WO 20111048091, PCT/ EP2010/ 065710 PROCESS FOR PREPARI NG A PHENYLALANI NE
DERI VATI VE Technical Field 5The present invention relates to a novel
process fwo 20hi@4pive J ,PCT/EP2010/065710
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Background to the Invention 10 International patent application WO

02/ 18320 (Tanabe Seiyaku Co.,Ltd), filed 27 August 2001, discloses novel
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process fHackgrhendhiothainvention of this conmpound of interest. 20International

pat enp application WO 03/072536 (Tanabe Sei yaku Co., Lt d) filed 27 February
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| nvent i oRhis TH% @lyr%p&r;,gteielgyentl on provides a process for the preparation of
t he conpound oP formula (1): 35 (1)

20 International patent application WO 03/072536 (Tanabe Seiyaku Co.,Ltd), filed 27
February 2003, outlines an alternative process for the preparation of phenylalanine
derivatives, including the  above-mentioned compound, (2S)-2-{[(2,6-
difluorophenyl)carbonyllamino}-3-[4'-[(ethyloxy)methyl]-2',6'-bis(methyloxy)-4-
biphenylyllpropanoic acid.

25
The object of the present invention is to provide an alternative process for the preparation
of (25)-2-{[(2,6-difluorophenyl)carbonyllamino}-3-[4'-[(ethyloxy)methyl]-2',6'-
bis(methyloxy)-4-biphenylyl]propanoic acid (also known as N- (2,6-difluorobenzoyl)-4-(2,6-
dimethoxy-4-ethoxymethylphenyl)-L-phenylalanine).

30
Summary of the Invention

The present invention provides a process for the preparation of the compound of formula

():
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WO 2011/ 048091PCT/ EP2010/ 065710 whi ch process conprises the steps:
a) hydrol ysis of an ester of formula (1la): wherein RL is 01-6 al kyl;
(b) f or matworzotfo480930l vat e of the product obtained from PCEEPL@)N/065710
(solvation); 10(c)de-solvation of the solvate obtained fromstep (b) to
yield the conmpound of formula (1); and (d)optional re-crystallisation of
the prody¥¥choNPeRsIcaMPrises Bestense) . 15This alternative and sinplified
process for the preparation of the conpound of formula (1) affords a
phar maceyyi cal, Q,rogggc(;fawers{@r%pfoymﬂégyg)d inpurity profile when conpared to
t he corrpound 01y formula (1) prepared according to the prior art processes.
Brief Description of the F| gures 20 Figure 1 shows the XRPD data for a
crystalline formof the acetone solvatge of the conpound of formula (1).
Figure 2a shows FT-IR data for a crysta Yé foorm of the acetone sol vate of
the conpound of fornula (1) (full S Peg range 4000-675cm 1). 25Figure 2b
t he acetone solvate of a
conpound of fornula (1) (fifhgefPpri reg’on 2000 - 675cm1). Detailed
Description of the Inventi e -Prgsent i nvention provides a process
for the preparation of th oungy of fornul a

5 (lla)

wherein R" is C1 alkyl;

(b) formation of a solvate of the product obtained from step (a) (solvation);

10  (¢) de-solvation of the solvate obtained from step (b) to yield the compound of formula
(; and

(d) optional re-crystallisation of the product obtained from step (c).
15  This alternative and simplified process for the preparation of the compound of formula (1)
affords a pharmaceutical product with an improved impurity profile when compared to the

compound of formula (1) prepared according to the prior art processes.

Brief Description of the Figures

20
Figure 1 shows the XRPD data for a crystalline form of the acetone solvate of the
compound of formula (I).
Figure 2a shows FT-IR data for a crystalline form of the acetone solvate of the compound
of formula (1) (full spectral range 4000-675cm™).

25  Figure 2b shows FT-IR data for a crystalline form of the acetone solvate of a compound
of formula (1) (fingerprint region 2000 — 675cm™).

Detailed Description of the Invention

30  The present invention provides a process for the preparation of the compound of formula

():



(I)y: WD 2011/ 048091PCT/ EP2010/ 065710 whi ch process conprises the steps:
5a) hydrol ysis of an ester of fornula (11a): 1 wherein RL is Cl_6 al kyl;

10( b) f or msiDi20N/@809a sol vat e of the product obtained froRCIEPRO10AFS710
(solvation); (c)de-solvation of the solvate obtained fromstep (b) to yield
t he conpound of fornula (1); and 15(d)optional re-crystallisation of the
product obtained fromstep (c). This alfernative and sinplified process for
the preparation of the conpound of form Yoaffords a pharnaceuti cal
product with an inproved inpurity pr men conpared to the conpound of
formula (1) prepared accordlng to t Jriqq art processes. 20 As used
herein, the term "al kyl" ref ersfto stralght or branched hydrocarbon chai ns
containing the specified n l-. i saPbon atons. For exanple, Cl_6alkyl
means a straight or brancheqd kyl ¢hain containing at least 1, and at nost
6, carbon atons. Exanpl es of "Cﬁ _6alkyl" as used hébhein |nclude but are
not limted to, nethyl, ethyl, n-propyl and n- 25butyl, n-pentyl and

n- hexyl vention group Rl is ethyl. The ester
hydrolysﬁ%ﬂ%faggééQ%ﬁ§“£&5%E%k%grforned under acidic or basic conditions.
30 WD 2011/ 048091PCT/ EP2010/ 065710 I n one aspect of the invention the

est er Shyd) ol ydiysroptsepfias gstar obfonpdlaitaler basi ¢ conditions. Suitabl e bases

i nclude al kali metal hydroxides such as, but not limted to, potassium

hydr oxi de, sodi um hydr oxi de and I|th|up1hydrOX|de When t he base enpl oyed
is an alkali metal hydroxide, the esteo dr-lxg\s proceeds via a
carboxyl ate salt

(Ila)

wherein R' is Cy alkyl;
10 (b) formation of a solvate of the product obtained from step (a) (solvation);

(c) de-solvation of the solvate obtained from step (b) to yield the compound of formula
(; and

15  (d) optional re-crystallisation of the product obtained from step (c).

