11 March 2005 PROCESS FOR THE PREPARATI ON OF N-( SUBSTI TUTED PHENYL) - 3ALKYL-
ARYL- AND HETEROARYLSULFONYL- 2- HYDROXY- 2- ALK_Y_LAND HALOALKYLPROPANAM DE
COMPOUNDS 5 Rel ated Application This application clains the benefit under
Title 35 119(e) of U. S. Provisional Application No. 60!234,121, filed

Sept enber 21, 2000. 10 Background of the Invention U'S. Patent No.

4,636, 505 describes N-(substituted phenyl)-3-al kyl-, aryl nd

het er oaryl su] f onyl - 2- hydroxy 2- aIk | - and hal oal ki Ioro-anéﬁﬁ@@’@éﬁ%ﬁh

met hods for theiPRQEESS FOR EHE EREFARATION, OF NA(SUBSTITHLEL BHE NS,
mal i gnant or beALKYL-FARYbsARND, D REH !“‘..\..LJ.- FOMN Ky c.’.‘;‘.!.'ﬁ_u--n__.n di sease

condi ti ons such as acne ANR HALOAIKYEPROBANAMME CBMEOUNDS; de,
()-N-[4-cyano-3-(trifluoromethyl)phenyl]-3-[(4fl uorophenyl)sul fonyl]-2-hydr
oxy- 2- met hylspropanam de, is a particulazly preferred specie of the above
conpounds. Bicalutamde is an effective, well-tolerated and conveni ent
non-steroidal antiandrogen for use RelatehApplicaionrent of advanced prostate 20

cancer. Precl i ni cal 1 do kSt bt BbRR: hiakeral 56 | B rUSIicisioRat ent o

as nonot herapy, with vanta es conparéd with castration
(Schel | hammer , @ppcathr;Nn 60/23&61?,1 ﬁl@r&@‘g‘ﬁmbelep200944 (1999)). Bical utanide
has been prﬁpazed by reacting 3-trifluoronethyl-4-cyanoanaline with

met hacryl oyl chloride followed by epoxidation of the resultant N-(3 25
trifluoromethyl-4-cyanophenyl) I bsequent epoxide ring

openi ng wi th thi ol rsdpauﬁtfwegﬁ@gdzﬁfescgees(mg%ﬁsunfe@aﬁ ylNRalkdh- G?fd, 8RS,

Tucker et af. ough that process is

relatively st r#@fﬁ@n’ﬂ%}fmﬂﬁ hywﬁbﬁﬂilﬁb@&bkﬂl@@ %&W‘S‘ﬁ%‘mﬁ‘@t}ﬂﬂsr ed in the

process makes igfebades 't}feﬁ'l?:l'éf;atfaf?én HREhQPutitf QRS &Ginfdnt SGAdIRnack Br Reint i on,
that process requires the use of relatlvely expensi ve 30 star

materi al s. Ycc@Fasiafigriseasqprpt apdsogra dersndgnpdisgage copdlitipns suc &E‘E’sé‘rsfl $t he

preparation of iy %Qﬁﬂdefa UEﬁsheaemél ?:) 3 ﬁtdsrxrlo 3- (tﬁﬂﬂdromaﬁt»d)phenyu 3-[(4-
het er oar yl sul f onyl al - and hal oal ky| propanam de_coppounds

r OXY-
whi ch does not @wah%g%uﬁéﬂﬂh%hﬂﬁﬂ’@h%‘@ﬁﬁf’@@?é'ﬁm“? §é|§’é?’§t‘1f“65h%‘e&ﬂ'ﬁd uses | ess
expensi ve star kpdg: JFl@bbw! dmpovhds. 13iciitamlle 202 ffedtive, wall-olkRtalad e, an

object of the %glifser?lg;[lt Joga\égrrz)gcia?gnhgr?drggreg\f'cljrqge 1?'1rt]heI gﬂ&ment éjf advanced prostate

20 cancer. Preclinical and clinical studies have also indicated its potential as
monotherapy, with quality of life advantages compared with castration
(Schellhammer, Exp. Opin. Invest. Drugs, 8, p. 849 (1999)).

Bicalutamide has been prepared by reacting 3-triflucromethyl-4-cyanoanaline
with methacryloyl chloride followed by epoxidation of the resultant N-(3-

25 trifluoromethyl-4-cyanophenyl)methacrylamide and subsequent epoxide ring opening
with thiol and sulfone formation (U.S. Patent No. 4,636,505; Tucker ef al., J. Med.
Chem., 31, p. 954 (1988)). Although that process is relatively straight forward,
chromatographic separations required in the process makes it undesirable foruse ona
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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process for the preparation of N-(substituted phenyl)-3-alkyl-, aryl- and
het er oary] sul f onyl - 2- hydr oxy- 2- al kyl - and hal oal kyl propanam de conpounds
whi ch does not require the use of chronmatographic separations and uses
relatively less 5 expensive starting materials conpared to the art
processes. This and other objects and features of the present invention are
described hereinbelowin nore detail. Summary of the Inv Lon f?ﬁ)oghe
present invention provides an inproved process for th a%réggagﬂ:h f an
N- (substituted phehy, jhedfond, kypbiect af the preggat invention to provice &1

het er oary] sul f onyl -.2- hyd - 2= Al Kybstin®Ed pHeadlpaalkyl- pidpadam de of fornul a |
015 N, Crizsepees i R o ibsurid ptapa 0 perf | uataakkyl

al kyl cazbony| hetatoknyleyifanyb@hydroxs-2-alkily pad hatqgiiylpropapsmide (e leljbgr oal kyl ,
cyano, nitro, alkylcarb @ Wharatitnkatld uses relbtoakyless 20 R s

al kyl or hal oélPW%;kreglﬁﬁfq%‘ksiegﬁg#%%{?ﬁg?l gr heteroaryl, which process
conpri ses: s5( a)expensiot statjingmstaitids ¢ampeesd th@AIBARCEF St ornula 11 -2

This and other objects and features of the present invention 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-Z-hydroxy—2-alky1— or

haloalkylpropanamide of formula I

0
&cuzsozaz
R N
H ho R,

M

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 IT

25




11 March 2005 wherein Y and R are as descri bed above, Xis F, d, Br, | or
-OSQZR3, and R3 is alkyl or aryl with an a, (3-unsaturated propanam de of

formula I'll 0 J~ /CHZ HoN VI'/ to wherein R, is as described above in the
presence of a first base to forman N(substituted phenyl)-a, (3-unsaturated
propanam de of fornmula IV (M (b) reacting the fornula IV propananm de with

an epoxidi zing agent to forman epoxide of formula V 15 ( eact | t he
formula V epoxide with a thiol of fornula VI 20 RZSH (~) ?£'j@@hﬁﬁﬁ%h 2005
wherein RZ is as described above in the presence of a second base to forma

sulfide of f Ozarr}g!élrlegl Syln'ld R are as described above, X is F, Cl, Br, I or -OSO;R;, and R; is alkyl

or aryl with an o,B-unsaturated propanamide of formula II

CHy
HaN

Ry

Uy

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

(substituted phenyl)-c.,B-unsaturated propanamide of formula IV

Y-
o .
JY He
R N
H
Ry >

10 (v)

