Non-nucleoside reverse transcriptase inhibitors Technical field This
invention relates to non-nucleoside reverse transcriptase inhibitors
(NNRTIs) 5active against HIV-1 and having an improved resistance and
pharmacokinetic profiie. The invention further relates to novel
intermediates in the synthesis of such compounds and the use of the
compounds in antiviral methods and composmons Background to the
invention Our earlier e 25 2CE: g
WO003/020705 claim novel NNRTIs of the formula I R7 where; R1is 0, S;
R2 'gsegﬁh@gmg@lly substituted, nitrogen-containing heterocycle, such as

L@és 15R3 IS H C1-C3 alkyl, R4-R7 are independently selected from H,
C1

VSt relatendonen e sily raNetal FeNs OB ks InTIbiaS (NNRT!S)

Salkantivé, dmaiog Ho6 adkdriewing 2rGHalkay ré%@sl%c@@tﬁdk&%(éfmg ﬁEIC profile.

o8 st e E8 SYRCLER syl tydro CLCe oS

amlnoCI C6 alkyl, carboxyCl C [, cyaho
carff an k1o WB%@WR@M% #néivike metbods and compositions.
-(CH2),-D-(CH2)m- or x is -(CRaRDb)ciD is -NR8-, -0-, -S-, -3(=0)- or

kAR fdiGaalky  Reand Rb are independently H, C1-C3
gﬁlﬁmmwner are r-0 25n and m are independently O or
101 N eagigyfied dianplisationc W9 0R/e@piabIe ¥eNe 3NROPOSHEAGS novel

theNMRTls of the formula |
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R, R,
Re X /{L
mg ri\f/Rz
Rs R,
Ry
where;

R1is O, §;

Rz is an optionally substituted, nitrogen-containing heterocycle, such as pyridy!;

Rz is H, C1-C; alkyl,

R4-R;7 are independently selected from H, C4-Cg alkyl, C»-Cq alkeny!l, C>-Ce alkynyl,
haloCs-Cyq alkyl, C4-Ce alkanoyl, haloC4-Cs alkanoyl, C+-Cg alkoxy, haloC-Cq alkoxy,
C+-Cs alkyloxyC+-Cs alkyl, haloC4-Cg alkyloxyC1-Cs alkyl, hydroxyC4-Cg alkyl,
aminoC+-Ce alkyl, carboxyC+-Cg alkyl, cyanoCs-Cs alkyl, amino, carboxy, carbamoyl,
cyano, halo, hydroxy, keto and the like:

X is =(CHz)n-D-(CHa)m- or X is ~(CRaRb),-

D is -NRg-, ~O-, -S-, -5(=0)- or -5(=0),-

Rg is H, C4-C5 alky!

Ra and Ry are independently H, C4-Cs alkyl, OH or R, and R, together are =0
nand m are independently 0 or 1;

cis1,20r3

and pharmaceutically acceptable salts and prodrugs thereof.
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Example 20 of WO 02/070516 discloses the compound which is stated to
have an ED50 of 7 nM against wild type HIV (HIViiis). 50ur co-pending,
but as of the priority date unpublished PCT application W004/021969
discloses corn pounds generally of the formula | above, but wherein R2 is
Exaﬁwle-%og&fé/h’@sﬂaé&?&%%%S@'Ba%ﬁi%ﬁﬁﬂ‘a p of the formula
-(CHRI1)p-E(CHR4qg-Rio where E is -CH2-, -CHOH-, -C=0-, -NR9-, -0-,
-S-, -S(=0)2-; p and g are independently 0, 1 or 2, where p+q = 2; 10R10
is a monocyclic ring whichi8Q tiq\%u tityted with halo, cyano,
morpholinomethyl- or i ofphokit oketo-; R1lis\independently H,
C1-C3 alkyl, halo substituted C1-C3alkyl or hy . Although the urea
and thiourea NNRTIs discloséd in the above documents are 15exquisitely
active against reverse transcriptase, especially that of HIV-1, the nature of
whidhad HMgaus withdtarermems laakaigaiplicativetiigelypatt \cassequent
tendency to rapid resistance development prompts a demand for further
antiretroviral agents with enhanced antiviral performance against
Ourptohjentitig, drugesstiathe prideiytslate taipytsthed CTGRp1LI03tend/or 181
g Brief descrinti ; . q : \ .
e B o
R? iwlwrist-7-16 subsiButed at the 5 position with a group of the formula ~(CHR1)p-E-

(CHR1)q-R1o where E is ~CHy-, -CHOH-, -C=0-, -NRg-, ~O-, -S-, -S(=0)s,-;
p and g are independently 0, 1 or 2, where p+q = 2;

R1o is @ monocyclic ring which is optionally substituted with halo, cyano,
morpholinomethyl- or morpholinoketo-; and

R11 is independently H, C4-C; alkyl, halo substituted C4-Csalkyl or hydroxy.

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

Brief description of the invention

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

the formula Z



5Ais CH or N; R1 is a substituent to a carbon atom in the ring containing
A selected from -S(=0)pRa, where Ra is -C1-C4 alkyl, -ORX, -NRXRX,
-NHNRXRX, - NHNHC(=0)0RX, -NRx0H; 10-C(=0)-Rb, where Rb is
-C1-C4-alkyl, ORx, -NRXRX, -NRXNRXxRX, -NHC1-03-alkyl-C(=0)0RX;
-NRxRc, where Rc is H, CI-Ca alkyl, -NFZxR; -C(r0)Rd,
-ON, S(=0)pRx Tbwhere Rd is Rd is 01-C4-alkyl, ;0Rx; XRX
b X; =C1-&3alkyl-OH
alkyhp- x; 26a 5 or 6
Jroms; p and q are
independe gtected from 1H9r 2; Rx is independently selected from H,
C1-C4 alkd, or acetyl; or a pair of Rngan together with the adjacent N
atom form a pymylidine, piperidine, pipérazine or morpholine ring; 25R2 is
a substituent to a carbon atom in the ring containing A and is H, halo,
cyan, 01-C4-alkyl, haloCi-Ca-alkyl; L is -0-, -S(O)r- or -CH2-, where r is O,
whe'esr 2. R3is H, 01-03 alkyl;  R4-R7 are independently selected from H,
T is@3 € &alkyl, 02-C6 alkenyl, C2-C6 alkynyl, 30haloC1-06 alkyl, C1-C6
A isa&lfﬁrb?y[h;haloCL% alkanoyl, 01-06 alkoxy, haloC1-06 alkoxy,

R, is a substituent to a carbon atom in the ring containing A selected from

-S(=0).Ra,
where Ra is -C1-C4 alkyl, -ORx, -NRxRx, -NHNRxRx, -
NHNHC(=0)ORXx, -NRxOH,;

-C(=0)-Rb,
where Rb is -C4-Cg-alkyl, ORx, -NRxRx, -NRxNRxRX,
-NHC-Cs-alkyl-C(=0)ORXx;

-NRxRc,

where Rc is H, C4-C4 alkyl, -NRxRx; -C(=0)Rd, -CN, S(=0),Rx
where Rd is Rd is C4-Cg-alkyl, -ORx, -NRxRx
-C4-Cs-alkyl-O-C4-CsalkylC(=0)ORX;
-C4-Cs-alkyl-COORX;
-C4-Cjalkyl-OH or C4-C4 alkyl ethers or esters thereof;
~(O-C4-Csalkyl)q-O-RXx;
a 5 or 6 membered aromatic ring having 1-3 hetero atoms;
p and g are independently selected from 1 or 2;
Rx is independently selected from H, C4-C4 alkyl, or acetyl; or a pair of Rx can
together with the adjacent N atom form a pyrrolidine, piperidine, piperazine or
morpholine ring;
R, is a substituent to a carbon atom in the ring containing A and is H, halo, cyano,
C4-Cy-alkyl, haloC4-Cs-alkyl;
L is ~O-, -S(=0),- or —-CHy-, where ris 0, 1 or 2;
Rsis H, C4-Cs alkyl;
R,-R; are independently selected from H, C4-Cs alkyl, Co-Cs alkenyl, C,-Cg alkynyl,
haloC4-Cs alkyl, C4-Cg alkanoyl, haloC4-Cg alkanoyl, C4-Cg alkoxy, haloC4-Cs alkoxy,

3
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aminoC1-C6 alkyl, carboxyC1-C6 alkyl, cyanoCi-C6 alkyl, amino, carboxy,
carbamoyl, cyano, halo, hydroxy, keto; X is -(CR8R8')n-D-(CR8R8")rn-; D
is a bond, -NR9-, -0-, -S-, -S(=0)- or -S(=0)2-; 5n and m are independently
0, 1 or 2, provided that they are not both O when D is a bond; R8 and R8'

affiRdedepeRfrenidsidofyt (<8 cdh hatatol Coak INAHIRGY caFidsyardBémoyl,
together with their adjacent C atom is -C(0)- R9 is independently H, C1-C3

CYRRAA: ﬁ%ﬁ]&%ﬂ%a@\?ﬁcally acceptable salts and prodrugs thereof, with

XtRe-PORIRY That-RRgR ¢ §=0)Rb is not morpholinoketo-. The currently
referred v for T is Q, thaj_is.a urea.derjvative, although T as S (ie a
HRAUPERYeTIVA ve) é’é%'o %&Eﬁ?ﬁp%&é%ﬂl@kﬁe currently preferred value
nfandR isrel irkkegeraelytR 0 ishgu2o geovitiatothab ibey aos ad/bash Bydher/D is a
bﬁﬁ?ecially fluoro. Preferably R5 is halo, C1.3 alkylcarbonyl,
aloC1-C3alkyl, C1-3alkyloxy or H, especially 20fluoro and most

RerendrRelyie irdepsnaaytiveis Gy Sroglsi,; haleCrriorthyichygiepxy. or Rs and Re’
t#bﬁ%ﬁ%ﬂ@W@i%f%@M{@V%Hﬂs@@{Mf ethynyl, especially methoxy or

uoro and most preferably H. 25Preferably R7 is hydrogen,
RedsotdepengentnSoCc s #iioxy, or Ci_salkylcarbonyl, most preferably
afld@ParmRtietiobly BEcapthiiné suksthaingiBdragsl tRetest halo, most

referably both,are fluoro. Alternative preferre nfigurations include
“ﬁ%ﬁe éY&ﬂhﬁ%taﬁa ﬁ6_§r{é'eél),%4'sls g i g] Ca?lﬁr:rbclf?#‘lgs_'acetyl or cyano.

A convenient value for at least one of R4-R7 is haloC1-C3alkyl, such as
Tie @ltentr) bérerdirlalit 36 Tie O thAMd LEREFIRNATS; although T as S (ie

a thiourea derivative) is also highly potent.

The currently preferred vaiue for Rj is H.
Preferably R4 is hydrogen, halo, haloC4-Csalkyl, or hydroxy, especially fluoro.

Preferably Rs is halo, C_3 alkylcarbonyl, haloC,-Csalkyl, C4-salkyloxy or H, especially
fluoro and most preferably H.

Preferably Rg is hydrogen, halo, haloC4-Csalkyl, C4-Caalkyloxy, C1-3alkylcarbonyl,
cyano or ethynyl, especially methoxy or fluoro and most preferably H.

Preferably Ry is hydrogen, haloC4-Csalkyl, halo, Cq_salkyloxy, or C4.zalkylcarbonyl,
most preferably fluoro.

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

A convenient value for at least one of R4-R7 is haloC4-Csalkyl, such as —-CF,H, -
CFH,, -CH,CF; or -CF,CF3, and especially —CF3.



Favoured -S(=0)pRa groups for R1 include those wherein p is 2 or

especially ana wherein Ra is alkyl, such as cyclopropyl,

methyicyclopropyl, and most preferably methyl. Preferred groups thus

include methylsulphonyl or methylsulphinyl 5 Additional favoured
-S(=0)pNRxRx groups include those wherein RY, are each H or Me or
wherein one is H and the other is Me, cyclopropyl or methylcyclopropyl,

most preferably NH2. Preferred groups thus include sulphonamide. 10
FavoihededE é‘)%gw@ﬁg%@m ifchuttetioes avivdreie Ris 5 MBIy 1, ana

NHNRX&X Fespemk@ll)si}brﬁ%ﬂ&y rméi@r Mr @&ﬂa%‘a%%qeferamy
-C(i N %%’(TQJ ditional fer % {0 ¢ rrr?uﬁs Inc

O TR[Ered L&(r& Bﬁﬂé{ ethylsuiphiny!
°.C(=0)NRx'-N- pyrrolldlne C( O)NRX| N plperazme where Rx is methyl,
acer\yicmroaaeferabrydisl-%mw&%rﬂ&&ﬁ&ﬁ&%%&é&cﬁwg (9B H or

wherei is.H or Me an herein Re is -C(=0)Rd, where

alkyl %ﬁ&%ﬁ BYpRX, gs@@&éqﬁec?/t o] 'Po'ﬂfﬂa%‘fﬁ?@rﬁ’éf'éﬁéf%ﬂd@/dopmpyl most
204G IRBY Nit- dﬁ%ww@mmmrgmmﬁa fRuiphwiadedearboxyethyl and
C1-02 alkyl esters thereof. Favoured -CI-C3alkyl-ORx groups for RI

|ncI Y and 01- hers and esters thereof. 25
Faviljtl)é‘ikj‘;r)ec’i)é %( %% %g]’a)%@f RS- §< ?otrhﬁsﬁ\ﬂ'ﬂfr‘ﬁ &P sxYReRernMgNRXRx,
speﬁﬁé@%béb@whziwbmnyémbxwmwrmmawe@meszo Me.
nngsamﬁ&ral reherie dwyl=bj aﬁwlgramwxa@a/émb/{ = BY rgglrnrloym olin

l, pyrazolyi, pyrazaolinyi, pyrazolidinyl, imidazo azoﬁlnyl
|m| @llt?r{/lhp #%?/ragﬁﬁg%’fn%‘HW%?H@azﬁ@ﬂ%&!&‘o&ipmerazme
ox&!’@ﬁ@ﬂﬁiﬂlﬂsnﬁﬁwblytmmmmmﬂazolyl thiazolidinyl, isothiazolyl,

1sisothiazolidinyl, especially 5 membered rings such as thiazolyl,

thi |azo l, pyrazolyi, diazolyl and most preferably triazolyl. The currently
referpdH \% PLclgroérps for Ry include those wherein Rx is H or Me and those

wherein Re is -C(=0)Rd, where Rd is alky! and S{=0)pRx, especially
cyclopropylamide and acetamide.

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

Favoured -C+-Caalky!-ORx groups for R, include hydroxyethyl and C+-C; alkyl ethers
and esters thereof.

25
Favoured -(O -C1-Caalkyl)-O-Rx groups for R1 include ethoxy containing specres
especially 2-(methoxyethoxy)ethoxy.

Exemplary heteroatomic rings for Ry include furyl, thienyl, pyranyl, pyrrolyl, pyrrolinyl,

30 pyrrolidinyl, pyrazolyl, pyrazolinyl, pyrazolidiny!, imidazolyl, imidazolinyl,
imidazolidinyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl,
Isoxazolyl, isoxazolidinyl, thiazolyl, thiazolidiny!, isothiazolyl, isothiazolidinyl,
especially 5 membered rings such as thiazolyl, thiadiazolyl, pyrazolyl, diazoly! and
most preferably triazolyl.



The compounds of formula Z may be administered as a racemic mixture,
but 6preferably the cyclopropyl moiety intermediate the (thio)urea function,
X and the phenyl ring (denoted Y below) is at least 75% such as around
90% enantiome.rically pure with respect to the conformation: Prefered
optical isomers of the compounds of formula | show a negative optical
rotation value. Such isomers, for example when Xis -0-CH2-, tend to elute
less 10rapidly from a chiral chrornatagram, for example chiral AGP 150 x
10 MmeBnthOrmie TedMallRDoC blisrai-flow rate 4 mi/min, mobile phase
89 vol % 10mM HOAC/NH40Ac in acetonitrile. On the basis of preliminary
x-ray crystallography analysis a presently favoured absolute configuration
o 5 PSR R e TP R EEVERIE G [9cemiTDbsaicnt
Svalbiedsfebly teocne lomohune rictepnidtdriddrate thed ULl R INNYRS the
0:2,a86) eaRe riR R v thalbis)afi ivative. Conveniently each Ra.,
an25 Rg ? 'ﬂ§ Alterr%fﬁye?éﬁﬁ)t%eg?a%gﬁ Wﬁ%ﬁ’esﬁql\é s ibgd%? Rgfiomerically
ad D44 LIGERPR R Rt9articularly preferred compounds have
stereochemistry corresponding (1,S, l1aR, 7bR)-1
,1a,2,7b-tetrahydrocyclopropajc]chromen-1-yl. For the sake of clarity, it is
noted that the structlire: 5The expression C1-C, §Ik,yl where nis 3 or 4 or
lower alkyl includes sugh groups as;methyl, ethyl, n-propyl, isopropyl,
cyclopropyl, n-butyl, |, t-butyl, cyclopropyl, meéthylcyclopropyl and
the like.The term ¥i&lo refely to chloro, bromo, Yiuoro angljiodo, especially
fluor. C1-C alkoxy refers to groups such as methoxy, ethoxy, propoxy,
cy ik=hu i -, alkenyl refers to groups such a
Vi n@%?f?%&%g r%é?rllgg @Ié %Lrlgtf?egné%ﬁﬁ&iﬁ% n%%—rg%%/i?ei-sbt?% ﬁgﬁ?%‘f?d%t Ca?
lik g{; ﬁ'—‘@n"gll‘t{?/ltﬁﬂ?h Isomers, for example when X is —~O-CH,-, tend to elute less

10 rapidiy from a chiral chromatagram, for example chiral AGP 150 x 10 mm, Sum;

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 fo be:

16 The currently preferred value for D is —O-. Convenient vaiues 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 n is 0
and mis 1, Rg is advantageously H and Rg' is OH.
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includes methylthio, ethylthio, t-butylthio and the like. C1-C, alkanoyloxy
includes acetoxy, propionoxy, formyloxy, butyryloxy and the like. C2-C,
alkenoxy includes ethenyloxy, propenyloxy, iso-butoxyethenyl and the like.
HaloCi-C, alkyl (including complex substituents comprising this moiety
such as haloCi-Cn alkyloxy) includes 15alkyls as defined herein
Parhistitarig ¢ de ferBtimesh pyuan tha lomensiteckodimgntigftnocomes hgh ding

i 4 3,3-akiflL r | r ine.inc S :
R R R Nl e T R g ety
itistnatesrbien tea strpefoyoxy, C1-06 alkyl, C1-C6 alkoxy, nitro, carboxy,

carbamoyl, carbamoyloxy, cyano, methylsulphonylamino and the like.

Carboxy, carboxymethyl 20ahd carbamoyl include the corresponding
pharmaceutically acceptable 1-C§25\Ikyl and aryl esters. Prodrugs of the
compounds of formula | @ thosg compounds which following

administration {p"a patie it releale a compound of'the formula 1 in vivo.

Typical 25prodrygs.are. pharmaceutically adbeptable etléers and especially
esters (inclu ' osphgate_ est%@q\(ygqg any o
represeg\r6 1 . function, pharmacek&% .
carbamates when any of the RI substituen gent an amine
function or phaftiaceutically acceptapie esters wHgh the RI, R2 N
substituent or R4-R7 represent a carboxy function. Pharmackutically R2
acceptable esters include alkyl esters, including acetyl, ethanoyl, Sbutyryl,

t-butyryl, and pivaloyl, phosphate esters and sulphonic esters (is those
Thermr¢asinRSOLoAlkyhiEhe R fsisodver alkylasyerrglky Pneltfassusbatisoups as

e d;@‘lm?glé%lﬁfédﬂ?'?ﬁ%ﬁ%%rC?Wb%BW%%WD%—%G}?ﬁst.-‘ﬁt?@?l f (I)J%bhrgpyl,

1, especiall oxXyaminoacyl and ethoxyaminoacy!.

reegevreRrBPbRAEINE W Thentesatalmefersria eHosadABMS. bsseras iodo,
S MNHIABr N ENLORTiAKS BhRISRAB S GRS agearisR FrIky AtHiy, propoxy,

compounds of formula | include salts of organic acids, especially .
YIRS IR BN RAG B Hrrfite B WL SBIEES IRRIGHRR gty as vinyl, 1-
pagaie2gjlidobaten citiate.p@tenies.- phaieaies malaten g endotte reyes | alkylthio
isethionate, adipate, alginate, aspartate, benzoate yrate .
R R AR R B T et Gy ncluces

aneddute, reptamoatefdimdoxatoy fymiaxatenchithetificteC palralkeaopgdtinkides
e’%ﬁenyloxy, propenyloxy, iso-butoxyethenyl and the like. HaloC+-C,, alkyl (including

e amides or

complex substituents comprising this moiety such as haloC4-C, alkyloxy) includes
alkyls as defined herein substituted 1 to 3 times by a halogen including
trifluoromethyl, 2-dichloroethyl, 3,3-difluoropropyl and the like. The term amine
includes groups such as NH;, NHMe, N(Me), which may optionally be substituted
with halogen, C4-C; acyloxy, C4-Cg alkyl, C4-Cs alkoxy, nitro, carboxy, carbamoyl,
carbamoyloxy, cyano, mefhylsulphonylamino and the like. Carboxy, carboxymethyl
and carbamoyl include the corresponding pharmaceutically acceptable C4-Cg alkyl
and aryl esters.

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

7



phenylpropionate,, picrate, pivalate, proprionate, tartrate, iactobionate,
pivolate, camphorate, undecanoate and succinate, organic sulphonic
acids such as methanesulphonate, ethanesulphonate, 2-hydroxyethane
sulphonate, 20camphorsulphonate. 2-napthalenesulphonate,
benzenesulphonate, p-chlorobenzenesulphonate and

p-tol sul e, .and inorganic acids such as hydrochloride,
o e e S ORER. b ete, NTSaater
thictiRETER] (Pefsufphsereshosphentrantdstiphonib atidec2GEI s pranie

proméi@g«@éauﬁ@T;_Ja@@mm@tﬁrﬁ}m%%@%@&wgh pIRLeSts
hydfggéyrln%r:gggs R g{l:nst yrtl)geswable reactions during synthetic procedures
such as those %ﬁﬁgotecg TP G SaBESReissAkH estsnhdnobringanrsy!, ethanoyl

SGroupyYh Oriemicesymivelizl MOt iele & SuhsyiblesmiY ettt 9B Nose

Hydiléiﬂ(bé@E%@B@@QU%W@SW@&?P&?Q@EE% cﬁ%gﬁ%%me?ﬁ%ptabie

example, methoxymethyl, benzytoxymethyl, 30

2-(t?§meéﬁ{w§ft{§/%é%%&§%éﬁ§ﬁg F’éﬁh8*%?%?'R?\Wéﬁ%ik*y‘i’\@ﬁééé?@@bleaseciaﬂy |

isofiteiiprernificand espetialiy anethwtyibenzyl and triphenylmethyl;

tetrahydrcpyranyl ethers; substituted ethyl ethers, for example, 2
102,2i1£icfég)ngoethgl; SP;" ethers, for example, trimethyisilyl,

t-bl.Jtyf“dlmeHglJ)‘/J Si/2 %Wﬁ%y?&fbﬁéﬁﬁé\ﬁ?l‘f’@ﬁrd frgtets pridisiansd aspect of the

realiRptivre Apeiaidtg mupmatteaticalb axytiotacisl s ina6etRtE: AHRBIATAES

benzaatgandihe U gl -nrotect roup.as used.herein refer

to tpnqls&e conventio%éﬁsNﬁzﬁé%gf?n%cg%gfp%%%%o%% %yécrea lgé‘,' incly ing But not

"Prof&ilE 853N WkpipacRidnamale  slusRalvilelr &< tiry Nevmieste,
19812 Tise AavettoratrisehipratiedipbemRRRLI A SHRROLEN S te, butyrate,
15CORfiRingatbe-camRAUndsOfiheinvention and pharmaceuticall
accb%ptable carr?ergb%r dillienits Hﬂg%éréh (tziedi?li ﬁ%rlogsﬁéecﬂa@f' t?fiég'i?lt\?ention
proViFRRE AR RICHIE SR BrAlivataPRmsAl aerriinaterhg a
corppeuieafichetéopiculteZnioztats) iesirafiieset Mtk OherRRseA YL,
ThedilVrd Ry, (95RHs 5 e mutant, such as HIV strain
compriging the mutations at%Le%f%%? 3 RIS S RV ARSHRsS Wdpatially
the KA GERFURBPSRISL 681R AFSHPRSN At ThbViRayRiGa i sH pktaTs, t the
20use:arhﬁimmMmmﬂQQ‘fa‘ﬁnmlﬁﬂeZd@ﬁbﬁé@é?&ﬁe‘ﬁ%ﬁe%%i%ﬂ’r%t%fepafaﬂon
of & medicame for, reatment of HIV infections. In treating conditions
cat?sed by HIV, theuég)&r%é(a)?n%sg& %‘r"r%ﬁ 3‘%%?8%%@%%%%%%@% as
in 4N %fﬁfglﬂﬁ' W& BgreRemrideashierrivdines suonate 106upBROhaMissinthte,
as Bofcyar20dpatlighitcoresnnd st aasriedate, depending on the
bioavailability of the formulation, of the order 0,01 to 10 mg/kg/day,
preferably 0.1 to 2 mg/kg/day. A typical dosage rate for a normai adult will
25 e HYSIRTY 07O IS grper aaysprcierablyelets to 2 subutituars SO0 Bihwegs
in oNarexjoetodeSageInlilm@esidRk reactions during synthetic procedures such as
those O-protecting groups disciosed in Greene, "Protective Groups in Organic
Synthesis," (John Wiley & Sons, New York (1981)). Hydroxy protecting groups
comprise substituted methyl ethers, for exampie, methoxymethyl, benzyloxymethyl,
30  Z2-methoxyethoxymethyl, 2-(trimethyisilyl)ethoxymethyl, t-butyl and other lower alkyl
ethers, such as isopropyl, ethyl and especially methyl, benzyl and triphenyimethyl;
tetrahydropyrany! ethers: substituted ethyl ethers, for example, 2,2, 2-trichloroethyt:

silyl ethers, for example, trimethylsily!, t-butyldimethylsiiyl and t-butyldiphenylsiiyl: and
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25As 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
30co-administer one to three additional antivirals to provide synergistic

e C lementary resistance patterns. Such
o i o i AR AT dor Ut Bt CEBAPD,
acsiairuAIARICABIS ARPZaaEaUR tarléfevir dipivoxil, bis-POC-PMPA, GW420

867X, foscarnet, hydroxyurea, Hoechst-Bayer HBY 097, efavirenz,

o ,iIQ- MINGARU S ravirine, nevirapine, dgéaviridine, tipranavir, '
‘emtrllg}cj:ita ine, P A?’ H%%é oﬁ%ci%%%ﬁrr‘)f%ﬁ?-goo WAIBPRUBILIOVA YramtgRing groups
disppdeed BeCTRRRe. 1 BEtewice Srovrsaviksaan b MMmUBSisloviside\\ityreagisns New York
18@mcluding kaletra), lopinavir, saquinavir, lasinavir, indinavir, amprenauvir,
amprenavir phosphate, nelfinavir and the like, typically at molar ratios
Threﬂectir]g their respective activities and Sbioavailabilities. Generally such
R SHIIP D & Bh B @ S1tde o asTaeeuties| sermtiveitiortheccopnipdigniokof
cofopaunies lofitie mayrhiedasmerpharrinsaneain HesaseotSHIOSPHERAS0
thSHRIRIRRISES SHClL FQRAVIr ompounds of the invention are typically
prepared as follov@gfloél&em\éeﬁonﬁoﬁé RRERTS forihe ipfigion of HIV
comprising administering a compound of the formula Z to a subject afflicted with or
exposed to HIV-1. The HIV-1 may comprise a drug escape mutant, such as HIV
strain comprising the mutations at the 100, 103 and/or 181 mutations, especially the

K103N and/or L100] mutants.

The invention also extends to the use of the compounds of formula Z in therapy, such
as in the preparation of a medicament for the treatment of HIV infections.

in treating conditions caused by HIV, the compounds of formuia Z are preferably
administered in an amount to achieve a plasma level of around 100 to 5000 nM, such
as 300 to 2000 nM. This corresponds to a dosage rate, depending on the
bioavailability of the formutation, of the order 0.01 to 10 mg/kg/day, preferably 0.1 to
2 mg/kg/day. A typical dosage rate for a normal adult will be around 0.05to 5 g per
day, preferably 0.1 to 2 g such as 500-750 mg, in one to four dosage units per day.
As with all pharmaceuticals, dosage rates will vary with the size and metabolic
condition of the patient as well as the severity of the infection and may need to be

adjusted for concomitant medications.

In keeping with the usual practice with HIV inhibitors it is advantageous to
co-administer one to three additional antivirals to provide synergistic responses and
to ensure complementary resistance patterns. Such additional antivirals may include
AZT, ddl, ddC, D4T, 3TC, DAPD, alovudine, abacavir, adefovir, adefovir dipivoxil,
bis-POC-PMPA, GW420 867X, foscarnet, hydroxyurea, Hoechst-Bayer HBY 097,

efavirenz, trovirdine, MIV-150, capravirine, nevirapine, delaviridine, tipranavir,
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1>, 1. 13"Id ,!--)’)NNNrNNN R5H HR5H H R4R4 a5 (a) DPPA, Et3N,

toluene; (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 15(substituted)

oxyphenyl or oxypyridyl moiety, or the thio, sulphine, sulphone or

m a e rs.and R3 s H, are prepared by methods
e L R0 T AP B ety TAC 125
conWVridePio Me-4801 sAKE ah PHEAEE0IdoVIDIC itomiicGrCiurding kaletra),

rednpangenant padiplasiceihmEaaiANHR 2RSS fent)f ME8bnate
3-REhAmNE-1s QR eg(é?gaﬁ}qulm of the 20isocyanate with the
relevant sgl,stltutﬁé(g 2 m|nopy'rji’c(ix?r'?é.r ‘f&rEﬁ{S}? B theViotReatiiRastyijes and
st@t?f’é’)a&/ﬂﬂk‘iﬁ%s%ﬁ%eiﬁ'thé‘@?d%ﬁﬁoﬂﬁllamﬁﬁ@&-@dhecxﬁéél} follha@ddmtive to
remﬁiomwmrwbmridylaisp&hma@aetw@y@%é%&'éi%u{r%ac%éé%}%g}%&%mme
e .

Trﬁﬁ%@@?}%ﬁ@ﬁ& Erﬁlﬁ.)é Spﬁtgrqg lzralred from the optionally ring substitu
idine by

2-a minopy nown methods, such as treatment with thiophosgene
or thiocarbonyldiimidazole R3 variants of formula | are prepared
conesponaiRaly tHsingdhtARREARSIatRY RENBRSULSHIHIRD amino-pyridine
ie 2-(N-methyiamino)pyridine for R3 gs meth}ll. Many 2- aminopyridines
are commercially available and oth - cribed in literature or readily
derivable therefrom, for example those shown in Scheme 2. T=S
compoufids 5can alternatively be girepared from the isothigcyanate

corfé it} 0 2-Scheme B\ orfroM-amine 3, Sgﬁch \e; and
amj Juﬁeﬁgn’v—vnh a RbotPPas desc ibed in NH,
9303022, Scheme 2A 10 °° RS
R4 iy
1 2 4
% }vd
R7 R7
RE X i “ 7 " ke X s P Re
RS NTONTON N/[LN SN

2 5
(8) DPPA, Et3N, toluene; (b) substituted 2-aminopyridine: (c) aqueous HC,

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 Rz 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 (¢} which results in the cyciopropylamine 4-Scheme-1, foliowed
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



b1R1 The preparation of suitable 5-0- or
5-S-substituted-2-aminopyridines are outlined in 15 Scheme 2A.
1-Scheme-2A with appropriate R' and R2 substituents, or precursors
(synthons) to these substituents, is reacted in step (a) with
5-bromo-2-nitropyridine and a base, such as NaH or Cs2CO3, to afford

replag ine and give the nitrg. compound 2-Scheme-2A.
Thesni%%%%l% is&hae%g@é%ipc%%ato 1e SRR NEle 5 SBS Dpiemiperately amine-

hy&YEgHH (PRHEPREIE-pReBstingirmine) pydgienderot.casatyats Suriny 2-

asdndrapiraiteys Rickedbmbiarshnyadtinaef e %z%%r%rté)éggcqggj:ﬁrg!@r‘a X or

su@gw&gg% Qﬁe(;%fgmor?otrhg nltro' C?Pm ound 2-Scheme-2A gforet e

reduction sté%atﬂ)e). A the case oF Ihe SUIFSRGISPYEHBREPedRidresheompounds
5 oxRARIALEETENEY R RiRARTpIETIopE tbg dspiivoyadetecomuesp thaisgfide S cheme 24

groufréen S0} ) serbemiolawed By, [oTANe} 19, Qrowp.to giv;

5-§g@§%§ib%%.{gw(gg§og8ﬂpounds BaSEgS%gn%}-’gK%%ﬁ;lgl%c?igeﬂgzr{%ﬁgeegom

) by

directly as in step coupling 2-amino-5-bromopyridine with the thiol
la-Scheme-2A in the presence of copper 10catalysts, for example by
heasingnas 450 C with Cu or Cut in DMF with a base such as K2CO3.

10 Scheme 2B 2

R1 i
Br
fj + H/[o,S}@ R? — /[l\/j/m's}\@/ R
7 ON"N A
1

O,N N
b i
R1 R
=
H,N N/ A O,N N/ 4 ‘ A/
. 4

2 l b
R1
® P
H,N N 5 A

R1
O Br R1 s
i +  SH- _E___, ~ R2
= H\t Rz } =
H,N" N = = A
H,N" N
3a

f

A
1

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

The preparation of suitabie 5-O- or 5- S-substituted-2-aminopyridines are outlined in
15 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

11
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3 15(a) NH3, EtOH, heat (b) Et3SiH, TEA, H2SO4 The preparation of
suitable 5-substituted methyl-2-aminopyridines are outlined in Scheme 26.
The methanone 1-Scheme-2B with appropriate R1 and R2 substituents, or
precursors (synthons) to these substituents, is reacted in step (a) with
ammonia to 20afford replacement of the chlorine and give the amino

mpound 2-Scheme-2B. The Ketg group is then reduced to CH2 in step
S iy R SRR AR Rahemypisasatetamamine i
c&ealysy), W@fi‘g’? () (H_YmUﬁﬂgmﬂhﬁﬁﬁdgbﬁfhﬁﬁfﬁw&%%&@h# h'l%(;))presence of
W(aNs t eQH and then chromatography; _

kAR R e R e Y
fRe §eRiuaREmaRD (IHewReREINOT i$he (witia) oprBp@idréa3cReharmiRBEfore the
ad Riicand:R2, protacted asaec i g2l rox —

carbc%xy of a%nzirgoypr tecting grou%z?%rré( c%ﬁ@%ﬁrﬁpgée T&ﬂg M%‘ro‘?%i'}‘ﬁ‘é ,oxndlzmg
=SSR ig"-%[‘&'ﬁg}ygﬁa%ﬂé?%’i%ﬁ@cWﬁB@@ rhied e uheaetati@); in step
confitpliatien by reduction of the nitro group to give 5-Scheme-2A. The thio

compounds 3a-Scheme-2A may aiso be prepared directly as in step (d) by coupling

Z-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 K2C03.

| Scheme 2B
0 R1
a
= [ ~ R2
P —
HZN N A
1 2

‘L b
4 R1
/(TCHZ@ R2
HN" N g
3

(a) NHs, EtOH, heat; (b) Et3SiH, TFA, H,S04

The preparation of suitable 5-substituted methyl-2-aminopyridines are outlined in
Scheme 2B. The methanone 1-Scheme-2B with appropriate R' and R? substituents,
or precursors (synthons) to these substituents, is reacted in step (a) with ammonia to
afford replacement of the chiorine and give the amino compound 2-Scheme-2B. The
keto group is then reduced to CH; in step (b) to give 3-Scheme-2B.

12
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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, (CuOTN-benzene,
and Rh2(0Ac)4 in solvents such as dichloromethane, 1,2-dichloroethane,
or chloroform. The reaction provides a diastereomeric mixture of the
cyclopropanecarboxylic acid ethyl esters 2-Scheme-3, with the all cis
relative configuration, and its trans |§§nnvrp§=§cheme 3. Separation by
columy chromatography of the;cis and trans diastereomers may be

llowed by hydrolysjg; of the |§9Iated
fiu% g i agueous meth g .LiIGH, to yield a

, the dlastereome;@p mixtre of ethyl
estfars may be subjected to hyc&olyséz A separation 5 éondﬁg@ﬁ on the
mixture of cyclopropanecarboxylic acids to provide the isdlated all cis
isomer, as in step (c). Step (d) involves isolation of the cis ethyl ester
2-Scheme-3 which may also be done by selective hydrolysis of the trans
3-Scheme-3 af%wg temperatures, such agjreatment with aqueous

[ mbient temperatyre, The ¢solated cis ethyl ester
%b yoioly diﬁﬁéﬁ%ﬁman Odfothe R,
cyclopro;?a;nec rboxyjc acid 4-Schenes3. e syclopropanecarbgkyn ‘
acid is subject&ﬁ to thecowethods outlined mRSche s 1 &oﬁbtalnt e ure R,
or thiourea 5Schéme-S. The chromenes 1-Scheme c
methods shown in Schemes 4, 5, and 6. 15Although this s e 3 has
been illustrated with a D=0 variant it will be apparentithat correspondlng
frarfrbibsbrzoam tatea catalyks, t@ﬂmrwsmr@(m@@ramymmen reflux with
YRORNS, OVRRIDRS (s %f@?%%@@'%}/@'%w%i K N—

as those esugﬁE)(-:Pc'1 Y (

conventlonal secondary amine rotectln&%roup Suc

NHae e MRS rtdhatd eikaupint-OigahzOs ridsis 2'd ed, Wiley
NY 1991). 20 Scheme 4 R7R7R7 RSOH aR6b 06R ",..."...-c,0 ".. R5-"",?-;
-P RS(ItR5 ----- "r'N%---- R4R4R4 123 (a) 3- bromopropyne K2003
SR N Nsdrangrahinme 8p pisovRerin I5iC S tiremeot Sdtitbes), R and

the prepriaging AP ChiemeResal HbelIgRAMH ¥hventional hydroxyl, carboxy of
amino protecting groups, or conventional synthons for RYR? | R® is H, X is —D-CH,,
and wherein the cyclopropyl moiety has the relative configuration

X

A

N
H

are prepared by methods shown in Scheme 3. Cyclopropanation of the double bond
in the chromene 1-Scheme-3 with ethyl diazoacetate is catalyzed by cuprous or
rhodium(ll) salts such as Cul, (CuOTf)2-benzene, and Rhy(OAc), in solvents such as
dichloromethane, 1,2-dichloroethane, or chioroform. 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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commercially available disubstituted phenols, 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 R7 are halo; R4 is halo and R7 is

01 3a|ky}carbonyi; and R4 is hydroxy while R5 is 01_3 alkylcarbonyl.
i SIRE6N BIANE PN R Hs vttt b pRiTOL1SSeameS dsudth & by refluxing in

aduemspropthadaithe presence of\adiases sq@&@%igzqg%r}gceépnqh%r all cis
o N%Hrin g)nMF rrgsu‘l.ts in. u4c_l ophilic substitution of the halide to provide
THSRIRAS EIRRNIC A ng—%&@%‘a%%@i&@@%l‘&ﬁ&otf?hé’dtﬁi@&h‘eeiy. the
d iéﬂt\@ﬁei@ﬁw,rlmrdimethydhaihmmetqwIlyeamﬂelwmb@?@ldt@oy&@l?}@migh?m%lggaraﬁon
< - H H: -toluenesulfonic acid,
C%ﬁéﬁ%@%ﬁ(@ﬁsﬁctﬁ%egé e&ﬁ%@? ﬁleed%%%e)%g r‘é%i%@? g‘?\f%'r?ﬁéﬂ@éf‘ﬁééﬂ‘ated all
Cl§ SefaftingniafeRRI(h-StRere Bvebrastiro@bioropfititelyisebstitatest 2-Scheme-3

whR¥fomanoRes w@iabf%%gﬁéa@ét%Q%%%?QSWBM%DE%Er%@.%ga"%a%"%b@‘}' lower

chromfnones, f%; example those wherein one of the positio

IR TR R0 BRET RN, ediReiSiomenerobariis@Hgraummbient
temgbtﬂ;tmmé’mmdmsctlmnﬂhkﬁrléy;ﬁbtog{z@ ﬁ@@'ﬁ_‘@@%@@ﬁ' th%@suai manner
ita nt such s oro e in ethanol provides
o B A e Lo N PBroRARS P acid i
subirston {a thrienethasissestisedelny Grotiome 248 ahistaie- o teadesite@urea 5.

sehsarpene insSchergs rke ing-manipulagi ill be available for ,
sgther D variants. For egﬁnop%%%?sp%%diﬁg%%ﬁ%@gé&mt IStansaown in

FRERIRF SrepARE from commercially available (substituted)
thiochroman-4-ones by reaction with a reductant such as a metal hydride
ide in an organic solvent such as ether,

r example lithium al miniumﬂ d | vent su
A'?ﬁﬁé’\%eg%ys 585}%/3@%8%% '@’f%fﬁ&xmﬁw =h aianbit it hproparent
thpbeasetapvadittsuiphiatdatiotiewikee Sohéatieto the D=S, S=0: S(=0); and
D=NRg variants. When Rg is H, the nitrogen is typically protected with a conventional
secondary amine protecting group, such as those described in Greene & Wuts

Protective Groups in Organic Synthesis 2™ ed. Wiley NY 1991).

