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Substituted 4-Phenyl -4cyanocycl ohexanoi c mﬁ mmﬁ of the Invention *2*
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Thi's invent iy, &&\;&{s i ntermedi ates and out e forpEplstdaBiosi
4-cyano-4 to (?3 cycl opent yl oxy-4. - met hoxy cycl ohexanoic acid and its

anal ogs. This acid and its named anal ogs are S&P%ctive for i nhibiting the

catal ytic site in tVethod foydPreparisng Smmitmdetmhensﬂwv (PDE IV

hereafter) and as such the acids_ ar eful _in treating a nunmber of

di seases whi ch can be noder aFX@WX‘Fﬁ@&?X%BQ ﬁe‘& |V enzy

subtypes. Area of the Invention Bronchial asthma is a conpl egm’"ﬂmm mlm""lllml
mul tifactorial disease characterized by reversible narrow ng o

and hyper - rSacpebetthedmmlanmspl ratory tract to external sti mul i -2
I dentification of novel therapeutl c agents for asthma is nade difficult by

the fact 15 20 that r rer

devel opnent of t Vs?gms’l ‘El)eﬁsumpeninfg g’éﬁg 61%”‘5@ Voyt?%l?r@aﬁﬁna‘tyaﬁ%‘lt he
ef f ect s Sof (é-csyicmbmymarﬁhmthquhenyamldtesantmt acit iandl itehaegs. dFhisddid amaj or
conponents 4 g}hg?pe,c- : nat i mﬁﬂé h" is
to regul at eQ{?tag&;gd??& tél y 0 Hrg&rﬁ gg I;[)Hc?ncs?? agttg"h%el eﬁﬁg’ttﬁwﬁ{fgﬁ% ogy
of the di sdsenzymedenapippteddy (PPEbW Rareafter) angl assvel Biegrids AruseBdiéhosi ne
cyclic 3 &reattaggmh%ehamkeas@@tlbﬁ caVbe H@ﬁerﬁ@@%yﬁﬂ‘fé&“‘né Ge PO ECHRR
messenger nedi.a &g bi ol ogi ¢ responses to a W de range of hornbdnes)
neur ot r ansri ‘Iérsg Ref-drugs; [Krebs Endocrinol ogy Proceedings of the 4th

| nt er nati onal 3ress Excerpta Medica, 17-29) 1973]. Wen the appropriate
agoni stlObi nﬂseaof beclmemtwn surface receptors, adenylate cyclase is
activated, which converts Mg+2-ATP to cAMP at an accelerated rate. Cyclic
AMP nodul ates t Y/ )

contribute 30 tlc’)!?T t0 il dsh%ﬁi;?sﬁrggﬁgylei E’t@%‘“ﬂ‘h‘s‘?lggaﬁ F‘tﬁ:gc%rtz%dtbg

such) an elféWﬁlbbﬁlaapwéM t\héalf&’abﬁ@féjhmfﬁé%éwlt}tpé! egespiratosy trn«t,ﬂt@um ng: 1 )
ai rway snoQikherids6malir el axation, i nhi bition of mast cell nediator

rel ease, 3) sup res on of neu h|| de ra uIat 4) inhibition of
basophi | degr anﬁp%ﬁq lation, Afneye m‘?FﬁPSP't“? gE)‘«E‘ Se‘“é‘??dﬂﬂ'lﬁ'élﬂtd’é’ﬁaﬁga
acti vatijson. thdrdemﬁﬁplee@emﬂundse te3ponsitilé fotahedaxémpyﬁeat of iy disess. athus,nhi bi t

Pt vass on Snarni HabeifRi-RiAC S el Br A RBICHP AR, WA nevied ShesBied ©
cells. The effectnan qibﬁnapelcbmpangnma@thﬁnmmmﬁbmat Ae dlteoative ot the fimeflia@AMP | s
ydrol ysi s bl i3t RIRBRNAN RS R0 DeiBesn R A1 BLRRERL 538 71001

one or nore I SOZYnes re &rred o as cyc eot
phosphod|e§b@¢§§§§ (PDEs) It has now been shown that a distinct cycllc

n/li(I\:/L eobhde phostiecue kayas sy ERPRIng lbsaz YeaMPREaSsink eyéiRspansi bl e f or
C rea own n I.N a C ,
Phosphod: Jeompaaanites R IR AR ety Mo & BRON e e R AL o

Agents" in Htﬂwv@rrmsﬁe@ o Astibereangdaf hersones] netidGardemnieiscal dﬁgsy[me& Lt d

19581 P ool ARSI Db B Bl b SUB R R Yy goduces

cells, basdffBl sWhndtm@pprqpptatel agonisbbigdsia gpecifinicil B!ﬂrﬁg:etrmmmt iadentyilatn of

MNocybHes étaéfpis 'ﬁ@&’&cﬁ’téﬂo'wﬂléh cd}{%ﬁ@t&%f At‘ﬁ t&’@&ﬁﬁi filaftlac&idiBel §20f PDE 1V
y potenti at ed

|nh|b|tors re nar en adenyl ate cyclase activity of

target cells is ©iciy£MB mgdulases the activity ‘I’fdﬁ%riégmcﬂ“ a&ths@stltj@at %“W d be
the case i rtovnevlsamo’ﬁhyﬁolaeﬁotvxmmktbl@m&g@) ¥eths Re sedif Qﬁ%lcVﬂldnrbftclAMP

t hmat | t.a d E2 ta
?th rsa!t gr su%'gd 8’\6,\?’2 l&et"éﬁﬁv&fg‘ascé%) ﬁ“é‘ néirg/&y S@lﬁ‘gﬂ" ‘}E)r . é‘%&? d of fer
a uni que 15nlmpmrooa>émals0m1rmiedxbmr pieaserd) supeesion mﬂnebtropiuhaiesglramﬁatnlon%)aﬂd
t he
PoSSess0%t SAbIEAN: hAGKARELLL0,AGY IRNITHONSE PARRbS U SalbinaR e
maki ng cer taatmatmns Hgoce compounds tBatactivataladerylaie emaserwnx}lnlyml ohexan0| c aci ds
whi ch are g%tlmodte%ratse eﬁsume @ﬁtam)m @tzgar&fsmg dhé‘ln%ﬁ@x%@ﬁat%b&@am%ﬁ‘%

noder at ed affectin its | nal
product s ofmrb‘é?t/tsn@etthmumtt é@‘b%t”*%f-‘r‘@ftew ofinflammatasr gelis Ihlc@nnswﬁw ular

5, 552, 483 irsednasis@IooRR tiedthiohitidOST ANMIPEs hidrBlyRof @it BpHosphBERSEBANIILINS

di scl osed t her ei n, in so far as that i nff)rmatl on and those representations
are necessary to the understanding of this invention and its practice, in
total, are incorporated herein by reference. 25 Sunmary of the Invention



This invention relates a method for maeking a conmpound of—formula | R R~-XZ
R3 (1) wherein 30 RL is -(CRAR5) nC(~) ~( CR4R5) nRR6,

- (CR4ARS) n%ab\ﬁ@g 53R4R5) nR6, (CRAR5) nO( CRAR5) mR6) or - ( CRARBg+/BSeswhiedgiei n
the al kyl noi etles may be optionally substituted with one or nore hal ogens;

m sOQt 02; nonesorindre of a familWOX B8zekA8fatied @ @ﬁcycﬂmmeﬁdéﬁtﬁﬁﬁhﬂcmake% are
mdependen@) §e| ected from hydrogen or a Cl-2 alkyl; R6 is hydrogen,

met hyl oxyI aryl, halo substituted aryl, aryloxyd-3 alkyl, halo
substi t ut ed ar yltbﬁ§/®w begn showvpl that andistanot C}'qlwdélﬁﬂplmld@p OSDMLOCbQSItwgpc(IPEEE)kyI 5

t et rahydr SRR/ Qg hi enyl
t h~enyl ) '?1 ét ahytlltl) rD (?t lt?r ggy‘grsacr)tﬂyﬁilé PJ%?&%MI??&%FH&\)&%W&%? gbné+&ﬁ Pﬁﬁ%}? ag‘t“