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

Y
D\ 0
R H//u:><il ;
Ry
"

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

epoxide of formula V

15

R,S8H
20 (VD
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Os N uCHz5R2 W rt~ and (d) reacting the fornula VII sulfide with an
oxi di zi ng agent. The present invention also relates to i nproved processes
for the preparation of N-(substituted phenyl)-a, (i-unsaturated
propanam des of forrmula IV, epoxides of to formula V, and sul fides of

formula VII. Detail ed Description of the Invention The process of the
present invention preferably conprises reacting a substituted be%é ne of
formula Il with an a, p-unsaturated propananide of fornul allMarch2 t he

presence of a first base and an aprotic solvent, preferably in a
tenperature range from about. - t. hstiflaebed
phenyl)-a,p-un%&?ﬁ?é?@ﬁ“%ﬁ$ggﬁﬁ§§$ﬂgﬂ%? 8Fﬁgf£f%ﬁﬂﬁﬁ%§§3§?ﬁg the formula IV
propanani de wi fdmanr VIEpoxi di zi ng agent in the presence of an aprotic
solvent, preferably in a tenperature range fromabout -78C to 155C to
forman epoxide of forrmula V; reacting the zo fornmula V epoxide with a
thiol of formula VI in the nge of a second base and an aprotic
solvent, preferably in a tenpe ™% ran fromabout -78C to 155C, to form
a sulfide of formula VII; and ng t formulg VI1 sulfide with an
oxidizing agent in the prese retjc sdlvent , preferably in a

t enperat ure range from abolf -78C to U557 Rﬁprovﬁ% sol vents suitable
for use in this invention include, buEV(1 ze not Iimted to, hal ogenated
hydr ocazbons such as di chl or onet hane, rbon tetrachloride, chloroform

1, 2-di chl oroet hane, and the |ike; hydrocazbons such as hexane, heptane,

and the | ike; azometc hydtocar oy SRR % AEDREH kel tene @ 1 ene

The present invention alsc relates to improved processes for the preparation of
N-(substituted phenyl)-c.,B-unsaturated propanamides of formula IV, epoxides of

10 formula V, and sulfides of formula VIL

Detailed Description of the Invention

The process of the present invention preferably comprises reacting a

substituted benzene of formula II with an o, p-unsaturated propanamide of formula III

15  in the presence of a first base and an aprotic solvent, preferably in a temperature range
from about -40°C to 155°C, to form an N-(substituted phenyl)-a, B-unsaturated
propanamide of formula IV; reacting the formula IV propanamide with an
epoxidizing agent in the presence of an aprotic solvent, preferably in a temperature
range from about -78°C to 155°C, to form an epoxide of formula V; reacting the

20 formula V epoxide with a thiol of formula VI in the presence of a second base and an
aprotic solvent, preferably in a temperature range from about -78°C to 155°C, to form
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,
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11 March 2005 and the like; hal ogenated aromatic hydrocarbons such as

fl uor obenzene, chl orobenzene, bronobenzene, a di hal obenzene, and the |ike;
an ether such as diethyl ether, methyl t-butyl ether, tetrahydrofuran, and
the like; an ester such as ethyl acetate, and the like; and an am de such
as N, N-di met hyl formam de, and the like; and 5 m xtures thereof. In a
preferred enbodi nent of the present invention, step (a) I ond din
the presence of an am de, preferably N,N—dinethylfornanidi? '@B%® is
conduct ed i n t hsd the ke haleganhtedarbahtbgedatcationsysdehos dlubobsnzgeef er abl y

di chl or onet hane;, step (c) is, conduct. in the en f tf
pref erabl y tef:l?lg’f‘i’bﬂ'gﬁ'Fu‘%rSW?be&ﬁ?cs"f&égaq?b(ﬂlzeing’ ag(gﬁlgzlg?’eage@ﬁr St?I Eté%pérl]egﬁsyénce of a
hal ogenat ed t 0 ethyd mehgr Aany] clhercfeanlgidiofurdi, ahd the tike i aste sudhi as sthynd second

bases useful in the cesses, of this Jin i.on,incl ude . ._hot
Vimted to, al RS A GF ﬁ'?ﬁ;a?q Bt figh RIENiPdal ST Q‘g%&‘%‘é‘gi and
hydri de, and Iniikthictitheteyflrh d preferdell anbodimtm lof b kexdntmseion stepga)sodi um

nmet hoxi de, potassj um . net hoxi de,. sodi .um et hgxide,.. pot assi um, et j\de,
Sod um & - but ox PR RS T FaE e N i AR L ECE,
am des such as issddutred adihe preseabdlo fia taldgenagzd hadrdcartadnkpreferabhy uns such as
butyllithium gnd the |ike referred first and seco i ncl ude
sodi um hydr i de%‘cg@f"é&e&aﬂ?nsﬁep Eﬂfsog?f’é'g%dé%{ FEm anm de,’ e%%a%%ﬁ%%lh thi um wi t h
sodi um hydr i de tdaghydgofaman;enpstef &) issdnduefed in e piesmeagfariabgewiedabl e for use in
t he present inyentiqgn include 20 conyentional epoxidizing agents known in
the art. Colﬂveﬁ{’é}?)%on Sé‘?ﬁagl?’ffcgg’ma%%ﬁh é particularly useful in the
processes of this iFiweatdsoconi badesiareful buthe proeesses bf thisinvestibrtingludepeutatsi ds such
as peracetic aci frifluoroperaceti ¢ aci . 3- [ ! jjd, and
the 1ike; and B?tg%}iegﬁ"ésaﬂsbc ta{a}?'%ﬂlﬁesrrésf] ﬁ’yﬁsg?dé%rﬁgdn@?’%%gaﬁﬁgme%
met hyl t ri f | uomithiumy hylirids;i atkahi egetal alivolkiddssudhiag eodivpp mdipxidel pegdsiintli zi ng agent s
i ncl ude peraci L ; J £ oL b Ghodde. afiheh b&l Heshief erred.
Oxi di zi ng agen%%m\é\o%]?%gé‘#{é&f%?hggg@%%e %xiéélat |i on oft(%}éti’%cr’erp(]E orSI_rruI a Vil
sul fides df thbgoxidyend tholike; pikhlimetabamidessuchon apdivn patide; 10g theddar@dknown in
the art. Convﬁlﬂgrgiﬁﬁ'lﬂﬁs sgéﬂ\/%'lb%{yﬂﬂll-d%?éﬂdsth&ﬂ&? Pretdnl kst Berbtndbives t he

