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TI TLE OF THE | NVENTI ON PROCESS FOR THE SYNTHESI S OF

(S)-1-(3,5-Bl S(TR FLUOROMVETHYL) - PHE>m ) ETHAN- 1- CL
WGBAOKEESWND OF THE | NVENTI ON The present i nvent@DOS2005/045125

relates to processes for the preparation of (S)-I

-(3,5- bis(trifluoronethyl)phenyl)ethan-1-ol (CAS #

30071-93-3) which is useful as an internediate in the

preparation of certain therapeutic agents. In

artic the present invention provides a process
T GF e e s on of

PROCESY) FOR TBESYNTHE91$ DFYSY- D(B53-BI8(T RIFEUIRCMEEMY L )y PHENWILYETHAN-
oL 1S an internediate in the synthesis of pharnmaceutical

Y7 conmpounds . The general processes disclosed in the art

for the preparatlon of (S)-1-(3,5-

BACKRH%§U§H§PF OM/an km@@gmyl)ethan | -ol result in

relative i nconsi st ent &@elds of the desired
pr oducthe pseﬂ@ ipfentiqnaplalss toquecsesss foathg prparatien f$8)-bf3.5-

bls(trlfﬁ%m&iy}éﬁehyl?éﬁﬂntﬂ LARCABHabon a3 lich-is hdefut U iA®EmddRite in the
revly ous known rocesses t he resent invention

prepar aﬁ’PBQFYfétgmélfqr@E PG ASeRRt IH(P o %lgry the gpese SVBIOBRFATqeD A PIgFesS for the
prepardtion of (S(-3+ (5,51bis$t(1ﬂﬁd>rf)inbtﬁyl9mieﬁ)ﬂl)¢{h)m plobwiich &tanaimedmediateiimthe synthesis

ofquymmﬁwﬁ oﬁ%. %ptﬁlsld and enantionmeric purity. It wll

(S)- | U@ gSndralpfacessty dignlaadinikd drpleethy pheparation-df (B 1-(3s>-an
bxs(trlﬂumg{etl@ﬂf)heh?%‘?ﬁamdél%sﬁlt ﬁrplrelaﬁveﬁ’yafow dnH luﬁ()ﬁsYstéﬁ% %EHL ]gleth@éélred

her apeutic agents. As such, there is a need
product omge 8ich [BFPéﬁ%Sede'yé’“ dheoeeelexpeisive fansifiosmetal chtahistyfIn contrast to

the pre(vl\;ﬁ)s‘l)}' kx{o&@r&g;ﬁléi thefpkddert arvemion proviniee Bffdclied Madodold@ly for the
|1 C LIY anen
prepargipn 61 S (6 S SCHEp AP RR pyror RS CR R sl Pkt b et fponiiomeri

purity.r eadi | y avail abl e reagents, and which is therefore

c apabl l?wﬂf beoefpﬁr%&a{éﬂ ltha’ta&? I1 15, @tblls?tpiﬂtl&ohgﬁlgl%h%ﬁﬁieﬁmn l1-ol is an

manuf
important mtermedlate for a particularly useful class of therapeutic agents. As such, there is a need for

the development of a process for the preparation of (S)-1-(3,5-bis(trifluoro-methyl)phenyl)ethan-1-ol
which is readily amenable to scale-up, avoids the use of transition metal catalysts, uses cost-effective and
readily available reagents, and which is therefore capable of practical application to large scale
manufacture.

Accordingly, the subject invention provides a process for the preparation of (S)-1-(3,5-

bis(trifluoromethyl)phenyl)ethan-1-ol via a very simple, short and highly efficient synthesis.

SUMMARY OF THE INVENTION
The novel process of this invention involves the synthesis of (S)-1-(3,5-
bis(trifluoromethyl)phenyl)ethan-1-ol. In particular, the present invention is concerned with novel

processes for the preparation of a compound of the formula:

OH

CF
3 Me
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Accordingly, the subject invention provides a process
for the preparation of (S)-1-(3,5-
whe@6n63siid uor onet hyl ) phenyl ) et han-1-o0l via a VBEHUS2005/045125
sinple, short and highly efficient synthesis. SUVMARY
OF THE | NVENTI ON The novel process of this invention

i nvol ves the synthesis of (S)-1 -(3,5-

bi s(trifluoromethyl)phenyl)ethan-1-ol. In particular,
the present invention is . .concerne novel ,

ot 0 o COSCPUR S 5 PIRRRAIE Gy Poheb MO whish possess

pharmdcolopidalactiity S Ircgangralan dudhscoapounds etevetgtanteP (neuroki@in-1) receptor
antagof? Xtts wlﬂl%ﬁ e ulcs)cgfu e a%n,Fg H‘nr&lﬁ%?tmétuol}hrﬁpa%% %%gi@% gsglclgg?g glsorders and
emesisp (neuroklnln- 1) receptor antagonists which are
useful e.g., in the treatnent of inflamatory
' iatr] [.SQr , and enesis. DETAI LED
ET A%E%@%ﬁ%%ﬂ@%%%égfﬁETh&ﬁgh%ﬁﬁfﬁﬁﬁe present invention is
di recteg ﬁr@emnmmagdl‘r&fedwpmws&p ddrakd epattion of (S)-1 (3 5-

trlf Qrome hyl ) phenyl ) et han-1-ol of

bls(mfﬁuﬁémfegl&ﬁﬁ}fegyl IR &' tess for the preparation

of (S)-I1-(3,5- bls(trlfluoronethth) phenyl ) et hanl - ol

is as follows: (Cofactor recycliyng system In

accordance with this ‘er S *éﬂthe present

i nvention, the treatnent -

bi s(trifluoronethyl)-pheny han-1-one with an

al cohol dehydrogenase in the presence of nicotine

adeni ne di nucl eotide (NAD) ©F;nicotine adenine

di nucl eoti de phosphate (NADP) and a cof act or

recycling system provi

(S)-1-1hs, gsn%?@(qcmf?rdb? UF??é%tWIOf (DrlAytbjsrifiaeromethyDphenyDethan-
1-ol is f¥ fghews: yi el ds, in greater entantioneric purity and in

a nore efficient route than the processes disclosed in

the art. An enbodiQrent  of eneral processdpr the
prepar a&an of (S | {\lg hol dc—%ygrogenaéle: dip
;;7='<<<;> : Me
CFs NADH NAD+ CF,

