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Non- nucl eosi de reverse transcriptase inhibitors
Technical field This invention relates to

WO 20a8mehsel eosi de reverse transcriptase inhi bi POTSE2004/002034

(NNRTI s) active against H V-1 and having an i nproved

resi stance and pharmacoki netic profile. The invention

further relates to novel |ntermsd| ates In the

synt hesi s of N§ Sidlg [Rvarse Hans ingipiter

conpounds in ant|V| ral methods and conp05|t| ons.
Background to the invention Qur earlier filed PCT
ldons WO02/ 070516 & W03/ 020705 cl ai m novel

[ﬁ%ﬁtlcﬁ %fgﬁr&H ﬁuﬂe&sﬂ@?é’v%rseﬁ'rads%nﬁes@mhpatd@ (NNIRTIs)
ronal ly substitute nitrogen-conta
adhlee ageingtiHB/-1 and thasingeyrimpydvedresistanee and pfgaanargﬂkmetlc profile.

4.~ re Lpde ent
TRl e SRR el A AT b
comhpcaumay land iz a2 of 168 cahipanogs in amtlvrra]enailhbdxpnd kainp@sitions.
-C6 al koxy, CC 6 al kyl oxyd-Ce al kyl, hal oCr C6
al kyl oxyC i -C6 al kyl, hydroxyCr C6 al kyl, am noC i

BadRaralnenb the miveationlC i - C6 al kyl, cyanoC i -C6 al kyl,

Odiperisrdisd B e '?tlong@@%%@gﬁéqﬁpﬁﬁf&wég ol fttlégfté)b

NNRPId & th&fSmulal O, -S-, -S(=0 - or - §(=0) 2-
R?

N

R
N/2

Iz

where;

R,is O, S;

R; is an optionally substituted, nitrogen-containing heterocycle, such as pyridyl,
Rsis H, C4-Cs alkyl,

Rs-R7 are independently selected from H, C4-Cs alkyl, C2-Cg alkenyl, Co-Ce alkynyl,
haloC;-Ce alkyl, C4-Cs alkanoyl, haloC4-C; alkanoyl, C41-Cs alkoxy, haloC-Cg alkoxy,
C1-Cs alkyloxyC4-Cg alkyl, haloC4-Cg alkyloxyC+-Cs alkyl, hydroxyC4-Cs alkyl,
aminoC4-Cg alkyl, carboxyC4-Cs alkyl, cyanoC1-Ce alkyl, amino, carboxy, carbamoyl,
cyano, halo, hydroxy, keto and the like,

X is =(CH2)n-D-(CHz)m- or X is -(CRaRb)c-

D is -NRg-, =O-, -S-, -S(=0)- or —S(=0)2-

Rs is H, C4-C3 alky!

Ra and R, are independently H, C+-C; alkyl, OH or R, and R, together are =O

n and m are independently 0 or 1;

cis1,2o0r3

and pharmaceutically acceptable salts and prodrugs thereof.
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R8 is H CC 3 alkyl Ra and Rb are independently H,
CrC 3 alkyl, OH or Ra and Rb together are =0 n and m

wo angodendependent |y Cor 1; c is 1, 2 or 3 and PCT/SE2004/002034

phar maceuti cal » acceptable salts and prodrugs
t her eof . Exanpl e 20 of WO 02/070516 di scl oses the
conpound which is stated to have an ED50 of 7 M
against wild type HV (H vnB). Qur co-pendi ng, but as
appl i cation
B G G e ) o7 ¢ e
formula | above, but wherein R2 is pyrid-2-yl
substituted at the 5 posigion with a group of the
formula - (CHRn) p-oE- .7 where Eis Eis -
CH2-, -CHOH, - NR9- o, -, -S(=0 2-; p
and g are independ ly O, 1 or 2, ere ptq 2; R o
is a nmonocyclic ring ®Which is optionally substituted
wi th hal o, cyano, norpholi nonethyl- or
wHIEH Bhedteaekraw an BIY, MﬂnM%gaﬂQ@ﬂﬂﬂW MW tHIVED: Ca
ai kyl, halo substituted G -C3al kyl hydr oxy.
Although the urea and thiourea NNRTIs di scl osed in the

OGRRVSeridty BRN4S ofthe p%ﬂwl itd @hﬂuﬁ@héd’POﬁ%ﬂﬂé&hdneVer se
transcr&?t ase, especially that of the nature

WP2{0R49 wSoiose@,cvmpﬁunctsgaeéwtaM@étheawméia Iraeve cetiwherein R?
is g%#o@{zgipgu&%té@aﬁm%% nb%ﬂﬁuﬁfélkj rdud 413 mné forffetd S(CHIEH),-E-

nent pronpts a mand
(ChifRt1i)g- 86 WhréneaE lageﬂt—QHm +GHOrharfewet, aNﬁgm—Oal -S-, -8(=0)2-;

p R 4 BT PAESREAG D, o B 2 AR R A £ 208 O e et ef
R1desat mqmbcxmilcmhgtwmch is\ophibnally substituted with halo, cyano,

morpholinomethyl- or morpholinoketo-; and

R;1 is independently H, C4-C3 alkyl, halo substituted C4-Csalkyl or hydroxy.

Although the urea and thiourea NNRTIs disclosed in the above documents are
exquisitely active against reverse transcriptase, especially that of HIV-1, the nature of
the HIV virus with its extreme lack of replicative fidelity and consequent tendency to
rapid resistance development prompts a demand for further antiretroviral agents with
enhanced antiviral performance against problematic drug escape mutants, notably at
the RT 100, 103 and/or 181 positions.

Brief description of the invention

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

the formula Z:
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In accordance with a first aspect of the invention

there are provided conpounds of the fornula Z: where; A
wor®s@6d18r N, R is a substituent to a carbon BCDSEIOM/002034

the ring containing A selected from-S(=0 pRa, where

Rais -CC 4 alkyl, -ORX, -NRXRx -NHNRxRx, -

NHNHC( =0) ORx, -NRxOH;, -C(=0 - Rb, where RbRis -Cr

C4-al kyl, R, -NRXxRx, -NRXNRXRx, - NHG 1

-C3-al kyl -C( = ;- NRxRc, e ' Cl-c4

al kyl ,Re =O Rd,} - N[ S(#O) p B,Rd is Rd
is OC 4-3 /l“& O L 3-a -0 C

1- C3al kyl A ‘ - CNal kM - COORx; -CrC 3al kyl - OH
or CC qyl s'lor elsters thereof; -(OCr

C3al kyl' ’g- @ Rx; a 5 or 6 mepbered aromatic ring having
1-3 hetero ons; p and q are independently sel ected
whefgiom 1 or 2; Rx is independently selected fromH CC
Aistdbkil . or acetyl; or a pair of Rx can together with
t he agg'_ﬁacent N atom form a pyrrolidine, piperidine,

R+ ippsebsiituerd tom carbon atom in the ring containing A selected from

-5(=0),Ra,
where Ra is -C4-C, alkyl, -ORX, -NRxRx, -NHNRxRYX, -
NHNHC(=0)ORXx, -NRxOH;

-C(=0)-Rb,
where Rb is -C+-C4-alkyl, ORx, -NRxRx, -NRxNRxRXx,
-NHC4-C3-alkyl-C(=0)ORXx;

-NRxRc,

where Rc is H, C4-C4 alkyl, -NRxRx; -C(=0)Rd, -CN, S(=0),Rx
where Rd is Rd is C4-C4-alkyl, -ORx, -NRxRx
-C4-Cs-alkyl-O-C4-CsalkylC(=0)ORXx;
-C1-C;-alkyl-COORX;
-C1-Czalkyl-OH or C4-C4 alkyl ethers or esters thereof;
-(0-C4-Czalkyl)q-O-Rx;
a 5 or 6 membered aromatic ring having 1-3 hetero atoms:
p and q are independently selected from 1 or 2;
Rx is independently selected from H, C4-C4 alkyl, or acetyl; or a pair of Rx can
together with the adjacent N atom form a pyrrolidine, piperidine, piperazine or
morpholine ring;
Rz is a substituent to a carbon atom in the ring containing A and is H, halo, cyano,
C-Cs-alkyl, haloC4-Cy4-alkyl;
L is =O-, -S(=0),- or —CH_-, where ris 0, 1 or 2;
R3is H, C1-C; alkyl;
R4-R7 are independently selected from H, C4-Cs alkyl, C-Cg alkenyl, C,-Cs alkynyl,
haloC4-Cs alkyl, C+-Cs alkanoyl, haloC1-Cs alkanoyl, C-Cs alkoxy, haloC;-Cg alkoxy,
C1-Cs alkyloxyC1-Cs alkyl, haloC+-Cg alkyloxyC4-Cs alkyl, hydroxyC4-Cg alkyl,
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norpholine ring; R2 is a substituent to a carbon atom
inthe ring containing A and is H, halo, cyano, CC

wO 2desalekml, hal oCrC 4-alkyl; L is - O, -S(=0) PCT/SE2004/002034

CH2- , wherer is O 1 or 2; RBis H COC 3 alkyl;
R4-R7 are independently selected fromH CC 6 al kyl,

C2- Ce al kenyl - al k hal oCrC 6 alkyl, G C 6
AR I8 ARRR T T O Oy attp O Ca PIKSl A B IRt 6

cy%'nBoné(lo @ &, Rbpy| oxyd-Ce al kyl, haloGrC 6
Ce alk , hydroxyCrC 6 al kyl,am noC i -C6

al k
X k?)éRsReérBdWB)nGB al kyl, cyanoCrC 6 al kyl, ami no,
- GYRNO.. hako, r 0; XiS (CR8R8V
o3F% BRA YRR Qhabo sl Brusstor, X | (R
n andsot@)eanepermindtlymaﬂ @ruznde;yeiedethaﬂ thepareinatrboth O when D is a
b&raow ded that they are not both O when Dis a bond; R8
and R8' are independently H, Cl1-C3 al kyl, hal oC i

Rs mRkwre indegendagntlydt, G%&ﬁmldylméloCo@ealkyelr hydroky, tdn®grand R’
ace C.at is independently H,
togﬁh I{h |ra<§ﬂ%eriﬁa?t§éblguﬁ(|§ ¥ accepltoabl e sal>/ts and
Rpfsqﬁldétﬂa(ﬁdtathHOQ C\Allatkiylthﬁ provi ig that R2 Ias -
et e nt
ang} R ATTASR A Sorpiag SALS a0 pipdfugs halaaon
wmefnevawgs,thaalﬂz%um B)RB %S &t(m@rpﬁoﬁﬁuk@w-ea

derivative) is also highly potent. The currently
preferred value for R3 is H

The currently preferred value for Ry is O, that is a urea derivative, although Ry as S
(ie a thiourea derivative) is also highly potent.

The currently preferred value for R; is H.

Preferably Ry is hydrogen, halo, haloC+-Csalkyl, or hydroxy, especially fluoro.

. Preferably Rs is halo, C+.3 alkylcarbonyl, haloC¢-Csalkyl, Cs-3alkyloxy or H, especially

fluoro and most preferably H.

Preferably Rs is hydrogen, halo, haloC4-Csalkyl, C4-Czalkyloxy, C1-3alkylcarbonyl,

cyano or ethynyl, especially methoxy or fluoro and most preferably H.

Preferably R is hydrogen, haloC4-Csalkyl, halo, C.salkyloxy, or C4_zalkylcarbonyl,

most preferably fluoro.

Preferably Rs and Rs are H and R4 and R; are halo, most preferably both are fluoro.
Alternative preferred configurations include those wherein Rs and Rg are H, Ry is

fluoro and Ry is acetyl or cyano.

A convenient value for at least one of R4-R; is haloC4-Cgaalkyl, such as —CF;H, -CFH;,
-CH,CF3 or -CF,CF3, and especially —-CF3.



Preferably R4 is hydrogen, hal o, hal oC*Csal kyl, or
hydr oxy, especially fluoro. Preferably R5 is halo, C

wo 20/0aé18y| car bonyl , hal oCr C 3al kyl, C - 3al kyPOXgEZI04/b1)2034
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especially fluoro and nost preferably H Preferably R6
i s hydrogen, hal o, hal oG -C3al kyl, CrCsalkyl oxy,

Cl- 3al kyl carbonyl, cyano or ethynyl, especially

nmet hoxy or fluoro and nost preferably H Preferably R7

Fé\?od'r’i S(S@')‘de"@'oQ& for3&likotlide fhdlse wHerdih loyik @Xof esBéc@ty L ana

| car bony nost preferably fluoro. Preferabl
Whﬁf@l adg alkyl, Sy mcseﬁlﬂprwl am@thml&v@oprﬁexls apd a1ast prsifgrably
el ons
s R R AT b A K
and R7 is acetyl or cyano. A convenient value for at

Ah%l?%{%?ﬁg&ﬂ%S ézln%@llg%lléosﬂﬁé}eﬁnsm afd &dh Hor

Meres wrevein oad is B(an) thatharaiple, byniompylmlnwbylcymmeopyl most

piitaigy b Rrerdry ofABRaNGh niise sORBGNARI R py 1 ana

nost preferably net hyI Preferred groups t hus i ncl ude

PG PO grgtns iy o fhost wisks BorS MR o Rxrx,

eé‘bééiallw ﬁ\retr\/}‘l‘rﬁr@éﬁnﬂﬂé Hﬁrﬁlmrﬁd?@l @ﬂichEC(d@)NHNHC‘ =0)Me.

Melcycl oprop net hyl cycl opr op nost refer?

Aﬁlmonaimfefre%d%&hﬁg HOHPS INFHAe dé('sQn olin

CEEU)NK@ E«Eén@)]e thFgmNF& NQIyrrBhdthClG'(d@)Nmsﬁ mﬂs@bgne
, especiall

whereeiRhisl oathib restyber, prafgsrbly Hnocar bonyl and -
C(=0O) NHNHC(=O) Me. Additional preferred - C(=0O-Rb
groups include - C(=0 NRx'-N- norpholine, -
FacuNRNRxRegrups fdi Re jncludg(thayaNmiereie By is iIdlar ddenand those

whtred RE% Z&1RRE ARLRERA is alkyl and S(=0)pRyx, especially

cyclopropylamide and acetamide.

Favoured -C¢-C3-alkyl-COORX groups for Ry include carboxyethyl and C4-C; alkyl

esters thereof.

Favoured -C;-Caalkyl-ORXx groups for Ry include hydroxyethyl and C4-C; alkyl ethers
and esters thereof.

Favoured -(O-C-Czalkyl)-O-Rx groups for Ry include ethoxy containing species
especially 2-(methoxyethoxy)ethoxy.

Exemplary heteroatomic rings for R4 include furyl, thienyl, pyranyl, pyrrolyl, pyrrolinyl,
pyrrolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, imidazolyl, imidazolinyl,
imidazolidinyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl,
isoxazolyl, isoxazolidinyl, thiazolyl, thiazolidinyl, isothiazolyl, isothiazolidinyl,
especially 5 membered rings such as thiazolyi, thiadiazolyl, pyrazolyl, diazolyl and

most preferably triazolyl.



where Rx is nethyl, acetyl or preferably H Favoured -
NRxRc groups for R include those wherein Rx is H or
woO 2MB/@ed1t hose wherein Rc is - C(=0 Rd, wher ePBU/SE3004/002034
al kyl and S(=0) pRx, especially cycl opropyl am de and
acetam de. Favoured -CrC 3-al kyl - COORx groups for Rl
i ncl ude carboxyethyl and CrC 2 al kyl esters thereof.
Favoured -d-C 3al kyl -ORx groups for R include
1 Bt yl ethers and esters
Tﬁgmﬁe}éﬁ{ H%t’\?gg?ggge f?)%'@_d(j:Sal kyl)q-O Rx groups for Ri
i ncl ude et hoxy containing species especially
: [
TIF TR SR AT 1A e UENFRUIBIEN 2150 RICBRICHYGy el Bl
prptarabiy rthwtyclqwopyj ImojetmymterrmdlamdhqI(thlopxyeailanotlpy] X and the
pf?e%lﬂyg tc%'alBYeyl Y bgfoqgés%tyl}a tL?%g/d%l)}ﬁ% ésng OUnd 80% :]anannomencally
pyrg iwithazspedt to meerzmlfcyrmatlouazol i di nyl, | soxazol yI
I soxazol i di nyl, thiazolyl, thiazolidinyl,
i sot hiazolyl, isothiazolidinyl, especially 5 nmenber ed
rings such as thiazolyl, thiadiazol pyrazol yl ,
di azol yl andXgpst preferably tri azgﬁyyl The currently
preferred valug for L isgz O. The c ounds of
formula Z may admnlstered as a.r Mm o m xture,
but prefer y €ycl opropyl myi ety i nier nedi ate the
(thio)urea functidh, X and the phenyl ring (denoted Y
below) is at |east 75% such as around 90%
Peferatl iopnmlilmhéry op tireeconnpdunde o éartnutaol ghoev a negative optical

ro?zﬂlon valu et S%gh |s)<<)mers for example when X is —O-CH,-, tend to elute less

rapidly from a chiral chromatagram, for example chiral AGP 150 x 10 mm, Spm;
Crom Tech LTD Colomn, flow rate 4 ml/min, mobile phase 89 vol % 10mM
HOACc/NH4OAc in acetonitrile. On the basis of preliminary x-ray crystallography

analysis a presently favoured absolute configuration appears to be:

The currently preferred value for D is —~O-. Convenient values for n and m include 1:0
and 1:1. Preferred values of n:m include 0:2 and especially 0:1, that is a chroman
derivative. Conveniently each Rg and Rg’ is H. Alternatively, in the case where nis 0

and mis 1, Rg is advantageously H and Rg' is OH.
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or Y HPrefered optical isoners of the conpounds of
formula | show a negative optical rotation value. Such

wo 2asmeerss, for exanple when X is - O CH2-, terdTiSB2@4/00234

|l ess rapidly froma chiral chromatagram for exanple
chiral AGP 150 x 10 mm 5nm Crom Tech LTD Col omm,
flowrate 4 mM/mn, npbile phase 89 vol % 10vM HOAc/ N
Paqtieylarly prefRreacheapreynds have siseeenystar CorrespoRfings v
shgl ' L
2 A RS oBalb R TRE LT BB or camy.
it jsrmoted thatithestiwsturer D is - O . Convenient values for n
and minclude 1: 0 and 1:1. Preferred values of n:m
include 0:2 and espegkally 0:1 , that is a chroman
derivative. Conveniefjtly each Rs and Re' is H
Alternatively, i '{]—| where nis 0 and mis 1, R8
i s advant &Rgeousl U-I angy R8' is OH PaRf7icularly
pr ef ggg ed conpowids have stere em gtry
i (1S g1 i a. .Zb-tetraﬂg)% )
hr onen-i For i he saKeq@dltei apt
t he E% 4 :PRI'ARZThe exprgss al kyl
where™n is| 3 or 4 or |ower alKkyl ych groups
as net hyl ,R2thyl, n-propyl, isopropyR4 cycl op opyﬂ,
n-butyl, s-butyl, t-butyl, cycl opropyl, HER/ “R2
nmet hyl cycl opropyl and the like.The termhalo refers to
chl oro, brono, fluoro and iodo, especially fl udtb. oc

n al kox f c - ,
T S 850l e3P ulb R TR o R bRGHipiu o< Sk groups s
medvy Calthyd mepropel oprdpyl, gyclupopghiatbuld, srbatyl, t-biityl, cyclopropyl,
methylcyclopropyl and the like.The term halo refers to chloro, bromo, fluoro and iodo,

or r espondi ng

oted that

especially fluoro. C4-C, alkoxy refers to groups such as methoxy, ethoxy, propoxy,
cyclopropoxy, t-butoxy and the like. C,-C, alkenyl refers to groups such as vinyl, 1-
propen-2-yl, 1-buten-4-yl, |-penten-5-yl, 1-buten-1-yl and the like. C+-C, alkyithio
includes methylthio, ethylthio, t-butylthio and the like. C4-C, alkanoyloxy includes
acetoxy, propionoxy, formyloxy, butyryloxy and the like. C»-C,, alkenoxy includes
ethenyloxy, propenyloxy, iso-butoxyethenyl and the like. HaloC4-C, alkyl (including
complex substituents comprising this moiety such as haloC;-C, alkyloxy) includes
alkyls as defined herein substituted 1 to 3 times by a halogen including
trifluoromethyl, 2-dichloroethyl, 3,3-difluoropropyl and the like. The term amine
includes groups such as NHz, NHMe, N(Me), which may optionally be substituted
with halogen, C+-C; acyloxy, C4-Cs alkyl, C1-Cg alkoxy, nitro, carboxy, carbamoyl,
carbamoyloxy, cyano, methylsulphonylamino and the like. Carboxy, carboxymethyl
and carbamoyl include the corresponding pharmaceutically acceptable C4-Cg alkyl

and aryl esters.

Prodrugs of the compounds of formula | are those compounds which following
administration to a patient release a compound of the formula | in vivo. Typical
prodrugs are pharmaceutically acceptable ethers and especially esters (including
phosphate esters) when any of Re-R; or R'or R? represent an hydroxy function,



10

15

20

25

30

propen-2-yl, 1-buten-4-yl, |-penten-5-yl, 1-buten-1-yl
and the like. G -Cn alkylthio includes nethylthio,

WO 2063mebishi o, t-butylthio and the |ike. G -C nPCT/SE2004/002034

al kanoyl oxy i ncl udes acet oxy, propionoxy, fornyloxy,

butyryl oxy and the |ike. C2-Cal kenoxy includes

et heny ong\cﬂpro en | ox I so- but oxyet henyl and the
pharpaceylen %ﬂ"k?m' quRfIQ%P‘W@atE%WB?Eﬁ“X%mq Ruent s

subs Ehfsér"Fg R;‘I'e?)ré%n@ta)i aﬁﬂﬁé‘flﬁr%tl&@bP@arnﬁ%bbﬁéﬂ?&%%epéaole

I'ncludes al kyls as defined herein substituted

este rﬁe@h emthe RhaRogebstityant oo RerdR7treprepertrasarb e function.
Pl?armaﬁgﬁ@aw LB ptaﬁe Ssfhd IndReRy @gééte%n thd m& é@m;ﬁ?‘énoyl,

rmamne’ I nc €S groups suc
buMnyb byl cand wmalbvlyplm@pdaatasestenerta@d sulnmnim@garﬁe tabse

de&&%ﬁi‘% ﬂ%gzgaqﬁ%vy??e %g%@gvl%ﬁkglxgr ﬁwgﬁ%a,mmcgﬁﬁcally acceptable

esmtshrydladd Iphmnglkamthersaam thb etHerk discicaed oW 000/47561, especially
Cﬁ 0X ))CI angp ar bano I i nclude the correspondi ng
MBRL Wﬁiﬁ'@ﬂ?? and eOXIATUINAEY I C al kyl and aryl esters.
Prodrugs of the corrpounds of formula | are those
ounds i.ch foll ow_n |st ation .a patient
TP AR O ITBRZ SR (T SR [T aqrftiShe] Bmsit of the

m%rﬂ@hPAFpr@bﬁa@rﬁfaﬁﬂQ@éﬂticﬁw é\coéﬁ%ﬂg %is%f@ﬁ@@érﬁp@uﬁﬁ‘is of
osphat e esters)

especi a esters (includin whe
foanwadﬂnmi\émaltérof RIGANEE @cu#se@seg@aliv GHDPXYE §Rids, including but not
Iirﬁ'wegﬁ)'a%@ta?@ mLf[ﬁﬁ@éf&ét&t?' @c@?&@&%% Bifatie Sarfate, maleate,
car ba en an R7

mat es substituent or R4-
malags, @getwhqratemseﬂ@lon@h&cadlgateoalgméﬁ rAgbatiatecbemzoate, butyrate,

dlgiﬁggrpalté %y%lo%%h n%t Rhgﬁa%tepﬁgcé@g %pfh%%?}b;/@l%te,m R7

epr esén oxy
hemare:gatea.meexa nedtes fumanateynieotiriats, | pabpoatespedtinateudi ng

oS b B 0EH. S8 mato L St pGohtgl Hlotme
camphorate, undecanoate and succinate, organic sulphonic acids such as
methanesulphonate, ethanesulphonate, 2-hydroxyethane sulphonate,
camphorsulphonate, 2-napthalenesulphonate, benzenesulphonate,
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-(trimethylsilyl)ethoxymethyl, t-butyl and other lower alkyl
ethers, such as isopropyl, ethyl and especially methyl, benzyl and triphenylmethyl;
tetrahydropyrany! ethers; substituted ethyl ethers, for example, 2,2,2-trichloroethyl;
silyl ethers, for example, trimethylsilyl, t-butyldimethylsilyl and t-butyldiphenylsilyl, and
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derived from RSO2CH, where Ris lower alkyl or aryl).

Phar maceutically acceptable esters include |ower alKkyl
woO ®bfiesss3iand t he et hers disclosed i n WO00/ 4756 T/SE2004/002034

especi al | y nmet-hoxyam noacyl and et hoxyam noacyl. The

conmpounds of fornula Z can formsalts which form an

addi ti onal aspect of the invention. Appropriate

estaraprerased Py. E3aCjinG hrchdioxs JEPithod Carexisraritifas of
acfgf},{t%’gj %bnét@%%%a?@éﬁ&th%fhkgr gani ¢ aci ds, especially
car boxy ,

Ic acl I ncluding but not linited to
acetate, trifluoroacetate, |actate, gluconate,

| | p .
SifligffNEprel i up FPLEH forelFHeRIE o ARG, SRR Rs) Noprotecting groups
disnldseddn Greehey'Botective Groyps bx@rgaama&mth@iﬂcdﬂmpwaa&&ons New York
19%I ycer ophosphat e, oxal ate, heptanoate, hexanoate,
drvar at e, hicotinate, pal npate, pectinate, 3-
phenyl propi onate, picrate, pivalate, proprionate,
tartrate, lactobi, ate hora

ThenRugndiop fvthelpod Ceuv%lﬁﬁ’repgﬂ r%brasa%@e

oﬁﬁb‘o’lhnaé" ofiehanRetibh I@h@ %bﬁnaé&lﬁ@élﬁﬁéﬂcéF&mﬁ €arriers or diluents
droxYethane sulghonate ca orsu honat

thgr_efg;p/t\ﬁg i 3ePHS AEtE, INYRANSR R g for the inhibition of HIV
coETRIrRY RRFRRATRGH SIRBAINE dHike fb‘rﬁw@la@&?é sLiBBersHiiiedadith or

mor(ganl c acl ds such as hydrochl ori de, hydrobrom de,
expperdioddivae, ThaudBhamay earapliseradisg aseape MU fich as HIV

st%m g@%ﬁ@ﬁ(ﬁg\fgﬁﬂé%r@ﬁtﬁe 180 O d/6r f’é‘ldmﬁigtlehé’ré ecially the

protecting group as used herein refers
K103 Naarsditoslt 100bentarbi ch prot ect s hydroxyl groups
agai nst undesirabl e reactions during synthetic
procedures such as those O protecting groups disclosed
THenin@rdienealsd' Extendsctoi the use ofithe domp@ugds ot foByntahe 81 thefapy, such

asé'ﬁgt?%ngh%\{iaﬁgiggﬁédlc’;\'aeaﬁvem%r thg]trea%gnt OW-H{/ éctions.

In treating conditions caused by HIV, the compounds of formula Z are preferably
administered in an amount to achieve a plasma level of around 100 to 5000 nM, such
as 300 to 2000 nM. This corresponds to a dosage rate, depending on the
bioavailability 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, ddC, D4T, 3TC, DAPD, alovudine, abacavir, adefovir, adefovir dipivoxil,
bis-POC-PMPA, GW420 867X, foscarnet, hydroxyurea, Hoechst-Bayer HBY 097,

efavirenz, trovirdine, MIV-150, capravirine, nevirapine, delaviridine, tipranavir,
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conprise substituted nethyl ethers, for exanple,
nmet hoxynet hyl , benzyl oxynet hyl , 2-net hoxyet hoxynet hyl ,

WO 2803/d66i3ret hyl sil yl ) et hoxynet hyl, t-butyl and Patrts&Er004/002034

| ower al kyl ethers, such as isopropyl, ethyl and
especi ally nethyl, benzyl and triphenyl nethyl;

ers AR s LG G SISl SR gpic-120,
Tl\%ﬂ%' ¢Md-l|201%tf£wﬂe&kl BP-450 I Wikdd, ﬁRin‘éWqu) crldifdkaletra),

yl di phen - andesters prepared by reacting
lomn@vmyaﬂwnwr éﬂ&m@"wndwaairc@memw caraR'enavis hespdats. e,
r3Rir QRE e IIRERARAG afRfI d"’iﬁtléé fefect rfh!al‘?"réébectlve activities and

protecting group as use ereinre ers to those
bieavailabilitiesn Genpray suelt tatingvitybe wh thederder @fs%&ﬂ it 1 @beteiptive to
|

theEbAbRN Yo R ol ey B Rer RNAERGE n tnialte th cbcfrome
p4bhamtagomists sadh aorijpoavit.i ons conpri si ng t he conpounds

of the invention and pharnmaceutically acceptable

carriers or diluents therefor. Additional aspects of
Cdrhpouridsaritheinvertion ale tymtdliggsepared abdollows: bi ti on of

H V conprising adn ni sterie. 58 a :ionpound of the formula

Z to a subject afflicted exposed to H V-1. The

H V-1 may conprise a drug escape nutant, such as HV
strgin conprising the myations at the 107 103 and/ or
r$81 nutxatl ons, espegially yhe KL03N and/of" L100I

S. h? ?nventl 0 _d. ¢ é

R ) 0 orrrulg er apy, such

preparation of a medicafent for the tFeat nt of HI vV
infeéctions. In treating conditions causedR‘by HV, the
conmpbunds of formula Z ar® preferably admintstered in
an anmount to achieve applasma | evel of aroungdloo to
5000 n|\4 such as 300©¥to 2000 nM ThIS corresponds to a

dosage rate deBend RN the
i S LT
oy
RS NoB

R4

3
(a) DPPA, Et;3N, toluene; (b) substituted 2- amlnopyrldlne, (c) aqueous HCI,

dioxane; (d) substituted 2-pyridyl isothiocyanate.

Compounds of the general formula (1), wherein T is O (urea) or S (thiourea), Re is the
(substituted) oxyphenyl or oxypyridyl moiety, or the thio, sulphine, sulphone or
methylene analogue of such ethers and Rz 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-Scheme-1. The
isothiocyanate may be prepared from the optionally ring substituted 2-aminopyridine
by known methods, such as treatment with thiophosgene or thiocarbonyldiimidazole.

10
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bi oavail ability of the formulation, of the order 0.01
to 10 ny/ kg/day, preferably 0.1 to 2 ng/kg/day. A

WO Wyjeem1l dosage rate for a normal adult will Poa/Saredred2034

0.05 to 5 g per day, preferably 0.1 to 2 g such as

500-750 ng, in one to four dosage units per day. As

wth all &har ceuti cal g dosage rz_?tes Wll vary with
RatEiagis Af fi pRIIPPRed SRYPER Y UHB9 e aRsfobaglely amine-

suW@t'nthteGSarﬁlhs- AYiRET Z-(REmeth Iahﬂrﬁcﬁ)ﬁwlcﬁﬁ’e FIRBYmMBRGHA My 2-
adj usted for concomtan medi cations. | n_keeping

anvmwrrirr@slm spmpeseialicavaiieble and\othensiase deperined in §terature or
re @8l AU RIRE tFerbRoOIALRMDR Rbs SRowP i SEIRANALITLS @obounds
antivirals to provide synergistic responses and
capradtarnativelynbedreparad jronethiegsethiceyanate eerespodinlg to 2 Scheme 2A
or 35 bfRB. Brertnds SndBGR, H Eorlleiol Wity APRCIER botr
asdigscrilmed in, WD $30B022PMPA, GM20 867X, foscarnet,
hydr oxyur ea, Hoechst-Bayer HBY 097, efavirenz,
trovirdi ne, MV-150, capravirine, nevirapine,
Sotehmv2A i di ne, tipranavir,entricitabine, PFA H2G
(omaciclovir), MV-606 (val omaciclovir stearate),
TMC- 126, TMC-125, TMC- 120, efavirenz, DWVP-450,
loviride, ritonavir, (i ncI udi ng kal etra), |opinaviR]
saqui naV| Iy | asinavir, | navir, anpre av[ds

: R2

arrpr r phospg tsf avar and “@ [ ke

f’éﬁ aI,Ly at *moi” fI ecti s respe"ctlve
i viNi es and bi oavai F\abl lities. neral Iy such ratio

will be of the order of; 25:1 to 1:25, relatlvlto t he
[

conmpound of formula I, ‘but mayp b ower, for ijnstance
in the case of cyt ochrorre p4 ant agoni sts sugh as
ritonavir. invention are typi

npou cal
pr epar ﬁtmﬂ erre 135 /(j/[S( =0)r]
lb
R1
N [8(=0)r1{§§,m
HN" N 5 A
1a

I

(a) base, DMF, heat; (b) reduction; (c) oxidation; (d) base, Cu catalyst, heat

The preparation of suitable 5-O- or 5-S-substituted-2-aminopyridines are outlined in
Scheme 2A. 1-Scheme-2A with appropriate R' and R? substituents, or precursors
(synthons) to these substituents, is reacted in step (a) with 5-bromo-2-nitropyridine
and a base, such as NaH or Cs;CO3, to afford replacement of the bromine and give

11
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(a} _DPPA, Et3N, toluene; (b) substituted
2-am nopyridine; (c) aqueous HClI 1 di oxane; (d)

WO Bubedeiisiut ed 2-pyridyl isothiocyanate. ConmpourtissEDO4i(0e034
general formula (1), wherein T is O (urea) or S
(thiourea), Re is the (substituted) oxyphenyl or

oxypyri dyl igety, or_the thjio, sul phine, sul phone or L
the RGOHCATBRAURA 2rSeisme2A, [The BitikatUpn Weh wduced ta the amine in
steppgll@%%ﬁ@al%ggg\ He eﬁgﬁm_égnﬁ " ri¢: pr888ure in the presence of

Cc rop ['1c aci Schenme-1 is converted to
catalyists sugh asPdder Raneheiekel Transfamnatorn of predursersta theudesired R,

R* R ARE T e h e e GRATHT Z5SERRERA berore the
reduchifR YStept @)Wilh hthehgase ! sfveat kMifampstigchentb-24A, different oxidizing
2-am nopyridi ne. Hydrolysis of the 1Tsocyanate as in

agentse for(eXampiedydreaen perexide,heorvee] her sptideugiroep to S=(0); in step

" ) ‘ eact | Cth vl _
©). ToRUFE e L ecbelp DR o EEC RIS &b B8 EByiafition, he thio
combpBhdls GaySulminee-2ZAymag dise ber mephreadirdatlyoad irostlpl () by coupling
ring substituted 2-am nopyridi ne by known HEt hods,
2-arglag%-ggom9@gm%twm the ttﬁ%bﬂ&gg@ég@ﬁ in the presence of copper
. bl oy 1 ; o
catalyH T8 SRAMpI L hARAR AL TR0 S MR G B CLE DM Wifif £ base such
as KaBihesubsti tuted am no-pyridine ie
2- (N-met hyl am no) pyridine for R3 as nethyl. Many 2-
am nopyri di nes are commeici.all vai | abl e and ot hers
are described in literat Madi |y derivable
t herefpom for Rexanpl e those shown i Scherre ?ﬂ T=S
e 7 t he

conpoujpds al t er nat 'bvely be preparfd f
o) B2responsing to SC {12K70r_ Rpom
lm’p 3, Sa-Zehene 2 and am no- R ion With

Cl =S) R Abot h as descri bRgNT IV \“Schene 2A

1 2

H,N" N A
(a) NH3, EtOH, heat; (b) EtsSiH, TFA, H,S04

The preparation of suitable 5-substituted methyl-2-aminopyridines are outlined in
Scheme 2B. The methanone 1-Scheme-2B with appropriate R' and R? substituents,
or precursors (synthons) to these substituents, is reacted in step (a) with ammonia to
afford replacement of the chlorine and give the amino compound 2-Scheme-2B. The

keto group is then reduced to CH; in step (b) to give 3-Scheme-2B.

12
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(a) base, DVMF, heat; (b) reduction; (c) oxidation; (d)
base, Cu catal yst, heat The preparation of suitable

WO 309066031 5- S- substi t ut ed- 2- am nopyri di nes ar eeCISH2D¥H02034
in Schenme 2A. 1-Schene-2A with appropriate RL and R2
substituents, or precursors (synthons) to these
substituents, is reacted in step (a) wth
5- brono- 2-ni tropyridi ne e, such as NaH or
Cs2CO8, to afford replacenent of the brom ne and
grRvethe nitro conpolid 2- Scheme-2A . ThB nitro group

Re. LB _then reducedRéQ Qui 3

af7al ysts sugh~a Ak

ansformati on of prgcursyrs to the desgsed R R2
sRbstituents can beFﬁone(ﬁpQﬁe nitro c%frpoun&boEt

12-Scheme- 2A before thé reduction step (b)2 In the case
of the sulfanyl 2-Schene-2A , different oxidizing
agents, for exanple hydrogen peroxide, convert the
sulfide group to S=(Or in step (c), followed by

reductioff’of the nitro group t®7gi ve 5- Schene-2A . The
t hi pouutdls 3a- Schene- 2As . algo be prepared
_&_,:‘gibm 2 @ st %gfﬁmﬁi co _ Ry

; : opyridi ne w P
the presggpce 0%, _copper catalys

heati ng at 150 €€ th cu or Y in th
such as K24C03 (a) NH3, EtOH, heat; ("b) Si i ,
H2SO4 The preparati on of suitable 5-substitNited

met hyl - 2- ami nopyri di nes are outlined i2n Schene 2B. The
(a) ettiyhaimzoacétabeheaty3B OHElLadb) mprormatogriplanan@2then reflux with

Lo gz M o) ren il LR G UePE Ste e AfRipatoptehy: @ rt
Naq;l@,gg%d;,ngsgimsmmn ukRateioM, Mg, aneosi ve the amino

-Schene-2B . The keto group is then reduced
to CHin step (b) to give 3-Schene-2B . Schene 3

Compounds of the general formula (1), wherein T is O (urea) or S (thiourea), R" and
R? are R' and R? protected as necessary with conventional hydroxyl, carboxy of
amino protecting groups, or conventional synthons for R'/R? , R is H, X is -D-CHa,
and wherein the cyclopropyl moiety has the relative configuration

X

A

N
H

are prepared by methods shown in Scheme 3. Cyclopropanation of the double bond
in the chromene 1-Scheme-3 with ethyl diazoacetate is catalyzed by cuprous or
rhodium(ll) salts such as Cul, (CuOTf),-benzene, and Rhz(OAc)4 in solvents such as
dichloromethane, 1,2-dichloroethane, or chloroform. The reaction provides a
diastereomeric mixture of the cyclopropanecarboxylic acid ethyl esters 2-Scheme-3,
with the all cis relative configuration, and its trans isomer 3-Scheme-3. Separation by

column chromatography of the cis and trans diastereomers may be accomplished at

13
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R7T R R 0. 0J + RS COOEt COCEt (a) ethyl
di azoacetate, catalyst, CH2CI 2; (b) chronmatography and
WO mhﬂmsﬁnafl ux with LiOH H20, MeOH (c) refl u><P(Wi/$E2004/002034

' H2O, MeCH d th h h
this stﬂgg fq{}gqugpydhyq{gﬂsé@feﬁgﬁﬁlgp? t E&Mﬁ( ﬁ}éqﬁ_ps by reﬂuxmg in
engy a r ol n |
aqueogf% gté%g%cgﬁ Po'ﬁre blﬁfld’ U %F%%Hlare a—f fheo all cis
cyclombpaﬁectaarbomﬁlcrmnegsscbg meidh asodmmbednalstegéb)oMematlvely, the

dlasteg%ﬁq%ﬁggw@ gﬁﬁ_@‘ 8&%“ n%ﬁger L?ééteggp&@ro Q%{aognd separation
conduthed 8hthé hﬁlXﬁM@'d?RJyElébkoﬁHHe%hka@ﬁc faﬁﬁisﬂ%' ﬁbk/}é}% the isolated all

configuration are prepared by hods shown in Schene

cis |sc3nerop@|nwteznam)a‘éte@n(dmanh@weglanen obthe Fis athy esterdnSeheme-3

Wh'ChC'Uﬁ)(%g%ES% 5 ﬁ#?éle)cﬂggﬁ?g?ozm%%eog Stﬁgf}fér?sl gzsecq\etr)l)(e 3 at lower
tempe{r&ﬂﬁgé)%ubﬁnégnﬁeaﬁﬁ%twm%ow aRdthamdliec NadHaat ambient

di chl or onet hane, 2-di chl or oet hane, or chlorof orm

temperptire cHee isolated 6is @F@yl estar maydhen berydrelyzed nether usuak manner

It
to the&gﬁhéﬁ?héggtﬁa?@?gﬁ?&y d@ 4a§bﬁjerﬁg§’ He Eygilépr%ggﬁgg%o;glc acid is
subjectednter the- Gedtieods dutlinBdpiar 8themeby toadbtaim the urea or thiourea 5-
schersg S 3he0r B etke LSRR Id Raa Sy SR Bhown
SchebEs 4hs, éﬁ@lsat ed 2-Schene-3 , such a s by refluxing in

aqueodus nethanolic LiOH, to yield a racemic mxture of
the all cis cycl opropanecarboxylic acid 4-Schene-3 , a

AlthoughdfﬁslsC gc':hbeerge I3r}1asst t%)erf %stre’aatletd%{hat 'ﬂ%%arlant it will be apparent
that corresponding manipulations will be available to the D=S, $=0; S(=0), and
D=NRg variants. When Rg is H, the nitrogen is typically protected with a conventional
secondary amine protecting group, such as those described in Greene & Wuts
Protective Groups in Organic Synthesis 2" ed, Wiley NY 1991).