e su

oxi dation of t ornula VI fide of the present invention include, but
aze not |imit ethchde sqdiymbydgde, poiessivas ~mroxidss spdsi amigeiand bytylithiyieFiBer acet i ¢
aci d, 3-chl or opex BeNARIAE baRS MorePhdertdae |1 ke;  dioxiranes such as

di et hyl di oxi rane, nethyltrifluoronethyl di oxirane, and the like; hydrogen
peroxi de; sodi um peFROBWERS asrRtHEHtAR)E FA5 M3RHB thepeeseit gwERfion ingide sy one. -5 11
Mar ch 2005 39 Pr grREdkReal Q)é 8k Zih g Shen@ RRdwn ind did € opedntichall sporididing agents
trifluoroperacetic_acid being nore (%referre.d. Trﬁ g,eraci q . Ul Li zed in the
epoxi dat i on anBariisulatyiusefHl 1@ theprocgses ¢f thipnxenuigp incluge, 2yt 4Tg O i‘ﬂvtﬁg o

conveni ently ppeRadadcH & pelabdtichéio iNydopgraiquetdoX-clleropértlertzbie aci, and

correspondi ng gcid anhydride. For ex le,. trifluoraperacet,c idis
preferably fo?‘ﬁé‘ge;iaﬁgéﬁ"ﬁ?“ﬁ%‘m ?ﬁ%‘?’%ﬁ@ﬂ‘“ﬁ‘éﬁ”&(?ﬁ%”?‘é‘ﬁg" rrnftgyl&]c??‘ %%(?éti c
anhydri de. |n endpheliles Poderpl@pecdiziog agehs inphes perhcidswidntriflosropeRBelis

trifl uorom%t hyl .. g’n anot her eE_referred process of . this invention, X is F,
., Br or PP mBPeCPIRTLFREIS™E.  Preferred formula | conpounds t{)roduced by
the process of the @uidigieptgens siimblerfor wa intheotidatior ofthe fomnpla VII sul

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

des

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, methyltriftuoromethyldioxirane, and the like;

hydrogen peroxide; sodium periodate; N-methylmorpholine N-oxide; and oxone.
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Y is cyano, nitro or trifluoronmethyl; Ris trifluoronethyl, cyano, nitro,

met hoxy or nmethyl; R is nmethyl or trifluoronethyl; and RZ is al kyl, 15
phenyl optionally substituted with one fluoro, chloro, cyano, nitro,
met hoxy or nethylthio substituent, or thienyl, imdazolyl, thiazolyl,

benzot hi azol yl, thiadiazolyl, pyridyl or pyrimdinyl each optionally
substituted with one chloro, brono or nethyl substituent i&l\/ﬁ\r?@
preferred formula | conpounds prepazed by the process of 111 Q@re APi on
are those wher @referytdiogidiayegrgents ingiutle peracidr with triflyorengmedipacidpeing mRre | g
met hyl ; and 25 'r%er'rﬁ G - Caal kyl, phenyl, p-fluorophenyl, thiazol-2-yl,
4- met hyl t hi azol” -y91 , Smethyl -1, 3, 4-thiadi azol -2-yl or 2-pyridyl. The
process of the pres®mperavidsmtilizzd in the proxidatien aad loyidetinafsteps ¢idhe prissnipr epar at i on
of bi cal utam de, tical, | I ; HBOURES . i8Ye De obt ai ned
by conducti ng lﬁvﬁ%%erﬁ%tbgﬁa?%ﬁwgtggé{?é aet%i%%w_t?ﬁgélg]r&dégg%rr%g?(i C conedi tions to
gi ve chiral sconpoesndsiingfoid ankydsidp| Bor exdmepld, tifinatoperasetio eeip isrmaeferdely may  be
epoxi di zed with_a chiral. dioxi i I.alnBpgxide. -6 11 March
2005 Listed be{}%nﬁegfnesz SPPH fogglgg%%ﬁ%eaarg'?\gﬁﬂsﬁ{og?é#g_ us@g ﬁer ein. These
definitions apply ina préferredgprossay thepasentrivventiondRy istoRngrustht.hHia
specification (u : I LB el é. SBE Shldribid St ances)
ei t her i ndivi d%gﬁb%%ierf&%g%ﬁ%h% o(g?&slalg{éyrlggr}dlg??o%’ .r Irt’ shogl d be)l( not ed t hat
any het er oat om wi t hPrefestad fositle d compaandsaqwodusedshy: geespof the MesgRt t he hydr ogen
at ons necesgar . I .val ences. The term"al kyl" or "alk" refers
to a nonova en%{m}z‘a3 %O}%é%%%ﬁhg%g} bon) derived radical containing from1l to
12 carbon at on¥ iaeyamesnite erdriflioremefbfli ned. An al kyl group is an optionally
substituted strai ?m Holy OfitrG YskiloSy SALMEAL €d hydrocarbon group. Wen
S gbr eﬁl}gggﬂm, ﬁ, tho! { h{t

substituted, alky roups e substituted wth up to four substituent
R, is methyl or trifluoromethyl; and

Rz is alkyl,

15 phenyl optionally substituted with one fluoro, chlore, cyano, nitro, methoxy or

methylthio substituent, or
thienyl, imidazolyl, thiazolyl, benzothiazolyl, thiadiazolyl, pyridyl or
pyrimidinyl each optionally substituted with one chioro, bromo or
methyl substituent.
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 R, is C)-Cialkyl, 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.




~ 0 groups, R4 as defined, at any avail able point of attachnent. Wen the
~alkyl group is said to be substituted with an alkyl group, this is used

i nterchangeably with "branched al kyl group". Exenplary unsubstituted such
groups include nethyl, ethyl, propyl, isopropyl, n-butyl, t-butyl,

i sobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4dinethylpentyl, octyl,
2,2,4-trimethyl pentyl, nonyl, decyl, undecyl, dodecyl, an e i ke.
Exenpl ary substituents may include, but aze not limted tg?*gﬁghgxmﬁbre of
the follow ng groups: halo (such as F, d, Br or 1), haloal kyl (such as
CCl 3 or CF3), alkoxy, alkylthio, hydroxy, carboxy (-COOH), al koxycarbonyl,
al kyl carbonyl oxy, amno (-NHz), carbanoyl, urea, amdinyl or thiol (-SH
The ternms "al koxy" olistedbRigpiard dsfinitigas qf ¥adoYs 57w Psed HErRiBt & hess I&fNATS gr oup as
20 descri bed abqygyhomdadmd &rtﬁeggahe &Rd SXAE86ut kﬂe@b@@fcaﬁm%me@ﬁheg agdll fur

