WO 2008/ 128750PCT1EP2008/ 003202 - 1 - Process for the manufacture of
non-steroi dal anti-inflammtory agents and i nternedi ates thereof This
appl i cati ooChddfiByshhe priorities of earlier filed Eur D@0 5H02
appl i cations EP 07090075.8 (filed 18 4.2007) and EP 07008931. 3
(filed 9.5.2007) as well as all benefit's of 5US application

60/ 912,596 (filed 18.4.2007). Background of the Invention Conpounds

of general fornula VIII 10 (M) in which at |east one of the
groups X, X2, X3 sel ected from fluoro, chlor br ono,
hydr oxy, tPrT@ﬁ?SS HBQW*“!‘F @FW%@MWFCNW WW‘&WWW REeBiher

groups X, X2, X3 have the meani encatom in which at
| east one one of the groups Al fgt %I'@é ﬁgrc"ted from-0-, -S-,

-NH, -N(-CH3)-, whereas the other groups Zl1, Z2, Z3 have the meaning
of a - CH2- group, and in which Ar is an aromatic group 20 are

described as powerful anti-inflammtory agents (e.g. WD 98/54159, WD
00/ 32584, WD 02/10143, WD 03/082827, WD 03/082280, WD 2004/ 063163 and

WO 2006/ Oﬁ%%ﬁghcammaaﬁrs met nﬂés‘lff%%@ﬁﬁlfa@ﬁufb wRdstlBplddfibddg of the

conpounds E‘?’f é‘db%% Nhahd EPBYG0s634 4 Mslmga@&elﬁé &MSenefits of

resul ti ng g?a&é &é%g% a%g 3@87)Chal n reac ns an are not
I’

SU|tabIe f uc 1'0Ns
2008/ 1287 / bj ect of the Invention It is therefore
t he objecﬁgbﬁgéﬁgggﬁseﬁgé afo make avail abl e a novel process

characterized by a higher total yield achieved by the sane or | ower
number of Compgendaief semerabfosmpledille f or phar maceutical production. The
obj ect of the invention is achieved by the processes and

5i nt er medi at es descr gedzher ei n. Q§QEFQ£ Degcri ption of the Invention
and preferred Enbod{nents An essgntigl /e en?nt of the synthetic route
descri bed herein i g of oeneraINfornuIa I (I') 15in

whi ch at | east one of Y 3 isasel ected fromfluoro,
chl oro, brono, hydroxyj ethoxy, trifluoromethyl, amno
mhered@ t he ot her graqup 2, X3 have the meaning of a hydrogen
atom and in whi chxkt | eagt oneXof the groups Z1, Z2, Z3 is selected
from-0-, -S-, -NH, -N(- ® )-, 20 whereas the other groups Z1, Z2,

Z3 have the meani ng of a X*CH2- group Anot her aspect of the invention
is a manufacturing nethgﬁ ﬁccordlng to which the conpounds of general
formula VIl can be pro B84 in an enantiomerically pure form
(enantiomeric excess ee " 80%. It is clear to the expert in the art
that the omwpmhl Idsasoénetdf(ﬂlergrol.ms Xr %2, X7 & selevthdfromsed as

phar maceuty S ne. re.form It is 25
t herefore dlu(rarpof}sz’fr(%’tIb Fl%oc%dmlxo metﬁérlg t#'o t%jlrt]:ﬁﬁllahl)réth%tja&nﬁat is able to
pr odudé thdlemamheuthdlsgrocﬁpsgénﬁ &’ bvor theinaanifig of ai hydegematororer i cal |y
pure form This object is also achieved by the present invention. The
starting MRbfich H 1Baslnd i oPIRGRRDs #5957 RadichRA Fbfh (2-ydroxy-4-

nmet hy1- 2- uor onet hyfi pentenoi ¢ ‘acid) may be used in the

descri bed Qno%e§§%SJYMCEﬁantionerlcalIy pure form subsequently

Lompound 3 e O g OB . aci 0 oy be
d d bed by Mk T hed
generate aﬂ@ﬁ?@g§p§féggékﬁ§g§§§gg escri be y am (Tetrahedron:

Asymetry 15 is al so possible to use racemc

al kyl' 23- hydr Qxyivda %Mh&&hﬁﬂiﬂ%@%&&y elg w%@m@twmwﬁsw ree

acid thereof and separate the enanti Oners nzymatic ol ysi s.

5It is théVeetels P%!@%ZSa?, WROINBEL WG gﬁ%ﬁ% Y and 89@ 0§98).
process in which the desired enantlonerlcally pur e

2- hydr oxy Hevigrerhthe poogsses for the maaasnneal tﬂ@rfem?o‘a@ﬁ af geperabiogpyle dUll havem
the undesigd, RRA bOAESs, Rl w ﬁelayaﬁhe @h&xeﬁa@ﬁ xﬁle&mﬁ;sanagm not

enantlonerlcall pure or enric ed (ee "80% 2-hydroxy-4-nethyl-2-
suitable for large scale productions.




x2 (lv) in which X1, X2, X3, Z', Z2, Z3 have neani ng descri bed
above. The conmpound of general fornula IV is reacted wth

2- hydr oxy- %-()I"ﬁﬁﬁghmhﬁa (trifluoronethyl)pentenoic acid 10pctadb2008/003202
(2- hydr oxy- 4- net hyl - 2- (trlfluoronethypBenten0|c acid) to yield a
conmpound of general formula II (1) in which XI, X2, X3, Z', Z2, Z3
have the above descri bed neani ng. The reaction descrl bed above IS
carried ogfpidcRofthe Teveatien SOl vent in the presence of a |lew s 20acid.
Sui t abl e sollvents are e.g. polar solvents or hal ogenated sol vents,

the pref ettr*e@teremrmebsjettrwtﬂé(tareﬂm&hb AREBIANAIE a AbeE] Priocddb &Ea@&iéﬂ@élﬁby a
The lewi s acid may be al um nium chloride, BF3, HF, or hosphorl C

acid. In algbvréww@e achinysei byrtbs s B¢ or lpwer bRk 91 s5tePs w@cwﬁﬁﬁthlf‘df

accor di ng b LmbQLTM Brolidtribd. Teloy reet dftheantyfthageaahe@dsptné%ceéses £hd

CH2C12) AFClB is added and finally the 2-hydroxy-4-nethyl-2-

25(tri #1 ubneamedings Jeseihed e acid i s added to the stirred sol ution.

In an even nore preferred enbodi ment the addition of ALC13 and the

2- hydr oxy General Rescription of the Inyentien aydprefaresdofmbediments acid is carried

out at 0-5C, the mxture is allowed to conme to roomtenperature and

the m xt uP® epsenii glemsnied thegyrthetic rpwe described hsesin 1§ thercompepndiod gensralt ur e.

It is furghpppare preferred that 1,5 equivalents of the conpound

according to fornul a IVpre ysed 2 equivalents AIC13 and 1,0

equi val ent of 2-hydroxy#4-m Sker i féwor omet hyDpent enoi ¢ aci d.

The reaction describedjabove can he ®d/out with enantionerically

pure Zghydroxy-4- nethyi2: i WDpenbdnoi ¢ acid. The

enantioneric pure 2-hydro i

acid may be synthesized upder a.ynnetrlc catal ysis as described by

M kam (see above) or the gt fprm may be enzymatically

hydroli zed. 10 The asffn’metrl hydr’él ysis nmay be carried out in water
| f necessary pol ar organicisol vents(e.g. DVMSO, |ower al cohols) may

be added to enhance sol ubil |’fy of the substrate The reaction m xture

may be buffered (phosphate or simlar suitable buffers) to keep the

pH of the reaction mixture d) constant |evel as required by the

i ndi vi dual enzyne. Quite a nunber, o;] enzynes are possible for the

enzymdfi c ithyhichat)edssone Pl thegrqupe KL e, Xnis salstigdifromases (EC3. hydrol ases)

of the SuBGlB3Sfto,Hrond; hy&{afay b&@ﬁ)@xycem QHfYSoRLMS] fmin Particular).

Such hydrol ases are comTerql )94( aval | abl e fromvari ous sources, e.g.

1. Al phamhereas the pherggoupgX’, X, X have the rp%eng@tf ahydrggapatamy i pase A

Li pase AS |, Lipase AN, Lipase PC, Lipase PF, Lipase 20B (CALB) 2.

Amano EnzmnlvnﬁehatﬂaaeaebitnageuM',zt,zéﬁeele&ed fsipase AYS, Lipase PS,

Pr ot ease Pr ot ease_ N, Protease P 3. Biocatal ytics |ncorporated.,

USA I& 1%01-NH- (fa’b,"l CR-103, ICR- 104, ICR- 105, 1CR- 106,

| CR- 107, W&BedOfe oth%onﬁﬁf@,%z, GRavd thO meh il 3l CHCBrokig 2, 1CR- 113,

| CR-114, |ICR 115, ICR 116, ICR 117, |ICR 118, | CR- 119, |1 CR-120,

1MWV 102, égMN 105 4 é ich Chiral S | uti ons Estherat e BSI
et or aob AlgtheEspE ot Egiohil Spafeciig Method BRRi SIMIEE \or t) si
/ Novozy morﬁlsaemmﬂg)ene’iﬂﬂbmm/vm é‘dﬁ\be pyudaced6i an SautceriealbXhire foavozyme

388, Neutrase. O, .Li o oase /128&50PCT/ ‘520%?1 &3202 6. S?{gﬁra
Ger many (e“aﬁ‘_‘t“b%t’?é f Bsrﬁeﬁ’o%‘) Yn £ fodhg expgty in the ag fakihg compotindy
liver, Li pasercandidien ﬁm@e@mimeumnemsuam ih hleexﬁhﬁom&cﬂwwe&frm It is

further that may achi eve the sane sul t Th z
nyclr ot SeIorE P B e el 4B G OREBT S 1l o protics he Wimbords of

2- hydr oxy élrreP@TcHMtﬁtaZfIII(lh ehdntioiaE ARy bmamﬂt em@abﬁctllealmﬂlea@ widgti ng
mat eri al . The al ky roup may be - 05 aIk Vﬁ’éﬁ be a

strai ght Eﬁé"r”ﬁmb’Fmt?Pa Ingppaterials | e RIAGPSSIR Jﬁ‘\g{& E‘Y‘Eﬁ"%ﬁhyl

group. |t pjethyR00¢riFlublofdinlp eﬁ%eib,acfamapté wsed arkhe!8és66bed phdagss@IgY e i S
added at tenperature from about 10C tq _about_  60C. Tenperature, pH and
enantiomerically pure form, subsequently yielding the final compound in enantiomerically

30 pure form.



