; kl me3esnsj dXT6PTKWO 02/ 2638 5 PCT/ US01/ 42171 PROCESS FOR THE PREPARATI ON
OF N- (SUBSTI TUTED PHENYL) - 3ALKYL-, ARYL- AND
HETEROARWY SWURBEINYL - 2- HYDROXY- 2- AL KYL AND HAL QAL KYL PROPANANMIGIRUSSTNHGUNDS
Rel ated Applicati on Th| S, a | i cat i
119(e) of U. FRE QR
21, 2000. Ba@kmnmm BELE » 3
_N-(substituted phenyl AND HAWQALK¥LPROBANABIDE COMPOUNDS
het er oaryl sul f onyl - 2- hydr oxy- 2-al | cyl - and hal oal kyl pr opanam de conpounds,
met hods for their preparation, and their utility in the treatnent of
-mal i gnant or benign prostatic di sease or of androgen dependent di sease
~conditions such as acne, hirsuti SR«¢e ” ﬁ Bi cal ut am de,
(}-N-[4-cyano-3-(trifluoromnethyl) uor ophenyl ) sul f onyl ] - 2- hydr
oxy- 2- net hyl pr opéﬁmrapjﬂapatlm daipsrthe beredit hydan’l‘eﬂleBS §d 19¢@eof U.%Pransiondlove

» conmpounds. e s a -t ol erated and conveni ent
non- st er oi d%ppiﬁ?' 0@%%’41’ 1, h&gcéeﬁ{/%vﬁk nt of advanced prostate
cancer. jpreclinical and clinical studies have also indicated its potenti al

as nonot herapy, with quality of |ife advantages conpared with castration
(Schel | hanmer, Exp. Opin. | nveBackgnound of ghe avedtion ( 1999)) Bi cal ut ami de

retnacn B one KIS R ARG, B0
N-(3trifluo g 1% dbssapiRnds, epoxi de
ri ﬁ]g olpenluné@tvﬁdﬁM%ﬂl ol ﬂgﬂ?ﬁdﬁ}%hﬂ@%ormﬂﬂ%n y@k&o Patent No. aif- g3>é| 505;

Tucker et almethqds fm@enmaﬁogiandﬁhelggnh(yllggl@ ?eafmpmmf%ﬁh&lﬁmorgbﬁbkg@ss is
relatively i;% ?%tﬁmﬁs ag’J dr?bgel? H‘%;e%gérﬁl%%e%sesceo%% ﬁ}ﬁ* &I e{s%gﬁljé 'i]%glaﬁ the

process imak ESI on a commer Cli IOI’]

that processgrsefprihbes Bi&alumd@f(ﬂ Bl-pt-byeby3-@ Aeasiethyifphedyl pg- (Rt eri al s.
Accordingly, what is needed in the art is a process for the preparation of

N (substit utﬂ@@rqﬁh@mﬂ)@ﬂfgnﬁﬂﬁﬁydroxy@,—metlyﬂmopananude is a particularly preferred
het er oar v suLLODY} meshYGL i adl lcan Al SALAOL QPANALLAEy SR OUnds

whi ch does n requrre raf ographi c seﬁara i"ons and uses | ess

expensi ve sitafitdnight Adh-eferdlisl antiandrogt 02040 3k fréatmekdf addnted btostate
t herefore, an object of the cgr esent invention to provide an inproved

process 2P or CRIET. pP@ﬁhma@ha@ﬁ picg] gtadi E%]P*}Vﬁ?tlﬁ?dnélﬁétﬁﬂlfpsteaww aryl - and
het eroaryl s lr rQORR de conpounds
whi ch does h%({n%%eladﬁf k@m@%ﬁ% ?%gt?hlgﬁlcg%tgpar at'i ?ns and uses
relatively I(&dmllhaapmnslﬁxqa Opar. (nvegt. M@g Bap. 584@c6hwr)hd to the art processes.
Thi s and ot her ﬁﬁi‘%ﬁ <?dh atures of bt he éntflﬁl inve an are d .SCI’I bed
her ei nbel ow i n EIEN as FRBEEparss ?’ﬁ%a BHTW e prae

i nvention Pk #etha 1dymﬂet~i@éiformb%sfb§ epOkidhtiéh HF RO adsalthdN-F- an

N (substituted phen 3 al k ,

het er oaRy| stiifleprgmethy zntdb Kacrmlmrn@n il Jpsusplapaidd singfopesingul a |
Y O CH2SCe R%n{ﬂ lNlOl and sulfone formation (U.S. Patent No. 4,636,505; Tucker et al., J. Med.

Chem., 31, p. 954 (1988)). Although that process is relatively straight forward,

- chromatographic separations required in the process makes it undesirable for use on a
commercial scale. In addition, that process requires the use of relatively expensive
30  starting materials.
Accordingly, what is needed in the art is a process for the preparation of N-
(substituted phenyl)-3-alkyl-, aryl- and heteroarylsulfonyl-2-hydroxy-2-alkyl- and
haloalkylpropanamide compounds which does not require the use of chromatographic

separations and uses less expensive starting materials.
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H HO R~ cn wherein Y is cyano, nitro, perfluoroal kyl, alkylcarbonyl,

al koxycar bonyl or al kyl sul fonyl; R is perfluoroal kyl, cyano, vitro,

al kyl car bwayp24638 koxycar bonyl, al kyl or al koxy; 20 R is ®CRUSIpH2171

hal oal kyl ; and R2 is al kyl aryl or heteroaryl, which process conprises:
(a) reacting a s&b@tﬁhﬁwf@é, Peavieshef Wm@ﬁenumaenuon\tomr%l%anrznpm 02/ 2- 1G38

5 PCT/ US01/ r b is F, d, Br, |
_or - OS02R3, péoﬁ%zséfgmeep?lz&x%o%&q‘ﬁ§@% tt%ﬁed n%g§lb-§-aqlﬁﬂd%¥??a ed propanani de of
formul a ||| hétefddzylsidbbriyl-2- hyﬂﬁ)“x@ﬂlalkb'l Imddh&lodﬁ@r@robmﬂnﬂtﬂmatﬂnﬂdmnﬂhwhmhesence
of a first base to forman (substituted phenyl)-(err) 'gerr - yunsat ur at ed

- propanani dedg¢s RS IR thq/usequc@@r{lap@greglyc SERAEHQTS apd Bsesgrlatiy y jsgs

.- propana de OXIde of formula VY OR
R PP B8y © bl ilcliaRIoR bind B BoRBBROT 0 O T's W1 20

R2SH -3 This and other objects and features of the present 1nventlon are described

hereinbelow in more detail.