| i nkage (-S-), reSpectively. Sulfonyl denotes. groups bonded_ by

© - SQz-1inkages. Tfervisy fmiteddp gregific anskaeRs) oitherigdiyiSuqilyios pepar of 4 S §© BN

al koxy group bonded pth6R8 8 hoRedGRd: RO YEterSdt N Rith &Rsat {HRd L REABes B lalyeawbony|
refers to an al kyl group bonded through a carbonyl group. The term™"aryl"
refers to nonocy@rs %EBY rPgeR POrs BecepTvde sYishi thykiléensesg - phenyl, substitut ed
phenyl "and the li ke, Tﬂcste%l‘elllg@sorg‘rafku BFerVB £loRF Rerk UAGEL (hfdrBearboR Pdrityd ,
phenant hrenyl and the |1 ke. An ari% group thus contains at | east one ring

havi ng at 30 | edadicabcentainiag fomt Ho ipcarkpnratares wirstothsriige defdedgAp alkdent |

containing up t Qyrds ihPdRiondi) §hiklifited Wirki BriBbrhRAAAI I DHic(hie SRR A dB&kbdoubl e
bonds between adj acent carbon atons or “suitable heteroatons. Aré(l roups
may optional |y EEouwyiensuhstyte; alley! sroupoma sy sabstifutedwithyip te fous sy Ituﬁﬂ(\}oups

including, by nRbupkiAlat Bhie® at 8! 0888B1e pRINK¥E attadinte@X YWhAWMEE Q) grdupOXY,
car banoyl , al koxycarbonyl, nitro, trifluoronethyl, am no, c%ggg, aLﬁyl
S(Oi (t = 0, 1 Saigro bysugstitgted with anrglley] gpoup, this dy wspiteiphangegdhlp pith fhyanghe
nonocycli ¢ azomgfiie hys AGahPeT 1aEdEdute® sit8 \stdigs BciOde Bethyl\@h Al @6B1, or a
bicyclic azomati.c group having

n-..

, 8.to 10 atons, . cqQntai.nin t | east one
heteroatom O SSOPERYN*PPRLGHF¥hisgbwyy IEFGW?W"W ‘fﬁ’ﬁﬁgﬁeﬁvgﬁ% s the point of
attachnent, and difetMip&ity e, Q12 4-wincattichiyh Aahyl,cREDaMdEdD dBdecg, adithoonal | y
repl aced by a heteroatom selected fromO,or S ang in,which I to ﬁm
addi ti onal = cht bdife EFORREry FsERMIRA ‘Pf}“‘?—eeb‘llté’éeefﬁ’t Rits Py BG SRR CE S at ons,
séii d Ihet er ga: yl fg]llcﬁ:dﬂg gkehﬁghaﬁcﬁ(stlixméais(ﬁ{lﬁl, Byoﬁll)l,lbﬁlo?ﬂkjdlt(asl:h@SCdFS&)ﬁ?FDE? her ei n.

enpl ary heteroar roups, i.nclu Wi ng: [ u
pyrrol yl, pyridj@?&VﬁﬁﬁﬁgﬁﬁVF?m¥ﬁF§Bf%§Spéﬁﬁ”@ﬁ% Z§P§P;SE%%%%%W%%%
triaéolyl,lpyrazmﬁyt@Nngwﬂ@pkyﬂum?s@ﬁﬁ@ﬂbomyﬂbSHyr?zipylz tetrazol yl,
pyridazinyl, pyrim t.rjazi.nyl inyl., . |
qui nol i nyl, isoqui ngﬁ%/{?ws ké)x 0 h?@%ﬁr%‘g Lﬁ%@%ﬁ%%?ﬁg%%%# dazol yl,
benzoxadi azoby| dasudibébabbentrafied thapginad oxygeodinishger(yO-3 odrstul fuledege &l ude one

or nore of the f w‘glgg: hal ogen, al kyl, al koxy, hydroxy, cazboxy,

L QLD ! _ _
cazbaznoyl, al koxycazbonyl, trifluoronmethyl, nitro, cyano, am no,

al kyl S(O) ~ (t = 0, 1Suifor?)depptes grpegs bofided by eBih-'linkdzeyen” or "hal 0" refers to
chlorine, bromne, flHorlNe, Q% LHHn0P; as ullihetl, BinolS ah hiokyAablpHonadsef ers to
a C'Fz"+i group wherein n is ah integer 20 of 1 to 6. :
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



Starting conmpounds of fornulas Il and Il aze known to tho [ [

: S
art. Those starting conpounds nmaybe prepared by proceduresek?]g:/vlnl ?ﬁ 'Itﬂet e
art or aze conmercially available. In order to facilitate a further
under standi ng of the invention, the follow ng zs exanples aze presented
primarily for the purpose of illustrating nore specific details thereof
The scope of the invention should not be deened limted b e exanpl es .
but enconpasses the entire subject matter defined in the {1 M%héﬁgg Mar ch
2005 EXAMPLE 1gBngaadtading Butalbt limited to, halogen, alkyl, alkoxy, hydroxy, carboxy, ¢

N-[4- Cyano-3-(trjfluorgneth henyl '

-1- NaH CH3 Tocaébagaﬂygtﬂﬁ‘si‘?%%g‘ﬁ@t“ﬁac’c%@ tg%g%{e%%%gg%&go E% S35 T ;\I Ci EBgoo

;ﬂl_ug:i yeN((jlzggt byj)zoemiﬁgm de was added 4-Cyano-3-(trifl uor omet hyl ) phenyl
o SERHB e NSRS Syl atup ot

cool ed in a nmet hanoUr§™ S
i - s cool ed sol ut
sodi um hydr k den{d4:2s &6 @fgeontlomatadyklic pomtticgmowgihgeng §1 ]Oeatqg%up: gg }(l\/ﬁ: added

reaction m xture tenperature bel ow 7 AT T oXdi WS i
cool to room t EPREMEE ghleastHg hgtfﬁo?tP@d8$S(3r°I§?WOur s du%fjbg{rqbﬁl? ?%aen alf? lml)ggﬁgrteo
b ly .

Water (915 nl) wwasinderigechinthl, andid which b8&oHED aflgiignal carbon atoms is optiona
replaced by a heteroatom selected from O or S, and in which 1 to 3 additional carbon
atoms are optionally replaced by nitrogen heteroatoms, said heteroaryl group being

10  optionally substituted as described herein. Exefnplary heteroaryl groups include the
following: thienyl, furyl, pyrrolyl, pyridyl, imidazolyl, thiadiazolyl, thiazolyl,
oxazolyl, triazolyl, pyrazolyl, isoxazolyl, isothiazolyl, pyrazinyl, tetrazolyl,
pyridazinyl, pyrimidinyl, triazinylazepinyl, indolyl, isoindolyl, quinolinyl,
isoquinolinyl, benzothiazolyl, benzoxazolyl, benzimidazolyl, benzoxadiazolyl and

|5 benzofurazanyl. Exemplary substituents include one or more of the following:
halogen, alkyl, alkoxy, hydroxy, carboxy, carbamoyl, alkoxycarbonyl,
trifluoromethyl, nitro, cyano, amino, alkylS(0)(t=0,1 or 2) or thiol.
The term “halogen” or “halo” refers to chlorine, bromine, fluorine or iodiné.