\__J

(Cofactor recycling system)

In accordance with this embodiment of the present invention, the treatment of 1-(3,5-
bis(trifluoromethyl)-phenyl)ethan-1-one with an alcohol dehydrogenase in the presence of nicotine
adenine dinucleotide (NAD) or nicotine adenine dinucleotide phosphate (NADP), and a cofactor
recycling system provides (S)-1-(3,5-bis(trifluoromethyl)-phenyl)ethan-1-ol in higher yields, in greater
entantiomeric purity and in a more efficient route than the processes disclosed in the art.

An embodiment of the general process for the preparation of (S)-1-(3,5-
bis(trifluoromethyl)phenyl)ethan-1-ol is as follows:
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bi s(trifluoronethyl)phenyl)ethan-I-ol is as

follows: Formate (or G ucose) dehydrogenase (or G ucose
walshgdéssgenase) | n accordance with this enbodi PENUS®HS/N045125

the present invention, the treatnment of |-(3,5-

bi s(trifluoronethyl)-phenyl)ethan-1-one with an

al cohol dehydrogenase in the presence of nicotine

adeni ne di nucl eotide (NAD), and a cofactor recycling

syst em whi ch conprd ses: @g Sl mat e source and a formate

dehydr ogenase; or g gl uc £ and a gl uctse
dehydr ogEpase ?&% %
bis(trifluo

' ' hyl )* h I-o i
' , a¥er entantiomeri™ puritylang
efficient rouffe than thefprocessgs discloged in the

yields, in ¢

art. In an enggdi nent the pre I nvent
directed to a g?ocess N6PHt he Eﬁ@%aratlon
(S)-1-(3,5-bis(trifluorofethyl)phenyl)ethan-1|-ol which
conpri ses the tggatment o

bi s(trifl uoigemichut heidh - | Fematgfet Glugese)

al cohol dehydrogenase in a resence of NAD, and a
formate source and a for Se W ogenase to give
(S)-I-(S,S-bis(trifluororéee;} henyl) ethan-1-ol . In

anot her enbodi nent, the pre en |nvent|on is directed

to a process for t he gg@ratlon of
(S) - | -lacwrdgnas WiF tfuslfeb e $HS eSSt Jreverion. the Beatiagnt of1-(3,5-
bls(trlfﬁ@ﬂSBfetlﬁ Sphétﬁfﬁeﬁlﬁrﬁ abhrewith &f aldohbBdeRydrogenase in the presence of nicotine

i S P e e R o,
fomatgdiahymsgnssauasrm@ha:mb saurgé amiysglucabemqeﬂydrg@mmeprbﬂd@i(S)el -(3,5-
blS(trlf£J§pOHle}h$’§ pﬁ nr‘ﬁrpgt‘xgr[ i oi 1H?1fg?1E§LAQX e%@d@éf leﬁtgllitn)%nk 191J1 aﬁod 1n a more
I nventi on contern
efficierg TW@@@S@G pmcsmélseloeqﬂan ﬁlelaﬁn of
( S) - | -103n embbdihédtthd M@Jeﬁﬁﬁ%tﬁﬁbl) R8O 18k PAReds T8 thOfreparation of
(5)-1-3, |5’1 b1s(trlﬂuorometh)mhenyl)et%an- -ol whlch comprises the treatment of 1-(3,5-
bis(trifluoromethyl)-phenyl)ethan-1-one with an alcohol dehydrogenase in the presence of NAD, and a
formate source and a formate dehydrogenase to give (S)-1-(3,5-bis(trifluoromethyl)phenyl)ethan-1-ol.
In another embodiment, the present invention is directed to a process for the preparation
of (8)-1-(3,5-bis(trifluoromethyl)phenyl)ethan-1-ol which comprises the treatment of 1-(3,5-
bis(trifluoromethyl)-phenyl)ethan-1-one with an alcohol dehydrogenase in the presence of NAD, and a
glucose source and a glucose dehydrogenase to give (S)-1-(3,5-bis(trifluoromethyl)phenyl)ethan-1-ol.
A specific embodiment of the present invention concerns a process for the preparation of

(S)-1-(3,5-bis(trifluoromethyl)phenyl)ethan-1-ol of the formula:

OH

CF
3 Me

CF;

which comprises:

treating 1-(3,5-bis(trifluoromethyl)phenyl)ethan-1-one of the formula:

-3-



treating |-(3,5-bis(trifluoronethyl)phenyl)ethan-I|-one
of the formula:w th an al cohol dehydrogenase in the
w@r@sa6sse0 of ni coti ne adeni ne di nucl eoti de andrP@Er/US2005/045125
cof actor recycling system to give
(S)-1-(3,5-bis(trifluoronethyl)phenyl)ethan-I|-ol of
the formul a: Anot her enbodi nent of the present
i nvention concerns a process for the preparation of
(R)-I-(3,5-bis(trif|uoronethyl)epenyl)ethan-l-oI of
the formula: OH which conprisesy treating
| -(3,5-bis(trifluororf y han-1-one of the
formula: with an al cohol [dehydrog e in the presence
of nicotine adeni ne di nuckegtt de and a cof act or
recycling system to give
(R-1-(3,5-bis(trifluoronmetmyl)phenyl)ethan-1-ol of
the forrmula:ln the present 1 nvention, the cofactor
recycling systemincludes those whi ch conprise: a
with aif eakat dehydspgenese amiie arepapeqrefindcotiahydening dinagletide andaa cofactor recycling
systemJloUPRYS)- BOIK- Eﬁ(tﬁﬂl’!Qr&n&ﬂ)ll‘)P 21)9&351#%&9%%]4 n the
present invention, the’ a dehydr ogenase i ncl udes
t hose selected from al cohol delpHirogenase from
Rhodococcus erythropqﬁﬁs
Candi da par apsil osi s; S otfol>piehydr ogenase from
Candida boidinii. In the p ent invention, the
al cohol dehydrogenase may bepresent at a
concentration of about 3-7 KUL (Kilo Units/Liter). In
the present invention, the @Fzohol dehydr ogenase may
be present at a concentration of about 3 KUL. Kilo

