WO 01/ 19785 PCT/USCF I n5379 Process and | nternedi ates for Making _

4- Cyanosmbat/idres ed Cycl ohexanoic Acids Area of the | nventPORUSIN25379
invention relates to a nethod for preparing certain acids which are useful
as 5 phosphodi esterase 4 inhibitors. Mre specifically, this invention
relates to preparing 4- (substituted-phenyl)-4-cyanocycl ohexanoi c acids
from guai acol and rtal nal i ! o) i pr ocess.
Background of the flﬁg«%ﬁ%{}gdﬂfrﬁégﬁgﬁfggfﬁ ﬁ?gﬁ%‘@gﬁuﬁﬁcgpg’{ag@t o maki ng
conpounds which are useful in 10 treatff§sdi seases nodul ated by the

i sofornms of the phosphodi esterase 4 enzyne. Guaiacol. the starting

materi dl , ungdenLgp@eimerdidhl €S of nine transformations to provide a 4-

cyanocycl ohexanol ¢ .aci d whi ch, anon veral. possij bl | oducts, can be used
Lo ke  certain PEERRARTEres s AmeRe AT BPRS evaln 4 0f YFRSE PRI Ul nonary

di seases $UCPhcphotiBii@ned intitiiets: OMxre specificdliythiainyention edises 1§ GepEngand ast hma. -
and ot her di seases., The.instant ,Arocess . n bhe used to. e er . .,
4- cyanocycl o?ﬁé‘%&%ﬁd?{%@ |1)' S 3%°°%%@\e?a'$ﬁ§°‘ér§f'§'§F?a‘?afag“gf er%(‘)“rr'ﬁtori&'negg{e\g\hi ch are
prepared by prearedsintogtd irothatipkacessi nventi on  and the internedi ates discl osed -
herein are d'gég,l %‘Q‘#&@pq“‘g s&fibed in U S patent 5, 554.238 issued 03
Septenber, 1 patents and published applications. That patent
is incorporated Hesmspagsstof thisgspyenteialaienofgking compaysdoweiorinessful War ti cul arl y

the "4 2Qocyapasy akabexaathed BFihd SofoldVst HEbhERHoddslerist £ erPmbettiiRaNi |
activity andi nhibit neutrophil cherm}na],m S afnd degranulation in vitro. In

ani mal nodel e sERBE BtePRpHdREEs ASTIFE 8 NRETAISIAIPISdR PRI 4t i on from the

circul ati on. cpibdyolRRdx}ncRERIdaaidhahrheg sevech] béseible esdadts dsn berueaipomales to a

nunmber of infla y. insults in vi.na. They have been found to be useful |
"0 1 eat | ng TEPIHT IOIRARS *rEh sl A POTIER SRTEEI P SBER es whi ch
suf f er from 2bst@ORPpulonaradiyeass (CORE) hrdasthina gand btheradideases fThaimpra procéss s

aci as. of Wor i gl Bl RRF RS RRERRIL AuGERBE) | 5185 Pt LS00, 25370

The primary target compounds which are prepared by the methods of this invention

and the intermediates disclosed herein are disclosed and described in U.S. patent 5,554.238
issued 03 September, 1996 and related patents and published applications. That patent is
inco’rporéted herein by reference in full. Those compounds. particularly the 4-

20  cyanocyclohexanoic acids, have marked effects on neutrophil activity andinhibit neutrophil
chemotaxis and degranulation in vitro. In animal models. those compounds reduce
neutrophil extravasation from the circulation. pulmonary sequestration and the edematous
responses to a number of inflammatory insults in vivo. They have been found to be useful in
treating COPD in humans. and possibly in other mammalian species which suffer from

25 COPD.

Summarv of the Invention
In a first aspect this invention relates to a process for preparing substituted

cyclohexanoic acids of formula ()

R*
(Ra)j
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where Ra is a carbon-containing group optionally |inked by oxygen, sulfur
or nitrod¥NO%H¥8he phenyl ring and j is 1-5: and one of RP&RA/SMG/25339
hydrogen and the other is C(OOH, which process conprises: 5 catalytically
reducing a ketone of formula 11 0 A kyl OZ CN (Ra)j ' (I1) where alkyl
has 1-6 carbeRer@k OB ca@Bsh-ddR@ning gFolpRBric@aBlifked Beddy B ds PN Sitrddsl Bhed heavy
10 netal catalyst and hydrogen gas. More particularly this invention

rel ates to apsmdeiesandicy I-pragpari ng conpounds of formula IA X RR* R XZ N
(1A) 15 wher ei n:oncBiR b R4 £ RARGH B WEBREITCI)BHal kyl moi eties are
unsubstituted or substituted wt one or nore halogens; risQo6; 20 R4
and R5 are i ndepeWdehRrPSpss@metiiesd hydrogen or Cl-2 alkyl; R6 is hydrogen.
net hyl . hydroxyl , cagityficallyhedubing bl R&bdetogtoeelulanty! , aryl oxyCl-3 alkyl. halo
substituted aryl oxyC]-3 al kyl. indanyl. indenyl. C7-1 1 polycycloal kyl .
tetrahydrofuranyl. furanyl. tetrahydropyranyl. pyranyl. tetrahydrothienyl,
thienyl. tetrahydrothiopyranyl. thiogyranyl, C3-6 cycloalkyl, or a C4-6
cycl oal kyl contai ning one or 2¥vylOs psat ur at ed bonds, wherein the

cycl oal kyl or heterocyclic noiety is 5 tituted or substituted by |I to
3 nethyl groups, one ethyl group. or e d®¥ group: provided that: 2 WD
01/ 19785 PCTNS00125379 b) when R6 is hy ¢ {yl . then r is 2 to 6; or d)
when R6 is 2-tetrahydropyranyl. 2-tetrahydfothiogyranyl,

2-tetrahydrof uranyl . or

where alkyl has 1-6 carbon atoms and (Ra)j is the same as defined above. using a heavy
10  metal catalyst and hydrogen gas.

