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FErrr Hrr rrril 1iTH -~ ~ *166166* Non- nucl eosi de
Woe0eWE2e9sPr anscri pt ase inhibitors 5 Techni cal PLCE[EP2003/009872

This invention relates to non-nucl eosi de reverse

transcriptase inhibitors active against H V-1

havi ng an i nproved resi stance and pharnacoklnet mwmmuwwmmmm

_profile. The invention further rela

internediates in the synthesis of such conpounds an

the use of 10 the conpounds in-antiyviral nethods and

conposi tion Noneialerside revesse ansarpiasas i .

co- pendi ng, but as of the priority date, unpublished

PCT applications nos PCT/EP02/ 02328 & PCT/ EP02/ 02346
Techalcai fieikdovel NNRTIs of the formula 1/11 R7 RL Rs / X

ris Byl S5 Roe B abeeHT Sen Sl B4R e sgane
HIV- héh@ﬂ'@@/}f@ &n imbes\idrdshtaridel drDSiarfacokPric oﬁib ﬂ'h@ idvention
osition relative to the (thio)urea bond;

furth@f;ffaiaiﬂarw povabisigrmadiates i thecydinesing ﬁ%%@ompounds and the use of
the ctlf}@g%gﬂax% %ntl\‘ﬂpﬁr Efhdd8&nd! éc{qg&%’}mn% 20 located at

position re atlveto o)urea ‘bond; R3 is
H, Cl-C3 alkyl, R4-R7 are independently sel ect ed from
BackHr‘ UCl %I.k I t’OCZ C6 al kenyl, C2-C6 al kynyl,
1-C6 al kanoyl hal oCl1- C6 al kanoyl ,

Our delpéidiagkeutyas bﬁ{h&ﬂndﬁﬁy ab’@mipulﬁllsbed PCT applications nos
PCT/EP02/02328 & PCT/EP02/02346 claim novel NNRTIs of the formula I/l
where:

m L~
R4is O, S;

Rz is an o’ptibnally substituted, nitrogen-containing heterocycle, wherein the nitrogen is

dl 66166*

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

R 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-C3 alkyl,

Rs-Ry are independently selected from H, C4-Cs alkyl, C2-Cg alkenyl, C2-Cg alkynyl,
haloC+-Cs alkyl, C4-Cs alkanoyl, haloC4-Cg alkanoyl, C4-Cg alkoxy, haloC4-Cg alkoxy, Cs-
Cs alkyloxyC4-Cs alkyl, haloC4-Cg alkyloxyC4-Cs alkyl, hydroxyC+-Cs alkyl, aminoC4-Cs
alkyl, carboxyC4-Cg alkyl, cyanoC4-Cg alkyl, amiho, carboxy, carbamoyl, cyano, halo,
hydroxy, keto and the like; '

Xis =(CH2)a-D-(CH2)m- or X is —(CRaRb)c- _—

IR

1 *G00002*
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C6 al kyl oxyd -C6 al kyl, hal oC1-C6 al kyl oxyd -C6 al kyl ,
hydr oxyCl1- C6 al kyl, am noCl-C6 25 al kyl, carboxyd -C6
al kyl, cyanoC -C6 al kyl, am no, carboxy, carbanoyl,
cyano, halo, hydroxy, keto and the like; X is
Dis -N ,l@-_’Dg.,CtQ):@}): opLg{:@g_-(CRaRb)t 111121221 1 1 |
112112 © 1 11 11r1311a13aite o b 111 *@0002* D
Rgisits, CNRa-alky0-, -S-, -S(=0- or -S(=02- R3 is H Cl1-C3

s o S P Tl B SSETSIEETS , B o8

n and Adlapemdepehdefio oF;1;5 cisl, 2or3 and pharmaceutically
. acceptable salts and prodrugs thereof. Although the
Cis Wy &nd t hi ourea NNRTIs discl osed in the above
&%H%é - LSl V. j [ reverse
and transcr F’@?gﬁ e?mg%bg%@fgaﬁtﬁﬂ% aﬂ?ﬁéﬂo}éﬁ‘ﬁg@?ﬁ?gﬂ he nature of
lo the HHV virus with its extrene |lack of replicative

fi i t i d i st
Althoiglahe ieA ang B NN hiarrisqiored G PREbove docurments are
- i . . ant Lyiral
exauRll SR SIhAS W1 0p RSB Ll e ners o
the Higtvatyisywith its ektse RE 130K of t€)dicatide Gidelitg Bnpaxirtseqasnt téhdency to

. Brief description of the inyenti I ccordance. wth ,
apioTob RGP i e ot BrfeE IRl dbres wi
enha@esp ewidisalderfdrifaniceragdimst Yrobténtatic c%uge'séépé\'mutants, notably at

R2-(SCHR11)p-E—(CHR11)q-R10 R6 *5 H RR R4 3Y
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:

Ry

/U\ ~ Rz'(CHR11)p'E‘(CHRﬁ)q‘Rw

R,

where;

R1is O, S;

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

R3is H, C4-C3 alkyl,

Rsand Ry are independently selected from
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where; 20 R is O S; R2 is a nitrogen-containing
heterocycle, wherein a nitrogen is located at the 2
position relative to the (thio)urea bond; R3 is H,
Cl-C3 alkyl, R4 and R7 are independently selected from
ha|252halo R5 and R6 are H X is -OCH2-; R9 is
i ndependently H, Cl1-C3 alkyl; 5 Eis -CH2-, -CHOH,
Rs an@Rgare-MR9-, -0-, -S-, -5 0)2-; p and g are
i ({lﬁgendently 0, 1 or 2, where p+g < 2; R10 is an
X'S_&' fial |y substituted, saturated or unsaturated 5-7

Rg .grm‘@Péﬁge %rlqoquisl &kylfing or an optionally
substitute saturated or unsaturated 5-7 nmenbered

E is h&ter o &P He. -Gi0y ke ar @r.n§-1-X50% het er o at ons
I ndependently H, -
P an@d %Jgé ﬁ%kg?ﬁﬂg%%lyoblsﬁ%gtzi’ %Nhépd C‘% <IC%al kyl p hydr oxz;
Rio Wafrhobpﬂlmabhycsubsgtmdémsam:@t&id d)%}pnfat(x@ﬂ&iB}?nﬁitﬁbérsdmmbocyclic
unsubstj tu eno an ar naceu .
fing QE@QFR%“S’I”@ b SBSRGRA sabiRGsE arLgrled R Bambsred freterocyclic
ring gBﬁ{a‘?ﬁlh ﬁ@tér@ratﬁ%s's%l&te& frakn DS Neatd 82

erivat t hough as 15 (e a thiourea
Ri11 Bendemmdﬁejtlw& @l-€a ahk;ghmqlombehﬂned@pt%s&ﬁ &tyduaxy;,

with;g@(? §§$w§,$ hatp%b% %]t 8‘-‘%%%*%@%{@?%%@& gqtieénpﬂglrmxy'
and Ipﬂ@\ﬂhﬁl:euﬁdm|97a@lcébtabﬂéet:,é|wQhaIprodmgglthéhébf pi per azi nyl
fused rings such as benzothi azolyl, benzopyridyl,

benzodl azol yl, benzi m dazolyl, 20 qui nol yl, purinyl

Thegggréaﬁwlﬂ? %?redﬁ\;%%é)&%r%' f%rb Cﬁ?h% Bpéd 8&%}4@(@ although R as S

(ie a-th@ﬂ?éﬁa@eﬁvé@ﬂ% e mghlyqsdtehuent , for exanple with
Cl-C6 al kyl, Cl-C6 al koxy, C2-C6 a,l|kenyl, C2-C8
al kynyl, C2.C8 al kenoxy, Cl1-C6 al koxyd -C6 al kyl,

ool 0 o RELODHRDN gl a0t
pyridazinyl, pyrrolyl, imidazolyl, |ndonI trlazolyl 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)p-E-(CHRg)4-R10 substituent, for example with C4-Cg alkyl, C4-Ce alkoxy,
C,-Cs alkenyl, C,-Cg alkynyl, C,.Cg alkenoxy, C1-Cs alkoxyC4-Cs alkyl, C4-Cs
alkanoyl, haloC4-Cs alkyl, C1-C4 alkanoyloxy, C+-C4 alkylthio, amino (including C4-C3
alkyl-subétituted amino), carboxy, cafbamoyl, cyano, halo, hydroxy, aminomethyl,
carboxymethyl, hydroxymethyl, nitro, -SO,Q or —C(=0)Q, where Q is C;-Cs alkyl,
halosubstituted C¢-Cs alkyl and the like.

Preferred R, values include pyrid-2-yl and thiazol-2-yl.
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al kyl -substituted am no), carboxy, carbanoyl, cyano,
hal o, hydroxy, am nonethyl, 25 carboxynethyl,
WOIMWHEXWPARt hyl |, nitro, -SO2Q or -C(=0 Q wher eP€J/EB2003/009872
Cl1-C6 al kyl, halosubstituted Cl1-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

Heteroatonms in R2 can be derivatised, such as with
HeteBt@Bisdn Rglcandederivetised, buthe as with Gr-E¢ afitybfaxoeaand the like, but are

prefel g antB) BE %) THE <SR B R R b PRI ShR 3 be oo or

metatrBRativehb aibead toltted (thiv)inel fuActivred diablefepmlapaka.
Conveniently, p and q are 0 and E represents a

t hi oet her, secon CI%\m ne or peci al |y an, et her,
Convepigatlyoh ahg ¢ & FRRIRPRIE & %ﬁﬁiﬁer ES iy @1y0p or
espebléljﬁh@ﬂl\&*ﬁnctlc% hé(lﬂﬁﬂ'?eeron%ﬁ’iEM{ -e@ﬂR19EtCPIP§||J {roup is methylene,

stituted wth one hal o or hydr oxy
ethylefie apsropyless;, pptlﬁoaﬂm@#b%&ﬁedwm@n%@rﬁ hglspr@m odraxy or keto

o ES B SRS BB e ot o

oxyetbyk| oal kenyl , pyridyl, fury], thiazolyl, pyrimdyl,
pyrazi nyl, pyridazi nyI , pyrrol yl, im dazol yl, indolyl,

, I- :

RepridaFABId b SELE T8 i onBAS ISP RSARADH, ot

thlaz& e pyAmidu, qg/réﬂhﬂt lpW@é\ilﬁyll ﬁ?ﬂr@l?l 'Tﬁldb@bl?l (s, trtzo C}Il tetrazolyl,
uor o), cyano hol i none nmor phol i noket o an

plpenleb H'PQ(@Z'“S['@TF{&V&EP iM10 groups i ncl ude
2-fl uorophenyl, 3-fluorophenyl, 4-fluorophenyl, 3, 4-

The %ﬁlﬁhﬁ%&ﬁhﬁ@ﬁ'&; t?R3 ﬁl'cfddéoér%)fbem)/ée substltuenta including halo (such

-df fl uorophenyl , 2,3, 4-triflouro
as fluggainoysnsnyrorpaotinemeivbrmepholingkaio plnd ﬁge like.
4- cyano- 3-f | uorophenyl, 3-cyano-5- fluorophenyl,

FavomPrléH' I%géréfu s ﬂ%fdo%hﬁﬂ%rcfdﬁéfdxﬂﬁﬂl}’éro?ﬁerwl Ugrfméfrbﬁhe%)}{' 3,4-

olin

dlﬂuompheayl - dxfmcnmne)nyﬁ Q ngrapbew.,l zlaé-triﬂoyronhﬁrwﬂ &-

cyanc%q;lqgl é %}ﬁﬁ%hFR%Ir 'Aldcry%(g%bﬂéf()gﬁ-’clygﬁégrfgfoorcr)phenyl 3-cyano-5-

ﬂuorophéﬁyl Pyl Rt ub arttl -y | shyrid- 4y 8/ fludkpyrid-3-yl, piperazinyl, morpholinyl
{ | uor o- 3- N- mor phol i nonet hyl phenoxy,

and pr—W r phol i noni et hyl phenoxy, 4-fl uoro-3-N-
*nor phol i no- ket o- phenoxy, 4-fl uor ophenoxy,

ConvénibhtOCHIREREXPCHR, AR Values anieinexyde 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-flucrophenoxy, 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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cyanophenoxy, 3-cyanophenoxy, 4-cyano-3-fl uorophenoxy,
3-cyano-4-fl uorophenoxy, 25 3-cyano-5-fl uorophenoxy
and the like. The currently preferred value for R3 is
H Preferably R4 is hydrogen, hal o or hydroxy,
Prefesgisig iRzl ik yald, b aikyldamBoeleGablakyiixyi & Hhadgpeci@lly3luoro and most
al kyl carbonyl , Cl-3al kyl oxy or H, especially fluoro
prefg 'ﬁ%%t preferably H Preferably R6 is hydrogen,
hal o, Cl-C3al kyl oxy, C1-3al kyl carbonyl, cyano or
ethynyl, 5 especially nethoxy or fluoro and nost
Preferalhly Rabs ynyEiragePy, dady, dbi-§: Ry sy, iy tBatkgltarthenyd, cyano or ethynyl,

Cl. 3al kyl ox r C1 3al ky] car.bonyl,, nost preferably
esprtiallf B Gl G e RN - 1 and R and Ry

are halo, nost preferably both are fluoro. The

conpounds of fornula Y may be adm nistered as a
PrefesaleitiRy igihydagen, hato, Gorafievianyl 9r Chealsylertsinypynost preferably
quouIBEi ety internediate the (thio)urea function, X and the

phenyl ring (denoted Whbelow) is at |east 75% such as

around 90% enantionerically 15 pure with respect to

he copforpation; X X or A. WH WH Prefered opti cal
Prefegehis 2 h&re bl ReSngk Rt ierhala, MoshiirTerahiygkathwase fluoro.

optical rotation value. Such isoners, for exanple

when X is -OCH2-, tend to elute less rapidly froma

‘Thegitimpdurels efifatragleaynmdybe exdaripisterethiasad ratemid SOxtard,out - -

prefiBnY Re oo 8MobS oty iRt aB e ke illuked AT éeBn!' and the

pheﬁﬂ&tr@]iderniolt@j VWBelR i9asicastl 5 Qldiasarolnt @Y% enantiomerically
crystall o(gr aphy analysis a presently favoured

pureawibiresee@dnthegeafarsatiappears to be X W'~\H ,\\HH
N
X } X,’”
or
| VAN
- w S N
W N . H

Prefered optical isomers of the compounds of formula | show a negative optical
rotation value. Such isomers, for example when X is —O-CHZ-, tend to elute less
rapidly from a chiral chromatagram, for e.xample chiral AGP 150 x 10 mm, Spm;
Crom Tech LTD Colomn, flow rate 4 ml/min, mobile phase 89 vol % 10mM
HOACc/NH4OACc in acetonitrile. On the'basis of preliminary x-ray crystallography -

analysis a presently favoured absolute configuration appears to be:
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H5 The currently preferred value for Dis -0-.
Conveni ent values for n and minclude 1:0 and 1:1.
Preferred values of nminclude 0:2 and especially
0:1, that is a chroman derivative. Conveniently each
R8 and R8' is H Alternatively, in the case where nis
The cﬁrreﬁfl\?PF@fé e&'va fof P V%‘t Hﬁle\ﬁt Ual%@g fﬁsn a'nﬁ ngﬁ\éude 1:0
|cu e cyc opropy nol et
and 1e1nzﬂrefemrmt vadues(oéesn arfcludes0: 2camd espmctlaltyno dethatued chroman

artial formnul
derivais; GoBVeRERLY EAEN fiH 2t RBy e teiBuVe Y Udhs SareIeTe nis 0
and nf is"] RS éa\%htad%eﬁds%; PR geRdK. i s bond to the
(thio)urea-R2 p-E-(CHRi 1)g-Ri o noiety 10
depicted in fornula Y. Particularly preferred
In partiewpb the SYRIQPEORM EraielyBRY are ap@naadipmedicraxcess pithe

confoﬂfﬂ%%%%'&eqﬁ'” PSRN IR chr onen-1-y1 . For the

sake of clgrlty, |t is noted thatxthe structure: Rl

HN ' J~ HR7 R5 R6 O is equal to R6 OR5 R7 R4
H HNR2 Rl The exprgssi on Cl-Cn Al kyl V\,here nis
3, 6, 7 etc IovveQ al kyl i ncludes ﬁﬂ ups as
met hyl , yl, propyl, isoprodyl, tyl, s-butyl,

t-butyl, n-pentyl, nhexyl 3-

where X is as defined, W is the bridge to the (substituted) phenyl ring depicted in
formula Y and Z is bond to the (thio)urea-R;-(CHR11)p-E-(CHR11)q-R1o moiety

depicted in formula Y.

Particularly preferred compounds have stereochemistry corresponding to
(1S,1aR,7bR)-1,1a,2,7b-tetrahydrocyclopropalclchromen-1-yl. For the sake of clarity,

it is noted that the structure:

” R7
R6 O

is equal to
R5

H

R4 N 0.

HW/ R2
R1

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. C,-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. C4-C, alkylthio includes

6



10

met hyl pentyl and the like. The termhalo refers to
chloro, brono, fluoro and iodo, especially fluoro.
Cl-Cn al koxy refers to groups such as net hoxy, ethoxy,
propoxy, t- butoxy and the like. C2-Cn al kenyl refers

et 438 BB B0 ol RS, kel pto0

propidZiox@nfaxhiyidxyh butyiryiokyu dad thé liketCyCt, lalkrenogy Fr)dlmd”e&ethenyloxy

propeliyiizo-blp DR asA e P I ity Ay e gamplex
substitudifts c@ﬁTpﬂ%lr@ Wﬁ?@‘x’ety '%%H%%%a%(ﬁﬁ@{ |aﬂ%S/Yo 'nC||_l|$c|jeS alk&ﬁ as

propenyl oxy, I so- but oxyet henyl and
defineg hgrein Bmtm@ﬁed@ teodrimes bysa b@tqgeuenclgdmrtpflucsnongethm 8-

aichiofSEhY 3eHERuPiontBeiid el TR ARt i eV adyfisuon as

NH, NH‘M@JCNSIN% )b Hidh ey rastionkally Be sdllbghﬂutécpﬁ/tthﬁalogen C4-C7 acyloxy,
difl uoropropyl and the |ike. The term am ne

C1-Coj iyl UG eS oKDY SliEh Cagbony-sarhamayl, sarReeylexy ceyansy

meth%ﬂl%ﬁ&%} éﬁﬁrﬁlﬁ@i&l‘@é ||If<%ité§é;r,blﬁ4(# o 0@6%{)} gnogg?rg)%mcgﬁ}/nclude
the cocaaslp@mdmgopdyarnmjmbcallyemdoplmmglﬁh@é alkiylnencharn)l ebkters.
i ke. Carboxy, carboxymethyl and carbanoyl include 10
the correspondi ng pharmaceutically acceptable Cl-C6
al kyl and aryl esters. 6a Prodrugs of the conmpounds of
fornmula Y are those conpounds which foll ow ng
adm nistration to a patient release a conpound of the
formula Y in vivo. Typical prodrugs are
pharmaceutically acceptable ethers and especially
esters (including phosphate esters) when any of R4-R7
represent an hydroxy function, 5 pharmaceutically
acceptabl e am des or carbamates when any of the R2
substituent or R4-R7 represent an am ne function or
pharmaceutically acceptable esters when the R2
substituent or R4-R7 represent a carboxy function.
Pharmaceutically acceptable esters include alkyl
esters, including acetyl, ethanoyl, butyryl,
t-butyryl, and pival oyl, phosphate esters and
sul phonic esters (ie those derived from RSQ2OH, where
Ris 10 I ower al kyl or aryl). Pharmaceutically
acceptabl e esters include | ower alkyl ethers 'and the
et hers di scl osed in W00/ 47561, especially
nmet hoxyam noacyl and ethoxyam noacyl. The conpounds
of formula Y can formsalts which forman additiona
aspect of the

6a
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15 invention. Appropriate pharmaceutically acceptable
salts of the conmpounds of forrmula Y include salts of
organi ¢ acids, especially carboxylic acids, including
but not limted to acet at e, trlfluoroacetate
Prodiugstcfttbe cgmpasimalsef feinpularéare toseaomparidsaviich following

admlé%t)r%& ?h tcr))%% elﬁ?aegegs%ht y?#;%&ﬂﬁf@ﬁth %Rﬁﬁlﬁ v # @l8affpical

ate enzo dlg uconat e,

prodiis! Qemteutlgélw@dmept&blmemerg layderspebizip leaters (including .
oxal at e, he tano hexanoat e,

f
phosphats ‘?fﬁﬁfse)w ﬁ%‘éf’ 4' FCEPHeRet 28 hyﬁma fI“BPB%‘? 'onat e,
pharrﬁ’]'afzegt@alwpééé@p?étﬁe aPrh@@;f) bPBéltb%mét@E WiinBany of the R, substituent or

ate, pivolate, canphorate, undecanoate and
Rs-Rs uemeaanean arrgael rfm@mnphqahammceutgcailumca@table esters when the

R2 s&gqtthan - ? a%q%ﬁﬁ%r};@%?%ﬁ) gl?lénc foen Ph%rﬂ%%&?‘é’a%%%@gptable

esterd” |Hé‘i%5%ll@ﬂ'%§tér§hlﬂ6@6ﬁwg bestgie easaHoyh wudyrgl, t2otyryl, and pivaloyl,
p- chl or obenzenesul phonat e and p-toluenesul phonate; and

phosphateyastiees aod ¢ylphoeic e&terswelltrmﬂﬂ derives, fromdroBea where R is
lowef ﬁ%géggfy eph%ﬁflr"%g%ﬁf é':}llg a%lé%g egelst%?sg]n Hld%heﬁ/%r alkyl ethersand

the e@l%r@sdlsélbgé@WWID@@/ﬂ(ZBBm,gegieumwaaemsﬂaﬂmaﬂmcm amxl ers

to a substituent which protects 30 hydroxyl groups
ethoxynii®aCHndesi rabl e reactions during synthetic

procedures such as those O protecting groups

di scl osed in Greene, "Protective Goups In Organic
The Symipbests of farialia Ytarefors: @Whum\ﬁomen gdudgnal aspect of the

el ARPrBBRe B Ao ARG REDIRAS SBnd) s HEpAgIcs o

formaran‘?tlﬁ@ﬁéféfsﬁﬁé%ff@k{%lc ac’—fld(;t ééﬁ@ﬁélw @rb&le@tdlﬁd@ ﬁfﬁélﬂmhg but not

tyl-and ot her 1ower al 35 et hers, such

I|m|te¢t1pao¢i3at€; triflearnarcetate) Ieetpte;@nqqnaﬁetmwe E?éH”ESﬁ r%ﬁiaate

malaolel.gxgen ﬁ'}eg\%tt %etlh a{é?%cﬂ? Eweteeéé}%rﬁate benzoate, butyrate,

digluéoRate, td&/bl@pleﬂtalﬁtﬁygluwhémhn&lbhgtwerdmosphamp ozalate,
trimethylsily t- butzldlmethla

heptﬁ“@@@l"‘@?‘ﬁﬂ%ﬂ@b fymayrat dHBOté’Ea(t lﬂ%@ﬁ%rwt'[ﬂ?te Peact i ng
phe@&rﬁg\(&{ﬁéyblc@tguﬂv&‘faﬁ@ pﬁ’o?ﬁél’?&é}’{a‘rﬁa@clé&oﬁlgﬁ?tﬁ pivolate,

acetate propi onate benzoat e and
cambhbeateﬁumdécmrﬂome ahgsaceioaien@rganiasulphonieacidesechas

ref e t hos conven tiona prot ect | i
e annats, Shatrsy hareRe e NS RIegine PurBh iRy .
cam@ﬁBFﬂﬁFﬁH&ate,JQJJF]%deI&Yes%Iprﬁﬂ{hie,NﬁéMz\éWegulbﬂSﬂaate
p-chlorobenzenesulphonate and p-toluenesulphonate; and inorganic acids 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-(trimethyisilyl)ethoxymethyl, t-butyl-and other lower alkyl

ethers, such as isopropyl,
;
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10 The invention further provides pharmaceutica
conpositions conprising the conpounds of the

i nvention and pharnaceutically acceptable carriers or
diluents therefor. Additional aspects of the

ot G B0 N, FER PSR Bind N6 O AL LA BE M ctrers:
su bétﬂu@dsethylee:them‘ fdri extapdblel 2 2, BErichoreshgs t%dyltéihéﬂsvm;]& example,
pe nutant, such as

trimeghylsi ik FQPW'%H}%W'%‘MH@Wﬁ@%ﬁ@'ah%wgl%tart%@stﬂﬁ)prepesed by
|
readifif tRE by Biox P ERIARN aXRESLRE atid, foh EXamelDCaddMRN b Glonate,

benzwateiaéldatpy,llkezo such as in the preparation of a
medi canment for the treatnment of HV infections. 1In
treating conditions caused by HV, the conpounds of

Slmflé)r’{)mN ﬁro\feé‘t"rﬂg @fo@fpejsa@ééa h&&m raféﬁs%ﬁfﬁoéé‘c&wmmNtcpﬁotectmg

achi.eve a, [ around nM
groups aipglose % *ﬁ?t%dtv 6 PEPSROEaNE 2e¥RRHST dpBn Wiley &
Sondeyentonk) 1081 t he 25 bi oavai l ability of the

forrrul ati on, of the order O 01 to 10 ny/ kg/day,

1 t0, 2 A typi.cal dosage r
ThefhfEricRdtnf Srplics pRmeRelfisl cariptBiss B T By
compoahés abthe Bvéntion 2n@ pﬁéﬁha@t@@%Z%mﬁbleldﬁar@é}% dr®iluents

four dosage units per da t

therﬁi%rhﬂ@@aw'ﬁ@ct%%fsta@ém@tt@@ nxpvlﬂe\mtyookﬁ far theénhibisien of HIV
con@gl n:gﬁtdmﬁ’l' ét@rn‘?@ﬁ fo'i'r'lcp%h n‘?ifofttﬁg forﬂﬁflé §%t2@1:t| dafﬂr% écp\?nth or

y o t he I on and may ne
expdsad fﬁﬂ-lbbﬁc?o'heﬂ-ﬁ)dﬂ meyi e prisesa diuyg ksmxmerrgumrit hsudhneas HIV

| e comtprizes g
straffet Gap il I Fulbiiscathe ARpe a0 Sadelr JRd hLERpyS rapecially
K10B®_ provi de synergistic responses and to ensure

conpl ementary resi stance patterns. Such additional
antivirals may include AZT, ddl, 8 ddC, D4T, 3TC,

iRy 40 BRI HTUE oL Ean BB i heray
sucHnyzdnmﬁwpm,aréﬁwc@fsa aljem Yo O e, treaftanent ehiE)V infections.

trovirdine, capravirine, nevirapine, delaviridine,
tipranavir, entricitabine, PFA, H2G (omaciclovir),

In tr%t\ﬁ@@@n(ﬁnﬁ@h@@ﬁ@ééﬂ WHVSﬂw@Qfo?ﬁ&)undEW‘f@rmﬁa YI¥e dréferably

0, 5 efavirenz, DMP-450, loviride, ritonavir,
adn(lmﬁtgrg@.lmgn @m@{r\téq ach@peﬁm}asmagg\@j.qﬁamwd 100 to 5000 nM, such

as 306515 \UOrnM' ‘ﬂﬁq‘s%\ﬁers chﬁ%\élsg\ge poyRr Sgﬁé’ﬁdmg on the

phos |naV| oohd
bioavallablllty of the formulation, of the 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, ddl,

8
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typically at nolar ratios reflecting their respective
activities and bioavailabilities. Generally such
ratio will be of the order of 25:1 to 1:25, relative

to the _conpound of fornula Y, but may be lower, for
ddCj RétTard& . iDAR Realoyyding; abgeadhredetovim adgtavirstiivexit is-POC-

j. I SN € he I nv i on .
PMRABRU44 B8P, foset R WRitPsillied orBi D B R97. efpuirenz.
trovirdiO&-craviring, aevirgpine, delaviNding tipandvirzemiMcifabin PFRA, H2G

4 r d RI.RT R XRe/ R REI ~XSREHHNRS HH
(omRFiCRYITRMINEE88 (3lommsiciowit Siarate], Jaa: 126 MGKAS, TG 20,

el O 0 Rldeg AR D o o ket RS, SShupyr

|asirgaiTe ialind\or, ranhpreWavinhampienair frosphéie; ee)finarirand the like,

. (thigurea), R2i: for instance, ~a 5-substjtuted .
typiCIYiaR 513! a1 reecting ThelinEspRcie SStifURR AT oRBRIabyites.
Genéﬁﬂl_}/%ijdhsraﬁo vl BeRsrapaioedetdr I8 K949 55 hawtvé b FS3Kpound of

1. The 20 cycl opropanecarboxylic acid 1-Schene-1 is
formsdmVeptibmayde leweiciar insthdee initie dasetaddytasht@De@ntagonists such
as ri.icﬂ'fjalb?re Curtius rearrangement and provide the

I'socyanate 2- Schene-1. The urea 3-Schenme-1 is

obt ai ned by coupling of the isocyanate wth Ithe f

rel evant|ly substituted 2-am nopyridine. Hydrolysis o
COFQF}?éJWC’&Rf;}%%é%V@H&@Hi%@ tenieally Rpparacas fallewst s i n t he

cycl opropyl am ne 4- Schenegly.f,al4{ owed by 25 reaction
with a 2-pyridyl isothiocyamate provides the thiourea

5-R7 R7 R7
R6 X , Re X . R6 %
COOH 2. NCO .
NH,
R5 R5 R5
R4 R4 R4
1 2 4
ﬁ ld
R7 Re R7 R
R6 X ,(l)l\ “ R6 X s ¢
N” NN N SN
R5 H H R5 H H
R4 R4
3 5

(a) DPPA, Et3N, to—luene; (b) substituted 2-aminopyridine;—(c) aqueous HCI,
dioxane; (d) substituted 2-pyridyl isothiocyanate.

Compounds of the general formula Y, wherein R, is O (urea) or S (thiourea), R; is,
for instance, a 5-substituted pyrid-2-yl (Re is the (CHR11)5-E-(CHR11)4-R1o moiety),
and Rj is H, are prepared by methods shown in Scheme 1. The
cyclopropanecarboxylic acid 1-Scheme-1 is 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-

9
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9 Schene-1. The isothiocyanate may be prepared from
the optionally ring substituted 2-am nopyridine by
known met hods, such as treatnment with thi ophosgene or
t hi ocarbonyl di i m dazole. R3 variants of fornmula Y are
prepared correspondingly using the appropriately
SchémeDe- B EothigERFhABINMEY; BE préfared from the optionally ring substituted
- met hyl am no) pyridi'ne for R3 as 5 nethyl. K/Bn)?
2-amingpy AAipgrovdk e aredhedsasichias traateneait Withl tbiophdsoemeos -

o EeliBEISEYe L LI e VA IR R 5Bl using
the PpoPriatkly bAMéBabsatdd mmag,eeczogw_-ﬂ’mwdhﬂ@o ridine for Ry as

2-Schenme 2 or fromam ne 3-Schene 2 and am no- in _
metdnManyt3-aMiIRgRFIdTIeSRIE-Cormensally availaglesand pihers arexdescribed
SRR o oS 30T SRR D S ERbEALESR °
alternatively fenpliepgred trphi thgsiscthivdyan ateecbrfedpondirieto RBcheme 2 or

o BB 3 Tk AL e Sl A o
desélirlttfed iRolveNe3@3d¥2. roRgh Sctiene Rha@addN iR iStENeA WitH 4 €

(R R d N(R)R, HzN N°PG H N HZN'N (a) phenol: NaH, -
sub ed(myridyoidPwadily apparentihatiabiesppodlingd{aDiatings can be used for

oneBF B 0. 1 B R AR D TR L i, i

benZothi@6BA, oyrintidipgy etcdi ne by a (substituted) phenoxy
group, followed by reduction of the nitro group
af fords the substituted 2580@M8-%5- phenoxypyri di ne.
Compounds with a thioether |inkage can be prepared

a usly. Gtet hodol ogy dexel pped. by Buchwal d
can be used f he syh? egis o@ﬁo%@ cont ai ni ng
o,ND-sUbst i tuentS¥i ncl udi ng het N l'ic rgs. A general

description o o

this reactioh is shown in Scheme 2. A
protected i odopyridine derivative is reacted with an
10

2 c
| —
NS
HNT N

PG~
(a) phenol, NaH, DMF; (

A~ NR)R - d A~ _NR)R
< I
LI, LT

Iz

=)

) 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 general description of this

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

10
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appropriate amne in a Pd catal ysed reaction to give
an internediate that is deprotected to give the
appropri ate 5-am nosubstituted pyridines. Schenme 3 R7
R7 R a R 0O RO ::x. R RS R4 R4 COOEt R4 1000Et 2
3 RT RT bor cor dR O0as in Schenel R6 0 R5 R5
apprd?#nammﬁ?ﬂe NA[ © B cétdtydedRIBactidn 50(%iNeetahy||ntermed|ate that is
di azoacet ate, catalyst, CH2ClI 2; (b) chronatography and
deprqtggigdrtariva tha %Wfoerlet@anm@ﬁu ited Ryyidingst ux wit h
Li OH, H20, MeOH and then chromatography; (d) rt,
NaOH, H20, MeOH and then reflux with Li OH H20, MeOH
Conmpounds of the general Jpemda Y, wherein RL is O
(urea) or S (thiourea), RZ TS, for exanple, a
-substituted pyridg2-yl, R3is H X isg,-DCH, and

erein the cycloprop noi ety has_.the relative
R6 e uragl on >§ e 10 are %P met hods
bwn_Ji eme 3 | ogr opamtion g e dbubl e bond

3 with ethyl Jf azvacetate is

um(fl) sd&4ts s S
%%E(OA\C)4 in Sé)| vgﬁsgésuch

.Ratal yzed by cuprou84or
Cul, (CuOrf)2-benzeng, an
as

borcord_ *i as in Scheme1
[O S]

COOH

J]—

H N / R10
S
(a) ethyl diazoacetate, catalyst, CH,Cl,; (b) chromatography and then reflux with

LiOH, H20, MeOH; (c) reflux with LIOH, H,0, MeOH and then chromatography; (d) rt

-NaOH, H,0, MeOH and then reflux with LiOH, H,O, MeOH

Compounds of the general formula Y, 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

cyclopropyl moiety has the relative configuration

g

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 provides a

11
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15 di chl oronet hane, 1, 2-di chl oroet hane, or chl orof orm
woltesoA8at i on provides a 11 WO 2004/021969  pCT/EP2003/009872

PCT/ EP2003/ 009872 di astereoneric m xture of the

cycl opropanecar boxylic acid ethyl esters 2-Schene-3,

with the all cis relative configuration, and its trans
diasteregmaricamisihepeof3thesgpaloaroranasarbaxgliciasid ethyl esters 2-Scheme-3,

with tggr%ggfosgp l?ti\%% 88§p§%tl§hs gﬁgjg} {r%g?s lisgclsi@%rt g-rse%'%ec‘-pv?’esparation by

colurrof cliroenateglagmredo2thBadie aad Irarsdibstare dpyensatibybiergcdommplished at this
ture of

aﬁu?ous gt anll’c.Ligg to yield a racenic m o
stage; falleypd A% MYrRlVS[sr GhaAnec SotRisy 12-Scheme=3. sURGras By refluxing in
aquec?dlﬁs desgthiaRefci NLBSISP &) - vibldt e?”""Fa‘c‘éﬁ*ié‘ ) ﬁwBELére of the all  cis

I astereonmeric mxture of” ethyl esters may _
cyclograppaecadoxylitanid |4ySchemend, sepasatibeth in cdepub).eAltematively, the

AT T RN .
conducteth brdbe i ohcyelofgropanesarBbiylic Rsdeto prévide e Bolated all cis
. whi ch 10 na | so S)edne by sel ective hydrol ysis of i

isomef s 'y 598 (31 SURBrE) SN GoRbIaton Ghiia e G oskeiodSeheme-3 which
may [ lafR B8 dyhé hbpayerEivehIGBRkISC O;Nafﬂé %Farfr?"abS-S@:geg‘e-B at lower

tenperature. The isolated cis ethyl ester

tempengigres,y Zaehi nas htreginant nwitheaqueous hmethanolic NaOH at ambient

: b ' [ d_4- Schene; 3 .
empefE) S0 PAPIAIERLIINUN St BROEAE lereAR e usuat mamner to
the cﬁbbmmgb;bmeﬂiﬁi aeiﬂgme%hémﬁce.otrh@i &ybl%padﬂa?feg@t‘boxyﬁc acid is

. I OUr ga cheng-o., . ronenes - 9C ne- are .
sublecid 13 B ByehodRoGLTERBWA SehSEReles OBIENG, hgnyres o thiourea 5:
o . . . .
Scherf B RRPA ST ST SR RIeR ARkt SHSTN naukTR screme

4,5, apdM.pul ations will be available to the D=S, S=0

S(=0)2 and D=NR8 20 variants. Wien R8 is H, the

nitrogen is typically protected with a conventi onal
Althougdbisdsohgmedi res peen dlusinatedgwitiup, DsQotariast ttival &e apparent that

e REP AGET b I 5s S RSl v
varian!2§.7g\ﬂ7en RG i&Hl, ah&Ritkd derRE typBallyprdeted MithRe cBAvEHtidihl 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 3 R6 o) b R6 0
— —— /
R5 RS | | R5”
R4 R4 R4
1 2 3

(a) 3-brom?3propyne, K,COs, acetane; (b) N,N-diethyianiline 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 pattem in the

12
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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
WOResH921%¢s t he preparation of chronenes, incl uBFHEPIIRIRPI872

fromcomercially available disubstituted phenols,

such as those wherein the substitution pattern in the

venzeife Wibiig i Rilpi, REAnd R e SRIGIR4 LR 18P, R gnd R7 are

halo; &Rél i§€7haoeandna‘Rb isR8,4 alkyidasbamyl; Rhd KR4Cls Biydroxy while R5 is C,;

R T e
t
bromcgél%g%;% ;eré %gﬁrggsggdé bh a%?sg ??é’?‘éﬁﬁ@?%am %t@ﬁ@%ﬁrg&?—l in DMF,

resultsésmﬂupieopmllmswlmjmmmdn of thebbalideuttd qnnowdetthe dilagri 2Scheme-4. Ring

closuf? L Jﬁ%gfpéﬂgace;%%h&qqs cherr%eaé%&gn etF'%l & orS b eNrmN cP imethylaniline or

poneﬂN%/F@d@glbdélaﬁlweldQh@bhrd?ﬁéN@BfS'éWé?ﬂegi ycol to yield the
ronmene 3-Schene-4. Scheme'5 R/ OR7 R7 R6 R6 )(*
RSR6I O RS R RA OR4A OCHR4 is 2 io NaBH4, EtOH (b)
p-tol uenesul fonic acid, tg 'ﬂﬁﬂﬁ reflux; Scheme 5
describes the preparation o romenes, used as
startgxng material in_Scheme 3, fromthe appropriately
bstftuted chronanoﬁés, which are r& dily accessed

rCi al iR&

0. _for exanpl e
R4 to-R7 is

: pver si on of
t he d¥rbBnyl group |R44{»chronanone -Schene-5 and to
t he correpondlng al cohel by a suitable reducing agent

or r|de et hanol provi des
NaBHQ%&En‘E E@ﬂ ﬁﬁ?ﬁ'@fc@ﬁ $PIUERBI W4 h smal | amount s
of acid, such as p-TsOH in toluene, causes dehydration
of 2- Schene-5 to the desired chronene 1-Schene- 3.

Schenp prdassohas iae peenaration pbakromenepaised as starting material in Scheme
3, from the appropriately substituted chromanones, which are readily accessed from

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 reduc:ng
agent such sodlum borohydnde 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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20 avail able for other D variants. For exanple the
correspondi ng 2H 1-benzothiopyran is readily prepared
wonredymowerci al |y avail abl e (substituted) PCT/EP2003/009872
t hi ochroman- 4-ones by reaction with a reductant such
as a netal hydride for exanple lithium alum nium
hydride in an organic solvent such as ether, followed
by dehydration such as ref3ghemgbwith an acid for
exanpl e potassi um acid sul phate or the like. 13 WO
2004/ 021969 PCT/ EP2003/ 009872 Schene 6 R7 Rt R ::~
YRK a R6 O b R6 ORR7y RA O R4 O R4 1 \gd 2 3 R7 C R6
LIO o RS5I R4 | ( al |yl de
one;_ () _ ' o a‘% A o’?g y3]2Ru
PR &%%a me , for
4s startin r|a in SchenER% rellpr epar ed
m-substituted o-F§ H?droxybenzaldehﬁﬁe as shown by
net hod utlined in Sch@ne 6. Reaction of 31- Schene-6
with allyl bromde in the presence.of a base, such as
K2CCB i Ryacetone, results in nucleophilic
g%%|t tigh of the halide to provide the ether
_c2 . tting reaction transforns the al dehydic
gro%P e olefin and provides 3-Schene-6. The
pal of iterm nal double bonds may undergo metathesis

i ntramoRécul arly by treatnent 10 with a catal yst such
(a) allys brameideuKieQk, Lanatomegs| (b PGsROH;Br, dbtHy| TSE; (ch CifRey:,.8u CHPh,

ot B S E Bl RN chown i n step o) in the o

| egend above.

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.

14
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14 WO 2004/ 021969 PCT/ EP2003/ 009872 Schenme 6 R7 R7 R7
Rl | OHR6 | \ pRep ab RRREI I R RAOR P
Re 2?"{&022963 R7 CR6 O R5 R4 (a) allyl broni d@CT/EP2003/009872
K2C03, acetone; (b) Ph3PCH3Br, NaH, THF; (c) '
Cl12[ Pcy3] 2Ru CHPh, CH2ClI2 (d) Ph3P+CH=CH2 Br DBU
Chronenes, for use as starting material in Schene 3,
are prepared from substitLé-@'éEIB‘i‘_SS

hydr oxybenzal dehydes as shown by nethods outlined in
Schenme 6. Reaction of 1- Schenme-6 with allyl brom de
R7t he presence of a&mase, such as K2Cg3 in acetone,
regulos in nucl gephilli cosubstitutiggn of, the halide to

i de the ether eﬁ&& Wtti nac i on
DAsy or ms—the Qg LC ouﬁ—i-nt'? q ef4@ and
pr@vi&les 3-Schene-6.1 Th pair of Trm naI, doubl e
bondsngﬁy under go m&fatfesis intranmol eRbl arly by
t

R6

R5

O
t rleat 10 with a catdlyst such as the rut henium

conpl ex Grubb's catalyst in step (c) to produce the
chronmengzy Alternatively 1-Schene-6 can be tyclised
in the |l egend above. 15

(a) allyl bromide, K,COs, acetone; (b) Ph;PCH;Br, NaH, THF; (c) ChL[Pcys;Ru CHPAh,
CH.Cl, (d) PhsP*CH=CH, 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 preéence 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 cc;mplex Grubb's catalysf 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



TTOOOO d/ COOEt COOEt COOH | 23 b ONN OO
BOEW04/0D96kEt 5 4 (a) Pd(O, DPPP, Et3N, (CH3)3CX/EP2003/009872
(b) Pd(O, butyl vinyl ether, DWF, (c) Pd(O,

Zn(CN) 2, DWF; (d) NaCH, H20, MeCH 5 Pd(O catal yzed
coupling of the triflate I -Schene-7 |leads to the
replacenent of the trifluoronethanesul fonyl oxy group

and the introduction of othgghetbgtitutents at RG.