The term “perfluoroalkyl” refers to a CoFzq+y group wherein n is an integer

20 of 1 to 6.
Starting compounds of formulas II 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 maiter defined in the claims.



t5 m) and hexane (970 nl). The resultant slurry was allowe [
overnight. The solid was filtered, washed seque%tial |y vm'thdvv;?eftl(gxlw
m) and hexane (100 nL), and dried at 60C to give the title product as an
off white solid (260 g, 97%. tHNWR (CDCl;) S 7.87 (d, J=1.9Hz, 1H), 7.80
(dd, J=1.9, B.SHz, 1H), 7.69 (bs, 1H), 7.62 (d, J=B.SHz, 1H), 5.69 (é 1H)
gfigaggiigzlbfkﬁ]im@/ 1. Qg (s,_?:—b. 20 0 CH3 -9 11 March 2005 EXAMPLE 2
-Cyana-3-(trifluo [
E e o o o ( Mphenyl ] met haHMaéﬁ‘i‘&Qoépom de

Preparation of N-[4-—Cyano—3—(triﬂuoromethyl)phenyl}methacrylamide

NC
CHy

FaC F | CHs
NC
- 0
CH,
FiC N
CHg

To a solution of methacrylamide (153.00 g, 1797.88 mmol) in 800 mL of N,N-
dimethylformamide was added 4-cyano-3-(trifluoromethyi)pheny! 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% HCI (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 (CDCly) § 7.87 (d, J=1.9Hz, 1H), 7.80 (dd, J=1.5, 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



+ CF3CO3H Preparation 1 To a stirred sol ution of

N-[ 4-cyano-3-(trifluoronethyl)phenyl]methlo acrylam de (250 g, 983.4 nmol)
in dichloronethane (1.2 L) was added 30% hydrogen peroxide (170 nL, 5900. 6
mmol ). The solution was cooled in a nethanoUdry ice bath to -60C.
Trifluoroacetic anhydride (791.76 nmL, 5605.6 nmmol) was added sl owy mhile
keeping the reaction m xture tenperature between -15 to O Af t

addition was conplete, the reaction mxture was stirred a 1P@Hﬁh&9 erature
15 for 45 minutes under a nitrogen aEX3PE& transferred to a separation
funnel and diluted with mater (1 L)._The organlc Iayer as collec&ed and
the aqueous | ayRrepgagion efN{4rEyay riflug PHEN By amIces ®The
organi c | ayers were conblned washed sequentlally mnth saturated sodi um
bisulfite (1 L) and water (1 L), dried over sodiumsulfate, and distilled.
The residueswas diluted with ethyl acetate (160 nlL) and 20 tert-butyl

nmet hyl ether (1.6 L).ncThe resultant slurry was stirred overnight, filtered
and dried at 60C to gi e antitl eoproduct as a white solid (180 g, 68%.
~H NVR (CDC13) S 8.54 (#§ J=1.9Hz, 1H), 8.05 (dd, J=1.9,
8.SHz, 1H), 7.95 (d, J=& : H(s, 2H), 1.83 (s, 3H). -10 11
March 2005 Preparati 6/ 2 To a stnrred solut|oh of CF;CO;H

N-[ 4- cyano- 3-tri fl uoronet hyl ) phenyl ~ hacrylam de (1.8 g, 7.08 nmol), and
di chl oronet hane (10 nmL) was added hydrogen peroxide (1.22 ni, 42.5 mol).
The flask was then put in a water bath at roomtenperature. 5
Trifluoroacetic anhydride (5 nL, 35.40 mmol) was added slowy. The reaction
m xture was stirred and checked by HPLC wAfter h and 40 m nutes, the
reaction mxture was transferred to a sepa ™ usi ng

di chl oronet hane (35 nL). “The —ordani c | ayer en hed\with distilled
water (15 nmlL), saturated aqueous sodium bis rrd saturat ed
sodi um bi carbonate (3x15 niL), brine (15 @f), to dridl ovel mignesi um
sulfate, filtered, concentrated and dried to give the tit[ conpound as a
yellowi sh solid (1.94 g, 98.6 %yield). 15 EXAMPLE 3 Preparation of

N-[ 4- Cyano-3-(trifluoronethyl)phenyl]-3-((4-fluorophenyl)thio]2-hvdroxy-Z-m
et hyl pr opanam de Preparation 1

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 shurry was stirred overnight, filtered and
dried at 60°C to give the title product as a white solid (180 g, 68%). 'HNMR
(CDCly) & 8.54 (s, 1H), 8.16 (d, J=1.9Hz, 1H), 8.05 (dd, J=1.9, 8.5Hz, 1H), 7.95 (d,
J=8.5Hz, 1H), 3.16 (s, 2H}, 1.83 (s, 3H).

-10-



NC OF3C ~~ ~N~ ~\C+ nJ \ ~r + NaHH CH3 NC F3C 20 To a 0C m xture of
sodi um hydride (19.3 g, 804.8 mml) in tetrahydrofiuan (333 nL) was added
a solution of 4-fluorobenzenethiol (81.8 m., 767.92 mml) in 25
tetrahydrofuran (248 nL) while maintaining the tenperature bel ow 25C during
the addition. After the addition was conplete, the m xture was stirred for
five mnutes, -11 11 March 2005 and a solution

of N-[ 4- Cyano- 3-(trifl uoronet hyl)phenyl] et hacryal m de epo&1b@”€ﬂ@@0§ 614. 3
mol ) in tetrahydrofuran (830 nL) waPrepstdéion gl owly. The reaction mxture
was stirred at [ 00MolRe! @Mo@ofpr[4:cymonaunsmmaaaymm]mmmlm

distilled off. id [ th t at 8
ternlsfe(rareg t olle &éﬁﬁmqlg%ﬁﬁﬂ@m‘é{h E‘)M/\ﬂ'g%e %lgﬁﬂg?@%g‘e?e%o WI(%'[(ITZ%)I’I ne
(2|2]9 ) ?nldt V\Bt,glz :(ﬁ‘lgugl)mﬂ;e ﬂzigta@ta@ﬂlgtﬁﬁut(iniﬁylten‘baﬂﬁﬂrooﬁhﬂemdzmmteh magnes: um
sul fate, filtered, and concentrate e t u cl ear
oi | which sdl i Buflospcesic aabydrds (gnk %32?87'%"%) wﬁf’g%d 550%%%&@3) S 9.05
g 877 (1E|) I H§38rnfxgﬁr% gfla% sém%g 5151114&16&1@&&;9 HPZC 3@ ftbmh a0 minufs, thelreadiob. 3% (1H)

r , , s
3H). to EXAVPLEIMupraniEnsterrehiogsenqritian &ﬁ&ﬂ&“@égFPéFPﬁ%} %@?H;%)p enyl|-3-[4

organic layer was then washed with distilled water (15 mlL), saturated aqueous
sodium bisulfite (4x15 mL), saturated sodium bicarbonate (3x15 mL), brine (15 mL),
10 dried over magnesium sulfate, filtered, concentrated and dried to give the title

compound as a yellowish solid (1.94 g, 98.6 % yield).

