 6.99 (tr, 2H), 6.78 (m 1 H, 6.59
"H-NMR (CﬂDCl?‘*)Q- 6(4(51153 (1¢H$, 8120|'dbr sA1i3y 2.0l (s, 1B, 7.47 {dHr] 3H3. BE7-7.32

(m, 2H), 7&@4%%@5@@% 0: G526 (s 2L R TR 54 TH) AT T,

w2 001 TR T YL AP S LR,

r|d|nyflurea FOO\ F( O INHI NNH- H

Example 80
N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc]jchromen-1 -yi]-N-[5-(4-

fluorobenzyi)-2-pyridinyl]urea

0
F ‘:\N%N -
<
O/:
F F

a) 5-(4-fluorobenzyl)-2-pyridinylamine.

(6-Amino-3-pyridinyl)(4-fluorophenyl)methanone (30 mg, 0.138 mmol) was dissolved in
1 ml of trifluoroacetic acid. 16 | of sulfuric acid (2.2 eq) and 50 | of Et3SiH and stirred
at ambient temperature for 4 h in a closed vial. The reaction mixture was poured into
water, basified with 2N sodium hydroxide and extracted into methylene chloride.
Organic extract was washed with water and brine, concentrated and purified by column

chromatography on silica (10g, EtOAc/hexane 1:1) to give 12 mg of deéired product
(43% yield).
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FO O25 a)
5- (3-fl uoro-4-(N-norphol i nocarboxyam do) phenoxy) - 2-ni t

wo opyi2dsne NJ 0 02N O 106 WD 2004/ 021969 PCT/EP2003/009872
PCT/ EP2003/ 009872 Potassiumtert-but oxi de (452 ng,
4.03 mvol ) was added to a solution of 3-fluoro-4-(N
nmor phol i nocar boxyam do) phenol (907 ng, 4.03 mmol) in
DMF (6 mM) and the m xture was stirred for 1 hour at
roomtenperature. Then the m xture was heated to 60C
and 5 br ono- 2- nitro pyridine (724 mg, 3.57 mmol) was
added and _the xture was stir

d 60C f 1
b) im§,1am@hReﬂe7 Shigeen! ime 7&@3@}76‘%@&yalﬁarfeé)éCkﬁgf?ra‘a%-1-y'J-

54N R R TH R e over sodiumsul fae and |

(1 S 1aR MQDV@f&@ro—ﬂhﬁa Qé’@tdtnahgdmoyblupeowﬂs]cbmméned b@'rboxyllc acid
um chr omat ogr aphy
(11mg, 0. @mql TrE8bhy e Was miged a@t?\ fo 63@ W‘A,Btrﬁé}”%@%%/ ?%‘3) 5-(4-

fluoroben%’l)o;g%?gﬂﬁﬁ% ﬁlﬂ@%}“gg} @P%( u)w%d)%@ B’ﬂdbopléd %ﬁ&h(é’rgoﬁ ke

reaction nfigdire ﬂwalsl)then Beas:d astiringlet 1308 fqmd h41H)derB1 8&lqged, vial. The

2 3.39
reaction ny;%d@e weg Cﬁ“ﬁﬂ@‘?&%@?%‘%‘@?%%%ﬂ?%%ﬂﬂ%BXf)O"thyr
tod 09, EthyMcdii/Abxane 1:1) to, give 4 mg (19%) of pure
chromato@%g@??ﬂﬁ}coal@ ?N— rm%chol I nocar boxy)am golo) ph er?o(xy)o)z g))y
product. idi nam ne was synthesized 20 anal ogously to Exanple 2
from
5- (3-fluoro-4- (N norphol i nocar boxyani do) phenoxy) - 2

TH-NMR (@'UGI&)PWGOde‘F%; 1ﬁ?t83052(bh§l1ﬂ8) 59 (d, r’aga)umcgy (dty dHDgRI05-7.10
he Crude produc

(m, 2H), a;w étrréil'@gﬁé(&w(yn,oﬂ"l)sﬁ 5§émg@H) (<b4g (ti@)%@t &34 (drbttih 374
3.86 (m, 3H) 9Ho@} tff FHGT ¥ 82489 (m, 1H). LC-MS: M*426.

Example 81

N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc]jchromen-1 -vi]-N’-
15-(3-fluoro-4-(N-morpholinocarboxyamido)phenoxy)-2-pyridinyijurea

a) 5-(3-ﬂuoro-4-(N-morpholinocarboxyamido)phenoxy)-2-nitropyridinga
F
P N
O;N N
0
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ng of the title conpound. 25 1H NVWR (CDCI3): 7.90 (d,

1H, 7.35 (dd, 1 H, 7.20 (dd, 1 H, 6.77 (dd, 1 H),
woe.26R/0ed9 1 H), 6.54 (d, 1 H), 4.49 (br, 2H) PCBEB1003/009872

(m 4H), 3.65 (tr, 2H), 3.37 (tr, 2H). c) N[(1 S, 1

aR 7bR)-4,7-difluoro-1,1

a, 2, 7Tb-tetrahydrocycl opropal c] chronen- 1-yl]-

N -
PotassiufPirb iS4 OB )AL ARHKAT) dURNERPEYSipRL4-(-

morphohﬂb@éﬂﬁﬁ&)@hﬁdd)&h&x@lr{p@l‘ n3g,f4. OBﬂnﬁm()B-lfﬁ DIF ¢6 #ﬁl§ Bind the mixture
nmor phol 1 nocar am do@{henoxy) 2-pyridi nam ne é ny
was stirred 65 Theuy at tgorh 1amreraiiiee phpd the Mixiurhwap sated o 60°C and 5-

oromo-2 o p AR G i e e PRkTR) G08R B TR Hosifrec ot

60°C for il Haawe dThyn fa solaent Ve horatedpaive tHddresiiuy eptuacted between
product as V\/nlte owder  (49%vyi el d) after silica

el
water anecmamy 6 eHakidRy g owha@m@@qnﬁ (RYERYPEIEN sultate and

evaporat%a:_g”ﬁb;li.@éﬂltl?%r'ﬁils’ 1@@?9@%!38%@1&@5 :ron}\. Eﬁggr?ég?%g(scl’l’ica gel