cycl oalky| inflammefany kglls nd osty; ihaspaodiesterpsedsorames: %@F”éﬂfaeﬁefoéycl oal kyl
and heter ONWdI wﬁumtmhaz@s;\g@ﬂs 'nE N Dﬂ.l‘g@'fbryA.&HBﬁt Bmtemdbmcltté}m:ﬁcanet hyl

ded t hyd |, th
O oS o et ¥y 9B} heBh o e hud kBB MRS R By Y then
2-tetr aﬂyébromdea airivay 2mbethrmulsy tbr relaatiqy banylko s@pt@&essadtgcbrnofaubﬁ Y mastor
2-tetr r
2 et 1 amy et HaSdhs abdR8uMdehs Hok ity RhikHne BEdRiuoR of mongevies angd |
2- t et rl@hy cheotrbplilsy IMotelwer, theibgndficia eﬁecté)of RBEVhinhibitbreard mackedlp, t hen R6
i s other tﬂ%tlﬂéd?gh&%ﬁ%)ﬂ@%& ktﬁgo %a cdi¥is ewa&g%gtapgfotpﬁgt)e NHz) - or

fornyl am ne; X: % R2 is
|ndependerﬁWOE@‘E@P&fotqso%ﬁw‘lﬂl@bﬁﬁhe ‘@FE@-BVQ) h‘ﬁr?d?ﬁ&vé’ﬂmélt“?fﬁmoé‘@??y 1 or

nor e hal oggRetivdya thé attma@@mﬂg, WRere U8Rls @Jprélswglt@dm E@Hﬂ&ta@(s@);%@ NH2,

hal o- subst i tut ed 2? i< CiH: opt i onal I y

Subst £ ut dBCHRARoF adaey et G IR LA o NG RS ST orRAbRRE BRI Eeg AU o Oy O,

g( O NR§R Je@praach ﬁviﬁg the pﬁgna@tﬁ@r@bp@f@oﬂh;ﬂlasthﬁial@ﬂ ptopsesm?;hlﬁyarﬁubst ituted
y one to e or| R10 is ORg or R11; 30 R

11 is hydr% Futis agggrgtageiovgqa%entg %8‘?1) {)A SIS Fett uted by one to three

fluorines; Z |'Ble(prom9an ediaNds @@hlm@ntlmdemgm,foﬂﬁ@@g)) ORg,

I a5 R R O A it ot i
cation; for treatmg asthma, and other diseases which can be moderated by affecting the PDE IV
20  enzyme and its subtypes. The final products of particular interest are fully described in
U.S. patent 5,552,483 issues 03 September 1996. The information and representations
disclosed therein, in so far as that information and those representations are necessary
to the understanding of this invention and its practice, in total, are incorporated herein
by reference.

25 Summary of the Invention

This invention relates a method for making a compound of formula I

X R’
RX, a
Rs M
wherein
30 R} is -(CR4R35)HC(OYO(CR4R5)mR6, -(CR4R5)C(O)NR4(CR4R5)mR6, -

(CR4R35)NO(CR4R35)mMR6, or -(CR4R5)1R6 wherein the alkyl moieties may be
optionally substituted with one or more halogens;

mis O to 2;

nislto4;

[}



35 which nmethod conprises: a) conbining a Goup I(a) or Goup Il(a) netal
hal i de, with an aprotic di poI ar am de- based sol vent and water and a

conmpound of ég@gw&% A or V1' 0 99/18793 X/ H CN O R XBcResiizh64/S98/ 2
t Ul X O HY R3ABwhereR)R3 X2 and X are the sane as for

formula (1); 5 h)is@eating the conbination to a terrperature of at | east

about 60 for se ﬁldﬁgpem%e%@baqﬁlml Ct%?? “b@y rcgraa(t: re; c)

precipitating out”™a compoun ing a ro g base to said
conbi nati on; d) Réeisdydrmgenmeethyl drpdoaglearyt dirlcembstantedweatleary foxy@y salidyl, ~

pr eci pltatqaL@@@stmte@aw%@éfgoga[ym%anfr\{y' gv@wgfp%g@vcm@l pi tate) or 2)

acidifying the precipitate to Enbodi nent s of

t he | nvént it@rrhyAfodurgpyle Buanyl rfmhyésonyﬁ@ybm%blt@r%w dpenyl rhuenyl,
4- subst i t ut@ehidioshifpyrangi ﬁﬁtip?}driyllt@}j@@d‘lb!élkw&ﬂ HUXPRRIRIIGE bélftaining al | ows

for convertin to,its corr honol ated acid.via the
use of a GPBRT S PERTREE birsahesin GF TP ARE A etecortsbe R iEh eh bhr o
made by t hioptiptiadlyestbstaned BRE tb\3 methylbgrbmpssoro‘ﬁlaeemyagmupseful for treating a
nunber of di seai&fv&s % cri bed in U S. patent 5,552,438 issued 3 Septenber
1996. 20 The preferred ¢onpounds which can be nade by this process are as
foll owd0 Pref er mpdviRnRG sdydiaxyt, éhensmfin?; arhe conpounds of all named

formul as are CH%gyvg%stlé)Rva ro%ygh%ﬁs@%%ogﬂ kyl, C4_6 cycl oaI kyI

unsubstituted or su ut é pol cl oal k
4- cycl opent enyl ¥) YWaRa is 2retralidrenysanid adrtetalyyd ro gny, r Cl 2 aI kyl

unsubst i t ubagirityd ﬁa!n f, @E eqetbih &rdﬁileﬁmrtﬁetfl hPi@U'd?%))r 25

CH2) 1- 3C( O %HS 0- ~ ~d 2 2-40H. Preferred
X(gr oajps fcf)r)lcz)f) }gn(%fé ‘S&te%r%;jgr%?yé%%g Rﬂﬁmfhﬁom("i‘ ’YR)2 and Y is
oxygenls The-tanrﬂfydrcrfednwogﬁwmhfydrotiﬁaﬂManfis)l fo®H;t hat wherein X2 is

oxygen. Preferr?gw%nq)r %H%F?soathean 0%&:‘9(1'1 L}I%ﬁrybstltuted or substituted
e

by 1 or nore hal"ogens are preferably fluorine and
chl ori ne, ﬁ(ﬁkﬁ@)@éﬁ&&ﬁ&)nﬂ{sfl uorine. More preferred R2 groups are those

wherein R2 is érgg]alkyls specifically a C1
2 al kyl, suchnzitsgmtg{gj&gg%jﬂ?j%ﬁ Bgﬁ%}é noi et Most preferred are the
TCHF2 and - CH3 maiisQ@sNR&: WD 99/ 18793 PCT/ U898/21061 Most preferred are

t hose ggnpounds yA3y gtg(cBR‘L is -CH2-cycl opropyl, cyclopentyl,
3- hydr oxycycl opent%é' | or CF2H, X is YR2; Y is oxygen; X2 is oxygen;,
tih

and R2 is CF2H &t! 9F ’and R3 is CN. The I|th| umsalt of these conpound
represent a sub’R@&ﬁ ifepgridehigy Sc&et:tezbfmmuﬂ(ﬂ@ or5CHyOhy dptivinkidy subsetutdditdyl um

salt of 4- Gy.ano- 2 h&ggcc ScI opent yl oxy- 4- net hoxyphenyl ) -r- |
R3 is hydrogen, halogen, C1-4 alkyl, CHoNHC(O)C(O)NH3, halo-substituted
25 C1-4 alkyl, -CH=CRg'Rg", cyclopropyl optionally substituted by Rg’, CN, ORg,
CH20Rg, NRgR10, CH2NRgR 10, C(Z)H, C(O)ORg, C(O)NRgR 10, or C=CRg",
Ry is hydrogen or C_4 alkyl optionally substituted by one to three fluorines;
Rgis Rg or fluorine;
Rjpis ORgorRjy;
30 R11 is hydrogen, or Ci_4 alkyl optionally substituted by one to three fluorines;
Z’is O, NRg, NORg, NCN, C(-CN)2, CR§CN, CRgNO2, CR3C(O)ORg,
CRgC(O)NRgRg, C(-CN)NO2, C(-CN)YC(O)ORg, or C(-CN)C(O)NRgRS;
R’and R" are independently hydrogen or -C(O)OX where X is hydrogen or
metal or ammonium cation;
35 which method comprises:
a) combining a Group I(a) or Group II(a) metal halide, with an aprotic
dipolar amide-based solvent and water and a compound of formula A or B,