Un' t S AMer %Goo%haﬁ' g?ﬁlg ]plléggn‘ ﬁlvén% QS'Q&HE %Egc%g fof %% rpéeg)aratlon of

" “These units of standard acttvi

R)-1- (ééablamﬂporeﬁa@r%qhe@d)e@yn pet efghefosrilp] ed in t he art I'n
the present invention, the fornmate source includes
t hose sel ected fron1sod|un1fornﬁﬂé and formc acid. In
the present inventiongFfhe e source may be
present at a concentratio Me 500nM In the
present invention, the fo ¢ dehydrogenase i ncl udes
t hose selected from

which comprises:

treating 1-(3,5-bis(trifluoromethyl)phenyl)ethan-1-one of the formula:
@)

CFs CH,

CF3

with an alcohol dehydrogenase in the presence of nicotine adenine dinucleotide and a cofactor recycling

system; to give (R)-1-(3,5-bis(trifluoromethyl)phenyl)ethan-1-ol of the formula:
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format e dehydrogenase. In the present invention, the
format e dehydrogenase may be present at a
w@oneesssuat i on of about 2.9-3.8 KU L (Kilo Unircr/usioes/ 45125
(or 0.7-1 g/L). In the present invention, the formate
dehydr ogenase may be present at a concentration of
about 2.9 KUL (or 0.7g/L). In the present invention,
the nicotine adeni ne dinucl eotide (NAD) may be present
at a concentration of about 0.7-1 g/L. In the present
i nvention, the nicotine adeninecﬁ1nucleotide may be
present at a concent regdon Qf Qut 1g/L. In the
present invention, the gl 0S¥ soMece includes those
sel ected fromglucose. In present invention, the
gl ucose source may be preseyit at a concentration of
about 450-600nM In the present invention, the glucose
dehydr ogenase i ncl udes those $el ect ed fron1g|ucose
dehydrogenase 103 (Biocatalytics). In the present

I Nvent in@ib préstft @Jeﬂﬁ&smed@ﬂaytdxr@@enﬁgs@stewndplﬁmpmemmmompme a
a concecr%%)atl og? of about 2.

formatwut'cg AR InTatf y@og@gse@ OFA é}cho)se squH:etaﬁ%g éygogg mhydrogenase
I nventinalm présast imeaddn, t alebhdl deteydroggnasoinpindes eghoagiselected from:

alcohola(i:dl:H)ec.@(lsI nggfﬁfoglrkhoiyc% 18 2ryhr 9§ QEL%B& dgﬁgdt' enas H’on&l%ndzda
2 ey Vi

I nven m Xt ur
parapsd@Wp pridsadcohpl @bngb@geeass @m&mdldg éelﬁmas Iwréppraﬁf'@t mh@klahéhe alcohol

dehyer%en&% a9 BE prebent AN BARAGIR BE atdlit 3-NR UL ASENUnitsMURP! IPfRe present
%tlon m xture y further conprise_an aqr }11?(
inventign, Iﬂiﬁéﬂi‘t" %ﬁ%ﬂ“f%’“‘ﬁ%ﬁ‘% e'ep“’ﬁief’it %A COHBY g’lt'ﬁ‘éﬂ abgyt 3 I%% ilo Units
(KU) afe semeart uhlm/tefhheaamngteheynwagaﬂtyc Thede\vaiid of seiyddre a@ivizg efdnzymes are
ncent r gt ﬁ'ﬁ R 5%/ v.ln an enbodi nent of the
e

We““"g?fé“’ag errﬁloéj?] pH of the reaction nixture is

mai nt afmmlwcbrtﬁetltvxmnthnblth@ f@mateﬁow,rpp entbdd |threﬂsel®fedtfm
sodium%ﬁr?a@%d' %@&c‘up Mn tﬂerﬂ)?esgﬁlrgzgntwﬂethg Rkt Q5L ntd e%résténﬁ élt a

mal nt al ne et ween pH in an enbodi ne
concensptiogedh ebquAYITN 0N, the pH of the reaction mxture is

mei Nt afin r&eﬁt\bmtéﬂndhlﬂhé fé&métedech b&@na@&xn@%ﬂésﬁﬁos@@aéo{tddﬁbm
0 a acl ase n an € e sen
format depiitosiarse. b ParaLIssire Tt @bf% B e b Ry B P sgrg e o
concentrationtodlibbrend2.843 . 8300/t (K26 U 3s/Hiagy) ©r 0174 gL X Un theeresent invention, the
formate (Fgﬂ?(ﬂ'k)é@ngste r19afy bte B?es&ﬁ gtsaeécheHHtﬁ)qtolf Wbt 3. B%Utlf @%r@h}i re

In the present invention, the nicotine adenine dinucleotide (NAD) may be present at a

. concentration of about 0.7-1g/L. In the present invention, the nicotine adenine dinucleotide may be

present at a concentration of about 1g/L.

In the present invention, the glucose source includes those selected from glucose. In the
present invention, the glucose source may be present at a concentration of about 450-600mM.

In the present invention, the glucose dehydrogenase includes those selected from glucose
dehydrogenase 103 (Biocatalytics). In the present invention, the glucose dehydrogenase may be present
at a concentration of about 2.1- 4.2 KU/L (Kilo Units/Liter) (or 0.035-0.7 g/L).