Scheme 4
R7 R7 R7
R6 OH a R6 0 b R6 0]
— —— _
R5 R5 | ] R5
R4 R4 R4
1 2 3

(a) 3-brom_opropyne, K.COj3, acetone; (b) N,N-diethylaniline or PEG-200, 225 °C

Scheme 4 describes the preparation of chromenes, including many from
commercially available disubstituted phenols, such as those wherein the substitution
pattern in the benzene ring is as follows: R* and R are halo; R* and R® are halo; R®
and R’ are halo; R* is halo and R’ is C1.5 alkylcarbonyl; and R* is hydroxy while R’ is
C1.3 alkylcarbonyl. Reaction of the available disubstituted phenol 1-Scheme-4 with 3-
bromopropyne in the presence of a base, such as K2CO3 in acetone or NaH in DMF,
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di astereoneric m xture of ethyl esters may be
subjected to hydrolysis, and separation conducted on
WO tdos/oenixt ur e of cycl opropanecar boxylic aci ds ROI/SE2004/@e034

the isolated all cis isoner, as in step (c). Step (d)

i nvol ves isolation of the cis ethyl ester 2-Schene-3

whi ch may al so be done by selective hydrolysis of the
trans 3-Schenme-3 at |ower tenperatures, such a s
treatment with agueous nethanolic NaOH at anbi ent

result%%ﬂﬂfd?édb?ﬁilc $hsstitafbriotdne| aligehid pﬁf\ll@é thayethben-Seheme-4.
ydrolyzed in the usual manner to th

Ring clpsurgpmayabe aecamplished &y Wﬁmgcﬁ‘@n%mﬁr in 4,eN-dimethylaniline or

| op [ cted to the
polye@éf goéygﬂ?fﬁnéQWL@H%%%l n the urea or
thiourea 5 Schene-3 . The chronenes 1-Schene-3 are
prepared by methods shown in Schenes 4 , 5, and 6.
Al though this schene 3 HE@R&R illustrated with a D=O
variant it wll be apparent that correspondi ng
mani pRW ations w || beRavailable to ther D=S, S=O (=0
=R 0 hegiitrogen is
A sgcondary
; e:;x-t-n-qR % deseri bed in
G eengy &Mt s Prot ect§ Ogoups i'r Organi c Synthesis
2nd ed, Wley NY 199 3( chene 4 1 (B 3-bronopropyne,
K200B1a acet one; (b) N, B diethyl ani | | ne or PEG 200, 225
NaBI—RCE@he(B&) prolessulfenictdied nokeae ateflar; of chromenes,
i ncl udi ng many from commercially avail abl e
di substituted phenol s, such a s those wherein the

ScneiBRHHEE ' Frbo8 OEEFRRE! 8853 yfing atera i

Scheme 3, from the appropriately substituted chromanones, which are readily

accessed from commercially available chromanones, for example those wherein one
of the positions in Ry to Ry is substituted with halo or C.5 alkoxy. Conversion of the
carbony! group in 4-chromanone 1a-Scheme-5 and to the correponding alcohol by a
suitable reducing agent such sodium borohydride in ethanol provides 2-Scheme-5.
Refluxing the alcohol with small amounts of acid, such as p-TsOH in toluene, causes
dehydration of 2-Scheme-5 to the desired chromene 1-Scheme-3. Corresponding
manipulations will be available for other D variants. For example the corresponding
2H-1-benzothiopyran is readily prepared from commercially available (substituted)
thiochroman-4-ones by reaction with a reductant such as a metal hydride for example
lithium aluminium hydride in an organic solvent such as ether, followed by
dehydration such as refluxing with an acid for example potassium acid suiphate or
the like.
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and R7 are halo; R4 is halo and R7 is Cl1.3
al kyl carbonyl; and R4 is hydroxy while R5 is Cl1-3

wo abdsywbear bonyl . Reaction of the avail abl e di sSpOESEL008/6€2034
phenol 1-Schene-4 with 3- bronopropyne in the presence
of a base, such a s K2 mcgtone or NaH in
DMF, results in nucleopﬁfﬁ¥gg§_ﬁgtltutlon of the halide
to provide the ether 2-Scheme-4 . Ring closure nmay be
acconpl i shed by heating the ether in N,

hﬁalnethylanlllne oR7ponetherne egc~T to yield the

R6
I uenewl fonl c
|be§_f*ﬁTe Pk LPB
artdng material ig 84
substitujed chr omanones, which are readi | y3 accessed
f dom c:}s\rmer cially avail 4bl e chr omanones, for exanple
t hose wherein one of the positions in R4 to R7 is
substitmyed with halo or Cl.3 al koxy. Conversion of

R5

t hergar ponyd_group in 4-chromanone la- Schenme-5 and to
¢ the co pondi ng al cohol by a suitabl e reduci ng agent

SU(I:R’H .@- ABor ohydri de in ethanol provides 2-Schene-5
Ty ing the alcohol with small anounts of acid,
such as P-TsOH in tol uene, causes dehydratl on of

(a) atiyl eonaide, KL Reetars (R} PhoRchhBReNatisd HEmc)s.
CLIPEPHEETRCHE SR, RY| PhySRSLEh, 7S Gyl 2Dl e T of

D vari'an spondi ng
2H 1- benzot hi opyran is readlly prepared from
commercially avail abl e (substituted)
Chrotrignegsh fonrmsne as stadmgayna’tedaltih &cheimehd aanequfepacedt fremcubstituted

S ride for e lithium.alum ni ,
o-hy v ae e st BY Biboes, hihgduf EFeme Reagion of 1-
Schele-gakinelamyl 'b‘P@mﬁiéClh tAe p’r@ééw@ dfch Bhdd) suih @i KLGOF in acetone,

~— exanpl e potassium acid sul phate or

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.
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the like.Scheme 6 (a) allyl brom de, K2CO3, acetone;

(b) Ph3PCH3Br, NaH, THF; (c) C 2[Pcy3] 2Ru=CHPh, CH2Cl 2
WO eas/08n3P+CH=CH2 Br , DBU Chronenes, for use BST/SE2004/002034

starting material in Schene 3, are prepared from

substituted o-hydroxybenzal dehydes as shown by net hods

outlined in Schene 6. Reaction of | Schenme-6 wth

allyl bromide in the preSshemenl a base, such as K2COB

in acetone, results in nucleophilic substitution of
t he hailde to MeSn

by tre ent wWith a catal yst

conplex GO’ s catal yst in st &8OFt) to produc€ the
chr omsne Alternatively 1-8chene- 6 can bedcyclised
dquptly as oen in step d) in the | egend

abo

(b)

& Schene 7 Pd(O, DPPP, Et3N, (CH3)3SiCrCH,
d( 0, butyl i
DVF; (d) NaOH,
e oriflate 1- Sche

| ether, DVF, (c) Pd(O, Zn(CN
ORd( O catal yzed coupling
| eqds to the replacenent of

th or onet hanesul y group and the
in | on of other substitdents at R6. Thus,
Schene 7 Wrovides the preparatP8REbf synthesis

i nt er medi #@REY or use |n sQ:hems 3to g| ve the urea or
t hi oudea 5- Schene- 3_whe e(
(a) PQKO)BDﬁﬁ&IEbNb@Ni)s%@:&h‘z-dblgd@) bg Ivmyl ether MF; (C) Pd(0),

Zn(CN),, DMF; (d) NaOH, H,O, 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 Rs.
Thus, Scheme 7 provides the preparation of synthesis intermediates for use in
scheme 3 to give the urea or thiourea 5-Scheme-3 wherein Rg is cyano, ethynyl, or
C1-3 alkylcarbonyl.
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V --OH (a) BuLi/znCl 2, THF; Pd(QAc) 2, Br CH=CHCOCE ;
DI BAL (b) TsNHN=CHCOCI; PhNMe2, NEt3, CH2Cl 2 (c)
WO B2 0&:1BR VEPY) 4, abs degassed di chl or onet hanect/s)2080062034
HBr, AcOH (e) NaCOH, H20O (f) NaOH, CQ2; 1-Prl/DVSO (Qg)
| PrOH, HCl; DEAD, PPh3, NaCH, MeOH: H 20 (i) 1.
BBr3, CH2Cl 2 2. CH3CN B.Mter G 1. BuLi/ zZnChb,
THF;, Pd(OAc) 2. cpd 9-Schene-8 3. Jones reagenth\\
re(Chromic acid, sylfuric acid in acetgpe)Conveni ergH
utes to conmpounds wherein X is - CR2-
chene 82 where Rg~and R re_&gt' ents
7, which are ably protected
ted@ing groups/d ecessary and Rc/¥S apl ower al kyl
Re’ester . pgpt i onal IRy sgbsiilbi tuted phenolR*1- Schgge- 8 whi ch
IS hycﬁroxy-prot ecte i ting grouéesm;h as
methyl, MOM and the like is reacted with a base\su
Ma® BuLi or the like in a vent such 3@ THF or st he
li\lke apd transforned t inc salt by adding z
chhagi e or the |ike~ A catal yst such
e‘ﬂi e is added#4al ong with an gctivat
o ¢h as | ower al kyl -ci s-i3- acryl at €rd
Br@:l—I:CHC(%ta or the Like  The reaction mxture is
cool ed and\a _r Cl ng agent such DI BALSor the Iike
iﬁb addedﬁgri’l onwi se and quenched fo yield 2-Schene-8
. hydg ne such as the ptol._li%rpesulfonyl hydr azone

q
\ Rb N
o) <I 1 h
e T ?
_
507 S0
f Re o
(i\\ Re Mo—re
AN e Rb S
& O
Re g '
\\\\ Do @ :
R@ o”
Re ? 8
7 PG

(@)  BuLi/ZnCl,, THF; Pd(OAc),, BrCH=CHCOOEYt; DIBAL
5 (b)  TsNHN=CHCOCI; PhNMe;, NEt;, CH,Cl>
(c) Rh,(5-R-MEPY),, abs degassed dichloromethane
(d)  30% HBr, AcOH
(¢) NaOH, HO
1)) NaOH; COy; I-Prli/DMSO
10 (9) IPrOH, HCI; DEAD, PPhs, THF
(h)  NaOH, MeOH:H0
(i) 1. BBrs3, CH2Cl; 2. CH3CN 3. NaOH, water
() 1. BuLi’ZnCl,, THF; Pd(OAc) 2. cpd 9-Scheme-8 3. Jones reagent

(chromic acid, sulfuric acid in acetone)
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of glyoxylic acid chloride or the |like and a base such
as N, Ndinethylaniline or the like is added in a

WO s@b®erBl such as CH2Cb or the Iike foll owed bpCt/RE2004/002034
addi ti on of another base such as Et3N or the like to
yield 2 Schene-8 . The reaction product is dissolved

Conb@m@nﬁ%'uié%% cOHpBuASs @héfél@kmbﬂ%{)@ &€ depRtdd ik SchBifers,

e era 'y degassed. A chiral e's catal yst such

wheas R%laag R°RVERptional sulsstituents RaRy, \ab@% 3@ swt&mbmomcaw wih
con%@%ﬁ%@?@cpﬁé QRJ%}Q; ’asq{ecéggaar*reh@ Re$s #HART & #])é%tgkq}ptlonally

enant i r-c excess su

subgtnemue:henhlah_swmlaiﬁ Mo@mwamreteoteda\mﬂ%%@técting group
sucﬁ%gﬁe&ﬁﬁgﬁﬂgﬁ hgﬁhceoliﬂéqg ééédowltlrv éébagg %ﬁ{:ﬁ gs ‘guﬁ_honBcﬁE?ﬁke ina

solv@ﬁesunhn dg THE ot the likeaeoidi tcansfnmtedrte zimacsaftibyadding zinc chloride

or tlﬁ 'ﬂ@r ?QEY' &pgguec[hlrﬁsss 7ct°r ?nf ﬁ‘ﬁd?’l gﬁ& cg%opg with an activated

acryﬂét@%u@ﬁ@@ lveridikyl-8i8-Bheiohcrg e, [fer graeime smM EBCQODEt drethe

e under in canju w th an acid
ke The 1eRUN miee SEPUoR AR AiTpEHENG adpHEN 8 Lﬁgé\ﬁﬁg i is
addel g%Hfo‘?\\Aﬁs'ék@ﬁi ﬁﬁeﬁl\‘éﬁe@ & fieldn- SHH&HB@W\%)@TM@@C& as the p-

n su Eect ed to basic condifions such as NaOH or the

tolupngesifonyibydrazanefcixoxyicpsid shloside or ther ikerand a base such as
N, N¢ A#]{n% He%ftﬂén%&ﬁf&%wm 8 ?cﬁ\béﬁt@uec?m@ 881, or tﬁe like

a Ively, et ne- I nst ance when
follquresiiny the asidision &f angthgr bw isychvavEtdher the likeh Jt@dteéfh_i 0
i
o8 R0 o BRsACEn & 30088 LR Shthdntrane o
the m&g@htob iopeferably degassatk Asshiral Deyld’stdatalystisuth es Rix(5-R-
- 2 Di s h
gy S8 TS 1B ERIS PP ARl RES P Rk BIC g P

add@ﬁlt@zwc?JQES&rfemQS mg@bﬁgh eramtibinedo excessisuah alsl'grélliét—lﬂan 80,
preé@tmégqealgqf ébo%we gb Zf@f%g)Asf Itrlgg_ corﬂpf)gqcﬂ I Fr‘%tg@ct%d with BBr;

in dichloromethane followed by the addition of acetonitrile the reaction mixture and

finally sodiumhydroxide is added to give 6-Scheme-8. Alternatively, this product (4-
Scheme-8) is ring-opened with an electrophile preferably HBr or the like under in
conjunction with an acid such as AcOH or the like. Under acid conditions a
spontaneous ring closure takes place to form chromenone 5-Scheme-8. When
subjected to basic conditions such as NaOH or the like, the chromenone rearranges
to form the chromencyclopropylcarboxylic acid 6-Scheme-8. Alternatively, 4-Scheme-
8, for instance when the phenolic protecting group is MOM, can be 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
followed by DEAD; PPHj3 in an organic solvent such as THF or the like. Alternatively,
in a convergent approach, compound 1-Scheme-8 is reacted with BuLi and
transformed to a zinc salt. This salt reacted with the cyclopropyliodide, 9-Scheme-8,
in a palladium-catalyzed reaction to give after reaction with Jone's reagent compound
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in a convergent approach, conmpound 1-Schene-8 is

reacted with BuLi and transfornmed to a zinc salt. This
WO s@bedieact ed with the cycl opropyli odi de, 9- SE¢TEaE2084/002034

in a palladiumcatal yzed reaction to give after

reaction with Jone's reagent conpound4-Scheme-8. This

4-SERERERY This RRbSkyii®atil id MNtOrCQINERES D the |§ ah&RREAMWR in
as shown in Schéne 1 and subsequently to e

Schegaiect aad prbsaswently todhe rhﬁéﬁfWWhif%?'é%ﬁt@foaM@intﬁemf thez.

ForfRajaVr i ants of fornula Z are prepared correspondi ngly
usi ng the appropriately am nesubstituted (substituted)
pyri doxy or phenyl oxypyridine ie

o GRS E AR M B VB Bine
substithdi (Subs!mtadkwmney ar phenytoxgpyriinée yebfp}selpmntmﬁ -DYN-

OH;
me T BERRII SATatyes tor Mo By of | o scheme o

descri bes the preparation of tetralins i ndanes and

honol ogues, . ed as sta in the schenes
Comppmasnianeintt farcniebabss e #ktlene Grconsegienty
prewgag?@cﬁémbtg.ons Rto R7 is/are substituted, for

exanple with halo or Cl1.3 al koxy. Conversion of the

carbonyl group in 1-tetr2¢heme®ph- Schene-9 to the
correspondi ng al cohol by a suitabl e reduci ng agent
such sodi um bor ohydri de in ethanol provides 2 Schene-9
Refdzuxi ng the al coh with small anDuEZs of acid,

h

$MC -TsOH in_tol tiene, causes dehyd tion of

2- t oat he™t Letrabin 3¢ ~9 .

\%\% dimg T eac ps aye appirtcabl 1 or 3.
i i s possiBbe 7 he actlveR%ge t To be

adm red al one, iR4i ©Horeferabl e t oR4

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 R7 is/are substituted, for example with halo or C4.; 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.

While it is possible for the active agent to be administered alone, it is preferable to
present it as part of a pharmaceutical formulation. Such a formulation will comprise
the above defined active agent together with one or more acceptable carriers or

excipients and optionally other therapeutic ingredients. The carrier(s) must be
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present it as part of a pharmaceutical fornulation.
Such a fornulation will conprise the above defi ned
WO aaios@3ngent together with one or nore accepP@bbE2004/002034
carriers or excipients and optionally other
accepthbledpdhe sensengf leeing m:DmpaTblg with theeothey imgredients of the

formuiRer T At efbrioUS S TR et ot Von and not

del eterious to the recipient. The formul ations include
those suitable for rectal, nasal, topical él ncl udi ng
The formyationgigckidel thgg@gul}ableé@r r@gtalma%rtgnp@ @including buccal and

subliigh eSS h BRI todiflo SERURRHeSs dpBoR GRS

intraveAO U8 BAY iirtradeta) a:dminhstraudm Duﬁ;ﬁref@dbfycthéﬂbmhulaﬂon én
formul ati ons may conveniently be presented in unit

orally@@grag@tqrsmrr@u'at'orﬂ abiefosmylationgdpay relvenigntlyske presented in

it S5RY . a0, B LSRG e gRBIL SP0UEL) o ppepared
by angmagthodls lvellrkapomgn inrthe asssfquhammiacy. t he above defi ned

active agent with the carrier. In general, the
formul ations are prepared by uniformy and intimately

Such PrdtR8HS tholHeOthasstes 'o@bhﬁ@mb hiftogdsb¥RitiBE e aBbid dbhﬁlé’d Qctlve

carriers or finely divid solid carriers or both, and
agenttwignthef cardeeds @leyemiameﬁgrmhlatlpn@armprep“am@d bywsiforroly and

- d h ds f I

it BT Brra 2 RGP et WG IRE A e ey

divided ulidi darigRedritednd tHeh iRAECIsAR) Shasihg the product. The
conjunction or association with a pharnmaceutical?

inventien @pstea@séo agthods fosrpropaning a8 phermapgeuticah epmppmt@ncszompnsmg
bnngmg%f %&ﬁﬁ%ﬁﬁ& FoRRIH! 2h) fPé“ﬁhér'ﬂrY e‘(ﬁﬁaléﬁ%éé%ﬁ&bl@s’é

ceufl cal excl prents an I ngre |ent

conjunmcsad)rt adsoreigtionhwith atphasmaf:ewtrcauy afceeptaﬂld carigeor vehicle. If the
|ents whi ch ar basic inh natu [ t her
manugqgt

eofpharmacedtical ptéqqsdﬁgolyg? ugmzpte rlmxmg og
ham?é’é@ﬁbéf%@t‘wbn@ﬁts' dhd he RtvasRgrebRHEH sQDFIFRY théh it is often
presented as

preferred to use excipients which are non-basic in nature, i.e. either acidic or neutral.
Formulations for oral administration in the present invention may be presented as
discrete units such as capsules, cachets or tablets each containing a predetermined
amount of the active agent; as a powder or granules; as a solution or a suspension of
the active agent in an aqueous liquid or a non-aqueous liquid; or as an oil-in-water
liquid emulsion or a water in oil liquid emulsion and as a bolus etc.

With regard to compositions for oral administration (e.g. tablets and capsules), the
term suitable carrier includes vehicles such as common excipients e.g. binding
agents, for example syrup, acacia, gelatin, sorbitol, tragacanth, polyvinylpyrrolidone
(Povidone), methylicellulose, ethylcellulose, sodium carboxymethylcellulose,
hydroxypropylmethylcellulose, sucrose and starch; fillers and carriers, for example
corn starch, gelatin, lactose, sucrose, microcrystalline cellulose, kaolin, mannitol,
dicalcium phosphate, sodium chloride and alginic acid; and lubricants such as

magnesium stearate, sodium stearate and other metallic stearates, stearic acid,
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di screte units such as capsules, cachets or tablets

each containing a predeterm ned anount of the active
woamesiee1as a powder or granul es; as a sol uti orrCarSE2004/002034

suspensi on of the active agent in an aqueous |iquid or

glyceio&%@%r%ug%éné hdid, Salc W a@% 617!; é’r‘lcﬁ cbl%d@itsﬁl\'cd 'F‘PééU'sdﬁgng agents

ron'or a water in ol enul si on and
such bslpeppetnoint, \Wiltdf wistpagreeno cberrmﬁavcwrmgsorr tbe lkeagan also be used.

i ni [ . QL. bl
1t mai P dsitab Bitb At piioning eS B PakE B HEShow Il 3l
identifiSIEPTEPlets May-aldd Bélcaatagwtrﬁethédyw@waﬁ@wﬁ i ! Brt.
acacia, gelatin, sorbitol, tra%acant

A tabt@érwl b@mmderw CUREESSIRA PIBAY lngvanﬁlynatlzv wﬂhm or more

acceW %‘# gb&l ?\?Pﬂ%ﬁ%gﬁ &%{@g)ﬁ@g ée‘% g b tar C%ressmg in a

suitabile |nhéiﬂﬁn§ﬂ1é sctivel eget in arfreexfiowshg fomn sueh as@hpowder or
atin, |actose, sucrose, ncrocryst gl i ne cellulose
graniigg,

|aptionalihTes) Wit Ackindet iHOsicash ARTE dilugnli RrRseRYaivEsurface-

actlveagldd@g?}sr}ﬁi t‘rjnMSo?J;H;e}daté@'iééﬁ gﬁ‘éf’ rree?lzﬁ ﬁﬁg{mﬁg ¥ suitable

machirieea naikiese oStlmpowdageldobqn;hpmmrbmostewdawﬁh api ineddiqueid diluent.
The t%légm&%cmy g‘é'cc!rpséé%g ggg&kﬁ:qﬁl m%i/ :b'eggfmulated so as to

providé Q@WSF@&HFOII@H%[%SE'G?WE&:% %’gﬁeﬁt.he like can al so be
use It may be desirable to add a col ouring agent to

make the dosage formreadily identifiable. Tablets may

ool BB e B BBk PRl Lo e

activ@B§éald flavburéd BaSe Qisuailly SudsesH acddid ben‘agawnth pastllles
Conpressed tablets may be prepared by conpreSS| n

compsigindathEaGkMe [agaRat InRN e Raseyjiah as aelatin add glyesi %hg" sucrose
and afvc\ﬁ%H? %Hg @ﬁp%a?ﬂég |sg1rg‘h’m5|a%§}/? %g%bpﬂaé Eéﬁtéﬂléﬁawd carrier.

nert preservati
surfaceactive or dlsper3|ng agent. Moul ded tablets nay
be nmade by noulding in a suitable nachine a m xture of

Detailed:Deseiintiony conpound moi stened with an inert |iquid

Variotls'2d4BBEts of the invention will now be illustrated by way of example only with

reference to the following non-limiting examples.

Example 1
N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2 7b-tetrahydrocyclopropalclchromen-1-yl]-N’-[5-
(4-(sulfonamido)phenoxy)-2-pyridinyllurea

a) 5-(4-(N-t-butylsulfonamido)phenoxy)-2-nitropyridine
N 0
/(j/ \©\’9N
ON N ﬁ’ 7<
o)

To a solution of 4-hydroxy-(N-t-butyl)benzenesulfonamide (3.01 g, 13.2 mmol) in

DMF (48 ml), cesium carbonate (5.67 g, 17.4 mmol) was added, followed by
addition of 5-bromo-2-nitro pyridine (2.36 g, 11.6 mmol) and the mixture was stirred
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The tablets nay be optionally be coated or scored and
may be fornulated so as to provide slow or controlled
wonedsamssiof the active agent. O her fornul ati ®a3/SE2004/002034

suitable for oral adm nistration include | ozenges
at 50€0rfpr 12 hogrd. heasuspenasiagands filterad fana\thaerselldpdgeaporated and

usual |y sucrose and acacia or t can asti |
then Sy frside XLARSd DEMAEmgEnad: NaBk O] Misigeas chicide. The
orgaﬁi@' taEsQ vﬁd’sddr@éd’ 6¢& $bdidh s%‘l’f‘éfé’éﬁd 8lsh&aRd & heaf'égultlnp mixture

rising the active agent 1n a suit
was ptumfwdjby:aolurrm chmmaiogra@hw@mwnilqa ger(0vati-dos Ea@bb/dnethylene
chlor@g S@n%ﬁ%?gtllvé) Sh r‘lg:néqr}g\ﬁvelbo tVQI“IPus a ?@%Ib%@sm@ye P tle compound
(LC-MSNAPIIES: Gsze:xmmé 351. fagaami 8bdut 30% was 2-(4-(N-t-
N- FdS, 1aR, 7bR) - 4. 7-di f | uor o- 1
butylsqlénrwmsoimn@wbhmmpaw@par(b@dwSoﬁé’r‘rEﬁ pB6-InCalc.$85.24)
am do) phenox 2-pyridinyllurea a

asa ééﬁgstjqé&]but yl lgl fona>r/n) do) gKenoxygl 2-nitr o)pyrl di ne

2N To a solution of

HNMI DR A7 (Ao M8 ST 4k s e eh 2. 7 Sdad, Ty 726 (@, 2H),

d?ﬁ)d foIIovved by addition of
451@“@%5% ro pyridine (2.36 g, 11.6 mmol) and the

m xture was stirredat 500C for 12 hours. The

[ slvent evaporat ed and
R CRUBANATINC 5. NaHCO3 and

net hyI ene chI ori de. e opganig phase was dried over

sodi um sul f at e and ratgd. The Lesulting mxture

was purified by col hr onat ogkaphy on-silica gel (O
- V2 - 1% Et OH K NTethyT ene chi™orid gr?ﬁihent) to give
3.47 g material of which about 70% the title

compound
The product mixture obtained in Example 1a (3.47 g) was dissolved in ethanol (70

ml) and ethyl acetate (18 ml). Then 10% palladium on charcoal (680 mg) was added
and the black suspension was hydrogenated with stirring under normal hydrogen
pressure for 1% hours. The catalyst was filtered off and the filtrate was evaporated.
The resulting residue was purified by column chromatogfaphy on silicagel (0 - 10%
EtOH / methylene chloride gradient) to give 2.42 g of title compound (57% yield over
two steps). (LC-MS, API-ES™: 322.0; Calc. 320.41)

"H-NMR (de-DMSO): 7.77 (d, 1H), 7.73 (d, 2H), 7.20 (dd, 1H), 7.39 (s, 1H), 7.25 (dd,
1H), 6.99 (d, 2H), 6.50 (d, 1H), 5.97 (br, s 1H), 1.06 (s, 9H).

c) N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalclchromen-1-yl]-
N’-[5-(4-(N-t-butylsulfonamido)phenoxy)-2-pyridinyllurea

23



10

15

(LC- M5 API-ES +: 352.4; Calc. 351.38) and about 30%
was 2-(4-(N-tbutyl sul fonam do)

WO pésnesay) - 5- br onmopyri di ne (LC- M5, APl -ES +: 3B6T/SE2004/002034
Calc. 385_.24) as a side product. 1H NWR (CDClI 3): 8.37
(d, 1H, 8. , 1H), 7.98 (d, 2H), 7.54 (dd, 1H),

7.20 (d, 2H).04.51 (s 1H 28Q( b
5-(4-( sul f onam dpt oREnoxy

i.e.'

yrodl nam ne The

’4

pr oduct '0bt ai ned A _n anpl &_1gMNI/ 4N was

di ssol ved|i n,etNaanpl (M N~ and et hyl aget aqga\/(w

m ). ThenF10% pal | a 'uth on char coal (680 Gg) 'was added

and the bl ack suspersi on was hydrogenated with

stirring under normal hydrogen pressure for V hours.
(1S,1aR g b&t4qT diftuonasl , fa, R 7do- ted*ahf,lﬂramydlopfcq:a‘[dz]lchmmawmascarboxylic

acid, G5PARA o0 pbmtonViRHs ok b B8 7 o SFbRimabodeacki+

butylsﬁﬁbﬁyﬁwﬁﬁ?p@é;ﬂb })//?-glepdﬁfo%jérﬁﬁ@ (109 V(?O%44I2m9nd?f ar‘id E g?m:/lamine

over two ste (LG M5,
(47 u|3Q2340 Mo )Me@%lmﬂ)tggemﬁm drystoﬁll%e)(z ml) 'aﬂd(argom ldtmosphere
was lq[%?d%c%gggﬁé_% D%’é %Agpg@ %IEP minkﬁl?wgggifldgg)dndsthf,_fgctidrbgolution

was sﬁﬁ*ed %H)1 10¢L O B(HoBrd.afhe/ RiActién midiuré W%fsCWérked up by extractions
Tb-tetr 'ﬂf{ﬁ?r ocvcl opropa[ clchronen-1 -y-

betweﬂn msthylm@M:ftlo and 5% etimrpeidfolinwersk by sat. pm iNgHO3. Silica

oo o5 B aBoPl .t Piaenechorge raden e 140
of matesiatiwhjphewas éuttreer pinified biyrprécii2tive TLE3clirohatographyqio -

, 5-%4- N-tbh | sul f onam do) . o i
Meomsmf aﬂisfva of(PLF8 Aredue a5, whiteRomdes i§1% yield).
(LC-MY, ;g;tlrgéarm@eo( g,c2$44 ng41 mol ) were m xed toget her

1N

ry toluene argon at nosphere was
i ntroduced. Then DPPA (74 m, 0.341 mmol) was added

H-NMR{CD,)! 638" 122, 38).Y BB, 2H), 7.64 (d, 1H), 7.62 (s, 1H), 7.29 (dd,
1H), 6.96 (d, 2H), 6.79 (d tr, 1H), 6.70 (d, 1H), 6.59 (d tr, 1H), 4.52 (s, 1H), 4.47 (dd,
1H), 4.33 (dd, 1H), 3.79 (g, 1H), 2.62 (tr, TH), 1.98 (m, 1H), 1.26 (s, OH).

d) N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2.7b-tetrahydrocyclopropalc]jchromen-1-yll-
N’-[5-(4-(sulfonamido)phenoxy)-2-pyridinyljurea

Dried N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropa[c]chromen-1-yl]-
N’-[5-(4-(N-t-butylsulfonamido)phenoxy)-2-pyridinyljurea (36 mg, 0.066 mmol) was
dissolved in 1% triflic acid/acetonitrile solution (5.8 ml) and the reaction solution was
stirred for 30 minutes at room temperature. The reaction was quenched with a small
amount of pyridine and the acetonitrile was removed by evaporation. The residue
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was stirred at 110 OC for 3 hours. The reaction
m xture was worked up by extractions between nethyl ene
wo etsosé1ide and 5% citric acid foll owed by sat.PamySE2004/002034
NaHCO3. Silica gel columm chromatography (1-2% EtOH /
was waskeq Lrky exirastipge bghuekremethyjene chioadmgnersatuagrahCOs.

e offefiatiase Wik Eh B us] Fehich SIRREVES XBpoRed  Siigp 0o

colunﬂﬂcmbnmﬂmgraphp(im% E$OH /Whetr@lm/ﬂ%rldeﬁg%cmrﬂb ghve 26 mg of
(LC- M5, APl -ES ;.. Calc. 544.48). 1HN

pure Rfewtaqs Wb'tégowﬁféﬂ%mleid» 85 (d, 2H)1 7.64 (d 1H),
7.62 (s, 1H), 7.29 (dd, 1H), 6.96 (d, 2H), 6.79 (d tr,
1H), 6.70 (d, 1H), 6.59 (d tr, 1H), 4.52 (s, 1H), 4.47

"H- N'\("aC(ds-DINJSO;L 281 ((Std1H)1*8)06 @r79 169, 7TH)(d 2HR27 (M3 (d, 1H), 7.52

(ad, ¢ (38 Wa izt B A 718 co 24, 6.79 (@ 1r, 1H), 7.02 @ tr, TH), 4.32

dd1a47t agfr@c fi¢hehrooen-tHy. v! | -
H} QS Bd(ﬁﬂ?foﬁa&#d@pggﬁgg?)ﬂg %yrl di nﬂ_| Purea Dried
N-[(lS laR, 7bR) -4, 7-di fl uoro-1
¥ la, 2, 7b-tetrahydrocycl opropa[ c] chronen- 1-yl ] -
-[5- (4- (N-t-butyl sul f onam do) phenoxy) - 2- pyri di nyl ] ur
Examp%236 ng, 0.066 mmol) was dissolved in 1%triflic

acid/acetonitrile solution (5.8 mM) and the reaction
N-[(1S5,4 8RB {iR) -4 diflworer hda 2o fbtetrahydievelapropalglahromen-1-yl]-N'-

5-(4- -m&-ﬁﬂlzgfb%ﬁ%ﬁiogﬁﬁ&ﬁég{i@- 2BidiARELed W th a small
| e was renoved by

evaporatl on. The residuewas worked up by extractions
NaHCG3. The

P ' ArerSLS d ‘ Ul fate was
evaporat ed Si I [ ca gel colum chromat ography (1-4%
EtOH / methyl ene chloride gradient) gave 26 ng of pure
product as white po ?1% yrel d). 1H NVR (de- DMSO):
9.41 (s, 1H), 8.06 s 1H) 77 (d, 2H), 7.73 (d,
1H), 7.52 (dd, 1 7.32 (d, 7.28(s, 1H), 7.05
(d, 2H), 6.79 Oemtr, NIH), i, 1H), 4.32

Potassium tert-butoxide (191 mg, 1.70 mmol) was added to a solution of 4-hydroxy-
N-methylbenzamide (257 mg, 1.70 mmol) in DMF (2.5 ml) and the mixture was
stirred for 1 hour at room temperature. Then the mixture was heated to 65°C and 5-
bromo-2-nitro pyridine (305 mg, 1.50 mmol) was added and the mixture was stirred at
65°C for 12 hours. Then the solvent was evaporated and the residue extracted
between water and methylene chloride. The organic phase was dried over sodium
sulfate and evaporated. The resulting mixture was purified by column
chromatography on silica gel (0 - 1%2 % EtOH / methylene chloride gradient) to give
358 mg of material of which about 60% was the title compound (LC-MS, API-ES™:
273.9; Calc. 273.25) and about 40% was 2-(4-(N-methylcarboxamido)phenoxy)-5-
bromopyridine (LC-MS, API-ES™: 307.8, 308.8; Calc. 307.15) as a side product.

"H-NMR (ds-DMSO): 8.46 (br q, 1H), 8.45 (d, 1H), 8.34 (d, 1H), 7.93 (d, 2H). 7.71
(dd, 1H), 7.28 (d, 2H), 2.78, 2.77 (2 x s, 3H).
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(dd, 1H), 4.28 (dd, 1H), 3.51 (q, 1H), 2.47 (tr, 1H),
2.00 (m 1H). Exanple 2 N-f(1S, 1aR 7bR)-4. 7-di fluoro-1
WO .20@5/08618Ip- t et r ahydr ocvcl opr opaf clchromen- 1 - yPNT/SE2004/002034
f5-(4- (N-net hyl car boxyam do) phenoxy) - 2- pyri di nyl ] ur ea
a) 5-(4-(N-nethyl carboxyani do) phenoxy)-2-nitropyridine
Pot assi um tert-butoxide (191 rrg 1. 70 mol ) was added

b) ) em de (257 ny,
1. 70 mol) in DM (2.5 n1) and the mxture was stirred
for 1 hour at roomERperature hen the m xture was
heated to 650C and |5 bf ono- 1 i di ne (305 ny,
1.50 mmol ) was added amd t he i xfuore Was- stirred at

650C for 12 hotkN. THen the sol vent |was evaporated and
t he residue extracted between wat er Gand net hyl ene
chloride. The organi c phase was dried over sodium

The pyoduetinaixiig obiiped 4t steP AHESP &BQ) Wan gistoedria 66\%\0' (10 mi).
Then@?}g /(Péﬁ%’#% & |c: %o%h(ﬂ%g?g/gggérﬂggﬁ atld thebIS&H s&%&gsnon was

thylene' chlo lrent) to give
hydrdwnafechwttle stielngofundir ndrnadl dydragEn piessutesfor itt4 bours. The

e B e i o v
punflgd BVQ:B}U rhlcRRorhdtegMph tsﬁcga @ell\gw(%% Et@@i’ ﬁietﬁ%bﬁe chloride

as a S|de produc

gradient) 1cH);|ve81 MM title)congodmd ($2% weld QV%V\(Od'éteQQ) (,LC(FMﬁ_L API-
d, 2 2.78, 2.77 (2 x s, 3 b
ES": ég‘?ﬁ ﬁ%q‘r@t‘tﬁ?@gr boxl;)arri do) phenoxy)SZ- pyri di Fbarri )ne The

product m xture obtained in step a) (358 ng) mas
ssol ved in ethano 0% pal |

TH-NVIR(GIOR1) (80 (et Dol e ZhDan L B bkc25 dbeltiy 804 (0
2H), 833 @Y 0P %eﬁ?mrdﬁ )$434|1hgbfr'sn§Hl)”5der| (BY Jr&gyhydr ogen

pressUre 'for

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

hd

= N\
N N
H

0

The title compound was synthesized analogously to Example 1 from 5-(4-(N-methyl
carboxyamido)phenoxy)-2-pyridinamine (37 mg, 0.15 mmol). Silica gel column
chromatography (0-2% EtOH / methylene chloride gradient) gave 41 mg of pure
product as white powder (65% yield). (LC-MS, API-ES": 467.1; Calc. 466.45).

'H-NMR (CDCls): 9.33 (br s, 1H), 7.99 (s, 1H), 7.75 (d, 2H), 7.61 (d, 1H), 7.28 (dd,
1H), 6.93 (d, 2H), 6.78 (d tr, 1H), 6.72 (d, 1H), 6.57 (d tr, 1H), 6.07 (br q, 1H), 4.45
(dd, 1H), 4.33 (dd, 1H), 3.78 (g, 1H), 3.03 (d, 3H), 3.66 (tr, 2H), 2.61 (tr, 1H), 2.01-
1.95 (m, 1H).
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catalyst was filtered off and the filtrate was
evaporated. The resulting residue was purified by
WO casoaa3chr omat ogr aphy on silica gel (2 - 6% BCTBEZ004/002034
net hyl ene chloride gradient) to give 118 ng of title
Exa"&ﬂﬁ‘réound (32% y| el d over two steps) (LG M5, APIESH
44, , D : ,

“4- (Nz't‘hétmL&uESnéMJdﬂbhencﬁcv&I-éﬂrdmg]ul@, 4. 41 (br s, 2H)
3.01 (2 x s, 3H. ¢c) NTf(1S, 1aR 7bR)-4.7- dlfluoro 1

.1a, 2, 7b-tet rahydrocvcl opropa[ cl chronen-1 -yl ] -
NN ArebtVIetdRe ide e KBR) IR hRRERYING 2= PyrT dinyl T ur
Al

Zed anal ogously to
Exanple 1 from 5-(4-
car boxyam do) phenox |) 2-lpyri ¢ 'neO(37 mg, O0.15
mol ). Silica gel c¢alu chr oxaL6 a,@ay(o 2% Et OH /
met hyl ene chl oriCde gr &di ent) gave @1 ‘hg of pure
product as white powder (65%yield). (LCMS, API-ES +:

The tid6 toinpouddl was 4ﬁ<ﬁhé§|)zed hhawauémgl%afr?%&% l_gr@rh N-§4 -hydroxy

phen)glﬁ%ethgpbasulg)r@gmgg (1§Q.|yng %l &@2 (Tu’n@lb Sili¢g gelcotompnd, 1H) ,
chrorr?acfggr ﬁyt(béogg%( = I-?Zd'r(é?éylgge %ﬁ?orlgé)gﬁg_feg@ q%&)ré) 632ﬁ693§f
material &f which >384, was 0 @te title 8mpound H)CHASNAPEES N30S.0: Calc.
307. 2%?%45347@0 indsitanaet \)e%%ﬁaaw)cﬁemraﬁemdmeMrMS API-ES™
307.8&_3?%._@“ i dovU é)wﬁﬁﬁa%ﬂé’ébﬂk rdlcdli nv Purea a)

N- net hyl sul f onam do) phenoxy)-2-ni'tropyri di ne The
title conpound was synt hesi zed anal ogously to Exanple

"H-N8 (RSN B 0 25, RSO 1) (A 2B 8 18u 1R 7.48 (q,

1H), 7.40 (d, 2H), 2.43, 2.42 (2 x 5, 3H).

fe

b) 5-(4-(N-methylsulfonamido)phenoxy)-2-pyridinamine

HN" N

The title compound was synthesized analogously to Example 2b) from (5-(4-(N-
methylsulfonamido)phenoxy)-2-nitropyridine (63 mg, 0.204 mmol). Filtration and
evaporation gave 73 mg of crude product. (LC-MS, API-ES": 280.0; Calc. 279.34).

"H-NMR (ds-DMSO): 7.78 (d, 1H), 7.70 (d, 2H), 7.25 (dd, 1H), 7.02 (d, 2H), 6.50 (dd,
1H), 5.97 (s 1H), 2.37, 2.36 (2 x s, 3H).

c) N-[(1S.1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc]chromen-1-ylj-
N’-[5-(4-(N-methylsulfonamido)phenoxy)-2-pyridinylJurea
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chr omat ogr aphy (0-0.75% EtOH / net hyl ene chl ori de

gradient) gave 63 ng of material of which >90% was the
worastesisonpound (LC-MS, API-ES +: 308.0; Cal cpPCBOE2085)02034

(2-(4- (N-net hyl sul f onam do) phenoxy) - 5- br onopyri di ne

(LG M5, AFI-ES +: 307.8, 308.8; Calc 307. 1 5) was
formed as ®_sj@®e product). 8 52 (d,
1H), 8.3p 7.85 ( 7 48
(q, 1H), 28 H, 2.43, .42(

5- (4- (N- nef hy| Sul £ Rnanigi6) prénoxy) - rld.u mne | O

[J The tit#e comJou V\bés synt hesi zed anaHogeusly to
Exanpl e 2b) from (5- (4- ( Nret hyl sul f onam do)
phenoxy) - 2- nitropyri ine (63 ng, 0.204 mol).
The tiffé kbrplouad Besizéd analogously 18 Bxanijle Aty eOm 5-(4-(N-methyl
rod“l‘Jr?tbI (LC—I\/S)WAPI-ES+O§ g Calcr:“:rf279)J 34). N y
sulfon@mlﬂm)mh@aexm%eyndmamm@ 676 mg) 0.2047mmq}). Siliga gel. gojumn

chronéafi‘ggf’aﬂaggl é%—éﬁxétg)H %Eﬁeth@saﬁg cF\%ﬁde]df%d|eﬁt)9g7av(espd]r5|)fract|ons

contaiNingr3®ninet ﬁthrEz]prgdGetobslf Wwhite po?vder 5140% yield). (LICI -MS, API-ES™:
trahvdrocvcl opropaf clichronen-1 -yl | -
503. Ol\f]“ I%Bég met hyl sul f onam do) phenoxy) - 2- pyri di ny
ureaO The title conpound was synt hesi zed anal ogously
] to Exanple 1c) from 5-(4- (N nethyl
H-NMRI(COC s aot)7p(|be|so>‘tgzl) ®68ys,i tinahBhds, 1), fH7 (d,204), 7.30-7.24

i SRR b n S PRI A o v

3.02 (SOBHRINGM ad-19% @n prigduct as white powder (40%
(yle g). (QC I\/gngAPI-ES@:] 5I-8g 0; Calc. 502.32).

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

a) 5-(4-(N-t-butoxycarbonylamino)phenoxy)-2-nitropyridine
joRew
e ”/”\OJ<

The title compound was synthesized analogously to Example 1a) from 4-(N-t-butoxy-

O,N

carbonylamino)phenol (581 mg, 2.78 mmol). Silica gel column chromatography (0-
2% EtOH / methylene chloride gradient) gave 704 mg of material of which about 50%
was the title compound (LC-MS, API-ES™: 332.0; Calc. 331.25). The other half
consisted of (2-(4-(N-t-butoxycarbonylamino)phenoxy)-5-bromopyridine (LC-MS, API-
ES™: 364.9, 366.0; Calc. 363.15), which was formed as a side product.