cycl ohexanecarboxylic acid, i.e.,

|ithi um 4-cyano-4-(3-cycl opentyl oxy- 4nmet hoxyphenyl )-r- 1- cycl ohexanecar boxyl
ate repres ef erred enbodi nent. More particularly, th

cis-lithi uﬁ?&gg@g % 4- (3 cycl opentyl oxy- 4net hoxyphenyl ) -r-1- ?ggﬁ%gﬁecarb
oxyl ate i s nost -‘ : B C3
epoxide with a G oup a3y \netal halide get the acxol nitrite
whi ch hydrol yzeg .ot 'S4 ' .
preparing the aci@ fromthe acyl nitrite igxfat “wien
formed fromthe acyl nitriBe, hydrogen cyani ' de ( HCN) Fis gener atkd. The
chall enge is one of renoving this HCN in a cost-effectiPve way. A feature of
this invention is a 15 neans for effecting a nore efficigent renoval of HCN.
It has been discovered,that if.the reactlo iS.r n an aprotic dipolar
ani de- based soIV}éeﬁ?k@’gﬁ’gf%?W\ﬁéet@F”%éﬁ f@’??‘gﬁébbase i s added a cyani de
salt forns and remains in solution and the carboxyl ate salt which forns at
the sage tinme eci pj I 4 o ct the
pr eci plg‘taate anﬁjr)r enl%tga{’ gle;%%b‘b%at“)%g tgékegﬁpetr% s ra}r?gggo £ %e oraFZO
essenti al Inyuaﬂ, bplidnally eindgreasi igert gapaspherom t he al kan0| c acid salt

precipitate. This ay st such as
oxi di zing the H&N 'lpﬁbg%rt \ng?afcsmF)H @6‘51%%‘{%%%'(3% %dgﬁ%tdusgieb |b%pet[ﬁ| S

i nvent i on SaldeComy jnasiont he hali des of the alkali netals and the alkali earth
netals, i.e., Id)t hi UBinoSPFithédmidRtSE&d Mcn’iﬂﬁuWatéﬂroﬁﬁsﬁix&ﬁﬂc@fpxtﬁfeaﬂﬂl um and
beryl | sium calcium strontium barium 25 or radium The

pr ef erlb %Pg?r] are lithiumand nagnesi um The halides include fluoride)

chloride, bronide arg i ocbuﬂﬁyxn'grlﬁmmrreﬁ@rbaﬁuﬂaj orde is bromde. Lithium and
magnesi um hal i des ar{ pr ef ﬁ{ br om de .a t?%erq,cg esium brom de are

nost preferred. LitHum G hg Pb%ﬂ&‘ aqlﬁfnb}?e In regards to

t he am de-paseg ent.s) t re_illustrated bythellkes of 30

di et hyl f(g)l?ﬁ-‘r’rﬁé M WM%&%E@Y%‘QB) and N-met hyl pyrrolidinone. DV
is nost preferred. A second organic solvent can be used in addition to the

ani de- based sol rocdse in®IAERhEs RYficehaif 4babsipapa-41exgl successfully in
t he rggctl on. ill a rat§ WD 99J18793_ PCTI US98121061 bel ow. Nor.ma vvater
e g

O iR s kR Bl cloieRaRoT A I NG E IO GaVeIapE Ay etdepRarh ks |
gi ve the abhaspmndmg(hodiold@mdeacai viathdwese qﬁlaefnenp &d) enli@isate nfterafedtar. s

invention is t r nt bl e.

DVF, di et hyl agreh? §§m§8u€t§n\gﬁx rﬁ&*eagr}' t?‘? %FSFI%%G%E? ﬁtﬂﬁ%gér& an@a

While it iase w@érﬁcoxi ta.*.atmg ahmmbemai@seasw ashlesct'nbedantu Brpaad 51598, 4t3&essw¢bunt of
wat er can v§erpy The reaction goes even when a mnor anount of water

i's prgsgent. % t (wt/w)
pr eseg in the ’Ilrhggp {f?%%{ %/cggg&'ﬁ’dpwﬁ? hazfagtbggﬁédcq%yjth ﬁé’ﬁe\é‘@%@%gﬁ V%Ee | i qui ds
and the sol i ds,PréferredR; spmmaﬂtslfdsr thb eonipsarls of All mamed Porefutds el Calpount  of
water is at |east about 1 % wl and nost 1pref erably about | -5 % water

by wt/wt . cwﬂpp@pnbpfwﬁsmmﬂehl@wmﬁm wbeftumﬂpéﬁutﬁﬁan%fmva@ based

splvent s

proceed w@%ég:gd/?\/\é'% EBS?WY ;&f &q@ﬁiﬁeﬁ't"h?@v@‘ew@%"é}éﬂ ??1 eve hllyga elr

per cent ages (f) MRylaimsabstitihied os edbsttnkd BY 2 ajrintdte Ghiofifid, Or gani c
solvent-to-water rati os can be achi eved ¢\:Ht he skill edg&gacti oner. The use

of any> ano(fd2)e3GENFCHRI2AAHB miEHRN - 9P HH M- 2l Beand add2 2eAWdnt i s

unat any 1 omieraret & mah. B BBl b Bty ute WNERHR XRTRFRGLYY oo P°

combi nat i @R§geH EFIpIefeR8s XD gohy R FornolaWBlie that hakred@Roeokied, it is not
practical to set _an exact upper limt to the tenperature since that wll

vary bas ed’rdnnsd)RQemum@r@@Cu emalh)ﬂdmsnlestmacd or %fbstlwddm ]eelt @Qf%ol vents. 20

The G oup a I ne S the i.de acyl
nitrite. hflfo nﬁﬁfch'e k](@%geaai grggﬁﬁ?l{%éxegpgggﬁgge OIPO Fra%%u r at her
than Bgol dhrihéleMor@prebsited, R?@rduP§ @Jeub&,se wWiitrdin &) ik eetinar faxy habe-i s fornmed
by addi ng about 2 or nore equivalents of a strong base to the reaction

vessel . Thﬂbstll&lasfealkmsr@emﬂ?aﬂhm@ 2 alkghsuctos a &% yeHbReoraRb2EHHE d and a
salt of HCN. is_r.elease of the acyl 25 nitrite
group. Thén% %}? RFﬁf 5 z}rcﬂua &ﬁ&%&ygﬁ&#ﬁlﬂ%g in the solvent and the

salt of the




al kanoi c acid precipitates out of solution. This nmakes it possible to
separate the al kanoic acid salt fromthe cyanide salt by sinply renoving

t he sol vent O-EEE J’gglventi on can be practiced using | ess than PceRitbd/AbENt S
of base) bu‘?/ t a? woul d possibly result in loss of the al kanoic acid
because it woul d18QtpréieREd ReliRdse cOm o@édsa%eaéihm)isuept%y&@?k@yﬁo froman
econom ¢ standpoint. And unreacted HCN coul d contam nate the al kanoi c acid
that di d predopintylt 8-hydtroxytydopentsil omethifeor@FaHeX pr ¥Rar Wasl opygeot Xgés is to
use 2 or nore equ)%%al en \%f t he )ﬁase 6. WO 99118793 PCTI US98121061 A
strong bas@Xy&i é @d?@g ropethyli 4 R3¢ Non is any base that will forma
salt 5 10 with the eyam d& drom GEHY PR ANY sHESE kPG LaRMHINGQ form
t hese salts; format{%oln of the g?/gﬁlﬁge sal iss tﬁe noretﬂ(’r:ritfca ofnt e two
criteri@ fdnpgeteaniheilngunf salt g @rdyianoddai3-dyabpentglongef-methomyphengl)stlep.

| norgani ¢ hydroxi des are preferred . For exanple one can use Li OH, NaOH or
KOH. ~One c532019?%“%@@%#5ﬁ?lelm-%drthw-ﬁwa&qgﬁ%%&%%r}%lpéywéy| armoni um

nydr oxi des aind¥5iRki1I-t Dy REUAEA UG 14 (R GLRL ek BREAURRodEN NiBEUT

cyanide salt 1s e 1n the“aqueous aprotic dipolar am de-based
sol vent, ampdrtichlagy edht eoinpoomd &s-4itHinmiboyanant (A orctopeanpdet-¢ renoval of the
cyanide ion fromthe acid salt when the am de-based sol vent is renoved.

