WO 2008/ 128750PCT/ EP2008/ 003202 - 1 - Process for the manufacture of
non-steroi dal anti-inflammtory agents and i nternedi ates thereof This
appllcathwoqb@#ﬁghbhe priorities of earlier filed Eur 203l8Hh2
appl i cations El' 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 t he
groups X, X2, X3 gel ected from fluoro, chj Qri&.’ﬂ@
hydr oxy, rretl’h'ﬁﬁ‘}ss FRB& ymanyf FFW@MWW“’% Adtirin F'E%FQ"Y RgeRtsher

groups X1, X2, X3 have the n;@giggygégﬁﬁg¥§i$%%@£aton1 in which at

| east one one of the groups d 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, WO 03/082827, WD 03/082280, WD 2004/ 063163 and

WO 2006/ Oﬁﬁ%%ﬁahcaMM% thet %ﬁé&%&ﬁ&%&@m& P&n pReMiapicdidRg of the

corrplounds Eplo7 5 8 égléﬁui g’ ﬁ@’!’(ﬁi 9}’1' st éli wyﬁmﬁgas%lﬁ @R %enefits of
;ﬁ??ahlggﬁgﬁmPﬂ““ séa . 5 (k ohé a|n réactions and are not
Si8d e ey

2008/ 1287 bj ect of the Invention It is therefore
2T A LA |

t he objec o make avail abl e a novel process

characterized by a higher total yield achieved by the sane or | ower

nunber of Comepandanf esncrablogmpledlle for phar maceutical production. The

obj ect of the invention is achieved by the processes and

5i nt er medi at es descr ZbedzZher ei_n. qeeerq£ Degcription of the Invention

and preferred Enbod(nents An egsentiel /e en?nt of the synthetic route

descri bed herein i s 4 of o?neraINfornuIa I (I') 15in

whi ch at | east one of Y %3 Tspsel ected from fluoro,

chl oro, brono, hydroxy, ethoxy, trifluoromethyl, amno

2, X3 have the nmeaning of a hydrogen

atom and in whi chX&t | eagt onexof the groups ZI, Z2, Z3 is selected

from-0-, -S, -NH, -N(-[CH3)-, 20 whereas the ot her groups ZI, Z2,

Z3 have the neaning of a xCHZ- group. Mot her aspect of the invention

is a manufacturing nethgﬁ ﬁccording to which the conpounds of general

formula VIl can be pro W in an enantiomerically pure form

(enantionmeric excess ee " 80%. It is clear to the expert in the art

that the dowhiohadsasbbnetdithemroups XArX>, X7 & selesthdfiomsed as

phar maceu I n n form It is 25

t her ef or etdl (r&r%bajflom%%#r% c]%d}og%’a}netﬁ&r}r‘gh%}#&ge ulrﬂlﬁﬁjé)k}\rétoggge"% that is able to

produdsé t lnhewanthe atbesgrodpsgenkt, i’ hivor theinganifig df aitydegemitéraner i cal |y

pure form This object is also achieved by the present invention. The

starting GRbekh # SasPinddie £ oPOGRRS: ﬂeztrzﬂaes@]e@@a &b (2- hydroxy-4-

met hyl - 2- (trifl uoronet pent’enol ¢ aci may be used in the

descri bed 9ﬁo%e§§%34ﬂhﬁéﬁantlonerlcaIIy pure form subsequently
ieldin i 2n 0 e form The

y 9 Lferehd MBLHED &Hﬁiﬁmt 30, 271 7o tﬂeqlﬁg%ﬁlhgaﬂrycﬁ oRHD!

conpound 2-hydr oxy- 4- Iuorone penten ic acid may be

generatedaﬂyﬁgwgapgrggnggﬁmggéggg descri bed by M kam (Tetrahedron:
Asymmetry 15 (2004) 3885- 388 is al so possible to use racemc

al kyl 23- hyelr Rxfivéd Egeﬂoméﬂ-ﬁlgﬁnﬁtlﬁﬂérhlﬂﬁfuﬂrﬁﬁéﬂwt)g wgé/gmatxeoqm/jzb@ free

acid thereof and separ e enanti Onmers natlc ol ysi s.

5t is thémpafrle%%pﬂeazsa?, Wﬂé’3£98%%3é>an H—ﬁapé 80/? 0898).
process in which the deS|red enantlonerlcally pur e

2- hydr oxy Hewissernipe precessesifpr the mat ﬁﬁrvr)rﬁéml*@ﬁememaﬂﬁ af gegerabformule ¥ Pavsm

the undesigfd, RRAE bPRES, Bl W&%ﬁn Rfw GiBRY BBthi cvh.!sm > Fel b’ﬁeeﬁ:ﬂoﬁs’sdnﬂ Qre not
enantlonerlcall pure or enric (ee "80% 2-hydroxy-4-nethyl-2-
suitable for large scale productions.




(1) in which X1, X2, X3, Z1, Z2, Z3 have the above descri bed
meani ng. The reaction descri bed above is carried out in a organic
sol vent i nwbheospngsence of a |l ewi s 20aci d. Suitabl e solmant®orres82 J.
pol ar sol vents or hal ogenated sol vents, the preferred sol vents
i ncl ude di ckl oronet hane and di chl oroet hane. The lewi s acid may be
al um nium chl oride, BF3, HF, or phosphoric acid. In a preferred
enbodi menpbgdet 6ftfie eatibn on t he conpound according to formula IVis
solved in a hal ogenat ed solvent (e.g. CH2Cl2) Al Cl3 is added and
finally t s Belfodk O wbidetBE e YirbveRtiondb (riaké hvailalo FROVRY biopentiarategizartyth
;ibgg?ﬁgni’j%{’%{gﬁé%‘!ﬂé ;aaﬁevgg L-‘ILSI\ I %%h%ﬁl)]r 0\?%@%}41 gr or}%{egs &[u%ltx E‘.rs{li?a le for
2- hydr oxy pari&detiiéal ’p’meﬁd:ibﬁ.lmmgﬂatdfmm&lﬁ&ois@cmmh By U pectedsbeghdout
at 0-5C, the mxture is allowed to cone to roomtenperature and the
m xturé i §tepadiratecrtsdderein f or 4- 120 hours at roomtenperature. It
is furthernore preferred that 1,5 equival ents of the conmpound
accor di ng qeeemblgﬁﬁsrlatlwofa@léhu@éﬁ?n sndprsfeyEsddimbodiments and 1, 0
equi val ent of 2-hydroxy-4-nethy|-2- 5(trjfluoronethyl)pentenoic acid.
The T eact PO FlemeRr of isamtbdis e SERbeS Rt > frechmBhaier BFRer cal | y
pure 2- hygygwm14- nethyl-2-(trifluoronmethyl)pentenoic acid. The
enanti oneric pure 2-hydroxy-4-nethyl-2- (trifluoronethyl)pentenoic
acid nmay be synthesize £undé 5t Fjcc oad al ysis as descri bed by
M kam (see above) or § enzymatical ly
hydr olipzed. 10 The asy pbBHcarried out in water.
S | ower al cohols) may be
added to enhance sol ubili he substrate. The reaction m xture
may be buffered (phosgha I |.ar suitable buffers) to keep the
pH of the reaction mXture a constant |evel as requi red by the
i ndi vi dual enzyne. Quite & nunber of enzynmes are possible for the
enzymati ¢ hydrol ysis. These Tnclude the 15hydrol ases (EC3. hydrol ases)
of the subclasses EC3.1. (carboxylic esterhydrolasis in particular).
Such hydrol ases are comerci@®l |y avail abl e from various sources, e.g.
1. Alphamerics Limted, UK Loz Lipase O, Lipase C2, Lipase A
Li pasd>5 Asimwhith gideast g of fhegeyes BG X't Kpuselepsd fiompase 20B (CALB) 2.
ATENO  ENZ YiBro! dhoro, bIeHRG Ry loRR SRRy, dARISBAMSombhPRERInAYS, Li pase PS,
Prot ease K, Protease N, Erqtepsg P 3. BlogataléhEps | ncor por at ed.
USA pereasshe othergraups X'y XRX1 bave thaareaning, of prdrogs. alqmsR- 106,
| CR-107, ICR-108, |ICR25109, ICR-110, ICR- 111, ICR 112, |ICR 113,
| CR- 114, bfRniwiifich dt GRstbhbof thEhroddsz', FTR? kk8lecttdiRorh19, | CR- 120,
I M N—loz,géhqglgﬁg4. Julich Chiral Solutions, Germany Esterase BSI
Esterase 852" E TPLE 3, Esterase PF2, Esterase PL 5. NovoNordi sk
/' NovQey mvhéenhastkr oips ZAM] Z° oy Mz yiieeniBH 81 a MHo zyoap. 525L, Novozyne
388, Neutrase 0, Liopoase WD 2008/128750PCT/EP2008/ 003202 6. Sigma
Ger many Li pas om porci.ne pancreas T ] St eras orci ne
Cver Li A2ete BRAT oS Ry BRieR rmRARELFRE ity abeoreiiy 8GO
further enaypmsds dfaenerayfomoid EllEcanibe pedineedrie srbrtantiGildriealnpyerforinc