This alternative and simplified process for the preparation of the compound of formula (1)
affords a pharmaceutical product with an improved impurity profile when compared to the
compound of formula (1) prepared according to the prior art processes.
20
As used herein, the term “alkyl” refers to straight or branched hydrocarbon chains
containing the specified number of carbon atoms. For example, Cisalkyl means a straight
or branched alkyl chain containing at least 1, and at most 6, carbon atoms. Examples of
“Ciealkyl” as used herein include, but are not limited to, methyl, ethyl, n-propyl and n-
25  butyl, n-pentyl and n-hexyl.

In one aspect of the invention group R' is ethyl.

The ester hydrolysis of step (a) may be performed under acidic or basic conditions.
30



5 intermedi ate. This carboxylate salt internediate may be isolated fromthe
solvent. Thus in a further aspect of the invention, the ester hydrolysis of
step (a) WO 2pardsmomed under basi c conditions enpl oyi ng &oTaiPR@biocimed al
hydroxide to afford the appropriate carboxylate salt, which may be isolated
fromthe solvent. The appropriate carboxylate salt nmay exist in the form of
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i nor gani gnvaetichs thel@Bterhydidlisisn@actidnist effofrBed yIdinC potasdiom aBidebxide, tagiL

acid, suljphud goacid, and organic acids such as, but not limted to,
trifluordacettc acid, p-toluenesul fonic acid. The acidic or basic ester
hydrol ysis of step (a) may be perforned in a suitable solvent, or mxture
of sol vemt s.fushartasbbe of dhey mwestianribengde pavided thagotasgiam salisdf| the sompo@dyani ¢
sol vent s of igmU@gl): but are not limted to, ethers (e.g., dioxane and
tetrahydrofuran), acetonitrile and ketones (e.g., acetone and nethyl ethyl
ketone). The acidic or basic ester hydraysis Qf _step (a) may be perforned
at room tenperature or bel ow tHe Tormation of a solvate of
the product of step (a) (solvation) ng chi eved 35via the addition of

"t he

the sol vent from which the sg vege beoderived to a solution of the WO
2011/ 048091PCT/ EP2010/ 065710 uc Kstep (a), followed by
crystallisation and isol ati f Wheyproduct by filtration. Optionally, the
crystal | isation nmay be init 'By seeding with a crystal of the solvate.

I'n od ag/gect of the invention the product of step (a) may be solvated with
a pol ar henete esterpycelysityp IsEneia) fe pefieraradcunsier é’@ﬁ'@tQO@d't'P'ﬁﬁ her (pacheT
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di rret2ﬂyl fororutaihl. dech as bahmtﬂiévtedécr;@&lﬂc @fidt he i nvention the product of step
(a) is solvated 10with acetone. In a further aspect of the invention there

i's provi dgflabiBecREeHhPBRRL YRS BsF njdtBIySRMB At (9 colifrifmtilide hotganlc acids
such as, but not limited to, hydrochloric acid, nitric acid, sulphuric acid, and organic acids
such as, but not limited to, trifluoroacetic acid, p-toluenesulfonic acid.

25
The acidic or basic ester hydrolysis of step (a) may be performed in a suitable solvent, or
mixture of solvents. Suitable solvents include water and organic solvents. Organic
solvents include, but are not limited to, ethers (e.g., dioxane and tetrahydrofuran),
acetonitrile and ketones (e.g., acetone and methyl ethyl ketone).

30
The acidic or basic ester hydrolysis of step (a) may be performed at room temperature or
below.

Step (b), the formation of a solvate of the product of step (a) (solvation) may be achieved
35 via the addition of the solvent from which the solvate will be derived to a solution of the



15 The acetone solvate of the conpound of formula (I) may exist in
crystalline form Crystalline fornms may be characterised by neans of x-ray
powder diwbnracti4ee91( XRPD) and / or by FT infra -red spe®CTEPCQOP65710
Characterisation data for the crystalline acetone solvate of the conpound
of formul acg” are shown in Figures 1 and 2al2b. 20 The invention provides
for a crPEedct phatepd@in fellowasdeby catskisatien qad dslatioprel e msedisd bytfiltFionul a
(1) char @xdtienaltye thelyystailissttiamtrizgldeyinitibte d baseedng ajth pangtal oflthef sobate.on ( XRPD)
pattern as shown in Figure 1, wherein the XRPD pattern is expressed in
terns of 2 theta angles and optained, w th diffracto er, using c r
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positions and cal cul ated d-spaci ngs are summari sed in Table 1. 35These were
calculated fromthe raw data using H ghscaore software. Experjnmental error
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o}

T

15
The acetone solvate of the compound of formula (I) may exist in crystalline form.
Crystalline forms may be characterised by means of x-ray powder diffraction (XRPD) and /
or by FT infra —red spectroscopy. Characterisation data for the crystalline acetone solvate
of the compound of formula (1) are shown in Figures 1 and 2a/2b.