More particularly this invention relates to a process for preparing compounds of

formula 1A
X R
RX, - R*
N (1A)
15
wherein:
Ry is -(CR4R35)rRg wherein the alkyl moieties are unsubstituted or substituted with
one or more halogens;
risQto6;
20 R4 and R5 are independently selected hydrogen or C}.2 alkyl;

Rg is hydrogen. methyl. hydroxyl, aryl. halo substituted aryl, aryloxyC1.3 alkyl.
halo substituted aryloxyC1.-3 alkyl. indanyl. indenyl. C7-11 polycycloalkyl.
tetrahydrofuranyl. furanyl. tetrahydropyranyl. pyranyl. tetrahydrothienyl, thienyl.
tetrahydrothiopyranyl. thiopyranyl, C3.g cycloalkyl, or a C4.6 cycloalkyl containing one or

25  two unsaturated bonds. wherein the cycloalkyl or heterocyclic moiety is unsubstituted or

substituted by 1 to 3 methyl groups, one ethyl group. or an hydroxyl group:;

provided that:



2-tetrahydrothienyl, thenr is | to 6; Xis YR2;, 5YisO X2is 0; R is
-CH3 or woia@ss unsubstituted or substituted by 1 or nor ePCRUSIYSAYS * one
of Rand R* is hydrogen and the other is C(OOH In yet a further aspect,
this invention relates to internediates which are useful for 10 preparing
formula (1) conpounds. nanely. 0 AlLkQzC CN X2R X formula (A) and XzR-'
15 fornul a (C) m@r\é’i‘%.kﬁ'ﬁm&é’gfb‘ﬁ'-g‘f*“'f'érh‘h‘?*:&% (A) and (C) and the X. X2 and
RI groups are theySans rgSs b-eirahyldpidhyd Atdrahgdtdthlopyranyd 2HeeanydigfugnOup |ike .
hal ogen or a triflate. In addition, this invention relates to a product of
fornula (1) aterdeidrotkienyhMisp&istdel®& 20 by the process of catalytically
reduci ng a ketonexqfyggprnmula A using a heavy netal catalyst and hydrogen
gas 0 AlkylO2 CN i J 5X2R1 X (A) 3 WD 01/19785 PCT/ US00/ 25379 where

al kyl has51-6 car¥dnOatons and X. X2 and Rl are the sane as defined above.
In yet another aspgg¢lo. this invention involves a product of formula (1) as
defined above madé by the process of carbonylating a ketone of fornula (B)
0 CNj XZR 5 X ( By ist-6H orGHaCHarHsenbetiiuted orsulstiyred by Apr merg hilegspear t er

converting it to gnecoqrﬂpa(r)my Rgis%fydr]:)goe%%é fhe other is C(O)OH.

in yet a further aspect, this invention relates to intermediates which are useful for

10  preparing formula (I) compounds. namely.

o]
AIkO,C
CN
xR,
X formula (A) and
XR,
X
15 L formula (C)

wherein. in each of formulas (A) and (C) and the X, X2 and R| groups are the same as for

formula (1) and L is a leaving group like halogen or a triflate.

In addition. this invention relates to a product of formula (I) as defined above made

20 by the process of catalytically reducing a ketone of formula A using a heavy metal catalyst

and hydrogen gas

AlkylO,
CN

X Ry

X (A



(1). Detailed Description of the Invention This invention provides a neans
for pfepMAHGI&Fcl ohexanoic acids. In 10 particular it reF%T’H§°°(7t§37z§ net hod
for preparing cycl ohexanoi c acids which are phosphodi esterase 4 inhibitors
as nore fully disclosed in U S. patent 5,554.238, which is incorporated
herein by r.etvﬁgrgngﬁ'h.as-rhgcérwﬁea'fl;rﬂs%ﬂdR.a-ﬂﬁ NSO Penbishil of GerReeRALE Ot her

cycl ohexanoic acids 1n addition to the“ones illustrated herein. As regards
the preferred subbityetanethtrsaspeat. fhisrinvehten igv)ves a prodyet of( fdgmula(Bas defated C), 15
for R they are CHZ- - referred R2 groups are
a d_ 2 alky oQ/ﬁnsu %{i@tﬁ&?%%%grl:arg% gﬁ?@u‘%"%ﬁ%ﬁ%ﬁmﬁore hal ogens. The

hal ogen atons are preferably fluorine and chlorine, nore preferably
fluorine. More preferred R2 groupg are those wherein R2 is nmethyl, or a
fluoro-substituted al kyl group, spmecifically a C 1-2 alkyl such as a -CF3,
-CHF2, or -CH2CHF2. Most preferre @n20 the -CHF2 and -CH3 noieties. Mst
preferred are those conpounds whe 2 5(,?2 - CH2- cycl opropyl .

cycl opentyl., 3-hydroxycycl opentyl, ne of 'CHF2 and R2 is CF2H or CH3.
Particularly preferred are those conposndg, where Rl is cyclopentyl and R2
is CH3. The nost preferred product made by thérocess of this invention is
cis-[4- 25 form a compound of formula (A) and thereafter converting it to a compound of formula ]
cyano- 4- ( 3-cycl opent yl oxy- 4- met hoxyphenyl ) cycl ohexane- | - car boxylic acid].
As regards i APermedi ates, the L group of formula (C) is any |eaving group
whi ch is reaqicaned Dacaioh behgrmakiah set of conditions described in Exanple
3 below. Preferably L is a halogen or a triflate. and nost perferable O,
Br, or 1, or a triThisdabentioVMpemideoa means fohprepariigaiyelvbsranaicacidsnlo he

cycl ohex-13-engulcufPf reldte S0 AHAKSE RAbYepa PN IR LMBRUME WiHicHysat ernary ami ne
and a cyani alt are

de salt used, .. . Exanpl ar uat er n nmoni ounds are
t he amoni umW&?Hhﬂ%@“%rﬁ?nfﬁg‘b‘taﬁﬁgﬁﬁﬁ# @|d§fﬁa§éﬁ&§mgg]ﬁgg m de.
Exenpl ary quatléchiaincogriraneshacie by hefertntOTOA Inv®MBH cRCalst)BO 04c3IG pepare
trialkylam ng)éﬁ%fggaﬂgek?rgﬁéa&?ﬁn a@@iti{g‘ﬁ {TRE Bdsaim gl nelepchl ori de. Cyani de

salts inclu e salts such as sodium assi um cyani de. Schene

r ot
L i Tustrates the ASIREASSh Rreireg absytinisey formuiasdba (B) (sbiBng ()
Schene | IGH GOXRF&hep@@GFH32-Cyélopdhpy] PFEA-6QVEeIorBS!. Regferk¢dbgrokiit 48e1a CHSCN Br