Thus, Schene 7 provides thé preparation of synthesis

i nternmedi ates fdeSuse in scheme 3 tqugive the urea or

Trot hiQur ea 5- Schene- 3 Wer ¢ Rp_is cyal or
al yyl car bgnyl. 10 O 3004/ 92196

P 3/ 0098+2=5che Rb—=b \ - b
\ - OI'_OH -~ 1| 9 PG Ra 2 PG RaM3 PG O

,  COOEt COOEt COOH

- 2 3

C

N

0 NS 0
COOEt
COOEt 5

4
(a) Pd(0), DPPP, EtsN, (CHs)sSiC=CH; (b) Pd(0), butyl vinyl ether, DMF; (c) Pd(0),
Zn(CN)2, DMF; (d) NaOH, Hz0, 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 Cy3
alkylcarbonyil.
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OH Rb I gORa OZe 6 : --Br \
W&ﬁ’@”ﬁ‘? R4 PG/ 5 OHO | Ra 0.0 Ro Rb |- 0-PRUEFRIM098T:

/| ORe Ra 7 P8 G (a) BuLi/zZnCl2, THF;

Pd(OAc)Z Br CH=CHCOOEt ; DIBAL 5 (b) TsNHN=CHCOC ;
PhNMe2, NEt 3, CH2Cl 2 (c) g5- -I\/EPY)4 abs degassed

di chl oronet hane (d) 30%

(e) NaCH, H20 (f)

NaOH, ©02; |-Prl/DVSO 10 (g) |PrOH, HCl; DEAD, rﬁ’hs
ro THF

(a)
(b)
(c)
(d)
(e)
)

(9)
(h)
(i)

(h) NaCH, MeCH H20 (i) 1. BBr3, cH2a 2 2.

BT B

BuLi/ZnCl,, THF; Pd(OAc),, BrCH=CHCOOEt; DIBAL
TsNHN=CHCOCI; PhNMe,, NEt;, CH,Cl,
Rhz(5-R-MEPY)s, abs degassed dichloromethane
30% HBr, AcOH

NaOH, H.0

NaOH; COy; I-Pri/DMSO

IPrOH, HCI; DEAD, PPhs, THF

NaOH, MeOH:H.O

1. BBr3, CH.Cl; 2. CH3CN 3. NaOH water
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17 WD 2004/ 021969 PCT/ EP2003/ 009872 (j) 1.

BuLi / ZnGi 2, THF; Pd(QAc) 2. cpd 9-Schene-8 3. Jones
WsRb2fegrom ¢ acid, sulfuric acid in acet oRgl/EP2003/009872
Conveni ent routes to conpounds wherein Xis -CH2-O

are depicted in Schene 8, where Ra and Rb are

optional substituents R4-R7, which are suitably

(r ot ettBdLiV\Zrh(Dlz5TEIGnF’6(®Ac§)rm|cp§@S@t@ér‘hé@ 8r dones reagent (chromic .
necessar a | ogwer al kyl ester. Optionally

y
o retaat! saR At s sedhame & uhi oh | s
COnbéﬁnb%Yo%@,ttS%%’deﬁdB vihePsiRbefstL 'd}gz -OL AP dégrctbd ﬁ‘rSS%heme 8,

I\/P\/I d the like is react with a base suc
wheea; RBuand Bf ar@eptipRal substiueris\RurR;, vehichh ass sqik#bly prataeted with

oyt BrRlEr PRl 4 etelia Pt R o R afEs r potionaty

subdtiteted pteendsl 1ag8dremal®whichig l‘iy@raxyﬂ»@mtéaﬂeddmm [axdrate‘étm? group such
such l1lo_as | al kyl -ci s- 3-hal oacryl ate, for exa

as myptoyl-MeMep gélpe llﬁ@xq repgled Wilh 3 bagse %qh aﬁBHLupétneshke ina solvent
sucl‘FQQZ‘f-ﬂ: gl“ﬂw@hl(e,egHS 'tr@iﬂsf%ﬁﬁ@@ o Y sgﬁ b?'%rné’&m%%léﬁd%eor the like.

pOTtI onw se quenc

A catatysheneh@&s AAQAR)azarrike Bkecls addedralong wuth an activated acrylate such

as Iq%ﬁéguﬁﬁpﬁzaé{ggﬂélogégﬁ %Eeg%nﬂeﬁréﬁ rgHﬁ@&lﬁt‘:&{ I@(? Phe reaction
mixtiifesis| dotded anddrrdiucingaageat s@ct as MAB%rWﬁlkélsomdddmpomonWIse
o e Bkt RO AS e el B 252, T,

tolueWé@EiHSﬁylh?d%lz%%@' df%ﬁdx?hcaaé@'cﬁ%%e%ﬁﬁ‘e fiRe and a base such as N,N-
di chl oronet hane or which is preferably

dlme@t@gag@gg orAhetike 4 addad i8'as solveat sieeh 8816284 or the like followed by

the a?aﬁns 5 %}/Eﬁnﬁf‘ bgayéos:{i’cﬁﬁgjétw e@r?’tgbg@g' % Me?cﬂ%é%ﬂérﬁ@ 8%Fhe

reacﬂerSplm]‘m:t&s dissobveldi igla soheent socreas dlMemtmoame like which is

orerdfe B ieaispen: B FlG APt Tr i ot AR Sl ERVIaDs 5175011

availbBledir6in AldeidRtdrenEed N@Wﬁsy)bbrtﬁéenkeaetyddeartoqzﬁexd 4-Scheme-8 in
acetonitrile the reaction mxture and fin

a higg @Wr&pa@eq%s%@&grp@te@ than 8@, pg@qugﬁ@b/ggreater than 90% ee.
Prefétabfy/, Bik!Q %%d@urLJWSSF r&rr?&':{% V\;lﬁ $§e “WE gﬁl;/athane followed by the

'[In opene ectrop pre era Br
additigneof a«@touﬁdl@rtherree@tmnumxtureranwlfmllmodmmmu@mdasts added to give

6-Scffin-o A VRl s Btiuof (P FRNe i PRedeinga e aH®
elect&:pﬂiﬂlléq:ﬂ%f&ab\:*HEr o F‘Jheamteﬁmdbﬁ irbésjenctizmdivith ahi‘acﬁcfﬂsdmclaas AcOH
like, e chr o form

OH o none, rearran
or thgﬂ@cHPGﬁéﬁE'ﬂc@%}S’ﬂWlaﬂoﬁgﬁ(&ﬁWé g fdoaére%eﬁ%ﬁe'a@e to form

' chrorfbh8hBabiy@eme4; Wﬁ’@f@irb?ecté@fo basit @BRGitVAS ubA%s NaOH or the -

phenol i€ protecting group
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 sUbjected 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 foliowed by DEAD; PPHj; 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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is MOM can be subjected to basic conditions such as

NaOH, carbon dioxide and a |ower alkyl halide such as

iPrl in a solvent such as DMSO to open the | actone and

yield 30 the al kyl ester 7-Schene-8. D splacenent of

.t he hydr ox rotectin oup and ring. closure with
BuLigng 4 0@%&9@%;& '%59'%%%%%9% theiqyplepropyliodide, 9-
SchefRES, rl alladkih-88talyZddMdaidn & ghBeldr fadipii @ ’
. DEAD; PPIr—ﬂ)gi in an orag)éni(': sol vréntgsugﬁw arlsgal'%F ormt?gghgs
reagenkeompptied Aa3¢hamne-8. iThisacarbowgdiogesid isiipguoaconverted to the
. compound, 1- Sch -8 1§ reacted wit 8, BuLi, and
oo RARE AS HOUT D SETETE TSy Subkmaleblly (o redatearibiea ok
hete Ieio Gl dfaHe Frmlia cheme-8, in a _

pal | adi um cat al yzed reaction to give after reaction

with Jone's reagent conpound 4-Schene-8. This

S, \. A A . .

Ra vERIREEN g CeteipreParel] SorRESRE B b Bobdfe spprprriptely amine-
substitutedetrdnod,y leub-aabstituedHa{ meathylahino)pyedinef dériatives for R, as

Formula Y. R3 variants of fornula Y are prepared. _
methyb AT BSEORAE TS UeiarbeshiWpl5R E BisybattRel pyridyl it is readily
appat&isthit Hér‘?gsfdéﬁ_d(?rﬁg ;Brzé%%lilrf@s can be used for other R, variants such as

5-substitue am no) pyridine derivatives
subsHBited thiazelily pyradinyiobezcBoihzolyl, pyHesdibgestd. | | ust r at ed
with a substituted pyridyl it is,readily 1o apparent
t hat correspondi ng couplings can be used for other R2
Comgéﬁhé@b\ﬁ_he%iﬁb( RSan sphiehIfy R itk @akyMEne METRFVBNlentl
enzot hi azolyl, pyrimdinyl, etc. Conpounds wherein 3/(
preparedhy 8¢eBAA: |y substituted al kyl ene are conveniently

prepared by schene 9: 155@%&&29 R7 R R7 R6 R6 X b
R6 X RS R5 R5 R4 0 R4 b 2 (a) NaBH4, EtOH

(b) p-toluenesul fonic acid, toluene, reflux; 20 Schene
9 describes the preparation of tetralins, indanes and
honokpgues, used as

R7 R7
R6 -
5 R6 X b R6 X
— ——
R5 R5 R5 7
R4 O R4 OH R4

1b
2

(a) NaBH,, EtOH; (b) p-toluenesulfonic acid, toluene, reflux;

Scheme 9 describes the preparation of tetralins, indanes and homologues, used as
starting material in the schemes above from known monosubstituted tetralones etc,
wherein positions R4 to Ry is/are substituted, for example with halo or C1_3'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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starting material in the schenmes above from known
nonosubstituted tetral ones etc, wherein positions R4
to R7 is/are substituted, for exanple with hal o or
Cl1_3 al koxy. Conversion of the carbonyl group in
1-tetral one I b-Schene-9 to the corresponding al coho
by a suitable reducing agent such sodi um borohydride
Favq)talfedtq%rﬁmurmwf@é@u@ Yincedene- 9. Refl uxi ng the

B bR Bl P Lo BT e 2P Vet

cycld@@p@&ﬂchr@m@e - yl)@@lmems 9. Corrrespondi ng reactions
licable to n=1 or 19 Favoured conpounds of
(-)- Cfso}@ -NaOrQRYrisd-yIoxy) pyrldln 2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
| Hr YL | oxy)-pyridin-2-yl)-3-(4,7-difl
Cycé%r)rogcégcﬁi g,‘%% tye)?l#r:aéayhyd ro- cycl opropalc]chronene-1
(-)-cisyl Y52 eyano-pyrid-3-yloxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-

2 Lo d- 3-yl din-2-yi)-3-(4
cycibogelIGyRReer °r°py['etrah§d?§.y)5py” 2313

(-)- é?y-qL&D(@%@%gh@%ﬂﬁyﬂpwdmlﬁ 8-(4,7-diflugro-1,1a.2 7btetrahydro-
()-cis cyano-pyrid-3-y oxy) pyridin-2-yl)-3 %2
Cyclomo@afq]dafpm@eﬂ &2urEla. t et r ahydr o-

B TS IR SR p e ———
cycloﬂro@b[d]@tﬁrbménerlﬂ @I)Zur‘élglt et r ahydr o-
| opr opa[ c] chronene- 1-

(-)- C(sﬂ $p$oflupse- P&f'égﬁa}ﬁ|82%)yp}’f¢ﬁ'32yl"b>3y()4 Dgifiugror 2lay? yb3etrahydro-

t et rahydr o-
cycl%p;rg?b[)éljopaﬁi"ne# 2"#1%%1 -yl)-urea,
(-)-clsy 1-¢545 I:yeEe{pﬁl{rhl-mraxyp}pyndm&-yl)@464) 7{afiicto -, a 2| Do-Btfahydro-
| .uoro %‘é@ez 7b-tetrahydro-

di f
eyelay Pl B obelieby Lo ) Y o

(-)- c(s)T ‘%5—?p)1rlc{ 5: ﬁéxﬁym@nﬂﬂylﬂfs;h)fi' @mwrooi’ Hid ‘?b%eﬁféﬁyd?ro( 4
ro-1,1 et rahydr o-

CW‘@W@D@M@WQM%?WM#@& -yl)-urea,
o A LY R A

cyclem‘o)aaw]aﬂomene 1- yl) urea,
?7 -1-(5-( oropyrld r|d|n 2312)
(-)- Cl§- (@1 ;21%@pgpyirldl-SayIQxyjtp)tr@m—gwmaﬁ 7 d| uoro-1,1a,2,7 tetrahydro-

cyelq ,gt,ggcr (%mmp;/%u dy'e,’y%i?) SSI‘I di n-2-yl)-3- (4,

(-)- cfs- (5-I(Mluordpytlda3 &Ioﬁy)mtldmh’&-@r (4,7-difluoro-1,1a,2,7b-tetrahydro-
cyclo ropaPc]c(:]rProLnCeJn y urea L-yl)-urea,
(-)-cis-1-(5-(4-cyanopyrid-3-yloxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
cyclopropa[c]chromene-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-yl)-3-(4,7-difluoro-1, 1 a,2,7b-tetrahydro-
cyclopropa[clchromene-1-yl)-urea,

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

cyclopropa[c]chromene-1-yl)-urea,
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Cis (4-fluoropyrid-3-yl oxy)-pyridin-2-yl
%Qa?‘l“f"ab"ﬁg 1,1 a, 2, 7b-tetrahydro- )PCT/E(P2003/009872

cycl opropa[c] chronene-1 -yl)-urea,
()-cis-1-(5-(4-cyanopyrid-3-yl oxy)-pyridin-2-yl)-3-(4,
(-)-ch c7's-G|L(fS (@ﬂ@orbp%rn@#ylﬁ)cyt)-@iyhdh#ﬂ% 344, 7-difluoro-1,1a,2,7b-tetrahydro- -

cycl opropa[c] chronene-1 -yl)-urea,
CYCPPIQFD%[CMQHPBEH-N&WWH d-3-yloxy)-pyridin-2-yl)-3-(4

(-)- Cég 3“ gyé%)%ﬁl g&n@ 42KI%QX éﬁ/ i fﬁyflgﬁ 3-(4,7-difluoro-1,1a,2,7b-tetrahydro-

rome

cyc@b&@?ﬁckﬁ%@?ewmﬂ.ﬂb tél? 3hy|dOXy) pyridin-2-yl)-3-(4,

i f | uoro- a et rahydr

(--6isc] Gl BRI AN PTG bgrid i 3-$ -Cifluogp. 12,2, Tb-tetrahydro-
cyclbisgoﬂ/%adh? ﬁxé_o?gw) Lmé idin-2-yl)-3-(4,7-difluoro-1, 1

cyc bpr opal c] chronene- 1-yl ) -urea,

-) —%—MWbﬁéﬂW%k%Wh@ﬁ&mm 7-difluoro-1,1a,2,7b-tetrahydro-
cis 3f|u u”_E¥r|d4yloxy) pyr|d|n2yl) 3-(4

CYC'QPEQJQQ[PIQGFW ng-1ayl tetr ahydr o-

(-)- c‘g “? (p%ﬂ?@%%ﬁgggﬁgalgﬁl ﬁ?ﬁ@g oroj;l 122, 7b- tetrahgdro-
cycloﬁrabef[b}a:hmiménﬁ-1ay12—u?bax etr ahydr o-

(- )-C(%/ %c(% f?L((g' %)gncﬁ I’/lp}//aziw%y@-)a;fﬁ gﬂlﬂtéquq 1219 % 7g-ttaqahydro-

a t et rahydro-
cyclggrhl %%‘32?2%2%9342#38% ) uren,

(-)- C(SJ (5r(§-q¥€(®{>(yﬂde4ﬁmwwwdm ZYOX3 4 Fydiflupre-2. 48,3, 7b-tetrahydro-

i fl t et rahyd
cyolpgiaRal e BN V1) S eas -
(-)-cls-1 QBS(QJﬂL(cﬁogg&f{—ﬂdyléxy)l-pyﬁdmm‘ylb@—(lk  2-difijord-1,4a 2, dbftétahydro-

or o- etrahydro 1
cyclegiapabelsperaereniothsHERa.- y1 ) - ur ea,

(--ofe1 bitpleyemopnd LUgrapypy flafe X090 P dbrs 14 278t ftahyaro-
cyclbgrdpa@c]oha{mdzr&hﬂ q’r‘r)}’need,- yl)-urea,

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

|
(-)- gr 4.0 -(zQegééﬁd( r@%gﬁtggygl d)z [ymg?( 71&359[od 12,2 y7b tetrathro
cyclcpﬂroma[ct]abmnene]_-‘l & PURSB,t et 1 ahydr o-
(-)-cRLE ) BRE AR AL SRR QRIS kN -y 36, 7-difluoro-1,1a,2, 7b-tetrahydro-

cyclopropa[c]jchromene-1-yl)-urea,
(-)-cis-1-(5-(4-cyanophenoxy)- pyndln-2-yl) -3- (4 7-difluoro-1,1a,2,7b-tetrahydro-

cyclopropajc]chromene-1-yl)-urea,

(-)-cis-1-(5-(2-fluorophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
cyclopropalcjchromene-1-yl)-urea,
(-)-cis-1-(5-(3-fluorophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
cyclopropa[c]jchromene-1-yl)-urea,
(-)-cis-1 —(5-(4-ﬂuorophenoxy)'—pyridih-2-yl-)—3-(4,7-d ifluoro-1,1a,2,7b-tetrahydro-

cyclopropa[cjchromene-1-yl)-urea,

21



10

15

20

25

30

()-cis-1-(5-(2-cyanopyrid-4-yloxy)-pyridin-2-yi)-3-(4,
WOg0e4/a28963- 1, 1 a, 2, 7b-t et r ahydr o- PCT/EP2003/009872
cycl opropa[c] chromene-1|-yi)-urea, 20
()-cis-1-(5-(2-cyanophenoxy)-pyridin-2-yl)-3-(4,7-difl
uoro-1, 1a, 2, 7b-tetrahydro- cycl opropa[ c] chronene- |

| (-)-cis+l- §5—(2 éadlﬂuorophenoxy) pyridin-2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-

37 CKE henoxy) - pyri di n-2-y|)-3-(4, 7-dif

Cyc'# %rr)%['ciclﬂf éﬂ%&a Bwﬁﬂgghydr o- cycl opropalc]chronmene- 1

(-)-cisy-(5-(2,8adifluorophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a,2 7b-tetrahydro-
( -1-(5-(4-cyanophenoxy) - pyrldln 2-yl) - (4 7-dif

cycw@%s%a[ﬂcfram@n?b L-YBt&Rydr o-* 25 |

(--cif A AR GRS BBR BB R pontd A ESue T-difiuoror1. 13,2 Jbgetipydro-
cyclopcm:ra{ej[bhtomeﬂe-ﬁlbylt)ﬂrea? ydr o-

roity erl AR Sk SR Ghit A b3i ratuargrt, 1.2, Aetapiyaro
cyclob#&ﬁé{c]bh?orﬁeﬁejlbyﬁ eir&ghydro- 30

ropa| c] chronene- 1-yl)-urea,

(-)- cv&(—j (5r 3, 5-diftucraphenanydmmeicinagy i ps(4, didifirgt), 18,2( 2h-Tetdatiydro-

cycbé%g}raiﬂ}kgé"éﬁ%%%ﬁ%@ g]lws{;) urea, 21 WD 2004/ 021969

(- )-CIW‘SEB’@GWO)?P pyridin-2-y1)-3-(4,7-difluoro-1, 1a 2,7b-tetrahydro-
2, 4-di uorophenoxy) pyridin-2 yI) 3- (4,

-cls-1-(5
cycloéu?gpp[c?]gpgyﬂq e-4-Y)-9ER et r ahydr o-
cycl opropal c] chronmene- 1-yl ) -urea,
)-cis-1-(5-(2, 3-di fl uor ophenoxy) - pyrldln 2-yl)-3-(4,7

(
( )~C/s-H1(54(2|fﬂL@rQ-3lcmr®pTwnoedyr)-|@ImdneQ~yl) -(4,7-difluoro-1,1a,2,7b-tetrahydro-
ne-| - r 5
cyclo r%?ragcﬁgﬁr%nﬁeg] nﬁﬁe&] uo%/o)phgngiy) pyridin-2-yl)-3-(4,

(-)- c:sﬁ-%-ﬂB-U@bﬁo-ﬁdya&ho%h@ﬁo@@%b?hdﬁﬁ&%l) -3-(4,7-difluoro-1,1a,2,7b-tetrahydro-
cl opropal c] chromene- 1-y

cyclom%p@[c&cmop@r(eﬂﬁ’)dh"fqahorophenoxy) pyridin-2-yl)-3-(4,7
( )-C/s-fjg‘fr &3‘ ?lﬁ%r%#lcal% an%% ?W&’iﬁ%’ yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro-

propal ¢
cycloqrppa[c‘icmro('ﬁ&r(aj-S'J)durfela,lorophenoxy) pyridin-2-yl)-3-(4,7

(-)-c:s-‘eg-ggﬁgstéct g]cgﬁpépéﬁggg%%pyycﬂp- = &8 -(4,7-difluoro-1,1a,2,7b-tetrahydro-

cyclop{rfopéqcfch}o(r%né:’ﬂ 4dirblayor ophenoxy) - pyri din-2-yl)-3- (4, 7
ugro-1,1 a, 2, 7b-t et r ahydr o-

(-)-cistyG-Ehiupe-5icYBRBRBRBOXY yPYridin-gay)-3-(4,7- difluoro-1,1a,2,7b-tetrahydro-
crser A REAAgeg, 5, Y STrEoeny) P02

uor o-
(-)-cis-1-(5-(5-fluoro-3-cyanophenoxy)-pyrid in-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-
cyclopropa[cjchromene-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-
cyclopropa[cjchromene-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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15 cycl opropa[ c] chronene-1-yl)-urea,
()-cis-1-(5-(3-fluoro-2-cyanophenoxy)-pyridi n-2-yl) - 3-
(4,7-difluoro-1,1 a, 2, 7b-tetrahydro-
cycl opropal c] chronene-1-yi)-urea,
(-)- c:;{ )1 G- @-ﬂucﬁrﬁ Z-ﬁyémmpmm‘ro«yo:panmp%ybaafm pifiutiro-1213,R) 78-
7 di fl uoro- P t)etrah ydr o-
tetraWPtﬁﬁ(F pealels iBeT YWretea, 20
1) cl [ Dps-
(-)-ci e %?g?r&ge; S@“ﬁ?@%%@??ﬁ %W 7RSO, 22 21 Db-3
tetra Imydrbamctqmppqa[cmmeeeﬂ-yl auraa ea

and t‘\ zpoyrqﬁppﬁag\ggothpqgégg?%g ocroﬁﬁé{}’rdsdi n-2-yl)-3-
|
and ;%I?’&tr%ge%ﬂ?éw( g&féﬁj&%ﬂﬁlg s}:)l,aﬂ‘g gtg%ﬂggﬁZensgfgl)ally ernlagiucr)]mzencag/y enriched,

for e{ample grepterdhan B0%% yyweight, erefaraply 6-9 such as >97% ee or pure

0
prep%%a‘flggg C%H%%&{@ﬁe grgﬁi&éoyﬁ%%pﬁeggiy) pyridin-2-yl)-3-
(4,7-difluoro-1,1 a, 2, 7b- tetrahydro-
cycl op ro%a c] chronene-1-y

Whll%)t I@.pgsal (&S0 3¢ ae&weoaqe@vgrnfpﬁ%rﬁwv?r%wpaﬁn't*f piefergble to
preséﬁ‘t fag ;cff ﬁo pHartndbetri %Qrfo%ﬁ%ﬁ%ﬂr §b|ch a formulation will comprise

chromene- -urea
the a(oo)./ecdal_ned (aisil(féaglenbtagezr-\@mmmphe mmgrempcieatablecgtrbers or
excngé@@%&fﬁa@x}o&%&r e gg%t%tlechrﬁrh fents. The carrier(s) must be

acceE}iatﬂé $1 fhrel éer(s% f b@hgcérrméfmmbm e dthy lindHeBieAty b tha-
di fl uoro- 7b-tetrahydro-

formu@@papar@mthe&ﬁeaﬁ@ﬁéo thg/fecipierta, 22 1
(-)-cis-1-(5-(6-fluoro-2-cyanophenoxy)-pyridin-2-yl)-3
-(4,7-difluoro-1,1 a,2,7b- tetra

The forehutatiyrel inpludpahose buitatadorlrectd] ) nagadaopical (including buccal and

subl|nggal-),l_\?ﬁg,%rp@}dqr((pa1feét%ggl%| o Cc}/ﬁg%Bgce&oxggugylrrltlrgrlnﬁsgula!f) 3

intrab @AY @t@ﬁrﬁ\f&(}%ﬂ&@t@ﬂeﬁﬁt p?TeY r)abg/rtﬁé’foﬁnlﬂgﬁ?ﬁ R€an

corr espondi ureas of eac conmpounds
orallpadnphiatared éorratiory. oz Eypraldtonsahay con‘e&réemtjy be presented in
ri ched

unit G55 Bri 576 2obley AU SRl 4 i3 3 Otk Pggrepared
by amy AetREd S Wel WnewrPineRarzt bfoftsarfiepr i sing the (-)

enanti omer.
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 Y 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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1o Wiile it is possible for the active agent to be
WORH4102398r ed alone, it is preferable to pres@Gi/EPL003H09872

part of a pharmaceutical formulation. Such a

formulation will conprise the above defined active

agent together with one or nore acceptable carriers or

Formiggions &t yanAdmapsiratinn inthettresent irarengienmay be presented as
dlscre'té‘gﬁﬁg' ?Eﬁsas AN Ty gfléé)orqﬁél%,hbga %‘?ﬁﬁﬁl?) Prleﬁfa td¥hined

nse of bei ng conpatl
amoum‘ oftﬂhle aﬁxvfeoag&maas arpcn(mbrrmtgr@kﬁjlei efs @s@luﬁ@n bhe suspension of
i ent ons i ncl ude those suitabl e for

the adtig e ik 2l BaueDly A0l e PaRATSBUE DT GRS o of-in-water liquid
emulsfoiPbt BAkRkY in YiRohialerflisRRA £ §¢ 8lhofddgkudi ng

subcut aneous, intranuscular, 1 ntravenous and
intradermal ) adm nistration, but preferabl y the

With r%.ﬁémf" gf‘%’ﬂﬁ?%@ﬁ@g ﬁéroor%f %{;@m@m |o>;1 I%gtggtfégﬂr l at Pes) the term

suxtablmcaarrréomedésmemlc%sgsudhaéli @énﬁn@ﬁ%)@iﬂﬁérﬁs Befl bi bﬁﬁiu@?é@ents for
capsul es, and may be prepared béu -met hods

exam;pgﬁ(ﬁmup rA9a5a. a2, sorBifotalEggacan yitarolidaee (Rievidone),
methyidéﬂuﬁfs%oa?{lyl@éllmc%é‘ Qso'derH cgﬁo?(&h]%%ﬁ&uub%eabove

defi ne ive 2b'age arrrer.”’ I n general,
hydroxymopyﬂmﬂihalcetbtmlgsar mmoe@anédtmh Uiliefoand yamiees; for example corn

st B Bt R, P RSB BB g
phosphatd) GoldiurAthidritRNand aRfGie B2/ 3én§ Wdégltst %Wé@ﬁfégﬁesium

The jnvention extends to nethods for preparing
stearajh fodiéB RtpeEe @pfpiker m@tﬁ%@#pataé@m gtearic anid rgjycerol stearate,

snllcon%‘?fm@%& \ngé: rcmél chg’l foidid| sgt% E‘n§58§'t§§§?’§ sych as neppermint,

accept abl e sa conj un
oil of vantehgrensm: @hlélrtg/a‘lalvpuaog&pttlwhlee 64 Biserbedlisate It rﬂb? beldesirable to
manuf a ture of r%h rmaceuti cal fornulation

20d & bR A4S P2 SR AE Pl ST BRI @bl may also be

coatedilfif,iI rﬁétﬁoaﬁtWédEkndWrﬁ afiMein salt form then it is
preferred to use excipients which are non-basic

A tab'ﬁ'«‘trf“ﬁattl?r Bade by cemprrssiacedineuiding, optioraily veith gye.or more

F rmul at i
sces g3 hOEAEREHRT2008 BORAL o L TN BHLED Bl n
suutabkerraaehmdheeacndeggeeﬂt & g tficlesowied) farm gmmsa)é 8 poveiae bﬁ?ﬁanules
tabl ets ea gl ni ng, a predeterm ned, anount o
optton@lﬁye q?\wgha%émderfgg ﬁc"ﬁgv\kﬂ‘@ﬂ diuegh Rrrpaswatives syrface-active or
disperSiRbUdetl. RMoufd St/ eRRsts sy RE méc;ée?)?ﬁlbhgﬁn%&eé‘gul'téblé‘%achme a
aqueous liquid or a non-aqueous

lefurelolf the pawdered cqmpdubdenuistaned vath an wadrgliquia didiént. The tablets
may. be o‘ﬂ)‘ﬁoﬂaﬁﬁeséo%@e Bgsgg’re abn(y r%say %te(‘f'ormulated so as to provide slow or

controiled 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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d to conpositions for oral adm nistration
%%bjo?%@f ets andngapsul es), the term suitabl &CT/EP2003/009872
carrier includes vehicles such as conmon exci pients

e.g. binding agents, for exanple syrup, acacia,

gelatin, sorbitol, tragacanth, polyvinylpyrrolidone

(Povi done), 1o nethyl cell ul ose, ethylcellul ose,

DetaiﬁmlDem:jtidmxyrret hyl cel | ul ose,
Vari gdr oxy Pro ¥\| met hyl cel | ul ose, sucrose and starch;
ariogs | 3SpRS S éd‘ﬁ‘v‘ﬁ’@i@ WﬂldTOVehalﬂ‘blSE'ad:&I:‘ bly lvﬁyaof:éTamFle only with
i £OSe rocrystal line cellul ose,
referdftertbl fle fbmﬁ%&”ﬁﬁ%‘g,r@% Faﬁ%sphat e, sodium

aol 1'n, “manni
chlori de and alginic acid; and lubricants such as

Ema?&esn um stearate, sodium stearate and ot her
Biic stearat es, stearic acid, glycerol stearate,

15 silicone fluid, talc waxes, il's and ol | oi da
silica. Flavourlng agent . ermnt, oil of
Wi ntergreen, cherry flav Lrlng or I ke-can al so be
used. It may be desig-aR & L0l ouring agent to
make the dosage formrdadily identifiable. Tablets may
also be coated by nmet®ods well known in the art. A

: P . .conpression or noul di ng,
. < Nere 20 accessory |ngred|ents
Cbnpressed tablets nay be prepared by conpressing in a

a F,?stle machi ne the active agent in a free flow ng
Sofiyrihydiide £60% dismersiorvin minarallodls 0. 11apt 2 Fnanbl) wax Bfixed with 3-5

mi 2,{1 é&a@gﬂggglﬁrénaorﬁﬂe 4l %ﬂ&b??@rh%@glw 53/6{11'(1% ?ﬁr‘é\éﬁté&%/seadded to

theraliyreldes uspdbmsion. Wohienlithg gh§ edol&tibh W LR e :%actlon mixture was
ound noi stened wth an

hedth ' Sfrrfiln & SR ROBRY 5-AmEor S Eary Rtnerd S Do) Wais added
to the reagiicHimdluALH Gtk BBRINEYNE o AHIhANEL 3%l at 60°C for

provi de slow or con ease
ab%@éﬁthm@h@he reactidramixdure veas trayl mixad with@®0 mi of water and

o2 ot P PR0b el o LB20 4 S TAientsact wal weshacuitn water

anddmrter alpiteddr magsddiliresuliarPan@ %ﬁb?#fg&aetrqg?y F&%y gylaporatlon

in an inert base such as gela

Theq sg ipaJ8itygvas Ruriied Ay dolmn bhmrhamgwpw baisiicd (89 g,
24 MD

AR 1 R B A 1 B8 o o

Vari ous aspects of the invention will now be
wth reference to

"HNUE R Elots g (B HrR.E4 ) "eRafeaedd, TH), 7°08.7.20 (m, 4H).

o . F
Wone:

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

Example 2

9-(3-fluorophenoxy)-2-nitropyridine was mixed with 15-20 mi of ethanol and bubbied
with argon. About 20 mg of Pd/C was added to the reaction mixture and hydrogen
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5 Exanple 1 XO1 F O=N O
W-20B/0219%8r ophenoxy) - 2-ni tropyridine 10 Sodi umpeyep2063/009872

(60% di spersion in mneral oil, 0.11 g , 2.7nmol) was

mxed with 3-5 nm of dry di msthylformam de and
2. 7mmol ). was added to the

3-fl uor henol 0.244m
g3 143 P BACH haa Pransire Aed gawie b on e dor suddy The
reédii%ng\ﬁé’sfmo?ﬁof’@hc?‘? gﬁy“ Iftﬁgﬁfe‘ofae%c%nyléé ﬁh&ﬁeﬁ%@e feaction

br ono-
mixltite wasthybbled withcarigom, filteted thrbagle Cliee ahd e sEﬂﬂﬁign obtained

Wareactl o% d@é % was stirred at 60C for 15 about
REQngentred Ry, itepn evaRetationiagivy dA5ma«d desired soindpyridine
(quy‘nt,mrv@ry,@ap extracted into nmethyl ene chloride (3x20

). .

Organic extract was washed with water and brine,
dri ed over magnesi um sul fate and concentrat ed by

Lon. . I Iti t
HARRAETAR 7 H - UF rae 43 Ay B Nl 20% &i6R @1 1H), 6.54
1HEECHE (de dt 3% | d f d d

e e R (R R Al i Ry BN Y
'H),738(dd 1 H, 7.08-7.20 (m 4H) Exarrple2~O
H2N N 25 _

Exaéngle( -1l uorophenoxy) 2- pyridi nam ne

5- (3-fl uor ophenoxy) - 2-njtropyri di ne. was mixed with
15-20 m of ethanol andkkmgbl ed _wi th argon. About 20

ng of Pd/ C was fadded t@ the reattiop m xture and
hydrogen 25 W 09872 gas was

applied at ng

200:¢ 19694 EP 0

s \]bre ure and BmbBf ent perperature for
3-12 h. The i on ivas nonitored by Afet er the

APl ebeT the reaction

reacti on was
N-[(1S.1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahyd rocyclopropalcichromen-1-yiJ-N'-[5-
(3-fluorophenoxy)-2-pvridinyllurea

(18,1aR,7bS)-4,7-difluoro-1,1 a,2,7b—tetrahydrocyclopro'pa[c]chromene-1 -carboxylic
acid (50mg, 0.22mmol, ~ 95% ee) was mixed with toluene (1,5ml), triethylamine
(1.1eq), 5-(3-ﬂuorophenbxy)-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 wa’s 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 (CDCla): 9.57 (brs, 1H), 9.47 (br s, 1H), 7.61 (d, 1H), 7.28 (m, 2H), 6.89 (d,

TH), 6.79 (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 (g, 1H), 2.59'(br tr, 1H), 1.92-1.99 (m, 1H). ). LC-MS: M*428, M 426.
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m xture was bubbled with argon, filtered through
Celite and the solution obtained was concentrated by
MR 210y 026hor ati on to give 165 ng of desi red  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
, 6.54 (d, 1 H, 6.82 (dd, 2H), 6.64 (d, 1

éisémﬁ'e (br s, 2H. 10 Exanple 3 HO -~ FNH-~ 1

I /' \ OF N-l(lSlaR?b -4.7-difluoro-1 1 a 2
7b tetra hydrocycl oprong,q@lol vil N f5
(3-fl uor oghenoxy) - 2- pyri d i M\l ea 15 (IS, 1
aR, 7bS) -4, 7-difluoro-1,1
a, 2, 7b-t et rahydr ocycl opropa[ c] chrongnefl -carboxylic
acid (50ng, 0.22nmol, -- 95%ee) was nixed with
toluene (1,5nl), triethylanmine (1.1eqF,

5-{4-'ﬂu6&3éﬂém%@9rﬂﬁéﬁ%rl&ném nopyridine (1.1eq), DPPA
_ (1. 1eq h argon for about 5 mn. The
reaction m xture was then heated at stirring at 110C
in a.cl d Th t
S b b A as © V{hgﬁyeda?aiq%%iﬁ'l% Bxemple 1 from 4-
fluorgphériol ¢0.3y, Z:Bhmol) ehg w@%ﬂgﬁ%%reauét'(‘sh%%
S

et hyl acet at e/ hexane 1:1). Desired product bt ai ned
as bei ge-white powder (60rrg yield 64% . 25 'H NWR

'H- Nﬁ/@@:@blg)gB ?ﬁ (G 1§+)Bé 28 (gd?Hﬁ? é.? (ChS U‘b l?)n(?s %'%91(%

(dd 1 H, 664(dtr 1 H, 6.56 (tr d, 1 H, 4. 45

10 Exanfrgg,51 H, 4.33 (dd, 1 H, 3.80 (q, .1 H, 259 (br

15 -

20

"1 H), 1.92-1.99 (m 1 H. ). LCMS: M428, M 426.
26 WD 2004/ 021969 PCT/ EP2003/ 009872 Exanpl e 4

HzN—Q—o
N7

5-(4-fluorophenoxy)-2-pyrid inémine

5—(4-F1uorophenoxy)ﬂ-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 (CDCl5): 7.88 (d, 1H), 7.17 (dd, 2H), 6.99 (m, 2H), 6.89 (m, 2H), 6.52 (d, 1H),
4.42 (br s, 2H).

Example 6
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02N O N/ F 5-(4-fl uoro phenoxv)-2-n itropyrid in e

- A= or ophenoxy) - 2-ni tropyri di ne was synt hgsi
‘gﬂgf’é‘g%’ﬁg y to Exanple 1 from 4- fluorophenol (66%8?003/009872
2.7mmmol ) to give 310 ng of product (54%yield). 1H NWR
(CbCl3): 8.31 (d, --1 H, 824 (d, 1 H, 7.39 (dd, 1
H, 7.08-7.22 (m 4H). 10 Exagple 5 RN O N F
5- (4-f1 uor ophenoxy) - 2- pyri difnafr ne 15

5- (4- Fl uor ophenoxy) £2- pyri di nayj n¢’ wa sgnt hesi zed
anal ogously to Exampl e 2«ffom N/
(4-f1 uorophenoxy) Nt opyri di ne Nogi ve Q ng of

product as bei ge gowdgr. j—|—NI\/R(CDCI3): J (d, 1
H, 7.17 (dd, 2H), om 2H), 6.89 (m 6. 52
(d, 1 H, 4.42 (br:s, 2H). 20 Exanple 6 27
2004/ 021969 PCT/ EP2003/009872 F NH O NoO N-f(1

N-[(13 3 a7 BRRY; A diftudirdd 1U4.9- Ab-fetrahvdrocyclopropalclchromen-1-yi

a’ 1 . a - - -

fluorppheneefrpyGdlinylldied dinyl lurea 5 N - [(1'S, 1 a R 7b
R-4,7-difl uoro- 1 , 1 a, 2,7 b-tetra h yd ro cycl
opropal[c] chromen-1-yl] - N-[5- (4-

N-[(18,daRonibR pdA-tifiopy-1i, th, Byl H-tetiehydryshoptdiegtleRbmen-1-yl}-N'-[5-(4-
anal ogo sé t.8, Eﬁargpl e 3 from5-(4-

ﬂuorophengxyLi- -%yn Inyljurea was synthesized analogously to Example 3 from 5-(4-

fluorophenoxy)-2-pyridinamine (50 mg, 0.24 mmol) to give 20 mg of pure product as

white powder (21% yield).

"H-NMR (CDCls): 9.40 (br s, 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.

Example 7

—

O,N \ / @)
N .
D

5-(3-chlorophenoxy)-2-nitropyridine

5-(3-Chlorophenoxy)-2-nitropyridine was synthesized analogously to Example 1 from 3-

- chlorophenol (0.35g, 2.7 mmol) to give 280 mg of product (45% vield).

"H-NMR (CDCls): 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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fl uor ophenoxy) - 2-pyridinamne (50 ng, 0.24 mol) to

w@l 2084/88960y of pure product as white powder (2PCHEP2003/009872
yield). 10 " H NWR (CDC13): 9.40 (br s, 1 H), 9.05 (br

s, 1 H, 7.52 (d, 1 H, 7.23 (dd, 1 H, 7.00-7.08 (m
2H), 6.86-6.94 (m 2H), 6.73-6.82 (m 2H), 6.56 (d tr,

1 H), 6.56 (tr d, 1 H), 4.44(dd, 1 H),.4.33 (dd, 1
H, 3.78 (q, 1 H), 25@@—@ H, 1.92-1.99 (m 1

H. LCM: M428, M 426. N5YExa e 7 OZN O N b-cl
5- (3-chl orophenoxy) - 2- ni tropyri o cl
5- (3- Chl or ophenoxy) - 2-ni tropyri di\pe/was synt hesi zed

anal ogously to Exanple 1 from 3- 20 chl orophenol
5-(3-chibrabhendxy)- ridinaomigeve 280 ngy of product (45%
‘yield). "HNMR (CDCI3): 8.36 (d, 1 H, 8.27 (d, 1 H),
7.46 (dd, 1 H), 7.40 (app dd, 1 H, 7.29 (ddd 1 H),
5-(3- %IQ%MXX% EByridindrireanas dgnthdsizld aﬂélo@baﬁfplt@ BXad@ple 2 from 5-
04/ 021969 PCT/ EP2003/ 009872 H, N, O N 6-C
(3-chigrqrhesioxy)-8phEReYYing- tg}gl\{QjBQ]g]g pfavhite powder after purification by

columg éﬂ’ﬁg&bﬂ%%ﬁ@qﬁg lIC% égg r%lct)(?n‘ag Qgela\@?“’/s.ym hesi zed

( 3- chl or ophenoxy) - nltropyrldlne to give 80 ny of

el GRS tes P b1 5 8T B D a2, 6 98-7 05
3 )25-7. 31 1
. OSBRI o 38 oom 3l g2 1S5 (L
(m 1 H, 6. 50 (dd, 1 H, 4.42 (br s, 2H). 10 Exanple

ExamglerO FN

N-[(1S,1aR,7bR)-4.7-difluoro-1 1a.2.7b-tetrahydrocyclopropalclchromen-1-yil-N'-[5-(3-
chlorophenoxy)-2-pyridinyllurea '

N-[(1S,1 aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalcjchromen-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 gfve 28 mg of pure product as
white powder (28% vyield).