Summary of the Invention

10 The present invention provides an improved process for the preparation of an
N-(substituted phenyl)-3-alkyl-, aryl- or heteroarylsulfonyl-2-hydroxy-2-alkyl- or
haloalkylpropanamide of formula I

Y
0
CH,;SO,R,
HO Ry

@
15

wherein

Y is cyano, nitro, perfluoroalkyl, alkylcarbonyl, alkoxycarbonyl or alkylsulfonyl;

R is perfluoroalkyl, cyano, nitro, alkylcarbonyl, alkoxycarbonyl, alkyl or alkoxy;
20 R, is alkyl or haloalkyl; and

R is alkyl, aryl or heteroaryl,

which process comprises:

(a) reacting a substituted benzene of formula II

25 ()



WO 02/ 2-t G38 PCT/ USO1/ 42171 wherein R2 is as described above in the
presence of a second base to forma sulfide of formula VI Y O CH2SR2 R H ;
arid HO R¥O@p468®acting the formula VI1 sulfide with an o¥ddvuSevg2idyent .
The present invention also relates to i nproved processes for the
preparation of N—(substituted phenyl ) -a, ( 3- unsaturated propananides of
fornula IV, ;g f

_Detailed Descrl ption ﬁ#h% d%ﬁ{/dg‘ﬁéllﬁg%eﬁdﬂﬁ?ée%g?g % z(Kagkeﬂs@ Sal entl on
preferably opaiyl ivtanregpainsatgratedsprbpddatmidedf foenakaid of for mula Il WI th an
a, [ 3-unsaturated propanam de of fornmula Il 15 in the presence of a first
-base and an aprotic solvent, preferably in a tenperature range from about
.-40C to 155C, to forman N-(substituted phenyl)-a, (3-unsaturated
propanani de of fornula IV; reacting thg| formula IV propanam de with an
epoxi di zing agent in the presence of a aprotéﬁ solvent, preferably in a
-tenperature range from about -78C ¢t 5 orm an epoxi de of formula V,
reacting the 20 fornmula V epoxide th a thiol of fornula VI in the
presence of a second base and an aprotic Ivent preferably in a
tenperature range from about -78C to 155C, 'to forn1a sul fide of fornula
VII; and reacting the formula VII sulfide with an oxidizing agent in the
presencesof an aprotic solvent, preferay in a tenperature range from
about -78C to 15SC. 25 Aprotic solvents suitable for use in this invention
i nclude, but are not limted to, hal ogenated hydrocarbons such as

di chl or onet hawesein Rpisesiles@ived @abbwe indke prbmeaf arfitst bhsetodoehlanMNset hane, and
the Iike; drocarbons such as hexane, heptane, and the like; aromatic
hydr ocar boné@%ﬁt"é§ B@ﬂl‘é‘f{%m%ﬁ@}@@ﬁ@foﬁnﬁ%@r@ fopda (Yl ene, -4 WO

02/ 2.1638 PCT/USOL/ 42171 and the like; hal ogenated aromati c hydrocarbons
such as fluorobenzene, chl orobenzene, bronnbenzene, a di hal obenzene, and
the like; an ether such as dvethy met hyl t-butyl ether,
tetrahydrofuran, and the Like; as ethyl acetate, and the

i ke; and an am de such as N, N m de, and the like; and 5

m xtures thereof. In a preferret , Hpresent invention, step
(a) is conducted in the presnce of an ahbi de, ef erably

N, N- di et hyl f ormam de; step (b) is conducted irn the presence of a

hal ogenat ed hydrocar bon, preferably dichloronefRhane; °step (c) is conducted
in the presence of an ether, preferably tetrahydrofuran; and step (d) is
conduct @@ in the presence of a halogenaﬁgﬂ | 0 hydrocarbon, preferably

di chl oronet hane. First and second bases useful in the processes of this
invention include, but are not limted to, alkali netal hydrides such as
sodi um hydri de, ﬂatra@*,mgrﬁhmgﬂmmhelv prefanantifle withtapchppeidizing agent torformlan

al koxi des s t hoxi de, potassi um net hoxi de, sodi um et hoxi de,
pot assi um e égkékﬁﬁ%g g@hﬂ?t but oxi de, potassium 15 t-butoxide, and the

i ke; alkali nmetal am des such as sodium am de, and the |ike; and

al kyl'l'i t hi uns such as butylllthlun1 and the like. Preferred first and
second bases include sodium h cotaSS|un1t but oxi de, sodi um am de,
and butyllithiumw th sodi um hydjfi -re preferred. Epoxidizing
agents suitable for use in the p ncl ude 20 conventi onal
epoxi di zi ng agents known in tJ 3 epoxi di zi ng agents
particularly useful in the processes of thhis invemnti’on include, but are not
limted to, peracids such as peracetic id,Rtrifluoroper acetic acid,
3-chl or bper benzoi c acid, and the I|ike; Zﬁb di oxi ranes such as

di net hyl di oxi r ane, nethyltrifluoronethyld|OX|rane and the |like. Preferred
epoxi di zi ng agents include peracids wiith trifl|uoroperacetic 25 acid being
. nore preferred. (Rreackingthefganula & gpaxids withgrthigl ef jogmpleeVhbxi dati on of the
formula VII sulfides of this invention include conventional oxidizing
agents known in the art. Conventional oxidizing agents particularly useful
- for the oxidation of the formula VIl sR,8Hde of the present invention

i nclude, but are not limted to, peracigds such as 30 peracetic acid,
trlfluoybperacetlc acid, 3-chl oroperbe )c acid, and the IiKke; di oxi r anes
such as dlnethyld|OX|rane nethyltrifluoronethyld|OX|rane and the |ike;
hydr ogen peroxi de; sodi um peri odate; N-nrEthyl norpholine N-oxide; and oxone.




WO 02/ 24638 PCT/ USOL/ 42171 Preferred oxidizing agents include peracids with
trifluoroperacetic acid being nore preferred. The peracids utilized in the
epoxi dat iR 0¥R&#3Bxi dati on steps of the present invention MEI/HWIH2171
conveniently prepared in situ from hydrogen peroxide and the 5
correspondi ng acid anhydride. For exanple, trifluoroperacetic acid is
preferably faepE@AR] id aseksétied ABbRY A 1R E&s&%@f‘a@%ctﬁﬂ%a%é fof fokif %%g?de' &

.anhydride. In a preferred process of the present invention, R3 i

trifl uoronmetérula VAl anot her preferred process of this invention, Xis F,

Cl, Br or I, nore preferably F. Preferred forrmula | conpounds produced by
-the process of the present 10 invention are those wherein Y is cyano, vitro
«or trifluoromethyl; Ris tuifl onet hyl, cyano, vitro, methoxy or nethyl;
RL is nmethyl or trifluoronety ™d R2 i al kyl, 15 phenyl optionally
substituted wth one fluoro, , hitro, nmethoxy or methylthio

- substituent, or thienyl, imd zoi yl ,clpemzot hi azol yl ,

t hi adi azolyl, pyridyl or pyrim aelCh op¥donal |y .ng?sti tuted with one
chloro, bromp or methyl substituent. 20 ddsfe p referré ornmul a | conpounds
prepared by the process of this invent{jon are those wherein Y is cyano or
vitro; Ris trifluoronethyl; RL is thyl; and 25 R2 is C,-C4all cyl,

phenyl, p-fluorophenyl, thiazol-2-yl, 4-nethylthiazol-2-yl,

5nmet hyl -1, 3, 4-t hiadi azol -2-yl o -pyrd dyl... The process of the present
invention is par l(ﬁ%crﬁ?"élrnlgﬁﬁéﬁnb‘[a %Hrs}'/‘[ﬁ‘ig Vb‘ﬂé%?’&ﬁlzéﬂg 4e0hi cal ut ani de.
Optical isoners qheph@ehtdhidH:dn alsoFERAIRE inprdYed Brodbiisad 38 thedPresRREICSS NY 30
the step (b) epoxidation under asymetric conditions to give chiral
conpounds. Fo(substdmet phenyioffonmatvmated/ pppepansles dEfomylady, epaxidaliofed with a
chiral dioxiyran 0 gjVv chiral e ide. -6 WO 02/ 2. 4638 PCT/ USQOL/ 42171
Li sted B off e?‘?“rﬁ"&ﬁ‘g@?s"qé?“%‘?ms terns used herein.. These
definitions apply to the terns as they are used throughout the

specification (unless they are otherwise limted in specific instances)
either individually or as pRetailefl Rescriptien ofithedmventioshoul d be noted t hat

any heteroatom wth unsati {_li ed vz%l.ancgs i S aS@lPJ,med t.0 hav‘g.the hydr ogen
atons necessary e?’é&cl%sf?ﬁ hRIGET IhEL (.’I_lﬁ?éer HOTRIRTA 2B 8%l k" refers
to a nonovakgitinAédkBiRetd W oaRaaIPA)th @8, ¥ e sdtdiadropainidd b Brhui@mil to
12 carbon atons unl ess otherw se defined. An alkyl ‘group is an optionally

