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PCT/ GB97/ 00965 Enzymatic Proddd sVl
St ereosel ective Preparation of 29.
Ther apeuti c Am des 5 Field of The Invention

invention relates to nethods of synthesizing pharnmaceuti
and internedi ates used in the synthesis of such chem ‘
particul ar the present invention relEesla¥ novel enz i cesses fd
stereosel ective preparation of Nearyl or -pyridyl propanam des having
a tertiary al cohol stereogenic cente 33% and enantioneric internedi ates
useful for the synthesis of such conpounds. 2Background of the

| nvention CHy —C—C— O0—R

N- (4- benzoyl phenyl )-3, 3, 3-trifl uoro- - hydr oxy- 2- met hyl pr opanani de and ot her
N- aryl or -pyridyl propanam deGHare disclosed in U S Patent
5,272,163 which issued Decenber 21, 1993 to Russell et al. Such

conpounds are cellular potassium channel 15 openers and are thus useful in
the tg eayfBRin ®f isf,L 1 G ARG CEr pHeflyIot her di seases and

condi tions including hypertension, "asthma, peripheral vascul ar di sease and
angi na, wghahydrolassehpgnel in t he af orenentioned patent U S. patent
5,272,163 al so discloses a nethod of preparing the (S)-(-) enantioner
of N-(4-benzoyl phenyl)-3,3,3-trifluoro-2-hydroxy-2- met hyl propananm de
whi ch meg hod eRplRiddr &R RARREE GaidHyaFol iR RRHhOR o 1glakowed by 20

chromat ogr aphi ¢ separation, and subsequent renoval of "the ester group by
treatment with a base. Summary of The I nvention The
present [nvention prqvi.des novel enzymatic. proces s for, sfereosel ective
prepHt at h@n O&LRP&B&P%%PF% ry F‘“ﬁ?@gams@%fé\mcﬁ“f@ﬂs?ary al cohol
stereogenic center, 25 as exenplified by the preparation of
(S)-(-)-N(4-benzoyl phenyl)-3,3,3-trifluoro-2-

hydr oxy- 2L.mret Aydompopad efiFormulE&¥odr Foompladlds are cel | ul ar pot assi um channel

openers nd ane thus useful in the tr aé&ent of urinary incontinence
and ot her di 85@%1@ and condi tions PR i'ng hypertension, asthng,
peri pheral vasgﬁsag di sease and angi na. CF3 o
| , | ,
CH3‘—C,3—"C—O——R CH3—-CI;'—-C——O—-R
OH or OH
15

wherein R? is C,-Cg alkyl, C;-Calkoxy, or phenyl and * is an optically active chiral center,

provided that when said compound has Formula V, R? is not ethyl.

12. A method of preparing (S)-3,3,3-trifluoro-2-hydroxy-2-methyl propanoic acid
20  comprising the steps of treating a compound of Formula VII

Formula VII
e
' g
OCOR

wherein A is CN, COH, CH(OR®),, COR?, COOR?, CONH,, CONHR® or CONR'R®.



The ‘novel nethods of the invention enploy an enzymati

cleave 30 an ester group fromone enantioner of a radeni

esters forned fromthe Naryl or .gridyl propanamijdg.

step can be foll owed by separation of the WO 97/ 38134

PCT/ GBIRPORY®S, R®, R” and R® are independently selected from alkyl, aryl,jan ; |

remai ni ng. ester fromthe al cohol so, gfrgo}gy%%d.,TQe regqvered ester that yas
t&p Ca

hot ol cBvisliefl aryl of aralisyleand Wherein B R AROR,
ol Lo _ o
P ot GcintBSendBA PRI (ituents selected from il BEREEL, CICAHRT &1 o0

synt hestyanof C{-Og alkfylandne of CoQr dialkeydagiinopr - pyri dyl propanam des, as
exenplified b 5 t he preparation of . :
(S)-3, 3W§htarh>'fyi¥%ﬁe&né¥qa?§meym2 Hreampsprndingromeponed of Femmle VI ¢ he
preparation of Formula VIII
(S)-(-)-N-(4-benzoyl phenyl)-3, 3, 3-tritluoro-2-hydroxy-2-net hyl pr opan-

am de. Met hods for stereos€Fgctive synthesis of N-aryl or
-pyridyl propanam des having a tertiary al cohol stereogenic center,
exenplified by (S)-(-)-N(4- benzoyt:pj;eﬁal—)—ﬁ, 3,3- 10
trifluoro-2-hydroxy-2-nethyl propanam de,[ and internedi ates useful in the
synt hesi s of such conpounds are proy ded herein. These
and ot her aspects of the present invention as set forth in the appended

cl ai ns are described in their preferred enbodinents in the foll ow ng
det ai | ed des@hifid Aha®thd M€aning defined@Béveon. 15 Detailed Description of The
| nventi on ] A first aspect of the invention provides a nethod of
prepdri ng anaept iscan opfically active chiral cegtebamdd of Forrmul a |

[err]

converting the compound of Formula VIII to an acid.

13.  The method of claim 12 wherein said hydrolase enzyme is a lipase.

15 14.  The method of claim 13 wherein said lipase is porcine pancreatic lipase.
15.  The method of claim 12 wherein, in Formula VIII, AisCN.

16. A compound of Formula VIII

20 Formula VIII
CF3
crchl:—A
o8
wherein * is an optically active chiral center
and A is CN, COH, CH(OR®), COR*, COOR®, CONH,, CONHR® or CONR'R?; R?,
R*, R, R® R” and R® are independently selected from afky}; aryl; and wherein R*, RY, R®, R®,
25 R’ and R® may be optionally independently substitﬁted with substituents selected from a
hydroxy, halogen, C;-Cy alkoxy, cyano, C1-C; alkylamino or C;-C, dialkylamino.



HEPLAGEMENT onbki

wherein E is selected fromnitrogen and CZ wherein Cisjajring carbon apd}Z
s a sebpsti tuent deéfined bel ow, wherein: when{E 23 &3, 99%nd ¢
are selected fromthe group consisting of: (A X gsjArY wherein Yiibk
a linking group selected from carbonyl, sulfinyl, and sul

! iq .
and Ar is selected fromthe group consi stdi-ng of : 50 E‘a‘b""fr"ﬁen
substituted with 0-2 substituents selected from hal o, hydfgsg, cyano,
d err] - C e(8}3,3)3kyifluomn2thgfiroxy 2-1@thylprophkiorapid in a like manner to produce the

ﬁ g;( é pg 2? g ngnié‘eeér%&?%%eﬁ %)ag Cgprgoglal?}l' Qg p&r_it%ed ! t(:ro%ggnr%io%}alogsethggs. tgl%in%g Io

PCT/ GB97/ 0 V are also described in the U.S. Patent 5,272,163 - 3-

five- mme?ggﬁﬂlgtler%%r ;S/? ?ﬁcﬁg% Cont aisni r?genf r’g%z’ -7 heteroatons sel ected
from ni trogen, @hggempoani3d of Fofrhla Ik defined as follows: Z is sel ected from
hydr ogen, cyano, hal o, hydroxy, egr] -Cerr]al kyl, and

Cerr]-Cerr]al koxy; a X(B) X is cyano and Z is sel ected

fromthe group consisting of phenylthilb, phenyl sul finyl. and
phenyl sul fonyl the phenyl rings of whiFelz ubstituted with 0-2
substiteents sel ected from hal o, ‘Aydroxy, cyano, nitro,
Cerr]-derr]alkyl, and (err]-Cerr]pliayyiyand when E is nitrogen, X

i s independently selected fromany of the values for X given
above in (Ayherel Xacd E hiage the noqaninga kdefnesldterainabole.r Skchcamines of Formula IV can

conprising the step of freatin racenic Go nd of .Fornula Il with a
hydrol ase be PYCRQFFEﬁ%QYdWéOéIEﬁéﬁfgﬂ%&Bq%ﬁﬂS%Efi aFené§@7§>ég?'ned as foll ows:

Formula 11 In addition to the method shown in Scheme 2, the coupling of a compound of

10 Fo;mula IV with (8)-3,3,3-trifluoro-2-hydroxy-2-methylpropanoic acid can be conducted
in other suitable solvents and in the presence of other suitable coupling reagents. Suitable
coupling reagents generally known in thé art as standard peptide coupling reagents can be
employed, for example thionyl chloride (see Morris et al., J. Med. Chem., 34, 447, (1991),
carbonyldiimidazole (CDI) and dicyclohexylcarbodiimide, optionally in the presence of a

15  catalyst such as dimethylaminopyridine (DMAP) or 4-pyrrolidinopyridine. Suitable
solvents include dimethylacetamide, dichloromethane, benzene, tetrahydrofuran, and
dimethylformamide. The coupling reaction can be conducted in a temperature range of
about -40° to 40°C.

In a further aspect, the present invention provides stereoselective methods of

20  preparing (S) enantiomer intermediates useful in the synthesis of (S)-(-)-N-(4-
benzoylphenyl)-3,3,3-trifluoro-2-hydroxy-2-methylpropanamide and other N-aryi or -
pyridylpropanamides disclosed in U.S. patent 5,272,163. (S) Enantiomer intermediates
allow (S)-(-)-N-(4-benzoylphenyl)-3,3,3-trifluoro-2-hydroxy-2-methylpropanamide or
other N-aryl or -pyridylpropanamide of Formula I to be prepared without the tedious

25 stereoselective salt formation steps using resolving agents such as o-methylbenzylamine or
norephedrine. The present invention provides stereoselective processes, each containing an
enzymatic step, for preparing (S)-3,3,3-trifluoro-2-hydroxy-2-methylpropanenitrile and
(S)-3,3,3-trifluoro-2-hydroxy-2-methylpropanoic acid. .

In the first stereoselective process for preparing such intermediates, (S)-3,3,3-

30  trifluoro-2-hydroxy-2-methylpropanoic acid is prepared by selective cleavage of an ester of



[err] wherein E and X have the neani ngs previ ,«‘ fl‘»‘; I ned

herein; and R is alkyl optionally substituted by one or§ ‘,‘,‘5 M
substituents P@Pendent| ymuemmv AL PROPERTY ORGYMIEATION, hal 0geNs’

err]-Cerr] al koxy, cyano al kyl ani no_and J err w

G a1y FTERUATIONAL SPEEIGATION L5 q;lﬁmmyﬁrmgoom HON Tﬁm

al k sx)mm@fxﬂﬁmlss)ﬁemional I y qubst hr,)q;,@,q,ﬁm,mmﬁigm‘]ﬂg err] JBI?M
od o

pre err W)ﬁf' nmoge|preferably chloro. I'n the ne
t he é 1 1&2 ﬁae@y@rizyma cl ¢af)datenition:® Bobdicatign ued f 11610 97 (16.10.97)

enatlozmms 069 1678 ester of FqQrnuka Il to provide the (S) or (R
ehamtroner as the alcohol of Forpula I, depending on tThée SpecrfTrcrty
of 1 ¥® Yotexnytiopal Appligation Numhery t he PEVORH/0ATI(BD Herignated PlatdycAL, AW, 4TrAZR AL, BB, BG, BR,

ot o UtEimmtonn pung s 10 REh 7 g mﬁﬁ%@%&%@%ﬁ&%

thelunreacted starting material, i.e. separatPL@TIRE RU, SD, S ek V™

For )errlm'!fb'@n >d duri ng enz rrat iC tr at meﬁ{«. ‘éﬁadfst%VUnY@ammbawt(em,KB LS,
WO 97/ 38P¥% Prﬂ);lS (1004 D, SZ, UG), Burasian patent (AM, AZ, BY, KG, KZ,

PCT/ GB97/ 00965 MD RU TJ, T™), European patent (AT, BE, CH, DE, DK,

_ ES,FI,FRGBGR!EXTLU "NL, PT, SE), OAPI
sta MJWW'EM@SW ceptl USy:T Ve sples(BF, BEICF, €U, €5'0RG GANEN, 841] KR, NE,
grobip fr /GB]: 18 fianhe! L HESLN,

For Tul a o produce the al cohol . The conpound of Fornula | and the

cem cSHiTRi{THe of the conpound of
unr ggtmd.mw starting material of For{mubBae! can be separated using
con mmWAmuhod@ Usm nhm ,aphy OWithgwt Ditdriatamal Cairdh Weport WIS be republished |

t he] desi %ﬁ: [G ot io @& @) lest er won naecivtabthitertortf t he i nventi on
canjfurt s Avenue, P.OCBOX 2, Billi TS23

YN (GB). P , John, {GBIGB], derley Park,
Macclesfield, Cheshire SKi6 4TG {GB).
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cals, Intellectual Property Dept., Mereside, Alderley Park,
Macclesfield, Cheshire SK10 4TG (GB).
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(54) Titte: ENZYMA'H?ROCESS FOR STEREQSELECTIVE PREPARATION OF THR(APEUTIC AMIDES

(57) Abstract

The present invention provides enzymatic processes for preparing X
optically active compounds of Formula (I) whersin X, E and * have the TS O  CH,
meanings defined in the specification. The invention also provides chiral JL /
mtermediates useful for preparing compound of Formula (1) and enzymatic Bz * 0]
processes for preparing such chiral intermediates. g ?"_'CF3

OH




conprise converting the ester to the correspondi ng al cohol. The ester can

.be convemedrssizs t he correspondi ng al cohol by treat neRCHFEBY/%5ase
such as sodi um hydr oxi de. * A preferred enbodi nent of this
aspect of the invention provides a method for preparing

(S)-(-)-N-(4-benzoyl phenyl)-3,3,3-trifluoro-2-hydroxy-2-nethyl propananide
10 (Formula | wherein * is the (S) configuration, Eis CZ, Xis ArY, Yis
carbonyl, Ar is phdbiyzymasticdPrbcess foy Stexgase]ective Preparation of Raceni c

N (4- benzoyl phenyl ) -3, 3, 3-trifl uor o;ﬁi hydr oxy- 2- pret hyl pr opanam de can

be converted to an ester using converiterapeyt s known in the art. For

exanpl e, the racem c conpound is reacted with an acid chloride of
Formula 111: 15 Formula 111
[err] 5  Field bETRe Invgh€ibh]| has the neani ng defined hereinabove, in the
presence of a base such as triethylamne, as shown in Schene 1.