20

The invention provides for a crystalline form of the acetone solvate of the compound of

formula (l) characterised by substantially the same X-ray powder diffraction (XRPD)

pattern as shown in Figure 1, wherein the XRPD pattern is expressed in terms of 2 theta

angles and obtained with a diffractometer using copper Ka-radiation and / or substantially
25 the same infra-red spectra as shown in Figures 2a and 2b.

XRPD data were acquired on a PANalytical X'Pert Pro powder diffractometer, equipped
with an X'Celerator detector. The acquisition conditions were: radiation: Cu Ka, generator
tension: 40 kV, generator current: 45 mA, start angle: 2.0° 26, end angle: 40.0° 286, step

30 size: 0.0167° 26. The time per step was 31.750s. The sample was prepared by mounting
a few milligrams of sample on a silicon wafer (zero background) plates, resulting in a thin
layer of powder.

Characteristic peak positions and calculated d-spacings are summarised in Table 1.
35 These were calculated from the raw data using Highscore software. Experimental error in
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XRPD peak positions for the acetone solvate of the conpound of fornmula (I
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Table 1. Characteristic XRPD peak positions for the acetone solvate of the compound of
formula (1).

The characteristic XPRD peaks of the crystalline acetone solvate of the compound of
formula (1) are as follows: peaks at around 7.0, 9.2, 13.7, 14.0 and 24.0 degrees2 Theta.
10
The de-solvation step (step (c¢)) may be performed by heating the solvate of step (b) to
yield the compound of formula (1). Alternatively, step (¢) may be achieved by washing the
solvate with a solvent capable of removing the solvate. Thus, in one aspect of the
invention in step (c¢) the de-solvation is carried out either by drying or by washing the
15  solvate of step (b).
In a further aspect the invention provides that the desolvation step (c¢) is performed by
drying the solvate of step (b) under vacuum at a temperature between room temperature
and the boiling point of the solvate.
20
Optionally, the compound of formula (I) obtained from step (c) may be further purified by
re-crystallisation (step (d)). Re-crystallisation may be achieved using a range of standard

6



10sui tabl e solvent and then dried. In a further aspect of the invention the
crystalline conpound of fornmula (1) fromstep (c¢c) may be dissolved in ethyl
acet ate awvoebeves®@d t enperature (for exanple at approxi maT&Pg015063710 The
resulting solution may be treated with heptane, cool ed and seeded with
15crystals of the conpound of fornula (1). The resulting crystals of the
conpound fRANNAYERLFUEN (3S) CapRI fererysigdisatian et adi-gpivent peditien encryfadisriipna iy
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t he 30l vauradielBolesnt \6aa theh @ledel evat ed tenperature to yield the conpound of
formula (1). In a further aspect of the invention the process for the

preparation of the compound of formula (l) conprises the further step of
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It will be appreciated by a person skilled in the art that certain steps in the chemical
process described herein may be telescoped such that one or more intermediate products
20  are not isolated before proceding to the next stage in the process.

In a further aspect of the invention there is provided a process for the preparation of the
compound of formula (1)

25  which process comprises the steps:

a) hydrolysis of the ester of formula (ll):

(1)
30  using potassium hydroxide, followed by an acidic work up employing citric acid;

7



out below (Schene 1): Schene 1 (1V) I 20 wherein Rl is Cl_6alkyl.
WO 2011/ 048091PCT/ EP2010/ 065710 Conpounds of forrmula (Va) may conveniently
be preparwo 20ndesdst ep (i) above by reacting a conpoundPofi/Hroomiobiri¢ 111a)
wi th a conpound of fornmula (1V) in the presence of a suitable base (such
as, but not limted to, potassium carbonate) in a suitable solvent (such
5as, but not limted to, MBK) or mxture of solvents (such as, but not
limted t(o), wdbreratiamdf dedtdtdne Livgpeohitie podducbobtainad (rbdastepray; aanveni ent | y
be prepared under Step (ii) above by

(c) de-solvation of the acetone solvate obtained from step (b) via drying the solvate

5 under vacuum at elevated temperature to yield the compound of formula (I).

In a further aspect of the invention the process for the preparation of the compound of
formula (l) comprises the further step of re-crystallisation of the compound of formula (1)
from ethyl acetate/heptane.

10
The compound of formula (II) may be prepared according to the methodology set out in
Steps 1 and 2 of WO 03/072537 (Tanabe Seiyaku Co., Ltd). Alternatively, the compound
of formula (1) may be prepared as described in WO 02/18320 (Tanabe Seiyaku Co., Ltd).