subst i t i edisthepreshnce dfraafshiease end ey gpriotic selvemtapreferably ima tenipenatyrecapge When

substituted, al kyl QLIRS e.substjtuted w up,.t o, four substituent 1lo
oroups, - Re. TR PR 15036 Rt - SRRt PherdpRumSiiEh he al k)
group i s sapfhphfaifle dRsthivia!tedeXiting (RO foMn IVIpRPRhantilé withSnused

i nterchangeabl'y with "branched al kyl[” group”. Exenplary unsubstituted such

groups i ncl eprxigigingyagentdn iy preganep of an aproie splyent, prefesabjy in a temperature

i sobutyl, tyl., hexyl - d.sah heptyl . 4, 4di hyl.pentyl .. octyl,
S Y oA ot O Tt SR S BAE ol e
Exenpl agy sedifduld VRPbRIdEMItH 41hid1 SE forditlla ¥ & fhetprésefidd Tt deBondbiRe @hd AR € Of

the follow ng groups: halo (such as F, d, Br or 1), haloal kyl (such as
CC13 or CF3yprotic solvent, preferably in a temperature range from about -78°C to 155°C, to form

2

a sulfide of formula VII; and reacting the formula VII sulfide with an oxidizing agent
in the presence of an aprotic solvent, preferably in a temperature range from about
-78°C to 155°C.

25 Aprotic solvents suitable for use in this invention include, but are not limited
to, halogenated hydrocarbons such as dichloromethane, carbon tetrachloride,
chloroform, 1,2-dichloroethane, and the like; hydrocarbons such as hexane, heptane,

and the like; aromatic hydrocarbons such as benzene, toluene, a xylene, mesitylene,

4-



al koxy, al kyl thi o, hydroxy, carboxy (-COOH), al koxycarbonyl,

al kyl car bonyl oxy, am no (-NH2), carbanmoyl, urea, amdinyl or thiol (-SH).
The ter reWOdRR#I" or "al kyl thio", as used herein, denote ROT/BSRHRI74r oup as
20 descri bed above bonded t hrough .an oxygen |linkage (-O) or a sulfur

| i nkage (- Sapd theddes balogenajed asometio hydrggarbensssugh asfuorgberrenc.by - S02-

| i nkages. Tgﬁ{"%@‘;&&@ bﬂfﬂcﬁ%h%ﬁ%ll drhaﬁ)ﬁgrgz%ﬁl% AR5 fike; E%ﬁf&%&%s%@@

Yy
.group bonde rough a car roup. e term car bonyl fers
to an al kyl etiiepunethphvdadylt dtiier}igtralydrofuloan) whd thedikp; anléstertsechas' ethyl " refers

to nmonocyclic or bicyclic aromati ¢ rings,._e.d., .phenyl, substituted phenyl
-and t he |>li k @cetate, gid fhe fike;and anear PélPPhgﬁSé‘LNu%gmh%’ _Og%ll?mﬁffpflﬁi/ﬁh,e ltke; ad )
*ph th . i i ) ;

phenant g enylixaRe ol | 16 préfr@imbBlRb: bPiR é;géyraflﬁggagg@hé@g@ igne ring

having at 3 east atons,” wth up to sent,
cont ai ni ng epndwit&Pindhopmsénve o€ am amide, predi¢ralely NaN-dime(hrydfoomatnideg) step §oib| e

-bonds between adj acent .carbon at or sui.tahl e heteroat . Aryl groups
may opti onalf _EP“g‘bc‘segB%ﬁetﬂﬁ?séaf’w‘iof{ﬁ%%maﬁedﬁ?ﬁﬁ@caflgf’wfegf%’ggs PCT/ USOL/ 42171
groups i ncl wimGronfdtanB ey dcyfist @Rdh&ed ﬁ?ﬂ:@gﬁégcnc‘lfélo‘fﬁh etl'féhliil?éﬁérabhydr oxy,

carboxy, carbanoyl, al koxycarbonyl, vitro, “trifluoronethyl, am'o, cyano,
al kyl S(Ot t¢ttahyd®furanpandatepo(d) isdonductFthin the prastivetofadmtogenatedf ers to a

nonocyclic arqmatic hydrocar Qo roup 5 having S or 6 ring atonms, or a

bi cycl i ¢%ar Mﬂc Ibﬁpbéﬁﬁﬁ%@}' H’_@%’%‘B‘e@ﬁ“‘ét oms, containing at |east one
heteroatom O SFiff ald sdcbndbasesluseitlan M protesbistofatis whh ik ludeebiRQréit Of
attachnent, and in which one or two additional carbon atons is optionally

repl aced by nat hawited tabiligestalchysgides sneh@s sedigm hydride,poldssiaum hydrislegand

addi ti onal ¢afr. ns. e i I I h ii.ogen het eroat ons,
sai :j Ihet er o&%ﬁ%} ry?ége’oaé?%bm%%tl %%??lgﬁ%ﬁc@ I%g g%@ﬁ?‘tr}{u?tgéhgg’%d’éaﬁlr%l ed herein.
Exenpl ary heigth@dde lsodiuplfiBoide patiesititecthedid® sbdign Atut@xdys, potassiyin
pyrrolyl, pyridyl, imdazolyl, thiadiazolyl, thiazolyl, oxazolyl,

triazol yif, pypmigxidespnd thediksy efkgli mefal gmidessuehyas sodipm amide, and elkeoryd |
pyri dazi nyl i Mnl Qi sf)%tgﬁﬁiﬁ%ﬁl, %@P{erl}ﬂe’ PrOEOLY first FEcP QR4 Bhses

qui nol i nyl, "1soqui nol i nyF, hzot hrazol yl, benzoxazofy , benzim gazol yl,
benzoxadi azactideasodiuhd hipdndey potassiam yibutdxidaypddium amits tantl batytikthiune ke one

or nore of the fallow ng: hal ogen, al kyl, al koxy, hydroxy, carboxy,

car banoyl , ﬁ?‘%&?ﬁkyﬁﬁﬁgﬂgnﬂwpgﬁ“ﬁfﬁ? thyl, vitro, cyano, amno, alkylS(Ot
(t =0, 1or 2) ‘Hpokﬁ'ljﬁgg agddi®s ifffable 1HAhSRAR e SHesenbAiventidiBinghude t 0 Chl ori ne,
brom ne, fluorine or 1odine. The term"perfluoroalkyl" refers to a C'F2n+i

group wier eiconyentignalieppridizing agentsdénowntip ti: arkt Genventjonad wpoxididingrgenisr nul as
[l and 111 are. known hose skill i.n. the. ar. haos tart.in onpounds
may be prep Fugl(fu%)?/lydl P %@é%ﬂﬁlgé’ r c%%%%?%m{w&ergﬁn %‘F’lug?’g’mée%r%m% F E:lfné@fiiglo’

a\éai :calb: e. b&a@i’d@@ﬁcﬁ&lﬁe@ﬁeﬁb 'Ea&iﬂ?tr’fﬂubhtéﬁei‘&béti@mﬂi&,r&"?lﬂﬂtﬂipﬁﬂ)eﬁioié heid) an?denti on,
the follow ng 25 exanples are presented prinmari or. the purpose o

i |1 ustrati n§sds aaddioxirapes suel s élnﬁ%fl@eﬁra%@eéwﬂﬂuewm%vl 1OFEARS: on

shoul d not d o Lag ] m“milﬁ . entire
subj ect mat tQ gcri ﬂ(%gpl& hgééﬁgk?g%%?lzpﬁsa%_g_ 8420)%%13 Eg” L%)C%tf t2@71
EXAVPLE21 Preigdreatg moreqireferred. _

EI- [Cil-s Cyano-3- (tr Iéxliclﬁ%rn%rgegggtg lszli?a%?g ¥o|r]ursrg}nhtgg [)}gdgt%lg gf tge 'Pocrmula V_Ilf s_ulggelél FsC ~

of this invention include conventional oxidizing agents known in the art.