'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), 6.91 (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 (brtr 1H), 1.96 (m 1H).

LC-MS: M*410, M408.

Example 10
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N HNJC OF Nf(1S 1aR 7bR)-4 7-difluoro-1.1a

- rahydrocycl opropafcl chronen-1-yl | - N -f 5 (3~
%ﬂ%@#@gﬁgﬁoxy) -2-pyridinyilurea 15 N[(1 S, 1 §’CﬁP2003/009872
aR, 7bR)-4, 7-difluoro-1,1
a, 2, 7b-t et rahydr ocycl opropa[ c] chronen-1-yl]-N -[ 5-( 3-
chl or ophenoxy) - 2- pyri di nyl ea was synt hesi zed
anal ogously to Exarrpéj}js
chl or ophenoxy) - 2- pyr naxi
give 28 nmg of pure productN
yield). 20 1H NVR (CDCI 3): 9.46 ( CH), 9.34 (br
s, 1 H, 7.59 (d, 1 H), 7.23-7.290\&/ -2H),. 7.09 (m
1H, 692 (m 1 H, 6.8 (d, 1 H, 6.75-6.84 (m 2H),

3-[(6enitse-3-gynidinyNoxyjbengoritrileid, 1 H), 4.33 (dd, 1 H),

3.80 (app. q, 1 H, 2.59 (br tr, 1 H, 1.96 (m 1 H).
LC- M5: MH410, M 408. 25 Exanple 10 29 WO 2004/ 021969

5-(3-@yAhEPRENSBIPOBiTrd pyidNeQvab b%ﬁ?ﬂNesized analogously to Example 1 from 3-
xyl benzonitrile

3-((6-nitro-3-pyridinyl) | ¢ ) .
hydr@xs%@ a#dar(@@%yﬂy)?aémm S oediald materisy aftaetieregction mixture
was ?ig;?é??gg/ﬂH?\La);emﬁﬁ{i%secﬁllefcféq?gﬁltr%tiBYn.‘Hrﬁ?‘% §H§<§’Wit§réﬂll§r to give

ng, 0.24 nmmol) to
snpowder  (28%

0O glve soO material after th
188 mgaftyielowrdirystalse(320e yialdxed wi th wat er, whi ch was
collected by filtration and washed with ether to give
188 ng of yellow crystals (32%yield). 1H NVR (CDCl 3):
‘H-deFg&:?mﬁ))zla.gb }51,81819, £.80 (&, 1), 7766Qapprdd, ZHh, 7B (dd7 1B, 7.42 (m,
. m
1H), 9.35’-7.40 (m, 1H). (m

Example 11

3-[(6-amino-3-pyridinyhoxylbenzonitrile
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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10 1H), 7.35-7.40 (m 1H). Exanple 11 H2ZN O N b-CN

WD 100602188 0- 3- pyri di nyl ) oxyl benzonitrile 15 PCT/EP2003/009872
3-[(6-am no- 3- pyridi nyl )oxy] benzonitrile was '
synt hesi zed anal ogously to Exanple 2 from
3-[(6-nitro-3-pyridinyl)oxy] benzonitrile to give 31 ny

of bei ge powder after pur fi@ation by col umm
chrorrat ography on |=S| li ca g, c). Yield 19% 20
"H-NWVR (CDCI 3): 7.190 (d 041(m 1 H,

2 m N =

7.32 (d tr, 1 H & (le),
ol & 12 30 V\ozoo
~ EN/ O HQ F N-f(l

4.65 (br s, 2H).
PCT/ EP2003/ 0098

S,1 aR 7bR) -4, 7-dilfluoro-1, 1
a.2, 7b- tetrahydrogycl opropa fclchronen-1-vl|-N -f5- (3-
cyanophenoxy) 2-pyridinyilurea 5 N-[(l S 1

aR 7bR 4 7- dlfluoro 1,1

oot . . afrpl e 3 from 3-[(6-
"~ am no- 3- pyr|d| nyl ) oxy] benzonitrile (33 ng, 0.15 mml)
material formed in_the reaction m xture wa

N-L(1 S cHaro PRI i U ok 812, Bt R R e N ARTOBPLAFOTOTRG-1-VI-N-[5-(3-
chlor@bNeéhoky)-3%hyHdinyljurea was synthesized analogously to Example 3 from 3-[(6-

- amino-3-pyridinyl)oxy]benzonitrile (33 mg, 0.15 mmol). Solid material formed in the
‘reaction mixture was collected by filtration and washed with ethanol to give 15 mg of

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

"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 (brtr, 1H), 1.98 (m, 1H)..

LC-MS: M*435, M 433.

Example 13

CN

4-J( 6-nitro?é-pvridinyl)oxylbenzonitrile

5-(3-Cyanophenoxy)-2-nitropyridine was synthesized analogously to Example 1 from 3-
hydroxybenzonitrile (0.79, 2.7 mmol) t_o give 555 mg of product (46% yield).
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1o pure product as slightly beige powder (25%yield)..

WORMNR2Y9EDC| 3): 9.35 (br s, 1 H), 7.65 (br s, PCHEP2003/009872

7.61 (d, 1 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 (d, 1 H),

6.59 (d tr, 1 H, 4.48 (dd, 1 H, 4.33 (dd, 1 H, 3.82
H-NMR (CDIg);3): 8 46]2((1 bIer, 8.3 (d)1H)L7 98 (AnRH), 7—&36 (d¢51 HY-NE0 (app d,

20). L§:B: a8 R Sy bommoni crite

5-(3- QIanophenoxy) 2-ni tropyridi ne was synthesi zed
ahal ogously to Exanple 1 from 3- hydroxybenzonitriie
Exargple7it 2.7 mmol ) to give 555 ng of product (46%
yield). 25 31 WO 2004/ 02196 CT/ EP2003/ 009872 ' H NWR
(CDCI3): 8.40 (d, I g &H) 7.77 (d, 2H),
7.56 (dd, | H), 720(5l A Lc-Ms: M 300
(+CH3000 ). Exanple 14 H2N O N
4-f (6-am no- 3-pyridi nyl ) oxyl benzo
5- (3- Chl or ophenoxy) - 2- pyri di nam ne~—wa

| e.
synthesized

anal ogousl y to Exanple 2 from 4- CN
[(6-nitro-3-p r|d| nyl ) oxy] benzonitrile (40 ng) to give
4-[(6-gmipa- enzanitflie R (CDCI3): 7.92 (d, | H),

7.58 (app d, 2H), 7.21 (dd, 1 H), 6.97 (app d, 2H),
6.58 (d, 1 H, 4.56 (br s, 2H). Exanple 16
5-(3-Chlorophenoxy)-2-pyridinamine was synthesized analogously to Example 2 from 4-

[(6-nitro-3-pyridinyl)oxy]benzonitrile (40 mg) to give 31 mg of 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-tetrahydrocyclopropalcichromen-1-yl]-N'-[5-(4-
cyanophenoxy)-2-pyridinyliurea

N-[(1S,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)oxylbenzonitrile (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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IS5F.N\ HONO OFGOCN Nf(1 S1

aR, 70?@-4 7-difluoro-1,1

%030 20969, ahydr ocycl opropaf cl chronen-1-yl | -N -IT%I’FQF-OWOWWZ
cyanophenoxy) - 2-pyridinyllurea 20 NN[(1 S, 1

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

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

1N TR0 S S el Bt 3t 268 1d. 165, 788 (app o, 2H), 7.30

' i flionyl Ofisl d . )
(0, D% @YD 20 SR 8PPy o8 B3 frm ! HIE6 3 FLarTihis 48 (oa,
1H), df 32 (dchathl), iSoda(q, put), RiG2atbirdn 1ibi), prS8pam,athie HPLC
" (XTerra M5 25 C18 19x100 mm col umm, water/acetonitrile
with 0.05%trifluoroacetic acid). 32 WD 2004/021969
ERef{gi&®2G03/ 009872 1 HNWR (CDCI 3): 9.41 (br s, 1 H),
9.30 (br s, 1 H, 7.66 (d, 1 H, 7.63 (app d, 2H),
7.30 (dd, 1 H), 6.96 (app d—2H), 6.89 (d, 1 H,
6.75-6.83 (m 1 H, 6.9N d/ @), & 48 (dd, 1 H),
4.32 (dd, 1 H, 3.81 (q, 1 H=“2.6 rtr, 1 H, 1.98
(m 1 H. 5 Exanple 17 02N/ OF@
5- (2-fl uorophenoxy)-2-nitropyridin -
5- (4- Fl uor ophenoxy) - 2-ni tropyri di ne was synt hesi zed
5-(2-8uailcpirenoky)-2-aitEeyrdine 1 from 4- fl uorophenol (0.3 g,
2.7mmol ) to give 326 ng of product (57%yield). 1H NWR
(CDCl3): 8.34 (d, 1 H, 8.25 (d, 1 H, 7.38 (ddd, 1 -
5-(4-FluordpRendiy32-RiffopgHline wes ExanBSiged ahaldydualyto Example 1 from 4-

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

Example 17A

5-(2—ﬂuorophenoxv)-2-pvridinamine

5-(4-Fluorophenoky)-Z-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).

“"H-NMR (CDCla): 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). B : S
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W 2004/6210&> f | uor ophenoxy) - 2- pyri di nam ne 20 PCT/EP2003/009872

5- (4- Fl uor ophenoxy) - 2- pyri di nam ne was synt hesi zed

anal ogously to Exanple 2 from 5-

(4-fl uorophenoxy)-2-nitropyridine (326 ng) to give 200

ng (70%ield) of product as white crystals after
ExarRdlel g cation by col um chronat ography on silica (25 g,

QAc/ hexane 1:1). 25 "HHNWMR (CDCI3): 7.90 (d, 1 H),

7.10-7.20 (m 2H), 7.00-7.06 (%h 2H), 6.88-6.95 (m 1
H, 6.50 (d, 1 H, 4.55 (N5, - \ 33 WO
2004/ 021969 PCT/ EP4003/ 008872 Qn’pl ¥ O & N- -2Zb
N) OF ~IN o E|4Ks] 1aR 7bR) 447
i fluoro-1, 1a, 2, 7l rahydr ocycl opr opaf c DITE
n-1-yll-N-f5-(2- ugrophenoxy) - 2- pyr yl | urea
N[(1'S,1 aR, 7bR)-4, 7-difl uoro-1,1
a, 2, 7b-t et rahydr oc¥cl opropa[ c] chronen-1-yl]-N -[ 5-(4-
f I uor ophenoxy) - 2- pyri di n¥l Jurea was synt hesi_zed
1901 ) L tdifluoranh i a. 27 brtelrahydracyglppropalcichromen-1-yil-N'-

R idina mne (50 ng, 0.24 mmol ) to

ﬂtﬂ%ﬁﬁﬂ%ﬁa@é@é—%roduct as 10 white powder (64%
yield). "HHNWR (CDCI 3): 9.40 (br s, --1 H), 9.39 (br

N-L(1 B 3 TS 70 51842, i tekaByspo N oprOPBIgI AT g TyI-N-5-(4-
toorlro2yhyhd uad s rfpolgile Bt  om -
fluordpbieMdxyM2438idindmin2q50 rh§, E24rmhw! L& give 60 mg of pure product as
white powder (64% yield). -

TH-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 (ir d, 1H), 4.43 (dd, 1H), 4.33
(dd, 1H), 3.78 (app q, 1H), 2.57 (br tr, 1H), 1.90-1.97 (m, 1H). LC-MS: M*428, M’ 426.

Example 19

\_ 7

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 (CDCls): 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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20

2N F &\0 F
5- (2, 5-di fl uor ophenoxy)-2-ni tropyridi ne 20
W& 200402396%  ophenoxy) - 2- ni t ropyri di ne was synt he2GT/ERR003/009872

anal ogously to Exanple I from 2,5-difl uorophenol

(0.35 g, 2.7mmol) to give 400 ng. of product (64%

yield). " HNW (CDCI3): 8.35 (br d, 1 H, 8.28 (d, 1

HI) 7. 44 (dd, 1 H), 7.24-7.28 (m 1 H), 6.96- 25 7.06
Exampﬁ:] . 34 WD 2004/ 021969 PCTI EP2003/ 009872 Exanpl e

20 H2N/ OF NF

5- (2. 5-di fl uorophenoxyy-\g- yr| mne 5

5- (4- Fl uor ophenoxy) - 2- pyrl i ne_Wds synt hesi zed

anal ogously to Exanpl e from 5- @

(2, 5-difluorophenoxy)-2-nitropyrigiLne

of product as beige powder. 'HN¥R (CDCI3): 7.92 (d,

1 H, 7.21 (dd, 1 H), 706714(Fm 1 H, 6.67-6.74
Eafiapgném 1 H, 6.53 (d, 1 H), 4.44
: . NHON-~OF ~ - HN
al F F 15 Nr(13,1 aR 7bR)-4,7-difluoro-1,1

5-(4-Fﬁljorogr?er¥oexty5 %hg)grrléjlﬁgr%lm \r/v%Fs)Qéry%%hCehsrlzo rHaemajlozlgously to]éxa(rnpig 2 from 5-

(2,5-diﬂuorophenoxy)-2—nitropyridine to give 370 mg of product as beige powder.

'H-NMR (CDCly): 7.92 (d, 1H), 7.21 (dd, 1H), 7.06-7.14 (m, 1H), 6.67-6.74 (m, 1H),
6.56-6.52 (m, 1H), 6.53 (d, 1H), 4.44 (br s, 2H).

Example 21

¢ —
S aYa

F

N-[(13.1 aR-,7bR)-4,7-difluoro-1 .1 a,2,7b-tétrahvdrocvclopropa[c]chromen-1 -V[]-N"-[5-(2.5-
diﬂuorophenoxv)-2j)yﬁdinvllurea

N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahyd rocyclopropa[_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 40 mg of pure product
as white powder (41% vield).

"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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di f 1 uor ophenoxy)-2-pyridinyllurea NN[(1 S, 1

WER0pHEI196P, 7- di fl uoro-1, 1 : PCT/EP2003/009872
a, 2, 7Tb-t et rahydr ocyci opropa[ c] chronen-1-yi]-N -[5-(2,5
- di fl uor ophenoxy) - 2- pyri di nyl Jurea was synt hesi zed -

{ LA A .

1H), B RER AT 3% orETh 220 (B Pt o1 99 (g, 1Y) 2SS M, m
444 mmol ) to give 40 ng of pure product as white powder

(41 %yield). "HNWR (CDCI3): 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
Exaniple 2 H), 6.86 (d, 1 H), 6.75-6.84 (m 2H), 6.61-6.66

(m 1 H, 6.56 (tr d, 1 H, 4.46 (dd, 35 WD

2004/ 021969 PCT/ EP2003/ 009 H, 4.32 (dd, 1 H),

3.82 (g, 1 H, 2.59 (bPzNT@Ol;QS-l.QQ (m 1 H.

LC-M5: M+446, M 444, ExanmpNe’22 (2NNO NF 5 F:

5- (3, 5- dlfl_uorophenoxy) 2-nitrop ¢ '

synt heS| zed anal ogousl y to Exanplre 1 from

5.(3 -dlfluorohnoJ .35 g, 2.7mmol) to give 210rrgof
= el Ine'H N\MR (CDCI3): 8.38 (d, 1
'H), 830(d 1 H), 755(dd 1 H, 7.76 (tr tr, 1 H),
-6.70 (m 2H). Exanple 23 RN O NF 15 F

( .
5-(3, 53D(f@050ﬁh¢m®6f)rﬁ3ﬁﬁmwmu‘za pyasi sjinthesized analogously to Example 1 from

- 3,5- dlﬁusﬁ’ﬁous? @?g%@ﬂ%ﬁglﬁo BWe' fl‘id] &e pr‘é@gcts()éﬂt%hﬁadsed

10

ana

'H-NMR (CDCls): 8.38 (d, 1H), 8.30 (d, 1H), 7.55 (dd, 1H), 7.76 (trtr, 1H), 7.63-6.70 (m,
2H). - | | -

Example 23

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 (CDCl3): 7.92 (d, 1H), 7.19 (dd, 1H), 6.54 (d, 1H), 6.39-6.51 (m, 2H), 4.75 -
(brs, 2H).

Example 24.
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from5-(3,5-di fl uorophenoxy)-2-nitropyridine to give
about 200 ng of product as 20 brown-bei ge po
WO MOMRAOOCDC 3): 7.92 (d, 1 H), 7.19 (dd, 1 MP@’E{E%%P“’O"””
(d, 1 H, 6.39-6.51 (m 2H), 4.75 (br s, 2H).
Exanpl e 24 36 WD 2004/ 021969. PCT/ EP2003/ 009872 H o
F;NdNO <NI. /I u "O- FFNf(1S1aR
7bR) -4 7-difluoro-1,1 ,%e
a, 2, 7b- tetrahydrFocycI opf opa n-
S difl uor ophenoxy) Hﬁl I
aR, 7bR) - 4, 7- di
a, 2, 7b-tetrah
- di fl uoropheno
anal ogously to HExanple 3 from 5-
(2,5-difl uorophé:noxy) 2-pyridi nam ne (55 ng, 0.24
-mmol) to give 60 ng of pure product as white powder
(61 %yield). 10. 1HNWR (CDCI3): 9.70 (br s, 1 H),
N- I(1$1élf5 7b|m-457 dliﬂthtbro 71652, Vd-tetrah\hwmchm@en “1-yI1-N"-[5-(3,5-
: .85 (m 1H), 6.51-6.61 (m 2H),
.8(dd 1H), 432(dd 1 H),
383(q,1H),260(brtr1H),194 .10 (m 1 H).
15 Exanpl e 25 02N-~ N / ,
N-[(1S,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 (65 mg, 0.24 mmol) to give 60 mg of pure- product

A-yI1-N-f5-(3,5
 N[(1 S, 1

as white powder (61% yield).

'H-NMR (CDCl3): 9.70 (br s, 1H), 9.45 (brs, 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-Difluorophenoxy)-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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(2 3-difluorophenoxy)-2-nitropyridine

(2, 3-Di fl uorophenoxy)-2-nitropyridi ne was

nt hesi zed anal ogously to Exanple 1 from 2

WO 1949 0r ophenol (0.3 g, 2. 7mml) to give %fJ/EnIEO%:;(OO”n
product as white powder (34% vyield). 'H NVR (CDCl 3):
8.37 (d, 1 H, 827 (d, 1 H, 7.45 (dd, 1 H),

Examplel2 7.23 (m 2H), 7.13-7.02 (m 1 H). 25 37 WO
2004/ 021969 PCT/ EP2003/ 009872 Exanple 26 HZN\ OF N
6 F 5-(2,3-difl uorji&en Xy) Z-Byri dinami ne 5
5-(2,3=D fl uor ophen - X pyyi d iyne was synt hesi zed
anal ogously to Exanmple 2 N

5-(2,3-dif|uorophenoxy)-z-nitro. (210 ng) to

gi ve 180 ng of product as brown\pe . "H- NWR

(CDCl 3) ; , 7.20 (dd, 1 H), 6.84-6.99 (m
3aiifluor € 6.52 10 (dd, 1 H), 4.40 (br

s, 2H). Exanple 27 HO FNO F \'"a NO 15 N((1&
laR 7bR)-4, 7-difluoro-1, 1 a2.

5-
5-
S

| 5.2, 37ifuarophkRdxy)es-pydginaprne Wasraynthesizeg anaipgausly 2o Example 2

from 52@?%%”?’3‘? n%?)(%&%r-@yrg?bgr'lﬂ% l(ﬂ F %g%cg g;PV/eSIéIO mg of product as
brownaovder- t et r ahydr ocycl opr opa[ c] chr onen-
-yl]1-N -[5-(2,3- difluorophenoxy)-2-pyridinyl]urea
was synt hesi zed anal ogously to Exanple 3 from5
"H-NMR (CDCl,): 7.92 (d, 1H), 7.20 (dd, 1H), 6.84-6.99 (m, 2H), 6.62-6.68 (m, 1H), 6.52

(dd, 1H), 4.40 (br s, 2H)..

Example 27

. (@] '
[
<] OE S
I -

\u

N-[(1S.1 aIR,7bR)-4,7-'d iﬂu0r0-1 N é,24-7 b-tetrahvdrocvclopropa{clchromen—1'-vﬂ-N'-r5-(2l3-

difluorophenoxy)-2-pvridinyllurea

N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalcjchromen-1-yl}-N*-[5-(2,3-
difluorophenoxy)-2-pyridinyllurea 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).

TH-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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20 (2, 3-difl uorophenoxy)-2-pyridinam ne (55 ng, 0.24

mol) to give 50 ng of pure product as white powder

wobofo2ydeel d). 1H NVR (CDCI3): 9.49 (br s, -1 H}:T/E%ébglowsn

(br s, --1 H, 7.58 (d, I H, 7.27 (dd, -1 H, 9. '

7.06 (m 2H), 686(d,1H),674681(m1H)

+ , 6.56 (tr d, | H, 4.45 25 (dd, |

LC“&B‘%‘%@M@‘M ' 382 (q 1 H, 2.59 (br tr, 1 H),

1.92-1.99 (m 1 H). 38 WD 2004/ 021969

Exa 5” P2003/ 009872 LC- Ms: M+446, M 444. Exanple 28
R N F F 5-(3,4-difluorophenoxy)-2-nitropyridine

5- (3, 4-D fl uorophenoxy) - 2- pityr opyri di ne was
synt hesi zed anal ogousb NL®HJ@ el from

3, 4-di f | uor ophenol (0.35 gn-Z. 7 to give 230 ng of
product (37%yvyield). 10 ' H NWR . 8.33 (d, 1
H, 8.27 (d, '1 H, 7.44 (dd, 1 .23-7.31 (m 1 H),

6.97-7.03 (m 1 H, 6.85-6.91 (m H). Exanple 29
HZNO NF F 15

5=(3.4diflworontiehbrorpiieapyxidineg? - pyri di nani ne
5-(3,4-D fl uorophenoxy) - 2- pyri di nam ne was synt hesi zed
anal ogously to Exanple 2 - from

5-(3, éﬁDﬁf&oﬁepiﬁrioN?FmWn@WHstgyﬂWééliémﬁnélgg&sEg}o Example 1 from

e 160 of product as brown oil
34d®@%p§')9“°'7(0 Q.- 7mmpl) tq give 23ymaofiprodactd37 Yapipld), 1
72679(m 1 H), 6.61-

1H-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

H,N

z7

5-( 3,4-diﬂuorophenoxv)—2-_pvrid inamine .

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 ail.

"H-NMR (CDCl5): 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

39
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6.67 (m 1 H, 6.54 (d, 1 H, 4.46 (br s, 2H).
Exarrple 30 39 WD 2004/ 021969 PCT/ EP2003/ 009872 H4 F
NH " N O_FFF Nf(l S1aR 7bR-4 7-diflu -1
W@ 20041921969 PCT/EP2003/009872
7b-t et rahydr ocycl oproparcl chronen-1-vl|-N -r5-(3, 4-
di fl uoroplienoxy)-2-pyridinyllurea 5 NN[(l S, 1
aR 7bR)-4, 7-difluoro-1,1, O
a27btetrahydroycloprma%:]c n-1-yl]-N-[5-(3,4
- di fl uorophenoxy)t 2- pyrf di n re? S synt hesi zed
anal ogously to Exerqle fro
(3, 4-di fluorophe )-2-pyridi -nam ne 0. 24
nmmol) to give 60 oPure product a ite powder
(61 %yield). 10 'J—LNI\/R(CDClS) 9.50 (brd§ -1 H,
9.45 (br s, -1 H, 7.60 (d, 1 H, 7.25 (d -1 H,
7.12 (app q, 1 H, 6.87 (d, 1 H, 6.73-6.83 (m 2H),
662668 1 6.56 (tr d; 1 , 4.46 (dd, 1 ,
H R (7mﬂ H) ,.,..-,_.,.» rH)I s 2 ( en1-|-_|) N
C Ms: MH446, M 444 15 Exarrple
1 N 2-fluoro-4-f (6-nitro-3-pyrid
|nyI ) oxyl benzon itrile 20

N- [(1§ bR 4 gﬁgogéﬁggsg% e G DR formh A SR-N-[5-(3,4-
difluorophenoxy)-2-pyridinyljurea 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 % yield).

H-NMR (CDCls): 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

2-fluoro-4-[(6-nitro-3-pvridinylloxylbenzonitrile

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 aﬁér additional purification by preparative HPLC (XTerra MS C18
19x100 mm column, water/acetonitrile with 0.05% trifluoroacetic acid).

'H-NMR (CDCla): 8.43 (d, 1H), 8.37 (d, 1H), 7.67-7.76 (m, 2H), 6.97-7.04 (m, 2H).
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Exanple 1 from 2-fl uoro-4-hydroxybenzonitrile (0.37 g,
2. 7mmol) to give 80 ng (13% vyield) of product after
addi tional purification by preparative HPLC (XTerra M5
wapg+021%2100 nm col umtm, wat er/acetonitrile w tA¢TOERIGHH009872
trifluoroacetic acid). 25 1HNWVR (CDO 3): 8.43 (d,
11-1), 8.37 (d, 1H), 7.67-7.76 (m 2H),,6.97-7.04 (m
2H). 40 WD 2004/ 021969 PCT/ EP2003/ 009872 Exanple 32
HZN O N F OCN 4-r(6-amno-3-pyrid i nyl
Example$2 - 2- f | uor obenzon itrile 5 '

4-[ (6-am no- 3- pyri di nyl ) oxyi- 2-fl uorobenzonitril e was
synt hesi zed anal ogous}l,:g)q_l_é%}x_aﬁgpl e 2 from
2-fluoro-4-[(6-nitro-3-pyRjdnylNoxy]benzonitrile (70

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

"HHNMR (CDCI3): 7.91 (d, 1 H, (dd, 1 H), 7.21

(dd, 1 H, 6.80 (dd, 1 H), 6.71 (dd,, 1 H, 6.59 (d, |

H, 4.70 (br s, 2H). Exanple 33 HO"F ° N\ ~! NF
4-[(6-drbirfo-SNyNdinyDoy1R-filibrébBhzdhnitfilel | fl uoro-1, 1

a, 2, 7b-tetrahydrocycl opropafcl chronen-1 -yll-N -f5-(4-

cyano- 3-fl uorophenoxy)-2-pyridinyilurea N-\[(1 S, 1
4-[(6-ARinbRbyAdifyPbky1RfiRordbénzonitri thesi
O RS Top e el s Rniosfd grapaeysl
Example Zframo2-3upraddEnitadpyridinghexyjbeyzdniriéen(bmg) to give 58 mg of
' i ' ogously to Exanple 3 from
p“’d”@-ﬁ%?%hﬁ&@%@'ri di nyl ) oxy] - 2- f | uor obenzonitrile (58

ng, 0.24 mmol) to give 46 ny
'H-NMR (CDCls): 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

CN

N-[(1S,1aR,7bR)-4,7-difluoro-1 ,1312,7b-tetrahvdrocvclopropa[c]chromen-i -vl]-N'.-[5-(4_-
cvano-3-ﬂubrophenoxv)-2-pvridinvl]urea ) '

N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc]chromen-1-yl]-N'-[5-(4-
cyano-3-fluorophenoxy)-2-pyridinyljurea was synthesized analogously to Example 3
from 4-[(6-amino-3-pyridinyl)oxy]-2-fluorobenzonitrile (68 mg, 0.24 mmol) to give 46 mg
of pure product as white powder (46% yield).

"H-NMR (CDCly): 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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of pure product as white powder (46%yield). 1H NWR
(cbCl3): 9.77 (br s, -1 H, 9.45 (br s, -1 H, 7.70
d 7.58 (app tr, 1 H, 7.32 25 (app d

W‘é?‘!«%’}’%‘? . (m 1H, 6.75-6.85 (m 2H), 6.70 % %?45%3/009872
tr, 1 H, 6.54-6.62 (m 41 WD 2004/ 021969

PCT/ EP2003/ 009872 1 H), 4.50 (dd, 1 H), 4.31 (dd, 1
1H), Hso (&d, 88 lars'q(dd, ), 328BBr(der1 H)r 2.68 (b tr, 1HN6H QG-QQ)S(@‘m 1H).
ER‘ hﬁr\/g Mr453, M 451. Exanple 34 N O F.
LC‘M§ 493\ #815- (2,4,6-trifluorophenoxy)pyridi ne
2-nitro-5-(2, 4, 6- trifluorophenoxy)pyridine was
synt hesi zed anal ogously to Exanple 1 from

- Example434-tri fl uorophenol (0.4 g, 2.7mmol) to give 310 ny

NMR (CDCI3): 8.36 (d, 1

of product (47%yi el d) 10
6.%9 (app tr, 2H).

H, 8.28 (d, | L&%N
Exanmpl e 35 H2NO N/
5-(2,4,6-trffluorophenoxy) -
4-1(6- ani no- 3- pyri di nyl)oxy] -2
was- synt hesi zed anal ogously to
2-nitro-5-(2, 4, 6- trlfluorophenoxy)pyrlel ne (310 ng) to
gLve 280 ng of 20 product as browni sh powder after

2-nitrQyon(2 ¢, 6-HifluoroplenoxPYRdiAG t hr ough the short pad of
silica. ., IHNWR (CDCI3): 7.83 (d, 1 H), 7.15 (dd, 1

, 6.77 (app tr, 2H), 6.48 (d, 1 H). Exanple 36 42

2-nitro—5-(2,4,6-trifluorophenoxy)pyridine was synthesized analogously to Example 1

from 2,4,6-trifluorophenol (0.4 g, 2.7mmol) to give 310 mg of product (47% yield).

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

Example 35

H,N

z

Q(ZA,6-triﬂuorophenoxy)-Qabvridinvlamine

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

"H-NMR (CDCl3): 7.83 (d, 1H), 7.15 (dd, 1H), 6.77 (app tr, 2H), 6.48 (d, 1H).

Ekample 36 .
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WO 004/ 021969 PCT/ EP2003/009872 N OF . NO Hof F
F S, 1 aR 7bR)-4,7-difluoro-1,1
¢t rahydrocycl opropaf cl chromen-1-vll-N,~f5;
?22804 Jg % rifluorophenoxy)-2-pyridinyllurea 5 kﬁ’ﬁ/?mg?siowsn
aR 7bR)-4,7-difluoro-1,1 \
a, 2, 7b-tetrahydrocycl opropal c] chronen-1-yl]-N -[5-
(2,4,6-trifluorophenoxy)-2ypysd di nyl ] urea mas

synt hesi zed anal ogously t QNEX@npl from
5-(2,4,6-trifl uorophenoxy - 2- el nefF(59 ny,
0.24 mmol ) to giv WONDf r eNpfoducy—gs white

powder (24%yield 1H NVR ( CDCl 3} (br s, 1
H, 9.10 (br s, 1 WF 05'1(d 1 H, 7.%34/dd, 1H),
6.72-6.87 (m 3H) .l6. 55 (tr 1 H), 4.44\dd, 1 H),
4.31 (dd, 1 H), 3.83 (q, | H, 2.58 (br tr,'1 H,

N-[(18. R, 76RS mnﬂdorbm 1‘aQT‘@tetMﬁ &m Rrdiphéh-$41

(2.4 Gtrifluprophe | af cI chr onen- | - ani ne
(1S, 1 aR, 7bS) - 4 7- dlfluoro 1, 1a, 2, 7b-t et rahydr ocycl opr o
pa[ c] chronene- 1- car boxylic acid 20 (0.5g, 2.2mmol, --
N- [(185FﬁFeEb>R\)\,e¢s7-mﬂLMO+/ﬁ 14,2, - twahytdrfﬁ)cgrblbprdpal[cqcﬂ\mhmn—wl] N'-[5-

et &Py TR B ek e L G L

from slqgm &ﬂm@opﬁén@*y)fz-pvgdlﬁylaﬁﬁr%:(!i@ﬁ\ lo24mHietab glve 25 mg of

gon. The .t enper at was then decreased to 50

pure B"Oi‘i’i“ﬁt%?‘@”'ﬁﬁe @Webé@@% 8ddr ochl oric acid in 10 m

di oxane was added. The reaction m xture was stirred
for 2 h at 50C and then 25 concentrated by rotary

" "H-NMRAERGI): $r0 Ttoves, red), Qut0 (s, )l 54i(d H il 7eas (mn; 1H), 6.72-6.87

(m, 38), & 5 (tr & B8f); 4.44 (dd, 1H), 4.31 (dd, 1H), 3.83 (q, 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-tetrahydrocyclopropalcichromen-1-amine

(18,1aR,7bS)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropa[c]chromene-1-carboxylic acid
(0.5g, 2.2mmol, ~ 95% ee) was mixed with toluene (3 ml), triethylamine (0.34 ml,

1.1eq), DPPA (0.52 mi, 1.1eq) and bubbled with argon for about 5 min. The reaction
mixture wés then heat_e’d' 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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43 WD 2004/ 021969 PCT/ EP2003/ 009872 Water phase was
coI I ect ed and basified with 28% aqueous anmonia to pH
extracted into ether (3x20 m ). Conbined
WO&P‘{;‘é{HPé phases were washed with water and bF§HEPAY009872
-dried over magnesium sul fate. Concentration by rotary
evaporation gave 310 ng of crude product as yellow

' $fthg% fhigadoby ﬁﬁh@lrﬁliﬂ t6 H11 and
Weter 88858 Pledhe i hedanRs sloy anghent 5

| extractgad\netozabern@xaﬂ roll epnikire prgawonba%ﬁSéN@)e Wawémi\m'th Water and

brine éfl%:ll edjover r%%qﬁ %éulg}%ﬁ?r?&ngﬂaioﬁ byjraf%% ? gélfaflgﬁ gave 310

mg of bbudelpré’?:uc(tsrﬁs }kllU)N orbng?@ c(nlbﬂ’he prﬁcﬂi)cttvglab ;Ena‘mnlt ly G@}uS(tN
uo ot hi ogyanat o ne o
chromatogeaghy.qn S @%ao[ifﬂ% ¥?'%%r%}§? Ve Ao, fo¥°’%ﬁ%ﬁs)°" (50%

yield), @s di ssolved in "dry degassed net hyl ene chl oride (5
‘m ) and thiophosgene (0.11 m, 1.3 nmol) was added
t hrough syringe during 5-10 mn to the stirred

Rl EGR 0 R oS Rttt 1 TBL gt b o

1H), 2@8 (@p @5 genet Andnd, i), 4223 (bors, @HYt ure 20 was stirred
ient tenperature for 1.5-2 h. Then the reaction’
mxture was poured- into water (15 m) and extracted
t.@ met hyl ene chl oride (3x20ml). Organic-extract was:
Examél@Bﬁ d with water and brine and dried over
magnesi unt', sul fate. Solvent was then renoved by
rotary evaporation and t il obtained was purified
by col unm chr omat Q& on Sld)l ca (30 g,
Et CAc/ hexane 1:3) t0O give, 1 of pure product as
25 dark brown-purple solid. Yiel %% 'H NWVR (CDCl 3):
8.20 (d, 1 H), 7.30-7.37 (m 2 oF(d, 1 H), 6.89
(dd tr, 1 H, 6.80 (app dd, 1 6.74 (d tr, 1 H).

5-( 3-ﬂuorophenoxv)—2-is_othiocvanatopvrid ine

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 rea_ctlon mixture
was stirred at ambient temperature for 1.5-2 h. Then the reaction mixture was poured
into water (15 mf) and extracted into methylene chioride (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 (CDCla): 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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30 Exanple 39 44 WD 2004/021969 PCT/ EP2003/ 009872 SCN
\ ON/ \ . OCN 4-r(6-isothiocvanato-3-pyrid .

ox Ibenzonltrlle
ZF 21%68t hi ocyanat o- 3- pyri di nyl ) oxy] benzoni t PCFEP}#§3/009872

synt hesi zed anal ogously to 5 Exanple 38 from .
4-[ (6-am no- 3- pyri di nyl ) oxy] benzonitrile (275 ng, 1.3

nmmol) to give 160 ng of pu roduct as brown-bei ge
powder (49% vyi el d). 'I—BW@)@;}: 8.25 (d, 1 H),
7.67 (app d, 2H), 7.41 (dd,\ : 5(d, 1 H, 7.06

(app d, 2H). 10 Exanple 40 SCN o@ 15

2-i sot hi ocvanat 0- 5- ( 3- pyri di nyl ox\)pyri di

2- 1 sot hi ocyanat o- 5- ( 3- pyri di nyl oxy) pyri di ne was
synt hesi zed anal ogously to Exanpl e 38Nt rom

4-[(655&t3@f‘ éhﬂb@?ﬂﬁd'!hvﬂoﬂy%bﬁ%}ﬁm&e (200 mg, | mol) to
give 1 g or pure produc as orange-pink oil (45%

yield). 20 "H NWR (CDCI 3): 8.43 (tr, 1H), -8.42 (tr,

+(6 &é’gﬂ’E%Y%Ea%-p%m@xﬁ%%%ﬁ%ﬁ%\gg%%vw i ede to

Exanipis BBFR00 2 [(6a81ao-3-piridinyl Joxy]benzonitrile (275 mg, 1.3 mmol) to give
160 mg of pure product as brown-beige powder (49% yield).

"H-NMR (CDCls): 8.25 (d, 1H), 7.67 (app d, 2H), 7.41 (dd, 1H), 7.15 (d, 1H), 7.06 (app
d, 2H). | |

Examplie 40

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

2-lsothiocyanato-5-(3-pyridihyloxy)pyridine was synthesized analogously to Example 38

~ from 5-(3- pyndmyloxy) -2-pyridinamine (200 mg, 1 mmol) to give 110 mg of pure product

as orange-plnk oil (45% yield).

"H-NMR (CDCl3): 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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_ lsothlocyanatopyndlne (

11 S HNM H\V 0O \'"a N6-F OF Nf(1S1
aR 7bR)-4,7-difluoro-1,1
2, 7b-t et rahvdr ocvcl opr opaf cl chronen-1-yl [ -N -f5-( 3-
WQ?“Hﬂ?’dB??enoxy) 2-pyridinyilthiou rea 5 (1S, PCT/EP2003/009872
aR 7bR)-4,7-difluoro-1,1
a, 2, 7b- tetrahydrocycl opropa[ c] chronen- 1-am ne (20 ny,
0.1 mmol) was dissol ved 3y acetonitrile (1 m) and

5- (3-fl uorophenoxy)-2- i i oc topyridine (25 ny,
0.1 mml) was added an *the ct| gl xture was
stirred at anbi o)l & eratul-re or/ 12 . The

By . .

precipitate fo dl'was icol | ecte
washed with acetgpihiriJ®e and di et hyl
my (38%ield) o pur@ 10 product as berge powder.
"HNWR (CDCI3): 8.21 (br s, 1 H, 7.45 (br d, 1.H),
728734(m_2kb1$877(dtr 1H) 6.79 (tr d, |

7 (bt g 1 H, 272(br tro 1
MMM@@@M. 15(3 IrExgrrpIe Zl)z H S (FIr N H X
N OF CN N-r (IS, 1laR 7bR)-4

hvd |
(15, 19R DRI 6 HOTorD. 13, A TepIRSANy ?é’ecz/%‘: FoRAlsghTomens
0.1 mrN‘oQ( sdiss@fed Pﬁﬂr}/‘ac?etghfth ﬁeﬂadS (3-ﬂuoro?henox[y 2-

af cl chronen- 1-
?Taé&ne (20 mg,

tetrahggrocyc oprop a c chronen- 1-

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

"H-NMR (CDCla): 8.21 (br s, 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

s .

F _ﬁ%N —(i—>-—o
<I H \_7
sf oy

F

CN

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

N-[(1S,1aR,7bR)-4,7-difluoro-1,1 a,2,7b-tetrahydroCyclopropa[c]chromen-1 -yl]-N'-[5-(4-
cyanophenoxy)-2-pyridinyllthiourea was synthesized analogously to Example 41 from 4-

46
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20

cyanophenoxy) - 2- pyri di nyl ]t hi ourea was synt hesi zed

anal ogously to Exanple 41 from.4- 46 WO 2004/ 021969

PCT/ EP2003/ 009872
WO 208492390hi ocyanat o- 3- pyri di nyl ) oxy] benzoni t r iPCE/EP3893/009872
~ng, 0.2 mmol) to give 80 ny (88% yield) of pure

product as beige-white powder. 'H NVR (CDCl 3): 11.50

[(6—|so(t}_§|oc%a ﬁ'ﬁto-@-p?ﬁd lf@qo d‘%nzgmﬁﬁe (5P Fh}$ 0. ?;‘Fﬁnol)ﬁo@vé B0 g (88%

yield) zﬂpuresprmiqcﬁasrbelgp iteoyedgrd tr, 1 H) 4 48 (dd 1
H, 4.33 (dd, 1 H), 419(brq 1 H), 2.74 (br tr, 1
H, 2.08-2.16 (m 1 H. LC-MS. M 449. Exanple 43 H S
H- NMRI‘(\EBD%PWSGM\HH(D 9:781(3 MH)( 7.6, (4pp d, 2H) 753 (d, 1H), 7.35 (dd,

1H), 7200 Ghelts 5 aer S B o (Y R P YSh DT BB T8 . .03
(dd, 1H51y4 héf(bpa 185 A\Vr4 (ﬂr t8, ﬂH?@ G81).16 (i ﬂqf |L@0M@‘ M 1449

7b-tetrahydrocycl opropa[ c] chr ofmen-
pyrldlnyloxy) 2- pyrldlnyl]thlourea was synthe3|zed
gously to Exanple 41 from 2- 15
Exam[?lgajt% ocyanat o- 5- ( 3- pyri di nyI oxy) pyridine (58 ng, 0.25
nmmol) to give 40 ny (37% of pure product as

bei ge powder. ' NVR ( 1 H) 9. 47
(br s, 1 H, 8.42(dd ( 'H), 7.45 (d, 1
H, 7.32 (app dd 24 (H:Idd 1 6. 90 (d r H,

H),
6.78 (app d tr, , -57(dtr 1 H,/ 28 4.46 (dd,
1 H), 4.33 (dd, 4418 (br q, 1 H.N2.72 (br tr,.|
H, 2.28 (app ddd] 1 9. LG Ms: M+ 427, 425,

Exanple 43 x _ nif FONHHNON a N

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

N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc]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.