Preferred conpoundhe pesdnsinvghtion relates ol metbodsoof synthesining pbaxeacghtiaah| or i de

B e WA A Pt v
the met hod ioflhr tHe PresBiRliRvtntian Pldtes EndVel LRIk PRSLeSES $6r RGLoRREGL-

The resulting ester derived from

N- (4- benzoy| preparation &f N-adyltari-pyridyl propanymiides hading a tertiaryrai¢dhpl sterepgericcealter] s
then reacted with a hydrol ase enzyne referahly, a lipase, nore 25
pref er ablyy cansrnaptiemericintermediales;ysetul gﬁ%@%ﬁ@é\‘&tﬂ%"?‘j‘él eaves the
ester group un ofhnzelng ggmantiomer, |eaving the ester of the ()
enanti oner. ' |y takes pl ace in a buffered aqueous

sol ution at appr oNi-@ebenlzyylpkény)vd,B 3-ttiflubro2+hydrorp2hyikthgipiepanamide and\dBRrN-as
cosol vent. However, it is to be understood that the pH of the buffered
aqueous aryben pyridyt Rrppanamides ae discloped 1a%-9nRatent ) 3R2e163; which ssspadict i on.
The presence 0 [ | ' e | ' . The
eact on 1 s DreaEs 2o 93 Rull sl S0 Sofeb L bt pdrdislh kiR
PCT/ GB97{009eners and are thus useful in the treatment of urinary incontinence and oth&diseases and
conditions including hypertension, asthma, peripheral vascular disease and angina, as
disclosed in the aforementioned patent. U.S. patent 5,272,163 also discloses a method of
preparing the (S)-(-) enantiomer of N~(4-benzoylphenyl)-3,3,3-trifluoro-2-hydroxy-2-
methylpropanamide which method employs diastereomeric ester formation followed by
20  chromatographic separation, and subsequent removal of the ester group by treatment with a

base.

Summary of The Invention’
The present invention provides novel enzymatic proces °s for stereoselective

preparation of N-aryl or -pyridyl propanamides having a tertiary alcohol stereogenic center,
25  as exemplified by the preparation of (S)-(-)-N-(4-benzoylphenyl)-3,3,3-trifluoro-2-
hydroxy:Z-methylpropanamide. Such compounds are cellular potassium channe] openers
and are thus useful in the treatment of uﬁnaw incontinence and other diseases and
conditions including hypertension, asthma, peripheral vascular disease and angina.
The novel methods of the invention employ an enzymatic step to selectively cleave
30 an ester group from one enantiomer of a racemic mixture of esters formed from the N-aryl

or pyridylpropanamide. The enzymatic step can be followed by separation of the



avai | abl.%vag;}glwte I's reacted, which may be from about OW@B@, t hree
days. The reaction may proceed faster or slower depending on enzyne

used and the reaction conditions. It m@ also be possible, using an
enzynme with the opposite specificity, to cleave the ester group from
the (S) enantem#ifing giteiclzemithe alcohal se pradueed.cThe regovesed ester thatayps met dleaved in
[err] . . . 97/ 3812

PCT/ GBO7/ 009§ SnZymatic step can befiydrolyzed if fegired to P?%“S%B‘& F%W@%&“f%@’c R)
enantioner of N-(FhdpRaaiiBRAAYA Also provides methods for synthesizing intermediates usefil
3,3,3-trifluoro-2-hydroxy-2-net hyl propanam de by st'andard nhet hods such as
chr onat ogr apimthesynthesiy ¢fdhe afokementivned IN-amyl onplpddylpripaadrhidesyas kxempliffee tey

the ester_is,the . (Q)af ti r,. ..t is then treated.with a _base such
b5 sodli urf hythe SRSRAERtOR LSS - o2 A A rORBIOE A KR ¢ he
ester grou - Q] s

banzoy! phonyt E4eoLbE 9 CL- (el liphony D 3.3 iflugre 2 dreory 2-methylpropen-
Thi s aspect ghidehe present invention has been exenplified by synthesis of
S)-(-)-N

E 42 b((an)zoyl pheny| ) Metinds for stereonslestive aynthesis,of N-anil iy Hpyridyhprepansonidex kaying a
o) O e R B AR A cpHRE Y Sl bR .5

N- (4- bengpy| SiTRIBYS-R-hYdibxy-2-iektlylroparmiiiél faad Yntérm@tidtyd el 3 BiEisYhithesis of | N

t he net hod descri bed inxg;:hem? 1. ?he use of protecting groups imy be
needed for suchcompousdsare pravidedserdinceni c nmi xtures of conmpounds of Fornul a

| can. be prepared.jn accor dan with the nethods of U S Patent .

5, 382, 598, Théke and gfEE ASPestsdi o Prefrot VGRS EY B ol o the appended claims
(S)-(-) - N (4arbpegw prdfeed ebbfiniicindre fowin dew ipti

hydr oxy- 2- rre?ﬁ?l proggﬁ%g erein the [Sﬁngh% 3-()%”#????%%1}%-(‘5’?%“3?&}0&?; 5.
met hyl pr opanimventéiori.d i nternedi ate is prepared by selective crystallization
with a resolyin agent rather than by an enzymatic process. As shown
in Schent z%ﬁl@smaﬁ&im

A first aspect of the invention provides a method of preparing an optically active

compound of Formula I
X
A
T L™
p *
N (‘Z—CF3 !
OH

20
wherein E is selected from nitrogen and CZ wherein C is aring cartbonand Z is a
substituent defined below, wherein: .
when E is CZ, X and Z are selected from the group consisting of:
- (A) X is ArY wherein Y is a linking group selected from carbonyl, sulfinyl, and sulfonyl
25 . and Ar is selected from the group consisting of:
pheny! substituted with 0-2 substituents selected from halo, hydroxy, cyano,
C,-C, alkyl, and C,-C, alkoxy;
six-membered heteroaryl rings containing 1-2 nitrogen atoms as the only

heteroatoms;

m



(1) is reacted with a cyanide such as sodium cyanide in the presence of an
.acid, SUC'%??%mm hydrochloric acid to formracemc PCT/GB97/00965
3,3,3-tritluoro-2-hydroxy-2-nmet hyl propanen%t rile (2). 20 The racenic
3,3,3-trifluoro-2- hydroxy 2- nethylpropaneﬁ'frile (2) is then hydrolyzed

W th, for exarrpl dr chI c acj r Lf.ur | a'

racemc 3,3,3-trifl uor X‘ ﬂVkﬁ’% ixgng%mctoﬁtjﬁx %S‘%ﬁlo K E%%sgg%cem C
(3) is then selectivel y cryﬁgﬁldmg Mj}éhnaandsu[ﬁlf-%m Vi ng agent such as
(1R 2S)-norephedrine (4) to forma salt 2 whi ch may be

recrystallized toZdssdeatedironyhiysregen; ¢yano] ;iu’drdﬁ}’eﬁf,{aalkylg ad Ephialkony;
(-S)-3,3,3-trifluoro-2- 25 hydroxy-2-nethyl propanoic acid (7).

(S -3, 3, 3- Tri fl ud®g- 2- hydr oxy- 2- met hyl pr opanoi ¢ acid (7) after

soot[orr P )X 8RR nd 2 i Skt O Goag RNERE OF BERMA Bhelutny

to form (S)-(-)- Phﬁ‘bhenylsulfonyl the phenyl rings of which are substltuted with 0-2 substltuents
benzoyl phenyl) - 3, -trifluoro-2-hydroxy-2-net hyI pr.o anam de 9) Whl ch can
then be puraei fegm halo; hiydrgky, cyare. gitro, C,-C.alig, gnd $5Gialkoxy; an

PCT/ GB97/ 0096

For prepar at‘f"g‘??%fsm%ern R'(_lgrlyqepgpdqng rsFWpropaﬁa?%%egalgfs@(gﬂﬁ’lvgn whi ch
have the S condyogbip{ApPn, an anine of Fornula IV as defined hereinbel ow
IS substituted for 4- am nobenzophenone (8) in the synthesis shown in
Scheme 210 Thanddhisae optically-astizve chiralreenter, WD 97/ 38124

ggl;/e Cnfg Z/ 00 gt?o?npnsmg the step of treating a racemic compound of Formula II with a hydfo?a-se

Obets

enzyme. The compounds of Formula II are defined as follows:

Formula I

X N O CH,

SIS
7

15 o

wherein E and X have the meanings previously defined herein; and .
R' is alkyl optionally substitited by one or more substituents independently selected from
hydroxy, halogen, C,-C, alkoxy, cyano, C,-C, alkylamino and C,-C, dialkylamino.

20  Preferably, R’ is optionally substituted C,-C, alkyl, more preferably optionally substituted
C,-C, alkyl. A preferred substituent is halogen, more preferably chloro. In the method of
the invention, the hydrolase enzyme—cleaves the ester group from one enantiomer of the
ester of Formula II to provide the (8) or (R) enantiomer as the alcohol of Formula I,
depending on the specificity of the enzyme, and leaving the other enantiomer in the

25  unreacted substrate.

The method of the invention can also comprise the step of separating the product
formed during the enzymatic step from the unreacted starting material, i.e. separating the

alcohol of Formula I formed during the enzymatic treatment and the unreacted ester



(S)-3,3,3-t r9i | 'uor o- 2- hydr oxy- 2- net hyl propanoic acid in a f’?ﬁg"r’m’%"r?é? to

produce the am de product: which can thén optionally be purified by
conventional methods. Am nes, of Formula IV are al so described in the
U.S. Patent Startipg ¢e@spound of Formula IL.THhe engymn selrstively cloamed the extergroupl fbmes

foll : . . . i
% and £ have SARORSS A s cacemic RN oL hr sompaundgf RAraid Il to producs the AEGhG).
can be PrRRINGOURE 6PFeinifla | @nd 1R URRabRAS st w&ﬁﬂ?& Qf%onﬁgltﬁ?{:]aéx be

5,272, 163. In addition to the nmethod sho n Schene 2,
coupl i ng of meparatedmsihgaonishtiondlanethbds such as thromatography on a silica column. When

(S)-3,3,3-triflyoro-2-hydroxy-2-nmethyl propanpi ¢ aci d _can be conducted

0 ot her - Bu 11HHHEE PRAHOIO Yo ofRLteE et foe M bog oh G1 IoVFRLiIceD STHSF | ng
reagents. Sui : i K I n the ar S
standard pe ptcfogzgir%«é § B‘i“l’%g ent {;?etggg%ééwgﬁ&ﬁé ?r‘r%*‘%]y ggiwgf ca&r\%ler%n&eﬁed lo
t hi onyl chl orthdeoxé&pendihg alcohsitbyatreatmdnt Witifla biseatith asdsbdivid Rydroxi81) |

car bonyl di i m dazol e (CDI') and dicycl ohexyl carbodiimde, optionally in the

pres encF gf a 15 déa’!%fpf}%d e@b'ild!mﬁst Qﬁﬁﬁt%ﬂf?h@éﬂdg&ibgpﬂﬁ:ﬁ)m@hod fo(;
di b1 or omet hamPeBE ST N-{EPenyteberl i ore-2Groy Fanetiod RepRRGUL e

coupl i g foeaqbARuIAY wHfeif O BHHES cdrighrdRAPELALE! R i AFFEYE carbonyl ROH!

-40[err] to 40[err]C n a further aspect, the prese
i nventi on pr heuysand Ziehydrogen)i ve net hods of 20 preparing (S) enanti omer

| ntermedi ates usefﬂce;nqc i\lh'(%-be%zos ntﬂgﬁeingll)(-);j,(3-S&i_ﬂ‘.ﬁ:26~J11\l-hgréfoxy-2-mcthylpropanamidecan

be converted to an ester using conventional methods known in the art. For example, the

racemic compound is reacted with an acid chloride of Formula III:
15 Formula III
(o]
1]

Co
R'” Tci

wherein R' has the meaning defined hereinabove, in the presence of a base such as
triethylamine, as shown in Scheme 1. Preferred compounds of Formula III include

20 monochloroacetyl chloride and butyryl chloride. Racemic N-(4-benzoylphenyl)-3,3,3-
trifluoro-2-hydroxy-2-methylpropanamide can be prepared, for example, using the method
of U.S. patent 5,382,598 or the method described herein.