Conventional oxidizing agents particularly useful for the oxidation of the formula VII
sulfide of the present invention include, but are not limited to, peracids such as

30 peracetic acid, trifluoroperacetic acid, 3-chloroperbenzoic acid, and the like;
dioxiranes such as dimethyldioxirane, methyltrifluoromethyldioxirane, and the like;

hydrogen peroxide; sodium periodate; N-methylmorpholine N-oxide; and oxone.

-5-



NaH 5 CHs To a solution of rnethacrylamde (153.00 g, 1797.88 mmol) in 800
mL of N, N di net hyl f ormam de was added 4-cyano-3-(trifluoronethyl)phenyl
fluori de WQoD2i38 10 1057.58 nmol ) at room tenperature. Th&CTAISAt/#23A1 was
cooled in a_nethanol/dry ice bath to -20C.  To.this cooled solution was
added sodi uR¥ei§iand erddigingmeents peods praagidiowith t PR{FaGREIS @cid\ReingdnRE pi ng
the reactio req%&%dﬂe tenperature bel ow 70C. The reaction m xture was
~allowed to too 0 roomtenperature and stirred for 4 hours under nitrogen
at nosphere. Wt eTh¢ Paracidk utilival iadhleepdxidationadd byidadsn stehs ¢fabOpiSentl) and
hexane (970 nL). The resultant slurry was allowed to stir qverpight. The
-solid was fiIVeRtiQHMaYAE caRyBiHtRE pronared ity ﬁr%hwog%@ei@egmcp thed hexane (

100 m.), s an i : iV it { ; iy e solid
(2605 brog RPIiAE palahpungie; Sk Bearhblh, GRbRBUGE Ao AL TrLchiby ¢ o

8. SHz, 1H), fofm@8 ix bigy fraid hydfoged plechxidedhdIkiflnorbeeticanbPdride. 1H), 5.44 (t,

' \Il‘all'/ Sg(z) 1/ 1‘:[')217% Ogé%f%{%%{oggss‘o?me preseV\%l)t i?l%/enzticln? ?is%ll\l/grlb%e%l'xyl. In

N-[ 4- Cyano- %&théﬂ}{réféﬁwg%dayé ofthR ByenfiBh, R & 1) @RS Rt PRefdiebl K92 FSC N
~ "E Cg3C03H NC O FsC ~ H O CH3 Preparation 1. To a Stirred solution
of N-[4-cyano- 3- Ptaferté¢d fommuia Ingpin)poeds/prpdeced byGheprogbssmif dlec pr2&@mt g, 983. 4
nmol ) in_dichl oronet h@{le 1.2 L) was added 30% hydrogen peroxide (170 ni,
5900. 6 Hhol VR A MASEIEAR ool ed in a nethanol /dry ice bath to -60C.

Tri fl uor oacetis eyaiahuid slarifldSbmthyyl, 5605. 6 nmol) was added slowy while

keeping the reaction m xture tenperature between -15 to 0C. After the

addi ti on waB ig tifiosemethyheyanm sitio methoryarensted; stirred at roomtenperature
1 s for 45 gi nut nder ni gen, at nosphere, transferred to a separation
funnel and i‘fsu?igtz‘yfv@rtqﬁﬂ\klg{ogrlét%@’ %d The organic | ayer was collected, and

t he aqueousR) ayatkylyas extracted w th di chl oronethane (3x200 nL). The

organi c | ayers were conbi ned, washed sequentially wi th saturated sodi um

bi sul fal® { 1 L) Phsnyl qatienally substituted withpngfhiore, Ghlogen cyang, 2itgo, mg{hoxy or
distilled. The residu ' ' ethyl acetate ( 160 nlL} and 20
test-butyl nethyl et hg}e\@ﬁtﬂ%bﬁs&&%‘éhgesultant slurry was stixred

over ni ght, filt ethiehyhrichidazotd, thiaz6§ tenzaghmeolylh éhisdiazodylppyiiydoras a white

lid (180 g, 68% . 1H NWVR,. 8 8.54 w 8.1 d, J=1.9Hz, | ,
5005 (basd 00"y ShtimdipyT eagh bpfingly Substigried Witpyone ShipkS broma i 1 g3
(s, 3H). -10 WO 02/ gefhydBubstituent.

¢

20 More preferred formula I compounds prepared by the process of this invention

are those wherein
Y is cyano or nitro;
R is trifluoromethyl;
R; is methyl; and
25 Ry is C;-Cjalkyl, phenyl, p-fluorophenyl, thiazol-2-yl, 4-methylthiazol-2-yl, 5-
methyl-1,3,4-thiadiazol-2-yl or 2-pyridyl.
The process of the present invention is particularly useful for the preparation
of bicalutamide.
Optical isomers of the formula I compounds may be obtained by conducting
30 the step (b) epoxidation under asymmetric conditions to give chiral compounds. For
example, the formula IV propanamide may be epoxidized with a chiral dioxirane to

give a chiral epoxide.



PCT/ US01/ . 12171 Preparation 2 To a stirred sol ution of

N-[ 4-cyano-3-trifluoronet hyl)phenyl ] nethacrylamde to 15 20 ( 1.8 g, 7.08
nmol ), amwdodi/zssBor omet hane ( 10 nL) was added hydrogen pePEXiu$e1/§217122 ni,
42.5 mol ). The flask was then put in a water bath _at room tenperature.
Trifl uoroacetic &igigdibelow apmdefinitions of yaripns tprmgused dgeain.sThegegetinitiens eact i on

e s i 08 SR A s N e

reaction m X € Was trans usi n

~ di chl or onet beieewisé Bniflel in iy Hatances) eijter mmﬁdﬁﬂmbmqiaﬁdaﬂmmgeﬂmnpl | ed
water (15 nmL), saturated aqueous saodiumbis~tlfite (4x 15 m.), sat%{]‘gt ed
~sodi um bi car bonatshogldbemoicd that a5y heterpatem with unsafishied Yalances g

el Lot &b sarte paRETaghR Rie Ry R BNl S L Ton ot

N-[ 4~Cyano- 3- t r iThe ternmofdletihyt fglkerefdrd ta3a fnpAetdlertratizine iyydrodartadn) derived

. 2- hyd - 2- net hyl O F3C ~ H C.O CH2S ~
- 2 Ese Y FrasateReshiE Gomh tld o s Bﬁﬁ?ﬁfﬁ%&ése(d%eé gn aligh 5 ol )

In tetr ahydrgfﬁdgﬁﬁl of’g‘?%’(fﬁg% mt)tut@@ﬁrggﬁegﬁ ?cl?é?ildf QI'I%Qtura ed hgdrocarbon

4-f | uor obenZen 767.9 In tefra ydro ur 248 L)
whi | e mai nt gtadpn@Nthubemnmdankybgmwmszﬁesmnm@ witk upda tfqurcsubstmimlar t he