15 of compound Il. It is surprising for the expert skilled in the art
that the reaction of the conmpound of formula IV with

2- hydr oxy- WORSBISY- (tri f | uor omet hyl ) pent enoi ¢ aci d i nPETEP2P8093292 €
of alews acid yields the conmpound of-zgeneral formula Il. It is even
nore surprising that the reaction of the conpound of forrmula IV with
2- hydroxy-4- 20 nethyl-2-(trifluoromethyppentenoic acid in the
presence dhe epnponnd2-hrdraxy-f-methylrd dtiflupromethy]) Bnsenpicaord diayibegsierated
carried o ' -\ i (YA Lt h

ol kyl et St R L Aph B M0S bRl ey B (200 887

t he key co8§puUhd alsd pomsivdy talusé meemik alkyl 2-hydrdxy-dometrylg2-(thiflodromethyl)-

al um ni um hydride or .| ithium berohydride. 10 .Enantionericall ure
compounds POYGaKEr e fieg pold Pisten st Pepmre ths emsiardels by St byckalgsts. 0

are there further L e of.the invent.i.on. Preferr.ed )
arthodi Bent & Br ekt Ak BLERL R} ) Bk RN, ot Uk ha et o
t he fol | oetangomerizally purt Rdiydpay-#enebyl-2-GifludBn @Ryl )flentXibic@id iR aeparapsiefona)

0 F Rtht%)undesg'ed en'a:mtiolﬁléf')by way%f enz';zrmﬁicdfzydrol}%is. F 12 €)

Using enantiomerically pure or enriched (ee »80%) 2-hydroxy-4-methyl-2-
(trifluormethyl)pentenoic acid as the starting materials results in an enantiomerically pure
10 compound of general formula VIII. The advantage of the described reaction starting with
enantiomerically pure or enriched 2-hydroxy-4-methyl-2-(trifluormethyl)pentenoic acid is
that it avoids the synthesis of an undesired enantiomer and it avoids carrying the same
through following steps, therefore avoiding the separation of the enantiomers at a later stage

(or even in the final product) and therefore being much more efficient.

15 The general method for the production of the compounds of general formula VII via the
compound of general formula I is described below in detail. The expert in the art is fully
aware of the fact that a number of variants of the reaction route are possible without deviating
from the general teaching of the present invention. It is for example possible to not isolate all

intermediates of the synthetic route.

20
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The process for the manufacturing starts with a compound of general formula IV

XZ
Iv)

in which X!, X2, X3, Z', 7%, Z* have meaning described above.
The compound of general formula IV is reacted with 2-hydroxy-4-methyl-2-(trifluoro-
methyl)pentenoic acid

F,C OH

OH

0
(2-hydroxy-4-methyl-2-(trifluoromethyl)pentenoic acid)

to yield a compound of general formula II
(Zz_za F,C  OH
z OH

x1 x3
xZ
n

in which X', X2, X3, Z', 7%, 2 have the above described meaning.

The reaction described above is carried out in a organic solvent in the presence of a lewis
acid. Suitable solvents are e.g. polar solvents or halogenated solvents, the preferred solvents
include dichloromethane and dichloroethane. The lewis acid may be aluminium chioride, BF;,

HF, or phosphoric acid.

In a preferred embodiment of the invention the compound according to formula IV is solved
in a halogenated solvent (e.g. CH2Cly) AlIC; is added and finally the 2-hydroxy-4-methyl-2-
(trifluoromethyl)pentenoic acid is added to the stirred solution. In an even more preferred

embodiment the addition of AlCl; and the 2-hydroxy-4-methyl-2-(trifluoromethyl)pentenoic
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acid 1s carried out at 0-5°C, the mixture is allowed to come to room temperature and the

mixture is continued to stir for 4-120 hours at room temperature,

It is furthermore preferred that 1,5 equivalents of the compound according to formula IV are
used, 2 equivalents AlCl; and 1,0 equivalent of 2-hydroxy-4-methyl-2-

(tnfluoromethyl)pentenoic acid.

The reaction described above can be carried out with enantiomerically pure 2-hydroxy-4-
methyl-2-(trifluoromethyl)pentenoic acid. The enantiomeric pure 2-hydroxy-4-methyl-2-
(trifluoromethyl)pentenoic acid may be synthesized under asymmetric catalysis as described

by Mikami (see above) or the racemic form may be enzymatically hydrolized.

The asymmetric hydrolysis may be carried out in water . If necessary polar organic
solvents(e.g. DMSO, lower alcohols) may be added to enhance solubility of the substrate. The
reaction mixture may be buffered (phosphate or similar suitable buffers) to keep the pH of the

reaction mixture at constant level as required by the individual enzyme.

Quite a number of enzymes are possible for the enzymatic hydrolysis. These include the
hydrolases (EC3.hydrolases) of the subclasses EC3.1. (carboxylic esterhydrolasis in

particular).
Such hydrolases are commercially available from various sources, e.g.
1.  Alphameries Limited, UK

Lipase Cl, Lipase C2, Lipase A, Lipase AS1, Lipase AN, Lipase PC, Lipase PF, Lipase
B (CALB)

2. Amano Enzyme Inc., Japan
Lipase AH, Lipase AK, Lipase AYS, Lipase PS, Protease K, Protease N, Protease P
3.  Biocatalytics Incorporated., USA

ICR-101, ICR-102, ICR-103, ICR-104, ICR-105, ICR-106, ICR-107, ICR-108, ICR-
109, ICR-110, ICR-111, ICR-112, ICR-113, ICR-114, ICR-115, ICR-116, ICR-117,
ICR-118, ICR-119, ICR-120, IMW-102, IMW-105

4.  Julich Chiral Solutions, Germany
Esterase BS1, Esterase BS2, Esterase BS3, Esterase PF2, Esterase PL
5. NovoNordisk / Novozyme (Denmark)

Duramyl, Novozyme 868, Novozyme 5251, Novozyme 388, Neutrase 0, Liopoase



R
0

- 8-5s) N N2 Rt) O B Ru 0O F Sv) 0 F Sw

F S x)

10

15

20

NH F S3')
WO 2008/128750 PCT/EP2008/003202

6. Sigma, Germany
Lipase from porcine pancreas Typ 11, Esterase porcine liver, Lipase candida rugosa.

The expert in the art is aware of further enzymes that may achieve the same result.

The enzymatic hydrolysis is carried out as follows: Racemic alkyl 2-hydroxy-4-methyl-2-
(trifluoromethyl)pentenoate is used as starting material. The alkyl group may be a C;-C; alkyl
group which may be a straight chain or branched. Preferably the alkyl group is an ethyl group.
It is emulsified in water, the pH is adjusted , the enzyme is added at temperature from about
10°C to about 60°C. Temperature, pH and reaction time may vary depending on the
individual enzyme. The reaction time may be up to 300 hours. The reaction conditions have to

be tested under control (e.g. GC control) to find the optimum.

It is an advantageous feature of the process according to the invention that no saponification
step is needed. A saponification is needed in a process in which alkyl 2-hydroxy-4-methyl-2-
(trifluoromethyl)pentenoate bis reacted with a compound of formula IV yielding an alkyl ester

of compound 1I.

It is surprising for the expert skilled in the art that the reaction of the compound of formula IV
with 2-hydroxy-4-methyl-2-(trifluoromethyl)pentenoic acid in the presence of a lewis acid
yields the compound of general formula II.

It is even more surprising that the reaction of the compound of formula IV with 2-hydroxy-4-
methyl-2-(trifluoromethyl)pentenoic acid in the presence of a lewis acid (i.e. under Friedel-
Craft conditions) is carried out up to 10 times faster and with higher yields than with alkyl

esters.
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The compound of general formula Il may be reduced to the key compound of general

formula I

2 3
(Z z F,C OH
z

OH

)
by e.g. lithium aluminium hydride or lithium borohydride.

10 Enantiomerically pure compounds of general formula I are key compounds of the process,
and are therefore a further object of the invention. Preferred embodiments of the compounds

of formula I are those which have one of the following substitution patterns:

7! VA z’ X! X* x? enantiomer
a) O F
b) 0 F
c) O F
d) NH F
e) 0O F
f S F
g) NH Cl
h) NH Cl
i) S Cl
b)) S CF;
k) S CF;
)] 0 CFs

£
O

O-CH;
0) 0 O 0-CH,

9 |[NH F
) NH NH;

T AT T T - T -1 - T 1 T -1 -1 -1 -1 -1 -1 -1 -
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5) NH NH,

X) NH F

aa) NH Cl

bb) : , NH Cl

cc) S Ci

dd) S CF;

ee) 8 CF;

ff) 0 CF;

£g) o) 0O-CHs

hh) 0 O-CH;

ii) 0 0 O-CH;

n |0 F

k) |NH F

1) NH NH;

mm) NH NH;

Lal La| L L] Lo La| Lo Lol Ca| Ua| La| La|l Ca] Lol Ca| La| La|l La| ta| Ua| | &

nn) 6] Br

Enantiomerically pure in the context of this invention means an enantiomeric excess (ee) >
80%. It has to be understood that according to the present invention it is possible to synthesize

compounds of ee > 90%, ee> 95%, ee> 97% and even ee> 99%.