TH-NMR (CDCls): 11.48 (d, 1H), 9.47 (brs, 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 (brtr, 1H), 2.28 (app ddd, 1H). LC-

MS: M* 427, M 425.
o 7
o~
o NHHN—_<}O X
R N |
] |

47
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110 F 47 WD 2004/ 021969 PCT/ EP2003/009872 N (1 Sj aR
7bS)-4 7-difluoro-1 1 a2
7b- tetravydrocycl oproparcl chromen-1-yl I -N - (5

WORIPYRRIRS? oxy) - 2- pyri di nyl | ur ea PCT/EP2003/009872
(1S, IaR, 7bS) -4, 7-di fl uoro- 1, 1a, 2, 7b-t et r ahydr ocycl opro

a[c]chronene 1 carboxylic aC|d 5 (226 ng, 1.1 mol

N-(1H41 4BYT b $l)-AF~8iflubmey 1 a@yibHeirabydr 1

97 % triethylam ne 140 pL were dissolved in
Mﬂg@(—%@ﬁé&@ﬁ@ﬂﬁ%eatedtorefluxfor 3 h. The
sol vent was renoved and the crude product was

di ssolved in ethyl acetate and washed with HCO aq {yﬁ %1 . .
(18 18R, 7b&)-47-difeora; 12, 7b¢eﬁrahy,ck@wﬁipmf9p@mwafr&j&ea arboxylic acid

20 153785 PRI gRb I ARPRA AT 7 ) e

tnethﬁa#hu(n@ﬂ@ pL’Lwld)e d&sél@edhn oad s, 1 H) 8.40-8.37 (rn,
7.23-

Toluefel_(’)%mlG) @135 géq,@d(tﬁ?ré% f?c’)ré rbgljrg @{v? sis [%mmﬁeal éné He crude

produ%@Wasldlbléolvédfﬁgﬁefl‘fWacétaiED andwdBhédwith H’O)la 20.60 MY, wakter and
15 Addj tional |eft w ngs. hgo/

brine ;%umfamt@ bxeﬁhrqmafggrag%é (%lb@ipg@u etherzy FB‘Fth?HE' A

methali an fé?{lé%hangwcﬁn 8/ or a}\’/\f?guzlnyaf:?i \%?ggl_ ® 3

5-substituted- 20 pyrldln 2-yl, such as the

B GCHERRERY BERES 54D, AR 486L 8 apator e 791

1H), 755@-71253 nE>QEH1)P|7Q34?’r19 m, 1H), 682 6.76 (m, 2H) 6.60-6.54 (m, 1H), 4.46
cis-1 7h- Tet r ah o %% P—lr oﬁg[ﬁ {jg orre“t_f 1-carbo
(dd, 1Dy ﬂc?i?aeidd 168318048 L, 2 ) P31t )-
2H chronmene (4.89 g, 37 mmol) and (CuOTf)2 benzene
(186 ng, 0.37 O O nmmmol) in 1, 2-dichl oroethane (80
Additiohal l&ft WihaS, was added dropwi se (3h) a sol ution of
et hyl diazoacetate (8.44 g, 74 mmol) in _
1, 2-dichl oroethane (20 nL). After 15 mn at 20 C, the
The folkRagihgdeft Wingsiare eapledichanly of the afROe(rid@! night haimewi®

aneio BB SRS, anilat e SRl S i BBt bttt
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[clchromene-1-carboxylic acid ethyl ester.

To a mixture of 2H-chromene (4.89 g, 37 mmol) and (CﬁOTf)g-benzené (186 mg, 0.37

O
e}

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

with CH2Cl2 (50 mL) and the solvent of the combined organic phases was removed

under reduced pressure. The crude product was column chromatographed.(s'ilica gel,

48



10

15

20

25

30 under reduced pressure. The crude product was
col um chr omat ogr aphed. (silica gel, 48 WD 2004/021969
PCT/?P2003/009872 20 .50% Et OAc i n hexane), gqngive

WO G349 of cis-1, 1a, 2, 7b-tet rahydro-  PCUER2003/009872
cyclopropa[c]chronene I-carboxyllc acid ethyl ester
and 3.87 g (48% of -trans-

20—50% F2OAb i diexahg ) togivec] . ee rgam[%)] @fmcmna 2\ 7is-tatbhypdr -
c acid ethyl ester as a

cyclgpropalcie rqnweme-#catboe%c a@ldwthylees;@r qraw 81 94)4%%9. ofst)-trans-

4
Loy add g tgthomdnetifoodobia diloql 45 2
bypreiuctl. 02 (t, 3H). b)
()-cis-1, 1a, 2, 7b- Tetrahydr o- cycl opropa[ c] chronene- 1-ca
rboxylic acid. OH O 10 A m xture of
'H- h%@;((@ﬁogg %2% (ab1mt722%(gaquycé g@wwam@he;wew I £8 (dd, 1H),
420G ity 5 S5l byt GOTLR e (O RBT 85 (P, 1.02 (t, 3H),
was heated to reflux for 2h. The reaction.m xture was
concentrated to about 10 ni, 4N HC was added
b) dr(epeisst1gj2/7ng etrahidtoecysiegriopafdtiromene- 1-earbbkyit acid.
m xture was extracted 15 with CH2Cl 2 (3x15 m-) and
t he sol vent _of the conbi ned organi c phases was renoved
under red{§ce regssure. The crude product was
crystallj Tr dm Et OAc/ hexane, to give 435 ng (25%

of g

()-cis-1, 1a,2, 7b-t et rahydro-cycl opropal c] chronene- 1-ca
"rboxylic acid as a white solid. 20 ' H NVR (CDCl 3):

A miXtug0of((t)-cfs; 1,1 atd), 7 bret22hydto-clycldproFa[tizh{ahdenel1+darbdxyl® acid ethyl

esterif 9.0 &b o LIt (530 o, 228 PrehSin0 Hohy B SisH 20 mi)

was Kgatéd $o feflux for 2h. The reaction mixture was concentrated to about 10 mL, 4N
a, 3, 7b- Tet r ahydr 0- 2- oxa- cycl opr. opaLr ] napht hal ene- |
HCI W%@%@,ﬁrqpvg%@ givingra whilg presinitate) The reactlon mixture was extracted

with CH2Clz (3x15 mL) and the solvent of the combined organic phases was removed
under reduced pressure. The 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 (CDCly): 9.80 (br s, 1H), 7.2 (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]naphthalene-1-carboxylic acid

O,
SN
0

ethyl ester
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WO 2004/ 021969 PCT/ EP2003/009872 ()-cis-1,1
- a, 3, 7b-Tetrahydr o- 2- oxa- cycl opr opa[ a] napht hal ene- 1- car
oxylic acid ethyl ester was synthesized anal ogousl
“?’ogéé%@ﬂ%ﬂ%e 44a f)r/om 1 Hi sochro)r/rene (3.57 g, /EP2003/009872
mol ), to give 910 ng (15% of
()-cis-1, 1a, 3, 7b-t et rahydr o- 2- oxa-
(£)-dis-¢ | 1aps, @’paTet}awmmmomydlepmm@aqy\bphtr@mrm ﬂdayboxyhc acid ethyl

esteE&’vfag;sy@ SEiRe qn%)’goqslgéo éa(?np Wﬁai{‘%ﬁ 1(—131’30951 mene (3.57 g, 27
mmé:p,ﬁ_gf ,gf\% 9fo qugd(ﬁl%fﬁﬁ A-cist ,(Hza:,B,ZPqutréﬁyq r%'-(?%-oxg 4_3 1( dd.

cyclaprdpalajiaghthhledect-2atbaxytiy atidpthyladséémapht hal ene-| - car
boxylic acid 10 6~ OH O ()-cis-1,1
a, 3, 7b- Tet r ahydr o- 2- oxa- cycl opr opa[ a] napht hal ene- 1- car

H- WRbe?Pg:@c tv;ibzté@ﬁ 1kﬁywt2”5e@uz ¢p4)a71¢8qg§g$ﬂ+y o7t@3 kX .81 (d, 1H),

1s-1 hydr o- 2-

4.51dgctidprd K@ql,n‘dxbh@k%‘i éme'ﬂ-!l) 8aisidy 1H), 2:6Dddet hij). e @r3H).
(436 ng, 2 mol), to give 86 ng (22% of ()-cis-1,1
a, 3, 7b-t et rahydr o- 2- oxa- cycl opr opa[ a] - napht hal ene- 1-ca

b). r axyistt,1ad8;Vb-Teranydeo-BkoXaecyaibprdpadjeaphthdiener bdarbbxylic acid
was col umm chromat ographed (silica gel, 1- *5% MOH
in CH2CI 2). "H-NWMR (CDCI3): 8.50 (br s, 1H), 7.39 (d,
1 H, 7.30 (dd ol H, 7.21 (dd, 1H), 7.07 (d, 1
H,.4.87 (d, 1{ H) o (d, 1 H, 4.38 (dd, 1 H), 2.59
(dd, 1 H), 2. dd,1 H). 20 The product of step b
Exanpl e 46

()- c»(st‘D 1gIﬁ&%ﬁ/@fmmﬁémydbp%oyépajr?a;{hlhénéﬁéowar@o&w%du was
1 a, 2, 7b7tetrahydr

syntrwﬁmedmrtqieg@wslh t@ Examply 1471b diroma (+)2@s4), 1a,3,7b-tetrahyd ro-2-oxa-

cyclo%@pfé%% %@@n%&# éa&%}%g%?gé{%r(gé pign, mmcﬁ) to glve 86 mg

(22%) of (x)-cis-1,1a,3,7b-tetrahydro-2-oxa-cyclopropa[al-naphthalene-1-carboxylic-acid

as a white solid. The crude product was column chromatographed (silica gel, 1-5%

MeOH in CH,Cla).

- "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-yl)-3-(7-hydroxy-6-propionyl-1,1a,2,7b-tetrahydro-

cyclopropalclchromen-1-vyl)-urea.

a)  1-(2-Hydroxy-4-prop-2-ynyloxy-phenyl)-propan-1-one
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HO A m xture of 2',4'-dihydroxy-propi ophenone (24.9 g,
0.15 nol), 3-brono-propyne (24.2 g, 0.20 nol) and '
WIRRBOHO21%. 7 g, 0.15 nol) in acetone (500 nl) R&I/EP2003/009872
refluxed for 12 h. The reaction mxture was -all owed

assume room tenperature and the precipitate was
renmoved by filtration. The filtrate was concentrated
under reduced prgessure. The crude 5 product was
purified by col uys tography (silica gel, 0-42%
MeOH in H20), te© e2 g (85% of

A m&imrmpg%d@%ﬁggro%a rggl engnéb(gtrl] %n%d ‘(‘S%%a%brogmosgropyne (24.2
g, 0. er%&r)md 'kzéba((@o ﬂ)ﬁ'} 0.15 881) (M acétdhe (580 PAL.)(Was feffiked for 12 h.
The Ies{cmoﬁwlpcbxgv VQa$ allnvm@ assuiye)ropnoieampetatune and ¢the p@gipidte was

remdyePLA SRS Te liats AR soepvRlad 17d5s/BupRdegRgUre. The crude
prod(i&Bwss Burified umﬂ@ﬁlr&nh&d@jr@;ﬁ@’(sﬂl@a' dee0-6200 MBOH Wb, 0), to

heated to reflux for 3 h. The reaction m xture was
give 26r:@ (85 %) 8f 1uRdwdrexdorePr-¥RWaKy:-pheny)-sranas-Hopguct
was purified by colum 15 chromat ography (silica gel,
5-*10% Et OAc i n Hexane) and thereafter recrystallized -
TH-NIMR ({CDEIDAL2. BExanth),t ©6gi(de1id), B152 (h4AB8BY, 72 (d, 2H), 2.96 (g, 2H),
: H-chrorren 6-yl)-propan-1-one. 1H-NMR
2'562%3% i%%% 7.49 (d, 1 H, 6.75 (dt, 1
H, 6.27 (d, 1H) 567(dt 1 H, 4.86 (dd, 2H), -
2. 90- é'q, 2H) . 1.1 0 3c)
3b) 7R/t é)’ﬂSP)‘BE%T"&BT%%P:%}’QERFQP%Jr%"ﬂq‘-ahydro- cycl opr opa[
c] chronmene- 1-carboxylic acid ethyl ester. 0 OH 0 51
WO 2004/ 021969 PCT/EPJP03/ 009872

OH

Q

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-propionyi-1,1 a,2,7b-tetrahyd ro-cyclopropa[c]jchromene-1-carboxylic

acid ethyl ester.

OH
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a mxture of
(5- hydr oxy- 2H chronen- 6-yl ) - propan- 1-one (511 ny,

and (Rh(Il)Ac2)2 (11 ng, 0.025 mol
“%)g) W#%oroet hane (8 nL) at 20 C, was added PEFJ{)E%\%AM%)M”Z
(3h) a solution of ethyl diazoacetate (571 ng, 5 mmol)

in 1,2-dichloroethane (2 nlL). After 15 min at 20 C,
To atmedmmoﬁ1—(ﬁ+hydmf24-lmome+ﬁewl -piapanti2one (91 himg, ZmGnmol) and

To
1-

QS e AR TR ble LA Siyes acce

d ropH@Q@(GuH)e&' QGlﬁﬂorFP b?éﬁWl Giaz'ﬂé@efé'tél(tﬁ 1 ﬁﬁ?@ﬁ{m&\@% ﬁ’lﬂ-dfchl%%ethane (2

col'um chromat ography (silica
mL).Ghted P§ minat goVveE, :Qnmre@::t(omlmggur@was washed with H20 (10 mL). The

120 B Ao M Cls 48 a0 0 B Rivent BLpsgTped organic

phas¥i Was eémisle@aheer (etludddqtessurt UTiee Qﬁdélpiro@urwt Wé@ﬂ@nﬁed by
i somers). 10 H NMR (CDCl 3): 13.13-13.07
colurpngshremagography K§ilicagah 16>5% MﬁPHllH)CHzﬂlﬁstcsglgg 3Q0hing (41%) of

7-hy§|§a$(gi-6;)’-pgt_}9_ér&ﬁb Xyig’lg’@r_%%tr%hﬁ %yﬂgpr{ogb[cﬁ%wrom%% 1-carboxylic acid

ethyleester (a Batodahixtire-afyis apd dafsdarhersjrene- 1- car boxyl i.c
acid. OH O OH O cis-7-Hydroxy-6-propionyl -
a, 2, 7b-tetrahydro-cycl opropa[ c] chronene- 1- car boxylic

‘HN&ﬁﬁ@@%@%}ag@%ﬁgzyﬁ?%@g?%% ok, 19 B ATR S ¢, HE9™ 65-3.92

(m, 4+, Balnd 9% @y, BHp @i Q8 modene- 1- car boxyl i ¢ acid
ethyl ester (299 ng, 1.03 mol, a 33/64 m xture of

CIS and trans isonmers), to give 39.3 ng -(15% of

3d) e S e env-ilge B atypres g epraRalhieene-1-
carbox?ﬁn clapiyl i c acid as a white sol | d and

()-trans- 7- hydr oxy- 6- pr opi onyl -

a, 2, 7Tb-tetrahydro-c ropa[ c] chr onene-1 20

carboxylic acid as Uct. The crude product was

purified by colu hr onat ography (silica gel, 1-.5%

MeOH in CH2Cl 2). NV ( DMSO-d6): 7.67 (d, 1H), 6. 35

(d, 1 H, 4.57 (dg H, 4.36 (dd, 1 H), 2.98 (q,

2H), 2.55-2.46 (m 1IH), 2.18-2.00 (m 2H), 1.10 (t, _
*cis- B ydrd&ay-B2ropionyl-1,1a,2,7b-tetrahydro-cyclopropalc]chromene-1-carboxylic

acid was synthesized analogously to Example 2b from 7-hydroxy-6-propionyi-1,1a,2,7b-
tetrahydro-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 (i)-czs-?—hydroxy—G-
propionyl-1,1a,2,7b-tetrahydro-cyclopropa[cjchromene-1-carboxylic acid as a white solid
and (i)-trans-?_-hyd roxy-6-propionyl-1,1a,2,7b-tetrahyd ro-cyclopropal[c]chromene-1-
carboxylic acid as a byproduct. The crude product was purified by column

chromatography (silica gel, 1—-5% MeOH in CHCl,).

'H-NMR (DMSO-ds): 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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- WD 2004/ 021969 PCT/ EP2003/ 009872 Exanple 47 a) 1
(2 H yd roxy-4-p ro p-2-yn yl oxy-phe nyl)-eth anon e
20\04/552%9 (2- Hydr oxy- 4- prop- 2-ynyl oxy- phenyl ) pe4h35R%%809872
(B3 syn esi zed anal ogously to Exanple 46a from
1- (2, 4-di hydr oxy- phenyl ) - et hanone (20 g, 131 nmmol), to
give 22 g 5 (88% of
Examugle 4ilydr oxy- 4- pr op- 2- ynyl oxy- phenyl ) - et hanone. ' H NVR

a) (Cgcﬂz(g?jyd%}qo%v‘o?g% %xxéh@ﬁxlﬁb%th%}oﬁ)e 6.52 (m' 2H),

1- (5- Hydr oxy- 2Hchr qaen-6-yl ) -ethanone 0 OH O 1o
1- (5- Hydr oxy- 2H OF @ -yl) - et hanone was synthesi zed
anal ogously to =from

1'(2%@3'%5%‘&)4 % ?gy&gdg @hénylb /%rP he”&éaé s?ntﬁéé}QS& aEAIOQ%USIy to

Examg|& 4B%dfreyt-24 efith hghyl)-etHzmone €20 'gHd Bivifnmol), t 22
Xaé{m f ?ﬂ mﬁy@? 5%)(d 1H)q 6979(d )1°gwe 9

‘1(4901‘6 %fy(daoxyﬁ -Ayop-2- y'%')wiq ycphenylyethanene, g9 (dd, 2H),
1 ¥
H %M?S%@(t:lé'? ﬁ?h ﬁ) cy?f?gy(gpg E] CE@X%%Q}& Z%r(%ozg/% |205§-2 55 (m,

‘4H)aci d et hyl ester 0 -

6- Acet yl - 7- hydr oxy- 1, 1
a, 2, 7b-t et rahydr o- cyclopropa[c]chronene 1-carboxylic

b) achHdsatyyroxy-28-crrbaten-6-yhHoéthanomet ure of cis and trans
i soners) was synt hesi zed anal ogously to

o
|

.OH .
Q
1-(5-Hydroxy-2H-chromen-6-yl)-ethanone was synthesized analogously to Example 46b
from 41-(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 (CDCls): 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-carboxyllc

acid ethyl ester

o

OH

Q
6-Acetyl-7-hydroxy-1,1a,2,7b-tetrahydro-cyclopropa[cjchromene-1-carboxylic acid ethyl

ester (a 40/60 mixture of cis and trans isomers) was synthesized analogously to
Example 46¢ from 1.-(5-hydroxy-2H—chromen-6-yl)-ethanone.
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Exanpl e 46¢c from
1- (5- hydroxy-2H chronen-6-yi) - et hanone. 53 WD
2004/ 021969 PCT/ EP2003/ 009872 'H NMR (CDCl 3):
WQ2@302126D7 (m 1H), 7.54-7.47 (m 1H), 6. 43- 6PCBELI0P3/009872
1H), 4. 63 3 94 (m 4H), 3.02-1.96 (m 6H), 1.31-1.08
(m 3H).
1 Ve . d [
H-ACRE JC@’ gt °|>é|.9%(r41§5‘1 ), e S AP A, AL SRELRRL TS, 4.63-3.04
(m, 8HACR0941.96 t@m;lﬁbﬁw B,14.08 (m, 3H).
a, 2, 7b-tetrahydr. . o-cycl opropal c] chronene- |
-carboxylic acid was synthesized anal ogously to
d) Exe%éi¥l47’34hy8 FS- B4 éQelbLtetVaHWi% %Ebﬂbﬂard'pa[c chromene- 1-carboxylic
et rahydro- cycl opropa[ c] chronene-I-carboxylic
acidaci d et hyl ester (2 g, 8.1 nmol, a 40/60 m xture of
cis and trans isomers), to give 300 ng (17% of
6-acetyl - 7- hydroxy-191 /AR
t et rahydro-cycl opro ch onene-1-carboxylic acid (a-
40/ 60 m xture of ci d tPans isoners). The crude
product was purified by°'éo| urm chr omat ography (silica
gel, 1->5% MeQH ing Cl2) "HNWR (CDCl3): 7.55-7.45

6-A 4518, -
de‘ﬂ% éﬂ-l}i}dgrgﬁylg'i 230- (dﬂ?ehggﬁo fcl@éroﬂ)agﬂcﬁr@neﬂéh -carboxylic acid was

Synﬂie?(mentDBEOQDESMPQFEXmm H&qu;'né@c?w?ﬂ@ydwxy-bﬁe 2, Fo-tetrahydro-

'cyclo[av'lgp%[ﬂ)éﬂ ngﬁweglten%’é@:ﬂo\%s a%fge'ééﬁgl_se(@iglz%g,@’l mirholT%P40/6b Mixture of

cis ahturars-igomeds o ko givh S0P g [{l 6949 of B-acetylf -hgdrogy-110a,2,7b-

tetra%%%ﬁc&r%@é{%%‘ge -caﬁ:oﬁl&w 7&510@ Aé)gfli(g h}lﬁgre of cis and trans

isomefHCTheeriide prodict ek qunﬁeb by column chromatography (silica gel, 1->5%
MeOH in CHzclz)

"H-NMR (CDCls): 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

N
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 (5 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 H,O (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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at 0 C, was the reaction m xture allowed to assune
roomtenperature. The reaction mxture was extract ed

v@th H20O (100 nlL). The H20 phase was washed with Et20
WAP802463 and the sol vent of the conbined org?a‘ﬁT’Em“/O"”n

phases was renoved under 54 WO 2004/ 021969
PCT/ EP2003/ 009872 reduced pressure. The crude product
redwees] pressiredr e crudeyrodudt wasaturifisadiycdlamn clrongstbgraphy (silica

gel, TR, o et 4D s 65 1054;//?'%&%10)'0&7?0\65’9\0’@ -Blny!)-propan-1-one.

iH-NI\/R(CDCIS) 7.64 (dd, 1°H), 6.69 (dd, 1 H), 6.60
dd ,468d2|—2 285 5 2H), 2.58 (t, 1
RQCI@@Ig()N 64+id, Hy), 6.69 (dd, 1H) 6.60 (ddd, 1H), 4.68 (d, 2H), 2.85 (q,

2H),iz_.gs§_(gl Ha5 o @5k apgren- 8-y1) -propan-1-one. F O O

nmen- 8-yl ) - propan- 1- one was

synthesized anal agously to Exanple 46b from

4-f Luar | ox e ) - pr opan- 1- one

b) HJ @%Pﬁ‘e’}%yéﬁ%g R my (46% of

1 (5 fluoro 2H chr onen- yI) propan-1-one. 'H NWR
(CDCI3): 7.60 (dd, 1 H), [6.67-6.58 (m 2H), 5.86 (dt,
1 H, 4.76 (dd, 2H), 2. 2H), 1.23 (t, 3H). 15
c) ()-cis-7-Fluoro-4-pr [-1,1
a, 2, 7b-tetrahydro-cycl opgopal c] chronene- 1- carboxylic
acid ethyl ester. 0 I\ ¢/ o F

s Rt SRR forkotan panibssiee alasg Lo Example
46b Eron'd1€(t4liﬂdoresa-pnropm—§'nﬂ¢ny bhenwwrmnmm(ﬁ 84 @EBlmdmol) to give

e T

-cis-7-fluoro 20 4-propionyl-1,1 a, 2,7 b- tetrahyd
ch rom ene- I-carboxyllc acid ethy

H- N&%d&%tﬁlnﬁr??@@ CachTb07 B b (. BFopR GAN(EL THD. 476 (do! 2H), 2.93 (q,
2H), & 23 th3§_5t rahydr o- cycl opr opa[ c] chronmene- 1-

c) (%)-cis-7-Fluoro-4-propionyl-1,1a,2,7b-tetrahydro-cyclopropa[cjchromene-1-

carboxylic acid ethyl ester.

0
o\/
\)I\&T
F.

(+)-cis-7-Fluoro-4-propionyl-1,1a,2,7b-tetrahydro-cyclopropa[c]jchromene-1-carboxylic

- acid ethyl ester was synthesized according to method 46c) from 1-(5-fluoro-2H-

chromen-8-yl)-propan-1-one (619 mg, 3 mmol), to give 142 mg (16%) of (x)-cis-7-fluoro-
4-propionyl-1,1a,2,7b-tetrahydro-cyclopropa[c]chromene-1-carboxylic acid ethyl ester
and (x)-trans-7-fluoro-4-propionyl-1,1 a;2,7b-tetrahyd ro-cyclopropa[cjchromene-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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carboxylic acid ethyl ester as a byproduct. 1H NMR
(CDCI3): 7.59 (dd, 1 H), 6.65 (m 1 H, 4.50-4.46 (m
(g, 2H); 2.89 (g, 25 2H), 2.57 (dd,,
“%’%8"%%2‘% 1H, 1.13-1.03 (m 1 H, 1.12-1.01 Pﬁjf{i%%:‘.mwsn

55 WD 2004/ 021969 PCT/ EP2003/ 009872 5d) '
()-cis-7-Fluoro-4-propionyl-1,1a,2, 7b-tetrahydro-cyclo

5d) peo)mis-Z}cbomrdreropionyh bax3, V b-tetaativdro-eydoprepajclehromene-1-
(ég,; ci §-7-Fl uoro-4-propionyl-1,1

carboxylic 3¢id+ et r ahydr o- cycl opr opa[ c] chr omene- | - car boxyl i ¢
acid was synt hesi zed anal ogously to Exanple 44b from

()-cis-?-fw\gp%yl 51,1

a, 2, 7b-tet -y chopr opal c] chronene-1 -carboxylic
acid ethyl est 140.8 ng, 0.48 nmmol), to give 83 ng
(659 i

of
(+)-cig-y-Fduerord faropiopyk1 dreepi7brigtrahydrercycloprapalslehrpanene-1-carboxylic

acio 45 A SO WA SR8 M 5 3 At ropony-

' bp! = id §162)140.3 mg,
1,13,2?[26-?"_?&[\'@%?(@%!&% blchréfkene-4=-darbMe@did BtHyHale? ) mg

DVSO-d6): 12.15 (br s, 1 H), 7.46 (dd, 1
0.48 rapnol)stargivectB mo (85 % 1ok(t)-cisd/-fluonayd-pmpianyl(lya.217 hetrahydro-

evoo g e TSy ffihe dufe 2188 gyt ves
purifiet iy &6luerPcimomiatsgraptyelstiox geh anzsdcdabpetin CHMCKRr on

tri‘chloride in dichloromethane (25 m; 25 mml) was
added to a solution of 6- -

1 P i) - y [ I A )
HNMER B Gic) 1ATTS 8K, ALY A 7R 6, L), TP, 1h), 4,42
(dd, 1R),cha8-2.80 ¢hna26H0R,55Ndds 1Y rh2d (ddat1H)| 2;2032.48dnCHé 1.02 (t,
3H 39; 21; 1996; 4261-4274] (4.26 g; 23 mmol) in
)- di chl oronet hane. (30 m ) keeping the reaction 20
. tenperature at -70 C. The reaction m xture stirred at

room tenperature overnight and hydrolyzed with water.
Examﬁ*ﬁé%rgani c phase was separated, washed with water and

a) %#Fﬂr@?ﬁy&%&@%th&%bé%ld&@d\é@s ‘chr omat ogr aphed

(stlica gel, EA Hex, 5:1) to ) _
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 chromatographed (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 (CDCls): 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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give 3.72 g (94% of
6-fl uor o- 2- hydr oxy- 3- net hoxy- benzal dehyde as yel |l ow
5 "HNW (CDCI3): 11.61 (s, 1 H, 1 '
?{’ﬁqﬁ)'??ra%@(dd, 1H, 6.55 (app. t, 1 H, 3. 870"(‘??”(23"3"’09872
3H). b) 5-Fluoro-8-nethoxy-2H chronene. 56 WD
2004/ 021969 PCT/ EP2003/ 009872
6- Fhmrﬂszydrom@meﬁwyebemammwdﬂz@ giet8/mengl3was dissobved in

ookl B RRELRIT: 2 mESEIRRA SR Bt

vunyltﬁ;méntymr’@bpn%(emmmé (VEZ@" a0irgeol)/ TRe geadtQ)mﬂ‘mD&tl)re wWéeheated
reaction m xtur %h‘é{aat ed under

e BT PR AR R a1 B B AN PR orad Wtb Sasr @328 61} The organic
phaﬁ?y\gr oW ﬂb& withRPRRE, 195 SRl H’I’d)@‘dé"@\?eﬁér and YrineHntBvaporated

wat er and brine and evapora ed I n vacuo.
in vathe. Ths rem@emss subniitte@ tp coluoyl chrmmatograahydsitighge!l, EA:Hex,

AT RS <o

6.65 (m 2H), 6.54 (t, 1 H), 5.83 (dt, 4,88 (dd,

NGB (BT O BRI 2HD St L 51 7¢c5nﬁ§£41882§c32>3§>yﬁ38@é 3H).

acid ethyl ester. The t|t| e conpound was synt hesi zed

anal ogously to exanple 46¢c from 5-fl uoro- 8-
c) nd&hcwy?-fi&ar@ﬁlemeﬂmxyi’amla Thsettatnoracyclepomigclitpmene-1-

3.99 (m 2H), 3.80 (s, 3H), 2.57
Ca’b?g%'ﬁ%‘“d eti‘Wéste% 20 (app.t, 1 H) 2.05 (m 1H, 1.08
The ﬂﬂe cé’rh'bouﬁﬁ whb syfithesized arl trh@%a/méle]46c from 5-fluoro-8-
b-t et rahydr o- cycl opr opa ronene 1- 20

me"“@é)"r?b‘k?'ﬂm@’q{@ d. The title conpound was synt hesi zed

anal ogously to exanple 44b from ()-cis-7-fluoro-

4-met | i oxy-1, 1la, 2, 7b-t et rahydr o- cycl opr opal c] chr onene-
"H-NWMR (6 B6k)] 6.6-6a {0, 8Hhy4.484tei2H). 3199NNR ¢s, 3H), 2.57 (app.t,

1H), ?2§> Gop1! Ty, 28 @7@( ! 3*')33”3 % 06 (m 1 H.

()

d) 1 (;) 51327 E q@ﬂ?rﬁ%&l;@%gl (! 2 2%3/ «s?tra%ygro ~CyC gél%pa[cr]Ehrome%e-L

carboxylic acid. -
The title compound was synthesized analogously to example 44b from (t)-cis-7-fluoro-

4-metHoxy-1,1a,2,7b-tetrahydro-cyclopropalc]chromene-1-carboxylic acid ethyl ester.

"H-NMR (CDCls): 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-yl)-3-(7-fl uoro;4—methoxy-1 ,1a,2,7b-tetrahydro-
cyclopropa[c]chromen-1-yl)-urea. _ '

The title compound was synthesized analogously to Example 44c from (+)-cis-7-fluoro-
4-methoxy-1, 1a,2,7b-tetrahydro- cyclopropa[c]chromene -1-carboxylic acid (62 mg, 0.17
mmol) . Yield 38 mg (40%).
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cycl opropal c] chronmen-1-yl)-urea. The title conpound
was synt hesi zed anal ogously to Exanple 44c from
cis-7-fluoro- 30 4-nmethoxy-1,1 a, 2, 7b- tetr
"é%”@;”é’?’(?ﬁ bro pa[c] ch ro nen e- 1 -carboxylic ac.y%z?"éﬁ"’”"
ng, 0.17 mol).. Yield 38 ng (40%. 57 WO 2004/ 021969
PCT/ EP2003/ 009872 ' H NMR - (CDA 3): 10.06 (br.
H- NMR (@DGQ) (1806 (br. &, Hi), 9B4QA tbr( d, 1H), 811 @, 7Ad) acvo (|_:ld|,-|5|H) 6.91 (d,

1), § 88 (. 2k, 44ilgact B3 4B GH) g a4 38 14'?))12%42(%@ T, 1H),

1966}'" mlH) 5 Exanpl e 50 a) .
oro 4-fl uoro- 2- prop-2-ynyl oxy-benzene. The title

conpound was synt hesi zed anal ogously to exanpl e 15a)
2-chl or o- 5- fluorophenol (2.5 g). Yield 2.8 g -
%553 10 "H-NWR (CDCI3): 7.32 (dd, 1 H),. 6.85 (dd, 1
a) |‘|)1r(|3ﬁlo&8\4(fmorl;<|12kbrpgﬁ Vﬂyloﬂy-béhken@ t58t|(t, 1 H: 7b)
uor o- 8- chl or o C e ti
The tprarRepriiivan &V GB0EPY SGGERLs 6 crabjPie gy flont 2¢Abro-5-
2- I b 2.8 :
f'“°f°bh‘éf*5"%2‘?5 9. oIS g o, NVNEV( ot 3y 700 (dd, 1
,663(dt1H) 6.56 (t, 1 H) ,584(dt1H)

rTALH 28 i SIBRETCE A SRR 47 6, 20, 200 € )

acid ethyl ester. 20 The title conpound was

| h to Exanple 15c) f -
7b) g%r;ﬁg‘l:lg?%é’@g" %‘Fgﬁ B0 omene. 1H N(l\:/%a ([3%8 3): 7.14
The tﬁl@%orﬂpcﬁ'}nd \ﬁasﬁgyrﬁtheséeb*)ana{bdi)hsvtb Bidmpld.16b) from 2+éhjoro-4-

09 1 ,
ﬂuor012m<()pé?)?rgqlq)xy-tagnzene'_% 8 g). Yleld 0’ 97 gHz’»5‘V % (m H)

()-cis-7-Fluoro-4-chloro-1,1a, 2, 7b-tetrahydro-cycl opro
pa[ c] chronene- 1- carboxyllc aC|d The title

TH-NMES(GDELN 502 it irbll 8 §3usit.yt Ho 6ebaliapt 1), BB4y dct? ?@pnct 95 (dd, 2H). .

()-cis-7-fluoro-

c) +cis-7-Fluoro-4-chloro:1,1a,2,7b-tetrahydro-cyclopropa[clchromene-1-carboxylic

acid ethyl ester.

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

chloro-2H-chromene.

TH-NMR (CDCla): 7.14 (dd, 1H), 6.60 (¢, 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) ()-cis-7-Fluoro-4-chloro-1 ,1'a,2,7b-tetrahyd ro-cyclopropajcjchromene-1-
carboxylic acid.

The title compound was synthesized analogously to example 15 d) from (+) -cis-7-fluoro-
4-chloro-1,1a,2,7b-tetrahydro-cyclopropal[c]chromene-1-carboxylic ac:d ethyl ester 850

mg). Yield 43 mg (96%). -
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4-chloro-1,1a, 2, 7b-t etrahydro-cycl opropa[ c] chronene- 1-
carboxylic acid ethyl ester 850 ng). Yield 43
wWOHM/02158 WO. 2004/ 021969 PCT/ EP2003/ 009872 PAT 03/009872
(CDCIS) 8.86 (br. s, 1 H, 7.13 (dd, 1 H), 6.59 (t, 1
, 4.50 (m 2H), 2.63 (t, 1 H, 2.23-2.05 (m 2H).
1 r t4han I c i ), 2.63 (t, 1H),
- N@@a@%@\#?ﬁﬁﬁéomk P e a2 2SS ¢ 1
2.23-208y(dn,i2té). (1. 77 M, 10. 5 mmol ) in dichl oronet hane 10
m) was added to a m xture of
2, 4- di hydr oxybenzal dehyde (1.38 g, 10 nmol) and
Exanqul@yl;l ne (0.85 mnm, 10.5 nmmol) in dichl oromat hane (30

ni -70C. Dry ice bath was renoved
T eoomraiaraeliog Sl fiamsoores, g er,

Asoll%tftgﬂﬁ ﬁht&fﬂhﬁh&e mg&ﬁ'f 39”1@‘5%% iMa hi’é?or%'e'tﬂér@w\frﬁlblwas

or one ne w th rine and
addedt@ponixtued of 2 Afdmudroxybenzaldaquafbwgt 1Qveymel) endi pidine (0.85

. 38 o T N GTRAAE 0 TLAE A By bbb am e

reactlgogfrﬁ&ﬂkbvﬁadﬂé/tﬁf@%f Rhestyborsteatperatntd. TheHebbho @[DGL@ was

et e TR I
cmdeﬁrﬁéw \%% pérl’f' iy P?Eoﬁ)?ﬁ'i%hrﬁét%%rap‘ﬁ?t@ﬁé’é n?é‘l‘ EN: H@Ra’l *6) to give

and
1.55 gvef arnﬂuadmmmmesuﬁonmam 46Drmvlr3-hud:'p6¥1ﬁéﬁﬁﬁlr\%5§9f ffgm’oi
acid 4-fornyl -3-hydroxy-phenyl ester (1.55 g, 5.7
nmol ) in acetone (50 m ). The reaction m xture was

-1H NMRI (OMIaﬁt‘Hfmsf 4H)20.9378, 1H),t7e62{,dih), @9aror,&H)d in

vacuo e residue was chromat ographed (silica gel,
EA: Hex, 1:20) to give 1.3. g (73% of

b) ! ﬁ'l'lflué’r%tﬁreﬂﬁn@@ﬁlﬁﬁ%fa@m E-aﬂylbﬁy-zl-formyl phenyl ester.
3-al lyl oxy-4-for

Potassmmpa(tgonaie 9.6 g7 19360 (runoliapei allgl h;grr(cbe (11m£,|)CDC% n{m g/vere
adde tED@ ?@ug%_&amnﬂgr rl]'cpr melt%e%u‘ffgnﬁdac&4 'T%nnﬁﬂ@ydr@xy—’bh@hyl ester

uor o- net hanesul
(1.55%; 8l7 yrimcxlyfrﬂacetom (e Thegesetion mixture was stirred at 55C for 2h,

erl AP HERH A0 B RIS d5uEYel, e

1 20)% b}ve(ﬁ3296(7@,°o)63f3trmmoro-me1hérﬂrd&ujfaancmc)d mallmxamalformyl -phenyl
was stirred _
ester. : :

'H-NMR (CDCla): 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 mmaol) in THF (36 ml) at 0C and it was stirred
for 30 min at room temperature. .To‘the' above solution was added solution of trifluoro-
methanesulfomé acid 3-allyloxy-4-formyl-phenyl ester (1.3 g, 4.2 mmol} in THF (15 mi),
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 W|th
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30 for 30 mn at roomtenperature. To ,the above
sol ution was added solution of trifluoro-

fonic acid 3-allyl oxy-4-fornyl - pheny,
\&’Fi(}@%‘ﬁ?& 2 mol) in THE (15 M), and the real%:ctﬁéltﬁ&'/009872

m xture was stirred for 2h at roomtenperature. The
reaction mxture was diluted with hexane and

brine amcte\aptosatedmaﬂlta\ml eoluran ghroraiogsarphywA:exht@0)affarded

tiuorg e RRaH Ol AL gy RSOt ahealr IERD % £ b

1:20) afforded trlfluoro methanesulfonlc acid

HNMRRRG)) 54 10 1), .95 (49, B, e (@ 63}4‘3 67840 1) 608 T, 11
5.76 (‘@'Zfﬁhﬁf{% ’1115),_*%.92 ﬁ%@hé&@ %I—Af 76 (dd 1H,

Trifl uoro-net hanesulfonl c acid 2H chrorren 7- yI ester.

