Non- nucl eosi de reverse transcriptase inhibitors

Th'lf'IdTh" ti | at t
pon-uct gst e rover s ¢ anscr s ase: oy <o HEN

resi stance and pharmacoki netic profile. The |nventPHﬁ
further relates to novel internediates in the

synt hesi s of such conpounds and the use of the
conpounds i n antNoprnugleogide nenisseatmahscoptpesinhibioes .
Background to the invention 10 Qur earlier filed PCT

app! [ iati ofng W02/ 070516 & W03/ 020705 cl ai m novel
NN formulal RT R R6/ XNN Rz HI RS
Rs THRainvéstion ,relatBl td Borllnuckeoside He§e trgﬂédr@&% l%lbltghs (NNRTIs)

5subscél t ut ed trogen cont ai ni ng heterocycle
pyr? VF ¢ against ihaving a@gng[q@qj resfarRg aad @harmacokinetic profile.

i nd'@’[aemd”mtlbd! ;urmed @(Htéﬁiofrfo()énlﬁen@dlg@s ﬁl tké! E@tﬁ%éscg such

n hal oCl- C6 a
al kancflof‘mé%angefl gL y‘%ﬁ&ﬂ'&??“""éﬂ %"VHFK"GQSPIOdﬁam%@ﬂmmons.
al koxy, C, -C6 al kyI oxyCl- C6 al kyl, hal od -C6

al hydroxyCl C al kyl, am noCl-C6
kédcq tirda fodn kyl, cyanoCl-C6 aI kyl, am no,

1°car%‘€f>@5ﬁf"ec &lp@&ﬁﬁyapplncamnsmmz/omm& Wm@etmu?od@&nﬂw ﬁ’d%@l
) -

th , "D (CH2 Xis -(CRaRD
ismmgc’f%elf&m‘%qm?s( o§ ozms?rqzlsRs(us ) Q- G

al kyl Ra and Rb aRe mdependently H, Cl-C3 al kyl, CH
or Ra and Rb toget her are =

" JL
/Rz

R, R
R, ’

where;
R1is O, §;
Rz is an optionally substituted, nitrogen-containing heterocycle, such as pyridyl;
15 Rjis H, Ci-C; alkyl,
R4-R7 are independently selected from H, C4-Cg alkyl, C>-Ce alkenyl, C,-C¢ alkyny!,
haloC;-Cg alkyl, C1-Cs alkanoyl, haloC4-Cg alkanoyl,"C4-Cg alkoxy, haloC4-Cs alkoxy,
C+-Cg alkyloxyC-Cs alkyl, haloC4-Cs alkyloxyC-Cg alkyl, hydroxyC,-Cs alky!,
aminoC1-Cs alkyl, carboxyC4-Cs alkyl, cyanoC4-Cg aIkyI amlno carboxy, carbamoyl,
20  cyano, halo, hydroxy, keto and the like;
Xis =(CHz)n-D-(CH2)m- or X is —(CRaRb).-
D is -NRg-, =O-, -§-, -§(=0)- or —S(=0),-
Rs is H, C4-C; alky!
Ra and R, are independently H, C;-C; alkyl, OH or R; and Ry, together are =0
25 nand m are independently O or 1;
cis1,20r3 |

and pharmaceutically acceptable salts and prodrugs thereof.
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25 n and mare independently 0 or 1; cisl, 20 3 and
phar maceutical ly acceptabl e salts and prodrugs
thereof. 1 Exanple 20 of WD 02/070516 di scl oses the
compound FNHHO \ N / F which is stated to have an
ED50 of 7 nMagainst wild type HV (HVIIIB). 5 CQur
co- pendi ng, but as of the priority date unpublished
PCT application W02/ 021969 di scl oses conpounds
generally of the fornmula |I above, but wherein R2 is
py‘?’iaﬂlpiaz‘l°fsW@sQZ/Q7l9f5é@d'aclo$¢seth5cpmsbmcbn with a group
of the fornmula -(CHR11) p-E- (CHR11l)g- RlOwhere E is E
is -CH2-, -CHOH, -C=0O, gﬂ@ -0-, -S-, -S(=0)2-; 10
p and g are independ y O\ 1 2, where p+q s 2;

> WHi"ERY L& Optional |y

R10 i s a nonocycl i

substituted with hal cyano, nor pk nomet hyl - or

mor phol i noket o-; and™RT1 is independently H, C1-C3

al kyl, hal o substituted Cl-C3al kyl or hydroxy. 15

Al vithenig latatdieto Wa08 af B, &F 704N @gaiNbiVildsty st AR/ {Pﬁ\?d in the
n

above docunents are exquisitely active aga st®”
reverse transcriptase, especially that of H V-1, the

nadurioe-gahding it ol uf o fpHEriydhe drbBbRIEEPOY ddfdarh

r idelity and consequent tendency to rapid

 RORPR IR lnrisn PO STl Bl R abara sef wherein R

ans pyrit-2-phaubstitutad @nthe Ew'ufshion wﬁh&gg}edp afnthé Ydrinala —(CHR 4)p-E-

p A[C ignst- .pr e ug escape _nutants,

P oC R PR g 8 68 P 8 N6 5i wroe 0

BrA &1d qlaredndgpendentiy, 1 loe2iwhesaprg@s 2 n accor dance with

a i ' ' r.e. provided

coFir:‘B [)sa%{ggﬁ%?&‘ct rﬂfeg \#{@?‘Imi'ﬁ lrbgﬁ%ga'ﬂg QuibURfiSa M hAb CaRs,
morpholinomethyl- or morpholinoketo-; and

R11 is independentiy H, C4-C3 alkyl, halo substituted C+-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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RR RL LRE XTI AR NNRH s R R4 3 were;, A
is CHor NN R is a substituent to a carbon atomin
the ring containing A selected from -S(=0 PRa, 5
where Ra is -Cl-C4 al kyl, -ORx, -NRxRx, -NHNRXRx, -
NHNHC( =O) ORx, -NRXOH, -C(=0 -Rb, where Rb is
-C, -C4-al kyl, ORX, -NRxRx, -NRXNRxRX,

-NHC, - C3- al kyL,-C(=0 ORx; 10 -NRxRc, where,Rc is H,
CL-C4 al kyl, SNRXRx; -C(=ORd, -ON, S(= B« where Rd

is Rd i spCl- - , R

- Cl1- C3- al al kyIE:\( J R

-C, - C3-al kyl 3 afRkyt- OH oA C1l-C4 al kyl
et hers or s thereay; -[(O ,-C3alkyl)g-ORx; a b

or 6 menbBsed laromatic ri ng having 1-3 hetero atoms; p
and q are indBpendently sele@ted from1l or 2; Rx is
mheependent |y sel ected fromH, Cl1-C4 alkyl, or acetyl;
Qlis a8HR@N- of Rx can 20 together with the adjacent N
atom forr a pyrrolidine, piperidine, piperazine or
Fo fsphertistitient to @; caRoni stora irstheSringtddatainiddPA Bele &b ABmAL OM
int hg(gd)ma'cont aining A and is H halo, cyano,
where Ra is -C4-C,4 alkyl, -ORX, -NRxRx, -NHNRxRX, -
NHNHC(=0)ORXx, -NRxOH;
-C(=0)-Rb,
where Rb is -C1-Cq-alkyl, ORx, -NRxRX, -NRxNRxRx,
-NHC;-C3-alkyl-C(=0)ORXx;
-NRxRc,
where Rc is H, C1-C4-alkyl, -NRxRx: -C(=O)Rd, -CN, S(=0),Rx
where Rd is Rd is C4-Cs-alkyl, -ORx, -NRxRx
-C1-C;-alkyl-O-C,-CjalkylC(=0)ORXx:
-C4-C;-alkyl-COORX;
-C1-Caalkyl-OH or C4-C4 alkyl ethers or esters thereof;
-(0-C+-Caalkyl)q-O-Rx;
a S 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, C,-C, 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,
C1-Cs-alkyl, haloC,-C-alkyl; h
L is ~O-, -S(=0) or —CH,-, where ris 0, 1 or 2:
Rjis H, C4-C; alkyl;
Rs-R; are independently selected from H, C4-Cg alkyl, Co-Cs alkeny!, C,-Cs alkynyl,
haloC-Cg alkyl, C+-Cs alkanoy!, haloC;-Cg alkanoyl, C1-Cg alkoxy, haloC1~CG alkoxy,
C1-Ce alkyloxyC+-Cs alkyl, haloC:-Cq alkyloxyC4-Cs alky!, hydroxyC4-Cs alky!,



C -C-alkyl, haloC -C4-alkyl; Lis -0-, -S(=Or or
-CH2-, wherer is O, 1 or 2, 25 R3is H C -C3 alkyl;
R4- R7 are independently selected fromH, Cl-C6 al kyl,
C2-C6 al kenyl, C2-C6 al kynyl, haloC,-C6 al kyl, Cl-C6
al kanoyl, hal oC, - C6 al kanoyl, C1-C6 al koxy, hal oCl-C6
aI koxy, Cl C6 aI kyl oxyC, - C6 al kyl, hal oCl-C6

S G S Bl 5 s ©

carcmrm heljoahunroﬂyakelo, hydr oxy, keto; Xis

&R@C%%&_ég?%% Dis a bond, -NR9-, -0-, Sl

Bn and m are |ndependently O
is aghopdi ohRs-t-+Hxt -F-hS(=Qf-err8(=W®eth 0 when D is a

b 1t | ,
Shgﬁ?ed%cgié"ﬂd%ﬁ@'&?odx“pgpf e ntans 35 pal ek ynap D1 2
t héPpdiadj acent C atomis -C(=0) RO is independent]l y H,

C1 I | I
oo s i A, RS b EER 1§13y o8 e na
- C(Q%W%W't “?Rﬁ’tadﬂﬁﬁﬁbh‘élai‘?ﬁm@et@ 0) -The currently

pretgeéheébéhabmm%@ O, that is a urea
i ve, al though éleathiourea

1°derapéﬁf’?%°e?t§aﬁf %‘ifemaﬁfﬂ %ﬁ'tﬁé‘t’ Rfedrups thefeofeur rent | y

pr efitetiieeproviad tat ROas RB(IG)Rb. is R6tah@hAGINGkY-. i S
hydrogen, hal o, hal oCl-C3al kyl, or hydr oxy, especially

fluoro. Preferably R5 is halo, C, -3alkylcarbonyl,
hal'rbé;cutﬁé}alylp]éferréd vaaé foy IRIIy Opthatls aqf@eerivalive, aRQough R;as S

SRS SR 58,01,

Cl 3al kyl car bonyl cyano or ethynyl, especially
15rretTH6£9"?f‘rt'YfH'QI9ﬁ’%d YAHUe fa58% ipHef erably H. 25 Preferably
R7 |s hydr ogen, hal oC, - C3al kyl, hal o, C1-3al kyl oxy, or

r.b nost referablyfluoro Preferably
R5 é é@%@, Rﬁ%?ﬂi‘ hﬂ'%PﬁO‘ﬁv%ﬁ“@" [9&PyAroxp especially fluoro.
preferably both are fl uoro.

- Preferably Rs is halo, C1.3alkylcarbonyl, haloC;-Csalky!, Ci-3alkyloxy or H, especially
20  fluoro and most preferably H.

Preferably Rs is hydrogen, halo, haloC-Cjalkyl, C1-Csalkyloxy, C1-3alkyicarbonyl,
cyano or ethynyl, especially methoxy or fluoro and most preferably H.

25  Preferably Ry is hydrogen, haloC;-Cjalkyl, halo, Ci.salkyloxy, or Cy.aalkylcarbonyl,
most preferably fluoro.

Preferably Rs and R are H and R4 and R; are halo, most preferably both are fluoro.
Alternative preferred configurations include those wherein Rs and R are H, R, is
30 fluoro and R;is acetyl or cyano.

A convenient value for at least one of Rs-R- is haloC;-Caalkyl, such as —CF,H, -CFH,,
-CH2CF3 or -CF,CF3;, and especially ~CF ;.



Al'ternative preferred configurations include those

wherein R5 and R6 are HH R4 is 30 fluoro and R7 is

acetyl or cyano. A convenient value for at |east one

of R4-R7 is hal oC, -C3al kyl, such as -CF2H, -CFH2,

-CH2CF3 or -CF2CF3, and especially -CF3. 4 Favoured

-S(=0 PRa groups for Rl include those wherein pis 2

or especially -1, ana wherein Ra is al kyl, such as

cycl opropyl, nethylcycl opropyl, and nost preferably

net MoureBr—S(@)sfﬁdgrguwm R Bt Hedse thh ek Y 8 l& Qﬁ%@béhy 1,ana

or lsu i n 5 Addi ti S(=
gr o‘gﬁésr l|}4nc %grﬂwl %%c svﬁ’{8<°8 olqyl;gue&}y&yggerﬁpﬁ 7 m%‘ Pé‘?fe"ab'y
whemethyl. Brederresi grogpsathusiaclotid etettiytsuldtonyl oo httiyyphing !
gret hyl cycl opropyl, nost preferably NH2. Preferred
groups t hus i ncl ude sul phonam de. 10 Favoured
C(AYitiorp! fgyasies-S(e@),NRxRr grawe inchriedhadeasieer&h Rxsare each H or

NRXi% Rt%s H r box
hydraé’.”%%%%"f’bony ) KT B o Rl Serprv, most
pr efraterably Nidy. P@)femd gioyppthus insludgsulphonamide.
C( O)NRx N- nor pholine, - C(=0 NRx' - N- pi peri di ne,
yrrolidine_ -C(=0) NRx'-N-piperazine,
Q,\/n OFQS?d, Q( .ﬁ:ﬁ RR@roupg for {]’(h lqg udg thgsewisrg Rpyis WBxRx or NHNRxRX,

Favméadllrmlwmﬁucfeo hydRazih et &d -‘C‘ﬂﬁlﬁﬁH& %)Me.
ap & |¥€ere| nRc.is )(')‘{#

5 AbflrStprdloted of - RE Giodes indge SGirOBEGobymeimhelie, -

andC(aO&NBthiﬁtpeﬁdlnE 3ACFEHONRX R-p 2 i@ngg,yicli(k xQ{-&?gFazme

for ar hox al ky este

therrgsgcg'?'R’(‘lis Vedce h'%%@@eg%rﬁ?F groups for R

15 ncl ude hydroxyet hyl and Cl1-C2 al kyl ethers and

ef:)%{ ,% "N‘g}]‘% ﬁ?zf%pagorgft%r{g&g/de( tglc}‘»?anvﬁgrﬁ&\klg)b%gT d Me and those

es p&qr@m IRF 'Q—@hﬁ)ﬂdx\ymrh &elyis atkiicang. S (EQiRA, aspecially

het&krR fidel AHdSacb & include furyl, thienyl,
pyr(gnyﬁsogg?/r;g I, cpyr"}lg%l nyl ,

20  Favoured -C4-C-alkyl-COORX groups for Ry include carboxyethyl and C4-C, alky!
esters thereof.

Favoured -C4-Cjalkyl-ORx groups for Ry include hydroxyethyl and C4-C, alkyi ethers
and esters thereof.
25

Favoured - (O -C1-Csalkyl)e-O-Rx groups for Ry include ethoxy containing specnes
especially 2-(methoxyethoxy)ethoxy.

Exemplary heteroatomic rings for R4 include fury!, thieny!, pyranyl, pyrrolyl, pyrrolinyl,

30  pyrrolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, imidazoly!, imidazolinyl,
imidazolidinyl, pyridyl, pyrazinyl, pyrimidinyl, pyridaziny!, oxazoly!, oxazolidinyl,
isoxazolyl, isoxazolidinyl, thiazolyl, thiazolidinyl, isothiazolyl, isothiazolidinyl,
especially 5 membered rings such as thiazolyl, thiadiazolyl, pyrazolyl, diazolyl and
most preferably triazolyl.



30 pyrrolidinyl, pyrazolyl, pyrazolinyl,

pyrazolidinyl, imdazolyl, imdazolinyl,

i m dazolidinyl, pyridyl, pyrazinyl, pyrimdinyl,

pyri dazi nyl, oxazolyl, oxazolidinyl, isoxazolyl,

I soxazol idinyl, thiazolyl, thiazolidinyl,

i sothiazolyl, isothiazolidinyl, especially 5 nenbered

rings such as thiazolyl, thiadiazolyl, pyrazolyl,

di azolyl and nost preferably triazolyl. 5 The
curThertutrgntiyreéferre¢ dalvatane i§ 00-L is -0-. The conpounds
of formula Z nmay be adm nistered as a racem c m xture,
but 5 preferably the cycl opropyl noiety internediate
t h@hetchimppumdseof farmetai Z)nn,ay Xe aﬂdmtlkteredpi‘s@’lbéberhicfhgxture but

4 5y 8l b ) 5l P e R 2%

coRhePYrEDg (Fenoted Y below) i at iayt N% Yudl a4 dHpefdedtslenantiomerically
OPtpluFAbitH %@F@J%% bherfgmpounds of formula I show a
negati ve opti rotation value. Such isoners, for
exanple when Xis -OCH2-, tend to elute less 1o
rapidly froma chiral chromatagram for exanple chiral
AGP 150 x 10 mmX 54m Crom Tech LTDxCoIonn flow rate
4 m/mn, nobi I\;Eﬁ;se 89 ypl % 10mM c/ NHAOAC in
acetonitrile. On e basis of prellm Y, X>Iay
crystal | ography §y5| s a presentMy faveyred
absolute configurati &n appears to be: X H YqHN

5 The currently preferred value for Dis -0-.
c:orﬁ’v%fﬁiegrﬂpﬂm%?&ew @irthe campoynds R farmelall:showachegative optical
Pr ecﬁteﬁdrﬁihluea|slu©l$ is@iels, ForieRErhBGyHERX RND- @ﬂ?efe'nﬁlté ¥Iute Iess

@ %8 is a chroman derivative. Conveni ent
10Re l’% Y m

16

3 ghing| chipatagra. Jer sxample ¢hial AGRd SWPfénOenm $;sm

O Crom Tech LTD Colomn, flow rate 4 ml/min, mobile phase 89 vol % 10mM
HOAC/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 Ry’ is H. Alternatively, in the case where nis 0
and mis 1, Rg is advantageously H and Rg' is OH.
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and mis 1, R8 is advantageously Hand R8' is OR s
Particularly preferred conpounds have stereochem stry
corresponding 1 (1 S,1 aR 7bR)-1,1

a, 2, 7b-t et rahydr ocycl opropa[ c] chronen- 1-yl . For the

saKe of cianty, it is noted that the structure: Rl

HNN11 R R4 HR7 RS R 0O ~ 0~ is equal to R RS 7

R4Fj—| .H‘\I, R2_ Rl 5 The expression Cl-Cn al kyl where n

i s Farigulally prefergiromponnds haye stereechemistrygioyepronaing |

MetngH aRFTORY, 1alR T0-@patlydrd yeRp RPYcIchForRe PRy P RY! the sake o ciarty
n-tIJutﬁl ?"bag tyl, t-butyl, cycl opropyl, ‘
metHy e kib%i}fucﬁ’ﬂ-’d the like. The termhalo refers to
chloro, brono, fluoro and iodo, especially fluoro.

C -CA al koxy refers toHRjroups such as net hoxy, ethoxy,
propoxy, cycl opropoxy t-b;tg%oxy and the |ike. C2-C

110

al kenyl refer4to gHbUps NUch as vi nyl

propen-2zyl, f-buteg-4-ylf |-penten-5-%f, 1-buten-1-yl
and the I 14l kyl thi o i noRéides qetioyl t hi o,

et hyl t hi o, {ylthio aq? etqngl tI i ke.

al kanoylﬁ N oetudes acet oxy, %ro j ar myl oxy,
butyryl Xy anfl th8 |ike. C2-Cn al%®nox des

et henyl oxy, pRdpenyl oxy, iso-butoxyethrayl anN theH

i ke. Hal oCl1-C' al kyl (including conplex sub#ﬁ t tha
conprising this noiety such as hal oC, -C' al kyl o;g)u
i ncludes 15 al kyls as defined herein substitutedRl to

3 rEmabie SIS M LA 9641 bbbl TR, pon g o

t e MRt Syl ’?'H@PUd’é@P'@ﬁ%tﬁﬁ'%mF BPUNHE-bUtHNE Uty dyllpRropyl,

Whingshhyiyxiop Riply P&t the liRET U hhid{rEférs to chioro, bromo, fluors and iodo.
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-y!, 1-buten-4-yl, I-penten-5-yl, 1-buten-1-yl and the fike. C4-C, alkylthio
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-butoxyetheny! and the like. HaloC4-C, alky! (including
complex substituents comprising this moiety such as haloC+-Cy 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 NH;, NHMe, N(Me), which may optionally be substituted
with halogen, C,-C; acyloxy, C+-Cs alkyl, C4-Cg alkoxy, nitro, carboxy, carbamoyl,
carbamoyloxy, cyano, methylsulphonyiamino and the like. Carboxy, carboxymethy|

and carbamoyl include the corresponding pharmaceutically acceptable C,-Cg alky!
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 Rs-R; or R'or R? represent an hydroxy function,



wi t h hal ogen, Cl-C7 acyl oxy, Cl-Cs al kyl, Cl-C6

al koxy, nitro, carboxy, carbanoyl, carbanoyl oxy,

cyano, nethyl sul phonylam no and the |ike. Carboxy,

car boxymet hyl 20 and car banmoyl include the

correspondi ng pharmaceutically acceptable Cl1-C6 al kyl

and aryl esters. Prodrugs of the conpounds of formula
are thos which followi ng admnistration

n
to rﬁ‘aﬁaﬁeaﬁea?'ré éag?eaa@@ﬁf)@aﬁ%rb@?a‘?hé'hﬁmaﬁmIOialhE R'n
Vi wubsfiygrit oaR.-R5 remr@wnugﬁ amir fQﬁ@leBﬁSham%@éut)éauy acceptapie

acce t ab eci esters (includi'ng
phosphat b @F n:?s? ?\%&'&ﬁﬁ&m 'eR'FSS'? ﬁ'«‘gadPO’P!ZU“C“O”
reﬁ?ltae;lemetmcallmadceptgblé astetsi |0ﬂude73Ip}na§tﬁw;91¢tUd¢r@;| dcétyl, ethanoyl,

ar ba tes when a
%u bst @u eﬁltﬁ@} gﬁpl% 035 ?f? eslg"s. a"’fﬂdnsé’)(’?hﬁﬂt?ﬁsﬁﬁﬁs {4 those
phefeinediien RAQPHavbest &@I lewerakyd bsamb). el?hdrimeca'xtncalﬁ?acceptable

subshdrt Wefdke g:\»f Raneth&R ﬁé B tﬁerg%lrsgl%xgd @&h@@ﬁ%m especially

Phar maceut i cal | y atceptable esters Ioner
estf@?téoxvﬁﬁmoalylﬁgdg&@mmme@mnoyl 5 butyryl
t-butyryl, and pival oyl, phosphate esters and
suI honi c esters (ie those derived from RS020H, where
& OmePURdsiSf forpiulané Gar fompisaltsbiefarmaan dditivnelrsabitef the

eShWeﬁ\tnbm Ppp R ribte\Wharraadedticil Q@ée“ptéﬁ@sél@%f ﬁ’r'eh@drna)oundﬁ of

i.n, W00/ 47561, eci a met hoxyam noac
an OQ@%E'QQH?%F%&)H?O@PB'C'H?@F) c%?ﬁ?é'ﬂ%ﬂ%afwxyf'%ﬁﬁ% anciudgngrbut not
f orlimitedltd scetdte afifidorsavetiie agthte] Qicnars BRale, RrtritBEmaleate.
ceutical | y acceptabl e

A By RO ARG SN e et apese oot

1501 gigliconatei M]omapeaﬁeablbyor@@tdmte%/bly@eraﬁhdé‘bhaﬁen@lall’éié,ng
tr.l ro acetat e

b u thegpatnoatg ' ﬁgxta ﬁ(g?tg C}u tg tn |dot|{1 %tF t ;}aélpgate g g?ts

| ucona Fats
rralpé‘ﬁélﬂpf}?ﬂ'ﬁﬂ@i@h@ﬁatee plvalaa hrapniatate, taxtiagen lactobidrgite) ivelate,

asRAhiRbaAte, Qﬁ&gc‘%ﬁ &te aﬁHtsﬁééﬂa% o]rga'ngé Qlﬁ%ﬁﬂag ds 15 sych as

cycl ogent anate, gl ucohept anat ceropnospha
oxaﬂ‘%f @esu'ﬁb‘iﬂf’éﬁ@ﬂl%‘eshlé&mt@ydmmmmwuInlncmata nat e,

20pa|oﬁﬁibh6rsul9ﬁ&¢dté‘ I RaptitalerRERNbLO Fﬂeﬂgé'isgulﬁ}n{)r?gtgt €,
|val'§?reberlozro prionate, tartrate, a

pi Vot eatsyiRbeRzte andielusnesinhonig: anribpreanis acids such as

or g@nroahlsudmmdsuoaromwsmmbd@é; sulﬁﬁ&t'aa&eﬁlkiﬁﬁboﬁb%éulphate
nesui {ohona et hane sul phonat e,

A A A R

benzenesulphonate p- chl or obenzenesul phonat e and

25P" t@d?%%?&leglﬂg rb?cguep asa&]s%dlhrc]a?ernrg I?zlar(s: toag Isgt?stn?u%%pwﬂ%h protects
hydroxy! 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,

30 2-methoxyethoxymethyl, 2-(trimethylsilyl)ethoxymethyl, t-butyl and other lower alkyl
ethers, such as isopropyl, ethy! and especially methy!, benzyl and triphenyimethy!;
tetrahydropyrany! ethers; substituted ethyl ethers, for example, 2,2, 2-trichloroethyt;
sily| ethers, for example, trimethylsily!, t-butyldimethylsilyl and t-butyldiphenyisily!; and
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hydrochl ori de, hydrobrom de, hydroi odi de, sul phate,

bi sul phate, hem sul phate, thiocyanate, persul phate,

phosphori ¢ and sul phonic acids. 25 Hydroxy protecting

group as used herein refers to a substituent which

protects hydroxyl groups agai nst undesirable

reactions during synthetic procedures such as those

-protectin roups disclosed in Geene, "Protective
e%’%ﬁbegaieﬁ’ béﬁg’ﬁgﬁing%‘f@’?ﬂ’%@@”p with Grﬁ?'W‘V'e%ﬂC&* &ns, New
acétatk, pfdd@ihYe, behlyuitexyd heakect i ng groups conpri se

substituted nethyl ethers, for exanple, nethoxynethyl,

benzyl oxynet hyl , 30 2- nethoxyethoxynethyl
Signilagy. Nrasetepling gryu;) es$ hepdymaeihyéferstto brmsylcoamhtueﬁah BFprotecting groups
disQYRE ifblekhe, ﬁ&@&tﬁgeén'g% 1180 béﬁ@ég’@ﬁé‘?’% %I \/;sz‘eyd& Sons New York

especi al |y net hyl trip

8t v ahydr opyranyl ethers; subst ituted ethyl ethers,

for exanple 2,2, 2- trichloroethyl silyl ethers, for
Ti&xa IﬂEth%|Sl| , t- butyldlnethyIS|IyI and

Re. 'B Eﬁ%WPé' PS PharmAge ot Soapgsitiprseanentising the
camm)ut\d!sng ttﬁdlﬁvémﬁh@w|ph@ﬁnﬁ&bﬁuﬂﬂa‘lﬁa&:e%ﬁfbwhérgéora&:llugntsf 0

ke. Sim ]|
B8 AR A RpPRR ST e TR P BF mediods oiae ipiten of Hiv
cqmmeemadmmmemper cirendund @f thedorpiula 2 teli %Gﬂajeﬁt%(ﬁlméu with ﬁr
: r : ani.c t hesi s n

TS 4 NV et S Pt T i e e
stiginosAmpsising it metadions atdhe ¢@hp68 ahdion$8 Conatibsd, egpdclatly the

K 03NN 8 1681 nblignts Nvent i on and phar naceutical |y
acceptable carriers or diluents 1o therefor.

Addi ti onal aspects of the invention provide nethods

THeanvenhien alvbeltehdOn thé usd o th@@dﬂ%élﬁid%f t%ﬂﬁhla 175k &, (f' %9/ ﬁuch
ect afflicte t

f t
asgr?me%{e o‘asré'(;t : 02 aﬁ“?ii iameﬂﬁg‘”l—rﬂe\}rﬂat'ﬁﬁb ‘Zfé'l%l”i &]ioBs.dr.ug
escape mutant, such as HIV straln conprising t he
i it L0Epd 00 A0 et Y e
a mwﬁﬁ@ddnaraamueb«p@nu@vq aptahelauwl of arbied mmcson(oiaMoéuch
as/R0bGo /M nTﬂ @@ﬁ%on%@ do@ﬁ?é Ht%/h]%ﬁg&?ﬁar 2 On Of a

medj cament for the treatnent o
bigavailabilifyef tomtarmpigtan. ehthseidesnp. 4 to, 10tm@/kgmnpmuefe|rsbufo 110

2 rﬁ'\glfkmdlayﬂ Altypic8 dUsG&@Fai@on a%@rrﬁ‘g a0t %I@d’eeg'ohﬁh gggw Yer
F eVE 13 B "ﬁ %vel of around 100 5

dagu%rﬁ erably 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 dipivoxit,
bis-POC-PMPA, GW420 867X, foscarnet, hydroxyurea, Hoechst-Bayer HBY 097,

efavirenz, trovirdine, MIV-150, capravirine, nevirapine, delaviridine, tipranavir,
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as 300 to 2000 nM This corresponds to a dosage rate,
depending on the bioavailability of the fornul ation,
of the order 0.01 to 10 ng/ kg/day, preferably 0.1 to

2 ny/ 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 ng, in one to four dosage units

lay., .25 i . .ph icals, . t
e e T B T
t hEMBaliZSe iMCatk2Onelavireng, DHE-450y &virldg, atbnavire(indfdaeg kadstra),

. . i R {.
PR 38G6ndvR, REnaACLATER. JRbreli8YIEATRIRYY RRowiet
HInelfingiir ang dhesliket typisalidy metatgatinssefiertiBg theo reshectiiesdctivities and
ONSod RilhtItRS. BERHAyAIAH r%i@tvi/i}é bt @k ﬁ'neto?deqro??%:ﬁﬁ% { :grsyrelative to

synergi stic responses an ensure conp

r 8¢ SPRREW R iferEruias!. befiipay beilemer.devdnstanas ivitheagase whgytochrome
| nedsad@tagdAibts Slkh as GfraviP4T, 3TC, DAPD, al ovudi ne,
abacavir, adefovir, adefovir dipivoxil, bis-POC PMPA
GM20 867X, foscarnet, hydroxyurea, Hoechst-Bayer HBY
09Fompa&ina iof tHieznveintiery are dypically Wrdpate P8 folfWa: avi ri ne,
nevi rapi ne, del avi hdine, tigranavir, 9 entricitabine,
PFA, H2G (omaciclovir), M Yal omaci cl ovi r
stearate), TMC-126, TMC- 125, TMC- 120, efavirenz,
DMP-45Q7 loviride, ritonayr, (including kg],etra),

| ome  rx.saqui navir gsl a8i navir, indi rh%vi 'y
an‘prehag!i r, a@nalu r te,Nconekf i Ngvie d t.he
i lee’ pically at nolka atios reflecty, rei z
respec®¥ve activities andréd bi oavail abili thfs-
General{y such ratio will e of the order of425:1 to
1: 25, relative to the cenpound of formula I, but may
be | ower, for instance/A A the case of cytochr e p450
rpounds of the

ant agoni st’s such as rijtongvir. Co

i nvent§ typi/%al y Jpr eparéd_4

Schene ¥ Ny~ X 1 XcicQ
R5 H H RS

Re
R4 R4

ows: A1
R 2 4
3 5

{a) DPPA, Et3N, taluene; (b) substituted 2-aminopyridine_; (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) oxypheny! or oxypyridyl moiety, or the thio, sulphine, sulphone or
methylene analogue of such ethers and Rs is H, are prepared by methods shown in
Scheme 1. The cyclopropanecarboxylic acid 1-Scheme-1is converted to the acyl
azide and heated to 120 °C to induce Curtius rearrangement and provide the
isocyanate 2-Scheme-1. The urea 3-Scheme-1 is obtained by coupling of the
isocyanate with the relevantly substituted 2-aminopyridine. Hydrolysis of the
isocyanate as in step (c) which results in the cyclopropylamine 4-Scheme-1, followed
by reaction with a 2-pyridyl isothiocyanate provides the thiourea 5-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



Ibld RT RT Re REI ~X~ReR6I ~XSIT RRHHN
RS HHNR4 R4 3 )DPPA, Et3N, toluene; (b)
substituted 2-am nopyridine; (c) aqueous HO ,

di oxane; (d) substituted 2-pyridyl isothiocyanate.
Compounds of the general formula (I), wherein Tis O
(urea) or S (thiourea) Re is the 15 (substituted)

phen or, OX r ety, or the thio, sulphine,
%ﬁﬁgrh%lts frformé%(%%rsﬁ epg {F@pgrfdlréﬂ%pﬁlréq W@r@pmam amine-
i ssdﬂ;strmtem q{mapmymine:m,e I- hvgﬂ@laﬁiﬂﬁwpymdhe focReEE m}letth gm?any 2-
cy C L& 8G C is . converted to
/SRS AL SN S SE BR o aEeabeh issre o
r e tgadiinderivehle thmelfrcpmmu ebanipie those shyenint chdma) Erﬁs-clumpounds

5 Th @a#ﬁl@nﬁuv%{%ﬁ'ﬁﬁ%éiﬁr%g&[ {%gﬁméoli%%qai?eu gctrée&gonémg to 2- Scheme 2A

|so anate w
P8 gyinedd. rfe:Sahgthe @ grsiuammb Rofire conjsratig@néth @n & (kB)R’ both

st SQdéé‘c}nbé\@lnc\Nors}%%ﬁgizs in the cycl opropyl am ne

4- Schene-1, fol by reaction with a 2-pyridyl

i sot hi ocyanate provi des the thiourea 5-Schene-1. The

i sgthdrpcyAnate may be prepared fromthe optionally

ring substituted 2-am nopyridine by known nethods,
such as treatment with thi ophosgene or
t hi ocar bonyl di i m dazole. 10 R3 variants of fornula |R1

are preparedgcorrespondi ng m using the a QB%K
ani ne- ubSEi tut ed di_ne i |e
2- (hb ani nd) p yrlé RS as Many

am nopyri di nes are COfTTT’BIACI aI |y avai I ‘abl e and ot hers

are described in literature or readily derivable
therefrom for exanple those sho n Schene 2. lT S
conpounds 5 can al terngfi vely prepared fromthe ]
i sot hi ocyanat e caf nding"to 2-Schene 2A_ or. f

am ne 3, 34 ED] d*am no-R2 in cqn ﬁs'ggﬂw i
an RO(=§) A o NN , A

3 l
b
R1
15=0)1) R2
IR
HNT N 5 A

R1
X Br R1 s
d
S ~
HN N A H,N N A

1

(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,CO;, to afford replacement of the bromine and give

1"
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as described in WO 9303022. Schene 2A 10 Rl Br Rl
[OS1 R +HRR ay AQNNO2NN b RLRL (0,5 R2I
Is(=0)r] R2. HZNNA OZNN4 Ab Rl (4S(Or} R2 HzZN
N5ARL \ Br RL+SRdSR HNNI i A 4~~A HZN
Nla 3a (a) base, DMF, heat; (b) reduction; (c) _
oxidation; (d) base, Cu catalyst, heat The preparation

d- 2- di

AT N AT L AU R U W
ealffl bl d | dtugiios

o P pically P drpeaton a1 didspnétic Brefe # 3he presence f;f

(GF3lVFE AUEN B BAOr Raney niskel iTaarormatian of prasersossitththasiesired R

h
g 3 Al G e o
g%m%wnsst@ﬁe@)r&mﬁ%@as@ efhtheastifanyl 12-Seheme-28) dlfferent oxidizing
ta\@%hféalférye)@‘nﬂlé( P ARTBAILEIAE, AVBRRRAE hf?dBrg‘?%&;%‘ k& §=r(]O ) in step

c) rllgv?/gc? Cbey reduction of the nitro group to give 5-Scheme-2A. The thio
compounds 3a-Scheme-2A may also be prepared directly as in step (d) by coupling
2-amino-5-bromopyridine with the thiol 1a-Scheme-2A in the presence of copper
catalysts, for example by heating at 150 °C with Cu or Cul in DMF with a base such

as KzCO3.

Scheme 2B
R1 R1

R2

\ /

\
S
/

CI” °N A H.NT N A

[N
N

i b
R1
/“\/TCHz\Eé, R2
H,N" N a7

(@) NH3, EtOH, heat; (b) Et3SiH, TFA, H2S04

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



catal ysts such as Pd or Raney nickel. Transformation
of precursors to the desired R, R2 substituents can
be done on the nitro conmpound 2- Schene-2A before the 5
reduction step (b). In the case of the sulfanyl

2- Schene- 2A, different oxidizing agents, for exanple
hydr ogen peroxi de, convert the sulfide group to S=(Or
in step (c), followed by reduction of the nitro group
to gi ve 5-Scheme-2A. The tﬁigﬁmg%gpounds 3a- Schene- 2A
may a%so be prepared qbrectly as in stepﬁgd) by

coupﬁ ng 2-am no-5-brionopyridine wth t t hi ol

R Per 2A,i n tﬁ{g (ﬁ of coppBP~tOxedtgl ysts,
f orll_exlanpl e~by=heat | 50 C#ith C in DVF
Bt ha Base such Ras Scherme 2B°R1TR1 R R2

-~ ® NAHNNA 1R R "@GdeiR2 H2N RCA 3 cdbey( a)
NH8, EtOH heat; (b) Et3SiH TFA H2SO4 The
preparation of suitable 5-substituted :

nmet hyl - 2- am nopyridines are outlined in Schene 2B.
The net hanone 1-Schene-2B with appropriate RL and R2
substit uent®, q)or precursors (synthons) to these

i 1R r eact in epl(ap wth amonia to
;rjtp%blc]: @ Eﬁ in g%eff E ﬁéc N b

fneyand give the R/
2l Schene-2B. J;
reduced to RH2 ifsgdiep (b) to giye 3-Nchel@esi2B. 12 R,

Schene 3 4 N = =
4 H A
ﬁ@_O

(a) ethyl diazoacetate, catalyst, CH,Cly; (b) chromat:)graphy and then reflux with
LiOH, H20, MeOH,; (c) reflux with LiOH, H,O, MeOH and then chromatography; (d) rt,
NaOH, H,O, MeOH and then reflux with LiOH, H,O, MeOH

Compounds of the general formula (I), wherein T is O (urea) or S (thiourea), R" and
R* are R' and R? protected as necessary with conventional hydroxy!, carboxy of
amino protecting groups, or conventional synthons for RYR? , R% is H, X is ~D-CHs,
and wherein the cyclopropyl moiety has the relative configuration

X

.

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 Rh(OAc), 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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RT RT R7 R I\ Q:: a R R4 RACOOEt R4 COOEt 1 2 3
R7 Rf b or cor d R Qas in Schenel R6 Q, R5 Rl R4
COOHRS5 R4 10'Sl (:,- RR1 44 HN\ / CGA N5 (a)
ethyl di azoacetate, catalyst, CH2Cl2; (Db)
rorrat?q%lraphy and then reflux with LiCH H2O MOH;

tt"é)St?@f QWRA thry WW&’S'W@heNﬁ@F&drﬁ@Ehm__ such as by refluxing in
djiesaat WW&(L%H” tQ 5&%‘?’(@; H% fq:tllﬁﬂt% tpen qe all cis

)
reflux with Li npoun ener
qvéxoﬁ{ﬂpanfqé)rbowhéraéldﬂigbsmgﬁ \@sedgscobedin stbpc(b) @al)erndﬂveny the

e
AadrcBfenatfnfle Ao fFendt HABALAGIRIERTIONA i separatr
C@ndu@igd oprthe orivtere obnm!omymmammhc iR prdviid Sehksolated all

iéc,ﬁ?ngﬁ;latq'%gte ? igur gﬁl'm&\&g %SW'PPF&%G— sa?tbslgséﬁﬁga—heme 3

Vb‘ycmmdm@ssoslb&)m)ne roySeheative &yd@ydmpf oA rahs GrsdHentdl® at lower
n, e hr Q Wi

tgﬂggoag\gg g ECI# 2t at® V?gge"ﬂ@‘ &9&*?8&% 'UFthaPHE% ’ﬁﬁ'ﬁ({'ﬂl ft ambient

tembemtigacthaiso@tdd cné etHyréster hapzesrebe apdroly226 eeAidull manner

t3 ?kll Syélgprggacnhecasboxyhc acid 4-Scheme-3. The cyclopropanecarboxylic acid is

subjected to the methods outlined in Scheme 1 to obtain the urea or thiourea S-

Scheme-3. The chromenes 1-Scheme-3 are prepared by methods shown in
Schemes 4, 5, and 6.