(0 - 2 - 119 Et®HBAn{etinylene thiblideBtorgivé dd3 riag K0 %0yieid) ofl desiredl product.
6.63 (dd, | H), 6.60 (d tr, | H), 4.47 (dd, 1 H), 4.32
(dd, 1 H), 3.84-3.75 (m 5H), 366(tr 2H), 3.38 (tr,

TH-NMR gcbbc@l és%s%(df 1Hi‘p é@ ﬂ-"&)J? %id (fﬂi) ¥ 7%:1%@14\556 99(dd, 1H),

6.88 (dd, 7+, f3.8b{m; 4H), 3.68 (tr 2H) 3 39 tr 2H).
a, 2 7b- tetrahydrocycl opr opaf cl chronen-1-yl | - N -

b) 5 h ARt R A T M

5 (3-fluoro-4-(N-norpholinonet hyl ) phenoxy)-2-nitropyri

di ne 15 fe}
ﬁ
=
HZN N

5-(3-fluoro-4-(N-morpholinocarboxyamido)phenoxy)-2-pyridinamine was synthesized
analogously to Example 2 from 5-(3-fluoro-4-(N-morpholinocarboxyamido)phenoxy)-2-
nitropyI;idine, after 2 hours stirring under hydrogen. The crude product was purified by
column chromatography on silica gel (0 - 10% EtOH / methylene chloride) to give 411

mg of the title compound.

"H-NMR (CDCls): 7.90 (d, 1H), 7.35 (dd, 1H), 7.20 (dd, 1H), 6.77 (dd, 1H), 6.62 (dd,
1H), 6.54 (d, 1H), 4.49 (br, 2H), 3.81 (m, 4H), 3.65 (tr, 2H), 3.37 (tr, 2H).

c) N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropa[c]chromen-1-yl]-N'-
[5-(3-fluoro-4-(N-morpholinocarboxyamido)phenoxy)-2-pyridinyljurea.

The title compound was synthesized analogously to Example 3 from 5-(3-fluoro-4-(N-
morpholinocarboxyamido)phenoxy)-2-pyridinamine (47 mg, 0.15 mmol), with the
exception that the reaction mixture was worked up by extractions between EtAc and 5%
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O ~O \' N 02N N Borane in THE (1 M 0.79 m, 0.79
mol ) was cooled to OC. A concentrated sol uti on of

WG 204402 15969 PCT/EP2003/009872
. mor phol i nocar boxyam do) - 3-f | uor ophenoxy) - 2-ni tropyri d
ine (363 ng, 1.05 20 nmmol ) in THE was added through a
syringe under argon. A few mnutes after conplete

citric amoat‘é)ﬂbtv'eerb éatea éH V‘ﬁ)scqi'(/@'"ﬁllvl%g @frb(ilre?)‘? d!&*’ft%fs'v@rﬂte powder

ture was he and irred hours.
(49% ylelﬁlb/laH@r s{li6a 1Bl Ud)l)JrrwashradttBé@grapbyt (bS8 HVEDR /mhglene cbtpride).
until gas evolution ceased. The THE was evaporated

'HNMR GHRCLIoH 261(oRBaFHB o i Al Dheiat bgaw,g’é 9 tkE 1P, 7.20 (e,
1h), 6.87 EH TRS TRER B0, BB G RED ORI HES 0 €Ly 447 @,

1H), 4. 328(d|df aHE} 3.3d-3.29 & Hat) 3166 Tire2Hi) t 3. 68c(tm®ldh4rﬂi62v@$ 1H), 2.01-1.95
ted fromthe residue by colum chromatography on

(m, 1H). 's?‘rM@a'Vt P41.88889H / nethyl ene chloride to give 73 ny
' (21 %yield) as a yellow powder. 108 WO 2004/ 021969
PET/ EP2003/OO9872 1 HNWR (CDCI3): 8.34-(d, 1 H)
(OL(H

% 9 —dlfrhd '

| 5- (3 £l uro 4: (N— mor phoI i nonet hyl ) phenoxy) - 2- pyrl di nam

ine NF -~ O5 H2N A hot clear water solutlon(o 25
n) of sul phi de n . rmol)
and Sf Tar (14 ng, O. Y vvater -
di oxathe mXxtu eH(l 12 3\)
5-(3-f H nor “nitropyri

H rmol) The resultlng sol ution
was heated at 800 nd stirred for 30 mn. Then the
reacti on was cool €d and the volatile matter was

a)  5-@vitproat-di-rapeholieometivinbenensvipiroRyading th di oxane.
The residue was slurried in 30%4vkCH chl orof orm and t he

i nsol ubl e matter s fidtered offF a I?Jefiltrate
evapor at ed. The/ﬁgj/co gOuUNTY Was \)
— N

ON" N

Borane in THF (1M, 0.79 ml, 0.79 mmol) was cooled to 0°C. A concentrated solution of
5-(4-(N-morpholinocarboxyamido)-3-fluorophenoxy)-2-nitropyridine (363 mg, 1.05
mmol) in THF was added through a syringe under argon. A few minutes after complete
addition, the cooling was removed and the reaction mixture was heated to 75°C and
stirred for 1%z hours. 6M HCI (0.15 ml) was added and the ‘mixture was stirred until gas
evolution ceased. The THF was evaporated and the residual aqueous solution was
basified by addition of near saturated Na,CO3 solution. The resulting aqueous layer was
extracted with methylene chloride, which was dried through sodium sulfate and
evaporated. The title compound was isolated from the residue by column
chromatography on silica (0 — 6%EtOH / methylene chloride to give 73 mg (21% yield)

as a yellow powder.
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isolated fromthe resulting residue by colum
chromat ography on silica (1 - 4%t OH / 15 net hyl ene
w@hioen2ed t o give 18 ng (28% yield) as a yel | oRCpBRIES/009872
IHNVR (CDCI 3): 7.91 (d, 1 H), 7.26 (tr, 1 H, 7.20
(dd 1 H), 668(dd 1H, 6.60 (dd, 1 H, 6.53 (dd,
4.40 (br s, 370(tr 4H), 3.51 (s, 2H),