@ SPaleGrmahaiigh A A Pe BT KR 5 57 oty i

To a sélutibh @f@’lﬂldﬁdﬂﬁethﬁnﬁidlfdﬂﬂs asiddedliyRoxGatviny-phend edtbt €0.68 g, 2.2

mmol)Smaicelar Pl CoRabas GOHEN Riperianar (ST ftalsh (46, 2
mon%)psﬁd 9{& FRtbR3 Le@ w&ssmfo?tzﬁ At FednPRehpdrsture aaftéraRat

ure was use next st ep w t hout any
period me ma;nlonmm 9¢>mpkﬂte sﬁma@me reactigmeixturerwas peadimthe next

t.he sol 0
step wtfoutahy WatS . Alyicd Rl aRef H TR ABIAR RN solvent
bysnhcéq‘,(bl cdluhin chrdifiatodraphyHEA:61e391028)., 1 H), 5.81 (dt, 1
, 4.98(dd, 2H). e)
CI s-5-Trifl uoronet hanesul fonyl oxy-1, 1
1 6Yrd o, ol 6la8@oEN .39 @tar1 X5|8|1 dt, 1H
H-NMR w@r‘*?ﬁgﬂ?gﬁ“” 20 Rﬁ“o«?% (19 ny TS ‘PQ : %
498(dda,cﬂi'é);| to the above solution (10d) and the soI ut| on of
EDA (0.44 m, 4.4 mmol) in | m of dichloronmethane was
“added with a syringe punp over 5h at room
e) &eﬂp&ﬂ‘aﬂuomméd&han%%nykmyﬂ da Mtamfmdem-eyclcp))opa[c]chromene-
m?]tﬂane was evaporated, the residue was
1-carb '§o"1 8Yhe8 Ryl acetate and washed with saturat ed

Rh(OA\%E’@ BiHg) 2%&%)%§é’dd’éd fNtHRsbdVE SHutidd Q@) cardh 8Resolution of

evap orated 'and crude 25 m xture of cis-

and
EDA (G.44nd, Morrmmcé) in1t ml gf dightorempihanewasaddsd With @ syringe pump
over Sﬁ:g %?%ﬁg%urg( t§¥ %@Péacﬂﬁﬁnes c%nllgl@? i@CQH}éﬁl&oﬂ‘uethane

uor omet
was evapara]bd,t thierrebigde avas/disspiveddh ethoth acatate amd m&b@,dwmt saturated

ammona}um chqorrllge soﬁJttlon 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 -l_-cis-5-triﬂuoromethanesulfonylpxy—
1,1a,2,7b-tetrahyd ro-cycloprbpa[c]ch romene-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 (¢, 3H).
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(53 s A-4% mreoly aRd NPl 35 &g 148

"HNWR (CDCI3): 7.29 (d, 1 H, 6.82 (dd, 1 H), 6.73
(d 1 H) 4.51 (dd 1 H, 4.29 (dd, 1 H, 30 3.98 (m
ét , 2.19 (t, 1 H, 2.05 (m 1.03
(\wzmml% V\D2004/ 021969 PCT/ EP2003/ 009872 ;?’CT/EPN":’/"O””
cis-5-Cyano-1,1 a, 2,7b-tetrahyd ro-cyclo prop a[c}ch
ro nene- 1 carboxyllc acid ethyl ester.
f) Ci Spa=giaydrin o Vﬁﬂéﬁéﬂyfd@@b&/aéﬁrdba}c]chromene -1-carboxylic acid
a, 2, 7b- tetrahydro cycl opropa[ €] chronmene-1 - carboxylic
ethyhes’deret hyl ester (154 nmgy, 0.42 mmol), Pd(OAc)2 (9 nm,

oo R4 T AR APt Bl romene -

%Jabld 61 Ester ms«t mgeomrmmlm(oxamd)ra%(vmmm%) and PPh;

was add vial was ’‘seal ed

"0,
(44 méﬂ r@ﬁl"«)’d wete mm lrsDMFr@dnatanﬁmt@\ﬁémr@ gf nitrpgen passed
throggﬁr?%%@ebmweef&% mif. kugmo V(vhhn pb é@ﬁ%@}%& 8idkd, vial was

sat ur at ed | um c
sealpbamel th@sreactipo naiktde wad stiersddaid 206y mreatmggt éTmee@actlon mixture was

aigBoritt SuR] artele PR sty e isted erfe by Boierig@roanic
pha%%s@éﬁ?ﬁ%ddc%ndligés‘(iﬂd%t &B{brﬁ)ﬁ% égr%edl'l(ddﬂM% §SIPEADIex 1:5) to give 53

mg (638e) é_ﬂ—#C’S-@ g@r(Qja 1ag2, Fy-tetr@}@go-@qclog;cbpa[q}_&r@nqqne- -carboxylic

2.11 (m | H, 1.06 (t, 3H). 15 Q)
acnd’_e?tgylé%éano 1,1 a 2, 7b-tetra hyd ro-cyclop ropa [c]
chrome ne- -ca rboxyl ic acid.

" nﬁw&d@%@w o 8 BLE I PS8, SR P AT o

3.99NgOPH) 32 480t BHES.26R] 1H)W 1 (s $K), V€6 (1) 3R Xt ur e

met hanol vvater (1:1) (5 m). Reaction m xture was
stirred at 60C for 30 mn. Methanol was 20 evaporated

in F&?%J'&y%m gq? {%%?Eeémé@ %E@%@QS&A%@?H%%QG&%OWMC acid.

ion’was é&x

ic:s@(l?éﬁbrﬁﬂadl 7@-@&tﬁhﬁydmicml<b;broba[d]¢ilﬁbn13mepHcartmxdllc acid ethyl ester
extracted wth ether, The organl C hase wa

m;‘gol)f &g di wamlxture methanol
watdr ]@ 1§r Sgﬁﬁ of{%aé{?#mﬁﬁuﬂe%é§gﬁﬁ%@EFBQCQEF p ahis] MBEM}_FFI‘W&)S
evaporated /@d/acyoH;nd 20 0@ of watar wis agded. qu.xltlr]g gpluhqn was extracted
with %ﬂfeg glvmgpei pp'%sg é;(a%an%[?\geéféat%d',—%md% ied Wit RRt HE! tolpH)L2 and extracted

with ether. The organic phase was washed with brine and evaporated to give 42 mg

(90%) of +cis-5-cyano-1,1a,2,7b-tetrahydro-cyclopropalc]lchromene-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- Trlmethylsﬂanylethynyl -1, 1a 2, 7b—tetrahydro cyclopropa[c]chromene—1-
carboxylic acid ethyl ester.

+cis-5-Triffluoromethanesulfonyloxy-1,1 a,2,7b-tetr_ahyd ro-cyclopropalcjchromene-1-
carboxylic acid ethyl ester (152 mg, 0.41 mmol), DPPP (38 mg, 20 mol%), Pd(dba)z (24
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a) cis-5-Trinmethylsilanylethynyl-1,1

a, 2, 7b-tetrahydro-cycl opropa[ c] chronene-1 30

wanrboglidss acid ethyl ester. . PCT/EP2003/009872
ci s-5-Trifl uoronet hanesul f onyl oxy-1,1

a, 2, 7b-tetrahydro cycl opropal c] chronene-1- carboxylic

mg, 1%‘1186‘?5 %g Q@Zé’:%r 6 gl%@%e%@%%gl [mglgggf lPriiDeFH'::yl(a?nsing%mdcht)antle
streafC¥ i 8893/&@883 2ihro‘iﬁ?h ré&ction| iikiur&4ér 1B, Trimswlyilyl-acetylene

were mXxed in triethylam ne and gentle  stream

(0. 088ﬂ'n|n0t@2)g‘l§ﬁ01b&@§e%ﬂd3ﬁ1r M@@was éaaladoandﬁhﬁtraa@thrbmf@@re was stirred
t
at 12%2&;@5@@5@? 1f/l—|¥éa alc¥|bn?ﬁla fre fBg émg% ; eaaithyl Qc&%té“mis)hed with

vvas se ron m Xt u
waten\bans tand edhparatet (Gegesidue glas pufified by sdlicaagel moiumm e

Bl NN T T —

cis-5-trinethylsilanylethynyl- 1,1
a, 2, 7b-tetrahydro-cycl opropa[ c] chronene- 1-tar boxylic

iR COORY 7. 8548 11, ATH08 7R Bhga g4t ey B A B, 1
3.96 (u) 2H)1@33 @611y 2 P23)t, 1R), @o( {m, 1HI1.02(t13H},t0.22 ($)9H).

: H, 1.04 (t, 3H), 0.22 (s, 9H). b)

CIS 5 Et hynyI 1,1 a, 2,7b-tetra hyd ro-cycl opropa| c]

CheiSs- 145 oarRRwahlgroas) h -1-carboxylic acid.
0 R BN 2 A Secposcromone. 1 caonc

icis-SEtTﬁmélﬂa ylsilarpiigttiyoylel,dh Qﬂmmmydmwmem[cmhbd -carboxylic

‘1 A a,%,:?\blécég'?%@g rd(3 %#ﬁ@ﬁﬁ%%ﬁé@@%b@%c% efhyl ebtdr0

ot S5 0.1 555 G QTR D wer

dissolUkef i/ hﬂx@re B HRhoIWRALEF (1 %('il (S)m() 5T ﬁé }eacﬂiﬁ nﬁt&&ﬁé WS heated at
m xture was heated at for. 5h, then it

60C farchhyi theadt wes cidifisdHeith tW' PRI o BHa2 axeieatieetd ith ether. The

e e R

. ethynyllr?,ﬁt& Y bitetrhl vl ro-cycidpoppaipjehrdmdéns teaebdxylic actioxyl i ¢

acid. 20 "H-NMR (CDCI3): 7.17 (d, 1 H), 7.03 (dd, 1
H, 6.91 (d, 1 H), 4.45 (dd, 1 H), 4.23 (dd, 1 H),
H- NnﬁRgl)éd@a) 7. Jrb(d 2114157(63 (da m) égi@d(ﬁH) 4 48) (dd2 1815, 4.28 (dd, 1H),

3.02 (g, 1), t%ﬂﬁggyﬂd‘i)ozc@?cﬁoﬁﬂbééﬁcqné:h{%hen | - yI) 3- (5- cyano-
pyridin-2-.25 1 -urea a) cis-5-Acetyl-
a, 2, 7Tb-tetrahydro-cycl opropa| c]chrorrene 1 -carboxylic
Examptei@Bet hyl ester.

+cis-1-(56-Acetyl-1,1a,2,7b-tetrahydro-cyclop ropalclch romgn-1 -y1)-3-( 5-_0\4ano-pvridin-2-

yl)-urea

a) +cis-5-Acetyl-1,1a,2,7b-tetrahydro-cyclopropalclchromene-1-carboxylic acid ethyl
ester.

*cis-5-Trifluo rorhethanesulfonyloxy—1 ,1a,2,7b-tetrahydro-cyclopropajcjchromene-1-
carboxylic acid ethyl ester (117 mg, 0.32 mmol), DPPP (7.3 mg, 50 rhol%), 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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ci s-5-Trifl uoronet hanesul f onyl oxy-1,1
a, 2, 7Tb-tetrahydro-cycl opropa[ c] chronene-1 30
: I ¢ acid ethyl ester (117 ng, 0.32 mol .
“?‘3.’@"(1%?@0 mol %, Pd(OAC)2 (2 ng, 25 mol % beprEFRG 0
triethyl amne (0.09 m, 0.64 mol) were m xed in DW
(3 M) and gentle streamof nitrogen passed through
(0.21 meat.6immol)i wasiaédédyrvidlOvasi sealBlapd the neactionHaixture waggstirred at

1000 £330 FLHEN G0 S SR e B B o

-tempeﬁ@u?é &5k 28 mirk G5l AidureXrddCextractat wittasthytaestatenThe organic

e reaction m xture was stirred at room

phasefwas s@shif witkegaivigieg ammaniva %ﬁ%&?ﬂﬁa"étag t?efir'w-art&léh;ﬁid“e
was p{ifiddby r%mggf‘%e:? %g@%&ahreh?a%&;ﬁ@@%m%@é&w :Sptosélg@ zggﬁgﬂ(m%) of

e and evap e residue _
+cis-5ratdtfii £ da2y7istetratydgetydopropalcidhromeneg - mahyoxytinaeidethyl ester.
"1:5) to give 76 ng (91% of cis-5-acetyl-1,1
a, 2, 7b-t et rahydr o- cycl opr opa[ c] chr onene- 1- car boxyl i c

‘H-Nxvgfiiégo%)ﬁis’g;@&;:%%wiw,@% gali 7Hg?4.6¢|%d,114|-|‘))2 421 (dd, 1H)

dd, 1 H) :

3.98 (2H), 2.58 (s, 3)08.47(t, th) 2.23 (631 mb,z.é&lxr,n, AH)71.0B [t BHy) |
2.23 (t, 1 H, 2.08 (m 1 H, 1.05 (t, 3H. 10 b)
cis-5-Acetyl-1,1

b)  Sucls-BOAGSHE AhMdY, Po-eatedars pydiopopajeienmmeres inaxtydxylic acid.

" acid. The title conpound was synthesized ?nalogously

The tif®cexpophd waBlsypthesizataralogeusét {9 example 51g from tcis-5-acetyl-

la,. 2., 7b-tet dr. r . z4dhs Id
B e e E A e
(\Piéld 66 9 (CDCI3): 7.52-(dd, 1 H), 7.37 (d, 1
mmo)l(_i)’ 73%?% 4.52 (dd, 1 H), 4.26 (dd, 1 H),
2.55 (s, 3H), 2.53 (t, 1 H, 2.25(t, 1 H, 2.13 (m 1
TH-NMR (C i S234d20HY,¢1.87 &, Meh)hpsy- (1, 1#)24.52 (dd, 1H), 4.26 (dd, 1H),
7b-'t et rahydr o-cycl opro afclchronene-l-carboxyl|c aci d.
2.55 (THaH), i2 52 (tedhip a@(ﬁﬂé‘s&s%lml(f@sﬂ'z*éd anal ogously to
exanpl e 51 from 2- hydroxy-4- net hoxybenzal dehyde. 25
Exanpl e 55 a) N-Acetyl -1, 2-di hydroqui noline. Quinoline,
Example®487g, 150 mmol) was di ssol ved i n anhydrous di et hyl
ether (5

‘+cis-5-Met oxv-19?a.r£|,')b-f’iecc]%hvd ro-cyclopropalclch romene-1-carboxylic acid.

The titlé compound was synthesized analogously to example 51 from 2-hydroxy-4-

methoxybénzaldehyde.

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 mi) was added dropwise over 30 min and the reaction mixture
was stirred at 0 °C for 30 min. H20 was added cautiously. The reaction mixture was
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cool ed to O C under inert atnosphere. Dl BAL, 1.%¥gr003/009872
O 780 Pf&o m, 150 mmol) was added dropw se over 2
hrs and the reaction mixture was stirred at 0 C for 30
mn. 30 Acetic anhydride (500 m) was added dropw se
over 30 mn and the reactio xtur
extradiachnita oo e SoRRRREEA S PP e 4 iBRrgquiotine (1.5
44rg §<ture was 63 WD 2004/ 021969 PCTI EP2003/ 009872
{? Tacted with diethyl ether and concentrated to give
N-acetyl -1, 2-di hydroquinoline (11.5 g, 44 % D)
cis (N-acet
0)  2eziorth-aeshihidre By taV P SRIPRBICIR el BaRe e acd
thyl d 5 ethyl ester. cis-(Nacetyl- 11a27btetra
e y%ﬁ ro cyclo pro pa[c]Jqu i nol in e)-1-carbox

i C, .
: -rcxs%ﬁﬁ-@betﬂﬂhyé 2%—mtrahmomyetm1r@@a[g]qg@pum eyt tqgir%/cpyg/llc acid ethyl ester

d d '
was é’rrq%;%cgé&qﬁ@ﬁéﬁ'g tl(lg(plracetgtérréﬁqﬁﬁcyé%gu %?agpgﬁt %W’on]l Neacetyl-1,2-
dihya?é@dkbﬁﬁe Qb rgCHSJﬁﬁ‘?n@l W@ét@@lﬁ@mys afiead by calumn chromatography

5% gi ve C|s-(N-acey 7Jbt1 _
on sific(FtDAcHaxanpd%—290%) to glve +cis-(N-acetyl-1,1a,2,7b-tetrahydro-

cyclo‘éﬂgégoglagff@;l@é)qﬁjLo%oéé)g}ﬁzﬁ\élﬂé r“&pé)i( ei& 8, dpdhy! ester

a, 2, 7b-tetrahydro-cycl opropa[ c] qui nol i ne) - 1- car boxylic
aci d.

o)  citmig-W-AcetyiH, 18,24 beteteahyere-gygaporaldawiprinel LEgRglic acid.
e b PGBl e s
24 %:) (A%%] %E r%% ddNoRGREb the procedure described in example 44b, from xcis-

tetrahydro-cycl opropal c] qui nol i ne) - 1-.car
(N-acetyed, (ﬂa,éﬂtytet@gwdro-pyc@prg@a[c{gumqlm%] M cgge%yi ester (2.0

%34 Dbl uor o- 2- pr opynyl oxybenzene. o/ 20
rally avai |l abl e 2,5-di fluorophenol (20 g , 0.15
nol ), K2C3B. (53 g, 0.38 nol) and comercially
avai |l abl e 3-bronopropyne (45 g, 0.38 nol) were
Exargplei® ved in acetone (300 m), refluxed over night,

a) C@h%ﬂﬂ@d‘r@li{)}d yRskybeheenel vent vas . removed and the

crude produc ssolved in ether and vvashed with
wat er and bri ne. The{ar_:ggnl c phase 25 was evapor at ed
and the crude produ was re-dissolved in a snall
amount of. et her

F

Commercially available 2,5-difluorophenol (20 g, 0.15 mot), K2CO3 (53 g, 0.38 mol) and
commercially available 3-bromopropyne (45 g, 0.38 mol) were dissolved in acetone
(300 mi), 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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filtrated through a colum of basic A1203. Evaporation
and drying. .gave20 g (80 % of
2, WoQod029d69- 2- pr op- ynyl oxy- benzene 64 WO 2004/0
PCT/ EP2003/ 009872 b) 5, 8-Di fl uor o- 2k chr omene. peRER 0309872
2,4-Difluoro-2-propynyl oxybenzene (20 g, 0.12 erI) vvas
,di ssolved in NN, -diethyl aniline (100 m) and heated
unglar 1o@at e at 225 deg. Celcius with an
b) oi % %mggmngégmg%@bh Et her (150 m) was added and
the aniline was renoved by extraction using 2 M
HCl (aq). Purification by 9hpomat ography (silica gel,
n- hexane) gave 5; 8- dif -2Hchronene 5.8 g (29 %
c) +/- cis-4,7-Difluoro I
a, 2, 7b-t et rahydr o- cycl opropé&[ cj chromene-1 -car boxylic
1 o acid ethyl ester. OCQREt F F
, | 9 ;
2.4 [ﬁg&gg}é dﬂgﬁ@a@%ﬁah ?ﬁé‘(fzdé o gggngg WEIQnalssdl\‘?@t( Il Mg diethyl
amnma eLog mnl andokedtad @ndeoaraon aimasphereat 222 deghCelcifsowith an oil-

bath E%%‘e%?’ % aGI (@ d%lar \é/%\% %g@eg Vaglgﬁﬁerg?-ln ne \ﬂa% P%se&& by extraction

usindfR W BICIRRY Rhfidatibn maydfnrorwatc@-aptspmlrcm gdlhe-hezbne)igave $,8-
t hen renoved gnder&%%g uum and the m xture was taken

difluqigi-shEamene 2 shashed wit h NaHCO3(aq) , wat er
and brine and the solvent renoved. The product (33 %
cis, 66 %trans) was purified by hromatography (0
c) - 10'-/9/clet4)7+Dlﬁu©ll0a1, 12,3, 7h-tetrrANdno- wl@wmea@?@r@m@ﬂeth@arboxylIc
id glge corrpound (30%9. 20 d) cis-4,7-Difluoro-1, _
acid qthyoe tetrahydro- cycl opropal c] chromene- 1- car boxylic

acid. O CO2H \(E?’CO’E'
F
F

5,8-Difluoro-2H-chromene (5 g, 0.03 mol), (Rh(ll)Acz)z‘(O 39 g, 0.00089 mol) was
dissolved in 1,2-dichloroethane (60 ml) or ethanol-free chloroform. Ethyl dlazoacetate

(9.4 mi, 0089 mol) in the same solvent was added dropwise over a period of
approxnmately 5 h under N, atmosphere. The solvent was then removed under vacuum
and the mixture was taken upp in ethyl acetate, washed with NaHCO3(aq), water and
brine and the solvent removed. The product (33 % cis, 66 % frans) 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-cyclopropalcjchromene-1-carboxylic acid.

\(‘?,cow

F

F

Cis-4,7-Difluoro-1, 1.a,2,7b-tetrahydro-cyclopropa[c]c_:hromene-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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F Cis-4,7-D fluoro-1,

Byder ahydr o- cycl opr opal c] chronene- | - car box
ayézﬁlﬁgﬁ%gester (2" g, 0.008 mol) was heated |nP21{T/Flf2°°3’°09872
LIOH in nmethanol -water (25 % at 80 deg. for 2 65 WO
2004/ 021969 PCT/ EP2003/ 009872 h. The vol ume was

n. ThePERs a5 eetieRhh Bt dhireltned EidioR whlnéi dfgwed by
chropHtegidphlygsitieaeel wihé3 ga¥e furatine Q:oﬁ‘?pdﬁl n&QSB 1%)0 nal

Internedi ates a) 6-Fl uorochroman-4-o0
6- Fl uor ochr oman-4-one (10 g, 61 mmmol) mas dlssolved in

Exar‘ﬁé,%aggl (100 mM). NaBH4 10 (excess) was added and

on icebath. The m xture was then left in room
Additienpldngdroreglidtes 2h, fol owed by reflux for 4 h.
Purification by chromatography (silica gel,
et her- hexane, 1:5) gave 8. g (80 % pure

a) 6-dFHesrBckiynedRa:dt-ol . b) 6-Fluoro-2H chronene O F

15 6- Fl uorochroman-4-ol (8 g, 48 nmmol) and
(1 g) were dissolved in

ni ght with subsequent water
(ﬂﬁn cool ed and washed with
romat ogr aphy (silica

t ol uene- 4- sul phoni ¢ aci dr,
t ol uene and refl uxed oY
renoval . The. m xture
NaHCO3 (aq) and puri
gel, n-hexane) to g
6- f | uor o- 2H chr onene.
+/-cis-6-Fluoro-1,1a, 2, 7b-tetrahydro-cycl opropa[c]chro
mene- 1-carboxylic acid. ethyl ester 0 COEL 66 WO

6-Flu%p&é}{rg?rf]a%@9-oﬁgzli 6%2,%%9{29%35 dissolved in ethanol (100 mi). NaBHy4
(excess) was added and cooled on icebath. The mixture was then left in room
temperature for 2h, folowed by reflux for 4 h. Purification by chromatography (silica gel,

ether-hexane, 1:5) gave 8. g (80 %) pure 6-fluoro-chroman-4-ol.

b) 6-Fluoro-2H-chromene

F _ \
6-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 (62 %) of pure 6-fluoro-2H-chromene.

c) +/-Cis-6-Fluoro-1,1a,2,7b-tetrahydro-cyclopropajcjchromene-1-carboxylic acid

ethyl ester
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Thi s Conmpound was prepared anal ogously to
cis-4,7-Difluoro-1, | a, 2, 7b-tetrahydro-

WOROMM299A[ c] chr omene-1 -carboxylic aci d et hyl PEHER}003/009872
but using 6-fluoro-2H chronmene to give 1.9 (29 % of

the title compound. 5 d) G s-6-Fluoro-1, 1

a, 2, 7b-tetrahydro-cycl opropa[ c] chronene- 1- carboxylic' a

cid This conpound was prepared anal ogously to

. cis-4 7-difluoro- t et } _ .
i Syt Y e AnlE ST [P fperenyaro
cyclopfbsalBchkeraeae 1 -tarbbxylic beitirety dster but using 6-fluoro-2H-chromene to

. cycl opr opal c].chr onene- é carboxylic acid ethyl ester
give 1129 %) o8 thmiitlg COBRGUNE. 350 mg (21 1o % of pure
cis-6 fluoro-1, 1 _

©a, 2, 7b-tetrahydro-cycl opropal c] chronene-1-carboxylic = |
d)  &is®-Fluotedr, den2 Zbitetrehydro-qycloprapajeighioryensei 2as wicacid

s oBhuSF NS Bp S SRRy BT Jng o oranycr-

2-brono-5-fl uorphenol (15 g, 78 mmol ) to give

1- brono-4-fluoro-2-p b-yayloxy- 15 benzene 15.6 g
(87 %9 f) 2-Brono-4- of 0- 1- pr op- 2- ynyl oxy- benzene

0"% Br F This conp d was prepared anal ogously to
2,4-di fl uoro-2-prop-ynyl oxy-benzene but 20 using

"br onp- 4- f | -pherol (. . | |
cyclop%mi{{%%rénﬁnégﬂg@%@b’@%@é& ?vg9?'63;9?§.;€‘r§'@8ﬁ‘81%¥5§ btgtahydro-

; 4. iP5 LY ive 350 mg (21
CyC'OP@%Q[%?PWSgRQW Qgr%%(igl_ld:’aﬁfﬂ W%ﬂ}fgﬁg% 8Fm}rT]?l)sto give 350 mg (

ro- 5- prop- é’ I . id
%) of mnamﬁ;;ﬁeflumg-brépar?@dte A yq;gtgygioprqgg[c]chromene-1-carboxyllc aci
2,4-difluoro-2-propynyl oxybenzene but

e) 1-Bromo-4-fluoro-2-prop-2-ynyloxy-benzene

/\\\ .
Bra. E
. . F :
This compound was prepared analogously to 2,4-difluoro-2-prop-ynyloxy-benzene but

using 2-bromo-5-fluorphenal (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 -pfop-2-ynyloxy-benzene

fi\

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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usi ng 3, 5-difluoro-phenol (14 g, 107 mmol) to give
1v§-difluoro-5-prop-2-yny|oxy 5 benzene 12 g (67 %.
hWB299H82%- £ | uor 0- 2H chromene o Br F This co £r003/009872
was prepared anal ogously to 5, 8-difl uoro-2H chronene

but using (15 g, 65 mmol ) of

2-bro

- : D- 4-f]l uor o- 1- prop-2-yn onybenz.eneto gi ve the
9t ﬂb?eg'g% H@R*?‘Yag}ro’g’obﬁ%zg"q )

8- Bronmo- 5-f | uor o- 2H-chronmene Br F This conpound was
prepared anal ogously tooé?,%& di f 1 uor o- 2H- chr onene but
)

using (15 g, 65 mol 0
1- brono- 4-fl uoro- 2--yny| oxybenzene to give the
a

title conmpound (3. /~k5~g, 25 j)

5,7-Difluoro-2H chromene o ~ F / F. This conmpound was

prepared anal ogously to 5, 8-difl uoro-2H chronmene but
Thiswemumuouhd 8vag, prepefedranglpgotisly to 2,4-difluoro-2-propynyloxybenzene but

using 3 AoiGPEpL 4B 08 RO &t PEr 5380 T
beniéﬁeZ@%/(@iz%E)_GQ PCT/ EP2003/ 009872 k) +/ -

ci s-4-Bronp-6-fluoro-1, -
I a, 2, 7b-t et rahydro-cycl opropal c] chronene- 1- carboxylic

) 2 BrShY nR0b o CnlRRERe B - ThIS compound vas

prepared anal ogously to +/- cis-4,7-difluoro-1, 1

a, 2, 7Tb-tetrahydro- 5

cycl opropal c] chronene-1I -c xylic acid ethyl ester .
but using 5 g (22 nmol ¥ br ono

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,
48 %)

i) 8-Bromo-5-fluoro-2H-chromene

) . .
Br, I )
EEF .

This compound was prepared ahalogously to 5,8-diﬂuoro-2H-chromene but using (15 g,
65 mmol ) of 1-bromo-4-ﬂuoro-2-prop-2-yny|oxybenzehe to give the title compound (3.7
g, 25 |

i) 5,7-Difluoro-2H-chromene

o
f_ll
F F

This compound was prepared analogously to 5,8-difluoro-2H-chromene but using (1 8 g,

| 107 mmol) of 1,3'-diﬂ_u0_ro_-5-prop-2—ynyloxy'benzene_ and PEG-200 as solvent to-give the
title compound (4 g, 23 %). ' S

- 68



10

15

20

6-fl uoro-2Hchronene to give 1.9 g (30 % of

cWo-2004d2uem90- 1, 1 a, 2, 7Tb-tetrahydro PCT/EP2003/009872
cycl opropa[ c] chromene- 1-carboxylic acid ethyl ester.

) +/- cis-4=Brono-7-fluoro-1, I

a, 2, 7b-t et rahydr o- cycl opropa[ c]chrorrene 1- 1o

carboxyl ic acid ethyl ester CO2Et Br ~/ F This

conmpound_was prepared anal_ggous to +/- . _

) créioisF-Riomeribierot, T, ey diyaipropalciohromene-1-
omene- 1- carboxylic acid ethyl ester

Carb"g‘ﬁfé %@?ﬁ%ﬁ@%ﬁ%ﬂw 3 mol) of 8-

brono- 5-fl uoro-2H chroneng to give 1.6 g (33 % of. +/-

Ci s-4-Brono-7-fl uoro-1, {1 a2-fbet _

t et rahydr o- cycl opr opé pr onene- 1- car boxylic acid

ethyl ester. 15 m +/- -5,7-Difluoro-1, |

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

This Greppiio as T eoare 3y agatysly 4 + 1 b8 4 IPANAS 1198 2 7b-tetrahydro-
cycloé‘m%g?cgcﬁr%‘iﬁéﬂé\‘ﬂfc@rbémﬂﬂc%h”@ @aﬁw]eeturcumenang 5 gd2Ramyiol)of 8-bromo

thyl ester but _usin

6-fluotd-2iHohromaneciorgvie e 63§ %é ogcg @-ﬂyg@ ,613& 9Q7tet2rahydro-

dr o-
°Y°'°%598F'§CA‘F'H%§'[ rié-?}%g?‘rbe%él@ az%gr%% x%lgfggyam d et hyl est er.
Exanpl e 58 69 WO 2004/ 021969 PCT/ EP2003/ 009872 a)

Resol uti on of 7 fluo
) e oo SRR B S SeE iyre
2ster( 1. 32 mml) of racemc '
carboﬁfﬂlsdja?mféleﬁg)?o 4-chloro-1,1 a, 2, 7b-tetrahydro-
cycl opr opa[c] chr onere- 1- car boxyl i ¢ aci d was di ssol ved
in hot acetonitri (5o-F) and (1
R 2R) - 2- benzyl "l opentyl am ne (0.25 g, -1.32 nmol)
was- added. The r® ing

S

-

* This compound was prepared analogously to +/- cis-4,7-difluoro-1, 1a,2,7b-tetrahydro-

cyclopropalclchromene-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-
tetrahydro-cyclopropalc]chromene-1-carboxylic acid ethyl ester.

m) %/~ cis-5,7-Difluoro-1, 1a,2,7b-tetrahydro-cyclopropalcjchromene-1-carboxylic

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-
cyclopropac]chromene-1-carboxylic acid ethyl ester. -

Example 58
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25

solution was left for crystallization. After few hours

twe 200wdiese9l i quor was decanted and 1o crystal s \RETAEP2003/009872
washed with acetonitrile. The second crystallization
fromacetonitrile gave 92 ng of pure diastereoneric

salt. The salt was treated with I MHO and resulting

m xture was extracted with ethyl acetate. The organic

phase was washed with water, brine and evaporated to

give 0.05 g of enantioneric

o) ReBEFGA B R L B AR el perater |
cyclo;@@@@[& eh&fmenecli-salNok@icacidio- 2- pyri di nyl ) - M (4
7-di chI oro-1.1 a, 2, 7b- tetrahydrocycl opropaf

cl chromen- 1- yI)urea 20 a)

0.32 g'zl(ée,grﬁm c%é‘ft@ Wﬂwbw)&%iéﬂnﬁa 2(?b-te@ahydro-

or ophe nmol ) was m xed w

cyclopropacichmnenddrearbogile. #id wasslissabred Iarm)t@@%%trllﬁ {8-ml) and
(1R 2%3 g{aﬁggﬁa}{xﬁycﬁp}@ﬂﬁahﬁé fdr @e \'} (esﬂzr]]mpéﬂq )] \%?3%81321 THe resulting

solutid e MR Iéft%ﬁcry'&k@hﬁtmn pitbafew Woary theonettiebliqudsvas decanted and

erystesers et en e oS sp g acetonite gave
92 m%@ﬁﬁ{)&?&b@ dﬁB%éﬂ%@alt‘“ﬁﬁérsaﬂaﬁéﬁiﬁéét@ﬂ viitth1 MTHE! rid eastiting

tal ne low oil quantitative yield.
mixturet wae xtracted wathfejhw@cetatanIhe organioABase wasashed with water,

i tional - -1 1 2.7b-
brine 334 eBaipa0dgiY B3 €8perniheildn Fefito achigro- fa.
tetrahi/dho-c{lclébrc@a[d]cﬁrdbnehédF@rﬁe(qﬂrcmcnrpynyI oxy) benzene vvas :

degassed and heated at stirring under argon for 4 h

at 224C. The reaction nmixture was then distilled in
Examﬁégggrohr appar at us
+/-cis-N-(5-cyano-2-pyridinyl)}-N'-(4,7- dlCthl‘O 1,1a,2,7b-

tetrahvdrocyclopropalclchromen-1-yhurea

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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5 (150-175C/ 4. 1x10-2 nbar) to give 3.58 g of desired
product as white solid. Yield 36% fromstarting
WW0-E0dptPenol . c) +/-cis-ethyl 4, 7-di chl or o- 1 PCT/EP2003/009872
a, 2, 7b-t et rahydr ocycl opropa[ c] chronene-1- carboxyl ate
Cl COCEt 10 C 5, 8-Dichl oro-2Hchronene (3.15 g, 16
mol ), (Rh(11)Ac2)2 (30 ng, 0.1 nol %9 was dissol ved
b) i5)8dictdexedHectyromaney| ene chloride (3 nl). Ethyl
di azoacetate (3 nm, 2 eq.)PIiln the sane sol vent was
added by a syringe at the owrate 0.4 m/h over a
period of approxinmtely N2 at nosphere. The
reaction mxture was the ith '15 NH4Cl (aq),
wat er and brine and the § noved. The product
(45 %cis, 55 % trans) of1 ed by chromat ogr aphy
on silica (200g, ethyl acetiate/ n-hexane 1:15) to give
0.9 g of the pure cis pron@t (racemate). Yield 20 %

1,4-Di<-(|xlgo’:r§ 7’2-§E@%§x%%%ngg%%?gél’aaa%é@l@fdgggaﬁ%@’t sfrrf under

argon 2% h 83224%. 4thd eishotidn rixtlite WasOthen Histiled @) Kugeltohrapparatus
(150-1 380 /8 0 raban) t give 358 0% gasitecETppuctas Wt Solid. Yield 36%

- Cl &= = oro-1, | : o
| from stéﬁggf%?@gz?%%lbcym opr opa[ c] chronene- | - car boxylic

acid 71 WD 2004/021969 PCT/ EP2003/009872 CI COON Or

_ + -ci.ss Et hyl .
o) TSR a3, AR B AN o gy PRSP Al I TR S e e
carboxyldtecar boxyl ate was mnixed with nethanol (3 m) and
wat er solution of NaCOH (1.5 eq. Co%téﬁ) and heated at
stirring for 1.5 h at 600C. Theextraction of basic
reaction mxture into he ang,@omed 5 that no starting
material present. The Tonim xture was acidified

l
with excess of 3M HC uti ga (pH=1). The

precipitate formed was cl | e€ted by suction and washed
with water. Wite solidCobtained was dried under high

5,8-Dic\r/1%$g-uzrp+slei'oerl1gne8 (()‘.'2,/615 gl,(%SE%?nrgw, ?RﬁaﬁACQ)z (30-mg, 0.1 mol %) was
dissolved in degassed dry methylene chloride (3 ml). Ethyl diazoacetate (3 mi, 2 eq.) in
the same solvent waé added by a syringe at the flow rate 0.4 mi’h over a period-of
approximately 5 h under Nz atmosphere. The reaction mixture was then washed with
NH.CI (aq), water and brine and the solvent removed. The product (45 % cis, 55 %
trans) was purified by chromatbgraphy on silica (200g, ethyl acetate/n-hexane 1:15) to

give 0.9 g of the pure cis product (racemate). Yield 20 %. M*=287.

H.NMR (CDCla): 7.15 (d, 1H, J=8.5Hz), 6.91 (d, 1H, J=8.8Hz), 4.59 (dd, 1H, J;=12.02,
1,=7.03), 4.48 (dd, 1H, J1=12.02, J;=4.10), 4.07-3.94 (m, 3H), 2.62 (t, 1H, J=8.8H2),
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-tetrahyd rocyclopropa[cjchromene-1-carboxylic acid

71



10

15

20

a) 5-chloro-2-fluorophenol F OH C

5- Chl oro-2-fluoroaniline (10g, 68 nmol) was dissol ved
iWoaMe21%68r i c acid and cooled in ice/brine baPGTEB2003/009872
-5C. The solution of NaNO2 (5.2 g, 76. mml) in

m ni rum anount of 15 water was added dropw se to the
stirred suspension at the tenperature not higher then

-2C. After ‘the addition clear yeldaoHsol ution formed

was allowed to stir for a|t|o Al 30 nin at cooling.

CuSH was di ssol ved wat er ) and m xed with

sulfuric acid (32 m). diaz_oniumsalt sol ution

was added dropw se to t pF 1

sul fate solution and the groduct was renoved fromthe
reacti on flask by steam 2@/ distillation. The reaction

+1-cissBH Ao tlbrod fa AckeelTang Y By Aapro RS RAR Rn- beereniate was

muxeéﬁ}ﬂth@ﬁm\eﬁ%&@vg Wﬁlte@%ﬁmﬁhf@wa@-{ qa\&edq 3 @il SfidiHsated at
heno C or o-
stlrrmg fou dr’i)l('l )Blw ayirastioneihasicreagtiommixtine/into beane showed

that @%Fﬁﬁg&%&?ﬁ? eix[l: (‘Iglepl;egg%g Ol))((t%%\évr%seac(édlfleg with excess of 3M
HCI ssyurtidme@iHzeld. ﬂmabc@umwtg farmesap tellected birsaration and washed with

) 4- fl h [ .t o duct
watef Wopte Sl oplaiect wa iy DA LwbE s il dp LRy T
acet at e/ n- hexane 1: 15) as yellowoil. Yield 90% 5 c)
5-chl oro-8-fluoro-2Hchromene CI | \' \ O F

5- Chl oro- 8-fl uoro-2Hchronmene was synt hesi zed
Exanffi@kg@ously to Exanple 33b) from 4-

a) 5-chloro-2-fluorophenol

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 mmo!) in minimum amount of
water was added dropwise to the stirred suspension at the temperature not higher fhen
—2°C. After the addition clea}r yellow solution formed was allowed to stir for additional 30
min at cooling. CuSO,4 was dissolved water (80 mi) 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,S0O4. Concentration gave 4g

of crude phenol (40%).

b) 4-chloro-1-fluoro-2-(2-propynyloxy)benzene
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chl oro- 1-fluoro-2-(2-propynyl oxy) benzene (4.6 g, 25

mol) to give 1 g of product 10 (purified by colum
wonosmizowd aphy on al um na, ethyl acet at e/ n- heXEITEEP2003/009872
1:15) as «colourless oil. Yield 22% d) ethyl
+/-cis-7-chloro-4-fluoro-1,1 _

a, 2, 7b-tetrahydrocycl opropal c] chronene- 1- carboxyl ate

Cl COOEt I/ of 15 F Ethyg
Cj)?,\h(%ne- 1- car boxyl at e

+/-cis-7-chl oro-4-fl uoro-|
a, 2, 7b-t et rahydrocycl op 5
to Exanple 33c from
Ene (1 g, 5.4 mmol) to give

was synt hesi zed anal 0go
purified by colum

5-chl oro-8-fl uoro- 2H chrof
360 ng of +/-cis product
et hyl acet at el n- hexane 1:20)
4- Chlo"ﬁ«? 1%&8-23%L;br%pyﬁyl@x9)b%5%ene%se§ nthesized analogously to Example

chr omat ogr aphy on sili ca,
cls-7 l'oro-4-fluoro-1, 1a, 2 -tetrahydrocycl opr

33a frain ¢4 gh26memel) B-ehlpkid sflucsophenal tqgwﬁ %M/pmmépunﬂe% by

colum.{’ﬁ@ﬁiﬁ%@gﬁg %qu‘,%' rﬁﬁéié‘@/n -Rexane 1:15) as yellow oil. Yield 90%.

a 2 7b-t et rahydr ocycl opropal c] chronene- 1- car boxyl i c

ed anal ogously to Exanple 33d from
o Baaror ol oA 11 uoros "

1, 1a, 2, 7b-t et rahydrocycl opragppa[ c] chr onene- 1- car boxyl at
e (360 ng, 1.3 mmvl) to givie 5 259 ng of +/-cis acid
(80% . Exanmple 60 N-f(1 S RYY/bR) or (1 R | aS
7bS)-1.1 a, 2, 7b-tetrah cl gpr opafcl -

Il benzot hi opyran-1-yl|-N>5-©/ano-2-pyridinyl) urea
0 a)" 3, 4-di hydro-2H 1 -benzot hi opyran-4-ol O

5-Chloro-8-flucro-2H-chromene was synthesized analogously to Example 33b) from 4-
chloro-1-fluoro-2-(2-propynyloxy)benzene (4.6 g, 25 mmol) to give 1 g of product .
(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-tetrahydrocyclopropa[cjchromene-1-

carboxylate
COOEt

Ethyl +/-cis-7-chloro-4-fluoro-1,1a,2,7b-tetrahyd rocyclopropa[cjchromene-1-carboxylate
was synthesized analogously to Example 33c¢ from 5-chloro-8-fluoro-2H-chromene (1 g,
5.4 mmol) to give 360 mg of +/-cis 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-tetrahydrocyclopropafc]chromene-1-carboxylic

acid

73



OH S A solution of thiochroman-4-one (9g) in ether

( added slowy to a m xture of lithi

alalé)mﬂh])/um ydride (0.53 g) in ether (54 m).. #’3‘% P2003/009872

the end of the addition, the mxture was refluxed for

2 hours. The reaction m xture was cool ed and ice was

added, followed by water and by a sol ution of

20% H2SH4. The wat er phasewvas \ twice 5 with

ether. The ether phase wag id twice with NaOH 2N,

and once with water, drjed bv MySO4 and evapor at ed.

The cl ear oil (899) c dllised after few hours.

Rdt =97% b) 2H 1-benzot hiyopy©an and

4H 1- benzothiopyran OCOH $H OGS/ S :0 74 V\D

2004/ 021969 PCT/ EP2003/ 009872 4- Thi ochromanol (8.9 g)
+/-cise?n6h|tmb-adsﬂthmrm‘a¢a’a,ﬂ AoiteteatydrociRomrppafeichrgmaned -carbaxylic acid

vacu ted-to 1 he fla
was syufRSaRanrioqoLsh B EARmPId Fad PR Hed s dathlomd fioro-
1 1a,zmm@&éwyoﬁbcydkﬁfro |cHrafrieRfé- ﬂ&dradwlab@wecﬁﬂngwws mmol) to give
brought to hydratioon was rapid an
259 m&ftﬂrﬁséﬁldtﬁg/ﬁr oduct and water distilled and was
collected in a ice 5 cooled receiver. The product was
taken up in ether and dried. The crude product (79, .
Exampléted 88%) wasn't purified. The NVR showed the presence

N-{(1 Of % t 4]l_|é§'7b Q%.Qltahbo% {}ahcdrogtcrl] Jprobalal L
1benEMﬂ|f ¥ﬁ110 ma tz iikyipEsezan- 1- car boxylic 1o

él? 1aS, bS) , CO2Et \ \ \
a) @Dﬁrd@)@@é—”ﬁ'?ﬁﬁnzﬁh&%@ Pk was added slowly to 500

ng of thiochronene at 140 C. The reaction- was
foll onwed by Gas chromat ography and stoppﬁd when al |

starting materi al ?