In the present invention, the reaction mixture may comprise an aqueous bﬁffer, such as a
phosphate buffer. In the present invention, the reaction mixture may further comprise an organic solvent,
such as heptane, hexane or pentane. In an embodiment of the present invention, the reaction mixture
may further comprise an organic solvent which is heptane. In an embodiment of the present invention,
the organic solvent may be present at a concentration of 0-5%v/v.

-5-
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the reaction mxture i s maintained at about 30 deg C

For conveni ence, the al cohol dehydrogenase, NAD, and a
wo coomé4sour ce and a formate dehydrogenase naRCDES2005/045125

contacted together in situ, prior to reaction with

(S)-1 -(3,5 bis(trifiuoronethyl)phenyl)ethan-I-ol.

Li kewi se for conveni ence, the al cohol dehydrogenase,

NAD, and a gl ucose source and a gl ucose dehydrogenase,

\rITMH%/ h bq %o?m o%‘irge%t E)to tgg })rb:seernt mven%’l&t Yhe pQ-f !)i‘%e Feletioft ﬁﬁ{t{xr‘erls maintained

between B, 6$ B 81 embddiruant ofithe prysenpinesniipn, dherghof] theyleactipp gixture is
mamtal('la beltwe,{eg ﬁ'6b§ $6L i dgnl e%B&h@ﬁtohme)pmgrﬂYAv)eﬁwﬁaﬂﬂe bHQIf the reaction

|n accordance wt the present invention my

mixturepie maisitadned bewveart B AG- %ﬁ@h.aaby Thﬁ a%?%fé@n ped ot Pasthis

d' r eCtIh ¥%n Shbdddthé R vf e pﬂ@b&fnt fnk/&ﬁbh Qe terhﬁerﬁufelﬂftﬂ&eéactlon mixture is
i nyver S d|r§cte

malntalﬁ?q)zgé tgél‘ﬁ B{]g?(ll ]E) {n aﬁ?ﬁrt]kbeﬁ exBPo Ig?n 8?1 aRresen Iy ey ion Qheatemperature of

the rea@ioa fMlixtoIFEy inginfained dtyabodt 30 deg C.
( S) ) l I(or bonvkeJxlu%c% rthé 15836 P&E‘Bg&% asghﬁﬂw gn%tar}glr?nalte Blirce and a formate

rac ereactlon m xture wth
dehydragewbmmfoe mmrcdémﬁnet ig iy, [pEpt ta ArectigoMiEe(1 48:Png t he

b1s(trlfﬁlgﬁoﬁ%ﬁ%gplﬁﬂg)e@l{a)ﬂs‘ltcﬁ| LikgWREfor convemence the alcohol dehydrogenase NAD, and
is(trifluoronet Y t han- |

a glucoa%soascsé& e I VBT MR RET CeERT S e R‘é"‘ {5 ghction with
(S)-1-(8, S-%Cstthﬂﬁbrﬂﬂlé(thjdhﬂief&yl)éihara1-$D| vent whi ch conpri ses

gggt ?:n-ﬁ] r@gﬁ?}n ? Fléétrl Oéorrées ae)ﬁﬁl%gpa{hﬂ{ £o Jbta@r%g% acedRRe with the

preseninzatiormmat he ustrbasrsgatotginmaterial iifunther fogctions dizeetlp ar faflewing purification.

sol veng, avi‘mtlﬁ:a o OSERh LR, GEﬁe ﬁ%@ﬁ@ﬂ\%ﬂtlm dfré&édh@ b pfoRER fdrpaAfication or
met hanol anol or acet at e.
thza 1681 which

for enhanqmthmr@nm'étpumwé(Sr)éa(éér%ﬁﬁt"rﬂ“%"toﬁlre%‘y FQE‘EB‘(
cmn,ﬂmgh a solvent which conprises heptane and net hanol .
G L T TR R —
the sole@paad cryithifizing 41 Hd,3-bis(xiflusremethylgphanabethan- ok h a
sol Venfn an aspelé]t of this further embodiment, extracting the reaction mixture with a solvent
which comprises heptane is conducted at a temperature of about 50-55 deg C.

In an alternate aspect of this further embodiment, the reaction mixture is extracted with a
solvent which comprises heptane, and further comprises methanol, ethanol or ethyl acetate.

Within this alternate aspect, the reaction mixture is extracted with a solvent which
comprises heptane and methanol. For example, the methanol may be present at a concentrtion of about
10% (v/v).

Within this alternate aspect, the reaction mixture is extracted with a solvent which
comprises heptane and ethanol. For example, the ethanol may be present at a concentrtion of about 5-
10% (v/v).

Within this alternate aspect, the reaction mixture is extracted with a solvent which
comprises heptane and ethyl acetate. For example, the ethyl acetate may be present ata concentrtion of
about 5-10% (v/v).

In an aspect of this further embodiment, concentrating the solvent is conducted by

vacuum distillation at a temperature of about 40-45 deg C.

-6-
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conpri ses heptane and et hanol. For exanple, the
et hanol may be present at a concentrtion of about 5-
wa oM sssw) . Wthin this alternate aspect, the PERUS100§045125
m xture is extracted with a solvent which conprises
hept ane and ethyl acetate. For exanple, the ethyl
acetate may be present at a concentrtion of about
5-10% (v/v). In an aspect of this further enbodi nent,

concen bRhdpBd of (hes faRheY ERbodifert %ﬁ%‘z‘ﬁ‘% tBY/(SY. G 88 Bistri-

dlstlllatlon at a tenperature ut 40- 45 %g b
fluoromethylghsaxbethm- Epfiscongiteg o smsam%‘hf ctvepy aout 13 rc¢ga" about -10
deg C. tWighif f)sditefnate spebts {ded tifybthle bO(SR 1‘(3’ b bisphiehiptonettyd)phdny dthan-1-ol are
st g P T PP YR AP B s
ﬂuoronﬁﬂ&@phﬁnybetthdnsl -gifare present at a concentration of 0.5-1%gram seed/gram of substrate.