Although this scheme 3 has been illustrated with a D=0 variant it will be apparent
that corresponding manipulations will be available to the D=§, $=0: S(=0); and
D=NRjs 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
s ———— /
R5 R5 ] l RS™ .
R4 R4 R4
1 2 3

(a) 3-bromopropyne, K2CO3, 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: RS
and R” are halo; R* is halo and R’ is Cy.5alkylcarbonyl; and R* is hydroxy while RS is
C1.3 alkylcarbonyl. Reaction of the available disubstituted phenol 1-Scheme-4 with 3-

bromopropyne in the presence of a base, such as K,COj; in acetone or NaH in DMF,

14
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di chl or onet hane, 1, 2-di chl oroet hane, or chloroform

The reaction provides a 15 diastereoneric m xture of

t he cycl opropanecarboxylic acid ethyl esters

2-Schenme-3, wth the all cis relative configuration,

and its trans isonmer 3-Schene-3. Separation by colum
chromat ography of the cis and trans di astereoners may

be acconplished at 13 this stage, followed by

hydrol ysis of the isolated 2-Schene-3, such as by

refluxing in aqueous nethanolic LiOH to yield a
resatte im qucieophilie substithtoraldf tise halidy ab cmom’ﬁartas atherx¥IScheme4.

C -3 lescri bed . -
RRd AU Y e as MR by HenlPe RS R Ny Natimgthwtaniiine o
pelgéthyeneryydobtosyidelf éind eroirenk\ddBohemed, and separation
5 conducted on the m xture of cycl opropanecarboxylic
acids to provide the isolated all cis isoner, as in
step (c). Step (d) invol vesgheg &tion of the cis ethyl
ester 2-Schenme-3 which may al so be done by selective

hydrol y$i’s of the trangy 3- Schene-3 at ZOV\BI‘

t enBReKg e8, suchg@s fregtnment with aqueous

met han O at a P t tegpeﬁ% e isolated
ci srath er—aay. he n_fhe usual

manner I8 to t he cycl op} opgnecar bﬁgyl ifc acid

4- Schene- 3. The cyclopr g necar boxyl i B4acid is

subj ect 6@ to the nethods<outlined in Schene 1 to

NaBthi htQHidbypdaluenedulfooicracal, IoluSoheeflux3. The chronenes

1- Schene-3 are prepared by nmethods shown in Schenes

4, 5, and 6. 15 Although this schene 3 has been
Schémst § atesdribed thea piep@ration ahichrdmends, UsedagpatLting material in

cQrr, ng mani pul atiqons will be availaple to )

shilghe g GBRNE, AR Blngitet pintEndume R are readil
attesshe front cmgmermlallyt Wllahlblc)‘\rmat\@ﬁsetbr\wahpﬁe those whereln one

nventi onal n cti ou suc
of B FitieGdn e B el b el ooy B0 cathian of he
carboﬁ)ﬂg;&tw;@ trS!lJ&hhﬁﬁaﬁor%"Q 8eherdé.sevunliYo w&rre%dﬁ@@w\ol by a

? R6 9—| 0L b}, REJO R5/

qe Ra)ducmg agent suc sod\um borohydride in ethanol prowdes 2 Scheme-5.
Reﬂuxmg the alcohol with small amounts of acid, such as p-TsOH in toluene, causes
dehydration of 2-Scheme-5 to the desired chromene 1-Scheme-3. Corresponding
manipulations will be available for other D variants. For example the corresponding
2H-1-benzothiopyran is readily prepared from commercially available (substituted)
thiochroman-4-ones by reaction with a reductant such as a metal hydride for example
lithium aluminium hydride in an organic solvent such as ether, followed by

dehydration such as refluxing with an acid for example potassium acid sulphate or
the like.
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RA RARA 123 (a) 3-bronopropyne, K2CO3, acetone;
(b) N, N-diethylaniline or PEG 200, 225 C Schene 4
descri bes the preparation of chronenes, including many
from commercially avail abl e disubstituted phenol s,
such as those wherein the substitution 25 pattern in
the benzene ring is as follows: R4 and R7 are halo; R4
and R6 are halo; R5 and Rﬁ5§¥%m%§lo; R4 is halo and R7
is Cl_3 al kylcarbonyl; and R4 is hydroxy while R5 is
C1_3_al kyl carbonyl. Reaction of the avail able

gisu stituted phenol BZSchene-4 with 3-Rbronopropyne

[ BF'esence ot6gas€,. such as RRCRB j0. acetone or
Na DVF, 214 res im\gucléophili ggi\t uti on
t RS ether sSeffenme- 4 Ring

RY the halide to REO

cl osftt eOnay be acconpré sbed by heating ghellether in N,
N-di get hy| &ni | ine or polyethyl ene glycol 8o yield the
chronene 3-Schene-4. 5 Schene 5 R7T RT R7 R6 :],: ~ O
aR~ORR / b RAORIOHRA 18 2 NaBH4, EtCH
(b) p- 6oI u negul fonic acid, toluene, reflux; Schenme 5
déscri bé reparation of chronenes, used as
startig rkFal in Scheme 3, fromthe appropriately
substit°ut ed chr omanones, which are readily 1o
accessed fPom comerci al | y avail abl e chromanones, for

(@xaliypbomide JeCihepestaneir(b) BhsRCib:BroNaklj BHE; ch R4 to R7

digpeHbRuEcHmA i I koGl kgxy,.; Conversion of

t%eéﬂhc%ar bonyl '%2?32 :@ %agh(r:gngﬁiéﬁﬁé 'Iq:))e(le(%cherre-S and to

t he correpondi ng al cohol by a suitable reducing agent
uch sodi_.um bor oh%&liri de i n_ et hanol provides

TUPRBAS-Y users $tarting gmelasiabincRaiemean ate prenared frommsubstituted
octiyde®lybenzalgéhydies s Eholiniby rhethB8E Butiif@d #eScheme 6. Reaction of 1-

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

results in nucleophilic substitution of the halide to provide the ether 2-Scheme-6.
Witting reaction transforms the aldehydic group into the olefin and provides 3-
Scheme-6. The pair of terminal double bonds may undergo metathesis
intramolecularly by treatment with a catalyst such as the ruthenium complex Grubb's
catalyst in step (c) to produce the chromene. Alternatively 1-Scheme-6 can be
cyclised directly as shown in step d) in the legend above.
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15 dehydration of 2-Schenme-5 to the desired chronene
1- Schene-3. Corresponding nanipulations will be
avai l abl e for other D variants. For exanple the
corresponding 2H 1-benzothiopyran is readily prepared
fromcomercially avail abl e (substituted)

t hi ochroman-4-ones by reaction with a reductant such
as a netal hydride for exanple |ithium alum nium
hydride in an organic sol vBohemeiCh as ether, foll owed
by 20 dehydratlon such as refluxing with an acid for
exanple pot assi u sulphate or

OR7 R7 R7 R6 .

K2 CO3; (b) Ph3P
C12[ Pcy3] Ph, CH2Cl 2 (d)
Chronenés, for use as starti)ng rraterl al in Q'Scherre 3,

o- hydr
Schene
in ohe presence of a

sybenzal B‘esﬁ\yges as shown by nethods outlined in
6. Reactionf 1- Schene-6 with allyl brom de
syeh as. K2C3B in acetone,
ution of the halide to
Wtting reaction

214 nto the olefin and
provi des 3-\Schene-6.. The pair COPEterm nal doubl e
bonds un@%@@to met at hesi € 10 i ntranol ecul ar| y by

{ t al t h th th
e R RS TR D, b ey ) Peo)
2 (ConE DMF; Al REO®, el Kebipchene- 6 can be

are pr;pared fromsubstitutéd 5

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 dse in
scheme 3 to give the urea or thiourea 5-Scheme-3 wherein Rg is cyano, ethynyl, or
Ciaalkylcarbonyl.

17



10

cyclised directly as shown in step d) in the | egend
above. 16 Schene 7 Me3Si Tf0 ) a O Od COCEt COCEt
COOH2 3 IbONO OCOCEt COCEt 54 (a) Pd(O),
DPPP, Et3N, (CH3)3Si C=CH, (b) Pd(O, butyl vinyl
ether, DWF, (c) Pd(O, Zn(CN)2, DVF;, (d) NaOH, H20
MeOH 5 Pd(O catalyzed couglin f the triflate
1-Scheme-7 leads to the regf—é%gﬁént of the
trifluoronet hanesul fonyl oxy group and the introguction
Okw Ot her substitutgnts at R6. Thus, Schene 7 pré\ghdes

t he epar ati on of nt hesi s i nter medl use\d
sc 3 to giave t I ON_Lhj ourea

wh R6 is cyand or Cil_ yl car bonyl
10,717 ScReme 8 N2-\/~Ro™@b Ro CH CH . ORelPG

e i Re 0G 2 PGSFPGHEOP§N~C]-I

MeO \\—OH
\\c‘\\o J 4
A

(a)  Buli/ZnCl;, THF; Pd(OAc),, BrCH=CHCOOEt; DIBAL

(b)  TsNHN=CHCOCI; PhNMe;, NEt;, CH,CI»

(c) Rh2(5-R-MEPY),, abs degassed dichloromethane

(d)  30% HBr, AcOH

(e) NaOH, H;O

(H NaOH; CO;; I-Pri/DMSO

(g) IPrOH, HCI; DEAD, PPhs, THF

(h)  NaOH, MeOH:H,0

0] 1. BBr3, CH2Cl; 2. CH;CN 3. NaOH, water

G) 1. BuLiiZnCl,, THF; Pd(OAc) 2. cpd 9-Scheme-8 3. Jones reagent
(chromic acid, sulfuric acid in acetone) |
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90R 06 11 r-Br CLORRI \ =h e 4 PG/ 500 f
Re ORRROO_ R O RR9 H/ 0 XO Re Rel 8 7 PG
(a) BuLi/znd 2, THF; Pd(QAc)?2, BrCH=CHCOCEt; DI BAL 5
(b) TsNHN=CHCOCI; PhNMe2, NEt3, CH2Cl2 (c¢)

Rh2(5- R- I\/EPY)4 abs degassed di chl oronethane (d) 30%
HBr, AcOH (e) NaOH, H20O (f) NaOH C02; |-Prl/DWVSO 10

3o B e (45 g 85 e
Bm_qr¢ RAen@R" Fieroptiony) SuestitnteRaR9 wiidheame s@itaBly proteeted with
ﬂgﬁ'ﬁ&)nal(p‘f'&%ﬁ{ﬁggrcﬁlgk ds nabddd ggj %oaﬁd id 5 I&M&%ﬁt %gr 6pt|onally

nveni ent r nmpoun erern

GubsiitetgH ehetp! ﬂ_nS_SQmEﬁeNTBCh isvitydraxyfReotegied With apeotecting group
%r@tg!tw gg ?{eeétw\{/‘\:l?(?]l\/ltalﬁ@ MeSikB4s Racte Wit B4R s3bh b&BLYi or the like in a
solvent such as THF or the like and transformed to zinc salt by adding zinc chioride
or the like. A catalyst such as Pd(OAc), or the like is added along with an activated
acrylate such as lower alkyl-cis-3-haloacrylate, for example BrCH=CHCQOE! or the
like. The reaction mixture is cooled and a reducing agent such as DIBAL or the like is
added portionwise and quenched to yield 2-Scheme-8. A hydrazone such as the p-
toluenesulfonylhydrazone of glyoxylic acid chioride or the like and a base such as
N,N-dimethylaniline or the like is added in a solvent such as CH.Cl, or the like
followed by the addition of another base such as Et;N or the like to yield 3-
Scheme-8. The reaction product is dissolved in a solvent such as dichloromethane or
the like which is preferably degassed. A chiral Doyle's catalyst such as Rhy(5-R-
MEPy)4 (US 5175311, available from Aldrich or Johnson Matthey), or the like is
added to yield 4-Scheme-8 in a high enantiomeric excess such as greater than 80,
preferably greater than 90% ee. Preferably, this compound is first reacted with 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 chromencyclopropyicarboxylic 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 alky! 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/HC! or the like
foliowed by DEAD; PPHj; in an organic solvent such as THF or the like. Alternatively,
in a convergent approach, compound 1-Scheme-8 is reacted with Buli and
transformed to a zinc salt. This salt reacted with the cyclopropyliodide, 9-Scheme-8

e .
in a palladium-catalyzed reaction to give after reaction with Jone's reagent compound
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conventional protecting groups as necessary and R is
a lower alkyl ester. Optionally substituted pheno

1- Scheme-8 which is hydroxy-protected with a
protecting group 5 such as nethyl, MOM and the like is
reacted wth a base such as BuLi or the like in a

sol vent such as THE or the |ike and transforned to

z I r r. the |i

A eRple, ity 2ol s Ml | el o 1 et dsrgown i
wPEPERs 1 304 FW@@P”“&(&‘P Wedwéefgmluraagr Iheteesarylthiourea of the
aFkyhulss- 3- hal oacryl ate, for exanpl e Br CH=CHCOOEt or
the like. The reaction m xture is cooled and a
reduci ng agent such as DIBAL or the like is 1o added

PR VA 6Feorifth ZIHRISBSS el eoafés%bﬁ‘d @?ﬁ&ﬁﬁ?n&%{?’go vialsly amine-

h one such as the p- tol uenesulTony

%{%?261 qd{supstityted) Pyridxs op PhanyioxyRyEiding el 5substtee sl as
Nty lamert d)pfridinel dofi@atives FdiR,ldskRethyt, added in a sol vent
such as CH2C1 2 or the like followed by the addition
of another base such as Et3N or the like to yield 3-

Sehmpeurgis wheesin Xacan omq@nbmduﬂistltlu&d(élligﬁh@é@é‘ cbrﬂleﬁlently
s‘g),le ﬁgg‘fknges di chi or onet hane or the |ike which
'S Er e

degassed. A chiral Doyle's catalyst such
as Rh2(5-R- l\/EPy)4 (US 517S&ehme ;avai |l abl e from Al drich
or Johnson Matthey), or the like is added to yield
4- Schene-8 in a high enantioneric excess such -as
gr eat er gzhan 80, prefergbly greater than_90% ee.
Pr efrgr ab thi's conpou is first react wth BBr3
i bt hane y the a8
e” t he eg!c pixt ure and
sodi unhydr @xi de is adde gi ve 6- sERemd- 8.
Al'ternatjvely, this pr o&uctO (4- Scheme-8f%4is
ring-operied with an el egtrophile preferably HBr or the
Iike under in conjunction wth an acid such as AcOH

r. acid conditions a spontaneous ring
@E?@’ té@ Mg?'z%'ge'fe&u“f?ﬂ‘?‘r?@ AeHENfo FRIIUX. Schene- 8.

V\hen subj ected to basic conditions such as NaCOH or
t rranges 25 to rmthe
e doq Aot I AEBAfo1 BEYeKEPE Busiemd Bomoibates, used as
Atersipe materis) V‘ thﬁ-SSbﬂeﬁ%ab&e ffrczm knmm mmﬁsmmtémtétralones etc,

piesteini
ek skt P14 G Bl oy by BIFBRL i avon
| ORRYET SNk the SR TEgEYIserewp i TitetralonenitaSchemhererit tiss cdsrrmondmg

RvEsRol By @I@@lfhb‘lé“i%db@lﬁ& QB@nt%?h \éh(ﬂxrﬂ bg i ln &RL% qo|1] grovides 2:

y protec

che ﬁ ﬁ acenent
&53335@;2‘: ?ﬂUﬁ'ggé ® Algabolwith smad amwtsagf h9idr sughes IpyTsOH in

rmuueng/ cnsdt Sehpdragordict CoEHd
ehfdr nd- 91 :ﬁgg&ggé% rtggﬁ# Hcheme-s.

%‘f"re%ﬁor‘gﬂgﬁe% '°F]§—E'ecﬁpp¥‘??§"q tojgs! °Al3t ernatively,

While it is possible for the active agent to be administered alone, it is preferable to
present it as part of a pharmaceutical formutation. 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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in a convergent approach, conpound 1-Schene-8 is
reacted with BuLi and transforned to a zinc salt.
This salt reacted with the cyclopropyliodide, _ _
9-Schenme-8 in a palladiumcatal yzed reaction to give
after reaction wth Jone's reagent conpound 19

acbcspﬂaamn e Sdise of delRQLigatieivitt @zeldihéMh@reG%ﬂY &bt

shown in. Schene

"B%%houeq’ﬂof'\lfqtd% %?Wéo%etf’ OECPI&Mtea or

heteroarylthl ourea of the Forrrulda ZI 5 R3 va[ ihants of

d n usi ng e
R P trEioli Rossaubere ?%E’ré«é}a't SBel topinab Ghciuding buccal and
STl YvRind) P BBV i iy bbcatiRp! .w;{gwﬁ

t hyl am no) pyri di ne derlv
Wﬁﬂ\‘ﬁdé"@\kﬁ’éﬁaéﬁﬁnw a@mmtr@pom dn&lptgieahibsﬂwetfumadatlon is an

ogi(a: ll&)éd@ﬂ@s%@d}q%‘ﬁ?a@ﬂoﬁ nﬂlé/ fon'}'1 &ga{ﬁ%? %gwime&ﬁlr%prﬁgemw in

unjt desage formpg. gotametaan#azsustamed (relpadia Bapisulds, @gld I:r(é;')begprepared
dng! S&U‘IF' efl ux; 15 Schene

descrnl%gg éﬂjg'lr"g"é'g?{a Fg?}t%é%ﬂ?@p? I'i ns, indanes and

honol ogues, used as starti ng mat er i aI in the schenes

@Eﬁ%tﬂémgmﬂ% st)lf' g%g bd't <‘Pj Sgg r{ﬁ%’ @gg\?q dgfined active

wher el n posi [l on
agRBiWthethe; qameralrrgmrﬂltha fahhmuons a(E@rpVéﬁaﬁé@ B¥ QhifdrAfy and

lr‘g(g’tﬁér}glgélgﬂ lﬁﬁlilrﬂo 5‘]@88?{%{% onhe gcﬁ\(ﬁ fgs%gﬁgrn@wa @rlg@@‘ﬁlﬁnely
dévictetel sotid .camemsmoh«ymr Bniethien .fetdoaagéry rshamhgetﬁ% rgr{)oég%ts Th

AR e Xendle HEl s o e roh g eneaasewtcal enpapatonspomprising

bdfgifg BcloeTmuad toh FohruldSoriR thHahhgkitally %&Lﬁ:ﬁo@salgm

ions are applicable to
099 URERARIAELE ation with 8 pharmaceu lcally acceptable carrier or vehicle. If the

-manufacture of pharmaceutical formulations involves intimate mixing of

pharmaceutical excipients and the active ingredient in salt form, then it is often
preferred to use excipients which are non-basic in nature, i.e. either acidic or neutral.
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), methylceliulose, ethyicellulose, sodium carboxymethylcellulose,
hydroxypropylmethylicellulose, sucrose and starch: fillers and carriers, for example
corn starch, gelatin, lactose, sucrose, microcrystalline cellulose, kaolin, mannitol
dicaicium phosphate, sodium chloride and alginic acid; and lubricants such as

magnesium stearate, sodium stearate and other metallic stearates, stearic acid,
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25 Wiile it is possible for the active agent to be
adm nistered alone, it is preferable to present it as
part of a pharmaceutical formulation. Such a
formulation will conprise the above defined active
agent together with one or rmre acceptable carriers or

j nal r t her apeut i ]
ofEioPfeatate UEARPLENRIC Yasde Bls BT C8RTH Slige diipeoyring agents
sutteas peprenmint bl of gvintergreen, tdbee ripd flakio dirirey @gh]ellke can also be used.

0 rmul ation and not del eterious to
e 66 beliabicnto o BT fasilo Fake Dikeodsos o raastly o
ickeptifi atd@t'ﬁdbjetm aglalsat mpeaated by mﬁéthddm@elbkmﬁ/ai indRE ard
(i ncl udin

i na ar ent er
AU 2l Bslmac Y (lnprEePRr Moo ofiGnalvaih one or more
ateessagyangratientsd mom;sésr@tiltalﬂetsbmby BE %Fﬁfa@éﬁ by E:B‘rt%pressmg in a
or nul at | on

| at t
SRR BRRORE MoRd nageRbmA iR e Rvpo s ufan e dowde o
gwmlutestﬁt&g;ellf mi)@d \ﬁitl'ga biraiBl, %Ené’ﬂtj |§é|"f5$|fb'eﬂﬁ ré@rﬁﬁz@ surface-

repared by ‘any metho

A oversiiS agat MouRas fakists mey BaimiachEy o@sdinga adeitable
rrtaloRing taepix@re BF tHaioneered @orﬁ?&?ﬁd ﬁmtois%hetd%trﬁgpxﬁ%rt l1qmd diluent.

THL?‘ %d active gent with the carrier.

AR MAYRS Qption Uyeb?JF@fﬁaﬁ@dSWedmnﬂomaM Qe mﬂr@ulated so as to

piovidengiive by catitianed ?erﬁ@ftﬁé%@ﬁveaééém the active agent

with liquid carriers or finely vided solid carriers

or both, and then if necessary shaping the product.

OTH fdrmnul&HeR8Ts arin

phar naceut | cg:albﬁézbc;ﬁp*&c;g? ?’fac?trrﬁ g%ﬁ%{@g?\ﬁfu% "%gg?%& prising the

agyﬁw@ﬁalncﬁflaﬂ@ﬂmﬂ kasg, USUaIW§upMBmd€a¢'ameairItmgacanth pastllles
c&ﬁﬁ:@ﬁ@@*’eeac% éfﬂ in SR?’A Bééeosq.xc%r qc;esaq{cjl atdcé:‘écerl% Of ﬁ%crose

phar maceuti ca acce e carrief
a%ﬁ%ﬁ%mﬁ én@ﬂhwmmrlsm the activé agenbirsa isoiably éGuid carrier.
intimate mxing of pharmaceutical excipients and the
active |ngred|ent insalt form then it is often 20
tionuse exci pi ents which are non-basic in

r tral For nul ati ons
VBRI Speisbr o OBkl MES LS by Ry e ampiRegy with
refiere peectocthe dallosdng olorslimiting exaiviptessuch as capsul es,

cachets or tablets each containing a predeterm ned
anount of the active agent; as a powder or granul es;
Examplesiol ut i on or a suspension of the active agent in

or as an
lapsenalclchromgn-1-yll-N'-[5-

4|-|s mmrchnauu [0 i lbfélaUS etc.

a) 5-(4-( N-t-butylsulfonamido)phenoxy)-2-nitropyridine

O

| 9

/ -
oN" N sN7<

2 i

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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Wth regard to conpositions for oral adm nistration
(e.g. tablets and capsules), the termsuitable
carrier includes vehicles such as conmon exci pients
e.g. binding agents, for exanple syrup, acacia,
gelatin, sorbitol, tragacanth, polyvinylpyrrolidone 30

4 BOYG #M1@) houre tThg éi.%béh‘él@ﬁ; #as ?it@b@d‘-‘aﬂdl tHe %ﬁan?ﬂprFQted and
ylce

carbOﬁénethylcellulose drox propyl met h ose

taen ssEsidHe eg‘tfa?teﬁbewqqn G P3 @b methylenexchigride. The

RQarilc phadeCWas BREAbIAY. sddftfh Qﬁl?ate %HG Qﬁgorated The resulting mixture
n1crocrystalllne cel l ul ose, kaolin,

véscRUTETE By [sobspm ahremateatapiiv emsiea del (Qnd’ allté BQH Adiethylene
c@amldlelbk?!\dx&ﬁmos é‘%mﬁ? Q%@?%?WH%%S@(?(% /% éls{asgtﬂg CIH% compound

stearate and St earat es
(be-MBPyARIBS" s}5é3a1r &adc. 35i1138% and abbuti 3% mas2-aes, oil's

n c

Al ioby P or o I L IS P ER b T Pl 385.2)

asiresipe Kwoduat. al so be used. It may be desirable to add

a colouring agent to nmake the dosage formreadily
|dent|f|able Tabl ets may al so be coated by nethods
YelNMRK(ER@ )i 8.37Hd, f}g; 8.3 @, ﬂHbI?e?? mzHo;:? Baded, by), 7.20 (d, 2H),
@pgy B35 ul ding, optionally with one or nore

acc sso%yegﬁgr%afents Conpressed tablets may be

prepared by conpressing in a suitable machine the

etive, agent in a free f omnng for, ,such as a powder
S O 5 e aTtIE c t" der

| ubricant, inert dllue eseqyati ve, surface-
active or dlspersmg/alESEDt/m d(gablets may be
made by noul ding in t abl a m xture of
t he powder ed conpBdthd Mbi st ened wi tF a nert l'i quid
diluent. The tablets nay be optlon@II be coated or

1 rovi de . sl
OB AR BEYIENGR Y ye LR H et o

il angi ety asetatel(i1 8 a). 8'hieor108% aauaamﬂn oh Thiapdoab (68064 )WkEs added

PAGSRFEY SRSt Wt ereden &b Wi sPRG padeshomal hydrogen

ptresa?glae:wnﬂb(; hparst The eatalysbww filkéreg offtmdané Ifllﬂ%t@%ﬁbvégﬁbrated
cerip, or_sucros

base such a atin an

T3 o8l CES T Wit e?'waﬂﬁﬁfogﬂ%agﬁaﬁev qesilge gel 0 - 10%

Ei@ekwmet{mylane whiceidk gyradigit) e gu?é Ridrg ﬁf tmt@ﬁ;?dimd (577/°| yield over
Q e Itnvention w
o e - EeSr AV BRSE 220 R 3 o Conty i t
reference to the foll ow ng non- I|n1ting exanpl es.
| |

BIIR @sDMs0): 7.77 (@, 1), 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, OH).

c) N-[(1S,1aR,7bR)-4,7-difluoro-1.1 a,2,7b-tetrahydrocyélopropa[clchromen-1 -yl}-
N'-[5-(4-(N-t-butylsulfonamido)phenoxy)-2-pyridinyllurea

23



10

15

N[(1 S, 1 aR 7bR)-4,7-difluoro-1 1 a 2

7b-t etrahydrocycl opropafcl chronmen 1 ylI N f5 25

(4- (sul fonam do) phenoxy) - 2-pyri di nvl |l urea a)

5-(4- (N-t-butyl sul fonam do) phenoxy)-2-nitropvridine O
N N~ NS To a solution of

4- hydroxy- (N-t - butyl ) benzenesul f onam de (3.01 g, 13.2

nmmol) in 30 48 m ), ce um@arb ate(5 67 g,
17.4 mmol) doed foll of

5- br ono- 2-R ; d| ne ( 36 g, -mu Nan t he
m xture was Stiy 5 @-for ursH ?{

suspensi on was leiter Hnd t he soI vent evaporat ed and
t hen the resi due extrasted between sat. ag. NaHCO3 and

gt hé chl oride. The organic phase was dried over
(13deBh e Bugreg é%@p@r@tfédydfilih)eCWm'SDa[C]dIg)mn@-chrboxyllc

|
A0S pR4paIdd AR n\gg]chzﬁb 2R EPRAP0%0 Iodgh . Ee Ry (°
bg;yvsézlfgnamldg)qmpgxy)aa pmdlmhnloh am)mg UGI%Mamde!)Gaﬁd thbthylamme

(gggﬁt@%gg 0%1&\8@:@ Zﬁ?ﬂ ttg§ethe;g ﬁlzdé} ’tOchl:gIJIé: (2 m%langga)rgon atmosphere

wW3s tiRtrasiucednehanddy BAdR x 0- IBMbnmul)p/yas addedl 41dGhbreaction solution

WQE"snﬁ-@aL &gﬁ? 3(? for?@@)rf 3ignelrﬁ)a2:tzcg\ @i WE vg% %&gg%@y@jﬁractlons
bg%eenmgﬂ;yl@da chibrgle afid B ¢ittic 241 followel by(sat. agHNaHEDS Silica

oMo Satoaraehy (2% HOMbHBRIMBRe 2y idearmdinh gave143 mg
obmeteriahwhish Niasiflrthe putfied ibg pmémﬁaﬁ\le m@bﬁfo?néwé@bﬂgg 0% -

d d
MeHRERIT T Bl {00 oot e st maote pascentedih yiel).
(LEhMS; ARI-HFH5 864 510) Cakes544148)d

'H-NMR (CDCl,): 9.29 (brs, 1H), 7.85 (d, 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,
TH), 4.33 (dd, 1H), 3.79 (q, 1H), 2.62 (tr, 1H), 1.98 (m, 1H), 1.26 (s, 9H).

d) N-[(1S,1aR,7bR)-4.7-difluoro-1.1a, 2. 7b-tetrahydrocyclopropajclchromen-1 -yll-
N’-[5J4-(sulfonamido)phenoxv)—Z-pvridinyllurea

Dried N-[(1S,1aR,7bR)-4,7-diﬂuoro-1,1a.2,7b-tetrahydrocyclopfopa[c]chromen-1-yl]-
N‘-[5-(4-(N-t-butylsulfonamido)phenoxy)-2-pyridinyl]urea (36 mg, 0.066 mmol) was

dissolved in 1% triflic acid/acetonitrile solution (5.8 mly 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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and the bl ack suspension was hydrogenated with

stirring under normal hydrogen pressure for 1'/2

hours. The catalyst was filtered off and the filtrate
was evaporated. The resulting residue was purified by
col um chromat ography on silica gel (0 - 10%20 EtCH /
wastmqﬂkedepcuylmdradmargrbnﬂweéﬂ hweltiWI@evmand%rw §it. 4d INSHCO.

9 - APl - ES+:
TEPEENE a8k By Brelonrequp ehels wisrevaporated 18ica oel
colufth (:Id'pmféltd)graﬁhyZ(G -‘(%tEtOH‘Iijetzw E:b‘ﬂe(cgﬂogsg ’rad-l e&?gé\%’% mg of

Y r%%m(jé'd ?ﬁ&g"e Eé_&’%‘ir (KE%(*SI eld).1 aRr 7bR)- 7 di f I uoro- 1

1 a 2 7b-tetrahydrocvcl oproparcl chromsn 1 vi | _d .

sul f onam do) phenox yridi nyl I ur
1Na""{"%s({’ D&\Eé\%w SHTRD. 1§, O6s(hye, $411).17.7 %’ '-8) 763(@ $)1 7.52
(@R, THYSY -32.(d - thi, Wwe L 705(d 2H), 679éd r, 1H) 7ozggtr 1H), 4.32

b-tetrah droc \,\ﬁ-rlo a%échroman

‘i‘?zﬂd‘?) ‘b?éégﬁ’e )R mms&e@(msmm 0. 301
mol ), 5-(4- (N-t- butyl sul f onam do) phenoxy) - 2- pyri di na
mne (109 ng, 0.0.341 nmol) and triethylamne 5 (47
pl, 0.341 mmol) were m xed together in dry toluene (2

argon at nosphere was introduced. Then DPPA
%?pﬁg 0. 341 mmol ) was added and the reaction
St1iaRa/ bR

et 7 ifluoFe il 1at2 w = ¥ D a[c]éﬁnﬁmen 1-yIl-N'-
i ract| ons between
rre yngegr}ré Ufanlieg r*?an ol l oned by sat.

ag. NaHCCB Sl lica gel coI um chromat ogr aphy (1-2%
' ) 143 ng 1o of
z ed—by-preparative TLC
chromat ography (10% I\/EO—I/CHCIS) to finally give 100
nmg of pure product as a white powder (61 %yvyield).
(LC-MS, API-ES+: 5450 Xgar 8 54Rx8) .

|

_
O,N N

N

o)
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 chioride. The organic phase was dried over sodium
sulfate and evaporated. The resuilting mixture was purified by column
chromatography on silica gel (0 - 1% % 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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IH-NVR (CDCl 3): 9.29 (br s, 1 H), 785(d 2H), 7.64
(d, 1 H, 7.62 (s, 1 H, 7.29 (dd, 1 H), 6.96 (d,
2H), 6.79 (d tr, 1 H, 6.70 (d, 1H) 659(dtr 1
H, 4.52 (s, 1 H, 4.47 (dd, 1 H), 4.33 (dd, 1 H),
3.79 (q, 1 H, 2.62 (tr, 1 H, 1.98 (m 1 H, 1.26 (s,
9H). d) N[ (1S, 1aR 7bR)-4.7-difluoro-1 1a 2

7b-t et rahydr ocycl opropafcl chronen 1 vil

B - f 5-(@4Ncrmathlycactuxdamofutmrioky22-pyrididamine] urea  F O 0

O HN' :N/SNH211FHHN~H0200Dr|ed
N-[ (1S, 1aR 7bR) -4, 7- 2, 7Tb-t et rahydrocycl o
propa[c]chrorren [ -yl]

-[5-(4-(N-t- butqh am do ' Y -%pyridi nyl ) ur

ea (36 nmg, 0.066 rfnol) Nas dlssolve inl%t¢triflic
aci d/acetonitrile solution (5.8 m) &hd the reaction

15Hé| Pl iRSire 5bt§fn'e5 life Ste E%%ég’é)s mgﬂ Waggils%to \;ﬁgqmethanpl (10 ml).

erat ure. The reactio
Tzi\%uw% aellagiym onwbatneal (116 ﬂag)st/@madded andithe biaskmusdetsion was

egfﬁ;&@?fégﬁ@xmﬂ?ﬁnﬁ% %%HQP rfn‘bl o8 (k" Oegss R Y 1t hays. The

nd-s
CRtahsbwas fitaeedmnftand therﬂtteaie vmse»apomuect tTmeugkuIBr@relsmue was

pEMF %ﬁg gzgﬁf;ﬁgwp %E%é?%h@ lé’ﬁ}%ﬁ%{j 59 %@]‘ [ mgthylene chioride

afadieint gwga\‘xe nRpofitijlecfompmune (B2%cid oa?r tWoi §|E|)@p€9QMCEMS API-
Al i ) H NMR (d6-DVBO): 9.41 (s, 1 8. 06
E((% 244 érliﬁ 24337) (d, 2H), 7.73 (d, 1H), 7.52 (dd, 1
732(d 1 H, 7.29 (s, 1 H, 7.05 (d, 2H) 679

‘ﬁf{gﬁnhl(c%é"%)gjé‘lﬁ%qm)ﬁﬁ @ 5%;, 7@? Eddlﬁﬁﬁ 7.35 E%i (k. Soa (@,

2H). 6.56 (ExEipB®123bh\is(1HS, 4 AR (BbR)2H), ZOGII(WXLED'BG?l la 2
7b-t et rahydrocycl opropafcl chronmen 1 yI J N
5- (4- (N- et hyl car boxyam do) phenoxy) - 2- pyri di nyl | ur ea

cl5 a -I\:S 1aR 7|bR -467 -difluoro-1 1ah2 7b-tetrah droc clopropalcichromen-1-ylil-
-{4- ar bo o) enoxy) -2-nitropyri di ne
I\P-Ié-@-?N-mnghﬂXar%oxvan)\% phengfy) 2- pvr}/ inyllurea Py

N
o
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% vyield). (LC-MS, API-ES*: 467.1: Calc. 466.45).

'H-NMR (CDCly): 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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ON/ N z O Potassiumtert-butoxide (191 ng, 1.70
mmol ) was added to a solution of 4-hydroxy-

N- net hyl benzani de (257 ng, 1.70 mmol) in DMF (2.5 rr1)
and the m xture was 20 stirred for 1 hour at room
tenperature. Then the m xture was heated to 65C and 5-

%ﬁﬂeﬁ-nltro pyri di ne (305 ng 1.50 nmol) was added
C 12 hours Then

L1, 19 R 3.2, 1 0 ; .
MMMMM)_MQP_@«% The or gani c
phase was dried over sodium sulfate and evaporat ed.
The resulting m xture was purified by colum 25

Erapthylsafforsdrhido oh@abx ) D -nitrbp{ridiya Et OH /
nmet hyl ene chl ori de gradi ent L0 grve ng of

mat eri al of which abo % was~The title conpound
(LC- M5, API-ES+:. 273. l9 Ic @ 25% 1z;\’nd about 40%

was 2-(4_—(_|\|-nethy|cﬁ7§ et S
br omopyr i di ne (LG API-ES+ 307 g %08.8; Calc.

7 NVR_( d6- DVBO): 8. 46
%rtlté%muﬁd g’ag%y?{h%g%gébanagggﬁslx g/OF%FXLaWIe ta %'n(N‘J (4-hydroxy

gyyl)methgnes(t.dfdnamldd)mscnﬂﬁ 0(8h2 rﬂhﬁocf &n&ggeﬁcoﬂ&m@ XS,

cﬁ@matgﬁ‘l E%y l(50 0475%5'&513 / qaﬁgnebg g%%j%rigorégavgtﬁwhg@ﬂ
mafeeal@fbwa)ch(ﬁﬂ% v &“%ﬁ"fc‘ﬁfg"ﬂfm‘(@”@t h@n%as;(%@ & Qalc.
307 28540, (Nﬁﬁetgyjgglg%ngﬂomﬁgnomr%gwgg@@nwm%m API-ES"

387i8; 808.8; QaldeBOT 05y Whs RyMeaIR™ HEESH E @?for 1% hours.
The catalyst was filtered off and 't i'ltrate was

evaporat ed. The resulting residue was purified by

HMMRﬂdﬁbMSmf 6F2ABNYHPIE 38 (d, 4P 98BS (@ 1) 695 G ) 7 45 (¢
e R T

ES+ 244. 4; Calc. 243.27)
b) 5-(4-(N-methvIsulfonamido)phenoxy)-z-pvridinamine

o
LY Qs
Z s

N N 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*:'ZB0.0; Calc. 279.34).

; :
H-NMR (de-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-diquoro~1,1a,2,7b-tétréhvdrocvclopronajclchromen-1-yl]—
N'-[5-(4-( N-methvlsulfonamido)phenoxv)—Z-pyridinyl]urea

27



10

15

20

25

"HHNMR (CDCI3): 7.93 (d, 1 H), 7.71 (d, 2H), 7.21 (dd,

1 H, 7.25 (dd, 1 H, 6.94 (d, 2H), 6.55 (d, 1H),

6.01 (br, s 1H), 4.41 (br s, 2H), 3.01 (2 x s, 3H). 15

© N 1(1S,1aR 7bR)-4.7-difluoro-1 la 2

7b-t et rahydr ocycl opropal cl chronen-1-y11-

N - (5-(4- (N fet hyl car boxyam do) phenoxy) - 2- pyri di nyl | ur

ea F % H 6/ N\ FH NYI@OO The title

compound nt hesi zed an le 1 from

5- (4- (N- met Yoxyani dg) p noxy yrr%I nami ne

(37 nmg, 0.15 il geN” col um il

chr omat ogr aplhy OH2% / met hyl ene chl oﬁl de

gradient) gave 41 ng op pure product as white powder

£65-% yield). (LCMs, API-ES+. 467.1; Calc. 466.45).
M/Rowmdsyvas sygBegized analogeysly 1. B@Nfle 1) hm S.(478N-methy!

sﬁl%namo){)ﬁe Egapyilldl m rge %% rhgdo éO%g‘F%ca ll?ca éq_bcot%mn

c!gomptqgjaprw (1325 Eml-ﬂsmeﬂ\)ﬂem: chioriide, grédlﬁat)(g:hde plrédractions

oifire rho'd) py phdshdhag Wi Poler ey (035 Abres
5@{3?07683}3 51027320| fluoro-1 1 a 2

7b-tetrahydrocycl opropafclchromen 1 yl) N f5

(4- (N-net hvl sul f onam i do) phenoxy) -2-pyridinyllurea 5 a

’P&NMIR (Q&Dﬁbo 9.4 3 (drfsonBiji 6168 tzenon) 2-88 (sf mr |7ob7n@a 1681y 8b-7.24

anal bS5t 3?? %{%h@ijg %&(Jit gﬂ%lrjgrﬁs\l@éﬂfﬁ%@ E’%x(%’éem) 3.81 (q, 1H),

3@!&936!-))nema(tre$u) f109mnn93€(rr( 1%). ng, 0.802 nmmol ). Silica
gel colum chronmat ography (0-0.75% EtOH / net hyl ene
chloride gradient) gave 63 ng of 10 material of which
Exfptewias the title conpound (LC MBS, API-ES+ 308. 0;

N% § 1aR,7bR)-4 7-difluoro-1,1a.2 7b-tetrahydrocvclopropa[c]chromen 1-yl1-N'-
[5- (4-ammophenoy)-2-gyndmvllurea

a) S-(4-(N-t-butoxycarbonylamino)phenoxy)-2-nitropyridine
/@/ O\©\ I
_ J ke
NN Nno©
The title compound was synthesized analogously to Example 1a) from 4-(N-t-butoxy-
carbonylamino)phenol (581 mg, 2.78 mmol). Silica gel column chromatography (0-
2% EtOH / methylene chioride 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, AP!-
ES™: 364.9, 366.0; Calc. 363.15), which was formed as a side product.