6,.Owve 2 alkyl unsubstituted or substituted by 1 or more halogens. The halogen atoms are

preferably fluorine and chlorine, more preferably fluorine. More preferred R
groups are those wherein R2 is methyl, or a fluoro-substituted alky! group,
specifically a C1.2 alkyl such as a -CF3, -CHF?_,’ or -CH2CHF2. Most preferred are
- 20 the -CHF?2 and -CH3 moieties. Most preferred are those compounds wherein R} is
-CH2-cyclopropyl. cyclopentyl. 3-hydrokycyclopentyl. methyl or CHF2 and R> is
CF2oH or CH3. Particularly preferred are those compounds where R is cyclopentyl
and Ry is CH3.
The most preferred product made by the process of this invention is cis-[4-
25  cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane-1-carboxylic acid].
As regards intermediates. the L group of formula (C) is any leaving group
which is reactive under the general set of conditions described in Example 3 below.
Preferably L is a halogen or a triflate, and most perferable Cl, Br, or [, or a triflate.
When forming the cyclohexanone from the cyclohex-2-ene-1-one, a
30 quaternary ammonium compound or quaternary amine and a cyanide salt are used.
Examplary quaternary ammonium compounds are the ammonium halides such as

ammonium chloride and ammonium bromide. Exemplary quaternary amines are the

4



Br .,& @uaiacol CH3CN 5 1-1 1-2 1-3 0 )DOH OBr OMe Ow Br / KzC03 gr /
DVF 1-3wi260l7854 0 0 nBuLi Ove THF/ -78 C OR "& 310 - -BUOVUSHOR5379CVe ’
1-5 10 0 KC(NO NG DWCNOH20/ OU N/ \ O OB 1-51-6 0 0 LDA
EEQRCCNCN CCREt OO THE/ -780C Ove OWw 1-6 1-7 5 W91/19785
PCT/ US00/ 25379 O H2 CN Pt 02

trialkylamine hydrohalides such as trimethylamine hydrochloride. Cyanide salts

include the halide salts such as sodium or potassium cyanide.
Scheme | illustrates the conversion of guaiacol to the acid of Formula ().

Scheme 1
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RO2 glim COOH CN AcOH 60 psi MeO iO\lOO ow 1-7 1- ,23 ocess
"can be @&81Y3Hrepare the other conpounds for formul as (f% /‘E(Mlﬁ

(B), or (O by substituting for the 3 or -4 position groups |IIustrated her e
the 5 selected group, at the appropriate step in the reaction. In schene |
compounds | -1 and 1-2 are bracketfed to indicate they are not fully

i sol ated but rathgr processed tagw concentrated N orm and used directly in
that formiFfPfhe next step. Guatemol, avaptRbtrRzzZ0gd w@btai ned from
comerci al sourcks, ¥ di ssol v&tPi n an aphropriate sol vent at about

anbi ent tenper at ure. “’-- alf®8hol MO sYesterified to protect it in the

brom nation step (br | sedt0|llust he L group in this
Scheme) which is followedMsy treating guaiacol th the likes of
trifluoroacetic anhidride (about | equivalentg to which is added an al kal i
metal al koxi de such as potassiumt-butoxide (about I;. equivalent). It is

expected that the sodiumand lithiumsalts of t-butoxide and other
secondary and t erThiapipcass cahied \wedio BFefdre the dbhet asihpnmds o lfokrhdasyBed as wel | .

Thereaf t er QQ&A%BWoFgéLWsub St {%%LEQ 3%?'4 sitfon Wo%ggﬁfd&?a{tgﬂ flrdffe Sol vent

is renoved f e acyldtion tion was carried out.
The conceht r&lested groupoptdheppsaariste stepyinthe lteF‘étS’E"ed with N- bronosuccini m de

(about | equival elntskhqareerf@r@bhr)dsum gt t-lzarélstme&elwemca&&msﬁd nbth the
esterificati Rl x ls%flat( & bu\{\he%tﬁ;er é)"orl%&s%g %%o%@gﬁt?atesdt flol[[nn grgd us%d d{rgct ?‘n hours at

about 20 anbi on re MR gone to
conpl et i on foemmptmrqusrep) Gugipeol cayaidable @nds%@mdffrcmcommgt%swmo@nd 1-3

lUSI Eg an agpa.%weat,@an b@%@natéesrowem £Q6bk by RxipdRurPOTRESthe Alchhedlr oXi de,
Ithium r ox

d t the hydrol
B B L e
herein, an egroap in(thisfchern®) whiclf is fotbaveidryrtreatieg guadzshiovitothetikes &fr oni nat ed

guai acol by ﬁa‘fi‘ugrotabau aﬁhf&mbmaﬁmqum&m}ﬂo%.aﬁkagdefdfaﬁ ahuah%etﬁf an al kyl
ent et her | | ustrat ed.

hal i de or cy k
The phenol lg]ko’f ide %‘\%%P%ﬁ"’i"h"@“@ﬂfj 1ﬁ‘“‘éuch"‘ ‘s“"‘Kl ogepesth Fhlabﬁhﬁ’am de to
whi ch i s addsdivamamd lithha salts hfi-butexidnahdaathearl skaindarranditertiarpnisoindds ef 3 The

hal i de i g5 adgiedledrfbrd BofdBE nged% “féhoqme.leaﬁatﬁn\s%&%aﬁ&.l .éufe/&eot Bifge- 30
‘phenol , as i gromrg)succ!nlfmxcfe gelvent lscxgegnovgjl}rom tﬁs ﬂasi u?(af 1ch the acy artlor?nat ©
pot assi um
reaction was carried out. The concentrated unisolated ester 1-1 is treated with N-
bromosuccinimide (about 1 equivalent) preferably using the same solvent as used in
the esterification, after which the solution is stirred for 10 to 30 hours at about
20  ambient temperature. After the bromination reaction has gone to completion
(compound 1-2), the ester is saponified to give compound 1-3 using an appropriate
base. Herein sodium hydroxide, potassium hydroxide, lithium hydroxide or the like
is preferred for carrying out the hydrolysis of the ester.
For the purposes of obtaining the preferred end product herein, an ether (1-4)
25  is formed from the alcohol of the brominated guaiacol by effecting a replacement
reaction using the likes of an alkyl halide or cycloalkyl halide. Herein the
cyclopentyl ether is illustrated. The phenol 1-3 is dissolved in a solvent such as
N.N-dimethylformamide to which is added an aliphatic halide and an alkali metal
carbonate. The halide is added in an amount of about 1 equivalent relative to the
30  phenol, as is the alkali metal carbonate. As regards the carbonate, potassium
carbonate is preferred but the corresponding sodium or lithium carbonates could be
used as well. As practiced herein, the reaction was run at an elevated temperature