Li t hi um cyafitkpxypRenybrel $yrlgbexanpearvanylate ifrmess pederredn cyani de or pot assi um

i rongbase i n (he PRSI PAGE BY Bpt BpE BiSeopr BEWIE 4 QR iRR BA R e
of this inygide et he @B diftileMvhicdh Hydeol s (€ tHeSikidahehe PREGRE of waikf) A0 the

reaction vessel, lithiumbrom de is added, and then the epoxide. Once the
reacti on habipsmin prepaangpihe afidirams theracy bnitrie is thet whemtbe casbgryletalient s of an

aqueous sol.uti of .lithiumhydroxide._ ar. t he cl.ohexanoi c. aci d
Saters pr EmsRiso ey SRS RkR SRl PRCRT s Bfpit re PR o

di scar ded. ofd6f fetdoRingthsAIENGH alcB&-eFiketi MRARN0 Fanie bl tii@ihvBRionus b her
purified if needs be to renove residual contam nants such as cyani de salts,

or conlrt egansofor hffectirigh myrediffciontvemgvarof U dih Hasleeenidiscowgred that i theol vent
and aci di f\éi ng that materi a!. é.o %Et alcp? the,free acid. . A reﬁprehsent ative
schemat i ¢ BFCTHb"S pPRELALAREISRPOBLEA™ -%ﬁ%%vqntgﬂ%%%tc Wit Rese

graphi cal geaiEsRe1eiddens cYaRdSRBCHofhe Rk RIRAIRSN sSlutibh Bid fRlarbbR@agener al
met hodol ogy used in this invention. Scheme | 25 OH MeO Stage 1 MeO Stage 2
O 1 ) | (2098t whicltiforms atithesame) tirhi BrécipiapiveanefGealutiooy dibid permitDhee 1 2)

HOAc/ H20 2 ctivated .Carbon 7 WD, 99] 18793 Stage 3 O~ 1 Conc. C H MeO
Pe! e toleehine Brécpiith &iepre Theso Vel &tk TE0S BIROTSTSEEY 120 | ON

20  essentially all of the cyanide salt from the alkanoic acid salt precipitate. This avoids

having to run an extra purification step, such as oxidizing the HCN.

The Group I(a) or II(a) metal halides used in this invention are any of the
halides of the alkali metals and the alkali earth metals, i.e., lithium, sodium, potassium,
rubidium, cesium or francium; and beryllium, magnesium, calcium, strontium, barium,

25  orradium. The preferred metals are lithium and magnesium. The halides include
fluoride, chloride, bromide and iodide. The preferred halide is bromide. Lithium and
magnesium halides are preferred. Lithium bromide and magnesium bromide are most
preferred. Lithium bromide is particularly preferred.

In regards to the amide-based solvents, they are illustrated by the likes of

30 dimethylformamide (DMF), dimethylacetamide, and N-methy! pyrrolidinone. DMF is
most preferred. A second organic solvent can be used in addition to the amide-based

solvent. For example acetonitrile has been used successfully in the reaction illustrated

5



Stage 6 _ O NaOve MeO ~ Di oxane/ MeOH w ~ C02CH3 NC C02CH3 O Me0 i ClI Stage
5t ) ~ C2GH3 CH3CN, BnMe3N+OHH2QO CH30H 2) Crystallize from

Met hyl cycl Qhis¥a{i@eoO MeO 0 CO2CH3 i CN Stage 71 NaHCO NaOWVe ) p3T/SR210810Xane
MeO Q2) Conc. HCllB) Crystallize fromvet hyl cycl ohexane/ CNEt hyl acet at e4)

Recr yst al | beiew! NommyligReser (PRide@Rethe réica@R pdt ds it hfdrolyZzeiNntH ﬁmrqu
C6HSCH2N( C2H5) 3CI 2) Crystallize from THF/ net hyl cycl ohexane 3) Wash

crystal s witihtong@-hg ajagoic alsidCI‘HW stfaier prefetyed ¢rBbddiR@nONRhGHBENIR) aq
IC_II)ZOiI i) CJ\(I\a ‘Isé?ﬁef }Clr & aé%%itp%aﬁ% q&%%@lég%@ﬁwmﬁﬁwé%\é@%% econd
very sim | g4 §&hethyl ﬁ@%@ﬁfﬂoﬁ@&&hﬁﬁs SUaRE WRRir ifbsgential to have water in the
5  reaction medium, the amount of water can vary widely. The reaction goes even when a

minor amount of water is present. It is preferred to have at least 0.1% by weight/weight

(wt/wt) present in the reaction vessel, calculated on the basis of both the liquids and the

solids, if any, present in the vessel. A more preferred amount of water is at least about

1% wt/wt, and most preferably about 1-5% water by wt/wt. While not all possible

10 combinations of water and amide-based solvent systems have been tested, it is known
that the reaction will proceed with 20% water (wt/wt). Hence it is believed that even
higher percentages of water can be used. Optimization of the organic solvent-to-water
ratios can be achieved by the skilled practioner. The use of any amount of water in
combination with an amide-based solvent is considered to be within the scope of this

15  invention.

The reaction can be run at any temperature above about 60 °C. Since there are
numerous combinations of amide-based solvent and water that can be used, it is not
practical to set an exact upper limit to the temperature since that will vary based on
solvent selection and the ratio of the selected solvents.

20 The Group I(a) or II(a) metal halide opens the epoxide to givean acyl nitrile. It
is hydrolyzed to the acid in the presence of water. But rather than isolate the free acid,
an insoluble salt of the carboxylate is formed by adding about 2 or more equivalents of
a strong base to the reaction vessel. This base forms two salts, a salt of the
cyclohexanoic acid and a salt of HCN which is released in the hydrolysis of the acyl

25 nitrile group. The metal cyanide it turns out is soluble in the solvent and the salt of the
alkanoic acid precipitates out of solution. This makes it possible to separate the
alkanoic acid salt from the cyanide salt by simply removing the solvent. The invention
can be practiced using less than 2 equivalents of base, but that would possibly result in
loss of the alkanoic acid because it would not precipitate out of solution, undesirable

30  from an economic standpoint. And unreacted HCN could contaminate the alkanoic
acid that did precipitate out of solution. Hence the preferred practice is to use 2 or more

equivalents of the base.



10 this invention. This schene follows the sane route as—t he one outli ned

in Schene
Il OH Sta

DVFl MeOH ~ ~

|; sonme ~of the conditions in certain steps are changed. Schene
%1%981_?7 stage 2 O MeO If ~ NCO MeO Il ~ 1) NaBH4 MpBrudsidybe13 i O
PH chl orocycl opentane H 2) HOAc/H20 Isovanillin Stage 3 1

) Conc. C O Tol nenendbedeltbr Melpthbses & thrlid@Riidh islany Bas&War d0etRG @4. HC
I1ize fromEthyl acetate/Hexanes Stage 4 Pf ~ase-transfer MeO
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Cycl ohéxanerdetahwen biQbl, ReOHy et BOH. Z8nd camralsoise nesngopin sehalfyr @aplz ~ H ~ N
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25

tetra-alkylammonium hydroxides or NH4OH. Lithium hydroxide is preferred because
the lithium cyanide salt is highly soluble in the aqueous aprotic dipolar amide-based
solvent, and thus effects more efficient and more complete removal of the cyanide ion
from the acid salt when the amide-based solvent is removed. Lithium cyanide is more
soluble in DMF than is sodium cyanide or potassium cyanide. So it is more
advantageous to make lithium the cation in the strong base in the salt-forming step of
the process.

A perferred practice of this invention is one in which the solvent(s) are charged
to the reaction vessel, lithium bromide is added, and then the epoxide. Once the
reaction has gone to completion essentially, two or more equivalents of an aqueous
solution of lithium hydroxide are added, the cyclohexanoic acid salt is precipitated out
of solution and filtered out, and the solvent discarded. The lithium salt of the
cyclohexanoic acid can be further purified if needs be to remove residual contaminants
such as cyanide salts, or converted to the acid by dissolving or suspending the salt in a
solvent and acidifying that material to obtain the free acid. -

A representative schematic of the process is set out in Scheme I and Scheme II.
These graphical representations use specific examples to illustrate the general

methodology used in this invention.