'H-NMR (ds-DMSOQ): 9.47 (brs, 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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307.25). (2-(4-(N-nethylsul fonamd

0) phenoxy) - 5- bronopyri dine (LC MS, API-ES+. 307.8,

308.8; Calc. 307.15) was fornmed as a side product).

"H NVR (d6-DVMSO): 8.52 (d, 1 H), 8.36 (d 1 H), 7.85
(d, 2H), 7.83 (dd, 1 H, 7.48 (q, 15 1 H, 7.40 (d,
2H), 2.43, 2.42 (2 x s, 31.1). b)

5-(4- (N-net hyl sul fon p } Zopyrldl nam ne H2N
N Ha OThetltIecnpond yn
anal ogously to ) fr

nmet hyl sul f onam do§ phenoxy)-2-nitr o'ﬁ)yrl d| ne (63

thelfie mc)undﬁhist %%?Hé%ﬁhe@%al@db%@@rté‘@xgﬁp@ﬁt% f 0311 g%) Rlxture

crude product. 279.
oma'mfreaestmmoonwlmag (T {(4-Ntiputoxycagbeny larmig)phenpsy)-2-

r(lﬁlgpyrfhlr@('totZl 'ﬁb?4 r('xa) P@t@ th}freggg&%?hei\l_e%zjq%g ?sngge éﬁﬂ]ﬁltration and
ewa@pfat@o rV@SJPL{[lﬁad by rblunm ehrbynategtgrRNyopr sified géldR r-d@ﬁan@H /

Kot AT B SR BMTRAR sy o o

Sl’ﬁles)t(LCMéSo%lﬂ’pB&n@O\Z/db G9nt 3@%s8%ed anal ogously to

Exanple 1 c) from 5-(4-(N nethyl

sul f onam do) phenoxy) - 2-pyri di nam ne (76 ng, 0.204

idbIMR (GDCk J.68e(d, dH),UMB2 (¢ AH)TRBO G, atHy 6 (6D-(2, 2HPEEE, 1H),

ST K88 PRl BT T aoC"5S Wi ce powder | ( 40%

yi el d). (LC—I\/S API-ES+ 503.0; Calc. 502.32). 'H NW\R
CDCl 9. 47-(dr, s, . . , ,

The title compound was synthesized analogously to Example 1c) from 5-(4-(N-t-
butoxycarbonylamino)phenoxy)-2-pyridinamine (418 mg, 1.39 mmol). Silica ge!
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).

"H-NMR (CDCl3): 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 (g, 1H), 2.59 (tr,

1H), 1.98-1.93 (m, 1H), 1.52 (s, OH).

d) N-[(1S.1aR,7bR)-4 7-difluoro-1,1a.2,7b-tetrahydrocyclopropalclchromen-1-yi}-

N’- [5-(4-aminophenoxy)-2-pyridinyljurea
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Exanmple 4 N-f(1 S, 1 aR 7bR)-4,7-difluoro-1 1 a, 2

7b-t etrahydrocycl opropafcl chronmen-I -vll N

[ 5- (4- am nophenoxy) - 2-pyridi nyl l urea 15 a)

5- (4- (N-t-but oxycar bonyl am no) phenoxy)-2-nitrop ridine
\' NIJL, OzN N O H The title conpound was

synthesi zed angl ogously to Exanple 1 a) from

4- (N-t - but oxy- icar bonyl am no) phenol (581 ngy, 2.78
mol ). Silica-ges-Colum chronsa Q- 20 2% Et OH
/' met hyl ene ci de |g4 adi ent | gave 704 of materi al
of whi ch about G i

APl - ES+: 332.0;.
consi sted of

(2- (4- (N-t - but oxycar bonyPani no) phenoxy) - 5- br omopyri di n

e (LG Ms, API- ES+: 364.9, 366.0; Calc. 363.15), which

was formed as a side product. t5 ' H NVR (d6- DVSO):

Briedy N([6+S, 3aR 7bR)-4, BdifiGorpell, 14, 21 Db-telraBPdrodycidprbpalciéhRfmen-1 -yl]-

lg*)lks-@h'h»t-ﬂutéﬁycaF&%yla%iw)phgn&x?)&gpyr%myl]ur%aﬂé Sig. 846 mmol)
wag disgolved inumethyteae kmb{w_yifilam ) mﬂ?ﬁyl)M Ry f\'ﬁ@mmﬁ@ was
| e..CO 0 was syn esl| ze
At ik F0ycdlofl b1 Wi BB R il Atdoome mpaeaure. The
valatite Btaétp;sa%/erteaanuﬂbg bpglvapqration.hThe resi)dueza was worked up by
- (A- - but ox rbo am no enoxy) - 2-

%’?&agﬁ%@%e&‘ﬂﬁsn (‘E%ﬁﬁ?"%%ﬁ”ﬂ% ?"axg?‘e A0 N ERacThe eroaniephase
wassditied th\?ougbssbojilm alifate aEH |ekrbtpéria$é’u. E@ﬂiﬂ:afge%??\ﬂﬁrh%hir@'ﬂ?tfgraphy
| e co cnronat ogra on silica ge

o BAOH ATV iaf R oae SEHT it RIMGrRf purpigrod ashghite
poyvdafr (11% lyeeld)ompound (57% yiel d over two steps)

(LC-MS, API-ES+: 302.0 ; Calc. 301.35) 1 H NWR

(CDCI3): 7.69 (d, 1 H), 7.32 (d, 2H), 7.31 (d, 1 H),
"61-NRIR (CDCLR 9.3 ®Bs(tH), 2.44)(d 1'1'2) ﬁ&ﬁ}?(?(lh@ 1.517](d5'!)1H). 6.79 (d,

9 , 1.51 (s, 9H).
Ano8506 17 50618 55 s 20 S bn o ey AR V). o, T
J.23 cirenened (i 4, 2H), 2.57 (tr, 1H), 1.98-1.92 (m, 1H).

)

Example 5
N-[(1S.1aR.7bR)4,7-difluoro-1.1 a,2,7b-tetrahydrocyclopropajcichromen-1 -yI]-N'-{5-
(4-(methylsulfon)phenoxy)-2-pyridinyljurea

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

OZN N 72N

The title compound was synthesized analogously to Example 1a) from 4-
hydroxyphenyl methy! sulfone (288 mg, 1.67 mmol). Silica gel column
chromatography (0-2% EtOH / methylene chioride gradient) gave 300 mg of material
with more than 90% of the title compound (LC-MS, API-ES™ 353.0 (m + AcO"); Calc.
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N -f

5-(4- (N-t-but oxycarbonyl am no) phenoxy) - 2-pvridi nvl | ure
aFIl --r01Z~ H NNNNG HYHHO 15 The
title conpound was synt hesi zed anal ogously to Exanple
1c) fromb5-(4-(N-t-

B A3 PO XN a1, 217 Dbl Ba BhRg on-5156
Hb dpyriding (13C-18e AFHES"| 827.9) 880.6ntaic BPe1 957v9a relbnt.

product as white powder (74%yvyi el d). (LG M5, API-ESt:
525.1; Calc. 524.30). 20 1H NWR (CDC13): 9. 32 (br s, 1

H-NMR (ﬁbcclgl) gaH(d, 7H)2@ :{31@ 114)*3 04%&&)(%8%&% 1ﬁ) 2%7 (d, 2H),

g% 1 , 6.58 tr,

% Qs BHYy | 434(dd 1H) 375(q,1H) 259(tr1

H, 1.98-1.93 (m 1 H), 1.52 (s, 9H). d)

N-f (1S, 1aR, 7bR) 4 7- dlfluoro 1, 1a. 2, 7b-tetrahydrocycl o
0 ridinamine

15- (4-am nophenoxy) 2- pvr i di mél lurea 29 FO\ HFHDO
\' N---[: HN-H N/ NHZ O ¥
N-[ (1S, 1aR, 7bR) -4, 7-di fil uog 1 7b0t et rahydrocycl o

propa[ clchronen-| - yhN N
[5 (4- (N-t-but oxycar bonyl am no) pHénoxy) 2- pyridi nyl

chI or |6(?%%£H9nv$a% ﬁ@t e)i fﬁﬁ%%%ﬁggﬁ%ﬁ %b)ﬁft h&%fgmlxture

abfzieed frnah stepa), eaotanrmng @e(4u¢memymmsorspherrroa¢) QQﬁtrcﬁ:Q'ndme (300

i T R TR R
iggpropanal 43 trilarsl roethanein3nel). hafternive crrdcmsm JAdghigm a8 &ontinued at
r88m téﬁ\'ﬁgﬁwenﬁ% rgggﬁrl?gl Fespwu%saefter filtration and evaporation was purified
by column chromatography on silica gel (2 - 4% EtOH / methylene chloride gradient)
to give a pure fraction containing 160 mg of title compound (LC-MS, API-ES*: 265.0 ;
Calc. 264.31).

c) N-[(1S.,1aR,7bR)-4.7-difluoro-1.1 a2 7b-tetrahydrocyclopropalclchromen-1-yl}-
N'-[5-(4-(methyisulfon)phenoxy)-2-pyridinyllurea

The title compound was synthesized analogously to Example 1c) from 5-(4-(methyl-
sulfon)phenoxy)-2-pyridinamine (31 mg, 0.118 mmol). Silica ge! 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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was dried through sodium sul fate and evapor at ed.
Silica gel colum chronmatography 10 (1-3% Et OH /
net hyl ene chl ori de gradi ent) gave 139 ng of pure
product as white povvder (71 % yield). " HNW
(CbCl3): 9.33 (br s, 1 H, 7.44 (d, 1 H ,724(31

ek (0GRS 43 Gbs TS amtoonl oty fub 48 19 1) 391 o

{tdd 7.08 (H) 2H), 8B73(d7 3H{,&.80 (dHr, 119, 658((aMr $H), 2HA8 (d% Sﬁ) 4,32 (dd,

1] 3,68 @y1e1 285 G 1 241-2.98) (m '%Xﬁmp' e5 NF(1S

7b-t et rahydrocycl opropafcl chromen 1 vil N 15
4 e hvl sul f on) phenoxv) - 2-pyri di nyl lurea 20 a)
?&- t hvl sul f on) phenoxv) - 2- nltropyrldlne 02N N S
brR)-4 i7tdi

chromat ography (O 2% Et(]—| I methyl ene chloride

gr adi ent with nore than 90%
Pl StctNYSTQ P pYriding' : 353.0 (m +

AcO) Cal c. 30 294. 29) A few per cent of

contam nating 2-(4- (rret hyI sul fon) phenoxy) - 5-

br onopyri di ne (LC M5 3R7.9, 330.0; Calc.

328.19) was present. : 8.41 (d, 1 H),

833(d 1 H, 8.04 Iod) . 7.27 (d,

5 3.10 (s,

by ..
ﬁ\é fltle( %‘?ﬁ&wnﬁ%gsown%es%)éygna?od% Iy % E%nm?)?e 259 frg)m ﬁ%ysdroxy

phenyl)ethylalcohol (234 mg, 1.70 mmol). Silica gel column chromatography (0-2%

EtOH / methylene chioride 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,N N OH

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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The title conpound was synt hesi zed anal ogously to
Exanpl e 2b) fromthe m xture 10 obtai ned fromstep a),
cont ai ni ng
(5-(4-(rnethyl sul fon)phenoxy)-2-nitropyridine (300
ng) .
m xt

Z%Om

NG54 Bgd@kyeth MRS RPET-Biridigyl|uré& resul ting residue
after filtratLon and evaporation was purified by
col um chromajography on silica gel (2 - 4%EtCH /

met hyl ene chlogid@<gradi ent) t 00Qi w8 _a pure
fraction co 160 ng@t)feLC- MS,
APl - ES+: 265°07; \‘Iﬁ. 264.31) c) M |
aR, 7bR) - 4, 7-dif [ore=H. 1§ 2 N OH

7b-t et r ahydr ocycl opr opal cl chromen- 1-y11-
N -r5-(4- (et hvl sul f on)Phenoxy) - 2-pyridinyllurea F O

\.. H NyH N, / S~ 0 O The .tit
The'titl comeindwad gyofieSizBd HnidgBusiyite Exgmplel 1 flom ha-(2-
Hyumxyéulw({gprqml )oylz-pya'gilihém'rn)er)(ﬁen?g,y().zgz Eyﬁdn;iitsmaﬁigeﬁc&la&m

. I,ca col . unm cnhy onat ogr apn
Pombodcspnl 1Bk Fiok i EuRfiend Gubiie gl 4o Bidung from
viierpéunay %fVFﬁer ﬁt@mﬁdamwpbmg'a} Ojﬁt?a(l%dl,gng gﬂ?iﬁigﬁall some

ur r,oduc owde %vyie . - VB,

xpd Egit!“z?ég?a,aScé"i‘.gsﬁg&ﬂ%)éa]‘§135y3- INVR (CDCI 3) :
9.41 (br s, 1 H, 8.99 (s, 1 H, 7.91 (d, 2H), 7.68
; 7. d, . 7.04 (d, 2H), 6.87 (d, 1 H),
E’%’Uk@qw §-]%§>(<,%r 8. ‘é@%eﬂﬁ. 1%?%@%@%?4 gdquﬂ ,H),@.?.o «d,
2H)3@.88dd, 2H)1 6197, (d3r,824)(6171 1d HIH), 8. 982t 'H) 14 88 (dd, 1H), 4.34 (dd,
121;\»%8%5(8%3-‘&.“%?%mﬁ%%?g%e(‘g%ﬁ, 2sb (Ir, $ fli). ?.9{8-1 93 (m, 1H), 1.51 (br,

1H)-tetrahydrocycl opropa[ cl chronmen-1-vlu -N - f
5- (4-(2-hydroxyet hyl ) phenoxy) - 2- pyri di nyl | urea

Example 7
N-[(1S.1aR,7bR)-4,7-difluoro-1,1a,2 . 7b-tetrahydrocyclopropalclchromen-1-yil-N'-

[5-(4-(2-(2-methoxyethoxy)ethoxy)phenoxy)-2-pyridinyljurea

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

SR
& o/\/o\/\o/

oN" "N

The title compound was synthesized anafogously' to Example 2a) from 4-(2-(2-
methoxy- ethoxy)ethoxy)phenol (300 mg, 1.42 mmaol). Silica gel column
chromatography (0-2% EtOH / methylene chioride gradieht) 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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a) 5-(4-(2-hydroxyethyl)phenoxy)-2-nitropyridine 10 O
O NN OCH The title conpound was synt hesi zed

anal ogously to Exanple 2a from 2-(4-hydroxy

phenyl ) et hyl al cohol (234 ng, 1.70 mol ). Silica gel

col um chromat ography (0-2% EtOH / nethyl ene chloride
gradi ent) gave 237 ng of material with nore than 80%
of 15 the t|tIe corrpound (LC M5, API-ES 319.0 (m +
bAcC 1 e 00, : b-2-fridioarnave nat i ng
2-(4- (2 hydroxyet hyl)phenoxy) 5- brormpyrl di ne (LG M
APl - ES+:  294.0, 296.0; Calc. 295.25) was present. b)
5-(4-(2 hydr oxyet hyd) p ) - 2-pyridinanine 20 O1 a
- I-"~ H2N N ()—|)The titl gnpound was synt hesi zed
anal ogously to Exangt e 2b i t/hE\giQt\/r/e\ obt ai ned
fromstep a), H2 ont Bi ni ng

T Ao A Bl RS A i
o@mpmd oindExangse aamcfntadmb)s GOQZL'('mnéﬂthfaﬁ&g')&HBYy)Bﬂenoxy) -2-

hl
il BRI 176 Taa), P& TSN rePlabe ASRT Bistien M EvamAkproVas
purifitdby Ompﬁm 't‘fhréﬂnﬁdgfa bR difica gé&?d &% EfSH Pmethylene chloride
1S, 1aR 7bR) di fluoro-1 17"a2

ofide g fo LGV F‘o‘?ﬁ% g qwa'@neo%ng (6% vieldy of fitie compound (LC-
l\&‘S(A(IPIQBsh\wsnoxcyﬁ&mUA,)w)enoxy) 2-pvridinvlilurea F ,NH
FHHNHN \ OH

"H-NMR (CDCl3): 7.85 (d, 1H), 7.16 (dd, 1H), 6.90-6.85 (m, 4H), 6.68 (d, 1H), 6.50
(d, 1H), 4.40 (br, 2H), 4.1 (t, 2H), 3.85 (t, 2H), 3.72 (t, 2H), 3.58 (t, 2H), 3.39 (s, 3H).

c) N-[(1S.1aR,7bR)-4 . 7-difluoro-1 1a.2 7b-tetrahydrocyclopropajcijchromen-1-yl}-

N'-[5-(4-(2-(2-methoxyethoxy)ethoxy)phenoxy)-2-pyridinyljurea

The title compound was synthesized analogously to Example 1c) from 5-(4-(2-(2-
methoxyethoxy)ethoxy)phenoxy)-Z_-pyridinamine (46 mg, 0.15 mmol). Silica gel
column chromatography (0-1%:% EtOH / methylene chioride 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 (CDCly): 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 (1
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The title conpound was synt hesi zed anal ogously to
Exanple 1c) from5-(4-(2- 5
hydr oxyet hyl ) phenoxy) - 2- pyri di nam ne (62 ng, 0.282
mmol). Silica gel columm chromatography (0-4% Et OH /
met hyl ene chl ori de gradi ent) gave fractions, from
2‘*‘47' 387, "H), @fww QHB’WWW 2A% 34y (tezm’)o\@/dﬁi(s"‘@ﬁh 2.58 (tr, 1H),
obt ai ned and additionally sone mxed fractio
198198 (MABH)LES+: 454, 2; Calc. 453.45). 10 1 H NMVR
(CDC13): 9.38 (br s, 1 H, 8.28 (s, 1 H, 7.54 (d, 1
H, 7. 24 (dd, 1 H), 7.20 (d, 2H), 6.88 (d, 2H), 6.77
e81 H), 6.71 (d, 1H) 6.56 (d tr, 1 H, 4.43
(dd, 1 H), 434(dd H, 3.87 (t, 2H), 3.77 (q,

2,80 (L. 2H), 259(}, 1H) 198193(m 1 H,
= :‘!‘- R 2 !

e i 'ropyrldl
was synthesized

ne O 02N N OThe tit
anal ogously to Exanpl
et hoxy) et hoxy) phenol ny,
col um 25 chr omatgf aphy™ ( 0- 1/ 2WEt
chloride gradient) gave 173 ng of erial with nore
than 70% of the title conpound (LC- M5, API-ES+: 335. 1;

5¢j¢6-aitro- $B¢rlcﬁﬁ§)l)ox$p2>pt/r@6eéwﬂ(m)@ﬂlc @6iat(260 ﬁﬁj 11'imol) was refluxed in

tl’goéﬁ 8&%’[5\9? I(f;ﬂE W@ ?:t E%Xl%eg} h)%)égg ﬁgcg{]y?gmog%“@s evgperated and

tfiﬁi&ua@)aclmlaﬂdewﬁ guehzhBy with a ?%eous methy! amine to give pure N-

ARG T Py oo} L gy ne DDA BeUdap vy

synt hesi zed anal ogously to Exanpl e 2b) fromthe

n fromExa e 22, containi
" NMH Gl hBEy BBk TS ER (S ARy YO HaT 42l 5. 1H), 7.65
(myRH§li ne (173 ng). The resulting residue after
filtration and evaporati on was

/ ﬁet hyl ene

b) S-({6-I({l(1S.1aR 7bR)-4.7-difluoro-1.1a,2, 7b-tetrahydrocyclopropalcichromen-
1-yllamino}carbonyl)aminol-3-pyridinylloxy)-N-methyi-2-pyridinecarboxamide

I
0 NH/\NH - o Chiral
F \N /
7\
F N= p
NH
@)

N-methyl-5-[(8-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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purified by colum chromatography on silica gel (0 -
6% EtOH / nethylene chloride gradient) to give a pure
fraction containing 92 ng (60%yvyield) of title
compound (LC- 1o Ms, API-ES+: 305.1 ; Calc. 304.35).
"HNWR (CDCI3): 7.85 (d, 1H), 7.16 (dd, 1H), 6.90-6.85
4H), 6,68 (d,.1H), 6.5 d 1 , 4.40 (br, 2H),
(&_[Rﬂ), me,m%pbr? sg"gtr:{t%d trgp_yg% %e_(lrﬁar@q ;%mn,trage_dg@d@( reduced
ptedsurg. 39 (s, 3H). 15 c¢c) NI1'(1 S, 1 aR 7bR) -4

-difluoro-1 1 a 2 7b-tetrahydrocycl opropa(cl chromen 1
'(Yf”%e o Srodudt aaddad G5AN S S g opalel ehr

S e oA 2 i e
pdyre Was reYRROwiRd wWithiTRbene 610 aWdrdwdube yolumeExanpl e
l%.pﬁén)fw%ﬁorwaéaae (%9 W%Z@%rﬁ&g?apg)t%?y%%elg%% Hly 876 mmol

enoxy) - 2- pyri di nam ne ( ,
Va5 de hpe MiXtEER wphihengefiuxesdfoe4 Grundenetdopl asmesphere. The

s‘bbfWeN Wa§ tradhfvkd t@ﬁ%tﬁrgfd[ﬁ% bf28Sure J%&%W&%ﬁgg{éumas

f pure product as owder was obtal ned,
disroiveddn gthy) acelaieesand washetwitht sroals pgrtiaos nf3quyeots kdrochloric

) . ' .9 35

481 0 B ol R oSS Py e
omatogaphin(1%4rpthaboli eftir) gaveltheldesied Boradourid (458 mg, 48 %).

6.57 (d tr 1 H), 4.42 (dd,- 1 H), 4.35 (dd, 1 H, 4.14

(t, 34 2H), 3.87 (t, 1 H, 3.75 (q, 1 H, 3.74 (t,

"HHNMRICRICI§)t:,9. ZHjlor s314I0) 825 (BHH), &158d,(1H), 816.10 (br s, 1H),

-ob. 92 : le 8,5
Bop7 4 (1 LTS DR T 86 1110525,y 3H) 6.83-6.75 (m, 2H), 6.61-
665 (re} ﬂlahyahwwlcgldp_r@(dgl ¢H§,Qtfn(dl,i1 H). 3.02 (d, 3H), 2.62 (t, 1H),
caf,bonyl ) am no] - 3- pyri di nyl ) oxy

é/k??e?‘ﬁw &g)pyr_i di necar boxam de a)
N-net hyl -5-f (6-nitro-3-pyridinyl)oxyl-2-pyridi necar box

m dq Ol

xample 9
4-({6-[({[(1S.1aR,7bR)-4,7-difluoro-1,1a,2 7b-tetrahydrocyclopropalcichromen-1 -

yllamino}carbonyl)amino}-3-pyridinyi}oxy)benzamide

a) 4-[(6-nitro-3-pyridinyhoxylbenzamide

I AN O\@\
S
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 (CDCl,): 8.37 (d, 1H), 8.29 (d, 1H), 7.94 (m, 2H), 7.51 (dd, 1H), 7.18 (m,
2H).
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02N NN 10 O
5-1(6-nitro-3-pyridinyl)oxy]-2-pyridinecarboxylic acid
(260 ng, 1 nmol) was refluxed in thionyl chloride (10
m ) over-night. The excess thionyl chloride was
evaporated and the crude acid chloride was quenched

vvlth agueous meth I am ne to give pure N
4 15,18 R Aiflyprg a2\ /ib-tetrabydrecyelop glshsomen-

§SReidde MeCD) 8.4 (d, 1
, 8. ) , 8. (br s, 1 H),
7.55 (m 2H). b) 5-({6-f 9{f (1 S 1

aR, 7bR) -4, 7-di f A\Z. 7 b=tstrahydr %QR/CI opr op
of cl chronen- >N N 0 iral
1-yl I am nofcar am no] - 3- pytdi #yl ) oxy) - N- net hyl - 2-

pyri di necar ba) e O O Chiral " F NH N NH .0
N- net hyl - 5-[ (16 ro- 3-pyridi nyl)oxy] - X di necar box
am de (190 ng, 0.7 hmol) was dissol ved \F Met hano

(20 m). The mixture was hydrogenated usi ng)Ra(Mi
under hydrogen atnosphere. \Wen the start¢ g nateria
was consunmed according to TLC 35 (ether) he m xture

mcél’hbé\ﬁrﬁi Wils bfvp@w\ess@hﬁéng rgrlde@@ﬁ@ep?be&d@d ay rd@@&nbed for
1 mzl

edu ess the cr roduct was ad

S By SRIG T A- K aiRo3-By Hny oo HeREAB iRy 0D Gogy Q. pmmol)
érQ:IO(aS[’F‘dFWbSW m®To 3 1a§@/5@@ﬂydr&ya6b%pef§)é&9m€ae -1-

m xture was co-evapora
ep&pq;ghgag%ﬁ@m,g pe?ghrgmol)ttﬁglv@d}qméltle compound 20mg (12 %).
Di phenyl phosphoryl a2| de (179 pl, 0.76 mmol), and
triethyl amne (106 p 0.76 mml) was added. The
T RIMR (CREE t MaPRef 18@>(§d 2Hpr 7-83 d.itider - 38r(ddni H), 6.96 (d, 2H),

é‘bﬂoé?é‘%ezH)T @?362 gggYﬂﬁHﬁ4é D 15—8@33&&{%@5! 2.6 (t, 1H), 2.0-

reduced press product
1.92 (m, 1H;O

Example 10
5-({6-[({[(1S 1 aR,?b_R)—4,7-diﬂuoro-L1 a, 2. 7b-tetrahydrocyclopropalcichromen-1-
yllamino}carbonyl)amino]-3-pyridinyl}oxy)-2-pyridinecarboxamide

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

O,N" >N N~ CONH,

5-[(6-n_itro-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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di ssolved in ethyl acetate and washed with small
portions of aqueous hydrochloric 10 acid (0.01M,
saturated sodi um hydrogen carbonate and water.
Purification by flash chromatography (1 % nethanol in
et her) gave the desi red conpound (158 rTg, 48 %9. 'H

017 ﬁﬂuéro"‘p 1a

83-6. 75 (m 2H) 6. 61 15)655(m1H) 2.45 (dd, 1
)

6.

H, 4.32 (dd, 1 3.81 ( 1H) 302(d 3H), 2.62
(t, 1 H, 2. 02 ) H). Exampl e 9 4-({6-[ ({f
(1S 1 aR 7bR)- 47- §t 0Nt~ 0

7b- t et r ahydroecysiyepr opa[ cl chr o 20

yl I am nol car b ) am nol - 3-pyridinyilo zam de a)
4-1(6-nitro-3N di nyl ) oxy] benzam de \ao" #aCONI - 12
2N N 4- hydr oxybenzam de (150 ng, 1.1 oS, and

caesi um carbonate (394 ng, 1.21 25 mol) KBsol ved
i n dinethyl formamde (7m). 5-brono-2-nitr@pyridine

F‘244 1.21 mol) was then added. The m xture was
ougg V@éd}fﬁ%@eﬁ ®ERENtialy byithe same pronedurd a8 destsibed for

@Q?Pﬁ%g?tﬁgﬁ@?&nﬁ]g It EQmTr'aCé ﬁg%&(ﬁm%&@@ﬂ%ndlﬁeﬁtrggfa)mlde (60 mg,
oz?'Lé[f('BwHﬁ'\doUs& i%w.r Hﬁhﬁm@ﬂwr@ehza&?@e (110 ngy, 38 %
tetﬂdh%cgmﬁhfqﬁr&ﬁe&é’-ﬂ c,:'a(!!)'&xyh 8&%_&@'%0%9 mirioB to (gq}e pure

t'tie corppeund (18mg, @8&@ 7bR)-4, 7-difluoro-1, 1

a, 2, 7b-t et rahydrocycl opropa[ cl chr onen-

1- vl | am no} car bonyl ) am nol - 3- pyri di nyl } oxy) benzamni de

10 MMRI(CEfily aMeQD)NBI 38HbOs NIH)-8.28H2. 1), 8.17 (d, 1H), 7.75 (br s, 1H),

769 (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 (q, 1H), 2.62 (t, 1H), 2.02-1.96 (m, 1H).

Example 11
N-[(1S.1aS.7bS)-4,7-difluoro-1.1 a,2,7b-tetrahydrocyclopropalcjchromen-1 -yl-N'{5-
[4-(hydrazinocarbonyl)phenoxy]-2-pyridinyljurea

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

B2O o cH
H tH
Q(N\NAOkCHJJ
o M

A mixture of 4-benzyloxybenzoic acid (0.780 g, 3.42 mmol), tert-butyl carbazate
(0.443 g, 3.35 mmol), Et3N (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, and concentrated. The residue was
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Thi's conmpound was prepared essentially by the same
procedure as described for 5 Exanple 8, starting from
4-[(6-nitro-3-pyridinyl)oxy] benzam de (100 ng, 0.38
mmol) and (1 S 1 aR 7bS)-4,7-difluoro-1,1 a, 2, _
7b- tetrahydrocyclopropa[c]chronene 1 carboxylic acid

p%ﬁﬁ’e n c&uﬁ%mw_x (ﬁ%& %d/o SQWH%‘%; a@ggﬁlgbutyl 2-

[4- (bgnzylpx@be(lmyﬂhgdrbl)une@:aﬁﬁ)x((ﬂte @998 g, Hiel8: @5)%)@vaéﬁdélﬁﬁﬁed by

9 1 , 4.45 (dd, 1 , 4.35 (dd
'ﬁ}f""saggtﬁ%épﬁ (I,mz 0- 1.92 (m( 1H) E)Izl)arrpl e 10
5({6[({[(181aR7bR) 4,7-difluoro-1,1

ARCEREABEAST) U Ae8 2k /o i 50558 (3 P s, 1H),

5r0ﬁ)(>sa?(Hﬂe 49 (s, 9H).
5-1(6-nitro-3-pvridinvl)oxyl-2-pyridi necarboxam de O
nN O2N N CONH2

(100 ng, 1 nnDI) was. re ronyl chloride
(5 m) over-night. The excess thionyl chloride was

evaporated and the crude_agid chloride was quenched
with aqueous nethyl ani né*\g/iwe ure 5-[(6-
ni tro-3-pyridinyl)oxy]-2-pyTigingcar boxam de (60 ny,
60 % 1H NVR (DVMSO): 8.60 (d, ®#H), 8.57(d, 1H), 8.13

Al Solutior) of t- ﬂa&t%( 9114a?berﬂz;%écy%eﬁZo@Hg&?zingéarLonte%&Q)mg, 2.85

5-04((f (1S, 1aR, 7bR
myRek mrswzﬁedszemﬁmmt@ﬁ%fﬁew%ln ethanol (40 mL) is

h Jir'o@gh&l@ﬂ ?&@ﬁ&l)/rls)ﬂﬁ@ﬁ@lkm% @I(lrde {enth_%%c{y% iOBLHALd G & iumn

oxam de
chromatography (silica gel, 10% MeOH in CH2Clz) and tert-buty! 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, OH)

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

ON i N‘N’lL
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 MgSO, and concentrated. The crude product
was purified by column chromatography (silica gel, 5% MeOH in CH,Cl), to give 736
mg of the mix’(ure'nitropyridine and bromopyridine.
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Thi's conmpound was prepared essentially by the same
procedure as described for 5 Exanple 8, starting from
5-[(6-n itro-3-pyrid i nyl) oxy]-2 -py rid i neca
rboxa md e (60 ng, 0.38 mmol) a.nd

(1S, 1 aR, 7bS) -4, 7-di fl uoro- 1, 1a, 2, 7b-

tetrahydr cloorooa[c chronene 1 carboxyllc acid (65

CAMUNL NS ﬁga DINO=3-pyridiny Noxy Ibenzexlhydiadine Sripg .
%. 10 1 H NMR (CDCI 3 + MeOD): 9.35 (br s, 1 H), 8.28
(d. H, 817 (d, 1 H, 7.75 (br s,12 H, 7.69 (d, 1

1
1
H, 7.33 (dd, 1 H), 7.2 By3H), 6.96 (d, 1 H, 6.8
(m 1H),658(m1 1 i Jloob) , 4.32 (dd, 1
H), 3.80 (q, 1 H, (”t H,T28502-1.96 (m 1 H).

anple 11 15 N-f (181aS7bS) 4,7-diffuoro-11 a 2

’V"ﬂﬁ metyraLef dheorirepyistinpand blophopynidine (03100 g)in pesence of catalytic
5%0&&3@ Pﬁzd: RB5&HRRY o Hb%ﬁi%d EiBXE! éjd m)d yvrag?\ydro)genated for 1

ter

'PLF"A%%J:{‘@'OOW) teditez Qyef teiside awasneurified onydodiran chromatography
(@ﬁleah % I’v‘%ﬂl—pm%htd_'?) ém?dg)ﬁgﬂbé 2?{8 %ZA m X§ ure of

oxypenzol C

m@..dtnybgmbemybamaanembm&tg (0.3281, yietd: B5 *’/atvm idenfified by

t hyl am nopropyl ) - 3-et hyl car bodi i m de
hy dro"]‘%frg?‘% (1 05 g, 5.47 mmol) and

ﬂ'NMﬂ? (50102 373 (7 DHE, ehpadidati B, (017 (&d, aH) 56.86 (adP)) 6.55 (d,
A tqy:;rg r de (27 mL) was stirred at room

l@h’per (guﬁ'g) é ggs/n .5 The reaction was

concentr at ed and diluted in d| chl or onet hane. The

ce_th vva1ter drled vvlth

mnpaio]chmmérhn mm@@d?bdn\ﬂ)%thﬂ% Bﬁ'ldm\ﬁmgﬁ'zb\mhvdrazme

cl and tent-butyl 2-
%%@%yl oxy) benzoyl ] hydrazi ne carboxylate (0.998 g,
yield: 85 % was identified by NWR spectroscopy. 5

"H-NMR (CDCI3): 8.21 (s, 1 H), 7.76 (d, 2H), 7.37 (m
5H), 6.95 (d, 2H), 6.76 Ss;j_@_‘o 5.08 (s, 2H), 1.48

(s, 9H). b) terf- butFyI N N
2- (4- hydr oxybenzoyl y@azpnecar | ate HO
J N
o [o] N—boc
F H

A mixture of the chiral acid (155 mg, 0.687 mmol), tert-butyl 2{4-[(6-amino-3-
pyridinyl)oxylbenzoyl}hydrazinecarboxylate (267mg, 0.776 mmbl),
diphenylphosphory! 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 MgSO, and evaporated. The residue was
purified on column chromatography (silica gel, 5% MeOH in CH2Cly) to give the titie
compound (0.227 g, yield: 52 %).

"H-NMR (CDCly): 9.36 (s, 1H), 9.05 (s, TH), 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).

40



10

15

20

25

HN Nboc 10 OH A solution of tert-butyl
2-[ 4- (benzyl oxy) benzoyl j hydr azi necar boxyl ate (975 ny,
2.85 mmol) in presence of catalytic anount of Pd-C
10%in ethanol (40 mL) is hydrogenated for 3 hours.
After filtration on celite, the residue is purified on
columm chromat ography (silica gel, 10% MeCH in
CH2Cl 2) and tert-butyl 2-(4 15

I h draglne carboxylate (0. 688 g,

64 ' AR A I | a8 L o) |
g@%@%ﬁhyd?agﬁo&%sﬁhghergﬁg f;ﬁndn%lﬂiure4 84 (s, 2H),

tert-butyl 244-f(6-nitro-3-pyridi nyZoxyl benzoyl } hydr azi
necar boxvl at e 0 O=N1I NI / N11~ G( H OTo a

m xture of -tent-butyl .

2-(4- hydroxybenzoyl)hydra:‘rﬁeca ate (0.688 g,
2.73 mol) and 5-br -n| ropyrle(o 554 nmg,
2.73 nmmol) and caesi cgr bonate 25 %%.33 g, 4.08
mol ) in N, N-di methytfoPrmm de (7 nLP was stirred
over ni ght at 80C. Theé sol ution was concentrated and

tThe teégqume -[SAES-[({ER 1 a8, TIB)H, tzlduﬂnroedmtmm-?éﬁr%hya\% G&io

B B S o Pl ooy i
@hrtmxulatagmphg Q 939 mmbl)?ala, mﬁ&i:ry%@dldwgércgh@tﬁbﬁé (0.5%L) and

X re nttro ri dne an
gﬂrlﬁéﬁ)‘ggpé;’c%tla@ 2 mlgdva§gs fdtjaéquorﬁlg?rvg ratyrg fqr 30 min. The reaction was
(cenmtrmcsampmmeuwn)mhbenmétwhgﬁﬁ(duﬁs<‘g%r oK ¥ARS 6 in

Nboc xture
IS biye the SHBSoir 110 1h o b Sk Fotigyo-f et Berence
mtratqdaicytlopropa[c]chromen -1-yl}-N<{5-[4- -(hydrazinocarbonyl)phenoxy}-2-
pyridinyljurea (17.6 mg, yield: 42 %).

yi el d:

'H-NMR (CD;0D): 7.80 (d, 2H), 7.62 (d, 1H), 7.39 (dd, 1H), 6.97(d, 3H), 6.83 (m,

1H), 6.62 (m, TH), 4.41 (m, 1H), 4.29 (dd, 1H), 3.61 (m, 1H), 2.59 (¢, 1H), 2.02 (m,
1H). '

Example 12
4-({6-[({I(1S,1aS,7bS)-4.7-difluoro-1.1 a,2.7b-tetrahydrocyclopralclchromen-1-
yllaminolca rbonvl)amino]-3-pvridinvl}oxv)-N—cvclopropvlbenzamide

a) 4-(benzyloxy)-N-cyclopropylbenzamide

BzO
n
: T
4-(benzyloxy)-N-cyclopropylbenzamide (0.774 g. 83%) was syntheSIzed analogously
to Example 11a from 4-benzyloxybenzoic acid (0.759 g).

'H-NMR (CDCh): 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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'blel

5 amount of Pd-C 10%in ethanol (20 nL) and Et OAc (20
m -) was hydrogenated for 1 hour. After filtration on
celite, the residue was purified on colum
chromat ography (silica gel, 5% MeOH in CH2Cl 2) and
tert-butyl 2-{4-[(6-am no- 3-
pyrldlnyI)oxy]benzoyI}hydra2|necarboxylate (0.326 g,

X VRS, (deentlfl ed by NMR spectroscopy. 10
: 6.64 (d, 1 H), 7.17 (dd,
1 H), 6.86 (dd, 2H), 6. 55 (d, 1 H, 4.74 (s, 4H),
1.39 (s, 9H). e) tert--butyl 2-F4-(f6-f(ff(1 S 1 aS
7bS) -47-difluoro-1 1 a P et ahydrocycl o propaf
c) chronen-1-vl | am nol carb jnol -3-pyridinylloxy)b
enzoyl | hydrazi ne 15 carboxyl gte /I 0 FN~N<OH

%g)PN- m xture of the chiral acid (155 ng,

o°Ys ‘?ﬂY@'ﬁ)hydfoé(b’PefﬂﬁﬂTyﬂe £Q.832 p(@8%hwﬁ§)sg:thesuzed analogously to
Eﬂalrlh rémwf}cﬁml (BERZMNy /g,

b mmol ), 20 di phekjy%%i%ﬁory&gﬁé %g)
0756 mmol ) and Et 3N (0. 105 ni, 0.756 mml) in

‘mwweroeogd@) f@‘—ée Is A, ef é#gﬁgr&gé 86‘ ({‘%34 85*1% 39 Y%, 1),

was reduced resi
Odrd. 3%&5@1%ez‘é}m washed once with HCl (O 001 N) and
brine. The organic phase was dried with MySO4 and
evaporat ed The resi due was purified on col um

. JoxvitediAamideCH2Cl 2) to give
the t|tIe 25 conpound (O 227 g, yield: 52 %9. ' H NWR
(CDCI3): 9.36 (s, 1 H, 9.05 (s, 1 H, 899 (s, 1 H,
7.80(d, 2H), 7.62 (d, éﬁ/o 28 (s 1 H, 7.25 (d, 1
H, 6.89 (d, 1 H), 6.86! 78 (m 1 H), 6.55
(m 1 H, 4.43 (dd, iré 4.30 Jdd 1 H, 3.76 (m 1

, . 2.59 (m 1 H, 1.95 (m 1 H, 1.46 (s, 1 H. 40
The mixture nitropyridine and bromopyridine was synthesized analogously to

Example 11c from N-cyclopropyl-4-hydroxybenzamide (0.330 g).