hydr ol i is. ried t foll : i | k
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oaction bl TRasa The TR o R Lt B TS ove (o
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an advant agequs feature of the proce accordi to the inyentio
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30  pure form.
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The compound 2-hydroxy-4-methyl-2-(trifluoromethyl)pentenoic acid may be generated
according to the method described by Mikami (Tetrahedron: Asymmetry 15 (2004) 3885-
3889). It is also possible to use racemic alkyl 2-hydroxy-4-methyl-2-(trifltuoromethyl)-

pentenoate or the free acid thereof and separate the enantiomers by enzymatic hydrolysis.

It is therefore an object of the present invention to provide a process in which the desired
enantiomerically pure 2-hydroxy-4-methyl-2-(trifluormethyl)pentenoic acid is separated from

the undesired enantiomer by way of enzymatic hydrolysis.

Using enantiomerically pure or enriched (ee »80%) 2-hydroxy-4-methyl-2-
(trifluvormethyl)pentenoic acid as the starting materials results in an enantiomerically pure
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.

The general method for the production of the compounds of general formula VIII 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.



S CF3

Rk) S O3 R1) 0 CF3RmM O 0-CH3 R 0
0-CH3 Ro) 00 O-CH3Rp) O F Rgqg) N FRO NH
WO 2008/128750 PCT/EP2008/003202

10

15

20

25

-4-

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

xZ
Iv)

in which X', X2, X?, Z', Z%, 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
o}
(2-hydroxy-4-methyl-2-(trifluoromethyl)pentenoic acid)

to yield a compound of general formula II

22 23

FsC OH

(I
in which X!, X2, X3, Z!, 22, Z® 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 chloride, 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. CH,Cl,) AICl; 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 AICl; and the 2-hydroxy-4-methyl-2-(trifluoromethyl)pentenoic
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acid is 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 AICl; and 1,0 equivalent of 2-hydroxy-4-methyl-2-

(trifluoromethyl)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
solvenis(e.g. DMSOQ, 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.  Alphamerics 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
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6. Sigma, Germany
Lipase from porcine pancreas Typ II, 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;-Cs 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-
(trifluvoromethyl)pentenoate bis reacted with a compound of formula I'V yielding an alkyl ester

of compound II.

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 [V with 2-hydroxy-4-
methyl-2-(triflucromethyl)pentencic 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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mm) NH NH2 S nn) 0 Br S Enantionerically pure in the context
of this inwerhisngmeans an enantioneric excess (ee) > G%emboshasoet O
be understood that according to the pregsent invention it is possible
to synthesi ze conmpounds of ee >90% ee> 95% ee> 97% and even ee>
99% WD 2008/ 128750PCT/ EP2008/ 003202 The conpound of general fornula
| i's thenTaxyshporald bzchéraolrda alntle ity deiuedd tg eitaied bohpiuil bAgeMedan Whi ch
X1, X2, % Z} Z2, Z3 have the neani ng described above. The

oxi dat i on %ﬁ?a e carried out by S03/pyridin conplex or with

oxal yl chl ori de/ DMSO @§meEAOX|dat|on) The expert in the art is aware
of other possibilitifes to oxysl eF cohol 10 of fornula Ito the
al dehyd of fornula 3 Th ‘ genggal formula V is then
reacted with an aromaty ‘ at” formula VI H2ZN-Ar (VI) 15
in which Ar is an aronp group. The conpound according to general
formula VI may be any -a c anlne. Preferred enbodi nents of the
conpounds  of gener & forn X*are selected fromthe following I|ist:
1- am no- 2- net hyl - benzene [1- am no- 4- net hyl - benzene

202- ami no- 4- net hyl pyri di f€ 2-am no- pyri di ne

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

10 Enantiomencally 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! z z x! X* X3 enantiomer
a) 0 F R
b) O F R
c) o F R
d) NH F R
e) 0 F R
f) S F R
g NH Cl R
h) NH Cl R
i) S Cl R
i)} S CF, R
k) S CF; R
)] 0 CF; R
m) o O-CH, R
n) O O-CH; R
o) O 0 O-CH3 [R
p) 0 F R
q) NH F R
r) NH NH, R
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1S reacted with

la |l . which XI, X2, .X3, ZI.. 72, .73
el et grording i SUSRRBIHPIOh f Breil Vi iine

compound Qbmpwings &t ee>0NA, @et 95%, deh IMAiatd evén,eeXB9%X3, ZI, Z2, Z3 have

t he above descri bed neani ng,
al dehyde of fornmula V
above descri bed neani ng
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which is then oxidized to formthe

in which X, X2, X3, ZI, Z2, Z3 have the



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
VIT 10i n wi@eéssise X2, X3, Z1, Z2, Z3 and Ar have the @bomeoos/n03202
descri bed neani ng which is subsequent I_)j_reduced to formthe conpound
according to formula VIIl1. i2. A proceSs for the manufacturing of a
conpound according to general formula | (I') in which at | east one
of the groups X, X2, X3 is selected from 20fl uoro, chloro, brono,
hydr oxy, Ted demppunddfipengral fomidld Lie ehenekidited t@fori chevdidehedsoftgbseralt her
groups Xi X2], 3 have the nmeaning of a hydrogen atom and in which
at |east BWEYBf the geoups 71, 72, Z3 is selected from-0-, -S,
-NH, -N(-CH3) -, vmv\geas t he Qt erCgrBlips Z1, Z2, Z3 have the neaning
of a -CH, - group 7 EP2008/ 003202 - 14 -
characterized in that g ¥ng to general fornula IV
z2-z3 (1V) in which Xi Z2, Z3 have the above descri bed
meani ng is reacted ,\én ' \
2- hydroxy- 4- met hyl -2~ (trifl uonfet hyl ) pentenoate to yield a conpound
of general formula II N whi CL\, I, X2, X3, Z, Z2, Z3 have the
above descri bed nmeani ng and subs q)t>J<entIy reduced to a compound of
general formul.ayl 42 1 3 rocess_accor di iteml or 2 in which
t he react fno“r%%}f Xt’ a(e’ }((:O%ﬁozﬁ’rl%j hggegt?ﬂl?g}e%m% gcs?%e%F%Je] V with

2- hydr oxy~é- = 2= i f. . j o ! i in a
20pol ar so ?/gﬁéa@%lr]\mt%ﬁég %ﬁa‘éﬁ%ggﬁ%@?%ﬁ?@‘%ﬁo%@@@%@?or I n% to
item 1 or (Swarmoxiftioh). The expertpothadrt dcayaraefrogher poskibilitias & dxydizesths alcoted
in a | o Vv i.s; added and finally the