EXAMPLE 3

15 .
Preparation of N—[4-Cyano—3-(triﬂuoromethyl)phenyl]-3-[(4-ﬂuorophenyl)th10}-

2-hydroxy-2-methylpropanamide

NC.
D\ O
HS F
/“\]A cod Mt
CHy
NC

Q
' CH,S F
FsC N
HO CH,

To a 0°C mixture of sodium hydride (19.3 g, 804.8 mmol) in tetrahydrofuran

20

(333 mL) was added a solution of 4-fluorobenzenethiol (81.8 mL, 767.92 mmol) in
35 tetrahydrofuran (248 mL) while maintaining the temperature below 25 °C during the

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

-11-



t5 fluorophenyl)sul fonyg 2 hydroxy-2-net hyl propanam de (bi '

CF~COBH NC Fj C CH2SQZ u To a sol ution of YIProp (brealutam de)
]Ic\l|-[4- Wﬁno-?;(arl fl uoronet hyl ) phenyl ]-3-[(4 20

| uor ophenyl ) t hi o] - 2- hydr oxy- 2- met hyl propanani de (244.74 614.3 mol ) i
di chl oronet hane (1.5 L) was added 30% hydr ogen peroxi de (%’41 6 m_ 49121. |7n
nmmol ). The m xture was cooled to -55C. Trifluoroacetic anﬁ/drl de %%%0 6 m.,

3686.0 mmol ) was added slowy whil e keeping the_ react
tenperature betawbion 8EN{-cBBo- 3ﬁ(imﬂél°rqﬂf@ g’%ﬁ“ﬁ‘i‘i ?l%’léa? TRigle SPRY egl@he

reaction m xtur
Gt ed w th B eeTiaSh Ry Ea5 R GS0RL) ﬁﬁ%ﬁg&%‘ﬂyfm b 2005 (500 L) .
The resul t ant wak stirreyl atvmemdernperasere fastwe houss, g B solysof Y“é‘?%%ﬂféa/géhe with

23“3“%%5”? hé’ | uE! he&lﬁ_f%m&der{}%c&a% !35/611, f&%nstfa%édeo REQAHabn Amna anhi t
(d, J=8.6Ha, hid}hediﬂecﬂ;@m(aﬂy with rige-{220 and?Wﬁé%! ‘(“%ﬂ %H@he?f%gw {‘/"" ‘ﬁalsg) 4H§ 22

(2 ;? ’ 3E|) 42 ( S épl_% }yrggmagneQQm i fifikled, ahd Lhhcentdteddo fiffe thellé proidiact add) , 1. 40
clear oil which solidified on standing (244.74 g, 100%}. 'H NMR (CDCl3) 8 9.05 (s,
1H), 7.88 (m, 2H), 7.69 (m, 2H), 7.30 (m, ZH), 6.78 (d, 1=1.3Hz, 1H), 3.77 (br, LH),
3.63 (d, I=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—&

15 ﬂuorophenyl)sulfonyl]-2-hydroxy-z-methylpropanamide (bicalutamide)

NC.
Q
CHzS F 4 CFCO:H
F3C ﬁ )
HC CH3
NC
o]
N
FiC N
HO CHa

To a solution of N-[4-cyano-3—(triﬂuoromethyl)phenyl]-3-[(4—
20 ﬂuorophenyl)thio]-2-hydr0xy—2-meﬂlylpropanami_de (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 -5 5°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-



What is clainmed is: 1. A proass for the preparation of an N{substituted
phenyl)-3-allcyl-, aryl- ar heteroaryl sul fonyl -2-hydroxy-2al kyl - or

hal oal kyl propanam dc of formula | CH=SOQZRy HO Al mwherein Y is cyano,
nitro, perfluoroal kyl, alltylcarbonyl, al koxy carboayl or alkylsu]fonyl; R
i s perfluoroaikyl, cyano, nitro, alkylcarbonyl, alkoxycarbonyl, alkyl or
al koxy; Rr is alkyl or 6aloalkyl; and R2 is alkyl, aryl ﬂr etcr&ﬁryl,
whi ch process conprises: (a) reacting a substituted benze 3 fch la |
(1'1) an wher ei (oY rA)dTIR eafamsludgses stiyed fertggvrinutss, fikered, waghed piith zerf- o

-0502R3, and is al or Yk . Wi - T A d1Rd253 opanayl de of
formula 111 O%N%%Vliéﬁlh‘gr %[ld?i{“@ mlgsnseglslgﬂ}ae c?quf){é%%g%%\%g&i g thegpr?spence of a
first base to fONMRDMEOIYISIOA0E,eH), Bz 1]H,8,22-(d, I=BAHatlED.& ¥dd,

propanam de, of J=f8(.)6rHr2,J|II?), h¥s (m, 2H), 7.38 (t, J=8.4Hz, 2H), 6.42 (s, 1H), 3.95 (4, J=14.7Hz,

s 1H), 3.72 (d, }=14.7Hz, 1H), 1.40 (s, 3H).

-13-




(I'v) CH3, 11 March 2005 15 (b) reacting the fornmula IV propanam de with an
epoxi dizing agent to forman epoxide of fornmula V M (c) reacting the
formula V epoxide with a thiol of formula V[ RASH (Vt) wherein Ra is as
descri bed above in the presence of a second base to forma sulfide of
formula VI[ can (d) reacting the formula VIl sulfide with an oxidi zing
agent. 2. The process according to clagn 1l wherein the fiL Rg$nﬂ gscond
bases are independently selected fromthe group consisti E reR 200py o
metal hydride, an alkali netal al kogififas as al kali netal am de and an
alkyl'lithium 3. The process according to claim1l wherein the first and
second bases are independently selected fromthe group consisting of
sodi um hydri de, potassiumt-butoxide, sodium am de and butyllithium 4.
The process according to claim1l wherein the first and second bases are
sodi um hydride. 5. The Ymrbisekencddcording to claim 1 wherein the epoxidizing

agent is selected fromlt e %db'@nnﬁﬂgﬂﬁmgfbﬂlH{m®GMawid and a di oxirane.
phenyl)-3-iikyl-, aryl- or heteroarylsulfony!-2-hydroxy-2-
alkyl- or baloalkylpropanamide of formula I