Scheme I
OH
MeO Stage 1 Stage 2
| N MeO —g—e—-—->
F o 1) KZCO3’ QC! 1) NaBH4
H DMF/MeOH
Isovanillin DMF H  2)HOAc/H,0

2) Activated Carbon



0 CNO9 10 15 20 25 30 WD 99118793 Stage 9 O 1 ) Li Br/HéO MeO DWVF/ CH3CN ~
i H2) ag. LiOH ~ COLi 3) Wash crystals CNwith EtOQAc Stage 10

PCTI US98/ 2 nag30~ MO ~ H 1) Ethyl acetate i ag. HCO ~ pc5Addsk2o61
Crystalli 22‘96393/%187& Et hyl acet atel Hept anes The chem stries illustrated in

Schenme | are set o in ag£o-pending U S, i cati on which has been
assi gned USSN 60/ 0b 1613 (i%ﬂiéd_& Febr uar,%p\ﬁ%?) and also filed as PCT
application seria mben cBkel HEB98/ 02~4906és”|/gnati ng inter alia the U S.;

it has beemdpublished as WRR,345844e0Th application is incorporated -
herein by ref efflence, par bindtloy,l y as r@:\s}éhe chem stries under pi nni ng
steps 1-7. The L&tx@m{s@ﬁ es in Scheme || t out in PCT application
nunber PCTI EP98/ 05504 filed 26 August 1998 which) inter alia) designates
the U S. as a selected State. The full disclosure of that application is

i ncorporated herein by reference. In addition the details of this second
set of cheni®@%®i%es are gi ven belhow. A dgeagersal description of the

chem stri eg)nacipchenes | and follows_A mxttre of cyclopentyl chloride,

i sovanillin gpg pot as‘}iétén carbonat e ith ﬁi\r%ﬁw formanmide is stirred at
about 125 & #fjidnkyH,Er METT o7

of the cycPiddhByMeRyOldr oduct is deemed to be
conpl ete (approxi métely 2 L S) cnThe MQYCHE@HI s cool ed to 20-25C, the
solid (potassium chl ori de and pot asseubnyitaltzritvenate) is renoved by
centrifugation and is washed w th net hMethyicypishexamebei ng di scarded. The
di met hyl formam de |iquors and net hanol wash _are conbined for use in the

next step. The sol ut | on of the cycl opentyl conpound i n di net hyl for mam de

and net hanol is cool 8d tosiageeit 0C and tg€ated with sodi um borohydri de

(approxi mately Ip5™hours enpghat ure is maintained bel ow SC. After
that the mygburelis sti rﬁ?o@a]:gmgo 0 Cfpr 30 moutes and at 25-30C until
the reduction tion i s deene 0 belgoml/ete/ 30xi mately 1 hour).
Acetic acid 50% edCOLCHest roy the excess borOhydride and the

di met hyl f or mami deicanhd met hanol are renoved ®Y distillation in vacuo. After
cooling to 20-25C they, m xture is partitioned between water and tol uene. The
t ol uene phase, cont aigp the al cohol is washed wth dem neralised water)
passed through a f Iter®t8r use in the next step. The solution of al cohol
in toluene ig, treated with concentrated hydrochloric acid (mn 36% at 15
to 25C. The‘gfaﬁ.Zi_g phase, containpng the chloro conpound is separated and
treated w tiyNagGOYMaDMer bonate 0 neutralize the HO traces. The solid
(sodi um chl ord BeioxaAsi UNMBD onate) is renoved by filtration. 10 WO

991 18793 PG(BASRRI21061 The ' ® the chloro conpound is
concent r at el ch¥tatlbStrbh| ati on / After cooling to about 20C,

dem ner al i semeingitpiohekatler abut yl a ni um brom de and sodi um cyani de are
added. Aft er Ethhledcetatee m xture is heated to 80C and stirred at this

t enper at ur &) Ba¢rydtalidedrogyani dati on reaction is deened to be conplete

(appr oxi mat elxylegesHertiondl) After cooling to <60C the mixture is partitioned
bet ween water and tol uene. The tol uene phase, containing the cyano conpound
is washed at 30 to 25C with dem nerfalysed water) distilled in vacuo to

m ni mum vol une @wget®d this is adg

/jso;l ut jon

1) CICH,CN MeO HON Stage®
THF/aq. KOH O 1uBm,0
CgHsCH,N(C,H,),Cl DMF/CH,CN

2) Crystallize from CN 2) aq. LiOH
THF/methyicyclohexane 3) Wash crystals

3) Wash crystals with EtOAc
with MeOH



acetonitrile. The product solution in acetonitrile is used directly in the
next step. 10 Solutions of nethyl acrylate in acetonitrile and Triton B and
acetonitril SvGbFighdaepar ed. About 16.6% of the nethyl acryl at epS@N¢sbs:i S
added to the cyano conpound sol ution at <25C. About 12.5% of the Triton B
solution is the added) the m xtureg,So$4irred for sone nunutes and then

cool ed back to <25.C. ~This additi i's repeat ed/-'t\rlf/ee nmore tines)
then the final 33% of the methyl!) E&whacalte sol ution and @he’15 final 50% of
the Triton I_Meﬁbi);n\%on areqadded | #3-tWo portions. WMk@.reaction njxture is

stirred at 20 to 28C wntil the reSRSIAHRE M qeened to be conplete
(approxi mately 2% " Cfhe ac Wﬁ?ﬁefﬁt%e’iagesr emveg\b?\y%uﬁ'\nﬁ%i‘i
distillation to m nigymvolune. The mixture is partitionedgpet ween
cycl ohexane/ t ol uene and water at 50C. The cycl ohexane/tol uene phases,
cont ai ni ng the pBoenat B illsuaged stamdakoutimilangey bf adndidianstthQ caf bCusedhe
product is isolated by centri fu(%ati on and washed with cold (<0QC

cycl ohexaneipinyemion. SHREME AQEOWIBE SR FQUERasHhe REk oBibined B Jfihgmedine

pi nel ate as y it ' r 9% met hanol i ¢ sol uti on of

sodi um et h%@ﬁ%gtpgwgﬂdchg%ﬁsﬁﬁlelrtl%ﬁls'%?% Cga@f%'sol ution of the pinelate in

di oxane.5 The m xture is heated to about SéhémeIEf| ux) and maintained at this

tenperature until formation of the 2-carbonethoxycycl ohexan-1-one is deened

conpl ete (approximtely 1 hour). Mich of t met hanol is distih ed out and

replaced with di ne. Sodjum bi car bonatO degipi gr al i sed lwaper are
-@%&4&5 t ® 88C) and

added to the . thg' m xture P ed_toreflux

mai nt ai ned M9y t enper ak e 30 Me®i r mat 1)ovaBbf, Me© . C ohexan- 1-one

i s deemed to belco | eg e (agfgpr"oxi mately 10 heyr Pmrmdcdbar fhay the mixture

is cooled to <60C an CO”%@B&JG @%”tQ%@r ch rig),_ﬁgkq_,%pl utemi-Phdded to
) 0

reduce the pH from>#0 to t he di oxane and met hanol is renoved
by distill ati omovaniiMacuo. After 35 that the mi xture is partitioned between
cycl ohexane/t ol uene and water at about 70C. The organi c phase, containing
t he ketone is shed tw ce wth dem neralised water_at about 70C. 11 WO
991 18793 PCT. 061 Th ductsmgdation is to B@geand aged for
D

about 1 houry)gbndHtp 11 O The preduet—-<i sol at ed fiWnd washed
with cold ( 1GG)emyd el t ol udihase-transtefmsn calke i s vabluidm §Fe@d at  nmax
50C to give phaHeeione ab a OEL APEeS onder | di car bdrtiEN; BN OH"
prepared fromthe Ketone ting the ket one~y#Fth $Nchl B¥ed&bnitril e
in the presence of an inorganic base and a catal yti c anp@miyctohexane/toiuene
benzyl tri et hyl ammoni um chl ori de (BTEAC). The ketone and a slight excess of
chl oroacetonitrile in a suitable sol vent sucg_g; THF is charged into a