"H-NMR (CD;0D): 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)oxy]-N-cyclopropylbenzamide

Y
| H
H.N N NV
2
0

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 (CDCy): 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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f) Nf(1 S, 1aS 7bS)-4 7-difluoro-1 1a 2

7b-t etrahydrocycl opropafcl chronmen 1 vil N -{5-f4-(hyd

razi nocar bonyl ) phenoxyl - 2-pyridinyl)urea H-1 ~(N1 O

F:N\~NO OON NHR2 5 F The Pert-butyl

2-[4-({6-[({[(1S,1aS,7bS)-4, 7-difluoro-1, 1a, 2, 7b-tetra
d I ' .

----- v

yhansblearscryl)hinb) azoyidinyl 8N @bSrobBeABamiBe 089
mmol) 1n a mxture o I chl or onet hane . and
trifluoroacetic (0.5 m-) was stirred at room
tenperature for 30 min. Theg reaction was 10
concentrated and purifieg chr omat ogr aphy
(silica gel, 2% MeCHl in ~TCRA2) pogi ve the conpound
N-[(1 S, 1 aS, 7bS)- ¢-8lf | uoro- 1, 1=, 2, 7b-

t et rahydrocycl opro ghronen-1-yl { -{5-[4-(hydrazi
nocar bonyl ) phenoxy] 42-"pyri di nyl }urea (7.6 ng, vyield:
42 9% . 15 "H NWR (CD30D): 7.80 (d, 2H), 7.62 (d, 1 H),
A7{BH{[(1R1a Q. 75)-4 F -diflato- 1319, 2, 76-t8Baliydrocytiddyajclehmindrat -

y%grg%nbzci%’rtfb}ny&gﬂ:nir%{]%py(@nzy%g%%-c@%pgrb%%zéz'gi]de ](0.'6%0 g, 38%)
v?s(dyﬁ?ésiﬁé% an8phoady V?S?arﬁplé-ﬂiefﬂ'ldm ﬁlq(GLat.’n_irﬁ>-2—pyridinyl)oxy]—N-
AREPYBRETES QIBB ny !} oxy) -~ cvel opr opul benzani de

a) 4-(benzyl oxy)-N-cvcl opropvl benzani de BzO | H 2(&)3 /0
BB 38 € o Bt o B ?E). 716 17 37 (dd, 1H),
64791k$ugnzw.men,$ﬂﬂ)98 64871 (¢h, (1@1).7%98 ga,- 1dH),Fg.Nl§F€déé Ciﬁ 3)33 (dd, 1H),
317@) (’m,él%og.gb:(mzﬂgl’), 2(.g6 (t?h')-l)’, 1.97 (m,(1H), 0@7’ (m, 2H), é.(sa’é (m, 2H).

Example 13
N-[4-({6-1({[(1S,1aS,7bS)-4,7-difluoro-1,1a,2 . 7b-tetrahydrocyclopropalclchromen-1-
yllamino}carbonyl)aminol-3-pyridinyl}oxy)phenyllacetamide

a) N-{4-[(6-nitro-3-pyridinyl)oxylphenyl}acetamide

OCLs
ON" N7 u)l\

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-pyridinyl)oxylphenyl}lacetamide
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2.88 (m 1 H, 0.85 (m 2H), 0.6 (m 2H) 41 b) N-c

cloro I-4-h dro benzamide HOH O ~V7 -

N- cycl opr opyl - 4- hydr oxybenzam de (O. 332 g, 68% was

synt hesi zed anal ogously to Exanple 11 b frpm 4- (be

nzyl oxy) - N-cycl opropyl benzam de (0.774 g). 'H NWR

(CD3OD): 8.26 (s, 1 60 2H) 6.80 (d, 2H),

4.88 (s, 1 H), 279(m (m 2H), 0.60 (m

2H). 10 O

N-cycl opr opyl - 4- F(6- ni tro 3-pyri d| nvI ) oxyl benzam de O

The title RompRUNGOWVER sYMthRSiZEkam logoysly todExemplad 1d from N-{4-[(6-nitro-

Hbgﬂ_;rp@ée hesi zed anal ogously to 15
3 ﬁmpgéw om ﬁ%[:gfcl op ropyl -4-hyd roxybenza md e
(03309) "H NVR (CD3OD): 8. 33 d 1H, 832(d 1

whmei’(@% 3‘7?(5]1 1;1_;35’48‘?%3%) 24%5 ?é}ﬁ 5 @@V 585 2m)
655-1((96;&}11%&7

- pHI.i2d1 s, BHXYIl - N- cycl opr opyl benzanmi de 0
/ NHNNO _
4- ((6-am no- 3-pyridi nyl )oxy}-Ncycl opropyl benzam de

MM@MW@W' e
[gi%h%'%gmfélrﬁl 4 E e lgi t.roE};{ri dine_an

o ndipviexyiphenyligcetamide (d,
2H), 7.20 (d, 1H), 6.92 (d, 2H), 6.54 (d, 1H),

The title compound was synthesized analogously to Example 11e from N-{4-[(6-
amino-3- pyndmyl)oxy]phenyl}acetamlde

'H-NMR (CDCls): 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-difluoro-1.1a.2 7b-tetrahydrocyclopropajcjchromen-1-yl}-N'-{5-
[4-(1H-1,2 4-triazol-1-y)phenoxylpyridin-2-yllurea

a) 2-nitro-5-[4-(1H-1,2 4-triazol-1-y)phenoxylpyridine

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 m| of water and extracted into methylene
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6.12 (s, 1 H, 4.41 (s, 2H), 2.89 (m 1 H, 0.81 (m
2H), 0.64 (m 2H). 42 e) .

4- ({64({f (1S, 1aS, 7bS)-4, 7-difluoro-1, 1a, 2
7b-tetrahvdrocycl opraf cl chromen- 1-

yl am nol car bonyl ) am nol - 3- pyri d

c'hlbyiﬂé ‘03%2)3 b, W?bﬁ@r&ﬂﬁbthﬁé??ﬁgﬁsé”d7\§gh Walds aag ﬂ”":‘e J\éfpcl r

"E‘g@e?'bm} %ﬁfﬂéﬁhéfd%‘ %}F@PE Q[bd]réfﬁ%ﬁ‘é@ﬂolatlon The resultlng greenish-
bYIrRSBIRON SRR BSTY t)mél'@ugﬁﬂuﬂy?’ wiAIrhéthDighe Bi¥hiad S gt ggg gl%of

| benzam de (O 090 was sy esl ze
?‘if’qg(%‘?fﬁﬂ’%‘“ﬂlé %r)@%ﬂh [ (6-am no- 3-pyri di nyl ) oxy) - N-

cycl opropyl benzam de (0.128). 10 H NVMR (CDCl 3): 9. 36

s, 1 , 8.56 (s, 1 H, 7.73 (d, 2H), 7.62 (d, 1 H),
1IS}WR((§%]/ISQdH) 9.3 (6. gﬂ)(w?sad) THB. 8785 (dn1H], 804 ($. 1?13 1.98 (d, 2H),

.45 (dd, 1 4.33 (dd,
Ty BT Y (m 1 1. 260 (1, 1M, 197 (h
1 H, 0.87 (m 2H) 0.63 (m 2H). Exanple 13 15
N-f4-({6-1({f(1 S, 1 aS,7bS)-4,7-difluoro-1 1 a 2
7b tetrahydrocycl opropaf cl chromen- 1-
friddctivipheds rtdmrn laniiey) phenyl | acet am

mﬁb S gl Rt Byind fiB8imo, P 35 ome e mixed

with 4 53(ninhefsstaarntb! and bagbled wjitht a}g&x A[Yue24 lngoﬁ 0lg) %s( 4dded to
yl }acetam de. ' DMVBO-d 10

th%_@a{:@:% xflg 8") yd@ggg g(aa w%_ﬁpph? gtyncermal quassuqe gxﬁ amblent
tefmjwrature for 3-12 h. The reaction was monitored by TLC. After the reaction was
complete, the reaction mixture was bubbled with argon, filtered through Celite and
the solution obtained was concentrated by rotary evaporation to give 42 mg of
desired aminopyridine after purification by collumn chromatography on silica
(EtOAC/EtOH 100:1). Yield 47%.

'H-NMR (CDCly): 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-tetra hydrocyclopropalc)lchromen-1-yll-
N-{5-[4-(1H-1.2 4-triazol-1-yl)phenoxylpyridin-2-yhurea
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30

25 1 , 7.18 (d, 2H), 2.03 (s, 3H). b) _
N-{4-sz6- am nog3- pyridi nyl)oxyl pheny4acet am de 43 O
HzN N N H The title conpound was synthesized

anal ogously to Exanple 11d from N-{4-[(6-nitro-

3- pyridi nyl)oxy] phenyl }acetam de. 5 'H NVR (CDCl 3):
7.87 (d, 1H), 7.41 (d, 2H), 7.29 (s, 1H), 7.17 (dd,

, ,, 2.4
%h'&ﬂa;ﬁbﬁ@)-i ﬁLdm%B')o- é@lz?% %tgaé\y%ro lﬁgﬁf'aﬁ&é;ﬁ@;%q@ﬁ&r@rtioxyuc
Bgido(33mat Qﬂﬁm (gﬁ(% &6 Waa miked with toluene (1,5ml), triethylamine
qh qbq 0W&ﬂuor&bﬂe@a%&@rﬁrﬁé@ﬂﬂ%l&)(@'{%ﬁ‘)o 'DP%% P%rh V4 }buFl}/lé&) with
il aceta s t £
rr%’%g]"% Jt“ﬁé%@cz'ea miXige s aeny heajeEabstipling & 116°C for 3
fhrmfdeNn{a4dc[s(eG viafl mh@Qe@ctuBM Hlﬂbr@Wa)s%K]:%thﬂé’d %)a{%%r?g" %?rat:on

23 S?B%‘}( Cé/‘)/Cld3‘2°§1—’f)‘" "%‘6“? tagrapiy Hon @ﬂ@g (B0g2Hpf  YMC
Biliegethpacaafp/hebarkb1: NDesirdd proéu&%a@%tanﬁed‘gs béiéﬁlgnﬁéjgowder

34 2.57 (t, 1 H),
éxdmng;jly dﬁfmuls | aR, 7bR) - 4, 7-di | Lorocd ia 2
7b-t et rahydrocycl opropal cl chromen 1 vl N{5 f4-(1

"R fobEl2g 9k 1dr o HHREROEYL P! 852D IER, 11y, 765 (m
3H), 7.30 (dd, 1H), 7.03 (d, 2H), 6.87 (d, 1H), 6.80 (m, 1H), 6.65 (d tr, 1H), 4.45 (dd,
1H), 4.33 (dd, 1H), 3.80 (q, TH), 2.60 (br tr, 1H), 1.94-2.00 (m, 1H).

Additional left wings.

The foliowing 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-cyclopropajcjchromene-1 -carboxylic acid ethy!

ester.
[o]
O\/
°

To a mixture of 2H-chromene (4.89 g, 37 mmol) and (CuOTf)2-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,0 (100 mL). The H,0
phasé 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, 20—50% EtOAc in hexane), to give 1.96 g (24%) of
+cis-1 .1a,2,7b-tetrahydro-cyclopropajcjchromene-1-carboxylic acid ethyl ester and
3.87 g (48%) of +-trans-1 .1a,2.7b-tetrahydro-cyclopropa[c]chromene-1-carboxylic
acid ethyl ester as a byproduct.
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a) 2-nitro-5-f4-(1H1 2

4-triazol - 1-yl) phenoxyl pyridine 25 Cesium carbonate
(1.3g 4.03mmol) was nmixed with 3 nl of dry

di mret hyl formam de, 4-(1 H1,2,4-triazol-1-yl)phenol
(0.5g, 3.1 rnnmol) and 5-brono-2-nitropyridine (0.63g,
3.Ilmmpl) and the reaction m xture was heated at
stirring at 70Cin a closed vial. The reaction

LR €DES: tb@r(dmmed 4 6l 49 8 Q@Qidwgﬁg . ﬁ‘@ 1H), 4.49 (dd,

extracted 1 nto net %/ ene 44 ch1 orid

HghAPdddxitad 07 UasZNadfédddi 11, \Rat"e(ddahhi) [rohe.e5dmi, at), 1.02
(0\88f). magnesi um sul fate and concentrated by rotary
evaporation. The resulting greenish- brown solid was
washed t horoughfully with nethylene chloride to give

OV ‘89%*"{ ToeReRioneptolongd aarbqotaasy,
8.24 (s, 1 H), 7.98 (d, 2H), 771(dd 1 H, 7.45 (d,
2H). 10 b) 4 12
4-triazol - , wnoxyl pyri di n-2-am ne
2-Nitro-5- (1H ®, 2, 4-triazol - 1-yl ) phenoxy] pyri di ne
(100mg, 0.35 mmol) was mxed wth 15-20 m of ethanol
and bubbled with argon. About 20 ng of Pd/C was added

A mlxtmr’ee)f KSaais-H o, mu&ar@yamcmwr@sﬁalcaﬂfiné%%-eamo&gi% acid
| {gnﬁe gr eéﬁure ?nd anhi ent tenperature
V $Rle" FLok6i B8 mEednbiH GrRdAnG\2215 el tHeO (1AenL) and MeOH
(2@adl weR heatedld refvurmioetzﬁ Tﬁéw%abﬁ@ﬁmnﬁure%@ éﬁrﬁgﬂﬁ?tﬁd to about

E)Ubbled W t h arg |tered through Celite a
934N HCh wegiadaad ﬂarsova%elewsraawame piecipitate: yhe reaction mixture

WA Bled Wth QHEEY ?3)(‘!% rHB) #Md thges%'l\fe‘?\goiat% %ﬁ%ﬁr‘le@' cﬂ'ganlc

after purification by collum chromatograp on si
PhESRSAWVASfaRPVRIDLNDer radused presEure (T heterniap OﬁDC]I\&Sa)s crystallized

fﬂ)?n Eibk&lhe)&n@lto(%ve 33?%}\9 (;535) og‘@ c;:%l 1 '1)a| 2 Zf)’ & f@ggro( br

cgdorznqpa[o&phmprmeuﬁumwm add Bsdi Whitesalidl 1 a2
7b-tetrahydrocycl opropal cl chromen 1 vii N {544-(1

1H—l 2 4-triazol-1-yl)phenoxyl pyridin-2-y lurea 25 O

H-NMR (CDCl3): 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
acid ethyl ester

Q
0\/
(o]
(+)-cis-1,1a,3,7b-Tetrahydro-2-oxa-cyclopropal[a]naphthalene-1 -carboxylic acid ethy!
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-

cyclopropalajnaphthalene-1-carboxylic acid ethy! ester.
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FN-N~/ p NFNN211 45 (IS, |

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

a, 2, 7b-t et rahydr ocycl opr opa[ c] chronene- 1- car boxylic -
acid (33ng, 0.15mmol, - 95% ee) was m xed with tol uene
(1,5m), tri ethyl am ne (1.1eq),

PN (CER P R SR L2 e B A 7T {368 01k Hie81 (@

TH)A¢ 51 qd, THI)UIBBdeatH), BB (geaHsfdz A8 (&, S 12065 fdd, 111-{99.04 t
:{kgr 3 5 h under in a closed vial The react1on mxture

s concentrated by rotary evaporation and purified
by col um chromat ography on silica (30g of YMC
silica, ethyl acetate/ hexane 1:1). Desired product was
Bt a.@?e’ds Asl aaT Brd elANdso-Bomereey clgrropal lngpbthdieha: Bearboxylic

"HHNWR (CDCI3): 9.42 (br s, 1 H, 9.35 (br s, 1 H),

8.52 (s, 1 H, 810 (s, 1 H, 7.65 (m 3H), 7.30 (dd,
1 H, 7.03 (d, 2H~.6.87 (d, 1 H, 6.80 (m 1 H, 6.65
(dtr, 1 H, 4.4 {th~°"1 H), 4.33 (dd, 1 H, 3.80 (q,
1I—|),260(br : 1.94-2.00 (m 1 H).
15 The followi ng | eft w ngs

ddi
r‘é‘l tél f?p? éB feé’ aQY\‘§f0 °’E%%Y°A%983[ﬁ&ﬂ?é‘|ht halegiet 1 -pamexwicragid was
s@%b@i&@é‘%h)ﬂo@@uﬁ%ma‘?ﬁplé 158 fidhn (H5XGER G L. ?eQra%dro 2-oxa-

cis-1

CadQP'Hﬁ’BfI%MFHﬁWe@# dyeeraspylipagdid jettyd emené4—3|6 mgrbmnydal} ¢o give 86

Y t Xture
2B oo 3 IR e R B s SR raranes
cmmdxyllc acid a2-acisitd moeﬂhmomfd@&ﬁﬂm{;at a@ts o%Qme c%ﬁw(ag@bigShed
s o) n of et i azoacet at e

['ca?ﬂ n?eﬂ(s;éﬁh?%f' %ﬁld"%or oet han)é (20 nmL). After 25 15

mn at 20 C, the reactlon m xture was washed with H20
was washed with CHC 2 (50

MR oGS B 8078 s 0. T8 T ohah detb Byl € 21 (da. TH), 7.07 (q,
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-yl)-3-(7-hydroxy-6-propionyl-1.1a.2 [/ b-tetrahydro-
cyclopropajcjchromen-1-yl)-urea.

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

RO

A mixture of 2',4'-dihydroxy-propiophenone (24.8 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 ch.'romatography (silica gel,
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phases was renoved under reduced pressure. The crude
product was colum chronmat ographed (silica gel,
20-*50% Et OAc i n hexane), to give 1.96 g (24% of
cis-1,1a, 2, 7b-t et rahydr o- cycl opropa[ c) chr onene- 1- car bo
xylic acid ethyl ester and 30 3.87 g (48%

f- I &Nss 7b-te | opr opa chr onene- 1-
cﬁ?%o@?@”l'hj’ﬁggum&"fﬁéé Zeﬂy @Ps}ﬁs"){ 1 %P%&& Prope2-yRyIomR
;(r@a(;l)@)opah%néd 1 , 7.10 (dd, 1 H, 6.90 (dd, 1

, 6.78 (d, 1 H, 449(dd 1H),420(dd 1H,

397(q 2H), 2.44 (dd, 1 H), 2.14 (dd, 1 H)

H-REKRL C‘B@CI 1 t
é% Ci s( Qm ZBOI-& 1&%??&@ é};g'dznspzr opb)[H)] §h7r2 )fgs (G, 2H),
%k‘yﬂﬁb%@@ I\ O OH A mxture of ()- CISll

a, 2, 7b-tetrahydro-cycl opropa[ c] chronene- 1- car boxylic
acid ethyI ester (1.96 g, 9.0 mml ), LICH (539 ny,
30) . 5 nteoiydroxpelichiomer)-atcpopar1-are. (20 nl) was
heated to reflux for 2h. The reaction m xture was
concentrated to about? 19 nL, 4N HC was added dropw se
giving a white precipitate. The reaction mxture was
extracted with CH2C %x15 m-) and the sol vent of

t he conbi ned organic | pflases was renoved under reduced
pressure. The crude®prpduct was crystallized from

;f S‘n Cl ;@f}%@ '}V‘f}‘g"yg')é%Eoﬁégpggf{;%ﬁgﬁyl)%ropan-1-one (19.8 g, 97 mmol)

angoN dpdiethgfaniiok ( 606 ) Mfas&rebtewﬂoiréﬂtﬁ@ﬁodiiaﬁ T&e\/iﬂ@éét%n mixture

viioé &g‘\cTétr%_%gl Mﬁiér'_[)e uggcggre@awe ?Fl%:rudg pfqdwa waslpq.rbﬂec} by
oﬁllﬁﬁn (:h%malodﬂhphydr(sﬂ%a (@éd.5-310%.Et8A¢ M Hédand) d’r')d’ thereafter

. énzq@% ...20 Exanple 16 a) %t)-ms-

gc'ysf? fr ah% exans. &anﬁr&im /v - thahystiexy-2H-chromen-

- 6-ppphpayli-éne.acid ethyl ester | %o

()-cis-1,1a, 3, 7b- Tet rahydr o- 2- oxa- cycl opr opa[ a] napht ha
| ene- I-carboxyllc acid ethyl ester was synthesized

194me(@[$¢|§/) 49 oﬁxémh)eﬂ@a(df 'iﬂf“ﬁ?%d‘t Sﬂ?)h;s“ﬁe@elﬁg 5%7 (dt,
et 6700 I 80 ST 3. 16, 3H).

3¢)  7-Hydroxy-6-propionyl-1,1 a,2,7b-tetrahydro-cyclopropajc]jchromene-1-
carboxylic acid ethyi 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)2 (11 mg, 0.025 mmol) in 1,2-dichloroethane (8 mL) at 20 °C, was
added dropwise (3h) a solution of ethy! diazoacetate (571 mg, 5 mmol) in 1,2-
dichloroethane (2 mL). After 15 min at 20 °C, the reaction mixture was washed with
H20 (10 mL). The H;0 phase was washed with CH,Cl, (10 mL) and the soivent of
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cycl opropal a] napht hal ene- 1- car boxylic acid et hyl

ester. 47 ' HNWR (CDCI3): 7.34 (d, 1 H), 7.25 (dd, 1

H, 7.18 (dd, 1 H), 7.03 (d, 1 H, 4.81 (d, 1 H,

4 51 (d, 1 H, 4.28 (dd, 1 H), 3.95 (q, 2H), 2.43 (dd,
2.05 (dd, 1 H, 1.04 (t, 3H. 5b) ()-cis-1,1

t@% gg%p@z%@g@ﬁ RO BHLPHE, RIURBT brossire: Tho Srude

mod};c? la¥ @Uritery by oemmawcmatagmma(&mw geht hﬁé% 'M“edﬂ i‘rPéHZC|2

QU AD AT I hES 7 S aon Birvmpndiy 18 8- tkabydro. T
ybbmpamm{r@héﬂ@htdfﬁb@ﬂfﬁc %Ci@%’trgﬂ)é\é{é(gi?gyéi bdfe of S 8hd trans

2 mol), to give 86
{ We%rg 1, 1a, 3, 7b- t et r ahydr o- 2- oxa- cycl opr opa[ a] - napht
hal ene-1- carboxylic acid as a white solid. The crude
Eroduct was col unmm chromat ographed (silica gel, 1-+5%

Ri (€ DOHICI )1 3- 13|Ja7|\m H)DTI53)7.48 (01 b6 41- 6338;% 1H), 4.65-

37%2'5871(@4 3’90'1_')1’ 35 %lgf'dllqu;ﬂ H%L( 5§Elld(d‘i H)l 2 38 (dd,

H), 2 59 (dd, 1 , 2.15 (dd, 1 H). The product of
Exanpl e 17
3@) q& {-blydyryeb-praniativhd 2, Tb-BetahydysleyioprbpaitleRicfitne -1 -
c¥l'bo]% %d. 7b-tetrahydro- 20

cycl opropaf cl chronmen-1-vl)-urea. a)
1- (2- Hydr oxy- 4- pr op- 2%
_Y~-QO HO A ni xturle ob
2", 4' -di hydr oxy- prohenne (24.9 g, 0.15 nol),
3- brono- propyne (2%
0.15 nol) in acetong

| oxy- phenyl ) - propan- 1-one

(500 rTL) was refluxed for 25 12
h. The reaction m xture was all owed assune room

+oisripdydrbxy-8- pfmdlohhm P& ¢ Metrah i rdasy cloB FBPaETci¥mene-1- -carboxylic
filtrati Befll raevvas concentrat ed under
AP RS iz AnE oG tp BRIt Tl romers ysireKy-Bensomigny'-

10i@l, 2) - tetahg O Rd- qgjl@ﬁ?rbwa[ﬁz‘f‘dhhn@éh&gﬂcarboxyhc acid ethyl ester (299 mg,
1.03 mmol, a 33/64 mixture of cis and trans isomers), to give 39.3 mg (15%) of (+)-
cis-7-hydroxy-6-propionyl-1,1a,2,7b-tetrahyd ro-cyclopropé[c]chromene-1 -carboxylic
acid as a white solid and (t)-trans-7-hydroxy-6-propionyl-1 .1a,2,7b-tetrahydro-
cyclopropa[cjchromene-1-carboxylic acid as a byproduct. The crude product was

purified by column chromatography (silica gel, 1—5% MeOH in CH.Clp).

'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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48 0-*2% MeCH in H20), to give 26.2 g (85% of

1- (2- hydr oxy-4-prop-2-ynyl oxy- phenyl) - propan-1-one.
"H- NWVR (CDC13): 12.80 (s, 1H), 7.69 (d, 1H), 6.52 (m
2H), 4.72 (d, 2H), 2.96 (q, 2H), 5 2.56 (t, 1 H),
1.23 (t, 3H). 3b)

1- (5- Hydr oxy- 2H ¢hr open-6-yi ) -propan-1-one. o OHO
A m xture of

1- (2- hydr oxy- 4- prop- -yn;ﬂ*e;ey phenyl) propan-| - one

| 100 m.)
(e 2 B o b L Ay s e o
Examptent faafrech U-I@lérd!"‘/ﬂm%enlya%wr%ne'ﬁh@ gcwﬂﬁmwlp@w@tve 22 g

D B e e VR RERLAPEBRAR 2y ot s 7o

"HI-NMIR EEDGL): H@@mes 1Hp, 266/@1, 3+ 16 B2(ADYH) o 72 (d. 21, 2.58-2.55
(rﬁl_‘%\l'%Rhydroxy 2H chronen- 6-yl)-propan-1 -one

(CDC13): 13.00 (s, 1 H), 7.49 (d, 1H) 675
(dt 1 H, 6.27 (d, 1 H, 5.67 (dt, 1 H, 4.86 (dd,

H?%gvd%)%lzé-g?;}aﬁvpnf )_I_‘;-e'lhanones,'c)

a, 2 7b-t et rahydr o- cycl opropal c] chronene-1- 20
carboxylic acid ethyl ester. 0 OH O To a m xture of
1- (5- hydroxy-2H chr onen- ) - propan-1-one (511 ny,
2.5 mol) and (Rh(I1)A (11 nmg, 0.025 mmol) in
1, 2-di chl oroet hane (8 ni w20 C, was added dropw se
(3h) a solution of et hyI di azoacetate (571 ng, 5 mmol)
1i$:g|1, 2- di"_zhkoroet hane m.). After 15 mn at 20 C
THEYPERI 46 ':?i"i&'h?-é')wﬁmﬂagr\r@f s¥nthesizediaralopousiy to Example
46bfo PRgEex

rH210( hﬁﬁ paprfoliffon). bnewﬁ%’%ﬂﬁ gm_%\as ren@ dg've

0 49 the conbi ned or
6 F BB ] BB DG A Ehromes-Gayiathanane.

"H-NMR (CDCla): 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-1,1 a,2,7b-tetrahydro-cyclopropajcjchromene-1 -carboxylic
acid ethyl ester

o

(¢}
OH

O
B-Acetyl-7-hydroxy-1,1 a,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 (CDCl3): 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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product was purified by colum chromat ography (silica
gel, 1-+5% MeOH in CH2CI 2), to give 300 ng (41 9% of
7- hydr oxy-6-propionyl-1,1 a, 2, 7b-tetrahydro-

cycl opropal c] chronmene-1 -carboxylic acid ethyl ester
(a 33/64 mxture of cis and trans 5 isoners). 'H NWR
(CDCI3): 13.13-13.07 (m 1 H), 7.57-7.49 (m 1 H),
5H)4 1- ? /’%‘gty( mgéafz)gg ééb.’z% tgsqw‘ I%%rc( @cloﬂpa[&chor%m%ne E? cgamoxyluc
(3Ci%i s- 7- Hydr oxy- 6- pr opi onyl -

a, 2, 7Tb-tetrahydro-cycl g ropa[c]chronene-l - carboxylic
acid. 0OOH 0 OH O1 = LoHydr oxy- 6- pr opi onyl -

a, 2, 7Tb-tetrahydro-cy
aci d was synt hesi zed bogously to Exanple 16b from
7-hydroxy-6-prop|onyl

A R e Co

IWast synthesized asalegudsiy taBgarysio msb $bm e-ac@waxya&;x@ 1,2, 7b-

ey R ok R e BRI R LS5 2. Bt

@/@Cmd(tqgg obcigand imansdsargeran tb glve 300 mg (17%) of 6-acetyl-7 -hydroxy-
( L e
c%alt %ZP‘E%%\WM'@ ?ﬁﬁ%ﬁe?ﬁ@gg} ca]rb&g/ac 443 ?a hEREYMSre of cis
e (ﬁomeﬁ?eﬂlﬁ' Gidde WP@EI‘FIO‘(aSVWQﬂECbW ¢Q“H"de CMmMgmnhy (silica
Jelunst falcT g nive éﬁ%du ca gel, 1-45% MeOH in CH2Cl 2). '
NVR ( DVSO- d6) %7 (d, 1 H, 6.35 (d, 1 H, 4.57
(dd, 1 H), 4.36 (dd, 1 H), 2.98 (g, 2H), 2.55-2.46
("MNIIRHEDCE): 185827 @9 (him ( !
g( g I-dt C%) 2-Hyd r OX)(/ 4- %)2%86136;@ 1t(‘)-’xy‘?’p -ggéQSnEgtﬂE%c% 185
BmeH)-50 HOl (2- Hydr oxy- 4- pro
p- 2-ynyl oxy- phenyl) - et hanone was synt hesi zed

aél%"nﬂolrbgl y to

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

F

N

[s}
To a mixture of NaH (95%, 278 mg, 11 mmo}) 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 mmo!) added to the reaction mixture.
After 1h at 0 °C, was the reaction mixture allowed to assume room temperature. The
reaction mixture wa's extracted with H;O (100 mL). The H,0 phase was washed with
Et20 (3x100 mL) and the solvent of the combined organic phaseé was removed
under reduced pressure. The crude product was puiifed by column chromatography
(silica gel, CHzclz) to give 1.40 g (68%) of 1-(4-fluoro-2-prop-2-ynyloxy- -phenyl)-
propan-1-one.
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Exanpl e 17a from 1-(2, 4-di hydr oxy- phenyl ) -et hanon e
(20 g, 131 mml), to give 22 g (88% of

1- (2- hydr oxy- 4- pr op- 2-yny| oxy- phenyl ) - et hanone. 1H NMWR
(CbCl3): 12.70 (s, 1H), 7.66 (d, 1H, 6.52 (m 2H),
4.72 (d, 2H), 2.58-2.55 5(m4H) b)

1H-NMFH$(IU@ y 7 Bd-@8r oME 8-
Z}H( E&Hy 3()y é (chrgqrrgn 6- ‘?F’Z 'ﬁﬁ?ﬁgﬁgdm ﬁ'ﬁ’egﬁ%@d%
dbgﬁ(}( ﬁxéh‘f)l e 46b from
1-(2- hydroxy 4- pr op-2- ynyloxy phenyl ) - et hanone (17 g,
9 v .0 g (35% of
b?-(S-hJ d:r"éB(Q Zgﬁ"&’l?mﬁfb@rmmganet -hegione. ' H- NWVR
(CDbCl3): 12.92 (s, 1 H, 7.51 (d, 1 H, 6.79 (dt, 1
H, 6.32 (d, 1 H, 571 (t, 1H), 4.89 (dd, 2H), 2.55
(s, 3H. 15 c) 6-Acetyl - oxy-1,1
a, 2, 7Tb-t et rahydr o-cycl op [€) chronene-| -carboxylic
acid ethyl ester 0 OH O 6-Acetyl -7-hydroxy-1,1
a, 2, 7b-t et rahydr o- cycl opt'opal c)chrorrene 1-carboxylic

S ol knRHaal: AR S W S ftnelz2 Biiacbialy o
érXmeel %ts wyd‘r(vf«xf}uoz%wmpfieynyﬁ}xylpheeylbm@wm1-Bﬂe (H3hlyRs 5
M@gtg)gisvgjéﬁ 9%%%269%YOK 1;}5 éh%ﬁ 2(‘-{]% rggben %yg]?rqp}%@ ORe-

1.31- 1 08 (m 3H). 51 d) 6-Acetyl-7-hydroxy-1, 1

’R‘W@gﬁ )278618a, 6! OB7PEE h )RRt 116524 28! '2H), 2.93

(g, 2H), 1.23 (t, 3H).

c) ()-cis-7-Fluoro-4-propionyl-1,1 a,2,7b-tetrahydro-cyclopropa[cjchromene-1-
carboxylic acid ethyl ester.

(o} (o)
0\/

0
E

(2)-cis-7-Fluoro-4-propionyl-1,1 a,2.7b-tetrahydro-cyclopropa[c]chromene-1-carboxylic
acid ethyl ester was synthesized according to method 17c) 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-1,1 a,2,7b-tetrahydro-cyciopropajcjchromene-1 -carboxylic acid
ethy! ester and (¥)-trans-7-fluoro-4-propiony}-1 .1a,2,7b-tetrahydro-

cyclopropajcjchromene-1-carboxylic acid ethyl ester as a byproduct.

'H-NMR (CDCl3): 7.59 (dd, 1H), 6.65 (m, 1H), 4.50-4.46 (m, 2H), .3.95 (g, 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 , Tb-tetrahydro- cyclopropa[c]chromene 1-
carboxylic acid.
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O OH O 6-Acetyl-7-hydroxy-1,1 _

a, 2, 7b-tetrahydro-cycl opropa[ c) chronene-| -carboxylic
acid was synthesized anal ogously to Exanple 15b from
6-acetyl -7-hydroxy-1,1a,2,7b- 5 tetra hyd _
ro-cyclopropa [c]chrome ne- 1 -carboxylic acid ethyl
ester (2 g, 8.1 mmol, a 40/60 m xture of cis and trans

. : 799 of 6-acetyl -7-hydroxy- ,

, BPRRIS 0% Bk LH i B VRPBIoEAE hasEEmsGxgarboxylc

cacid ivds §ynth®iz80 anhtogously tOfEfx_é'mgle mwfrcltrﬁ enﬂscid-ﬁ-ﬁﬁ%i)propionyl-
co

b aREder B RbaRitiirh e Lo Rdriari ethesten (1403 mg,

- 0.8 MIVRI), CMDIESY 3 m@.(65%70f45)-&i§£17-fﬂ;o@4-pﬁgﬂ§yﬁggﬁg%er?laé'\ydro-

;Qgc!gésoggfcfbhpo(;nér@J -ga'_rl%bxyﬁé 054 55 %_Swhit(errs]oiid.labh'e crude product was

Iprifiedbyicnloma chroomtchraphy| (sikaer gheny 5% meoRach;@ne. F
O To a mxture of NaH (95% 278 ng, 11 mmoi) I n DV
(20 nL) at 0 C, was added 1-

(1M'NMBdDM3@-h@)d‘rm§/€mh!feﬂﬂ 7.4Br(@d3,am+),:let.w%&ig( 1@23.5?, ddOrH),
Tt PR 5 e 28 . 1,

r LBA mixture. After 1 h at 0 C was the reaction
m xture allowed to assune room tenperature. The 20

reaction mxture was extracted with H20 (100 nL). The
was washed with Et20 (3x100 nlL) and the

=l veaimeo-BJhgd@seydgirn@cﬂo,%rmgglg%@J@s es was renoved

o Bl BRAERPo e apapnyrane 6 mi 25 qung) ave apastomsaon of
lgﬁ-ﬂw_rcﬂ:Z,éQﬂrgt_ag_ﬁﬁ)P/%erfzgl_d;h.yde J%?Ttﬁ![é ﬁ)r/rﬁnda FS)r.;oEggﬁl_hi[dénPg_r; 25
b A B R B o

6.\l Clrd; 32 29) 1996: @86 (-d27429.26 8; BBmitdi) in dichloromethane (30
mi) 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 yeliow crystals.

'H-NMR (CDChy): 11.61 (s, 1H), 10.23 (s, 1H), 7.02 (dd, 1H), 6.55 (app. t, 1H), 3.87
(s, 3H).

b) 5-Fiuoro-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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2H), 2.58 (t, 1 H), 1.03 (t, 3H). b)

1-H%5- Fl uorg-ZH- chronen-8-yi)-propan-1 -one. F O 05
1- (5- Fl uoro- 2H chronmen- 8-yl ) - propan-1 -one was

synt hesi zed anal agously to Exanple 17b from

1- (4-fluoro-2-prop-2- ynyloxy phenyl ) - propan-1 -one

f
e‘%‘-]pf’ga?‘ﬁ%”o?%é“éﬁgof% %%?b%?f@s!% I ———
ICEaIHX, 1205 Qieldinlg 1.2 ddf 5-Auérb-Enithdy2HRE) 468y
o H) macmo?g:;q ng) g;bga "0 (a 2%’?} 1. 2?"(%",%%&)
c) ()-cis-7-Fluoro-4-propionyl -

"HNR KED ety gl (ra- myﬁbcaar(opﬂﬁ)qbfsfsr(emm;@as tR, DRISY3 BS(s, 3H).
acid ethyl ester. 0
()-cis-7-Fluoro-4- proplonyl

0, 2, (zpcxsatrmay&a%auwpﬁsﬁmewhgafgg@ggog?%?@éﬁ bhfene-1-

15 aci d X ester was synt hesi ze
careeyvda acigsthylestari- (5- f | uor o- 2H

Tﬁ@ﬁ%@odﬂcﬁ w?g %’g]ﬂﬁ‘eélz %I(S%o%swgtb rmgehch ttingg Horo-s-

142
mathgx;%w@trpmaro cycl opropal c] chrorrene 1 -carboxylic
acid ethyl ester and
trans-7-fl uoro-4-propionyl-1, 1a, 2, 7b-tetrahydro-
"&)‘MRJ@B%I & ThrofmerH)| 4 48r(o2w)j 3:98.¢ind2ia), Y80 SBAY, 287

PRt S ol 6 5 oo 6. 65

, 2.57 (dd, 1H), 2.20 (dd, 1H), 1.13- 1 03 (m 111),

% %’P’( Fluoro4f) ionyl-1,1

:9%&/5(]:4 Ighgpdg%negs i,pg,&ﬁ%}eérﬁpm@r@m op[opgg:]chromene 1-
carmxyowbidc acid. 00
The title compound was synthesized analogously to example 15b from (+)-cis-7-
fluoro-4-methoxy-1 ,1a,2,7b-tetrahydro-cyclopropa[c]chromene-1-carboxylic' acid ethyl
ester.

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

e) (+)-cis-1-(5-Cyano-pyrid in-2-yl)-3-(7-fluoro4-methoxy-1 .1a,2,7b-tetrahydro-
cyclopropalc]chromen-1-yl)-urea.

The title compound was synthesized analogously to Example 15¢ from (+)-cis-7-
fluoro-4-methoxy-1,1 a,2,7b-tetrahydro-cyclopropa[c)chromene-1 -carboxylic acid (62
mg, 0.17 mmol) . Yield 38 mg (40%).

'H-NMR (CDCls): 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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F 53 ()-cis-7-Fluoro-4-propionyl -

a, 2, 7b-tetrahydro-cyriopropa[c)chronene-| -carboxylic
acid was synt hesi zed anal ogously to Exanple 15b from
()-cis-7-fluoro-4-propionyl -

1, 1a, 2, 7b-tet rahydro cycl opr opal c] chr onene- | - car boxyl i
%a?gggﬁfonﬂ flgcs)rt op Qynylg%l benzen% mol), to give 83

The ttiescommidundvastsyntiesized Wnalogbasiy to bxdrapleatbay Wém'52 chloro 5-

N o LR oREe "ouri fied by colum

chromat ography (silica gel, 1--*5% MeOH in CH2C 2).