Scheme 4
R7 R7 R7
Ra:@OH . RS o , R o
P ™
RS ! R5 7” R5 7
R4 R4 R4
1 2 3

(a) 3-brom-opropyne, KoCOs, acet;)ne; (b) N,N-die’thy!aniﬁn; 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 foliows: R* and R’ are halo; R* and R® are halo: R®
and R’ are halo; R* is halo and R is C;.3 alkylcarbony!: and R? is hydroxy while R® is
Ci.3 alkylcarbonyl. Reaction of the available disubstituted pheno! 1-Scheme-4 with 3-

bromaopropyne in the presence of a base, such as K2COs3 in acetone or NaH in DMF,

14
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R4 (a) allyl bromide, K2CO3, acetone; (b) Ph3PCH3Br, NaH, THF; (c)
C12[Pcy312Ru=CHPh, CH2CI2 (d) Ph3P'CH=CH2 Br, DBU Chromenes,
for use as starting material in Scheme 3, are prepared from substituted
50-hydroxybenzaldehydes as shown by methods outlined in Scheme 6.
Reaction of 1- Scheme-6 with ally] bromide in the presence of a base,
such as K2CO3 in acetone, results in nucleophilic substitution of the
halide to provide the ether 2-Scheme-a. Witting reaction transforms the
into the olefin and provides 3- Scheme-6. The pair of

aldehydic grou : _
fet%‘ﬂ‘ﬁig& B&gﬂﬁ?eg?iéﬂﬁo%‘ﬁ?éwﬁae?@énﬁe@é{%s@ iRfrafidsI il ey 2-Scheme-4.
Ringatineuatewitiaya iwtabﬁstrs;ir?éhéﬁ the i@m@@?ﬁél@f@g? @f%@%@mﬁne or
' to.pr e chromene. Alternatively 1-Scheme-a ca
pd&%&@@éﬁ}h@&é} gé%ﬁ?)%ﬁ e @B‘&Wﬁ&%@%&t)ove. Scheme 7
COOEtCOOEtCOOH COOEt5 4 (a) Pd(0), DPPP, Et3N,
(CH3)3S1C=CH; (b) Pd(0), butyl vgmeqq%eé, DMF; (q) Pd(0), Zn_((_:N)Z,
DMF; (d) NaOH, H20, MeOH 5Pd(0) catalyzed coupling of the Vitiate
1-Schemé?7 leads to the replaeement of the

R7
R6 0
a b
R5 — . _
RE O Ro ke & RS
| 4 OH R4
5

1a 2
NaBH,, EtOH; (b) p-toluenesulfonic acid, toluene, refiux:

Scheme 5 describes the preparation of chromenes, used as starting material in
Scheme 3, from the appropriately substituted chromanones, which are readily
accessed from commercially available chromanones, for example those wherein one
of the positions in R4 to Ry is substituted with halo or C1.3 alkoxy. Conversion of the
carbonyl group in 4-chromanone 1a-Scheme-5 and to the correponding alcohol by a
suitable reducing agent such sodium borohydride in ethano! provides 2-Scheme-5.
Refluxing the alcohol with small amounts of acid, such as p-TsOH in toluene, causes
dehydration of 2-Scheme-5 to the desired chromene 1-Scheme-3. Corresponding
manipulations will be availabie for other D variants. For example the corresponding
2H-1-benzothiopyran is readily prepared from commercially avaitable (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

dehvydration such as refiuxing with an acid for example potassium acid sulphate or
the like,

15
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trifluoromethanesulfonyloxy group and the introduction of other
substitutents at R6. Thus, Scheme 7 provides the preparation of synthesis
intermediates for use in scheme 3 to give the urea or thiourea
5-Scheme-3 wherein R6 is cyano, ethynyl, or C1_3 alkylcarbonyl. 10
Scheme 8 BuLi/ZnCI2, THF; Pd%ﬁ )%I BrCH=CHCOOEY; DIBAL
TsNHN=CHCOCI; PhNMe2, NEt3 RI2(5-R-MEPY)4, abs
degassed dichloromethane 30% HBr, AcOH NaOH, H20 NaOH; 002;
I-PrigxMS0 IPrOH, HCI; DEAD, PPh3, THF NaOH, MeOH:H20 1. BBr3.

REH2LI2 2+HCH3CN 3. NaOH, water 1. BuU/Zn%FLZ 7F Pd(OACc) 2. cpd
9-Ycheme-8 3 Jones reag cthmlc aqjd, s i acetone)
REONVENI nt rOUteS 1o GQMPQLEAS Wheret>#s - re degpicted in

> optional substitue S R4-R7, which are
suitably praetected with conventio%al protecting groups as,necessary and
IR"is™a lower alkyl ester. Optionally substituted phenol 1-Scheme-8 which
is hydroxy- p&gtected with a protecting group

L

a) ally! bromlde KoCOs3, acetone; (b) PhsPCH3Br, NaH, THF: (c)
Clz[Pcy:s]zRUf-CHPh, CHQClz (d) Ph3P+CH=CH2 Br', DBU

Chromenes, for use as starting material in Scheme 3, are prepared from substituted
o-hydroxybenzaldehydes as shown by methods outlined in Scheme 6. Reaction of 1-
Scheme-6 with allyl bromide in the presence of a base, such as K,COj3 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-B. 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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5 such as methyl, MOM and the like is reacted with a base such as BuLi
or the like in a solvent such as THF or the like and transformed to zinc salt
by adding zinc chloride or the like. A catalyst such as Pd(OAc)2 Or the like
is added along with an activated acryiate such as lower
alkyi-cis-3-haloacryiate, for example BrChir-CHCOOEt or the like. The
reaction mixture is cooled and a reducing agent such as DIBAL or the like
is 10added portionwise and quenchefigmgiéld 2-Scheme-s. A hydrazone
such as the p- toluengguifonylhydrazone of glyoxylic acid chloride or the
like and a pase such as’N,N 'methylagiline or thedike js added in a
sol\mlf%:s OH2CIR or the I| owed by the ac @ of qnother

bas Et3N or-the-like to etk cheme»B. seAeagtlon product
is dissolved iR a solvent such as dichloromethane or 15the liké.which is
preferably ded#¥3&d. A chiral Doyle's catdi&?Buch as Rh2(5-R=REPy)4
(US 5175311, available from Aldrich®r Johnson Matthey) or the like is
added toyield 4-Scheqie-8 in a high enantiomeric excess such as greater
than BQ, preferably greager than 90% ee.. Preferably, this compound is
firsbreacted with 138r3 in disklorgmethane followed by the addition of
acetqQ e the reaction mixture Ofially sodiumhydroxide is added to

uct (4- Scheme-8) is
ring-opehethqjth an eleatrophile preferably HBr or the like under in
conjunction wit ggécid such as Ac@H or‘%ﬂgﬁke. Under acid conditions a
spontanequs ring closure takes place to form chromenone 5-Scheme-B.

()R (DFUDRRRe Etg\bwﬁﬁéﬁt@ﬁ@ﬂ@tﬁmﬂo‘?@h NG \ﬁ!a&hstHléﬁ, (9)Pd(0),
, a o form the chromencyclopropylcarboxylic’aci
Zé@%erﬁg%e @ﬂﬁ%@@%{@%&e 8, for instance when the phenolic
protecting group is MOM, can be subjected to basic conditions such as
Iél H, carbon dioxide and a lower alkyl halide such as iiPrl in a solvent
guets

f7S GHPIparPRa At aRahrEe-thdaaRy! tedhe Emlapemrngof the
trmmemMN|beMWVW@thiﬁfg&&@tm& r&a%ﬂ@ﬁk‘gﬁéﬁiﬂ?éﬁ@ at Rs.
ymetk: iety occurs in acidic conditions such as
ST BT M DRne SRS Apvger o foeesden
SEREMIFS dp Bieslile: Mieeroativielyrsm & SoneeraeniaprinaRisCOaRe UEyny!. or
Cl-2008588:8n{3 reacted with BuLl and transformed to a zinc salt. This salt
reacted with the cyclopropyliodide, 9-Scheme-8, in a palladium-catalyzed
reaction to give after reaction with Jones reagent compound 4-Scheme-B.
This carboxylic acid is in turn converted to the isocyanate as shown in
Scheme 1 and subsequently to the heteroarylurea or heteroarylthiourea of
the Formula Z. R3 variants of formula 7 are prepared correspondingly
using the appropriately amine- substituted (substituted) pyridoxy or
phenyloxypyridine is 5-substitued-2-(rimethylamino)pyridine derivatives for
R3 as methyl,

17



10

Compounds wherein X is an optionally substituted alkylene are
conveniently 10 prepared by scheme 9: Scheme 9 R777 Re Re 11 R5 R4
Ib 2 (a) NaBH4, EtOH; (b) p-toluenesulfonic acid, toluene, reflux;
15Scheme 9 describes the preparation of tetralins, indanes and
homologues, used as starting mate§igrllienmtg%schemes above from known
monosubstituted tetralones etc, wherenT posttions R4 to R7 is/are
substituted, for example with halo or 01_3 alkoxy, Conversion of\the
cBfbonyl group in 1

by a ble reduging ag
2- erne-9 Refluxi ;
as p- oin toluene, causesdghydration of 2-Schegre-9.to the desired

té:taraiinql-s;%@eme-Q Careresponding reactions arétfapplica%le to n=1 or 3.
75While it is possible for the active agent to adminigter alone, it is
ceutical formulation. Syct
forWﬁﬁation will comprise the abo¥ fined active ageat together with one
or mgﬁ&gcciéptable carriers or
ingr, ‘diel}ts. The carrier(s).#atust be acceptable in the

co tible with the other ingredients of rmulation‘aAd
deletefious to th%iecipient. / Ra
\ 6
) e

O

R | A ]

@ ‘ Re ST
o) .““\<I I h

Ra 4 l :
PG N
f R 5
0
L :\*\_O“Rc

ORANNL BU SRS
3 OH

U

Re ! 8
7 PG

0

) BulifZnCly, THF; Pd(OAc),, BICH=CHCOOEt: DIBAL
) TsNHN=CHCOCI, PhNMe,, NEts, CH,Cl,

©) Rh2(5-R-MEPY),, abs degassed dichlioromethane

(d)  30% HBr, AcOH

()  NaOH, H,0

(Hh  NaOH; COy; I-Pr/DMSO

(@)  IPrOH, HCI, DEAD, PPh,, THF

(h)  NaOH, MeOH:H,0

0] 1. BBrs, CH2Cly 2. CH3CN 3. NaOH, water

) 1. BuliiZnCl;, THF; Pd(OAc) 2. cpd 9-Scheme-8 3. Jones reagent
(chromic acid, sulfuric acid in acetone)
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The formulations include those suitable for rectal, nasal, topical (including
buccal and 5sublingual), vaginal or parenteral (including subcutaneous,
intramuscular, intravenous and intradermal) administration, but preferably
the formulation is an orally administered formulation. The formulations
may conveniently be presented in unit dosage form, e.g. tablets and

sustainedielgasecapsptassancharam beiprenared iy apymethadsnel ¢

f 0, Suchmeth ude th tep of
PR Al 2 e A oS He AU aboRe A I Esteral

ERMEHIC TRE FRAMANIRE 870 R @ P regnasad e 0AIRSim by laweriatiyiatstyr. Optionally

birging:inip assocafienthe aeiveiages 2}
%}:'rg%d sol?g F%/% s or %th and tlhen9|f;g§lugfgg§ fr?g%?n% tr{;gé’&?»g& P

o TR CTR i ey 2 SRR A e i

|nve Ion ex

%%'N%ﬂﬁfhaéo‘rrﬁﬁr@’ ﬁ@ e ging tsacsfapoemht afirEsat bla alidintdzine chioride
phm@nmgeun@acu\wm@Iecﬁ@wzcwmmqﬂ@ﬁsoécﬁa%%o& tg’ﬂﬁf}‘.‘% ctivated
a

B’%@ ngace tlggu acci&) bIe cgrrler or vehicle. If the manufacture o

Oh IRt VAR i JREHAGIRG & phismidcB@far the

rmaceutical ormu
@s@cuﬁu‘r@tga@ﬁmhéme haglredienmd mrsdlidiogragtnesiitisei@IBAL or the like is

a@wafﬁém&mmgw%ﬂ@%gﬂe@@ @&Mé%%%?@%&é%u@ﬁta the p-

|d|c or J’al Formul?tlons fgr oral administration in the pres

nve "ﬁSH T B 3720 Rty 88V R R S LIRS S i W%&@eﬁf&?ega%%éhé‘@ér
tablatisnetivfrodineamitng Skpriedeieecined sotveuns afhthe QELTS, agant e a

RAWINES By g{@@@@%@é@ﬁﬂwm% B HRRE IR §ff n%&“‘{s ”}, in
nague liquid gr a non-aqueous liquid; or as an oil-in- Water quid
SSHEIG o VAP BRI SREALIER Breisabanbass e&dmw@mme o
tbecirapdsitions e aiy ddgaa&daﬁoch(mlgmbablgt&&mﬁhﬁe@@ru lasRitlie-R-
iREBSLableeariar ncludes yehiclpgisteh E&&ng GIRIepLs ¢ ﬁ%s

blndln agents for example s rup acacia, gelatin, sor |to tra acan

ARANDIFS o hema s/ )emmlmgﬁ%wkéﬁm@%egm@ﬁo
gmwgmdmsé%gdrmmwww&ﬁﬂwbw& fadereastanditn BBr,
starehicilersiand easiess. JQ'&@@&'&?A@ cor RS g2 'a“” | 8%0%‘?xm

sucrose, microcrystaliine cellulose, kaolin, mannitol, ﬁ:lum hos ?é‘d

Gpaty rﬁ°8m81hd8fa¥{aeeéﬁgﬁﬁe%9da %%ﬁeﬁ&éi@aﬁés&wagw@n@@mduct (4-
Stetmrate S5 aoinggieasdieitand etberaprialiecreaiates: SteREGiREIthder in

gbfﬁ@ﬁ%éﬁe\%ﬂt&n §'&8%@JIH@A@WQS§§% l #I%arad CO“c(f)ldalcf H%)Crzzis a

Flavouring agents such as peppermint, oil 0 wmter reen,

AROBIAMRG S 1AG JIRE-Ea trkEsPIRS B R P myrb@n@égnﬁ@eum&é{\lhen
ealjestag agenstdeondikerh sudasaordomoraadiikddgrtifirblaet aRla i maes
?A%Brﬂ?tﬁé? %H?Wn@%%%%&%l bl%nx? c:nalgmI téesa eme-8 Alternatively, 4-Scheme-
8, for instance when the phenolic protecting group is MOM, can be subjected fo basic
conditions such as NaOH, carbon dioxide and a lower alky! 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/HCI or the like
foliowed by DEAD; PPH; 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

S e Y,

in a palladium-catalyzed reaction to give after reaction with Jone's reagent compound
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5 A tablet may be made by compression or moulding, optionally with one
or more accessory ingredients. Compressed tablets may be prepared by
compressing in a suitable machine the active agent in a free flowing form
such as a powder or granules, optionally mixed with a binder, lubricant,
inert diluent, preservative, surface-active or dispersing agent. Moulded
takieteiay. ETG;\lmmlﬁdiyllf@@bﬂ@|||§9n!%%%%Q%@@ﬂ?@lg&%’%@%e&%wgin
powdered m@gggghrenn%lsttqug i%'ttehr an ||nert liquid diluent. The tablets
may be optionally bé coated of scored LU=y BERSARUILTd s aktis
&BWSZ{;W or controlled release of the active agent. Other formulations
suitable for oral administration include lozenges comprising the 15 active

entin a flavoured hase, usually sucrose and acacia or tragacanth;
R e o SE g R oS e B o A o
Giyedredr irsdytedneydasion e mivutwashe scompisigtheyactive
agemp&i@hanat;ggalad@éiggid,g@;éi@;o%tgiéqqe@]%cription 20Various aspects
of the invention will now be illustrated by way of example only with
reference to the following non-limiting examples, Example 1~ N-1(15,
fearemys wharsinoXoslateoptionally substituted alkylene are convenientiy
brepartetmmigsyeoprobalcichromen-l-v11-N'45-
25(4-(sulfonamido)ohenoxy)2..pvridjnyllurea
a)5-(4-(N4-butvIsuIfonamido)phené@g—ﬁl@nﬁropyridine Toa
solution of 4-hydroxy-(N-t-butyl)benzenesulfonamide (3.01 g, 13.2 mmol)
in 30DMF§48 ml), cesium carbonate (5.67 g, 17.4 mmol) was added,
followed by addition of 5-bromd?2-nitro pyridine (2.36 g711.6 mmol) and
stirred af0C ' speqsian was filtered
he sok vaporated w en the residue ext dptween sat.
ad. NaHGE3 and methyl€fre chloride. The organféphase Was dried over
sodium sylfate and evaporated’.“rh@'?esulting mixture @&fas purified by
column chromatography on siliga gel (0 - % - 1% EtOH / methylene
chloride gradient) to give 3.47 g material of which about 70% was the title
ng@mq AARIFESS : ;g 51.38) and about 30% was
g-(4-(N-téuéﬁ??ﬁéﬁé“c%ﬁ?]%ﬁf@%ﬁ %ﬁ%‘gﬂ?rigﬁ?‘]%’:(l_c-ms, API-ES™:
386.3; Cale. 385.24) as a side product.

Scheme 8 describes the preparation of tetralins, indanes and homologues, used as

starting material in the schemes above from known monosubstituted tetralones efc,
wherein positions R, to R; isfare substituted, for example with halo or C4.; alkoxy.
Conversion of the carbonyl group in 1-tetralone 1b-Scheme-9 to the corresponding
alcohol by a suitable reducing agent such sodium borohydride in ethanol provides 2-
Scheme-8. Refluxing the alcoho! with small amounts of acid, such as p-TsOH 1_er
toluene, causes dehydration of 2-Scheme-9 to the desired tetralin 1-Scheme-8.
Corrresponding reactions are applicabie to n=1 or 3.

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

excipients and optionally other therapeutic ingredients. The carrier(s) must be
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i01H-NMR (CDCb): 8.37 (d, 1H), 8.31 (d, 1H), 7.98 (d, 2H), 7.54 (dd, 1H),
7.20 (d, 2H), 4.51 (s 1H), 1.28 (s, 9H). b)
5-(4-(N-t-butylsulfonamido)ohenox0-2-pyridinamine o N 15The product
mixture obtained in Example la (3.47 g) was dissolved in ethanol (70 ml)

ammbmmyliacfm?dée aﬁlbeﬁ*@bﬂr@%iﬁg&'?ﬁw m@tatgéﬁiﬁé’%!o@ﬁ% '&3?1%’" as
, uspensign was hydrogenated with stirring under
fo%qlg%%(?ﬁ] %\g%gt%%lfe%errgu ?0(1%&2%%%1 g J

normal hydrogen pressure tor 117 he catalyst was filtered off and
the filtrate was evaporated. The resulting residue was purified by column

TR li 0%_20EtQH / methylene chloride
A B o v

9a)) ApRiRal o3 PRI EAR (BRIGIDD BMENMBNdoUBNISIMTSETIM, 1H),
inttaf@4dug iEihdirdehtidmb)adndRié8 atibh), rabtR2R,(d, 2H). 6.50
O,%zl 1- ui 5.?7'é§r s 15?11’.861(5,%%?'% %‘ﬁ%%&a AR ARuadn %2
.i‘%%?lﬁ)ﬂ‘-'z?ﬁf i(RIFBUEEan 2T Hé straNRiiRBE yERIpFOPMRIR T herpiesdrtted in
uqusmmt?uglbsw&meM)Yegmgm%a?@gggliaygémtgg], ﬁ@@may b? prepared
4 7- -1, 7h-tetr rocyclopropalc]chromene-1-ca
b%ﬁﬁ?ﬁﬁ%@%ﬁﬁ%sﬁ%ﬁﬁ 9/658%/7 63 (68 mg, 0.301 mmol),
5-(4-(N-tbuty!suIfonamido)phenoxy)-2-pyridinamine (.109 mg, 0.0.341
el A0SR 4] oo TR SR NL SBEeL 0 e

tolﬂen&% ml) and argon atmosphere was introduced.
A ALY IR RGP ATHE A dI S BT e riospidRtiois Bon WaparEddy anifden® ford

inBriatetg biihgingantioBIBbIMtRNRAS w&k&%@i@%ﬂﬁﬁ@%@&@v&ﬁﬁ@

div&?-‘fEMSﬁhec% L?er!_ge Qggtﬁ%a 'gzltrd%gcéd followed b)(a?%t. ag. NaHCOa3. Si Péa

~ gel column chromatogFapty FLUBR TERGTS TR Slarinenibs aecg ksdidihg

tn@%m@h@g%ﬁ@dalmﬁ@mfarewifw&@@%% EERRREMNE Otprising

by aesaRIA ‘ 0 finally giv mg of pure
rﬁtg)dgg as a white gi@%@glﬁ‘c%?y%g%?‘t‘tiﬁRfé&%ﬁﬁééﬁ?@ﬁ%?%&.

cqgwg]gtgj_r} £ association with a pharmaceutically acceptable carrier or vehicle. If the

manufacture of pharmaceutical formulations involves intimate mixing of
pharmaceutical excipients and the active ingredient in salt form, then it is often
preferred to use excipients which are non-basic in nature, i.e. either acidic or neutral.
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), methyiceliuiose, ethylcelluiose, sodium carboxymethyiceliulose,
hydroxypropylmethylceliulose, sucrose and starch; fillers and carriers, for example
corn starch, gelatin, lactose, sucrose, microcrystalline cellulose, kaolin, mannitol,
dicalcium phosphate, sodium chioride and alginic acid; and lubricants such as

magnesium stearate, sodium stearate and other metaliic stearates, stearic acid

21



1H-NMR (CDCI3): 9.29 (br s, 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, 11-1), 6.59 (d tr, 1H),

4.52 (s. 1H), 4.47 (dd, 1H), 4.33 (dd, 1H), 3.79 (g, 1H). 2.62 (ft, 1H), 1.98
(m, 1H). 1.26 (s, 9H).

o glﬂ)é}lb-!_géaﬁgZh&)n@ﬁlﬁdﬂ%dpggs%&z&vﬁtg%agﬁ orlgcyglﬁé)arxog 1%%%2{2%%%
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n-1-v11- N'45-(4-_(sulfqnam| enox pyridinyljure
Suﬁh[gfga,e@)ﬁ'mm)oﬂ of \ifReEeEEEL ey flavouring or the like can also be used.

It iy tedrabyrpRy apiopalsis Y YdaY 1 make the dosage form readj
. N'-[5-(4-(N-t-butyisulfonamido)phenoxy)-2-pyridinylJurea™(36 mg%gg\é
'derﬂﬂ%%iah% LN #R&etﬁﬂﬁf%%i’ay R IwRbkneayn (B & wrand the
A tabletiomag dlertivace oy tﬁstim@dsfﬁfnﬁ’;ﬁ} nﬂamtﬂﬁg?td;ﬂ%nau@m%ﬁfﬁ%eorTrh&e
n. Cc mount of pyridine and the
e B TR e B cabes e =
sugaiigdtians ipe the eativeiggahin ehitrizl §amidgsarmag ublaktCORWHE or
SHERIIC dried: ' vaporated. Silica
L B R i race-
a%aw%mrwgwa? QEHIEA\iRE s SRIEPE 196 § YA OLIINGIR 2 suitable
s e st ot I B o
e . S, : , , 6. r, , 7. r,
T“%d@?,&fgzva&fb%ﬁfﬁ?a ‘¥o%af? Eﬂﬁf%@@f o ﬁ?ﬁi”ﬂ&ﬁaé‘[&?ﬁméﬁ%ﬁqgﬁ)ﬁo
Previgenp2oF b tislledRigleRy el 3t ditumctive, hgenir b-tetrahyd
rocycloproparcich roman- 1 -v1I-NL 15444

N-methylcarboxyamido)ohenoxy)-2-ovrid invfiurea
Other formulations suitable for oral administration include lozenges comprising the

active agent in a flavoured base, usually sucrose and acacia or tragacanth; pastilies
comprising the active agent in an inert base such as gelatin and glycerin, or sucrose

and acacia; and mouthwashes comprising the active agent in a suitable liquid carrier.

Detailed Description

Various aspects of the invention will now be iliustrated by way of example only with

reference to the following non-limiting examples.

Example 1
N-[{1S.1aR.7bR)-4 . 7-difluoro-1.1a 2. 7b-tetrahydrocyclopropajcichromen-1 YIL-N.f5.

(4-(sulfonamido)phenoxy)-2-pyridinviiurea

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

Ny O™
l = \ P ”ON
oN~ N S’7<

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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15a)5-(4-(N-methylcarboxyamido)phenoxy)-2-nitropyriciine (1) 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) andthe mixture
was 20stirred for 1 hour at room temperature. Then the mixture was

shéatedivo 65Roand Shdrmme=Astiravay iHibeEa%me 130
t@grg%dea}gsd‘ c}he m'%xtu%*1 dV\{Da stirred at 65C for 12 hours. Thgﬁ?t e%gf\%ien% and
r

ated ant GGE BRir i EvechivaneinrnmeninyidaeThe

was .evaporate an‘
Ommtdehmvmgainieﬂpd)mewﬁsrdrsiedfm%rr@oa}aa’bﬁéﬂé@terﬁ@%suIting mixture

VAP T %}J%‘P i ified I 25
' chromﬁ%)%c}gpﬁ@%n silicégré%?é(%v-éaa%é) u%%%%%@ﬁ%%%’h%%@ methylene

chlerfErt s Yl asiyend Of mEnaisapbDiwibhalio it 60 was the title compound
(cOMURRILES-NS2 APEES 337138) SRl -@@a/oﬂngsa%@! 0% was
bZh((;ls-éll}j-metha%afg)oxam|d )phenoxy)-5- bromopyridine L -f\/IS, API-ES:
3678 A0 EICRRE YY) %%é@é"%@t%&tfét. ARME $0638ME0)a8. 485 .24)
afba gideHpr&iast(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) :
b)5.-(4-(N-methvicarboxyamido)phenoxyl-2-pyridinamine The product
iR (G Gine & B7stép!i) (858 ) MisTdissalveslnesaae, @9 MG (d, 2H)
41w 1060 paliadiugpn charcoal (110 mg) was added and the black
suspension was hydrogenated with stirring under normal hydrogen

pressure for 1% hours. The catalyst was filtered off and the filtrate was

bevapdérade-Thetyesuitngnesigiiiwas, POHipRiRY @imn chromatography
on silica gel (2 - 6% EtOH / methylene chloride gradient) to give 118 mg of

titte compound (32% yield oyé Q C-MS, API- 10ES: 244.4;
Caic, 243.27) 1H-NMR (CDCI3);,7.93 ( 774, (d, 2H), 7.21 (dd, 1H),
7.25 (dd, 1H), 6,94 (d,12N}, 6.85 (d, 1H), 601 ﬁr/,s ), 4.41 (br s, 2H),
3.01 (2 x's, 3H) 15C)N-1(1S o

The rzgﬁéf La Eu -1.1a,2,Zb-tetrahydrqc Flé?)propaf(_:ichromen-l-yll-

Nlﬁs- 44N%1rr)1%% %/ié)g?r%&%%mml oe%‘ﬁghi%;%:%% R fieRlved in ethanol (70
ml) and ethyl acetate (18 ml). Then 10% palladium on charcoal (680 mg) was added
and the black suspension was hydrogenated with stirring under normal hydrogen

pressure for 1%z hours. The catalyst was filtered off and the filtrate was evaporated.

]

The resulting residue was purified by column chromatogfaphy on silica gel (0 - 10%
EtOH / methylene chioride gradient) to give 2.42 g of titte compound (57% yield over
two steps). (LC-MS, API-ES™: 322.0; Calc. 320.41)

"H-NMR (de-DMSO): 7.7 (d, 1H), 7.73 (d, 2H), 7.20 (dd, 1H), 7.39 (s, 1H), 7.25 (dd|
TH), 6.99 (d, 2H), 6.50 (d, 1H), 5.97 (br, s 1H), 1.06 (s, SH).

c) N-[(1S.1aR 7bR)-4 7-difluoro-1.1 a.2 7b-tetrahydrocyclopropajcichromen-1 -yl}-
N'-[5-(4-( N-t-buty!sulfonamido)phenoxy)—Z-pvridinvﬂurea
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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 20chromatography (0-2% EtOH / methylene
chloride gradient) gave 41 mg of pure product as white powder (65%
yield). (LC-MS,API-ES": 467.1; Calc. 466.45). 1H-NMR (CDC13): 9.33 (br
s, 1H), 7.99 (s,4H),-©.75 (d, 2H), 7.61(d, 1Hh, 7.28(dd, 1H), 6.93 (d, 2H),
6.78 (d tr, 1H), 6.72 (d, LH), 6.57 (dtr, 1M}, 6.0 ), 4,45 25(dd, 1H),
4.33 (dd, 1H), 0 \)H3.03 (@66 (tr gi@r, ), 2.01-
1.95 (m, 1H). Example<3=N N N 1 ﬁH
N-[(15.1aR,7b )-4.7-cﬁf|uorcmf1a.2,7b-tetrahydrocyclopfbpa clchromen-
1-ylI-N'45- (4-(N-methvisulforfamido)phenoxv)-2-pyridinyllurea

(BRYardros mathytstfenamidoph nirepyridine 0 (?\ -s-- 02tvNN

adi0 The title compound m@tﬂ%@g %r?g%%%\fjgs%r?écg&a%ﬂggéﬁ@w lic

L BIRG 8% PREAVITHI UREHEMIEE (1800mE 101802 mmHsh-(Silica
blsedimmmicojpivatogyahyyQibTa6ENIY hgetyigns ﬁm%lfi%%{ e amine

Omaterial of which >90% was the title compoun
ﬁ%ﬂ@@&%&&@%ﬁ@% Ogeﬁ'\er mn 3W toluene (2 ml) and argon atmosphere

WS- fHIadueRsihyReNfGMIMAJSYD i) Brbraimepy rdined (R, BBk iEBS olution

wad §tihe308 81 £ ate 1307 dourvas,formed a5 r%i%gree%gg%ct))rked up by extractions

between methylene chloride and 5% aitric acid followed by sat. ag. NaHCO5. Silica
gel column chromatography (1-2% EtOH / methylene chioride gradient) gave 143 mg
of material which was further purified by preparative TLC chromatography (10% -

MeQOH/CHCI) to finally give 100 mg of pure product as a white powder (61% yield).
(LC-MS, API-ES™: 545.0; Calc. 544.48).

"H-NMR (CDCl): 9.29 (brs, 1H), 7.85 (d, 2H), 7.64 (d, 1H), 7.62 (s, 1H), 7.29 (dd
TH), 6.96 (d, 2H), 6.79 (d tr, 1H), 6.70 (d, 1H), 6.59 (d tr, 1H), 4.52 (s, 1H), 4.47 (dd,
1H), 4.33 (dd, TH), 3.79 (g, 1H), 2.62 (tr, 1H), 1.98 (m, 1H), 1.26 (s, 9H).

d) N-[(1S.t1aR 7bR)-4.7-difluoro-1.1a.2. 7b-tetra hydrocyclopropalcichromen-1
N’-[5-{4-(suifonamido)phenoxv)—2~pvridinyﬂurea

-yl

Dried N-[(1 S,1aR‘7bR)-4,7—diﬂuoro-1,1a,2,7b~tetrahydrocyclopropa[c]chromen-1—yl}~
N’~[5~(4-(N~t-—buty!sulfonamido)phenoxy)-Z—pyridinyUurea (36 mg, 0.066 mmol) was

dissolved in 1% triflic acid/acetonitrile solution (5.8 ml) and the reaction solution was
stirred for 30 minutes at room temperature. The reaction was quenched with a small

amount of pyridine and the acetonitrile was removed by evaporation. The residue
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11-4-NMR (ds-DMS0): 8.52 (d, 1H), 8.36 (d, 1H), 7.85 (d, 2H), 7.83 (dd,
1H), 7.48 (q, 151H), 7.40 (d, 2H), 2.43, 2.42 (2 x s, 3H). b)
5-(4-(N-methylsulfonamido)phenoxv)-2-ovridinamine H2NNN 'y HO  The
titte compound was synthesized analogously to Example 2b) from

N mretiyyéstitatianside)plenadtirito pritioe 488 &5 920aHC0;,
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15

20
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i ave 73 mg of crude product. (LC-MS,
TS O DU LG oS 3 tesiem oo e
RNy FB@AICHB PO (s HPIS S0reduy It B10cks drbkichB RSB of
pSre3bthdfzt 8 white powder (71% yield _}
N-1(18,1aR.7bR)-4,7-difluoro-1, 1a 2,7b-tetrahydrocyclooropa[cichromeri-1
-0- N'45-(4-(N-methylsulfonamido)phenoxyl-2-rwridinyllurea 0 The title

mmwﬁanammas@ymms(zedmnalogquﬁ%wfﬁxam@'@ 1g)fropy, 31d, 1H), 7.52

( I (0 o -2-pyridinamine (76 m

d%nﬁ? gﬁégéég;ﬂgm?%% ghrorﬁat §é§h§¥ai SV Rof ErCilr . r%@%Wsﬁe?H) 4.32
(SBhibFaetgHBdrsht) IfaveTiuie frHgtidHS Foontaininge3enmo-of pure product

as white powder (40% vyield). (LC-MS, API-ES-: 503.0; Cab. 502.32).

1H-NMR (CDCI3): 9.47 (‘'or s. 1H), 8.68 (s, 11-), 7.85 (s, 1H), 7.57 (d, 1H),

7.30-7.24 (m., 3H). 6.83-6.77 (m, 2H), 6.56 (d tr, 1H), 4.45 (dd, 1H), 4.32
Egdd;pléi}z, 3.81 (g, 1H), 103.02 (s, 3H), 2.60 (tr, 1H), 1.99-1.93 (m, 1H).

( R)-4 .7- dIfIUOI‘Odl ,la I2 v

0

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-
brome-2-nitro pyridine (305 mg, 1.50 mmol) was added and the mixture was stirred at
85°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 resulting mixture was purified by column
chromatography on silica gel (0 - 1% % EtOH / methylene chioride gradient) to give
358 mg of material of which about 60% was the titie compound (LC-MS, AP|-ES™:
273.9; Calc. 273.25) and about 40% was 2-(4-(N-methyicarboxamido)phenoxy)—S-
bromopyridine (LC-MS, API-ES*: 307.8, 308.8: Calic. 307.15) as a side product,

"H-NMR (de-DMSO): 8.46 (brq, 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 5, 3H).
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15 a)544-(N-t-butoxvcarbonvlamino)phenoxv)-2-nitropyridine The title
compound was synthesized analogously to Example 1a) from
4-(N-t-butoxycarbonylamino)phenol (581 mg, 2.78 mmol). Silica gel
column chromatography (0- 20 2% EtOH / methylene chloride gradient)
gave 704 mg of material of which about 50% was the title compound

o (LC-MS, API ES 332 O Cab 331 25) The other half consisted of

M T3

251H-NMR (de- DMSO) 9.4
7.51 (dcl, 1H), 7.15 (d, 2H)l1.47

compound was synthesized analogously to Exargple 2b) from the mixture
obtained rom step @b) containing
ansy

TQ?, R4 %B”di‘é%? H%mmﬁé@&m MEDSiERANE G tBeatTanphigy. M),

T bigfeet Qe pseliamom tinechesutiingresidiee ﬁft@bﬁﬂéﬁlﬁﬁcﬁéﬂ@ ByRROEaL h ‘éfaﬁ was
ra silica 10% methylene

e e sy L e

C%ﬁébﬁ)vgeefmewﬁ@odsm ftrateweB0avapprated. The dduNMRIECRGIR)S

p&.ﬁ@d(eyﬂaamrzrs&wn?afeg?agﬂy(gn %Hoceﬁ P BDEChB (FhetiDed Q8T e

éHﬁ 4 98ébr S ZH%
ARS-mg- 2 Lf}sraoma@m HatRidroegtive siriel diGeniarP-
ESVJZAM&@e(m%mpxycarbonvlam|no)phenoxy)-z-pyridinvilurea 0
15The title compound was synthesized analogously to Example 1c) from
; 5-(4-(N-t- butoxycarbonylamino)phenoxy)-2-pyridinamine (418 mg, 1.39
*‘h’MWB (Sih€ds & 2dligmmtbhibiiatogeaphy. Li-d6, BIaH 7 awetbylens), 6.94 (d (d,

@RI LAY BRI IR (T 4% Vel

CMSAPI S*:'5 51C c, 524

c) N-[(18,1aR,7bR)-4 .7 -difluoro-1.1a.2 b-tetrahydrocyclopropalcichromen-1-yli-
N'-[5-(4-(N-methvicarboxyamido)phenoxy)-2-pyridinvijurea

\ o
H U
H N N/ N\
N

]
0

The titie compound was synthesized analogously to Example 1 from 5-(4-(N-methy!
carboxyamido)phenoxy)-2-pyridinamine (37 mg, 0.15 mmol). Silica gel column
chromatography (0-2% EtOH / methylene chioride gradient) gave 41 mg of pure
product as white powder (65% yield). (LC-MS, API-ES*: 467.1: Calc. 486.45).

"H-NMR (CDCls): 9.33 (br s, TH), 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), .72 (d, 1H), .57 (d tr, 1H), 6.07 (brqg, 1H), 4.45

(dd, 1H), 4.33 (dd, 1H), 3.78 (q, 1H), 3.03 (d, 3H), 3.66 (tr, 2H), 2.61 (tr, 1H), 2.01-
1.95 (m, 1H). |
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20H-NMR (CDCI3): 9.32 (br s, 1H), 7.34 (d, 2H), 7.20 (dd, 1H), 6.88 (d,
2H), 6.79 (d tr, 1H), 6.58 (d tr, 1H), 6.45 (s, 1H), 4.41 (dd, 1H), 4.34 (dd,
1H), 3.75 (q, 1H), 2.59 (tr, 1H), 1.98-1.93 (m., 1H), 1.52 (s, 9H). d) N-f (1
S.1aR,7bR)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropalc)chromen-1
Eyampm 1544 aminophenokh-2- pvrldlnyllurea Dried

?ﬂjg‘#&rwoﬁl’

methylene chlorlde and sat. a aH he organlc phase was dried
through sodium sulfate and Yapo ated S n gelsolumn chromatography
r|

10(1-3% EtOH / methylene grad R . ve 2139 mg of pure product
as white powder (71% yeM). N1H-NMR (CDC 3)\09 33 (brs, 1H), 7.44

ﬂt%) El 7 17 (dd, 1H), 6.79 (d, 2H), 6.77 (d tr, 1H), 6.68 (d,
2H), 687 %&W ?yﬂtﬂﬁséaad fPI?'QQSBSGMdo FpmBR. 73 Ny Bt6kiroxy
P@;Dm)hm?(maﬂmmm ﬁ%(msc?bi}nﬁwnﬁéﬁﬁé gihebithie
tet roc robaic)cn romen-I-vg-
° ( g(%%ﬁ@%uﬁ%)p er%)%?yz)_P %&yﬁgﬁﬁﬁ g gradient) gave 63 mg of
AL s RBR R oAy atropickng - MY NN-BFhedHle: calc.