6



carbonate is preferred but the corresponding sodiumor Iithium carbonates
coul d bewowssshses wel | . As practiced herein, the reacti onPGRAISPAULEIZE an

el evated tenperature 6 WO 01/ 19785 PCT/ US00/ 25379 (100-140 C) over night
at which tinme an additional charge of potassium carbonate and al phatic

hal i de was added and heating continued for several nore hours. Thereafter
the sol uti oqiosastoca)bed,night ai whichlimb as edditiored chapelof prtaspinmcbadiondte - 4) -

extracted i g#:c?a]gﬁ'a thgﬁﬁé SasSRHNEMd heﬁtlﬂ:h@onan&:é@ﬂopgﬁéﬁmmol-e hoapRe, 1-5, is
prepared by

t treating . stit d nol rmula 1-4 .
with the Ii Qé%reéﬁerﬁb%i?ﬂlﬁlonlwaﬁﬁ?‘aﬁcrétm'aerfl bRsE & ed @ﬁd Bff’ﬁ‘f'cé(;%h t hen addi ng
3- et hoxy- 2- eyedcedicn@ramlorguni: sohiche nai ntai ning the tenperature of the

reaction.m xt ureﬁtz%yagg#%gq gngnpgrlgkj%gl?ggg?rgmmgqhép% ophenol is

dissolved in a d about, - and n-butyl 10

lithiumis amwtedm}leé‘ﬂ of formuds 1 ﬁé‘f‘ﬁhdhle biees of zibyly! lihdwn et 2 redussdval ent  of the
ketone is Qéiﬁlﬁéilatun%laawxnén aaamgs-e&m&ymd}erohbmnelf-om whigmpiatainii thep to 20

m nut es, aqueo eéﬁ_tbrgr??ihe l‘g%cl?‘\gg nllxtu:fa%g9?&u%e%ggraﬁgd%texiﬁplgmer acted int 0.

an appropri aieP he“cyano roduced onto
the cycl ohexherel lsmgomd!mdryanbem@sammwféﬁfmuéﬁsﬁ%anﬁwy ring is

subst it yped.jikihss é&le@cﬁmiﬂrﬁhﬁélo@bfﬁﬁﬂﬂfv|a'BGuttl un@teﬁy@ﬂtﬁ@@t@’ftﬁs! one w th
an.a e salt In a

a quat ernary anmpni um _
conpati bl e $éfefesle™ nd“ﬁeéé‘tqu‘%be ?H%fmg‘éﬂ,gtﬂegﬂd’\}'@sgz ! B%eszﬂq'fe8us72 hours at a
mldy el eva:ﬁmefata&m)eraddadraad theuiroduseisisatranted inte dngippiopgatporganicof the '
sol vent . §f37 of further illustration, the ketone is dissolved in an

am ne or am ]}0 sol vent such as N, N |matﬁ% rnam de at ﬁoom

tenperat ure. Therfhg CYARRIEEPURAS §hen HHEAGHESH PPEoS QPeRPRE ERISAT SR hi or i de or
t ri met hyllsamcagoh ya whidh the plikayl ing nadui:sdtuaddor’fglplw a¢copwplishedibytmeayngthele. Thi s

| ut " N M bout 48
hour . The- i SiopPeR AorednBE ol AmiretuntccrpbinfFalddn dimeddy, afout &€

tan
car boxyl gr sugnidesatiap compativie o Enbadheans ¢ g?&ﬂ*‘B‘i’f@k‘é?ﬁw‘f?fqr ﬁg %{2 the 6
posi tion by Hougak h Agldiyheevasddanirpatatine, buttohe beho, the bhilispprimpfitteni de and t hen
a chloro —ort ng orﬂrawey %Qhe@?llxﬁﬂ&tﬂfnogﬁe(ﬁj}}f ofik FsQf?JsQFvE’@F #hind brdfjgexcess of-

the anide an Phof or mat I n sequence cool ed sol ution

a
of the K& orselverrvrwcfr M{N -gimethylfopmamigde.at rgep t%{PP‘?%‘H'G’c érge’ﬂ B APRAT Y e,
preferably aimméiuh comBound Ik ammonivnt tidbridearritdtetBPlafine Hydechiedde ison to be -

e et A5 ] SS90 i GRS e o

°C (110 °C for DMF) for about 48 hours. The product, 1-6, is lsola%éd using :
standard procedures. .

25 A carboxyl group is then introduced onto the cyclohexane ring at the 6
position by treating the ketone with lithium N,N-diisopropylamide and then a chloro
orthoformate such as chloroethylorthoformate. A slight excess of the amide and the
orthoformate is added in sequence of a cooled solution of the ketone. The reaction is
carried out at reduced temperature, preferably at about -78 °C. After a brief period

30 for the reaction to be effected, about 10 to 60 minutes, the reaction is quenched with
water. Product, illustrated by 1-7 in scheme I, is recovered by conventional

methods. _
Reduction of the beta-keto ester, 1-7, is effected by hydrogenating the ketone

using a heavy metal catalyst. Herein the catalyst is exemplified by platinum
35  dioxide. Other metal catalysts such as palladium hydroxide can be used as well.

The ketone is taken up in a solvent such as a volatile fatty acid, acetic acid for
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met hods. Reduction of the beta-keto ester, 1-7, is effect
"hydrogen‘é’ﬂ‘}’lﬂs"faﬁe ket one wusing a, heavy m‘at al catalyst. I—&%&gﬁsotoﬁgygat al yst
is exenplified by platinum 35 dioxide. her netal catalysts such as
pal | adi um hydroxi de can be used as well. The ketone is taken up in a
sol vent suchegsmple, e @ltdly @ adldtayid 8l sdspensith b6t uhdbbel @kl abm¥¥pherks 49785
PCT/ US00/ 25379, exanpl e, the catal yst added and the suspensi on put under
several at no8yesgds 13 resvliineparduct ke it iyesroteyclogentieydrs form of

[ 4- cyano- 4- ( Fem¥e/paas Nétloasdnd r-ciBdxhra¢pinenyl ) cycl ohexane- | -carboxylic
acid]. The follow ng ﬁxa | es are provided to illustrate_ the invention.