15  Compounds of formula (lla) may also be prepared according to the reaction scheme set
out below (Scheme 1):

Scheme 1

(IV)

F

0
Br
. (L
.
F F 0
.HCI e Va
Step (i N CO,R' (Va)
1 ep ()
H,N CO,R F

(Illa)
’ > 1 step (i)
e 1
vh (HO)ZBI;/\ p

20

wherein R" is Cysalkyl.



coupling a conpound of forrmula (Va) with a conpound of fornula (VI) under
Suzuki 10 coupling reaction conditions. Exanples of suitable catalysts for
use i n aBozokio4swupl i ng reaction include pall adi um cat Cy4P20109687m0 as, but
not limted to, palladiumacetate, palladiumchloride and

di chl orobi s(tri phenyl phosphi ne)pal |l adium In the case where the reaction is
performed in the presence of a palladium (11) catalyst that does not have

| i gands, Gonglouads didfornmod (Ve)rimiaydcerovenieally dei prepaedt aider Btepdl)| atotivanby

chlori de,reéétin%% JRRBERAEYormda (Rafdth 8 cBRBSIMY HSolfHs NVRH: thDBlesBREe bidm t ed
to triphen ltﬁ

sphi n tri-ortha-tqlyl phosphine, .tri-tert-butyl phosphine
or di - phoHUFtE bate SHEk BF- bghagtdm'wgﬁo,&ot%swﬁgifﬁp?aete{'g@cw'ta@? splentigper
limted ta§, bytriodiimiieg e MR &) mxurgraf éplverts (@udhl as Rienetiignited detwaiar and
Exanpl es MdTHR)i t abl e bases that can be used in the Suzuki coupling reaction
i nclude inorganic bases, such as, but not limted to, alkali netal

carbonates, and organic b S, such as O but not limted, to
Syl i REERRHTAS BB Pa ey RV APl R PRHEPEN WBT SSH ADrEHOIR ey
The Suzukbuplngp? icegposad tof dermutal €Ya)Swelp o compeunsl pf femplar (BF nederi Buzuki
sui t abl e caapimgneaétiondontiibRs. Hxadplesestt suitable Gatahists dlusB M al SUrLkiesbuping Wat er
and MaTHEéaction iHcIIm@ sp%ﬂ&&%?ﬂdngeg Ig?tg,o rs@ aas,( Ib|u£ %?iinﬁt%dp{oeWwﬂc&%tgbpg to
t he react] n,sc|§%ne, et o;it , O'V\féq. fheme, é: chene 2
2011/ 04813547 E0XHE, BsF ¢orobis(ijpkenyinhopahingriiagiim. 18 the £ape hees s pect
the preseeactionviemerformerd gv ithae presencea op ropalisdiufrolil)t ¢rdalpstetpat doéonobhaee
COWDOU_nd lighndsQBHaN @&, bl ot HItE t&: PATMJISE Sc6@tEPdr paladin® hRmBeUNE retedsaryrul a
(V) 1% t Wot% %O%R8§Hm160f(sJCW %,l %u( \ﬂol limited to triphenylphosphine, tri-ortho-tolyl
phosphine, tri-fert-butyl phosphine or di-phenyl cyclo-hexyl phosphine) or a phosphite
(such as, but not limited to, triethylphosphite) in order to facilitate the reaction. Examples
of suitable bases that can be used in the Suzuki coupling reaction include inorganic
bases, such as, but not limited to, alkali metal carbonates, and organic bases, such as ,
20  but not limited to, alkylamines (diisopropylamine, triethylamine and diisopropylethylamine).
The Suzuki coupling reaction under Step (ii) shall be performed in a suitable solvent or
mixture of solvents (such as, but not limited to, water and MeTHF).

The compound of formula (I1) may be prepared according to the reaction scheme set out
25  below (Scheme 2):

Scheme 2



10(VI) Suitable coupling conditions for the conpound of formula (V) and the
conpound of forrmula (VI) include those shown in Schenme 2. WO

2011/ 04808 0RCT/EF®D10/ 065710 I n a further aspect of thePCmEPRA0OGSTINErE | S
provi ded the conmpound of forrmula (V): 51H NMR characterisation data for

t he conpound of fornula (\%Vyere generated on an isolated and purified
batch. 1H NVR spectra were recorded on a Bruker Avance 400 at 400MHz, using
TMS as an internal refereﬂc7. 1H NMR (400 MHz,
J=7.09 Hz, 3 H 2.96 (dg .82, 9.90 Hz, 1p~%
5.26 Hz, 1 H) 09 Hz, 2 H 4.63 (d J=9.78, 7.82, 5.38 Hz, 1
H 7.15 (t, F7.25 (d, J&8.81 iz, 2 H 7v47 - 7.55 (m 3 H
9.23 (d, J=f.83 WK I+ 15 EXPER N Anadyki cal Equi pnent

1H NVR specty a yere rebsiQdddeToh. a Br Avance “400 at 400MHz, using TMB as
an 20i nt ékhal°fef er enceaten nfrared absofptFon spectrunms were recorded over

t he wavenunbgp,range 4000 to 650cm 1 wusing a Perkin El nmer Spectrum One
FT-1R spectroneter equi pped with a Perkin El nmer Universal ATR (attenuated
total reflection) sanpling accegssory. 25 Specific Exanple The invention is

illustrated in the foll owi ng ne N LLRg pxanpl e.
(V1) g Pdrgﬁ, PPh,, iPr,NH,
(HO),B MeTHF, water
O\

DVBQ-D6) 6 ppm 1.17 (t,
s+ 3.11 (dd, J=13.82,

(1

wherein R' is ethyl.

5 In a further aspect the present invention provides for a process for the preparation of a
compound of formula (1) which comprises coupling the compound of formula (V)

Br
F O
CELN o
H
o]
F (V)

with the compound of formula (VI)

10 (V1)

Suitable coupling conditions for the compound of formula (V) and the compound of
formula (V1) include those shown in Scheme 2.