3°mwm‘@5rﬁémbe§uz@ﬁaﬁn LS & 12) fro )
3BY Y O ReEL S, SquoareeffrJnggd asg?szli prﬁ,ct @imm =5

| |
H-NMR (de-DMSO): 8.52 (d, 1H), 8.36 (d!, 1H), 7.85 (d, 2H), 7.83 (dd. 1H), 7.48 (q
TH), 7.40 (d, 2H), 2.43,2.42 (2 x s, 3H),

b) 5-(41!\!-methvisuifonamido)nhenoxy)—Z—Dyridinamine

AT O

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

1
H-NMR (ds-DMSO): 7.78 (d, 1H), 7.70 (d, 2H), 7.25 (dd, 1H), 7.02 (d, 2H), 6.50 (dd
1H), 6.97 (s 1H), 2.37,2.36 (2 x s, 3H).

<) N-[{18.1aR.7bR)-4,7-difluoro- 1,1a.2.7b- tetrahvdrocvﬂlooropafc}chromen 1-vil-

N'-[5-(4-(N- -methylsulfonamido)phenoxy)-2- -pyridinvijurea
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25chromatography (0-2% EtOH / methylene chloride gradient) gave 300
mg of material with more than 90% of the title compound (LC-MS, API-EE:
353.0 (m + Ac0"); Cab, 294.29). A few percent of contaminating
2-(4-(methylsulfon)phenoxy)-5- bromopyricfine (LC-MS, AP1-ES': 327.9,
330.0; Cab. 328f19) was present. 11-1-NMR (CDCI3): 8.41 (d, 1H),
8.33 (d, 1H), 8.04 (d,@1-1), 7.58 (dd, 1K), 7.7 (d, 2H), 53.10 (s, 3H)

b) 5-(4-(meth psﬁ? n)phenoxy)-2-py dinaimine ¢ fhe title compound
was synthesiz ogously to E ple-2b) fro mixture obtained
from step a), contairing> - chyls&‘lfon)pheno -2-rlf_rjt’r§ yridine (300

mg). This material was dissolVled with heating in a mixture ofethyl acetate
(10 ml), isopropanol (3 ml) arfd methanol (3 m1). After the reaction, which

TvasisQRinpeshat ey RMRYAIUR abs Jesyine Jesislue é‘ﬁ‘?r %'té@{g%@-methyr
d evapqration was purified by column chromatography o shlica gel (2 -
S BRI RREIRALR BHIIRATURE A g5 25rbnglire et column

ci;;:mﬁu@gﬂ@(ih@i%???ﬂﬂﬁﬂ@%ﬂe@@dé?l%a%%'ritgégx% &R fractions
. a -4 . 7-difluoro-1, _ .
R ey L RS R S pvo=r a0 e, (Lo, apres
SO 101 5> pde (Bld2ERA3ulfon) phenoxy)-2-ovridinyfturea \1-1li 1-1N 200 The title

compound was synthesized analogously to Example 1c from 5-(4-(methy;-

1, Sulfon)phenoxy -2-_/p ridinamine (31 mg, 0.118 mmol). Silica gel column
"ﬁ‘ﬁ%’% %B?éﬁh§61- % (O &g et cHiGhde. grdbidry felloWwrbd Dgo-7.24

(npredaraes. 77 ThC2AN/ONedHY, GHE LA Daue 10,7419 %&@,Ufﬁgr B4, 1H)
« B2 AMUA PRI ) GEGC i AP ES 4800l 45748) ™ T

Example 4

N-[{(1S.1aR.7bR)-4,7-difluoro-1 ,1a,2,7b-tetrahvdrocvciopronafé}chromen-1 -yIl-N'-
[5-(4-aminophenoxy)-2-pyridinyllurea

a) 5-(4-( N-t-butoxvcarbonylamino)phenoxy)-2-nitropvridine

SOk

The title compound was synthesized analogously to Exampie 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 fitle compound (LC-MS, API-ES*; 332.0: Calc. 331.25). The other half
consisted of (2—(4—(N—t—butoxycarbonylamino)phenoxy)—S—bromopyridine (LC-MS, AP}-
ES™: 364.9, 366.0; Calc. 363.15), which was formed as a side product.

"H-NMR (ds-DMSQ); 8.47 (br s, 1H), 8.35 (d, 1H), 8.28 (d, TH), 7.55 (d, 2H), 7.51
(dd, 1H), 7.15 (d, 2H), 1.47 (s, 9H).

b) 5-(4-(N-t-butoxycarbonviamino)phenoxy)-2-pyridinamine
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1H-NMR (CDCI3): 9.41 (br s. 1H). 8.99 (s, 1H), 7.91 (d, 2H), 7.68 (d, 1H),
7.31 (dd, 1H), 7.04 (d, 2H), 6.87 (d, 1H), 6.80 (d tr, 111), 6.58 (d tr 1H)
4.48 (cid, 1H), 4.32 (dd, 1H), 3.82 (q, 1H), 2.62 (tr, 1H), 2.01-1.95 (m, 1H),
5 Example 6 N-1 (1S 1 aR 7bR)-4

7-difluoro-1,1a,2,7b- tetrahydrocycmeg)ropafmchromen 1-y11-Ntf5-(4-(2-hyd

roxvethvhohenoxy'r2-Pyridiny a ay” 0
5-(4-(2-hydroxyethvhohengxy)-2snitropyridine 10 ZNJ%’;( The title
compound was synthegiZed afalogously to E>{§mp é&2a from 2-(4-hydroxy

_Pher@(%ethylalcohol (234 mg. 1.70 mmol). Silica gel column
ﬁS@?HEHWW@EﬁHWﬁQtHy@mQ;mtyrtdégamkmetga’uaﬁ% Mkture

diaederialwipere Horaf AP|-
t19 0 +AcO makmggga gg %b%)%tl'?itoml%o of con a?ﬁ%\r%%%eno |§§
v, ’(’4" )Bﬁér(%ﬁﬁj %1%r’@ﬁﬁtgmdmer%ﬁétmrasmﬁgﬁezgmnon and

%@@a@abou@e%tﬁﬁ)away po&memtcbbomatograph% on silica gel (2 - 10% EtOH /

xy):-2-pyridinamine The title compound was
”giﬁ e L B BT sormetecbieaihamonver two
S8l CottaifMioR 8- (ABQZ bydReky@ByIienoxy)-2-nitropyridine (197

25mg). The resulting residue after filtration and evaporation was purified
Hﬁ‘\g hi‘m chromatogr aprQ/ on silica (2 10% EtOH / methylene
M (§ Rdienty @8%%& puréer@ct coRthiRint-B5609 o fifleh), 6.68 (d, 1H),
Ecommipound ), C-BESHARIH-S; 1281 & ; Siple. 230.27). ¢) N-[(1 Sr1
aR,7bR)-4,7-difluoro-1 ,1 a,2,7bletrahydrocyclopropalcjchromen-1
c) N-[(18.1aR.7bR)-4 7-difluoro-1.1a,2 7b-tetrahvdrocyclopropalcichromen-1-yli-
N'-f5-(4-(N-t-butoxycarbonylamino)phenoxy)-2-pyridinyliurea

A Ok

The ’title compound was synthesized analogously to Example 1c) from 5-(4-(N-t-
butoxycarbonylamino)phenoxy)-2-pyridinamine (418 mg, 1.39 mmol). Silica gel
column chromatography (1-4% EtOH / methyiene chioride gradient) gave 479 mg of
product as white powder (74% yield). (LC-MS, API-ES*: 525.1; Calc. 524.30).

"H-NMR (CDCl3): 8.32 (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, TH), 4.34 (dd, 1H), 3.75 (q, TH), 2.59 (ir
1H), 1.98-1.93 (m, 1H), 1.52 (s, 9H).

d) N-[(1S.1aR.7bR)-4 7-difluoro-1.1 a.2,7b-tetrahydrocyclopropalcichromen-1-vll-

N'- [5-(4-aminophenoxy)-2-pyridinyliurea
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NI-f 5-(4-(2-hyd roxvethyl)p hen oxy)-2-ovridinvliu lea 0- ?I-liili H-------
NNN H'-1'7H " 0 The title compound was synthesized analogoqsly to
Example 1c) from 5-(4-(2- 5hydroxyethyl)phenoxy)-2-pyridinamine (62 mg,
0.282 mmol). Silica gel column chromatography (0-4% E10H / methylene
chloride gradient) gave fractions, from which 8 mg of pure product as
white powder was obtained, and additionally some mixed fractlons
(LC-MS, API-ES; 454 ¢

1H), 8.28 (s, 1H (d, kl)724(d|1H)720 688(d 2H)
6.77 (d tr, 1H), 6.77 (d. 1) %6 (ohtry TH)74.43 (dd.1e74.34 (dd, 1H),
3.87 (t, 2H), 3.77 (4, 1fi|) 2.86 (4 2H), 2.59 (tr, 1H), 1.98-1,93 tm, 1H),
1.51 (br, 1H). 15 Example 7 0

Dried N-[(1S,1aR,7bR)-4,7-difluoro-1, 1 a,2,7b-tetrahydrocyclopropajcjchromen-1 -yll-
N’-{5-(4-(N-t-butoxycarbonyiamino)phenoxy)-2~pyridinyl}urea (242 mg, 0.46 mmol)
was dissolved in methylene chioride (2 mi) and then 1M HC!/ AcOH (4.6 ml) was
added and the reaction solution was stirred for 60 minutes at room temperature. The
volatile matters were removed by evaporation. The residue was worked up by
extractions between methylene chloride and sat. ag. NaHCOs. The organic phase
was dried through sodium sulfate and evaporated. Silica gel column chromatography

(1-3% EtOH / methylene chioride gradient) gave 139 mg of pure product as white
powder (71% yield).

"H-NMR (CDCla): 9.33 (brs, 1H), 7.44 (d, 1H), 7.24 (s, 1H), 7.17 (dd, 1H), 6.79 (d,
2H), 8.77 (d tr, 1H), 6.68 (d, 2H), 6.60-6.54 (m, 2H), 4.40 (dd, 1H), 4.35 (dd, 1H),
3.73 (q, 1H), 3.61 (br s, 2H), 2.57 (fr, 1H), 1.98-1.82 (m, 1H).

Example 5
N-[(15.1aR,7bR)-4,7 -difluoro-1.1 a,2,7b-tetrahvdrocvclopropa[o}chromen—1-vl}—N’»{S-

{4 methvisulfon)phenoxv)—2-pvridinvl1urea

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

N N

w» NP
02N N N
O

The titie compound was synthesized anaiogously to Example 1a) from 4-
hydroxypheny! methyl sulfone (288 mg, 1.67 mmol). Silica gel column
chromatography (0-2% EtOH / methylene chloride gradient) gave 306 mg of material
with more than 80% of the title compound (LC-MS, API-ES™: 353.0 (m + AcO); Calc.
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N-[(1S,1
aR,7bR)-4,7-difluoro-1.1a,2,7b-tetrahvdrocyclooropalcichromen-1 -vli-1\1-
15-(4-(2-(2-methoxyethoxv)ethoxy)phenoxy)-2-ovridinvllurea

20a)5-(4- (2 (2-methoxvethoxy)ethoxy)phenoxv)-2-nitrO0ylidine 02N 0O

}D{ ; mpound ﬁlai g‘lﬁhesaed analoggusly to Example 2a) from
R e LSRR FoHer o1 (SO0 L AR G, gel
beofoemyRivh bt raphE S0- 3270 E 84 bneihylepe. ebiquisle gradiont)

gave 173 mg of material with more than 70% of the title compound

(LC-MS, API-ES+: 335.1; Cab. 334.33). About 20-30% of contaminating

ﬁ DIV (ERFahi kb xBitioRS Nohetixg) 08 oo py idined LEHMS27 (d. 2H),
3ARI(ESR1P68.0, 370.0; Cabo. 369.33) was present.
b)544-(2-(2-methoxyethoxy)ethoxy)nhenoxy)-2-ovridinamine H2NN |

e 1"",. 5The title compound was synthesized analogously to Example

b2b) frﬁmﬂ(maéﬂvﬂuﬂﬁcﬂbw@ﬁdxfxmm@xmgm,gg containing
5-(4-(2-(2- methoxyethoxy)ethoxy)phenc8<y) -2- nitro pyridine (173 mg). The

resulting residue after filtration &n was purified by column
chromatography on silica gel (@ - 69 EtOH hyléne chloride gradient)
to give a pure fraction comginin mg (609%"yield).of titte compound (LC-

10MS, API-ES'": 305.1 ; Calc. 304.35). 'H-NMR (€DCI3): 7.85 (d, 1H) 7 16

W@tlﬂé"&oﬁ@@uﬁ@@é@ sgﬂﬂeér‘@@d@néﬂbogsw @S%F)’ééilﬁ%? bréh e hiture

g Hs)'}%85t2H ), 3.7 2H), 3.58 (t,2H
obtained from step aj, contammg (5 -(4- (methy!sutfon)phenoxy) 2-nitropyridine (300

mg). This material was dissolved with heating in a mixture of ethyl acetate (10 mi),
isopropanol (3 ml) and methanol (3 ml). After the reaction, which was continued at
room temperature, the resulting residue after 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 fitle compound (LC-MS, API-ES™: 265.0
Calc. 264.31).

c) N-[(1S,1aR,7bR)-4.7-difluoro-1 1 2.2, 7b-tetrahydrocyclopropalcichromen-1 -yi}-
N'-[5-(4-(methylisulfon)phenoxy)-2-pyridinyliurea

N o
DAY
N S

2N
O

The iitle compound was synthesized analogously to Example 1c) from 5-(4-(methyi-
sulfon)phenoxy)-2-pyridinamine (31 mg, 0.118 mmol). Silica gel column
chromatography (1-3% EtOH / methylene chioride gradient) followed by preparative

TLC (10%MeOH / CHCls) gave 10.7 mg of pure product as white powder (19% vyield).
(LC-MS8, API-ES": 488.0; Calc. 487.48),
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15c.)N-ro sil aR,7bR)-4 ,7-difluoro-1,
lal2,7b-tetrahydrocycloproparcichromen-I-y1)-
N7-[5-(4-(2-(2-methoxvethoxy)ethoxy)phenox\h-2-pyridinyflurea 0 FHHN
20The titte compound was synthesized analogously to Example 1c) from

P e S b oGt i = (e
1EhioTiete Gradiien) Gale rHbtBAS, fom Which 32 (g dHpuetprattiictials 4.32 (dd,

1W;u@gy_owde @%gb(@lqeg and gk aJ,IM)some mixed fractions (-40
mg) (LC-MS, X/PI ES+: 528.1: Calc, 527. 53) 25 2H), 3.87 (t, 1H), 3.75 (q,

1H), 374 (t, 2H).59 (t, 2H), 3.40 (s, 3H), 2.58 (tr, 1H), 1.98-1.92 (rn, 1H).
ﬁaample 85 5- (f 6-1({1(L S.|aR,7bR)-4

02NNN 100 5- [(6 nitro-3- pyrldlnyl)oxy) -2-pyridinecarboxylic acid (260 mg.
1 mmol) was refluxed in thlonyl chlorlde (10 mI) over- nlght The excess

quenched Wlth aqueous met amine to glve pure
Nmethyl-5-[(6-nitro-3-pyridinyl)oxy]- Zcpyrldlnecarboxamlde (190 mg, 70
%) X

|

-
o,N" N OH

The title compound was synthesized analogously to Example 2a from 2-(4-hydroxy
phenyl)ethylalcohol (234 mg, 1.70 mmol). Silica gel column chromatography (0-2%
EtOH / methylene chloride gradient) gave 237 mg of material with more than 80% of
the title compound (LC-MS, API-ES™ 318.0 (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-hydroxyethyliphenoxy)-2-pyridinamine

SRR

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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15 NMR (CDCI3+ MeOD): 6.4 (d, 1H), 8.32 (d, 1H), 6.31 (d, 1H), 7.42 (br
s, 1H), 7.55 (m, 2H). b) .
5-116-[({[(1.5,1aR,7bR)-4,7-difluoro-1,1a,217b-tetrahydrocyclooronafclchr
omen-

01-yliamiao Naminpl1-3-pyridinvitoxy)-N-methyl-2-pyridinecarbox
o D R Hge 1 2 BBy clopvpalclonromen-1.41

1
N

et =B YL B

e 3 . XS pyridireecarboxamide (190 mg, 0.7
mmol) was dissolyed in Methanol (20 ml). The mixture was hydrogenated
using Ra/Ni unde hyd@gen atmosphere. When the starting material was
consumed acc oTLC (ethermm? e y7as. filtrated through
celite and concentra der reduc &I pre sur product
was added AN NT OH
(1S,IaR,7b5)-4,7-aifiuor(B+1,1a,\%,/7’b"tetrahydrocyclopropa[c]chromene-1-car
boxylic acid (0.170 mg, 0.76 moiol) and the 5 mixture was co-evaporated
TE(% it"'eg)lcuoeneo 10dml%to half the volume. Diphenylphosphoryl azide (179 pl,
76 mmoh P andM&RYa W&%@%EO@%MH Bladd@edromné-(4-(2-
Frrikexseivakiothemoretivepyritdin dnhing (&2 &r@m?ﬁﬁ]ﬁﬁm?jrgn@d%éf&é@u%n
@ﬁr{g@@ NEeH I ressure a e.crude product was
Cg/issoIvedﬁ?ﬁﬁ%%e%%fr%%&%@& v?ﬁﬁ?rs‘dr%aw B 'ﬁm%g%ﬁa{&?@&ﬁ@v from

VIBRCE ISR ROECRIFOUS PP vérite rRevdieodiasmhsainege areashiditRieain@ome

rwadetrirBetificaticr.ibig flash.ceromsiography 5% pethancl in ether) gave
the desired compound (158 mg, 48%). 1H NMR (CDCI3) : 9.27 (br s, 1H).

8.25 (d, 11-1), 8,17 (d, 1H), 8.15-8.10 (br s, 1H), 7.88-7.82 (m, 1H), 7.67

(ttNVH, (CBC ikt BBIY G 6 1elpl, 6128 (8,634, 754 2, &84 (dd, 1H), 7.20 (d
2H), 6.88 (d, 2H), 6.7 (d tr, 1H), 6.71 (d, 1H), 6.56 (d tr, 1H), 4.43 (dd, TH), 4.34 (dd.
1H), 3.87 (¢, 2H), 3.77 (q, 1H), 2.86 (t, 2H), 2.59 (tr, 1H), 1.98-1.93 (m, 1H), 1.51 (br,
1H).

Example 7

N-[(18.1aR.7bR)-4,7-difluoro-1.1a,2.7b-tetrahydrocyclopropalclchromen-1-yi-N'-

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

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

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

o,N" N

The title compound was synthesized analogously to Example 2a) from 4-(2-(2-
methoxy- ethoxy)ethoxy)phenol (300 mg, 1.42 mmol). Sifica gel column
chromatography (0-%2% EtOH / methylene chioride gradient) gave 173 mg of
material with more than 70% of the title compound (LC-MS, API-ES™ 335.1: Calc.
334.33). About 20-30% of contaminating 2-(4—(2—(2-methoxyethoxy)ethoxy)phenoxy)-
5-bromopyridine (LC-MS, API-ES™: 368.0, 370.0; Calc. 369.33) wés present.
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156.55 (m, 1H), 4.48 (dd, 1H). 4.32 (dd, 1H), 3.81 (q, 1H), 3.02 (d, 3H),

2.62 (t, 1H). 2.02- 1.94 (m, 1H). Example 9  44(64 ({1(1 s,la R.7bR)-4

.7-difluoro-1,1a.2,7b-tetrahyd rocycloprooalcichromen-1-

20yliamino}carbonyhaminol-3-ovridinylloxvlberizamide

a)41(6 -nitro-3- pyrrdrnvlloxv)benzamrde O02N,---.N---",../---"CONH2

A mmol) and caesrum carbonate (394
2 Yl 41

Z - - g

5- bromo 2- n|tropyr|d|ne (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 9% methanonift etlyer). Purification by flash :
chromatography yieﬁ@ﬁ% niteQ-3-pyridi xMIben amrde (110 mg,
38 %) 1H NMR (@DCI3N 8.37 (d, 1H), 8(29/%1/ 0, 2H), 7.51
&d iLT%? Oi'é\él 302H). t2L.
(fg T Vﬁﬁfﬁﬂ‘?‘aﬁ{&ﬁ@&ai%zlw&t&rﬁmmem lﬁmpaimlmmtu re
OhﬁenedivdlarﬁbrmmamWnammig%qur@ugyr}gém[g%gy hen xy)-2-
RHHQW%@ g esse traII% @éuthe same procedure as bed
or xample rting FIOM T?6r i %?ﬁﬁfor HW&B@%?&P{HG@ 'POONaS
PHie0.88 salwaly chromatography on silica gel (0 - 6% EtOH / methylene chioride

gradient) to give a pure fraction containing 92 mg (60% yield) of title compound (LC-
MS, API-ES™ 305.1 ; Calc. 304.35).

"H-NMR (CDCls): 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), 4.11 (t, 2H), 3.85 (t, 2H), 3.72 (1, 2H), 3.58 (t, 2H), 3.39 (s, 3H)

[9) N-[(1S,1aR,7bR)-4 . 7-difluoro-1. 1a.2.7b-tetrahvdrocyclopropaf c]ehromen-1 ~yl}-
N’-{5—(4-(2-(2-methoxvethoxy)ethoxv)phenoxy)-z-pvndinvnurea

The title compound was synthesized analogously to Example 1c) from 5-(4-(2-(2-
methoxyethoxy)ethoxy)phenoxy)-2-pyridinamine (46 mg, 0.15 mmol). Silica ge!
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).

i

"H-NMR (CDCls): .35 (brs, 1H), 7.82 (s, 1H), 7.48 (d, 1H),7.18 (d, 1H), 6.89 (m,
4H), 8.77 (d tr, 1H), B.83 (d, 1H), 6.57 (d tr 1H), 4.42 (dd, 1H), 4.35 (dd, 1H), 4.14 (¢,
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and

(15,1aR,7bS)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropaloichromene-1-
carboxylic acid (65 mg, 0.29 mmol) to give pure title compound 20mg (12
%). 1H NMR (000I3 + MeOD). 7.82 (m, 2H), 7.63 (d, 1H), 7,30 (dd. 1H),

21)96.6d, @HHMGZSQQGW (@172k) 2@1@23555%(%)”:!)46 @0 §89; 28 @3,
1%%1 }% 61 1H), 2.0- 1.92 (m, 1H) Example 10
(8 ([ % .7bR)-4,7-difluoro-1,1a2,7b-tetrahydrocyclopropaicichrom
en-1- 15yllaminocarbonynaminol-3-pyridinyl)oxv1-2-ovridinecarboxamide

E%ﬁ,@ﬁ@-@itro-s-rwridinvI)oxyI-2-ovridinecarboxamide 0 02Nre-)

-nitro-3-pyridinypoxy)-2-pyridinecarboxylic-acid (100 mg, 1 mmol) was

5 refluxed in 20thionyl chloride (5 mI) over- night The excess thionyl chloride
xamide

10
S5-[(6-nitro-3-pyridinylyoxy]-2-pyridinecarboxylic acid (260 mg, 1 mmol) was refluxed in
thionyi chioride (10 ml) over-night. The excess thionyl chioride was evaporated and
the crude acid chloride was quenched with agueous methyl amine to give pure N-
methyl-5-[(6-nitro-3-pyridinyl)oxyl-2-pyridinecarboxamide (190 mg, 70 %)

15

"H NMR (CDCly+ MeOD): 8.4 (d, 1H), 8.32 (d, 1H), 8.31 (d, 1H), 7.42 (br s, 1H), 7.55
(m, 2H). ‘

b)Y 5-({6-[({I(1 S, 1aR,7bR)-4 7-difluoro-1,1a,2, 7b-tetrahydrocyclopropajcichromen-
20 1-yllamino}carbonyl)aminol-3-pyridinylloxy)-N-methyi-2-pvridinecarboxamide

o  Chiral
7\
N= /
N
d

N-methyi-5-[(6-nitro-3-pyridinyl)oxy}-2-pyridinecarboxamide (190 mg, 0.7 mmol) was
dissolved in Methanol (20 ml). The mixture was hydrogenated using Ra/Ni under

hydrogen atmosphere. When the starting material was consumed according to TLC
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N H 2 0 This compound was prepared essentially by the same procedure
as described for Example 8, starting from
54(6-nitro-3-pyridinyl)oxy]-2-pyridinecarboxamide (60 mg, 0.38 mmol) and
(1S, 1laR,7bS)-4,7-difluoro-1,1a,2,7b-
0, ropale ne-1-carhoxylic acid (65 mg, 0.29 mmol) to
e e AR T A e o Sheotpenss
PBPEI™eH), 8.28 (d. 1H), 8.17 (d, 1H), 7.75 (br s,1H), 7.69 (d, 1H), 7.33 (dd,

ThHbe GriGEdH oditi : - 11), 448 (dd, 1H),
4.3%8{;(1, 1&??3.85 %%61{?)(?%é%%%?%%)g%g@%iolm?é%ﬁpIe 11
telt%m_(fgyi ropafcjchromene-1-carboxylic acid (0.170 mg, 0.76 mmol) and the

mm@ymw&memﬂolaédb % mteuraweleopwm:lwamﬁqt;ﬁé%g%%: JEAPAS-

-4- azirtocarbonyhphenoxvl1-2-Pyridinyllurea a)tert-buty
s o oS B RS AT 96 i .76 ol
Yabxaddeof Ihdarixitoxytssbeit @bk 78040h Jrimumph seridystyére. The

Rk | ’ '
e et U ee S s e g s
disrRbS Ay bN&éF@%ﬁe@%ﬁ‘i&%‘éﬁ@ Wty ategld poriapss 6queol) ydrochioric
abltﬂ(dimﬁmw@rmﬂqém@oeﬁﬂnm@df@%ﬁﬂfé%ﬂéf@%t%‘;%?r%ﬁﬁcf%o% by flash
ays. 2oThe reacfion was concentrated and diluted in dichloromethane.
cﬁrhgwg}o%a}g Qsé? methanol in ether) gave the desired compound (158 mg, 48 %).

g
"HNMR (CDCls) : 8.27 (br s, TH), 8.25 (d, 1H), 8,17 (d, 1H), 8.16-8.10 (br s, 1H),
7.88-7.82 (m, 1H), 7.67 (d, 1H), 7.31 (dd, 1H), 7.26 (dd, 1H), 6.83-6.75 (m, 2H), 6.61-
6.55 (m, 1H), 4.48 (dd, 1H), 4.32 (dd, 1H), 3.81 (g, 1H), 3.02 (d, 3H), 2.62 (t, 1H),
2.02- 1.94 (m, 1H).

Example 9
4-({6-[({[(1S.1aR.7bR)-4.7 -difluorc-1.1a.2,7b-tetrahydrocyclopropal cichromen-1 -

yllaminolcarbonylhaminol-3-pyridinvlloxy)benzamide

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

' X O\@
/
O,N” "N CONH,

4-hydroxybenzamide (150 mg, 1.1 mmol) and caesium carbonate (394 mg, 1.21
mmol) was dissolved in dimethylformamide (7mi). 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-pyridinyhoxylbenzamide (110 mg, 38 %)
"H NMR (CDCls): 8.37 (d, TH), 8.29 (d, TH), 7.94 (m, 2H), 7.51 (dd, 1H), 7.18 (m,
2H).
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was washed twice with water, dried with MgSai and concentrated. The

residue was purified on column chromatography (silica gel, 5% MeOH in

CH2CI2) and tert-butyl 2- [4-(benzyloxy)benzoylihydrazine carboxyiate

(0.998 g, yield: 85 %) was identified by NMR spectroscopy. 5111-NMR
2

%@ e, 113%»5@@”%33@55 PHAD AR A orion shalalihromen

V(i ot ) rayedaioxyldtend@nidt00 A solution of

tort- butyl 2- 14 (benzyloxy)benzoylﬂgydrazmecarboxylate (975 mg, 2.85

mmol) in presence of catalytic amcﬂ.mt of Pd-C 10% in ethanol (40 mL) is

hydrogenated for 3PoursAfter fltﬁ“atlon o ’cTah e, the residug4s purified

on column chromatagrap (smé\'ﬁ’ge i CHZCIZ) and

%) was identified
6.82 (d, 2H), 4.84 (57 2H)F1.48 (s, 911) 20c)tert-buty ,
2-{4-1(6-nitro-3- pyridinyIonbeenzoyIThydrazinecarboxvla T]Q}Q mixture

of tert-butyl 2-(4-hydroxybenzoyphydrazinecarboxylate (0688 g, 2.73
mmol) and 5-brome-2-nitropyridine (0.554 mg, 2.73 mmaf) and caesium
Thisisempeund was prepared essentially by the same procedure as described for

Example 8, starting from 4-[(6-nitro-3-pyridinyl)oxylbenzamide (100 mg, 0.38 mmol)
and (1S,1aR,7bS)-4,7-difluoro-1 ,1a,2,7b-tetrahydrocyciopropalcjchromene-1-
carboxylic acid (85 mg, 0.29 mmol) to give pure title compound 20mg (12 %).

TH NMR (CDCI3 + MeOD): 7.82 (m, 2H), 7.63 (d, 1H), 7.30 (dd. 1H), 6.96 (d, 2H),
6.90- 6.76 (m, 2H), 6.62-5.59 (m, 1H), 4.45 (dd, 1H), 4.35 (dd, 1H), 2.6 (¢, 1H), 2.0-
1.92 (m, 1H)

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

yllamino}carbonyllaminol-3-pyridinylloxy)-2-pyridinecarboxamide

a) 5-[(B-nitro- 3-pyridinyloxyl-2-pyridinecarboxamide

O,N N N” >CONH,
5-{(8-nitro-3-pyridinyl)oxy]-2-pyridinecarboxylic acid (100 mg, 1 mmol) was refluxed in
thionyl chloride (5 ml) over-night. The excess thionyl chioride was evaporated and

the crude acid chioride was quenched with aqueous methy! amine to give pure 5-[(6-
nitro-3-pyridinylyoxy}-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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25 (1.33 g, 4.08 mmol) in NN-dimethylformamide (7 mL) was stirred
overnight at 80C. The solution was concentrated and the residue was
taken with dichloromethane and water. The organic phase was dried on
MgS0O4 and concentrated. The crude product was purified by column

hronta h (RiR AR D 70dWiRBIbIA GHZ G 2490I4R gm%ogicighromen-

mixture of the nitropyridine and brobnopyridine (0.70 ) in presence of

PeC 10% in Bthanol L) and EtOAC (20 mL)
bus igf fiiygation on belite, the residue was
pratography (silica'\yel, 5% MeOH in CH2CI2) and

0-3- pyridinyl)oxy)benzoyl}hyd /a2| carboxylate
(0.326 g, yield: 35.%)was identified by NMR spectrascopy. 101H-NMR
(CD30D): 7.73 (d, 2H), 6,54 (d, 1H), 7.17 (dd, 1H), 6.86%dd, 21-1), 6.55
(d, 1H). 4.74 (s, 4H), 1.39 (s, 9H). e) tert-buty!l NH,
2-14-(1.84(fT(1S.1aS,7b5)-4,7-difluoro-1,1a,2 7b-tetrahygdfocyclo
ichromen-1-yllamino}carbonyl)aminol-3-pyridinyl}oxy)benzoyllhydr
T@i%r?e% é’a‘i'r%’o&"ﬁ%%ye%’r%& BHAM BHitae 6% THecete. 68 Tenmibld for
SRRy 2 S| Becinoimds Goyiteiny bodbon Ry Ay FRAREAIBIMIAIE (50 mg
(28 RGRIDhED (TP diahenuiphospran,agide 0.162 ml, 0750

mmol) and Et3N (0.105 mL mmol) ne (10 mL) was refluxed
'SBRIHERTYC IR RRlERHFPIES e thsasbioxtiotheid 8 iime VRSTIHRS b give pure
titkcbdPrpELath ANeaN yq@}jed once with HCI (0.001N) and brine. The

organic phase was dried with M9SO4 and evaporated. The residue was

purified on column chromatography (silica gel, 5% MeOH in CH2CI2) to

15 PMRe GDCRSChmPOYNG. §8. 227011 d:; i@é?@)? 4;(8'.\‘:"%' (G %27‘2752@5681 H),

s R R T

was hydrogenated
purified on coftmn-¢
tert-butyl 244-[(6+8

i FOH, 8(85 (i) B-H8 4ra31H),
4 (8 (o)1 )36 3addd HYHB. 2EBQn(a L) 2258R(1, THY) 21095 (98, (k1) 146 (s,
1H). ON-f(15,1a3,7bS)-4,7-difluoro-1,1
E:_a.2.7ti)-tetrahydrocyclopropafcichromen-l—yll-
drazinocarbonyhphenoxyl-2-pvridinyl}urea

N-[(1S,1aS.7bS)-4,7-difluoro-1.1 a.2.7b-tetrahydrocyclopropalcichromen-1 -YII-N'-{5-

{4-( hvdrazinocarbonvl)phenoxy1~2~pvridinvl}urea

a) tert-buty] 2-J4-( benzyloxv)benzovﬂhydrazinecarboxvlate

B20 o
CH
H TH
©\(N\QJLO)<CH:

e}

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-dimethylaminopropyl)-s-ethyicarbodiimide
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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The tent-butyl
244-({61({[(1S,1aS,7bS)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclo
propa[c]chromen-1-ynamino)carbonyharninol-3-pyridinyl}oxy)benzoyllhydr
azine carboxylate (49 mg, 0,089 mmol) in a mixture of dichloromethane

p(Biffethb) aonmﬁﬁlunrem&@é@@@%ﬁ@ﬁ@%%ﬁ@ﬁﬂ&%? ARG outyl o-

4'5 énin. Th reacticm&wdas 10concentrated and@glurify n

lEhRshs: Béﬁ&’&ﬁwg RGNS FARIM e 989 9) wieliv8 36 ouaspdentiied by

NINUR $8eta852018)-4,7-difluoro-1,1a,2,7b-
tetrahydrocyclopropafc)chromen-1-y11-/T-{544-(hydrazinocarbonyl)pheno

. Xy1-2- pyridinylurea (17.6 mg, yield: 42 %). 1511-I-NMR (CD30D): 7.80
HONMAR) (PL2ig 8121 13, 713D {6 1HRIB)I7(E &H) 56183 (95, (H)1-6,6276M¢ . 1),

5 D)t A4%), (Myglhd) gh29 (dd, 1H), 3.61 (m, 1H), 2.59 (t, 1H), 2.02 (m, 1H).
Example 12 204-(f6-f ({f
(1S,1aSI0S)-4.7-difluoro-1.1a,2,7b-tetrahydrocyclooralc)chromen-1-

byriantémblaaybereiaraiosdnamisitindmendirueiapsepylbenzamide
a)4-(benzyloxyl-N-cyclopropylbenzamide 25 Bre

HO
H
N\N/boc
H

o]

A solution of tert-butyl 2~[4-(benzy!oxy)benzoyl]hydrazinecarboxyiate (975 mg, 2.85
mmol) in presence of catalytic amount of Pd-C 10% in ethanol (40 mL) is
hydrogenated for 3 hours. After filtration on celite, the residue is purified on column
chromatography (silica gel, 10% MeOH in CHyCly) and tert-butyl 2-(4-
hydroxybenzoylhhydrazine carboxylate (0.688 g, yield: 96 %) was identified by NMR

spectroscopy.

"H-NMR (CDsOD): 7.73 (d, 2H), 6.82 (d, 2H), 4.84 (s, 2H), 1.48 (s, OH)

c) tert-butyl 2-{4-[(6-nitr0-3-pvridinyl)oxvlbenzovl}hvdrazinecarboxv!ate

oy i
H
on WY
o H

To a mixture of tert-butyl 2-(4—hydroxybenzoyl)hydrazinecarboxyiate (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) 'm 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 MgS80, and concentrated. The crude product

was purified by column chromatography (silica gel, 5% MeOH in CH,Cl,), to give 736
mg of the mixture nitropyridine and bromopyridine.
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4-(benzyloxy)-N-cyclopropylbenzamide (0.774 g, 83%) was synthesized
analogously to Example lla from 4-benzyloxybenzoic acid (0.759 g).
1H-NMR (CDC13): 7.70 (d, 2H), 7.38 (m, 5H), 6.97 (d, 21-1). 6.17 (s, 1H),
5.10 (s, 2H), 2.88 (m, 1H), 0.85 (m, 2H), 0.6 (m. 2H). b)

N- cyclooropyl -4- hydroxybenzamlde 5N- cyclopropyl -4-hydroxybenzamide

(s 1H), 7.67 (d 2H) 6.80 (d, 2H), 4.88 (s 1H), 219 (m 1H), 015 (m, 2H)

0.60 (m, 2H). 10 c) N-cycloorop ? 0-3-pyridiny)oxvlbenzamide

02NNC-  The mixture nltrqwm:@@gﬁogﬁwine was synthesized

analogously to 15Example 11c from N-cyclopropy1-4-hydroxybenzamide

éﬂgﬁﬂ—la R.‘&CDSOO 8.33(d, 1H), 8.32 (d, 1H), 7,92 (d, 2H), 7.66
%?ﬂ% BiyPRY NG ARG TP R {0 B3 gin 2rgsence of catalytic

ig[ﬁ“%m@tmgdegwﬁm?owmmﬂ[ﬁwm'(‘Zdawgﬁvg? hyzdrg/genated for 1
-AREP QIR 0YH 0 zamjde a, 0) was

T B e BT sy e reey

theS|zed analo sly to Exam the mixturée
%Ptﬁ% Py A W@m%ﬁmwgiﬂj(&aaam -2H), 7 20 (d,

%%E:Zﬁa&%z%h%ﬁﬁ&g%ﬁk&ﬁb@m&wﬁééﬂ?re%ﬂ)s@‘%%ﬁk Hahtified by

4
H-NMR (CD;OD): 7.73 (d, 2H), 6.64 (d, 1H), 7.17 (dd, 1H), 6.86 (dd, 2H), 6.55 (d,
1H), 4.74 (s, 4H), 1.39 (s, 9H).

e) tert-butyl 2-[4-({6-][({[(1S.1aS.7bS)-4.7-difluoro-1.1 a,2 7b-tetrahydrocyclo
propalcichromen-1 -yllaminolcarbonyllaminol-3-pyrid inylYoxy)benzovllhydrazine
carbog late

0O o] \N —boc
H

A mixture of the chiral acid (155 mg, 0.687 mmol), fert-butyl 2-{4-[(6-amino-3-
pyridinyl)oxylbenzoyi}hydrazinecarboxylate (267mg, 0.776 mmol),
diphenylphosphoryl azide 0.162 mL, 0.756 mmol) and Et3N (0.105 mL, 0.756 mmol)
in toluene (10 mL) was refluxed for 4 hours. The solution was reduced and the
residue was diluted in dichloromethane and washed once with HC| (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 CH,Cly) to give the title
compound (0.227 g, yield: 52 %).