(S)-1 - éllltsthe &Llﬁtled {)y h’lgg F}ﬁl t):PQ?{ﬁXJ t)li@tané'naté erQlLodﬂ'ﬁe%t may be

added to oncent rate vent . her w t
repeateg| fir; ayiferatdveduanaertto ﬁg’@éraeanuyg fh§|egan§pmer1c purlty of (S)- 1 (3 -
bis(trlfﬁjeﬁ)on"nlem?ﬁ-pﬁergl)&ﬁirf i-61 whe &me&dbyéq);erw bﬁﬂ%" )ethan-1-ol are

presen con nt.rati.on, ram of

subst r/ftogner Pscpe%"?ﬁ"sdgvegﬁfa‘}‘églr%ﬁteél&o Eséqt (ﬁtr)g]sbé e(gﬁ 1%d in
methyljphenyBethart-hal whibh & pedstére imatepareivmode paity (enantioeric epesn) afggreater
than 90|°/n gref'itelr Eh‘éme éﬁ)ﬁ, F%eatemggﬁ‘yé { %@H?_@%? EJggtgtctﬁaJ JB?S% (enantiomeric

I ONeric
exceSS)tnrs(eMer thn @t Brerhaytiomepin 6¥pehs)- et han-1-ol with each

subsedqpgRta %a@enaﬁ%@ RabenfSBeGRE subfect I&Tb&sée@ HRRIthé Rothercially
directed to 3,5-brs(trif

. - ( I
availabl g el ke ¢ gt Prﬁpé@é Hlomimedbretis o fosgrived o
analogdid E;brhp’ou(x@d’(aéktfbﬂémmbﬁ @ SCRAG) No§. 695&,&45@6 35Hars HA%814,895). 3,5-

. h 95% 0
Bis(tri r gog%eg}tyl)%wgﬁb%e% @(\3?2%5? tlﬂ%n:al 1= g é;( bé {n%? romeghygéleg}%@han 1-one
(CAS 30h7R90Y). a8 ofremmeacisllycaveitable. he ddly requited instagnyinig ngt the reaction and
purlﬁcamal %f {hg Ire%ul@ﬂ?reﬁ&?}? %mdtcictg % fn&@n RISl thPLrP Cﬁ§§'€§txoﬂ pfocedures

er conmne aval e or are known in
includg Cirxséar“&’@mf\edé’ﬂ“aﬁlﬁy r@@mé PBase PEgVF 1 nhmcwmar%@bx ur e

m5t hOdﬁqulwm @me)léﬁ ar@ﬁbﬂJvQﬁ@ﬂﬁ teQPURRSIFurtifee Alubt@dtion only and are

not mtegld%ilt& bgbgﬁjtatlc@s gn theglsclose% mvenf?'osn5 545, 6,350, 915 and

EXAMPLE 1

(S)-1-(3.5-Bis(trifluoromethyl)phenvl)ethan-1-ol

Alcohol
dehydrogenase OH
CF3

Me

* NADH NAD+ CF3

N

CO, Formate
Formate
dehydrogenase

-7-
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Bi s(trifluoronethyl)bronobenzene (CAS 328-70-1) and

| -(3,5-bis(trifluoronethyl)phenyl)ethan-I-one (CAS
WRoDéheBB 3) are comercially avail abl e. The ske1/182005/045125

required in carrying out the reaction and purification

of the resulting reaction products are known to those

in the art. Purification procedures include

crystallization, distillation, normal phase or reverse

e B SRR BE s TSl kB L S soomao

and NAD (ll gdr)eversadissbive@indiscbuffer fodlowedhyt the addition @i the Rezymes (RE alcohol

dehye g@g RO BEB L e SR b7k or2 88 KR 1T
Bis(triffuproreatly DFbamrbietbande pred CAGSAB B veas 2¢ded to hacartim agg emgle solution
(100g/l:r’)0('jf3M \QJ?.QWE@ atpf 7. Lsi N s@phuﬁ@ gélH‘ nkéa@ﬁ&?\l&fr(uﬁ%@ﬁ%o 40 hours at

0) wer e di ssol ved buf fer
€g T, a S a S AV1 10mer1c €XCess 0.
30 deg iy QOHée %wa? P18 ap psupthe %WZWs“O(‘REr ARyt >99%

d(e) h37/ d ;mqmglet vgéﬁ %dliéd b@nfio ﬁ/g\rdgaﬁeeexd@dmdg agepaRat 50 deg C, followed
. . or . 2. |-, - .
by Y v&luglf gfla{éf }Vﬁs(l}ragi‘\ézicHw f%;’?%&?f{ﬁ“§”éP%%Eﬁtlllaf'8$(§'3( %/olume concentration at 40
deg C) 30¢r 2iys8Biz8jomvibssohdie shas cooldigramedicdeg€hods deg €i(20§kR& alcohol
concenﬁ dﬁt + Hﬁteﬁnép%é&%g w §§@1=¢( %%&%&% Fl‘ﬂ?l);glg }Z)eglzg-q 1o'i]gt 1% g/gram

uri c acl
of subsaete 30s a@@m@ed W3hdes @4 felflpvwd%%h%rsof@gm P’F‘%/Coam“é\\i@dwb%?g C. The

crystall‘ﬂthlJS}D;bl'B&dWetré'je%%hi1%ﬁé%s PAERBIK 0RO Winal Rt DS®) >99% was
A volume extractions in heptane

PrOducgwélbg’baé‘ﬂorﬁemf%ﬁsﬁﬁ@éﬁby V vol ume water wash and

vacuum concentration by distillation (2-3 fold vol une

concentration at 40 deg rljﬁ Lrystallization the
sol ution was cool ed from%é EC to 35 deg C (200g/L

al cohol concentration in heptane). Seeding with

(S)-1-(4, §)31J(tnh&orémba&lwh%sfdeuﬁﬁ-QIB'FmYelraamPfBa/e'ss)) ethan-1-ol at 1%

grgra The enzyme reaction used 50mM phosphate buffer pH 7.0. Sodium formate (500mM)
and NAD (0.7- 1g/L) were dissolved in the buffer followed by the addition of the enzymes (RE alcohol
dehydrogenase (3-7 KU/L), formate dehydrogenase (0.7-1 g/L or 2.9-3.74 KU/L)) and heptane (0- .
5%v/v). 1-(3,5-Bis(trifluoromethyl)phenyl)ethan-1-one was added to the reaction as a single solution
(10-110g/L). pH was controlled between pH 6.8-7.3 using 2N sulphuric acid. Reaction was run for 28 to

40 hours at 26-33 deg C. Conversion > 95% was achieved by 40 hours with enantiomeric excess >99%.