TH-NMR (ds-DMSO): 9.47 (br s, 1H), 8.35 (d, 1H), 8.29 (d, 1H), 7.55 (d, 2H), 7.51
(dd, 1H), 7.15 (d, 2H), 1.47 (s, 9H).

b) 5-(4-(N-t-butoxycarbonylamino)phenoxy)-2-pyridinamine
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1IH NVR (CDCI 3): 9.47 (br s, 1H), 8.68 (s, 1H), 7.85
(s, 1H), 7.57 (d, 1H), 7.30-7.24 (m 3H), 6.83-6.77

WO gons/oadédsl 6.56 (d tr, 1H), 4.45 (dd, 1H), 4. 3PCT1/dH004/002034
1H), 3.81 (g, 1H), 3.02 (s, 3H), 2.60 (tr, 1H), 1.99-1
.93 (m 1H). Exanple 4 aR 7bR) -4, 7-di fluoro-1
, 1la, 2. 7b-t et r ahydr

] realla)
yl am ndY phdhoxy - 2-hi tropyri di ne
H The title conpound was synthesi zed anal ogously to

The l?t%g@rhgo&gd yg"sﬁ?glﬂ')résﬁiseff{ ?Nél@%%@% ROBXARM&2D) RHRNRE mlxture

i ca ol um chrorratorapy

obtaifed fawh EtepHay, coetalining (&-(44(Ndrtiudexynasbivryamingaplkeroy )2y

nitroRyrgietojgby OB sndl" AGls T aghgr 5 eblfind sty HERP Hilfpion and

5 evap@?&tﬁin%@ﬁp@ﬁfled by column chromatography on silica gel (2-10% EtOH /
but oxycar bony!l am no? henoxy) ronopyrid

methdlem@?:tﬁﬁldma@@nt) vegive 4 J@eeg of tlttalc@mpsv@BdJ(QY% Wﬁ|dc<hVe" two
H NMR (d6-DMVBO): 9. 47
Step%yg?cé'?'é?a)q’," .3&6?'3),9' ol gg.'gé}(d, 1H§, 7.55 %d, 2H) |

7.51 (dd, 1H), 7.15 (d, 2H), 1.47 (s, 9H). b)
t-b b h
"H- NN@@&%)&%@?{E%%ME” ﬁ%i VoGl B e, 25 BT, 1h),

47 ' _ obtai ned fromstep a),
0 6 g&at a| 98(@%22%% I?car bonyl am no) phenoxy) - 2-
n|tropyr|di ne (total 704 rTg) After the reaction, the
d

15 The title compound was synthesized analogously to Example 1c¢) from 5-(4-(N-t-
butoxycarbonylamino)phenoxy)-2-pyridinamine (418 mg, 1.39 mmol). Silica gel
column chromatography (1-4% EtOH / methylene chloride gradient) gave 479 mg of
product as white powder (74% yield). (LC-MS, API-ES": 525.1; Calc. 524.30).

20 'H-NMR (CDCls): 9.32 (br s, 1H), 7.34 (d, 2H), 7.20 (dd, 1H), 6.88 (d, 2H), 6.79 (d tr,
1H), 6.58 (d tr, 1H), 6.45 (s, 1H), 4.41 (dd, 1H), 4.34 (dd, 1H), 3.75 (q, 1H), 2.59 (tr,
1H), 1.98-1.93 (m, 1H), 1.52 (s, 9H).

d) N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalclchromen-1-yl]-
25  N'-[5-(4-aminophenoxy)-2-pyridinyl]lurea
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steps) (LC-Ms, API-ES +: 302.0 ; Calc. 301 .35) 1H NWR
(ebcl 3): 7.69 (d, 1H), 7.32 (d, 2H), 7.31 (d, 1H),
WO 60B06q1d1 2H), 6.68 (d, 1H), 6.47 (br, s 1H), pdTS82009002034
s, 2H), 1.51 (s, 9H). ¢ NIT1S. 1aR 7bF0-4.7-di fluoro-1
. 1la, 2. 7b-t etgahvdrocvcl oproparcl chromen-1 -yl | -
N -r5-(4-(N-{- bu(r)oxycar bonyl am no) ﬁhenoxy) -2-pyridinvH
urea O The e~ tonmpound esiZedh anal ogousl y
to Exanpl e fromip- (4- (NHt butjoxyca | am no)
phenoxy) - 2-pyr | taianyne ( ~ 1. 39N\ M '_Ei l'ica
gel col um chr dohat vgN (1-4% EtOH / methy'\i ne
chl ori de gradi ent5I gave 479 ng of product as white
powder (74%vyield). (L& MsS, API-ES +: 525.1 ; Calc.
524.30). 1H-NWR (CDCl 3) : 9.32 (br s, 1H), 7.34 (d,
2H), 7.20 (dd, 1H), 6.88 (d, 2H), 6.79 (d tr, 1H),
i r7oR)E 7-@ifldérol £,1a P b-tetrahlydedislicl #]ckfomen-1-yl]-
D"ec’?’dge#’l’ﬁﬁﬁ’ 3b. 7)5 (7(ﬁ 1H), 2.59 (ttr,é_‘%ll—béwl.%);}r?)ﬁa[. 1)3 m 4
N'-[54#(N-ttbBexyearbopylamino)rhenaxys; 2-aRidinrjuraa 1242 ma, d:46 mmol)

was ghSofed s HBHOREERBIBIP T 98 581FFACH Moo U6 m e
addebFdndlthe ¥aBetidB oldtian diak! stiered-fér 60 minutes at room temperature. The

,la, 2, 7b-t et rahydrocycl opr opal c]ﬁchr omen-1 -yl]-
volatilg natersiweke remaves P &vVBBAALIART hbg Feifles Waspvarked Ry

. ' | ' '
cxrabls S20LERR Mo RAds BBl 0 4 SENRACON, THLBRE phase
was dudetbthrangh sbeiumesulifate mnscwapooatedasSilisaiget edlufror cliomatography
-2 AR SAL SRS P aBlE 248 A PR bl A e

powdf (7 #%tyieny. between nethyl ene chloride and sat. aq.
Na . The organi c phase was dried through sodi um
sul fate and evaporated. Silica gel colum

11-NKIH (CBERS 8% br s, 1H), 7.4 (d, 1H), 7.24 (s, 1H), 7.17 (dd, 1H), 6.79 (d,
2H), 6.77 (d tr, 1H), 6.68 (d, 2H), 6.60-6.54 (m, 2H), 4.40 (dd, 1H), 4.35 (dd, 1H),
3.73 (q, 1H), 3.61 (br s, 2H), 2.57 (tr, 1H), 1.98-1.92 (m, 1H).

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

a) 5-(4-(methylsulfon)phenoxy)-2-nitropyridine

02N N //S\

The title compound was synthesized analogously to Example 1a) from 4-
hydroxyphenyl methyl sulfone (288 mg, 1.67 mmol). Silica gel column
chromatography (0-2% EtOH / methylene chloride gradient) gave 300 mg of material
with more than 90% of the title compound (LC-MS, API-ES™: 3563.0 (m + AcO"); Calc.
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(1-3% EtOH / nmet hyl ene chl oride gradient) gave 139 ny
of pure product as white powder (71%yield). 1H NWR

WO QEBOA&B1 9.33 (br s, 1H), 7.44 (d, 1H) 1 7. 24rPCE/SE0Y/002034
7.17 (dd, 1H), 6.79 (d, 2H), 6.77 (d tr, 1H), 6.68 (d,

294, %59)7;\ l?w%r%%f(d@nt%anﬂg &Eﬁ&@ﬁeth%iéhlfoﬁ)p%%n&% 51H)

brombp98dine RCMS, AR)- E@xéﬂﬁlge 380.0; Calc. 328.19) was present.
N-f(1S. 1aR 7bR)-4, 7-di fluoro-1
. la. 2, 7b- t et r ahvdr ocvel opr oparcl chronen-1-yl I -N -f5-
1 1 suhf@n R %X Yd,- )P Bro4 1 2HyUT S8 (@i, 1H), 7.
- NW SlG:]Bd]\’?hyl Sl§| fon phengxy) )|[2J ni t(rop;/-?l di ne( #he ? 27 (d, 2H),
31063)rﬁiﬁund was synt hesi zed anal ogously to Exanpl e 1a)
from 4- hydroxyphenyl nethyl sulfone (288 ng, 1.67
mmol ). Silica gel colum chromatography (0-2% EtOH /
b) -ty {raethysalfon)phenokpd? pytidingavee 300 g of nateri al
wth nore than 90% of the title conpound (LC M5

APl -ES : 353.0 (m + : Q4. 29). A few per cent
of contam nating 2-(4{( methyl s )pbenoxy) 5-
br onopyri di ne (LG P~ ES +3\3Z7~¢, 330.0; Calc.

328.1 9) was prestsl. 1IN|-NI\/R(CDCI 8. 41 (d, 1H),
8.33 (d, 1H), 8.04 (d, 2H), 7.58 (dd, 1H), 7.27 (d,

The #id cordpdtnd wasByhthe¥ized analo ously to Example 2b) from the mixture
5-(4 rret hyl sul fon) phenoxy) - 2- pyri di nam ne_The title

obtal@@dﬁmnmatana@.) §9ntatrré@g ﬁw-&m@tw&wgﬂ}ph@mk@m@owdme (300

o) SR A IR0 e AT B 0 .
|sopr15]pa2?lgaltrﬁl) Iaab maﬂnade(den%eAftw the teaatiomgvhioh avas cdntineed at

t at 10 n | (3 m
roomyterRarbiure ShsiTsSuling ersidire aRSLUTRRM! apl QAPRERON was puriied
by cAQRh! dHi&Hhatbgraphy on silica gel (2 - 4% EtOH / methylene chloride gradient)
to give a pure fraction containing 160 mg of titte compound (LC-MS, API-ES*: 265.0 ;

Calc. 264.31).

c) N-[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalclchromen-1-yl]-
N’-[5-(4-(methylsulfon)phenoxy)-2-pyridinyllurea

//S ~
0

The title compound was synthesized analogously to Example 1c) from 5-(4-(methyl-
sulfon)phenoxy)-2-pyridinamine (31 mg, 0.118 mmol). Silica gel column
chromatography (1-3% EtOH / methylene chloride gradient) followed by preparative
TLC (10%MeOH / CHCI3) gave 10.7 mg of pure product as white powder (19% yield).
(LC-MS, API-ES": 488.0; Calc. 487.48).
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roomtenperature, the resulting residue after
filtration and evaporation was purified by columm

WO etsos@aBDgr aphy on silica gel (2 - 4% EtOH / per/hpioena2034
chloride gradient) to give a pure fraction containing

"H-NEE (CBOR): Y s B0 (IR 5 0888 B, 781 (e
1H), 7114],c @, Zb‘r)l&BWa(d%/ﬁH));ﬁz&ﬂ) ocf])tromal[)(ﬁ 5Br(dMe:er)]. 4.48 Kdd 1hH) 4.32 (dd,
el (A S g -
1H), $i62 @ dbsbBadat) <4 Hedd B0 dhal Sgously To- Exanpl e
1c) from 5-(4-(methyl sul fon) phenoxy)-2-pyridi nam ne

(31 ng, 0.118 nmmol ). Silica gel colum chromatography
Exanile 3% Et OH / nethyl ene chl ori de gradi ent) foll ovved by

5.(448% oy SR obB)2 G 3 b et (or & 10,

L‘(—g—@@(—)ﬁ&fgjﬁ‘g@zﬁ%ﬂ@—s , 7.68 (d. 1H), 7.31 (dd,
1H), 7.04 (d. 2H). 6.87 (d. 1H, 6.80 (d tr. 1H), 6.58
( 4.

fdifle 1H. 3.82 (a, 1H),

; . 2. 3 . Exanple 6

N-r (1S, 1aR, 7bR)-4. 7-di fl uoro-1

, 1a, 2. 7b-t et r ahvdr ocvcl opr§paf clchronmen-1-ylI-N -
s pyridinyllurea a)

f5-(4-(2-hvdroxyeth i di

5- (4-(2- hvdr oxyet hyI|) phenoxy @ itropyridine The

title conpound was esi zeth-dnal-ogoyshy to Exanpl e

2a from 2-(4- hy@rz%xy henyl ) et hyl al cohol (234 rrg, .70

Silica u r omat, o h

The (iR horerund ks Sraiaans airlboRTRL BRetples o Wﬁrhvdfoxv
heng)ethyEEshd! Y010£0 hritRoll.iSilica geraudumd chkdmbfagraphy (0-2%
phenflbthy B hd) (20 %%O+ ACO) ) Siiéa GoRe A A e
EtOH/ methylene chlonde gradient) gave 237 mg of material with more than 80% of
the title compound (LC-MS, API-ES™: 319.0 (m + AcO’); Calc. 260.25). About 10-15%
of contaminating 2-(4-(2-hydroxyethyl)phenoxy)-5-bromopyridine (LC-MS, API-ES™:

294.0, 296.0; Calc. 295.25) was present.

b) 5-(4-(2-hydroxyethyl)phenoxy)-2-pyridinamine

H

The title compound was synthesized analogously to Example 2b from the mixture
obtained from step a), containing (5-(4-(2-hydroxyethyl)phenoxy)-2-nitropyridine (197
mg). The resulting residue after filtration and evaporation was purified by column
chromatography on silica gel (2 - 10% EtOH / methylene chloride gradient) to give a
pure fraction containing 65 mg of title compound (LC-MS, API-ES™: 231.1 ; Calc.
230.27).
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of contam nating
2- (4-(2-hydroxyet hyl ) phenoxy) - 5- br onopyri di ne (LC M5,
WO ARISOES3t: 294. 0, 296.0; Calc. 295.25) was prPBSESE2000)02034
5- (4-(2- hvdroxyet hyl ) phenoxy) - 2- pyri di nani ne The title
o) CHNRASHLRIBRIMTT ifioEd fIo 7K MBhyd iceyER6BRINaTc]eRromen-1-yI-

Step a), contailning
N’-[5{(8-(R4rvdPexyedin 4) ridiny)lu@ani t r opyri di ne (197
ng). The rq§ulting residue after filtration and

evaporation was purified by colum chromatography on

silica gel 030% Et OH / hylQ shl ori de

gr adi ent) [ pure flfactlfon c i ning 65 ng of
title conpQuAd ?‘NB, APLL ES _#+: 23 N.C.
230.27).¢c) N[4 RR ZHR) - N7-di fl uoro- 1 CH

.1a. 2. 7b-t ét r ahytdr ocvifl opr oparcl chronmen-1 -yl | -
N -f5-(4-(2-hvdroxyetbv phenoxy)-2-pyridinyllurea F
The title conpound was synt hesi zed anal o ouslty to

The titleaogrnpound wasmynthgsizedranalogously to Example 1c) from 5-(4-(2-

nydropet i DFEeRR P E FrTIRE Y6 IR mE) SHier e gymn
chror\?\ihéiti%églﬁse(olhb/@E't@H | In&tiyene)chisride dgradidritpgave fraotions, from

_ ng of pure product as white powder was, .
whicly8trag mé@yr%ﬁapogi@@ As ViHg pvdar waspRiained, apd;asditionally some

mixe dgehns (LIS, A8t £ 56010 488:49) - TTIVE, 1

I' 24 (dd, 1H), 7.20 (dé 2H)ir6. 88 (ol,4 iH)’ 6.77 (d tr,
"H-NMIFRCORE): S5 BEb et B 26 (5, 1H, T4 1) 7 28 @d T, 7.20 @,
2H), é;ﬁaa n%:‘?ez@@ 6577, (a%F)1H)L698- H, 1885, 6.85 (&M, 1H), 243(@a, 145)4.34 (dd,
1H), 3.87 (t, 2H), 3.77 (q, 1H), 2.86 (t, 2H), 2.59 (tr, 1H), 1.98-1.93 (m, 1H), 1.51 (br,
1H).

Example 7
N-[(1S,1aR,7bR)-4.7-difluoro-1,1a,2, 7b-tetrahydrocyclopropalcichromen-1-yl]-N'-
[5-(4-(2-(2-methoxyethoxy)ethoxy)phenoxy)-2-pyridinyllurea

a) 5-(4-(2-(2-methoxyethoxy)ethoxy)phenoxy)-2-nitropyridine

SAet
= O/\/O\/\O/

o,N” "N

The title compound was synthesized analogously to Example 2a) from 4-(2-(2-
methoxy- ethoxy)ethoxy)phenol (300 mg, 1.42 mmol). Silica gel column
chromatography (0-%:% EtOH / methylene chloride gradient) gave 173 mg of
material with more than 70% of the title compound (LC-MS, API-ES™: 335.1; Calc.
334.33). About 20-30% of contaminating 2-(4-(2-(2-methoxyethoxy)ethoxy)phenoxy)-
5-bromopyridine (LC-MS, API-ES™: 368.0, 370.0; Calc. 369.33) was present.
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N- FdS. 1aR 7bR) -4, 7-di fl uoro-1
.la. 2. 7b-tetrahvdrocvcl oproparclchronen-1 -yll-N -
WO e&@5(046132- ( 2- met hoxyet hoxy) et hoxy) phenoxy) - 2- pT/SH20%/002034
Purea a)
5- (4-(2-(2- met hoxyet hoxy) et hoxy) phenoxy) 2-nitropyridi
h t |

322 nal ogously to
%)-2-pyridinamine

et hoxy) et hoxy) phenol (300 ny, 1. 42 mmol). Silica gel
col um chr omat ography (0-1 % EtOH / net hyl ene chl oride

gradi ent) gave Qf.~material with nore than 70%
of the title cprrpo nd (, APl -ES +: 335.1; CQalc.
334.33). Abouyt~20=80% 0 apihg_~_ .~

2- (4- (2- (HHMet hdkyet hoxy) et hoxy) phenoxy) - ©
5-bronopyridine (LCGMS, API-ES +: 368.0, 370.0; Calc.
The tg@g:qg@o%wgfs §§@§ﬁ\psg)ed analogously to Example 2b) from the mixture

T T T e

nitro Eidipe (e172bbng)r'blme téwltmgdeskﬁ;e@ft@ fiteatidrr and Evaﬁ@ﬂaﬁoﬂ%as

purifigg By Gofmi ahictmatbamrty)on A GELO 19 IO Riringehbchloride
gradxéhb? Eég%%ﬂ @i%dfrﬂ%ofﬁéalﬂgglv@% W@J(G'g% EQ@VC}fQRIEﬁ;Hanound (LC-

tography on si
MS, ARBET R0t adiadnt304t36)gi ve a pure fraction containing
92 ny (60%yield) of title conpound (LCMS, API-ES +:
305.1 ; Calc. 304.35). 1HNMR (CDCI3): 7.85 (d, 1H),

H- NIVIRl@)m@Q) 7185 (d 611-%0761 68éjd( ITH146+DO 6589%%ng16*138 (QHiﬁlq) 6.50

(d, 1|-S;) I;’:24({2br %1 5tg2(—|¢),,3 §§|)(t 2$-I)3© 7@g(t ZJ-H-)) 3. ﬁg(t 2H) 3.39 (s, 3H).
N- FdS, 1aR, 7bR) 4,7-difluoro-1
. la, 2, 7b- tetrahvdrocycl opropaf clchronen-1 -yl | -

c)  NN-[(5S (14 2bR R4 TetiNQBKE! Nexd Y BiteeaIdrbevshpbpardtiromieh-1-yil-

The title conpound as sgnt hesi zed anal ogously
pthoxyathe p)-2-pyridinyljurea

met hoxyet hoxy) et hoxy) phenoxy) 2-pyridi nam ne (46 ny,
I 2) Silica gel

I Qo
Sy

o)

The title compound was synthesized analogously to Example 1c) from 5-(4-(2-(2-
methoxyethoxy)ethoxy)phenoxy)-2-pyridinamine (46 mg, 0.15 mmol). Silica gel
column chromatography (0-1%2% EtOH / methylene chloride gradient) gave fractions,
from which 14 mg of pure product as white powder was obtained, and additionally
some mixed fractions (~40 mg) (LC-MS, API-ES*: 528.1; Calc. 527.53).

"H-NMR (CDCls): 9.35 (br s, 1H), 7.82 (s, 1H), 7.48 (d, 1H), 7.18 (d, 1H), 6.89 (m,
4H), 6.77 (d tr, 1H), 6.63 (d, 1H), 6.57 (d tr 1H), 4.42 (dd, 1H), 4.35 (dd, 1H), 4.14 (t,

34



10

15

20

col utm chr omat ogr aphy (0-1V2% Et OH / et hyl ene

chloride gradient) gave fractions, fromwhich 14 ng of
WO pusesqspduct as white powder was obtai ned, aPOI/SE2004/002034

additionally some m xed fractions ( 40 ng) (LC- M5,

2H), 2BV-(£3H, 3538(q;L1H) C:hN'_(';m SW((éJZH)H)BRQ @DGH()zf 58H)351H)
, 1H), 7.48 1H), 7.18 1
19855%89(”trﬁ]"52m) 6 77 (d tr, 1H)16.63 (d, 1H), 6.57 (d tr
4.42 (dd, 1H), 4.35 (dd, 1H), 4.14 (t,2H) 3.87
(t, 1H) 3.75 (g, 1H), 3.74 (t, 2H), 3.59 (t, 2H),
Exanplet® (s, 3H), 2.58 (tr, 1H), 1.98-1 .92 (m 1H).
Exanmple 8 5-((6-r((f(1 S, 1aR7bf?)-4.7-difluoro-1
. 1la®Jb-tetrahydrocvcl opropaMchronen-i -
rb@l@dﬂopa[c}chromen 1-

yllamirva}aama{zvl)ammpé-s »
xam de
5-[(6-nitro-3-pyridinyl)oxy]-2-pyridinecarboxylic acid

a) _ (AGmetinyl-51(Brmitrg-3vmsidirgfloxye2Hpyridinecarbdxaatitler i de (10
m) over-night. The excess.thionyl chloride was

evaporated and the ri de was quenched
wi th aqueous net hyl larri eto
5-1(6-nitro-3-pyrih oxy] -

lgi ve| pure Nmet hyl -
- (di ar boxam de

(190 ngy, 70 % OLN NvRN( CcDCl 3+ 8.4 (d, 1H), 8.32

(d, 1H), 8.31 (d, 1H), 7.42 (br s,

b -ge-rf d S.iaRJbRMJ-difl uoro-i

5-[(6- nltﬁf\Sfpyhﬂmyﬁb ;Etpp dilﬂéé@ﬂb@k?liﬁ@ﬁ&m%o mg, 1 mmol) was refluxed in
am no>car ony am nol - 3- pyri di nyl)

thlonﬂ/c¥1}ﬁ5'tq$yq1ﬂzn D\PVEEN g af e R %eRSELhionyl chlondg )was evaporated and
the c#)g/gr%"%fﬁ%fi@gd%g Q@as‘&dﬁ%r%l Wlwaghu éasowhﬁaﬂyr'ﬁ\i%g%aﬁpe N-

ssol ve

methy|ZD[(B1nitro-Bhpy riding|).oxy |-Besy ridjrdroagemangide $ 90 gndRalONio)
under hydrogen atnosphere. \When the starting nmateri al
was consumned according to TLC(ether), the m xture was

H N@ié'(ﬁ%%@ﬂ MHBYIB £& M1, 839 (AONASIE.BRIEH T2 (br s, 1H), 7.55
(m, 2H).

b) 5-({6-[({[(1S,1aR,7bR)-4,7-difluoro-1.1a,2,7b-tetrahydrocyclopropajclchromen-
1-yllamino}carbonyl)amino]-3-pyridinyl}oxy)-N-methyl-2-pyridinecarboxamide

i
o NP{\NH \_ o Chiral
F \_7
7 N\
F N=
NH
O

N-methyl-5-[(6-nitro-3-pyridinyl)oxy]-2-pyridinecarboxamide (190 mg, 0.7 mmol) was
dissolved in Methanol (20 ml). The mixture was hydrogenated using Ra/Ni under
hydrogen atmosphere. When the starting material was consumed according to TLC
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pressure. To the crude product was added
(1S, 1af ?, 7bS) -4, 7-di fl uoro- 1

WO 2008/02613bt et r ahydr ocycl opropa[ c] chronene- 1- cR€SR3004/002034
acid (0.170 ng, 0.76 mmol) and the m xture was

(etheﬁaoﬂ?é’ AL Wés“l”t‘lﬂ'a‘“te-dr thr‘é%@ﬁ c,@ife ahd céﬁ’cé?ﬁ}d‘ted hﬁdép}e‘éﬂéed
phenyl phosphory azi de nmol ),

pressureet hyl amine (106 m, O 76 mml) vvas added The

To th?ﬁ?ﬂﬁ%ﬁé‘?@fctt s’ %‘iﬁe%fj ﬁ)ged %qtbr‘?i 17 gﬂﬁ'@e‘aa‘ r reduced

tetrachﬁ*ééWl@pr@bd[d]dﬂﬁoﬁfelw@ﬂ Raishigtic weid (0l 570inge d. 76Mmeddiyand the

acetate and washed h smal | portions of aqueous
mixtusg dvascm—eva@ora&ﬁdjwab T@itmne (2] rm)atp é@lfébq |V9h4nﬁ1§/dr ogen

o ERPRTREHE AU 570 W1 . i 8hing 109 4, 025 o

was G@dﬁwulﬁde inbiGrewas frdeflukét FviRt h%ﬂbB)argorQatﬁ?os(miers The
1H), 8,17, (d, 8. 16 s, 1H),
solvent g@sﬁhgg rémovgﬁ)under ;e;du(cgd pfggsure apyd t?ugd:ru rod;uoégyas

dISS(?\%i m%yl &eﬁ%ﬁe@&ﬁéﬁ%e@@tg fﬁzeﬁﬂporﬁoﬁ? of ngédﬁs h)ﬁ;rﬂéhlonc

acid @0.62M)tsataidted 8odidm hydmgemcanbe)natezadwaieg Purlflcatlon by flash
R7b ? 0
chromalgaganty {1 aRBANBLDEEH GR4P hE HEsieh cgmpound (158 mg, 48 %)

vam no) car bonyl ) am nol - 3- pyri di nyl ) oxy) benzam de a)
6- ni tro-3-pyridinyl)oxyl benzam de
'H NM&%@D@J@ybeﬁa&r@eWis@Z&gd 1H) &idId, Hd 8cke8ilGntbr s, TH),
7 ss AR B R Bk (b2 he T e 7 (20, .61

6.55 I(fm, 1H)24.48T@4) 1Bt 3D dd, aldH)e d.8 1T¢ae 1H) x3.02€d nald), IZeGI (tattH),
5 02 1 gge(%rees) until the starting

Example 9
4-({6-[({[(1S,1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc]chromen-1-

yllaminol}carbonyl)amino]-3-pyridinyl}oxy)benzamide

a) 4-[(6-nitro-3-pyridinyl)oxylbenzamide

~
O,N” >N CONH,

4-hydroxybenzamide (150 mg, 1.1 mmol) and caesium carbonate (394 mg, 1.21

mmol) was dissolved in dimethylformamide (7ml). 5-bromo-2-nitropyridine (244 mg,
1.21 mmol) was then added. The mixture was left at 50 degrees until the starting
material was consumed according to TLC (1 % methanol in ether). Purification by
flash chromatography yielded 4-[(6-nitro-3-pyridinyl)oxy]benzamide (110 mg, 38 %)
'"H NMR (CDCls): 8.37 (d, 1H), 8.29 (d, 1H), 7.94 (m, 2H), 7.51 (dd, 1H), 7.18 (m,
2H).
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mat eri al was consuned according to TLC (1 % net hanol

in ether). Purification by flash chromat ography
woypistodedl 4- [ (6-ni tro-3-pyridi nyl)oxy] benzam dectsLhowg)2034

38 % 1H NWMR (CDCI3): 8.37 (d, 1H), 8.29 (d, 1H), 7.94

('E S Cef)-411 i g BHtrBhydrocyclopropalclchromen-

1-yljardinofcarbony}arinoliBeayidinyfionplnenzamidaren-
1-yl I am nol car bonyl ) am n8l - 3-pyridi nyl ) oxy) benzam de

Thi s conmpound was prepargd essenti aI I y by the sane
procedure as s i bed ﬁ Ex st aré g from
4-1(6-nitro- j oXMHbénza (100 h@ 0. 38

mol ) arfd_( >, 7bS) -4, 7- di{\| ugro- 1

,1la, 2, 7b-t § dr ocycl opr opal C] chr onege- car boxylic
acid (65 9 nmmol ) to give pure conpound
20ng (12 %. NWR (CDCI 3 + MeQD): 7.8 2H), 7.63
(d, 1H), 7.30 (dd. 1H), 6.96 (d, 2H), 76 (m

2H),662559(m 1H), 4.45 (dd, 1H), 4.3§ (dd,2 1H),
2.6 (t, 1H) 2.0- 1.92 (m 1H) Exanple 1005-((6-r((r
S. laf ?. 7bff)-4, 7-d]

This CampoUind Was pieRaIchesRa NG Bl ths SATSRIRgdure as described for

ExanYﬁ\E‘S‘“ @tﬁﬁfn@%ﬁw)@ﬂsﬂﬂﬂro 3= Pt ya%Y orgAmid @ Y10 0nREe 088 mmol)

oxam

and @5, ’(ﬂ?ﬂubﬁm Edpfgmnww g 3xpitetrapydiogyelepeanabslahicieene-1-

e S D R N oG 7

m ) over-night. The excess thionyl chI or| de vvas
evaporated and the crude acid chlor

TH NMRKCR§I2 suMe@EDny 1826} 4@ (de 1;!5l)rZ: 38. (FQBJH) B88 (d, 2H),

o} PSRy S AN ) BYS QTSRS S 9R Sp1 Sb Mo, 20

1.92(®, 1Hy), 8.11 (br s, 1H), 7.67 (br s,

Example 10
5-({6-[({[(1S,1aR.7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalclchromen-1-

yllaminolcarbonyl)lamino]-3-pyridinyl}oxy)-2-pyridinecarboxamide

a) 5-[(6-nitro-3-pyridinyl)oxy]-2-pyridinecarboxamide

O,N” >N N~ CONH,

5-[(6-nitro-3-pyridinyl)oxy]-2-pyridinecarboxylic acid (100 mg, 1 mmol) was refluxed in
thionyl chloride (5 ml) over-night. The excess thionyl chloride was evaporated and
the crude acid chloride was quenched with aqueous methyl amine to give pure 5-[(6-
nitro-3-pyridinyl)oxy]-2-pyridinecarboxamide (60 mg, 60 %

'H NMR (DMSO): 8.60 (d, 1H), 8.57(d, 1H), 8.13 (s, 1H), 8.11 (br s, 1H), 7.67 (br s,
1H).
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1H) . b) 5-({6-r((f (1S, 1aR 7bR)-4, 7-difluoro-1
.la. 2. 7b-tetrahvdrocvcl opro p arclchronen-
WO 2008l0b@a1 no) car bonyl ) ami nol- 3- pyri di nyl ) oxy) - PEDSE20d#/062034
car boxam de NH2 Th| s conpound vvas repared essentially
: i ALOTg : ahydyeayelaprgpalclchromen-

ng, 0.38 mml) and (1S, Iaf ?, 7bS) 4, 7-difluoro-1

hr omene- 1- car boxylic
re title conpound

, 1la, 2, 7bt et r ahyagr ocycl ogf opa|
aci d (65 my,00. 29 l%g;ﬁﬁgi
(18mg (48 ¢
8.28 (d.™H O 1H), 7. :
1H), 7.33 ) 7 27 (dd, 1H), 6.86 ( 1H), 6.8
(m 1H), 638w 4.48 (dd, 1H), \A4.
3.80 (q, 1H). 2. 6Fz (t 1H), 2.02-1 .9
Exanple 11 L/-f(1S. 1aS, 7bS)-4. 7-di fl uor o-
. 1la, 2, 7b-t et rahvdr ocvcl opr oparclchronmen- K- y- L/ -(5-
[ 4- (hvdrazi nocar bonyl ) phenoxyl- 2- pyri di nyl }urea a)

This (foﬁ’iﬁo@idt\blés répdaré@@@gdﬂumu)d@emécs)anwgfo@éuua@aé H@%dﬂttfécﬁfor

A m xture of 4-benzyl oxybenzoic acid

Exam ple &s@tagfm@fr@m M@rr)ltrOt%pvncbuymxy&armm%ca(rbomld@ (60 mg,
0.38 "i”@éﬁpnéiﬁﬁaﬁmgpﬁg’ HT'}O':? tﬁy car bodi i ni de

tetrahwmoqclbpmpage]c(mn@@@1 -carddxyiiccid (5dmg, 0.29 mmol) to give pure
title COmeun(?(‘Vé) %% %)‘?‘ZOl e hydrate (0.778 g, 5.76

1H NMR (CDCls + MeOD): 9.35 (br s, 1H), 8.28 (d. 1H), 8.17 (d, 1H), 7.75 (br s,1H),
7.69 (d, 1H), 7.33 (dd, 1H), 7.27 (dd, 1H), 6.96 (d, 1H), 6.8 (m, 1H), 6.58 (m, 1H),
4.48 (dd, 1H), 4.32 (dd, 1H), 3.80 (g, 1H), 2.62 (t, 1H), 2.02-1.96 (m, 1H).

Example 11
N-[(1S,1aS,7bS)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalclchromen-1-yl}-N"-{5-

[4-(hydrazinocarbonyl)phenoxy]-2-pyridinyllurea

a) tert-butyl 2-[4-(benzyloxy)benzoyilhydrazinecarboxylate

Bz0O 0 CH
H TH
N. 3
E)\ ) ”JLOkCHB
0

A mixture of 4-benzyloxybenzoic acid (0.780 g, 3.42 mmol), tert-butyl carbazate
(0.443 g, 3.35 mmol), EtsN (0.5 mL), 1-(3-dimethylaminopropy!)-3-ethylcarbodiimide
hydrochloride (1.05 g, 5.47 mmol) and 1-hydroxybenzotriazole hydrate (0.778 g, 5.76
mmol) in N,N-dimethylformamide (27 mL) was stirred at room temperature for 2 days.

The reaction was concentrated and diluted in dichloromethane. The organic phase

was washed twice with water, dried with MgSO,4 and concentrated. The residue was
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mrol ) in N, N-dinethylformam de (27 nL) was stirred at

roomtenperature for 2 days. The reaction was
wocanBmesidr at ed and di |l uted in di chl or omet hane. PGNVSE2004/002034

organi ¢ phase was washed twice with water, dried with

purifiedh@Dookimn chioneatogeapy. (itibe gek &% deQsp GH Gl anshert-butyl 2-

t si)ica 5% Me b CH2Cl 2)..
(o5 RyeFDLEREEATH ARG Yol 8 P88 & IS Rl R deflifed by
NMR&E%&W@W (0.998 g, yield: 85 % was identified by
spectroscopy. 1HNWR (CDCI3): 8.21 (S1 1H), 7.76

(d, 2H), 7.37 (m 5H), 6.95 (d, 2H), 6.76 (s, 1H),
1 . s fel - f t
HNMRIGOChY S2ne 0 TR0l BB s g s e amia T e 1)
5.08 (of 2IHE/1.48($,y9H).

2-[ 4- (benzyl oxy) benzoyl ] hydr azi necar boxyl ate (975 ny,

2.85 nmmmol) in presence of catalytic anmount of Pd-C 10%
b) | Rreblioka i8rdiybehSofMtpatRaldifokMates hours. After

firitratton on celtte, tne residue s purified on

col umm chromat ography (silica gel, 10% MeOH in CH2Cl 2)

and terf-butyl 2-(4- phydroxybenzoyl)hydrazine

carboxylate (0.688 g, ywely: 96 %9 was identified by

NMR spectroscopy. 1H NVRELCDIO) e 7. 73 (d, 2H), 6.82

(d, 2H), 4.84 (s, 2H), 1.484sH 9H) c) tert-butyl

2-{4-f(6-nitro-3-pyridinyl)oxylbenzoyl >hvdrazi necar box
A solutioataf tartibutyl 2ol4a(beingyloxg)benzoy]ydrarzigecarboxylate (975 mg, 2.85

e RGBT PREC R Kl BT ,

hydroﬁ'l@nét)adaads ®Raed. et Ailteidat ¢h €dlite3the, redida8 ispatitied Bn column
,Ndlneth_¥lfornamde 7 m) was stirred overnight at
chromgtpgraphy (silica gel, 10% MeOH in CH,Cly) and tert-butyl 2-(4-

hydroxybenzoyl)hydrazine carboxylate (0.688 g, yield: 96 %) was identified by NMR

spectroscopy.
'H-NMR (CD30D): 7.73 (d, 2H), 6.82 (d, 2H), 4.84 (s, 2H), 1.48 (s, 9H)

c)  tert-butyl 2-{4-](6-nitro-3-pyridinyoxylbenzoyllhydrazinecarboxylate

IPROUN B
O,N i N‘ﬂ/u\o
o]

To a mixture of tert-butyl 2-(4-hydroxybenzoyl)hydrazinecarboxylate (0.688 g, 2.73

mmol) and 5-bromo-2-nitropyridine (0.554 mg, 2.73 mmol) and caesium carbonate
(1.33 g, 4.08 mmol) in N,N-dimethylformamide (7 mL) was stirred overnight at 80°C.
The solution was concentrated and the residue was taken with dichloromethane and
water. The organic phase was dried on MgSQO,4 and concentrated. The crude product
was purified by column chromatography (silica gel, 5% MeOH in CH,Cl,), to give 736
mg of the mixture nitropyridine and bromopyridine.
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The sol ution was concentrated and the resi due was
taken with di chl oronet hane and water. The organic
wopbEsessas dried on MgSO4 and concentrated. ThETSE20€002034
product was purified by colum chromatography (silica

FHraFinkRSryYxyiate.e

oD ,
2- (4 r(6-am no- 3- ENr|d|nvnoxvlbenzovl)hvdra2|necarboxv
| ate. The m xture of the nitropyridine and

br omopyri di ne (0.700 ¢)n senpce of catalytic
amount of Pd-C 10%4 an %) and Et OAc (20
m ) was hydrogenatéd for 1 houp. fter filtration on
celite, the residue was purlfled on col um

The mhatw'esctfdbje ajiropy(idine and gmmomdvm@ 700 ghirapBseand of catalytic

amoys o R 0%k 1 Eiien) (.8 Aoe FEAREATL) wag fydimgepated for |

hour yAf?érChItré}ﬁ)r%n W@ﬁtel ﬂﬁ']lfdsfd@dbe M@bﬁ@btmﬁﬁgmﬁm?tggraphy

(silica g, 58 MSQIA CHAER) anddettbutgd- -6 Bmipe.3-4(5 1 56

pynd@ Qarmgp’{%}ﬁ%ﬂé_éﬂ_rg@{@gr(g 326 g, yield: 35 %) was identified by

NMR, shactrogtopyet r ahvzir olcvcl 0 _ o
NGO 7B e 28 RO ER, e T8 4 B
1H), g}mr@l ?ﬁ? ﬂ3§$§59|.qp, 0.687 mml ), te/ -butyl

pyrldlnyI)oxy]benzoyI}hydra2|necarboxylate (267ng
0.77 I d : _

ro rdﬁ\énﬂe |aﬁ1m@3 éeﬁbo |Tn§ -3T idfryliyaiky beneeglhydrazine
reduced an e residue mas iTuted in dichloronethane
carbewyibteashed once with HCl (0.001N) and brine. The
organi ¢ phase was dried wth MgSO4 and evaporated. The
resi due was

W=
N/ Q

b N
F :N _< N
7 o
@4 Qr
o~ |
F

A mixture of the chiral acid (155 mg, 0.687 mmol), tert-butyl 2-{4-[(6-amino-3-
pyridinyl)oxy]benzoyl}hydrazinecarboxylate (267mg, 0.776 mmol),
diphenylphosphoryl azide 0.162 mL, 0.756 mmol) and Et3N (0.105 mL, 0.756 mmol)
in toluene (10 mL) was refluxed for 4 hours. The solution was reduced and the
residue was diluted in dichloromethane and washed once with HCI (0.001N) and
brine. The organic phase was dried with MgSO4 and evaporated. The residue was
purified on column chromatography (silica gel, 5% MeOH in CHxCl>) to give the title
compound (0.227 g, yield: 52 %).

H-NMR (CDCl5): 9.36 (s, 1H), 9.05 (s, 1H), 8.99 (s, 1H), 7.80(d, 2H), 7.62 (d, 1H),
7.28 (s, 1H), 7.25 (d, 1H), 6.89 (d, 1H), 6.86 (d, 2H), 6.78 (m, 1H), 6.55 (m, 1H), 4.43

(dd, 1H), 4.30 (dd, 1H), 3.76 (m, 1H), 2.59 (m, 1H), 1.95 (m, 1H), 1.46 (s, 1H).
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purified on colum chromatography (silica gel, 5% MeCH
in CH2CI 2) to give the title conpound (0.227 g, yield:
w0 3asMpe13iH NVR (CDCl 3): 9.36 (s, 1H), 9.05 (sPCLBE2004/002034
8.99 (s, 1H), 7.80(d, 2H), 7.62 (d, 1H), 7.28 (s, 1H),
7.25(d 1H), 689(d 1H), 6.86 (d, 2H), 6.78 (m
"I 43(dd 1H), 4.30 (dd, 1H),
LR @52.( b & C C

' Iuoro.
. et LS R onen- 1-y1 | -
(5 f4 (hvdra2| nocar bonyl ) phenoxyl - 2-Dyri di nyl ) ur ea
The terf-butyl 2-[4-({6-[({[(1
S, 1aS, 7bS) - 4, 7-di fl uoro-14 @ Jb-tetrahydrocyclo
bo

propal c] chr onen- 1- yl ] an}u@ ) am no] - 3- pyri di nyl
}oxy) benzoyl ] hydr agi n albboxyl a 49 ng, 0.089 mmol)
in a mxture of cﬁ&i £ onet hane (TXo 4y _) and

trifluoroacetic ( _) was StII‘I‘dN\ t room

tenperature for 30z mn. The reacti on was concentrat ed

and purified on coI um chromat ography (silica gel, 2%
The tseEdMItyIR2- M&[B{I(1so1@$VbSb-l4e7-dtﬂmpwﬁd1a 2,7b- tetrahydrocyclo

propalechiomat d A bR HaTRPRIASRRs i RFERXRgzovlinydrazine

carbde(watéw 1‘nd Y08 R BRSO & amx{wr@laeamdro%ethane (o 5 mL) and
pyridinyljurea (17.6 ny, 2 9. ) :

tnﬂuczroa@et(od(,o PRL) wassstir(ed atlnev)om Veru@er@ade fqmo an 9’%’(\@1 reaction was

conc?}ra_%ate%%%s @”EEF@H @H&% f(ztmgg'l]a(td%graﬁpg](&g{%gé%% ﬁ/‘@-l

CHzcﬁ%)atBT@nﬁa the éblﬁﬁﬁurﬁd AE[(1S Sabath SbhY - diflﬂcrde Ha @, Tb-1

la. 2. 7b-tetrahvdrocvcl oprarcl chr ome

tetra@ydraﬁﬂdﬁgf@%wpm‘ﬂrﬁdﬂl\!% @;Iﬁ(laquypm;bonyl phenoxy]-2-
b |
pyrldh{/yl}cxe‘:c% g‘g:eégry &?Ennz ani ¢ a) 4-(benzyl oxy) -

H-NMR (CDsOD): 7.80 (d, 2H), 7.62 (d, 1H), 7.39 (dd, 1H), 6.97(d, 3H), 6.83 (m,
1H), 6.62 (m, 1H), 4.41 (m, 1H), 4.29 (dd, 1H), 3.61 (m, 1H), 2.59 (t, 1H), 2.02 (m,
1H).

Example 12
4-({6-({[(1S,1aS,7bS)-4,7-difluoro-1,1a,2 7b-tetrahydrocyclopra[c]chromen-1-

yllamino}carbonyl)amino]-3-pyridinyl}oxy)-N-cyclopropylbenzamide

a) 4-(benzyloxy)-N-cyclopropylbenzamide

BzO
| l H
N :
(o}

4-(benzyloxy)-N-cyclopropylbenzamide (0.774 g, 83%) was synthesized analogously

to Example 11a from 4-benzyloxybenzoic acid (0.759 g).
"H-NMR (CDCls): 7.70 (d, 2H), 7.38 (m, 5H), 6.97 (d, 2H), 6.17 (s, 1H), 5.10 (s, 2H),
2.88 (m, 1H), 0.85 (m, 2H), 0.6 (m, 2H).
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4- (benzyl oxy) - L/-cycl opropyl benzanm de (0.774 g, 83%

was synt hesi zed anal ogously to Exanple 1la from
wo4ei3@nagl oxybenzoi ¢ acid (0.759 g). 1H NVR ( CBCr/SK2004/002034

7.70 (d, 2H), 7.38 (m 5H), 6.97 (d, 2H), 6.17 (s,

1H), 5.10 (s, 2H) 2.88 (m 1H, 0.85 (m 2H), 0.6 (m

2 = b d
o o e e o o (0,552 g, 68% was

synt hesi zed anal ogousl y to Exanple 11b from
4- (benzyl oxy) - L/-cycl opropyl benzam de (0.774 g).