The resulting ester derived from N-(4-benzoylphenyl)-3,3,3-trifluoro-2-hydroxy-2-

methylpropanamide is then reacted with a hydrolase enzyme, preferably a lipase, more

25., preferably crude porcine pancreatic lipase, which selectively cleaves the ester group from
the (R) enantiomer, leaving the ester of the (S) enantiomer. The reaction preferably takes
placé in a buffered aqueous solution at approximately pH 7 with ters-butyl methy! ether
(MTBE) as cosolvent. However, it is to be understood that the pH of the buffered aqueous
solution will depend on the enzyme employed in the reaction. The presence of the

30  cosolvent in the reaction mixture is optional. The reaction is allowed to proceed until



benzoyl phenyl ) -3, 3, 3-trifl uoro-2-hydroxy-2-net hyl propanam de and ot her
N-aryl or woemssgi2fyri dyl propanam des disclosed in U S pat gigir/Srerodecs63.
(S) Enantiomer internediates al | ow

(S)-(-)-N(4-benzoyl phenyl)-3,3,3-trifluoroi2-hydroxy- 2-net hyl propanan de
or other N-aryl.or -pyridylprqopanam de of Fornmula I to be prepared .
Wi thout the FEiaBlesubsrate fSreacitd vhith iy H4 o ghat OG0 %qogbgv%rsgw Phe
resol ving ag 5 i LER i The
br asent 1 nveriraof iy gy st BF ldcl BHAHAE BAnE Enzyme uRRaRR WHEkn, |
enzynati ¢ st epndifiaus. phtanay alsmbe possible, using an enzyme with the opposite specificity, to
(9)-3,3,3-trifluoro-2-hydroxy-2-pet hyl propanenitrile and .

(S)-3,3,3-tr pka%ﬁbsbztcnmxéom-th%ﬁmnpﬁmdh@c@xmhe enzymatic step. | n t he
first stereoselective process for preparing such internedi ates, (S)-3,3, 3-
30 trifluoro-2-hydroxy-2-nethyl propanoic acid is prepared by sel ective

cl eavage of ansdpeimen of WO 97/ 38124

PCT/ GB97/ 00965 - 10~

racem c 3, 3, 3-trifg uoro-2-hydroxy-2-net hyl propanoi cQaci d usi ng a hydrol ase,
preferably a i pase such as Candi da antarcticallipase. The net hod
conpri ses treaf ¢ est er nof 3, 3, R'coc . .

trifluoro-2- t hy prmganogga'mmhi Y sctzgle For mul a
V: 5 N Fornul"a ¥N

[err] wher ei nHR[ rr]cﬁas Cerr]-Cferr] alkyl, H CHs
Cerr]-Cerr]al koxy, or phenyd4 with a hydrolase enzyne. The eg.er R’ can
be prepared using conventional nethods, such as preparation fromyhe
racemc acid 10 with a mneral acid and the appropriate al cohol.liFor

exanpl e, the propyl gand butyl esters 0 o

¢ SASWE
N CFa enzyme N :5 CH
H CHy — % H 3

OWRt (R) OH

(0] +
o
o

N it CF
HJW‘ :

- ester
0 ‘/
0
0]
CH
Lo, e OO0 1
N CF3  NaoM z
.. N CF
H > 3
R1 MeOH H

{S) ester O\“’ OH
O

{S)-(-)-N-(4-benzoylphenyl}-3,3,3-trifluoro-
2-hydroxy-2-methyipropanamide



can be pr Ry reacting racemc

3,3,3-tritluoro-2-hydroxy-2-net hyl propanoi ¢c acid and ’6‘?%’83%’6 9%5r
butanol in the presence of a small anount -&f- concentrated sulfuric acid or
dry hydrogen chloride to formthe respective propyl or butyl ester.

The ester of For nhe(S) ester mayzhe sgparated drom theR3 ananiometioh N-§4-beraoylipheryh)-c
3,3,3-triflu - 2-ydr - 2- hyl propanenitrile w.th sulphuric acid
in the pres e%@'&@‘%ﬁ%‘aﬁmgﬁe@k‘ﬁaﬁﬁﬁ& by standard meth"%ﬁé“ Fer of
Formul a V | Scieiafighatitllontd SRADIin & BY dAPbHSS S0k i

| i pase such %s ‘iﬁ)&k a ar?t aI’CtICé.‘E} ?pég%, fo fosfll?nﬁ?ég?eo%ﬁ:t m%ﬁt’%gﬁgﬁlsme
ester and ac{S)enditiomer, it iy than treated witha base simbcascbdinen kydryxide isaquesisr abl y
carried out in _an aqueous buffer sol ution at a pH acceptable for the

enzyme erfpl opethanel of asher salvaniigsempys the sster gronpand prayideSI-)M-(4-het ween

Y L SRR L L T e P
satisfactory anoumhisalpédief tieipRésent inverltivh Has %Séxigékcmpﬁﬁéﬁ by sﬁ]{uh%s ShEyane

to three days. The actual reaction tine will depend on actors Such as

the enzyne, ~(sbezopipbenyit3 Sat-triflwoso-Gsiydroxyr-methydpropanamids. dOthen Nedrghor -
7ot hod knownPTREY) §roRPREniles Of KSR O PIEREOL bF U yiting 1BIermin SUsHEss
the desi j@d (h BRARbhATRE NI bdBoyIpheny R S3hifubfo-b A iRy M B R MR AARIES

ester or as t frée acid. I n the tas ere unr eact e ter
cont ai ns t hein(thy metizod descriibed iniSecheme dr The aspofprotectinggioaps may be de¢dad for

generate the (S)-3,3,3-trifluoro-2-hydroxy-2-neth ro oi ¢ acid by,
reaction wi t?P'ﬁz gé:ggtuents. SRICIRIXEYES qwg%ﬁéﬂj cRFepared in
neutralizati 4

PCT/ GRO7/ 00gREPrdance M&Jﬁ%%ﬁ%ogpé%g atent 3,382,598.

(S) - (-) - N- (4- benzSyhgrhed yhowsths prepatdtioh of ($)-2)-Ny(@drsenyoylphisnyly3, p3agifidoro-2-
amde, the (S)-3,3,3-trifluoro-2-hydroxy-2-nethyl propanoic acid is then
react ed WF t hitdroky-2-meghyipsonan ithe G Pet-2rimidvorgi2-hydraxy-det hods

A
b epar ed us; RS AiSpafticadd Shishediat js ol REEAPIAETe Sysa NS Win ol Fine
aci d and subggdnt kithérdhai by aezyifatit Protebs Adstown if-SeREMORENT APkERBRRACetone

in the synthesis shown in Scheme 2, as described herein. . The
conpounds of {Pds reartgdwith a cyanide such as sodium cyanide in the presence of an acid such as

hydrochloric acid to form racemic 3,3,3-trifluoro-2-hydroxy-2-methylpropanenitrile (2).
20  The racemic 3,3,3-trifluoro-2-hydroxy-2-methylpropanenitrile (2) is then hydrolyzed with,
for example, hydrochloric acid or sulfuric acid to provide racemic 3,3,3-trifluoro-2-
hydroxy-2-methylpropanoic acid (3). Racemic (3) is then selectively crystallized with a
resolving agent such as (1R,2S)-norephedrine (4} to form a salt (5) which may be
recrystallized to diastereomeric purity. The purified salt (6) contains (S)-3,3,3-trifluoro-2-
25  hydroxy-2-methylpropanoic acid (7). (8)-3,3,3-Trifluoro-2-hydroxy-2-methylpropanoic
acid (7) after liberation from the salt is reacted with 4-aminobenzophenone (8) and SOCI,
using an organic base such as triethylamine or Hunig's base to form (S)-(-)-N-(4-
benzoylphenyl)-3,3,3-triflucro-2-hydroxy-2-methylpropanamide (9), which can then be

purified by recrystallization.



Formula V [err]

vherein RVWOP38I24 Clerr]-Cerr] alkyl, CJerr]-Clerr] al kox henyl ,
f orm anot her aspect of the invention. ° The coné’(ﬁrzég”%@fw%or mul a
VI -7- Formul a VI

[err] iLp * ks, an. optically active chiral center and
Rerr] is (err]- Efeg r f &Igﬁ%f’fot&&ﬂ%ﬁ@ sP¥rdyl prapiaytamides pfiBowula I whichilghin a
further aspethe Sorfiprationest i *-is.an .optically active
chiral center havi ng t he ?gjﬂzgon ?g{d?égtdlc%?d Rereinbelow 1s substifutechfor 4-

second st er edginobenzophenane (8)dnithe symtiesizrsho6m 5 Skhenid 9 Fmgla%; § istf? ag%e[ $W3 3-

-20 trifluoro-2-hydroxy-2-nmethyl propanoic acid is prepare ! ljhor
reacting a compound of Formula VII,
Formul a VI WO 97/ 38124

PCT/ GB97/ 00965 : -12-



err wo09738ydaerein Ais CN, COH, CH err err err
[CO\IH][err], CO\IHR[err]Ior CIO\IR[err]R[err];(Olz[&err})[ ] R[errﬁhﬁfw b

Rlerr], Rerr] and R[err] are i ndependent|y?®sel ected from al kyl, aryI and
aral kyl; and Rlerr] g al kyl, aryl or aral kyl, any of WhICh may” be
opti onal ly i ndepende%ﬂ—F@y—substi tuted with 5 substi tuents selected froma
hydr oxy, hal ogen, Cert]-Cerr] al koxy, cyano, Cerr]-Cerr] al kylam no or
Cerr]-Clerr] dial kylei wi th a hydrol ase enzyne, preferably a |ipase
such as crude porcin panghgeN i ¢ |TafqseCHahi ch sel ecti vel ¥3@| eaeilg t he
ester group to pro¥fse tfids cor?:elféjtndl ng al cohal. HYf For nul a I
Formula VII|I L ne “oH [eri]

wherein * is an optically active chiral center and A has the Heasi ng
previously defined 1 herein, and converting the A group of the csorrpound
of Formula VI tofseifubecackidne . €., a 3.3 SldbloRigiRy: R erily lorg ny
optional Iy substituted Clerr]- C[err] aljx,ygthy;pmag,ﬁmﬂk f er abl )é_,,{ire' %
alkyl. Ais preferably CN. Preferably, Rerr], Rerr], Rerr], BT T

Rlerr] and Rl err] are independently C[err]-C[err] 15 al kyH nor e
preferably Cerr]-Cerr] alkyl. The reacty QR @ dj).,the

hydr ol ase may be carried out in AR.28cNmephsiriteuf fer, Wt t pH of the
solution adjusted to an acceptable value for the enzyne egployed, generally
bet ween about pH 7 and about pH 7.5. Cosol vents such asHIBE Ran al-so be

used. The reaction is allowed to proceed until a sati #f actory anount
of the ester has reacted. The 20 reaction is usually allowed to proceed
for about three days, but the actual tine wll- depend on factkors such
as the enzynme, substrate and sol vents used. H The m xture of

al cohol and ester may then be separated by convegfytortal caet hodsg ¢ c uch
as chromat ography on a silica colum. Depending ch the selecti vid e
enzynmne, the desired (S) enantionmer may be preg@qt as the rec red

(unreacted) ester or the alcohol. 25 Were the dael redP¥S) enao0d onmepxi s
the recovered ester, the ester can then be treated with a 5

/ Initial no"ephed[iﬂe salt
re i
Diastereomerically pure crystallise

norephedrine sait
6

0
+
NH, >\
8 HOOC OH
7
4-Aminobenzophenone
(5)-3.3,3-trifluoro-2-hydroxy-2-
j meth anoic acid
soc, yiprop
- organic base

Z-methylpropanamide

9 Purified (T_fjlf'f?efEthyl Acetate o
: 0
' CHy {S){-}-N-{benzoylphenyl)-
NH F 3,3,3-trifluoro-2-hydroxy-
CF,
OH

9



base such as sodi um hydroxi de to renove the ester group. The A group is
.convert edwb®7a8124 .__ea-h-bmoy st andard net hods t oPER/GBIUMI6S
(S)-3,3,3-trifluor bTHISH SHERKAS- WO 93/.38124

PCT/ GB97/ 00965 REPLAGED -13-

met hyl pr opangl ) ‘ te

r enoval andn@a's’f%u?t?‘i'?\g}iﬁ@)gl%’ 3}'2 "gqgﬁgg? o8 Q%%dl'lgg E%Elﬁé%nglt to pro&&% the" In a
preferred erdypde pRffuct ﬁﬁﬁch%a@ﬂﬁn%tn&hﬂ@f&ﬁﬂﬂéd@@nmthaﬁnﬂhﬁne%(dfd

is prepared by reaction of

(S)-3, 3, 3- t ridrimale BV arctajsordessrited in the U Bpignth?72,16% with acid. 5
S)-3,3,3-Trifl t b db
Fohcting 1,1, 10 The gl SEER BRI LY B ROEdRs FilePat e i 't he pr esence

of hydrochloric acid to formracemc X
3,3,3-trifluoro-2-hydroxy-2-net hyl pmpﬂ@; l'e. The racemc

3,3,3-trifluoro-2-hydroxy- 2- met hy nenitrile is then reacted with
an acid chloride such as butyryl chlori 0 'NH, formthe ester..The
racemic &ster is reacted with a | i pase enzyne such as crude porcine 10
pancreatic I [ pase that selectively cl edamutly ester group fromthe (R
enant i omer

the (S) enan'?’ Vlng)qaéldt%h Yer %{5\%’38&&&?%&% nt|o m’(‘%ﬁyg 3
provide (S) &Wh&&%@dmhm@m@mwmm@mmwzh& which is

in turn treated Wth acid such as sulfuric acid or hydrochl oric acid to
form(S)- 3, maldiuomtbmhnmemodyhomm Schente! ; ither compling of & compovird of