m xture of strong Pase (aqugQus.potassi um hydroxi de) and BTEAC _and a wat er
m sci bl e sol vent ;s0eh” as tels_tfﬁfsgcdmfuran ab/r\edﬁced tenperﬁégjpgfe?_,a;,about 0C
or thereaboyts. The reacti d¥eGMe 10 maj g4 ai
the duration ofyfhg reacti ddioxapeMaPHy a
i sol ated or uset rude,cM,l . The dica cbscmso@ygéﬁcg%;to t he
cycl ohexanecar boxytit acid using a Group 1 (a) or Tl(a) netptydvabladetonthé s
reaction is carried oyt by charging a vessel WNh sol vent @) Réanystahizstrom

i nstance exenplified , acetonitrile and water, and theyl&Ges(gptdndl| (a)
or Il(a) nmetal halide (Preterably about 1.5 equivalents)) Liar is

il lustrl& ed; sweeping the vessel with an inert gas; adding the
dicarbonitrile A or B, or a mxture of A and B; and heating the vessel and
its contents to about 100 C for a nunber of hours, 8 S being an

exanpl e. The reaction is diluted $@gh8DVF _and opti op wat er. Li OH

di ssol ved in water ;i3 added (q?gw:H@ 50% ol angdeycess is wr Edrred). A 20
suspension is for This is st 'EL a slighthy EFI evat egQ enper at ur e( 40

to 80 C) for aboﬁ’t an hour or se.,f/%ﬁem ] Janm salt\: £ red (tj)_y ]
cREERSS or exanpl e) by suspendi ng t he
th
]

ed at about tha;N;;@m)'waat;gge for
“hour. Ghe progigehecan be

lithiumsalt inlanlor 7 i

2nlorganiL "sol Vil ) ! |
treating the suspénsyo th agueeherysyEeral acid. The organic solvent is

t hen recovered, washenl, and conggReaied. The product is 25 isol ated by
conventional neans. The foll ow ng exanples are provided to illustrate

speci fic enbodi nents of the invention, ngt to limt it. Wiat is reserved to
the inventors is set forth in the clains appended hereto. Specific Exanpl es
30 Exanple 1 Preparation of 3-cvcl~entyl ox~, -4-net hoxvbenzal deh~de A

m xture of cyclopentyl chloride (8.48 g) 0.08 noles)) isovanillin {6.12 g,
0. 04 nol es) and potassium carbonate ( 1.1 g, 0.08 noles) in

di et hyl formam de (4.04 g) was stirred in the reactor ( 100 nmL) at 120 to
125 C for 1.5 hours. A sanple was taken to 35 verify the batch conversion.

-~ 1 1 ~N~\ ~ - o o ' f B = a o n A ——r N s

convent i onaMe The acid iz?s/ :
gcﬂ,‘%xg&s_of et hﬁ acetate) and



WO 99/1 8793 PCT/ US98/ 21061 Exanple 2 Preparation of —

3-cycl opent yl oxv-4- met hoxvbenzvl al cohol The di net hyl formam de |iquors and
met hanol wash_ fr Exanple 1 were conbined and retransferre

cl eaned re&'&%?fm%?n addi ti onal anount of nethanol 5 (8.S2 g)q)év-\lgg a?{ded and
the batch was cooled to 0OC. Sodi um borohydride (0.49 g, 0.0129 nol es) was
added in small portions over 1 hour and 10 m nutes naintaining the
terrperature between 4 and 9 The batch was stirred at 7.2 to ¥6°C for 30
m nutes and SH8ASheated to @ A sanpl e V\%? taken after 110 maputes -
stirring at—25 to 31" € andpanat'ysed (GC) an atgﬁe reacti on was”deened to be
conpl ete. AgétBrit@Qcei quzP% ( 1.80 1
any remai ni ngPMEGHLEN bor ghydr i de.

t MOreattor to guench

%he bat thEthd titature of 24 to 26 _C.was
T o Iéfqu n de and nem/e CO.H
renoved by 3lMeishkiyataison in vaduo (end %f %Wftﬁ'l'%ﬁ 58 C, 6 ngar). After

cooling to 20vith EBBAC the mi xt e was partit M’ea(‘fe‘l"i‘ NgPtaRehat er (3. 13 g) and
toluene (28.07 g). The toluene phase (containing the captioned conpound)
was washed 15 with dem neralised water (2.65 g). Exanple 3 Preparation of
4- Chl or onet hyl - 2- cycl opent ~oxy- 1- met hoxKbenzene The tol uene solution from
Exanpl e 2 was dbelchdmisori2Gll@Gteand] inBrhemt [ atecsdt iytdn achipendiagd&Bd (37. 5%

9. 80 g% Wﬁgﬁ%ﬁgg X}gﬁ‘&f)ﬁﬂg}&pg Eé\ A s?Néé@o? 'i'edzpl %2 133 an(c} A

sanpl e” was mnutes a s co anal ysed
(G0 and twise frlehas POR amalgcadeeﬁer@almgnwerB@WS&wZWBdesawm lmr ehzathbomed to

separ ate_and. s beuPhlblRRUFRUY JYRAEGRE I LR bRtttatich 1H€Br86ﬁ@gﬁlg§ﬁtlﬂg (1.20

was charfg he reactor to neutralize e remal nin iC
aC| d. Afté&? C?E‘Fft rpeﬂgutaé#y 23 segards fhe shemistries ¥pderpinpens Yepsiled to 23 C and

filtered to rermp¢ehthptirlih Schane il tur@arlbcmr l?eauaodmrusarchl oride). A

¢ 5 AR g R o € 3700 (end o
4- Cyanonetktietie? Staye | Bimefulhydiswkosuie asfe:hhtcwppbmmneuﬁerpﬁtated heremlhyng t he

0L Ut on LLQMLEX AR Tud G 'LV OATIRILHD B QRS (o 205 0

0.63 mmol e m ner al | sed I um ¢yani "1.976 g,
0. 039 nol es) vxéreer@ddddscrmnennfme mygiiseshia Schemesol 8@ 1Efciloavst hen stirred at

78.1 to 80.4 CxA Hﬁxt&refmzaagdugpcmﬁw Fs%v éﬁ?ni?iﬁ eo%aﬁéﬁ%ltc%l‘ﬁ?ﬂxa&q verify the

bat ch conversi on 8%) sed water (8.76 Q)
wer e ddedimethpformaspide Wéﬁléfeﬁla%‘%%’éll @epalrf&r@atg%n ofthe gyclopentyloxhd t he
| over, aqugsiast Bldssmed icterddi@slete T; rtaﬂhueg,ezmbaﬁﬁ TE@ﬁﬁﬂhﬂ@hQSodl&ﬁtoprOdUCt)

was vvashe t em ne ralis. l.uene removed by
distillat 98\#5 43 ‘g Pé’tﬂis‘df“%ﬁ HOé?&SI“g?sb‘&af HDS }em‘?t‘\fg%s"yv\o 991 18793
PCT/ US98/ deﬁﬁﬂugﬁﬂammdtcbls&d@hﬁbmthtmmhaml before being discarded. The

Di net hyl t T

oyanor et AT ERfadunal KD Bl efiforall OB R, IREE WD, o
100% 2Q. 0334 nﬁthegylmg ot:tliarcgel@pi:mytome compewnst m(cbrr@thu Jformamide #nd enper at ur e.
Acetonitr He%&%ﬁns%@oﬂh t@B@ou@@ﬁt A8 %hré@@lm\t{%afun( QOxQchﬂfldth@ﬁprB%agasi to the

reactor. SoI utigQn acrylate in acetonitrile

t hy
(4.02 g) ardowy hiﬁs I‘?IEPeFP‘Pfeo‘ﬁ “B“’(“&G‘eé&’&l@‘”ﬁf%g Afzerzté@t th%rﬁv@grerlﬁ SEERE B) in
acet oni t r al @t #0°0% 0@ BO W figtePARPAIISA30°8 dnitil tHe BOdtioAREactibn ik debtheBYo BE t he