1H NVR (CD30OD): 8. 26 (*g\@ﬂ’% 7.67 (d, 2H), 6.80 (d,
2H), 4.88 (s, 1H), 2.79 F‘DVO.?S (m 2H 10.60
(m 2H. c) | °o V. .
L/ -cvcl opropyl -4-r(6-nitro-3-pyridinyl)oxylbenza m de
N-cycfﬂpeo;myladt-hycﬁonybemymldd i(0832ry] 68%)way syathesizedanalogously to

cram g P eSS BB S ed 2% o

(CD3OD) : 8 33 (d 1H), 8.32 (d, 1H), 7.92 (d, 2H),
1 7.66 (dd, 1H), 724(d 2H), 2.85 (m 1H), 0.81 (m
H-NMIRYCDROBY: 8:26 (3H) H) 0787 [(d 2H)yi6nd0 &3, BH); di8By(s) 0k.12.79 (m, 1H),

ropyd,henzam de xy' HIH' N
0.75 (24[2% g@n@?é%rl di nyl ) oxy] - L/-cycl opropyl benzam de
(0.128 g, 25% was synthesized anal ogously to Exanple

11d fromthe m xture nitropyridine and bronopyri di ne.
cloprepyhi4l(6-nitrer3-pwidinloxylbepgamide 2H) , 7. 20 (d,

1H), 692(d 2H), 6.54 (d, 1H), 6.12 (s, 1H) 4.41

(s, 2H), 2.89 (m 1H), 0.81 (m 2H), 0.64 (m 2H).e 4-

6-rar(1S. 1aS. 7bS) - 4. 7-a{ fbyorQ- 1
,la. 2, 7b-t et rahvdr ocv I/qukJr omen-1-
N W

O,N
0

The mixture nitropyridine and bromopyridine was synthesized analogously to
Example 11c from N-cyclopropyl-4-hydroxybenzamide (0.330 g).

"H-NMR (CDsOD): 8.33 (d, 1H), 8.32 (d, 1H), 7.92 (d, 2H), 7.66 (dd, 1H), 7.24 (d,
2H), 2.85 (m, 1H), 0.81 (m, 2H), 0.64 (m, 2H).

d) 4-[(6-amino-3-pyridinyl)oxyl-N-cyclopropylbenzamide

o -°
| H
= N
HNT TN V
o}

4-[(6-amino-3-pyridinyl)oxy]-N-cyclopropylbenzamide (0.128 g, 25%) was

synthesized analogously to Example 11d from the mixture nitropyridine and
bromopyridine.

"H-NMR (CDCly): 7.92 (s, 1H), 7.68 (d, 2H), 7.20 (d, 1H), 6.92 (d, 2H), 6.54 (d, 1H),
6.12 (s, 1H), 4.41 (s, 2H), 2.89 (m, 1H), 0.81 (m, 2H), 0.64 (m, 2H).
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yl I am not oar bonyl ) am nol - 3- pyri di nyl ) oxy) -
L/ - cydopr opyl benzam de 4-({6-[({[(1
WO )Eags13bS) - 4, 7-di fl uoro-1 PCT/SE2004/002034
, 1a, 2, 7b- tetrahydrocycl opra[ c]chromen-1 -

ba | m]m)Be |a| -f -0 lopro Ibenzamld

4- [ (6-am no- 3- pyridi nyl ) oxy] - L/ cycl opropyl benzam de
(0.128). 1HNWR (CDCI3): 9.36 (s, 1H), 8.56 (s, 1H

7.73 (d, 2H), 7.62 (d, 1H), 27 (dd, 1H), 6.91 (m
3H), 6.78 (m 1H), 6. 57”@06 23 (s, 1H), 4.45
(dd, 1H), 433(dd= , 2.90 (m 1H),
2.60 (t, 1H), 087 H) 0.63 (m
2H) . Exanpl e 13

L/-r4-({6-r({f(1S. S?bS) 47d|fPuoP§1

. 1a, 2. 7b-t et r ahvdrfocvcl opr opar cl chronen-1 -

TS TSR AL AT A S0 Aromn.
yI]anﬂrx?]}t:ﬁg?wggagrﬁtgl %wn&danpl}ﬂﬁ%cydbbmpqtbﬁn?ggddm090 g, 38%)
was S BPeSZA, SnapaL e d e el T B DS a0 Srby tnyoxy}-N-

8.29 (d, 1H), 7.67 (d, 2H), 7.54
cycloiagaopyl%r?z%n(uae éé"\'ge) (2 - (H)S s E)) H),

L/ - (4-r(6-am no- 3- pyr| d| nyl ) oxyl phenyl ) acet am de" |AA
"H-NER OBy 9,36 (ol T 156 VS HIY Pyl 2R, 782'@0RH5 72 faa, 1),
6.91(@Fn,BHY, 81 78/ {nh OXM), BISTrh} RERIEDS @€ 1H), 4.45 (dd, 1H), 4.33 (dd, 1H),
3.72 (m, 1H), 2.90 (m, 1H), 2.60 (t, 1H), 1.97 (m, 1H), 0.87 (m, 2H), 0.63 (m, 2H).

Example 13
N-[4-({6-[({[(1S,1aS,7bS)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalcjchromen-1-

yllaminolcarbonyl)amino]-3-pyridinyl}oxy)phenyllacetamide

a) N-{4-[(6-nitro-3-pyridinyl)oxy]phenyllacetamide

ISR OY
ON" N u’u\

The title compound was synthesized analogously to Example 11c from N-(4-

hydroxyphenyl)acetamide.

"H-NMR (DMSO-dg): 10.05 (s, 1H), 8.36 (d, 1H), 8.29 (d, 1H), 7.67 (d, 2H), 7.54 (dd,
1H), 7.18 (d, 2H), 2.03 (s, 3H).

b) N-{4-[(6-amino-3-pyridiny)oxy]phenyllacetamide
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1H-NVR (CDCI3): 7.87 (d, 1H), 7.41 (d, 2H), 7.29 (s,
1H), 7.17 (dd, 1H), 6.89 (d, 2H), 6.51 (d, 1H), 4.47
WO ¢@s/oadisl 2. 14 (s, 3H). d) L/-f4- PCT/SE2004/002034

6-f((f(1S.1aS. 7bS)-4, 7-di fluoro-1

, 1a, 2, 7b-t et rahvdrocvc B 9

l\/bhromen 1- vnam no)ca 0 ,U\

am nol- 3- pyridi nyI)SXy) Bhenv acdl anide H / \ The t|t| e

mpound was sgnt hesi zgd anal og ouslé/ to Exa
The trﬂe&qmgoupgj wagsynthesized analogously to Example 11d from N-{4 [(6-nitro-

henyl tam de. 1H NMWR
>-pyrB R RE YA e P e e 7 52 (m 3,
7.47(d, 2H), 7.20 (dd, 1H), 6.88 (d, 2H), 6.79 (m

- Nrﬁﬁ?(cﬁgrgf (@7(#%)&@42(5( 9, (i,é'émﬁd(ﬂzg ad- i), 8:86%a, 21)

6.51 (¢ 1H%1$41§B 2WR2- 14 s, &)l uoro-1

7b- tetrahvdrocvcl oproparclchromen-1-v P-L/'-{5-
f 4- PH—l 2,4-triazol -1- yl)phenoxy| pyrldln 2-yl)urea a)
Ny r h

p .

5- bronn 2-nitropyridine (0.63g, 3.1mvl) and the
reacti on m xture was heated stirring at 700Cin a
closed vial. The reachpnnm&j}s@ was then mxed with
40 M of water ande extr'&c& ed‘ nt t hyl enechl ori de
(3x20 m ). Organi ex@ac d wth water and
brine, dried over gnéesi um suI f at eyapnd concentrat ed
by rotary evaporatyo " The resul ti ng greeni shbr own
solid was washed thoroughfully w th nmethyl ene chloride
to give 280 ny of

The title compound was synthesized analogously to Example 11e from N-{4-[(6-

amino-3-pyridinyl)oxy]phenyl}acetamide.

H-NMR (CDCl): 9.39 (s, 1H), 8.82 (s, 1H), 7.54 (m, 3H), 7.47(d, 2H), 7.20 (dd, 1H),
6.88 (d, 2H), 6.79 (m, 2H), 6.55 (m, 1H), 4.42 (dd, 1H), 4.32 (dd, 1H), 3.76 (m, 1H),
2.57 (t, 1H), 2.04 (m, 1H).

Example 14
N-[(1S,1aR,7bR)-4,7-diflucro-1,1a,2,7b-tetrahydrocyclopropalclchromen-1-yll-N'-{5-

[4-(1H-1,2.4-triazol-1-yl)phenoxy]pyridin-2-yilurea

a) 2-nitro-5-[4-(1H-1,2 4-triazol-1-yl)phenoxy]pyridine

Cesium carbonate (1.3g , 4.03mmol) was mixed with 3 ml of dry dimethylformamide,
4-(1H-1,2,4-triazol-1-yl)phenol (0.5g, 3.1 mmol) and 5-bromo-2-nitropyridine (0.63g,
3.1mmol) and the reaction mixture was heated at stirring at 70°C in a closed vial. The
reaction mixture was then mixed with 40 ml of water and extracted into methylene
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desi red conpound (32%yield). 1H NVR (DMSO-de): 9.3
(s, 1H), 8.47 (d, 1H), 8.35 (d, 1H), 8.24 (s, 1H,
WOZ0B®6¢1d1 2H), 7.71 (dd, 1H), 7.45 (d, 2H). DbPCT/SE2004/002034
5-f4-(1H1 ,2,4-triazol -1-yl Lphenoxyt oyri di n- 2-am ne
chloride (8x200mp- Dagdriiciextract was washed withywatehandxoriney dried mwer

100 . 35 I i i - 20 f eth | .
magnegiiiciyiate dngieonos iR B BlerY sy dngpRedne Pradliagatienisn-
browr! $olidhfag RASHEQ thdFoighfutly it MEthyRIRCIHIBAJSES g@emsmﬁ of

at normal pressure and anbient tenperature for 3-12 h.

desirefieompewtd c2%aAeltoni t ored by TLC. After the reaction
was conplete, the reaction m xture was bubbled with
argon, filtered through Celite and the sol ution
TH-NMR{(BMS-dyp 0.8 ¢acHHl), Bat e, HyH)r 8138r (d, ¢HRp® LAt 0THY, 7.98 (d, 2H),
ive 42 of desired am nopyridine after purification
7.71 (89 )| Zl-g?? (@nfBkat ogr aphy on silica (Et OAc/ Et OH
100:1). Yield 47% 1HNWR (CDCI3): 8.4 (s, 1H), 8.01
(s, 1H), 7.85 (d, 1H) 7.50 (d, 2H), 7.35 (s, 1H), 6.96
(d, 2H), 6.48 (d, 1H), 4.55 (br s, 2H). c¢)
b :f4(]l,?. AN 7-|Iro-. .
FA1 Clbtdazi4

: - eeVEToptropd -.]_-y|!-.
2N S ey e o0 0

with 1520 m| phethanchand bubbleoptiopegos) Abouhademg ot Ballowasiasdded to
the re?cgt"i%%?iﬂ%r ?’8? ﬁg&g&leﬁ Y %R/%Zés}ﬁ\@esd N ﬁ(oerﬂ\avl‘"p'i'gsstu% 4hl%Bmbient

temperatude fori®n 2 aigl readtignivas pysnitbree by I LG @ fterREAeaction was
(1.1eq) and bubbled with argon for abgut 5 mn. The.
complete, dhe fpacton: MpEUrgas h'ébblﬁawmrspnsﬂ'ﬁ@rpfi ﬁ@rogghﬁqj@@and

the sof\;\LgLongoﬂa}h'é‘a%?ée go@tilé:r{rt%?%??yiréﬂa% ra?gpérgﬁ&t\ 't@gn/r@llﬁ gfge%fy

oncentra evapor at'i on and
desiredadmimopgtidioeedftey papfigateon by tolamif 8Bpratoykdphy on silica

(EtOAC/EtOH 100:1). Yield 47%.

'H-NMR (CDCl3): 8.4 (s, 1H), 8.01 (s, 1H), 7.85 (d, ~1H), 7.50 (d, 2H), 7.35 (s, 1H),
6.96 (d, 2H), 6.48 (d, 1H), 4.55 (br s, 2H).

c) N-[(1S,1aR.,7bR)-4.7-difluoro-1,1a,2,7b-tetrahydrocyclopropalclchromen-1-yil-
N-{5-[4-(1H-1,2 4-triazol-1-yphenoxylpyridin-2-yl}urea

0O
D
Q \_7

O/
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30

silica, ethylacetate/ hexane 1:1). Desired product was
obt ai ned as beige-white powder (40ngy, yield 57.5%.
WO 2045NBAR3( CDCl 3) 0 9.42 (br s, 1H), 9.35 (br s, PAFHpE2084/6(2034
(s, 1H), 8.10 (s, 1H), 7.65 (m 3H), 7.30 (dd, 1H),
7.03 (d, 2H), 6.87 (d, 1H16.80 (m 1H), 6.65 (d tr,
o7-dfidorol 7b3 et
(1S]||é|)?7b43)-4¢ I—Daﬁ'q i‘!)1324 %t@ﬂgdroé\}'@l%m%? L&‘FOT&?_%“V(\:A%F]%S}}’“C

aCIde?@rmgn 0. éﬁmﬁ@' | efQ5%M f?ﬂjsW%t? @lé% withdtoluenen(?,omi)t kiethylamine
(1. 13§P‘se(3'¥%\é‘?é]gpr1’én9qt2 é‘l?fﬁ%ygwd?ﬁé (PREGPEBEA Y1 4 8q X BLSSed with

argqonifer 2baut-Snein. éfmde@ctto}ndhtxmfe pak dher heated @t Stirciag bt y09C:for 3

N TR T AR N —

andi npirifteddi diy oranndalrhmnecl@r%&ahdg_apw 26h 0Gilicaas (adgiedof YMC

siicge TR fic i Retart 13) destpgmoaficl es HRAS 55 Bafaethicponder

(40my ryieltd 52(6%)C, the reaction m xture was washed with H20
(100 m ). The H20 phase was washed with CH C (50 nlL)
and the solvent of the conbi ned organi c phases was

'H- anqwabl n@Iaz bleQUKH%)dQ Bsqsﬁymﬂ) g. bz (§r1wbesnloqeum) WS (m,

lica - >50% Et QAc in

3H) oA 1Mo B8 68 A08.8 (@l b @.sTHD, 6,68 (d tr 11, 448 (dd,

I ] e car boxylic

TR B R D B R 25 BP oL 0 STR A
,1a,2 7b-t et rahydr o- cyclopropa[c]chronene 1-carboxylic

Addftiohdi | QX gster as a byproduct.1H NWR (CDCI 3): 7.26

0 (dd, 1H), 6.90 (dd, 1H), 6.78 (d, 1H)

4.49 (dd,
The following left wings are coupled to any of the above novel right hand wings
analogously to Examples 1 to 14.

Example 15
a) tcis-1,1a,2,7b-Tetrahydro-cyclopropalclchromene-1-carboxylic acid ethyl

AN

[}

To a mixture of 2H-chromene (4.89 g, 37 mmol) and (CuOTf),-benzene (186 mg,
0.37 mmol) in 1,2-dichloroethane (80 mL) at 20 °C, was added dropwise (3h) a
solution of ethyl diazoacetate (8.44 g, 74 mmol) in 1,2-dichloroethane (20 mL). After

15 min at 20 °C, the reaction mixture was washed with H,O (100 mL). The H,0

phase was washed with CH,Cl, (60 mL) and the solvent of the combined organic

ester.

phases was removed under reduced pressure. The crude product was column
chromatographed (silica gel, 20>50% EtOAc in hexane), to give 1.96 g (24%) of
*cis-1,1a,2,7b-tetrahydro-cyclopropa[clchromene-1-carboxylic acid ethyl ester and
3.87 g (48%) of +-trans-1,1a,2,7b-tetrahydro-cyclopropa[c]lchromene-1-carboxylic

acid ethyl ester as a byproduct.
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1H), 4.20 (dd, 1H), 3.97 (q, 2H), 2.44 (dd, 1H), 2.14
(dd, 1H), 2.07-1 .95 (m 1H), 1.02 (t, 3H). b)

WO Q)0smbe3l, 1a, 2, 7b- Tet rahydr o- cycl opr opa[ c] chr POESE2004/0@034
rboxylic acid. A mxture of
()-c/s-1,1a, 2, 7b-t et rahydro-cycl opropa[ f
hr onene- 1 carboxyllc acid ethyl ester (1.96 g, 9.0

TH-NWIR{ODCla): GH26 §&91 by 7. BR(cBd, )| §.90H2G, (HY, BT (AntH)MEGH (dd,

110, 2B @ e 8T o i 2 A opeentPh 2487 i, 110, 1.02

( 3|_99Ided dropwi se giving a white precipitate. The
’ eaction mxture was extracted with CH2Cl 2 (3x15 L)
and the sol vent of the conbi ned organi c phases was

o) LTI I3 RS R el BN

of ()-cl/s-1, 1a, 2, 7b- tetrahydrocycl opr opa|
c] chronmene-4:carboxylic acid as a white solid. 1H NWR

(CDCl 3) : os, 1H), 7.22 (d, 1H), 7.10 (dd, 1H),
6.89 (dd .77 (d, 1H), 4.45 (dd, 1H), 4.22 (dd,
1H), 2.45440d, 1H), 2.14-1 .98 (m 2H). Exanple 16 a)

()-c/s-1, 1a, 3, 7b- Tetrahydro 2- oxa- cycl opropa[ a] napht ha
| ene- 1- carbox lic acid ethyl este

A mixtyres pi1-cisa ] 27 rderayaIpiyslopreralglohnrenaissarkpKylisAcid

oy BB GH IS 22541 158 S g o

(20 nﬁL) \ﬂis ﬁB’Qie)d totreflgi for 2h Thegeadiion rm»iture was concentrated to about
la, 3, 7b-t et rahydr o- 2- oxac

10 iy ANTHERARS deded drpsgIaNnaa Whiss RIACTIBe, (e reqgtion mixture
was éﬁg@t%a wsti» }_ﬁﬁz(ﬁ@ éBfH'g mq }fé the @olvl:Hl of ﬂ'rel&rﬁglﬂed Je"@;a\nlc

phaséswas3redtoveyl, uridr, redudéd p(a$sura—|)Thez;roee pmﬂucj M)as qry@talllzed
from (EtOAc/hexane, to give 435 mg (25%) of ()-cis-1,1a,2,7b-tetrahydro-

cyclopropalc]jchromene-1-carboxylic acid as a white solid.

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

Example 16
a) (+)-cis-1,1a,3,7b-Tetrahydro-2-oxa-cyclopropala]naphthalene-1-carboxylic

)
O~
o)

(+)-cis-1,1a,3,7b-Tetrahydro-2-oxa-cyclopropala]naphthalene-1-carboxylic acid ethyl

acid ethyl ester

ester was synthesized analogously to Example 15a from 1H-isochromene (3.57 g, 27
mmol), to give 910 mg (15%) of (+)-cis-1,1a,3,7b-tetrahydro-2-oxa-

cyclopropala]naphthalene-1-carboxylic acid ethy] ester.
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3H). b) ()-c/s-1

, 1a, 3, 7b- Tet r ahydr o- 2- oxa- cycl opr opa[ a] napht hal ene-1-c
woaodsexeBi c aci d PCT/SE2004/002034

()-c/s-1, 1a, 3, 7b- Tet r ahydr o- 2- oxa- cycl opr opa[ a] napht ha

1H-N%%@gﬁ%ﬁ@ﬂ(g,immﬁq% (&P 9Ny hes{ared bS8 ushy, 481 (d,

1H), 4)51c(ds 1H),14.28 (b 1Hd), r3addy oy, 2HD); @43cdd, dph) 0P8 (dd, 1H), 1.04 (t,
a] napht hal ene- 1- carboxylic acid ethyl ester (436 ng, 2
3H). mol ), to give 86 ng (22% of
()-c/s-1, 1a, 3, 7b-t et rahydr o- 2- oxa- cycl opr opa[ a] - napht h
al ene-1- carboxylic acid as a white solid. The crude
b) pr(tpaistl,das, Belletrahydnoe2raxagyaloheapd|s]napbthajere-1carbexylic
l\/b(]—l in CH2Cl 2). 1H NWR (CDCI 3): 8.50 (br s, 1H), 7.39
acid (g 1H), 7.30 (dd, 1H), 7.21 (dd, 1H), 7.07 (d, 1H),
4.87 (d, 1H), 4057 (d, 1H), 4.38 (dd, 1H), 2.59 (dd,
1H), 2.15 (dd, ~Jde product of step b Exanple 17
(+)-c/s-1-(5 yridin-2-yl)-3-(7-hvdroxy-6-propio
nyl-1,1a, 2, et rahvdr ocvcl opr opaMchr onen-
+)- -
(@) clf ?é gg;ﬂ;)agycljorroo% 9x§ yc }c/:‘og)r(o aéﬁ gﬁ};l)lhthaléer%e ; nc_alrbc_))éyhc acid was
syntmasMedrmajégcﬁitho Bikdmnpleoxdb froop{tdiendize3,7B4eflahydro-2-bxa-
br ogno- pr gpyn and _K2CO3

CYC'OPEQPaia]@anﬂﬁeriﬁsﬂ FreoeiasiEetnsbasiel (436.a0. 2anmpheto give 86
mg (8 8 W id 114, SR RAn A HRa SIoB BB n A AR P

carbd)tyﬂlt: ra@td aa WHite $olidt Thberuds protiuet Wasaiohemn mbhecISmatographed
reduced pressure. The crude product was purified by
(Slllc%QBUﬁwé%Mﬁﬁkl'bm@ Pe$lzl-silica gel,0- >2% MeOH i n H20)
to give 26.2 g (85% of
1- (2- hydroxy-4- prop- 2-ynyl oxyphenyl ) -
'"H-NMR (CDCls): 8.50 (brs, 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 17
(+)-cis-1-(5-Cyano-pyridin-2-y|)-3-(7-hydroxy-6-propionyl-1,1a,2 7b-tetrahydro-

cyclopropalclchromen-1-yl)-urea.

a) 1-(2-Hydroxy-4-prop-2-ynyloxy-phenyl)-propan-1-one

HO

A mixture of 2’,4’-dihydroxy-propiophenone (24.9 g, 0.15 mol), 3-bromo-propyne
(24.2 g, 0.20 mol) and K,CO3 (20.7 g, 0.15 mol) in acetone (500 mL) was refluxed for
12 h. The reaction mixture was allowed assume room temperature and the
precipitate was removed by filtration. The filtrate was concentrated under reduced
pressure. The crude product was purified by column chromatography (silica gel,

48



10

15

20

25

propan-1 -one. 1H NWR (CDCI3): 12.80 (s, 1H), 7.69 (d,
1H), 6.52 (m 2H), 4.72 (d, 2H), 2.96 (q, 2H), 2.56

WO @Qoos/odéds; 1.23 (t, 3H). 3b) PCT/SE2004/002034
1- (5- Hydr oxy- 2H chronen- 6-yl ) - propan-1-one. A m xture

e R
phenygproygai-dcbried reflux for 3 h. The reaction mxture was

concentrated under reduced pressure. The crude product
was purified by colum chromatography (silica gel, 5-

'H- N@%@{(g@:@ /jkbog?*ﬁii‘)eb@“ ,H%ﬁ th(( a8 Hacayﬁzte! '2!-56@'96 (@, 2H),

2.56 {t; (8),ha8 ¢ix BHIH chromsn- 6-yl) - propan- 1 one 1H NWVR
(CDCI3): 13.00 (s, 1H), 7.49 (d, 1H, 6.75 (dt, 1H),
6.27 (d, 1H), 5.67 (dt, 1H) 4.86 (dd, 2H), 290(q,

3b) 2H)¢5-ﬁ)§ér%x912H%h%m3ﬁ% pyspa@xy-ofepr opi onyl -

, 1a,2, 7b-tetrahydro-cyc opropa[ c]chronene-1 -
carboxylic acid et ester. To a m xture of

1- (5- hydroxy-2H chrjongn- 6-yl ) - propan-1-one (51 1 ny,
2.5 mol) and (Rh Ac 2)2 (11 ng, 0.025 mmol) in

1, 2-di chl or oet han oL) at 20 0C, was added dropw se
(3h) a solution of jethyl diazoacetate (571 ng, 5 nmol)
in 1,2- dichloroefhahe (2 nL). After 15 nmin at 20 0C,

A mn}_tIQ% Eﬁ‘lagé 'h&ér&p\xlat{ ﬁ‘:ﬁ’m%?”) r% E?j) 1(-3rge ?’R%B 989 mmol)
and NW—dmﬂhylarﬁltm\e (t@OThiL) exhsonemted ¢o pifhsder 3ds Tihemeaetion mixture

was GTCEONaIRY BN RIBRUGTAPISSLEr- THECHBP Praouelsy N ien b

coluriierta bﬁarﬂ% BISTHD 18R ERAe Iy el and frsteatter
recrystallized from EtOAc/Hexane to give 8.91 g (45%) of 1-(5-hydroxy-2H-chromen-
6-yl)-propan-1-one.

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

3c) 7-Hydroxy-6-propionyl-1,1a,2,7b-tetrahydro-cyclopropalc]jchromene-1-

carboxylic acid ethyl ester.

o~

OH

o}
To a mixture of 1-(5-hydroxy-2H-chromen-6-yl)-propan-1-one (511 mg, 2.5 mmol)
and (Rh(I)Acz)z (11 mg, 0.025 mmol) in 1,2-dichloroethane (8 mL) at 20 °C, was
added dropwise (3h) a solution of ethyl diazoacetate (571 mg, 6 mmol) in 1,2-
dichloroethane (2 mL). After 15 min at 20 °C, the reaction mixture was washed with
H.0 (10 mL). The H,O phase was washed with CH>Cl> (10 mL) and the solvent of
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c] chronmene- 1-carboxylic acid ethyl ester (a 33/64
m xture of cis and trans isoners). 1H NVR (CDCl 3):
WO 285086131 3. 07 (m 1H), 7.57-7.49 (m 1H), 6. 4ecBSBR0{002034
1H), 4.65- 3.92 (m 4H), 3.01-1 .95 (m 5H), 1.29-1
. - - - - - | -
the coffbilgH pftdhic ideqshvas, Kol LA (Rablog pRbeure: The crude
prodectivasyliifiedaoy dolumrserohyalographg{silicpgenyl>59% MeOH in CH.Cly),

, la, 2, 7b- h - I C h -1
o ais LU SRk sy
vl LD Fets TRl B BRLER b miure o s ad o

isomersdr boxylic acid ethyl ester (299 ng, 1.03 mmol, a
33/64 m xture of cis and trans isoners), to give 39.3
mg (15% of ()- c/s-7-hydroxy-6-propionyl-1

o Gty B SRR T LSS A L BT a0 38 (m. 1, 45

3.92 (th; 8HR B0 T-1n958 (X SHS- 2o 08 Yth; 8H).
, 1la, 2, 7b-t et rahydr ocycl opropa[ c]chronene-1-carboxylic
acid as a byproduct. The crude product was purified by
col um _chr omat ogr aph sjli el, 1- 5% NeOH i
3d) OxEEPET- My PEEORYIE) 18 2 B etiahyarg oy ogmeleichromene-1-
: b7 (dd, 1H), 4.36 (dd, 1H), 2.98 (g, 2H),
Carb%é%ﬁ% (m 1H), 2.18-2.00 (m 2H), 1.10 (t, 3H).
Exanpl e 18 a) o
1- ( 2- Hydr oxy- 4- pr opk 2-lynyl-8y- phenyl ) - et hanonel- ( 2- Hyd
r oxy- 4- prop- 2-ynyl - ph yl ) - et hanone was synt hesi zed
anal ogously to Exanpte
1- (2, 4-di hydroxy-p
give 22 g (88% of

sois T BB Ll YU AB b R s ooy
acid %addyhthesdd aral6ousip Example 16b from 7-hydroxy-6-propionyl-
1,1a,2,7b-tetrahydro-cyclopropa[cljchromene-1-carboxylic acid ethyl ester (299 mg,

enyl ) - et hanone (20 g, 131 mmol), to

1.03 mmol, a 33/64 mixture of cis and frans isomers), to give 39.3 mg (15%) of (z)-
cis-7-hydroxy-6-propionyl-1,1a,2,7b-tetrahydro-cyclopropa[c]chromene-1-carboxylic
acid as a white solid and (+)-trans-7-hydroxy-6-propionyl-1,1a,2,7b-tetrahydro-
cyclopropa[c]chromene-1-carboxylic acid as a byproduct. The crude product was

purified by column chromatography (silica gel, 1—55% MeOH in CH2Cly).

'H-NMR (DMSO-dg): 7.67 (d, 1H), 6.35 (d, 1H), 4.57 (dd, 1H), 4.36 (dd, 1H), 2.98 (q,
2H), 2.55-2.46 (m, 1H), 2.18-2.00 (m, 2H), 1.10 (t, 3H).

Example 18
a) 1-(2-Hydroxy-4-prop-2-ynyloxy-phenyl)-ethanone
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(m 4H). b) 1-(5-Hydroxy-2/ -/-chronen-6-yl)-ethanone
1- (5- Hydr oxy-2H chronen- 6-yl ) - et hanone was synt hesi zed
wo asaloegeusly to Exanpl e 46b from PCT/SE2004/002034

1- (2- hydr oxy- 4- prop- 2- ynyl oxy- phenyl ) - et hanone (17 g,

89 mol ), to gbve g (35% of 1-(5-hydroxy-2/

-/ -chronen-6-y nBne. 1H NVR (CDCl 3): 12.92 (s,

1H), 751(d1 6.79 , 1H), 6.32 (d, 1H), 5. 71
1-(2-%@@15%@6 28@1 % Rl%éayl gth%ﬁoﬁé’wgg'gyntﬁésmed analogously to

Exampﬂsa1 7a ‘:fkom atqzmmxdmydf@mplmmwpai[hahohe Qﬁ@ge4 31 canbbxidl give 22 g

ester Ace
(88%) qtj1 Q‘?Mg’t"é &HW%W%&M}#@&% 6%’?%% 1- car boxylic
'H-NMR! (ECR| Hzeﬁ)t 'V1H§i 746639 t6”5'2 fzﬂ?)sgﬁgrptéﬁﬁ? 58-2.55
|soners ntheS|ze ana ogou
(m, 4ly.om 1- ( 5- hydroxy 2H chr omen- 6-yl ) - et hanone. 1H NWR
(CDClI3): 13.05-12.97 (m 1H), 7.54-7.47 (m
1H) 16.43-6.33 (m 1H), 4.63- 3.94 (m 4H), 3.02-1 .96
b) (m(SWroﬂy Bh-chrofhehB-y§idthahorfe Acet yl - 7- hydr oxy- 1
, , 7Tb-t'et rahydr o- cycl opr opa[ c] chr onmene- 1- car boxyl i c
aC| d 6- Acetyl - 7- hydroxy- 1
, 1a, 2, 7b-t et r ahydr o- cycl-opy opa[ c] chr onene- 1- car boxylic
aC| d was synt hesi zed anhl dously to Exanple 15b from
6-acetyl - 7- hydroxy-1 , 2, 7Tbt et r ahydr o-
cycl opropal c] chr onene-#Cagiboxylic acid ethyl ester (2
g, 81 mmol, a 40/60 mxture of cis and trans
give 3 7% of 6-acetyl ydr ox

1-(5- thdigxmzL’mhremear%})@tewwwaséyeqf@srzgﬁea@lqgwb&éxample
e T e R R

6.0 g (35%) 0fa1 -(5-hydroxy-2H-chromen-6-yl)-ethanone.

"H-NMR (CDCly): 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).

C) 6-Acetyl-7-hydroxy-1,1a,2,7b-tetrahydro-cyclopropa[c]jchromene-1-carboxylic

acid ethyl ester

O\/

OH

0

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

Example 17¢ from 1-(5-hydroxy-2H-chromen-6-yl)-ethanone.

"H-NMR (CDCls): 13.05-12.97 (m, 1H), 7.54-7.47 (m, 1H), 6.43-6.33 (m, 1H), 4.63-
3.94 (m, 4H), 3.02-1.96 (m, 6H), 1.31-1.08 (m, 3H).
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gel, 1- >5%e0H in CH2C 2) 1H NWR (CDCl 3): 7.55-7.45

(m 1H), 6.45-6.30 (m 1H), 4.65-4.00 (m 2H), 3.05-1
WO 205/066131 6H) . Exanpl e 19 5a) PCT/SE2004/002034

1- (4- Fl uor o- 2- prop- 2- ynyl oxy- phenyl ) - propan- 1-one. To

a mxture of NaH (95% 278 ng, 11 mmol) in DWF (20
d) m B AcRlylF- 1513Qdﬁﬁte1rahydro cyclopropa[c]chromene 1- carboxyllc

4-f | uoro- oxy phenyl) - propan-1-one (1.68 g,

aC'dmmI) in DI\/F (5 m ). After 15 min at 0 OC, was

3- brono- propyne (3.02.9, 20 mvl) added to the

reaction mixture. Affte hoat 0 0C, was the reaction

m xture allowed to urell room t enper at ur e. The

reaction m xture ,;racted with H20 (100 nL). The

H O phase was washedq wth Et20 (3x100 nlL) and the

sol vent of the conbined organi c phases was renoved
6-Acatylehydrdxic &d agh, Be-talrabydrhey copieial glcigmen evkrsarboxy'ici asit!

I
W e Al GG A U D Lk
I—rQ)QBG. GQm %g, 119, 46 Y 2,85, 2H) . 2,58
40/6})t ; ixiqgﬁ ’o ¢S 5H (tfa’n éi‘ﬂ”ﬁerﬁg tci gkvg_?ﬂodgg (() 2¢>§8f6-ac tyl-7-hydroxy-
1, 132 7Bhétm‘lwﬂfcﬁcydldprppa{p]thfolneme-caﬂ:vo@lid:écud)(m4@/60 mixture of cis
and érﬁgp é{?gnggy q’pé %ﬁaﬂq@@? Qetg b?/ycrc]nﬁur}r?r? cﬁromatography (silica

gel, 3= fdtoH Gn Emgcgf 2-ynyl oxy- phenyl ) - propan- 1- one
(1.34 g, 6.5 mmol), to give 619 ng (46% of
1-(5-fluoro-2/-/-chronmen-8-yl)-propan- 1one 1H NWVR

"H- bilﬁ??b?(}}%@ gg %%m1@5§@5@3§®81ﬁ .54 Oogpf@H()dé 05-1.95

(m, 6H).

Example 19
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 washed with
Et,O (3x100 mL) and the solvent of the combined organic phases was removed
under reduced pressure. The crude product was purified by column chromatography
(silica gel, CH2Cl,), to give 1.40 g (68%) of 1-(4-fluoro-2-prop-2-ynyloxy-phenyl)-

propan-1-one.
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c) ()-c/s-7-Fluoro-4-propionyl-
, 1la, 2, 7b-t et rahydr o- cycl opropa[ c] chronene-1 -
woceanshesagl i c acid ethyl ester. PCT/SE2004/002034
. ()-c/s-7-Fluoro-4-propionyl-1
H- NMR\(QD%)“[ 2bddtddtid), 8/69 t()qrt]d o/ | g]ﬁﬂﬁ(ldddgmaj 14t: gar(aozm i85 (q,
e s synt hesi zed according to net
2H), ? (t'f 'gi/rﬂ 5%25( %Hﬁro 2Hchr omren- 8-yl ) - propan- 1- one
(619 ng, 3 mml), to give 142 ng (16%9 of ()-c/s-7-
fl uoro-4-propionyl-1
b) ﬂa(@FMDIQﬁfEdhf@m@-ﬁwﬁkwppepa1[ -oh&hr omene- 1- car boxyl i ¢
aci d et hyl ester and
()-fraA7s-7-fluoro-4-praopionyl-1,1a, 2, 7b-tetrahydrocyc
| opropa[ c]chronene-1- [ lic acid ethyl ester as a
bypr oduct. 1H NWVR ( CDCl 59 (dd, 1H), 6.65 (m
1H), 4.50-4.46 (m 2H), 13.95 (q, 2H); 2.89 (q, 2H),
2.57 (dd, 1H), 2.20 (dg H, 1.13-1.03 (m 1H1
1.12-1 .01 (m 6H). d) ()+c/s-7-Fl uoro-4-propionyl -
1-(5- FluarQZIﬂachremeih&{yi)q:ropahdpomma{as]sqhtrmmm}é,nalagously to

cran B b i B e S 134

I f
mmo?;:uogg;:@§1fslsrﬂ% m;gf (1) ét?glﬁse@w L dhrbm e85y SropaR-1-6R&]

1, 1a, 2, 7b-t et rahydr o- cycl opr opa[ c]chrorrene 1- car boxyl i

1H-N@gl@§é6[gg§5: é(z ;f‘&%/esz)yé”qaf 8 5%, %}@ pgﬁ/’ o 185 4% Cad 3h), 2.93

(9, 2HN 4,23 {p3HEt r ahydr ocycl opropa[ c]chronene- 1-carboxylic
acid as a white solid. The crude product was purified
col um chr omat ography (silica gel, 1- "5% MeQH i n

C@%/%hﬁlﬁ#ﬁ%{éﬁxﬁﬁ gg)a( 2 d@t%fﬁr(ﬁ{ﬂo }gc%ﬁ%ﬂpaﬁ%@ﬁr mene 1-

carbakylSadidafhylastét) , 2.55 (dd, 1H), 2.24 (dd, 1H),
2.20-2.10 (m 1H), 1.02 (t, 3H). Exanple 20

0] o}

Ov
(o}
F

()-cis-7-Fluoro-4-propionyl-1,1a,2,7b-tetrahydro-cyclopropa[c]chromene-1 -carboxylic
acid ethyl ester was synthesized according to method 17¢) from 1-(5-fluoro-2H-
chromen-8-yl)-propan-1-one (619 mg, 3 mmol), to give 142 mg (16%) of (+)-cis-7-
fluoro-4-propionyl-1,1a,2,7b-tetrahydro-cyclopropalcjchromene-1 -carboxylic acid
ethyl ester and (+)-trans-7-fluoro-4-propionyl-1,1a,2,7b-tetrahydro-
cyclopropa[c]chromene-1-carboxylic acid ethyl ester as a byproduct.

'"H-NMR (CDCls): 7.59 (dd, 1H), 6.65 (m, 1H), 4.50-4.46 (m, 2H), 3.95 (q, 2H); 2.89
(g, 2H), 2.57 (dd, 1H), 2.20 (dd, 1H), 1.13-1.03 (m, 1H), 1.12-1.01 (m, 6H).

d) (%)-cis-7-Fluoro-4-propionyl-1,1a,2,7b-tetrahydro-cyclopropalc]jchromene-1-

carboxylic acid.

OH
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a) 6- Fl uoro-2- hydr oxy- 3- nmet hoxy- benzal dehyde. 1M boron
trichloride in dichloronethane (25 m; 25 mmol) was
woadd@dem3o a sol ution of PCT/SE2004/002034
6 fl uoro-2, 3-di net hoxy- benzal dehyde [Cantrel |, Amanda
S.; Engel har dt, Per; Hoegberg, Mrita; Jaskunas

(H)- B'Seﬂ]ggiGrolg gﬁ@ﬂiér;f?-'lﬂ )1 A%’Z]E t%ﬂ'HH%@Fo cfcg%&}hﬁo[lcfch%ﬁerg‘?;@arboxyhc

acndjwésl syntbesizdérhareal¢@usiy o Eoeapph mgsb freny Qauz:ts-DJﬂuoroA propionyl-
t t - 70 T t

1,19 G e Ao P P Pl ERT oA GAyul SR ST St 40 ma

0.49 hfngl}, 3 8ive g3hAg %N%)Soﬁ(eparsavtﬂ@bromm%nw i ha\&aﬁtﬁfet@ﬂsidro-

evaporated in vacuo. The residue was chromatographed

cycloRIaPRGCBMENEA-FROHC pidias GMbee Solics Tie(couda product was

P“”ﬁ%@?? e chrditattaiony (heq g 1y ﬁ'"’{%“‘?'ﬁsﬁﬁagﬁ' ow
7.02 (dd, 1H), 6.55 (app. t, .87 (s, 3H)

H- @Rﬂm‘ﬂ%@f‘)ﬁ&r ox{}?éy;ﬁf‘ﬁ&%@eﬂ% 78,556 1 457 (89, 1

4.4, ﬁmvasgmasamo(lnvemn 2.58¢ed orH)t 2 i24edd zmmmamdo RBUTH),
10%& @3 , 19 mvol) was added foll owed by
kri phenyl phosphi ne bromde (7.2 g, 19 nmol ). The
reacti on m xture was heated under reflux for 48h,

dilugﬁd with water and extracted with ether (3x50 m).
Exa gani ¢ phase was washed with water, 10% sodi um

a) hydrmxéde- h%ﬁfbﬂf 3Rt Exy-Bénanflayapor at ed in vacuo. The

resi due was submtted to col um chronmat ography (silica
M g@qon teighipgde indichigrogieghatier(g5 mip2% manol) was added to a solution of

6-flgdrdd b@a?ne; mgﬁrd%h&&éiwgﬁéﬁéﬁi Slf_#l)%ag%?’)

Hoegpprg as&}n)as ) Richad, dofarsaor NilsiGoendrozlall
J.Mec?:@h% k@@ %r f'@é'éj r496?M%Qf’(ﬁ%,c’jfrnh%mrq%lc?ﬁloromethane (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 (CDCly): 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.
6-Fluoro-2-hydroxy-3-methoxy-benzaldehyde (3.32 g, 19 mmol) was dissolved in
acetonitrile (20 ml) and DBU (2.97 ml, 19 mmol) was added followed by
vinyltriphenylphosphine bromide (7.2 g, 19 mmol). The reaction mixture was heated
under reflux for 48h, diluted with water and extracted with ether (3x50 ml). The
organic phase was washed with water, 10% sodium hydroxide, water and brine and
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carboxylic acid ethyl ester. The title conpound was
synt hesi zed anal ogously to exanple 17c from
wWO02004/066130- 8- net hoxy- 2H chr omene. 1H NVR ( CDCIPE)IISE2004/002034
6.7-6.5 (m 2H), 4.48 (m 2H), 3.99 (m 2H), 3.80 (s,
evapé’?ﬁ'ied # \%%uﬁaWﬁe;re?lglﬁ& wad: &Q)rﬁﬁ@ﬂ té coI]d'Fﬂn c@ro‘?nr‘at()ﬂ?ap%'v')(smca

/'s-7-Fl uor o-
gel, EAIHeZ,, 780} petding drdg @ﬁékfbmf@-@ame}hﬂwﬂfé-m:mnene (34%).
carboxylic acid. The title conpound was synt hesi zed
anal ogously to exanple 15b from ()-c/s-7-

'H- NWIRU(QJDC%)' BNy 2[), 6.54 (t, 1H), 5.83 (dt, 1H), 4.88 (dd, 2H), 3.83(s, 3H).
. 7b-t et r ahydr o- cyclopropa[c]chronene 1- carboxyllc

aC|d ethyl ester. 1HNWR (CDCI3): 6.7-6.5 (m 2H),

4&§§ci§-?‘-FI%§2d-4%h%@ %@1 ﬁ{%’7b?5e?r£h§/8%9cyélopr%“2a(c]&1r?sZnene-1-

carbo&}h&ééd%ﬂﬁy’ﬁ é’s\f@-no pyridin-2-yl)-3-(7-fl uoro-4- rret hoxy-
1" ,1a, 2, 7b-tetrah drocycl oi)ropaiy c] chronen-1-

yl)-
The trﬂaecomnqu@dcwwéwm egized wnjgdaﬂfgpm &-fluoro 8-

methgséfaﬁg cg.b& ferom() c/s-7- fluoro-4-nethoxy-1

rahydro cycl opropal c] chronmene- 1- car boxylic
acid (62 ng, 0.17 nmmol) . Yield 38 ng (40% . 1H NWR

CDCl 3): 10.06_ (br, s, 1H), 9.40 . d, 1H ., 8. d
TH-NUE) (COGirl B 1. Py 2HB 4045 (i, By 398 (e 2y S8y S drings7
: 8 , 7 4H), 2.64 :
opo 9, 3o AC1 AR g3, 18300 (T3 4. 204 (a0
1- Chl or o™-fl uoro™- prop”-ynyl oxy- benzene.
d) ()-cis-7-Fluoro-4-methoxy-1,1a,2,7b-tetrahydro-cyclopropalcjchromene-1-
carboxylic acid.