2- hyd?@xygﬁf&ﬁse@%/%%ﬁﬁ?%hﬁlﬁﬁgﬂ)"ﬁﬁlgﬁlhyl )pentenoic acid is added to the
stirred s ' ' i I i n

ani ch the T aotadde ot penertJomfPUIBEFIALERL MybRatd Bt oflienta

di chl or onfmmak&’ Al C13 is added at 0-5C and the 2-hydroxy-4-nethyl-2-
(trifluornmethyppentenoic acid is added to the stirred solution and
continued to stir HeN-4 120 hours at roomtenperature. - 15 - i6. A
process according to item5 in which approximtely 1.5 Eq. of the
conmpound accordi ng(YB formula IV is solved in dichloronethane,
approximately 2 Eq. AlIC13 .is added at 0-5C and approximately 1.0 Eq.

of thé>2- H&‘H‘%Q&?ﬂg-ﬁﬁé‘i"ﬁ&?&“? g0UP+ rj f | uonnet hyl ) pentenoic acid i s added

to the stiyred soluytion.and continue o stir for 4.- 512 urs days
2t 1 oom t SHbSTIREpLASHnEIE L LEREE VIS s et S 4G Bl o
t he 2- hydeakydifiemedfhlyel eadnpofihdsi of lgerenal édrinytla) eind ivoted fimai tHe fdlowigdisi: n
enantioinerically pure formto yield enantionerically pure conpound
of formul a |.l-amBo-2Anghpldessenaccording to item 1 or 2 in which the
desired enantj oner.i,c r - hydr oxy- 4-

10net hyl -2-(tfr'| nﬁgﬁrﬁgthﬁlie/\bﬁéze% enoic acid is separated fromthe
undeskfed enahtmmoerméyylpaydiod enzymati c hydrol ysis of

al kyl - 2- hydr %g‘iﬁbﬁetﬁ%l -2-(trifluonnethyl)pentenoate . 19. A process
according to Ttem ENNWhich the enzymati c hydrolysis is carried out
in a water sal-ahinospyritbidne A process according to itenms 8 or 9 in

whi ch the enzyne.is sel.ect ed from 15Li pase O, Lipase C2, Lipase A,
Li pase AS1, LiPa%& %NS pase PC, Lipase PF, Lipase B (CALK Lipase
AH, Li pase AK4-ahinpayadiA¥S, Li pase PS, Protease K, Protease N,

Prot egse P 1CR-101,. | CR-102, 1CR-103, ICR104, |ICR-105, |ICR- 106,
1CR- 167, | CR-IBBMOPEPIBY | cr-110, ICR1 | |, ICR 112, |CR 113,

| CR-1 14, | CR-dshimo-idogidndllie | CR- 117, I CR-1 18, 201CR-119, |ICR-120,

| MV 102, 1MM105. Esterase BSIl, ..Esterase BS2, Esterase BS3, Esterase
PF2, Esterase BEOBUFAHHYI98I890%e 868, Novozyme 525L, Novozyme 388,
Neutrase 0, Lj-apmaeep-diipaifdqhingmepor ci ne pancreas Typ 11, Esterase

porcine liver, Ljpase candida rugosa. - 16 - it |I. A process
5-amino-2-methyl-indole

30 5-amino-2-methyl-isoquineol-1(2H)-one
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cC 0 FDNH F E O F FS FG NH d H NH
S d .1 S CF3 KS

WO 2008/128750 PCT/EP2008/003202
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5-amino-2-methylquinoline
5-amino-6-chloro-2-methylquinoline
5-amino-6-fluoro-2-methylquinoline
5-amino-isoquinol-2(1H)-one
5-amino-quinoline

amino-benzene

N-{4-aminophenyl)-piperidine.

The generated imine of formula VII

22 _23

F,C  OH

(VID)

in which X], X", x3, 7! 7%, Z? and Ar have the meaning described above
is subsequently reduced in order to yield the compound according to general formula VIII.
The reaction may be carried out by sodium borohydride in alcoholic solution (or in THF), it

may also be carried out by Ha/Ni.

A key advantage of the present invention compared to state of the art synthesis is that it
avoids the purification of an alky! ester of compound II. Such alkyl ester of compound I
(which is the product of the reaction of alkyl 2-hydroxy-4-methyl-2-(trifluoromethyl)-
pentenoate with a compound of formula IV) needs to be separated from the starting
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
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

or can easily be identified by the expert in the art without any need to be inventive.
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The following items (i1-119) are therefore objects of the invention:

il A process for the manufacturing of a compound according to general formula VIl

(VIID)

in which at least one of the groups X' X2 X% is selected from
fluoro, chloro, brome, hydroxy, methoxy, ethoxy, trifluoromethyl, amino

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

and in which at least one of the groups Zl, 7%, 7% is selected from
_O_: _S_! "NH_: -N(-CH3)':
whereas the other groups Z', Z*, Z* have the meaning of a -CHa- group and in which Ar

stands for an aromatic group,

15 characterized in that a compound according to general formula 1V

ZZ ZB

A

X! x?

X2
20 (1v)

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



112. A conpound of formula | which has the follow ng substitution
pattern: Zi Z2 Z3 XI X2 X3 Enant Heener a) O F R b) 0 F R

g 0  YwoRoskli2sAl F Re) 0O F Rf) S F #R1/EP2808/003280

c)
NH .

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

general formula 11

zz . Z3

F,C OH

5
(1)
in which X', X3, Xa, A Zz, Z* have the above described meaning
10 and subsequently reduced to a compound of general formula |
15
in which X', X2, X3, 2!, 72, Z* have the above described meaning, which is then oxidized
to form the aldehyde of formula V
20

in which Xl, X2, X, 2!, 73, Z* have the above described meaning



Rh) N O Ri) S O R:1) S CF3 Rk S CF3 1?21 0
CF3RmM O O-CH3 Rn) O 0-CH3 Ro) 00 O0-CH R
WO 2008/128750 PCT/EP2008/003202

-13-

which is then reacted with an aromatic amine of formula VI
HyN-Ar
(V)

in which Ar is an aromatic group

5 1o form an imine of formula V1]

Z2——7

F,C OH

x2
(VD)
10 in which X', X*, X3, 2', 72, Z* and Ar have the above described meaning

which is subsequently reduced to form the compound according 1o formula VIII.

i2. A process for the manufacturing of a compound according to general formula I

2___ 3
gz F,C OH
15
(0
in which at least one of the groups X'. X2, X? is selected from
20 fluoro, chloro, bromo, hydroxy, methoxy, ethoxy, trifluoromethyl, amino

whereas the other groups X', X2, X* have the meaning of a hydrogen atom.

and in which at least one of the groups Z', Z*, Z* is selected from
-O-, -5-, -NH-, -N(-CHj)-,

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



p) 0 F Rq) NH FRr) NH N2 Rs) NH N2 RO 0 Br
Ruy 0O F Sv) 0 F Sw 0 FSx) N
WO 2008/128750 PCT/EP2008/003202

-14-

characterized in that a compound according to general formula 1V

x} X3
xz

(V)
in which X', X%, X%, Z', 2%, Z’ have the above described meaning

is reacted with 2-hydroxy-4-methyl-2-(trifluormethyl)pentenoate to yield a compound of
general formula 1]

10
2?—7

F,C OH

15 (11}
in which X', X2, X3, Z', 7%, Z* have the above described meaning
and subsequently reduced to a compound of general formula I.

i3. 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 AlICI;.

i4. A process according to item I or 2 m which the compound according to formula IV is
solved in a halogenated solvent, AlICl; is added and finally the 2-hydroxy-4-methyl-2-

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

i5. A process according to item | or 2 in which the compound according to formula IV is
25 solved in dichloromethane, AIC!; is added at (-5°C and the 2-hydroxy-4-methyl-2-
(rifluormethyi)pentenoic acid is added to the stirred solution and continued to stir for 4-

120 hours at room lemperature,
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A process according to item 5 in which approximately 1.5 Eq. of the compound
according to formula IV is solved in dichloromethane, approximately 2 Eq.AIC]; is added
at 0-5°C and approximaiely 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 I.