S nm NH NH2 S nn) 0 Br S Enantionerically pure in the
context of this invention neans an enantioneric excess (ee) > 80% It
has to be WOPREIREHE t hat according to the present i nveR@I/BRROISI005262
possi bl e to synthesize conpounds of ee¢>90% ee> 95% ee> 97% and
even ee> 99% WD 2008/ 128750PCT/ EP2008/ 003202 The comnpound of
general formula | is then oxydized to formthe al dehyde of general
formula V.x2(V) in which X13 X2, X3, Zl1, Z3 have the neaning

descri bed Thpesppound ofiggnesyli farmmulahis thep oxxdized te fosm thﬁﬁldEbydesvfgﬁw¢1| di n
conmpl ex Ofyriliialy 0Xxal yl chl ori de/ DMSO (Swem oxi dation). The expert in
the art is aware of qthep® p055|b|Jét|&$ to oxydi ze the al cohol 10 of
formula Ito the aldehyd of fokmdl'd\V., " The al dehyde of general fornula
V is then reacted s 20 ne_®f general forrmula VI H2N- Ar
(M) 15in which Ar is § 9. The compound according to
general formula VI nay|lbe arly aromatic am ne. Preferred enbodi nents
of thesconpounds of,.g€ne arjrul a VI are selected fromthe
following list: | -am no-R-nmnethyl-benzene | -am no-4-nethyl -benzene
202- am no- 4- net hyl pyri di ng 2-am p@y pyridi ne 2-am no-pyrim di ne

3-ami no- qui nol i ne 4-ami no- pyridi ne 254-amni no- pyrirnidine

5-am no- i HOMMENRI, XAEXD ZE W W -hale thEBlelMhg da65HeH ABdveNe

5-am no- 2, 6-di - nethquU|noI|ne 5- am no-2- net hyl -i ndol e

305- am noTRe éMddiigh ma$ Béltriedout b7 $)/p@ign comp1@c or with oxal_ylchlo_ride/DMSO

5- am no- 2- et hyl qui nol | ne 5-am no- 6- chl oro- 2- net hy| qui nol i .ne
5- ani no- G(SIfIYEe&b%/’B&‘é‘P&e{"h?/?’E’EF Hbthe AR 1SwarR qf&thegmfa#vﬁms- 19O ¥ize g alcobol
55- amimo- atforlth DR thddldehyl 8NFeMA1a N ( 4- anmi nophenyl) - pi peri di ne. The

generated imne of formula VII
The aldehyde of general formula V is then reacted with an aromatic amine of general

formula V1
HoN-Ar

(VD
15  inwhich Aris an aromatic group.

The compound according to general formula VI may be any aromatic amine. Preferred

embodiments of the compounds of general formula VI are selected from the following list:

I-amino-2-methyl-benzene
I-amino-4-methyl-benzene

20 2-amino-4-methylpyridine
2-amino-pyridine
2-amino-pyrimidine
3-amino-quinoline
4-amino-pyridine

25 4-amino-pyrimidine
5-amino-isoquinoline
5-amino-1-methyl-isoquinoline
5-amino-2,6-di-methylquinoline
5-amino-2-methyl-indole

30 5-amino-2-methyl-isoquinol-1(2H)-one



(VIT) inwhich X, X2, X3, Z1, Z2, Z3 and Ar have the neaning

descri bed above 15is subsequently reduced in order to yield the
conpound aWO&RRE/ 3800 general formula VIII. The reacti oOPCTEB20§54003202
carried out by sodi um borohydride in ajcoholic solution (or in THF),
it my also be carried out by H2/Ni. A key advantage of the present
invention conpared to state of the art synthesis is that it avoids

t he puri fi catS-aminof2-raethghbiuélinest er of conpound 1. Such al kyl ester
of conpound IJ_ 20 Leh s t duct of the reaction of alkyl

2- hydr oxy- 4- '?HV§¥Q$%¥??FPﬂ€§@ﬁ@$WyI) pentenoate with a conpound of
formula V) nbaﬂﬁo&xﬂmwbB&ﬁaﬂyMuﬂmﬁhéon1the starting conmpound IV by
crystallizatl Accor di g t he present invention the necessary
separation of Wﬁdﬁﬂﬂm?gﬂ& hoWe nade at the stage of compound I1
(i.e. by usi Qarhineguielitk 2- hydr oxy-

4- et hy1- 2- (tr|fIuoronethyppenten0|c acid as the the starting
material). At MiRAEPEZERFe of 25 conpound |1 the separation from
conpound |V quu-heindpeleyipeaidmel d- base-extraction (which is nore
efficient conpared to crystalllzatlon of the al kyl ester of conpound
I1). As described above, the expert in the art knows a nunber of

vari at i onThegieded imink oAfnhtladil he process steps described herein. It
is therefore clear that the invention described in the clains
enconpasses furtherZvaei ant s aqq deyi ations which are obvious to the

expert in the artZéOOr an ®8abify be identified by the expert in the
art wil®hout any need Fhve e #N<_| - The following itens
(11-1 19) are theref jects of the ifention: il A process for

t he manuf acturing of ppound according to general formula VIIT 5
(M1 1) in whichxdt osfe of the groups X, X2, X3 is selected

from fl uoro, br ono, hydroxy, nethoxy et hoxy,
trifluorornethyl, am no® 10wher eas t he ot her groups Xl, X2, X3 have
the neaning of a hydrogen aﬂHﬂQ and |n mhlch at |east one of the
groups ZI, 72, 73 i,Ss _se|lected f -NH-, -N(-CH3)-, whereas
t he ot her'"d’r‘lﬁflbg X &Szhg\/ethlié%&‘fﬁﬂ#gmﬁu%dewedﬂ?odﬁp and in which

Ar st andsisfls@seqiindy RE8del Gn &H&ngei@tﬁbédxﬁ&i:% h&;@ﬂh >%n batal ?orfhﬁﬁmmnd
accordlng to general formula |V Z3 have

X, 22,
t he above dFEetirpany hﬁaﬂrlﬁbout by fgdmm bprghycgge flbi&C%O{lﬁ solution'(or in THF), 1t

2- hydroxynﬁygmshy&maﬁ&h{b§HyﬂgnethyI)pentenoate to yield a conpound

of general fornula 11 (11) in which X1, X2, X3, Z1, Z2, Z3
have the aleyeadvdnags bfiRdpaRaninietidbh) editpasedas e@mtﬁexartrs@ﬁiues@ds that i

conpound of . general. for

t he above?\ d”égél?‘i %@é%&ﬁ ﬁ’@“’l‘wﬁs'éﬁ"f@mﬂ’ﬁ‘@}ﬁ‘)fhﬁ é?%‘bg eftgr “rf&PWP?‘Hé?I
al dehgole @fhidhak Melppoddct of theTeadfion BF atkyl 263 droX3-4-ndéthyl 22(tritRidrdhaedey ) he

v ri nin - 13- .
above desgente%ggte wnﬁ1 a cm%pound o% formula IV) needs to be separated from the starting

have

compound IV by crystallization. According to the present invention the necessary separation
of compound IV can be made at the stage of compound II (i.e. by using free acid 2-hydroxy-
4-methyl-2-(trifluoromethyl)pentenoic acid as the the starting material). At the stage of

25  compound II the separation from compound I'V can be made using acid-base-extraction

(which is more efficient compared to crystallization of the alkyl ester of compound II).

As described above, the expert in the art knows a number of variations and deviations from
the process steps described herein. It is therefore clear that the invention described in the
claims encompasses further variants and deviations which are obvious to the expert in the art

30  orcan easily be identified by the expert in the art without any need to be inventive.



which is then reacted with an aromatic am ne of formula VI H2N Ar
(M) in which Ar is an aromatic group 5to forman imne of fornula
Vi 10i WORMPSRSIP X2, X3, Z1, Z2, Z3 and Ar have t hRCHEBRN@8/003202
descri bed neani ng which is subsequentl.y;reduced to formthe conpound
according to formula VIIl. 12. A process for the manufacturing of a
conpound according to general fornula | (1) in which at |east one
of the grdlipflrwingiemsxd-il Y asethesfoseiolfjieasne2f ihvestion: chl or o, brono,
hydr oxy, nethoxy, ethoxy, trifluoronethyl, am no whereas the other
groups Xi ;i1 X4 préfsd Y e hiaRuBRAM, T aQ:Bm@oﬁHﬂcyc&ﬂﬁﬂf, ﬁ)t@mralafﬂgndlﬁlv\fW' ch
at | east one of the groups ZI, , Z3 is selected from-0- S,

-NH, -N(-CH3)-, whergas Qhe other groups Z1, Z2, Z3 have the neanlng
of a -CH, - group (1 F.0X2, 0X3, HZi , Z2, Z3 have the above
descri bed neaning i s;_ reactjed wit

2- hydr oxy- 4- et hyl - .

of general fornula I

~ 8ate to yield a conpound
i, X2, X& Zi, 72, 73 have the
above described neaning ubsequent |y reduced to a conpound of
general formula I. 41 A-pT Oegss according to iteml or 2 in which
the reaction of the corrpound according to fornula IV with

2- hydr oxy-4-nmet hyl-2- (tri fdauor met hyppentenoic acid is carried out in
a 20pol ar solvent in the presence of AICl3. i4. A process according
toitem1l or 2 in which the ggjjpound according to formula IV is
solved in a hal ogenated solvent,; A C13 is added and finally the