Y.
0
)S(cnzsozn,
R N

H

®

HQ Ry

wherein
Y is cyano, nitro, perfluoroalkyl, alkylcarbonyl, alkoxy-
carbony! or alkylsulfonyl; _ _
R is perflucroalkyl, cyano, nitro, alkylcarbonyl,
alkoxycarbonyl, alkyl or alkoxy;
R, is alkyl or haloalkyl; and
R, is alkyl, aryl or beteroaryl,
which process comprises;
(a) reacting a substituted benzene of formula II (If)

v (1o

R X

wherein Y and R are as described above, X is F, Cl, Br,
I or —OSO,R;, and R, is alkyl or aryl with an
a,f-unsaturated propanamide of formula II1

o (tm

CH;
H,N

R,

wherein R, is as described above in the presence of a
first base to form an N-(substituted phenyl)-a,p-
unsaturated ‘propanamide of formula IV
1
v : v
0

JYCH]_

R N '
H
R,




6. The process according to claim1l wherein the epoxidizing agent is

sel ected fromthe group consisting of peracetic acid, trifluoroperacetic
acid and 3-chl oroperbenzoic acid. 7. The process according to claiml
wherein the epoxidizing agent is trifluoroperacetic acid S. The process
according to claim7 wherein the trifiuoropetacetic acid is forned in situ
from hydrogen peroxide and trifluoro ti c anhydride. 9. The pr S
according to claim21 wherein the oxi diq??ng agent is sel ett Mﬁ@'ﬂ%ﬁsghe
group consisting of a peracid, a dioxirane, hydrogen peroxide, sodium

peri odate, N-nethyl norpholine N-oxide and oxone. 10. The process according
to claim1l wherein tH® foskies th¢ frgmele EYipropamide péh acigdxd- 11 March 2005 16 11
March 2005 | 1. The pro®&i88agteide fulinrig epaxidgoffamid Vwher ei n the peracid is
selected fromthe group consisting of peracetic acid, trifluoroperacetic
acid and 3-chl oroperbepzoi ¢ acid. 12. Tht process acGdrding to claim1
wherei n the oxidizing agg s trofluoroperacetic acid. 13. The process
according to claim 12 whg theljtrifl uoroperacetie acid is fornmed in situ
from hydrogen per oxi deganthsfT "o etic anhydride. 14. The process
according to claim 1l wherein stttps” (ap{d) ate conducted in the presence of
an aprotic soh~eot. 15. The process according.to.clajm 14 wherein the
aprotic solvent is sél‘%ﬁ%hT'{"UﬂﬁiiéP°§ﬁd6Uﬁhtgﬁiff§?rﬂ’i of a hal ogenat ed

hydr ocar bon, a hydrocarbon, an aromatic hydrocarbon, a hal ogenated aronatic
hydrocxrboa, an ether, gs@n ester and an am de and npgtures thereof. 16. The
process according to claim1l wherein step (a) is conducted in the presence
of N, Ni I'i met hyl f or manmvtlesin 8t éspes @kspritied abxyn dtutbe edsener dfiax presence of

di chl or onet hane, scep $eednditesegofmmatseldds of fotmulpylésence of tetrahydrofuran,
and step (d) is conducted in the presence of dichloromethane. 17. The
process according to gl aim1 wherein Ra is trifiuor®@®ethyl.

e

D\ CH:SR;, and
¥ H

HO R,

(d) reacting the formula VII sulfide with an oxidizing

agent,

2. The process according to claim 1 wherein the first and
second bases are independently selected from the group
consisting of an alkali metal hydride, an alkali metal
alkoxide, an alkali metal amide and an alkyllithium.

3, The process according to claim 1 wherein the first and
secopd bases are independently selected from the group
consisting of sodium hydride, potassium t-butoxide, sodium
amide and butylithium. '

4. The process according to claim 1 wherein the first and
second bases are sodium hydride.

8. The process according to claim 1 wherein the cpoxi-
dizing agent is selected from the group consisting of a
peracid aod a dioxirane.

6. The process according to claim 1 wherein the epoxi-
dizing agent is selected from the group consisting of per-
acetic acid, trifluoroperacetic acid and 3-chloroperbenzoic
acid.

7. The process according to claim 1 wherein the epoxi-
dizing agent is trifluoroperacetic acid. )

8. The process according to claim 7 wherein the trifluo-
roperacetic acid is formed in situ from hydrogen peroxide
and triflucroacetic anhydride.

9. The process according 1o claim 1 wherein the oxidizing
agent is selected from the group consisting of 2 peracid, a
dioxirane, hydrogen peroxide, sodium periodate,
N-methylmorpholine N-oxide and oxone.

10. The process according 1o claim 1 wherein the oxidiz-
ing agent is a peracid.



18. The process according to claim1l wherein Y is ryano, nitro or
trifluoromethyl; Ris [rifluoronmethyl, cyano, nitro, nethoxy or nethyl; Rr
is methyl or trifluoronethyl; and R= is al kyl, phenyl optionally
substitutcd with one fluoro, chloro, cyano, nitro, nmethoxy or nethylthio
substituent, or thienyl, imdazolyl, thiazolyl, benzothiazolyl,

t hi adi azolyl, pyridyl or pyrimdiayl eggh optionally substinted with one
chl oro, bronmo or nethyl substituent. 19. The process accoT'HM?@C'P 808%aim 1
wherein Y is cyano or nitraq; Rris H:i | uor am:{oh hlcie'% icrsairrethyl; and R~ is
Cr- C4atkyl, phenyl, p-fl%ﬁ‘gggﬁgﬁmﬂ lszs‘%ﬁﬁy ﬁ;ﬁg 1hyid hi azol - 2-y1

5-net hyl -1 ~, 4-t hi adi azoF{ﬂ sr¥persdbiicacidhd ¥k loropdibenztitacRl OCESS according ro

(=]