. 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 BS1, Esterase BS2, Esterase BS3, Esterase PF2, Esterase PL

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

>

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



CF3 Sg/g) O O-CH3 Shh) 0 O0-CH3 Sii) 00 O0-CH3SipOo
F S kk) NH FSII) NH N2 S'rimj NH N4 S WO

2008/ 12875QBGHshaZ2@p8/ 003202 -- 18 - nn)O0Br i13. A conpasidebosioh£m 12
characterized by an enantioneric excess (ee) >80% 114. A process for

t he manufacturing of a conmpound accordfﬁn'g to general formula VIII

il1. A process according to at least one of items 1-10 in which the compound of formula 1V

has the following substitution pattem:

A Z 7’ 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 Cl
I S Cl
] S CF,
K [S CF;3
L |O CF3
M ) O-CH;
N 8] O-CH;

‘|o 0 8) O-CH;

P [O F
Q [NH F
R NH NH,
S NH NH,
T O Br

112. A compound of formula I which has the following substitution pattermn:

A z; z X! X* x? Enantiemer
a) 0 F R
b) 0 F R
c) 8 F R
d) NH F R
e) 0 F R
f) S F R




5  (VII)

in which at
sel ected from 10f| uoro,
trifl uor ongohyes/1293 N0 wWhereas the other groups X,
meani ng of a hydrogen atom and in mh[ﬁ

chl

oro,

Z1, Z2, Z3 is selected from-0-,

whereas the other groups Z,

-S-,

UNH-

| east one of the groups X,
brono, hydroxy,

met hoxy,

X2, X3 is
et hoxy,
X2, pOTPEIB0R03202

h at | east one of the groups
-N(-CHh) -,
Z2, Z3 have the nmeaning of a -CH2- group

and in WL,fh Ar 15stpag@s T or an aigmati ¢ group, charagterized]in that
a conpound_acqgording!to gemeral fiormilall iln which XI X2 [X3, 72,
Z3 have t|lhk ahove depcri begNheanijng - 18- i9 oxidif®d to fofmthe
al dehyde [gf—fgrnotr=a—v (‘W’fg T W ch—Xi X2/}, ZiTp 22, Z3 have the
above deqcCri bed neanj ng whiich is then re¢acted wth anh aromati¢ am ne
of formull@ VI [H2ZN-Ar|SLO(VI)Y in whi@h Arijis an |aromati® group o an
i m ne of ‘?Fﬂl'a‘Vll 72—73+F3¢ x2— At which ﬁ?’ x2—X3, Zi,
Z2, 73 arh Ar ﬁave t he above desc|i bed ghing whi ch|(Ts subsequent|y
reduced t/p forlmthe fonpound accofding o fornmgra VI [£. 20i15] A
process geccording tolitem 14 in which the congound-ol_general{formula
| is readt™®d ith Soé?pyridine coﬁ%F@k o formthe a @ehyde of]
formula Yy - [20 - II6. A PHOCESS| accordbqeyfg 1tem [p in whigh the
conpound n% ganer al ormila V is dissolved jn laceticlacid the am ne
of fornul|@ VI |is addEd at n®om tepperatlre, toluEHe (8 added 4nd the
m xture ifgyTefigxedfor 530 tojyretdjghe inirme of jpormuia Vi | .
I1?. A prlocesd according to item[5 or 16 in which the anine of
formula VYh)is |38l ected from 51-ap no-24net hyl{fhenzep#
1- am no- }m:t f yI —benggne—2ranno=-Hsret h)l )AL —eie—2= 1R|i o=yt itdi ne
2-aMrKrp%ﬁrﬁdineJ_ - ani no- qui npl'ine 4- ani ng- pyri dine
4- am no- pyr i mi{di ne 5 am no-{Nsloqui nol i ne |[BHam no- | - metAyl -i soqui nol i ne
155-aninc02,6 t—rethyaufhaH-nre—p—afno 2vnEt§%I Hgpte
5-anino-2-netky|-isoquinol-?(ZH)-one 5- am no- 2- et hyl'qui nol i ne
5- am no- §urhl Qi0o- 2- et hyl qui nol | ngF hY
205- ar ni ne—6—fuero—R+nethytaunpHreS—amAra—+segtpet—2(3H) - one
5-am no- qil nolli ne an 0- benzene N-(4-aniﬁophe yI)-pij%ridine 251 18. A
process gegording tojirtem 1@ in which the imn& of fegnmula VI is
react ed with-sodiumborohydride ilra!cchc!ic sioluti-ohte—yteld the
conmpound ébcoréﬁ%g tp formyla VII|". i19] A process a:%ording tto item
13 in whijgh thHe conppund offoformufa 1 1gFused [in an ¢nantionerically
pure formto\ield ap-enanttionerically pure conpoundltof formilia VIII.
WO 2008/ 128750PCT/ EPR00S/ 003202 -| 21 - Exanpl €8 The ptocess stleps
descri bedagbove are fuwthernnore dggcribed 1n tjhe ol [ow ng exanpl es
whi ch ar not neant olimlt the jnventilon in any way 1) Synt hesi s
of et hyl 4{®®hydr oxy- 4} met hyl|NBL (trj f1 uor ¢fkt hyl |) pent efidat e

cc) S Ci S

dd) S CF; S

ee) S CF; )

ff) 0 CF; S

ge) 0 O-CH; S

hh) 0 O-CH; S

i) O O O-CH: |S§

i) O F AY

kk) |NH F S

1) NH NH; S

nmm) NH NH,; S




5 A suspension of 0,27 nol Mr and 0,01 nol zZnCl2 in 105 m THF is
heated to reflux. 0,01 nol 3-brono-2-nethyl- 1-propene is added to

t he boi |l i ngormoesiasmoand after 30 m nutes a sol ution of ¥G1IEP200803202
ethyl -trifluoropyruvate and 0,18 nmol 2;brono-2-net hyl - 1-propene in 90
m THF is dropped to the reaction mxture within 2,5 hours. After 3
hours under reflux the mxture is stirred for 19 hours at room

t enper at yrg) e reaftion foxture|1s polyred onfEB0 n {40 of a
saturated-NH4Cl—and lce midture After Vigorods stirting for 30
mnutes the mxture is extracted four times with 110 mM of MIBE each.
The conbi ned organic extracts are washed with 30 m of brine, dried

over magn@si Wismbbalder and 12 eneaidizad Bfar dhaMReiedic eldess £@Sig0UL 1S
destilled under reduced pressure.