"H-NMR (CDCl3): 9.36 (s, TH), 9.05 (s, 1H), 8.99 (s, 1H), 7.80(d, 2H), 7.62 (d, 1H),
7.28 (s, 1H), 7.25 (d, TH), 6.89 (d, 1H), 6.86 (d, 2H), 6.78 (m, TH), 6.5 (m, 1H), 4.43
(dd, 1H), 4.30 (dd, TH), 3.76 (m, 1H), 2.59 (m, 1H), 1.95 (m, 1H), 1.46 (s, 1H).
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e)44(6-1iff(1S,1aS,7bS)-4,7-difluoro-1,1a,2,7b-tetrahydrocycloprafcichrom
en-l- ylfaminolcarbonyhaminol1-3-pyridinyfloxY)-N-cyclopropylbenzamide
54-([61({[(1S11aS,7bS)-4,7-difluoro-1,1a,2,7b-tetrahydrocycloprac]chrom
en-1 - yl)Jaminolcarbonyl)amino]-3-pyridinylloxy)-N-cyclopropylbenzamide
(0.090 g, 38%) was synthesized analogously to Example 11e from
4- [(6 amlno -3- pyrldlnyl)oxy) Ncyclopropylbenzamide (0.128). 10'H-NMR

: X 8- . 1H), 7.73 (d 2H) 7 62 (d 1H) 7.27 (dd,

tororlola Safdithtetien-1-yil-

F N —-«o ‘
O Ay
F

The tert-butyl 2-[4-({6-[({[(1 S,1aS,7bS)-4,7-difluoro-1 .1a,2,7b-tetrahydrocyclo
propa[c]chromen-1~yl]amino}carbonyl)amino]—s-pyridinyl}oxy)benzoy!]hydrazine
carboxylate (49 mg, 0.089 mmol) in a mixture of dichloromethane (0.5 mL) and
trifluoroacetic (0.5 mL) was stirred at room temperature for 30 min. The reaction was
concentrated and purified on column chromatography (silica gel, 2% MeOH in
CHgClz) to give the compound N-[(1S,1aS 7bS)-4 7-difluoro-1,1a,2,7b-

tetrahydrocyciopropa[ clchromen-1-yl}-N -{5-[4-(hydrazmocarbony!)phenoxy}-Z-
pyridinyl}urea (17.6 mg, yield: 42 %).

(m 2H) 0.63 (m 2H)

'H-NMR (CD3OD): 7.80 (d, 2H), 7.62 (d, 1H), 7.39 (dd, 1H), 6.97(d, 3H), 6.83 (m

1H), 8.62 (m, 1H), 4.41 (m, 1H), 4.29 (dd, TH), 3.61 (m, 1H), 2.5 (1, 1H), 2.02 (m
1H), |

1

Example 12
4-({6-[({[(1S.1aS.7bS)-4 .7 -difluoro-1 1 a.2.7b-tetrahvdrocyclopralclchromen-1-

xl]amino}carbonv!)amino}-3-pvridinvl}oxv)~N—cvciopropvlbenzamide

a) 4-(benzyloxy)-N-cyclopropylbenzamide

BzO
Q(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 (CDCl3): 7.70 (d, 2H), 7.38 (m, 5H), 6.97 (d, 2H), .17 (s, 1H), 5.10 (s, 2H),
2.88 (m, 1H), 0.85 (m, 2H), 0.6 (m, 2H).
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Example 13 15N-14-({6-1({1(1S.1 aS,7bS)-4
,7-difluoro-1.1a,2,7b-tetrahydrocyclopropaf cichromen-1-
yllamino)carbonyhaminol-3-pyridinyl}oxy)phemillacetamide a)
N-{4-1(6-nitro-3-pyridinyboxylphenyl}acetamide 20 "."",-, -"a OzN The
title compound was synthesized analogously to Example 11c from N-(4-

cetaprse: benzan:hgleNMR(DMSO d5): 10.05 (s, 1H),
8.36 (d, 1H), 8.29 (d, 1H), , 7.54 (dd, 251 H), 7,18 (d, 2H),

2.03 (s, 3H). b) N-{4-1(6-amino-3- pyr|d|nyl)oxy)ohenyl}acetamlde

@Ts\v

N-cyclopropyl-4-hydroxybenzamide (0.332 g. 68%) was synthesized anaiogously to
Example 11b from 4-(benzyloxy)-N-cyciopropylbenzamide (0.774 Q).

'H-NMR (CD:0D): 8.26 (s, 1H), 7.67 (d, 2H), 6.80 (d, 2H), 4.88 (s, 1H), 2.79 (m, 1H)
0.75 (m, 2H), 0.60 (m, 2H).

t

c) N-cyclopropyl-4-[(6-nitro-3-pyridinyoxvlbenzamide

X 8]
O,N N I W

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

"H-NMR (CD;OD): 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).

H

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

H.N N/ N v
: [e]

4-[(6-amino-3-pyridinyl)oxy}-N-cyciopropylbenzamide (0.128 g, 25%) was
synthesized analogously to Example 11d from the mixture nitropyridine and
bromopyridine.

"H-NMR (CDClg): 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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The title compound was synthesized analogously to Example 11d from
N-(4-[(6-nitro3-pyridinyhoxy)phenyllacetamide. 51H-NMR (CDCI3): 7.87
(d, 1H), 7.41 (d. 2H), 7.29 (s, 1H), 7.17 (dd, 1H), 6.89 (d, 2H), 6.51 (d,
1H), 4.47 (s, 2H), 2.14 (s, 3H).
d)N-44-({6-4(iff(1S,12S,7bS)-4,7-difluoro-1,1a,2,7b4etrahydrocyclopropa
&ichrof@l{ilisTins|zadeny)amise-3: mdmymmew%@m%men 1.
e fifl rdmn > ) ntrh Si ed z Io usI to Example I|e from

o ' Xytoher Setaftride NIFRNED CI3): 9.39
(s, 1H), 8.82 (s 1H), 7.54 (m, 31-I), 7 47(d 2H) 7 20 (dd 1H) 6.88 (d,
2H), 6.79 (m, 2H), 6.55 (m, 1H), 4. 42 (d 1H) 4.32 (dd, 1H), 3.76 (m,
1H), 2.57 (t, 1H), 2.04 (m, 1H). ZQ B N-1(1.3, 1aR.7bR)-4 ,7-d
ifluoro-1.1a,2,7b-tetrahydr cyc atclchr n-1 J4-(1H-1, 2
,4-triazol-1-yl)phenoxylo yl}urea W
a)2-nitro-544-(1H-1,2,4-t -VIIphenoxYlP% I 25 Cesium
carbonate (1.3g, 4.03mmal) was mlxed with 3 ml of

G AT S A B ER R B R s ff%mm ke
mﬁ%ﬁwaadﬂmarpwdm&wm ThelopeanidpemistaieenaDE0an 38%)
m@qm@g&emmw@m EXFASISd {BR e MG B'%rkgﬁ ERADxy1-N-

L g ic extra,ctvlz s washed with water and brlne dried
A 8 EQGHH{@ centrated by rotary evaporation. The resulting
greenish- brown solid was washed thoroughtully with methylene chlorlde to

S*éﬁg“i‘ﬁih TR IR A i AR A 21 i d PR
6.8 m@;{dejﬁ){m 1H) 657 (m, TH), 6.23 (s, 1H), 4.45 (dd, 1H), 4.33 (dd, 1H),
3.72 (m, 1H), 2.90 (m, 1H), 2.60 (t, 1H), 1.97 (m, 1H), 0.87 (m, 2H), 0.63 (m, 2H).

Example 13
N-14-({6-[({[(1S,1aS,7bS)-4 . 7-difluoro-1.1 a.2 7b-tetrahydrocyclopropalclchromen-1-
yllamino}carbonyl)aminol-3-pyridinylloxy)phenyllacetamide

a) N-{4-[(8-nitro-3-pyridinyhoxylphenyllacetamide

ISR W
ON" N ﬁ)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)oxylphenyllacetamide
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icb)544-(1H-1,2,4-triazol-1-yllohenoxvipyridin-2-amine
2-Nitro-514-(1H-1,2,4-triazol-1-yl)phertoxyjpyridine (100mg, 0.35 mmol)
was mixed with 15-20 ml of ethanol and bubbled with argon. About 20 mg
of Pd/C was added to the reaction mixture and hydrogen gas was applied
at normal pressure and ambien ratyre for 3-12 h. The reaction was
monitored by TLC. After the reitén wi lib plete, the reaction
mixture was bubbled with argon filtered throligh™Celite and the solution

Ti%bﬁﬂglgg ﬁ8%§§gﬁlﬁ%9¥e tar ,el,\é?%ps(ihﬁ r%to ggebpﬁzc{)]gq%g?lfé\(jég{zlr?g nitro-

aminopyr |ne after pufri |cat|on yco
S-ptisiiny Hpimml}aw&d\mﬁ% 201H-NMR (CDCI3): 8.4 (s, 1H), 8.01 (s,
1H), 7.85 (d, -1H), 7.50 (d, 2H), 7.35 (s, 1H), 6.96 (d, 2H), 6,48 (d, 1H),

2H N-
H7[§§f$ Ac'jjd%hgo?c 37 (ir{a,w?b7t@ﬂa{ﬁy§Mh%@)%iépékﬁbcﬁrﬂrﬂéd 1N)16-89 (d, 2H),

6. B 1YH(1 W47 2 9Bz @) 44-¥4, )@Rgnoxy Thyridin-2-vflurea 25
(18,1aR,7bS)-4 ,7-d ifluoro- 1,1a ,2,7b-tetrahyd
rocyclopropa[mchromene 1 carboxyllc acid (33mg 0.15mmol, - 95% ee)

stirring at 11000 for 3 5 h under in a closed vial. The reaction mixture was
concentrated by rotary evaporation gnd-4yrified by column
chromatography on silica (30g OfH &thylacetate/hexane 1:1).
Desired product was obtai ed Qge Whltder (40mg, yield
57.5%). 101H-NMR (CD 42 (br s, 1H), ‘-' rs, 1H), 8.52 (s, 1H),

8.10 (s, 1H), 7.65 (m, 3 . (dd 1H), 7.03 (d,H ), 6.87 (d, 1H), 6.80
(m, 1H), 6.65 (d tr, 1H), ¢

The title compound was synthesized analogously to Example 11e from N-{4-[(B-
amino-3-pyridinyl)oxylphenyllacetamide.

"H-NMR (CDCls): 9.39 (s, TH), 8.82 (s, 1H), 7.54 (m, 3H), 7.47(d, 2H), 7.20 (dd, 1H),

6.88 (d, 2H), 6.78 (m, 2H), 6.55 (m, 1H), 4.42 (dd, 1H), 4.32 (dd, 1H), 3.76 (m, 1H),

2.57 (t, 1H), 2.04 (m, 1H).

Example 14
N-[{1S . 1aR,7bR)-4 7-diflucro-1 2.2 7b-tetrahydrocyciopropaicichromen-1 -yi}-N'-f5-
[4-(1H-1.2 4-triazol-1 -viphenoxylpyridin-2-viiurea

a) 2-nitro-5-[4-(14-1.,2 4-triazol-1 -yiphenoxylpyridine

-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 methyiene

44



10

15

20

25

4.45 (dd, 1H), 4.33 (dd, 1H), 3.80 (q, 1H), 2.60 (br, tr, 1H), 1.94-2.00 (m,
1H). Additional left wings. 15 The following left wings are coupled to any
of the above novel right hand wings analogously to Examples 1 to 14.
A drersvwiepionalelely I-carboxylic aciéj
Rrist3x2e alY O TEAREIEEMEOPTOR. - -l
Cgth }fééssfter. oyab?n%ﬁr% of 2H-chromene (4.8‘8{3’?%%%%%%%% drie Ovef
i‘fb%ﬁ‘ﬂ‘}%& 3G EL SRR RIS I OtRR evRAERorodthenes(@ony byeanish-
ey ereiie siiing Wi Gl T
nol) i -dichigroeth 20 mL). After min a ,
dByRol) 1Bk &\@A&e%@{é}afz

mixture was was 0 (100 mL). The H20 phasc_e was washed with
CH20I12 (50 mL) and the solvent of the combined organic phases was

d SHII r was column
‘““%Wrﬁ‘b“‘m ool il el 20 Tt DA Rebhe 2 (d Db (. 21)
7( 112”’351011 ’%’rs-l,"ﬁa(,év,'?l‘iﬂetrahydro-cyclopropa[c)chromene-l-carboxyllc

acid ethyl ester and 303.87 g (48%) of _
-trans-1,1a,2,7b-tetrahydro-cyclopropalc]chromene-1-carboxylic

b) 5-[4-(1H-1,2 4-triazol-1 -vliphenoxvlpvridin-2-amine

2»Nitro»5-[4-(1H-1,2,4-triazoi-“s—yI)phenoxy}pyridine {100mg, 0.35 mmol) was mixed
with 15-20 m| of ethanol and bubbled with argon. About 20 mg of Pd/C was added to
the reaction mixture and hydrogen gas was applied at normal pressure and ambient
temperature for 3-12 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 (CDCla): 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-[(1S5.1aR 7bR)-4 7 -difiuoro-1 J1a.2 7b-tetra hydrocvclopropalcichromen-1 -yil-
N-{5-]4-(1H-1.2 4-triazol-1 -yhphenoxylpyridin-2-vhiurea

QO
F ‘;N :/\N '_" o
. \
\ \‘\\' q: N /

=
O/

F /N \\\

|
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30

acid ethyl ester as a byproduct. 1H-NMR (CDCI3). 7.26 (d, 1H), 7.10 (dd,
1H), 6.90 (dd, If-1), 6.78 (d, 11-1), 4.49 (dd, 1H), 4.20 (dd, 1H), 3.97 (q,
2H)1 2,44 (dd, 1H), 2.14 (dd, 1H), 2.07-1.95 (m. 1H), 1.02 (t, 31-1).
b)()-cis-1,1a,2,7b-Tetrahydro-cyclop opa[cichromene-I-carboxylic acid. A
mixture of ()-cis-1,1a,2,7b-tetrahydro-cyclopropajc)chromene-1-carboxylic
acid ethyl ester?(l.,% g, 9.0 mmol), LiOH (539 mg, 22.5 mmol), H20 (10
nﬁlg'é\ﬁgm&sﬁ' P39 ia< RBdeda hytrenysiderophlcitisameantichcathiyic
veaisi c@3omntlalSchtochbe LASE0 '), whb M%W&ﬁitﬂdﬁﬁﬁjeqéﬁpﬂéﬁ@?w&@gy%mme
hitgpresipl ast] | Was, extr with CH2CI2 (3)(15 .
e R gt kg v
r8HICE rpg&é%ur’ré’?"?"h@"@r[ﬁfé%ﬂ%ﬁﬁd@aér%&lh@étﬂremtiﬂm\@ﬁh‘éﬁﬁépr 3
Eld:'ﬁgga/m? iB% m?ﬁ]eg]%)- dﬂ(@'maeﬁwlbém@%%'%mratedl _t()jy rotalryNeI\\;laFgoraﬁon
cloprgralclghiromeigyh-ca as a white solid. 11-I-
(C[DCI%;I 9.80 bry;, 150 %5 (gk}%%?o?g%g%d’ ), é@@a(ddj,(élfﬁ), §h7 YMC
i) g8 afhﬁﬁinﬁézﬁ)(CB’?Sﬂqg,@%‘%Yfﬁslmﬁﬂ?ﬁﬁqs.%fgﬂqm.powda
A6Exanyjsie §6.58)))-cis-1, 1a ,3 ,7
b-Tetrahydro-2-oxa-cyclopropalajnaphthalene-1-carboxylic acid ethyl

a

BIIR (CDCly): 9.42 (brs, 1H), 9.35 (br s, 1H), 8.52 (s, 1H), 8.10 (s, 1H), 7.65 (m,
3H), 7.30 (dd, 1H), 7.03 (d, 2H), 6.87 (d, TH), 6.80 (m, 1H), 6.65 (d tr, 1H), 4.45 (dd,
1H), 4.33 (dd, 1H), 3.80 (q, 1H), 2.60 (br tr, 1H), 1.94-2.00 (m, 1H),

Additional left wings.

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

Example 15
a) tcis-1,1a,2,7b-Tetrahydro-cyclopropajcjchromene-1 -carboxylic acid ethy!

“an

o]

To a mixture of 2H-chromene (4.89 g, 37 mmol) and (CuOTf),-benzene (186 mg,
0.37 mmol) in 1,2-dichloroethane (80 mL) at 20 °C, was added dropwise (3h) a
solution of ethy! diazoacetate (8.44 g, 74 mmol) in 1,2-dichloroethane (20 mL). After
15 min at 20 °C, the reaction mixture was washed with H20 (100 mL). The H,0

phase was washed with CH,Cl, (50 mL) and the solvent of the combined organic
phases was removed under reduced pressure. The crude product was column

ester.

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 t-trans-1,1 a,2,7b-~tetrahydro-cyclopropajc]chromene-1 -carboxylic
acid ethy! ester as a byproduct.
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()-cis-1,1a,3,7b-Tetrahydro-2-oxa-cyclopropatainaphthalene-1-carboxylic
acid ethyl ester was synthesized analogously to Example 15a from
1H-isochromene (3.57 g, 27 25Mmol), to give 910 mg (15%) of
()-cis-1,1a,3,7b-tetrahydro-2-oxa- cycloprona[ajnaphthalene-1-carboxylic
acid ethyl ester. 1H-NMR (CDC13): 7.34 (d, 1H), 7.25 (dd, 19), 7.18 (dd,
1H) 7.03 (d, 1H), 4.81 (d, 1H), 4.51 (d, 11-I), 4.28 (dd, 1H), 3.95 (q, 29),
"B-AMRIAC DI 2 0BGdd, 18), 1.0 (@3, 6.90 (dd, 1H), 6.78 (d, 1H), 4.49 (dd,

10)0:5iF3d A7 70T aa@mro[%@mcxﬂ?pﬁopﬂamﬁzﬂt%%' 5B 1 02

ic_ acid
Y)-%l%-l 1a,3,7b- Tetrahydro -2-oxa-cyclopropa[a]naphthalene-1-carboxylic
acid was synthesized analogously to Example 15b from
-cis-1,1a,3,7b-tetrahydro-2-oxacyclopropa alnaphthalene 1-carboxylic

bicid dtsfiEdPAIE rﬁa TR Y E B dls s hipr epgeb)carboxylic acid.
()-cis-1,1a,3,7b-tetrahydro-2-oxa-cyclopropala]-naphthalene-1- carboxylic
acid as a white sott Theogrude product was column chromatographed
(silica gel, 1-4 OmM’in CH2CI2). 1H-NMR (CDC13): 8.50 (br s,
19), 7.39 (d, 1 .30 (Ud, 111), 7.21 (dd, 1H), 7.07 (d, 151H), 4.87 (d,
1H), 4.57 (d, 1H), 4.38 (dd, 1H), 2.59 (dd, 19), 2.15 (dd, 1H). The product
of step b Example 17

’*()”B@UIS(S'?@%% “byAdin -ty o RIRRIBPB BlsiviRyhantal 2;ath tetrihpcid
HPPANIEIOPIERATICIFAREN - LidRt ¥588- mg, 22.5 mmol), H20 (10 mL) and MeOH

(20 mL) was heated to reflux for 2h. The reaction mixture was concentrated to about
10 mL, 4N HCl was added dropwise giving a white precipitate. The reaction mixture
was exiracted with CH»>Cl, (3x15 mL) and the solvent of the combined organic
phases was removed under reduced pressure. The crude product was crystallized
from EtOAc/hexane, to give 435 mg (25%) of (+)-cis-1,1 a,2,7b-tetrahydro-

cyclopropajcjchromene-1-carboxylic acid as a white solid.

"H-NMR (CDCs): .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-cyclopropalalnaphthalene-1 -carboxylic

acid ethyl ester
G
O\/
o]

($)-cis-1,1a,3,7b-Tetrahydro-2-oxa-cyclopropalalnaphthaiens-1 -carboxylic acid ethyl
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 ethyl ester.
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a)1-(2-Hydroxy-4-prop-2-ynyloxy-phenyl)-propan-l-one HO A mixture of
2',4'-dihydroxy-propiophenone (24.9 g, 0.15 mol), 3-bromo-propyne (24.2
g, 0.20 mol) and K2003 (20.7 g, 0.15 mat) in acetone (500 mL) was
refluxed for 2512 h. The reaction mixture was allowed assume room
temperature and the precipitate was removed by filtration. The filtrate was

CerRIRratetunde L@y, P@%esc&ﬂ eﬁftéﬂ a?r:cm Pyilied BY (q,
sfrcenopy Gicagel 0 Leort 1) LIRS

8H)NMR (CDC13): 12.80 (s, 1H), 7.69 (d, 1H), 6.52 (m, 2H), 4.72 (d, 2H),
2.96 (q, 2H), 52.56 (t, 1H), 1.23 (t, 3H). 3b)
1-(5-Hydroxy-2H-chromen-6-y1)-propan-1-one. A mixture of

?2(2 hy@hsi§A-prop- Ry BiTaRydsheng xpshsirmapalatn 4patBaje ©F- taoacpxylic
asid NTN-diethylaniline (100 mL) was heated to reflux for 3 h. The reaction
mixture 10 was concentrated under reduced pressure. The crude product

was purified by colum ¢ matpgraphy (silica gel, 5-9.10% EtOAc in
Hexane) and therea cryB tallized from EtOAc/Hexane, to give 8.91 g
(45%) of 1-(5-hydro H-chfomene6- -y1)-propart-1-one, 151H-NMR
(film%gg a3, mf&trsz%d b 420(%h- ié%b;ﬁ&&@ha’ldﬂ)hé%éw LhDosy e 460k was
TR é{&%&op%eaﬂffz ‘Fgagéi’%%etéﬁaﬁm@y%ﬁréﬁ&[&kﬁ?&#@ﬁ&m -oxa-
Qﬂéapbmy!ajraxpdtbﬂwhesitearboxyhc acid ethyl ester (436 mg, 2 mmol), to give 86
mg (22%)‘ of (+)-cis-1,1a,3,7b-tetrahydro-2-oxa-cyclopropafa)-naphthalene-1-
carboxylic acid as a white solid. The crude product was column chromatographed
(silica gel, 1-+5% MeOH in CH,Cly).

'H-NMR (CDClg): 8.50 (brs, 1H), 7.39 (d, 1H), 7.30 (dd, 1H), 7.21 {(dd, 1H), 7.07 (d,
1H), 4.87 (d, 1H), 4.57 (d, 1H), 4.38 (dd, 1H), 2.59 (dd, 1H), 2.15 (dd, 1H).
The product of step b

Example 17
(£)-cis-1-(5-Cyano-pyridin-2-yl}-3-(7-hvd roxy-6-propionyi-1,1a,2 . 7b-tetrahydro-
cyclopropajclchromen-1-yl)-urea.

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

A mixture of 2',4’-dihydroxy-propiophenone (24.9 g, 0.15 mol), 3-bromo-propyne
(24.2 g, 0.20 mol) and K,COj3 (20.7 g, 0.15 mol) in acetone (500 mL) was refluxed for
12 h. The reaction mixture was allowed assume room temperature and the
precipitate was removed by filtration. The filtrate was concentrated under reduced

pressure. The crude product was purified by column chromatography (silica gel,
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0 OH 0 To a mixture of 1-(5-hydroxy-2H-chromen-6-y1)-propan-l-one (511
mg, 2.5 mmol) and (Rh(11)Ac2)2 (11 mg, 0.025 mmol) in
1,2-dichloroethane (8 mL) at 20 C, was added dropwise (3h) a solution of
ethyl diazoacetate (571 mg, 5 mmol) in 1,2- dichloroethane (2 mL). After
15 min at 20 C, the reaction mixture was washed with 251120 (10 mL).

The2PA2deibidse M) iagies 28ith €188% 3(1Q21Hy 4 Llaepmg,\zg_){lﬁ]‘o;p_e
ngﬂg _(F.)q %rag‘qmgr%hases was removed under reduced pressure. The
crud %08

ct was purified by column chromatography (silica gel, 1->5%
MeOH in CH2CI2), to give 300 mg (41%) of

THOMIRXCBBLPPIOBE.L, %%ézi?%ée(‘&?"?gﬂr%%’f'ﬁﬁgﬁ@[c‘?fﬁf@gﬁjli%%r?q, 2H),

gﬁéﬁ aﬂ% et%l ester (a 33/64 mixture of cis an BIsS

NiR teb€id): 38)13-13.07 (m, 1H), 7.57-7.49 (m, 1H), 6.41-6.38 (m,
1H), 4.65- 3.92 (m, 4H), 3.01-1.95 (m, 5H), 1.29-1.08 (m, 6H).

3H0-cis I})éq y50rpropiony1-1,1a 2 7b-tetrahydro-cyclopropalc]chrom
eﬁ%-lﬂcg 'bH Xyﬁ%&a%%_c%rgmexls VIJS propan-?-oney
10cis-7-Hydroxy-6-propionyl-4.1a,2,7b-tetrahydro-cyclopropa[cjchromene
-I-carboxylic acid was synthegsized analogously to Example 16b from
7-hydroxy-6-propionyll,la -tetrahydro-cyclopropalc)chromene-1-carb

oxylic acid ethyl ester (299 njg, 2703 mmol, a 33/64 mixture of cis and

trans isomers), to give 39.8Mmyg (15%) of ()- cis-7-hydroxy-6-propionyl1-1,1
Afulh: té? wdro-cyclopropalcjchromene-1-ca rboxylic 15acid as a white

S0 ié}g‘rﬁ% #ﬁé‘yﬁﬁ’y" F&fﬁ%&p a&%:&?fgﬁzmeﬁ%ﬁyaf@me-a g, 87 mmol)
%9%|6’Mbﬁ*§fb}éﬁﬁ§mﬁ‘eoﬁ-mmayumaw &srafypiadict. The aston mixture
Wecusiouag R URA SOl ST OBTaRAYIS ra gk dal S MSPE
column chromatography (silica gel, 5->10% EtOAc in Hexane) and thereafter
recrystallized from EtOAc/Hexane, to give 8.91 g (45%) of 1-(5-hydroxy-2H-chromen-

B-yl}-propan-1-one.

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

3¢)  7-Hydroxy-6-propiony!-1 ,1a,2,7b-tetrahydro-cyclopropalcjchromene-1-
carboxylic acid ethyl ester.

o\/

QH

[¢]
To a mixture of 1-(5-hydroxy-2H-chromen-6-yl)-propan-1-one (511 mg, 2.5 mmol)
and (Rh(Il)Ac,)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 CHzCl2 (10 mL) and the solvent of
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1H-NMR (DMSO-d6): 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). 20
Example 18 a)l-(2-Hydroxy-4-prop-2-ynyloxy-phenyl)-ethanone _/Th\
KC 1-(2-Hydroxy-4-prop-2-ynyloxy-phenyl)-ethanone was synthesized
analogously to Example 17a from 1-(2,4-dihydroxy-phenyl)-ethanone
meomgmedm?}am %iwﬁg&(&?%h @flz)ed tt;]nder redtljlc_:'eﬁ '?Arlrezsscu:rDe.CE%e crude

-(2-hydroxy-4-prop-2-yny(oxy-phenyl)-ethanone, 1H- :

S R R P R B Rioha Y 20 5 560 B e HeC)
19) 95 -Bmk (A 2 P Iobi GrvgdrGxy b ettvpinnye-1,1a,2, 7b-tetrahydro-

LD, Shhiomen-a-y Lk synthesized. analogousl
%éég’gﬁé?ﬁ%?b fromgﬁg%kﬁ/gggg- -pr%%?,év-%/%r?ye/lroggy?&%einy %fheaﬂqoﬂﬁ %/Tq trans
I§OBEHImol), to give 106.0 g (35%) of
1-(5-hydroxy-21-i-chromen-6-y1)-ethanone. 11-I-NMR (CDCI3): 12.92 (s,

AH), 7.51 (d, 1 H), 679 (dt, 1H), 6.32 (d, 1H), 5,71 (dt, 1 H), 4,89 (cid, 2H),
FIMR Q!BGC{@A%&@IW-WUr‘d‘i&-ﬁfﬂah‘,‘ﬂa@l’@tr&hyﬂr@%@ﬂS (m, 1H), 4.65-
sleprepaleiciromerss ireashnxylmoacigeaiiy bester
6-Acetyl-7-hydroxy-1,1a,2,7b-tetrahydro-cyclopropalc)chromene-1-carbox

ylic acid ethyl ester (a 40/60 mixture of cis and trans isomers) was
SyNthesizeel ARYAEOMEY. S IHYIPIG Q:EC?ftEQt%‘crlavw I\rﬂoéctlgg%?g)é[c]ch romene-1-

1-?5-h%dro>$/-2H-chromen-6-y))-ethanone. ?.
Bk 58 d(rn, 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).

tcis-7-Hydroxy-6-propionyl-1,1a,2,7b-tetrahydro-cyclopropalcjchromene-1 -carboxylic
acid was synthesized analogously to Example 16b from 7-hydroxy-6-propiony!-
1.1a,2,7b-tetrahydro-cyclopropalcjchromene-1-carboxylic acid ethyl ester (298 mg,
1.03 mmol, a 33/64 mixture of cis and trans isomers), to give 39.3 mg (15%) of (z)-
cis-7-hydroxy-8-propionyl-1,1a,2,7b-tetrahydro-cyciopropalc]chromene-1 -carboxylic
acid as a white solid and (+)-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, 155% MeOH in CH.Cly).

'H-NMR (DMSO-de): 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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d)6-Acetyl-7-hydroxy-1,1a,2,7b-tetra
hyciro-cyclopropa|cichromene-1-carbcpwlic acid. {:D ,OH
6-Acetyl1-7-hydroxy-1,1a,2,7b-tetrahydro-cyclopropaic)chromene-I-carbox
ylic acid was synthesized analogously to Example 15b from

6-acetyl-7-hydroxy-1,%a,2,
Stetrahydro-cyclopropa{Clahr, ne-1-carboxylic acid ethyl ester (2 g. 8.1

mmol, a 40/60 mixture ofi£is and trans isomers), to give 300 mg (17%) of

1-Gratetyd -y dropZl g2 xpipteinghyshiaaayeloniepa I Y
¥ W@%AR@EQQ% o

j ' 4 ixture of cis and trans.isomers). The crude product was
LS i e L R GB oA e bR MOz Yo 22 ¢
(83%)1 of| MRZ-{ODIOI8) 4 BBXT-2A8NyinXEH) G 36k {amabid), 4.65-4.00 (M, 2H)
"H3NIRL @i, 6. .

155a) 1-(4-Fiu>o ?ﬁ%ﬁ%ﬁ&%?@%yﬁ%g‘aﬁ PIﬂcﬁrfL é?z'l(g' a:2 ﬁ?ix%u?é gf 55
(My&H)(95%, 278 mg, 11 mmol) in DMF (20 mL) at 0 C, was added 1-

(4-fluoro-2-hydroxy-phenyl)-propan-I-one (1.689, 10 mmol) in DMF (5 mL).

After,15 min.at 0 C, was 3-bromo:-propyne %3.02 g, 20 mmol) added to the
b)reacﬁoéﬁ?’ﬁﬁ?@f%ﬁéﬁﬁog}e@“gﬁbﬂqﬁg98 ction mixture allowed to

assume room temperature. The 20reaction mixture was extracted with

H20 (100 mt.). The H20 phase w, ashed with Et20 (3x100 mL) and tne

solvent of the combined organic phases was removed under reduced

pressure. The crude product w urified by column chromatography

(silica gel. CH2CI2), to give 1.407 (68%) of

1-(4-fluoro-2-prop-2-ynyloxy-p )- propan-l-one. 25
1-(5-Hydroxy-2H-chromen-6-yl)-ethanone was synthesized analogously to Example

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

"H-NMR (CDCla): 12.92 (s, 1H), 7.51 (d, TH), 679 (dt, 1H), 6.32 (d, 1H), 5.71 (d,
1H), 4.89 (dd, 2H), 2.55 (s, 3H).

c) B-Acetyt-7-hydroxy-1,1 a,2,7b-tetranydro-cyciopropajcjchromene-1 -carboxylic
acid ethyl ester

N

0
B-Acetyl-7-hydroxy-1,1 a,2,7b-tetrahydro-cyclopropajcichromene-1 -carboxylic acid
ethyl ester (a 40/60 mixture of cis and trans isomers) was synthesized analogousiy to
Example 17¢ from 1-{5-hydroxy-2H-chromen-6-yl)-ethanone.

"H-NMR (CDCls): 13.05-12.97 (m, 1H), 7.54-7 47 (m, 1H), 6.43-6.33 (m, 1H), 4.63-
3.94 (m, 4H), 3.02-1.96 (m, 6H), 1.31-1.08 (m, 3H),
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1H-NMR (CDC13): 7.64 (ad, 1H), 6.69 (ad, 1H), 6.60 (ddd, 1H), 4.6 d,
2H), 2.85 (c, 2H), 2.58 (t, 1H), 1.03 (t, 3H).
b)1-(5-Fluoro-2H-chromen-8-yl)-propan-I-one.
51-(5-Fluoro-2H-chromen-8-y1)-propan-l-one was synthesized
analagously to Example 17b from

1y (4-fl@omosty PTaREramyIony DNERAIR OB RS 3 e LM 49y ic
I\{ﬁl 619 mg (46%) of 1-(5-fluoro-21-1-chromen-8-y1)-propan-1-one.
%—f— MR (CDC13): 7.60 (dd, 1H), 6.67-6.58 (m, 2H), 5.86 (dt, 1H), 4.76

(dd, 2H). 2,93 10(q, 2H), 1.2 3H). ¢)()-cis-7-Fluoro4-propionyl1-1,1a,2
,7b-tetrahydro-cycloproparﬁj%é’fi- carboxylic acid ethyl ester.
()-cis-7-Fluoro-4-propiony1t1,1a,2, 7h-tetrahydro-cyclopropalc)chromene-1
-carboxylic 16acid ethyl estef was synthesized according to method 17c)
from 1-(5-fluoro-2H- chromeén-8-y1)-propan-1-one (619 mg, 3 mmol), to
ér(?é:i‘}i YPEY) St e tamygre-ayclopropajcichromene-1-carboxylic acid
paaﬁ?nmeﬂm,amametwwmxy@k@pfepaf@}cbr@@@n&ﬂye%mmw,%i
% Y 1§ . 4. . .
@ra@?ﬁgﬂ%ﬁ%%%}B?é%’f/‘ff‘f, PR RS RS B e 1
YRS IRiEra ArtRYA dtery '8rassphisive. 309 (NI SODRIRY7 H9droxy-
8& ﬁg)hgﬁﬁwmldﬁwﬁﬁaﬁoﬁﬁ(még)n %%Edfﬁg% ld&i@?&é%o%‘ﬁ%&é& cis
, , -1.03(m .12-1.01 (m, : y
d)S)-cis-%-Fﬁ%ﬁ‘g&]‘ég)%ﬁ%dn%y??ecic,?i?ggf%-?g{é\%y &93:‘%86#8&5[%58%9%@“%
el Jsear digRE driaHzCl)
()-cis-7-Fluoro-4-propionyl-1,1e,2,7b-tetrahydro-cyclopropalc)chromene-1-

ar I id Si nalogqusly to Example 15b from
oAy E 41D T A o Lol o AL i el 5
#b&lic acid ethyl ester (140.3 mg, 0.48 mmol), to give 83 mg (65310) of
()-cis-7-fluoro-4-propionyl-1 1a 2 7b-tetrahydro-
E%%Loprqea[c)chromene-l-carbcontlic acid as a white solid. The crude

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

F

RN

C
To a mixture of NaH (95%, 278 mg, 11 mmol) in DMF (20 mL) at 0 °C, was added 1-
(4-fluoro-2-hydroxy-phenyl)-propan-1-one (1.88 g, 10 mmol) in DMF (5 mL). After 15
min at 0 °C, was 3-bromo-propyne (3.02 g, 20 mmol) added to the reaction mixture.
After 1h at 0 °C, was the reaction mixture allowed to assume room temperature. The
reaction mixture 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 phases was removed
under reduced pressure. The crude product was purified by column chromatography
(silica gel, CH2Cly), to give 1.40 g (68%) of 1~(4-ﬂuoro-2-prop~2-ynyloxy-phenyl)~
propan-1-one.

52



10

15

20

25

purified by column chromatography (silica gel, 1->5% MeOH in CH2012),
11-1-NMR (DMSO0-d5); 12,15 (br s, 1H), 7.46 (dd, 1H), 6.78 (dd, 1H), 4.57
(dd, 1H).  4.43 (cid, 1H), 2.93-2.80 (m, 21-1), 2.55 (cid, 1H), 2.24 (dd,
11H), 2.20-2,10 (m, 1H), 101.02 (t, 311). Example 20 a)
ﬁﬁM&é@Bw:ramsdaeihﬁX&bemaagdglqy@gglwgggrpg)trggglé)r(gez%; 285 (0,

o8l ,@%@q}eq ne 6?3?%”%1%5 mmol) was added to a solution 0
156-fluoro-2,3-dimethoXy-benzaldehyde [Cantrell, Amanda S.; Engelhardt,

Per; Hoegberg, Marita; Jaskunas, S. Richard; Johansson, Nils Gunnar; at

bil.; J.Meslieez A8h Adnd 896y 2654374 (426 ; 23 mmol) in
dichloromethane (30 ml) keeping the reaction temperature at -70 C. The
reaction mixture stirred at room temperature overnight and hydrolyzed
with water. The organic phase w, arated, 20 washed with water and
evaporated in vacua. The residu hromatographed (silica gel,
EA:Hex, 5:1) to give 3.72 g (94%)|of
6-fluoro-2-hydroxy-3-methoxybétizaldehyde as yellow crystals.

1 XBNMR (D DEHDINEA-81,(S 1. H), 7.02.(dd, 1H), 6.55 (app. t,

Elg& §é6,72§ﬁ s, 3H3. b%‘fﬁ%ﬁéﬁﬁ%ﬁéﬁﬂ?@ﬁ%& nae’.’gfagws‘}’ A
BFiRoro- 2Rk IR MO BRR 2 ishy B R Ryoba MR IaS4 g, 6.5

magdbltedine 6¢9!mgit(r4le%3Q)mI)(g.rﬂd,@alg(&gﬁrme%ggr_@m%poggsu@q‘ ed
followed by 30vinyltriphenylphosphine bromide (7.2 g,”19 mmol). The™

;. reaction mixture was heated under reflux for 48h, diluted with water and
%ﬂM&éﬁQ@iwe}m_«%&mm.m.dﬁg@mczpn&ﬁsm@@, washeg vt aiers g3

(g1 sadigm hygroxide, water and brine and evaporated in vacua. The
residue was submitted to column chromatography (silica gel, EA:Hex,
1:20) yielding 1.2 g of 5-fluoro-8-me.thoxy-21-1-chromene (34%).

c) (£)-cis-7-Fiuoro-4-propionyl-1 ,1a,2,7b-tetrahydro-cyclopropa[c}chromene—1 -
carboxylic acid ethyl ester. ‘

e} o]
O\/
0]
E

{)-cis-7-Fiuoro-4-propionyl-1, 1 a,2,7b-tetrahydro-cyctopropa[c}ch romene-1-carboxylic
acid ethyl ester was synthesized according to method 17c¢) from 1-(5-fluoro-2H-
chromen-8-yl)-propan-1-one (6198 mg, 3 mmol), to give 142 mg (16%) of (+)-cis-7-
fiuoro-4-propionyl-1,1 a,2,7b—tetrahydro—cyciopropa[c]chromene-1 -carboxyiic acid
ethy! ester and (i}—trans—?~ﬂuoro-4-propionyi-1 12,2, 7b-tetrahydro-

cyciopropa[c}chromene—1—carboxyiic acid ethyl ester as a byproduct.

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

d) (i)-cis—7-Fluoro—4-propionyi—1 ,1a,2,7b-tetrahydro-cyclopropa[c]chromene-1-
carboxylic acid.