(93, 3.19. rhcrste b wits (P 3o o S miimor s mﬁ%m%gc?a&a#‘gﬁcmﬁse
yar ol ase. eroyaed eie SIS aR!in he preoclSUr S, bt Guflicy agthls St

| i pase. coupling reagdilits generalyrknawn/inrthe am as stasdard peptidecsouplinsg reapemsiceahsbeof
Formula VIl 20 ) . . Fornmul a_ Vi |
[err] empioyed, for example thionyl chloride (see Morris et al., J. Med. Chem., 34, 447, (1991),

carbonyldiimimidazole (CDI) and dicyclohexylcarbodiimide, optionally in the presence of
15  acatalyst such as dimethylaminopyridine (DMAP) or 4-pymrolidinopyridine. Suitable
solvents include dimethylacetamide, dichloromethane, benzene, tetrahydrofuran, and
dimethylformamide. The coupling reaction can be conducted in a temperature range of
about -40° to 40°C.
In a further aspect, the present invention provides stereoselective methods of
20  preparing (S) enantiomer intermediates useful in the synthesis of (S)-{-)-N-(4-
benzoylphenyl)-3,3,3-trifluoro-2-hydroxy-2-methylpropanamide and other N-aryl or -
pyridylpropanamides disclosed in U.S. patent 5,272,163. (S) Enantiomer intermediates
allow (S)-(-)-N-(4-benzoylphenyl)~3,3,3-n'iﬂuoro-z-hydréxy-Z-methylpropanamide or
other N-ary! or -pyridylpropanamide of Formula I to be prepared without the tedious
25  stereoselective salt formation steps using resolving agents such as a-methylbenzylamine or
norephedrine. The present invention provides stereoselective processes, each containing an
enzymatic step, for preparing (S)-3,3,3-trifluoro-2-hydroxy-2-methyipropanenitrile and
(5)-3,3,3-trifluoro-2-hydroxy-2-methylpropanoic acid.
In the first stereoselective process for preparing such intermediates, (S)-3,3,3-

30 tr:ﬂuoro-Z-hydroxy-2—methylpropano:c acid is prepared by selective cleavage of an ester of

il i



wher ei n Awﬁ’}q,'sﬁzﬁ”] have the neani ngs previ o_u_sl y defi n_ed--i;-@.f,ahgmogggi

conpounds of Formula I X :

Forrmula I X -10- [err] VO
97/ 38124 - ’ '

PCT/ GB97/ 009@gemic 3,3,3-trifluoro-2-hydroxy-2-methylpropancic acid using a hydrolase, péeferably a
wherein * is, an optically, active chiral nt er d A and R err] have the
meani ngs pr ka8 such as Can W@'&"F@klﬂﬁ’fr é?’éh@gq%l’meﬂmwt%ﬂﬁéeﬁ’l y

active chiral. f ' S | ' The
present i nvzﬂr?ttﬁgglg%fhié?o\é‘&%fn%@?l CoRpBUnt é&wwénﬁﬁgg@ﬁslm%%mma Vv

Formula VI I [err] wherein * is
an optically active chiral center and A has the nmeani ng previously defined
herein. Breferably, * denotes an opticaFpgm#aM ve chiral center having the
(S) configuration. The enz tic step of the methods descri bed
herein can be perforned using any 10 t gg Of hydrol ase enzyne that is
capabl e of selectively cleaving an estef grijup to form an al cohol ,

such as a |ipase, esterase, peptidﬁge_og; -proteage~ ghe enzynme may be
obt ai ned frommcrobial cultur® orjfromplants or animls. Such

enzynes are commercially avai | abl eggr can be prepared by nethods known
in the art. It has been found that |ipase enzynmes can sel ectively
cl eave esters fornmed from N-(4-benzoyl phenyl)-3,3,3-trifluoro-2- 15

T 2 e P S 04 eSS0 BT S B B
he. cot or Or aa T e B
ester folm witg ashiperad deitl iapd the apprapriatecaleoholi Fer exampies thei propyliand dbutyth iestessi s
can be prepared by reacting racemic 3,3,3-trifluoro-2-hydroxy-2-methylpropanoic acid and
propanol or butanol in the presence of a smail amount of concentrated sulfuric acid or dry
hydrogen chloride to form the respective propyl or butyl ester. The ester of Formula V
can also be prepared by hydrolysis of racemic 3,3,3-trifluoro-2-hydroxy-2-
15  methylpropanenitrile with sulphuric acid in the presence of the appropriate alcohol.

The ester of Formula V is selectively cleaved by a hydrolase enzyme, preferably a
lipase such as Candida antarctica lipase, to form a product mixture of ester and acid. The
reaction with the hydrolase enzyme is preferably carried out in an aqueous buffer solution
at a pH acceptable for the enzyme employed to provide a good rate of reaction, usually

20  between about pH 5 and about pH 9. Cosolvents such as methyl-tert butyl ether (MTBE) |
can also be used. The reaction is allowed to proceed until a satisfactory amount of the ester
has reacted, usually after about one to three days. The actual reaction time will depend on
factors such as the enzyme, substrate and solvents used. The ester and acid can then

= separated using chromatography on silica gel or any other appropriate method known in

25  the art. Depending on the seléctivity of the enzyme, the desired (S) enantiomer may be
present as the recovered unreacted ester or as the free acid. In the case where the
unreacted ester contains the (S) enantiomer, the ester group can then be removed to
generate the (S)-3,3,3-trifluoro-2-hydroxy-2-methylpropanoic acid by reaction with a base

such as sodium hydroxide, followed by neutralization.



readily avail able commercially. Lipase from other species can al so be used.
Porci.ne 2,0 Ppggdqeatic |ipase provides good specificity angcirisdroéoss
reaction. The enzynes useful in the ’ present invention are
comercially avail abl e and can be used in-the reaction m xture as

received with no further treatnent or the enzynes can be prior treated, -for
exanpl e, by Téo ipgepate/(SiHg-)iN-{bbbhanyl pienyl)- 6,83 tmifthof o 2ohydrbx y-2+itlethglpespabn g
onto a support_such as beads, di atlomaceous_earth, charcoal, ion

|
exchange resfpidegthe §$)’3g§?‘§§1‘1"1’ﬂ’2@d’%ﬂ"é{rﬁ'¥‘?ﬂbﬁ prapaRpiozreid isthan mactedayitd-

support. . ARVAe] with ' . Of F?N' d the
present inve‘rl\'fuln(?nbe%zacﬁh € Egﬂl&c}s{%&‘ ormgﬂﬁmﬁ{eﬂﬁfigéﬁgﬂ'ﬁ& 0 %%ﬂ% Eyr?éyl
(wei ght : wei ghfoparsankigd 6f For@inkyiean batprépared using (e lfS)-8 3| RirHibYse-Hydkdxgs2-of
from5:1 to 1:1 have been found to provide satisfactory results. The
ratio of fsubwﬁulmopmomﬁqdmdwsw&wgmamnwfrﬂmuw‘%imémnabenzophemne

satisfactory,  rate . WD %7{138
PCT/ GB97/ 00oitxthe synthesis shown in Schem

reaction dependi ngp08, dE BEFOInSula%y Starting materials, the enzyne used

124 . .
e 3, as described herein. - 15-

and reaction conditions such as tenperature and solvent. The enzynatic
reaction is allowed to proceed unt FormalaiVsf act ory anounts of the
al cohol are formed by the cleavage of the ester group from t he

starting materials. Generally, the enzyl?gsi o reaction will be allowed to
proceed for 5 about twelve hours to about]jfour or five days, preferably
from about one to three days. ¢ — ¢he gH of2the reaction mxture
is generally fromabout 5 to abou qeferabl y from about 7 to about
8. The enzymatic step is generally perfPhrred at a tenperature from

about 15 to about 40[err]C, preferably tromabout 25 to about 38[err]C The
reacti onlcondi ti ons may need to be varied within (or even outside) the

af orenenti oned ranges p ide~a . J0 satisfactory rate of reactjon .
dependi ng onwgﬁ'fw a’(ft(éﬁr)%‘ %@i’s‘?’éﬁ? ¥ &) F‘&qu‘fmﬂﬁi’? a5Raet of the N FRRAT:
enpl oyed. Tgeoomgﬂilﬁlﬁgw&?ﬁuﬁ'ﬂ any cosolvent used in the reaction
m xture wll vary dependl ng on such factors as the enzyne and
substrate enployed in the reaction. TheFemulaWl may al so i nfluence the
selectivity and/or rate of the enzymatic_reaction and in such cases the

sol vent 15 can be selected to increase“Fheorate of reaction (inrelation

to ot her sol vents) and/or i nfluengc thi selectivity of the enzyne for
t he desired enantionmer. The reactbgg M EtWe— o — R?

|
OH

c —
tHé, D

15
wherein * is an optically active chiral center and R? is C,-C; alkyl, C,-C, alkoxy, or phenyl
form a further aspect of the invention. Preferably, * is an optically active chiral center
baving the (S) configuration.
In the second stereoselective method for preparing such intermediates, (S)-3,3,3-
20  trifluoro-2-hydroxy-2-methylpropanoic acid is prepared by treating or reacting a

compound of Formula VII,

Formula V11



sol vent conventional aqueous buffer such as potagsj rogen
phosphat 2%0%13 uffer. Suitable cosolvents for the reaction mcMMBﬁlj'

The enzymatic resolution reaction has been-twken al nost to conpletion
(i.e., 20 reaction of alnobst all of the (R) ester) in tw days using a
substrate: enzyne ratio of 1:1 w/wt WeEH the racem c ester derived
from N-(4-benzoyl phenyl)-3, 3, 3-trifl uoro-2¢{hydroxy-

2-met hyl propanam de and butyric aci dg ?,nd..c gude gpor ci ne pancreatic |ipase. A
substrate: enzyne ratio of 5:1 wt/w o0 3t heysame material s pr oduced

approxi mately 25% hydrol ysis of the e 5!59' n two days. The reaction of
porci ne pancreatic |ipase with racemc 25 “éSter derived from

N- (4- benzoyl phba"ryiln)A& GN3€OH, fOH(O)RJ?)ZZZGDRde@{ImNHy,IGIDNHMaﬂCd!NR’R‘ R&nd
butyric acid, 4afgé’er dr ol y2| ng recovered ester, provided an enantioneric
excess of %B% Rs aredndependently seleptgd drpmalkyl, arvd and arafky); and R} is

nd atal kyl oty ERRIE So B kbl oBintty Bpclen®y a@sﬁ&%ﬂc’%‘@' o

Parti cul ars vajubfuérits séikoted from! 4 6%y, Mitloges (U, allyx9Pdsfano ROLE] alk?l%ﬁﬁx){d
hexyl, heptyl, octyl, |sopropy‘I9%t sec- bu{(glll 4Landx?ert gutyl

97/ 38124 C,-C. dlalkylammo, with a hydrolase enzyme, preferably a lipase such as crude porcine
PCT/ GB97/ 00965

Parti cul ar vataneeatic lippse which selectiely. cleptse fhe estes gxoup tama%é?theé;nmm

Particul ar vajikigel of Farfdt ¥ ncl ude benzyl, phenyl ethyl, and phenyl propyl .
Particul ar values of aryl include phenyl. Part I cul ar val ues of

al kyl am no i nclude nethyl am no, ethyl anFomulp®™MIdyl am no and 5 butyl am no.
Particul ar val ues of dial kyl am no incl ude d'?ethylanino and di et hyl am no.
Particul ar values of Ar as a six-nenbered h% eroaryl ring containing 1-2
nitrogen atoms include 2-,3-, and 4-pydidyl, 2-pyrazinyl, 2- and
4-pyrimdinyl and 3- and 4- yrldﬁﬁgﬂyc-‘?o Parti cul ar val ues
0f Ar as a five-nenbered heteroaryl ring co&talnlng from1-2

het er oat ofgs sel ect ed fron1n|trogen oxygen @bd sul fur include 3, 4- and 5-

59U 8201 Y By iy gl e el A TR s b i
fluoro, chl oriereiff éﬂ&bo&ﬂértin@dﬁb ApregFofthé e6mpéidIofifeemula VIII to an acid (i.c., a
COOH group). R’ is preferably optionally substituted C,-C,, alkyl, more preferably C,-C;
alkyl. A is preferably CN. Preferably, R?, R’, R’, R®, R and R® are independently C,-C,,
15  alkyl, more preferably C,-C; atkyl.

The reaction with the hydrolase may be carried out in an aqueous buffer, with the
pH of the solution adjusted to an acceptable value for the enzyme employed, generally
between about pH 7 and about pH 7.5. Cosolvents such as MTBE can also be used. The
reaction is allowed to proceed until a satisfactory amount of the ester has reacted. The

20 reaction is usually allowed to proceed for about three days, but the actual time will depend
_ on factors such as the enzyme, substrate and solvents used.

B The mixture of alcohol and ester may then be separated by conventional methods
such as chromatography on a silica column. Depending on the selectivity of the enzyme,
the desired (S) enantiomer may be present as the recovered (unreacted) ester or the alcohol.

25  Where the desired (S) enantiomer is the recovered ester, the ester can then be treated with a
base such as sodium hydroxide to remove the ester group. The A group is converted to a

carboxyl group by standard methods to provide (S)-3,3,3-trifluoro-2-hydroxy-2-



* denotes an optically active chiral center in the Ror S configuration. 15
. The invertbomsgizs further illustrated by reference to the RIWEHI7THEISExanpl es
whi ch do not limt the scope of the i&vention.