2- hydr oxy- 4- et hy1- 2- (trlfluorrreth yentenoic acid is added to the
stirred sol ut’i‘ﬁlﬁ"h at least qng of the groypp &s )gego'rde'ﬁﬁeq Mtem | or 2 in

whi ch the CORP&ENhiARELRSHY, mgdﬁ)gy fn@hﬁﬁﬂ;lgaetﬁo\(y,' tﬁﬂ&ﬁgmktuﬁdmhlao

di chl ororret hane, Al CI3 is add C and the 2- roxy-4-nmet hyl- 2-
(trif1for net WYPisdhe %‘H?flgé"“@éWd )i(sxabﬁ“é’dhec Beankig of o W‘%‘@%F“s"&ﬂ“utl on and
continued to stir for 4- 120 hours at roomtenperature. - 15 - i6. A
process accoaiingvhiah ait tleesmobe bMthsvaioafs Zppt, @xisale@bdfrdm5 Eq. of the
conpound accqt ding r a lVis solved in dichloronethane,

appr oxi mat el ;62 %’%C}g'%t’hdded at 0-5C and approximately 1.0 Eq.

of the 2-hydwbargasdhemhingtoups Z{, 127 £’ haodrhe hteyi peoft .o nTH,€ g@ap dnd & vatkehear
to the sti rretd c%muatnapna nd continued to stir for 4 - 5120 hours days
at room tenpefature. A 8ress according to item1 or 2 in which
the 2-hydroxy-4-nmethyl-2- (trifluonnethyl)pentenoic acid is used in
enant ildner i celfdrgctprized in ghahatcomppusiddcenmding logererpldamivja Pur e conpound of
formula I. 18. A process according to item1 or 2 in which the
desired enantioneric purezZ2-trdr oxy- 4-

10met hyl - 2-(trifl uonnet hl%l )pemtenoic acid is separated fromthe
undesi red enanti omer by wa xenzymati c hydrol ysis of

al kyl - 2- hydr oxy- 4- net hyl - uonnet hyl ) pentenoate i 9. A process
according to item8 in whig enzymatic hydrolysis is carried out
in a water solution. i1 ) saccording to itenms 8 or 9 in

whi ch the enzyne is selected from 15Lipase Cl , Lipase C2, Lipase A
Li pase AS I, Lipase AN, Lipas& PC, Lipase PF, Lipase B (CALB), Lipase
AH, Li2fpase AK, Lipase AYS, Lipase PS, Protease K, Protease N,

Pr ot ease P 1CR-101, ICR-102, 1CR-103, ICR- 104, ICR 1 05,

| CR-106, |CR- 1CR- 1 111, ICR-112,

LR 113, 1 QLR SRER, 202 T e it ingie | 'S 00 o o
19, ICR 120, | MM102, | MM 105 Esterase BSI, Esterase BS2, Esterase
BS3, Esterase PF2, Esterase PL Duranyl, Novozyrre 868, Novozyne 525L,
Novozynme 388, Neutrase 0, Liopoase Lipase from porcine pancreas Typ
I1, Esterase porcine liver, Lipase candida rugosa. - 16 - i | I. A
process according to at | east one of itens 1-10 in which the conpound
of fornmula IV has the follow ng substitution pattern: Zi




Z2 Z3 Xi X2 AO F B O F C O F D NH F E 0O F FS
FG NH d
WO 2008/128750 PCT/EP2008/003202

-12-

is reacted with 2-hydroxy-4-methyl-2-(trifluormethyl)pentenoate to yield a compound of

general formula Il

22—78

F.L OH

5
(1)
in which X', X2, x* 7zt ZZ, 7* have the above described meaning

10 and subsequently reduced 1o a compound of general formula
15

in which X', X, X3, Z', Z2, Z* have the above described meaning, which is then oxidized

to form the aldehyde of formula V

2 3
g F,C  OH

20

in which X', X, X?, Z', 7, Z* have the above described meaning



H NH a | S d .1 S CF3 KS CF3 L O CF3 M O
0 N

- CH3 0O 0-CH3 0 00
WO 2008/128750 PCT/EP2008/003202

-13-

which is then reacted with an aromatic amine of formula VI
HaN-Ar
(VD)

in which Ar is an aromatic group

5 to form an imine of formula V1]

22—37°

F,C_ OH

xZ
Vi
10 in which X', X?, X3, Z', 2, Z* and Ar have the above described meaning

which is subsequently reduced to form the compound according to formula VIII.

i2. A process for the manufacturing of a compound according 1o general formula |

ZZ 23

FsC  OH

15
(B
in which at least one of the groups X', X%, X? is selected from
20 fluoro, chloro, bromo, hydroxy, methoxy, ethoxy, trifluoromethyl, amino

whereas the other groups X', X, X have the meaning of a hydrogen atom,

and in which at least one of the groups Z', Z*, Z* is selected from
-0-, -S-, -NH-, -N(-CHj;)-,

whereas the other groups Z', Z2, Z* have the meaning of a —CHa- group



0-CH3 PO F QNH FR NH NH2 S NH NH2 T 0 Br il2.
A compound of fornmula I which has the follow ng substitution pattern:
ZI Z2 Z3 XWORposxEs8Bmanti oner a) O F PCT/EP2008/003202

-14 -

characterized in that a compound according to general formula 1V

ZZ _23

A

x! x?
5 b2
(IV)
in which X', X3, X, 2!, 22, Z* have the above described meaning
is reacted with 2-hydroxy-4-methyl-2-(trifluormethyl)pentenoate to yield a compound of
peneral formula 1l
10
2_ 3
£z F,C  OH
15 (D)
in which X', X3, X3, Z', 7%, Z* have the above described meaning
and subsequently reduced to a compound of general formula 1.
13. A process according to item | or 2 in which the reaction of the compound according to
formula 1V with 2-hydroxy-4-methyl-2-(trifluormethyl)pentenoic acid is carried out in a
20 polar solvent in the presence of AlCI;.
i4. A process according to item 1 or 2 in which the compound according to formula IV is
solved in a halogenated solvent, AlCl; is added and finally the 2-hydroxy-4-methyl-2-
(trifluormethyl)pentenoic acid is added to the stimred solution.
i5. A process according to item | or 2 in which the compound according to formula IV is
25 solved in dichloromethane, AlCl; is added at 0-5°C and the 2-hydroxy-4-methyl-2-

{trifluormethyl)pentenoic acid is added to the stirred solution and continued 1o stir for 4-

120 hours at room temperature.



0

F Rc) 0 FRd N F R e) 0O F ROS F
NH Cl RIi)

WQ 2008/128750 PCT/EP2008/003202

i6.

i8.

i9.

i10.

R b)

R - 17 -
5
10
15
20

-15.

A process according to item 5 in which approximately 1.5 Eq. of the compound
according to formula 1V is solved in dichloromethane, approximately 2 Eq.AICI; is added
al 0-5°C and approximately 1.0 Eq. of the 2-hydroxy-4-methyl-2-
(trifluormethyl)pentenoic acid is added to the stirred solution and continued to stir for 4 -

120 hours days at room temperature.

. A process according to item 1 or 2 in which the 2-hydroxy-4-methyl-2-

(trifluormethyl)pentenoic acid is used in enantiomerically pure form to yield

enantiomerically pure compound of formula 1.

A process according to item | or 2 in which the desired enantiomeric pure 2-hydroxy-4-
methyl-2-(trifluormethyl)pentenoic acid is separated from the undesired enantiomer by

way of enzymatic hydrolysis of alkyl-2-hydroxy-4-methyl-2-(trifluormethyl)pentenoate .

A process according to item 8 in which the enzymatic hydrolysis is carried out in a water

solution.

A process according to items 8 or 9 in which the enzyme is selected from:

Lipase C1, Lipase C2, Lipase A, Lipase AS1, Lipase AN, Lipase PC, Lipase PF, Lipase
B (CALB), Lipase AH, Lipase AK, Lipase AYS, Lipase PS, Protease K, Protease N,
Protease P

ICR-101, ICR-102, ICR-103, ICR-104, ICR-105, ICR-106, ICR-107, ICR-108, ICR-109,
ICR-110, ICR-111, ICR-112, ICR-113, ICR-114, ICR-115, ICR-116, ICR-117, ICR-118,
ICR-119, ICR-120, IMW-102, IMW-105

Esterase BS|, Esterase BS2, Esterase BS3, Esterase PF2, Esterase PL

Duramyl, Novozyme 868, Novozyme 525L, Novozyme 388, Neutrase 0, Liopoase

Lipase from porcine pancreas Typ 11, Esterase porcine liver, Lipase candida rugosa.



NH d Ri) S O Rj) S CF3 RK) S CF3 RI) O CF3 R
in) 0 0-CFI3 Rn) 0 0-CH3 R o)
WO 2008/128750 ’ PCT/EP2008/003202

-16-

111. A process according to al least one of items 1-10 in which the compound of formula IV

has the following substitution pattern:

A z° Z X! X* X’
A |0 F
B 0 F
C 0 F
D |NH F
E 0 F
F [S F
G NH Cl
H NH Ci
| S Cl
] S CF,
K |S CF;
L |O CF;
M 0 O-CHj;
N 5) O-CH;

e o) o) O-CH;

P JO F
Q |NH F
R NH NH;
S NH NH,
T O Br

il12. A compound of formula I which has the following substitution pattern:

z VA A X! X? X? Enantiomer
a) 9) F R
b) 0 F R
c) O F R
d) NH F R
e) 0 F R
f) S F R




PCT/EP2008/003202

00 0-CH3 Rp) O F /2 q9g) NH FRr) NH NH R s) NH
NH2 R t) 0 Br Ru) O F
WO 2008/128750
-17-

g) NH Ci R
h) NH Cl R
i} S Cl R
1 S CF; R
k) S CFs R
)] 0 CF; R
m) 0 O-CH; R
n) 0] O-CH; R
0) 0 0 O-CH: [R
p) 0 F R
q) NH F R
r) NH NH; R
8) NH NH; R
1) O Br R
u) O F S
v) 0O F S
w) 0 F hY
X) NH F S
Y) O F Ay
Z) S F S
aa) NH Cl S
bb) NH Cl S
cc) S Cl S
dd) S CF; S
ee) S CF; S
ff) 0 CF; S
£g) 0 O-CH; S
hh) o 0O-CH; S
i) O 0O O-CH: |S
i) 0 F S
kk) NH F S
i NH NH, S
mm) NH NH, S