OH

53



10

15

20

25

30

1H-NMR (CDCI3): 6.65 (rn, 2H), 6.54 (t, 1H), 5.83 (dt, 1H),4.88 (dd, 2H),
3.83(s, 3H). c¢)()-cis-7-F luoro-4-methoxy-1,1a ,2 , 7 b-tetrahyd
ro-cyclopropalc)ch romene-1- carboxylic acid ethyl ester. The title
compound was synthesized analogously to example 17c from 5-fluoro-8-
methoxy-2H-chromene. 10 1H-NMR (CDCI3): 6.7-6.5 (m, 2H), 4.48 (m,

H)ei3-291(1) B 5 1H), 2.20 t, 1H), 2.05 (m,
%ﬂ)cl.%‘(t, 3?3)&.'){% ()-és?g-%%g?g-gﬁgnﬁ&ggx]? idbopalBhtomeRe 1 earboxyic

P13 W5 HBHIRIFER GRalRstoil dRFrameleel Bb tovarbpridic-aoido Fheditieny -

compolintbuedy diyrthesimegnaiognuny. 0 BIEIAIE 458 LA LiEiifo -

fi -4-me -1.1a.2, 7h-tetrahydro-cyclopropalclchromene-1-carbo» e

et S 0TS DS vty st ey BT

@ CRoRREIcappenst Hyathery(appid, abH)WRIRGsHTY. Ttk @ide product was

Oueived dpGiaitoaiiftonblhPlTdhare-A-melhgusd faz, hrietranydro.
a

cyclopropaicichromen-1-y1)-urea. 25The title compoun thesized
analogously to Example 15c from ()-cis-7-

QM (PR 122 12 Tttty | pRATEIBEOMENG 37 900N
oo T S A Bt oo (i 480 % ol
12?2%.§§><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

Example 20

a) 6~Fluoro-2—hydroxy-S—methoxy-benzaldehyde‘

1M boron trichioride in dichioromethane (25 mi; 25 mmol) was added to a solution of
6-fluoro-2,3-dimethoxy-benzaldehyde [Cantrell, Amanda S.; Engelhardt, Per;
Hoegberg, Marita; Jaskunas, S. Richard; Johansson, Nils Gunnar; et al.:
J.Med.Chem.; 39: 21; 1996: 4261-4274] (4.26 g; 23 mmol) in dichloromethane (30
ml) keeping the reaction temperature at ~70 C. The reaction mixture stirred at room
temperature overnight and hydrolyzed with water. The organic phase was separated
washed with water and evaporated in vacuo, The residue was chromatographed
(silica gel, EA:Hex, 5:1) to give 3.72 g (94 %) of 6-ﬂuoro—2-hydroxy-3~methoxy-
benzaidehyde as yeliow crystals.

i

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

b) 5-Fluoro-8-methoxy-2H-chromene.
6-Fluoro-2—hydroxy—3-methoxy-benzaidehyde (3.32 g, 19 mmol) was dissolved in
acetonitrile (20 mi) and DBU (2.87 ml, 10 mmol) was added foliowed by
vinyttriphenyiphosphine bromide (7.2 g, 19 mmol). The reaction mixture was heated
under reflux for 48h, diluted with water and extracted with ether (3x50 mi). The
organic phase was washed with water, 10% sodium hydroxide, water and brine and
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a) 1-Chloro-4-fluoro-2-prop-2-ynyloxy-benzene. The title compound was
synthesized analogously to example 15a) from 2-chioro-5- fluorophenol
(2.5 g). Yield 2.8 g (90%). 1H-NMR (CDCI3): 7.32 (dd, 1H), 6.85 (dd, 1H),
6.68 (m, 1H), 4.77 (d, 2H), 2.58 (t, 1H) b) 5-Fluoro-8-chloro-2H-chromene.

as s theS|zed qusly to Example 15b) from
ev-'a_BSrgglr% ZR?P)oro- -pro%- Ynyloxy-B 5@%%@%5‘5"%&0@9@@@%& fsilica
geiiFANNAR (EOCY3)idmed (&d, A18)fi6068-tdmatipg-36i-thidhe RS 4dt) 1H),
4.95 (dd 2H).
1. 1oc)cis-7-Fluoro-4-chloro-1,1a,2,7b-tetrahydro-cyclopropac)chromene-1-
H(:%{Ng%

KHRCleld R BR (1Bsfh) Fradite WdmpSdri@iv i isyrbRdeizeaH), 3.83(s, 3H),

analogously to Example 15c¢) from 5-Fluoro-8- chloro-2H-chromene. 20

wg ‘S(%Dﬁﬁ‘f 7 14 dd 1H), 6.60 (t, 1H), 4.51 (m, 2H), 4.01 (m, 2H),
2 60CASH{, THP™ S 53Me '1‘?—1‘}’ %, 6 4nd 1R 2DXsE qrC8Hppropalclchromene-1-
cad)(yis- Ak uiiyiestaloro-1,1a,2, 7b-tetrahydro-cyclopropa[clchromene-1-

r d The t| ecom ound was synthesized analogousl
Tféﬁg%ﬂ@ﬁé&a? rgvr%sos%n z;szzecp anaiogouslﬂ(o exampie 17¢ frgm 5 ¥luoro 8-
metlery-4teisliaTiene, 2. 7b-tetrahydro-cyciopropalc]chromene-1-carboxylic

acid ethyl ester 850 mg). Yield 43 mg (96%). 301H-NMR (CDCI3). 8.86

(or.s, 1H 7.13 (dd 1H) 6.59 (t, 1H), 4.50 (m, 2H), 2.63 (t, 1H), 2.23-2.05
1H(MM§4)C@Q5M§@§25 m, 2H), 4.48 (m, 2H), 3.99 (m, 2H), 3.80 (s, 3H), 2.57

(app.t, TH), 2.20 (app.t, 1H), 2.05 (m, 1H), 1.08 (¢, 3H).

d) (£)-cis-7-Fluoro-4-methoxy-1,1 a,2, 7b-tetrahydro-cyclopropajcjchromene-1-
carboxylic acid.
The title compound was synthesized analogously to example 15b from (+)-cis-7-

fluoro-4-methoxy-1,1 a,2,7b-tetrahydro-cyclopropalcjchromene-1 -carboxylic acid ethy!
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
(@pp. t, 1H), 2.06 (m, 1H).

e) (x)-cis-1 -(5-Cyano—pyridin-2-yl)-3-(7-ﬂuoro-4-methoxy-1 .1a,2,7b-tetrahydro-
cyclopropalcjchromen-1-yl)-urea.

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

"H-NMR (CDCla): 10.06 (br. s, 1H), .40 (br. d, 1H), 8.11 (d, 1H), 7.70 (dd, 1H), .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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a) Trifluoro-methanesulfonic acid 4-fomly1-3-hydroxy-phenyl ester. A
solution of &He anhydride (1.77 ml, 10.5 rnmol) in dichioromethane 10 ml)
was added to a mixture of 2.4-dihydroxybenzaldehyde (1.389, 10 mmol)
and pyridine (0.85 ml, 10.5 mmol) in dichlorornethane (30 ml) at -700. Dry
ice bat r d reaction mixture was stirred for 2h at room
azempzrlg:t\z'?jo 'ng:ggréé%c%?gr% #%&?g%&%’g%[ﬁ%ﬁewnh dichloromethane,
TihasHe FortPoNBteyAsrivathraicat poriess islydoexarhelerlae iradustmas-5-
flDbied fy) @I@l@n\ggr@@@tgq@p}gy (silica gel, EA:Hex, 1:6) to give 1.55 g
of trifluoro-methanesulfonic acid 4-formy1-3-hydroxyphenyl ester (57%).
10 11-1-NMR (CDC13): 11.28 (s, 1H), 9.93 (s, 1H), 7.67(d, 1H).95 (m,
'2HMB) [THCRIoMIt i eryltends aeid 31aMaw frfarykphepy|Bstes.ss
tassium carbonate (1.6 g, 11.5 mmol) and allyl bromide (1 ml, 11.5
mol) were 15added to a solution of trifiuoro-methanesulfonic acid
4-formy1-3-hydroxy-phenyl ester (1.559, 5.7 mmol) in acetone (50 m1).

b he reagtio MixtEe s stirsgehaL 550 for 2h. filtered and evaporated in
vacua. The residue was chromatographed (silica gel, EA:Hex, 1:20) to

THR/Ute SQMpRYRs drarimiBHBsRERAEaNeHRYA6iE BRIl APk)- from 1-chloro-4-

fitomod-phanyhesiery20hrhVR e AaY 4044 (S5dh). 7.93 (d, 1H),
6.95 (d, 1H), 6.90 (s, 1H), 6.05 (m, 1H), 5.47 (d, 1H), 5.40 (d, 1H), 4.69 (d,
2H). c) Trifluoro-methanesulfonic acid 3-allyloxy-4-vinyl-phenyl ester.

" EAUMTNYRBIShS TP G bir] Lt G e[ 16956. (5. 4B mened) e s Rgdeddqdd.

Zg)s_uspension of sodium hydride (60% in oil) (0.25 g, 6.3 mmol) in THE (35
nil) at 00 and it was stirred for 30 min at room temperature. To the above
solution was added solution of trifluoro-methanesulfonic add

c§3'a||y1_9%y:ﬂ“§m89¥1$8%8¥$-@!§§%%#§-&t€am9r2cke§5§a. HPA%S‘R?-WG

reaction mixture was stirred for 2h at room 30terhperattir e reaction
CHRRYLS AL RIRE §5Hh hexane and extracted with water. Organic phase

was washed with brine and evaporated. Silica gel column chromatography

EA:€-|ex 1:203 afforded tr'p;luoro- etnanesulfonic acid 3-allyloxy-4-
The title’Compound was synthesized analogously to Exampie 15¢) from 5-Fluoro-8-

chloro-2H-chromene.

"H-NMR (CDClg): 7.14 (dd, 1H), 8.60 (t, 1H), 4.51 (m, 2H), 4.01 (m, 2H), 2.60( app. ¢,
1H), 2.23 (¢, 1H), 2.09 (m, 1H), 1.08 (¢, 3H).

d) {(*)-cis-7-Fluoro-4-chloro-1,1 a,2,7b-tetrahydro-cyclopropalcjchromene-1-
carboxylic acid.
The titie compound was synthesized analogously to example 15 d) from (&)-cis-7-

fluoro-4-chioro-1,1a,2, 7b-tetrahydro-cyciopropajcjchromene-1 -carboxylic acid ethyl
ester 850 mg). Yield 43 mg (96%).

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

Example 22
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vinyl-phenyl ester (0.68 g, 53 %). 1H-NMR (CDOI3): 7.51 (d, 1H), 7.02
(dd. 1H), 6.85 (dd, 1H), 6.77 (d, 1H), 6.05 (m, 1H). 5.76 (dd. 1H), 5.43(m,
1H), 5.32 (m, 2H), 4.58 (dt, 2H). d)Trifluoro-methanesulfonic acid
2H-chromen-7-yi ester. 5To a solution of trifluoro-methanesulfonic acid
3-allyloxy-4-vinyl-phenyi ester (0.68 g. 2.2 mmol) M dichloromethane (5

) wa‘rsminlemahmmlwh(&uth&a{ﬂLyﬁQ,@@@ nérfY%, and the
e e 2 omt rature After that period
e (PR VL B ST e e
Addedies WIW@%&MWWVM@MMWb@WQ ©btaioipdrafisyridine
r@ﬁfomlnnhera@smmmmhﬁag@kwwmatd?w@% R A &%%ved
R et AR L
Y%%)H%f%d ﬁ‘tﬂL%?B%Qfém%ﬁﬁégalfmyt@@/vmtnw@bneuahyd maporated in
wdmpmpami@@mmamsth@% a6ighetvE5I85 QSA F‘é /Mg, 2
I_@(V\{a&% ,éj've a(l% esolut élOd and the solution o
e B € R R R e W it sy e
B’?RHH B%EE & @b-room temperature. When the reaction was complete

(GC) 20dichioromethane was evaporated, the residue was dissolved in
d_ammonium chloride solution and

brméﬁg gam ﬁase JVaporé nd Eride'MixkiPe 6nc@and

trans-isomers (1:1.3) was separated by coiurrin chromatography (silica

gel, EAvifigsto hiRlianei@iO G érOVeNpbcisz 5formyl-phenyi ester

f oromethane ylo 1la,2 7b tetrahydro-cyclopropa c)chromene-
%5 '%oxﬁ%”%&(g? |)%s%eP‘Tili ﬁﬂﬁﬁ’@é’ ’§)d?(29T(‘d11ﬁ)mewsf2\e§e¢

qqqu)%ﬂb o3 @piutian of Gifl L(qrp maihanesu(tidiclatit 3-8, Rh)d dABHhHester

2.8 ¢, Slﬂh?raeﬁ)ﬁr{%bel&% 1503, PhD -reaction mixture was stirred at 5 CJ fo .2h,
2 7b- tetrﬂ}%/dro cyclopropa[cichrOmene-1-car

fc ano-
ﬁ%) et?\@/ci es?@?r%lé RS g"?facﬁr%afé}%ﬂ%ﬁ*dsdmﬁslrop
%\fcléﬁxrdpﬂ@hf@ give 1.3 g (73%) of triflucro-methanesulfonic acid 3-allyloxy-4-
formyl-phenyl ester.

"H-NMR (CDCly): 10.47 (s, 1H), 7.93 (d, TH), 8.95 (d, 1H), 6.90 (s, 1H), 6.05 (m, 1H),
5.47 (d, 1H), .40 (d, 1H), 4.69 (d, 2H).

c) Trifluoro-methanesulfonic acid 3-allyloxy-4-vinyl-pheny! ester.
Methyltriphenylphosphonium bromide (1.95 g, 5.45 mmol) was added to a
suspension of sodium hydride (60% in oily (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 ml), and the reaction mixture was stirred for 2h at room
temperature. The reaction mixture was diluted with hexane and extracted with water.
Organic phase was washed with brine and evaporated. Siiica gel column
chromatography (EA:Hex, 1:20) afforded trifiluoro-methanesulfonic acid 3-allyloxy-4-
vinyl-phenyl ester (0.68 g, 53 %).
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carboxylic acid ethyl ester (154 mg, 0.42 mmol), Pd(OAc)2 (9 mg, 10
rid%) and PPh3 (44 mg, 40 mol%) were mixed in DK= (4 ml) and gentle
stream of nitrogen passed through reaction mixture for 10 min. Zn(CN)2
(74 mg, 0.63 mmol) was added, vial was sealed and the reaction mixture
was stirred at 1200 overnight. The reaction mixture was diluted with ethyl

é}QENMR arocstracie 11}1:; SRR gd | i njic se
or %% %mlqﬁs chrzémaﬁwrrgg?e%gasiﬁg Oéj?é‘%ﬂ% é : )&8’

g e%@ﬁi (é Yoy oro (T 1H), 5.82 (m, 2H), 4.58 (dt, 2H).

cis-5-cyano-1.1a,2,7b- tetrahydrocyclopropa[thromene 1-carboxylic acid

a;hyl estBlioro-methE BV ARG 3 &y ‘?‘g’n(gn]?l_ﬂ (dd, 1H), 7.05 (d,
, 4.50 (gfd H% 4.25 (dd, 101H), 3.99 c1 6 (t, 1H), 2.25 (t,
ﬂl [_ﬁ r(b-@athaaq?ulfomc ‘acid 3-a iyloxy-4 vmyl phenyl ester (0.68 g,

@)&mo@mmmmmemhymwdwma@@)atymm@osbﬂsream%@ylée‘e

ﬁ&jdz mol%), and the reaction mixtur tirred
E?’SC{: rﬂ%no 1,1a,2,7b- tetrahydroecW(a:ISoSf)}[)r%a[fO)r HEheRm i TRAB R After

eI Rl aD SRR {4 P O3 Feastiom mxgemarolipa e the
d@@@teed\nthmw(ansevkﬁmmmn@lwmt%a@plé (2 EnohtRRACHAL: TS Wake
stived 8¢ GG ok 3Q100: Meth: ? %%%2 jé/gggrat§d281 vacua and 20 ml of
n'w

water was added. Resulting so extracted W th ether. Water
gm se was concentrated, acidified with 1M HCI to pH-2 and extracted with

BN (elstgart©phiaseHyasAvdsherHyitesriae adeypparaigd e give.
42)MOdRBdoR A,

cis-5-cyano-1,1a,2,7b-tetrahydro-cyclopropalc]chromene-1- 20carboxylic
acid. 1H-NMR (CDC13): 7.33 (d, 1H), 7.19 (dd, 1H), 7.06 (d, 1H), 4.51

&ld, 1H&%S&:(ﬂdrc}hléth%@%&@@mdxwﬁ¥227b(%?%h§d1-8|) 2.16 (m, 1H).

a ms@%ﬂrﬁ ;Ehynlqs %%—)}Igﬁ{bow'ﬁafg fu?l’)l ?éltr%{hydro -cyclopropalc)chrome
Re(PACESGIE &cTethwassadded to the above solution (10d) and the solution
SIEDAT (ﬁmmmmm&@&v l@ﬂﬁ@&/ﬁkﬂ@r&%&ﬁ@#@%@@éSX&' %]r?gro

gu;rpe 1- C% XlIC |d eth Ies(&[}éls‘g mg, 0.41 mmol),

e S e e R o e gs &qwai%s b mixed
m@lw@ﬁ{ﬁmﬁmmaw@tg@rm& resrdue was dissolved in ethyl acetate and
washed with saturated ammonium chloride solution and brine. Organic phase was
evaporated and crude mixture of cis- and trans-isomers (1:1.3) was separated by
column chromatography (silica gel, EAiHex, 1:6) to give 0.4 g (50%) of +cis-5-
trifiuoromethanesulfonyloxy-1,1 a,2,7b-tetrahydro-cyclopropalcjchromene-1-
carboxylic acid ethyl ester,

"H-NMR (CDCls): 7.29 (d, 1H), 8.82 (dd, 1H), 6.73 (d, 1H), 4.51 (dd, 1H), 4.29 (dd,
TH), 3.98 (m, 2H), 2.45-(t, 1H), 2.19 (¢, 1H), 2.05 (m, 1H), 1.03 (t, 3H).

f) tc¢is-5-Cyano-1,1a ,2,7b-tetrahydro-cyclopropajcjchromene-1 -carboxylic acid
ethyl ester.

*cis-5-Trifluoromethanesulfonyloxy-1,1a,2 ,7b-tetrahydro-cyclopropajcichromene-1-

carboxylic acid ethyl ester (154 mg, 0.42 mmol), Pd(OAc); (8 mg, 10 mol%) and
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stream of nitrogen passed through reaction mixture for 10 min.
Trimethyisilyiacetylene (0.088 ml, 0.62 mmol) was added, vial was sealed
and the reaction mixture was stirred at 120C overnight. The reaction
mixture was diluted with ethyl acetate, washed with water, brine and

I, A ; ifi i | column chromatography
R e g, o e
Passed7h RMPRHFATIRY SBPHEp AREid Arotire e Chbr idkytic dt@Batnylotsters Sdded,
vidtv¥ Bl G tHelf 4diidihi% Ok (Hd s Bilner 88 {Qﬂé%lveé}h‘}gﬁ(td qﬁa%ll_rg’a ction
4.16 (dd, 1H}, 3.96 (& ZtFI) 2.38 (t, 1H), 2.13 (t, 1H2, 2.01 (m, 1), 1.04 (i,
'@ZSJB”“ .‘gﬁs(g’l &g}? with ethyl acetate and ‘extracted with saturated ammonium
ch)eitsis- Ettypanyd phasedyab-tetiabyateer eudapepedciahspmeipabrasiendicyel,
E?SEEXS‘I‘IS |rtr?e%.\ﬁs‘rflgérq}ﬁeﬁ%/o@ﬁfffgiﬁﬁgﬁéﬁﬂ%I%Z&é%ﬁ%ﬁchrome
Creloprepsikishicreeis dtopresiyliddig) ethgPastarol) and sodium hydroxide

(0.0764g, 1.9 mmol) were dissolved in mixture of methanol:water (1:1) (5

ﬂmlgw'lihe reaction mixture was heated at 60C for 5h, then it was acidified
WilHMRA He$ 0. JHR2 Ghd BkiratBed@vithBiTeP5THe iy ahfdnbidse jag .25 (dd.

washed withiayinesand avgperated ta-give 66MIAR(786) @f
cis-5-ethyny1—y1,1a,2,7b-¥§$ahyde¥g-(?§glopropg[cigﬁé?!ngg)e@'l?peszoxylic

acid. 1H-NMR (CDCI3): 7.17 (d, 1H), 7.03 (dd, 1H), 6.91 (d, 1H), 4.45 (dd,
glH), 4:23-(dyaht), B1R22(Sb Lk aByifdlcidBppaiElchtdn@del (BarbidlyROacid.

Examnle 24 cis-1. «(5-Acetyl-1. | a,

R 1 s e i arian oAl ke rrTamaAa Reitbathy
e863)(55- 6y B B2- Mirm? A tirahy (36-ays | orBepalsop werRenesbial RS re
BRI 1 5 ) Rearion b s FloE 8L NS e ethanol
YRR REEROFARSOIY He AR athy) eatef WatE e OagdednResURRE RALomgas
SRR RUNMCIR A Mfh=te WAL ASHYSEY RIREIURR B Ao pr-2

mmol) were mixed in DMFml)
and exfracted with ether. The organic phase was washed with brine and evaporated
to give 42 mg (90%) of +cis-5-cyano-1,1 a,2,7b-tetrahydro-cyclopropajcjchromene-1-

carboxylic acid.

"H-NMR (CDCs): 7.33 (d, 1H), 7.19 (dd, 1H), 7.06 (d, 1H), 4.51 (dd, 1H), 4.31 (dd,
1H), 2.53 (app. t, TH), 2.27 (app. t, 1H), 2.16 (m, 1H).

Example 23

a) teis-5-Trimethylsilanylethynyl-1,1a,2, 7b-tetrahyd ro-cyclopropalcjchromene-1-
carboxylic acid ethyl ester.

+cis-5-Trifluoromethanesulfonyloxy-1 .1a,2,7b-tetrahydro-cyclopropalcjchromene-1-
carboxyiic acid ethyl ester (152 mg, 0.41 mmol), DPPP (38 mg, 20 mol%), Pd(dba);
(24 mg, 10 mol%), Cul (3 mg, 4 moi%) were mixed in 3 mi of triethylamine and gentie
stream of nitrogen passed through reaction mixture for 10 min. Trimethyisityl-
acetylene (0.088 ml, 0.62 mmol) was added, vial was sealed and the reaction mixture

was stirred at 120C overnight. The reaction mixture was diluted with ethyl acetate,
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30 and gentle stream of nitrogen passed through reaction mixture for 10

min. Butyl vinyl ether (0.21 ml, 1.6 mmol) was added, vial was sealed and

the reaction mixture was stirred at 1000 for 2h. 5% HCI (5 ml) was added

and the reaction mixture was stirred at room temperature for 30 min.

ggﬁggi }§n' reas exira ed with ethyl acetate. The organic phase
Was wags%ue(\yé With saturated g}a r%an%(r%i orr%@é%&’ BYAHOTRE pyiica gel
olgins e gadrrhpysiiteyel doummigromatouraphyf teAHex, 1:5) to
tNEH AR, 12,2 7b-tetrahydro-cyciop ] ic aci
=Cis- -acet)}/(k-l,ga%,7b-tefrahﬁ}r?)-(Y;‘/jcgﬁ)g}!ggglr&%ﬁ%%herﬁreni@%3@8%’8"'C acid
efyh el ester. 5 11-1-NMR (CDC:13).7.52 (dd, 1H), 7.36 (d 1H), 7.34 (d,
1H), 4.51 (do, 1H). 4.21 (dd, 1H), 3.98 (q, 211), 2.53 (s, 3H), 2.47 (t, 1H),

: 0 ., AH), 1.05 (t, 3H).
1éj@%—@%ﬁh%g&é@)@i%@%M%yé@pﬁ)ﬁ%[%ch‘?ﬁnfeﬁ%%a?b’éxﬂvl@ (dd,
Tatics. 96 Ehetijleamipdiddaves gynesized analegously o sxample @29H).

from cis-5-acetyl1-
1,1a,2,7b-tetrahydro-cyclopropalcichromene-1-carboxylic acid ethyl ester

D76 migiedmingtylYleld 86 mip(GirysratytidphRalCRE bB)edes2- (b divc acid.
37 (. 4,52 (6idy 1H), 426 (dd, 1H), 2. 253 (t,
e by e T S sy e
carppdieAnidintdyrstirtbalsiiChsermumellacd iyl byitdo 267 ie.ave g, 1.9
thesis | P -hydroxy-4-.

B S PR S PRI TN SO NN e
AGIhE' Y395 R s BRriotRR 2 diEes vith VRIS drorid tleang xiested

v«lﬂgam).a{_:gémgﬁﬁbtm&% wmbewd HETEANOSIHIR ! h%-nM%L?ﬁo%M&péoé%r@a mg
; W o ISe over Is an € reaction

G ARREE S VAT wa s R S b L A E—

agidpwise over 30 min and the reaction mixture was stirred at 0 C for 30
min. H20 was added cautiously. The reaction 30mixture was extracted

1With diethyl ether and concentrated to give N-acetyl-1,2- dihydroduinoline
HENEIG, (@P): 7.17 (d, 1H), 7.03 (dd, 1H), 8.91 (d, 1H), 4.45 (dd, 1H), 4.23 (dd,

1H), 3.02 (s, 1H), 2.46 (&, 1H), 2.13 (t, 1H), 2.07 (m, 1H).

Example 24
+cis-1-(5-Acetyl-1.1a,2 . 7b-tetrahydro-cyclopropalclchromen-1 -y)-3-(5-cyano-pyridin-

2-vh-urea

a) teis-5-Acetyl-1,1a,2,7b-tetrahydro-cyclopropajcjchromene-1 -carboxylic acid
ethyl ester.

+cis-5-Trifluoromethanesulfonyloxy-1,1a 2, 7b-tetrahydro-cyclopropa[cjchromene-1-
carboxylic acid ethyl ester (117 mg, 0.32 mmol), DPPP (7.3 mg, 50 mol%), Pd(OAc);
(2 mg, 25 mol%) and triethyl amine (0.09 ml, 0.64 mmol) were mixed in DMF (3 mi)
and gentle stream of nitrogen passed through reaction mixture for 10 min. Buty! vinyl
ether (0.21 ml, 1.6 mmol) was added, vial was sealed and the reaction mixture was
stirred at 100C for 2h. 5% HCI (5 ml) was added and the reaction mixture was stirred

at room temperature for 30 min. Resulting mixture was exiracted with ethyl acetate.
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b) cis-(N-acetyl-1,1a,2,7b-tetrahydro-cyclopropajc]quinoline)-1-carboxylic
acid ethyl ester.
cis-(N-acetyl-1,1a,2,7b-tetrahydro-cyclopropalclquinoline)-1-carboxylic

acid ethyl ester was prepared according to the procedure described in
example 15a, from N- 5acetyl-1,2-dihydroquinoline (10 g, 58 mmol) The
product was purified by column chromatography on silica (EtOAc/hexane
575)364.@@6}3 Ct Yewas washed with saturated ammonium chioride and evaporated.

cTNIXbadetha]s bar&eﬁ)t@t@a&ﬁ%@'w{@ﬂﬁVQ%M%MB?@)(é??ﬁ@%yolﬁo give
:?[A +(::23 Sg%c %Ma%?bt h
cis-(N-Acety I 18,2 frahydro -y RGBSRy G oGRS lanemBesylic

F@poxylic ac«d ethyl ester.

10cis-(N-Acetyl-1,1a,2,7b-tetrahydro- cyclopropa[c)qumollne) 1-carboxylic
a % s prepared according to the procedure described
.ﬁﬁ%ﬁﬁﬁ@%ﬁ %}ng fH).7256 (¢ 1H), 7.34 (3, 1H) 451 (dd. 1H) 421 (dc,

CISUN-B8 day 2H). 12158 TH-BdthaRydro-¢ihl cheopa[clauinoing): 1ephexdiaH).
acid ethyl ester (2 0 mg, 7.7 mmol) 15Example 27 a)
3}4 D|flu0r(%bﬁ§ ylox benzene. Commercially available

b_diffGg¥e M%tfﬁ{yﬁfm@@weg@ |enEeners) aprtboxylic acid.
cﬁmmtercraﬂpcmraiI%&@M@@Wr@m@g&@@og}gfﬁ@w/&%[qlgzggl\éegcggy!*

20pcetope ht, cooled trated. The solvent
was remofe% 2nd the pﬁ(\ﬁ’ %Pés&%’a’?Mé‘ﬁ@?ﬁﬁ&*%&&%&‘f’@.ﬁg 29
WA ard bR enaries éﬁganlc phase was evaporated and the crude

product was re-dissolved in a small amount of ether and filtrated through a

T 5t oo 350y ST b -SAICRriehas (

1H) 2.55 (s, 3H), 2.53 (t, 1H), 2.25 (t, 1H), 2.13 (m, 1H).

Example 25

+eis-5-Methoxy-1.1 a,2,7b—tetrahvdro~cyciopropa[c]chromene-1-carboxyiic acid.

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

- methoxybenzaldehyde.

Example 26

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

Quinoline (18.37g, 150 mmol) was dissolved in anhydrous diethyl ether (500 mi) and
cooled to 0 °C under inert atmosphere. DIBAL, 1.5 M in toluene (100 m!, 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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2,4-Difluoro-2-propynyloxybenzene (209, 0.12 mol) was dissolved in
IV,N,-diethyl aniline (100 ml) and heated under argon atmosphere at 225
deg. Celcius with an oil-bath for 6-8 h. Ether (150 ml) was added and the
aniline was removed by extraction using 2 M HCI(aq) Purification by

B} R e R AR B el + caroaie acid
etty, 2giertetrahydro-cyclopropaclchromene-1-carboxylic acid ethyl ester.
0 r 5 03 mal I )2(0.39g, .
&S(SSVS %%éwoi)’qv%aﬂs Jélgjsso %r% fqﬁc %’ f‘ﬁgr g}(# &3@ ﬁ]ﬁ%?%’fﬁg?ﬁﬁﬁe%hy{
estﬁﬁwﬂﬁ@fﬁpﬁ@ﬁwmz@acé@aﬁee(grdqedLﬁéwsml)ed thesanmessobe mtonas/-
f r N2 atmosphere.
acé\ﬂﬂ?@ FRRYRRNGHE PRIIGLE Q/acuﬁ%%éltﬁagr% =3 &%‘H

e solvent was then removed under ure W s

chigRRiREaR e Eitca{ELPRe haneNabicO5Xl), toBivateciard/mimtyand a, 2, 7b-
tettRieyGRIVEFH 6B RBRYR g IIRBIREIIUEL B3 AICIS BT ARR, V@y%uq iegl by

chromatography (010% ethyl acetate in n-hexane)'to give title
compound ( 30 %). d) cis-4 ,7 -Difluoro-1,

1aafz$¢gwah¢dymcy@!@mmfﬁmmm%wawu&&%'q -LRyiic acid.
<l el e IS RBRERLS eI e acibi<gs
mgg 20. mmbmm@eamMgmﬁ@?ﬁmh@r%é?@ﬁdi%%Wﬁﬂ 88%rom
S reauced to nalr a aclairie Xtraction wi
o S R R U Bl G dRe ethy
es@@l{ﬁpbmg:l (Bbwehdlxample 28 Additional Intermediates

Example 27
ay  2,4-Difluoro-2-propynylioxybenzene.

Commercially available 2,5-difluorophenol (20 g , 0.15 mol), K»COs4 {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,O;. Evaporation and drying
gave20 g (80 %) of 2 4-difluoro-2-prop-ynyloxy-benzene

b) 5,8-Difluoro-2H-chromene.
N
| /
F
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a) 6-Fluorochroman-4 ol 6-Fluorochroman-4-one (10 g, 61 mmol) was
dissolved in ethanol (100 ml). NaBH, (excess) was added and cooled on
icebath. The mixture was then left in room temperature for 2h, folowed by
reflux for 4 h. Purification by chromatography (silica gel, ether-hexane,

2 4@&]93?’@%{)%@9%&8%%&1@@ C*U%‘?n VY?@ é’si%hfﬁ%@l)%ﬁ[dd'ethy!

Fluoro-2H-chromene 106-Fluoro hroman
anyyigeriO nalipre ArRARINN IR PiEe diswsivbermnacldssgnBeefiuxedh an oi-

t oole
baWer@Qﬁ]ﬁWEhﬁHb@%ﬂaHg};’ng)ﬁaﬁr%%‘%w e‘tﬂg"gnrﬂroﬁgfc,(\;‘g%@% Slycaxggfnon

a
“SW%Q@%QW%‘%%’)raﬂw@eaﬂnwéummlrmn@s geye 5.8-
difiibctsB-Fhana<hd .2, ghiaettahydro-cyclopropajcichromene-1-carboxylic

acid ethyl ester This Compound was prepared analogously to

ors-4,7-Difluoro-1,
c) 1a,2T7b0féﬁamﬂygowcmﬁoﬁa{t&Weneymmammgy]w@inbewLwaylic
actg%w’gr&@ﬂuoro-zH-chromene to give 1.9 (29 %)_of the title compound:

d) Cis-6-Fluoro-1, 1a,2,7b-tetrahydro-cyclopropatcichromene-1-carboxylic
yalagously to cis-4,7-difluoro-1,

5,8-Difluoro-2H-chromene (5 g, 0.03 mol), (Rh(IAc2), (0.39 g, 0.00089 mol) was
dissolved in 1,2-dichioroethane (60 ml) or ethanol-free chioroform. Ethyl diazoacetate
(9.4 ml, 0089 mol) in the same solvent was added dropwise over a period of
approximately 5 h under N, atmosphere. The solvent was then removed under
vacuum and the mixture was taken upp in ethyl acetate, washed with NaHCOs(aq),
water and brine and the solvent removed. The product (33 % cis, 66 % trans) was
purified by chromatography (0 — 10 % ethy! acetate in n-hexane) to give 2.2 g of the
title compound ( 30 %).

d) cis-4,7-Difluoro-1, 1a,2,7b-tetrahydro—cyclopropa[c]chromene-’i-carboxylic
acid.

o CO,H

Cis-4,7-Difluoro-1, 1a,2,7b—‘cetrahydro-cyclopropa[c}chromene~1—carboxyiic 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 title compound (35 %)

Exampie 28
Additional Intermediates
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cyclopropalc)chromene-1-carboxylic acid but using
cis-6-fluoro-1,1a,2,7b-tetrahydro- 5cyclopropafc)chromene-1-carboxylic
acid ethyl ester (1.991 8 mmol) to give 350 mg (21 %) of pure
cis-6-fluoro-1, la,2,7b-tetrahydro-cycloproparc)chromene-1-carboxylic acid
e) 1-Bromo-4-fluoro-2-prop-2-ynyloxy-benzene ,F 10This compound was
prepared analogously to 2,4-difluoro-2-prop-ynyloxy-benzene but using

3) 2 b YRGBT LS g, 78 mmol) to give 1-bromo-4-fluoro-2-prop-2-
ynyloxy-benzene 15.6 g (87 %) 2-Bromo-4
fluoro-1-prop-2-ynyloxy-benzeme 15 This compound was prepared
analogously to 2,4-difluoro- loxy-benzene but using
2-bromo-44luoro-phenol (1 8 m HI) to give

yloxy-benzene 15. g (84 %).
209)1,3-difluoro-5-prop-2-ynylexy-benzene This compound was
prepared analogously to 2,4-difluoro-2-propynyloxybenzene but using

6 ‘_31 5-difluoro-phenol (149, 107 mmol) to give _

-HUOIQEhIorBe8 A8 RoRyHBRR hwasdisseives) in sthanol (100 mi). NaBH,
(ex@d3x) mabatiderbaid-chswtenticebath. The mixture was then left in room

temperature for 2h, folowed by reflux for 4 h. Purification by chromatography (silica
gel, ether-hexane, 1:5) gave 8. g (80 %) pure 6-fluoro-chroman-4-ol.

" b) 6-Fluoro-2H-chromene

F
6-Fluorochroman-4-ol (8 g, 48 mmol) and toluene-4-sulphonic acidn (1g) were

dissolved in toluene and refluxed over-night with subsequent water removal. The
mixture was then cooled and washed with NaHCO3 (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-cyclopropalcjchromene-1 -carboxylic acid
ethyl ester

Y CO,E!

This Compound was prepared analogously to cis-4,7-Difluoro-1, 1a,2,7b-tetrahydro-

cyclopropalc]chromene-1-carboxylic acid ethyl ester but using 6-fluorc-2H-chromene
to give 1.9 (29 %) of the title compound.
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This compound was prepared analogously to 5,8-difluoro-2H-chromene
but using (15 g, 65 mmol ) of 2-bromo-4-fluoro-I-prop-2-ynyloxybenzeneto
give the title compound (7 g, 46 %) i) 8-Bromo-5-fluoro-2H-chromene
This compound was prepared analogously to 5,8-difluoro-21-1-chromene
but using (15 g, 65 mmol ) of 1-bromo4-fluoro-2-prop-2-ynyloxybenzene to

ive tle compouynd,( j) 5,7-Difluoro-21-1-chromene ".1 This

gomp&%ﬁr%dﬁ‘fgsropﬁegar‘ d%r@ d %C?Brﬂﬁﬁ]@@lﬂm@hﬁomwécbﬂwc acid
TU@ﬁer(m@twdmammaawfmaamu@wmy&epmzrymmmnigaezengtrahydm-

PEG-200 as solvent to give the title compound (4 g, 23 /0),

cis-4-Bromo-6-fluoro-1, o cou

1a,2.7b-tetrahydro-cycloprop romene-lcarboxylic acid ethyl ester

9 ...t s_-> -'coE.. 11 This compound was prepared analogously to +/-

cis- 4 7-difluoro-1, la,2, 7btetra ydro cyclopropa[cichromene-1-carboxylic

csﬁ%ér@mb%nbéﬁéﬁ'%% A 9 r%%l/t())s?% fg%lgr%-ﬂuoroJ 1a,2,7b-tetrahydro-

6ifluor H chromene iv uoro-
Oy PR P ACIeRTOmRNG-4; Zﬂﬁﬁ’[é RidesterdarBaxficanit ethyveser.mg

(2)4%) @ lé%r@mﬁ-ﬂuﬂiu@m 1a,2,7o-tetrahydro-¢
yclopropajcichro -
,217b-tetrahydro-cyclopropa[c)chromene-1- caFr)boE(yglc aci eet?%/ |legpoxylic

0CO2B icThis compound was prepared analogously to +/-
cis-4,7-difluoro-1, 1a,2,7b-

e) 'I~Bromo-4-ﬂuoro-2—prop-Z-ynyioxy—benzene

O/\\\
gel
' X F
This compound was prepared analogously to 2,4-difluoro-2-prop-ynyloxy-benzene

but using 2-bromo-5-fluorphenol (15 g, 78 mmol) to give 1-bromo-4-fluoro-2-prop-2-
ynyloxy-benzene 15.6 g (87 %)

f) 2-Bromo-4-fiuoro-1-prop-2-ynyloxy-benzene

9]
Br\© \\

F'

This compound was prepared analogously to 2 4-difluoro-2-prop-ynyloxy-benzene

but using 2-bromo-4-fluoro-phenol (15 g, 78 mmol) to give 2-bromo-4-fluoro-1-prop-2-
ynyloxy-benzene 15. g (84 %).

g) 1,3-difluoro-5-prop-2-ynyloxy-benzene
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tetrahydro-cyclopropalc)chromene-I-carboxylic acid ethyl ester but using
3.5 g (15.3 mmol) of 8-bromo-5-fiuoro-21-/-chromene to give 1.6 g (33 %)
of +/- cis-4-bromo-7- fiuoro-1,
1a,2,7b-tetrahydro-cyclopropalc)chromene-1-carboxylic acid ethyl ester.
15m)+/- cis-5,7-Difluoro-1,
1a,2,7b4etrahydro-cyclopropajejchgomene-1-carboxylic acid ethyl ester.
This compound was prepared‘analogously to +/- cis-4,7-difluoro-1,
la,2,7btetrahydro-cycloprop hromene-1-carboxylic acid ethyl ester but
using 2 g (12 mmol) of 5,7-difluoré-2H-chromene to give 0.9 g (29%) of +/-
cis-5,7-difluoro-1, 201
T@%wmfamﬁﬁmmdmemomemammm pRIG\EIIGBETzene but
usP@BlaiA%oRL RS 0
bﬁ?? fiuoro-4-chloro- fqgr, ,;kgﬁrtéﬂﬁ&z% give 1,3-difluoro-5-prop-2-ynyloxy-
%W&Sp%&aﬁfclg{%mene [-carboxylic acid. 0.32 g (1.32 mmol) of racemic
cis-7-fluoro-4-chloro-1,1a,2,7b-tetrahydrocyclopropalthromene-1-carboxyli
h)C a0|§ as dlsggeved in, hot acetonitrile (50 ml) and
(1R R% enzy xycycl Be%ﬁ%me (0.259, 1.32 mmol) was added. The
resulting 5solution was left for crystallization. After few hours the mother
liquor was decanted and crystals wefreyashed with acetonitrile,. The
second crystallization from acefnithie-gave 92 mg of pure diastereomeric
salt. The salt was treated with IMWHEI and resulting mixture was extracted
- with ethyl acetate. The organic pha e was washed with water, brine and

Tmmﬂmmﬁi%ﬁtﬁ@ﬁitdﬁlm@?}eﬁ%@Sdﬁ‘rlr%@?{-clhromgne but us é\g (15

1 rp-cyclopro chromene-1-carboxylic aci

g, 19§ r’ﬁw!% § &szab%bmo e %o)/o-‘f) r¥3 f rP ?éxglbenzeneto give the tﬁle compound

(79/»6@ %)(5 -cvano-2-pyridinvi)-/V-(4,7-dichloro-1,1a.2.7btetrahydrocyclopr
opafcichromen-1-yhurea 15 a) 1,4-d chloro-2-(2-propynyloxy)benzene CI

i) 8-Bromo-5-fluoro-2H-chromene

B, 7 ”
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 titie
compound (3.7 g, 25

) 5,7-Difluoro-2H-chromene

o
&
F F

This compound was prepared anaiogously 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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2,5-Dichlorophenol (8 g, 49 mmol) was mixed with potassium carbonate
(13.6 g, 98 mmol) and 80% solution of propargyl bromide in toluene (11
ml, 98 mmol) in acetone 20(100 ml) and stirred overnight at room

temperature. The precipitate was removed by filtration and washed with

kpcetoneciiesenianeRAKIAN AhiayK s SRRSO DY {¥Rlimen

evaporation and kept under vacuum for 5 h. The pro aine éjs“
cYbRNisirGtIE LRt tive yield. It was used for futher transformations
without additional purification. 25 b) 5,8-dichloro-2H-chromene CI CI
1,4-Dichloro-2-(2-propynyloxy)behzene.was degassed and heated at
stirring under argon for 4 h at ~The reaction mixture was then
distilled in Kugeirohr apparatus -175 C/4.1x10-2 mbar) to give 158 g
of desired product as white solid+Yield 536% from starting dichlorophenol.