10



30Preparation of ethyl

(2S)-2-{112, 6-di fl uorophenyl ) car bonyl | am no}- 3- 1- 44( et hvl oxv) r net hVl 1-

2', 6" -bi sWwoebhwi4800v) - 4- bi phenvl vl | propanoate To a sol uPCBEPRI1006I7aGST UM
carbonate (18.8Kg, 136.04nol) in water (70L) is added ethyl-4-

br ono- L- phenyl al ani nat e hydrochl ori de (14Kg, 45.37npl, supplied by

DowPhar m)'n afigrthesgspact pijbe drpgpiion thgee 'EipmVéfiqddh?rFQ’f‘G@‘@d@f@BM%G/)t o 103C and
2, 6-di fl uorobenzoyl chloride (8.4Kg, 47.58npl, supplied by Shanghai
Chenspec) is added keeping the tenperature<etvw 15C. The reaction is then
stirred for 30 mnutes while warmng up t
separated. To the organi c phase,rcont ai§
2011/ 048091PCT/ EP2010/ 065710 o
di f1 uor ophenyl ) car bony1FL- phen ani Nat &f 4-\[/(et hyl oxy) net hyl ] - 2, 6-

bi s(met hyl oxy) phenyl ] boroni ¢ ackg 1. 4K, 47.(%DI , supplied by Juzen) is
added. The organic phase is then diluted with -THF (28L) and water
(18.2L). Palladiumchloride (23.8g, 0.13nol) and tri phenyl phosphi ne (71.4qg,
0. 27mel ) |1|ar leMRdeletacatsatibe dees flthé Sompophd @eebrhhraee/)tWér’eSgeMememiohrmgeg to
renove al; o i r , : rm%}l n
t he purgégq%liﬁggggtg %Ejfd Ef%tg?r egm"g%%hqa% 8’?%6( ?egéf{dﬁg?nh%% e tAgg 9%%@(?? fgfl ux)
for about?O8MAGYsINg HiSAshpIeErd r¢fGrenPe-C t he sol ution is cooled to 603C and
L-cysteine (2.8Kg) is added. The reaction m xture is heated at 603C for 2

hours. AfHeNMRI4GD MHFEDMS®-DERS bp@M .17 #t W7e0d Hz,c0R} 206 {(&d, 253882 2000 Hz,

hydr qgh! or g aqqlida (28e)aa B0l 8, SfIAEd 17 L7 YT b1V 85 (Gl LB 7619 ghaver's
are separat ed. €_organi ¢ phase | s_then washed W th_saturated aqueous
sodi um bi%3 'dénbﬁw(@a(E)JF?ﬂ%é*?ﬁa?y'é} §-2ad. Lt hHgephh 4t1%d anrel (Theé FBrtyshi ¢

| ayer pasded7/t@¥ridudH@a Domrmic Hunter filter cartridge, washing with Me-THF
(7L). The organic phase is then concentrated to 28L via atnospheric
distillation. Isopropyl alcohol (84L) is added and the solution is
concentrated to 28L. 15Isopropyl alcohol (84L) is again added and the

sol uflPon BXPERINENTALated to 84L. A sanple is taken to ensure Me-THF |evel s
are <0.2 eq. Heptane (95% (84L) is added nmaintaining the contents above
55C and thavaed EHouPdng cool ed to 453C before a seed of ethyl (2S)-

2-{[ (2, 6-difTuorophenyTl)car bonyl ] am
ino}-344}-5§§thyloxy)nethyl]-Z',6'-bis(nethy|oxy)-4- bi phenyl yl ] pr opanoat e
(70g) is Hd¥éQ speatra Mererepordedagied Brokerapmmnce IH0nat AP0z, Priagt HYlp as2an

sl urepg i sntemal @terénce38C and held for 1 hour. It is then re-heated to 45C
and held for 45 mnutes. The resulting slurry is cooled to 10C over 2 hours

and hel d f.or our, The solid is then collected by filtrati a washed
e o AiEAtet 2B b SPea v BebR PR prenpesravenimen pag 00l SHER" e e
in vacuo asIgoCPekin Emertdneciumdaes F(28.sperigomeisnsquipmtHvitivR Retigo Biper

DVBO- D6) Univepsal ATR7 aftétiuatebrtbtal Rflectior) @amplindaddessor8 (ddd, J=19. 81, 14. 06,
5.50,Hz, 2 H 3.53 (q, J=7.01 Hz, 2 H) 3.65 (s, 6 H 4.04 - 4.16 (m 2 H)
eclfic

4.47 (s, 2 %.60 - 468 (m 1H 6.69 (s, 2 H 7.09 - 7.18 (m 4 H 7.24
(d, J=8. ample7 51 (ddd, J=14.92, 8.31, 6.60 Hz, 1 H 9.31 (d, J=7.58
Hz, 1 H) 30Preparation of

(29) - 2- { Th3.ifredtibn OrRRBRAVA JHIbIING héim@hg 3xdmdid( et hvl oxv) met hvl | -2', 6' -
bi s( met hvl oxv) - 4- bi phenvl vl | propanoi ¢ aci d

Et hyl 828) -2-{[ (2, 6-di fl uorophenyl ) car bonyl ] am no?-344' -l[(et hyl oxy) net hyl ] -2
"6 3 Preparation of ethyl (2S)-2-{[(2,6-difluorophenyljcarbonyllamino}-3-[4-[(ethyloxy)methyl]-