Sv) O F Sw 0 FSx) NH F Sy) 0O F Sz) S F S
aa) NH C S bb) NH
WO 2008/128750 PCT/EP2008/003202
-18-
nn) 0] Br S
i13. A compound of item 12 characterized by an enantiomeric excess (ee) >80%.
114. A process for the manufacturing of a compound according to general formula VIII
2 3
&z F.C. OH M
5
(Vi1
in which at least one of the groups X', X2, X? is selected from
10 fluoro, chloro, bromo, hydroxy, methoxy, ethoxy, trifluoromethyl, amino
whereas the other groups X', X?, X* have the meaning of a hydrogen atom,
and in which at least one of the groups Z', 7%, 7% is selected from
-0-, -8-, -NH-, -N(-CH3)-,
whereas the other groups Z', Z2, Z* have the meaning of a —CH.- group and in which Ar
15 stands for an aromatic group,
characterized in that a compound according to general formula |
20

in which X', X2, X%, z', Zz, Z* have the above described meaning



d Scc) S d Sdd) S CF3 See) S CF3 Sff) 0 CF3
gg) 0 O0-CH3 Shh) O 0-CH3 S O
WO 2008/128750 PCT/EP2008/003202
-19-

is oxidized to form the aldehyde of formula V

22—7

in which X!, X2, X%, 2, 72, Z* have the above described meaning
which is then reacted with an aromatic amine of formula V1
HaN-Ar
10 (V1)

in which Ar is an aromatic group

to an imine of formula VI

2____ 23
1z F.C OH

15 Ar

(VI1)
in which X', X3, X?, 2', 7%, Z* and Ar have the above described nmeaning
which is subsequently reduced to form the compound according to formula VIII.

20 il5. A process according to item 14 in which the compound of general formula 1 is reacted

with SOs/pyridine complex to form the aldehyde of formula V.

S



0 O0-CHBSs.1.00 F S kk) NH FSI1I) NH NH S rran) NH
NH2 S WD 2008/ 128750PCT/ EP2008/ 003202 - 18 - nn)0Br 113. A conpound
of item 12WEOHAIBEEBP zed by an enantioneric excess (ee)PCBUBZI0SIDA202 A
process for the manufacturing of a comgaund according to general
formula VIIl 5 (VIT1) in which at |east one of the groups X, X2,
X3 is selected from 10fl uoro, chloro, brono, hydroxy, nethoxy,

et hoxy, t Hiéf Apecessecdopding wrtenol vihevheshshe dompotiitkeof ggnaval gemiila V X issyed
have t he nmeani pg:.qf.: : el £ ne t he
aroups 21 29 205 UigABHABIERAALET1PRReA A feheRlapy £ 3ahgr Mudil
wher eas t he atihigrmgroepseflixed K2 5-503 thaield théenineafifonguloViia - CH, - group
and in which Ar 15stands for an aromatic group,

117. A process according 1o item 15 or 16 in which the amine of formula V1 is selected from:

5 I-amino-2-methyl-benzene

1 -amino-4-methyl-benzene
2-amino-4-methylpyridine
2-amino-pyridine
2-amino-pyrimidine

10 3-amino-quinoline
4-amino-pyridine
4-amino-pyrimidine
5-amino-isoquinoline
5-amino- | -methyl-isoquinoline

15 5-amino-2,6-di-methylquinoline
5-amino-2-methyl-indole
5-amino-2-methyl-isoquinol-1(2H)-one
5-amino-2-methylquinoline
5-amino-6-chloro-2-methylquinoline

20 5-amino-6-fluoro-2-methylquinoline
5-amino-isoquinol-2(1H)-one
5-amino-quinoline
amino-benzene
N-(4-aminophenyl)-piperidine

25 Q8. A process according to item 17 in which the imine of formula VIl is reacted with sodium

borohydride in alcoholic solution to yield the compound according to formula VIIL

119. A process according to item 13 in which the compound of formula I is used in an

enantiomerically pure form to yield an enantiomerically pure compound of formula VIIL.



characterized in that a conpound according to general formula I in
which XlI, X2, X3, ZI, z2, z.3 have the above described neaning WO
2008/ 128759028308/ 003202 - 19 - is oxidized to for nPEHBP248A8B30de
of formula V (V) inwhich XI, X2, X@. Z1, Z2, Z3 have the above
descri bed neaning which is then reacted with an aromati c am ne of
formula VIL. H2ZN-Ar 10(VI) in which Ar is an aromatic group in which
X, X2, XExanipleg2, 73 and Ar have the above described nmeani ng which
i s subsequently reduced to formthe conpound according to formula
VITl. 20ii 5. A process according to item 14 in which the conmpound of
gener al f Ghaproeess steps desaibtdgbowe a findistrmgre debcrileddn thel fellowing &xamples hbich
al dehyde of fornu hta V... .-.20 G 1l 6. A)E)/rocess according to item15 in
whi ch t he 36’%8%’ O&Pmbg‘ﬁ@}vﬁ’l" T3P AN %X/ i s di ssol ved in acetic acid,
the amne of formula VI is added at roomtenperature, toluene is
added and1} Symthdsistofi ethyl-2-hydfoxy-dadethgk-2-Grifldofonicthy)pehttnddte i nmi ne of
formula VII. i17. A process according to item15 or 16 in which the
an ne bf Acuspehsonsf erseilhém&mw,@kmmzmlz ind0p nﬂ>TPIFnehéa;eld4dnmﬂnerﬂa)llmol
-am no- 4- am t 0 [

27 no- punToRer ARt GE PupeRT s A A BBt Spf Al ks Soifion
4- am no- pyfd,hi mmbetsylanﬂumep)smw amdIO;IrSencﬁaammmzlmmmhyﬁrepeeeqwmﬂll i ne

5 am no- 2 HECHY PERGAt e R afore e e AT b e

5- am no- 6I-rmtthr®ﬂ©s{i2r-ed”ﬁirh9 Ihqtnrs ﬂobbmeemperature The reaction mixture is poured on 90 ml

5 am R Bl HaRP AR N R A R A BEPeRPRE DR A

process aexac@d figr times il Imi of MITBE Radhh @ha mnnﬁmeﬁforéaﬁrcréuiraﬁ:ts\dré whshed

reacted w t ydride in al LC solution to yield.fhe
conpound g@%ﬁmqﬁgw% ﬁa%ﬁgrﬁ)’far mWﬁ“mT"‘fc[éte aﬂd FrisE g ed iR ¥agigi r?sb‘}lﬁefsem
13 i n whi déstiflérburdengeducadi peésufeo ethyi Bhydrox-4imethyl-D(teifluatmsthy Yyeatehead isy
pure font to é' el#0 nanti onerically pure conmpound of formula VIII.
WO 2008/ 13‘3% 8/ 003202 - 21 - Exanples The process steps
described above are furthernore described in the follow ng exanples
WhICh are not neant to limt the invention in any way. 1) Synthesis

cuspensi o) SHEAKYT AATRLAY C AV E CHROOTRAMAREIEIN P, & o
to refl UXE ?1 Q-ﬂtydf@;g' ﬁﬁﬁfh@ﬂ@é "ﬂﬁ%mé{hyl)fnen’tem)ﬂ@%%ed a3 s?aqgfgqnétéhali he. lg

boi l'i ng ure and after 30 m nutes sol ution of O,

et hyl - t ri (1|296ﬁ@q$§/)reehré@@y‘éfﬁw-é q@%r(t@%mﬁﬁw@pmmqequmlﬁﬁﬁ«psb-néomL

90 m  THFwher, Q{GQQPEQdﬁJE{eJ 0.0 Ak LddAin H}&Sﬂﬁéasomtﬁ)ﬂ'tﬂe Dhrtiol @ltiSred A &k
3 hours under reflux the mixture is stirred 19 hours at room

t enpef@t utegperpRie. ﬁesétfﬁhecﬁazm&@ﬂﬂvezw %ﬁ@h&seﬁdedr@t gomfpmp@atyfe. Fhe mixture is

sat ur at eds N @r @HulsGRAFOE ol Af t er vigorous stirring for 30
mnutes the mxture is extracted four tinmes with 110 mM of MIBE each.

The conbi MRS REARBbIGHERE ERACdRAINE iMRSHAR 108 fl) BMTHE. The mub&% phéleli€d
over nmagnesi unsul fate and concentrated in vacuo. The residue’is

dest i | | edaidified topdlylwith Hel salutignetreated with diatomaceous earth and MTBE and filtered.

eg g}yl 2I gmarl agfexaﬁasmﬁ]uﬂmﬁe& drldl ekirHREORRE Biled RRAMIEIRTRe bPafPpRHHRI 1 N
byie nt hesi s of

2- hyd?%xyc‘f&p?feteﬁw ryngst fo gotaimd Behs braymisheatia Tp erude 2-dydpry fi-methyl-2-

2- hydr oxyg ﬂﬂﬁﬂ?&gé‘thg%’eﬁ&ﬁdlé hi@isQaRli¥ed BERLPRDRRE The yHRECE RR2-H)dbh)-89
mat eri al nunol e)

2- hydroxym&thbl’efﬂ?ﬂ“@omﬁthb’*ﬁneutﬁﬁ@ﬁé‘élﬁ}ﬂWentenoate is enulsified in 60
m. water, the pHis adjusted to 8. 0 with sodi um hydroxi de sol ution,

t he sol ut Therepction eorditions haveig agapted to the individual enzyme by changing solvent, buffer,

pH, temperature, reaction time in order to achieve optimum results for the desired (R}~ or (5)-