H- NMRiQﬁ%ﬁ) B34y 1e %@LW) 748 (tr, 1H), 7.46 (dd, 1H), 6.88 (dd, 1H),

aq2y 7 r | omen- -yl ] - -
o T Y A PR e ) 2

inylJu rea The title conmpound was synthesi zed

b) 52@?‘@%&?02?&8{ EX'?{@H%WW@'%O’@(? e fwf??gﬁ'(‘%(#g, %5, 089

mol ), with the exceptlon that the r ctlon m xture
was wor ked up by et'Wwee t®yl ene

chl ori de and 50/[C|tr c ac al | oned by sat. aq.
NaHCO3, to giv prQgds p 8% purity as
white povvdeer(N72% )'>'| el d) after silica gel colum
chromat ography (0-4% EtOH / nethylene chloride). 30 1

A hot cle'(ér N%r(sg)mx@ﬁ &o 2547l) bllgl)rsoélurrﬂsmbhldé r@hahg&-ira]te kb8 n(?%iz?m mmol)
and sulphyr, (16 Bg, 6.4 mmpoli;w)as aglded to adNatgr H)dlomarg?,n(mture (1.4 mi,

1:1.5 VN%E%%E&%MO{%)@%O@} |ﬁ8§ﬁ¥l¥9l §Rgﬁé%gﬁgﬁﬁopyﬁldgﬁa 7t2r mglo 216
mmol). TH)a re@ulﬁﬁg(dd]utlo‘ifi'l)vas he@ﬂedlat%%mndlsthl)ed deCMSmIMFI‘ Heh'the

Exanpl e 83
reaction wastjechavd die Nelﬁ’“@ maﬂeaWQS %a@@rﬁt%?aﬂ 3o cedigEepa f
[¢)
Coevapo%&? &’*‘?{@ﬁ{g?% : n(%Sld eo\)/(v)ell S rrlcl)?/d in dCI%Cr)] )//oll\/lleu(r)léiachlgroforn'u__aﬂld the
insolubleNnatter \MaHﬁH-ieHad 6ff 2had thg filtrate evaporated. The title compound was

isolated Pox%zthg resul SCI)JGISI 8 %tyhcoo)fd/r?m chP nﬁét%b?é"p'ﬂy on silica (1 —4%EtOH /

methylene chloride to give 18 mg (28% yield) as a yellow powder.

"H-NMR (CDCls): 7.91 (d, 1H), 7.26 (tr, 1H), 7.20 (dd, 1H), 6.68 (dd, 1H), 6.60 (dd, 1H),
6.53 (dd, 1H), 4.40 (br s, 2H), 3.70 (tr, 4H), 3.51 (s, 2H), 2.46 (tr, 4H).

C) N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc]lchromen-1-yl]-N'-
[5-(3-flaoro-4-(N-morpholinomethyl)phenoxy)-2-pyridinyllurea

The title compound was synthesized analogously to Example 3 from 5-(3-fluoro-4-(N-
morpholinomethyl)phenoxy)-2-pyridinamine (27 mg, 0.089‘mmol), with the exception
that the reaction mixture was worked up by extractions between methylene chloride and
5% citric acid followed by sat. aq. NaHCOg, to give 30 mg of product with >98% purity
as white powder (72% yield) after silica gel column chromatography (0-4% EtOH /

methylene chloride).

"H-NMR (CDCls): 9.25 (br s, 1H), 7.61 (d, 1H), 7.32 (tr, 1H), 7.26 (m, 2H), 6.81 (tr d,
1H), 6.70 (dd, 1H), 6.64-6.56 (m, 3H), 4.47 (dd, 1H), 4.33 (dd, 1H), 3.79 (dd, 1H), 3.71

109



10

15

20

25

30

N HzN N O Sodium (26 ng, 1.14 mmol) was dissolved in
2- (N- nor phol i no)ethanol (9.5 m). Then 2-

wam@amHep odopyri di ne (500 ng, 2.27 nmol) was BAUE®2003/009872
foll owed by copper powder (202 15 ng, 3.18 mml). The
suspensi on was stirred at 160C for 40 hours. The
solids were then filtered off and the volatile matter

r u [ 4u y
(tr, 4H), "chl o?élgnelga%tg@qgé:mzs% éﬁ QH g$f1| ?Sgr eaHgfIT@q\&soh/gh%%7 M
525. Celite. The title conpound in the residual oil was
i sol ated by col um chromat ography on silica (0 - 8% -
EtO—I/ net hyl ene chloride. Yield 110 ng (21 % . 20
HNWR (CDCI3): 7.80 (br s, 1 H, 7.12 (dd, 1 H), 6.48
Examplqa3 1 H, 4.25 (br s, 2H), 4.06 (tr, 2H), 3.74 (tr,
N-[(1S,1aR),7bR)-2¢-¢ifluoropHyl 2. 27 Béeirahydrosyclop®pbicichromen-1-ylj-N'-
[5-(2-(N-drphslinaBihtxR)-24yrididiviluues o- 1, 1a, 2, 7b-t et r ahydr ocycl o
propa[ c]chronmen-1-yl]-N -
[ 5- (2- (N-nerpholino)ethoxy)-2-pyrid inyl]u rea The
title corrpund was synthesi zed anal ogousl y to Exanple

3 fromb5 ®r phol i noe ne (33
mg, 0.15 Mih the lxcep he |30
reaction s wap wor by extractions between

nmet hyl ene hitor T {}g% ciMric acid fol 'owed by sat.

aq. NaHCO3, to i ve ng of product with >95%

purity as 110 WO 2002/ 021969 PCT/ EP2003/ 009872 white
a)  5PENREholpHBhY)eh i@t}%ﬁdlﬁéhﬂﬁé‘ gel col um

chromat ogr aphy (2- nmet hyI ene chloride).