éﬁy&%% %@(ﬂdl‘?**kgoéb(rfdf—w 6?34@5(@3 177|—1)112H 2.58 (t,

?H)93-2.80 (m 2H), 2.55 (dd, 1 H), 2.24 (dd, 1 H),
2.20-2.10 (m 1 H), 10 1.02 (t, 3H). Exanple 20 a)
6 FI uor o- 2- hydr oxy- 3- met hoxy- benzai dehyde. | M boron

B)r i CI5-PubRes-chofl- zlhlcm&ﬁ@ﬁéﬁane (25 m; 25 mml) was
%dded to a solution of

& itlgsrasopougd dvmynwtzsé razwaiqg@nwéo Egamplec] §b) fmammom-
flioro-ENRG6h-Ray: n?foxyﬁ%zene“@%)ﬁ Yeld b7 darbsvé)as kunas,

Ri chard; Johansson, Nl nar; J. Med. Cheh
39; 21; 1996; 4261-4274] (4.26 g; 23 mol ) in

' ”MM@B@‘W?r@_(%owm%@(@eaé{’gs %Bg% ﬁf@cé B2 at 1H), 4,95 (dd,

t enper at ur € at I on re - stirre

om tenperature overnight and hydrolyzed with water.
The organi ¢ phase was separated, 20 washed with water
and evaporated in vacuo. The residue was
cd hr orheést bluaphédhlofeil] 1a:2 7o eétratylrdeyclofropa[clonrahame-1-

fl uoro-2- hydroxy 3- met hoxy-
‘%‘A’ﬁdégéﬁéﬁ%gs’;‘?& low crystals. ' H NVR (CDCl 3): 11.61
(s 1H, 10.23 (s, 1 H, 7.02 (dd, 1 H), 6.55 (app.

fyeﬁﬁﬁdp@uﬁétw%%ygéﬁsgﬁ%&qg@ously to Example 15c¢) from 5-Fluoro-8-

chidro2bt-ohrdmieydr oxy- 3- net hoxy- benzal dehyde (3.32 g, 19
nmol ) was dissolved in acetonitrile (20 m) and DBU
(2.97 M, 19 mmol) was added fol |l owed by 30

"W-NMIR (c:mmng)nyhmwapmm 80 @MHIE 454 (@, QH)MBOWHJ )ZH 60( app. t,
d_f)agt i op r'r_l hﬁ&ég heat ed under r ef 1 ax for
#“ad b By “én]dl &t 3dt-ed with ether (3x50 m).

The
d) (+)-cis-7-Fluoro-4-chloro-1,1a,2,7b-tetrahydro-cyclopropa[c)chromene-1-
carboxylic acid.
The title compound was synthesized analogously to example 15 d) from (x)-cis-7-
ﬂuoro-4-chloro-1,1a,2,7b-tetrahydro-cycloprbpa[c]chromene-1-carboxylic acid ethyl!
ester 850 mg). Yield 43 mg (96%).

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

Exarﬁgle 22
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organi ¢ phase was washed with water, 10% sodi um

hydr oxi de, water and brine and 54 evaporated in vacuo.
The residue was submitted to col umm chronat ography
(silica gel, EA Hex, 1:20) yielding 1.2 g of

5-fl uor o- 8- net hoxy-2H chronmene (34%. 'H NVR (CDCl 3):
6.65 (m 2H), 6.54 (t, 1 H), 5.83 (dt, 1 H), 4.88 (dd,

2570 $nfﬁ:3(03mﬁ§|'§|)1esulf5m9)ac1(j)4 16 'I?i'rlﬁdn%&g)hinﬂ%a{gbxy 1,1

7b-tetrahydro-c ;Jroa oxylic
}&F?J“t@t“r%ﬁ”ﬂ@sétnévd“d?h@ Timl a0 d’ﬂmgll)mrhlwa@'om;ﬂ'taheson&)dms

atiab® GoIMixyuré of Qlfmﬂ)dﬁax%géhzﬁﬁgmo% (@lt%q‘fsq gnm%&oh lnﬁ ipé
FIPT’I%QM {BE g\;mgy?)(nhfhcﬁlﬂ)'om%hzg@ (@é ml)gm)—mg @ry icq bath was removed
Hnd tige @@ct(oamaxﬁue \ﬂzasl‘Btlrrea foF2H dbrodm Emperafdfe, fhe ré-’b'Ean Hixture

(")afcdyﬁfeg I’\gh Ir%n%%n% %g'b%{l\@}*bvﬁ%héw@e gDhd ewaporated in
yackoTpe lcmdacpradiucﬂ'\has pirifieé by ooTp@H REroMRRogr¥AH ) \@REZ G

B0 oS ST b Bimo bR oy s ispmugpepen:

@f‘ﬁ@ﬁeStBF(éé%boxyl ic acid ethyl ester. 20 1H NMR
(CDCI3) 6765(m 2H), 4.48 (m 2H), 3.80 (s, 3H),

2.6 1 H, 2.17 (app. t, 1 H, 2.06 (m 1
H;I (880'3) 11.28 (s, 1H), 9.93 (s, 1H), 7.67 (d, 1H), 6.95 (m, 2H).

()- CIS 1- (5-Cyano-pyridin-2-yl)-3-(7-fl uoro-4-met hoxy-

7b-t et rahydr o-
gp%\ﬂﬂ@f@?@ﬁ?%ﬁﬁ’ﬂﬂmi agif B-allylexy-4-#@niyhehenyt ésterc onpound
\!V@t‘assijamtd%&%néﬁd( 1 EB"@' 19 M%W aB@ a@f BrohiGe o, fy Fhmol) were

z(i‘z’ﬁe‘%i 23 é?'P ?feﬂueg&ws&aawfeme AEid defaenyl-3-hydrdxpphenyt ester
4t 58 g(H2 mnma), in Acéténe (8 thi). THe@bAktids mMiktufeARId etirrbll for 2h,

: .11

g et - ek et Do

H)Hex4123 tocive 1.3 B)(73%) &Btnﬂuhn‘o rethiinesdifdiic &id 3- a(l)ﬂ&x 4-
hyl-phefh epp- T 1 H), 1.96 (m 1 H. Exanple 2

"H-NMR (CDCly): 10.47 (s, 1H), 7.3 (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.
Methyltriphenyiphosphonium 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 mi) 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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55 a) 1 -Ch loro-4 -flu o ro-2-p rop-2 -y nyl oxy-be
nze n e. The title conpound was synt hesi zed

anal ogously to exanple 15a) from 2-chl oro- 5-
fluorophenol (2.5 g). Yield 2.8 g (90%9. 5 ' H NW
(cbCl3): 7.32 (dd, 1 H, 6.85 (dd, 1 H, 6.68 (m 1
H, 4.77 (d, 2H), 2.58 (t, 1 H). b)

T npound was
R e F T @ 7 0204 B S PE ey s T 5.
IU‘Bh'I O 6ldg1H) § 43(motth, 2.3pKrop2t2). 5l (A gHpenzene (2.8
Yield 0.97 g (35%. ' HNWR (CDCI3): 7.09 (dd, 1

6.63 (dt, 1 H), 6.56 (t, 1 H), 5.84 (dt, 1 H),
%95 Tf&fﬁlOfO-@ﬁ)ﬁanwﬁeywéF@ H-qhiromen7 44 estbor o- 1, 1

Toc sOtioR tof &m}égtro%étﬁ%éggﬁd?ﬁ@&&& §'5rllﬂgﬁn-t? Vllnél f%%hg %é &[f 68 g,

est er e title conpoun
?r%ma'@hﬂwhw%mﬂﬂ @ nvae«'as 35deph - ﬁte!mthBJbb s catalyst) (36
iy, erﬁbl%b'l-ahldrtﬁ’@mb@horﬁrﬂlxﬂfb Msﬁm%h a m&é térggerat]cx'l:g ‘After
@ha? pir(q% the Egéfgore was Sforpyletesz@ apgnthelrep&tlonlmgtgre(was @3dp.in the
dl)!xt(s)ep(,wmoﬁt Bhywom-up- lAhéch@l's"aniple was ogtealned afte5r removal of the
onene- 1-

gg\'rg rgt%)/llsﬁ%g gge/dﬁ@rﬁ}éq%g%g °Ogé’h¥|‘k§fbh8xv0a%°)synt hesi zed
anal ogously to exarrpl e 15 d) from()-cis-7-
;t}:%g(?%tézaaﬁ; r'o C))CF ddpgf*&% 8?1% ?@Hé(slg?:c/(ag? BB‘)«y’ﬂ §(dt,

b I ter 850 Yield 43 ny 9
H—NI\/R (1’(\%0 3;33 ?86 (blrrTg)s, 1 H, 7.13 (dd, 1 H) 6. 59

1 H, 450 (m 2H), 2.63 (t, 1 H, 2.23-2.05 (m
EH) isbrpridugomsthangsuifpraxsriot s Tbeetesydboni ¢ aci d

lution of triflic
%yjléﬁr@bﬁéd@hrﬁ%ﬁ@’ﬁ%amp%l ac%s%tﬁyl esécrhsghlu or omet hane 10

19 r&g 2 mol%]) was added to the above solution (10d) and the solution
of EDA (0.44 ml, 4.4 mmol) in 1 ml 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 c¢is- and trans-isomers (1:1 .3) was separated by
column chromatography (silica gel, EA:Hex, 1:6) to give 0.4 g (50%) of +cis-5-
trifluoromethanesulfonyloxy-1,1 a,2,7b-tetrahydro-cyclopropalcjchromene-1-
carboxylic acid ethyl ester.

"H-NMR (CDCl3): 7.29 (d, 1H), 6.82 (dd, 1H), 6.73 (d, 1H), 4.51 (dd, 1H), 4.28 (dd,
1H), 3.98 (m, 2H), 2.45-(t, 1H), 2.19 (t, 1H), 2.05 (m, 1H), 1.03 (¢, 3H).

1) *cis-5-Cyano-1,1a,2,7b-tetrahydro-cyclopropajcjchromene-1 -carboxylic acid
ethyl ester.

tcis-5-Trifluoromethanesulfonyloxy-1 .1a,2,7b-tetrahydro-cyclopropalcjchromene-1-
carboxylic acid ethyl ester (154 mg, 0.42 mmol), Pd(OAc)2 (9 mg, 10 mol%) and
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added to a m xture of 2,4-di hydroxybenzal dehyde (1.38
g, 10 mmol) and pyridine (0.85 m, 10.5 mmol) in
di chl oronmet hane (30 m) at -70C. Dry ice bath was
renoved 5 and the reaction mxture was stirred for 2h
at roomtenperature. The reaction mxture was diluted

P4 651 AR\ iRy e o

evap rateéd I n vacuo.
bgssed| thrawgb ineantiab orjxtapshipr (IQIrthEn(QIN)z (74E0Ag HEB 3 MimB)) wWa’ added,

|%¥\9a} s?égg ﬁ% tﬂer He];L L!Jch rﬁﬂ”ﬁtgg?egs? lvj'éoefgo rt] I15Q§%fgl_n}{m The reaction
(rﬁ)EMHeSIyas dJIlJtéIBW(tls ethlll'&cet&e%d(@ctraﬂ:fd)j with $afurathd érH}nonlum

1815%(, r }—% Ts i fluoro-nmethanesul fonic acid
951990 PhEFRYRE SKRRIRtedang resigye seqmategrapher siica gel
EA:He>01: 5)L£b divéTBth)g (au% f Lok -DEPIROIL 14,2, 7B tetrdfydromo! )

re to a solutjon_of
YdR BRI OROSe L PP A ath ester.
4-fornyl - 3- hydroxy phenyl ester (1.55 g, 5.7 mmol) in

é $ The reaction mxture was stirred at
%&M%KC fla): %33 tde By 72k (A A r &.OBdd.i HH)v4S0ddd THe), 4.25 (dd,

I
g SIS S R B .

acid 3-allyl oxy 4- fornyl -phenyl ester. 20 1H NWR
ngl_(-@ls 5%5}'3)%3 1 ‘P%% %F&ﬁfiyﬂ?&c@@b&%pE%]ch?drﬁﬁsné-gl%%b%lic acid.
:mH)s Cybrﬁ)91 (a2, 7b|-t)atrab9dr&'deyf:lbpmpa{d‘]ﬁter@ﬁ&:l Ldppbieylid @l ethyl

‘Rfet% rﬁé%%é% L%’S‘ﬂsﬁﬂ%&gr%% 88 Mmejswgre disagivegrisl mixture

mmamddwdtem a) ( mgmwdneﬁ nﬁﬁ@@%gmm&m’@:f&% ;'nYh Methanol
|

3
§L§499’?Eﬂqﬁ‘ 5?°%°oa’}ﬂ %3 gy of Uamfﬁ"@ﬁ?éiﬂ)aﬂ Resulting anétlon was

@bmceedswitmtath@ﬂ Waer BRaROwas BbNedrdatd, acidified with 1M HCI to pH~2
quoro nethanesu fonic acid
Un eHveryineAraayic peape was washgd with bringrasid) evaporated
él@ % + L
ZE% rg?mog%ﬁ?ﬁn%’éﬁ’a%%?% Rt B Ry Sbbid Bl fomene
@ATPexdig agidt h hexane and extracted with water. Qrganic
phase was washed with brine and evaporated. Silica gel
col unmm chromat ography (EA: Hex, 1:20) afforded
tH-NMR (G BChs tTh3ihsh d H),.Oh11 @ (dik i1¢H) 37.86 (g 148y 4 61 (dd, 1H), 4.31 (dd,

V18! sPEBPYL 1851257 (hpdf %), 236, 11)

Example 23

a)  *cis-5-Trimethylsilanylethynyl-1,1 a,2,7b-tetrahydro-cyclopropalc)chromene-1-
carboxylic acid ethyl ester.

+cis-5-Trifluoromethanesulfonyloxy-1,1a 2,7b-tetrahydro-cyclopropajc)jchromene-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 mo!%) were mixed in 3 m! of triethylamine and gentie
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 ethy! acetate,
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57 "HNWR (CDCI3): 7.51 (d, 1 H, 7.02 (dd, 1 H), 6.85
(dd. 1 H), 6.77 (d, 1 H, 6,06 (m 1 H, 576 (dd, 1
H, 5.43(m 1 H), 5.32 (m 2H), 4.58 (dt, 2H). d)

Trifl uoro-net hanesul fonic acid 2H chronmen-7-yl ester.
5 To a solution of trifluoro- rrethanesulfoni C aci d

- | 4- (0.68 .
deshrd rEbel e R S hesiBtatne mstdbstias Birfedmyisyics gel
caluainychirgm4tdGraphy (ER:HEX, %915) agive ver § @ABIL BN:-38t ur e

r ed oomte erat ure. A#ter t hat
ﬁ@??tﬁas "“H‘éé'ent’?é/&%'rfgﬁ %v%%teé@ﬁﬁéﬁ@t%'ctowpamilhnon@nee‘agarboxvhc acid
athyl egter. was used in the next step w thout any
wor k- up. Anal ytical sanple was obtained after renoval
of the 10 solvent by silica gel colum chronatography

(MMR%@D@:J%G;M 5 (dH b@?&! 3@4) §887c1(ﬂ5| (dd 1H§34 16 (dd,
Spg 39p@8@5|a2§¢§t 1@529 3, 1H) 20 (m. 1H), 104(t 3H) ozz(s 9H).

ci s-5-Trifl uoronet hanesul f onyl oxy-1,1
a, 2, 7b-tetrahydro- cycl opropa[c)chromene | -carboxylic

BLi d einbiEtestyed, 1aF31'(l®@e1ya11y(idc9cyuy)pré’pa‘[o]lc%on\im addrsbxylic acid.

B R eGSR o o Heny i SR Tamene-1-

emsenylwachi ahmerstdnge 1 QUL A1) Sl s?éduirﬁwurox.de (0976 g, 1.9
ertu V\f/?\gnthereactlon was co (GO

O P iobitd T e P aeRoIater (16D) (Bya) ERR reaction mixture
dias sebteadt 60CEOMOH, tREEH B Ritffied Rt €6 N‘CFB pﬁ‘lﬁérﬁ Effracted

a chloride solution and brine. gani c
Wgn%ﬂlé"’v YoRYC Rhgse Magevashed with Qﬂnecﬂnsi e\@mrated to give 66 mg
{9786)of|) SRIES- éth%ylh f Z%Stefﬁ%? E&ggoq%gf&t%hqgmene 4 cﬁ:lr%oxyhc

chronatography (silica gel

24899 of cis-5- trifluoronetha nesul fonyl oxy-1,1

a, 2, 7Tb-t et rahydr o-cycl opropa[c]ch rone ne-1 25

garboxylic acid ethyl ester. ' HNWR (CDCl3): 7.29 (d,
H-NMR GCIQQBI ddt7 (@, I’dﬁ) 503 %dq,dH)16.8iy (d 41!-5)14(4(50Kdd11}H1) 4.23 (dd,

ngD% dzd@o%H% oHAg (tEBI%SE(@B(t 5@7‘% 8‘-9) ., 2.19 (t,

ci s-5-Cyano-1, 1a, 2, 7b- tetrahydro cycl opropal c] chronene
xylic acid ethyl ester.

EJ(arﬁ % f1 uor onet hanesul f onyl oxy-1, 1

#2681 Ab-Acetyl-d a2 Bbageh ot

cid et hyl ester (154 ng,
Dihaweay” g

a) tcis-5-Acetyl-1,1a,2,7b-tetrahydro-cyclopropalcjchromene-1 -carboxylic acid

ethyl ester.

*cis-5-Trifluoromethanesulfonyloxy-1,1a,2,7b-tetrahyd ro-cyclopropajcjchromene-1-
carboxylic acid ethyl ester (117 mg, 0.32 mmol), DPPP (7.3 mg, 50 mol%), Pd(OAc),
(2 mg, 25 mo!%) and triethyl amine (0.09 ml, 0.64 mmbl) were mixed in DMF (3 ml)
and gentle stream of nitrogen passed through reaction mixture for 10 min. Buty! viny!
ether (0.21 mi, 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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58 PPh3 (44 ng, 40 nol % were mxed in DV (4 m) and
gentl e stream of nitrogen passed through reaction

m xture for 10 min. Zn(CN)2 (74 ng, 0.63 mmol) was
added, vial was sealed and the reaction m xture was
stirred at 120C overnight. The reaction m xture was
diluted with ethyl acetate and extracted with
saturated amonium 5 chloride. Organic phase was

eVhpomahiephasdwaesashid vithratmaeg aiMdiurh Shiohié@aftflvaporated.

Eﬁ‘g@?&gg}g%s&ﬁf@é%ghgﬁgg} éqi@%?z Sgrfomatography (EA:Hex, 1:5) to give
C 6 mgp(P d)‘bh{a@atdqﬁ-tamwe‘r.1a,Z,ablmmymydir@-@&ioﬂrc?aﬁdhrc?%ongﬁ-(-d'

H- CDCL3). . 7.33 (d, 1 H), 7.19 (dd. ,
1°W$E§b?d“dfesfe’m,( 4, 25H)(dd, T H. 3.99 (q,
oH), 2.46 (t, 1 H, 2.25 (t, 1 H, 2.11 (m 1 H, 1.06

(th. i 85 B .,

NI ot B2 (B V5B At T8 (e 4L oty P28 (00
acdiiy 3-98dp2Hh, Oparta-3H)12.47 (t, 1H), 2.23 (t, 1H), 2.08 (m. 1H), 1.05 (t, 3H).
a, 2, 7b-tetrahydro-cycl opropa[ c] chronene- 1- car boxylic

acid ethyl ester é53 ng, 0.22 nmol) and NaCH (35 ng,
0PB8 FAtAWRIYIE!, th, 2 Zbitateatiydra-optiapropalclchramdrieancdrbmglicscid.
(Eheiitie( 1AL 1 stirred at 60C far

S0 el coniBabng W8 Sy REL e shlobo AP able 2o i Sepeetr-
wat! 82 Retstratydeaicy orpseraldicigorsenedt carbowgie aciéthyested(76 mg, 29
Winhibl)etidle b6 ny%(gqt%)phase was concentrated, acidified

with 1 MHC to pH2 and extracted with ether. The
organi ¢ phase was washed with brine and evaporated to
gIFRMR2 O 1) 9P %8 (dd, 1H), 7.

oLﬁi grkg( cyﬁzo-l ia 2?”7b-?{7e‘td'rL*r?y5}33-(8'y1c*|')66'r5%6%?'éf&-ﬁr%sn‘é’d'
n&T12-55¢s PRy (4 dHh i8¢ THH2NOHML.AB 3) : 7. 33 (d, 1

H, 7.19 (dd, 1 H, 7.06 (d, 1 H), 4.51 (dd, 1 H),

ﬁE’g—“}ﬁ%” 1 H, 2.53 (app. t, 1 H, 2.27 (app. t, 1
— 7. (m 1 H. 25 Exanple 23 a)

' i hid 2 7 b-aetsdhed bprépd[clchromene-1-carboxyli
a, 2, 7b-tetrahydro-cycl opropa[ c] chr onene- carboxylrc
acid ethyl ester.

cTTe BleTomplound oee sjranesiiedaaaphousty th skample 22 from 2-hydroxy-4-

- o-cycl opropal c] chronene- 1- car boxylic
amgthzg{btﬁ)ﬁ/%&gés}i@% ycl opropal c] y

aci d (152 ng, 0.41 mol), DPPP (38 ng, 20
nol %9, Pd(dba)2 30 (24 ng, 10 nol%, Cul (3 ng, 4
nBlpiwese mxed in 3 mM of triethylamne and gentle
streamof nitrogen passed through reaction m xture for
1® ni N‘Aqth'ﬁe@'ﬁs%V@PHyimlmetyl ene (0.088 m, 0.62 nmol)

Vﬁﬁin@ldﬂ?@'Q.SY@ﬁ'SOWﬁtﬁoﬁ ®ab 8ds Ml ik Qﬁh\'jcﬁ&% ng{ﬁymtﬁ%rl{gfo 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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was stirred at 120C overnight. The reaction m xture
was diluted with ethyl acetate, 59 washed with water,
bri ne and evaporated. The residue was purified by
silica gel colum chronmat ography (EA: Hex, 1:15) to
give 0.1 g (77% of cis-5-

| |-1,1a, 2, 7b- hyd |
b>2{'c%‘é’% Wiaealt 122 Eg% A FAEORPRGIe Aol - 5 Carbeiiracid
ethyPRSied) : 7. 15 (d, 1 H, 7.01 (dd, 1 H), 6.88 (d, 1 H),

4.47 dd }-%416 (dd, 1 H, 3.96 (q, 2H), 2.38
+<€|§ N@cgﬁyl -1dai 7Q{etra@y@po-cyglo@rlo;(a{p]qmlnlel)lne)-11 -Carb Oxylic 2kid, ethy!

' es@er%?as(psrepgr@i aca r@' 13 tﬁe o%)é M%e r#stl:nbed in exagmj%&?,lfpén N-

2, Tb-tetrahydr ycl op opa ronene- |
aC&b‘i’ d.2- quYd:fPQUlBOTITTQ (rf@tgﬁﬁBsmmahy'lhetmgm;dt whs burlfled by column

chforfarbBrab Bl o YA R L B B e Lo A O S 2.70-

teﬂanmecytehor(eré{éﬁlug\ohde)% -cmwllcvmfcﬁemywérv(gb 4.M3 %),
m xture of nethanol :water (1:1) (5 m). The reactlon
m xture was heated at 60C for 5h, then it was

c)aci dc‘sl(NdAwtyltn 1a M?b@étré@dpﬁtgcléﬁr@pﬁfﬂc{%iﬁg)-1-\@ahg)xylic acid.

ether. The organic g ase was washed

+°§v@’p6?%tvle‘d1@8 tetraByirapyaisp(opaiglawingline)-1-carboxylic acid (425

[
m§ y.. g%@t‘ég%w&ar%? éccordlpg tor the aTrOfe%urgrggﬁ%rlqed in §¥aDRY 15p. from
+C:§eﬁl\tjac(etyl+-1- NMR 7(?:195(3&456%%3-@116%(0@3[40]%2&(??3) G)li:f(tsl_ilj)iyhclaélﬂ ethyl
esfer?zli”gﬁ%ﬁ% , 2.13 (1, 11, 2.07 (m 14,
20 Exanple 24 CIS 1- (5 Acetyl
Exd 217 5t et rahydr o-cycl opr opafcl chr onen- 1- yI) 3 (5-cyan
= jn- 2-v |1 -urea 25 a) cis-5-Acetyl-
a)ya, 22 Abbifiabroadrypespyngeysemzens| c] chr omene- 1| - car boxylic
acid ethyl ester. _
cis-5-Trifluoronethanesst fonyl oxy-1,1

a, 2,.7b-t et rahydr o- cyxl opropal c] chronmene-|I - carboxylic
acid ethyl ester [ my, 0.32 rnnol), DPPP (7.3 ny,
50 nol %9, Pd(QAc) 2 g, 25 nol %9 and triethyl am ne

(0.09 M, 0.64 mmol) were mxed in DVF (3 M) 30 and
gentl e stream of nitrogen passed through reaction
Caommengiadly fagaildide @iSadifliarophenail (30 g , 0.15 mol), K,CO3 (53 g, 0.38 mol)

and commercially available 3-bromopropyne (45 g, 0.38 mol) were dissolved in
acetone (300 ml), refluxed over night, cooled and filtrated. The solvent was removed
and the crude product, dissolved in ether and washed with water and brine. The
organic phase was evaporated and the crude product was re-dissolved in a small
amount of ether and filtrated through a column of basic Al,O1. Evaporation and drying
gave20 g (80 %) of 2,4-difluoro-2- prop-ynyloxy benzene

b) 5,8-Difluoro-2H-chromene.
0
. I
. F
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ether (0.21 m, 1.6 mml) was added, vial was seal ed
and the reaction mxture was stirred at 100C for 2h.
5% HCI (5 m) was added and the reaction m xture was
stirred at roomtenperature for 30 mn. Resulting
m xture was extracted with ethyl acetate. 60 The

5 gﬁﬂ@m cgoha S vvashedzw g at u at ed_ anmoni um
QraZ-RIRY I RYBPMENE (206, M‘@S\ﬂé&wb@#u"ﬁ el -gipthy!
arﬂlidel €8096) as®heatad chaenaiyod b@ﬁbypr(eEé\awzs ddg. Deldis @itN &n oil-

ba&“ éor%ag ?‘etEr/%?MAP@"ﬁps até%%g[adqdéh? aRtiRR WRS fempwsd by extraction

@cgsg a?agmr(l,q) fbﬁflﬁdatlon b chfdmﬁogngaﬁgfglhcg ogré? - nganje) gbve 5,8-
du%\wo -2H:chypmene §ib 8429 %)) 2 53 (s, 3H) 2, 47 (t 1H),
2.23 (t, 1'H, 2.08 (m 1H, 1.05 (t, 3H. b)

cis-5-Acetyl-1,1
)a, Z,Vbc’f'ét%@lwaf%l clrct S prieisr ey ey derrapaltichramenayl icarboxylic
ackfbflyl dlle/The title conpound was synthesized

anal ogously to exanple 22g fromcis-5-acetyl- 1,1

a, 2, 7b-t et rahydr o- cycl @t a{ocg] chromene- 1- car boxylic

acid ethyl ester (76.uW,_ 29 mml) Yield 66 ng (97%

"H- NWR (CDCI 3): 7.52 dg 1H, 7.37 (d, 1 H, 7.34

(d, 1 H, 4.52 (dd, 1 ,F4.26 (dd, 15 1 H), 2.55(s,

3H), 2.53 (t, 1 H, 2.25 (t, 1 H, 2.13 (m 1 H).

5, EXHIIr6- 225c|¢ﬂoﬁre'§eh(5tgho>@3 mol, (Rh?ll)Acz) (03940 0P089 mol) was
7b-t et rahydro-cvcl opr?E fcl Chr onene-1- car I C acl

disgplveaint §j.¢-dichiasegibans 'Wﬁtm@l fz%ejclaﬁmf@'gb@hx) diagoacetate

(gwlwrdo%g%%’ol;i)fnqmé %g@ﬁ%"oﬂ)é\‘ﬂ fz s gr Xl g\{;ﬁze?& Z:gegrod of

apgrie¥iEAgls5 hitndey i, atrBosphese.) ThesolEmSvaben rermoved under
vaR 0 I B e FhiQTuRY val tdi@h L(IgrbBA Lemiu%l_ g&gj %théjﬁtﬂ l\%fgbos(aq)

under i nert atnosphere. iIn toluene
waier an@brlm@nq the\mvem ersTiovRh e oot (3% sis, 65 ttams) was

o 85 BB 357101 SRSl iBee e 3g 0 e

titlmamnmmlm’dr(éOr%aactl on mxture was stirred at 0 C for
30 min. H20O was added cautiously. The reaction 30
m xture was extracted with diethyl ether and
d)conaxst j7aDifidoroot , gliavas 7 iNtetesttydro-dylopropalcjchromene- 1-carboxyl|c

acid.
0 CO,H
F
F

Cis-4,7-Difluoro-1, 1a,2,7b-tetrahydro-cyclopropajcjchromene-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
by chromatography (silica gel, ether) gave pure titie compound (35 %)

Example 28
Additional Intermediates
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di hydroquinoline (11.5 g, 44 % . 61 b)
cis-(Nacetyl-1,1
a, 2, 7b-t et rahydr o- cycl opr opa[ c] qui nol i ne) - 1- car boxyl i c
acid ethyl ester.
cis-(N-acetyl -1, 1a, 2, 7b-t et rahydr o- cycl opr opa[ c) qui nol
i ne)-1-carboxylic acid ethyl ester was prepared
according to the procedure described in exanple 15a,

a)f r orfi-Nuochromani-4-pl 2- di hydr oqui noline (10 g, 58 mmol)
The product was purified by colum chromat ography on
silica (EtOAc/hexane 5%+80% to give

cis-(N-acetyl -1, 1a, 2, 7- _
t et rahydr o- cycl opr opagehgdimsy i ne) - 1- car boxyl [ c acid
3. %. c) cis-(N-Acetyl-

ethyl ester (2.0 g, 1
a, 2, 7b-tetrahydr o- cyclooropa[c]qU|noI|ne) 1- carboxyllc
acid. 10

cis-(N-Acetyl -1, 1a, 2, 7b tetrahydro cycl opropa[ c] qui nol

' Ne)s car bgx | pr epar ed
6“5’&‘8@?"3&"?{5%% f{y“ﬁeﬁB ég&ﬂme' &@éé’l’ﬁsshlad iy e&aaﬁm 0158, NaBH,
(ef(ceesm) wab addéd asetybled ola icebath. The mlxture was then left in room

7b- tert£h Eédro ycl opropal c qU| nol i ne) - 1- car boxyl'i c

teg@etﬁtlérleﬁ pwed rgﬂ%for 4 h7 Hﬁﬁqqtlonj_y ahremplograpny 4silica
el, éthék-Hdxane Ot:By give B -

? Commercial ly a{/%fl ab|g;w%yg|€'f@ﬁ@$°68rfgﬁ°rﬁ '?Jé’o g, 0.15
nol), K2CAB (53 g, 0.38 nol) and comrercially

© byavai ¢-#hiofo-BHbdreemBREPYNE (45 g, 0.38 nol) were

di ssolved in 20 acetone (300 m ), refluxed over night,
cooled and filtrated. The.solvent was renoved and the
crude product, dissolvdd i ether and washed with

wat er and brine. The oftganic phase was evaporated and
t he crude product was di ssolved in a snmall anount
of ether and filtrated ough a colum of basic
A1203. Evaporation and Yryi ng gave20 g (80 % of

2,4-di fluoro-2-prop-yny oxy-benzene 25 b)

6-Blurdehfdni-8-0P [8 M ORRAS) afY foluene-4-sulphonic acidn (1g) were
dissolved in toluene and refluxed over-night with subsequent water removal. The
mixture was then cooled and washed with NaHCOj; (aq) and purified by
chromatography (silica gel, n-hexane) to give 4.2 g (52 %) of pure 6-fluoro-2H-
chromene.

C) +/-cis-6-Fluoro-1,1a,2 7b-tetrahydro cyclopropa[c]chromene 1-carboxylic acid
ethyl ester

0 CO,E

F

This Compound was prepared analogously to cis-4,7-Difluoro-1, 1a,2,7b-tetrahydro-
cyclopropalc]chromene-1-carboxylic acid ethy! ester but using 6-fluoro-2H-chromene
to give 1.9 (29 %) of the title compound.
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FI1&F 62 2,4-D fluoro-2-propynyl oxybenzene (20 g,
0.12 nol) was dissolved in NN,-diethyl aniline (100
m ) and heated under argon atnosphere at 225 deg.
Celcius with an oil- bath for 6-8 h. Ether (150 m)
was added and the aniline was renoved by extraction
using 2 MHCl (aq). Purification by chronmatography
d‘gSi lica gel, n-hexane) gave 5,8 5 difluoro-2H chronene

.8 §'5oglugrody 13,2, 7ketetralydre-Dy Elbpmpatdchromene-1-carboxylic acid
e e BN b R8T 5 b PG 01T B P etrany
5,8-Difluoro-2H chronmene (5 g, 0.03 nol), (Rh(11)Ac2)2
(0.39 g, 0.00089 nol) S cgsol ved in

1, 2-di chl or oet hane (6 or ethanol-free chloroform

Et hyl di azoacetate ( m, 0089 nol) in the sane

sol vent was added dropwi se over a period of

cmjmmpé[a}thﬁiruerfe-h-démlid\?ci@BgP?ﬁgﬁe E&:6-fillS0 504 a\/? 2&-&%@5’ hydro-

cttgen relgni%ﬁed under vacuum an m Xt ur e was
YpPPPRALEICAIAMENSs{ SR oxylicsanidiethyt estRrACDR ( Ag)moll givd 850 mg
(2% ) bf pure cA8-fluBR- . 1 et {33, % :
C e T R oyl BB e tcarporyic
398 o4 ethyl acetate in n-hexane) to give 2.2 g of the

title conpound (30 %9. d) cis-4,7-Difluoro-1,

la, 2, 7b-tetrahydro-cycl opropal c] chronmene-| - carboxylic
ebo a%?ﬁ‘?m@ézﬂ#m@-zﬂﬁ PPEHeyibxy-bBinkenmr o- 1,

la, 2, 7b-t etrahydro- cycl opropa[ c] chronene- 1- car boxylic

acid ethyl ester (2 g, Q0Q8 nmol) was heated in 1 M

Li OH i n nmet hanol - wat eres 07@9\ at 80 deg. for 2 h. The

vol ume was reduced to hg and acidified. Extraction

with ether foll owed F

| This compouncs was prepared analogously to 2,4-difluoro-2-prop-ynyloxy-benzene

but using 2-bromo-5-flucrphenol (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

BN

Br:

F

This compound was prepared analogously to 2,4-difluoro-2-prop-ynyloxy-benzene
but using 2-bromo-4-fluoro-pheno! (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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25 by chromatography (silica gel, ether) gave pure
title conpound (35 % Exanple 28 Additiona

Internmedi ates 63 a) 6-Fluorochroman-4-ol 0 / I OH F
6- Fl uorochroman-4-one (10 g, 61 mml) was dissolved in
et hanol (100 m). NaBH4 5 (excess) was added and

cool ed on icebath. The m xture was then left in room
tenperature for 2h, fol by reflux for 4 h.

Purification by chromatiography (silica gel,

et her - hexane, 1:5) ga g (80 % pure

6- f | uor o- chr oman- 4- ot >8)~¢6- Fl uor o- 2H-chronene O F
10 6-Fl uorochroman-4-ol (8 g, 48 nmol) and

A : ! g ol d |
ﬁhﬁb‘mﬁg% :jlh rg;w%gp‘%&;%gega%{?ggo&isgﬁpvﬁ%m“é??gg@%ﬁlv |T>9%‘P@Tzene but
us rat i ubin henolt{ 14 lm ) _ -.
SPGBt i P 160 By o ST A 4o

to give 4.2 g (52 %9 of pure

6-fluoro-2H chronmene. 15 c¢) +/-cis-6-Fluoro-1,1

, 2, fhstetr dr q;,cycl opropal c] chronene- 1- car boxylic
hZci dgkherbmégé?rg%l—gg € F This Conpound was
prepared anal ogously to cis-4,7-Difluoro-1,
la, 2, 7b-tetrahydro- 20
cycoopropa[ c] chr onene- 1-sarl
but using 6-fluoro-2H chr c@
the title conmpound. 64

arlboxylic acid ethyl ester
e togive 1.9 (29 % of

. F
This compound was prepared analogously to 5,8-difluoro-2H-chromene but using (15

g, 65 mmol) of 2-bromo-4-f|uoro-1-prop-2-ynyloxybenzeneto give the title compound
(7 g, 46 %)

i) 8-Bromo-5-fluoro-2H-chromene

Br i ”
. F
This compound was prepared analogously to 5,8-difluoro-2H-chromene but using (15

g, 65 mmol) of 1-bromo—4-ﬂuoro-2-prop-2-ynyloxybenzene to give the title
compound (3.7 g, 25

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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d) Cis-6-Fluoro-1, _
la, 2, 7b-t et rahydr o- cycl opropa[ c] chronene-1 - car boxylic
acid This compound was prepared anal ogously to
cis-4,7-difluoro-1, la,2,7b-tetrahydro- 0 CO2H F
cyclopropa[c]chronene 1-carboxylic acid but using

S f -tetrahydrop-, 5
kZycl 86 rcjc')épj)'glsgﬁ’rﬁﬂ'%gﬂﬁéd ] k‘]I' E‘%Qrﬁ’d%sﬁﬁ%d'8€V8'°8{Crﬂﬂl°1%'§P@P"e-1-
dathcxyl; add ethyl ésteo gi ve 350 ng (21 % of pure

ci s-6-fluoro-1,

la, 2, 7b-t et rahydr o-cycl opy
acid e) 1-Brono-4-flugyo-
|~ F 10 Thi s conpound repar ed anal ogously to

2,4-di fluoro-2-prop-ynyloXy-benzene but using
2-brono-5-fl uorphenol (15 g, 78 mmol ) to give
ThissssARRUdWasORTEP2regranglapous o m’cywsb@ Axdifieors., Ba@, (187
te@ar‘]}lhrc?ﬁ n‘gc]fch c—91e| ‘T-QEI%%xil ana?mgl e§$§§ ng%rgég(ZZ

oun repar ous
mmal) gf 81blm@5'zflupr03§HyCW¢m&lye begizen® g (B0 %) F big-6-fluoro-

o BB RS gt (o MReninaad B estey

% . 20 g) 1, 3-difluoro-5-prop-2-ynyl oxly btenzene 65 F
h ous 0

0, P PERRUBE iR R RRcon BB AR Lelotcionromene 1

Ca[bbxuildamemytheol (14 g, 107 nmol) to give

1, 3-di fl uoro-5-prop-2-ynyl oxy- benzene 12 g (67 % .

o CO;E
Br.
F

This compound was prepared analogously to +/- cis-4,7-difluoro-1, 1a,2,7b-
tetrahydro-cyclopropalcjchromene-1-carboxylic acid ethy! ester but using 3.5 g (15.3
mmol) of 8-bromo-5-fluoro-2H-chromene to give 1.6 g (33 %) of +/- cis-4-bromo-7-

al chhromsne-I - car boxylic
5%2- ynyl oxy- benzene Br

fluoro-1, 1a,2,7b-tetrahydro-cyclopropa[c)chromene-1-carboxylic acid ethyl ester.

m) +/- cis-5,7-Difluoro-1, 1a,2,7b-tetrahydro-cyclopropajcjchromene-1-carboxylic

acid ethyl ester.
/ESEE?>4cqa
F F

This compound was prepared analogously to +/- cis-4,7-difluoro-1, 1a,2,7b-
tetrahydro-cyclopropafcjchromene-1-carboxyiic 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-cyclopropalc)jchromene-1-carboxylic acid ethyl ester.

Example 29
a) Resolution of the racemic cis-7-fluoro-4-chioro-1,1a,2,7b-tetrahydro-

cyclopropalc]jchromene-1-carboxylic acid.
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5 h) 8-Brono-6-fluoro-2Hchronene oI Br i F This
conpound was prepared anal ogously to

, 8-di fluoro-2H chronmene but using (15 g, 65 mmol )
of 2-brono-4-fluoro-I-prop-2-ynyl oxybenzeneto gi ve the
title conpound (7 g, 46% 10 i) _

8- Brono-5-fl uoro-2H chronmene o Br \ This conpound was
repar ed anal ogously to 5, 8-difluoro-2H chronmene but
8§|2|gg(1(328ﬂm9]) of Bagamoic ¢js-Dfluoro-4-chloro-1,1a 2 7b-tetrahydro-

étpc{p(?gpaéﬁcttl oH%’n%-é-cgl'rb&lefgc%\lN%( ﬁgggﬁ/ hot acle\t/oemtf'lllg (50 mi) and
61 RI2R)- Z-Ibanzy(be)a'ldyclbpmt?hmmd:(o’ 25 ¢4, 1.82 nﬁna'ﬂ)‘ Was GeRe Ur resulting

?tucﬁ"; Ie%alr ﬁ?%ragrglstggggtsq%ﬁtﬁo épvsh éjulrg ltrlijeorrn%thzelihgEcr)rovgfsnfeca nted
ancBergtsthIsumre%shkd [wifhr Ao TR %@@or@d‘@w?ﬁﬁz%?& ﬁ%m%

%’été’ﬁ& éasve ﬁgpgrﬁ;_hp@r% Ip%'ag%()ecoloner[p salt. (fhe salt was treated with 1M HCI
anereEbHuhgetrﬁ)ahbéjW@so @)&ﬁ)g&t&ﬂ ARR ety F BEQER) Trh orGAHIOBRAde Was
v%géhedevelw wat%?tber{ne and evaporated to give 0.05 g of enantiomeric cis-7-fluoro-

4-chloro-1,1a,2,7b-tetrahydro-cyclopropalcjchromene-1 -carboxylic acid.