These exanples 5 5?’%0 OY'ng HeBRigLYe PFB‘“F?dn‘Pf”“f‘F?ée N6 PP nThepefraRiesher ei n,
only to ikl uaternat.etemmo ln‘ﬁythbﬁwéﬂtlah Eeiched aaem rwlynnummaxewhat Mibetie dismddeser ved
to the inventors.is n th et o.

Eanp) o5 Bxabismenion, M s srto Sy M BT B PB4 it o
of guaiacol (5.0 g, 0.04 nol) in a@gg@‘mﬂ&mﬂg(w n1) at anbi ent 10
temperatur e, pRgnafidedplbldloor 8BEL AL (6-2 M. 1.1 eq.). The
solution was Stirred TO VI masswmtert but oxi de (4.0 nl,
0.1 eq.) was addea‘osb@vﬁoy ofmcoh(é@-,lﬂt%nnolhrrmemﬂénw sl pambigntt o r 45 min.

A sol utiqp Oftenhkem@mymedmm&d@acé& aﬁﬁydﬂde 2m111 1@431) )Tht SRR Wafdukked | € (50
m) was added Via addition funnel \é‘b‘) he orange solution was stirred
1|'n

for 24 hours frRaping hen § i} ReESHUAEE- br“@ﬁf@% 04 68 éﬂ"’?s 3@9@&&“&1 o€t o give a

r e|SI Slue l5f Mesgifhnm&t@ma@nﬂl&doﬂ 45 rﬁiihCmsG]'h@cFFgg'ﬂﬁﬁ}&ngsﬁfbhmbde (7835, N|1 aqueous

sol ution of sodju ed an e organi.c |ayer was
separ at ed an&qﬁii“saﬁ%{?'li%ge (%I('Wg wagﬁ%é‘gi‘(l‘g %@ﬁ"g“qnél oV e grang SP{‘]‘E‘&P ¥t h
concent r at ed shiydrfoctal honds thea thie dolumt whs rpdbyvad vxaﬁtaryreeamkm to gvechedueet hane (50
m) was alqde whlc(f)n »\%)s(gusg%hedhngcﬁlgroﬁ:e%arﬁg ﬂdA 6N & ue us S({h%dm 0 soldm separ at ed,

t he organi'c layer conc on"rotary 20
evapor at or tdlya‘blﬁléfr @0 mievad adred enfl the dela)(eSWgS)SE%atai and disededi Thei n 90%

y' el d. Data: 9 MSIG %Iv%} agﬁlﬁm:th Ace(lt?atedl hyﬂoclﬁ&rﬁ%ﬁ'uml H@v%g (d, 1 H
aromatic); 6. H ~aromatic); 5.15 (s OH) ; 5 3H, OCH3).
25 Exanpl e 2. re@?"ép&r“‘é{‘?%‘i‘?“@ﬁe@)@'Wsé%ﬁf%mf%msP@%a%wﬁ‘étlﬁéfx%henoI To a
sol ution of Seidg dpRaRd, RLAEXKIAL mis kaShed with bEneOhd B8Hcentraidd B dotaly N-

di met hyl f.or mam de cl opentyl . bromde (4.75 m, 1.1 eq.)
f ol | owed 28' ;5’5?"8?&‘%@5%5%%&‘{" p(%i"‘ff?%?)aﬁglrer&és\é?)l in g%%ey'éﬂspensi on was heat ed
at 120 30 oC overnight. After 16 hours an additional 2 g of potassium

carbonat e anq)alta: rVﬂHN(RLR (CDCl3) 8 ppm: 7.1 (s, 1H, aromatic); 6.95 (d, 1H, aromatic); 6.7 (d, 1H,

aromatic); 5.15 (s. 1H. OH); 3.9 (s, 3H, OCH3).

25

Example 2.  Preparation of O-cyclopentyl-(5-bromo-2-methoxy)phenol
To a solution of 5-bromo-2-methoxyphenol (8.0 g, 0.04 mol) in dry N,N-

dimethylformamide (50 ml) was added cyclopentyl bromide (4.75 ml, 1.1 eq.)
followed by potassium carbonate (6.1 g, 1.1 eq.). The suspension was heated at 120

30 OCovernight. After 16 hours an additional 2 g of potassium carbonate and 1 m} of
cyclopentyl bromide were added. The suspension was stirred at 120 ©C for an
additional 3 hours. The reaction was allowed to cool at ambient temperature and a 6
N aqueous solution of sodium hydroxide was added followed by ethyl acetate and
water. The organic layer was separated and washed with water and brine, dried over

35 magnesium sulfate and filtered under vacuum. The filtrate was concentrated in
rotary evaporator to afford the title compound (8 g, 75%).



cyclopentyl brom de were added. The suspension was stirred at 120 OC for an
addi ti ongb o31bm@ers. The reaction was all owed to cool at am’hlrmsn(lfzsqu)erature
and a 6 N aqueous sol ution of sodi um hydroxi de was added foll owed by et hyl
acetate and water. The organic | ayer was separated and washed wi th water
and brine, dried over 35 magnesiumsulfate and filtered under vacuum The
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CH O phenyl); 3.8 (s, 3H, OCH3); 2.0-1.5 (m 8H, cyclopentyl) 5 Exanple 3.
Preparation of 3-(3' -cycl opentyl oxy-4' - rret hoxy)phenyl - cycl ohexene-1| - one.
To a sol ufi okxahpl@3cycProparat f(356he Yol pphertyl-2400 g, 1.48 ~

mrol ) in drycy@éhexbnedr-oheiran (2 ) at -78 C waadded a 2.5 Msolution o.f
n- butyl i thium (43} s@ulion df 3-c§&lopent t'(@-b%r?fé-gfnﬁ‘etl‘{@@) hdrof @doatg, 148 C.for 15

mn., 10 the;r]r}rg SI hd?'?%’eﬁghxdé%gf g mn%ﬁ;t gs%c(wasad eJ‘dZE tscﬁgt?%: %as added