A solution of thiochroman-4-one (Qg) in ether (27 ml) was added slowly to a mixture of
lithium alumlmum_hydrlde (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% H2S04. The water phase was washed twice

with ether. The ether phase was washed twice with NaOH 2N, and once with water,
dried over MgSO4 and evaporated. The clear oil (8.9 g) crystallised after few hours. Rdt

=97%

b) 2H-1-benzothiopyran and 4H-1-benzothiopyran

\ . .
— -
s~ | 2 8T
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consuned (about 7 hours). The residue was purified by

flash chrormt ography (5% ether 15 in hexane).

iWOAMHEWE 5 ny, Rdt = 6% was identified by NI\E?”"H%03/009872

spectroscopy d 1, 1a 2, 7D,

t et rahydro-cycl opropa[ c] | 1] benzot hi opyr an- 1- car boxylic

acid, (1S, 1 aR, 7bR) or (1 R 1 aS, 7bS) , COQ2Et
4-ThieeRdmanot(8.93) and potasswmnamdwéfabe (@ 88 @)iweresplaeed in a flask and

46,5 nmg), Li OH (4eq t hapo

evaciaigi to RO B Bab PSRl 1 Bbeth Reaied a4 & P diauelcafol metted.

of the spl vent r,vacu t he sidue
The FRgEBIG SISt Wast A as Aeeime b O oA Ef hEILENTR 120,06, Dehydration
was RIpRP Sn¥as midalrd bf Prﬂe p%dd&t %‘hﬂc\ﬁﬁ{ferrﬁﬁéiﬂleblcénd C1EC) collected in aice-

extracted twice with dichloronethane. After dryin

cooletlecelyetatie: ppihist wasstakoapdn it ethesrandydiied.: Hee J adtiq prpduct (7g,

Rat= ) (PR T3 ‘MF? 5%@&@”@%0&%88&@6& 10% of the 4H-1-

benzé&tRiopy&n. 4, 7-di f | uor o- 1, 1
a, 2, 7/b-tetrahydrocvcl opropaf cl chronene- 1- car boxylic

acid a) (22)-3-(3,6-difl
c) ‘égﬁﬂo% fé‘?t‘lh%{l?h%l?(ét}ar&d%-%& Og\rdba%]}‘l]ﬁer&otﬂﬁopyggdlz -carboxylic
acid, 01)1aB, BAR)Pri TRunAag 478200 A soI ution of Buli

(2.5M in hexane (9.6 nm; 0.024 nol) was added 85&
stirred sol ution of 25d|fluoroan|sol (2. 88@;‘E 02

mol) in dr THE(SO m) at -70C, foll owed a$<?r 2h by
J C in dry

sol i nc deN(3. &g ; 0.0
THE THe i orl t errpeT At Ur ¢ aéowed to
rai se eom t enp g€ and £hen st] s

mai nt ai ned at room

Ethyl diazoacetate was added slowly to 500 mg of thiochromene at.140 C. The reaction
was followed by Gas chromatography and stopped when all etarting 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, 18; 2, 7b, tetrahydro-cyclopropa[c][1]benzothiopyran-1 -carboxylic acid, (1S,
1aR, 7bR) or (1R, 1aS, 7bS) :
CO Et : CO,H

©\ LioH_ N
/ o

A mixture of the cis isomer (46,5 mg), LiOH (4eq., 19 mg) in 5 mi of methanol / 25%
Ho0 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

orgamc phase was evaporated-and gave the desired acid (30 mg). Rdt = 73%.
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1o tenperature for 30 min. Pd(OAc)2 (8 ng; 0.2 nol %

%g&lﬁﬁi ol l owed by ethyl cis-3- bronoacryl ate
9 “70.02 nol). The reaction nmixture was pl ZE&EP2003/009872

in preheated oil bath and heated under reflux for 1h.

The resulting reaction mxture was chilled to -78 C

and 60 m (0.06 nol) of DIBAL (IMsolution in hexanes)
Exampale &ldded dropwi se. Theé stirring was continued at -78

(1 ,%fg.%gﬁ%, :ﬁ!dorﬁ-ﬁﬁar??mtéua ﬂr@é\}ﬁro%roggﬁ!crh?@@ghgq é& oxvlic acid
wat er and SOrTds
by addition of. . The organl c phase was dil uted
i t . th 5N bri d
2) evaRbEHRITioRg ;é‘ PABNEEH) IaRsS- (el rohr
FdIStI||ed (1.5x10' 2 nbar 150 O to glve 3. 7 g (92%

of crude _
Z)-3-(3,6-difl u‘t)rBjJLi/Zn@tzh'ﬂiE/phenyl) 2- pregpe

ich contains - somner,
uct was useoE)ll?ﬂ(ﬂ?P@)zne)(tﬁte wi t hout
purtfication. 'H NVR (CD®3): LOGE{m 1 HY

F1 H); 6.31 (app. $DBAY); 6.12 (app. dt, 1gH); ' 4.08
(bnvlw=t‘L442H) 3.89 (d, 3H) 1.80 (br. t, 1 H). bMw=200 A
(22)-3-(3,6-difluoro-2 nethoxgghenyl prop- 2enyl

solutign £F Badé(26M) indexened§H 01824 FEY) WRe@dded twe Atirred solution of

2y @ SR iy TR (et B R tar 2y

solutipn bb imersrsotlid® (§.6hy ¢ 0cdd2Bvaol)fin gy DK (FO ralg. 'H'ne?hala@tibﬂ ¢smperature
sol.ution o

51 ;. 0.02 | de
was aﬁ'%ﬂgég (3is6.1; PRt Be ﬁéﬁf{)ﬁ‘@gﬁfvﬂ@ We® peintainggi at room
10 tempérﬁttﬁe%r @0 ?di. Pel(DAd ﬁ(&dﬂhb @ﬂzﬁb?%() 5\pas”éadééit fdll%@ed%&ﬂethyl cis-3-

di met glanllln m was ad

brom%a%waﬁﬂ (P8 & 302 gThé rre%@q'ﬁ mmre- plat:sqwr( m;eheiated oil
bath égm?t?eéggh])cuoﬁr’é%? reflge g%rtsjl v re§nﬁ|ﬁlg r@?b@i&rglglg(tu tiPe %g ?%1@%& to —78 C
and 60 ml (0.06 mol) of DIBAL (1M solutlon in hexanes) was added dropwise. The ‘
stirring was continued at —78 C for 2h and 1h at room temperature. The reaction was
15  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 (1.5x10? mbar, 150 C) to give 3.7 g (92%) of
crude (27)-3-(3,6-difluoro-2-methoxyphenyl)-2-propen-1-of, which contains ~6 % of
other regioisomers. The crudé product was used in the next step without further

20  purification.
"H-NMR (CDCl3): 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-methoxyphenyi)prop-2enyl diazoacetate
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tenperature wher eupon water (-50 m) was added. The
anl c_phase was separated washed w th water

ﬂﬂ%‘g?ﬂrat ed in vacuo. Flash chromat ograph)})(li’rllhﬁso'w009872
(S|I|ca EA: Hex; 1:1. 5) gave 3.86 g (80 % of product
as a yeIIowsoIid 10 "H-NWR (CDCI 3):.7.00 (m 1H);
6.76 (m 1H); 6.41 (app. d, J=12.2 Hz; 11-1); 6.00
(app. dt, J=12.2; 6.10 Hz; 1 H); 4.71 (br. Q\, 1 H);

F4.67 (dt; 2H); 3.89 (d, 3H). c) (F S, 5R 69)-
6-di f | uor o- 2 rret hox henyl ) - 3- oxabi cycl o[ 0] he
oRe. ~ 0 F:IJ_PIC%) R

degassSed h l F F Mv=268

=240 15 'Lh Mezi a» CH,Cly o
-3-(3, 6-di fl uor o- 2- net hoxyphenyl ) p?op- 2enyB0% -

F di azoacetate (3.45 g,,0.01 3 nol) Fvas . -dissolved in
10Qubo@f dried degassed dichl or onet haméw=268 added
dropw se to the. solution of chiral e cat al yst

The p{taluenesuiforyihysirexene aholyoxylnecid shiotids ( %/a 6t 83,02 mplhyyas added

02 SR (kS BBl L AAISLSFEL AR eggr 0998 G'o.0t8 mon

in dry Uszlfdsohhgeatcst énhNN—dfmﬁylahmnel(ﬂ Bemby. @mmoda)rWamédded

siowys RoReTINGEY BAanE ThasCrERREIZ T pAAal] §BS Bard siniy. The

He 72
B e

tempePGlire; REG08LP0Y Eter (PO uml).was added The organlc phase was separated

B e

EA: He&ﬂﬂ‘lf&i gas'é@&e gSB00%of peadict 6B a:yélimm solld% | PA in

TH-NMR{ ex&‘@a@}) THOES; st 6 TR T Bldn fastiyd. U162 He: T4f56.00 (app.

dt, J=f2.2; 80U 13#12 4.7 8. 61 1HY; 487 (dt, 2H); 3.89 (d, 3H).

c) (1S,5R,6S)- 6-(3,6-difluoro-2-methoxyphenyl)-3-oxabicyclof3.1 .OJhexan-2-one.

F NSNS | £ S0
- ;YO N J .
N0 Rh,(5-R-MEPY), _

e - - abs. degassed "~
O dichloromethane ' 0

Mw=268 Mw=240

(2Z)-3-(3,6- difiuoro-2- methoxyphenyl)prop-Zenyl dlazoacetate (3 45 g, 0. 013 mol) was. .-

" dissolved in 100 ml of dried degassed dichloromethane and added dropwnse to the.

solution of chiral Doyle catalyst (Aldrich, also available from Johnsson Matthey, 10 mg,

- 0.1 mol%) in 50 ml 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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d) (1 S 1 aR 7bS)-1-(brononethyl)-4,7-difluoro- 1 a, 7b-

di hydrocycl opropal c] chronene-2(1 H-one. F .r-B

‘XG’%)&MEF? AcOH 0~0 F F Mw=240 Mw=289 10 (1S, 5§C§§)"2°°3’°°9872

6- (3, 6-di fl uoro-2- net hoxyphenyl ) - 3- oxabi cycl o[ 3. 1. 0] he

xan-2-one (130 ng, O0.55 nmmol) was mxed with 1.2 n

of 30% HBr/AcOH (6 nmmol ) and heated in a seal ed
d'rﬂuorcegsmetrm(y;s!ne*rrm-&@xfabicydbfaﬂ Olrexan-2@De aheolpdess $alid.

Xt th d. w o
Enanfyfihe Bl oa 08 BedhRgREL PR ch Bind CRriE BR BPliogm. 10% 1PA
in hem.wga%ege Wi th sat. sodi um bi carbonate sol ution and :

ine. Dried over gne3| umsul fate. 15 Concentrati

'H- NI\QB\,@Q@@) TP MO 481 (M Tl &-3dd gbdi i 60 dd. 1H); 4.02 (d 3H);

7.08 (m 1 6. 88 1 ; 3.44 (dd,
266@:—%}43 g%ﬁm (2 96 I(_?jd 1 H)(m2 62)(dd 1 I(—|)
2.46 (m 1 H) e) (1SlaR 7bS) -4, 7-di fluoro-1,1

@) SRR RO SBLBR A 10 0 0 0 F

dihyde5A88rdpTe|@RronTsh B RHH 21969 PCT/ EP2003/ 009872

1
S0 '
Al 30 % HBr/ACOH
o ot -
O/
Mw=240 Mw=289

(1S,5R,6S)- 6-(3,6-difluoro-2-methoxyphenyl)-3-oxabicyclo[3.1.0]Jhexan-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.

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]jchromene-1-

carboxylic acid.

— Br
.n\\ 45 EaOOH
A 2
0”0
F
Mw=289
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(18 laR, 7bS) - 1- (bronmonet hyl ) -4, 7-di f | uor o- 1a, 7b- di hydr

cl opropa [c]chronen-2(1H)- one (360ny, 1.2
20408196%i t h the sol ution of NaOH (0.1 g, 2. 5"%4%)‘?2}'031009872

in5mM of water and heated at stirring for | h at
90C. After conpletion the reaction m xture was cool ed

down and extracted into diet h%fﬁ!) ether (2x20 m)
(18, mﬂzbsms(bmmwatrwmnmﬂ 8O0 7b+dainydr¢ﬁ)éclgp@ﬂadplcaf@nen-2(1 H)-

one GREBRE ) VBRI 090, SNBOHE A, 2Byl in s
of watBfané@ hbgdd wt stirring foe 1 h(htlsmﬂCoAﬁer cmgtﬁmmﬂmesrabétairemlxture was
coolectamva PR ryrapeBdntodsi Sfs oxaq BYy WEIGE e yrag apidifed with
conciﬁ@‘ﬂtﬂ%zﬁ%mpﬂtg%%%%}oll&t&ﬁbg'ﬁltra’elo'ﬁ)to dive480 'Hwog &f pure
proditct 1Mpther lighior Easieptrected injo ether endwasé@tde\mtuanne dried over

e A R PP P DBy (2B ot
15% aﬁdm.%rlﬁés OVb'i%IE ngweag?w%%%gt atT ﬁei feggded sl owly
H- NMﬁ%@R@&lsbyﬁ BRRD MrOrs B DA s (Dp e, 2ot H); 220 €, 1H)

211(H’ﬁ The residue is purified by flash
) 0 'tography (5% ether in hexane). The cis isoner

©(9.17 ng, Rt = 699 was identified by NWR
specty oscopy. 20 Reference: Badger GM et al, J.
Exarghig rﬁZrSoc 1958, 1179-1184. Badger GM et al, J.

a) Cb%*ﬁthﬂ%ter 1%9%—dlﬁ?&@ﬂmnmlb]cydopro@a[dithldpihw d)—caarboxyhc
i benzo[ bl ¢ ycI ?%%[géégl ophene-1 -carboxylic acid,:
acid, (118§33 P ég'% 1 aR, 6bS) CO2Et -~- 1 /
CO2H S S 25Amxture of the. cis isonmer (443 ng),

Li OH (198w in 15 m -of netRagol / 25% H2O is
refil uxe hqur. _After epaporjatio ’- ¢@2§tol vent
8C ULLR g residue is\ 7%
_ S S '
Ethyl diazoacetate is added slowly to 10 g of thidphene at 140 OC. The reaction was

under v
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)

©:—}‘C02Et — E:E}—COZH -
s ‘ _ S _
A mixture of the cis isomer (443 mg), LiOH (193 mg) in 15 ml of methanol / 25% HyO is

refluxed for 1 hour. After evaquation of the solvent under vacuum, the residue is
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15

ey 3Q06k/622d¢969 PCT/ EP2003/ 009872 di ssolved in wa /EP2003/009872
and washed with ether. The water phase is acidifie

with concentrated HCl, and extracted twice with
di chl or onet hane. After drying, the organic phase is

diss \\i/ea o?rg g} l’a%(g 2 tl\p/ﬁh L. er?\e%ét%r%ﬁase s JBbified With

3
concéng-gI cyﬁéj[ éﬁ% @ﬁﬁgﬁéﬁgﬂcgvﬂm Bi%mb‘i’aﬁ{é‘fﬁénez A(ﬁ%ir'b%i}‘lg the organic

phaskdd @vaporatedand ggge m@pﬁéuade@tdﬁﬁéace mey. R\die e
title conpound is synthesised in the depicted
stereochem stry as described in Doyle J Arer Chem Soc
117 -(21) 5763-5775 (1993) b)
| odo. 2- net hoxy- 3- oxabi cycl o[ 3, 1, 0] hexane HO MO O
DIBAL MeOH, H* -O 15 The title conmpound is
synt hesi sed in the depicted stereochem stry as

Exan‘gﬁ c&?ebed in Mrtin et at Tett Left 39 1521-1524

(18 B B e o o5 ey Aol 1 flnexane.
oxabi cycl o[ 3. 1. 0] hexane -MeO FMfkﬁ\l) BuLi, ZnCl2 F O
O 2) Pd(OAc) 2/ Li gand

, OMe
_ F
a) lodo-3-oxabicyclo[3.1.0]Jhexan-2-one
' _ o
Nz-—_:>= \\\
— o . &0
l/_—\_o | ,.A--ml/

™
The title compdund is synthesised in the depicted stereochemistry as described in

Doyle J Amer Chem Soc 117 (21) 5§763-5775 (1993)

b) lodo-2-methoxy-3-oxabicyclo[3,1,0]hexane

S HO, MeO
_.}‘\\o DIBAL ©  S—g  MeOH,H* .
AN —— A T Al

th \\\
" I

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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~THF Ovw O F. F 2,4-diflouroanisol (90 ng, 0.62

| ssol ved i n anhydrous, degassed, THE (7
W‘%‘%@gﬁ%g# ed to -78 C under N2. nBulLi, 2,5 M i PCT/EP2003/009872
hexane, (0.30 ml, 0.77 mmol) was 5 added and the
reaction mxture was stirred at -78 Cfor 2 hrs. zZnd 2

) 1 J15 B0 8kB(3 RilioRE 2rBettaoRhanyl-Grisetiosy 2l | oved
°xa'%'9 e 251 byc! ohexane. (21265@,, 0.63
mml) Pd (OAc)2 (1.5 ng, 6.2 .tnol), and pgand
Fl”nif)z %?L}wé&édb%%%{z&%hﬁghkt7em(;1 aMZadded
to the reacti o)s\qut lﬁ;ggsygg)a&_@actl o m xt #QHZO

ated at re
et hyI eth a Ner e separat ed,

rgani c Iayer was Teshed with ®20-a0d aq. sat.
prpdrled over MySO4, filtered and YconPM&rated to

F.give the title conmpound, otherw se denoted

2,4- d?ﬂcﬁrr%nfs'opg g 0 6Vihhiy ?%écﬁgﬁ_@( aneé@'wgfm% \?%gaiged THF (7

hr omat ogr on'silica

ml) apg)@oied 331%8 G udiRr N2DAB8)1,2,5 pin hextarEB{®.304ni( 077lmmol) was

addeg_iﬁgge re% 89n g'mégri{ ﬂﬁ]asistge% %%yzé F@ £:§!|CF12 @8&%3ng, 1.1

mmo@, é’Qa?scﬂlltlc(rnln elnH'yldr&imh: ﬁniFPwa(sSadd%'d amﬁ@reactlon ixture was -
(m xCH-cycIoropyI) (tr, @i
allowgg to yqum @.pm@@némggr,aéggg for zgnrsmdgeMﬁm&eg oxabmyclohexane

(150 ﬁﬁ‘—?rlﬁggt etr hyd éAC?iI opbg%%l nﬁolgr%\q [ﬂ ng Ol:q%%'ﬂ rca'gert-
butylmmrm)phssﬁwmr(z@o frig, €2 puinonwiere Bied i d:ﬁ}yard"ds,(TﬁFQ7 ml) and

added to starting | actone
adde%m) ﬁ)%§actlg?'| mxxture dThe reaction mnxturge was heated at reflux for 3 days and.

quen@'lécﬁwﬁhq-'lgfd Use %/?efﬁ‘étr 8@8?&! ' bdé%@%ﬁ&%k%% g%cmhe

xan- 2- one from exanmpl e
organiijayenwasasasheshwith kt-0r andees). sat. iNakl, dtied6véravig8 i, filtered and

concentrated to glve 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%.

< O

'H NMR (CDCl3) § (ppm): 6.88-6;94 (m, 1H, ArH), 6.68-6.73 (m, 1H; ArH), 4.82 (s, 1H,
CHOCH,), 3.97-3.98 (m, 1H, CHOCH) 3.94 (s, 3H, OCHs), 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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Acetonitrile (5.8 m) was added and stirring was

o beoaeetdés or 3h at OC. The reaction m xture WRET/EP2003/009872
quenched by addition of water and the organi c phase

was separated. Water phase was extracted with CH2Cl 2

and conbi ned organi c phases were evaporated..

4(0.33 g; 8.25 nmmol; 3 eq) in water (-5 mM) was
Exanﬁ%é]éé to the resulted lo residue and stirred at 80 C
cis-4 fTeDiflibrad1n 1a Pheb-tetemhvidoo-cytlio clabromenexdteatbokylic acid.

ether to renopve none acidic inpurities. The residual
‘ether 'in water phase was evaporated in vacuo and
conc. HCl was add Fof -3. After -1 h the solid
was filtered of i dlng 0.497 g (80% of crude
final acid as brow solid. The crude acid was

BBrs @'Nﬁsﬁtﬂhﬁ@ﬁ irl Cle-lgClzr‘(b ®mi; ES @'ﬂhﬂﬁapz (14@&)6@35\/ éﬁﬁe@%’ stdrij Rittone,

act 1 vat car bon. he hot sol Ution was

W t
(15,5R,6 8k rke(B, ﬁwluo@ﬂ-mth@w@pavll)ﬁz@xamvcloiﬁe1 a]t@xang? one from

xambfiifhe) GAANR S8R 3G battor e whs Ginbf] .°C for th

' AcetohmlleJ(Ei'B mlﬁwﬁé dddied élnd-Bt;rnﬂg %S(thlletl)for 3h 3B 0°CdThe fteaction
' mlxtuql:e%mﬁg qqucngq by%@@]@f walgs agp trl;?e orgamc ph%se waskgeparated

weterpfdsd RS HEBRUAR N 8RS Lol RAF BRI BRRRD e

evapmtateldl cNa@lH {eu38. /8. 28 momeb 3nen) din \Maler eridmir was ddded tythe resulted .

residueg eugcﬁj %ﬁﬁé at gg d@ggf g5£§i§ Jﬂ’!%? ?cft @g@@l t\&%\% eg%étgcrﬁvith ether to

remm{eﬁﬁérh’é(ﬁdgﬁlcglgn;ﬁﬁltmsnmhéffesndiffiﬁegﬁei im:]wairegtpfgi%e =y @dhporated in
rou eluted with a

vacuognspane. Hahias POSEd 1 BrEOtb ARG i 16 g wes tered ot vielding

0.497 %"Q}EU@/%)( & 18t Finbh&cibiids! BroGAEPOsHIR, (B -cridde a3fd Was dissolved in 6

6a-tetrahydrocycl opropal a]. i ndene-1-am ne.

mi of OO0 (H166 9/ \pendcremod v vatexheanmosdd be hot selulipn was

ftereppiie s g B O AREL | T 67 utea i o

Wat er, vvashed wi t h di chl oroet hane, evaporated with

B, IR LIS B OB (TR 0 2696 (s,

1H), stepz themz)?éesﬁ (@tf 1H)e4 aal(ad 95%49313 ?dd Wﬁ@(rﬁ 1H) 2 56 (m,

.1 ee and

~1H), d,fgah'e 39).4-G- %%le‘ﬁMlz 0 9ee) |s i xed in 200 n1

Example 65

a) 1,1a,66a-tetrahydrocyclopropala) indene-1-carboxylic acid ethyl ester.

indene is diluted in 100 ml 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 Ithrough Al,03
which is eluted with a EtOAC/hexane gradient. The eluate is evaporated vigorously at

100°, 2mmHg to yield the title compound (36.g).

| b) 1,1 a,66a-tetrahydrocyclop_ropa[a] indene-1-amine.
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tol uene and refl uxed for around 2 hours. The pr oduct

N0 Pioas ed and dissolved in dioxane 200 ni CZEE
%}aq) and 25 nl water is added and the mxturl()e m003/009872

agitated for 60 mnutes at roomtenperature. The
solution is partioned wth acid/base in

The p(cpc%q r{oga; hl O Q% h@ﬂg{pgyr%yﬁrg%@ &@g)[ Zbé li {C?'QMeOH'HZO fof2
hoursC h@'i‘ﬁﬁ(ﬁﬂ'é%*@lﬁgtetj%wate@ \ﬁééﬂébe\/vﬁlq d%HlHl‘Béﬂtlé’né/ '@J orated with

ng. of 85% pure cis am ne
HOAos@xtrasteILwﬁh Cychteropthang, Waslze@W)thsva(tedldned WIth sulp ate filtered

and e\gj\pd}'iageé?t {/%Pd/%% ocf)ﬁ(l:el 3B 08§°/ puarlaI Bg’%}\ %7}[)'2) §21.9%8 1(}ml 46.5
mmol "l@ﬁ@?%mﬁt 1A 7-Fy of MY Ahd(Rbssdeasd, @@ééﬁé%lx‘éd in 200 mi

acid ethyl ester To a mxture of indene (1
toluenmﬁnc) reﬂude@lfgsamm 21iouys. Ohepradust s ewagorgtem and dlssolved in

doxari 200 SHEBP 3G altor Mol Eind the hjligGaitated for 60

mmuté’ﬁ'@l aodnm tdmpeftare. Thesbhaion i gartivhed with atidliSasa m at
the reaction m xture was washed with H2O0 (

water/ﬁ@lomﬁwam@@Tmﬁeawwhﬂﬁg hedired, thiteper @pé@vgppwem Tpe product
is chrdt&to yP%pﬁ'éd M’F‘rﬂ&gﬁ’é s‘ilﬁg etrEdimAdo 6‘@5'6@ ab?%% re G CIS amine,

reno under uced .pressure. crudé pro _
‘mol wctdaufii. chr omat ogr aphed (silica gel, 510% Et OAC |n

Hexane), to give 3.63 g (18% of ci s-1,1

a, 6, 6a-fetrahydro- cycl opropa[a]indene-|1 -carboxylic

xam@élﬂdi ethyl ester and 6.68 g (33% of trans-1,1 a, 6, 6a-
tetrahydro cycl oroa a |ndene |- carboxyl iC aC| d eth I

A %agﬁ,ﬁsqr?@ﬂgyg{@i%,s@a@%agﬂéigb%qw,ggsgdt e

To a mklure b irkiesrel(1%.6 g, 100 mmol) and CuzBr; (0.10 g, 0.35 mmol) in 1,2-
a, 6, 6a- Tet rahydr o- cycl opropal a] i ndene-| -carboxylic
aci d OH 83 WD 2004/ 021969 PCT/ EP2003/ 009872
K T ydr o- cycl opropal a] i ndene- 1- car boxy
I|c acid psi zed from cis-1,1

dlchlorggﬁr@%é%of ok é) ﬁg&gggdggd_ g 5%823 Lcar oxyl Ifcn%thyl
diazoabétate Wh)g, 1%%%%%% SR GEINGAS (@b)mw;%r %hfin at 80 °C,
the reagtion mixture was washed with H>O (200 mL).'The H20 phase was washed with
CHaCl, (60 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 +cis-1,1a,6 ,Ba-fetrahydro- -
cyclopropala)indene-1-carboxylic acid ethyl esterand 6.68 g (33%) of +trans-1 1a 6,6a-

tetrahydro-cyclopropalajindene-1-carboxylic acid ethyl ester as a byproduct.

"H-NMR (CDCl3): 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-cyclopropalalindene-1-carboxylic acid

OH
o)
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heated to reflux for 2h, concentrated and acidified to
woezowpniiaée 1.62 g (62% of cis- 5 PCT/EP2003/009872
1, 1a, 6, 6a-tetrahydro-cycl opropa[ a] i ndene- 1- car boxylic

acid as-a white solid.. The product was not

crystallized. 1HNWR (CDCI3): 10.95 (br s, 1 H),

+crs-17h?’5% gq_é’%tréﬂ%é %clo%ré?a[(aﬁmg%ﬁflﬁ-ca%o%ghd sisld vﬂdé) synthé¥ized from

+cis-1, fﬁ@etﬁalfétfﬁgvyﬁw @d@prap@@]@ﬂdrﬁﬁ-egbaum%c laemimﬂagﬂ ester (3.53 g, 15.5
ressure, beéenzene agt.i.on
mmolfy b €308 0m 28 om0 HenY a6t MEDH (B3 g WHch were

e o oy L A

1,1a @@é-té@éwﬂ}oxb?bl@ﬁpdmapmem«smnboaylwmd 4s a-BRitd/bad.iThe
CH2d fo give 25 ng (5%

prOdUOff\t\/aBsﬂOItC(}@iaiWo pyri di n- 2 yl)-3-(1,1a,6, 6a-tetrahydr

o= cyclopropa[a]inden-1-yl)-urea. 1H NWR (DI\/BO d6)

9.58(s, 1H), 8.18 (d, 1H), 7.96 (dd, 1H), 7.40-7.
TH-NMRYCBDI3): WO:BE(bE’s%HQIﬂ SSH)' OZE{nﬁ?H-B 329((ch 1’2")1')3 14 (dd 1H) 2.96

73 5 (dd, 1 H). 20 Exanple 67
(m, 1Fﬁe25271(ms1@5n%%21 h- (2 yl)-3- (1a 2 3 et

7b-t et rahydro-cycl opr opaf al napht hal en-1-yl)- urea. a)
. la, 2, 3, 7b- Tet rahydr o- 1H cycl opr opa[ a] napht haJ ene. 1- car
The remotiphimixtuse astaeyiceayated ungsr necﬁwz dpressure: begamed29 mL) was

sose L PRI FOEPL AR BREn ko A 7070, DY . an
brine (86 rhLpMHe Solvierityd ﬂbaapgmmalmaesavaﬁﬂremm@@ unresirpduceasl pressure';.-

The crikgRPaRFOR GTHAIHENT Al SIaPHaE (SIEP ARt sxabde Maght in CHZCh)
to oivei2p Rl Fragpl2fis TS Gyl 2393 Sﬁ"@ Sy

cyclopfopilalindén{ml)-died) . 84. WO 2004/ 021969 -
PCT/ EP2003/ 009872 b) | a, 2,3, 7b-Tetrahydro-1
H cycl opr opa[ a] napht hal ene- 1- carboxylic acid O
'H-NMR (DMSO-ds): 9.58 (s, 1H), 8.18 (d, 1H), 7.96 (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
+eis-1- (5 Cyano-pvndm-2—vl) -3-(1a,2,3 7b-tetrahvdro~cvclopropa[a]naphthalen 1-vl)-

urea. .
a) 1a,2,3,7b-Tetrahydro-1 H-cyclopropa[a]naphthalene_—1 ~carboxylic acid ethyl ester

1a,2,3,7b-Tetrahydro-1H-cyclopropa[alnaphthalene-1-carboxylic acid ethyl ester was

O\/
o,

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-cyclopropa[ajnaphthalene-1-
carboxylic acid ethyl ester (a 56/39 mixture of ¢is and trans isomers).

TH-NMR (CDCl3): 7.35-6.95 (M, 4H), 4.30-3.85 (m, 2H), 2.90-1.00 (m, 10H).
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6>--r CH

et r ahydr o- 1H-cycl opr opa[ a] napht hal ene-| - car
b%?q%é/zg'ggd was synt hesized anal ogously to Exaffpi/Er2003/009872

66b froml a, 2,3, 7b-tetrahydro-1

H cycl opr opa] a] napht hal ene-1- 5 carboxylic acid ethyl
ester (688 ng, 3.18 mmol, a 56/39 mixture of cis and.
trans isoners), to give 540 ng (90% of

I e S S s s

i soners). The pLoduct was not cryst allized. 10 1H NVR
(CDCl 3): 11. s9H 1 H), 7.30-6.95 (m 4H),
2.80-1.65 ( . o Exanple 68 a)
1, 1., 2, 3, 4, Sk xahydro benzo[ a] cycl opropa[ c] cycl ohept
18,2 iéﬁ@-Tetralnydmw H-@ydopcbpa@]habhmleﬁeJ-”t%rtiox'yhc acid was synthesized

analosepaﬁyctpﬁmeéﬁﬁyq ?rwa 1c§h%|§t Entetrahydrediiyeydoriopalalngghthalens-1-
carbo%?ﬁ]@ gcﬁmhgwgfﬁgeﬁgg a8380BRL 'néé 5?%95‘89&@:‘639%@(@@&158 ®dhs -

ycl oheptd
isomars), goxgaa/8543 myg (%) obta,2,3 ab 2etBahydib-1 H—cyclopropa[a]naphthalene-1-

hexahydr o- . clopro c] cycl ohe r box
carbofHERKE @ 7R BURLTe BLOR ARFas KaREPISE THRP ARl e bot
crystali@ers) . 20 "H- NWR (CDCI 3): 7.40-6.90 (m 4H),

4.30-4.00 (m 2H), 3.30-0.50 (m 12H). b) 1,1 a,2 ,3

, 4, 8b- Hexahyd ro- benzo] a] cycl opr opa[ c] cycl ohept ene-1

1 ooy d: |

H Nwﬁﬁa, 2,%%' 1018%@@Xéh)|;’ fo esngg[ c)l (238901 GP Pd)?(l:-f)bhept
ene- 1-carboxylic acid was OH 1 = O 85 WD 2004/ 021969

Exam CT#;PZOOB/ 009872 synthesized anal ogously to Exanpl e
'§ om1,1 a, 2,3, 4, 8b-hexahydro-

a) b‘El‘léQ[ aJ@&W%ﬁvﬂi&bm[@]@?ﬂbpf@d[c]@?élbﬁémbh@ ﬁ@ar%oxyhc acid
eth'y ester (3.43 g, 14.9 mol, a 1/10 m xture of cis

ethyl e8t@r ¢ r ans i soners), to g| ve 2.81 g (93% of

1, 1a, 2, 3, 4, 8b- hexahydr o-

benzo[a]cyclopr c] cycl ohept ene- 1- carboxyllc acid (a

1/10 m xture of ; ans 5 isoners). The product

1.1a,2,3,4,8b- Hexahydro-benzo[a]cyclopropa[c]cycloheptene-1 -carboxylic acid ethyl
ester was synthesized analogously to Example 66a from 6,7-dihydro-5H--
benzocycloheptane (4.40 g, 30.5 mmol), to give 3.43 g (49%) of 1,1a,2,3,4,8b-
hexahydro-benzo[a]cyclopropa[cjcycloheptene-1-carboxylic acid ethyl ester (a 1/10

mixture of ¢is and trans isomers).
'H-NMR (CDCl3): 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]cyclopropalc]cycloheptene-1-carboxylic acid.
1,1a,2,3,4,8b-Hexahydro-benzo[ajcyclopropalc]cycloheptene-1-carboxylic acid was

OH
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iHNMR (CDCI3): 10.76 (br s, 1 H), 7.40-7.00 (m 4H),
3.30-0.50 (m 9H).- Exanple 69 lo a)

6-Wieomop1969 2, 3, 4-t et r ahydr onapht hal en- 1-ol  OH PGJ/EP2003/009872
6- Met hoxyt etral one (10g, 0.057npl) 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

synfﬁe’éiiérdeanéﬂ@gouﬂﬂo ERafiple G@fromn‘hrl a3 tlﬁil:pbemhycb‘o# or
. The reaction mxture an é en 193 C‘\%‘aﬁ 1235 ol a
benze&ﬂ@»gt:@ﬂf@p@[f&@ﬂ&ﬁhé%%&l RKYHDBRA &lhy mm

LGl e o T S oM v
ben@bwy@ompapmyotmmbmeew -catkmxylitaasgdaddtio caintuea tof giseand trans

rotary eyaporati 10. 399 of yellow oil

'SOWSQhT%g’rMW% Qcﬁ g%ﬁzegep wi t hout addi ti onal

purification. b) 7-met hoxy 1, 2- di hydr onapht hal ene

20 Crude 6-nethoxy-1, 2, 3, 4-tetrahydrona hthé\l en- }'Q
H-NNMR @Dcﬁ)oﬂwﬁiprmﬁ-ih.?@ow@&mp fH)198R10-89 (P

and heated in an oil bath (115C). P-tolyl sul phonic

acid (20ng) was added to the reaction mxture and it
Eanﬁﬂe69f| uxed for about 1 h. The reaction was

) and-metEe- Wk AL Con. vt or and

bri ne and organic | ayer was dried er Na2SsO4.
Concentration gave 8.87g of Ii ght rown oil. Yield
96% 86 WD 2004/021969 F’CT/Ei 9872 <c¢) Ethyl

y| ate COOEt 14-1

O 7- Met hoxy- 1, 2- di hydr O@pht¥al (8.8g, 0.055m01)

was m xed with 1 On of degassed
6-Methoxytetralone (10g, 0.057mol) was mixed with 150 mi of dry ethanol and sodium

borohydride (1.2 eq) was added by portions to the stirred mixture. The reaction mixture
was left to stir at ambient temperature for 15 h. The reaction mixture was then
concentrated by rotary evaporation, mixed with 100ml of water and heated for 1th at

| 45°C. The resulting mixture was extracted into diethyl ether (3 x 80ml). Combined

organic extract was dried over Na;S80, 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

~ Crude 6-methoxy-1,2,3,4-tetrahydronaphthalen-1-of (10.3g, 0.058mol) was dissolved in
~ 100ml of toluene and heated in an oil bath (1 15°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. NaHCOs3
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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5 absol ute nethyl ene chloride and 20ng of rhodi um
acetate (appr. 0.1 nol% . The reaction m xture was
‘bwbhba2vdédh nit rogen and et hyl di azoacet at e ( ZRGI/EBD93/009872
solution in degassed abs. nethyl ene chloride) was
added slowy through the syringe (flow rate about 1
m /hour) to the stirred solution at anbient
t 8,23 7bubiraRydroal Hedclo dlhaphidildnen -
©) Tﬁ@?gg—?ﬁtgﬁxﬁs noni t or edy SIAdgF?{a([)rJal pam)unt of
carbosylateyst | o was added during the reacti on (about
20ng). GC-ratio of cis/trans isoners was 21:48. After
the reaction was conpl ete accordi ng _ data the
reaction m xture was washed wth{saturated NH4Cl
solution and brine. The @ chloride solution
was dried over Na2SO4. i on gave 13g of
crude product as yell ow ied by colum
chr omat ogr aphy on. siT@Ca g>"et hyl acet at e/ hexane
1:20). Only trans isoner was 15 obtained in pure

7- Meftt%){v -1, Zéhfkﬁhg beﬁﬁ'\aférfe (faos@o:gyetrﬁonwasbm@urwih edryf degassed

used. Fractions whic

absoéne lrmtbﬁemﬁmlqrmwaomgdﬁub@dmm@ceﬁc@tﬁdaﬁ@a o, 1 sorli%y); The

: react?c'ﬁ’ ﬁ%ﬁps é%BPBblég \f;ﬁg’\ ﬁﬁfo@;ewaﬂ'@ Ry ARz tateq8eh050% solution in

ormat |
dega@sé@hb@meﬂ}ﬁﬂe’he’sclﬂbndeﬁwaﬂwdded Sldudytl’lropglmﬂ':f{ ayningsh{flaw rate

abouﬁgﬁl@lo;g?{og&xyl lré:ﬂda soiutxon at amblent {%ﬁﬁ{era?urge éagxé(/ojrutlon started

pon"i'hS Bé‘abﬂl%hoﬁﬁé %Qéﬂ&ﬁ Ras ﬁﬁtﬂ‘nﬁbr@@b@@(y | Ad citidrihl &nount of catalyst
') was dissolved in Znﬂ of net hanol and, t

was adﬂeut t deing thesieaction (RRaUS 20H9)- (3@ PRYiO O GHRIHANS f%?r@ermwas 21:48.

of water was added to the_ reac o(Patm xture ,.and stirre

ed
After dhe reartiparvas expelese arecTaing 1o Ghidatathe BaSHQR iHirgwas washed
with ?z?ﬁf'a&e& ﬁﬁ-ﬁ@l QB|uUtibN taMde Y. T HRaKaglens G td Q@btlﬁﬁ was dried over

trng material present. The reaction m xture
Na S ﬁ:.ohpermtramrhg@va: #3g oBgruge podugtaasiigw oil. Puriiied by column

chrorg%r Iggwdgrﬁ %ﬁ)gg g%%)ﬁ) I&M#gattgﬂegé#§q i(ﬁ %, ng(r)?ﬁﬂ somer was
obtalﬁétﬂ Erﬁpmm foﬁmeTblasda@dren ¢ib fowm eouldmedt bei puified hydthedeehrnique
usoc T TS B L BB Bt

(ZOOrﬁﬁa&E)tl%nEQaﬁo aD:30 according to GC) and used for further transformations.
hoxy- 1, 2, 3, 4-tetrahydr o- 1- napht hal enol OH

d) 75%&@5@/-‘& ﬂﬁmﬂfahy&fémﬁcmmbpé[a]ndpMene -1-carboxylic acid -

synt hesi zed anal ogously to Exanpl e
- COOH

~o

Ethyl 5-methoxy-1a,2,3,7b-tetrahydro-1 H-cyclopropalalnaphthalene-1-carboxylate
(0.2g, 0.8mmol) was dissolved in 2ml of methan_ol and the solution of sodium hydroxide
(0.2g, 50mmol) in 2 ml of water was added to the 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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69a from 7-net hoxy-1, 2, 3, 4-tetrahydro-1| - napht hal enone
5 g, 28 mol), to give about 5 g of crude produc
Mﬁ?ﬂ‘(“?’é’ﬁ?ve yield), which was used in the nex?cgf%6°°3’00”72
wi t hout 1o additional purification. b)
6- met hoxy- 1, 2- di hydronapht hal ene /O \ \
6- Met hoxy- 1, 2-di hydr onapht hal e. ne was synt hesi zed

of 3MaHll sgtuﬂls)hy(pt'b1 andedrasded inteethylacetate (3x15ml). The combined

extragjs 4/vegre ‘P’%‘P%ﬁiﬁ’ﬁ{‘ \Aéastg{)%rg@m}éﬂﬁg %%Q@B%PQEF%'?Q g&)ﬁ c%r\\égntrated by

rotar)f é@é‘ﬁ&raﬂ@h hexiveld.258 o#mlmrabf/dlsﬂrénsmﬁhs balvﬁm@ec))hd c)
| 6- met hoxy-1a, 2, 3, 7b-t et rahydro- 1H cycl opropa[ a] na

Exanﬁﬂé'?’@' ene-1- carboxyl ate COOEt - Ethyl 6-net hoxy-1
a, 2,3, 7b-tetrahydro-1

a) W%etm&opa[ﬂwrﬁﬁwmﬂnmﬂhtbardmwI ate was 20
synt hesi zed anal ogously to Exanple 67 from
6- met hoxy- 1, 2- di hydr onapht hal ene Q4.4 g, 28mmol ) at
addi tion rate 0.7 m/h tg give 9.68 g of crude product
as orange-brown oil. PUTTIET ol um
chr omat ography on silica ( yl acet at e/ hexane
1:10). Three 88 WD 2004/ 021869 R&T/ EP2003/ 009872
fractions vvere collected: fraction enriched with cis

7- Methﬁg{"%;4-@7 rBM@f)-na&thﬁﬂandﬂWS%%yrﬁ!ﬁ@@idzd)énaloboﬂ@lygto Example

acti‘on contai ned pure trans isonmer -1 g. al
69a frpier ematmxysd) 2.8, riatrahygra-1anaphihalenpae (agy aﬁdnmol) o give about 5

g of cguﬁ%ﬁ;@@w&&%%ﬂgﬁ%ﬁ@l R)ﬂfgﬁg‘%’%% I e hlxt Stefithaut

- additibhalyslrifieatipa[ a] napht hal ene- 1-carboxylic acid was

synt hesi zed anal ogously to Exanple 69d) from et hyl

b) 66me¢thoxy-112-djiyderephtialeady dr o-
| H cycl opropal a] napht hal ene- 1-car boxyl ate (0.16 g,
0.65mmol ) to give 0.1 g as white crystals.
Yield 71% Exanpl e 71 1o :
7, 8- di hydr o- 2- napht hal enol &
7- Met hoxy- 1, 2-di hydr onapht hal'ene
di ssol ved i n abs. DMF and*

6-Methoxy-1,2- dihydronaphthalene was synthes:zed analogously to Example 69b. from :

7-methoxy-1,2,3,4-tetrahydro-1-naphthalenol to give 4.4 g of product as brown yellow

oil (96% yield from 7-methoxy-1 ,2,3,4-tetrahydro-1-naphthalenone).