Tbbsmcmeunwm-u‘rebmﬁmmgabasetrahydcwafammmcgr@mme-1-
I i ichloro-2H- ne (3,1 16,mmo)), .
e B N e o St LB i i
MERRbY B8RO EthyPERadabsaine 18 ol gved.Pia (RE Saneé cisiGehtomas

1 addecieamyinea pisrARIaRMABINQYEs A Rever R ARRY imﬁte'y

5 h under N2 atmosphere. The reaction mixture was then washed wit
NI1401(aq), water and brine and the solvent removed. The product (45 %

hcis, 5596it8uBBHovaZi porified faycnbotariog ity a8 bsa 3ARanthvl 1 -
ATTRIRISRANG 1da)

0 COLEL

F
This compound was prepared analogously to +/- cis-4 7-difluoro-1, 1a,2,7b-

tetrahydro-cyclopropalcjchromene-1-carboxylic acid ethyl ester but using 3.5 g (153

mmol) of 8-bromo-5-fiuoro-2H-chromene to give 1.6 g (33 %) of +/- cis-4-bromo-7-

fluoro-1, 1a,2,7b-tetrahydro-cyclopropajcjchromene-1-carboxylic acid ethyl ester.

m) +/- c¢is-5,7-Difluoro-1, 1a,2,7b-tetrahydro-cyciopropajc)chromene-1 -carboxylic

acid ethyl ester,

o COLEL

S
L
F F

This compound was prepared analogously to +/- cis-4,7-difluoro-1, 1a,2,7b-
tetrahydro-cyclopropalcjchromene-1-carboxylic acid ethyl ester but using 2 g(12
mmol) of 5,7-difluoro-2H-chromene to give 0.9 g (29 %) of +4 cis-5,7-difluoro-1,

1a,2,7b-tetrahydro-cyclopropalcjchromene-1-carboxylic acid ethyl ester.
Exampie 29
a) Resolution of the racemic cis-7-fluoro-4-chlore-1,1a,2, 7b-tetrahydro-

cyclopropajcijchromene-1-carboxylic acid.
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25

to give 0.9 g of the pure cis product (racemate). Yield 20 %. 114+=287.
1H-NMR (CDCI3): 7.15 (d, 19. J=8.5Hz), 6.91 (d, 19, 3=8.8Hz), 4.59 (dd,
1H, j1=12.02, J2=7.03), 4.48 (dd. 1H, J1=12.02, 32=4.10), 4.07-3.94 (m,
39), 2.62 (t, 1H, 203=8.81-12), 2.27 (t, 19, J=6.36Hz), 2.20-2.12 (m, 19),
1.1 (t, 3H). d)
é cis- 4 {-dichloro-1,1a,2,7b-tetrahydrocyclopropalc]jchromene-1-carboxyli
03284 1B Emel ef @Feg\lgmﬂ%ﬂuoro-4-chloro -1,1a,2,7b-tetrahydro-

c4c7@drobmmbma&,au@mmamm@iw&@w&@a@@wemﬁ% SQQ&WA%?SW%) and

d wat lut f NaOH (1. 3
e PR B e T i MB1onSR 28 Tpdarling
Smwl%emd@fﬁmwwmmatmsmﬁegfmt&mb AresesthEned@RoNAs decanted
[ I olutign . The
aWWQM@@&@%Q@Hé’& Wlﬁ?(gggt%ﬂrﬁy 5 on8 r%atv\}ﬁ%a\;{%é[;o%hlte

precipitate formed was collected by suction andwas

asGivnEBR ARG WAL W RiPURISiasigreemenins alicTh 86%) Wes ExatepieifonV HC

aa)ﬁr@klw rikaronanekiide resyfl ilige(L0 .yas
%ﬁ? @?n é{ébglfunc acid atnégc@glgg??r{ %c?é}?)%%j Egtg) ?a éﬂ %%MQ’Q

MBS SRVARAGISA %ﬂYﬁMé@aﬁﬂ&ﬁﬁﬂapwat@rWa%ﬂuom-

4adﬂ@@dr@p@;ze-tetraemmmyaupmma@m*@meefw.m&.algher
then -2 C. After the addition clear yellow solution formed was allowed to

stir for additional 30 min at cooling. 0u804 was dissolved water (60 ml)
with sulfuric acid (32 m1). The diazonium salt solution was

+addien)-thopuisepthRiReNRaeY (GERIOR). £4Rrous,sulfate solution and

p roduct was removed from the
te ra ydrocyclopropajcichromen-1-vurea

a) 1,4-dichloro-2-(2-propynyioxy)benzene
Cl

O

Cl

2,5-Dichlorophenol (8 g, 49 mmol) was mixed with potassium carbonate (13.6 g, 98
mmol) and 80% solution of propargyl bromide in toluene (11 mi, 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
addifional purification.

b) 5,8-dichloro-2H-chromene
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20reaction flask by steam distillation. The reaction took about 2 h to be
complete. The wateriphnol solution was extracted into ether, washed with
brine and dried over Na2S0O4. Concentration gave 4g of crude phenol
(40%). 4-chloro-1-fiuoro-2-(2-propynyloxy)benzene h'7
4-Ohloro-I-fluoro-2-(2-propynyloxy)bepzene was synthesized analogously
to Example 33a from (4 g, 27 mmol) 4rchloro-1-fitiorophenol to give 4.69
of product  (purified by column c Yatography on silica, ethyl
acetate/n-hexane 1:15) as yellow
5-chloro-8-fluoro-2H-chromene ClI Hgre
synthesized analogously to Example 33b) from
104-chIoro-1-f|uoro-2-(2-propynyioxy)génzene (4.6 g, 25 mmol) to give 1 g

10f-Driedieet (Rupifiad M G RAEAMYILY Q&%ﬂ@gﬁﬁ&h&l stirring under

acetafte/ ;Hex% e 1:15) as colourless oil. Yi€ld 22%..d§
al?%s-"f—% -%ﬁl roE 182515 PRbtGnsS, i praisdlief i dtuapieor apparatus

(13edos@ldtex QO CnEArEihyivel $i587g of desired product as white solid. Yield

3@%@&;‘4#%@-Jd,i%ﬁ,ﬁ,géaﬁgetg?hydrocyclopropa[c]chromene-lcarboxylate
was synthesized analog uspy 0 Example 33c from
5-chloro-84luoro-2Hchromene (1 g, 5.4 mmol) to give 360 mg of 1-!-cis

" bt b Gl 20 lica, ethyl
R Ll I —

Y ,tfa,2,7b-tetrahydrocyc|opropa[c)chromene-l-
ol COOEt
O/
o]

5,8-Dichloro-2H-chromene (3.15 g, 16 mmol), (Rh(IhAcs), (30 mg, 0.1 mo! %) was
dissolved in degassed dry methylene chloride (3 mi). Ethyl diazoacetate (3 ml, 2 eq.)
in the same solvent was added by a syringe at the flow rate 0.4 mi/h over a period of
approximately 5 h under N, atmosphere. The reaction mixture was then washed with
NH,CI (aq), water and brine and the solvent removed. The product (45 % cis, 55 %
trans) was purified by chromatography on silfica (200g, ethy! acetate/n-hexane 1:15)
to give 0.9 g of the pure cis product (racemate). Yield 20 %. M*=287.

*H-NMR (CDCls): 7.15 (d, 1H, J=8.5Hz), 6.91 (d, 1H, J=8.8Hz), 4.59 (dd, 1H,
J1=12.02, Jp=7.03), 4.48 (dd, 1H, J1=12.02, J,=4.10), 4.07-3.94 (m, 3H), 2.62 (t, 1H,

J=8.8Hz), 2.27 (t, 1H, J=8.36Hz), 2.20-2.12 (m, 1H), 1.1 (t, 3H).

d) +/-cis-4,7-dichloro-1,1a,2,7b-tetra hydrocyclopropalcjchromene-1-ca rboxylic
acid
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carboxylic acid CICOON
+/-cis-7-Chloro-4-fluoro-1,1a,2,7b-tetrahydrocyclopropaithromene-1-carbo
xylic acid was synthesized analogously to Example 33d from ethyl
+/-cis-7-chloro 4 fluoro-
1,12,2,7b-tetrahydrocyclopropalcichromengdfarboxylate (360 mg, 1.3
mmol) to 5give 259 mg of +/-cis a i (80%?’. Example 31 N-J(1S, laR
7bR) or (1R. IaS, 7b3)-1.1a, 2, SN _
7b-tetrahydrocycloprormicijllbenzothiopyran-l-yl1-N'-(5-cyano-2-pyridinyl)
urea 10a)3.4-dihydro-2H-1-benzofiiopgran4-0l A solution of
thiochroman-4-one (99) in ether (Z{ ml) was added slowly to a mixture of
)ithium aluminium hydride (0.53 g) in ether (54 ml), After the end of the
YRS thé RIRAHE WS refibleaby 9rpexo roRaidabtnantdiamasyate
wesahecbdndticenanardehifelluvest by uresPIANROR SISO of 0% 4

804, The water phase was, 15 washed twice with ether. The ether’
g e R N LB PR GhcavingPavien mheero e

hewers0 4 haweehpbratethrifigencidaralip(@ s o). dystrilisashatisrieaiayssidified
Rt 7. 949 - i N 4H-1-benzothiopyran
O aron oo S ] e R o epvenlesiagan
SYRtQT 26K ARSRSARIEEIRS | iR eTsrii ek ainrdope drideshtin dreraiash at:20 um
(yRddwtddne alcohol melted. The magnetic stirrer was started and the bath
slowly brought to 120 C. Dehydration was rapid and a mixture of the
product and water distilled and was

Example 59A
a) 5-chloro-2-fluorophenol

OH

Ci
5-Chloro-2-fluoroaniiine (10g, 68 mmol) was dissolved in M 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 soiution formed was aliowed to
stir for additional 30 min at cooling. CuSO,4 was dissolved water (80 ml) and mixed
with sulfuric acid (32 ml). The diazonium salt solution was added dropwise to the
preheated ’(760 °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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5 collected in a ice-cooled receiver. The product was taken up in ether
and dried. The crude product (7g, Rdt= 88%) wasn't purified. The NMR
showed the presence of 10% of the 4H-1-benzothiopyran. c)Ethyl ester 1,
la, 2, 7b-tetrahydro-cyciopropalc][1]benzothiopyran-1-carboxylic 10acid,
(1S, l1aR, 7bR) or (1R, laS, 7bS) C© Et Ethyl diazoacetate was added
slowly to 500 mg of thiochromene at 149 C. h\e reaction was followed by
Gas chromatography and stoppgd Whien all starting material was
consumed (about 7 hours). The gue was purified by flash
chromatography 15(5% ether in hexane). The cis isomer (46,5 mg, Rdt =
6%) was identified by NMR spectréscopy. d)1, 1a, 2, 7h,

4_mrmym@w@mown-ym@ggégg%qﬁ%é-s%ﬁhgw&%A%aééiaéﬁgﬁb

£ 7%@ or (1R, laS, 7b3)_,CO2Et ON "ZOA mixture o
% Sr&é%féoméﬁ Zida TR shiegyin B riPehaRShar@iNe A FoHo vl ct
(Pweffientey toidnfrounsdftetogvapeyatisiipfhlarso esthIAST MaFHUY 4N8s veliow
oil.r@ﬁé%‘%dy/as dissolved in water and washed with ether. The water phase

was

c) 5-chloro-8-fluoro-2H-chromene
Cl

F

5-Chloro-8-fluoro-2H-chromene was synthesized analogously to Example 33b) from
4-~chloro-1-fluoro-2-(2-propynyloxy)benzene (4.6 g, 25 mmol) to give 1 g of product

(purified by column chromatography on alumina, ethyl acetate/n-hexane 1:15) as
colourless oil. Yield 22%.

d) ethyl +/-cis-7-chloro-4-fluoro-1 .1a,2,7b-tetrahydrocyclopropalcichromene-1-
carboxyiate
COOEt

\\‘\” j

Ethyl +/-cis-7-chloro-4-fluoro-1,1 a,2,7b-tetrahydrocyclopropajcjchromene-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-chioro-4-fiuoro-1,1a,2, 7b-tetra hydrocyclopropalcljchromene-1-
carboxylic acid
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acidified with concentrated HCI, and extracted twice with
dichioromethane. After drying, the organic phase was evaporated and
gave the desired acid (30 mg). Rdt 1573%. Example 32 (1S 1aR 7b,S)-4
7-difluoro-1,1a.2.7b-tetra hydrocycloorooafcichromene-I-carboxVlic acid
(22)-3-(3,6-difluoro-2- methoxyphe@yl) -2-pefén-1-01. Mw=144Mw=200
A solution of BuLi (2.5M) in hexane (9.6_ml; 0.024 mol) was added to a
stirred solution of 2,5-difiuoroanj '

2.88¢, 0.02 mol) in dry THF (30 ml)
at -700, followed after 2h 10by solutia o/zrnc chloride (3.6 g ; 0.026 mol)
in dry THF (50 ml). The reaction témpefature was allowed to raise to room
temperature and then stirring wasfmaintained at room temperature for 30

+/mm7Rd(l@A€2)3i(r%mg Oaénﬂglte@a\r’{?éré%gpeactl %bc}’me?tg%vg%r%@grc acid

AR G S b i i, Vo sctim sesctn
%%mawmswerdnmpmmm@am xRl a3 a}; %;'é%,? (}01“

givl exanes) wasaddgdigpwise. The stirring was contrnue
2h and Ih at room tem era ure. The reaction was quenched with water

and all solids were dissolved by addition of HCI. The organic phase was

xdmgﬁmwrth ether, separated, washed with 5N HCI, brine and evaporated
. The residue was Kugelrohr distilled (1.5x10-2 20mbar, 150 C) to

QA LA Ry 1BS (Fhon- 14 2 arePahysttomyniiteoy

UMMmrawhremwmarmﬁ?@Q;vﬂmgpmqg@ésomers The crude-product
wasqu ext st ithout further purification. 1H-NMR (00C13),

? 700 (@%W Ttb Efi ORYTBI5H3 H): 6.12 (app. dt, 1H); 4.08 (br. t,
2H); 3.89 (d, 3H) 1.80 (hr. t, 1H).

0 — b

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 mi). After the end of the addition,
the mixture was refiuxed for 2 hours. The reaction mixture was cooled and ice was
added, followed 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 MgSOy4 and evaporated. The clear ol (8.9 g) crystaliised
after few hours. Rdt = 97%

b) 2H-1-benzothiopyran and 4H-1-benzothiopyran
S —————p \\
| + |
S S S
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25 b)(27)-3-(3,6-difluoro-2-methogphenyl)proo-2enyl diazoacetate \-OH
Mw=200 FC,H \--0 TSNHN=CHCOCI- PhNMe2; NEt3; 0H2012 80%
Mw=268 The p-toluenesulfonylhydrozone of glyoxylic acid chloride (5.16

oS SRR R 27 289 o Do sk

10

15

10

anﬁ”é’v@é'u%@@ 9. athé(ﬁa@la‘@v%'}hﬁ"ﬁ%ﬁﬁgﬁpwgﬁéa gt'@b g@%é%P he eﬁcoho[
m‘%ﬁﬁs added sIowI After stirring for 30 min at -

dnagnetn ‘sfirrer was started and the bath slowiy brought to 120 °C.
Dehydration was rapid and a mixture of the product and water distilled and was
collected in a ice-cooled receiver. The product was taken up in ether and dried. The

crude product (7g, Rdt= 88%) wasn't purified. The NMR showed the presence of
10% of the 4H-1-benzothiopyran.

c) Ethyl ester 1, 1a, 2, 7b-tetrahydro-cyclopropajc][1]benzothiopyran-1-carboxylic
acid, (18, 1aR, 7bR) or (1R, 1aS, 7bS)

.CO,Et

N EDA ‘Q
+ || —— :
. . A o

Ethyl diazoacetate was added slowly to 500 mg of thiochromene at 140 C. The
reaction was followed by Gas chromatography and stopped when all starting material
was consumed (about 7 hours). The residue was puriﬁed by flash chromatography
(5% ether in hexane). The cis isomer (46,5 mg, Rdt = 6%) was identified by NMR
spectroscopy.

d) 1, 1a, 2, 7b, tetrahydro-cyclopropa[c][1]benzothiopyran-1-carboxylic acid, (1S,
1aR, 7bR) or (1R, 1aS, 7bS)

~COEt CO,H

@\‘Q LioH l S iq
s N

A mixture of the cis isomer (46,5 mg), LIOH (4eq., 19 mg) in 5 ml of methanol / 25%
HoO 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 dichioromethane. After

drying, the organic phase was evaporated and gave the desired acid (30 mg). Rdt =
73%.
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slowly. The resulting mixture was stirred for 15 min at -50 and then for 30
min at room temperature, whereupon water (-50 ml) was added. The
organic phase was separated washed with water, brine and concentrated
in vacuo. Flash chromatography (silica, EA:Hex; 1:15) gave 3.86 g (80%)
of product as a yellow 10solid, 1H-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);
Examplesd2s H): 4.67 (dt, 2H) 3.89 (d, 3H). C)(1S,5R 6S)-
16-(2R- Aifli o 2rmehoxyrhemslis
Z)-3-(3,6-difluoro-2-methoxyphenyl)prop-2eny
13 mol) was dissolved in 100 ml of dried degassed dlchloromethane
and added dropwise to the solution of chiral Doyle catalyst (Aldrich, also
avall rom.J 0 010 0.1 mql%) in 50 mi of
dlchlg%srange né)ﬂglo er%rg%ﬁzﬁj m%né’ t -pro erat?jrg over a period of -6
h? The initial blue color had turned to olive by the end of the addition. The
action mixture was cop)cguru,g;qg mry#cuo and the crude product was
ed by flash chromatography (&ilica, EA:Hex, 1:5-0:1) togive 2.¥
%% (15.5R,65)- 2) Pd(OAc),,  /—\
64(3,6-difluoro-2-methoxyphenyl)-Broxabi&fefdfF8.1.0)hexan-2- e as
cBlorless &Gild. Enantiom&li2Asurity could be checked ongthis stage using
ChiradévoB<olumn, 10% IPA in hexane - 94% ee. 1H- NMR (CM@%@W A

B0 AT R A (I 2 e
of by aibeg@apiem afcftheofhBAdR{1LH)dond HBA 38 HBHAeZﬂG: followed after 2h
by solution of zinc chioride (3.6 g ; 0.026 mol) in dry THF (50 ml). The reaction
temperature was allowed to raise to room temperature and then stirring was
maintained at room temperature for 30 min. Pd(OAc), (8 mg; 0.2 mol %) was added,
followed by ethyl cis-3-bromoacrylate (3.58 g ; 0.02 mol). The reaction mixture was
placed in preheated oil bath and heated under reflux for 1h. The resulting reaction
mixture was chilled to —78 C and 60 mi (0.06 mol) of DIBAL (1M solution in hexanes)
was added dropwise. The stirring was continued at ~78 C for 2h and 1h at room

temperature. The reaction was quenched with water and all solids were dissolved by
addition of HCl. The organic phase was diluted with ether, separated, washed with
5N HCI, brine and evaporated in vacuo. The residue was Kugelrohr distilled (1.5x1072
mbar, 150 C) to give 3.7 g (92%) of crude (2Z)-3~(3,6-difluoro-2-methoxyphenyl)-2-
propen-1-ol, which contains ~6 % of other regioisomers. The crude product was used
in the next step without further purification.

'H-NMR (CDCls): 7.00 (m, 1H); 6.77 (m, 1H); 6.31 (app. d, 1H); 6.12 (app. dt, TH);
4.08 (br. t, 2H); 3.89 (d, 3H); 1.80 (br. t, 1H).

b) (2Z}-3-(3 6-difluoro-2-methoxyphe nyl)prop-2enyl diazoacetate
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Mw=289 (1 5,5R,65)-
6-(3,6-difiuoro-2-methoxyphenyl)-3-oxabicyclo[3.1.0jhexan-2-0ne (130
mg, 0.55 mmol) was mixed with 1.2 ml of 30% HBr/AcOH (6 mmol) and
heated in a sealed vessel at stirring for about 4h at 90C. The reaction
mixture was then cooled down, mixed with water and extracted into diethyl
ether (3x20 ml). Ether extract was 15washed with sat, sodidﬁgfpicarbonate
solution and brine. Dried over magnesium sulfate. Concentrat'§_£1(:%ave 160

Mg white'soligymaterl &N oBFyTefe CL1-1-NMR 3); 7.08 (M, 1H);
6.88/(m, 1H); 3.44 (dgl, FHE 38 (oA B2 12);/ 2.64 (Hd, 1H); 2.46

, 1HR
e)(1
-1- carboxylic acid. (1 B
S,1a®\°fgé§61-(bromornethyl)-4,7-difluoro-la,7b-dihy’?4?'5?:§/%?opropa
Tf[eiphanmeamlfbﬁyﬂwdr@?ﬁm@f bl?fdxmwams;ﬂnb@f Bite t@eos?iuﬁiﬁny fas
: : ter eated at stirring for
adB’ée‘?.@A%%?’t%%?ﬁé%h%qééﬁfﬁﬁg%%%ﬁ%aéy@b&z@%w e or0

0.@3&rmabdnisiy Hees RS20 Fnimng bidi-gimesbviaviiina dielified VOito2 mol)

wROBEEHHIoWE ArRSiBiRIRg esras AR EBIECERENDY ﬁ'ﬁﬁ,ﬂ%é%wevﬂa%oadded
S‘?Irg%pé;ﬁ#reé)rqduct. Mother liquor was extracted into ether and washed

Hid eaRE LIS drrssRitresLiRGid S GumaniraforngHhe miridmain at

D G g [ AL e s

) - i3): 6. rn, : 6.54 (m, ; m, ;
Se%%@&? IV ?Bheé%Z\ﬁlt Vﬁ-tl%r %T%f(nn? 1§W°§§gﬁ¥6é%§ aﬁ)las%m ester 1a,
chepmataraphHsigez &bitistopropedaiveiSpifeg¢8D-8arbopytiduct as a yellow
solid, «
"H-NMR (CDCl3): 7.00 (m, 1H); 6.76 (m, 1H); 6.41 (app. d, J=12.2 Hz 1H). 6.00
(app. dt, J=12.2; 8.10 Hz; 1H); 4.71 (br. s, 1H); 4.67 (dt, 2H); 3.89 (d, 3H).

c) (15,5R,85)- 6-(3,6-difluoro-2-methoxyphenyl)-3-oxabicycio]3.1.0jhexan-2-one.

F o NENE\__po . e
e A

© Rh,(5-R-MEPY),
~ abs, degassed
O dichioromethane o~
F F
Mw=268 Mw=240

(22)-3~(3,6-difluoro-2-methoxyphenyl)prop-2enyl diazoacetate (3.45 g, 0.013 mol)
was dissolved in 100 ml of dried degassed dichloromethane and added dropwise to
the solution of chiral Doyle catalyst (Aldrich, also available from Johnsson Matthey,
10 mg, 0.1 mol%) in 50 ml of dichloromethane under argon at ambient temperature
over a period of ~6 h. The initial biue 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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acid, (15, IaS, 6bR) or (1R, laR, 6bS) 15Ethyl diazoacetate is added
slowly to 10 g of thiophene at 140 C. 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

maas@@/@)smwarmmedrbyzwhémwwp%%%@%?@qeo@é?&%%rM Rt

al, J. Chem_Soc,, 1958, 1179-118 er G.M. et al hem. S
colqidEE %%%'%Tagﬁ%wwﬁrsﬁ e e ABRS Setsto pa[ag hirace!
ODdﬂHemlié%rMyhmaam)e(%%z%aébR) or (1R, laR. 6b3) 25A mixture

of the cis isomer (443 mg), LION (193 mg) in 15 ml of methanol / 25%

H20 is refluxed for 1 hour. After evaporation of the solvent under vacuum,

H-HMRiRehs ddbrred thhi SR diel IABhédBRitddthen, Fheow@tet nhase? (d,
3H)szewlifiecbwithy goneentated HCI, and extracted twice with

dichloromethane. After drying, the organic phase is evaporated and cave

the desired acid (313.6 mg). Rdt = 81%. Example 34 (1S

d) ,5R(6S)16R3 bSifludraBemethgRypedifiior2-ractBoxy-3-oxabicyclo[ 3.1
dlhy@JB@y@Q&opa [clchromene-2(1H)-one.

0
L
S0
AN 30 % HBHACOH
\““ L it
O/
Mw=240 Mw=288

(1S,5R,63)- 6~(3,S-diﬂupro-Z-methoxyphenyl)-&-oxabicycio{S.1‘O]hexan-Z—one (130
mg, 0.55 mmol) was mixed with 1.2 m! of 30% HBr/AcOH (6 mmol) and heated in a
sealed vessel at stirring for about 4h at 90°C. The reaction mixture was then cooled
down, mixed with water and extracted into diethyl ether (3x20 ml). Ether extract was
washed with sat. sodium bicarbonate soiution and brine. Dried over magnesium
sulfate. Concentration gave 160 mg of white solid material. 98% yield.

'H-NMR (CDCls): 7.08 (m, 1H); 6.88 (m, 1H); 3.44 (dd, 1H); 3.06 (t, 1H); 2.96 (dd,
1H); 2.64 (dd, 1H); 2.46 (m, 1H).

e) (1S,1aR,7bS)-4,7-difluoro-1,1a,2,7b-tetrahyd rocyclopropalcjchromene-1-
carboxylic acid.

O
. el \—OH
‘\\\\\‘4: NaOH .~“\\<1
: H.O :
N 2 :
o S0
F
Mw=288% Mw=226
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Me A OMe a) lodo-3-oxabicyclo[3.1.0]hexan-2-one C\)\.\\) 0 The_ tltle_
compound is synthesised in the depicted stereochemistry as described in
Doyle J Amer Chem Soc 117 (21) 5763-5775 (1993) b)
lodo-2-methoxy-3-oxabicyclo[3,1,0Thexane HOIVIeO DIBAL OMeOH, H+

(1A 1aR, ?ns?é ﬁt(@mmpmthy! @gydMsewiﬁmmmmm@% QCERANSH¥N-
2( ﬂs?ls Al e NartihahAbLEthhelt I fﬁgg‘ IO%LQ?%QH 0.1g, 2.5 mmol)

(3,6-difluoro-2- methoxyphenyl)-Z-met
ing )éﬁb?émgané]ﬁﬁﬁ?ﬁeaf stirring for 1h at 90°C. After completion the reaction

mixture was cooled down and extracted into diethyl ether (2x20 ml). Water phase
was acidified with conc. HCI. The precipitate formed was collected by filtration to give
180 mg of pure product. Mother liquor was extracted into ether and washed with
brine, dried over magnesium sulfate. Concentration gave additional 70 mg of product
(containing up to 15% of impurities). Overall yield about 2%,

'H-NMR (CDCla): 6.86 (m, 1H); 6.54 (m, 1H); 4.48 (m, 2H); 2.62 (1, TH); 2.20 (¢, 1H);
2.11(m, 1H).

Example 33 :
a) cis ethyl ester 1a, 6b—dihydro—1H—benzo[b]cyciopropa[d]thiophene—1~carboxyiic
acid, (18, 1aS, 6bR) or (1R, 1aR, 6b8)

Ethyl diazoacetate is added siowly to 10 g of thsophene at 140 OC. The reaction was
checked by gas chromatography and stopped after 7 hours. The residue i is purified
by flash chromatography (5% ether in hexane). The cis isomer (917 mg, Rdt = 6%)
was identified by NMR spectroscopy.

Reference: Badger G.M. et al, J. Chem. Soc., 1958, 1179-1184.
Badger G.M. et al, J. Chem. Soc., 1958, 4777-4779.

b) cis 1a, 6b-dihydro-1 H-benzolbjcyclopropaldithiophene-1- -carboxylic acid, (18,
1a$§, 6bR) or (1R, 1aR, 6b8)

(I Poos — (I oo

A mixture of the cis isomer (443 mg), LIOH (193 mg) in 15 ml of methanol/ 25% HoO

is refluxed for 1 hour. After evaporation of the solvent under vacuum, the residue is
dissolved in water and washed with ether. The water phase is acidified with
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MeO MeD 1) BuLi, ZnCI2 2) Pd(OAc)2/Ligand 3) THF

concentrated HCI, and extracted twice with dichloromethane. After drying, the
organic phase is evaporated and gave the desired acid (313.6 mg). Rdt = 81%.

Example 34
(1 S,SR,SS‘)-B-(B,G—diﬂuoro—2-me-thoxypheny!}~2-methoxy~3—oxabicycto{3.1 .Olhexane
MeO
F ‘\‘/3
OMe
F
a) lodo-3-oxabicycio[3.1.0]hexan-2-one
1N
NZ::.‘%
—_— 0 =0
o A

I
The title compound is synthesised in the depicted stereochemistry as described in
Doyle J Amer Chem Soc 117 (21) 5763-5775 (1993)

b) lodo-2-methoxy-3-oxabicyclo[3,1,0]Jhexane

N HO | MeO
,»‘\Lo DIBAL \\ko MeOH, H* «:\‘\o
AL T AL A

'\“‘ l‘\\‘

The title compound is synthesised in the depicted stereochemistry as described in
Martin et al Tett Lett 39 1521-1524 (1998).
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OMe 2 ,4-diflouroanisol (90 mg, 0.62 mmol) was dissolved in anhydrous,
degassed, TI-IF (7 ml) and cooled to -78 C under N7. nBuLi, 2,5 M in
hexane, (0.30 ml, 0.77 mmol) was 5added and the reaction mixture was
stirred at -78 C for 2 hrs. ZnC12 (150 mg, 1.1 mmol), as a solution in
amhydrg@stYSq@YQW@wQQ@Q5WQPQ_mM%@S allowed
to wéarm @ﬁg%ﬂt temperature for 2 hrs. lodo-2-methoxy-3-

e

e IEYI% e(f@@ mg, 0.63 mmol), Pd (0Ac)2 (1.5 mg, 6.2 umol),
and ligand Tris(2,4-di-tert-butylphenyl)phosphite (40 mg,r@ngmol) were
mixed in anhydro OTHF (7 ml) and added to the reaction @(ture. The

redction mixture Was Reated atyaflux fcd,days ang quenched Vith H20.

- Diethyl ether was added-and theHayerewergsgparated, t@qr'g, nic layer
2 red o

st MeS04, filtered and
title co nd, otherwide

Washedwith and a

.....

oted

15EEt0AC/Hexane 1:3) gave (4) 50 mg, 31%. 1H NMR (CDCI3) 8 (ppm):
8,860 damisid! (AT hly, S0 Ot P ide bVt B2dSnddio e QL ERed. THF (7
%ﬁ?-S%S%m, ]tHL§|§I CI—H 3.94 (s, 3H, OC1-/3), 3.79-3.81§r§r, 1H,

BI85 (& N, AN M2 dBUS dre WHN Sexansey@okBiyf. 7 gumol) was
@rdz0l 207 184 IHmctien GliktyelopropiiteExapleS e Hrd -BHBIONSH mg, 1.1

b -G rci ne-l-carboxylic aci BBI-31M

e Y AR P Tt PR e AR B rsafmgon e
pg{g&ﬁ@g\f(f%’tgp({@@y_to ambient temperature for 2 hrs. lodo-2-methoxy-3-

B i e AL Sidgene
A8 fypi-tert-butyiphenyl)phosphite (40 mg, 62 umol) were mixed in anhydrous
THF (7 ml) and added to the reaction mixture. The reaction mixture was heated at
refiux for 3 days and quenched with H>0. Diethy! ether was added and the layers
were separated, the organic layer was washed with H,0 and aq. sat. NaCl, dried
over MgSO;, filtered and concentrated to give the title compound, otherwise denoted
2 ,4-di-fluoro-5-(cyclopropylacetal)anisol. Column chromatography on siiica
(EtOAc/Hexane 1:3) gave (4) 50 mg, 31%.

"H NMR (CDCl3) & (ppm): 6.88-6.94 (m, 1H, ArH), 6.68-6.73 (m, 1H, ArH), 4.82 (s,
TH, CHOCHy), 3.87-3.98 (m, 1H, CHOCH) 3.94 (s, 3H, OCHs), 3.79-3.81 (m, 1H,
CHOCH) 3.30 (s, 3H, OCHs), 2.13-2.19 (m, 2H, 2x CH-cyclopropyl), 1.89 (ir,
J=7.81Hz, 1H, CH cyclopropyl).
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1h. Acetonitrile (5.8 ml) was added and stirring was continued for 3h at
0C. The reaction mixture was quenched by addition of water and the
organic phase was separated. Water phase was extracted with CH2CI2
and combined organic phases were evaporated. NaOH (0.33 g; 8.25
Examek 350) in water (-5 ml) was added to the 10 resulted residue and
at 80C for 45_min. The reaction mixt acted with ether to
i AYRel achie fRIeHR PR CENI PR sISTOIN STt e phrasewiascid.
evaporated in vacuo and conc. HCI was added to pH of -3. After -1h the
said was filtered off yielding~0.497 g (80%) of crude final acid as brownish
solid. The crude acidwas dissolved in 6 ml of EtOH/H20 (40/60 viv) and
treated with activated 1 bon. The hot solution was filtered and left for

llization.. Y 4 9 (64%). 1H-NMR (CDCI3): 10.32 (br s, -1H),
BT PO S B o ob e 26l e e st st frcne,
(1 B REH)-444, Eeldifiu bilo-2- 83 tolxy R Y53 -0RaBic) cREE1(0)hakh. L B (dm

e o e T s et i s tigreatop c for
Thrfoeptaniriie (%<2 ) MesraRdRS RIS Slitine weo sndtitl edgef BLaertd . The
bom eh .M GvaB REKAARE is,addad, t | nixture i
re?rsog%/vi CEC% to 25 ml et@diazoai%ﬁggﬁ ﬁe%&i%éq%r@%pm%éfg S
SRS S?(%SIW FlsHIRSR YA SEHRCRS H4th AibhG aRtcermiting Eutpa0iheases
wegeselientr g, elladdel i@%&gpfa&@%wrmﬂﬂtmhtﬁy m@lfér%ﬂyﬁgms@dg&?% the
, -letra rocycliopropaja

TR R SRS Dl R TS
with gihgTiin EoRpVROMHROd T imbiwitiss THeemstdtalis tibrtechuisy PeE was

ek Wi kel ' C,, extracted with
e"mﬁoem b L oA B e golc wes

filte e BT BT R0\ ReAS 28 (FBPtheTSeHseotnal A0id B PPAVAIRD Bcdid] THRBCHGIS
aciaid® SssanelfTiz i1aTEOLIR AN /80 BRAELLEATH s
e

, Is mixed in 200 ml toluene and refiuxed for around 2 hours.
e e VR R R s st Wit sypdn
25 ml water is added and the mixture agitated for 60 minutes at room

Tt 3 T iQn Is patehed, wi ' ein
e At et & et mhare A Gttt .
THE R 80Brotile G S it Ashied tAtbugrBa &ilital B0, Gofnm toRjeRiss (m,
~166019¢ oh8HY. purawss gmissy, mol wt 14511. Example 37
cis-1-(5-Cvano-pyridin-2-v1)-3-(1.1a.6,62-tetrahydro-cycloorooalalinden-1-
vl)-urea. 15a)-cis-1,1a,6,6a-Tetrahydro-cyclopropalalindene-1-carboxylic

Exavidlet®§| ester

. Y

a) 1,1a,66a-tetrahydrocyciopropala] indene-1-carboxyiic acid ethyl ester,

Indene is diluted in 100 mi dichioroethane. Around 10 mg of Cul and around 10 mg
Pd(OAc); is added. 25 ml of the resultant mixture is dropwise added to 25 mi
ethyldiazoacetate and refiuxed for 30 minutes . The solution is filtered through ALO;
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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To a mixture of indene (11.6g. 100 mmol) and Cu213r2 (0.109, 0.35
mmol) in 12- 0 dichloroethane (200 m ) at 80 C, was added dropwise (3h)
a solution of ethyl diazoacetate (17.1 g, 150 mmol) in 1,2-dichloroethane
(35 mL). After 15 min at BD C, the reaction mixture was washed with H20

T 2ROM Rk by Bp PR BBRSPMASRARSH BN G O3 7 I A Lo

solvent of the combined organic phases was removed un

2 hoUEs LR MPATE AR RS N WA c&&ﬁﬂ%m@w‘éa@rgsﬁ@a%ﬁw@'@red
Wit HOBSeRIGtEthwitb)dictidrdetyarne 1631 (L8Rb)vwelted, dried with sulphate,

ﬁtte%%&@e@&%@&i‘éf&%}&%%&?ﬂ@%@%ﬂp& rhomplic,Aeid syl SstRs

and 6 6 33%
mi, ﬁ'ﬁr%”l ?’tétfalh'g/a?@ E?@Iaﬁéﬁé[ﬁﬁrﬁéﬁéﬂla%%ﬁﬁéchﬂéiﬂd)&mlxed
in 26t mwﬂébMﬁrMumw&Mﬁdﬁm Trdloro 8o «¥5h

dtsg{%)% %Qaﬁrybv% ghE? %dmﬁﬂézsécﬁza% ’215|_r|)d wa%grgs é(il-(;_' ezllng%h lgmxltﬁ €

ag.t@@qg@qg GOTRIBLERE PE ROy HORSTIURE o PafgPIdEoTeis nectibnad lidta cicdiidge
in wat@m&m@r&ﬁmﬁeemm@ﬁwam@w@%@%&&éa%@%ﬁ&é@é WAS

pro SNt B e v 3 SR 9R SRR DMK SHR M8 &R Buter
asmgmpw Mﬁdl) Li01-1 (539 mg, 22.5 mmo1), H20 (10 mL) and MeOH
(20 mL) which were heated to reflux for 2h, concentrated and acidified to

Ex e@%t/ate 1.62 g (62%) of
6,6a- tetrahydro cyclopropafalmdene I-carboxylic acid as a white

4t MMR:@M}(%&S {rsrea.

y 1H m,.1H
1H§*€$Sﬁﬂ%§%§”§e‘*@“ eI
TO Rt Sradene, (1468 000AL ane Saiddie d0aHe aHe 38 aumioh imik&ire
was washed with 1N HCI (30 mL), H20 (30 mL) and brine (30 mL). The
solvent of the orgapferphases was removed under reduced pressure. The

'
crude product @»«- Gh/omatographed (S|I|ca geI 4->5% MeOH 15in

s e e

l
d!am@cazai@ ((b'r’ 119) 18®id), ihH)2-HidGiat RBnane 38D rﬁL)LAﬂeeﬁe(merM)eo
°C,Wfé’hé§oﬂ?ni%@e%v§9@a§ﬁ%iambé' %WL} "ﬂm H20 phase was
washed with CH,Ci (50 mL) and the solvent of the combined organic phases was
removed under reduced pressure. The crude product was column chromatographed
(silica gel, 5>10% EtOAc in Hexane), to give 3.63 g (18%) of +cis-1,1a,6,6a-
tetrahydro-cyclopropajajindene-1-carboxylic acid ethy! ester and 6.68 g (33%) of
tfrans-1,1a,6,6a-tetrahydro-cyclopropalalindene-1-carboxylic acid ethyl ester as a
byproduct.