About | 12 BB REPRPONYE MR AT Q60K th A8  FRAORMEHorn0. bat o

t enpekat uberachfydrde drtethe dondthytfiorwamnidd ad méthapcicane remuovied by distiblation in6. 6% of

th th ' t
bbout 15 SaEEt AR aSlibdlo APadsclond gty BRI Bhooin Gk gREGHAGLOTL! O
t enper at uf&e glpene nhlaée &genawrzmthwatcobel icwaghadiwithy dpmtrteraéﬁed WBEHtP23Bd6% of

t he met hykhrd }a&ﬁué@&euﬁh%ég&t@tcﬁ 81 g) was added at 35 C. Athird
portion, about _12.5% of rlton B sol ution was .t hen added. The

bat ch t enper at Jh& s@¥ufign 0% pleohl dn tqlusnein reaged wit /SEOP rﬁwdﬁwﬁtqcemcasm
16. 6980f tmmmllsa@rzﬁtet erhé@fgm afe, to&&x@gmehm@dn undds C. A fourth

portion, about ncgﬂlso ut i ed. The
bat ch ¢ erpertited Gidreard VHE sadibin oot el e ??Flaer-a offf S 20
33. 2% of (dvdimethiptidacodivat Bicabbotite D3 rérBoGed lg)ﬁm:aaomdded at 34 C. Afifth
portion) about 25% of the Triton B SO\NiéI on 1.25 g) was then added. The
batch tenperature after the addition 38 C The | ast portion) about 25%
of the Triton B solution ( .25 g) was then added. The batch tenperature
after the addition was 36 C. The reaction m xture was stirred for 1.5 hours
at 20 - 25 C. The acetonitrile was renoved by 25 distillation in vacuo (end
of distillation: 59 C, 20 nbar). The m xture was partitioned at about 50 C
bet ween cycl ohexane/tol uene ( 1145 9/284 6 g) and wat er (559 8 g) The

o o o o v o .



14 WO 99/18793 PCT/ US98121061 Exanple 6 Preparation of-_

4- Cyano- 4-f 3- c~l opent yl oxy- 4- net hoxyphenyl ) cycl ohexan-1-one The pi nel ate
made in Exanppl 76.529, |,8112 noles) was charged into th 41Q61 (
100 ). Dig’g’a?ﬁlég?éﬂm) and a 29.1 % net hanolic of sodi ym_rrg,tcﬁg%?%e 5

(0. 4. 4g, 24 molEr)solwion of theeahlorplpemponndiissoneentiatedtbydiistilatief Fruvac¢a7 C) and
stirred at IS & Dol fotOherhidd & i fiy the
bat ch conveéﬂs?%ror?&ﬁ%e met g)nol’ S\as ?éefﬁ%%/_eééggp[ gé% g@?rflg?ﬁ%ﬁn f"%fﬁ%%

di sti || at e)sodigmucyapidedis adkishe Adien Hiat gie moixture 13 heatadge S0F aed iceadeat s i ng
this distilapdanrdesilcRBanRRLISH rditiafdidemed i besdinsleRXaRodimbaly 2 - 69) .
Sodi um hi car bogate (22.2g, 26. mmol es) and dem neralised water 10 (2.47Q)
ver e added.nO#$¢ i xture was heated to refl ux (87 © and stirred at about to

87 C for 10 hourAfierRoshumios<60aS thakeixtuieQs patitibyed hedwbai whecaimelughon. The

tent of .th t | 78 C. Di 0 .
om nor al 1 228 TURFRCARe 1BRaRR &Yyt Hptpod it BREel % FOB2SAME ool i ng
to <60 C cdeoéneraliseésvateydhsiliedoniveciactiodnifBmgm volundsand wwakis adatidddt o adj ust
the pH t The 6 | 73
distilled) Z\ﬁé?‘ﬁ’?é’np%%@?“v%@ﬁ@nq et R e,inraé@‘ M@%’ﬁ?ﬁ"%ﬂ on: 66 C
305 nbdf). UnderSokitions phgethy] aqrplatsciarpsetenitdle apg \riseniBtas aestenifrdg asg) wer e
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The following examples are provided to illustrate specific embodiments of the
invention, not to limit it. What is reserved to the inventors is set forth in the claims
appended hereto.

Specific Examples

30 Example 1

Preparation of 3-cyclopentyloxy-4-methoxybenzaldehyde
A mixture of cyclopentyl chloride (8.48 g, 0.08 moles), isovanillin (6.12 g, 0.04

moles) and potassium carbonate (1.1 g, 0.08 moles) in dimethylformamide (4.04 g) was
stirred in the reactor (100 mL) at 120 to 125 °C for 1.5 hours. A sample was taken to

35  verify the batch conversion. Result (GC): 0.5 area % isovanillin (target: < 1.0 area %).
The mixture was cooled to 20 °C and filtered to remove the solid (potassium

bicarbonate, potassium chloride). The wet cake was washed with methanol.
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suf fi cilent g) was charged to the reactor to quench any remaining sodium borohydride. The batch

or C=CRg Rg |s hydrogen or

temperature of 24 to 25 °C was maintained during this charge. The dimethylformamide

and methanol were removed by distillation in vacuo (end of distillation: 58 °C, 6 mbar).

After cooling to 20 - 25 °C the mixture was partitioned between water (3.13 g) and

toluene (28.07 g). The toluene phase (containing the captioned compound) was washed
15  with demineralised water (2.65 g).

Example 3
Preparation of 4-Chloromethyl-2-cvclopentyloxvy-1-methoxybenzene

The toluene solution from Example 2 was cooled to 20 °C and concentrated

hydrochloric acid (37.5%; 9.80 g) was added keeping the temperature between 20 and

20 22.7 °C. A sample was taken 40 minutes after the addition was complete and analysed
(GC) and the reaction was deemed to be complete. The phases were allowed to separate
and the lower, aqueous phase discarded. Sodium bicarbonate (1.20 g) was charged to
the reactor to neutralize the remaining hydrochloric acid. After stirring for 15 minutes
the mixture was cooled to 23 °C and filtered to remove the solid (sodi_um bicarbonate,

25  sodium chloride). A part of the toluene (17.07 g) was removed by distillation in vacuo
(end of distillation: 28 °C, 7 mbar).

Example 4

Preparation of 4-Cyanomethyl-2-cyclopentyloxy-1-methoxvbenzene
30 After cooling the solution from Example 3 to < 25 °C tetra-butylammonium

bromide (0.205 g, 0.63 mmoles), demineralised water (2.775 g) and sodium cyanide
(1.976 g, 0.039 moles) were added, the mixture was heated to 80 °C and then stirred at
78.1 to 80.4 °C for 1 hour and 50 minutes. A sample was taken to verify the batch
conversion.

35 Toluene (5.841 g) and demineralised water (8.76 g) were added, the phases were
allowed to separate (at about 54 °C) and the lower, aqueous phase discarded. The

toluene phase (containing the product) was washed with demineralised water (13.32 g).
The toluene was removed by distillation in vacuo (end of distillation: 55 °C, 1 mbar).
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g at about 50 °C between cyclohexane/toluene (1145.9/254.6 g) and water (559.8 g). The

cyclohexane/toluene phase (containing the product was washed with demineralised
water (559.8 g) at 50 to 52 °C. To crystallize the captioned product, the batch was
cooled over 50 minutes to 0 °C. The batch was then seeded with pimelate and aged for

30 1hourat-1tol °C. The pimelate was filtered and washed with cyclohexane/toluene

(6.51 g/1.44 g) and recovered by conventional means.
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captioned ketone was washed in two pomons with demineralised water (169.4g total) at

about 70 °C. Cyclohexane (165.0g) was added to the reactor to simulate a flush. To
crystallize the product, the batch was cooled to 10°C over 1 hour. Then it was aged for
6 hours at 9 to 11 °C to complete the crystallization. The product batch was filtered
and washed with cyclohexane/toluene (81.5g/27.2g).

25

Preparation of cis-6-

2,6-dicarbonitrile.

A 500mL round bottom flask equipped with an overhead stirrer, internal

thermometer, and a nitrogen inlet was flushed with nitrogen. The flask was charged

30  with 50% potassium hydroxide in water (22.0 g) and tetrahydrofuran (55.0 ml). While
stirring at room temperature, benzyltriethylammonium chloride (0.81 g, 35 mmol, 0.05
equivalent) was added. The solution was cooled to 0 °C. To a pressure-equalizing
addition funnel was charged a solution containing tetrahydrofuran (55.0 mL), 4-cyano-
4-(3-cyclopentyloxy-4-methoxyphenyl) cyclohexan-1-one (23.0 g, 73 mmol, 1.0

35  equivalent), and chloroacetonitrile (5.9 g, 78 mmol, 1.07 equivalent) at room
temperature. While stirring the flasks contents at 0 °C, the solution in the pressure
addition funnel was added over 15 minutes. The temperature was maintained between
0 and 5 °C, and stirred for one hour. The reaction was warmed to 25 °C, diluted with
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10 Preparation of cis-Lithium-4-cyano-4-
cvclohexanecarboxvlate, 2.