1H NVR (CDC13): 9.45 (br e\é{w@ 08 (s, 1 H), 7.52
;\68/\(\21, 5 2H), 4.45

(d, 1 H, 7.16 (dd,

(dd, 1 H), 4.33 (d , 4.06 (fr, 2H), 3.84 (q, 1
, 3.75 (m 4g|) N, 2H), @254(m 5H) ,
2.01-1.95 (m T2H). LCMs: M 447, 445. Exanpl e 84

sosm 544,58 PRSP A el £ e
amino-5-ioddpyoidine3 609 mgli 2127 ool - \Rappddeld ftyﬂo}/uﬂdetay Bopper powder (202
mg, 3.18 mmol). The suspension was stirred at 160°C for 40 hours. The solids were
then filtered off and the volatile matter was evaporated. The residue was slurried in
methylene chloride and the insolubles were filtered off through Celite. The title

compound in the residual oil was isolated by column chromatography on silica (0-8%
EtOH /‘methylene chloride. Yield 110 mg (21%).

"H-NMR (CDCls): 7.80 (br s, 1H), 7.12 (dd, 1H), 6.48 (d, 1H), 4.25 (br s, 2H), 4.06 (tr,
2H), 3.74 (tr, 4H), 2.76 (tr, 2H), 2.56 (tr, 4H).

b) N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalcjchromen-1-yi}-N'-
[5-(2-(N-morpholino)ethoxy)-2-pyridinyllurea

The title compound was synthesized analogously to Example 3 from 5-(2-N-
morpholinoethoxy)-2-pyridinamine (33 mg, 0.15 mmol), with the exception that the
reaction mixture was worked up by extractions between methylene chioride and 5%
citric acid followed by sat. aq. NaHCO3, to give 12.6 mg of product with >95% purity as
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OFHHNS-~// Chiral F NBr a)

5-[(6-brono- 3-pyridinyl)oxy]-2-nitropyridine. 02N O N
woR®r/02064 ( 6- br ono- 3- pyri di nyl ) oxy] - 2- ni t r opyr PAT/AR2003609872

synt hesi zed anal ogously to Exanple 1 15 from

5. brono-2-nitropyridine (203 ng, 1 mmol) and

2- br ono- 3- hydr oxypyri di ne (prepared according to

white po\ﬁ%%%%g?%o@e@g ?%Y@Higé g’gg cglffn@{ g@%ﬁ%ﬁ%m 7(2%1'6‘%'@?0H /
methyleﬁé@h]drkﬂa) 7.49 (dd, 1H), 7.35 (dd (1 H 20 b)
5-[ (6-brono- 3-pyridi nyl)oxyl -2-pyridi nyI am ne 111 WO

2004/ 021969 PCT/ EP2003/ 009872 HZN O
"H-NMRS(GDGls prodd {(3-pyiH BriA §Sodyl)- B-5Ri ﬂrUﬁW. W fad, 681§, 64-6.58 (m

o), 4 48,08, WD 3P IREDEH B B BV 1 a3 20,

2.61-2. 5(44(2n fEH) 0.0751.9%Tph ) 1 RS CRNER AV iy tire448. xt ure was | eft

Filtration and purlflcatlon by colum 5
chromat ography on silica (ethyl acetate/hexane 2:1)
Examplg8de 57 ny, 97 % of desired product. 1H NVR (CDCl 3):

N-[(1S, 1aR1A.}bkg4 71d1f Ql‘o Z 19a 2 (ig-teilram/drozvglgpr(()%a[c%crtpo’men ‘?1 v(ﬂdﬂll‘ {5-[(6-

bromo-3- pvrldmvl)oxv] 2 pvrldmvl}urea

0
0 N =
: e
_ /
Chiral

F N=
Br

a) 5-[(6-bromo-3-pyridinyl)oxy]-2-nitropyridine.

Br

5-[(6-bromo-3-pyridinyl)oxy]-2-nitropyridine was synthesized analogously to Example 1
from 5-bromo-2-nitropyridine (203 mg, 1 mmol) and 2-bromo-3-hydroxypyridine
(prepared according to W09825920) to give 65 mg of product (22 %).

"H-NMR (CDCls): 8.38 (d, 1H), 8.31-8.28 (m, 2H), 7.6 (dd, 1H), 7.49 (dd, 1H), 7.35 (dd
(1H)

b) 5-[(6-bromo-3-pyridinyl)oxy]-2-pyridinylamine
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6.54 (d, I H. 10 c) .. Nf(IS, 1aR 7bR)-4
7-difluoro-1,1a 2
wQ beo@eehydr ocycl opropal cl chromen-1-VI|-N -  PCT/EP2003/009872
{5-[(6-brono-3-pyridinyl)oxyl-2-pyridinyl}urea N[(1
S, 1 aR 7bR)-4,7-difluoro-1,1
a, 2, 7b-tetrahydrocycl opropal[ c] chronen- 1-yl]-M{5-[(6

15 brono- 3-pyridinyl)o -2-pyridinyl }urea was
synt hesi zed analo Iy t anple 3 from
5-[ (6- br ono- 3- pyr -R-pyridinyl am ne (37 ng,

0.14 mmol) and (1S, 1aR 7bS)

4,7-difluoro-1, 1a, 2, 7b-tetra g[ cycl opropal c] chronene

-1-carboxylic acid (32 ng, 0.N nmmol) to give 25 ny

(36 %9 of pure product. 20 H-NI\/FBr(CDCIS) 9.4 (br s

2H), 8.12 (d, 1 H), 7.63 ( 1
5-[(6-brorfideB- pyrlﬁiﬁylsoxzy 1@2nigrgayridingy6d @QSQ 22 m@O‘lll)WaB dz@ ‘fﬁd 'i‘ ‘acetio

acid (1.5 F?}J) apd %atgg?%@ (qndﬁ fﬁ%ﬁ@dtf %(gﬁ%%e%i?@ Ifc?lﬁjgo%/d@} 5424@3 0.75

mmol) wersir £ad&d hnafhd hitude Wadildft tuoroh 1Filtradion, ahd punflcatlon by column

b-t et rahydrocycl opropal cl chro 1-vl
chromatagyapioy 8nsjicadeiw aseiRig h%ﬁﬂﬁrgg[)]ﬁﬂ’? @!761591?% (Dg\ﬁf desired
roduct. 2004/ 021969 PCT/ EP2003/009872 0 O NN O Chiral F HH
pro uc\NqN/FN—[(lSlaR?bR)47d|fluor011
a, 2, 7b-t et rahydr ocycl opropa[ c] chronen-1-yl ]-N -{5-[ ( 6-