6.4 g, 40mmol) was

c) Ethyl 6-methoxy-1a,2,3,7b-tetrahydro-1H-cyclopropa[a]naphthalene-1-
carboxylate
COOEt

~ <
Tr

Ethyl 6-methoxy-1a,2,3,7b-tetrahydro-1 H-cyclopropala]naphthalene-1 _-carboxyla’_te 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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bubbl ed wth argon sodiumethylthiolate (2.5 eq) was
adglgdosdashokde reaction mxture was heated at st

at 160C ?10 about 4 h. Reaction was nonitored bﬂ@%03/009872
Reaction 15 m xture was diluted with water, aci dlfled

with 3M HCI and extracted into ethylacetate. Organic

recfiie.elRE 436 0h sliBi  buftds RabREsrafe o9l 0.160, mixea.

| fracﬂ?brr Lﬁl.'ﬁfﬁltn and friclion comtal i@ eagRiymen—3id.iTtaal(38) 45%.

g, ethylacetate/hexane) gave 5.36 g of desired
d) phemeéthoXy-abd, 8 2% telahydd- ﬁHfbydro@ré’dea]@bbhmla&mé 1-cgnrboxyhc acid

trifluoromet hanesul f onat e --0 F3C

0. 7, 8-Di hydro-2-napht hal enol (5 33(go|-B7mmI) was
mxed with triethylamne (6.2 m, /44mmol) in abs.
met hyl enechrl ori de angy_cooled 'o- nitrogen in the

i ce/brine bath. 89 Y 2014/ 0¥ PCT/ EP2003/ 009872
Triflic anhydride (7.4 A was added to the
stirred sol ution through I mge~” during 10 m n. The
tenperature was allowed to rise slowy up to room

8- Métﬁ@%;en@tztg ¢b-tath§hydrbe1w-by@xap dps'{éyhspmélehaenca\%&yﬁc acid was
wat er and brine and dried over crude

syntfpﬁ%zﬁmna{ggowy tq Fxample @%qihfmmmh)drﬁam@?caw)a 33, 7b-tetrahydro-

B BTN XA €1 o of e

as white@ ciystabs.t \deldafidr o- 1
cycl opr opa[ a] napht hal ene 1l-carboxylate COOEt 0 O

ExanH3€74S 0 Ethyl 5-{[(trifluoronethyl)sulfonyl]oxy}-1
a, 2,3, 7b-tetrahydro-1 H 10

a) cyoﬂ-dpbwdp@‘?a}aizhﬂmlha@lene | - car boxyl at e was synt hesi zed
anal ogously to Exanple 5c _

A

- 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. Reactlon was monitored by GC. Reaction -
mixturg 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 phenaol. Yield'92%.

~b) 7,8-dihydro-2-naphthaleny! trifluoromethanesulfonate

e O
o~

F,e—S v

7,8-Di.hy'dro-2—naphthalenol (6.3 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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from 7, 8-di hydr o- 2- napht hal enyl

trifluoronethanesul fonate (9 g, 32mmvl) at addition

rioe2084/001569 t 0 give 13 g of crude product as  pCT/EP2003/009872

orange-brown oil. Purified by colum chromat ography

on silica (200 g, ethylacetate/hexane 1:15). Fraction

enriched with cis isoner (80%by GC) - 0.64g was
Tnﬂlcgqmy%%gigdq%gﬂ Efr%?{cgf g%gttagtﬁé% ?16 g{ésgt‘iirl;éﬁigbﬂﬂén thugh syringe
duerH@ymlro ﬂ'ﬂ*@rmhaﬁeraDhEhMSEalk)weﬂm&msdpwm ep toosEn temperature. The.

react@nzmgt%r@ W% {ylfalg h&c on{?\twgte} EHE fb%%'én%(gl}le& over Na,SO4. The

liquid
crudé\f\%r%'dge g@ \Hi‘ﬂrﬁéﬁ@ﬁ@él@ﬂﬁi&rsz nﬁi?gf?*"'ﬁ] gnggl(c%%g Zﬁﬂ?ﬂéﬁg}m |qu1. was:

obtaimeg. Yield®8$%9 in DMF (4 ml), bubbled with argon for 5

20 mn anql heated at stirring in a closed vial for 14
c) hEthyl ﬁeﬁmlﬂwwamethbﬂ)md@lWﬁ)&ﬂﬁe@&ﬁb't%hWF%ﬁfeact i on

m xt cer y rotary evaporation, m xed
cyclo%qpﬁv@lﬁgﬁﬁépgeg[{% N%?B)gﬂ extracted into ethyl acetate
(3 x 15m ). Oganic extract was washedo@gf 90 WO

2004/ 021969 PCT/ EP2003/ 009872 wat er /an rine, dried

under Na2SO4. Concentration gave Q-f2g of product as
1-carboxylic acid

an oil (yield 90%. d) 5- ]
opa[ 4] napht hal ene-
O o0 ’
a, 2,3, 7b-tetrahydgo—-B"

H cycl opr opa[ a] n&pht hRl ene- | - car boxyl i ¢ acid was
synt hesi zed anal ogousQ/ to Exarrpl e 69d from et hyl
5-cyano-1 a, 2, 3, 7b-tetrahydro-

Ethy! 6y{f(triffucopatesyhssifonsiend: 1|a?eaf7bd>@yﬁav@r0cﬂ)H12 g,

cyclopfoggt?i é%g}gtﬂ f%\é,q?\/—%a%%%tg %&W&?ﬁd‘@hé%g‘é%@tt@' Example 5¢

from ¥, Brdllsydrb-wapath}ser(lyi drifldorednethanesulfosse((8 g, 43@mmoh)(at addition

rate 1,.@1%&5 gyez‘l%g E?r{:rufel_eroggc (%n%?q_‘?%n oqu%'&?ﬁ’%@mumn

chromBtodridbhylor/ Sitida @@GI By emylabetéle/hExan@ I1e1 SblFﬁhcabnEdrhr;ched with cis

lsome,q.(é "t@|r I nef:‘:g.gé% §I %{gtﬁgopgctéd ang use% ‘for futher tra hXSC%ormatlons

Ethyl 5- cyano -1a,2,3 7b-tetrahydro-1 H-cyclopropa[a]naphthalene—1-carboxylate
COOEt

NZ

Ethyl 5-{[(trifluoromethyl)sulfonyljoxy}-1 a,2,3,7b-tetrahydro-1H-
cyclopropa[alnaphthalene-1-carboxylate (0.2g, 0.5mmol) was mixed with Zn(CN),
(0.82mmol) and Pd(PhsP)4 (56 mg, 10 mol %) in DMF (4 mi), 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 -
NH4Cl and extracted into ethylacetate (3 x 15ml). Organic extract was washed with
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| ene- 1- car boxyl ate COCEt 15 Et hyl
5 (trifluoronethyl)sul fonyl]oxy}-1
02004031869 ahydro-1 H- PCT/EP2003/009872

cycl opr opa[ a] napht hal ene- 1- Car boxyl ate (0.2g, 0.5mmvl)

was mxed with trinethylsylilacetylene (0.2 nm,

1.37mmol ), DPP (35 ng, 10 nol %, Pd(dba)2 (30 ng, 10 _
watemand/prine) diried| ur(d®riNg SOy Eaitentrafiomrive DUy sfrodiudt as an oil

. argon for 5 mn and heated at 20 stirring in a closed

(we@ggl o}or 14 h at 95C. Reaction was nonitored by GC

The reactio xture was concentrated by rotary
d) evg @5911@#33r#azt@aramfiﬁo-éﬁ-evq%@p raphipeiene- ivgsrboxyic acid
2004/ 021969 PCT/ EP2003/ 009872 ext r&&g_? into
et hyl acetate (3 x 15m ). Organic e was washed
with water and brine, dried und Na2SO4.

Concentration gave 0.15g © as an oil (yield
87% . Db) 5-Ethynyl-1 a, 2

Ethyl 5-[(trimethy]z=
a, 2,3, 7b-tet rahydr ~1 H cycl opr opa[ a] napht ha | ene- 1-
car boxgll ate s 0. 64muvol ) was di ssolved in 4nml of

5-CyirpptendB. Znigtrah efdm:rl t-cyslopropafiaariihaleae dxcarboxyicosid was
syntﬂr%%@l?éﬂalg{;%?ssﬂor rﬁgaﬂﬁ:%lé ;?g‘gffl?onrﬁ% gsc%a%'ngg déf %ofdr irahydro-1H-

cyclapropaeiriaphthafiensd i carbeaylate (0. rkﬂigt 0r5enmal) do gavemﬂ@ﬂef product as
T

whitg (988, B B0 11 e wi th excess of SM KO sol i o

HNMB SR 7 BN SElPRG FER DS kAo e 88 (m. an)

7.32 rrisd my@nsmm@h am, fgmesﬁ(mtl B, m?ma;m, 1H), 2.34 (t, 1H),
rati i,V g m xture of cis/trans

2.01 gé?atg&f 5’%5)107;@1 Q%n&%r Bd Yield 88% 7 15 Exanpl e

Exa”@?%@?af‘f | uor o- 4- met hyl - 3, 4- di hydr o- 1( 2H) - napht hal enone

a) F E%)'lzl 5-[(trimethylsilyl)ethynyl]-1a,2,3,7b-tetrahydro-1 H-Cyclopropa[a]naphtha

lene-1-carboxylate
COOEt

Ssi Z
~

Ethyl 5-{[(trifluoromethyl)sulfonyljoxy}-1a,2,3,7b-tetrahydro-1H-
cyclopropa[alnaphthalene-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 EtzN (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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1, 4-Di fl uor obenzene (22 m, 210 mmol) was m xed with

gmoy,a}@gﬁl actone (4 m, 42 mmol) and Al C13 (P%§/LQ>2003/009872
0 mmol ) was added by portlons to the stirred

reactlon m xture. 20 The reaction m xture was then

refluxed at stirring for 16 h (oil bath 110C). The

extrpEfctighi etigoatas G Braas Petedivas e s yihebger and
brinB1 YkiE8 nR$ r\%gsmne@ncéﬁhsaaﬂo@pgéveocm 1 ag S ﬁfo%uw%ﬁ%e&n (vield 87%).

extracted 1nto nethylene chloride, ed wt

(4 L -
) SosarsU Uk ARSTES TN ES 92?1%?%'22?1’?’886‘]@@‘*%!“?30? amgtic acid
extract was dried over Na2SO4. Concentration by rotary
evaporation gave 6.7 g of product as yell ow powder.
Yield 81 % b) 5,8-d COOH
i fluoro-4-nmethyl-1, 2,3, 4-tetrahydr©-1-napht hal enol F
OH 5 5,8-Di fl uoro-4-nethyl -
1, 2, 3, 4-tetrahydro- 1- naph
anal ogously to Exanple 6 '
5, 8-di fl uoro-4-met hyl <% 4- di hydro- 1( 2H) - napht hal enone
to give 1.8 g of crude product, which was used in the

EthyD §§Etriﬁ{éﬁw‘é4lytlfé?h'§/nﬁ}j¢é i ?FB-'tetPéHydfrrb-q Pﬁdy%fbprébal;:a]naphtha lene-1-
uor o- di hydronapht hal ene

carbogylgtes (AR, @cﬁ‘bnmlﬁewawt&sowed iim el ofeaethangl end thessolution of

sociHAFRIEETO R Pl b 2Bl ReBr kR Aelcb o thevrapaap mixure

and $tirtdd &t heafind atr661Q fdmﬁ hgihe efktréct@nO:ff basizthesictian niktona into

hexa\églzslrogv\\llgé)& k o I:Zt%llgg %@Fgﬁ Hiéqsgﬁt)ﬁ'lgjuaorreé)s:tl W}ﬂ re was acidified

with éxdest &t yMWCBscﬂBf & (pH=9), 2nd, e&ha&t%ﬁrﬁb)éiﬁﬂaéetate §3x1 5ml). The
H cycl opr opa[ a] napht hal ene-1- 15 carboxy] ate

comhinedl igxtragts/warg washed withevaier and arlze@nmi @\é@rr'élﬁg%%amd
concéhﬁiéﬁéooﬂy R \V@;Qﬂbﬁﬁ/ & lvé O e 6&@%90f"é??§trans acids (85:15) as

synt hesized dnal ogous rom
Whlte&@ﬂiﬁﬂﬂda&&%ﬂ met hyl -

was synt hesi zed

Example 72
a) 5,8-difluoro-4-methyl-3,4-dihydro-1(2H)-naphthalenone
F O

F

1,4-Difluorobenzene (22 ml, 210 mmol) was mixed with gamma-valerolactone (4 ml, 42
mmol) and AICl; (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. HC! 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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93 WD 2004/ 021969 PCT/ EP2003/ 009872
1, | aphthalene (3.5 g, 19 nmol) at addition
ra‘?gqg&éﬂgrﬁ?h to give crude product as yel |l ow bPGIRP2003/009872
oil. Purified by colum chromatography on silica (200
g, ethylacetate/hexane 1:15) to give 5.2 g of the
m xture of diastereoneric esters together wth diners

(3x1 @ﬁ MDA hesorgahimuedizet wasidried@mer a6 Osafoncertsationdnysotary

trans:cis

evenajativasns 674 Y arphobto FaTopl phyhes Vel St ©
b) éﬁ&fa’ i ta%ﬁ?%ﬂ dke {%“f"“éfgf%mpﬁ‘@%%”% F OOH F =

Ethyl 4,7-difluoro-1 a;2,3 7b t.trahydro 1
H-cyclopropa[a]naphthalene 1 -c rboxyl ate 10 (5. 25g,
20 mmol, -50:50 m xture o and trans isoners) was
di ssolved in 2.5m of d the sol ution of
sodi um hydr oxi de (0. 4q, n 2.5 mM of water
was added to the reactio 1 X -re and stirred at

anbi ent tenperature overni ght. reacti on m xture
was extracted into hexane {3x30 n1) The conbi ned
extracts were, = washed with water and brine, dried

5,8~ Daﬂr.m‘roMaIZ'@dMyldna 3&otﬂiraﬁwdm-émawthaiemlywas syothesizadianalogously

to Ex%&pg% ﬁg? *:gﬁ% é)pp‘]lﬁp?o ?‘{\ gl -83. dj@g accor d| n%bbtrﬂdggﬁdér %o give 1.8

g of Jr’aeerpmﬁuttemmmrﬁwasdswm thesrsatt wtap withdutmadditiarfal purification.
met hanol and the solution of sodi um hydroxide (0.2 g,

c) 5BBidiflioroll-methylef, 2 dittyeiromeshthaldded to the reaction
m xture and stirred at 95C for 40 min. The reaction
m xture was acidified w thh excess of 3M HCl sol ution
(pH=1), and extracted intol ethylacetate 20 (3x1 5nil).
The conbi ned extracts we washedh, wi th wat er and
brine, dried over Na2SOj entrated by rotary
evaporation to give 0.930\g -cis acid as slightly
orange crystals. Yield 200 (agpr. quantitative if
calcul ated for starting cifs isomer). Exanple 73 a)
4,7-di fluoro-3-nethyl-1 -indanone 94 WD 2004/ 021969

5,8-DAGErE=R208 8019 Bdihydronaphthalene 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-1a,2,3,7b-tetrahydro-1H-cyclopropalalnaphthalene-1-
carboxylate -

COOEt

F

Ethy! 4,7-difluoro-3-methyl-1 a,2,3,7b-tetrahydro-1 H-cyclopropa[a]naphthalene-1 -
carboxylate was synthesized analogously to Example 69¢ from 5,8-difluoro-1-methyl-
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F cO 4,7-Difluoro-3-nethyl -1-indanone was
nt heS| zed anal ogousl y to Exanple 72a from
208403PH actone (4 m, 52 mmol) to give 7. 19¢P@VEP2003/009872
yeI | ow powder (85:15 mixture of corresponding
i ndanone and tertral one according to GC). The product
was purified by 5 colum chromat ography on silica (200

1,2d0ihyrirbihpisdiafEry (13 aned mioDiadt edditiondafet0® mi/Rltd )givedérude product

pure product together with m xed fraction and fraction
as yeligwalpig oﬁul?@nfu%c{ p&ng@n gl)romatography on silica (200 g,

ethﬁl,a%e_t%{e{/‘\éf%ﬁe ‘@ttﬁﬁlv% rﬁ xhife oftdh astereomeric esters together

uor o- ano was syn
withadierderg ofi DA 28 c@kmnplass&ﬂl (G@nratip; ént|-145%, 40% /trans.cns/, syn- 11%;

| uor p- 3- et hyl - 1-i ndanone (3 79, 20 mol), to give
232’3{5’3953" $)5 g of crude product (quantitati ve yield),

o) pur ArLastnt-dEjU0R> 2L B eV hone. ¢

cyclﬂ)pl%pla[é h'él?hﬂ‘raleﬂ@ﬁhd’érbbx iqwgtene was synt heSl zed .
anal ogously to Exanpl e from4,7- 15

di f1uoro-3-nethyl-1-indanol (3.75c@ot9.1 mmol) to give
2.36 g of product as bei . (70%yield). d)

Et hyl 2,5-difluoro-6-nethyl-1 4,1
a, 6, 6a-t et r ahydr ocycl ogf opa '
WO 20U4/ 021969 YI; [1LI S g
2, 5-di fl uoro- 6-net hyl - .
a, 6, 6a-tetrahydrocycl opra[ afi ndene- 1- car boxyl ate was
synt hesi zed anal ogously tto Exanple 69c from
4,7-df luoro-1-nethyl-1 Hindene (1.32 g, 7.9 mml) at
Ethyadfi-diflooro-dee, 8, 7b-teitrahyd - §i-wayclopoeea pirapinthalase-1-carboxylate

(5 24 ARG S0 o B8 oY e AOHIO5 W BB 8B 2. o
mettthriol agdqﬁetsma.:tnon oft wcmmfhydrcaadea(mcbgm Omnesl) v 3.50hisof water was
add%d?ltdoltﬁgreggggﬁéé %Sc’({ugg ﬁcw%s%rr?ﬁeeﬁ}%ﬁ%t *é"ﬁ%ﬁc’érg u?‘g%vg?%léht The
reacl®h misiurs wWaexratitbd #ab treRaAB (BNE0 i)Yl The combined extracts were .

a, 6, ba-tetrahydrocycl opropal a] i ndene- 1-
washed with water 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% accordihg to GC). The mixture obtained was dissolved in 1.5 mi 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 NaxS0q4
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).

dene-1- carboxyl ate 95
/Z F COOEt Ethyl

Example 73
a) 4,7-difluoro-3-methyl-1-indanone
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joo bl - cis-2, 5-Di fluoro-6-nethyl-1,1 a
,ag%igg{/ézégér"’ahydr ocycl opropala] indene-1-car boxyIPi("g”':mo‘”009872
acid was synt hesi zed anal ogously to Exanple 34 from
et hyl 2,5-difl uoro-6-nethyl - :
1, 1a, 6, 6a-tetrahydrocycl opropa[ a] i ndene- 1-car boxyl ate
(0.61 g, 2.4 mmol) by stepwfse 1% hydrolysis first
with 20 nol. % of NaOH and fi
NaOH at heating to givef
crystals. Yield 70% (appr d p
for starting cis isoner): { e 74 a)
5, 8-difluoro-3, 4-di hydro-| H) - Napht hal enone 96 WO
2004/ 021969 PCT/ EP2003/ 009472 F O
5,8-D fl uoro-3, 4-di hydro-1 (2H)-napht hal enone was

4,7- mMrB$MWII1Qﬁth©ﬁe Wadisynthesized analogously to Example 72a from
di fl uor o- 3- et él -1 -indanone _accord to procedure

beta-hutyeqlpeteacifh niix aApnech3ie glvsgpisﬁgatoéuel eeWgen (85:15 mixture of
corregéétirglﬂﬁ%ggfa@%?éeaﬁgi %’%rélg);i‘)e Sechfdiflg ¥ Gt $hBIRNE: WiRSpurified by
colunin ehmirﬁdtognaphy o, Slica (200 ghybtlwlBCEta’(eﬁmbkaae)enm(ine B.7TQ4H(40% vield)

of pu%pﬁoﬁgg tfglgg s g{l@é@ﬁ%ﬁ%ﬁ?%ﬁ%éﬁ%irg%t:?rga:t:Eﬁg ((Bgre:f;fc'ralone
b) 44?%&4)%6'&?%&8?{7@'{’%9@@ude pr od'uclto (quantitati ve ¥

yield), which was used in ghe next step-w thout
additional purification. ¢) OH
5, 8-di fluoro-1, 2-di hydronaght halene F F

' i gne was synt hesi zed

4,7-Difluoro-3-methyl-1 -indandl 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% yield). _

d) Ethyl 2,5-difluoro-6-methyl-1,1a,6,6a-tetrahydrocyclopropalalindene-1-

carboxylate
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15 5,8-difluoro-1, 2, 3, 4-tetrahydro- 1- napht hal enol to
woveudpzedhyg of crude product as browni sh |i quidi/ierzvusiovys .
(90% yield from

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-diflugto-3,4-

di hydr o- 1( 2H) - napht hal enone and

4,7-difluoro-3-nethyl-|-
2004/ 021969 PCT/ EP2003/
dehydration. The m xtu
napht hal ene i s easy to para e by colum

chromat ography on silica ethyl acetate/ hexane 1:20).
d) ethyl 4,7-difluoro-1 a, 2,3, 7b-tetrahydro-1

I ht hal 1-
iyt £ 5 B el R gl S S s ¥ra%9ﬁpeeaco?Ee- -cargoxwate was
r L - 1.3
sy RO GRPATAD Al €08 by 4Ry andens (1.2,
7.9 mroB-atiddditionorale 0-4inffpdogivpeiidegnedya ap )@Iow browroeil. Purified by

coum st S GSp 308 sk Tobl gl BB 45l G g1 o or e

mxxtur@ 'bf%héété?édrﬂ&fb Estefd bigl anetane/dzmrane chidurpldss cgll (‘a:es/trans ratio:
1o the m xture of cis- and trans- esters as

g o

84:16 aCC@r@l@ﬂ sV Yield 0% ans ratio: 33:67 according to
&C).4,7-difluoro-1 a, 2,3, 7b-tetrahydro-1 .
H- cycl opropa[ a] napht hal ene- 1-carboxylic acid e)

: 7-Difluoro-1 a,
o) mtw ebropoR g isrire 4 e g2 fydrocugproRaleadsne-1-
carbo‘iﬁh dluoro-1 a, 2,3, 7b-tetrahydro-1
cyclopropa[a]naphthalene 1-carboxylic acid was 15
synt hesi zed anal ogousl F to Exanpl e 72e from et hyl
4,7-difluoro-1 a, 2,3, 7-tetrah ydr@OH
carboxylate (0.45 g, 1.8
first wwth excess of

COOEt

white crystals (cis/trgns ratio 78:22 according to
HPLC). Exanple 75" 20 a) 6-Bronoi ndene Br

ant1-+/-c:s-2 5-Difluoro-6-methyl-1,1a,6 6a-tetrahydrocyclopropa[a]mdene -1-carboxylic

acid was synthesized analogously to Example 34 from ethyl 2,5- difluoro-6-methyl-

1, 1é 6,6a-tetrahydrocyclopropafajindene-1-carboxylate (0.61 g, 2. 4 mmol) by stepwise
hydrolysus 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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I \ 98, WD 2004/021969 PCT/ EP2003/ 009572 This

R0 19SS prepared anal ogously to Exarrpl es 6
69b from 5-brono-1- indanone (4.0 g, 18.8 mol )Q?T/‘ﬁﬁpzoos/oosvsn
give 2.4 g (65% of 6-bronoindene. b) ()- CIS Et hyl
4-brono-1,1
a, 6, 6a- tetrahydrocycl opropa] a] i dene 1-carboxylate Br
~HH 5 HCOCEt This corrpund as prepared

anal ogously to Exanpl e 69c - br onoi ndene (1.95 g,
10 mmol ). Purification o' gel starting with
hexanes fol |l owed by hexal % diethyl ether and
finally hexanes with 5% dirs
(24% of the cis- ester. 10 c) ()-cis-4-Brono-1,1
a, 6, 6a-tetrahydrocycl oprosz[ a] i ndene- 1-carboxylic acid -

Br HH H COOH This acid was synt hesi zed anal ogously
5,8-Diftudrz B dthydrd- K2 &f)niapythel e horgSwasgyrithesized idgetnet Yithf4,7-

diﬂuoﬁ’?—% 90%?%?%;?%58% %)c(:go dllng Z 5grotcedéflre esc:gfgem é rﬁple? f73&1

Sepaaatéd 83 dAtimatorHioeRYsdraphp Al sldan derreg df p‘lﬂrétiﬂéaud:@vas obtained
aci d. "Exanple 76 a) ()-cis-Ethyl 4-cyano-1,1

yield 8%, 6a- t et r ahydr ocycl opr opa[ a] i ndene- | - car boxyl ate NC

% H COCEt 20
b) 5,8-difluoro-1,2,3,4-tetrahydro-1-naphthalenol

F OH

F

5,8-Difluoro-1,2,3,4-tetrahydro-1-naphthalenol was synthesized analogously to Example
69a from 5,8-difluoro-3,4-dihydro-1(2F)-naphthalenone (0.77 g, 4.2 mmol), to give
crude product (quantitative yield), which was used in the next step.without additional

purification.
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-
dinydro-1(2H)-naphthalenone and 4,7-difluoro-3-methyl-1-indanone by reduction
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Thi s conpound was prepared anal ogously to Exanple 71 d
; ci s-ethyl 4-Dbrono-
fv'iﬁo%‘ 089 et r ahydr ocycl opropa[ a] i ndene- | - car boR§T&PE003/009872
(200 ng, O..7 nmol) to give, after purification on
silica gel usi ng hexanes with 10% ethyl acetate as the
eluent, 73 ng (46% of ()-cis-ethyl
follomed;tam;e}lydratlm 6Ehe atixtahy of oolyed pumdlimpindenedendpitthakene is easy

25 99 WD 2004/ 021969, / [EP2003/ 009872 b
to S?ae}/reﬁa b)ac@ym{bcllroina ography on smceﬂ-et yl acetate/hexane 1 EO)

tetrahydroc ene- 1-carpoxylic acid
7“?4‘@1 L REE A %E&Eﬂ% 3?’ reeaFajﬂ%sp ihalesey! -
Carbbgylgpéanpl e 69d starting with 73 ng (0.32 mmol) of the
conpound from Exanple 76a to give 59 ng (95% of

()-cis-4-cyano-1,1a,6,6a_5 COOEt
[ | -«car boxyl i c aci d.

Exanple??a)47D|quool rhdanone F O F 10
2,5-Difluoroci nnam c a ), 27.2 mmol) was
dissolved in 25 nm of [e d a catalytic anount
of 10% Pd on carbon wa s he reaction m xture
was hydrogenated at norjpml pressure for a period of 3
hrs. Filtration through fcelite and evaporation of the
sol vent afforded crude '

Ethyl3t, ?-Zi,lfﬁmtoﬂa,lz,Bo‘mm*tyébydmodﬁ*l—oyal@pr@pa[h]né'd?htﬁﬁlétm -tLoafsoxylate was
of thjony

di | 5 f |
syt A el e foBmel oS Toat B duiniipsec hascmd anapthatene (0.7
g, 4. Zatnmdlﬂ-ﬁt Qdcﬂlﬂén @aﬂ%em HQHI/FPEO give'drude pFOCAR® Ea8LYMBWIbroWrEoil. Purified

sol vent afforded

by cogurpn cbrwmo@aamheﬂﬁ")cadﬂ 8Bim sihylagatateihrxangni dR) tagive 0.45 g of
the mibtS OO 8R- aRd4rardd- e%fterfs% @6]81{%'!%%' dif @%/f?é‘rq %g%Bdé?OQccordmg

W se to a suspension o Gim cht o
to GC)de7-giflusiroda B8 bﬁ@mhyldd@—1HFhﬁ:lwm'apa[a}mxaphthalme -Waarboxylic acid
refluxed for 2 hrs and gave after work up and
e) ré.7chifliose+l ﬁz%ﬁﬂ&’ﬂq‘tfafmd&-ﬁ bhwclmepa[g]mmal@he 1-carboxyhc acid
4, 7-di fl uoro-1-indanone. 20
F COOH

F

4,7-Difluoro-1a,2,3,7b-tetrahydro-1H-cyclopropafa]naphthalene-1-carboxylic acid was
synthesized analogously to Example 72e from ethyl 4,7-éliﬂuoro-1a,2,3,7b-tetrahydro-
1H-cyclopropala]naphthalene-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).

o0
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a) 6-Bromoindene
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W) 20b4/621964 | uor oi ndene F I ° \  F 100 WD 2004/ 02C9&92003/009872

PCT/ EP2003/ 009872 Thi s conpound was prepared
anal ogously to Exanples 69a & 69b from 4, 7-di fl uoro- 1-

i ndanone (975 ng, 5.8 nmol) to give 475 ny (54% of

4 7-di i . - Gi S- .
This rgadiird {{85 Brds4ia8 arEloddusiy o Extifioles 60s & aoh from &brgmo-1-
inda’noﬁ@f(b@)@/,H&@ mrhohittl givé 2ACk65%) Bf BHiremoimgEmend was

prepared anal ogously to Exanple 69c from
4,7-di fluoroindene (475 ng, 3.13 nmmol). Purification

onsili i Lt ”
I e T L R

with 5% diethyl ethér 205nmg of the «cis-ester
]pH-ester. 10 d)

[

()-cis-2,5-Difluoro-1, .
a, 6, 6a-tetrahydrocycl opr 0pa[ alj ndene- 1- car boxylic acid
FHH HCOOH F This acid was syfi¥&i zed anal ogously

This cé&@ﬁg%%sc S%%aé%@%%%%%sﬁ%ﬁ@?ame%% £8HF8-brofmBMdene (1.95 g,
10 mnigl). Pumifizafioxliohl silioangé|, Qt_artﬁlgswitu!ﬁlexanes foll_owed t_>y hexanes with 2%
ety e B SHS hERASRE WA SAAEH KPPl 370 g 2o ot e .

ester.trans-aci d.

c) (£)-cis-4-Bromo-1,1 a,6_,Ga-tetrahydrocyclopropa[a]indene—1 -carboxylic acid

Br
H

s

WH
H COOH

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.

Exa_mple 76 - , _
a) (+)-cis-Ethyl 4-cyano-1,1a,6,6a-tetrahydrocyclopropalajindene-1-carboxylate
NC :
.\H
L \H
H COOE!

This compound was prepared analogously to Example 71d from (+)-cis-ethyl 4-bromo-
1,1a,6,6a-tetrahydrocyclopropafalindene-1-carboxylate (200 mg, 0.7 mmol) 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 ,1é,6,Ga-te_trahydrocyclopropa[a]indene-1 -carboxylate.
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Exanple 78 N0 S, 1 aR 7bR)-4,7-difluoro-1,1
2200011869 ahydr ocycl opr opa[ cl chr onmen- 1-yi | - W f Bet/2P2003/009872
o fluorophenoxy)-2-pyridinyilurea 101 WO 2004/ 021969
PCT/ EP2003/009872 OF N NOF G F a)
5- (2-fl uor ophenoxy) - 2-ni t ropyri di ne Sodi um hydri de
(60% di spersion in _mneral oil .11 q. 2. 7mol ) wa .

D) rbrel-aYAT-6 o, Gaftefaeqy%rpﬁmmopa&aﬁ«aﬁﬁa%- TRerboXiic acid
2-f1 uorophenol (0. 24al, /mol ) was added to the 5
stirred suspension. W ) gvol ution was ceased
the reaction m xture @ \at,  stirring at 60C
and 5-brono-2-nitropyri o (025 ,H 2.5 mmol ) was

added to the reaction m xturdﬁ i na@@H portion. The
reaction mxture was sti r or about
This apiduwas SYnihasizac anAIPGRUEH % Pf%@?f; Raxing \M’fhﬁ]%mgnﬁo-?’? mmol)

v LT 08 S AL i R M e 005

tetrahylirbegcldPropegalintegretcarbcoulit aicl. and concentrated by
rotary evaporation. The resulting mixture was

purified by colum chromatography on silica (30 g,
Exam / hexane 1:3) to give 326ng (57%yvyield) of
esired product. ' HNWR (CDCI3): 8.34 (d, 1 H, 8.25
a) @7-Diflehro-7-iddarongd (m | H), 7.23-7.34 (m 4H). 15
b) 5-(2-fluorophenoxy)-2-pyridinam ne
5- (2-fl ubrophenoxy)-2-nitrppyri¢f ne (326 ng) was m xed
with 15-20 ml of ethanol * flibbl ed wi t h ar gon.
About 20 ng of Pd/ C was the reaction m xture
- : normal pressure and
anbi ent tenperature for 3. The 20 reaction was .
noni tored by TLC. After the reacti.on was conplete, the
reaction mxture was bubbled with argon, filtered
2,5- Dlﬂﬁr@éﬂhaﬁﬂb iacR! B0igl PE.2s0imal) was dissalveddn @&sm! 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-difluorophenyl)-propionic acid. This
acid was dissolved in 75 ml 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
afforded crude 3-(2,5-difluorophenyl)-propionyl chlaride, 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

0

F-
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concentrated by rotary evaporation to give 200 ng of
desired am nopyridine (quantitative yield). 25 '"H NWR
(®¥OQ08y62196990 (d, 1H), 7.10-7.20 (m 2H), 7.00- PCOAEP2003/009872 -
(m 2H), 6.87-6.94 (m 1H),. 6.49 (d, 1 H, 4.51 (br
s, 2H). 102 WD 2004/021969 PCT/ EP2003/ 009872 «c)
N-[(1

This @;mmﬂd)@aséfré didd allﬁﬁl@%dusl)ﬁtoZEZémblﬁs%@W&fsgbyﬁérﬁ &, Rafuoro-1-

[ c] chronen 2-f1 uorophenox

indanpRg ($(P 820, (518 @mogptog,\g 476 mo(St /et %—dlfluoromdene
a, 2, 7b-tetrahydrocycl opropa[ c] chronene- 1- car boxylic
acid (50ng, 0.22mmol, - 95%ee) was mxed with

c) tEhneEil, 280difludro- ¢I1b}6 éartetealylirdeyhiopropalalindene-1-carboxylate
(3-fluorophenyl)-2-am ngpyridine (1.1leq), DPPA (1.1leq)
and bubbled wth argon fior about 5 mn. The reaction
m xture was then heatedlat stirring at 110C for 3 h
under in a closed vig eAaction mxture was
concentrated by rotar ap q_g and purified by

e \30g

col um chr omat ogr aphy o#si 8
Dk reQDCDIEtoduct was

(61 ng, yield 64%. i HNWR

et hyl acet at e/ hexane 1:1).
obt ai ned as white powde

" This 9@8@; v&%s é%@%d %’ng%g@hgly@g%@%esegcﬁd%4 7—@%@2 o?radene (475

mg, 3.13himof). Péri(ioatidn b silicayel 6taring w]ihHl)exaﬁeéiﬁol(cﬂ\ibd By fxanes

with 2‘? %@tl'(iy? g@e(rlﬂ'l_'?dlf rﬁ;"y @Z‘%ﬂ‘ﬁ? g\ntg)g’S%_dleﬁz\yget%er afforded 205mg of the
cns-est@Rc@ﬁB)rmﬂaFeothh Yorpotihk trans-ester.

2, 7Tb-t et rahydr ocycl opropa[ cl ch ronen-|
-vIl N -f5-[(4-

@ f(L)‘éﬁ&"{@%ﬂlﬁgKohN G NATE o B S b i

(6-chl oro- 3- pyrldlnyl)(ﬂ f 1 uorophenyl ) met hanone. o
Al um ni um chl ori de (2g) ] was suspended in3m of
fl uorobenzene. A solu chi or oni cot i noyl
chloride (1g, 5.7 of fl uorobenzene was

added to the

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-
tetrahydrocyclopropa[a]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-tetrahvdrocvclopropa[c]chromen 1-vi]-N'-[5~(2-

fluorophenoxy)-2-pyridinyllurea
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stirred reaction m xture by syringe and stirred at 80C
overnl ht |n a closed vial. The reaction m xt

/g th EtoAc and basified with aqueous sgﬁd‘?[{ﬁ??oomo”n
hydl‘OXI de (pH>8.5). The precipitate formed was
renoved by filtration. The organic solution was :5
washed with water, dried over magnesi um sul fate and

concentrated by f ot ary . ratl on. Desired product
was purified by colum na hy on silica

( Et OAc/ hexane) fto gives1. 22 O% 103 V\D

2004/ 021969 PCI 1/ ER |/U :. 8 75
(dd, 1 H), 8.8 vd 7 82¢ :

(dd, 1 H), 7.

(6-ami no-3-p ,(’4 fI uor ophenyl ) ne ne.

(6- Chl oro- 3-pyr|i di nyl ) (4-fl uor ophenyl ) met hanon e (O 3
g) was mxed wikRh 3 mM of abs ethanol and 7 m of

liquid ammonia in an Ace anpul'e (suitable for work
a) ﬁ«%}ﬂuompé@ﬁgkﬁbi -MithePWiding e was cl osed with Tefl on

sou 5 EOH TRpRo A9 gIRLalTIF A1) 2560 ke Mt win o5

of dryllymethyHoynamitieped at-ﬂumopbergal\(ﬁ 2@1nﬂ22 g rrm‘lok)) Mmsgaddmdﬂmthe

stiredpuspeproa: WhaT HESRE VY *%&asoce@g?efi % FSqigh Aikture was

heate& at Qﬁﬁlhgnt@@"@rdrﬁ 5-brdine-2ait namlet(t)l@g 2 paramelpived added to
c and basified with N NaCH

asic solutjo
the rew_atprvemtmar@tneanrnerwcaﬂom Ehe reastiparmixturgyagstin ah&0MS dor about
12 hm}ﬁdst J?IP {L{tloﬂr}ﬂ iRhleNGas %%ﬁ%a%xt%@nﬁﬁdﬁ%té %'nﬁaéﬁracted into

on by col um romat ogr aphy gave 60 ng
methylie®i crrwl'lcmﬂ:h@D rhB. OrgNR exTBC) 855 waisbed avith-watgyr; anxi réne, dried

over "5?%5(“5% Sgﬁ‘atg:%r‘d‘%%%%(tr%& §¥%B{ap{ gg%%orgu?l? '\'f !‘[ij? {&@lﬁng mixture

was @ﬁf‘e?bt@ cé‘luﬁ'rrdblﬁdoumwgﬂaphy on silica (30 g, EtOAc/hexane 1:3) to give
7btetra 0C clog opa[ c] chr onen- 1y|] N -
326mg 657,(°@qu@)0? f‘é’yg {)yrl dinylJurea. :0 (1S, 1
aR 7bS) -4, 7-di f | uor o- 1 1
2, 7Tb-t et rahydr ocycl opr 0813)[;/; chromene- 1- car boxyl ?
'H- NNhR:(GéIDC(sMﬁw@4 (d. 1idinfbRS (d -7\/6&(%%@@7\1% 434 (m, 4H).
toluene (1 m), triethylam ne (1 1 eq), (6-
am no-3-pyrid inyl)(4-fluorophenyl)netha none (1.1leq),

b) DERRAfildrdpignoanp2pybidiredninet h - argon. The reaction

then heated. at stirri .
5-(2-rgahonera 2 bEBuHa e 28 ) was ifed Wil &0 i dthanol and
bubbletPREE BFJoH. Pl 20ahg ol FeyenSaddued tntherraatiiorechikiyire and
hydrogen gas was applied at normal pressure and ambient temperature for 3 h. The
reaction was monitored by TLC. After the reaction was complete, 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).

TH-NMR (CDCla): 7.90 (d, 1H), 7.10-7.20 (m, 2|—|) 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 col um chromat ography on silica (30g, ethyl a
?E@J_‘}a%@) ne 1:4). The last fraction coll ectepcr/EP2003/009872
con al ned desired product together with starting
am nopyridine (25% NVR data). The m xture was
di ssolved in methylene chloride and washed with 1 N

o) gl TR PR o PR R R o Pedirgmen-1 -

N-[5 h@rdm\éﬁ@ky)@gyﬂ@,nyuueaj 39% H- NM R (CDCI 3) 9 74
(1S, 1@6@7b$)—4{7 I_glﬁucgg s ﬂ,? 2 ‘Qtpq)tetrahygizoqxclopgpya[c@rgqrr@@e 1 cayboxylic acid

ole t 9
(50m§; @291”3%1; f«%‘s/ ’ E%yvgg '?'éiee’ 1Wl£§fol%§r?%(1(%rrrlﬁt ’%r’feqqylagrf it (1.1eq), 5-
(3-fludrophieyl)-2- 4minopyll=it}ineL(¢ Nesy), DPRPAO(1. Meq)@ﬁi buitkEletMVith argon for
aboutﬁ%% 1e26e?a ﬁg:@T ﬁEﬁé?%%\/iaos(l) 8e?12hea?gd at ‘L,tgrnng 'at 110°C for 3 h under in a

close@widl. Tthd RicabY HiRkire M edradehiiafsdPBR Fotaty #Vdpd¥atibRand purified by
[ (4-fl uorophenyl )(hydroxy) met hyl ] - 2-pyridin B ur ea
columafr(rggrr@tqgramy]gm)& ican(390s etiyiagetate/hexane 1:1). Desired product was -

ot R PR Bl e (20 o) e

di ssol ved i n net hanol and sodi um borohydride (appr.

el RGP o 308 o Sby TROTBT R DL 8 M S rhoa B 2uimeh. 6.5

6.99 (M, hl—gtfs@n‘queﬂ%i) teemq‘mﬂw)?s 5EN@ tF,ead), 4arB s 1H), 4.33 (dd, 1H),
he reaction m xture was dil uted

3.79 (W ). wed e fbr t'éél*ﬂr f*fgéhhﬂ%m NHa  and extracted into
nmet hyl ene chl oride. Organic extract was washed with
wat er and bine, to dried over nmagnesium sul fate and

Examnler?@entrat ed. Pur| fi catl on by col um chronmat ogr aphy

étEEhPér%%HCf YIEN'{5-[(4-

ﬂuoroﬁe?ﬁ/l)(mdrdxyﬁmetmﬂézJ:deirrvl}uteé-l) 7 27-7. 32 (m 2H)
7.04 (t, 2H), 6.75. (m 1 6.52-6.62 (m 2H), 5.72
(br s, | H), 4.43 (dtr dd, 1 H, 3.76
(g, 1 H, 2.67 (br s, , 1 H),

7-difluoro-1,1¢
VIT-N -{5-(4-

a) (6-chloro-3-pyridiny!)(4-fluorophenyl)methanone.