051200 BRI erung ) bt b Wi B i h 1
N-[4- cyano- 35646 bé bﬁ&ﬁﬁﬂ&i wmfhhﬁ?la ygﬂdﬁgtmqg vigddinttecHRRgedblewith &bradichddl 4. 3

nmol ) in tetrahydrofuran (830 mL) was added sl ow y. The reaction m xture

was stirredabyl groopi tEmplammLsu gitutedwsudhgroups inplade methyd) el prepyl,

distilled off s.di luted t.h C 885 i),

transf erredlstOBmé)ygé'pil?%f?%Ht\ﬁ ?10% }t}H e&%ﬁs%é'g 1%%'8’{ ﬁ%pgﬁlf%(ﬁlw th brine (220
nm) and wat @iméthyiBertt), octine, Z)Mjﬂﬁhleﬂlyhﬁh@fl, rmszl det Jﬂduﬂﬁebiil , GBdpasls endriheul f at e,
filtered, and concentrated to give t etlt e product as a cl ear 0|I whi ch

sol i di filad §kesExemaplaty substituonts gay inejuge, butprrupt fimped 89, oge gr worq i the 1) |
(br. 1. ity édﬁnﬁ%&sﬁc Py £ By RondBytiSh o a5 G pr G L 25
EXAMPLE 4 Papray,eﬁlk;dﬁumfhyﬂkox[y%@@qq—GOQH)g iillkumyaarmwla)lgﬂ@d;ddylc&-y[ 4 15

fl h I I -2-h i de (bicalutanmd NC O
crios o abtnge- R a5l Rich, Suifin e RS oS0z - - F H HO OB To a
sol ution of N[ 4‘I‘h¥@é}ﬁfs3‘aﬁ&)ky’f bﬂ*%l%ﬂﬂx‘i&‘l/las) eaMekdin, ?ﬁehét‘é a%chlkyl 4ou as

fl uorophenyl)thi o({ - hydr oxy=- 2- net Ryl pr opanam de (24 nmol ) in
20  described above bonded through an oxygen linkage (-O-) or a sulfur hnkage (-S-),
respectively.

Sulfonyl denotes groups bonded by —SO,- linkages.

The term “alkoxycarbonyl”, as used herein, denotes an alkoxy group bonded
through a carbonyl group.

25 The term “alkylcarbonyl” refers to an alkyl group bonded through a carbonyl
group.

The term “aryl” refers to monocyclic or bicyclic aromatic rings, e.g., phenyl,
substituted phenyl and the like, as well as groups which are fused, e.g., napthyl,
phenanthrenyl and the like. An aryl group thus contains at least one ring having at

30 least 6 atoms, with up to five such rings being present, containing up to 22 atoms
therein, with alternating (resonating) double bonds between adjacent carbon atoms or

suitable heteroatoms. Aryl groups may optionally be substituted with one or more



di chl oronethane ( 1.5 L) was added 30% hydrogen peroxide ( 141.6 m,,
4914.7 mmol ). The m xture was cooled to -55C. Trifluoroacetic anhydride
(520. 6 nmwo868639 nmol) was added slowy while keepi ng t h@CT8s01/HUA1 m xt ur e
tenperature between -15 to OCAfter the addition was conplete, the

reaction m 2teups ingludiag, but aet lgslt%d tog b@%@mﬁ%i,@lkﬂx& hysiroxys cadoxs, and

pcr/ Usow) 2 £#paegh atkof 9o P AR i) wakd ot Pl S ORI R nbt e

filtered, wagbperiidlh tertbutyl rrethyl ether, and dried to give the t|tIe
product as a white solid (255.2 97% . z H NWR (DVBO-d6) 8 10.40 (s, 1
"H), 8.44 (s, 1 HThegernp“heteroazt refqzs toja apnogyclig aogpati-hydwiqarbon gH;up 7.93 (m

2H), 7.3:8 3.72
(d, J= 145 THz ﬁEwPéD"S%r %B%S’B aﬁc}% %C a&ﬁg&co%? gggésggg élfalilcr)nzsl | s cl ai med

i s: PCT/ USOtb#tainidg d%laasoom]setématohhe) 18, PN At which afcafbonNr h&tdg&h latdﬂﬁm

- phenyl) - 3-al kyl - het er oar yl sul f onyl - 2- hydr oxy- 2- al kyl - or

hal oal kyl pr Si=RRiRs %Ié‘ Fhlgéﬂtsrﬁﬂ ddn w %‘W@WW rdditionalgarbanatems lf?rPPct’@n%lﬂér ein
Y is cyano, érﬂlécre&bg per% %ﬁaéeF%{ed R ) G2 BARYh wh?c{hkloi&/fﬁ{) cﬁ?ﬁ cdtbon

al kyl sul f ony uor oa , cyano, Vvitro

al | oxycar boatoms at kptiomadlyakpiaced; bthtrogendidtgtbatomsJ'ﬂhd)hét&y)hryl gmﬁpl&n@ i's
[ (a), react, |

| kyl, | h |, h
Subtt] € b Lo S BHsH At enpEd Rk, EAemplard bl FRBEIRISRE as
described algusving: thienyl, férl, pPrro 3)’], ?pﬁgﬁﬁ%lyﬁ'ﬂﬂaﬁﬁz&ﬂ tliey1or aryl with

an a, (err)-unsaturated {)ropanam ormul a
oxazolyl, triazolyl, pyrazolyl, 1soxazoly1 isothiazolyl, pyrazinyl, tetrazolyl,

pyridazinyl, pyrimidinyl, triazinylazepinyl, indolyl, isoindolyl, quinolinyl,
isoquinolinyl, benzothiazolyl, benzoxazolyl, benzimidazolyl, benzoxadiazolyl and
15 benzofurazanyl. Exemplary substituents include one or more of the following:
halogen, alkyl, alkoxy, hydroxy, carboxy, carbamoyl, alkoxycarbonyl,
trifluoromethyl, nitro, cyano, amino, alkylS(O),(t =0, 1 or 2) or thiol.
" The term “halogen” or “halo” refers to chlorine, bromine, fluorine or iodine.
The term “perfluoroalkyl” refers to a CyFap4) group wherein n is an integer
20 oflto6.
Starting compounds of formulas IT and III are known to those skilled in the art.
Those starting compounds may be prepared by procedures known in the art or are
commercially available.
In order to facilitate a further understanding of the invention, the following
25  examples are presented primarily for the purpose of illustrating more specific details
thereof. The scope of the invention should not be deemed limited by the examples,

but encompasses the entire subject matter defined in the claims.



WO 02/2G38 O CH2 H2N R1 5 PCT/ USO1/ 42171 wherein Rl is as described above
in the presence of a first base to forman N (substituted

phenyl ) - Y0 322488t ur at ed propanam de of forrmula |V Y O CHPAR/BSON4HTRL (b)
reacting the fornula IV propanam de w, th_an epoxidizing agent to forman 10
epoxide of formula VY OR/ NH m@m& ng the formula V epoxide with
a thiol of fornula VI 15 RRSH 20 wherein R2 is as described above in the
_presence of a sBrepayation af Nrj4rGyanos3-(triflyoremethyliphenyljmethacrylamiden
02/2.1G38 Y OCH2SR2 RH; arid HO R~ (d) reacting the fornula VII sulfide
wi th an oxidizing agent. PCT/U SO /2171 5 2. The process according to
-Clailn | wherein the first and second bases are independently selected from
-the group consisticng of an al kali netal hydny de, an al kali netal al koxide,
an al kali netal am ds an al kyl'lithium § The process according to
Claim1 wherein the f and second baa2 2

+  NaH

FsC F CHa

NC

CH,
FaC

Iz

5 CHs

To a solution of methacrylamide (153.00 g, 1797.88 mmol) in 800 mL of N,N-
dimethylformamide was added 4-cyano-3-(trifluoromethyl)phenyl fluoride (200 g,

10  1057.58 mmol) at room temperature. The solution was cooled in a methanol/dry ice
bath to -20°C. To this cooled solution was added sodium hydride (102 g, 2696.84
mmol), portion-wise, while keeping the reaction mixture temperature below 70°C.
The reaction mixture was allowed to cool to room temperature and stirred for 4 hours
under nitrogen atmosphere. Water (915 mL) was added followed by 18% HCIl (250

15 mL) and hexane (970 mL). The resultant slurry was allowed to stir overnight. The
solid was filtered, washed sequentially with water (3x150 mL) and hexane (100 mL),
and dried at 60°C to give the title product as an off white solid (260 g, 97%).