?EJ,(%/ lyi (23I QYIﬁggx%cg%%IH {g]ialiuféc}ngr”glo']lgrcgnqggqugcl:c%e n&getg%gtge?alIfgrm%li)at\allllned 'n
2-hydroxy-4-nethy|-Z-Qtrifluoronethyl)pentenoic aci d Et hyl

2- hydr oxy- 4- met hyl - 2-Zt++%| uor orme pxl)ggptamoate is used as starting
material. 27.1g (1204muol @) eth

2- hydr gxy- 4- met hyl - Z-X{ r LAY

nm. water, the pHis adj
the solution is stirred
(Novozyne 388) is added~a 06
for 10 hours under & conflrol .
times with 100 nL of MIBE.|,The aqueous phase is acidified to pH 1
with HCl solution, treated with di at omaceous earth and MIBE and
filtered. The aqueous is masgi?Parated and extracted three tinmes with
MIBE. The organi c phase is 3 baporated to dryness to obtain a |ight
browni sh solid. The crude 2-hydroxy-4-nethyl-2-

(trifl uor oneinhwhiyhps heastreok of the gepupsX 6 P .sX b bdleetd ffamom n- hept ane. The
yield,q9f (R)pyR:hy - 4- yl- 25 i.fl vor i .enoic acid is
5506 10 The P%"ég’t%’g&%b‘ﬁ’é’r iy %ﬁ’yéi H‘%G’g’;‘{’éfhgg’gé‘?@@é&%’ﬁgﬁ'ﬁﬂi vi dual
enzyne by chahgrasdhsahergrmups BUPFeX: haygithetnesapiog af aihwirogepatoni.on tine in
order to achieve optimumresults for the desired (R )- or

(S) 302- hydr oaamf}wmQvﬁaﬁéﬁéémi‘@gsm'Mp.@aetsa&@édm@@I d WO

2008/ 128750PCT/ EP2008/ 003202 - 22 - 3) Synthesis of

4- (5-f | uor o- £-3=50i-Wr-d¢h¥of ur an- 7- y1) - 2- hydr oxy- 4- et hyl - 2-
(trifluoronel, PRI ARQIgFoups U 7A 2 Ghil th®@MeMingb@ LAM! group and in which Ar
5-fluoro- 2, 3-di hydro-benzoturane in 21 ml of dichloronethan is cool ed
to 3CI5To t h#landsSrapP@Mae g 8Bl of Al C13 is added over a period of 30
m nutes. After 5this addition 0,05 nol of

2- hydr oxy- 4- cmatdayelizedt-if tial § bampoan® hdryidinpaogeral omalad | s added
dropwi se over 30 m nutes. The m xture is stirred for at least 6 h
under reflux conditigns. After conplete reaction the solution is
poured on a m xtfire &f ice ( Q351)cﬁnd IMHC (10 m) and stirred for
at least 1 hour( The |aqueo phase/is extracted three tines with 51
m of ethyl acetate. FK i ned8rganieH phases are washed with

wat er, saturated g ) olution (brine) and dried over
magnesi unsul f at e. i s evaporated under vacuum The product
may be recrystql 2 rom - heptane. As the title conpound is

yielded in highl'y pure formtthe recrystallization is not necessary.
The tPPle conpound éé be used directly to start the next step. 15
The sane reaction descri bed above may be carried out with ot her
conpounds according to fiprmula 1V 20(1V) wherein X1, X2, X3, Z1, Z2,
Z3 have the neaning according to the followng table: Z1 Z2 Z3 Xi X2

X3 AD F ianhitgl X', l)__(z, )9 . Z',%z, z* 'ﬁaxl;(): lhltla_l aboveF desm!T:bed 11(1)eanilr:1g F

hydr oxi de sol uti on,
6 g of the enzyne
fenperature. The mxture is stirred
*he aqueous solution is extracted two




S FG NH C H N a | S d wW
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is oxidized to form the aldehyde of formula V

CF3 L O
PCT/EP2008/003202

5
V)
in which X', Xz, X3, Z', Zz, Z* have the above described meaning
which is then reacted with an aromatic amine of formula V]
HaN-Ar
10 (V1)
in which Ar is an aromatic group
to an imine of formula VII
Z2_ 53
F— FsC  OH
¢ N
7~ \Ar
15
X1 x3
x2
(ViID)
in which X', x: X}z 73 Z* and Ar have the above described neaning
which is subsequently reduced to form the compound according to formula VIII.
20 il15. A process according to item 14 in which the compound of general formula 1 is reacted

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



00 0-CH3 PO F QNH R NH NH2 S NH N2 T O Br
4) Synthesis of [4-(5-fluoro-2,3-di hydrobenzo-furan-7-yl)-4-nethyl-2-
(trifluorowetiyipgmsnt ane-1, 2-di ol] A solution of 6,6 nMACT/EP2008/003202
4- (5-fluoro-2, 3-di hydro-benzof uran-7-y1) - 2- hydr oxy- 4- net hyl - 2-

5(trifluoromethyl)pentanocic acid in 777 m of THF is cooled to 4C 12
nunol of |ithium alum niunmhydride is added portionw se to the

sol uti on. jjEhg piac¥ds e rdiy ® tite! 180n dhich thef @mpOthdar ArcRs form B \Bisl digslded
for 8-9 hours under, refl ux cgnditi ons. After conplete reaction (TdJ_C
control) then@fSticasid: theampe PE@pya Ybisadded # sopnptympprietyre; igiyeng fs adde

sat urat ed NafPHR mRlud isPENuxddRr BI155ThUS GieldihSinikd §lodila W1, | east 2
hour s wher eupon the colour of the mxture turns fromgrey to 10

white. The _precipitated alum niumsalts are filtered off an hed
with 10 nil7of PrRSEssfegerding)a e léé%’itlﬁf%w'é'ﬁléﬁ‘Bua%‘tf@d’?&W&B\a ‘I)é%ii‘?ﬁﬁ\g% g

residue is purified by recrystallization from dichl oronethane and

n- heptsne. (yi-@hilo23netil-behdeherg t he conpounds according to the table
in exanple 3 fiirther Pe]ri vati ves may be produced in conparable

yiel ds. 15St arfTRGICAEIHPEREMDNn sequence with R or S

2- hydr oxy- 4- nehhimb42néihylipdridier omet hyl ) pentenoi c acid in conbi nation

with the conpounds of general fornula IV as descri bed above the

fol | owi ng conp®BiRa®YEdBSr ding to formula | may be produced in

enanti onmeri cad-hyinBy8middem Zi Z2 Z3 XI X2 X3 enantioner a) O F

10 3-amino-quinoline
4-amino-pyridine
4-amino-pyrimidine
5-amino-isoquinoline
5-amino-1-methyl-isoquinoline

15 5-amino-2,6-di-methyiquinoline
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
S-amino-isoquinol-2(1 H)-one
5-amino-quinoline
amino-benzene
N-{4-aminophenyl)-piperidine

25  i18. A process according to item 17 in which the imine of formula V11 is reacted with sodium

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

i19. A process according to item 13 in which the compound of formula 1 is used in an

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



Rb) 0 F Rc) 0O FR -24-d N F Re 0 F Rf) S
FRg N C Rh N d Ri) S d
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Examples

The process steps described above are furthermore described in the following examples which

are not meant to limit the invention in any way.

1) Synthesis of ethyl-2-hydroxy-4-methyl-2-(trifluoromethyl)pentenoate

5 A suspension 0f 0,27 mol Mn and 0,01 mol ZnCl; in 105 ml THF is heated to reflux. 0,01 mol

3-bromo-2-methyl-1-propene is added to the boiling mixture and after 30 minutes a solution
of 0,11 mmol ethyl-trifluoropyruvate and 0,18 mol 2-bromo-2-methyl-1-propene in 90 ml
THF is dropped to the reaction mixture within 2,5 hours. After 3 hours under reflux the
mixture is stirred for 19 hours at room temperature. The reaction mixture is poured on 90 ml

10  ofa saturated NH4Cl and ice mixture. After vigorous stirring for 30 minutes the mixture is
extracted four times with 110 ml of MTBE each. The combined organic extracts are washed
with 30 ml of brine, dried over magnesiumsulfate and concentrated in vacuo, The residue is
destilled under reduced pressure. ethyl-2-hydroxy-4-methyl-2-(trifluoromethyl)pentenoate is
obtained in 73% yield.

15
2) Synthesis of 2-hydroxy-4-methyl-2-(trifluoromethyl)pentenoic acid

Ethyl 2-hydroxy-4-methyl-2-(trifluoromethyl)pentenoate is used as starting material. 27.1g

(120 mmole) ethyl 2-hydroxy-4-methyl-2-(trifluoromethyl)pentenoate is emulsified in 60 mL

water, the pH is adjusted to 8.0 with sodium hydroxide solution, the solution is stirred at room
20  temperature, 6 g of the enzyme (Novozyme 388) is added at room temperature. The mixture is

stirred for 10 hours under GC control.