30  2-hydroxy-4-methyl-2-(trifluoromethyl)pentenoic acid,



20 tenperature. 6 g of the enzynme (Novozyne 388) is added at room
tenperature. The m xture is stirred for 10 hours under GC control.
The aqueou¥OSIPIMBBA i s extracted two times with 100 miPGFERIPEEI03ZDRE
aqueous phase is acidified to pH 1 w tbHC1 solution, treated with
di at omaceous earth and MIBE and filtered. The aqueous is was

separated and extracted three times with MIBE. The organic phase is
25evapor aBkdynthesisrof AgS-dluorp-2,8tdiliydrorbenzpfiurapr7eyAh2-didensydemetiiple2-cr ude

2- hydr oxy i.fJ onet hyl ) pentenoic acid is crystallized
fromn- heﬁ‘?%ﬁg?%féﬁgﬂ"‘e‘fﬂrgk’%ﬁ“ ) - 2- hydr oxy- 4-

net hy1- 2- (t Lik; RENL SNQ):6 . ACd ] b On:

Cond! 1 oné. ik BEOTFY CRERE RSy @Gibtha Rt 21 ml SR GRRLALs

sol vent, bedlédtp 3°@Ho thssplotien Ui ool pbAH: i addedl peeriapedodieli3 Otnineteh iAdiee

optinmug r - fQornct '3 (R - or - T '
300 yar ou 4 Risp s B P EM SRt Ry Thpromsitygenepoic s s added
2008/ 1287 80pEist ER20081i008L2 0Be mixd@reis BijreGfmiahlesst 6§ hathder reflux conditions. After
4- (5-fluoro-2.3-dik 0-henzof uran- 7-y1) - 2- hydr - 4- & 2

(111 uor STEARSTBIREAERAR: HhRRL ipiafe o BT MU (o m and
5- f | uor o- Rtjrgeddbiat dhaer- Idenz dhe aqueeud phaglis axtradfed direhdiragsonied $1aml ofs cool ed

';n'onﬁtc éSTO ﬁl{}i{hllé?szet%ghjiﬂ% I%la:gﬂl %‘g:?rlﬁ %S?A%fcel\g?s gd\%l d%gteg\éz?n&rataed%gJillxrgg:hl%Iidg 0
2- hy dnoxy sdlutioai (byihe) and driddfdveronhspiesibyisulfae T waiventds evhpbiated dfésl vacuum.

dr opw se er 30 mnutes. The m.xture is stirred for at |least 6 .h
inder + of HHsProdirsmep hEivan e i plate. unchd S cofieoia it TRGH avenly
pour ed on paretfont the fecHbtailizetidnGnotinkcadsady. Tt tild cdpdfdund ha@belused Hirécts td or
at least 1 h@g{. tTrt1e aqueous phase is extracted three tinmes with Si
m of et hyPAEKSESPThe conbi ned organi ¢ phases are washed with

wat er, saturated sodium chloride 10 solution (brine) and dried over
magnesi unsul fate. The sol vent is evaporated under vacuum The product
may begcre | LI .2 . Litle compound is.
Vo1 ada |y Rt e s AR LA ANE cafBa bl nS: BRIRRHR b Bing g
The titl efownaddnd nay be used directly to start the next step. 15
The sane reaction deserfi bed above may be carried out with other
conmpounds accor di Qé toformula 1V 20(1V) wherein X, X2, X3, Z1, Z2,

Z3 have the neanin ding to the follow ng table: ZI Z2 7Z3 X1 X2
X3 AO F B O 0O FDNH F
x! %3
2
20 X (V)

wherein X', X2, X?, Z!, 22, Z? have the meaning according to the following table:

Z! z° z X' X* X’
A |0 F
B 0 F
C 0 F
D [NB F
E 0 F
F [S F
G . |NH Cl
H NH Cl
I 8 Cl




0O F FS FG NH d H NH d 1 S d W
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J S CF;
K (S CF;
L CF;
M 0O O-CH;,
N 0 O-CH;,
0 0 0 O-CH;,
P |0 F
Q |NH F
R NH NH;
S NH NH,
T O Br

10

15

4) Synthesis of [4-(5-flnoro-2,3-dihydrobenzo-furan-7-yl)-4-methyl-2-
(trifluoromethyl)pentane-1,2-diol]

A solution of 6,6 mol 4-(5-fluoro-2,3-dihydro-benzofuran-7-yl)-2-hydroxy-4-methyl-2-
(trifluoromethyl)pentanoic acid in 77 ml of THF is cooled to 4°C. 12 mmol of lithium
aluminiumhydride is added portionwise to the solution. The mixture is stirred at 4°C for 60
minutes, and stirred for 8-9 hours under reflux conditions. After complete reaction (TLC
control) the mixture is cooled to 4°C and treated with 1 ml of saturated NaHCOQ; soluticn. The
mixture is stirred for at least 2 hours whereupon the colour of the mixture turns from grey to
white. The precipitated aluminium salts are filtered off and washed with 10 ml of hot THF.
The solvent is evaporated under vacuum. The residue is purified by recrystallization from

dichloromethane and n-heptane. (yield 73,7%).

Using the compounds according to the table in example 3 further derivatives may be produced

in comparable yields.

Starting the reaction sequence with R- or S- 2-hydroxy-4-methyl-2-(trifluoromethyl)pentenoic
acid in combination with the compounds of general formula IV as described above the

following compounds according to formula I may be produced in enantiomerically pure form:

VA z z X' x: X’ enantiomer
a |0 F IR
b) ) F R
) o F R




MDO- CH3 NOO- CH3 0000- CH3 POF QNHF
RNHNH2 WO 20(%|>|1|;SN7|-5% PCT/EP2008/003202
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d) NH F R
) 0 F R
f) S F R
g) NH Cl R
h) NH Cl R
1) S Cl R
1) S CF; R
k) S CF; R
)] 0 CF; R
m) 0 O-CH,3 R
n) o O-CH; R
0) O 0 O-CH; |R
P) O F R
Q NH F R
) NH NH, R
5) NH NH, R
t) O Br R
u) o) F S
v) 0 F S
w) 0] F S
X) NH F S
Y) 0 F S
z) S F S
aa) NH Cl S
bb) NH Cl S
cc) S Cl S
dd) S CF; S
ee) S CF; S
ff) O CF; S
£g) 0 0-CH; S
hh) 0] O-CH; S
if) 0 O O-CH; |[S§
i |0 F S




TOBr 4) Synt hesi s of

14- (5-fluoro-2, 3-di hydrohenzo-furan-7-y1)-4-net hyl - 2-

(trifluor o240/ 288A¢t ane- 1, 2-diol | Z1 A solution of 6, GPEEEP2008/003202
4- (5-fl uoro-2, 3-di hydr o- benzof uran- 7- yiy.- 2- hydr oxy-4-nmet hyl -2- 5
(trifluoronethyl)pentanoic acid in 77 ml of THF is cooled to 4C. 12
nunol of ithiumalumniumydride is added portionwise to the
sol ution.|kohe [MBturp is stiirred ht 4C flor 60 f nutegs and stijrred
for 8-9 Hgurs[umder [@f ux [comdit rg%s. fter—cpnptetggreactton (TLC
control) [the mxturelis codled to and treatied with 1 m_of

sat ur at edmgHQO3 sol ution. |Nhe m kture i|NHstiryed fonSat |east| 2
hours wh ;“\ls)upm the—rotour—tef thermxtuie—turagsFrompgrey—te—30
white. The“pregcipitated al ymnium saltslare fi quered ff and washed
with 10 m of hot THF. The solvent 1Is evaporated under vacuum The
residue is purified by recrystallization from dichl oronethane and

n- heptane. (yield 73,7% . Using the conpounds according to the table
in exanple 3 further derivatives nmay be produced in conparable

yi el ds. 15FBynthdsiR@f /1 tifmold-0(S-AtoxeI )T ditwdidbeffzof@FanSt-yl)-4-methyl-2-{[(2-

2- hydr oxy- 4- hyl -2-(trifl.uaro h entenoic acid in conbi nation
Wi t% théywﬁ'gffég“%?gé@h’ﬁlg? Wegyﬁr*ﬂ%éaﬂﬁ' - elscri biad :ibove tlhe |

fol | ow d ' f la | d d i

bant! Sorh SARRYSH T aAae Hlior-2.5-cuguRbedo iR AR RSS! LT oer

b) OFR  (trifluorornetfifpentanal] M0 MDA &RGGAAPLIREED 20 @BE OQMAD2-mehdl-- d)
NH

quinoline at 25°C. 50 m! of toluene is added to the solution and refluxed under Dean-Stark
trap for at least 12 hours. After complete reaction (TLC control) the solvent is evaporated
under vacuum. Acetic acid is removed by aceotropic destillation with toluene. The

10 evaporation residue (Yield 88,7 %)is dissolved in alcohol and further processed.

The reaction may be carried out under similar conditions with the amines listed below with

comparable results:

1-amino-2-methyl-benzene
1-amino-4-methyl-benzene

15 2-amino-4-methylpyridine
2-amino-pyridine
2-amino-pyrimidine
3-amino-quinoline
4-amino-pyridine

20 4-amino-pyrimidine
5-amino-isoquinoline
5-amino-1-methyl-isoquinoline
5-amino-2,6-di-methylquinoline
S-amino-2-methyl-indole

25 5-amino-2-methyl-isoquinol-1(2H)-one
5-amino-2-methylquinoline
5-amino-6-chloro-2-methylquinoline
5-amino-6-fluoro-2-methylquinoline

5-amino-isoquinol-2(1H)-one



e)
RJ)

O F ROS FRB) N G Rh N O 12i) S d
S CF3 Rk) S
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5-amino-quinoline
amino-benzene

N-(4-aminophenyl)-piperidine

6) Synthesis of 1,1,1 trifluoro-4-(5-fluore-2,3-dihydrobenzofuran-7-yl)-4-methyl-2-{[(2-
methyl-5-quinolinyljmethyl}pentane-2-ol)

10 mmol 1,1,1 trifluoro-4-(5-fluoro-2,3-dihydrobenzofuran-7-yl)-4-methyl-2- {[(2-methyl-5-
quinoline-5-ylimino]methyl}pentane-2-ol) are dissolved in 255 ml of ethanol. To this solution
5 mmol of sodium bicarbonate is added. The mixture is stirred at 25 °C for 20 minutes.