Example 30
+/-cis-N-(5-cyano-2-pyridiny)-A'-(4,7-dichloro-1.1a.2 . 7b-
tetrahydrocyclopropalcjchromen-1-yhurea

a) 1,4-dichloro-2-(2-propynyloxy)benzene
Cl

O

Cl

2,5;Dichlorophenol (8 g, 49 mmol) was mixed with potassium carbonate (136 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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Br F This conmpound was prepared anal ogously to +/ -
cis-4,7-difluoro-1, I|a, 2, 7b-

t et rahydro-cycl opropa[ c] chro nene-| -carboxylic acid
ethyl ester but using 5 g (22 5 mol) of 8-brono
6-fl uoro-2Hchronene to give 1.9 g (30 % of
cis-6-fluoro Cl
1,1a,2,7b-tetrahydro-cyc|oprnpa[c]chronene I-carboxyll
c acid ethyl ester. 1) +/- :
1a,2,7b-tetrahydro-cyc|oprf
acid ethyl ester COEt Br ¢
prepared anal ogously to +/- i s-4£7-difluoro-1,

l'a, 2, 7b- tetrahydro-cycl opropg[ c] chronene- 1- car boxylic
acid ethyl ester but using 3.5 g (15.3 nmmol) of
g4m|glnlg:c52ﬂz-umpynglbkyjhemema@dggassed afid BebiBd a¥sti®ig under

1
é’r/g%n %} ' li tapﬁ%mg:r ghg )5%3#?88 51[%? WS Shrhdstilied dp Kygsirohs apparatus
(ééﬂd 76t°0y4. 1680 ?embalfwo oive 8/58 g io$ desiedPrbd e a8-white kolid. Yield

28 0 b Sofighg” PP Lol omene L cerbenyile

prepared -anal ogously to +/- cis-4,7-difluoro-1, |

2, 7] d a chromene- 1- car boxylic
Gei "B LA SR sy 76° étr%aysroqmmop@chmmene 1o
carferdidte uor o- 2H chronmene to give 0.9 g (29 % of +/ -
cis-5,7-difluoro-1, 20 1
a, 2, 7b-t et r ahydr o- cyclopropa[c]ch?BﬂEhe 1-carboxylic
aC|d ethyl ester. Exanple 29 akifesolutlon of the
racem c cis-7-fluoro-4-c ,1 a, 2, 7b-tetrahydro-
cycl opropa[ c] chromene-| - ar bt gL}c acid. 67 0.32 g
(1.32 mmol ) of racemc
cis-7-fluoro-4-chloro-1,1ag2, 7b-tetrahydro-

5,8-Dichloro-2H-chromene (3.15 g, 16 mmol), (Rh(IAC;)2 (30 mg, 0.1 mo! %) was
dissolved in degassed dry methylene chioride (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

10 Jhi s conpound was

approximately 5 h under N, atmosphere. The reaction mixture was then washed with
NH4CI (aq), water and brine and the solvent removed. The product (45 % cis, 55 %
trans) was purified by chromatography on silica (200g, ethy! acetate/n-hexane 1:15)
to give 0.9 g of the pure cis product (racemate). Yield 20 %. M*=287.

'H-NMR (CDCl3): 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 (¢, 3H).

d) +/-cis-4,7-dichloro-1,1a,2,7b-tetra hydrocyclopropafcjchromene-1-carboxylic
acid
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cycl opropal c) chronene-| -carboxylic acid was dissol ved
in hot acetonitrile (50 m) and (1

R, 2R) - 2- benzyl oxycycl opentyl am ne (0.25 g, 1.32 nmol)
was added. The resulting 5 solution was left for
crystallization. After few hours the nother |iquor was
decanted and crystals were wash jth acetonitrile.
The second crystallizatioflfromsacetonitrile gave 92
ng of pure diastereoneric aIﬂ.tQThe salt was treated
with 1 MHO and result ‘m'xt;ure was extracted with
et hyl acetate. The organ phase was washed with

wat er, brine and evaporat €d t& give 0.05 g of
enantioneric cis-7-fluoroCo0 4-chloro-1,1

+Pc:§(§§%ﬁylé§f Bﬁ:ﬁ%ﬂgg 13%@ @t%ﬁ?é&kggé@rp Q[aﬁhf%{ﬁ%{/\?b-) rtizcggylate

was ghixed Wrtbmetliarml 23] r?\b-and water solution of NaOH (1.5 eq., 3 ml) and

héﬁ%& %P%ﬁrlrn \f&r 104*() 5% ?ép;b/ ﬁ%cé Qﬁﬁgg%reac@pn mixture into

hexaileBthedrtbmhmrmhm(\@ ngateuéa pressn). ThRSreAttROMWitdr8 was acidified

W B ST TR o B The PrncP R dhiErLan Foliesked by
smntnh)andmmuom watlr. (URit: s8I obtdinsd Was BHe@VRASH BIFE vatuum

tenmperature. The precipitate was renoved by
(yﬁq?gbﬁi on and washed with acetone. The acetone

solution obtaind was concentrated by rotary

Eevaggrgti on and kept under vacuumfor 5 h. The product
ned as yellowoil with quantitative yield.

aj t waschisre@-fidrophénBer transformati ons wit hout
addi tional purification. 25 b)
5, 8-di chl oro- 2H chronene 68 O d
1, 4-Di chl oro- 2- ( 2- propynyl ene was degassed and
heated at stirring under

cl
5-Chloro-2-fluoroaniline (10g, 68 mmol) was dissolved in 6M sulfuric acid and cooled
in ice/brine bath to -5 °C. The solution of NaNO, (5.2 g, 76 mmol) in minimum
amount of water was added dropwise to the stirred suspension at the temperature
not higher then -2 °C. After the addition clear yellow solution formed was aliowed to
stir for additional 30 min at cooling. CuSO, was dissolved water (80 m!) 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,;SO,. Concentration gave 4g of crude phenol (40%).

b) 4-chloro-1-fluoro-2-(2-propynyloxy)benzene
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argon for 4 h at 224C. The reaction m xture was then
distilled in Kugel rohr apparatus (150-175 /4. 1x10-2
nbar) to give 3.58 g of desired product as white
solid. Yield 5 36% fromstarting dichlorophenol. c)
+/-cis-ethyl 4,7-dichloro-1,1

a, 2, 7b- tetrahydrocycl oprop,_a[ c]chronmene-1 - carboxyl ate
Cl COOet QJ d 10 5,8-Dighloro-2H chronene (3.15 g,
16 mml ), (Rh(I11)Ac2)2 (3009 yol % was

di ssol ved i n degassed dr) hyl ene chloride (3 nl).
Et hyl di azoacetate (3 m, eq.) 1in the sanme sol vent
was added by a syringe at the flowrate 0.4 m/h over
a period of approximately 5 h under N2 atnosphere.

4 Hdonoektinaror2- @rwbnyreylmmmdiene was lsgnthesizBd aNabigbula®d

E%%SE% %%gr&g g{]s/b %[]5 (Qﬁg)cg ch qtrg'lﬂpqeoﬁ?l\égg I(}g-gl]vee r68 dclJJprtroduct
(reifiedrby ogluamhohromatoigragsty dr2éifk, ems'hé(éetaté%-ﬁb%d“e Pe¥pieyeliow

% é {o give 0.9 g of the pure cis product

racr%g e). Yield 20 % M=287. "H NWR (CDClI 3): 7.15

(d 1H, J=8. 5Hz) 6.91 (d, 1H, J=8.8Hz), 4.59 (dd, 1H,
2 4.48 (dd, 1H, J,=12.02, J2=4.10),

c)4 0%@9 'Z"%’ﬁim HCET%Qe't% 1H, 20 J=8.8Hz), 2.27 (t,

1H, J=8.36Hz), 2.20-2.12 (mci1H), 1.1 (t, 3H). d)

+/-cis-4,7-dichloro-1,1 a, 2,[7b-tetra

hydr ocycl opr opa[ c] chr onene hoxylic acid 69 C

COOH O Cd +/-cis-Ethyl dichloro-1,1

a, 2, 7b-tetrahydr ocycl opr opah¢] clkifonene-1 -carboxyl ate

was m xed vvith rret hanol (3 @) and water sol ution of

%94% m) and heated at stirring for 1.5 h

SSihlge- '“°T?r e%rP@@ﬂﬁdY?ScﬁV"Mich esalogously ho Examelei 38b) from
2h rese The

e o e Ry loRPShaAle (4% TS & R ot S

<pga 2 PhrolumAChiomategranty singlvmina, ebyhacktatetn-bexdrect: ¢6) as

cdWurless oil. Yield 22%.

d) ethyl +/-cis-7-chloro-4-fluoro-1,1a,2,7b-tetrahyd rocyclopropajcjchromene-1-
carboxylate

Ethyl +/-cis-7-chloro-4-fluoro-1,1 a,2,7b-tetrahydrocyclopropalcjchromene-1-
carboxylate was synthesized analogously to Example 33c from 5-chloro-8-fluoro-2H-
chromene (1 g, 5.4 mmol) to give 360 mg of +/-cis product (purified by column

chromatography on silica, ethy! acetate/n-hexane 1:20) as white solid. Yield 25%.

e) +/-cis-7-chloro-4-fluoro-1,1 a,2,7b-tetrahydrocyclopropajcjchromene-1-
carboxylic acid
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suction and washed with water. White solid obtained
was dried under high vacuum (yield 80%. 10 Exanple
59A a) 5-chloro-2-fluorophenol F OH C
5-Chl oro-2-fluoroaniline (1 Oy, 68 mmol) was dissol ved
in 6Msulfuric acid and cooled in ice/brine bath to
-5 C. The sol ution of NaNep (5.2cQpH76 nmmmol ) in
m ni rum 15 anmount of wate idded dropwi se to the

' n‘ﬁ?ature not hi gher then

stirred suspension at t
-2 C After the additio d yel | ow sol ution forned
id @ onal 30 mn at cooling.

was allowed to stir for>™g
CuSH was di ssolved water (80 nml) and mxed wth
SU|fUI‘IC acid (32 m). The diazoniumsalt solution was

* é‘dijéﬂ:rm rgﬁ;"ﬂ%"ﬂm a,Reb- t@“'a?fydm@dlo(om[@hf@ﬁfgnfglﬂscarb?]xyhc acid
ve rom
Wi sy 1220 il b Bf o eI o Ry S chipact-flasro-
i%alzbagtaahydeaprmm[@]dmphehe 1- Emoxymeqeéohr% 3 mmol) to
g,@eoisg hprbfv\@éls%@ﬁi into ether, washed brine

and dri"ed over Concentration gave 4g of crude
phenol (40% . b) 4-chloro-1

E_)(gﬁ_ﬂg#%_f 2- (2- propynyl oxy) benzene 70 F Cl

0- 1-fl uoro- 2- (2- propynyl oxy) benzene was

NHy5it taRTDRY o (2R OHBISIOE) 1010, BXPHTPardARERBIEL 27
. r 5 gorophenro, to grve 4.06Q9 duct

2on silica, ethyl

a) aceBatdihydrb@kandehzdhloppfanygbl ow 5 oil. Yield 90% C)
5-chl oro-8-fl uoro-2H-chronene CI O F

O — o

A solution of thiochroman-4-one (9g) in ether (27 ml) was added slowly to a mixture
of lithium aluminium hydride (0.53 g) in ether (54 ml). After the end of the addition,
the mixture was refluxed for 2 hours. The reaction mixture was cooled and ice was
added, foliowed by water and by a solution of 20% H2804. 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
B . \
S S S
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5- Chl or 0- 8-f 1 uor o- 2H chr onene was synt hesi zed

anal ogously to Exanple 33b) from 10

4-chl oro-1-fluoro-2-(2-propynyl oxy)benzene (4.6 g, 25

nmmol) to give 1 g of product (purified by colum

chromat ography on alum na, ethyl acetate/n-hexane
4-Thicghremeanat ¢8.819)| anslspetassiunti adidl saleite (0)89eg)were placed in a flask

+/-cis-§%€hloro-%-fluoro-l,1a,2,7b-tetrahydrocyc|oprop
ang eyaqya Ipm. The fash,wag pyt i apathdigated at @9 °F untit thglalcohol

melte®.i $he/ ntdyneti® -sfirret WakOstarntdd and the bath slowlg brought to 120 °C.
Da, 2 7b-tetrahydroc{icl opr opal c]@chromsne-l - car ox%l ate
ﬁB\%drgﬁﬁi' } wasi 7Rl ap |2 Gthtatey Of éreEreadyick apdcwateomistiled and was

ditestel i8e] tarertul Y.
oeBaHan O ide couRd QE%'J%%@? h? Eﬁ‘?@# évc?gﬁ?/?%”of'%g%‘ and'dfigd. The
crufle cﬂr?r%‘?%r(éﬂ-hﬁdffn 870) jveasn'tenuiified aTbe ANMRnsmyaxh thel p28nce of
16% thHéﬂ-iﬁO&é&othY&;f,Jlr%.%% e)

+/-cis-7-chloro-4-fluoro-1,1
a, 2, 7b-t et rahydr ocycl opropa[ c] chronene- 1- carboxylic

i _eis 7 4 flupro-1, 1 .
e o EAN e 8 15 2 ety o Ty -t carboryic
aGii(ds. el BRidrdsRztad aitnd) ogousl y to Exanpl e 33d from

ethyl +/-cis-7-chloro-4-fluoro 1,1
a, 2, 7b-t et rahydr ocycl opr opa[ cJchr onene- | - car box¥Pshte

(360 ng,. 1.3 mol) t 5 give 259 nmg of +/-¢ig acid

(80% .@@31 @@_1 &RA TOR ORI R 1 as

7bS) - 1 2, Jb™t dr cychp‘ropa

f 1l benzot'hi o®yr an-1 -V 1-1¢7(5- cvano- 2-p di Bﬁ) urea

10 a) 3, 4-di hydro-2H 1-benzot hi opyran-4-ol O OMH
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 héxane). 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)

.CO,Et

JCOH
@LQ LiOH [ j<l
s~ o

A mixture of the cis isomer (46,5 mg), LiOH (4eq., 19 mg) in 5 ml of methanol / 25%
H20 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%. o
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C S S A solution of thiochroman-4-one (9g) in ether
(27 M) was added slowy to a mxture of [ithium
al um ni um hydride (0.53 g) in ether (54 n). After the
end of the addition, the mxture was refluxed for 2
hours. The reaction m xture was cool ed and ice was
added, followed by water and by a solution of 20%
H2SO4. The wat er phase was 15 washed twice with ether.
ERbm@ﬁ@r phase was washed twice with NaOH 2N, and
d nd evaorated The

aQIEI% b) 2H 1- benzoth| opyran and 4H-1 benzothlopyran
0~,HS ns- MBS '.0 72 4-Thiochronmanol (8.9 g) and
pot assi um aci d sulfate (0.89 g) were placed in a flask

an @@w@t@a.ﬂherolzmah&;}shéAﬁﬁi&pva)%nwbl in a bath

ted at 90 oC until thé al cohol nel ted. The

ght to 120 C. ¢ ghyds@ti was rapid and a m xture
e product an )E&n' TQFEII ed and wa oFI‘eteSH
a~] ce~ cool ed VQE%(V)WE:) Thre=pr oduct was den up in
ether @nd dried. T dde prodooEet(7g, R 3

wesn't purified. ThepMWWR showed the presence of 10%

of t hgwdhikd - benzot hi opyran. C) Ethyl ester "1, | gw=300 A
7b-t et rahydr o- cycl opropal c] [ 1] benzot hi opyr an- 1- car boxy

spiugon ©bHBulcii(a, SM)]J'S hekari® (9%R); 0024 hi)) i:aSaddédIp aGHREY soiution

%?&uﬂt@ﬁa%ﬁl 28 On(gé %ﬁﬁﬁgryétﬁ Xgosmﬂeag ?Pél '%v{%‘éeé after 2h

b&'@bllmvm«bf blyac@hbndbr(mﬁty ngZ&)hml)amdr)STHBms@iml\)h&';e @J_zl_dhctlon
our s e

B0 Rl R TR e ey BrP AR bRy Stng v
neifitainedrat heoratehperhige €r30iraMIRPH(QAS). 8 i 0RthoF%H¥hs added,
foldweld %lnett )tllc?st %¥omoacrylg% (§t§8 SC8 %% 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

e

temperature. The reaction was quenched with water and all solids were dissolved by
addition of HCI. The organic phase was diiuted with ether, separated, washed with
SN HC], brine and evaporated in vacuo. The residue was Kugeirohr distilled (1.5x107?
mbar, 150 C) to give 3.7 g (92%) of crude (2Z)-3-(3,6-difluoro-2-methoxypheny!)-2-
propen-1-ol, which contains ~6 % of other regioisomers. The crude product was used
in the next step without further purification.

'H-NMR (CDCls): 7.00 (m, 1H); 6.77 (m, 1H): 6.31 (app. d..1H); 6.12 (app. dt, 1H);
4.08 (br. t, 2H); 3.89 (d, 3H); 1.80 (br. t, 1H). |

b) (22)—3-(3,6-diﬂuoro-2-methoxyphenyl)prop-2enyl diazoacetate
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d 1, 1a, 2, 7b, tetra hyd ro-cyclopropa [c][I| ]be
nzoth iopyra n- 1 -carboxylic acid, (1S, 1 aR 7bR)
or (1R 1 aS, 7bS) CEt CO2 H LIiOH< S~ S 7?0 A
m xture of the cis isomer (46,5 ng), LiOH (4eq., 19
ng) in 5 mM of nmethanol / 25% H20 was refluxed for 1
hour. After evaporation of the solvent under, vacuum
the residue was dissolved in vvater and vvasl%\d with
etlher. The water phase was acidifi fed Wi th CH

ated HCl, mnHexdH@oted t O
e, After drying t Mse was
d and g&uEMehdNEleTH, Rdt = 5

Exanple 32 (1 S, 1 aR 7bS)-,7 dD uoroélq

aF2 7b-t et rahydr ocycl opropal cl chronene- 1-car boxy b c
acid ,gw_a%o

(22) 6- di f | uor o- 2- met hoxyphenyl ) - 2- propen 1 -ol.
The p- tom)enwﬁohilhyzlrzzoﬁlé—ﬁ dlybxylx agid Rti(cDde )(8,16/g; 0.02Bwhol) was

o Ssaloh o W@ Ao M TeaPhen) -daisaradia 4 o
o@1§tmcul} laactirss @HtCizc(]ﬁ_?_' rEm)‘ at258- dndl Immdmaaths;ra:n;ugaé%%argbt 0.02 mol)
wis 3 @R Rbwly) AYEY 3By for i ftop e (418 my BB reaibwas added

sloody) Tha reistytm'a-lﬁlxuﬁg wis)stirréb §orr €& an ISQI‘”Eﬁdl BHelA Br 9@ fnin at
erature and_then stirring

I'O%QL Penﬁ:gqr%tt%g?r %ﬁe?%tﬁp%nég%g]{ E%M\M@%acﬂ@d dbearganic phase was
sépiréled)wash8d Wgth Watér, BBihe Yhd Wasnehtathd in vacuo. Flash
chromatography (silica, EA:Hex; 1:15) gave 3.86 g (80 %) of product as a yellow
solid. :

'H-NMR (CDCi3): 7.00 (m, 1H); 6.76 (m, 1H); 6.41 (app. d, J=12.2 Hz; 1H): 6.00
(app.dt, J=12.2,6.10 Hz; 1H); 4.71 (br. s, 1H); 4.67 (dt, 2H): 3.89 (d, 3H).

c) (1S,5R,6S)- 6-(3,6-difluoro-2-methoxyphenyl)-3-oxabicycio[3.1.0Jhexan-2-one.

L
F NiNZYO =0
S Rh,(5-R-MEPY), )
~ abs. degassed
o dichloromethane g
F
Mw=268 Mw=240

(22)-3-(3,6-difluoro-2-methoxyphenyl)prop-2enyl diazoacetate (3.45g, 0.013 mol)
was dissolved in 100 ml of dried degassed dichloromethane and added dropwise to
the solution of chiral Doyle catalyst (Aldrich, also available from Johnsson Matthey,
10 mg, 0.1 mol%) in 50 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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foll owed by ethyl cis-3-bronmoacrylate (3.58 g ; 0.02
nmol ). The reaction m xture was placed in preheated
oil bath and heated under reflux for 1h. The resulting
reaction 15 mxture was chilled to -78 C and 60 i
(0.06 nmol) of DIBAL (1 M sol ution in hexanes) was

(BRSPS Suort e bhES ok B vt S 1 Bherame na as
coquass [selid. \sinahtiovaetis puaritgl catld teottedkedvon ehidistiel usath Oiirace!

h diluted with
ORIt dote PR e i R %P oN 1Cr . brine and

evaporated in vacuo. The resi due was Kugel r ohr

‘Hdlg%% ('%lﬁele 37&25‘ %% %Hg 99% 11!5304%)3 (d%,qu\;:e4.?ib7(d91H); 4.02 (d,
3H)2Z)p663r(, 2HG-2IBT (tudiAD- 2- met hoxyphenyl ) - 2- propen- 1-ol,
whi ch contains -6 % of other regioisoners. The crude
product was used in the next step w thout further
d)gu“(fs'qagllmw(bk% 1 ( éﬁ)f'zﬂu%rcpoa elgllt 11H)H) 6'47170§;m
. . 6. . d, app : :
d"lwkgéﬁcgpmaiag'?@@‘e{‘-,2(1#9-0"&1 80 (br. t, 1 H). 25 b)
(22Z)-3-q 3, 6-di fl uor o- 2- net hoxyphenyl ) pr op- 2enyl

di azoackt at e 74 F N F CH OH TsNHN=CHCo8r - /)-O0 O
IFO zgrl\)/bg NEt O 80% |F F 200 Mw=268 The
p- t ol ul f on e of .axy c acid chloride
16 g; 0.02 m)I) was added q ution of

2).- 3>(3, 6-di fl uoro-2- rrethoxypenyd) propen-| - ol
(3.69%; 0.018 nol) in dry CH 2(50rr1)at -5C, and
N, N-di nethylaniline (2.5 m; 0.02 % 5 was added
sl oWMw=2#F ter stirring for 30 min Qofv— ®c, B3N (12 m;

(19530681 b-(4R5GAMIED. met¥ shenliCs LESHLIADG KIS 182 (130

mgs tedxéé?fgtl@l) was mgecngén 2vatl of 30%568%):0%(@ etdandlieated in a
seQIregaJ@sgelp‘ﬂas%Frin\efaf%r about 4h at 90°C. The reaction mixture was then cooled
down, mixed with water and extracted into diethyl ether (3x20 ml). Ether extract was
washed with sat. sodium bicarbonate solution and brine. Dried over magnesium
sulfate. Concentration gave 160 mg of white solid material. 98% yield.

'H-NMR (CDCl3): 7.08 (m, 1H); 6.88 (m, 1H); 3.44 (dd, 1H); 3.06 (t, 1H); 2.96 (dd,
1H); 2.64 (dd, 1H); 2.46 (m, 1H).

e) (1S,1aR,7bS)-4,7-difluoro-1,1a,2,7b-tetrahyd rocyclopropajcjchromene-1-
carboxylic acid.

o
~—Br \—OH
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separated washed with water, brine and concentrated in
vacuo. Flash chronatography (silica, EA Hex; 1:15)
gave 3.86 g (80 % of product as a yellow 10 solid.
"HNMR (CDCI 3): 7.00 (m 1H); 6.76 (m 1H); 6.41 (app.
d, J=12.2 Hz; 1H); 6.00 (app. dt, J=12.2; 6.10 Hz;

(18 gRg?IgEé é (®FomSmethid)-4, Adfidododd a,78—|d)ﬁyd$oc§'gloﬁ)gdpa%|5?chrocr%en-
2 1}10?2@- @59%‘90? B-MORB MRS IPRRE Mjth)the solutibih of NROH3(011 § 118 mmol)

. -AR- 4. ' .
15 08 ol oy AR e o

M¥ureqas cooled down and extracted into diethyl ether (2x20 ml). Water phase

. G- di - . = 2 I . .
wgE Ry S W SRR ARG oo ove
189 mg of puire grasivgh dndberdiqobt was ertréctee irno etrad@ad washed with

R ke e TN

(Geptaining updo 9§% of imouriuies@.fowralnwerdomfjdwfm. u nﬁer Largon
1 ' of - .
FNATIEOR BT I et 848 ooy iichid a0 ¢ 1

2¢Aém, Hddi ti on. The reaction m xture was concentr at ed
in vacuo and the crude product was purified by flash
chromat ography (silica, EA Hex, 1:51:1) to give 2.72 g
39f 75 (1 S,5R, 6S)-

- .6- di - 2- h [)-3- bi cycl o[ 3. 1. 0] he .
agags“é?Sﬁ’gr% & g%%&%‘té%ﬂ&éégr g%yzoﬁqﬁﬁggﬁ%?ﬁékhﬁghemw1-carboxyhc
adou®, bas dBrrked1RN14RiepSIt age using Chiracel OD

, 10% 1 PA in hexane - 94%ee. 5 'H NWR (CDCl 3):
SO0 | 1 H,; 4.10 (d,

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-dinydro-1H-benzo[b)cyclopropaldjthiophene-1 -carboxylic acid, (18,
1aS, 6bR) or (1R, 1aR, 6bS) '

m‘coza — ©\*/[>—002H
s s

A mixture of the cis isomer (443 mg), LiOH (193 mg) in 15 ml of methanol / 25% 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 _phése is acidified with
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FBr F30 %HBr/AcOHOO --~O F F 10 Mv»=240 Mn=289
(1 S, 5R, 69)-
6- (3, 6-di fl uoro-2- net hoxyphenyl ) - 3- oxabi cycl o[ 3. 1. 0] he
xan-2-one (130 ng, 0.55 nmol) was mxed with 1.2 ni
of 30% HBr/ AcOH (6 mmol ) and heated in a seal ed
t 0 ction
cHEEATmeBE pid R il S RroRltens Saeafviandhe
orgrpicAbasel is enapotited hyd gaventtre de3ir20 acid) (31Elshag)_ Rt 2L,
was 15 washed with sat, sodium bi carbonate sol ution
and brine. Dried over rmgnesi um sul fate.
Exzmnpleddr at i on gave 160 of white solid material. 98%

(1§I %Q§E§%¥N§ﬂ%crg%n%@owgh8q&§n 2- @%@)&tﬁggxablcy}q’o'_g [3.4.03exane

(dd, 1 H); 2.46 (m 1 H. 20mep (1 S,1
ar, 7bS) -4, 7-difluoro-1, 1 0
a, 2, 7b-t et rahydr ocycl opr dpa[ c]hr gnene- 1- car boxylic

acid. 0 .Br \\,OH F F HH-O.oF MA\=289 Mv=226 76
(1 S 1 aR 7bS)-1-(brono VI )-4,7-difluoro-1
a, 7b- di hydrocycl opr opa Spen- 2(1H)-one (360ny,
1.2 mml) was mixed with khe S8l ution of NaOH (0.1 g,
2.5mol) in5m of vvater and heated at stirring for
a)lodb-8lox88ieycibfs £6 e onthe reaction mxture was
)c ool ed do%%cgﬁ r%rqggte into diethyl ether (2x20
m ). Water phase ({\\
Nzx
— 0 =0
o — A

"
The title compound is synthesised in the depicted stereochemistry as described in

- Doyle J Amer Chem Soc 117 (21) 5763-5775 (1 993)

b) lodo-2-methoxy-3-oxabicyclo[3,1,0]Jhexane

Q HO MeQ
,..~‘\\\O DIBAL ‘_0\0 MeOH, H* AN,
AT ALl

l\‘ I“‘. W
n

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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5 was acidified with conc. HCl. The precipitate forned
was collected by filtration to give 180 ng of pure
product. Mdther |iquor was extracted into ether and
washed with Dbrine, dried over nmagnesium sul fate.
Concentration gave additional 70 ng of product

ont giy Bi el 9l ol rities Qverall yield
Bout 93T PRPRiRe T 2 B e Y 1
Hpxabicyd®[§.m0)@dPane2. 62 (t, 1 H); 2.20 (t, 1 H; 10
2.11(m 1 H). Exanple 33 a) cis ethyl ester la,
6b- di hydro-1 H benzo[ b] cycl opropa[ d] t hi oph¥ee: 1
boxylic agéd, (1S, 1aS, 6bR) or (1R 1aR Mek$) 7 -

S ()7, 15\thyl HBWbZeEhate i sFaddedsl oy to
y.of thiophe e“‘iapym@ RU(Otple/ligeact i o v_\(agl..ch/\gcked
s chrdmat gOkaphy and—stopped—aft “hours. The
e is puified by fHgsh chromat dphy (5% et her
§. The cis isomer (917 ngy, RAY = &Me was

identified by NVR spectroscopy. 20 Reference: Badger
@l OS2 i s o s e o
aml) @ndcforiggkte—~78 °C under N,. nBuli, 2,5 M in hexane, (0.30 mi, 0.77 mmol) was

RRIEZ - ' 7l i.c i 1
SRRIQPHEHES A RS Wit SRR €T B 2 Ak 0 . 1.1
1PoPHas asolyt®n An ankydipes BHF t(Aenlk iwasi axioed ran 4KE reagtion mixture

' ' : 259 i
AT ol i to b BB £ 5f 38 R <Bpweny
ueKabicycabeaxane ﬂlﬁé mg .63 mma), Fﬁﬂ 9 20)PYCle mg ?@tpgﬁolﬁ{hﬂwd ligand

) th ether. e er ase_is acidified wth
TRE e eE ey IS, #6310 82 v Tixed n anhycrous
dieR (D ry@Eidadeed tBithe Feddtivh _ﬁgxtuFehQ’_he%%?lﬁ%hgnim?éﬁﬁgﬁmegted at

ev o; ated and gave the desired acid ngy
geSIx foE3 seangzgtgnelied with H2O. Diethyl ether was added and the layers

Swér8, éephrdied 36 ofidnidAYer wadRh S WIHE PYdand B SR NS -dried
oxabi cycl o[ 3. 1. 0] hexaneé ) .
over MgSO,, 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 (CDCls) & (ppm): 6.88-6.94 (m, 1H, ArH), 6.68-6.73 (m, 1H, ArH), 4.82 (s,

~ 1H, CHOCHj), 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-cyclopropy!), 1.89 (tr,
=7.81Hz, 1H, CH cyclopropyl).

79



10

15

20

25

30

MO F A ..... Ok F a) _

| odo- 3- oxabi cycl o[ 3. 1. 0] hexan-2-one O N o O The title

conmpound is synthesised in the depicted

stereochem stry as described in Doyle J Arer Chem Soc

117 (21) 5763-5775 (1993) 10 b)

E t hoxy- 3- oxabi cycl o[ 3, 1, 0] hexane H MO O
eCH, H The t|tIe conpound i's synthesised in

et al Tett Lett 39 1521 1524 s

5R, 6S) - 6- (3, 6-di fl uoro- 2- net hoxyphenyl) 2- met hoxy- 3-
oxabi cycl o[ 3. 1. O] hegan ® MO)11 O F 1) Buli,
ZnCl12 FQ~02)F c)2/LigandI THE Ove Owe FF
2, 4-di fl ouroani sol 0.62 nmol ) was dlssolved |n

ﬂhM\gr 00

Bgn der 58%” egﬁs(g %58& " gﬁrémgL%1 688“@5 qqgedéo ?*F'tfﬂgdﬁ‘?m"e
(\$538R.6S)- 6-(3,6- difluoro-2- -methoxyphenyl)-3-oxabicycio[3.1.0]hexan-2-one from
example 42c) (0.66 g; 2.75 mmol) at 0°C. The reaction mixture was stirred at 0°C for
1h. Acetonitrile (5.8 ml) was added and stirring was continued for 3h at 0°C. The

reaction mixture was quenched by addition of water and the organic phase was
separated. Water phase was extracted with CH,Cl, and combined organic phases
were evaporated. NaOH (0.33 g; 8.25 mmol; 3 eq) in water (~5 ml) was added to the
resulted residue and stirred at 80 °C for 45 min. The reaction mixture was extracted
with ether to remove none acidic impurities. The residual ether in water phase was
evaporated in vacuo and conc. HC| was added to pH of ~3. After ~1h the solid was
filtered off yielding 0.497 g (80%) of crude final acid as brownish solid. The crude
acid was dissolved in 6 ml of EtOH/H,0 (40/60 v/v) and treated with activated
carbon. The hot solution was filtered and left for crystallization. Yield 0.4 g (64%).

'H-NMR (CDCl3): 10.32 (brs, ~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 mi dichloroethane. Around 10 mg of Cul and around 10 mg
Pd(OAc)z is added. 25 ml of the resultant mixture is dropwise added to 25 m!
ethyldiazoacetate and refluxed for 30 minutes . The solution is filtered through AlL,O3
which is eluted with a EtOAC/hexane gradient. The eluate is evaporated vigorously at
100°, 2mmHg to yield the title compound (36 g).

b) 1,1a,66a-tetrahydrocyclopropala] indene-1-amine.
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5 added and the reaction m xture was stirred at -78 C

for 2 hrs. ZnCl2 (150 ng, 1.1 nmmol), as a solution in

anhydrous THE (7 m ), was added and the reaction

m xture was allowed to warmto anbient tenperature

for 2 hrs. |odo-2-nethoxy-3- oxabicycl ohexane (150 ng,

0.63 nmmol ), Pd (QAc)2 (1.5 , 6.2 nol), and ligand
Therarequet of sten a)ds boilegiwithareund 50, bai in200 41 16 Me§H:H,O for
2 FouF!The Wikifre T Mo With Waieh!v0akhed Yithidierfodthdnd e fdled

he reaction mxture. The reactlon m xt

W'H\sla%@ exfracte@ with dichigroethang, washied wm@n@n@.&n@nmhmmhate
ﬁtt@le%tarﬁmlevgséwedvt@ .efa%edioﬁﬁ‘éiaéua %5"’%@;"2 gmﬁ[ﬁsﬁzg ;12810

arate he organi c er was
miy 6.5 grpol TERGES mldr‘rueScimdé' ole@sid (mass d74d2.4heee) is mixed

in QO@ ﬁf?fHMeﬂb %@'xdtr@m&bd fbrtaPcﬁmH I2t ﬂcﬁmé: ‘T'FIBW ﬁ and
ot e | uor o- aéo yI acetal ) ani so

OB RSO LR S AN 258l et CiaaA PR ang miyture
aditated farb0 rhidutd at b temigefddre (TRE dottion i§ B%neo@w@ﬁa&l@ése

o iSRSt sl o b o i

Pfﬁd@rs&h&fmagtograﬁméd grOGWGHCI_I_ )nc;;’. SGQo(Lﬁ'llr; ﬁhhlelmgg (h’lg of g%% pure
X cycl opropy tr
a%ar%’?‘.gzmé‘z%vt @bﬂ% CH cycl opropyl). 79 Exanple 35
cis-4,7-Difluoro-1, 1 a,?2
.E)Za%gﬁgﬁ‘f ahydr o- cycl opropaf cl chromene 1 -carboxylic
H FICF~ BBr3 1 Msolution in CHCI 2 (5.8
f-1- oapridin-2-yi- 831 ta$ Gaaerdhydro-syclogropajaliraendnd)-urea

éﬂg%. BT ST YA RSP RARene- Aoy e i ety e

Tm&mﬁumrmémﬂener(ﬂ .Gg, 2100 remdiPand COE56 (@10 g, (/35 mmml))in a2-
OC. The reaction m xture was stirred at 0C for 1 h.
Acetonitrile (5 m) was added and stirring was

continued fo S~ The reaction m xture was

guenched by Itiom of water and the organi c phase
dnmoetaemmt)eﬁt.) d(\aoe«; wasRiedaopnits EBH) @Goktibm 2
dand cogo gq ci gg _3 were evapor ated. Na
iaz5agetate (14 145 1adBImoish g diehiofetnane (S3Emi y\Rg 45 B0
°c1 chet feactio ikt waswaSsadie m@(mlrﬁL)evn@Hzcﬁ Bhése was 45
washed wntneCI-E %‘? %b mq_) ané uerseolve é IE:gr%lned organic phases was

removed under reduced pressure. The crude product was column chromatographed
(silica gel, 5510% EtOAc in Hexane), to give 3.63 g (18%) of +cis-1,1a,6,6a-
tetrahydro-cyclopropalajindene-1-carboxylic acid ethyl ester and 6.68 g (33%) of
ttrans-1,1a,6 6a-tetrahydro-cyclopropajajindene-1-carboxylic acid ethyl ester as a
byproduct.

'H-NMR (CDCla): 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 (¢, 3H).

b) cis-1,1a,6,6a-T etrahydro-cyclopropalajindene-1-carboxylic acid

e
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with ether to renove none acidic inpurities. The
residual ether in water phase was evaporated in vacuo
and conc. HCl was added to pH of -3. After -1 h the
solid was filtered off yielding 0.497 g (80% of
crude final acid as brownish solid. The crude acid

<63 1 E0EH i o  osPBLARY LA, Wb s

frdm I:ti:esr‘edia 6rﬁzh-tle€réhydrMcy@IbN@ba[d]lhaéﬁé-@fbar%x?h@'a&d i) ester

d,
(32% g 15. @pn(m&%j?sg ]23015 rngrpq)lr r@bggo(rgﬁ) an;i ﬁgo&azgmu
wijioh wbré‘heatédﬁardfﬂl& ,forJQH'%onébrﬂr‘btédend lcnhﬂiecg fo E?écff@gte te2g

H), 6 (m
(BEQé) NE"“CIWHJ Y8, 6aztetr®y;§if@y|c)§clgyoa§[ajthene 1-carboxylic acid as a white
sofid 6F@s bRIHLANWEL ARG [a] indene-1-carboxylic acid
et hyl gster Ingte&ngéé@g?egpl uted in 100 m
di chl oroet hane. Around 10 ng of Cul and around 10 ng

VERMEISHELE 320 O o e Y 66 1,

is dropw Se a

2. 9%fmu3<|dhl 2t (N3O Hyi M9t édd,.1HJhe sol ution is f| | tered
t hrough A1203 which is eluted with a Et OAC/ hexane
gradient. The eluate is evaporated vigorously at 100,
T@nﬁﬁlgthromyﬂmbdfvammenﬂraed onpeurednuéé’& p@)ssur%obbhzeﬁe%(ZO mL)

wels A L PR R ot Hashe inoh BCAOR mabbitH(30 mi)

ar@ine (3m(mll)l\/Eﬁlrlsb|2@ntfoﬁ the @rglnleithaséd walirdinaVed Lider reduced
vvashed wi th di chl oroet hane,

di | i
Pt DeckTuce PrIdRES CO Yoot o ki oK
in ORB6Y twighve mhgcts%;' of @&s\oﬁf}(fsp:t@'rﬁggﬁyghﬁg% X)f) LNNE e%gg

evaporated to yie ure.
tetzaﬁs’dzo -gycjoprpga n@%nﬂ-yl)%es mmol TEA 7.1 m 1.1 ee and
7 3 g of the acid (mass 174.12, 0.9ee) is mxed in
t ol uene and refluxed for around 2 hours. The

‘HMMBJ&M% -de)i £t dH) B (dj|1$§07 96ddd. M H), 3¥aFR2208, 3H),

TSR A TR 0. FeatP i 2R oIk or e

The solution is partioned with acid/ base in

%l chl or oet hane. The organi c phase is dired,

d and evaporat ed. The 10 product IS
B 7 idti >

ure660 of 85% pure as am ne, m)I W 145. 11.

a) 1a,2,3.7b-Tetrahydro-1H-cyclopropa[a]naphthalene-1-carboxylic acid ethyl

ester
0\/
5

1a,2,3,7b-Tetrahydro-1 H-cyclopropa[ajnaphthalene-1-carboxylic acid ethyl ester was
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-cyclopropa[ajnaphthalene-
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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. Exanpl e 37 tas-1-(5-Cyano-pyridin-2-yl)-3-(1,1
a, 6. 6a-tetrahydro-cydopropaf alinden-1-yl)-urea. 15
a)
cis-1,1a, 6, 6a- Tet rahydr o-cycl opropal a)i ndene-1 - car boxy
lic acid ethyl ester To a m xture of indene (11.6 g,
100 mmol ) and Cu2Br2 (0.10 g, 0.35 mol) in 1,2/ o O
bf” chl oroet hane (200 nl-) at 80 C, was added dropw se
3h) @2 SJlbdt étahydfo-éHrhoycloped AGSHtAA L i
mol ) in 1, 2-dichl oroet harF])e F?gﬂ ﬁ %P%ércgrb&%“%ggg
80 C, the rea mpxture was vvashed w th H20 (200
nm.). The H20 phas s 20 washed with CH2CI 2 (50 m -)
and the sol ve of the conbi ned organi ¢ phases was

h duct
R e R L R S e
syqthesizer aqa@pg@pelg tg Fa@mplq 3BYgromf1ac2,8;7b-thtrahPdr6 aH-
cﬁggiﬁﬂggpﬂﬁsﬂeﬂ@rp%@%#h@%%%eetgylceas ebro(égé Ing %C1I8dm%to?);| 56/39

MR f ¢is Badaraps-iserneshytd mivecsddony 4aedRbi Mﬁrbe?tl-re@r%ﬁ%}&--1 H-

cyY:id ?o@.ﬁéﬂe&gﬁé{lg gslt ‘fgrbgﬁ_ﬁ acés(g%é?{?o%re of cygar(@trans

'SQTHFTS)ST@r()ddqtvlaé)not&r&?allliem 1H, 2.24 (m 1 H),
1.99 (dd, 1 H, 0.92 (t, 3H. 30 b)
cis-1,1la,6,6a-Tetrahydro-cycl opropal a] i ndene-1 - car boxy
'H- NMRa(ﬁQiCIaPYtDSSJ(bcssm) ¥80%6. Gaﬂeaﬁ?a 2 80-1 6 (m, 7H).
hydr o- cycl opr opa[ a] i ndene- 1- car boxyl'i c aC|
synthesi zed from
Examgpld 68a, 6, 6a-t et r ahydr o- cycl opropa[ a] i ndene- | - car boxy
lic [ t est e 3.53 g, 15.5 mmol) , Li OH (539
a)mg, 1?%‘@3%1@ g"ex 6’? “ﬁﬂ?]%ﬂﬁpmdﬂ(’{Yz?@hw)enemcmboxyhc acid
ethyesteneat ed to reflux for 2h, concentrated and
acidified to precipitate 1.62 g 5 (62% of cis-1,1
a, 6, 6a-tetrahydr cl opropal a] i ndene- 1- car boxylic
acid as a white d. The product was not
crystallized. 'HM

(AOCI3): 10.95 (br s, 1 H),
7.35-7.02 (m 4 3.29°(d, 1 H), 3.14 (dd, 1 H),
1,%,9,@,4,%-H%x5nydrg-'b nz&mcyclo'ﬁpdpailc]cyclo(hde%lenle-@cérb%?cylic 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-benzo[a]cyclopropa[c]cycloheptene-1-carboxylic acid ethyl ester (a 1/10
mixture of cis and trans isomers).