The title compound was synthesized analogously to example 15b from (x)-cis-7-

fluoro-4-methoxy-1,1a,2,7b-tetrahydro-cyclopropajcjchromene-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-fluoro-4-methoxy-1,1a,2,7b-tetrahydro-
cyclopropa[c]chromen-1-yl)-urea.

The title compound was synthesized analogously to Example 15c¢ 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%).

"H-NMR (CDCly): 10.06 (br. s, 1H), 9.40 (br. d, 1H), 8.11 (d, 1H), 7.70 (dd, 1H), 6.91
(d, 1H), 6.68 (m, 2H), 4.48 (dd, 1H), 4.28 (dd, 1H), 3.90-3.72 (m, 4H), 2.64 (app. T,

1H), 1.96 (m, 1H).

Example 21
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The title conpound was synt hesi zed anal ogously to
exanpl e 15a) from 2-chl oro-5- fluorophenol (2.5 g).

WO Yo0sloas121 8 g (90% . 1H NVR (CDCI 3): 7.32 (dd, paFpE2064/82034
(dd 1H), 6.68 (m 1H), 4.77 (d, 2H), 2.58 (t, 1H). b)

tl d
e R S R 2 AT T8 1p) “From

The titlectbropourd Ma&ayn&@mcbana]egmely)kyemz@%a()z‘rcﬁn @rchloro-5-
Yi el d CDCl 3 7.09 (dd, 1H),
f'UOF%‘I’f?PC,“O&g EK%?%?%Q%%%YED( 5, 84)(dt, 1H§, 4, QED(dd,

2H) c) c/s-7-Fluoro-4-chloro-1
] 2, 7Tb-t et rahydro-c cIo ropal c] chronene- 1-
H- NM:R b@liaﬂla)c? aau(ddeilﬁyl . THINE.68 (.l o dpblitet ks 2.58 (t,
1H) synt hesi zed anal ogously to Exanpl e 15¢) from
"5-Fluoro-8- chloro-2H chronene. 1HNWR (CDCI3): 7.14
(dd 1H) 660 (t, 1H), 451(m 2H), 4.01 (m 2H),
}—g_l 2.23 (t, 1H), 2.09 (m 1H), 1.08
b) (t5 FGH)'O 8d‘)h|?')°-% chyomPener o- 4- chl oro- 1

The nti’ea% épﬁj@&g\{:aﬁ?%%ﬂe‘d le ﬁﬁp% %E\%a R Sy3r5?1)efsr<|)r£1e1 _chloro-4-
fluore-2aprogesghyloxy-berzems €.859)dYield 0:97(9 (35%).7-
fl uoro-4-chloro-1

, 1la, 2, 7b-t et rahydr o- cycl opropa[ c] chronene-1
1 ] ' qHYi sl
FENSIOOCL) TR S ogREn 95 111 st 4R 1, 405 0.
2H).1H), 6.59 (t, 1H), 4.50 (m 2H), 2.63 (t,

c) +cis-7-Fluoro-4-chloro-1,1a,2,7b-tetrahydro-cyclopropalcjchromene-1-

carboxylic acid ethyl ester.

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

chloro-2H-chromene.

TH-NMR (CDCl3): 7.14 (dd, 1H), 6.60 (t, 1H), 4.51 (m, 2H), 4.01 (m, 2H), 2.60( app. t,
1H), 2.23 (¢, 1H), 2.09 (m, 1H), 1.08 (t, 3H).

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

The title compound was synthesized analogously to example 15 d) from (+)-cis-7-
fluoro-4-chloro-1,1a,2,7b-tetrahydro-cyclopropalcjchromene-1-carboxylic acid ethyl
ester 850 mq). Yield 43 mg (96%).

"H-NMR (CDCl3): 8.86 (br. s, 1H), 7.13 (dd, 1H), 6.59 (t, 1H), 4.50 (m, 2H), 2.63 (t,
1H), 2.23-2.05 (m, 2H).

Example 22
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1H) 12.23-2.05 (m 2H). Exanple 22a)
Trifl uoro-net hanesul fonic acid
WO 4005066031 - 3- hydr oxy- phenyl ester. A sol uti on PET/SE2004/002034
anhydride (1.77 m, 10.5 nmol) in dichl oronethane 10
m ) was added to a m xture of

a) 2 4’nﬂu&¥%&h¥h@5’h¥f§hi@%@fc(rﬂnyﬁg f@g“’]’ﬁ' oroket ane (30

dine (O

A sqwt)ora@f tnﬂ'q@chycmdy 67 mmo %ayml)emwor@nwthm 10 ml) was
addé&?&smﬂum St %.rw@%)a,bbﬁ{a%ﬁﬁa émsggt 101 and pyridine

enperature. The reaction m X
(0. BGthn@ﬁmphahélchkmmetbam {30 IwﬁtaéF?OGr Dn{elcalbdth was removed
V. T ur i fi L b
one SRAERLE s Syl e O Pl MR UL R
wasgjilutadlwﬂSdlghlofomethahel,omash&dtvhmwatar ﬂ:mne(andcsvdporated in

4-f dr ox st r (5/%. 1H CDCl 3) :
vacifs, i ohae piaER e Baen 54 B pmapgrabhy ciicagel
EA: Bé& 1: 6))toU\ve‘ 1 aergmfnﬁmdba@mhémuaomc ladid 4-formyl-3-hydroxy-

8%{% 4-f ormyl - phenyl ester. Potassi um carbonate
phe@i’ %( )5 mmol) and ally) bromide (1 m, 11.5 mmol)
vvere added to a solution of trifluoro- mathanesulfonic

i.d 4- f hydr oxy- phenyl ester (1.55 g,
MBIt b8 4 05 o). i 634 Tk et s

stirred at 55C for 2h, filtered and evaporated in
vacuo. The residue was chromatographed (silica gel,
b) EATﬁ@;promgbgnqwlfgnio@ci_ﬂ_%a@yqu hforatyl-phenyl ester.

t I j ' 4
P RGOS 907 g, 5 AR 1 g wer
addegd 98 a(sp)utibr)of tnﬂ‘lugﬁo -(rethandpulf@ni®acid #-fotrhlyl-3-BydBxy-phenyl ester

(1.58d) 5 Pmfhbifla 50 ). T idddhion iilird Fas &liftea & 55¢ for 2n,

uor o- anesé
filter@d &ndydvargratedsinnydcup ey tesieisieavas chromatographed (silica gel,

EA:Hex, 1:20) to give 1.3 g (73%) of trifluoro-methanesulfonic acid 3-allyloxy-4-
formyl-phenyl ester.

'H-NMR (CDCls): 10.47 (s, 1H), 7.93 (d, 1H), 6.95 (d, 1H), 6.90 (s, 1H), 6.05 (m, 1H),
5.47 (d, 1H), 5.40 (d, 1H), 4.69 (d, 2H).

c) Trifluoro-methanesulfonic acid 3-allyloxy-4-vinyl-phenyl ester.
Methyltriphenylphosphonium bromide (1.95 g, 5.45 mmol) was added to a
suspension of sodium hydride (60% in oil) (0.25 g, 6.3 mmol) in THF (35 ml) at 0C
and it was stirred for 30 min at room temperature. To the above solution was added
solution of trifluoro-methanesulfonic acid 3-allyloxy-4-formyl-phenyl ester (1.3 g, 4.2
mmol) in THF (15 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 with brine and evaporated. Silica gel column
chromatography (EA:Hex, 1:20) afforded trifluoro-methanesulfonic acid 3-allyloxy-4-
vinyl-phenyl ester (0.68 g, 53 %).
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Met hyl t ri phenyl phosphoni um brom de (1.95 g, 5.45 mol)

was added to a suspension of sodium hydride (60%in
wo0ands5)06¢83125 g, 6.3 mml) in THF (35 nl) at OCPa@mMSE2004/002034

was stirred for 30 mn at roomtenperature. To the

above solution was added sol ution of

H- NMRf(blma ﬁ%ﬁflanﬂif)ubf e £19),8.85 dd, 1H), 6779 1H), 8.05 (m,
3-ally forn%/ gh ester% . I%

1H) T51I¢6(‘~1C51 )) $-48(ma, thhe 3@dm,|2bh HD&(dty 'e’HWas stirred for
2h at roomtenperature. The reaction m xture was

diluted with hexane and extracted with water. O ganic
d) phaei%.lcwasnathemmnfmhicWCMZHwhmmmbrEY/apestat ed Si l'ica gel

To § 0 RERIRBEA A s AP F Ly eser 055
22 mgm!) mpilmgrzrm:jaaie (gwnlﬁﬁfag added Ru- ddtthRG(rW’% Gatalyét) 536
mg, % ragﬁ)i)manipbe re%ctﬁp rzng%urems stéregé%#ﬂ ;hd—bof te%‘ﬂ:’e(%?'e’ After

that pelfiod $hed@aCtibn waid):omébetér (GC) asd therehbtrasiktdre s wetdn the
2H chronmen- 7- ester. To a sol ution of
next step Mgplétqut\%%{h-é@uﬁpgl‘ytlgal samgle was obtained after removal of the

solv@nﬁw é(ihc%del‘l:oldnw&hrﬁﬁﬁfﬁdra&ﬁ}(@%ﬂ 682@. 2.2 mmol) in

di chl or onet hane (5 was added Ru-catalyst (Grubb's
catal yst) (36 ngy, 2 rml% and the reaction m xture

H-NIR ( gjdl{zeéiﬁ% A, Gt76f(88“1|1| Fens ? ;1? { e1rt|)h@t81 (dt,

perio e reacti oh was conp r'éaction
1H)n4 98(@de2Whs used in the next step vvlthout any wor k- up.
Anal ytical sanple was obtained after renoval of the
solvent by silica gel colum chromatography (EA: Hex,
e) 1: 2€3%-5-TrifludkdrnéteBad KiifondodyZ1(1d,2, Atdletrabydfd- ( dd, 1H),
81 (dt, 1H), 4.98(dd,

CVCIQ‘P-iPpaé’%hE?é%@egrqaﬂPq(wb% E’ﬁHHZgﬁtPf ‘onyl oxy- 1
Rh(oAa)zzas? i th@l%z)dﬁacsczycfde@nb aRaibAleSyI@BANE0dy 6Ad BRxydiuton

of E%(/:AI ©. 44 mY 4, 4 mmol) in 1 mi of dichloromethane was added with a syringe
pump over 5h at room temperature. When the reaction was complete (GC)
dichloromethane was evaporated, the residue was dissolved in ethyl acetate and
washed with saturated ammonium chloride solution and brine. Organic phase was
evaporated and crude mixture of cis- and trans-isomers (1:1.3) was separated by
column chromatography (silica gel, EA:Hex, 1:6) to give 0.4 g (60%) of +cis-5-
trifluoromethanesulfonyloxy-1,1a,2,7b-tetrahydro-cyclopropa[clchromene-1-
carboxylic acid ethyl ester.

'H-NMR (CDCl3): 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).

f) *cis-5-Cyano-1,1a,2,7b-tetrahydro-cyclopropa[clchromene-1-carboxylic acid
ethyl ester.
+eis-5-Trifluoromethanesulfonyloxy-1,1a,2,7b-tetrahydro-cyclopropalcljchromene-1-
carboxylic acid ethyl ester (154 mg, 0.42 mmol), Pd(OAc)2 (9 mg, 10 mol%) and
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Rh(OAc) 2 (19 ng, 2 nol %9 was added to the above
solution (10d) and the solution of EDA (0.44 m, 4.4

wo povsloge1Bn 1 m of di chl oromet hane was added weeTySE2004/002034
syringe punp over 5h at roomtenperature. Wen the

PPhJ @a%b 00 Y194 Qe §hiRedl GrbME ¢4 hﬂ{ e Heate st’i@ém of n|tro%en

ofated, the residue was dissolved in ethyl acetat
passaddhnmgheaaotiqrhnwﬁum@téa raimgn (N 2dif# ang d& 6Sahonoi)omas added,

vial \q?ég?%llg@ %pdg\g ?géﬁgf?\;] %gﬁ%r\é? @%ﬁé@g&i %{ ngél Q&gﬁrﬁlﬁﬁlf&‘ The reaction

mlxttﬁéﬂi’ésa&lﬂﬂe@yvlmoéthmdéﬁél@@i@mmd (ithl datératgd ammonium
EA Hex, 1:6) to give 0.4 g (50% .of cis-5-

chlorids. ﬂr.gn@;ﬁi‘[qsﬁgn@%@pv@ﬁgmtg@aqd residue chromatographed (silica gel,

EAHERE) A oRE U db R €1 Bl B A Bat e ranyangs (o

| chrorh8fle-1 bofylitadi tef. 51 (dd, 1H), 4.29
cyclopbpalfichiorefie. T carbofy Badigetribstch, 51 (00 (17 11y

2.05 (m 1H), 1.03 (t, 3H). f) c/s-5-Cyano-1

1H-N[V(I1I=§F%I8X t?‘sé%ﬁﬁ’@%ﬁ(@k@@éﬁ%bfﬂscm QEBNE5H (dd, 1H), 4.25 (dd,

AR
1H), G/99 &y, 2H)f 2 d6r(omeHh Ak ) tla)yd. vkym11H), 1.06 (t, 3H).
, 1la, 2, 7b-t et r ahydr o- cycl opr opa[ c] chr onene- 1-

carboxylic acid ethyl ester (154 ng, 0.42 mol),

Q) P%%)era%'@ﬁ 1%7?%%%%?9%%%&(%4%8;&%@'1 BarBBkfiic acid.

m Xed and ‘gent nitrogen

+cis- Eéﬁy@% { |1h@wgb—téte@midrorcymoptwaic]bhrorﬁ@ném rcarBoxydid)atid ethyl
was added, vial was seal ed and the

ester (G AdTg o A MIMIEEEAOH (o al SO Wer GREoverdn mixture
methe ?F\%@?éﬁnﬁ rnﬂgtur c?mh%&ﬂ:r&"v&aﬁ HB/r e8¢ @%@Hﬁn Methanol

xtrac anmroni um ¢
was eVm:&amsmamporzmd@D athdf nase rduas ahdeadm%@sylmedlunon was

(silica gel He 5 ive 5 529, of
extragied Wit gihes. Watehohas Whs P BRI 969 ORIt 1M HCI to pH-2
and SUFRHROTRR cth&2 TR ryhRiciHaRe 84y va8Ré& With brine and evaporated
to give 42 mg (90%) of +cis-5-cyano-1,1a,2,7b-tetrahydro-cyclopropalcjchromene-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 23

a)  xcis-5-Trimethylsilanylethynyl-1,1a,2,7b-tetrahydro-cyclopropa[c]chromene-1-
carboxylic acid ethyl ester.
+cis-5-Trifluoromethanesulfonyloxy-1,1a,2,7b-tetrahydro-cyclopropa[clchromene-1-
carboxylic acid ethyl ester (152 mg, 0.41 mmol), DPPP (38 mg, 20 mol%), Pd(dba),
(24 mg, 10 mol%), Cul (3 mg, 4 mol%) were mixed in 3 ml of triethylamine and gentle
stream of nitrogen passed through reaction mixture for 10 min. Trimethylsilyl-
acetylene (0.088 ml, 0.62 mmol) was added, vial was sealed and the reaction mixture
was stirred at 120C overnight. The reaction mixture was diluted with ethyl acetate,
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IHNWR (CDCI3): 7.33 (d, 1H), 7.19 (dd, 1H), 7.05 (d,
1H), 4.50 (dd, 1H), 4.25 (dd, 1H), 3.99 (q, 2H), 2.46
WO @40s5/08dd31 2. 25 (t, 1H), 2.11 (m 1H), 1.06 (tpCcBBEE2004902034
c/ s-5-Cyano-1
. . - > r - o r
washelflufth AAndibAAE WK VaR6HABH PR RGO BB HUHTRE Ui Gel
columﬁ&hl?orﬁbkdgeapm/néﬁﬂ blexy ti1&ptogived]. ¢ ly @T86)eoftaisrbboxyl i ¢

aci d et h te
trimegaanHR Y WA ol 212 By BV - PHORRIPB SRR B ev e atboxylic acid
ethyl%tér). (5 mM). Reactlon m xture was stirred at 6CC for
m n. ©Methanol was evaporated in vacuo and 20 m of
wat er was added. Resulting solution was extracted with

"Nl (G poli 8 1aRa 28, /o L S, 1P @) % e

1H), B!yssgbm 23ghed Hy, tzh|3b(rt ﬂe) 206H @waray,at.ed (f 3HY 92242, 9H).
ng ( c/'s-5- cyan
, 1la, 2, 7b tetrahydro cycl opropa[ c] chronene- 1-

b) ( d{f?soéﬁthyr}ﬁ ﬁj? 8%%%&%@]8”0{%?0]&&”}%5& ca%xyhc acid.

+cis- éx Eﬁnpiétgpl%gagxleﬂa%yl -2132, T88tratydrédycloprofal€dhrobhine-1-
carbaxydic Bcid etinyt estes (0.argy 0es3Zhymyol) and spdiunb hydoxidey @ @76 gc1.9

mmo&)/\gerr%pcﬁg 4ly?éonen H@n%ﬂ?%’ gparl'% dl)%rrWIS Set feaction mixture

was héated af BOCor BRY tHedr i€ Wak GitidHiad fith WM'FRIIQO J(aH~2 and extracted
carboxylic acid ethyl ester (152 ng, 0.4 ), DPPP

with etser.nthe cmanit phaseryas ms@eggwthrgnnqgnd@ve@ora@qi tg give 66 mg

TR AT B2 oo SRR oo

acigm xture for 10 mn. Trinethylsil yI acetyl ene (0.088 nl,
0.62 nmol) was added, vial was seal ed and the reaction
m xture

'H-NMR (CDCly): 7.17 (d, 1H), 7.03 (dd, 1H), 6.91 (d, 1H), 4.45 (dd, 1H), 4.23 (dd,
1H), 3.02 (s, 1H), 2.46 (t, 1H), 2.13 (t, 1H), 2.07 (m, 1H).

Example 24
+cis-1-(5-Acetyl-1,1a,2.7b-tetrahydro-cyclopropalclchromen-1-yl)-3-(5-cyano-pyridin-

2-yl)-urea

a) +cis-5-Acetyl-1,1a,2,7b-tetrahydro-cyclopropa[clchromene-1-carboxylic acid
ethyl ester.
+cis-5-Trifluoromethanesulfonyloxy-1,1a,2,7b-tetrahydro-cyclopropa[clchromene-1-
carboxylic acid ethyl ester (117 mg, 0.32 mmol), DPPP (7.3 mg, 50 mol%), Pd(OAc)
(2 mg, 25 mol%) and triethyl amine (0.09 ml, 0.64 mmol) were mixed in DMF (3 ml)
and gentle stream of nitrogen passed through reaction mixture for 10 min. Butyl vinyl
ether (0.21 ml, 1.6 mmol) was added, vial was sealed and the reaction mixture was
stirred at 100C for 2h. 5% HCI (5 ml) was added and the reaction mixture was stirred
at room temperature for 30 min. Resulting mixture was extracted with ethyl acetate.
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was stirred at 120C overnight. The reaction m xture

was diluted with ethyl acetate, washed with water,
wohoosmesidnd evapor at ed. The resi due was purifi @dTiS¥2004/002034

silica gel colum chromatography (EA Hex, 1:15) to

give 0.1 g (77% of c/s-5- trimethylsilanylethynyl-1

, 1la, 2, 7b-t et rahydr o- cycl opr OP%[l%chr onene- 1
The grgapeBhase wasi Washedytithesatwatedammpriunteitiprige and gvapqiated.
Th%?grdu% I_\@Qs é&grgd?g?sngéb g’@g@ggngc{ﬂ?r@ 1mo’@7aﬂ§Eé\€+@xi I]I)“FJ’)J&@ give
76 mgQ@1¥anof 16ip-5-dcetyl-1( ta,2.3ytetranyzipo-cyclogapalcichromene-1-

+c/ s- 5- Et vl z
Car?‘i’&’?ﬁ%?@-({lé{]regﬁ{}dr o- cycl opropa[ c] chronmene- 1- car boxylic
acid. c/s-5-Trinethylsilanylethynyl-1

-tetr dr.a- l.qp hr, - 1-
b SR SRR, B0 AP 3L B BTE i 2t o
1HS g biyirss de 3H9. D46 (t91HY 2231101 i), Beose(ntli 15901 064, 3H).

m xture of nethanohwater (1:1) (5 m). The reaction
m xture was heated at 6CCfor 5h, then it was acidified
b) W tiyisldINEly1 49y a?iﬂ?@tétf%g@?@éﬁ%p%bd[t}bhro%é&u -cafRdxylic acid.
organi ¢ phase was washed w t'h brine ‘and evaporated to
Theytileec@Bpond Wa9syrifiesizas) anadogausiyrtplexample 22g from +cis-5-acetyl-

2, (b-tetrahydro- r [ - locar '
1,188 el SR RTeign BRI AL G POk ARRA iRy s W, 20
mnfolMieldh6 f)(97%)45 (dd, 1H), 4.23 (dd, 1H), 3.02 (s,

1H), 2.46 (t, 1H, 2.13 (t, 1H, 2.07 (m 1H). Exanple
24 c/'s-1-(5-Acetyl-1
1H-NM|R @5@@5:@.5@(&@1 H),gi_vs’r gpmwp,)d.eh Qd]l,f’ﬂ-;l}?nfl (gd,A1 H)t, 4i261(dd,
- - O- -cvano- ri dl n- -ure C/ S-o0-ACe -
11, 22057 B0 & S ity Hh 28t ol pPATe A Orene. 1Y

-carboxylic acid ethyl ester.

Example 25
+cis-5-Methoxy-1,1a.2.7b-tetrahydro-cyclopropalclchromene-1-carboxylic acid.

The title compound was synthesized analogously to example 22 from 2-hydroxy-4-

" methoxybenzaldehyde.

Example 26

a) N-Acetyl-1,2-dihydroquinoline.

Quinoline (19.37g, 150 mmol) was dissolved in anhydrous diethyl ether (500 ml) and
cooled to 0 °C under inert atmosphere. DIBAL, 1.5 M in toluene (100 ml, 150 mmol)
was added dropwise over 2 hrs and the reaction mixture was stirred at 0 °C for 30
min. Acetic anhydride (500 ml) was added dropwise over 30 min and the reaction
mixture was stirred at 0 °C for 30 min. H,0 was added cautiously. The reaction
mixture was extracted with diethyl ether and concentrated to give N-acetyl-1,2-
dihydroquinoline (11.5 g, 44 %).
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c/ s-5-Trifl uoronet hanesul f onyl oxy-1
, 1la, 2, 7b-t et rahydr o- cycl opr opa[ c] chr onene- 1-

waaobeseydli ¢ acid ethyl ester (117 ng, 0.32 mMEQT/SH2BRR02034
(7 3 nmg, 50 mol %, Pd(OAc)2 (2 ng, 25 nol% and

I A T e o RSl S
ethyl éﬁéﬁtl on mxture for 10 mn. Butyl vinyl et her (O 21

% added, vial was sealed and
+cis- W,ra@eﬁybﬁ 1@ % Qrtetrabxdretqyplomoraa[c}mw ing)- 12¢arb9%ln@mq sthyl

ester Wg%rgv@é gt Sfcﬂeﬂg g@%sr%%ﬁﬁ%esuﬁf%ﬁ M@%ﬁfﬂle r,gg dm N-

acetyIGXQrcﬁthﬁdanbhnei(Wb 68 edirabl&) Tﬁemrodgehwas pbaﬁ@d b9$olumn
washed with saturated amroni um chl orid

chromajegraphy &m. SIhtwe(Et%can@(an&s‘5°{sm5Q%b@ wyeﬁqs d¥ragetyl-1.1a,2,7b-
tetrahg%) /g,%éc%}roﬁgﬁg acefmﬁﬁ { EAdRic cidet? edter2 P s %).

, 1a, 2, 7b- t et r ahydr o- cycl opr opal c] chr onene- 1-
car_bofﬂyl ic acid eth ester. 1H NVR (.CDCl 3) (d
c)  1pis-(X-Aeetyldl, 1249, 7b- tgahy@(go cyqpprqpaiq]qpmlmg)_g-cagfbog(yhc acid.

+cis- éﬁg%etyﬁ 1%@%-&&@%9- %;BFSB #%égap%’ohée_gg -c%}bo%'& acid (425

mg, 28/%) wad¢répared according to the procedure described in example 15b, from
la, 2, 7b-tetrahydro-cycl opropal c] chr onene- 1- carboxyllc

+cis-(BeacetylThaa 2, Th-tetedwgousucioprpalelaniasline)d! sataybicsrid ethyl
t gé) exanp ge 22 fromc/s-5-acetyl -
ester 9 hydro- cycl opropa[ c] chronene- 1- car boxyl i
c ac:ld ethyl ester (76 ng, 29 mol).Yield 66 ng (97% .
1H NWVR (CDCI 3): 7.52 (dd, 1H), 7.37 (d, 1H), 7.34 (d,
Exampl@27 4 52 (dd, 1H), 4.26 (dd, 1H), 2.55 (s, 3H), 2.53

a) E;?J4§@E|l‘%€f-ﬁ§339§gnyl&%en§eﬂr§. (m 1H. Exanple 25

, 1a, 2. 7b-t et r ahydr o- cvcl opr opa[ cl chronene- 1- car boxylic
acid. The title congound was synthesi zed anal ogously

to exanple 22 froml2-hydroxy- 4-
| F

Commercially available 2,5-difluorophenol (20 g, 0.15 mol), K2CO3 (63 g, 0.38 mol)
and commercially available 3-bromopropyne (45 g, 0.38 mol) were dissolved in
acetone (300 ml), refluxed over night, cooled and filtrated. The solvent was removed
and the crude product, dissolved in ether and washed with water and brine. The
organic phase was evaporated and the crude product was re-dissolved in a small
amount of ether and filtrated through a column of basic Al,O3;. Evaporation and drying
gave20 g (80 %) of 2,4-difIuoro-2-prop-ynylexy-benzene

&
F
F

62

b) 5,8-Difluoro-2H-chromene.
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nmet hoxybenzal dehyde. Exanple 26 a) L/-Acetyl -

, 2-di hydr oqui nol i ne. Quinoline (19.37g, 150 mmvol) was
wodioss@ieyiad i n anhydrous diethyl ether (500 nm)pcavek2004/002034
cooled to 0 OC under inert atnosphere. DIBAL, 1.5 Min
| . .

2.4 D R e 3 O el o IgRON B AP Aisgh!
anilinei(h00 Adeand heategddundss argow atrhyspleere ad @28 d!hgo@ﬂksjes witbran oil-

e 358, Mot Ao b S P b iy Gy B oxracton
using'® MtHCﬁanVP%rlﬁ&tf@pﬁﬁ%mﬂo?ﬁaﬁhwém@é ger n¥kane) gave 5,8-

concentrated to give -ace i hydr oqui noI i ne
difluotar2Hschyomenedd.81g) (281 %) (L/ - acet yl -

, 1a, 2, 7b-t et rahydr o- cycl opr opal c] qU| noline)-1
-car boxyl ic acid ethyl ester. cis-(L/-acetyl-

c) . ¥A,0ls-417-Diflucadidn a; 20 pisketpataad-c) dopropa[clehronene-1-carboxylic
-car boxylic acid ethyl ester was prepared according to
acid athy estejcedur e descri bed in exanpl e 15a, from Nacetyl -
1 , 2-di hydroqui nol i ne 0 g, 58 mmol) The product was
puri fied by col um_ cHt rEaphy on silica
( Et OAc/ hexane 5% & to give cis-(L/-acetyl-

, 1a, 2, 7bt et r ahydr o-
cyclopropa[c]qU|noI|ne) F1- carboxyllc acid ethyl ester
(2.0 g, 13 %9. c) cis-(L/-Acetyl-1

5,8- DIf&@r@-ngcﬁretﬁeﬁiey(@r @- 0:93 |n®cﬂ) qRA[IHAgL), 10/39n8)0. 00089 hotyWas
aci ci s- -

dlssollvgg iR 17%dtc@{qrgﬁgh@pg (§§@|b9f sthane]-fiee shiqratoyom Ethyl diazoacetate
(9.4 mIC GPEQW Ocelﬁ%'s‘é déel Qv é’ac@je&‘@?ﬁ)@ﬁ%gfﬂv@f ajfe@f?)"dddfng

ure descri in exa
apprwanaa(elly 5@0@1er N, atmosphere The solvent was then removed under

ot e L BN 2P 0 Sh A % iy NeHCOstea

water and brine and the solvent removed. The product (33 % cis, 66 % trans) was

purified by chromatography (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-cyclopropa[c]jchromene-1-carboxylic

\&,COZH

F

F

Cis-4,7-Difluoro-1, 1a,2,7b-tetrahydro-cyclopropalclchromene-1-carboxylic acid ethyl

ester (2 g, 0.008 mol) was heated in 1M LiOH in methanol-water (25 %) at 80 deg.
for 2 h. The volume was reduced to half and acidified. Extraction with ether followed

acid.

by chromatography (silica gel, ether) gave pure title compound (35 %)

Example 28
Additional Intermediates
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Exanpl e 27 a) 2,4-Difluoro-2-propynyl oxybenzene.
Commercially avail able 2,5-difluorophenol (20 g , 0.15
wonbhy966KACO3 (53 g, 0.38 nol) and commerci al | YPCT/SE2004/002034
avai | abl e 3-bronopropyne (45 g, 0.38 nol) were
di ssolved in acetone (300 m ), refluxed over night,
cooled and filtrated. The solvent was renoved and the
a) c6ddeonocbrhoan-4edlssol ved i n et her and washed with
wat er and brine. The organi c phase was evaporated and
the crude product was <di ssolved in a small anount
of ether and filtratey thfough a columm of basic
Al 2C3. Evaporation idlg gave20 g (80 % of
2, 4-di fluoro-2-prop oxy- benzene D)
5,8-Di fluoro-2H-chro e.2,4-Difl uoro-2-propynyl oxyben
zene (20 g, 0.12 nol) fwas dissolved in N N, -diethyl
aniline (100 m) and ﬁeated under argon at nosphere at
225 deg. Celcius with an oilbath for 6-8 h. Ether (150
6-Fludfobh¥sHhiaddgik (J‘ﬂﬂ%,t@ﬁnﬁﬁblb Was diesolVeIMVafakyl (100 ml). NaBH,
extraction using M HCl (aq). Purification by

(excessr wasnaddedsing qosled ea icgpiath.nChesmasiene was éhe it in room
temp%da@_r%%? %ﬁ #Pf??&egﬁy ?efﬁlx%o% (h‘?‘%u%ﬂ‘icgﬁon%y chromatography (silica

gel, eftibrdhekantet 5y lyude @ gy(ebc%{ po! &-Flabroookmeman-gaiboxyl i ¢
acid ethyl ester. 5,8-Difluoro-2/ -/-chronene (5 g,

0.03 nol), (Rh(Il1)Ac2 (0.39 g, 0.00089 nol) was
dis IR ;A chl oroet hane (60 nm) or

b) etqigﬁjgl\l&%ﬁegh%ﬁ‘f%%oform Et hyl di azoacetate (9.4 nl,
0089 nol) in the same sol vent was added dropw se over
a period of approxi mgely h under N2 at nosphere. The
sol vent was then remped dhder vacuum and the mixture
was taken upp in et tate, washed with
NaHCO3(aq) ,

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 NaHCOs; (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-cyclopropa[c]chromene-1-carboxylic acid

ethyl ester

0 CO,Et

This Compound was prepared analogously to cis-4,7-Difluoro-1, 1a,2,7b-tetrahydro-
cyclopropalc]chromene-1-carboxylic acid ethyl ester but using 6-fluoro-2H-chromene
to give 1.9 (29 %) of the title compound.
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wat er and brine and the sol vent renoved. The product
(33 %cis, 66 %trans) was purified by chromatography
WO0(2005/068131% et hyl acetate in n-hexane) to gi vePR2TREQ0a/002034
the title compound ( 30 %9. d) c/s-4,7-Difluoro-1 ,
la, 2, 7b-tetrahydro- cycl opropa[ c] chronene- 1- car boxylic
acid. C/s-4,7-Difluoro-1 ,
d) 1&i967upri alRdrid-tefahygraupygienroralsieemeneat saxyaxylic acid

T W ekt AT P g Mo

vol une was reduced to half and acidified. Extraction
with ether foll owed I RLog6 ography (silica gel,
et her) gave pure tithle,ednpound (35 % Exanple 28
Addi tional | nternedilatgsa) 6-Fl uorochronman-4-ol

6- Fl uor ochr oman- 4-one] (1Qg, 61 nmol) was dissolved in

et hanql, (100 nl). NaBiH4 cess s agded and cool ed
cyclogiobRldRoRIen 4 CAraDIE AuOHISNg GRro-THoRo bR, 5-tetrahydro-
- 0 .
CYclo R e eriD ) Syl BURe i ¢ {9658 oy to give 350 mg
(21 Yataf pure eisabruom-5) 13 2vib-wtrahydancyglopraps[clchromene-1-carboxylic
d 6-fl uoro-chroman-4-ol. b) 6-Fl uoro-2H chronene F
6- Fl uorochroman-4-ol (8 g, 48 mml) and
t ol uene- 4-sul phonic acidn (1g) were dissolved in
tol uene and refl uxed over-night with subsequent water
e) rérRremo-4FfueronZpiopel-WawoxbaNZe? ed and washed with
NaHCO (aq) and purified by chromatography (silica gel,
n- hexane) to give 4.2 gqo % of pure
6-fl uor o- 2Hchr onene. g (/5?%

aci

F
This compound was prepared analogously to 2,4-difluoro-2-prop-ynyloxy-benzene

but using 2-bromo-5-fluorphenol (15 g, 78 mmol) to give 1-bromo-4-fluoro-2-prop-2-
ynyloxy-benzene 15.6 g (87 %)

f) 2-Bromo-4-fluoro-1-prop-2-ynyloxy-benzene

Br. O/\\\

¥

F

This compound was prepared analogously to 2,4-difluoro-2-prop-ynyloxy-benzene
but using 2-bromo-4-fluoro-phenol (15 g, 78 mmol) to give 2-bromo-4-fluoro-1-prop-2-
ynyloxy-benzene 15. g (84 %).

g) 1,3-difluoro-5-prop-2-ynyloxy-benzene
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c) +/-cis-6-Fluoro-1
, 1la, 2, 7b-t et rahydr o- cycl opropa[ c] chr onene- 1- car boxyl i c
woaacisteeshyl ester ? This Conmpound was prepar eBCT/SE2004/002034
anal ogously to c/s-4,7-Difluoro-1 ,
la, 2, 7b- tetrahydrocyclopropa[ c] chronmene- 1- car boxylic
acid ethyl ester but HS"\’“\IL 6-fl uoro-2H chronene to
title compound. d)

give 1.9 (29 %9 of th
C/s-6-Fluoro-1 , Cgi;g
la, 2, 7b-tetrahydros propal c] chronmene- 1- car boxylic
acid This conpound was prepared anal ogously to
c/s-4,7-difluoro-1 , 1a, 2, 7b- tetrahydrocyclopropa[

u

This gpaRogRE s PreRarrsk gnalogaesly to di4-diluago-2irropymyloxyhenzene but

osing 3 Aol AT BOLEH RESRAL o LSS B2t

benzehed@ @ (87 %)6-f | uoro-1 ,

la, 2, 7b-tetrahydro- cycl opropa[ c] chronene- 1- car boxylic

acid e) 1-Brono-4-fluoro-2-prop-2-ynyl oxy-benzene This
_AN ¥ | ogously to

2 4 d ﬁfgﬁgo %E%B%gﬁgxy benzene but using

2- brono-5-fl uor phenol (15 g, 78 mml) to give

1- brono-4-fl uoro- 2-prop-2v Ionxy-benzene 15.6 g (87

% f) 2-Bronop-4-fluoro® op- 2-ynyl oxy- benzene This

conpound was prepared angl ggously to

2, 4-di fluoro-2-prop-ynyl 0y-benzene but using

2- br ono- 4-f | uor o- phenol g, 78 mmol) to give

This gompekpd avas prepered @maipgguslytnyﬁ(ﬂeghﬂberméHex:hIGmegle(tBﬁ using (15

g, 65(:/%}%%')%0& %—B&r@é-ggilfo‘gg 1 hrgﬂ% g-gﬁg%g;%%nz%%% S Bﬁlet}he titte compound

(7 g, a6%%4li f | uor o- 2- propynyl oxybenzene but using
3, 5-di fl uoro-phenol (14 g, 107 mmol) to give
1, 3-di fl uoro- 5- prop- 2- ynyl oxybenzene

i) 8-Bromo-5-fluoro-2H-chromene

o)
Br. |
F

This compound was prepared analogously to 5,8-difluoro-2H-chromene but using (15

h)

g. 65 mmol) of 1-bromo-4-fluoro-2-prop-2-ynyloxybenzene to give the title
compound (3.7 g, 25

j) 5,7-Difluoro-2H-chromene

0
&
F F

This compound was prepared analogously to 5,8-difluoro-2H-chromene but using (18
g, 107 mmol) of 1,3-difluoro-5-prop-2-ynyloxybenzene and PEG-200 as solvent to
give the title compound (4 g, 23 %).
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12 g (67 %9 . h) 8-Brono-6-fluoro-2H chronene This
conpound was prepared anal ogously to

WO 20084064181 uor o- 2/ -/ - chronene but using (15 g, BET/ARIN4/)02034
of 2-brono-4-fl uoro-1-prop-2-ynyl oxybenzeneto gi ve the
tigl g . L - -

9 5% SCBRAHRG Ao, 8. 2T etpahydro-cycloprapalclohromene

carbquytip acetethybéstgously to 5, 8-di fl uoro- 2H chronene but
using (15 g, 65 mol ) of
1- br ono- 4-f | uor o- 2- pr op:
title conpound (3.7 g,
5, 7-Difluoro-2/-/-chro
anal ogously to 5,8-dif
(18 g, 107 mmol ) of F

This éempBuhd WaisprepBfeParalBgylishy Yb enzesna, 7aaubksA 298 288 -
solvent to give the title conmpound (4 g, 23 @6.) + -

tetrakydsoysloprepalcjchiemnenea-1-carboxylic acid ethyl ester but using 5 g (22

- ehr ’ opal: Q ,
mmof i BRI 2P RO R 1Y T30 %A e S usrer
1,1a,21V0-tghyHyo-tycldpropalcerrometiel  \sarboxylic acid ethyl ester.

la, 2, 7bt et rahydro- cycl opropal c] chronene-1 -carboxylic
acid ethyl ester but using 5 g (22 mmol ) of 8-brono

1) Sl-lfs/l g@%gg&;‘g@ﬁ-ﬂmg 1, 9i7¥Getraly@rol3RIcBrofa[cichromene-1-

carbdxylie a2jdréthybéstanydr o- cycl opr opa[ c] chronene- 1
-carboxylic acid ethyl ester. 1) +/-

c/s-4-Brono-7-fl ugee<l ,
la, 2, 7b-tetrahydro-c tbpa[ c] chr omene- 1- carboxylic
acid ethyl ester s conpound was prepared

anal ogously to + S-4,7-di fluoro-1 ,
This &8mpolRE Shdspeparsd analogously to +/4 cis-4,7-difluoro-1, 1a,2,7b-

tetrahydro-cyclopropa[c]chromene-1-carboxylic acid ethyl ester but using 3.5 g (15.3

_nytgéybenzene to give the

Thi s conmpound was prepared
ro-2/-/-chromene but using

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-cyclopropa[cjchromene-1-carboxylic acid ethyl ester.

m) +/- cis-5,7-Difluoro-1, 1a,2,7b-tetrahydro-cyclopropac]chromene-1-carboxylic

&,ooza
F F

This compound was prepared analogously to +/- cis-4,7-difluoro-1, 1a,2,7b-

acid ethyl ester.

tetrahydro-cyclopropalcjchromene-1-carboxylic acid ethyl ester but using 2 g (12
mmol) of 5,7-difluoro-2H-chromene to give 0.9 g (29 %) of +/- cis-5,7-difluoro-1,
1a,2,7b-tetrahydro-cyclopropa[c]chromene-1-carboxylic acid ethyl ester.