The aqueous solution is extracted two times with 100 mL of MTBE. The aqueous phase is
acidified to pH 1 with HCI solution, treated with diatomaceous earth and MTBE and filtered.
The aqueous is was separated and extracted three times with MTBE. The organic phase is

25  evaporated to dryness to obtain a light brownish solid. The crude 2-hydroxy-4-methyl-2-
(trifluoromethyl)pentenoic acid is crystallized from n-heptane. The yield of (R}-2-hydroxy-4-
methyl-2-(trifluoromethyl)pentenoic acid is 25%.

The reaction conditions have to adapted 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.
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3) Synthesis of 4-(5-fluoro-2,3-dihydro-benzofuran-7-yl)-2-hydroxy-4-methyl-2-
(trifluoromethyl)pentanoic acid

A solution of 0,07 mol 5-fluoro-2,3-dihydro-benzofurane in 21 ml of dichloromethan is
cooled to 3°C. To this solution 0,1 mol of AlCl; is added over a period of 30 minutes. After
this addition 0,05 mol of 2-hydroxy-4-methyl-2-(trifluoromethyl)pentenoic acid is added
dropwise over 30 minutes. The mixture is stirred for at least 6 h under reflux conditions. After
complete reaction the solution is poured on a mixture of ice (50 ml) and 1M HCI (10 ml) and
stirred for at least 1 hour. The aqueous phase is extracted three times with 51 ml of
ethylacetate. The combined organic phases are washed with water, saturated sodium chloride
solution (brine} and dried over magnesiumsulfate. The solvent is evaporated under vacuum.
The product may be recrystallized from n-heptane. As the title compound is yielded in highly
pure form the recrystallization is not necessary. The title compound may be used directly to

start the next step.

The same reaction described above may be carried out with other compounds according to

formula IV
Z2 2z

A

“ W)

wherein X', X2, X3, Z!, 72, Z> have the meaning according to the following table:

z' z* zZ X! X X3
A |0 F
B 5 F
C 0 F
D [NH F
E 0 F
F [S F
G NH Cl
H NH Cl
I S Cl




NH NH2
W) 0

5

10

15

R s) NH NH2 R t) 0 Br Ru) O F Sv) O F S
FSx) N\H F Sy) 0O F Sz) S

WO 2008/128750 PCT/EP2008/003202
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J S CF,
K |S CF;
L |O CF,
M O O-CH;
N @) O-CH;
0] O 0 O-CH,
P |O F

Q |NH F

R NH NH,

S NH NH;
T O Br

4) Synthesis of [4-(5-fluoro-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-
(trifluvoromethyl)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 NaHCQj3 solution. 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 m! 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 1o 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-(triflioromethyl)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? VA il X? X’ enantiomer
2 |0 F 1R
b) ) F R
c) o F R
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dy |NH F

2 NH Cl
h) NH Cl

i) S CF,
k) S CF;

m) ) O-CH;

&
o

0-CH;

Q) NH F
) NH NH,
S) NH NH2

X) |NH F

aa) NH Cl
bb) NH Cl
cc) S Cl
dd) . S CF;
ee) CF;
ff) O CF;
gg) 0 0-CH,
hh) o 0O-CH;

7]
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2008/ 128750PCT/ EP2008/ 003202 - 25 - kk) NH F S11) NH NH2 S
mm NH Wo2oosp2emd O Br S 5) Synthesis of 1,1, 1 pCT/EP2008/003202
trifluoro-4-(5-fluoro-2,3-dihydrobenzofuran-7-yl)-4-nmethyl-2-{i(2-
met hyl - 5- qui nol i ne-5-yl i m nol net byl } pent ane-2-0l) 5To a sol ution of
3,84 g 4-(fluoro-2, 3-di hydrobenzo-furan-7-yl)-4-nethyl-2-
(trifluormethyppentanal ] iin 7 n| of ac¢tic acird i s gqsided 2,28 g of
5- am no- Z-petipHguinpgline at 25C 1 50 M of tolHuene i $-—added-t9 the
sol ution |4hd ref I uxedV&nded Dean- N k frap for at | st 12 hours.
After conplgtg reactjon (TI{pcontfrol) tIhgpsol Vent 1Stevaporated under

vacuum t'iq acid |s rempved byl aceat fopic stillation with
t ol uene. |MWe 30evapof ati on |Pesi due (Yield 88, 71B%is ¢Fssolved|in
al cohol amd—furttrer—processed.—The reacttonmmay be—Tarried—out under

simlar conditions with the amnes |listed bel ow with conparable
results: 1-am no-2-nethyl-benzene 1 -am no-4-nethyl -benzene

152- am no- 4- et hyl pyri di ne 2-am no- pyridi ne 2-am no-pyrim dine
3-am no- qyj AR of 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)

5  To asolution of 3,84 g 4-(fluoro-2,3-dihydrobenzo-furan-7-yl)-4-methyl-2-
(trifluoromethyl)pentanal] in 7 ml of acetic acid is added 2,28 g of 5-amino-2-methyl-
quinoline at 25°C. 50 ml 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-methy_l-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
S-amino-isoquinoline
5-amino-1-methyl-isoquinoline
5-amino-2,6-di-methylquinoline
5-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-flucro-2-methylquinoline

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



4- am no- pyridi ne 204- am no- pyri m di ne 5-am no-i soqui nol i ne
5-am no-| - et hyl -i soqui nol i ne 5-am no- 2, 6-di - net hyl qui nol i ne
5- am no- 2-wetwrseol e 255-am no- 2- net hyl -i soqui nol- 1(pdHrm@ie/003202
5-am no- 2- net hyl qui nol i ne 5-am no- 6- chlor o- 2- met hyl qui nol i ne
5- am no- 6-f | uor o- 2- net hyl qui nol i ne 5-am no-i soqui nol-2(1H)-one WO
2008/ 128750PCT/ EP20081003202 - 26 - 5-am no-qui noline am no-benzene
N-(4-am nophen.)aﬁl)mpgwﬂnei ne 56) Synthesis of 1,1,1
trifluoro-4-(5-flyoro-2, 3-di hydrobenzofuran-711) - 4-nmet hyl - 2-{1( 2-

met hyl - 5- qui ngPAy P%?E?hyl}pent ane-2-ol) 10 mol 1,1,1
trifluoro-4-(&: (ﬁ;laﬁﬁﬁ@hgn}:ﬁ)- pémagfeobenzof uran- 7-y1) - 4- rret hyl -2- {[ (2- et
hy1l-5- qui noline-5-ylimno rret hyl } pent ane-2-0l) are dissolved in 255
m of ethanol. To this solution 5 nunol of sodium bicarbonate is
added. The mixture is stirred at 25 C for 20 mnutes. 10 34 mmol of
sodi umsborepsimiHEsiI I@I,ﬁtrﬂﬂﬁemi(sl-ﬂhbiosz Mhﬂ%k%n%ﬁkm }9—4%&%!?]92‘:{[%2-
rra|nta|n|ngtheterrperature at 0-10C. The mixture is stirred
hours and Mtk Pequinglinghisg “-ﬂﬁ’&PFP’BHe%‘Pl)sodl um bor ohydride is added to
t he sol ut| n over 10, m nutes,_maintajning the tenperature at 25C Then

the mixt url@mmeoldyl,} tridlyorerd-Sufiere-grpithvdraberzofusn- 6 yRdupethyle G wrthyby-)

Af ter conpuibliens-ShthinoBhall] FRMak-Bl) GA RRABRELInIBE Wiiof Bihird]. 4GRS sehvfin
10 mi nutes keepl ng..t he 15terrperature at 25C, The mixture is stirred

for 60 mi murad! of sefium bicarbppate isadded) Thernixpuge ishpest & 2é dC ford8mipysuum