'H-NMR (CDCl3): 7.40-6.90 (m, 4H), 4.30-4.00 (m, 2H), 3.30-0.50 (m, 12H).

b) 1,1 a,2,3,4,8b-Hexahydro-benzo[a]cyclopropa[cjcycloheptene-1 -carboxylic
acid.

OH
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The reaction m xture was concentrated under reduced
pressure, benzene (20 nL) was added and the reaction
m xture was washed with 1 N HC (30 nmL), H20 (30 ni)
and brine (30 nL). The solvent of the organic phases
was renoved under reduced pressure. The crude product

h ed | |, 4--~5% MeOH 15
MS%E%%L-QF%%&H&,% rggg%cxcg%rolgg[acﬁgyglomeptene-1 carboxyhc acid was
h@g.:tgy?n? guailbdwklﬁto)’%))ea;]ﬁpllé 3y Jf[ﬁ g 182 3 4@@&

%ggzc([gf{:ycioE{Ppg@:gqglogeptemeﬂ)carl;ogfyC(a@tgi ethylidster (3. 43 g, 14 9 mmol,
7a401(7 rrﬂ)Eur(efo o’ﬁd‘ﬂnd tan51|Zor¥|epc5 lg(';ﬂlve’3 1 93(83@%“%31 8(%4 8b-

2.80-2.73 (m. 2H),
a Wd("sb%wb@?wepﬁ[cwdoBeretgaez -@rboxylic acid (a 1/10 mixture of
7b/staﬁﬁrtﬁé7ﬁéd§&nééé I 1 1B AL 4v!) urea. a)
la, 2, 3, 7b- Tet rahg/dro ‘Sl}H- c@%%%ﬂf?{"ﬁ%pht hal ene- 1- car
boxyl | c acid ethyl 25 ester (5>YQO

b ARt Sl e SR
to Exanple 37 from 1, 2-di hydronapht hal ene (3.91 g, 30

MERA t4p give 688 ng (11 % of 1
Tafs}%a'b@tetrahydro 1 Hcyclopropa[a] naphthal ene 1
_@hr bdcpethoxrel 8, 3et-teflahpdbeaplitaalef/ B8l i xture of cis
and trans isomers). 30 "H-NWR (CDCI3): 7.35-6.95 (m
4H), 4.30-3.85 (m 2H), 2.90-1.00 ( 10H). 82 b) 1
a, 2,3, 7b-Tetrahydro-1 H-cycl opr opa[ d]'napht hal ene- |
-carboxylic acid c9yOH o 1 Tetrahydro-1

H cycl opr opa[ a] napht hal ene- | ic acid was
synt hesi zed anal ogously p from

la, 2,3, 7b-tetrahydro-1H 50
cyclopropa[a]naphthalene | -carboxylic acid ethyl ester

I(eggﬁeéﬁ@yteﬁa She (508571504 wiasymised with 150 mi o dry ethanol and
asatljBn Bordhgtiriady1le @qj whs 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 100mi of water and heated
for 1h at 45°C. The resulting mixture was extracted into diethyl ether (3 x 80ml).
Combined organic extract was dried over Na,SO, and concentrated by rotary

evaporation to give 10.39g of yeliow oil which was used in the next step without
additional purification.

b) 7-methoxy-1,2-dihydronaphthalene

A

Crude 6-methoxy-1 .2,3,4-tetrahydronaphthalen-1-o! (10.3g, 0.058mol) was dissoived
in 100ml of toluene and heated in an oif bath (115°C). P-tolylsuiphonic acid (20mgq)
was added to the reaction mixture and it was refluxed for about 1h. The reaction was
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cycl opropa[ a] napht hal ene-1| - carboxylic acid (a 56/ 39

m xture of cis and trans isoners). The product was
not crystallized. 10 "HNWR (CDCI 3): 11.36 (br s, 1
Hy, 7.30-6.95 (m 4H), 2.80-1.65 (m 7H). Exanple 68
a) 1,1

| e B MG s YR LB LT LSRE S o
a, NakiCo 3§plipmwmﬂanbéxnme[aaidogfghﬁibﬂa3ﬁa[~%]s eied gUSPNS{SE‘o4.

-1 ester . nt hesi ze
anmggﬁ*w@?@’ Exsdan@I 2¥'§Btabrf3?”6‘n‘?' ‘F"?Jlgﬁ%dro 5H
bengocyg{hc]){lhept ane (4.40 g, 30.5 mml) to give 3.43 g
(49/9 0 3-megtRoxy; ¥, BB;7b-tetrahydro-1H-

g‘y benzo[ a] cycl opropa[ c] cycl oﬁécs?rgﬁga[ra]nag%haleqe -
|c acl ett-hyl ester (a 1/10 mxture of cis and trans
isonmers). 20 1H-NWR (CDCI3): 7.40-6.90 (m 4H),
4.30-4.00 (m 2H), 3.30-0.50 (m 12H)gq 1.1
a, 2, 3, 4, 8b- Hexahydr o- benzo[a)cycloprapa cycloheptene
-1 -carboxyllc acid. CH 08
1, 1a, 2, 3, 4, 8b- Hexahydr o- be
ene-1| -carboxylic acid was s ed anal ogously to
Exanmple 37 from1,1 a,2\,@,4, xhydr o-
benzo[ a] cycl opro pa[c)cycloheptene | -carboxylic acid
et%M ester (3.43 g, 14.9 mol, a 1/10 m xture of cis

atheny-1 gﬂ'ﬁﬁdsf)naphtha@r\ee(BZBgﬁD @5 5nF admixed with 10ml of

1, degad

hoxak ggﬁéggﬁﬁ TS SMSRdE e Aomeel soesiwmiacetate amr. 0.1

IT dt;)%,p %gm'sggqacilgn rmigxtu(ﬁ\;asbubbllzez ;&ﬁh@g{l%agsaddsétﬁgrcﬁﬂzoacetate (2eq,
0.76 (br s 4 5%2 é/d% %’Q%EY'IFHF Cﬂlﬂ?f’deéw%a@d%slewly through the

p")yrmgq: (flog«kma utd ralhour) to the stirred solution at ambient tem
perature. Gas
6 dr.gna al en-1-ol OH
SVBIUKON ¥takied: u?bo% tﬁgg{jéﬁmfn T% l%ac Ion was monitored by GC. Additional

amount of catalyst was added during the reaction (about 20mg). GC-ratio of cis/trans
isomers was 21:48.

opropaf c] cycl ohept

After the reaction was complete according to GC data the reaction mixture was
washed with saturated NH,CI solution and brine. The methylene chioride solution
was dried over Na,SO,. Concentration gave 13g of crude product as yellow oil.
Purified by column chromatography on silica (200g, ethyl acetate/hexane 1.20). Only
trans isomer was obtained in pure form. The required cis form could not be purified
by the technique used. Fractions which were more enriched with required product

were combined (200mg, cis/trans ratio 70:30 according to GC) and used for further
transformations.

d) S-Methoxy-1 a,2,3,7b-tetrahydro-1 H-cyclopropala)naphthalene-1 -carboxylic
acid |
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g C: 6-Mthoxytetral one (10g, 0.057npl) was m xed
W t h 150 M of dry ethanol and sodi um borohydride
(1.2 eqg) was added by portions to the stirred m xture.
The 15 reaction mxture was left to stir at anbient

~tenperature for 15 h. The reaction mxture was then

concentrated by rotary evaporation, Hj with 100m

of water and heated for 1 h at 45C/ The resulting

m xture was extracted into dieth ther (3 x 80m).

Conbi ned organic extract pver Na2SO4 and

concentrated by rotary : to give 10.39g of

yel l ow oil which was r,c ™ pExt step wi thout 20

addi tional purification. b)

7- met hoxy- 1, 2-di hydronaphtha ene O Crude

GEHM BoNEIhaxy2] 82 4 Ttetetrahydhoot mﬁwlmbﬁﬂa?néﬂhtt(al&tdégacarboxylate
uene

|
(CRL PmbR s A3 Aot Msthase)pad inemvioree socium
(Mtgxndem a@gsomdem irt @ ril b8 wats (sl i th ltt'i@ré%ﬁoh it and

r bout h. The reacti on was noni t ore

vf r@)ﬁ%nngb%rgg%wpsrﬁ; W)&VGF’BQ%EW ﬁgfﬁ%'%wéeaalndem@n @vixture into
exane showedtd®od staring inw

e ot itk S i o s

gave ?é’¥ Eﬁﬂ =3)1and\gxrpateddnto athylgcetate (3x15m| The

Eedmblhed@!xtilacﬁs R/e?a Wbsﬁéﬁ wihwaie? altd bn e, dne OV%&%lSO“ and

cI Oﬂg & ht hal ene-| - car oxy a
UELG @y ffyd Yﬂnﬂ'%tmdﬁtgw Qefhﬁg oBMBgyretaf@idnaris) acids as

vwmtdrsoﬁed vvlth 10m of degassed absol ute nethyl ene
chl oride and 20nmg of rhodi um acetate (appr. 0.1

|99 . The reaction m xture was bubbled with nitrogen
%ﬁ#ﬂ di azoacetate (2eq, 10 50% solution in
degassed abs. nethylene chloride) was added slowy
td)r ougbmbiHdxy- r 1 m/hour) to.
td)he sti rred)qéi?%rft3 P%ﬁtréﬁ)lﬁgr\rlg er?t6F1t %pge':r ature. Gas
evol ution started upon the addition. The reaction was
nmoni tored by GC. Additional anmoun®Hof catal yst was

added during the reaction éabo t 20ng). GC-ratio of
cis/trans

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-dihydron_aphthalene

/o

86



10

15

20

i sonmers was 21:48. 15 After the reaction was conplete
according to GC data the reaction m xture was washed
with saturated NH4CI solution and brine. The nethyl ene
chloride solution was dried over Na2SO4.

Concentrati on gave 13g of crude product as yellow oil.

Py rrato on silica (200g,
etehy%tlhg’g {J toqrﬂ]exa ghre'ia THW bﬁ?:}\h/e?‘f’-%ﬁ’@“?'%ﬁﬁly teisxample 40b
otmm Thaetiony1,2,8 #mtrahydrrba -f&SHhd186oI3h Hivkd Mg Ce*%ﬁd@ﬂtas brown

20 chn| ue used. Fractions

e'%w '“é’ggn’F' 'gﬁg%“&n Pé\hun S4-telrafnsce-1-nanhéhalenone).
corrbl ned (200nmg, cis/trans ratio 70:30 according to
%) anethyseshetioxyf1dr2,BTb-tetra I ' e
5-Met h ’ 1 a, 2)% 7b tetrahy@?ﬁ{)?wdlwﬁpa[ginaphthalene1
HZ 8fy3%¥opa[ a] napht hal ene- 1-carboxylic acid 85 COCH
11 0 Ethyl 5-nmethoxy-1 a,2,3,7b-tetrahydro-1
H cycl opr opa[ aj napht hal ene- 1- car boxy%@b% (0. 2g,
0.8mmol ) was dissolved in 2nl of nep and the
sol ution of sodium hyd@om de (O, 50mol) in 2 n
of water was added to-fhey m xture and 5
stirred at anbi ent tenper @@ ght. The
extraction of basic reacti orR“fixtdfe into hexane
showed that no starting material present. The reaction

ﬁ])_fli ﬁ?? a‘lﬂ,éjlf ed with excess of 3M HCl solution
m% §me FY e 74P P RGO hednspaalgInapk imiane- 1-Taboxylate
cwabsyr&hiesezgdl ét@égdmgqconch% ?rBrrV‘@trﬁéthéﬂm iQ-dll'{&ff:fronaphthalene

entrate rota

e{?a Br ’Bﬂ'%ba ijen tate Oy ®i'h ta Sl'b’@ Bg. OfCSJdeQ pradect as orange-

aAsrodd cASPurile |
71-'%t hoxy l_Jl 2, %Cﬁ'#@?rdgﬂoméé hg ﬁt]Snl%):le(Zo?g faQyIacetate/hexane
7L

k H 65&? frackions weee solieC frﬁatm ¢mic¢nnd|wmms isomer (75% by GC)

sy 0t1Bgsin&ed f@eﬁ&@gq% ary P !

7- 515 ony 1,2, 3, 4- tetrghy ro- gﬂggﬂﬁaﬁq’gﬁgﬁé&% 'sgomeZS'1 g. Total
) £0 glve about 5 g of crude product

(quantitative yield), which was used in the next step

d) 6-methoxy-1a,2,3,7b- tetrahydro-1H-cyclopropa[a]naphthaIene-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-cyclopropa[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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wi t hout additional purification. b)

6- net hoxy- 1, 2-di hydr onapht hal ene 86

6- Met hoxy- 1, 2- di hydr onapht hal ene was synt hesi zed

anal ogously to Exanple 40b from

7-met hoxy-1, 2, 3, 4-tetrahydro-1|-napht hal enol to give
4.4 g of product as brown vyellow oil (96%yield from
7- met hoxy-1, 2, 3, 4-t et rahydr o-4+=napfithal enone). C

Et hyl 6mathoxy1a237bt¢tra 1

H- cycl opr opa[ a] napht hal egé 2 poxyl ate COOEt /O
Et hyl 6-nmethoxy-1 a, 2,3 tetrahyro 1

H cycl opropa[ a] napht hal ene- 1- car boxyl at e

Syme{iﬁ ‘F‘g d?%gf Wnap t(hE?(g rﬁ?wiﬁivgso%lved ip aps. DMF and

a@cnbﬂed)wnm at@nosomum Ethyltbiotate €2. 9 63 was@idded ade ther edoiién mixture

b
fahends st Qubhg R 18h e (G kgl 3 RestRbt W monjtared fy GC.
1Rgaption Thixtsee Machlutedwlmmec,cadlcbﬁe@wnh Bhfddd’}l @ extracted into

FPRLER a0 Sa At s MR Mk e R ofRd fler Neaso

| mﬂmnoenttatgad byabtdry eya;ﬂraho%%unﬂicatﬁmrbyt duduein thromatography on

_Carab@ g RN Ohdradai vay o&ﬁik{j‘&q}n ‘phancl Vield 92%.

3, 7b- tetrahydro 1

H)cy cl opdinyaiap nrephitaidrgnigifioaidiRandsuffomsté d wWas
synt hesi zed anal ogously to Exanple 69d) from et hyl
6- net hoxy-1 a, 2, 3, 7b-tetrahydro- 1

H cycl opropa[ a] napht hal ene-1 - carbaxy
0.65mmol) to give 0.1 g oO 20 p
crystals. Yield 71% 423
7, 8-di hydr o- 2- napht ha#gﬂeIS’S' HO

7- Met hoxy- 1, 2-di hydronapht al ene (6.4 g, 40nmol) was
di ssol ved in abs. DMF and

ate (0.16 g,
white

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,SO..

The crude product was purified by column chromatography on silica. 9 g of brown:
liquid was obtained. Yield 88%.

c) Ethy! 5-{[(trifluoromethyl)sulfonyljoxy}-1a,2,3,7b-tetrahydro-1H-
cyclopropafa]naphthalene-1-carboxylate

COOEt

s—O
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bubbl ed w th argon sodiumethylthiolate (2.5 eq) was
added and the reaction m xture was heated at stirring
at 160 C for about 4 h. Reaction was nonitored by GC
5 Reaction m xture was diluted with water, acidified
with 3MHC and extracted into ethylacetate. Organic

th db d d
e o BRI A inuiony Tret Ay eabEra Fon.
%Vddﬂr@@é[b}hapma@ﬁéuU&hr@&%f@tv%r@ﬁmés&gd aﬁhiogﬁaﬂgwpxample 40
Yf'%’Pt h%_gacet at e/ hexane) gave 5.36°g of desire

%vd[3-2*ﬂagbta?ﬁyﬂrtaﬂ@rﬁmgm%gp@fwupte (9 g, 32mmol) at addition
tl’falté Hlllﬂﬂplﬁﬁjl@f@§ %ffc.‘PurHiat ﬁrohbctoas &an rél& Qurlﬂed by column
- Di hydr o- 2- napht hal enol . VY was ey
5 V\yrl'trﬁrr'{aﬁqgg@pﬁytmu (@QOg mhylacqetme/be;anem ) Fractlon enrlched with

Ira(igefggrln?éggg at hrGéﬁrl WI Cc an l giez[n(i[)l %B?{?fef{]&{\f pfformations

was added to the stirred solutlon t hrough syringe

dﬂrl ngEthJ eyanoTlee2, 8 dhtetrahydre- Wasyciddrapaidinbphthakme-1-
to roomtenperature. 15 The reaction m xture

vvas t en vvashed with water and brine and dried over

Na2SO4. The crude product was purified by colum

chromat ography on silica. 9 g of brmoEtiqui d was

obtai ned. Yield 88% c) Ethyl
ate COOEt O C-S-O

5-{[(trifluoronethyl)sulfo
| uoronmetrhyl ) sul fonyl ] oxy}-1

1

a, 2,3, 7b-tetrahydro-1 H
cycl opr opa[ a] napht hal ene-
3 20 0 88 Ethyl 5-{[(
a, 2,3, 7b-tetrahydro- 1I' H

cycl opropa[ a] napht hal ene- 1- car boxyl ate was synt hesi zed

10 F‘Qﬁ Y L
7, Syd Hdr oor ﬂegﬁﬂﬁﬁ gﬁ&fy} 1a%'@8rt%tn%r}yﬁa%ésul fonate
(oyc@prg@mﬂpyhtagleaa-drqarbwylate (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
S 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 NH4Cl and extracted into ethylacetate (3 x 15ml). Organic
extract was washed with water and brine,. dried under Na»,SO,. 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—cyclopropa[a]naphthaIene-1-carboxylic acid was
synthesized analogously to Example 69d from ethyl 5-cyano-1a,2,3,7b-tetrahydro-
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rate 1 m/h to give 13 g of crude product as
orange-brown oil. Purified by colum 5 chronmatography
on silica (200 g, ethylacetate/ hexane 1:15). Fraction
enriched with cis isomer (80%by GC) - 0.64g was

col l ected and used for futher transformations. d)

t hyl
5%%&#99@%@21,"39%!93?@?1-1&@’&95:/% ©y@ B - Bmajal)] taagive: halge of
rpﬁoduct@_améwlry%taas.%tww lo Et hyl
{[(trl fl uor omet hyI )sul fonyl)oxy}-1
7h-t et rahy
cb'cwﬁr%%ﬂq)a@hmwénaaHnﬂcaz ssy 1 H, eB @@m 1H), BABTLE3 (m,
vy Wsé%ir éN'ﬁ-h iﬁé%'\')@&m gdﬁ%br?%% %Pékggﬁf(%%é 234 (1

arg
n‘g_h aRd- 1h%Qa(bédEP é?cH)sﬂ47§3r1 69 (brmatkd). osed vial for 14 h
at 100 C. Reaction was nonitored by GC. The reaction
HshiliE4¥Rs concentrated by rotary evaporation, 15
m xe W|th saturated NH4Cl and extracted into
et hyl acetate (3 x 15nl). Organic extract was washed
Wt h wéhyk b-[drirdetiysitg)etblyriyéielt a2 3cb-ta2Fdro- 1H—cyclopropa[]a]naphtha
%@%@%IQ% gave 0. 12g of product as an oil (yle

cyano-1 a, 2,3, 7b-tetrahydro-1

H cycl opr opa[ a] napht haI ene-| -carboxylic acid COCH
N~ 20 COOEt

ne- I-carboxyllc aC|d was sy el analogously to
Exanpl e 69d from et hyl 5-cy
89 1H- cycl opropa[ a] naphth G :
0. 5nmol ) to give 0.1 product as white crystals.
Yield 94% ' H NWR ( Od6) 9.70 (br s, 1 H, 8.32
(br s, 1 H, 803 (dd) 1 H, 7.46-7.63 (m 4H), 7.32
(br s, 1 H, 3.18-3.10 (m 2H), 2.76-2. 65(m 1 H),

.-2 . 34 5 2.01-1.80 (br m
S S1aRb et Yleutbnition 1 o.200 P idtisictsy i )
By{:IOpMpamﬁBdhﬁidldﬂlé etdaysukylatd (0.2g, 0. 5mmo|) was mixed with
?r’ % 7b-t et rah ? 8 IH-c cl opra 'lag

ifig Ylsggg%y(lwé ¢ B mol), 5 mg. P mol%) Pd(dba)s (30 mg,
10 mol %) and Cul (3 mg) in Et3N (2.5 ml), bubbled with argon for 5 min and heated
at stirring in a closed vial for 14 h at 95°C. Reaction was monitored by GC. The
reaction mixture was concentrated by rotary evaporation, mixed with saturated NH,CI
and extracted into ethylacetate (3 x 15ml). Organic extract was washed with water

and brine, dried under Na,SO,. Concentration gave 0.15g of product as an oil (yield
87%).

b) 5-Ethynyl-t1a,2,3,7b-tetrahydro-1 H-cyclopropa[a]naphthalene-1_-carboxylic acid

COOH

AN
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COCEt jii to Ethyl

5-{[(trifluoronethyl)sul fonyl)oxy}-1

a, 2,3, 7b-tetrahydro-1 H

cycl opr opa[ a] napht hal ene- 1- car boxyl ate (0.2g, 0.5nmol)
was mxed with trinethylsylilacetylene (0.2 nm,

o A L N

@pgmxylatq(og @i hoamohoherasedissalvedsini 4mi Mgnethaml@hdSi&dsolutlon of
alhir{si%{dé%xé}?ég@%?ﬁq C‘Zmﬁ%aarli bg@ 7 rro\er}[%%g%?eﬁq t8tttc‘l? g;aactlon

@‘u&tptir and stirednathedting ah65° for Bthe Cf hblld&Eractiamnest tsicrragétR mixture

uﬂB ﬂegér@/%rﬁb méafté?t lgo ﬁt)értlsnﬁ%tena%;%gaerﬂ}nﬁét {'%ggg\/&?xture was
@old(f@dtwmexcasg af/BMHAISsylutibn npleduptana%xﬁﬁct@d lint trfddtetate

omB g e exdeeltsSudre WashEHRIRNRET e brinesriedayer

%2$ZDhyhd concentrated by rotary evaporation to %lve 0.12g of mixture of c;;s/trans

5-] th e la, 2, 3, 7b-tetrahydro-1Hc
EF%E %épgf) %‘QB go%’ Vqé%deg§° arboxyl ate (0.2 g,
0.64mmol ) was dissolved in 4nl of nethanol and the
gbhmmbiey8 of sodi um hydroxi de (0.05g, 1.2mmol) in 2 ni
of water was added to the reaction m xture and

S irrgg heating at 65C for 6 h. The extraction of
Bgsi c é@fh{qrgﬁrme h?é"ﬂhydfﬁ@'d@fé)x'aﬁé‘thﬁ@mthat no
starting material present. The reaction m xture was
acidified with excess of SMFHCI golution (pH=1), and
extracted into ethylacetate 34L5ml). The conbi ned
extracts were washed with x d brine, dried over
Na2SO4 and concentrated b Pvaporation to give
0.12g of m xture of cis/tragse~acrds (85:15) as white
solid. Yield 88% 7 10 Exanplle 43} a)

5, 8-di f | uoro- 4- net hyl - 3, 4- difhydro- 1( 2H) - napht hal enone
FOF 1,4-Difluorobenzene (22 m, 210 nmol) was m xed

W4tlﬁiﬂ¥6%ﬁgﬁie%ea&t2%]l,ezqé mnr?wdl) év%s 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. HC| was added

and stirred until homogeneous mixture was obtained. The reaction mixture was then
extracted into methylene chloride, washed with water (4x10 ml) and sodium
bicarbonate solution (3x100 ml). The organic extract was dried over Na,SO,.

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

mmol) and AICI3 (28 g, 210 nmmol ) was added by portions
to the stirred reaction 15 m xture. The reaction

m xture was then refluxed at stirring for 16 h (oil
bath 110C). The reaction m xture was cool ed down
(icelbrine. bath) and ice/conc. HCl was added and
stirred until honbgeneous mFxturS was obt ai ned. The
reaction mxture was then @xtra yed i nto net hyl ene
chl oride, washed with wate 6.J) and sodi um

bi car bonat e sol uti on (3x10 e organi c extract
was dried over Na2SO4. 20 ation by rotary
evaporation gave 6.7 g of pijoducy as yel |l ow powder.
Yield 81% b) F
5,8-difluoro-4-nethyl -1, 2, 3, 4-tetrahydro- 1- napht hal eno
Il 91 FOH F

5 &Dmut)tmmtktylnez Byﬁl-teftaﬁyd%omuhmrrtﬁilyﬁldﬂowbs synthesized

aaBIb 0 B ExaptiE oS ol R srdivo 3 matng & Aty L2

napithalehene ne gtve g8 geoﬂchd@ pedduet, Wﬁciﬂfv@ﬁ USdd inhe Haxt step

ifpliSEHa Dty Step 5 W thaut addit Tonal

5 8-di fluoro-1- nethyl-l 2-di hydronaphthalene F 1 \ \
B 5, &@umhumﬂm?etmhfwhrh}m%nébhﬁh@re%@apht hal ene was
synt hesi zed analogously to Exanple 40b from
5,8-difluoro-4-nmethyl-1,2,3 4 t etrahydr o- 1- napht hal eno
l (1.8 g, 9.1 1o mmol) to g Fve 1.5 g of product as
brown yellow oil (90%yiel difromb, 8-difiuoro-4-

nmet hyl -1, 2, 3, 4-tetrahydro A al enone). d) Ethyl
4,7-difluoro-3-nethyl-1 a et rahydro-1
H-cyclopropa[a]naphtha | ene arboxyl ate COOEt OC
15 Ethyl 4,7-difl uoro- 3- netuyl 1 a, 2,3, 7b-tetrahydro-1
H cycl opr opa[ a] napht hal ene-

5,8-Difluoro-1-methyl-1,2-dihydronaphthalene was synthesized analogously to
Example 40b from 5,8-difluoro-4-methyl-1,2 3,4-tetrahydro-1-naphthalenol (1.8 g, 9.1

mmol) to give 1.5 g of product as brown yeliow 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-cyclopropa[a]naphthalene-
1-carboxylate

COOEt

Ethyl 4,7-difluoro-3-methyl-1a,2,3,7b-tetrahydro-1 H-cyclopropalajnaphthalene-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 mi/h to give crude
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car boxyl ate was synt hesi zed anal ogously to Exanple 40c
fromb5, 8-difluoro-1-nethyl- 1,2-di hydronapht hal ene
(3.5 g, 19 nmmol) at addition rate 0.5 m/h to give
crude 92 product as yellowbrown oil. Purified by

col um chr omat ogr aphy on silica (200 g,

BrOHRER BASEBRNGL Futeto bY Bl iPritlramcon pigaiz00 o
a$hylatetateegase 0i1b) {(oGfive S?ﬁ % (A;f ﬂ&trmndu‘i%?idlég%reomenc esters

r % a
{B,t)gezﬁér \S@}ngrsﬂ{};pﬂxﬁ %I%ur%ﬁwljgé ratio: antu 45‘)A: 40% /trans:cis/,
ayd, B1%P21304 nahydisp- 1 H-
cycl opr opa[ aj napht hal ene- 1- carboxylic acid F COOH
Z - dj f| oro 1l a 2,3 7b-t etrahk/dro 1 Hcyc lop
Da[4pntiCish ﬂéﬁ“@“h% -méthylta, 2 Behbytelrabydro(1- 259 20
b r hifaidrid-€-cafbdxvfc trans isomers) was
gygsglo\?gfdhlﬁér?z 5ml of 1%(ynet§ﬁgnol and the solution of
sodi um hydroxi de (0.4g, 10mml) in 2.5 mM of water was
added to the reaction nixgure andC&Qhred at anbi ent
t enperature overnight. The¢ ion m xture was
extracted into hexane ( The conbi ned extracts
were washed with water , dried over Na2SO4
and concentrated by rota evapbration to give 1.12g
of cis esters as colourles$s oid (mxture of ethyl and
met hyl 15 esters - 94% acgording to GC). The ni xture
obt ai ned was dissolved in 1.5 n of nethanol and the
sol ution of sodium hydroxide (0.2 g, 5mmol) in 1.5 m
Gthyld: e ifuere-1add - letrahmof‘é&cmlmropa[ﬁlnapbtmme- 1-carboxylate
T Ci
3820 o im0 i it il o EEAT biRBRT W 50N 2.5mi of
eethanal @ndithe soletidnydfandium bydioSide (Bg) 10MhwI)EnZs AmeoF water was

SPRESL By ERGITAR, Ut hyHR0 S U P BSsa bt SR

ggantion ng'gtgreawas extraated irde helxarse (3xBO gil). Mjeonitgted extracts were
HEXRLA Wi W&l dhoAHEL BPBE o GHRINIA Al bt 3588,
¢y§p<d‘afld>mmglvé34 nﬁgfojlcslestmdmmﬁﬁsfom(mixture of ethyl and methyl
esters — 94% according to GC). The mixture obtained was dissolved in 1.5 mi| of
methanol and the solution of sodium hydroxide (0.2 g, 5mmol) in 1.5 mi 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).

Exampie 44

a) 4,7-difluoro-3-methyl-1-indanone
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4,7-Di fl uoro-3-nethyl -1-i ndanone was synt hesi zed

anal ogously to Exanple 43a from butyrolactone (4 m,
52 nmol) to give 7.19g of yell ow powder (85:15 m xture
of correspondi ng i ndanone and tertrai one according to
GC). The product was purified 5 by colum

chromat ography on silica (200 g, ethyl acetat e/ hexane)
to give 3.7 g (40% vyield) pur© product together
with m xed fraction and fracti ont ai ni ng pure
tetralone. b) 4,7-difluord XI -1 -indanol F CH F
10 4, 7-Di fl uoro- 3-net hyl - was synt hesi zed
anal ogously to Exanple 40 f
4, 7-di fluoro-3-nethyl-1-indgnhone §3.7 g, 20 mmol ), to
gi ve about 3.75 g of crude ‘product (quantitative
yield), which was used in the next step w thout

addpifiuenas- meﬂHyle in@ﬁﬁbr%‘waé:}snohg&gcf LHaﬁg?dsiy @EMJI&%a from -

H i ndene F ro-1 -net

Reyralacion ¢4 Q‘éoﬁZdﬁmO&gtequ 190 @t yelove pawder (85115 mixture of
§f)§g§¢qnbhﬁ@rlﬁd§1dﬁt%§d tteiltgésl&gez{ﬂéggrcﬁﬁq ?oSGg) (%/E%g%:ta’as purified

Y CE{lﬁVl chromatography on silica (200 g, ethylacetate/hexane) to give 3.7 g (40%

I
ﬁ ) Ui ¥rBaerTiasiior it b B B AoRGY BoiRi R e
ttﬂ@lemst hyl- 1, 1 a, 6,6a-tetra
hydrocycl opropa[ a) i ndene- 1- carboxyl ate was
nt h I Exanpl e 40c from
§¥7 d? %@%68'%8?]%% 'Xﬁq%hdene (1.32 g, 7.9 nmol) at
addition rate 0.4 rr1/h to give crude product as
yell ow-brown oil. 10 Purifi & by | um chr omat ogr aphy
on-silica (100 g, ethyl acetgte/ hgxane 1:15) to

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

F

(o8
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give 0.61 g of the mxture of diastereoneric esters
cis- and trans-esters as coloureless oil (cis/trans
ratio: 84:16 according to NVR). Yield 30% e)
anti-+/-cis-2,5-difluoro-6-nethyl-1,1
a, 6, 6a-tetrahydrocycl opropa[ a] i ndene-1- 15 carboxylic
iq.F anti-+/-cis-2,5-Difluoro-6-nmethyl-1,1

g?e‘?‘éﬁ@ft%{'mﬁhyv HEEDUP RS Pah Sy BeREeR analoopusp I iaraple 37 from
agidifivge-3simethyesiidddhof (7 9g oIS Infmbh té GRe3DRY§ di" i
Ettthgl 2 5._?. fHIySoro- o (r;’g{hgl S nNtél § dfffBduct as beige
duid 627% ¥E!Qhy dr ocycl opr opa[ a] i ndene- 1- car boxyl at e
(0.61 g, 2.4 mmol) by 20 stepwi se hydrolysis first

 th 2@ynmb-difédré-svaéiRy Jetfl - 1.
K’Ia(]ﬁ 9% at heati rslg to 'a?gibs%te%"g‘?'BE%@SJ@?&@E’?‘@&%1e
E#DX¥ate. Yield 70% (appr. quantitative if calcul ated
for starting cis isonmer). Exanple 45 a)
5, 8-di fluoro-3, 4-di hydro- 1£2M napht hal enone F O 5
5,8-Di fl uoro- 3, 4-di hydr o- 1({2H) - naphi¢d@begnone was
synt hesi zed together wt
di fl uoro- 3- et hyl - 1-i nda
descri bed in Exanpl e 44a!
chr omat ogr aphy on sili ca.
obtained vyield 8 10 b) F
5,8-difluoro-1, 2, 3, 4-tetrahydro-1-napht hal enol F CH
F 5,8-Dfluoro-1, 2, 3,4-tetrahydro-1-napht ha | enol was
Efit 28 difhundo Snmetiyb ik StetiEhgdizicycldpmphfa)intene-1-carboxylate

- di - - i a5 H),-.napht hal epone (0. 77 \
bSO L e AE RN 2L ERORR (. e
(.32 @)7.9wiroh ahadditisrechte 0.4tinth egive Shede potibetids yefiow-brown oil.
gﬁj@‘\etg: @Fﬁt{l)wﬁH rf'hg'nﬁ?th'?%\%gyl §b I’?ﬂ"ﬁal ( éﬂ% g, ethylacetate/hexane 1:15) to
give 0.61 g of the mixture of diastereomeric esters cis- and trans-esters as
coloureless oil (cis/trans ratio: 84:16 according to NMR). Yield 30%. -

di ng to procedure
Separat ed by col umm
D. 77 ¢ of pure product was

e) anti-+/-cis-2,5-difluoro-6-methyl-1,1a,6,6a-tetrahydrocyclopropa[ajindene-1-
carboxylic acid

anti-+/-cis-2,5-Difluoro-6-methyl-1,1a,6,6a-tetrahyd rocyclobropa[a]indene-1 -
carboxylic acid was synthesized analogously to the abov_e from ethy! 2,5-difluoro-6-
methyl-1 ,1a,6.Ga-tetrahydrocyclopropa[a]indene¥1-carboxylate (0.61 g, 2.4 mmol) by
stepwise hydrolysis first with 20 mol. % of NaOH and then with the excess of NaOH

a5
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96 F 5,8-Difluoro-1, 2-di hydronapht hal ene was
synt hesi zed anal ogously to Exanple 40b from
5,8-difluoro-1, 2, 3, 4-tetrahydro-1- napht hal enol to give
0.67 g of crude product as brownish liquid (90%yield
from5, 8-difluoro-3, 4-di hydro- 1( 2H) - napht hal enone). 5

’%ﬂ%%mg{]l% rge\?engé’tgrtng rpagﬁ%{ms\sw&?e crystalsop}e?d 98"% fa{)grm quantitative

afda}qulaiedi (cmd)amwg)bllshajrﬁen)me and
7-di fl uoro-3-nethyl -1-i ndanone by reduction
Ilogeg by dehydration. The m xture of correspondi ng
Ad napht hal ene is easy to separate by col um
chr omat ography on silica (ethyl acetate/hexane 1:20).
@) et hy8- dmuBrchﬁLdiﬁyd?qu(@fr/)2n§pr7tha|teﬁ6ﬁ@hydr0 1
H cycl opr opa[ a] napht hal ene-1 1 carboxyl ate F COOEt
F Ethyl 4,7-difluoro-1 a, 2,3, 7b- tetrahydro 1
H cycl opr opa[ a) napht hal ene- IF - cafboxyl ate was
synt hesi zed anal ogously to Bxanplie 40c from
5,8-difluoro-1,2- di hydron R 83 (0.7 g, 4.2 nmol)
at addition rate 0.4 nl/h ) gr ude product as 15
yell ow-brown oil. Purified™by “Cotdtm chr omat ogr aphy on
silica (100 g, ethylacetatelhexane 1:15) to give 0.45
g of the mxture of cis- and trans- esters as
coloureless oil (cis/trans ratio: 33:67 according to
fal
?5?:02““3“"3 S iR Pt haleRbACHEC Sfithesizeq togpther with 4.7
4!”?’0[9 31’1!@ w=1- mdangléich%dlnghgdr@eﬂiure described in Example 44a.

g%ggfétg&’ 9)0 gélgﬁinm%g%lg?%y%o CQLL% %/;rfaé:‘l? d;%%e%)crog uc% was obtained

Medd/8%opr opa[ a) napht hal ene-1 -car boxylic acid was
synt hesi zed anal ogously to Exanple 43e from et hyl

%Mcsg{slo&grgogg[ai %ﬁ?’?*&’?@tﬂﬁg@i{ﬁﬁ%m ate (0.45 g, 1.8

mol ) by stepwise 5 hydrolysis first with excess of
NaOH at r.t. and then with tfhe e®tless of NaOH at

F

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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heating (60C, 1.5 h) to give 80 ng of product as white
crystals (cis/trans ratio 78:22 according to HPLC).
Exanpl e 46 a) 6-Bronoi ndene Br 10 This conpound was
prepared anal ogously to Exanples 40a & 40b from
5-brono-1 - indanone (4.0 g, 18.8 nmol) to give 2.4 g
(65% of 6-bronoi ndene. b)()-cis-Ethyl
4- br ono- 1, 1a, 6, 6a-tetrahydrocycl opropal a] i ndene-1-carb
oxylate Br H 15 H COOEt i s~sQnpound was prepared
anal ogously to Exanple 4? 6} br onoi ndene (1. 95
g, 10 mmol ). PurificatioR a gel starting with
hexanes foll owed by hexangs wth 2% di et hyl ether and
finally hexanes with 5%digthyl ether afforded 670 ny
(24% of the cis-ester. 20 ¢c) ()-cis-4-Bronp-1,1
a, 6, 6a-tetrahydrocycl opropal a] i ndene- 1-carboxylic acid
5,8eDiBuord- HR-diyaDapfithatereovat syathesiaeidhatild@ilisly to Exiam_?le 40b

I le 40d starting with 330 ( 7
S BB 2 SRy ek Blsmartpsiive 6 810, obie pgociuct
as BAnisif ligh)d- (903 vieRrfasio 5,6difiudro-3,4-dihydro-1 (2H)-naphthalenone).
a, 6, 6a-tetrahydrocycl opropa[ a]i ndene-1 -carboxylic

AGE St SRR AIPE e A oA e . O 5 8ok, 4-

dihydro-1(2H)-naphthalenone and 4,7-difluoro-3-methyl-1-indanone by reduction

followed by dehydration. The mixture of corresponding indene and naphthalene is
easy to separate by column chromatography on silica (ethyl acetate/hexane 1:20).

d) ethyl 4,7-difluoro-1a,2,3,7b-tetrahydro-1 H-cyclopropala]naphthalene-1-
carboxylate

£ COOEt

Ethyl 4,7-difluoro-1a,2,3,7b-tetrahydro-1 H-cyclopropala]naphthalene-1-carboxylate
was synthesized analogously to Example 40c from 5,8-difluoro-1,2-
dihydronapthalene (0.7 g, 4.2 mmol) at addition rate 0.4 mi/h to give crude product as
yelilow-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).4,7difluoro-1a,2,3,7b-
tetrahydro-1H-cyclopropala)naphthalene-1-carboxylic acid

e) 4,7-Difluoro-1a,2,3,7b-tetrahydro-1H-cyclopropa[a]naphthalene-1 -carboxylic
acid '
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H " COOEt 1o This conmpound was prepared anal ogously
to Exanple 42d from ()-cis-ethyl 4-

bromo-1, 1a, 6, 6a-tetra

hydr ocycl opr opa[ a] i ndene- 1- car boxyl ate (200 ng, 0.7
mmol) to give, after purification on silica gel using
hexanes wth 10% et hyl acetate 8?[)60{!0] el uent, 73 ngy
(46%9 of ()-cis-ethyl 4Fcyano- 6, 6a-

t et rahydr ocycl opropal aj i nden - car boxyl ate. 15 b)

(t)-cis-4-Cyano-1,1

a, 6, 6a-tetrahydrocyclp . ndene- 1- carboxylic acid

NC ,HH H COOH This asji# was~synt hesi zed anal ogously

to Exanple 40d starting{with 73 ng (0.32 mvol) of the

conpound from Exanple 4Fa to give 59 ng (95% of

()-cis-4-cyano- 20 1 1

dro opa[a]lndene car boxylic

4 b Oei%%pﬁ b shelpaigpalainantinsigne | seriowgic acid was
syﬂthélebd hhEIbGE @Eﬁanﬁ‘ﬁléd% 5r09n Ethyizz 72d|ﬁ(§67fb)1a VELS 7b-tetrahydro-

di ssolved in 2 et hanol cat al %tl ¢ 'anou

%?ycm/enf&alaaphtaals@ﬁ hﬁ%rbawzate (0 #ﬁeg e ame) bmtﬁpmsé
hyM\ﬁj@snngtr Wit e ARiNaH BB, Qﬁ@w \ﬁltl’f tHe &kBE< bpﬂa(?ﬁ-l at

Filtration through celite and 5 evaporailon o
hegmg @@FQGHS hate givg 89 g eferoduct as white crystals (cis/trans ratio 78;22

aceordgdo Widlaior ophenyl ) - propionic acid. This acid was
o Lo o ) D oone and & i of thi onyl

chloride was added. The reaction m xture was heat ed
Example146) Cfor a period of 2 hrs. Evaporation of the

)sol %eg;o ed crude

Iuorophenyl) propi onyl chloride, which was

d| ssol ved in 25 nm ofBsarpan_disul fide and added drop
W se to a suspension of 4 |g 0 m' ni um 10 chl ori de
in 100 m of carbon disul {jdeAJWe reaction m xture
was refluxed for 2 hrs and
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-tetrahydrocyclopropalajindene-1-carboxylate

Br
o H

WH
H COOEt

This compound was prepared analogously to Example 40c from 6-bromoindene
(1.85 g, 10 mmol). Purification on silica gel starting with hexanes followed by
hexanes with 2% diethyl ether and finally hexanes with 5% dlethyl ether afforded 670
mg (24%) of the cis-ester.

c) (+)-cis-4-Bromo-1,1a,6,6a-tetrahydrocyclopropajalindene-1-carboxylic acid
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gave after work up and re-crystallization from ethano
975 ng (22% of 4,7-difluoro-1- indanone. D)

4,7-Di fluoroindene F 15 This conpound was prepared
anal ogously to Exanples 40a & 40b from 4, 7-di fl uor o-
1-indanone (975 ng, 5.8 mmol ) to give 475 ng (54% of
4, 7-difluoroindene. c)g(t)-cis-Ethyl 2,5-difluoro-1,1
a, 6, 6a-tetrahydrocycl opropal 3 '-o-ng-l - 20
carboxylate F ,H "H H Thi s conmpound was
prepared anal ogously to Exaggfe~0c.H om

4, 7-di fl uoroi ndene (475 ng, 3. 18 maygon Purification
on silica gel starting with hexanes followed by
hexanes with 2% di ethyl ether and finally hexanes with

Sthidiaeidhwas §jrieésiad aaitfbusiOBkapipid B4 Qéaé'ngitx/iﬁ{ 330 mg ( 1l.77

cont zi\)m nated with 22% of thé trans-ester.