Example 29
a) Resolution of the racemic cis-7-fluoro-4-chloro-1,1a,2,7b-tetrahydro-

cyclopropalc]chromene-1-carboxylic acid.
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cycl opropal c] chronmene-1 -carboxylic acid ethyl ester
but using 3.5 g (15.3 nmmol ) of

WO Beosnesmt 5- f | uor o- 2H- chronene to give 1.6 g (BAr/S42004/002034
+/- c/s-4-brono-7- fluoro-1 ,
la, 2, 7b-tetrahydro- cycl opropa[ c] chronene- 1- car boxylic
acid ethyl ester. m +/- c¢/s-5,7-Difluoro-1 ,

0.32 g1 B327mmad) oftagemic c&seT-ﬁpompﬁ-[cb]Otmﬂo‘rmﬁe? biteteahlydrorl i c

cyclogﬁ%quﬁfgggqrpe@%q +9argﬂz)<§j C@op @a'%ﬁﬂgsrog Waﬁc’ tpac%?omterqe (50 ml) and
(1R ﬂl@)—@b@ﬁkﬂbk%&ntﬂﬁﬁiu@(@?gbﬂ @me &s =B OoTMeé r€sulting

acid ethﬁ ester but using g
solut®nwas faf f@r@waluzattﬂmr &ﬁtgnéew ogra/t@ecmg f@rdlgoowa@ﬂecanted

and iyt et faghed Wi ckonivie, The sssond.snstalization fiom ;
acet@iiirile gavey D2eng of pu@(@xﬁﬁieeeéiﬂeﬂd sEieS'ﬂhelkaIOWa@ftrédled with 1M HCI
racemc c/s-7-fluoro-4-chlo

and resyltipg 7TRIX{UEE MAR BXERG 4 Wcﬁiﬁ!' %ﬂeéﬁ?oﬁ@ﬁ OIgania PHIRG Was
gl
wastELN et blije SRS aPhrted (G988 €07 a,of enantiomeric s T fluoro-

4-chlotahia2,7b-tétrahydroxgyiciaprapald]jochasmenesietarbdxylic dd.
acetonitrile (50 m) and ‘
(1R, 2R) - 2- benzyl oxycycl opentyl am ne (0.25 g, 1.32
ExarfipBl3dp was added. The resulting solution was left for
Crys alllzatlon After fewhoursthe not her |iquor was
Al (Dacys ~ ghigietletia Ri#th acetonitrile.

mnth 1M HCI and resultlng m xture was extracted with
ethyl acetate. The organi c phase was washed with

a) waf drdichlorer@-EnRropyayexwbenzene gi ve 0.05 g of
enantioneric c/s-7-fluor 4-chloro-1
, 1a, 2, 7b-t et r ahydr o- cycl ppr opa[ c] chronene- 1- car boxylic

aci d. 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.

b) 5,8-dichloro-2H-chromene
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Exanpl e 30 +/-c/s-L/-(5-cvano-2-pyridinyl)-
L/'-(4,7-dichloro-1 ,1la
WO MoFbéasr ahvdr ocvcel opr opaf cl chronen- 1-yl) ur eBCEIE2004/002034
1, 4-di chl or o- 2- ( 2- pr opynyl oxy) benzene
2,5-Dichl orophenol (8 g, 4¢gymvol) was m xed with
pot assi um carbonate (13.6 ¢, 98 mml) and 80% sol uti on
of propargyl brom de in totuens 1 mM, 98 nmol) in
acetone (100 m) and sti bver nji ght at room
tenperature. The precipi enoved by filtration
and washed with acetone. Thé ac€fone sol uti on obtaind
was concentrated by rot ary(ﬁvaporati on and kept under
vacuum for 5 h. The product”was obtai ned as yel |l ow oil
ti . . v
18-l B Ehenc i A gaB6ed LAY ekt stiying under
argob f@r 4 hcdt|2248C 2Fhe neactiona@ixture was then distilled in Kugelrohr apparatus

(vs0ik B AL Aol i LR SRR ol SRR S e
36% TRAR StatingdichidrepM&solt hen distilled in Kugelrohr

appar at us™ ( 150- 195 C/4.1x10 2 nbar) to give 3.58 g of
desired product as white solid. Yield 36% from

c) Zt-gl[%%%ﬂryg ?gﬁlﬁ! %?\Po[}g?lr,' ‘P‘J:\,2f9-tle{ah% F‘dc%i?%lropa[c]ch romene-1-

carboXydaté, 7b-tetrahydrocycl opropal c] chronene-1 -
car boxyl ate 5, 8-Di chl or o- 2H chrg(g&gg (3.15 g, 16
mol ), (Rh(I1)Ac 2 (30 ngi 0.1 ¢ )a was di ssolved in
degassed dry mnethylene chlorige (3 nml). Ethyl
di azoacetate (3 m, 2 ef i'n the sanme sol vent was
Iovv/'a"ate 0.4 m/h over a
o)

added by a syringe at tj
period of

Cl

5,8-Dichloro-2H-chromene (3.15 g, 16 mmol), (Rh(ll)Ac;). (30 mg, 0.1 mol %) was
dissolved in degassed dry methylene chloride (3 ml). Ethyl diazoacetate (3 ml, 2 eq.)

in the same solvent was added by a syringe at the flow rate 0.4 ml/h over a period of
approximately 5 h under N, 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 chromatography on silica (200g, ethyl acetate/n-hexane 1:15)
to give 0.9 g of the pure cis product (racemate). Yield 20 %. M*=287.

'"H-NMR (CDCls): 7.15 (d, 1H, J=8.5Hz), 6.91 (d, 1H, J=8.8Hz), 4.59 (dd, 1H,
J1=12.02, J,=7.03), 4.48 (dd, 1H, J1=12.02, J,=4.10), 4.07-3.94 (m, 3H), 2.62 (t, 1H,

J=8.8Hz), 2.27 (t, 1H, J=8.36Hz), 2.20-2.12 (m, 1H), 1.1 (t, 3H).

d) +/-cis-4,7-dichloro-1,1a,2,7b-tetrahydrocyclopropalcjchromene-1-carboxylic

acid
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approximately 5 h under N2 atnosphere. The reaction
m xture was then washed with NH4Cl (aq), water and
wobkesneesamd t he sol vent renoved. The product (26THE2003/002034

55 % trans) was purified by chromatography on silica
(20Qg, ethyl acetate/n-hexane 1:ctﬁg)|-|to give 0.9 g of
the pure cis product (raérmte Yield 20 % M+-=287.
1HNWMR (CDCI 3): 7.15 (d H. 85Hz) 6.91 (d,
1H1J=8. 8Hz), 4.59 (dd, J1= 12.02, J2=7.03), 4.48
(dd, 1H, J1=12.02, J2=4 4707-3.94 (m 3H), 2.62
(t, 1H, J=8.8Hz), 2.27 (f, , J=8.36Hz), 2.20-2.12
(m 1H) 1.1 (t, 3H). d)Ck/ -c/s-4,7-dichloro-1

2, 7b-t hyd I h b
+/-Clsa|éﬂwl|.ﬁ 7C¢|§§t9[r$rg{1ar40%gtpgrghggrggzgilgpgo%g?g]ghrorr(l:gr{e ?Xgérboxylate

was m&@d%m?fpgfe?ﬁ%rﬂ&lxe mgéiﬁ{i %@%IG&&*‘BPWS@?—I %"qb°3(bﬂ

was m xe and wat er ut'i'on
heatddea¥-$tirdn fargl.5 h3atrB0 °(an'ﬂwd1emadloatofsbasm raagtlﬁm |m|xtu5e into
The e tract f basic_reaction mxture -
nexafe,sBONESA0iE! Th ORI MaleTi PLRETi FE TRACUPN AIXiire Ui acidified

with &%@sg %@@,M AT %muahqpmas AHedbrecpitatd foime¥aRss coffectdd by
solution (pH=1). The precipitate fornmed was

suctlwoan@wa@bedwlﬁuwate@nvﬁwe sodid obtained wagedrigd unger kigh vacuum
Id‘;@i 9 obt ai ned was dried under high vacuum (yield
(yie /5" " Exanpl e 59A a) 5-chl oro-2-fl uorophenol
5-Chl oro-2-fluoroaniline (10g, 68 mvol ) was di ssol ved
in 6Msulfuric acid and cooled in ice/brine bath to -
Exampl@©89AThe sol ution of NaNO2 (5.2 g, 76 nmol) in

a) m@'c%%@%ﬁgﬂén&’ater was added dropw se to the

stirred suspenSion at the tenperature not higher then
- 2 0C After the addition Elear yellow sol ution
formed was all owed to OH

of
5-Chloro-2-fluoroaniline (10g, 68 mmol) was dissolved in 6M sulfuric acid and cooled
in ice/brine bath to -5 °C. The solution of NaNO; (5.2 g, 76 mmol) in minimum
amount of water was added dropwise to the stirred suspension at the temperature
not higher then -2 °C. After the addition clear yellow solution formed was allowed to
stir for additional 30 min at cooling. CuSO,4 was dissolved water (80 ml) and mixed
with sulfuric acid (32 ml). The diazonium salt solution was added dropwise to the
preheated (160 °C) cuprous sulfate solution and the product was removed from the
reaction flask by steam distillation. The reaction took about 2 h to be complete. The
water/phnol solution was extracted into ether, washed with brine and dried over
Na,S0O,. Concentration gave 4g of crude phenol (40%).

b) 4-chloro-1-fluoro-2-(2-propynyloxy)benzene
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stir for additional 30 mn at cooling. CuSO4 was
di ssol ved water (80 m) and m xed with sulfuric acid
wO((28@5/085931 The di azonium salt sol uti on was addedT/SE2004/002034

dropwi se to the preheated (160 0C) cuprous sulfate

sol ution and the product pwas renoved fromthe reaction

flask by steamdistillatijon. -The reaction took about 2

h to be conplete. The &m | ution was

extracted into ether, d wth brine and dried over

Na2SO4. Concentration g 4g of crude phenol (40%.

b) 4-chloro-1

-fl uoro-2-(2-propynyl oxy)ck!)enzene4 Chl oro-1-fluoro-2-(2
4-Chiphd- Qﬁfmfl R % ggoz%&wr i ﬁ?l%xy%%nié‘ﬁ‘é %%'s%%t%‘%ooﬁﬁ’éiébduélﬁ’to
Example BBarfr@m(4 oudr omhe%dl cmorq;wéonomynol tpgive g of product

urtf S5 SR 5509 SR B P bbPap LS o vt

oil. YieiFbowr o-d-f | uor o"H chronmene 5-Chl oro-8-fl uoro-2/
-/ -chronene was synt hesi zed anal ogously to Exanple
33b) from 4-chl oro-1-fl uoro-2-(2-propynyl oxy) benzene
c) (écfhlcgro-% bhérﬁ‘ |g1| ve 19 of product (purified by
columm o rap on al um na, ethyl
acet at e/ n- hexane 1 15) as €blourless oil. Yield 22%
d) ethyl +/-c/s-7-chloro-4- fluo o-1
, 1a, 2, 7b-t et rahydr ocycl op
car boxyl ate Ethyl +/-c/s-
, 1la, 2, 7b-t et rahydr ocycl opruopal @ chr onene- 1-
car boxyl at e was synt hesi ze¢ anal ogously to Exanple 33c
from 5-chl oro-8-fl uoro-2Hchronmene (1 g, 5.4 mmol) to
5-Chigro-8-fRfPo2H-chromertd wapis9dthesizeduridlogslishy tocEkample 33b) from
chr onmat ogr a on silica, ethyl acetate/p-hexane 1:20)
4-chlgye-{filupeo- ngTmopxn)gqnéy)ng,gene & 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-tetrahydrocyclopropalc]chromene-1-

carboxylate

Ethyl +/-cis-7-chloro-4-fluoro-1,1a,2,7b-tetrahydrocyclopropa(c]chromene-1-
carboxylate was synthesized analogously to Example 33¢ from 5-chloro-8-fluoro-2H-
chromene (1 g, 5.4 mmol) to give 360 mg of +/-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-tetrahydrocyclopropa[clchromene-1-

carboxylic acid
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e) +/-c/s-7-chloro-4-fluoro-1

, 1la, 2, 7b-t et rahydr ocycl opropa[ c] chronene- 1- carboxylic
wWoemhEedeixy/ s- 7- Chl or o- 4-fl uoro-1 PCT/SE2004/002034

, 1a, 2, 7b-t et rahydr ocycl opropal c] chromene-1 -carboxylic

aci d was synt hesi zed analﬁqgousl )PQQH Exanpl e 33d from

ethyl +/-c/s-7-chloro-4-f]l uor

1, 1a, 2, 7b-t et r ahydr ocycl-om

e (360 ng, 1.3 mmol) ta e259rrgof +/-cis acid

(80% . Exanple 31 L/-KILS R-7bR) or (1R 1aS,

7bS)-1 .1a. 2, 7b-tetrahvdrocvcl opropafcl-

[ 1i benzot hi opyran-1 -yl FLy - (5-cvano- 2- pyri di nyl)

+/—c1§JY-Q§1I9r034 flaoﬂo qliqfaysl VB't@ﬁbﬂydrBE%'%géﬁdrgﬂﬂéiﬂB Aé(n%f %afboxyllc acid

sol uti on of thi ochr'oman-4-one
was Mhmaealogpysly ¢o &xaimpiei88d dfonh etHyil wivest THeh lviroka-fluoro-

1112 R HES Bt ok Bhe R iRm e 1 et oIS 3RO nokia domo) to

give 8@ migesfct/Ld18 abid{B0%8. Wwas cool ed and ice was added,
foll owed by water and by a solution of 20% H2SO4. The

wat er phase was 5 washed twice with ether. The ether

@(a—"%iéi was washed twice with NaCH 2N, and once with

dried over MgSq 4 and evaporated. The clear oil

N-[(18818RgTbRY msnaR | 1S T bSht1eta 2 Wihietiany d Ry clo pPASALE):
2/ -{-1-ben 0 hi opyr an and 4/ -1 -1- benzothlopyran

Q
ﬁ]c] chr omene- 1- car boxyl at

A
O

7

PRY B M A(o-evane-2:pvedinyB aré@ si um aci d sul fat e

I s and evacuated to 1mm
2) (gffglhgb{(dﬂgmg? ghﬁf&ﬂ.dﬁgﬁ%ﬁ eat ed atv90u0 Cuntil the

al cohol nelted. The magnetic stirrer was started and
the bath slowy brought to 120 OC. Dehydr tion was
rapid and a m xture t he product andcyvater distilled

and was §

A solution of thiochroman-4-one (Qg in ether (27 ml) was added slowly to a mixture
of lithium aluminium hydride (0.53 g) in ether (54 ml). After the end of the addition,
the mixture was refluxed for 2 hours. The reaction mixture was cooled and ice was

added, followed by water and by a solution of 20% H2S0Q4. 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
AN
— 0 -C0
S S S
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collected in a ice-cool ed receiver. The product was
taken up in ether and dried. The crude product (79,
WORdS#0688%) wasn't purified. The NVR showed theCpSEI®H0@034

of 10% of the 4H 1-benzot hi o%yran. c%) Et hyl ester 1,
4-Thiochrorpanol (8.9 g) and potassium acid sulfate (0.89 g) were placed in a flask

o el Bal LA elopy opal I heneat il opr gpe s carpcy
j : )
melted! ?ﬁ@%gﬁeﬁéﬁc ‘é’ﬁﬁﬁg\ﬂ%ﬁs%@‘ﬂi ¥nd Cthéorg)atﬂgslﬁ\évlyl brought yto 120 °C.

t hi ochr ne at e reactl on was
Dehydzatior hwasraapidr apdhya avigtuse apfptbd pioeiuctlandswateri digtiled and was

erial wa onsuned (about, 7. hour,s). The residue S
collecliit 3 Jie-B55te FERENRH Jite BH4EHYES tken LPrin/cther it A&, The
crude ra06) (79I RdE 88%3WBEN'( HBriffedDThENMR 8ABWBASthe presence of

identified by NVR spectroscopy. d) 1, 1la, 2, 7b,
10% afdbe 4hly tbenzothiamirapal c] [ 1] benzot hi opyr an- 1- car boxyl i ¢
acid, (1S, laR, 7bR) or (1R, 1laS, 7bS) CO2H '.0 A
m xture of the cis isomer (46,5 ng), LiOH (4eq., 19
c) nBthyl ester 1 18f 2 -ty dfo-2pdopidPalal Jbeidotiepytar1-tarboxylic
~ hour. After eva orgéi on_of the solvent under vacuum
acid, (19 12Bs 7868 9R&tRd1320(RA)d i n water and washed with
ether. The water phase was acidified with conc%%%i\t ed
HCl, and extracted twi ce with dichloronethane. r

d an.(\ Pave t he
g 327
S

Ethyl diazoacetate was added slowly to 500 mg of thiochromene at 140 C. The
reaction was followed by Gas chromatography and stopped when all starting material
was consumed (about 7 hours). The residue was purified by flash chromatography
(5% ether in hexane). The cis isomer (46,5 mg, Rdt = 6%) was identified by NMR
spectroscopy.

d) 1, 1a, 2, 7b, tetrahydro-cyclopropa[c][1]benzothiopyran-1-carboxylic acid, (1S,
1aR, 7bR) or (1R, 1aS, 7bS)

OOkt .CO,H

©\<1 LiOH ©\<l
s~ G

A mixture of the cis isomer (46,5 mg), LiOH (4eq., 19 mg) in 5 ml of methanol / 25%

H>O was refluxed for 1 hour. After evaporation of the solvent under vacuum, the

residue was dissolved in water and washed with ether. The water phase was
acidified with concentrated HCI, and extracted twice with dichloromethane. After
drying, the organic phase was evaporated and gave the desired acid (30 mg). Rdt =
73%.
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a) (22)-3-(3,6-difluoro-2-nmethoxyphenyl)-2-propen-1

-ol . Mn=144 MA=200 sol ution of BuLi (2.5M in hexane
wOoQ0s@ee31 0. 024 nol) was added to a stirred sS8CUSE2004/062034

2,5-difluoroanisol (2.88 g, 0.02 nol) in dry THF (30

m) at - 70C, followed after 2h by solution of zinc

chloride (3.6 g ; 0.026 nol) in dry THF (50 m). The
xan’f@@ ion tenperature was allowed to raise to room

acid vvasadded foI I ovved by et hyI ci s- 3- brormacryl ate (3 58
; 0.02 m)l) The reaction mxture was placed in
preheated oil bath and heated under reflux for 1h. The

3 o Rt 2o Pk BRATE A hexancs) was

Fadded dropwi se. The stirring was conti nuedFat - 78 C
for 2h and 1h at roomtenperature. The reagtion was

enched with waf eBuldaChi THEol i ds were di

d|t|on of HCl . %hevgaw;c:glmse’ms dfl \ ed vvith OH
Ethgr, separateéI)Pd&)‘hﬁg THh\5N HCI, br ;

evaporated i n vacuo. TheBfesi du@Qfds Kugel
Fdistilled (1.5x18)PRlBAar, 150 C) to give 37 g (92%
of Mty (22) - 3- (3, 6-di f1 uor o- 2- met hoxyphenyl ) - @w=200
propen-1-ol, which contains ~6 % of other
soluticegf @B (2681) iThexane (2 6pnk 0024 mel wasadded tda stiged solution

of 2.5 of4AnSh(2 884,202 e o R T4 (ad IR Ao et after 21

by sci@Rih ofttinc &hibridé (8% ¢ P0.026.mahlin di: BAF(E0 i) Thel réHdtion
tempémymeawes Z%lowsd te 6aige 2o FRAM SKTPPREAIYTS PR HerestifTing was

mainfiP BE o) ARG AR Ao P 0AR (B 8 2 ol %) vgg adces
follovied B etriyl GisS2-brarhpavtate (3.58 g ; 0.02 mol). The reaction mixture was
placed in preheated oil bath and heated under reflux for 1h. The resulting reaction
mixture was chilled to =78 C and 60 ml (0.06 mol) of DIBAL (1M solution in hexanes)
was added dropwise. The stirring was continued at —78 C for 2h and 1h at room

temperature. The reaction was quenched with water and all solids were dissolved by
addition of HCI. The organic phase was diluted with ether, separated, washed with
5N HCI, brine and evaporated in vacuo. The residue was Kugelrohr distilled (1 5x1072
mbar, 150 C) to give 3.7 g (92%) of crude (2Z)-3-(3,6-difluoro-2-methoxyphenyl)-2-
propen-1-ol, which contains ~6 % of other regioisomers. The crude product was used
in the next step without further purification.

'"H-NMR (CDCl3): 7.00 (m, 1H); .77 (m, 1H); 6.31 (app. d, 1H); 6.12 (app. dt, 1H);
4.08 (br. t, 2H); 3.89 (d, 3H); 1.80 (br. t, 1H).

b) (22)-3-(3,6-difluoro-2-methoxyphenyl)prop-2enyl diazoacetate
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added to a sol ution of
(22) - 3-(3, 6-di fl uoro-2-nmet hoxyphenyl) - 2-propen- 1- ol
WO(2805606g1310. 018 nmol ) in dry CH2CI 2 (50 nml) at PET/SE200E/002034
N, N-di methylaniline (2.5 m; 0.02 nol) was added
slowy. After stirring for 30 mn at -5C E43N (12 nml;
g 0.09 mol) was added slowly. The resulting m R e was
stirred for 15 min at -5C and then for 30 mn iroom

CHIEFD UTE&EMGTWHNBCW@L‘I( mas~added—®Phe
f was_separated wa

O brine
gr aphy

(si @ ca, EA: Hex 5) gave 3.86 00/}())

asayellowsolld 1H-NI\/R(CDCI3) 700(m 1H);

of prsgs}uct
6.41 (app d J=12. 2 Hz; 0 app. dt
“2?0610H2 4.71 (br. s, '\ﬁ g%é(dt 2H) :

The p6to?§er%%glfﬁﬁ%lh¥&9056 §yﬁ5 T acid ¢ _|oor;ga (5,16.,0.92,mol) was

added €3 hextution-efn@22)-3-(3, 6 dlfluoro 2 methoxyphenyl) 2- propen -1-0l (3.6 g;

0.018 gD IR EEY GFEClsHanG &t s N el B SRite G5 i 468 oD

5 was écpdefafsnakmyeﬂft@ﬁeﬂﬁmg%fﬂts@ Wuﬁra‘?']?@héﬂﬁl @@%ﬁwmon was added

ropw se'to the sofution of chiral Doyl e catalyst
slowly A rce raslmjtur@ mixtureava s blirced fcu*rﬂﬁ]m"hstsons(ﬁ‘/mndrtbyn fan30rin at

room PRt fes iherain Wt CTR e BP0l I ol oftsq wes
sepafdtetewashed witdvater N§ithd and| tafcentraté® irevsbudS. Fidih

addition. The reaction mxture was concentrated in
chromategmpdyydstliga, EAURX: o belugavenk §6 B0 od @f Broduchan a yellow
10 solid chromat ography (silica, EA Hex, 1:5->1:1) to give 2.72
‘g (88 % of (1S. 5R6S) -
H- NIGR( ecaew)f V100r (mZ2-1691 Basey frheryd)) 6310 Xadp. cch@IBZ]Hz 1H); 6.00

(@pp. BT S8R 3Tae e bres ab: a&7Gh gt 3B (gt Y

colum, 10% I PA in hexane - 94%ee. 1H NVMR (CDCl 3):
7.00(m 1H; 6.72 (m 1H); 4.33 (dd, 1H); 4.10 (d,
c) 1HS,5R,69)-(6d(3,6-difluoro-2-methoxyphenyl)-3-oxabicyclo[3.1.0]hexan-2-one.

F NENZYO

aRd cencentr at edNMerNEthCHEC@

O Rh,(5-R-MEPY),
e abs. degassed -
O dichloromethane
F
Mw=268

15

(2Z)-3-(3,6-difluoro-2-methoxyphenyl)prop-2enyl diazoacetate (3.45 g, 0.013 mol)
was dissolved in 100 ml of dried degassed dichloromethane and added dropwise to
the solution of chiral Doyle catalyst (Aldrich, also available from Johnsson Matthey,
20 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
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3H); 2.66 (m 2H); 2.37 (t, 1H). d)
(1S, 1af ?, 7bS) - 1- (bronmonet hyl ) -4, 7-di fl uoro-1

wo20ddatci3adr ocycl opropa[ c] chronene-2(1 H)-one.PdWSE2864/002034
Mr=240 (1S. 5R6S) -

LB-@id. R Jor i 2.
(15,5655, 8 36-5HfoRs SAEHRRHAGRIY L oibRYBRI S Dlflextn-2-ope s
colorle$s sblidB ErarBomaciCH Uity nowld)beacitk dkedtardthisistageamsirggiChiracel

vessel irring for out 4h at 900C. The reaction
oD C?llf‘m’hr@g/t?/\@mwéﬁx%%Tgé%S%, m xed with water and

extracted into diethyl ether (3x20 m). Ether extract

was washed with sat. sodi um bi carbonate sol uti on and

"H-NMRi (DCB:i 80 dimer 1Hkdhé2i(om Hil #e3% (ddohidknd A8t (dorfH); 4.02 (d,
. 1 | f e solid material. 98%yvyield. 1H NVR
3H); ?%‘3?%2@8@ (t'mﬂ)m; 688 (m 1t). 3 44 (dd. 1H):
3.06 (t, 1H); 2.96 , 1H); 2.64 , 1IH); 2.46 (m
( H) (dd, 1H (dd, 1H (
1}—%3 e)?g(qls, laR, 7bS)-4, 7-di f| uoro-1
d) | S 3aRy St -romasestiy bk e[usrelaoisne- 1 carboxylic

dihyd%?@%%%ﬁ@h%%@-g@%gé% IgJS%) éi hydr ocycl opropa [f

hro - 2(1H)-one (360ngy, 1.2 mmol) vvas_g;’xed with the
solutfon of NaOH (0.1 g, 2.5 mfol) ins5 M of water

F and eaPed at _stj [Ei for 1h at 9QuC. After
co‘_rz@ket\fon thésa_r_}‘égéﬁ'g%anm xt ds ool ed down and

Xtracted into diethyl ether 20 ). Water phase

s acidified with cone. HC. e recipitate forned

wa® col | ected by filtration topgive 180 ng of pure

g product. Mdther |iquor was extracted igto et her and

Wagfiegani th Mw=28
(1S,5R,6S)- 6-(3,6-difluoro-2-methoxyphenyl)-3-oxabicyclo[3.1.0]hexan-2-one (130
mg, 0.55 mmol) was mixed with 1.2 ml of 30% HBr/AcOH (6 mmol) and heated in a

sealed vessel at stirring for about 4h at 90°C. The reaction mixture was then cooled

down, mixed with water and extracted into diethyl ether (3x20 ml). Ether extract was
washed with sat. sodium bicarbonate solution and brine. Dried over magnesium
sulfate. Concentration gave 160 mg of white solid material. 98% yield.

"H-NMR (CDCls): 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-tetrahydrocyclopropalc]chromene-1-

carboxylic acid.

@)
:/Bl' \\/OH
- NaOH |, ‘4_
/g H,O
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brine, dried over magnesium sul fate. Concentration
gave additional 70 ng of product (containing up to 15%
woahos/owpiati ti es). Overall yield about 92% 1H MgR/SE2004/002034
(CDCI3): 6.86 (m 1H); 6.54 (m 1H); 4.48 (m 2H);
(1S,13R670 $)-1-(Bdmorde )4, 7-diftdaroA.al7 d-ginydiddycldprapa [¢cladmen-

t hyl ter la, . . .
2(1 Mo S kPSBED AT YA a5 apLHPRSENAH (01 3, 2.5 mmo
n 5 R PREY ah8 HEEIE A Rind AT R DY T A ol IR reaction
mlxtutmimapmechdown@nd extrattes inbmdiethy ety (2k2¢ k)l Wateg phase

wes SSER AL 1S BRRSRL 5ty SRE el 5 85 o e

180 n'i@éﬂ?@ﬁe pFBBI@cF 'Mothéﬂﬁifor(v?é'&eﬂﬂact?@“into effer aPwashed with
ified MR spectroscopy. Reference. Badger G M

brine edried over. menemluwosulfa@&onmﬂmn Dewre gitipnal AOmg ef product

(cont@hing’un $4175%, Aipufed: CIEHII A8k nd oot 12

H- NIVIRa(fGDQEM) I6386C(|lm|1l-()16541(&5 1196148 (m( 2R); .61 (t, AH)) 2#20 (t, 1H);
mxture of the cis iIsoner (443 ny), LiOH (193 ny)
2.11(ms 1H) of nethanol / 25% H2O is refluxed for 1 hour
After evaporation of the solvent under vacuum the
residue is dissolved in water and washed with ether.
Exaniple 38t er phase is acidified w thconcentrated HCl, and

a) 1A SRy Ity I el i Sepal SR garboxyiic
acid, ?‘P$d14§]6%l:@ d'ﬂI)IR ReR, 6b§§1% Exanple 34 (1SR Q5 - -
'di f 1'uor 0- Z- net hoxyphenyO Z- met hoxy- S- oxabi cycl ot S.

1 O]hexane

O — O s
S S

Ethyl diazoacetate is added slowly to 10 g of thiophene at 140 OC. The reaction was
checked by gas chromatography and stopped after 7 hours. The residue is purified
by flash chromatography (5% ether in hexane). The cis isomer (917 mg, Rdt = 6%)
was identified by NMR spectroscopy.

Reference: Badger G.M. et al, J. Chem. Soc., 1958, 1179-1184.
Badger G.M. et al, J. Chem. Soc., 1958, 4777-4779.

b) cis 1a, 6b-dihydro-1H-benzo[b]cyclopropald]thiophene-1-carboxylic acid, (1S,
1aS, 6bR) or (1R, 1aR, 6b8S)

S S

A mixture of the cis isomer (443 mg), LiOH (193 mg) in 15 ml of methanol / 26% H20

is refluxed for 1 hour. After evaporation of the solvent under vacuum, the residue is
dissolved in water and washed with ether. The water phase is acidified with
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MeO D/ Owe a) | odo-3-oxabicyclo[3.1 .0]hexan-2-one '

-0 A/ The title conpound is synthesised in the
wodeas/mbed St ereochem stry as descri bed i n DoylP€THAEAME002034

Chem Soc 117 (21) 5763-5775 (1993) b)

concé&ﬂ%ﬁ%ﬁt’%y ?@Oﬁxﬁa&éa%ﬁﬁé%ﬂﬁ élc%lorQHé‘ﬁ%&T@ Aser dryihl§ tHeu

he title conmpound

orgarig phass issexdhponatedeandegave: the mgmma 6yng)s Rdt = 81%.
described in Martin et al Tett Lett 39 1521-1524
(1998).c)

Exa 32R, 6S) - 6- (3, 6-di fl uoro-2-net hoxyphenyl ) - 2- met hoxy-
- oxabicyclo[ 3.1 . (g hexane MO 2, 4-di fl ouroani sol (90

(1S, 5R6S 642, Grtiif igronsnethexyphesy )i hrmathgxi-3rexabityglefs dd]hexane
THF (7 m) and cooled to - ¢8,0C under N2. nBuLi, 2,5
Min hexane, (0.30 m, 0.77 | ) was added and the
reaction mxture was stlgred at 078 0C for 2 hrs.
ZnCb (150 ngy, 1.1 nmmol),| as g§§oﬂut|on i n anhydrous
THF (7 M), was added the reaction mxture

OMe
F

a) lodo-3-oxabicyclo[3.1.0]hexan-2-one

.‘\\\ O
0 A
I
The title compound is synthesised in the depicted stereochemistry as described in

Doyle J Amer Chem Soc 117 (21) 5763-5775 (1993)

b) lodo-2-methoxy-3-oxabicyclo[3,1,0]hexane

o
HO MeQ
,.e\\\o DIBAL ‘\\\\O MeOH, H* \\
“A”“”/ ,A....../ ‘A..-nl

o)
I o A

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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was allowed to warmto anbient tenperature for 2 hrs.

| odo- 2- net hoxy- 3- oxabi cycl ohexane (150 ngy, 0.63
woO 200m65131Pd (OAc)2 (1.5 ng, 6.2 nmol), and | i @ambE2004/002034

Tris(2,4-di-te/f-butyl phenyl)phosphite (40 ng, 62

81 i PG . jradded to
° ?m %’gﬁ}g)og](?ﬁ%g?ﬂ?%@me tﬁggycéﬁégwbnzl aa&?ms heat ed
oxalaityclefd. uX¥]iexan® days and quenched with H2O. D et hyl
et her was added and the | ayers were separated, the
organi ¢ | ayer was washed with H20 and aq.Me@t. NaCl,
dried over Wasa 4. filtered and concentrat edy gi ve
u

Fthe title co nd, ) BekiwZsel,denot edF

2,4-di -fl uorg?g\(&yclzwpﬁmd:)glmgtaﬁdi) ani sol‘._ﬁGol..Jnn
romatpgrap onl silica (EtOAc/Hexgnexy{:'3) gave (4)
0 mg, 31% “AH'NMR (CDCI3) d (ppm:[l 6.88-6.94 (m
THrap . 6.68-6.73 (m THE ArH), 4.824 S oMd CHOCH3),
3.97-3.98 (m 1H, CHOCH) 3.94 (s, 3H,| OCH3), 3.79-3.81

F(m 1H, CHOCH) 3.30 (s, 3H OcH3), 2.R3-2.19 (m 2H
2,4-difloCréanysd] (90 01941062 Mregl) (mas, dissotvesdl inHanhytirbusidegassed, THF (7

mi) § 5S8R Hraret TR st s M Btee? 1030, 77 mumol) was
addad afld tRBirSadtinsflxtireQiad Stirks® &t 278 SClord hr%sﬁﬂﬂ'ﬂﬂ 5@my, 1.1

eq) was added to starting |actone, (1S, 5R

mmeh) (33 8-sglutiondn @nbydisusohtyip ke ). was addasl apd the @action mixture

) -2- 6,.4; 7
was {8 ) B ATBE b S0 E PR
oxat3iBycIg‘iﬁ@:ﬁaﬂﬂai G1f5i0| rﬂg( 0.63 rﬁhﬁo_ll)\/\% (ﬁlﬂﬁ?(ﬂﬂdﬁ@l&.ﬂrﬂm@),m ligand
continued for 3h at OOC. The reaction ni xture was
Tris(Réaii-erébblylphenyl)pbaspliitertd @ mgafid iel) wegamiseglimeahydrous

THRA adrchio e pafit oot dhevaatich Bikligwas heated at
refh{)égfof‘%e(ﬂjysean%%mmdfi/viﬁﬂ%@n Dihrethedwat hdded andadne layers

were separated, the organic layer was washed with H,O and aq. sat. NaCl, dried

over MgSOy, filtered and concentrated to give the title compound, otherwise denoted
2,4-di-fluoro-5-(cyclopropylacetal)anisol. Column chromatography on silica
(EtOAc/Hexane 1:3) gave (4) 50 mg, 31%.

'H NMR (CDCl3) & (ppm): 6.88-6.94 (m, 1H, ArH), 6.68-6.73 (m, 1H, ArH), 4.82 (s,
1H, CHOCHg), 3.97-3.98 (m, 1H, CHOCH) 3.94 (s, 3H, OCH3), 3.79-3.81 (m, 1H,
CHOCH) 3.30 (s, 3H, OCHs,), 2.13-2.19 (m, 2H, 2x CH-cyclopropyl), 1.89 (tr,
J=7.81Hz, 1H, CH cyclopropyl).

79



10

15

20

25

30

resulted residue and stirred at 80 OC for 45 mn. The
reaction m xture was extracted with ether to renopve
wonoosoeaciidi ¢ inpurities. The residual ether i PCIEER004/002034
phase was evaporated in vacuo and cone. HClI was added
Exa of ~3. After ~1h the solid was filtered off
ing 0.497 g (80% of crude final acid as browni sh
/s—4,§d])|ﬂdoro?h,e1§212@d trahvdnoasy aib prepajcichromedert -cafboxylic acid.
Et OH H20O (40/60 v/v) and treated with activated
carbon. The hot solution was filtered and left for
crystallization. ¥ ] QoA g (64% . 1H NWR (CDCl 3):
10.32 (br s, ~I4 768 (d, 2H), 7.37 ( s, 1H), 7.32
(d, 2H), 6.96 (s

H), 687(m 1H), 6.62 (dt, 1H),

4.44 (dd, 1 fdd 3.53 (m 1
BBr3 1M)s,olqt|cggln(qg2-| QIH)(S 8|_rnl oS rrngol42\33r e (Qegjatoagtartmg lactone,
(15,2588 8000 SRR AENRLOBRRT] Lo gBigERIE TEgRERIL v from
examd!thc)r(OﬁﬁGﬁ@,rﬂg?ShlmobchtDGCnEhefreamIonanddwewamsﬂJ@edrgt 0°C for

Pd( OA ' ded. th t 0
1h. A OPITEAS Al aves 2gdce And Biyink wes conbates Brn e dpe
reactlﬁﬁrm&ﬁlrﬁ‘vﬁ&ét c?@ench-éﬂ C}ﬁé’c‘ldﬂlbﬁ Bf Wﬁtér'dﬁdethé%rbaﬁ@%se was

Al 203 which I's elute QAC/ hexane gr adi ent

separam;i ewmtr@hase avesporteacted \Mltbcﬁldzﬁlb @ndicomduneq arganic phases

were $vbbrgialt NAOHTOGRER PR Bk Plsor hater (5D eesyqdded to the

result@606§ﬁhe@°nd5§tﬁlréd8ét 80° G fuirl450mim . tTheareadtich Afixtard\a@sl extracted
10: 1MeOH H20O for 2 hours. The m xture is

with Qiheruméerrwvemm agidic\impyeties the asidyad ethariamater phase was

T

flltereel\nfbwetdlr@014®7yg B0 P6f grudé fmhbaadlaﬂ; brébighusalid. DREATrude

acid asaioneRNa 6B of iHELD 0k Vi) 9hitfremtediif poivated

carbon. The hot solution was filtered and left for crystallization. Yield 0.4 g (64%).

"H-NMR (CDCls): 10.32 (br s, ~1H), 7.68 (d, 2H), 7.37 (s, 1H), 7.32 (d, 2H), 6.96 (s,
1H), 6.87 (m, 1H), 6.62 (dt, 1H), 4.44 (dd, 1H), 4.33 (dd, 1H), 3.53 (m, 1H), 2.56 (m,
~1H), 1.96 (m, 1H). LC-MS: M* 434.

Example 36

a) 1,1a,66a-tetrahydrocyclopropala] indene-1-carboxylic acid ethyl ester.

Indene is diluted in 100 ml dichloroethane. Around 10 mg of Cul and around 10 mg
Pd(OAc); is added. 25 ml of the resultant mixture is dropwise added to 25 ml
ethyldiazoacetate and refluxed for 30 minutes . The solution is filtered through Al.O3
which is eluted with a EtOAC/hexane gradient. The eluate is evaporated vigorously at
100°, 2mmHag to yield the title compound (36 g).

b) 1,1a,66a-tetrahydrocyclopropala] indene-1-amine.
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in 200 M toluene and refluxed for around 2 hours. The
product is evaporated and dissolved in dioxane 200 m .
wOo2503m66HT (aq) and 25 m water is added and t IP€TrEE20041082034
agitated for 60 mnutes at roomtenperature. The

e i b R BRI S ST RERHR AR m 1 for

2 hourfsI rhe hﬂﬂuﬂﬂd cmmﬂcwlm wakter 'Washedwdthnduchleroethane evaporated

with HES. f) &EWrﬁg an wesnec e tHed Witk sfihate,
mterecgzaaégép&afe'é N RIP 28y df Qh@a&d)/éé% $ure. DPPA 275.2 5=1.128 10

ba-tetrahvdro-cvcl qDropafalinden-1-vh-urea.

ml, 46c3 gl T&A67.6 aniTe1eeand Y@sizgtms;acgb@p%q& Hde'he 019e€) is mlx)ed

in 200, rﬁq{o@%@é' d’@ﬁu d;% JS“&?E{%—% J%fgﬂréaﬁ%?%g%%oﬁéﬂ%nd

dissolied?in dloxaned20fnh 25ani(0Gag)iandaas Boweter isaddesurnstthe mixture

agiateg 0Tt e ot FodR sthbeiardh i RO T8 i rhy i dqdoase

in watﬁi/ﬂicﬁlbrtﬁﬂhélﬁ Theergardc phase isidiredy ﬁ?ltel‘ed; amhehmbraiethlhE O

produtiia SpRENlaBkRBRed gfrgvﬁéaéﬁlvaﬁ%’éﬁaeca b4 ifio Solthg 7 e ure

cis amifdMEdvturder1.r educed pressure. The crude product was
columm chromat ographed (silica gel, 5- >10% EtOAc in

Hexane), to give 3.63 g (18% of c/s- 1,

Examé@z% 6at et r ahydr o- cycl opr opa[ a] i ndene- 1- car boxylic
et hyl ester and 6 68 g (33% of )

a) i%%r'd SQé,égg‘%?@H@oloeSt %f@%@ﬁﬁ? 3yc%r£€éi&ﬁéa§|é’§l%ster.

Toa r?iig}jl{re%fl_bﬁ?leg.ég% 1. ?F’) ng%) n?ﬁolﬁ and Od}Br,20.208 g, m35liinol)iin 92-

( _</ DYO\/
(o]

dichloroethane (200 mL) at 80 °C, was added dropwise (3h) a solution of ethy!
diazoacetate (17.1 g, 150 mmol) in 1,2-dichloroethane (35 mL). After 15 min at 80
°C, the reaction mixture was washed with H-O (200 mL). The H.O phase was
washed with CH.Cl; (50 mL) and the solvent of the combined organic phases was

removed under reduced pressure. The crude product was column chromatographed
(silica gel, 5->10% EtOAc in Hexane), to give 3.63 g (18%) of tcis-1,1a,6,6a-
tetrahydro-cyclopropalalindene-1-carboxylic acid ethyl ester and 6.68 g (33%) of
+trans-1,1a,6,6a-tetrahydro-cyclopropalalindene-1-carboxylic acid ethy! ester as a
byproduct.

H-NMR (CDCls): 7.30-7.05 (m, 4H), 3.81 (q, 2H), 3.36 (d, 1H), 3.18 (dd, 1H), 2.92
(m, 1H), 2.24 (m, 1H), 1.99 (dd, 1H), 0.92 (t, 3H).

b) +cis-1,1a,6,6a-Tetrahydro-cyclopropalajindene-1-carboxylic acid

&Y
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b) c/s-1,1a. . a-Tetrahydro-cycl opropatal i ndene-i
-carboxylic acidc/s-1

WO, 2bes/@663a- Tet r ahydr o- cycl opr opa[ a] i ndene- 1- carPoaxsE2002/002034
acid was synthesized fromc/s-1

+cis-1 Jré‘,g%{zfl‘éfrgﬁg@&yﬂf(:%pgéﬁ%[‘%ﬁ%&gé-ﬂ&#?@mﬁJa&??:?%?{th{rfesized
from 2&33 TEYB|@a—te'ti%@yﬂliﬂcyﬁloﬁropa[é]lwﬂéhb(ﬁébrﬁb)(ylmcﬂﬁ emi,ﬂ @ster

heated to refl ux 2h, concentrated and acidif

(3 53 gr 46ipmmelp, LiGH (@39( @ 2$ menal), H201610 mL) and MeOH (20 mL)

{ p
wicr i MU0 NG BPSR B IR 3bo AERIAAI M et P2
(62%)161‘ %1(@@'6&tetrhﬂy8% é)fvlop?ropéﬂégmdénéﬂ -darBdxyII8 acldthhs a white
9 (d, 1H), 3.1 6 (m 1H, 2.27 (m
solid. iﬁh}e prodgat wasl nOlBDYStaﬂIZ@ Feaction mi xture was
concentrat ed under reduced pressure, benzene (20 ni)
was added and the reaction m xture was washed with 1N

- NNnRI d@@bm}o gms( 3®i)m;135amdz lomni, A1) (3Q9n(H) 1HY, 814 (dd, 1H),
sol ven rgani ¢ phases was renoved under

2.96 G"édUd)ea 2Ts7r @Qsth T.9hédd e pr oduct was col um
chr omat ogr aphed (silica gel, 4- "5% MeOH in CH2Cl 2),
to give 25 ng (5% of
The readtich fmbxtoreanas pyncehtratéd yxh;ieBFe(lecedl préssaeecherdendr (@0 mL)

was a(dé/ic ld%?q)do&g[ %% Qden-%’}/e ag&\?a?s@ E}Wﬂ%& g) I%OB%O mL)
and b$|H)a (35 n4|.7)' W’h@%oﬁ\i@nt%ﬁhe &gﬁﬁr&gﬁé’se@%a@k&mo?ecﬁ@né’eﬂr%duced
pressures 'I]we(@udeemodmtr\n/ab céIanle c;mhjren‘(aiographed (silica gel, 4—+5% MeOH

in CHaCEh, 1o Z;é\;et Fh g %ﬁbﬁ%&?ﬁﬁ{ﬁ@?@fn%'-é’f‘r?ﬁﬁ.'}%.ﬁ%:&,1‘%,)65-
tetraHggf%-rﬁyabBﬂfp%r[’é][rfa]eﬂaﬂpf)nﬁ‘é&ne' 1 -carboxylic acid ethyl

"H-NMR (DMSO-dg): 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 38
+cis-1-(5-Cyano-pyridin-2-yl)-3-(1a,2,3,7b-tetrahydro-cyclopropalalnaphthalen-1-yl)-

urea.

a) 1a,2,3,7b-Tetrahydro-1H-cyclopropa[alnaphthalene-1-carboxylic acid ethyl

O\/
o]

1a,2,3,7b-Tetrahydro-1H-cyclopropa[alnaphthalene-1-carboxylic acid ethyl ester was

ester

synthesized analogously to Example 37 from 1,2-dihydronaphthalene (3.91 g, 30
mmol), to give 688 mg (11%) of 1a,2,3,7b-tetrahydro-1H-cyclopropala]naphthalene-
1-carboxylic acid ethyl ester (a 56/39 mixture of cis and trans isomers).