'H NMR (CDCl3) & 7.87 (d, J=1.9Hz, 1H), 7.80 (dd, J=1.9, 8.5Hz, 1H), 7.69 (bs, 1H),
7.62 (d, J=8.5Hz, 1H), 5.69 (s, 1H), 5.44 (t, J=1.5Hz, 1H), 1.90 (s, 3H).
20



lo are independently selected fromthe group consisting of sodium hydri de,
pot assi um t - but oxi de, sodi um am de and butyllithium 4. The process

accor di ngve82/&4688 m 1 wherein the first and second bases aP€TAS@I/EW hydri de.
15 5. The process according to Claigkiéﬁﬁﬁiﬁbf t he epoxi di zi ng agent is
selected fromthe group consisting d and a dioxirane. 6. The
process according to Claim1 wh ; . g IS 20 selected
fromthe gro sepayation of Nol4-¢y: A ! i AL 2QXIE
3-chl oroperbenzoic acid. 7. The process accordlng to Cla|n11 mhereln t he
epoxi di zing agent is trifluoroperacetic acid. 25 8. The process accordi ng
-to Clains7 wherein the trifluoroperacetic acid is forned ifa sitac from
- hydr ogen peroxi de ﬁnd trifluoroacetic anhydride. -1 6 WO 02/ 2638

PCT/ USCQL/ . 12171 9. e_provgss accgrding to Caim1l wherein the oxidizing
agent is selected from|jthe gyoup cpnsisting of a peracid, a dioxirane,
- hydr ogen peroxi de, sodi t hyl mor phol i ne N-oxi de and oxone.
51 0. The process, aeto Wferein the oxidizing agent is a
peracid. 11. The process accordHng to[d ai m 1Y whéFe§MHt he peracid is

sel ected fromthe group consisting ofgperacetic acid, trifluoroperacetic
acid and 10 3-chl oroperbenzoi ¢ aci d. 15 The process according to Caun 1
wherein the oxidizing agent is trifluoroperacetic acid. 15 13. The process
according to Claim 12 wherein the trifluoroperacetic acid is fornmed i~z
situ from hydrogen peroxide and trifluorgacetic anhydride. 14. The process
according to Claiml wherein steps (a) - (® Bgonducted in the presence

of an aprotic solvent. 20-15—The process acy gto airn 14 wherein
the aprotic solvent is selected fromthe gr o p CSI sti of hal ogenat ed
hydrocar bon, a hydrocarbon, an aromati c hydr ocarbion; a ted aromatic

hydr ocarbon, an ether, an ester and an aFn de and m xtHures tihereof. 25 16.
The process according to Claim1l wherein step (a) is condugied in the
presence of N, N-di nethyl formam de, step (b) is conducted in the presence of
di chl oronet hane, step (c) is conducted in the presence of tetrahydrofuran,

and step (d) is conducted in the prﬁ%ﬂgr%tﬁix 1d| chl or onet hane. 30

To a stirred solution of N-[4-cyano-3-(trifluoromethyl)phenyljmeth-

10 acrylamide (250 g, 983.4 mmol) in dichloromethane (1.2 L) was added 30%
hydrogen peroxide (170 mL, 5900.6 mmol). The solution was cooled in a
methanol/dry ice bath to -60°C. Trifluoroacetic anhydride (791.76 mL, 5605.6 mmol)
was added slowly while keeping the reaction mixture temperature between -15 to 0°C.
After the addition was complete, the reaction mixture was stirred at room temperature

15  for 45 minutes under a nitrogen atmosphere, transferred to a separation funnel and
diluted with water (1 L). The organic layer was collected, and the aqueous layer was
extracted with dichloromethane (3x200 mL). The organic layers were combined,
washed sequentially with saturated sodium bisulfite (1 L) and water (1 L), dried over
sodium sulfate, and distilled. The residue was diluted with ethyl acetate (160 mL) and

20  tert-butyl methyl ether (1.6 L). The resultant slurry was stirred overnight, filtered and
dried at 60°C to give the title product as a white solid (180 g, 68%). 'HNMR
(CDCl3) & 8.54 (s, 1H), 8.16 (d, J=1.9Hz, 1H), 8.05 (dd, J=1.9, 8.5Hz, 1H), 7.95 (4,
J=8.5Hz, 1H), 3.16 (s, 2H), 1.83 (s, 3H).

-10-



17. The process according to Caim1l wherein R3 is trifluoronethyl. -17
WO 02/ 2.1 G38 PCT/USOL/ ~2171 18. The process according to Caim1l wherein Y
is cyanoWQP¥2§3%r trifluoromethyl; Ris trifluoronethyl, PEFAIS81/421i7t r o,

nmet hoxy or nethyl; 5 R is methyl OE trifluoronethyl; and R2 is al kyl,
phenyl optionall %/r substituted with , chloro, cyano, rutro,
met hoxy or met hy[TeBisirred seiution e iN-[4uyanerdariflnoromeatiydnbeyyl jmethacrylsmide

benzothiazo Y I I |y
subst 1 1 ut eat o B G AR Bl ciqpRbh@ane D i Py Bdba G E BeRlAERR Y
according tmr_g:hajsrnuholmmhelﬂask(wlagtt@n@nmnqrwwet bath al foobh temnpefatidetior onet hyl ;
R is nethyl; and RZ is_ C - C4a| 115#)henyl p-fluoro henyl t hi azol - 2-yl,

4- met hyl % hi EEQPOI?ﬂWw anhydrida O Gm)ayen added slogdy 2 TheFeagen 20 20,

Th

N_[e4f)(r:§gﬁ3_s %?F uoroneagg%@ﬁégégﬁﬂg?['?ﬁapﬁ{mroﬁﬁrgnﬁts Hefrg?\c;/ P 2hydr oxy
- 2- me:) hyl prmpatnwwaka-lranﬁferreAt@a@qmm@cfnnﬁddhasmgdmmgmha?é f(}ﬁnle) The

N- titut t IVY O
R eI s T 530 BTl SR Sl bt

per 11 50 021 Khum BIEREIOHL), <Py CRRRO Bt (5] S DOl B,

per fl uoroal kyl, cyano, 'vitro, car bonyl, al koxycar bony
al koxy; I(anddxﬁbd oer alagptsion sbkfhtoaﬁlltqrbd, cohdenirated @odsisied mrglrvleeklrfsntteeact ing a

substituted benzene of | a in Y and R are as descri bed
above, X is® qfnpct‘jng a%tayeflo‘&% @é‘gé@ gaﬁag(é}ylf:@ alkyl or aryl with an
a, (3-unsaturated propanam de of fornmula Il 10 O CHZ H2N

EXAMPLE 3
15
Preparation of N-[4~-Cyano-3-(trifluoromethyl)phenyl]-3-[(4-fluorophenylthio]-

2-hydroxy-2-methylpropanamide

NC

o (o}
F3C N
s H

To a 0°C mixture of sodium hydride (19.3 g, 804.8 mmol) in tetrahydrofuran
(333 mL) was added a solution of 4-fluorobenzenethiol (81.8 mL, 767.92 mmol) in
25  tetrahydrofuran (248 mL) while maintaining the temperature below 25°C during the

20

addition. After the addition was complete, the mixture was stirred for five minutes,