I WI 10- 15

?n ﬁ gn\él ?Nsé»qtyétihlgm (6§42 BEhI -dend. Abe wixis wag gdrseds a3 H7$ R doplp min., o

t ert - but ybmethenl3-ahdxyr2-cytivhepergbone (208yds; 1.0wa9 ves pddedtstovipni syongeent rat ed-
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0 e 0
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Reroval of t M g% title
product (367 “§Scr8 )% c&"“fﬂ?"i“ mgg{aéyeqapg{ 3% which was a, (d, I H,
aromatic); 7 nostugesof the desired pradut £35% By §5-MByand excessof dreshoy - 6. 4 (s,

vinyl i c) ;154. Bgcibexed-14dne (%P -Renaoval of thla88r LysdistBlekior2indeChigh vauuih, ( m 2H
CH2- cycl ohexapangy tide fodid(3@ g @®r)eyalsolxanone) ; 2.1 (m 2H, '
CH2- cycl ohexanone); 2.0-1.5 (m 8H, cyclopentyl). Exanple 4. Prepar ation of

i’ofﬁ??ﬁn?’éf’ %'W%bﬁfﬁ@wtmﬁ ARG mmary 08 C ) B apingRee S one ©

(367 Mg, 1. 28 MiPlaonldicls 'lg-?tv?}grh RUBTL A HIOARLATBES | Y was  added

water (4 n1) anTon umé lor |rreth amne hy fori can be used

i nst ead) 2010DGHR); 2.75me2f—l)CIa2‘rdyqidtasmn§)ﬂ &% 6m.i 206 (Hpsqyciaexdnong); 3.1 The
reaction mxture was heated at_ 110 ? 48 hour Wat er was t hen added -
fol | oned by @ eHdeHGysohesenape); dithby (m; ‘%F'QB‘?H‘@)'I ayer was separ at ed,
washed with brine and dried over magnesiumsulfate. After filtration under

vacuum the filtrate was concentr at ed
Example 4. Preparation of 3- cvano-3 3'-cyclopentyloxy-4'-methoxy)phenyl-

cyclohexan-1-one

25 To a solution of 3-(3-cyclopentyloxy-4'-methoxy)phenyl-2-cyclohexene-1-
one (367 mg, 1.28 mmol) in N,N-dimethylformamide at room temperature was
added water (4 ml), ammonium chloride (trimethylamine hydrochloride can be used
instead) (103 mg, 1.5 eq.) and potassium cyanide (167 mg, 2 eq.). The reaction
mixture was heated at 110 ©C for 48 hours. Water was then added followed by tert-

30  butylmethyl ether. The organic layer was separated, washed with brine and dried
over magnesium sulfate. After filtration under vacuum, the filtrate was concentrated
in rotary evaporator to give a crude oil which was purified by flash chromatography
(hexanes: ethyl acetate 5: 1) to afford the desired product in 40% yield.

35 Data: [HNMR (CDCI3) 8 ppm: 6.95 (1d, 1s, 2H, aromatics); 6.85 (d, 1H,
aromatic); 4.75 (m, 1H, CH-O-phenyl); 3.85 (s, 3H, OCH3); 2.82 (s, 2H, CHp-
cyclohexanone); 2.6-1.5 (m. 14H, cyclopentyl and cyclohexanone).



in rotary evaporator to give a crude oil which was purified by flash
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3H, OCH3); 2.82 2. o (m . )gclopentyl
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guenched w tithwateer Terf-®otylrhethylleriet b adided @and weaqachde thyandad deparagdeous

layer was sepglsgfa@sloryfumnet EPIRY @iy sdltitilas Jmecwvmwférﬁm briedwas washed

h
‘C’)":lt m""f"éﬁé an&chﬁtk @(%jta%Oevgﬁ)c{}?tﬁgéo & dquEx‘Bﬂ QM n égt ﬂly?/e an

acetate 4: 150 %5&95&8 5 egeher ot GRS it PGP TORRMPOREY G2 ME VR
( CDC13) Sppﬁ@AFO(m 2H, aromatics); 6.85 (d, 1 H aromatic); 4.8 15 (m
|H, CH-0-phenyl): 4.25 (g, 2H, -C02-CH2-) 3.85 (s, 3H, OCH3): 2415(m

14H cycl opephit laNMRYCDENS 1€7.0 (ﬁh A3, drdématits); 6@93d e, Qkdmatley W e

ot Ei&?kh%ﬂy?f:ﬁ%f%ﬁh?x% Pzt cah 88525%4' 5’%5?5 3. QGHRi ! S

5- cyano- 5- [3‘4‘éy‘b’ﬂ9|9§fﬁt’%“6>€ydﬂhefﬁ%‘%’}%>éy3 'eSt”

et hyl car boxyl at e- cycl ohexan-1-one (20 ng, 0 05 rrrml) in acetic acid was
added pl ati puns, G @X! dfrefad ﬁm.)ofcmcmw'c WeiAS 2Lt under hydrogen
pressure (60 I I n rght. The m xture was then
filtered_and n rotary evaporator to give a
fesi due #Ri ch was TparPIHeRCIohexsep: méozvsn |°’a‘t/é‘ “PEHOxRPRENYB2207499 (6. 2
nmy, 30% . Dattylcarbpxpime(cgeichapn-d-qng 20 mgo0.0zmmolHn aa¢tt§mtd was:addeds5 (d, | H,
aromati c); 6pB#nurgdjoxidd (3aig)niihe sisperdiod wWasisethirderCGiidtbgph pregdure (68.p85 (s, 3H.
OCH3) ; 2. 5- 1ibthé PARROackes ¥ GdrRIRRN U THe nARGhrEWed BBERRGED SN the Biluke was

concentrated in rotary evaporator to give a residue which was purified on prep. TLC
25  plate to yield SB 207499 (6.2 mg, 30%).