The product was isolated by two Y - 1 volume extractions in heptane at 50-55deg C,
followed by ¥4 - 1 water wash and concentration by vacuum distillation(40-55 deg C) with a 2-3 fold
concentration. For crystallization the solution was cooled from 45 deg C to 35 deg C (80g/L — 200g/L
alcohol concentration in heptane). Seeding with (S)-1-(3,5-bis(trifluoro-methyl)phenyl)ethan-1-ol at 0.5
— 1% g/gram of substrate is completed at 35 deg C, followed by 1 hour of aging and cool down to -10
deg C. The crystallization procedure rejects impurities such as residual ketone (upto 40% ketone
rejection). The product was dried at room temperature and full vacuum. Final material purity >99%
was produced with EE > 99%. '

In an alternate embodiment, the process may performed by replacing the alcohol
dehydrogenase (ADH) from Rhodococcus erythropolis with the ADH from Candida parapsilosis or
ADH from Candida boidinii.
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of substrate was conpleted at 35 deg C, followed by 1
hour of aging and cool down to -10 deg C. The

W@20p6/06H8kG zat i on procedure rejects inpurities BUDUSAMES/045125
resi dual ketone. Final material purity >99% was
produced with Enantioneric excess > 99% EXAMPLE 2
(S)-1-(3,5-Bis(trifluoronethyl)phenyl)ethan-I-ol
(Al'ternate Process) The enzyne reaction used 50
phosphate buffer pH 7.0. g?‘% formate (500M) and
NAD (0.7- lg/L) were disE i‘n the buffer followed
by the addition ofythe eNZHIES (RE al cohol

dehydr o&ena:s%e (3-f KU L)dneé‘ ﬁB%E?\E?e dehydr ogen;a (0.7-1

g/L or ‘ tane ¢@; 5%/

| - (3, 5-Bis(t ?ﬂﬁ?’)etha oe whde
added to thé& redction as/a sinyl e sol ut /d 10-1
10g/L). pH was$ control |l gd betwegn pH 6.8-¥¢.3 using 2N

sul phuric aci @F;React| ﬁln s r'WAp for 28 tF4O hours at
26- 33 deg C. Conver3| oABMg50y vvas "achi eved By 40 hours
W th enantioneric excess >99% The product was
isolated by two '/> - ume extractlons i n heptane
at 50-55deg CG'LFGW"F@?«NE wePSevash and
concentration by vacuum oii ql?l ation(40-55 deg C) with
a 2-3 fold concentration o sQ:rns‘s"a‘talllzatlonthe

soI utlon was cool ed from 45 deg Cto 35 deg C (80g/L -

<S> f}%’eﬁ?mesréicﬁ ggmw%hapmgwmu&m@mamom and

ramo strate I's co
NAD (9 &1 lgﬂmrwssw% mth@'ruf&g folgwechby e gﬁhtemm thegnzygs Gg%alcohol
dehydr@genarse@ ¢ KYSL 2l ghic3@tdeBylirdheRse qi@zf(eldceua@ﬁsss (0.033L0.7 BAL&S 2.1- 4.2

KUIL) g o R ARG, b S SO kD e i P pated o e

reactiow Mﬂgle dolutiah (matlegﬁmlpmwrsmbrytr@blg&%mm pbt @8I Sedingi2NHsulphuric acid.

ReactloIT:'i afs n? 2 §b ﬁﬂlrﬁa:lt Eg ex) Q{ 8& at 5 ;\b% AhiQedd §(2g%rs with

acl ng drogenase
enantl@ﬂﬁﬁﬁﬁ?&h@d@&%ecus erythr opol is w t h the ADH from

Candi dfheRREdRAPSds@aBedDy three 1/2 volume extractions in heptane with ethanol 15%
or methanol 10% or 5-10% ethyl acetate at 25 deg C, followed by % - 1 water wash and vacuum
concentration by distillation(40-55 deg C) with a 2-3 fold concentration. For crystallization the solution
was cooled from 45 deg C to 35 deg C (80g/L ~ 200g/L alcohol concentration in heptane). Seeding with
(S)-1-(3,5-bis(trifluoromethyl)phenyl)-ethan-1-ol at 0.5 — 1% g/gram of substrate was completed at 35
deg C, followed by 1 hour of aging and cool down to -10 deg C. The crystallization procedure rejects
impurities such as residual ketone (upto 20% ketone rejection). Theroduct was dried at room

temperature and full vacuum: Final material purity >99% was produced with EE > 99%.
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ADH from Candi da boi di nii.EXAMPLE 3 G uconic acid
A ucose d ucose dehydrogenase