-11-



R~ wherein Rl is as described above in the presence of a base. 15 22. A
process fox the preparation of an epoxide of formula VY OR/ NHOR- M
wher ei n MOWNR38yano, vitro, perfluoroal kyl, alkyl car bonPCT/E80kdiyEar bonyl

or al kylsulfonyl;. Ris _perfluorogal kyl, cyanq, vitro, alkylcarbony],
al koxycar body{ 2 seluign of -%-W@aew-(aﬂﬁuor@@eﬁl%wﬂ]@le&waﬁm esepaKide (168
hal oal kyl , ' o : Nafgdd St 3 e of
formula Il gt‘é{ﬁg‘g ﬁhﬁ@‘?ﬁﬁ%&ﬁﬁ%?g?r%?er eldrﬁﬂ%1 glﬁg}ﬁg %Trlée}gggt% escril Eed
above, X i s whas sfiited Brrooin tempe@Be R, twartdufsl andthalsblvght was distylledaffhThe
a, ~i -unsaturated propanamde of fornmulag Il] to (lI1) wherein R_is_as
described abidie asdiiute wih el apetae (Hhsant), ﬁiaafffﬁsr%t% Yepariop ferpnsdand
phenyl) - &, ( Jradhsede W@? f I 1T§E‘§ éz%nié ~ 15
(N (b) ?ea%ﬁ ng tﬁga#tggmla [V p gggﬁdgr%}lgﬁ&rgﬁ*%/ﬁﬁ%pom |r |ngﬁ %e‘ﬁ‘tls. 23.
A process f dried hethpmapesiai afatd, filtesed| driddenoéntfatedntolgivevthe titl2@roduct as a
- clear oil which solidified on standing (244.74 g, 100%). "H NMR (CDCls) & 9.05 (s,
1H), 7.88 (m, 2H), 7.69 (m, 2H), 7.30 (m, 2H), 6.78 (d, J=1.3Hz, 1H), 3.77 (br, 1H),
3.63 (d, J=14.0Hz, 1H), 3.03 (d, J=14.0Hz, 1H), 1.46 (s, 3H).

10
EXAMPLE 4
Preparation of N-[4-Cyano-3-(trifluoromethyl)phenyl]-3-[4-
15 fluorophenyl)sulfonyl]-2-hydroxy-2-methylpropanamide (bicalutamide)

NC
(o}
CH,S F 4+ CRCOH
F4C N
HO CHa
NC
D\ O
—
CH2802——< >—F
FsC N)J><
H
HO CHs

To a solution of N-[4-cyano-3-(trifluoromethyl)phenyl]-3-[(4-

20  fluorophenyl)thio]-2-hydroxy-2-methylpropanamide (244.74 g, 614.3 mmol) in
dichloromethane (1.5 L) was added 30% hydrogen peroxide (141.6 mL, 4914.7
mmol). The mixture was cooled to -55°C. Trifluoroacetic anhydride (520.6 mL,
3686.0 mmol) was added slowly while keeping the reaction mixture temperature
between -15 to 0°C. After the addition was complete, the reaction mixture was stirred

25  at room temperature for 16 hours, and diluted with ice cold water (500 mL) and brine

-12-



WD 02/ 2638 Y O CH25R2 R N H HO R~ wherein PCT/USO 1 /2171 Y is cyano,
vitro, perfluoroal kyl, alkyl carbonyl, al koxycarbonyl or alkylsulfonyl; Ris
per f | uor YO RYR4638yano, vitro, al kyl carbonyl, al koxycar bonPICT/GH0kAI17br

| k R | ]yl hal oal kyl ; d. i | kyl , aryl h . |,
ahi g)r(lypr oce@ogrﬁ rT]gereE‘?S‘?]t‘%l%F r‘@%&“ﬂ? f‘éfs%qilﬁ‘g{qt?suggéreﬂg{‘@@%% a‘%%/ff mul a
I Y RX mﬁﬁ%&&ﬁy@?ﬂlﬁﬁ a%g%lrﬁé t@éﬁ@&lﬁh&% ﬁ@&ﬂ&zasﬁ\ﬁlﬁte':soli@(%ﬂsjr% 979%).

- 0OS02R3, and Is a or ar th an a, ~i -unsaturated panamni de of
fonnul a |11 'HNMRI @MSGhE) 6i10.4) (s) H)p8.4dds,cH)bB8A24a8.6Hy, 1HS, Hi@eknce of a

first base to forman_N 20 (substituted phenyl)-a,[3-unsaturated

bt opananm de o8- 1 2.95m. 210, 7 S8 455 SRR, bdie AFH 7 Ok IRIA THz,

< PCT/ USO1{ ~2 ach f@r | V propanam de with an epoxi di zi ng
agent toéfo%%I}’a%ﬁs(c%go%'ggg’o#ﬁ?é'r%?’?}@'Y O1 OR~; and (c) reacting the
formula V epoxide with a thiol of formula VI R2SH ( wherein RZ is as

- descri bed above in the presence of a second base. -22
CACACAR A{ L AR& A A ANLA{CALALNA.LAAAALA{LAAAAAZ?? 45

-13-



f2C
COH BT <<<<<| || 1]]]x822~] <<><~8| xx| ?| 22| | | 22?2?2x?2Xx22?x?" 22227

<<(<#. #. X8<Wlis?c?l>‘o d>.x,>x>p’?x’?>>’?~’?’?p’?’?<~’?’?~0<’?’?’?’?’?’?’?’?’?’?’?’?’?’?’?’?| ??~?7?| ??<0?
P2?X?XXX?PXX 7 .~pxxm‘g£‘);{. : p1>s<'xxpxx?<pxx??<px??xxx| ~?2xxx0px?8pxxpx| | px| | px| " p| ?p|
plel el [TTEEEEEETEEEEEEr L EEr e e L L e e L e e L et e e e e e Ly

SN |||||||||?XXXXX?XX??XXXooooooo~oooooooooooooo<??O~<~£<?X><?|?<<<|

2>t T: z*)9d45 YC L. A process for the preparation of an N-(substituted phenyl)-3-aikyl-,

dd(d#. #. ~9?7221_ X REd bk R A Nrd 113 ; 2222299222292290?2?277?7
?2?2>?| | ??q| >rn;yl? ﬁ%'; T:HVISHf{;I%J)Ll|j>+gd;é§)£2&1@;>J;r>ﬂ91ia§@§?é§gn>a§;1§ggiio;‘gxgzgg>>>~~~

e 3 e e e e e e e e et e e p  <??| ~??d9: s&vHWM5 VC
HWHW WHE. #. ?2?~| 2?22?>22X2~2222222222222p>?p?X?2?27?| ?2?2<><~<| | | ?| X~X~<| ~| ~| ~>~>~
P e P ?~?~ | ?X?X?X?| ?| ?| ?| ?| ?X2X?X?X?X?X?X?X?| ?| >|

>|>|>x>x>x?x?x?x?x?x>x>x>x>x?xi PX?X PXEXP2X2XPX2XP2X PX 22X 2XSXSXSX PX 2X>X>X ?
X?2X?X?| ?| x??2~~??2?2? Lh i EFKf #

}wr mhc] X] ca] c”a] ca] ca] ca] callpcapeBa cs
a]J ca] ca] c™a] ca] ca] ca] c™a] c”a] ca] caU] ca H o R
69:B*Ctz}5?BCF|wwnhcAY]]ca]ca]ca]ca]ca]cafca]ca]ch]ca]ca]ca]ca]ca]ca]ca]cau
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c®] ca] ca] ca! FIV$@Jph