"H-NMR (CDCls): 7.30-7.05 (m, 4H), 3.81 (g, 2H), 3.36 (d, 1H), 3.8 (dd, 1H), 2.92
(m, 1H), 2.24 (m, 1H), 1.99 (dd, 1H), 0.92 (¢, 3H).

b) teis-1,1a,6,6&-T etrahydro-cyclopropajajindene-1-carboxylic acid

&
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20 Example 38 cis-1-(5-Cyano-pyridin-2-v1)-3-(1a,2.3,7b4etrahyd
ro-cyclopropar alnaphthalen-Il-vhurea.
a)la,2,3,7b-Tetrahydro-1H-cyclopropala)naphthalene-I-carboxylic acid
ethyl 25ester 0

tcitd, 13 Fhareumatytto-Hreoyriompiaiadnephitiaiens ik eri Rdc acic-ethyl

: hesjzed anal ly t le 37 f
o g oA NG P9 G 5 RO oh veneHig et sfon sster
(3-Q&Q,3?7Bmahydiﬂ@*iKBG?G*WEMWF’-hm"é‘@rgaobﬁﬂffﬂﬁgﬁ('%ﬁy etbyhi)
t 15.a rans iIspmers). - .
whgz?ég\;%(% g»@(%&ﬂg?%@g%? (%%rgﬁ_e‘r)nst agebd 2 ?%dﬁné};gt? precipita%e 1.62 g
(6285) &f2t8iv4- Te@dn thabidoyclppeopalsjialpltrdenedeaiioabiel agid white

So;;éa,—?h%,E%gg&@qpé{g%%g%q!&%opa[a]naphthalene-l-carboxylic acid was
synthesized analogously to Example 37b from 1a.2.3,7b-tetrahydro-1H-

5cyclopropafainaphthalene-1-carboxylic acid ethyl ester (688 rug, 3.18
'H-MIMR!(@I56739 008 uEe Of 6l andsAmS IBAMENS) stodiye ﬁ@q 51)94(%0@ qf
o gég 2,37%3-%?2% dr@_—ﬁ Hg{yclopropa[a]naphthalene-l-carbo ylicacid(a
’ &%9 XU ci n?}l‘ r%?%d'rs%ers). The product was not crystallized.
101H-NMR (CDCI3): 11.36 (br s, 1 H), 7.30-6.95 (m, 4H), 2.80-1.65 (m,
The FHalRGRIG (8
1,12,z,3,4,ﬁ&%ﬁ%@&?%gﬁ%ﬁ]8&*&8&885%&&?5@%&ﬁ@.az%a?o@@wau
wa%agd@mﬂr@sﬂé@_ reaction mixture was washed with 1N HCI (30 mL), H0 (30 mL)
and brine (30 mL). The solvent of the organic phases was removed under reduced

pressure. The crude product was column chromatographed (silica gel, 4—5% MeOH
in CH2Cly), to give 25 mg (5%) of xcis-1-(5-cyano-pyridin-2-y1}-3-(1,1a,6,6a-
tetrahydro-cyclopropalajinden-1 -yh)-urea.

"H-NMR (DMSO-de): 9.58 (s, 1H), 8.18 (d, 1H), 7.96 (dd, 1H), 7.40-7.25 (m, 3H),
7.17-7.05 (m, 3H), 3.27-3.13 (m, 2H), 2.80-2.73 (m, 2H), 2.05 (dd, 1H).

Example 38
+cis-1-(5-Cyano-pyridin-2-y1}-3-(1a,2.3 /b-tetrahydro-cvciopropalalnaphthalen-1 -yi)-

urea.

a) 1a,2,3,7b-Tetrahydro-1 H—cyclopropa[a]naphthaiene-1—carboxylic acid ethy|

ester
O\/
0

12,2,3,7b-Tetrahydro-1H-cyclopropalajnaphthalene-1 -carboxylic acid ethy! 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—cyciopropa[a]naphthaIene-
t-carboxylic acid ethyl ester (a 56/39 mixture of cis and frans isomers).

'H-NMR (CDCls): 7.35-6.95 (m, 4H), 4.30-3.85 (m, 2H), 2.90-1.00 (m, 10H).
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151,14a,2,3,4,8b-Hexahydro-benzo[a)cyclopropalc]cycloheptene-1-carboxy
lic acid ethyl ester was synthesized analogously to Example 37a from
6,7-dihydro-51-1- 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
b)esters gyl ns | mer 1H-NMR (CDCI3):

7 40 16%20%% nﬂﬁgﬂﬁﬁ’é‘fé 4.00 EFC 6§ ??ﬁ”ﬁﬁl—ﬁa’ ByHylic acid

la,2.3,4,8b- HexﬁenngalcycIopropa[C|cycIoheptene -1-carboxylic
i

acid.
1,1a,2,3,4,8b-H dro-Benzoia)cyclopropalc)cycloheptene-I-carboxylic
1aazjal mmwnmzm O 37 from
2,3,4,8b-hexah drobenzofam%% rf(*)mg mcycﬁghéjﬁ%ﬁeai'%{‘f%xyhc

Sygtcu %ﬁ%%&%&%‘%ﬂé § 2220 Rimd bafmo Fribxduiro-tittib ahd-trans
Cyriopeps|aimagivibZedik g Ea¥%0xic acid ethyl ester (688 mg. 3.18 mmol,  56/39
ne-i-car 1}

hydro-b | h
iR AR R B Sl A

acid al mlxtureo cis

E&%@nﬁéﬂammﬂawm@m@@w&(@@ 5818p midkare Q) 68-hdtrans
isoPndPsf)- TR Brodlibs AERAMRIS

t )
a)6- methoxy 1,2,3,4- tetrahy?roéﬁéﬁ%alen 1-ol OH 6-Methoxytetralone
(10g, 0.057mo1) was mixed with 150 ml of dry ethanol and sodium

HidtRy GO (112 ca)(ias asger By.perians saths st FesEMiXtULg The

Example 68

a) 1 ,1a,2,3,4,8b-Hexahydro—benzo[a)cyclopropa[c]cycioheptene-1 -carboxyiic acid
ethyl ester.

O~
0

1,1a,2,3,4 ,8b-Hexahydro-benzo[a ajcyclopropajc cleycioheptene-1- -carboxylic acid ethy!
ester was synthesized analogously to Example 37a from 6 ,7-dihydro-5H-
benzocycioheptane (4.40 g, 30.5 mmol), to give 3.43 g (49%) of 1,1a,2,3.4,8b-
hexahydro-benzo{a]cyclopropa[c]cycioheptene—1-carboxylic acid ethyl ester (a 1/10
mixture of cis and trans isomers).

1
H-NMR (CDCls): 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]cyciopropa[c)cycloheptene-1 -carboxylic
acid.

OH
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15reaction mixture was left to stir at ambient temperature for 15 h. The
reaction mixture was then concentrated by rotary evaporation, mixed with
100m1 of water and heated for lh at 45C. The resulting mixture was
extracted into diethyl ether (3 x 80m1). Combined organic extract was

driesl Dy, B@%%w@w&%mﬁé&e%[%?% LRI getlon 19.give 10.39¢

N
Lﬁﬁ&ow oil which was used in the next ste out d%lltlonaﬁ)oXy Ic acld was

2HeRC A2 %’fﬁf)b?l?n%ﬁiﬁ%én’éa 2, &fuBle-hexahydro-
@meﬁiB}Q#d@ﬁléalelwbmmaﬁ@h&lgfb&x?h&%@%tﬁﬂ%@fgpg‘%sg 14.9 mmol,

0 uene.and heated in an oil bath
S B e e b R b b dseBb-
\hﬁ?;%ﬁfk)e‘@ﬁ?m&ligm tmropel ceactidreptesemaritomndikysGe (4 A8 0 mixture of
el EEMES IR Gaglar AN Washed Wi sat: NaHCOS solution,

S
water and brine and organic layer was dried Over Ka 804, Concentration
gave 8.879 of light brown oil. Yield 96%. c)Ethyl
SHARXEDER) 3107y dne; LHaeyslopr aratainaphthale
5carboxylate 7-Methoxy-1,2- dlhydronaphtr?gletﬁéﬁ (8.8g, 0.0 @;g—#ogli-)i was
mixed with 10m1 of degassed absolute methylene chloride and 20mg of
taxainpe Afetate (appr. 0.1 mol%). The reaction mixture was bubbled with

nRitroge, 50% soI tion in degassed abs.
m}ethylgnﬁe{é&%%giﬁa%ate%g@ g%ﬁ%k}ﬁ rouah i syringe (flow rate about
1 ml/hour) to the stirred solution at ambient temperature. Gas evolution
started upon the addition. The reaction was méMitored by GC. Additional
amount of catalyst was added during the.reaction (about 20mg). GC-ratio
of cis/trans isomers was 21:48. 15Aftef theréaction was complete
according to GC data the reaction mixture was washed with saturated

NH4CI solution and brine. The methyleng chloride solution

6-Methoxytetralone (10g, 0.057mol) was mixed with 150 mi of dry ethanol and
sodium borohydride (1.2 eq) was added by portions to the stirred mixture. The
reaction mixture was left to stir at ambient temperature for 15 h. The reaction mixture
was then concentrated by rotary evaporation, mixed with 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>S0, and concentrated by rotary

evaporation to give 10.38g of yeliow oil which was used in the next step without
additional purification.

b) 7-methoxy-1,2-dihydronaphthaiene

AL

Crude 6-methoxy-1,2,3 4-tetrahydronaphthalen-1-ol (10.3g, 0.058mol) was dissolved
in 100ml of toluene and heated in an oi} bath (115°C). P-tolylsulphonic acid (20mg)
was added to the reaction mixture and it was refluxed for about 1h. The reaction was
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was dried over Na2S0O4. 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 20by the technique used. Fractions

whibnileredrhp @ @riFioheshutith reakiies wEQdH qmbined (200mg,
cisﬂméggg,Zgéﬁo\ﬁgt%cr)rgri@%to GC) and usegr}c\?rgﬁrat gP E’ WaSh(eg with sat.

transformations. ine and organic layer was dried over Na;SO,,.
d)5-RASHRI IR g3 B B athyigii-tidwyanpvanalainaphthalene-1-carbox
y ¢ acid COOH 0 Ethyl

5-wjethortithgl, B-meBrdglal) H: ‘1 opﬁ? naphthalene-1-carboxyla
te (((igrgg 0. tf‘}\mol) wasg{iai}lsggl%/ogcli) ?r?f&}lr% cgj%‘)r’fgme Flé’r%ﬁ%(ﬁa"ﬂ?é”éiﬂhﬁ@ﬁe@ﬁ-ﬁ
sodium ’ﬂ&% oxide (0,2g, 50mmol) in 2 ml of water was added to the
reaction mixture and 5stirred at ambient temperature overnight. The
extraction of basic reaction mixture into hexane s that no starting
material present. The reaction mixture was acidified with excess of 3M

hy tate (3x1 5m1l). The

e dibrine, dried over Na2S04
and concentrated by rotary evaporation telgive 0.15g of mixture of

cis/trans adds as towhite solid. @xamp e 41
7-methoxy-1,2,3,4-tetrahydro-1-naphthalenol OH

7-thbxyy3142djlwmghmg@ggtg@|§ q synthesized analogously

tod;ggg&glg ;.EE%S%?& Jrom 7-methoxy- ,2&4-’[@% élé]r\g?f-ﬁ%?ﬂﬁ’&@h?a%‘(gf

9,2 mm oI 10 gve metnylene chloride and 20mg of rhodium acetate (appr. 0.1
mol%). The reaction mixture was bubbied with nitrogen and ethy! diazoacetate
50% solution in degassed abs. methylene chioride)

syringe

(2eq,
was added siowly through the
(flow rate about 1 ml/hour) to the stirred solution at ambient temperature. Gas

evolution started upon the addition. The reaction was monitored by GC. Additional

amount of catalyst was added during the reaction (about 20mg). GC-ratio of cis/trans
isomers was 21:48.

After the reaction was complete according to GC datg the reaction mixture was

washed with saturated NH,C| solution and brine. The methylene chioride solution

was dried over Na,SO,. Concentration gave 139 of crude product as yellow oil

Purified by column chromatography on silica (200g, ethyl acetate/hexane 1:20). Oniy

trans isomer was obtained in pure form. The required cis form could not be purified

by the technique used. Fractions which were more enriched with required product

were combined (200mg, cis/trans ratio 70:30 according to GC)

! and used for further
transformations.

d) 5-Methoxy-1 a,2,3,7b-tetrahydro-1 H-cyclopropa]

alnaphthaiene-1- '
o carboxyiic
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about 5 g of crude product (quantitative yield), which was used in the next
step without additional purification. b)6-methoxy-1,2-dihydronaphthalene
6-Methoxy-1,2-dihydronaphthalene was synthesized analogously to
Example 40b from 7-methoxy-1,2,3,44etrahydro-1-naphthaien0l to give
4.4 g of product as brown yellow oil (96% vyield foanpH

5carboxylate Ethyl
6-methoxy-1a,2,3,7b-tetrahydro-1H-cye pa
-carboxylate was synthesized anhalogously to Example 38 from
6-methoxy-1,2-dihydronaphthalene (4.4 g, 28rnmol) at addition rate 0.7
iEifyt6-gieen681g, Qfmm@@w@uﬁd aﬁ%@@&oﬁgwymrﬂﬂa@%@f fied W oxyiate

I matogra ilic g, ethylacetate/hexane
R S P R R e A
ClyoxKiE6, 20ixehractiom 21rhbof wane fraalisfdeani@ifrc PaERFARKture and

|
e e g B ot Tos el sactssmypure

BRERNGSHOWRS Ry IR St roatenivl roeenty Eleprepaiainapkiinelens- 4cidified

wmhsméss @elszlmg/s;%ii?gﬁ@%@%&%&&@‘%&%@?% QA ENY D, The

tho
cyc &](Fbéfé{?n\ﬁﬁﬁmé &9 withyyRiraanbIing, drisdmussiNe Siucatd
gwmmpmad@mmmmmwm&n%&biva@WﬁLﬁg of cis/trans acids as

white solid.

Example 41
a) 7-methoxy-1,2,3 4-tetrahydro-1-naphthaienol

OH

7-Methoxy-3 4-dihydro-1(2H)-naphthalenol was synthesized analogously to Example
69a from 7-methoxy-1 2,3 4-tetrahydro-1-naphthalenone (5 g, 28 mmol), to give

about 5 g of crude product (quantitative yield), which was used in the next step
without additional purification.

b) 6-methoxy-1,2-dihydronaphthalene

o
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7,8-dihydro-2-naphthalenol HO 7-Methoxy-1,2-dihydronaphthalene (6.4
g, 40mmol) was dissolved in abs. DMF and bubbled with argon sodium
ethylthiolate (2.5 eq) was added and the reaction mixture was heated at
stirring at 16000 for about 4 h. Reaction was monitored by GC. 5Reaction

> S Gl | cidified with 3M MCI and extracted into
e S el i aaRogi, g ool 400
NEZS Oanaiweon ceRtfatetiahy dowrnevpastian (& ghikcation by som@nas brown

ChERsaLR i H hyl ) ane),gave 5.36 g of
e A 2R

trCi Iuoro)getp neSLéIfonate 10 _7,8-Dihydro-2-naphthalenol (5.3 g, 37mmol)
was mixe IR Rine (@ 251B Avdrenti-fy elesronetnienbtimiemizs-
atatmmoliateunder 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 té@@gﬁtemperature,
15The reaction mixture was then washed with wat

d brine and dried

Ethyl 6-methoxy-1a,2,3,7b-tetrahydro-1 H-cyclopropalalnaphthalene-1 -carboxylate
was synthesized analogously to Example 38 from 6-methoxy-1,2-dihydronaphthalene
(4.4 g, 28mmol) at addition rate 0.7 mi/h to give 9.68 g of crude product as orange-
brown oil. Purified by column chromatography on siiica (200 g, ethylacetate/hexane
1:10). Three fractions were collected: fraction enriched with cis isomer (75% by GC)

- 0.16g, mixed fraction — 1.76 g, and fraction contained pure trans isomer— 1 g. Total
yield 45%.

d) 6-methoxy-1a,2,3,7b-tetrahydro-1 H-cyclopropalajnaphthalene- 1-carboxylic
acid

COOH

G-Methoxy-'ia,2,3,7b-tetrahydro-1H—cyciopropa[a]naphthaiene-1—carboxyiio acid was
synthesized analogously to Example 69d) from ethyl 6-methoxy-1a,2,3, 7b-tetrahydro-

1H-cyclopropafajnaphthalene-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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20 Ethyl
5-{[(trifluoromethyl)sulfonyl]loxyl-1a,2,3,7b-tetrahydro-1Hcyclopropalainap
hthalene-1-carboxylate was synthesized analogously to example 40 from
7,8-dihydro-2-naphthalenyl trifluoromethanesulfonate (9 g, 32mmol) at
addition rate 1 ml/h to give 13 g of crude product as orange-brown oil.
Purified by column chromatography on silica RQg, ethylacetate/hexane
1:15). Fraction enriched with cis isom¢ . GC) - 0.64g was
collected and used for futher traﬂ_? 0
5-cyano-1a,2,3,70-tetrahydro-1H-cyciopropala]naphthalene-1-

carboxylate, COOEt 10Ethyl 5-ifitrifluoromethyl)sulfonyl)oxy)-1

a, 2B ctheeyrafydioydidnayntaplena(a]aay athalens -VadneswateifoaBy, DMF and

ixed with Z 2 (0.8 ) and Ecl(Ph3P)4 (56 mg, .
B R e B Rl L eR) B Aie ki dition mixure
stivanfastetRissifingl gbi 4Q 1 der @00t RbaBeartivasvaromitmitadn/ BB GC.

TRRABAGHOMMIMUIBY @R RRNGRATARS, DoAY GYRBRI O PG e d into
w)%l}iaturated NH4Cland extracted into ethylacetate (3 x 15m1). Organic
e

CRTFAR v LI RISt Y 3sTRg, Wi oraiRIeANddsige Airied over NazSO;
Cendeotretiomaied &\0rd2gyos rpstacb as RUriailit?lbPe8fImn chromatography on
OCY3000 2 24y TR LTHBINGRA] da X AR P SIDaRY BRSS!
205-Cyano-1a2,3,7b-tetrahydro-1H-cyclopropa[aThaphthalene-1-carboxyli

c Btid was iRz aniarigorish P orasthre sadionate ethyl
5-cyano-1a,2,3,7b-tetrahydro-

7,8-Dihydro-2-naphthalenol (5.3 g, 37mmol) was mixed with triethylamine (6.2 m,

44mmol) in abs. methylenechrioride 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) Ethyl 5-{[(trifluoromethyl)sulfonyljoxy}-1a,2,3,7b-tetrahydro-1H-
cyclopropalajnaphthalene-1-carboxylate

COOEt

s—O
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1H-cyclopropala]naphthalene-1-carboxylate (0.12 g, 0.5mmol) to give 0.1

g of product as white crystals. Yield 94%. 11-I-NMR (DMSO-d5): 9.70 (br

s, 1H), 8.32 (br s, 1H), 8.03 (dd, 1H), 7.46-7.63 (m, 4H), 7.32 (br s, 1H),
3.18-3.10 (m, 2H), 2.76-2.65(m, 1H), 2.62-2.51 (m, 111), 2.34 (t, 51H),

2 ARt Rt LR AU L1 Exable 428 ) Bt

5-[( rimzﬁwylsilypethy y%]-la,f,’&,? -t’étérgh:ys/?r%%%%fgp}%)pa[a]naphtha
[effdopreassiARh asngycarboxylate was synthesized analogously to example 40
wdttirriisenapaeiy gl irtacren@risHadty o 32mmay) ai addition

cy lopro aRa]n.a hthalene-1 -carboxylate (0.2g, 0.5mmol) was mixed ‘with
ALY ISNR hE @ SHHIE LSRRGS, SPIRTHE, 2 Riigd by columr
Roioiva)agRPnypNLSiiol 20D an e GG maYir (28 hakubbled With with

L at t stirring in a.closed vial for 14 h at 95C.
e A e B AR ol e i ostpations
by rotary evaporation, mixed with saturated NH4Cl and extracted into
Q%/hyla tareSsyansma R Origutat axicict s yeasedalathapatenznd-1-
REASH-EiRE under Na2SO4. Concentration gave 0.15¢g of product as an oil
(yield 87%). b)
5-Ethyny1-1a,2,3,7b-tetrahydro-lH-cyclopropa[%?naphthalene-l-carboxylic
acid 20 COOH Ethyl OOEt
5-[(trimethylsilypethynyl1}-1a,2,3,7b-tetra 1H-cyclopropala]naphtha

7 golved in 4m1 of methanol

and the solution of sodium hydrox|d ) .2mmol) in 2 ml of water

Ethyl S-{[(triflucrometnhyl)sulfonyljoxy}-1 a,2,3,7b-tetrahydro-1H-
cyclopropalajnaphthalene-1-carboxylate (0.2g, 0.5mmol) was mixed with Zn(CN),
(0.82mmol) and Pd(PhsP)s (56 mg, 10 mol %) in DMF (4 ml), bubbled with argon for
5 min and heated at stirring in a closed vial for 14 h at 100 °C. Reaction was
monitored by GC. The reaction mixture was concentrated by rotary evaporation,
mixed with saturated 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-cyclopropajajnaphthalene-1 -carboxylic acid
COOH
N

5-Cyano-1a,2,3,7b-tetrahydro-1H-cyclopropalajnaphthalene-1 -carboxylic acid was
synthesized analogously to Example 69d from ethyl 5-cyano-1a,2,3,7b-tetrahydro-
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5into hexane showed that no starting material present. The reaction
mixture was acidified with excess of 3M HCI solution (pH=1), and
extracted into ethylacetate (3x15m1). The combined extracts were

washed with water and brine, dried over Na2304 and concentrated by
rotary evaporation to give 0.12g of mixture of cis/trans acids (85:15) as
wHiteysneropRiRineevivatemxdrmpleatd/late (0.12 g, 0.5mmol) to give 0.1 g of
ayeodibiiHe ivierBgidsS ¢iditngder-1(2H)-naphthalenone

1,4-Difluorobenzene (22 ml, 210 mmol) was mixed with y-valerolactone (4
m|, d,AlIC13 (28 g, 210 mmol) was added by portions to the
stbfmglﬁ&ﬁgfgﬁ%r%(%ge 18 cHo ﬁuéWa@-@r?eﬁ@eﬂWeﬁ-é@*Tﬁ (m,
sfifting. & (b6 (bl) HRtB BLOTHT Relyeadtiop. esIreHyas. 6291e dawnH) 2 34 (,
(iegfbring QaéB) ﬁi'i ACONG.oF s ad and stirred until
honﬁl’og'eneo'us @l[:(tdre ag'cro%:ﬁ%%/v@ cI'Weqlre (ction mixture was then
extracted into methylene chloride, washed with water (4x10 ml) and
SofmR'Bitafbonate solution (3x100 ml). The organic extract was dried
over Na2804. 20Concentration by rotary evaporation gave 6.7 g of
papductEaisyy SHvirpetvaeny Iy a,2 3, 7b-tetrahydro-1H-cyclopropalajnaphtha
qg%%f}j_lgg%%o-z}é@ethyl-l,2,3,4-tetrahydro-l-naphthalenol

8-Difluoro- -meethyl-l,2,3,4-tetrahydro-1-naphtha|eno| was synthesized
analogously to Example 69a from
5,8-difluoro-4-methyl-3,4-dihydro-1(21-0- naphthafe@&#s to give 1.8 g of
crude product, which was used in the next step &without additional

purification. c) 5,8-difluoro-1-methyl- oy ’ aphthalene
| Q> as synthesized

5,8-Difluoro-1-methy1-1,2-dihydronap
trﬁydro-l-naphthalenol (1.89,9.1

analogously to Example 40b fromn
5,8-difluoro-4-methyl-1,2,3}?

Ethy! 5-{[(trifluoromethyl)sulfonyljoxy}-1 a,2,3,7b-tetrahydro-1H-
cyclopropala)naphthalene-1-carboxylate (0.2g, 0.5mmol) was mixed with
trimethylsylilacetylene (0.2 ml, 1.37mmol), DPP (35 mg, 10 mol%), Pd(dba), (30 mg,
10 mol %) and Cul (3 mg) in EtzN (2.5 ml), bubbled with argon for & 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 NH4CI
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-1a,2,3,7b-tetrahydro-1 H-cyclopropala]naphthalene-1-carboxylic acid

COOH

A
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10mmol) to give 1.5 g of product as brown yellow oil (90% yield from
5,8-clifluoro-4- methyl-1 ,2,3,4-tetrahydro-1-naphthalenone). d) Ethyl
4,7-difluoro-3-methyl-1a,2,3,7b-tetrahydro-1H-cyclopropala)naphthalene-
1-carboxylate 15Ethyl
4,7-difluoro-3-methyl-1a,2,3,7b-tetrahydro-1H-cyclopropa[ainaphthalene-|

%taoﬁéxlﬁat@e\mésgmﬂwyad araloloiriipby Eratibty dop firafa)naphtha lene-1-

Ee8relifiynite- @em@tmlambmgmmé@m%»%ﬂné%m%ﬁ@wggm{bn of
rate 0.5 mi/h toq%lgs §$§3ré)mdua as yellow-brown oil. Purifie
a

IR BxpsAxis ) sod B! efw%%rev%aé/ﬁ%s&%éoihfa)eawon
givietare andfstiveec mm@mgnamef’emmm eswamgeﬁwrwﬁbsﬁhm&@h mixture
\ nti- 40% [trans:cisl, syn-
e aEn el SR LR e FeRedi e was
1%@@9?’64@@1@%%@ BM dyelcinigian napﬁbham@m@@tbmwmmﬁhcetate

Eﬂmls«ﬂnv; otrﬂgcmﬁar%@gﬂr&&ganmwabhgumr%@@@ﬁ@mn@% over

ég 25%§ %g}gﬂ -50:50 mixture of cis and trans isomers

SRR ALY GHIBEHANBPRFHIARE S Qi I tASsimiiure of cisftrans

i@mﬁe%ﬁf&%@,&g,\&mmmoﬂ)ﬂmfﬂeﬁ B8 %f vater was added to the reaction
mixture and stirred at ambient temperature overnight. The reaction
@QQH{%@V@@ extracted into hexane (3x30 ml). The combined extracts were
washed with water and brine, dried over Na2304 and concentrated by
rotary gration to give 1.12g of cis esters as colourless oil (mixture of
&yl %ag g{eﬁ?ﬁ%égﬁéw - AR NI Brd (RS erbih a§8ARture obtained
was dissolved in 1.5 ml of methanol and the solution of sodium hydroxide
(0.2 g, 5mmol) in 1.5 ml of water wasfadde@to the reaction mixture and
stirred at 9500 for 40 min. The reactighh mixgure was acidified with excess
of 3M FICI solution (pH=1), and ex ‘ ethylacetate

1,4-Difluorobenzene (22 ml, 210 mmol) was mixed with y-valerolactone (4 mi, 42
mmol) and AICI; (28 g, 210 mmol) was added by portions to the stirred reaction
mixture. The reaction mixture was then refiuxed 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-methyi-1,2,3 4-tetrahydro-1-naphthalenol
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(3x1 5m1). The combined extracts were washed with water and brine,
dried over 20 Na2S04 and concentrated by rotary evaporation to give
0.93g anti-+/-cis acid as slightly orange crystals. Yield 20% (appr,
guantitative if calculated for starting cis isomer). Example 44
a)4,7-difluoro-3-methyl-1-indanone 4,7-Difluoro-3-methyl-l-indanone was
synthesized analogously to Example®3a frighh butyrolactone (4 ml, 52

column chromatography on silica 0 acetate/hexane) to give 3.7
g (40% yield) of pure product togethef with mixed fraction and fraction
containing pure tetralone. b) 4,7-diflupro-3-methyl-1-indanol
104,7-Difluoro-3-methy1-1-indano! was synthesized analogously to

le 40 from 4,7-diflugro-3-methyl-1-indanone (3.7 g, 20 mmol), to
5@@%%%&03.7@@ “dﬂ‘ésééje%ﬁ%tmd(%éﬁ@ﬁaﬁy@iﬁéé),Wﬁgﬁiéhr\xr@sslz)géid in
fiea leaetusii povikavop ledifit droah B Bifitation-Smethyl-3 4-d ihydro-1(2H)-
B L-methyl-1Hgq 4 7-Difluoro-1-methyl-1H-indene was
e & B rnde gt B S Deea e Rt e
5 Wihghpeditierabeyyiticatiaanol (3.75 g, 9.1 mmol) to give 2.36 g of product
as beige liquid (70% vyield).
c) 5,8-difluoro-1-methyl-1,2-dihydronaphthalene

F

F

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

10 mmol) to give 1.5 g of product as brown yellow oil (90% yield from 5,8-difluoro-4-
methyl-1,2,3 4-tetrahydro-1-naphthalenone).

d) Ethyl 4,7-difluoro-3-methyl-1a,2,3,7b-tetrahydro-1 H-cyclopropala)naphthalene-
1-carboxylate

F COOEt

15 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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d)Ethyl 2,5-difluoro-6-methy1-1,1a,6,6a-tetrahydrocyclopropalalindene-1 -
5carboxylate Ethyl
2,5-difluoro-6-methyl-1,1a,6,6a-tetrahydrocyclopropala)indene-1-carboxy!
ate was synthesized analogously to Example 40c from

' z -1H-j : 7.9 mmol) at addition rate 0.4 ml/h
A AR AT e M
imoAsstaYasKI e SIRdY T e yatmanthesaiaitas)ydorgre @Garg

LHRTIMIH AL EISRBE IS BEIBISSISIFAE TANS SRIRIS 25, 40% frans:ci
less oil (cis/trans ratio: 84:16 accorld?ng togﬁ%gﬁiﬁe 38‘%/ frans:cis!,

coloyreless ai é i
%ﬁ'é{nl?lih/?-&s:’lz/", URR%GF-6-methyl-1,1a,6,6a-tetrahydrocyclopropalalinden
e-1- 15carboxylic acid anti-+/-cis-2,5-Difluoro-6-methyl-1,1a ,6,6
&-tetrahyanboysid grdiiafaling-enshit- carbegtiasrid ywas synthesized

I fr thyl 2,5-difluoro-6-
%%/gl%ﬁgj é?ggﬁ]égt’rgaﬁwgy%i}%@cﬁg%}{r%ggﬁd]indene-l-carboxylate (0,619g,2.4
mmol) by 20stepwise hydrolysis first with 20 mot ,10 of NaOH and then
with the excess of NaOH at heating to give38@hhg of product as white
crystals. Yield 70% (appr. quantitative if cafculated for starting cis isomer).

Example 45 a)5,8-dif|uoro-34- 0-naphthalenone

Ethyl 4,7-difluoro-1a,2,3,7b-tetrahydro- 1 H-cyclopropalalnaphthalene-1-carboxylate
(6.25g, 20 mmol, ~50:50 mixture of cis and trans isomers) was dissolved in 2.5ml of

methanol and the solution of sedium hydroxide (0.4g, 10mmol) in 2.5 mi of water was

- added to the reaction mixture and stirred at ambient temperature overnight. The

reaction mixture was extracted into hexane (3x30 ml). The combined extracts were
washed with water and brine, dried over Na,;SO, and concentrated by rotary
evaporation to give 1.12g of cis esters as colourless oil (mixture of ethyl and methy!
esters — 84% according to GC). The mixture obtained was dissoived in 1.5 ml of
methanol and the solution of sodium hydroxide (0.2 g, S5mmol) in 1.5 m| of water was
added to the reaction mixture and stirred at 95°C for 40 min. The reaction mixture
was acidified with excess of 3M HCI solution (pH=1), and extracted into ethylacetate
{(3x15ml). The combined extracts were washed with water and brine, dried over
Na;SO, and concentrated by rotary evaporation to give 0.93g anti-+/-cis acid as

slightly orange crystals. Yield 20% (appr. quantitative if calculated for starting cis
isomer).

Example 44

a) 4,7-difluoro-3-methyl-1-indanone
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0 5,8-Difluoro-3,4-dihydro-1(2/4)-naphthalenone was synthesized together
with 4,7- difluoro-3-methyl1-1-indanone according to procedure described
in Example 44a. Separated by column chromatography on silica. 0.77 g of
pure product was obtained yield 8%.
10b)5,8-difluoro-1,2,3,4-tetrahydro-1waphthalenol
5,8-Difluoro-1,2,3,4-tetrahydro-1-naphthalengl was synthesized
analogously to Example 40a from ",
5,8-difluoro-3,4-dihydro-1(21-0-naphthal
crude product (quantitative yield), whighwas
15additional purification. c¢)5,8-difiuor¢-1,2-dihydronaphthalene
5.8-Difluoro-1.2-dihydronaphthalene vas synthesized analogously to
Example 40b from 5,8-difluoro-1,2,3,4-tetrahydro-I-naphthalenol to give
B T&IC Juc ish liquid. (90% vyield from
G e o e S L Bl e 422 from
brBERCtRas KB loBtamErPtéroike fnlurel vkl @vditveter 83515 mixture of

cimedinddt-Rdwavaalen -6 s3ypethyl1:| .
reduction %?Eowe%\ggg%shygféﬁ?r? Hﬁ%ﬁﬂﬁ%ﬁ%gﬁﬁ%ﬁ |§85;tn e%%’unﬂed

2haMUBRHARTE %SLSPGRaRU e SiRACRSHBRs AR Y Bveshiczn (40%
ety petatpfhduahe de20dr ditetmiked fraction and fraction containing pure
ffsfliflyoro-1a,2,3,7b-tetrahydro-1H-cyclopropalajnaphthalene-1-
10carboxylate COOEt Ethyl
4,7-difluoro-1a,2,3,7b-tetrahydro-1H-cyclopropafajnaphthalene-I-carboxyla
be wadtsyfifieioctmptivbddasareExample 40c from 5,8-difluoro-1,2-
dihydronapthalene (0.7 g, 4.2:-mmol) at addition rate 0.4 ml/h to give crude
product as F OH ‘

F

4,7-Difluoro-3-methyi-1-indano! 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

2
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15yellow-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).417-difluoro-1a,2,3,7b- tetra

=C | [ halene-1-carboxylic acid e) 4
e S S e AR apre 97 rom
ancagb&@m&g@gémi—?—mdanol (3.75 g, 9.1 mmol) to give 2.36 g of product as beige
iduiaRiftvareia) 2,3, 7b-tetrahydro-1H-cyclopropala]naphthalene-1-carboxyl
ic acid was synthesized analogously to Example 43e from ethyl

,7-d%§)rpé§}ﬁﬁ,7b-t trahydrolH-cyclopropalaThaphthalene-1-carboxyla
% (0.485Y 2 HAMuA ﬁ@éwféb ‘B%?@yaf?ar;&%iéaﬁwﬁf Arslerceral alindgeoss Gt
aatbargdten with the excess of NaOH at heating (60C, 1.5 h) to give 80
mg of product as white crystals (cis/trans ratio 78:22 according to HPLC).
Example 46 a) 6-Bromoindene 10~ This compound was prepared
analogously to Examples 40a & 46: from 5-bromodgindanone (4.0 g,
omeindeéne. b) ()-cis-Ethyl
ndene-1-carboxylate Br ,H

15COOEt

Ethyl 2,5-difluoro-6-methyl-1,1a,6 6a-tetrahyd rocyclopropalajindene-1-carboxylate
was synthesized analogously to Example 40c¢ from 4,7-difluoro-1-methyl-1H-indene
(1.32 g, 7.9 mmol) at addition rate 0.4 mi/h to give crude product as yeliow-brown oil.
Purified by column chromatography on silica (100 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%.

e) anti-+/-cis-2,5-difluoro-6-methyl-1,1a,6 .Ba-tetrahydrocyclopropalalindene-1-
carboxylic acid

anti-+/-cis-2,5-Difluoro-6-methyl-1,1a,6,6a-tetrahyd rocyclopropalajindene-1-
carboxyiic acid was synthesized analogously to the above from ethyl 2,5-difiuoro-6-
methyM,1a,6,Ga—tetrahydrocyciopropa{a]indene-1-carboxytate (0.61 g, 2.4 mmol) by
stepwise hydrolysis first with 20 mol. % of NaOH and then with the excess of NaOH

g5
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This compound was prepared analogously to Example 40c from
6-bromoindene (1.95 g, 10 mmol). Purification on silica gel starting with
hexanes followed by hexanes with 2% diethyl ether and finally hexanes
with 5% diethyl ether afforded 670 mg (24%) of the cis-ester. 20 c)

ISt z t 9 r in ~earboxylic acid. ..
B e Eiomale Aba kit 4 tatie
glepiaied f?ﬁﬁéﬁ'B@ {f{& '€8MBBund from Example 75b to give 232 mg
(79%) of ()-cis-4-Bromo-

BHiidme, 68-tetrahydrocyclopropafajindene-1-carboxylic acid. Example 47
a) ()-cis-Ethyl

-cyangs , tet ro rQ indene-1-carboxylate NC
a?OThisgé%rﬁﬁ)\é%rggb) ﬁé%%ﬁgg@ggﬁ%éﬁ%%ﬂ%nﬁxample 42d from
()-cis-ethyl 4-
bromo-1,1a.6,6a-tetrahydrocyclopropalaJi W ene-l-carboxylate (200 mg,
0.7 rnmol) to give, after purification o silic gel using hexanes with 10%
ethyl acetate as the eluent, 73 md;(46%%) cis-ethyl
4-cyano-1,1a,6,6atetrahydrocyclopropafa gne-1-carboxylate. 15 b)
()-cis-4-Cyano-1 ,1a,6,6a-tetrahydrogyclopropafalindene-1-carboxylic acid
NC " H COOH This acid was synthesized analogously to Example 40d
starting with 73 mg (0.32 mmol) of the compound from Example 47a to

ive 59 rug (95%) of ()-cis-4-cyano201,
gﬁ:@,'@ﬁ%ﬁy@%@r&ﬁ?ﬁﬁa{tanh%@@%mw&th@m@mgbmavith 4,7-

difluoro-3-methyl-1-indanone according to procedure described in Example 44a.