"HNMR (58079 Bcyah 49250 TH, 70048 M2 g T Pid 1k

6.54 (d ﬂﬂ“akIS(trlphenyl |Oh03pl ne) pal | adi urr(O) (46 ng, 20
' ’ % was dissolved in 5 DMF and heated at 85 C for 24

under argon at m)sphere The reaction mxture was

S—lBQ d@h W{-Q mmidhm}m}@r@ai ude product was pur|f| ed by
-I(E- brdrﬁ onggrclngrgphy (silica, 1 %nethanol in diethyl ether)

to give 25 ng (28 %9 of pure
N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2 ,7b-tetrahydrocyclopropa[c]chromen- 1-yl] -N'-{5-[(6-

bromo-3-pyridinyl)oxyl-2-pyridinyljurea was synthesized analogously to Example 3 from
5-[(6-bromo-3—pyridinyl)oxy]-2-pyridiny|amine (37 mg, 0.14 mmol) and (18,1aR,7bS)-
4,7—diﬂuoro—1,1a,2,7b—tetrahydrocyclopropa[C]chromene-1-carboxylic acid (32 mg, 0.14 .

mmol) to give 25 mg (36 %) of pure product.

TH-NMR (CDCla): 9.4 (br s, 2H), 8.12 (d, 1H), 7.63 (d, 1H), 7.43 (d, 1H), 7.27 (dd, 1H),
7.12 (dd, 1H), 6.88 (d, 1H), 6.81 (m, 1H), 6.57 (m, H), 4.42 (dd, TH), 4.30 (dd, 1H), 4.83
(g, 1H), 2.62 (t, 1H), 1.98 (m, 1H)

Example 85
N-[(1S,1aR,7bR)-4,7-difluoro-1,1 a,2.7b-tetrahydrocyclopropalclchromen-1 -vI-N'-{5-[(6-

cyano-3-pyridinyloxyl-2-pyridinyliurea
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product. 10 1H NWVR (CDClI 3+ MeOD): 8.10 (d, 1 H), 7.63
(d, 1 H, 7.45 (d, 1 H), 7.28 (dd, 1 H), 7.13 (dd, 1
wWoR004020869 6. 79 (m 2H), 6.64- 6.58 (m H), 4.4BCT/E@P2003/009872
H, 4.32 (dd, 1 H, 3.74 (q, 1 H, 2.61 (t, 1 H,
2.01-1.96 (m 1 H 15 Exanple 86 NAO S j aR 7bR)-4
7-difluoro-11 a
2, 7b-t et rahydrocycl opropa(cl chronen-1-yl | -N-[5-(3-
quoroaniIino) 2-.pyridinyfllurea. O ONN FHHN F
; n|t o- -pérldbhim‘n'ne Q F
69\ PCT/ EP2003/ 009872

02N-\~H \o 02
Thi s corrpou i ’. prepared fr
2nitr05brm))gr|d|ne and 3-fl uor« i ne using the
catal ytic am nati On for simlar
conpounds in Tetrahedron Lett. Vol. 38)\\No 36, pp.
6359- 6362 1997. 5 8.62 (d, 1 H), 851 (&84, 1 H), 8.11
(dd, 1 H), 7.69 (dt (1 H), 7.41 (ddd, 1 , 7.25 (dd,
N-[(1S, 1&R'*bbR) £ .76difl (6vdH 1&,2tl7b-tétr§t9ydrdcgcldybropépc chromen 1-yl] N-{5-[(6-

ridi nediamne F

f1 uor ophenyl ) - 2, 5-
bromo- Sawrww)mhgmyﬁdlmo&gr%adocims Bgamenpl} Zigk oyanide (70 mg, 0.6

mmol) am{é grak%?tégﬁgﬁ@%%s;ﬁ llgﬂgjtn?@zkzgq?aﬁﬁ'rbﬁ )3 VJ&% difsSved in

DMF an@heBeher 8$°(le<ﬁ31541hel)mdesr argon atmosphere. The reaction mixture was
then extracted between ethyl acetate and 1 M potassium carbonate. The organic

solvent was removed under reduced pressure and the crude product was purified by

chromatography (silica, 1 % methanol in diethy! ether) to give 25 mg (28 %) of pure
product.

H-NMR (CDCls*+ MeODY): 8.10 (d, 1H), 7.63 (d, 1H), 7.45 (d, 1H), 7.28 (dd, 1H), 7.13
(dd, 1H), 6.85-6.79 (m, 2H), 6.64- 6.58 (m, H), 4.46 (dd, 1H), 4.32 (dd, 1H), 3.74 (q,
1H), 2.61 (¢, 1H), 2.01-1.96 (m, 1H)

Example 86
N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc]jchromen-1-yl]-N'-[5-(3-

fluoroanilino)-2-pyridinyllurea.

A0

a) N-(3-fluorophenyl)-6-nitro-3-pyridinamine

_

ON—4 N
N/H
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nmet hanol to give the desired product (180 ng, 98 % «c)

N-[(1S,1aR, 7bR) -4, 7-di fl uoro-1, 1a, 2, 7b-t et rahydr ocycl o
w@e@pawpehr omen-1-yl]-N - 15 PCT/EP2003/009872

[5-(3-fluoroanilino)-2-pyridinyl]Jurea. NN[(1 S, 1

aR 7bR)-4,7-difluoro-1,1

a, 2, 7b-tetrahydrocycl opropal c] chronen-1-yl]-N[5-(3-

: r L1109 - 2+ Ldi:nyld urea was.synt hesi zed .. .

his conldfHAA86 Pl ErBN, P AN PR iy BBl Baniine using the

catalytic bﬁﬂméﬁoﬁgﬁzd@ﬁur&déﬁﬁ!b@ﬂl e sirdiftl cBBhpdind® iAMRtpah@Rfon Lett. Vol.
éIS, 1 aR 7bS)-4,7-difluoro 20 1,1