2'.6'-bis(methvloxy)-4-biphenylyllpropanoate

To a solution of potassium carbonate (18.8Kg, 136.04mol) in water (70L) is added ethyl-4-
bromo-L-phenylalaninate hydrochloride (14Kg, 45.37mol, supplied by DowPharm) and
35 Me-THF (70L). The biphasic mixture is cooled to 10+3°C and 2,6-difluorobenzoyl chloride
(8.4Kg, 47.58mol, supplied by Shanghai Chemspec) is added keeping the temperature
below 15°C. The reaction is then stirred for 30 minutes while warming up to 25+3°C. The
phases are then separated. To the organic phase, containing ethyl 4-bromo-N-[(2,6-

11



bi s(met hyl oxy) - 4- bi phenyl yl ] propanoate (15Kg) was taken up in
tetrahydrofuran (37.5L) 35 and passed through a CUNO filter containing
char coal wB2B8RKUs09Tet r ahydr of uran (37.5L) and water (45kCTWwPe@oadifed and
the resulting m xture cooled to 103 C. Agueous KOH (4. 65Kg, 45%W w) was
added and the m xture stirred at 103 C until the reaction was conpl ete.

Aqueous ¢liflupraphgeylgarbrgylibiahenyaapingie) was char ged foﬁ[(ﬁmwxb)gmqt@f'h%ﬁe
(75L). Thﬁ(meMtouy))phmyk]buwoelcvmd lithtkkg, 405508 sGpplied bjrduzan e wsdpdabes

di scharg WRsdelis thél dTlﬂ@d XiGaAnL o HENBRE) WAS Wﬁ&h d. tlf'all‘éﬁfuﬁ{ cﬁlgrld% 30L)

i st fit(%%ﬂ %9 Aherfagjeriiiiondtt W%%ECE? '?@?%ﬁg%deaxgﬁt "RELA ut i on

conceft r MUELEt tﬁquezmmeSAw&t Oi@ger 3p) remye aiatracashelr giedDiisgpropylamine (9.5L,
2011/ 048@9]936?&)55’%66 CmAARE pargk ishepsatbdt iThe rgaion @ixaeens trainelkbdted IO5L.

TOlhgggfug\%iﬁ)C h‘g g% t X688 r'sngOI gé I(iat PLC the solution is cooled to

di 11 tor ofREmT § %@ﬁﬁaﬁgﬂ ey sadhed 1 ?ﬁ%ﬂcgﬁg dE o egtedet G031 o)
-4- bi phél@ytwAjtprrfdmatmm theaepetionauistushis cooledde @p+3 @M hystochdasiceagid @308 C
over 18hr ss added. SARE! dir@ig fohi18 rhiaMPe fidyerd Be. sepaeate@! THe PG phawsisitesd at ed
by filtr a' RBd ﬂﬂa%ﬁut“ X ug é&dﬁur@ bicd %gﬁ%% ORfe( f]agkrrs 10 an.rFO' d

<5 C to uene In v
( ) omnic Hun erfef\ter cartr%ge Washlng

(10. 1Kg, SPRYpted and ?QQEQ%V& I3y§rinasee
(29)-2- { with, Meeﬂ' HF ék)ocTenvigro@r plaasgl |sathen090r®eatra¢eq dbhX8loxia) attdepheric
102", &' Qillsﬁl(lé’f%th|s@i§bbb Halbbisd B4 Vi 1didedadr theasdigtion is concentrated to 28L.

(25) 8- {[| g%ﬁ’% XBH& Fgﬁﬂ.[ﬁfé{;%ﬁ%ﬂ&&%é% Qogét 343 RL§e%tt£YedQﬁ>Q4ﬂeé h{plez 6 -

bi s( met hy anol C ar ge

cl ean redxiahen F NuERME- B" Bl 2 %é L% %%ar!ﬁ_@?/ Kedla dt 2dd e@d"‘@\/ﬁ@'%t ed
to 50C artik Eorlterds abloven$ss Ctavel the soltiomisdcoOBI@) 4547 Cehefsread $aetli ofgpthwe Bt . A

l'i ne-wash. tdﬂd.ﬁmdmﬂ)h@@séaﬂtb&m ]gmee 3V[@5[(éil%ﬂ6 Wetﬂw -2 éfjb%(:%@m?lo&@m et hyl

ool o Mneh g aoS e Faﬁs 1@ 5@%@% S egel o asf s WsS?Q}spt@ Mot ur e

at 562 t srYtiREoslsd i@ B8 epdiheld f?b1 Jour-dhig tg%réﬂblﬁieaﬂﬁ’q FP 45 and held for 45
(2S) - 2- { [nfigut6s.ditel rasultphsloyy jscmbledrty 1DeCrone}2 [Bsl4s and held for 1 hour. The solid

L(ethyl ggxm Buldaci of flpgh?g{r%b&;ﬂﬁégﬁ)é)j mwm}@wy&hamm o0 1:4479)
> hour o 2289 Tnepioaiiid neR SRRl Yarap At RS Qi plut %@%9“%5’% urry

was then cooled to OC over 1 hour. The m xture was aged at OC for 1 hour

t hen2she "soNM&R ® ViHZ evgoddd), 5 ashech i dth JE$@p8.0pYD latherHy 29)86¢ddand
grSICﬁgr ;gg;:qgwggc @6855(?3Q|§C%n I3gg3v§éyh¢0prg&dgﬁ oaig5 lé'??l ‘96%'1[4}';'68%9 | f] cant
zecar actery oo oy BB a0 Egh 0 At LRt o sbsey bt T L oo