Aluminium chloride (2g) was suspended in 3 ml-of fluorobenzene. A solution of 6-
chloronicotinoy! chloride (1g, 5.7 mmol) in 2 ml of ﬂuor.obenzene 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 o'ver 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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Q 20 F F a) 5-(4-fluorobenzyl)-2-pyridinylam ne.

8@5%\@1/@1&9& pyridinyi) (4-fluorophenyl) nmet hanone K30kramysovys 2z
was dissolved in 1 m of trifluoroacetic

acid. 16 | of sulfuric acid (2.2 eq) and 50 I of
Et 3SiH and stirred at anbient tenperature for 4 h in

cl d |, Th ti ' Nt
"HNMR{GPCIx81 4 60 dF0r BF (681 i b 6o det 2. GRPAdd: &R 7-21
(tr 2I_!:)\Iinto net hyl ene chloride. Organic extract was washed
ith water and brine, concentrated and purified by

colum chromat ography on silica (10g, EtQAc/ hexane
of desir roduct (43%yield).

0 d6stne-Fourin Ba R e R, o
(6- ChNTB@?yr‘icﬁRyl?@Wlu&oﬁh]éhy‘fl}rﬁéﬂ'@nbnéaﬁO% h-wad rn&!hedirvmdycs ml of abs

ropalc] chr onen- 1- uoro
ethanalyand 27 pm rof qudnamrporuar@ &n gcglag]pyle (smtable for work under

sy 0 efylad a4 Bed ik TRIGT Al (cAPEE O and heated o
145°COfo@5mnb.| ,The réaéticre mivase mvaeecomedhdownmdeconcentyated by rotary

_evapo%a&éc,aﬁ&grélyaén 0%2 géj&)oralﬁgjkr? n ﬂi th%%ﬂ %E)U%B%Qég/%% rmgedqmth 1N HCI

and prétipfBte ﬁ?&é@%‘s'd@iﬂeﬁﬂe&tw ﬂltrwﬁ@nt(bﬁntlﬁgéﬁta@wai)‘. The acidic solutlon
stlrrlng at 110 or h under in a closed vjal

was washest WG BAOAG S RRSITEAONB AN NIRRT o PasGrajtion was Sxtracted into
EtOAcS (5‘@%?1 ?Ei'fgpq/vet hy%él‘%@ KVfthC Qe ahg Sg?ﬁ&”@ﬁétgrtﬁl@?%rgagnes:um

acet at e/ hexane 1:1 I ve
sulfate( EQWcatfomby eoluymm dhematoer MR asBBBINg of dsBiredaminel
Hy, 805 (br s, 1 H, 7.59 (d, 1 H, 7.29 (dd, 1 H),
705710 (m 2H), 6.99 (tr, 2H), 6.78 (m 1 H), 6.59
"H- NMRm{Clﬁb)g) 854@ (~clidH), I'Qﬂ)(dd4 11H9 7arg (rh, BiH), B154tr13H3. &55 (d, 1H),

4.95 (byRe 200, LB MR T, bpats! ) 192199 (m AR LEIE

N-1(1S.l1aR, 7bR) -4, 7-di fl uoro-1, 1a, 2, 7b-t et rahydr ocycl o
pr opaf cl chr onen- |

c) }\EE(%) Srmmabmvﬂamfﬁwgﬁm BJ&@H@WQW&@%W&IW@W%VH -N'-
[5- (4-ﬂﬁbr%'b%¥.%§‘15 %apylF dnhydurea
(1S,1aR 7bS)—4 7-difluoro-1,1a,2,7b-tetrahydrocyclopropalcjchromene-1-carboxylic acnd

(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 for3h underin a
closed vial. The reaction mixture was concentrated by rotary evaporation and purified by
column chromatography on silica (30g, ethylacetate/h'exan.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 (CDCls): 9.74 (br d, 1H), 9.57 (br s, 1H), 8.22 (d, 1H), 8.06 (dd, 1H), 7.80 (m,
H), 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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HN FHHHNO O25 a)

5- 4- (N-rmrphol i nocar boxyam do) phenoxy) 3 2s Qi
ro‘@r’iﬁ’wg&% ON | ~02NN O 106 WO 2004/ 0215@5)%5""3’0""’872

PCT/ EP2003/ 009872 Pot assiumtert-butoxide (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

o YRS 1B TR R SE 1

[(4-ﬂm11‘dmbrwh)cjhydrexyr)nxetbyl@n%mmdmyl}wmi at 5 60C for 12
PRI e AT I ORI

| ﬂuordveaéwrﬁzgi(}@mm@?eair (& PyprwasdidiBohed ahe méfanol and sodium

evapor at The resu tlng m xture was purified by

borohydrider(appr.oa@togivashpdgad sto theareagtion( mixture jn Sma% portions. The

reactlgb qglgéﬁlrge\&g% rsgfg%gfmr 1%&&%@&%%1%}439%%@@5%.y*[ﬁél)caaactnon was

moniBred3By (TLC 1T reactigm3mpxdurelwsll ,dilttéd witthdwatierHpcidieaiBwith 1N HCI

and e%j.q;cteé g% rppﬁwy?eﬂ% %851&6 Fg)fgamc extg-ggt wa@ washeg V\;ﬂth water and bine,
dried o@ér(r%a%hégihﬁ‘r éulfame %‘ﬁﬂF&Bﬁ'cbﬁ@ét%b PYYiREASEND By esRn cRrofyatography

di na
on silica (EtOAc/hexane) gave 12 mg of pure product.

"H-NMR (CDGla): 9.60 (br s, 1H), 8.20 (br s, 1H), 7.72 (s, 1H), 7.47 (d tr, 1H), 7.27-7.32,
(m, 2H), 7.04 (t, 2H), 6.75 (m, 1H), 6.52-6.62 (m, 2H), 6.72 (br s, 1H), 4.43 (d tr, 1H),
4.32 (dd, 1H), 3.76 (q, 1H), 2.67 (br s, 1H), 2.58 (br tr, 1H), 1.91-1.98 (m, 1H).

Example 80 |
N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalclchromen-1-yi}-N'-[5-(4-

fluorobenzyl)-2-pvridinyllurea

@)
F :N_< =
. N—\

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 1 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 desired product

(43% yield).
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5-(3-fluoro-4-(N-norphol i nocar boxyam do) phenoxy) - 2- pyr

i dvaamveiyeas synt hesi zed 20 anal ogously to Exarpl/epride3009872
from

5- (3-fluoro-4-(N-norphol i nocar boxyam do) phenoxy) - 2
nitropyridine, after 2 hours stirring under hydrogen.

The crude product was purified by colum

chromat ography on silica gel (0 - 10% EtOH / net hyl ene
chloride) to give 411 ng of the title conpound. 25

D) (ac IRy R BR Fafr i 1. 18,274 Gt ahiropciogtapldihromen- -yl

'. _ 4 3.65 (t 2 3.37
[>- wﬂU&OﬂEﬂi}b 4 p&‘rlhlnygUEdaa(meR;")Af 7-di fl(u{)ro T)

(15.18R T Ecibinyentoiadi o oA BlanniRaicloppragne-1-carboxylic acid
(rimd TSI 4 RIS BT DR Ty, -

e conpoun
fluoroberdybgdpytiginyantirer(plleqd, DPeVA 312y finddubbled with argon. The

reactiqlt Fep IS b°ﬁ¥?$£§)e§@§€$éﬁ1€“ﬁ§%ﬁr BLIRGROR Afosd vial. The

reactioh Miixtlufe wa§ coRtEsaten AGhbadnkeidmaTcBt EcANhn
5% 107 WO 2004/ 021969 EP2003/ 009872 citric acid

chromamgrambxdoawl@atﬁ Oggeth Mbaq@we/h%age V&l )da give HMa(i#aS6) of pure
produ&rOdUCt as white powder (49%yield) after silica gel

col um chr orrat ography (0-3Y2% EtOH / net hyI ene

chl ori de). H-NI\/R(CDCIB) 9.25 (br s, | , 7.66 (d,

gy [k Yioh T 8118y Bos for R it oy @ wéng?% (4 i), 7.05-7.10
(m, 21—? 6@9((dd2Hb &I)'a (51 ae1)( 6. sg(mlzrhw%(t@ra m% 345% HRB.74-
3.86 (g SH). 250 (o T 11,95 1190 rm) 310 L COMS: Mia281) ' Lo v

M+ 541, M 539 Exarrpl e 82 1o
N-f (1S. 1aR, 7bR) -4, 7-di fl uoro-1. 1a, 2, 7b-t et rahydrocycl o

propafc]chromen-1-yll-N - f
fl uor o- 4- (N- nor phol i nonet hvl ) phenoxy) - 2- pyri di nyl
ExampﬁgzaFOo\Fro CHI\ I NI FH-amNH11 N /

N-[{1 Sﬂ aR,7bR)-4,7~difluoro-1 ,1a,;?b-tetrahydrocycloproga[c]chromen-1 -yi-N’-
[5-(3-fluoro-4-(N-morpholinocarboxyamido)phenoxy)-2-pyridinyiJurea _

a) 5-(3-fluoro-4-(N-morpholinocarboxyamido)phenoxy)-2-nitropyridine
| N
oNT W
0
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30

O a)

53 dol 5 4- (N-nor phol i nonet hyl' ) phenoxy) - 2- ni tpq@W2b03/009872
div‘%&ez‘f”i}ég%%o N 02N N Borane in THE (IM 0.79 m, 0.79

nmol ) was cooled to OC. A concentrated sol ution of

5- (4- (Nanor phol i nocar boxyam do) - 3- f | uor ophenoxy) - 2- ni t
Pota A gfi-BIOYe o2 T 03 B WESrasHiertiA Al it B 3-fluoro-4-(N-
morpﬁeﬁﬂi’é@érﬁo%(‘?%%&dg&%ndl SO RY, UB WaklY iR DR E ﬂﬁlg andethe mixture

reaction turé was heated to 75C and stirred for o
was stirfed] foyulr Bousat rEoM tempEBairg. Thes the deitusswasheated ta68°C and 5-

bromiplicsPuicianar ¢h et s aRrob S 56888 Bl 1R fifile YA stired at
60°C Ba512 hedrdyTiastdinki solvent wasasvapatatsdbad tHeRGiRie extracted between

solution. The resulting agueous | ayer was 25 extracted
Do % ggét iefate and

water\,mc_h meathyenerdiarides Tha &raapic PRasRWag rc#_fiée OVRF fym su
evapc?r%gédétn?erd%’ L’éﬁflt‘ﬁ‘u fhiureaRO palifdh by 88 qutéh‘?or?IQ{H@HBﬁy‘ﬁgf‘silica gel

rom the residue by col'um hr omat odr ap
(0 - Vi 1 YcEtQB /~-methgtadid ¢hlonistenyio @ive &3 mgi(6e%:t vield) wé desirag product.
(21 %yield) as a yellow powder. 108 WD 2004/ 021969
PCT/ EP2003/ 009872 'H NWR (CDCI3): 8.34 (d, 1 H), 8.26
TH-NME (CDEb): 9.399d,(1H), 8130-d, 1H)4B.564d, 1H), A)53 @d38 S)deéggé%jd' 1H), -

6.98 (1 1HG BT, 4K, See (&, 2P\ 8530 i dw). > °% (5 2
5- (3-fluoro-4-(N-norphol i nonet hyl ) phenoxy) - 2- pyri di nam
. ' an _ ¢

I R S e e s

sul phur (14 ng,. 0.447,mmol) was added to a water -
di oxane m xture (1.12 m, 1:1.5 v/v) o

5-(3-fluoro-4-(N Li-A phepaOXyP- 2- ni tr opyr i
dine (72 ng, 0.216}{10 -| nmmol e rebultilng solution .
was heated at 80C tirred 0o~ Then t he
reacti on was cbél ed ¥nd the volatille matter was

evaporated and the residue coevaparated w th dioxane.
The residue was slurried in 30%veOH chl orof orm and t he

5-(3-fluoro-4-(N-morpholinocarboxyamido)phenoxy)-2-pyridinamine was synthesized
analogously to Example 2 from 5-(3-fluoro-4-(N-morpholinocarboxyamido)phenoxy)-2-
nitropyridine, after 2 hours stirring under hydrogen. The crude product was purified by
colun;\n: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), 6.7 (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[clchromen-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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_ExamMﬁﬁQe powder

insoluble matter was filtered off and the filtrate
evaporated. The title conpound was isolated fromthe
rEQAPHOYE? esi due by col unmm chromat ography on sPET/ER2003/009872
(1 - 4%t OHd / 15 methylene chloride to give 18 ng (28%
yield) as a yellow powder. ' HNWR (CDCI3): 7.91 (d, 1
H, 7.26 (tr, 1 H, 7.20 (dd, 1 H), 6.68 (dd, 1 H),

citric didllioued !1y sﬁt, aq6NaBIG Q) to ghe, 34 mgof(pure produt, as3viite powder

(4% %,e]fda 5% R %PW@%&O{H%&Q%%@Q’%@@%& JRsbyeBp ghioride).
cC| cnronen Yy

H. NMPE(éédu 49128 (6r @'\H Przrpbe A‘H nﬂ#ﬁtﬁxhgﬁggm)é)gﬁ% FBH Im&ny 29 (dd,

n

1H), 6t8§l (Eﬁxd,rrﬁﬂ)s 637]’ (djjn ‘IEH)Q $.68 (dhrlbh)a6 (6& (dd, 1H), 6.60 (d tr 1H), 3/47 (ad,

149, 4o T REtL AR Ao e LS Boe M E 2 R i) 2 011,09

(m, 1HY2BCYMISKRIT 8401, Iy 83d racti ons bet ween net hyl ene
- chloride and 5%citric acid followed by sat. aq.

NaHCO3, to give 30 ng of product with >98% purity as

72% vyield) after silica gel colum
( 1y1) ,.(_l, G l g .16 iar's:

(tr, 1 I—I) 7 26 (m 2H) 6.81 (tr d, 1 H), 6.70 (dd, 1
H, 6.64-6.56 (m 3H), 4.47 (dd, 1 H, 4.33 (dd, 1 H,
3.79 (dd, 3.71 109 WD 20Q. 4/0 1969,:

PCT/ EP2(03%¢ . 60 1
H, 2.4 . 4HH 2. . M 527,
M 525, % @l -di Uoro-1

3
1 a, 2 7b¢ q@ﬁ‘bﬁgﬁopropafclchronen- 1-yll-N -
f5 (2- (N-rmrphol [ no) t hoxy)-2-pyridinyllu rea F O %1 N
HNNN H yH
a) 5-(3-fluoro-4- (N morpholinomethyl)phenoxy)-2-nitropyridine

Borane in THF (1M, 0.79 ml, 0.79 mmol) was cooled to 0°C. A concentréted solution of
5-(4-(N-morpholinocarboxyamido)-3-fluorophenoxy)-2-nitropyridine (363 mg, 1.05 -
mmol) in THF was added through a syn'nQe 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% 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;COj solution. The resulting agueous 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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O 1o a) 5- (2- (N-nor phol i no) et hoxy) - 2- pyri di nam ne HZN

(26 nmyg, 1.14 mmol) was dissolved in
'\%VPR m)r I i no)ethanol (9.5 m). Then 2- PCT/EP2003/009872

am no- 5- |odopyr| dine (500 ng, 2.27 mmol) was added
foll omed by copper powder (202 15 ng, 3.18 mml). The
suspensi on was stirred at 160C for 40 hours. The

H-NAHR (RI3Claks 834 Hen 1), 8.26 éd, B, 7ad8oltr, Hél)yplat(dde 16D 688 (dd, 1H),

e T, rried in nmethyl ene
6842@&3?‘%3@93% 3??19 3???0@ gﬁﬁ? &Q?té‘{‘ 'tered of f through
Celite. The title conpound in the residual oil was
i sol ated by col um chromatography on silica (0 - 8%

b) Et5cﬂ3rﬂu0ﬁ%ﬁhw~émrpbﬁhmma@yl)wh@wylZ@yrgi:rqmm 20
~H NVR (CDCl 3) : 780(brs 1H) 712 1 H), 6.48

(d, 1 Hy, 4.25 (br 4., OB 03 74(tr
4H), 2.76 (tr, 2H)|25 (tr 25
N-[ (1S, 1aR, 7bR) - uoro rahydrocycl 0

propa[ c] chr one le yl ]N N -
[ 5- (2- (N-nor phol i no) et hoxy) - 2- pyridinyl Jurea The

A hottcléalr Wa‘féﬁ&ﬂuﬂﬁ’n \(@strﬁﬂ)‘bh §§ﬂ|§ﬁ¢s@&gbg%‘rﬁ§h¥drtaqe gﬁ?@ %.24 mmot)

fromb5-(2-N r phol i noet hoxy) pyri
and SH@hUDUﬁBﬂﬁnQI‘bM HIMel) was asided e rovatehatdiotanesmixture (1.12 mi,

R e e
mmol} he ras;.dtuhglelﬁ(m;ontwag heeteti2at®0RQ aid stinedufor 30 rfn|’h BeWthe
4/ 021969 PCT/ EPZ% /009872 white

reactiﬁ%%%%o%l%goﬁrﬁ) g'rve\g)ygl lfaépa e Wﬁ%ewor@ the residue
coevapbfa‘téﬂaWnﬂ ididend. 2’4héé3r%glrﬂu.?ﬁvés slﬁﬁié&/heﬂ%ﬁf@m‘ll}fﬁéqugy and the

msolu?l& mqttqq)waaflﬁgre@&ﬁ and |ﬂ)e fi Ig'agal;%\@pg}gate\q}} hg titlg) compasnd was

lsolatétﬂ‘%m %ﬁesﬁt:nﬁgéﬁ@u y ?Blun%bgﬁi-ofﬂego%%ﬂby gir %ﬁcé gh)—]Zl%EtOH /

methyb_en@;cthr@ig torgive 1ﬁ)mgL(Zﬁ%w|elld|) ag4anelibw pevgderExanpl e 84

Nf(1l S 1 aR
7bR) -4, 7-di fl uoro-1, 1a, 2, 7b-t et rahydr ocycl opr opaf cl chr

- NMRT@DCLIg)zI?lQM(rﬂ,S‘HﬂIGZd(Ir 1H), 7.20 (dd, 1H), 6.68 (dd, 1H), 6.60 (dd, 1H),

6.53 (&4, 9 £2B%b+ & EMB )93¥\ 2By &1 o 536 or, am).

c) N-[(1S, 1aR 7bR)-4 7- dlfluoro-1 1a,2,7b-tetrahydrocyclopropalc]chromen- -1-yl]-N'-
[5-(3-fluoro-4-(N- morphol|nomethyl)phenoxy)—2-pyndmyl]urea

The title compound was synthesized analogously to Example 3 from 5-(3-fluoro-4-(N-
morpholinomethyl)phenoxy)-2-pyridinamine (27 mg, 0.089lmmol), with the exception
that the reaction mixture was worked up by extractions between methylene chloride and
5% citric acid followed by sat. ag. NaHCOs, 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 (ir 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
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O/k H\ / O FNChiral F NBr a)
5-[(6-brono-3-pyridinyl)oxy]-2-nitropyridine. 02N/ O
NWQ 2904/0H96% 6- br ono- 3- pyri di.nyl ) oxy] - 2- ni t r opyr iRATiHEP2003/009872
was 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

(tr, 4MpIBE8Y20IH), @.60 (te B), Ryt dftr,pr)iad-{.92 (M) 1H)H.BMAS: M* 527, M-
(CDCI3): 8.38 (d, 1 H, 8.31-8.28 (m 2H), 7.6 (dd,'1

525
"H), 7.49 (dd, 1 H), 7.35 (dd (1 H). 20 b)
5-f (6- brono- 3-pyridinyl)oxyl -2-pyridinylamne 111 WO
2004/ 021969 PCT/ EP2003/ 009872 HZN O N Br

Exa -, @ br ono- 3- pyri di nyl ) oxy] - 2- ni tropyri di ne 65 nyg,

N1 8 1erR FBR) 4 10 350 2 9 T R Shlot 0Bl oba iq}lgﬁrgi%%g@nyq] N'-
[5>- (2'\ Tigrtollojetigky), 2 Pyidiny % ang the m xture was |eft

Z - 1ng, U710 N DT) WS —adua
for I h. Filtration and purification by colum 5

chr omat ogr aphy on silica (ethyl acetate/hexane 2:1)

ave 57 , desired odu )
g my Cd\/\N/ﬁ
o H I
H N N/ : k/o
- Ay

a) 5-(2-(N-morpholino)ethoxy)-2-pyridinamine

Y
N b
Sodium (26 mg, 1.14 mmol) was dissolved in 2-(N-morpholino)ethanol (9.5 mi). Then 2-
amino-5-iodopyridine (500 mg, 2.27 mmol) was added followed by copper 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 siurried 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 (CDCly): 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-pyridinyl]urea

The title compound was synthesized analogously to Example 3 from 5-(2-N-
mofpholinoethoxy)-Z-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. ag. NaHCO3, to give 12.6 mg of product with >95% purity as
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1H NMR (CDCl 3): 8.11 (d, H) , 7.92 (d, 1 H, 7.39

(Wo 2dosfodioey’- 2 (dd, 1 H), 7.11 (dd , 1 H), 6. 5%dErP2b03/009872
H. 10 c) - Nf(1S

laR 7bR)-4, 7-di fl uoro- 1, 1la. 2, 7b-t et rahydr ocycl opr opaf c
Ichrorren | - yII-W f5-f

whlte w?c{ﬁ%??g% édblahgfgh égel %off:\{ﬁr{ ¢ rg%laiougrraGp é%/s EbH/

meth?leﬁez:hfdrﬂe')ahydr ocycl opropal c] chronmen-1-yl]-N-{5-[(6-
br ono- 3- pyri di nyl ) oxy] - 2- pyrldlnyl}urea was
nt hesi zed anal ogousl_y

TH-NIGR, (G Bl s S B iy, .wmqa)esypmn%ﬁz (@)1 RHH6r(@c 31)n§64-6.58 (m,

2H), G5 T Tigh A58 e TR AR R 2007 8 D) 378 (Dehibdef (210,
2.61-2.54q81, 50Ky Riod - ‘&GBC(rT( 3HMy.C-MSE4™ MToN) 486. gi ve 25 ng
(36 % of pure product. 20 1H-NWR (CDCI3): 9.4 (br s,
812(d 1 H, 7.63(d, 1 H, 7.43 (d, 1 H), 7.27
Exam(p&ﬁj 7.12 (dd,, 1 H), 6.88 (d, 1 H), 6.81 (m 1
diffhorot 48 4 #6.tefka dr%o
brommmsmwnommmm@r o-1 la 2

7b-t et rahydrocycl opropaf cl chromen- 1-yl 1- M {5- f ( 6-

cyano- 3-pyrid inyl )oxy]-2-pgvridi nvI lurea 112 WO

; ?Chl ral HHFN
a, 2, 7Tb-t et r ahyg Iopropa[c]ch'f’orren- “VA] - N - {5-[ (6-
br ono- 3- pyri di n§ - 2- pyonirgli nyl }ur _1 00 ng, 0.2

mmol ), zink cyanide (70 ng, 0.6 mmol)N
tert raki s(tri phenyl phospi ne) pal | adi um( O) (Hr6 ngy, 20

heated at 85 C for 24 .
a) ( H8W°‘?‘é’§!ﬁ8@¥ﬁgxﬂh%e?‘§%@ﬁ§ %eactl on nmixture was
then extracted between et acetate and | M potassium
carbonate. The orga@p%@moms renoved under
reduced pressure and the g+dde uct was purified by

=

_ 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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chromat ography (silica, 1 % nethanol in diethyl ether)

to give 25 ng (28 %9 of pure product. 10 'H NWR
(BOgogvove@D) : 8.10 (d, 1 H), 7.63 (d, 1 H), 7. %T(Eizoos/oosmz
1H, 7.28 (dd, 1 H, 7.13 (dd, 1 H), 6.85-6.79 (m

2H), 6.64- 6.58 (m H), 4.46 (dd, 1 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 N-f(1 S. 1 bR)-4, 7-difluoro-1,1
a, 2, 7b-tetrahydrocychq paf romen-1-yl |l -Mf5-(3-
fluoroanlllno)Zpyrldlnh] ea. O/k H NN Q F

HHN /\ F F a) 74
am ne QF O02N)

N- (3-fl uorophenyl)-6-nitro-3-pykidi
" N 20 N 113 WD 2004/ 021969 PC‘I")’ 003/ 009872 This

compound was prepared from 2-nitro-Btbronopyridine and

5 (- Jp R e PB4 22, 88 aisotea o s

acid (1. 6trh19fé¢tdlrwate A? inl) afed hea$£d td\BOfB)@ rm 0613&9 pofder (42 mg, 0.75

mmol)%wg; agggd (apd nvxtggil_g W@gdeﬂ j‘_or;_éj h. {flltggthrb@d @upﬁjcatlog}_l%icolumn

chrom%gcﬁjrgp?l}/ uo'Sllﬁﬁzﬁ%glgjaéet@e/hgiane 2:1) gave 57 mg, 97 % of desired

rop pyri di nedi
product.

"H-NMR (CDCls): 8.11 (d, 1H) , 7.92 (d, 1H), 7.39 (d, 1H), 7.2 (dd, 1H), 7.11 (dd , 1H),
6.54 (d, 1H).

c) - N-[(1S.1aR.,7bR)4.7-difluoro-1,1a,2,7b-tetrahydrocyclopropalclchromen-1-yil-N'-

~ {5-](6-bromo-3-pyridinylJoxyl-2-pyridinylurea

N-[(1S,1aR,7bR)-4,7-difluoro-1,1 a,2,7b-tetrahydrocyclopropa[c]chromen-‘f -yl]-N*-{5-[(6-
bromo-3-pyridinyl)oxy]-2-pyridinyl}urea was synthesized analogously to Example 3 from
5-[(6-bromo-3-pyridinyl)oxy]-2-pyridinylamine (37 mg, 0.14 mmol) and (18,1aR,7bS)-

4,7-diﬂuoro-1,1a,2,7b-tetrahydrocyclopropa[c]chrome_ne-1-carboxylic acid (32 mg, 0.14 .
mmol) to give 25 mg (36 %) of pure product.

TH-NMR (CDCls): 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), 4.49 (dd, 1H), 4.30 (dd, 1H), 4.83
(g, 1H), 2.62 (t, 1H), 1.98 (m, 1H)

Example 85
N-[{(1S5,1aR, 7bR)—4 7-difluoro-1,1a,2.7b-tetrahydro Jclopropa[c]chromen 1-yvll-N'-{5-[(6-

cyano-3-pyridinyloxyl-2-pyridinyilurea
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HZN H N 1o This conpound was easily prepared from
rl\rll_‘r&&fl uoiggghenyl )-6-nltro-3-pyridinamne 210 ny, 0.9
D2OP21%P 5| vt i ¢ hydr ogenation (Raney nickel aPCT/EP2003/009872
at nospheric pressure) in nethanolto give the desired
product (180 nmg, 98 %9 c) N[(1 S, 1
aR 7bR)-4,7-difluoro-1,1
a, 2, 7b-t et rahydrocycl opropa[f] chronmen-1-yl ] - N - 15
[ 5- (3f|uoroan|I||3 - pyri di nyl a. I\I—[&hlra

aR, 7bR) -4, 7-di f | ug N \

a, 2, 7b- t et r ahys ocyclopr opa[ clich n- 1 -[5-(3-
fl uoroanilino) -2 i di nylJurea was sypfh ized

anal ogously to Bxgphe 3 from N5-( 3- _
fluoropfienyl)-2,5-pyridinedi am ne (180N 0. 88 mmmol )

and (1 S, 1 aR 7bS) 4,7-difluoro 20
1, 1a, 2, 7b-t et rahydr ocycl opr opal c] chr onene- 1-N:ar boxylic

SRR TR B obdiih i -

brontd)-3-phridi l)b'iyl-mpyﬁb‘hyl}ﬁréb 6L mgnm 2]ml‘r|bl) ﬁnﬁi-yﬁnli{é gm mg, 0.6
mmiﬂncitqq’raklg(tgphqn)ggho%né)(piaﬂggwn(@) @1665 o) mcg%n was dissolved in
DMFAEPRBAER SHETRAME 2N iickargyn afmég;ﬁer& RO U icAmixture was

he enzyne |l evel and in cel cul tur I ncl udi ng
then |es<tr|aataddvetmen @thd @IC@@atB(ﬁnObf Mrpotassium carsonatiend hemtganic

sond S T ol L B PR o

chromatqgraphiy (ailida, vt %|methm‘noAlr£):Eethyl\bmea toifvel29 mg (28 %) of pure
R%SI stance studies, including rational for various
Ylug escape mutants is described in the HV
Resi st ance Col | aborative Group Data Anal ysi s Plan for -

] Resi st ance Studi es, revised 31 Au}gust 1999.
HNM&{%@ frisd MEODYeB 1MER{ HOn S8ddatidhyetp (‘d@ﬁH-)I ¥.28 (dd, 1H), 7.13

IaVs | &gl r
(a0, B} @857 d B0, I O OThaM B Gp. B9 R [, AR e 74
1H), 2.63t(t,198p 2.0/l .98 (rmot H B, 577 et seq), preferably
i ncludi ng determ nations in the presence of 40-50%
human serumto indicate the contribution of prote| n

Exampl@@Bng. | n short the XTT assay uses
N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc]ch romen-1 -VI-N'-[5-(3-

fluoroanilino)-2-pyridinyllurea.

0]
)j\ _ .
F\(E%.u ”—QH . F.
F

a) N-(3-fluorophenyl)-6-nitro-3-pyridinamine

_

ON—( N
N/H
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10 human T cell line M4 cells grown in RPM 1640
' emented with 10%fetal calf serum
m%@/ﬁﬂrgr‘?n serum as appropriate), penicillin an TER2003/009872
streptomycin seeded into 96 well mcroplates (2.104
cells/well) infected with 10-20 TCI D50 per well of
H V-11118 (wild type) or nutant virus, such as those
This B%IPPH@d pag P'@Pﬂﬁﬂ frop 21f8§0rﬁ—bmmppymd@erﬁnda31ﬂaﬁ@anlhne using the

catal)ftﬁ;r Ly ééﬁo‘#\' btk Qurtaee%é%c;rgﬁ%gfé ur goﬁﬂ gd% Q‘ | Tetrahedron Lett. Vol.

38, Non?»&a w%ﬂpﬁéﬁédgﬁﬂmsphere and the viability of
cells is determned at day five or six with XTT vital
dye. Results are typically presented as ED5S0 M

8.62 @MPHUBGS @ 1P e8.araldy 1PO! BBY (§9aH)SL. 4W(&<§’dt‘M-ﬁ’)e725 (dd, 1H),

virus and nutant HI'V virus, 20 especially vir

6.61 (gdp i @@Qc(lduﬁ“)escape nmutations. Drug escape
nmut ati ons are those which arise in patients due to
the selective pressure of a prior art antiviral and

b)  whP¢B-flucoopleenytrdsrowitinediastiace to that antiviral.
The above cited Data Anal ysis Plan outlines rel evant

drug escape nutants for each of phesantiviral classes
currently on the market. Drug € g_clones are

atie o are failing on
RPy. Alternatively the

readily isolated from

a 25 particul ar a}q%m i
preparation of RT Tutat onHa known genetic

background is shown in 97/ 27319, W99/61658 and
This c¥RHYuAddas \éﬁbW‘préﬁa?éd SFI*HPMVN-@ﬂdb?S R nyPUs- ithJB HrRliddnine 210

sensitivity profiling. K10 |sapart|cua

mg, 0.8gnaghby éat@@'t@sm/&#ﬁ@gﬁua%m (Ranayricka at etmosﬁhemmressure) in
methah B0 TG BT e ind, BB AT 150 S

2004/ 021969 PCT/ EP2003/ 0199872 espe’ci ally in assayfs
o SR T NS Prrmok BBy SR PR RN omen- 1-yi1-N-

[5-(3-fluppd adling)-Bpordiaubureacr onol ar activities in such
assays. 116 Cains 1. A corrpound of the formula Y:

R7 R1
N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropa[cjchromen-1-yl]-N'-[5-(3-

fluoroanilino)-2-pyridinyljurea was synthesized analogously to Example 3 from N°-(3-
ﬂuoropﬁenyl)QQ,5-pyridinediamine (180 mg, 0.88 mmol) and (1S,1aR,7bS)-4,7-diflucro-
1,1a,2,7b—tetrahydfocycloprdpa[c]chromene-1-carboxylic acid (200 mg, 0.88 mmol) to
give 94 mg (25%).

"H-NMR (CDCls): 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 (a, 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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56 (/\,h>e<r2| N5~ g (CHCR)ll)Sp E-(CHR11)g-R1I0 \ HRE R3 R4
i's R2 is a nitrogen-contai
e 200803196, wherein a nitrogen is |ocated at tﬂr?]:'é[‘?@zom/owsn
position relative to the (thio)urea bond; R3 is H,
Cl-C3 alkyl, R4 and Rrare independently sel ect ed hal o;
10 RS andR6areH X is -OCH2-; R9 is independently
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mutar?tghg Ei%%.&gqg%{mlfﬂé # rF?és?sq%ECg CcHEBSFAde Grobp DyathiAnalysis Plan for

I ona Iy substituted, saturated or
Resistdlfod Stualiex] r@ﬂgechﬁm@elgedt 1Re8%r ocycl ic ring containing
1 to 3 hetero atons selected fromO, Nand S; Rl1 is
i ndependently H, Cl-C3 al kyl, hal oCl-C3al kyl, hydroxy

t
Comd@r@égéﬁ?ﬁ{r@ghg@% Eﬁéssdyggﬂg%yw Eg???%@r)éﬁdglﬁﬂa usingmultiple

determcaimmbvl&\ XAt Ve %H%@N@@owﬁ;@é anger Iﬁﬁtpg)%%g vol 81 no
8, 57'/agg gef%gab‘é} f?lcmd g &\é}%rrﬂldétlgﬁs i tH pl%seﬁcé ofROLBY% human

, Wherein R2
serunP¥d Irﬂﬂéate Ith?@mrztnbuﬂlqn oftmtein hirdiog yin. shogtythe ﬁ{'ﬁf Agsay uses

humagagl e i ealls gin snfedy IR KoBREALERdNP10% fetal
calf s?rﬁﬁ eS¢ 408099 hiMah Rerurh @H%bbropﬁat@bﬁhh)cgmandmt;momscm
seeded into 96 well mtcroplates (2-104 celis/well) infected with 10-20 TCIDso per well of
HIV-1,s (wild type) or mutant virus, such as those bearing RT lle 100, Cys 181 or Asn
103 mutations. Serially diluted test compounds are added to respective wells and the
culture incubated at 37°C ina CO, enriched atmosphere and the viability of cells is
determined at day five or six with XTT vital dye. Results are typically presented as EDso

pM.

Compounds are preferably potent against wild type virus and mutant HIV virus,

especially virus comprising drug escape mutations. Drug escape mutations are those

* which arise in patients due to the selective pressure of a prior art antiviral and which

confer enhanced resistancé 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 escapé mutant in the context of NNRTI therapy

and compounds of the invention preferably have a low EDsp against this mutant,
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5. A conpound according to any preceding claima1l,

wpgrein R3is H 6. A conpound according to any

pV QAN ai m 1, wherein the cyclopropyl noi &CY/EF3W3/009872

an enantioneric excess of the conformati on depicted in

the partial forrmulae: X X or 0. z WZ WO, 5

where X is as defined, Wis the bridge to the

(substituted) phenyl ring depicted in forpula Y and Z
especially ipagsays miaicking HrpPEserse cthmen Semim cHRIPAYNRS f the

: DI et depicted in formula Y. .7. A CO und according.. .
inventg. Sudh AP g T FEe HTIEY SORYB SRICH ShOR HE e agiotar actiities in
h 22 rises an enantioneric excess of the isonmer show ng
suc qﬁég&?ive optical activity. 8. A compound according to
any preceding claim wherein R4 and R7 are fluoro. 9.
A conmpound according to claim8, wherein RLis 0, R2
is pyrid-2-yl and R3 is 15 H 10. A conmpound
according to any preceding claim wherein
-(CHR11) p-E-(CHR11)g is -0- or -S 11. A conpound
according to any of clains 1-9, wherein
-(CHR11) p-E-(CHR11)q is 20 -0-nethyl ene or
-0-ethylene. 12. A conpound according to any preceding
claim wherein RLO is optionally substituted
cycl oal kyl, cycl oal kenyl, phenyl, pyridyl, isoxazolyl,
furyl, pyrimdyl, pyrazinyl, thiazolyl, imdazolyl,
i ndolyl, triazolyl, piperidinyl, piperazinyl, or
nor pholinyl. 25 13. A conpound according to claim12,
wherein R10 is hal ophenyl or cyanophenyl. 118 14. A
conpound according to claim 13, wherein RO is
fl uor ophenyl or fluorocyanophenyl .
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15. A conpound according to claim12, wherein R10 is
pyrid-3-yl or pyrid-4-yl. 5 16. A conpound accordi ng
to claim15, wherein R10 is cyano or fluoro
Claimgbstituted pyrid-3-yl or pyrid-4-yl. 17. A conpound
according to claiml1, with the fornula: 100 o J~ H
HF NN 18 A pharmaceutical conposition conprising a

compoungd as_def i )recedi ng claimand a
1. phar nacgﬁoﬂb‘?ﬁ%f%@ésg? la fjehi cle or diluent
t herefor. 5 19. A conposition according to claim 18,

further conprising 1 to Ehadditional H'V antivirals.
20. a conpound as'defined in any of clains 1- 17

in the'os fe of a |20 nedi canent for the
pr ophy! axi treqt men b RACHR, eeth-6RE R 23R bs e
accor di ng~ ,N\/\,her inthe HHV-1 infection is
a drugggscape nmutant. 25 2 Use according to claim
21, wherein_the drug escapeRgrut ant conprises the
K103N mut ati'én. 119 Y

where;

R{is O, S;

Rz is a nitrogen-containing heterocycle, wherein a nitrogen is located at the 2 position
relative to the (thio)urea bond;
R3 is H, C1-C3 alkyl,

R4 and Ry are independently selected halo;

Rs and Rg are H;

X is =OCH3-;

Rg is independently H, C4-Cj3 alkyl,

E is -CH»-, -CHOH-, -C(=0)-, -NRg-, ~O-, -S-, -S(=0),~;

p and q are independently 0, 1 or 2, where p+q < 2;

R1o 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 ahd S;

R11 is independently H, C4-C; alkyl, haloC4-Czalkyl, hydroxy

with the proviso that —(CHR11),-E-(CHR11)q-R10 is not unsubstituted phenoxy;

and pharmaceutically acceptable salts and prodrugs thereof.
2. A compound according to claim 1, wherein Ry is O.

3. A compound according to claim 1 or claim 2, wherein R; is pyridyl, isoxazolyl,

benzothiazolyl, pyrimidinyl, pyrazinyl or thiazolyl.

4. A compound according to claim 3, wherein R, is pyrid-2-yl, substituted at the 5
position with the —-(CHR14),-E-CHR11)qR10 moiety.
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5. A compound according to any preceding claim 1, wherein Rj is H.

6. A compound according to any preceding claim 1, wherein the cyclopropyl
moiety has an enantiomeric excess of the conformation depicted in the partial

formulae:

X X,

or A z

W' ‘. 7~
Ve Z W\‘ N

where X is as defined, W is the bridge to the (substituted) phenyl ring depicted in
formula Y and Z is bond to the (thio)urea-Rz-(CHR11)p-E-(CHR11)q-R10 moiety

depicted in formula Y.

7. A compound according to claim 6 wherein the compound of formula Y

comprises an enantiomeric excess of the isomer showing negative optical activity.
8. A compound according to any preceding claim, wherein R4 and R; are fluoro.

9. A compound according to claim 8, wherein Ry is O, R; is pyrid-2-yl and Rj is

10. A compound according to any preceding claim, wherein -(CHR11),-E-(CHR11)q
is —O- or —S-

11. A compound according to any of claims 1-9, wherein —-(CHR1)p-E-(CHR11)q is
-O-methylene or —O-ethylene.

12. A compound according to any preceding claim, wherein Ry is optionally
substituted cycloalkyl, cycloalkenyl, phenyl, pyridyl, isoxazolyl, furyl, pyrimidyl,
pyrazinyl, thiazolyl, imidazolyl, indolyl, triazolyl, piperidinyl, piperazinyl, or

morpholinyl.

13. A compound according to claim 12, wherein Ryq is halophenyl or cyanophenyl.
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14. A compound according to claim 13, wherein Ryq is fluorophenyl or

fludrocyanophenyl.
15. A compound according to claim 12, wherein Ryg is pyrid-3-yl or pyrid-4-yl.

16. A compound according to claim 15, wherein Ryq is cyano or fluoro substituted

pyrid-3-yl or pyrid-4-yl.

17. A compound according to claim 1, with the formula:

F N—

18. A pharmaceutical composition comprising a compound as defined in any

preceding claim and a pharmaceutically acceptable vehicle or diluent therefor.

19. A composition according to claim 18, further comprising 1 to 3 additional HIV

antivirals.

20. Use of a compound as defined in any of claims 1-17 in the manufacture of a

medicament for the prophylaxis or treatment of HIV-1 infections.

21.  Use according to claim 20, wherein the HIV-1 infection is a drug escape

rhutant.

22.  Use according to claim 21, wherein the drug escape mutant comprises the
K103N mutation.
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