38, No 3@, pp.73%tG38Ry#Ycycl opr opa[ c] chr omene- 1- car boxyl i ¢
acid (200 ng, 0.88 mml) to give 94 ng (25%. ~H NWR
(CbCl3): 9.2 (br s, 2H), 7.68 (d, 1 H, 7.35 (dd, 1

8.62 (d, ), 8752(dd, 18 81112(dd, 15i.),9?.69<¢-(d’§_S1FH), 1.4H) (dd@l, 4516723 5(6@1 1H),
5H) , 5.49(£s 1H, 4.4 (dd, 2H), 3.8 (q, 1 H, 2.58

6.61 (ddq,tTH) 639 (310). 1.95 25 (m 1 H) Biological results
Ext ensi ve gui dance on the assay of test conpounds at
the enzyne level and in cell culture, including the

b)  NiEbfladiopheayidt2@-pygediaeticorinef mutant H V strains and
mutant RT are 114 WD 2004/ 021969 PCT/ EP2003/ 009872
especially in assays m m cki ng/thg presence of hunman
serum Conpounds of .the inve ch as those
exenplified above typieally shew gub 'm cronol ar
activities in :
PCT/ EP2003/ 0098 72 i NHDAI DS Vi rol ogy Manual for
H V Laboratories co led by Division of AIDS, N AID

. 7. [ i incl udi rational. for .
This comphd 32 a5 c1eBREE TS el Roe by eborSPReciprine 210
mg, 0.9 nitesi)Yyecwtelyfo hlahfeabtive (Rangp nloREPastHospheriB R8sdRe) in
Resj st ance Studies, revised 31 August 1999. 5
methanolig,giysthaslesired REoGyRi éh80 510, 48¥dssayed for HIV
activity, for exanple using nultiple determnations
with XTT in MI-4 cells (Wislow et al, J Nat Cancer
c) N-[(1hS11aE98BR)¥ol-dBllionm-1, 18,2 FhActbhgadryclpprfpeielehyomen-1-yi]-N'-

; \ [ : : horr
[5‘(3"ﬂuorl|9n@%hﬁ%l)-@gp)gne iﬁJ]IL‘rQS‘,“ ons in the presence of 40-50%

N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc]chromen-1-yl}-N'-[5-(3-
fluoroanilino)-2-pyridinyljurea was synthesized analogously to Example 3 from N°~(3-
fluorophenyl)-2,5-pyridinediamine (180 mg, 0.88 mmol) and (1S,1aR,7bS)-4,7-difluoro-
1,1a,2,7b-tetrahydrocyclopropalcjchromene-1-carboxylic acid (200 mg, 0.88 mmol) to
give 94 mg (25%).

H-NMR (CDCl3): 9.2 (br s, 2H), 7.68 (d, 1H), 7.35 (dd, 1H), 7.2-7.15 (m, 2H), 6.9-6.8
(m, 1H), 6.65-6.53 (m, 5H), 5.49 (s, 1H), 4.4 (dd, 2H), 3.8 (q, 1H), 2.58 (t, 1H), 2.0- 1.95
(m, 1H)

Biological results
Extensive guidance on the assay of test compounds at the enzyme level and in cell

culture, including the isolation and/or selection of mutant HIV strains and mutant RT are
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serumto indicate the contribution of protein binding.

In short the XTT assay uses 10 human T cell Iine M4
w@el®2sown i n RPM 1640 nedi um suppl enent ed MET/BP2008609872

fetal calf serum (or 40-50% human serum as

appropriate), penicillin and streptonycin seeded into

96 well mcroplates (2.104 cells/well) infected with

10-20 TG D50 per well of HWV-1111B (wild type) or

i I 4 am8erdh.|CEMpBANd&ws th
especiallfit} 8ayK| Minfigkiay tho BrodciReifitian y dilut el ©

invention Cél!iﬂ?Pé'é‘%s@f&e@@bﬁﬁiédtabd\@sﬂypi@blc%ghmlsbb raltornbarHetivities in
culture incubated at 37Cin a enri ched at nosphere

such ass@y¥l the viability of cells is determned at day five
or six wwth XTT vital dye. Results are typically
presented as ED50 M Conpounds are preferably potent
against wild type virus and mutant H V virus, 20
especially virus conprising drug escape nutations.
Drug escape nmutations are those which arise in
patients due to the selective pressure of a prior art
antiviral and which confer enhanced resistance to
that antiviral. The above cited Data Anal ysis Pl an
outlines relevant drug escape nmutants for each of the
antiviral classes currently on the market. Drug
escape clones are readily isolated fromH V patients
who are failing on a 25 particular antiviral therapy.
Alternatively the preparation of RT nutations on a
known genetic background is shown in W97/27319,
W99/ 61658 and W00/ 73511 which al so show the use of
such nmutants in sensitivity profiling. KI03 Nis a
particularly relevant drug escape nutant in the
context of NNRTI therapy 30 and conpounds of the
i nvention preferably have a | ow ED50 agai nst this
nmutant, 115 WO 2004/ 021969 PCT/ EP2003/ 009872 d ai s
1. A conpound of the formulaY: R7T R R6 XNN,, R
(CHR11) p- E- (CHR11) g- Rlo  L-
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/| THRS R RAayY were;, 5RLis 0, S5 Ris a

ni trogen-contai ni ng heterocycle, wherein a nitrogen is
wo owanedeat the 2 position relative to the (tPCDEPR2063009872

bond; R3is H O-C3 alkyl, R4-R7 are independently

selected fromH, Cl-C6 al kyl, C2-C6 al kenyl, C2-C6

al kynyl, 10 -hal oCl-C6 al kyl, Cl-C6 al kanoyl

found in @?Alf)%\'/ggllggly olél‘f%ql@?%ﬁbrq%% %sd?c?r%)l%q %? ||ﬁ\|{(l§i(é)j(tl %AIDS
NIAID Uslak¥997. IRekifxnée stlicy, kryéludm@gaﬁ&ial%r vaHdud drug escz cape

car boxyCl-C6 al kyl, cyanoC am no,
mutants i esaringd, in dyahidy R@l@aﬂcﬁmlabwatket@‘oun Data Analys:s Plan for