1157, 1188,7.90@9¥d, J=14.92, 8.31, 6.60 Hz, 1 H) 9.31 (d, J=7.58 Hz, 1 H)

30 Preparation of (2S)-2-{[(2.6-difluorophenyl)carbonyllamino}-3-[4'-[(ethyloxy)methyl]-2',6'-
bis(methvloxy)-4-biphenylyllpropanoic acid

Ethyl (28)-2-{[(2,6-difluorophenyl)carbonyllamino}-3-[4'-[(ethyloxy)methyl]-2',6'-
bis(methyloxy)-4-biphenylyl]propanoate (15Kg) was taken up in tetrahydrofuran (37.5L)
35 and passed through a CUNO filter containing charcoal (R55SP). Tetrahydrofuran (37.5L)
and water (45L) were added and the resulting mixture cooled to 1043 °C. Aqueous KOH
(4.65Kg, 45%w/w) was added and the mixture stirred at 103 °C until the reaction was
complete. Aqueous citric acid (18.15Kg, 50% w/v) was charged followed by toluene (75L).
The reaction mixture was heated to 5013 °C and the aqueous phase discharged to waste.
40  The organic phase was washed with water (2 x 30L) at 5013 °C. The organic phase was
then concentrated to 75L by atmospheric distillation. Toluene (45L) and acetone (75L)
were charged and the solution concentrated to 120L. Acetone (75L) was again charged

12



1242,

1268, 1292, 1317, 1352, 1417, 1466, 1530, 1580, 1624, 1650, 1662,

1711, 1728, 2938, 3302cm1 30 WO 2011/ 048091PCT/ EP2010/ 065710

10

15

20

25

30

WO 2011/048091 PCT/EP2010/065710

and the solution again concentrated to 105L. Toluene (75L) was charged, keeping T>5543
°C The solution was cooled to 35°C, seeded with (25)-2-{[(2,6-
difluorophenyl)carbonyllamino}-3-[4'-[(ethyloxy)methyl]-2',6'-bis(methyloxy)-4-
biphenylyllpropanoic acid (acetone solvate) (75g) and cooled to 0£3 °C over 4hrs and
held at this temp for 1hr. The solid product was isolated by filtration, washing with cold (<5
°C) toluene/acetone (45L, 10:1), cold (<5 °C) toluene (45L) and dried in vacuo at 70 °C to
give the product (10.1Kg, 71%).

Recrystallisation of (2S5)-2-{[(2,6-difluorophenyl)carbonyllamino}-3-[4'-[(ethyloxy)methyl]-

2'.6"-bis(methyloxy)-4-biphenylyl]propanoic acid

(25)-2-{[(2,6-difluorophenyl)carbonyllamino}-3-[4'-[(ethyloxy)methyl]-2',6'-bis(methyloxy)-
4-biphenylyllpropanoic acid (9.38Kg) was charged into a clean reactor, followed by ethyl
acetate (46.9L). The solution was heated to 50°C and filtered into the pre-warmed (35°C)
crystallizing vessel. A line-wash with ethyl acetate (9.4L) was carried out. The combined
ethyl acetate solutions were heated to 50°C, stirred to ensure complete dissolution.
Filtered heptane (9.4L) was added maintaining the temperature at 50°C then the solution
cooled to 30°C and seeded with (2S)-2-{[(2,6-difluorophenyl)carbonyllamino}-3-[4'-
[(ethyloxy)methyl]-2',6'-bis(methyloxy)-4-biphenylyl]propanocic acid (47g) slurried in 1:9
ethyl acetate:heptane (0.47L). The slurry was aged for 2 hours at 30°C. Filtered heptane
(75L) was added over 3 hours. The slurry was then cooled to 0°C over 1 hour. The
mixture was aged at 0°C for 1 hour then the solid was filtered off, washed with isopropyl
ether (29.6L and dried under vacuum at 50+3°C to give the product (8.55Kg, 91%).

Characterised by having an infrared absorption spectrum with significant absorption
bands at about 754, 768, 800, 820, 849, 866, 1006, 1100, 1122, 1157, 1188, 1225, 1242,
1268, 1292, 1317, 1352, 1417, 1466, 1530, 1580, 1624, 1650, 1662, 1711, 1728, 2938,
3302cm™
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CLAIMS 1.A process for the preparation of the conpound of fornula (1):

10 which process conprises the steps: a)hydrolysis of an ester of fornula
(11a): | wo2mleyomherein RL is C1_6 al kyl; (b) fornatiPom/EpRo1@/0sTMYat e of
t he product obtained fromstep (a) (solvation); (c) de-solvation of the
sol vate obtained fromstep (b) to yield the conmpound of fornmula (1); and
(d) opti&#dMBe-crystallisation of the product obtained fromstep (c). 2.
A process according to claim1 in which RL is ethyl. 3. A process

accor ding to ol gioBask 18F thd pralMRaRhf AR R BFALMS()S Step (step (a)) is

performed under basic conditions.

|
(6]
YA
y
@j\kN OH
o 0)

5
which process comprises the steps:
a) hydrolysis of an ester of formula (l1a):
10
&
F (lla)
wherein R' is Cy alkyl;
(b) formation of a solvate of the product obtained from step (a) (solvation);
15
(c) de-solvation of the solvate obtained from step (b) to yield the compound of formula
(; and
(d) optional re-crystallisation of the product obtained from step (c).
20
2. A process according to claim 1 in which R is ethyl.
3. A process according to claim 1 or 2, wherein the ester hydrolysis step (step (a)) is
performed under basic conditions.
25
4. A process according to any one of claim 1 - 3, wherein the ester hydrolysis of step
(a) is performed under basic conditions employing an alkali metal hydroxide to afford the
appropriate carboxylate salt, which may be isolated from the solvent.
30 5. A process according to claim 4, wherein the ester hydrolysis of step (a) is

performed utilising potassium hydroxide.