EXAMPLES 20 Exanple 1 - Synthesis of ~°7~°

S)-(-)-N-(4-benzoyl pheny] )-3,3,3-trifluaro-2-hydroxy-2-
(ol iyl by Daretleeopanoie seid. Optivmally, depetGhe of i s 4t B the pries semovaland,
derived from: - . :
benzoyl phen%@éﬁ%‘,‘rgms}sisﬁpt%?ag-%e-%o%?%?%- 2- met hyl pr opanami de.
Racem ¢ N-(4- benZay prefemed emibodindent r (SH3,83-trifhudrg-2rhipdyo:5--Prmdthyy Ipropproia atide

25 25 d triethyl ' 15 ni ti dj tonitrjl, 150 .m
2t 0 o[ er}] s arapardby agAction of (PP dr3- BUIETR SHRARGL3-RORE PO DaReni e ith acid.
<10 ' 45, 1] ta < t ' ' 2
) and But JeyBsigiasy Byl a:mellyboinenicilel 4B be proparc AR T OF- 1
20[ err] C f oryifubfoacetBndivith sudiifm dyahidedn thy rgsente sfhydirddhorid adid 1o foRf radfifs-

The reaction was conplete after a further 30 mn. Water (456-n) then

et hyl acet at®3,gavifluntor2-hpdroxadandthyhgopaneitritex (The sacgeic 3.8i3-triflioreR2-hygroxiyn.

t hen separated. ,The aquequs . ayer S, resextracted. 1 th ethyl..acetate
(175 miy o HemethdoroBRRIale i i petoied P B o bl sroth s biphuf phlfriod &' Uy
97/ 38124 form the ester. The racemic ester is reacted with a lipase enzyme such ascmcllt% porcine

PCT/ GB97/ 00965

(150 m )0 fipanereatic ipasedhatsclectively clthvesdhe estergroup/fromithe (R)enayticihardedving g
in hot tert-butyl nmet hyl, ether (MIBE) (60 m ), slowy adding hexane
(400 m) ovethe egenphthe (Pemaptiomen (Thepster groupof thg (§) gpantiomes is the removed nj n,

t 5 C, itk - : 2o PN T
Bt one] oy oSG SroBpid 6 RBVRE (P8 3 SCHALbR2 Mddbiy-2-methylpropanenitile
(2)1;31‘ , \(Ngg%ad which is\inf tarhe@eateowith Acid suclnadisulfurie dcidror hydioohlvric 46{dato fosh (S el d:

g 0

3,3,3-trifluoro-2-hydroxy-2-methylpropanoic acid.

15 A further aspect of the invention provides a method of preparing (S)-3,3,3-trifluoro-
2-hydroxy-2-methylpropanenitrite, which method comprises treating a compound of
Formula VII wherein A is CN with a hydrolase enzyme preferably a lipase such as crude
porcine pancreatic lipase.

The present invention thus also provides compounds of Formula VII

20 Formula VII

CFg

!

l 9

OCOR
wherein A and R’ have the meanings previously defined herein; and compounds of

Formula IX
Formula IX
CF3
.

25 ocor’



B. Enzy pydrol ysis of the butyric ester derived fro

N- (4- benzoy pﬁ’enyl) 3,3,3-trifluoro-2- hydroxy 2- et hyl propglrigr% 5‘(73100965

5 MIIlinolar pot assi um di hydr ogen phosphatd4sol ution (50 m) was adj usted
to pH 10 7.1 with 0.1N sodium hydrOX|de soI utio 2 ﬂ%e por.ci ne
pancreatic IWQ@@TE%&WX?@WG chiral qsntar gpd &a“ ha(ve fgyarame‘ézﬁasly he

ICI;gc 2?7?1: " bﬁ? {/a?timgs}feé?’zder | f r om tﬁg%f}j@%% e ml/"f r?l %;ngeﬁ’g&% 1?‘??‘? efjé) o-

2- hydr oxy- 2- & fgapanam de (1 g) was dissolved in MIBE (10 ml) and added

to the reaction, washing in with further MI'BE{(S&m). The reaction was
stirred at 38[err]memntxpvemna&omrmﬂesmpmdw mwda YIID5 max/ 7. 00

m n. After 24 hr., further porcine pan eatuL‘ﬁcK pase (0.8 g) was
added and®the pH adj usted to 7.55 max/ nd left for a further 42
hour s when a total of 10 m of O. 1N I um hydr.oxi de had been added.
The reaction m xture was acidifiedtolp 3.5wth 2 NHO (2 nm),

stirred for 15 min., then ethyl acetat 3@ was added and the
mxture was stirred for a further 10 mith3 The rﬁxture was then filtered 20
and the residue washed with ethyl acetate ( m ). The aqueous phase was
separated and extracted with ethyl ac te (30 m). The conbi ned

organi ¢ extr gHefeit® @Wﬂy%ﬁ% chiral cexﬂé}%lhm}i&theﬁeﬁmhg pfddné\ﬁ!}edfetﬁi&d
evaporated to an oil whic ﬂﬂlgeartly crystal lized, Yiel

d:
pr oduct was hereirk t Rneferalily i hdenotgs-aniapbinally qogg@/&bwmpmsﬁhweg @z&ﬁ)sggn%@wuon

f P
22:):; at ed by flas m’gﬂ'ﬁﬁﬁgiat I on r %J@ﬁcﬁ{?egpﬁe&m&ehe'g ofthed l?%%ia
Buchs, Syt Z ety didiadelensly Métmu fs‘V me bf SEEHRERAQVIR Y dster RRSIPMS forkean

ester, then W th 50% ethyl acetate/toluene’to renove the alcohol.
A cohol yi el dlcoB&Ssmjn; as(aljpase, esterasepeptidaseer pmtcdse 9 TheEnEyrae iy berobtained

ge(g S\S/Zr eg S Eg[ﬁa%ll gxﬁmb@lgﬁ%grzgom plants or ammals Such 'éyzy Oe's%?e! gon(x):fne}cxa?ly
PCT/ GB97/ 009 by methods kn the art. It has bee fouh that lipase
‘The recoveregs?a%afb(iaeror?fger?ggpavr\%ds ydxlnsesol ?/edo“lr?lmrre?hanol (25 ¥ o), 100[grr] TW

sodi um lepelymes chi sslettively oleavitiesters fihmet ifroneN-{#ebven26ylphenyl)ed,3 3atifiueioc)-

Vat e 70 m dded, .th
" )hy\ggiy?z—meethylproganamlde and other esters described herein to effect resolution of the

enantiomers in acceptable yield. It has been found that commercially available lipase
preparations preferentially cleave the ester group from the (R) enantiomer, leaving the (S)
enantiomer in ester form. A preferred lipase is crude porcine pancreatic lipase which is
readily available commercially. Lipase from other species can also be used. Porcine

20  pancreatic lipase provides good specificity and rate of reaction. The enzymes useful in tl_xe
present invention are commercially available and can be used in the reaction rﬁixture as
received with no further treatment or the enzymes can be prior treated, for example, by
dissolving in buffer at around pH 7 to 7.5, and adsorbing onto a support such as glass

- beads, diatomaceous earth, charcoal, ion exchange resins or silica gel or covalently binding
25  to a polymeric support.
| Typically, the enzymatic step of the methods of the present invention can be

performed with from 1:10 to 100:1 (weight:weight) substrate:enzyme ratio.
Substrate:enzyme ratios of from 5:1 to 1:1 have been found to provide satisfactory results.

The ratio of substrate to enzyme may need to be varied to produce a satisfactory rate of



m xture was acidified to pH2 with 2N HCO (2 m) and then extracted with
et hyl -aceisas 38124 (2x30 ml ). The organi c extracts were WaPOFEBITNV9650%
brine (20 mM), filtered and 5 evapor‘ate_qs'go a white solid. Yield of
(S)-(-)-N(4-benzoyl phenyl)-3,3,3-trifluoro-2-

hydr oxy- 2- met hyl. pr epanami de: 9 50 0Lt BE\‘E -
Exanple 2 - ﬁ‘é@f S%Fni’é‘ﬁg’%ﬁbulég afggc%ﬁ Q%é\?é. égrl%rgar(%%%l S°0 g‘? gxr?&(geﬁgﬁgn
Specificity génditions such as temperature aRda6ivemtn . THe@nzymatic reActicinig allowed td Rroseedas
prepared fromracem c N (4-benzoyl phenyl)-3,3,3-trifl uoro-

3
2- hydr oxy- 2- metilsatigfacionnampens of; etalﬂ@hebgrp arpsddiyige slspvneeiof the estes groupefem
After 24 . estarting maccnay GehRrle, BR PapRelGraRSSH wli e ARSeeiopaseiin g oy
38[err]C4e ”ﬁd&g &k h?lxrs"é@ﬁbout f%tgﬁd}ggéli F;%Z&ﬂ! Jﬁf_@ra?lg‘ &R Aol it th tarde Gays €

racem c ester rive rom N-(4-

3, 3, 3-tri fl uor o- 2Thy gibofithe rexetiény mixtorecis gencdally frof abpui Std\dbiokt Hameferkbiyl,
fol |l oned by an MIBE wash _(total 12 rﬂgé, and fhe m xture was then
stirred at afferuahovhy &9 gboys Be Lhe enzymatic jiepis gsnera mediat g temperature from

autotitrator gng : g)r@fe Eﬁﬂfﬂiﬂ’ b, .. Of
the m xture S égjtﬁsyggu?g@ 2 t‘:ﬂﬁ | (@i%%fot%@ﬁg?%ﬁcﬁ%&%&%&dpﬁpg
et hyl acet at ghay need tolbevariddawitlin (orcéven batsidei theforenieaticieddtaipes to provide a
chromat ography and the recovered ester 20 h¥dr ol yzed using NaCH in

met hanol 10 Theatisfctory date Of reactiomdependingonsuch By/stting materialy eezyroe end

| i qui d chromat,ogr.aph LC) using a Chiracel QJ (Daicel Chem cal

| ndustri es) mlvgnf@?‘ﬁﬁéflfo determine the enantioneric purity. _

The degree of conypesbRent¥d ﬂ?rcsécm:aﬂ@s&d a&m%ﬂﬁ&&e&alvﬁ@%%g%ﬁs
of the (R) al cohol product after this had been separated fro

unreact ed esswush factoregsithe enzymesndsubiiete onployediih thh eeagtion.c Thesalvent sy aists
1t o ver © 44 20E] e Sl Bl B el a0 s g o st
Sel ectiviky g, S@Misqg.ag?s%?% rate of reaction (g:uxg%ation to other sol@érﬁs)%gﬁbr

enzyne: est er excess | SOner pro etate
2. 5% influence the selectivity of the enzy@&ffoe the desired enantiomef?r The eexatien mixture
6% 87% ee

solvent may be any conventional aqueous buffer such as potassium dihydrogen phosphate
buffer. Suitable cosolvents for the reaction include MTBE.
The enzymatic resolution reaction has been taken almost to completion (i.e.,

20  reaction of almost all of the (R) ester) in two days using a substrate:enzyme ratio of 1:1
wt/wt with the racemic ester derived from N-(4-benzoylphenyi)-3,3,3-trifluoro-2-hydroxy-
2-methylpropanamide and butyric acid and crude porcine pancreatic lipase. A |
substrate:enzyme ratio of 5:1 wt/wt of the same materials produced approximately 25%
hydrolysis of the ester in two days. The reaction of porcine pancreatic lipase with racemic

25  ester derived from N-(4-benzoylphenyl)-3,3,3-triflucro-2-hydroxy-2-methylpropanamide
and butyric acid, after hydrolyzing recovered ester, provided an-enantiomeric excess of
98.5% (S} isomer in 35% yield (70% of the available (S) ester).

As used herein, alkyl and the alkyl portions of alkoxy and aralkyl include both
straight and branched chain radicals.

30 Particular values of alky! include methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, isopropyl, sec-butyl and rert-butyl.
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e

10% -16- 99% ee

\ 4. 7% ) 98% ee
Particular valg%;gfp alkoxy include methoxy, ethoxy, propoxy,mnﬂobutoxy.

Phenyl acet at e . <1% : o)
Monochl or oacet at erm%lsf)‘r’%lg% 63'@%11{){1 inchude benzyl, phenylethyl, an%B%gf@;gm%% ee

The nonochl or oacepaticuldpfalidsbifalpldnciude! ptially faster than any of the

ot her

esters tested; this reaction had continued well beyond the 50%

mark and t her e waBamtigulapvaluestof aliglamminorncindemethylaminpeethylamino, propylamino and
l}%“@ﬁ?@é‘%l phenyl ) -3, 3, 3-trifl uoro-2-hydroxy- 2-

an %covered fromthe residual ester indicati ng good
selectivity. : : ino i : ; ; .
CT/ CBY7/ 0D96E Polasddigés of dialkylamino include dimethylamino and du_:t%{annno.
Exanpl e 3 - Hydr oPysicsiantaliiesafArcasksdiementbesathdteroanyl ring containing 1-2 nitrogen

N- (4- benzoyl phenyl ) - 3, 3, 3- . ) .o
trifluoro- 2-Homsans} %M@%WW%L@UM foyrimidinyl and 3-and4- A

(S)-(-)-
met hyl pr

Racem ¢ N-(

phenyl) -3, 3, 3-trifl uoro-2-hydroxy-2-nmet hyl propanam de

4-
was prepar ed®¥rom Pacem ¢ 3,3,3-trifluoro-2-hydroxy-2-nmet hyl propanoic acid

and 4-

10

am nopsricolah esloerofi Ar axeriveimembertt htehediel Fengconiining Font 12d t o

the butyric ester. The butyric ester was screened agai nst a range of

est erases ankpteroptemssselected fram nittogen, axygen and sulfur inglude 3, 4- padhS-oigothiaaelyl,)2-,

) v acdel B8 SRR o 1 Rt SRR R b Bt 3l - s ot aoc

resul ts arTRe tepf\Haldgen TetBisQo Fluoro, chloro, bromo and iodo unless noted otherwise.