The T e9i duR nirsoldt bddhel bdYohiy B BE adiRE tEhis BB AING 10InRRedthdiftaihrig M
of ethyl acetate each. The solvent is evaporated and the residue

obt ai ned itke tEHPGIAPEE By OFCe dhy sYpreissined FPTﬁrIWHﬁSé‘PﬁM“ 34 mancdipgriiorpof

% . US'sBcﬂurﬁthl%h &meramdwtotm@sdi&@ﬁ bv&n oeﬁlnﬁmhﬁln%g(tﬁe @mpdrifaat
listen in exa % he 20 ot her conpounds of faormula I

(e.g. tho2e’Gi ﬁwemﬁxtvwes ft;mgét ToAmdsrapaRItere dgr W%Thcﬁeww Afier

conpounds ceﬁlpﬁ@aﬁaairaté&gmhamwrwnammu% SQARLRL & OUSiniMEs ﬁelasmgmehods
descri bed herein. According to the exa‘r:%lr es descri bed above, It

possi BPe (BREAHTAESEE: Fﬁéﬂ%ﬁﬁ:@ﬁ%ﬂd@f@ @inHlgs.ra8d §alyrhs sofsALS| a VI I

in 6 stepgvapohiiddemdervatuudh.iTOE rédfdhe NRAIGRE S/ithORER dnd SidtePEvo taﬁe'léhﬁth 150
overal | y|eI of the present 6 steps synthesis of conpounds of

gener al Fhyhpretpteieachy hesplvppids evpporated jaad the peydye PW@‘“F‘E@ Pb'l“f%’rbyar t
nmet hods. Mai-}@gw%uoﬂﬁ@nmgﬁ&(ﬁmatmgt%)c route can be carried out in
enantionerically pure form i.e. generating only the desired

enant i orrerUsm‘g ofeRahikks QhdRdhaliol bl dxamplei SS(ngSthﬁﬂ.'.Sﬁ;tehhlee)laﬂ)plbsﬂ) afd Gdig tad

o tnt ot AR Pritiad (¢ fdbesg skl (i b HOlsdp Fmpln P ghte  amber of

2- hydr oxycémﬁmmbé/df génerGlt foirhllAVIIDARY he/ige}xaﬁwaemg ¢heanidtishds @EsBritRa herein.
approximately 14 % whereas it drops to less than 5 % - 27 -
according to prior art nethods due to the necessary separation of the
enantiomers of conpound VIII. The reaction conditions according to

t he des cr iAk;te@‘disng ap$e axampiesrdesvibed shoive, dilib poskible tpswydhusize tie calhpound
:‘gd:dlzt)lr ;talecc‘,{:% t;‘ %%%éu?anpggﬁ%sst%? vg’lerecag %Q%%\Qrd zlgrlol%tls'n%cﬁs eedeed 13 te%s n
a conmagéu n&haowxldyldg of thefpossentlbatepd -.i;ylnthem bir compowkds@ﬁ gaiteral ﬁmmhla MH 1of

t he groups, f uor.o chl rono, hydroxy, nethoxy,
et hoxy, tlﬁl °u‘51366érfa§ %ﬁéusm ]llle’ana?ﬁﬁ'Q gﬁ her groups X1, X2, X3 are

FE o e et Sl 8 iR

er gr ou & are
gr oups andgenemting lonlly tifer desirem:ﬂsntfomer aﬁgeaerahﬁahmda b Uhisae pyxsibRiingsing

reduci ng a n e of formula VII - 29 - in
whi ch at fgéa??%é'%’@xﬁ Y%m‘%" [&ll uoro, chloro, brono,
hydr 089, iiEs meoytantad bﬁﬂeystanﬂl’tlhaﬁ tmmmﬁ&mydmmuam Agdrenicd- hh(hyl)l her
groups X1 ’(tﬁ%igéroégth%genpei\{lgiggg g rema?r?sdapi)r%xxmatéiy 14? LA \Lhee?ésats 1t%po%s to Iess tﬁan 5%




in which at | east one of the groups X1, X2, X3 is fluoro, chloro,
brono, hydroxy, nethoxy, ethoxy, trifluoronethyl or am no and the

ot her grouwe 2ds/128629 X3 are hydrogen, and in which at |®gagip603f00b2
the groups z1, Z2, Z3 is -0-, -S, -NH,_ or and the other groups Z1,
Z2, Z3 are -CH2- . 4. A process accordﬁng to claim3, wherein the
conmpound of forrmula | is reacted with S03/pyridine conplex to form
t he al dehyg@rdxg b QFbRdrBmMhodsRlue B RE AREHEryI6FHRAtIdh BOthE endmtia s 3f ,
wherein, in producing the conpound of formula VII the conmpound of
fornul a veppeynd ¥8llyed in acetic acid, the anine of fornula VI is
added at roomtenperature, toluene is added and the nixtg%e i's .
refl uxed fT8% regetisy candiionsiagaogiimg,tg the fesenbsd stepsyarymareQysy suitabls for progyction
process agCiRhwktda¥sdaRk. BkRbsBopoas S@g RoPund TV)E&n ok rd-R6AKH andiecicled.

1- am no- 2- net hyl - benzene 1-am no- 4- net hyl - benzene

2- am ng- 4- et hyl pyri di ne 2-am no-pyridi ne 2-am no-pyrimdi ne

3-am no- qui nol i ne 4-am no-pyridi ne 4-am no-pyri mdi ne

5-am no-i soqui nol i ne 5-am no-1 -nethyl-isoquinoline

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

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

5- am no- 6- chl or o- 2- net hyl qui nol i ne 5-am no- 6-fl uor o- 2- et hyl qui nol i ne
5-am no-i soqui nol- 2( 1H) - one 5-am no- qui nol i ne am no- benzene or

N- (4- am nophenyl)-pi peridine 7. A process according to claim§6,
wherein the amne of fornmula VI is 5-am no-2- nethylquinoline. 8. A

process according to claiml1l, wherein the imne of formula VII is
reacted with sodi um borohydride in alcoholic solution to yield the
conpound according to fornmula VIIl. -32 - 9. A process according to
claim1l1, wherein the conpound of fornmula VIIl is: 1,1,1

trifluoro-4-(5-fluoro-2,3-di hydrobenzofuran-7-yl)-4-methyl-2-{[(2-nmet
hyl - 5- qui nol i ne-5-yl i m no] nmet hyl } pent ane-2-01). 10. A process
according to claim1, wherein the conpound of formula VIl is: 1,1,1
trifluoro-4-(5-fluoro-2, 3-di hydrobenzof uran-7-yl)-4-nethyl- 2-
{[(2-met hyl-5- quinolinArnethyll pentane-2-o0l). 11. A process
according to claim 3, wherein the enantionerically pure conpound of
formula | is: Z1 Z2 Z3 X1 X2 X3 enantioner a) O F R b) 0 F
R c) 0 FRd N F Re



0 F ROS FRg N d Rhb) NH d Ri) S d Rj)
S CF3 Rk) S CF3 R1) 0 CF3RmM O
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Claims:

1. A process for producing a compound according to formula VIII

VIII

in which at least one of the groups Xl, Xz, 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', 7% 7} is -O-, -S-, -NH-, or -N(-CH3)-,
and the other groups z!, 72,7 are —CH,- groups

and in which Ar stands for an aromatic group

comprising reducing an enantiomerically pure imine of formula VII

(VID



0-CH3 R n) 0 0-CH3 Ro) 00 O-CH3R -33-7p) 0 F R
q) NH FRr) NH N2 Rs) NH N2 Rt) O Br Ru) 0

-929.
in which

at least one of the groups X', X2, 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'\. 7?, 7° is -O-, -S-, -NH-or -N(-CHjy)-,
and the other groups Z', Z2, Z* are —CH,- groups

and in which Ar stands for an aromatic group.