Separated by column chromatography on silica. 0.77 g of pure product was obtained
yield 8%.

b) 5,8-difluoro-1,2,3 4-tetrahydro-1-naphthalenol

F OH
=4

5,8-Difluoro-1,2,3 4-tetrahydro-1-naphthalenol was synthesized analogously to
Example 40a from §,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-dihydronaphthaiene
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a)4,7-Difluoro-1-indanone 2,5-Difluorocinnamic acid (5.0 g, 27.2 mmol)
was dissolved in 25 ml of ethanol and a catalytic amount of 10% Pd on
carbon was added. The reaction mixture was hydrogenated at normal
pressure for a period of 3 hrs. Filtration through celite and 5evaporation of
the solvent afforded crude 3-(2,5-nguorophenyfl-propionic acid. This acid
was dissolved in 75 ml of toluene and 5 ml of thionyl chloride was added.
The reaction mixture was heated. at] or a period of 2 hrs.
Evaporation of the solvent affor bd cryde 3-(2,5-difluorophenyl)-propionyl
chloride, which was dissolved in"&: bon disulfide and added drop
wise to a suspension of 4 g of aluminium 10 chloride in 100 ml of carbon
disulfide. The reaction mixture was‘refluxed for 2 his and gave after work
up and re-crystallization from ethanol 975 mg (22%) of 4,7-difluoro-1-

5, N0aNRRAE:-1 ,zal@é&h&rx@' inden | d was prepared

. %:%?ﬁmslqy to Exam Igm%?a & 4OSbS%ﬁ&%ﬁi&%@&%@g%&%ﬁe&wmﬁ%

Bl P ghve w755t g edioy) graphthaiepbiadive 0.67 ¢) OF cisdEipybduct
asz,mmmmmmege%wwwr@,@y@iﬂ@é@&@[a]i@mwﬁslfﬁ%@ P idEone).

This compound was prepared analogously to Example 40c from

Z=d] ' 475 3.13 mmol), Purification on silica gel starting
A 8 W AR Rt B e it e ore-3.4-
difysitarsMimebiralenyiearst afedifatdbROSmME HiIREIBISLH08 by reduction -

folgsidarBinaRg ML A2 ¥ ofifa a3 &5 ing | i
dgg(g)cis-z,S- ifluoro-l,181,6,6a-tetrahyd?;rP(!)@.'ré&((:)lr(])(:é)'}1 NERRG&aNs parlibalsmR s
eagy;1p 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

E COOEt

Ethyl 4,7 -difluoro-1 a,2,3,7b-tetrahydro—1H—cyclopropa{a}naphthaiene-1-carboxyiate
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
yellow-brown oil. Purified by column chromatography on silica (100 g,
ethylacetate/hexane 1:15) to give 0.45 g of the mixture of cis- and trans- esters as
coloureless oil (cis/trans ratio: 33:67 according to GC).4,7-difluoro-1a,2,3,7b-
tetrahydro-1H-cyclopropajajnaphthalene-1 -carboxylic acid

e) 4,7-Difluoro-1a,2,3,7b-tetrahydro-1 H-cyciopropa[a}naphthaiene-“ﬂ-carboxylic
acid '
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This acid was synthesized analogously to Example 40d starting with 205
mg cis-ester from Example 77c to give 120 mg of
()-cis-2,5-dffluoro-1,1a,6,6a- 10tetrahydrocyclopropalajindene-1-carboxylic
acid containing a minor fraction of the corresponding trans-acid. Example
49 4-116-1111(13,1a S.7b,S;-4,7-difluoro-1,1
a,2,7b-tetrahvdrocyclopropalcifig COOH
Ibenzooyran151-yllaminolcarbo vIIami-3-pyridinyIioxyI-N-(4-morohoIinv
h-benzamide N-(4-morpholinyl)=4-(pheryimethoxy)-benzam de Bz0 A
mixture of 4-benzyloxybenzo @@' 2.19 mmol),
4-aminomorpholine (0.2 mL, 2:33MmMmot); Et3N (0.316 mL),
1-(3-dimethylaminopropy1)-3-ethylcarbodiimide hydrochloride (0.671 g,
3.5 mmol) and 1-hydroxybenzotriazole hydrate (0.5 g, 3.7 mmol) in
N,N-dimethylformamide (17 mL) was stirred at room temperature for 2

4 aaryisﬂuashe*raamiabmngzmemmadﬁao@adgﬂ!u}ﬁébmﬁéﬂéﬂ@mmsﬁbamcm% was

d Wi w dri
o e e R ok £ e e

1%@0@%@4@@%@1%%@3& (0.45 g, 1.8 mmol) by stepwise
hyBRIpSel ¥ s RheBKING! I
}m n%f &; y NMR spegﬁi%?ﬁgfﬂgwgﬁé%%%%ggég sgslﬂ/%%@% d
&S 24, P S5 qive BRymg @émﬁdm)aszmtmmmlsms/w@ng eatio 78:22
a@;@ldngbIHBEra (s. 2H), 3.82 (m. 4H), 2.91 (m, 4H). 1b)
4-hydroxy-N-(4-morpholinyb-benzamide 14H 5
E)éa%g%_y N-(4-morpholinyl)-benzamide (0.288 g, 66%) was synthesized
analogously to Example 11 b from
fgigfﬁﬁtﬂm%fl& (phenylmethoxy)-benzamide (0.615 g). 101H-NMR
(d, J =8.6Hz, 2H), 3.80 (m, 4H),

AN-(4-
(CD30D): 7.67 (d, J = 8,6Hz, 24), 6.8
2.8 (m, 4H).

This compound was prepared analogously to Examples 40a & 40b from 5-bromo-1-
indanone (4.0 g, 18.8 mmal) to give 2.4 g (65%) of 6-bromoindene.

b) (x)-cis-Ethyl 4-bromo-1,1 a,6,6a-tetrahydrocyclopropalalindene-1-carboxylate

Br
ot H

wH
H COOEt

This compound was prepared analogously to Example 40c from 6-bromoindene
(1.95 g, 10 mmol). Purification on silica gel starting with hexanes followed by
hexanes with 2% diethyl ether and finally hexanes with 5% diethyl ether afforded 670
mg (24%) of the cis-ester.

C) (£)-cis-4-Bromo-1,1a,6,6a-tetrahydrocyclopropalajindene-1 -carboxylic acid
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1c) N-(4-morpholinyl)-4-[(6-nitro-3-pyridinyl oxy}-benzamide 15The
mixture nitropyridine and bromopyridine (0.328 g) was synthesized
analogously to Example 11c from 4-hydroxy-N-(4-morpholinyo-benzamide
(0.288 ). 1d) 44(6-amino-3-pyridinyl)oxyl-N-(4-morpholiny)-benzamide

20 4-f(6-amino-3-pyridinyl)oxyl-N-(4-morpholiny)-benzamide (0.234 g,
57%) was synthesized analogou \ple; 1 id from the mixture
nitropyridine and bromopyridine (0 0 H-NMR (CD30D): 7.77
(d, J =8.2, 2H), 7.73 (d, J = 2.73kz*IH), 7528%m, 1H), 6.95 25(d, 3 = 8.2
Hz, 2H), 6.65 (d, J = 8.6 Hz, 1H), 3.80 (m, 4H), 8% (m, 4H).
le)4-[[6-[[[[(1S11aS,7bS)-4,7-difluoro-1,1a,2,7b-tetrahydrocyclopropajc] [1

A ran-l-yllaminolcarbonyliamingl1-3-pyridinylioxy]-N-(4-morphOlinyl)
e e A B e 5B M iaring wih So0m (1 77
2T tetrdleyeromymloprbpaExampie 75b to give 232 mg (79%) of (+)-cis-4-Bromo-

ﬁ?@%@%@ﬂ}ﬂﬂ@%\%g@%@%ﬂgﬂg%L-g;gag@iﬁr%lio y]-N-(4-morpholin

y1)-benzamide’(0.015 g, as synthesiZze @ ously to Example
11e from 4-[(6-amino-3- pyridinyfloxy]-N-(4-morpholiny)-benzamide (0.041

X7
E

BXakfbHsKMR (CD30D): 7.82 (d, J = 8.6 Hz, 2H), 7.63 (d, J = 2.73Hz,

H), 7,40 (m, 1H), 6.98 (d, J = 8.6 Hz, 3H), 6.84 (m, 1H), 6.63 (m, 1H),

42 (FErEs1atL2- ) u hdaddar tetrahydmegiapronaj ahire@ e, 1 aeyboxylate
3.62 (t, Jr 7.2 Hz, 1H), 2.91 {18, 4H),-2.6 (t, Jr 8.4 Hz, 1H), 2.03 (m, 1H).
16(LC-MS, API-ES": 538.2: Cab.

H  Cooet
This compound was prepared analogously to Example 42d from (+)-cis-ethyl 4-
bromo-1 .1a,6,6a-tetrahydrocyclopropaj ajindene-1-carboxylate (200 mg, 0.7 mmol) to
give, after purification on silica gel using hexanes with 10% ethyl acetate as the
eluent, 73 mg (46%) of (+)-cis-ethyl 4-cyano-1,1a,6,6a-
tetrahydrocyclopropalajindene-1-carboxytate.

b) (£)-cis-4-Cyano-1,1a,6,6a-tetra hydrocyclopropalajindene-1 -carboxylic acid

NC
n\H
WH

H  cooH
This acid was synthesized analogously to Example 40d starting with 73 mg (0.32
mmol) of the compound from Example 47a to give 59 mg (95%) of (+)-cis-4-cyano-
1.1a,6 6a-tetrahydrocyclopropalajindene-1-carboxylic acid.

Example 48
a) 4,7-Difluoro-1-indanone
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Example 50 1-(4.7-Difluoro-1,1a,2,7b-tetrahydro-cyclopropajcichromen-1
-y1)-345-(4- methanesulfinyl-phenoxy)-rwridin-2-y11-urea 20
a)4-Methanesulfinyl-phenol: 12 FI2VVO4 ( 0.029 g, 0.114 mmol) was
stirred in H20 (10 m1). 50% NaOH (0.040 ml) was 25first 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 reactipn mix re was heated to 65 C.
30%11202 in H20 (3 ml) was added4g portipns over 10 minutes. The
reaction mixture was allowed to sff pomYemperature for 1 h. 50%
NaHS03 was added to quench thexeace ethylene chloride was
added and the compound was washed with brine and purified by
chromatography (010 % EtOH in methylene chloride) to give  1.99 of

. Ifinyl-phenol 9 d.1.59 of 4- fonyl- |
A S AR Ol £ SR DBl et anc o
HRIHe aNauncahAR¥sHiinylgsibpoWassxiged. 7 herreArtioDMKtEe wap
bR CRERPEAHR el Sreddud B @l buisastdethslatiyad PR RE and

-bromo-2-nitro pyridine (1.75 g, 8.6 mmoé) and the mixture was stirred at _
AR YFHPRigHherhie e Al adfirsredailyatrpisipiopionic acid. This
aidewap aiasedladtmtobuenef heeaerapd 8rdlwhthjpugfiehldyde was added. The
chrgmatograph %(3 - 10% EtOH,i thylene.chlo ig to 1b5qgive 1.5
Rk A S RS aR” Evebiatcnthr e
solvent afforded crude 3-(2,5-difluorophenyl)-propionyl chloride, which was dissolved
in 25 ml of carbon disulfide and added drop wise to a suspension of 4 g of aluminium
chloride in 100 ml of carbon disulfide. The reaction mixture was refluxed for 2 hrs and

gave after work up and re-crystallization from ethanol 975 mg (22%) of 4,7-difluoro-1-

indanone.

b) 4,7-Difluoroindene

F

This compound was prepared analogously to Examples 40a & 40b from 4,7-difluoro-
1-indanone (975 mg, 5.8 mmol) to give 475 mg (54%) of 4,7-difluoroindene.

C) ()-cis-Ethyl 2,5-difluoro-1,1a,6,6a-tetrahydrocyclopropalajindene-1-

carboxylate
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C)5-(4-Methanesulfinvl-phenoxy)-pyridin-2-viamine: 00 It
5-(4-Methanesulfinyl-phenoxy)-2-nitro-pyridine (1.27g, 4.56 mmol) was
dissolved in 20EtOH (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

dimeosphpioamtesssipdoadh dnaeriabiptyesdiisred affand Ilh‘/a—gi' :J%%r%indene

por, g_%to iye 0.6 g.0f 5-(4- L
M( Eetizxr%s%ﬁly {BB@&%‘@W&]ﬁ@%}f%g@_stamng with hexanes followed by
Qsémagw;mmimﬁfgjﬁmmwmes with 5% diethyl ether afforded
ORERRGIEIAREANERs Y ditahildred wi
methaénesulfinyI-phenoxY)-Pylr|%Fralqz\f‘)[/'H]lgg;yé’a?:f the frans-ester.
5-(4-Methanesulfinyl-phenoxy)-pyridin-2-ylamine (0.049 g, 0.197 mmol)
was disspiied iBtMRRE- (2128: 6a-tetrahydrocycl i o
(15,1aR. 7bS)-4, 7-difluoro-1,1a.2, 7btetranyarocy s rw Al ARPE Al esabpxryic acid
rboxylic acid, prepared as shown ih 5Vv0021705163 (0.041 g, 0.179
mmol), DPPA (0.04 ml, 0.189 impX.and TEA (0.025 ml, 0.180 mmol) were
added. The reaction mixture wg a 8 HOC and was allowed to stir
at the same temperature over nig ’h q:t'gpn mixture was worked up
by extractions between methylene[chlorjfle al ﬁ{o citric acid followed by
sat. ag. NaHCOa3. Silica gel column chromatography (5% MeOH in

Tﬂég r %@E%)dogroy f‘,‘f&?ﬁé&%ﬁ%a’%&|%b?8}?éfc§&ﬁ*r§tﬁémwtm-3a5m cis-ester

fisethreswikny Fpegivey) 3ty iR ()i ess S MR (ADHE3): 9.30 (br
2H 7.0 21-0,6.80-6.70"  (m, 2H),

-1),:7,30 (m, (m,
%.%%ﬂ dd?ﬁ@?é?;bﬁ}#é]édsfﬂ%%@?%ﬁ %‘?’é.%"(‘&}r&m 2Migqsirartion of the
oFFImRding franesgia, 1H). Biological results

Example 49

4-[16-[[1[(1S.1aS.7bS)-4 .7 -difluoro-1 1a.2 . 7b-tetrahvd rocvclopropajc] [1]benzopyran-
1-vilamin o)carbonvl]amino1-3—pyridinvﬂoxvl-l\l—( 4-morphoiinv)-benzamide

a) N—(4~morphoﬁny!)—4—(pheny§methoxy)—benzamide

A mixture of 4-benzyloxybenzoic acid (0.5 g, 2.19 mmol), 4-aminomorpholine (0.2
mL, 2.13 mmol), EtN (0.316 mL), 1-(3-dimethytaminopropyl)-3-ethyicarbodiimide
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 dijuted 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 CHCly) and N-(4-

morpholinyl}-4-(phenyimethoxy}-benzamide (0.815 g, yield: 90 %) was identified by
NMR spectroscopy.
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Extensive guidance on the assay of test compounds at the enzyme level
and in cell culture, including the isolation and/or selection of mutant HIV
strains and mutant RT 5are found in DAIDS Virology Manual for HIV
Laboratories complied by Division of AIDS, NIAID USA 1997. Resistance

ffdﬂmé’ﬁ% if@ﬂ_b@ml ralgﬁ'ﬁ@. me){,ﬁf i.QBS(@,rUg:QfQQHQ, l@mag:iéﬁ# %%5?%@ (m, 2H),
| IV, rou a nalysis Flan 1or
e L A R oo b kg o of i, 4+

invention are assayed for HIV activity, for example using multiple

ermjnati ith XTT in MT-4 cells (Weislow et al, J Nat Cancer Inst
ilg) 9, \ééﬁé%%wé{’% ?“é’t’%%%‘!‘ ngtfg Pif®luding determinations in the
presence of 40-50% human serym to indicate the contribution of protein
binding. in short the XTT assay usé man T cell line MT4 cells grown in
RPMI 1640 medium supplemented with% 'iﬁ%\ﬁetal calf serum (or
40-50% human serum as appropriate), p@ni(,i'rllinoand streptomycin seeded
into 96 well microplates (2.104 cells/well) infected with 10-20 TCID50 per

WA ild tvj h as those bearing RT I
Ny S NG BRER e (20 G b aepe voaBEGrmalogously
RiGeatpirshedine Wetisraob tinbnplitdrm enyhatst oh 36820 615 q).

enriched atmosphere 20and the viability of cells is determined at day five

or six with XTT vital dye. Results are typically presented as ED50

d‘ém%‘u E%@S&%Q)pﬁe&%éﬁ|pr%1%ﬁHagatﬁ)stmm fypeé wiFUSHMRMLIBIBOHINY, 4H), 2.8
UnugHespecially virus comprising drug escape mutations. Drug escape
mutations are those 25which arise in patients due to the selective

- pressure of a prior art antiviral and which confer enhanced resistance to

theat anﬂx(kahdeﬁo?JEQMmC{i(@dwE}ala_m)fﬁ}g&ﬁtbgﬂgﬁ%gelevant drug

escape mutants for each of the antiviral classes currently on the market.
Drug escape clones are readily isQlated from HIV patients who are failing
on a particular antiviral theraJ) Altern @ the preparation of RT
mutations on a 30 known geTtieticbackgrount is”s/hbwn in W097127319,
W099/61658 and W000/73511 which also sﬁowlﬂ‘réouse of such mutants
FheeniitivinpioBingind<ans Hide iqelpsly sl dryg,esca

{B“é?g‘t iq ethﬁ c@{fr’*ex%,%gNRTl th%@ﬁ%%??o%égjr%% £deghﬁee ?hzvgegnﬁ%%iogous‘y
preferably have 8 o BYIsegMismAeR R rlitahieanzanisenidaBBiererably
the double mutant L1001, K103 especially in assays mimicking the
Pcréfser}%a gp_f humap serum. 5 Convenient reverse transcriptase assays
(e reddl SR IS HRYAS YRRy ks BRighadisapd enaamistes prepared
broadly as described in Unge et al Eur. J. Biochem. 269, 1670-1677

(2002). 10 For example a K103 is prepared using this
methodology and the primers | P N
CATCCCGCAGGGTTAAARRAGAACAAATEAGTAACAGTACTGGATG

CATCCAGTACTGTTACTGATTTGTICTTTTTTA OCTGCGGGATG 15

4-[(8—amino—3-pyridinyl)oxy}-l\l-(4-morphoiiny)-benzamide (0.234 g, 57%) was
synthesized analogously to Exampie 11d from the mixture nitropyridine and
bromopyridine (0.328 g).

"H-NMR (CD;0D): 7.7 (d, J = 8.2, 2H), 7.73 (d, J = 2.73Hz, 1H), 7.28 (m, 1H), 6.95
(d, J = 8.2 Hz, 2H), .65 (d, J = 8.6 Hz, 1H), 3.80 (m, 4H), 2.89 (m, 4H).

102



10

18

20

25

The L1001/K103N mutant is prepared by mutation of L100 in the K103N
enzyme: CCACATCCCGCAGGGATTAAAAAGAACAAATCAGTAAC
GTTACTGATTTGTTC11 | TAATCCCTGCGGGATGTGG 20 Mutations
are done in the HIVRT DH10 clone cDNA cloned into the pETlld

wpresswmmgqtsm aTmuf@;matrmwﬁ)gemgr@tm@mm@ oprohahe
tated DNA the h fthe enz Pfu. Clonln was then
A ARSIy -
pentammide in E coli BL21(DE3) cells after induction with IPTG. 25 The ‘
HIV-1 reverse transcriptase assay utilized a SPA (scintillation proximity
assay) system relying on fluomicros he coated with the receptor
molecule streptavidine (Flashplaigs er Life Science) which is
capable of binding radiolalfelled ﬁ’g ds“ln th ction solution. In the
assay, a biotinylated pnm@iJ TC ATAGC GTT TCCTG-3)is
pre-annealed with a DNA @geneous templa '(s nthesized by

GENSE) giving a sequence of 5-CG UCU GGC. A CG AGC GGA UM
CAA UUU CAC ACA GGA MC AGC UAU GAC-3'in ﬁ RNase free

LNEmImenta SIRES) e eI RNSCrPtAsE- (é%ﬁﬁﬁﬂg%?mam ben%opyran—

iai#e"ﬁa“ré\mﬁf@%%&T&Eq%ﬁw%?ffé%&s @ﬁf&%ﬁ%gﬁﬁ%mp 015 g
BhigmaBSA symdi@:6Z64 Nanlet Suklywhiere ByaingRIDAresionrefn  4-[(6-amino-3-
H);,“ Ryﬁ&g}dfrﬂl g%%r%%] %hrggp‘zgg%/ 82 1a d 11uM of dNTP (dATP,

dCTPand ) was monitored at room emperature. The dGTP
concentration was used at a Km value of 0,25uM, 10nM of RNA template

armFedcTshy utat Rl (Fuch 4L 100 +HKEASY) wa AU 7.40 (m, 1H),

%1%% /mlin 10001 reaction volume for 120min reactio ompounds 511‘
'r‘geﬁtloﬁ Qéte A8afelrrdmHNi b &idiR (Eyatbt ﬂﬁé2pf6b+bméﬁld’> IHDOt), 4.29

HO3N muTat 3 a:zumwcam@m as-putisedioglow. fggrqﬁye@@q thean), 2.6 .

g:’?ﬁﬁoﬁ F%o?cr)ag%npz?gg -tetrahydro- cyclopropa[c]chromen 1-

(0-BL8-PREASKY H38idIrC2ig1)3Ed, example 20 of WO 02/070516 as
depicted above, was assayed in the same system. Example Substituent to
Ehenyl (or d)yridyl) IC50 nM 1

xample 5

1-(4,7-Difluoro-1,1a,2.7b-tetrahvdro-cyclopropalclchromen-1 “V[}=3-[5-(4-
methanesulfinyl-phenoxy)-pyridin-2-vll-urea

a) 4-Methanesulfinyl-phenol:

_ O O
S T (i
~ | N S~
O O O
1 2.

HaWO,4 (0.029 g, 0.114 mmol) was stirred in H,O (10 ml). 50% NaOH (0.040 ml) was
first added (pH>12) and then AcOH (0.040 ml) to reach pH 5. 4-methyisulfanyl-
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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sulphonamido 29 2 N-methylcarboxamido 26 3 N-methylsulfona_mido 60 4
amino 70 5 methylsulphonyl 40 8 N-methylcarboxamide (on pyridyl) 70 9
amide

was allowed to stir at room temperature for 1 h. 50% NaHSO; was added to quench
the reaction. Methylene chioride was added and the compound was washed with
brine and purified by chromatography (0 — 10 % EtOH in methylene chloride) to give

1.9 g of 4-methanesulfinyl-phenol (1) (42%) and 1.5 g of 4-methanesulfonyl-phenol
(2) (30%).

b) 5-(4-Methanesulfinyl-phenoxy}-2-nitro-pyridine:

=0

To a solution of 4-methanesulfinyl—phendl (1.52 g, 8.7 mmol) in DMF (30 ml) cesium
carbonate (4.2 g, 12.9 mmol) was added, followed by addition of 5-bromo-2-nitro
pyridine (1.75 g, 8.6 mmol) and the mixture was stirred at 50°C over night. The
suspension was filtered and evaporated + co-evaporated with toluene. The
compound was purified by chromatography (0 — 10% EtOH in Methylene chioride) to
give 1.5 g (56%) of 5-(4-Methanesulfinyl-phenoxy)-2-nitro-pyridine.

c) 5-(4-Methanesulfinyl-phenoxy)-pyridin-2-viamine:

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 afmospheric 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-tetrahyd ro-cyclopropalcichromen-1-y}-3-[5-(4-

methanesulfinyl-phenoxy)-pyridin-2-yll-urea:
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28 10 carboxamide (on pyridyl) 80 11 hydrazinocarbony_l 1012 _
cyclopropylamide 27 13 acetamide 40 14 triazolyl 60 Prior art nil 600

0 " 2

H,N /N S N N N /N e S
o F o

5~(4’-Methanesuiﬁnyl-phenoxy)—pyridin-z—yiamine (0.049 g, 0.197 mmol) was
dissolved in toluene (2 ml). (15,1aR,7b8)~4,7-difluoro-1,1a,2, 7b-
tetrahydrocyclopropa[c]chromene~1-carboxyiic acid, prepared as shown in
WO02/705163 (0.041 g, 0.179 mmol), DPPA (0.04 ml, 0.189 mmol) and TEA (0.025
mil, 0.180 mmol) were added. The reaction mixture was heated to 110°C and was
allowed to stir at the same temperature over night. The reaction mixture was worked
up by extractions between methylene chloride and 5% citric acid followed by sat. aq.
NaHCOs. Silica gel column chromatography (5% MeOH in chioroform) gave 25 mg
(30%) 1-(4,7-Difluoro-1,1 a,2,7b-tetrahydro-cyciopropa|cjchromen-1 -yi)-3-[5-{4-
methanesulfinyl-phenoxy)-pyridin-2-yl}-urea.

"H-NMR (CDCls): 9.30 (br s, 1H), 7.65 (m, 2H), 7.30 (m, 2H), 7.05 (m, 2H), 6.80-6.70

(m, 2H), 6.80 (d tr, TH), 4.47 (dd, 1H), 4.32 (dd, 1H), 3.80 (q, 1H), 2.75 (s, 3H), 2.60
(tr, 1H), 1.99 (m, 1H).
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151t is thus readily apparent that addition of the substituent on tr_\e_ right
hand wing, according to the invention dramatically improves activity .
against the problematic double escape mutant L1001 & K1Q3N. Claims
1.A compound of the formula Z: where; Ais CHor NI; Rl is a
substituent to a carbon atom in the ring containing A selected from
-S(=0),Ra, where Ra is -01-04 alkyl, -ORx, -NRxRX, -NHNRXRX,

(piaguza) £ , -NRXOH; -C(=0)-Rb, where Rb is -01-C4-alkyl, ORX,

M&e‘@m%)&ﬁ Mélg%gﬁd%@g’t% %%@Vﬁ?ggtgﬁfls\%]ere \ﬁyiand in cell

-NRxR c Rd, -ON, S
é’gll\ll( : Iég'”é g op-a1d @éa?ﬁ(aiﬁ QO}URautmtbl@/aﬁkwmoammutant RT

are found in DAIDS V|r0|ogy Manual for HIV Laboratories complied by Division of
AIDS, NIAID USA 1997. Resistance studies, including rational for various drug
escape mutants is described in the HIV Resistance Collaborative Group Data
Analysis Plan for Resistance Studies, revised 31 August 1999,

Compounds of the invention are assayed for HIV activity, for example using multiple
determinations with XTT in MT-4 celis (Weislow et al, J Nat Cancer inst 1989, vol 81
no 8, 577 et seq), preferably including determinations in the presence of 40-50%
human serum to indicate the contribution of protein binding. in short the XTT assay
uses human T cell line MT4 celis grown in RPMI 1640 medium supplemented with
10% fetal calf serum (or 40-50% human serum as appropriate), peniciliin and
streptomycin seeded into 96 well microplates (2610* celis/well) infected with 10-20
TCIDso per well of HIV-1 (wild type) or mutant virus, such as those bearing RT lle
100, Cys 181 or Asn 103 mutations. Serially diluted test compounds are added to
respective wells and the culture incubated at 37°C in a CO; enriched atmosphere
and the viability of cells is determined at day five or six with XTT vital dye. Results
are typically presented as EDsp uM.

Compounds are preferably potent against wild type virus and mutant HIV virus,
especially virus comprising drug escape mutations. Drug escape mutations are those
which arise in patients due to the selective pressure of a prior art antiviral and which
confer enhanced resistance to that antiviral. The above cited Data Analysis Plan
outlines relevant drug escape mutants for each of the antiviral classes currently on
the market. Drug escape clones are readily isolated from HIV patients who are failing
on a particular antiviral therapy. Alternatively the preparation of RT mutations on a
known genetic background is shown in WQO97/27319, WO99/61658 and
WO00/73511 which alsc show the use of such mutants in sensitivity profiling.
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-01-C3alkyl-ORx -(0-C1-03-alkyl)g-O-Rx a 5 membered aromatic ring

having 1-3 hetero atoms selected from thiazolyl, thiadiazolyl, pyrazolyl,

diazolyi, and triazolyl; p and g are independently selected from 1 or 2; Rx

is independently selected from H, 01-04 alkyl or acetyl; or a pair of Rx can
together with the adjacent N atom form a pyrrolidine, piperidine,

piotraine aparticplaolymelevant B2 gseacapestiutant to theaddaxhufMNRTitherapy
ri ini [ h -04- y LIS =0- - S(=0)r-
B e BB R e R ol BDr R o anc
sBKeRorpiaterablydegryble matami kd el %&Q&ssmﬂ% afseaypeimicking
ajkyl pRlsEicalsemaiamaipGrh-C6 alkanoyl, Ci-C6 alkoxy, haloC1-C6

alkoxy, CI-C6 alkyloxyCi-C6 alkyl, haloCrC6 alkyloxyC1-C6 alkyl,

hydroxyCi-C6 alkyl, aminoC1-C6 alkyl, carboxyC1-C6 alkyl, cyanoCI-C6
afkghveniand revetsexlyaceghipiags AssaYSO SedeyaTparrpskepdase ipearing key drug

- SRR RiRBRPAred Bria@yPhsddd i BN U ndtRetal Bar-$-Biochem. 269,
-S(=0)- or -Sé):O%Z-; n and m are independently 0, 1 or 2, provided that
tHEY Gt AB{EHR)0 when D is a bond; R8 and R8' are independently H,

C1-C3 alkyl, haloC1-C3alkyl, hydroxy, or R8 and R8' together with their

R B e A B P SV R g pimers

-C(=0)Rb is not morpholinoketo-. 2. A compound according to claim 1,
WORTECECTRG GG TTAAAAAAGAACAAATCAGTAACAGTACTGGATG

CATCCAGTACTGTTACTGATTTGTICTTTTTTACCCTGCGGGATG

The L100I/K103N mutant is prepared by mutation of L100 in the K103N enzyme:
CCACATCCCGCAGGGATTAAAAAGAACAAATCAGTAAC
GTTACTGATTTGTTCTTTTTAATCCCTGCGGGATGTGG

Mutations are done in the HIVRT DH10 clone cDNA cloned into the pET11d
expression vector. The mutations are generated by amplification of the mutated DNA
with the help of the enzyme Pfu. Cloning was then performed in E coli TOP10 cells
and expression of mutated enzyme was performed in E coli BL21(DE3) cells after
induction with IPTG.

The HIV-1 reverse transcriptase assay utilized a SPA (scintillation proximity assay)
system relying on fluomicrospheres coated with the receptor molecule streptavidine
(Flashplates, PerkinElmer Life Science) which is capable of binding radiolabelled
ligands in the reaction solution. In the assay, a biotinylated primer (6'-GTC ATA GCT
GTT TCC TG-3') is pre-annealed with a DNA heterogeneous template (synthesized
by GENSE) giving a sequence of 5'-CG UCU GGC AUU GCG AGC GGA UAA CAA
UUU CAC ACA GGA AAC AGC UAU GAC-3' in an RNase free environment. HIV-1
reverse transcriptase (such as L1001+K103N) catalyzed RNA-dependent DNA
activity was measured in the presence of 50mM Tris-HCl pH=8.0, 80mM KCI, 10mM
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3. A compound according to any preceding claim, wherein R3is H. 4. A
compound according to any preceding claim, wherein the cyclopropyl

moiety has an enantiomeric excess of the conformation depicted in the
partial formulae: XX where X is as defined, Y is the bridge to the
(substituted) phenyl ring depicted in formula | and Z is bond to the
(thio)urea-pyridyl moiety depicted in formula Z. m CS LLP 5. A compound
aMdirtintPIBMRIBIRIBEIRY PRH RS ANHE BotaNanebPfwbesezthe
ctropigestion enritiiamabiel &k dSsEPqihe iseme BSMviRg nagativie IS iceN TP
acti rdi eding claim r is
B e e AR e e e e

cepMsENHatcCNRSiNGas ahy ivrevalim §f R NvH R R RNAdR® late was used

hyAgogiRraANA RS @R (561 PRIDIN PREIXEHI-RA80MHHNE! IR B0 Baction
wherein %{agﬁl R6 are H and R4 and R7 are fluoro. 10. A compound

aceofihto fir/"Br{gaocf“(?l'%iims 1-7, wherein R4 is fluoro. R5 and R6 are
H, and R7 is cyano or acetyl. 11. A compOund according to any preceding

CEIRpERIS B b ifiention were assayed for HIV activity against the problematic
L1001, K103N mutant in an invitro assay as outlined below. For reference, the closest
prior art compound, cis-1-(4,7-difluoro-1,1a,2,7b-tetrahydro-cyclopropalcjchromen-1-
yl)-3-(5-phenoxy-pyridin-2-yl)-urea, example 20 of WO 02/070516 as depicted
above, was assayed in the same system.

Example Substituent to pheny! (or pyridyl) ICs0 NM
1 sulphonamido 29
2 N-methylcarboxamido 26
3 N-methylsulfonamido . 60
4 amino 70
5 methylsulphonyl 40
8 N-methylcarboxamide (on pyridy!) 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 L100l & K103N.
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12. A compound according to any preceding claim, wherein R1 is
-S(=.0)2NRxRx, S(=0)2C1-04 alkyl, or S(=0)C1-C4 alkyl. 13. A compound
according to claim 12, wherein R1 is -S(=0)2NH2, -S(=0)2NMe2 or
-S(=0)2NH-cyclopropyl. 14. A compound according to claim 13, wherein
Rl is -S(=0)2NH2. 15. A compound according to claim 12, wherein Rt is i i
Claingt=0)2Me or -S(=0)Me. 16,A compound according to claim 1, wherein R1
is para to the ether linkage. 17. A compound according to claim 1, wherein
the ring containing A is phenyl or pyrid-3-yi. 18. A compound according to
1. clafrFempRERS PRPadUPYHHSEN or fluoro. 19. A compound according to
claim 1 where R2 is meta to the ether linkage. 20.A compound according
to claim 1 dengted N-[(1S,1aR,7bR)-4,7- dlfluoro 1,1a,2,7bR

tetrahydrocyclo
h forgaula I\N:/%\N 21 A/ph rmadeuti ORyposition

pyridinyfRurea

comprising as defingd in any pregeding and a
pharmaceutics S A?- e-WEhiclenr dilient therefor. 22. A composition
accordln% 0 clajm 21 further *dompnélng 1 to 3 additional HIV antivirals.
R3
R4

where;

Ais CHorN;

R1 is a substituent to a carbon atom in the ring containing A selected from

-S(=0),Ra,

where Ra is -C4-Cy4 alkyl, -ORX, -NRxRx, -NHNRxRXx, -NHNHC{=0)ORXx, -NRxOH,;

-C(=0)-Rb,

where Rb is -C4-Cys-alkyl, ORX, -NRxRx, -NHNRxRx, -NHC-C;-alkyl-C(=0)ORx

-NRxRc,

~ where Rc is H, C4-Cy alkyl, -NRxRx; -C(=O)Rd, -CN, S(=0),Rx
where Rd is C4-Cy-alkyl, -ORX, -NRxRx
-C4-Cs-alkyl-O-C4-C3alkylC(=0)ORXx,
-C4-Cs-alkyl-COORX;
-C4-Caalkyl-ORx
-(O-C4-Cs-alkyl)-O-Rx
a 5 membered aromatic ring having 1-3 hetero atoms selected from thiazolyl,
thiadiazolyl, pyrazolyl, diazolyl, and triazoly;
p and g are independently selected from 1 or 2;
Rx is independently selected from H, C4-C4 alkyl or acetyl; or a pair of Rx can
together with the adjacent N atom form a pyrrolidine, piperidine, piperazin‘e or

morpholine ring;
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23. A composition according to claim 21, further comprising a cytochrome
P450 modulator, such as ritonavir. 24. Use of a compound as defined gjr}w‘ o
any of claims 1-20 in the manufacture of a medicament for the prophyi\giéi’%
or treatment of HIV-1 infections. 25. Use according to claim 24, wherein
tRe iB1A/sURSHEEEBHISRIRG R StaREimtiR AN 6ONJaR KL Orait B bIARIP, cyano,
25, wherejn hedrug estape mutant comprises the L1001 and K103N
mutations,

L is -O-, -5(=0)- or -CHy-, where ris 0, 1 or 2;

R3 is H, C1-C3 alky!,

Rs-R7 are independently selected from H, C4-Cq alkyl, C2-Cg alkenyl, C,-Cg alkynyl,

LLP

haloC4-Cg alkyl, C4-Cg alkanoyl, haloC4-Cg alkanoyl, C4-Cg alkoxy, haloC4-Cg alkoxy,
C4-Cs alkyloxyC4-Cg alkyl, haloC4-Cg alkyloxyC4-Cg alkyl, hydroxyC4-Cg alkyl,
aminoC4-Cg alkyl, carboxyC4-Cg alkyl, cyanoC4-Cg alkyl, amino, carboxy, carbamoyi,
cyano, halo, hydroxy, keto;

X is -(CRgRg )n-D~(CRsRs" )m=;

TisOorS;

D is a bond, -NRg-, -O-, -S~, -S(=0)~ or -S(=0),-;

n and m are independently 0, 1 or 2, provided that they are not both O when D is a
bond;

Rs and Rg are independently H, C4-C; alkyl, haloC4-Csalkyl, hydroxy, or Rg and

Rg’ together with their adjacent C atom is -C(=0O)-

Rg is independently H, C4-Cj alkyl;

and pharmaceutically acceptable salts thereof;

with the proviso that Ry as -C(=0)Rb is not morpholinoketo-.

A compound according to claim 1, wherein T is O.

A compound according to any preceding claim, wherein R3 is H.

A compound according to any preceding claim, wherein the cyclopropyl moiety has
an enantiomeric excess of the conformation depicted in the partial formulae:

X X 3

or Zl E
Y N Yy N

where X is as defined, Y is the bridge to the (substituted) pheny! ring depicted in

formula | and Z is bond to the (thio)urea-pyridyl moiety depicted in formula Z.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

MOSLLE

A compound according to any preceding claim, wherein the compound of formula Z

comprises an enantiomeric excess of the isomer showing negative optical activity.
A compound according to any preceding claim, wherein D is -O-.

A compound according to claim 6, wherein nis 0 and mis 1.

A compound according to any preceding claim, wherein Rs and Rg are hydrogen and

R4 and Ry are halo.

A compound according to claim 8, wherein Rs and Rg are H and R4 and R; are

fluoro.

A compound according to any one of claims 1-7, wherein Ry is fluoro, Rs and Rg are

H, and Ry is cyano or acetyl.
A compound according to any preceding claim, wherein L is -O-.

A compound according to any preceding claim, wherein R, is -S(=O),NRxRXx,
S(=0),C4-C4 alkyl, or S(=0)C4-C4 alkyl.

A compound according to claim 12, wherein R1 is -S(=0),NH;, -S(=0),NMe, or |
-S(=0),NH-cyclopropyl.

A compound according to claim 13, wherein Ry is -S(=0),NH,.
A compound according to claim 12, wherein R4 is -S(=0),Me or -S(=0)Me.
A compound according to claim 1, wherein R, is para to the ether linkage.

A compound according to claim 1, wherein the ring containing A is phenyl or.

pyrid-3-vl.
A compound according to claim 1, wherein R, is hydrogen or fluoro.

A compound according to claim 1 where R; is meta to the ether linkage.
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20.

21.

22.

23.

24.

25.

26.

MCSLLP

A compound according to claim 1 denoted N-[(1S,1aR,7bR)-4,7-difluorc-1,1a,2,7b-
tetrahydrocyclopropalcjchromen-1-yl}-N'-[5-(4-(sulfonamido)phenoxy)-2-
pyridinyljurea, with formula

A pharmaceutical composition comprising a compound as defined in any preceding

claim and a pharmaceutically acceptable vehicle or diluent therefor.

A composition according to claim 21, further comprising 1 to 3 additional HIV

antivirals.

A composition according to claim 21, further comprising a cytochrome P450

modulator, such as ritonavir.

Use of a compound as defined in any of claims 1-20 in the manufacture of a

medicament for the prophylaxis or treatment of HIV-1 infections.
Use according to claim 24, wherein the HIV-1 infection is a drug escape mutant.

Use according to claim 25, wherein the drug escape mutant comprises the L100I
and K103N mutations.
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