'H-NMR (CDCl3): 7.35-6.95 (m, 4H), 4.30-3.85 (m, 2H), 2.90-1.00 (m, 10H).
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la, 2, 3, 7b- Tetr ahydr o- 1H cycl opr opa[ a] napht hal ene- 1
-carboxylic acid ethyl ester was synthesized
woaned/wgous| y to Exanple 37 from 1, 2- di hydr onaplatriszbena®02034

(3.91 g, 30 mml), to give 688 ng (11% of

la, 2, 3, 7b-tetrahydro- 1H cycl opr opa[ a] napht hal ene-

1- carboxyllc acid ethyl ester (a 56/39 mxture of cis
b)  ada.2 3 dRsTetemsrey H-eyeloprpatalieapd)thatengst-cadmxylic aaid)

14.30-3.85 ( 2H), 2.90-1 .00 (m 10H).b)

la, 2, 3, 7b- Tet 'p.,o /-1- cycl opr opa[ a] napht hal ene- 1

- car boxylicasgd 14, 2, 3, 7b- Tetrahydro-1

/-1-cycl opr

[ a] n‘épht hal ene-1 -carboxylic acid was

ta.2 § 1By AP B H A Ran AR E LAk prid e 1
synthesiaet @nalogousty lﬁtdmbleesﬂtbeﬁrom6’%2 1307 b- ﬁatﬂa‘hyﬂ?@h H-a
cycloa%/pggqj%ég%a%\% -%Ia ang? pklse%nlgy@%gﬂpgpgh\éem%%? a 56/39
mixtufd Bﬁaefg{ﬁa' A &orrfé%)ﬁ&@j@ﬁ%%@ J@@%agf%%,m??tb“tre?ra%dro “1H-

cis and trans 1Somners)
cyclopnopa{zﬁ]haplzthalenﬁl-ﬂ-nqu@ﬁcae)ﬂ (a18B/3% niktures of dshand trans
. 7.30-6. 95 4 2. .65 (m 7H). Exanple 68 a)
lsomelr’sgg"hf’ @PQ?‘%&)"-"?@%QWWF%" #8932 0[ a] cycl opr opa[ c] cycl ohept

ene-1 -carboxylic aci d et hyl ester
] 1, 1a, 2, 3, 4, 8b- Hexahydr o- benzo[ a] Cﬁ | opr opa[ c] cycl ohept
H-NMRCDCloki 18636 (tirs, 46 o7 S0H:P5 ér, éH) w8016 s i d

anal ogously to Exanple 37a from 6, 7-di hydro-5/-/-

benzocycl ohept ane (4.40 g, 30.5 mmol), to give 3.43 ¢
Exam@&Q&B of 1, 1a, 2, 3, 4, 8bhexahydr o-

benzo a]c clopropa[c cycl ohept ene -carboxylic acid

5 ,5, b Hexabydie- gm%qjal@yelpptqp@[@ﬁmclﬁh%w@nEs,bﬁ@rrb@ryllc acid

MR ( CDCI3) 7.40-6.90 (m 4H), 4.30-4.00 (m 2H),

ethy' %E%EI 0.50 (m 12H).

o~
0

1,1a,2,3,4,8b-Hexahydro-benzo|a]cyclopropalc]cycloheptene-1-carboxylic acid ethyl
ester was synthesized analogously to Example 37a 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-benzol[a]cyclopropa[c]cycloheptene-1-carboxylic acid ethyl ester (a 1/10

mixture of cis and frans isomers).
'H-NMR (CDCls): 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-benzola]cyclopropalc]cycloheptene-1-carboxylic

acid.

OH
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b)
1, 1a, 2, 3, 4, 8b- Hexahydr o- benzo[ a] cycl opr opa[ c] cycl ohept

WO 20082068131 car boxyl i c PCT/SE2004/002034

acid. 1, 1a, 2, 3, 4, 8b- Hexahydr o- benzo[ a] cycl opropa[ c] cycl

1,1ag%,%gxgen-g?éexag@aRﬁwhtd{aga%egvgfaééugélbﬁéptéﬁe ABSIIRPHS h¥id was

from exahydr obenzo[
synthpsizet @natggouslycipdi xsepleciveframchi 8@x3,Hidb- h@xahyeirw I

benglgiyclBiialticyoPneglie-Ledb i it b et E M 14.0 mmol,
a 1/1—0 %ﬂx@:r@oﬂc@@?@mﬁkgmers) to ive 2.81 g (93%) of 1,1a,2,3 4,8b-
benzo[ a] cycl opropa] CEPJQY cl ohep ene 1- car boxyl ic acid (

hexahmofhenzgfadcmowpﬁa olcrrméenesébrﬁ@:rb,qullrrra@lqafaaajﬂ@tmlxture of

os 4o GHAAE TR OB Sl 0

a) 6- met hoxy-1 , 2, 3, 4- tetrahydronapht hal en 1 -ol
1., B6- Met hoxyt et r al one r(‘llog g W|th 150
H-NMRAC R B): dOnEh 81T s a*)sMOu?rpﬁé%ﬁwr &Q %&ﬁ)was
added by portions to the stirred m xture. The reaction
m xture was left to stir at anbient tenperature for 15
Examglé'h@ reaction m xture was then concentrated by
vap t m xed w 100nl of water and
a) he f@é thoxy- 11&“6‘3%“%'}1@%1. By nixture was
extracted into diethyl ether (3 x 80m ). Conbined
organic extract was dried over NggqO>4 and concentrat ed
by rotary evaporation to give 10.59g of yellow oil

whi ch was used in the next S Mt hout addi ti onal
% dr onapht hal ene
papht hal en- 1- ol

purification. b) 7-methoxy
Crude 6-nethoxy-1 ,2,3,4-tH
(10.3g, 0.058nml) was Kssolvéd 1 100m of tol uene
and heated in an oil bath (1150C). P-tolylsul phonic
acid (20n)

6-Methoxytetralone (10g, 0.057mol) was mixed with 150 ml 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 1h at 45°C. The resulting mixture was extracted into diethyl ether (3 x 80ml).
Combined organic extract was dried over Na;SO4 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

AL

Crude 6-methoxy-1,2,3,4-tetrahydronaphthalen-1-ol (10.3g, 0.058mol) was dissolved
in 100ml of toluene and heated in an oil bath (115°C). P-tolylsulphonic acid (20mg)
was added to the reaction mixture and it was refluxed for about 1h. The reaction was
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was added to the reaction m xture and it was refl uxed
for about 1h. The reaction wasnonitored by GC. The

WO wesawhizan nmi xture was then cool ed and washed peiTtSE2@®@an02034

NaHCO 3 sol ution, water and brine and organic |ayer
magilorett byééB(bv'Blle mno@oni«xenre wads thengooteBafd washed ivith sat.

%
NaBIGHE sBlulon W8te aRe o) ane) akani gt wap o P BB
ort §aRoB 7R & ightBfown M tVgINY
Cdngeglr%t;/drgﬁ?gh%dhal ené (8.8g, 0.055 ?Z was m xed with
10mM of degassed absol ute net hyl ene chloride and 20ng
C) of EHudibumethoxystas2, GaMtetrmyﬁrm%ycldﬁraﬁa@ﬁpmna|ene 1-
e was bubbled with nitrogen and et
ca |°§¥'§<[Jlecet ate (2eq, 50%solution in degassed abs.
met hyl ene chloride) was added slowy through the
syringe (flow rate about 1 m/ hour)C(t)@Eghe stirred
solution at anbient tenperature lution started

upon the addition. The reaction wds nonitored by GC.
Addi ti onal anmount of catg added during the
reacti on (about 20ny). cis/trans isomers
was 21:48. After thespeact ' > conpl ete accordi ng
to GC data the reacti m xture was washed with
saturated NH4Cl sol uti on and brine. The nethyl ene

7-Neth k42 SRV ieds 1€ o Y Bbpttiforas maxd withd dsyl o
degzslsemabebrmmaﬂylaﬁébhmud@éd&?orha%%hocﬁhﬁvéc tate (appr. 0.1

te/ hexane 1:20). Only trans isomer was O
mo%) hedepstion mixure Wqﬁlhué lesh with oitragenuant! ethiyl diazoacetate (2eq,

SO Bt el S50 B
synmeQﬂ@w raiesabcrmrisml‘/abun) td ﬂié@hr@é?dl 8616tiod at anfdientaBfhperature. Gas

evoVuStlon ftgi)rrtecfi upon%e addition. The reaction was monitored by GC. Additional

amount of catalyst was added during the reaction (about 20mg). GC-ratio of cis/trans

isomers was 21:48.

After the reaction was complete according to GC data the reaction mixture was
washed with saturated NH4CI solution and brine. The methylene chloride solution
was dried over Na;SO,4. Concentration gave 13g of crude product as yellow oil.
Purified by column chromatography on silica (200g, ethyl acetate/hexane 1:20). Only
trans isomer was obtained in pure form. The required cis form could not be purified
by the technique used. Fractions which were more enriched with required product
were combined (200mg, cis/trans ratio 70:30 according to GC) and used for further
transformations.

d) 5-Methoxy-1a,2,3,7b-tetrahydro-1 H-cyclopropa[a]naphthalene-1 -carboxylic
acid
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transformations. d) 5-Methoxy-1 a, 2,3, 7b-tetrahydro-1
/-1 -cycl opropa[ a] napht hal ene-1 -carboxylic aci dEt hyl

WO Besredslsaxy- 1 a, 2, 3, 7b-t et rahydro- 1/ PCT/SE2004/002034
-/ -cycl opr opa[ a] napht hal ene- 1- car boxyl ate (0. 2g,
O dmvol) was dissolved in 2m of nmeid@Hol and the
sol ution of sodi um hydroxide (0.2¢g, 50mmol) in 2 m of
wat er was added to the reaggtio xture and stirred at

anbi ent tenperature overfii g e extraction of basic
reaction m xture into hep d that no starting
mat eri al present. Th*eoe o xture was acidified

wi th excess of 3M HCl “sol ution (pH=1l), and extracted
into ethylacetate (3x15m ). The conbi ned extracts were

Ethw@ﬁ%dﬁ'y‘;’f‘adw,?B-té‘t%ﬂrbﬂ%c%lb&%p%ﬁeﬁg?%fz\%g%ggﬂg?rboxylate

concentrate by rotar evapor atiron't
(0.2gi QiBmmobiwas dissolsed im2imd sf methdndl @nddhe doluBoandlseditim

e h -1 .2 4-t et rpahydr o- 1- napht hal enol .
nyaBiel: [FEag Spmmantiya ol af vaRines adinth B bagesciian mixture and
stirréy 2t BAtigatempr s slernight ERRETBkRa&titih 61 948ic reaction mixture into
7-met hoxy-1 , 2, 3, 4-tetrahydro- 1- napht hal enone (5 g, 28

hexmﬁygwp@ thatno slesting waterss peesend. Phetragtion mixture was acidified

o ( [ i Lekd), [ A ne st.e
with SKEB35 of I8 SR (oHP £ AnterdRie, e pltygERtone 5% 5m. The
combinall eyteacts aené halstiedGritiewhtorandl brive idfigd 'over N, 88, Mg
was s%gi)yhesn zed anal o_gousl y to Exanple 40b from _
congemygat _retary eyaporatiop 4e gived- 159 b Rrikture Rbrisfteang acids as
whitd-<blig. of product as brown yellow oil (96%yield from
7-methoxy-1 , 2, 3, 4-t et rahydro- 1- napht hal enone). c)
Et hyl 6-nmet hoxy-1 a, 2, 3, 7b-tetrahydro-1

Example d¢cl opr opa[ a] napht hal ene-1 -

a) 7-methoxy-1,2,3,4-tetrahydro-1-naphthalenol

OH

7-Methoxy-3,4-dihydro-1(2H)-naphthalenol was synthesized analogously to Example
69a from 7-methoxy-1,2,3,4-tetrahydro-1-naphthalenone (5 g, 28 mmol), to give
about 5 g of crude product (quantitative yield), which was used in the next step
without additional purification.

b) 6-methoxy-1,2-dihydronaphthalene

S
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car boxyl ate COOEt Ethyl 6-nmethoxy-1
a, 2,3, 7b-tetrahydro-1 H cycl opropa[ a] napht hal ene- 1
WO 20as06by| at e was synt hesi zed anal ogousl y t o PETampdoa/ 08834
from 6-nmet hoxy-1 , 2-di hydronapht hal ene (4.4 g, 28mmmol)
i $ : / j K
&-MEhoRfo > SRR ithdlere Whe Sufhdiect AfalgBpaliy Eample 40b
frorrcTrnoethoxg 2 Byt-tetrabydice &-napbthalena thrgivect g @f pecdiret as brown

vello ook Xiftanf - r&ffied ™t 555 g o1 diyhnonn)

fraction - 1.76 g, and fraction contained pure trans
c) | SERN 6=métribxyHed 23, 36-Rtfhriars-1FlcyRi1dBrbpareIndphthalene-1-
) a, gmiy 7b-tet r)%llhydr o-1 fé / r@gc‘? opr o)%afﬁz;{] Eap téhpal ene-1
carboxglaboxyl i ¢ acid COOH 6- Met hoxy- 1

a, 2,3, 7b-tetrahydro-1 H cycl opropa[ a] napht hal ene- 1

-carboxylic acid was synthesized l.ogously to

Exanpl e 69d) from et hyl 8880?3

1H cycl opr opa[ a] naphthal «
0.65mMmmol) to give 0.1 g
Yield 71% Exanple 42 a
7, 8- di hydr o- 2- napht hal eno oxy-1

, 2-di hydr onapht hal ene (6.4 g, 40mvl) was dissolved in

ety S rmelio ik Aot el AL R Bt A ek HE B Boyiate
was@ynﬁiésﬁiéd%élb&d@é& OEkamphd 98 Frofn B-maﬁ@&yiwzldmrr]onaphthalene

noni t ored by [ '

Ar boxyl ate (0. 16 g,
t as white crystals.

. Reaction m xture was diluted wt
(4.4ga28mmek ptiRddianvater0.Zvnicio aive %88 gaet ewdermreduct as orange-

brown oil. Purified by column chromatography on silica (200 g, ethylacetate/hexane
1:10). Three fractions were collected: fraction enriched with cis isomer (75% by GC)
- 0.16g, mixed fraction — 1.76 g, and fraction contained pure trans isomer — 1 g. Total
yield 45%.

d) 6-methoxy-1a,2,3,7b-tetrahydro-1H-cyclopropa[a]naphthalene-1-carboxylic

acid

COOH

6-Methoxy-1a,2,3,7b-tetrahydro-1H-cyclopropa[a]naphthalene-1-carboxylic acid was
synthesized analogously to Example 69d) from ethyl 6-methoxy-1a,2,3,7b-tetrahydro-
1H-cyclopropal[a]naphthalene-1-carboxylate (0.16 g, 0.65mmol) to give 0.1 g of
product as white crystals. Yield 71%.

Example 42

a) 7,8-dihydro-2-naphthalenol
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et hyl acetate. Organic extract was washed with water
and brine, dried over Na2SO4 and concentrated by

WO 2ad/@s131evapor ati on. Purification by col um PCT/SE2004/002034
chromat ography on silica (200 g, ethylacetate/hexane)
gave 5.36 g of desired ph . Yield 92% D)
7, 8- di hydr o- 2- napht hal enyl pnet hanesul fonat e
F3C- WO 7, 8- Di hydr o-2-nap 5.3 g, 37mmol) was
mxed with triethyla 5“5 A4mmol ) in abs.
met hyl enechrl ori de an Zool ed under nitrogen in the
ice/brine bath. Triflic anhydrlde (7.4 m, 44mmol) was

I
7- M%@%n? 1@%@&5%&&95@% %;48821(? %%éylfsggﬂgfqu%bggDMF and
bubbledrwithratgempsoditnarethyliielates b leqhvmsﬁtdded amlstherreactlon mixture
h it h b d.d d Na2SA.
wasgieaied af Sidod ShaBORG: 1o rbat M Bieashon RS mPBieTaRiny G-
Rea%§|bh ?rﬁxtu?e WaRfdiltcywith vkt e a‘&ﬁﬁflélpWﬂh B3 HOY 1alde@84ted into
ethv&!qe[t@ﬂer Q‘rgamc extrapl/was washed itk yyatenand Bring, drigd avgiiNa2SO4

and §O%lf:€$t¥$tlpﬁ 3)&?@%@%/@?@[}%@@ " )E/’ﬂf g@f@;&%&hﬁ*n cr?’rongtgé’ |Ja phy on

silica, (20@g7éﬂiyﬁoét7é’t¢me&aﬂae)'?a\¢é seapaf desired phenol. Yield 92%.
y

a] napht hal ene- 1- car boxyl at e was synt hesi zed
anal ogously to exanple 40 from

b) 7, &.&dinydra2naphtialeayldrifuoromethangsyifenatgnesul f onat e
(9 g, 32mmmol) at addition rate 1 m/h to give 13 g of
crude product as orange-brown oil. Purified by colum
chr omat ography on silica (200-9 acet at e/ hexane
1 15). Fraction enriched with pr (80% by GC) -

0. 64g was col | ect ed and\\uss

transf or mati ons. F C’ N

7,8-Dihydro-2-naphthalenol (5.3 g, 37mmol) was mixed with triethylamine (6.2 ml,
44mmol) in abs. methylenechrloride and cooled under nitrogen in the ice/brine bath.
Triflic anhydride (7.4 ml, 44mmol) was added to the stirred solution through syringe
during 10 min. The temperature was allowed to rise slowly up to room temperature.
The reaction mixture was then washed with water and brine and dried over Na;SOj.
The crude product was purified by column chromatography on silica. 9 g of brown
liqguid was obtained. Yield 88%.

c) Ethyl 5-{[(trifluoromethyl)sulfonyl]oxy}-1a,2,3,7b-tetrahydro-1H-
cyclopropalalnaphthalene-1-carboxylate

COOEt
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d) Ethyl 5-cyano-1 a, 2,3, 7b-tetrahydro-1
/-1 -cycl opropa[ a] napht hal ene-1 - carboxyl ate Et hyl

WO Beg/fde13i f | uor omet hyl ) sul fonyl ] oxy}-1 PCT/SE2004/002034
a, 2,3, 7b-tetrahydro-1 Hcycl opropa[ a] napht hal ene-1

_t&f i Z 2
Ethy) GBIt aheut AadfonfioxiiraR a6 Whamygrsi i (DT,
cyclopropafalivaphdtalenet -catponyiate wassynthasizedeanalageusly to example 40

i e ol bbbt B o
rate AGRPE RS ivleers %yoff &thidé Yred i @ ajra Age-brdwR @il WPLfified by column
saturated NH4 and extracted into ethylacetate (3 X

5 chromstpgrapby gansiticas(200a tethacetate/bexane h: 1\ riactipns enriched with

..brin [ d . t ' .

cis |?qu8<aﬁ(:8t0d/gl g?;&;]égrﬁ)’@&‘@?g%%%l@&%hog@%%@é @K& Qar]rgfgrrﬂgtions.
a, 2,3, 7b-tetrahydro-1 /-/-cycl opropa[ a] napht hal ene- 1

d) - CEfr}P%¥dyahoard,2 357 karmMydra H@ch&prb@h{Wtﬁaléne-L
| -T-cycl opropa[ a] napht hal'ene-1 -‘carboxylic acid was

carbeyyiateesi zed anal ogously to Exanple 69d from et hyl
5-cyano- 1a, 2, 3, 7b-t et rahydr ol H cycl opr opat aJnapht hal en
e-i-carboxylate (0.12 g, O dmol) (Sp%ifve 0.1 g of
product as white crystals. Yield 4% 1TH NWR
(DMSO-de): 9.70 (br s, 1H), 8.321(br s, 1H), 8.03 (dd,
1H), 7.46-7.63 (m 4H), rds, 1H), 3.18-3.10 (m
2H), 2.76-2.65(m 1H), (m 1H), 2.34 (t,
1H), 2.01-1 .80 (br m 8/1.69 (br m 1H).
Exanpl e 42A a) Eth%/ -[(Trimethylsilyl)ethynyl]-1
a, 2,3, 7b-tetrahydro-1 H cycl opropal a] napht ha
| ene- 1- car boxyl at e Et hyl

{4t 111 uoronet hyl | § onwl :

0 Emgsid oo BRhRIR MR 2R % Siptrdnyaro 14
cyclopropala]naphthalene-1-carboxylate (0.2g, 0.5mmol) was mixed with Zn(CN)
(0.82mmol) and Pd(Ph3P)4 (56 mg, 10 mol %) in DMF (4 ml), bubbled with argon for
5 min and heated at stirring in a closed vial for 14 h at 100 °C. Reaction was

monitored by GC. The reaction mixture was concentrated by rotary evaporation,
15  mixed with saturated NH,Cl and extracted into ethylacetate (3 x 15ml). Organic
extract was washed with water and brine, dried under Na,SO,4. Concentration gave

0.12g of product as an oil (yield 90%).

d) 5-cyano-1a,2,3,7b-tetrahydro-1H-cyclopropa[a]naphthalene-1-carboxylic acid

COOH

NZ

20 5-Cyano-1a,2,3,7b-tetrahydro-1H-cyclopropalalnaphthalene-1-carboxylic acid was
synthesized analogously to Example 69d from ethyl 5-cyano-1a,2,3,7b-tetrahydro-
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a] napht hal ene- 1- car boxyl ate (0.2g, 0.5mmol) was m xed
wth trinethylsylilacetylene (0.2 m, 1.37mmol), DPP
woO 10850asw31 10 nol %, Pd(dba) 2 (30 ng, 10 nol %BCTEI0E@002034
(3 nmy) in Et N(2.5 nm), bubbled with argon for 5 mn
A J Vi '
T e b O e e o R ) i v B g o
produickas whiteasystelsc Xield 848d by rotary evaporation, mni xed
with saturated NHAClI and extracted into ethyl acetate

)y | C_extrac S h i,th, water

TR IDMEbla S FATbF RSt i BB P he s
4H),W.92*Kt9rts,aﬁ4)?e.fs-b.1()y(hﬁlzi-|)8ﬁ%-2.|6)5(m, 1H). 2.62:2.51 (m, 1H), 2.34 (t,

5-Et hynyl - 14, 2, 3, 7b-t et r dhydr o- 1H cycl opropa[ a] napht ha
1H),1208-118Q thriox@H), 1 . 484182 (byim, 1H).

5-[(trinmethylsilyl)ethynyl]-1a, 2,3, 7b-tetrahydro-1

Hc propal a] napht ha | ene-1 - carboxylate (0.2 g,
EX"’“@P@Z%I ) was dissolved in 4m of nethanol and the

solution of sodium hydroxide (0.05g, 1.2mmol) in 2 m

of r GiH ] j
) o EHEABHRRdeRRel R 0 2300 B8l B ARt bbAfefifaptna
lenerBaatboaplate xt ure i nto hexane showed that no starting
materi al present. The reaction m xture was acidified
W th excess of 3M HC solution (pH= nd extracted
into ethylacetate (3x15m ). The coni extracts were
washed with water and brine, i edfover Na2SC*4 and
concentrated by rotary eva Wto give 0.12g of
m xture of cis/trans acid as white solid.
Yield 88% 7 Exanple 43 2
5, 8-di fl uoro-4-methyl Z374-di hydro-1
(2A7) - napht hal enoneSi1, 4- Di f| uor obenzene (22 ni, 210
mol ) was m xed Wi t h g-val erol actone (4 m, 42 mmol)
and AICb (28 g, 210 mmol) was added by portions to the

stirred reaction
Ethyl 5-{[(trifluoromethyl)suifonylloxy}-1a,2,3,7b-tetrahydro-1H-

cyclopropala]naphthalene-1-carboxylate (0.2g, 0.5mmol) was mixed with
trimethylsylilacetylene (0.2 ml, 1.37mmol), DPP (35 mg, 10 mol%), Pd(dba), (30 mg,
10 mol %) and Cul (3 mg) in EtsN (2.5 ml), bubbled with argon for 5 min and heated
at stirring in a closed vial for 14 h at 95°C. Reaction was monitored by GC. The

3

reaction mixture was concentrated by rotary evaporation, mixed with saturated NH4ClI
and extracted into ethylacetate (3 x 15ml). Organic extract was washed with water
and brine, dried under Na,SO,4. Concentration gave 0.15g of product as an oil (yield
87%).

b) 5-Ethynyl-1a,2,3,7b-tetrahydro-1H-cyclopropa[alnaphthalene-1-carboxylic acid

COOH

AN
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m xture. The reaction m xture was then refl uxed at
stirring for 16 h (oil bath 1100C). The reaction

WO 100x0asua was cool ed down (ice/brine bath) anddrsi2oewe2034
HCI was added and stirred until honogeneous m xture

Bty ) Yy PR, BT Btk R Ao o el it lene-1-
carbanylateo(ﬂ 2m Biﬁémmohwas dissolvedin ¢k mf)mahihe)nolﬁmd the solution of

d SC 4,
sodigglrcge DG, SErmRoh i 2 8o WEGT Rt AR Gt Feodhn
muxth‘é"E‘rﬁ’d sturYé&bﬂh@éﬁﬁg 8) 6P Borlief . UFHéJeﬂréHinYdf bhsic reaction mixture

3,4-tetrahydro-1
into haang showed Rt omtartingroaterigbprgsent. The reaction mixture was

amd@%Q%&&%@#e{;@%%%%@ﬂ@@ﬁa(b _rrb meﬁYé&QS ?Atéeeqhylacetate

(3x15nl). dinel doditsindd @Rtrbws-\ﬂeré-\daihéﬂ Wit waléh and brine, drled over
napht hal enone to give 1.8 of crude product, whi

Na2$@$ apd &gnrentrated ,py)(pt%ry@‘yagp{qﬁ@gtto SINE Qﬂggagf mlxture of cis/trans
5 buar o- 1- met hyl -
a°'dggé%ﬁ§§§% kc')\;rq‘lz}gh 'gl \é%édjgé B fluoro-1- rret hyl -
, 2-di hydr onapht hal ene was synt hesi zed anal ogously to
e 40b from 5, 8-di fl uoro-4-nethyl -
, 2, 3, 4-tetrahydro-1-naphthalenol (1.8 g, 9.1 nmmol) to
g| ve 1.5 g of product as brown yellow oil (90%yield
a) fr@&@aﬂ@or@rﬂm@hw -3 4-dieydipt 1(2H)-paghthalenanghy dr o- 1
- napht hal enone). d) Ethyl 4,7-difl uoro-3-nethyl -
a, 2,3, 7b-tetrahydro-1 /-/ |5:yc| Qpropal aj napht hal ene-

1-carboxyl ate Ethyl 4, 7-difl uoo 3- et hyl -

a, 2,3, 7b-tetrahydro-1 Hc¢ op -oa[a]naphthalene 1 -
arboxylate was synt hesi(y dgously to Exanpl e 40c
di hydr onapht hal ene
tlon rate 0.5 m/h to give

from5, 8-di fl uoro-1-net
(3.5 g, 19 nmol) at addi

crudeproduct as yel |l ow brg oill . Purified by colum
chr omat ography on silica (200 g,

1,4-Difluorobenzene (22 ml, 210 mmol) was mixed with y-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. HCl was added
and stirred until homogeneous mixture was obtained. The reaction mixture was then
extracted into methylene chloride, washed with water (4x10 ml) and sodium
bicarbonate solution (3x100 ml). The organic extract was dried over Na;SOs.
Concentration by rotary evaporation gave 6.7 g of product as yellow powder. Yield
81%.

b) 5,8-difluoro-4-methyl-1,2,3,4-tetrahydro-1-naphthalenol
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15

et hyl acet at e/ hexane 1:15) to give 5.2 g of the m xture
of diastereoneric esters together with diners of EDA
WO zws/eehisur el ess oil (GC ratio: anti- 45% 40%CT/SE2004/002034
/trans:cis/, syn- 11% 2.3%/trans: cis). e)
+/-anf/-c/s-4,7-difluoro-& nethy
a, 2,3, 7b- tetrahydro 1 Heyql opr pa[ a] napht hal ene- 1
dal a] napht hal ene-1

-carboxylic acid Et hyI 4 di
a, 2,3, 7b-tetrahydro-1
- car boxyl ate (5.25g, 20 0: 50 m xture of cis

and trans isoners) was dixsolvgd in 2.5m of nethanol
and the solution of sodium hydfjoxide (0.4g, 10mol) in
2.5 mM of water was added'to the reaction m xture and
stirred at anbient tenperature overnight. The reaction
] r ragt
s -0y L Lo et Aoy Y e e
analogously t/ExaiNpSE8a &orh 5§ @ndifiadrosd-enkthyl-3,dtdihydro-1(2H)-
evaporation to give 1.12g of cis esters as col ourl ess
naphihalepang ttargiveyf %es rfgﬂcra% PHRAUS)I WRISh ¥yas useghiythe next step
nlhe m xture obtai ned was dissol ved
Wlth%%%dgi%gl Eﬁ"mat ahol and the solution of sodium
hydroxide (0.2 g, 5mmol) in 1.5 mM of water was added
c) tostddifluerst imethyl-x24dibydruhaphthalee at 950C for 40
m n. The reaction mxture was acidified with excess of
3M HCl solution (pH=1), and extracted into
et hyl acetate (3x15m ). Thé& conbi ned extracts were
washed with water and brine, dried over Na2SO4 and
concentrated by rotary g g on to gi ve 0.93g
anti-+/-cis acid as slig ge crystals. Yield
20% (appr. quantitative cut"ated for starting cis
i soner). Exanple 44

5,8-Difluoro-1-methyl-1,2-dihydronaphthalene was synthesized analogously to
Example 40b from 5,8-difluoro-4-methyi-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-cyclopropala]naphthalene-

1-carboxylate

COOEt

Ethyl 4,7-difluoro-3-methyl-1a,2,3,7b-tetrahydro-1H-cyclopropalalnaphthalene-1-
carboxylate was synthesized analogously to Example 40c from 5,8-difluoro-1-methyl-
1,2-dihydronaphthalene (3.5 g, 19 mmol) at addition rate 0.5 ml/h to give crude
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a)

4, 7-di fl uoro-3-nethyl -1-i ndanone4, 7- Di f| uor o- 3- net hyl -
WO os/oadasione was synt hesi zed anal ogously to BExammr20643@2034

from butyrolactone (4 m, 52 nmmol) to give 7.199g of
prodfe A JoRAUBRE B3, B by 05 earRRBENGHY | RO g
ethymletafté/@exbge dol8)rto giver @ﬂug ogmaphgxtwa dudlastare(oZtmTicgesters

oosfiesduf el B e oSt PLIORR N TARY B

syn-GA% & g%’]grd:hlércﬁs)t etralone. b) 4,7-difluoro-3-nethyl-
-indanol 4, 7-D fluoro-3-nmethyl-1 -indanol was

synt hesi zed anal ogously to Exanpl e 40 from
e) 4, ¥~ahti-tiset,d- d3ﬂum‘b¥%+me1hyl+1ra;&6cﬁtbtqtmhydgz -180 mmol ), to
of cr roduct (quantitative
CYC"ﬁﬁ?fsPa§?"%ﬂhtgﬂ'emﬁ 8%@8 ‘ﬁ next step without
addi tional purification. c) 4,7-Di fluoro-1 -nethyl -
H-i ndene4, 7-Di fl uoro- 1- met hyl - 1dodpi ndene was
synt hesi zed anal ogousl yFto Exapble 37 from
4, 7-di fluoro-3-nmethyl -1fi ol (3.75 g, 9.1 nmmol) to
give 2.36 g of produc o liquid (70%vyield). d)
Et hyl 2,5-difl uoro-6- la
qa t et rahydrocycl opro ene-i - carboxyl ate Ethyl
2,5-difl uoro-6-nethyl - :
1a 6, 6a- tetrahydrocycllépropa[ a] i ndene-1 -carboxyl ate
vvas synt hesi zed anal ogously to Exanpl e 40c from
4,7-difluoro-1-nmethyl-1/ -/-indene (1.32 g, 7.9 mol)
Ethya4,7adiflubiosha 223, b Qetdamidro- 1t cyclopropalaleaphthdlene- &earboxylate
el ow bro urified col umm_chy omat pgr aphy.
(523312080 ooy Sb ahinire ot o and 535, OS] Wag frksives! p 2 5mi of
metlﬂarﬂjfl ahB8h&sSIbR dPlsodiuf® hfaRIBRY (0548 SIORRmON if 2. 5Afl of water was

trans-esters as
added to the reaction mixture and stirred at ambient temperature overnight. The

reaction mixture was extracted into hexane (3x30 ml). The combined extracts were
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% according to GC). The mixture obtained was dissolved in 1.5 ml of
methanol and the solution of sodium hydroxide (0.2 g, Smmol) in 1.5 ml of water was
added to the reaction mixture and stirred at 95°C for 40 min. The reaction mixture
was acidified with excess of 3M HCI solution (pH=1), and extracted into ethylacetate
(3x15ml). The combined extracts were washed with water and brine, dried over
Na,SO, and concentrated by rotary evaporation to give 0.93g anti-+/-cis acid as
slightly orange crystals. Yield 20% (appr. quantitative if calculated for starting cis

isomer).

Example 44

a) 4 7-difluoro-3-methyl-1-indanone
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coloureless oil (cis/trans ratio: 84:16 according to
NVR). Yield 30% e)

WO af/he6t31- ¢/ s- 2, 5-di f |l uor o- 6- net hyl -1 PCT/SE2004/002034

, 1a, 6, 6a-t et rahydrocycl opropal a] i ndene-1 - carboxy lie

acid anfr-+/-cls- 2,5-Difl yoro- 6(?ethyl-1 , la.
a- tetrahydrocyclopropatall deneyf carboxylic acid was
synt hesi zed anal ogously te above from et hyl
2,5-di fluoro-6- nethyl -
, 1a, 6, 6a-t et rahydrocycl oQ 2 ndene-1 -carboxyl ate
(0.61 g, 2.4 mmol) by stepW se Rydrolysis first with
20 nmol . % of NaCH and theq:mﬁth t he excess of NaCHat
heating to give 380 ng of ‘product as white crystals.
Yield 70% (appr. quantitative if calculated for

47- @Iﬂgotc} sgugfrhgl-gﬁricﬁ%{%y M 03%% Fé%ea)anahc%%oqs élntgn%xample 43a from

butyfol8ctbhé (4 oilp52 rdmdl) iy gmme@/ of yelloapidviade (8615 mibdure of
synt hesi zed together w t
corr%ﬁmngimg;méaﬁevwnd fert mﬁ)ﬁ%coae@arte.%) tihepprodegtiyvas purified
0,
by c{gﬁfrg{ n%l?@gr}éggﬂgbgg%% ﬁ%ﬁ(zo@eggﬁwsgeﬂ%@@%éﬂgl to give 3.7 g (40%
yield()kmif p'uraedroﬁuet tbgetherbyittomixeat! fractmmoard fraction contalmng pure
4-t etrahydro- 1- napht hal enol 5,8-Difluoro-1
tetr 3102'163 4-t et rahydr o- 1- napht hal enol was synt hesi zed
anal ogously to Exanple 40a from
5, 8-7dk: r 1( 2H) - napht hal enone (0. 77 g,
b) 4. %7?%@1]?% Qg%gtﬁk'/'? %@1 product (quantitative yield),
whi ch was used in the next step w thout additional
purification. c) 5,8-diflWoro-1gy
, 2-di hydr onapht hal ene5, 8-0i fl uoyo-1

, 2- di hydr onapht hal ene Y | zed anal ogously to
D
eRQY to give 0.67 g of

Exarrpl e 40b from5, 8-dif
, 2,3, 4-tetrahydro-1- napi¥
crude product

4,7-Difluoro-3-methyl-1-indanol was synthesized analogously to Example 40 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
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as brownish liquid (90%vyield from
5,8-difluoro-3, 4-di hydro-1 (2/-/)-napht hal enone) .

WO Adsideimnal anount of product was al so obt ai nEC/$E2000/002034
the m xture of 5,8-difluoro-3,4- dihydro-1

7RI TRIRE ST tas sypthesized analogpusly 1o Exappl, 37 from
4, 7-difjuaterB tredhylairindanel (8.%5 gr 8. 1ohnmud) toegp@ 2d36g ofpredact as beige
- napht hal ene is easy to separate by col um
"q”'(i%ﬁd%gﬁ)raphy on silica (ethyl acetate/hexane 1:20).

d) ethyl 4,7-difluoro-1 a, 2,3, 7b-tetrahydro-1

H r a I
D B 2B ARGoD ORI 8T Satetyes cRigtobBidihabhc
carboxylateycl opr opa[ a] napht hal ene-1 -car boxyl ate was

synt hesi zed anal ogously to Exanple 40c from

5,8-difluoro-1 ,2- dihydronapthalene (0.7 g, 4.2 nmol)

at addition rate 0.4 m /K to give erd@%product as

yel l ow-brown oil. Purifigd by coldm CThronat ography on

silica (100 g, ethyl acgtate ne 1:15) to give 0.45

g of the m xture of ci 5 0 ans- esters as

coloureless oil (cis/traggratxi o 33:67 according to

G&C) . 4, 7-di fluoro-1a, 2, 3, ibtetrghydro- 1

H- cycl opr opa[ a] napht hal effre- 1- car boxylic acid e)

4,7-Difluoro-1 a, 2, 3, 7b-tetrahydro-1

H-cycl opr opa[ a] napht hal ene-1 -carboxylic _
Ethyh2 iSediflqomor6-meshyl- 1,425, 82-rirahydregyeinsopalalindene-1-carboxylate

| I -1- i @ ' .
was §y/ihE S 2BY A R o B i R Gyt indiene
(1.324g,77 9 iy at-alitlor3rafé Ol £ini/Atg djive crude product as yellow-brown oil.
17-/-cycl opropa[ a] napht hal ene- 1- carboxyl ate (0.45 g
PurifiedgbyrRelummmehromasag @@ hy iy dligas( 1909, redhylaretatelhexans §115) to

e T34, P RO s e 83 o b air o

coloweldss aif (cis/tadiss (atios B4 ridnacavading taNMR). Yield 30%.

e) anti-+/-cis-2,5-difluoro-6-methyl-1,1a,6,6a-tetrahydrocyclopropalajindene-1-

carboxylic acid

anti-+/-cis-2,5-Difluoro-6-methyl-1,1a,6,6a-tetrahydrocyclopropalalindene-1-
carboxylic acid was synthesized analogously to the above from ethyl 2,5-difluoro-6-
methyl-1,1a,6,6a-tetrahydrocyclopropalajindene-1-carboxylate (0.61 g, 2.4 mmol) by
stepwise hydrolysis first with 20 mol. % of NaOH and then with the excess of NaOH
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according to HPLC). Exanple 46 a) 6-Bronoi ndene This
conpound was prepared anal ogously to Exanples 40a &
WO 200Hodenzaim 5- br ono- 1- i ndanone (4.0 g, 18.8 nTRETYSH2004/002034
give 2.4 g (65% of 6-bronoindene. b) ()-cis-Ethyl
0,
at heéGBRTERS 3508 Sl product as yhite erystals: Yield 70% (appr, quaniiative
lfcal’éblatted:fnrpsmamdg\MSISpn‘fthr ed anal ogously to Exanple 40c
from 6-bronoi ndene (1.95 g, 10 nmmol). Purification on
[ gel starting with hexanes foll owed by hexanes
Exar%p[enfé% di ethyl ether and finally hexanes with 5%
di et hyl ether afforded 670 ng (24% of the cis-ester.

c) g a
3) a- t5é$ de%u‘% 8%@@8?%5@3 a;%}atplgleno[\%ar boxylic acidThis
acid was synt hesi zed anal ogously to Exanpl e
4Qdstarting with 330 ng (F 77 gnol ) of the conpound
from Exanple 75b to give 232 my (79% of
()-cis-4-Brono-
1, 1a, 6, 6a-tetrahydrocycl i ndene- 1-car boxylic
acid. Exanple 47 a) ()- 4-cyano-1 .la. d
ga-t et rahydrocycl opr opat al|i nde e-i - car boxyl ate Thi s
conpound was prepared analpogously to Exanple 42d from
()-cis-ethyl 4- brono-i .ia. ¢
da-t et rahydrocycl opr opa"i ndene-i - car boxyl ate (200 ng,
; I | I .
e A O s
difluonp-3-#62thylot -indanone-ancoyding t¢ peanedure described in Example 44a

Sep%()a‘?ekc;5 bg %tg t (28 rg)rg?eit% I?g?,‘&ocpna |I|94 'd’ #Beof%u?g E)Pga(&/clt Z\a‘/\}aes obtained

yieldegdet rahydr ocycl opropat al i ndene-i -carboxylic acid

b) 5,8-difluoro-1,2,3,4-tetrahydro-1-naphthalenol

F OH

5,8-Difluoro-1,2,3,4-tetrahydro-1-naphthalenol was synthesized analogously to
Example 40a from 5,8-difluoro-3,4-dihydro-1(2H)-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
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This acid was synt hesi zed anal ogously to Exanple
4Qdstarting with 73 ng (0.32 nmol) of the conpound
wofzoasneEanpl e 47a to give 59 ng (95% of PCT/SE2004/002034
()-cis-4-cyano-
1, 1a, 6, 6a-tetrahydrocycl gpropa[ a] i ndene- 1- car boxylic
acid. Exanple 48 a)
oroci nnam c acid (5.0

4, 7-Di fl uoro-1-indanone < DA
g, 27.2 mmol) was di ss m of ethanol and a

catal ytic amount of 10% bon was added. The
reaction mxture was hydrnggenated at nornmal pressure
for a period of 3 hrs. Filtration through celite and
evaporation of the solverit afforded crude
3-(2,5-di fluorophenyl)-propionic acid. This acid was
' Lved.in. 7 '

5,8-DR RS Erd ety Aont SRRt MBooiall R Kraelg 400

from 5. 81diflGbroot, 28, pestraitl dvd- 12napisthaleviopr giveé Q60 dherude product
solvent afforded cr

d . ,
as brawnpishdiqyids (99c¢ wifbﬂ&m)e 2.8rdiferRyd 4dihiredd2Hwraphthalgnone).
di ssolved in 25 nml of carbon disulfide and added drop

nailahyt HFBBIEL A Bl SoRb AT HIKEIL B3 5giloro .-

dihydreefl (2R0etapghthal@nbne aadat, panflucadt3emetioyiK -indanonke by reduction
stalljization from et hanol 975

fo"owt@%'ffyfj ¢nyesatian. -Thermariecof qsarreép?naneﬂﬁééé?z %@aé%f@phmaéene is
| i .
casy AR %‘?@9‘8Pﬁfﬂé@ﬁﬂéﬁﬁﬁaﬁﬁwmﬁ"‘%@tﬁ%%?)%%ﬁ? 1:20).
C

to give 475 ng (54% of 4,7-difluoroi ndene.
d)  ()ethylst, Edifilore.12;2|3fAbstetrahidro-1H-cyclopropalalnaphthalene-1-
, 1la, 6, 6a-t et rahydrocycl opropal a] i ndene- 1- carboxyl ate
carboxyiate, conpound was prepared anal ogously to Exanple 40c
from4, 7-difl uoroi ndene

F COOEt

Ethyl 4,7-difluoro-1a,2,3,7b-tetrahydro-1H-cyclopropa[alnaphthalene-1-carboxylate
was synthesized analogously to Example 40¢ from 5,8-difluoro-1,2-
dihydronapthalene (0.7 g, 4.2 mmol) at addition rate 0.4 ml/h to give crude product as
yellow-brown oil. Purified by column chromatography on silica (100 g,
ethylacetate/hexane 1:15) to give 0.45 g of the mixture of cis- and trans- esters as
coloureless oil (cis/trans ratio: 33:67 according to GC).4,7-difluoro-1a,2,3,7b-

tetrahydro-1H-cyclopropa[a]naphthalene-1-carboxylic acid

e) 4,7-Difluoro-1a,2,3,7b-tetrahydro-1H-cyclopropa[a]naphthalene-1-carboxylic
acid
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(475 ng, 3.13 nmmol ). Purification on silica gel
starting with hexanes foll owed by hexanes with 2%
wodioed/bvghsiet her and finally hexanes with 5% di ed1ydE2004/002034
et her afforded 205ng of the cis-ester contam nated
with 22% of the trans-ester. dpd@Hci s-2,5-Difluoro-1
,1a,6,6a-tetrahydrocycFopropa a] | ndene- 1- car boxylic
acid This acid was synjhesi z&€tl anal ogously to Exanpl e
40d starting with 205 n ester from Exanple 77c to
gi ve 120 ng of ()-ciE uoro-1
, 1a, 6, 6at et r ahydr ocy a] i ndene- 1- car boxylic
acid containing a mnot fraction of the correspondi ng
trans-acid. Exanple 49F4-ff6-rfff(1
S, 1aS, 7bS) -4, 7-di fl uoro-1

, 1la, 2. 7b-t et rahvdr ocvcl oproparcl [ 1l benzopyr an-
4,7-Difluprd-daj2y® Ybaetrahydroatil ey tloprapaf{ajdaphthatenegt1-carboxylic acid was

synthesized 2BIEGRGEY 1Y e RIS Ary TaTE oM h T-Hiipsey el A Tb-tetranydro-
1H-cy'adﬁra;szﬂaﬁfap‘ﬁtrbaﬂéﬁéd1Oeféfbswla!eqoa@ g 1. )@ rﬁrrfbl) t?y ét%gwmé ),

-am nonor p (0.
hdeOMSIs) flrsnw(tbedcm hglNaﬁBil-hablrbpyd)thsn @{lﬂ?ythe @p@e@ﬁ pfiNa@H at

heatmﬁ/ @gﬁgh%' L?oél\(? §§ (511@ ?ffpdsggngoa(%wé?g crygta}s % r)ansr{atlo 78:22

accortinyytdiHeL Oy ! f or mam de (17 nl) was stirred at room
tenperature for 2 days. The reaction was concentrated
and diluted in dichloronethane. The organi c phase was
Examples#f®d twice with water, dried with MgSO4 and
c ) The residue was purified on colum
a) c%@ﬁc&g{%@@gﬁ%y (silica gel, 5%MOH in CHCb) and
L/ - (4- norpholinyl)-4Br(phepyl met hoxy) - benzam de (0. 615
g, yield: 90 %9 was ident NIVR
spectroscopy. 1H NVR ( CD3 ¥ (s, 1H) 7.78 (d, J =
8.6 Hz, 2H), 7.45 (m 2H) ~739(m 2H),

This compound was prepared analogously to Examples 40a & 40b from 5-bromo-1-

indanone (4.0 g, 18.8 mmol) to give 2.4 g (65%) of 6-bromoindene.

b) ()-cis-Ethyl 4-bromo-1,1a,6,6a-tetrahydrocyclopropalalindene-1-carboxylate

Br
3 H

-“H
H COOEt

This compound was prepared analogously to Example 40c from 6-bromoindene
(1.95 g, 10 mmol). Purification on silica gel starting with hexanes followed by
hexanes with 2% diethyl ether and finally hexanes with 5% diethyl ether afforded 670
mg (24%) of the cis-ester.