2. The process of claim 1, wherein said compound of formula VII is obtained by

reacting a compound according VI

H;N-Ar
(VD
in which Ar is an aromatic group

with an enantiomerically pure aldehyde of formula V

(V)
in which X', XZ, X3 , Zl, Zz, 72 have the above described meaning.
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3. The process according to claim 2, wherein said compound of formula V is obtained by

oxidizing an enantiomerically pure compound according to formula I

M

in which at least one of the groups X', Xz, X3 s fluoro, chloro, bromo, hydroxy, methoxy,
ethoxy, trifluoromethyl or amino and the other groups X', X2, X? are hydrogen, and in which at
least one of the groups Zl, Zz, VARRT -O-, -S-, -NH-, or -N(-CHs)-,
and the other groups Z! 7, 7° are—CH,- .

4. A process according to claim 3, wherein the compound of formula I is reacted with

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

5. A process according to claim 2 , wherein, in producing the compound of formula VII 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.
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6. A process according to clanm 2, wherein 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
S-amino-isoquinoline
S-amino-1-methyl-isoquinoline
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
5-amino-6-fluoro-2-methylquinoline
5-amino-isoquinol-2(1H)-one
5-amino-quinoline

amino-benzene or

N-(4-aminophenyl)-piperidine

7. A process according to claim 6, wherein the amine of formula VI is S5-amino-2-

methylquinoline.

8. A process according to claim 1, wherein the imine of formula VII is reacted with sodium

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



S 11) NH NH2 S m) NH NH2 S nn) 0 Br S. - 34 - 13. A
process according to claim1, wherein one of the groups Z1, Z2, Z3 is
-0- and the others are -CH2- groups. 14. A process according to
claiml1, wherein Ar is 5-amno 2-netE¥£guinoline. 15. A process
according to claim1l1l, wherein X1 is H " X2 is fluoro, X3 is H Z1 is
CH2, Z2 is CH2, and Z3 is 0. 16. A process according to claiml1,
wherei n said conpound according to formula VIII is: 17. A process
according to claim11l, wherein said enantionerically pure conpound of
formula | has an enantioneric excess (ee)>80% 18. A process
according to claim 17, wherein said enantionerically pure conpound of
formula | has an enantioneric excess (ee)>90% 19. A process

accor digiq, £,8.65atdBrdife 198RS Nwhdkid tﬁé‘@d?iq!;dﬁ'ﬁﬁrof? » WHE &: compound of
formula | ‘has an enan§|oner|c excess (ee)>95% 20. A process

accordi ng t d,tll aifiucks-4-{Shueo2, Bdihgdrebarbfivam7iydpi-metipd2e{[(bmediyhd- of
formula | has an. enantioneric excess (ee)>97% - 35 - 21. An

enant | SHENIRSIYIBGe InetByppseot oPor mul a | wherein: Zi 72 73 X
X2 X3 enantionmer a) O F R b) 0 F

10. A process according to claim 1, wherein the compound of formula VIII is:
1,1,1 trifluoro-4-(5-fluoro-2,3-dihydrobenzofuran-7-yl)-4-methyl-2- {[(2-methyl-5-
quinolinylJmethyl } pentane-2-ol).

11. A process according to claim 3, wherein the enantiomerically pure compound of formula I is:

VA z} z’ X' X? X? enantiomer
a) O F R
b) ) F R
c) O F R
d) NH F R
e) O F R
iy} S F R
g) NH Cl R
h) NH Cl R
1) S Cl R
1) S CF3 R
k) S CF; R
) O CF; R
m) O 0-CHs R
n) 0 O-CH; R
0) O O O-CH; |R




0

FRdA N F Re) S FRO NH O RQg) NH
R h) s d

R S CF3 RO S CF3 R k)

-33.-

qQ |NH F
1) NH NI,
5) NH NH,

X) NH F

aa) NH Cl
bb) NH Cl

dd) S CF;
ee) S CF;
) |0 CF;
gg) 0 O-CH;
hh) o) O-CH;

|0 F
kk) NH F
11} NH NH;
mm) NH NH;

vl »nl vl | el n vl e el vl el yn el v el v oyl el e R R R R R

12. A process according to claim 1, wherein one of the groups X', X?, X* is fluoro and the other

groups X', X7, X are hydrogen.



CF3R1) 0 0-CH3 Rm 0 0-CH3 Rn) 00 0-CH3 R 0)
F Rp) NH FRq N N2 R -36-r1) NH N2 Rs)
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13. A process according to claim 1, wherein one of the groups Z', Z2, Z’ is -O- and the others are

—CH>- groups.
14. A process according to claim 1, wherein Ar is 5-amino 2-methylquinoline.

15. A process according to claim 1, wherein X'is H, X*is fluoro, X3 is H, Z' is CH,, Z” is CH,,
and Z* is O.

16. A process according to claim 1, wherein said compound according to formula VIII is:

17. A process according to claim 11, wherein said enantiomerically pure compound of formula 1

has an enantiomeric excess (ee)>80%.

18. A process according to claim 17, wherein said enantiomerically pure compound of formula I

has an enantiomeric excess (ee)>90%.

19. A process according to claim 18, wherein said enantiomerically pure compound of formula I

has an enantiomeric excess (ee)>95%.

20. A process according to claim 19, wherein said enantiomerically pure compound of formula I

has an enantiomeric excess (ee)>97%.



0 Br Rt) O F.- Su) O F Sv) 0 FSwwMNH F Sx) S
FS31) N d S z) NH d S aa)
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21. An enantiomerically pure compound of formula I

wherein:

z! Z? 7z} x! X? x3 enantiomer

d |NH F

f) NH Cl
g) NH Cl

i) S CF,
) S CF,

P) NH F
Q) NH NH,

AR R AR AR AR AR R R AR A AR




S C Sbbh) S CF3 Scc) S CF3 Sdd) 0 CF3 See) O
0-CH3 Sif) O O0-CH3 Sgg 00 O0-CH3Shh)o F S N
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) NH NI,

w) |NH F

y) NH Cl
7) NH Cl

bb) S CF;
cc) S CF;
dd) |o CF;

ff) o) O-CH;
ge) 0 o) O-CH,

i) NH F
i NH NH;
k) NH NH,
11) o) Br

22. A compound according to claim 21, wherein said enantiomerically pure compound of

formula I has an enantiomeric excess (ee)>80%.

23. A compound according to claim 21, wherein said enantiomerically pure compound of

formula I has an enantiomeric excess (ee)>90%.



FSII) NH N2 Slck) N N2 S11) 0 B S 22. A
conpound according to claim 21, wherein said enantionerically pure
conpound of fornmula | has an enantioneric excess (ee)>80% 23. A
conmpound according to claim 21, vvhergi_,,gl_sai d enantionerically pure
compound of fornmula I has an enantioneric excess (ee)>90% -37- 24.
A compound according to claim21, wherein said enantionerically pure
compound, of cbahiHdRadcoRSy ANCIEMRNY] ANBICsfX CERRtHREHEII Pure €8mpéind of
conmpound according to claim21l, wherein said enantioneri caITy pEre
conpourfdrigila fl basar enahtibiaeriackcess(pe)>00%r i ¢ excess (ee)>97% 26. A
process according to claim11l, wherein one of the groups X1, X2, X3
is F, d, CF3, OCH3, NH2 or Br and the other groups X1, X2, X3 are
each Hzand 71, 3 1,510 : r
gr oups 225.1?& %(%?ﬁ%lgfda%éggredg%gﬁ@%%%% _21 ,Z%hm%ﬁﬁ $aid enaﬁh%ex%ﬂll?%ré Q&nﬁ&ﬁﬁi of
formula I has an enantiomeric excess (ee)>97%.

26. A process according to claim 11, wherein

one of the groups X', X2, X% is F, Cl, CFs, OCHs, NH, or Brand the other groups X' X2, X% are
cach H;

and

one of the groups z!,7%,7%is O, S or NH and the other groups 7', 7% 7% are each —CH,-.