Data: JHNMR (CDCl3) d ppm: 7.0 (s, 1H, aromatis); 6.95 (d, 1H, aromatic); 6.82
. (d, tH, aromatic); 4.8 (m, 1H, CH-O-phenyl); 3.85 (s, 3H. OCH3); 2.5-1.5 (m, 16H,

cyclopentyl and cyclohexanone).
30



WO 01/ 19785 PCTI USOQ: ?/ 25379 What is clainmed is: 1. A process for preparing
subst i t uivechiayrdsohexanoic acids of formula (1) R R (RPGI/U$0RI379%here Ra
is a carbon-containing group optionally |inked by oxygen, sulfur or
nitrogen to the phenyl ring and j is I-5; and one of R and R* is hydrogen
and the other is C(O OH which process conprises: catalytically reducing a
ketone of foMhwisclameds A kyl 02 CN (Ra)j (I1) where alkyl has 1-6 carbon
atoms and (Ra)] is theA paoss faspre@iihgadistalred/eyclobexamic aidk effesmula®t al cat al yst
and hydrogen gas. 2. The process of claiml whereinj is 2 and the Ra
groups are substituted at the 3 and 4 positions on the phenyl ring. 3. The
process of claim | wherein the conpound is a ddbnpound of fornula |IA X R R
R X2 N (lA wherein: 11 CL II~M-I1I~ 11 Il~~ WD 01/19785 PCT/ US00/ 25379
Rl is -(CRAR5)rR6 wherein the al kyl npieties arerRunsubstituted or
substituted with one or nor al}}\a-l ogens; ris Oto 6, R4 and R5 are

i ndependently sel ected hydro@e or Ci1-2 al kyl;

N o)
where R, is a carbon-containing group optionally linked by oxygen, sulfur or nitrogen to the
phenyl ring and j is 1-5; and
one of R and R* is hydrogen and the other is C(O)OH;
which process comprises:

catalytically reducing a ketone of formula Il

AlkylO,

CN
(Ra)j

(1)

where alkyl has 1-6 carbon atoms and (Ra)j is the same as defined above, using a heavy -

metal catalyst and hydrogen gas.

2. The process of claim 1 wherein j is 2 and the Ra groups are substituted at

the 3 and 4 positions on the phenyl ring.

3. The process of claim 1 wherein the compound is a compound of formula
1A
X R
RX, R*
N (1A)
wherein:

! ML



R6 is hydro met hyl , hydroxyl. aryl, halo substituted r xyC 1-3
“al kyl ™. g’@ﬁsti tuted aryl oxyCl-3 al kyl, indanyl. i ndeﬂ{fﬁm@pﬁﬁ
poncycIoaIkyI, tetrahydrofuranyl, furanyl, tetrahydropyranyl, pyranyl.
tetrahydrothienyl, thienyl, tetrahydrothiopyranyl, thiopyranyl, C3-6
cycloal kyl, or a Ryis GCRyR)Fa whgteirctonslyl miofegiemeursnbstituiwd otndaimedwied bonds,
wherein the cycloalk | or heterocyclic noiety is unsubstituted or _
subst it ut ed ¥ °F MPE M3ogEBELy | groups, one ethyl group, or an hydroxyl group;
provided that: b)riwtv@®s:R6 is hydroxyl, thenr is 2 to 6; or d) when R6 is
2-tetrahydropyra tet.r ah th|o an 2-tetrahydrof uranyl,
2-tetrahydrot hi e%dﬂdﬁ’lgre'?&f’%qf"? Sel%‘:?éé)gyd%geﬁ?lﬁécl \?Fké’ X2 is O; R2 IS
-CH3 or -CH2CH3, RglsHiaRbédeh ety BydroAinSitylthdlogabstiutet adf, amwx@chgbmgens; one
of Rand R* is hgdrogen and the other is O OH. 4. The process of any one
of clainms 1 B oSBTy fe-3 RNl ndprxt- dndenydi G- Lisrotyexclogfiyht i num oxi de. 5.

The process @faRibrPiG. fifanfl RirMylfopyrdn faf  NetrdhydrOth i1 & R is
- CH2- cycl opr%;ga cyc?lo earrll? ‘ % Byrgwgfﬁ* oeen{ A ,ﬁH}l hl(ﬂ%)lor CHF2 and R2

is CF2H or @r@y TG‘“"’PWé"y&rﬂc’del@’é@ybF3~ér’f§i°l?ﬂ’1‘@' @fagﬂélchﬁ"?a"fyb“@‘a&w@r%Fﬁf RI is

l t l t rein TOoCYyCill k lm G\I
%Eloloin(% tei“}1%c21"'%€”|2”| 1 o PIMA ﬁrlel ft &‘W&q’@g Q% |'|Eﬁ‘:b{uﬁ\/\i)&'§)it/’s"gt7e§é4 Y

PCT/ US00/ 2539ebstityipdehydi ta 3 eyl grw&é ope s*hqu@efpra@ ByfgoxyRgroups - ( CRARS5) r R6
wherein the al kylppRiathes are unsubstituted or substituted with

b) when Rg is hydroxyl, then ris 2 to 6; or

d) when Rg is 2-tetrahydropyranyl, 2-tetrahydrothiopyranyl. 2-tetrahydrofuranyl,or
2-tetrahydrothienyl, thenris 1 to 6;

X is YRz;

YisO;

X215 O;

Rj is -CH3 or -CH,CH3, unsubstituted or substituted by 1 or more halogens;

one of R and R* is hydrogen and the other is C(O)OH.

4, The process of any one of claims 1 to 3 wherein the heavy metal catalyst is
platinum ox.ide.

S. The process of any one of claim 1 to 4 wherein in formuia (I) Ry is

-CH2-cyclopropyl. cyclopentyl, 3-hydroxycyclopentyl, methyl or CHF2 and Ry is CF2H or

CHs.