Cc) (+)-cis-4-Bromo-1,1a,6,6a-tetrahydrocyclopropalalindene-1-carboxylic acid
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7.33 (m 1H), 7.07 (d, J = 8.6Hz, 2H), 5.16 (s, 2H),
3.82 (m 4H), 2.91 (m 4H). 1b) 4-hydroxy-

wO 1005/4c813101 phol i nyl ) - benzam de 4- hydr oxy- PCT/SE2004/002034
L/ - (4-nor pholinyl)-benzam de (0.288 g, 66% was
synt hesi zed anal ogoggl Q Exanple 11b from
L/ - (4- nor phol i nyl)-4-( ' 1axY) - benzani de (0. 615
g). 1HNWR (CD3OD): 7. A\ 8, 6Hz, 2H), 6.81 (d,
-3 = 8.6Hz, 2H), 3.80 (m 5-0m  4H) . 1c)
L/ - (4 rmrphollnyl) 4-1(6- nltrU 3 gYaHi nyl ) oxy] - benzam
ide ON N ,0 The m xture nitropyridine and
bronnpyridine (O 328 g) was synthesi zed anal ogously to

ThlS%&Wagos%ﬁ\qf 25 é‘i‘l%@@é@fﬂ?’ ger{%m%eSw(; sta{t dng with 330 mg (1.77

mmcﬂ) b(@read’ﬁrﬂ@otﬁwdﬁﬁr‘meEthI@%b to glve 232 mg (79%) of (+)-cis-4-Bromo-
-(4 phol i ny) - benzam de H, N
1 1a46 pqﬁe%hyﬁ;ogyc@prpga[ﬁ}qn}igg?ﬂ -carboxylic acid.
L/ - (4- nor phol i ny) - benzam de (0.234 g, 57% was
synt hesi zed anal ogously to Exanple 11d fromthe
Exaripid 47 e nitropyri di ne and brormpyri di ne (O 328 g)
1H NWR
a) 2. (A3es- Ell'pol 4-¢y@|go(l,ﬂa qﬁ?-tegaby;dr@gyclgpmp@[qjlqcb_enezh):arboxylate
6.65 (d, J = 8.6 HzpyclH), 380(m 4H), 2.89 (m
4H) . 1e) 4-T[6-[[[[(1 4H7 di fl uoro-1

[1] benzopyran 1-yl'] am noje ‘ ‘8mi no] - 3- pyridinyl]o
xy] - L/-(4-norpholinyl)- bensz decbdt[6-[[[[ (1
S, 1aS, 7bS) - 4, 7-di fl uoro-1

This, comurisl wes paenated @nalagous|yapdi xampleeteoisgma)-cis-ethyl 4-

bromo-1,1a,6,6a-tetrahydrocyclopropafajindene-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-1,1a,6,6a-

tetrahydrocyclopropalalindene-1-carboxylate.

b) (+)-cis-4-Cyano-1,1a,6,6a-tetrahydrocyclopropalalindene-1-carboxylic acid

NC
o H

£ \wH
H COOH

This acid was synthesized analogously to Example 40d starting with 73 mg (0.32
mmol) of the compound from Example 47a to give 59 mg (95%) of (+)-cis-4-cyano-

1,1a,6,6a-tetrahydrocyclopropalajindene-1-carboxylic acid.

Example 48
a) 4,7-Difluoro-1-indanone

99



10

15

20

1-yl ] am no] car bonyl ] am no] - 3- pyri di nyl ] oxy] -
L/ - (4- nor phol i nyl)-benzam de (0.015 g, 21% was

WO Bysideexri zed anal ogously to Exanple 1le fromPCT/SE2004/002034
4-[(6-am no-3- pyridinyl)oxy]-
L/ - (4- nor phol i ny) - benzam de (0. 41 g). 1H NWR (CD3OD):
7.82 (d, J = 8.6 Hz, 2H), [. A, J = 2.73Hz, 1H),
7.40 (m 1H), 698(d 3H), 6.84 (m 1H),
6.63 (m 1H), 4.42 (d, , 1H), 4.29 (dd, J =
11.7, 2.73 Hz, 1H), 3.80 AHy, 3.62 (t, J = 7.2 Hz,
1H, 2.91 (m 4H), 2.6 (t, 8.4 Hz, 1H), 2.03 (m
1H). (LG M5, API-ES +: 538:2; Calc. 537.5) Exanple 50
1-(4,7-Difluoro-1

2,5- Dm@o?ocmwérﬁkréww ogcwlznﬁfnwm&,msvm ih-28 ini 3f efradl and a
- nmet hanesul fi néﬂ henoxy) pyridin-2-yll-urea a)

catalytiveneurd £ 107/ d-qshearbpn - was agdqoh Thepreggtiony mixfure was

hydr&ﬁ%h%tlew n%'i' 8%6%%93 3nf %@gﬁhﬁ%&%% nﬁ?&h Thhte and

evaparatitn pfthe. sdvémtdﬁMrdied tauae! P tﬁaﬁmlfldcﬂroghelﬁylpﬁﬁbpﬂmm acid. This
st RSB NS NS S e S T

reacillgn %l?iﬂ?gévasTﬁbeatéf %?ﬂ‘?ﬁ °ﬁ‘g§ ﬁ%ﬂ?ﬁ@%ﬁ{?ﬁf?ﬁ?%ﬁgoﬁti& Stthe

enperature

solvéklﬂeifﬂfﬁdédjlerm@@t(? 6nd|flwﬂobhéﬂyl¢-pc¢rhonyldxhldm avhictdwasdissolved
compound w?s washed br.i ne and ur|f| e

in 27 GhaeBONRY @@andf@*d«%i TOPIWISF o6 RySBRESIER Do A1) aluminium
chloﬁ&e o1 Ygo i"nl%ff %2 gﬁffﬁ@n Rek %édi%gnoiiﬁ{?@)weéslaegu%a@for 2 hrs and

anesul ony
gave after work up and re- crystall|zat|on from ethanol 975 mg (22%) of 4,7-difluoro-1-

indanone.

b) 4 7-Difluoroindene

F

This compound was prepared analogously to Examples 40a & 40b from 4,7-difluoro-
1-indanone (975 mg, 5.8 mmol) to give 475 mg (54%) of 4,7-difluoroindene.

C) (+)-cis-Ethyl 2,5-difluoro-1,1a,6,6a-tetrahydrocyclopropalalindene-1-

carboxylate
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b) 5-(4-Methanesul finyl -phenoxy)-2-nitro-pyridine: To
a solution of 4-nethanesul finyl-phenol (1.52 g, 9.7

WO 100®0g6131n DMF (30 ml ) cesium carbonate (4.2 @CTISE2004/002034
nmol ) was added, followed by addition of

Thléc@hpa’On&wastﬁr@pélﬁd zﬁhaﬂﬁ%édsly to Exar&pﬁe 20 FrbnPd T -dif8oroindene
ture was stirred at 500C over night. The suspension

(47%&39 313 awael). fM‘f@@HBBP&%@%@@WHSWﬁI kexagestfollowed by

nex R 2 TR RSB iy SOGB40 e
2050tgpéh thefcis-ester contaminated W|th 22% of the trans-ester.

5- (4- Met hanesul fi nyl - phenoxy) - 2-ni tro-pyridi ne. c)
5- (4- Met hanesul fi nyl - phenoxy) - pyri di n- 2-yl am ne:

) LS AR i o

Pd/ C (10% (400 ng)F was added and the nitro group
vvas reduced to the am neg by hydrogenat| on at
at nospheric pressure fa g_l catal yst was filtered
off and the filtrate rated to give 0.6 g of
5- (4- Met hanesul finyl - yH| di n-2-yl am ne. d)
1-(4.7-Difluoro-1
.la. 2. 7b-t et r ahvdr o- cvclpoproparcl chrorren 1-yl)-3-r5-(4
- net hanesul fi nvl - phenoxv) - Pvri di n- 2-y
This agid avas-gynthesirechasalbgounsly tp Ee(amg}e 499 istatting vith 206 mg cis-ester
049 0,197 | v epe (2 m).
fro"{%?TQl@%%%ogﬂ"?%r}‘ﬂ\gg? g ‘%g? &ﬁ?thg%ycl opr op
[
tetra\E/l‘[\&) dy& gﬁ%ﬁ?ﬁ%@%rb g}ﬁ‘iE a@rd) %ﬁl@ﬁr@g?ﬁmﬁﬂﬁ%ﬂéﬁ‘of the
COFFGSQCSWIWYUB)\SM TEA (0.025 m, 0.180 nmol) were added.
The reaction m xture was heat ed to 1100C and was
allowed to stir at the sane tenperature over night.

Exarfipte 4gaction m xture was worked up by extractions

bet ween net hyl ene chloride and 5% citric acid foll owed
4-||§aE[l|(§§.1a§éb -4.7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc] [1]benzopyran-

1-yllamino]carbonyllamino]-3-pyridinylloxyl-N-(4-morpholinyl)-benzamide

a) N-(4-morpholinyl)-4-(phenylmethoxy)-benzamide

A mixture of 4-benzyloxybenzoic acid (0.5 g, 2.19 mmol), 4-aminomorpholine (0.2
mL, 2.13 mmol), EtzN (0.316 mL), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (0.671 g, 3.5 mmol) and 1-hydroxybenzotriazole hydrate (0.5 g, 3.7
mmol) in N,N-dimethylformamide (17 mL) was stirred at room temperature for 2 days.
The reaction was concentrated and diluted in dichloromethane. The organic phase
was washed twice with water, dried with MgSO, and concentrated. The residue was
purified on column chromatography (silica gel, 5% MeOH in CH,Cl,) and N-(4-
morpholinyl)-4-(phenylmethoxy)-benzamide (0.615 g, yield: 90 %) was identified by
NMR spectroscopy.
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NaHCC3. Silica gel colum chromatography (5% MeOH in
chloroform gave 25 ng (30% 1-(4,7-Difluoro-1

WO 2008068131b- t et r ahydr o- cycl opr opa[ c] chr onen- 1- yQT/sE2)E/002034
- nmet hanesul fi nyl - phenoxy) - pyridin-2-yl]-urea. 1H NWR

'H- NMR:(GDaoB))SDQQt(s $H) JJ-I78 (a @5 g. mHin) 7. @(rﬁ”’QH?"D 89 (m, 2H),
7.3, 1187 88 8o etoria ). 3. 45 Q. 21D Rp2 . i) 2.8 e, 41,

2.60 (tr, 1H), 1.99 (m 1H).Biological results

Ext ensi ve gui dance on the assay of test conpounds at
1b)t hey- Wﬁgp_,\y_@/.ﬁ{orgﬁ@my@ Kedangiget ure, including the

i sol ation and/ or selection of nutant HV strains and

mutant RT are found in,pAl Vi rol ogy Manual for HV

Laboratories conplied by i shon of AIDS, N Al D USA
1997. Resi stance studies, Oelj rational for
vari ous drug escape nutants i seribed in the H'V

Resi stance Col | aborative Group Data Anal ysis Plan for
Resi stance Studies, revised 31 August 1999. Conpounds
4-hytfrok\NV- (RS h My AL R2RAYE 0,288 dB¥onalA
g(a ill e( usi n% rruy?| pl e det e?om natd|_|on @ %bmegﬁéw%logously
to Eéampée ( Yeifrone W-e-marphalinyh4- c:mmtmemsuy)lmamub (8B15 g).
no 8, 577 et seq), preferably including determnations
in the presence of 40-50% human serumto indicate the
'H-NMIR (CD4ODRIV.6T (0 HE8.6HRI 2}, TBI81 (@ $bag, erh2H3<T3T 80 (m 4H), 2.8
Eliay uses human T cell line M4 cells grown in
(M, 46120 medi um supplenented with 10% fetal calf ser um (or
40- 50% human serum as appropriate), penicillin and
streptomycin seeded into 96 well mcroplates (2*1 04
1c) celN-a wRirpholinyf)es 6%%1 genel | of
) HI V-? I HBﬂzvvi Ing )t y|Eo(e an'f’q@‘%%ﬂéﬂ@ as those
bearing RT He 100, c,y 1Oor Asn 103 nut ati ons.

Serially diluted test [fonpo age added to
N7 N7 N‘N/ﬁ
5oL

The mixture nitropyridine and bromopyridine (0.328 g) was synthesized analogously
to Example 11c from 4-hydroxy-N-(4-morpholinyl)-benzamide (0.288 g).

1d)  4-[(6-amino-3-pyridinyl)oxy]-N-(4-morpholiny)-benzamide

00\@\"/}-‘
2 Ney
HNT N I @

4-[(6-amino-3-pyridinyl)oxy]-N-(4-morpholiny)-benzamide (0.234 g, 57%) was
synthesized analogously to Example 11d from the mixture nitropyridine and
bromopyridine (0.328 g).

"H-NMR (CD;0D): 7.77 (d, J = 8.2, 2H), 7.73 (d, J = 2.73Hz, 1H), 7.28 (m, 1H), 6.95
(d, J = 8.2 Hz, 2H), 6.65 (d, J = 8.6 Hz, 1H), 3.80 (m, 4H), 2.89 (m, 4H).
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respective wells and the culture incubated at 37C in a
CQ2 enriched atnosphere and the viability of cells is
woO ded/ewndined at day five or six with XTT vitalpadys®2004/002034
Results are typically presented as ED50 mM Conpounds

ar g iy 78849z dﬁ%kdl%a"‘m'?
1e) mﬁ@é@: ﬁ[{[_fsapég ) B-te¥BA d’r‘oﬁgaog%a[c]

virus, “eSpecially virus conp ISI
[1]ba:zo@geamﬁt)é]annns]cathan‘gl]asmqje3 pym@nylimq]-at -@- mpleollnyl)
which arise in patients due to the sel ective pressure

ben@mlgep“ or art antiviral and which confer enhanced
resistance to that antiviral. The above cited Data
Anal ysis Plan outlines reLev t drug escape mutants
for each of the antiviralN currently on the
mar ket . Drug escapve cl dh‘és ily isolated from
H V patients who (blllng on articular antiviral
t herapy. Alternat I y; the preparaty of RT nutations
on a known geneti bé’ckground is sho n W097/27319,
W99/ 61658 and WOOO/ 7351 1 which al s\gzi ow the use of
such nutants in sensitivity profiling. KIo3 Nis a

4- [[GIOEf{I[(t1L901&3'7b$KI et -gifitipko-411402 eaqanahymbayéloproptanq [1]benzopyran-
context of NNRTI thera compounds  of

-yllamwpamnw@mm& gyrnﬁmé]oa(yl WW%@NH#W@F’Q“ (0.015 g,
210/0{27“518#‘«} %Qﬁ@%‘é%dm’é 8§8u§i ahhy é%ﬂﬂ%“b fo MR 4-1(6-amino-3-

especi (ki y?in ssa s m

pyridin g poedyd-&V-6f- rﬁwpmmrr.ywbenzauﬁcdw&h@ehg) rever se

transcri ptase assays use reverse transcriptase bearing
key drug escape nutations prepared broadly as

"H-NBSCED). 70806, £ 85, 21n 7 B NFT 2990k, 1H), 7.40 (m, 1H),
6.98p(de par 8B bizi Bbi)1 BB ( netﬂd))d@l Bymant)t 4420 des 41.3 Hz, 1H), 4.29
(A, AT CRACRACTOFT AR S H0TE AT Hh O A B 2.91 (m, 4H), 26 (
J = 8.4 Hz, 1H), 2.03 (m, 1H).

(LC-MS, API-ES*: 538.2; Calc. 537.5)

Example 50
1-(4,7-Difluoro-1,1a,2,7b-tetrahydro-cyclopropalcjchromen-1-y)-3-[5-(4-
methanesulfinyl-phenoxy)-pyridin-2-yl]-urea

a) 4-Methanesulfinyl-phenol:

N i
S\ S S~
- = + O
O 0] O
1 2

H,WO, ( 0.029 g, 0.114 mmol) was stirred in HO (10 ml). 50% NaOH (0.040 ml) was
first added (pH>12) and then AcOH (0.040 ml) to reach pH 5. 4-methylsulfanyl-
phenol (4 g, 0.029 mol) was added and the reaction mixture was heated to 65 °C.
30% H,0; in H,O (3 ml) was added in portions over 10 minutes. The reaction mixture
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The L100I/K103N nmutant is prepared by nutation of L100
in the KI03N enzyne:
WO 10CHEATECCCCAGCGAT TAAAAAGAACAAATCAGTAAC PCT/SE2004/002034
GITACTGATTTGITCTTTTTAATCCCTGCGGGATGTGG Mut ati ons are
was §6ed fo SliCartoUiT iemActafie s £ 20% RARSC. WS, Bidedld duench
the ram:llhonc iMethyleneahlaride was adddd BRA the chmpoeindedas vlashea with

brinegand Bueies b ShEveRRer gt ytn@? 2 B8 % hidTRen ey shlie) to give
1.9 gt Fpihinchuiy ever%%%apgﬁgér Zghe e ??flfﬁeﬁ%’?égﬁﬁﬁﬂ -phenol

(2) (36%).ntillation proximty assay) systemrelying on
fl uom crospheres coated with the receptor nolecule
streptavi dine (Flashplates, PerkinElner Life Science)
2 itFrpymdiagel ed 1igands in
a biotinylated
primer 4£5'-GIC ATA GCT GIT TCC TG 3 ) is preanneal ed
with a| het erogeneouzjgfrrpl ﬁt e (synt heS| zed by
ISE) _§ivi ng a sequenc UCU &34 "SCG AGC
AA UULLCACSACA GGA C GC UA
SE free environnent. H V- |\§
O~ (3¢ as L100lI +K1 O3N) cat al yzed R dependent DNA
activity was nmeasured in the presence of 50vMIri s- HCl
pH=8.0, 80rM KCl, 10vvwgCl 2, 10OrM Di t hi othrei tol,

5mg/ M BSA and 0. 05% Noni det P40 where th
To ajSRIRATA- MR SUI-BRenakidl 5210 K5t AR, (30 mi) cesium

carbéﬁ&e’ (Wé) 1289y 24088 fBWEd bggcﬁdlﬂ&ﬁi of B HRdmiRS-nitro

room’t enper af ur e concentration
pyrldm?es(u%é@ 8t6 ankot) aad lﬂeae ofixtQre2&ab/stitred Mt G0 °Gver ergirita'fhae

susp\glﬁggpg\gﬁ%e ﬁ{] erreﬁuaﬂggel\( é@ﬁl oﬁgl-sevlé%(%)roaltc;-é< %v?tﬁ'}%lu\é%g Jl‘ﬁ
compound was purified by chromatography (0 - 10% EtOH in Methylene chloride) to

give 1.5 g (56%) of 5-(4-Methanesulfinyl-phenoxy)-2-nitro-pyridine.

c) 5-(4-Methanesulfinyl-phenoxy)-pyridin-2-ylamine:

O
O,N /N | /©/S\ H2N /N | /©/S\
N o A 0

5-(4-Methanesulfinyl-phenoxy)-2-nitro-pyridine (1.27g, 4.56 mmol) was dissolved in
EtOH (30 ml) and EtOAc (8 ml). Pd/C (10%) (400 mg) was added and the nitro group
was reduced to the amine by hydrogenation at atmospheric pressure for 3h. The

catalyst was filtered off and the filtrate was evaporated to give 0.6 g of 5-(4-
Methanesulfinyl-phenoxy)-pyridin-2-ylamine.

d)  1-(4,7-Difluoro-1,1a,2.7b-tetrahydro-cyclopropalclchromen-1-yl)-3-[5-(4-
methanesulfinyl-phenoxy)-pyridin-2-yl}-urea:

104



10

15

volune for 120m n reaction. Conpounds of the invention

were assayed for H'V activity against the problematic
WO 10800d6131KLO3N nutant in an invitro assay as QUT/$SE20EH/002034

bel ow. For reference, the closest prior art conpound,

c/sl(47d|fl oro-1 F o

1a 2 7b tetra dro-cycl op [c]chr,\g)me -1- ISI
-~. pyri di n- ~-u§2a/, ] of WO

O 07 516 depi cted abov; S sayed ilg_the sg

sys emo pl e Substituedt t@phenyl (or p 9T)

IC50 M1 suI phonam do 29 2 N-net hyl carboxam do 26 3
5- (NMﬁtthwﬁﬂmmamdw)aﬁ)jrm:r&mymm ®.049 hy0 97 phmioy) wad

9 de 28 10
d'ssc°AY Lla%azé 3%1%1 '?r}é’%ﬁlgﬁ{flwg% n?)gg]r@(ilnyl 18 12
e

WOLR4735163 04 he, @d%@tmmOBnDPdﬂA (the4 nilght1 89amoholi argl TEA (0.025
ml, 0.180 mmol) were added. The reaction mixture was heated to 110°C and was

allowed to stir at the same temperature over night. The reaction mixture was worked
up by extractions between methylene chloride and 5% citric acid followed by sat. aq.
NaHCO;. Silica gel column chromatography (5% MeOH in chloroform) gave 25 mg
(30%) 1-(4,7-Dif|uoro-1,1a,2,7b—tetrahydro-cyclopropa[c]chromen-1-yl)-3-[5-(4-
methanesulfinyl-phenoxy)-pyridin-2-yi]-urea.

"H-NMR (CDCls): 9.30 (br s, 1H), 7.65 (m, 2H), 7.30 (m, 2H), 7.05 (m, 2H), 6.80-6.70

(m, 2H), 6.60 (d tr, TH), 4.47 (dd, 1H), 4.32 (dd, 1H), 3.80 (q, 1H), 2.75 (s, 3H), 2.60
(tr, 1H), 1.99 (m, 1H).
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according to the invention dramatically inproves
activity against the problematic doubl e escape nutant
WO 10080d618 KLO03N. G ai ns A conpound of the for mBG/$H2004/002034
where; Ais CHor Ny R is a substituent to a carbon
atomin the ring containing A selected from -S(=0) pRa,
where Ra is -CrC 4 al kyI - ORX, -NRXRx, -NHNRxRx, -
BloIcthM@ésmlﬂ?x -NRXCH;, -C(=0)-Rb, where Rois -CC

Exteeye dUTGS SR SHFARES! SHEPRUS Fiihe enaymedeypland in cel

culturBRRRKdindHe@bdtion GNd/op(sefddtiBy oMisitanfEIV Stridsishdinutant RT
-C4- al kyl©, -ORX, -NRxRx -CrC

are feuat iy DAIDS1Vicdagk MaruabfartlV Labaa®rigsiopmmiedry Diviyian of

oS b5, 4, P B it PR s

escdpOPREe i dosciibedah @ik HIVRekitinés Collaborative Group Data
Analysis Plan for Resistance Studies, revised 31 August 1999.

Compounds of the invention are assayed for HIV activity, for example using multiple
determinations with XTT in MT-4 cells (Weislow et al, J Nat Cancer Inst 1989, vol 81
no 8, 577 et seq), preferably including determinations in the presence of 40-50%
human serum to indicate the contribution of protein binding. In short the XTT assay
uses human T cell line MT4 cells grown in RPMI 1640 medium supplemented with
10% fetal calf serum (or 40-50% human serum as appropriate), penicillin and
streptomycin seeded into 96 well microplates (2¢10* cells/well) infected with 10-20
TCIDsg per well of HIV-1,5 (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 in a CO; enriched atmosphere
and the viability of cells is determined at day five or six with XTT vital dye. Results

are typically presented as EDsq uM.

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 resistance to that antiviral. The above cited Data Analysis Plan
outlines relevant drug escape mutants for each of the antiviral classes currently on
the market. Drug escape clones are readily isolated from HIV patients who are failing
on a particular antiviral therapy. Alternatively the preparation of RT mutations on a
known genetic background is shown in WO97/27319, W099/61658 and
WO00/73511 which also show the use of such mutants in sensitivity profiling.
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Rx is independently selected fromH CC 4 alkyl or
acetyl; or a pair of Rx can together with the adjacent
woO Nostoasm3if orm a pyrrolidine, piperidine, piperrEz/SERe002034
nmor pholine ring; R2 is a substituent to a carbon atom

K10f&§l fsi‘{?%hleﬂla‘ﬂg'?éfé\/%gf"@ru@ %%%Ebsmﬂﬂanhﬁ"’ the c‘(ﬁh%%@’ogﬂl\!RTl therapy
and Eopounte oéthe ingedtjon preferaplyRBavesa lyw EDsﬁragalnsythis mutant and

ever%og pgqrfgé{{ff end@t lg){ Ll‘:? 6(ﬁa‘<3 esegmghy(m as%y\é r@mlcklng
the p?]rbgél,wa hibASeruri® al kanoyl CrC 6 al koxy, haloCrC 6
koxy, CrC 6 al kyl oxyd-Ce al kyI hal oCrC 6

aI kyl oxyd-C 6 al kyl , hydroxyd C 6 al kyl , am noCrCe

Con@érﬁ%%%g@@s%otﬁr%cﬁp?a %%%\ys%?%%rggﬁo%gcrl&ge[gg@efring key drug

escdp%rﬁ@F&t@RS‘ﬂ’rle;ﬁﬁBd&ﬂ?Sb/dly d9 desschibba vl UngeNRSAH Eur. -Biochem. 269,
=0Q)- or - S(=02-; n and m are independently

167%16?[7@ 82). provi ded that they are not both O when Dis
a bond; R8 and R8' are independently H CC 3 al kyl,
hal oCr C 3al kyl, hydroxy, or R8 and R8 together with
For ¢xenpleaal KA08Ntm@taat anprieparedXsifl thiRgnéthodokbgy emdethe pyimers
H C C3 alkyl; and pharnmaceutical ® acceptable salts
and prodrugs thereof; with the proviso that R2 as -

CAT@(G@&GGGWAWAMQM@MMCA@MACAWMGATG

according to claiml1, wherein T is

CATCCAGTACTGTTACTGATTTGTICTTTTTTACCCTGCGGGATG

The L100I/K103N mutant is prepared by mutation of L100 in the K103N enzyme:
CCACATCCCGCAGGGATTAAAAAGAACAAATCAGTAAC
GTTACTGATTTGTTCTTTTTAATCCCTGCGGGATGTGG

Mutations are done in the HIVRT DH10 clone cDNA cloned into the pET11d
expression vector. The mutations are generated by amplification of the mutated DNA
with the help of the enzyme Pfu. Cloning was then performed in E coli TOP10 cells
and expression of mutated enzyme was performed in E coli BL21(DE3) cells after
induction with IPTG.

The HIV-1 reverse transcriptase assay utilized a SPA (scintillation proximity assay)
system relying on fluomicrospheres coated with the receptor molecule streptavidine
(Flashplates, PerkinElmer Life Science) which is capable of binding radiolabelled
ligands in the reaction solution. In the assay, a biotinylated primer (5'-GTC ATA GCT
GTT TCC TG-3’) is pre-annealed with a DNA heterogeneous template (synthesized
by GENSE) giving a sequence of 5-CG UCU GGC AUU GCG AGC GGA UAA CAA
UUU CAC ACA GGA AAC AGC UAU GAC-3' in an RNase free environment. HIV-1
reverse transcriptase (such as L1001+K103N) catalyzed RNA-dependent DNA
activity was measured in the presence of 50mM Tris-HCI pH=8.0, 80mM KCI, 10mM
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3. A conpound according to claim1l, wherein R3 is H
4. A conmpound according to claim1, wherein the
WO nysbepsiopyl noi ety has an enantionmeri c excesCTSE2064002034
conformation depicted in the partial formulae: ANZY
: - i
MaCl O oL AT EREh 2 0P NG040 furiche e
incorporatiordof tnitiuhelabeledcﬂGTEe(prrstﬂgm g6Ce&mmalppndtiddM of ANTP

(nTin et 560 D wal Bardo S Sk e dersbitanT e AT "

concehEasien Wast tﬁlﬁad SR %ﬂgéﬂd?@ TE0AL 1 MM GPRNARtemplate was used
activi t‘lYf O!h ngound according to claim1, wherein D
sugh 2%

and mytantdR Q< 193M3 measrgsadbate] 8ang/m) invheQuireagtion
' 8. A conpound according to claiml1,

VOIum%efgéi ggrﬁiﬂ ezaclﬁ%rogen, fluoro or hydroxy. 9. A
compound according to claim1, wherein R5 is hydrogen
fluoro, Cl1 al kyl carbonyl or C 3al kyl oxy

Componpes ief thec Eweation wes asﬁaxﬁdlform»_!re&t'wtmgaIQShghermgewmat'c
103 kT00iny )3 e 5SS H R, TR, o s

priorRit cemppdndges,1-@eTdifluprort, Td, R dbetetrdBydr- qmiqmupd[c]chromen -1-

yI-3arahene-Rydiiy Relydreay ctampleol o BB ;¢ HeoBicted
abo@w&%fsa%e%m@gahe s‘XEﬁa'nﬁT.‘ 12, wherein R7 is cyano,
'uoro or "acetyl . compound according to claim1,

vvherel n R5 and R6 are H and R4 and R7 are

Example Substituent to phenyl (or pyridyl) ICs0 NM
1 sulphonamido 29
2 N-methylcarboxamido 26
3 N-methylsulfonamido 60
4 amino 70
5 methylsulphonyl 40
8 N-methylcarboxamide (on pyridyl) 70
9 amide 28
10 carboxamide (on pyridyl) 80
11 hydrazinocarbonyl 10
12 cyclopropylamide 27
13 acetamide 40
14 triazolyl 60
Prior art nil 600

It is thus readily apparent that addition of the substituent on the right hand wing,
according to the invention dramatically improves activity against the problematic
double escape mutant L1001 & K103N.
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fluoro. 15. A conpound according to claim1, wherein
R4 is fluoro, R5 and Rare H, and R7 is cyano or
WO Bo®teslhi31 16. A conpound according to cl ai m 1,paaysmmeisnoto34
is - O. 17. A compound according to claim1, wherein
RLis -S(=0 2NRxRx, S(=0 2Ci-C4 alkyl, or S(=OQCr
Clair\%h@ al kyl. 18. A compound according to claim 17,
erein RL is - SC=0) 2NH2, - S(=0 2NMe2 or - S(=0
2NH-cycl opropyl . 19. A conpound according to claim17,

e .S -S(=0 2Me or - S(=0 Me. 20. A conpound
e AC&'&W FL@"&‘P‘E?’ )1 wher ei n (R-i)is i c(:O)ORXm,D ’

- (=0 NRxRx, - C(=0) NHNRxRx or -C(=0) NHCH 2COORx. 21.
A conpound gecording to claim20, wherein Rtis -
(=0 OH, -C(EO OMe, - C(=0) NH2, - C( Q)N
- O =ORNINH2 |- C(3=0) NHCH ZCOCH O A nmp R,
erei i Ri |s SN~
- = -N—pl’%erldl ne, -
O NRx/-Nxpyrrolidi ne or - C(=0O) NRx' - N- pi per azi ne,
wher e Rg i s [methyl, acetylth preferably H 23. A
compoun acRordl ng to claim3, wherein R is - NRXRX,
her N(C=O C i *c4-al kyl or -NHC(=0 CH 2CCr
WheEs. al kyl - COORx. 24. A conmpound according to cl ai m 23,
Ais@rbeNn R is - NH2, -NHC(=O Me or
HC(-O? CH2OCH2C(=0) OH. 25. A compound. according to
R1 icp suhstituenkiorararben atem igjthe asgajainiogdkgelectgdgrom
o=l gyl -ORx, -(O-CC 3alkyl)g-O-Rx or a 5 nenbered ring
SE= %g?/ﬂlé%g 1-3 hetero
where Ra is -C4-C4 alkyl, -ORx, -NRxRx, -NHNRxRYX, -

NHNHC(=0)ORx, -NRxOH;

-C(=0)-Rb,
where Rb is -C4-C4-alkyl, ORx, -NRxRx, -NHNRxRX,
-NHC;-C3-alkyl-C(=O)ORXx

-NRxRc,
where Rc is H, C4-C4 alkyl, -NRxRx; -C(=0)Rd, -CN, S(=0),Rx
where Rd is Rd is C4-Cy4-alkyl, -ORx, -NRxRx
-C4-Cz-alkyl-O-C1-C3alkylC(=0O)ORX,

-C4-Cz-alkyl-COORX;

-C4-Csalkyl-ORx

-(0-C1-Czalkyl)q-O-Rx

a 5 or 6 membered aromatic ring have 1-3 hetero atoms;

p and q are independently selected from 1 or 2;

Rx is independently selected from H, C4-C,4 alkyl or acetyl; or a pair of Rx can
together with the adjacent N atom form a pyrrolidine, piperidine, piperazine or
morpholine ring;
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atonms. 26. A conpound according to claim25, wherein
Ri is carboxyethyl or a nethyl ester thereof,
WO Bosmdchmixyet hoxyet hoxy or triazolyl. 27. A conposE2do4/002034
according to claim1, wherein Rl is para to the ether
R, ig %Qbﬁ&‘ﬂueﬁt&o A c5PORUBH |ﬁQﬁé"'rlF| %niaﬁni?npgﬂ‘ gh&’ls I“Ihgn.ral%' Ryano,
ring containing Ais ph eny or pyr
Cs- CqmmUmMOQE&faikwg to claim1, wherein R2 i s hydrogen

.0 flg C ound.according to claim1l1 where
L'SFQ" @&%&F@H@ﬁ@ '?Pnké’éé 31. A conpound
Rs ,samcgi_@ JHkylo claim1 denoted
S, ’1aR, 7bR) - 4, 7- di f | uor o-

Rs-Ry aJ:a nzdepmd@nﬂnnﬂﬁctﬁg/&omﬁﬂo@ape]aékw drefes Blkenyl, C2-Ce alkynyl,

halOS’yrc][ oﬂw ?uréa %J&% %%M] Ca(r‘?ﬁgécowomaloCrCe alkoxy,

Cs- oaqmmwmgcaamwmm 8¢ alkgfoxyC4-Genalkyly hpdrexeCi-0g alkyl,

cl ai m and a phar maceutl cal A acce tabl e vehicle or

aming G icienalkyh SAEIGH C 163, alkyl cBYRIRG Lo Alkat @MiBPngAex g G@rhamoyl,

f ising 1 to 3 additional HYV
CyangﬁthaI/dJthPdeyfsg%rA conposi tion according to claim 32,

X is HC RS ) {DH(@RIBBB);Q a cytochronme P450 nodul ator, such

. rito r d defined i
D is Gibach REwL 0 P B ST of a modi cament. for
n ant}8 aPE FRIBHEANBALIPD, tr &t fsfﬁahd@fi tht\¥héy lafé A6t OO whBn Dis a

Use according to claim wherein the H V-1 infection
bond;s a drug escape nutant. 37. Use according to claim

Rs a%g ,Ran,%r iﬁhgpéﬁ]aeenqw-g,'éf—&g%ﬁ(ﬁlﬁaqgér&%gﬁw, ?ﬁaro%}?or Rs and Rg’
together with their adjacent C atom is —C(=0)-

Rg is independently H, C4-Cj3 alkyl;

and pharmaceutically acceptable salts and prodrugs thereof;

with the proviso that R? as —C(=0)Rb is not morpholinoketo-.

2. A compound according to claim 1, wherein T is O.
3. A compound according to claim 1, wherein Rs is H.
4. A compound according to claim 1, wherein the cyclopropyl moiety has an

enantiomeric excess of the conformation depicted in the partial formulae:

X

P
.
%

A Z > ‘\‘Al" L
P Y A\ N
Y N

where X is as defined, Y is the bridge to the (substituted) phenyl ring depicted in
formula | and Z is bond to the (thio)urea-pyridyl moiety depicted in formula Z.

5. A compound according to claim 1 wherein the compound of formula Z

comprises an enantiomeric excess of the isomer showing negative optical activity.
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L10d and K103N nut ati ons.

WO 2005/066131 PCT/SE2004/002034

6. A compound according to claim 1, wherein D is =O-

7. A compound according to claim 6, wherein nis 0 and mis 1.

8. A compound according to claim 1, wherein R, is hydrogen, fluoro or hydroxy.
9. A compound according to claim 1, wherein Rs is hydrogen, fluoro, C1.3

alkylcarbonyl or C4-3alkyloxy.

10. A compound according to claim 1, wherein Rg is hydrogen, halo, C+-
Csalkyloxy, Cq-3alkylcarbonyl, cyano or ethynyl.

11. A compound according to claim 10, wherein Rg is hydrogen, methoxy or fluoro.

12. A compound according to claim 1, wherein Ry is hydrogen, cyano, halo, C;.
salkyloxy, or Cq.salkylcarbonyl.

13. A compound according to claim 12, wherein Ry is cyano, fluoro or acetyl.

14. A compound according to claim 1, wherein Rs and Rs are H and R4 and Ry are

fluoro.

15. A compound according to claim 1, wherein R4 is fluoro, Rs and Rg are H, and

Rz is cyano or acetyl.
16. A compound according to claim 1, wherein L is ~O-.

17. A compound according to claim 1, wherein Ry is -S(=0)2NRxRx, S(=0),C-C4
alkyl, or S(=0)C+-C,4 alkyl.

18. A compound according to claim 17, wherein Ry is =S(=0)2NHz, —S(=0),NMe;
or —S(=0)2NH-cyclopropyl.
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19. A compound according to claim 17, wherein R, is -S(=0);Me or -S(=0)Me.

20. A compound according to claim 1, wherein R, is —C(=0)ORXx, -C(=O)NRxRX, -
C(=O)NHNRxRx or -C(=O)NHCH,COORX.

21. A compound according to claim 20, wherein R, is —C(=0)0OH, -C(=0)OMe, -
C(=0)NHz, -C(=O)NHMe, -C(=O)NHNH,, -C(=O)NHCH,COOH.

22. A compound according to claim 20, wherein R, is —C(=0)NRx'-N-morpholine,
—C(=O)NRx'-N-piperidine, —C(=O)NRx'-N-pyrrolidine or —C(=0O)NRx'-N-piperazine,
where Rx is methyl, acetyl or preferably H.

23. A compound according to claim 1, wherein R is —NRxRx, ~N(C=0)C4-C;-alkyl
or -NHC(=0)CH,0C;-C3-alkyl-COORXx.

24. A compound according to claim 23, wherein R is ~NHa, -NHC(=0)Me or

NHC(=0)CH,OCH,C(=0)OH.

25. A compound according to claim 1, wherein R, is -C+-Cs-alkyl-COORX;
-C4-Csalkyl-ORx, -(0-C4-Csalkyl)q-O-Rx or a 5 membered ring having 1-3 hetero

atoms,

26. A compound according to claim 25, wherein R, is carboxyethyl or a methyl
ester thereof, 2-methoxyethoxyethoxy or triazolyl.

27. A compound according to claim 1, wherein R, is para to the ether linkage.

28. A compound according to claim 1, wherein the ring containing A is phenyl or
pyrid-3-yl.

29. A compound according to claim 1, wherein R, is hydrogen or fluoro.

30. A compound according to claim 1 where R, is meta to the ether linkage.
31. A compound according to claim 1 denoted N-[(1S,1aR,7bR)-4,7-difluoro-

1,1a,2,7b-tetrahydrocyclopropa[c]chromen-1 -yl}-N'-[5-(4-(sulfonamido)phenoxy)-2-
pyridinyljurea.
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32. A pharmaceutical composition comprising a compound as defined in any
preceding claim and a pharmaceutically acceptable vehicle or diluent therefor.

33. A composition according to claim 32, further comprising 1 to 3 additional HIV

antivirals.

34. A composition according to claim 32, further comprising a cytochrome P450

modulator, such as ritonavir.

35. Use of a compound as defined in any of claims 1-31 in the manufacture of a

medicament for the prophylaxis or treatment of HIV-1 infections.

36. Use according to claim 35, wherein the HIV-1 infection is a drug escape

mutant.

37. Use according to claim 36, wherein the drug escape mutant comprises the
L1001 and K103N mutations.
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