The 10

15

20

T 25

30

* denotes an optically active chiral center in the R or S configuration.
The invention is further illustrated by reference to the following examples which do

not limit the scope of the invention.
EXAMPLES

Example 1 - Synthesis of (S)-(-)-N-(4-benzoylphenyl)-3,3,3-trifluoro-2-hydroxy-2-
methylpropanamide
A, Preparation of racemic butyric ester derived from N-(4-
benzoylphenyl)-3,3,3-trifluoro-2-hydroxy-2-methylpropanamide.
Racemic N-(4-benzoylphenyl)-3,3,3-trifluoro-2-hydroxy-2-methylpropanamide
(25 g) and triethylamine (15 ml) were stirred in acetonitrile (150 ml) at 0-5°C and butyryl
' chloride (10 ml) was added over 15 min. at <10°C.‘ After 2 br. 45 min. at <10°C, further
“tn'ethylamine (2 ml) and butyryl chloride (1 ml) were added and the reaction was stirred at
20°C for 1 hr. 30 min. when further butyryl chloride (I ml) was added. The reaction was
.complete after a further 30 min. Water (450 ml) then ethyl acetate (175 ml) were added,
the mixture was stirred for 15 min. then separated. The aqueous layer was re-extracted

with ethyl acetate (175 ml), then the combined organic extracts washed with 50% brine



Table 2 Enzyme Extent of Reaction Ratio

(9 (R 80938124 PCT/GB97/00965
Product Al cohol Chirazyme' L5 . <20%
1:1 (Boehri nger) (lipase) Sheep liver acetone

<2%

acet one (150 xgl)%i?tered and evaporated, ’ﬁh%mﬂvaé gyglgﬁ}zed bg V\éssolv ng ml?l# térl’-ﬁﬁt@l
pancreatic Wazy r (MTBEYSmi), slowly adding Hexhfe (400 mi) over 10 fofi. @ehl cHolifi &

(Boehri nger 5°C lovgekh). After 30 mm at SP@mhemnnc bulpjasester denvede% N-(4-
1:15.6 cem c

N- (4- benzoy I"E\‘i’@b@ﬂl}“'g‘ﬁ g@ qumgrlyd?%mw Wﬂ?‘fiﬁ%%@m‘l&k& washed,
e °PA" st SRR G} iikd o 2 M O I B O er ted to the

butyric ester. The butyric ester mas hydrolyzed usi ng porcine
pancreatic |ipase (Biocatalysts). utyric ester of -

N- (4- benzoyl phenyB.) - ﬁwmtmm@bsmzfﬁlwbwwxsmdwwsdmam de (0.5 35
ol s ar a0y S?fl%qfﬁgr%o&vagﬁgﬁr@%‘*ﬁ@ﬂ sho bty dhoay 2 S ihRpdbnataé
e o 27 ol apiopi il sl (1) vy
PCT/ GB9 16 00J6Ewith 0.1N sodium hydroxide solution (2 ml), porcine pancreatic lipase (Bigcatalysts,
Treforest, UK) (0.2 g) added and the pH again adjusted to 7.1 with 0.1N sodium hydroxide
solution (2 ml). Racemic butyric ester derived from N-(4-benzoylphenyl)-3,3,3-trifluoro-
2-hydroxy-2-methylpropanamide (1 g) was dissolved in MTBE (10 mi) and added to the
reaction, washing in with further MTBE (2 ml). The reaction was stirred at 38°C under pH
15  control initially set at 7.05 max/7.00 min. After 24 hr., further porcine pancreatic lipase
(0.8 g) was added and the pH adjusted to 7.55 max/7.50 min and left for a further 42 hours
when a total of 10 ml of 0.1 N sodium hydroxide had been added. The reaction mixture
was acidified to pH 3.5 with 2 N HCI (2 ml), stirred for 15 min., then ethyl acetate (30 ml)
was added and the mixture was stirred for a further 10 min. The mixture was then filtered
20  and the residuc washed with ethyl acetate (20 ml). The aqueous phase was separated and
extracted with ethyl acetate (30 ml). The combined organic extracts were washed with
50% brine (20 ml), filtered and evaporated to an oil which partly crystallized. Yield: 0.95
g. The product was a mixture of the (R)-alcohol (99% enantiomeric excess) and ester.

25 Separation of Product
The product was separated by flash column chromatography using Silica Gel 60
(Fluka, Buchs, Switzertand) eluting with 5% ethyl acetate/toluene to remove the ester, then
with 50% ethy] acetate/toluene to remove the alcohol. Alcohol yield: 338 mg; (R)-
enantiomer with 97.6% enantiomeric excess. Ester yield: 415 mg.

30
C. Hydrolysis of the Recovered Ester



Addi ng nogg, mgEigne pancreatic lipase (0.2 g) gave 35%rea§&%%g§ a
further three hours and wor k-up gave the (R) al cohol wth an

enantioneric excess of approximately 99% -¥he product was .
chromat ographed tg give (R) al cohol of 99% enantioneric excess, with the

recovered ester afperecayaIphesiar(dlheme) weps diselvadin wathane! (% sdx < 007 THOsodium
T e bortlfiiife b idPade Rk sE0PLoF S0 Hin! B J0°€. Wide D' viishabed, Yhe

enzyme: subst

(S) - (-) - N (4miiire WisRoRiied topEP2 Sifh 2N HCEI(R 1Y) Bivdithex ¥xfacted with ethyl acetate

met hyl propanami de after hydrolyzing recovered ester, with an enantioneric
excess of  (2x3@mlkoTheogasic prizacts Wercasashed with10% buiner(20 ml); fiktéred amd er of

G e 76 Sanoiaiip vt solid, Yistd of ¢SO K-y Ghary LA gy eiionts 2.
resol ution S ﬂx’f’a'xﬁ' b f ; r - -

pr opanoi ¢ a??yé %5 ?n&fxylﬁw? e rlgg'c?%@%%ﬂ’cgﬁééa%%c eégfsg)r‘r] C using
a pHcontroller set at 7.10 max/ 7.07 mn. 5 MIIlinolar potassium

di hydr ogen phosphate solution (100 m ) and the immbilised Candi da
antarctia | ilbxamplenoy Eifestof rAcid Maisty omBate ohHzdralysinotEster and Spesificity of
stirred t oget her ﬁggt{o e pH was adjusted to 7.] with 0.5N agueous

sodi um hydr oxi de sol uti e v m) at 38[err]C. The racem c nethyl,

ethyl, of butyl eA&&ig&fféﬁe%Mﬁr&f;&rH&ﬁ@n?m&tﬂIc%ﬂ-%&nﬁ:&lph@ﬁ*}#ﬁ'ﬁ-mb-c
acid (5g), optionally dissolvedin nmethyl tert-butyl ether (MIBE) (50 m)
or tert - but adrhydrogy-2rinythylpsepanantise andlithe cermespoudingracid ghlorides Thesewend unt i |
an amount of_ .. . 5N sodi,um hy.dr oxi de sql utton, had bee ed which
correspondeosupﬁc&g 8@?%%”&%9&?%%”@4%&?@?9# of the enzyme
may be added to '%sﬁﬂé@bﬁﬁ@r@é&ﬂ?@faswﬁstedtoag%ﬂWC?e?z%?ael(g.zrﬁ)wﬁu”her

MIBE (50 ml) was added, the reaction mXxture s stirred nut es
then filter cafldedand theepH eemilphsted 1a.3.60Bieadcentit lestefl @irived From N-(4Tbenzay] phenyt)-

| ayer was separ at and extracted w th ME (30 The combi ned
organi ¢ Bxt rad E"%ﬁi’é‘&y’ -methyjprapanapyide @%)g)fﬂ‘)Mmlrhgﬁ”“fsiqul@@é’Eﬂ%‘Hﬁl by
evaporated t W Whie e : | js | f the
ester may beaﬂl et erErjn ned(tg[?/r mbé%éfé%?émﬂis;?%s (Elh e(‘:1 ﬁlﬁ?%?gsﬁﬁﬁil%{&# gghgce) nt
such as 2, 2,uhder pHlcoatrol dsifglaronitbeitydtdpcdride b N NaOHe )At théendofithe veactiony,ahe pHOM
t he separation was acjdified to abOUtGEH 2 and extracted with either

MIBE or et hydf the mistuge was adjystsd e <3 ith ZREHG andhihe peoducheteacipdintoreting apeate.
h h di , : : i q
evapor at ed t SOt §d ERoh b, soBRARE by cheomiloheBly o i rebd Rk el

20 hydrolyzed using NaOH in methanol. The (R) and (S) alcohols were analyzed by high
pressure liquid chromatography (HPLC) using a Chiracel O] (Daicel Chemical Industries)

column to determine the enantiomeric purity.
The degree of conversion was determined along with the enantiomeric excess of the
(R) alcohol product after this had been separated from unreacted ester, except for the

25 benzoate and phenyl acetate reactions which were extremely slow. Results are shown in

Table 1:
Table1
Ester Conversion after 24 hr. using Selectivity ee (enantiomeric
30 1:5 wiw enzyme:ester excess) of (R) isomer product
Acetate 2.5% 86% ce

Propionate 6% 87% ee
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nmet hyl propanoi ¢ acid which may be tri turat?&l wi th hexane before filtering
off the solid. The enantiomeric purity of the acid may be determ ned by
NVMR in the presen g;teL-(-)-[err] T 100 t hyl benzyl am ne. 5 99°, i) The
results of hydrol g&y i t hout co-solv : of the nethyl, ethyl 5 tyl
esters of 3, 3, 3- exaqua}?eﬂ uor o- 2- hydr oxy? 2- met hyl pr opanoi ¢ aci P& shown
bel ow i n Tabl e 3.Benzoate <1% Nffebl e 3
Products (ee % Phenylacetate Est er<l% ( RY4AAci d
(S)-Esters Monochloroakétatey | approx. 65% 30 approx. 30% ee
Et hyl 50

43 But yI

67
-+- 10 (i) § ' : er of
3,3,3-trifluoro- Z?ﬂgg‘%éé%{()%&&ewﬁ.gthﬁwz%g%%%@&aag% ng\k/ﬁrt i'\/aéﬂyl of the other
co-sol vents ésters tedntHieteavtionhalladontinded well beyond the 50% mark and there was no
Tabl e 4 Products (ee

% 10 detectable (Rhisgmerisrthe (S)-(-)-N-(4-benzoylpheny{)r3,3 Bdrifluoro-2-hydroxy-2-

S, g) -Ester methylpropanamide recoVered from the residual ester indigxging'goog %electivity.



t - But anowO9738124 62 Exarrpl e 5 - 5&%&#@9
resolution of esters of 3,3,3-Trifluoro-2-hydroxy-2- 20 fobses

nmet hyl propanoi ¢ aci d. Exanpl e 5A -20- Reactions were,
performed either: glass vials cantainin mMcitric
aci d/ sodi unExsmpledie H}'dr?'ws 05 Baremczﬁste( Fopmpd From N-G-%spmlm»—&ss-

E’[C;KIIGBgZi 29931‘5 3,3,3-trifl uor 8o %I hgdg%y %—metpﬁlyrop?anaaneengglgyp(-;ﬁéx%) was

suspended in the buffer and enzyne (10 ng) was added to start the reaction.
The reactions were stirred gently at 22[err]C or 5 (b) in a

50 m jacketed ghAasRacemirNi{drbenzaylphenyl),d3rifigorordhypdroxy-2-methylpsapinamide
ter of

phosphate buffer, pH_ 7.6 (3 Et hyl

3,3, 3-trd f| Was Brep Vggnwg %.’}rtﬁﬂas%%whadmﬁ- s@@sfbmmgsmd and 4-
suspended | E!F%%

hydr oxi de M?o u %gz{r?ng n%@%%%%%%ggﬂﬁgz?w g’ %r‘]lé% eagéfl on.
The react i obstyiie esterswas seeebned agalfist ad8hge of|cslepades AdiHipakts R temid Wdyié esferd by
automatic titration with 0.1 M sodium hydroxide sol uti on.

Sanpl es of efR-(fenzoyiphenyl-3.3Sstriftnopo-2thydiaxye2-methylprepanamide (05 g) infAMSO
Tt g MR bt i 3 5

10  results are shown in Table 2.

Table 2
Enzyme Extent of Reaction Ratio (S):(R) of
15 Product Alcohol
Chirazyme LS <20% 111
(Boehringer) (lipase)
Sheep liver acetone <2% 2:1
20 powder (Sigma) .
Pig liver acetone <% 1.1.3
powder (Sigma)
Pancreatic lipase <10% 1:10
(Biocatalysts)
25 Chirazyme L7 <10% 1:3.6
(Boehringer) (lipase)
Pancreatic lipase <5% 1:15.6
(Fluka)
30 B. Racemic N-(4-benzoylphenyl)-3,3,3-trifluoro-2-hydroxy-2-methylpropanamide

was prepared from racemic 3,3,3-trifluoro-2-hydroxy-2-methylpropanoic acid and 4-
aminobenzophenone in accordance with Scheme 2 and converted to the butyric ester. The
butyric ester was hydrolyzed using porcine pancreatic lipase (Biocatalysts). Racemic
butyric ester of N-(4-benzoylphenyl) -3,3,3-trifluoro-2-hydroxy-2-methylpropanamide (0.5
35 g)in MTBE (5 ml) was added to the enzyme (0.1 g) in buffer maintained at pH 7.5 at
30°C. Using porcine pancreatié lipase, the reaction proceeded to approximately 25%

conversion in two days and showed very little hydrolysis of the desired (S) enantiomer.



concentration of residual ester by gas chronmatography. Were reactions were
carri-ed owo4#8s8124n the autotitrator the extent of hydrol ysiPCTaRITGOMESs0 be
determ ned from consunption of sodi um,hydr oxi de sol uti on.