ARYui } xsni cAYmhe”Y] ] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca
] ca] ca] ca] ca] cal] ca] caD] ca] ca] ca] ca] ca] ca] ca

fﬂﬁf@é\/] cal ca]ca]ca] ca]ca]c

P HMHAHSYR((()) ) ) [ r*4+++7,--, . {...}xsnid_ZU] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ¢a] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] caV] ca] ca] caV] ca] ca] cal] ca]c
ajcal.T/b// 00D111@D272]13X5::1:8::::::: G

: <2==u>zupkias Wakahaal, seifalanl Alienkashin) arbarhadalraldealaghonl cal cal c

a] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca]'ca] ca] ca] cal u>x>| >} >>5>>>>32727247 267277A_A

B] cccceeDD Rubpsifhiardalsis ¢yend.culre, sl dedrbenyil.odkeaicadpoyl) elkyteralkdxya] ca] ca
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<10% 0& ()-)"10% 0& ()-S#10% 0& () - RWIKY@ ~\ = 10&#10%&' ()-s!! DL&#109D D

& ()-s!! S&# Wé@ﬁ?ﬁ%é as Fescribkd%bode i the presence of a first base to form an N-

(substituted phenyl)-o.,3-unsaturated propanamide of formula IV

Y.
0
R N
H
Ry )

av)

(b) reacting the formula IV propanamide with an epoxidizing agent to form an

Y-
D\ [
R N)]><\.
H o °’
Ry
\%

(c) reacting the formula V epoxide with a thiol of formula VI

epoxide of formula V

10

15 R,SH
(VD)

wherein R is as described above in the presence of a second base to form a sulfide of
formula VII
20
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"104 & () -, g 10% rédcting ¥Ybofibrlar VT sulfidbAbill sHFoxi@zrgl At & () -

%40% & () - y# |1o%&'()-|10%&'() 'S MLOWA & () -, 410% & ()-/// GCONOOOdE~_@
111, 0:10% & () - 10%&'() 10% & ()-+Z"10% & ()-,)10% & ()-F(10% & ()-0DL1

1 g‘g/&Aé 5(2 )cg glzcilmc& 3 1%:’[‘8 39?3& %SOAJCBE‘%O%%’%%%’}QW@ £il®Znd second bases

I S-#10%j zj &e(ﬂldéﬁené‘érﬁ%&ele)ztei}#ﬁcﬁ%}m&réﬁp édr&ﬁﬁh@%@l@@&ah)métddl@%dé Jan! L! 10%00
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3. The process according to Claim 1 wherein the first and second bases
10 are independently selected from the group consisting of sodium hydride, potassium

t-butoxide, sodium amide and butyllithium.

4. The process according to Claim 1 wherein the first and second bases
are sodium hydride.
15
5. The process according to Claim 1 wherein the epoxidizing agent is

selected from the group consisting of a peracid and a dioxirane.

6. The process according to Claim 1 wherein the epoxidizing agent is
20  selected from the group consisting of peracetic acid, trifluoroperacetic acid and

3-chloroperbenzoic acid.

7. The process according to Claim 1 wherein the epoxidizing agent is
trifluoroperacetic acid.
25
8. The process according to Claim 7 wherein the trifluoroperacetic acid is

formed in situ from hydrogen peroxide and trifluoroacetic anhydride.
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- 10% 0& ()-!Y10% o0& (
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30
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11.  The process according to Claim 10 wherein the peracid is selected
from the group consisting of peracetic acid, trifluoroperacetic acid and

3-chloroperbenzoic acid.

12.  The process according to Claim 1 wherein the oxidizing agent is

trifluoroperacetic acid.

13.  The process according to Claim 12 wherein the trifluoroperacetic acid

is formed in situ from hydrogen peroxide and trifluoroacetic anhydridé.

14.  The process according to Claim 1 wherein steps (a) - (d) are conducted

in the presence of an aprotic solvent.

15.  The process according to Claim 14 wherein the aprotic solvent is
selected from the group consisting of a halogenated hydrocarbon, a hydrocarbon, an
aromatic hydrocarbon, a halogenated aromatic hydrocarbon, an ether, an ester and an

amide and mixtures thereof.

16.  The process according to Claim 1 wherein step (a) is conducted in the
presence of N,N-dimethylformamide, step (b) is conducted in the presence of
dichloromethane, step (c) is conducted in the presence of tetrahydrofuran, and step (d)

is conducted in the presence of dichloromethane.

17.  The process according to Claim 1 wherein

Rj is trifluoromethyl.

-17-
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.11/ 10% 4 $10% & "10% &
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R, is alkyl,
phenyl optionally substituted with one fluoro, chloro, cyano, nitro, methoxy or

methylthio substituent, or
thienyl, imidazolyl, thiazolyl, benzothiazolyl, thiadiazolyl, pyridyl or
10 pyrimidinyl each optionally substituted with one chloro, bromo or

methyl substituent.

19.  The process according to Claim 1 wherein
Y is cyano or nitro;
15 R is trifluoromethyl;
R; is methyl; and
R; is C;-Cjalkyl, phenyl, p-fluorophenyl, thiazol-2-yl, 4-methylthiazol-2-yl, 5-
methyl-1,3,4-thiadiazol-2-yl or 2-pyridyl.

20 20. The process according to Claim 1 for the preparation of
N-[4-cyano-3-(trifluoromethyl)phenyl]-3-[ (4-fluorophenyl)sulfonyl]-2-

hydroxy-2-methylpropanamide.

21. A process for the preparation of an N-(substituted phenyl)-a.,3-

25 unsaturated propanamide of formula IV

CHy

av)

wherein
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uy

wherein Y and R are as described above, X is F, Cl, Br, I or -OSO,R3, and R; is alkyl
or aryl with an a,B-unsaturated propanamide of formula III

10

CH,
HoN

Ry

(L)

wherein R, is as described above in the presence of a base.

15 22. A process for the preparation of an epoxide of formula V
Y.
D\ O
: /U><\
. H 0O
Ry
W

20 Y is cyano, nitro, perfluoroalkyl, alkylcarbonyl, alkoxycarbonyl or alkylsulfonyl;

wherein

R is perfluoroalkyl, cyano, nitro, alkylcarbonyl, alkoxycarbonyl, alkyl or alkoxy; and
-19-
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5 ¢y

wherein Y and R are as described above, X is F, Cl, Br, I or -OSO,R3, and Rj is alkyl

or aryl with an a,B-unsaturated propanamide of formula III

CH,
HoN

Ry
0 (IIT)

wherein R; is as described above in the presence of a base to form an N-(substituted

phenyl)-a,B-unsaturated propanamide of formula IV

CH,
; and

15 (v)

(b) reacting the formula IV propanamide with an epoxidizing agent.

23. A process for the preparation of a sulfide of formula VII
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wherein

5 Y is cyano, nitro, perfluoroalkyl, alkylcarbonyl, alkoxycarbonyl or alkylsulfonyl,
R is perfluoroalkyl, cyano, nitro, alkylcarbonyl, alkoxycarbonyl, alkyl or alkoxy;
R, is alkyl or haloalkyl; and
R, is alkyl, aryl or heteroaryl,

which process comprises:

10 (a) reacting a substituted benzene of formula II
Y.
R X
an

wherein Y and R are as described above, X is F, Cl, Br, I or -OSO;R3, and R3 is alkyl

15  or aryl with an a,B-unsaturated propanamide of formula IIT

CH,
H,N

Ry

(IIT)

wherein R, is as described above in the presence of a first base to form an N-

20  (substituted phenyl)-o.,B-unsaturated propanamide of formula IV
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(b) reacting the formula IV propanamide with an epoxidizing agent to form an

5  epoxide of formula V

Y.
|
R N
: :: \H/lg<\o
R{

W
(c) reacting the formula V epoxide with a thiol of formula VI
10
R,SH

(VD

wherein R; is as described above in the presence of a second base.
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