34 mmol of sodium boronhydride are added to this solution during 10 minutes maintaining
the temperature at 0-10°C. The mixture is stirred for 6 hours and another 34 mmol portion of
sodium borohydride is added to the solution over 10 minutes maintaining the temperature at
25°C. Then the mixture is stirred at room temperature for 6 hours (TLC control). After
completion saturated sodium bicarbonate solution is added over 10 minutes keeping the
temperature at 25°C. The mixture is stirred for 60 minutes, and finally the solvent is
evaporated under vavaum. The residue is diluted with water and extracted two times with 150
ml of ethyl acetate each. The solvent is evaporated and the residue obtained is purified by

recrystallization from ethanotl (yield 71,2 %).

Using other amines in the reaction of example 5 (e.g. those listen in example 5) and using the
other compounds of formula I (e.g. those listed in the table in example 3) quite a number of

compounds of general formula VIII may be generated using the methods described herein.

According to the examples described above, it is possible to synthesize the compound
according to general formula VIII in 6 steps, whereas the prior art methods needed 13 steps.
The overall yield of the present 6 steps synthesis of compounds of general formula VIII is

14,3% whereas it is 8,7% using the prior art methods.

Moreover, the whole synthetic route can be carried out in enantiomerically pure form, i.e.
generating only the desired enantiomer of general formula VIIL This is possible in using
chiral 2-hydroxy-4-methyl-2-(trifluoromethyl)pentenoic acid.

It is important to understand that the total yield using chiral 2-hydroxy-4-methyl-2-

(trifluoromethyl)pentenoic acid remains approximately 14 % whereas it drops to less than 5 %



CF3 R 1) 0 CF3RmM O O0-CH3 Rn) 0O 0-CH3 Ro) 00

O-CH3 Rp) 0 F Rci) NH F R
WO 2008/128750 PCT/EP2008/003202
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according to prior art methods due to the necessary separation of the enantiomers of
compound VIIL

The reaction conditions according to the described steps are moreover suitable for production

at industrial scale. Excess compounds (e.g. compound IV) can be re-isolated and recycled.
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Claims:

1. A process comprising reducing a compound of formula 11

(an

in which at least one of the groups X', X%, X is fluoro, chloro, bromo, hydroxy, methoxy, ethoxy,

trifluoromethyl or amino and the other groups X', X X are hydrogen,

and in which at least one of the groups Z', Z?, 7’ is -O-, -S-, -NH-, or -N(-CH;)-, and the other groups Z',
72, 7} are a —CH,- group,

to obtain an enantiomerically pure compound according to formula I

M

in which at least one of the groups X!, X%, X2 is fluoro, chloro, bromo, hydroxy, methoxy, ethoxy,

trifluoromethyl or amino and the other groups X', X?, X? are hydrogen,



Sy) 0O F Sz) S FSaa) NH d S bb) NH Cl cc) S
d Sdd) S CFR3 See) S

-29.

and in which at least one of the groups Z', 7, Z* is -O-, -S-, -NH-, or -N(~CH,)-, and the other groups Z',
72, 7% are a —CH,- group,

wherein said compound of formula II is obtained by reacting a compound according to formula TV

ZZ - 23

A

(IV)
in which X', X? X3, 7!, 72, 7? have the above described meanings
with enantiomerically pure 2-hydroxy-4-methyl-2-(trifluormethyl)pentenoic acid .

2. A process according to claim 1 in which the reaction of the compound according to formula IV
with enantiomerically pure 2-hydroxy-4-methyl-2-(trifluormethyl)pentenoic acid is carried out in a polar

solvent in the presence of AICI3.

3. A process according to claim 2 in which the compound according to formula IV is disolved in a
halogenated solvent, AICl; is added and the enantiomerically pure 2-hydroxy-4-methyl-2-

{trifluormethyl)pentenoic acid is added to the stirred solution.

4. A process according to claim 3 in which the compound according to formula IV is disolved in
dichloromethane, AICl; is added at 0-5°C and the enantiomerically pure 2-hydroxy-4-methyl-2-
(trifluormethyl)pentencic acid is added to the stirred solution and stirring continues for 4-120 hours at

room temperature.

5. A process according to claim 4 in which approximately 1.5 Eq. of the compound according to
formula IV is disolved in dichloromethane, approximately 2 Eq.AICl; is added at 0-5°C and
approximately 1.0 Eq. of the enantiomerically pure 2-hydroxy-4-methyl-2-(trifluormethyl)pentenoic acid

is added to the stirred solution and stirring continues for 4-120 hours days at room temperature.



CF3 S ff) 0 CF3Sgg) O 0-CH3 Shh) 0 0-CH3 Sii) 00
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6. A process according to claim 1 in which the compound of formula IV has the following
substitution pattern:

A 7 VA X' X’ X
A |O F
B O F
C 0 F
D |NH F
E 0 F
F |S§ F
G NH Cl
H NH Cl
[ S Cl
I S CF;
K |S CF,
L |O CF;
M 0 0O-CH;
N 0] 0-CH;,
0 0 0 O-CH;
P |O F
Q |NH F
R NH NH,




NH NH2 S nm NH NH2 S nn) 0 Br S 5) Synthesis of

fluoro-4-(5-fluoro-2, 3-di hydrobenzof uran-7-yl)-4-net hyl-2-{1(2-
hyl - 5- qui nol i ne-5-yl i m nohnet hyl } pent ane-2-0l) 5To a sol ution of
3,84 g 4-(fluoro-2, 3-di hydrobenzo-furan-7-yl)-4-net hyl - 2-
(trifluoronethyppentanal] in 7 mM of acetic acid is added 2,28 g of
5- ami no- 2- net hyl qui nol i ne at 25C. 50-All-of toluene is added to the
solution and refluxed under Dean-Stark trap for at |east 12 hours.
After |Gonplete reaction (TL@Kontrol)) the sol\dht is gvaporated under
vacuum Afetic aci[d is renmoved by aceotropic /destillatjion with
t ol uerjg. [The I0evaporation [@sSidue (|Yield 88,7 %1s dijggol ved i|n
al cohql apd further processed. The rleaction may be carjri ed out |under
si m | ar—econdittons—wth—the—amnes—ttstedbelowwthconparabl€
results: 1-am no-2-nethyl-benzene 1- am no- 4- et hyl - benzene
152- am_no- 4- et hyl pyri di ne 2-am no- pyri di ne 2-am no-pyrimdine

3- ami né- qui AoPTOREs ACoearding t\Aqim| hdurttisn comprinep 9¥ifiging; i enantiomerically pure
5- am n@orhERARHNRe Bm@il No- 1- net hyl -i soqui nol i ne

5-am no- 2, 6-di - net hyl qui nol i ne 5-am no- 2- net hyl -i ndol e

255- am no- 2- ne} hyl ~i soqui nol- 1( 2H) - one 5- am no- 2- net hyl qui nol i ne

5- am no- 6- chl gro-—2 net hyl quimegl i ngy 5- ami no- 6-f | uor o- 2- et hyl qui nol i ne
5-anino-iso%g§nol- & WD 2008/ 128750PCT/ EP2008/ 003202 - 26 -
5-am no- qui I W » (4- i nophenyl) - pi peri di ne 56)
Synthesis of 1,39

trifluoro-4-(5-1 2, 3-di hydr obenzof uran-7-y1) - 4-met hyl- 2-{i ( 2-
met hyl - 5- qui noli et hyl } pent ane-2-01) 10 nmol 1,1,1
trifluoro-4xt 31°0- 2,°9¢3di hydr obenzof uran-7-y1) - 4- net hyl - 2- ([ ( 2- net
hyl - 5- qui nol i ne-54yl i m no] net hyl } pent ane-2-o0l) are dissolved in 255
m of ethanol. To khis solution

M

in which at least one of the groups X', X% X is fluoro, chloro, bromo, hydroxy, methoxy, ethoxy,
trifluoromethyl or amino and the other groups X', X%, X? are hydrogen, and in which at least one of the
groups z', 72, z is -0-, -S-, -NH-, or -N(-CH3)-,
and the other groups z', 7% 7* are —CH,-

to form the enantiomerically pure aldehyde of formula V

in which X', X%, X3, Z!, 7%, 7? have the above described meanings

which is then reacted with an aromatic amine of formula VI



5 nunol of sodium bicarbonate is added. The m xture is stirred at 25
C for 20 mnutes. 10 34 mmol of sodi um boronhydride are added to this
solution during 10 mnutes maintaining the tenperature at 0-10C. The
m xture is stirred for 6 hours and another 34 nunol portion of sodium
borohydride is added to the solution over 10 m nutes maintaining the
tenperature at 25C. Then the m xture is stirred at roomtenperature
for 6 hours (TLC control). After conpPétion saturated sodi um

bi carbonate solution is added over 10 m nutes keeping the

15t enperature atH26&r The mixture is stirred for 60 ninutes, and
finally the solvent is evaporated under vavuum The residue is
diluted with watgmyand extracted two times with 150 nl of ethyl
acetate each. The solvent is evaporated and the residue obtained is
purified by £eﬁrystalllzat|on fromethanol (yield 71,2 9%. Usi ng
ot her ani HEWhich ATHE} GRLHOHOBP exanpl es (e.g. those listen in
exanpl e 5) and using the 20 ot her conpounds of fornmula I (e.g. those

listed in hemtadRhfhtiomeB¥ANPh e hindBF tRmalanwiYber of conpounds of

general formula VIII may be generated using the nethods descri bed
herein. Accor@ding’to the ex@nplgs described above, it is possible to

synt hesi ze e conpouny Acéording to general formula VIII in 6 steps,
whereas the "pxi o H ®d 13 steps. 25 The overall yield
of the present i enpounds of general fornula VII
is 14, 3% wher eg is 8, 7%using the pilot art methods. Moreover,

the whole s hedie~teuyte can be carried out in enantionerically pure
form i.e. %enera i ng o%ly the desired enantioner of general formula
VITl. This is possible in using chiral