The concentration of ester was deternmined By gas chromatography under the

ey, 3 & Addhigfie ERRrBRRALE e S B b e ion e trti e fpurs

250[ err] C; cahd work- tﬁ%ga\rﬂ% (Ryalestol vath andrRaaoheric Sxdess of @9}@&&% iy 9 $9%. Thee

retention tine for e ethyl ester was 2.8 mnutes.
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20[err]C/minute for m nutes, 1 sothernal - 120[err

ot her setti ngnzyme msmma give (&]-(~}1-hh(4fhmoyﬁhem1-3,6;8-ﬁﬂmrd-ﬂ#hyﬂhﬁ:y@ﬁ)
enanti oner was m nut 3? g Ei or the (R -epnantioner was 4.1 m ndtes.
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SP539 enzymﬁnmmmmﬁmmdéwe 170% of Naildble (Shespenyomer of the
ethyl ester of 3,3,3-trifluoro-2-hydroxy-2-nethyl propanoi c aci d.

WO 97/ 38124 PCT/ GB97/ 00965
- 24- Exanpl e 5B The enzynes from Aspergillus sojae (Sigm)

(protease) alixanipiéd - ( Enzgmatioredohatin of esters of 83, 3biflusrve2lhiyarenydz-phethgl-t he
butyl ester of 3,3, 3-t rﬁ,ﬁ,w,@,&dhydr oxy- 2- et hyl pr opanoi c aci d.

Anal ytical procedures were the sane as those used for the ethyl ester in

Exanpl e t i ' or, the 4. 6 m nutes

col umm). % et ent | oﬁﬁ% ?%hﬁ%r&%%w-w?at% a‘fﬁ‘}gtﬁr@;{ c&“ﬁgol&erfetrﬁt ﬁﬁtoe%’m

Retention ti gEnf § MilliaolaRpotasiih diliyeitogsd phbsphatd SolitRn (€68 ml) and the immobilised
Candida antarctia lipase (Novozyme® SP435, Boehringer Mannhein) (2g) were stirred
together and the pH was adjusted to 7.1 with 0.5N aqueous sodium hydroxide solution (2

ml]) at 38°C. The racemic methyl, ethyl, or butyl ester of 3,3,3-trifluoro-2-hydroxy-2-

20  methylpropanoic acid (5g), optionally dissolved in methyl rert-butyl ether (MTBE) (50 ml)
or tert-butanol (50 ml), was added. The reaction mixture was stirred until an amount of
0.5N sodium hydroxide solution had been added which corresponded to approx. 50%
hydrolysis. Optionally, more of the enzyme may be added to increase the rate of the
hydrolysis.

25 Further MTBE (50 ml) was added, the reaction mixture was stirred for 15 minutes
then filtered, and the residuc was washed with MTBE (15 ml). The aqueous layer was
separated and extracted with MTBE (30 ml). The combined organic extracts were washed
with brine (30 mi) then filtered and evaporated to yield the unreacted ester. The
enantiomeric ratio of the ester may be determined by NMR analysis using a chiral shift

30 reagent such as 2,2,2-trifluoro-1-(9-anthryl)ethano! (tfac). The aqueous layer from the
separation was acidified to about pH 2 and extracted with either MTBE or ethy! acetate
(2x50 ml). The organic extracts were filtered through diatomaceous earth (2g), washed
with brine, filtered and evaporated to yield resolved 3,3,3-wrifluoro-2-hydroxy-2-



Chirasil ol umm)
autotltrator aszgescrlbed for the
were taken over a time course.
Table 5 Enz

Sou
Enant i onmethylpropano¥c acid which may be trlturated \(qth, Xane betore
enantiomeric Egmy of the acid mayé? deter&?ﬁe%rl'fy ’@Mlsgl the BFJSQAC'e o‘st-(- )-ot-

of (S) -

Si gma
( pr ot eas%ﬂ, ul,éjs

I C (protease)
24 - 80

Exper I ments were carr Iﬁy@ﬂ}-”dogssa pH:

et hyl

ester

in 10 Exanple 5A. Sanpl es
Results -8t shown in Tables 6 and 7

React | O

Si gma

Aspergill us

Soj ae (prot ease)

cm o y ) e resulis Bgmrp%.é without co-solwﬂu of the methyl ethgloan(dubu(%y aiedof 3 33

68
Si gma
SP539

flnemgl_g/fg{h% solid @S@Eess

(|1 pase) 2- g}&aﬂf dfhylpropiitic 8 BFe 4w bel P BITAIES! 24
trifluoro ?llll pygro}) ' Mannhei m Horse |iver
Sl gma 53 39 acet one powder
Amano N-conc Arrano 120 47 43
(Rhi zopus) (1i pase) Table 3 Table & 15
Aspergillus sojae (Sigm) Reacti on ti mPrédustsr sfee %) Hydrol ysis (%
Enanti oneric _excess of (S)- ester (% 5
74 Ester 53 (R)-Acid (S)-Ester
Methyl 30 ———
Ethyl 50 43
Buty! 67 —
10
(ii) The results of hydrolysis of the ethyl ester of 3,3,3-trifluoro-2-hydroxy-2-
methylpropanoic acid with various co-solvents are shown below in Table 4.
15 Table 4
Products (ee %)
Co-Solvent (R)-Acid {S)-Ester
Nil 50 43
MTBE 60 -
t-Butanol 62 ---
Example 5 - Enzymatic resolution of esters of 3,3,3-Trifluoro-2-hydroxy-2-
20 methylpropancic acid.
Example SA
Reactions were performed either:
() in 7 ml glass vials containing 50 mM citric acid/sodium phosphate buffer, pH 7.6
25 (4 ml).
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Table 7 SP539 (Novo) Reactiontinme (mnutes) Hydr ol ysi s
E?;g Enant | oggL] e296§ ?‘35353-g-ifi\@m—2-hydroxy-2-methylg:Ppanoxc acid (40 mg) was €St €'
-730 suspended tnGtgxg buffer and enzyme (10 mg) was add§d7tg Xktart the reaction. The reactions
88 were stirred géntly at 22°C. 76

91 100 80

94 Bfanple 6 - Enzymatic resolution of the butyric ester of

3, 3, 3-trigf| ugh 0- ZNyely B aeketed Flass reactlon vessel cox%a I—%h M&&i%&/&d&xﬁn 10
The reactlo s carried out a [err]C using a controller set at

7.50max/ 7. 45hosphmte buffer, pH 78 (30imi)] ar pot assi um d| hydr ogen phosphat e

solution (100 ) and crude orcine pancreatic pase (PPL) (lg) were
stirred together Ethy g%i]"ﬂ%‘f%zr@’dﬂ’ -%zmﬁhﬁammcecweémgmas

hydr oxi de sq] N:65 c

3,3,3-trifl Lj%“géel‘%cﬁglh{r%’?y%r%tﬁéﬁﬁeﬁgﬁﬁ%}%’%gm%ﬁgtﬁﬁ%gwsso'fived I n
MIBE (20 M )sol@ford dEteflme\(@S Righ Svaks addéd 10 st the réactidfl. Bﬂxéﬁ:aaﬁansvéér&eﬁrréd&r
further PPL (1g ) was added and the reaction was stirred overni

when 30 i 028°¢mdﬁmmmauwu@dma&dyommmaatmwm9 M mdxmgmydrquﬂt her
14 m of 0.1N NaCH had been added, nore PPL (2 g ) was added,
requiring 105HMH% 0 1N NaOH for

Samples of the reaction mixtures (0.2 ml) were taken at intervals and extracted with
hexane (1.8 ml). Samples were analyzed for extent of hydrolysis by measuring the

concentration of residual ester by gas chromatography. Where reactions were carried out
15  in the autotitrator the extent of hydrolysis could also be determined from consumption of
sodium hydroxide solution.

The concentration of ester was determined by gas chromatography under the
following conditions: chromatograph: Perkin Elmer 8500; column: DBS (30 mefre), J &
W Scientific; oven: 120°C; detector: 250°C; injector: 250°C; carrier gas: helium gas;

20  pressure: 8 psi; detector: FID. The retention time for the ethyl ester was 2.8 minutes.

The enantiomeric excess of residual ester was also determined by gas
chromatography under the following conditions: chromatograph: Perkin Elmer 8500;
column: CP Chirasil-Dex CB (25 metre), Chrompak; oven: temperature gradient
isothermal 1 - 80°C for 3 minutes, ramp - 20°C/minute for 2 minutes, isothermal 2 - 120°C

2s  for 6 minutes; other settings as for non-chiral analysis. Retention time for the (S)-
enantiomer was 4.0 minutes and for the (R)-enantiomer was 4.1 minutes.

The results are shown in the Table 5. As shown in Table 5, hydrolysis of the ethyl
ester of 3,3,3-trifluoro-2-hydroxy-2-methylpropanoic acid by Aspergillus oryzae, Bacillus
licheniformis, Aspergillus sojae and SP539 enzymes provided good selectivity for the ( R)

30  epantiomer of the ethy! ester of 3,3,3-trifluoro-2-hydroxy-2-methylpropanoic acid.



neutralis ?ﬂs e reaction was stirred for a further 2 d ich a
further 6366 811;}] 0. 1N NaOH had been added (a total iﬁﬁﬁtﬁ@gﬁgumd
by the enzyne-catal ysed hydrolysis 20 -+24rsus a theoretlcal 119 m) ..

MIBE (50 ml ), diatomaceous earth (2g ) and 2N hydrochloric acid (5 m )

wer e added adjusting the pHto 5, the reaction m xture was stirred for
15 mnt |l%n§§r ed. The aqueous | ayer was separated and extracted
with MIB x?gua The conbi ned organi c extracts were washed with 50%

brine then fi ltyereagy ' RESHrEMINRPE B as%d”éf(sfg?ﬁéﬂ(ﬁo%sé)'aﬂnd@539%E%ﬁm@%e)

chr omat ogr aphed on a S|I|ca ge col'um "usi ng “di chl oro

el uent. Wwerealst asbdastlgﬂrolyze thé bityDestar of 3v833~tri fhworo--Intiratyd 2 shealiyIptopakisic a
single enantio }/ NIVR in the presence of a shift reagent.
‘g‘i‘f‘@? prog

The récoReide ertyuresgvare thesame as thossjussd for the-ethyleaster in Bxample SA.

Eg_/r g;%gI? b@zggﬁ ltﬁine for thevl\gat)%%é? &%é‘ 4.6 minutes (DBS column). Retention tx%for the (S)-( 5

m) wer e ehaionskr W@ & Nainuids. Feation tinte for the ER)-&dantibMer Whs 88[Rintles (CP

overni ght. Saturated brine ( 2 mM) was added and the m xture extracted
with MrBEhirasil-Deg GB colunme MIBE solution was filtered and evapor at ed

). The sol | EprHEnR IR Gt paadH Betiate selcherbed P ket Eabn ) 5
N
o 0 ERaRpRSAIC Saiblcs bele BLAFGYE M IOAIE KesBltOUE nowlh in 1001066 F 7,

(S)-enanti t hyl propanoic aci d.
WO 97/ 38124 TableS
PCT/ GBOT/ UUEeyme Source Reaction time" | Hydrolysis (%) | Exdantiomer
(hours) : excess of (S)-
ester (%)
Aspergillus Sigma 48 62 75
oryzae
| (protease)
Bacillus Sigma 2 68 80
licheniformis
(protease)
Aspergillus Sigma 24 67 80
sojae (protease)
SP539 Novo 0.25 67 90.
(protease) _
Chirazyme 1.2 Boehringer 24 50 49
(lipase) Mannheim
Chirazyme L6 - Boehringer 24 64 32
. (lipase) Mannheim
Horse liver Sigma 1 53 39
acetone powder
Amano N-conc Amano 120 47 43
(Rhizopus)
(lipase)
Table 6
15 Aspergillus sojae (Sigma)
Reaction time (hours) Hydrolysis (%) Enantiomeric excess of (S)-
' . - ' ester (%)
5 74 53
21 90 87

SUBSTITUTE SHEET (RULE 26)



VWhat Is Clainmed Is: 1. A nmet hod of preparing an optically active
conpaund efodmesmil a | 5 PCT/GBYHPOISS
wherein E is selected fromnitrogen and_{Z, wherein Cis a ring carbon and
Zis a substituent defined bel ow, erein: 10 when Eis CZ, X and Z
are selected fromthe group consisting of: (A) Xis ArY wherein Y rs a
| i nking group sel ected from carbonyl, sulfinyl, and sul fonyl

and Ar is selected fromthe group consTsblefg of : phenyl
substituted with 0-2 substituents selected from hal o, hydroxy, cyano,
Clerr]-CSR53P (Mok9) . and Jerrl-derr] alkoxy: .15 si x- menper ed
het er oarly| Reaétiph timet(mimates) 1|2 ni t Hydeolysit (M3 as t hEnantigmeric excess of (S)-
het er oatjons; five-menbered hetefoaryl rdstggqo)pntainirlg

from 1-"—he't-ero-a1-r§§—m T TTOUeT,
4 ST rea _ 5342 - OTTLE 9]

oxygen, R £ set-eeted—F+rom-hyer-ogehn—eyano;

hal 0, hy - kyl and™Jerr]-Clery] alkaxy: 20 gnd
(B) Xigq cyano and®¥ is selected fromt W& aroup conbi sting of 88heayl t hi o,
phenyl sdl finyl, 80 and phenyl sulé6f onyl the phenyl ring@% of which
are subdritured wiph O- 2 subsSiituents go Sel'ected Trog hal o,

hydr oxy,=eyarror—nrtro—Crerr=Ccferr——atkytr——am—crerri=—crerri——atkoxy; d
when E is nitrogen, X is independently selected fromany of the values for

X given 25 above in (A); and * is an optically active chiral
center, conprising the step, of treating a racepi¢c conpound of Fornmul a
I Examplergp- Enzy%natic msolu%on of t{xe utyr?c ester o% ﬂ,%-triﬂmro-}hydroxy-
2-methylpropionitrile
10 The reaction was carried out at 38°C using a pH controller set at 7.50max/ 7.45 min..