: ) 1) LiB/HO : :

H,C CN  "DMFICHCN  HC

Y

2) aq. LIOH coLi

CN CN
L 2

To a 1.0 L, 3-neck round bottom flask equipped with an overhead stirrer,

15  internal thermometer and a reflux condenser connect to a caustic scrubber was charged
dimethylformamide (200 mL), acetonitrile (200 mL.), lithium bromide (32.4 g, 0.37
mol) and water (5.6 g, 0.31 mol). The suspension was stirred until a solution was
evident, followed by the addition of cis-6-[3-(cyclopentyloxy)-4-methoxyphenyl)]-1-
oxaspiro[2.5]octane-2,6-dicarbonitrile,1, (90.0 g, 0.25 mol). The contents of the flask

20  were heated between 90 and 95 °C for 8 to 12 hours. The reaction was cooled to 60 °C
and diluted with dimethylformamide (270 mL). To the amber solution (60 °C) was
quickly added an aqueous solution of lithium hydroxide (21.65 g, 0.51 mol of lithium
hydroxide monohydrate dissolved in 112.5 mL of water). The suspension was stirred at
60 °C for 1 hour, cooled to 5 °C, and held at 5 °C for 1 hour. The suspension was

25  filtered, washed with ethyl acetate (100 mL) and air dried to provide 2 in 79.5 % corr
yield.
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To a 1.0 L, 3-neck round bottom flask equipped with an overhead stirrer and an
internal thermometer was added cis-lithium-4-cyano-4-(3-cyclopentyloxy-4-
methoxyphenyl)-r-1-cyclohexanecarboxylate, 2 (58.5 g, 0.167 mol) and ethyl acetate
(500 mL). The light suspension was stirred at ambient temperature followed by the

10  addition of 3N aqueous HCI (70 mL, 0.21 mol). The reaction was stirred for ten
minutes and transferred to a separatory funnel. The organic layer was isolated and
washed once with water (100 mL). The organic layer was isolated and fiitered into a
clean 1.0 L, 3-neck round bottom flask equipped with a distillation head and an
overhead stirrer. The reaction was concentrated by distilling off ethyl acetate (200 mL).

15  The contents of the flask were cooled to 60 °C followed by the addition of heptane (275
mL). The suspension was cooled to S °C, held at 5 °C for 2 hours, filtered, and washed
with cold (5 °C) heptane (50 mL). The product was dried in a vacuum oven to constant
weight to afford 50.0 g (85%) of 3.
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X is YR2, halogen, nitro, NH,, or formyl amine;

X218 O or NRg;
Y is O or S(O)m";

m'is0, 1, or 2;

Rj is independently selected from -CHj or -CHHCH3 optionally
substituted by 1 or more halogens;

R3 is hydrogen, halogen, C1-4 alkyl, CH2NHC(O)C(O)NH32, halo-
substituted Cj-4 alkyl, -CH=CRg'Rg', cyclopropyl optionally substituted by
Rg', CN, ORg, CH20RSg, NRgR1p, CH2NRgR 10, C(Z)H, C(O)ORS,
C(O)NRgR 10, or C=CRg'

Rg is hydrogen or Cy_4 alkyl optionally substituted by one to three

fluorines:;

Rg is Rg or fluorine;
Ry 1s ORg or R11:
Ry is hydrogen, or Cy_4 alkyl optionally substituted by one to three

fluorines;



Djs "10%$& ()-10"# 10"# 10'# @10% # & ()-_: "b.c~cRd|[:vU40Jv
@9P#10%BE () - @ @ 10%S$& () -  #10%Ix$4&' ()-MD " #109%9x$9& () -M
#10%R H& ()-M @MLO0%$& ()-Rddd ee)e_e|[:vU40Iv { 0O/ 10%$& ()--@
@L10% & ()-- @-10%S$& ()-D @F+s10%P&y()- @ 10W%&$&' () -

@ (10%$& ()-_eerf OgRgSgTgUgag{ m QOO0 @ 0%#& ()- 1011 1011 1011!3#10% 1 & ()-
T 3#10%x$+& () - 3#10%)x$0& ()- @2910%$& ()-agpgzgghi k{Z9_Q00 @

O ko ) ZetbB or I Bkl s e FABRE
ko, 1100 i Lﬁi%%%% 2l e CEARIE T oniQeBH g, & 0 o

10% & ()- @ ¢ 9@@59@ ReRY *10% & ()-, Y *10%& ()-,qqqqqqqq@vT30 X0
| " 109" & () - @ TV10% " & ?) @@#10%>$& ()- @OwR$& ()-10#10#10# @

109%#& () - @r st uyw'Rr| dndWR'Skre 1%depféﬂ@c9@§&8(d}ogen¢6k0 Kwi@re PN & () - @
@10%RS$& () - Fs&$10%g6! g& ()- @s&S10% & ()-"yyzY{\{]{* _{k{| obUso
@10% $ & () -moregrwilorse @f; 10%>$§ ()-@ s?t)locyag& ()-f @810%& () -
“H#10%gHE () - k{z 10%@ " @ 109D D&
DFZ" 1%0/@1&(13&' (%-{é{ ‘fh&a‘%ﬁﬁg‘?’ﬁ?ﬁeﬁmo& ()- @#&10% $ & ()-1~ z"|]<bU40
#L098& () - #10%: (3)- @cm‘ﬁi&% " B6Hdup Igﬁ GORUBH(E) metal RaRAL UG ) -
z#10%#& ()- n|[:BU40 f #10% }3 88 ()- & #109% & ()
\ 0&F #1094 z#| &pguc @pm@%ld@be‘)ed selevd avd watr pyd moeugound pf fommhe: ()-F <
Ty&$10%p! p& ( 1)0/01 $u& ()-100%°10%°10% @10% $ & ()-

@5! 10% $ & (%‘%&E vU30 | @10%,$t&'()-< @0% ,$t& ()-A @ 10%, $t& ()-
F 10% $& ()-F x F'10% & ()-F ) 0 F'10%,$] & ()-F HKF| obU40 !
C! 10%#&' () - 10t , $t 10t $t10t $tA @10%, $t& ()- @Y(M10% , $t& ()-

@!10%,$t& ()- @10% {}] HQWON! C (@XN2 | 1090#T& ()-A
@ | 10%1& ()- ©@&s109%# , g\ ()- 110% & Sy > [ : bU40 d C@
10%#& () - @.0%# &Q}( C: HE& P8 - 10%#& ()- |0 @8 (9 -@a P3
-109%%5& () - 2@.10%& ( @10%&' () - @1x2 H
R, R, CN
II(a) I[I(b)

where Ry, R3, X2 and X are the same as for formula (I)

b) heating the combination to a temperature of at least about 60°
for several hours, optionally under an inert atmosphere;

wherein the improvement comprises:

c) precipitating out a compound of formula (I) by adding sufficient
LiOH to said combination to form a compound of formula (I) where the X in -
C(0)OX is Li;

d) removing the amide-based solvent and water from said
precipitate, and optionally:

i) purifying further the Li salt; or

i1) acidifying the Li salt to obtain the free acid.

2. The process of claim 1 wherein the product is a compound wherein R is
-CH?-cyclopropyl, cyclopentyl, 3-hydroxycyclopentyl, methyl or CFoH; X is YR2; Y
is oxygen; X2 is oxygen; and Ry is CF2H or methyl; and R3 is CN.

"3. The process of claim 1 or 2 wherein the Group I(a) or [I(a) metal halide
is lithium or magnesium halide.
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cyano-4-(3-cyclopentyloxy-4 methoxyphenyl)-r-1-cyclohexanecarboxylate.
11. A compound which is cis-lithium-4-cyano-4-(3-cyclopentyloxy-4-
methoxypheny!)-r-1-cyclohexanecarboxylate.
12. A compositon of matter comprising essentially pure cis-lithium-4-cyano-
4-(3-cyclopentyloxy-4-methoxyphenyl)-r-1-cyclohexanecarboxylate.