14



4. A process according to any one of claiml1l - 3, wherein the ester

hydrol ysis of step (a) is performed under basic conditions enploying an

al kal i nmeweal2otids@xi de to afford the appropriate carboxpCatEr2eialoss7imhi ch
may be isolated fromthe solvent. 305. A process according to claim4,
wherein the ester hydrolysis of step (a) is performed utilising potassium
hydr oxi de. WD 2011/ 048091PCT/ EP2010/ 065710 6. A process according to any of
claims 160 5A ploeesd acdondisg épaGp of ckimes priodijatheodin $i efep( (@), thayrdricsof vat ed
with a p%k@(a?ﬂa\/%@so%fe@hmﬂ’?é’p&@r @IJ&&?WhBﬁ%éﬁo&éltr@PbRﬁlb Gr aprbtiéy Process
according to claim®6, wherein in step (b) the product of step (a) is

sol vat ed mnth a solvent selected fromthe group consisting of acetone,

aceti @ adid, dcetasass ereasdingtoreiziet hawberedi estep| (b3 the exaddet ehatep (a) is

di met hyl fsoivmm dith a SolvAnipeeleess fagsothdi grgup Q:o@bnanrrg of cicetonehecetion atine
product oo, mme(rﬁt}omémgﬁé iith &y %ﬁ&ﬂ&%&% ﬁgé%ymﬁn gprocess according to
any one o ai ns ‘wherel n I R step t'he desolvation is carried
out either by drying or by washing the solvate of step (b). 1510. A process
accordi n@-t o & proaess, aoghsing ta cldine 6dursovhereindhe 9t<@|pCf(Qf)St€ips(aﬁ)'§rS‘0b/tat®dNiﬁy
dryi ng theetdabvate of step (b) under vacuum at a tenperature between room
tenperature and the boiling point of the solvate. which process conprises

the steps: a)hydrolysis of the ester or [1): usin ssi um
hydr oxi d&: f ol 80%’8%/ fC%d'ae.ta.%wmeﬁ nH %g PEEM &N gté’gd(C the de-
(b) f or matsbyatiart is @arredetud aighes bl dating ofbyt\M@hmgdda@DIvatthﬁiste@db)‘ romstep (a);
and 30(c)de-sol vation of the acetone solvate obtained fromstep (b) via

compatind D1 1 & Aerel T o8 YiTiagh o bRl ote P EE N G Ba 19Y bErtinicty

drying the solvate of step (b) under vacuum at a temperature between room temperature
and the boiling point of the solvate.

11. A process for the preparation of the compound of formula (1)

20
which process comprises the steps:

a) hydrolysis of the ester of formula (ll):

(1)
25
using potassium hydroxide, followed by an acidic work up employing citric acid;

(b) formation of an acetone solvate of the product obtained from step (a); and

30  (¢) de-solvation of the acetone solvate obtained from step (b) via drying the solvate
under vacuum at elevated temperature to yield the compound of formula (l).

15



12. The potassium salt of the conpound of fornula (1): O 00- K' F
513. The acetone solvate of the conpound of formula (1): | characterised by
subst ant iaDI2g1tdaso9sane X-ray powder diffracti on (XRPD) partEPeetoass7shown in
Figure 1, wherein the XRPD pattern is expressed in terns of 2 theta angles
and obtained with a diffractonmeter using copper Ka-radiation and / or
substantially the sane infra-red spectra as shown in Figures 2a and 2b. 15
15. A crygt al [Tihegofassiimasatioof diencprbmounidaif forddilan@vi ng characteri stic XPRD
peaks at around 7.0, 9.2, 13.7, 14.0 and 24.0 degrees2 Theta. 16. A
process according to claim211l in which COF d of formula (IIl) is
prepared 20by coupling the conmpound of fo a (?J\d/)q with the conpound of
formula (VI) (HO)2B

5 13. The acetone solvate of the compound of formula (1):

14. A crystalline form of the acetone solvate of the compound of formula (I)

10
characterised by substantially the same X-ray powder diffraction (XRPD) pattern as
shown in Figure 1, wherein the XRPD pattern is expressed in terms of 2 theta angles and
obtained with a diffractometer using copper Ka-radiation and / or substantially the same
infra-red spectra as shown in Figures 2a and 2b.

15

15. A crystalline form according to claim 14 having characteristic XPRD peaks at
around 7.0, 9.2, 13.7, 14.0 and 24.0 degrees?2 Theta.

16. A process according to claim 11 in which the compound of formula (I1) is prepared
20 by coupling the compound of formula (V)

16



517. A conpound of formula (V): (V)

WO 2011/048091 PCT/EP2010/065710

Br
F 0]
S QR0
H
o]
F (V)

with the compound of formula (VI)

O O/\
(HO),B

@)

h V1)
5 17. A compound of formula (V):
Br
F O
©:\J\N SN
H
o]
F (V)
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