s 3' )N Dis a bond, -NR9-, -0-,
ReS'Stan-C%féﬁ%-g@(stﬁd?eﬁg%%f :l? " and m are independently 0,
1 or 2, provided that they are not both 0 when Dis a

bond; R8 and R8' are independently H C1-C3 al kyl,
CompouRgs @tlheo@aeutmn arg/asevpd ior HRY ashidtRdor exargplenesingimuitiple

determmhﬂgbﬁv\@b?fﬁ ﬂf fc%ﬂ% @@ls%wg_ﬁ_,r ﬁg&%@&d I%s;e\lﬂzggg tvc}f 81 no

8, 577 et ééq) pféferab@(m@hamg dé@tedmnthagionten tH&@I@%@ﬁ@@bMOQSO% Himan
R10 is an optionally substituted,

serum t%a@&aﬁa e Qsmtrmb@mfaqr@&ﬁlebm%%@ sbaridhe Bokl epsay WseRy
ruman TEEARTSN, Lo HRI oo NSRS ShoRimURRRLIENB% et
calf serune(coem 50% rreinsagh eemd akrappropridNe ppeniillin @bl dteeptomycin

seeded i §6 VAL THEIAAES (R0 QU 1 IEcteGH TR § BeA BCHaeorit weell of
HIV-11g Wé%ésﬁr@gﬁr@%ﬁgﬂuch L hYR s PLRFI100, Cys 181 or Asn

103 mutations. Serially diluted test compounds are added to respective wells and the
culture incubated at 37°C in a CO; enriched atmosphere and the viability of cells is

determined at day five or six with XTT vital dye. Results are typically presented as EDsg

pM.

Compounds are preferably potent against wild type virus and mutant HIV virus,
especially virus comprising drug escape mutations. Drug escape mutatfons are those
which arise in patients due to the selective pressure of a prior art antiviral and which
confer enhanced resistance to that antiviral. The above cited Data Analysis Plan
outlines relevant drug escape mutants for each of the antiviral classes currently on the
market. Drug escape clones are readily isolated from HIV patients who are failing on a
particular antiviral therapy. Alternatively the preparation of RT mutations on a known
genetic background is shown in WO97/27319, W099/61658 and WO00/73511 which

also show the use of such mutants in sensitivity profiling.

K103 N is a particularly relevant drug escape mutant in the context of NNRT! therapy

and compounds of the invention preferably have a low EDsg against this mutant,
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and pharmaceutically acceptable salts and prodrugs
thereof. 2. A conpound according to claim11, wherein
We&2004802069 3. A conpound according to claiml, ROEEE2003/009872

R2 is pyridyl, isoxazolyl, benzothiazolyl,
pyri mdinyl, pyrazinyl or thiazolyl. 5 4. A conpound
according to claim3, wherein R2 is pyrid-2-yl,
substituted at the 5 position with the

Claims - (CHR11) p- E-CHR11) gR10 npiety. 5. A conpound accordi ng
to claim1, wherein R3is H 6. A conpound accordi ng
to claim1l, wherein the cyclopropyl noiety has an

1, enant temPbLAd Vf RS forffuld e conformation depicted in

the partial fornulae: X X or or \"""",Q/ N,ZNY Y
lo wherex X is as defined, Y is the bridge to the
(substityted) phenyl ging depicted in formula | and Z
i sphond 10 tRe (thio)ytea- R2-(CHRLL) p- E- (CHRL1) g- RLO

noi 8 ircted in fofjmula 1 &0 ngd _accor di ng
to cl a of\ei n \jtfe %%J‘%Zréf{)\? g?@ﬁg“?q Sé?rpi ses
an endf™xfonmeric ex{ess Iof the i somer show ng negative

optl\}kg1 activity. 15 8. compound according to claim

1, erggh Dis -0 9. A ?onpoundYaccordi ng to claima8,
wherein nfis 0 and mis 1. 10. A conmpound according to

where; claim 1, wherein R4 is hydrogen, fluoro or hydroxy.

. 0 12. A conpound according to claim11, wherein R5 is
R1i18 O, $ydrogen, fluoro, C1-3 al kyl carbonyl or Ci-3al kyl oxy.
R, is a nitrb§eMoRRMMINE HASRDHETE, WH2PEIR/20888den is Beatedcambeunposition

according to claiml, wherein R6 is hydrogen, halo,
relative tciheiolyreaxdpond; C1- 3al kyl car bonyl , cyano or et hynyl .

. 4 npound according to claim 13 wherein R6 is
Rsis H, C%VgFélgkgﬁ, met hoxy or fiuoro. 5
R4-R7 are independently selected from H, C4-Cg alkyl, Co-Cs alkenyl, C2-Cg alkynyl,

‘haloC4-Cg alkyl, C4-Cg alkanoyl, haloC4-Cs alkanoyl, C4-Ce alkoxy, haloC4-Cg alkoxy, Ci-

Cs alkyloxy-C+-Cs alkyl, haloC4-Cs alkyloxyC+-Cs alkyl, hydroxyC4-Cs alkyl, aminoC4-Ce
alkyl, carboxyC4-Cs alkyl, cyanoC4-Cs alkyl, amino, carboxy, carbamoyl, cyano, halo,
hydroxy, keto;

X is <(CRgRg')n-D-(CRsRg )m-;

D is a bond, —=NRg-, —O-, -S-, -S(=0)- or —S(=0)y-;

nand m are independently 0, 1 or 2, provided that they are not both 0 when D is a
bond;

Rs and Rg’ are independently H, C4-C3 alkyl, haloC4-Czalkyl, hydroxy, or Rg and R’
together with their adjacent C atom is —C(=0)-

Rg is independently H, C+4-C3 alkyl;

E is -CHy~-, -CHOH-, -C(=0)-, -NRg-, —O-, -S-, -S(=0)2-;

p and q are independently O, 1 or 2, where p+q < 2;

R+ is an optionally substituted, saturated or unsaturated 5-7 membered carbocyclic ring
or an optionally substituted, saturated or unsaturated 5-7 membered heterocyclic ring
containing 1 to 3 hetero atoms selected from O, N and S;