(TME)Lf3he comppurst fom Exanmle 5b de oivh\232 oy (1966 afa)-eibi4-Bromo-
nflea :ckr- RPNl QoReh s a) 4. b, This acid

was synt hegi ged gn%%%%ﬁkﬁ%%e:;k I‘:;)'%"ébn'p écaéﬁﬂi starting

wth 205 ng cis-ester from Exanple 77c to give 120 ng

OéxaHp_IEi@' 2,5-difluoro-1,1 a,6,6a 1o tetra

hydrocyclopropal a] i ndene- 1 -carboxylic acid containing
a@)ni ndk)-cisddyl ofrcpénd-hda,6 6a-tetrahydrocyclopropalajindene-1-carboxylate

NC
Ly

H COOEt

This compound was prepared analogously to Example 42d from ()-cis-ethyl 4-
bromo-1 .1a,6,6a-tetrahydrocyclopropa[a]indene-1-carboxylate (200 mg, 0.7 rﬁmol) to
give, after purification on silica gel using hexanes with 10% ethyl acetate as the
eluent, 73 mg (46%) of (+)-cis-ethyl 4-cyano-1,1a,6,6a-
tetrahydrocyclopropalajindene-1 -carboxylate.

b) (£)-cis-4-Cyano-1,1 a,6,6a-tetrahydrocyclopropalajindene-1 -carboxylic acid

NC
8 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-tetrahydrocyclopropalalindene-1 -carboxylic acid. '

Example 48
a) 4,7-Difluoro-1-indanone
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correspondi ng trans-acid. Exanple 49
4-116-11ff(1S.1aS, 7bS)-417-di fl uoro-1 1la 2

7b-t et rahydrocycl opropa(cl [1] benzopyran 15

1-yl I am nol car bonyl I am nol - 3- pyri di nyl | oxyl - N- (4- nor ph
ol inyl) benzam de a)

N- (4- nmor phol i nyl) - 4- (phenyl net hoxy) - benzan de BzO N, N\*
0 00 20 A mxture of 4-benzyl oxybenzoic acid (0.5 g,
2.19 mmol ), 4-am nonor phol i JAg
Et 3N (0.316 L),

1- (3-di net hyl am nopr opyl ) -
hydrochl oride (0.671 g, 3.
1- hydr oxybenzotri azole hydragte (0.5 g, 3.7 mml) in

N, N-di met hyl formam de (17 nlL) was stirred at room

2 npifluatocinmaiic adld (2199, 222 nimel) wesddissaivedds 25 mi of ethanol and a

SRR R AL oP e ' ot o0 ik 88064 T FRLrB AN p e s
Mgcﬁ@gematﬁc: aonarenral pedssdre foha pefisd oL® hg)ﬁf/gtaﬁwm thgeg&mgnte and
e tRByc EIER BREP ARy st eiE AT i anshbeplgac deia. This

adid Gvs djssoWeeﬂ i0: 75901 Sftoluarse &nked il fof ﬂﬂor’(w’chlbﬁﬁé was added The

%%%Férq %SD%SI%Y \gasl Q%qj&d_l- aynyrgC‘ %or@gaenod ogg "Krfh Ezggorathn afthe
§dlverit dffbrde?i &hidé 8- (2 %-d?ﬂ&r@ nyBPropidnyk €nlotide Ahich IvaBdissolved

&%@%Wr ReRY ﬂ'(SHWF’?) Aa¢ |aH9P diapryigertQia sHgpensien ofd g of aluminium
éhibyidl meONn(Jf'd%mlsulﬂd'é )Tﬂéer%éﬂ@nqauxﬁﬂe 31%% rGﬂU)@@ %or 2 hrs and

was synth eSI zed ana ously

T m%iwpwérpmtwnwém (2% Dol B dituoro-1-
igdandfe.' H NVR (CD3OD): 7.67 (d, J 8.6Hz, 2H), 6.81

(dJ = 8.6Hz, 2H), 3.80 (m 4H), 2.8

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) (x)-cis-Ethyl 2,5-difluoro-1,1a,6,6a-tetrahydrocyclopropalajindene-1-
carboxylate
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4 lc
ﬁﬂ}4 ;%rphol?nyl) 4-1(6-nitro-3-pyridinyl)oxy)-benzam
de O H 02N I N NN O C 15 The m xture nitropyridine
and bronopyridine (0.328 g) was synthesi zed
anal ogously to Exanple 11 c from

#Hg‘z/gérﬂwuﬂ& ivés BRIBRQ! AalodquSBNG Rl A8 TigrPd 7rdindchoindene

H$7° 9. 73 rnmodjegu@ﬂqat-bn ohiBilich gl 8irtig With hexanes followed by

TR 0T ok A D0 e

My @f the distesten contaminated veitn2 2% @p it Wamee R B
bromopyridine (0.328 g). 1HNWR (CD30D): 7.77 (d, J =
8.2, 2H), 7.73 (d, J=27%rlzwjl-% 7&28(m1H) 6. 95
d,(+)Jc@2£SS Riflbiaro- P 1t 6, 6a-@rabfdro yéfo o scarboxylic acid
3238(() (m 4H), 2.89 (m 4H. 102 Fﬂgﬁ[fﬁe’q grooyy
asS, 7bS) -4, 7-difluoro-1,1
gpa[c] [1

a, 2, 7b- tetrahydrocycl opr o o
] benzopyr an- 1-yl ] am no] ' ami noJ - 3- pyri di nyl ] oxy

]-N-(4-nmorpholinyl)- ben ‘\||—_|N/ 0O F:N\$NO
H OONN F ~ H OO

F
This acid was synthesized analogously to Example 40d starting with 205 mg cis-ester
from Example 77¢ to give 120 mg of (£)-cis-2,5-difluoro-1,1a,6,6a-

tetrahydrocyclqpropa[a]indene—1-carboxylic acid containing a minor fraction of the
corresponding trans-acid.

Example 49

4-[[6-[[[[(1S.1aS,7bS)-4 7-difluoro-1.1 a,2,7b-tetrahydrocyclopropalc] [1]benzopyran-
1 -vl]amino]carbonvI]amino]-3-pvridinyl]oxv]-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-ethylcar_bodiimide
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. yleld 90 %) was identified by
NMR spectroscopy.
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4-116-[([[(1S,1aS, 7bS)-4, 7-difluoro-1, 1a, 2, 7b-t et rahyd
rocycl opropalc] [ 1] benzopyran-

1-yl ] am no] car bonyl ] am no] - 3- pyri di nyl ] oxy] - N- (4- nor ph
o{'rianyl )-benzam de (0.015 g, 21% was synthesi zed
altaNMP (GD30 DY 7E0a el 1A es (6 o4 4 (H- ayi

p%%bg'lpnm %@L ng-)m)r)phol Fﬁygiﬁeﬂﬁmgﬂ}ew%sggﬂiz@) 7.39 (m, 2H),
1 NIVR: Y= §.582, 2H), 5316-(s32).13:82 (R 4H)7 268 (rd 4H).

J = 2.73Hz, 1H), 7.40 (m 1H), 6.98 (d, J = 8.6 Hz,
3H, 6.84 (m 1 H, 6.63 (m 1 H, 4.42 (d, J = 11.3
HD) 1 4rhyydraxy>N-(4¢rdorphdlinyl)denzamide’3 Hz, 1 H), 3.80 (m
4H), 3.62 (t, J =7.2 Hz, 1 H, 2.91 (m 4H), 2.6 (t,

J =8.4Hz, 1 H, 2.03 (np H. 15 (LG M5, API-ES +:
538.2; Calc. 537.5) Exanplle %0 34-(4,7-Difluoro-1.1.

a, 2, 7b-t et rahydr o- cycl opr opal clithfomen- 1-yl ) - 3- 15- ( 4-
met ha nesu | finyl - phenoxy) - pyri°d il\ﬂz?-yl | -urea 20 a)

4- Met hanesul finyl -phenol: S .110S. 101 O/ 002

. 14 I ti di H20 (10
rhfli2 w&&)ﬁﬁgﬁ%w%‘?ﬁ’)@%@e Y@B‘? Qléf%/ibwlagémtbeéa@ analogously
dadxample m‘)'@wmdfbholhﬂ)-ﬁe@ﬁ@nﬁHe%oxy)-benzangg% (0,615 ).

4- et hyl sul fanyl phenol (4 g, 0.029 nol) "was ad
the reaction m xture was heated to 65 C. 30% H202 in

FRENIIR (@0;0m)s 7 Sdd@r i=r8 61z, 2108, V@I DB BHAUBAPL 3 o, aH), 2.8
oom T

r(ﬁagwon m xture 103 was allowed to stir at ' r
tefperature for 1 h. 50% NaHSO3 was added to quench
the reaction. Methylene chloride was added and the
conmpound was washed with brine and purified by

dR} ondit(@dnaiphpling)-4-{(6110tre« Fyddinyhoxyibenkemaiechl or i de)
to give 1.9 g of 4-nethanesulfinyl-phenol (1) (42%

and 1.5 g of 4-nethanes l henol 5 (2) (30%.
H
NN N*N/\'

: (o] (o]

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

HNT N N~

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 (CDsOD): 7.77 (d, = 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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b) 5-(4-Methanesul finvl-phenoxy)-2-nitro-pyridine: O
OO02N,,"~aN S11 "* Oa O'J~ 10 To a solution of

4- et hanesul fi nyl - phenol (1.52 g, 9.7 mmol) in DWF (30
m ) cesium carbonate (4.2 g, 12.9 mmol) was added,
foll owed by addition of 5-brono-2-nitro pyridine

( 75 tqur

QoL g ES Ao it X (£ TE RehbidsTloBlopalel
¢Ubpazapyeah-+-yfeminpigashanydaminali3-pyidiresiexy | T -moeshic g

\%ﬁgﬁ bfled by chronat ography (O -+ 10% EtOH in
%1 ene chloride) to 15 give 1.5 g (56% of

5- (4- Met hanesul fi nyl - phenoxy) 2-nitro- pyrl dine. c¢)

5- (4- Met hanesul fi nvl - phen ridin-2-ylamne: OO

[ 11 02N UN S', FQNUN}%)‘@‘

5- (4- Met hanesulfi nyl t ph )-2-ni -pyrl di ne (1.27gq,
4.56 mmol ) was diss tin 20 Et (80 m) and Et OAc
(8 mM). Pd/C (10% /m;;) was adde dthe nitro

group was reduced torthe am ne by hydr e ation at
at nospheric pressure for 3h. The catalyst was

ﬁl[tsé gﬂ@? gé 7t§‘§)d4 Y Rgndord-h £ 7%§tr§ﬁ’ﬁpﬁyatospoptafc] gi [{fbenzopyran-
Mlammmpnxllanmhe]rﬂmyr)dlw}oxw N-(3-rpbmholirgl)- b%\zdbmde (0 015 g,
b é’z} % %Vrﬁég %edlaagalzsoﬂs% r zilcg]y%rxamp){ ¢l 9? r%fmCI ‘ifl 6-am|no-3-
mmaymam-wrwmwmehrwmmmudh @®ygl-urea: 104 O F

11 ZNNS" N\yNN , U [ ~ .... ~ 101

'H-NMR (CD30OD): 7.82 (d, J = 8.6 Hz, 2H), 7.63 (d, J = 2.73Hz, 1H), 7.40 (m, 1H),
6.98 (d, J = 8.6 Hz, 3H), 6.84 (m, 1H), 6.63 (m, 1H), 4.42 (d, J = 11.3 Hz, 1H), 4.29

(dd, J=11.7, 2.73 Hz, 1H), 3.80 (m, 4H), 3.62 (t, J = 7.2 Hz, 1H), 2.91 (m, 4H), 2.6 (t,

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-cyclopropajclchromen-1 ~y}-3-[5-(4-
methanesulfinyl-phenoxy)-pyridin-2-yil-urea

a) 4-Methanesulfinyl-phenol:

0 o)
s g 1
~ ~ =~
0 o] o)
1 2

H2WO, (0.029 g, 0.114 mmol) was stirred in H,0 (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% H20; in H,0 (3 ml) was added in portions over 10 minutes. The reaction mixture
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F O 5-(4=Meth a nesul finyl-phenoxy)-pyridin-2-ylam ne
(0.049 g, 0.197 mmol) was dissolved in toluene (2
m). (1 S 1 aR 7bS)-4,7-difluoro-1,1 a, 2, 7b-

t et rahydr ocycl opropal c] chronene-| - car boxyl i ¢ aci d,
prepared as shown in 5 V®02/705163 (0.041 g, O. 179

o o 8 om0 P S0 e

tmeabadiomomlr@@mrdﬂm was h@d@laridths icompating %s&%@:ed with
t enper at ure over The reaction mixture

QwisaRa PyffiegyP Véb(?'agwmvd@méénﬁ» PRy SIRhYIAD® Ehlggde) to give
@@Cb ofa- ﬁieiﬁdn%sﬁ!ﬁhﬂ Jh@hb%&%’%%ﬁﬂﬁ 5 {%bf Oﬁ’@h@%sulfonyl phenol

I ca gel columm chro y (5% Me
@hl%@é .orm) gave 25 ng 10 (30% 1-(4,7-Difluoro-1,1
a, 2, 7b-t et rahydr o- cycl opropa[ c] chronmen-1 -yl) - 3-[5-(4-
nmet hanesul fi nyl - phenoxy) - pyri d| n-2-yl]-urea. 'HNWR
DXCDCI Bf4-Metirames 4-phenp) eH), 7.30 (m 2H),
705(m 2H), 6.80-6.70 (m 2H) 660(dtrO H) ,
447(dd0rLH),4.32(dd 1 H, 3.80 (g, 1 Hy 275
460 15 (tr, 1N 8

Tesults Extensive g assay of
pounds at the enzyne | [
including the isolatio | ection of

rrutant i—|IV strains and nutant RT 5 are found in DAIDS
Virology Manual for HI'V Laboratories conplied by

Vi Si n of AIDS, N A D USA 1997. Resi stance studies,
Plﬂ &l sL%H 199 of &rmethanesuliny-ahenrldT 82 9¢9 7Taamehdn AME A% mi)wesium

Ear56hatees 2ig) 12emhiloy Wh&ﬁ"ﬂﬂlo@%'b?bé’cﬁd#ﬁéﬁ@f@b o-2:itro

Data Analysis Plan for Resistance udi es, revise

RYrisling (11809, 8. § uehrabd e mbrturetas stifedtat 6° G overrighl dtie
§pehbivn s itk el aﬁd)éva_epé:?ér‘]@b g é@éd&%ofﬂt’éa With e?oluene The

determinations with 4 cells (Wislow et a
QOH\B@U‘@aW%%PUWfWﬁtbﬂ@EQmamram (One 18% BIOH én Metiy)ene chloride) to

N R L e 2T e

protein binding. In short the XTT assay uses human T

el l 4ines h@gg@glgggéEMmsdlum
éuppii:(/ 'WW‘}]eg “L e um (or 40-50%

hurmn ser um as apprgpriate), penicillin and

O
pt cin seeded!linto 96 well mgcropl ates (2.10 Il
x@\t /@mgwm 10- 20 "gﬁ\iﬁj\ /@S\
X 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 pfessure 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-cyciopropalclchromen-1-yl)-3-{5-(4-

methanesulfinyl-phenoxy)-pyridin-2-yll-urea:
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TCI D50 per well of HIV-1,,,s (wild type) or nutant
virus, such as those bearing RT Ile 100, Cys 181 or
Asn 103 nutations. Serially diluted test conpounds are
added to respective wells and the culture incubated
at 37Cin a C®2 enriched atnosphere 20 and the
viability of cellg is determ ned at day five or six

vvl,_{,m X[T vital dyg Resul ts e typl caII present ed ?
as Eq@ ;!| M @tiuhds are D m SN
wild V] and rutant H sp |aIy

virus congfising drug escapg rrubat-l ons Drug

25 whi ch t ts due t
RE U By Hioms i fvieoning(9.04R . 01 teammoliwas
V\bnssdslvémhftelheﬁél h2rfeth s, ¢§R b@?—‘ée/-&ﬂu&%a‘f anthyiral .

{é§ ﬁ ted Dat a Anal ['an  out g breI evant
drug }é‘ﬁ' %R’a&lﬁlc@'q%?“ee ﬁfbokyltdﬂ;:ldamrepamalas(ﬁham%
CWOEtd5162 5 s ar

i) ?‘SOF%P‘SE% e e ARG Tal b Hmoh age T (0.025
'“E q\{)c'UT"QP waieagded| Thenreaatinn miXtarerwa hewstby té ||1130°C and was

pdIRMRGad enet |
backgr ouﬁgﬁ?tgﬁg Bg%@%% nb%%g'%? %%%nggl 83 'HPFHJ'e was worked
VB! mElion bewesnavetspions t:hlerlds eno’59% oitdc 881 AloWell By sat. aq.

SNéHCbg VSFIMa g(epédlbhﬂ%hr rf]f:Qt g /o(@?@gl)%? rc%io?&k&g-): gyave 25mg

rel evant escape

t(RRYed 354, 7aﬂdluem=rpd arﬁd‘éb-mahmmmmm c]en@‘neérawyw 3-{5-(4-
nut ant an even nore
B?gt?grﬁ%%@y Fﬁﬁgndﬁﬁngﬁ%%ﬁ UP001, K103 especially in

assays mmcking the presence of human serum 5

0 e r ta assays use reverse
?ﬁm@?r t%{ ey%@;ﬁ %‘1 Gér séﬁé a}%(”ﬁnﬁ%)t ¥ ®84m, 2H), 6.80-6.70
e g4, eﬁ;IGQ)fd)tam ) as47d(e1ﬂanpaCBz @!dUWHE £80 9, 1 2 7g (s, 3H), 2.60

ogtli\qe 1y 1670- 1677 (2002) or exanpl'e

103N’ g(ﬁ-?mg prepared using this nethodol ogy and
the priners '
CATCCCGCAGGGT TAAAAAAGAACAAATCAGTAACAGTACTGGATG
CATCCAGTACTGTTACTGATTTGTI CTTTTTTACCCTGCGGGATG 15 The
L1001/ K103N nmutant is prepared by mutation of L100 in
t he K103N enzyne:
CCACATCCCGCAGGGATTAAAAAGAACAAATCAGTAAC
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GITACTGATTTGITCTTTTTAATCCCTGCGGEOATGTGG 20 Mut ati ons
are done in the H VRT DHLO cl one cDNA cloned into the
PET1l d expression vector. The nutations are generated
by anplification of the mutated DNA with the hel p of
the enzynme Pfu. Coning was then perforned in E coli
TOP10 cells and expression of mutated enzyme was
performed in E coli BL21(DE3) cells after induction
T, The HI V-1 reverse transcriptase assay

‘b'al |zCIeg @SUR§A scintillation proximty assay) system

r%’ﬂ?“ﬁ\ge ﬁwdﬂmﬁ)ﬁﬁ\ ﬁm@hbpé@% campdunds At thbenzygue EHver and in cell

r@]lﬁ@'l&l%ﬁ%ﬁf@%blgh&? ar e o E&to@mtgfsmulp g{ ﬁ'\ﬁ%eqmseané mutant RT

Sci ence I'ndi hg g
|argé¢mi inrPAIRS Vedogy Mansallfot HON Laboratdresa:%myed By DIVISIon of

A, BHARS OSFEIOYTT ReS3pRASH S dotvdBo EtbanIPryarios arug
(esgapé ouitantd is gscBRBLBIE) thngAVri@esistsaqel %ﬂ@bcﬁétl% %@E&%
e B o ReniSlanee SRdR, reviord S dvars! 19%9. 1

reverse transcri ptase (such as L1001+K103N) catal yzed
sured in the

presen @%o‘?%q%%m f@ér\égsgﬁmf%ﬁﬁgmwcpr exafple using multiple
l‘d;a(férﬂunéiﬁfmflvﬁi’tﬁ hrmrhmerut edils (Pvasislv &%‘1\ PRt Oare¥inst 1989, vol 81
P40 the corporation of
RS i, gt aBal Gie b nalvdinaidate isationaioithe aresence ofit0-50%
d‘funﬁﬁ‘ﬁr &ruﬁﬂ%TRdlcﬂ@ﬂ?e é&ﬂrlﬁ]ﬂﬂ oﬂﬁfﬁtéﬁpﬁinﬁﬁ’@e dé?'hrtr the %TT assay
ratur ‘II' concentration was use
ng 7626' pire MTW'%SFWW%'HM 4640 meslium sepriermaated with

muv/aratalFéalf(sw@rh (6§4d-$@%]#dﬁilé}3 &ru‘ﬁ@ﬁs %?B%gﬁéte?g%%%m and

in 100ul reaction volunme for
EYepEAmHEn seedadintoRfowel mrprmlattesi@sag ecelisbvellHntécted with 10-20

1 0
00 bt AR s S R A s SRRl e e
t1|Q@ Eeyed83itor Ao 193iroutations. Gemptbwddmed test comp?unds are added to
b- d ropal c
?poer]%'%é rZe]l?)aRglfl?%&blﬁlé% &gyb%&ﬁd} - §¥9 %;)C(gg %g%ggg{glﬁmpgahere
Za(mddﬁe Vﬁbﬂw Of7 €t Gs estedﬁiﬂbébeday ?ﬁb@\ée sm‘Wlﬁh )ﬁﬁﬁ@il/aﬁ@lyé "Results
Egpl e Subst ituent to phenyl (or
N

Compounds are preferably potent against wild type virus and mutant HIV virus,
especially virus comprising drug eséape 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 cuf’rehtly 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 W097/27319, W099/61658 and
WO00/73511 which also show the use of such mutants in sensitivity profiling.
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1 sul phonam do 29 2 N nethyl carboxam do 26 3
N- et hyl suf fonami do 60 4 amino 70 5 nethyl sul phonyl
40 8 N-nethyl carboxam de (on pyridyl) 70 9 anmi de 28
10 carboxam de (on pyridyl) 80 11 hydrazi nocarbonyl
10 12 cycl opropyl am de 27 13 acetam de 40 14
I t
KI03AEI pptuiaty fPlevaht il st ot e oot BAEINKX) therapy
Rad gompaynds efdbe inyention @re{eheblv haee ailow Eﬂsaaaamstahisynutant and

e0BH oS Fb?ér‘aB lte ?8%5%?@3;%\'&5&1889@1& %bﬁﬁa@pHQSga){f rpjmicking

escape t ant 100
thecpreseme ef hEmansRIUML. R6 X T 1 R2 NN N A RSRR3
a where; 5 AisCHorN, Rl is a substituent to a carbon

atomin the ring containing A selected from
Convenient reverse transcriptase assays use reverse transcriptase bearing key drug

escape mutations prepared broadly as described in Unge et al Eur. J. Biochem. 269,

'1670-1677 (2002).

For example a K103N mutant is prepared using this methodology and the primers
CATCCCGCAGGGTTAAAAAAGAACAAATCAGTAACAGTACTGGATG
CATCCAGTACTGTTACTGATTTGTICTTTTTTACCCTGCGGGATG

The L100I/K103N mutant is prepared by mutation of 100 in the K103N enzyme:
CCACATCCCGCAGGGATTAAAAAGAACAAATCAGTAAC
GTTACTGATTTGTTCTTTTIT AATCCCTGCGGGATGTGG

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 L100I+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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-S(=O pRa, where Ra is -Cl-C4 al kyl, -ORx, -NRxRx,

- NHNRxRx, - ‘NHNHC(=0) ORx, -NRxOH, 10 -C(=0) -Rb, where
Rb is -Cl-Ca-al kyl, ORXx, -NRxRx, -NHNRXRX,

NHC1- C3- al kyl -C(=0O) ORx -NRxRc, where Rc is H, Cl-C4
al kyl, -NRxRx; -C(=ORd, -CN, S(=O pRx 15 where Rd is
Rd is Cl-Ca-al kyl, -ORx, -NRXRx
1\@1:1{,13oaJM(Dithi@crEéitdt}stnl@JnCBs@)aﬁ@o.os% Nonidet P40 where the
- Cl- C3- al kyl - COORX; -Cl-_%@l}k%l -ORx_ 20

incernefationAf titiumrlabeled AGH (fimershamyapeimaiodand; duM ofdNTP
e, HoY mﬁicﬁ&WB}Wﬁﬁnoanréa fét oot térhﬁléi‘&ﬂgfﬁ] dpeidoTp
selected from1 or 2; i s i ndependent | ;/Bsel ect ed

] Rx
fonsentiation was used gt a Km vales 9f 0.284MalGni pf BNAfMplate was used
AR0RTURRTL RV (sich BS LA0DIRRGDEINNvAS @s8d St 1B0RgMNITiA 9008l ir8Sution
pi peri di ne, piperazine or 25 norpholine ring; 109 R2
Yumedpniqmindeactiop- a carbon atomin the ri ng
containing A and is H, halo, cyano, Ci1-C4-alkyl,
hal ol -C4-alkyl; L is -0-, -S(=OQ)r or -CH2-, where r )
Eempounds,ef the invegtipr,were assayed for M}y;acgwg@gamséﬂ@ problematic
L 1Ot PRICEN iluYart & 86 irfeflrd éé&g}/ Bs oftlin€® belofw For fefareRice, the closest
aIkenI,CZ-OBaI1IC% I hal o - C6 al kyl, Cl1-Co6

RO ATRAmPQdo - 18 Liifiprey]. 12277 belstranidsswyclnpiogeiciabsomen-1-

A e Ehend B S et KL/ 09T 0T g cggicted

PR, Wag assryeddn thessame gyste®yanoCl- C6 al kyl, ani no,

car boxy, carbanoyl, cyano, halo, hydroxy, keto; 10 X
is -(CRRRR')n-D (CRBRR' )m T

Example Substituent to phenyl (or pyridyl) -1 1Cso 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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1.

Dis a bond, -NR9-, -0-, -S-, -S(=0- or -S(=0)2-; n
and m are i ndependently 0, 1 or 2, provided that they
are not both O when Dis a bond; R8 and R8' are
i ndependently H, C1-C3 al kyl, hal od -C3al kyl, hydroxy,
or R8 and R8' 15 together with their adjacent C atom
is -C(=0 R9 is independently H Cl1-C3 alkyl; and
Léqﬁ.l gaceutical ly acceptable salts and prodrugs
t eof; wth the proviso that R2 as -C(=O Rb i s not
nor phol i noketo-. 2. A conpound according to claim1,

| ' A conpound according to claim 1
%@E@oﬁnéglf?‘eqﬂ"ﬁ% %A conmpound according to claim1,
wherein the ciégl opropyl noiety has an enang oneric
excess of the onfor mation depicted int parti al

formulae X X .Z or YrNZ k X|
def i ned, R o X | dge (s bst i ?ghenyl
ri ng depi ct _ s bond\to t he

(thi o)urea-g |ct in formula Z. 25 5.
A conpoung, accprding to cI a| 1 wherein the conpound
of formula zZ Rcorrprlses an eRantioneric excess of the
|Eomsr showi ng*negative optical activity. 110 6. A
0und according to claim1l1, wherein Dis -0 7. A
AdsrgbusrdN;according to claim 6, wherein nis 0 and m|s

éy Er%a@?,ﬁ%?%?gn% C% %ﬁ%rﬁi@, he r%!ggcorrq/&a]i@g%ﬁeﬁ%aed oh

|B(e0)MRang to claiml1, wherein R5 is hydrogen, fluoro,

C,_3 alk Cl- I ol d
C o oA BN 0, o Pabl i G fegRIpOU
C - lo C3NHNHCK0)ORx 3HRKQH;ar bonyl , cyano or

%hbg% 11. A conmpound according to claim 10, wherein
“’g hydrogen, nethoxy or fluoro.

where Rb is -C4-Cs-alkyl, ORx, -NRxRx, -NHNRxRX,
- -NHC1-C5-alkyl-C(=O)ORXx

-NRxRc,
where Rc is H, C4-C4 alkyl, -NRxRx; -C(=O)Rd, -CN, S(=0),Rx
where Rd is Rd is C4-C4-alkyl, -ORx, -NRxRx
-C4-C3-alkyl-O-C1-C3alkylC(=0O)ORX,

-C4-C;3-alkyl-COORX;

-C4-Csalkyl-ORx

-(0-C1-Caalkyl)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-C4 alky! 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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12. A conmpound according to claim1, wherein R7 is
hydrogen, cyano, halo, C, . 15 3al kyl oxy, or .

C, . 3al kyl carbonyl . 13. A conpound according to claim
12, wherein R7 is cyano, fluoro or acetyl. 14. A
conmpound according to claim1, wherein R5 and R6 are H

Fds B‘Euﬁ%u&?t taraecarl%}l ét'ol’hq Qhe i‘llég cé%tgf?\r%o dg?%ﬁohgligg%ano,

to claim1, wherein | uor o
Rn- Qsa'ﬁﬂahiioﬁr Ca@@t)’yl 25 16 A conpound according to

I 1_, r compound according to
%'gkg ot m&g nrm% ‘?’ge'-gé '3 é)&ﬁ@m, S(=0) 2C1- C4

&slig H, CmCssokyd)) Cl-C4 al kyI 18. A conpound accor di ng

2NMVe2 30
ti@ ’%S%Sgﬁ%ﬁ ﬁt’ oépérq%é;eﬁ’ hng'%((‘.\['g&g Ay, ﬁﬁgfirfgzeo{w&ﬁzd@ﬁﬁ'kyny'
trxgqu1g¢mlliy7 Cmﬁeakkanoﬂ halsC1-8¢ aRaadf, 0f-Cs ke MealoC 285 alkoxy,

C@s %M@ga_%@“&@p 6' %Mr Iy[;lhR%roxyCrCs alkyl,

R0} ANBCRR IR 0 X0, - caamnwamt,arscamy:il élﬁmfo%&batglcarbamow

O OH, -C(=0 Owe
%gi %“%H/EV"B&J&%} HNH2) - O =0) NHCH2 000H, 2_2 X
%oap@ﬁd?@g-@emm );\47 claim 20, wherein R is

C( =0 NRx' - N- pi peri di ne,
DS% %W@Z"Nﬁ: p:)'o'l% “di eo}ir‘” ‘é(‘@ZNRx N- pi per azi ne,
whawdem Bxe Irﬁieﬁ@lﬁdéﬂtly 0ACebY2, pRbvidsSiHat ﬁ@y%r@ no?ﬁﬁ&ﬁ'} when Dis a
%on%(zund according to claim1, wherein

OC -C4-al kyl 10 or
RNHﬁG:FQ) &redRdSpendend H' Cjﬁ@?@kyl ?nﬂlocA (%%@leﬂm,_g) Rg.and Re

cordin oclalm erein
glﬁ %ﬁ—l&&& C@-I'S'Z%(-OA conpound according to

| 71.Cl1- C3- al kyl - COORx; 15

%‘P% ghﬁ%q@gﬂqa'lx %é?léﬁab'e salte @pd prsirugs thengafLind
AR clpitish thd! 1 48 28(=ONRBE hBt MorphBifigeezy et v or @
ne

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 X,,

or /
A Z \\\“'A"’ L
"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-pyridy| 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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ester thereof, 2-nmethoxyethoxyethoxy or triazolyl. 20
27. A conpound according to claiml, wherein R is
para to the ether |inkage. 28. A conpound according
to claim1, wherein the ring containing A is phenyl or
pyrid-3-yl. 29. A conpound according to claiml1,
er ej ' flu .30.. A-conpound
g@cor%?ﬂgg?%mf%cg{%&%gwg%gﬁ Iizwﬁgrer'r'gﬁa{st_ “t he et her
ginka e. 25 31. A conpound according to claiml
enotgomppynd according 19, Rpim 67whprdinioi®0 andim is 1.
a, 2, 7b-tetrahydr ocycl opropa[ c] chronen-
-yl ]-N -[5-(4-(sul fonam do) phenoxy)-2- pyridinyl]urea.
§12° 3 comppund Aerosding daFlaird tpwbeteinR. tomysrogemdiuaro or hydroxy.
conpound as defined in any 5 preceding claimand a
gharnaceutically acceptabl e vehicle or diluent
her &b 6pmpa@d aceoadipe 49 claiom 1awberein Rg i lydrbgermfididro, Cy.
I Si to 3 additional HV antivirals.
%%ﬂgﬁsgﬁﬁggﬁéaékpgo' according to claim32, further
conprising a cytochrorne P450 nodul ator, such as

ht onayj : ompound as_defined in a of
004 e Chfagetat bl 15T WGTLRE R biE S AR C
Chalkyoxyp By-balkylsarbonyl; epdrveortetiofnytll V- 1 i nfecti ons. 15
36. Use according to claim35, wherein the H V-1

infection is a drug escape nmutant. 37. Use according

1t clAakcomBéundesoeding td elaiih 00, WRERICRI ro§sHTHEtROS or fluoro.
the 20 L1001 and K103N nutations. 113 Ry &y

12. A compound according to claim 1, wherein Ry is hydrogen, cyano, halo, C;.
salkyloxy, or Ci.zalkylcarbonyl.

13. A compound according to claim 12, wherein R; is cyano, fluoro or acetyl.

14. A compound according to claim 1, wherein Rs and Rg are H and R, and R are
fluoro.

15. A compound according to claim 1, wherein R, is fluoro, Rs and R are H, and
Ry is cyano or acetyl.

16. A compound according to claim 1, wherein L is —O-.

17. A compound according to claim 1, wherein R, is -S(=0),NRxRx, S(=0),C;-Cs
alkyl, or S(=0)C4-C, alkyl.

18. A compound according to claim 17, wherein R; is -S(=0)2NH;, =S(=0),NMe,
or -S(=0)2NH-cyclopropy!.
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19. A compound according to claim 17, wherein Ry is -§(=0),Me or —-S(=0)Me.

20. A compound according to claim 1, wherein Ry is -C(=0)ORx, -C(=O)NRxRYX, -
C(=O)NHNRxRx or -C(=O)NHCH,COORX.

/
21. A compound according to claim 20, wherein R1 is ~C(=0)OH, -C(=0)OMe, -
C(=O)NH;, -C(=O)NHMe, -C(=O)NHNH,, -C(=O)NHCH,COOH.

22. A compound according to claim 20, wherein R+ is ~C(=O)NRx'-N-morpholine,
—C(=O)NRx'-N-piperidine, —~C(=0)NRx’-N-pyrrolidine or —C(=O)NRx'-N-piperazine,
where Rx is methyl, acetyl or preferably H.

23. A compound according to claim 1, wherein R is =NRxRXx, =N(C=0)C;-C4-alkyl
or -NHC(=0)CH,0C;-C;-alkyl-COORX.

24. A compound according to claim 23, wherein R+ is ~NH,, -NHC(=O)Me or
NHC(=0)CH,OCH,C(=0)OH.

25. A compound according to claim 1, wherein R is -C4-C3-alkyl-COORX;
-C1-Csalkyl-ORXx, -(0-C4-Csalkyl)q-O-Rx or a 5 membered ring having 1-3 hetero
atoms.

26. A compound according to claim 25, wherein Ry is carboxyethyl or a methy!
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 Rz is hydrogen or fluoro.

30. A compound according to claim 1 where Rz 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-tetrahydrocyclopropalcjchromen-1 -yll-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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