W@ BWb06384(b- Bi s(trifl uoronet hvDphenyl ) et han- | - abCT/US2005/045125
(Al'ternate Process) The enzynme reaction uses 50
phosphate buffer pH 7.0. d ucose (450-600mM) and NAD
(0.7- Ig/L) were dissolved in the buffer followed by
the addition of the enzyrres (RE al cohol dehydrogenase
(3-7 KU L) gl ucose dehy L0 enase 103 (Biocatal ytics)
(0.035-0.7 g/L or 2.1- 4 and hept ane
(0-5%/v). Q’F h% eth I
I-(358|s(tr|flu onet h ﬁ/ hen et han-1 - on®nvas
added t GFghe TR

es’e_,__utlon (10-1
| g/ L). pH p

sul phuric ac¢ [ n for @
26-33 deg C. { [ s achie

with enantio pr oduct

i sol ated by thrée 1/ 2 WéPRHe ewgétl ons Cﬁshept ane

wi th ethanol. 15% or net hanol 10% or 5-10% et hyl
acetate at 25 deg C, fol I'Qwed - 1 water wash and
vacuum concenGhgbnioacidy-<ci—stT F Oflup0sec5 deg C) with

a 2-3 fold concentration.GlBeasecrystallization the
sol uti on was cool ed from‘iﬂ’i‘YQJ%Qf”Eseto 35 deg C (80g/L -
200g/ L al cohol concentration in heptane). Seeding with

(R)-1-( §)B1i(tr(f§;01%rr¥é{h§()ﬁl{ewl})eltlﬁlhﬂlm?: hyl ) phenyl ) - ft Qagt ! -32' gt
0 ram ate was conmpl et e
C. 1 of ThuBt iR T S NP oD b
Recyclib@@f fBe réﬁhﬁed:N)}(BPHkbfaZtﬁt is @ompletod eﬁmg" gludosd @By drogenase with glucose.
0%
The enzyrgp ee%c ibiy yses %!(?;02 M ahoseEat ll)'luq'%r {( wlth(%gﬁ&t éo éﬁlr( aj{dﬁpgl)P at 1-2g/L.
The oxainctdﬁmsle isdeRIIV i1 from Bliocatalytes Ia¢ atg Qr20ky/L> %ﬁ@mhydrogenase is used
to recyflé AUERE M kdlorfehs 21dOP YA EbEadh sgll}ﬁ%g af pH controlled at pH 7 by 2N

sulphuric acid. Reaction time is around 30-40 hours at 30 deg C with enantiomeric excess of >99%. The

(R)-1-(3,5-bis(trifluoromethyl)phenyl)ethan-1-ol is isolated by any of the procedures described for the
(S) alcohol routes above.

While the invention has been described and illustrated with reference to certain
particular embodiments thereof, those skilled in the art will appreciate that various adaptations, changes,
modifications, substitutions, deletions, or additions of procedures and protocols may be made without
departing from the spirit and scope of the invention. For example, reaction conditions other than the
particular conditions as set forth herein above may be applicable as a consequence of variations in the
reagents or methodology to prepare the compounds from the processes of the invention indicated above.
Likewise, the specific reactivity of starting materials may vary according to and depending upon the
particular substituents present or the conditions of manufacture, and such expected variations or
differences in the results are contemplated in accordance with the objects and practices of the present
invention. It is intended, therefore, that the invention be defined by the scope of the claims which follow

and that such claims be interpreted as broadly as is reasonable.

-10-



dehydr ogenase (Rp
-0.5-Bis(trifluoronethvDphenyl)ethan-I-ol The route to
wa@ Boeh6ed 5- bi s(trifl uoromethyl)phenyl) et han- | POI/U$®05/045125

shown above. Recycling of the required NADPH cof act or

is conpl eted using glucose dehydrogenase with gl ucose.

The enzyne reaction uses 200rM phosphate buffer (pH 7)

wi th 500nmM gl ucose and NADP at |-2g/L. The

oxi doreductase is KRED 101 from Bi ocatal ytics Inc at
WHAT §5 %@Mﬁ) %:ucose dehydrogenase is used to recycle

the cofactor. Ketone is added to the reaction as a

| ut ntrolled at pH 7
aci d. Roact BT AR RIS R T S i e C

wi th enantioneric excess of >99%., The

(R -1-(3,5- bls(trlfluoronethyl)c enyl )ethan-1-ol is

i sol ated by any of tHheFs lescribed for the
(S) al cohol routes above. ®invention has been

et

described and illustrated n reference to certain
particul ar enbodi nents ther¢of, those skilled in the
art will appreciate that vaCFgus adapt ati ons, changes,

modi fi cations, substitutions, deletions, or additions
5 whwhcr%Procedures and protocols nmay be made w t hout
o |ng fromthe spirit and scope of the invention.
For extsaphe!-(3ebisttiftureramtgiphagbethanhleonctdf ghe fommula:
particul ar conditions as set forth herein above may be
applicable as a consequence of Yariations in the
reagents or methodol @gy, to_prephre the conpounds from
the processes of the |nvapti®n i nGHgated above.
Li kew se, the specific res ity of starting
materials may vary according to and dependi ng upon the
particul ar substituents pr nt or the conditions of
manuf acture, and such expect'ed vari ati ons or
differences in the results are contenplated in
with anPdl€BbIRAfdRogshAsh irt thépl@kdne&df&hm@ﬂﬁh feniaé dig@Seodifie iden cofactor recycling
|nvent|?ﬂﬁé HS i ntended, therefore, that the

prese
Sy“ﬂn“ﬂﬁgﬁﬁ?éﬁmﬁg“ﬁe V't he scope of the clains which

foll ow and that such clains be Hpierpreted as broadly
as i s reasonable. WHAT_ 1S CLAI MElp | S:
CF,
Me
10 CF3;
2, The process of Claim 1 wherein the alcohol dehydrogenase is selected from:

alcohol dehydrogenase from Rhodococcus erythropolis; alcohol dehydrogenase from Candida
parapsilosis; and alcohol dehydrogenase from Candida boidinii.

15

3. The process of Claim 2 wherein the alcohol dehydrogenase is alcohol

dehydrogenase from Rhodococcus erythropolis.