2- hydr oxy- 4- met W{MID2- (tri f | uor omet hyl ) pentenoic acid. 301t is

i nportant to understand that the total yield using chiral

2- hydr oxyifdwigt hy1l-2- (trifl uoronethyl)pentenoic acid renmains
approximately 14 % whereas it drops to less than 5 % WO

2008/ 128750 CT/EPZOO /003202 - 27 .5 .acgcordi t rior .art nethods

due to thé8' fate¥Earlyt Se%%ﬁpét%f or?g of< t' “8‘f?aﬁF5%B’rr3’P§“%th86’ﬁ¥;o’ﬁ‘ﬁ W |eih°x3”
The react kifluoparediyl dramoaad he dihageriups Khe d€'see iiederst eps are nor eover
suitable for production at industrial scale. Excess compounds (e.g.
compound |\ 6B fierhaobal of ARLLEEYEl et 228 o Qalmhiod Aon).
process conpri sing redUC|n a conp ot formul a || I'ch

| east one awt the prhergravppd’, X Z @(@—CEKB grawpf | uoro, chl oro, brom), hydr oxy,
met hoxy, et hoxy, trlfluoronethyl or am no and the other groups X,

X2, X3 argmpMngg@@Smﬁﬁ@n@Haﬁghgpg@ﬁaIeast one of the groups ZI, Z2,
Z3 is -0-, NH-, Y=, and the other groups ZI, ZZ Z3
are a - CH2- grou to obtal an enantlonerlcally pur e conpound
accor di ng "R fsgr ﬂl&ﬂﬁlyreduceqso form tifpaErpowid acersding gium¥k YiHe groups X,
X2, X3 is fluoro, chloro, bronmo, hydroxy, methoxy, ethoxy,
trlfluoronethylzpr agino and the otherEProups X, X2, X3 are
hydrogen, - 29 i gli;@at Pdast? one of the groups Z1, Z2, Z3
is -0-, -S, -h£+, s Ad thd other groups Zi, 72, Z3 are a
-CH2- group, whergj ai_d-conpaunthof AMbrula Il is obt ai ned by
reacting a conpou rding to formula I z2-z3 (1V) in which X,

X2, X3, Z1, Z2, Z3 have t he above described nmeanings with
enantlonerlcal1 ydeoxy-4-nmet hyl -2-(trifluormethyl)pentenoic
acid. 2. A process .ccordlng toclaiml1 in which the reaction of the
conpound according tgzfornula IV with enantionerically pure
2-hydroxy-4-neth*h—Z-(trifIuornethyl)pentenoic acid is carried out in
a polar solvent i Tt he presence of AICl3. 3. A process according to
claim2 in which the compound according to fornula IV is disolved in
a hal ogenat ed solvent, Al Cl3 is added and the enantionerically pure
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in which at least one of the groups X', X, X' is fluoro, chloro, bromo, hydroxy, methoxy, ethoxy,

trifluoromethyl or amino
and the other groups X', X%, X® are hiydrogen,

and in which at least one of the groups Z', Z°, Z° is -O-, -S-, -NH-, or -N(-CH3)-,
and the other groups Z', 7%, Z* are ~CH,- groups

and in which Ar stands for an aromatic group.

8. A process according to claim 7 in which the compound of formula I is reacted with SOs/pyridine

complex to form the aldehyde of formula V.

9. A process according to claim 7 in which the compound of formula V is dissolved in acetic acid,
the amine of formula VI is added at room temperature, toluene is added and the mixture is refluxed for 5-

50 h to yield the imine of formula VII.

10. A process according to claim 7 in which the amine of formula VI is:
1-amino-2-methyl-benzene
1-amino-4-methyl-benzene
2-amino-4-methylpyridine
2-amino-pyridine
2-amino-pyrimidine
3-amino-quinoline
4-amino-pyridine
4-amino-pyrimidine
5-amino-isoquinoline
5-amino-1-methyl-isoquinoline

5-amino-2,6-di-methylquinoline



11.
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5-amino-2-methyl-indole
5-amino-2-methyl-isoquinol-1{2H)-one
5-amino-2-methylquinoline
5-amino-6-chloro-2-methylquinoline
5-amino-6-fluoro-2-methylquinoline
S-amino-isoquinol-2(1H)-one
5-amino-quinoline

amino-benzene or
N-(4-aminophenyl}-piperidine

A process according to claim 9 in which the imine of formula VII is reacted with sodium

borohydride in alcoholic solution to yield the compound according to formula VIII,

12,

A process according to ¢laim 9, in which the amine of formula VI is:
1-amino-2-methyl-benzene

1-amino-4-methyl-benzene

2-amino-4-methylpyridine

2-amino-pyridine

2-amino-pyrimidine

3-amino-quinoline

4-amino-pyridine

4-amino-pyrimidine

5-amino-isoquinoline

5-amino-1-methyl-isoquinoline



F QNH FR NH NH -31 - NHNH2 OBr 7. A process according to
claim1 further conprising oxidizing said enantionerically pure
conpound according to fornmula | in which at | east one of the
groups X, X2, X3 is fluoro, chloro, bronmpo, hydroxy, methoxy, ethoxy,
trifluoronethyl or am no and the other groups X, X2, X3 are
hydrogen, and in which at |east one of the groups Z', 722, Z3 is -S-,
-NH, or and the other groups Z', 72:37?3 are -CH2- to formthe
enantionerically pure aldehyde of formula V in which X, X2, X3, Z,
Z2, Z3 have5ﬁH@“é£@0@nﬂ€§@PW%@@ meani ngs which is then reacted with

an aromatic amne of formula VI - 32 - H2NAr (VI) in which Ar is
an aromati c 5gmineR-tethflendnleen enanti onerically pure imne of formula
VI | z2-z3 | in which at | east one of the groups X, X2, X3 is

fluoro, chIgg@ﬁmpggggﬂ4g%gﬁgguggfgkhoxy, et hoxy, trifluoronethyl or
am no and the other groups X , X2, X3 are hydrogen, and in which at
| east one o%ﬂhg%__rgﬂgsméé 22, Z3is -0-, -5, -NHor -N(-CH3)-, and
t he ot her groups cH7 @ are -CH2- groups and in which Ar stands
for an aromatic group, which is subsequently reduced to formthe
conpound aceédffiotychigoLapsiifainglitg  -33 - in which at | east one of
the groups X, X2, X3 is fluoro, chloro, brono, hydroxy, nethoxy,

et hoxy, tri StamdroefrBtdng-R-nethylyeinolineand t he ot her groups X', X2, X3 are
hydrogen, and in which at |east one of the groups Z', Z2, Z3 is -0-,
-S-, -NH, gLpaidsddiRori(Meyo@r oups Z', Z2, Z3 are -CH2- groups and in
whi ch Ar stands for an aromatic group. 8. A process according to
claim7 in whiech .compound of fornmula | is reacted with
SOB/pyridingqﬁﬁﬂb gﬁhﬁ% formthe al dehyde of formula V. 9. A process
according to claim7 in which the conpound of formula V is dissol ved
in acetic alMdoeHEanine of formula VI is added at room tenperature,
toluene is added and the mxture is refluxed for 5- 50 h to yield the
imne of foerula VII. 10. A process according to claim7 in which
the amne of formula VI is: | -am no-2-nethyl-benzene

1- ami no- 4- mat-@emitpRehenN @ipdridife. no- 4- met hyl pyri di ne 2-ami no-pyri di ne

13. A process according to claim 1, wherein said enantiomerically pure 2-hydroxy-4-methyl-2-
(trifluormethyl)pentenoic acid is generated via enzymatic hydrolysis of a racemate of alkyl-2-hydroxy-4-

methyl-2-(triflnormethyl)pentenoate.

14. A process according to claim 13, in which the enzymatic hydrolysis is carried out in a water
solution.
15. A process according to  claim 13, in  which the enzyme Iis:

Candida cylindracea Lipase Cl, Candida cylindracea Lipase C2, Achromobacter sp Lipase A,
Alcaligenes sp Lipase AS1, Aspergillus niger Lipase AN, Penicillium cambertii Lipase PC, Pseudomonas
fluorescens Lipase PF, Candida antarctica Lipase B (CALB), Pseudomonas fluorescens Lipase AH,
Pseudomonas fluorescens Lipase AK, Candida rugosa Lipase AYS, Pseudomonas stufzeri Lipase PS,
Aspergiilus melleus Protease K, Bacillus subtilis Protease N, Aspergillus melleus Protease P, Aspergillus
sp. Lipase (ICR-101), Rhizopus sp. Lipase (ICR-102), Rhizopus oryzae Lipase (ICR-103), Penicillium sp.
I Lipase (ICR-104), Penicillium sp. 1l Lipase (ICR-105), Candida rugosa Lipase (ICR-106),
Pseudomonas cepacia Lipase (ICR-107), Pseudomonas sp. Lipase (ICR-108), Pseudomonas fluorescens



2-am no- pyri m di ne 3-am no- qui nol i ne 4-am no-pyridi ne

4- am no- pyri m di ne 5-am no-isoqui nol i ne 5-am no- 1-net hyl -i soqui nol i ne
5-am no- 2, 6-di - et hyl quinoline - 34 - 5-am no-2-nethyl-indole

5- am no- 2- net hyl -i soqui nol- 1( 2H) - one 5-am no- 2- net hyl qui nol i ne

5-ami no- 6- chl or o- 2- et hyl qui nol i ne 5-ani no- 6-f | uor o- 2- met hyl qui nol i ne
5-am no-i soqui nol-2(111)-one 5-am no- gginoline am no- benzene or

N-(4- anlnophenyl) plperldlne 11. A prdcéss according to claim9 in

whi ch the i % la VI| is reacted with sodi um borohydride in
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