3
. o ¥
claim1 for the prepar at 118'rHe krocess 2ccording 1o claim 1 wherein the oxidiz-
N-[ 4-cyano- 3- (ttifl uor omptabest isRfMRMptraciid .| uor op6enyl ) sul fonyl ] - 2- hydr oxy
- 2met hyl propanam dc. 21. 1A THeGR®RSS atddrdidghd cfune p2indirtidtheafif- an N- (substi t ut cd
phenyl) - a, ~- unsat ur at edlupmpdpaatmcilés fofmed drsiufrem bMroaghd pefokidwhcrcin Y i s
cyano, nitro, pcrfl uoroadkyfuoraabetiy hdgwdiionyl , al koxycar boyl or
al kyl sul f oayl ; 14. The process according to claim 1 wherein stéps
(2)~(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 haloge-
nated bydrocarbon, 2 hydrocarbon, an 2romalic
bydrocarbon, a balogenated aromatic hydrocarbon, 2o 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, siep (c)
is conducted in the presence of tetrabydrofuran, and step (d)
is conducted in the presence of dichioromethane.
17. The process according to claim 1 wherein
R, is trifluoromethyl. _
18. The process according 1o claim 1 wherein
Y is cyano, nitro or trifluoromethyl;
R is trifluoromethyl, ¢cyano, nitro, methoxy or methyl;
R, is methy! or trifluorometbyl; and
R. is alkyl, ‘
pheny! optionzlly substituted with one fluore, chloro,
cyano, nitro, methoxy or methylthio substituent, or
thieny!, imidzzolyl, thiazolyl, berzothizzolyl,
thiadiazaolyl, pyridyl or pyrimidinyl eact optionally
substituted with one chloro, bromo or meihy] sub-
stituent,
19. The process according to claim 1 wherein
Y is cyano or nitro;
R is trifluoromethyl;
R; is methyl, and
R, is C,—C, alky], phenyl, p-fluorophenyl, thiazol-2-y},
4-methylthiazol-2-yl, 5-methyl-1,3,4-thiadiazol-2-yl or
2-pynidyl.
20. The process according to claim 1 for the preparation
of :
N-[4-cyano-3-(triflucromethy!)phenyl]-3-[(4-
fluoropbenyl)suifonyl]-2-hydroxy-2-
methylpropanamide.
21. A process for the preparation of an N-(substituted
phenyl)-a,B-upsaturated propanamide of formula [V

. V)



R is perfluoroal kyl, cyano, nitro, alkylcarbonyl, al koxycarboayl, alkyl or
al koxy; ad R, is alkyl or 6aloallryl, which process conprises reacting a

substituted beomme of fornmula ii an wherein Y and R arc as descri bed above,
Xis F, C, Br, | or -4S02R3, and R3 is alkyl or aryl with ao
a"~-usaturated propanam de of formula Il xZx Cud wherein R3 is as

descri bed above in the presence of a RQgse. 22. A process for the
preparation of an epoxide of formula V fh 11 March 2005 tBMareh&0R511
March 2005 Y is cyano, vitro, perfluoroal kyl, alkylcarbonyl, al koxycarbonyl
or al kyl sul fonyl ;

wheeein

Y is cyano, nitro, perfluorcalkyl, alkylcarbonyl, alkoxy-
carbonyl or alkylsulfonyl;

R is perfluoroalkyl, cyano, nitro, alkylcarbonyl,
alkoxycarbonyl, alkyl or alkoxy; aod

R; is alkyl or haloalkyl,

which process compriscs reacting a substituted benzene of
formula I '

R X
wherein Y and R are as described above, X is F, Cl, Br,

I or —OS8O,R;, and R, is alkyl or aryl with an
o, B-unsaturated propanamide of formula K1

(tn

o n

CH;
HyN

R,

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

22. A process for the preparation of an epoxide of formula

v
Y.
D\ I
HR] (8}

™



R is perfluoroatkyl, cyano, nitro, alkylcarbonyl,"' allcoxycarbonyl, alkyl
or alkoxy; and R, is alkyl or 6aloalky[, which process conprises: (a)
reacting a substituted benzene of formula Il (I11) wherein Y and R are as
descri bed above, Xis F, Cl, Br, | or -0SO02R;, and R3 is al kyi or aryl
with an a, ~-unsaturated propanam de of formula I[I atn wherein R is as
descri bed above in the presence of a 1gase to form an N{sﬁg itu%@&

phenyl )-o0, ~-unsaturated propanam de of formula 'V ([w) ﬁ%ﬁ?“ éting
the fornmula IV propanam de with an epoxidi zing agent. 23. A process for the
preparation of a sulfide of fornula VIi R WCelR Y is cyano, nitro,
perfl uoroal kyl, allcyl carbonyl, al koxycarbonyl or al kylsulfonyl; Ris

per fluoroal kyl, cyano, nitro, alkylcarbonyl, al koxycarbanyl, alkyl or

al koxy; R is alkyl or haloalkyl; and R=is alkyl, aryl or heteroaryl,
whi ch process conprises:  wherein

Y is cyano, gitro, perfluoroalkyl, alkylearbonyl, alkoxy-
carbonyl or alkylsulfonyl;

R is perfluoroalkyl, cyano, nitro, alkylcarbonyl,’
alkoxycarbonyl, alky! or alkoxy; and
R, is alky! or haloalkyl,
which process comprises: _
(a) reacting a substituted benzene of formula I (II)

YD\
R X

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

(1
o}

CHz
HN

Ry

wherein R, is as described above in the presence of a
base to form an N-{substituted phenyl)-ct, f-unsaturated
propanamide of formula IV

Y.
o)
CH,; azd
R .

(v)




(a) reacting a substituted benzene of forrmula Il wherein Y and R arc as
descri bed above, Xis F, d, Br, | or -OSQZRj, and R~ is alkyl or aryl
with an a, ~-unsaturated propanam de of formula ! R HZN wherein Rr is as
descri bed above in the presence of a first base to forman N (substituted
phenyl ) -a, ~unsat urat ed propanam de of fornmula IV CHz; (tv) 11 March 2005

20 (b) reacting the formula IV propanamde with an epoxidi zi ng agent to
form an epoxide of formula V (V) M (c) reacting the formilbaMarenhg@Pae with
a thiol of formula VI R SH 11 March 2005 wherein RZ is as descri bed above

IS the presence of a second base.

(b} reacting the formula IV propanamide with an epoxi-
dizing agent.
23. A process for the preparation of a sulfide of formula

Vi
Y. .
| D\ I
R N)S(Cﬁzsk’

(Vi)

H
HO R,

wherein
Y is cyano, nitro, perflucroalkyl, alkylcarbonyl, alkoxy-
carbonyl or alkylsulfonyl; '

R is perfluoroalkyl, cyano, nitro, alkylcarbonyl,
alkoxycarbonyl, alky! or alkoxy;

R; is alky! or haloalkyl; and
R, is alkyl, aryl or heteroaryl,
which process comprises:
(2) reacting a substituted benzene of formula II

v t

R X

wherein Y and R are as described above, Xis F, Cl, Br,
I er —OSO;R,, and R, is alkyl or aryl with an
a,fB-upsaturated propacamide of formula [

am
CH;
HN

R,

1

wherein R, is as described above in the presence of a
first base to form an N-(substituted phbenyl)-a,B-
unsaturated propanamide of formula [V

vy



20 11 March 2005

(b) reacting the formula IV propanamide with an epoxi-
dizing agent to form an epoxide of formula V (V)

POy

N
H Rj Q; and

V)

(¢} reacting the formula V epoxide with a thiol of formula
Vi

R,SH (VD

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