6. The process of any one of claim 1 to 5 wherein R} is cyclopentyl and R5 is
methyl.

7. A compound of formua (A)

0
AlkylO,
cN
X,R,
W
12
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one or nore halogens; r is 0 to 6; R4 and R5 are independently sel ected
hydr ogenway 016785 al kyl ; R6 is hydrogen, nethyl, hydroxyl, RGTUS0C3SI78 ~
substituted aryl, aryloxyCl-3 alkyl. halo substituted aryl oxyCl 3 al kyl,
i ndanyl . indenyl, C7-11 polycycloal kyl, tetrahydrofyranyl, furanyl,

t et r ahydr opyr anyl rapyl. tetrahydrothienyl, thienyl,
t et rahydr ot hi opyrgh{/?%{'.’ gpﬁih%spl;ggaﬁ%n%go&%- 6 cycloal kyl, or a C4-6 cycl oal kyl

cont ai ni ng one or R} swERURs)ER @Iw berein ths elrignoistiaesre prsulpshmted prsubgitwsd wity
heterocyclic noiety is unsubstituted or substituted by I to 3 nethyl
groups, one 8T°rﬂ5lm°\§/err8f?ﬁe,"s’or an hydroxyl group; provided that: b) when R6 is
hydroxyl, then r t80®» 60 6; or d) when R6 is 2-tetrahydropyranyl, -

2-tetrahydrot hi opﬁr aniy; A%ﬁr%@e%g@m%g%%ﬁg%%q{rscI__%é:i_,g;;r ahydr ot hi enyl, then

risltoé6;, Xis or - CH2CH3,
unsubstituted or RgBdWirbgenedethyl, Hydoxylnaylehatveshibsgaued aryl,8ryloky€ paplisyind

according to claim?7 wherein Rl is -CH2- | opr-opyl | opentyl,

3- hydr oxycychgpaeyfred ?f%’f”ﬁ&ﬂ"%ﬁlky&llﬁf'f“%ﬁa‘%@’ ﬁ(')"g“ [ %?aﬁéﬁis and the al kyl

S Cycl opent L e o o apar a0 b camound of
formul a (B) teyahygrophippyranyly ‘h'°Mé’fyéiCrl%?-C'Ffiféf’gLﬁ(%ﬁ%ﬁeéf?’ﬁ%”ﬂﬁ%‘F"éai“ﬁ"gt%’%°’a| kyl

noi eti es ar e Whgkhshied bin8d whkremulRsdytibalkye dr hbtetddyclio ARied/ is tROBtMRE0gENs;: 13 ~
M S WD 01119185 PCT/ US0Q/ 25379 r is and R5 are independently

_ to 6; R4 i )
sel ect ed hydsergéitedpy top mehyl groyps. 0%8‘?5gr?ﬂ?d‘?réﬁ TOXEEEN . hydroxyl . aryl.
hal o substituted gyidedtadtyl oxyCd -3 al kyl,

b) when Rg is hydroxyl, thenris 2 to 6; or

d) when Rg is 2-tetrahydropyranyl, 2-tetrahydrothiopyranyl, 2-tetrahydrofuranyl,or.
2-tetrahydrothienyl, thenr is 1 to 6;

X is YR2;

Y is O;

X2 is O; and

Ry is -CH3 or -CHCH3, unsubstituted or substituted by 1 or more halogens.

8. A compound according to claim 7 wherein R} is -CH2-cyclopropyl,

cyclopentyl, 3-hydroxycyclopentyl, methyl or CHF2 and Rj is CF2H or CH3 and the alkyl

ester-forming group is ethyl.

9. A compound according to claim 8 wherein R is cyclopentyl and R is
methyl.

10. A process for preparing a compund of formula (B)

0O
CN
%R,
X ®

wherein

R} is -(CR4R5)rR6 wherein the alkyl moieties are unsubstituted or substituted with .

one or more halogens;

s ——

g



hal o substituted aryl oxyd -3 al kyl. indanyl, indenyl, C7-11 pol ycycl oal kyl,
‘tetrahyQPUINHBY |, furanyl. tetrahydropyranyl, pyranyl, té’FFﬁ-Wé?%F’hi enyl ,

t hi enyl, tetrahydrothiopyranyl, thiopyranyl, C3-6 cycloalkyl, or a C4-6
cycl oal kyl containing one or two unsaturated bonds, wherein the cycl oal kyl
or heterocyclic mi@f¥.i s unsubstituted or substituted by 1 to 3 nethyl
groups, one ethyl group, ar, an hydro rovided that: b) when R6 is

) xyl, group;
hydroxyl, then r R4ang Rt56’36‘,‘d38"r“d8)“y\ﬁﬂé%edﬁéd'i° ee‘?—’ a4l dr opyr anyl |
2-tet rahydr ot hi opyt i@ RydrogeR ettt t,ag&d{ T2k A subkfituted afy B laFydXyE [ Qbliieny! , then
rislto6, Xis (_{KIRZ%IW Vi sQ, g _isﬂoaﬁyandsr?Z liuse--gB or EE!ZC%—B
unsubst i t ut elhlcoyubstinissitarsieryEd-3iaikyh indpnyhirdemndf oieredycyclegikybh process
conprises tr i gMI i hindsr (D) an anmoni um
hal i de or ant%@%w}#ﬁ%fugaé‘?lgﬁgaﬁgpgtr%gﬁw e ég’ylt(a% t%%ﬁ&hfqdergtth féﬁylg?’.m'fﬁ.gl“rhe process of
cl ai m 10 whetewihydihidpgranyGhiopyyany b 68 sy ¢loalkw.oF & Gebtcy¢loaligl] containing one or
hydr oxycycl opent yl t hyl .CHFE is CF2H or CHS3, he process
of claim 10 & fef %ﬁmﬁmﬁbo{%& gg%f'ogg]eeﬁf'c?{ﬁg% hlsémicg%rcnrant%ﬁiyl B urfggg%q)ﬁgobr ocess of
claim 10 - 1sbstingedciynl to Benethyhgreips.mnh athyldeoupsor amhpinexyhgrouh| ori de and t he
cyanide salt is p&gg&&itm cyanide. 14 1111111 121222 tvbber e 1t C
L MS

b) when Rg is hydroxyl, then ris 2 to 6; or
d) when Rg is 2-tetrahydropyranyl, 2-tetrahydrothiopyranyl, 2-tetrahydrofuranyl,or

2-tetrahydrothienyl, thenris 1 t0 6;
X is YR2;
Y isO;
X2 is O; and
Ry is -CH3 or -CH,CH3, unsubstituted or substituted by 1 or more halogens.

which process comprises treating a compound of formula (D) with

O

X2R1

X (D)

an ammonjum halide or an amine salt and a cyanide salt with heating,

11. The process of claim 10 wherein R is -CH2-cyclopropyl. cyclopentyl, 3-
hydroxycyclopentyl, methyl or CHF2 and Rj is CF2H or CHj3.
12. The process of claim 10 wherein Ry is cyclopentyl and Ry is methyl.

13, The process of claim 10 - 12 wherein the ammonium halide is ammonium

chloride and the cyanide salt is potassium cyanide.
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