5 Millimolar potassium dihydrogen phosphate solution (100 ml) and crude porcine pancreatic
lipase (PPL) (1g) were stirred together and the pH adjusted to 7.5 with aqueous 0.1N sodium
hydroxide solution (5ml) at 38°C. Racemic butyric ester of 3,3,3-trifluoro-2-hydroxy-2-
methylpropanenitrile (5g), dissolved in MTBE (20 ml) was added, washing in with more

15 MTBE (5 ml). After 7 hr further PPL (1g ) was added and the reaction was stirred overnight,
when 30 ml of 0.1n NaOH had been added. After a further 7 hr and a further 14 ml of 0.IN
NaOH had been added, more PPL (2 g ) was added, requiring 10 m! of 0.1N NaOH for
neutralisation. The reaction was stirred for a further 2 days after which a further 69 ml of
0.IN NaOH had been added (a total of 113 ml consumed by the enzyme-catalysed hydrolysis

20  versus atheoretical 119 mi).

MTBE (50 ml), diatomaceous earth (2g ) and 2N hydrochloric acid (5 ml ) were added
adjusting the pH to 5, the reaction mixture was stirred for 15 min then filtered. The agueous
layer was separated and extracted with MTBE (50 ml ). The combined organic extracts were
washed with 50% brine then filtered and ev.aporated. The resulting oil (3.3 g ) was

25  chromatographed on a silica gel flash column using dichloromethane as eluent. Unreacted ester
{ 950 mg ) was recovered and shown to be a single enantiomer by NMR in the presence of a
shift reagent.

The recovered ester ( 100 mg ), water ( 1 ml ) and concentrated hydrochloric acid

SUBSTITUTE SHEET (RULE 26)
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Formul a || -26- [err] 5
wherein X and E are as previously defined and Rerr] is alkyl opti onal | y

subst i t ut ed (Bymbrivere heated togatheratsl PGS ifon ehn then m%ﬁ(?@ﬁClopfemlEc Saturdtedbm

k! A o e QPP el ot F s PR IR (7 a gLl oFidree

2. The mebhednQfasH @:éa ahdledh mﬁ&;ﬁ{ewgﬁm ﬁ*}&@gﬁﬂ%o%k%eh&’%?cﬁm he

unr eact ed 10 corrpoun of For ptically active conpound of
Fornmula |. withhexafe(2 ml)'hé‘hﬂmlf&(d4($fmg ) siagfibtefedraffiand washed mdihtextie(Sahhp

of converting the unreacted onpound of ' Fornula Il to the
cor r espofdi ﬁ&“&l inghe pregence of Mroa—meﬂxylmzy@nme ShPM@d Aig tobe be (8)-enaptiomer

\(,:\/In:rﬁ;?l \?ﬁ;%&‘%ﬁ%ﬁﬁ%%@&?@%orm glaog’an((’:“r:galtd| c I|base The method of



: The net hod of cI a| m 1l wherein Rlerr] is optionally subst it ut ed
.C[ err]- Cbgé% 7. The rret hod of clai m 1 pdg&sdMooses d
Ve corrpound of F

opti cal | ormula I°

(S)-(-)-(4-benzoyl phenyl)-3,3,3-trifl uor-é"—’?- hydr oxy- 2"'rret hyI propanani._de
and sai-d step of treating a racem c m xture of of Formul a
Il with a Mhatds£HaimedIsse s per f or med vm'tha mmyﬂm,all
wherein E is CZ, Xis ArY, Y is carbonyl, Ar is 25 pheny !

hydr ogen. : A nmet hod of preparing

(S)-3,3,3-grifl &&%ﬁﬁ%ﬂfw%&?wngaﬁapmdnpraeﬁmrﬁpaﬁudﬁomulaqorrprI si ng
treating a racemc conpound of Fornula V

- 29- 5 Formul a V
[err] 5 wherein R[errj( S C[err] Cerr] alkyl, Cerr]-Cerr]
al koxy, or phenyl, wth & ase @nzy@B '
I
A e/ -
H C—0CF, -
OH

wherein E is selected from nitrogen and CZ, wherein C is aring carbonand Z is a
substituent defined below, wherein:
10 when Eis CZ, X and Z are selected from the group consisting of:
(A) X is ArY wherein Y is a linking group selected from carbonyl, sulfinyl, and sulfonyl
and Ar is selected from the group consisting of:
phenyl substituted with 0-2 substituents selected from halo, hydroxy, cyano,
C,-C, alkyl, and C,-C, alkoxy;
15 six-membered heteroaryl rings containing 1-2 nitrogen atoms as the only
heteroatoms;
five-membered heteroaryl rings containing from 1-2 heteroatoms selected
from nitrogen, oxygen, and sulfur; and
Z is selected from hydrogen, cyano, halo, hydroxy, C,-C, alkyl, and C,-C, alkoxy;
20 and '
(B) X is cyano and Z is selected from the group consisting of phenylthio, phenylsulfinyl,
and phenylsulfony! the phenyl rings of which are substituted with 0-2 substituents
selected from halo, hydroxy, cyano, nitro, C,-C, alkyl , and C,-C, alkoxy; and
when E is nitrogen, X is mdcpendently selected from any of the values for X given
25 above in (A);
and * is an optically active chiral center, '

comprising the step of treating a racemic compound of Formula I



9. Thewgéiehsof claim8 wherein said hydrol ase enzyne pgrisgobpgdes: <10
10. The nmethod of claim9 wherein said |ipase is Candida antarctica

| i pase. - 11. A conpound of Fornul?8-V or Formula VI

Formula V ‘ Fornmul a VI
[err] 15 wherein Rerr] is (Jerr]-(err] alk Iuﬂuﬂuﬂmﬂhﬂﬂlﬂwﬂ
al koxy, or phenyl and * is an opticallé:oﬁﬁpkv chiral certer, "« "y "*F I
provi ded t hat when said conpound has For , Rlerr] is not ethyl.

12. A met hod of preparing (S)-X3, rifl uor%-éé- hydr oxy- 2- met hyl
propanoic acid 20 conprising th ,st} S O/ﬁ\t/ ting a conmpound of Formula

VI | la VII
§5err]. CoRgerr],
e

[err] wherein A is CN, , OR[ ¥
COOR[err], CONH err], CONHR[ err] or CO\IR[err]%

5  wherein X and E are as previously defined and R’ is alkyl optionally substituted by one or
more substituents independently selected from hydroxy, halogen, C,-C, alkoxy, cyano, C,-
C, alkylamino and C,-C, dialkylamino, with a hydrolase enzyme.

2. The method of claim 1 further comprising the step of separating the unreacted
10 compound of Formula II from the optically active compound of Formula 1.

3. The method of claim 2 further comprising the step of converting the unreacted
compound of Formula II to the corresponding alcohol of Formula 1.

15 4. The method of claim 1 wherein said hydrolase enzyme is a lipase.
5. The method of claim 4 wherein said lipase is porcine pancreatic lipase.

6. The method of claim 1 wherein R! is optionally substituted C,-C, alkyl.
20
7. The method of claim 1 wherein said optically active compound of Formula I is
(S)~(-)-(4-benzoylphenyl)-3,3,3-trifluoro-2-hydroxy-2-methyl propanamide and said step
;‘of treating a racemic mixture of a compound of Formula II with a hydrolase enzyme is
performed with a compound of Formula Il wherein E is CZ, X is ArY, Y is carbonyl, Ar is

25 phenyl and Z is hydrogen.

8. A method of preparing (S)-3,3,3-trifluoro-2-hydroxy-2-methylpropanoic acid

comprising treating a racemic compound of Formula V



- 30- Rlerr], Rerr],Rerr], Rerr], Rerr] and Rerr] are
i ndependaphloysgiel ected from al kyl, aryl, and aral kyl and pcrT/GB97/00943] err |
is alkyl, aryl or aral kyl, and wherein R[egrr] Rerr], R[err] Rerr],

Rlerr], Rlerr] and Rlerr] may be optlonaT? vehe Uﬁﬁ\l y
substituted w th substituents sel ected from a hy{fESy SH Eﬂoggﬁ |

8[[2; ;@L@Eﬂ Jﬁ“ﬁ‘ Iﬁmmﬂim no; gysmn?hF;[tf&;LoF[aj;]Eﬂ';ﬁmmﬁde t he

. aonpound of Formula VIII
For rruI a Vil CF3

[.err] wherein A hasﬁt he neani ng defi ned above 10
and * is an optically active Chléﬁ ce ter ng___ converting the
conmpound of Forrmula VIII to an 3. 13R The net hod of claim
12 wherein said hydrol ase enzynme is a Ilpase 15 14. - The nethod of
claim 13 wherein said |ipase is porci ngH pancreatic |i pase. 15.
The met hod of claim 12 wherein, in Fornula VIIl, Ais CN - 16.
A compound of Formula VIII 20 For mul a
VI 5  wherein R, is C,-C, alkyl, C,-C,alkoxy, or phenyl, [ err]

with a hydrolase enzyme.

9. The method of claim 12 wherein said hydrolase enzyme is a lipase.

10 10.  The method of claim 13 wherein said lipase is Candida antarctica lipase.

11. A compound of Formula V or Formula V1

Formula V Formula Vi
CF3 o CF3 o
b o
CH3—-(]3—-C—-0-——R2 C“s"?""c—o"-R
OH or OH

15 ,
wherein R? is C,-C alkyl, C,-C,alkoxy, or phenyl and * is an optically active chiral

center, provided that when said compound has Formula V, R? is not ethyl.

12. A method of préparing (S)-3,3,3-trifluoro-2-hydroxy-2-methyl propanoic acid
20 comprising the steps of treating a compound of Formuia Vil
Formula VII
CFS

|

! 9

OCOR
wherein A is CN, COH, CH(OR?), COR*, COOR’, CONH,, CONHR® or CONR'R®,
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wherein *w ot i i gl center DgisA i s
CN, CIO—| &fﬁ@[té?f]__;[‘ailS]S;HﬁéM&BﬁEN err] CONH[ err], PchBFx”ferrf olr

CR:[C]\IR[]err]RLerg] R[er]" "REPLACED R[ rr]k R[err]l R[egla;;\g{n R[err] and]
err] are rl{sﬁp ﬁr _ t?ﬁ%ei @ir"}/ an ’lerr

ﬁrgtrauandent 1 %}S 5 w}élﬁierﬁel{s seRt Bﬁf t 3;71

hydr oxy, ogen &@P fﬁaﬂg Iaf oxy, cyaho,’ ??‘%Perr l?ekfiﬁ %?HP% or

Cerr]-C er Indepbndektly substituted with subm&?d sefekted from a hydroxy, halogen, C,-C,
PCT/ GB97/ 00965 - 31-

17. A conplsoxy cyane|Girba allylominoernCiCi @a!smlammo, 18. A conpound of

Eg: m: 2 qVI | with a h%fdg&ag enéyme to pro[Véqe tjhe correSpondmg oﬂ'lonm}fl Lerr] -

5 wherein * is an optically actipspmald VAl center;

Is CN, COH, CH(OR[err])[err], CORlerr], COOR[err], CO\IH[er gll Mfﬂlmrn
CONR[err]Rerr]. Rlerr], Rerr], R efF], R[err] and

i ndependently selected fromal kyl, aryl, ard aral kyl; and Rlerr] is

al kyl, aryl or aral kyl, and V\,herern R[(g{r-]fc-R[/grr] R[err] Rlerr], Rerr],
Rlerr] and Rl err] nay be optionally 10 |nc|ependently substrtuted vmth

substituents sel ected froma hydroxy, hal oggp, Clerr]-(err] al koxy,
cyano, (err]-Cerr] alkylamno or Clerr]-Cerr] dialkylamno; provided
that when Ais CN, Rlerr] is not met hyl .

wherein A has the meaning defined above
10 and * is an optically active chiral center; and
converting the compound of Formula VIII to an acid.

13. The method of claim 15 wherein said hydrolase enzyme is a lipase.
15 14,  The method of claim 16 wherein said lipase is porcine pancreatic lipase.
15.  The method of claim 15 wherein, in Formula VIII, A is CN.

16. A compound of Formula VIII

20 _ ' Formula VIII
CF,

CH;l"cI:—A
o
“wherein * is an optically active chiral center
_and A is CN, COH, CH(OR), COR‘, COOR®, CONH,, CONHR® or CONR'R®; R?,
R% R?, R®, R” and R® are independently selected from alkyl, aryl; and wherein R?, R*, R®,
25 R® R’ and R® may be optionally independently substituted with substituents selected from
a hydroxy, halogen, C,-C, alkoxy, cyano, C1-C, alkylamino or C,-C, dialkylamino.
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17. A compound of claim 16 wherein A is CN.
18. A compound of Formula VII or Formula IX

i Formula VII Formula IX
TFa (|3F3
CHg— C —A CH3—*F'—A
I -
5 ocor’ of oco??

wherein * is an optically active chiral center; and
A is CN, COH, CH(OR?), COR*, COOR?®, CONH,, CONHR® or CONR'R®,
R’, RY, R, R%, R’ and R® are independently selected from alkyl, aryl, and aralkyl; and
R’ is alkyl, ary! or aralkyl, and wherein R®, R, R?, R%, R’, R® and R’ may be optionally
10 independently substituted with substituents selected from a hydroxy, halogen, C,-C,
alkoxy, cyano, C,-C, alkylamino or C,-C, dialkylamino; provided that when A is CN, R’ is
not methyl.
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