-11 -
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1. A process for the preparation of a conpound of the
formul a: which conprises: treating
wo 2008/0&8i0 s(trifl uoronet hyl) phenyl) et han-| - oneP@©f/Us1085/045125

formula: with an al cohol dehydrogenase in the presence

of nicotine adenine dinucl eotide and a cof actor

recycling systenm to give the conpound of the fornula:

2. The process of Claim1 wherein the al cohol

dehydr ogenase i s sel from alc | dehydr ogenase

from Fﬂwodocﬁﬁ&%ce%*rcﬂ;? ‘Bgd’fqeﬁ?‘“ the E%ﬁl??%‘éﬁrﬁé‘?”&begﬁ‘é@%em ata
concenfritiom ofabwait 81a KiaL.apsi | osi s; and al cohol dehydrogenase

from Candi da boidinii. 3. The process of C aim 2

wherei n the al cohol dehydrogenase is al cohol

dehydrbgenaB® precosn dRidaiin d odetein the yafbgterpedyrléngdystam gomprises: a
formatPAREIRd Pforfrht@biRydropliase bl élh&s@lo‘ﬁﬂ:la Qhd QE]'H&’(QE Qaﬁ%éﬁlase

I's present at a concentration of about 377

The process of Caim1 wherein the cofactor recycl i ng

S y St eng.CcoNPThegRScessdf MM BlvehefeMhe Cofadish recyt Mg ¥Rétém further comprises

" ‘ﬂ% g glase or a glucose source and a gl ucose
nicoting 8‘8 S84 5 The process of Claim5 wherein the
cofactor recycling systemfurther conprises nicotine

adeni ng di nﬂ%' ?@cteésdo?Claém 6@11%&73‘[ tﬂgﬁﬁ&m%fa 911{%' (ﬁﬁu@leotlde is present at a

wherei i the ni'cotine adenine di nuc eotl e I's present
concenation of abrehi'rlafli on of about 0.7-1g/L. 8. The process

of A aim5 wherein the cofactor recycli ng system

conpri ses: f or mat ource and a forma

dehydr%gena pr@ﬁ“‘ﬂ?ﬁ%‘f’ééﬁ@?"btpe @féﬁt%rgcyﬁﬂ@rséftﬂnf?fﬁpmes a
formaté @urcabed 5 uhae délydogémast ed from sodi um formate and

formc acid.

9. The process of Claim 8 wherein the formate source is selected from sodium

formate and formic acid.

10. The process of Claim 9 wherein the formate source is sodium formate.

11. The process of Claim 8 wherein the formate source is present at a concentration
of about 500mM.

12. The process of Claim 8 wherein the formate dehydrogenase is present at a

concentration of about 2.9-3.8 KU/L.

13. The process of Claim 12 wherein the formate dehydrogenase is present at a
concentration of about 2.9 KU/L.

14. The process of Claim 5 wherein the cofactor recycling system is selected from: a

glucose source and a glucose dehydrogenase.

15. The process of Claim 14 wherein the glucose source is glucose.

-12-



10. The process of Claim9 wherein the formate source
is sodiumformate. 11. The process of Caim8 wherein
wa bweHensmat e source i s present at a concentr atPORUSK005/045125
about 500MM 12. The process of Caim8 wherein the
format e dehydrogenase is present at a concentration of
about 2.9-3.8 KU L. 13. The process of Caim12
wherein the formate dehydrogenase is present at a
concentratign of ab The pr
d ai m % whetEiAPERS giﬁ"ﬁ&? o} errelé‘é%é}"i?ée %";‘z‘E“FéSrRr?SS“t at a concentration
of abows @b®@6M0AMS rom a gl ucose source and a gl ucose
dehydrogenase. 15. The process of Caim 14 wherein the
gl ucose source is glucose.16. The process of Caiml4
wher ei -t heThglpoesessef Etaim d é wherejprtbesglposadehydrogenase is glucose
5 dehydr%gggs@ntratlon of about 450-600™™ 17. The process of
aim 14 wherein the glucose dehydrogenase is glucose
dehydrogenase. 18. The process of Caim 14 wherein the
gl ucoss. dehpitippgenas€ldis 1phaseitthaflu@®sEnodtidnadel iOPresént at a
L. 19. The process of O aim lwherein

Conce“ ﬁtéonoéz%‘im%ﬁ Lﬁ% (fre conprises a phosphate buffer. 20.
The process of Caim1l wherein the reaction mxture

10 furt h_ﬁ? co ncﬂ{e StassDP CRfif qgvhgfﬂ?ptlh% Fe?étlow&tnre c%mpﬁ&ts QBﬁ‘osphate

2 1. e process of aim1l urther conpfi ses.
buffer.ext racting the reaction mxture with a solvent which
conpri ses heptane; concentrating

20. The process of Claim 1 wherein the reaction mixture further comprises an

organic solvent which is heptane.

15

21. The process of Claim 1 which further comprises:

extracting the reaction mixture with a solvent which comprises heptane; concentrating

the solvent; and crystallizing the compound of the formula:
OH
CF
3 Me
CF,

20

22. The process of Claim 21 which comprises extracting the reaction mixture with a

solvent which comprises heptane at a temperature of about 50-55 deg C.

23. The process of Claim 21 which comprises extracting the reaction mixture with a

25  solvent which comprises heptane, and further comprises methanol, ethanol or ethyl acetate.

24, The process of Claim 21 wherein the step of concentrating the solvent is

conducted by vacuum distillation at a temperature of about 40-45 deg C.

-13 -



t he solvent; and crystallizing the conpound of the
formul a: 22. The process of Cdaim2 1 which conprises

wez2dosacisitng the reaction mxture with a sol veneCmiismis/ 045125

conpri ses heptane at a tenperature of about 50-55 deg
C. 23. The process of Claim2 1 which conprises
extracting the reaction mxture with a solvent which
conpri ses hept ane, and further corrprises nmet hanol ,

et o1 5 ne T EE<RT O SaE TG RRES Goyaplirina e Sripoind s

conductesirati a tetmepdrabye vfgetween abamt 43 degtd and abdut al Otdeg@er at ur e of

about 40-45 deg C 25. The process of Caim2 1 wherein
the step of crystallizing the compound is conducted at
a tenperature of between about 45 deg C and about -10
deg C
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