R41 is independently H, C1-Cj3 alkyl, haloC4-Caalkyl, hydroxy

with the proviso that -(CHR11)p-E-(CHR11)¢-R10 is not unsubstituted phenoxy;
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15. A conpound according to claiml wherein R7 is
hydr ogen, hal o, C1. 3al kyl oxy, or Cl1_3al kyl car bonyl .
waseo4mewenpound according to claim15, wherei nPQIEPR03/009872
fluoro. 10 17. A conpound according to claim 1,
wherein R5 and R6 are H and R4 and R7 are fiuoro. 18.
A corrpound according to claim1l7, wherein X is -Q0OCH2,
is 0, R is pyrid-2-yl 15 and R3is H 19. A
and pharm%amﬁjlyaw@mﬁib@ seds @ndinrpdrudstbeeaad.
-(CHR11) p-E-(CHR11)g is -0- or -S 20 20. A conpound
' =l aj ; [ 1)p-E-(CHR11)q is
2. Awwgﬁﬁ&aﬁﬁ%'éb”ﬂ g\{:h%cr)ér} Fggé'fgo claim1l, wherein
-(CHR11) p-E-(CHR11)q is -0-nethylene or -0-ethylene.
3. Aaﬁnpmrmcbapommimgmrdadh ngmr@hﬂm%ri\ﬁ@ms&ix@zm i's
hoI i no 25 23. (o] nd according to claim1,
be”ZOth'%’i’g}f PRV P BEINYh ﬁ‘;‘ﬁg&tﬂst ituted cycloal kyl,
cycloalkenyl phenyl, pyridyl, isoxazolyl, furyl,
4. A éampmr%ccmr@ztdmbfm BhIAERLINIR, is 'p%eézgoxhﬁsqnnf’éq #the 5
rphol I nyl .

_ triazolyl, piperidinyl, piperazinyl
position with tha -«{GirRuReE€eidBr JifRg moiety.ai m 23, wherein R10 is
hal ophenyl or cyanophenyl. 30 119 WD 2004/ 021969

5. AT aR G Pofid WERBRGFSds PE T Lor ocyanophenyi

26. A conpound according to claim 23, wherein RIOis

6. A coympaliridt sitcardingyto claifn Y| whekei2 the dyslopropynehoisty ¢iadi 10
to claim26, wherein RIO s cyano or f|luoro
enantromgrﬁ)g{(qqqﬂ Céfctherg;}qungatggn (éﬁplgﬁdﬂlaime Wartxaiipmwlae
pharmaceutical conposition conprising a conpound as
defined in any 1o preceding chaimand a
phar mackyt i cal | y acceptable ve 'el e' or diluent

t herefor. or

Z VA NG

Y N
where X is as defined, Y is the bridge to the (substituted) phenyl ring depicted in formula
| and Z is bond to the (thio)urea-Ry-(CHR11)-E-(CHR14)q-R10 moiety depicted in formula
l.

7. A compound according to claim 1 wherein the compound of formula | compises

an enahtiomeric excess of the isomer showing negative optical activity.
8. A compound according to claim 1, wherein D is —O-

9. A compound according to claim 8, whereinnis 0 and mis 1.
10. A compound according to claim 1, wherein Ry is hydrogen, fluoro or hydroxy.

12. A compound according to claim 1, wherein Rs is hydrogen, fluoro, Cq_3

alkylcarbonyl or Cy-zalkyloxy.
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29. A conposition according to claim 28, further

conprising | to 3 additional HV antivirals. 15 30.
wolken4mb19m9 conpound as defined in any of clai nsPETEP2008/009872

the manufacture of a nedicanent for the prophyl axis

or treatnent of HV-1 infections. 31. Use according to

claim 30, wherein the HHV-1 infection is a drug escape

mutant. 20 32. Use according to claim 31, V\/ne(r)(si 8 tge
13. A ehrugoerd apeoridinain Clabis WEeEeIn ies iRTysHogaRthalp dri-Caalgyloxy,

C4-salkylcarbonyl, cyano or ethynyl.
14, A compound according to claim 13 wherein Rg is hydrogen, methoxy or fluoro.

15. A compound according to claim 1 wherein Ry is hydrogen, halo, C4.3alkyloxy, or

C1.zalkylcarbonyl.
16. A compound according to claim 15, wherein Ry is fiuoro.

17. A compound according to claim 1, wherein Rs and Rs are H and R4 and Ry are

fluoro.

18. A compound according to claim 17, wherein X is -OCHz, Ry is O, Rz is pyrid-2-yl
and Rj is H.

19. A compound according to claim 1, wherein —(CHR11),-E-(CHR14)q is
~0O- or -S-

20. A compound according to claim 1, wherein —(CHR11)p-E-(CHR14)q is -CHOH-.

21. A compound according to claim 1, wherein —(CHR11)p-E-(CHR11)q is

-O-methylene or —O-ethylene.
22. A compound according to claim 21 wherein R4o is N-morpholino.

23. A compound according to claim 1, wherein Ry is optionally substituted
cycloalkyl, cycloalkenyl, phenyl, pyridyl, isoxazolyl, furyl, pyrimidyl, pyrazinyl, thiazolyl,

imidazolyl, indolyl, triazolyl, piperidinyl, piperazinyl, or morpholinyl.

24. A compound according to claim 23, wherein Ruo is halophenyl or cyanophenyl.
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25. A compound according to claim 24, wherein Ryq is fluorophenyl or

fluorocyanophenyl.
26. A compound according to claim 23, wherein Ry is pyrid-3-yl or pyrid-4-yl.

27. A compound according to claim 26, wherein Rqg is cyano or fluoro substituted

pyrid-3-yl or pyrid-4-yl.

28. A pharmaceutical composition comprising a compound as defined in any

preceding claim and a pharmaceutically acceptable vehicle or diluent therefor.

29. A composition according to claim 28, further comprising 1 to 3 additional HIV

antivirals.

30. Use of a compound as defined in any of claims 1-27 in the manufacture of a

medicament for the prophylaxis or treatment of HIV-1 infections.
31. Use according to claim 30, wherein the HIV-1 infection is a drug escape mutant.

32.  Use according to claim 31, wherein the drug escape mutant comprises the K103l

mutation.

120



